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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, PLDs, LOGIC, and 
finally the BridgeMOS™ product family. FIFO products 
are included in the LOGIC section. Within each section, 
data sheets are arranged in order of part number. Quality 
and Reliability aspects follow next, then a compilation of 
various Application Briefs, and finally Thermal Data and 
Packages. 
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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 
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Reference is in Product Information. Use it to find the 
Cypress part number that is comparable to another manu
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Cypress Semiconductor Background 
Cypress Semiconductor was founded in April of 1983, be
came a public company in May 1986, and has established 
itself as a leader in high performance CMOS products. The 
Cypress CMOS product line is targeted to replace slower 
bipolar and NMOS products with higher reliability, high 
speed and low power. The initial process employed 1.2 mi
cron geometries. Cypress has now placed into production a 
submicron (0.8 micron) process, further enhancing density 
and performance at manageable power levels. 

Cypress products fall into three families: High Speed Static 
RAMs, Programmable Products, and Logic. Members of 
the Static RAM family include devices in densities of 64 
bits to 64K bits and performance from 7 to 35 ns. The 
various organizations from 16 x 4, 256 x 4 through 64K x 
1, SK x 8, and 16K 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 Logic Devices (PLDs), 
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. Densities range 
from 4K bits to 256K in byte wide organization. To sup
port new programmable products Cypress introduced the 
QuickPro programming system (CY3000). A single, IBM 
PC compatible board is available to program all Cypress 
PLDs and PROMs. The programming is updated via flop
py disk, thereby allowing for quick support from Cypress 
Semiconductor on new products. 

Logic products include a 16-bit slice, the CY7C9101, and 
support devices, as well as a family of FIFOs that range 
from 64 x 4 to 2048 x 9. FIFOs provide the interface be-
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tween 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 dis
tributed at a speed commensurate with need. 

Cypress' semiconductors are "Made in USA". Situated in 
California's Silicon Valley and Round Rock (Austin) Tex
as, Cypress houses R&D, design, wafer fabrication, assem
bly, and administration. The facilities are designed to the 
most demanding technical and environmental specifica-
tions in the industry. In many other semiconductor facili- 1 ties, wafers are fabricated in Class 100 environments, often 
under laminar flow hoods only. At the Texas Facility the 
entire wafer fabrication area is specified to be a class 1 
environment. This means that the ambient air has less than 
1 particulate of greater than 0.2 microns in diameter per 
cubic foot of air. Other environmental considerations are 
carefully insured: temperature is controlled to a ± 0.2 de-
gree Fahrenheit tolerance; filtered air is completely ex-
changed > 10 times each minute throughout the fab; crit-
ical equipment is situated on isolated slabs to minimize 
vibration. 

Attention to assembly is just as critical. Assembly is done 
in a 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 automated equip
ment, parts are assembled and tested in less than five days. 
The Cypress assembly line is the most flexible, 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". 
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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. 

Cypress initially introduced a 1.2 micron "N" well tech
nology with double layer poly, single layer metal and an 
EPROM capability. The process employs lightly doped ex
tensions of the heavily doped source and drain regions for 
both "N" and "P" channel transistors for significant im
provement in gate delays. Further improvements in per
formance, through the use of substrate bias techniques, 
have added the benefit of eliminating the input and output 
latchup characteristics associated with the older CMOS 
technologies. 

To maintain our leadership position in CMOS Technology, 
Cypress has introduced a sub-micron technology into pro
duction. This process reduces the channel length from the 
current 1.2 microns to 0.8 microns. This sub-micron break
through makes Cypress' CMOS the most advanced pro
duction process in the world. 

To further enhance the technology from the reliability di
rection, improvements have been incorporated in the pro
cess and design, minimizing electrostatic discharge and in
put 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 
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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. 

BSD-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 and 0.8 micron CMOS process 
technology. 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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Introduction 
Success at any endeavor requires a high level of dedication 
to the task. Cypress Semiconductor has demonstrated its 
dedication through its corporate commitment to support 
the military marketplace. The commitment starts with 
product design. All products that are designed on our 
state-of-the-art CMOS processes must meet the full - 55 to 
+ 125 degree C operational criteria for military use. The 
commitment continues with the 1986 DESC certification 
of our automated U.S. facility in San Jose, California. The 
commitment shows in our dedication to meet and exceed 
the stringent quality and reliability requirements of MIL
STD-883 and MIL-M-38510. It shows in Cypress' partici
pation in each of the military processing programs: 883C
Compliant, SMD (Standard Military Drawing) and JAN. 
Finally, our commitment shows in our leadership position 
in special packages for military use. 

Product Design 
Every Cypress product is designed to meet or exceed the 
full temperature and functional requirements of military 
product. This means that Cypress builds military product 
as a matter of course, rather than as an accidental benefit 
of favorable test yield. Designs are being carried out on our 
industry-leading 0.8 micron CMOS process. Cypress is able 
to offer a family of products that are industry leaders in 
density, low operating current and high speed. In addition, 
our technology results in products with very small manu
facturable die sizes that will fit into the LCC's and flat
packs so often used on military programs. 

DESC-Certified Facility 
On May 8, 1986, the Cypress facility at 3901 North First 
Street in San Jose, California was certified by DESC for the 
production of JAN Level B CMOS Microcircuits (copy 
attached). This certification not only provided Cypress 
with the ability to qualify product for JAN use, but it also 
benefits all of our customers by acknowledging that our 
San Jose facility has the necessary documentation and pro
ce.dures in place to manufacture product to the most strin
gent of quality and reliability requirements. Our wafer fab
rication facility is a Class 10 manufacturing environment 
and our assembly facility is also a clean room. In addition, 
our highly automated assembly facility is entirely located 
in the U.S.A. and is capable of handling virtually any her
metic package configuration. 
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Quality and Reliability 
MIL-STD-883 and MIL-M-38510 spell out the toughest of 
quality and reliability standards for military products. Cy
press products meet all of these requirements and more. 
Our in-house quality and reliability programs are being up
dated regularly with tighter and tighter objectives. Please 
refer to the chapter on Quality, Reliability and Process 
Flows for further details. 

Military Product Offerings 
Cypress offers three different levels of processing for mili
tary product. 

First, all Cypress products are available with processing in 
full compliance with MIL-STD-883, Revision C. 

Secondly, selected products are available to the SMD 
(Standard Military Drawing) program supervised by 
DESC. These products are not only fully 883-C compliant 
but they are also screened to the electrical requirements of 
the applicable military drawing. 

Third, selected products are available as JAN devices. 
These products are processed in full accordance with MIL
M-38510 and screened to the electrical requirements of the 
applicable JAN slash sheet. 

Product Packaging 
All packages for military product are hermetic. A look at 
the package appendix in the back of this data book will 
give the reader and appreciation of the variety of packages 
offered. Included are cerdips, windowed cerdips, leadless 
chip carriers (LCC's), leadless chip carriers with windows 
for reprogrammable products, cerpack and bottom-brazed 
flatpacks and pin grid arrays. As indicated above, all of 
these packages are assembled in the U.S. in our highly au
tomated San Jose plant. 

Summary 
Cypress Semiconductor is committed to the support of the 
military marketplace. Our commitment is demonstrated by 
our product designs, our DESC-certified facility, our quali
ty and reliability programs, our support of all levels of mili
tary processing and by our leadership in special packaging. 

II 
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Size Organlzadon Pins Part Number Speed(ns) 

SRAMs 64 16 x 4--Inverting 16 CY7Cl89 IAA=IS,2S 
64 16 x 4--Non-Inverting 16 CY7Cl90 IAA = IS,2S 
64 16 x 4--Inverting 16 CY748189 IAA=3S 
64 16 x 4--Inverting 16 CY27S03A IAA =2S,3S 
64 16 x 4--Non-Inverting 16 CY27S07A IAA =2S,3S 
64 16 x 4--Inv. Low Power 16 CY27LS03M IAA=6S 
1024 2S6x4 22 CY7Cl22 IAA = IS, 25, 3S 
1024 2S6x4 248 CY7Cl23 IAA =7, 12, lS 
1024 2S6x4 22 CY9122/91L22 IAA = 2S, 3S, 4S 
1024 2S6x4 22 CY93422A/93U22A IAA = 3S, 4S, 60 
4096 4096 x I-CS Power Down 18 CY7Cl47 IAA = 2S, 3S, 4S 
4096 4096 x I-CS Power Down 18 CY2147/21U7 IAA = 3S, 4S, SS 
4096 1024 x 4--CS Power Down 18 CY7Cl48 IAA = 2S, 3S, 4S 
4096 1024 x 4--CS Power Down 18 CY2148/21L48 IAA = 3S, 4S, SS 
4096 1024x4 18 CY7Cl49 IAA = 2S, 35, 45 
4096 1024x4 18 CY2149/21U9 IAA = 3S, 4S, SS 
4096 1024 x 4--Separate 1/0 248 CY7C150 !AA= 15, 25, 3S 
8192 1024 x 8-Dual Port 48 CY7C130 .tAA = 3S, 45, SS 
8192 1024 x 8-Dual Port (Slave) 48 CY7Cl40 IAA = 3S, 45, 5S 
16384 2048 x 8-CS Power Down 248 CY7C128 IAA = 2S, 3S, 4S, SS 
16384 2048 x 8-CS Power Down 24 CY6116 IAA = 3S, 45, SS 
16384 163841 l-CS Power Down 20 CY7Cl67/L IAA = 2S, 35, 4S 
16384 4096 x 4--CS Power Down 20 CY7C168/L IAA = 2S, 3S, 4S 
16384 4096x4 20 CY7C169/L IAA = 2S, 35, 40 
16384 4096 x 4--0utput Enable 228 CY7C170 IAA = 2S, 3S, 4S 
16384 4096 x 4--Separate 1/0 248 CY7Cl71/L IAA = 2S, 3S, 4S 
16384 4096x4--Separate1/0 248 CY7C172/L IAA = 2S, 35, 4S 
16384 2048 1 8-Dual Port 48 CY7C132 IAA = 3S, 4S, SS 
16384 2048 x 8-Dual Port (Slave) 48 CY7Cl42 IAA = 35, 4S, S5 
6SS36 8192 x 8-CS Power Down 288 CY7Cl8S/L tAA = 3S, 4S, SS 
65536 8192 1 8-CS Power Down 28 CY7Cl86/L IAA = 3S, 4S, 5S 
6SS36 16384 x 4--CS Power Down 228 CY7Cl64/L IAA = 2S, 3S, 4S 
6SS36 16384 x 4--0utput Enable 248 CY7Cl66/L IAA = 2S, 3S, 4S 
6S536 16384x4--Separate1/0 28S CY7Cl61/L IAA = 2S, 3S, 4S 
6SS36 16384x4--Separate1/0 288 CY7Cl62/L IAA = 25, 3S, 4S 
6S536 6SS36 x I-CS Power Down 228 CY7Cl87/L IAA = 2S, 3S, 4S 
262144 32768 x 8-CS Power Down 28 CY7Cl98 IAA = 3S, 45, S5 
262144 32768 1 8-CS Power Down 288 CY7Cl99 IAA = 3S, 4S, SS 
262144 6SS36 x 4--CS Power Down 248 CY7Cl94 IAA = 25, 3S, 4S 
262144 65536 x 4--Separate 1/0 288 CY7Cl91 IAA = 2S, 3S, 4S 
262144 6S536 x 4--Separate 1/0 288 CY7Cl92 IAA =2S, 3S, 4S 
262144 2621441 I-CS Power Down 248 CY7Cl97 IAA = 2S, 3S, 4S 

PROMI 4096 Sl2 x 8-Registered 248 CY7C22S tsA1co=2s112, 30/IS 
8192 1024 x 8-Registered 248 CY7C23S tsAJco= 30/15, 40/20 
8192 102418 248 CY7C281 IAA =30,4S 
8192 1024x 8 24 CY7C282 IAA =30,4S 
16384 2048 x 8-Registered 248 CY7C24S/L lsA/CO = 2S/12, 35/IS 
16384 2048x8 248 CY7C291/L IAA =3S,50 
16384 2048x8 24 CY7C292/L IAA =3S,50 
6SS36 8192 x 8-CS Power Down 248 CY7C261 IAA = 3S, 40, 45, SS 
6SS36 8192 x 8 248 CY7C263 IAA = 3S, 40, 4S, SS 
6SS36 8192x8 24 CY7C264 IAA = 3S, 40, 4S, SS 
6SS36 8192 x 8-Registered, Diagnostic 28S CY7C269 ISAJCO = 40/20, 50/2S 
6SS36 8192 x 8-Registered, Diagnostic 32 CY7C268 ISAJCO = 40/20, 50/2S 
131072 16384 x 8-CS Power Down 288 CY7C2Sl IAA = 4S, SS, 6S 
131072 16384 x 8 28S CY7C2S3 IAA = 4S, SS, 6S 
131072 16384 x 8 28 CY7C2S4 IAA =4S, SS, 6S 
262144 32768 x 8-CS Power Down 28 CY7C271 IAA =SS, 6S, 1S 

Notes: 
The above specifications are for the commercial temperature raoge of O'C to 70'C. 
Military temperature raoge (-ss•c to + 12S0 C) product processed to MIL-STD-883 Revision C is also available. 
Speed aod 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. PLCC aod SOIC packages are available on some products. 
AllpowersuppliesareVcc = SV ±10%. 
m~b~~d~~b~~dm~b~~d 
F aod K paekages are special order only. 
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lcc/lsellccnR Packages 
(mA ®ns) 

SS@25 D,L,P 
SS@2S D,L,P 
90@35 D,P 
90@2S D,L,P 
90@2S D,L,P 
38@6S D,L 
60@25 D,L,P,S 
120@7 D,L,P 
120@2S D,P 
80@4S D,P 
80/10@ 3S D,L,P 
12S/2S@ 35 D,P 
80/10@3S D,L,P 
120/20@3S D,P 
80@ 3S D,L,P 
120@3S D,P 
90@25 D,L,P 
120@35 D,L,P 
120@35 D,L,P 
90/20.® SS D, L, P, S 
120/20@4S D,L 
4S/1S @25 D,L,P, S 
70/lS@ 2S D,L,P,S 
70@25 D,L,P 
90@4S D,L,P 
70/10@2S D,L,P,S 
70/10@2S D, L, P, S 
120@3S D,L,P 
120@35 D,L,P 
100/20/1 @ 3S D,L,P,S 
100/20/1 @ 3S D,P 
70/20/1 @2S D,L,P, S 
70/20/1 @2S D,L,P, S 
70/20/1 @2S D,L, P, S 
70/20/1 @25 D, L,P,S 
70/20/1 @2S D,L,P,S 
100/20@3S D,P 
100/20@3S D,P 
70/20@25 D,P 
70/20@2S D,P 
70/20@2S D,P 
70/20@25 D,P 

90 D,L,P 
90 D,L,P 
90 D,L,P 
90 D,L,P 
100/60 D,L,P,Q,W,S 
90/60 D,L,P,Q, W,S 
90/60 D,P 
100/30 D, L,P,Q, W,S 
100 D, L, P, Q, W, S 
100 D,P 
100 D,L,P,Q, W,S 
100 D,L,Q, W 
100/30 D,L,P,Q, W,S 
100 D,L,P,Q,W,S 
100 D,P 
100/30 D,L,P,Q,W,S 

Package Code: 
D = CERAMIC DIP 
F-FLATPAK 
G = PIN GRID ARRAY 
1 = PLCC 
K= CERPAK 
L= LCC 
P =PLASTIC 
Q = WINDOWED LCC 
S = SOIC 

W = WINDOWED CERDIP 

II 



~CTPRFSS 
~~~CONDUCTOR::;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;=:=::= 

Product Selection Guide (Continued) 

Size Organization Pins l'lrt Number Speed (ns) 

PLDs PALC20 16L8 20 CYPALC16L8/L tpo=20 
PALC20 16R8 20 CYPALC16R8/L ts;co=20/t5 
PALC20 16R6 20 CYPALC16R6/L tPD/S/CO = 20/20/15 
PALC20 16R4 20 CYPALC16R4/L tPD/S/CO = 20/20/15 
PLDC24 22VIO-Macro Cell 24S CYPALC22V10/L tPD/S/CO= 25/15/15 
PLDC24 20G 10--Generic 248 CYPLDC20GIO tPD/S/CO = 25/15/15 
PLDC28 7C33()...State Machine 28S CY7C330 50MHz 
PLDC28 7C331-Asynchronous 28S CY7C331 2SMHz 
PLDC28 7C332-Combinatorial 28S CY7C332 40MHz 

FIFOs 2S6 64 x 4--0iscadeable 16 CY3341 1.2,2MHz 
2S6 64 x 4--0iscadeable 16 CY7C401 S, 10, IS MHz 
2S6 64 x 4--0iscadeable/OE 16 CY7C403 10, IS, 2S MHz 
320 64 x 5-Cascadeable 18 CY7C402 S, 10, IS MHz 
320 64 x 5-Cascadeable/OE 18 CY7C404 10, IS, 2S MHz 
Sl2 64 x 8-Cascadeable/OE 28S CY7C408 IS, 2S, 3S MHz 
576 64 x 9-Cascadeable 28S CY7C409 IS, 2S, 3S MHz 
4608 Sl2 x 9-Cascadeable 28 CY7C412 30, 40, 6S MHz 
9216 1024 x 9-Cascadeable 28 CY7C424 30, 40, 65 MHz 
18432 2048 x 9-Cascadeable 28 CY7C429 30, 40, 6S MHz 

WGIC 2901-4 Bit Slice 40 CY7C901 tcuc = 23, 31 
2901-4 Bit Slice 40 CY2901 c 
4x2901-16BitSlice 64 CY7C9101 tcLK=30,40 
2909-Sequencer 28 CY7C909 tcuc=30,40 
2911-Sequencer 20 CY7C911 tcuc = 30, 40 
2909-Sequencer 28 CY2909 A 
2911-Sequencer 20 CY2911 A 
2910--Controller (17 Word Stack) 40 CY7C910 tcLK = 40, SO, 93 
2910--Controller (9 Word Stack) 40 CY2910 A 
16 x 16--Multiplier 64 CY7CS16 IMC= 38, 4S, SS, 7S 
16 x 16--Multiplier 64 CY7CS17 !Mc= 38, 4S, SS, 7S 
16 x 16--Multiplier/ Accumulstor 64 CY7CSIO IMC= 4S, SS, 6S, 7S 

Notes: 
The above specifications are for the commercial temperature range of O'C to 70'C. 
Military temperature range (-55'C to + 125'C) product processed to MIL-SID-883 Revision C 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. PLCC and SOIC packages are available on some products. 
All power supplies are V cc = 5V ± 10%. 
m~b~D~m~b~D~m~b~D~ 
F and K packages are special order only. 

1-6 

Icc!IsellccDR Packages (mA@ns) 

70/45 D,L,P,Q,W 
70/45 D,L,P,Q,W 
70/45 D,L,P,Q,W 
70/45 D,L,P,Q,W 
90155 D, L, P, Q, W, J 
55 D,L,P,Q, W,J 
120/30 D,L,P,Q, W,J 
180/90 D,L,P,Q, W,J 
180/90 D,L,P,Q, W,J 

4S D,P 
75 D,L,P,S 
7S D,L,P,S 
7S D,L,P,S 
7S D,L,P,S 
120 D,L,P,S 
120 D,L,P,S 
100 @20MHz D,L, P,S 
100@20MHz D,L,P,S 
100@20MHz D,L,P,S 

70 D,L,P,J 
140 D,P 
60 D,L, P,G,J 
SS D,L,P,J 
SS D,L,P,J 
70 D,P 
70 D,P 
100 D,L, P,J 
170 D,L,P,J 
100@ IOMHz D, L, P,G,J 
100@ IOMHz D,L,P,G,J 
100@ lOMHz D,L, P,G,J 

Package Code: 
D = CERAMIC DIP 
F = FLATPAK 
G =PIN GRID ARRAY 
J = PLCC 

K = CERPAK 
L= LCC 
P =PLASTIC 
Q = WINDOWED LCC 
S = SOIC 

W = WINDOWED CERDIP 



Ordering Information 

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

PLO FAMILIES 
PREFIX DEVICE 

CY I PAL C 16R8 
CY PAL C 16R8 
CY PAL C 22V10 

RAM, PROM, FIFO, µP 
PREFIX DEVICE 

CY I I 7C128 
CY 7C245 
CY 7C404 
CY 7C901 

SUFFIX 

I -25 P c 
L-35 PC 
-25 w c 

SUFFIX 

I -45 D MB I 
L-35 P C 
-25 D MB 
-23 pc 

I ' PROCESSING 
B = HI REL MIL STD 883 C 

FOR MILITARY PRODUCT 

TEMPERATURE RANGE 
c =COMMERCIAL (o0 c TO 70°c) 
M= MILITARY(-55°C TO +125°C) 

"'----PACKAGE 
D = CERDIP 
F = FLATPAK 
G =PIN GRID ARRAY (PGA) 
J = PLCC 
K = CERPAK (GLASS SEALED FLAT PACKAGE) 
L = LEADLESS CHIP CARRIER 
P =PLASTIC 
Q =WINDOWED LEADLESS 
S =SOIC 
W= WINDOWED CERDIP 

"'-----SPEED 

----- LOW POWER OPTION 
0018-1 

i.e. CY7C128-35PC, CYPALC16R8L-25PC 

Cypress FSCM # 65786 
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CYPRESS CYPRESS CYPRESS CYPRESS CYPRESS CYPRESS 
2147-35C 7C147-35C 2911AC 7C911-40C 7Cl67-35C 7Cl67-25C 
2147-45C 2147-35C 2911AM 7C911-40M 7Cl67-45C 7Cl67L-35C 
2147-45C 7Cl47-45C 334\C 3341-2C 7Cl67-45M 7C167-35M+ 
2147-45M 7Cl47-45M 3341M 3341-2M 7Cl68L-35C 7Cl68L-25C 
2147-55C 2147-45C 3341-2C 7C401-5C+ 7C168-25C 7C168L-25C 

2147-55M 2147-45M 3341-2C 7C402-5C 7Cl68-35C 7Cl68-25C 
2148-35C 21L48-35C 54Sl89M 27S03M 7Cl68-45C 7Cl68L-35C 
2148-35C 7Cl48-35C 6116-45C 6116-35C 7Cl68-45M 7Cl68-35M+ 
2148-35M 7Cl48-35M 6116-55C 6116-45C 7Cl69L-35C 7Cl69L-25C 
2148-45C 21L48-45C 6116-55M 6116-45M 7Cl69-25C 7Cl69L-25C 
2148-45C 2148-35C 74Sl89C 27S03C 7Cl69-35C 7Cl69-25C 

2148-45M 7Cl48-45M 7Cl22-25C 7Cl22-15C+ 7Cl69-40C 7C169L-35C 
2148-45M 2148-35M 7C122-35C 7Cl22-25C 7Cl69-40M 7Cl69-35M+ 
2148-SSC 2148-45C 7Cl22-35M 7Cl22-25M 7Cl70-35C 7Cl70-25C 
2148-SSC 21L48-55C 7C123-12C 7Cl23-7C 7Cl70-45C 7Cl70-35C+ 
2148-55M 2148-45M 7Cl28-35C 7Cl28-25C 7Cl70-45M 7C170-35M+ 
2149-35C 21L49-35C 7Cl28-45C 7Cl28-35C 7C171L-35C 7Cl71L-25C 

2149-35C 7Cl49-35C 7Cl28-45M 7Cl28-35M+ 7C171-25C 7C171L-25C 
2149-35M 7Cl49-35M 7Cl28-55C 7Cl28-45C+ 7Cl71-35C 7C171-25C 
2149-45C 2IL49-45C 7Cl28-55M 7Cl28-45M+ 7Cl71-45C 7C171L-35C 
2149-45M 2149-35M 7Cl30-45C 7Cl30-35C 7Cl71-45M 7C171-35M+ 
2149-45M 7Cl49-45M 7Cl30-55C 7Cl30-45C 7Cl72L-35C 7Cl72L-25C 
2149-55C 2149-45C 7Cl30-55M 7Cl30-45M 7Cl72-25C 7C172L-25C 

2149-55C 21L49-55C 7Cl32-45C 7Cl32-35C 7Cl72-35C 7Cl72-25C 
2149-55M 2149-45M 7Cl32-55C 7Cl32-45C 7Cl72-45C 7Cl72L-35C 
21L48-35C 7Cl48-35C 7Cl32-55M 7Cl32-45M 7Cl72-45M 7Cl72-35M+ 
21L48-45C 21L48-35C 7Cl47-35C 7Cl47-25C+ 7Cl85-45C 7Cl85-35C 
21L48-45C 7Cl48-45C 7C147-45C 7Cl47-35C 7Cl85-55C 7Cl85-45C 
21L48-55C 21L48-45C 7Cl47-45M 7C147-35M 7Cl85-55M 7Cl85-45M 

21L49-35C 7Cl49-25C 7Cl48-35C 7Cl48-25C+ 7Cl86-45C 7Cl86-35C 
21L49-45C 21L49-35C 7Cl48-45C 7Cl48-35C 7Cl86-55C 7C186-45C 
21L49-45C 7Cl49-45C 7Cl48-45M 7Cl48-35M 7Cl86-55M 7Cl86-45M 
21L49-55C 21L49-45C 7Cl49-35C 7Cl49-25C+ 7Cl87-35C 7C187-25C 
27S03AC 7Cl89-25C 7Cl49-45C 7Cl49-35C 7C187-45C 7Cl87-35C 
27S03AM 7Cl89-25M 7C149-45M 7Cl49-35M 7Cl87-45M 7Cl87-35M 

27S03C 27S03AC 7Cl50-25C 7Cl50-15C 7Cl89-18C 7C189-15C 
27S03C 74Sl89C 7C150-35C 7Cl50-25C 7Cl89-25C 7Cl89-15C+ 
27S03M 54Sl89M 7Cl50-35M 7Cl50-25M 7Cl90-18C 7C190-15C 
27S03M 27S03AM 7Cl61-35C 7Cl61-25C 7C190-25C 7Cl90-15C+ 
27S07AC 7Cl90-25C 7Cl61-45C 7Cl61-35C 7C225-30C 7C225-25C 
27S07AM 7Cl90-25M 7C161-45M 7C161-35M 7C225-30M 7C225-25M 

27S07C 27S07AC 7C162-35C 7Cl62-25C 7C225-40C 7C225-30C 
27S07M 27S07AM 7Cl62-45C 7C162-35C 7C225-40M 7C225-35M 
27S07M 7C190-25M 7C162-45M 7Cl62-35M 7C235-40C 7C235-30C 
2901CC 7C901-31C 7Cl64-35C 7C164-25C 7C245L-35C 7C245-35C+ 
2901CM 7C901-32M 7C164-45C 7C164-35C 7C245L-45C 7C245L-35C 
2909AC 7C909-40C 7C164-45M 7Cl64-35M 7C245-35C 7C245-25C 

2909AM 7C909-40M 7C166-35C 7C166-25C 7C245-45C 7C245-35C 
2910AC 7C910-50C 7Cl66-45C 7Cl66-35C 7C245-45M 7C245-35M 
29\0AM 7C9!0-51M 7Cl66-45M 7C166-35M 7C251-55C 7C251-45C 
29\0C 29IOAC 7Cl67L-35C 7Cl67L-25C 7C251-65C 7C251-55C 
29IOM 29IOAM 7Cl67-25C 7Cl67L-25C 7C251-65M 7C251-55M 

Note: Unless otherwise noted, product meets all performance specs and is within I 0 mA on Ice and 5 mA on Isa; 
+ = meets all performance specs but may not meet Ice or Isa; 
• = meets all performance specs except 2V data retention-may not meet Ice or Isa; 
- = functionally equivalent 

1-8 

CYPRESS CYPRESS 
7C253-55C 7C253-45C 
7C253-65C 7C253-55C 
7C253-65M 7C253-55M 
7C254-55C 7C254-45C 
7C254-65C 7C254-55C 

7C254-65M 7C254-55M 
7C261-45C 7C261-35C 
7C261-55C 7C261-45C 
7C261-55M 7C261-45M 
7C263-45C 7C263-35C 
7C263-55C 7C263-45C 

7C263-55M 7C263-45M 
7C264-45C 7C264-35C 
7C264-55C 7C264-45C 
7C264-55M 7C264-45M 
7C268-50C 7C268-40C+ 
7C268-60C 7C268-50C 

7C268-60M 7C268-50M+ 
7C269-50C 7C269-40C+ 
7C269-60C 7C269-50C 
7C269-60M 7C269-50M+ 
7C281-45C 7C281-30C 
7C282-45C 7C282-30C+ 

7C291L-35C 7C291-35C+ 
7C291L-50C 7C291L-35C 
7C291-35C 7C291-25C+ 
7C291-50C 7C291-35C 
7C291-50M 7C291-35M 
7C292L-35C 7C292-35C+ 

7C292L-50C 7C292L-35C 
7C292-35C 7C292-25C+ 
7C292-50C 7C292-35C 
7C401-IOC 7C401-15C 
7C401-IOM 7C401-15M 
7C401-5C 7C401-IOC 

7C402-IOC 7C402-15C 
7C402-IOM 7C402-15M 
7C402-5C 7C402-IOC 
7C403-IOC 7C403-15C 
7C403-IOM 7C403-15M 
7C403-15C 7C403-25C 

7C403-15M 7C403-25M 
7C404-IOC 7C404-15C 
7C404-IOM 7C404-15M 
7C404-15C 7C404-25C 
7C404-15M 7C404-25M 
7C408-15C 7C408-25C 

7C408-15M 7C408-25M 
7C408-25C 7C408-35C 
7C408-25M 7C408-35M 
7C409-15C 7C409-25C 
7C409-15M 7C409-25M 
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CYPRFSS CYPRFSS CYPR1!SS CYPRFSS AMO CYPRFSS 
7C409-2SC 7C409-3SC 93L422AC 7C122-3SC 2148-4SM 2148-4SM 
7C409-2SM 7C409-3SM 93L422AM 7C122-3SM 2148-SSC 2148-SSC 
7C412-12C 7C412-ISC 93L422C 93L422AC 2148-SSM 2148-SSM 
7C412-12M 7C412-ISM 93L422M 93L422AM 2148-70C 2148-SSC 
7C412-ISC 7C412-2SC PALC16L8L-3SC PALC16L8L-2SC 2148-70M 2148-SSM 

7C412-ISM 7C412-20M PALC16L8-2SC PALC16L8L-2SC 2149-3SC 2149-35C 
7C412-20C 7C412-2SC PALC16L8-30M PALC16L8-20M 2149-4SC 2149-4SC 
7C412-20M 7C412-2SM PALC16L8-35C PALC16L8-2SC 2149-4SM 2149-4SM 
1CSIO.SSC 7CSI0-4SC PALC16L8-40M PALC16L8-30M 2149-SSC 2149-SSC 
1CSI0.6SC 1CSIO.SSC PALC16R4L-3SC PALC16R4L-2SC 2149-SSM 2149-SSM 
7CSI0.6SM 7CSIO.SSM PALC16R4-2SC PALC16R4L-2SC 2149-70C 2149-SSC 

1CSI0.1SC 1CSI0.6SC PALC16R4-30M PALC16R4-20M 2149-70M 2149-SSM 
1CSI0-1SM 7CSI0.6SM PALC16R4-3SC PALC16R4-2SC 2167-3SC 7Cl67-3SC 
1CSl6-4SC 7CS16-38C PALC16R4-40M PALC16R4-30M 2167-3SM 7Cl67-3SM 
1CSl6-SSC 1CSl6-4SC PALCl6R6L-3SC PALC16R6L-2SC 2167-4SC 7Cl67-4SC 
1CSl6-SSM 7CSl6-42M PALC16R6-2SC PALC16R6L-2SC 2167-4SM 7C167-45M 
1CSl6-6SC 1CSl6-SSC PALC16R6-30M PALC16R6-20M 2167-SSC 7Cl67-4SC 

7CS16-6SM 7CS16-SSM PALC16R6-3SC PALC16R6-2SC 2167-SSM 7C167-4SM 
7CSl6-7SC 1CSl6-6SC PALC16R6-40M PALC16R6-30M 2167-70C 7C167-4SC 
7CS16-75M 7C516-65M PALC16R8L-3SC PALC16R8L-2SC 2167-70M 7Cl67-4SM 
1CS11-SSC 7CS17-4SC PALC16R8-2SC PALC16R8L-2SC 2168-3SC 7Cl68-3SC 
7CS17-6SC 1CS11-SSC PALC16R8-30M PALC16R8-20M 2168-4SC 7C168-45C 
7CS17-6SM 1CSl1-SSM PALC16R8-3SC PALC16R8-2SC 2168-4SM 7Cl68-4SM 

7CS17-7SC 1CS11-6SC PALC16R8-40M PALC16R8-30M 2168-SSC 7C168-4SC 
7CS17-7SM 7CS17-6SM PALC22VIOL-2SC PALC22VI0.2SC+ 2168-SSM 7C168-4SM 
7C901-31C 7C901-23C+ PALC22VIOL-35C PALC22VIOL-25C 2168-70C 7Cl68-45C 
7C901-32M 7C901-27M PALC22VI0.3SC PALC22VI0.2SC 2168-70M 7C168-4SM 
7C909-40C 7C909-30C PALC22VI0-40M PALC22VI0.30M 2169-40C 7Cl69-40C 
7C909-40M 7C909-30M PLDC20GI0.3SC PLDC20010.2SC 2169-SOC 7Cl69-40C 

7C9101-40C 7C9101-30C PLDC20G10-40M PLDC20GI0.30M 2169-SOM 7C169-40M 
7C9101-4SM 7C9101-3SM 2169-70C 7Cl69-40C 
7C910.SOC 7C910-40C AMO CYPRFSS 2169-70M 7Cl69-40M 
7C910.SIM 7C910-46M PREFIX:Am PREFIX:CY 21L47-4SC 7Cl47-4SC 
7C910.93C 1C910.SOC PREFIX:SN PREFIX:CY 21U1-SSC 7C147-4SC 
7C910.99M 7C910.SIM SUFFIX:B SUFFIX:B 21L47-70C 7C147-4SC 

7C911-40C 7C911-30C SUFFIX:D SUFFIX:D 21L48-4SC 21L48-4SC 
7C911-40M 7C911-30M SUFFIX:F SUFFIX:F 21L48-SSC 21L48-SSC 
9122-2SC 91L22-25C SUFFIX:L SUFFIX:L 21L48-70C 21L48-5SC 
9122-25C 7C122-ISC SUFFIX:P SUFFIX:P 21L49-4SC 21L49-4SC 
9122-3SC 9122-2SC 2130-IOOC 1Cl30-SSC 21L49-SSC 21L49-SSC 
9122-3SC 91L22-3SC 2130.120C 1Cl30.SSC 21L49-70C 21U9-SSC 

9122-4SC 93L422C 2130.70C 1Cl30.SSC 27LS03C 27LS03C 
91L22-2SC 7C122-25C 2147-35C 2147-35C 27LS03M 27LS03M+ 
91L22-35C 7C122-35C 2147-4SC 2147-4SC 27LS07C 27S07C+ 
91L22-45C 93L422AC 2147-4SM 2147-4SM 27LSl91C 7C292-3SC 
93422AC 9122-3SC 2147-SSC 2147-SSC 27LS291C 7C291-3SC 
93422AC 7C122-35C 2147-SSM 2147-SSM 27LS291M 7C291-3SM 

93422AM 7C122-35M 2147-70C 2147-"C 27PSl81AC 7C282-45C 
93422C 93L422AC 2147-70M 2147-SSM 27PS181AM 7C282-4SM+ 
93422M 93422AM 2148-35C 2148-3SC 27PS181C 7C282-4SC 
93422M 93L422AM 2148-3SM 2148-3SM 27PS181M 7C282-45M+ 
93L422AC 91L22-4SC 2148-4SC 2148-4SC 27PS191AC 1C2n-soc 

Note: Unless otherwise noted, product meets all performance specs and is within 10 mA on Ice and S mA on Iss; 
+ = meets all performance specs but may not meet Ice or Iss; 
• = meets all performance specs except 2V data retention-may not meet Ice or lse; 
- = functionally equivalent 

1·9 

AMO CYPRFSS 
27PSl91AM 7C292-SOM+ 
27PSl91C 7C292-SOC 
27PSl91M 7C292-SOM+ 
27PS281AC 7C281-45C 
27PS281AM 7C281-45M+ 

27PS281C 7C281-4SC 
27PS281M 7C281-4SM+ 
27PS291AC 7C291-SOC 
27PS291AM 7C291-SOM+ 
27PS291C 7C291-SOC 
27PS291M 7C291-SOM+ 

27S03AC 27S03AC 
27S03AM 27S03AM 
27S03C 27S03C 
27S03M 27S03M 
27S07AC 27S07AC 
27S07AM 27S07AM 

27S07C 27S07C 
27S07M 27S07M 
27S181AC 7C282-30C 
27S181AM 7C282-4SM 
27S181C 7C282-45C 
27Sl81M 7C282-4SM 

27S191AC 7C292-3SC 
27S191AM 7C292-SOM 
27S191C 7C292-SOC 
27S191M 7C292-SOM 
27S2SAC 7C22S-30C 
27S2SAM 7C22S-3SM 

27S2SC 7C22S-40C 
27S2SM 7C22S-40M 
27S2SSAC 7C22S-2SC 
27S2SSAM 7C22S-3SM 
27S281AC 7C281-30C 
27S281AM 7C281-4SM 

27S281C 7C281-45C 
27S281M 7C281-4SM 
27S291AC 7C291-3SC 
27S291AM 7C291-SOM 
27S291C 7C291-SOC 
27S291M 7C291-SOM 

27S35AC 7C235-30C 
27S35AM 7C235-40M 
27S35C , 7C23S-40C 
27S35M 7C235-40M 
27S4SAC 7C24S-3SC 
27S45AM 1C24S-4SM 

27S45C 1C24S-4SC 
27S4SM 7C24S-45M 
27S45SAC 7C245·2SC 
27S49AC 7C264-4SC 
27S49AM 1C264-SSM 

II 
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AMD CYPRFBS AMD CYPRESS AMD CYPRFSS 
27S49A-4SC 7C264-4SC 9128-lOOC 6116-SSC 99C641-70M 7Cl87-4SM 
27S49C 1C264-SSC 912S.120M 6116-SSM 99C68-3SC 7C168-3SC · 
27S49M 1C264-SSM 9128-lSOC 6116-SSC 99C68-4SC 7C168-4SC' 
27SS1C 1C2S4-SSC 9128-lSOM 6116-SSM 99C68-4SM .. 7Cl68-4SM' 

27SS1M 7C2S4-6SM 9128-200C 6116-SSC 99C68-SSC 7C168-4SC' 

2841AC 3341C 9128·200M 6116-SSM 
) 

99C68-5SM 7Cl68-4SM' 
2841AM 3341M 9128-70C 6116-SSC 99C68-70C 7C168-45C' 
2841C 3341C 9128-90M 6116-SSM 99C68-70M 7C168-4SM' 
2841M 3341M 915().20C 7C150-1SC 99C88H-35C 7Cl86-35C 
2901BC 2901CC 9150-25C 7Cl50-2SC 99C88H-45C . 7C186-45C 
290IBM 2901CM 9150-25M 7C150-25M 99C88H-45M 7Cl86-45M+ 

2901CC 2901CC 91S0-3SC 7C150-35C 99C88H-55C 7Cl86-5SC 
2901CM 2901CM 9150-35M 7C150-3SM ' 99C88H-55M 7C186-55M+ 
2909AC 2909AC 9150-45C 7C150-35C 99C88H-70C 7Cl86-5SC 
2909AM 2909AM 9150-45M 7C150-35M 99C88H-70M 7Cl86-5SM+ 
2909C 2909AC 91L22-35C 91L22-3SC 99CSS.10C 7C186-55C' 
2909M 2909M 91L22-35M 7C122-35M 99C88-10M 7Ci86-5SM' 

2910AC 2910AC 91L22-4SC 91L22-45C 99C88-12C 7C186-55C' 
2910AM 2910AM 91L22-45M 7C122-3SM 99C88-12M 7C186-55M' 
2910C 2910C 91L22·60C ·. 7C122-35C+ 99C88-15C 7Cl86-55C' 
2910M 2910M 91L50-25C 7C150-2SC 99C88-15M 7C186-55M' 
2910-lC 2910C 91LS0-35C 7C150-35C 99C88-20C. 7Cl86-55C' 
2910.lM 2910M 91L50-45C 7ClS0-35C 99C88-20M 7C186-55M' 

2911AC 2911AC 93422AC 93422AC 9CJCs8·70C 7Cl86-55C' 
2911AM 2911AM 93422AM 93422AM 99C88-70M 7Cta6-55M' 
2911C 2911AC 93422C 93422C 99CL68-3SC 7Cl68-35C 
2911M 2911M 93422M 93422M 99CL68-45C 7C168-45C' 
29516AM 7C516-55M 93U22AC 93U22AC 99CL68-45M 7Cl68-45M' 
29516C 7C516-55C 93U22AM 93U22AM 99CL68-55C 7Cl68-45C' 

29516M 7C516-55M 93U22C 93U22C 99CL68-55M 7Cl68-45M' 
29517C 7C517-55C 93U22M 93U22M 99CL68-70C 7C168-45C' 
29517M 7C517·55M 99C164-35C 7C164-35C 99CL68-70M 7Cl68-45M' 
29701C 27S07C 99C164-4SC 7C164-4SC 99CL88·10C 7C186-55C' 
29701M 27S07M 99Cl64-45M 7C164·45M 99CL88-12C 7Cl86-S5C' 
29703C 27S03C 99C164-55C 7Cl64-45C 99CL88-15C 7Cl86-55C' 

29703M 27S03M 99C164-S5M 7Cl64-45M 99CL88-70C 7Cl86-5SC' 
29C01BC 7C901·31C 99C164-70C 7C164-45C 99CS88·loM 7Cl86-55M' 
29C01CC 7C901-31C 99C164-70M 7Cl64-45M 99CS88·12M 7C186-SSM' 
29ClOIC 7C9101-40C . 99C165·35C 7C166-35C 99CS88-15M 7C186-55M' 
29Cl01M 7C9101-35M 99C165-4SC 7C166-45C 99CS88-20M 7C186-55M' 
29ClOAC 7C910.93C 99C165-4SM 7C166-4SM 99CS88-70M 7C186-55M' 

29LS16C 7CS16-7SC 99Cl65·55C 7C166-45C PAL16L8AC PALC16L8-25C 
29L516M 7C516-7SM 99C16S·S5M 7C166-45M PAL16LSA.LC PALC16L8·2SC 
29L517C 7C517-7SC 99C165·70C 7C166-45C PAL16L8ALM PALC16L8-30M 
29LS17M 7CS17-75M 99Cl65-70M 7C166-45M PAL16LSAM PALC16LS.30M 
3341C 3341C 99C641-25C 7C187-25C+ PAL16L8A-4C PALC16L8L-35C 
3341M 3341M 99C641-35C 7C187-35C+ PAL16L8A-4M PALC16L8-40M + 

54S189M 54S189M 99C641-45C 7C187-4SC+ PAL16L8BM PALC16LS.20M 
74S189C 74S189C 99C64l-4SM 7C187-45M PAL16LSC PALCl6LS.35C 
9122-25C 9122-25C 99C641-5SC 7C187-45C+ PAL16LSLC PALC16L8-35C 
9122-35C 9122-35C 99C641-55M 7C187-45M· PAL16LSLM PALC16L8-40M 
9122-35M 7C122-3SM 99C641·70C 7Cl87-45C+ PAL16L8M PALC16L8-40M 

Note: Unless otherwise noted, product meets all performance specs and ts within 10 mA on Ice and S mA on Ise; 
+ = meets all performance specs but may not meet Ice or Ise; 
' = meets all performance specs except 2V data retention-may not meet Ice or Ise; 
- = functionally equivalCJlt 

1-10 

AMD CYPRFSS 
PAL16L8QC PALC16LSL-3SC 
PAL16LSQM PALC16L8-40M+ 
PAL16R4ALC PALC16R4-2SC 
PAL16R4ALM PALC16R4-30M 
PAL16R4AM PALC16R4-30M 

PAL16R4A-4C PALC16R4L-3SC 
PAL16R4A-4M PALC16R4-40M+ 
PAL16R4BM PALC16R4-20M 
PAL16R4C PALC16R4-35C 
PAL16R4LC PALC16R4-35C 
PAL16R4LM PALC16R4-40M 

PAL16R4M PALC16R4-40M 
PAL16R4QC PALC16R4L-3SC 
PAL16R4QM PALC16R4-40M+ 
PAL16R6AC PALC16R6-25C 
PAL16R6ALC PALC16R6-25C 
PAL16R6ALM PALC16R6-30M 

PAL16R6AM PALC16R6-30M 
PAL16R6A-4C PALC16R6L-35C 
PAL16R6A-4M PALC16R6-40M 
PAL16R6BM PALC16R6-20M 
PAL16R6C PALC16R6-35C 
PAL16R6LC PALC16R6-35C 

PAL16R6LM PALC16R6-40M 
PAL16R6M PALCl 6R6-40M 
PAL16R6QC PALC16R6L-35C 
PAL16R6QM PALC16R6-40M + 
PAL16R8AC PALC16R8-25C 
PAL16R8ALC PALC16R8-25C 

PAL16R8ALM PALC16R8-30M 
PAL16R8AM PALC16R8-30M 
PAL16R8A-4C PALC16R8L-35C 
PAL16R8A-4M PALC16R8-40M 
PAL16R8BM PALC16R8-20M 
PAL16RSC PALC16R8-35C 

PAL16R8LC PALC16R8-35C 
PAL16R8LM PALC16R8-40M 
PAL16R8M PALC16R8-40M 
PAL16R8QC PALC16R8L-35C 
PAL16R8QM PALC16R8-40M + 
PAL22VlOAC PALC22V10·2SC 

PAL22VIOAM PALC22Vl0-30M 
PAL22V10C PALC22Vl0-35C 
PAL22VIOM PALC22V10-40M 

ANALOG-DEV CYPRESS 
PREFIX:ADSP PREFIX:CY 

SUFFIX:883B SUFFIX:B 
SUFFIX:D SUFFIX:D 
SUFFIX:E SUFFIX:L 
SUFFIX:F SUFFIX:F 
SUFFIX:G · SUFFIX:G 
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ANAWG-DEV CYPRESS FAIRCHILD CYP~ FUJITSU CYP~ 

IOIOA 7C510-65C+ 16RP4A PALC16R4-25C- 2148-SSL 21L48-55C 
1010.J 7C510-75C+ 16RP6A PALC16R6-25C- 2148-70L 21L48-55C 
IOIOK 7C510-75C+ 16RP6A PALC16R6-20M - 2149-45 2149-45C 
10108 7CSI0-7SM+ 16RP8A PALC16R8-25C- 2149-SSL 21L49-55C 
IOIOT 7C510-75M+ 16RP8A PALC16R8-20M- 2149-70L 21L49-55C 

7C901-27M 7C901-32M 3341AC 3341C 7132E 7C282-45C 
7C901-32M 2901CM 3341C 3341C 7132E-SK 7C281-45C 

54Fl89 7Cl89-25M- 7132E-W 7C282-45M 
FAIRCHIW CYPRl!SS 54F219 7Cl90-25M- 7132H 7C282-45C 
PREFIX:F PREFIX:CY 54F413 7C401-15M 7132H-SK 7C281-45C 
SUFFIX:D SUFFIX:D 54Sl89M 54Sl89M 7132¥ 7C282-30C 

SUFFIX:F SUFFIX:F 74AC1010-40 7C510-45C 7132¥-SK 7C281-30C 
SUFFIX:L SUFFIX:L 74Fl89 7Cl89-25C- 7138E 7C292-50C 
SUFFIX:P SUFFIX:P 74F219 7Cl90-25C- 7138E-SK 7C291-50C 
SUFFIX:QB SUFFIX:B 74F413 7C401-15C 7138E-W 7C292-50M 
1600C45 7Cl87-45C+ 74LS189 27LS03C 7138H 7C292-35C 
1600C55 7Cl87-45C+ 748189 74Sl89C 7138H-SK 7C291-35C 

1600C70 7Cl87-45C+ 93422AC 93422AC 7138Y 7C292-35C 
1600M55 7Cl87-45M+ 93422AM 93422AM 7138¥-SK 7C291-35C 
1600M70 7Cl87-45M+ 93422C 93422C 7144E 7C264-55C 
1601C45 7Cl87-45C' 93422M 93422M 7144E-W 7C264-55M 
1601C55 7C187-45C' 93475C 2149-45C 7144H 7C264-55C 
1601C70 7Cl87-45C' 93L422AC 93L422AC 7144Y 7C264-45C 

1601M55 7Cl87-45M' 93L422AM 93L422AM 7226RA-20 7C225-30C 
1601M70 7Cl87-45M' 93L422C 93L422C 7226RA-25 7C225-30C 
1620C25 7Cl64-25C+ 93L422M 93L422M 7232RA-20 7C235-30C 
1620C35 7Cl64-35C+ 93Z451AC 7C282-30C 7232RA-25 7C235-30C 
1620M35 7Cl64-35M+ 93Z451AM 7C282-45M 7238RA-20 7C245-25C 
1620M45 7Cl64-45M+ 93Z451C 7C282-30C 7238RA-25 7C245-35C 

1621C25 7Cl64-25C' 93Z451M 7C282-45M 8167A-55 7C167-45C 
1621C35 7Cl64-35C' 93Z511C 7C292-35C 8167A-70 7Cl67-45C 
1621M35 7Cl64-35M' 93Z511M 7C292-50M 8167-70W 7C167-45M 
1621M45 7Cl64-45M' 93Z565AC 7C264-45C 8168-55 7C168-45C 
1622C25 7Cl66-25C+ 93Z565AM 7C264-55M 8168-70 7Cl68-45C 
1622C35 7C166-35C+ 93Z565C 7C264-55C 8168-70W 7C168-45M 

1622M35 7Cl66-35M+ 93Z565M 7C264-55M 8171-55 7Cl87-45C 
1622M45 7Cl66-4SM+ 93Z611C 7C292-25C 8171-70 7C187-45C 
1623C25 7C166-25C' 93Z665C 7C264-35C 81C67-35 7C167-45C+ 
1623C35 7C166-35C' 93Z665M 7C264-45M 81C67-45 7C167-45C 
1623M35 7Cl66-35M' 93Z667C 7C263-35C 81C67-55 7Cl67-45C 
1623M45 7C166-45M' 93Z667M 7C261-45M 81C67-55W 7C167-45M 

16L8A PALC16L8-25C 81C68A-25 7C168L-25C 
16L8A PALC16L8-20M FUJITSU CYPRl!SS 81C68A-30 7C168L-25C 
16P8A PALC16L8-20M- PREFIX:MB PREFIX:CY 81C68A-35 7C168L-35C 
16P8A PALC16L8-25C- PREFIX:MBM PREFIX:CY 81C68-35 7C168L-35C 
16R4A PALC16R4-20M SUFFIX:F SUFFIX:F 81C68-45 7C168-45C 
16R4A PALC16R4-25C SUFFIX:M SUFFIX:P 81C68-55W 7Cl68-45M+ 

16R6A PALC16R6-20M SUFFIX:Z SUFFIX:D 81C69A-25 7Cl69L-25C 
16R6A PALC16R6-25C 2147H-35 2147-35C 81C69A-30 7Cl69L-25C 
16R8A PALCI 6R8-25C 2147H-45 2147-45C 81C69A-35 7Cl69L-35C 
16R8A PALC16R8-20M 214m-5s 2147-55C 81C71-45 7Cl87-45C+ 
16RP4A PALC16R4-20M- 214m.10 2147-55C 81C71-55 7Cl87-45C+ 

Note: Unless otherwise noted, product meets all performance specs and is within 10 mA on Ice and S mA on Ise; 
+ = meets all performance specs but may not meet Ice or Ise; 
• = meets all performance specs except 2V data retention-may not meet lee or lira; 
- = functionally equivalent 

1-11 

FUJITSU CYPRl!SS 
81C74-25 7Cl64-25C+ 
81C74-25 7Cl87-25C+ 
81C74-35 7Cl64-35C+ 
81C74-35 7Cl87-35C+ 
81C74-45 7Cl64-45C+ 

81C75-35 7Cl66-35C 
81C75-45 7Cl66-45C 
81C78-45 7Cl86-45C+ 
81C78-55 7Cl86-55C+ 
8464L-100 7Cl85-55C+ 
8464L-70 7Cl85-45C+ 

HARRIS CYPRESS 
PREFIX:l SUFFIX:D 
PREFIX:J SUFFIX:P 
PREFIX:4 SUFFIX:L 
PREFIX:9 SUFFIX:F 

PREFIX:HM PREFIX:CY 
PREFIX:HPL PREFIX:CY 
16LC8-5 PALC16L8L-35C-
16LC8-8 PALC16L8-40M + 
16LC8-9 PALC16L8-40M + 
16RC4-5 PALC16R4L-35C-

16RC4-8 PALCl6R4-40M+ 
16RC4-9 PALC16R4-40M+ 
16RC6-5 PALCl6R6L-35C-
16RC6:S PALC16R6-40M + 
16RC6-9 PALC16R6-40M+ 
16RC8-5 PALC16R8L-35C-

16RC8-8 PALC16R8-40M+ 
16RC8-9 PALC16R8-40M + 
651628-5 6110-55C' 
6516211-8 6116-55M' 
65162B-9 6116-55M' 
65162C-8 6116-55M' 

65162C-9 6116-55M' 
651628-5 6116-55C' 
65162$-9 6116-55M' 
65162-5 6116-55C' 
65162-8 6116-55M' 
65162-9 6116-55M' 

6526211-8 7Cl67-45M' 
6526211-9 7C167-45M' 
65262C-9 7Cl67-45M' 
65262$-9 7C167-45M' 
65262-8 7C167-45M' 
65262-9 7Cl67-45M' 

6-76161A-2 7C291-50M 
6-76161A-5 7C291-SOC 
6-76161B-5 7C291-35C 
6-76161-2 7C291-50M 
6-76161-5 7C291-SOC 

II 



~ Product Line Cross Reference (continued) 
~~~D\JCTOR=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::;;;;:;;; 

HARRIS CYPRESS HITAClll CYPRESS IDT CYPRESS 
6-7681A-5 7C281-45C 6!67HL-45 7Cl67-45C' 6116L55B 6116-55M' 
6-7681-5 7C281-45C 6167HL-55 7Cl67-45C' 6116L70 6116-55C' 
76161A-2 7C292-50M 6!67H-45 7Cl67-45C+ 6116L70B 6116-55M' 
76161A-5 7C292-50C 6167H-55 7Cl67-45C+ 6116L90 6116-55C' 
76161B-5 7C292-35C 6167L 7C167-45C' 6116L90B 6116-55M' 

76161-2 7C292-50M 6!67L-6 7Cl67-45C' 6116LA120B 6116-55M' 
76161-5 7C292-50C 6!67L-8 7Cl67-45C' 6II6LA120TB 7C128-55M' 
76641A-5 7C264-45C 6167-6 7Cl67-45C+ 6116LA35 6116-35C' 
76641-2 7C264-55M 6167-8 7Cl67-45C+ 6116LA35B 6116-45M' 
76641-5 7C264-55C 6!68HL-45 7Cl68-45C' 6116LA35T 7Cl28-35C' 
7681A-5 7C282-45C 6168HL-55 7Cl68-45C' 6116LA35TB 7Cl28-35M' 

7681-2 7C282-45M 6!68HL-70 7Cl68-45C' 6116LA45 6116-45C' 
7681-5 7C282-45C 6!68H-45 7Cl68-45C+ 6116LA45B 6116-45M' 
8UFFIX:8 8UFFIX:B 6!68H-55 7Cl68-45C+ 6116LA45T 7Cl28-45C' 

6168H-70 7Cl68-45C+ 6116LA45TB 7C128-45M' 
HITACHI CYPRESS 6264L-10 7Cl86-55C' 6116LA55 6116-55C' 
PREFIX:HM PREFIX:CY 6264L-12 7Cl86-55C' 6116LA55B 6116-55M' 

PREFIX:HN PREFIX:CY 6264L-15 7Cl86-55C' 6116LA55T 7Cl28-55C' 
8UFFIX:CG 8UFFIX:L 6264-10 7Cl86-55C+ 6116LA55TB 7Cl28-55M' 
8UFFIX:G 8UFFIX:D 6264-12 7Cl86-55C+ 6116LA70 6116-55C' 
8UFFIX:P 8UFFIX:P 6264-15 7Cl86-55C+ 6116LA70B 6116-55M' 
25089 7C282-45C 6267-35 7Cl67-35C+ 6116LA70T 7Cl28-55C' 
250898 7C282-45C 6267-45 7Cl67-45C 6116LA70TB 7Cl28-55M' 

251698 7C292-50C 6287L-55 7Cl87-45C' 6116LA90 6116-55C' 
4847 2147-55C 6287L-70 7Cl87-45C' 6116LA90B 6116-55M' 
4847-2 2147-45C 6287-45 7Cl87-45C+ 6116LA90T 7Cl28-55C' 
4847-3 2147-55C 6287-55 7Cl87-45C+ 6116LA90TB 7Cl28-55M' 
6116ALS-12 6116-55C' 6287-70 7Cl87-45C+ 61168120B 6116-55M+ 
6116ALS-15 6116-55C' 6787-25 7Cl87-25C 61168150B 6116-55M + 

6116ALS-20 6116-55C' 6116855 6116-55C + 
6116AS-12 6116-55C+ IDT CYPRESS 6116855B 6116-55M+ 
6116A8-15 6116-55C+ PREFIX:IDT PREFIX:CY 6116870 6116-55C+ 
6116A8-20 6116-55C+ 8UFFIX:B 8UFFIX:B 6116870B 6116-55M + 
6147 7Cl47-45C' 8UFFIX:D 8UFFIX:D 6116890 6116-55C+ 
6147 7Cl47-45C' 8UFFIX:F 8UFFIX:F 6116890B 6116-55M+ 

6147HL-35 7Cl47-35C' 8UFFIX:L 8UFFIX:L 61168A120B 6116-55M + 
6147HL-45 7Cl47-45C' 8UFFIX:P SUFFIX:P 6116SAl20TB 7Cl28-55M+ 
6147HL-55 7Cl47-55C' 39COIC 7C901-31C+ 6116SA35 6116-35C+ 
6147H-35 7Cl47-35C+ 39COICB 7C901-32M+ 6116SA35B 6!16-45M+ 
6147H-45 7Cl47-45C+ 39COID 7C90l-23C+ 61168A35T 7Cl28-35C+ 
6147H-55 7Cl47-45C+ 39COIDB 7C90l-27M+ 61168A35TB 7C128-35M+ 

6147-3 7C147-45C' 39C09A 7C909-40C+ 61168A45 6116-45C+ 
6147-3 7Cl47-45C' 39C09AB 7C909-40M+ 61168A45B 6116-45M+ 
6148 7C148-45C 39CIOB 7C910-50C- 6!!68A45T 7Cl28-45C+ 
6148HL-35 21L48-35C' 39CIOBB 7C910-5!M- 61168A45TB 7Cl28-45M+ 
6148HL-45 7Cl48-45C' 39CllA 7C911-40C+ 61168A55 6116-55C+ 
6148HL-55 7Cl48-45C' 39CllAB 7C9ll-40M+ 61168A55B 6116-55M+ 

6148H-35 21IA8-35C 49C401 7C9!01-40C- 61168A55T 7Cl28-55C+ 
6148H-45 7Cl48-45C+ 49C401B 7C9101-45M - 61168A55TB 7Cl28-55M+ 
6148H-55 7Cl48-45C+ 6116Ll20B 6116-55M' 61168A70 6116-55C+ 
6148L 7Cl48-45C' 6116Ll50B 6116-55M' 61168A70B 6116-55M + 
6167 7Cl67-45C+ 6116L55 6116-55C' 61168A70T 7Cl28-55C+ 

Note: Unless otherwise noted, product meets all performance specs and 1s wtthm 10 mA on Ice and 5 mA on Iss; 
+ = meets all performance specs but may not meet Ice or Iss; 
' = meets all performance specs except 2V data retention-may not meet Ice or lss; 
- = functionally equivalent 
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IDT CYPRESS 
61168A70TB 7Cl28-55M+ 
61168A90 6116-55C+ 
6116SA90B 6ll6-55M+ 
61168A90T 7Cl28-55C+ 
6116SA90TB 7Cl28-55M+ 

6167LIOOB 7Cl67-45M' 
61671A5 7Cl67L-45C' 
6167L55B 7Cl67-45M' 
6167L70B 7Cl67-45M' 
6167L85B 7Cl67-45M' 
6167LA25 7Cl67-25C' 

6167LA35 7Cl67-35C' 
6167LA35B 7Cl67-35M' 
6167LA45 7Cl67-45C' 
6167LA45B 7Cl67-45M' 
6167LA55 7Cl67-45C' 
6167LA55B 7Cl67-45M' 

6167LA70B 7Cl67-45M' 
61678100B 7C167-45M 
6167845 7Cl67-45C 
6167855 7C167-45C 
6167855B 7Cl67-45M 
6167870 7Cl67-45C+ 

6167870B 7Cl67-45M 
6167885B 7Cl67-45M 
61678A25 7Cl67-25C+ 
61678A35 7Cl67-35C+ 
61678A35B 7Cl67-35M+ 
61678A45 7Cl67-45C+ 

61678A45B 7Cl67-45M+ 
61678A55 7Cl67-45C+ 
61678A55B 7Cl67-45M+ 
61678A70B 7Cl67-45M+ 
6168LIOOB 7Cl68-45M' 
6168IA5 7Cl68-45C' 

6168L55 7Cl68-45C' 
6168L55B 7Cl68-45M' 
6168L70 7Cl68-45C' 
6168L70B 7Cl68-45M' 
6168L85 7C168-45C' 
6168L85B 7Cl68-45M' 

6168LA25 7Cl68-25C' 
6168LA35 7C168-35C' 
6168LA35B 7Cl68-35M' 
6168LA45 7Cl68-45C' 
6168LA45B 7Cl68-45M' 
6168LA55 7Cl68-45C' 

6168LA55B 7Cl68-45M' 
6168LA70B 7Cl68-45M' 
61688100B 7Cl68-45M+ 
6168845 7Cl68-45C+ 
6168855 7Cl68-45C+ 



~ Product Line Cross Reference (Continued) ,..,.~~UCIOR::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:== 
IDT CYPRESS IDT CYPRESS IDT CYPRESS 
6168S55B 7Cl6845M+ 7164S55 7Cl86-55C+ 71682S55B 7Cl7245M+ 
6168S70 7Cl6845C 7164S55B 7Cl86-55M+ 71682S70 7Cl724SC+ 
6168S70B 7Cl6845M 7164S70 7Cl86-55C+ 71682S70B 7Cl7245M+ 
6168S85 7Cl6845C 7164S70B 7Cl86-55M+ 71682S85B 7Cl7245M+ 
6168S85B 7Cl6845M 7164S85B 7Cl86-55M+ 71682SA25 7Cl72-25C+ 

6168SA25 7Cl68-25C+ 71681LIOOB 7C17145M' 71682SA35 7Cl72-35C+ 
6168SA35 7Cl68-35C+ 71681IA5 7Cl7145C' 71682SA35B 7Cl72-35M+ 
6168SA35B 7Cl68-35M+ 71681LS5 7C17145C' 71682SA45 7C17245C+ 
6168SA45 7Cl6845C+ 71681LS5B 7C17145M' 71682SA45B 7Cl7245M+ 
6168SA4SB 7Cl6845M+ 71681L70 7C17145C' 71682SA55 7Cl7245C+ 
61688ASS 7Cl6845C+ 71681L70B 7C17145M' 716828A55B 7Cl7245M+ 

6168SA55B 7Cl6845M+ 71681L85B 7Cl7145M' 7187L30 7Cl87-25C' 
6168SA70B 7Cl6845M+ 71681LA25 7C171-25C' 7187L35 7Cl87-35C' 
7130LIOO 7Cl30-55C' 71681LA3S 7C171-35C' 7187L35B 7Cl87-35M' 
7130LIOOB 7Cl30-55M 71681LA35B 7C171-35M' 7187IA5 7Cl8745C' 
7130Ll20B 7Cl30-55M 71681LA45 7Cl7145C' 7187IA5B 7Cl8745M' 
7130L55 7Cl30-55C' 71681LA45B 7C17145M' 7187LS5 7Cl874SC' 

7130L70 7Cl30-55C' 71681LA55 7C17145C' 7187LS5B 7Cl8745M' 
7130L90 7Cl30-55C' 71681LA55B 7C17145M' 7187L70 7Cl8745C' 
71308100 7Cl30-S5C 71681LA70B 7C17145M' 7187L85 7Cl8745C' 
7130SIOOB 7Cl30-55M 71681SIOOB 7C17145M+ 7187L85B 7Cl8745M' 
7130Sl20B 7Cl30-55M 71681S45 7C1714SC+ 7187S30 7Cl87-25C+ 
7130855 7Cl30-55C 71681855 7Cl7145C+ 7187835 7Cl87-35C+ 

7130S70 7Cl30-55C 71681S55B 7C1714SM+ 7187S35B 7C187-35M 
7130S90 7Cl30-5SC 71681S70 7C17145C+ 7187845 7Cl8745C+ 
7132LIOO 7C132-55C' 716818708 7C1714SM+ 7187S45B 7C18745M 
7132LIOOB 7Cl32-55M' 71681S85B 7C17145M+ 7187855 7Cl874SC+ 
7132L120B 7Cl32-55M' 71681SA25 7C171·25C+ 71878558 7C18745M 
7132LS5 7Cl32-55C' 71681SA35 7Cl71-35C+ 7187870 7Cl8745C+ 

7132L70 7Cl32-55C' 71681SA35B 7C171-35M+ 7187S70B 7Cl8745M 
7132L70B 7C132-55M' 71681SA45 7C17145C+ 7187S85 7C1874SC+ 
7132L90 7Cl32-55C' 71681SA45B 7C17145M+ 7187S85B 7Cl874SM 
7132L90B 7Cl32-5SM' 71681SA55 7C17145C+ 7188L30 7Cl64-25C' 
7132SIOO 7C132-S5C+ 71681SA55B 7C171-45M+ 7188L35 7Cl64-35C' 
71328100B 7Cl32-5SM+ 716818A70B 7C1714SM+ 7188L3SB 7Cl64-3SM' 

71328120B 7Cl32-55M+ 71682LIOOB 7C1724SM' 7188L45 7C16445C' 
7132S5S 7Cl32-55C +' 71682IA5 7Cl724SC' 7188IASB 7Cl6445M' 
7132870 7Cl32-55C+ 71682LSS 7Cl7245C' 7188L5S 7Cl6445C' 
7132S70B 7Cl32-S5M+ 71682LS5B 7Cl7245M' 7188LS5B 7C1644SM' 
7132890 7Cl32-SSC+ 71682L70 7Cl724SC' 7188L70 7Cl6445C' 
71328908 7Cl32-55M+ 71682L70B 7Cl7245M' 7188L70B 7Cl644SM' 

7164L3S 7Cl86-35C' 71682L85B 7C172-45M' 7188L85B 7Cl644SM' 
7164US 7Cl864SC' 71682LA25 7C172-2SC' 7188830 7Cl64-25C 
7164USB 7Cl86-4SM' 71682LA35 7C172-3SC' 7188835 7Cl64-35C 
7164L5S 7Cl86-55C' 71682LA35B 7Cl72·35M' 71888358 7C164-35M' 
7164L5SB 7Cl86-5SM' 71682LA45 7Cl724SC' 7188S45 7Cl6445C 
7164L70 7Cl86-5SC' 71682LA4SB 7Cl724SM' 7188S4SB 7Cl644SM 

7164L70B 7Cl86-55M' 71682LAS5 7C17245C' 7188855 7Cl644SC 
7164L8SB 7Cl86-55M' 71682LA55B 7Cl7245M' 7188855B 7Cl6445M 
7164S35 7Cl86-35C+ 71682SIOOB 7Cl7245M+ 7188870 7C16445C 
7164S45 7Cl8645C+ 71682S45 7Cl7245C+ 71888708 7C16445M 
7164S45B 7Cl8645M+ 71682855 7C172-45C+ 7188885B 7Cl6445M 

Note: Unless otherwise noted, product meets all performance specs and is within 10 mA on Ice and S mA on Ise; 
+ = meets all performance specs but may not meet Ice or Ise; 
• = meets all performance specs except 2V data retention-may not meet Ice or Ise; 
- = functionally equivalent 

1-13 

IDT CYPRESS 
71981L35 7Cl61-35C* 
71981L35B 7Cl61-35M* 
71981IA5 7Cl6145C' 
71981IA5B 7Cl6145M' 
71981LS5 7Cl6145C' 

71981L55B 7Cl6145M' 
71981L70 7Cl6145C' 
71981L70B 7Cl6145M' 
71981L8SB 7Cl614SM' 
71981835 7Cl61-35C 
719818358 7Cl61-35M 

71981845 7Cl6145C 
71981845B 7Cl614SM 
71981855 7Cl61-45C 
71981S55B 7Cl61-45M 
71981870 7Cl61-45C 
719818708 7Cl61-45M 

71981S85B 7Cl6145M 
71982L35 7Cl62-35C' 
71982L35B 7Cl62-35M' 
71982L45 7Cl6245C' 
71982IASB 7Cl6245M' 
71982LS5 7Cl6245C' 

71982LS5B 7Cl6245M' 
71982L70 7Cl6245C' 
71982L70B 7Cl6245M' 
71982L85B 7Cl6245M' 
71982S3S 7Cl62-35C 
719828358 7Cl62-35M 

71982S4S 7Cl6245C 
71982S4SB 7Cl6245M 
71982SS5 7Cl6245C 
71982S5SB 7C16245M 
71982S70 7Cl624SC 
71982S70B 7Cl6245M 

71982S8SB 7C16245M 
7198L35 7C166-35C' 
7198L3SB 7Cl66-35M' 
7198L45 7C166-45C' 
7198IASB 7Cl664SM' 
7198LS5 7Cl6645C' 

7198LSSB 7C16645M' 
7198L70 7Cl66-4SC' 
7198L70B 7Cl6645M' 
7198L85B 7Cl664SM' 
7198835 7Cl66-3SC 
71988358 7C166-3SM+ 

7198S45 7Cl66-4SC 
7198S45B 7Cl6645M 
7198855 7C16645C 
71988558 7Cl6645M 
7198870 7Cl664SC 

II 



~ Product Line Cross Reference (Continued) 
~~~UCTOR:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::== 

IDT CYPRFSS IDT CYPRFSS INMOS CYPRFSS 
7198S70B 7C166-45M 7216L185B 7C516-75M+ 1423-45 7Cl68-45C 
7198S85B 7C166-45M 7216L55 7C516-55C+ 1423-45M 7C168-45M' 
7201LA-120 7C412-12C+ 7216L55B 7C516-55M 1423-55M 7C168-45M' 
7201LA-120B 7C412-12M' 7216L65 7C516-65C+ 1424-35 7Cl70-35C-
7201LA-40B 7C412-25M' 7216L65B 7C516-65M 1424-45 7Cl70-45C-

7201LA-50 7C412-25C+ 7216L75 7C516-75C+ 1600-45 7Cl87-45C+ 
7201LA-50B 7C412-20M' 7216L75B 7C516-75M 1600-55 7C187-45C+ 
7201LA-65 7C412-15C+ 7216L90 7C516-75C+ 1600-55M 7C187-45M' 
7201LA-65B 7C412-15M' 7216L90B 7C516-75M+ 1600-70 7C187-45C+ 
7201LA-80 7C412-15C+ 7217Ll20B 7C517-75M+ 1600-70M 7C187-45M' 
7201LA-80B 7C412-15M' 7217L140 7C517-75C+ 1620-45 7C164-45C 

7201L-120 7C412-12C+ 7217Ll85B 7C517-75M+ 1620-55 7C164-45C 
7201L-120B 7C412-12M' 7217L45 7C517-45C+ 1620-55M 7C164-45M 
7201L-40B 7C412-25M' 7217L55 7C517-55C+ 1620-70 7Cl64-45C 
7201L-50 7C412-25C+ 7217L55B 7C517-55M 1620-70M 7Cl64-45M 
7201L-50B 7C412-20M' 7217L65 7C517-65C+ 
7201L-65 7C412-15C+ 7217L65B 7C517-65M INTEL CYPRFSS 

7201L-65B 7C412-15M' 7217L75 7C517-75C+ PREFIX:D SUFFIX:D 
7201L-80 7C412-15C+ 7217L75B 7C517-75M PREFIX:L SUFFIX:L 
7201L-80B 7C412-15M' 7217L90 7C517-75C+ PREFIX:P SUFFIX:P 
7201SA-120 7C412-12C 7217L90B 7C517-75M+ SUFFIX:/B SUFFIX:B 
7201SA-120B 7C412-12M 2147H 2147-55C 
7201SA-40B 7C412-25M INMOS CYPRFSS 2147HL 7C147-45C 

7201SA-50 7C412-25C PREFIX: IMS PREFIX: CY 2147H-l 2147-35C 
7201SA-50B 7C412-20M SUFFIX:B SUl'FIX:B 2147H-2 2147-45C 
7201SA-65 7C412-15C SUFFIX:P SUFFIX:P 2147H-3 2147-55C 
7201SA-65B 7C412-15M SUFFIX:S SUFFIX:D 2148H 2148-55C 
7201SA-80 7C412-15C SUFFIX:W SUFFIX:L 2148HL 21L48-55C 
7201SA-80B 7C412-15M 1400L-10 7Cl67-45C 2148HL-3 21L48-55C 

72018-120 7C412-12C 1400L-70 7Cl67-45C 2148H-2 2148-45C 
7201S-120B 7C412-12M 1400-35 7Cl67-35C 2148H-3 2148-55C 
7201S-40B 7C412-25M 1400-35M 7Cl67-35M 2149H 2149-55C 
7201S.50 7C412-25C 1400-45 7C167-45C 2149HL 21L49-55C 
7201S-50B 7C412-20M 1400-45M 7C167-45M 2149H-1 2149-35C 
72018-65 7C412-15C 1400-55 7C167-45C 2149H-2 2149-55C 

7201S-65B 7C412-ISM 1400-55M 7C167-45M 2149H-3 2149-55C 
72018-80 7C412-15C 1400-70M 7C167-45M 51C66-25 7Cl67-25C-
7201S-80B 7C412-15M 1403-35 7C167-35C+ 51C66-30 7Cl67-25C-
7210LIOO 7C510-75C+ 1403-45 7C167-45C 51C66-35 7C167-25C-
7210L165 7C510-75C+ 1403-45M 7C167-45M 51C66-35L 7C167-25C-
7210L45 7C510-45C+ 1403-55 7Ci67-45C 51C67-30 7C167-25C+ 

7210L55 7C510-55C+ 1403-55M 7C167-45M 51C67-35 7Cl67-35C+ 
7210L65 7C510-65C+ 1420L-IO 7C168-45C 51C67-35L 7Cl67-35C+ 
7210L75 7C510-75C+ 1420L-70 7Cl68-45C 51C68L-35 7Cl68L-35C + 
7210L120B 7C510-75M+ 1420-45 7C168-35C 51C68-30 7C168-25C+ 
7210L200B 7C510-75M+ 1420-55 7C168-45C 51C68-35 7C168-35C+ 
7210L55B 7C510-55M 1420-55M 7Cl68-45M+ M2147H-3 7C169-40M 

7210L65B 7C510-65M 1421-40 7Cl69-40C M2148H 2148-55M 
7210L75B 7C510-75M 1421-50 7C169-40C M2149H 2149-55M 
7210L85B 7C510-75M 1421-50M 7Cl69-40M+ M2149H-2 2149-45M 
7216L120B 7C516-75M+ 1423-25 7C168-25C M2149H-3 2149-55M 
7216L140 7C516-75C+ 1423-35 7Cl68-35C 

Note: Unless otherwise noted, product meets all performance specs and ts withm 10 mA on Ice and 5 mA on lsB; 
+ = meets all performance specs but may not meet Ice or lsB; 
• = meets all performance specs except 2V data retention-may not meet Ice or IsB; 
- = functionally equivalent 

1-14 

LATTICE CYPRFSS 
PREFIX:EE PREFIX:CY 
PREFIX:GAL PREFIX:CY 
PREFIX:SR PREFIX:CY 
SUFFIX:B SUFFIX:B 
SUFFIX:D SUFFIX:D 

SUFFIX:L SUFFIX:L 
SUFFIX:P SUFFIX:P 
16K4-25 7C168-25C 
16K4-35 7C168-35C 
16K4-35M 7C168-35M 
16K4-45 7C168-45C 

16K4-45M 7C168-45M 
16K8-35 7Cl28-35C+ 
16K8-55 7C128-45C+ 
20V8-25 PLDC20Gl0-25C 
20V8-25L PLDC20G I0-25C 
20V8-25Q PLDC20G I0-25C + 

20V8-35 PLDC20G 10-35C 
20V8-35 PLDC20G 10-30M 
20V8-35L PLDC20Gl0-30M 
20V8-35L PLDC20Gl0-35C 
20V8-35Q PLDC20Gl0-30M+ 
20V8-35Q PLDC20G 10-35C + 

64E4-35 7Cl66-35C+ 
64E4-45 7C166-45C+ 
64E4-55 7C166-45C+ 
64Kl-35 7C187-35C+ 
64Kl-45 7Cl87-45C+ 
64Kl-45M 7Cl87-45M+ 

64Kl-55 7Cl87-45C+ 
64Kl-55M 7Cl87-45M+ 
64K4-35 7C164-35C+ 
64K4-45 7Cl64-45C+ 
64K4-45M 7C164-45M+ 
64K4-55 7Cl64-45C+ 

64K4-55M 7C164-45M+ 
64K8-35 7C186-35C+ 
64K8-45 7Cl86-45C+ 
64K8-45 7C264-45C 
64K8-45M 7C186-45M+ 
64K8-55 7C264-55C 

64K8-55 7C186-55C+ 
64K8-55M 7Cl86-45M+ 
64K8-70 7C264-55C 
LIOl0-45 7C510-45C+ 
LIOl0-65 7C510-65C+ 
L1010-65B 7C510-65M + 

LIOI0-90 7C510-75C+ 
L1010-90B 7C510-75M+ 

MITSUBISHI CYPRESS 
PREFIX:M5M PREFIX: CY 



~ Product Line Cross Reference (continued) 
~~~NDUCTOR ====================================================================== 

MITSUBISHI CYPRESS MM! CYPRESS MM! CYPRESS 
SUFFIX:AP 8UFFIX:L 5388818 7C281-45M PAL14L8M PLDC20G 10-40M 
8UFFIX:FP 8UFFIX:F 57401 7C401·10M PAL16L6C PLDC20G 10·35C 
8UFFIX:K 8UFFIX:D 57401A 7C401·10M PAL16L6M PLDC20G 10-40M 
8UFFIX:P SUFFIX:P 57402 7C402·10M PAL16L8AC PALC16L8·25C 
21C67P·35 7C167·35C 57402A 7C402·10M PALl6L8AM PALC16L8·30M 

21C67P-45 7C167-45C 6381S·l 7C281-45C PALl6L8A·2C PALC16L8·35C 
21C67P·55 7C167·45C 6381S·2 7C281·45C PALI 6L8A·2M PALC16L8·40M 
21C68P·35 7C168·35C 6381·1 7C282-45C PALl6L8A-4C PALC16L8L·35C 
21C68P-45 7C168·45C 6381·2 7C282-45C PAL16L8A-4M PALC16L8·40M + 
21C68P·55 7C168-45C 63RA1681A8 7C245·35C- PALl6L8BM PALC16L8·20M 
51651,..100 7Cl86·55C+ 63RA1681S 7C245·35C- PALI 6L8B·2C PALC16L8·25C 

5165L·120 7C186·55C+ 63RA481A8 7C225·25C PAL16L8B·2M PALC16L8·30M 
5165L·70 7Cl86-55C+ 63RA4818 1c225 .. 3oc PALI 6L8B·4C PALC16L8L·35C 
5165P·100 7C186·55C+ 63R81681AS 7C245·35C- PAL16L8B-4M PALC16L8·40M + 
5165P·120 7Cl86·5SC+ 63RS1681S 7C245·35C- PAL16L8C PALC16L8·35C 
5165P·70 7C186·55C+ 63R8881AS 7C235·30C'-- PALI 6L8D-4C PALC16L8I,..25C 
5178P·45 7Cl86·45C 63RS8818 7C235·30C- PALI 6L8D-4M PALC16L8·30M + 

5178P·55 7Cl86·55C+ 6381681 7C292·50C PAL16L8M PALC16L8·40M 
5187P·25 7Cl87·25C+ 6381681A 7C292·35C PALl6R4AC PALC16R4-25C 
5187P·35 7Cl87 .. 35C+ 6381681A8 7C291·35C PALl6R4AM PALC16R4·30M 
5187P-45 7Cl87-45C+ 63816815 7C291·50C PALl6R4A·2C PALC16R4·35C 
5187P·55 7C187·4SC+ 638881 7C281·45C PAL16R4A·2M PALC16R4-40M 
5188P·25 7C164·25C 638881 7C282-45C PALl6R4A·4C PALC16R4I,..35C 

5188P·35 7Cl64·35C+ 638881A 7C282·30C PAL16R4A·4M PALC16R4·40M + 
5188P-45 7C164-45C+ 638881A 7C281·30C PALl6R4BM PALC16R4·20M 
5188P·SS 7Cl64·45C+ 67401 7C401·10C PAL16R4B·2C PALC16R4-25C 

67401 7C401·10C PALl6R4B·2M PALC16R4·30M 
MM! CYPRESS 67401A 7C401·15C PALl6R4B-4C PALC16R4L·35C 
8UFFIX:883B SUFFIX:B 67401B 7C403·25C PALl6R4B·4M PALC16R4-40M + 

8UFFIX:F SUFFIX:F 674010 7C403·25C PALl6R4C PALC16R4-35C 
SUFFIX:J 8UFFIX:D 67402 7C402·10C PAL16R4D-4C PALC16R4L·25C 
8UFFIX:L 8UFFIX:L 67402A 7C402·15C PALl6R4M PALC16R4·40M + 
8UFFIX:N 8UFFIX:P 67402B 7C402·25C PALl6R6AC PALC16R6·25C 
SUFFIX:SHRP 8UFFIX:B 674020 7C404·25C PALl6R6AM PALC16R6·30M 
53818·1 7C281·45M 67411 7C403·25C PAL16R6A·2C PALC16R6·35C 

53818·2 7C281-45M 67412 7C402·25C PAL16R6A·2M PALC16R6·40M 
5381·1 7C282·45M 67L402 7C402·10C PAL16R6A·4C PALC16R6L·35C 
5381·2 7C282-45M C57401 7C401·10M PAL16R6A-4M PALC16R6·40M 
53RA1681A8 7C245·35M- C57401A 7C401·10M PAL16R6BM PALC16R6·20M 
53RA16818 7C245·45M- C57402 7C402·10M PALl6R6B·2C PALC16R6-25C 
53RA481A8 7C225·35M C57402A 7C402·10M PALl6R6B·2M PALC16R6·30M 

53RA4818 7C225·40M C67401A 7C401·15C PAL16R6B-4C PALC16R6L·35C 
53RS1681A8 7C245·35M- C67401B 7C403·25C PAL16R6B·4M PALC16R6·40M + 
53RS16818 7C245·45M- C67402 7C402·10C PALl6R6C PALC16R6·35C 
53RS881A8 7C235·40M- C67402A 7C402·15C PALI 6R6D·4C PALC16R6L·25C 
53R88818 7C235·40M- C67402B 7C404-25C PAL16R6M PALC16R6-40M + 
5381681 7C292·50M C67L401 7C401·5C PAL16R8AC PALC16R8·25C 

5381681A8 7C291·35M C67L401D 7C401·15C PAL16R8AM PALC16R8·30M 
53816818 7C291·50M C67L402D 7C402·15C PAL16R8A·2C PALC16R8·35C 
535881 7C282-45M PALl2LIOC PLDC20Gl0..35C PAL16R8A·2M PALC16R8-40M 
53S881A 7C282·45M PAL12LlOM PLDC20G10..40M PALl6R8A·4C PALC16R8L·35C 
53S881A8 7C281-45M PALl4L8C PLDC20G 10..35C PALl6R8A-4M PALC16R8-40M 

Note: Unless otherwise noted, product meets all performance specs and is within 10 mA on Ice and 5 mA on Isa; 
+ = meets all performance specs but may not meet Ice or Isa; 
• = meets all performance specs except 2V data retention-may not meet Ice or Isa; 
- = functionally equivalent 

1-15 

MM! CYPRESS 
PALl6R8BM PALC16R8·20M 
PALl6R8B·2C PALCl 6R8·25C 
PALl6R8B·2M PALC16R8·30M 
PALI 6R8B-4C PALC16R8L·35C 
PALI 6R8B-4M PALC16R8-40M + 

PALl6R8C PALC16R8·35C 
PALI 6R8D-4C PALC16R8L·25C 
PALl6R8M PALC16R8-40M + 
PALl8lAC PLDC20G 10..35C 
PALl8lAM PLDC20G 10-40M 
PAL20LlOAC PLDC20G 10..35C 

PAL20L10AM PLDC20G 10·30M 
PAL20LlOC PLDC20Gl0..35C 
PAL20L10M PLDC20G 10-40M 
PAL20L2C PLDC20G 10·35C 
PAL20L2M PLDC20G 10·40M 
PAL20L8AC PLDC20G 10·25C 

PAL20L8AM PLDC20G J0 .. 3QM 
PAL20L8A·2C PLDC20G 10·35C 
PAL20L8A·2M PLDC20G 10-40M 
PAL20L8C PLDC20G 10·35C 
PAL20L8M PLDC20Gl0..40M 
PAL20R4AC PLDC20G 10..25C 

PAL20R4AM PLDC20Gl0..30M 
PAL20R4A·2C PLDC20G 10 .. 35c 
PAL20R4A·2M PLDC20G 10-40M 
PAL20R4C PLDC20G l0..35C 
PAL20R4M PLDC20G 10·40M 
PAL20R6AC PLDC20G 10..25C 

PAL20R6AM PLDC20G10..30M 
PAL20R6A·2C PLDC20G 10..35C 
PAL20R6A·2M PLDC20GI0-40M 
PAL20R6C PLDC20G 10 .. 35c 
PAL20R6M PLDC20Gl0..40M 
PAL20R8AC PLDC20G 10·25C 

PAL20R8AM PLDC20G 10·30M 
PAL20R8A·2C PLDC20G 10..35C 
PAL20R8A·2M PLDC20Gl0..40M 
PAL20R8C PLDC20G 10 .. 35c 
PAL20R8M PLDC20G 10-40M 
PLEIOPSC 7C281·30C 

PLEIOPSC 7C282·30C 
PLEIOPSM 7C281-45M 
PLEIOPSM 7C282·45M 
PLE10R8C 7C235·30C-
PLE10R8M 7C235-40M-
PLEllPSC 7C291·35C 

PLEllPSM 7C291·35M 
PLE11RA8C 7C245·3SC-
PLE11RA8M 7C245·35M-
PLE11RS8C 7C245·35C-
PLE11RS8M 7C245·35M-

II 



~ Product Line Cross Reference (Continued) 
~~~NDUCTOR=:=:=:=:=:=:=:::==:::==:::=::=::=::=::==:=:=:=:=:=:=:=:::=::=::==:=:=:=:=:=:=:=: 

MMI CYPRESS MOTOROLA CYPRESS NATIONAL CYPRESS 
PLE9R8C 7C225-30C 62L87-35 7C187-35C+ 748189 74Sl89C 
PLE9R8M 7C225-35M 76161 7C292-50C 748189A 27503AC 

76161A 7C292-50C 75507 7C190-25M 
MOTOROLA CYPRESS 7681 7C282-45C 75507A 27S07AM 
PREFIX:MCM PREFIX:CY 7681A 7C282-45C 77LS181 7C282-45M 

SUFFIX:P SUFFIX:P 93422 93422M 775181 7C282-45M 
SUFFIX:S SUFFIX:D 93422 93422C 77Sl81A 7C282-45M 
SUFFIX:Z SUFFIX:L 93422A 93422AM 778191 7C292-50M 
1423-45 7C168-45C+ 93422A 93422AC 77Sl91A 7C292-50M 

. 2016H-45 6116-45 93U22 93U22C 77Sl91B 7C292-50M 
2016H-55 6116-55C 93U22 93U22M 778281 7C281-45M 

2016H-70 6116-55C 93U22A 93U22AC 77S281A 7C281-45M 
2018-35 7C128-35C 93U22A 93U22AM 775291 7C291-50M 
2018-45 7Cl28-45C 77S291A 7C291-50M 
2167H-35 7C167-35C NATIONAL CYPRESS 77S291B 7C291-50M 
2167H-45 7C167-45C PREFIX:DM PREFIX:CY 778401 7C401-10M 
2167H-55 7C167-45C PREFIX:IDM PREFIX:CY 778401A 7C401-IOM 

6147-55 7Cl47-45C' PREFIX:NMC PREFIX:CY 778402 7C402-10M 
6147-70 7C147-45C' SUFFIX:J SUFFIX:D 778402A 7C402-10M 
6164-45 7C186-45C+ SUFFIX:N SUFFIX:P 77SR181 7C235-40M 
6164-55 7C186-55C+ 12LIOC PLDC20010-35C 77SR25 7C225-40M 
6164-70 7Cl86-55C+ 14L8C PLDC20GI0-35C 77SR25B 7C225-40M 
6168-35 7Cl68-35C+ 14L8M PLDC20G 10-40M 77SR476 7C225-40M-

6168-45 7Cl68-45C+ 16L6C PLDC20G 10-35C 77SR476B 7C225-40M-
6168-55 7C168-45C+ 16L6M PLDC20010-40M 85507 27S07C 
6168-70 7C168-45C+ 18L4C PLDC20GI0-35C 85507A 7Cl28-45C+ 
61U1-55 7C147-45C' !SUM PLDC20G 10-40M 85507A 27507AC 
61U7-70 7C147-45C' 20L2M PLDC20010-40M 87LS181 7C282-45C 
61L64-45 7C186-45C+ 2147H 2147-55C 878181 7C282-45C 

61L64-55 7C186-55C+ 2147H 2147-55M 878191 7C292-50C 
61L64-70 7Cl86-55C+ 2147H-1 2147-35C 87Sl91A 7C292-35C 

. 6268-25 7C168-25C 2147H-2 2147-45C 87Sl91B 7C292-35C 
6268-35 7C168-35C 2147H-3 2147-55C 878281 7C281-45C 
6269-25 7C169-25C 2147H-3 2147-55M 87S281A 7C281-45C 
6269-35 7C169-35C 2147H-3L 7C147-45C 878291 7C291-50C 

6270-25 7C170-25C 2148H 2148-55C 87S291A 7C291-35C 
6270-35 7C170-35C 2148HL 21U8-55C 87S291B 7C291-35C 
6270-45 7C170-45C 2148H-2 2148-45C 878401 7C401-IOC 
6287-25 7C187-25C+ 2148H-3 2148-55C 878401A 7C401-15C 
6287-35 7Cl87-35C+ 2148H-3L 21U8-55C 878402 7C402-IOC 
6287-45 7C187-45C+ 2901AC 7C901-31C 878402A 7C402-15C 

6288-25C 7Cl64-25C+ 2901AM 7C901-32M 87SRl81 7C235-30C 
6288-35C 7Cl64-35C+ 2901A-IC 7C901-31C 87SR25 7C225-40C 
6288-35M 7C164-35M 2901A-IM 7C901-32M 87SR25B 7C225-30C 
6288-45C 7C164-45C+ 2901A-2C 7C901-31C 87SR476 7C225-40C-
6288-45M 7Cl64-45M 2901A-2M 7C901-32M 87SR476B 7C225-30C-
6290-25C 7C166-25C+ 2909AC 2909AC PAL16L8A2C PALCl6L8-35C 

6290-35C 7C166-35C+ 2909AM 2909M PALl6L8A2M PALCI 6L8-40M 
6290-35M 7Cl66-35M 2911AC 2911AC PALl6L8AC PALCl6L8-25C 
6290-45C 7C166-45C+ 2911AM 2911M PALl6L8AM PALC16L8-30M 
6290-45M 7Cl66-45M 548189 54Sl89M PALl6L8B2C PALCI 6L8-25C 
62L87-25 7Cl87-25C+ 548189A 7Cl89-25M PALl6L8B2M PALCl6L8-30M 

Note: Unless otherwise noted, product meets all performance specs and 1s within 10 mA on Ice and 5 mA on lse; 
+ = meets all performance specs but may not meet Ice or lse; 
• = meets all performance specs except 2V data retention-may not meet Ice or Ise; 
- = functionally equivalent 

1-16 

NATIONAL CYPRESS 
PALl6L8B4C PALCl6L8L-35C 
PAL16L8B4M PALC16L8-40M + 
PAL16L8BM PALCl6L8-20M 
PALl6L8C PALC16L8-35C 
PALl6L8M PALC16L8-40M 

PAL16R4A2C PALCl6R4-35C 
PALl6R4A2M PALC16R4-40M 
PAL16R4AC PALCl6R4-25C 
PAL16R4AM PALC16R4-30M 
PAL16R4B2C PALC16R4-25C 
PAL16R4B2M PALCl6R4-30M 

PAL16R4B4C PALC16R4L-35C 
PAL16R4B4M PALC16R4-40M + 
PAL16R4BM PALC16R4-20M 
PALl6R4C PALCl6R4-35C 
PALl6R4M PALC16R4-40M + 
PALl6R6A2C PALCl6R6-35C 

PAL16R6A2M PALCl6R6-40M 
PAL16R6AC PALC16R6-25C 
PAL16R6AM PALC16R6-30M 
PAL16R6B2C PALC16R6-25C 
PAL16R6B2M PALCl6R6-30M 
PAL16R6B4C PALC16R6L-35C 

PALl6R6B4M PALCl6R6-40M + 
PAL16R6BM PALC16R6-20M 
PAL16R6C PALC16R6-35C 
PAL16R6M PALC16R6-40M + 
PAL16R8A2C PALCl6R8-35C 
PAL16R8A2M PALCl6R8-40M 

PAL16R8AC PALCl6R8-25C 
PALl6R8AM PALCl6R8-30M 
PAL16R8B2C PALC16R8-25C 
PALl6R8B2M PALCl6R8-30M 
PAL16R8B4C PALC16R8L-35C 
PAL16R8B4M PALC16R8-40M + 

PAL16R8BM PALCl6R8-20M 
PAL16R8C PALCl6R8-35C 
PALl6R8M PALCl6R8-40M + 
PAUOLIOB2C PLDC20GI0-25C 
PAL20L10B2M PLDC20GI0-30M 
PAL20LIOC PLDC20GI0-35C 

PAL20LIOM PLDC20GI0-40M 
PAL20L2C PLDC20G 10-35C 
PAL20L2M PLDC20GI0-40M 
PAL20L8AC PLDC20G I0-25C 
PAL20L8AM PLDC20G I0-30M 
PAL20L8BC PLDC20G 10-25C 

PAL20L8BM PLDC20G I0-30M 
PAL20L8C PLDC20G 10-35C 
PAL20L8M PLDC20G 10-40M 
PAL20R4AC PLDC20G 10-25C 
PAL20R4AM PLDC20G 10-30M 



~ Product Line Cross Reference (continued) ~~~UCTOR:;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::::::;::::;:::::::::;::::;::::;::::== 
NATIONAL CYPRESS NEC CYPRESS SIGNETICS CYPRESS 
PAL20R4BC PLDC20GI0-25C 4363-70 7Cl66-45C SUFFIX:F SUFFIX:D 
PAL20R4BM PLDC20G I0-30M SUFFIX:G SUFFIX:L 
PAL20R4C PLDC20GI0-35C RAYTIIEON CYPRESS SUFFIX:N SUFFIX:P 
PAL20R4M PLDC20Gl0-40M PREFIX:R296 PREFIX:CY SUFFIX:R SUFFIX:F 
PAL20R6AC PLDC20GI0-25C SUFFIX:B SUFFIX:B N74S189 74S189C 

PAL20R6AM PLDC20GI0-30M SUFFIX:D SUFFIX:D N82HS641 7C264-55C 
PAL20R6BC PLDC20GI0-25C SUFFIX:F SUFFIX:F N82HS641A 7C264-45C 
PAL20R6BM PLDC20GI0-30M SUFFIX:L SUFFIX:L N82HS641B 7C264-35C 
PAL20R6C PLDC20Gl0-35C SUFFIX:S SUFFIX:S N82LS181 7C282-45C 
PAL20R6M PLDC20Gl0-40M 29631AC 7C282-45C N82Sl81 7C282-45C 
PAL20R8AC PLDC20GI0-25C 29631AM 7C282-45M N82Sl81A 7C282-45C 

PAL20R8AM PLDC20GI0-30M 29631ASC 7C281-45C N82Sl81B 7C282-45C 
PAL20R8BC PLDC20GI0-25C 29631ASM 7C281-45M N82Sl91A-3 7C291-SOC 
PAL20R8BM PLDC20GI0-30M 29631C 7C282-45C N82Sl91A~ 7C292-SOC 
PAL20R8C PLDC20GI0-35C 29631M 7C282-45M N82S191B-3 7C291-35C 
PAL20R8M PLDC20G 10-40M 29631SC 7C281-45C N82S191~ 7C292-35C 

29631SM 7C281-45M N82S191-3 7C291-SOC 

NEC CYPRESS 29633AC 7C282-45C+ N82Sl91~ 7C292-SOC 
PREFIX:uPD PREFIX:CY 29633AM 7C282-45M+ S54Sl89 54Sl89M 
SUFFIX:C SUFFIX:P 29633ASC 7C281-45C+ S82HS641 7C264-55M 
SUFFIX:D SUFFIX:D 29633ASM 7C281-45M+ S82LS181 7C282-45M 
SUFFIX:K SUFFIX:L 29633C 7C282-45C+ S82S181 7C282-45M 
SUFFIX:L SUFFIX:F 29633M 7C282-45M+ S82Sl81A 7C282-45M 

2147A-25 7C147-25C 29633SC 7C281-45C+ S82Sl91A-3 7C291-50M 
2147A-35 2147-35C 29633SM 7C281-45M+ S82Sl91A~ 7C292-50M 
2147A-45 2147-45C 29681AC 7C292-50C S82Sl91B-3 7C291-50M 
2147-2 2147-55C 29681AM 7C292-50M S82Sl91~ 7C292-50M 
2147-3 2147-55C 29681ASC 7C291-50C S82Sl91-3 7C291-50M 
2149 2149-55C 29681ASM 7C291-50M S82Sl91~ 7C292-50M 

2149-1 2149-45C 29681C 7C292-50C 
2149-2 2149-35C 29681M 7C292-50M TI CYPRESS 
2167-2 7Cl67-45C 29681SC 7C291-50C PREFIX:JBP PREFIX:CY 
2167-3 7Cl67-45C 29681SM 7C291-50M PREFIX:PAL SUFFIX:P 
429 7C292-50C 29683AC 7C292-50C+ PREFIX:SN PREFIX:CY 
429-1 7C292-50C 29683AM 7C292-50M+ PREFIX:TBP PREFIX:CY 

429-2 7C292-SOC 29683ASC 7C291-50C+ PREFIX:TIB PREFIX:CY 
429-3 7C292-35C 29683ASM 7C291-50M+ SUFFIX:F SUFFIX:F 
4311-35 7Cl67L-35C 29683C 7C292-50C+ SUFFIX:J SUFFIX:L 
4311-45 7Cl67-45C 29683M 7C292-50M+ SUFFIX:N SUFFIX:D 
4311-55 7Cl67-45C 29683SC 7C291-50C+ 22VIOAC PALC22VI0-25C 
4314-35 7C168L-35C + 29683SM 7C291-SOM+ 22VIOAM PALC22VI0-30M 

4314-45 7Cl68L-45C + 29VP864DB 7C264-55M 27C291-3 7C291L-35C + 
4314-55 7Cl68L-45C+ 29VP864SB 7C263-55M 27C291-30 7C291L-35C + 
4361-40 7C187-35C+ 29VS864SB 7C261-55M 27C291-5 7C291L-50C+ 
4361-45 7Cl87-45C+ 39VP864D 7C264-5SC 27C291-50 7C291L-50C+ 
4361-55 7Cl87-45C+ 39VP864S 7C263-55C 28Ll66W 7C292-SOC 
4361-70 7C187-45C+ 39VS864S 7C261-55C 28L86AMW 7C282-45M 

4362-45 7Cl64-45C+ 28L86AW 7C282-45C 
4362-55 7Cl64-45C+ SIGNETICS CYPRESS 28S166W 7C292-SOC 
4362-70 7Cl64-45C+ PREFIX:N PREFIX:CY 28S86AMW 7C282-45M 
4363-45 7Cl66-45C PREFIX:S PREFIX:CY 28S86AW 7C282-45C 
4363-55 7C166-45C SUFFIX:883B SUFFIX:B 38L165-35C 7C291-35C 

Note: Unless otherwise noted, product meets all performance specs and is within 10 mA on Ice and 5 mA on lsB; 
+ = meets all performance specs but may not meet Ice or lsB; 
• = meets all performance specs except 2V data retention-may not meet Ice or lsB; 
- = functionally equivalent 
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TI CYPRESS 
38Ll65-45C 7C291-35C 
38L85-45C 7C281-45C 
38Rl65-18C 7C245-25C 
38Rl65-25C 7C245-35C 
38Sl65-25C 7C291-25C 

38Sl65-35C 7C291-35C 
54LS189A 27LS03M 
54LS219A 7C190-25M+ 
54Sl89A 54Sl89M 
74LS189A 27LS03C 
74LS219A 27S07C+ 

74Sl89A 74S189C 
HCT9510E 7C510-75C+ 
HCT9510E-IO 7C510-75C+ 
HCT9510M 7CSI0-75M+ 
PAL16L8AC PALCl6L8-25C 
PAL16L8AM PALC16L8-30M 

PAL16L8A-2C PALC16L8-35C 
PAL16L8A-2M PALC16L8-40M 
PAL16L8-20M PALC16L8-20M 
PAL16L8-25C PALC16L8B-2C 
PAL16L8-30M PALC16L8-30M 
PAL16R4AC PALC16R4-25C 

PAL16R4AM PALC16R4-30M 
PAL16R4A-2C PALC16R4-25C 
PAL16R4A-2M PALC16R4-40M 
PAL16R4-20M PALC16R4-20M 
PAL16R4-25C PALCl6R4-25C 
PAL16R4-30M PALC16R4-30M 

PAL16R6AC PALC16R6-25C 
PAL16R6AM PALC16R6-30M 
PAL16R6A-2C PALC16R6-25C 
PAL16R6A-2M PALC16R6-40M 
PAL16R6-20M PALC16R6-20M 
PAL16R6-25C PALC16R6-25C 

PAL16R6-30M PALC16R6-30M 
PAL16R8AC PALC16R8-25C 
PAL16R8AM PALCl6R8-30M 
PAL16R8A-2C PALC16R8-25C 
PAL16R8A-2M P ALC16R8-40M 
PAL16R8-20M PALCl6R8-20M 

PAL16R8-25C PALC16R8-25C 
PAL16R8-30M PALCl6R8-30M 
PAL20LIOAC PLDC20GI0-35C 
PAL20LIOAM PLDC20GI0-30M 
PAL20LIOA-2C PLDC20G 10-25C 
PAL20LIOA-2M PLDC20GI0-30M 

PAL20L8AC PLDC20GI0-25C 
PAL20L8AM PLDC20Gl0-30M 
PAL20L8A-2C PLDC20G I0-25C 
PAL20L8A-2M PLDC20G10-30M 
PAL20R4AC PLDC20Gl0-25C 

II 



fWL~ouCTOR ===:;::P:;::r:;::o:;::d:;::u:;::c:;::t:;::L::::;1:;::·n:;::e=C:;::r:;::o:;::ss=R:;::e:;::fi:;::e:;::r:;::en=ce:;::· :;::<Con=tin:;::u:;::ed:;::> === 
Tl CYPRFSS VTI CYPRESS WSI CYPRF8S 
PAL20R4AM PLDC20GI0.30M 20C18-35 7C128-35C PREFIX:WS PREFIX:CY 
PAL20R4A-2C PLDC20GI0.2SC 20C19-35 7Cl28-35C SUFFIX:C PREFIX:CY 
PAL20R4A·2M PLDC20GI0.30M 20C68-25 7Cl68-2SC. SUFFIX:D PREFIX:CY 
PAL20R6AC PLDC20GI0.2SC 20C68-35 7C168·35C SUFFIX:M SUFFIX:P 
PAL20R6AM PLDC20GI0.30M 20C69-2S 7C169·2SC SUFFIX:P PREFIX:CY 

PAL20R6A·2C PLDC20GI0.25C 20C69-3S 7C169-35C 29COIC 7C901-31C 
P AL20R6;\-2M PLDC20GI0.30M 20C78-25 7C170.25C 57C128F-70 1C2Sl-5SC 
PAL20R&AC PLDC20GIO.~SC 20C78-35 7C170.3SC S7C128F-70M 1C2Sl-SSM+ 
PAL20RBAM PLDC20GI0.30M 20C79-2S 7C170.2SC S7C128F·90 1C2Sl·S5C 
PAL20RBA-2C PLDC20GI0.25C 20C79-35 7C170.35C 57C128F-90M 1C2Sl-SSM+ 
PAIJ20R8A-2M PLDC20010-30M VL2010.6S 1CSI0-6SC 57C191-40 7C292-3SC 

VL20lo-70 1CSI0-65C 57Cl91-55 7C292-SOC 
TOSHIBA CYPRFSS VL2010.90 7C510-75C 57C191-S5M 7C292-SOM 
PREFIX:P SUFFIX:P VT64KS4-3S 7C164-3SC+ S7C191-70 7C292-SOC 
PREFIX:TMM PREFIX:CY VT64KS4-45 7Cl64-45C+ 57C191-70M 7C292·50M 
SUFFIX:D SUFFIX:D VT64KS4-SS 7C164-4SC+ 57C291-40 7C291-3SC 
2015A-10 7C128-55C+ VT65KS4-3S 7C166-3SC+ S1C291-SS 7C29l·SOC 

2015A·12 7C128-55C+ VT65KS4-45 7C166-45C+ 57C291-S5M 7C291·SOM 
2015A-15 7C128-5SC+ VT65KS4-SS 7C166-4SC+ S7C291-70 7C291·SOC 
2015A-90 7C128-S5C+ S7C291-70M 7C291-SOM 
2018-35 7C128-35C WEITEK CYPRESS S7C49·55 7C264-S5C+ 
2018-45 7C128-45C IOIOAC 7C510.75C 57C49-S5M 7C264-5SM 
2018-55 ' 7C128-5SC IOIOAM 7C510.7SM S7C49-70 7C264-55C+ 

2068-35 7C168-35C IOIOBC 7C510.75C 57C49-70M 7C264-55M 
2068-45 7C168-45C IOIOBM 7CSI0.75M 57C49-90 7C264-S5C+ 
2068-55 7Cl68.45C IOIOC 7C510.75C 57C49·90M 7C264-5SM 
2069-35 7C169-35C IOIOM 7C510.7SM 59016C 7C9101-40C 
2078-35 7C170.35C 1516AC 7C516-75C 59016C 7C9101-45M 
2078-45 7C170-45C 15l6AM 7C516-75M 

2078-55 7C17o-45C 1516BC 7C516-55C 
315 2147-55C 1516BM 7C516-7SM 
315-1 2147-55C 1516C 1CSl6-15C 
5561-55 7C187-45C+ 1516M 7CS16-7SM 
5561-70 7C187-45C+ 2010AC 7C510-55C 
5562-45 7C187-4SC+ 2010AM 7C510.75M 

5562-55 7C187-45C+ 2010BC 7CS!o-45C 
2010BM 7C510.55M 

TRW CYPRFSS 2010C 7C510.75C 
MPYOl6HA 7C516-75M 2010DC 7C510.55C 
MPYOl6HC 7C516-75C 2010DM 7C510.75M 
MPYOl6KA 7C516-75M 2010M 7C510.75M+ 

MPYOl6KC 7C516-75C 2S16AC 7C516-55C 
1DCIOIOA 7C510.75M 2516AM 7CS16-7SM 
TDCIOIOC 7C510·75C 2516C 7CS16-7SC 
TMC2010A 7C510-75M+ 2516DC 7C516-45C 
TMC2010C 7C510-75C+ 2516DM 7CSl6-55M 
TMC2110A 7CSI0.75M 2516M 7C516-75M+ 

TMC2110C 7C510.75C 2517AC 7C517-55C 
TMC216HA 7C516-75M 2517AM 7C517-75M 
TMC216HC 7C516-75C+ 2517C 7CSl7-75C 

2517M 7C517-75M+ 

Note: Unless otherwtse noted, product meets all performance specs and is within 10 mA on Ice and S mA on lss; 
+ = meets all performance specs but may not meet Ice or Ise; 
• = meeta all performance specs except 2V data retention-may not meet Ice or lss; 
.. - = functionally equivalent 
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~PRE,SS ~~ICONDUCIDR ================================ Section Contents 

Static RAMs (Random Access Memory) 
Device Number 
CY2147 
CY2148 
CY21L48 
CY2149 
CY21L49 
CY6116 
CY7C122 
CY7C123 
CY7C128 
CY7C130 
CY7C140 
CY7Cl32 
CY7C142 
CY7C147 
CY7C148 
CY7C149 
CY7C150 
CY7C161 
CY7C162 
CY7C164 
CY7C166 
CY7C167 
CY7C168 
CY7C169 
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CY7C172 
CY7C185 
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CY7C197 
CY7C198 
CY7C199 
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CY27S07 
CY93422A 
CY93L422A 
CY93422 
CY93L422 

Description Page Number 
4096 x I Static RAM ...................................................... 2-1 
1024 x 4 Static RAM ...................................................... 2-5 
1024 x 4 Static RAM, Low Power ............................................ 2-5 
I 024 x 4 Static RAM ...................................................... 2-5 
1024 x 4 Static RAM, Low Power ............................................ 2-5 
2048 x 8 Static RAM ..................................................... 2-10 
256 x 4 Static RAM Separate I/O .......................................... 2-16 
256 x 4 Static RAM Separate I/O .......................................... 2-22 

2048 x 8 Static RAM ..................................................... 2-27 
1024 x 8 Dual Port Static RAM ............................................ 2-33 
1024 x 8 Dual Port Static RAM ............................................ 2-33 
2048 x 8 Dual Port Static RAM ............................................ 2-42 
2048 x 8 Dual Port Static RAM ............................................ 2-42 
4096 x 1 Static RAM ..................................................... 2-51 
1024 x 4 Static RAM ..................................................... 2-57 
1024 x 4 Static RAM ..................................................... 2-57 
1024 x 4 Static RAM Separate I/0 .......................................... 2-63 

16,384 x 4 Static RAM Separate I/O .......................................... 2-70 
16,384 x 4 Static RAM Separate I/O .......................................... 2-70 
16,384 x 4 Static RAM ..................................................... 2-77 
16,384 x 4 Static RAM with Output Enable .................................... 2-77 
16,384 x 1 Static RAM ..................................................... 2-85 

4096 x 4 Static RAM ..................................................... 2-91 
4096 x 4 Static RAM ..................................................... 2-91 
4096 x 4 Static RAM with Output Enable .................................... 2-97 
4096 x 4 Static RAM Separate I/0 ......................................... 2-102 
4096 x 4 Static RAM Separate I/0 ......................................... 2-102 
8192 x 8 Static RAM .................................................... 2-108 
8192 x 8 Static RAM .................................................... 2-108 

65,536 x I Static RAM .................................................... 2-11.6 
16 x 4 Static RAM .................................................... 2-124 
16 x 4 Static RAM .................................................... 2-124 

65,536 x 4 Static RAM Separate I/O ......................................... 2-130 
65,536 x 4 Static RAM Separate I/O ......................................... 2-130 
65,536 x 4 Static RAM .................................................... 2-135 
65,536 x 4 Static RAM .................................................... 2-135 

262,144x I Static RAM .................................................... 2-140 
32,768 x 8 Static RAM .................................................... 2-145 
32,768x8StaticRAM .................................................... 2-145 

16x4StaticRAM .................................................... 2-150 
16 x 4 Static RAM .................................................... 2-150 
16 x 4 Static RAM .................................................... 2-150 
16x4StaticRAM .................................................... 2-150 

256 x 4 Static RAM Separate I/0 ......................................... 2-155 
256 x 4 Static RAM Separate I/O ......................................... 2-155 
256 x 4 Static RAM Separate I/0 ......................................... 2-155 
256 x 4 Static RAM Separate I/O ......................................... 2-155 





--- CY2147 

4096 x 1 Static R/W RAM 

Features 
• Automatic power-down when 

deselected 

• CMOS for optimum 
speed/power 

• High speed 
-35 ns 

• Low active power 
- 690 mW (commercial) 
- 770 mW (military) 

• Low standby power 
-140 mW 

• TTL compatible inputs and 
outputs 

• Capable of withstanding greater 
than 2000V electrostatic 
discharge 

Logic Block Diagram 

Functional Description 
The CY214 7 is a high performance 
CMOS static RAM organized as 
4096 x 1 bit. Easy memory expansion is 
provided by an active LOW chip en
able (CE) and three-state drivers. The 
CY2147 has an automatic power-down 
feature, reducing the power consump
tion 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 (Ao through A11). 

,---------<t-----DI 

Ao 

Ai 

0013-1 

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. 

Pin Configuration 

Ao Yee 

Ai Ao 

A2 A1 

A3 Aa 

A, Ag 

As A10 

DO A,, 

WE DI 

GND BE 

0013-2 

Selection Guide (For higher performance and lower power refer to CY7Cl47 data sheet.) 

2147-35 2147-45 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 

2-1 
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~~~NDUCTOR::::::::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:;;; 
Maximum Ratings 
(Above which the useful life may be impaired) 

Storage Temperature ............... -65°C to+ 150"C Static Discharge Voltage ..................... > 2001 V 

Ambient Temperature with (Per MIL-STD-883 Method 3015.2) 

Power Applied .................... - 55°C to + 125°C Latchup Current .......................... > 200 mA 

Supply Voltage to Ground Potential 
(Pin 18 to Pin 9) ..................... -0.5V to + 7.0V Operating Range 

DC Voltage Applied to Outputs 
in High Z State ...................... -0.5V to + 7.0V Range 

Ambient 
Vee Temperature 

DC Input Voltage ................... -3.0V to + 7.0V Commercial 0°Cto +70°C 5V ±10% 
Output Current into Outputs (Low) ............. 20 mA Military - 55°C to + 125°C 5V ± 10% 

Electrical Characteristics Over Operating Range 

Parameters Des,zription Test Conditions Min. Max. Units 

VoH Output HIGH Voltage Vee= Min.,loH = -4.0mA 2.4 v 
VoL Output LOW Voltage V cc = Min., loL = 12.0 mA 0.4 v 
VIH Input HIGH Voltage 2.0 Vee v 
VJL Input LOW Voltage -3.0 0.8 v 
I1x Input Load Current GND,;: Y1,;: Vee -10 +10 µA 

Ioz Output Leakage Current GND,;: Vo,;: Yee -50 +50 µA Output Disabled 

Ios 
Output Short Circuit 
Currendl] Yee= Max., YoUT = GND -350 mA 

Ice 
V cc Operating Supply Yee= Max. Commercial 125 mA Current louT = OmA Military 140 

Isa 
Automatic CE[2] Max. Yee. Commercial 25 mA Power Down Current CE~ VIH Military 25 

Capacitance [3] 

Parameters Description Test Conditions Max. Units 

C1N Input Capacitance TA = 25°C, f = 1 MHz 5 pF 
CoUT Output Capacitance Yee= s.ov 6 

Notes: 
1. Duration of the short circuit should not exceed 30 seconds. 3. Tested on a sample basis. 
2. A pull-up resistor to V cc on the CE input is required to keep the 

device deselected during V cc power-up, otherwise Isa will exceed 
values given. 

AC Test Loads and Waveforms 
Rl 329 n R1 329 n 

OUTPUT o----------"" OUTPUTO--------

INCLUOINGI 30 pf 
JIG AND 
SCOPE 

R2 
20H! 5 pf 

INCLUDINi 
JIG ANO 
SCOPE ":" 

Equivalent to: 

Figure la Figure lb 

THEVENIN EQUIVALENT 
125 !l 

OUTPUT~1.90V 
0013-5 
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R2 
202 !l 

0013-3 

INPUT PULSES 

0013-4 

Figure2 



~ CY2147 
~~~NDUCTOR ========================================================================== 
Switching Characteristics Over Operating Rangel4l 

Parameters Description 
2147-35 2147-45 2147-55 

Units 
Min. 

READ CYCLE 

tRC Read Cycle Time 35 

tAA Address to Data Valid 

to HA Data Hold from Address Change 5 

tACE CE LOW to Data Valid 

tLZCE CE LOW to Low z[6] 5 

tHZCE CE HIGH to High z[5, 6] 

tpu CE LOW to Power Up 0 

tpo CE HIGH to Power Down 

WRITE CYCLE[7] 

twc Write Cycle Time 35 

tscE CE LOW to Write End 35 

tAW Address Set-up to Write End 35 

tHA Address Hold from Write End 0 

tsA Address Set-up to Write Start 0 

tpwE WE Pulse Width 20 

tso Data Set-up to Write End 20 

tHD Data Hold from Write End 10 

tLZWE WE HIGH to Low z[6] 0 

tHZWE WE LOW to High z[5, 6] 0 

Notes: 
4. Test conditions assume signal transition times of 5 ns or less, timing 

reference levels of I.SY, input pulse levels ofO to 3.0V and output 
loading of the specified Ior/IoH and 30 pF load capacitance. 

5. IHZCE and IHZWE are tested with CL = 5 pF as in Figure 1 b. Tran
sition is measured ± 500 m V from steady state voltage. 

6. At any given temperature and voltage condition, !Hz is less than ILZ 
for all devices. These parameters are sampled and not 100% tested. 

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

Max. Min. Max. Min. Max. 

45 55 ns 

35 45 55 ns 

5 5 ns 

35 45 55 ns 

5 5 ns 

30 30 30 ns 

0 0 ns 

20 20 20 ns 

45 55 ns 

45 45 ns 

45 45 ns 

0 10 ns 

0 0 ns 

25 25 ns 

25 25 ns 

10 10 ns 

0 0 ns 

20 0 25 0 25 ns 

7. 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. 

8. WE is HIGH for read cycle. 
9. Device is continuously selected, CE = VIL· 

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

ADDRESS ==*..,,,___~--==--==-tR-e-----i-
~toHA 

DATA OUT DATA VALID 

0013-6 

Read Cycle No. 2 (Notes 8, 10) 
'•e 

~ -l-
IACE 

tLZCE =----! j--tHzeE~ 
HIGH 

HIGH IMPEDANCE 1£IIIZ IMPEDANCE 

~ 
DATA VALID 

J 
fo--<•u f4--t•o 

DATA OUT 

Vee 1 
SUPPLY ----- 50% CURRENT _ 

0013-7 
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~~==========================================CY==2=14==7 
Switching Waveforms (Continued) 

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

ADDRESS 

DATA IN 

DATA OUT DATA UNDEFINED 

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

'""'---------J, 
HIQH IMPEDANCE --( ..... _-_-_------------

i--~~~~~~~~~-c~~~~~~~~~--i 

ADDRESS 

ill 

DATA IN 

Note: IfCll goes IDGH simultaneously with WE IDGH, the output remains in a high impedance state. 

Ordering Information 
Speed 

Ordering Code Package Operating 
(ns) Type Range 

35 CY2147-35 PC P3 Commercial 

CY2147-35 DC D4 

45 CY2147-45 PC P3 Commercial 

CY2147-45 DC D4 

CY2147-45 DMB D4 Military 

55 CY2147-55 PC P3 Commercial 

CY2147-55 DC D4 

CY2147-55 DMB D4 Military 

2-4 
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~ .. ~ ··~:.~ ·a CYPRESS 

CY2148/CY21L48 
CY2149/CY21L49 

, SEMICONDUCTOR 1024 x 4 Static R/W RAM 

Features 
• 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 

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 (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 
power requirements of the device. The 
chip select (CS) of the CY2 l 49 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 

select {CS) and write enable (WE) in
puts are both LOW, data on the four 
data input/output pins (l/Oo through 
1/03) is written into the memory loca
tion addressed by the address present 
on the address pins (Ao through A9)· 

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- DI 
tion on address pins (Ao through A9) is 
present on the four data input/output 
pins (I/Oo through 1/03). 

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

Logic Block Diagram Pin Configuration 

Ao ADDRESS 

Aa BUFFERS 

A1 

As 

As ROW 
A4 DECODERS 

(21480NLY) 

AJ ADDRESS 

Ao 
BUFFERS 

A, 
COLUMN 

A, DECODERS 

cs---~---. 

WE-------i 

Vee---.. 

Vss--+-

STORAGE MATRIX 

64 x 16 64 x 16 64x 16 

SENSE AMPLIFIERS 

DATA BUFFERS 

1/0o 1/01 

64x 16 

1/03 

0015-1 

AJ 

Ao 

Ai 

A2 

cs 
GND 
Vss 

Selection Guide (For Higher Performance and Lower Power Refer to CY7Cl48/9 Data Sheet) 

2148/9-35 21IA8/9·35 2148/9-45 211A8/9-45 

Maximum Access Time (ns) 35 35 45 45 

Maximum Operating 1 Commercial 140 120 140 120 
Current (mA) J Military 140 

2-5 

Vee 

A1 

As 

Ag 

l/Oo 

1/01 

1/02 

1/03 

WE 

0015-2 

2148/9-55 211A8/9-55 

55 55 

140 120 

140 



CY2148/CY21IA8 
. · . CY2149/CY21~9 

~CONIJUCTa<====;==========================::::;::===========;;;;;;;;· 
Maximum Ratings 
(Above which the useful life may be impaired) 

Storage Temperature .•. , •.•..•...•• - 65°C to + l 50"C 

Ambient Temperature with 
Power Applied ....•.•.••.•..•.•.•• - 55°C to + 125°C 

Supply Voltage to Ground Potential 
(Pin 18 to Pin 9) ................... ,. -0.SV to +7.0V 

DC Voltage Applied to Outputs 
in HighZ State ..............•.•..•.. -0.5Vto +7.0V 

Electrical Characteristics Over Operating Range 

DC Input Voltage '.' ••.• : •.•.••.•.•.•• -3.0V to +7.0V 

Output Current into Outputs (Low) •.•.•.••.••.• 20 mA 

Operating Range 

. Jlange Ambient 
Vee Temperature 

Commercilil · O"C to + 70"C 5V ±10% 
Military - 55•c to + 125•c 5V ±10%. 

Parameters Description Test Conditions1 21IA8/9 2148/9 Units 
Max. ·' Min. Min. Max. 

loH 0u2ut HIGH Current VoH = 2.4V Vee= 4.5V -4 -4 mA 

loL Output LOW Current V'oL = 0.4V TA= 70"C 8 8 mA 
TA= 12s·c 8 

Vrn l11P_ut HIGH Volta_g_e 2.0 6.0 2.0 6.0 v 
VIL II!P_ut LOW Volt~ -3.0 0.8 -3.0 0.8 v 
Iix I~t Load Current Vss s VI s Vee -10 10 -10 10 -1!'._A 

Ioz 
Output Leakage GND s Vo :S:Vcc TA= -::-.55°cto+125•c -50 50 -so 50 µ.A Current Ou!}l_ut Disabled 

CI I~t Ca_E_acitance Test Frequency = 1.0 MHz 5 5 
Input/Output pF 

Cvo Cap_llcitance 
TA= 25°C, All Pins at ov, Vee= sv 7 7 

Ice V cc Operating Max. Vee, cs s VIL 
Supply Current Output Open 

IsB 
Automatic CS Max. Vee, 2148 
Power Down Current CS~ Vrn only 

Ipo Peak Power-On Max. Vee. 2148 
Current CS~ Vrnl3) only 

Ios 
Output Short GND s Vo s Vccl!Ol 
Circuit Current 

Notes: 
!. Test conditions assume signal transition times of 10 ns or less, timing 

reference levels of l.SV, input pulse levels ofO to 3.0V and output 
loading of the specified lor/loH and 30 pF load capacitance. Output 
timing reference is 1.SV. 

2. The internal write time of the memory is defined by the overlap of 
CS LOW and WI! LOW. Both signals must be LOW to initiate a 
write and either signal can terminate a write by going HIGH. The 
data input setup =.d held timing should be refereneed to th~ :"~g 
edge of the signal that terminates the write. 

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

AC Test Loads and Waveforms 
R14811l R14811l 

5 v 0----,,..,.,.---, 
OUTPUTO------

6 v 0-------.,.,.. ........ 

Equivalent to: 

OUTPUTO------

I 30pF ~:sn 
INCLUDING 

_JIGAND -
• SCOPE -

Figure la Figure lb 

THEVINEN EQUIVALENT 
167f! 

OUTPUT 0----"''•l\ ... l\";,----<0 1.73V 0015-4 

TA= O"Cto.+70"C 120 140 
TA = -ss·c to + 125•c 140 
TA= O"Cto +70"C. 20 30 
TA = '- 55•c to + 125•c 30 
TA = O"C to + 70"C 30 50 
TA= -55°Cto+125•c 50 
TA= O"Cto +70"C ±275 .±275 
TA= -55°Cto +t2s•c 

4. Chip desel~ gr~~ than SS ns prior to selection. 
S. Chip deselected less than SS ns prior to selection. 

±350 

mA 

mA 

mA 

mA 

6. At any given temperature and voltage condition, 41z is less than ttz 
for all devices. Transition is measured ± SOO m V from steady state 
voltage with specified loading in Figure 1 b. These parameters !ll"e 
sampled and not 100% tested. 

2-6 

7. WE is HIGH for reiut cycle, 
8. Device is continuously selected, CS = Vn,. 
9. Address valid prior to or coincident with~ transition LOW. 

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

ALL INPUT PULSES 

0015-5 

Figure2 



CY2148/CY21L48 
CY2149/CY21L49 

~~NDUCTOR ====================================================================== 
Switching Characteristics 

Parameters Description 

READ CYCLE 

tRC 
Address Valid to Address Do Not 
Care Time (Read Cycle Time) 

tAA 
Address Valid to Data Out 
Valid Delay (Address Access Time) 

tAcs1[41 Chip Select LOW to Data Out Valid 

tAcs2[sJ (CY2148 only) 

tAcs 
Chip Select LOW to Data Out Valid 
(CY2149 only) 

tLz[6) Chip Select LOW to 
Data Out On 

tHz[6) Chip Select HIGH to Data 
Out Off 

toH 
Address Unknown to Data Out 
Unknown Time 

tpn 
Chip Select HIGH to 
Power-Down Delay 

tpu 
Chip Select LOW to 
Power-Up Delay 

WRITE CYCLE 

twc 
Address Valid to Address Do Not 
Care (Write Cycle Time) 

twp[2J Write Enable LOW to 
Write Enable HIGH 

twR Address Hold from Write End 

twz[61 Write Enable LOW to Output 
inHighZ 

tnw Data in Valid to Write Enable HIGH 

tnH Data Hold Time 

tAs 
Address Valid to Write 
Enable LOW 

tcw[21 Chip Select LOW to Write 
Enable HIGH 

tow[61 Write Enable High to Output 
inLowZ 

tAW Address Valid to End of Write 

Switching Waveforms 
Read Cycle No. 1 (Notes 7, 8) 

2148 

2149 

2148 

2148 

2148/9-35 2148/9-45 2148/9-55 
Units 

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

35 45 55 ns 

35 45 55 ns 

35 45 55 ns 
45 55 65 

15 20 25 ns 

10 10 10 
ns 

5 5 5 

0 20 0 20 0 20 ns 

0 5 5 ns 

30 30 30 ns 

0 0 0 ns 

35 45 55 ns 

30 35 40 ns 

5 5 5 ns 

0 10 0 15 0 20 ns 

20 20 20 ns 

0 0 0 ns 

0 0 0 ns 

30 40 50 ns 

0 0 0 ns 

30 35 50 ns 

ADDRESS-~-~-~=~=~-to~H=~=~l=A_A-::::::J~~~~-IR-C-1=~--=~--=~--=~--=~--~~*-~-=--===== 
DATA OUT PREVIOUS DATA VALID ~ DATA VALID 

0015-6 
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· · CY2148/CY21IA8 . 
· CY2149/CY21IA9 

. ~CONDUCTOR:::::;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;:;;;;:::;;;;:::;;;;::;:;;;;:;;;;:::;;;;:::;;;;::==:;;;;:::;;;;:::;;;;:::;;;;::;:;;;: 

Switching Waveforms (Continued) 

Read Cycle No. 2 (Notes 7, 9) 

------tAcs-------
14----tLz----

HIGH IMPEDANCE 
DATA VALID 

HIGH 
IMPEDANCE 

SUP~~ -----'PU_=-4, 50% 
tP0---1 . 

. I ICC 

. ~t==ISB CURRENT --'I 
0015-9 

Write Cycle No. 1 <WE Controlled) 

14-------------~twc-------------~ 

ADDRESS 

-----------tcw----------~ 

14------tAs-----

DATAl/0 DATA-IN VALID 

"'z---1 tow----! 
--------------------~ HIGH IMPEDANCE lt'-------DATA 1/0 OATA UNDEFINED ,).--~--~--~"'"----(\ 

0015-8 

Write Cycle No. 2 (CS Controlled) 

i-------------~...,c-------------~ 

ADDRESS 

DATAl/0 ---------------* r D::A-INVALID 

~-----------------1:== __ ...,_z~ 
DATA 1/0 DATA UNDEFINED )>------H-IG_,H_l_M_,PE;.;D_,AN;,;C;;;E;_ _____ _ 

0015-7 
Note: If CS goes HIGH simultaneously with WE HIGH, the output remains in a HIGH impedance state. 

2-8 



CY2148/CY21L48 
· CY2149/CY21L49 

~NDUCTOR:::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;:= 

Ordering Information 
Speed 

Ordering Code 
Package Operating 

(ns) Type Range 

35 CY2148-35 PC P3 Commercial 
CY2149-35 PC 

CY2148-35 DC D4 
CY2149-35 DC 

CY21L48-35 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 

2-9 



---
Features 
• Automatic power-down when 

deselected 

• CMOS for optimum 
speed/power 

• High speed-35 ns 

• Low active power 
-660mW 

• Low standby power 
-110 mW 

• TIL compatible inputs and 
outputs 

• Capable of withstanding greater 
than 2001 V electrostatic 
discharge 

Logic Block Diagram 

C"E 
iNE 

CiE 

AJ A2 

Selection Guide 

Maximum Access Time (ns) 

Maximum Operating 
Current (mA) 

Maximum Standby 
Current (mA) 

A, Ao 

CY6116 

2048 x 8 Static R/W RAM 
Functional Description 
The CY6116 is a high performance 
CMOS static RAM organized as 2048 
words by 8 bits. Easy memory expan
sion is provided by an active LOW chip 
enable (CE), and active LOW output 
enable (OE) and three-state drivers. 
The CY6116 has an automatic power
down feature, reducing the power con
sumption by 83% when deselected. 

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 (1/0o through 
I/07) is written into the memory loca-

l/Oo 

-110, 

1/02 

1/03 

1/04 

I/Os 

I/Os 

1/07 

0087-1 

CY6116-35 

35 

Commercial 120 

Military 130 

Commercial 20 

Military 20 

2-10 

tion addressed by the address present 
on the address pins (Ao through A10). 
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. 

The CY6116 utilizes a die coat to en
sure alpha immunity. 

Pin Configurations 

0087-2 

0087-3 

CY6116-45 CY6116-55 

45 55 

120 120 

130 130 

20 20 

20 20 



~ CY6116 
~_,,-;~NDUCTOR ====================================================================== 
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 .................... - SS°C to + 125°C Latch-up Current .......................... > 200 mA 

Supply Voltage to Ground Potential 
(Pin 24 to Pin 12) .................... -0.SV to + 7.0V Operating Range 

DC Voltage Applied to Outputs 
in High Z State ...................... -0.SV to + 7.0V 

Range 
Ambient 

Temperature 

DC Input Voltage ................... -3.0V to + 7.0V Commercial o·c to +1o·c 
Output Current into Outputs (Low) ............. 20 mA Military - ss·c to + 12s0 c 

Electrical Characteristics Over Operating Range 

Test Conditions 
CY6116-35, 45, 55 

Parameters Description 
Min. Max. 

YoH Output HIGH Voltage V cc = Min., IoH = -4.0 mA 2.4 

YoL Output LOW Voltage V cc = Min., IoL = 8.0 mA 0.4 

Yrn Input HIGH Voltage 2.0 Yee 

VIL Input LOW Voltage -3.0 0.8 

I1x Input Load Current GND ~Yi~ Yee -10 10 

Ioz 
Output Leakage GND ~Vi~ Yee 10 
Current Output Disabled 

Ios 
Output Short 

Yee= Max., YouT = GND -300 
Circuit Currentlll 

Ice V cc Operating Yee= Max. Commercial 120 
Supply Current IoUT = OmA Military 130 

Isa Automatic CE Max. Yee, Commercial 20 
Power Down Current CE 2 Yrn Military 20 

Capacitance [2] 

Parameters Description Test Conditions Max. 

CIN Input Capacitance TA= 25°C,f = 1 MHz s 
CouT Output Capacitance Yee= s.ov 7 

Notes: 
I. Not more than I output should be shorted at one time. Duration of the short circuit should not exceed 30 seconds. 
2. Tested on a sample basis. 

AC Test Loads and Waveforms 
R1 48Hl 

svo----....... ,..,, ......... 
OUTPUT 0--------t 

Equivalent to: 

30 pf R2 I . 25511 
INCLUDING 

_JIGANO _ 

- SCOPE - 0087-4 

Figure la 

THEVENIN EQUIVALENT 
1em 

R1 48Hl 
5 V 0----...JOVV..._~ 

OUTPUT l>-------"1 

5pf I INCLUDING 
JIG AND 

-:"SCOPE ":" 

Figure lb 

OUTPUT o---·"' .. "'' ... ·---o 1.73V 0087-7 

2-11 

R2 
25511 

0087-5 

3.0 v 

GNO 

ALL INPUT PULSES 

Figure 2 

Vee 

SY ±10% 

SY ±10% 

Units 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

mA 

Units 

pF 

0087-6 

fll 



Switching Characteristics Over Operating Rangel4l 

6116-35 6116·45 6116·55 
Parameters Description 

Min. 

READ CYCLE 

tRC Read Cycle Time 35 

tAA Address to Data Valid 

to HA Data Hold from Address Change 5 

tACE CE LOW to Data Valid 

tDoE OE LOW to Data Valid 

tLZOE OE LOW to Low Z 0 

tHzoE OE HIGH to High z[5] 

tLZCE CE LOW to Low z[6] 5 

tHzcE CE HIGH to High z[5, 6] 

tpu CE LOW to Power Up 0 

tpD CE HIGH to Power Down 

WRITE CYCLE[7] 

twc Write Cycle Time 35 

tscE CE LOW to Write End 30 

tAW Address Set-up to Write End 30 

tHA Address Hold from Write End 0 

ts A Address Set-up to Write Start 0 

tpWE WE Pulse Width 20 

tsD Data Set-up to Write End 15 

tHD Data Hold from Write End 0 

tHzwE WE LOW to High Z 

tLZWE WE HIGH to Low Z 0 
Notes: 
3. Data 1/0 Pins enter high-impedance state, as shown, when OE is held 

LOW during write. 
4. Test conditions assume signal transition times of 5 ns or less, timing 

reference levels of l.5V, input pulse levels ofO to 3.0V and output 
loading of the specified Ior/IoH and 30 pF load capacitance. 

5. tHZo& tHZCE and tHZWE are specified with CL = 5 pF as in Figure 
1 b. Transition is measured ± 500 m V from steady state voltage. 

6. At any given temperature and voltage condition, tHZcE is less than 
tLZCE for any given device. These parameters are specified and not 
100% tested. 

Switching Waveforms 

Read Cycle No. 1 (Notes 8, 9) 

Units 
Max. Min. Max. Min. Max. 

45 55 ns 

35 45 55 ns 

5 5 ns 

35 45 55 ns 

15 20 25 ns 

0 0 ns 

15 15 20 ns 

5 5 ns 

15 20 20 ns 

0 0 ns 

20 25 25 ns 

45 55 ns 

40 40 ns 

40 40 ns 

0 0 ns 

0 0 ns 

20 25 ns 

20 25 ns 

0 0 ns 

15 15 20 ns 

0 0 ns 

7. 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. 

8. WE is HIGH for read cycle. 
9. Device is continuously selected. OE, CE = VIL· 

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

ADDRESS~ ---~-~~~=~~~~~-to~-H~-A~--~~--t~A-A~~-~~~~~~~-IR-C~~~~~~~~~~~~~~~~~~~~-+l*-------
DATA OUT PREVIOUS DATA VALID DATA VALID 

-----------------------------------------
0087-B 
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~ CY6116 
~~~CONDUCIOR;;;;;;;:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=;;;;;;;;; 
Switching Waveforms (Continued) 

Read Cycle No. 2 (Notes 8, 10) 

i--------tAcE-------1 

fil--l--... 

DATA VALID 

HIGH 
IMPEDANCE 

,__ ___ ttzce-----i '-.A...A...A...A..""'"--------------1----' 
Vee tpu 150% '"'--1 ICC 

SUPPLY ~~ 
CURRENT ----- I'--- ISB 

Write Cycle No. 1 <WE Controlled) (Notes 3, 7) 

~--------------twe--------------.i 

ADDRESS 

14------------tace-----------.....J 

14-------~A------..i 

DATA IN DATA-IN VA"LID 

0087-9 

---------------------'"_zw_E~ tLzwe-------f 
DATA 1/0 DATA UNDEFINED )>---H,;.;l,;.GH~IM_P,;.E;;.DA_N_C_E.;__--41 '(::::::::::::::: 

0087-10 

Write Cycle No. 2 (CE Controlled) (Notes 3, 7) 
14---------------twc----------------..i 

ADDRESS 

i.-------------IAW'------------.+oo--IHA 

DATA-IN VALID 

lHZWE--i --------------.;_ ___ --'1 HIGH IMPEDANCE 
DATA 1/0 DATA UNDEFINED J>----------...;.,;.;,;,;.;_,.;;;;...;..,;,;;.. _______ OOB7- 11 

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

2-13 
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•~ CY6l16 
~~~NDUCIDR::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;;;;::;;;::;;;::;;;::::;;;;;;::::;;;;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::::;: 

Typical DC and AC Characteristics 
NORMALIZED SUPPLY CURRENT NORMALIZED SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 

~ 
<l 
!:! 
0 
w 
N 
:::; 
<( 
::E 
0: 
0 z 

<( 

vs. SUPPLY VOLTAGE 
1.4 

1.2 

1.0 

0.8 

0.6 

.....--1 
le/" 

jL':J 
~ 

0.4 

0.2 lse 

o.o 
4.0 4.5 5.0 5.5 6.0 

1.4 

SUPPLY VOLTAGE {VI 

NORMALIZED ACCESS TIME 
vs. SUPPLY VOLTAGE 

1.3 1----1---+---+---< 

~ 1.2 t----1---+---+---< 
0 
w 
N 
:::; 

~ 
IC 
0 
2 

.E 
0 
w 
N 
:::; 
<( 
::E 
0: 

i 

1.1 F""-..... ::-+---+---+------1 
~ 1.0 1---+---"' ... ~:o---+---~ 

I .._ _, 

0.9 1----f---+---+----I 

0.8 -----~--~--.. 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 

4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE {V} 

TYPICAL POWER-ON CURRENT 
vs. SUPPLY VOLTAGE 

L 
.J../ 

0.0 1.0 2.0 3.0 4.0 5.0 

SUPPLY VOLTAGE {VI 

~ 
] 
0 w 
N 
:::; 
<( 
::E 
IC 
0 
2 

1.2 

1.0 

0.8 

~ 
~ 

0.6 

0.4 
Vee •5.0V 
V1N • 5.0 V 

0.2 
1·se 

0.0 
-SS 25.0 125.0 

1.6 

AMBIENT TEMPERATURE !°Cl 

NORMALIZED ACCESS TIME 
vs. AMBIENT TEMPERATURE 

0.6 ._ __ ..__._ _____ _. 

-SS 25 125 

30.0 

25.0 

AMBIENT TEMPERATURE {°CI 

TYPICAL ACCESS TIME CHANGE 
VB. OUTPUT LOADING 

--,L:J 
L 

! 20.0 

" <( 

:;: 15.0 

!::; 
~ 10.0 

5.0 

0.0 

z v TA =25°C 

~ 
Vee •4.SOV 

0 200 400 600 BOO 1000 

CAPACITANCE {pf} 

2-14 

OUTPUT SOURCE CURRENT 
VB. OUTPUT VOLTAGE 

120 --------~---. 
<i 
! 100 ... 
2 w 
IC 80 
IC 
:> 
CJ 
w 60 CJ 
IC 
:> 
&l 40 

-..........__ I Vee= 5.0 v 
~ T4=25°C 

... 
:> .. 

20 ... 
:> 
0 

0 .___.___.___,__~-
0.0 1.0 2.0 3.0 

140 

<i 120 
! ... 100 2 
w 
0: 
IC 60 :> 
CJ 

"' 60 z 
u; ... 40 :> .. ... 
:> 20 0 

0 

OUTPUT VOLTAGE {VI 

OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 

P" .L 
L Vee =5.0V 

TA= 25°C 

v z 
L 
I 

0.0 1.0 2.0 3.0 

1.4 

1.3 

2 1.2 
0 
~ 
:'.j 1.1 

~ 
IC 
0 1.0 z 

0.9 

OUTPUT VOLTAGE {V} 

NORMALIZED Ice 
vs. CYCLE TIME 

I 
Vee =5.0V 

t--TA •25°C 
V1N =0.5V 

v-_........ 
V" [.......---" 

0.8 
0 10 20 30 

CYCLE FREQUENCY {MHz) 

4.0 

4.0 

40 

0087-12 



~ CY6116 
~~~NDUCTOR ;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;;;;;;;;;::;:;;;;;;;;;::;:;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;::;: 

Ordering Information 
Speed 

Ordering Code 
Package Operating 

(ns) Type Range 

35 CY6116-35PC Pll Commercial 
CY6116-350C 012 
CY6116-35LC L64 

CY6116-350MB 012 Military 
CY6116-35LMB L64 

45 CY6116-45PC Pll Commercial 
CY6116-450C 012 
CY6116-45LC L64 

CY6116-450MB 012 Military 
CY6116-45LMB L64 

55 CY6116-55PC Pll Commercial 
CY6116-550C 012 
CY6116-55LC L64 

CY6116-550MB 012 Military 
CY6116-55LMB L64 

Bit Map 

OUTPUTS 01Z3 ... 0123 3210 ... 3210 

Y-AODRESS DI •.•.••. 07 08 ...... 15 

* * 

Address Designators 
Address 
Name 

Ao 

A1 

Az 

A3 

Ai 
As 

A6 

A1 

As 

Ag 

A10 

4567 ... 4567 7654 ... 7654 

01 ....... 07 OB ....... 15 

* 

Address 
Function 

,,. 
'" '" 

Y3 

Y2 

Y1 

Yo 

X2 

J'4 
X3 

Xo 
Xs 

X6 

Xt 

----ROW127 

2-15 

1'= llEOUNOAllT COLUMN 
#"' REDUNDANT ROW 

0087-13 

Pin 
Number 

8 

7 

6 

5 

4 

3 

2 

1 

23 

22 

19 
fl 



_ ..... ~ .... :.~ CY7C122 
'ii CYPRESS 
JF SEMICONDUCTOR 256 x 4 Static R/W RAM 

Features 
• 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 

Logic Block Diagram 

Selection Guide 

COLUMN 
DECODER 

Maximum Access Time (ns) 

Maximum Operating Current (mA) 

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 (CS1) input, an active HIGH 
chip select two (CS2) 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 (CS1) and write enable (WE) 
inputs are LOW and the chip select 
two (CS2) input is HIGH, the informa
tion on the four data inputs Do 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 

0003-1 

7C122-15 

Commercial 15 

Military NA 

Commercial 90 

Military NA 
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operation insures minimum write re
covery times by eliminating the "write 
recovery glitch." 

Reading is performed with the chip se
lect one (CSt) input LOW, the chip se
lect two input (CS2) 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 
Ooto 03. 
The outputs of the memory go to an 
active high impedance state whenever 
chip select one (CS1) is HIGH, chip se
lect two (CS2) is LOW, output enable 
(OE) is HIGH, or during the writing 
operation when write enable (WE) is 
LOW. 

Pin Configurations 
Vee 

Az 

Ai WE 
cs, 
5E 
cs, 
03 

03 

o, 
o, 
01 

0003-2 

N t<'l 0 U 
u 
u 

<< ZZ> 

A4 

iYE 
CS 1 
5E 
CS2 
03 

Do D3 

0 ..- ...- N N 
00000 0003-10 

7C122-25 7C122-35 

25 35 

25 35 

60 60 

90 90 



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

Storage Temperature ............... -65°C to + l50°C Static Discharge Voltage ..................... > 2001 V 

Ambient Temperature with (per MIL-STD-883 Method 3015.2) 

Power Applied .................... - 55°C to + 125°C Latchup Current .......................... > 200 mA 

Supply Voltage to Ground Potential 
Pin22toPin8) ..................... -0.5Vto +7.0V Operating Range 

DC Voltage Applied to Outputs 
in High Z State ...................... -0.5V to + 7.0V 

Range Ambient 
Vee Temperature 

DC Input Voltage ................... - 3.0V to + 7.0V Commercial O'Cto +70'C SV ± 10% 

Output Current, into Outputs (Low) ............. 20 mA Military - 55'C to + 125°C sv ±10% 

Logic Table 
Inputs 

Outputs Mode 
OE CSt CS2 WE Do-Da 

x H x x x HighZ Not Selected 
x x L x x HighZ Not Selected 
L L H H x Oo-03 Read Stored Data 
x L H L L HighZ Write "O" 
x L H L H HighZ Write Ht" 
H L H H x HighZ Output Disabled 

Notes: H = HIGH Voltage L = LOW Voltage X = Don't Care 
High Z = High Impedance 

Electrical Characteristics Over the Operating Range 

7C122-15 
Parameters Description Test Conditions 

Min. Max. 

VoH Output HIGH Voltage Vee= Min., loH = -5.2 mA 2.4 

VoL Output LOW Voltage Vee = Min., loL = 8.0 mA 0.4 

Vrn Input HIGH Voltage 2.1 Vee 

VIL Input LOW Voltage -3.0 0.8 

I Ix Input Load Current GND :";'. v, :";'.Vee 10 

Yeo 
Input Diode Clamp 

Note2 Voltage 

Ioz Output Current (High-Z) VoL :";'. VouT :";'. VoH -10 +10 Output Disabled 

Output Short Circuit Vee= Max., Commercial -70 
Ios Current (Note 1) VouT = GND Military -80 

Power Supply Vee= Max., Commercial 90 
Ice Current IouT = OmA Military NA 

Capacitance[3] 
Parameters Description Test Conditions 

CIN Input Capacitance TA= 25°C,f= !MHz 
CouT Output Capacitance Vee= 5.ov 

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

shorted. Short circuit test duration should not exceed 30 seconds. 
3. Tested on a sample basis. 

2. The CMOS process does not provide a clamp diode. However, the 
CY7Cl22 is insensitive to -3V de input levels and -5V undershoot 
pulses ofless than 10 ns (measured at 50% point). 
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7C122-25 
7C122-35 Units 

Min. Max. 

2.4 v 
0.4 v 

2.1 Vee v 
-3.0 0.8 v 

10 µA 

Note2 v 

-10 + 10 µA 

-70 mA 

-80 mA 

60 mA 

90 mA 

Max. Units 

4 pF 
7 

fl 



Switching Characteristics Over the Operating Rangel5l 

Test 
Parameters Description Conditions 

READ CYCLE 

tRC Read Cycle Time 

tAcs Chip Select Time 

tzRCS Chip Select to High-Z Note6 

tAOS Output Enable Time 

tzROS Output En.able to High-Z Note6 

tAA Address Access Time 

WRITE CYCLE 

twc Write Cycle Time 

tzws Write Disable to High-Z Note6 

twR Write Recovery Time 

tw Write Pulse Width Note4 

twso Data Setup Time Prior to Write 

tWHo Data Hold Time After Write 

twsA Address Setup Time Note4 

tWHA Address Hold Time 

twscs Chip Select Setup Time 

tWHCS Chip Select Hold Time 

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 l.5V and output loading of the specified Ior/loH 
and 30 pF load capacitance as in Figure 1 a. 

Bit Map 

ROWO 

. 
ROW31 

0003-3 

CY7C122-15 CY7C122-25 CY7C122-35 

Min. Max. Min. Max. Min. Max. 
Units 

15 25 35 ns 

8 15 25 ns 

12 20 30 ns 

8 15 25 ns 

12 20 30 ns 

15 25 35 ns 

15 25 35 ns 
12 20 30 ns 

12 20 25 ns 

11 15 25 ns 

0 5 5 ns 

2 5 5 ns 

0 5 IO ns 

4 5 5 ns 

0 5 5 ns 

2 5 5 ns 

6. Transition is measured at steady state HIGH level - 500 m V or 
steady state LOW level + 500 mV on the output from l.5V level on 
the input with load shown in Figure I b. 

Address Designators 

Address Address Pin 
Name Function Number 

Ao AXO 4 

At AXl 3 

A2 AX2 2 

A3 AX3 1 

A4 AX4 21 

As AYO 5 

A6 AYl 6 

A1 AY2 7 
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AC Test Loads and Waveforms 
AC Test Loads 

R1 47011 Rt 47011 5VTI OUTPUT 

30 pf R2 r· ':'22411 

6VTI OUTPUT 

I 5pF R2 
22411 

- -- -
0003-4 

Figure la Figure lb 

Equivalent to: THEVENIN EQUIVALENT 
15211 

OUTPUT o---'\'"'··"' .. ---o 1.62 v 

Read Mode 

Ao-A7 

ADDRESS 

DATA 
OUTPUTS 

Oo-03 

Write Mode 

Ao-A1 
ADDRESS 

fl1-CS2 
CHIP SELECT 

WE 

Do-03 
DATA IN 

WRITE ENABLE 

' 
ll' 

~ 

-l 

-I ..... I'--

-l(-

-I "''"' I-

--l f-

--I .... 
t 

0003-6 

... 

..... 
.LLL.L.L.L.LLL 
~ 

.. cs 

twc 

tw 

Input Pulses 

Figure2 

f 

\_ 

1- 1-tzROS 
[rNOTE6 

DATA VALID ~ 
'I 

~tzRcs--
LNOTE& 

-lf-

-I 'WHA I-
-lf-

-I 'WHCS I-

-n-
'WHD I--

~ 
tzws i-tw• NOTE& 

00-01 i:r l,.--
oArAourPurs ------~--c LOAD lb ------------------------rLNOTEI 

(All above measurements referenced to 1.SV unless otherwise stated.) 
Note: 

0003-5 

0003-7 

0003-8 

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. 

2-19 

• 



~ CY7C122 
~~~NDUCTOR;;;;;;;;;;::;;;::;;;::======================================================== 
Typical DC and AC Characteristics 

NORMALIZED Ice NORMALIZED Ice OUTPUT SOURCE CURRENT 

<J 
.!: 
c 
w 
N 
::; 
<.: 
::; 
a: 
0 z 

"' :! 

vs. SUPPLY VOLTAGE 
1.2 ....----.---..----.----. 

1.0 

0.8 

0.6 

V1N =5.0V 
TA= 25°C 

0.4 
4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE (V) 

NORMALIZED ACCESS TIME 
vs. SUPPLY VOLTAGE 

1.6..---,-----,---,.----.., 

1.4 t-----t---+---+----l 

@ 1.2N 
~ t--
~ 1.0 f-----+-= .... ..._""°-----.. 1-_-_-_-_ _,..J 
z ---, 

<J 
.!: 
c 
w 
N 
::; 
<.: 
::; 
a: 
~ 

vs. AMBIENT TEMPERATURE 
1.4.-------------. 

1.2 

Vee =5.5V 
V1N =5.0V 

0.6 
-55 25 125 

AMBIENT TEMPERATURE (°C) 

NORMALIZED ACCESS TIME 
vs. AMBIENT TEMPERATURE 

1.4.-------------. 

vs. OUTPUT VOLTAGE 
60 

:i 
! 50 
I- Vee= 5.0 V 
::; TA= 25'C w 
a: 40 
a: 
:> 
u 
w 30 
u 
a: 
:> 

5l 20 
I-
:> .. 

10 I-
:> 
0 

0 
0 1.0 2.0 3.0 

150 

i 125 

!Z w 100 
a: 
a: a 1s 
"' z 
Vi 50 
!; 

OUTPUT VOLTAGE (V) 

OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 

....... 

L 
v 

'T 

4.0 

0.8 l---+---+---+----1 5 25 t Vee= 5.0 v _, v TA =15·c T•J=25°C 

0.6'---+,---+---+---~ 
4.0 4.5 5.0 5.5 

Vee =5.0 V 

6.0 
0.6'-------------~ 

-55 25 125 

0 

1.0 2.0 3.0 4.0 

SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V) 

ACCESS TIME CHANGE 
vs. OUTPUT LOADING 

30..--...---.---.-----. 

TA= 25'C 
Vee = 4.5 v 

! 201--+---+--,j---+---1 

$ 

~ c 101---+-.F---+----l--+----1 

Oo!'--"""""'20~0=----=-40~0,---60~0--80~0--1~000 

CAPACITANCE (pF) 

2-20 

NORMALIZED Ice 
vs. FREQUENCY 

1.4 ..----.--...---.-....--.-....,---, 

.l;l 1.3 l--l---+---4-.__V1,___,,,____.lL 
0 1.2 l--+-+--+-+....~'-1--t--i 
~ I A 
~ 1.11--+--+-_,...v~-+-l_+--+--t 

~ y 
1.0 ,___ __ .L_,.__-+---1--+--+---+--< 

Qo 10 20 30 40 50 60 10 

FREQUENCY (MHz) 

5.0 
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~ CY7C122 
~~~NDUCTOR;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;::;:;;;;: 
Ordering Information 

Speed 
Ordering Code Package Operating 

(ns) Type Range 

15 CY7C122-15PC P7 Commercial 

CY7C122-15DC D8 Commercial 

25 CY7C122-25PC P7 Commercial 

CY7C122-25DC D8 Commercial 

CY7C122-25LC L53 Commercial 

CY7Cl22-25DMB D8 Military 

35 CY7Cl22-35PC P7 Commercial 

CY7C122-35DC D8 Commercial 

CY7C122-35LC L53 Commercial 

CY7C122-35DMB D8 Military 

CY7C122-35LMB L53 Military 
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-'··~ ·:a .CYPRESS 
PRELIMINARY CY7C123 

? SEMICONDUCTOR 256 x 4 Static R/W RAM 

Features 
• 256 x 4 static RAM for control 

store in high speed computers 

• CMOS for optimum 
speed/power 

• High speed 
- 7 ns (commercial) 
- 15 ns (military) 

• Low power 
- 660 mW (commercial) 
- 825 mW (military) 

• Separate inputs and outputs 

• 5 volt power supply ± 10% 
tolerance both commercial and 
military 

• TTL compatible inputs and 
outputs 

• 24 pin 

• 300 MIL package 

Logic Block Diagram 

Selection Guide 

COLUMN 
DECODER 

Maximum Access Time (ns) 

Maximum Operating Current (mA) 

Functional Description 
The CY7Cl23 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 (CS1) input, an active HIGH 
chip select two (CS2) 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 (CS1) and write enable (WE) 
inputs are LOWand the chip select 
two (CS2) input is HIGH, the informa
tion on the four data inputs Do 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 
operation insures minimum write re-

0088-1 

7C123·7 
Commercial 7 
Military NA 
Commercial 120 
Military NA 

2-22 

covery times by eliminating the "write 
recovery glitch." 

Reading is performed with the chip se
lect one (CS1) input LOW, the chip se
lect two input (CS2) 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 
Ooto03. 

The outputs of the memory go to an 
active high impedance state whenever 
chip select one (CS1) is HIGH, chip se
lect two (CS2) is LOW, output enable 
(OE) is HIGH, or during the writing 
operation when write enable (WE) is 
LOW. 

A die coat is used to insure alpha im
munity. 

Pin Configurations 

A2 Vee 
A3 A1 

Ao 

CS2 

-es, 
A1 OE 

Vss Vee 
Do WE 
o, D3 

Oo D2 

o, 03 

Vss 02 
0088-2 

0 
<<(M<lf(N,;!.< 

Ao 

CS2 

cs, 
6E 
Vee 

o, WE 
Oo D3 

QV> N It) N 
;:>OOC 

0088-3 

7C123-12 7C123-15 
12 NA 

NA 15 
120 NA 
NA 150 
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Maximum Ratings 
(Above which the useful life may be impaired) 

Storage Temperature ............... - 65°C to + 150"C Output Current, into Outputs (Low) ............. 20 mA 

Ambient Temperature with Latchup Current .......................... > 200 mA 
Power Applied .................... - ss•c to + 12s0 c 

Supply Voltage to Ground Potential Operating Range 
Pins 24 & 18 to Pin 7 ................. -0.SV to +7.0V 

DC Voltage Applied to Outputs 
Range Ambient 

Vee Temperature 

in High Z State ...................... -0.SV to + 7.0V Commercial OOC to +700C 5V ±10% 

DCinputVoltage ................... -3.SVto +7.0V Military - ss•c to + 12s0 c 5V ±10% 

Logic Table 
Inputs Outputs 

OE CS1 CS2 WE Do-))3 

x H x x x HighZ 

x x L x x HighZ 

L L H H x Oo-03 

x L H L L HighZ 

x L H L H HighZ 

H L H H x HighZ 

Notes: H = HIGH Voltage L = LOW Voltage X = Don't Care 
High Z = High Impedance 

Electrical Characteristics Over the Operating Range 

7C123-7 
Parameters Description Test Conditions 7C123-12 

Min. Max. 

Von Output HIGH Voltage v cc = Min., IoH = - 5.2 mA 2.4 

VoL Output LOW Voltage V cc = Min., IoL = 8.0 mA 0.4 

VIH Input HIGH Voltage 2.1 Vee 

V1L Input LOW Voltage -3.0 0.8 

Iix Input Load Current GND::;: V1::;: Vee 10 

Ioz Output Current (High-Z) VoL::;: VoUT::;: Von -10 +10 Output Disabled 

Ice 
Power Supply Vee= Max., l Commercial 120 
Current IoUT = OmA l Military NA 

Capacitance [2] 

Parameters Description Test Conditions Max. 

C1N Input Capacitance TA = 25°C, f = 1 MHz 4 

Co UT Output Capacitance Vee= s.ov 7 
Notes: 
I. For test purposes, not more than one output at a time should be 

shorted. Short circuit test duration should not exceed 30 seconds. 
2. Tested on a sample basis. 

2-23 

Mode 

Not Selected 

Not Selected 

Read Stored Data 

Write"O" 

Write "l" 

Output Disabled 

7C123-15 
Units 

Min. Max. 

2.4 v 
0.4 v 

2.1 Vee v 
-3.0 0.8 v 

10 µ.A 

-10 +10 µ.A 

NIA mA 

150 mA 

Units 

pF 

fl 
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Switching Characteristics Over the Operating Range 

Parameters Description 
Test 

Conditions 

READ CYCLE 

tRC Read Cycle Time 

tAA Address Access Time 

tACS Chip Select Time 

tooE Output Enable Time 

tHZCS Chip Select to Output Hi-Z Note4, 5 

tHZOE Output Enable to Out Hi-Z Note4 

tLZCS Chip Select to Out Low-Z Note4, 5 

tLZOE Output Enable to Out Low-Z Note4 

WRITE CYCLE 

twc Write Cycle Time 

tHZWE Write Enable to Hi-Z 

tLZWE Write Enable to Low-Z 

tpwE Write Pulse Width Note3 

tso Data Setup to End of Write 

tHD Data Hold Time After Write 

tsA Add Setup to Start of Write Note3 

tHA Address Hold Time 

ts cs CS Active Low to End of Write 

tAW Add Setup to End of Write 
Notes: 
3. tpwE measured at tsA = min.; tsA measured at TpwE = min. 
4. Transition is measured at steady state HIGH level - 500 m V or 

steady state LOW level + 500 mV on the output from I.SY level on 
the input with load shown in Figure I b. 

7C123-7 7C123-12 7C123-15 
Units 

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

2-24 

7 12 15 ns 

7 12 15 ns 

7 8 10 ns 

7 8 10 ns 

5 6.5 8 ns 

5 6.5 8 ns 

2 2 2 ns 

2 2 2 ns 

7 12 15 ns 

5.5 7 8 ns 

2 2 2 ns 

5 9 11 ns 

5 9 11 ns 

2 2 2 ns 

0 0 2 ns 

2 3 4 ns 

5 9 11 ns 

5 9 13 ns 

5. At any given temperature and voltage condition, tttzcs is less than 
tLzcs for any given device. These .parameters are sampled and not 
100% tested. 
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AC Test Loads and Waveforms 

Equivalent to: 

AC Test Loads 
R1 470 n R1 oon 

sv~ OUTPUT 

20pF R2 r -=- 224fl 

sv~ OUTPUT 

I Spf R2 
224 n 

Figure la 

THEVENIN EQUIVALENT 

152 n 
OUTPUT~1.62V 

- -- -
Figure lb 

0066-6 

Input Pulses 

Figure 2 

0066-4 

Read Mode 

Write Mode 

Note: 

ADDRESS 

------lAA----• 
CS1/CS2 ____ ....... __ """')( : x I 

1~tHzcs__..: ;...-- tACS --+1 

lLzcs...--- 1 
• I I 

I I 
I OE-------------· I 

,..,. __ ....., ___ _,, I 

.._ looE --' I I I 

lLZOE --.i - I -tHZOE -
' I I 1 I 

ADDRESS _____ _,)i(:..._ ___________________ __,,><:~-----

.~-------lAw--------.,...,__ tHA~ 

' 
CS1/CS2----..... --.... x,---------~x -----..... ---J~-----------..1, .............................................. -

----lsA -------- tpwE -: 

WE 
:'---------'' 

I ' 
~, o------~lso-------·;•-tHo--; 

DAi~ ::::::::::::::x,----;--------...... --x:::::::::: 
__, lLzWE -

I 

D~0~ __________________ _.)~--------4()()()( .......... ____ _ 
(All above measurements referenced to l.5V unless otherwise stated.) 

0066-5 

0066-11 

0066-12 

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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Ordering Information 
Speed 

Ordering Code 
Package Operating 

(ns) Type Range 

7 CY7C123-7PC P13 Commercial 
CY7Cl23-7DC 014 
CY7C123-7LC L53 

12 CY7C123-12PC P13 
CY7C123-12DC 014 

· CY7C123-12LC L53 

15 CY7C123-15DMB 014 Military 
CY7C123-15LMB L53 
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·t JE CYPRESS 

CY7C128 

, SEMICONDUCTOR 2048 x 8 Static R/W RAM 
Features 
• Automatic power-down when 

deselected 

• CMOS for optimum 
speed/power 

• High speed-25 ns 

• Low active power 
- 660 mW (commercial) 
- 825 mW (military) 

• Low standby power 
-110 mW 

• SOIC package 

• TTL compatible inputs and 
outputs 

• Capable of withstanding greater 
than 2000V electrostatic 
discharge 

Logic Block Diagram 

CE 
we 
Oe 

AJ A2 A1 

Selection Guide 

Maximum Access Time (ns) 

Maximum Operating 
Current (mA) 

Maximum Standby 
Current (mA) 

Ao 

Functional Description 
The CY7Cl28 is a high performance 
CMOS static RAM organized as 2048 
words by 8 bits. Easy memory expan
sion is provided by an active LOW chip 
enable (CE), and active LOW output 
enable (OE) and three-state drivers. 
The CY7Cl28 has an automatic power
down feature, reducing the power con
sumption by 83% when deselected. 

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/Oo through 
I/07) is written into the memory loca-

l/Oo 

-110, 

1/02 

1/03 

1/04 

1/05 

l/Oo 

1/07 

0036-1 

7C128-25 7C128-35 

25 35 

Commercial 120 120 

Military 150 

Commercial 20 20 

Military 20 
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tion addressed by the address present 
on the address pins (Ao through A10). 
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 2 impedance state unless the chip is se-
lected, outputs are enabled, and write 
enable (WE) is HIGH. 

The 7Cl28 utilizes a die coat to ensure 
alpha immunity. 

Pin Configurations 

l/04 
1/03 

0036-2 

.t~~~~ 

A4 4 Ag 

Al 5 WE 
A2 liE 
A1 A1o 

Ao 8 CE 
l/Oo 9 1/07 

1/01 I/Os 

NC .., .. ., 
~~~~~ 

0036-3 

7C128-45 7C128-55 

45 55 

120 90 

130 100 

20 20 

20 20 
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CY7C128 

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

Storage Temperature ............... -65°C to + 1so0 c Static Discharge Voltage ..................... >2001V 

Ambient Temperature with (Per MIL-STD-883 Method 3015.2) 

Power Applied .................... - SS°C to + 125°C Latch-up Current .......................... > 200 mA 

Supply Voltage to Ground Potential 
(Pin 24 to Pin 12) .................... -0.SV to + 7.0V Operating Range 

DC Voltage Applied to Outputs 
in High Z State ...................... -0.SV to + 7.0V 

Range Ambient 
Temperature 

DC Input Voltage ................... -3.0V to + 7.0V 

Output Current into Outputs (Low) ............. 20 mA 

Commercial 0°cto +10°c 

Military -ss•c to + 12s0 c 

Electrical Characteristics Over Operating Range 

7C128 
Parameters Description Test Conditions 

Min. Max. 

VoH Output HIGH Voltage Vee= Min., IoH = -4.0 mA 2.4 

VoL Output LOW Voltage V cc = Min., IoL = 8.0 mA 0.4 

Input HIGH Voltage 
Commercial -2S, Military -3S 2.0 Vee 

VIH 
All Others 2.0 Vee 

V1L Input LOW Voltage -3.0 0.8 

Iix Input Load Current GND s V1 s Vee -10 10 

Ioz 
Output Leakage GND s V1 s Vee -40 40 Current Output Disabled 

Ios 
Output Short 
Circuit Currendll Vee = Max., VoUT = GND -300 

Ice V cc Operating Vee= Max. Commercial -2S, -3S, -4S 120 
Supply Current IouT = OmA Commercial-SS 

Military -3 S 

Military -4S 

Military -SS 

Isa Automatic CE Max. Vee, Commercial 
Power Down Current CE:;:: Vrn Military* 

'35 ns and 55 ns only 

Capacitance [2] 

Parameters Description Test Conditions 

CIN Input Capacitance TA = 2S°C, f = 1 MHz 
Co UT Output Capacitance Vee= s.ov 

Notes: 
I. Not more than 1 output should be shorted at one time. Duration of the short circuit should not exceed 30 seconds. 
2. Tested on a sample basis. 

AC Test Loads and Waveforms 
Rl 481!1 

svo-----"lfV'.....-~ 

OUTPUT o-------... 

Equivalent to: 

30 pf R2 I 255fl 
INCLUDING 

_JIGAND _ 
- SCOPE - 0036-4 

Figure la 

THEVENIN EQUIVALENT 
167!1 

Rl 481!1 s v o-----vv-~ 
OUTPUT o-------_. 

5 pf I INCLUDING 
_JIGAND _ 
- SCOPE -

Figure lb 

OUTPUT 0---""1."'\.""•?~---<0 1.73 V 0036-13 

2-28 

R2 
255fl 

0036-5 

90 

lSO 

130 

100 

20 

20 

Max. 
5 

7 

ALL INPUT PULSES 

Figure2 

Vee 

sv ±10% 
sv ±10% 

Units 

v 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

Units 

pF 

0036-6 



~ CY7C128 
~~EM~NDUCIOR ====================================================================== 
Switching Characteristics Over Operating Range[4J 

7C128-25 
Parameters Description 

Min. 

READ CYCLE 

tRc Read Cycle Time 25 

tAA Address to Data Valid 

to HA Data Hold from Address Change 3 

tACE CE LOW to Data Valid 

tDoE OE LOW to Data Valid 

tLZOE OE LOW to Low Z 0 

tHZOE OE HIGH to High z[5) 

tLZCE CE LOW to Low z[6) 5 

tHZCE CE HIGH to High z[5, 6) 

tpu CE LOW to Power Up 0 

tpD CE HIGH to Power Down 

WRITE CYCLE[7) 

twc Write Cycle Time 25 

tscE CE LOW to Write End 20 

tAW Address Set-up to Write End 20 

tHA Address Hold from Write End 2 

ts A Address Set-up to Write Start 0 

tpwE WE Pulse Width 12 

tsD Data Set-up to Write End 10 

tHD Data Hold from Write End 0 

tHZWE WE LOW to High Z 

tLZWE WE HIGH to Low Z 0 
Notes: 
3. Data 1/0 Pins enter high-impedance state, as shown, when OE is held 

LOW during write. 
4. Test conditions assume signal transition times of 5 ns or less, timing 

reference levels of 1.5V, input pulse levels ofO to 3.0V and output 
loading of the specified Ior/IoH and 30 pF load capacitance. 

5. tHZOE. tHZCE and tHZWE are specified with CL = 5 pF as in Figure 
1 b. Transition is measured ± 500 m V from steady state voltage. 

6. At any given temperature and voltage condition, tHZCE is less than 
tLZCE for any given device. These parameters are specified and not 
I 00% tested. 

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

DATADUT PREVIOUS DATA VALID 

Max. 

25 

25 

12 

12 

12 

20 

10 

2-29 

7C128-35 7C128-45 7C128-55 
Units 

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

35 45 55 ns 

35 45 55 ns 

5 5 5 ns 

35 45 55 ns 

15 20 25 ns 

0 0 0 ns 

15 15 20 ns 

5 5 5 ns 

15 20 20 ns 

0 0 0 ns 

20 25 25 ns 

35 45 55 ns 

30 40 50 ns 

30 40 50 ns 

[II) 0 0 ns 

0 0 0 ns 

20 20 25 ns 

15 20 25 ns 

0 0 0 ns 

15 15 20 ns 

0 0 0 ns 

7. 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. 

8. WE is HIGH for read cycle. 
9. Device is continuously selected. OE, CE = VIL· 

10. Address valid prior to or coincident with CE transition LOW. 
11. 0 ns for commercial, 2 ns for military. 

DATA VALID 

0036-7 

f.11 



Switching Waveforms (Continued) 

Read Cycle No. 2 (Notes 8, 10) 

._------tAc•------..i 
oe-~--.. 

14----too•------oot 

Write Cycle No. 1 <WE Controlled) (Notes 3, 7) 
'4---------------~c·--------------.i 

14-----------·~·-----------+i 

HIGH 
IMPEDANCE 

0038-8 

................. , 1,.. ............ ..,... ......... _.. .... ,.... ........... _ 

DATA IN DATA-IN VALID 

~-----..__..;... __________ ...;.'"~zw~•::::::j ••zw•-----.i 
DATA 1/0 DATA UNDEFINED )>--....;.H;;;IG;;;H.;.;l;;;M.;.;PE;,;D;;;A;;,;NC;;;E~-~ 1(:::::::::::::: 

0036-9 

Write Cycle No. 2 (CE Controlled) (Notes 3, 7) 

ADD REIS 

i----- tsA ------i.-------'- tsce-------' 

i>ATAiN DATA-IN VALID 

tHZWE~ -------------------.J HIGH IMPEDANCE 
DATA 1/0 DATA UNDEFINED 1>· -------------..;.....;.;;. ______ _ 

0036-10 

Note: lfCE goes HIGH simultaneously with WE HIGH, the output remains in a high impedance state. 
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~ CY7Cl28 
~~~CClNDUCTOR:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::=== 

Typical DC and AC Characteristics 
NORMALIZED SUPPLY CURRENT NORMALIZED SUPPLY CURRENT 

'I'll. AMBIENT TEMPERATURE 

j 
c.i 
!: 
Q .. 
N 
::; 
<( 
:Ii 
a: 
i 

c :s 
Q .. 
N 
::; 
<( 
:Ii 
a: 
Q z 

j 
fil 
N 
::; 

~ a: 
i 

1.4 

1.2 

1.0 

0.8 

0.6 

OA 

0.2 

0.0 

1.4 

1.3 

1.2 

1.1 

1.0 

0.9 

0.8 

vs. SUPPLY VOLTAGE 

.7 
~ 
~ 

~ 

Isa 

4.5 5.0 5.5 

SUPPLY VOLTAGE (VI 

NORMALIZED ACCESS TIME 
n. SUPPLY VOLTAGE 

~ 
............ 

t'....... TA =25'C 

&.O 

--......J -
4.0 4.5 5.0 5.5 6.0 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

o.o 

SUPPLY VOLTAGE (VJ 

TYPICAL POWER-ON CURRENT 
'I'll. SUPPLY VOLTAGE 

.:/1 
j../ 

0.0 1.0 2.0 3.0 4.0 5.0 

SUPPLY VOLTAGE (VJ 

1.2 

1.0 

_; 
c.i 0.8 
!: 
Q .. 

0.6 N 
::; 
<( 
:Ii 0.4 a: 
0 z 

0.2 

0.0 

1.6 

c :s 

~ 
~ 

Vee. &.OV 
V1N •&.OV 

.... 
-56 25.0 125.0 

AMBIENT TEMPERATURE ('CJ 

NORMALIZED ACCESS TIME 
vs. AMBIENT TEMPERATURE 

fil 1.2 1-----1-------1 
N 
::; 

~ 1.0 1----~i...i:::..... ____ .... 
a: 
i 

0.6 ..._ ____ ..._ _____ _, 

-56 25 125 

AMBIENT TEMPERATURE ('CJ 

TYPICAL ACCESS TIME CHANGE 
'I'll, OUTPUT LOADING 

30.0 .--...---.----r--T"""-... 

! 20.0 l---+---+--1,_-+---t 

$ 
<( 15.0 1---+---+,_--+--+---t 
~ 
~ 10.0 1---+----+---+--+---t 

TA •25'C 
Vee •4.50 v 

0.0 !<---'----'----'--"---' 
0 200 400 600 BOO 1000 

CAPACITANCE (pfl 

2-31 

120 

c 
! 100 .. z .. 
" 80 a: 
:> 
u .. 60 u 
~ 
!il 40 

!; ... 

OUTPUT SOURCE CURRENT 
'I'll. OUTPUT VOLTAGE 

"" "' Vee =5.0V 
b.. TA= 25·c 

~ 
!; 
0 

20 

0 
0.0 

:s 

140 

l 120 

.. 100 z .. 
a: 
a: 80 :> 
u 

" 60 z 
iii .. 40 :> ... .. 
:> 20 0 

0 

1.0 2.0 3.0 

OUTPUT VOLTAGE (VI 

OUTPUT SINK CURRENT 
'I'll. OUTPUT VOLTAGE 

~ ..Ll 
L Vee •5.0V 

TA •25'C 

v 
?_ 

L v 
0.0 1.0 2.0 3.0 

1.4 

1.3 

] 1.2 

~ 
::; 1.1 

~ 
~ 1.0 

0.9 

OUTPUT VOLTAGE (VI 

NORMALIZED Ice 
'I'll. CYCLE TIME 

T 
Vee •5.0V 

rTA=25'C 
V1N • 0.5 V 

V" _.,.....,... 

V' 
0.8 

0 

~ 
10 20 30 

CYCLE FREQUENCY (MHzl 

4.0 

4.0 

40 

0036-11 
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~ CY7C128 
~~~NDUCTOR====================================================;;;;:;;;;:;;;;:;;;;:;;;;:==== 
Ordering Information 

Speed 
Ordering Code 

Package Operating 
(ns) Type Range 

25 CY7C128-25PC P13 Commercial 
CY7C128-25SC Sl3 
CY7C128-250C 014 
CY7C128-25LC L53 

35 CY7C128-35PC P13 Commercial 
CY7Cl28-35SC 813 
CY7Cl28-350C 014 
CY7Cl28-35LC L53 

CY7Cl28-350MB 014 Military 
CY7Cl28-35LMB L53 

45 CY7Cl28-45PC Pl3 Commercial 
CY7C128-45SC S13 
CY7Cl28-450C 014 
CY7C128-45LC L53 

CY7C128-450MB 014 Military 
CY7Cl28-45LMB L53 

55 CY7Cl28-55PC Pl3 Commercial 
CY7Cl28-55SC 813 
CY7C128-550C 014 
CY7Cl28-55LC L53 

CY7Cl28-550MB 014 Military 
CY7Cl28-55LMB L53 

Bit Map 
OUTPUTS 0123 ... 0123 3210 ... 3210 

Y-i\OCIRESS 00 ..... 07 111 ....... 15 

* 

Address Designators 

Address 
Name 

Ao 
A1 

A2 

AJ 

A4 
As 

A6 

A1 

Ag 

A9 

A10 

4567 .4567 7654 .. 7654 

00 •.•.. 07 DB ..... 15 

* 

125 
124 
125 

---ROWJ27 

2-32 

#*~AEDUHDANTCOLUMN =REDUNDANT ROW 

Address 
Function 

Y3 

Y2 

Y1 

Yo 

X2 

Xi 
X3 

Xo 

Xs 

X6 

X1 

0036-12 

Pin 
Number 

8 

7 

6 

5 

4 

3 

2 

1 

23 

22 

19 



-·-~ •,; ~:-~ PRELIMINARY 
CY7C130 
CY7C140 

·=CYPRESS 
JF' SEMICONDUCTOR 

Features 
• 0.8 micron CMOS for optimum 

speed/power 

• Automatic power-down 

• TIL compatible 

• Capable of withstanding greater 
than 2001 V electrostatic 
discharge 

• Fully asynchronous operation 

• Master CY7C130 easily expands 
data bus width to 16 or more 
bits using SLAVE CY7C140 

• BUSY output flag on CY7C130; 
BUSY input on CY7C140 

• INT flag for port to port 
communication 

Logic Block Diagram 

filL 

AgL-----~ 
ASL ___ ,..._~ 

Functional Description 
The CY7Cl30/CY7C140 are high 
speed CMOS lK x 8 Dual Port Static 
RAMS. Two ports are provided per
mitting independent access to any loca
tion in memory. The CY7C130 can be 
utilized as either a stand-alone 8-bit 
Dual Port Static RAM or as a 
MASTER Dual Port RAM in conjunc
tion with the CY7C140 SLAVE Dual 
Port device in systems requiring 16-bit 
or greater word widths. It is the solu
tion to applications requiring shared or 
buffered data such as cache memory 
for DSP, Bit-Slice, or multiprocessor 
designs. 

Each port has independent control 
pins; Chip Enable (CE), Write Enable 

OER 

r--t.:1----- ••• .---<-+----• .. 
l/OoL ---~.r--.-r----,1+.J .... .----,_.,.----,+4--- l/OgR 

11'---'\I 

Notes: 

l/07L ----'l-..J-t........:....--1 

BUSYL(1) +----o----~ 

i_;___J-'l,__t--O--- l/07R 

~-------+ eusv,(1) 

0114-1 

I. CY7C130 (Master): BUSY is open drain output and requires pullup resistor. 
CY7C140 (Slave): BUSY is input. 

2. Open drain outputs: pullup resistor required. 

Selection Guide 

7C130·35 7C130·45 7C130-55 
7C140·35 7C140-45 7C140·55 

Maximum Access Time (ns) 35 45 55 

Maximum Operating Commercial 120 120 120 
Current (mA) Military 150 150 

Maximum Standby Commercial 30 30 30 
Current (mA) Military 40 40 

2-33 

1024 x 8 Dual Port 
Static RAM 

(WE), and Output Enable (OE). Two 
flags are provided on each port, BUSY 
and INT. BUSY signals that the port is 
trying to access the same location cur
rently being accessed by the other port. 
INT is an interrupt flag indicating that 
data has been placed in a unique loca
tion by the other port. An automatic 
power down feature is controlled inde
pendently on each port by the Chip En
able (CE) pin. 

The CY7Cl30/CY7C140 are available 
in both 48-pin DIP and 52-pin LCC. 

A die coat is used to insure ~\ipha im
munity. 

Pin Configurations 

CEL 
R/WL 

llUSYL 3 

iNTL .4 

O[L ..,, 

A4L 10 

A5L 11 

"6L 12 

A7L 13 

AaL 14 

"'' l/OoL 

I/OIL 17 

l/02L 18 

l/03L 

l/04L 

l/OsL 

l/OsL 

l/01L 23 

DIP 
Top View 

.!'1ii'1!ifo~!ll'~ ,ll 11l'~{1r.r1:r 

212223242528 272829 3031 3233 

LCC 
Top View 

0114-2 

0114-3 

fl 



CY7C130 
· PRELIMINARY CY7C140 
~UCTOR================================================================ 

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

Storage Temperature ............... -6S°C to + 150°C Static Discharge Voltage ..................... > 2001 V 

Ambient Temperature with (Per MIL-STD-883 Method 3015.2) 

Power Applied .................... - 55°C to + 125°C Latch-up Current .......................... > 200 mA 

Supply Voltage to Ground Potential 
(Pin 48 to Pin 24) ...................• -0.SV to + 7.0V Operating Range 

DC Voltage Applied to Outputs 
inHighZState ...................... -0.SVto +7.0V 

Range 
Ambient 

Vee Temperature 

DC Input Voltage ................... -3.SVto +7.0V Commercial O"Cto +70°C 5V ±10% 

Output Current into Outputs (Low) ............. 20 mA Military - 55°C to + 125°C 5V ±10% 

Electrical Characteristics Over Operating Range 

7C130-35 
Parameters Description Test Conditions 7C140-35 

Min. Max. 

Yott Output HIGH Voltage Vee = Min., Iott= -4.0mA 2.4 

loL = 6.0mA 0.4 

VoL Output LOW Voltage loL = 8.0mA 0.5 

loL = 16.0mANote6 0.5 

VIH Input HIGH Voltage 2.2 

VrL Input LOW Voltage 0.8 

Irx Input Load Current GND s Yrs Vee -5 +5 

Ioz 
Output Leakage GND s Vos Vee -5 +5 
Current Output Disabled 

Ios 
Output Short[3] Vee= Max., -350 
Circuit Current VouT = GND 

Ice 
V cc Operating Vee= Max. Commercial 120 
Supply Current IouT = OmA Military* 

lsB Automatic CE[4] 
Power Down Current 

ISBl Both Ports, TTL Inputs Commercial 30 
lsB2 One Port, TTL Input 75 
ISB3 Both Ports, CMOS Inputs 15 
lsB4 One Port, CMOS Inputs 65 

lsBl Both Ports, TTL Inputs Military* 
1SB2 One Port, TTL Input 
lsB3 Both Ports, CMOS Inputs 
IsB4 One Port, CMOS Inputs 

• -45 and -55 only 

Capacitance [5] 

Parameters Description Test Condtions 

C1N Input Capacitance 

CouT Output Capacitance 

Notes: 
3. Duration of the short circuit should not exceed 30 seconds. 
4. A pull-up resistor to V cc on the CE input is required to keep the 

device deselected during V cc power-up, otherwise lsB will exceed 
values given. 

TA = 25'C, f = 1 MHz 
Vee= 5.0V 

5. Tested on a sample basis. 
6. BUSY and INT pins only. 

2-34 

7C130-45 7C130-55 
7C140-45 7C140-55 Units 

Min. Max. Min. Max. 

2.4 2.4 v 
0.4 0.4 

0.5 0.5 v 
0.5 0.5 

2.2 2.2 v 
0.8 0.8 v 

-5 +5 -5 +5 µA 

-5 +5 -5 +5 µA 

-350 -350 mA 

120 120 
mA 

150 150 

30 30 mA 
75 75 mA 
15 15 mA 
65 65 mA 

40 40 mA 
100 100 mA 
30 30 mA 
80 80 mA 

Max. Units 

10 pF 
10 



CY7C130 
PRELIMINARY CY7C140 

~~NDUCfOR ========================================================================::: 
AC Test Loads and Waveforms 

R1 44811 R1 44811 
5 v o----->IV\,.....-, 

OUTPUTO-------~ OUTPUT 0-------

Equivalent to: 

INCLUDING I JO pf 
JIG AND 
SCOPE 

R2 
24511 
(25511 MIL) 

5 pf 

INCLUDINi 
JIG AND 
SCOPE ':" 

Figure 1 Figure 2 

THEVENIN EQUIVALENT 
158 !l 

OUTPUT 0---"W.. 01.77 v 

Switching Characteristics Over Operating Range[BJ 

R2 
24511 
(25511 MIL) 

0114-7 

7C130-35 
Parameters Description 7C140-35 

Min. Max. 

READ CYCLE 

tRC Read Cycle Time 35 

tAA Address to Data Valid 35 

to HA Data Hold from Address Change 3 

tACE CE LOW to Data Valid 35 

tnoE OE LOW to Data Valid 15 

tLZOE OE LOW to Low Z 3 

tHZOE OE HIGH to High z[9] 15 

tLZCE CE LOW to Low z[IO] 5 

tHZCE CE HIGH to High z[9,IO] 15 

tpu CE LOW to Power Up 0 

tpn CE HIGH to Power Down 20 

WRITE CYCLE[ll] 

twc Write Cycle Time 35 

tscE CE LOW to Write End 30 

tAW Address Set-up to Write End 30 

tHA Address Hold from Write End 2 

ts A Address Set-up to Write Start 0 

tpwE WE Pulse Width 20 

tsn Data Set-up to Write End 15 

tHD Data Hold from Write End 0 

tHZWE WE LOW to High Z 15 

kZWE WE HIGH to Low Z 0 

2-35 

0114-5 

7C130-45 
7C140-45 

5V 

-~280fi 
BUSY 

OR 
iNT 

I30pF 

0114-4 

Figure 3. BUSY Output Load 
(CY7C130 Only) 

ALL INPUT PULSES 

0114-6 

Figure 4 

7C130-55 
7C140-55 Units 

Min. Max. Min. Max. 

45 55 ns 

45 55 ns 

3 3 ns 

45 55 ns 

20 25 ns 

3 3 ns 

20 25 ns 

5 5 ns 

20 25 ns 

0 0 ns 

25 30 ns 

45 55 ns 

35 40 ns 

35 40 ns 

2 2 ns 

0 0 ns 

20 25 ns 

20 20 ns 

0 0 ns 

20 25 ns 

0 0 ns 

fl 



. CY7C130 
' PRELIMINARY CY7C14o 
~==============================================================;;;;; 

Switching Characteristics Over Operating Range£8l (Continued) 

7C130-35 7C130-45 7C130-55 
Parameters Description 7C14D-35 7C140-45 7C140-55 Units 

Min. 

BUSY/INTERRUPT TIMING 

tRc Read Cycle Time 

twc Write Cycle Time 

tiJLA BUSY LOW from Address Match 

tBHA BUSY HIGH from Address Mismatch 

tBLC BUSY LOW from CE LOW 

tBHC BUSY HIGH from CE HIGH 

tps Port Set Up for Priority 

twINS WE to INTERRUPT Set Time 

1EINS CE to INTERRUPT Set Time 

tiNS Add to INTERRUPT Set Time 

toINR OE to INTERRUPT Reset Time 

tmNR CE to INTERRUPT Reset Time 

t1NR Add to INTERRUPT Reset Time 

BUSY TIMING 

tWB" 

twu 
tBDD 

tooo 

twoo 

* CY7Cl40 Only 
Notes: 

WE LOW after BUSY 

WE HIGH after BUSY 

BUSY HIGH to Valid Data 

Write Data Valid to Read Data Valid 

Write Pulse to Data Delay 

35 

35 

5 

0 

15 

7. Data 1/0 pins enter high impedance state, as shown when OE is held 
LOW during write. 

8. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of I.SY, input pulse levels ofOV to 3.0V and output 
loading of the specified lor/IoH and 30 pF load capacitance. 

9. 1Hz<>B, tHZCE, and tHzwB are specified with CL = 5 pF in Figure 2. 
Transition is measured ± 500 m V from steady state voltage. 

10. At any given temperature and voltage condition, tHZCE is less than 
1LzcB for any given device. These parameters are specified and not 
100% tested. , 

11. The internal write time of the memory is defined by the overlap of 
CE LOW and WI! WW. Both signals must be WW 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. 

Switching Waveforms 
Read Cycle No. 1 (Notes 12, 13) 

Max. Min.. Max. Min. Max. 

45 55 ns 

45 55 ns 

20 25 30 ns 

20 25 30 ns 

20 25 30 ns 

20 25 30 ns 

5 5 ns 

15 20 25 ns 

25 35 45 ns 

25 35 45 ns 

15 20 25 ns 

25 35 45 ns 

25 35 45 ns 

0 0 ns 

15 15 ns 

20 25 30 ns 

Note 15 Note 15 Note 15 ns 

Note 15 Note 15 Note 15 ns 

12. WE is HIGH for read cycle. 
13. Device is continuously selected OE, CB = VIL· . 
14. Address valid prior to or coincident with CE transition WW. 
15. A write operation on Port A, where Port A has priority, leaves the 

data on Port B's outputs undisturbed until one access time after one 
of the following: 
A. BUSY on Port B goes HIGH. 
B. Port B's address toggled. 
C. Cl! for Port B is toggled. 
D. WI! for Port B is toggled. 

Either Port Address Access 

_,_ ---t-_-_ ----------IRC=-=--=--=--=--=--=--*--
---1 __ :=_-_-_ .,.._ ---_to_H_A __ IA_A_iiiiii 

DATA OUT PREVIOUS DATA VALID --------------------DATA VALID 

0114-8 
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CY7C130 
· PRELIMINARY CY7C140 

~CONDUCl'OR:;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::; 

Switching Waveforms (Continued) 

Read Cycle No. 2 (Notes 12, 14) 
Either Port CE/OE Access 

14------tAcE-----

-----tooE---~ 

fl 
0114-9 

Timing Waveform of Read with BUSY (Note 12) 

ADDRESSR ADDRESS MATCH 

WER ~ f 

x 
ADORES SL x ADDRESS MATCH 

~. 
f BUSYL 

teoo-1 
VALID 

tooo 
twoo 

0114-10 

Write Cycle No. 1 (Notes 7, 11) 
Either Port 

---------twc--------~ 
ADDRESS 

---tpwE __ ..., 

. _ _.._.. ______ _,! tHo 
------tso--..i...:..:.;:.~ 

DATA1N ----------, ____ D_ ... T_A_v_A_Ll_D ___ ,,,,._-+-----

0114-12 
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5f~~R ==============PR=E='L=l=M.=1=N.=~=R=Y==g:;;;;~g;;;;· ~:2;;.:o;;::O• 
Switching Waveforms (Continued) 

Write Cycle No. 2 (Notes 7, 11) 
EithuPort 

ADDRESS 

I+--- tPWE ___ ., 

WE~~~~~~~~ ........ -.1 11--~~~~~~ 

Busy Timing Diagram. No. 1 (CE Arbitration) 

CEL Valid First: 

ADDRESS~ ADDRESS MATCH x: 
LANDR~ ..... ~~~~~~~~~~~~~~~--J.~.~~~~~ 

CEL t.1= ...• 
L"', CER 

~loco={ 
BUSYR 

CER Valid First 

ADDRESS =::J< 
LAND R. ADDRESS MATCH x . .. 

CER t.1= .. ·L,, CEL 

~~~~ 
BUSYL 

2-38 
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CY7C130 
· PRELIMINARY CY7C140 
~CONDUC!'OR================================================================ 

Switching Waveforms (Continued) 

Busy Timing Diagram No. 2 (Address Arbitration) 

Left Address Valid First: 

Right Address Valid First: 

Busy Timing Diagram No. 3 
Write with BUSY (Slave: CY7C140): 

~i.------tpwE -----4-------
.:-t_twe_=r ______ f= .. "~ 
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0114-16 

0114-17 

0114-11 

fl 



~ , CY7C130 

W'T~ ============P;:;;'R;:;;E;:;;'L;:;;l;:;;;M;:;;1;:;;N.;:;;'AR=Y=;:;;CY=1;C2:140;: 

Switching Waveforms (Continued) 

Interrupt Timing Diagrams 

Left Side Sets INTR: 

Right Side Sets INTv 

Left Side Clears IN'Tv 

2-40 
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0114-19 

0114-20 
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CY7C130 
· PRELIMINARY CY7C140 
~NDUCTOR=:============================================================;;;;:;: 

Ordering Information 
Speed Ordering Package Operating Speed Ordering Package Operating 
(ns) Code Type Range (ns) Code Type Range 

35 CY7C130-35 PC P25 Commercial 35 CY7C140-35 PC P25 Commercial 
CY7C130-35 DC D26 CY7Cl40-35 DC D26 
CY7C130-35 LC L69 CY7C140-35 LC L69 

45 CY7C130-45 PC P25 Commercial 45 CY7Cl40-45 PC P25 Commercial 
CY7C130-45 DC D26 CY7Cl40-45 DC D26 
CY7Cl30-45 LC L69 CY7C140-45 LC L69 

CY7C130-45 LMB L69 Military CY7C140-45 LMB L69 Military 
CY7C130-45 DMB D26 CY7C140-45 DMB D26 

55 CY7C130-55 PC P25 Commercial 55 CY7C140-55 PC P25 Commercial 
CY7C130-55 DC D26 CY7C140-55 DC D26 
CY7C130-55 LC L69 

CY7C130-55 LMB L69 Military 
CY7C130-55 DMB D26 

CY7Cl40-55 LC L69 

CY7C140-55 LMB L69 Military 
CY7Cl40-55 DMB D26 • 
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Features 
• 0.8 micron CMOS for optimum 

speed/power 

• Automatic power-down 

• TIL compatible 

• Capable of withstanding greater 
than 2001 V electrostatic 
discharge 

• Fully asynchronous operation 

• MASTER CY7C132 easily 
expands databus width to 16 or 
more bits using SLAVE 
CY7C142 

• BUSY output flag on CY7C132; 
BUSY input on CY7C142 

• INT flag for port to port 
communication (LCC version) 

Logic Block Diagram 

Notes: 

6EL 

A10L----~ .,,---rt-. 
VooL ---1-k"-;...r--"l+J 

l/07L -----L.;.;;;;..Jo-L....:..:..-1 

iiJSYL(1) +---+------' 
... , ---1-+r"'.".'.'.'.I 

... , ----F+L:::::~ 

PRELIMINARY 
CY7C132 
CY7C142 

Functional Description 
The CY7Cl32/CY7Cl42 are high 
speed CMOS 2K x 8 Dual Port Static 
RAMs. Two ports are provided permit
ting independent acce8s to any location 
in memory. The CY7C132 can be uti
lized as either a stand-alone 8-Bit Dual 
Port RAM or as a MASTER Dual 
Port RAM in conjunction with the 
CY7Cl42 SLAVE Dual Port device in 
systems requiring 16-Bit or greater 
word widths. It is the solution to appli
cations requiring shared or buffered 
data such as cache memory for DSP, 
bit-slice or multiprocessor designs. 

Each port has independent control 
pins; Chip Enable (CB), Write Enable 
(WE), and Output Enable (OE). BUSY 

... 
~--'"""---A10R 
.-Ft---- .,, 

41---...,1-r-i.+-1--- vo .. 
Yl.-..:,:__Hi..;::_r--- 1/07R 

'--------+ BUSYit(1) 

r---'l+-1--- ... . 
1..==...!+"1--- .. . 

0106-1 

2048 x 8 Dual Port 
Static RAM 

flags are provided on each port. In ad
dition, an interrupt flag (INT) is pro
vided on each port of the LCC version. 
BUSY signals that the port is trying to 
access the same location currently be
ing accessed by the other port. On the 
LCC version, INT is an interrupt flag 
indicating that data has been placed in 
a unique location by the other port. 

An automatic power-down feature is 
controlled independently on each port 
by the Chip Enable (CB) pin. 

The CY7C132/CY7Cl42 are available 
in both 48-pin DIP and 52-pin LCC. 

A die coat is used to insure alpha im
munity. 

Pin Configurations 

.. , 
A1L 

... 8 

A3L 9 

.... 10 

Asl 11 

"'L 12 
,.,L 1ll 

.... " 
AtL 15 

l/Ooi. 16 

l/01L 17 

I/Oza. 18 

l/03L 19 

1/041. 20 

1/0sL_ 21 

1/081. 22 

l/On 23 
CND 24 

I. CY7C132 (MASTER): BUSY is open drain output and requires pullup resistor. DIP 
Top View 

0106-2 
CY7C142 (SLAVE): BUSY is input. 

2. Open drain outputs: pullup resistor required. 

Selection Guide I!' Jrtl~~11!'~,\l11l'~~Jnl' 
7 6 5 4 3 2 15251504948"7 

7C132-35 7C132-45 7C132-55 AoL 8 -46 Ao 
AIL 9 45 A11t 

7C142-35 7C142-45 7C142-55 "a. 10 "4 A:/:R 
AJL 11 43 A!R 

Maximum Access Time (ns) 35 45 55 
"4L 12 42 "411 
Ast. 13 41 A9 

Maximum Operating Commercial 120 120 120 
Current (mA) Military 150 150 

AtiL 14 40 A8R 
A-,L 15 39 A7ft 
AaL 16 38 ~ 

v~~!~ :~ 
Maximum Standby Commercial· 30 30 30 
Current (mA) Military 40 40 

l/01L 19 3$ V~ 
vo2L 20 34 I/On 

21222324252827282930313233 

tUu!~uuu 
LCC 0106-s 

Top View 
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CY7C132 
PRELIMINARY CY7C142 

qi;~NDUCTOR :=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:= 

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

Storage Temperature ............... -65°C to + 150°C Static Discharge Voltage ..................... > 2001 V 

Ambient Temperature with (per MIL-STD-883 Method 3015.2) 

Power Applied .................... - 55°C to + 125°C Latch-up Current .......................... > 200 mA 

Supply Voltage to Ground Potential 
(Pin 48 to Pin 24) .................... -0.5V to + 7.0V Operating Range 

DC Voltage Applied to Outputs 
in High Z State ...................... -0.5V to + 7.0V 

Range Ambient 
Vee Temperature 

DC Input Voltage ................... -3.5V to + 7.0V Commercial 0°C to +70°C 5V ±10% 

Output Current into Outputs (Low) ............. 20 mA Military - 55°C to + 125°C 5V ±10% 

Electrical Characteristics Over Operating Range 

7C132-35 7C132-45 7C132-55 
Parameters Description Test Conditions 7Cl42-35 7C142-45 7C142-55 Units 

Min. Max. 

Yott Output HIGH Voltage Vee= Min., Iott= -4.0mA 2.4 

IoL = 6.0mA 0.4 
VoL Output LOW Voltage IoL = 8.0mA 0.5 

IoL = 16.0 mA (Note 7) 0.5 

Vrn Input HIGH Voltage 

V1L Input LOW Voltage 

I1x Input Load Current GND s V1 s Vee 

Ioz 
Output Leakage GND s Vos Vee 
Current Output Disabled 

Ios 
Output Short [3] Vee= Max., 
Circuit Current VouT = GND 

Ice 
V cc Operating Vee= Max. 
Supply Current IouT = OmA 

Isa Automatic CE [4] 
Power Down Current 

IsB! Both Ports, TTL Inputs 
IsBZ One Port, TTL Input 
IsB3 Both Ports, CMOS Inputs 
IsB4 One Port, CMOS Inputs 

Is BJ Both Ports, TTL Inputs 
Isa2 One Port, TTL Input 
IsB3 Both Ports, CMOS Inputs 
IsB4 One Port, CMOS Inputs 

' -45 and -55 Only 

Capacitance [5] 

Parameters Description 

C1N Input Capacitance 

CouT Output Capacitance 

Notes: 
3. Duration of the short circuit should not exceed 30 seconds. 
4. A pull-up resistor to V cc on the CEinput is required to keep the 

device deselected during V cc power-up, otherwise Iss will exceed 
values given. 

2.2 

0.8 

-5 +5 

-5 +5 

-350 

Commercial 120 

Military* 

Commercial 30 
75 
15 
65 

Military* 

Test Conditions 

TA = 25°C, f = 1 MHz 
Vee= 5.ov 

5. Tested on a sample basis. 
6. LCC version only. 
7. BUSY and INT pins only. 

2-43 

Min. Max. Min. Max. 

2.4 2.4 v 

0.4 0.4 

0.5 0.5 v 
0.5 0.5 

2.2 2.2 v 
0.8 0.8 v 

-5 +5 -5 +5 µA 

-5 +5 -5 +5 µA 

-350 -350 mA 

120 120 
mA 

150 150 

30 30 mA 
75 75 mA 
15 15 mA 
65 65 mA 

40 40 mA 
100 100 mA 
30 30 mA 
80 80 mA 

Max. Units 

10 pF 
10 

fl 
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· PRELIMINARY CY7C142 

~UCTQR;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::== 

AC Test Loads and Waveforms 
R1 4480 
(4800 MIL) 

R14480 
(4800MIL) 

OUTPUT0-------1 OUTPUTO-------_. 

INCLUDING I 30 pF 
JIG AND 
SCOPE 

Figure 1 

R2 
2450 
(255 O MIL) 

0106-4 

Equivalent to: THEVENIN EQUIVALENT 

1580 
OUTPUT 0>----....,W.,.,----0 1.77 V 

5 pf 

INCLUDIN1 
JIG AND . 
SCOPE ':' 

Figure 2 

0106-8 

Switching Characteristics Over Operating Range [9] 

7C132-35 
Parameters Description 7C142-35 

Min. Max. 

READ CYCLE 

tRc Read Cycle Time 35 

tAA Address to Data Valid 35 

to HA Data Hold from Address Change 3 

tACE CE LOW to Data Valid 35 

tooE OE LOW to Data Valid 15 

tLZOE OE LOW to Low Z 3 

tHZOE OE HIGH to High z[IO] 15 

tLZCE CE LOW to Low z[t 1] 5 

tHZCE CE HIGH to High z[IO, 11] 15 

tpu CE LOW to Power Up 0 

tpo CE HIGH to Power Down 20 

WRITE CYCLE[12] 

twc Write Cycle Time 35 

tscE CE LOW to Write End 30 

tAW Address Set-Up to Write End 30 

tHA Address Hold from Write End 2 

tsA Address Set-Up to Write Start 0 

tPWE WE Pulse Width 20 

tso Data Set-Up to Write End 15 

tHD Data Hold from Write End 0 

tHzWE WE LOW to High Z 15 

tLZWE WE HIGH to Low Z 0 

2-44 

R2 
2450 
(2550 MIL) 

0106-5 

7C132-45 
7C142-45 

sv 

-~280.ll 
BUSY 

OR 
INT 

I30pF 

0106-6 

Figure 3. BUSY Output Load 
(CY7C132 Only) 

ALL INPUT PULSES 

0106-7 

Figure 4 

7C132-55 
7C142-55 Units 

Min. Max. Min. Max. 

45 55 ns 

45 55 ns 

3 3 ns 

45 55 ns 

20 25 ns 

3 3 ns 

20 25 ns 

5 5 ns 

20 25 ns 

0 0 ns 

25 30 ns 

45 55 ns 

35 40 ns 

35 40 ns 

2 2 ns 

0 0 ns 

20 25 ns 

20 20 ns 

0 0 ns 

20 25 ns 

0 0 ns 



CY7C132 
PRELIMINARY CY7C142 

~~NDUCfOR :=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:= 

Switching Characteristics Over Operating Range [9] (Continued) 

7C132-35 7C132-45 7C132-55 
Parameters Description 7C142-35 7C142-45 7C142-55 Units 

Min. 

BUSY /INTERRUPT TIMING 

tRc Read Cycle Time 

twc Write Cycle Time 

tBLA BUSY LOW from Address Match 

tBHA BUSY HIGH from Address Mismatch 

tBLC BUSY LOW from CE LOW 

tBHC BUSY HIGH from CE HIGH 

tps Port Set-Up for Priority 

twrNs WE to INTERRUPT Set Time 

tEINS CE to INTERRUPT Set Time 

tJNS Add to INTERRUPT Set Time 

tmNR OE to INTERRUPT Reset Time 

tEINR CE to INTERRUPT Reset Time 

tJNR Add to INTERRUPT Reset Time 

BUSY TIMING 

twB' 

twH 

tBDD 

tooo 

twoo 

'CY7Cl42 Only 

Notes: 

WE LOW after BUSY 

WE HIGH After BUSY 

BUSY HIGH to Valid Data 

Write Data Valid to Read Data Valid 

Write Pulse to Data Delay 

8. Data 1/0 pins enter high-impedance state, as shown, when OE is 
held LOW during write. 

9. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of l.5V, input pulse levels ofO to 3.0V and output 
loading of the specified loL/ioH and 30 pF load capacitance. 

10. tHZOE, tttzcE and tHZWE are specified with CL = 5 pF as in Figure 
2. Transition is measured ± 500 m V from steady state voltage. 

35 

35 

5 

0 

15 

11. At any given temperature and voltage condition, tHZCE is Jess than 
tLZCE for any given device. These parameters are guaranteed and not 
100% tested. 

12. 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 

Switching Waveforms 
Read Cycle No. 1 (Notes 13, 14) 

Max. Min. Max. Min. Max. 

45 55 ns 

45 55 ns 

20 25 30 ns 

20 25 30 ns 

20 25 30 ns 

20 25 30 ns 

5 5 ns 

15 20 25 ns 

25 35 45 ns 

25 35 45 ns 

15 20 25 ns 

25 35 45 ns 

25 35 45 ns 

0 0 ns 

15 15 ns 

20 25 30 ns 

Note 16 Note 16 Note 16 ns 

Note 16 Note 16 Note 16 

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

13. WE is HIGH for read cycle. 
14. Device is continuously selected. OE, CE = VIL· 
15. Address valid prior to or coincident with CE transition LOW. 
16. A write operation on Port A, where Port A has priority, leaves the 

data on Port B's outputs undisturbed until one access time after one 
of the following: 
A. BUSY on Port B goes HIGH. 
B. Port B's address toggled. 
C. CE for Port B is toggled. 
D. WE for Port B is toggled. 

Either Port-Address Access 

'°""~ ~~=----==-=-_:-tAA=---==---=--·R_C------=--------*--
--{i"'-;.---toHA----+I 

DATA OUT PREVIOUS DATA VALID DATA VALID 

0106-9 

2-45 



CY7C132 
• CYPRFSS PRELIMINARY CY7C142 

SEMICONDUCTOR ;;;;::================================================================== 
Switching Waveforms (Continued) 

Read Cycle No. 2 (Notes 13, 15) 
Either Port-CE/OE Access 

1------tAcE-----..i 

tHZOE -,-----+l 

0106-10 

Read Cycle No. 3 (Note 13) 
READ with BUSY 

ADDRESSR ADDRESS MATCH 

~ y 

'" y 

ADDRESSL ADDRESS MATCH 

BUSYL 
~ 

1-
.l-teoo ..... 

1-
VALID 
1-

tooo 
twoo 

0106-11 

Write Cycle No. 1 (Notes 8, 12) 
Either Port 

i.--------~twc-----------+1 

tso 
DATA VALID 

0106-13 
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&J:7~NDUCTOR 
CY7C132 

PRELIMINARY CY7C142 

Switching Waveforms (Continued) 

Write Cycle No. 2 (Notes 8, 12) 
Either Port 

twc 

ADDRESS 

tscE 

CE 

tPWE 

WE 

DATA1N 

DATAour fl 
0106-14 

BUSY Timing Diagram No. 1 (CE Arbitration) 

CEL Valid First: 

ADDRESS =::x 
LAND R ADDRESS MATCH x 

CEL t ... 1--- L,1 CTR 

'~'=i BUSYR 
0106-15 

CER Valid First: 

ADDRESS =::x 
LAND R ADDRESS MATCH x 

CTR t .. 1--- L,1 CEL 

''"=i BUSYL 
0106-16 
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· · PRELIMINARY CY7C142 
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Switching Waveforms (Continued) 

BUSY Timing Diagram No. 2 (Address Arbitration) 

LEFT Address Valid First: 

BUSY Timing Diagram No. 2 

RIGHT Address Valid First: 

BUSY Timing Diagram No. 3 
WRITE with BUSY (SLAVE: CY7C142) 

2-48 

0106-17 

0106-18 

0106-12 



CY7C132 
· PRELIMINARY CY7C142 
~NDUCTOR==================================================================== 

Switching Waveforms (Continued) 

Interrupt Timing Diagram (Note 6) 

LEFf Side Sets INTa: 

0106-19 

RIGHT Side Clears INTa: 

0106-20 

RIGHT Side Sets INTv 

0106-21 

LEFf Side Clears INTv 

0106-22 

2-49 
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Ordering Information 
Speed Ordering Package Operating Speed Ordering Package Operating 
(ms) Code Type Range (ms) Code Type Range 

35 CY7Cl32-35PC P2S Commercial 3S CY7C142-35PC P25 Commercial 

CY7C132-3SDC D26 CY7Cl42-3SDC D26 

CY7C132-3SLC L69 CY7Cl42-3SLC L69 

45 CY7C132-45PC P2S Commercial 45 CY7Cl42-45PC P2S Commercial 

CY7C132-45DC D26 CY7C142-45DC D26 

CY7Cl32-4SLC L69 CY7C142-45LC L69 

CY7Cl32-4SLMB L69 Military CY7C142-4SLMB L6 Military 

CY7C132-4SDMB D26 CY7C142-4SDMB D26 

SS CY7Cl32-SSPC P2S Commercial SS CY7C142-55PC P25 Commercial 

CY7Cl32-SSDC D26 CY7C142-55DC D26 

CY7C132-SSLC L69 CY7C142-55LC L69 

CY7C132-SSLMB L69 Military CY7C142-55LMB L69 Military 

CY7C132-SSDMB D26 CY7Cl42-55DMB D26 
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- 4 -- _ .... ~ .: CY7C147 
·a CYPRESS 

_ , SEMICONDUCTOR 4096 x 1 Static R/W RAM 
Features 
• Automatic power-down when 

deselected 

• CMOS for optimum 
speed/power 

• High speed-25 ns 

• Low active power 
- 440 mW (commercial) 
- 605 mW (military) 

• Low standby power 
-55mW 

• TTL compatiole inputs and 
outputs 

• Capable of withstanding 
greater than 2000V 
electrostatic discharge 

Logic Block Diagram 

INPUT BUFFER 

Ao 

At 

A2 

A3 

A& 

A1 

Functional Description 
The CY7Cl47 is a high performance 
CMOS static RAM organized as 4096 
words by 1 bit. Easy memory expan
sion is provided by an active LOW chip 
enable (CE) and three-state drivers. 
The CY7C147 has an automatic pow· 
er-down feature, reducing the power 
consumption 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 (Ao through Au). 

DI 

DO 

CE 

Wi 

A4 As Aa Aa A10A11 

0019-1 

Selection Guide 

7C147·25 

Maximum Access Commercial 25 
Time(ns) Military 

Maximum Operating Commercial 90 
Current (mA) Military 

Maximum Standby Commercial 15 
Current (mA) Military 

2-51 

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. 

Pin Configurations 

Ao Vee 

A1 Aa 
A2 A1 

A3 Aa 
A4 Aa 

As A1o 

DO An 

WE DI 

GND CE 

0019-2 

(.) 

..... 0 0 '° 
C( c > < 

A7 
As 
Ag 

A10 

A11 

I~~ ll:l 0 

0019-3 

7C147-35 7C147-45 

35 45 

35 45 

80 80 

110 110 

10 10 

10 10 

fl 



~ CY7Cl47 
~~~NDUCTOR ====================================================================== 
Maximum Ratings 
(Above which the useful life may be impaired) 

Storage Temperature ............... -65°C to + 150"C Static Discharge Voltage ..................... > 2001 V 

Ambient Temperature with (Per MIL-STD-883 Method 3015.2) 

Power Applied .................... - 55°C to + 125°C Latchup Current .......................... > 200 mA 

Supply Voltage to Ground Potential 
(Pin 18 to Pin 9) ..................... -0.5V to + 7.0V Operating Range 

DC Voltage Applied to Outputs 
in High Z State ...................... -0.5V to +7.0V Range 

Ambient 
Vee Temperature 

DC Input Voltage ................... - 3.0V to + 7.0V Commercial 0°Cto +10-c 5V ± 10% 
Output Current into Outputs (Low) ............. 20 mA Military - ss•c to + 125•c 5V ± 10% 

Electrical Characteristics Over Operating Range 

Parameters Description Test Conditions 
7C147-25 7C147-35, 45 

Units 
Min. 

VoH Output HIGH Voltage Vee= Min. loH = -4.0mA 2.4 

VoL Output LOW Voltage Vee= Min. loL = 12.0mA 

Vrn Input High Voltage 2.0 

VrL Input Low Voltage -3.0 

Irx Input Load Current GND,;;; Yr,;;; Vee -10 

Ioz 
Output Leakage GND,;;; Vo,;;; Vee -50 
Current Output Disabled 

Ios 
Output Shordll 

Yee= Max. VouT = GND Circuit Current 

Ice 
V cc Operating Vee= Max. Commercial 
Supply Current louT = OmA Military 

lsB1 
Automatic CE[2] Max. Vee. Commercial 
Power Down Current CE 2 Vrn Military 

Capacitance [3] 

Parameters Description Test Conditions 

CrN Input Capacitance TA = 25°C, f = 1 MHz 

CouT Output Capacitance Vee= 5.0V 

Notes: 
1. Duration of the short circuit should not exceed 30 seconds. 3. Tested on a sample basis. 
2. A pull-up resistor to V cc on the CE input is required to keep the 

device deselected during V cc power-up, otherwise IsB will exceed 
values given. 

AC Test Loads and Waveforms 
R1 329 n R1329 n 

5VO-----'VVV-, 5 v o-----'V\,..,.. ...... 
OUTPUTn-----e----. 

Equivalent to: 

INCLUDINGI 30 pF 
JIG AND 
SCOPE 

R2 
202n 

5 pF 

INCLUDIN1 
JIG AND 
SCOPE -: 

Figure la Figure lb 
THEVENIN EQUIVALENT 

125 n 
OUTPUTO----'W.----01.sov 0019-5 

2-52 

R2 
202n 

0019-4 

Max. Min. Max. 

2.4 v 
0.4 0.4 v 
6.0 2.0 6.0 v 
0.8 -3.0 0.8 v 
+10 -10 + 10 µA 

+50 -50 +50 µA 

-350 -350 mA 

90 80 mA 
110 

15 10 mA 
10 

Max. Units 

5 pF 
6 

ALL INPUT PULSES 

0019-6 

Figure2 



~ CY7C147 
~~~NDUCTOR ====================================================================== 
Switching Characteristics Over Operating Rangel4l 

Parameters Description 
7C147-25 7C147-35 7C147-45 

Units 
Min. 

READ CYCLE 

tRc Read Cycle Time 25 

tAA Address to Data Valid 

to HA Data Hold from Address Change 3 

tACE CS Low to Data Valid 

tLZCE CE LOW to Low z[6] 5 

tHZCE CEHIGH to High z[5, 6] 

tpu CE LOW to Power Up 0 

tpn CE HIGH to Power Down 

WRITE CYCLE[7] 

twc Write Cycle Time 25 

tscE CE LOW to Write End 25 

tAW Address Set-up to Write End 25 

tHA Address Hold from Write End 0 

ts A Address Set-up to Write Start 0 

tpwE WE Pulse Width 15 

tsn Data Set-up to Write End 15 

tHn Data Hold from Write End 0 

tLZWE WE HIGH to Low z[6] 0 

tHZWE WE LOW to High z[5, 6] 

Notes: 
4. Test conditions assume signal transition times of 5 ns or less, timing 

reference levels of 1.5V, input pulse levels ofO to 3.0V and output 
loading of the specified Ior/IoH and 30 pF load capacitance. 

5. tHZCE and tHzwE are tested with CL = 5 pF as in Figure lb. 
Transition is measured ± 500 m V from steady state voltage. 

6. At any given temperature and voltage condition, !Hz is less than tLz 
for all devices. These parameters are sampled and not 100% tested. 

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

Max. Min. Max. Min. Max. 

35 45 ns 

25 35 45 ns 

5 5 ns 

25 35 45 ns 

5 5 ns 

20 30 30 ns 

0 0 ns 

20 20 20 ns 

35 45 ns 

35 45 ns 

35 45 ns 

0 0 ns 

0 0 ns 

20 25 ns 

20 25 ns 

10 10 ns 

0 0 ns 

15 20 25 ns 

7. 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. 

8. WE is HIGH for read cycle. 
9. Device is continuously selected, CE = VIL· 

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

>OM= ~~=---==--=-~-IAA=---==--=--·R_C--------------+l*------{i"'~"----IOHA ----+! 

DATA OUT PREVIOUS DATA VALID DATA VALID 

0019-7 
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Switching Waveforms (Continued) 

Rea'1 Cycle No. 2 (Notes 8, 10) 

Vee _____ ''_") 503 SUPPLY 
CURRENT 

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

ADDRESS 

14-----------tsce-----------..., 

DATA IN DATA-IN VALID 

HIGH 
IMPEDANCE 

tpo4=· 
50% 

ICC 

ISB 

tHzwe---1 tLzwe-------+J 
----------------------~ HIGH IMPEDANCE v-------

DATAOUT DATA UNDEFINED 11------------<\._. -------

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

,._--------------•we---------------.. 

ADDRESS 

----..~-----tsce--------1 

--------------tAw----------~--IHA 

DATA-IN VALID 

tHzwe--..i 

---------------------\[ HIGH IMPEDANCE 
DATAOUT DATA UNDEFINED /).----------------------

0019-B 

0019-9 

0019-10 

Note: If CE goes HIGH simultaneously with WE HIGH, the output remains in a high impedance state. 
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Typical DC and AC Characteristics 
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CY7C147 

Ordering Information Address Designators 

Speed 
Ordering Code 

Package Operating 
(ns) Type Range 

Address Address Pin 
Name Function Number 

25 CY7C147-25PC P3 Commercial Ao Xo 1 
CY7C147-25DC D4 Commercial 
CY7C147-25LC L50 Commercial 

At Xt 2 

35 CY7C147-35PC P3 Commercial 
A1 X2 3 

CY7C147-35DC D4 Commercial AJ X3 4 

CY7C147-35LC L50 Commercial A4 Yo 5 
CY7C147-35DMB D4 Military 
CY7C147-35LMB L50 Military As Y1 6 

45 CY7C147-45PC P3 Commercial A6 X4 17 

CY7C147-45DC D4 Commercial A7 Xs 16 
CY7C147-45LC L50 Commercial 
CY7C147-45DMB D4 Military 
CY7C147-45LMB L50 Military 

As Y2 15 

A9 Y3 14 

Ato Y4 13 

A11 Ys 12 

Bit Map 

COLUMN 

ROWO 

ROW63 

0019-12 
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Features 
• Automatic power-down when 

deselected (7C148) 

• 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 

Logic Block Diagram 

Ag 

As 

A1-

As 

As 

A4 

Selection Guide 

Maximum Access Time (ns) 

Maximum Operating Commercial 
Current (mA) Military 

Maximum Standby Commercial 
Current (mA) Military 

CY7C148 
CY7C149 

1024 x 4 Static R/W RAM 

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 CY7Cl48 and 
CY7C149 are identical except that the 
CY7C148 includes an automatic (CS) 
power-down feature. The CY7Cl48 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 

l/Oo 

110, 

1/02 

1/03 

cs 

WE 
0001-1 

7C148-25 7C148·35 7C148-45 

25 35 45 

90 80 80 

110 110 

15 10 10 

10 10 
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select (CS) and write enable (WE) in
puts are both LOW, data on the four 
data input/output pins (I/Oo through 
I/03) is written into the memory loca
tion addressed by the address present 
on the address pins (Ao through A9)· 

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- fl 
tion on address pins (Ao through A9) is 
present on the four data input/output 
pins (I/Oo through I/03). 

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

Pin Configurations 

As Vee 

As A1 

A4 As 

A3 A9 

Ao l/Oo 

A1 110, 

A2 1102 

cs 1/03 

GND WE 

0001-2 

u 
I/) co 0 ,.... 

C( < > C( 

A4 A8 

A3 Ag 
Ao 5 I/Do 
A1 vo, 
A2 1/02 

ll'.l ~ l!!i o"' 
Cl '.:::-

0001-3 

7C149-25 7C149-35 7C149·45 

25 35 45 

90 80 80 

110 110 
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Maximum Ratings 
(Above which the useful life may be impaired) 

Storage Temperature ............... -65°C to + 150"C Static Discharge Voltage 

Ambient Temperature with (Per MIL-STD-883 Method 3015.2) ............ >2001V 

Power Applied .................... - 55°C to + 125°C Latchup Current .......................... > 200 mA 

Supply Voltage to Ground Potential 
(Pin 18 to Pin 9) ..................... -0.5V to + 7.0V Operating Range 

DC Voltage Applied to Outputs 
inHighZState ...................... -0.5Vto +7.0V 

Range Ambient 
Vee Temperature 

DC Input Voltage ................... - 3.0V to + 7.0V 

Output Current into Outputs (Low) ............. 20 mA 

Commercial O"Cto +70"C 5V ±10% 
Military - 55•c to + 125°C 5V ±10% 

Electrical Characteristics Over Operating Range 

Parameters Description Test Conditions 7C148/9-25 7C148/9-35, 45 Units 
Min. Max. Min. Max. 

loH Output High Current VoH = 2.4V Vee= 4.5V -4 -4 mA 

loL Output Low Current VoL = 0.4V 8 8 mA 

Vrn Input High Voltage 2.0 6.0 2.0 6.0 v 
VrL Input Low Voltage -3.0 0.8 -3.0 0.8 v 
Irx Input Load Current GND s Vr s Vee -10 10 -10 10 µA 

Ioz Output Leakage Current GND s Vo s V cc Output Disabled -50 50 -50 50 µA 

Cr Input Capacitance 
Test Frequency = 1.0 MHz 

5 5 

Input/Output pF 
Cuo Capacitance 

TA= 25°C, All Pins at OV, Vee = 5V 7 7 

Ice 
Vee Operating Max. Vee. CS s VrL 
Supply Current Output Open 

Automatic CS Max. Vee. 7C148 
lsB Power Down Current CS:<: Vrn only 

Ipo Peak Power-On Max. Vee. 7Cl48 
Current CS:<: Vrn[3] only 

Ios 
Output Short GND s Vos 
Circuit Current Vcc£10] 

Notes: 
I. Test conditions assume signal transition times of IO ns or less, timing 

reference levels of I.SY, input pulse levels ofO to 3.0V and output 
loading of the specified IoI/IoH and 30 pF load capacitance. Output 
timing reference is I.SY. 

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. 

3. A pull up resistor to V cc on the CS input is required to keep the 
device deselected during V cc power up. Otherwise current will ex
ceed values given (CY7Cl48 only). 

AC Test Loads and Waveforms 
R1481.n 

5 v o---_.,fV"---. 
OUTPUTO---.----t 

30 pF R2 I 265'1 
INCLUDING 

_JIGAND -
- SCOPE -

Figure la 
Equivalent To: 

R1481!? 
5 v 0----,,,.. ............ 

ou~uro---.----t 

6pf R2 

IINCLUDING 266n 

-=-~~;~o -::-
0001-4 

Figure lb 

THEVENIN EQUIVALENT 

167n 
OUTPUT 01----"'l"fl+.fl.,.~--0 1.73V 0001-12 
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Commercial 90 80 mA 
Military 110 

Commercial 15 10 mA 
Military 10 

Commercial 15 10 
mA 

Military 10 

Commercial ±275 ±275 mA 
Military ±350 

4. Chip deselected greater than 2S ns prior to selection. 
5. Chip deselected less than 2S ns prior to selection. 
6. At any given temperature and voltage condition, tHz is less than tLZ 

for all devices. Transition is measured ± SOO m V from steady state 
voltage with specified loading in Figure 1 b. These parameters are 
sampled and not 100% tested. 

7. WE is high for read cycle. 
8. Device is continuously selected, CS = VIL· 
9. Addr.Ss valid prior to or coincident with CS transition low. 

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

ALL INPUT PULSES 

GND 
~10na 

Figure2 

:::;;1ons 
0001-5 
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Switching Characteristics Over Operating Range (Note 1) 

Parameters Description 

READ CYCLE 

tRC 
Address Valid to Address Do Not 
Care Time (Read Cycle Time) 

tAA 
Address Valid to Data Out 
Valid Delay (Address Access Time) 

tACSl Chip Select Low to Data Out Valid 
tACS2 (CY7C148 only) 

tAcs 
Chip Select Low to Data Out Valid 
(CY7Cl49 only) 

tLZ[6] Chip Select Low to 7C148 
Data Out On 7Cl49 

tttzl61 Chip Select High to Data 
Out Off 

toH 
Address Unknown to Data Out 
Unknown Time 

tpo 
Chip Select High to 

7C148 Power-Down Delay 

tpu 
Chip Select Low to 

7Cl48 
Power-Up Delay 

WRITE CYCLE 

twc 
Address Valid to Address Do Not 
Care (Write Cycle Time) 

twpl2l Write Enable Low to 
Write Enable High 

tWR Address Hold from Write End 

twzl6l Write Enable to Output 
inHighZ 

tow Data in Valid to Write Enable High 

toH Data Hold Time 

tAs 
Address Valid to Write 
Enable Low 

tcwl2] Chip Select Low to Write 
Enable High 

towl6l Write Enable High to Output 
inLowZ 

tAW Address Valid to End of Write 

Switching Waveforms 

Read Cycle No.1 (Notes 7, 8) 

7C148/9-25 

Min. Max. 

25 

25 

25(4] 

30(5] 

15 

8 

5 

0 15 

0 

20 

0 

25 

20 

5 

0 8 

12 

0 

0 

20 

0 

20 

7C148/9-35 7C148/9-45 j Units 
Min. Max. Min. Max. 

35 45 ns 

35 45 ns 

35 45 ns 
35 45 

15 20 ns 

10 10 
ns 

5 5 

0 20 0 20 ns 

0 5 ns 

30 30 ns 

0 0 ns 

35 45 ns 

30 35 ns 

5 5 ns 

0 10 0 15 ns 

20 20 ns 

0 0 ns 

0 0 ns 

30 40 ns 

0 0 ns 

30 35 ns 

ADDRESS-~--~~=~=~-to~H~~~~t_A_A--~~~~-'R_C-~~--~--~~~~~:*---
DATA OUT PREVIOUS DATA VALID DATA VALID -------------------

0001-6 
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·· CY7C149 

. ~NDUCTOR ====================================================================== 
Switching Waveforms (Continued) 

Read Cycle No. 2 (Notes 7, 9) 

--------tAcs-------i 

HIGH 
IMPEDANCE 

tpu1 tpo---j 
Vee ----------------------------... t-ICC 

SUPPLY ------- 50% 50% 
CURRENT - ISB 

0001-7 

Write Cycle No. 1 (WE Controlled) 

i-----------------twc---------------i 

ADDRESS 

i-------------tcw-----------+I 

-------tAs------' 

DATA 1/0 DATA-IN VALID 

twz--J -tow----J 
----------------------~ HIGH IMPEDANCE !/,-------

DATA 1/0 DATA UNDEFINED 1>------------c\._. -------
0001-8 

Write Cycle No. 2 (CS Controlled) 

14---------------twc---------------

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 
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CY7C148 
CY7C149 

CY~c§'NDUCTOR============================================================:::;:;;:: 
Ordering Information Address Designators 

Speed 
Ordering Code 

Package Operating 
(ns) Type Range 

Address Address Pin 
Name Function Number 

25 CY7C148-25PC P3 Commercial Ao Yo 5 
CY7C149-25PC At Yt 6 
CY7C148-250C 04 
CY7C149-250C 

Az Y2 7 

CY7C148-25LC L50 
A3 Y3 4 

CY7C149-25LC A4 Xo 3 

35 CY7C148-35PC P3 Commercial As X3 2 

CY7C149-35PC A6 X2 I 

CY7C148-350C 04 A1 Xs 17 
CY7C149-350C 

As X4 16 
CY7C148-35LC L50 
CY7C149-35LC A9 Xt 15 

CY7C148-350MB 04 Military 
CY7C149-350MB 

Bit Map 

CY7C148-35LMB L50 
CY7C149-35LMB 

45 CY7C148-45PC P3 Commercial 
CY7C149-45PC 

CY7C148-450C 04 
CY7C149-450C 

CY7Cl48-45LC L50 
CY7Cl49-45LC 

CY7Cl48-450MB 04 Military 
CY7C149-450MB 

CY7C148-45LMB L50 
CY7C149-45LMB 

0001-11 
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--:1~ CY7C150 
'iE CYPRESS 

_ ?' SEMICONDUCTOR 1024 x 4 Static R/W RAM 

Features 
• Memory reset function 

• 1024 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 
- 495 mW (commercial) 
- 550 mW (military) 

• Separate inputs and outputs 

• 5 volt power supply ± 10% 
tolerance both commercial and 
military 

• Capable of withstanding greater 
than 2001V static discharge 

• TTL compatible inputs and 
outputs 

Logic Block Diagram 

Ao 
A1 
A2 
A3 
A4 
As 

Selection Guide 

Maximum Access Time (ns) 

Maximum Operating Current (mA) 

Functional Description 
The CY7C150 is a high performance 
CMOS static RAM designed for use in 
cache memory, high speed graphics, 
and data aquisition applications. Orga
nized as 1024 words x 4 bits, the entire 
memory can be reset to zero in two 
memory cycles. 

Separate I/0 paths eliminate the need 
to multiplex data in and data out, pro
viding for simpler board layout and 
faster system performance. Outputs are 
tri-stated during write, reset, deselect, 
or when output enable (OE) is held 
HIGH, allowing for easy memory ex
pansion. 

Reset is initiated by selecting the device 
(CS = LOW) and pulsing the reset 
(RS) input LOW. Within two memory 
cycles all bits are internally cleared to 
zero. Since chip select must be LOW 
for the device to be reset, a global reset 
signal can be employed, with only se
lected devices being cleared at any giv
en time. 

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 Do to D3 is written 
into the addressed memory location 
and the output circuitry is precondi
tioned so that the write data is present 
at the outputs when the write cycle is 
completed. 

Reading is performed with the chip se-
lect (CS) input LOW, and the write en- 2 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 Oo to 03. 

The outputs of the memory go to an 
active high impedance state whenever 
chip select (CS) is HIGH, Reset (RS) is 
LOW, output enable (OE) is HIGH, or 
during the wri~ operation when 
Write Enable (WE) is LOW. 

A die coat is used to ensure alpha im
munity. 

Pin Configurations 
R5 u 

~ l'f')() UN 
<<Z><C 

A3 24 Yee cs 
OE As A1 A4 2 23 A2 

As Ao As 3 22 A1 

WE A1 R5 As 4 21 Ao 

As cs A1 5 20 R5 
Oo NC 8 NC Aa 6 19 Cs 

WE Ag 7 18 iVE 
o, OE Do 8 17 OE 

02 
D3 D1 9 16 D3 
Dz 

Oo 10 15 D2 

03 01 11 14 03 
.,... Q () N f'I') 
ozzoo GND 12 13 02 C> 

0028-13 
0028-2 

0028-1 

7C150-15 7C150-25 7C150-35 
Commercial 15 25 35 
Military 25 35 
Commercial 90 90 90 
Military 100 100 
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Maximum Ratings 
(Above which the useful life may be impaired) 

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

Ambient Temperature with 

Static Discharge Voltage ........•............ > 2001 V 
(Per MIL-STD-883 Method 3015.2) 

Power Applied .....•.............. - ss•c to + 12s•c Latch-up Current .•............... , ........ > 200 mA 

Supply Voltage to Ground Potential 
(Pin 24 to Pin 12) .................... -0.5V to + 7.0V Operating lbmge 

DC Voltage Applied to Outputs 
inHighZState ...................... -0.5Vto +7.0V 

Range 
Ambient 

Temperature 

DC Input Voltage ................... - 3.0V to + 7 .OV Commercial O"C to + 70"C 

Output Current into Outputs (Low) .......... : .• 20 mA Military - 55•c to + i25•c 

Electrical Characteristics Over Operating Range 

Parameters Descripdon Test Condidons 

VoH Output HIGH Voltage Vee= Min., loH = -4.0mA 

VoL Output LOW Voltage Vee= Min., loL = 12.0mA 

VIH Input High Voltage 

VIL Input Low Voltage 

Iix Input Load Current GND :S: V1 :S:Vee 

Ioz 
Output Leakage GND :s: Vo:S:Vcc 
Current Output Disabled 

Ios Output Shordll Vee= Max., Vom = GND 

V cc Operating Vee= Max. 1 Commercial 
Ice Supply Current IoUT = oinA l Military* 

•-25 and -35 only 

Capacitancel2J 

Parameters Descripdon Test Condidons 

C1N Input Capacitance TA= 25°C, f = 1 MHz, Vee= 5.0V 

CoUT Output Capacitance TA= 25°C, f = 1 MHz, Vee= 5.0V 
Notes: 
I. Not more than I output should be shorted at one time. Duration of 

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

AC Test Loads and Waveforms 
Rl 329fl 

OUTPUTO------- OUTPUTo-------

INCLUDINGI 30 pf 
JIG AND 
SCOPE 

Figure la 

Equivalent To: 

R2 
202n 

THEVENIN EQUIVALENT 

5 pf 

INCLUDIN1 
JIG AND 
SCOPE ":" 

Figure lb 

12sn 
OUTPUTO>----W. ..... ---01.90 V 

0028-4 
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R2 
202n 

0028-3 

7Cl50-15, 25, 35 

Min. Max. 

2.4 

0.4 

2.0 Vee 

-3.0 0.8 

-10 +10 

-50 +50 

-300 

90 

100 

Max. 

5 

7 

ALL INPUT PULSES 

Figure2 

Vee 

5V ±10% 

5V ±10% 

Units 

v 
v 
v 
v 

µ.A 

µ.A 

mA 

mA 

Units 

pF 

pF 

0028-5 
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Switching Characteristics Over Operating Rangel3l 

Parameters Description 

READ CYCLE 

tRc Read Cycle Time 

tAA Address to Data Valid 

to HA Output Hold from Address Change 

tACS CS LOW to Data Valid 

tLZCS CS LOW to Low z[5] 

tttzcs cs HIGH to High z[4,5] 

tnOE OE LOW to Data Valid 

tuoE OE LOW to Low z[S] 

tifzoE OE HIGH to High z[4,5] 

WRITE CYCLEl6l 

twc Write Cycle Time 

tscs CS LOW to Write End 

tAW Address Set-up to Write End 

tHA Address Hold from Write End 

tsA Address Set-up to Write Start 

tpwE WE Pulse Width 

tso Data Set·up to Write End 

tHD Data Hold from Write End 

tuWE WE HIGH to Low z[S] 

tilzWE WE LOW to High z[4,5] 

RESET CYCLE 

tRRC Reset Cycle Time 

tsAR Address Valid to Beginning of Reset 

tswER Write Enable HIGH to Beginning of Reset 

tscsR Chip Select LOW to Beginning of Reset 

tPRS Reset Pulse Width 

tHCSR Chip Select Hold after End of Reset 

tHWER Write Enable Hold after End of Reset 

tHAR Address Hold after End of Reset 

tLZRS Reset HIGH to Output in Low z[5] 

tHZRS Reset LOW to Output in High z[4,5] 
Notes: 
3. Test conditions assume signal transition times of 5 ns or less, timing 

reference levels of l.5V, input pulse levels ofO to 3.0V and output 
loading of the specified lor/IoH and 30 pF load capacitance. 

4. !ffzcs, tHZo& tHZR and tHZWE are tested with CL = 5 pF as in 
Figure 1 b. Transition is measured ± 500 m V from steady state volt· 
age. 

5. At any given temperature and voltage condition, !Hz is lesa than !LZ 
for any given device. These parameters are specified and not 100% 
tested. 

7C150·15 7Ct50·25 7Ct50·35 
Units 

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

15 

2 

0 

0 

0 

0 

15 

11 

13 

2 

2 

11 

11 

2 

0 

0 

30 

0 

0 

0 

15 

0 

15 

15 

0 

0 
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25 35 ns 

15 25 35 ns 

2 2 ns 

12 15 20 ns 

0 0 ns 

11 0 20 0 25 ns 

10 15 20 ns 

0 0 ns 

9 0 20 0 25 ns 

25 35 ns 

15 20 ns 

20 30 ns 

5 5 ns 

5 5 ns 

15 20 ns 

15 20 ns 

5 5 ns 

0 0 ns 

12 0 20 0 25 ns 

50 70 ns 

0 0 ns 

0 0 ns 

0 0 ns 

20 30 ns 

0 0 ns 

30 40 ns 

30 40 ns 

0 0 ns 

12 0 20 0 25 ns 

6. 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. 

7. WE is HIGH for read cycle. 
8. Device is continuously selected, CS and OE = VIL· 
9. Addresa valid prior to or coincident with CS transition LOW. 
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Switching Waveforms 

Read Cycle No. 1 (Notes 7, 8) 

ADDRESS=l __ ~=~=-=-to_H-A=-=--tA_A __ -=--=--=-•R_c.-~~~~~----~*---
DATAOUT PREVIOUS DATA VALID DATA VALID ----------------------

0028-6 

Read Cycle No. 2 (Notes 7, 9) 

-------tACS---------;~ 

fil~~-~---------------{ 
----tooe------- i"'>----t-tHZOE~ 

14--•Lzoe---j !--- tHzcs --I HIGH 

DATA OUT --t--H-IG_H_l_M_PE_D_A_N_c_e __ ~JLHLHLHLH7i-f DATA VALID ,__1M_P_e_D_A_Nc_e_ 

----tucs---~J\."-~~ ...... ~~ ..... ~~~-------------+----'J 1 
0028-8 

Write Cycle No. 1 (WE Controlled) (Note 6) 

l+--------------~twc~--------------... 

1+--~--------~cs----------~ 

------tsA _____ ., 
DATA IN DATA-IN VALID 

tHzwe---+j tLZWE--+1 
---------------------~ HIG. HIMPEDA. NCE vr------

DATAOUT DATA UNDEFINED ,~-----------c\'-. -------
0028-9 
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Switching Waveforms (Continued) 

Write Cycle No. 2 (CS Controlled) (Note 6) 

ADDRESS 

i.-----tsA ------t-o--------tscs------

DATA-IN VALID 

tHzwe--+l ---------------------"'\! HIGH IMPEDANCE 
DATA 1/0 DATA UNDEFINED ,>-----------------------

0028-10 

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

Reset Cycle 

o.---------~tRRC _________ __, 

ADDRESS 

0.-----tHAR----~1 

,.__ ___ tHWER-----... .................................... 

OUTPUT VALID ZERO 
0028-11 

Note: Reset cycle is defined by the overlap of RS and CS for the minimum reset pulse width. 

2-67 
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Typical DC and AC Characteristics 

~ 
u 
.:t 
Q 
w 
N 
:::; .. 
:IE 
a: 
Q 
z 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

02 

0.0 

NORMALIZED SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 

L 
I~ 

k..-' 
0 

Isa 

4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE {VI 

NORMALIZED ACCESS TIME 
vs. SUPPLY VOLTAGE 

1 .4 ..----.---.,..----T---i 

1.3 1-----i---+---+----t 

~ 1.2 1-----i---+---+---I 
Q 

~ 1.1 f"'-""'o;::-+--+---t---; 
~ ~ TA= 25"C 

13 1.0 1----ilr---......-"' ... =---+---I 
z -- ----; 

.E 
Q 
w 
N 
:::; .. 
:IE 
a: 
i 

0.9 t---~---+---+---1 

0.8 ...._ _ __. __ ...... __ ....._ __ .... 

4.0 4.5 5.0 5.5 6.0 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 

SUPPLY VOLTAGE (VI 

TYPICAL POWER-ON CURRENT 
vs. SUPPLY VOLTAGE 

:a 
~ -0.0 1.0 2.0 3.0 4.0 5.0 

SUPPLY VOLTAGE {VI 

~ 
u 
.:t 
Q 
w 
N 
:::; 
~ 
a: 
0 z 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0 

NORMALIZED SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 

Vee •5.0V 
V1N •5.0V 

1·sa 

-55 25.0 125.0 

AMBIENT TEMPERATURE {'Cl 

NORMALIZED ACCESS TIME 
vs. AMBIENT TEMPERATURE 

0.6 ..._ ____ ._ _____ .... 

-55 25 125 

AMBIENT TEMPERATURE {'C) 

TYPICAL ACCESS TIME CHANGE 
vs. OUTPUT LOADING 
Jo~-~-~----~-~ 

TA= 25'C 
Vee• 4.5V 

! 20>---+------+--..,.._-+---< 

" :5 

~ 
~ 101----h~-+--t---+---I 

200 400 600 800 1000 

CAPACITANCE {pf) 
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:i 
! ... 
z 
w 
a: 
a: 
::i 

" w 

" a: 
::i 

Sl ... 
::i .. ... 
::i 
0 

OUTPUT SOURCE CURRENT 
vs. OUTPUT VOLTAGE 

60 

50 

40 

30 

20 

10 

0 
0 1.0 2.0 3.0 

OUTPUT VOLTAGE {VI 

OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 

150 

4.0 

............ 
1 125 

ffi 100 
y 

L 

.....-
a: 
a: 
B 15 

"' z 
;;; 50 

5 .. 
5 25 
0 

v 
.1.. 

f Vcc=5.0V_ 

TA =15"C 

1.0 2.0 3.0 4.0 5.0 

OUTPUT VOLTAGE {V) 

NORMALIZED Ice 
vs. CYCLE TIME 

1.1 ....... ----.---...... ----, 

20 30 40 

CYCLE FREQUENCY (MHz) 
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Truth Table 

Inputs 
Outputs Mode cs WE OE RS 

H x x x HighZ Not Selected 
L H x L HighZ Reset 
L L x H HighZ Write 
L H L H Oo-03 Read 
L x H H HighZ Output Disable 

Bit Map 

Ordering Information 

Speed 
Ordering Code 

Package 
(ns) Type 

15 CY7Cl50-15PC P13 
CY7C150-15DC 014 
CY7Cl50-15LC L54 

25 CY7C150-25PC Pl3 
CY7Cl50-25DC 014 
CY7C150-25LC L54 
CY7Cl50-25DMB 014 
CY7C150-25LMB L54 

35 CY7Cl50-35PC Pl3 
CY7Cl50-35DC 014 
CY7Cl50-35LC L54 
CY7Cl50-35DMB 014 
CY7Cl50-35LMB L54 

Address Designators 

ROWO 
1 
2 
3 . 

. 
10 
11 
12 

ROW63 

2-69 
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Address Address 
Name Function 

Ao Xo 
At X1 

A2 X2 

A3 X3 

A4 X4 
As Xs 
A6 Yo 

A1 Yt 

As Y2 

A9 Y3 

Operating 
Range 

Commercial 
Commercial 
Commercial 

Commercial 
Commercial 
Commercial 

Military 
Military 

Commercial 
Commercial 
Commercial 

Military 
Military 

Pin 
Number 

21 

22 

23 

1 

2 

3 

4 

5 

6 

7 

F.11 



Features 
• Automatic power-down when 

deselected 

• Transparent Write (7C161) 

• CMOS for optimum speed/ 
power 

• High Speed 
- 25 ns tAA 

• Low active power 
-385 mW 

• Low standby power 
-110 mW 

• TTL compatible inputs and 
outputs 

• 2V data retention (L version) 

Logic Block Diagram 

•o 
•1 •2 
A3 

•• •s •• 
A7 

Selection Guide 

Maximum Access Time (ns) 

Maximum Oserating 
Current(mA 

Maximum Standby 
Current (mA) 

CY7Cl61 
CY7C162 

16,384 x 4 Static R/W RAM 
Separate 1/0 

• Capable of withstanding greater 
than 2001 V electrostatic 
discharge 

Functional Description 
The CY7Cl61 and CY7Cl62 are high 
performance CMOS static RAMs orga
nized as 16,384 x 4 bits with separate 
I/0. Easy memory expansion is pro
vided by active LOW chip enables 
(CE i, CE2) and three-state drivers. 
They have an automatic power-down 
feature, reducing the power consump
tion by 85% when deselected. 

Writing to the device is accomplished 
when the chip enable (CEi, CE2) and 
write enable (WE) inputs are both 

LOW. Data on the four input pins (Io 
through I3) is written into the memory 
location specified on the address pins 
(Ao through A13). 

Reading the device is accomplished by 
taking the chip enables (CE1, CE2) 
LOW, while write enable (WE) re
mains HIGH. Under these conditions 
the contents of the memory location 
specified on the address pins will ap
pear on the four data output pins. 

The output pins stay in high impedance 
state when write enable (WE) is LOW 
(7Cl62 only), or one of the chip en
ables (CEi, CE2) are HIGH. 

A die coat is used to insure alpha im
munity. 

Pin Configurations 

,, 
A5 28 Vee 13 

(J "' As 2 27 A4 N - 0 0 ..-
<<C<C><C 

A1 3 26 A3 

Oo As 4 25 A2 A12 
Ag 5 24 A1 A11 o, 

A10 6 23 Ao A10 

A11 7 22 13 
Ag o, 

A12 8 21 12 
13 

03 lz 
A13 9 20 03 03 

lo 10 19 Oz Oz 

CE, 11 11 18 01 01 

CE2 CE1 12 17 Oo 

C5E 13 16 WE I~ ~ 1€ I~ c° 
GND 14 15 CE2 

WE' 0062-3 
OE 

0062-2 

·-----------
0062-1 

7C161-25 7C161-35 7C161-45 
7C162-25 7C162-35 7C162-45 

25 35 45 
Commercial 70 70 50 
Military 70 70 
Commercial 20/20 20/20 20/20 
Military 20/20 20/20 

2-70 
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Maximum Ratings 
(Above which the useful life may be impaired) 

Storage Temperature ............... - 65°C to + l 50"C Static Discharge Voltage ..................... > 2001 V 

Ambient Temperature with (Per MIL-STD-883 Method 3015.2) 

Power Applied .................... - 55°C to + 125°C Latch-up Current. ......................... > 200 mA 

Supply Voltage to Ground Potential 
(Pin 24 to Pin 12) .................... -0.5V to + 7.0V Operating Range 

DC Voltage Applied to Outputs 
inHighZState ...................... -0.5Vto +7.0V 

Range Ambient 
Temperature 

DC Input Voltage ................... -3.0V to +7.0V Commercial O"Cto +70"C 

Output Current into Outputs (Low) ............. 20 mA Military - 55•c to + 125°C 

Electrical Characteristics Over Operating Range 

7C161-25 
Parameters Description Test Conditions 7C162-25 

Min. Max. 

VoH Output HIGH Voltage Vee= Min.,IQH = -4.0mA 2.4 

VoL Output LOW Voltage V cc = Min., loL = 8.0 mA 0.4 

Vrn Input HIGH Voltage 2.2 Vee 

VIL Input LOW Voltage -3.0 0.8 

I1x Input Load Current GND $;Vi$; Vee -10 +10 

Ioz Output Leakage Current GND $; Vo $; V cc, Output Disabled -10 +10 

Ios 
Output Short Circuit 
Current Ill Vee = Max., VoUT = GND -350 

V cc Operating Vee= Max. Commercial 70 
Ice Supply Current loUT = OmA Military 

Automatic CE Max. Vee. CE;;:,: VIH Commercial 20 
Ise1 Power Down Current Min. Duty Cycle = 100% Military 20 

Max. Vee, Commercial 20 

lse2 
Automatic CE CE;;:,: Vee -0.3V 
Power Down Current VIN;;:,: Vee -0.3Vor 

VIN$; 0.3V Military 

Capacitance [2] 

Parameters Description Test Conditions 

C1N Input Capacitance TA = 25°C, f = 1 MHz, Vee = s.ov 
Co UT Output Capacitance TA= 25°C, f = 1 MHz, Vee= 5.0V 

Notes: 
I. Not more than I output should be shorted at one time. Duration of 

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

AC Test Loads and Waveforms 
Rl 481!! Rl 481!! 

5 v o----JVV\r---. 5vo-----'l.rv.. .......... 

OUTPUT o------- OUTPUT I>--~---- GNO 

30pF R2 5 pF R2 < Sns 

7C161-35 
7C162-35 

Min. Max. 

2.4 

0.4 

2.2 Vee 
-3.0 0.8 

-10 +10 

-10 +10 

-350 

70 

70 

20 

20 

20 

20 

Max. 

5 

7 

Vee 

5V ±10% 

5V ±10% 

7C161-45 
7C162-45 Units 

Min. Max. 

2.4 v 
0.4 v 

2.2 Vee v 
-3.ci 0.8 v 
-10 + 10 µ.A 

-10 + 10 µ.A 

-350 mA 

50 
mA 

70 

20 
mA 

20 

20 
mA 

20 

Units 

pF 

pF 

<; 5 ns 

0062-6 I 255n 
INCLUDING 

_JIGANO _ 
- SCOPE -

I 255!! 
INC LUO ING 

_JIGANO _ 
- SCOPE - 0062-4 

Figure2 

Figure la Figure lb 

Equivalent to: THEVENIN EQUIVALENT 
1671! 

OUTPUT 0---• ............ ,---<0 1.73 V 0082-5 

2-71 
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Switching Characteristics Over Operating Rangel3, 101 

7C161-25 7C161-35 7C161-45 

Parameters Description 7C162-25 7C162-35 7C162-45 Units 

Min. 

READ CYCLE 

tRC Read Cycle Time 

tAA Address to Data Valid 

to HA Output Hold from Address Change 

tACE CE LOW to Data Valid 

tLZCE CE LOW to Low z[5] 

tHZCE CE HIGH to High z[4, 5] 

tooE OE LOW to Data Valid 

tLZOE OE LOW to LOW Z 

tHZOE OE HIGH to HIGH Z 

tpu CE LOW to Power Up 

tpo CE HIGH to Power Down 

WRITE CYCLE[6] 

twc Write Cycle Time 

tscE CE LOW to Write End 

tAW Address Set-up to Write End 

tHA Address Hold from Write End 

tsA Address Set-up to Write Start 

tpwE WE Pulse Width 

tso Data Set-up to Write End 

tHD Data Hold from Write End 

tLZWE WE HIGH to Low z[5] (7Cl62) 

tHZWE WE LOW to High z[4, 5] (7Cl62) 

tAWE WE LOW to Data Valid (7Cl61) 

tADV Data Valid to Output Valid (7Cl61) 
Notes: 
3. Test conditions assume signal transition times of 5 ns or less, timing 

reference levels of 1.5V, input pulse levels ofO to 3.0V and output 
loading of the specified Ior/IoH and 30 pF load capacitance. 

4. tHZCE and tHZWE are specified with CL = 5 pF as in Figure ] b. 
Transition is measured ± 500 m V from steady state voltage. 

5. At any given temperature and voltage condition, tHZ is less than tLz 
for any given device. These parameters are guaranteed and not I 00% 
tested. 

25 

3 

5 

3 

0 

20 

20 

20 

0 

0 

20 

13 

0 

3 
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Max. Min. Max. Min. Max. 

35 45 ns 

25 35 45 ns 

3 3 ns 

25 35 45 ns 

5 5 ns 

10 15 15 ns 

15 25 30 ns 

3 3 ns 

15 15 15 ns 

0 0 ns 

25 35 45 ns 

30 40 ns 

30 35 ns 

25 35 ns 

0 0 ns 

0 0 ns 

25 35 ns 

15 20 ns 

0 0 ns 

3 3 ns 

7 10 15 ns 

20 30 35 ns 

20 30 35 ns 

6. The internal write time of the memory is defined by the overlap of 
CEi, CE2 LOW and WE LOW. Both signals must be LOW to initi
ate 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. 

7. WE is high for read cycle. 
8. Device is continuously selected, CEi. CE2 = VIL· 
9. Address valid prior to or coincident with CEi. CE2 transition LOW. 

10. Both CE1 and CE2 are represented by CE in the Switching Charac
teristics and Waveforms. 
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Data Retention Characteristics (L Version only) 

CY7C161/CY7C162 
Parameters Description Test Conditions 

Min. Max. 

VoR V cc for Retention of Data Vee= 2.ov, 2.0 -

IccDR Data Retention Current CE~ Vee - 0.2V - 1000 

tcoRl121 
YIN~ Yee - 0.2V 

Chip Deselect to Data Retention Time or VIN::;: 0.2V 0 -

tR[12] Operation Recovery Time tRc£11l -

Iu[l2] Input Leakage Current - 2 
Notes: 
11. tRc = Read Cycle Time. 12. Guaranteed, not tested. 

Data Retention Waveform 

Vee 

DATA RETENTION 
MODE 

"-~~:f--vD_R_;i::_2_v_ ... t: ~ 
I vDR I 

CE -7_,7....,77-7-7-7-7-7-11-v,-H --, I V1H ~\\\\\\\\\\\\ 

Switching Waveforms[lO) 

Read Cycle No. 1 (Notes 7, 8) 

Units 

v 

µA 

ns 

ns 

µA 

0062-11 

=i------------IRC---------------+IJ. 

ADDRESS ---*-
i.-------tAA------.t 
---tOHA---... 

DATA OUT PREVIOUS DATA VALID DATA VALID 

0062-7 
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Switching Waveforms[lO] (Continued) 

Read Cycle (Notes 7, 9) 

t 
tA.cE 

~ 
tooe 

IRC 

£ 

{ 
14-- tHZCE_. 

HIGH 
14----•Lzo•--i 

HIGH IMPEDANCE IL_L 1 .L_L_ 

IHZOE~ 

IMPEDANCE 
DATA VALID 

tLZCE J~~ J OATAOUT 

1--••u 
I 1----••o 

Vee 1 
SUPPLY ----- 50% CURRENT -

-=t=ICC 
50% 

ISB 

Write Cycle No. 1 (WE Controlled) (Note 6) 

-
ADDRESS ----''l'----------------------'1'------

cr..-\,\....-.:S,: .... 0,"'~~11+--.---- tscE ------I'1,.~,.,...L,...,LLJ-.1JL...,..L...-'L.,..'L,...,'LL....,.'L..,.'L..,..1 

--------tAW ---------i---tHA--1 
,__ ___ tsA ___ _..l, 1--- tpwE -

wr---------~""'2\'""':"(-1 £1-------

DATA IN DATA-IN VALID JI( 

1-tHZWE--i J--tLZWE 
DATA OUT __________________ "-11 HIGH IMPEDANCE _yl,...----

(7C162) DATA UNDEFINED JI "-''-----

!--\ADV-+~,.....-----------
DATA OUT DATA UNDEFINED DATA VALID 
(7C161) 

Write Cycle No. 2 (CE Controlled) (Note 6) 

.• 

----------- twc 

ADDRESS 
--'r~~~-_::-_-_-_-_-_-_::-_:::~ts-A':.':.':.':.':.':..':..':..-_-~---_-_-_.....,t-sc-E-----JI'--------{ 1--~-------

1-------- \AW --·~---:_------------------'I·- \HA -
f4---tPwE-

WE..-~~.....,....~..-~.-.~..,.~..,..~.....,~~~~~-~,...,.~ .... ~..-~.-..,\._I lr~,....'LL...,..'L..,..'L,....'LL...,..'L..,..'L,....'LL...,..'L.,.._L 

,l:j-- 1so ~ tHo 
JI( DATA-IN VALID JI( DATA IN 

14-- \HZWE --:r 
DATAOUT--;--------DA_T_A_U_N-DE-f"-IN-ED---+-----.."-i-1-H_IG_H_l_MP_E_D_AN_C_E _____ _ 
~~ A 

DATA OUT 
(7C161) DATA UNDEFINED 

- \AWE -1 _______ _ 
)I( DATA VALID 

Note: IfCE goes HIGH simultaneously with WE HIGH, the output remains in a high impedance state (7C162 only). 
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Typical DC and AC Characteristics 
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Ordering Information 
Speed Ordering Code Package Operating 
(ns) Type Range 

Speed Ordering Code Package Operating 
(ns) Type Range 

25 CY7C161-25PC P21 Commercial 25 CY7Cl62-25PC P21 Commercial 
CY7Cl61L-25PC P21 CY7Cl62L-25PC P21 

CY7C161-25DC D22 CY7Cl62-25DC D22 

CY7C161L-25DC D22 CY7C162L-25DC D22 

35 CY7C161-35PC P21 Commercial 35 CY7Cl62-35PC P21 Commercial 

CY7C161L-35PC P21 CY7Cl62L-35PC P21 

CY7C161-35DC D22 CY7Cl62-35DC 022 

CY7C161L-35DC D22 CY7C162L-35DC D22 

CY7Cl61-35LC L54 CY7C162-35LC L54 

CY7C161L-35LC L54 CY7C162L-35LC L54 

CY7C161-35DMB D22 Military CY7Cl62-35DMB D22 Military 

CY7C161L-35DMB D22 CY7C162L-350MB 022 

CY7C161-35LMB L54 CY7Cl62-35LMB L54 

CY7C161L-35LMB L54 CY7C162L-35LMB L54 

45 CY7C161-45PC P21 Commercial 45 CY7C162-45PC P21 Commercial 

CY7C161L-45PC P21 CY7C162L-45PC P21 

CY7C161-450C 022 CY7C162-45DC D22 

CY7C161L-45DC D22 CY7C162L-45DC D22 

CY7C161-45LC L54 CY7C162-45LC L54 
. CY7C161L-45LC L54 CY7C162L-45LC L54 

CY7C161-45DMB D22 Military CY7C162-45DMB D22 Military 

CY7C161L-45DMB D22 CY7C162L-450MB D22 

CY7C161-45LMB L54 CY7C162-45LMB L54 

CY7C161L-45LMB L54 CY7C162L-45LMB L54 

Bit Map Address Designators 

Address Address Pin 
Name Function Number 

A5 X3 1 

A6 X4 2 

A7 X5 3 

AS X6 4 

A9 X7 5 

AlO YO 6 

All Yl 7 

A12 Y5 8 

A13 Y4 9 

AO Y3 23 

Al Y2 24 

A2 XO 25 

A3 Xl 26 

A4 X2 27 

0062-13 
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Features 
• Automatic power-down when 

deselected 

• Output Enable (OE) Feature 
(7C166) 

• CMOS for optimum speed/ 
power 

• High speed 
- 25 ns tAA 

• Low active power 
-385 mW 

• Low standby power 
-110 mW 

• TTL compatible inputs and 
outputs 

• 2V data retention (L version) 

Logic Block Diagram 

Selection Guide 

Maximum Access Time (ns) 

Maximum Operating 
Current (mA) 

Maximum Standby 
Current (mA) 

CY7C164 
CY7C166 

16,384 x 4 Static R/W RAM 

• Capable of withstanding greater 
than 2001V electrostatic 
discharge 

Functional Description 
The CY7C164 and CY7C166 are high 
performance CMOS static RAMs orga
nized as 16,384 x 4 bits. Easy memory 
expansion is provided by an active 
LOW chip enable (CE) and three-state 
drivers. The CY7C166 has an active 
low output enable (OE) feature. Both 
devices have an automatic power-down 
feature, reducing the power consump
tion by 60% when deselected. 

Writing to the device is accomplished 
when the chip enable (CE) and write 
enable (WE) inputs are both LOW 

(and the output enable (OE) is LOW 
for the 7C166). Data on the four input/ 
output pins (I/Oo through I/03) is 
written into the memory location speci
fied on the address pins (Ao through 
A13). 

Reading the device is accomplished by 
taking chip enable (CE) LOW (and OE 
LOW for 7C166), while write enable 
(WE) remains HIGH. Under these 
conditions the contents of the memory 
location specified on the address pins Em 
will appear on the four data I/0 pins. lim 
The I/0 pins stay in high impedance 
state when chip enable (CE) is HIGH, 
or write enable (WE) is LOW (or out-
put enable (OE) is HIGH for 7C166). 
A die coat is used to insure alpha im-
munity. 

Pin Configurations 

As Vee 24 Vee 

As 21 A4 23 A4 

A1 A3 A1 22 ., 
As A2 

21 A2 

Ag A1 
20 ., 

A10 19 Ao 
A10 Ao 7C166 

7C1S4 .,, 18 NC 
A11 1/03 

17 1/03 
A12 1/02 16 1/02 
Ai3 1/01 10 15 vo, 
cr 10 l/Oo 5E " 14 l/Oo 

1/03 GND 11 Wl' GNO 12 13 WE 

1/02 
0056-3 

1101 CO IO 8 .q. ~"" 8u 
4( 4( > <C( ..( z z > z 

l/Oo 
As NC 

A3 A7 25 A4 
A1 •• 24 A3 

CE A1 Ag 23 A2 
Ao A10 22 Ai 

1/03 A11 9 21 Ao 
WE 
(OE) 1/02 A12 10 20 1/03 
(7C1660NLY) 

1/01 A13 11 19 1/02 

0056-1 Cl' 12 18 1/01 
1314151617 

ltl ~lti! g I~~~ I~ 0° 
0056-4 " :::,. 0056-5 

7C164-25 7C164-35 7C164-45 
7C166-25 7C166-35 7C166-45 

25 35 45 

Commercial 70 70 50 

Military 70 70 

Commercial 20/20 20/20 20/20 

Military 20/20 20/20 
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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 (Per MIL-STD-883 Method 3015.2) 

Power Applied .................... - 55°C to + 125°C Latch-up Current .......................... > 200 mA 

Supply Voltage to Ground Potential .... - 0.5V to + 7 .OV 

DC Voltage Applied to Outputs 
in High Z State ............... , ...... - 0.5V to + 7 .OV 

DC Input Voltage ................... - 3.0V to + 7.0V 

Output Current into Outputs (Low) ............. 20 mA 

Operating Range 

Range Ambient 
Vee Temperature 

Commercial D°Cto +1o•c 5V ±10% 

Military - 55•c to + 125•c 5V ±10% 

Electrical Characteristics Over Operating Range 

7C164-25 7C164-35 7C164-45 
Parameters Description Test Conditions 7C166-25 7C166-35 7C166-45 Units 

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

VoH Output HIGH Voltage Vee= Min., loH = -4.0 mA 2.4 2.4 2.4 v 

VoL Output LOW Voltage V cc = Min., loL = 8.0 mA 0.4 0.4 0.4 v 

Vrn Input HIGH Voltage 2.2 Vee 2.2 Vee 2.2 Vee v 

VIL Input LOW Voltage -3.0 0.8 -3.0 0.8 -3.0 0.8 v 

I1x Input Load Current GND s V1 s Vee -10 +10 -10 +10 -10 +10 µA 

loz Output Leakage Current GND s Vos Vee, Output Disabled -10 +10 -10 +10 -10 +10 µA 

Ios 
Output Short Circuit 
Current[!] Vee = Max., VoUT = GND -350 -350 -350 mA 

V cc Operating Vee= Max. Commercial 70 70 50 mA Ice Supply Current loUT = OmA Military 70 70 

Automatic CE[2] - Commercial 20 20 20 
lsB1 

Max. Vee, CE 2 Vrn mA 
Power Down Current Min. Duty Cycle = 100% Military 20 20 

Max. Vee, Commercial 20 20 20 
lsB2 

Automatic CE[2] CE 2 Vee - 0.3V 
mA Power Down Current V1N 2 Vee -0.3V or 

V1N s 0.3V Military 20 20 

Capacitance [3] 

Parameters Description Test Conditions Max. Units 

CIN Input Capacitance TA = 25°C, f = 1 MHz, 5 

CoUT Output Capacitance Vee= 5.ov 7 
pF 

Notes: 
I. Not more than I output should be shorted at one time. Duration of 

the short circuit should not exceed 30 seconds. 
2. A pull-up resistor to V cc on the CE input is required to keep the 

device deselected during V cc power-up, otherwise Iss will exceed 
values given. 

3. Tested on a sample basis. 

AC Test Loads and Waveforms 
Rl 481H Rl 481H 

5 V 0----....J<VV'w--. 5Vo----~,.,..,.........., 

OUTPUT U--------1' OUTPUT 0--------4 

Equivalent to: 

30 pf RZ I 25511 
INCLUDING 

_JIGAND _ 
- SCOPE -

Figure la 

THEVENIN EQUIVALENT 
167!! 

OUTPUT 0----''V<o•Vl' ... +----<0 1.73 V 

5 pf R2 I 255!! 
INCLUDING 

_JIGAND _ 
- SCOPE - 0056-6 

Figure lb 

0056-8 
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Switching Characteristics Over Operating Rangel4l 

Parameters Description 

READ CYCLE 

tRC Read Cycle Time 

tAA Address to Data Valid 

to HA Output Hold from Address Change 

tACE CE LOW to Data Valid 

tooE OE LOW to Data Valid 7C166 

tLZOE OE LOW to LOW Z 7Cl66 

tHZOE OE HIGH to HIGH Z 7Cl66 

tLZCE CE LOW to Low z[6] 

tHZCE CE HIGH to High z[S, 6) 

tpu CE LOW to Power Up 

tpo CE HIGH to Power Down 

WRITE CYCLE[7J 

twc Write Cycle Time 

tscE CE LOW to Write End 

tAW Address Set-up to Write End 

tHA Address Hold from Write End 

tsA Address Set-up to Write Start 

tpWE WE Pulse Width 

tso Data Set-up to Write End 

tJrn Data Hold from Write End 

tLZWE WE HIGH to Low z[6) 

tHZWE WE LOW to High z[s, 6) 

Notes: 
4. Test conditions assume signal transition times of 5 ns or less, timing 

reference levels of l.SV, input pulse levels ofO to 3.0V and output 
loading of the specified Ior/loH and 30 pF load capacitance. 

5. tHZCE and tHZWE are specified with CL = 5 pF as in Figure I b. 
Transition is measured ± 500 m V from steady state voltage. 

6. At any given temperature and voltage condition, tHzcE is less than 
tLZCE for any given device. These parameters are guaranteed and not 
100% tested 

7C164-25 7C164-35 7C164-45 
7C166-25 7C166-35 7C166-45 Units 

Min. 

25 

3 

3 

5 

0 

20 

20 

20 

0 

0 

20 

13 

0 

3 

0 
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Max. Min. Max. Min. Max. 

35 45 ns 

25 35 45 ns 

3 3 ns 

25 35 45 ns 

15 25 30 ns 

3 3 ns 

15 15 15 ns 

5 5 ns 

10 15 15 ns 

0 0 ns 

25 35 45 ns 

30 40 ns 

30 35 ns 

25 35 ns 

0 0 ns 

0 0 ns 

25 35 ns 

15 20 ns 

0 5 ns 

3 3 ns 

7 0 10 0 15 ns 

7. 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. 

8. WE is HIGH for read cycle. 
9. Device is continuously selected, CE = VIL· (7Cl66: ID! = V1L 

also.) 
10. Address valid prior to or coincident with CE transition low. 
11. 7Cl66 only: Data 1/0 will be high impedance if OE = VJH. 



Data Retention Characteristics (L Version Only) 

Test CY7C164/CY7C166 
Parameter Description 

Conditions Min. 

VoR V cc For Retention of Data 2.0 

IccoR Data Retention Current Vee= 2.ov, -

tcoR[i31 Chip Deselect to Data CE~ Vee - 0.2V 
0 

Retention Time VIN~ Vee - 0.2V 

tR[13] Operation Recovery Time or VIN~ 0.2V tRcl12] 

Iul13] Input Leakage Current -
Notes: 
12. tRc = read cycle time. 13. Guaranteed, not tested. 

Data Retention Waveform 

Vee 

DATA RETENTION 
MODE 

4.svl....__v_oR_2::_2_v_ ... 1 ~:R -1 
1-- teoR =.!' 'I~ 

Max. 

-

1000 

-

-

2 

CY7C164 
CY7C166 

Units 

v 

µA 

ns 

ns 

µA 

I VoR 
Cf ///////// Ji v,H ' / v,H 1'\\\\\\\\\\\\ 

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

0056•13 

ADDRESS=l-~~~~~~~~-tRc======-=--=---*-· --
r<->--------tAA------o-1 '4-----tOHA----.f 

DATA OUT PREVIOUS DATA VALID DATA VALID 
0056-9 
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Switching Waveforms (Continued) 

Read Cycle No. 2 (Notes 8, 10) 

~------tACE------.. 

5E --i---"" (7C166) 

DATA VALID 
----tLzce----- .._..._..._..._...,..._ _________________ ,, 

HIGH 
IMPEDANCE 

~1 ~~ Vee -------------------------------.1'-ICC 
SUPPL V 50% 50% 

CURRENT ----- ISB 

Write Cycle No. 1 (WE Controlled) (Notes 7, 11) 

--------------~twc-----

'4------------ tsce------------i 

DATA IN DATA-IN VALID 

tHzwE--+j tLzwE--..i 
----------------------~ HIGH IMPEDANCE ~i-------

DATA 1/0 DATA UNDEFINED ,>----------~\~.-------

Write Cycle No. 2 (CE Controlled) (Notes 7, 11) 

i----------------twc-------------____, 

------+--------tsce--~"--··~ 

DATA-IN VALID 

tHzwe--+j 

------------------~ HIGH IMPEDANCE 
DATA 1/0 DATA UNDEFINE':. J>"----------------------

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

2-81 

0056-10 

0056-11 

0056-12 



~ CY7Cl64 
.. r~ =====================CY=, =7=C=1=66 
Typical DC and AC Characteristics 
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!ii 
w 

OUTPUT SOURCE CURRENT 
VII. OUTPUT VOLTAGE 

~ 80 1----it---+---+---I 
:::> 
u 
w 60 l--'-""'1..,...--+---+--~ 

I 40 ,__ _ __,,___-+ ..... -----~ 
! 20 t----it---+---P ...... --1 
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OUTPUT VOLTAGE !Vi 

OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 
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<i 120 t----it---+_,,..L".c;....-+---1 
.s I 
~ 1001----if--~<-t---+----t 
w L Vee =5.0V 
~ 60 t---t-l---+-T_A_=_25t--·c--1 
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§ 20 v 
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7C164 Truth Table 7C166 Truth Table 

CE WE Input/Outputs Mode CE WE OE Inputs/Outputs Mode 

H x HighZ Deselect Power Down H x x HighZ Deselect Power Down 

L H Data Out Read L H L Data Out Read 

L L Data In Write L L x Data In Write 

L H H HighZ Deselect 

Ordering Information 
Speed Ordering Code Package Operating 
(ns) Type Range 

Speed 
Ordering Code 

Package Operating 
(ns) Type Range 

25 CY7C164-25PC P9 Commercial 
CY7C164L-25PC 

25 CY7C166-25PC 
P13 

Commercial 
CY7Cl66L-25PC 

CY7C164-25DC DlO CY7C164L-25DC 
CY7C166-25DC D14 
CY7C166L-25DC 

35 CY7C164-35PC 
P9 

Commercial 
CY7C164L-35PC 

35 CY7C166-35PC Pl3 Commercial 
CY7C166L-35P 

CY7C164-35DC DlO 
CY7C164L-35DC 

CY7C166-35DC 014 
CY7C166L-35DC 

CY7C164-35LC 
L52 

CY7C164L-35LC 
CY7C166-35LC L54 
CY7C166L-35LC 

CY7Cl 64-35DMB 
DlO 

Military 
CY7C164L-35DMB 

CY7C166-35DMB D14 Military 
CY7C166L-35DMB 

CY7Cl 64-35LMB 
L52 

CY7C164L-35LMB 
CY7C166-35LMB L54 
CY7C166L-35LMB 

45 CY7C164-45PC 
P9 

Commercial 
CY7C164L-45PC 

45 CY7Cl66-45PC Pl3 
Commercial 

CY7C166L-45PC 

CY7C164-45DC 
DlO CY7C164L-45DC 

CY7Cl66-45DC D14 
CY7C166L-45DC 

CY7C164-45LC 
L52 

CY7C164L-45LC 
CY7C166-45LC L54 
CY7C166L-45LC 

CY7C164-45DMB 
DlO 

Military 
CY7C164L-45DMB 

CY7Cl66-45DMB Dl4 Military 
CY7C166L-45DMB 

CY7C164-45LMB 
L52 CY7C164L-45LMB 

CY7C166-45LMB L54 
CY7C166L-45LMB 
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~CTPREBS 
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CY7C164 
CY7C166 

Bit Map Address Designators 
Address Address Pin 
Name Function Number 

A5 X3 1 
A6 X4 2 
A7 X5 3 
AS X6 4 
A9 X7 5 
AlO Y5 6 
All Y4 7 
A12 YO 8 
A13 Yl 9 
AO Y2 17 
Al Y3 18 
A2 XO 19 
A3 Xl 20 
A4 X2 21 

0056-15 
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Features 
• Automatic power-down when 

deselected 

• CMOS for optimum 
speed/power 

• High speed-25 ns 

• Low active power 
- 248 mW (commercial) 
- 275 mW (military) 

• Low standby power 
-83mW 

• 'ITL compatible inputs and 
outputs 

• Capable of withstanding greater 
than 2001V electrostatic 
discharge 

Logic Block Diagram 

CY7C167 

16,384 x 1 Static R/W RAM 

Functional Description 
The CY7C167 is a high performance 
CMOS static RAM organized as 
16,384 words x 1 bit. Easy memory ex
pansion is provided by an active LOW 
chip enable (CE) and three-state driv
ers. The CY7Cl67 has an automatic 
power-down feature, reducing the pow
er consumption by 70% when deselect
ed. 

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 (Ao through A13). 

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. 

A die coat is used to insure alpha im- fl 
munity. 

Pin Configurations 

.--------< J------01 

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

Maximum Access Time (ns) 25 35 45 

Maximum Operating L Commercial 45 45 

current (mA) STD Commercial 60 60 50 

Military 60 50 
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Maximum Ratings 
(Above which the useful life may be impaired) 
Storage Temperature ............... -65°C to + 150"C 
Ambient Temperature with 
Power Applied .................... -ss•c to + 12s•c 
Supply Voltage to Ground Potential 
(Pin20toPin 10) .................... -0.5Vto +7.0V 
DC Voltage Applied to Outputs 
in High Z State ...................... -0.SV to +7.0V 
DC Input Voltage ................... - 3.0V to + 7.0V 
Output Current into Outputs (Low) ............. 20 mA 

Electrical Characteristics Over Operating Range 

Parameters Description Test Conditions 

VoH Output HIGH Voltage Vee= Min., loH = -4.0mA 

VoL Output LOW Voltage Vee= Min., loL = 12.0mA, 
8.0mAMil 

Vm Input HIGH Voltage 

V1L Input LOW Voltage 

I1x Input Load Ctirrent GND ,,;vi ,,;vee 

Ioz 
Output Leakage GND ,,;vo,,; Vee 
Current Output Disabled 

Ios 
Output ShortUI Vee= Max., 
Circuit Current VoUT = GND 

Ice 
V cc Operating Vee= Max. 
Supply Ctirrent loUT = OmA 

Isa 
Automatic c:E[2] Max. Vee, 
Power Down Current CE;::VIH 

• -35 and -45 only 

Capacitance[3] 
Parameters Description 

C1N Input Capacitance 

CoUT Output Capacitance 

CCE Chip Enable Capacitance 
Notes: 
I. Duration of the short circuit should not exceed 30 seconds. 
2. A pull-up resistor to V cc on the CE input is required to keep the 

device deselected during V cc power-up, otherwise Isa will exceed 
values given. 

AC Test Loads and Waveforms 

R1 3290 
(481 OMIL) 

5 v o------.111<.,_, 
R1 3290 
(481 0 MIL) 

5V <>----1\M~ 

Static Discharge Voltage ..................... > 2001 V 
(Per MIL-STD-883 Method 3015.2) 
Latch-up Current .......................... > 200 mA 

Operating Range 

Range 
Ambient 

Vee Temperature 

Commercial O"Cto +70"C SV ±10% 

Military - ss·c to + 12s•c SV ±10% 

7C167L-25, 35 7C167-25, 35 7C167-45 
Units 

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

2.4 2.4 2.4 v 

0.4 0.4 0.4 v 

2.0 Vee 2.0 Vee 2.0 Vee v 
-3.0 0.8 -3.0 0.8 -3.0 0.8 v 
-10 +10 -10 +10 -10 +10 µ.A 

-so +so -so +so -50 +so µ.A 

-3SO -3SO -350 mA 

Commercial 4S 60 50 mA 
Military* 60 so 
Commercial IS 20 IS mA 
Military* 20 20 

Test Conditions Max. Units 

TA = 25•c, r = 1 MHz 4 

Vee= s.ov 6 pF 

s 

3. Tested on a sample basis. 

ALL INPUT PULSES 

OUTPUTO------... OUTPUTO---....---

Equivalent to: 

INCLUDINGI 30 pf 
JIG AND 
SCOPE 

Figure la 

R2 
20211 
(25511 MILi 

THEVENIN EQUIVALENT 

125"'1 

5pf 
INCLUDINGf 
JIGAND j_ 
SCOPE ':' 

Figure lb 

OUTPUT~1.9V COMMERCIAL 
167"'1 

OUTPUT~1.7~V MILITARY 0017-5 

R2 
20211 
(25511 MILi 

0017-4 

0017-6 
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~ CY7C167 
~~~DUCTOR=================================================================== 
Switching Characteristics Over Operating Rangel4l 

Parameters Description 

READ CYCLE 

!Re Read Cycle Time (Commercial) 

tRC Read Cycle Time (Military) 

tAA Address to Data Valid (Commercial) 

tAA Address to Data Valid (Military) 

to HA Data Hold from Address Change 

tACE CE LOW to Data Valid 

tLZCE CE LOW to Low z[6) 

iHZCE CE HIGH to High z[5, 6) 

tpu CE LOW to Power Up 

tpo CE HIGH to Power Down 

WRITE CYCLEIBJ 

twc Write Cycle Time 

tscE CE LOW to Write End 

tAW Address Set-up to Write End 

tHA Address Hold from Write End 

tsA Address Set-up to Write Start 

tPWE WE Pulse Width 

tso Data Set-up to Write End 

tHD Data Hold from Write End 

tHZWE WE LOW to High z[5, 6) 

tLZWE WE HIGH to Low z[6) 

Notes: 
4. Test conditions assume signal transition times of 5 ns or less, timing 

reference levels of t.5V, input pulse levels ofO to 3.0V and output 
loading of the specified Ior/IoH and 30 pF load capacitance. 

5. IHzcE and tHZWE are tested with CL = 5 pF as in Figure lb. Tran
sition is measured ± 500 m V from steady state voltage. 

6. At any given temperature and voltage condition, tHZ is less than tLZ 
for all devices. These parameters are sampled and not 100% tested. 

Switching Waveforms 

Read Cycle No. 1 (Notes 8, 9) 

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

Min. 

25 

3 

5 

0 

25 

25 

25 

0 

0 

15 

15 

0 

0 

0 

Units 
Max. Min. Max. Min. Max. 

30 40 ns 

35 40 ns 

25 30 40 ns 

35 40 ns 

3 3 ns 

25 35 45 ns 

5 5 ns 

15 20 25 ns 

0 0 ns 

20 25 30 ns 

30 40 ns 

30 40 ns 

30 40 ns 

0 0 ns 

0 0 ns 

20 20 ns 

15 15 ns 

0 0 ns 

15 0 20 0 20 ns 

15 0 20 0 25 ns 

7. 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. 

8. WE is high for read cycle. 
9. Device is continuously selected, CE = VIL· 

10. Address valid prior to or coincident with el'i transition low. 

ADDRESS -~---~=-~=~~~~~-to~-H~-A~--~~--~tA~-A~-~~~. ~~~~-t-RC~~~~~~~~~~~~~~~~~~~~~*.i -------
DATA OUT PREVIOUS DATA VALID DATA VALID 

------------------------------------------
0017-7 
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~C'f?FESS 
~nEMICONDUCTOR ::::::================================== 
Switching Waveforms (Continued) 

CY7C167 

Read Cycle No. 2 (Notes 8, 10) 

Vee _____ '_'"_) 50% SUPPLY 
CURRENT 

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

~--------------twc--------------~ 

ADDRESS 

14-----------tsce-----------+< 

DATA IN DATA-IN VALID 

HIGH 
IMPEDANCE 

~
+-----ICC 

50% 
ISB 

DATA 1/0 

tHzwe----.j tLZWE~ 

----------------------~----H-IG_H_l_M_PE_D_A.-N-CE-.---~ 11/ ... '~~~~~~~~~~~~= DATA UNDEFINED r \ 

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

..---------------twc--------------~ 

ADDRESS 

-----i-------tsce-----~ 

DATA-IN VALID 

tHzwe----.j 

------------------~ HIGH IMPEDANCE 
DATA !/O DATA UNDEFINED ,).----------------------

Note: If CE goes high simultaneously with WE high, the output remains in a high impedance state. 
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~ CY7C167 
'Cl!l',-~COIDUCTOR=:==:==:==:==:==:==:==:==:==:==:==:==:==:==:==:==:==:==:==:==:=:=;;;;; 
Typical DC and AC Characteristics 

~ 
u 
.!: 
c 
w 
N 
:::; 

" ::;; 
0: 
0 z 

.. 
~ 
c .. 
N 
:::; 

" ::;; 
0: 
0 z 

.E 
c .. 
N 
:::; 

" ::;; 
0: 

~ 

NORMAUZEDSUPPLYCURRENT 
-.s. SUPPLY VOLTAGE 

1.4 

1.2 

1.0 

0.8 

0.6 

/1 v 
C2:: 

k2:: 
0.4 

0.2 lse 

0.0 
4.0 4.5 5.0 5.5 6.0 

1.4 

1.3 

1.2 

1.1 

1.0 

0.9 

SUPPLY VOLTAGE (V) 

NORMALIZED ACCESS TIME 
vs. SUPPLY VOLTAGE 

""" ............ r'-..... TA •25°C 

-.....J -.., 

0.8 
4.0 4.5 5.0 5.5 6.0 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 

SUPPLY VOLTAGE (V) 

TYPICAL POWER-ON CURRENT 
vs. SUPPLY VOLTAGE 

~ 
j../ 

0.0 1.0 2.0 3.0 4.0 5.0 

SUPPLY VOLTAGE IV) 

~ 

NORMALIZED SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 

] 0.8 

c 
~ 0.6 

~ 0: 0.4 t-----+-------i 

~ ~:::.:~ 

.. 
~ 

0.2 1 •• ---1--------t 

0.0 ..._ ____ .._ _____ ..... 

-55 25.0 125.0 

AMBIENT TEMPERATURE !"C) 

NORMALIZED ACCESS TIME 
vs. AMBIENT TEMPERATURE 

s 1.2 1-----+----'7'"""--I 
N 
:::; 

! 1.0 1------,..-"------l 

~ 

0.6 '-----~------
-65 25 125 

AMBIENT TEMPERATURE C'C) 

TYPICAL ACCESS TIME CHANGE 
vs. OUTPUT LOADING 

200 400 600 800 1000 

CAPACITANCE CpF) 

2-89 

OUTPUT SOURCE CURRENT 
vs. OUTPUT VOLTAGE 

&Or---.------,----,---, 

1 501-'"r--t--~·--l----l----t 
Vee· 5.0 V 
T• = 25"C 

3.0 

OUTPUT VOLTAGE !VI 

OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 

4.0 

150 .--....--....,---,....--..... ---. 

1 1251--+--+v-"7"'~"--f---I 
I- ..iJ 
~ 1001---....... z-...... --+---+----+ 

a 751-'--H,__-+--+---+----1 
" v 
~ 50 _J_ 

~ 1 :> 25 

0 I 
Vcc=5.DV_ 

T• = 15°c 

DD 1.D 2.0 3.0 4.D 5.0 

OUTPUT VOLTAGE !VI 

NORMALIZED Ice 
vs. CYCLE TIME 

1.1 .------,,-----,----, 

Vee= 5.0 v 
TA= 25°C 
V1N .~.0.5 V 

.ll 1.Dl---.....i.---+--'"'"""' 

s 
N 
.:::; 

i 
~ 0.9 

20 30 40 

CYCLE FREQ\JeNCY .,CMHzi 
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~ CY7C167 
~,,,--~UCTOR :;;;;;;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::::::;;;; 
Ordering Information 

Speed Ice Ordering 
(ns) mA Code 

25 45 CY7C167L-25PC 

CY7C167L-250C 

CY7C167L-2SLC 

60 CY7Cl67-2SPC 

CY7Cl67-2SOC 

CY7Cl67-2SLC 

3S 4S CY7Cl67L-3SPC 

CY7Cl67L-3SOC 

CY7Cl67L-3SLC 

60 CY7Cl67-35PC 

CY7Cl67-3SOC 

CY7Cl67-3SLC 

CY7Cl67-3SOMB 

CY7Cl67-3SLMB 

4S so CY7Cl67-4SPC 

CY7Cl67-4SOC 

CY7Cl67-4SLC 

CY7Cl67-4SOMB 

CY7Cl67-4SLMB 

Bit Map 

.. 127 

Package 
Type 

P5 

06 

LSI 

PS 

06 

LSI 

PS 

06 

LSI 

PS 

06 

LSI 

06 

LSI 

PS 

06 

LSI 

06 

LSl 

ROWD 
I 
3 

' 

124 
1211 
127 

ROW12ll 

Operating 
Range 

Commercial 

Commercial 

Military 

Commercial 

Military 

" .. REDUNDANT COLUMN 
# = REDUNDANT ROW 

0017-12 
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Address Designators 

Address Address Pin 
Name Function Number 

Ao X2 I 

A1 Xs 2 

A2 X6 3 

AJ Y3 4 

A4 Y4 s 
As Yo 6 

A6 Y1 7 

A1 Y2 13 

As Ys 14 

A9 Y6 IS 

A10 Xo 16 

Au X3 17 

A12 ~ 18 

A13 X1 19 



- ~ -- --:: .: .. ~. 
'iE CYPRESS 

CY7C168 
CY7C169 

? SEMICONDUCTOR 4096 x 4 Static R/W RAM 
Features 
• Automatic power-down when 

deselected (7C168) 

• CMOS for optimum speed/ 
power 

• High Speed 
- 25 ns tAA 
- 15 ns tACE (7C169) 

• Low active power 
- 330 mW (commercial) 
- 385 mW (military) 

• Low standby power (7C168) 
-83mW 

• TIL compatible inputs and 
outputs 

Logic Block Diagram 

Selection Guide 

Maximum Access Time (ns) 

Maximum Operating L 

Current (mA) STD 

• 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 CY7Cl68 has an automat
ic power-down feature, reducing the 
power consumption by 77% when de
selected. 

Writing to the device is accomplished 
when the chip enable (CE) and write 
enable (WE) inputs are both LOW. 

1/0o 

1/01 

1/02 

1/03 

CE 

we 
0021-1 

Data on the four input/output pins 
(I/Oo through I/03) is written into the 
memory location specified on the ad
dress pins (Ao through A 11). 

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 
I/Opins. 

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

A die coat is used to insure alpha im
munity. 

Pin Configurations 

A4 Vee 

As Al 

As A2 

A1 A1 

Ae Ao 

Ag l/Oo 

A10 110, 

A11 1/02 

ce 1/03 

GND WE 

0021-2 

0 
lO ""lif' (.) tt) 

<<>< 

As A2 
A7 A1 
As Ao 
Ag l/Oo 

A10 1/01 

A11 1/02 

I~ ~I~ o"' 
(!) ::::,. 0021-3 

7C168-25 7C168-35 7C169-40 7C168·45 
7C169-25 7C169-35 

25 35 40 45 
Commercial 70 70 

Commercial 90 90 70 70 
Military 90 70 70 
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CY7C168 
· CY7C169 
~DUCTOR :=;:=;:=;:=;:=;:=;:=;:=;:=;:=;:=;:=;:=;:=;:=;:=;:=;:=;:=;:=;:=;:=;:=;:=;:=;:=;:=;:=;============== 

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

Storage Temperature ............... -65°C to + 150°C Static Discharge Voltage ..................... > 2001 V 

Ambient Temperature with (Per MIL-STD-883 Method 3015.2) 

Power Applied .................... - 55°C to + 125°C Latch-up Current .......................... > 200 mA 

Supply Voltage to Ground Potential 
(Pin 20 to Pin 10) .................... -0.5V to + 7.0V Operating Range 

DC Voltage Applied to Outputs 
in High Z State ...................... -0.5V to +7.0V 

Range Ambient 
Vee Temperature 

DC Input Voltage ................... - 3.0V to + 7.0V Commercial G°Cto +70°C 5V ±10% 

Output Current into Outputs (Low) ............. 20 mA Military - 55°C to + 125°C 5V ±10% 

Electrical Characteristics Over Operating Range 

7C168L-25, -35 7C168-25, -35 7C168-45 
Parameters Description Test Conditions 7C169L-25, -35 7C169-25, -35 7C169-40 Units 

Min. Max. Min. 

Vott Output HIGH Voltage Vee= Min., Iott= -4.0mA 2.4 2.4 

VoL Output LOW Voltage V cc = Min., loL = 8.0 mA 0.4 

Vrn Input HIGH Voltage 2.0 Vee 2.0 

VrL Input LOW Voltage -3.0 0.8 -3.0 

Irx Input Load Current GND,;; V1,;; Vee -10 +10 -10 

Ioz 
Output Leakage GND ,;; Vo,;; Vee. -50 +50 -50 
Current Output Disabled 

Ios 
Output Short Circuit 
Currendll Vee = Max., VouT = GND -350 

V cc Operating Vee= Max. Commercial 70 
Ice Supply Current IouT = OmA Military* 

Automatic CE Max. Vee. Commercial 15 
Iss1 Power Down Current CE 2 Vrn Military* 

Automatic CE Max. Vee. Commercial 11 
Iss2 Power Down Current CE 2 Vee - 0.3V Military* 

• -35 and -45 only 

Capacitance [2] 

Parameters Description Test Conditions 

CIN Input Capacitance TA= 25°C, f = 1 MHz, Vee= 5.0V 

Co UT Output Capacitance TA= 25°C, f = 1 MHz, Vee= 5.0V 
Notes: 
I. Not more than 1 output should be shorted at one time. Duration of 

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

AC Test Loads and Waveforms 
Al 481!2 

5 v u----....... fV',........., 
OUTPUT n-------_. 

I Jo pF ~~sn 
INCLUDING 

_JIGAND _ 
- SCOPE -

Figure la 

R1 481!2 
s v o-----Jvv-...... 

OUTPUT 0-------.... 
5 pF I INCLUDING 

_JIGAND _ 
- SCOPE -

Figure lb 

Equivalent to: THEVENIN EQUIVALENT 

167U 
OUTPUT O----'''Y;'Y .. '¥•---0 1.73V 0021-5 
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R2 
25551 

0021-4 

Max. Min. Max. 

2.4 v 
0.4 0.4 v 

Vee 2.0 Vee v 
0.8 -3.0 0.8 v 
+ 10 -10 +10 µA 

+50 -50 +50 µA 

-350 -350 mA 

90 70 mA 
90 70 

20 15 mA 
20 20 

11 11 mA 
20 20 

Max. Units 

4 pF 

7 pF 

0021-6 

Figure2 



CY7C168 
· CY7C169 
~NDUCTOR================================================================== 

Switching Characteristics Over Operating Rangel3l 

7C168·25 

Parameters Description 7C169-25 

Min. 

READ CYCLE 

tRc Read Cycle Time 25 

tAA Address to Data Valid 

to HA Output Hold from Address Change 3 

tACE CE LOW to Data Valid l 7Cl68 

l 1c169 

tucE CE LOW to Low z[5) 5 

tezcE CE HIGH to High z[4, 5) 

tpu CE LOW to Power Up (7Cl68) 0 

tpn CE HIGH to Power Down (7Cl68) 

tRCS Read Command Set-up 0 

tRCH Read Command Hold 0 

WRITE CYCLE[6) 

twc Write Cycle Time 25 

tscE CE LOW to Write End 25 

tAW Address Set-up to Write End 20 

tHA Address Hold from Write End 0 

tsA Address Set-up to Write Start 0 

tpwE WE Pulse Width 20 

tsn Data Set-up to Write End 10 

ten Data Hold from Write End 0 

tLZWE WE HIGH to Low z[5) 6 

teZWE WE LOW to High z[4, 5) 

Notes: 
3. Test conditions assume signal transition times of 5 ns or less, timing 

reference levels of l .5V, input pulse levels of 0 to 3.0V and output 
loading of the specified Ioi/IoH and 30 pF load capacitance. 

4. tHZCE and tm:WE are tested with Q = 5 pF as in Figure I b. Tran
sition is measured ± 500 m V from steady state voltage. 

5. At any given temperature and voltage condition, tHZ is less than tu 
for all devices. These parameters are sampled and not 100% tested. 

Switching Waveforms 
Read Cycle No. 1 (Notes 7, 8) 

Max. 

25 

25 

15 

15 

25 

10 

7C168-35 
7C169-40 7C168-45 

7C169-35 Units 

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

35 40 45 ns 

35 40 45 ns 

3 3 3 ns 

35 45 ns 

25 25 ns 

5 5 5 ns 

20 20 25 ns 

0 0 ns 

25 30 ns 

0 0 0 ns 

0 0 0 ns 

35 40 40 ns 

30 30 35 ns 

30 40 35 ns 

0 0 0 ns 

0 0 0 ns 

30 35 35 ns 

15 15 15 ns 

0 3 3 ns 

6 6 6 ns 

15 20 20 ns 

6. 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. 

7. WE is HIGH for read cycle. 
8. Device is continuoualy selected, CE = V n,. 
9. Address valid prior to or coincident with CE transition LOW. 

~·§ ----..~~~--.:~--.:~--.:~--.:~--.:~--.:~~~A~--=~--:~~=~--=~--=~---tR=C~~~~~~~~~~~~~~~~~~~~~~~~~~~.----------------
---{t<----tOHA---... 

DATA OUT PREVIOUS DATA VALID DATA VALID 

0021-7 
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CY7C168 
· CY7C169 

~NDUCTOR=::;;;;;:;::;;;;:;;;;:;;;;:;;;;:;;;;:;;;;:;;;;:;;;;:;;;;:;;;;:;;;;:;;;;:;;;;:;;;;:;;;;:;;;;:;;;;:;;;;:;;;;:;;;;:;;;;:;;;;:;;;;:;;;;:;;;;:;;;;:;;;;:;;;;:;;;;;:;::;;;;:;;;; 

Switching Waveforms (Continued) 

Read Cycle (Notes 7, 9) 

1+-------- tAcE------01 

••u 
(7C168l Vee 

SUPPLY 
CURRENT---+-----' 

50% 

Write Cycle No. 1 (WE Controlled) (Note 6) 

14-----------------twe--------------+I 

ADDRESS 

14------------tscE------------i 

l+-------tsA-----~ 

DATA IN DATA-IN VALID 

HIGH 
IMPEDANCE 

ISB 

tHzwE----+I tLZWE--+i 

----------------------~ HIGH IMPEDANCE !tr-------
OATA 1/0 DATA UNDEFINED />------------\,. _______ _ 

Write Cycle No. 2 (CE Co~trolled) (Note 6) 
14----------------twe•---------------i 

ADDRESS 

--JJ\------------------------------------'I'-----------
----·--i~------tsce-------i 

WE 

DATA IN DATA-IN VALID 

tHzwe----+J 

------------------~ HIGH IMPEDANCE 
DATA l/O DATA UNDEFINED ,~-----------------------

Note: If CE goes HIGH simultaneously with WE high, the output remains in a high impedance state. 
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CY7C168 
· CY7C169 
~NDUCTOR ;;:=;;:=;;:=;;:=;;:=;;:=;;:=;;:=;;:=;;:=;;:=;;:=;;:=;;:=;;:=;;:=;;:=;;:=;;:=;;:=;;:=;;:=;;:=;;:=;;:=;;:=;;:=;;:=;;:=;;:=;;:=;;:=;;:=;;:=;;:= 

Typical DC and AC Characteristics 

~ 
u 

.)! 

Sl 
N 
:::; ... 
:I! 
a: 
!il 

.. 

NORMALIZED SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 

1.4 

1.2 

1.0 

0.8 

0.6 

L •cy 
7 

~ 
0.4 

0.2 lse 

0.0 
4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE IV) 

NORMALIZED ACCESS TIME 
vs. SUPPLY VOLTAGE 

1.4 .....----.---...--....... --.... 

1.3 1---i---+---+----t 

~ 1.2 1------i---+---+----t 
Sl 
~ 1.1 1-'~-,..--t---+---+----t 

~ ~ 
~ 1.0 1----1-~'"-lo=--t---; 
z "--..J -
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~ 1.0 t-------,,-------1 
0 z 

0.6 ....... ----~------
-55 25 125 

30.0 

25.0 

! 20.0 .. .. 
;; 15.0 

~ 
~ 10.0 

5.0 

0.0 

AMBIENT TEMPERATURE l'C) 
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vs. OUTPUT LOADING 
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OUTPUT VOLTAGE IV) 

OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 
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CY7C168 
. · CY7C1.69 

~NDUCIOR ;:;::==============================================================:=;;:; 
Ordering Information 
Speed Ice Ordering Code Package Operating 

(ns) mA Type Range 

25 70 CY7C168L-25PC P5 Commercial 

CY7Cl68L-250C 06 

CY7C168L-25LC L51 

CY7C168L-25SC S5 

90 CY7C168-25PC P5 

CY7C168-250C 06 

CY7C168-25LC L51 

CY7C168-25SC SS 

3S 70 CY7C168L-3SPC PS Commercial 

CY7C168L-3SOC 06 

CY7C168L-35LC L51 

CY7C168L-3SSC SS 

90 CY7C168-3SPC PS 

CY7C168-3SOC 06 

CY7C168-3SLC LSI 

CY7Cl68-35SC S5 

CY7C168-3SOMB 06 Military 

CY7C168-35LMB LSI 

4S 70 CY7C168-45PC PS Commercial 

CY7C168-450C 06 

CY7C168-45LC L5I 

CY7CI68-45SC SS 

CY7CI68-450MB 06 Military 

CY7CI68-45LMB L51 

Address Designators 
Address Address Pin 
Name Function Number 

Ao Xo I6 

At X3 I7 

Az X4 18 

AJ Xt 19 

A4 X2 1 

As Xs 2 

A6 X6 3 

A1 Y3 4 

As Y4 5 

Ag Yo 6 

Ato Yt 7 

A11 Y2 8 

2-96 

Speed Ice 
(ns) mA 

25 60 

90 

3S 60 

90 

40 70 

Bit Map 

OUTPUTS 3210 
Y·AODflESS 00 

Ordering Code 

CY7CI69L-25PC 

CY7CI69L-2SOC 

CY7C169L-2SLC 

CY7CI69-2SPC 

CY7CI69-250C 

CY7CI69-25LC 

CY7CI69L-3SPC 

CY7CI69L-350C 

CY7CI69L-3SLC 

CY7CI69-3SPC 

CY7C169-350C 

CY7CI69-35LC 

CY7CI69-350MB 

CY7C169-35LMB 

CY7Cl 69-40PC 

CY7CI69-40DC 

CY7CI69-40LC 

CY7CI69-400MB 

CY7CI69-40LMB 

Package 
Type 

P5 

06 

LSI 

PS 

06 

L5I 

PS 

06 

LSI 

PS 

06 

LSI 

06 

L5I 

P5 

06 

L5I 

06 

L5I 

0123 
31 

Operating 
Range 

Commercial 

Commercial 

Military 

Commercial 

Military 

124 

"" 127 
ROW126 

* = REDUNllANT COLUMN 
#•REDUNDANTROW 

0021-12 



~.-~ .... ~ .. ~ CY7C170 
·=CYPRESS 
? SEMICONDUCTOR 4096 x 4 Static R/W RAM 

Features 
• CMOS for optimum 

speed/power 

• High speed 
- 25 ns tAA 
- 15 ns tACE 

• Low active power 
- 495 mW (commercial) 
- 660 mW (military) 

• TTL compatible inputs and 
outputs 

• Capable of withstanding 
greater than 2001V 
electrostatic discharge 

• Output enable 

Logic Block Diagram 

INPUT BUFFER 

Selection Guide 

Maximum Access Time (ns 
Maximum Operating L 
Current (mA) 1 

'Preliminary 

Functional Description 
The CY7Cl 70 is a high performance 
CMOS static RAM organized as 
4096 x 4 bits. Easy memory expansion 
is provided by an active LOW chip se
lect (CS), an active LOW output enable 
(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 
(I/Oo through I/03) is written into the 
memory location specified on the ad
dress pins (Ao through A11). 

l/Oo 

1/01 

1/02 

1/03 

cs 

WE 
OE 

0037-1 

7C170·25* 
25 

Commercial 90 
Military 

2-97 

Reading the device is accomplished by 
taking chip select (CS) and output en
able (OE) LOW, while write enable 
(WE) remains HIGH. Under these 
conditions the contents of the memory 
location specified on the address pins 
will appear on the four data 1/0 pins. 

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

A die coat is used to insure alpha im
munity. 

Pin Configuration 

A4 1 22 Yee 
As 2 21 A3 

As 3 20 A2 

A7 4 19 A1 

As 5 18 Ao 
Ag 6 17 NC 

A10 7 16 l/Oo 

A11 8 15 1/01 
cs 9 14 1/02 
OE 10 13 1/03 

GND 11 12 WE 

0037-2 

7C170-35 7C170·45 
35 45 
90 90 
120 120 

fll 



~~uCTOR;:;;;;;::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::=CY====7=C=1;:;;;;;70 
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°C to + 125°C Latch-up Current .......................... > 200 mA 

Supply Voltage to Ground Potential 
(Pin 22 to Pin II) .................... -0.5V to + 7.0V Operating Range 

DC Voltage Applied to Outputs 
in High Z State ...................... -0.5V to + 7.0V 

DC Input Voltage ................... - 3.0V to + 7.0V 

Range Ambient 
Temperature 

Commercial <Y'C to + 7<Y'C 
Military - 55°C to + 125°C 

Output Current into Outputs (Low) ............. 20 mA 

Electrical Characteristics Over Operating Range 

Parameters Description Test Conditions 7C170 

Min. Max. 

VoH Output HIGH Voltage Vee= Min., IoH = -4.0mA 2.4 

VoL Output LOW Voltage Vee = Min., IoL = 8.0 mA 0.4 

VIH Input HIGH Voltage 2.0 Vee 
VIL Input LOW Voltage -3.0 0.8 

hx Input Load Current GNDs Vis Vee -10 + 10 

Ioz 
Output Leakage GNDs Vos Vee -50 +50 Current Output Disabled 

Ios 
Output ShortUl 

Vee= Max., VouT = GND -350 Circuit Current 

Ice 
V cc Operating Vee= Max. 1 Commercial 90 
Supply Current IoUT = OmA l Military 120 

Capacitance [2] 

Parameters Description Test Conditions Max. 

CIN Input Capacitance TA= 25°C, f = 1 MHz 4 

CouT Output Capacitance Vee= 5.ov 7 

Notes: 
I. Not more than I output should be shorted at one time. Duration of 

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

AC Test Loads and Waveforms 
R148H! 

5vo-----"IV'..-..., 
OUTPUT 0--------1' 

30 pF R2 I 25511 
INCLUDING 

_ JIGAND _ 
- SCOPE -

R148H! 
5 V 0----.....JVV-~ 

OUTPUT<>-------• 

5 pF I INCLUDING 
_JIGAND _ 
- SCOPE -

R2 
25511 

0037-4 

Figure la Figure lb 

Equivalent to: 

THEVENIN EQUIVALENT 
16711 

OUTPUT 0--~·v.-v/''\r•---<0 1.73V 
0037-5 

2-98 

ALL INPUT PULSES 

Figure2 

Vee 

5V ±10% 
5V ±10% 

Units 

v 
v 
v 
v 

p.A 

p.A 

mA 

mA 

Units 

pF 

0037-6 



~ CY7C170 
,...,~~CTOR==::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:== 
Switching Characteristics Over Operating Rangel3l 

Parameters Description 
7C170-25* 7C170-35 7C170-45 

Units 
Min. 

READ CYCLE 

tRc Read Cycle Time 

tAA Address to Data Valid 

to HA Data Hold from Address Change 

tACS CS Low to Data Valid 

tDoE OE LOW to Data Valid 

tLZOE OE LOW to Low Z 

tHZOE OE HIGH to High z[4] 

tLZCS CS LOW to Low z[5] 

tHzcs CE HIGH to High z[4, 5] 

WRITE CYCLE[61 

twc 

tscs 

tAW 

tHA 

tsA 

tpwE 

tsD 

tHD 

tHZWE 

tLZWE 

•Prefuninary 
Notes: 

Write Cycle Time 

CS LOW to Write End 

Address Set-up to Write End 

Address Hold from Write End 

Address Set-up to Write Start 

WE Pulse Width 

Data Set-up to Write End 

Data Hold from Write End 

WE LOW to High Z 

WE HIGH to Low Z 

25 

3 

0 

3 

25 

25 

20 

0 

0 

20 

10 

0 

6 

3. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of l.5V, input pulse levels ofO to 3.0V and output 
loading of the specified lor/IoH and 30 pF load capacitance. 

4. iHZOE, tHZcs and tHZwE are tested with CL = 5 pF as in Figure I b. 
Transition is measured ± 500 m V from steady state voltage. 

5. At any given temperature and voltage condition, 1Hzcs is less than 
ti.zcs for all devices. These parameters are sampled and not 100% 
tested. 

Switching Waveforms 
Read Cycle No.1(Notes7, 8) 

Max. Min. Max. Min. Max. 

35 45 ns 

25 35 45 ns 

3 3 ns 

15 25 30 ns 

15 15 20 ns 

0 0 ns 

15 15 15 ns 

5 5 ns 

15 20 25 ns 

35 40 ns 

35 35 ns 

30 35 ns 

0 0 ns 

0 0 ns 

30 35 ns 

15 15 ns 

0 3 ns 

10 15 20 ns 

6 6 ns 

6. The internal write time of the memory is def med by the overlap of 
<:$LOW and WE WW. 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. 

7. WE is HIGH for read cycle. 
8. Device is continuously selected, CS = V1L and OE = VJL. 
9. Address valid prior to or coincident with CE transition WW. 

10. Data 1/0 will be high impedanee if OE = VJH. 

ADDRESS _=l ____ .... 14:~~~~~:=:=-:-to:-_~HA:-_~---~-~tA--A~-~~~~~~~~~-t-Rc~-~~~~~~~~~~~~~~~~~~~~~~~-.!*--------
DATA OUT PREVIOUS DATA VALID DATA VALID 

-----------------------------------0037-t1 

2-99 

• 



~ CY7C170 
~~~NDUCTOR================================================================ 
Switching Waveforms (Continued) 

Read Cycle No. 2 (Notes 7, 9) 

14---------------tRc------------~ 

i--------tAcs ------+! 

BE---4--... 

{]tHZOE~ f---tLZQEI f--•Hzcs-
HIGH 

DATA OUT ---1..--H1_G_H_1M_P_ED_A_N_c_E ___ JL+--t-//+-L~LH DATA VALID ,__1M_P_ED_A_N_c_E_ 

~---~cs---+<1\.~~ ...... ~~~ ...... ~~~.._---------------------+-----JJ 

~---tooe-------i 

0037-7 

Write Cycle No.1 (WE Controlled) (Notes 6, 10) 

14-----------------twc---------------.. 

i.----------tscs-----------+I 

~-----t,.------i 

DATA IN DATA-IN VA"LID 

tHzwe------1 tLZWE~ ---------------------"""""\! HIGH IMPEDANCE ~r-------' 
DATA l/D DATA UNDEFINED 1>-----------C\ .. _ ------

0037-8 

Write Cycle No. 2 (CS Controlled) (Notes 6, 10) 

---------------~c--------------i 

ADDRESS 

-----~-----tscs-----., 

DATA-IN VALID 

tttzwe------1 

-----------------~ HIGH IMPEDANCE 
DATA 1/0 DATA UNDEFINED ,>---------------------

0037-9 

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

2-100 



~ CY7C170 
~~~NDUCTOR ==================================================================== 

Ordering Information 
Speed 
(ns) 

25• 

35 

45 

•Preliminary 

Bit Map 

OUTPUTS 3210 . 3210 
Y·ADDRESS 00 . . . • 07 

Ordering Code 

CY7Cl 70-25PC 
CY7Cl 70-25DC 

CY7C170-35PC 
CY7Cl 70-35DC 

CY7Cl 70-35DMB 
CY7Cl70-45PC 

CY7Cl 70-45DC 

CY7Cl 70-45DMB 

0123 0123 3210 3210 
08 .... 15 16 .... 23 

0123 0123 
24 .... 31 

Package 
Type 

P9 
DlO 

P9 
DlO 

DlO 
P9 

DlO 

DlO 

ROWO 
I 
3 

' 

"' 125 
127 

ROW128 

• = REDUNDANT COLUMN 
# = REDUNDANT ROW 

Operating 
Range 

Commercial 

Commercial 

Military 
Commercial 

Military 

0037-10 

2-101 

Address Designators 
Address Address Pin 
Name Function Number 

Ao Xo 18 

At X3 19 

A2 X4 20 

A3 x, 21 

A4 X2 l 

As Xs 2 

A6 X6 3 

A1 Y3 4 

Ag Y4 5 

A9 Yo 6 

A10 Y1 7 

A11 Y2 8 • 



_ ...... ~ ..... :.~ 
'iii CYPRESS 

CY7C171 
CY7C172 

T SEMICONDUCTOR 4096 x 4 Static R/W RAM 
Separate 1/0 

Features 
• Automatic power-down when 

deselected 

• CMOS for optimum speed/ 
power 

• High Speed 
- 25 ns tAA 

• Transparent Write (7C171) 

• Low active power 
- 385 mW (commercial) 
- 385 mW (military) 

• Low standby power 
-83mW 

• TTL compatible inputs and 
outputs 

Logic Block Diagram 

•o-., -
•2-

A3_ 

··-•s-··-

Selection Guide 

Maximum Access Time (ns) 

Maximum Operating 
Current (mA) 

L 

STD 

• Capable of withstanding greater 
than 2001V electrostatic 
discharge 

Functional Description 
The CY7C 171 and CY7Cl 72 are high 
performance CMOS static RAMs orga
nized as 4096 x 4 bits with separate 
I/0. Easy memory expansion is pro
vided by an active LOW chip enable 
(CE) and three-state drivers. They have 
an automatic power-down feature, re
ducing the power consumption by 77% 
when deselected. 

Writing to the device is accomplished 
when the chip enable (CE) and write 
enable (WE) inputs are both LOW. 

12 

13 

Oo 

o, 

02 

03 

CE 

0051-1 

7C171-25 
7C172-25 

25 

Commercial 70 

Commercial 90 

Military 

2-102 

Data on the four input pins (Io through 
I3) is written into the memory location 
specified on the address pins (Ao 
through Au). 

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 
output pins. 

The output pins stay in high impedance 
state when write enable (WE) is LOW 
(7Cl 72 only), or chip enable (CE) is 
HIGH. A die coat is used to insure al
pha immunity. 

Pin Configurations 

A4 Vee 
A5 A3 

•• •2 

A7 21 •1 

•a Ao 

A9 19 lo 

•10 1, 

•11 Oo 

13 o, 
12 10 02 

CE 11 03 

GND 12 WE 

0051-2 

..f'-c1D..f..t>8<.l"l.c(N 

., 
•o 
lo 

NC NC 

•10 NC 

•11 1, 
13 Oo 

_NI~ ~I~ <foNO 
0051-3 

7C171-35 7C171-45 
7C172-35 7C172-45 

35 45 

70 

90 70 

90 70 



CY7C171 
· CY7C172 
~NDUGrOR ::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;::;:; 

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°C to + 125°C Latch-up Current .......................... > 200 mA 

Supply Voltage to Ground Potential 
(Pin 24 to Pin 12) .................... -0.SV to + 7.0V Operating Range 

DC Voltage Applied to Outputs 
in High Z State ...................... -0.5V to + 7.0V 

Range Ambient 
Temperature 

DC Input Voltage ................... -3.0V to + 7.0V Commercial O"C to + 10°c 

Output Current into Outputs (Low) ............. 20 mA Military - 55°c to + 125°C 

Electrical Characteristics Over Operating Range 

7C171L-25, -35 
Parameters Description Test Conditions 7C172L-25, -35 

Min. Max. 

VoH Output HIGH Voltage V cc = Min., loH = -4.0 mA 2.4 

VoL Output LOW Voltage V cc = Min., loL = 8.0 mA 0.4 

VrH Input HIGH Voltage 2.2 Yee 

VrL Input LOW Voltage -3.0 0.8 

Irx Input Load Current GND,,; Yr,,; Vee -10 +10 

loz Output Leakage Current GND ,,; Vo,,; Yee, -50 +50 Output Disabled 

Ios Output Short Circuit Currentlll Vee = Max., Your = GND -350 

Yee Operating Yee= Max. Commercial 70 
Ice Supply Current lour= OmA Military* 

Automatic CE Max. Vee, Commercial 15 
Iss1 Power Down Current CE::<: Vrn Military* 

Automatic CE Max. Vee, Commercial 10 
Iss2 Power Down Current CE::<: Vee -0.3V Military* 

• -35 and -45 only 

Capacitance [2] 

Parameters Description Test Conditions 

C1N Input Capacitance TA= 25°C, f = 1 MHz, Vee= 5.0V 

Cour Output Capacitance TA= 25°C, f = 1 MHz, Vee = 5.0V 
Notes: 
I. Not more than I output should be shorted at one time. Duration of 

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

AC Test Loads and Waveforms 
Rl 481H 

5 vu----....... ,.,, ......... 

OUTPUT n-------... 
30 pF R2 I 25511 
INCLUDING 

_JIGAND _ 
- SCOPE -

Figure la 

Rl 481!l 
s v o----~vv-..... 

OUTPUT o---+-----4 

5 pF I INCLUDING 
JIG AND 

-:- SCOPE ":" 

Figure lb 

Equivalent to: THEVENIN EQUIVALENT 
167n 

OUTPUT 0----''V;V'f'\r•---<0 1.73 V 0051-5 

2-103 

R2 
255!l 

0051-4 

7C171-25, .35 
7C172·25, -35 

Min. Max. 

2.4 

0.4 

2.2 Yee 
-3.0 0.8 

-10 +10 

-50 +50 

-350 

90 

90 

20 

20 

15 

20 

Max. 

4 

7 

Figure 2 

Vee 

5V ±10% 

5V ± 10% 

7C171-45 
7C172·45 Units 

Min. Max. 

2.4 v 
0.4 v 

2.2 Yee v 
-3.0 0.8 v 
-10 + 10 µA 

-50 +50 µA 

-350 mA 

70 mA 
70 

15 mA 
20 

15 mA 
20 

Units 

pF 

pF 

0051-6 



~ CY7C171 
l!Wr~ =====================C=Y=7=C=i=72 
Switching Characteristics Over Operating Range[3] 

Parameters Description 

READ CYCLE 

tRc Read Cycle Time 

tAA Address to Data Valid 

to HA Output Hold from Address Change 

tACE CE LOW to Data Valid 

tLZCE CE LOW to Low z[S) 

tHZCE CE HIGH to High z[4, SJ 

tpu CE LOW to Power Up 

tpo Cl! HIGH to Power Down 

tRCS Read Command Set-up 

tRCH Read Command Hold 

WRITE CYCLEl6) 

twc Write Cycle Time 

tscE CE LOW to Write End 

tAW Address Set-up to Write End 

tHA Address Hold from Write End 

tsA Address Set-up to Write Start 

tpWE WE Pulse Width 

tso Data Set-up to Write End 

tHD Data Hold from Write End 

tLZWE WE HIGH to Low z[S] (7Cl 72) 

tHZWE WE LOW to High z[4, S) (7Cl72) 

tAWE WE LOW to Data Valid (7Cl71) 

tAOV Data Valid to Output Valid (7Cl71) 
Notes: 
3. Test conditions assume signal transition times of S ns or less, timing 

reference levels of 1.SV, input pulse levels ofO to 3.0V and output 
loading of the specified Ior/IoH and 30 pF load capacitance. 

4. tHZCE and tHZWE are tested with CL = 5 pF as in Figure 1 b. Tran
sition is measured ± 500 m V from steady state voltage. 

S. At any given temperature and voltage condition, tHZ is less than tu 
for any given device. These parameters are specified and not 100% 
tested. 

Switching Waveforms 
Read Cycle No.1(Notes7, 8) 

7C171·25 7C171-35 7C171-45 
7C172·25 7C112-35 7C172-45 Units 

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

25 35 45 ns 

25 35 45 ns 

3 3 3 ns 

25 35 45 ns 

5 5 5 ns 

15 20 20 ns 

0 0 0 ns 

25 25 30 ns 

0 0 0 ns 

0 0 0 ns 

25 35 40 ns 

25 30 35 ns 

20 30 35 ns 

0 0 0 ns 

0 0 0 ns 

20 25 30 ns 

10 15 15 ns 

0 0 3 ns 

0 0 0 ns 

10 15 20 ns 

25 30 35 ns 

25 30 35 ns 

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

7. WE is high for read cycle. 
8. Device is continuously selected, CE= VIL· 
9. Address valid prior to or coincident with CE transition low. 

ADDRESS~~-~~~--------------_•Ac=========~~*-· ---
--{ ____ ,..=:_-_ -_ ------to-HA ___ ·A_A_m· . DATA OUT PREVIOUS DATA VALID DATA VALID ---------------------

0051-7 
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CY7C171 
· CY7C172 
~NDUCTOR :=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:= 

Switching Waveforms (Continued) 

Read Cycle (Notes 7, 9) 

HIGH 
IMPEDANCE 

tpu 

Vee 
SUPPLY 

CURRENT---+----

50% 

Write Cycle No. 1 (WE Controlled) (Note 6) 

•------- tscE -------11.1"'".,....,...,......,...,....,..,,...,...,..,...,.. 
CE _i ..... ,:i-.+,:i....,~'""'&_I ~ 

1-4----------tAW ________ _,..,__\HA-+i 

1-4----- \sA----JI 

DATA IN DATA-IN VALID Ji{_ 

l="tHZWE--i J-tLZWE 
DATA OUT-------------+----:.._-'1.11 HIGH IMPEDANCE ..Jf,,... ___ _ 
(?Cln) DATA UNDEFINED JI 1'c,.._ ___ _ 

J- \ADV-~--------------
DATA OUT DATA UNDEFINED DATA VALID 
(7C171) 

Write Cycle No. 2 (CE Controlled) (Note 6) 

!-4------------ twc 

DATA IN 

DATA OUT 
(7C171) DATA UNDEFINED 

Note: IfCE goes high simultaneously with WE high, the output remains in a high impedance state (7Cl72). 
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Typical DC and AC Characteristics 
NORMAUZED SUPPLY CURRENT NORMALIZED SUPPLY CURRENT 

vs. AMBIENT TEMPERATURE 

J 
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0 ... 
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llE a: 
0 z 

.. 
:J 
0 ... 
N 
:::; 
<( 
:IE a:. 
i 

j 
51 
N 
:::; 
<( 
:IE a: 
ii! 

vs. SUPPLY VOLTAGE 
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SUPPLY VOLTAGE (VI 

NORMAUZED ACCESS TIME 
vs. SUPPLY VOLTAGE 

..... 
............. 

1°"... TA •26°C 

r-- -
0.8 

4.0 4.5 5.0 5.5 6.0 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 

SUPPLY VOLTAGE (VI 

TYPICAL POWER.ON CURRENT 
vs. SUPPLY VOLTAGE 

[2 
1---1 -o.o 1.0 2.0 3.0 4.0 5.0 

SUPPLY VOLTAGE IV) 

1.2 

J 
] 0.8 

0 
::: 0.6 t------r--------i 
:::; 

~ a: 0.4 l------r--~-cc-=-5.-0-V---i 

i V1N =.5.0V 
0.2 1------r--------i 

0.0 .._ __________ _ 

-55 25.0 125.0 

AMBIENT TEMPERATURE l°CI 

NORMALIZED ACCESS TIME 
vs. AMBIENT TEMPERATURE 

0.6 ..._ __________ _ 

-55 25 125 

AMBIENT TEMPERATURE l°CI 

TYPICAL ACCESS TIME CHANGE 
vs. OUTPUT WADING 

30.0 ---.....;.~--.....--......... --, 

~ 
25.0 1--+--+--t-1 /--c:lr!""---1 

~ 20.0 1---1---+-L-"""1>'~--i---i 

~ 15.0 1---+---+.,,__,r---+----t 
~ % 
~ 10.0 1---1-7LJ<-r--;---+-.,..---1 V TA•26°C 

.L Vee • 4.50 v 
5.0 IL: 
o.o ,.__....._ _ _.._ ______ _ 

0 200 400 600 800 1000 

CAPACITANCE lpfl 
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OUTPUT SOURCE CURRENT 

120 vsFO;;..UTP;;;.;..-"T"UT'-"-V-O""L"i"T""A.-G ... E--,---, 

~ ... 
~ 80 1---1-----i---t----t 
rl f'..... 
.., 60 I .........._ 
~ ~ I Vee=5.0V 
::> ~ TA•25°C 
5l 40 .............. 

5 ' 
~ 20 ~ 

0 
0.0 

<i 
! ,_ 
z ... 
a: 
a: 
::> 
CJ 

"' z 
iii ,_ 
::> a. ,_ 
::> 
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140 
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100 
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60 
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OUTPUT VOLTAGE IVI 

OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 

y 
..L. 

L Vee =5.0V 
TA• 25°C 

v 
L 

rf 
0.0 1.0 2.0 3.0 

OUTPUT VOLTAGE (VI 

NORMALIZED Ice 
vs. CYCLE TIME 

4.0 
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1.1 ..----.------.,..---...., 

Vee• 5.0 V 
TA• 26°C 
V1N • 0.5 V 

] 1.0l----+----+----

51 
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~'ie§'NDUCTOR =================================================================:;; 
Ordering Information 

Speed Ice Ordering Code Package Operating 
(ns) mA Type Range 

Speed Ice Ordering Code Package Operating 
(ns) mA Type Range 

25 70 CY7Cl 71L-25PC P13 Commercial 25 70 CY7Cl 72L-25PC P13 Commercial 

CY7Cl71L-25DC D14 CY7Cl 72L-25DC D14 

CY7C171L-25LC L64 CY7Cl 72L-25LC L64 

90 CY7Cl 71-25PC P13 90 CY7C172-25PC P13 

CY7C171-25DC D14 CY7C172-25DC D14 

CY7Cl 71-25LC L64 CY7C172-25LC L64 

35 70 CY7Cl71L-35PC P13 Commercial 35 70 CY7C172L-35PC P13 Commercial 

CY7Cl 71L-35DC D14 CY7C 172L-35DC D14 

CY7Cl 71L-35LC L64 CY7Cl 72L-35LC L64 

90 CY7Cl 71-35PC P13 90 CY7C172-35PC P13 

CY7Cl 71-35DC D14 CY7C172-35DC D14 

CY7Cl 71-35LC L64 CY7C172-35LC L64 

CY7C171-35DMB D14 Military CY7Cl 72-35DMB D14 Military 

CY7C171-35LMB L64 CY7C172-35LMB L64 

45 70 CY7C171-45PC P13 Commercial 45 70 CY7C172-45PC P13 Commercial 

CY7Cl71-45DC D14 CY7C172-45DC D14 

CY7C171-45LC L64 CY7C172-45LC L64 

CY7C171-45DMB D14 Military CY7Cl 72-45DMB D14 Military 

CY7C171-45LMB L64 CY7Cl 72-45LMB L64 

Address Designators 
Address Address Pin 
Name Function Number 

Ao Xo 20 

A1 X3 21 

Az Xi 22 

A3 X1 23 

A4 X2 I 

As Xs 2 

A6 X6 3 

A1 Y3 4 

Ag Y4 5 

A9 Yo 6 

A10 Y1 7 

A11 Y2 8 

2-107 
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CY7C185 
CY7C186 

, SEMICONDUCTOR 8192 x 8 Static R/W RAM 
Features 
• Automatic power-down when 

deselected 

• CMOS for optimum speed/ 
power 

• High speed-35 ns 

• Low active power 
-550 mW 

• Low standby power 
-110 mW 

• TTL compatible inputs and 
outputs 

• Capable of withstanding greater 
than 2000V electrostatic 
discharge 

• 2V data retention (L version) 

Logic Block Diagram 

CE, 
CE2 

WE 

CiE 

Selection Guide 

Maximum Access Time (ns) 

Maximum Operating 
Current (mA) 

Maximum Standby 
Current (mA) 

Functional Description 
The CY7Cl85 and CY7C186 are high 
performance CMOS static RAMs orga
nized as 8192 words by 8 bits. Easy 
memory expansion is provided by an 
active LOW chip enable (CE1), an ac
tive HIGH chip enable (CE2), and ac
tive LOW output enable (OE) and 
three-state drivers. Both devices have 
an automatic power-down feature, re
ducing the power consumption by 73% 
when deselected. The CY7C185 is in 
the space saving 300 mil wide DIP 
package and leadless chip carrier. The 
CY7C186 is in the standard 600 mil 
wide package. 

An active LOW write enable signal 
(WE) controls the writing/reading op
eration of the memory. When CE1 and 
WE inputs are both LOW and CE2 is 

l/Oo 

1/01 

1/02 

1/03 

1/04 

I/Os 

I/Os 

1/07 

0055-1 

7C185-35 
7C186-35 

35 

Commercial 100 

Military 

Commercial 20/20 

Military 

2-108 

HIGH, data on the eight data input/ 
output pins (I/Oo through 1/07) is 
written into the memory location ad
dressed by the address present on the 
address pins (Ao through A12). Read
ing the device is accomplished by se
lecting the device and enabling the out
puts, CE1 and OE active LOW, CE2 
active HIGH, while (WE) remains in
active or HIGH. Under these condi
tions, the contents of the location ad
dressed by the information 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. A die coat is 
used to ensure alpha immunity. 

Pin Configurations 

NC 1 Vee 
A4 2 WE 
As CE2 

As ., ., 5 ., 
As A1 

Ag or 
A10 8 21 Ao 

A11 9 CE1 .,, 10 1/07 

l/Oo 11 vo, 
1/01 12 1/05 

1/02 13 1/04 
GND 14 15 1/03 

0055-2 

<'°·t<""~I~ 

2S CE2 
25 .. 
24 ., 
23 ., 
22 OE'. 
21 Ao 
20 CE, 
19 1/07 
18 I/Os 

NO "1 '<t 10 

~~~~~ 
0055-3 

7C185-45 7C185-55 
7C186-45 7C186-55 

45 55 

100 80 

100 100 

20/20 20/20 

20/20 20/20 
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Maximum Ratings 
(Above which the useful life may be impaired) 
Storage Temperature ............... - 65°C to + l 50"C Static Discharge Voltage ..................... >2001V 
Ambient Temperature with (Per MIL-STD-883 Method 3015.2 
Power Applied .................... - 55°C to + 125°C Latch-up Current .......................... > 200 mA 
Supply Voltage to Ground Potential 
(Pin 28 to Pin 14) .................... -0.5V to + 7.0V Operating Range 
DC Voltage Applied to Outputs 
in High Z State ...................... -0.5V to +7.0V 

Range 
Ambient 

Vee Temperature 

DC Input Voltage ................... - 3.0V to + 7.0V Commercial O"C to + 70"C 5V ±10% 
Output Current into Outputs (Low) ............. 20 mA Military - 55•c to + 12s•c 5V ±10% 

Electrical Characteristics Over Operating Range 

7C185-35 7C185-45 7C185-55 

Parameters Description Test Conditions 7C186-35 7C186-45 7C186-55 Units 
Min. Max. 

You Output HIGH Voltage Yee= Min.,Iou = -4.0mA 2.4 

VoL Output LOW Voltage V cc = Min., loL = 8.0 mA 0.4 

Yrn Input HIGH Voltage 2.2 Yee 

V1L Input LOW Voltage -3.0 0.8 

lix Input Load Current GND s V1 s Vee -10 10 

Ioz 
Output Leakage GND s V1 s Vee -10 +10 Current Output Disabled 

Ios 
Output Short 
Circuit CurrentUI Yee= Max., YoUT = GND -300 

Ice 
V cc Operating Vee= Max. 
Supply Current IouT = OmA 

Max. Vee. 

Ise1 
Automatic CE) CE) z Vrn, 
Power Down Current Min. Duty 

Cycle= 100% 

Max. Yee. 

Ise2 
Automatic CE1 CE) z Vcc-0.3V, 
Power Down Current VIN z Ycc-0.3V 

or VIN s 0.3V 

Capacitance [2] 

Parameters Description 

CJN Input Capacitance 

CoUT Output Capacitance 
Notes: 
I. Not more than I output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 

AC Test Loads and Waveforms 
Rt 48tn 

Commercial 100 

Military 

Commercial 20 

Military 

Commercial 20 

Military 

Test Conditions 

TA = 25•c, r = 1 MHz 
Vee= 5.0V 

2. Tested on sample basis. 

Rt 48tn 

Min. Max. Min. 

2.4 2.4 

0.4 

2.2 Vee 2.2 

-3.0 0.8 -3.0 

-10 10 -10 

-10 +10 -10 

-300 

100 

100 

20 

20 

20 

20 

Max. 

5 

7 

All Input Pulses 
5 v o----'V'tl'\,--, 

OUTPUTO-------

30pF R2 I 255!1 
INCLUDING 

_JIGAND -

svo----....,Y\ro--. 

OUTPUT a-------
I SpF ~:Sn 

::: ___ 1-
,;5ns~ ~ 

- SCOPE -
0055-4 

Figure la 

Equivalent to: THEVENIN EQUIVALENT 

t&m 
OUTPUT 0----1 .. ,...,, .. ,.., ___ 0 t.73V 

INCLUDING 
_JIGAND _ 
- SCOPE -

Figure lb 

0055-7 
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0055-5 Figure2 

Max. 

v 
0.4 v 

Yee v 
0.8 v 
10 µ.A 

+10 µ.A 

-300 mA 

80 mA 
100 

20 
mA 

20 

20 
mA 

20 

Units 

pF 

0055-6 
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Switching Characteristics Over Operating Range!3J 

Parameters Description 

READ CYCLE 

tRC Read Cycle Time 

tAA Address to DataValid 

to HA Data Hold from Address Change 

tACE1 CE1 LOW to Data Valid 

tACEz CE2 HIGH to Data Valid 

tooE OE LOW to Data Valid 

tLZOE OE LOW to Low Z 

tHZOE OE HIGH to High z[4) 

tLZCE1 CE1 LOW to Low z[S) 

TLZCEz CE2 HIGH to Low Z 
~ 

C1rJ HIGH to High z[4, SJ 
tHZCE CE2 LOW to High Z 

tpu CE1 LOW to Power Up 

tPD CE1 HIGH to Power Down 

WRITE CYCLEl6l 

twc Write Cycle Time 

tscE1 CE1 LOW to Write End 

tSCEz CE2 HIGH to Write End 

tAW Address Set-up to Write End 

tHA Address Hold from Write End 

tsA Address Set-up to Write Start 

tpwE WE Pulse Width 

tsD Data Set-up to Write End 

tHD Data Hold from Write End 

tHZWE WE LOW to High z[4) 

tLZWE WE HIGH to Low Z 
Notes: 
3. Test conditions assume signal transition times of 5 ns or less, timing 

reference levels of 1.SV, input pulse levels ofO to 3.0V and output 
loading of the specified Ior/IoH and 30 pF load capacitance. 

4. tHZOE. tHZcE and tHZWE are specified with CL = s pF as in Figure 
I b. Transition is measured ± 500 m V from steady state voltage. 

5. At any given temperature and voltage condition, tHZCE is less than 
tLzcB for any given device. These parameters are guaranteed and not 
100% tested. 

6. The internal write time of the memory is defined by the overlap of 
CE LOW and WE LOW. Both signals must be WW to initiate a 

7C185-35 7C185-45 7C185-55 
7C186-35 7C186-45 7C186-55 Units 

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

35 45 55 ns 

35 45 55 ns 

3 3 3 ns 

35 45 55 ns 

25 30 40 ns 

20 20 25 ns 

3 3 3 ns 

20 25 30 ns 

5 5 5 ns 

3 3 3 ns 

15 20 20 ns 

0 0 0 ns 

20 25 25 ns 

35 45 50 ns 

30 40 50 ns 

20 25 30 ns 

30 40 50 ns 

0 0 0 ns 

0 0 0 ns 

20 25 30 ns 

15 20 25 ns 

0 0 0 ns 

15 20 25 ns 

3 3 3 ns 

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. 

7. WE is HIGH for read cycle. 
8. Device is continuously selected. OE, CE = VIL· CE2 = Vrn. 
9. Address valid prior to or coincident with CE transition LOW. 

10. Data I/0 is HIGH impedance if OE = Vrn. 
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Data Retention Characteristics (L Version only) 

Parameters Description Test Conditions 

VnR V cc for Retention of Data 

IccnR Data Retention Current Vee= 2.ov, 

tcnR!121 Chip Deselect to Data Retention Time 
CE 2 Vee - 0.2V 
VIN 2 Vee - 0.2V 

tR[12] Operation Recovery Time 

Iull2] Input Leakage Current 
Notes: 
11. !Re = Read Cycle Time. 

Data Retention Waveform 

or VIN,.;; 0.2V 

12. Guaranteed, not tested. 

DATA RETENTION 
MODE 

Yee ~~~:f--vo_R_2::_2v--t:. ~ 

Min. Max. 

2.0 -
- 1000 

0 -
tRc!ll] -

- 2 

I v0R I 
a: 1111111111 vlH ' ,---vl"""'H ~ .... s ..... s-s-s-s .... s .... s .... s .... s .... s .... s ...... s 

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

2-111 

Units 

v 

µA 

ns 

ns 

µA 
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Switching Waveforms (Continued) 

Read Cycle No. 2 (Notes 7, 9) 

Vee 
SUPPLY 

CURRENT ------' 

Write Cycle No. 1 (WE Controlled) (Notes 6, 10) 

i.--------tsCE1--------.. :~-.-..-.-.,...,,_,..._..., __ 
cr, ..... --+._ _________________ ....,. .......... ...,. ........................ ...... 

-------tscE2--------1 

DATA-IN VALID 

DATA 1/0 DATA UNDEFINED 
HIGH IMPEDANCE _________________ _,, 

Write Cycle No. 2 (CE Controlled) (Notes 6, 10) 
i.----------~twc~-------~1 

ADDRESS 

cr, 
\sA 

CE2 

WE 

DATA IN 

DATA 1/0 DATA UNDEFINED >-------------
Note: If CE goes HIGH simultaneously with WE HIGH, the output remains in a high impedance state. 

2-112 
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Typical DC and AC Characteristics 
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Truth Table 

CEi CE2 WE OE Input/Outputs Mode 

H x x x HighZ Deselect Power Down 

x L x x HighZ Deselect 

L H H L Data Out Read 

L H L x Data In Write 

L H H H HighZ Deselect 

Ordering Information 
Speed 

Ordering Code 
Package Operating 

(ns) Type Range 
Speed 

Ordering Code 
Package Operating 

(ns) Type Range 

35 CY7C185-35PC P21 Commercial 3S CY7Cl86-3SPC PIS Commercial 

CY7Cl 85L-3SPC P21 CY7Cl86L-3SPC PIS 

CY7Cl8S-3SDC D22 CY7Cl86-35DC Dl6 

CY7C185L-35DC D22 CY7C186L-35DC D16 

45 CY7C185-4SPC P21 Commercial 4S CY7C186-4SPC PIS Commercial 

CY7Cl 85L-45PC P21 CY7C186L-45PC PIS 

CY7C185-4SDC D22 CY7Cl86-4SDC D16 

CY7Cl 85L-4SDC D22 CY7Cl86L-4SDC D16 

CY7Cl8S-4SLC L54 CY7C186-4SDMB D16 Military 

CY7Cl 8SL-4SLC LS4 CY7C186L-45DMB D16 

CY7C18S-4SDMB D22 Military SS CY7Cl86-SSPC PIS Commercial 

CY7Cl8SL-4SDMB D22 CY7Cl86L-5SPC PIS 

CY7Cl8S-4SLMB L54 CY7C186-55DC D16 

CY7Cl8SL-4SLMB LS4 CY7C186L-SSDC D16 

SS CY7Cl8S-5SPC P21 Commercial CY7C186-SSDMB D16 Military 

CY7Cl8SL-SSPC P21 CY7C186L-5SDMB D16 

CY7Cl8S-SSDC D22 

CY7Cl8SL-SSDC D22 

CY7C18S-SSLC LS4 

CY7Cl8SL-SSLC LS4 

CY7C18S-S5DMB D22 Military 

CY7Cl8SL-SSDMB D22 

CY7Cl8S-S5LMB LS4 

CY7C18SL-SSLMB LS4 
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CY7C186 

~c§'NDUCfOR ======================================================================= 
Bit Map Address Designators 

Address Address Pin 
Name Function Number 

A4 X3 2 

AS X4 3 

A6 XS 4 

A7 X6 s 
AS X7 6 

A9 YI 7 

AIO Y4 8 

All Y3 9 

A12 YO 10 

AO Y2 21 

Al XO 23 

A2 XI 24 

A3 X2 2S 

0055-14 
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'iii CYPRESS 
jF SEMICONDUCTOR 65,536 x 1 Static R/W RAM 

Features 
• Automatic power-down when 

deselected 

• CMOS for optimum speed/ 
power 

• High speed-25 ns 

• Low active power 
-385 mW 

• Low standby power 
-110 mW 

• TTL compatible inputs and 
outputs 

• Capable of withstanding greater 
than 2000V electrostatic 
discharge 

• 2V data retention (L version) 

Logic Block Diagram 

Functional Description 
The CY7Cl87 is a high performance 
CMOS static RAM organized as 
65,536 words x 1 bit. Easy memory ex
pansion is provided by an active LOW 
chip enable (CE) and three-state driv
ers. The CY7Cl87 has an automatic 
power-down feature, reducing the pow
er consumption by 80% when deselect
ed. 

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 (Ao through A15). 

.-------<1-----01 

INPUT BUFFER 

0029-1 

Selection Guide 
7C187-25 

Maximum Access Commercial 25 
Time (ns) Military 
Maximum Operating Commercial 70 
Current (mA) Military 
Maximum Standby Commercial 20/20 
Current (mA) Military 
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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. 

The 7Cl87 utilizes a Die Coat to en
sure alpha immunity. 

Pin Configurations 

Ao 22 Yee 
A1 21 A15 

Az 20 A14 

A3 4 1g A13 

A4 18 A12 

A5 17 A11 

A5 16 A10 

A7 15 Ag 

Dour 14 As 

WE 10 13 DIN 

GND 11 12 Cl' 
0029-2 

""' .... 0 (,) .... 
-c( ...:( > <( 

A14 

A13 

A12 

A11 

A10 

Ag 

As 

0029-3 

7C187-35 7C187-45 

35 45 
35 45 
70 50 
70 70 

20/20 20/20 
20/20 20/20 
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Maximum Ratings 
(Above which the useful life may be impaired) 

Storage Temperature ............... - 65°C to + l 50°C Static Discharge Voltage ..................... > 2001 V 

Ambient Temperature with (Per MIL-STD-883 Method 3015.2) 

Power Applied .................... - 55°C to + 125°C Latch-up Current .......................... > 200 mA 

Supply Voltage to Ground Potential 
(Pin 22 to Pin 11) .................... -0.5V to + 7.0V Operating Range 

DC Voltage Applied to Outputs 
in High Z State ...................... -0.5V to + 7.0V 

Range Ambient 
Vee Temperature 

DC Input Voltage ................... - 3.0V to + 7.0V 

Output Current into Outputs (Low) ............. 20 mA 

Commercial D°Cto +7D°C sv ±10% 

Military - ss•c to + 12s•c sv ±10% 

Electrical Characteristics Over Operating Range 

Parameters Description Test Conditions 
7C187-25 7C187-35 7C187-45 

Units 
Min. Max. Min. Max. Min. Max. 

VoH Output HIGH Voltage Vee= Min.,IoH = -4.0mA 2.4 2.4 2.4 v 

VoL Output LOW Voltage Vee= Min.1 IoL = 8.0 mA Military 
0.4 0.4 0.4 v J IoL = 12.0mA Commercial 

VIH Input HIGH Voltage 2.2 Vee 2.2 Vee 2.2 Vee v 
V1L Input LOW Voltage -3.0 0.8 -3.0 0.8 -3.0 0.8 v 
I1x Input Load Current GND,;; V1,;; Vee -10 +10 -10 +10 -10 +10 µ.A 

loz Output Leakage Current GND ,;; Vo ,;; V cc. Output Disabled -so +so -so +so -so +so µ.A 

Ios 
Output Short Circuit 
CurrentUl Vee= Max., VouT = GND -3SO -3SO -3SO mA 

Ice V cc Operating Vee= Max. Commercial 70 70 so mA 
Supply Current IoUT = OmA Military 70 70 

Isa1 
Automatic CEl2l Max. Vee, Commercial 20 20 20 mA 
Power Down Current CE;;,, VIH Military 20 20 

Automatic CEl2l Max. Vee. CE;;,, Vee - 0.3V, Commercial 20 20 20 
mA 

Isa2 Power Down Current V1N;;,, Vee - 0.3Vor Military 20 20 
VIN,;; 0.3V 

Capacitance[3] 

Parameters Description Test Conditions Max. Units 

CIN Input Capacitance TA = 25°C, f = 1 MHz 5 

CoUT Output Capacitance Vee= 5.ov 7 
pF 

Notes: 
I. Not more than I output should be shorted at one time. Duration of 

the short circuit should not exceed 30 seconds. 
2. A pull-up resistor to V cc on the <::I! input is required to keep the 

device deselected during V cc power-up, otherwise Isa will exceed 
values given. 

AC Test Loads and Waveforms 
Rl 329 !l Rl 329 !l 

(480 !l MIL) (480 !l MIL) 

OUTPUTo----.----. 

INCLUDING I 30 pF 
JIG AND 
SCOPE 

R2 
202 n 

5 v o-----.1\11,..,..-, 

OUTPUT o--------4 

(255 !l MIL) 

3. Tested on a sample basis. 

GND 
R2 
20211 <:;5ns 
(255 !l MILi 

5 pF 
INCLUDINGf 
JIGAND j_ 
SCOPE ":" 

":" 0029-4 
Figure la Figure lb 

Equivalent to: THEVENIN EQUIVALENT 

90% 

Figure2 

1250 

-.; 5 ns 

0029-5 

1670 
OUTPUT o---... "M. ... ---o 1.73V 0029-6 OUTPUT 0 "M.""----<0 1.90V 0029-12 

Military Commercial 
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~ CY7C187 
~~~UCTOR =================================================================== 
Switching Characteristics Over Operating Range[4) 

Parameters Description 
7C187-25 7C187-35 7C187-45 

Units 
Min. 

READ CYCLE 

tRc Read Cycle Time 

tAA Address to Data Valid 

to HA Output Hold from Address Change 

tACE CE LOW to Data Valid 

tLZCE CE LOW to Low z[6] 

tHZCE CE HIGH to High z[5, 6] 

tpu CE LOW to Power Up 

tpn CE HIGH to Power Down 

WRITE CYCLE[7] 

twc Write Cycle Time 

tscE CE LOW to Write End 

tAW Address Set-up to Write End 

tHA Address Hold from Write End 

ts A Address Set-up to Write Start 

tPWE WE Pulse Width 

tsn Data Set-up to Write End 

tHD Data Hold from Write End 

tLZWE WE HIGH to Low z[6] 

tHZWE WE LOW to High z[5, 6] 

Notes: 
4. Test conditions assume signal transition times of 5 ns or less, timing 

reference levels of l.5V, input pulse levels ofO to 3.0V and output 
loading of the specified lor/loH and 30 pF load capacitance. 

5. tHZCE and tHZWE are specified with CL = 5 pF as in Figure 1 b. 
Transition is measured ± 500 m V from steady state voltage. 

25 

3 

5 

0 

0 

25 

20 

20 

0 

0 

20 

15 

0 

0 

0 

6. At any given temperature and voltage condition, tHZCE is less than 
tLZCE for any given device. These parameters are guaranteed and not 
I 00% tested. 
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Max. Min. Max. Min. Max. 

35 45 ns 

25 35 45 ns 

3 3 ns 

25 35 45 ns 

5 5 ns 

15 0 20 0 20 ns 

0 0 ns 

20 25 30 ns 

35 45 ns 

30 40 ns 

30 40 ns 

0 0 ns 

0 0 ns 

25 25 ns 

20 25 ns 

0 0 ns 

0 0 ns 

15 0 20 0 20 ns 

7. 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. 

8. WE is HIGH for read cycle. 
9. Device is continuously selected, CE = VIL· 

10. Address valid prior to or coincident with c;E transition LOW. 
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Data Retention Characteristics (L Version only) 

Parameters Description Test Conditions 

VnR V cc for Retention of Data 

IccDR Data Retention Current Vee= 2.ov, 

tcDR[l2] Chip Deselect to Data Retention Time 
CE 2 Vee - 0.2V 
V1N 2 Vee - 0.2V 

tR[l2] Operation Recovery Time 

Iu[l2] Input Leakage Current 
Notes: 
11. !Re = read cycle time. 

Data Retention Waveform 

orV1N,;: 0.2V 

12. Guaranteed, not tested. 

DATA RETENTION 
MODE 

Vee 4.svI_voR<!!-2V_1.::R ----1 
I--- teoR =-i' 'I~ 

CY7C187 

Min. Max. 

2.0 -

- 1000 

0 -
tRdll] -

- 2 

I VoR 
CE 111111111 ~ V1H ' , V1H issssssssssss 

Switching Waveforms 
Read Cycle No. 1 (8, 9] 

Units 

v 
µA 

ns 

ns 

µA 

0029-13 

ADDRESS ----,t=-=-~=-=---=-=-=--=-IA-A-=--=-=--==-__ •Rc=========-=--=--*-----{l"'----toHA---~ 
DATA OUT PREVIOUS DATA VALID DATA VALID 

0029-7 
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Switching Waveforms (Continued) 

Read Cycle No. 219, 11] 

Vee _____ ·P_UJ 50% 
SUPPLY 

CURRENT 

Write Cycle No. 1 (WE Controlled)[S] 

ADDRESS 

------tsA------

DATA IN DATA-IN VALID 

tHZWE---1 tLZWE----.i ' 

HIGH 
IMPEDANCE 

~
..----ICC 

50% 
ISB 

0029-8 

----------------------~ HIGH IMPEDANCE i,,-------
OATAOUT DATA UNDEFINED ,>------------..,,,,._ -------

0029-9 

Write Cycle No. 2 (CE Controlled)f8] 

i-------------,---~e---------------.j 

ADDRESS 

DATA IN DATA-IN VALID 

tHZWE--1 

-------------------~ HIGH IMPEDANCE 
DATA OUT DATA UNDEFINED 1>----------------------

0029-10 

Note: If CE goes HIGH simultaneously with WE HIGH, the output remains in a high impedance state. 
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Typical DC and AC Characteristics 

~ 
u 
~ 
0 
w 
N 
:::; .. 
:; 
a: 
0 z 

~ 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

0.0 

NORMALIZED 
SUPPLY CURRENT 
vs SUPPLYVOLTAGE 

7 
~~ 

ILJ 
~ 

Isa 

4.0 4.5 5.0 5.5 

SUPPLY VOLTAGE (V) 

NORMALIZED FREQUENCY 
vs. SUPPLY VOLTAGE 

6.0 

1.4 ----,...---,...---...-----. 

1.3 1---1---1---+----l 

~ 1.2 1---1---1---+----< 
0 
w 

~ 1.1 F"'-..::--1---1---t-----l 

~ ~ :5 1.0 1---1-_;:""-k=--t-----l 
z r--J -

0.9 1---1---1---+----l 

0.8 .._ __ ..__ __ ..__ __ .._ _ __. 

4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE (VI 

TYPICAL POWER-ON CURRENT 
vs. SUPPLY VOLTAGE 

3.0 .----.--...... --..--....... ----. 

2.5 

g 2.0 
0 
~ 
:::; 1.5 .. 
:; 
a: i 1.0 t--+---+---+---+lL---,1 

0.5 l---+---l--+---2«----t 

J...-1 
0.0 L------=::.J-_.J......._..J 

0.0 1.0 2.0 3.0 4.0 5.0 

SUPPLY VOLTAGE (VI 

1.2 

1.0 .. 
~ 

] 0.8 

0 
w 0.6 N 
:::; .. 
:; 0.4 a: 
0 z 

0.2 

0.0 

~ 

:!-

NORMALIZED 
SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 

r--.......... 
~ 

Vee= 5.0 v 
V1N ""5.0V 

t---lse 

-55 25.0 125.0 

AMBIENT TEMPERATURE ('Cl 

NORMALIZED FREQUENCY 
vs. AMBIENT TEMPERATURE 

8 1.2 t-----+-------..----1 
N 
:::; .. 
:; 1.0 t------'--------1 
~ 

0.6 '-----~-----~ 
-55 25 125 

30.0 

25.0 

! 20.0 

~ 

; 15.0 

!::; 
w 
0 10.0 

5.0 

0.0 

AMBIENT TEMPERATURE l'C) 

TYPICAL ACCESS TIME CHANGE 
vs. OUTPUT LOADING 

-L 
~ z y TA= 25'C 

Vee• 4.50 v 

~ 
0 200 400 600 800 1000 

CAPACITANCE lpFI 
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120 

<i 
! 100 ... 
i.'i 
a: 80 a: 
::J u 
w 60 u a: 
::J 
0 40 "' ... 
::J ... 

OUTPUT SOURCE CURRENT 
vs. OUTPUT VOLTAGE 

~ 
~ Vee= s.o v 

TA =25'C 

~ ... 
::J 
0 

20 

0 
0.0 

.:sJ 
1.0 2.0 3.0 

OUTPUT VOLTAGE IV) 

OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 

4.0 

140 ..-----.----...---~..-----. 

<i 120 ~--~--h.£.~t:==l 
! y 
I- 100 1---+---#.L..J,_,_ _____ _, 
i.'i z "'.cc"'S.OV 
~ SO l---+-.l'---+--T~A.:._"~25_·c----1 
a V 
~ 60 1-----,.,---'t----+---+----< 
v; _L_ 
~ 40 L 
5 20 
0 I 

0 .._ __ ..__ __ ..__ __ .._ _ __. 

0.0 1.0 2.0 3.0 

OUTPUT VOLTAGE IVI 

NORMALIZED Ice 
vs. CYCLE TIME 

4.0 

1.25 ..-----,.-----..------. 

Vee = 5.0 v 
TA • 25'C 
V1N = 0.5 V 

0.50 _____ .._ ___ .._ __ __. 

10 20 30 40 

CYCLE FREQUENCY (MHz) 
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Truth Table 
CE WE Input/Outputs Mode 

H x HighZ Deselect Power Down 

L H Data Out Read 

L L Data In Write 

Ordering Information Address Designators 
Speed 

Ordering Code 
Package Operating 

(ns) Type Range 
Address Address Pin 
Name Function Number 

25 CY7C187-25PC P9 Commercial AO X3 I 

CY7C187L-25PC P9 Al X4 2 

CY7C187-25DC DIO A2 X5 3 

CY7Cl87L-25DC DIO A3 X6 4 

35 CY7C187-35PC P9 Commercial A4 X7 5 

CY7C187L-35PC P9 A5 Y7 6 

CY7C187-35DC DIO A6 Y6 7 

CY7C187L-35DC DIO A7 Y2 8 

CY7Cl87-35LC L52 AS Y3 14 

CY7C187L-35LC L52 A9 YI 15 

CY7C187-35DMB DIO Military AIO YO 16 

CY7C187L-35DMB DIO All Y4 17 

CY7C187-35LMB L52 A12 Y5 18 

CY7C 187L-35LMB L52 A13 XO 19 

45 CY7Cl87-45PC P9 Commercial A14 XI 20 

CY7C187L-45PC P9 Al5 X2 21 

CY7C187-45DC DIO 

CY7C 187L-45DC DIO 

CY7C187-45LC L52 

CY7C 187L-45LC L52 

CY7Cl87-45DMB DIO Military 

CY7C187L-45DMB DIO 

CY7Cl87-45LMB L52 

CY7C187L-45LMB L52 
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·f J= CYPRESS 

CY7C189 
CY7C190 

_ F SEMICONDUCTOR 16 x 4 Static R/W RAM 
Features 
• Fully decoded, 16 word x 4-bit 

high speed CMOS RAMs 

• Inverting outputs CY7C189 

• Non-inverting outputs CY7C190 

• High speed 
- 15 ns and 25 ns commercial 
- 25 ns military 

• Low power 
- 303 mW at 25 ns 
- 495 mW at 15 ns 

• Power supply SV ± 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 

Logic Block Diagrams 

CY7C189 

Ao 

Ai 

A, 

A3 

cs 

Wl 

Do 

o, 

Dz 

03 

Oo 

o, 

02 

03 

0011-1 

Selection Guide 

Maximum Access Time (ns) 

Maximum Operating Current (mA) 

Functional Description 
The CY7Cl89 and CY7Cl90 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 (CY7Gl89) 
and non-inverting (CY7Cl90) 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 (Do-D3) is written into the lo
cation addressed by the information on 
the address lines (Ao-A3). The outputs 
are preconditioned such that the cor-

CY7C190 

Do 

D, 

D, 

D3 

Ao 

Do 

Ai 
Di 

Az a, 

A3 
a, 

cs 

Wl 
0011-2 

Commercial 

Military 

Commercial 

Military 
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rect data is present at the data outputs 
(Oo-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 <m 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 
(CY7Cl90) 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. 

Pin Configuration 

Ao Vee 
cs Ai 

WE A2 

Do A3 

IOolOo 03 

o, 03 (03} 

101101 02 

GND Oz ICl2l 

0011-3 

(7C189) 
7C190 

7C189-15 7C189-25 
7Cl!I0-15 7Cl!I0-25 

ts 2S 

2S 

90 SS 

70 



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°C to + 125°C Latchup Current .......................... > 200 mA 

Supply Voltage to Ground Potenial 
(Pin 16 to Pin 8) ..................... -0.5V to + 7.0V Operating Range 

DC Voltage Applied to Outputs 
inHighZState ...................... -0.5Vto +7.0V 

Range 
Ambient 

Vee Temperature 

DC Input Voltage ................... - 3.0V to + 7 .OV Commercial O"C to + 70"C 5V ±10% 

Output Current, into Outputs (Low) ............. 20 mA Military -55°cto + 12s•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 Vee = Min., IoH = 5.2 mA 2.4 2.4 v 

VoL Output LOW Voltage Vee= Min., IoL = 16.0mA 0.45 0.45 v 

Vm Input HIGH Voltage 2.0 Vee 2.0 Vee v 
V1L Input LOW Voltage -3.0 0.8 -3.0 0.8 v 
I1x Input Leakage Current GND ~ V1 ~Vee -10 +10 -10 +10 µ.A 

Ven 
Input Diode Clamp 
VoltageUl 

Ioz Output Leakage Current GND ~Vo~ Vee -40 +40 -40 +40 µ.A 

Ios 
Output Short 

Vee = Max., VoUT = GND -90 -90 mA Circuit Currentl2] 

Ice Power Supply Current Vee= Max., l Commercial 90 55 mA 
IoUT = OmA l Military 70 mA 

Capacitance[4] 
Parameters Description Test Conditions Max. Units 

C1N Input Capacitance TA = 25•c, r = 1 MHz 4 pF 
CoUT Output Capacitance Vee= 5.ov 7 

Notes: 
I. The CMOS process does not provide a clamp diode. However the 

CY7C189 and CY7C190 are insensitive to -3V de input levels and 
-SV undershoot pulses ofless than 5 ns (measured at 50% points). 

3. 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 recovery glitch). 

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

2-125 

4. Tested on a sample basis. 
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Switching Characteristics Over the Operating Range[5] 

Parameter Description 

READ CYCLE 

tRC Ready Cycle Time 

tACS Chip Select to Output Valid 

tHZCS Chip Select Inactive to High Z 

tLZCS Chip Select Active to Low Z 

to HA Output Hold from Address Change 

tAA Address Access Time 

WRITE CYCLE[3, 6] 

twc Write Cycle Time 

tHZWE Write Enable Active to High Z 

tLZWE Write Enable Inactive to Low Z 

tAWE Write Enable Inactive to Output Valid 

tpwE Write Enable Pulse Width 

tsn Data Setup to Write End 

tHD Data Hold from Write End 

ts A Address Setup to Write Start 

tHA Address Hold from Write End 
Notes: 

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

6. 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 

7C189-15 7C189-25 
Test 7C190-15 7C190-25 Units Conditions 

Min. Max. Min. Max. 

15 25 ns 

Notes 12 15 ns 

Note7, 9 12 15 ns 

12 15 ns 

5 5 ns 

Note S 15 25 ns 

15 20 ns 

Note7, 9 12 20 ns 

12 20 

Notes 12 20 ns 

15 20 ns 

15 20 ns 

0 0 ns 

0 0 ns 

0 0 ns 

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

8. IAA. IAcs and IAwEare tested with CL= 30 pF as in Figure la. 
Timing is referenced to 1.5V on the inputs and outputs. 

9. tHZcs and IHZWE are tested with CL= 5 pF as in Figure lb. 

Address Designators 
!-------COLUMN 
..------OUTPUTS 

Address 
Name 

Address Pin 
Function Number 

Ao AXO 1 

A1 AXl 15 

A1 AYO 14 

ROWO 
A3 AYl 13 

ROW3 

0011-5 
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~NDUCTOR :;;;;:================================================================;;:: 

AC Test Loads and Waveforms 

Rl 25D fl 
5 v v----~"",..,.__, 

OUTPUT a---.... ---__. 

3DpF 

I INCLUDING 
JIG AND 

":" SCOPE ":" 

R2 
15Dfl 

Rl 25D fl 
5 v o----~'V\rv--. 

OUTPUT o---+----..... 

5 pf 

I INCLUDING 
_ JIGAND _ 
- SCOPE -

R2 
15Dfl 

0011-6 

Figure la Figure lb 

Equivalent to: THEVENIN EQUIVALENT 

Read Mode 

OUTPUT O>-----VVl.1r----<O 1.92V 
92fl 

0011-7 

ALL INPUT PULSES 

0011-8 

J;~>------tRc-------~j,...~ 

AD~~E~ -----~-------------f-,-OH_A _________________ >e: 
cs 

CHIP SELECT 

Write Mode 

NOTE? 

0011-9 

~t~~----------twc----------~1, 

AD~~E~--------~-~-A--------------------,-HA-~----------~ 
~ 

CHIP SELECT 

14-----tso --------1-tHo 

Do-03 
DATAIN~-----------+----'1'---------------+---'I'.._ __________ _ 

~ 
WRITE ENABLE 

tttzwe----+l_L NOTE 7 

DATA OU~~U~~ 1>"'"'-_,;;;;;.-----------ioe 
LOAD---------------------~~ '-lo.lo.ll ...... -------

LNOTE7 tLZWE 

0011-10 

(All above measurements referenced to I.SY.) 
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 

1l 
0 w 
N 
:::; 
<I ::; 
a: 
0 z 
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NORMALIZED Ice 
vs. SUPPLY VOLTAGE 
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1.0 

0.8 

TA =25°C 

0.4 
4.0 4.5 5.0 5.5 6.0 

1.6 

1.4 

SUPPLY VOLTAGE (V) 

NORMALIZED ACCESS TIME 
vs. SUPPLY VOLTAGE 

" 2 
0 w 
N 
:::; 
<I 
::; 
a: 
~ 

NORMALIZED Ice 
1.4 vr's"-. AMB;.;;;;..;;;;;;.;;;IENT;;;;;..;.;;_:;TEM,=::Pc.:E::RA=T:..;;UR=E::.., 

1.2 

1.0 

0.8 

Vee= 5.5 v 

0.6 
-55 25 125 

AMBIENT TEMPERATURE !°Cl 

NORMALIZED ACCESS TIME 
vs. AMBIENT TEMPERATURE 

1.4..----------~ 

OUTPUT SOURCE CURRENT 
vs. OUTPUT VOLTAGE &Q..-----.;_,.---...;c..;;....,.. __ _ 

1 ,_ 
z 
w 
a: 40 
a: 
:i 
u 
w 30 
u 
a: 
:i 
0 20 .. ,_ 
:i .. 

10 I-
:i 
0 

0 
0 1.0 2.0 

Vee= 5.0 v 
TA= 25°C 

3.0 

OUTPUT VOLTAGE (V) 

OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 

150 

1125 

~ 100 

J...-" v 

4.0 

0 1.2 a: 
a: 7 Ii:! :::; 

<I 
::; 1.0 
a: 
~ 

0.8 

0.6 
4.0 

-
TA i 25°C Vee =5.0V 

0.6L------L-------' 
4.5 5.0 5.5 6.0 -55 25 125 

a 75 

" z 
iii 50 
!;:; 

~ 25 
0 

_f 

1 
1.0 2.0 

~;e= =2~;~ v _ 

I 
3.0 4.0 5.0 

SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE (V) 

ACCESS TIME CHANGE 
vs. OUTPUT LOADING 
30..----~-~-----

TA =25°C 
Vee =4.5 v 

] 201----1---1---Jl~-+--4 

3 
<I 
'::; 
~ 101---h~-+----l--.j._~ 

200 400 600 BOO 1000 

CAPACITANCE (pf) 
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NORMALIZED Ice 
vs. FREQUENCY 

1.4..--.--~-~--~~ 

1.31---+-+----l--+--l---Jll.[/'--l y 
~ 1.2 ...... -+--+---IV1--<17''"""'-f--+--< 
:::; 

~ 1.11--+--+-....-11---1--+--+---I 

~z 
1.0 l-_,~-+---11---1--+--+---I 

0o 10 20 30 40 50 60 70 

FREQUENCY (MHz) 
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CY7C189 
CY7C190 

~P?c§'NDUCTOR:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=;;=: 
Ordering Information 

Speed Ordering Code (ns) 

15 CY7C189-15PC 
CY7Cl90-15PC 

CY7Cl89-150C 
CY7Cl90-150C 

CY7Cl89-15LC 
CY7Cl90-15LC 

25 CY7Cl89-25PC 
CY7Cl90-25PC 

CY7Cl89-250C 
CY7Cl90-250C 

CY7Cl89-25LC 
CY7Cl90-25LC 

CY7Cl89-250MB 
CY7Cl 90-250MB 

CY7Cl89-25LMB 
CY7Cl90-25LMB 

Package 
Type 

Pl 

02 

L61 

Pl 

02 

L61 

02 

L61 

Operating 
Range 

Commercial 

Military 

2-129 

Pin Configuration 

(7C189) 
7C190 
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Features 
• Automatic power-down when 

deselected 

• Transparent write (7C192) 

• CMOS for optimum speed/ 
power 

• High speed 
- 25 ns tAA 

• Low active power 
-385mW 

• Low standby power 
-110mW 

• TI'L compatible inputs and 
outputs 

Logic Block Diagram 

Selection Guide 

Maximum Access Time (ns) 

Maximum Operating 
Current (mA) 

Maximrim Standby 
Current (mA) 

PRELIMINARY 
CY7C191 
CY7C192 

65,536 x 4 Static R/W RAM 
Separate 1/0 

• Capable of withstanding greater 
than 2001V electrostatic 
discharge 

Functional Description 
The CY7C191 and CY7C192 are high 
performance CMOS static RAMs orga
nized as 65,536 x 4 bits with separate 
1/0. Easy memory expansion is pro
vided by active LOW chip enable (CB) 
and three-state drivers. They have an 
automatic power-down feature, reduc
ing the power consumption by 85% 
when deselected. 

Writing to the device is accomplished 
when the chip enable (CE) and write 
enable (WE) inputs are both LOW. 

'z 

13 

Oo 

o, 

Oz 

03 

c;: 

WE 

........................... 0108-1 

7C191-25 
7C192-25 

25 

Commercial 70 

Military 

Commercial 20 

Military 

2-130 

Data on the four input pins (Io through 
13) is written into the memory location 
specified on the address pins (A1 
through A15). 

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

The output pins stay in high impedance 
state when write enable (WE) is LOW 
(7Cl92 only), or chip enable (CE) is 
HIGH. 

A die coat is used to insure alpha im
munity. 

Pin Configuration 

As 28 Vee 

A1 2 27 As 

As 3 26 A4 

Ag 4 25 A3 

A10 5 24 A2 

A11 6 23 A1 

A12 7 22 Ao 
A13 8 21 13 

A14 9 20 12 

A15 10 19 03 

lo 11 18 02 

11 12 17 o, 
cr 13 16 Oo 

GND 14 15 WE 

0108-2 

7C191-3S 7C191-45 
7C192-3S 7C192-4S 

35 45 

70 50 

70 70 

20 20 

20 20 



CY7C191 
· PRELIMINARY CY7C192 
~NDUCTOR ========================================================================== 

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

Storage Temperature ............... - 65°C to + l S0°C Static Discharge Voltage ..................... > 2001 V 

Ambient Temperature with (Per MIL-STD-883, Method 3015.2) 

Power Applied .................... - 55°C to + 125°C Latch-up Current .......................... > 200 mA 

Supply Voltage to Ground Potential 
(Pin 28 to Pin 14) .................... -0.SV to + 7.0V Operating Range 

DC Voltage Applied to Outputs 
in High Z State ...................... - 0. SY to + 7 .OV 

Range Ambient 
Temperature 

DC Input Voltage ................... -3.0V to + 7.0V Commercial O"Cto +70'C 

Output Current into Outputs (LOW) ............ 20 mA Military - 55'C to + 125'C 

Electrical Characteristics Over Operating Range 

7C191-25 
Parameters Description Test Conditions 7C192-25 

Min. Max. 

VoH Output HIGH Voltage Vee= Min., IoH = -4.0mA 2.4 

VoL Output LOW Voltage V cc = Min., IoL = 8.0 mA 0.4 

Vrn Input HIGH Voltage 2.2 Vee 

VrL Input LOW Voltage -3.0 0.8 

Irx Input Load Current GND s Yrs Vee -10 + 10 

Ioz Output Leakage Current GND s Vo s V cc. Output Disabled -10 +10 

Ios 
Output Short Circuit 
Currentll] Vee= Max., VouT = GND -350 

Ice 
V cc Operating Vee= Max. Commercial 70 
Supply Current IouT = OmA Military 

IsB1 
Automatic CE Max. Yee. CE 2 Vrn Commercial 20 
Power Down Current Min. Duty Cycle = 100% Military 20 

Max. Vee, Commercial 20 
IsB2 

Automatic CE CE 2 Vee - 0.3V 
Power Down Current VrN 2 Vee - 0.3Vor 

VrN s 0.3V Military 

Capacitance[2] 

Parameters Description Test Conditions 

CrN Input Capacitance TA = 25'C, f = 1 MHz, Yee = 5.0V 

CouT Output Capacitance TA = 25'C, f = 1 MHz, Vee = 5.0V 

Notes: 
I. Not more than one output should shorted at one time. Duration of 

the short circuit should not exceed 30 seconds. 

AC Test Loads and Waveforms 
R1 48Hl 

5vo----.....,~...-~ 

OUTPUT 0--------4 

30 pF R2 I 255!1 
INCLUDING 

_JIGAND _ 

R1 481!2 
5 v o-----'vv-~ 

OUTPUT 0-------~ 

5 pF I INCLUDING 
JIG AND 

2. Tested on a sample basis. 

R2 
25511 

7C191-35 
7C192-35 

Min. Max. 

2.4 

0.4 

2.2 Yee 
-3.0 0.8 
-10 + 10 

-10 + 10 

-350 

70 

70 

20 

20 

20 

20 

Max. 

5 

7 

Vee 

5V ±10% 

5V ±10% 

7C191-45 
7C192-45 Units 

Min. Max. 

2.4 v 
0.4 v 

2.2 Vee v 
-3.0 0.8 v 
-10 + 10 µA 
-10 +10 µA 

-350 mA 

50 
mA 

70 

20 mA 
20 

20 
mA 

20 

Units 

pF 

pF 

0108-5 
- SCOPE -

Figure la 
-::-scoPE -::-

Figure lb 
0108-3 

Figure 2 

Equivalent to: THEVENIN EQUIVALENT 
16711 

ouTPUT o>---~·'11 •• 'll.• ..... ---o 1.n v 
0108-4 
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· CY7C191 
. · PRELIMINARY CY7C192 

~UCIOR============================================================;;;;:;;:: 
Switching Characteristics Over Operating Rangel3l 

Parameters Description 

READ CYCLE 

tRC Read Cycle Time 

tAA Address to Data Valid 

to HA Output Hold from Address Change 

tACE CE LOW to Data Valid 

tLzCE CE LOW to LOW z[5) 

tHZCE CE HIGH to High z[4, 5) 

tpu CE LOW to Power Up 

tpo CE HIGH to Power Down 

WRITE CYCLE[6) 

twc Write Cycle Time 

tscE CE LOW to Write End 

tAW Address Set-up to Write End 

tHA Address Hold from Write End 

tsA Address Set-up to Write Start 

tPWE WE Pulse Width 

tso Data Set-up to Write End 

tHD Data Hold from Write End 

tLZWE WE HIGH to Low z[5) (7Cl92) 

tHZWE WE LOW to High z[4, 5] (7Cl92) 

tAWE WE LOW to Data Valid (7Cl91) 

tADV Data Valid to Output Valid (7Cl91) 

Notes: 
3. Test conditions assume signal transition times of 5 ns or less, timing 

reference levels of l.5V, input pulse levels ofOV to 3.0V and output 
loading of the specified Ior/loH and 30 pF load capacitance. 

4. tHZCE and tHZWE are specified with CL = 5 pF as in Figure 1 b. 
Transition is measured ± 500 m V from steady state voltage. 

5. At any given temperature and voltage condition, !HZ is less than tLZ 
for any given device. These parameters are specified 1111d not 100% 
tested. 

S1vitching Waveforms 
Read Cycle No.1(Notes7, 8) 

DATA OUT PREVIOUS DATA VALID 

7C191-25 7C191-35 7C191-45 
7C192·25 7Cl92-35 7C192-45 Units 

Min. 

25 

3 

5 

0 

20 

20 

20 

0 

0 

15 

15 

0 

0 

2-132 

Max. Min. Max. Min. Max. 

35 45 ns 

25 35 45 ns 

3 3 ns 

25 35 45 ns 

5 5 ns 

15 15 15 ns 

0 0 ns 

25 25 30 ns 

30 40 ns 

30 35 ns 

30 35 ns 

0 0 ns 

0 0 ns 

20 20 ns 

20 20 ns 

0 0 ns 

0 0 ns 

10 15 20 ns 

25 30 35 ns 

25 30 35 ns 

6. 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. 

7. WE is high for read cycle. 
8. Device is continuously selected. CB = VIL· 
9. Address valid prior to or coincident with CE transition LOW. 

DATA VALID 

0108-6 



CY7C191 
· PRELIMINARY CY7C192 
~NDUCTOR ================================================================ 

Switching Waveforms (Continued) 

Read Cycle (Notes 7, 9) 

14------------tnc--------------+1 

-----tACE ------.-! 

HIGH IMPEDANCE 
DATA VALID 

----tLZCE __ ____, _._._.._.,..._ ______________ __ 

HIGH 
IMPEDANCE 

••u 1 ••o----j 
Vee t--ICC 

SUPPLY 50% 50% 

CURRENT ---- ISB 

Write Cycle No. 1 (WE Controlled) (Note 6) 

ADDRESS 

CE 

WE 

DATA IN 

DATA OUT 
(7C192) 

----
:SS:: ill_ 

twc 

tscE 

.HZlL lZlLLZZLL 
tAW -tHA-+ 

ts A l 1-tPWE~ 

~\_ 1-
tso JtHD 

DATA-IN VALID _x 
-tttzw=i -tLzwE-1. 

DATA UNDEFINED "\L HIGH IMPEDANCE _y 
..If l\. 

i--tAov-

DATAOUT-------------~~T---~~F~N __________ __.-'----------D-A_T_A_V-AL-ID---------(7C191) A UN ED ~ 

Write Cycle No. 2 (CE Controlled) (Note 6) 

twc 

ADDRESS ~ - tsA tscE ---

CE \_ 1-
tAW 

1-tPwE-
.._tHA-

WE ~~\_ _I-~ 

DATA IN 

DATA OUT 
(7C192) 

i 
DATA UNDEFINED 

tso :l tHD 

DATA-IN VALID _x 
1-tHZWE ~ 

HIGH IMPEDANCE 
_,., 

--t -AWE ~ DATAOUT _____________ D_A_T_A_U_N-DE-F-IN_E_D------------------. ----DA_T_A_V_A_Ll_D------~ 

(7C191)-----------------------------------------· ~·-----------------

0108-7 

0108-8 

Note: IfCE goes HIGH simultaneously with WE HIGH, the output remains in a high impedance state (7C192 only). 0108-9 
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CY7C191 
PRELIMINARY CY7C192 

~c§'NDUCTOR;;;;;;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::;;;::~ 

Ordering Information 
Speed 

Ordering Code 
Package Operating 

(ns) Type Range 
Speed 

Ordering Code 
Package Operating 

(ns) Type Range 

25 CY7C191-25PC P21 Commercial 25 CY7C192-25PC P21 Commercial 

CY7C191-250C 022 CY7C192-250C 022 

35 CY7C191-35PC P21 Commercial 35 CY7C192-35PC P21 Commercial 

CY7C191-350C 022 CY7C192-350C 022 

CY7C191-35LC L54 CY7Cl92-35LC L54 

CY7C191-350MB 022 Military CY7Cl92-350MB 022 Military 

45 CY7Cl91-45PC P21 Commercial 45 CY7C l 92-45PC P21 Commercial 

CY7Cl91-450C 022 CY7C l 92-450C 022 

CY7C191-45LC L54 CY7C 192-45LC L54 

CY7C191-450MB 022 Military CY7C192-450MB 022 Military 

CY7Cl91-45LMB L54 CY7Cl92-45LMB L54 
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- ~ -- _ .... ;l -~ PRELIMINARY 
CY7C194 
CY7C196 

'iE CYPRESS 
_ , SEMICONDUCTOR 65,536 x 4 Static R/W RAM 

Features 
• Automatic power-down when 

deselected 

• Output Enable (OE) feature 
(7C196) 

• CMOS for optimum speed/ 
power 

• High speed 
- 25 ns tAA 

• Low active power 
-385 mW 

• Low standby power 
-110 mW 

• TTL compatible inputs and 
outputs 

• Capable of withstanding greater 
than 2001V electrostatic 
discharge 

Logic Block Diagram 

Selection Guide 

Maximum Access Time (ns) 

Maximum Operating 
Current (mA) 

Maximum Standby 
Current (mA) 

Functional Description 
The CY7Cl94 and CY7C196 are high 
performance CMOS static RAMs orga
nized as 65,536 x 4 bits. Easy memory 
expansion is provided by active LOW 
~ enable(s) (CE1, on the CY7Cl94, 
CE1, CE2 on the CY7C196) and three
state drivers. They have an automatic 
power-down feature, reducing the pow
er consumption by 71 % when deselect
ed. 

Writing to the device is accomplished 
when the chip enable(s) (CE on the 
CY7Cl94, CE1, CE2 on the CY7C196) 
and write enable (WE) inputs are both 

LOW. Data on the four input pins (lo 
through 13) is written into the memory 
location, specified on the address pins 
(Ao through Ats). 

Reading the device is accoE!l?lished by 
taking the~ enable(s) (CE on the 
CY7C194, CEt. CE2 on the CY7C196) 
LOW, while write enable (WE) re
mains HIGH. Under these conditions 
the contents of the memory location 
specified on the address pins will ap- n 
pear on the four data output pins. A (Im 
die coat is used to insure alpha immu-
nity. 

Pin Configurations 

_..,.__...._ ~a(7C1960NLY) 

i:E, 

Commercial 

Military 

Commercial 

Military 

Ao 

A1 

As 

Ag 

A1o 

A11 

A12 

... ,. 
A14 

..... 
Cl: 

GND 

0109-1 

7C194-25 
7C196-25 

25 

70 

20 

2-135 

3 

7 

8 

9 

10 

11 

24 Vee 
23 As 

22 A4 

21 A3 

20 A2 

19 A1 
7C194 

18 Ao 
17 1/03 

16 1/02 

15 1/01 

14 l/Oo 

13 WE 

0109-2 

7C194-35 
7C196-35 

35 

70 

70 

20 

20 

Ao 28 Vee 
A1 27 As 

As 3 26 A4 

Ag 25 A3 

A1o 24 A2 

... ,, 6 23 A1 

A12 7 22 Ao 
7C196 

NC 8 21 NC 

A13 9 20 1/03 

... ,. 10 19 1/02 

A15 11 18 1/01 

CE1 12 17 l/Oo 

6E 13 16 WE 
GND 14 15 CE2 

0109-3 

7C194-45 
7C196-45 

45 

50 

70 

20 

20 



CY7C194 
PRELIMINARY CY7C196 

CY~~UCTOR ::;::;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;:;;;;;;;;;;:= 

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

Storage Temperature ............... - 65°C to + 150°C Static Discharge Voltage ..................... > 2001 V 

Ambient Temperature with (Per MIL-STD-883 Method 3015.2) 

Power Applied .................... -55°C to+ 125°C Latch-up Current .......................... > 200 mA 

Supply Voltage to Ground Potential .... -0.5V to + 7.0V 

DC Voltage Applied to Outputs 
in High Z State ...................... -0.5V to +7.0V 

DCinputVoltage ................... -3.0Vto +7.0V 

Operating Range 

Range Ambient 
Vee Temperature 

Commercial o•cto + 10°c 5V ±10% 
Output Current into Outputs (Low) ............. 20 mA Military - 55°C to + 125°C 5V ±10% 

Electrical Characteristics Over Operating Range 

7C194-25 7C194-35 7C194-45 
Parameters Description Test Conditions 7C196-25 7C196-35 7C196-45 Units 

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

VoH Output HIGH Voltage Vee= Min.,loH = -4.0mA 2.4 2.4 2.4 v 
VoL Output LOW Voltage V cc = Min., loL = 8.0 mA 0.4 0.4 0.4 v 
Vrn Input HIGH Voltage 2.2 Vee 2.2 Vee 2.2 Vee v 
VrL Input LOW Voltage -3.0 0.8 -3.0 0.8 -3.0 0.8 v 
Irx Input Load Current GND,,:: Yr,,:: Vee -10 + 10 -10 +10 -10 +10 µA 

Ioz Output Leakage Current GND s Vos Vee, Output Disabled -10 + 10 -10 +10 -10 +10 µA 

Ios 
Output Short Circuit 
Current[!] Vee= Max., VoUT = GND -350 -350 -350 mA 

V cc Operating Vee= Max. Commercial 70 70 50 mA Ice Supply Current lour= OmA Military 70 70 

Automatic CE[2] Max. Vee, CE 2 Vrn Commercial 20 20 20 mA lsB1 Power Down Current Min. Duty Cycle = 100% Military 20 20 

Automatic CE[2] 
Max. Vee, Commercial 20 20 20 

lsB2 
CE 2 Vee - 0.3V 

mA Power Down Current VIN 2 Vee -0.3Vor 
VrN s 0.3V Military 20 20 

Capacitance[3] 
Parameters Description Test Conditions Max. Units 

CrN Input Capacitance TA= 25°C, f = 1 MHz, 5 

CouT Output Capacitance Vee= s.ov 7 
pF 

Notes: 
I. Not more than I output should be shorted at one time. Duration of 

the short circuit should not exceed 30 seconds. 
2. A pull-up resistor to V cc on the <CE input is required to keep the 

device deselected during V cc power-up, otherwise lsB will exceed 
values given. 

AC Test Loads and Waveforms 
R1 481!! 

5 v C>---~,..,.,__, 
OUTPUTO-------t 

30 pF R2 I 255!2 
INCLUDING 

_JIGAND _ 
- SCOPE -

Figure la 

R148H! 
5 v 0----...,..-~ 

OUTPUT<;>------.... 

3. Tested on a sample basis. 

SpF R2 I 255H 
INCLUDING 
JIG AND 

":'"SCOPE "';"' 0109-4 

Figure lb 

Equivalent to: THEVENIN EQUIVALENT 
167!l 

OUTPUT 0>-----'''ll .. 'll .. 'loot---0 1.73 V 0109-6 
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CY7C194 
PRELIMINARY CY7C196 

CY~~NDUCfOR :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::= 

Switching Characteristics Over Operating Range[4J 

Parameters Description 

READ CYCLE 

tRc Read Cycle Time 

tAA Address to Data Valid 

to HA Output Hold from Address Change 

tACEt,CEz CE LOW to Data Valid 

tooE OE LOW to Data Valid 7C196 

tLZOE OE LOW to LOW Z 7C196 

tHZOE OE HIGH to HIGH Z 7C196 

tLZCEt,CEz CE LOW to LOW z[6] 

tHZCEt, CEz CE HIGH to High z[5, 6] 

tpu CE LOW to Power Up 

tpo CE HIGH to Power Down 

WRITE CYCLE[7] 

twc Write Cycle Time 

tscE CE LOW to Write End 

tAW Address Set-up to Write End 

tHA Address Hold from Write End 

ts A Address Set-up to Write Start 

tpwE WE Pulse Width 

tso Data Set-up to Write End 

tHD Data Hold from Write End 

tLZWE WE HIGH to LOW z[6] 

tHZWE WE LOW to HIGH z[5, 6] 

Notes: 
4. Test conditions assume signal transition times of 5 ns or less, timing 

reference levels of l.5V, input pulse levels ofO to 3.0V and output 
loading of the specified Ioi/IoH and 30 pF load capacitance. 

5. tHZCE and tHZWE are specified with CL = 5 pF as in Figure I b. 
Transition is measured ± 500 m V from steady state voltage. 

6. At any given temperature and voltage condition, tHZcE is less than 
tLZCE for any given device. These parameters are guaranteed and not 
100% tested. 

Switching Waveforms 

Read Cycle No. 1 (Notes 8, 9) 

7C194-25 7C194-35 7C194-45 
7C196-25 7C196-35 7C196-45 Units 

Min. 

25 

3 

3 

5 

0 

20 

20 

20 

0 

0 

20 

13 

0 

3 

0 

Max. Min. Max. Min. Max. 

35 45 ns 

25 35 45 ns 

3 3 ns 

25 35 45 ns 

15 25 30 ns 

3 3 ns 

15 15 15 ns 

5 5 ns 

10 15 15 ns 

0 0 ns 

25 35 45 ns 

30 40 ns 

30 35 ns 

25 35 ns 

0 0 ns 

0 0 ns 

25 35 ns 

15 20 ns 

0 5 ns 

3 3 ns 

7 0 10 0 15 ns 

7. The internal write time of the memory is defined by the overlap of 
CE1 LOW, CE2 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. 

8. WE is HIGH for read cycle. 
9. Device is continuousiy_selected, CE = V1i/CE2 = VIL· 

(7Cl96: OE = V1L, CE2 = V1L also.) 
10. Address valid prior to or coincident with CE and CE2 transition low. 
11. 7Cl96 only: Data I/O will be high impedance if OE = Vrn. 

ADDRESS ~~C~--=~-=-=~-=--,A-A=--~-::._--=~~-'"_c~--~----~~~--~~---*----
-{t--o-----toHA.----..i 

DATA OUT PREVIOUS DATA VALID DATA VALID 

0109-7 
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~~ =============P='R=E='L=IM=IN.=~=R=Y==g=~=~=~=;: 
Switching Waveforms (Continued) 

Read Cycle No. 2 (Notes 8, 10) 

i--------t•ce------i m!----... (7C198) 

HIGH 
IMPEDANCE 

·~1!Lz:-;-0%------------------------''_o----j_-.·+----Vcc ~ICC 
SUPPLY 50% 

CURRENT ----- ISB 

Write Cycle No. 1 (WE Controlled) (Notes 7, 11) 

i----------------~c--------------i 

ADDRESS 

i-----------tsce-----------

------···-----.i 

DATA IN DATA-IN VALID 

---------------------'-"z_w_•:::::j 
DATA l/D DATA UNDEFINED >-----------

Write Cycle No. 2 (CE Controlled) (Notes 7, 11) 

i--'-----------'-----~c--------------.4 

ADDRESS 

-----i-------tsce------. 

DATA-IN VALID 

tHZWE~ 

0109-8 

0109-9 

------------------~ HIGH IMPEDANCE 
DATA 1/0 DATA UNDEFINED />---------------------

Note: If<:::Jl goes HIGH simultaneously with WE HIGH, the output remains in a high impedance state. 0109-10 
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~PFESS ~~!CONDUCTOR================================ 
PRELIMINARY 

CY7C194 
CY7C196 

7C194 Truth Table 7C196 Truth Table 
CE WE Input/Outputs Mode CE1 CE2 WE OE Inputs/Outputs Mode 

H x HighZ Deselect/Power Down H x x x 
HighZ Deselect/Power Down 

L H Data Out Read x H x x 
L L Data In Write L L H L Data Out Read 

L L L x Data In Write 

L L H H HighZ Deselect/Power Down 

Ordering Information 
Speed 

Ordering Code 
Package Operating 

(ns) Type Range 
Speed 

Ordering Code 
Package Operating 

(ns) Type Range 

25 CY7C194-25PC P13 Commercial 25 CY7C196-25PC P21 Commercial 

CY7C194-25DC D14 CY7C196-25DC 022 

35 CY7C194-35PC P13 Commercial 35 CY7C196-35PC P21 Commercial 

CY7Cl94-35DC D14 CY7C196-35DC 022 

CY7C194-35DMB D14 Military CY7Cl 96-35DMB 022 Military 

45 CY7C194-45PC P13 Commercial 45 CY7Cl96-45PC P21 Commercial 

CY7C194-45DC D14 CY7C196-45DC D22 

CY7C194-45DMB D14 Military CY7Cl 96-45DMB 022 Military 
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--··~ 
·t lE CYPRESS 

PRELIMINARY CY7C197 

, SEMICONDUCTOR 262, 144 x 1 Static R/W RAM 

Features 
• Automatic power-down when 

deselected 

• CMOS for optimum speed/ 
power 

• High speed-25 ns 

• Low active power-385 mW 

• Low standby power-110 mW 

• TTL compatible inputs and 
outputs 

• Capable of withstanding greater 
than 2001 V electrostatic 
discharge 

Logic Block Diagram 

A,3 

A,4 

A,5 

1024X 256 
ARRAY 

A2 

"" ~ 

Selection Guide 

Maximum Access 
Time (ns) 

Maximum Operating 
Current (mA) 

Maximum Standby 
Current (mA) 

Functional Description 
The CY7C 197 is a high performance 
CMOS static RAM organized as 
262,144 words x 1 bit. Easy memory 
expansion is provided by an active 
LOW chip enable (CE) and three-state 
drivers. The CY7C197 has an automat
ic power-down feature, reducing the 
power consumption by 71 % when de
selected. 

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 (Ao through A17). 

DI 

<>. 
:;; 
<>: 
w DO 
"' z 
w 

"' 

ce 
POWER 
DOWN 

WE 

0110-1 

7C197-25 

Commercial 25 

Military 

Commercial 70 

Military 

Commercial 20/20 

Military 
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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. 

The 7Cl97 utilizes a Die Coat to en
sure alpha immunity. 

Pin Configuration 

Ao 24 Yee 
Ai 2 23 Ai7 
A2 3 22 Ais 
A3 4 21 A1s 

A4 5 20 A14 

As 6 19 Ai3 7C197 
As 7 18 A12 

A7 8 17 Ai1 
Ag 9 16 A10 

Dour 10 15 Ag 

WE 11 14 D1N 
GND 12 13 cr 

0110-2 

7C197-35 7C197-45 

35 45 

35 45 

70 50 

70 70 

20/20 20/20 

20/20 20/20 



~ PRELIMINARY CY7C197 
~~~6°'NDUCfOR ==========================================================::=::=::=::=::=::=::==:; 
Maximum Ratings 
(Above which the useful life may be impaired) 

Storage Temperature ............... -65°C to + 150°C Static Discharge Voltage ..................... > 2001 V 

Ambient Temperature with (Per MIL-STD-883 Method 3015.2) 

Power Applied .................... - 55°C to + 125°C Latch-up Current .......................... > 200 mA 

Supply Voltage to Ground Potential 
(Pin 24 to Pin 12) .................... -0.SV to + 7.0V Operating Range 

DC Voltage Applied to Outputs 
in High Z State ...................... -0.SV to + 7.0V 

Range Ambient 
Vee Temperature 

DC Input Voltage ................... -3.0V to + 7.0V Commercial 0°Cto +70°C SV ±10% 

Output Current into Outputs (Low) ............. 20 mA Military - 55'C to + 125'C SV ±10% 

Electrical Characteristics Over Operating Range 

Parameters Description Test Conditions 
7C197-25 7C197-35 7C197-45 Units 

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

VoH Output HIGH Voltage V cc = Min., IoH = -4.0 mA 2.4 2.4 2.4 v 
VoL Output LOW Voltage Vee= Min. l IoL = 8.0 mA Military 0.4 0.4 0.4 v l IoL = 12.0 mA Commercial 

Vrn Input HIGH Voltage 2.2 Vee 2.2 Vee 2.2 Vee v 
VrL Input LOW Voltage -3.0 0.8 -3.0 0.8 -3.0 0.8 v 
Irx Input Load Current GND;;; Vr;;; Vee -10 +10 -10 + 10 -10 +10 )J-A 

Ioz Output Leakage Current GND ;;; Vo ;;; V cc, Output Disabled -50 +so -so +50 -so +so )J-A 

Ios 
Output Short Circuit 
Current[!] v cc = Max., VouT = GND -3SO -350 -350 mA 

V cc Operating Vee= Max. Commercial 70 70 50 mA Ice Supply Current IouT = OmA Military 70 70 

Automatic CE[2] Max. Vee, Commercial 20 20 20 mA Isa1 Power Down Current CE 2 Vrn Military 20 20 

Automatic CE[2] Max. Vee, CE 2 Vee - 0.3V, Commercial 20 20 20 mA 
Isa2 Power Down Current VrN 2 Vee - 0.3Vor 

Military 20 20 VrN;;; 0.3V 

Capacitance[3] 
Parameters Description Test Conditions Max. Units 

CrN Input Capacitance TA= 2S'C, f = 1 MHz 5 pF 
CouT Output Capacitance Vee= 5.0V 7 

Notes: 
I. Not more than I output should be shorted at one time. Duration of 

the short circuit should not exceed 30 seconds. 

AC Test Loads and Waveforms 
R1 329 !1 
1480 !1 MIL) 

Rl 329 !1 
1480 !1 MILi 

5 v o------"'"".----. 5 v o------"'"" ......... 
OUTPUTo---~..---- OUTPUTO---~..----

INCLUOINGI 30 pf 
JIG AND 
SCOPE 

Figure la 

R2 
202 !1 
1255 !1 MIL) 

Equivalent to: THEVENIN EQUIVALENT 

5 pf 
INCLUDINGf 
JIGAND j_ 
SCOPE "::' 

Figure lb 

125n 
OUTPUT~1.90V 

0110-5 
Commercial 
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2. A pull-up resistor to V cc on the CE input is required to keep the 
device deselected during V cc power-up, otherwise Ise will exceed 
values given. 

3. Tested on a sample basis. 

R2 
20211 
125511 MILi 

0110-3 

Figure 2 

167Il 
OUTPUT~1.73V 

Military 

0110-4 

0110-6 



~ PRELIMINARY CY7C197 
.rrs~DUCTOR ================================= 
Switching Characteristics Over Operating Rangel4l 

Parameters Description 
7C197-25 7C197-35 7C197-45 

Units 
Min. 

READ CYCLE 

tRC Read Cycle Time 

tAA Address to Data Valid 

to HA Output Hold from Address Change 

tACE CE LOW to Data Valid 

tLZCE CE LOW to Low z[6] 

tHZCE CE HIGH to High[S, 6] 

tpu CE LOW to Power Up 

tpo CE HIGH to Power Down 

WRITE CYCLE[7] 

twc Write Cycle Time 

tscE CE LOW to Write End 

tAW Address Set-up to Write End 

tHA Address Hold from Write End 

ts A Address Set-up to Write Start 

tPWE WE Pulse Width 

tso Data Set-up to Write End 

tHD Data Hold from Write End 

tLZWE WE HIGH to Low z[6] 

tHZWE WE LOW to High z[S, 6] 

Notes: 
4. Test conditions assume signal transition times of S ns or less, timing 

reference levels of l.SV, input pulse levels ofO to 3.0V and output 
loading of the specified Ior/IoH and 30 pF load capacitance. 

5. tHZCE and tHZWE are specified with CL = 5 pF as in Figure I b. 
Transition is increased ± 500 m V from steady state voltage. 

6. At any given temperature and voltage condition, tHZCE is less than 
tLZcE for any given device. These parameters are guaranteed and not 
100% tested. 

Switching Waveforms 
Read Cycle No. tl8, 9] 

25 

3 

5 

0 

0 

25 

20 

20 

0 

0 

20 

15 

0 

0 

0 

Max. Min. Max. Min. Max. 

35 45 ns 

25 35 45 ns 

3 3 ns 

25 35 45 ns 

5 5 ns 

15 0 20 0 20 ns 

0 0 ns 

20 25 30 ns 

35 45 ns 

30 40 ns 

30 40 ns 

0 0 ns 

0 0 ns 

25 25 ns 

20 25 ns 

0 0 ns 

0 0 ns 

15 0 20 0 20 ns 

7. 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. 

8. WE is HIGH for read cycle. 
9. Device is continuously selected, CE = VIL· 

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

ADDRESS ~~r,~--::~--::~--::~--::~--::~:::.~IA~A~--=~--=~--=~--=~--=~-t:R:;c~~~~~~~~~~~~~~~~~~~~~~~~-*~ --------

-{,.._i-----toHA-----
DATA OUT PREVIOUS DATA VALID DATA VALID 

0110-7 
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~ PRELIMINARY CY7C197 
~~~UCTQR==::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;;;;: 
Switching Waveforms (Continued) 

Read Cycle No. 2191 

Vee _____ '•_uJ 50% 
SUPPLY 

CURRENT 

Write Cycle No. 1 (WE Controlled)l8) 

ADDRESS 

i-----------tsce------------t 

l+------tSA·------

DATA IN DATA-IN VALID 

HIGH 
IMPEDANCE 

~ICC 50% 
ISB 

0110-8 

tHzwe----i lLZWE_____., 
----------------------~ HIGH IMPEDANCE it"-------

DATAOUT DATA UNDEFINED 1>-----------1\., _______ _ 
0110-9 

Write Cycle No. 2 (CE Controlled)l8] 

i---------------twe.---------------
ADDRESS 

14----- tsA-------<------- tsce------., 

DATA IN DATA-IN VALID 

tHzwe-----f ---------------------\! HIGH IMPEDANCE 
DATA OUT DATA UNOEFINED 1>-----------------------

0110-10 

Note: IfCE goes HIGH simultaneously with WE HIGH, the output remains in a high impedance state. 
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~PRESS ~~ICONDUCTOR::;;::::;;::::;;::::;;::::;;::::;;::::;;::::;;::::;;::::;;::::;;::::;;::::;;::::;;::::;;::::;;::::;;::::;;::::;;::::;;::::;;::::;;::::;;::::;;::::;;::::;;::::;;::::;;::::;;::::;;::= PRELIMINARY CY7C197 

Truth Table 
CE WE Input/Outputs Mode 

H x HighZ Deselect Power Down 

L H Data Out Read 

L L Data In Write 

Ordering Information 
Speed 

Ordering Code 
Package Operating 

(ns) Type Range 

25 CY7Cl97-25PC P13 Commercial 

CY7Cl97-25DC 014 

35 CY7Cl97-35PC Pl3 Commercial 

CY7Cl97-35DC Dl4 

CY7Cl97-35DMB 014 Military 

45 CY7Cl97-45PC Pl3 Commercial 

CY7Cl97-45DC 014 

CY7Cl 97-45DMB 014 Military 
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--··~ ·:JI CYPRESS 
PRELIMINARY 

CY7C198 
CY7C199 

, SEMICONDUCTOR 32,768 x 8 Static R/W RAM 
Features 
• Automatic power-down when 

deselected 

• CMOS for optimum speed/ 
power 

• High speed-35 ns 

• Low active power-550 mW 

• Low standby power-110 mW 

• TTL compatible inputs and 
outputs 

• Capable of withstanding greater 
than 2000V electrostatic 
discharge 

Logic Block Diagram 

EE 
WE 

O< 

Selection Guide 

Maximum Access Time (ns) 

Maximum Operating 
Current (mA) 

Maximum Standby 
Current (mA) 

Functional Description 
The CY7Cl98 and CY7Cl99 are high 
performance CMOS static RAMs orga
nized as 32,768 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. Both devices have 
an automatic power-down feature, re
ducing the power consumption by 80% 
when deselected. The CY7Cl99 is in 
the space saving 300 mil wide DIP 
package and leadless chip carrier. The 
CY7Cl98 is in the standard 600 mil 
wide package. 

An active LOW write enable signal 
(WE) controls the writing/reading op
eration of the memory. When CE and 
WE inputs are both LOW, data on 

l/Oo 

1/01 

1/02 

1/03 

1/04 

1/05 

I/Os 

1/07 

0111-1 

7C198-35 
7C199-35 

35 

Commercial 100 

Military 

Commercial 20/20 

Military 

2-145 

the eight data input/output pins (I/Oo 
through 1/07) is written into the mem
ory location addressed by the address 
present on the address pins (Ao 
through A14). Reading the device is ac
complished by selecting the device and 
enabling the outputs, CE and OE ac
tive LOW, while (WE) remains inac
tive or HIGH. Under these conditions, 
the contents of the location addressed 
by the information on address pins is 
present on the eight data input/output El 
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. A die coat is 
used to ensure alpha immunity. 

Pin Configuration 

As 28 Yee 
As 2 27 WE 
A1 3 26 A4 

As 4 25 A3 

Ag 5 24 Az 

A10 6 23 A1 

A11 7 22 5E 
A12 8 21 Ao 

A13 9 20 Cf 
A14 10 19 1/07 

l/Oo 11 18 1/05 

1/01 12 17 I/Os 

1/02 13 16 1/04 

GND 14 15 1/03 

0111-2 

7C198-45 7C198-55 
7C199-45 7C199-55 

45 55 

100 80 

100 100 

20/20 20/20 

20/20 20/20 



CY7C198 
· · PRELIMINARY CY7C199 

. ~NDUCTOR======================================================== 
Maximum Ratings 
(Above which the useful life may be impaired) 

Storage Temperature ............... -65°C to + 150"C Static Discharge Voltage ..................... > 2001 V 

Ambient Temperature with (Per MIL-STD-883 Method 3015.2) 

Power Applied .................... - 55°C to + 125°C Latch-up Current .......................... > 200 mA 

Supply Voltage to Ground Potential 
(Pin 28 to Pin 14) .................... -0.5V to + 7.0V Operating Range 

DC Voltage Applied to Outputs 
in High Z State; ..................... -0.5V to + 7.0V 

Range Ambient 
Vee Temperature 

Commercial 0°c to +1o•c 5V ±10% DC Input Voltage ................... -3.0Vto +7.0V 

Output Current into Outputs (Low) ............. 20 mA 
Military -ss•cto + 12s·c 5V ±10% 

Electrical Characteristics Over Operating Range 

7C198-35 

Parameters Description Test Conditions 7C199-35 
Min. Max. 

Vott Output HIGH Voltage Vee = Min., Iott = -4.0 mA 2.4 

VoL Output LOW Voltage V cc = Min., IoL = 8.0 mA 0.4 

Vm Input HIGH Voltage 2.2 Vee 
VrL Input LOW Voltage -3.0 0.8 

lrx Input Load Current GND :s: Yr :s: Vee -10 10 

Ioz Output Leakage Current GND :s: Yr :s: Vee -10 + 10 Output Disabled 

Ios 
Output Short Circuit 
Current!!] Vee = Max., VouT = GND -300 

Ice V cc Operating Vee= Max. Commercial 100 
Supply Current IoUT = OmA Military 

Max. Vee. Commercial 20 
lrSB1 

Automatic CE CE 2 Vm, 
Power Down Current Min. Duty 

Cycle= 100% Military 

Max. Vee, Commercial 20 
lsB2 Automatic CE CE 2 Vee - 0.3V, 

Power Down Current VrN 2 Vee - 0.3Vor 
VrN :S: 0.3V Military 

Capacitance [2] 

Parameters Description Test Conditions 

CIN Input Capacitance TA = 25°C, f = 1 MHz 

CouT Output Capacitance Vee= s.ov 

Notes: 
I. Not more than I output should be shorted at one time. Duration of 

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

AC Test Loads and Waveforms 
R1 481!"! 

5 v o--------. 
OUTPUTO-------

30 pf R2 I 2550 
INCLUDING 

_JIGANO -
- SCOPE -

Figure la 
0111-3 

Equivalent to: THEVENIN EQUIVALENT 
167n 

OUTPUT 0---•T"'+.,,"'\, .. --.... 0 1.73 V 

R1 481!"! 
SVO----J<--~ 

OUTPUT o---.---.. 

I SpF. ~sn 
INCLUDING 

_JIGANO -
- SCOPE -

0111-4 

Figure lb 

0111-6 
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7C198-45 7C198-55 
7C199-45 7C199-55 Units 

Min. Max. Min. Max. 
2.4 2.4 v 

0.4 0.4 v 
2.2 Vee 2.2 Vee v 

-3.0 0.8 -3.0 0.8 v 
-10 10 -10 + 10 µA 

-10 . +10 -10 + 10 µA 

-300 -300 mA 

100 80 mA 
100 100 

20 20 
mA 

20 20 

20 20 
mA 

20 20 

Max. Units 

5 pF 
7 

All Input Pulses 

0111-5 

Figure 2 



CY7C198 
· PRELIMINARY CY7C199 
~CTOR=================================================================== 

Switching Characteristics Over Operating Rangel3l 

7C198-35 7C198-45 7C198-55 

Parameters Description 7C199-35 7C199-45 7C199·55 Units 

Min. 

READ CYCLE 

tRC Read Cycle Time 35 

tAA Address to Data Valid 

to HA Data Hold from Address Change 3 

tACE CE LOW to Data Valid 

tooE OE LOW to Data Valid 

tLZOE OE LOW to Low Z 3 

tHZOE OE HIGH to High z[4) 

tLZCE CE LOW to Low z[S] 5 

tHZCE CE HIGH to High z[4, 5) 

tpu CE LOW to Power Up 0 

tpn CE HIGH to Power Down 

WRITE CYCLE[6J 

twc Write Cycle Time 35 

tsCE CE LOW to Write End 30 

tAW Address Set-up to Write End 30 

tHA Address Hold from Write End 0 

tsA Address Set-up to Write Start 0 

tpWE WE Pulse Width 20 

tsn Data Set-up to Write End 15 

ten Data Hold from Write End 0 

tezWE WE LOW to High z[4] 

tLZWE WE HIGH to Low Z 3 
Notes: 

3. Test conditions assume signal transition times of 5 ns or less, timing 
reference levels of 1.SV, input levels of 0 to 3.0V and output loading 
of the specified lor/loe and 30 pF load capacitance. 

4. tezoE. tHZCE and tezWE are specified with CL = 5 pF as in Figure 
I b. Transition is measured ± 500 m V from steady state voltage. 

5. At any given temperature and voltage condition, tHZCE is less than 
tLZCE for any given device. These parameters are guaranteed and not 
100% tested. 

6. 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 

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

Max. Min. Max. Min. Max. 

45 55 ns 

35 45 55 ns 

3 3 ns 

35 45 55 ns 

20 20 25 ns 

3 3 ns 

20 25 30 ns 

5 5 ns 

15 20 20 ns 

0 0 ns 

20 25 25 ns 

45 50 ns 

40 50 ns 

40 50 ns 

0 0 ns 

0 0 ns 

25 30 ns 

20 25 ns 

0 0 ns 

15 20 25 ns 

3 3 ns 

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. 

7. WE is HIGH for read cycle. 
8. Device is continuously selected. OE, CE = VIL· 
9. Address valid prior to or coincident with CE transition LOW. 

10. Datal/OisHIGHimpedanceifill! = Vm. 

--_Jl4-~~~~----_-_-_-_'•_c~~~~~~~~~-*---
----{ ___ "'=:~~~~~-to-H-A---"'-A biicl DATA OUT PREVIOUS DATA VALID DATA VALID 

----------------------------------0111-7 
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CY7C198 
PRELIMINARY CY7C199 

~~NDUCTOR ==================================================================;;:; 
Switching Waveforms (Continued) 

Read Cycle No. 2 (Notes 7, 9) 

1----tAeE ___ ...., 

HIGH 
IMPEDANCE ,,..,..,...,...,.;,---------------,, 

DATA VALID 

HIGH 
IMPEDANCE 

tpu J tpo ::::i_ 
Yee ---------------------i0%"\__ ICC 

C~~:~~~ ------' 50% 50% ISB 

Write Cycle No. 1 (WE Controlled) (Notes 6, 10) 

ADDRESS 

i.-----tsA ____ .,.1 

DATA IN DATA-IN VALID 

DATA 1/0 _______ D_A_TA_u_N_DE_F_1N_E_D _______ 1 
HIGH IMPEDANCE 

Write Cycle No. 2 (CE Controlled) (Notes 6, 10) 

i.------------twe----------...1 

ADDRESS 

WE 

DATA IN 

DATA 1/0 DATA UNDEFINED 
HIGH IMPEDANCE __________________ ..... 

Note: If CE goes HIGH simultaneously with WE HIGH, the output remains in a high impedance state. 
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~PRE~ ~~!CONDUCTOR================================== 
PRELIMINARY 

CY7C198 
CY7C199 

Truth Table 
CE WE OE Input/Outputs Mode 

H x x HighZ Deselect Power Down 

L H L Data Out Read 

L L x Data In Write 

L H H HighZ Deselect Power Down 

Ordering Information 
Speed 

Ordering Code 
Package Operating 

(ns) Type Range 
Speed 

Ordering Code 
Package Operating 

(ns) Type Range 

35 CY7C198-35PC Pl5 Commercial 35 CY7Cl99-35PC P21 Commercial 
CY7Cl98-35DC D16 Commercial CY7CJ99-35DC D22 Commercial 

45 CY7C198-45PC P15 Commercial 45 CY7C199-45PC P21 Commercial 
CY7Cl98-45DC D16 Commercial CY7Cl99-45DC D22 Commercial 
CY7C198-45DMB D16 Military CY7C199-45DMB D22 Military 

55 CY7Cl98-55PC PIS Commercial 55 CY7Cl99-55PC P21 Commercial 
CY7Cl98-55DC D16 Commercial CY7Cl99-55DC D22 Commercial 
CY7Cl98-55DMB DJ6 Military CY7CJ99-55DMB D22 Military 
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·-.. ~ ~=~ 
... CYPRESS 

CY74S189, CY27LS03 
CY27S03, CY27S07 

_ , SEMICONDUCTOR 16 x 4 Static R/W RAM 
Features 
• Fully decoded, 16 word x 4-bit 

high speed CMOS RAMs 
• Inverting outputs 27S03, 

27LS03, 748189 
• Non-inverting outputs 27S07 

• High speed 
-25ns 

• Low power 
- 210 mW (27LS03) 

• Power supply SV ± 10% 

• Advanced high speed CMOS 
processing for optimum speed/ 
power product 

• Capable of withstanding greater 
than 2001V static discharge 

• Three-state outputs 

• TTL compatible interface levels 

Logic Block Diagrams 

27S03, 
27LS03, 74S189 

0006-1 

Functional Description 
These devices are high performance 
64-bit static RAMs organized as 16 
words x 4-bits. Easy memory expan
sion is £!EVided by an active LOW chip 
select (CS) 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 (Do-D3) is written into the lo
cation addressed by the information on 
the address lines (Ao-A3). The outputs 
are preconditioned such that the cor
rect data is present at the data outputs 
(Oo-03) when the write cycle is com
plete. This preconditioning operation 

27S07 

Do 

o, 

o, 

03 

o, 

o, 

02 

03 

0006-2 

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 
high impedance state. 

Pin Configurations 
27S07 

(27S03, 27LS03, 74S189) 

Ao 

cs 
WE 
Do 

(Ool Do 

Di 

(01101 

GND 

DIP 

Top View 

NC GNO NC 02 D2 

LCC 
Top View 

Vee 

Ai 

A, 

A3 

D3 

D3 (03) 

D, 

o, (02) 

0006-3 

0006-10 

Selection Guide (For higher performance and lower power refer to CY7C189/90 data sheet.) 

27S03A 27S03, 27S07 27LS03 27S07A 74S189 

Maximum Access Time (ns) Commercial 25 35 
Mili~ 25 35 65 

Maximum Operating Current (mA) Commercial 90 90 
Military 100 100 38 
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CY74S189, CY27LS03 
· CY27S03, CY27S07 
~NDUCTOR====================================================================== 

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

Storage Temperature ............... -6S°C to + 1S0°C Static Discharge Voltage ..................... > 200 l V 

Ambient Temperature with (per MIL-STD-883 Method 3015.2) 

Power applied ..................... - SS°C to + 125°C Latchup Current .......................... > 200 mA 

Supply Voltage to Ground Potential 
(Pin 16 to 8) ........................ -0.SV to + 7.0V Operating Range 

DC Voltage Applied to Outputs 
in High Z State ...................... - 0. SV to + 7 .OV 

DC Input Voltage ................... -3.0V to + 7.0V 

Output Current, into Outputs (Low) ............. 20 mA 

Range Ambient 
Vee Temperature 

Commercial o·c to +10°c sv ±10% 
Military - 55°C to + 125'C sv ±10% 

Electrical Characteristics Over the Operating Range 

748189, 27LS03 
Parameters Description Test Conditions 27S03, 27S07 Units 

Min. Max. Min. Max. 

VoH Output HIGH Voltage V cc = Min., IoH = - 5.2 mA 2.4 2.4 v 
VoL Output LOW Voltage Vee= Min., IoL = 16.0 mA 0.45 v 

Vee= Min., IoL = 8.0mA 0.45 v 
Vrn Input HIGH Voltage 2.0 Vee 2.0 Vee v 
VrL Input LOW Voltage -3.0 0.8 -3.0 0.8 v 
Irx Input Leakage Current GND~ Vr ~Vee -10 +10 -10 +10 µ.A 

Ven Input Diode Clamp Voltage[ll 

Ioz Output Leakage Current GND ~Vo~ Vee -40 +40 -40 +40 µ.A 

Ios Output Short Circuit Current [2] Vee = Max., VouT = GND -90 -90 mA 

Vee= Max., 1 Commercial 90 mA 
Ice Power Supply Current 

IoUT = OmA l Military 100 38 mA 

Capacitancel4] 

Parameters Description Test Conditions Max. Units 

CrN Input Capacitance TA = 25°C, f = I MHz 4 

CouT Output Capacitance Vee= 5.0V 7 
pF 

Notes: 
I. The CMOS process does not provide a clamp diode. However these 

devices are insensitive to - 3V de input levels and - 5V undershoot 
pulses of less than 5 ns (measured at 50% points). 

3. 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.) 

2. Not more than I output should be shorted at one time. Duration of 
the short circuit should not exceed 30 seconds. 
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4. Tested on a sample basis. 
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· CY74S189, CY27LS03 
.. ·. · . . . CY27S03, CY27S07 

.. ~ ============================== 
Switching Characteristics Over the Operating Range!SJ 

27S03A 

Parameters Description 27S07A 

Min. Max. 

READ CYCLE 

tRC Read Cycle Time 25 

tAA Address to Data VaJid[8) 25 

tACS CS Low to Data Valid[8) 15 

tHZCS cs HIGH to High z[7, 9, 10) 15 

WRITE CYCLEl3, s, 6) 

twc Write Cycle Time 25 

tsA Address Set-up to Write Start 0 

tHA Address Hold from Write End 0 

tscs CS Set-up to Write Start 

tHCS CS Hold from Write End 

tso Data Set-up to Write End 20 

tHD Data Hold from Write End 0 

tpWE WE Pulse Width 20 

tHZWE WE LOW to High z[7, 9, 10) 20 

tAWE WE HIGH to Output Validl8J 20 
Notes: 
5. Test conditions assume sigital transition times of 5 ns or less, timing 

reference levels of 1.5V, output loading of the speeified Ior/IoH and 
30 pF load capadtance. 

6. The internal write time of the memory is defined by the overlap of CS 
LOW and WE LOW. Both signals must be LOW to intiate a write 
and either signal Cll!I 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. 

27S03 
74S189 27LS03 

27S07 Units. 
Min. Max. Min. Max. Min. Max. 

35 35 65 ns 

35 35 65 ns _:J 

17 22 35 ns 

20 17 35 ns 

35 35 65 ns 

0 0 0 ns 

0 0 0 ns 

0 ns 

0 ns 

25 20 55 ns 

0 0 0 ns 

25 20 55 ns 

25 20 35 ns 

35 30 35 ns 

7. 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. 

8. !AA, !ACS and !AWE are tested with Cr,= 30 pF as inFl'gure la. 
Timing is referenced to I .5V on the inputs and outputs. 

9. IHZCS and tHZWE are tested with CL = 5 pF as in Figure lb. 
10. At any given temperature and voltage condition, tllZCs is less than 

tucs for any given device. These parameters are specified and not 
100% tested. 

Bit Map 1~123012~11~12301~1 COLUMN Lf°O 111~ t.f22 3rii.· -------OUTPUTS 

Address Designators 
Address Address 
Name Function 

Pin 
Number 

Ao AXO 1 

A1 AXl 15 

A2 AYO 14 

A3 AYl 13 
ROWO 

ROW3 
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CY74S189, CY27LS03 
· CY27S03, CY27S07 
~NDUCTOR=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:::; 

AC Test Loads and Waveforms 

R1 250 l1 R1 250 II 
5 vu----~"""--

OUTPUTO----.----__. OUTPUTl~---+----• 

30 pF 

I INCLUDING 
JIG AND 

-:- SCOPE -:-

Figure la 

R2 
15011 

Equivalent to: THEVENIN EQUIVALENT 

Read Mode 

OUTPUT o VII\ o 1.92V 
9212 

5 pF 

I INCLUDING 
_JIG AND _ 
- SCOPE -

Figure lb 

0006-5 

R2 
15011 

0006-4 

ALL INPUT PULSES 

0006-6 

J;~t-----tRc-------~J~. 
Ao;~E~~-~---*-----x= 

cs 
CHIP SELECT 

DATA 
OUTPUTS----------------,,_ __ _,~.,.(.( 

Oo-03 'Yo.lto,;1~11-------' 

Write Mode 

0006-7 

""'"'t~o------------twc----------~1, 
AD~~E~-~--}-

tsA 14- i.-- tHA 

cs 
CHIP SELECT 

Do-D3 
OATA IN 

WE 
WAITE ENABLE 

1\ 

- tscs I--
!so 

! tPWE 

~ K" 
tHZWE NOTES 

Oo-03---------------------------"""""'~ DATA OUTPUTS ·~ 
LOAD 

LNOTE6 

(All above measurements referenced to I.SY) 

i.--tHCJ 

tH~· 

1-
14-----tAWE 

0006-B 

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, CY27LS03 
CYPRFSS CY27S03, CY27S07 
SEMICONDUCTOR ==========================~==== 

Ordering Information 
Speed 

Ordering Code 
Package Operating 

(ns) Type Range 

25 CY27S03APC Pl Commercial 
CY27S07APC 

CY27S03AOC 02 
CY27S07AOC 

CY27S03ALMB L61 Military 
CY27S07ALMB 

CY27S03AOMB 02 
CY27S07AOMB 

35 CY27S03PC Pl Commercial 
CY27S07PC 
CY74Sl89PC 

CY27S030C 02 
CY27S070C 
CY74Sl890C 

CY27S03LC L61 
CY27S07LC 

CY27S03LMB L61 Military 
CY27S07LMB 

CY27S030MB 02 
CY27S07DMB 

65 CY27LS03LMB L61 Military 

CY27LS030MB 02 
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·=CYPRESS 

CY93422A/93L422A 
CY93422/93L422 

T SEMICONDUCTOR 256 x 4 Static R/W RAM 

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) 

• 5 volt power supply ± 10% 
tolerance both commercial and 
military 

• Capable of withstanding greater 
than 2000V static discharge 

Logic Block Diagram 

COLUMN 
DECODER 

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 (CSt) input, an active HIGH chip 
select two (CS2) 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 (CS1) and write enable (WE) 
inputs are LOW and the chip select 
two (CS2) input is HIGH, the informa
tion on the four data inputs Do 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 

0002-1 

operation insures minimum write re
covery times by eliminating the "write 
recovery glitch." 

Reading is performed with the chip se
lect one (CS1) input LOW, the chip se
lect two input (CS2) 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 
Ooto03. 

The outputs of the memory go to an 
active high impedance state whenever 
chip select one (CS1) is HIGH, chip se
lect two (CS2) is LOW, output enable 
(OE) is HIGH, or during the writing 
operation when write enable (WE) is 
LOW. 

Pin Configuration 

A3 Vee 
A, A4 

A, WE 
Ao cs, 
As 5E 
A5 cs, 
A1 03 

GND 03 

Do o, 
Oo 02 

o, o, 

0002-2 

Selection Guide (For higher performance and lower power refer to CY7Cl22 data sheet) 

93422A 93L422A 93422 93L422 

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 
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CY93422A/93L422A 
CY93422/93L422 

~~NDUCTOR =:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=: 

Maximum Ratings 
(Above which the useful life may be impaired) 
Storage Temperature ............... -65°C to + 150°C 
Ambient Temperature with 
Power Applied .................... - 55°C to + 125°C 
Supply Voltage to Ground Potential 
(Pin 22 to Pin 8) ..................... -0.5V to + 7.0V 
DC Voltage Applied to Outputs 
for High Output State .............. -0.5V to V cc Max 
DC Input Voltage ................... -0.5V to+ 5.5V 
Output Current, into Outputs (Low) ............. 20 mA 
DC Input Current ............... - 30 mA to + 5.0 mA 
Static Discharge Voltage ..................... > 2001 V 
(per MIL-STD-883 Method 3015.2) 
Latchup Current .......................... > 200 mA 

Operating Range 

Range Vee 
Ambient 

Temperature 

Commercial 5V ±10% o·c to +75°c 

Military 5V ±10% - 55°C to + 125°c 

Function Table 
Inputs Outputs 

Mode 
CS2 CS1 WE OE Dn On 

L x x x x *HIGHZ Not Select 

x H x x x *HIGHZ Not Select 

H L H H x *HIGHZ Output Disable 

H L H L x Selected 
ReadData 

Data 

H L L x L *HIGHZ Write "O'' 

H L L x H *HIGHZ Write "l" 

H = High Voltage Level L = Low Voltage Level X = Don't Care 
*HIGH Z implies outputs are disabled or off. This condition is defined 
as a high impedance state for the CY93422. 

DC Electrical Characteristics Over Operating Range (Unless Otherwise Noted) 

Parameters Description 

VoH Output HIGH Voltage 

VoL Output LOW Voltage 

Vrn Input HIGH Level[I] 

VrL Input LOW Level[I] 

lrL Input LOW Current 

Irn Input HIGH Current 

Isc 
Output Short 
Circuit Current 

Ice Power Supply Current 

VcL Input Clamp Voltage 

lcEX Output Leakage Current 

C1N Input Pin Capacitance 

Com Output Pin Capacitance 
Notes: 

93422 93L422 

Test Conditions 93422A 93L422A 

Min. Max. Min. Max. 

Vee= Min., loH = -5.2mA 2.4 2.4 
VIN = Vrn or VrL 

Vee= Min., loL = 8.0mA 0.45 0.45 
VrN = Vrn or VrL 

Guaranteed Input Logical HIGH 
2.1 2.1 

Voltage for all Inputs 

Guaranteed Input Logical LOW 
0.8 0.8 

Voltage for all Inputs 

Vee= Max., VIN= 0.40V -300 -300 

Vee= Max., V1N = 4.5V 40 40 

Vee= Max., VouT = O.OV[2] -90 -90 

TA= 125°c 110 70 

All Inputs = GND, TA= 75°C 110 70 
Vee= Max. TA= o·c 120 80 

TA= -s5°C 130 90 

See Note4 See Note4 

VoUT = 2.4V 50 50 

VoUT = 0.5V, Vee= Max. -50 -50 

See Note 3 4 4 

See Note 3 7 7 

3. Input and output capacitance measured on a sample basis at 
f= 1.0MHz. 

Units 

v 

v 

v 

v 

µA 

µA 

mA 

mA 

µA 

pF 

pF 

I. 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. 

2. Not more than one output should be shorted at a time. Duration of 
the short circuit should not be more than one second. 

4. The CMOS process does not provide a clamp diode. However, the 
CY93422 is insensitive to - 3V de input levels and - 5V undershoot 
pulses ofless than 10 ns (measured at 50% point). 
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CY93422A/93IA22A 
· CY93422/93IA22 

~CX)NDUCT()R;;;:=;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;:;=: 

Commercial Switching Characteristics v cc = sv ± 10%, TA = O"C to + 75°C (Unless Otherwise Noted) 

Parameters Description 

tPLH(A)[l] Delay from Address to Output 
tPHL{A)[l] (Address Access Time) (See Figure 2) 

tPZH CCSi. CS2) Delay from Chip Select to Active 
tpzL CCSi. CS2) Output and Correct Data (See Figure 2) 

tpZH(WE) 
Delay from Write Enable to 

tpzL(WE) 
Active Output and Correct Data 
(Write Recovery) (See Figure 1) 

tpZH(OE) Delay from Output Enable to Active 
tpzL(OE) Output and Correct Data (See Figure 2) 

ts(A) 
Setup Time Address (Prior to 
Initiation of Write) (See Figure 1) 

tii(A) 
Hold Time Address (After 
Termination of Write) (See Figure J) 

ts (DI) 
Setup Time Data Input (Prior to 
Initiation of Write) (See Figure 1) 

th (DI) 
Hold Time Data Input (After 
Termination of Write) (See Figure 1) 

ts (CS 1, CS2) 
Setup Time Chip Select (Prior to 
Initiation of Write) (See Figure 1) 

th (CS i. CS2) 
Hold Time Chip Select (After 
Termination of Write) (See Figure J) 

tpw(WE) 
Minimum Write Enable Pulse Width 
to Insure Write (See Figure 1) 

tpHz CCSi. CS2) Delay from Chip Select to Inactive 
tpLZ (CS1, CS2) Output (HIGH Z) (See Figure 2) 

tpffZ(WE) Delay from Write Enable to Inactive 
tpLZ(WE) Output (HIGH Z) (See Figure 1) 

tpHz(OE) Delay from Output Enable to Inactive 
tpLZ(OE) Output (HIGH Z) (See Figure 2) 

Notes: 
I. tpLH (A) and tPHL (A) are tested with S1 closed and Cr. = 15 pF 

with both input and output timing referenced to l.5V. 
2. tpzH (WI!), tpzH <CSi. CS2) and tpZH (OE) are measured with S1 

opeo, Cr. = 15 pF and with both the input and output timing refer
enced to l.5V. tnL (WE), tpzL <CS1. CS2) and tpzL (OE) are mea
sured with S1 closed, Cr. = 15 pF and with both the input and output 

93422A 93IA22A 93422 93IA22 

Min. 

5 

5 

5 

5 

5 

5 

20 
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Units 
Max. Min. Mu. Min. Max. Min. Max. 

35 45 45 60 ns 

25 30 30 35 ns 

25 40 40 45 ns 

25 30 30 35 ns 

5 10 10 ns 

5 5 5 ns 

5 5 5 ns 

5 5 5 ns 

5 5 5 ns 

5 5 5 ns 

40 30 45 ns 

30 40 30 45 ns 

30 40 35 45 ns 

30 40 30 45 ns 

t!!!!jng referenced to 1.SV. tpm (WI!), tpm (<:Si. CS2) and tpffZ 
(OE) are measured with St open, CL :S: 5 pF and are measured be
tween the l.SV level on the input to the VoH - 500 m V level on the 
output. tpLZ (WE), tpLZ <CSi. CS2) and tPLZ (OE) are measured with 
S1 closed and CL :S: 5 pF and are measured between the l .5V level on 
the input and the VoL + 500 m V level on the output. 
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CY93422A/93L422A 
· . CY93422/93L422 
~caIDUC'J'Ct<========================================== 

Military Switching Characteristics V cc = sv ± 10%, TA = - ss•c to + 12s•c (Unless Otherwise Noted) 

93422A 93IA22A 93422 931A22 
Parameters Description 

·Min. 

tPLH(A)[l] Delay from Address to Output 
tpH_!{_A)[l] (Address Access Time) (See Figure 2) 

ti>zH (CSi. CS2) Delay from Chip Select to Active 
tPZL (CS1, CS2) Output and Correct Data (See Figure 2) 

tpzff(WE) 
Delay from Write Enable to 

tpzL{WE) 
Active Output and Correct Data 
(Write Recovery) (See Figure 1) 

tpZH(OE} Delay from Output Enable to Active 
tpzL(OE} Output and Correct Data (See Figure 2) 

ts (A) 
Setup Time Address (Prior to 
Initiation of Write) (See Figure 1) 

th (A) 
Hold Time Address (After 
Termination of Write) (See Figure 1) 

ts (DI) 
$etup Time Data Input (Prior to 
Initiation of Write) (See Figure 1) 

th (DI) 
Hold Time Data Input (After 
Termination of Write) (See Figure 1) 

ts (CSi. CS2) 
Setup Time Chip Select (Prior to 
Initiation of Write) (See Figure 1) 

th CCSt. CS2) 
Hold Time Chip Select (After 
Termination of Write) (See Figure 1) 

tpw(WE) 
Minimum Write Enable Pulse Width 
to Insure Write (See Figure 1) 

tpHZ (CS1, CSz) Delay from Chip Select to Inactive 
tpLZ (CSi. CS2) Output (HIGH Z) (See Figure 2) 

tpHz{WE) Delay from Write Enable to Inactive 
tpLZ{WE) Output (HIGH Z) (See Figure 1) 

tpHz(OE} Delay from Output Enable to Inactive 
tpLZ(OE} Output (HIGH Z) (See Figure 2) 

Notes: 
I. tpLH (A) and tpHL (A) are tested with. S1 closed and Ct, = 15 pF 

with both input and output timing referenced to 1.5V. 
2. tpZH (WE), tpzH ~ .. CS2) and tpZH (OE) are measured with S1 

open, CL = 15 pF and with both the input and output !l!ning refer
enced to 1.5V. tpZL (WE), tpZL ~I• CS2) and tpZL {OE) are mea
sured with St closed, CL = 15 pF and with both the input and output 

5 

5 

5 

5 

5 

s 

35 
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Units 
Max. Min. Max. Min. Max. Min. Max. 

45 55 60 75 ns 

35 40 45 45 ns 

40 45 50 so ns 

35 40 45 . 45 ns 

10 10 10 ns 

5 5 10 ns 

5 5 5 ns 

5 5 5 ns 

5 5 5 Iis 

s 5 10 ns 

40 40 45 ns 

35 40 45 45 ns 

40 40 45 45 ns 

35 40 45 45 ns 

timing referenced to 1.5V. tpHz (WE), 1pffz ~ .. CS2) and tpHZ 
(OE) are measured with S1 open, Ct. S: 5 pF and are ineasured be
tween the 1.SV level on the input to the VoH -500 mV level on the 
output. tpLZ (WE), tpLZ ~1. CS2) and tpLZ (OE) are measured with 
S1 closed and CL S: 5 pF and are measured between the 1.5V level on 
the input and the VoL + 500 m V level on the output. 



CY93422A/93L422A 
· CY93422/93L422 
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Switching Waveforms 
Write Mode (with OE = Low) 

CHIP 
cs, 

SELECT CSz 

Ao-A7 ----;~11111. r--------------"""'"~llllrrt---
ADDRESS 

INPUTS ---4.1.AlllAf '---------------''l'ilillllt.:l...1.---

~ 
WRITE 

ENABLE 

Read Mode 

Figure 1 

IPHZ (§i, CSz) 
IPLz(CSi, CS2) 

0002-3 

Key to Timing Diagram 

Waveform Inputs Outputs 
Must be Will be 
steady steady 

May change 
Will be 

\\\\\\. changing 
from H to L 

fromHtoL 

May change 
Will be 

llill1 changing 
from L to H 

fromLtoH 

K 
Don't care; Changing; 
any change state 
permitted unknown 

~ 
Does not Center line 
apply is high 

impedance 
0002-4 "off" state 

AD~~~!~ --ADDRESS j --~-------ADDRESS k ---------11------ ADDRESS i ----- 1.5V 

1.5V 

CSz ---'~-----4----------Jl\----'l\----..j....------/J\.-----~ 
tpzH(CS1 I 
IPZH(CS2) 
IPZH(OE) 

Ox 

MAX. 

DATA OUT ____ ..... .,.. 

tpLz(CS1 I 
IPLz(CSz) 
IPLz(OE) 

READ A LOW 
IN ADDRESS k 

DISABLE 
OUTPUT 

tpzc(CS1 I 
IPZL(CSz)[ 
tpzc(O"EI 

ENABLE 
OUTPUT 

IPLH(A) 
MAX. 

READ A HIGH 
IN ADDRESSi 

DISABLE 
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. 

AC Test Load and Waveform 
AC Test Load 

OUTPUT ~--------41 

Figure 3 

R1 
soon 

R2 
12oon 

Figure2 
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See Notes I and 2 of Switching Characteristics 
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Input Pulses 
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Figure 4 
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Ordering Information 

Speed Ordering Code .Package Operating 
(ns) Std.Power Low Power Type Range 

35 CY93422APC P7 Commercial 
CY93422ADC D8 

45 CY93422PC CY93IA22APC P7 Commercial 
CY93422DC CY93IA22ADC D8 

45 CY93422ADMB D8 Military 

55 CY93IA22ADMB D8 Military 

60 CY93422DMB D8 Military 

60 CY93IA22PC P7 Commercial 
CY93IA22DC D8 

75 CY93IA22DMB D8. Military 
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&:~NDUCTOR =====I=n=t=ro=d=u=c=ti=o=n=t=o=C=M=O=S=P=R=O=M=s===== 
1: Product Line Overview 
The Cypress CMOS family of PROMs span 4K to 256K 
bit densities, three functional configurations, and are all 
byte-wide. The product line is available in both 0.3 and 0.6 
inch wide dual-in-line plastic and CERDIP as well as LCC 
and PLCC packages. The programming technology is 
EPROM and therefore windowed packages are available in 
both dual-in-line and LCC configurations, providing eras
able products. These byte-wide products are available in 
registered versions at the 512, lK, 2K, and SK by S densi
ties, and in non-registered versions at the lK, 2K, SK, 16K 
and 32K by S densities. The registered devices operate in 
either synchronous or asynchronous output enable modes 
and may have an initialize feature to preload the pipeline 
register. The SK by S registered devices feature a diagnos
tic shadow register which allows the pipeline register to be 
loaded or examined via a serial path. 

Cypress PRO Ms perform at the level of their bipolar equiv
alents or beyond with reduced power levels of CMOS tech
nology. They are capable of 2001 volts of ESD and operate 
with 10% power supply tolerances. 

2: Technology Introduction 
Cypress PROMs are executed in an "N" well 1.2 micron 
CMOS EPROM process. This process provides basic gate 
delays of 235 picoseconds for a fanout of one at a power 
consumption of 45 femto joules. This process provides the 
basis for the development of LSI products that outperform 
the fastest 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 Cypress CMOS EPROM technology, both 
of the aformentioned limitations have been overcome to 
create CMOS PROMs with performance superior to 
PROMs implemented in bipolar technology. 

In all Cypress PROMs, speed and programmability are op
timized independently by separating the read and write 
transistor functions. Also, for the first time a substrate bias 
generator is employed in an EPROM technology to im
prove performance and raise latchup immunity to greater 
than 200 mA. The result is a CMOS EPROM technology 
that challenges bipolar fuse technology for both density 
and speed. In addition, at higher densities, performance 
and density surpasses the best that bipolar can provide. 
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. 

3: Design Approach 

A. Four Transistor Differential Memory Cell 
The 4K, SK, and 16K PROM use an N-Well CMOS tech
nology along with a new differential four transistor 
EPROM cell that is optimized for speed. The area of the 
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four transistor cell is 0.43 square mils and the die size is 
19,321 square mils for the 2K by 8 PROM (Figure J). 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 separate implant to maximize the genera
tion and collection of hot electrons while the read transis
tor implant dose is chosen to provide a large read current. 
Both the n and p channel peripheral transistors have self
aligned, shallow, lightly doped drain (LDD) junctions. The 
LDD structure reduces overlap capacitance for speed im
provement and minimizes hot electron injection for im
proved reliability. Although common for NMOS static and 
dynamic RAMs, an on-chip substrate bias generator is 
used for the first time in an EPROM technology. The re
sults are improved speed, greater than 200 mA latch-up 
immunity and high parasitic field inversion voltages during 
programming. 
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Fignre 1 

WORD LINE 

0034-2 

Fignre 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 SK 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
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 
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Figure 3. Differential sensing 

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. 

B. Two Transistor Single Ended Memory Cell 
At higher densities, the four transistor memory cell be
comes too large and would create a die that is more expen
sive and difficult to package. For this reason, all SK by 8 
and larger PROMs from Cypress use a two transistor 
memory cell and single ended sensing. This is an excellent 
compromise between performance and high density, allow
ing the development of devices with performance of 35 ns 
and 45 ns access times at densities from 64K to 256K bits. 
This two transistor cell still uses the high speed read tran
sistor and the optimized EPROM transistor for perform
ance and reliable programming. The sense amplifier uses a 
reference voltage on one input and the read transistor on 
the other, instead of two read transistors. This single ended 
sensing is a more conventional technique and has the effect 
of causing an erased device to contain all "O"s. 

4: Programming 
A. Differential Memory Cells 
Cypress PROMs are programmed a BYTE at a time by 
applying 12 to · 14 volts on one pin and the desired logic 
levels to input pins. Both logic "ONE" and logic "ZERO" 
are programmed into the differential cell. A BIT is pro
grammed by applying 12 to 14 volts on the control gate 
and 9 volts on the drain of the floating gate write transis
tor. This causes hot electrons from the channel to be inject
ed onto the floating gate thereby raising the threshold volt
age. Because the read transistor shares a common floating 
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gate with the program transistor, 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 select
ed in a read mode of operation. Since both sides of the 
differential cell are at equal potential before programming, 
a threshold shift of 100 m V is enough to be determined as 
the correct logic state. Because an unprogrammed cell has 
neither a ONE nor a ZERO in it before programming, a 
special BLANK CHECK mode of operation is implement
ed. In this mode the output of each half of the cell is com
pared against a fixed reference which allows distinction of 
a programmed or unprograrnmed cell. A MARGIN mode 
is also provided to monitor the thresholds of the individual 
BITs allowing the monitoring of the quality of program
ming during the manufacturing operation. 

B. Single Ended Memory Cells 
The programming mechanism of the EPROM transistor in 
a single ended memory cell is the same as its counterpart in 
a double ended memory cell. The difference is that only 
ones "l "s are programmed in a single ended cell. A "l" 
applied to the I/0 pin during programming causes an 
erased EPROM transistor to be programmed while a "O" 
allows the EPROM transistor to remain unprogrammed. 

5: Erasability 
For the first time at PROM speeds, Cypress PROMs using 
CMOS EPROM technology offer reprogrammability when 
packaged in windowed CERDIP. This is available at densi
ties of 16K and larger, both registered and non-registered. 

Wavelengths of light less than 4000 Angstroms begin to 
erase Cypress PROMs. For this reason, an opaque label 
should be placed over the window if the PROM is exposed 
to sunlight or fluorescent lighting for extended periods of 
time. 
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The recommended dose of ultraviolet light for erasure is a 
wavelength of 2537 Angstroms for a minimum dose (UV 
intensity X exposure time) of 25 Wsec/cm2. For an ultra
violet lamp with a 12 mW/cm2 power rating the exposure 
time would be approximately 30-35 minutes. 

The PROM needs to be within 1 inch of the lamp during 
erasure. Permanent damage may result if the PROM is 
exposed to high intensity light for an extended period of 
time. 7258 Wsec/cm2 is the recommended maximum dos
age. 
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6: Reliability 
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. 
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Features 
• CMOS for optimum 

speed/power 

• High speed 
- 25 ns max set-up 
- 12 ns clock to output 

• Low power 
- 495 mW (commercial) 
- 660 mW (military) 

• Synchronous and asynchronous 
output enables 

• On-chip edge-triggered 
registers 

• Buffered Common PRESET and 
CLEAR inputs 

• EPROM technology, 100% 
programmable 
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• Slim, 300 mil, 24 pin plastic or 
hermetic DIP, or 28 pin LCC 

• 5V ± 10% V cc, commercial and 
military 

• TIL compatible 1/0 

• Direct replacement for 
bipolar PROMs 

• 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 
and 28 pin Leadless Chip Carrier. The 
memory cells utilize proven EPROM 
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Selection Guide 

floating gate technology and byte-wide 
intelligent programming algorithms. 

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
SET and CLEAR functions. 

Pin Configurations 

A1 Vee 

A, Aa 

As ~ 

A, 

AJ cm 
A, Es 
Ai CP 

Ao 07 

Oo o, 
o, 05 

o, o, 
GND 03 
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CLR 

Es 
CP 
NC 

07 

Oo Os 
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7C225-25 7C225-30 7C225-35 7C225-40 

Maximum Set-up Time (ns) 25 30 35 40 

Maximum Clock to Ouput (ns) 12 15 20 25 

Maximum Operating J Commercial 90 90 90 
Current (mA) Military 120 120 120 
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Maximum Ratings 
(Above which the useful life may be impaired) 

Storage Temperature ............... - 65°C to + l 50"C Static Discharge Voltage ..................... >2001V 

Ambient Temperature with (Per MIL-STD-883 Method 3015.2) 

Power Applied .................... - 55"C to + 125"C Latch-up Current. ......................... > 200 mA 

Supply Voltage to Ground Potential 
(Pin 24 to Pin 12) .................... -0.5V to + 7.0V Operating Range 

DC Voltage Applied to Outputs 
in High Z State ...................... -0.5V to + 7.0V 

Range 
Ambient 

Vee Temperature 

DC Input Voltage ................... -3.0V to + 7.0V Commercial o•cto +10-c 5V ±10% 

DC Program Voltage (Pins 7, 18, 20) ............. 14.0V Military -55°C to + 125°C 5V ±10% 

Electrical Characteristics Over Operating Range 

Parameters Description Test Conditions Min. Max. Units 

VoH Output HIGH Voltage Vee= Min.,loH = -4.0mA 
2.4 v 

VIN = Vrn or VIL 

VoL Output LOW Voltage Vee= Min., loL = -16 mA 
0.4 v 

VIN = Vrn or VIL 

Vrn Input HIGH Level Guaranteed Input Logical HIGH 
2.0 v Voltage for All Inputsl2l 

VIL Input LOW Level Guaranteed Input Logical LOW 
0.8 v Voltage for All inputsl2] 

l1x Input Leakage Current GND!5: V1N !5: Vee -10 +10 µ.A 

Ven 
Input Clamp Diode 

Note 1 Voltage 

loz Output Leakage Current GND !5: Vo !5: Vee Output Disabledl4l -40 +40 µ.A 

Ios Output Short Circuit Current Vee= Max., VoUT = 0.0V[3] -20 -90 mA 

GND !5: V1N !5: Vee l Commercial 90 
Ice Power Supply Current mA 

Vee= Max. J Military 120 

Capacitance [S] 

Parameters Description Test Conditions Max. Units 

C1N Input Capacitance TA= 25°C, f = 1 MHz, Vee= 5.0V 5 pF 

Co UT Output Capacitance TA= 25°C, f = 1 MHz, Vee= 5.0V 8 pF 
Notes: 
1. The CMOS process does not provide a clamp diode. However, the 

CY7C225 is insensitive to - 3V de input levels and - 5V undershoot 
pulses of less than 10 ns (measured at 50% point). 

4. For devices using the synchronous enable, the device must be clocked 
after applying these voltages to perform this measurement. 

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). 

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

5. Input and output capacitance measured on a sample basis. 
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Switching Characteristics Over Operating Range 

7C225-25 7C225-30 7C225-35 7C225-40 
Parameters Units Description 

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

tSA Address Setup to Clock HIGH 

tHA Address Hold from Clock HIGH 

tco Clock HIGH to Valid Output 

tpwc Clock Pulse Width 

tSEs Es Setup to Cl<ick HIGH 

tHEg Es Hold from Clock HIGH 

top, toe Delay from PimSET or Cr:EA.R to Valid Output 

tRP, tRc PimSET or cr:EAR Recovery to Clock HIGH 

tpWP,tPwc PimSET or CT:EAR Pulse Width 

tLZC 
Active Output from 
Clock HIGH[!] 

tHZc Inactive Output from Clock HIGHU. 3) 

tLZE Active Output from E LOWl2l 

tHZE 
Inactive Output from 
EHIGHl2,3J 

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 m V or 

steady state LOW level + 500 m V on the output from the 1.5V level 
on the input with loads shown in Figure 1 b. 

AC Test Loads and WaveformslS, 6, 7] 
R1250!1 R1 250!1 

25 30 35 40 ns 

0 0 0 0 ns 

12 15 20 25 ns 

10 15 20 20 ns 

10 10 10 10 ns 

0 5 5 5 ns 

20 20 20 20 ns 

15 20 20 20 ns 

15 20 20 20 ns 

20 20 25 30 ns 

20 20 25 30 ns 

20 20 25 30 ns 

20 20 25 30 ns 

4. Tests are performed with rise and fall times of 5 ns or less. 
5. See Figure 1 a for all switching characteristics except tHZ. 
6. See Figure 1 b for tHZ. 
7. All device test loads should be located within 2" of device outputs. 

6VO----,..,.......,_..., 5 v o----'VV--. 
ALL INPUT PULSES 

OUTPUTO------~ OUTPUT 0------.. 
R2 I 50pf 167!! 5 pf R2 I 1671! 

INCLUDING 
JIG AND 

":'" SCOPE ":'" 

INCLUDING 
_JIGAND _ 
- SCOPE -

0020-5 

Figure ta Figure lb 

Equivalent to: 
THEVENIN EQUIVALENT 

100!1 
OUTPUT ~2.0V 
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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 ITL 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 cr:EAR: and PRESET inputs. 

Upon power-up, the synchronous enable (Es) flip-flop will 
be in the set condition causing the outputs (Oo-01) to be 
in the OFF or high impedance state. Data is read by 
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Figure2 

applying the memory location to the address inputs (Ao
As) 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 (Oo-
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 (Es) 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 ifE 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-

Switching Waveforms 

l'Sor~ 

Notes on Testing 

top___, ............ -+--- tRP· tAc 
toe 

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. 
I. Ensure that adequate decoupling capacitance is employed across the 

device V cc and ground terminals. Multiple capacitors are recom
mended, including a 0.1 µ.F or larger capacitor and a 0.0 I µ.F 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. 
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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 tputs, including the 
clock (CP). Applying a LOW to the LEAR 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. 
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3. 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 I.SY reference levels. 
5. Transition is measured at steady state HIGH level - 500 m V or 

steady state LOW level + 500 m V on the output from the 1.SV level 
on inputs with load shown in Figure I b. 
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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 
CMOS 512 x 8 Registered PROM; the 512 x 8 array. All of 
the programming elements are "EPROM" cells, and are in 
an erased state when the device is shipped. 

DC Programming Parameters TA = 2s•c 

The 512 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. 
Vpp111 Programming Voltage 13.0 14.0 

Veep Supply Voltage 4.75 5.25 

VnlP Input High Voltage 3.0 

VILP Input Low Voltage 0.4 
v08121 Output High Voltage 2.4 

VoLl21 Output Low Voltage 0.4 
Ipp Programming Supply Current 50 

AC Programming Parameters TA = 25°C 

Parameter 
tpp 

tAS 
tos 
tAH 

ton 
tR, tF[3) 

tvo 
typ 

tov 

toz 
Notes: 
I. V CCP must be applied prior to Vpp. 
2. During verify operation. 

Description 

Programming Pulse Width 

Address Setup Time 
Data Setup Time 

Address Hold Time 

Data Hold Time 

Vpp Rise and Fall Time 

Delay to Verify 
Verify Pulse Width 

Verify Data Valid 

Verify HIGH to High Z 

Table2 

Min. Max. 

100 10,000 

1.0 

1.0 

1.0 

1.0 

50 

1.0 
2.0 

1.0 

1.0 

3. Measured 10% and 90% points. 
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Units 

v 
v 
v 
v 
v 
v 

mA 

Units 

µ.s 

µ.s 

µ.s 
µ.s 

µ.s 

ns 

µ.s 

µ.s 
µ.s 

µ.s 

II 
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Mode Selection 

Mode Read or Output Disable CP 

Other PGM'. 
Pin (18) 

Readl2,3J x 
Output Disablel5J x 
Output Disable x 
~ x 
PRI!SET x 
ProgramJl,4) V1LP 
Program Verifyll,4) VIHP 
Program InhibitU.41 V1HP 
Intelligent Program[l,4] V1LP 
Blank Check Onesll,4] Vpp 

Blank Check Zeros[l,4) Vpp 

Notes: 
I. X = Don't care but not to exceed Vpp. 
2. During read operation, the output latches are loaded on a "0" to "I" 

transition of CP. 
3. Pin 19 must be LOW prior to the ''O" to"!" transition on CP (18) 

that loads the register. 

A1 Vee 

As As 

As I'! 
A4 E 
Aa VPP(~) 

A2 VF'/ !Esl 
At PGM(CPI 

Ao 07 

Os 

o, 05 

02 04 

Vss 03 
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Figure 3. Programming Pinouts 

Table3 

Pin Function 

Es cr:R E PS Outputs 
VP\' Vpp E PS (9-11,13-17) 
(1!1) (20) (21) (22) 

VIL Vm VIL Vm Data Out 

Vm Vm x Vm HighZ 

x Vm Vm Vm HighZ 

VIL VIL VIL Vm Zeros 

VIL Vm VIL V1L Ones 

V1HP Vpp VIHP VIHP Data In 

V1LP Vpp Vmp V1HP Data Out 

V1HP Vpp Vmp VIHP HighZ 

V1HP Vpp Vmp VIHP Data In 

V1LP V1LP VILP Vmp Ones 

Vmp V1LP V1LP VIHP Zeros 
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4. During programming and verification, all unspecified pins to be at 
VJLp. 

S. Pin 19 must be HIGH prior to the "O'' to"!" transition on CP (18) 
that loads the register. 

The CY7C225 programming algorithm allows significantly 
faster programming than the "worst case" specification of 
lOmsec. 

Typical programming time for a byte is less than 2.5 msec. 
The use ofEPROM 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 differenpgulse types: initial and 
overprogram. The duration of the M pulse (tpp) is 0.1 
msec which will then be followed by a longer overprogram 
pulse of 24 (0.1) (X) msec. Xis an iteration counter and is 
equal to the NUMBER of the initial 0.1 msec pulses ap
plied before verification occurs. Up to four o; 1 msec pulses 
are provided before the overprogram pulse is applied. 

The entire sequence of program pulses and byte verifica
tions is performed at V CCP = 5.0V. When all bytes have 
been programmed all bytes should be compared (Read 
mode) to original data with V cc = 5.0V. 
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NO 
INC. ADDR 

START 
Veep= 5.0V, Vpp = 13.5V 

ADDR !ST LOCATION 

X=O 

PROGRAM ONE PULSE 
OF 0. 1 msec 

X=X+l 

x = 4? 

NO 

VERIFV ONE BVTEI 

PASS 

PROGRAM ONE PULSE 
OF 24 (0. 1 I (XI msec 

x = 4? 

NO 

LAST ADDR ESSI 

VES 

READ ALL BVTESI 
Vee= 5.ov 

PASS 

DEVICE GOOD 

VES 

VES 
VERIFV BVTE 

FAIL 
DEVICE BAD 

Figure 4. Programming Flowchart 
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DEVICE BAO 

0020-9 



~~~UCTOR==~~~~~~~~~~~~~~~~~~~~~=C~Y=1=C=2=2=5 
Programming Sequence 512 x 8 Array 
Power the device for normal read mode operation with pin 
18, 19, 20 and 21 at Vrn. 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 µs. 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 0 thru 511. A device is considered virgin if 
all locations are respectively "l's" and "O'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 

14-----PROGRAM----~----VERIFY---->-----< 5= 
V1HP - - -

ADDRESS ADDRESS STABLE 

V1Lp--- -l~--r-----+-----...11'--~ 

V1Hp---

DATA------.... 

V1LP - - -

Vpp---

PROGRAMMING 
VOLTAGE (PIN 20) 

V1Hp---

V1LP - - -

V1HP - - -

V1LP - - -

V1HP - - -

V1LP - - -

tvo _ __..,...____ tvp 

0020-10 

Figure 5. PROM Programming Waveforms 
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Ordering Information 

Speed 
Ordering Package Operating ns 

ts A tco 
Code Type Range 

25 12 CY7C225-25PC P13 Commercial 
CY7C225-25DC D14 
CY7C225-25LC L64 

30 15 CY7C225-30PC P13 Commercial 
CY7C225-30DC D14 
CY7C225-30LC L64 

CY7C225-30DMB D14 Military 
CY7C225-30LMB L64 

35 20 CY7C225-35DMB D14 Military 
CY7C225-35LMB L64 

40 25 CY7C225-40PC P13 Commercial 
CY7C225-40DC D14 
CY7C225-40LC L64 

CY7C225-40DMB D14 Military 
CY7C225-40LMB L64 
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Features 
• CMOS for optimum 

speed/power 

• High speed 
- 30 ns max set-up 
- 15 ns clock to output 

• Low power 
- 495 mW (commercial) 
- 660 mW (military) 

• Synchronous and asynchronous 
output enables 

• On-chip edge-triggered registers 

• Programmable asynchronous 
register (INIT) 

• EPROM technology, 100% 
programmable 

• Slim, 300 mil, 24 pin plastic or 
hermetic DIP or 28 pin LCC 

Logic Block Diagram 

Ag 
Aa 

ROW 64 x 128 A, DECODER PROGRAMMABLE 
Ao 1 OF 64 ARRAY 
As 
A4 

A, 

A2 COLUMN 

A1 
DECODER 
1OF16 

Ao 

CP 

es 

Selection Guide 

Maximum Set-up Time (ns) 

Maximum Clock to Output (ns) 

Maximum Operating 
Current (mA) 

CY7C235 

1024 x 8 Registered PROM 

• SV ± 10% V cc, commercial and 
military 

• TIL compatible 1/0 
• Direct replacement for bipolar 

PRO Ms 

• Capable of withstanding greater 
than 2000V static discharge 

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 or 28-pin Leadless Chip car
rier. The memory cells utilize proven 
EPROM floating gate technology and 
byte-wide intelligent programming al
gorithms. 

The CY7C235 replaces bipolar devices 
and offers the advantages of lower 

o, 

8 x 1OF16 o, 
MULTIPLEXER 

05 

SBIT 04 
EDGE-

TRIGGERED 
REGISTER 03 

02 

o, 

Cl' Oo 

0005-1 

1 Commercial 

r Military 
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power, superior performance and high 
programming yield. The EPROM cell 
requires only 13.SV 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 
exercised prior to encapgulation. Each 
PROM is also tested for AC perform
ance to guarantee that after customer 
programming the product will meet 
AC specification limits. 

The CY7C235 has an asynchronous 
initialize function (lNIT). This func
tion acts as a 1025th 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. 

Pin Configuration 

7C235-30 

30 

15 

90 

- N Q 0 If) .... an oozzooo 
" 

7C235-40 

40 

20 

90 

120 

0005-2 
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Maximum Ratings 
(Above which the useful life may be impaired) 

Storage Temperature ............... -65°C to + 150°C Static Discharge Volume ..................... > 2001 V 

Ambient Temperature with (Per MIL-STD-883 Method 3015.2) 

Power Applied .................... - 55°C to + 125°C Latch-up Current .......................... > 200 mA 

Supply Voltage to Ground Potential 
(Pin 24 to Pin 12) .................... -0.5V to + 7.0V Operating Range 

DC Voltage Applied to Outputs 
in High Z State ...................... -0.5V to + 7.0V Range 

Ambient 
Vee Temperature 

DC Input Voltage ................... -3.0V to +7.0V Commercial 0°Cto +10°c 5V ±10% 
DC Program Voltage (Pins 7, 18, 20) ............. 14.0V Military - 55°C to + 125°C 5V ±10% 

Electrical Characteristics Over Operating Range 

Parameters Description Test Conditions Min. Max. Units 

VoH Output HIGH Voltage 
Vee= Min., loH = -4.0mA 

2.4 v 
VIN = VIH or VrL 

VoL Output LOW Voltage 
Vee= Min., loL = 16 mA 

0.4 v 
V1N = VIH or VIL 

VIH Input HIGH Level 
Guaranteed Input Logical HIGH 

2.0 v Voltage for All Inputs[2] 

VrL Input LOW Level 
Guaranteed Input Logical LOW 

0.8 v 
Voltage for All lnputs[2] 

hx Input Leakage Current GND,.;; VrN,.;; Vee -10 +10 µA 

Ven 
Input Clamp Diode 

Note 1 
Voltage 

Ioz Output Leakage Current G:ND ,.;; Vo ,.;; V cc Output Disabled[4] -40 +40 µA 

Ios 
Output Short Circuit 

Vee= Max., VouT = O.OV[3] -20 -90 mA 
Current 

GND ,.;; VIN ,.;; Vee l Commercial 90 
Ice Power Supply Current 

Vee= Max. l 
mA 

Military 120 

Capacitance [5] 

Parameters Description Test Conditions Max. Units 

C1N Input Capacitance TA= 25°C, f = 1 MHz 5 

CouT Output Capacitance Vee= 5.ov 8 
pF 

Notes: 
I. The CMOS process does not provide a clamp diode. However, the 

CY7C235 is insensitive to - 3V de input levels and -5V undershoot 
pulses of less than 10 ns (measured at 50% point). 

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

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). 

3-15 

4. For devices using the synchronous enable, the device must be clocked 
after applying these voltages to perform this measurement. 

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

II 
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CY7C235 

Switching Characteristics Over Operating Range 

Parameters DescriptiQn 

tsA Address Setup to Clock HIGH 

tHA Address Hold from Clock HIGH 

tco Clock HIGH to Valid Output 

tpwc Clock Pulse Width 

ts Es Es Setup to Clock HIGH 

tHEg Es Hold from Clock HIGH 

tm Delay from INIT to Valid Output 

I tRI INIT Recovery to Clock HIGH 

tpwr INIT Pulse Width 

tLzc Active Output from Clock HIGH[!] 

tHZC Inactive Output from Clock HIGH[!, 3] 

tLZE Active Output from E LOW[2] 

tHzE Inactive Output from E HIGH[2, 3] 

Notes: 
I. 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 m V or steady 

state Low level + 500 m V on the output from the I.SY level on the 
input with loads shown in Figure I b. 

AC Test Loads and Waveforms [5, 6, 7] 
Rl 250 !.l Rl 250 !2 

7C235"30 7C235-40 
Units 

Min. Max. Min. Max. 

30 40 ns 

0 0 ns 

15 20 ns 

15 20 ns 

10 15 ns 

5 5 ns 

25 35 ns 

20 20 ns 

20 25 ns 

20 25 ns 

20 25 ns 

20 25 ns 

20 25 ns 

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 I b for tHZ· 
7. All device test loads should be located within 2" of device outputs. 

ALL INPUT PULSES 

5VO----"V'.r.--.... 5 v n-----'V'V\,~ 

OUTPUT 0----1,__ __ _,, OUTPUT 0-------... 
50 pF 

I INCLUDING 
JIG AND 

R2 
167 !l 

5 pF R2 I 167!l 

INCLUDING 0005-5 

':' SCOPE ':' 
_JIG AND _ Figure2 
- SCOPE -

Equivalent to: 

Figure la 

THEVENIN EQUIVALENT 
100!2 

Figure lb 

OUTPUT ~2.0V 
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 PRO Ms. 
The CY7C235 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 asynchronous initialization (!NIT). 

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

3-16 
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applying the memory location to the address input (Ao
A9) 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 (Oo-
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 ofE, the outputs will go to the 
OFF or high impedance state upon the next positive clock 
edge after the synchronous enable (Es) 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 ifE 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 

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 V cc and ground terminals. Multiple capacitors are recom
mended, including a 0.1 µFor larger capacitor and a 0.01 µFor 
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. 

3-17 

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" l "s and "O"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. 

0005-6 

3. 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 m V or 

steady state LOW level + 500 m V on the output from the 1.5V level 
on inputs with load shown in Figure lb. 
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Device Programming 

Overview: 

There are two independent programmable functions con
tained in the 7C235 CMOS lK x 8 Registered PROM; the 
lK x 8 array, and the INITIAL BYTE. All of the pro
gramming elements are "EPROM" cells, and are in an 
erased state when the device is shipped. The erased state 
for the "INITIAL BYTE" is all "O's" or "LOW". The 
"INITIAL BYTE" may be accessed operationally through 

DC Programming Parameters TA= 2s0 c 

Parameter Description 

Vpp[l] Programming Voltage 

Veep Supply Voltage 

Vrnp Input High Voltage 

VrLP Input Low Voltage 

VoH[2] Output High Voltage 

VoL[Z] Output Low Voltage 

the use of the initialize function. The lK x 8 array uses a 
differential memory cell, with differential sensing tech
niques. 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 

Min. Max. Units 

13.0 14.0 v 
4.75 5.25 v 
3.0 v 

0.4 v 
2.4 v 

0.4 v 
lpp Programming Supply Current 50 mA 

AC Programming Parameters TA= 25°C 

Table2 

Parameter Description Min. Max. Units 

tpp Programming Pulse Width 100 10,000 µs 

tAS Address Setup Time 1.0 µs 

tns Data Setup Time 1.0 µs 

tAH Address Hold Time 1.0 µs 

tnH Data Hold Time 1.0 µs 

tR,tp[3] Vpp Rise and Fall Time 1.0 µs 

tvn Delay to Verify 1.0 µs 

typ Verify Pulse Width 2.0 µs 

tnv Verify Data Valid 1.0 µs 

tnz Verify HIGH to High Z 1.0 µs 
Notes: 
I. V CCP must be applied prior to V pp. 
2. During verify operation. 
3. Measured 10% and 90% points. 
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Mode Selection 
Table3 

Read or Output Disable A2 CP 

Mode Other A2 PGM 

Pin (6) (18) 

Read[2,3] x x 
Output Disable[5] x x 
Output Disable x x 
Initialize x x 
Program[l,4] x VrLP 

Program Verify[l,4] x Vrnp 

Program Inhibit[l,4] x Vrnp 

Intelligent Program[l,4] x VrLP 

Program Initial Bytel4l VrLP VrLP 

Blank Check Ones[l,4] x Vpp 

Blank Check Zeros[l,4] x Vpp 

Notes: 
I. X = Don't care but not to exceed Vpp. 
2. During read operation, the output latches are loaded on a "0" to "l" 

transition of CP. 
3. Pin 19 must be LOW prior to the "O" to "l" transition on CP (18) 

that loads the register. 

A1 Vee 
As Aa 

As Ag 

A, E 
AJ VPP liiiITfl 
A2 VFY (Es) 
Ai PGM (CPI 
Ao D7 

Do Ds 

o, 05 

D2 o, 
Vss D3 

0005-B 

Figure 3. Programming Pinouts 
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Pin Function 

Es INIT E Ai Outputs 

VFY Vpp E At (9-11, 13-17) 

(19) (20) (21) (7) 

VrL VIH VIL x Data Out 

VIH Vrn x x HighZ 

x Vrn VIH x HighZ 

x VrL VrL x 1025th word 

Vrnp Vpp VIHP x Data In 

VrLP Vpp VrHP x Data Out 

Vrnp Vpp Vrnp x HighZ 

Vrnp Vpp VIHP x Data In 

Vrnp Vpp Vrnp Vpp Data In 

VrLP VrLP VILP x Ones 

VrHP VrLP VrLP x Zeros 

4. Duriog programming and verification, all unspecified pins to be at 
VJLP· 

5. Pin 19 must be HIGH prior to the ''O" to "l" transition on CP (18) 
that loads the register. 

The CY7C235 programming algorithm allows significantly 
faster programming than the "worst case" specification of 
lOmsec. 

Typical programming time for a byte is less than 2.5 msec. 
The use ofEPROM 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 V CCP = 5.0V. When all bytes have 
been programmed all bytes should be compared (Read 
mode) to original data with V cc = 5.0V. 
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FAIL 

NO 
INC. ADDA 

START 
Veep= 5.0V, Vpp = 13.5V 

ADDA 1ST LOCATION 

X=O 

PROGRAM ONE PULSE 
OF 0.1 msec 

X=X + 1 

x =4? 

NO 

VERIFY ONE BYTE? 

PASS 

PROGRAM ONE PULSE 
OF 24(0,1) (X) msec 

NO 

LAST ADDA ESS? 

YES 

READ ALL BYTES? 
Vee =5.0V 

PASS 

DEVICE GOOD 

YES 

FAIL 

Figure 4. Programming Flowchart 
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DEVICE BAD 

DEVICE BAD 
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CY7C235 

Programming Sequence lK x 8 Array 
Power the device for normal read mode operation with pin 
18, 19, 20 and 21 at Vrn. 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 

V1LP---

VtLP---

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 µ.s. 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. 

tvP 
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Figure 5. PROM Programming Waveforms 

V1LP - - -

Vpp - - -

V1Hp---

V1Lp---

V1Hp - - -

DATA 

V1Lp---

Vpp - - -

PROGRAMMING 
VOLTAGE (PIN 20) 

V1HP---

V1Hp--

PGM 

V1Lp---

'" 

tos toH 

DATA IN 

tpp 
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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 "O" 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 V1LP on A2, 
pin 6, per Table 3. The programming and verification of 
"INITIAL BYTE" is accomplished operationally by per
forming an initialize function. 

Ordering Information 

Speed 
Ordering Package Operating ns 

Code Type Range 
tsA too 
30 15 CY7C235-30PC Pl3 Commercial 

CY7C235-30DC 014 
CY7C235-30LC L64 

40 20 CY7C235-40PC Pl3 
CY7C235-40DC 014 
CY7C235-40LC L64 

CY7C235-40DMB 014 Military 
CY7C235-40LMB L64 
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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 0 thru 1023. A device is considered virgin if 
all locations are respectively "l's" and "O'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. 

Ill 
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·=CYPRESS 

, SEMICONDUCTOR Reprogrammable 2048 x 8 
Registered PROM 

Features 
• Windowed for reprogrammability 

• CMOS for optimum 
speed/power 

• High speed 
- 25 ns max set-up 
- 12 ns clock to output 

• Low power 
- 330 mW (commercial) for 

-35 ns, -45 ns 
- 660 mW (military) 

Logic Block Diagram 

• Programmable synchronous or 
asynchronous output enable 

• On-chip edge-triggered registers 

• Programmable asynchronous 
register UNIT) 

• EPROM technology, 100% 
programmable 

• Slim, 300 mil, 24 pin plastic or 
hermetic DIP 

ROW 
DECODER 
1OF128 

128 )( 128 
PROGRAMMABLE 

ARRAY 

Bx10F16 
MULTIPLEXER 

COLUMN 
DECODER 
1OF16 

Selection Guide 

PROGRAMMABLE 
MULTIPLEXER 

Maximum Setup Time (ns) 

Maximum Clock to Output (ns) 

Maximum Operating STD 
Current (mA) 

L 

8 BIT 
EDGE

TRIGGERED 
REGISTER 

Commercial 

Military 

Commercial 
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7C245-25 

25 

12 

90 

• 5V ± 10% V cc, commercial and 
military 

• TTL compatible 1/0 

• Direct replacement for bipolar 
PRO Ms 

• Capable of withstanding greater 
than 2000V static discharge 

Pin Configurations 

U') ~ ,.._O 8 co en 
-cc<<z><< 

0 .... NO 0 f'll 'If' II'> 
ozzooo 

(!) 

Vee 

As 

Ag 

A10 

iNiT 
E/Es 
CP 

07 

05 

05 

04 

03 

0016-2 

0016-13 

7C245-35 7C245-45 

35 45 

15 25 

90 90 

120 120 

60 60 
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Product Characteristics 
The CY7C245 is a high performance 2048 word by 8 bit 
electrically Programmable Read Only Memory packaged 
in a slim 300 mil plastic or hermetic DIP. The ceramic 
package may be equipped with an erasure window; when 
exposed to UV light the PROM is erased and can then be 
reprogrammed. The memory cells utilize proven EPROM 
floating gate technology and byte-wide intelligent program
ming algorithms. 

The CY7C245 replaces bipolar devices and offers the ad
vantages oflower power, reprogrammability, superior per
formance and high programming 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 exer
cized prior to encapsulation. Each PROM is also tested for 
AC performance to guarantee that after customer pro
gramming the product will meet AC specification limits. 

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

Electrical Characteristics Over Operating Range 

Parameters Description Test Conditions 

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

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

Ambient Temperature with 
Power Applied .................... - 55°C to + 125°C 

Supply Voltage to Ground Potential 
(Pin 24 to Pin 12) .................... -0.5Vto +7.0V 

DC Voltage Applied to Outputs 
inHighZState ...................... -0.5Vto +7.0V 

DC Input Voltage ................... -3.0Vto +7.0V 

DC Program Voltage (Pins 7, 18, 20) ............. 14.0V 

UV Erasure .......................... 7258 Wsec/cm2 

Static Discharge Voltage ..................... > 2001 V 
(Per MIL-STD-883 Method 3015.2) 

Latchup Current .......................... > 200 mA 

Operating Range 

Range Ambient 
Vee Temperature 

Commercial O"C to + 70"C 5V ±10% 

Military - ss•c to + 12s•c 5V ±10% 

7C245L-35, 45 7C245-25 7C245-35, 45 

Max. 
Units 

Min. Max. Min. Max. Min. 

VoH Output HIGH Voltage Vee = Min., loH = -4.0 mA 2.4 2.4 2.4 v 
V1N = Vrn or V1L 

VoL Output LOW Voltage Vee= Min.,loL = 16mA 0.4 0.4 0.4 v 
VIN = Vrn or V1L 

Vrn Input HIGH Level Guaranteed Input Lo~cal HIGH 
Voltage for All Inputs I) 

2.0 Vee 2.0 Vee 2.0 Vee v 

V1L Input LOW Level Guaranteed Input Lo~cal LOW 
Voltage for All Inputs I) 

0.8 0.8 0.8 v 

I1x Input Leakage Current GND S: VIN S: Vee -10 +10 -10 +10 -10 +10 µ.A 

Yeo 
Input Clamp Diode Notes Note5 Voltage 

loz Output Leakage Current GND s: Vos: v~ -40 +40 -40 +40 -40 +40 µ.A Output Disabled[3 I 

Ios 
Output Short Circuit Vee= Max., VoUT = o.ov121 -20 -90 -20 -90 -20 -90 mA 
Current 

Ice Power Supply Current GND S: V1N S: Vee L Commercial 60 90 90 mA 
Vee= Max. lMilitary 120 

Capacitance[4] 

Parameters Description Test Conditions Max. Units 

C1N Input Capacitance TA= 2s·c,r= 1 MHz 5 pF 
CoUT Output Capacitance Vee= 5.0V 8 

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 (see Notes on 
Testing). 

3. For devi!)es using the synchronous enable, the device must be clocked 
after applying these voltages to perform this measurement. 

2. For test purposes, not more than one output at a time should be 
shorted. Short circuit test duration should not exceed 30 seconds. 
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4. Input and output capacitance measured on a sample basis. 
S. The CMOS process does not provide a clamp diode. However, the 

CY7C24S is insensitive to - 3V de input levels and - SV undershoot 
pulses of less than 10 ns (measured at SO% point). 

II 
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Switching Characteristics Over Operating Range 

Parameters Description 

tsA Address Setup to Clock HIGH 

tHA Address Hold from Clock HIGH 

tco Clock HIGH to Valid Output 

tPWC Clock Pulse Width 

tsEg_ Es Setup to Clock HIGH 

tHEs Es Hold from Clock HIGH 

tm Delay from iNff to Valid Output 

tRI iNff Recovery to Clock HIGH 

tpw1 iNff Pulse Width 

tLZC 
Active Output from 
Clock HIGH[l] 

tHZC ·Inactive Output from Clock HIGH[!, 3] 

tLZE Active Output from f! LOWl21 

tHZE 
Inactive Output from 
EHIGHl2,3] 

Notes: 
I. 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 outputfrom the 1.5V level on the 
input with loads shown in Figure I b. 

AC Test Loads and Waveforms ls, 6, 7] 
R1 250 n 

5 v o----'V',,........., 
OUTPUTO-----"" 

50 pF ~:., U I INCLUDING 
JIG ANO 

":"'SCOPE ":"' 

Figure la 

Equivalent to: 

R1 260n 
svo---~,,.,,........, 

OUTPUT 0------'i 

&pf R2 I 167U 
l~CLUOING 

_JIGAND _ 
- SCOPE -

0016-3 

Figure lb 

THEVENIN EQUIVALENT 

1oon 
OUTPUT ~2.0V 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 TIL 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 (INTI'). 
Upon power-up the state of the outputs will depend on the 
programmed state of the enable function (Es or E). If th.e 
synchronous enable (Es) has been programmed, the regis
ter will be in the set condition causing the outputs 

7C245·25 7C245-35 7C245·45 
Units 

Min. 

25 

0 

15 

12 

5 

15 

15 
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Max. Min. Max. Min. Max. 

35 45 ns 

0 0 ns 

12 15 25 ns 

20 20 ns 

15 15 ns 

5 5 ns 

20 20 35 ns 

20 20 ns 

20 25 ns 

15 '20 30 ns 

15 20 30 ns 

15 20 30 ns 

15 20 30 ns 

4. Tests are performed with rise and fall times.of 5 ns or less. 
5. See Figure I a for all switching characteristics except tHZ. 
6. See Figure I b for tHZ· 
7. All device test loads should be located within 2 • of device outputs. 

ALL INPUT PULSES 

0016-5 

Figure2 

(Oo-01) to be in the OFF or high impedance state. If the 
asynchronous enable (E) is being used, the outputs will 
come u~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-A10) 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 
(Oo-07). 

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



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 (Es) is being used, the outputs 
will go to the OFF or high impedance state upon the next 
po~itive 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 ~ing 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 

Oo-07 

tea ti<zc fLZC 

E 

to1 tR1 

INIT 

Notes OD Testing 
lnc?IDi.ng test procedur~ on these devices should be carefully planned, 
taking mto account the htgh performance and output drive capabilities of 
the parts. The following notes may be useful. 
I. Ens_ure that adequate decoupling capacitance is employed across the 

device V cc and ground terminals. Multiple capacitors are recom
mended, incl~ding a 0.1 µFor larger capacitor and a 0.01 µFor 
smaller capacitor placed as close to the device terminals as possible. 
Inadequate d~coupling may resul_t in large v~tions of power supply 
voltage, creatmg erroneous function or transient performance failures. 

2. Do not leave any inputs disconnected (floating) during any tests. 
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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" l "s and "O"s fo.to 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. 

0016-6 

3. Do not attempt to perform threshold tests under AC conditions. 
Large amplitude, fast ground current transients normally occur as the 
~evice outputs discharge the load capacitances. These transients flow
mg 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 I.SY 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 l.5V level 
on inputs with load shown in Figure 1 b. 
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Typical DC and AC Characteristics 
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Erasure Characteristics 
Wavelengths oflight less than 4000 Angstroms begin to 
erase the 7C245. For this reason, an opaque label should be 
placed over the window if the PROM is exposed to sun
light or fluorescent lighting for extended periods of time. 

The recommended dose for erasure is ultraviolet light with 
a wavelength of 2537 Angstroms for a minimum dose (UV 
intensity X exposure time) of25 Wsec/cm2. For an ultra
violet lamp with a 12 mW /cm2 power rating the exposure 
time would be approximately 30-35 minutes. The 7C245 
needs to be within 1 inch of the lamp during erasure. Per
manent damage may result if the PROM is exposed to high 
intensity UV light for an extended period of time. 7258 
Wsec/cm2 is the recommended maximum dosage. 

DC Programming Parameters TA = 25°C 

Device Programming 
OVERVIEW: 

There 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 
BYTE" is all "O'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 

VppUI Programming Voltage 13.0 14.0 v 
Veep Supply Voltage 4.75 5.25 v 
Vrnp Input High Voltage 3.0 v 
V1LP Input Low Voltage 0.4 v 
VoH[2) Output High Voltage 2.4 v 
VoL[2) Output Low Voltage 0.4 v 
lpp Programming Supply Current 50 mA 

AC Programming Parameters TA = 25°C 

Tablel 

Parameter Description Min. Max. Units 

tpp Programming Pulse Width 100 10,000 µ.s 

tAS Address Setup Time 1.0 µ.s 

tos Data Setup Time 1.0 µ.s 

.tAH Address Hold Time 1.0 µ.s 

toH Data Hold Time 1.0 µ.s 

tR.. tpl3) Vpp Rise and Fall Time 1.0 µ.s 

tvo Delay to Verify 1.0 µ.s 

typ Verify Pulse Width 2.0 µ.s 

tov Verify Data Valid 1.0 µ.s 

toz Verify HIGH to High Z 1.0 µ.s 
Notes: 
I. Veep must be applied prior to Vpp. 
2. During verify operation. 
3. Measured 10% and 90% points. 
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Mode Selection 

Mode 
· Read or Ontpnt Disable A2 

Other A2 

Pin (6) 

Readl2,3J x 
Output DisablelSI x 
ProgramU,41 x 
Program Verifyll.41 x 
Program Inhibitll,41 x 
Intelligent Programll,41 x 
Program Synch Enablel41 VIHP 

Program Initial Bytel41 V1LP 

Blank Check Onesll,41 x 
Blank Check Zerosll.41 x 

Notes: 
I. X = Don't care but not to exceed Vpp. 
2. During read operation, the output latches are loaded on a ''O" to "I" 

transition of CP. 
3. If the registered device is being operated in a synchronous mode, pin 

19 must be LOW prior to the "O" to"!" transition on CP (18) that 
loads the register. 

A1 Vee 

As As 

As 
A4 A10 

A3 VPP (INIT) 

Az VFY (E/Esl 
A1 PGM(CP) 

Ao 07 

Do 05 
o, 05 

02 

Vss 
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Figure 3. Programming Pinouts 

Table3 

CP 

PGM 

(18) 

x 
x 

VILP 

VIHP 

V1HP 

V1LP 

V1LP 

V1LP 

Vpp 

Vpp 
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Pin Function 

E/Es INIT At Ontpnts 
VFY Vpp At (9-11, 13-17) 

(19) 20 (7) 

V1L V1H x Data Out 

Vrn Vrn x HighZ 

Vrnp Vpp x Data In 

VILP Vpp x Data Out 

VIHP Vpp x HighZ 

V1HP Vpp x Data In 

V1HP Vpp Vpp HighZ 

Vrnp Vpp Vpp Data In 

V1LP V1LP x Ones 

Vrnp V1Lp x Zeros 

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

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

The CY7C245 programming algorithm allows significantly 
faster programming than the "worst case" specification of 
lOmsec. 

Typical programming time for a byte is less than 2.5 msec. 
The use of EPROM cells allowsJactory 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 ((>.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 V CCP = 5.0V. When all bytes have 
been programmed all bytes should be compared (Read 
mode) to original.data with V cc = 5.0V. 
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NO 
INC.ADDR 

START 
Veep = s.ov. Vpp = 13.SV 

ADDR 1ST LOCATION 

X=O 

PROGRAM ONE PULSE 
OF 0.1 mHc 

X=X+1 

X•4? 

NO 

VERIFY ONE BYTE? 

PASS 

PROGRAM ONE PULSE 
OF 24 (0.1 I (XI ml8C 

X•4? 

NO 

LAST ADDRESS? 

YES 

READ ALL BYTES? 
Vee •5.0 

PASS 

DEVICE GOOD 

YES 

YES 
VERIFY BYTE 

FAIL 
DEVICE BAD 

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 Vrn. 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 Figures 
5 and 6. 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 

V1LP - - -

Vpp - - -

PROGRAMMING 
VOLTAGE (PIN 20) 

V1HP ---

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 µs. 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. 

tvo _ __,,,__ tve 

V1LP ---

V1Hp---

Vpp---

V1Hp---

V1Lp---

VtHP --

DATA 

Vpp---

PROGRAMMING 
VOLTAGE (PIN 201 

V1HP - --

V1Hp---

'" 

0016-10 

Figure 5. PROM Programming Waveforms 

tos toH 

DATA IN 

tpp 

0016-11 

Figure 6. Initial Byte Programming Waveforms 
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Programming the Initialization Byte 
The CY7C245 registered PROM has a 2049th byte of data 
used to initialize the value of the register. This initial byte 
is value "O" when the part is received. If the user desires to 
have a value other than "O" 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 At pin 7, and V1LP on A1, 
pin 6, per Table 3. The programming and verification of 
"INITIAL BYTE" is accomplished operationally by per
forming an initialize function. 

V1HP - - -

V1Lp--- ---···---
V1tP---

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 (At) with pin 6 (A2) at 
Vrnp. 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. 

----···---'14------tpp-----
V1HP---

VFV 
V1LP - - -

Vpp - - -

V1HP -- -

V1LP - - -

Vpp---

PROGRAMMING 
VOLTAGE (PIN 201 

V1HP -- -

V1LP---

0016-12 

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 Vrn, cause clock pin 18 to transition from 
V1L to Vrn. The output should be in a High Z state. Take 
pin 20, ENABLE, to VIL· The outputs should remain in a 
high Z state. Transition the clock from V1L to Vrn, the 
outputs should now contain the data that is present. Again 
set pin 19 to Vrn. The output should remain driven. Clock
ing pin 18 once more from V1L to Vrn should place the 
outputs again in a High Z state. 
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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 0 thru 2047. A device is considered virgin if 
all locations are respectively "l's" and "O'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. 

II 
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Ordering Information 
Speed (ns) Ice Ordering Package Operating Speed (ns) Ice Ordering Package Operating 

ts A tco mA Code Type Range tsA tco mA Code Type Range 

25 12 90 CY7C245-25PC P13 Commercial 45 25 60 CY7C245L-45PC P13 Commercial 

CY7C245-25WC W14 CY7C245L-45WC W14 

35 15 60 CY7C245L-35PC P13 Commercial 90 CY7C245-45PC P13 

CY7C245L-35WC W14 CY7C245-45SC S13 

90 CY7C245-35PC P13 CY7C245-45WC W14 

CY7C245-35SC S13 CY7C245-45LC L64 

CY7C245-35WC W14 120 CY7C245-45WMB W14 Military 

CY7C245-35LC L64 CY7C245-45LMB L64 

120 CY7C245-35DMB D14 Military CY7C245-45DMB D14 

CY7C245-35QMB Q64 CY7C245-45QMB Q64 

CY7C245-35WMB W14 

CY7C245-35LMB L64 
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Features 
• CMOS for optimum 

speed/power 

• Windowed for reprogrammability 

• High speed 
- 45 ns (commercial) 
- 55 ns (military) 

• Low power 
- 550 mW (commercial) 
- 660 mW (military) 

• Super low standby power 
(7C251) 
- Less than 165 mW when 

deselected 
- Fast access: 50 ns 

• EPROM technology 100% 
programmable 

• Slim 300 mil or standard 600 
mil packaging available 

• 5V ± 10% V cc, commercial and 
military 

• TTL compatJ."ble 1/0 

• Direct replacement for bipolar 
PRO Ms 

• Capable of withstanding > 2001V 
static discharge 

Product Characteristics 
The CY7C251, CY7C253 and 
CY7C254 are high performance 16,384 
word by 8 bit CMOS PROMs. When 
deselected, the 7C25 l automatically 
powers down into a low power stand
by mode. It is packaged in the 300 mil 
wide package. The 7C253 and 7C254 
are packaged in 300 mil and 600 mil 
wide packages respectively and do not 
power down when deselected. The 
7C251 and 7C253 reprogrammable 
CERDIP packages are equipped with 
an erasure window; when exposed to 
UV light, these PROMs are erased and 
can then be reprogrammed. The mem
ory cells utilize proven EPROM float
ing gate technology and byte-wide in
telligent programming algorithms. 

CY7C251 
CY7C253/CY7C254 

16,384 x 8 PROM 
Power Switched and 

Reprogrammable 
The CY7C251, CY7C253 and 
CY7C254 are plug-in replacements for 
bipolar devices and offer the advan
tages of lower power, superior perform
ance and programming yield. The 
EPROM cell requires only 12.5V for 
the supervoltage and low current re
quirements allow for gang program
ming. The EPROM cells allow for each 
memory location to be tested 100%, as 
each location is written into, erased, 
and repeatedly exercised prior to en
capsulation. Each PROM is also tested 
for AC performance to guarantee that 
after customer programming the prod- l:m 
uct will meet DC and AC specification g 
limits. 

Reading is accomplished by placing all 
four chip selects in their active states. 
The contents of the memory location 
addressed by the address lines (Ao
A13) will become available on the out
put lines (Oo-07). 

Logic Block Diagram Pin Configurations 
... 
•12 
•11 

•10 
Ag .. ., .. .. 
•• .. ., ., .. 

cs, 
a, 
cs, 
a, 

512X256 
PROGRAMMABLE 

ARRAY 

Selection Guide 

ax I OF 32 i-----. 
MULTIPLEXER 

POWER DOWN 
(7C251) 

Maximum Access Time (ns) 
Maximum Operating Commercial 
Current (mA) Military 
Standby Current (mA) Commercial 
(7C251 only) Military 

Ag ' •• 2 

A7 

•• 
•• .. ., 7 

•• ., 
Ao 10 

•• 11 

o, 12 

o, " Vss 14 

0088-1 

7C251-45 
7C253-45 
7C254-45 

45 
100 

30 
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~~l ~~l t~l 1~i t3!l :~1] ~ 
As X! [!! "12 

Vee ., . 
•• .. ~!! .,, .. _7_! 1!! CS1 

•11 

•12 .,, .. :a:: "' CSz ., " fi~ cs, 

•o Hi "' CS4 
cs, 
cs, 

" o, NC E! "' NC 

" o, Qo !~! 1!! 07 

c, !!! 1!i ca 
;4: ;s: :t&i ;1: ~a: :1&: :iol " •• 

15 •• 
0086-2 0086-11 

Top View 

7C251-SS 7C251-65 
7C253-SS 7C253-65 
7C254-SS 7C254-65 

55 65 
100 100 
120 120 
30 30 
35 35 
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Maximum Ratings 

PRELIMINARY 
CY7C251 

CY7C253/CY7C254 

(Above which the useful life may be impaired) 

Storage Temperature ............... -65°C to + 150"C Static Discharge Voltage ..................... > 2001 V 

Ambient Temperature with (per MIL-STD-883, Method 3015.2) 

Power Applied .................... - ss·c to + 125°C Latchup Current .......................... > 200 mA 

Supply Voltage to Ground Potential UV Exposure ........................ 7258 Wsec/cm2 
(Pin 28 to Pin 14) ......... , .......... -0.5V to + 7.0V 

DC Voltage Applied to Outputs Operating Range 
in High Z State ...................... -0.5V to + 7.0V 

DC Input Voltage ................... -3.0V to + 7.0V 
Range 

Ambient 
Vee Temperature 

DC Program Voltage (Pin 22) ................... 13.5V Commercial O"Cto +10°c 5V ±10% 

Military - ss•c to + 12s0 c 5V ±10% 

Electrical Characteristics Over the Operating Range 

7C251-45 7C251-55,65 
7C253-45 7C253-55,65 

Parameters Description Test Conditions 7C254·45 7C254-55,65 Units 

Min. Max. Min. Max. 

VoH Output HIGH Voltage V cc = Min., loH = -4.0 mA 2.4 2.4 v 
VoL Output LOW Voltage Vee= Min., loL = 16.0mA 0.4 0.4 v 
Vm Input HIGH LeveJ[l] 2.0 2.0 v 
V1L Input LOW LeveJlll 0.8 0.8 v 
I1x Input Current Vee= Max., Vee= GND -10 +JO -10 +10 µA 

Vco 
Input Diode Clamp Note2 Note2 
Voltage 

Ioz Output Leakage Current VoL,;; VouT ,;; VoH. Output Disabled -40 +40 -40 +40 µA 

Ios 
Output Short 
Circuit Ctirrentl3l Vee= Max., VouT = GND -20 -90 -20 -90 mA 

Ice Power Supply Vee= Max., V1N = 2.0V Commercial 100 100 mA 
Current IouT = OmA Military 120 mA 

Isa Standby Supply Vee= Max., CS;;, Vm Commercial 30 30 mA 
Current (7C251) IouT = OmA Military 35 mA 

Capacit~nce[4] 
Parameters Description Test Conditions Max. Units 

CiN Input Capacitance TA= 25°C, f = 1 MHz 10 

CouT Output Capacitance Vee= 5.0V 10 
pF 

Notes: 
I. 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. 

3. 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 
CY7C251, CY7C253 & CY7C254 are insensitive to - 3V de input 
levels and - 5V undershoot pulses of less than 10 ns (measured at 
50% point). 
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4. Measured on a sample basis. 
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Switching Characteristics Over the Operating Rangel5] 

7C251-45 7C251-55 7C251-65 
7C253-45 7C253-55 7C253-65 

Parameters Description 7C254-45 7C254-55 7C254-65 Units 

Min. Max. Min. Max. Min, Max. 

tAA Address to Output Valid 45 55 65 ns 

tHzcs1 Chip Select Inactive to High z[6,7] 25 30 35 ns 

tHzcs2 Chip Select Inactive to High Z (7C251, CS1 Only)l6] 50 55 65 ns 

tAcs1 Chip Select Active to Output Valid[7] 25 30 35 ns 

tACS2 Chip Select Active to Output Valid (7C251, CS1 Only) 50 55 65 ns 

tpu Chip Select Active to Power Up (7C25 l) 

tpo Chip Select Inactive to Power Down (7C251) 

AC Test Loads and Waveforms 
Al 239 !l 

5 v o------.;'V'v-, 

OUTPUTO----.....----

INCLUDING I JO pF 
JIG AND 
SCOPE 

Figure la 

Al 239 !l 
5VO-----.JVV'lr~ 

OUTPUT<>--------

A2 
186!\ INCLUDING I 5 pF 

JIG AND 
SCOPE 

Figure lb 

Equiv.alent to: THEVENIN EQUIVALENT 
105 n 

OUTPUT O----"W1r, -----<0 2.19 V 0086-5 

A2 
186!\ 

0086-4 

0 0 

50 

0 ns 

55 65 ns 

0086-6 

Figure 2. Input Pulses 

-tpoj - tpu 1:- Note: Power Down controlled by 

~503 fso3 
Vee 

CSi, only. 

SUPPLY 
CURRENT 

Ao-A12 
ADDRESS 

CS3 
cs1• cs2• cs4 

I 

.-tAA - 1Hzcs-

Notes: 
5. Test conditions assume signal transition times of 5 ns or less, timing 

reference levels of 1.5V, output loading of the specified I01/IoH and 
loads shown in Figure la, lb. 

Erasure Characteristics 
Wavelengths of light less than 4000 Angstroms begin to 
erase the 7C251 and 7C253 in the windowed package. For 
this reason, an opaque label should be placed over the win
dow ifthe PROM is exposed to sunlight or fluorescent 
lighting for extended periods of time. 

The recommended dose of ultraviolet light for erasure is a 
wavelength of 2537 Angstroms for a minimum dose (UV 
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f.-- 1ACS 

0086-7 

6. tttzcs is tested with load shown in Figure 1 b. Transition is measured 
at steady state High level - 500 m V or steady state Low level + 500 
m V on the output from the 1.5V level on the input. 

7. tHzcs1 and tAcs1 refers to 7C253 and 7C254 (all chip selects); and 
7C251 (CS2, CS3 and CS4 only). 

intensity X exposure time) or 25 Wsec/cm2. For an ultra
violet lamp with a 12 mW /cm2 power rating the exposure 
time would be approximately 45 minutes. The 7C251 or 
7C253 needs to be within 1 inch of the lamp during era
sure. Permanent damage may result if the PROM is ex
posed to high intensity UV light for an extended period of 
time. 7258W X sec/cm2 is the recommended maximum 
dosage. 

II 
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Device Programming 
The CY7C25 l, CY7C253 & CY7C254 all program identi
cally. They utilize an intelligent programming algorithm to 
assure consistent programming quality. These 128K 
PROMS use a single ended memory cell design. In an un
programmed state, the memory contains all "O"s. During 
programming, a "1" on a data-in pin causes the addressed 
location to be programmed, and a "O" causes the location 
to remain unprogrammed. 

Programming Pinout 
The Programming Pinout of all three devices are shown in 
Figure 3 below, and are identical. The programming mode 
is entered by raising the pin 22 to Vpp. The addressed 
location is programmed and verified with the application of 
a PGM and VFY pulse applied to pins 23 and 21 respec
tively. Entering and exiting the programming mode should 
be done with care. Proper sequencing as described in the 
dialog on the programming algorithm and shown in the 
timing diagram and programming flow chart must be im
plemented. 

Programming And Blankcheck 

Blank check 

Blankcheck is accomplished by performing a verify cycle 
(VFY toggles on each address), sequencing through all 
memory address locations, where all the data read will be 
"O"s. 

A9 1 

AB 2 

A7 3 

A6 4 

AS 5 

A4 6 

A3 7 

A2 8 

A1 9 

AO 10 

DO 11 

01 12 

02 13 

vss 14 

Programming Algorithm 

Programming is accomplished with an intelligent algo
rithm. The sequence of operations is to enter the program
ming mode by placing V pp on pin 22. This should be done 
after a minimum delay from power up, and be removed 
prior to power down by the same delay (see the timing 
diagram and AC specifications for details). Once in this 
mode, programming is accomplished by addressing a loca
tion, placing the data to be programmed into a location on 
the data pins, and clocking the PGM signal from Vrnp to 
V ILP and back to V IHP with a pulse width of 200 µs. The 
data is removed from the data pins and the content of the 
location is then verified by taking the VFY signal from 
Vrnp to V1LP, comparing the output with the desired data 
and then returning VFY to YlHP· If the contents are cor
rect, a second overprogram pulse of 4 times the original. 
200 µs is delivered with the data to be programmed agam 
on the data pins. If the data is not correct, a second 200 µs 
pulse is applied to PGM with the data to be programmed 
on the data pins. The compare and overprogram operation 
is repeated with an overprogram pulse width 4 times the 
sum of the initial program pulses. This operation is contin
ued until the location is programmed or 10 initial program 
pulses have been attempted. If on the 10th attempt, t~e 
location fails to verify, an overprogram pulse of 8 ms is 
applied, and the content of the location is once more 

28 vcc 
27 A10 

26 A11 

25 A12 

24 A13 

23 PGM 

22 VPP 

21 VFY 

20 NA 

19 07 

18 06 

17 05 

16 04 

15 03 

0086-8 

Figure 3; Programming Pinout (DIP Package) 
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verified. If the location still fails to verify, the device is 
rejected. Once a location verifies successfully, the address 
is advanced to the next location, and the process is repeat
ed until all locations are programmed. After all locations 
are programmed, they should be verified at V CCP = 5.0V. 

Operating Modes 

Read 

Read is the normal operating mode for a programmed de
vice. In this mode, all signals are normal TTL levels. The 
PROM is addressed with a 14 bit field, 4 chip select bits, 
and the contents of the addressed location appear on the 
data out pins. 

Program, Program Inhibit, Program Verify 

These modes are entered by placing a high voltage Vpp on 
pin 22. Pin 23 becomes an active LOW program (PGM) 
signal and pin 21 becomes an active LOW verify (VFY) 
signal. Pins 21 and 23 should never be active LOW at the 
same time. The PROGRAM mode exists when PGM is 
LOW, and VFY is HIGH. The VERIFY mode exists when 
the reverse is true, PGM HIGH and VFY LOW and the 
PROGRAM INHIBIT mode is entered with both PGM 
and VFY HIGH. PROGRAM INHIBIT is specifically 
provided to allow data to be placed on and removed from 
the data pins without conflict. 

Blank check 

Blankcheck mode is identical to PROGRAM VERIFY 
and is entered in the same manner as described above. 

Programming Sequence 
The flowchart in Figure 4 is a detailed description of the 
intelligent programming cycle used to program the devices 
covered in this specification. Of particular importance are 
the areas of power sequencing used to enter and exit the 
programming operation. This flowchart combined with the 
timing diagrams AC and DC parameters accurately de
scribe this complete operation. 

The timing diagram in Figure 5 contains all of the timing 
information necessary for describing the relations required 
for programming the devices covered in this specification. 
Some of the information pertains to each cycle of program
ming as specified in Figure 4, and some pertains only to 
entry and exit from the programming mode of operation. 

Tp, Tpo and Tttp refer to the entry and exit from the 
programming mode of operation. Note that this is refer
enced to PGM and VFY operations. 

Tos, TAs, TAH and Tott refer to the required setup and 
hold times for the address and data for PGM and VFY 
operations. These parameters must be adhered to, in all 
operations, including Vpy. This precludes the option then n 
of verifying the device by holding the Vpy signal LOW, g 
and sequencing the addresses. 

Table 1. Operating Modes 

Pin Function 

Mode 
Read or Output Disable CS4 CS3 CS2 CS1 Outputs 

Other NIA VFY Vpp PGM (11-13, 15-19) 

Pin Number (20) (21) (22) (23) 

Read VrL Vrn VrL VrL Data Out 

Output Disable[!] x x x Vrn HighZ 

Output Disablelil x x Vrn x HighZ 

Output DisabJe[l] x VrL x x HighZ 

Output Disable[!] VrH x x x HighZ 

Program x Vrnp Vpp VILP Data In 

Program Verify x VrLP Vpp Vrnp Data Out 

Program Inhibit x Vrnp Vpp Vrnp HighZ 

Blank Check x VrLP Vpp Vrnp Data Out 
Note: 
I. X = Don't care but not to exceed V cc + 5%. 
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INCREMENT 
ADDRESS 

FAIL 

START Vee= 5.0V 

Vpp= 12.5V 

FIRST ADDRESS 

PLACE DATA TO 
BE PROGRAMMED ON 

THE DI PINS 

X=O 

X=10 

PROGRAM ONE 
PULSE or 0.2 ms 

X=X+1 

NO 

VERIFY ONE BYTE 

PASS 

PROGRAM ONE PULSE 
or ((4) • o.2•x)ms 

LAST ADDRESS? 

YES 

VERIFY ALL 
WORDS AT Veep 

Veep= 5.ov 

PASS 

GOOD DEVICE 

Vpp=5.0V 

Vee= o.ov, STOP 

Figure 4. Programming Flowchart 
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FAIL DEVICE 

DEVICE FAIL 
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Vpp----+-i,....------------------------..1 

Vpp PIN 22 VIHP -----+ 1 

Vss----i 
top top 

top 

tAS 
.... tAS 

tHP 

tHP 

tAH 

tAH-
VIHP--+----------i---t----+----11-----'l----,L 

AO-A13 ADDRESS VILP -----

tos-
toz PROGRAM "1" "1" 

VIHP--+------1 ..... ---------+-'"'li._ 

DATA VILP--+------1-----------""I 
DATA IN DATA OUT 

tov 
"0" 

V PIN 21 VIHP---i.-------------------ll I 

FY VILP- ll'li----rl 

Figure 5. Programming Waveforms 
Note: Power, V pp and V cc should not be cycled for each program verify cycle but remain static during programming. 
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Table 2. DC Programming Parameters TA = 25°C 

Parameter Description Min. Max. Units 

Vpp Programming Voltage 12.0 13.0 v 
Veep Power Supply Voltage 

4.75 5.25 v 
During Programming 

Ipp Vpp Supply Current 50 mA 

Vrnp Input High Voltage 
3.0 Veep v 

During Programming 

VILP Input Low Voltage -3.0 0.4 v 
During Programming 

VoH Output High Voltage 2.4 v 
VoL Output Low Voltage 0.4 v 

Table 3. AC Programming Parameters TA = 25°C 

Parameter Description Min. Max. Units 

tAS Address Setup Time to PGM/VFY 1.0 µ,s 

tAH Address Hold Time from PGM/VFY 1.0 µ,s 

tns Data Setup Time to PGM 1.0 µ,s 

tnH Data Hold Time PGM 1.0 µ,s 

tpp Program Pulse Width 0.2 10 ms 

tR,F Vpp Rise and Fall Time 100 ns 

tnv Delay to Verify 1.0 µ,s 

tvn Verify to Data Out 1.0 µ,s 

tvH Data Hold Time from Verify 1.0 µ,s 

typ Verify Pulse Width 2.0 µ,s 

tnz Verify to High Z 1.0 µ,s 

tnp Delay to Function 1.0 µ,s 

tHP Hold From Function 1.0 µ,s 

tp Power Up/Down 20.0 ms 
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Ordering Information 

Speed Ordering Package Operating 
(ns) Code Type Range 

45 CY7C251-45PC P21 Commercial 
CY7C251-45WC W22 
CY7C253-45PC P21 
CY7C253-45WC W22 
CY7C254-45PC Pl5 
CY7C254-45DC D16 

55 CY7C251-55PC P21 
CY7C251-55WC W22 
CY7C253-55PC P21 
CY7C253-55WC W22 
CY7C254-55PC P15 
CY7C254-55DC 016 

CY7C251-55WMB W22 Military 
CY7C251-55DMB 022 
CY7C253-55WMB W22 
CY7C253-550MB 022 
CY7C254-550MB 016 

65 CY7C251-65PC P21 Commercial • CY7C251-65WC W22 
CY7C253-65PC P21 
CY7C253-65WC W22 
CY7C254-65PC PIS 
CY7C254-650C 016 

CY7C251-65WMB W22 Military 
CY7C251-650MB 022 
CY7C251-65LMB L55 
CY7C251-65QMB Q55 
CY7C253-65WMB W22 
CY7C253-650MB 022 
CY7C253-65LMB L55 
CY7C253-65QMB Q55 
CY7C254-650MB 016 
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Features 
• CMOS for optimum 

speed/power 

• Windowed for reprogrammability 

• High speed 
- 40 ns (commercial) 
- 45 ns (military) 

• Low power 
- 550 mW (commercial) 
- 660 mW (military) 

• Super low standby power 
(7C261) 
- Less than 185 mW when 

deselected 
- Fast access: 25 ns 

• EPROM technology 100% 
programmable 

• Slim 300 mil or standard 600 
mil packaging available 

• 5V ± 10% V cc, commercial and 
military 

• TTL compatible 1/0 

Logic Block Diagram 
.,, .,, 
•10 

Ag 

As 

A1 

As 

As 

256X256 
PROGRAMMABLE 

ARRAY 

• Direct replacement for bipolar 
PRO Ms 

• Capable of withstanding > 2000V 
static discharge 

Product Characteristics 
The CY7C261, CY7C263 and 
CY7C264 are high performance 8192 
word by 8 bit CMOS PROMs. When 
deselected, the 7C261 automatically 
powers down into a low power stand
by mode. It is packaged in the 300 mil 
wide package. The 7C263 and 7C264 
are packaged in 300 mil and 600 mil 
wide packages respectively and do not 
power down when deselected. The 
7C261 and 7C263 reprogrammable 
CERDIP packages are equipped with 
an erasure window; when exposed to 
UV light, these PROMs are erased and 
can then be reprogrammed. The mem
ory cells utilize proven EPROM float
ing gate technology and byte-wide in
telligent programming algorithms. 
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Selection Guide 
7C261-40 
7C263-40 
7C264-40 

Maximum Access Time (ns) 40 
Maximum Operating Commercial 100 
Current (mA) Military 
Standby Current (mA) Commercial 30 
(7C261 only) Military 
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CY7C261 
CY7C263/CY7C264 

8192 x 8 PROM 
Power Switched and 

Reprogrammable 
The CY7C261, CY7C263 and 
CY7C264 are plug-in replacements for 
bipolar devices and offer the advan
tages oflower power, superior perform
ance and programming yield. The 
EPROM cell requires only 12.5V for 
the supervoltage and low current re
quirements allow for gang program
ming. The EPROM cells allow for each 
memory location to be tested 100%, as 
each location is written into, erased, 
and repeatedly exercised prior to en
capsulation. Each PROM is also tested 
for AC performance to guarantee that 
after customer programming the prod
uct will meet DC and AC specification 
limits. 

Reading is accomplished by placing an 
active LOW signal on CS. The contents 
of the memory location addressed by 
the address lines (Ao-A12) will become 
available on the output lines (Oo-07). 

Pin Configurations 

0052-2 
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7C261-45 7C261-55 
7C263·45 7C263-55 
7C264-45 7C264-55 

45 55 

100 100 
120 120 
30 30 
30 30 
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Maximum Ratings 
(Above which the useful life may be impaired) 

Storage Temperature ............... -65°C to + 150°C Static Discharge Voltage ..................... > 2001 V 

Ambient Temperature with (per MIL-STD-883, Method 3015.2) 

Power Applied .................... - 55°C to + 125°C Latchup Current .......................... > 200 mA 

Supply Voltage to Ground Potential UV Exposure ........................ 7258 Wsec/cm2 
(Pin 24 to Pin 12) .................... -0.5V to + 7.0V 

DC Voltage Applied to Outputs Operating Range 
in High Z State ...................... -0.5V to + 7.0V 

DC Input Voltage ................... -3.0V to + 7.0V 
Range 

Ambient 
Vee Temperature 

DC Program Voltage 
(Pin 19 DIP, Pin 23 LCC) ...................... 14.0V 

Commercial O'C to +70'C sv ±10% 

Military -55'C to + 125'C sv ±10% 

Electrical Characteristics Over the Operating Range 

7C261-40 7C261-45,55 
7C263-40 7C263-45,55 

Parameters Description Test Conditions 7C264-40 7C264-45,55 Units 

Min. Max. Min. Max. 

Yott Output HIGH Voltage Vee= Min., Iott= -4.0mA 2.4 2.4 v 
VoL Output LOW Voltage v cc = Min., IoL = 16.0 mA 0.4 0.4 v 
Vrn Input HIGH Level[!] 2.0 2.0 v 
VIL Input LOW Level[!] 0.8 0.8 v 
I1x Input Current GND s V1N s Vee -10 +10 -10 +10 µA 

Yeo 
Input Diode Clamp 

Note2 Note2 
Voltage 

Ioz Output Leakage Current VoL s v OUT s v OH. Output Disabled -40 +40 -40 +40 µA 

Ios 
Output Short 
Circuit Current[3] Vee= Max., VouT = GND -20 -90 -20 -90 mA 

Ice Power Supply Vee= Max., VIN= 2.0V Commercial 100 100 mA 
Current IouT = OmA Military 120 mA 

Isa Standby Supply Vee= Max., CS 2 Vrn Commercial 30 30 mA 
Current (7C261) loUT = OmA Military 30 mA 

Capacitance[4] 
Parameters Description Test Conditions Max. Units 

CrN Input Capacitance TA= 25'C, f = 1 MHz 5 

CouT Output Capacitance Vee= s.ov 8 
pF 

Notes: 
I. 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. 

3. 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 
CY7C261, CY7C263 & CY7C264 are insensitive to -3V de input 
levels and - 5V undershoot pulses of less than 10 ns (measured at 
50% point). 
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Switching Characteristics Over the Operating Rangel5] 

Parameters Description 

tAA Address to Output Valid 

tHZCSt Chip Select Inactive to High z[6] 

tHZCSz Chip Select Inactive to High Z (7C26J)l6] 

tACSI Chip Select Active to Output Valid 

tACS2 Chip Select Active to Output Valid (7C261) 

tpu Chip Select Active to Power Up (7C261) 

tpo Chip Select Inactive to Power Down (7C261) 

AC Test Loads and Waveforms 
Rl 250 !l 

5 v o-----JV\,._....., 

OUTPUTO--------. 

INCLUDINGI 30 pf 
JIG AND 
SCOPE 

Figure la 

R2 
167 !l 

Rl 250 !l 

OUTPUTO----.---_. 

INCLUDING I 5 pF 
JIG AND 
SCOPE 

Figure lb 

Equivalent to: THEVENIN EQUIVALENT 

100 !l 

OUTPUT o-----'l""'··"'··.---o 2.0 v 0052-5 

7C261-40 
7C263-40 
7C264-40 

Min. 

0 

R2 
167 !l 

0052-4 

Max. 

40 

25 

35 

25 

45 

40 

7C261-45 7C261-55 
7C263-45 7C263-55 
7C264-45 7C264-55 Units 

Min. Max. Min. Max. 

45 55 ns 

30 35 ns 

45 55 ns 

30 35 ns 

45 55 ns 

0 0 ns 

45 55 ns 
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Figure 2. Input Pulses 

- tpo - - tpu I--
Vee 

SUPPLY 
CURRENT 

Ao-A12 
ADDRESS 

1'_50% 

.J 

-tAA ~tHzcs-

Notes: 
5. Test conditions assume signal transition times of 5 ns or less, timing 

reference levels of 1.5V, output loading of the specified Ior/IoH and 
loads shown in Figure 1 a, 1 b. 

Erasure Characteristics 
Wavelengths of light less than 4000 Angstroms begin to 
erase the 7C261 and 7C263 in the windowed package. For 
this reason, an opaque label should be placed over the win
dow ifthe PROM is exposed to sunlight or fluorescent 
lighting for extended periods of time. 

The recommended dose of ultraviolet light for erasure is a 
wavelength of 2537 Angstroms for a minimum dose (UV 
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6. tHzcs is tested with load shown in Figure 1 b. Transition is measured 
at steady state High level -500 m V or steady state Low level + 500 
m Von the output from the 1.5V level on the input. 

intensity X exposure time) or 25 Wsec/cm2. For an ultra
violet lamp with a 12 mW /cm2 power rating the exposure 
time would be approximately 45 minutes. The 7C261 or 
7C263 needs to be within 1 inch of the lamp during era
sure. Permanent damage may result if the PROM is ex
posed to high intensity UV light for an extended period of 
time. 7258WXsec/cm2 is the recommended maximum 
dosage. 
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Device Programming 
The CY7C261, CY7C263 & CY7C264 all program identi
cally. They utilize an intelligent programming algorithm to 
assure consistent programming quality. These 64K 
PROMS use a single ended memory cell design. In an un
programmed state, the memory contains all "O"s. During 
programming, a "1" on a data-in pin causes the addressed 
location to be programmed, and a "O" causes the location 
to remain unprogrammed. 

Programming Pinout 
The Programming Pinout of all three devices are shown in 
Figure 3 below, and are identical. The programming mode 
is entered by raising the pin 19 to V pp. In this mode, pin 21 
becomes a latch signal, allowing the upper 5 address bits to 
be latched and held in an onboard register, while the lower 
8 address bits are presented on the same pins for selecting 
one of 256 memory bytes. The addressed location is pro
grammed and verified with the application of a PGM and 
VFY pulse applied to pins 22 and 23 respectively. Entering 
and exiting the programming mode should be done with 
care. Proper sequencing as described in the dialog on the 
programming algorithm and shown in the timing diagram 
and programming flow chart must be implemented. 

Programming And Blankcheck 
Addressing During Programming and Blankcheck 

Addressing to these devices in all modes of operation other 
than normal read operation is accomplished by multiplex
ing the upper 5 address bits with the lower 8. The address 
designations for the lower 8 addressing bits is AXO through 
AX7 and the upper 5 address bits are designated A Y8 
through A Yl2. This allows sufficient pins for an intelligent 
programming algorithm to be implemented without the 
need to switch high voltage signals during the blankcheck, 
programming, and verification operation. 

Addressing while in these modes is accomplished by plac
ing the upper 5 bits of address on pins 8, 7, 6, 5, and 4 with 

AX7 

AX6 2 

AX5 3 

AX4/AY12 4 

AX3/AY11 5 

AX2/AY10 6 

AX1/ AY9 7 

AXO/AYB 8 

010 9 

011 10 

012 11 

Yss 12 

the least significant bit on pin 8. These address bits are 
loaded into an onboard register by clocking pin 21, the 
latch signal, from VILP to Vrnp and back to V1LP· The 
lower 8 address bits are then placed on pins 8 through 1, 
with the least significant bit on pin 8. The upper 5 bits 
remain in the onboard latch until a new value is loaded or 
power is removed from the device. All 256 bytes addressed 
by the lower 8 bits may be accessed by sequencing the 
lower 8 addresses without changing the upper 5 bits or re
latching the value in the onboard register. 

Blankcheck 

Blankcheck is accomplished by performing a verify cycle, 
sequencing through all memory address locations, where 
all the data read will be "O"s. 

Programming Algorithm 

Programming is accomplished with an intelligent algo
rithm. The sequence of operations is to enter the program
ming mode by placing Vpp on pin 19. This should be done 
after a minimum delay from power up, and be removed 
prior to power down by the same delay (see the timing 
diagram and AC specifications for details). Once in this £m 
mode, programming is accomplished by addressing a loca- Em 
tion as described above, placing the data to be programmed 
into a location on the data pins, and clocking the PGM 
signal from Vrnp to V1LP and back to Vrnp with a pulse 
width of 200 µs. The data is removed from the data pins 
and the content of the location is then verified by taking 
the VFY signal from Vrnp to V1LP. comparing the output 
with the desired data and then returning VFY to Vrnp. If 
the contents are correct, a second overprogram pulse of 4 
times the original 200 µs is delivered with the data to be 
programmed again on the data pins. If the data is not cor-
rect, a second 200 µs pulse is applied to PGM with the 
data to be programmed on the data pins. The compare and 
overprogram operation is repeated with an overprogram 
pulse width 4 times the sum of the initial program pulses. 
This operation is continued until the location is pro-
grammed or 10 initial program pulses have been attempted. 
If on the 10th attempt, the location fails to verify, an over-
program pulse of 8 ms is applied, and the content of the 

24 Yee 

23 Vfy 

22 PGM 

21 LATCH 

20 NA 

19 Ypp 

18 NA 

17 017 

16 016 

15 015 

14 014 

13 013 
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Figure 3. Programming Pinout (DIP Package) 
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location is once more verified. If the location still fails to 
verify, the device is rejected. Once a location verifies suc
cessfully, the address is advanced to the next location, and 
the process is repeated until all locations are programmed. 
After all locations are programmed, they should be verified 
at Veep= 5.0V. 

Operating Modes 
Read 

Read is the normal operating mode for a programmed de
vice. In this mode, all signals are normal TTL levels. The 
PROM is addressed with a 13 bit field, a chip select, (active 
LOW), is applied to the CS pin, and the contents of the 
addressed location appear on the data out pins. 

Program, Program Inhibit, Program Verify 

These modes are entered by placing a high voltage Vpp on 
pin 19, with pins 18 and 20 set to V1LP· In this state, pin 21 
becomes a latch signal, allowing the upper 5 address bits to 
be latched into an onboard register, pin 22 becomes an 
active LOW program (PGM) signal and pin 23 becomes an 
active LOW verify (VFY) signal. Pins 22 and 23 should 
never be active LOW at the same time. The PROGRAM 
mode exists when PGM is LOW, and VFY is HIGH. The 
VERIFY mode exists when the reverse is true, PGM 
HIGH and VFY LOW and the PROGRAM INHIBIT 
mode is entered with both PGM and VFY HIGH. PRO
GRAM INHIBIT is specifically provided to allow data to 
be placed on and removed from the data pins without con
flict. 

Blank check 

Blankcheck mode is identical to PROGRAM VERIFY 
and is entered in the same manner as described above. 

Programming Sequence 
The flowchart in Figure 4 is a detailed description of the 
intelligent programming cycle used to program the devices 
covered in this specification. Of particular importance are 
the areas of power sequencing used to enter and exit the 
programming operation. This flowchart combined with the 
timing diagrams AC and DC parameters accurately de
scribe this complete operation. Note should be taken of the 
inner and outer addressing loops which allow 256 bytes to 
be programmed each time the onboard register containing 
the upper 5 address bits is loaded. 

The timing diagram in Figure 5 contains all of the timing 
information necessary for describing the relations required 
for programming the devices covered in this specification. 
Some of the information pertains to each cycle of program
ming as specified in the inner loops of Figure 5, somefor 
the outer loop where the upper address is advanced, and 
some pertains only to entry and exit from the programming 
mode of operation. 

In particular, the timing sequence associated with the 
Latch signal on pin 21 and addresses AY8 through AY12 
pertain only to the outer loop where the upper 5 (N in the 
flow chart) address bits are incremented. 

Tp, Tpo and Tttp refer to the entry and exit from the 
programming mode of operation. Note that this is refer
enced to LATCH, PGM and VFY operations. 

Tos, TAs. TAH and ToH refer to the required setup and 
hold times for the address and data for PGM and VFY 
operations. These parameters must be adhered to, in all 
operations, including Vpy. This precludes the option then 
of verifying the device by holding the Vpy signal LOW, 
and sequencing the addresses. 

Table 1. Operating Modes 

Pins 1thru3 Pins 4 thru 8 
Pins 9 thru 11 Pins 13 thru 17 Pin Pin Pin Pin Pin Pin 

Mode 
A7-A5, AX7-AX5 A4'.""AO, AX4-AXO DOthruD2 D3thruD7 18 19 20 21 22 23 

AY12-AY8 

Read A7 thruA5 A4thruAO DOOthruD02 D03thruD07 Al2 All cs AlO A9 AB 
Program AX7thruAX5 AX4thruAXO DlothruDI2 Dl3 thruDh 

V1LP Vpp V1LP LAT V1LP Vrnp 
AY12-AY8 Input Input 

Program Inhibit AX7thruAX5 AX4thruAXO 
HighZ HighZ V1LP Vpp V1LP LAT Vrnp Vrnp 

AY12-AY8 

Program Verify AX7thruAX5 AX4thruAXO DOOthruD02 D03thruD07 
V1LP Vpp VILP LAT V1HP V1LP AY12-AY8 Output Output 

Blank Check AX7thruAX5 AX4thruAXO DiothruDI2 DI3 thruDh 
VILP Vpp V1LP LAT Vrnp V1LP AY12-AY8 Output Output 
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Typical AC and DC Characteristics 
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START Vee= 5.0V 

Vpp= 12.SV 

Vee=O.OV, STOP 

0052-9 

Figure 4. Programming Flowchart 
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qi;~NDUCI'OR ====================================================================== 
Tp 

v PIN24Vccp----i.--+----------------------------+--• 
cc Vss -

Ypp----+-i,...------------------------...i 

Ypp PIN 19 V1HP -----+I 
, ______ Top --------.i 

o------+-THp--+-----.i 

V1Hp--+------t:Jt---.li------l--TH1>--+----+-----+-----+< 
LATCH PIN 21VILP------""l I 

V PIN 23 VIHP---i.--------------------.1. I 

FY V1LP- 11""---'rl 

Typ 
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Figure 5, Programming Waveforms 
Note: Power, Vpp and Vee should not be cycled for each program verify cycle but remain static during programming. 
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Table 2. DC Programming Parameters TA = 25°C 

Parameter Description Min. Max. Units 

Vpp Programming Voltage 12.0 13.0 v 
Veep Power Supply Voltage 

4.75 5.25 v 
During Programming 

lpp Vpp Supply .~urrent 50 mA 

Vrnp Input High Voltage 
3.0 Veep v 

During Programming 

VILP Input Low Voltage -3.0 0.4 v 
During Programming 

VoH Output High Voltage 2.4 v 
VoL Output Low Voltage 0.4 v 

Table 3. AC Programming Parameters TA = 25°C 

Parameter Description Min. Max. Units 

TAS Address Setup Time to PGM/VFY 1.0 µs 

TAH Address Hold Time from PGM/VFY 1.0 µs 

Tos Data Setup Time to PGM 1.0 µs 

ToH .. Data Hold Time PGM 1.0 µs 

Tpp Program Pulse Width 0.2 10 ms 

TR,F Vpp Rise and Fall Time 100 ns 

TALS Address Setup Time to Latch 1.0 µs 

TALH Address Hold Time from Latch 1.0 µ,s 

TLP Latch Pulse Width 1.0 µs 

Tov Delay to Verify 1.0 µ,s 

Tvo Verify to Data Out 1.0 µ,s 

TVH Data Hold Time from Verify 1.0 µs 

Typ Verify Pulse Width 2.0 µs 

Toz Verify to High Z 1.0 µs 

Top Delay to Function 1.0 µs 

THP Hold From Function 1.0 µs 

Tp Power Up/Down 20.0 ms 
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Ordering Information 
Speed Ordering Package Operating Speed Ordering Package Operating 

(ns) Code Type Range (ns) Code Type Range 

40 CY7C261-40PC Pl3 Commercial 55 CY7C261-55PC Pl3 Commercial 
CY7C261-40WC Wl4 CY7C261-55WC Wl4 
CY7C263-40PC Pl3 CY7C263-55PC Pl3 
CY7C263-40WC Wl4 CY7C263-55WC Wl4 
CY7C264-40PC Pll CY7C264-55PC Pll 
CY7C264-400C 012 CY7C264-550C 012 

45 CY7C261-45PC Pl3 CY7C261-55WMB Wl4 Military 
CY7C261-45WC Wl4 CY7C261-550MB 014 
CY7C263-45PC Pl3 CY7C261-55LMB L64 
CY7C263-45WC Wl4 CY7C261-55QMB Q64 
CY7C264-45PC Pll CY7C263-55WMB Wl4 
CY7C264-450C 012 CY7C263-550MB 014 

CY7C261-45WMB Wl4 Military 
CY7C261-450MB 014 

CY7C263-55LMB L64 
CY7C264-550MB 012 

CY7C261-45LMB L64 
CY7C26 l-45QMB Q64 
CY7C263-45WMB Wl4 
CY7C263-450MB 014 
CY7C263-45LMB L64 
CY7C264-450MB 012 
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Features 
• CMOS for optimum speed/ 

power 
• High speed 

- 40 ns max set-up 
- 20 ns clock to output 

• Low power 
- 550 mW (commercial) 
- 660 mW (military) 

• On-chip edge-triggered registers 
- Ideal for pipelined 

microprogrammed systems 
• On-chip diagnostic shift register 

- For serial observability and 
controllability of the output 
register 

• EPROM technology 
- 100% programmable 
- Reprogrammable (7C269W) 

• 5V ± 10% V cc, commercial and 
military 

• Capable of withstanding greater 
than 2001V static discharge 

• Slim, 300 mil 28 pin plastic or 
hermetic DIP (7C269) 

Logic Block Diagram 

Functional Description 
The CY7C268 and CY7C269 are 64K 
Registered Diagnostic PROMs. They 
are both organized 8192 words by 8 
bits wide, and have both a Pipeline 
Output Register and an Onboard Diag
nostic Shift Register. In addition, both 
devices feature a Programmable Initial
ize Byte which may be loaded into the 
Pipeline Register with the Initialize sig
nal. The Programmable Initialize Byte 
is the 8193rd byte in the PROM and its 
value is programmed at time of use. 

The 7C268 has 32 pins and features full 
diagnostic capabilities while the 7C269 
provides limited diagnostics and is 
available in a space efficient 28 pin 
package. This allows the designer to 
optimize his design for either board 
area efficiency with the 7C269, or com
bine the 7C268 with other diagnostic 
products with the standard interface. 

CY7C268: The 7C268 provides 13 ad
dress signals (Ao through A12), 8 data 
out signals (Oo through 07), ENA (en
able), PCLK (pipeline clock) and INIT 
(initialize) for control. The full stan-

CY7C268 
CY7C269 

64 K Registered 
Diagnostic PROM 

dard featured diagnostics of the 7C268 
utilizes the SI and SO (shift in and shift 
out), MODE and DCLK signals. These 
signals allow serial data to be shifted 
into and out of the Diagnostic Shift 
Register at the same time the Pipeline 
Register is used for normal operation. 
The MODE signal is used to control 
the transfer of the information in the 
Diagnostic Register to the Pipeline 
Register or the data on the Output Bus 
into the Diagnostic Register. The data 
on the Output Bus may be provided 
from the Pipeline Register or an exter
nal source. 

When the MODE signal is LOW, the 
PROM operates in a normal pipeline 
mode. The contents of the addressed 
memory location is loaded into the 
Pipeline Register on the rising edge of 
PCLK. The outputs are enabled with 
the ENA signal either synchronously 
or asynchronously, depending on how 
the device is configured when pro
grammed. If programmed for asyn
chronous enable, ENA LOW enables 

Pin Configurations 

0112-1 
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CY7C268 CY7C269 

Vee 
A5 Aa 

As Ag 

A4 Aio 

A3 A11 

•12 
iNTt f/Es,T 
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4 3 2 I 1 132 31 30 
A3 5 1 1 29 A10 ., . 

MOOE 1 

NC 8 

DCLK 9 

PCLK 10 

A1 11 

Ao 12 

CY7C268 

28 A11 

21 ENA 
26 fNil 
25 NC 

24 A12 

23 SDI 

22 SDO 

Do 13 21 07 
14 15 16 17 18 19 20 

0112-4 

0112-3 

4 3 2 I 1 128 27 26 
A3 5 1 1 25 A10 ., . 

MOOE 7 

CLOCK 8 

., 9 

... 10 

24 A11 

23 A12 

CY7C269 22 f/E5,T 

21 SDI 

20 soo 
00 11 1907 

12 13 14 15 16 17 18 
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~~NDUCTOR ========================================================================== 
Selection Guide 

Maximum Set-up Time (ns) 

Maximum Clock to Output (ns) 

Maximum Operating I Commercial 
Current (mA) Military 

Functional Description (Continued) 

the outputs. If configured for synchronous enable, ENA 
LOW during the rising edge of PCLK will enable the out
puts synchronously with PCLK. ENA HIGH during the 
rising edge of PCLK will synchronously disable the out
puts. The asynchronous Initialize signal INIT transfers the 
Initialize Byte into the Pipeline Register on a HIGH to 
LOW transition. INIT LOW disables PCLK and needs to 
transition back to a HIGH in order to enable PCLK. 
DCLK shifts data into SI and out of SO on each rising 
edge. 

When MODE is HIGH, the rising edge of the PCLK sig
nal loads the Pipeline Register with the contents of the 
Diagnostic Register. Similarly, DCLK, in this mode, loads 
the Diagnostic Register with the information on the Data 
Output Pins. The information loaded will be either the con
tents of the Pipeline Register if the outputs are enabled, or 
data on the bus, if the outputs are disabled (in a high im
pedance state). 

CY7C269: This product is optimized for applications that 
require diagnostics in a minimum amount of board area. 
Packaged in 28 pins, the PROM has 13 Address Signals 
(Ao through A12), 8 Data Out Signals (Oo through 07), E/I, 
(Enable or Initialize) and CLOCK (pipeline and diagnostic 
clock). Additional diagnostic signals consist of MODE, SI 
(shift in) and SO (shift out). Normal pipelined operation 
and Diagnostic operation are mutually exclusive. 

When the MODE signal is LOW, the 7C269 operates in a 
normal pipelined mode. CLOCK functions as a pipeline 
clock, loading the contents of the addressed memory loca
tion into the Pipeline Register on each rising edge. The 
data will appear on the Outputs if they are enabled. One 
pin on the 7C269 is programmed to perform either the 

7C268/9-40 7C268/9-50 7C268/9-60 
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40 50 60 

20 25 25 

100 80 80 

120 100 

Enable or the Initialize function. If the E/I pin is used for a 
INIT (Asynchronous Initialize) function, the outputs are 
permanently enabled and the Initialize Word is loaded into 
the Pipeline Register on a High to LOW transition of the 
INIT signal. The INIT LOW disables CLOCK and must 
return high to re-enable CLOCK. If the E/I pin is used for 
an enable signal, it may be programmed for either synchro
nous or asynchronous operation. This enable function then 
operates exactly the same as the 7C268. 

When the MODE signal is HIGH, the 7C269 operates in 
the diagnostic mode. The E/I signal becomes a secondary 
mode signal designating whether to shift the Diagnostic 
Shift Register or to load either the Diagnostic Register or 
the Pipeline Register. IfE/I is HIGH, CLOCK performs 
the function of DCLK, shifting SI into the least significant 
location of the Diagnostic Register and all bits one location 
toward the most significant location on each rising edge. 
The contents of the most significant location in the Diag
nostic Register are available on the SO pin. 

If the E/I signal is LOW, SI becomes a direction signal; 
transferring the contents of the Diagnostic Register into 
the Pipeline Register when SI is LOW. When SI is HIGH, 
the contents of the Output pins are transferred into the 
Diagnostic Register. Both transfers occur on a LOW to 
HIGH transition of the CLOCK. If the Outputs are en
abled, the contents of the Pipeline Register are transferred 
into the Diagnostic Register. If the Outputs are disabled, 
an external source of data may be loaded into the Diagnos
tic Register. In this condition, the SO signal is internally 
driven to be the same as the SI signal thus propagating the 
"direction of transfer information" to the next device in the 
string. 
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Maximum Ratings 
Storage Temperature . '. ....... , ..... - 65°C to + l SO"C 

Ambient Temperature with 

Static Discharge Voltage ..................... > 2001 V 
(per MIL-STD-883, Method 3015. 

Power Applied .................... - 55°C to + 125°C Latchup Current .......................... > 200 mA 

Supply Voltage to Ground Potential .... -0.SV to +7.0V UV Exposure ........................... 7258 Wsec/c 

DC Voltage Applied to Outputs 
inHighZState ...................... -0.SVto +7.0V 

DC Input Voltage ................... - 3.0V to + 7.0V 

Operating Range 

Range 
Ambient 

Vee Temperature 
DC Program Voltage .......................... 14.0V 

Commercial O"C to 70"C 5V ±10% 

Military -55°C to + 125•c 5V ±10% 

Electrical Characteristics Over the Operating Range 

Parameters Description Test Conditions 
Commercial Military 

Units 
Min. Max. Min. Max. 

VoH Output HIGH Voltage Vee= Min.,loH = -2mA 2.4 2.4 v 

VoL Output LOW Voltage 
Vee= Min., loL = 12 mA 0.4 0.4 v 
(IoL = 8 mA for Military) 

Vrn Input HIGH Voltage 2.0 2.0 v 
VIL Input LOW Voltage 0.8 0.8 v 
Iix Input Load Current GND < vI <Vee 10.0 10.0 µ.A 

Ioz 
Output Leakage GND <VI< Vee 40.0 40.0 µ.A 
Current Output Disabled 

Ios 
Output Short Circuit 

Vee= Max., VouT = GND 90.0 90.0 mA 
Current 

V cc Operating Supply Vee= Max. 
7C268/9-40 100 

Ice Current loUT = OmA 7C268/9-50 80 120 mA 

7C268/9-60 80 100 

lsB 
Automatic CE Vee= Max. 

20 30 mA 
Pow.er Down Current CE~ Vrn 

Switching Characteristics Over the Operating Range 

7C268-40 7C268-50 7C268-60 
Parameters Description 7C269-40 7C269-50 7C269-60 Units 

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

tAS Address Set-Up to Clock 40 50 60 ns 

tHA Address Hold from Clock 0 0 0 ns 

tco Clock to Output Valid 20 25 25 ns 

tpw Clock Pulse Width 15 20 20 ns 

tESs ES Set-Up to Clock (Sync Enable Only) 15 15 15 ns 

tHES ES Hold from Clock 5 5 5 ns 

tm Init to Out Valid 25 35 35 ns 

tRI Init Recovery to Clock 20 25 25 ns 

tpw1 Init Pulse Width 25 35 35 ns 

tuc Output Active from Clock (Sync. Mode) 20 25 25 ns 

tHzc Output Inactive from Clock (Sync. Mode) 20 25 25 ns 

tLZE Output Active from E Low (Async. Mode) 20 25 25 ns 

tHZE Output Inactive from E High (Async. Mode) 20 25 25 ns 
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Diagnostic Mode Switching Characteristics Over the Operating Range 

Parameters Description 

tssm Set-Up SDI to Clock 

tHSDI SDI Hold from Clock 

tosoo SDO Delay from Clock 

tocL Minimum Clock Low 

tocH Minimum Clock High 

tsM Set-Up to Mode Change 

tHM Hold from Mode Change (7C269) 

tMs ModetoSDO 

tss SDitoSDO 

tso Output Set-Up to DCLK 

tHQ Output Hold from DCLK 

AC Test Loads and Waveforms 

5V o---"Vlo---. 
(338.ll) 

OUTPUT o------

•Military Values 

30pf I INCLUDING 
JIG AND 
SCOPE 

R2=334.ll.• 
{250.0.) 

TIIEVENIN EQUIVALENT 

OUTPUT~ (22_01~ V) 
200• . 
(144) 

0112-8 
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Commercial Military 

Min. 

0 

25 

25 

25 

0 

25 

10 
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Max. Min. Max. 

30 

0 

30 

25 

25 

30 

0 

25 

40 

30 

15 

3.0V ---------""! 
GND---

:s5ns 

35 

40 

30 

45 

:S5ns 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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Switching Waveforms 7C268, 7C269 
Pipeline Operation (Mode = 0) 

SYNCHRONOUS ENABLE 
(PROGRAMMABLE) ----1 

Notes OD Testing: 
Incoming test procedures OD 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. 
I. Ensure that adequate decoupling capacitance is employed across the 

device V cc and ground terminals. Multiple capacitors are recom
mended, including a 0.1 p.F or larger capacitor and a 0.01 p.F or 
smaller capacitor placed as close to the device terminals as possible. 
Inadequate decoupling !Dl'Y 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. 

7C268 Diagnostic Waveforms 

DCLK 

SDI 

SDO 

tMS :.i 
MODE 

tsM 

PCLK 

:1 
OUTPUT x tso 
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3. 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 l.5V reference levels. 
5. Transition is measured at steady state HIOH level -500 m V or 

steady state LOW level + 500 mV on the output from the 1.5V level 
OD inputs with load shown in Figure I b. 

tHO t x 
0112-10 
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Switching Waveforms (Continued) 

7C269 Diagnostic Application (Shifting the Shadow Register) 

CLOCK 

MODE 

SDO 

SDI 

E/T 

7C269 Diagnostic Application (Parallel Data Transfer) 

tsM 1,-----,, 

MODE 
---0--1 

E/T 

tco t 
Oo-07~--------'~0UT 

Notes: 
6. Asynchronous enable mode only. 

Device Programming 
The CY7C268 and CY7C269 program identically. They 
utilize an intelligent programming algorithm to assure con
sistent programming quality. These 64K PROMS use a 
single ended memory cell design. In an unprogrammed 
state, the memory contains all "O"s. During programming, 
a "l" on a data-in pin causes the addressed location to be 
programmed, and a "O" causes the location to remain un
programmed. 
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7. The mode transition to HIGH latches the asynchronous enable state. 
If the enable state is changed and held before leaving the diagnostic 
mode (mode H -+ L) then the output impedance change delay is 
!Ms. 

Programming Pinout 
The Programming Pinout of both devices is shown in Fig
ures 3a and 3b. The programming mode is entered by put
ting 12.5V on the Vpp pin. The addressed location is pro
grammed and verified with the application of a PGM and 
VFY pulse. Entering and exiting the programming mode 
should be done with care. Proper sequencing as described 
in the dialog on the programming algorithm and shown in 
the timing diagram and programming flow chart must be 
implemented. 

II 
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Figure 3a. 7C268 Programming Pinout 

Programming and Blankcheck (Memory Bits) 

Blankcheck 

Blankcheck is accomplished by performing a verify cycle 
(VFY toggles on each address), sequencing through all 
memory address locations, where all the data read will be 
"O''s. (Refer to mode table for pin states) 

Programming Algorithm 

Programming is accomplished with an intelligent algo
rithm. The sequence of operations is to enter the program
ming mode by placing 12.SV on Vpp. This should be done 
after a minimum delay from power up, and be removed 
prior to power down by the same delay (see the timing 
diagram and AC specifications for details). Once in this 
mode, programming is accomplished by addressing a loca
tion as described above, placing the data to be pro_gI1lll!llled 
into a location on the data pins, and clocking the PGM 
signal from VIHP to V1LP and back to V1HP with a pulse 
width of 200 µs. The data is removed from the data pins 
and the content of the location is then verified by taking 
the VFY signal from VJHp to VJLp, com~g the output 
with the desired data and then returning VFY to VJHP. If 
the contents are correct, a second overprogram pulse of 4 
times the original 200 µs is delivered with the data to be 
programmed again oi:J. the data pins .. If the data is not cor
rect, a second 200 µs pulse is applied to PGM with the 
data to be programmed on the data pins. The compare and 
overpro.11ram operation is repeated with an overprogram 
pulse width 4 times the sum of the initial program pulses. 
This operation is continued until the location is pro
grammed or 10 initial program pulses have been attempted. 
If on the 10th attempt, the location fails to verify, an over
program pulse of 8 ms is applied, and the content of the 
location is once more verified. If the location still fails to 
verify, the device is rejected. Once a location verifies· suc
cessfully, the address is advanced to the next location, and 
the process is repeated until all locations are programmed. 
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Figure 3b. 7C269 Programming Pinout 

After all locations are programmed, they should be verified 
atVcCP = 5.0V. 

Programming Algorithm for the Architecture 

Both the 7C268 and 7C269 offer a limited selection of pro
grammed architecture. Programming these features should 
be done with a single 10 ms wide pulse in place of the 
intelligent algorithm mainly because these features are veri
fied operationally, not with the VFY pin. Architecture pro
gramming is implemented by applying the supervoltage to 
two additional pins during programming. In programming 
the 7C269 architecture Vpp is applied to pins 3, 9 and 22 
while in programming the 7C268 architecture Vpp is ap
plied to pins 3, 11, 26. Specific choice of a particular mode 
will depend on the states of the other pins during program
ming so it is important that the condition of the other pins 
be met as set forth in the mode table. The same considera
tions with respect to power up and power down apply dur
ing architecture programming as during intelligent pro
gramming. Once the supervoltages have been established 
and the correct logic states exist on the other device pins, 
pro~cJ&f may .begin. Programming is accomplished by 
pulling from HIGH to LOW and then back to 
HIGH with a pulse width eqUaI to 10 ms. 

To check whether a 7C269 has been programmed as output 
enable or initialize enable, pin 22 (E/I) should be pulled 
LOW followed by a LOW to HIGH transition on pin 8 
(CLOCK). The data read at the outputs is stored and com
plement data is shifted into the shadow register. A shift 
from shadow to pipeline is performed and the CLOCK is 
again pulled from LOW to HIGH. At this point, if the new 
data read is data-complement, the device has been pro
grammed as Output enable while ifthe new data read-true 
then the device is programmed as Initialize enable and the 
configuration of the Initialize byte can be read directly by 
pulling IVY from HIGH to LOW. 
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Operating Modes 
Read 

Read is the normal operating mode for a programmed de
vice. In this mode, all signals are normal TTL levels. The 
PROM signals required for read mode are shown in the 
Mode Tables. 

Program, Program Inhibit, Program Verify 

These modes are entered by placing a high voltage Vpp on 
pin 19, with pins 18 and 20 set to VILP· In this state, pin 21 
becomes a latch signal, allowing the upper 5 address bits to 
be latched into an onboard register, pin 22 becomes an 
active LOW program (PGM) signal and pin 23 becomes an 
active LOW verify (VFY) signal. Pins 22 and 23 should 
never be active LOW at the same time. The PROGRAM 
mode exists when PGM is LOW, and VFY is HIGH. The 
VERIFY mode exists when the reverse is true, PGM 
HIGH and VFY LOW and the PROGRAM INHIBIT 
mode is entered with both PGM and VFY HIGH. PRO
GRAM INHIBIT is specifically provided to allow data to 
be placed on and removed from the data pins without con
flict. 

Blankcheck 

Blankcheck mode is identical to PROGRAM VERIFY 
and is entered in the same manner as described above, 

Programming Sequence 
The flowchart in Figure 4 is a detailed description of the 
intelligent programming cycle used to program the devices 

Mode Table 7C268 

P2 P3 P30 P6 P7 P9 
Mode Select 

A6 AS A9 A2 
MD 

DCLK PGM 

Normal Readl2] A6 AS A9 A2 L x 
Load SR to PRl2l A6 AS A9 A2 H L 

Load Output to SR A6 AS A9 A2 H L/H 

Shift Shadowl2] A6 AS A9 A2 L L/H 

Program (Memory) A6 AS A9 A2 L 

Program Verify A6 AS A9 A2 H 

Program Inhibit A6 AS A9 A2 H 

Async. Enable Read A6 AS A9 A2 L 

Sync. Enable Read A6 AS A9 A2 L 

Async. Init. Read A6 AS A9 A2 L 

Program Sync. Enable[ll H VHH x H L 

Program Initial Byte H VHH x L L 

Notes: 
I. Default is Async. Enable. 
2. For the ~chronous enable operation, the data out is enabled by 

bringing E LOW. For the synchronous enable operation, data out is 
enabled on the first LOW to HIGH clock transition after E is brought 

L 

L 

L 

L 

L 

L 

L 

L 

3-61 

covered in this specification. Of particular importance are 
the areas of power sequencing used to enter and exit the 
programming operation. This flowchart combined with the 
timing diagrams' AC and DC parameters accurately de
scribe this complete operation. Note should be taken of the 
inner and outer addressing loops which allow 256 bytes to 
be programmed each time the onboard register containing 
the upper 5 address bits is loaded. 

The timing diagram in Figure 5 contains all of the timing 
information necessary for describing the relations required 
for programming the devices covered in this specification. 
Some of the information pertains to each cycle of program
ming as specified in the inner loops of Figure 5, some for 
the outer loop where the upper address is advanced, and 
some pertains only to entry and exit from the programming 
mode of operation. 

In particular, the timing sequence associated with the 
Latch signal on pin 21 and addresses AYS through AY12 
pertain only to the outer loop where the upper 5 (Nin the 
flow chart) address bits are incremented. 

tp, tpn and tHP refer to the entry and exit from the pro-
gramming mode of operation. Note that this is referenced II 
to LATCH, PGM and VFY operations. 

tns. tAs. tAH and tnH refer to the required setup and hold 
times for the address and data for PGM and VFY opera
tions. These parameters must be adhered to, in all opera
tions, including VFY. This precludes the option then of 
verifying the device by holding the VFY signal LOW, and 
sequencing the addresses. 

PlO PU P12 
P22 

P23 P24 
P26 

P27 P28 
PCLK Al AO 

SDO SDI A12 
INT E/Es All 

VFY Vpp 

L/H Al AO SDO x Al2 H H/L All 

L/H Al AO SDI x Al2 H x All 

L Al AO SDI L Al2 H H All 

L Al AO SDO DIN A12 H x All 

L Al AO H L A12 Vpp H All 

L Al AO L L A12 Vpp H All 

L Al AO H L A12 Vpp H All 

x Al AO SDO L A12 H H/L All 

L/H Al AO SDO L A12 H H/L All 

x Al AO SDO L A12 L L All 

L VHH L H L H Vpp H H 

L VHH H H L x Vpp H L 

LOW. When I! goes from LOW to HIGH (enable to disable) the outputs 
will go to the high impedance state (after a propagation delay) immedi
ately if the asynchronous enable was programmed. If the synchronous 
enable was selected, a LOW to HIGH clock transition is required. 
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Mode Table 7C269 

Mode Select 

Normal Read . 

Load SR to PR[3) 

Load Output to SRl3) 

Shift Shadowl3l 

Program (Memory) 

Program Verify 

Program Inhibit 

Async. Enable Read 

Sync. Enable Read 

Async. Init. Read 

Program Sync. EnablelU 

Program Initialize[2) 

Program Initial Byte 

Notes: 
I. Default is Async. Enable. 
2. Default is Enable. 

Pl P3 
A6 AS 

Ail AS 

A6 AS 

A6 AS 

A6 AS 

A6 AS 

A6 AS 

A6 AS 

A6 AS 

A6 AS 

A6 AS 

H VHH 

H VHH 

H VHH 

Pl6 P6 P7 
MD 

A9 A2 .PGM 

A9 A2 L 

A9 A2 H 

A9 A2 H 

A~ A2 H 

A9 A2 L 

A9 A2 H 

A9 A2 H 

A9 A2 L 

A9 A2 L 

A9 A2 L 

A9 H L 

A9 L L 

A9 L L 

P8 P9 P10 P21 
P20 

P24 
Pll 

P23 
SDO E/I 

CLK Al AO SDI 
VFY 

All Vpp All 

L/H Al Ao x HIZ All H/L Al2 

L/H Al AO L SDI All L Al2 

L/H Al AO H SDI All L Al2 

L/H Al AO DIN· soo All H Al2 

L Al AO x H All Vpp Al2 

L Al AO x L All Vpp Al2 

L Al AO x H All Vpp Al2 

L Al AO x HIZ All L Al2 

L/H Al AO x HIZ All L Al2 

L Al AO x HIZ All L Al2 

L Vee L x H H Vpp H 

L Vee L x H H Vpp L 

L Vee H x H L Vpp Al2 

3. IfI selected, outputs always enabled. If'!! selected, during diagnostic 
operation the data outputs will remairt in the state they were in when 
the mode was entered. When enabled, the data outputs will reflect the 
outputs of the pipeline register. Any changes in the data in the pipe
line register will appear on the data output pins. 

DC Programming Parameters TA = 2s0 c 

Parameter Description Min. Max. Units 

Vpp Programming Voltage 12.0 13.0 v 
Veep Power Supply Voltage During Programming 4.7S S.2S v 
lpp Vpp Supply Current 50 mA 

Vrnp Input High Voltage During Programming 3.0 v 
V1LP Input Low Voltage During Progiamming -3.0 0.4 v 
Voe Output High Voltage 2.4 v 
VoL Output Low Voltage 0.4 v 
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AC Programming Parameters TA= 25•c 

Parameter Description 

tpp Program Pulse Width (Per Byte) 

tAS Address Set-up Time 

tAH Address Hold Time 

toH Data Hold Time 

tos Data Set-up Time 

tR,F Vpp Rise and Fall Time 

tov Delay to Verify 

tvo Verify to Data Out 

tVH Data Hold Time from Verify 

tvp Verify Pulse Width 

toz Verify to High Z 

Erasure Characteristics 
Wavelengths oflight less than 4000 Angstroms begin to 
erase the 7C268 and 7C269 in the windowed package. For 
this reason, an opaque label should be placed over the win
dow if the PROM is exposed to sunlight or fluorescent 
lighting for extended periods of time. 

The recommended dose of ultraviolet light for erasure is a 
wavelength of 2537 Angstroms for a minimum dose (UV 
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Min. Max. Units 

10.0 ms 

1.0 µ.s 

1.0 µ.s 

1.0 µ.s 

1.0 µ.s 

1.0 µ.s 

1.0 µ.s 

1.0 µ.s 

1.0 µ.s 

2.0 µ.s 

1.0 µ.s 

intensity X exposure time) or 25 Wsec/cm2. For an ultra- Em 
violet lamp with a 12 mW /cm2 power rating the exposure ~ 
time would be approximately 45 minutes. The 7C268 or 
7C269 needs to be within 1 inch of the lamp during era-
sure. Permanent damage may result if the PROM is ex-
posed to high intensity UV light for an extended period of 
time. 7258 Wsec/cm2 is the recommended maximum dos-
age. 



CY7C268 
CYPRESS CY7C269 
SEMICONDUCTOR =================================== 

START Vee=5.0V 

Vpp= 12.5v 

FIRST ADDRESS 

PLACE DATA TO 
BE PROGRAMMED ON 

THE DI PINS 

X=O 

PROGRAM ONE 
PULSE OF 0.2 ms 

X=X+1 

YES 
X= 10? 

NO 

VERIFY ONE BYTE 
FAIL 

PASS 

PROGRAM ONE PULSE 
OF (( 4) • 0.2 • X) ms 

FAIL DEVICE 

X= 10 

INCREMENT LAST ADDRESS? ADDRESS 

YES 

VERIFY ALL 
WORDS AT Veep DEVICE FAIL 

Veep= 5.ov 

PASS 

GOOD DEVICE 

Vpp= 5.0V 

Vee= o.ov. STOP 
0112-15 

Figure 4, Programming Flowchart 
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&J::~NDUCTOR 
Vee 

7C268 PIN 32 
7C269 PIN28 

Vpp 
7C268 PIN 26 
7C269 PIN 22 

Vss 
top 

VIHP_ 
ADDRESS 

VILP -
VIHP_ 

DATA 

VILP -
PGM VIHP_ 

7C268 PIN 7 
7C269 PIN 7 VILP 

VFY VIHP_ 
7C268 PIN 22 
7C269 PIN 20 VILP 

Figure 5. Programming Waveforms (Memory) 
Note: 
Power, Vpp and V cc should not be cycled for each program verify cycle but remain static during programming. 

Vee 

PIN• 
Vpp 

PINS•• 
(Ppp ALSO) 

ADDRESS 

DATA••• 

PIN7 
PGM 

VIHP---

VILP ___ 

VoHP 

VoLP 

VIHP 

VILP 

*7C268-pin 26 ••*Data required on I/O's only during initial byte programming 
7C269-pin 22 

.. 7C268-pins 3, 11 
7C269-pins 3, 9 

"0" 

Figure 6. Programming Waveforms for the Architecture CY7C268 and CY7C269 
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CY7C269 
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Typical DC and AC Characteristics 

NORMALIZED SUPPLY 
CURRENT vs. SUPPLY 
VOLTAGE 

1~r---.---..---..----. 

1A 

JI 
a 1.2 
!::! .... 
"' ,. 
"' 

1.0 
0 z 

o.8 
TA=25"C 

o~ 
f=MAX. 

4.0 4.5 s.o 5.5 

SUPPLY VOLTAGE(V) 

OUTPUT SOURCE 
CURRENT vs. VOLTAGE 

6.0 

60.--------~ 

! 50 I---+--+--+----< 

§ 40~ a .,..,_ 
... 30 1---+-~--"o-+--+-----l 

!;! "" ~ 20 I---+--.... ~~~-+----< .. ~ 
~ 10 l---+--+--+-"'~.---1 

O'---+--+--+-~ 

0.0 1.0 3.0 4.0 

OUTPUT VOLTAGE(V) 

Ordering Information 

Speed Ice Ordering Package 
(ns) (mA) Code Type 

40 100 CY7C268-400C 020 

CY7C268-40WC W20 

CY7C269-40PC P21 

CY7C269-400C 022 

CY7C269-40WC W22 

50 80 CY7C268-500C 020 

CY7C268-50WC W20 

CY7C269-SOPC P21 

CY7C269-SOOC 022 

CY7C269-SOWC W22 

120 CY7C268-SOOMB 020 

CY7C268-SOWMB W20 

CY7C268-SOLMB LSS 

CY7C268-SOQMB QSS 

CY7C269-SOOMB 022 

CY7C269-SOWMB W22 

CY7C269-SOLMB L64 

CY7C269-SOQMB Q64 

NORMALIZED SUPPLY 
CURRENT vs. AMBIENT 
TEMPERATURE 

1.2.----~---~ 

JI 1.1 

I 1.0 .------;::--------j 

~ D.9 I-----+-------< 

o.8 '-------'----~ 

30.0 

-55 25 

AMBIENT TEMPERATURE ("C) 

TYPICAL ACCESS TIME 
CHANGE vs. OUTPUT 
LOADING 

125 

1 20.0 

} 15.0 
;:!: 

v ~ 
~ 10.0 

v v 
IZ TA=25"C 

Vcc=4.5V 
0.0 

O 200 400 600 800 1000 

CAPACITANCE (pf) 

Operating Speed Ice 
Range (ns) (mA) 

Commercial 60 80 

100 

Military 
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NORMALIZED ACCESS TIME 
vs. TEMPERATURE 
1~r-------~ 

... 
~ 1.41-----+------1 

~ 1.21-----+---...,,.,.~ 

I : 1-----+------1 

~&'------+----~ 
-55 25 125 

AMBIENT TEMPERATURE ("C) 

OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 

0.0 1.0 2.o 3.0 

OUTPUT VOLTAGE(V) 

0112-18 

Ordering Package Operating 
Code Type Range 

CY7C268-600C 020 Commercial 

CY7C268-60WC W20 

CY7C269-60PC P21 

CY7C269-600C 022 

CY7C269-6ciWC W22 

CY7C268-600MB 020 Military 

CY7C268-60WMB W20 

CY7C268-60LMB LSS 

CY7C268-60QMB QSS 

CY7C269-600MB 022 

CY7C269-60WMB W22 

CY7C269-60LMB L64 

CY7C269-60QMB Q64 



PRELIMINARY CY7C271 

Features 
• CMOS for optimum 

speed/power 
• Direct replacement for 

bipolar PROMs 

• Windowed for reprogrammability • Capable of withstanding 

• High speed 
- 55 ns (commercial) 
- 65 ns (military) 

• Low power 
- 660 mW (commercial) 
- 715 mW (military) 

• Super low standby power 
- Less than 165 mW when 

deselected 

• EPROM technology 
100% programmable 

• 5V ± 10% V cc, commercial 
and military 

• TTL compatible 1/0 

Logic Block Diagram 

•• 
A7 

•• 
A5 

•• •• •2 ., 
•o 

512X512 
PROGRAMMABLE 

ARRAY 

> 2001V static discharge 

Product Characteristics 
The CY7C271 is a high performance 
32,768 word by 8 bit CMOS PROM. 
When deselected, the 7C271 automati
cally powers down into a low power 
standby mode. It is packaged in the 600 
mil wide package. The 7C271 repro
grammable CERDIP package is 
equipped with an erasure window; 
when exposed to UV light, the PROM 
is erased and can then be repro
grammed. The memory cells utilize 
proven EPROM floating gate technolo
gy and byte-wide intelligent program
ming algorithms. 

BX1Of'64 I-----, 
MULTIPLEXER t------. 

05 

05 

04 

o, 

02 

o, 

POWER DOWN 

C£ 
CS2 

CS1 

Selection Guide 

Maximum Access Time (ns) 
Maximum Operating 
Current (mA) 

Standby Current (mA) 

Commercial 
Military 
Commercial 
Military 

Oo 

0102-1 

7C271-55 
55 

120 

30 
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32,768 x 8 PROM 
Power Switched and 

Reprogrammable 

The CY7C271 is a plug-in replacement 
for bipolar devices and offers the ad
vantages of lower power, superior per
formance and programming yield. The 
EPROM cell requires only 12.SV for 
the supervoltage and low current re
quirements allow for gang program
ming. The EPROM cells allow for each 
memory location to be tested 100%, as 
each location is written into, erased, 
and repeatedly exercised prior to en
capsulation. Each PROM is also tested 
for AC performance to guarantee that 
after customer programming the prod- II 
uct will meet DC and AC specification 
limits. 

Reading is accomplished by placing ac
tive LOW signals on CS1, and CE and 
an active HIGH on CS2. The contents 
of the memory location addressed by 
the address lines (Ao-A14) will become 
available on the output lines (Oo-07). 

Pin Configurations 

0102-2 

..,_'°.t.t.t'~li 
4321323130 

As 5 29 A12 
A4 6 28 A13 
A3 7 27 A14 

A, s 0 26 CS 1 
A1 9 25 CS:z 
Ao 10 24 EE 
NC 11 23 NC 
o0 12 22 a7 
o1 13 21 a6 

14151617181920 

0102-3 

7C271-65 7C271-75 
65 75 

120 
130 130 

30 

35 35 
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Maximum Ratings 
(Above which the useful life may be impaired) 

Storage Temperature ............... - 65°C to + l 50"C Static Discharge Voltage ..................... > 2001 V 

Ambient Temperature with (per MIL-STD-883, Method 3015.2) 

Power Applied .................... - 55°C to + 125°C Latchup Current .......................... > 200 mA 

Supply Voltage to Ground Potential .... -0.5V to + 7.0V UV Exposure ........................ 7258 Wsec/cm2 

DC Voltage Applied to Outputs 
in High Z State ...................... -0.5V to +7.0V Operating Range 

DC Input Voltage ................... -3.0Vto +7.0V 

DC Program Voltage 
Range Ambient 

Vee Temperature 

(Pin 21 DIP, Pin 24 LCC) ...................... 14.0V Commercial 0°cto +1ooc sv ±10% 

Military -ss0 c to+ 12s0 c sv ±10% 

Electrical Characteristics Over the Operating Range 

Parameters Description Test Conditions 7C271-55 7C271-65 7C271-75 
Units 

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

You Output HIGH Voltage V cc = Min., Iou = - 2.0 mA 2.4 2.4 2.4 v 
VoL Output LOW Voltage V cc = Min., IoL = 12.0 mA • 0.5 0.5 0.5 v 
Vrn Input HIGH LeveJ[l) 2.0 Vee 2.0 Vee 2.0 Vee v 
V1L Input LOW LevelUI 0.8 0.8 0.8 v 
I1x Input Current Vee= Max., Vee= GND -10 + 10 -10 +10 -10 +10 µA 

Ven 
Input Diode Clamp Note2 Note2 Note2 Voltage 

Ioz 
Output Leakage VoL ~ VouT ~ You, -40 +40 -40 +40 -40 +40 µA Current Output Disabled 

Ios 
Output Short 
Circuit Currentl3J Vee= Max., VoUT = GND -20 -90 -20 -90 -20 -90 mA 

Ice 
Power Supply Vee= Max., VIN= 2.0V Commercial 120 120 mA 
Current IouT = OmA Military 130 130 mA 

IsB 
Standby Supply Vee= Max., CS:?: Vrn Commercial 30 30 mA 
Current (7C261) IouT = OmA Military 35 35 mA 

•s.o mA military 

Capacitance[4] 

Parameters Description Test Conditions Max. Units 

CIN Input Capacitance TA = 25°C, f = 1 MHz 8 pF 
CouT Output Capacitance Vee= s.ov 8 

Notes: 
!. 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. 

3. 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 
CY7C271 is insensitive to -3V de input levels and -5V undershoot 
pulses ofless than 10 ns (measured at 50% point). 
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4. Measured on a sample basis. 
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~~~NDUCI'OR====================================================================== 
Switching Characteristics Over the Operating Rangel5l 

Parameters Description 
7C271-55 7C271-65 7C271-75 

Units 
Min. Max. Min. Max. Min. Max. 

tAA Address to Output Valid 

tHZCS 
Chip Select Inactive to High z[6] 
(CS1 and CS2 Only) 

tAcs 
Chip Select Active to Output Valid 
CCSt and CS2 Only) 

tHZCE 
Chip Enable Inactive to High z[6] 
(CE Only) 

tACE 
Chip Enable Active to 
Output Valid (CE Only) 

tpu Chip Enable Active to Power Up 

tpo Chip Enable Inactive to Power Down 

AC Test Loads and Waveforms 

OUTPUT 

R1 
250.ll 

OUTPUT 

R1 
250.ll 5Vn 

30 pf ~~7.ll 

INCLUDING I -
5Vn 

5 pf ~~7.n 

INCLUDING I -
JIG AND - - JIGAND - -

SCOPE SCOPE 

Figure la Figure lb 

Equivalent to: THEVENIN EQUIVALENT 

100.ll 
OUTPUT o--....... "M---o 2.0V 

-
Vee 

SUPPLY 
CURRENT 

Ao-A14 
ADDRESS 

~ 

0102-4 

0102-5 

tpo 

55 65 75 ns 

30 35 45 ns 

30 35 45 ns 

60 65 75 ns 

60 65 75 ns 

0 0 0 ns 

60 65 75 ns 

3.0V~O% 0% 
GND 10% 10% 
~5ns - ~ 5ns 

0102-6 

Figure 2. Input Pulses 

1-- --1 tpu 1-- POWER DOWN CONTROLLED BY C 

~ 50% J 50% 

-tAA -tHZCS(E)- 1--tACS(E) 

Notes: 
5. Test conditions assume signal transition times of 5 ns or less, timing 

reference levels of l.5V, output loading of the specified Ior/loH and 
loads shown in Figure 1 a, 1 b. 

Erasure Characteristics 
Wavelengths of light less than 4000 Angstroms begin to 
erase the 7C271 in the windowed package. For this reason, 
an opaque label should be placed over the window if the 
PROM is exposed to sunlight or fluorescent lighting for 
extended periods of time. 

The recommended dose of ultraviolet light for erasure is a 
wavelength of2537 Angstroms for a minimum dose (UV 

3-69 

0102-7 

6. tHZCS(E) is tested with load shown in Figure 1 b. Transition is mea
sured at steady state High level - 500 m V or steady state Low level 
+ 500 m V on the output from the 1.5 level on the input. 

intensity x exposure time) or 25 Wsec/cm2. For an ultra· 
violet lamp with a 12 mW /cm2 power rating the exposure 
time would be approximately 45 minutes. The 7C271 needs 
to be within 1 inch of the lamp during erasure. Permanent 
damage may result if the PROM is exposed to high intensi
ty UV light for an extended period oftime. 7258W X 
sec/cm2 is the recommended maximum dosage. 
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Table 2. DC Programming Parameters TA = 25°C 

Parameters Description Min. Max. Units 

Vpp Programming Voltage 12.0 13.0 v 

Veep 
Power Supply Voltage 

4.75 5.25 v 
During Programming 

Ipp Vpp Supply Current 50 mA 

Vrnp 
Input High Voltage 

3.0 Veep v 
During Programming 

V1LP 
Input Low Voltage 

0.4 v 
During Programming 

Yott Output High Voltage 2.4 v 
VoL Output Low Voltage 0.4 v 

Table 3. AC Programming Parameters TA = 25°C 

Parameters Description Min. Max. Units 

TAs Address Setup Time to PGM/VFY 1.0 µs 

TAtt Address Hold Time from PGM/VFY 1.0 µs 

Tos Data Setup Time to PGM 1.0 µs 

Tott Data Hold Time PGM 1.0 µs 

Tpp Program Pulse Width 0.1 10 ms 

TR,F Vpp Rise and Fall Time 100 µs 

Tov Delay to Verify 1.0 µs 

Tvo Verify to Data Out 1.0 µs 

Tvtt Data Hold Time from Verify 1.0 µs 

Typ Verify Pulse Width 2.0 µs 

Toz Verify to High Z 1.0 µs 

Tp Power Up/Down 20.0 ms 

7C271 Programming Pin-Out 

Ag Yee 

As 2 A10 

A1 3 A11 

As 4 A12 

As 5 A13 

A4 6 A14 

A3 7 
7C271 

Ypp 

Az 8 PGM 

A1 9 VFY 

Ao 10 D1 

Do 11 Ds 

D1 12 Ds 

Dz 13 D4 

Yss 14 D3 

0102-8 
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~~~NDUCTOR =================================================================== 

PROGRAM 
OTHER BYTES 

!+------PROGRAM------<-t-----VERIFY--------\ :t 
V1HP - - -

ADDRESS ADDRESS STABLE 

V1Lp--- --J\~----+--'I~ 

VtHP---

DATA-----""""( 

V1LP - - -

Vpp - - -

PROGRAMMING 
VOLTAGE 

VtLP - - -

V1HP - - -

V1LP - - -

V1HP - - -

Ordering Information 
Speed Ordering 
(ns) Code 

55 CY7C271-55PC 

CY7C271-55WC 

65 CY7C271-65PC 

CY7C271-65WC 

CY7C271-65DMB 

CY7C271-65WMB 

CY7C271-65LMB 

CY7C271-65QMB 

75 CY7C271-75DMB 

CY7C271-75WMB 

CY7C271-75LMB 

CY7C271-75QMB 

tvo tvp 

0102-9 
Figure 3, PROM Programming Waveforms 

Package Operating 
Type Range 

P15 Commercial 

W16 

P15 

W16 

D16 Military 

Wl6 

L55 

Q55 

D16 Military 

W16 

L55 

Q55 
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, SEMICONDUCTOR 

Features 
• CMOS for optimum speed/ 

power 

• High speed 
- 30 ns (commercial) 
- 45 ns (military) 

• Low power 
- 495 mW (commercial) 
- 660 mW (military) 

• EPROM technology 100% 
programmable 

• Slim 300 or standard 600 mil 
DIP or 28 pin LCC 

• 5V ± 10% V cc, commercial and 
military 

• TTL compatible 1/0 

• Direct replacement for bipolar 
PRO Ms 

Logic Block Diagram 

Ag 

Aa 

A1 
As 
As 
A4 

ROW 
DECODER 

1 OF 64 

COLUMN 
DECODER 
1OF16 

cs, --,.,._____ 
cs, 
CS3 cs. __ _J.----

Selection Guide 

64 x 128 
PROGRAMMABLE 

ARRAY 

• 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 CY7C281 is also available in a 28 
pin leadless chip carrier. The memory 
cells utilize proven EPROM floating 
gate technology and byte-wide intelli
gent programming algorithms. 

The CY7C281 and CY7C282 are plug
in replacements for bipolar devices and 
offer the advantages oflower power, 
superior performance and program
ming yield. The EPROM cell requires 
only 13.SV for the supervoltage and 

Bx 1OF16 
MULTIPLEXER 

07 

Os 

Os 

04 

03 

02 

01 

Do 

0009-1 

CY7C281 
CY7C282 

1024 x 8 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 CSt and CS2, 
and active HIGH signals on CS3 and 
CS4. The contents of the memory loca
tion addressed by the address lines 
(Ao-A9) will become available on the 
output lines (Oo-07). 

Pin Configurations 

A1 Vee 

As Aa 

As Ag 

A4 cs, 
AJ cs, 
A2 CS3 

Ai CS4 

Ao o, 
Do o, 
o, Os 

o, o, 
GND o, 

0009-2 

u 
I() U) t--0 0 «> Ol 

<<<l(Z>-C< 

~1 
cs, 
CS3 
cs4 
NC 

o, 
Do 05 

- NO 0 "' ... "' oozzooo 0009-3 e>· 

7C281-30 7C281-45 
7C282-30 7C282-45 

Maximum Access Time (ns) 30 45 

Maximum Operating Commercial 100 90 
Current (mA) Military 120 

3-72 



CY7C281 
CY7C282 

~~NDUCTOR :=:=:=:=:=:=:=:=:=:=:=:=:============================================= 
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°C to + 125°C Latch-up Current .......................... > 200 mA 

Supply Voltage to Ground Potential 
(Pin 24 to Pin 12) .................... -0.SV to + 7.0V Operating Range 

DC Voltage Applied to Outputs 
in High Z State ...................... -0.5V to + 7.0V 

Range Ambient 
Vee Temperature 

DC Input Voltage ................... -3.0V to + 7.0V Commercial o•cto +1o·c 5V ± 10% 

DC Program Voltage (Pins 18, 20) ............... 14.0V Military - 55°C to + 125°C sv ± 10% 

Electrical Characteristics Over the Operating Range 

7C281-30 7C281-45 
Parameters Description Test Conditions 7C282-30 7C282-45 Units 

Min. Max. Min. Max. 

Yott Output HIGH Voltage Vee= Min., Iott= -4.0mA 2.4 2.4 v 

VoL Output LOW Voltage Vee= Min., loL = 16.0mA 0.4 0.4 v 

Vrn Input HIGH Level[2] 2.0 2.0 v 

VIL Input LOW Level[2] 0.8 0.8 v 
I1x Input Current GND,;;; YIN,;;; Vee -10 +10 -10 + 10 µA 

Ven 
Input Diode Clamp 

Note3 Note 3 
Voltage 

Ioz Output Leakage Current VoL ,;;; VouT ,;;; Vott, Output Disabled -40 +40 -40 +40 µA 

Ios 
Output Short 

Vee= Max., VouT = GND -20 -90 -20 -90 mA Circuit Current[4] 

Ice 
Power Supply Vee= Max., l Commercial 100 90 mA 
Current IouT = OmA l Military 120 mA 

Capacitance[!] 

Parameters Description Test Conditions Max. Units 

CrN Input Capacitance TA = 25°C, f = 1 MHz 5 pF 
CouT Output Capacitance Vee= 5.ov 8 

Notes: 
I. Measured on a sample base. 
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. 

However, the CY7C281 & CY7C282 are insensitive to -3V de input 
levels and - 5V undershoot pulses ofless than 10 ns (measured at 
50%point). 

3. The CMOS process does not provide a clamp diode. 
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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. 

II 
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Switching Characteristics Over the Operating Rangel5l 

CY7C281-30 CY7C281-45 
Parameters Description CY7C282-30 CY7C282-45 Units 

Min, Max. Min. Max. 

tAA Address to Output Valid 

tHzcs Chip Select Inactive to High z[6] 

tAcs Chip Select Active to Output Valid 

AC Test Loads and Waveforms 

R1 250U 
5 v o-----JVI,.,......, 

OUTPUT<>--------

INCLUDINGI lO pf 
JIG AND 
SCOPE 

Figure la 

R2 
1&1n 

R1 250U 
5 v o-----"""-~ 

OUTPUTO----e----.... 

INCLUDING I 5 pf 
JIG AND 
SCOPE 

Figure lb 

Equivalent to: THEVENIN EQUIVALENT 

Ao-A10 
ADDRESS 

1oon 
OUTPUT 0----•v;v.; ... ,----<0 2.0 V 

~r _ii\ 

0009-5 

~( 
.J\. 

R2 
1&1 n 

0009-4 

30 

20 

20 

~ / 
..I \. 

45 ns 

25 ns 

25 ns 

0009-6 

Figure 2. Input Pulses 

t---tAA 1--•Hzcs 

Oo-01 ---------~---------}-'!- ::::: 
~IACS 

Notes: 
5. Test conditions assume signal transition times of 5 ns or less, timing 

reference levels of 1.5V, output loading of the specified lor/loH and 
loads shown in Figure 1 a, 1 b. 
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6. tHZcs is tested with load shown in Figure 1 b. Transition is measured 
at steady state High level + 500 m V or steady state Low level + 500 
m V on the output from the 1. 5V level on the input. 
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Typical DC and AC Characteristics 
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NORMALIZED SUPPLY CURRENT 
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OUTPUT SOURCE CURRENT 
vs. VOLTAGE 
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NORMALIZED ACCESS TIME 
vs. SUPPLY VOLTAGE 
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Figure 3. Programming Pinout 
0009-8 
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INC. AODR 
NO 

START 
VccP = 5.0 V, Vpp = 13.5 

ADDR !ST LOCATION 

X=O 

PROGRAM ONE PULSE 
OF 0.1-msec 

X=X +1 

x =4? 

NO 

VERIFY ONE BYTE? 

PASS 

PROGRAM ONE PULSE 
OF 24 (0.11 (XI msec 

X=4? 

NO 

LAST ADDRESS? 

YES 

READ Alt. BYTES? 
Vee= s.o v 

PASS 

DEVICE GOOD 

YES 
VERIFY BYTE DEVICE BAD 

FAIL 
DEVICE BAD 

0009-10 

The CY7C281 and CY7C282 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 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 occnrs. 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 V cc = 5.0. When all bytes have been programmed all bytes should be 
compared (Read mode) to original data with Vee= 5.0V. 

Figure 4. Programming Flowchart 
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CY7C281 
· CY7C282 
~UCTOR================================================================;;;;;;;;; 

Programming Information 
The 7C281and7C282 lK x 8 CMOS PROMs are imple
mented with a differential EPROM memory cell. The 
PROMS are delivered in an erased state, containing neither 
"ls" nor "Os". This erased condition of the array may be 
assessed using the "BLANK CHECK ONES" and 
"BLANK CHECK ZEROS" function, see below. 

DC Programming Parameters TA= 2s·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 1023. A device is considered virgin if 
all locations are respectively "ls" 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. 

Vpp Programming VoltageUI 13.0 14.0 

Veep Supply Voltage 4.75 5.25 

VIHP Input HIGH Voltage 3.0 

VrLP Input LOW Voltage 0.4 

VoH Output HIGH Voltagel2) 2.4 

VoL Output LOW Voltagel2l 0.4 

Ipp Programming Supply Current 50 

AC Programming Parameters TA= 2s•c 

Parameter 

tpp 

tAS 

tns 

tAH 

tnH 

tR, tF 

tvn 
tvp 

tnv 

tnz 
Notes: 
I. V CCP must be applied prior to Vpp. 
2. During verify operation. 

. Description 

Programming Pulse Width[3) 

Address Setup Time 

Data Setup Time 

Address Hold Time 

Data Hold Time 

Vpp Rise and Fall Timel3l 

Delay to Verify 

Verify Pulse Width 

Verify Data Valid 

Verify to High Z 

Table2 

Min. Max. 

100 10,000 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

2.0 

1.0 

1.0 

3. Measured 10% and 90% points. 
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Units 

v 
v 
v 
v 
v 
v 

mA 

Units 

J.LS 

J.LS 

J.LS 

J.LS 

J.LS 

J.LS 

J.LS 

J.LS 

J.LS 

J.LS 

D 
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Mode Selection 

Table3 

Mode Read or Output Disable CS4 

Other PGM 

Pin Number (18) 

Read Vrn 

Output Disablel4l x 
Output DisabJe[4] x 
Output DisabJe[4] VIL 

Output Disablel4] x 
Program VILP 

Program Verify Vrnp 

Program Inhibit Vrnp 

Intelligent Program VILP 

Blank Check Ones Vpp 

Blank Check Zeros Vpp 
Notes: 
4. X =Don't care but not to exceed Vee +5%. 

Programming Sequence lK x 8 
Power the device for normal read mode operation with pin 
18, 19, 20, and 21 at Vrn. 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 

Pin Function 

CS3 C'S2 CSt Outputs 

VFY Vpp C'S1 (9-11, 13-17) 

(19) (20) (21) 

Vrn VIL VIL Data Out 

x Vrn x HighZ 

VJL x x HighZ 

x x x HighZ 

x x Vrn HighZ 

Vrnp Vpp VILP Data In 

VILP Vpp VILP Data Out 

Vrnp Vpp VILP HighZ 

Vrnp Vpp VILP Data In 

VILP VILP VILP Ones 

Vrnp VILP VILP Zeros 

5. During programming and verification, all unspecified pins to be at 
VJLP· 

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 µs. 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 

t+-----PROGRAM---------VERIFY-----i---4 5= 
VoHP -A:~RESS ADDRESS STABLE 

VoLP--- -..11------i----.___.1 ~ 

V1Hp---

DATA------..( 

VtLP - - -

Vpp - - -

PROGRAMMING 
VOLT AGE (PIN 20) 

V1Lp---

V1HP - - -

PGM 

., 

tpp 

tvo--14---tvp 

0009-11 

Figure 5. Programming Waveforms 
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· CY7C282 
~ucroR============================================================= 

Ordering Information 
Speed Ordering Package Operating 

(ns) Code Type Range 

30ns CY7C28 l-30PC P13 Commercial 
CY7C282-30PC Pll 
CY7C28 l-300C 014 
CY7C281-30LC L64 
CY7C282-300C 012 

45 ns CY7C28 l-45PC P13 Commercial 
CY7C282-45PC Pll 
CY7C281-450C 014 
CY7C28 l-45LC L64 
CY7C282-450C 012 

CY7C281-450MB 014 Military 
CY7C28 l-45LMB L64 
CY7C282-450MB 012 

• 
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Features 
• Windowed for reprogrammability 

• CMOS for optimum 
speed/power 

• High speed 
- 35 ns (commercial) 
- 35 ns (military) 

• Low power 
- 330 mW (commercial) 
- 413 mW (military) 

• EPROM technology 100% 
programmable 

• Slim 300 mil or standard 600 
mil packaging available 

• 5V ± 10% V cc, commercial and 
military 

• TTL compatible 1/0 

• Direct replacement for bipolar 
PROMs 

Logic Block Diagram 

A10 
Ag 
Aa 
A1 
Ao 
As 
A4 

AJ 

A2 

A1 

Ao 

cs, 
cs, 
cs, 

ROW 
DECODER 
1OF128 

COLUMN 
DECODER 
1OF16 

Selection Guide 

128x128 
PROGRAMMABLE 

ARRAY 

Maximum Access Time (ns) 

Maximum Operating 
Current (mA) 

*7C291 only 

CY7C291 
CY7C292 

Reprogrammable 2048 x 8 
PROM 

• 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 plastic and hermetic DIP 
packages respectively. The 300 mil ce~ 
ramie DIP package is equipped with an 
erasure window; when exposed to UV 
light the PROM is erased and can then 
be reprogrammed. The memory cells 
utilize proven EPROM floating gate 
technology and byte-wide intelligent 
programming algorithms. 

The CY7C291 and CY7C292 are plug
in replacements for bipolar devices and 
offer the advantages oflower power, 

Bx 1OF16 
MUL TIPLEXEA 

STD 

L 

0008-1 

Commercial 
Military 
Commercial 
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reprogrammability, superior perform
ance and programming yield. The 
EPROM cell requires only 13.SV for 
the supervoltage and low current re
quirements allow for gang program
ming. The EPROM cells allow for each 
memory location to be tested 100%, as 
each location is written into, erased, 
and repeatedly exercised prior to en
capsulation. Each PROM is also tested 
for AC performance to guarantee that 
after customer programming the prod
uct will meet DC and AC specification 
limits. 

Reading is accomplished by placing an 
active LOW signal on CS1, and active 
HIGH signals on CS2 and CS3. The 
contents of the memory location ad
dressed by the address lines (Ao-A10) 
will become available on the output 
lines (Oo-07). 

Pin Configurations 
Vee 

Aa 

0008-2 
Window available on 300 mil cerdip only 

•• •10 ., • 24 cs, ., 7 0 23 cs, ., 8 22 cs, 
Ao 9 21 NC 
NC 10 20 07 
Oo 11 19 o, 

12131415161718 

0 NQ 0 l'I <of'<() 
OzzOOO 

0008-3 "' 

7C291-35 7C291-50 
7C292-35 7C292-50 

35 50 
90 90 

120• 120 
60 60 



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•c to + 125•c Latchup Current .......................... > 200 mA 

Supply Voltage to Ground Potential 
(Pin24toPin 12) .................... -0.5Vto +7.0V Operating Range 

DC Voltage Applied to Outputs 
inHighZState ...................... -0.5Vto +7.0V 

Range 
Ambient 

Vee Temperature 

DC Input Voltage ................... -3.0V to + 7.0V Commercial O"Cto +70"C 5V ±10% 

DC Program Voltage (Pins 18, 20) ............... 14.0V Military - ss·c to + 12s·c SV ±10% 

UV Exposure ........................ 7258 Wsec/cm2 

Electrical Characteristics Over the Operating Range 

7C291L-35, 50 7C2!11-35, 50 

Parameters Description Test Conditions 7C2!12L-35, 50 7C2!12-35, 50 Units 

Min. Max. Min. Max. 

VoH Output HIGH Voltage Vee= Min., loH = -4.0 mA 2.4 2.4 v 
VoL Output LOW Voltage Vee= Min., loL = 16.0mA 0.4 0.4 v 
VrnUl Input HIGH Voltage 2.0 Vee 2.0 Vee v 
V1LUI Input LOW Voltage 0.8 0.8 v 
l1x Input Load Current GND :>: V1N :>:Vee -10 +10 -10 +10 µ.A 

Vco 
Input Diode Clamp 

Note2 Note2 Voltage 

Ioz 
Output Leakage GND :>: VouT :>:Vee. -40 +40 -40 +40 µ.A Current Output Disabled 

Ios 
Output Short Vee= Max., -20 -90 -20 -90 mA Circuit Currentl3] VoUT = GND 

Ice V cc Operating Vee= Max., l Commercial 60 90 mA 
Supply Current loUT = OmA l Military* 120 mA 

• -35: 7C291 only 

Capacitance [4] 

Parameters Description Test Conditions Max. Units 

CIN Input Capacitance TA = 25°C, f = 1 MHz 5 

CoUT Output Capacitance Vee= s.ov 8 
pF 

Notes: 
I. 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. 

3. 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 
CY7C291 &. CY7C292 are insensitive to -3V de input levels and 
- 5V undershoot pulses ofless than 10 ns (measured at 50% point). 
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4. Measured on a sample basis. 
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Switching Characteristics Over the Operating Rangel5J 

Parameters Description 

tAA Address to Output Valid 

tHZCS Chip Select Inactive to High z[6) 

tACS Chip Select Active to Output Valid 

AC Test Loads and Waveforms 

R1 2500 R12500 

OUTPUTO-----<>---- OUTPUT u---~----

INCLUDINGI JO pF 
JIG AND 
SCOPE 

Figure la 

R2 
1670 INCLUDINGI SpF 

JIG AND 
SCOPE 

Figure lb 

Equivalent to: THEVENIN EQUIVALENT 

1000 
OUTPUT o----·'V;'V;'lr.----.o 2.0 v 

0006-5 

Ao-A10 
ADDRESS ~I 

~( 
.Jr\. 

7C291-35 
7C292-35 

Min. Max. 

R2 
1670 

0008-4 

35 

25 

25 

,, 
.J\. 

7C291-SO 
7C292-SO Units 

Min. Max. 

50 ns 

25 ns 

25 ns 

0006-6 

Figure 2. Input Pulses 

!+--tAA f---tHzcs ~IACS 

Notes: 
5. Test conditions assume signal transition times of 5 ns or less, timing 

reference levels of l.5V, output loading of the specified lor/loH and 
loads shown in Figures la, lb. 
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6. tHzcs is tested with load shown in Figure 1 b. Transition is measured 
at steady state High level - 500 m V or steady state Low level + 500 
m V on the output from the l.5V level on the input. 
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Typical DC and AC Characteristics 

u 
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c 
w 
N 
:::; 
< :;; 
a: c 
2 

w 
:;; 
;::: 
!!! w 

" ~ 
c w 
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i. 
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i 

NORMALIZED SUPPLY CURRENT 
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1.2 

1.0 

1.6 
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1.2 

1.0 

0.8 
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TA• 25°C 
!•MAX. 

5.5 

SUPPLY VOLTAGE (VI 

NORMALIZED ACCESS TIME 
vs. TEMPERATURE 

i--

0.6 
-55 25 

AMBIENT TEMPERATURE l°CI 

OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 
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-
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a: 
a: 
:::> 

" w 
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:::> 
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5 .. 
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0 

0008-8 

NORMALIZED SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 

1.2.-----~------. 

o.so._ ____ ....._ _____ _. 
-55 25 

AMBIENT TEMPERATURE !°Cl 

OUTPUT SOURCE CURRENT 
vs.VOLTAGE 

125 

60..-----~---..---. 

50~--~---l---4---1 

1.0 2.0 3.0 4.0 

OUTPUT VOLTAGE IVI 

w 
:;; 
;::: 

~ 
~ 
iil 
N 
:::; 

NORMALIZED ACCESS TIME 
vs. SUPPLY VOLTAGE 

~ a: 0.6 1-----<L-----l----'----' 

~ 

0.4 ._ __ ..__--''-----l----' 
4.0 4.5 5.0 5.5 6.0 

SUPPLY VOLTAGE (VI 

TYPICAL ACCESS TIME CHANGE 
vs, OUTPUT LOADING 

30.0 .....--~------~--. 

! 20.0 ~-+--__..---l6'C---1---1 .. 
~ 15.0 1----1--..... .JL---'L---+---1 

!::; 
~ 10.0 ~-+-~__..---l'----1---1 

TA =25°C 
Vee •4.5V 

o.o 
0 200 400 600 BOO 1000 

CAPACITANCE (pFI 

Vee 
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Ag 

A10 

Vpp ICS1l 

VFY (CS2) 

PGM (CS31 

0., 

0008-9 

Figure 3. Programming Pinout 
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Programming Algorithm 

START 
Veep= 5.0V, Vpp = 13.5V 

ADDR 1ST LOCATION 

X=O 

PROGRAM ONE PULSE 
OF 0.1 msec 

VERIFY BYTE DEVICE BAD 

PASS 

DEVICE BAD 

0006-10 

The CY7C291 and CY7C292 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 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 V ccP = 5.0V. When all bytes have been programmed all bytes should be 
compared (Read mode) to original data with V cc = 5.0V. 

Figure 4. Programming Flowchart 
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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 
PROMs are delivered in an erased state, containing neither 
"ls" nor "Os". This erased condition of the array may be 
assessed using the "BLANK CHECK ONES" and 
"BLANK CHECK ZEROS" function, see below. 

Erasure Characteristics 
Wavelengths oflight less than 4000 Angstroms begin to 
erase the 7C291. For this reason, an opaque label should be 
placed over the window if the PROM is exposed to sun
light or fluorescent lighting for extended periods of time. 

The recommended dose of ultraviolet light for erasure is a 
wavelength of 2537 Angstroms for a minimum dose (UV 
intensity X exposure time) of25 Wsec/cm2. For an ultra
violet lamp with a 12 mW /cm2 power rating the exposure 
time would be approximately 30-35 minutes. 

DC Programming Parameters TA = 25•c 

Parameter Description 

Vpp Programming Voltage[!! 

Veep Supply Voltage 

VInP Input HIGH Voltage 

VILP Input LOW Voltage 

Von Output HIGH Voltagel2] 

VoL Output LOW Voltagel2J 

The 7C291 needs to be within 1 inch of the lamp during 
erasure. Permanent damage may result ifthe PROM is 
exposed to high intensity UV light for an extended period 
of time. 7258W X sec/cm2 is the recommended maximum 
dosage. 

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 each of these modes, the locations O 
thru 2047 should be addressed and read. A device is con
sidered virgin if all locations are respectively "ls" 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 

Min. Max. Units 

13.0 14.0 v 
4.75 5.25 v 
3.0 v 

0.4 v 
2.4 v 

0.4 v 
Ipp Programming Supply Current 50 mA 

AC Programming Parameters TA = 25•c 
Table2 

Parameter Description Min. Max. Units 

tpp Programming Pulse Width[3] 100 10,000 µs 

tAS Address Setup Time 1.0 µs 

tos Data Setup Time 1.0 µs 

tAH Address Hold Time 1.0 µs 

ton , Data Hold Time 1.0 µs 

tR, tp Vpp Rise and Fall Timel3] 1.0 µs 

tvo Delay to Verify 1.0 µs 

typ Verify Pulse Width 2.0 µs 

tov Verify Data Valid 1.0 µs 

toz Verify to High Z 1.0 µs 
Notes. 
1. Vccp·must be applied prior to Vpp; 3. Measured 10% and 90% points. 
2. During verify operation. 
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Mode Selection 

Table3 

Read or Output Disable CS3 
Mode 

Other PGM 
Phi Number (18) 

Read Vm 

Output Disablel4l x 
Output.Disablel4] x 
Output Disablel4l VIL 

Program V1LP 

Program Verify Vmp 

Program Inhibit Vmp 

Intelligent Program VJLP 

Blank Check Ones Vpp 

Blank Check Zeros Vpp 
Notes: 
4. X = Don't care but not to exceed Vee + 5%. 

Programming Sequence 2K x 8 
Power the .device for normal read mode operation with pin 
18, 19 and 20 at Vm. 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 Table J; 
Again per Figure 5 address, program, and verify one byte 
of data. Repeat this for each location to be programmed. 

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

Pin Function 

CSz C81 Outputs 

VFY Vpp (9-11; 13-17) 

(19) (20) 

Vm VJL Data Out 

x Vm HighZ 
c-

VIL x HighZ 

x x HighZ 

VIHP Vpp Data In 

VILP Vpp Data Out 

VIHP Vpp HighZ 

VIHP Vpp Data In 

VILP VILP Ones 

V1HP VILP Zeros 

S. During programming and verification, all unspecified pins to be at 
VILP. 

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 wi.dth should be 100 µ.s. Each location is ulti
mately programmed and verified until it verifil'S 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 be
fore advancing to the next address to repeat the process. 

PROGRAM 
OTHER BYTES 

~~--'--PROGRAM-----o-----VERIFY-----<----\ 5== 
V1HP---

AODRESS ADDRESS STABLE 

V1LP--- -1~~--1-----. 

V1Hp--

DATA -----.....( 
V1LP---

Vpp---

PROGRAMMING 
VOLTAGE (PIN 20) 

V1Hp---

V1LP---

V1HP--

i'l!M 

V1LP---

V1HP--

VFY 

V1tP---

··~ 
0008-11 

Figure 5. Programming Waveforms 
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Ordering Information 

Speed Ice Ordering Package Operating Speed Ice Ordering Package Operating 
(us) (mA) Code Type Range (us) (mA) Code Type Range 

35 60 CY7C291L-35PC P13 Commercial 35 60 CY7C292L-35PC Pll Commercial 

CY7C291L-35WC W14 CY7C292L-35DC D12 

90 CY7C291-35PC P13 90 CY7C292-35PC Pll 

CY7C291-358C 813 CY7C292-35DC Dl2 

CY7C291-35WC W14 50 60 CY7C292L-50PC Pll Commercial 

CY7C291-35LC L64 CY7C292L-50DC 012 

120 CY7C291-35WMB W14 Military 90 CY7C292-50PC Pll 

50 60 CY7C291L-50PC P13 Commercial CY7C292-50DC D12 

CY7C291L-50WC W14 120 CY7C292-50DMB 012 Military 

90 CY7C291-50PC P13 

CY7C291-508C 813 

CY7C291-50WC W14 

CY7C291-50LC L64 

120 CY7C291-50WMB W14 Military • CY7C291-50DMB 014 

CY7C291-50LMB L64 

CY7C291-50QMB Q64 
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~s PROl\1 Programming Information 
W'nrCONDUCIDR ====================::;;;;============= 
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 
PROMs 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. In addi
tion when these devices are supplied in a windowed pack
age they can be programmed and erased indefinitely pro
viding the designer a RE-PROGRAMMABLE PROM for 
development. 

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 
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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, 
biasing it off. 
Differential Memory Cells 
In the 4K (CY7C225); SK (CY7C235, CY7C281, 
CY7C282); and 16K (CY7C245, CY7C291, CY7C292) 
CMOS PROMs, Cypress employs a differential memory 
cell and sense amplifier technique. Higher density devices 
such as the 7C261, 7C263, 7C264 or 7C269 64K PROMs 
employ a single ended Cell and sense amplifier technique 
similar to the approach used in more conventional 
EPROMs. 

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 "O". A programmed EPROM 
transistor will not conduct, and consequently drives the 
sense amplifier to a logic "l". A conventional EPROM cell 
therefore is delivered with a specific state "O" or "l" in it 
depending on the number of inversions after the s~nse 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 "l" nor 
"O". 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 "l" nor a 
"O". As a result of this design approach, the memory cell 
must be programmed to either a "l" or a "O" depending on 
the desired condition and the conventional BLANK 
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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. 

Single Ended Memory Cells 
Although a more conventional approach, single ended 
memory cells and sensing techniques offer a superior trade
off between die size and performance than the differential 
cell for devices of 64K densities and above. The Single 
ended technique employed by Cypress uses a dummy cell 
for the reference voltage thus providing a reference that 
tracks the programmed cell in process related parameters, 
power supply and temperature induced variations. The 
Memory cell used is a second generation two transistor cell 
derived from earlier work at the 16K density level. It has 
an optimized READ transistor that is matched to the sense 
amplifier, and a second transistor optimized for program
ming. The floating gates of the two transistors that make 
up a memory cell are connected electrically so that the 
charge programmed onto one device controls the threshold 
of the second transistor. 

Unlike the differential memory approach, the erased single 
ended device contains all "O"s and on the the ones are 
programmed. Therefore a "l" on the data pins during pro
gramming causes a "l" to be programmed into the ad
dressed location. 

Programming Algorithm 
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 for Differential Cells 
Since a differential cell contains neither a "l" nor a "0" 
before it is programmed, the conventional BLANK 
CHECK is not valid. For this reason, all Cypress CMOS 
PROMs contain a special BLANK CHECK mode of oper
ation. Blank check is performed by separately examining 
the "O" and "l" 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 "O" 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 "l''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. 

Blank Check for Single Ended Cells 
Single ended cells BLANK CHECK in a conventional 
manner. An erased device contains all "O"s and a pro
grammed call will contain a "l". Cypress PROMs that use 
the single ended approach provide a specific mode to per
form the BLANK CHECK which also provides the verify 
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function. This makes the need to switch high voltages un
necessary during the program verify operation. See specific 
data sheets for details. 

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 DI 
data is accomplished by reading the information on the 
output pins while the READ signal is active. 

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 PROMs is avail
able from a number of programmer manufacturers, some 
of which are listed below. 

Data 1/0 Corporation 
10525 Willows Rd. N.E. 
P.O. Box 97046 
Redmond, WA 
98073-9746 
(206) 881-6444 

Data 1/0 29B Unipak II 

Cypress Generic Family Code 
Revision 

Part Number Part Number andPinout 

CY7C225 27S25 FO B6 V12 
CY7C235 27835 FO B5 V09 
CY7C245 27845A FO BO V09 
CY7C261/3/4 27S49 EF 31 Vll 
CY7C281/2 278281/181 EE B4 V09 
CY7C291/2 278291/191 EE AF V09 
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Stag Microsystems 
1600 Wyatt Dr. 
Santa Clara, CA 95054 
(408) 988-1118 

Stag PPZ Zm2000 

Cypress Generic 
Part Number Part Number 

CY7C225 27S25 
CY7C235 27S35 
CY7C245 27S45A 
CY7C281/2 278281/181 
CY7C291/2 278291/191 

Family Code 
Revision 

andPinout 

Rev21 

Menu 
Rev21 
Rev24 

Driven 
Rev21 
Rev21 
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Cypress Semiconductor, Inc. 
3901 North First St. 
San Jose, CA 95134 
(408) 943-2600 

Cypress CY3000 QuickPro Rev. PROM 2.10 

Cypress Generic Family Code 
Part Number Part Number andPinout 

CY7C225 
CY7C235 
CY7C245 
CY7C261/3/4 Menu Menu 
CY7C268 Driven Driven 
CY7C269 
CY7C281/2 
CY7C291/2 
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~ Introduction to CMOS PLDs 
~~~UCTOR====================================================================== 
Cypress PLD Family Features 
Cypress Semiconductor's PLD family offers the user the 
next generation in Programmable Logic Devices (PLD) 
that are based on our high performance 1.2µ. CMOS pro
cess. 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' PLD 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 PLD 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' PLDs allows the user to 
customize every device in a number of ways to implement 
their unique logic requirements. Using PLDs in place of 
SSI or MSI components results in more effective utilization 
of boardspace, reduced cost and increased reliability. The 
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Figure 1 

flexibility afforded by these PLDs 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 PLD 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. 

PLD 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 l, 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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Figure2 
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Figure3 
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PLD Circuit Configurations 
Cypress PLDs 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 PLD that best fits 
the needs of their application. An example of some of the 
configurations that are available are listed below. 

Programmable 1/0 
The programmable 1/0 offered in the Cypress PLD 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 PLD as an input to the 
array. This programmable I/0 feature allows the PLD 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 
PLDs allows this circuit to function as a state sequencer. 

INPUTS. FEEDBACK. AND 1/0 

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 PLD 
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. 

Programmable Macro Cell 
The Programmable Macro Cell provides the capability of 
defining the architecture of each output individually. Each 
of the potential outputs may be specified to be "REGIS
TERED" or "COMBINATORIAL". Polarity of each out
put may also be individually selected allowing complete 
flexibility of output configuration. Further configurability 
is provided through "ARRAY" configurable "OUTPUT 
ENABLE" for each potential output. This feature allows 
the outputs to be reconfigured as inputs on an individual 
basis or alternately used as a combination I/O controlled 
by the programmable array. · 
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_ ...... ~ PAL® C 20 Series 
·: .i= CYPRESS 
F SEMICONDUCTOR Reprogrammable CMOS 

PAL® C 16L8, 16R8, 16R6, 16R4 
Features 
• CMOS EPROM technology for 

re programmability 

• High performance at quarter 
power 
-tpo=25ns 
-ts=20ns 
- tco = 15 ns 
-Icc=45mA 

• High performance at military 
temperature 
-tpo=20ns 
-ts=20ns 
-tco=lSns 
-Ice= 70mA 

• Commercial and military 
temperature range 

• High reliability 
- Proven EPROM technology 
- > 2000V input protection 

from electrostatic discharge 
- 100% AC/DC tested 
- 10% power supply tolerances 
- High noise immunity 
- Security feature prevents 

pattern duplication 
- 100% programming and 

functional testing 

Functional Description 
Cypress PAL C Series 20 devices are 
high speed electrically programmable 
and UV erasable logic devices pro
duced in a proprietary "N" well CMOS 
EPROM process. These devices utilize 

Logic Symbols and DIP, LCC and PLCC Pinouts 
16R8 16R6 16R4 
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PAL" is a registered trademark of Monolithic Memories Inc. 
CYPRESS SEMICONDUCTOR is a trademark of Cypress Semiconductor Corporation. 
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the sum of products (AND-OR) struc
ture providing users the ability to pro
gram custom logic functions serving 
unique requirements. 

PALs are offered in 20-pin plastic, ce
ramic, and LCC packages. The ceramic 
package can be equipped with an era
sure window; when exposed to UV 
light, the PAL is erased and can then 
be reprogrammed. 

Before programming, AND gates or 
PRODUCT TERMS are connected via 
EPROM cells to both TRUE and 
COMPLEMENT inputs. Program
ming an EPROM cell disconnects an 
INPUT TERM from a PRODUCT 
TERM. Selective programming 

16L8 
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Functional Description (Continued) 

of these cells allows a specific logic function to be imple
mented in a PAL C device. PAL C devices are supplied in 
four functional configurations, designated 16R8, 16R6, 
16R4 and 16L8. These eight devices have potentially 16 
inputs and 8 outputs configurable by the user. Output con
figurations of 8 registers, 8 combinatorial, 6 registers and 2 
combinatorial as well as 4 registers and 4 combinatorial are 
provided by the four functional variations of the product 
family. All combinatorial outputs on the 16R6 and 16R4 as 
well as 6 of the combinatorial outputs on the 16L8 may be 
used as optional inputs. All registered outputs have the Q 
bar side of the register fed back into the main array. 

All PAL C devices feature a SECURITY function which 
provides the user protection for the implementation of pro
prietary logic. When invoked, the contents of the normal 
array may no longer be accessed in the verify mode. Be
cause EPROM technology is used as a storage mechanism, 
the content of the array is not visible under a microscope. 
The PAL C device also contains a PHANTOM ARRAY 
used for functional and performance testing. The content 
of this array is always accessible, even when security 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 l 00% 
Commercial Selection Guide 

Generic 
Output Part Logic Outputs 

Number Enable 

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 offunc
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. 

lcc<mA) tpn (ns) ts (ns) tco (ns) 

L STD -25 -35 -25 .35 -25 .35 

16L8 (8) 7-wide Programmable ( 6) Bidirectional 45 70 25 35 - - - -AND-OR-Invert (2) Dedicated 

16R8 (8) 8-wide AND-OR Dedicated Registered Inverting 45 70 - - 20 30 15 25 

(6) 8-wide AND-OR Dedicated Registered Inverting 
16R6 (2) 7-wide 45 70 25 35 20 30 15 25 

AND-OR-Invert Programmable Bidirectional 

(4) 8-wide AND-OR Dedicated Registered Inverting 
16R4 (4) 7-wide 45 70 25 35 20 30 15 25 

AND-OR-Invert Programmable Bidirectional 

Military Selection Guide 

Generic 
Output Ice tpn (ns) ts (ns) tco (ns) 

Part Logic Outputs 
Number Enable (mA) 

-20 -30 -40 -20 -30 -40 -20 -30 -40 

16L8 (8) 7-wide 
Programmable ( 6) Bidirectional 70 20 30 40 - - - - - -AND-OR-Invert (2) Dedicated 

16R8 (8) 8-wide AND-OR Dedicated Registered Inverting 70 - - - 20 25 35 15 20 25 

(6) 8-wide AND-OR Dedicated Registered Inverting 
16R6 (2) 7-wide 70 20 30 40 20 25 35 15 20 25 

AND-OR-Invert Programmable Bidirectional 

(4) 8-wide AND-OR Dedicated Registered Inverting 
16R4 (4) 7-wide 70 20 30 40 20 25 35 15 20 25 

AND-OR-Invert Programmable Bidirectional 
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Maximum Ratings 
(Above which the useful life may be impaired) 

Storage Temperature ............... -65°C to + 150°C UV Exposure ........................ 7258 Wsec/cm2 

Ambient Temperature with Static Discharge Voltage ..................... > 2001 V 
Power Applied .................... - 55°C to + 125°C (per MIL-STD-883 Method 3015.2) 

Supply Voltage to Ground Potential Latchup Current .......................... > 200 mA 
(Pin20to Pin 10) .................... -0.5Vto +7.0V 

DC Voltage Applied to Outputs Operating Range 
in High Z State ...................... -0.5V to + 7.0V 

DC Input Voltage ................... -3.0Vto +7.0V 
Range Ambient 

Vee Temperature 

Output Current into Outputs (Low) ............. 24 mA Commercial o•cto +1o·c 5V ±10% 

DC Programming Voltage ...................... 14.0V Military - 55•c to + 125•c SV ±10% 

Electrical Characteristics Over Operating Range (Unless Otherwise Noted) 

Parameters Description Test Conditions Min. Max. Units 

Vee= Min. IoH = -3.2mA Commercial 
VoH Output HIGH Voltage 2.4 v VIN = Vrn or V1L IoH = -2mA Military 

Vee= Min. IoL = 24mA Commercial 
VoL Output LOW Voltage 0.4 v VIN = Vrn or VIL IoL = 12mA Military 

Vrn Input HIGH Level Guaranteed Input Logic HIGH[2] Voltage for all Inputs 2.0 v 
V1L Input LOW Level Guaranteed Input Logical LOW[2] Voltage for all Inputs 0.8 v 
I1x Input Leakage Current Vss s VIN s Vcdll -10 10 µA D 
Vpp Programming Voltage Ipp = 50 mA Max. 13.0 14.0 v 
Isc Output Short Circuit Current Vee= Max., VouT = 0.5V[3l -300 mA 

All Inputs = GND, "L" 45 mA 

Ice Power Supply Current Vee= Max., STD 70 mA 
IoUT = 0 mA[6] 

MIL 70 mA 

Ioz Output Leakage Current Vee= Max., Vss s VIN s Vee -100 100 µA 

Capacitance[4] 

Parameters Description Test Conditions Max. Units 

CIN Input Capacitance TA= 25°C, f = 1 MHz 7 

CouT Output Capacitance VIN= 0, Vee = 5.0V 7 
pF 
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Switching Characteristics PAL C 20 Series Over Operating Range [4] 

Commercial Military 

Parameters Description -25 -35 -20 -30 -40 Units 

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

tpo 
Input or Feedback to Non-Registered 

25 35 20 30 40 ns 
Output 16L8, 16R6, 16R4 

tEA Input to Output Enable 16L8, 16R6, 16R4 25 35 20 30 40 ns 

tER Input to Output Disable 16L8, 16R6, 16R4 25 35 20 30 40 ns 

tpzx Pin 11 to Output Enable 16R8, 16R6, 16R4 20 25 20 25 25 ns 

tpxz Pin 11 to Output Disable 16R8, 16R6, 16R4 20 25 20 25 25 ns 

tco Clock to Output 16R8, 16R6, 16R4 15 25 15 20 25 ns 

ts Input or Feedback Setup Time 16R8, 
20 30 20 25 35 ns 

16R6, 16R4 

tH Hold Time 16R8, 16R6, 16R4 0 0 0 0 0 ns 

tp Clock Period 35 55 35 45 60 ns 

tw Clock Width 15 20 12 20 25 ns 

fMAX Maximum Frequency 28.5 18 28.5 22 16.5 MHz 
Notes: 
I. I1x (Pin I) = 25 µA Max., Vss :S: VIN :S: 2.7V. I1x (Pin I) = I mA 

Max., 2.7V:;;; VIN:;;; Vee. 
4. These parameters are not 100% tested, but are periodically sampled. 

2. These are absolute values with respect to device ground and all over
shoots due to system or tester noise are included. 

5. Figure la test load used for all parameters except !EA, lER tpzx and 
tpxz. Figure I b test load used for lEA• lER, tpzx and tpxz. 

3. Not more than one output should be tested at a time. Duration of the 
short circuit should not be more than one second. VoUT = 0.5V has 
been chosen to avoid test problems caused by tester ground degrada
tion. 

6. Icc(AC) = (0.6 mA/MHz) X (Operating Frequency in MHz) + 
IeC(DC)· IeC(DC) is measured with an unprogrammed device. 

AC Test Loads and Waveforms 
R1 175 ll 

5 v o-------..'V\~ 
OUTPUTO-----<,_ __ _ 

ISO pf 
R2 
133 !l 

Rl 175 n 
svo-----JV""'~ 

OUTPUT o-----e----

R2 
133 n 

Figure la. Commercial Figure lb. Commercial 

R13371l R13371l 
5 v 5 v o------'VVI.~ 

OUTPUT OUTPUT O---....... ,__ __ _ 

ISO pf 
R2 
2471l 

R2 
247 !l 

Figure le. Military Figure Id. Military 

Figure2 
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Equivalent to: 
THEVENIN EQUIVALENT COMMERICAL 

751l 
OUTPUT 0.,_ __ _,,W.. Q2.16V 

0038-10 

Equivalent to: 
THEVENIN EQUIVALENT MILITARY 

143f! 
OUTPUT o-----"VVl, .... ---o 2.11 v 

0038-12 

0038-13 



Switching Waveforms 

0038-14 

Figure 3 

Erasure Characteristics 
Wavelengths oflight less than 4000 Angstroms begin to 
erase the PALs. For this reason, an opaque label should be 
placed over the window if the PAL is exposed to sunlight 
or fluorescent lighting for extended periods of time. 

The recommended dose of ultraviolet light for erasure is a 
wavelength of2537 Angstroms for a minimum dose (UV 
intensity x exposure time) of 25 Wsec/cm2. For an ultravi
olet lamp with a 12 mW /cm2 power rating, the exposure 
time would be approximately 30-35 minutes. The window 
needs to be within 1 inch of the lamp during erasure. Per
manent damage may result if the PAL is exposed to high 
intensity UV light for an extended period of time. 
7258W sec/cm2 is the recommended maximum dosage. 

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 of256 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 "l" on a data line causes a 

cell to be programmed, disconnecting an INPUT TERM 
from a PRODUCT TERM. During verify, an unpro- II 
grammed cell causes a "l" to appear on the output, while a ~ 
programmed cell will appear as a "O". 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. 

Vpp Vee• 
Ao Do 

A1 D1 

A2 D2 

A3 03 

A4 04 

As 05 

As Ds 

A7 D7 
Vss PGM/O! 

0038-15 

Figure 4. Programming Pin Configuration 

DC Programming Parameters Ambient Temperature = 2s0 c 
Table 1 

Parameter Description Min. Max. Units Notes 

Vpp Programming Voltage 13.0 14.0 v 
Veep Supply Voltage During Programming 4.75 5.25 v 
Vrnp Programming Input High Voltage 3.0 v 
VrLP Programming Input Low Voltage 0.4 v 
VoH Output High Voltage 2.4 v 1 

VoL Output Low Voltage 0.4 v 1 

!pp Programming Supply Current 50 mA 
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AC Programming Parameters Ambient Temperature = 25°C 

Table2 

Parameter Description Min. Max. Units Notes 

tpp Programming Pulse Width 100 10,000 µs 2 

ts Setup Time 1.0 µs 

ttt Hold Time 1.0 µs 

tr, tr Vpp Rise and Fall Time 1.0 µs 2 

tvo Delay to Verify 1.0 µs 

typ Verify Pulse Width 2.0 µs 

tov Verify to Data Valid 20.0 µ,s 

toz Verify to High Z 1.0 µ,s 

Table3 

Pin Name Vpp PGM/OE Al 

Pin Number (1) (11) (3) 

Operating Modes 

PAL x x x 
Program PAL Vpp Vpp x 
Program Inhibit Vpp Vrnp x 
Program Verify /Blank Check Vpp V1LP x 
Phantom PAL x x x 
Program Phantom PAL Vpp Vpp x 
Phantom Program Inhibit Vpp Vrnp x 
Phantom Program Verify Vpp VILP x 
Program Security Bit Vpp Vpp Vpp 

Verify Security Bit x x Note9 

Register Preload x x x 
Notes: 
I. During verify operation 
2. Measured at 10% and 90% points 
3. Vss < x <Veep 
4. All "X" inputs operational per normal PAL function. 
S. Address inputs occupy Pins 2 thru 9 inclusive, for both programming 

and verification see programming address Tables 4 and S. 
6. All "X" inputs operational per normal PAL function except that they 

operate on the function that occupies the phantom array. 
7. Address inputs occupy Pins 2 thru 9 inclusive, for both programming 

and verification see programming address Tables 4 and S. Pin 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 

A2 A3 A4 AS D7-DO 

(4) (5) (6) (7) (12-19) Notes 

x x x x Programmed Function 3,4 

x x x x Data In 3,5 

x x x x HighZ 3, 5 

x x x x Data Out 3, 5, 11 

x x Vpp x Programmed Function 3, 6 

x x x Vpp Data In 3, 7 

x x x Vpp HighZ 3, 7 

x x x Vpp Data Out 3, 7 

x x x x HighZ 3, 8 

Vpp x x x HighZ 3 

x 

4-8 

Vpp x x Data In 3, 10 

is used to select the phantom mode of operation and must be taken to 
V pp before selecting phantom program operation with V pp on Pin I. 

8. See Figure 8 for security programming sequence. 
9. The state of Pin 3 indicates if the security function has been .invoked 

or not. If Pin 3 = VOL security is in effect, if Pin 3 = V oH, the data 
is unsecured and may be directly accessed. 

10. For testing purposes, the output latch on the 16R8, 16R6 and 16R4 
may be preloaded with data from the appropriate associated output 
line. 

11. It is necessary to toggle Pin 11 (OE) HIGH during all address tran
sitions while in the Program Verify or Blank Check mode. 

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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Table4 

Product Term Addresses 

Binary Addresses 

Pin Numbers Line Number 

(4) (3) (2) 

VJLP VJLP VJLP 0 8 16 24 32 40 48 56 

VJLP VJLP Vrnp 1 9 17 25 33 41 49 57 

VJLP Vrnp VJLP 2 10 18 26 34 42 50 58 

VJLP Vrnp Vrnp 3 11 19 27 35 43 51 59 

Vrnp V1LP V1LP 4 12 20 28 36 44 52 60 

Vrnp V1LP Vrnp 5 13 21 29 37 45 53 61 

Vrnp Vrnp V1LP 6 14 22 30 38 46 54 62 

Vrnp Vrnp Vrnp 7 15 23 31 39 47 55 63 

DO DI D2 D3 D4 D5 D6 D7 

Programmed Data Input 

Tables 

Input Term Addresses Input Term Addresses 

Input 
Binary Addresses 

Input 
Binary Addresses 

Term Pin Numbers Term Pin Numbers 
Numbers (9) (8) (7) (6) (5) Numbers (9) (8) (7) (6) (5) 

0 VJLP VJLP VJLP VJLP VJLP 18 Vrnp V1LP V1LP Vrnp VJLP 

I VJLP VJLP VJLP VJLP V1HP 19 Vrnp VJLP VJLP Vrnp Vrnp 

2 VJLP VJLP VJLP Vrnp VJLP 20 Vrnp VJLP Vrnp V1LP VJLP 

3 VJLP VJLP VJLP Vrnp Vrnp 21 Vrnp VJLP Vrnp V1LP Vrnp 

4 VJLP V1LP VJHP VJLP VJLP 22 Vrnp V1LP Vrnp Vrnp VJLP 

5 VJLP VJLP Vrnp VJLP Vrnp 23 VJHP V1LP Vrnp Vrnp Vrnp 

6 VJLP VJLP Vrnp Vrnp VJLP 24 Vrnp Vrnp VJLP V1LP VJLP 

7 V1LP VJLP Vrnp Vrnp Vrnp 25 Vrnp VJHP VJLP V1LP Vrnp 

8 V1LP Vrnp VJLP VJLP VJLP 26 Vrnp V1HP VJLP Vrnp VJLP 

9 VJLP VJHP VJLP VJLP Vrnp 27 Vrnp Vrnp VJLP Vrnp Vrnp 

10 VJLP V1HP VJLP Vrnp VJLP 28 V1HP Vrnp Vrnp VJLP V1LP 

11 VJLP VJHP VJLP Vrnp Vrnp 29 Vrnp V1HP Vrnp VJLP Vrnp 

12 VJLP VJHP Vrnp VJLP VJLP 30 Vrnp Vrnp Vrnp Vrnp V1LP 

13 VJLP V1HP Vrnp VJLP VJHP 31 Vrnp Vrnp Vrnp Vrnp Vrnp 

14 VJLP Vrnp Vrnp Vrnp VJLP PO VJLP V1LP Vpp x x 
15 VJLP V1HP Vrnp Vrnp Vrnp Pl VJLP Vrnp Vpp x x 
16 Vrnp VJLP VJLP VJLP VJLP P2 Vrnp VJLP Vpp x x 
17 Vrnp VJLP VJLP VJLP Vrnp P3 VJHP Vrnp Vpp x x 
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START 

Vccp=S.OV 
Vpp•13.5V 

1 
ADDR !ST 
LOCATION 

I 
M•O 

T 
PROGRAM 

ONE PULSE 
OF 0.1 msec 

I 

M=M+ 1 

T 
M • 20? 

YES 

IND 

VERIFY 

FAIL ONE BYTE? 

c I PASS 

PROGRAM 
ONE PULSE 
OF 4 (0.1} 
(M) msec 

I 
M = 20? J VERIFY l YES 1 BYTE FAIL 

TNO 
PASS 

r INCREMENT 1 LAST 

l ADDA J NO AOORESS? 

1YES 

READ i } ALL BYTES? REJECT 

Vccp•S.OV FAIL DEVICE 

I PASS 

PROGRAM 
COMPLETE 

GOOD 
DEVICE 

0038-16 

Figure 5. Programming Flowchart 
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1+------PROGRAM------+--PROGRAM_,__ _____ VERIFY-----------
INHIBIT ----tAH ___ __, 

V1HP- - - - ----,...):o-------------+------1---------+---------~Lr--
ADDRESS 

V1LP - - - - ----'"'Fo-----'""°-------+-----~---------+---------~·\.--

V1HP---

DATA -------1 
V1LP- - - -

Vpp----

V1HP---
Vpp 

V1LP - - - - ---...;oir-

Vpp----

tov 

DATA IN Do THRU D1 

toH 

tf 

V1HP - - - - ---------...;Of"" 
PGM/OE 

V1LP - - - -

VtHP- - -

ADDRESS 
V1LP- - -

Vpp---

As 
V1Hp---

V1LP- - -

V1HP- - -

DATA 

V&LP---

\/pp- - -

Vpp 

V1HP- - -

VtLP- - -

Vpp- - -

V1HP- - -

PGM/OE 

V1LP- - -

VERIFY 

tvo 1+-----tvP----<ot 

Figure 6. Programming Waveforms Normal Array 

------PROGRAM-----.,...P~~~:frM-t+--------VERIFY---------
l+----tAH----*i 

DATA IN Do THRU D1 

t, tf 

tpp VERIFY 

tvo-+11+----tvp-----i 

Figure 7. Program Waveforms Phantom Array 
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Vpp----

V1HP---

A1 

V1LP- - - -

Vpp_ - - -

V1HP - - - -

Vpp 

V1LP- - - -

Vpp----

V1HP---

PGM/OE 

Ir 

V1LP - - - - --------;;;;f 

V1HP - - - -

If 

Figure 8. Activating Program Security 

DATA ------------------------41 
V1LP - - - -

Vpp----

V1HP - - - -

A, 

V1LP - - - - --------------------...;;;if-

Figure 9. Verify Program Security 
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~~ire~NDUCTOR ====================================================================== 
Functional Logic Diagram PAL C 16L8 

INPUTS (O -311 

1-y 
4 & 8 7 ' t "1 2 3 
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2 .....f::s- ' ',,, ' ' :3: 

I~ : .Kl ,.., 
~ 

19 

• 

JI 
H 1 H 

I H ""-
2 H ~ .... 
3 

~ 4 

• L..I 

3 ... 
~ 

111 
;::;;; ... 

17 
H 

A 18 
H 

19 ,, H 
20 "' ' ' 

H 
21 H "] 
~~ '' ' '~, ', H --, 

'-' 

18 

17 

~ ,' $, 

4 "'' -..::: -...... 
24 

,.., 
26 

H 

~ 26 
H 

27 P-; 
26 H 
28 
30 

H 
31 

H 
L..I 

16 

='Cl-...... 
,.., 

32 
33 

H 

)- l 34 H 
35 
36 

H ...... 15 

37 .. 
38 

6 ~ «"' 
40 

~ 
41 
42 H 
43 .. H 

H 
14 

46 .. ' 
H 
H 

47 '-' 
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13 
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57 

H 
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Functional Logic Diagram PAL C 16R4 
INPUTS 10 - 31) 

4 5 6 7 8 91011 12131415 16171819 20212223 24252627 28293031 

"' 16 

"' I 
2 

"' :; 
a; 
w .... 
.... 
u 
~ 
0 
0 
a; 

15 .. 

11 

4 5 6 7 8 91011 12131415 18171819 20212223 24252627 28293031 
0038-22 
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Functional Logic Diagram PAL C 16R6 
INPUTS 10 - 31 I 

4 5 6 7 B 91011 12131415 16171819 20212223 24252627 28293031 

18 

II 16 ;; 
"' I 
s 
"' ::; 

ffi ... ... 
" :::> 

" 0 
~ 15 

14 

11 

4 5 6 7 8 91011 12131415 16171819 20212223 24252627 28293031 
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Functional Logic Diagram PAL C 16R8 

INPUTS (O - 31 I 

4 5 6 7 8 91011 12131415 16171819 20212223 24252627 28293031 

;;; 
"' I 
!:! 

"' :;; 

ffi ... ... 
() 
:> 
c 
0 
a: ... 

4 5 6 7 8 91011 12131415 16171819 20212223 24252627 28293031 
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Typical DC and AC Characteristics 

,'! 
5l ... 
::i c :e .. 
0 z 

NORMALIZED SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 

1Ar---r--.,.----.----," 

TA •25°C 
l•MAX. 0,6..__ ....... __ ~ ____ ... 

4.0 4.5 5.0 5.5 6.0 

SUPPLYWLTAGEM 

NORMALIZED PROPAGATION DELAY 
vs. TEMPERATURE 

u.-----------~ 

AMBIENT TEMPERATURE !'Cl 

NORMALIZED SETUP TIME 
vs. TEMPERATURE 
1.3r----------~ 

1.2 

1.1 

1.0 

AMBIENT TEMPERATURE !'Cl 

DELTA CLOCK TO OUTPUT TIME 
vs. OUTPUT LOADING 

20.0 .---.---.---.---..---. 

o.o 0 200 400 600 600 1000 

CAPACITANCE (pf) 

NORMALIZED SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 

1.6r----------~ 

] 1.Zt---'ii.--+-------i 

~ i 1.01----~-------< 
~ 

0.6'-----.._ ____ _. 
-55 26 125 

AMBIENT TEMPERATURE !'Cl 

DELTA PROPAGATION TIME 
vs. OUTPUT LOADING 

20.0.--.--..--.------. 

15.01---1--1--+--+:. ... ....-1""'"1 

! vr 
E 10.0 t--t---,ll'L._-+--+---t 

~ v ~ _,J, 
5.0v 

NORMALIZED CLOCK TO OUTPUT 
TIME vs. SUPPLY VOLTAGE 
1.1.---~-------~ 

200 

1 175 

160 

~ 
.. 126 

i:j 100 
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60 

25 

SUPPLY VOLTAGE (VI 

OUTPUT SINK CURRENT 
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OUTPUT WLT AGE (VI 
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NORMALIZED PROPAGATION 
DELAY vs. SUPPLY VOLTAGE 

1.2 
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Ordering Information 

tpp ts too Ice Ordering Code Package .Operating 
(Ds) (ns) (ns) (mA) Range 

20 - - 70 PALC 16L8-200MB 06 Military 

PAL C 16L8-20LMB L61 

PAL C 16L8-20WMB W6 

2S - - 4S PALC 16L8L-2SPC PS Commercial 

PAL C 16L8L-2SJC J61 

PAL C 16L8L-2SLC L61 

PAL C 16L8L-2SWC W6 

70 PAL C 16L8-2SPC PS 

PAL C 16L8-2SJC J61 

PAL C 16L8-2SLC L61 

PAL C 16L8-2SWC W6 

30 - - 70 PAL C 16L8-3POMB 06 Military 

PAL C 16L8-30LMB L61 

PALC 16L8-30WMB W6 

3S - - 4s PAL C 16L8L-3SPC PS Commercial 

PAL C 16L8L-3SJC J6l 

PAL C 16L8L-3SLC L61 

PAL C 16L8L-3SWC W6 

70 PAL C 16L8-3SPC PS 

PAL C 16L8-3SJC J61 

PAL C 16L8-35LC L61 

PAL C 16L8-3SWC W6 

40 - - 70 PAL C 16L8-400MB 06 Military 

PAL C 16L8-40LMB L61 

PALC 16L8-40WMB W6 

20 20 IS 70 PAL C 16R4-200MB 06 Military 

PAL C 16R4-20LMB L61 

PAL C 16R4-20WMB W6 

2S 20 ~ IS 4S PAL C 16R4L-2SPC PS Commercial 

PAL C 16R4L-2SJC 161 

PAL C 16R4L-2SLC L61 

PAL C 16R4L-2SWC W6 

70 PAL C 16R4-2SPC PS 

PAL C 16R4-2S1C 161 
PAL C 16R4-2SLC L61 

PAL C 16R4-2SWC W6 

30 2S 20 70 PAL C 16R4-300MB 06 Military 

PAL C 16R4-30LMB L61 

PAL C 16R4-30WMB W6 

3S 30 2S 4S PAL C 16R4L-3SPC PS Commercial 

PAL C 16R4L-3SJC 161 
PAL C 16R4L-3SLC L61 

PAL C 16R4L-3SWC W6 

70 PAL C 16R4-3SPC PS 

PAL C 16R4-351C 161 
PAL C 16R4-35LC L61 

PAL C 16R4-35WC W6 

40 3S 25 70 PALC 16R4-400MB 06 Military 

PAL C 16R4-40LMB L61 

PAL C 16R4-40WMB W6 
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Ordering Information (Continued) 

tpn ts tco Ice Ordering Code Package Operating 
(ns) (ns) (ns) (mA) Range 

20 20 lS 70 PAL C 16R6-200MB 06 Military 

PAL C 16R6-20LMB L61 

PALC 16R6-20WMB W6 

2S 20 lS 4S PAL C 16R6L-2SPC PS Commercial 

PAL C 16R6L-2SJC J61 

PAL C 16R6L-2SLC L61 
PAL C 16R6L-2SWC W6 

70 PAL C 16R6-2SPC PS 

PAL C 16R6-2SJC J61 

PAL C 16R6-2SLC L61 

PAL C 16R6-2SWC W6 

30 2S 20 70 PAL C 16R6-300MB 06 Military 

PAL C 16R6-30LMB L61 

PAL C 16R6-30WMB W6 

3S 30 2S 4S PAL C 16R6L-3SPC PS Commercial 

PAL C 16R6L-3SJC J61 

PAL C 16R6L-3SLC L61 

PAL C 16R6L-3SWC W6 

70 PAL C 16R6-3SPC PS 

PAL C 16R6-3SJC J61 

PAL C 16R6-3SLC L61 

PAL C 16R6-3SWC W6 

40 3S 2S 70 PAL C 16R6-400MB 06 Military 

PAL C 16R6-40LMB L61 

PAL C 16R6-40WMB W6 

- 20 lS 70 PAL C 16R8-200MB 06 Military 

PAL C 16R8-20LMB L61 

PALC 16R8-20WMB W6 

- 20 lS 4S PAL C 16R8L-2SPC PS Commercial 

PALC 16R8L-2SJC J61 

PALC 16R8L-2SLC L61 

PALC 16R8L-2SWC W6 

70 PAL C 16R8-2SPC PS 

PALC 16R8-2SJC J61 

PALC 16R8-2SLC L61 

PALC 16R8-2SWC W6 

- 2S 20 70 PALC 16R8-300MB 06 Military 

PALC 16R8-30LMB L61 

PAL C 16R8-30WMB W6 

- 30 2S 4S PAL C 16R8L-3SPC PS Commercial 

PAL C 16R8L-3SJC J61 

PALC 16R8L-3SLC L61 

PAL C 16R8L-3SWC W6 

70 PALC 16R8-3SPC PS 

PAL C 16R8-3SJC J61 

PAL C 16R8-3SLC L61 

PAL C 16R8-3SWC W6 

- 3S 2S 70 PAL C 16R8-400MB 06 Military 

PAL C 16R8-40LMB L61 

PAL C 16R8-40WMB W6 
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~ 
--···~ ·: iE .CYPRESS 

PLDC20G10 

;F SEMICONDUCTOR CMOS Generic 24 Pin 
Logic Device 

Features 
• Fast 

- Commercial: tpn = 25 ns, 
tco = 15 ns, ts = 15 ns 

- Military: tpn = 30 ns, 
tco = 20 ns, ts = 20 ns 

• Low power 
- Ice max.: 55 mA, 

Commercial 
- Ice max.: 80 mA, Military 

• Commercial and military 
temperature range 

• User-programmable output cells 
- Selectable for registered or 

combinatorial operation 
- Output polarity control 
- Output enable source 

selectable from pin 13 or 
product term 

Logic Symbol 

l/iiE 

LCCPinout 

~--t'~~~ 

NC 

--~I}.~~~~ 
::::.- -

NC 

1/0 
1/0 
1/0 
1/0 
1/0 
1/0 

• Generic architecture to replace 
standard logic functions 
including: 20L10, 20L8, 20R8, 
20R6, 20R4, 12Ll0, 14L8, 16L6, 
18L4, 20L2 and 20V8 

• Eight product terms and one OE 
product term per output 

• CMOS EPROM technology for 
reprogrammability 

• 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 

20G10 

PLCCPinout 

NC 

I 

NC 

NC 

0053-17 
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Functional Description 
Cypress PLD devices are high speed 
electrically programmable Logic De
vices. 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 PLD C 20G 10 uses an ad
vanced 1.2 micron CMOS technology 
and a proven EPROM cell as the pro-

Vee 

0053-15 

- - - ~ ~~~ 

1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
NC 

---;1~~~ 
0053-26 



~RESS PLD C 20G10 
~nEMICONDUCTOR ==================================== 
Selection Guide 

Generic 
Part tpnns ts ns tcons IccmA 

Number Com Mil Com Mil Com Mil Com Mil 

20G10-25 25 - 15 

20Gl0-30 - 30 -
20G10-35 35 - 30 

20Gl0-40 - 40 -

Functional Description (Continued) 

grammable element. This technology and the inherent ad
vantage of being able to program and erase each cell en
hances the reliability and testability of the circuit. This re
duces the burden on the customer to test and to handle 
rejects. 

A preload function allows the registered outputs to be pre
set to any pattern during testing. Preload is important for 
testing the functionality of the Cypress PLD device. 

20G10 Functional Description 
The PLD C 20G 10 is a generic 24 pin device that can be 
programmed to logic functions which include but are not 
limited to: 20Ll0, 20L8, 20R8, 20R6, 20R4, 12LIO, 14L8, 
l 6L6, l 8L4, 20L2 and 20V8. Thus, the PLD C 20G 10 
provides significant design, inventory and programming 
flexibility over dedicated 24 pin devices. It is executed in a 
24 pin 300 mil molded DIP and a 300 mil windowed Cer
dip. It provides up to 22 inputs and 10 outputs. When the 
windowed CERDIP is exposed to UV light, the 20G 10 is 
erased and then can be reprogrammed. 

The Programmable Output Cell provides the capability of 
defining the architecture of each output individually. Each 
of the 10 output cells may be configured with "REGIS
TERED" or "COMBINATORIAL" outputs, "ACTIVE 
HIGH" or "ACTIVE LOW" outputs, and "PRODUCT 
TERM" or "PIN 13" generated output enables. Three Ar
chitecture Bits determine the configurations as shown in 
Table 1 and in Figures 2 through 9. A total of eight differ
ent configurations are possible, with the two most common 
shown in Figure 4 and Figure 6. The default or unpro
grammed state is REGISTERED/ ACTIVE LOW /PRO-

Programmable Output Cell 

- 15 - 55 -

20 - 20 - 80 

- 25 - 55 -

35 - 25 - 80 

DUCT TERM OE as shown in Figure 2. The entire Pro
grammable Output Cell is shown in Figure 1. 

The architecture bit 'Cl' controls the REGISTERED/ 
COMBINATORIAL option. In the "COMBINATORI
AL" configuration, the output can serve as an I/0 pin, or 
if the output is disabled, as an input only. In the "REGIS
TERED" configuration, the output of the register is fed 
back to the array. This allows the creation of control-state 
machines by providing the next state. The register is 
clocked by the signal from Pin 1. 

In both the Combinatorial and Registered configurations, 
the source of the "OUTPUT ENABLE" signal can be indi
vidually chosen with architecture bit 'C2'. The OE signal 
may be generated within the array, or from the external 
OE pin (Pin 13). The Pin 13 allows direct control of the 
outputs, hence having faster enable/disable times. 

Each output cell can be configured for "OUTPUT PO
LARITY". The output can be either Active HIGH or Ac
tive LOW. This option is controlled by architecture bit 
'CO'. 

Along with this increase in functional density, the Cypress 
PLD C 20G 10 provides lower power operation through the 
use of CMOS technology, increased testability with a regis
ter preload feature and guaranteed AC performance 
through the use of a phantom array. The phantom array 
allows the 20G 10 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 speci
fied for the product application. In addition, this same 
phantom array may be used to test the PLD C 20G 10 at 
incoming inspection before committing the device to a Spe
cific function through programming. 

I 
I 
I 
I ____ .. 

0053-32 

Figure l 
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Configuration Table 

Figure C2 C1 
2 0 0 

3 0 0 
6 0 1 

7 0 1 

4 1 0 
5 1 0 
8 1 l 

9 l 1 

Registered Output Configurations 

Figure 2. Product Term OE/ Active LOW 

Figure 4. Pin 13 OE/ Active LOW 

Combinatorial Output Configurations 

0053-33 

Figure 6. Product Term OE/ Active LOW 

PIN13 
0053-35 

Figure 8. Pin 13 OE/ Active LOW 

Table 1 

Co 
0 
1 

0 

1 

0 
1 

0 
1 

C2 = 0 
C1=0 
Co= 0 

0053-37 

C2 =I 
C1=0 
Co= 0 

0053-39 

C2 = 0 
C1 =I 
Co= 0 

C2 =I 
Ct= I 
Co= 0 
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Configuration 

Product Tenn OE/Registered/ Active LOW 

Product Tenn OE/Registered/Active HIGH 

Product Tenn OE/Combinatorial/ Active LOW 

Product Tenn OE/Combinatorial/ Active HIGH 

Pin 13 OE/Registered/ Active LOW 

Pin 13 OE/Registered/ Active HIGH 

Pin 13 OE/Combinatorial/ Active LOW 

Pin 13 OE/Combinatorial/ Active HIGH 

C2 = 0 
C1 = O 
Co= I 

0053-38 

Figure 3. Product Term OE/ Active HIGH 

Figure 5. Pin 13 OE/ Active HIGH 

0053-34 

Figure 7. Product Term OE/ Active HIGH 

0053-40 

~ 
C2 = I 
C1 =I 
Co= I 

PIN13 
0053-36 

Figure 9. Pin 13 OE/ Active HIGH 
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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 ..................... > 2001 V 
Power Applied .................... - ss•c to + 12s•c (per MIL-STD-883 Method 3015.2) 

Supply Voltage to Ground Potential .... -0.5V to + 7.0V Latchup Current .......................... > 200 mA 

DC Voltage Applied to Outputs 
in High Z State ...................... -0.5V to+ 7.0V 

Operating Range 

DC Input Voltage ................... -3.0V to + 7.0V 

Output Current into Outputs (Low) ............. 16 mA 
Range Ambient 

Vee Temperature 

Commercial o•cto +1o·c 5V ±10% 

Military - ss·c to + 12s·c 5V ±10% 

Electrical Characteristics Over Operating Range (Unless Otherwise Noted) 

Parameters Description Test Conditions Min. Max. Units 

Vee= Min. loH = -3.2 mA Commercial 
VoH Output HIGH Voltage 2.4 v 

VIN = Vrn or V1L loH = -2mA Military 

Vee= Min. loL= 16mA Commercial 
VoL Output LOW Voltage 0.5 v 

V1N = Vrn or V1L IoL = 12mA Military 

Vrn Input HIGH Level Guaranteed Input Logical HIGH[!] Voltage for all Inputs 2.0 v 
VrL Input LOW Level Guaranteed Input Logical LOW[!] Voltage for all Inputs 0.8 v 
Irx Input Leakage Current Vss s: VIN s: Vee -10 10 µA II 
Vpp Programming Voltage@ Ipp = 50 mA Max. 13.0 14.0 v 

Isc 
Output Short Circuit 

Vee= Max., VouT = 0.5V[2) -90 mA Current 

0:;; VIN:;; Vee Commercial 55 
Ice Power Supply Current mA 

Vee = Max., IouT = 0 mA Military 80 

Ioz Output Leakage Current Vee= Max., Vss,;;; VouT,;;; Vee -100 100 µA 
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Capacitance [3] 

Parameters Description Test Conditions Max. Units 

CrN Input Capacitance TA= 25°C,f = 1 MHz 4 pF 
CoUT Output Capacitance VIN= 0, Vee= 5.0V 7 

Switching Characteristics PLD C 20G10 Over Operating Rangel4l 

Commercial Military 

Parameters Description -25 

Min. Max. 

tpo 
Input or Feedback to 

25 
Non-Registered Output 

tEA Input to Output Enable 25 

tER Input to Output Disable 25 

tpzx Pin 13 to Output Enable 20 

tpxz Pin 13 to Output Disable 20 

tco Clock to Output 15 

ts Input or Feedback Setup Time 15 

tH Hold Time 0 

tp Clock Period 35 

tw Clock Width 15 

tMAX Maximum Frequency 33.3 

Notes: 
I. These are absolute values with respect to device ground and all over

shoots due to system or tester noise are included. 
2. Not more than one output should be tested at a time. Duration of the 

short circuit should not be more than one second. VouT = O.SV has 
been chosen to avoid test problems caused by tester ground degrada
tion. 
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-35 -30 -40 Units 

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

35 30 ns 

35 30 40 ns 

35 30 40 ns 

25 25 25 ns 

25 25 25 ns 

25 20 25 ns 

30 20 35 ns 

0 0 0 ns 

55 45 60 ns 

20 20 25 ns 

18 25 16.5 MHz 

3. These parameters are not 100% tested, but are periodically sampled. 
4. Figure I Oa test load used for all parameters except tER. tpzx and 

tpxz. Figure JOb test load used for tER, tpzx and tpxz. 
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AC Test Loads and Waveforms (Commercial) 

25211 
R1 

25211 
R1 

(338llmil) (33811mil) 
5V 5V 

OUTPUT OUTPUT 

R2 

I50pf 
17811 I 5pf (24811mil) 

Including 
Jig and -= Scope 

Figure 10a Figure lOb 

Equivalent to: THEVENIN EQUIVALENT (Commercial) 

10411 
OUTPUT 0>-----''\Nllr• ---0 2.07 V 

0053-7 

Switching Waveforms 

Note: 

-= 

INPUT PULSES 

3.0V 

GND 
R2 
17811 

(24811mil) 
Figure 11 

0053-6 

Equivalent to: THEVENIN EQUIVALENT (Military) 

14311 
OUTPUTO>-----''\Nllr•---0 2.11 V 

For more information regarding PLD devices, refer to the Application Brief in the Appendix. 
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W'n1CONDUCTOR ============================= 
Functional Logic Diagram PLD C 20G 10 
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Erasure Characteristics 
Wavelengths of light less than 4000 Angstroms begin to 
erase the PLD C 20G 10 in the windowed CERDIP pack
age. For this reason, an opaque label should be placed over 
the window if the PAL device is exposed to sunlight or 
fluorescent lighting for extended periods of time. 

The recommended dose of ultraviolet light for erasure is a 
wavelength of 2537 Angstroms for a minimum dose (UV 
intensity X exposure time) of 1800 mW X min/cm2. For 
an ultraviolet lamp with a 40 mW I cm2 power rating the 
exposure time would be approximately 45 minutes. The 
PLD C 20G 10 needs to be within 1 inch of the lamp during 
erasure. Permanent damage may result ifthe PROM is 
exposed to high intensity UV light for an extended period 
of time. 7258W X sec/cm2 is the recommended maximum 
dosage. 

Device Programming 
The PLD C 20G 10 can be programmed on inexpensive 
conventional PROM/EPROM programmers with appro
priate personality or socket adapters and the CY3000 
QuickPro programmer. Once the PLD device is pro
grammed, one additional location can be programmed to 
prohibit logic pattern verification. This security feature 
gives the user additional protection to safeguard his propri
etary logic. This feature is highly reliable and due to 
EPROM technology it is impossible to visually read the 
programmed cell locations. 

The PLD C 20G 10 has multiple programmable functions. 
In addition to the normal array, a "PHANTOM" array, 
"TOP and BOTTOM TEST" and a "SECURITY" feature 
are programmable. The PLD C 20G 10 security mecha
nism, when invoked, prevents access to the "NORMAL" 
and "TOP/BOTTOM TEST" array. The "PHANTOM" 
array feature is still accessible, allowing programming and 
verification of the pattern in the "PHANTOM" array. 
Functional operation of all other features is allowed re
gardless of the state of the "SECURITY BIT". In addition, 
the device contains 10 programmable output cells which 
are programmed to configure the device functionality for 
each specific application. 

The logic array is divided into a "NORMAL" array and a 
"PHANTOM" array. The normal array is used to config
ure the device to perform a specific function as required by 
the user, and the phantom array is provided as a test array 
for Cypress' testing the device prior to user programming 
thus assuring a reliable, thoroughly tested product. The 
"PHANTOM" array contains four additional columns 
connected to input pins 2 (TRUE), 7 (INVERTING), 10 
(TRUE) and 11 (TRUE). These inputs may be pro
grammed to be connected to all normal product terms. 
This allows all sense amplifiers and programmable output 
cells to be exercised for both functionality and performance 
after assembly and prior to shipment. These features are in 
addition to the normal array. They do not affect normal 
operation, allowing the user full programming of the nor
mal array, while allowing the device to be fully tested. 

The "TOP TEST" and "BOTTOM TEST" feature, allow 
connection of alt input terms to either pin 23 or 13. These 
locations may be programmed and subsequently exercised 
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in the "TOP TEST" and "BOTTOM TEST" mode. Like 
the Phantom array above, this feature has no effect in the 
normal mode of operation. Cells in the PHANTOM AR
RAY, TOP TEST, and BOTTOM TEST areas are pro
grammed at Cypress during the manufacturing operation, 
and they therefore will be programmed when received in a 
non-windowed package by the user. Consequently, the user 
will normally have no need to program these cells. 

The architecture bits Co, C1 and C2 are used to configure 
each programmable output cell individually. Co selects out
put polarity, C1 selects the combinatorial or registered 
mode of operation and C2 selects the source of output en
able. If the registered mode of operation is selected, the 
feedback path is automatically selected to be from the reg
ister. In the combinatorial mode the feedback path is auto
matically selected to be from the 1/0 pin. In this combina
torial mode, the output from the array may be fed into the 
array or if the output is deselected using the output enable 
product term the pin may be used as an external input. 
There is not a mode where the 1/0 pin may be used as a 
combinatorial output or an input pin, while the register is 
used as a state register. The architecture bits are pro
grammed as a separate item during normal programming. 
An 1/0 pin is configured to .be an input by programming 
the output cell into a combinatorial mode and disabling the 
ouput with the output enable product term. 

Pin out 
The PLD C 20G 10 PROGRAMMING pinout is shown in 
Figure 12. In the Programming pinout configuration, the 
device may be programmed and verified for the NORMAL 
mode of operation and also programmed, verified and op
erated in PHANTOM and TEST modes. These special 
modes of operation are achieved through the use of super
voltages applied to certain pins. Care should be exercised 
when entering and exiting these modes, paying specific at
tention to both the operating modes as specified in Table 1 
and the sequencing of the supervoltages as shown in the 
timing diagrams. 

Programming Pinout 

Ypp Yee 
AO 2 DO 

A1 3 D1 

A2 4 D2 
A3 5 D3 

A4 6 19 04 
A5 7 05 

AS 8 06 

A7 9 D7 

AB 10 15 08 

A9 11 09 

Yss 12 PGM/VF 

0053-27 

Figure 12 
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Programming Algorithm 
With the exception of the Security bit, all arrays are pro
grammed in a similar manner. The data to be programmed 
is represented by a "1" or "O" on the I/0 pins. A "1" 
indicates that an unprogrammed location is to be pro
grammed and a "O" indicates that an unprogrammed loca
tion is to remain unprogrammed. All locations to be pro
grammed are addressed as row and column locations. Ta
ble 2 "Operating Modes" along with Tables 3 through 6 
provide the specific address for each addressed location to 
be programmed along with mode selection information for 
both programming and operation in the "PHANTOM" 
and "TEST" modes. 

When programming the security bit, a supervoltage on pin 
3 is used as data with a programming pulse on pin 13. 
Verification is controlled with a supervoltage on pins 4 and 
the data out on pin 3. 

20Gl0 JEDEC Map 
The 20G10 JEDEC Map is organized as follows: the 
EPROM fuses for the product terms and input lines are 
located between 0000 and 3959 (decimal). The architecture 
bits are located between locations 3960 and 3989. Location 
3960 is the Polarity Bit (CO), location 3961 is the Regis
tered/Combinatorial Bit (Cl), and location 3962 is the 
Output Enable Bit (C2) for output pin 23. Locations 3963, 
3964, and 3965 are the architecture bit locations for output 
pin 22. This pattern repeats for output pins 21, 20, 19, 18, 
17, 16, 15, and 14. 

Operating Modes 
Table 2 describes the operating and programming modes of 
the PLD C 20G 10. The majority of the programming 
modes function with a PROGRAM, PROGRAM INHIB
IT and PROGRAM VERIFY sequence. The exception is 
the Security Program operation, which shows no program 
inhibit function. Two timing diagrams are provided for 
these two different methodologies of programming in Fig
ures 14 & 15. Tables 3 through 6 are used as indicated to 
provide the individual addresses of the various arrays and 
cells to be programmed. There are 5 operating modes in 
addition to the programming modes for the PAL C 22Vl0. 
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These provide NORMAL operation, PHANTOM opera
tion, TOP TEST, BOTTOM TEST and a register preload 
feature for testing. 

In the normal operating mode, all signals are TTL levels 
and the device functions as it is internally programmed in 
the NORMAL array. In the PHANTOM mode of opera
tion, the device operates logically as a function of the con
tents of the PHANTOM array. In this mode pins 2, 10 & 
11 are non-inverting inputs and pin 7 is an inverting input. 
The programmable output cells function as they are pro
grammed for normal operation. If the programmable out
put cells have not yet been programmed, they are in a reg
istered inverting configuration. The PHANTOM mode is 
invoked by placing a supervoltage Vpp on pin 6. Care 
should be exercised when entering and leaving this mode 
that the supervoltage is applied no sooner than 20 ms after 
the V cc is stable, and removed a minimum of 20 ms before 
V cc is removed. 

TOP and BOTTOM TEST 
The TOP TEST and BOTTOM TEST modes are entered 
and exited in the same manner, with the same concern for 
power sequencing, but the supervoltage is applied to pins 9 
& 10 respectively. In these modes an extra product term 
controls an output pin. TOP TEST controls pin 23, and 
BOTTOM TEST controls pin 14. These product terms are 
controlled bythe normal device inputs, and allow testing of 
all input structures. 

Preload 
Finally for testing of programmed functions, a preload fea
ture allows any or all of the registers to be loaded with an 
initial value for testing. This is accomplished by raising pin 
8 to a supervoltage Vpp, which puts the output drivers in a 
high impedance state. The data to be loaded is then placed 
on the I/O pins of the device and is loaded into the regis
ters on the positive edge of the clock on pin 1. A "O" on the 
I/0 pin preloads the register with a "O" and a "1" preloads 
the register with a "I". The actual signal on the output pin 
will be the inversion of the input data. The data on the I/O 
pins is then removed, and pin 8 returned to a normal TTL 
voltage. Again care should be exercised to power sequence 
the device properly. 
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Operating Modes 

Operating Modes Pin Pin Pin Pin Pin Pin 
1 2 3 4 5 6 

Feature Function 

Main Program Vpp 

Array Program Inhibit Vpp Table 3 
Product Program Verify[3] Vpp 

Output Program Vpp 
Enable 

Program Inhibit Vpp Table3 
Product 
Terms Program Verify Vpp 

Program Vpp 
Top Test, 
Bottom Test Program Inhibit Vpp Table3 
Notes 

Program Verify Vpp 

Program Vpp VIIIP V1HP V1HP V1HP VIIIP 
Architec-

Program Inhibit Vpp V1HP V1HP V1HP VJHP VIIIP 
ture Bits 

Program Verify Vpp VIIIP V1HP V1HP V1HP VJHP 

Security 
Program Vpp VJLP Vpp V1LP V1LP V1LP 

Bit Verify VJLP V1LP 
Data 

Vpp VII.P V1LP 
Out 

Normal CP/I I I I I I 

PAL Phantom NA I NA NA NA Vpp 

Mode Top Test I I I I I I 
Operation 

Bottom Test I I I I I I 

RegPreload Notes NA NA NA NA NA 

Phantom Program Vpp V1LP V1LP VII,P 
Array 

Program Inhibit Vpp V1LP V1LP Table6 VJLP Product 
Terms Program Verify Vpp VJLP YJLP VJLP 
Phantom Program Vpp YJLP YJLP YJLP 
Output 
Enable Program Inhibit Vpp YJLP YJLP Table6 YILP 
Product Program Verify Vpp VJLP Y1L YILP Terms 
Notes: 
I. DATA IN and DATA OUT for programming Synchronous Set, 

Asynchronous Reset, TOP TEST and BOTTOM TEST is pro
grammed and verified on the following pins. 

Pin 14 = BOTTOM TEST 
Pin 17 = Synchronous Set 
Pin 20 = Asynchronous Reset 
Pin 23 = TOP TEST 

Table2 

Pin 
7 

Vrnp 

V1HP 

V1HP 

V1LP 

V1LP 

I 

I 

I 

I 

NA 

Vpp 

Vpp 

Vpp 

Vpp 

Vpp 

Vpp 

Pin Pin Pin Pin Pin Pin Pin Pin 
Pins 

Pin 
8 9 10 11 13 14 17 20 

15, 16, 18, 
23 

19,21 &22 

Vpp Datain 

Table4 VJHP HighZ 

Vn.P Data Out 

Vrnp Vrnp Vrnp Vpp Vpp Datain 

Vrnp Vrnp Vrnp Vpp VJHP HighZ 

Vrnp Vrnp V1HP Vpp VJLP Data Out 

Vrnp VJHP VJHP VJHP Vpp 
Data Data Data 

VILP 
Data 

In In In In 

Vrnp V1HP V1HP V1HP VJHP HighZ HighZ HighZ HighZ HighZ 

Data Data Data 
Vrnp V1HP Vrnp Vrnp V1LP Out Out Out 

Driven 

VJLP Vpp Vpp Datain 

VILP Table 5 Vpp Vrnp HighZ 

V1LP Vpp V1LP Data Out 

VILP VILP VILP V1LP Vpp VJLP V1LP V1LP V1LP 

V1LP V1LP VJLP V1LP VILP Driven Outputs 

I I I I I VO 
NA NA I I NA Output 

I Vpp I I I NA 

I I Vpp I I Out NA 

Vpp NA NA NA VILP Datain 

Vpp Data In 

Table4 VJHP HighZ 

V1LP Data Out 

Y1HP YIHP Vrnp Vpp Vpp Datain 

Vrnp V1HP Vrnp Vpp V1HP HighZ 

Y1HP Y1HP Vrnp Vpp V1LP Data Out 

2. The preload clock on pin I loads the Registers on a LOW going 
HIGH transition. 

Data 
Out 

V1LP 

Out 

3. It is necessary to toggle OE (Pin 13) HIGH during all address tran
sitions while in the program verify/blank check mode. 
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Input Term Addresses 
Table 3 is used during the programming and verification of 
the main array, output enable, asynchronous reset, syn
chronous preset, TOP and BOTTOM TEST as shown in 
Table2. 

Input Term Addresses 

Input Pin Pin 
Term 2 3 

0 VILP V1LP 
1 Vrnp VILP 
2 VILP Vrnp 
3 Vrnp Vrnp 
4 VILP VILP 
5 Vrnp VILP 
6 VILP Vrnp 
7 Vrnp Vrnp 
8 VILP VILP 
9 Vrnp V1LP 
10 VJLP Vrnp 
11 Vrnp Vrnp 
12 V1LP V1LP 
13 Vrnp VILP 
14 V1LP Vrnp 
15 Vrnp VIHP 
16 VILP V1LP 
17 Vrnp VILP 
18 V1LP Vrnp 
19 Vrnp Vrnp 
20 V1LP VILP 
21 Vrnp V1LP 
22 V1LP Vrnp 
23 Vrnp Vrnp 
24 V1LP VILP 
25 Vrnp VILP 
26 VILP Vrnp 
27 Vrnp V1HP 
28 VILP V1LP 
29 Vrnp VILP 
30 VILP Vrnp 
31 Vrnp Vrnp 
32 VILP V1LP 
33 Vrnp VJLP 
34 VILP Vrnp 
35 V1HP Vrnp 
36 VJLP V1LP 
37 Vrnp V1LP 
38 V1LP V1HP 
39 Vrnp Vrnp 
40 VILP V1LP 
41 Vrnp VJLP 
42 VILP Vrnp 
43 Vrnp Vrnp 

It provides the addressing for the 44 normal input term 
columns which are connected with an EPROM transistor 
to the product terms. 

Table3 

Pin Pin Pin Pin 
4 5 6 7 

V1LP V1LP V1LP VILP 
VILP VILP V1LP V1LP 
VILP V1LP VILP V1LP 
V1LP VILP V1LP V1LP 
Vrnp V1LP VILP VILP 
Vrnp VILP V1LP V1LP 
Vrnp VILP VILP V1LP 
Vrnp V1LP V1LP VILP 
VILP Vrnp VJLP V1LP 
V1LP Vrnp VrLP VILP 
VILP Vrnp VILP VJLP 
V1LP Vrnp VrLP VJLP 
Vrnp Vrnp V1LP VILP 
VIHP Vrnp VILP V1LP 
Vrnp Vrnp V1LP VrLP 
Vrnp Vrnp VILP V1LP 
V1LP V1LP Vrnp VILP 
VILP VILP Vrnp V1LP 
V1LP V1LP Vrnp VILP 
V1LP V1LP Vrnp VrLP 
V1HP VILP Vrnp VILP 
Vrnp V1LP Vrnp VILP 
Vrnp V1LP V1HP V1LP 
Vrnp VILP Vrnp VILP 
V1LP Vrnp Vrnp V1LP 
VILP Vrnp Vrnp V1LP 
V1LP V1HP VIHP VILP 
VJLP V1HP Vrnp V1LP 
Vrnp Vrnp Vrnp VILP 
V1HP Vrnp Vrnp V1LP 
Vrnp Vrnp Vrnp VILP 
Vrnp Vrnp Vrnp VILP 
VJLP V1LP V1LP Vrnp 

V1LP VILP VILP VrHP 
VILP V1LP V1LP Vrnp 

V1LP V1LP V1LP Vrnp 
Vrnp VILP VrLP Vrnp 
Vrnp VILP VILP Vrnp 

V1HP V1LP V1LP Vrnp 
Vrnp VILP VILP Vrnp 

VILP Vrnp V1LP Vrnp 

V1LP Vrnp V1LP Vrnp 

VILP Vrnp V1LP Vrnp 
V1LP Vrnp V1LP Vrnp 
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Product Term Addresses 
Table 4 is used for the programming of the "PHANTOM" 
and normal array. It provides the addressing for the 8 
product terms associated with each input. 

Product Term Addresses 
Table4 

Product Pin Pin Pin Pin 
Term 8 9 10 11 

0 V1LP V1LP V1LP V1LP 
1 V1HP V1LP V1LP V1LP 
2 V1LP VIHP VILP V1LP 
3 V1HP V1HP V1LP V1LP 
4 V1LP V1LP V1HP V1LP 
5 V1HP VILP VIHP V1LP 
6 V1LP VIHP VIHP V1LP 
7 VIHP VIHP VIHP V1LP 

Architecture Bit Addressing 
Table 5 provides the addressing for the architecture bits 
used to control the configuration of the individual Pro
grammable Output Cells. In the unprogrammed state, the 
Programmable Output Cells are in a registered, active low 
or inverting configuration with output enable controlled 
from the product term. They are programmed with a "l" 
on the pin associated with the Programmable Output Cells 
and the appropriate address as shown in Table 5. Each 
architecture bit that is not to be programmed, requires a 
"O" on the I/0 pin associated with the Programmable Out
put Cells. 

Architecture Bit Addressing 
Tables 

Architecture Pin 
Bit 9 

Output 
Polarity VILP 

co 
Register/ 

Combinatorial VIHP 
Output Cl 

Product Term/ 
Pin 13 

V1LP Output Enable 
C2 

Phantom Input Term Addressing 

Pin 
10 

V1LP 

VILP 

V1HP 

Phantom input terms are addressed as columns PO thru P3 
and represent inputs from pins 2, 7, 10 and 11 respectively. 
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Pin 7 is inverted, and the remaining 3 are normal non-in
verting. This PHANTOM array allows the output struc
tures to be tested. They are only present in PHANTOM 
modes of operation. 

Phantom Input Term Addresses 
Table6 

Phantom 
Pin Input 
4 

Term 

PO V1LP 
Pl VIHP 
P2 V1LP 
P3 VIHP 

Programming Flow Chart 

Pin 
5 

VILP 
V1LP 
VIHP 
VIHP 

The programming flow chart describes the sequence of op
erations for programming the NORMAL and PHANTOM 
arrays, the NORMAL and PHANTOM output enable 
product terms, the set and preset product terms, the Top 
Test product term, the Bottom Test product term, and the 
architecture bits. The exact sequencing and timing of the 
signals is shown in the "Array Programming Timing Dia
gram". 

The logical sequence to program the device is described in 4 detail in the flow chart below, and should be followed ex-
actly for optimum intelligent programming that both mini-
mizes programming time and realizes reliable program-
ming. Particular attention should be paid to the application 
of V cc prior to Vpp, and removal of Vpp prior to V cc. See 
Figure 14 and Table 8 for specific timing and AC require-
ments. Notice that all programming is accomplished with-
out switching Vpp on pin 1 and that after programming 
and verifying all locations individually, the programmed 
locations should be verified one final time. 

The normal word programming cycle, programs and veri
fies a word at a time as shown in the programming flow
chart, Figure 13 and timing diagram Figure 14. After all 
locations are programmed, the flowchart requires a verify 
of all words. There is no independent timing diagram for 
this operation, rather Figure 14 also provides the correct 
timing information for this operation. When performing 
this verify only operation, eliminate the program portion of 
the cycle but maintain the setup and hold timing relative to 
the verify pulse. Under no circumstances should the verify 
signal be held low and the addresses toggled. 

Note that the overprogram pulse in step 10 of the program
ming flowchart is a variable, "4" times the initial value 
when programming the NORMAL, PHANTOM, TOP 
TEST, BOTTOM TEST and OUTPUT ENABLE product 
terms and "8" times the initial value when programming 
the ARCHITECTURE BITS. 
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Programming Flowchart 

INCREMENT 
ADDRESS 

NO 

START 
Vee= 5.0V 

Vpp = 13.5V 

ADDRESS FIRST LOCATION, 

PLACE DATA TO BE PROGRAMMED 
ON THE 1/0 PINS 

X=O 

PROGRAM ONE PULSE 
Of" 0.2mS 

x = x + 1 

x = 10? 

NO 

VERIFY ONE WORD 

PASS 

PROGRAM ONE PULSE Of" 
{(NOTE 1) • 0.2 • X) ms 

x = 10 

NO 

LAST ADDRESS 

YES 

VERIFY ALL WORDS AT 
Veep = 5.0 VOLTS 

PASS 

GOOD DEVICE 

Vpp = O.OV 

Vee= O.OV 

STOP 

Figure 13 
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Note: 
I. This value is "4" for program

ming the NORMAL array, 
PHANTOM array TOP TEST, 
BOTTOM TEST and OUTPUT 
ENABLE PRODUCT TERMS. 
The value is "8" when program
ming ARCIDTECTURE BITS. 

DEVICE f"AIL 
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Timing Diagrams 
Programming timing diagrams are provided for two cases, 
programming of all cells except the SECURITY BIT and 
programming the SECURITY BIT. 

Array 
Programming the NORMAL and PHANTOM arrays and 
output enables, reset, preset, architecture bits and the top/ 
bottom test features uses the timing diagram in Figure 14. 
ADDRESS refers to all applicable information in Tables 2 
through 6 that is not specifically referenced in the timing 
diagram. DAT A IN is provided on the 1/0 pins and 

Programming Waveforms 

Notes: 

PGM/Vfi' 
PIN 13 

Ypp_ 

V1HP- ---------..J""" 
VILP-

I. Power, V pp & V cc should not be cycled for each program/verify 
cycle, but may remain static during programming. 

DATA OUT is verified on the same pins. A "l" (Vrnp) on 
an 1/0 pin causes the addressed location to be pro
grammed. A "0" on the 1/0 pin leaves the addressed loca
tion to be unprogrammed. All setup hold and delay times 
must be met, and in particular the sequence of operations 
should be strictly followed. During verify only operation it 
is not acceptable to hold PGM/VFY low and sequence 
addresses, as it violates address setup and hold times. Prop
er sequencing of all power and supervoltages is essential, to 
reliable programming of the device as improper sequencing 
could result in device damage. 

0053-29 

2. For programming OE Product Terms & Architecture bits, Pin 11 
(A9) must go to Vpp and satisfy TAs and TAN· 

Figure 14 
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Security Cell 
The security cell is programmed independently per the tim
ing diagram in Figure 15, and the information in Table 2. 
Note again that proper sequencing of power and program
ming signals is required. Data in is represented as a super
voltage on pin 3 and verified as a TTL signal output on the 

Programming Waveforms Security Cell 

Veep -J 
Vee PIN 24 -

Vss- Tp 

Vpp PIN 1 

DATA PIN 3 VIHP

VILP- -------1' 

Vpp_ Tos 

PGM 
PIN 13 

VILP-

Vpp_ 

SECURITY 
VFY 

PIN 4 

VILP-

same pin. A "O" on pin 3 indicates that the security bit has 
been programmed, and a "1" indicates that security bit has 
not been programmed. Security is programmed with a sin
gle 50 ms pulse on pin 13. A supervoltage on pin 4 is used 
to verify security after Vpp has been removed from pin 1. 

----Tp ____ }-

- Tr 

i.----Tov Typ 

0053-30 

Figure 15 
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DC Programming Parameters TA= 25°C 

Table7 

Parameter Description Min. Max. Units 

Vpp Programming Voltage 13.0 14.0 Volts 

Veep 
Supply Voltage 

4.75 5.25 Volts 
During Programming 

Vmp 
Input HIGH Voltage 

3.0 Veep Volts 
During Programming 

VJLP 
Input LOW Voltage 

-3.0 0.4 Volts 
During Programming 

VoH Output HIGH Voltage 2.4 Volts 

VoL Output LOW Voltage 0.4 Volts 

lpp 
Programming 

40 mA 
Supply Current 

AC Programming Parameters 
Tables 

Parameter Description Min. Max. Units 

Tp 
Delay to Programming 

20 ms 
Voltage 

Tnp Delay to Program I µs 

THP 
Hold from Program 

I µs 
or Verify 

DI 
TR,F Vpp Rise & Fall Time 50 ns 

TAs Address Setup Time I µs 

TAH Address Hold Time I µs 

Tns Data Setup Time 1 µs 

TnH Data Hold Time 1 µs 

Tpp Programming Pulsewidth 0.2 JO ms 

Tspp 
Programming Pulsewidth 

50 ms 
for Security 

Tnv 
Delay from Program 

2 µs to Verify 

Tvn Delay to Data Out 1 µs 

Typ Verify Pulse Width 2 µs 

Tnz Verify to High Z 1 µs 
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Typical DC and AC Characteristics 

NORMALIZED SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 

TA •21i'C 
t•MAX. 

5.0 5.1 1.0 

SUPPLY VOLTAGE (VI 

NORMALIZED PROPAGATION DELAY 
vs. TEMPERATURE 
u~---~----~ 

211 

.... IENT TEMPERATURE l'CI 

NORMALIZED SETUP TIME 
vs. TEMPERATURE 
1,3.----~----~ 

A•IENT TEMPERATURE rc1 

DELTA CLOCK TO OUTPUT TIME 
vs. OUTPUT LOADING 

20.0 ,--,...........,,............,,......--,,......--, 

0.0 0 200 - IOD IOD 1DDD 

CAPACITANCE (pFI 

NORMALIZED SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 

0.~!:------:211':----~1211 

AlllBIENT TEMPERATURE l"CI 

20.0 

11.0 

DELTA PROPAGATION TIME 
vs. OUTPUT LOADING 

~ 

L ~ v j 10.0 

~ 
D 

s.o v 
O.OO 200 - IOD IOD 1000 

CAPACITANCE (pFI 

NORMALIZED CLOCK TO OUTPUT 
TIME vs. SUPPLY VOLTAGE 

1.1~--.---.---,----. 

SUPPLY VOLTAGE IVI 

OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 

120 

l 1116 

! Ill 

~ : 
i--

~ z 
IL 

_j_ I 45 

i 30 

& IS t Vee • S.O V ___, 
TA=~'C 

I/_ 
00.0 1.0 z.o 

OUTl'UT VOLT AGE (VI 

4-36 

NORMALIZED PROPAGATION 
DELAY vs. SUPPLY VOLTAGE 

j 1.1 """'--r----1i----r---t 

~ i 1.0 

o.•i----t---t-----t-~"""1 

i 

SUPPLY VOLTAGE IVI 

NORMALIZED SETUP TIME 
vs. SUPPLY VOLTAGE 

ur---,----,.---...,..--. 

SUPPLY VOLTAGE IVI 

NORMALIZED CLOCK 
TO OUTPUT 
TIME vs. TEMPERATURE 

AMBIENT TEMPERATURE rel 

OUTPUT SOURCE CURRENT 
vs. VOLTAGE 

70 

l Ill ~ 
~ 
~ 
~ 
~ 

"b. ..., 
1.0 2.0 

OUTl'UT VOLTAGE IVI 
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Ordering Information 
tpo ts tco Ice Ordering Code Package 

Operating 
(ns) (ns) (ns) (mA) Range 

25 15 15 55 PLO C 20Gl0-25PC Pl3 Commercial 

PLO C 20Gl0-25WC Wl4 

PLO C 20Gl0-25JC J64 

30 20 20 80 PLO C 20010-300MB 014 Military 

PLO C 20Gl0-30WMB Wl4 

PLO C 20G 10-30LMB L64 

35 30 25 55 PLO C 20Gl0-35PC Pl3 Commercial 

PLO C 20Gl0-35WC W14 

PLO C 20Gl0-35JC J64 

40 35 25 80 PLO C 20G 10-400MB 014 Military 

PLO C 20Gl0-40WMB W14 

PLO C 20G 10-40LMB L64 
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--- ~ ... ~ ..... ~ ...... ~ PALC22V10 
S CYPRESS 
I' SEMICONDUCTOR Reprogrammable CMOS 

PAL® Device 

Features 
• Advanced second generation 

PAL architecture 

• Low power 
- SS mA max "L" 
- 90 mA max standard 

• CMOS EPROM technology for 
reprogrammability 

• Variable product terms 
- 2 X (8 thru 16) product 

terms 

• User programmable macro cell 
- Output polarity control 
- Individually selectable for 

registered or combinatorial 
operation 

• 2S ns commercial and military 
- "2S" commercial 

lS ns tco 
lS ns ts 
2S ns tpn 
33.3 MHz 

Logic Symbol and Pinout 
•ss 

LCC and PLCC Pinout 

- "2S" military 
20 ns tco 
20 ns ts 
2S ns tpn 
2S MHz 

• Up to 22 input terms and 10 
outputs 

• Enhanced test features 
- Phantom array 
-Top Test 
- Bottom Test 
- Preload 

• High reliability 
- Proven EPROM technology 
- > 2000V input protection 
- 100% programming and 

functional testing 

• Windowed DIP, windowed LCC, 
DIP, LCC, PLCC available 

Functional Description 
The Cypress PAL C 22Vl0 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 300 mil molded DIP, a 300 mil 
windowed Cerdip, and a 28 lead square 
leadless chip carrier and provides up to 
22 inputs and 10 outputs. When the 
windowed CERDIP is exposed to UV 
light, the 22Vl0 is erased and then can 
be reprogrammed. The Programmable 
Macro Cell provides the capability of 
defining the architecture of each output 
individually. Each of the 10 potential 
outputs may be specified to be "REG
ISTERED" or "COMBINATORI
AL". Polarity of each output may 

PAL® is a registered trademark of Monolithic Memories Inc. 

PROGRAMMABLE 
AND ARRAY 
(132X44) 
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1/0 
1/0 
1/0 
NC 

1/0 
1/0 
1/0 
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Functional Description (Continued) 

also be individually selected allowing complete flexibility of 
output configuration. Further configurability is provided 
through "ARRAY" configurable "OUTPUT ENABLE" 
for each potential output. This feature allows the 10 out
puts to be reconfigured as inputs on an individual basis or 
alternately used as a combination I/0 controlled by the 
programmable array. 

The PAL C 22Vl0 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 22V10 is optimized to the 
configurations found in a majority of applications without 
creating devices that burden the product term structures 
with unuseable product terms and lower performance. 

Additional features of the Cypress PAL C 22Vl0 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 automatically 
resets on power-up. 

The PAL C 22V 10 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 be 
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 are possi
ble. The 10 potential outputs are enabled through the use 
of product terms. Any output pin may be permanently se
lected as an output or arbitrarily enabled as an output and 
an input through 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 combina
torial or registered inverting or non-inverting output. In a 

Macro cell 

registered mode of operation, the output of the register is 
fed back into the array providing current status informa
tion to the array. This information is available for estab
lishing the next result in applications such as control-state
machines. In a combinatorial configuration, the combina
torial output or, if the output is disabled, the signal present 
on the I/0 pin is made available to the array. The flexibili
ty 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 programmable logic. 

Along with this increase in functional density, the Cypress 
PAL C 22V10 provides lower power operation thru the use 
of CMOS technology, increased testability with a register 
preload feature and guaranteed AC performance through 
the use of a phantom array. This phantom array (Po-P3) 
and the "TOP TEST" and "BOTTOM TEST" features al
low the 22Vl0 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 
product application. In addition, this same phantom array 
may be used to test the PAL C 22V10 at incoming inspec
tion before committing the device to a specific function 
through programming. PRELOAD facilitates testing pro
grammed devices by loading initial values into the regis
ters. 

Configuration Table 1 
Registered/Combinatorial 

Ct Co Configuration 

0 0 Registered/ Active Low 

0 1 Registered/ Active High 

1 0 Combinatorial/ Active Low 

1 1 Combinatorial/ Active High 

r---------------------, 

>-.~-~~~~-e--~o 

INPUT/ 
FEEDBACK 

MUX 

CP 

I 
AR I 

oi-----

SP 

OUTPUT 
SELECT 

MUX 

I 

c,~-~--.-~-t--~~----~------' I 
I 

c0 ~~--'-----~-~~~~~~~~-~--' I 
MACROCELL I 

~--------------------~ 
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Selection Guide 

Generic IccmA tpons tsns · tcons 
Part Number "L" Com Mil Com Mil Com Mil Com Mil 

22VI0-2S SS 90 100 2S 2S lS 20 lS 20 

22VI0-30 - 100 - 30 - 2S - 20 

22Vl0-3S SS 90 - 3S - 30 - 2S -
22Vl0-40 - 100 - 40 - 3S - 25 

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

Storage Temperature ............... -6S°C to + 150"C DC Programming Voltage ....•................. 14.0V 

Ambient Temperature with Static Discharge Voltage ..................... > 2001 V 
Power Applied .................... - ss•c to + 12s•c (per MIL-STD-883 Method 3015.2) 

Supply Voltage to Ground Potential Latchup Current .......................... > 200 mA 
(Pin24toPin 12) .................... -0.5Vto +7.0V 

DC Voltage Applied to Outputs Operating Range 
in High Z State ...................... -0.SV to + 7.0V 

DC Input Voltage ................... -3.0V to +7.0V 
Range 

Ambient 
Vee Temperature 

Output Current into Outputs (Low) ............. 16 mA Commercial O"C to + 70"C sv ±10% 

UV Exposure ........................ 7258 Wsec/cm2 Military - ss·c to + 12s·c sv ±10% 

Electrical Characteristics Over Operawg Range 

Parameters Description Test Conditions Min. Max. Units 

VoH Output HIGH Voltage Vee= Min., IoH = -3.2mA COM'L 
2.4 v 

VIN = Vrn or VrL IoH= -2mA MIL 

VoL Output LOW Voltage Vee= Min., IoL = 16mA COM'L 
VIN = Vrn or VIL 

o.s v 
loL = 12mA MIL 

Vrn Input HIGH Level Guaranteed Input Logical HIGH Voltage for All lnputsUI 2.0 v 

VIL Input LOW Level Guaranteed Input Logical LOW Voltage for All Inputslll 0.8 v 

Irx Input Leakage Current Vss::;;; VIN::;;; Vee, Vee = Max. -IO 10 µ,A 

Ioz Output Leakage Current Vee= Max., Vss::;;; VoUT::;;; Vee -40 40 µ,A 

Ise Output Short Circuit Current Vee= Max., VoUT = O.SV[2] -30 -90 mA 

"L" SS mA 

Ice Power Supply Current Vee= Max., VrN = GNDOutputsOpen COM'L 90 mA 

MIL 100 mA 

Capacitance(3] 

Parameters Description Test Conditions Min. Max. Units 

CJN Input Capacitance VIN = 2.0V @ f = 1 MHz s 
CoUT Output Capacitance VoUT = 2.0V ® f = 1 MHz 8 

pF 

Notes: 
1. These are absolute values with respect to device ground and all over

shoots due to system or tester noise are included. 
3. These parameters are not 100% tested, but are periodically sampled. 

2. Not more than one output should be tested at a time. Duration of the 
short circuit should not be more than one second. V OUT ;= 0.5V has 
been chosen to avoid test problems caused by tester ground degrada
tion 
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4. Figure 1 a test load used for all parameters except tJ!A, tBRo tpzx and 
tpxz. Figure 1 b test load used for tJ!A, tJ!R, tnx and tpxz. 



~ PALC22V10 
~~~UCIDR;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;::: 

Switching Characteristics PAL C 22Vtol4] 

Commercial Military 

Parameters Description -25 -35 -25 -30 -40 

Min. Max. 

tpo 
Input or Feedback to 25 
Non-Registered Output 

tEA Input to Output Enable 25 

tER Input to Output Disable 25 

tco Clock to Output 15 

ts Input or Feedback Setup Time 15 

tH Hold Time 0 

tp Clock Period (ts + tc0 ) 30 

tw Clock Width 15 

fMAX Maximum Frequency 33.3 

tAW Asynchronous Reset Width 25 

tAR 
Asynchronous Reset Recovery 25 
Time 

tAP 
Asynchronous Reset to 25 
Registered Output Reset 

AC Test Loads and Waveforms (Commercial) 

R1 2520 
(3380mll) 

OUTPUTO----..---... 

Rl 252!1 
(33811mll) 

A2 R2 

Min. 

30 

0 

55 

25 

35 

Including 
Jig and 
Scope 

OUT:U:T-1 
1780 5 pf 1780 
(24Bn mill I (24Bn m;I) 

-= -: -: 
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Figure la Figure lb 
Equivalent to: THEVENIN EQUIVALENT (Commercial) 

104fl 
OUTPUTQ W.-----<0 2.07V 
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Switching Waveforms 

INPUTS 1/0, 

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

35 25 30 40 

35 25 30 40 

35 25 30 40 

25 20 20 25 

20 25 35 

0 0 0 

40 45 60 

15 20 30 

18 25 22 16.5 

25 30 40 

35 25 30 40 

35 25 30 40 

INPUT PULSES 

Figure2 

Equivalent to: THEVENIN EQUIVALENT (Military) 

1430 
OUTPUTQ.,.._ __ _,.W..-----<0 2.11V 

R~~~ri~:~~ ---V'1.1r--'\/1~7t:J\1'------------""\J.r-\JJ'-----
SYNCHRONOUS ---'-" 

PRESET 
CP 

ASYNCHRONOUS 
RESET ______ ....., ____ .....,_,I 

REGISTERED -------::~l\l.1--T-~~l\l.1--------_,l}'~+to-l-1'.+o( 
OUTPUTS: ______ "'-M;..irl'---1---'"""'.¥..l"'---------""°'*" ~.-.----
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Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

ns 

ns 

ns 
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Functional Logic Diagram PAL C 22V10 
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Typical DC and AC Characteristics 
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Erasure Characteristics 
Wavelengths of light less than 4000 Angstroms begin to 
erase the PAL C 22V10 in the windowed CERDIP pack
age. For this reason, an opaque label should be placed over 
the window if the PAL device is exposed to sunlight or 
fluorescent lighting for extended periods of time. 

The recommended dose of ultraviolet light for erasure is a 
wavelength of2537 Angstroms for a minimum dose (UV 
intensity X exposure time) of 1800 mW X minfcm2. For 
an ultraviolet lamp with a 40 mW /cm2 power rating the 
exposure time would be approximately 45 minutes. The 
22V10 needs to be within 1 inch of the lamp during era
sure. Permanent damage may result ifthe PROM is ex
posed to high intensity UV light for an extended period of 
time. 7258W X sec/cm2 is the recommended maximum 
dosage. 

Device Programming 
The PAL C 22Vl0 has multiple programmable functions. 
In addition to the normal array, a "PHANTOM" array, 
"TOP and BOTTOM TEST" and a "SECURITY" feature 
are programmable. The PAL C 22Vl0 security mecha
nism, when invoked, prevents access to the "NORMAL" 
and "TOP /BOTTOM TEST" array. The "PHANTOM" 
array feature is still accessible, allowing programming and 
verification of the pattern in the "PHANTOM" array. 
Functional operation of all other features is allowed re
gardless of the state of the "SECURITY BIT". In addition, 
the device contains 10 MACROCELLS which are pro
grammed to configure the device functionality for each 
specific application. 

The logic array is divided into a "NORMAL" array and a 
"PHANTOM" array. The normal array is used to config
ure the device to perform a specific function as required by 
the user, and the phantom array is provided as a test array 
for Cypress' testing the device prior to user programming 
thus assuring a reliable, thoroughly tested product. The 
"PHANTOM" array contains four additional columns 
connected to input pins 2 (TRUE), 7 (INVERTING), 10 
(TRUE) and 11 (TRUE). These inputs may be pro-

Macrocell "'-
OE P-TERM 

ASYNCHRONOUS RESET 

SUM OF P-TERMS 

grammed to be connected to all normal product terms. 
This allows all sense amplifiers and macrocells to be exer
cised for both functionality and performance after assem
bly and prior to. shipment. These features are in addition to 
the normal array. They do not affect normal operation, 
allowing the user full programming of the normal array, 
while allowiitg the device to be fully tested. 

The "TOP TEST" and "BOTTOM TEST" feature, allow 
connection of all input terms to either pin 23 or 13. These 
locations may be programmed and subsequently exercised 
in the "TOP TEST" and "BOTTOM TEST" mode. Like 
the Phantom array above, this feature has no effect in the 
normal mode of operation. Cells in the PHANTOM AR
RAY, TOP TEST, and BOTTOM TEST areas are pro
grammed at Cypress during the manufacturing operation, 
and they therefore will be programmed when received in a 
non-windowed package by the user. Consequently, the user 
will normally have no need to program these cells. 

The Cypress PAL C 22Vl0 contains 10 identical MACRO
CELLS which may be individually configured. Each 
MACROCELL is associated with a single 1/0 pin and 
through the architecture bits, each associated pin may be 
permanently configured as an input, an output or be used 
as both input and output as a function of the logical func
tion in the array. Each MACROCELL consists of a type 
"D" latch, an output multiplexer, a feedback multiplexer 
and a tristatable output driver that is controlled by a 
unique product term. The clock is common to all MAC
ROCELLS, and comes from pin 1 of the device. Each reg
ister also has an asynchronous reset and a synchronous 
preset. These are each driven by product terms. These 
product terms are common to all MACROCELLS allow
ing all registers to either be asynchronously reset or syn
chronously preset by a logical function in the array. The 
device is automatically reset at power up. A preload feature 
allows the registers to be preloaded with any state for test
ing. 

The architecture bits CO and Cl are used to configure each 
MACROCELL individually. CO selects the polarity of the 

OUTPUT 
MULTIPLEXER 

01--------1 

CLOCK 

SYNCHRONOUS PRESET 

ARRAY 
INPUT 

ARCHITECTURE 
CONTROL errs 
C1 . 

co 

ii 1----.-----1 

FEEDBACK 
MULTIPLEXER 
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Device Programming (Continued) 

output and Cl selects the combinatorial or registered mode 
of operation. If the registered mode of operation is selected, 
the feedback path is automatically selected to be from the 
register. In the combinatorial mode the feedback path is 
automatically selected to be from the I/O pin. In this com
binatorial mode, the output from the array may be fed into 
the array or if the output is deselected using the output 
enable product term the pin may be used as an external 
input. There is not a mode where the I/O pin may be used 
as a combinatorial output or an input pin, while the regis
ter is used as a state register. The architecture bits are 
programmed as a separate item during normal program
ming. An I/O pin is configured to be an input by program
ming the MACROCELL into a combinatorial mode and 
disabling the ouput with the output enable product term. 

Pin out 
The PAL C 22Vl0 PROGRAMMING pinout is shown in 
Figure 3. In the Programr.1ing pinout configuration, the 
device may be programmed and verified for the NORMAL 
mode of operation and also programmed, verified and op
erated in PHANTOM and TEST modes. These special 
modes of operation are achieved through the use of super
voltages applied to certain pins. Care should be exercised 
when entering and exiting these modes, paying specific at
tention to both the operating modes as specified in Table 1 
and the sequencing of the supervoltages as shown in the 
timing diagrams. 

Programming Pinout 

Ypp I 

AO 2 

Al 3 

A2 4 

A3 5 

A4 6 

A5 

A6 

A7 

AB 10 

A9 11 

Yss 

21 

19 

16 

15 

14 

13 

Figure 2 

Programming Algorithm 

Yee 
DO 

DI 

D2 

D3 

D4 

D5 

D6 

D7 

DB 

D9 

PGM/Vt 
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With the exception of the Security bit, all arrays are pro
grammed in a similar manner. The data to be programmed 
is represented by a "1" or "O" on the I/O pins. A "I" 
indicates that an unprogrammed location is to be pro
grammed and a "O" indicates that an unprogrammed loca
tion is to remain unprogrammed. All locations to be pro
grammed are addressed as row and column locations. Ta
ble I "Operating Modes" along with Tables 2 through 5 
provide the specific address for each addressed location to 
be programmed along with mode selection information for 
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both programming and operation in the "PHANTOM" 
and "TEST" modes. 

When programming the security bit, a supervoltage on pin 
3 is used as data with a programming pulse on pin 13. 
Verification is controlled with a supervoltage on pins 4 and 
the data out on pin 3. 

Operating Modes 
Table I describes the operating and programming modes of 
the PAL C 22Vl0. The majority of the programming 
modes function with a PROGRAM, PROGRAM INHIB
IT and PROGRAM VERIFY sequence. The exception is 
the Security Program operation, which shows no program 
inhibit function. Two timing diagrams are provided for 
these two different methodologies of programming in Fig
ures 5 & 6. Tables 2 through 5 are used as indicated to 
provide the individual addresses of the various arrays and 
cells to be programmed. There are 5 operating modes in 
addition to the programming modes for the PAL C 22Vl0. 
These provide NORMAL operation, PHANTOM opera
tion, TOP TEST, BOTTOM TEST and a register preload 
feature for testing. 

In the normal operating mode, all signals are TTL levels 
and the device functions as it is internally programmed in 
the NORMAL array. In the PHANTOM mode of opera- n 
tion, the device operates logically as a function of the con- ... 
tents of the PHANTOM array. In this mode pins 2, 10 & 
11 are non-inverting inputs and pin 7 is an inverting input. 
The MACROCELLS function as they are programmed for 
normal operation. If the MACROCELLS have not yet 
been programmed, they are in a registered inverting config-
uration. The PHANTOM mode is invoked by placing a 
supervoltage Vpp on pin 6. Care should be exercised when 
entering and leaving this mode that the supervoltage is ap-
plied no sooner than 20 ms after the V cc is stable, and 
removed a minimum of 20 ms before V cc is removed. 

TOP and BOTTOM TEST 
The TOP TEST and BOTTOM TEST modes are entered 
and exited in the same manner, with the same concern for 
power sequencing, but the supervoltage is applied to pins 9 
& 10 respectively. In these modes an extra product term 
controls an output pin. TOP TEST controls pin 23, and 
BOTTOM TEST controls pin 14. These product terms are 
controlled by the normal device inputs, and allow testing of 
all input structures. 

Preload 
Finally for testing of programmed functions, a preload fea
ture allows any or all of the registers to be loaded with an 
initial value for testing. This is accomplished by raising pin 
8 to a supervoltage Vpp, which puts the output drivers in a 
high impedance state. The data to be loaded is then placed 
on the 1/0 pins of the device and is loaded into the regis
ters on the positive edge of the clock on pin 1. A "O" on the 
1/0 pin preloads the register with a "O" and a "l" preloads 
the register with a"!". The actual signal on the output pin 
will depend on the output polarity selected when the 
MACROCELL is programmed. The data on the I/O pins 
is then removed, and pin 8 returned to a normal TTL volt
age. Again care should be exercised to power sequence the 
device properly. 
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Operating Modes 

Operating Modes Pin Pin Pin Pin Pin Pin 
1 2 3 4 5 6 

Feature Function 

Main Program Vpp 

Array Program Inhibit Vpp Table2 
Product Program Verify[3] Vpp 

Output Program Vpp 
Enable 

Program Inhibit Vpp Table2 
Product 
Terms Program Verify Vpp 

Sync Set, 
Program Vpp 

Async 
Reset, Program Inhibit Vpp Table2 
Top Test, 
Bottom Test 
Notes 

Program Verify Vpp 

Arc hi tee-
Program Vpp Vrnp Vrnp Vrnp Vrnp Vrnp 

ture Bits Program Inhibit Vpp Vrnp VJHP Vrnp Vrnp Vrnp 

Program Verify Vpp Vrnp Vrnp Vrnp Vrnp Vrnp 

Security 
Program Vpp VJLP Vpp VJLP VJLP VJLP 

Bit Verify VJLP VJLP 
Data 

Vpp VJLP VJLP Out 

Normal CP/I I I I I I 

PAL Phantom NA I NA NA NA Vpp 

Mode Top Test I I I I I I 
Operation 

Bottom Test I I I I I I 

RegPreload Notes NA NA NA NA NA 

Phantom Program Vpp VJLP VJLP VJLP 
Array 

Program Inhibit Vpp VJLP VJLP Table5 VJLP Product 
Terms Program Verify Vpp VJLP VJLP VJLP 
Phantom Program Vpp 
Output 

VJLP VJLP V1LP 

Enable Program Inhibit Vpp VJLP VJLP Table 5 VJLP 
Product Program Verify Vpp VJLP V1L V1LP Terms 
Notes: 
I. DATA IN and DATA OUT for programming Synchronous Set, 

Asynchronous Reset, TOP TEST and BOTTOM TEST is pro
grammed and verified on the following pins. 

Pin 14 = BOTTOM TEST 
Pin 17 = Synchronous Set 
Pin 20 = Asynchronous Reset 
Pin 23 = TOP TEST 

Table 1 

Pin 
7 

Vrnp 

Vrnp 

Vrnp 

VJLP 

VJLP 

I 

I 

I 

I 

NA 

Vpp 

Vpp 

Vpp 

Vpp 

Vpp 

Vpp 

Pin Pin Pin Pin Pin Pin Pin Pin 
Pins 

Pin 
8 9 10 11 13 14 17 20 

15, 16, 18, 
23 

19,21 &22 

Vpp Datain 

Table 3 Vrnp HighZ 

VJLP Data Out 

Vrnp Vrnp Vrnp Vpp Vpp Data In 

V1HP Vrnp Vrnp Vpp Vrnp HighZ 

Vrnp Vrnp Vrnp Vpp VrLP Data Out 

Vrnp V1HP Vrnp Vrnp Vpp Data Data Data 
VJLP 

Data 
In In In In 

Vrnp Vrnp Vrnp VJHP Vrnp HighZ HighZ HighZ HighZ HighZ 

Vrnp VJHP Vrnp Vrnp VJLP 
Data Data Data 

Driven 
Out Out Out 

VJLP Vpp Vpp Data In 

VrLP Table4 Vpp Vrnp HighZ 

V1LP Vpp V1LP Data Out 

VrLP VJLP VJLP VJLP Vpp V1LP VrLP VJLP V1LP 

VJLP VJLP V1LP V1LP VJLP Driven Outputs 

I I I I I 1/0 

NA NA I I NA Output 

I Vpp I I I NA 

I I Vpp I I Out NA 

Vpp NA NA NA VJLP Data In 

Vpp Data In 

Table 3 Vrnp HighZ 

VJLP Data Out 

Vrnp Vrnp Vrnp Vpp Vpp Datain 

VJHP Vrnp Vrnp Vpp Vnw HighZ 

VJHP Vrnp Vrnp Vpp VJLP Data Out 

2. The preload clock on pin I loads the Registers on a LOW going 
HIGH transition. 

Data 
Out 

VJLP 

Out 

3. It is necessary to toggle OE (Pin 13) HIGH during all address tran
sitions while in the program verify/blank check mode. 
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Input Term Addresses 
Table 2 is used during the programming and verification of 
the main array, output enable, asynchronous reset, syn
chronous preset, TOP and BOTTOM TEST as shown in 
Table 1. 

Input Term Addresses 

Input Pin Pin 
Term 2 3 

0 V1LP VJLP 
1 Vrnp V1LP 
2 V1LP Vrnp 
3 Vrnp Vrnp 
4 VJLP VJLP 
5 Vrnp V1LP 
6 V1LP Vrnp 
7 Vrnp Vrnp 

8 V1LP V1LP 
9 Vrnp V1LP 
10 V1LP Vrnp 
11 Vrnp Vrnp 
12 V1LP V1LP 
13 Vrnp V1LP 
14 V1LP Vrnp 
15 Vrnp Vrnp 
16 V1LP V1LP 
17 Vrnp V1LP 
18 V1LP Vrnp 
19 Vrnp Vrnp 
20 VJLP V1LP 
21 Vrnp VJLP 
22 V1LP Vrnp 
23 Vrnp Vrnp 
24 VJLP V1LP 
25 Vrnp V1LP 
26 VJLP Vrnp 
27 Vrnp Vrnp 
28 V1LP V1LP 
29 Vrnp V1LP 
30 V1LP Vrnp 
31 Vrnp Vrnp 
32 V1LP V1LP 
33 Vrnp VJLP 
34 V1LP Vrnp 
35 Vrnp Vrnp 
36 V1LP VJLP 
37 Vrnp VJLP 
38 V1LP VJHP 
39 Vrnp Vrnp 
40 V1LP V1LP 
41 Vrnp V1LP 
42 V1LP Vrnp 
43 Vrnp Vrnp 

It provides the addressing for the 44 normal input term 
columns which are connected with an EPROM transistor 
to the product terms. 

Table2 

Pin Pin Pin Pin 
4 5 6 7 

VJLP VJLP V1LP VJLP 

V1LP VJLP VJLP VJLP 

VJLP VJLP V1LP VJLP 

VJLP V1LP VJLP VJLP 
Vrnp VJLP VJLP VJLP 
Vrnp VJLP V1LP VJLP 
Vrnp VJLP VJLP VJLP 
Vrnp V1LP VJLP VJLP 

VJLP Vrnp VJLP VJLP 

V1LP Vrnp VJLP VJLP 

VJLP Vrnp VJLP VJLP 

VJLP Vrnp VJLP V1LP 
Vrnp Vrnp VJLP V1LP 
Vrnp Vrnp V1LP VJLP 
Vrnp Vrnp VJLP VJLP 
Vrnp Vrnp V1LP VJLP 

VJLP VJLP Vrnp VJLP 

VJLP VJLP Vrnp VJLP 

VJLP VJLP Vrnp VJLP 

VJLP V1LP Vrnp VJLP 
Vrnp VJLP Vrnp V1LP 
Vrnp VJLP Vrnp VJLP 
Vrnp VJLP Vrnp VJLP 
Vrnp VJLP Vrnp VJLP 

VJLP Vrnp Vrnp VJLP 

VJLP Vrnp Vrnp V1LP 

V1LP Vrnp Vrnp VJLP 

VJLP Vrnp Vrnp V1LP 

Vrnp Vrnp Vrnp VJLP 
Vrnp Vrnp Vrnp VJLP 
Vrnp Vrnp Vrnp V1LP 
Vrnp Vrnp Vrnp V1LP 

VJLP VJLP VJLP Vrnp 

VJLP V1LP VJLP Vrnp 

VJLP VJLP VJLP Vrnp 

VJLP VJLP V1LP Vrnp 

Vrnp VJLP VJLP Vrnp 

Vrnp VJLP VJLP Vrnp 

Vrnp VJLP VJLP Vrnp 

Vrnp V1LP VJLP Vrnp 

VJLP Vrnp VJLP Vrnp 

VJLP Vrnp VJLP Vrnp 

VJLP VJHP VJLP Vrnp 

VJLP Vrnp VJLP ·Vrnp 
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Product Term Addresses 
Table 3 is used for the programming of the "PHANTOM" 
and normal array. It provides the addressing for the up to 
16 product terms associated with each input. Notice that 
the number of product terms varies from 8 to 16 and back 
to 8 from the top to the bottom output. In Table 3, product 
term "O" refers to the top product term associated with the 
MACROCELLS on pins 18 and 19, while address 15 refers 
to the bottom or last product term associated with the 
same pins. In the same manner, the 8 product terms associ
ated with pins 14 and 23 are addressed as "O" through "7". 
The balance of the product terms associated with the re
maining I/0 pins are addressed as "O" through "10", "12" 
and "14". 

Product Term Addresses 
Table3 

Product Pin Pin 
Term 8 9 

0 VILP VILP 
I Vrnp V1LP 
2 VILP Vrnp 
3 Vrnp Vrnp 
4 VILP VILP 
5 Vrnp V1LP 
6 VILP Vrnp 
7 Vrnp Vrnp 
8 VILP V1LP 
9 Vrnp VILP 
10 VILP Vrnp 
11 Vrnp Vrnp 
12 VILP V1LP 
13 V1HP V1LP 
14 VILP Vrnp 
15 Vrnp Vrnp 

Architecture Bit Addresssing 

Pin Pin 
10 11 

VILP V1LP 
V1LP V1LP 
VILP VILP 
VILP V1LP 
Vrnp V1LP 
Vrnp V1LP 
Vrnp V1LP 
V1HP VILP 
V1LP Vrnp 
VILP Vrnp 
V1LP Vrnp 
VILP Vrnp 
Vrnp Vrnp 
Vrnp Vrnp 
Vrnp V1HP 
Vrnp V1HP 

Table 4 provides the addressing for the architecture bits 
used to control the configuration of the individual MAC
ROCELLS. In the unprogrammed state, the MACRO
CELLS are in a registered, active low or inverting configu
ration. They are programmed with a "1" on the pin associ
ated with the MACROCELL and the appropriate address 
as shown in Table 4. Each architecture bit that is not to be 
programmed, requires a "O" on the 1/0 pin associated with 
the MACROCELL. 

Architecture Bit Addresssing 
Table4 

Architecture Pin Pin 
Bit 9 10 

Output 
Polarity V1LP V1LP 

co 
Register/ 

Non-Register Vrnp V1LP 
Output Cl 
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Phantom Input Term Addressing 
Phantom input terms are addressed as columns PO thru P3 
and represent inputs from pins 2, 7, 10 and 11 respectively. 
Pin 7 is inverted, and the remaining 3 are normal non-in
verting. This PHANTOM array allows the output struc
tures to be tested. They are only present in PHANTOM 
modes of operation. · 

Phantom Input Term Addresses 
Tables 

Phantom 
Pin Input 
4 

Term 

PO VJLP 
Pl Vrnp 
P2 VILP 
P3 Vrnp 

Programming Flow Chart 

Pin 
5 

VILP 
V1LP 
Vrnp 
Vrnp 

The programming flow chart describes the sequence of op
erations for programming the NORMAL and PHANTOM 
arrays, the NORMAL and PHANTOM output enable 
product terms, the set and preset product terms, the Top 
Test product term, the Bottom Test product term, and the 
architecture bits. The exact sequencing and timing of the 
signals is shown in the "Array Programming Timing Dia
gram". 

The logical sequence to program the device is described in 
detail in the flow chart below, and should be followed ex
actly for optimum intelligent programming that both mini
mizes programming time and realizes reliable program
ming. Particular attention should be paid to the application 
of V cc prior to V pp, and removal of V pp prior to V CC· See 
Figure 5 and Table 7 for specific timing and AC require
ments. Notice that all programming is accomplished with
out switching Vpp on pin 1 and that after programming 
and verifying all locations individually, the programmed 
locations should be verified one final time. 

The normal word programming cycle, programs and veri
fies a word at a time as shown in the programming flow
chart, Figure 4 and timing diagram Figure 5. After all loca
tions are programmed, the flowchart requires a verify of all 
words. There is no independent timing diagram for this 
operation, rather Figure 5 also provides the correct timing 
information for this operation. When performing this veri
fy only operation, eliminate the program portion of the 
cycle but maintain the setup and hold timing relative to the 
verify pulse. Under no circumstances should the verify sig
nal be held low and the addresses toggled. 

Note that the overprogram pulse in step 10 of the program
ming flowchart is a variable, "4" times the initial value 
when programming the NORMAL, PHANTOM, TOP 
TEST, BOTTOM TEST and OUTPUT ENABLE product 
terms and "8" times the initial value when programming 
the ARCHITECTURE BITS. 
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~~~UCTOR ================================================================== 
Programming Flowchart 

INCREMENT 
ADDRESS 

NO 

START 
Vee= 5.ov 

Vpp = 13.5V 

ADDRESS FIRST LOCATION, 

PLACE DATA TO BE PROGRAMMED 
ON THE 1/0 PINS 

x = 0 

PROGRAM ONE PULSE 
OF 0.2mS 

x = x + 1 

x = 10? 

NO 

VERIFY ONE WORD 

PASS 

PROGRAM ONE PULSE OF 
{{NOTE 1) • 0.2 • X) µS 

x = 10 

LAST ADDRESS 

YES 

VERIFY ALL WORDS AT 
Veep = 5.0 VOLTS 

PASS 

GOOD DEVICE 

Vpp = O.OV 

Vee= o.ov 

STOP 

Figure3 

4-49 

DEVICE FAIL 

Note: 
I. This value is "4" for program

ming the NORMAL array, 
PHANTOM array TOP TEST, 
BOTTOM TEST and OUTPUT 
ENABLE PRODUCT TERMS. 
The value is "8" when program
ming ARCHITECTURE BITS. 

DEVICE FAIL 

0023-7 
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Timing Diagrams 
Programming timing diagrams are provided for two cases, 
programming of all cells except the SECURITY BIT and 
programming the SECURITY BIT. 

Array 
Programming the NORMAL and PHANTOM arrays and 
output enables, reset, preset, architecture bits and the top/ 
bottom test features uses the timing diagram in Figure 4. 
ADDRESS refers to all applicable information in Tables 1 
through 5 that is not specifically referenced in the timing 
diagram. DATA IN is provided on the 1/0 pins and 

Programming Waveforms 

Notes: 

PGM/VFY 
PIN 13 

VIHP- ---------~ 
VILP-

I. Power, Vpp & V cc should not be cycled for each program/verify 
cycle, but may remain static during programming. 

DATA OUT is verified on the same pins. A "l" (Vrnp) on 
an I/O pin causes the addressed location to be pro
grammed. A "O" on the I/0 pin leaves the addressed loca
tion to be unprogrammed. All setup hold and delay times 
must be met, and in particular the sequence of operations 
should be strictly followed. During verify only operation it 
is not acceptable to hold PGM/VFY low and sequence 
addresses, as it violates address setup and hold times. Prop
er sequencing of all power and supervoltages is essential, to 
reliable programming of the device as improper sequencing 
could result in device damage. 

0023-B 

2. For programming OE Product Terms & Architecture bits, Pin 11 
(A9) must go to Vpp and satisfy TAs and TAN· 

Figure4 
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Security Cell 
The security cell is programmed independently per the tim
ing diagram in Figure 5, and the information in Table 1. 
Note again that proper sequencing of power and program
ming signals is required. Data in is represented as a super
voltage on pin 3 and verified as a TTL signal output on the 

Programming Waveforms Security Cell 

Vee PIN 24 -
Veep -J 

Vpp PIN 1 

Vss- Tp 

Vss

Vpp-

DATA PIN3 VIHP-

VILP- -----""'I' 

Vpp_ Tos 

PGM 
PIN 13 

VILP-

Vpp_ 

SECURITY 
VFY 

PIN4 
VILP-

same pin. A "O" on pin 3 indicates that the security bit has 
been programmed, and a "l" indicates that security bit has 
not been programmed. Security is programmed with a sin
gle 50 ms pulse on pin 13. A supervoltage on pin 4 is used 
to verify security after Vpp has been removed from pin 1. 

'4----Tp __ _,}-

Toz 

Tow 

~---Tov 

0023-9 

Figure 5 
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DC Programming Parameters TA = 2s•c 

Table6 

Parameter Description Min. Max. Units 

Vpp Programming Voltage 13.0 14.0 Volts' 

Veep 
Supply Voltage 

4.75 5.25 Volts During Programming 

VrHP 
Input HIGH Voltage 

3.0 Veep Volts 
During Programming 

VrLP 
Input LOW Voltage 

-3.0 0.4 Volts 
During Programming 

VoH Output HIGH Voltage 2.4 Volts 

VoL Output LOW Voltage 0.4 Volts 

Ipp Programming 
40 mA Supply Current 

AC Programming Parameters 
Table7 

Parameter Description Min. Max. Units 

Tp 
Delay to Programming 

20 ms Voltage 

Top Delay to Program 1 µs 

THP 
Hold from Program 

1 µs or Verify 

TR,F Vpp Rise & Fall Time 50 ns 

TAS Address Setup Time 1 µs 

TAH Address Hold Time 1 µs 

Tos Data Setup Time 1 µs 

ToH Data Hold Time 1 µs 

Tpp Programming Pulsewidth 0.2 10 ms 

Tspp 
Programming Pulsewidth 

50 ms 
for Security 

Tov 
Delay from Program 

2 µs to Verify 

Tvo Delay to Data Out 1 µs 

Typ Verify Pulse Width 2 µs 

Toz Verify to High Z 1 µs 
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Ordering Information 

Ice tpn ts tco Ordering Code Package Operating Range 
(mA) (ns) (ns) (ns) 

55 25 15 15 PAL C 22V10L-25PC Pl3 Commercial 

PAL C 22V10L-25WC W14 

PAL C 22V10L-25JC J64 

90 25 15 15 PAL C 22V10-25PC P13 Commercial 

PAL C 22Vl0-25WC W14 

PAL C 22Vl0-25JC J64 

100 25 20 20 PAL C 22Vl0-25DMB Dl4 Military 

PAL C 22Vl0-25WMB Wl4 

PAL C 22V10-25LMB L64 

PAL C 22Vl0-25QMB Q64 

100 30 25 20 PAL C 22V10-30DMB Dl4 Military 

PAL C 22Vl0-30WMB Wl4 

PAL C 22Vl0-30LMB L64 

PAL C 22Vl0-30QMB Q64 

55 35 30 25 PAL C 22VlOL-35PC P13 Commercial 

PAL C 22VlOL-35WC Wl4 

PAL C 22V10L-35JC J64 

90 35 30 25 PAL C 22Vl0-35PC Pl3 Commercial 

PAL C 22V10-35WC W14 

PAL C 22V10-35JC J64 

100 40 35 25 PAL C 22Vl0-40DMB Dl4 Military 

PAL C 22V10-40WMB Wl4 

PAL C 22Vl0-40LMB L64 

PAL C 22Vl0-40QMB Q64 

4-53 

• 



--··4 ·: .JE CYPRESS 
----- ADVANCED INFORMATION CY7C330 

JF SEMICONDUCTOR Synchronous State Machine 

Features 
• 6 dual macrocells having: 

- 2 registered, three-state 1/0 
pins 

- 2 clock multiplexers for 
inputs · 

- 2 feedback multiplexers 
- 2 OE multiplexers 

• User configurable state flip-flops 
- JK, RS, T, or D 

• 11 dedicated, registered input 
pins 
- Each has a clock multiplexer 

• 3 separate clocks 
- 2 input, 1 state 

• 12 state registers in the 
macrocells, can be hidden 

• 4 dedicated hidden registers 

• 256 product terms 
- 32 per macrocell; variable 

distribution 

• Common or product term OE 
for each 1/0 pin 

Logic Diagram 

Selection Guide 

Maximum Operating Frequency (MHz) 

Maximum Operating Current (mA) l 

• Common synchronous set and 
reset 

• 50 MHz operation 
- 5 ns input setup and 15 ns 

clock to output 
- 20 ns input register to state 

register 

• Low power 
- 30 mA quiescent Ice 
- 120 mA maximum Ice 

• 28 pin 300 mil DIP, LCC 

• Eraseable and reprogrammable 

Product Characteristics 
The CY7C330 is a high-performance, 
eraseable, programmable, logic device 
(EPLD) whose architecture has been 
optimized to.enable the user to easily 
and efficiently construct very high per
formance synchronous state machines. 

The unique architecture of the 
CY7C330, consisting of the user-con
figurable output macrocell, bi-direc
tional 1/0 capability, input registers, 
and three separate clocks, enable the 

INPUT REGISTERS 8c CLOCK MULTIPLEXERS 

EPROM CELL ARRAY 
258 x 66 

Figure 1 

user to design high performance state 
machines that can communicate either 
with each other or with microproces
sors over bi-directional parallel busses 
of user-definable widths. 

The three separate clocks permit inde
pendent, synchronous state machines 
to be synchronized to each other. The 
two input clocks, Cl, C2, enable the 
state machine to sample input signals 
that may be generated by another sys
tem and that may be available on its 
bus for a short period of time. 

The user-configurable state register 
flip-flops enable the designer to desig
nate JK, RS, T, or D type devices, so 
that the number of product terms re
quired to implement the logic are mini
mized. 

The major functional blocks of the 
CY7C330 are (1) the input registers 
and (input) clock multiplexers, (2) the 
EPROM (AND) cell array, (3) the six 
1/0 macrocells and (4) the four hidden 
registers. 

0101-1 

CY7C330·50 CY7C330-40 CY7C330-30 CY7C330-25 

50 40 30 25 

Commercial 120 TBD 

Military 150 TBD 
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Product Characteristics (Continued) 

Input Registers and Clock Multiplexers 

There are a total of eleven dedicated Input Registers. Each 
Input Register consists of a D flip-flop and a clock multi
plexer. The clock multiplexer is user-programmable to se
lect either Cl or C2 as the clock for the flip-flop. C2 and 
OE can alternatively be used as inputs to the array. The 
twenty-two outputs of the registers (i.e. the Q and Q out
puts of the input registers) drive the array ofEPROM 
cells. The details of the input registers and multiplexers are 
shown in Figure 2. 

CY7C330 Macrocell 

A logic diagram of the CY7C330 macrocell is shown in 
Figure 3. There are a total of six identical macrocells. 

Each macrocell consists of: 

Two output State Registers that are clocked by the state 
counter clock, CLK. The State Registers can be configured 
as D, JK, RS, or T flip-flops (default is a D flip-flop). 
Polarity can be controlled in the D flip-flop implementa
tion. Data is sampled on the LOW to HIGH clock tran
sition. All of the State Registers have a common, synchro
nous set, S, as well as a common, synchronous reset, R, 
which override the data at the D input. The S and R sig
nals are PRODUCT TERMS that are generated in .the 
EPROM cell array. 

Two Macrocell Input Registers that may each be clocked 
by either the Cl or the C2 clock, as programmed by the 
user. The Macrocell Input Registers are initialized during 
power on such that all of the Q outputs are LOW and all of 
the Q outputs are HIGH. 

Two (two input) Clock Multiplexers (C), which are user
programmable and select either the Cl or the C2 clock to 
the Macrocell Input Registers. 

Two (two input) Output Enable Multiplexers (OE), which 
are user-programmable and select either the OE signal 
from the pin or the OE product term from the array, on an 
individual basis, to enable the two output three-state driv
ers. Note that the OE signal to the array is clocked through 
an input register (Figure 2) using either the Cl or the C2 
clock. 

Two (two input) Feedback Multiplexers (FB), w~ch are 
user-programmable and select either the output of the state 
register or the output of the macrocell input register to be 
fed back into the array. Note that ifthe output of the 
macrocell input register is selected by the FB multiplexer, 
the pin becomes bi-directional. 

A single (two input) multiplexer (IN), which selects one or 
the other of the two macrocell input register outputs as an 
input to the array. This "sharing of inputs" serves two 
purposes. First, if one of the state registers is not needed as 
an output pin it can be fed back (via the FB multiplexer). 
This is called "hiding" the register. Second, the input mul
tiplexer "saves the pin" because that output pin can be 
used as an input pin. 

If the outputs of both state registers are fed back, only one 
of the 1/0 pins can be used as an input, but both may be 
used as outputs. 

Two exclusive OR gates enable the user to configure the 
State Registers. The user can select the polarity of the 
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output when the D flip-flop is configured (default) or, the 
user can change the D flip-flop to a JK, RS, or T flip-flop. 

Hidden Registers 

In addition to the six macrocells, which contain a total of 
twenty-four registers, there are four hidden registers whose 
outputs aren't brought out to the device output pins. The 
hidden registers are shown as two groups of two registers 
each in the logic diagram (Figure J) and in Figure 4. 

The four hidden registers are clocked by the same clock as 
the macrocell state registers. All of the hidden register flip
flops have a common, synchronous set, S, as well as a com
mon, synchronous reset, R, which over-ride the data at the 
D input. The S and R signals are PRODUCT TERMS that 
are generated in the array and are the same signals used to 
preset and reset the state register flip-flops. 

Macrocell Product Term Distribution 

Each pair of macrocells has a total of thirty-two product 
terms. Two product terms of each macrocell are used for 
the output enables (OEs) for the two output pins. Two 
product terms are also used as one input to each of the two 
exclusive OR gates in the macrocell. The number of prod
uct terms available to the designer is then 32 - 4 = 28 for 
each macrocell. These product temis are divided between 
the two state register flip-flops as listed below. 

Product Term Pairings 

9 19 
9 19 

11 17 
11 17 
13 15 
13 15 

Hidden Register Product Term Distribution 

Each pair of hidden registers also has a total of 32 product 
terms. Two product terms are used as one input to each of 
the exclusive OR gates. However, because the register out
puts do not go to any output pins, output enable product 
terms are not required. Therefore, 30 product terms are 
available to the designer for each pair of hidden registers. 
The product term distribution for the four hidden registers 
is: 

11 19 
13 17 

Architecture Bits 

The architecture bits are used to program the multiplexers. 
The function of the architecture bits is outlined below. 

Architecture Value Function Bit 

AO:OEMux 0 OE Generated by Product Term 
1 OE from the Pin 

Al:FBMux 0 Feedback State Register's Output 
1 ;Feedback Input Register's Output 

A2:CMux 0 Cl to Macrocell Input Register 
1 C2 to Macrocell Input Register 

A3:INMux' 0 Selects Data from Input Register A 
1 Selects Data from Input Register B 

A4: Clock 0 Selects Cl to Input Register 
Mux 1 Selects C2 to Input Register 
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Product Characteristics (Continued) 

C1l-------TO MACROCELLS 

EPROM 
CELL 

ARRAY 

0101-2 

Figure 2. Input Registers and 
Clock Multipliers 

EPROM 
CELL 

ARRAY 
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Figure 3. Macrocell 

EPROM 
CELL 

ARRAY 

CLK s 

Figure 4. Hidden Register Pair 
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Features 
• 6 dual MACROCELLS having: 

- 2 registered three-state 1/0 
pins 

- Independent asynchronous 
set/reset generated in the 
array 

- Combinatorial/Registered 
outputs 

- 2 Feedback multiplexers 
- 2 OE multiplexers 
- 1 Input multiplexer 
- Parallel load for all registers 

• 12 user configurable flip-flops 
- JK, RS, T, or D 

• 13 dedicated input pins 
- 1 can be used as OE 

• Common/Product term OE for 
each 1/0 pin 

• Separate clock generation in the 
array 

• 192 product terms 
- 32 per macrocell: variable 

distribution 

• Security fuse 

• 25 MHz operation 

Logic Symbol 

ADVANCED INFORMATION CY7C331 

Asynchronous Registered 
EPLD 

• Low power 
- 90 mA quiescent Ice 
- 180 mA maximum Ice 

• 28 pin 300 mil DIP, LCC 

• Eraseable and reprogrammable 

Product Characteristics 
The architecture of the CY7C331, 
when combined with the user-configu
rable output macrocell, bi-directional 
I/O capability, separate asynchronous 
D flip-flop set and reset capability, and 
separate clock generation in the 
EPROM cell array provide the user 
with the most versatile EPLD avail
able. 

The CY7C331 consists of three major 
blocks; (1) the array input drivers 
(buffers) (2) the EPROM cell array, 
and the six dual Asynchronous Regis
tered EPLD macrocells. 

Input Buffers 

There are a total of thirteen dedicated 
input pins. The PL input is used exclu
sively for asynchronously loading the 
data applied to the 1/0 pins into the 
macrocell D flip-flops for testing or for 
initialization. The remaining twelve 

12 INPUT DRIVERS 

EPROM CELL ARRAY 
192x 60 
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input pins drive the array. One pin may 
alternately be used as an output enable 
and be programmed, on an individual 
basis, to enable any or all of the output 
pins. A detailed logic diagram of the 
input drivers is not shown. 

The CY7C331 Macrocell 
There are a total of six identical macro
cells in the CY7C331. Each macrocell 
controls two 1/0 pins. The State Regis
ters can be configured by Macrocell In
put Registers as D flip-flops. All flip
flops are clocked, and may be asyn
chronously set or reset by independent 
product terms that are generated in the 
array. When the asynchronous set and 
reset are both true the flip-flop be-
comes combinatorial. The outputs may Ill 
be enabled either by a common enable • 
or by separate array product terms. 
The 1/0 register pair may be loaded 
with the data on the 1/0 pin when the 
PL signal goes LOW. The same input 
and feedback multiplexers that are 
used in the CY7C330 are used in the 
CY7C331. 

All registers are initialized at power-on 
such that their Q outputs are LOW and 
their Q outputs are HIGH. 

0100-1 
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ADVANCED INFORMATION CY7C332 

F SEMICONDUCTOR Combinatorial Registered 
EPLD 

Features 
• 6 dual macrocells having: 

- 2 combinational, three-state 
1/0 pins with feedback 

- 2 OE multiplexers 
- 2 macrocell input registers 

• 12 dedicated inputs 
- Each may be programmed to 

be registered or combinatorial 

• Programmable output polarity 

• 192 product terms 
- 32 per macrocell; variable 

distribution 

• Common or product term OE 
for each I/O pin 

• Power-on initialization of all 
input registers 

• Security fuse 

• 40 MHz operation 

• Low power 
- 90 mA quiescent Ice 
- 180 mA maximum Ice 

• 28 pin 300 mil DIP, LCC 

• Eraseable and reprogrammable 

Logic Symbol 

Product Characteristics 
The architecture of the CY7C332, 
combined with the user-configurable 
registered or un-registered inputs, bi
directional I/0 capability, user-pro
grammable output enable multiplexers, 
and the large number of variable prod
uct terms provide the user with one of 
the most powerful EPLD's available. 

The CY7C332 consists of three major 
blocks; (1) the array input registers and 
drivers (input macrocell), (2) the 
EPROM cell array, and (3) the six dual 
I/0 macrocells. 

Input Macrocells 
There are a total of thirteen dedicated 
input pins. Each input pin may be pro
grammed to be registered or combina
torial. The CI input is used exclusively 
for synchronously loading the data into 
the input macrocell D flip-flops if the 
input is programmed to be registered. 
Twelve input pins drive the array with 
true and complement polarity signals. 
One pin may be alternately used as an 
output enable, and can be pro
grammed, on an individual basis, to en
able any or all of the output pins. 

EPROM CELL ARRAY 
192 x 48 
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1/0 Macrocell 
There are a total of six identical dual 
macrocells. Each macrocell controls 
two I/0 pins. The macrocells consist 
of: 

Two (two-input) Output Enable Multi
plexers (OE), which are user-program
mable and select either the OE signal 
from the pin or the OE product term 
from the array, on an individual basis, 
to enable the two output three-state 
drivers. Note that the OE signal to the 
array can be clocked through an input 
macrocell using CI. 

Each output is fed back into the array 
so that if the output is not required the 
pin may be used as an un-registered in
put. 

The polarity of the output signal may 
be selected by the user, on an individu
al basis, by programming the EPROM 
cell corresponding to the lower input of 
an exclusive OR gate. 

Produce Term Distribution 
Each pair of macrocells will have 32 
product terms. The proposed distribu
tion is (A/B/OE); 20/10/2, 18/12/2, 
15/15/2, 15/15/2, 12/18/2, 10/20/2. 

The total number of products terms is 
32 x 6 = 192. 
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Introduction 
PLDs or Programmable Logic Devices provide an attract
ive alternative to logic implemented with discrete devices. 
Because the primary requirements for this logic has been to 
provide high performance and increased functional density, 
in the past all programmable logic functions have been im
plemented in a bipolar technology. Bipolar technology uses 
a fuse for the programming mechanism. The fuses are in
tact when the product is delivered to the user, and may be 
programmed once, then read and used indefinitely. The 
fuses are literally blown using a high current supplied by a 
programming system. Programming or blowing a fuse is a 
one time event, once blown the fuse is forever open. A fuse 
therefore may not be tested to see that it will blow or pro
gram properly before it is delivered to the user. This diffi
culty in testing fuses for programming results in less than 
100% programming yield in the field, and this fallout falls 
into three categories. 

A certain percentage of the product simply fails to pro
gram. These devices are easily identified, and may be re
turned for replacement. A small percentage of the product 
will program and verify correctly, but fail to function prop
erly as a logic element. This can happen because, without 
programming each location, the connection between the 
programmed cell and the logic it is to control cannot be 
verified. Some programmers can test for this condition 
through the use of a set of test vectors for each unique code 
or part. Additional material will be lost, however, even if a 
structured set of test vectors is used due to the device func
tioning too slow. This failure is much more subtle and can 
only be found by 100% AC testing of the programmed 
device, or worse yet by troubleshooting an assembled board 
or system. 

Cypress PLDs use an EPROM programming mechanism. 
This technology has been available since the early 1970's, 
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 
programming, offers a viable alternative to bipolar pro
grammable logic from a performance point of view. In ad
dition, CMOS EPROM technology offers two other over
whelming advantages. EPROM cells are programmed by 
injecting charge on an electrically isolated gate which caus
es the transistor to be permanently turned off. This mecha
nism may be reversed by irradiating the cell with ultravio
let light. This feature totally changes the testing philosophy 
and provides a new feature for the user. All programmable 
cells may now be tested by the manufacturer prior to deliv
ery to the customer. This provides an easy methodology to 
certify programming, functionality, and performance. With 
built in test arrays, functionality and performance may be 
tested even if the device is packaged in a non-windowed 
package. Devices packaged in a windowed package may be 
programmed and erased indefinitely providing the designer 
a tool for the development of his logic without throwing 
away devices that are programmed incorrectly as the de
sign proceeds. 
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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 
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- 4 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 
where an EXTENDED BYTE is a field that is as wide as 
the output path of the device. Each device or family of 
devices has a unique address map which is available in the 
product data sheet. Each BYTE or EXTENDED 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 "O" 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 un
programmed cell, while a "O" 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 "l" or 
HIGH output indicates that the addressed cell is unpro
grammed, while a "O" 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 "O" or LOW. In the logic 
HIGH state "l" the device is in a program inhibit condi
tion 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 oper
ation the contents of the addressed location are present on 
the output pins and may be verified. Programming there
fore is accomplished by placing data on the output pins, 
and writing 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. 
Special Features 
Cypress Programmable Logic devices, depending on the 
device, have several special features. For example the secu
rity mechanism defeats the verify operation and therefore 
secures the contents of the device against unauthorized 
tampering or access. In advanced devices such as the PAL 
C 22VIO and PLD C 20GIO the MACROCELLs are pro
grammable through the use of the architecture bits. This 
allows the user to more effectively tailor the device archi
tecture to his unique system requirements. These features 
are also programmed though the use of EPROM cells. Spe
cific programming is detailed in the 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 as follows. 
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Data I/0 Corporation 
10525 Willows Rd. N.E. 
P.O. Box 97046 
Redmond, WA 
98073-9746 
(206) 881-6444 

Datal/029B 
LOGICPAK V04 

Cypress Generic Family 
Part Code and Part Number 

Number Pin out 

PALCl6R8 16R8 [I] 28 24 
PALCl6R6 16R6 [I] 28 24 
PALCl6R4 16R4 [I) 28 24 
PALCl6L8 16L8 [I] 28 17 
PALC22VIO 22VIO [2] 28 28 
PALC22VIO 22VIO [3] 28 83 
PLDC20GIO 20GIO [2] 28 56 
PLDC20G10 20GIO [3] 28 69 
PLDC20G10 20R4 28 65 
PLDC20GIO 20R6 28 66 
PLDC20GIO 20R8 28 27 
PLDC20GIO 20L8 28 26 
PLDC20GIO 20LIO 28 6 
PLDC20G10 20L2 28 5 
PLDC20G10 18L4 28 4 
PLDC20G10 16L6 28 3 
PLDC20GIO 14L8 28 2 
PLDC20GIO 12LIO 28 I 

Notes: 
I. Requires Design Adaptor 100. 

Adapters: 

PT Generic 

303A-009 303A-011A/B 
Revision Revision 

V02 VOi 
V02 VOi 
V02 VOi 
V02 VOi 
V04 VOi 
V04 VOi 
V04 VOi 
V04 VOi 
V04 VOi 
V04 VOi 
V04 TBD 
V04 VOi 
V04 VOi 
V04 VOi 
V04 VOi 
V04 VOi 
V04 VOi 
V04 VOi 

2. Family/Pinout Code if Pin I is used as a clock. 
3. Family/PinoutCode if Pin I is used as an input for fingerprinting 

only. 

Data 1/0 Model 60A, 60H 

Cypress Generic 
Part Number Part Number 

PALCl6R8 16R8 
PALCl6R6 16R6 
PALCl6R4 16R4 
PALCl6L8 16L8 
PALC22VIO 22VIO 
PLDC20GIO 20GIO 

Stag Microsystems 
1600 Wyatt Dr. 
Santa Clara, CA 95054 
(408) 988-1118 
STAG ZL32 Rev. 30A03 

STAG PPZ Zm2200 Rev. 17 
ZL32 Rev. 30A03 

Cypress Generic 

Family Code 
Revision andPinout 

28 24 V05 
28 24 V05 
28 24 V05 
28 17 V05 
28 28 V05 
28 56 V05 

Family Code 
Part Number Part Number andPinout 

PALCl6R8 16R8 
PALCl6R6 16R6 Menu 
PALCl6R4 16R4 Driven 
PALC16L8 16L8 
PALC22VIO 22VIO 
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Cypress Semiconductor Inc. 
3901 North First Street 
San Jose, CA 95134 
(408) 943-2600 

Cypress CY3000 QuickPro Rev. PLD 2.0 

Cypress 
Part Number 

PALC16R8 
PALC16R6 
PALC16R4 
PALC16L8 
PALC22Vl0 
PLDC20G10 
PLDC20G10 
PLDC20G10 
PLDC20G10 
PLDC20G10 
PLDC20G10 
PLDC20G10 
PLDC20G10 
PLDC20G10 
PLDC20G10 
PLDC20G10 

Digelec Corporation 
1602 Lawrence Ave. 
Suite 113 
Ocean, NJ 07712 
(201) 493-2420 

Generic 
Part Number 

16R8 
16R6 
16R4 
16L8 
22V10 
20010 
20R4 
20R6 
20R8 
20L8 
20L10 
20L2 
18L4 
16L6 
14L8 
12L10 

DIGELEC 803 FAM-52 Rev. A-6.0 

Family Code 
andPinout 

Menu 
Driven 

Cypress Generic Family Code Adapter 
Part Number Part Number 

PALC16R8 16R8 
PALC16R6 16R6 
PALC16R4 16R4 
PALC16L8 16L8 
PALC22V10 22V10 

Logical Devices Inc. 
1321 N.W. 65th Place 
Ft. Lauderdale, FL 33309 
(305) 974-0975 

andPinout 

Menu 
Driven 

Logical Devices ALLPRO Rev. Vl.4 

Rev.A-3 

DA-53 
DA-53 
DA-53 
DA-53 
DA-53 

Cypress Generic Family Code 
Part Number Part Number andPinout 

PALC16R8 16R8 
PALC16R6 16R6 
PALC16R4 16R4 
PALC16L8 16L8 
PALC22V10 22V10 

ABEL™ is a trademark of Data 1/0 Corporation. 

CUPL™ is a trademark of Assisted Technology. 

Menu 
Driven 
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Kontron Electronics 
1230 Charleston Road 
Mountain View, CA 
94039-7230 
(415) 965-7020 

Kontron EPP 80 UPM·P 

Cypress 
Part Number 

PALC16R8 
PALC16R6 
PALC16R4 
PALC16L8 
PALC22V10 

Development Software 
ABEL™ 
Data 1/0 Corporation 
10525 Willows Rd. N.E. 
P.O. Box 97046 
Redmond, WA 
98073-9746 
(206) 881-6444 

CUPL™ 
Assisted Technology 
1290 Parkmoor Ave. 
San Jose, CA 95126 
(800) 523-5207 
(800) 628-8748 CA 

LOGIC 
ISDATAGmbh 
Haid-und-Neu-Strasse 7 

Generic 
Part Number 

16R8 
16R6 
16R4 
16L8 
22V10 

D-7500 Karlsruhe 1 West Germany 
(0721) 69 30 92 

Family Code 
andPinout 

Menu 
Driven 

Supported Devices: 
PALC16R8 
PALC16R6 
PALC16R4 
PALC16L8 
PALC22V10 
PLDC20G10 

PALC16R8 
PALC16R6 
PALC16R4 
PALC16L8 
PALC22V10 

PALC16R8 
PALC16R6 
PALC16R4 
PALC16L8 
PALC22V10 
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Features 
• Pin compatible and functional 

equivalent to AMD AM2901C 

• Low power 

• Vee margin 
-sv ±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 

Logic Block Diagram 

... 
'A' (READ) 
ADDRESS 

(READ/WRITE) 
ADDRESS 

CARRY IN 

OUTPUT 
ENABLE 

• ESD protection 
Capable of withstanding 
greater than 2000V static 
discharge voltage 

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. 

..-~-==~~~~'"-~--,'--. 

8-FUNCTION ALU 

A F 
OUTPUT DATA SELECTOR 

DATA OUT 

, 
CN + 4 
F3 (SIGN) 
OVERFLOW 
F =0000 

CY2901C 

CMOS Four-Bit Slice 

The operation performed is determined 
by nine input control lines (lo to Is) 
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. 

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. 

Pin Configuration 

lo 

,, 
CP 

a, 
Bo 

•• 
"' ., 

Top View 

0. 
v, 
v, 

Yo 

p 
OVR 

Cn+4 

o 
F3 

GNO 

Cn 

Oo 
D1 

Dz 

03 
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Selection Guide See last page for ordering information. 

Read Modify-Write Cycle (Min.) inns Operating Ice (Max.) in mA Operating Range Part Number 
31 140 Commercial CY2901C 
32 180 Military CY2901C 
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Maximum Ratings 
(Above which the useful life may be impaired) 

Storage Temperature ............... - 65°C to + l 50"C 
Ambient Temperature with 
Power Applied .................... - 55°C to + 125°C 

Supply Voltage to Ground Potential 
(Pin 10 to Pin 30) ............•....... -0.5V to + 7.0V 

DC Voltage Applied to Outputs 
in High Z State ...................... -0.5V to +7.0V 

DC Input Voltage ................... -3.0V to + 7.0V 

Pin Definitions 
Signal 
Name 1/0 Description 

Ao-A3 

Bo-B3 

lo-Is 

Do-D3 

Yo-Y3 

cm 

CP 

I 

0 

I 

These 4 address lines select one of the registers in 
the stack and output its contents on the (internal) 
A port. 
These 4 address lines select one of the registers in 
the stack and output is contents on the (internal) 
B port. This can also be the destination address 
when data is written back into the register file. 
These 9 instruction lines select the ALU data 
sources (Io, 1, 2). the operation to be performed 
(IJ, 4, s) and what data is to be written into either 
the Q register or the register file (16, 1, a). 
These are 4 data input lines that may be selected 
by the lo, 1, 2 lines as inputs to the ALU. 
These are three-state data output lines that, when 
enabled, output either the output of the ALU or 
the data in the A latches, as determined by the 
code on the 16, 7, a lines. 
Output Enable. This is an active LOW input that 
controls the Yo-Y 3 outputs. When this signal is 
LOW the Y outputs are enabled and when it is 
HIGH they are in the high impedance state. 
Clock Input. The LOW level of the clock writes 
data to the 16 x 4 RAM. The HIGH level of the 
clock writes data from the RAM to the A-port 
and B-port latches. The operation of the Q 
register is similar. Data is entered into the master 
latch on the LOW level of the clock and 
transferred from master to slave when the clock is 
HIGH. 

1/0 These two lines are bidirectional and are 
controlled by the 16, 1, s inputs. Electrically they 
are three-state output drivers connected to the 
TTL compatible CMOS inputs. 
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Output Current into Outputs (Low) ............. 301UA 

Static Discharge Voltage ..................... > 2001 V 
(Per MIL-STD-883 Method 3015.2) 

Latchup Current (Outputs) .................. > 200 mA 

Operating Range 

Range 
Ambient 

Vee Temperature 

Commercial O"C to + 70"C sv ±10% 
Military - ss•c to + 12s•c sv ±10% 

Signal 
Name 1/0 Description 

Q3 1/0 Outputs: When the destination code on lines 
RAM3 16, 7, s indicates a shift left (UP) operation the 
(Cont.) three-state outputs are enabled and the MSB of 

the Q register is output on the Q3 pin and the 
MSB of the ALU output (F3) is output on the 
RAM3pin. 
Inputs: When the destination code indicates a 
shift right (DOWN) the pins are the data inputs 
to the MSB of the Q register and the MSB of the 
RAM. 

Qo 1/0 These two lines are bidirectional and function in a 
RAMo manner similar to the Q3 and RAM3 lines, except 

that they are the LSB of the Q register and RAM. 
Cn I The carry-in to the internal ALU. 
Cn +4 0 The carry-out from the internal ALU. 
G, P 0 The carry generate and the carry propagate 

outputs of the ALU, which may be used to 
perform a carry look-ahead operation over the 4 
bits of the ALU. 

OVR 0 Overflow. This signal is logically the exclusive
OR of the carry-in and the carry-out of the MSB 
of the ALU. This pin indicates that the result of 
the ALU operation has exceeded the capacity of 
the machine. It is valid only for the sign bit and 
assumes two's complement coding for negative 
numbers. 

F = O 0 Open collector output that goes HIGH if the data 
on the ALU outputs (Fo, 1, 2, 3) are all LOW. It 
indicates that the result of an ALU operation is 
zero (positive logic). 

F3 0 The most significant bit of the ALU output. 
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Electrical Characteristics Over Commercial and Military Operating Range 
Vee Min. = 4.5V, Vee Max. = 5.5V 

Parameters Description Test Conditions Min. 

VoH Output HIGH Voltage Vee= Min. 2.4 
loH = -3.4mA 

Vee= Min. 
VoL Output LOW Voltage loL = 20 mA Commercial 

loL = 16 mA Military 

V1H Input HIGH Voltage 2.0 

VIL Input LOW Voltage -3.0 

Ira Input HIGH Current Vee= Max. 
VIN= Vee 

IIL Input LOW Current 
Vee= Max. 
V1N = GND 

loH Output HIGH Current Vee= Min. -3.4 
VoH = 2.4V 

loL Output LOW Current Vee= Min. I Commercial 20 
VoL = 0.4V Military 16 

Ioz Output Leakage Current Vee= Max. 
VoUT = GNDtoVee -40 

Isc Output Short Circuit CurrentUI Vee= Max. -30 
VoUT = OV 

Ice Supply Current Vee= Max. I Commercial 
Military 

Capacitance [2] 

Parameters Description Test Conditions Max. 

CIN Input Capacitance TA = 25°C, f= 1 MHz 5 

CoUT Output Capacitance Vee= 5.0V 7 

Notes: 
I. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. 
2. Tested on a sample basis. 

Output Loads used for AC Performance Characteristics 

Notes: 

0007-3 

All outputs except open drain 

I. Cr. = 50 pF includes scope probe, wiring and stray capacitance. 
2. CL = 5 pF for output disable tests. 
3. Loads shown above are for commercial (20 mA) loL specifications 

only. 

Commercial Military 

Rt 2030 2520 

R2 1480 1740 
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Open drain (F = 0) 

Max. Units 

v 

0.4 v 

Vee v 
0.8 v 

10 µ.A 

-10 µ.A 

mA 

mA 
mA 

+40 µ.A 
µ.A 

-85 mA 

140 mA 
180 mA 

Units 

pF 
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CY2901C Guaranteed Commercial 
Range AC Performance Characteristics 
The tables below specify the guaranteed AC performance 
of these devices over the Commercial (O"C to 70"C) operat
ing temperature range with V cc varying from 4.SV to 
S.SV. All times are in nanoseconds and are measured be
tween the 1.SV signal levels. The inputs switch between OV 
and 3V with signal transition rates of IV per nanosecond. 
All outputs have maximum DC current loads. See previous 
page for loading circuit information. 

This data applies to parts with the following numbers: 
CY2901CPC CY2901CDC CY2901CLC 

Combinational Propagation Delays. CL = so pF 

To Output y F3 c,, + 4 
Fromluput 
A, BAddress 40 40 40 
D 30 30 30 
c,, 22 22 20 

1012 35 35 35 

1345 35 35 35 

1678 25 - -
A Bypass ALU 
jl= 2.XX) 35 - -

Clock.f" 35 35 35 

Cycle Time and Clock Characteristics 
CY2901- c 
Read-Modify-Write Cycle (from 31 ns . 

selection of A, B registers to 
endof~l~ 

Maximum Clock Frequency to shift Q 32MHz 
~0% du~~le, I = 432 or 63~ 
Minimum Clock LOW Time 15 ns 
Minimum Clock HIGH Time 15 ns 
Minimum Clock Period 31 ns 

For faster performance see CY7C901-23 specification. 

"G,P F=O OVR RAMo Qo 
RAMJ Qa 

37 40 40 40 -
30 38 30 30 -
- 25 22 25 -
37 37 35 35 -
35 38 35 35 -
- - - 26 26 

- - - - -
35 35 35 35 28 

Set-up and Hold Times Relative to Clock (CP) Input 

CP: ____, 
F ·+-

Input Set-up Time Hold Time Set-up Time Hold Time 
BeforeH - L AfterH - L BeforeL - H AfterL - H 

A, B Source Address 15 1 30, 15 + tpWL 1 
..ili_ote 3) ~te~ 

B Destination Address 15 - Do Not Chan~ - 1 
D - - 25 0 
Cn - - 20 0 

Io12 - - 30 0 

1345 - - 30 0 
1678 10 - Do Not Change - 0 
RAMo, 3,Qo, 3 - - 12 0 

Output Enable/Disable Times 
Output disable tests performed with CL = 5 pF and measured to O.SV change of output voltage level. 

Device Input Output Enable Disable 
CY2901C y 23 23 

Notes: 
1. A dash indicates a propagation delay path or set-up time constraint 

does not exist. 
2. Certain signals must be stable during the entire clock LOW time to 

avoid erroneous operation. This is indicated by the pbrase "do not 
change". 

3. Source addresses must be stable prior to the clock H -+ L transition 
to allow time to access the source data before the latches close. The A 
address may then be changed. The B address could be changed if it is 
not a destination; i.e. if data is not being written back into the RAM. 
Normally A and B are not changed during the clock LOW time. 

4. The set-up time prior to the clock L -+ H transition is to allow time 
for data to be accessed, passed through the ALU, and returned to the 
RAM. It includes all the time from stable A and B addresses to the 
clock L -+ H transition, regardless of when the clock H -+ L 
transition occurs. 
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CY2901C Guaranteed Military 
Range AC Performance Characteristics 
The tables below specify the guaranteed AC performance 
of these devices over the Military ( - 55°C to + 125°C) op
erating temperature range with V cc varying from 4.5V to 
5.5V. All times are in nanoseconds and are measured be
tween the l.5V signal levels. The inputs switch between OV 
and 3V with signal transition rates of 1 V per nanosecond. 
All outputs have maximum DC current loads. See "Electri
cal Characteristics" of this data sheet for loading circuit 
information. 

This data applies to parts with the following numbers: 

CY2901CDMB 

Combinational Propagation Delays CL = 50 pF 

To Output y F3 Cn + 4 
From Input 
A, BAddress 48 48 48 

D 37 37 37 

Cn 25 25 21 

Io12 40 40 40 

I345 40 40 40 

I678 29 - -
A Bypass ALU 40 - -(I= 2XX) 
Clock_/"" 40 40 40 

Cycle Time and Clock Characteristics 
CY2901- c 
Read-Modify-Write Cycle (from 32 ns 

selection of A, B registers to 
end of cycle). 

Maximum Clock Frequency to shift Q 31 MHz 
(50% duty cycle, I = 432 or 632) 

Minimum Clock LOW Time 15 ns 

Minimum Clock HIGH Time 15 ns 

Minimum Clock Period 32 ns 

For faster performance see CY7C901-27 specification. 

G,'P F=O OVR RAMo Qo 
RAM3 Q3 

44 48 48 48 -
34 40 37 37 -
- 28 25 28 -
44 44 40 40 -
40 40 40 40 -
- - - 29 29 

- - - - -

40 40 40 40 33 

Set-up and Hold Times Relative to Clock (CP) Input 

CP: -----.. 
·+ 

Input Set-up Time Hold Time Set-up Time Hold Time 
BeforeH - L AfterH - L BeforeL - H AfterL - H 

A, B Source Address 15 2 30, 15 + tPWL 2 
(Note 3) (Note 4) 

B Destination Address 15 - Do Not Change - 2 

D - - 25 0 

Cn - - 20 0 

Io12 - - 30 0 

I345 - - 30 0 

I678 10 - Do Not Change - 0 

RAMo, 3,Qo, 3 - - 12 0 

Output Enable/Disable Times 
Output disable tests performed with CL = 5 pF and measured to 0.5V change of output voltage level. 

Device Input Output Enable Disable 
CY2901C y 25 25 

Notes: 
!. A dash indicates a propagation delay path or set-up time constraint 

does not exist. 
2. Certain signals must be stable during the entire clock LOW time to 

avoid erroneous operation. This is indicated by the phrase "do not 
change". 
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3. Source addresses must be stable prior to the clock H - L transition 
to allow time to access the source data before the latches close. The A 
address may then be changed. The B address could be changed if it is 
not a destination; i.e. if data is not being written back into the RAM. 
Normally A and B are not changed during the clock LOW time. 

4. The set-up time prior to the clock L - H transition is to allow time 
for data to be accessed, passed through the ALU, and returned to the 
RAM. It includes all the time from stable A and B addresses to the 
clock L - H transition, regardless of when the clock H - L 
transition occurs. 

• 



Ordering Information 
)lead 

.Modify- Ordering Code 
Paekage Operating 

Write Type .... Range 
Cycle (ns) 

31 CY2901CPC Pl7 Commercial 
31 CY2901CDC D18 Commercial 

32 CY2901CDMB DIS Miiitlll')' 
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CY2909A 
CY2911A 

T SEMICONDUCTOR CMOS Micro Program 
Sequencers 

Features 
• Fast 

- CY2909A/11A has a 40 ns 
(min.) clock to output cycle 
time; commercial 

- CY2909/11 has a 40 ns 
(min.) clock to output cycle 
time; military 

• Low power 
- Ice (max.) = 70 mA 

commercial 
- Ice (max.) = 90 mA 

military 

• Vee margin 
-sv ±10% 
- All parameters guaranteed 

over commercial and military 
operating temperature range 

• Expandable 
Infinitely expandable in 4-bit 
increments 

Logic Block Diagram 
R (2909A ONLY) 

1
1------'l'. 

REGISTER i 
ENABLE I 

RE) : • A~~~~~~ ~EE~ l+---•I 

• ESD protection 
Capable of withstanding greater 
than 2000V static discharge 
voltage 

• Pin compatible and 
functional equivalent to 
AMD AM2909A/ AM2911A 

Description 
The CY2909A and CY29l1A are high
speed, four-bit wide address sequencers 
intendedfor controlling the sequence 
of execution of microinstructions con
tained in microprogram memory. They 
may be connected in parallel to expand 
the address width in 4 bit increments. 
Both devices are implemented in high 
performance CMOS for optimum 
speed and power. 

The CY2909A can select an address 
from any of four sources. They are: 

1) a set of four external direct inputs 
(Di); 2) external data stored in aµ inter
nal register (Ri); 3) a four word deep 
push/pop stack; or 4) a program coun
ter register (which usually contains the 
last address plus one). The push/pop 
stack includes control lines so that it 
can efficiently execute nested subrou
tine linkages. Each of the four outputs 
(Yi) can be OR'ed with an external in
put for conditional skip or branch in
structions. A ZERO input line forces 
the outputs to all zeros. The outputs 
are three state, controlled by the 
Output Enable (OE) input. 

The CY2911A is an identical circuit to 
the CY2909A, except the four OR in
puts are removed and the D and R in
puts are tied together. The CY2911A is 
available in a 20-pin, 300-mil package. 
The CY2909 is available in a 28-pin, 
600-mil package. 

Pin Configurations 

RE 28 Vee 

R3 27 CP 

R2 26 PUP 

R1 25 fE 
Ro 24 Cn+4 

CP 

Vee 
RE 
03 

1• 

2 

4 

20 PUP 

19 FE 
18 Cn+4 

17 Cn 

0 AND R I ~-.--
CONNECTED } 4 

OR3 23 en 02 16 5E 
2911A 

ON 2~~~~ I 
I 
I 

DIRECT I 
INPUTS I 

I OR2 

r{-;.;,----· 
I OR1 >--+---+-~ 

I ORo >--...---. 
I 2909A ONLY I L------.1 

OUTPUT 
ENABLE 

6E >--ot>.+-1-''-i--+-i-...J 
v, 

D3 

OR2 

D2 

CLOCK OR1 

o, 
ORo 

Do 

GND 

c, 
0066-1 
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22 
2909A 

21 

20 
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18 

17 

16 

15 

" .. ~ O::NO::l'l!~ >Of>~ 

3 2 1 2827 26 
25 
24 

23 

2909A 22 

21 

20 

c:::ozo::cncn>-000100-0 

0 (!) ~ 

6E D1 

Y3 Do 

Y2 GND 
Y1 ZERO 
Yo 

s, So 

So 

ZERO 

0066-2 

FE 
Cn+4 
en 
6E 
Y3 

Y2 

Y1 

0066-4 

15 

14 

13 

12 

11 

lo o .... o -
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:::: . 

Y3 

Y2 

Y1 

Yo 

S1 
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CY2909A 
. C~M 

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

Storage Temperature ............... -65°C to + lSO"C Static Discharge Voltage ..................... > 2001 V 

Ambient Tem~rature with (per MIL-STD-883 Method 3015.2) 

Power Applied .................... -ss·c to + 125°C Latch-Up Current ......................... > 200 mA 

Supply Voltage to Ground Potential .... -0.SV to + 7.0V 

DC Voltage Applied to Outputs 
Operating Range 

in High z State ..•.... , ..... , ........ -o.sv to + 7.ov ~ange 
Ambient 

Temperature 
DC Input Voltage ................... -3.0V to + 7.0V 
Output Current, into Outputs (Low) ............. 30 mA 

Commercial O"Cto +70"C 

Military -5s•c to +.125•c 

Electrical Characteristics Over Operating Range 

Parameters Description Test Conditions Min. 

VoH Output HIGH Voltage Vee= Min.,loH = -2.6mA(Comm.) 2.4 

Vee= Min., loH = -1.0 mA (Mil.) 2.4 

VoL Output LOW Voltage Vee= Min., loL = 16.0mA 

VIH Input High Voltage 2.0 

V1L Input Low Voltage -2.0 

Iix Input Load Current GND :S: V1 :S: Vee -10 

loz 
Output Leakage GND :!;: Vo:S:Vcc -20 
Current Output Disabled 

Ios · Output Short 
Circuit Current[!] Vee= Max. VoUT = GND -30 

Ice 
V cc Operating Vee= Max. l Commercial 
Supply Current loUT = OmA l Military 

Capacitance [2] 
Parameters Description Test Conditions Max. 

CIN Input Capacitance TA= 25°C, f = l MHz 5 

CoUT Output Capacitance Vee= 5.0V 7 
Notes: 
I. Not more than I output should be shorted at one time. Duration of 

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

AC Test Loads and Waveforms 
R1 

OUTPUT svn 
SO pf R2 

INCLUDING I . -
JIG AND -

SCOPE 

Figure la 

Commercial 

R1 2540 

R1 1870 

R1 .svft OUTPUT 

5 pf R2 

INCLUDING I -
JIG AND -

SCOPE 

Figure lb 

Military 

2580 

2160 

5-8 

GND 
· Sns-1 

Figurel 

0066-6 

I Vee 

sv ±10% 

• . .5V ±.10% 

Mai. 

0.4 

Vee 

0.8 

+10 

+20 

-85 

70 

90 

Units 

.v 
v 
v 
v 

_._ v 
p.A 

p.A 

mA 

mA 

Units 

pF 

1-sns 
0066-7 
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. ~~ 
~CONDUCTOR:;;:==:==:==:==:==:==:==:==:==:==:==:==:==:==:==:==:==:==:==:==:;;;;;;;; 

Switching Characteristics Over Operating Range 

2909A 2909A Units 2911A 2911A 

Commercial Military 

Minimum Clock Low Time 20 20 ns 

Minimum Clock High Time 20 20 ns 

MAXIMUM COMBINATIONAL PROPAGATION DELAYS 

From Input To: y CN+4 y CN+4 ns 

Di 17 22 20 25 ns 

So, S1 29 34 29 34 ns 

ORiCY2909A 17 22 20 25 ns 

CN - 14 - 16 ns 

ZERO 29 34 30 35 ns 

OE Low to Output 25 - 25 - ns 

OE High to High z[3l 25 - 25 - ns 

Clock High, So, S1 = LH 39 44 45 50 ns 

Clock High, So, S1 = LL 39 44 45 50 ns 

Clock High, So, S1 = HL 44 49 53 58 ns 

MINIMUM SET-UP AND HOLD TIMES (All Times Relative to Clock LOW to HIGH Transition) 

From Input Set-up Hold Set-up Hold 

RE 19 4 19 5 ns 
Ri[4] 10 4 12 5 ns 

Push/Pop 25 4 27 5 ns 

FE 25 4 27 5 ns 

CN 18 4 18 5 ns 

Di 25 0 25 0 ns 

ORi (CY2909A) 25 0 25 0 ns 

So. S1 25 0 29 0 ns 

ZERO 25 
~ 

0 29 0 ns 

Notes: 
3. Output Loading as in Figure 1 b. 4. Ri and Di are internally connected on the CY2911A. Use Ri set-up 

and hold times for D; inputs. 

Switching Waveforms 

CLOCK 

INPUT 
(EXCEPT OE) 

MIN CLOCK HIGH- -MIN CLOCK LOW 

HOL~l-
~~~~~-S-CT~--UP~TO~CL_O_C_K~~~~-T-IM_.E~ 

----CLOCK TO OUTPUT 
~NPUT TO OUTPUi-

(Y, ~~T=~> :::::xxxxxxxxxxxxxxxxxx ::::::::::::: 

5.9 
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~ CY2909A 
... r~ ====================·=CY=2=91=1=A 
Ordering Information 

Ordering Code 
Package Operating 

Type Range 
Ordering Code 

Package Operating 
Type Range 

CY2909APC Pl5 Commercial CY2911APC PS Commercial 
CY2909ADC 016 CY2911ADC 06 
CY2909ALC L64 CY2911ALC L61 

CY2909ADMB 016 Military CY2911AOMB 06 Military 
CY2909ALMB L64 CY2911ALMB L61 

S-10 
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·=CYPRESS 

CY2910A 

T SEMICONDUCTOR CMOS Microprogram 
Controller 

Features 
• Fast 

- CY2910AC has a 50 ns (min.) 
clock cycle; commercial 

- CY2910AM has a 51 ns 
(min.) clock cycle; military 

• Low power 
- Ice (max.) = 170 mA 

• Vee Margin SV ± 10% 
commercial and military 

• Sixteen powerful 
microinstructions 

• Three output enable controls for 
three-way branch 

• Twelve-bit address word 

• Four sources for addresses: 
microprogram counter (MPC), 
branch address bus, 9-word 
stack, internal holding register 

• Internal 9-word by 12-bit stack 
The internal stack can be used 
for subroutine return address or 
data storage 

Logic Block Diagram 

Selection Guide 
Clock Cycle (Min,) in ns 

50 

51 

• 12-bit Internal loop counter 

• ESD protection 
Capable of withstanding over 
2000 volts static discharge 
voltage 

• Pin compatible and functional 
equivalent to Am2910A 

Functional Description 
The CY2910A is a stand-alone micro
program controller that selects, stores 
retrieves, manipulates and tests ad- ' 
dresses that control the sequence of ex
ecution of instructions stored in an ex
ternal memory. All addresses are 12-bit 
binary values that designate an abso
lute memory location. 

The CY2910A, as illustrated in the 
block diagram, consists of a 9-word by 
12-bit LIFO (Last-In-First-Out) stack 
and SP (Stack Pointer), a 12-bit RC 
(Register/Counter), a 12-bit MPC (Mi
croprogram Counter) and incrementer, 
a 12-bit wide by 4-input multiplexer 

0040-2 

and the required data manipulation 
and control logic. 

The operation performed is determined 
by four input instruction lines (IO-13) 
that in turn select the (internal) source 
of the next micro-instruction to be 
fetched. This address is output on the 
YO-Yl 1 pins. Two additional inputs 
(CC and CCEN) are provided that are 
examined during certain instructions 
and enable the user to make the execu
tion of the instruction either uncondi
tional or dependent upon an external 
test. 

The CY2910A is a pin compatible, 
functional equivalent, improved per
formance replacement for the 
Am2910A. 

The CY2910A is fabricated using an 
advanced 1.2 micron CMOS process 
that eliminates latchup, results in ESD 
protection of over 2000 volts and 
achieves superior performance and low 
power dissipation. 

Pin Configuration 

1 • D3 

Y3 

02 

Y2 

D1 

PL Y1 

MAP Do 

13 Yo 

'2 Cl 

Vee 10 31 CP 

'1 11 GND 

'o 12 °' CCEN 13 v,, 
cc 14 o,, 

RU) Y10 

FULL 010 

06 Yg 

Y5 23 09 

07 22 Y5 

Y7 21 08 

0040-3 

Top View 

Stack Depth Operating Range Part Number 

9 words Commercial CY2910AC 

9 words Military CY2910AM 

5-11 



~ CY2910A 
.,r~UCIOR ====================== 
Maximum Ratings 
(Above which the useful life may be impaired) 
Storage Temperature ............... -65°C to + 150"C Static Discharge Voltage ..................... > 2001 V 
Ambient Temperature with (Per MIL-STD-883 Method 3015.2) 
Power Applied ..............•..... - 55°C to + 125°C Latchup Current (Outputs) .................. > 200 mA 
Supply Voltage to Ground Potential 
(Pin lOto Pin 30) .................... -0.5V to +7.0V Operating Range 
DC Voltage Applied to Outputs 
in High Z State ...................... -0.5V to +7.0V Range 

Ambient 
Temperature 

DC Input Voltage ................... -3.0V to + 7.0V Commercial O"Cto +70"C 
Output Current into Outputs (Low) ............. 30 mA Military - ss•c to + 12s•c 

Electrical Characteristics Over Commercial and Military Operating Range 
Vee Min.= 4.5V, Vee Max.= 5.5V 

Parameter Description Test Condition 

VoH Output HIGH Voltage Vee= Min., IoH = -1.6 mA 

VoL Output LOW Voltage Vee= Min.,IoL = 8mA 

Vm Input HIGH Voltage 

V1L Input LOW Voltage 

Im Input HIGH Current Vee= Max., V1N = Vee 

IIL Input LOW Current Vee= Max., V1N = GND 

loH Output HIGH Current Vee= Min., Vm = 2.4V 

loL Output LOW Current Vee= Min., VoL = 0.5V 

- Vee= Max., 
loz Output Leakage Current 

VoUT = GND/Vee 

Isc Output Short Circuit Current Vee= Max., VoUT = OV 

Ice Supply Current Vee= Max. 

Capacitancel21 
Parameters Description Test Conditions 

CiN Input Capacitance TA = 25°C, f = 1 MHz 

CoUT Ou!E!lt Ca~tance Vee= S.OV 

Notes: 
1. Not more than one output should be tested at a time. Duration of the 

short circuit should not exceed one second. 
2. Tested on a sample basis. 

Min. 

2.4 

2.0 

-3.0 

-1.6 

8 

-40 

Max. 

8 

10 

Switching Waveforms 

Max. 

0.5 

Vee 

0.8 

10 

-10 

+40 

-85 

170 

Vee 

sv ±10% 
sv ±10% 

Units 

v 
v 
v 
v 

µ.A 

µ.A 

mA 

mA 

µ.A 
µ.A 

mA 

mA 

Units 

J?!1 
.R!' 

Output Load for AC Performance 
Characteristics 3.ov--------... 1,-----... 1,--

All Outputs 
+5V 

~tj: 
Notes: 0040-4 
CJ, = SO pF includes scope probe, writing and stray capacitance. 
CL = S pF for output disable tests. 

5-12 

INPUTS 

~--------J1~-----J1~--
3.0V 

CLOCK 
ov 

OUTPUTS 1.sv 
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~ CY2910A 
~~~UCTOR==============================================================:::: 
Guaranteed AC Performance Characteristics 
The tables below specify the guaranteed AC performance 
of the CY2910A over the commercial (O"C to + 7D°C) and 
the military ( - 55°C to + 125°C) temperature ranges with 
Vee varying from 4.5V to 5.5V. All times are in nanosec
onds and are measured between the 1.5V signal levels. 

Clock Requirements (Note 1) 

Minimum Clock LOW 

Minimum Clock HIGH 

Minimum Clock Period I = 14 

Minimum Clock Period 
I = 8, 9, 15 (Note 2) 

Combinational Propagation Delays. CL = 50 pF 

To Output Commercial 

From Input y PL, VECT, MAP 

DO-Dll 20 -
10-13 35 30 
cc 30 -
CCEN 30 -

CP 
I = 8, 9, 15 40 -
(Note 2) 

CP 
40 

All Other I 
-

OE 25 
(Note 3) 27 -

The inputs switch between OV and 3V with signal tran
sition rates of 1 Volt per nanosecond. All outputs have 
maximum DC current loads. 

Commercial Military 

20 25 

20 25 

50 51 

50 50 

Military 

FULL y PL, VECT, MAP FULL 

- 25 - -
- 40 35 -
- 36 - -
- 36 - -

31 - - 35 

31 46 - 35 

25 
- - -

30 

Minimum Set-up and Hold Times Relative to clock LOW to HIGH Transition. CL = 50 pF 

Commercial Military 

Input Set-up 

DI--+ RC 16 

DI--+ MPG 30 

10-13 35 

cc 24 

CCEN 24 

CI 18 

RLD 19 

Notes: 
I. A dash indicates that a propagation delay path or set-up time does not 

exist. 
2. These instructions are dependent upon the register/counter. Use the 

shorter delay times if the previous instruction either does not change 
the register/counter or could only decrement it. Use the longer delay 
if the instruction prior to the clock was 4 or 12 or ifl.U]) was LOW. 

5-13 

Hold Set-up Hold 

0 16 0 

0 30 0 

0 38 0 

0 35 0 

0 35 0 

0 18 0 
0 20 0 

3. The enable/disable times are measured to a 0.5 Volt change on the 
output voltage level with CL = 5 pF. 



·~~==:=;:=;:;;;;;:=;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;~=:;;;;:;;;;;;;======:=;=========CY==2=9=1=0A= 
Table of Instructions 

REG/ RF.SULT 
CNTR FAIL PASS 

13"'."IO MNEMONIC NAME CCEN =Land CC= H CCEN' =Hor CC= L REG/ CON· CNTR ENABLE 
TENl'S y STACK y STACK 

0 JZ Jumi>_Zero x 0 Clear 0 Clear Hold PL 
I CJS CondJSBPL x PC Hold D Push Hold PL 
2 IMAP Jum_p_ Ma__p_ x D Hold D Hold Hold Maj>_ 

3 C1P CondJum_l>_PL x PC Hold D Hold Hold PL 
4 PUSH Push/Cond LD CNTR x PC Push PC Push Llli_ote I) PL 
5 JSRP Cond JSB R/PL x R Push D Push Hold PL 
6 C1V Cond Jum..2_ Vector x PC Hold D Hold Hold Vect 
7 1RP CondJum..2_R/PL x R Hold D Hold Hold PL 

8 RFCT Repeat Loop, #0 F Hold F Hold Dec PL 
CNTR#O =O PC POP PC P()p Hold PL 

9 RPCT Repeat PL, #0 D Hold D Hold Dec PL 
CNTR#O =O PC Hold PC Hold Hold PL 

10 CRTN CondRTN x PC Hold F 1='<>l>_ Hold PL 
11 CJPP Cond Jum__p_ PL & I><>]>_ x PC Hold D Pop Hold PL 
12 LDcr LD Cntr & Continue x PC Hold PC Hold Load PL 
13 LOOP Test End Loop x F Hold PC Pop Hold PL 
14 CONT Continue x PC Hold PC Hold Hold PL 

15 TWB Three-Way Branch #0 F Hold PC p~ Dec PL 
=O D Pop PC p~ Hold PL 

Notes: 
I. If~= Land CC= H,hold;elscload. H=HIGH L=LOW X = Don't Care 

Ordering Information 

Clock 
Package Operating 

Cycle Ordering Code 
(ns) Type Range 

50 CY2910ADC DIS Commercial 

CY2910AJC 161 

CY2910ALC L67 

CY2910APC P17 

51 CY2910ADMB DIS Military 

CY2910ALMB L67 

5-14 



~.-~ .... :.~ CY3341 ---· 
'iE CYPRESS 
? SEMICONDUCTOR 64 x 4 FIFO Serial Memory 

Features 
• 1.2/2 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 horizontal expansion. 

The 3341 is manufactured using Cy
press CMOS technology and is avail
able in both ceramic and plastic pack
ages. 

Logic Block Diagram 

Data Input 

The four bits of data on the Do through 
D3 inputs are entered into the first lo
cation when both Input Ready (IR) 
and Shift In (SI) are HIGH. This caus
es IR to go LOW but data will stay 
locked in the first bit location until 
both IR and SI are LOW. Then data 
will propagate to the second bit loca
tion, provided the location is empty. 
When data is transferred, IR will go 
HIGH indicating that the device is 
ready to accept new data. If the memo
ry is full, IR will stay LOW. 

Data Transfer 

Once data is entered into the second 
cell, the transfer of any full cell to the 
adjacent (downstream) empty cell is 
automatic, activated by an on-chip con
trol. Thus, data will stack up at the end 
of the device while empty locations will 
"bubble" to the front. tBT defines the 
time required for the first data to travel 
from the input to the output of a previ
ously empty device, or for the first 
empty space to travel from the output 
to the input of a previously full device. 

Data Output 

When data has been transferred into 
the last cell, Output Ready (OR) goes 

SI 

IA 

INPUT 
CONTROL 

LOGIC WRITE POINTER 

Do 
D, 
Dz 
D3 

DATA 
IN 

MASTER 
RESET 

Selection Guide 

WRITE MULTIPLEXER 

MEMORY 
ARRAY 

READ POINTER 

Maximum Operating Frequency 

Maximum Operating 
Current (mA) 

Commercial 

Military 

5-15 

Clo 
01 
02 
03 

so 

OR 

0004-1 

HIGH, indicating the presence of valid 
data at the output pins Qo through QJ. 
The transfer of data is initiated when 
both the Output Ready output from 
the device and the Shift Out (SO) input 
to the device are HIGH. This causes 
OR to go LOW; output data, however, 
is maintained until both OR and SO 
are LOW. Then the content of the adja
cent (upstream) cell (provided it is full) 
will be transferred into the last cell, 
causing OR to go HIGH again. If the 
memory has been emptied, OR will 
stay LOW. 

Input Ready and Output Ready may 
also be used as status signals indicating 
that the FIFO is completely full (Input 
Ready stays LOW for at least tBT) or 
completely empty (Output Ready stays 
LOW for at least tBT)· 

Reset 

When Master Reset (MR) goes LOW, 
the control logic is cleared, and the 
data outputs enter a LOW state. When E 
MR returns HIGH, Output Ready 
(OR) stays LOW, and Input Ready 
(IR) goes HIGH if Shift In (SI) was 
LOW. 

Pin Configuration 

VGG• Vss 

IA so 
SI OR 

Do Oo 

D, a, 
Dz a, 
D3 03 

Voo MR 
0004-2 

*Internally not connected 

3341 3341·2 

1.2MHz 2.0MHz 

45 45 

60 60 



~ CY3341 
,..,.~~'DUCTOR:===================;;;;;;;;;;;::::=::;;;;;:;;;;;:;;;;;:;;;==========================::;;;;;;::;;;; 
Maximum Ratings 
(Above which the useful life may be impaired) 

Storage Temperature ............... - 65°C to + l 50"C Static Discharge Voltage ..................... >2001V 

Ambient Temperature with (per MIL-STD-883 Method 3015.2) 

Power Applied .................... - 55°C to + 125°C Latchup Current .......................... > 200 mA 

Supply Voltage to Grotind Potential 
(Pin 16 to Pin 8) ..................... -0.5V to + 7.0V Operating Range 

DC Voltage Applied to Outputs 
in HighZ State ...................... -0.5V:to +7.0V 

Range Ambient 
Vss Tempetature 

DC Input Voltage .. ; ................ -3.0V to + 7.0V Commercial O"Cto +70"C 5V ±10% 

Output Current, into Outputs (Low) ............. 20 mA Military - 55•c to + 125°c 5V ±10% 
*Interiially Not Connected. 

Electrical Characteristics Over the Operating Range 

Parameters Description Test Conditions Min. Max. 

VoH Output HIGH Voltage Vss = Min., IoH = -0.3 mA 2.4 

VoL Output LOW Voltage Vss = Min., IoL = 1.6 mA 0.4 

VIH Input HIGH Voltage 2.0 Vss 

V1L Input LOW Voltage -3.0 0.8 

Iix Input Leakage Current Yoo :s: V1 :s: Vss -10 +10 

Ios 
Output Short 

Vss = Max., Your= Yoo -90 
Circuit CurrentUI 

loo Power Supply Current Vss =Max., } Commercial 45 
lour= OmA Military 60 

loo Yoo Current 0 

Capacitance[2] 

Parameters Description Test Conditions Max. 

CIN Input Capacitance 

Cour Output Capacitance 

Notes: 
I. Not more than I output should be shorted at one time. Duration of 

the short circuit should not exceed 30 seconds. 

AC Test Loads and Waveforms 

Equivalent to: 

R12.42 Kil 

OUTPUTU--~----

30 pF R2 I 3.28KH 

INCLUDING 
JIG AND 

-::'SCOPE -::' 

THEVENIN EQUIVALENT 

1.05 KH 
OUTPUT~ 2.0SV 

0004-3 

0004-4 

TA= 25°C, f = 1 MHz 7 

Vss = 5.0V 10 

2. Tested on a sample basis. 

ALL INPUT PULSES , 

5-16 

Von Voo 

GND NC 

GND NC 

Units 

v 
v 
v 
v 

µ.A 

mA 

mA 

mA 

Units 

pF 
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~~~~DUCTOR =::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=:::==::=::=::=:: 

Switching Characteristics Over the Operating Range[3] 

Parameters Description Test 3341 3341-2 
Conditions Min. Max. Min. Max. 

fMAX Operating Frequency Note4 1.2 2 

tPHSI SI HIGH Time 80 80 

tPLSI SI LOW Time 80 80 

too Data Setup to SI 0 0 

tHSI Data Hold from SI 200 100 

trR+ Delay, SI HIGH to IR LOW 20 350 20 160 

trR- Delay, SI LOW to IR HIGH 20 450 20 200 

tPHSO SO HIGH Time 80 80 

tPLSO SOLOW Time 80 80 

toR+ Delay, SO HIGH to OR LOW 20 370 20 160 

toR- Delay, SO LOW to OR HIGH 20 450 20 200 

to A Data Setup to OR HIGH 0 0 

toH Data Hold from OR LOW 75 20 

tBT Bubble through Time 1000 500 

tMRW MR Pulse Width 400 200 

tosr MR HIGH to SI HIGH 30 30 

tooR MR LOW to OR LOW 400 200 

tmR MR LOW to IR HIGH 400 200 

Notes: 
3. Test conditions assume signal transitions of 10 ns or less. Timing 

reference levels of I.SY and output loading of the specified lor/loH 
and 30 pF load capacitance. 

4. lffMAX > tPHSI + t1R - , lffMAX > tPHSO + toR - · 

Switching Waveforms 
Data In Timing Diagram 

<--------1/fMAX-------+~-----1/fMAx-------< 

SHIFT IN 

INPUT READY 

DATA INPUT 

Data Out Timing Diagram 

----~------1/fMAx-----o-j 

SHIFT OUT 

OUTPUT READY 

DATA OUTPUT 
_____ __.$xx ho. ~ ..... "· _____ _ 

5-17 

Units 

MHz 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

0004-6 
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~~~CONDUCTa<::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;;;;;;;;;: 
Switching Waveforms (Continued) 

Master Reset Timing Diagram 

MASTER RESET "\ __ 

\._ 

INPUT READY 

OUTPUT READY 

SHIFT IN 

DATA OUTPUT 

Ordering Information 
Ordering Code Package 

(1.2MHz) Type 

CY3341PC Pl 
CY3341DC D2 

CY3341DMB D2 

lMRW 

to1R 

IDOR 

Operating 
Range 

Commercial 

Military 

.J 
~ 

_f 

\ 
tosi 

0004--8 

Ordering Code Package Operating 
(2MHz) Type Range 

Cy3341-2PC p( 
Commercial 

CY3341-2DC D2 

CY3341-2DMB D2 Military 
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CY7C401/CY7C403 
CY7C402/CY7C404 

'iE CYPRESS 
$' SEMICONDUCTOR Cascadeable 64 x 4 FIFO and 

64 x 5 FIFO 
Features 
• 64 x 4 (CY7C401 and CY7C403) 

64 x 5 (CY7C402 and CY7C404) 
High speed first-in first-out 
memory (FIFO) 

• Processed with high-speed 
CMOS for optimum 
speed/power 

• 25 MHz data rates available on 
CY7C403 and CY7C404 

• 50 ns bubble-through time-
25 MHz 

• Expandable in word width 
and/ or length 

• 5 volt power supply ± 10% 
tolerance both commercial and 
military 

• Independent asynchronous inputs 
and outputs 

• TTL compatible interface 

• Output enable function available 
on CY7C403 and CY7C404 

• Capable of withstanding greater 
than 2000V electrostatic 
discharge 

Logic Block Diagram 

SI 

IR 

INPUT 
CONTROL 

LOGIC 

DATA IN 

MASTER 
RESET 

( ) " 7C402, 7C404 
I I • 7e403, 7e404 

Selection Guide 

Maximum Shift Rate (MHz) 

Maximum Operating 
Current (mA) 

• Pin compatible with MMI 
67401A/67402A 

Functional Description 
The CY7C401 and CY7C403 are asyn
chronous first-in first-out memories 
(FIFOs) organized as 64 four bit 
words. The CY7C402 and CY7C404 
are similar FIFOs organized as 64 five 
bit words. Both the CY7C403 and 
CY7C404 have an Output Enable (OE) 
function. 

The devices accept 4/5 bit words at the 
data input (Dio-Din) under the con
trol of the Shift In (SI) input. The 
stored words stack up at the output 
(DOo-DOn) in the order they were en
tered. A read command on the Shift 
Out (SO) input causes the next to last 
word to move to the output and all 
data shifts down once in the stack. The 
Input Ready (IR) signal acts as a flag 
to indicate when the input is ready to 
accept new data (HIGH), to indicate 
when the FIFO is full (LOW), and to 
provide a signal for cascading. The 

Output Ready (OR) signal is a flag to 
indicate the output contains valid data 
(HIGH), to indicate the FIFO is empty 
(LOW), and to provide a signal for cas
cading. 

Parallel expansion for wider words is 
accomplished by logically ANDing the 
Input Ready (IR) and Output Ready 
(OR) signals to form composite signals. 

Serial expansion is accomplished by ty
ing the data inputs of one device to the 
data outputs of the previous device. 
The Input Ready (IR) pin of the receiv
ing device is connected to the Shift Out 
(SO) pin of the sending device, and the 
Output Ready (OR) pin of the sending 
device is connected to the Shift In (SI) 
pin of the receiving device. 

Reading and writing operations are 
completely asynchronous, allowing the 
FIFO to be used as a buffer between 
two digital machines of widely differing 
operating frequencies. The 25 MHz op-
eration makes these FIFOs ideal for a 
high speed communication and con- a 
troller applications. 

Pin Configurations 
CY7C401 NC 
CY7C4030E 

IR 

OUTPUT SI 
[(ll!J 

ENABLE Olo 

011 

OOo Dl2 

DATA 001 013 
OUT 

oo, 
003 GNO 
(004) 

I~ 
OUTPUT so ~ ~ ~ >8~ 

CONTROL 
LOGIC OR 

0014-1 

7C401/2-5 7C40X-10 

5 10 

Commercial 75 75 

Military - 90 

5-19 

Vee CY7C402 NC 
CY7C4040E 

so IR 

OR SI 

OOo Olo 

oo, 011 

oo, 012 

003 013 

MR 014 

0014-2 GNO 

NC 
OR 

7C40X-15 

15 

75 

90 

Vee 

so 
OR 

OOo 

001 

002 

003 

004 

MR 

0014-3 

OR 

7C402 17 DOo 
7C404 16 001 

15 002 
oo, 

0014-17 

7C403/4-25 

25 

75 

90 



CY7C401/CY7C403 
r<Vr>O"ss CY7C402/CY7C404 
SEMlCoNDUCTOR ====================================================================== 

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°C to + 125°C Latch-up Current .......................... > 200 mA 

Supply Voltage to Ground Potential .... -0.5V to + 7.0V 

DC Voltage Applied to Outputs 
Operating Range 

in High Z State ...................... -0.5V to + 7.0V 

DC Input Voltage ................... - 3.0V to + 7.0V 
Range Ambient 

Vee Temperature 

Power Dissipation ............................. I.OW Commercial O"Cto +70"C 5V ±10% 

Output Current, into Outputs (Low) ............. 20 mA Military -55'C to + 125'C 5V ±10% 

Electrical Characteristics Over Operating Range (Unless Otherwise Noted) 

Parameters Description Test Conditions 
7C40X-10, 15, 25 

Units 
Min. Max. 

VoH Output HIGH Voltage Vee= Min.,loH = -4.0mA 2.4 v 
VoL Output LOW Voltage V cc = Min., loL = 8.0 mA 0.4 v 
Yrn Input HIGH Voltage 2.0 6.0 v 
VrL Input LOW Voltage -3.0 0.8 v 
Irx Input Leakage Current GND,,;; Yr,,;; Vee -10 +10 µA 

Vcolll Input Diode Clamp Voltagelll 

Ioz Output Leakage Current GND,,;; YouT,,;; Vee. Vee= 5.5V -50 +so µA Output Disabled (CY7C403 and CY7C404) 

Ios Output Short Circuit Currentl2] Yee= Max., YouT = GND -90 mA 

Vee= Max., l Commercial 75 mA 
Ice Power Supply Current 

IouT = OmA J Military 90 mA 

Capacitance 
Parameters Description Test Conditions Max. Units 

CrN Input Capacitance TA = 25°C, f = 1 MHz 5 

CouT Output Capacitance Vee= 4.SV 7 
pF 

Notes: 
I. The CMOS process does not provide a clamp diode. However, the 

FIFO is insensitive to - 3V de input levels and - 5V undershoot 
pulses ofless than 10 ns (measured at 50% point). 

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

Note: 
For more information on FIFOs, please refer to the FIFO Application Brief in the Appendix of this book. 
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CY7C401/CY7C403 
· CY7C402/CY7C404 
~NDUCTOR ========================================================================== 

AC Test Load and Waveform 
R1 4370 

OUTPUT 0--------+ 

Equivalent to: 

30 pF 

I INCLUDING 
JIG AND 

"':" SCOPE "':"' 

Figure la 

R2 
2720 

THEVENIN EQUIVALENT 

167n 

Al 4370 
5 v o-----"lrVo.--, 

OUTPUT 0-------.. 
5 pF 

I INCLUDING 
_JIG ANO _ 
- SCOPE -

Figure lb 

R2 
212n 

OUTPUT 0--~"".*"+*"+---<0 1.73 V 

0014-6 

Switching Characteristics Over the Operating Rangel3l 

Test 
7C401-5 

Parameters Description 
Conditions 

7C402-5 

Min. Max. 

fo Operating Frequency Note4 5 

tPHSI SI HIGH Time 20 

tPLSI SI LOW Time 45 

tss1 Data Setup to SI Note5 0 

lHSI Data Hold from SI Note5 60 

toLJR Delay, SI HIGH to IR LOW 75 

tomR Delay, SI LOW to IR HIGH 75 

tpHSO SO HIGH Time 20 

tPLSO SOLOW Time 45 

to LOR Delay, SO HIGH to OR LOW 75 

to HOR Delay, SO LOW to OR HIGH 80 

tsoR Data Setup to OR HIGH 0 

tttso Data Hold from SO LOW 5 

teT Bubble through Time 200 

tsJR Data Setup to IR Note6 5 

tHJR Data Hold from IR Note6 30 

tpJR Input Ready Pulse HIGH 20 

tpoR Output Ready Pulse HIGH 20 

tPMR MR Pulse Width 40 

tos1 MR HIGH to SI HIGH 40 

tooR MR LOW to OR LOW 85 

tom MR LOW to IR HIGH 85 

tLZMR MR LOW to Output LOW Note7 50 

tooE Output Valid from OE LOW -

tHZOE Output HIGH-Z from OE HIGH Notes -
Notes: 

ALL INPUT PULSES 

0014-5 

0014-4 

7C40X-10 7C40X-15 
7C403-25 
7C404-25 <9l Units 

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

10 15 25 MHz 

20 20 11 ns 

30 25 24 ns 

0 0 0 ns 

40 30 20 ns 

40 35 21/22 ns 

45 40 28/30 ns 

20 20 11 ns 

25 25 24 ns 

40 35 19/21 ns 

55 40 34/37 ns 

0 0 0 ns 

5 5 5 ns 

10 95 10 65 10 50/60 ns 

5 5 5 ns 

30 30 20 ns 

20 20 15 ns 

20 20 15 ns 

30 25 25 ns 

35 25 10 ns 

40 35 35 ns 

40 35 35 ns 

40 35 25 ns 

35 30 20 ns 

30 25 15 ns 

3. Test conditions assume signal transition time of 5 ns or less, timing 
reference levels of I.SY and output loading of the specified IovioH 
and 30 pF load capacitance, as in Figure la. 

7. All data outputs will be at LOW level after reset goes high until data 
is entered into the FIFO. 

4. I/fo > tPHSI + toHIR· I/fo > tPHSO + toHOR 
5. tss1 and tHSI apply when memory is not full. 
6. ts1R and tmR apply when memory is full, SI is high and minimum 

bubble through ( teT) conditions exist. 

5-21 

8. HIGH-Z transitions are referenced to the steady-state VoH -500 mV 
and VOL + 500 m V levels on the output. tHZOE is tested with 5 pF 
load capacitance as in Figure 1 b. 

9. Commerical/Military 
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CY7C401/CY7C403 
CY7C402/CY7C404 

Operational Description 
CONCEPT 

Unlike traditional FIFOs these devices are designed using a 
dual port memory, read and write pointer, and control log
ic. The read and write pointers are incremented by the 
Shift Out (SO) and Shift In (SI) respectively. The availabil
ity of an empty space to shift in data is indicated by the 
Input Ready (IR) signal, while the presence of data at the 
output is indicated by the Output Ready (OR) signal. The 
conventional concept of bubble through is absent. Instead, 
the delay for input data to appear at the output is the time 
required to move a pointer and propagate an Output Ready 
(OR) signal. The Output Enable (OE) signal provides the 
capability to OR tie multiple FIFOs together on a common 
bus. 

RESETTING THE FIFO 

Upon power up, the FIFO must be reset with a Master 
Reset (MR) signal. This causes the FIFO to enter an empty 
condition signified by the Output Ready (OR) signal being 
LOW at the same time the Input Ready (IR) signal is 
HIGH. In this condition, the data outputs DOo-DOn) will 
be in a LOW state. 

SHIFTING DATA IN 

Data is shifted in on the rising edge of the Shift In (SI) 
signal. This loads input data into the first word location of 
the FIFO. On the falling edge of the Shift In (SI) signal, 
the write pointer is moved to the next word position and 
the Input Ready (IR) signal goes HIGH indicating the 
readiness to accept new data. If the FIFO is full, the Input 
Ready (IR) will remain LOW until a word of data is shift
ed out. 

SHIFTING DATA OUT 

Data is shifted out of the FIFO on the falling edge of the 
Shift Out (SO) signal. This causes the internal read pointer 
to be advanced to the next word location. If data is present, 
valid data will appear on the outputs and the Output 
Ready (OR) signal will go HIGH. If data is not present, 
the Output Ready (OR) signal will stay LOW indicating 
the FIFO is empty. Upon the rising edge of Shift Out (SO), 
the Output Ready (OR) signal goes LOW. Previous data 
remains on the output until the falling edge of Shift Out 
(SO). 

BUBBLE THROUGH 

Two bubble through conditions exist. The first is when the 
device is empty. After a word is shifted into an empty de
vice, the data propagates to the output. After a delay, the 
Output Ready (OR) flag goes HIGH indicating valid data 
at the output. 

The second bubble through condition occurs when the de
vice is full. Shifting data out creates an empty location 
which propagates to the input. After a delay, the Input 
Ready (IR) flag goes HIGH. If the Shift In (SI) signal is 
HIGH at this time, data on the input will be shifted in. 

APPLICATION OF THE 7C403-25/7C404-25 
AT25MHz 

Application of the CY7C403 or CY7C404 Cypress CMOS 
FIFO's requires attention to characteristics not easily spec-
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ified in a Datasheet, but necessary for reliable operation 
under all conditions. 

When an empty FIFO is filled with initial information, at 
maximum "shift in" SI frequency, followed by immediate 
shifting out of the data also at maximum "shift out" SO 
frequency, the designer must be aware of a window of time 
which follows the initial rising edge of the "output Ready" 
OR signal during which the SO signal is not recoginized. 
This condition exists only at high speed operation where 
more than one SO may be generated inside the prohibited 
window. This condition does not inhibit the operation of 
the FIFO at full frequency operation, but rather delays the 
full 25 MHz operation until after the window has passed. 

There are several implementation techniques to manage the 
window so that all SO signals are recognized: 

1. The first involves delaying SO operation such that it 
does not occur in the critical window. This can be ac
complished by causing a fixed delay of 40 ns "initiated 
by the SI signal only when the FIFO is empty" to inhibit 
or gate the SO activity. This however requires that the 
SO operation at least temporarily be synchronized with 
the input SI operation. In synchronous applications this 
may well be possible and a valid solution. 

2. Another solution not uncommon in synchronous appli
cations is to only begin shifting data out of the FIFO 
when it is greater than half full. This is a common meth
od of FIFO application, as earlier FIFOs could not be 
operated at maximum frequency when near full or emp
ty. Although Cypress FIFOs do not have this limitation, 
any system designed in this manner will not encounter 
the window condition described above. 

3. The window may also be managed by not allowing the 
first SO signal to occur until the window in question has 
passed. This can be accomplished by delaying the SO 
40 ns from the rising edge· of the initial OR "output 
ready" signal. This however involves the requirement 
that this only occurs on the first occurance of data being 
loaded into the FIFO from an empty condition and 
therefore requires the knowledge of "input ready" IR 
and SI conditions as well as SO. 

4. Handshaking with the OR signal can be a third method 
of avoiding the window in question. With this. technique 
the rising edge of SO, or the fact that the SO signal is 
HIGH, will cause the OR signal to go LOW. The SO 
signal is not taken low again, advancing the internal 
pointer to the next data, until. the OR signal goes LOW. 
This assures that the SO pulse that is initiated in the 
window will be automatically extended sufficient time to 
be recognized. 

5. There remains the decision as to what signal will be used 
to latch the data from the output of the FIFO into the 
receiving source. The leading edge of the OR signal is 
most appropriate because DATA is guaranteed to be 
stable prior to and after the OR leading edge for each 
FIFO. This is a solution for any number of FIFOs in 
parallel. 

Any of the above solutions will provide a solution for cor
rect operation of a Cypress FIFO at 25 MHz. The specific 
implementation is left to the designer and dependent on the 
specific application needs. 



CY7C401/CY7C403 
. CYPRESS CY7C402/CY7C404 

SEMICONDUCTOR =================================== 
Switching Waveforms 

Data In Timing Diagram 
14-------1/FO-------------l/FO-----~oJ 

SHIFT IN 

INPUT READY 

DATA IN 

Data Out Timing Diagram 
-----l/F0------------1/FO-----'"' 

SHIFT OUT 

OUTPUT READY 

DATA OUT 

0014-7 

----------------------------------------------0_0_14_-_a_ ~ 
Bubble Through, Data Out To Data In Diagram 

SHIFTOUT ___;~1----
SHIFT IN __/ \\.------

14----ter----~ 

INPUT READY 

DATA JN 

ts1R---<----tH1R---'"' 

0014-9 
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.,~~~ =================CY=7=C=40=2;;;;;/;;;;;C;;;Y;;;7:;C40;;;• ;;;;;;;4 
Switching Waveforms (Continued) 

Bubble Through, Data In To Data Out Diagram 

:~:-y!-,__J-+-----
1~-----tar----.i----

OUTPUT READY 

DATA OUT 

0014-10 

Master Reset Timing Diagram 

14--'™"-

MASTER RESET ~ f 
to1R 

INPUT READY J 
too A 

OUTPUT READY ' ., tos1 

J 
tLZMR 

DATA OUT 

0014-11 

Output Enable Timing Diagram 

OUTPUTENABLE _________ -4_··!..tH-ZO ...... E};~ . l-=(-----------
DATAOUT - -

NOTE 9 

0014-12 
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CY7C401/CY7C403 
· CY7C402/CY7C404 
~NDUCTOR ========================================================================== 

Typical DC and AC Characteristics 
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FIFO Expansion 
128 x 4 Application 

SHIFT IN SI OR SI OR OUTPUT READY 

INPUT READY IR so IR so SHIFT OUT 

MW•{ 
Dlo DOo Dlo DOo 

}Mm~ Dl1 D01 011 D01 

012 002 012 002 

013 MR 003 Dl3 MR 003 

MR 
0014-14 

FIFOs can be easily cascaded to any desired depth. The handshaking and associated timing between the FIFOs are handled by the inherent timing of 
the devices. 

192 x 12 Application 

SHIFT OUT 
IA so IA so IR so 

...----1 SI OR SI OR SI OR 

--1 Olo OOo Olo OOo Olo OOol-
__, 011 oo, 01, oo, 01, 001 I-

-I 012 002 01, 002 Dl2 D02I-

--1 Dl3 MR D03 Dl3 MR003 Dl3 Mii D03 I-

COMPOSITE 1 I y 
INPUT READY COMPOSITE 

a= so ~ 
OUTPUT READY 

IA so IA so IA 

~ ~SI OR SI OR SI OR 

-I Dlo DOo Dlo DOo Dlo DOol-
__,DI, D01 01, Do, Dl1 D01 I-

-I Dl2 D02 Dl2 D02 Dl2 D02I-

-1 Dia li'l'RD03 Dl3 MRD03 DI, MR D03I-

t I I 
IA so IR so IA so t--SHIFT IN 
SI OR SI OR SI OR 

-I Dlo DOo Dlo DOo Dlo DOo t-
..., Dl1 D01 Dl1 001 011 oo, t-
~ Dl2 D02 Dl2 002 Dl2 D02t-

-1 Dl3 MRD03 013 M'RD03 Dl3 MR D03 t-

'(__ J 1 MR 
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FIFOs are expandable in depth and width. However, in forming wider words two external gates are required to generate composite Input and Output 
Ready flags. This need is due to the variation of delays of the FIFOs. 

User Notes: 
I. When the memory is empty the last word read will remain on the 

outputs until the master reset is strobed or a new data word bubbles 
through to the output. However, OR will remain LOW, indicating 
data at the output is not valid. 

2. When the output data changes as a result of a pulse on SO, the OR 
signal always goes LOW before there is any change in output data and 
stays LOW until the new data has appeared on the outputs. Anytime 
OR is HIGH, there is valid stable data on the outputs. 

3. If SO is held HIGH while the memory is empty and a word is written 
into the input, that word will ripple through the memory to the out
put. OR will go HIGH for one internal cycle (at least toRL) and then 
go back LOW again. The stored word will remain on the outputs. If 
more words are written into the FIFO, they will line up behind the 
first word and will not appear on the outputs until SO has been 
brought LOW. 

4. When the master reset is brought LOW, the outputs are cleared to 
LOW, IR goes HIGH and OR goes LOW. IfSI is HIGH when the 
master reset goes HIGH then the data on the inputs will be written 
into the memory and IR will return to the LOW state until SI is 
brought LOW. IfSI is LOW when the master reset is ended, then IR 
will go HIGH, but the data on the inputs will not enter the memory 
until SI goes HIGH. 

5. All Cypress FIFOs will cascade with other Cypress FIFOs. However, 
they may not cascade with pin-compatible FIFO's from other manu
facturers. 
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Ordering Information 
Ordering Code Package Operating Ordering Code Package Operating Ordering Code Package Operating 

(25MHz) Type Range (15MHz) Type Range (lOMHz) Type Range 

CY7C403-25PC Pl Com. CY7C401-15PC Pl Com. CY7C401-10PC Pl Com. 

CY7C404-25PC P3 CY7C402-15PC P3 CY7C402-10PC P3 

CY7C403-250C 02 CY7C403-15PC Pl CY7C403-10PC Pl 

CY7C404-250C 04 CY7C404-15PC P3 CY7C404-10PC P3 

CY7C403-25LC L61 CY7C401-150C 02 CY7C401-100C 02 

CY7C404-25LC L61 CY7C402-150C D4 CY7C402-100C D4 

CY7C403-250MB 02 Mil. CY7C403-l 50C 02 CY7C403-100C 02 

CY7C404-250MB 04 CY7C404-150C D4 CY7C404-100C 04 

CY7C403-25LMB L61 CY7C401-15LC L61 CY7C401-10LC L61 

CY7C404-25LMB L61 CY7C402-15LC L61 CY7C402-10LC L61 

CY7C403-15LC L61 CY7C403-10LC L61 

CY7C404-15LC L61 CY7C404-10LC L61 

CY7C401-150MB D2 Mil. CY7C401-100MB 02 Mil. 

CY7C402-150MB D4 CY7C402-100MB 04 

CY7C403-150MB 02 CY7C403-100MB D2 
CY7C404-150MB D4 CY7C404-100MB 04 

CY7C401-15LMB L61 CY7C401-10LMB L61 

CY7C402-15LMB L61 CY7C402-10LMB L61 

CY7C403-15LMB L61 CY7C403-10LMB L61 

CY7C404-15LMB L61 CY7C404-10LMB L61 

Ordering Code Package Operating 
(5MHz) Type Range • CY7C401-5PC Pl Com. 

CY7C402-5PC Pl 
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PRELIMINARY 
CY7C408 
CY7C409 

, SEMICONDUCTOR Cascadeable 64 x 8 FIFO 
Cascadeable 64 x 9 FIFO 

Features 
• 64 x 8 and 64 x 9 first-in first· 

out (FIFO) buffer memory 

• 35 MHz shift-in and shift-out 
rates 

• Almost Fu1V Almost Empty and 
Half Full flags 

• Dual port RAM architecture 

• Fast, SO ns, bubblethrough 

• Independent asynchronous inputs 
and outputs 

• Output Enable (CY7C408) 

• Expandable in word· width and 
FIFO depth 

• SV ± 10% supply 

• TIL compatible 

• Capable of withstanding greater 
than 2000V electrostatic 
discharge voltage 

• 300 mil, 28-pin DIP 

Functional Description 
The CY7C408 and CY7C409 are 64-
word deep by 8- or 9-bit wide first-in 
first-out (FIFO) buffer memories. In 
addition to the industry standard hand
shaking signals Almost Full/ Almost 
Empty (AFE) and Half Full (HF) flags 
are provided. 

Logic Block Diagram 

AFE is HIGH when the FIFO is al
most full or almost empty. Otherwise 
AFE is LOW. HF is HIGH when the 
FIFO is half full, otherwise HF is 
LOW. 

The CY7C408 has an Output Enable 
(OE) function. 

The memory accepts 8- or 9-bit parallel 
words at its inputs (DIO-D18) under 
the control of the Shift-In (SI) input 
when the Input-Ready (IR) control sig
nal is HIGH. The data is output, in the 
same order as it was stored, on the 
DOO-D08 output pins under the con
trol of the Shift-Out (SO) input when 
the Output-Ready (OR) control signal 
is HIGH. If the FIFO is full (IR LOW) 
pulses at the SI input are ignored: if the 
FIFO is empty (OR LOW) pulses at 
the SO input are ignored. 

The IR and OR signals are also used to 
connect the FIFO's in parallel to make 
a wider word, or in series to make a 
deeper buffer, or both. 

Parallel expansion for wider words is 
implemented by logically ANDing the 
IR and OR outputs (respectively) of 
the individual FIFOs together. The 
AND operation insures that all of the 
FIFOs are either ready to accept more 

WRITE POINTER 

SI INPUT AFE 
CONTROL 

IR LOGIC WRITE MULTIPLEXER HALF FULL 
HF 

D?• 
'I'- MEMORY 

o07 DATA ARRAY DATA 
Dt7 IN OUT 

data (IR HIGH) or are ready to output 
data (OR HIGH) and thus compensate 
for variations in propagation delay 
times between devices. 

Serial .expansion for deeper buffer 
memories is accomplished by connect
ing the data outputs <ifthe FIFO clos
est to the data source (upstream device) 
to the data inputs of the following 
(downstream) FIFO. In addition, to in
sure proper operation, the SO signal of 
the upstream FIFO must be connected 
to the IR output of the downstream 
FIFO and the SI signal of the down
stream FIFO must be connected to the 
OR output of the upstream FIFO. In 
this serial expansion configuration 
(called cascade) the IR and OR signals 
are used to pass data through full and 
empty FIFOs. 

Reading and writing operations are 
completely asynchronous, allowing the 
FIFO to be used as a buffer between 
two digital machines of widely differing 
operating frequencies. The high shift-in 
and shift-out rates of these FIFOs, and 
their high throughput rate due to the 
fast bubblethrough time, which is due 
to their dual port RAM architecture, 
make them ideal for high speed com
munications and controllers. 

Pin Configurations 

7C408 
7C409 

(7C409) Dia D08 (7C409) 

READ MULTIPLEXER 

MASTER MR RESET READ POINTER 

Flag Definitions 

HF AFE Words Stored 

L H 0-8 
L L 9-31 
H L 32-55 
H H 56-64 

OE(7C408) 

OUTPUT OR 
CONTROL 

LOGIC so 

0065-1 

16 007 

15 OE 7C408 
oo, 7C409 

0065-2 

.t.321282728 
Dljf 5 25 OR 

Dl1 6 2-4 00.e 
GND 7 23 D01 

Dl2 ~= 22 GND 
Dl3 21 002 
Dl4 10 20 003 
Dl5 11 19 004 

12131-415181718 

aai_l8&8 
~ ~ 0065-3 
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Selection Guide 
7C408-15 7C408-25 7C408-35 
7C409-15 7C409-25 7C409-35 

Maximum Shift Rate (MHz) 15 25 35 

Maximum Operating Commercial 100 100 100 
Current (mA) Military 120 120 120 

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

Storage Temperature ............... -65°C to + 150°C Static Discharge Voltage ..................... > 2001 V 

Ambient Temperature with (per MIL-STD-883 Method 3015.2) 

Power Applied .................... - 55°C to + 125°C Latch-up Current .......................... > 200 mA 

Supply Voltage to Ground Potential .... -0.5V to + 7.0V 

DC Voltage Applied to Outputs 
Operating Range 

in High Z State ...................... -0.SV to+ 7.0V 

DC Input Voltage ................... -3.0V to + 7.0V 

Power Dissipation ............................. I.OW 
Output Current, into Outputs (Low) ............. 20 mA 

Range Ambient 
Vee Temperature 

Commercial O'Cto +70'C 5V ±10% 

Military -55'C to + 125'C 5V ± 10% 

Electrical Characteristics Over Operating Range (Unless Otherwise Noted) 

CY7C408 
Parameters Description Test Conditions CY7C409 Units 

Min. Max. 

VoH Output HIGH Voltage Vee= Min.,loH = -4.0mA 2.4 v 
VoL Output LOW Voltage V cc = Min., loL = 8.0 mA 0.4 v 
VIH Input HIGH Voltage 2.0 Vee v 
VrL Input LOW Voltage -3.0 0.8 v 
Irx Input Leakage Current GND s Vr s Vee -10 +10 µA 

Ios Output Short Circuit Current[!] Vee= Max., VouT = GND -90 mA 

Vee= Max., louT = O mA Commercial 100 mA 
IccQ Quiescent Power Supply Current VIN s VrL, VrN 2 VIH Military 125 mA 

Icc[21 fso = 35 MHz, fsr = 35 MHz Commercial 135 mA 
Power Supply Current 

Military 160 mA 

Capacitance [3] 
Parameters Description Test Conditions Max. Units 

CrN Input Capacitance TA= 25'C, f = I MHz 5 

CouT Output Capacitance Vee= 4.5V 7 
pF 

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

shorted. Short circuit test duration should not exceed 30 seconds. 
3. Tested on a sample basis. 

2. Ice = IccQ + I mA/MHz x (fsr + fso)/2 

AC Test Load and Waveform 

Equivalent to: 

R1 4370 
• v o----'\N'v--, 

OUTPUTO-------o 

30 pf ~~20 I INCLUDING 
JIG AND 

-:"'SCOPE ~ 

Figure 1 

THEVENIN EQUIVALENT 
167!1 

OUTPUT 0>---""''Y .. ~ ... ,..---<0 1.73V 

0065-5 

Figure 2. All Input Pulses 
0065-4 

0065-6 
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Switching Characteristics Over the Operating Rangel4l 

Test 
Parameters Description 

Conditions 

fo Operating Frequency Note5 

tPHSI SI HIGH Time 

tPLSI SI LOW Time 

tssr Data Setup to SI Note6 

tHSI Data Hold from SI Note6 

tnLIR Delay, SI HIGH to IR LOW 

tDHIR Delay, SI LOW to IR HIGH 

tpHso SO HIGH Time 

tPLSO SOLOW Time 

tDLOR Delay, SO HIGH to OR LOW 

tDHOR Delay, SO LOW to OR HIGH 

tsoR Data Setup to OR HIGH 

tHSO Data Hold from SO LOW 

tBT Bubblethrough Time 

tsrR Data Setup to IR Note7 

tHIR Data Hold from IR Note7 

tprR Input Ready Pulse HIGH 

tpoR Output Ready Pulse HIGH 

tnLZOE OE LOW to LOW Z (7C408) 

tDHZOE OE HIGH to HIGH Z (7C408) 

tDHHF SI LOW to HF HIGH 

tDLHF SO LOW to HF LOW 

to LAFE SO or SI LOW to AFE LOW 

toHAFE SO or SI LOW to AFE HIGH 

tPMR MR Pulse Width 

tosr MR HIGH to SI HIGH 

tooR MR LOW to OR LOW 

tmR MR LOW to IR HIGH 

tLZMR MR LOW to Output LOW Notes 

tAFE MR LOW to AFE HIGH 

tHF MR LOW to HF LOW 

Notes: 
4. Test conditions assume signal transition time of 5 ns or less, timing 

reference levels of J.5V and output loading of the specified Ior/loH 
and 30 pF load capacitance, as in Figure I. 

5. I/fo > tPHSI + tnHJR. I/fo > IPHSO + tnHOR· 
6. tss1 and tHsI apply when memory is not full. 
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CY7C409-15 CY7C409-25 CY7C409-35 
Units 

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

15 25 35 MHz 

23 11 9 ns 

25 24 17 ns 

0 0 0 ns 

30 20 10 ns 

35 21 15 ns 

40 23 16 ns 

23 11 9 ns 

25 24 17 ns 

35 21 15 ns 

40 23 16 ns 

0 0 0 ns 

0 0 0 ns 

10 65 10 60 10 50 ns 

5 5 5 ns 

30 20 20 ns 

23 15 10 ns 

23 15 10 ns 

35 30 25 ns 

35 30 25 ns 

65 55 45 ns 

65 55 45 ns 

65 55 45 ns 

65 55 45 ns 

55 45 35 ns 

25 10 10 ns 

55 45 35 ns 

55 45 35 ns 

55 45 35 ns 

55 45 35 ns 

55 45 35 ns 

7. ts1R and tHJR apply when memory is full, SI is HIGH and minimum 
bubblethrough (tBT) conditions exist. 

8. All data outputs will be at LOW level after reset goes HIGH until 
data is entered into the FIFO. 



CY7C408 
CYPRF:sS PRELIMINARY CY7C409 

EMICONDUCTOR ==================================== 
Switching Waveforms 

Data In Timing Diagram 

t-------t/FO-------f.~------1/FO--------< 

SHIFT IN 

NPUT READY 

DATA IN 

AFE 

HF 
(LOW) 

0065-7 

© FIFO Contains 8 Words 

Data Out Timing Diagram 

14-----1/FO-----~-----l/FO------' 

SHIFT OUT 

OUTPUT READY 

DATA OUT 

(LOW) 

HF 

AFE 

0065-6 

@ FIFO Contains 9 Words 
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Switching Waveforms (Continued) 

Data In Timing Diagram 

14-------1/FO-------.ol.--------J/FO------~..J 

SHIFT IN 

NPUT READY 

DATA IN 

AFE 
(LOW) 

HF 

0065-14 

@ FIFO Contains 31 Words 

Data Out Timing Diagram 

14------1/FO-----~------l/FO-------< 

SHIFT OUT \.......__ 

OUTPUT READY 

DATA OUT 

HF 

AFE 
(LOW) 

0065-15 

© FIFO Contains 32 Words 

OUTPUT ENABLE 

_ _....:._4 ... :- _k~.=1--
};TE9 ---{ 

DATA OUT 

0065-20 
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Switching Waveforms (Continued) 

Data In Timing Diagram 

t--------1/FO------..... ~-----l/FO-------+i 

SHIFT IN 

NPUT READY 

DATA IN 

HF 

AFE 

0065-16 

®FIFO Contains 55 Words 

Data Out Timing Diagram 

1+-----l/F0,------+1...-----l/FO------I 

SHI Ff OUT 

OUTPUT READY II 
DATA OUT 

AFE 

HF (HIGH) 

0065-17 

@FIFO Contains 56 Words 

Bubblethrough, Data Out to Data In Diagram 

SHIFTOUT ___/~t------.. 
SHIFT IN __/ \'--------

i.----ter------i 

INPUT READY 

DATA IN 

tslR---t-----tHIR---.-1 
0065-9 
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CY7C408 
• CYPRESS PRELIMINARY CY7C409 

. . SEMICCtlD~================================================= 
Switching Waveforms (Continued) 

Fallthrough, (Bubblethrough) Data In to Data Out Diagram 

SHIFT IN 

SHIFT OUT 

--~ -taT-ytPOR=i 
OUTPUT READY 

..... ~~~~~~~-

_~~~~~--~-~·---------------DATA OUT L 
0065-10 

Master Reset Timing Diagram 

f4--tPMR-

MASTER RESET "\ ... _f-
to1R 

INPUT REAOY ~ 
tooR 

OUTPUT READY \ 
tos1 

} SHIFT IN 

tLZMR 

DATA OUT \ 
HF IOHF 

~ 

toAFE v 
Ji 

AFE 

0065-11 
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. CYPRFSS PRELIMINARY CY7C409 

SEMICONDUCTOR============================================================ 
Architecture of the CY7C408 and CY7C409 
The CY7C408 and CY7C409 FIFOs consist of an array of 
64 words of 8- or 9-bits each (which are implemented using 
a dual port RAM cell), a write pointer, a read pointer and 
the control logic necessary to generate the handshaking 
(SI/IR, SO/OR) signals as well as the Almost Full/ Almost 
Empty (AFE) and the Half Full (HF) flags. The handshak
ing signals operate in a manner identical to those of the 
industry standard CY7C401/402/403/404 FIFOs. 

Dual Port RAM 
The dual port RAM architecture refers to the basic memo
ry cell used in the RAM. The cell itself enables the read 
and write operations to be independent of each other, 
which .is necessary to achieve truly asynchronous operation 
of the mputs and outputs. A second benefit is that the time 
required to increment the read and write pointers is much 
less than the time that would be required for data to propa
gate through the memory, which would be the case ifthe 
memory were implemented using the conventional register 
array architecture. 

Bubblethrough and Fallthrough 
The time required for data to propagate from the input to 
the output of an initially empty FIFO is defined as the 
Fallthrough time. 

The time required for an empty location to propagate from 
the output to the input of an initially full FIFO is defined 
as the Bubblethrough time. 

The maximum rate at which data can be passed through 
the FIFO (called the throughput) is limited by the fall
through time when it is empty (or near empty) and by the 
bubblethrough time when it is full (or near full). 

The conventional definitions offallthrough and bubble
through do not apply to the CY7C408 and CY7C409 
FIFOs because the data is not physically propagated 
through the memory. The read and write pointers are in
cremented instead of moving the data. However, the pa
rameter is specified because it does represent the worst case 
propagation delay for the control signals. That is, the time 
required to increment the write pointer and propagate a 
signal from the SI input to the OR output of an empty 
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FIFO or the time required to increment the read pointer 
and propagate a signal from the SO input to the IR output 
of a full FIFO. 

Resetting the FIFO 
Upon power up the FIFO must be reset with a Master 
Reset (MR) signal. This causes the device to enter the emp
ty condition, which is signified by the OR signal being 
LOW at the same time that the IR signal is HIGH. In this 
condition, the data outputs (D00-008) will be LOW. 
The AFE flag will be HIGH and the HF flag will be LOW. 

Shifting Data Into the FIFO 
The availability of an empty location is indicated by the 
HIGH state of the Input Ready (IR) signal. When IR is 
HIGH a LOW to HIGH transition on the Shift-In (SI) pin 
will load the data on the DIO-DI8 inputs into the FIFO. 
The IR output will then go LOW, indicating that the data 
has been sampled. The HIGH to LOW transition of the SI 
signal initiates the LOW to HIGH transition of the IR 
signal, as well as the AFE flag LOW to HIGH transition if 
the FIFO is almost full or almost empty. 

Shifting Data Out of the FIFO 
The availability of data at the outputs of the FIFO is indi
cated by the HIGH state of the Output Ready (OR) signal. 
After the FIFO is reset all data outputs (D00-008) will 
be in the LOW state. As long as the FIFO remains empty 
the OR signal will be LOW and all Shift Out (SO) pulses 
applied to it will be ignored. After data is shifted into the 
FIFO the OR signal will go HIGH. The external control S 
logic (designed by the user) should use the HIGH state of 
the OR signal to generate a SO pulse. Every data word 
except the first is shifted out in response to the falling edge 
of the SO pulse. 

AFE and HF Flags 
Two flags, Almost Full/ Almost Empty (AFE) and Half 
Full (HF), describe how many words are stored in the 
FIFO. AFE is HIGH when there are eight or less, or 56 or 
more, words stored in the FIFO. Otherwise the AFE flag is 
LOW. HF is HIGH when there are 32 or more words 
stored in the FIFO, otherwise the HF flag is LOW. Flag 
transitions occur relative to the falling edges of SI and SO. 



&r.~UCTOR 
CY7C408 

PRELIMINARY CY7C409 

Shifting Words In 
EMPTY FULL 

1 2 8 9 10 31 32 33 55 56 57 64 

SHIFT IN ..fl_fl ... ···~··· ... n 
HF 

AFE 

0065-18 

Shifting Words Out 
FULL EMPTY 

64 63 56 55 54 32 31 30 9 8 7 1 

SHIFT OUT ..fl_fl ••• ... n 
HF 

AFE 

0065-19 

5-36 
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PRELIMINARY 

CY7C408 
CY7C409 

FIFO Expansion 
128 x 9 Configuration 

HF /AFE 

SHIFT IN 

INPUT READY 

DATA IN 

MR 

___.. 

SI 

IR 

Dia 

Dl1 

Dl2 

Dl3 

Dl4 

Dis 

Dis 

Dl7 

Dig 

HF /AFE 

OR 

so 
DO a ...... 

D01 

D02 

D03 -.-

D04 

DOs 

D05 

D07 

- DOa 
MR 

1 

SI 

IR 

Dia 

Dl1 

Dl2 

Dl3 

Dl4 

Dis 

Dis 

Dl7 

Dig -
MR 

j 

OR 

so 
DO a 

D01 

D02 

D03 

D04 

DOs 

DOs 

D07 

DOa 

-.- OUTPUT READY 

SHIFT OUT 

DATA OUT 

0065-12 

FIFOs can be easily cascaded to any desired depth. The handshaking and associated timing between the FIFOs are handled by the inherent timing of the 
devices. 

User Notes: 
I. When the memory is empty the last word read will remain on the 

outputs until the master reset is strobed or a new data word bubbles 
through to the output. However, OR will remain LOW, indicating 
data at the output is not valid. 

2. When the output data changes as a result of a pulse on SO, the OR 
signal always goes LOW before there is any change in output data and 
stays LOW until the new data has appeared on the outputs. Anytime 
OR is HIGH, there is valid stable data on the outputs. 

3. IfSO is held HIGH while the memory is empty and a word is written 
into the input, that word will ripple through the memory to the out
put. OR will go HIGH for one internal cycle (at least tnLOR) and 
then go back LOW again. The stored word will remain on the out-
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puts. If more words are written into the FIFO, they will line up 
behind the first word and will not appear on the outputs until SO has 
been brought LOW. 

4. When the master reset is brought LOW, the outputs are cleared to 
LOW, IR goes HIGH and OR goes LOW. IfSI is HIGH when the 
master reset goes HIGH then the data on the inputs will be written 
into the memory and IR will return to the LOW state until SI is 
brought LOW. lfSI is LOW when the master reset is ended, then IR 
will go HIGH, but the data on the inputs will not enter the memory 
until SI goes HIGH. 

5. All Cypress FIFOs will cascade with other Cypress FIFOs. However, 
they may not cascade with FIFOs from other manufacturers. 
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FIFO Expansion (Continued) 

192 x 27 Configuration 

HF/AFE.---------. 

SHIFT IN 

t--t--tlR 

SI 

Dlo 

011 

012 

Dl3 

014 

Dl5 

Dis 

Dl7 

Dia 

IR 

---1------e---1s1 
Dlo 

Dl1 

Dl2 

Dl3 

Dl4 

Dl5 

Dis 

Dl7 

Dia 
MR 

..-------.HF /AFE 

MR MR 

MR 

MR 

SHIFT OUT 

COMPOSITE 
OUTPUT READY 

MR 
0065-13 

FIFOs are expandable in depth and width. However, in forming wider words two external gates are required to generate composite Input and Output 
Ready flags. This need is due to the variation of delays of the FIFOs. 

User Notes: 
I. When the memory is empty the last word read will remain on the 

outputs until the master reset is strobed or a new data word bubbles 
through to the output. However, OR will remain LOW, indicating 
data at the output is not valid. 

2. When the output data changes as a result of a pulse on SO, the OR 
signal always goes LOW before there is any change in output data and 
stays LOW until the new data has appeared on the outputs. Anytime 
OR is HIGH, there is valid stable data on the outputs. 

3. If SO is held HIGH while the memory is empty and a word is written 
into the input, that word will ripple through the memory to the out
put. OR will go HIGH for one internal cycle (at least toLOR) and 
then go back LOW again. The stored word will remain on the out-
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puts. If more words are written into the FIFO, they will line up 
behind the first word and will not appear on the outputs until SO has 
been brought LOW. 

4. When the master reset is brought LOW, the outputs are cleared to 
LOW, IR goes HIGH and OR goes LOW. IfSI is HIGH when the 
master reset goes HIGH then the data on the inputs will be written 
into the memory and IR will return to the LOW state until SI is 
brought LOW. lfSI is LOW when the master reset is ended, then IR 
will go HIGH, but the data on the inputs will not enter the memory 
until SI goes HIGH. 

5. All Cypress FIFOs will cascade with other Cypress FIFOs. However, 
they may not cascade with FIFOs from other manufacturers. 
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Ordering Information 

Frequency 
Ordering Code 

Package Operating 
(MHz) Type Range 

Frequency 
Ordering Code 

Package Operating 
(MHz) Type Range 

35 CY7C408-35PC P21 Commercial 35 CY7C409-35PC P21 Commercial 
CY7C408-35DC D22 CY7C409-35DC D22 
CY7C408-35LC L64 CY7C409-35LC L64 

CY7C408-35DMB D22 Military CY7C409-35DMB D22 Military 
CY7C408-35LMB L64 CY7C409-35LMB L64 

25 CY7C408-25PC P21 Commercial 25 CY7C409-25PC P21 Commercial 
CY7C408-25DC D22 CY7C409-25DC D22 
CY7C408-25LC L64 CY7C409-25LC L64 

CY7C408-25DMB D22 Military CY7C409-25DMB D22 Military 
CY7C408-25LMB L64 CY7C409-25LMB L64 

15 CY7C408-15PC P21 Commercial 15 CY7C409-15PC P21 Commercial 
CY7C408-15DC D22 CY7C409-15DC D22 
CY7C408-15LC L64 CY7C409-l 5LC L64 

CY7C408-15DMB D22 Military CY7C409-15DMB D22 Military 
CY7C408-15LMB L64 CY7C409-15LMB L64 
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CY7C412 

CY7C424/CY7C429 

JF SEMICONDUCTOR Cascadeable 512 x 9 FIFO 
Cascadeable 1024 x 9 FIFO 
Cascadeable 2048 x 9 FIFO 

Features 
• 512 x 9, 1024 x 9, 2048 x 9 

FIFO buffer memory 

• Dual port RAM cell 

• Asynchronous read/write 

• High speed 25 MHz read/write 
independent of depth/width 

• Low operating power 
Ice (max.) = 100 mA commercial 
Ice (max.) = 120 mA military 

• Lower standby power 
Ice (max.) = 8 mA commercial 
Ice (max.) = 15 mA military 

• Automatic power down 

• Half full flag in standalone 

• Empty and full flags 

• Automatic retransmit in 
standalone 

• Expandable in width and depth 

• Parallel Cascade minimizes 
bubblethrough 

• 5V ± 10% supply 

Logic Block Diagram 
DATA INPUTS 

{DO-DB) 

• TTL compatible 

• Three-state outputs 

• CY7C412 pin compatible and 
functional equivalent to MK4501 

Functional Description 
The CY7C412, CY7C424, and 
CY7C429 are, respectively, 512, 1024, 
and 2048 words by 9-bit wide first-in 
first-out (FIFO) memories organized 
such that the data is read in the same 
sequential order that it was written. 
Full and Empty flags are provided to 
prevent over-run and under-run. Three 
additional pins are also provided to fa
cilitate expansion in width, depth, or 
both. The depth expansion technique 
steers the control signals from one de
vice to another in parallel, th us elimi
nating the serial addition of propaga
tion delays so that throughput is not 
reduced. Data is steered in a similar 
manner. 

The read and write operations may be 
asynchronous; each can occur at a rate 
of 25 MHz. The write operation occurs 

when the Write (W) signal is LOW and 
Read (R) is HIGH. Read occurs when 
Read (R) goes LOW and Write <YI) is 
HIGH. The 9 data outputs~ to the 
high impedance state when R is 
HIGH. 

A Half-Full (HF) output flag is provid
ed that is valid in the standalone and 
parallel expansion configurations. In 
the depth expansion configuration this 
pin is used to tell the next FIFO that it 
will be receiving data. 

In the standalone and parallel expan
sion configurations a LOW on the Re
transmit (RT) input causes the FIFO's 
to retransmit the data. Read Enable 
(R) and Write Enable <YI) must both 
be HIGH during retransmit. 

The CY7C412, CY7C424, and 
CY7C429 are fabricated using an ad
vanced 1.2 micron N-well CMOS tech
nology. Input ESD protection is great
er than 2000V and latchup is prevented 
by careful layout, guard rings and a 
substrate bias generator. 

Pin Configurations 

LCC DIP 
Top View 

02 
01 
DO 
Xi 
ff 
00 
01 
NC 

02 

+-MR 
-fl/Rf 

0081-1 
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Top View 

4 3 2 1 323130 
5 29 
6 28 
7 27 
B 26 
9 25 
10 24 
11 23 
12 22 
13 21 

14151617181920 

I<'! co c Ult:t: '<I' Lt'l 
0 0 l5 :z; 0 0 

06 
07 
NC 

fl/RT 
Mil 
Ef 
XO/ITT 
07 
06 

0081-3 

Vee 
04 

DS 

DO 

07 

fl/Rl' 

06 

as 
04 

0081-2 
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Selection Guide 

7C412-30 7C412-40 7C412-65 
7C424-30 7C424-40 7C424-65 
7C429-30 7C429-40 7C429-65 

Address Access Time (ns) 30 40 65 

Maximum Operating l Commercial 100 100 100 
Current (mA) l Military 120 120 120 

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

Storage Temperature ............... - 65°C to + 150°C Static Discharge Voltage ..................... > 2001 V 

Ambient Temperature with (per MIL-STD-883 Method 3015.2) 

Power Applied .................... - 55°C to + 125°C Latch-up Current .......................... > 200 mA 

Supply Voltage to Ground Potential .... -0.5V to + 7.0V 

DC Voltage Applied to Outputs 
in High Z State ...................... -0.5V to + 7.0V 

DCinputVoltage ................... -3.0Vto +7.0V 

Operating Range 

Range 
Ambient 

Temperature 

Power Dissipation ............................. LOW Commercial O'C to +10°c 

Output Current, into Outputs (Low) ............. 20 mA Military - 55°C to + 125°C 

Electrical Characteristics Over Operating Range 

Parameters Description Test Conditions 

VoH Output HIGH Voltgage Vee= Min.,IQH = -2mA 

VoL Output LOW Voltage Vee= Min., loL = 8.0mA 

Vrn Input HIGH Voltage 

VrL Input LOW Voltage 

Irx Input Leakage Current GND,;; Vr,;; Vee 

Vee= Max., Commercial 

Ice Operating Current loUT = OmA 
f= 25MHz Military 

Vee= Max., Commercial 
Isa Standby Current 

IouT = OmA Military 

Ios Output Short Circuit Currendll Vee = Max., VouT = GND 

Capacitance [2] 

Parameters Description Test Conditions 

CrN Input Capacitance TA= 25'C, f = 1 MHz 

CouT Output Capacitance Vee= 4.5V 

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

shorted. Short circuit test duration should not exceed 30 seconds. 
2. Tested on a sample basis. 
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CY7C412 
CY7C424 
CY7C429 

Min. Max. 

2.4 

0.4 

2.0 Vee 

-3.0 0.8 

-10 +10 

100 

120 

8 

15 

-90 

Max. 

5 

7 

Vee 

5V ± 10% 

5V ±10% 

Units 

v 
v 
v 
v 

µA 

mA 

mA 

mA 

mA 

mA 

Units 

pF 
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AC Test Load and Waveform 

Equivalent to: 

Rl 4370 

OUTPUTO-------

30pF 

I INCLUDING 
JIG AND 

":"SCOPE ":" 

Figure 1 

THEVENIN EQUIVALENT 
167!1 

R2 
2720 

OUTPUT 0--......, •• ,.. ... ,.. .. ..---0 1.73V 

0081-4 

0081-6 

Switching Characteristics Over. the Operating RangeUI 

7C412·30 
7C424-30 

Parameter Description 7C429-30 

Min. Max. 

tRC Read Cycle Time 40 

tAA Address to Data Valid 30 

tRR Read Recovery Time 10 

tpR Read Pulse Width 30 

tLZR Read LOW to Low Z 5 

tnvR Read HIGH to Data Valid 5 

tHzR Read HIGH to High Z 20 

twc Write Cycle Time 40 

tpw Write Pulse Width 30 

tLzw Write LOW to Low Z 10 

twR Write Recovery Time 10 

tsn Data Set-Up Time 18 

tHD Data Hold Time 0 

tMRSC MR Cycle Time 40 

tPMR MR Pulse Width 30 

tRMR MR Recovery Time 10 

tRTC Retransmit Cycle Time 40 

tPRT Retransmit Pulse Width 30 

tRTR Retransmit Recovery Time 10 

tEFL MRtoEFLOW 40 

tHFH MR to HF HIGH 40 

tFFH MR to FF HIGH 40 

tREF Read LOW to EF LOW 30 

tRFF Read HIGH to FF HIGH 30 

twEF Wiite HIGH to EF HIGH 30 

twFF Write LOW to FF LOW 30 

tWHF Write LOW to HF LOW 40 

tRHF Read HIGH to HF HIGH 40 
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Figure 2. All Input Pulses 

7C412·40 7C412-65 
7C424-40 7C424-65 
7C429·40 7C429-65 Units 

Min. Max. Min. Max. 

50 80 ns 

40 65 ns 

10 15 ns 

40 65 ns 

5 10 ns 

5 5 ns 

25 30 ns 

50 80 ns 

40 65 ns 

10 15 ns 

10 15 ns 

20 30 ns 

0 10 ns 

50 80 ns 

40 65 ns 

10 15 ns 

50 80 ns 

40 65 ns 

10 15 ns 

50 80 ns 

50 80 ns 

50 80 ns 

35 60 ns 

35 60 ns 

35 60 ns 

35 60 ns 

50 80 ns 

50 80 ns 
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Switching Characteristics Over the Operating RangeUI (Continued) 

7C412-30 
7C424-30 

Parameter Description 7C429-30 

Min. Max. 

tRAE 
Effective Read 
from Write HIGH 

tRPE 
Effective Read Pulse 
Width after EF HIGH 

twAF 
Effective Write from 
from Read HIGH 

tpwp 
Effective Write Pulse 
Width after FF HIGH 

txoL 
Expansion Out LOW 
Delay from Clock 

txoH[21 
Expansion Out HIGH 
Delay from Clock 

txcH 
Expansion Out HIGH 
Delay from Clock 

tpxp XI Pulse Width 30 

tx1R XI Recovery Time 10 

tx1s 
XI Set-Up to 

15 Write or Clock 

Notes: 
I. Test conditions assume signal transition time of 5 ns or less, timing 

reference levels of 1.5V and output loading of the specified loi/loH 
and 30 pF load capacitance, as in Figure 1 a. 

Architecture 
The CY7C412/24/29 FIFOs consist of an array of 
512/1024/2048 words of9-bits each (implemented by a 
dual port RAM _£el.!1_ a read ~inter, a write pointer, con
trol signals (W, R, XI, XO, FL, RT, MR) and Full, Half 
Full, and Empty flags. 

Dual Port RAM 

The dual port RAM architecture refers to the basic memo
ry cell used in the RAM. The cell itself enables the read 
and write operations to be independent of each other, 
which is necessary to achieve truly asynchronous operation 
of the inputs and outputs. A second benefit is that the time 
required to incre!llent the read and write pointers is much 
less than the time that would be required for data to propa
gate through the memory, which would be the case ifthe 
memory were implemented using the conventional register 
array architecture. 

Resetting the FIFO 

Upon power up, the FIFO must be reset with a Master 
Reset (MR) cycle. This causes the FIFO to enter the empty 
condition signified by the Empty flag (EF) being LOW, 
and both the Half-Full (HF) and Full flag (FF) resetting to 
HIGH. Read (R) and Write (yV) must be HIGH tRPw 
before and tRMR after the rising edge of MR for a valid 
reset cycle. 

30 

30 

30 

30 

25 

25 

35 
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7C412-40 7C412-65 
7C424-40 7C424-65 
7C429-40 7C429-65 Units 

Min. Max. Min. Max. 

35 60 ns 

40 65 ns 

35 60 ns 

40 65 ns 

35 55 ns 

35 60 ns 

35 60 ns 

40 60 ns 

10 15 ns 

15 25 ns 

2. txoH is guaranteed to be greater than or equal to txoL under all 
conditions. 

Writing Data to the FIFO 

The availability of an empty location is indicated by the 
HIGH state of the Full Flag (FF). A falling edge of Write 
(yV) initiates a write cycle. Data appearing at the inputs 
(DO-D8) tos before and toH after the rising edge of W 
will be stored sequentially in the FIFO. 

The Empty flag (EF) LOW to HIGH transition occurs 
twEF after the first write into an empty FIFO. The Half
Full flag (HF) will go LOW on the falling edge of the write 
operation following the occurrence of half full. HF will 
remain LOW while the difference between the values of the 
read and write pointers is less than one half of the total 
memory of this device. The LOW to HIGH transition of 
the HF flag occurs on the rising edge of Read (R). HF is 
available in Single Device Mode only. The Full flag (FF) 
goes low on the falling edge of W after the last available 
location in the FIFO is written, prohibiting overflow. FF 
goes HIGH tRFF after the completion of a valid read. 

Reading Data from the FIFO 

The falling edge of Read (R) initiates a read cycle if the 
Empty flag (EF) is not LOW. Data outputs (QO-Q8) are in 
a high impedance condition between read operations (R 
HIGH), when the FIFO is empty, or when the FIFO is in 
the Depth Expansion Mode but is not the active device. 
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Architecture (Continued) 

The falling edge of the last read before empty triggers a 
HIGH to LOW transition ofEF, prohibiting any further 
read operations until twEF after a valid write. 

Retransmit 

The Retransmit (RT) input is active in the Single Device 
Mode only. A LOW pulse on RT resets the internal read 
pointer to the first physical location of the FIFO. The write 
pointer is unaffected. Rand W must both be HIGH during 
a retransmit cycle. 

Single Device/Width Expansion Modes 

Single Device and Width Expansion Modes are entered by 
grounding XI during a MR cycle. During these modes the 
HF and RT features are available. FIFOs can be expanded 
in width to provide word widths greater than 9 in incre
ments of9. During Width Expansion Mode all control line 
inputs are common to all devices and flag outputs from any 
device can be monitored. 

Switching Waveforms 
Asynchronous Read and Write Timing Diagram 

Master Reset Timing Diagram 

Depth Expansion Mode 

Depth Expansion Mode is entered when, during a MR cy
cle, Expansion Out (XO) of one device is connected to 
Expansion In (XI) of the next device, with XO of the last 
device connected to XI of the first device. In the Depth 
Expansion Mode the First Load (FL) input, when ground
ed, indicates that this part is the first to be loaded. All 
other devices must have this pin HIGH. To enable the 
correct FIFO, XO is pulsed LOW when the last physical 
location of a FIFO is written to and is pulsed LOW again 
when the last physical location is read. Only one FIFO is 
enabled for read and one is enabled for write at any given 
time, all other devices are disabled. 

FIFOs can also be expanded simultaneously in depth and 
width to provide word widths greater than 9 in increments 
of9. Consequently, any depth or width FIFO can be creat
ed. When expanding in depth, a composite FF must be 
created by OR-ing the FFs together. Likewise, a composite 
EF is created by OR-ing the EFs together. HF and RT 
functions are not available in Depth Expansion Mode. 

0081-7 

14------tpMR _____ .., 
~~~~~-1 1.-~~~~~~~~~~~ 

MR 

0081-8 

Notes: 
I. IMRSC = IPMR + IRMR· 2. W and R = Vrn around the rising edge of MR. 
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Switching Waveforms (Continued) 

Half-Full Flag Timing Diagram 

HALF-FULL HALF-FULL+ 1 HALF-FULL 

Last WRITE to First READ Full Flag Timing Diagram 

LAST WRITE FIRST READ 

Last READ to First WRITE Empty Flag Timing Diagram 

LAST READ FIRST WRITE 

Retransmit Timing Diagram 

R,w 

Notes: 
I. tRTC = tRT + tRTR· 
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ADDITIONAL 
READS FIRST WRITE 

0081-10 

ADDITIONAL 
WRITES FIRST READ 

0081-11 

0081-12 

2. EF, HF and FF may change state during retransmit as a result of the 
offset of the read and write pointers, but flags will be valid at tRTC· 
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Switching Waveforms (Continued) 

Empty Flag and Read Bubble-Through Mode Timing Diagram 

Full Flag and Write Bubble-Through Mode Timing Diagram 

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

t~, 
DATA OUT----~DATA OUT VAL10)@----------------

Expansion-Out Timing Diagram 

WRITE TO 
LAST PHYSICAL 

LOCATION 

Expansion-In Timing Diagram 

-----tx1R 

WRITE TO 
FIRST PHYSICAL 

LOCATION 

tx1s 
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READ FROM 
FIRST PHYSICAL 

LOCATION 

0081-13 

0081-14 

0081-15 

0081-16 
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Ordering Information 

Speed 
Ordering Code 

Package Operating 
(ns) Type Range 

Speed 
Ordering Code 

Package Operating 
(ns) Type Range 

30 CY7C412-30 PC P15 Commercial 30 CY7C424-30 PC PIS Commercial 

CY7C412-30 JC J65 CY7C424-30 JC J6S 

CY7C412-30 DC D16 CY7C424-30 DC Dl6 

CY7C412-30 LC LS5 CY7C424-30 LC LSS 

CY7C412-30 DMB L16 Military CY7C424-30 DMB Dl6 Military 

CY7C412-30 LMB LSS CY7C424-30 LMB L5S 

40 CY7C412-40 PC Pl5 Commercial 40 CY7C424-40 PC PIS Commercial 

CY7C412-40 JC J65 CY7C424-40 JC J6S 

CY7C412-40 DC D16 CY7C424-40 DC Dl6 

CY7C412-40 LC L55 CY7C424-40 LC L55 

CY7C412-40 DMB Dl6 Military CY7C424-40 DMB Dl6 Military 

CY7C412-40 LMB L55 CY7C424-40 LMB L5S 

65 CY7C412-65 PC PlS Commercial 65 CY7C424-6S PC PIS Commercial 

CY7C412-6S JC J6S CY7C424-6S JC J65 

CY7C412-6S DC D16 CY7C424-65 DC Dl6 

CY7C412-6S LC LSS CY7C424-65 LC L55 

CY7C412-65 DMB D16 Military CY7C424-65 DMB D16 Military 

CY7C412-65 LMB LS5 CY7C424-65 LMB L55 

Speed 
Ordering Code 

Package Operating 
(ns) Type Range 

30 CY7C429-30 PC PIS Commercial 

CY7C429-30 JC J6S 

CY7C429-30 DC Dl6 

CY7C429-30 LC LSS 

CY7C429-30 DMB Dl6 Military 

CY7C429-30 LMB LSS 

40 CY7C429-40 PC PIS Commercial 

CY7C429-40 JC J6S 

CY7C429-40 DC D16 

CY7C429-40 LC LSS 

CY7C429-40 DMB Dl6 Military 

CY7C429-40 LMB LSS 

6S CY7C429-6S PC PIS Commercial 

CY7C429-6S JC J6S 

CY7C429-6S DC Dl6 

CY7C429-6S LC LSS 

CY7C429-6S DMB Dl6 Military 

CY7C429-6S LMB LSS 
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Features 
• Fast 

- CY7C510-45 has a 45 ns 
(max.) clock cycle 
(commercial) 

- CY7C510-55 has a 55 ns 
(max.) clock cycle (military) 

• Low Power 
- Ice (max. at 10 MHz) 

100 mA (commercial) 
- Ice (max. at 10 MHz) 

110 mA (military) 

• Vee Margin 
- sv ± 10% 
- All parameters guaranteed 

over commercial and military 
operating temperature range 

• 16 X 16 bit parallel 
multiplication with accumulation 
to 35-bit result 

Logic Block Diagram 

Selection Guide 

TC 

RND 

ACC 

• Two's complement or unsigned 
magnitude operation 

• ESD Protection 
- Capable of withstanding 

greater than 2000V static 
discharge voltage 

• Pin compatible and functionally 
equivalent to Am29510 and 
TMC2110 

Functional Description 
The CY7C510 is a high-speed 16 X 16 
parallel multiplier accumulator which 
operates at 45 ns clocked multiply ac
cumulate (MAC) time (22 MHz multi
ply accumulate rate). The operands 
may be specified as either two's com
plement or unsigned magnitude 16-bit 
numbers. The accumulator functions 

CLKP 

PREL 

16 x 16 ASYNCHRONOUS MULTIPLIER ARRAY 

" 
ADD / SUBTfiACT / PASS 

7C510-45 7C510-55 

Maximum Multiply- Commercial 45 55 
Accumulate Time (ns) Military 55 

5-48 

CY7C510 

16 x 16 Multiplier 
Accumulator 

include loading the accumulator with 
the current product, adding or sub
tracting the accumulator contents and 
the current product, or preloading the 
accumulator from the external world. 

All inputs (data and instructions) and 
outputs are registered. These indepen
dently clocked registers are positive 
edge triggered D-type flip-flops. The 
35-bit accumulator/output register is 
divided into a 3-bit extended product 
(XTP), a 16-bit most significant prod
uct (MSP), and a 16-bit least signifi
cant product (LSP). The XTP and 
MSP have dedicated ports for three
state output; the LSP is multiplexed 
with the Y-input. The 35-bit accumula
tor/output register may be preloaded 
through the bidirectional output ports. 

35 

0057-1 

7C510-65 7C510·75 

65 75 

65 75 
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Maximum Ratings 
(Above which the useful life may be impaired) 

Ambient Temperature Under Bias .... - SS°C to + 125°C 

Supply Voltage to Ground Potential .... -0.SV to + 7.0V 

DC Input Voltage ................... -0.SV to + 7.0V 

DC Voltage Applied to Outputs ..... -0.SV to V cc Max. 

Output Current, into Outputs (low) .............. 10 mA 

Pin Configurations 

X5 X7 

X5 2 63 Xa 

X4 3 62 Xg 

X3 4 61 X10 

Xz 5 60 X11 

X1 6 59 X12 

Xo 7 58 X13 

Yo, Po 8 57 X14 

Y1, P1 9 56 X15 

Yz,Pz 10 55 DEL 

Y3,P3 11 RND 

Y4, P4 12 53 SUB 

Y5,P5 13 52 ACC 

Y5,P5 14 51 CLKX 

Y7. P7 15 50 CLKY 

GND 16 49 Yee 
Ya, Pa 17 48 TC 

Y9,P9 18 47 OEX 

Y10, P10 19 46 PREL 

Y11• P11 20 45 OEM 

Y12• P12 21 44 CLKP 

Y13° P13 22 43 P34 

Y14• P14 23 42 P33 

Y1s• P15 24 41 P3z 

P15 25 40 P31 

P17 26 39 P30 

P1a 27 38 P29 

P19 28 37 P2a 

P20 29 36 P27 

P21 30 35 P25 

P22 31 P25 

P23 32 33 P24 

0057-2 
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CY7C510 

Static Discharge Voltage (per Mil. Std. 883) ..... >2001V 

Operating Range 

Range Temperature Vee 

Commercial 0°Cto +70°C 5V ±10% 

Military - 55° to + 125'C 5V ±10% 

0 -
~~N-o ~~ 
-----m~~~~~~N-oo-
xxxxxxxxxxxxxxx~~ 

9 
X15 10 P2,Y2 
DEL 11 P3.Y3 
RND 12 P4,Y4 
SUB 13 P5,Y5 
ACC 14 P5.Y5 

CLKX 15 P7,Y7 
CLKY 16 GND 

Vee 17 GND 
Vee 18 Pa,Ys 
Vee 19 P9,Y9 
Vee 20 P10,Y10 

TC 21 P11,Y11 

OEX 22 P12,Y12 
PREL 23 P13°Y13 

OEM 24 P14•Y14 
CLKP 25 P15°Y15 

P34 26 44 P15 
27 2829303132333435363738 39 40414243 

~ N - o m ~ ~ ~ ~ ~ ~ N - o ~ ro ~ 
~ ~ ~ ~ N N N N N N N N N N - - -
~~~~~~~~~~~~~~~~~ 

0057-3 
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Pin Configurations (Continued) 

Pin Configuration for 68-Pin Grid Array 

e e e e e G 8 e e 
51 50 48 46 44 42 40 38 36 

8 8 G 9 8 e G G e e e 
53 52 49 47 45 43 41 39 37 35 34 

e 8 e e 
55 54 32 33 

0 e e e 
57 56 30 31 

G 0 e e 
59 58 28 29 

0 0 e e 
61 60 26 27 

G G e e 
63 62 24 25 

G 0 e e 
65 64 22 23 

8 G e e 
67 66 20 21 

e 8 8 8 8 8 8 8 8 e e 
1 3 5 7 9 11 13 15 18 19 

8 9 8 e 8 8 8 8 e 
2 4 6 8 10 12 14 16 17 

0057-13 
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Pin Definitions 

Signal 
1/0 Description 

Name 
Signal 

1/0 Description 
Name 

X15-0 I X-Input Data. This 16-bit number may be OEL I Output Enable Least. When LOW, the 
interpreted as two's complement or LSP bidirectional port is enabled for 
unsigned magnitude. output. When HIGH, the output drivers 

Y1s-o 1/0 Y-Input Data/LSP Output Data. When 
(P1s-o) this port is used to input a Y value, the 

16-bit number may be interpreted as two's 

are disabled (high impedance) and the 
MSP port may be used for preloading. See 
Preload Function Table. 

complement or unsigned magnitude. This PREL I Preload. When HIGH, the three 
bidirectional port is multiplexed with the bidirectional ports may be used to preload 
LSP output (P1s-o), and can also be used data into the accumulator register at the 
to preload the LSP register. rising edge of CLKP. The three-state 

P34_32 I/0 Extended Product (XTP) Output Data. 
This port is bidirectional. The extended 
product emerges through this port. The 
XTP register may also be preloaded 
through this port. 

controls (OEX, OEM, OEL) must be 
HIGH to preload data. 
When LOW, the accumulated product is 
loaded into the accumulator/output 
register at the rising edge of CLKP. The 
output drivers must be enabled (OEX, 

P31-l6 I/0 MSP Output Data. This port is OEM, OEL must be LOW) for the 
bidirectional. The most significant accumulated product to be output. 
product emerges through this port. The Ordinarily, PREL, OEX, OEM, and OEL 
MSP register may also be preloaded are tied together. See accumulator 
through this port. function table. 

P1s-o I/0 LSP Output Data. This port is TC I Two's Complement Control. When 
bidirectional. The least significant HIGH, the 7C510 is in two's complement 
product emerges through this port. The mode, where the input and output data 
LSP register may also be preloaded are interpreted as two's complement 
through this port. 

CLKX I X-Register Clock. X-Input Data are 
latched into the X-register at the rising 
edge of CLKX. 

numbers. The device is in unsigned 
magnitude mode when TC is LOW. This 
control is loaded into the instruction 
register at the rising edge of CLKX + 
CLKY. 

II 
CLKY I Y-Register Clock. Y-Input Data are 

latched into the Y-register at the rising 
edge ofCLKY. 

CLKP I Product Register Clock. XTP, MSP, and 
LSP are latched into their respective 
registers at the rising edge of CLKP. If 
preload is selected, these registers are 
loaded with the preload data at the output 
pins via the bidirectional ports. If preload 
is not selected, these registers are loaded 
with the current accumulated product. 

OEX I Output Enable Extended. When LOW, 
the extended product bidirectional port is 
enabled for output. When HIGH, the 
outputs drivers are disabled (high 

RND I Round Control. When HIGH, rounding 
is enabled and a "l" is added to the MSB 
of the LSB (P15). When LOW, the 
product is unchanged. This control is 
loaded into the instruction register at the 
risingedgeofCLKX + CLKY. 

ACC I Accumulate Control. When HIGH, the 
accumulator/output register contents are 
added to or subtracted from the current 
product (XY) and this result is stored 
back into the accumulator/output 
register. When LOW, the product is 
loaded into the accumulator register, 
overwriting the current contents. This 
control is loaded into the instruction 

impedance) and the XTP port may be 
used for preloading. See Preload Function 

register at the rising edge of CLKX + 
CLKY. See accumulator function table. 

Table. 
SUB I Subtract Control. When both ACC and 

OEM I Output Enable Most. When LOW, the 
MSP bidirectional port is enabled for 

SUB are HIGH, the accumulator register 
contents are subtracted from the current 

output. When HIGH, the output drivers 
are disabled (high impedance) and the 
MSP port may be used for preloading. See 

product XY and this result is written back 
into the accumulator register. When ACC 
is HIGH and SUB is LOW, the 

Preload Function Table. accumulator register contents and current 
product are summed, then written back to 
the accumulator register. This control is 
loaded into the instruction register at the 
rising edge of CLKX + CLKY. See 
accumulator function table. 
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Functional Description 

- The CY7C510 is a high-speed 16 X 16-bit multiplier accu
mulator (MAC). It comprises a 16-bit parallel multiplier 
followed by a 35-bit accumulator. All inputs (data and in
structions) and outputs are registered. The 7C510 is divid
ed into four sections: the input section, the 16 X 16 asyn
chronous multiplier array, the accumulator, and the out
put/preload section. 

The input section has two 16-bit operand input registers for 
the X and Y operands, clocked by the rising edge of CLKX 
and CLKY, respectively. The four-bit instruction register 
(TC, RND, ACC, SUB) is clocked by the rising edge of the 
logical OR of CLKX, CLKY. 

The 16 X 16 asynchronous multiplier array produces the 
32-bit product of the input operands. Either two's comple
ment or unsigned magnitude operation is selected, based on 
control TC. If rounding is selected, (RND = 1), a "l" is 
added to the MSB of the LSP (position P15). The 32-bit 
product is zero-filled or sign-extended as appropriate and 
passed as a 35-bit number to the accumulator section. 

The accumulator function is controlled by ACC, SUB, and 
PREL. Four functions may be selected: the accumulator 
may be loaded with the current product; the product may 
be added to the accumulator contents; the accumulator 
contents may be subtracted from the current product; or 
the accumulator may be preloaded from the bidirectional 
ports. 

The output/preload section contains the accumulator/out
put register and the bidirectional ports. This section is con
trolled by the signals PREL, OEX, OEM, and c::>EL. When 
PREL is HIGH, the output buffers are in high impedance 
state. When the controls OEX, OEM, and OEL are also 
high, data present at the output pins will be preloaded into 
the appropriate accumulator register at the risin~ of 
CLKP. When PREL is LOW, the signals OEX, OEM, and 
c::>EL are enable controls for their respective three-state 
output ports. 
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Preload Function Table 

PREL OEX OEM OEL Output Register 
XTP MSP LSP 

0 0 0 0 Q Q Q 
0 0 0 1 Q Q z 
0 0 1 0 Q z Q 
0 0 1 1 Q .z z 
0 1 0 0 z Q Q 
0 1 0 1 z Q z 
0 1 1 0 z z Q 
0 1 1 1 z z z 
1 0 0 0 z z z 
1 0 0 1 z z PL 
1 0 1 0 z PL z 
1 0 1 1 z PL PL 
1 1 0 0 PL z z 
1 1 0 1 PL z PL 
1 1 1 0 PL PL z 
1 1 1 1 PL PL PL 

Z = Output buffers at High impedance (cjisabled:.) 
Q = Output buffers at Low impedance. Contents of output register 

available through output ports. · 
PL = Output disabled. Preload data supplied to the output pins will be 

loaded into the output register at the rising edge of CLKP. 

Accumulator Function Table 
PREL ACC SUB p OPERATION 

L L x Q Load 

L H L Q Add 

L H H Q Subtract 
H x x PL Preload 
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CY7C510 
Input Formats 

Fractional Two's Complement Input 

X1N YIN 

I is 14 13 12 11 10 9 7 6 4 2 I o I i 1s 14 13 12 11 10 9 8 7 6 4 2 ol 

.20 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-10 2-112-12 2-13 2-14 2-15 .20 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-10 2-112-122-13 2-14 2-15 

(Sign) (Sign) 

Integer Two's Complement Input 

X1N YIN 

I is 14 13 12 11 10 9 8 7 6 4 2 ol J 1s 14 13 12 11 10 9 8 7 6 5 4 3 2 ol 

-215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20 .215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20 

(Sign) (Sign) 

Unsigned Fractional Input 

X1N Y1N 

I 15 14 13 12 11 10 9 8 7 6 4 3 2 I o I I 15 14 13 12 11 10 9 8 7 6 4 2 ol 

2-1 2-2 2-3 2-4 2-5 2-6 2-1 2-8 2-9 2-10 2-112-122-13 2-14 2-15 2-16 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-102-112-122-132-142-152-16 

X1N 

I 15 14 13 12 11 10 9 8 7 6 

215 214 213 212 211 210 29 28 27 26 25 

4 

24 23 

Unsigned Integer Input 

2 o I I 15 14 13 12 11 10 

22 21 20 215 214 213 212 211 210 

CY7C510 

Output Formats 
Two's Complement Fractional Output 

YIN 

9 7 

29 28 27 

XTP MSP LSP 

6 4 2 ol 

26 25 24 23 22 21 20 

134 33 321131 30 29 28 21 26 25 24 23 22 21 20 19 18 11 16 I I 15 14 13 12 11 10 9 6 4 2 o I 

-24 23 22 21 20 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-10 2-11 2-12 2-13 2-14 2-15 2-16 2-17 2-18 2-19 2-20 2-21 2-22 2-23 2-24 2-25 2-26 2-27 2-28 2-29 2-30 

(Sign) 

Two's Complement Integer Output 
XTP MSP LSP 

134 33 32 I I 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 161115 14 13 12 11 10 9 8 7 6 5 4 3 2 I 0 I 
-234 233 232 231 230 229 228 221 226 225 224 223 222 221 220 219 218 211 216 215 214 213 212 211 210 29 28 21 26 25 24 23 22 21 20 

(Sign) 

Unsigned Fractional Output 
XTP MSP LSP 

l343332IJ3130292827262s2423 22 21 20 19 18 17 161115 14 13 12 11 10 9 7 6 4 2 ol 

22 21 20 2-1 2-2 2-3 2-4 2-5 2-6 2-1 2-8 2-9 2-10 2-11 2-12 2-13 2-14 2-15 2-16 2-11 2-18 2-19 2-20 2-21 2-22 2-23 2-24 2-25 2-26 2-21 2-28 2-29 2-30 2-31 2-32 

Unsigned Integer Output 
XTP MSP LSP 

134 33 32 I I 31 30 29 28 21 26 25 24 23 22 21 20 19 18 11 16 I I 1s 14 13 12 11 10 9 s 7 6 5 4 3 2 1 o I 
234 233 232 231 230 229 228 221 226 225 224 223 222 221 220 219 218 211 216 215 214 213 212 211 210 29 28 21 26 25 24 23 22 21 20 
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Electrical Characteristics Over Operating Range 

Parameters Description 

VoH Output HIGH Voltage 

VoL Output LOW Voltage 

Vrn Input HIGH Voltage 

VIL Input LOW Voltage 

loH Output HIGH Current 

loL Output LOW current 

I1x Input Leakage Current 

11 Input Current, Max. Input Voltage 

Iosll] Output Short Circuit Current 

IozL Output OFF (Hi-Z) Current 

IozH Output OFF (Hi-Z) Current 

Ice (QJ)l2l Supply Current (Quiescent) 

Ice (Q2)12l Supply Current (Quiescent) 

Ice (Max.)121 Supply Current 1 Commercial 

l Military 

Capacitance[3J 

Parameters Description 

CIN Input Capacitance 

CoUT Output Capacitance 
Notes: 
I. Not more than one output should be tested at a time. Duration of the 

short circuit should not be more than one second. 
2. For Ice measurements, the outputs are three-stated. Two quiescent 

figures are given for different input voltage ranges. To calculate Ice at 
any given clock frequency, use 30 mA + Ice (A.C.), where Ice 

Test Conditions Min. Max. Units 

V cc = Min., loH = -0.4 mA 2.4 v 
V cc = Min., loL = 4.0 mA 0.4 v 

2.0 v 
0.8 v 

Vee= Min., VoH = 2.4V -0.4 mA 

Vee= Min., VoL = 0.4V 4.0 mA 

GND,;;; V1,;;; Vee -10 +IO µA 

Vee= Max., V1N = 7.0V 10 mA 

Vee = Max., VoUT = 0.5V -3 -30 mA 

V cc = Max., OE = 2.0V -25 µA 

Vee= Max., OE= 2.0V 25 µA 

Vee= Max., 
30 mA 

V1N = [GND to V1d or [Vrn to Vccl 

Vee= Max Commercial 20 
Vee;;;: VIN;;;: 3.85V mA 

0.4V :<: V1N :<: GND Military 25 

v cc = Max., fcLK = 10 MHz 
100 

mA 
110 

Test Conditions Max. Units 

TA = 25°C, f = I MHz 8 
pF 

Vee= 5.ov 10 

(A.C.) = (7 mA/MHz) X Clock Frequency for the Commercial tem
perature range. Ice (A.C.) = (8 mA/MHz) X Clock Frequency for 
Military temperature range. 

3. Tested on a sample basis. 

Output Loads Used for A.C. Performance Characteristics 
Normal Load (Load 1) Three-State Delay Load (Load 2) 

R3 
R1 

1025.0. syn OUTPUT 

R2 
40pf I 817.0. 

Equivalent to: THEVENIN EQUIVALENT 

455.0. 
OUTPUT o--J\/l/'v---0 2.22V 

0057-4 

TO 500.0. 

OUTPUT~ 
PIN ~ j_ .l_ 

5pf4 Vx 

0057-5 

0057-6 
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Switching Characteristics Over Operating Range 

Parameters Description 
7C510-45 7C510-55 7C510-65 7C510-75 

Units 
Min. Max. Min. Max. Min. Max. Min. Max. 

tMA Multiply Accumulate Time 45 55 65 75 ns 

ts Setup Time 20 20 25 25 ns 

tH Hold Time 3 3 3 3 ns 

tpw Clock Pulse Width 25 25 30 30 ns 

tpop Output Clock to P 30 30 35 35 ns 

tpov Output ClocK to Y 30 30 35 35 ns 

tpHz OEX, OEM to P; HIGHtoZ 25 25 30 30 ns 

tpLz OEL to Y (Disable Time) LOWtoZ 25 25 30 30 ns 

tpzH OEX, OEM to P; ZtoHIGH 30 30 35 35 ns 

tpzL OEL to Y (Enable Time) ZtoLOW 30 30 35 35 ns 

tHCL Relative Hold Time 0 0 0 ns 

Test Waveforms 

TEST Vx OUTPUT WAVEFORt.4 - t.4EASUREt.4ENT LEVEL 

VoH 
ALLtpo's Vee 

VoL 
*1.SV 

VoH _i 

tPHZ o.ov \;io.sv 
o.ov 

2.6V 
lpLZ 2.6V 

VoL o.sv~ 
__.F-;;;-- VoH 

lpzH o.ov v 
o.ov 

2.6V 
lpzL 2.6V ~v OL 

0057-7 

Setup and Hold Time Pulse Width 

DATA 
INPUT ~'J='jXXX~· PULSE ---- 1.SV LOW-HIGH-LOW -1_= J 

TIMING _ _ INPUT______ -------1.SV 

------J---------ov 
0057-8 

Notes: 
I. Diagram shown for HIGH data only. Output transition may be oppo

site sense. 
2. Cross hatched area is don't care condition. 

..__ __ _ 
Tpw 

0057-9 
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CY7C510 Timing Diagram 

CLKX 
CLKY --------I 

X1N• YIN 

RND, TC 
ACC,SUB 

CLKP 

. 11~~~~ 
OUTPUT 

P,Y xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~:::::::: 

Preload Timing Diagram 

CLKP 

PREL 
OEX 
OEM----"! 
OEL 

~--Tpw----i 

OUTPUT ~~~"""'1,-----•I~~~~""""""'~,..,,~""""""'~,..,,~""""""'.,...,,..,,,.,....,......,. 
PINS ~~~~'''------''"~~~~l..Jtl.~~~~l..Jtl.~~~~l..Jtl.~~~~~ 

Three-State Timing Diagram 

3-STATE 
CONTROL 

3-STATE 
OUTPUT 

(HIGH LEVEL) 

(LOW LEVEL) 

i-\PHZ--1 
(DISABLE) 

~ 

£ 
f.--\PlZ-c+-

(DISABLE) 

f.--\pzH-

v 0H-o.sv 
(ENABLE) ~ 

(HIGH IMPEDANCE) 

Vol +o.sv 

f.--\pzl-
(ENABLE) 
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VoH 
1.5V 

Vol 

VoH 
1.5V 

1.SV 

Vol 

0057-10 

0057-11 

0057-12 
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Typical AC and DC Characteristics 

u 
.Y 
0 .., 
N 
::::; 
<( 
2 

"' 0 z 

>-
(.) 
z .., 
::> 
0 .., 
"' ... 
0 

"' !:::! _, 
<( 
2 

"' 0 z 

NORMALIZED SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 

1.2 .-------,----..,..--...,.-----, 

1.0 

0.8 

0.6 Yee= 5.5V 
VIN =5.0V 
TA= 25°C 

0.4 
4.0 4.5 5.0 5.5 

SUPPLY VOLTAGE(V) 

NORMALIZED FREQUENCY 
vs. SUPPLY VOLTAGE 

1 • .3 

1.2 

1.1 

1.0 v 
0.9 

0.8 

0.7 
4.0 

~ 
TA =25°c 

4.5 5.0 5.5 

SUPPLY VOLTAGE (V) 

6.0 

6.0 

u 
.Y 
0 

"' N 
::::; 
<( 
2 

"' 0 z 

>-
(.) 
z .., 
::> 
0 .., 
"' ... 
0 .., 
N 
::::; 
<( 
2 

"' 0 
z 

NORMALIZED SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 

1.4 .--------.--------, 

1.2 

1.0 

0.8 

0.6 
-55 25 125 

AMBIENT TEMPERATURE (°C) 

NORMALIZED FREQUENCY 
vs. AMBIENT TEMPERATURE 

1.6 

1.4 

1.2 

1.0 

Yee=5.0V 

0.8 

0.6 
-55 25 125 

AMBIENT TEMPERATURE(°C) 

~ 
5 
0-z .., 
"' "' ::> 
(.) .., 
(.) 

"' ::> 
0 
VI 
0-
::> 
0.. 
0-
::> 
0 

~ 
5 
0-z .., 
"' "' ::> 
(.) 

"' z 
iii 
0-
::> 
0.. 
0-
::> 
0 

NORMALIZED OUTPUT DELAY 
vs. OUTPUT LOADING 

NORMALIZED Ice 
vs. FREQUENCY 

OUTPUT SOURCE CURRENT 
vs. OUTPUT VOLTAGE 

30 .------.---,---...,.-----, 

25 

20 

15 

10 

5 

0.8 1.6 2.4 .3.2 

OUTPUT VOLTAGE (V) 

OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 

.35 

30 

25 

20 

Yee=5.0V 
15 

TA= 25°C 

10 

5 

0 
0 1.0 2.0 .3.0 4.0 

OUTPUT VOLTAGE(V) 

4.0 .---~-...,.---,---.----, 1.6 .---,--~__,.-...,.----,--...,.----, 

j .., 
0 
I
:> 
0.. 
0-
::> 
0 

200 400 600 800 1000 

CAPACITANCE (pF) 
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Jl 
0 .., 
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::::; 
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"' 0 
z 

FREQUENCY (MHz) 

0057-14 

DI 



~~ ~~EMICOND\JCIOR==============================================================:;:: 
CY7C510 

Ordering Information 
Speed (ns) Ordering Code Package Type Operating Range 

45 CY7C510-45 PC P29 Commercial 
CY7C510-45 LC LSl 
CY7C510-45 JC JSl 
CY7C510-45 DC D30 
CY7C510-45 GC G6S 

55 CY7C510-55 PC P29 Commercial 
CY7C510-55 LC LSI 
CY7C510-55 JC JS! 
CY7C510-55 DC D30 
CY7C510-55 GC G6S 

CY7C510-55 LMB LSl Military 
CY7C510-55 DMB D30 
CY7C510-55 GMB G6S 

65 CY7C510-65 PC P29 Commercial 
CY7C510-65 LC LSI 
CY7C510-65 JC JSl 
CY7C510-65 DC D30 
CY7C510-65 GC G6S 

CY7C510-65 LMB LSI Military 
CY7C510-65 DMB D30 
CY7C510-65 GMB G6S 

75 CY7C510-75 PC P29 Commercial 
CY7C510-75 LC LSI 
CY7C510-75 JC JS! 
CY7C510-75 DC D30 
CY7C510-75 GC G6S 

CY7C510-75 LMB LSI Military 
CY7C510-75 DMB D30 
CY7C510-75 GMB G6S 

5•58 



Features 
• Fast 

- 38 ns clock cycle 
(commercial) 

- 42 ns clock cycle (military) 

• Low Power 
- Ice (max. at 10 MHz) 

100 mA (commercial) 
- Ice (max. at 10 MHz) 

110 mA (military) 

• Vee Margin 
-sv ±10% 
- All parameters guaranteed 

over commercial and military 
operating temperature range 

• 16 x 16 bit parallel 
multiplication with full precision 
32-bit product output 

Logic Block Diagrams 
CY7C516 

CLKY 

32 

FA FORMAT ADJUST 

n 
MSP LSP 

CLKM REGISTER REGISTER 

16 16 

= OUTPUT MULTIPLEXER 

MSP OUT /LSP OUT 

Selection Guide 

• Two's complement, unsigned 
magnitude, or mixed mode 
multiplication 

• CY7C516 pin compati'ble and 
functionally equivalent to 
Am29516, MPY016K, 
MPY016H 

• CY7C517 pin compati'ble and 
functionally equivalent to 
Am29517 

Functional Description 
The CY7C5 l 6/5 l 7 are high-speed 16 x 
16 parallel multipliers which operate at 
38 ns clocked multiply times (26 MHz 
multiplication rate). The two input op
erands may be independently specified 

Y-IN/ 
LSP OUT TCY 

CLKL 

0054-1 

7C516-38 7C516-42 
7C517-38 7C517-42 

Maximum Multiply Time (ns) Commercial 38/58 
Clocked/Unclocked Military 42/65 
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CY7C516 
CY7C517 

16 x 16 Multipliers 

as either two's complement or unsigned 
magnitude numbers. Controls are pro
vided for rounding and format adjust
ment of the full precision 32-bit prod
uct. 

On the 7C516, individually clocked in
put and output registers are provided 
to maximize throughput and to simpli
fy bus interfacing. On the 7C517, a sin
gle clock (CLK) is provided, along 
with three register enables. This facili
tates the use of the 7C5 l 7 in micropro
grammed systems. The input and out
put registers are positive edge triggered 
D-type flip-flops. The output register 
may be made transparent for asynchro
nous output. 

CY7C517 

MSP OUT/LSP OUT 0054-12 

7C516-45 7C516-55 7C516-75 
7C517-45 7C517-55 7C517-75 

45/65 55/75 75/100 

55175 75/100 
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EMIOONDUCTOR 

Functional Description (Continued) 

Two output modes may be selected by using the output 
multiplexer control, MSPSEL. Holding MSPSEL LOW 
causes the most significant product (MSP) to be available 
at the dedicated output port. The LSP is simultaneously 
available at the bidirectional port shared with the Y-inputs. 

Pin Configurations 

X4 64 X5 

X3 2 63 Xs 

X2 3 62 X7 

x, 4 61 Xa 

Xo 5 60 Xg 

OEL 6 59 X10 

(CLK) CLKL 7 58 X11 

(ENY) CLKY 8 57 X12 

Yo, Po 9 56 X13 

Yi,Pi 10 55 Xi4 Pi5,P3i 
Y2,P2 11 54 Xis Pi4• P30 

Y3, P3 12 53 CLKX (ENX) Pi3• P29 

Y4,P4 13 52 RND P12, P2a 

Y5,P5 14 51 TCX Pii•P27 

Pio•P2s 
Ys,Ps 15 so TCY 

Pg. P25 
Y7,P7 16 7C516 49 Vee Pa,P24 

Ya.Pa 17 (7C517) 48 Vee P7, P23 

Yg,Pg 18 47 GND Ps, P22 

Yio•Pio 19 46 GND P5,P2i 

Yi 1,P11 20 45 MSPSEL 
p 4• P20 

P3,Pi9 
Yi2• P12 21 44 FT P2, Pia 

Yi3• Pi3 22 43 FA Pi,Pi7 

Yi4,P14 23 42 OEP Po, Pis 

Yis• Pis 24 41 CLK M (ENP) NC 

Po, Pis 25 40 P3i,Pis 

P1,P17 26 39 P30,P14 

P2, Pia 27 38 P29• P13 

P3, P19 28 37 P2a• P12 

P4, P20 29 36 P27,P1 i 

P5,P2i 30 35 P2s• P10 

P5, P22 3i 34 P2s• Pg 

P7, P23 32 33 P24• Pa 

0054-2 

CY7C516 
CY7C517 

The other mode of output involves toggling of the 
MSPSEL control, allowing both the MSP and LSP to be 
available for output through the dedicated 16-bit output 
port. 

~ 
~~I~ ~ t I~ 

7C5i6 
(7C5i 7) 

44 

27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 
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NC 

X12 

Xii 

Xio 
Xg 

Xs 

X7 

Xs 
X5 

X4 

X3 

X2 

Xi 
Xo 

OEL 

CLKL (CLK) 

CLKY (ENY) 

0054-3 
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CY7C516 
CY7C517 

Pin Configurations (Continued) 

Pin Configuration for 68-Pin Grid Array 

8 e e 8 8 e 8 0 e 
51 50 48 46 44 42 40 38 36 

G e 8 ® x 8 e e 8 8 @ p 8 
53 52 49 47 45 43 41 39 37 35 34 

G 8 e 8 
55 54 32 33 

8 G e e 
57 56 30 31 

G 0 8 8 
59 58 28 29 

G 8 8 8 
61 60 26 27 

0 G 8 8 
63 62 24 25 

II 8 G 8 8 
65 64 22 23 

® CLKL 8 8 ) (CLK) 

67 66 20 21 

e 8 8 8 9 9 8 8 8 8 e 
1 3 5 7 9 11 13 15 18 19 

8 8 9 8 9 8 8 8 e 
2 4 6 8 10 12 14 16 17 

0054-16 

5-61 
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~_.II~~®uCTOR::=::=::=::=::=::=::=::=::=::=::=::============================C=Y==7=C=5=1=7 
Maximum Ratings 
(Above which the useful life may be impaired) 

Ambient Temperature Under Bias .... - 55°C to + 125°C 

Supply Voltage to Ground Potential .... -0.5V to + 7.0V 

DC Input Voltage ................... -0.5V to +7.0V 

DC Voltage Applied to Outputs ..... -0.5V to Vee Max. 

Output Current, into Outputs (low) .............. 10 mA 

Static Discharge Voltage ..................... > lOOOV 

Pin Definitions 
Signal 
Name I/O Description 

X15.o 

Y15.o 
(P1s-o) 

P31.J6 
(P15.o) 

Ff 

FA 

RND 

TCX 

I X-Input Data. This 16-bit number may be 
interpreted as two's complement or unsigned 
magnitude. 

1/0 Y-Input/LSP Output Data. This 16-bit 
number may be interpreted as two's 
complement or unsigned magnitude. The 
Y-input port may be multiplexed with the LSP 
output (P15.o). 

0 Output Data. This 16-bit port may carryeither 
the MSP (P31.16) or the LSP (P15.o). 

The MSP and LSP registers are made 
transparent (asynchronous operation) if Ff is 
HIGH. 

Format Adjust Control. IfFA is HIGH, a full 
32-bit product is output. If FA is LOW, a left
shifted product is output, with the sign bit 
replicated in the LSP. FA must be HIGH for 
two's complement integer, unsigned 
magnitude, and mixed mode multiplication. 

Output Multiplexer Control. When MSPSEL 
is LOW, the MSP is available for output at the 
MSP output port, and the LSP is available at 
the Y-input/LSP output port. When MSPSEL 
is HIGH, the LSP is available at both ports 
(above) and the MSP is not available. 

Round Control. When RND is HIGH, a one is 
added to the MSB of the LSP. This position is 
dependent on the FA control; FA= HIGH 
means RND adds to the 2-15 bit (P15), 
FA= LOW means RND adds to the 2-16 bit 
(P14). 

Two's Complement Control X. X-input data 
are interpreted as two's complement when 
TCX is HIGH. TCX LOW means the data are 
interpreted as unsigned magnitude. 

5-62 

Operating Range 
Range Temperature Vee 

Commercial o·c to +70°c 5V ±10% 

Military 

Signal 
Name I/0 

TCY 

- ss•c to + 12s0 c 5V ±10% 

Description 

Two's Complement Control Y. Y-Input data 
are interpeted as two's complement when 
TCY is HIGH. TCY LOW means the data 
are interpreted as unsigned magnitude. 

P31.161P1s-o Output Port Three-State 
Control. When OEP is LOW, the output port 
is enabled; when OEP is HIGH, the drivers 
are in a high impedance state. 

Y-in/P1s-o Port Three State Control. When 
OEL is LOW, the timeshared port is enabled 
for LSP output. When OEL is HIGH, the 
output drivers are in a high impedance state. 
This is required for Y-input. 

CY7C516 Only 
CLKX I X-Register Clock. X-input data and TCX are 

CLKY 

CLKM 

CLKL 

latched in at the rising edge of CLKX. 

Y-Register Clock. Y-input data and TCY are 
latched in at the rising edge of CLKY. 

MSP Register Qock. The most significant 
product (MSP) is latched in at the MSP 
Register at the rising edge of CLKM. 

LSP Register Oock. The least significant 
product (LSP) is latched in at the LSP 
Register at the rising edge of CLKL. 

CY7C517 Only 
CLK I Clock. All enabled registers latch in their data 

at the rising edge of CLK. 

ENX X-Register Enable. When ENX is LOW, the 
X-Register is enabled. X-input data and TCX 
will be latched in at the rising edge of CLK 
when the register is enabled. When ENX is 
HIGH, the X-Register is in hold mode. 

ENY X-Register Enable. ENY enables the 
Y-Register. (See ENX.) 

ENP Product Register Enable. ENP enables the 
product register. Both the MSP and LSP 
Sections are enabled by ENP. (See ENX.) 



~PRESS ~/?EMICONDUCTOR =================================== 

CY7C516 
CY7C517 

Input Formats (All Devices) 

Fractional Two's Complement Input Format 

TCX, TCY = l 
X1N Y1N 

j 1s 14 13 12 11 10 9 7 6 4 2 ol j 1s 14 13 12 11 10 9 7 6 4 3 2 oj 
-20 2-I 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-102-112-122-13 2-14 2-15 -20 2-1 2-2 2-3 2-4 2-s 2-6 2-7 2-8 2-9 2-10 2-112-122-13 2-14 2-15 

(Sign) (Sign) 

Integer Two's Complement Input Format 

TCX, TCY = 1 
X1N Y1N 

j 1s 14 13 12 11 10 9 7 6 4 2 ol I 1s 14 13 12 11 10 9 7 6 5 4 3 2 ol 
-215 214 213 212 211 210 29 28 27 26 2s 24 23 22 21 20 -215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20 

(Sign) (Sign) 

Unsigned Fractional Input Format 

TCX, TCY = 0 
X1N Y1N 

j 1s 14 13 12 11 10 9 8 7 6 4 3 2 ol J 1s 14 13 12 11 10 9 7 6 5 4 3 2 ol 
2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-10 2-112-122-13 2-14 2-15 2-16 2-1 2-2 2-3 2-4 2-s 2-6 2-7 2-8 2-9 2-10 2-112-122-13 2-14 2-15 2-16 

Unsigned Integer Input Format 

TCX, TCY = 0 
X1N Y1N 

j 1s 14 13 12 11 10 9 7 6 4 2 ol j 1s 14 13 12 11 10 9 8 7 6 4 3 2 ol 
21s 214 213 212 211 210 29 28 11 26 25 24 23 22 21 20 21s 214 213 212 211 210 29 28 27 26 2s 24 23 22 21 20 

5-63 
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Output Formats (All Devices) 

Fractional Two's Complement (Shifted)* Format 

FA= 0 
MSP LSP 

I 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 \ ~I 1_5_1_4_13_1_2_1_1_10 __ 9 ___ 7 __ 6 ___ 4 __ 3 __ 2 ___ 0~\ 
-20 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-10 2-112-122-13 2-14 2-15 

(Sign) 

-20 2-16 2-17 2-18 2-19 2-20 2-212-22 2-23 2-24 2-25 2-26 2-27 2-28 2-29 2-30 

(Sign) 

Fractional Two's Complement Output 

FA= I 
MSP LSP 

I 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 \ I 15 14 13 12 11 10 9 8 7 6 4 2 ol 
-21 20 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9 2-10 2-112-122-B 2-14 2-15 2-16 2-112-18 2-19 2-20 2-212-22 2-23 2-24 2-25 2-26 2-27 2-28 2-29 2-30 

(Sign) 

Integer Two's Complement Output 

FA= I 
MSP LSP 

\ 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 161 [ii 14 13 12 II 10 9 8 7 6 5 4 3 2 0 I 
-231 230 229 228 221 226 225 224 223 222 221 220 219 218 211 216 215 214 213 212 211 210 29 28 21 26 25 24 23 22 21 20 

(Sign) 

Unsigned Fractional Output 

FA= I 
MSP LSP 

I 31 30 29 28 21 26 25 24 23 22 21 20 19 18 11 16 \ I 1s 14 13 12 11 10 9 8 7 6 5 4 2 o\ 
2-1 2-2 2-3 2-4 2-5 2-6 2-1 2·8 2-9 2-10 2-11 2-12 2-13 2-14 2-15 2-16 2-n 2-18 2-19 2-20 2-21 2-22 2-23 2-24 2-25 2-26 2-27 2-28 2-29 2-30 2-31 2-32 

Unsigned Integer Output 

FA= I 
MSP LSP 

I 31 30 29 28 21 26 25 24 23 22 21 20 19 18 11 16 \ I 1s 14 13 12 11 10 9 8 1 6 5 4 3 2 o I 
231 230 229 228 221 226 225 224 223 222 221 220 219 218 211 216 215 214 213 212 211 210 29 28 21 26 25 24 23 22 21 20 
*In this format an overflow occurs in the attempted multiplication of the two's complement number 1.000 ... (-1) with itself, yielding a product of 1.000 
... or -1. 
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Electrical Characteristics Over Operating Range 

Parameters Description 

Yott Output HIGH Voltage 

VoL Output LOW Voltage 

Vrn Input HIGH Voltage 

VIL Input LOW Voltage 

Iott Output HIGH Current 

loL Output LOW Current 

I Ix Input Leakage Current 

Ios[ll Output Short Circuit Current 

lozL Output OFF (Hi-Z) Current 

IozH Output OFF (Hi-Z) Current 

Commercial (-38) 

Ice (Q1)[2l 
Supply Current 

Military (-42) 
(Quiescent) 

All Others 

Ice (Q2)[2l 
Supply Current Commercial 
(Quiescent) Military 

Ice (Max.)[2] Supply Current 
Commercial 

Military 

Capacitance [3] 

Parameters Description 

CIN Input Capacitance 

CouT Output Capacitance 

Notes: 
I. Not more than one output should be tested at a time. Duration of the 

short circuit should not be more than one second. 
2. Two quiescent figures are given for different input voltage ranges. To 

calculate Ice at any given clock frequency, use 30 mA + Ice (A.C.), 
where Ice (A.C.) = (7 mA/MHz) X Clock Frequency for the Com
mercial temperature range. Ice (A.C.) = (8 mA/MHz) X Clock 
Frequency for the Military temperature range. 

Test Conditions Min. Max. 

Vee= Min., Iott= -0.4mA 2.4 

V cc= Min., loL = 4.0 mA 0.4 

2.0 

0.8 

Vcc=Min., Yott=2.4V -0.4 

Vee= Min., VoL=0.4V 4.0 

Vss s VIN s Yee. Vee = Max. -10 10 

Vee= Max., VouT = OV -3 -30 

Vcc=Max., OE=2.0V -25 

Vcc=Max., OE=2.0V 25 

GND s VIN s VIL or 40 
Vrn s VIN s Yee; 45 
OE= HIGH 

30 

GND s VIN s 0.4V or 20 
3.85V s VIN s Vee; OE= HIGH 25 

V CC= Max., fcLK = 10 MHz; 100 
OE= HIGH 110 

Test Conditions Max. 

TA =25°C, f= 1 MHz 8 
Vee= s.ov 10 

3. Tested on a sample basis. 

Output Loads Used for A.C. Performance Characteristics 

Normal Load (Load 1) Three-State Delay Load (Load 2) 

R1 
1025.0. 

5Vn OUTPUT 

R2 
40pfI 817.0. 

TO 500.0. 
OUTPUT~ 

PIN-~ ...L _i_ 
5pf4 Vx 

Units 

v 
v 
v 
v 

mA 

mA 

µA 

mA 

µA 

µA 

mA 

mA 

mA 

Units 

pF 

0054-5 

Equivalent to: THEVENIN EQUIVALENT 

455.0. 
OUTPUT o---'IN'v---0 2.22V 

0054-4 

0054-6 
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Switching Characteristics Over Operating Range 

7CS16-38 7CS1642 

Parameters Description 
Test 7CS17-38 7CS17-42 

Conditions 
Min. Max. Min. Mu. 

ltMuc Unclocked Multiply Time S8 6S 

~MC Clocked Multiply Time 38 42 

~s Xi, Yi, RND, TCX, TCY Set-up Time 7 8 

~H Xi, Yi, RND, TCX, TCY Hold Time 3 ., 3 

~SE P.N'X, 'ENY, £NP Set-up Time (7CS 17 Only) 10 15 
Load 1 

~HE P.NX, £NY, £NP Hold Time (7C517 Only) 3 3 

~PWH,tPWL Clock Pulse Width (HIGH and LOW) 10 10 

~PDSEL ~to Product Out 18 21 

~PDP Output Clock to. J> 2S 30 

~PDY Output Clock to Y 25 30 

!!!.HZ <IBP Disable Time 
HIGHtoZ 15 17 

~PLZ LOWtoZ 15 17 

~PZH <IBP Enable Time 
ZtoHIGH 23 25 

lti>_zL ZtoLOW 
Load2 

23 25 

!!!.HZ om: Disable Time 
HIGHtoZ 15 17 

~PLZ LOWtoZ 15 17 

~H OEL Enable Time 
ZtoHIGH 23 25 

jtpzL ZtoLOW 23 25 

itHcL 
Clock Low Hold Time CLKXY 

Load 1 
0 0 

Relative to CLKML[l] 

Note: 
I. To ensure that the correct product is entered in the output registers, 

new data may not be entered into the input registers before the output 
registers have been clocked. 

Test Waveforms (All Devices) 
1IST Vx OUTPUT WAVEFORM- MEASUREMENT LEVEL 

ALL tPO's Vee 
VoH~ 
V 1.5V 

OL 

tPHZ aJN VoH~ 
a.av 

tPLZ 2.6V 
Vol 
~2.6V 

~VoH 
tPZH a.rN v 

a.av 

li>ZL 2.6V 2.6V~ 
1.sv VoL 

7CS16-4S 
7CS17-45 

Min. Max. 

6S 

4S 

20 

3 

20 

3 

20 

25 

30 

30 

25 

25 

30 

30 

25 

25 

30 

30 

0 

0054-7 

Setup and Hold Time (All Devices) Pulse Width (All Devices) 

LOW-HIGH-LOW -c 
PULSE 

TpwH 

/ 

Notes: 0054-8 

7CS16-SS 
1cs11-ss· 

Min. Max. 

1S 

SS 

20 

3 

20 

3 

25 

25 

30 

30 

25 

25 

30 

30 

25 

25 

30 

30 

0 

1. Diagram shown for HIGH data only. Output transition may be oppo
site sense. 

2. Cross batched area is don't care condition. 
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7CS16-7S 
7CS17-75 Unitsj 

Min. Max. 

100 ns 

1S ns 

2S ns 

3 ns 

25 ns 

3 ns 

30 ns 

30 ns 

3S ns 

35 ns 

30 ns 

30 ns 

35 ns 

35 ns 

30 ns 

30 ns 

35 ns 

35 ns 

0 ns 

0054-9 
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Three-State Timing Diagram 

3-STATE 
CONTROL 

3-STATE 
OUTPUT 

Timing Diagram 
7C516 

CLKX 

(HIGH LEVEL) 

(LOW LEVEL) 

t- 1PHZ--i 
(OISABLE) 

~ v0 H-o.sv 

(HIGH IMPEDANCE) 

¥ VoL +O.SV 

i---1PLZ-
(DISABLE) 

I--- Tpw ---I 
CLKY _______ _, 

i--tPZH-
(ENABLE) 

i---IPzL-
(ENABLE) 

X1N• YIN• ~:7'\i"\71:7'\i'\Jr-.;;...-t-~ri:f7.,=~=~=~="""'="""'~"""',..,.."""',..,.."""',..,..,... 
TCX, 1~Y0 """""""'""""'"""''"'"---t--"~="'"""="'"""="'"""~"""'~"""'~"""'~~~~~~ 

VoH 
1.5V 
Vol 

VoH 
1.5V 

1.5V 

VoL 

~:7'\ii'\7':7'\ii'\7':7'\ii'\7'~~=~=~="""'='1':1't'71"'1':1't'71"'1':7',..,.."""',..,.. ..... '1,..----ouTPUT 
""""...._..""""' ...... ~~""'!l""""~'°""'~"'""'~~/,,;;;,/,;,~~~~~~c.t'l'------Y 

CLKM 

CLKL ............................ -+------------------------.J 1--- Tpop 

Timing Diagram 
7C517 

CLK 

ENX~-.-..... .....,,.; 

I--- Tpw ---I 

ENY..._,.., ..... ,..,..i&. ........ -t .... ..L..l..l....L...1..1....L..l..J....L..L.J.:..L.l..J.:..L.1..J.:..L./..l.:j..L../..l.:..L./..l.:.L.f... 

7'\:"'V'V"\:"'V'V"\:"'V'V"\:IV'IO'l:~O'l:7"1'~7"1'~'1':7'~'1':7'~'1':7'~"'7~*"~""'~1,...--ouTPUT 
y 
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Typical DC and AC Characteristics 

0 
..$:> 
0 

"' ~ 
<( 
::I 

"' 0 z 

13 z 
"' ::> 
0 

"' "' .._ 
0 

"' N 
:::; 
<( 
::I 

"' 0 z 

NORMALIZED SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 

NORMALIZED SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 

OUTPUT SOURCE CURRENT 
vs. OUTPUT VOLTAGE 

1.2 ,..---....,..--..,.-----.--..... 1.4...-----.------..... 30 ...--....,..---,.------.---.. 
< 
5 ,_ 25 

1.0 1.2 z 
~ "' "' 20 "' 0 :::> 

"' 0 
0.8 

N 
1.0 "' 15 :::; 

<( u 
::I "' :::> 
"' 0 10 0 I/) 

0.6 z 0.8 ,_ 
V1N=5.0V :::> 

5 ~ TA= 25"C :::> 
0 

0.4 0.6 0 
4.0 4.5 5.0 5.5 6.0 -55 25 12,5 0 0.8 1.6 2.4 

SUPPLY VOLTAGE (V) AMBIENT TEMPERATURE("C) OUTPUT VOLTAGE (V) 

NORMALIZED FREQUENCY 
vs. SUPPLY VOLTAGE 

NORMALIZED FREQUENCY 
vs. AMBIENT TEMPERATURE 

OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE 

1.3 

1.2 

1.1 

1.0 v 
0.9 

0.8 

0.7 
4.0 

1.6 35 

~ 
TA= 25"C 

13 < 30 
1.4 5 z 

"' 
,_ 

25 ::> z 
0 "' "' 1.2 "' "' "' 20 .._ :::> 
0 

u 
Vcc=5.0V 

"' "' 15 N 1.0 z TA =25°C :::; iii 
<( Vcc=5.0V ,_ 10 ::I 

"' 
:::> 

0.8 a.. 0 ,_ 
z :::> 5 

0 

0.6 0 
4.5 5.0 5.5 6.0 -55 25 125 0 1.0 2.0 3.0 

SUPPLY VOLTAGE(V) AMBIENT TEMPERATURE (°C) OUTPUT VOLTAGE(V) 

NORMALIZED CURRENT DELAY 
vs. OUTPUT LOADING 

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

j 3.0 >--+----+---+---~ ....... 

"' 0 
,_ 2.5>--+---+-~...----+---l 
:::> 
~ 5 2.0 l---+--'+---+---+-----1 

200 400 600 800 1000 

CAPACITANCE (pf") 

NORMALIZED Ice 
vs. FREQUENCY 

1.6 ,...-....,..-.,.-....,..-.,.-....,..-.,.-~ 

~ 1.41--+--t---+--+---i~--JlL.___, 
tl 1.2 1---1---<--+---+p--~~,._.-+-_, 
~ v i 1.0 1---1-L-vl-----l--v-c+-c-=-5+-.s-v--i 

0.8 ,____,..~1---1---+-TA = 25"C-

Vr Of 
0.6 .___..__.___,__.___,__.___, 

0 5 10 20 

FREQUENCY (MHz) 

3.2 

4.0 

0054-17 
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· CY7C517 
~NDUCTOR =================================================================== 

Ordering Information 

Speed Ordering Package Operating Speed Ordering Package Operating 
(ns) Code Type Range (ns) Code Type Range 

3S CY7C516-3SPC P29 Commercial 55 CY7C516-55PC P29 Commercial 
CY7C517-3SPC CY7C517-55PC 

CY7C516-3SLC LSI CY7C516-55LC LSI 
CY7C517-3SLC CY7C517-55LC 

CY7C516-3SJC JS! CY7C516-55JC JS! 
CY7C517-38JC CY7C517-55JC 

CY7C516-3SDC D30 CY7C516-55DC D30 
CY7C517-3SDC CY7C517-55DC 

CY7C516-3SGC G6S CY7C516-55GC G6S 
CY7C517-3SGC CY7C517-55GC 

42 CY7C516-42LMB LSI Military CY7C516-55LMB LSI Military 
CY7C5 l 7-42LMB CY7C517-55LMB 

CY7C5 l 6-42DMB D30 CY7C516-55DMB D30 
CY7C517-42DMB CY7C517-55DMB 

CY7C516-42GMB G6S CY7C516-55GMB G6S 
CY7C517-42GMB CY7C517-55GMB 

45 CY7C5 l 6-45PC P29 Commercial 75 CY7C516-75PC P29 Commercial 
CY7C517-45PC CY7C517-75PC 

CY7C516-45LC LSI CY7C516-75LC LSI 
CY7C517-45LC CY7C517-75LC 

CY7C516-45JC JS! CY7C516-75JC JS! 
CY7C517-45JC CY7C5 l 7-75JC 

CY7C516-45DC D30 CY7C516-75DC D30 
CY7C517-45DC CY7C517-75DC 

CY7C516-45GC G6S CY7C516-75GC G6S 
CY7C517-45GC CY7C517-75GC 

CY7C516-75LMB LSI Military 
CY7C517-75LMB 

CY7C516-75DMB D30 
CY7C517-75DMB 

CY7C516-75GMB G6S 
CY7C517-75GMB 
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Features 
• Fast 

CY7C901-23 has a 23 ns 
Read Modify-Write Cycle; 
Commercial 25% Faster 
than ''C" Spec 2901 
CY7C901·27 has a 27 ns 
Read Modify-Write Cycle; 
Military 15% Faster 
than "C'' Spec 2901 

• Low Power 
70 mA (commercial) 
90 m.4. (military) 

• Vee 5V ±10% 
Commercial and military 

• Eight Function ALU 

• Inf°mitely expandable in 4-bit 
increments 

• Four Status Flags: 
Carry, overflow, negative, zero 

• Capable of withstanding 
greater than 2000V static 
discharge voltage 

Logic Block Diagram 

... 
'A' (READ) 
ADDRESS 

(REAOJWRITEJ 
ADDRESS 

DIRECT 
DATA IN 

CARRY IN 

• Pin Compatible and Functional 
Equivalent to Am2901B, C 

Functional Description 
The CY7C901 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 CY7C901 is basic but yet so 
versatile that it can emulate the ALU 
of almost any digital computer. 

The CY7C90l, 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 ma
nipulation and control logic. 

The operation performed is determined 
by nine input control lines (Io to Is) 

c,. 
8-FUNCTION ALU 

A F 
OUTPUT DATA SELECTOR 

DATA OUT 

5-70 

G" 
p 
CN + 4 
F:i (SIGN) 
OVERFLOW 
F =0000 

CY7C901 

CMOS Four-Bit Slice 

that are usually inputs from a microin
struction register. 

The CY7C901 is expandable in 4-bit 
increments, has three-state data out
puts as well as flag output, and can use 
either a full look ahead carry or a rip
ple carry. 

The CY7C901 is a pin compatible, 
functional equivalent, improved per
formance replacement for the Am2901. 

The CY7C901 is fabricated using an 
advanced 1.2 micron CMOS process 
that eliminates latchup, results in ESD 
protection over 2000V and achieves su
perior performance with low power 
dissipation.· 

Pin Configuration 

Top View 

AJ 

A2 

A1 

Ao v, ,, Yo 

la 

OVR 

Cn +4 

G" 

Cn 

Do 
o, 
o, 
03 

0030-2 

0030-1 



CY7C901 ~PRESS ~~!CONDUCTOR===================================== 
Selection Guide See last page for ordering information. 

Read Modify-Write Cycle (Min.) inns Operating Ice (Max.) in mA Operating Range Part Number 
23 
27 
31 
32 

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

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

Ambient Temperature with 
Power Applied .................... - 55°C to + 125°C 

Supply Voltage to Ground Potential 
(Pin 10 to Pin 30) .................... -0.SV to + 7.0V 

DC Voltage Applied to Outputs 
in High Z State ...................... - 0. SV to + 7 .OV 

DC Input Voltage ................... -3.0V to + 7.0V 

Pin Definitions 
Signal 
Name 1/0 Description 

Ao-A3 These 4 address lines select one of the registers in 
the stack and output its contents on the (internal) 
A port. 

Bo-B3 These 4 address lines select one of the registers in 
the stack and output is contents on the (internal) 
B port. This can also be the destination address 
when data is written back into the register file. 

Io-Is These 9 instruction lines select the ALU data 
sources (Io, 1, 2), the operation to be performed 
(I3, 4, 5) and what data is to be written into either 
the Q register or the register file (I6, 7, g). 

Do-D3 These are 4 data input lines that may be selected 
by the Io, 1, 2 lines as inputs to the ALU. 

Yo-Y 3 0 These are three-state data output lines that, when 
enabled, output either the output of the ALU or 
the data in the A latches, as determined by the 
code on the I6, 7, s lines. 

OE Output Enable. This is an active LOW input that 
controls the Yo-Y 3 outputs. When this signal is 
LOW the Y outputs are enabled and when it is 
HIGH they are in the high impedance state. 

CP Clock Input. The LOW level of the clock write 
data to the 16 x 4 RAM. The HIGH level of the 
clock writes data from the RAM to the A-port 
and B-port latches. The operation of the Q 
register is similar. Data is entered into the master 
latch on the LOW level of the clock and 
transferred from master to slave when the clock is 
HIGH. 

I/0 These two lines are bidirectional and are 
controlled by the I6, 7, s inputs. Electrically they 
are three-state output drivers connected to the 
TTL compatible CMOS inputs. 

80 
90 
70 
90 

5-71 

Commercial CY7C901-23 
Military CY7C901-27 

Commercial CY7C901-31 
Military CY7C901-32 

Output Current into Outputs (Low) ............. 30 mA 

Static Discharge Voltage ..................... > 2001 V 
(Per MIL-STD-883 Method 3015.2) 

Latchup Current (Outputs) .................. > 200 mA 

Operating Range 

Range 
Ambient 

Vee Temperature 

Commercial 0°C to +10°c SV ± 10% 

Military - 55°C to + 125°C SY± 10% 

Signal 
Name 1/0 Description 

Q3 I/0 Outputs: When the destination code on lines 
RAM3 I6, 7, s indicates a shift left (UP) operation the 
(Cont.) three-state outputs are enabled and the MSB of 

the Q register is output on the Q3 pin and the 5 MSB of the ALU output (F3) is output on the 
RAM3pin. 
Inputs: When the destination code indicates a 
shift right (DOWN) the pins are the data inputs 
to the MSB of the Q register and the MSB of the 
RAM. 

Qo I/0 These two lines are bidirectional and function in a 
RAMo manner similar to the Q3 and RAM3 lines, except 

that they are the LSB of the Q register and RAM. 
Cn I The carry-in to the internal ALU. 
Cn + 4 0 The carry-out from the internal ALU. 
G, P 0 The carry generate and the carry propagate 

outputs of the ALU, which may be used to 
perform a carry look-ahead operation over the 4-
bits of the ALU. 

OVR 0 Overflow. This signal is logically the exclusive-
OR of the carry-in and the carry-out of the MSB 
of the ALU. This pin indicates that the result of 
the ALU operation has exceeded the capacity of 
the machine. It is valid only for the sign bit and 
assumes two's complement coding for negative 
numbers. 

F = 0 0 Open drain output that goes HIGH if the data on 
the ALU outputs (Fo, 1, 2, 3) are all LOW. It 
indicates that the result of an ALU operation is 
zero (positive logic). 

F3 0 The most significant bit of the ALU output. 



VI 
.:., 
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Oo 

DIRECT{~3 
DATA z>----+--+-+-+----+----+--, 
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BE 
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Figure 1. CY7C901 Block Diagram 

02 03 

Q REGISTER 

OEN' 1111111 lrE~~t~;~oN o, o, 03 

J 

NOTE LSB 1$ NUMBERED ''O"; MSB IS NUMBERED "3" 
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~ • ~UNIDIRECTIONAL 

1, 
17 
Is 
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!' 
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8 
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~l 

~ 
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CY7C901 

Functional Tables 

Micro Code ALU Source 
Operands 

Mnemonic Octal 
12 It lo Code R s 

Micro Code ALU Mnemonic Octal Function Symbol 
Is 14 13 Code 

ADD L L L 0 RP!us S R+S 
AQ L L L 0 A Q SUBR L L H 1 SMinusR S-R 
AB L L H 1 A B SUBS L H L 2 RMinus S R-S 
ZQ L H L 2 0 Q OR L H H 3 RORS RVS 
ZB L H H 3 0 B AND H L L 4 RANDS R /\ S 
ZA H L L 4 0 A NOTRS H L H 5 RANDS R /\ s 
DA H L H 5 D A EXOR H H L 6 REX-ORS R¥S 
DQ H H L 6 D Q EXNOR H H H 7 REX-NORS R¥S 
DZ H H H 7 D 0 Figure 3. ALU Function Control 

Figure 2. ALU Source Operand Control 

Micro Code RAM Function Q-Reg. RAM Q Shifter 
Mnemonic Function y Shifter 

Is 17 16 
Octal Shift Load Shift Load 

Output 
RAMo RAM3 Code Qo Q3 

QREG L L L 0 x None None P-+Q p x x x x 
NOP L L H 1 x None x None p x x x x 
RAMA L H L 2 None P-+B x None A x x x x 
RAMP L H H 3 None P-+B x None p x x x x 
RAMQD H L L 4 DOWN P/2-+ B DOWN Q/2 - Q p Po IN3 Qo IN3 
RAMD H L H 5 DOWN P/2-+ B x None p Po IN3 Qo x 
RAMQU H H L 6 UP 2P-+ B UP 2Q - Q p INo P3 INo Q3 
RAMU H H H 7 UP 2P-+ B x None p I No P3 x Q3 

X = Don't care. Electrically, the input shift pin is a TTL input internally connected to a three-state output which is in the high-impedance state. 
A = Register Addressed by A inputs. 
B = Register Addressed by B inputs. 
UP is toward MSB, DOWN is toward LSB. 

Figure 4. ALU Destination Control 

h100ctal 0 1 2 3 4 5 6 7 

ALU 
Source 

Octal ALU 
1543 Function A,Q A,B O,Q O,B O,A D,A D,Q D,O 

0 Cn = L A+Q A+B Q B A D+A D+Q D 
RplusS 
Cn = H A+Q+l A+B+l Q+l B+l A+l D+A+l D+Q+l D+l 

1 Cn = L Q-A-1 B-A-1 Q-1 B-1 A-1 A-D-1 Q-D-1 -D-1 
SminusR 
Cn= H Q-A B-A Q B A A-D Q-D -D 

2 Cn = L A-Q-1 A-B-1 -Q-1 -B-1 -A-1 D-A-1 D-Q-1 D-1 
RminusS 
Cn= H A-Q A-B -Q -B -A D-A D-Q D 

3 RORS AVQ AVB Q B A DVA DVQ D 

4 RANDS A/\Q A/\B 0 0 0 D/\A Df\Q 0 

s RANDS Af\Q Af\B Q B A D/\A Df\Q 0 

6 REX-ORS A¥Q A¥B Q B A D¥A D¥Q D 

7 REX-NORS A¥Q A¥B Q B A D¥A D¥Q D 

+ =Plus; - =Minus; V =OR; /\ =AND; ¥ =EX-OR 
Figure 5. Source Operand and ALU Function Matrix 
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~~NuUCToR========================================================C=Y==7=C=9=0==1 
Description of Architecture 
General Description 

A block diagram of the CY7C901 is shown in Figure J. 
The circuit is a 4-bit slice consisting of a register file (16 x 4 
dual port RAM), the ALU, the Q register and the neces
sary control logic. It is expandable in 4-bit increments. 

RAM 

The RAM is addressed by two 4-bit address fields (Ao-A3, 
Bo-B3) that cause the data to appear at the A or B (inter
nal) ports. If the A and B addresses are the same, the data 
at the A and B ports will be identical. 

New data is written into the RAM location specified by the 
B address when the RAM write enable (RAM EN) is ac
tive and the clock input is LOW. Each of the four RAM 
inputs is driven by a 3-input multiplexer that allows the 
outputs of the ALU (Fo, 1, 2, 3,) to be shifted one bit posi
tion to the Jett, the nght, or not to be shifted. The other 
inputs to the multiplexer are from the RAM3 and RAMo 
I/Opins. 

For a shift left (up) operation, the RAM3 output buffer is 
enabled and the RAMo multiplexer input is enabled. For a 
shift right (down) operation the RAMo output buffer is 
enabled and the RAM3 multiplexer input is enabled. 

The data to be written into the RAM is applied to the D 
inputs of the CY7C901 and is passed (unchanged) through 
the ALU to the RAM location addressed by the B word 
address. 

The outputs of the RAM A and B ports drive separate 4-
bit latches that are enabled (follow the RAM data) when 
the clock is HIGH. The outputs of the A latches go to 
three multiplexers whose outputs drive the two inputs to 
the ALU (Ro, 1, 2, 3) and (So, 1, 2, 3) and the (Yo, 1, 2, 3) chip 
outputs. 

ALU (Arithmetic Logic Unit) 

The ALU can perform three arithmetic and five logical 
operations on two 4-bit input words, R and S. The R inputs 
are driven from four 2-input multiplexers whose inputs are 
from either the (RAM) A-port or the external data (D) 
inputs. The S inputs are driven from four 3-input multi
plexers whose inputs are from the A-port, the B-port, or 
the Q register. Both multiplexers are controlled by the 
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Io, 1, 2 inputs as shown in Figure 2. This configuration of 
multiplexers on the ALU R and S inputs enables the user 
to select eight pairs of combinations of A, B, D, Q and "O" 
(unselected) inputs as 4-bits operands to the ALU. The 
logical and arithmetic operations performed by the ALU 
upon the data present at its R and S inputs are tabulated in 
Figur'!_3. The ALU has a carry-i!!._ (Cn) input, carry-propa
gate (P) output, carry-generate (G) output, carry-out 
(Cn + 4) and overflow (OVR) pins to enable the user to (1) 
speed up arithmetic operations by implementing carry 
look-ahead logic and (2) determine if an arithmetic over
flow has occurred. 

The ALU data outputs (Fo, 1, 2, 3) are routed to the RAM, 
the Q register inputs and the Y outputs under control of 
the I6, 7, s control sigual inputs as shown in Figure 4. In 
addition, the MSB of the ALU is output as F3 so that the 
user can examine the sign bit ·without enabling the three
state outputs. The F = 0 output, used for zero detection, is 
HIGH when all bits of the F output are LOW. It is an 
open-drain output which may be wire OR'ed across multi
ple 7C901 processor slices. 

QRegister 

The Q register functions as an accumulator or temporary 
storage register. Physically it is a 4-bit register implement
ed with master-slave latches. The inputs to the Q register 
are driven by the outputs from four 3-input multiplexers 
under control of the I6, 7, s inputs. The Qo and Q3 I/0 pins 
function in a manner similar to the RAMo and RAM3 
pins. The other inputs to the multiplexer enable the con
tents of the Q register to be shifted up or down, or the 
outputs of the ALU to be entered into the master latches. 
Data is entered into the master latches when the clock is 
LOW and transferred from master to slave (output) when 
the clock changes from LOW to HIGH. 

ALU Source Operand and ALU Functions 

The ALU source operands and ALU function matrix is 
summarized in Figure 5 and separated by logic operation 
or arithmetic operation in Figures 6 and 7, respectively. 
The Io, 1, 2 lines select eight pairs of source operands and 

· the I3, 4, 5 lines select the operation to be performed. The 
carry-in (Cn) signal affects the arithmetic result and the 
internal flags; not the logical operations. 
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Conventional Addition and Pass-Increment/ 
Decrement 

When the carry-in is HIGH and either a conventional ad
dition or a PASS operation is performed, one (1) is added 
to the result. If the DECREMENT operation is performed 
when the carry-in is LOW, the value of the operand is 
reduced by one. However, when the same operation is per
formed when the carry-in is HIGH, it nullifies the DEC
REMENT operation so that the result is equivalent to the 
PASS operation. 

Octal Group Function 
1543, 1210 

40 AND A/\ Q 
4 l A/\ B 
45 D /\ A 
46 D /\ Q 

30 OR AVQ 
3 l AVB 
35 DVA 
36 DVQ 

60 EX-OR Al.JQ 
6 1 Al.JB 
65 Dl.JA 
66 Dl.JQ 

70 EX-NOR Al.JQ 
7 1 Al.JB 
75 Dl.JA 
76 Dl.JQ 

72 INVERT Q 
73 B 
74 A 
77 D 

62 PASS Q 
63 B 
64 A 
67 D 

32 PASS Q 
33 B 
34 A 
37 D 

42 "ZERO" 0 
43 0 
44 0 
47 0 

50 MASK A/\ Q 
5 1 A /\ B 
55 D /\ A 
56 D /\ Q 

Figure 6. ALU Logic Mode Functions 
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Subtraction 

Recall that in two's complement integer coding - 1 is 
equal to all ones and that in one's complement integer cod
ing zero is equal to all ones. To convert a positive integer to 
its two's complement (negative) equivalent, invert (comple
ment) the number and add 1 to it; i.e., TWC = ONC + 1. 
In Figure 7 the symbol - Q represents the two's comple
ment of Q so that the one's complement of Q is then 
-Q -1. 

Octal Cn = 0 (Low) Cn = 1 (High) 

1543, Ii10 Group Function Group Function 

00 A+Q A+Q+l 
01 ADD A+B ADD plus A+B+l 
05 D+A one D+A+l 
06 D+Q D+Q+l 

02 Q Q+l 
03 PASS B 

Increment B+l 
04 A A+l 
07 D D+l 

12 Q-1 Q 
1 3 

Decrement 
B-1 

PASS B 
14 A-1 A 
27 D-1 D 

22 -Q-1 -Q 
23 l's Comp. 

-B-1 2'sComp. -B 
24 -A-1 (Negate) -A 
1 7 -D-1 -D 

10 Q-A-1 Q-A 
1 1 B-A-1 B-A 
1 5 A-D-1 A-D 
1 6 Subtract Q-D-1 Subtract Q-D 
20 (l's Comp.) A-Q-1 (2's Comp.) A-Q 
2 1 A-B-1 A-B 
25 D-A-1 D-A 
26 D-Q-1 D-Q 

Figure 7. ALU Arithmetic Mode Functions 
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CY7C901 

Definitions ( + = OR) 

Po = Ro + So Go = RoSo 
Pt = Rt + St Gt = RtSt 
P2 = R1 + S2 G2 = R1S2 
P3 = R3 + S3 G3 = R3S3 

Logic Functions for G, P, Cn + 4, and OVR 
The four signals G, P, Cn + 4, and OVR are designed to 
indicate carry and overflow conditions when the CY7C901 
is in the add or subtract mode. The table below indicates 
the logic equations for these four signals for each of the 
eight ALU functions. The R and S inputs are the two in
puts selected according to Figure 2. 

C4 = G3 + P3G2 + P3P2Gt + P3P2Go + P3P2PtP0Cn 
C3 = G1 + P2G1 + P2PtGo + P2P1P0Cn 

1543 Function p G CN+4 OVR 

0 R+S P3P2PtPo G3 + P3G2 + P3P2Gt + P3P2P1Go C4 C3 ¥ C4 

1 S-R - Same as R + S equations, but substitute R; for Ri in definitions -2 R-S - Same as R + S equations, but substitute Si for Si in definitions -3 RVS LOW P3P2P1Po P3P2P1Po + C,. P3P2PtPo+C,. 

4 R i\ S LOW G3+G2+Gt+Go G3+G2+G1 +Go+C,. G3+G2+G1 +Go+Cn 

5 R i\ s LOW +-- Same as R i\ S equations, but substitute R; for Ri in definitions 

6 R¥S - Same as R ¥ S, but substitute R; for Ri in definitions 

7 R¥S G3+G2+G1 +Go G3 + P3G2 + P3P2G1 + P3P2P1Po 
G3 + P3G2 + P3P2G1 

+ P3P2P1Po (Go+ Cu) 

Notes: 
[P2 + G2P1 + G2G1Po + G2G1G0Cnl ¥ [P3 + G3P2 + G3G2P1 + G3G2G1Po + G3G2G1G0Cnl 
+=OR 

Figures 

5-76 

--
See note 
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Electrical Characteristics Over Commercial and Military Operating Range 
V cc Min. = 4.5V, V cc Max. = 5.5V 

Parameters Description Test Conditions Min. 

VoH Output HIGH Voltage Vee= Min. 2.4 
loH = -3.4mA 

Vee= Min. 
VoL Output LOW Voltage loL = 20 mA Commercial 

loL = 16 mA Military 

Vrn Input HIGH Voltage 2.0 

VrL Input LOW Voltage -3.0 

Irx Input Leakage Current Vss ~VIN~ Vee -10 
Vee= Max. 

loH Output HIGH Current 
Vee= Min. -3.4 
VoH = 2.4V 

Vee= Min. Commercial 20 
loL Output LOW Current 

VoL = 0.4V Military 16 

Ioz Output Leakage Current Vee= Max. 
VouT = Vss to Vee -40 

Ise Output Short Circuit Current[!] Vee= Max. 
VouT = ov 

Commercial -31 

lee Supply Current Vee= Max. Commercial-23 

Military -27, -32 

Vrn:?: Vee - l.2V, IOMHz Commercial 
Iee1 Supply Current 

VrL ~ 0.4V Military 

Capacitance [2] 

Parameters Description Test Conditions Max. 

CIN Input Capacitance TA= 25°C, f= 1 MHz 5 

CouT Output Capacitance Vee= 5.ov 7 

Notes: 
I. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. 
2. Tested on a sample basis. 

Output Loads used for AC Performance Characteristics 

Notes: 

0030-4 

All outputs except open drain 

I. CL = 50 pF includes scope probe, wiring and stray capacitance. 
2. CL = 5 pF for output disable tests. 
3. Loads shown above are for commercial (20 mA) loL spec only. 
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+5 v 

l 270 n 

Vo~ 

Jc' 
Open drain (F = 0) 

Max. Units 

v 

0.4 v 

Vee v 

0.8 v 

10 µA 

mA 

mA 

+40 µA 
µA 

-85 mA 

70 

80 mA 

90 

26.5 
mA 

31 

Units 

pF 

0030-5 
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CY7C901-23 Commercial and 
CY7C901-27 Military AC Performance 
Characteristics 
The tables below specify the guaranteed AC performance 
of these devices over the Commercial (O"C to 70°C) and 
Military (- 55°C to + 125°C) operating temperature range 
with V cc varying from 4.5V to 5.5V. All times are in 
nanoseconds and are measured between the l.5V signal lev
els. The inputs switch between OV and 3V with signal tran
sition rates of 1 V per nanosecond. All outputs have maxi
mum DC current loads. See "Electrical Characteristics" 
for loading circuit information. 

This data applies to parts with the following numbers: 

CY7C901-23PC CY7C901-23DC CY7C901-23LC 
CY7C901-23JC CY7C901-27DMB CY7C901-27LMB 

Combinational Propagation Delays. C1. = 50 oF 
~ -

Cycle Time and Clock Characteristics 
CY7C901 -23 -27 
Read-Modify-Write Cycle (from 23 ns 27ns 

selection of A, B registers to 
endofcycl~ 

Maximum Clock Frequency to shift Q 43MHz 37MHz 
(50% duty cycle, I = 432 or 632) 

Minimum Clock LOW Time 13 ns 15 ns 

Minimum Clock HIGH Time lOns 12 ns 

Minimum Clock Period 23 ns 27ns 

To Output y F3 Cn+4 G,P F=O OVR RAMo Qo 
From Input RAM3 Q3 

CY7C901 23 27 23 27 23 27 23 27 23 27 23 27 23 27 23 27 
A, BAddress 30 33 30 33 30 33 28 33 30 33 30 33 30 33 - -
Data 21 24 20 23 20 23 20 21 24 25 21 24 22 25 - -
Cn 17 18 16 17 14 14 - - 18 19 16 17 18 19 - -
1012 26 28 25 27 24 26 24 28 25 29 24 27 25 27 - -
1345 26 27 24 27 24 26 24 26 26 27 24 26 26 27 - -
1678 16 18 - - - - - - - - - - 21 21 21 21 
A Bypass ALU 24 26 - - - - -(I= 2XX_L - - - - - - - - -

ClockJ"" 24 27 23 26 23 26 23 25 24 27 24 26 24 27 19 20 

Set-up and Hold Times Relative to Clock (CP) Input 

Input 

CP: 

Set-up Time 
BeforeH - L 

--+--
Hold Time 

AfterH - L 
Set-up Time 

BeforeL - H 
Hold Time 

AfterL - H 
CY7C901 23 27 23 l 27 23 l 27 23 l 27 

A, B Source Address 10 12 

B Destination Address 10 12 
Data 

Io12 
1345 

7 9 
RAMo, 3,Qo, 3 

Output Enable/Disable Times 

0 
(Note 3) 

21, 10 + tpwL 
(Note4) 

Do Not Change 
16 
13 
19 
19 

Do Not Change 
9 

0 - 0 
0 
0 
0 
0 - 0 
0 

Output disable tests performed with CL = 5 pF and measured to 0.5V change of output voltage level. 

Device Input Output Enable Disable 
CY7C901-23 OB y 14 16 
CY7C901-27 OB y 16 18 

Notes: 
I. A dash indicates a propagation delay path or set-up time constraint 

does not exist. 
2. Certain signals must be stable during the entire clock LOW time to 

avoid erroneous operation. This is indicated by the phrase "do not 
change". 
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3. Source addresses must be stable prior to the clock H -+ L transition 
to allow time to access the source data before the latches close. The A 
address may then be changed. The B address could be changed if it is 
not a destination; i.e. if data is not being written back into the RAM. 
Normally A and Bare not changed during the clock LOW time. 

4. The set-up time prior to the clock L -+ H transition is to allow time 
for data to be accessed, passed through the ALU, and returned to the 
RAM. It includes all the time from stable A and B addresses to the 
clock L -+ H transition, regardless of when the clock H -+ L 
transition occurs. 
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CY7C901-31 Commercial and 
CY7C901-32 Military AC Performance 
Characteristics 

Cycle Time and Clock Characteristics 
CY7C901- -31 

Read-Modify-Write Cycle (from 31 ns 
selection of A, B registers to 
end of cycle). 

Maximum Clock Frequency to shift Q 32MHz 
(50% duty cycle, I = 432 or 632) 

Minimum Clock LOW Time 16 ns 

Minimum Clock HIGH Time 15 ns 
Minimum Clock Period 31 ns 

-32 

32 ns 

31MHz 

17 ns 

15 ns 

32 ns 

The tables below specify the guaranteed AC performance 
of these devices over the Commercial (0°C to 70°C) and 
Military ( - 55°C to + 125°C) operating temperature range 
with V cc varying from 4.5V to 5.5V. All times are in 
nanoseconds and are measured between the l.5V signal lev
els. The inputs switch between OV and 3V with signal tran
sition rates of lV per nanosecond. All outputs have maxi
mum DC current loads. See "Electrical Characteristics" 
for loading circuit information. For faster performance see CY7C901-23 specification on page 9. 

This data applies to parts with the following numbers: 

CY7C901-31PC CY7C901-31DC CY7C901-31LC CY7C901-31JC CY7C901-32DMB CY7C901-32LMB 

Combinational Propagation Delays. CL = 50 pF 

To Output y F3 Cn+4 G,P F=O OVR RAMo Qo 
RAM3 Q3 

From Input -31 -32 -31 -32 -31 -32 -31 -32 -31 -32 -31 -32 -31 -32 -31 -32 
A, BAddress 40 48 40 48 40 48 37 44 40 48 40 48 40 48 - -
D 30 37 30 37 30 37 30 34 38 40 30 37 30 37 - -
Cn 22 25 22 25 20 21 - - 25 28 22 25 25 28 - -
Io12 35 40 35 40 35 40 37 44 37 44 35 40 35 40 - -
I345 35 40 35 40 35 40 35 40 38 40 35 40 35 40 - -
I678 25 29 - - - - - - - - - - 26 29 26 29 
A Bypass ALU 35 (I= 2XX) 40 - - - - - - - - - - - - - -
Clock....r 35 40 35 40 35 40 35 40 35 40 35 40 35 40 28 33 

Set-up and Hold Times Relative to Clock (CP) Input 

CP:-----.1 
~ ------ -- -+---

Input Set-up Time 
BeforeH-+ L 

Hold Time 
AfterH-+ L 

Set-up Time 
BeforeL-+ H 

Hold Time 
AfterL-+ H 

A, B Source Address 15 

B Destination Address 15 
D 

Io12 
I345 

10 

RAMo, 3, Qo, 3 

Output Enable/Disable Times 

0 
(Note 3) 

Do Not Change 

Do Not Change 

30, 15 + tpwL 
(Note 4) 

25 
20 
30 
30 

12 

0 

0 
0 
0 
0 
0 
0 
0 

Output disable tests performed with CL = 5 pF and measured to 0.5V change of output voltage level. 

Device Input Output Enable Disable 
CY7C901-31 OE y 23 23 
CY7C901-32 OE y 25 25 

Notes: 
I. A dash indicates a propagation delay path or set-up time constraint 

does not exist. 
2. Certain signals must be stable during the entire clock LOW time to 

avoid erroneous operation. This is indicated by the phrase "do not 
change". 
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3. Source addresses must be stable prior to the clock H -+ L transition 
to allow time to access the source data before the latches close. The A 
address may then be changed. The B address could be changed if it is 
not a destination; i.e. if data is not being written back into the RAM. 
Normally A and Bare not changed during the clock LOW time. 

4. The set-up time prior to the clock L -+ H transition is to allow time 
for data to be accessed, passed through the ALU, and returned to the 
RAM. It includes all the time from stable A and B addresses to the 
clock L -+ H transition, regardless of when the clock H -+ L 
transition occurs. 
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Minimum Cycle Time Calculations.for 16-Bit Systems 
Speed used in calculations for parts other than CY7C901 are representative for MSI parts. 

MICROPROGRAM 
MEMORY 

CY7C901 
(1) 

DATA 

I ~GIS~RI 

} 
TO 
CY7C901 (2,3,4) 

WIRED "OR" F=O 
FROM OTHER CY7C901 s .------. 

F=Ol-4 ........ -. 

Cn+4 
CY7C901 OVR 1--"i'---+I 

(4) F3 

Y1s-12 

DATA 

~ 
Pipelined System, Add without Simultaneous Shift 

Data Loop 
CY7C245 Clock to Output 
CY7C901 A,BtoG,P 
Carry Logic Go,PotoCn+z 
CY7C901 
Register 

Cn to Worst Case 
Setup 

SEQUENCER 
CY7C910 

MICROPROGRAM 
MEMORY 

REGISTER 

12 
28 
9 

18 
4 

71 ns 

CY7C245 
MUX 
CY7C910 
CY7C245 

Control Loop 
Clock to Output 
Select to Output 
CC to Output 
Access Time 

Minimum Clock Period = 71 ns 

} TO 7C901 (2, 3) 

......__, 
FROM 

RA Mo G, P 7C901(2,3) en RAM3 

RAM3 ••• RA Mo F3 CY7C901 F=O 
(1) CY7C901 OVR 

A, B, I, Cn ••• (4) Cn+4 

••• 

Pipelined System, Simultaneous Add and Shift Down (RIGHT) 

CY7C245 
CY7C901 
Carry Logic 
CY7C901 
XORandMUX 

CY7C901 

Data Loop 
Clock to Output 
A,BtoG,P 
GQ,PotoCn+z 
Cn to Worst Case 
Prop. Delay, Select 
to Output 
RAM3 Setup 

12 
28 
9 

18 
20 

9 
96ns 

CY7C245 
MUX 
CY7C910 
CY7C245 

Minimum Clock Period = 96 ns 
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Control Loop 
Clock to Output 
Select to Output 
CC to Output 
Access Time 

0030-11 

12 
12 
22 
20 

66ns 

0030-12 

12 
12 
22 
20 

66ns 
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Typical DC and AC Characteristics 

0 
.J,> 
0 

"" N 
:J 
< 
::E 

"' 0 
z 

t; 
z 
"" :::> 
0 

"" "' .... 
0 

"" N 
:J 
< 
::E 

"' 0 
z 

NORMALIZED SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 

1.2 -----------

NORMALIZED SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 

1.4 ----------~ 

OUTPUT SOURCE CURRENT 

60 vs. OUTPUT VOLTAGE 

-:(' 

5 50 
I-

1.0 1.2 z 
'-' "" 

..,_--+--+--Vee= 5.ov 
TA =25oC 

..s.:> "' 40 
"' 0 ::> 

"' (.) 
N 

0.8 :J 1.0 "' 30 
< (.) 

::E "' "' 
::> 

0 0 20 
z "' 0.6 0.8 I-

V1N =5.0V :::> 
10 11. 

TA =25°c I-
::> 
0 

0.4 0.6 0 
4.0 4.5 5.0 5.5 6.0 -55 25 125 0 1.0 2.0 3.0 4.0 

SUPPLY VOLTAGE(V) AMBIENT TEMPERATURE(°C) OUTPUT VOLTAGE(V) 

NORMALIZED FREQUENCY NORMALIZED FREQUENCY 
vs. AMBIENT TEMPERATURE 

OUTPUT SINK CURRENT 
vs. OUTPUT VOLTAGE vs. SUPPLY VOLTAGE 

1.3 

1.2 

1.1 

1.0 v 
0.9 

0.8 

0.7 
4.0 

ti z 
"" :::> 
0 

1.6 ----------~ 

1.4 1------+-------i 

140----------~ 

1 1201----+---+---+----i 

I- 100 l---+---+-__ ,..."-+j..--1----1 
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0 
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z 
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0 
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Ordering Information 

Read 
Modify· 
Write 

Cycle (ns) 

23 

27 

31 

,--
32 

Ordering Code J>ackage 
Type 

CY7C901-23PC P17 
CY7C901-23DC 018 
CY7C901-23JC J67 
CY7C901-23LC L67 

CY7C901-27DMB 018 
CY7C901-27LMB L67 

CY7C901-31PC P17 
CY7C901-31DC 018 
CY7C901-31JC J67 
CY7C901-31LC L67 

-.- -i- -. -- - -·-I CY /L:!l01-j21JMH I UHi 
_ CY7C901-32LMB _ L67 

Operating 
Range 

Commercial 
Commercial 
Commercial 
Commercial 

Military 
Military 

Commercial 
Commercial 
Commercial 
Commercial 

....... ~ .. 
Mllltary 

Military 

Pin Configuration 
Top View 

~ ~.? .r .r.r l::l~~,:-~ 
6 5 4 3 

Is 7 NC 
17 8 p 

RAM3 9 OVR 
RAM0 10 Cn+4 

Vee 11 G 
F=O 12 F3 

lo 13 GND 
11 14 en 
12 15 31 14 

CP 16 15 
NC 17 29 13 

~ 
0030-9 
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CY7C909 
CY7C911 

IF SEMICONDUCTOR CMOS Micro Program 
Sequencers 

Features 
• Fast 

- CY7C909/11 has a 30 ns 
(min.) clock to output cycle 
time; commercial and military 

• Low Power 
- Ice (max.) = 55 mA; 

commercial and military 

• Vee margin 
-5V ± 10% 
- All parameters guaranteed 

over commercial and military 
operating temperature range 

• Expandable 
Infinitely expandable in 4-bit 
increments 

Logic Block Diagram 

REGISTER 
ENABLE 

R {7C909 ONLY) 

r------I· 
I 

ITT' >-_._I _ _.I A~g~~I~~ ~~~ l+---+I 

0 AND R I 
CONNECTED ~ 4 

ON 7C911 ~ 
ONLY I 

I 
DIRECT I 
INPUTS I 

I OR2 

:[-;,;,----, 
I OR1 >--+---+-~ 

I ORo>--~-
1 7C909 ONLY I 
L------.J 

OUTPUT 
ENABLE 

ilE >-~ :>-~!-++"'-+-' 

Yo v, v, 
l 

" c, 

• Capable of withstanding greater 
than 2000V static discharge 
voltage 

• Pin compatible and functional 
equivalent to 2909A/2911A 

Description 
The CY7C909 and CY7C91 l are high
speed, four-bit wide address sequencers 
intended for controlling the sequence 
of execution of microinstructions con
tained in microprogram memory. They 
may be connected in parallel to expand 
the address width in 4 bit increments. 
Both devices are implemented in high 
performance CMOS for optimum 
speed and power. 

The CY7C909 can select an address 
from any of four sources. They are: 

1) a set of four external direct inputs 
(Di); 2) external data stored in an inter
nal register (Ri); 3) a four word deep 
push/pop stack; or 4) a program coun
ter register (which usually contains the 
last address plus one). The push/pop 
stack includes control lines so that it 
can efficiently execute nested subrou
tine linkages. Each of the four outputs 
(Yi) can be OR'ed with an external in
put for conditional skip or branch in
structions. A ZERO input line forces 
the outputs to all zeros. The outputs 
are three state, controlled by the 
Output Enable (OE) input. 

The CY7C911 is an identical circuit to 
the CY7C909, except the four OR in
puts are removed and the D and R in
puts are tied together. The CY7C91 l is 
available in a 20-pin, 300-mil package. 

Pin Configurations 

RE: 1• 28 Vee CP 1• zo PUP 
R3 2 27 CP 

Vee z 19 FE 
Rz 3 26 PUP RE 3 18 Cn+4 

STACK R1 4 25 FE: 
D3 4 17 en POINTER Ro 5 Cn+4 
Dz 5 16 6E OR3 6 en 7C911 

D3 7 6E D1 6 15 Y3 
7C909 

Do 7 14 Y2 OR2 8 Y3 

Dz 9 Yz GND 8 13 Y1 

CLOCK 
OR 1 10 19 Y1 ZERO 9 1Z Yo 

D1 11 18 Yo So 10 11 51 
OR0 12 17 S1 

Do 13 16 So 0042-3 
GND 14 15 ZERO 

0042-2 

<.> a. u .. 
~ a:Na::..,I~ >oes ~ I~ >u~ ~I~ 

4 3 
Ro fE 

Cn+4 OR3 Cn+4 
en 

D3 7 en 
6E OR2 8 7e909 0£ 

Dz 9 Y3 Y3 

oR, Yz Yz 

D1 Y1 

lo o - o .-
0 0010 0 ..... 0 

a:: U') (/) >- >-... a:: 0 z a:: U') (l"I >- N 0 <!> ... 
N 

0042-5 
0042-4 

Cn+4 
0042-1 
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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 (per MIL-STD-883 Method 3015.2) 

Power Applied .................... - 55°C to + 125°C Latch-Up Current ......................... > 200 mA 

Supply Voltage to Ground Potential .... -0.5V to + 7.0V 

DC Voltage Applied to Outputs 
in High Z State ...................... -0.5V to + 7.0V 

Operating Range 

Range Ambient 
Temperature 

DC Input Voltage ................... -3.0Vto +7.0V Commercial o·cto +1o·c 
Output Current, into Outputs (Low) ............. 30 mA Military - 55•c to + 12s•c 

Electrical Characteristics Over Operating Range 

Parameters Description Test Conditions 

Yott Output HIGH Voltage Yee= Min., Iott= -2.0 mA (Comm.) 

V cc = Min., Iott = -1.0 mA (Mil.) 

VoL Output LOW Voltage Vee= Min., loL = 16.0 mA 

Vrn Input High Voltage 

V1L Input Low Voltage 

I1x Input Load Current GND s v, s Vee 

Ioz 
Output Leakage GND s Vos Vee 
Current Output Disabled 

Ios 
Output Short[!] 

Vee= Max. VoUT = GND Circuit Current 

Ice 
V cc Operating Vee= Max. Commercial 
Supply Current loUT = OmA Military 

Icc1 
V cc Operating Vee= Max. Commercial 
Supply Current Vrn 2: 3.0V, V1L s 0.4V Military 

Capacitance [2] 
Parameters Description Test Conditions 

C1N Input Capacitance TA = 25°C, f = 1 MHz 

CouT Output Capacitance Vee= 5.0V 

Notes: 
I. Not more than 1 output should be shorted at one time. Duration of 

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

AC Test Loads and Waveforms 

Min. 

2.4 

2.4 

2.0 

-2.0 
-10 

-20 

-30 

Max. 

5 

7 

Vee 

5V ±10% 

5V ±10% 

Max. Units 

v 
v 

0.4 v 
Vee v 
0.8 v 
+10 µA 

+20 µA 

-85 mA 

55 mA 
55 

35 mA 
35 

Units 

pF 

R1 R1 

OUTPUT 5Vn OUTPUT 5Vn ALL INPUT PULSES 

3.0V~03 903 
GND 103 103 
~ 5 ns _. --.. ~ 5 ns 

50 pf R2 

INCLUDING I -
JIG AND 

SCOPE 

Figure la 

Commercial 

t 
R1 2540 

R2 1870 

5pf R2 

INCLUDING I -
JIG AND -

SCOPE 

Figure lb 

Military 

2580 

2160 
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Switching Characteristics Over Operating Range 

7C909-30 7C909-30 7C909-40 7C909-40 
Units 7C911-30 7C911-30 7C911-40 7C911-40 

Commercial Military Commercial Military 

Minimum Clock Low Time 15 15 20 20 ns 

Minimum Clock High Time 15 15 20 20 ns 

MAXIMUM COMBINATIONAL PROPAGATION DELAYS 

From Input To: y CN + 4 y CN + 4 y CN + 4 y CN + 4 ns 

Di 17 18 18 19 17 22 20 25 ns 

So. s, 18 18 20 20 29 34 29 34 ns 

0Ri(7C909) 16 16 17 17 17 22 20 25 ns 

CN - 13 - 15 - 14 - 16 ns 

ZERO 18 18 20 20 29 34 30 35 ns 

OE Low to Output 16 - 18 - 25 - 25 - ns 

OE HIGH to HIGH z[4] 16 - 18 - 25 - 25 - ns 

Clock HIGH, S1, So = LH 20 20 22 22 39 44 45 50 ns 

Clock HIGH, Si, So = LL 20 20 22 22 39 44 45 50 ns 

Clock HIGH, Si, So = HL 20 20 22 22 44 49 53 58 ns 

MINIMUM SET-UP AND HOLD TIMES (All Times Relative to Clock LOW to HIGH Transition) 

From Input Set-up Hold Set-up Hold Set-up Hold Set-up Hold 

RE 11 0 12 0 19 0 19 0 ns 
Ri[S] 10 0 11 0 10 0 12 0 ns 

Push/Pop 12 0 13 0 25 0 27 0 ns 

FE 12 0 13 0 25 0 27 0 ns 

CN 10 0 11 0 18 0 18 0 ns 

Di 14 0 16 0 25 0 25 0 ns 

0Ri(7C909) 12 0 14 0 25 0 25 0 ns 

So, S1 14 0 16 0 25 0 29 0 ns 

ZERO 12 0 13 0 25 0 29 0 ns 

Notes: 
4. Output Loading as in Figure I b. 
5. Ri and Di are internally connected on the CY7C91 I. Use Ri set-up 

and hold times when Di inputs are used to load register. 

6. System clock cycle time (Clock Low Time and Clock High Time) 
cannot be less than maximum propagation delay. 

Switching Waveforms 

CLOCK 

INPUT 
(EXCEPT OE) 

-MIN CLOCK LOW 

HOLD 
SET- UP TO CLOCK-----<~ TIMES 

-INPUT TO OUTPUT1 
1-----CLOCK TO OUTPUT 

(Y, ~~T:~> :::::)(XXXXXXXXXXXXXXXXXX ::::::::::::: 
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Functional Description 
The tables below define the control logic of the 7C909/911. 
Table 1 contains the Multiplexer Control Logic which se
lects the address source to appear on the outputs. 

Table 1. Address Source Selection 

OCTAL S1 So SOURCE FOR Y OUTPUTS 

0 L L Microprogram Counter (µPC) 
1 L H Address/Holding Register (AR) 
2 H L Push-Pop stack (STK) 
3 H H Direct inputs (D;) 

Control of the Push/Pop Stack is contained in Table 2. 
FILE ENABLE (FE) enables stack operations, while 
Push/Pop (PUP) controls the stack. 

Table 2 .. Synchrono!!S Stack Control 

FE PUP PUSH-POP STACK CHANGE 

H x No change 
L H Push current PC into stack 

increment stack pointer 
L L pop stack, decrement stack pointer 

CYCLE S1, So, FE, PUP µPC 

N 0000 J 
N+ 1 - J + 1 

N 0001 J 
N+ 1 - J + 1 

N 001 x J 
N+ 1 - J + 1 

N 0100 J 
N+ 1 - K + 1 

N 0 10 1 J 
N+ 1 - K + 1 

N 011 x J 
N+ 1 - K + 1 

N 1000 J 
N+ I - Ra+ I 

N 1001 J 
N+ I - Ra+ I 

N I 0 IX J 
N+ 1 - Ra+ 1 

N 1100 J 
N+ I - D+l 

N 11 0 I J 
N+ I - D +I 

N 111 X J 
N+ I - D +I 

J = Contents of Microprogram Counter 
K = Contents of Address Register 
Ra, Rb, Re, Rd = Contents in Stack 

REG STKO STKl 

K Ra Rb 
K Rb Re 

K Ra Rb 
K J Ra 

K Ra Rb 
K Ra Rb 

K Ra Rb 
K Rb Re 

K Ra Rb 
K J Ra 

K Ra Rb 
K Ra Rb 

K Ra Rb 
K Rb Re 

K Ra Rb 
K J Ra 

K Ra Rb 
K Ra Rb 

K Ra Rb 
K Rb Re 

K Ra Rb 
K J Ra 

K Ra Rb 
K Ra Rb 

Table 3 illustrates the Output Control Logic of the 
7C909 /911. The ZERO control forces the outputs to zero. 
The OR inputs are OR'ed with the output of the multiplex-
er. 

Table 3. Output Control 

ORi ZERO OE Yi 

x x H HighZ 
x L L L 
H H L H 
L H L Source selected by So S 1 

Table 4 defines the effect of So, St. FE and PUP control 
signals on the 7C909. It illustrates the Address Source on 
the outputs and the contents of the Internal Registers for 
every combination of these signals. The Internal Register 
contents are illustrated betore and atler the Clock LOW to 
HIGH edge. 

Table4 

STK2 STK3 YoUT COMMENT PRINCIPLE 
USE 

Re Rd J Pop Stack End 
Rd Ra - Loop 

Re Rd J Push µPC Set-up 
Rb Re - Loop 

Re Rd J Continue Continue Re Rd -

Re Rd K Use AR for Address; End 
Rd Ra - Pop Stack Loop 

Re Rd K Jump to Address in AR; JSR AR Rb Re - PushµPC 

Re Rd K Jump to Address in AR JMPAR Re Rd -
Re Rd Ra Jump to Address in STKO; RTS Rd Ra - Pop Stack 

Re Rd Ra Jump to Address in STKO; 
Rb Re - Push µPC 

Re Rd Ra Jump to Address in STKO Stack Ref 
Re Rd - (Loop) 

Re Rd D Jump to Address on D; End 
Rd Ra - Pop Stack Loop 

Re Rd D Jump to Address on D; JSRD Rb Re - Push µPC 

Re Rd D Jump to Address on D JMPD Re Rd -
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Functional Description (Continued) 

Two examples of Subroutine Execution appear below. Fig
ure 3 illustrates a single subroutine while Figure 4 illus
trates two nested subroutines. 

The instruction being executed at any given time is the one 
contained in the microword register (µWR). The contents 
of the µWR also controls the four signals So, S1, FE, and 
PUP. The starting address of the subroutine is applied to 
the D inputs of the 7C909 at the appropriate time. 

In the columns on the left is the sequence of microinstruc
tions to be executed. At address J + 2, the sequence con
trol portion of the microinstruction contains the command 

CONTROL MEMORY 

Execute 
MlcropfOIP'am 

Cycle Address 
Sequencer 
Instruction 

Execute Cycle Tu_ 

Clock L Signals 
_. 

J-1 
To J 
T1 J+I 
Tz J+2 JSRA 

Inputs St.So 0 
FE H (from PUP x 

l'WR) D x 
T6 J+3 

!t_ 

L 
0 
H 
x 
x 

T1 J+4 - l'PC J+I J+2 
- Internal 

STKO 

Registers STKI - -
STK2 - -
STKJ - -

TJ A l(A) 
T4 A+I -

Output y J+I 1+2 

Ts A+2 RTS 
-

ROM (Y) l(J+I) JSRA 
Output 

Contents 
ofl'WR 

- (Instruction l'WR l(J) l(J+I) 
- being 
- executed) 

"Jump to sub-routine at A''. At the time T2, this instruc
tion is in the µWR, and the 7C909 inputs are set-up to 
execute the jump and save the return address. The subrou
tine address A is applied to the D inputs from the µWR 
and appears on the Y outputs. The first instruction of the 
subroutine, I(A), is accessed and is at the inputs of the 
µWR. On the next clock transition, l(A) is loaded into the 
µWR for execution, and the return address J + 3 is 
pushed onto the stack. The return instruction is executed at 
Ts. Figure 4 is a similar timing chart showing one subrou
tine linking to a second, the latter consisting of only one 
microinstruction. 

'l'z_ !3_ 1A_ l's T, '!i.. '!!.. '!!.. 

l. L L ~ ~ ~ lJ L 
3 0 0 2 0 0 
L H H L H H 
H x x L x x 
A x x x x x 

J+J A+! A+2 A+J J+4 J+S 
J+J J+J J+J 

- -
-

- -
A A+I A+2 J+J 1+4 J+S 

l(A) l(A+I) RTS l(J+J) 1(1+4) l(J+S) 

JSRA l(A) l(A+I) RTS l(J+J) 1(1+4) 

Figure 3. Subroutine Execution. 
0042-9 

C,, = lllGH 

CONTROL MEMORY 

Execute 
Microprogram 

Cycle AddreH 
Sequencer 
Instruction 

Execute Cycle To !t_ '11__ !3_ '& Ts '!i. 
Clock u L lJ u l. L D Signals -

J-1 
To J 
Tt J+I 
Tz J+2 JSRA 

Inputs Si.So 0 0 3 0 0 3 2 
FE H H L H H L L (from PUP x x H x x H L 

l'WR) D x x A x x B x 
T9 J+J 

- l'PC J+I 1+2 J+J A+I A+2 A+J B+I 
--

-
Internal 

STKO J+J J+J J+J A+J 
STKI - J+J 

Registers 
STK2 -

TJ A STKJ -
T4 A+I 
Ts A+2 JSRB 
T1 A+J 

Output y J+I 1+2 A A+I A+2 B A+J 

Ts A+4 RTS ROM (Y) l(J+I) JSRA l(A) l(A+I) JSRB RTS l(A+J) 
Output 

Contents 
of I' WR 

T6 B RTS (Instruction l'WR l(J) l(J+I) JSRA l(A) l(A+I) JSRB RTS 
being 

executed) 

Figure 4. Two Nested Subroutines. Routine B is Only One Instruction. 
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u 
0 
H 
x 
x 

A+4 
J+J 
-
-
-

A+4 

RTS 

l(A+3) 

'!!. Tg 

L L 
2 0 
L H 
L x 
x x 

A+S 1+4 
J+J 

J+J 1+4 

1(1+3) 1(1+4) 

RTS 1(1+3) 
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Functional Description (Continued) 

Architecture 
The CY7C909 and CY7C911 are CMOS microprogram se
quencers for use in high speed processor applications. They 
are cascadable in 4-bit increments. Two devices can ad
dress 256 words of microprogram, three can address up to 
4K words, and so on. The architecture of the 
CY7C909/91 l is illustrated in the logic diagram in Figure 
5. The various blocks are described below. 

Multiplexer 

The Multiplexer is controlled by the So and S1 inputs to 
select the address source. It selects either the Direct Inputs 
(Di), the Address Register (AR), the Microprogram Coun
ter (µPC), or the stack (SP) as the source of the next mi
croinstruction address. 

Direct Inputs 

The Direct Inputs (Di) allow addresses from an external 
source to be output on the Y outputs. On the CY7C91 l, 
the direct inputs are also the inputs to the Address Regis
ter. 

Address Register 

The Address Register (AR) consists of four D-type, edge
triggered flip-flops which are controlled by the Register 
Enable (RE) input. When Register Enable is LOW, new 
data is entered into the register on the LOW to HIGH 
clock transition. 

Microprogram Counter 

The Microprogram Counter (µPC) is composed of a 4-bit 
incrementer followed by a 4-bit register. The incrementer 
has a Carry-in (CN) input and a Carry-out (CN + 4) output 
to facilitate cascading. The Carry-in input controls the mi
croprogram counter. When Carry-in is HIGH the incre
menter counts sequentially. The counter register is loaded 
with the current Y output plus one (Y + 1 - > µPC) on 
the next clock cycle. When Carry-in is LOW the incremen
ter does not count. The microprogram counter register is 

Definition of Terms 
Name 

INPUTS 

loaded with the same Y output (Y - > µPC) on the next 
clock cycle. 

Stack 

The Stack consists of a 4 x 4 memory array and a built-in 
Stack Pointer (SP) which always points to the last word 
written. The Stack is used to store return addresses when 
executing microsubroutines. 

The Stack Pointer is an up/down counter controlled by 
File Enable (FE) and Push/Pop (PUP) inputs. The File 
Enable input allows stack operations only when it is LOW. 
The Push/Pop input controls the stack pointer position. 

The PUSH operation is initiated at the beginning of a mi
crosubroutine. Push/Pop is set HIGH while File Enable is 
kept LOW. The stack pointer is incremented and the mem
ory array is written with the microinstruction address fol
lowing the subroutine jump that initiated the push. 

The POP operation is initiated at the end of a microsub
routine to obtain the return address. Both Push/Pop and 
File Enable are set LOW. The return address is already 
available to the multiplexer. The stack pointer is decre
mented on the next LOW to HIGH clock transition, effec
tively removing old information from the top of the stack. 
The stack is configured so that data will roll-over if more 
than four POPs are performed, thus preventing data from 
being lost. 

The contents of the memory position pointed to by the 
Stack Pointer is always available to the multiplexer. Stack 
reference operations can thus be performed without a push .. 
or a pop. Since the stack is four words deep, up to four a 
microsubroutines can be nested. 

The ZERO input resets the four Y outputs to a binary zero 
state. The OR inputs (7C909 only) are connected to the Y 
outputs such that any output can be set to a logical one. 

The Output Enable (OE) input controls the Y outputs. A 
HIGH on Output Enable sets the outputs into a high im
pedance state. 

Description 

Si, So Multiplexer Control Lines, for Access Source Selection 

FE File Enable, Enables Stack Operation, Active LOW 

PUP Push/Pop, Selects Stack Operation 

RE Register Enable, Enables Address Register Active LOW 

ZERO Forces Output to Logical Zero 

OE Output Enable, Controls Three-State Outputs Active LOW 

ORi Logic OR Input to each Address Output Line (7C909 only) 
c,, Carry-In, Controls Microprogram Counter 

Ri Inputs to the Internal Address Register 

Di Direct Inputs to the Multiplexer 

CP Clock Input 
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Definition of Terms (Continued) 

Name Description 

OUTPUTS 

Y; Address Outputs 

CN + 4 Carry-Out from Incrementer 

INTERNAL SIGNALS 

µ.PC Contents of the Microprogram Counter 

AR Contents of the Address Register 

STKO-
Contents of the Push/Pop Stack 

STK3 

SP Contents of the Stack Pointer 

EXTERNAL SIGNAI;.S 

A Address to the Counter Memory 

l(A) Instruction in Control Memory at Address A 

µ.WR 
Contents of the Microword Register at the 
Output of the Control Memory 

TN Time Period (Cycle) n 
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~c§'NDUCTOR ==:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::;::::::::;::: 

Typical DC and AC Characteristics 
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NORMALIZED Ice 
vs. FREQUENCY 
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Ordering Information 
Clock 

Package Operating 
Cycle Ordering Code 
(ns) Type Range 

Clock 
Package Operating 

Cycle Ordering Code 
(ns) Type Range 

30 CY7C909-30PC Pl5 Commercial 30 CY7C91 l-30PC P5 Commercial 
40 CY7C909-40PC Pl5 Commercial 40 CY7C91 l-40PC P5 Commercial 

30 CY7C909-301C 164 Commercial 30 CY7C91 l-301C 161 Commercial 
40 CY7C909-401C 164 Commercial 40 CY7C91 l-401C 161 Commercial 

30 CY7C909-300C 016 Commercial 30 CY7C91 l-300C 06 Commercial 
40 CY7C909-400C 016 Commercial 40 CY7C911-400C 06 Commercial 

40 CY7C909-40LC L64 Commercial 40 CY7C911-40LC L61 Commercial 

30 CY7C909-300MB 016 Military 30 CY7C91 l-300MB 06 Military 
40 CY7C909-400MB 016 Military 40 CY7C91 l-400MB 06 Military 

40 CY7C909-40LMB L64 Military 40 CY7C91 l-40LMB L61 Military 
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- ~ -- --:1 ;,. CY7C910 
'IE CYPRESS 
F SEMICONDUCTOR CMOS Microprogram 

Controller Features 
• Fast 

- CY7C910-40 has a 40 ns 
(min.) clock cycle; 
commercial 

- CY7C910-46 has a 46 ns 
(min.) clock cycle; military 

• Low power 
- lee (max.) = 70 mA 

• V cc margin SV ± 10% 
commercial and military 

• Sixteen powerful 
microinstructions 

• Three output enable controls 
for three-way branch 

• Twelve-bit address word 

• Four sources for addresses: 
microprogram counter (MPC), 
stack, branch address bus, 
internal holding register 

• 12-bit internal loop counter 

• Internal 17-word by 12-bit stack 
The internal stack can be used 

Logic Block Diagram 

for subroutine return address or 
data storage 

• ESD protection 
Capable of withstanding over 
2000V static discharge voltage 

• Pin compatible and functional 
equivalent to AM2910A 

Functional Description 
The CY7C910 is a stand-alone micro
program controller that selects, stores, 
retrieves, manipulates and tests ad
dresses that control the sequence of ex
ecution of instructions stored in an ex
ternal memory. All addresses are 12-bit 
binary values that designate an abso
lute memory location. 

The CY7C910, as illustrated in the 
block diagram, consists of a 17-word 
by 12-bit LIFO (Last-In-First-Out) 
stack and SP (Stack Pointer), a 12-bit 
RC (Register/Counter), a 12-bit MPC 
(Microprogram Counter) and incre
menter, a 12-bit wide by 4-input multi-

Pin Configurations 

plexer and the required data manipula
tion and control logic. 

The operation performed is determined 
by four input instruction lines (I0-13) 
that in turn select the (internal) source 
of the next micro-instruction to be 
fetched. This address is output on the 
YO-YI l pins. Two additional inputs 
(CC and CCEN) are provided that are 
examined during certain instructions 
and enable the user to make the execu
tion of the instruction either uncondi
tional or dependent upon an external 
test. 

The CY7C910 is a pin compatible, 
functional equivalent, improved per
formance replacement for the 
AM2910A. 

The CY7C910 is fabricated using an 
advanced 1.2 micron CMOS process 
that eliminates latchup, results in ESD 
protection of over 2000 volts and 
achieves superior performance and low 
power dissipation. 

1 • 40 D3 

39 Y3 

38 Dz 
37 Yz 

PL Y1 
36 D1 

35 Y1 MAP 8 Do 

13 9 Yo 
12 NC 

34 Do 
33 Yo 

Yee c1 32 Cl 

11 CP 
1D 31 CP 

lo GND 

CCEN NC 

11 30 GND 

12 29 °' 
cc 1s OE 13 28 Y,, 

RLD 16 Y11 
NC 17 011 

181920212223242526 2728 

14 27 D,, 

15 26 Y10 

16 25 D10 
17 24 Y9 

18 23 D9 
19 22 Ya 

0041-8 20 21 DB 

~DATAPATH 
--CO~TROLWIES 

0041-2 

0041-1 
Top View 

Selection Guide 
Clock Cycle Stack Operating Range Part Number (Min.) inns Depth 

40 17 words Commercial CY7C9I0-40 
46 17 words Military CY7C910-46 
50 17 words Commercial CY7C9I0-50 
51 17 words Military CY7C910-51 
93 17 words Commercial CY7C9I0-93 
99 17 words Military CY7C9I0-99 
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~ CYPRIBS CY7C910 
~~EMICONDUCTOR;;;;:::=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=::;;;;:=:= 
Pin Definitions 

Signal 
1/0 Description Name 

Signal 
1/0 Description Name 

DO-Dll I Direct inputs to the RC (Register/ CI I Carry input to the LSB of the 
Counter) and multiplexer. DO is LSB incrementer for the MPC. 
and Dll is MSB. OE I Control for YO-Yll outputs. LOW to 

RLD I Register load. Control input to RC that, enable; High to disable. 
when LOW, loads data on the DO-Dll 
pins into RC on the LOW to HIGH 
clock ( CP) transition. 

I0-13 I Instruction inputs that select one of 
sixteen instructions to be performed by 
the CY7C910. 

YO-Yll 0 Address output to microprogram 
memory. YO is LSB and Yll is MSB. 

F01I 0 When LOW indicates the stack is full. 

PL 0 When LOW selects the pipeline register 
as the direct input (DO-Dll) source. 

cc I Control input that, when LOW, 
signifies ihat a test has passed. 

MAP 0 When LOW selects the Mapping 
PROM (er PL .. A .. ) as the direct input 

CCEN I Enable for CC input. When HIGH CC 
is ignored and a pass is forced. When 
LOW the state of CC is examined. 

source. 

VECT 0 When LOW selects the Interrupt 
Vector as the direct input source. 

CP I Clock input. All internal states are 
changed on the LOW to HIGH clock 
transitions. 
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~ CY7C910 
~~~NDUCTOR =:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:=:;;:==:=:=:=:=:=:=:=:=:;;:==:=:=:=:=: 

Architecture of the CY7C910 

Introduction 

The CY7C910 is a high performance CMOS microprogram 
controller that produces a sequence of 12-bit addresses that 
control the execution of a microprogram. The addresses 
are selected from one of four sources, depending upon the 
(internal) instruction being executed (I0-13), and other ex
ternal inputs. The sources are (1) the (external) DO-Dl 1 
inputs, (2) the RC, (3) the stack and ( 4) the MPC. Twelve 
bit lines from each of these four sources are the inputs to a 
multiplexer, as shown in Figure I, whose outputs are ap
plied to the inputs of the YO-Y 11 three-state output driv
ers. 

External Inputs: DO-DU 

The external inputs are used as the source for destination 
addresses for the jump or branch type of instructions. 
These are shown as Ds in the two columns in the Table of 
Instructions. A second use of these inputs is to load the 
RC. 

Register Counter: RC 

The RC is implemented as 12 D-type, edge-triggered flip
flops that are synchronously clocked on the LOW to 
HIGH transition of the clock, CP. The data on the Din
puts is synchronously loaded into the RC when the load 
control input, RLD, is LOW. The output of the RC is 
available to the multiplexer as its R input and is output on 
the Y outputs during certain instructions, as shown by R in 
the Table of Instructions. 

The RC is operated as a 12-bit down counter and its con
tents decremented and tested if zero during instructions 8, 
9 and 15. This enables micro-instructions to be repeated up 
to 4096 times. The RC is arranged such that if it is loaded 
with a number, N, the sequence will be executed exactly 
N+ 1 times. 

The Stack and Stack Pointer: SP 

The 17-word by 12-bit stack is used to provide return ad
dresses from micro-subroutines or from loops. Intergal to it 
is a SP, which points to (addresses) the last word written. 
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This permits reference to the data on the top of the stack 
without having to perform a POP operation. 

The SP operates as an up/down counter that is increment
ed when a PUSH operation (instructions 1, 4 or 5) is per
formed or decremented when a POP operation (instruc
tions 8, 10, 11, 13 or 15) is performed. The PUSH opera
tion writes the return address on the stack and the POP 
operation effectively removes it. The actual operation oc
curs on the LOW to HIGH clock transition following the 
instruction. 

The stack is initialized by executing instruction zero 
(JUMP TO LOCATION 0 or RESET). Every time a 
"jump to subroutine" instruction (1, 5) or a loop instruc
tion (4) is executed, the return address is PUSHed onto the 
stack; and every time a "return from subroutine (or loop)" 
instruction is executed, the return address is POPed off the 
stack. 

When one subroutine calls another or a loop occurs within 
a loop (or a combination), which is called nesting, the Log
ical depth of the stack increases. The physical stack depth 
is 17 words. When this depth occurs, the FULL signal goes 
LOW on the next LOW to HIGH clock transition. Any 
further PUSH operations on a full stack will cause the data 
at that location to be over-written, but will not increment 
the SP. Similarily, performing a POP operation on a empty 
stack will not decrement the SP and may result in non
meaningful data being available at the Y outputs. 

The Microprocessor Counter: MPC 

The MPC consists of a 12-bit incrementer followed by a 
12-bit register. The register usually holds the address of the 
instruction being fetched. When sequential instructions are 
fetched, the carry input (CI) to the incrementer is HIGH 
and one is added to the Y outputs of the multiplexer, which 
is loaded into the MPC on the next LOW to HIGH clock 
transition. When the CI input is LOW, the Y outputs of 
the multiplexer are loaded directly into the MPC, so that 
the same instruction is fetched and executed. 

II 
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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 (Per MIL-STD-883 Method 3015.2) 
Power Applied .................... - 55°C to + 125°C 
Supply Voltage to Ground Potential 

Operating Range 
(Pin 10 to Pin 30) .................... -0.5V to + 7.0V 
DC Voltage Applied to Outputs 

Range Ambient 
Vee Temperature 

in High Z State ...................... -0.5V to +7.0V Commercial O'Cto +7D°C 5V ±10% 
DClnputVoltage ................... -3.0Vto +7.0V Military - 55•c to + 125'C 5V ±10% 
Output Current into Outputs (Low) ............. 30 mA 

Electrical Characteristics Over Commercial and Military Operating Range, V cc Min. = 4.5V, V cc Max. = 5.5V 

Parameter Description 

VoH Output HIGH Voltage 

Vo1 Output LOW Voltage 

Vrn Input HIGH Voltage 

V11 Input LOW Voltage 

Irn Input HIGH Current 

I11 Input LOW Current 

IoH Output HIGH Current 

101 Output LOW Current 

loz Output Leakage Current 

Isc Output Short Circuit Current 

Commercial 
Ice Supply Current 

Military 

Commercial 
Icc1 Supply Current 

Military 

Capacitance [2] 

Parameters Description 

CJN Input Capacitance 

CouT Output Capacitance 

Notes: 
!. Not more than one output should be tested at a time. Duration of the 

short circuit should not exceed one second. 

Output Load used for AC Performance 
Characteristics 

All Outputs 
+5 v 

~Ti: 
Notes: 0041-4 

I. C1 = 50 pF includes scope probe, writing and stray capacitance. 
2. C1 = 5 pF for output disable tests. 

Test Condition Min. Max. 

Vee= Min. 2.4 IoH = -l.6mA 

Vee= Min. 0.4 
Io1 = 12mA 

2.0 Vee 

-3.0 0.8 

Vee= Max. 10 
VIN= Vee 

Vee= Max. -10 
VIN= Vss 

Vee= Min. -1.6 
Vrn = 2.4V 

Vee= Min. 12 
Vo1 = 0.4V 

Vee= Max. +40 
VoUT = Vss/Vcc -40 

Vee= Max. -85 
VoUT = OV 

70 
Vee= Max. 

90 

35 
Vrn ?: 3.85V, V11 ,;;: 0.4V 

50 

Test Conditions Max. 

TA = 25'C, f = 1 MHz 8 
Vee= 5.0V 10 

2. Tested on a sample basis. 
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Switching Waveforms 

3.0V 
CLOCK 

ov 

OUTPUTS 

1.5V l INPUT TO 
OUTPUT 

DELAY 
CLOCK TO OUTPUT DELAY 

Units 

v 

v 

v 
v 

µA 

µA 

mA 

mA 

µA 
µA 

mA 

mA 

mA 

Units 

pF 

pF 

1.SV 
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Guaranteed AC Performance Characteristics 
The tables below specify the guaranteed AC performance 
of the CY7C910 over the commercial (O"C to + 70"C) and 
the military (- 55°C to + 125°C} temperature ranges with 
Vee varying from 4.5V to 5.5V. All times are in nanosec
onds and are measured between the l.5V signal levels. 

Clock Requirements (Note 1) 

The inputs switch between OV and 3V with signal tran
sition rates of 1 Volt per nanosecond. All outputs have 
maximum DC current loads. 

Commercial Military 

CY7C910- 40 50 93 46 51 99 

Minimum Clock LOW 20 20 50 23 25 58 

Minimum Clock HIGH 20 20 35 23 25 42 

Minimum Clock Period I = 14 40 50 93 46 51 100 

Minimum Clock Period 40 50 113 46 51 114 
I= 8, 9, 15 

Combinatorial Propagation Delays. CL = 50 pF 

Commercial· Military 

From Input y PL, VECT, MAP FULL y PL, VECT, MAP FULL 
CY7C910- 40 50 93 40 50 93 40 50 93 46 51 99 46 51 99 46 51 99 

DO-Dll 17 20 20 - - - - - - 21 25 25 - - - - - -
IO-I3 25 35 50 20 30 51 - - - 30 40 54 25 35 58 - - -
cc 22 30 30 - - - - - - 27 36 35 - - - - - -
CCEN 22 30 30 - - - - - - 27 36 37 - - - - - -

CP 
I= 8, 9, 15 30 40 75 - - - 25 31 60 35 46 77 - - - 30 35 67 

(Note 2) 

CP 30 40 55 - - - 25 31 60 35 46 61 - - - 30 35 67 
All Other I 

OE 21 25 35 - - - - - - 22 25 40 - - - - - -
(Note2) 21 27 30 - - - - - - 22 30 30 - - - - - -

Minimum Set-Up and Hold Times Relative to clock LOW to HIGH Transition. CL = 50 pF 

Commercial 

Input Set-Up Hold 

CY7C910- 40 50 93 40 50 

DI-+ RC 13 16 24 0 0 
DI-+ MPC 20 30 58 0 0 

IO-I3 25 35 75 0 0 

cc 20 24 63 0 0 

CCEN 20 24 63 0 0 

CI 15 18 46 0 0 

RLD 15 19 36 0 0 

Notes: 
1. A dash indicates that a propagation delay path or set-up time does not 

exist. 
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Military 

Set-Up Hold 

93 46 51 99 46 51 99 

0 13 16 28 0 0 0 

0 20 30 62 0 0 0 

0 27 38 81 0 0 0 

0 25 35 65 0 0 0 

0 25 35 63 0 0 0 

0 15 18 58 0 0 0 

0 15 20 42 0 0 0 

2. The enable/disable times are measured to a 0.5 Volt change on the 
output voltage level with CL = S pF. 



~~uCTOR===================================================C=Y==7=C9==1=0 
Table of Instructions 

Reg/ Result 
Cntr Fail Pass 

IJ-Io Mnemonic Name CCEN =Land CC= H CCEN =Hor CC= L Reg/ Con- Enable 
tents y Stack y Stack 

Cntr 

0 JZ Jump Zero x 0 Clear 0 Clear Hold PL 

I CJS CondJSBPL x PC Hold D Push Hold PL 

2 JMAP Jump Map x D Hold D Hold Hold Maj>_ 

3 CJP CondJumpPL x PC Hold D Hold Hold PL 

4 PUSH Push/Cond LD CNTR x PC Push PC Push (Note I) PL 

5 JSRP Cond JSB R/PL x R Push D Push Hold PL 

6 CJV Cond Jump Vector x PC Hold D Hold Hold Vect 

7 JRP Cond Jump R/PL x R Hold D Hold Hold PL 

8 RFCT Repeat Loop, *O F Hold F Hold Dec PL 
--

CNTR*O =O PC POP PC Pop Hold PL 

9 RPCT 
Repeat PL, *O D Hold D Hold Dec PL 

CNTR*O =O PC Hold PC Hold Hold PL 

10 CRTN CondRTN x PC Hold F Pop Hold PL 

II CJPP Cond Jump PL & Pop x PC Hold D Pop Hold PL 

12 LDCT LD Cntr & Continue x PC Hold PC Hold Load PL 

13 LOOP Test End Loop x F Hold PC Pop Hold PL 

14 CONT Continue x PC Hold PC Hold Hold PL 

15 TWB Three-Way Branch *O F Hold PC Pop Dec PL 

=O D Pop PC Pop Hold PL 

Notes: 
!. If CCEN = Land CC = H, hold; else load. H =HIGH L= LOW X = Don't Care 
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CY7C910 CMOS Microprogram Controller 

0 Jump Zero (JZ) 

3 Cond Jump PL {CJP) ssh SS 

S7 
S8 2S 
S9 2S 

6 Cond Jump Vector { CJV) ssh SS 
S7 

S8 3S 
S9 3S 

SS 
SS 
S7 

S8 
S9 
70 

11 Cond Jump PL & POP {CJPP) 
6S 66 ~~~~~) 
66 
S7 ,.,. _____ ___, .. 40 

68 CM-+----N 30 41 
69 31 42 
70 32 
71 

14 Continue (CONT) 

6S I 6S 
67 
68 

CY7C910 Flow Diagrams 

1 Cond JSB PL {CJS) 

SS S8 STACK 
SSH S7 40 

S8 41 

S9 42 
70 43 

4 Push/Cond LD CNTR {PUSH) 

SSKS STACK 
SS 
S7 

S8 N REGISTER/ 
COUNTER 

7 Cond Jump R/PL {JRP) 

20 
21 

SS 

SS 

9 Repeat PL, CNTR;tO {RPCT) 

6S~ S6 
S7 

68 

12 LD CNTR & Continue (LDCT) 

30 

31 

6S~COUNTER 
66 
67 
68 

15 Three-Way Branch {lWB) 
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2 Jump Map {JMAP) 

SS 
S7 
SSL, 

S8 8S 

5 Cond JSB R/PL {JSRP) 

30 

31 

32 

33 
34 

6S 

10 Cond Retum {CRTN) 

SS 

8S 

40 

41 

42 
43 
44 

6S 30 
S7 L---~·1 31 

68 32 

69 33 
70 

13 Test End Loop {LOOP) 

36 
37 

6S STACK 
6S ~--.,.,67 (PUSH) 

S7 

S8 

69 
70 
71 

72 
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~ CY7C910 
,..,,-~UCTOR============================================ 
One Level Pipeline Based Architecture (Recommended) 

MAP 

CLOCK 

CY7C910 
y 

MICROPROGRAM 
MEMORY 

A+1 

CY7C245 
l(A+1) REGISTERED PROM 

PIPELINE 
REGISTER 

l(A) 
CY7C901 

ALU 

STATUS 
REGISTER 

S(A) 

S(A-1) 
0041-6 

--------- 72 ns CYCLE TIME--------...! 

(CLOCK TO REGISTER OUTPUT) 

18 ns (MUX SELECT TO OUTPUT) 

MUX.CY7C910~----'"'rl"'7'1~"'7""'7'r'll------------------l-
OUTPUT CCINPUT~-----'l~U!Llo£Jl~Joot.l'------------------1--

(CC TOY) 

CY7C910-----°'"""'~"""l"ft'""""'~"""l"ft'""""'~~---------+--
OUTPUT-----..D.&:il.~~~~,Q/.~~~~,Q/.~~--------.+.-

(PROM ADDRESS SETUP TIME) I+---- 20 ns ---i 

MICROPROGRAM -----------------------------~t~~~i ------"'x.Mx..¥.x¥xx~~x.Mx0.¥.xx-xx~.11xx0.¥..Mx0.¥.xxxx-~.11xxxx1.¥..¥.l~x~x~x.llxl.¥.xx.¥.l'"xx¥· __ 
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Typical DC and AC Characteristics 
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Ordering Information 

aock 
Package Operating 

Cycle Ordering Code 
(ns) Type Range 

40 CY7C910-40PC Pl7 Commercial 

CY7C910-400C 018 

CY7C910-40JC 167 

CY7C910-40LC L67 

46 CY7C910-46DMB 018 Military 

CY7C910-46LMB L67 

50 CY7C910-50PC Pl7 Commercial 

CY7C910-500C 018 

CY7C910-501C 167 
f--- ---- -----CY7C910-50LC L67 

51 CY7C910-51DMB 018 Military 

CY7C910-51LMB L67 

93 CY7C910-93PC Pl7 Commercial 

CY7C910-930C 018 

CY7C910-931C 167 

CY7C910-93LC L67 

99 CY7C910-990MB 018 Military 

CY7C910-99LMB L67 
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Features 
• Fast 

- CY7C9101-30 has a 30 ns 
(max.) clock cycle 
(commercial) 

- CY7C9101-35 has a 35 ns 
(max.) clock cycle (military) 

• Low Power 
- Ice (max. at 

10 MHz) = 60 mA 
(commercial) 

- Ice (max. at 
10 MHz) = 85 mA 
(military) 

• Vee Margin 
-5V ±10% 

• All parameters guaranteed over 
commercial and military 
operating temperature range 

• Replaces four 2901's with carry 
look-ahead logic 

• Eight Function ALU 
- Performs three arithmetic 

and five logical operations 
on two 16-bit operands 

Logic Block Diagram 

CY7C9101 

CMOS Sixteen-Bit Slice 

• Expandable 
- Infinitely expandable in 

16-bit increments 

• Four Status Flags 
- Carry, overflow, negative, 

zero 

• ESD Protection 
- Capable of withstanding 

greater than 2000V static 
discharge voltage 

• Pin compatible and functionally 
equivalent to AM29C101 

Functional Description 
The CY7C9101 is a high-speed, ex
pandable, 16-bit wide ALU slice which 
can be used to implement the arithme
tic section of a CPU, peripheral con· 
troller, or programmable controller. 
The instruction set of the CY7C9101 is 
basic, yet so versatile that it can emu
late the ALU of almost any digital 
computer. 

CN+l6 • ' F15(SIGN) 

'---~==::::: ~~~RFLOW 

Y15-o 
DATA OUT 

Figure 1 
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The CY7C9101, as shown in the block 
diagram, consists of a 16-word by 
16-bit dual-port RAM register file, a 
16-bit ALU, and the necessary data 
manipulation and control logic. 

The function performed is determined 
by the nine-bit instruction word (Is to 
Io) which is usually input via a micro
instruction register. 

The CY7C9101 is expandable in 16-bit 
increments, has three-state data out
puts as well as flag outputs, and can 
implement either a full look-ahead car
ry or a ripple carry. 

The CY7C9101 is a pin compatible, 
functional equivalent of the Am29C101 
with improved performance. The 
7C9101 replaces four 290l's and in
cludes on-chip carry look-ahead logic. 

Fabricated in an advanced 1.2 micron 
CMOS process, the 7C9101 eliminates 
latchup, has ESD protection greater 
than 2000V, and achieves superior per
formance with low power dissipation. 

Pin Configuration 

Top View 

., 
Ao 

v,, '" v,. o,. 
o,, 

'" o,, 
v,, '" v, 

Yee 

0, 

'• o, 

'• 
0, 

v, 

Yo 

r=o 
c,, ., 

CP 

RAMo 

Oo 
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Selection Guide 

Minimum Clock Commercial 
Cycle (ns) Military 

Maximum Operating Commercial 
Current at 10 MHz (mA) Military 

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

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

Ambient Temperature with 
Power Applied .................... - 55°C to + 125°C 

Supply Voltage to Ground _ --· . _ --· 
i'otentiai ........................... -u.:>v to -r t.uv 

DC Voltage Applied to Outputs 
in High Z State ...................... -0.5V to +7.0V 

DC Input Voltage ................... - 3.0V to + 7.0V 

Pin Definitions 

Signal I/O 
Name 

B3-0 

I8-0 

D15-o 

Y15-o 

Description 

RAM Address A. This 4-bit address word selects 
one of the 16 registers in the register file for 
output on the (internal) A-port. 
RAM Address B. This 4-bit address word selects 
one of the 16 registers in the register file for 
output on the (internal) B-port. When data is 
written back to the register file, this is the 
destination address. 
Instruction Word. This nine-bit word is decoded 
to determine the ALU data sources (Io, 1, 2), the 
ALU operation (I3, 4, 5), and the data to be 
written to the Q-register or register file 06, 7, 8)· 
Direct Data Input. This 16-bit data word may be 
selected by the Io, 1, 2 lines as an input to the 
ALU. 
Data Output. These are three-state data output 
lines which, when enabled, output either the 
ALU result or the data in the A latch, as 
determined by the code on I6, 7, 8· 
Output Enable. This is an active LOW input 
which controls the Y 15-0 outputs. A HIGH level 
on this signal places the output drivers at the high 
impedance state. 

CP 

Q15, 
RAM15 

Clock. The LOW level of CP is used to write data 
to the RAM register file. A HIGH level of CP 
writes data from the dual port RAM to the A and 
B latches. The operation of the Q register is 
similar; data is entered into the master latch on 
the LOW level of CP and transferred from master 
to slave during CP = HIGH. 
These two lines are bidirectional and are 

I/O controlled by I6, 7, 8· They are three-state output 
drivers connected to the TTL compatible CMOS 
inputs. 

5-104 

7C9101-30 7C9101-40 
7C9101-35 7C9101-45 

30 40 

35 45 

60 60 

85 85 

Output Current into Outputs (Low) ............. 30 mA 

Static Discharge Voltage ..................... >2001V 
(Per MIL-STD-883 Method 3015.2) 

Latchup Current (Outputs) .................. > 200 mA 

Operating Range 

Range 
Ambient 

Vee Temperature 

Commercial o•cto +1o·c 5V ±10% 

Military 

Signal 1/0 
Name 

- 55•c to + 125°c 5V ±10% 

Description 

Q15, Output Mode: When the destination code on lines 
RAM15 I/0 I6, 7, g indicates a left shift (UP) operation, the 
(Cont.) three-state outputs are enabled and the MSB of 

the Q register is output on the Q15 pin and 
likewise, the MSB of the ALU output (Fis) is 
output on the RAM 15 pin. 
Input Mode: When the destination code indicates 
a right shift (DOWN), the pins are the data 
inputs to the MSB of the Q register and the 
RAM, respectively. 

Qo, These two lines are bidirectional and function 
RAMo I/O similarly to the Q1s and RAM15 lines. The Qo 

and RAMo lines are the LSB of the Q register 
and the RAM. 

Cn I Carry In. The carry in to the internal ALU. 
Cn + 16 O Carry Out. The carry out from the internal ALU. 
G, P 0 Carry Generate, Carry Propagate. Outputs from 

the ALU which may be used to perform a carry 
look-ahead operation over the 16-bits of the 
ALU. 

OVR 0 Overflow. This signal is the logical exclusive-OR 
of the carry-in and carry-out of the MSB of the 
ALU. This indicates when the result of the ALU 
operation exceeded the capacity of the machine's 
two's complement number range. It is valid only 
for the sign bit. 

F = 0 0 Zero Detect. Open drain output which goes 
HIGH when the data on outputs (F1s-o) are all 
LOW. It indicates that the result of an ALU 
operation is zero (positive logic assumed). 

F15 0 Sign. The MSB of the ALU output. 
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Functional Tables 

Table 1. ALU Source Operand Control Table 2. ALU Function Control 

Micro Code ALU Source 
Operands 

Mnemonic 
Octal 12 It Io Code R s 

Micro Code 
ALU Mnemonic Octal Function 

Symbol 
Is 4 13 Code 

ADD L L L 0 RP!us S R+S 
AQ L L L 0 A Q SUBR L L H 1 SMinusR S-R 
AB L L H 1 A B SUBS L H L 2 RMinusS R-S 
ZQ L H L 2 0 Q OR L H H 3 RORS RVS 
ZB L H H 3 0 B AND H L L 4 RANDS R i\ S 
ZA H L L 4 0 A NOTRS H L H 5 RANDS R i\ s 
DA H L H 5 D A EXOR H H L 6 REX-ORS R ¥ S 
DQ H H L 6 D Q EXNOR H H H 7 REX-NORS R¥S 
DZ H H H 7 D 0 

Table 3. ALU Destination Control 

Micro Code RAM Function 
Q·Reg. RAM 

Q Shifter 
Function y Shifter 

Mnemonic Output Octal 
Is 17 I(; 

Code 
Shift Load Shift Load RAMo RAM1s Qo 

QREG L L L 0 x None None F-Q F x x x 
NOP L L H 1 x None x None F x x x 
RAMA L H L 2 None F-B x None A x x x 
RAMF L H H 3 None F-B x None F x x x 
RAMQD H L L 4 DOWN F/2 - B DOWN Q/2 - Q F Fo IN1s Qo 

RAMO H L H 5 DOWN F/2 - B x None F Fo IN1s Qo 

RAMQU H H L 6 UP 2F- B UP 2Q- Q F INo F1s INo 

RAMU H H H 7 UP 2F - B x None F INo Fis x 
X = Don't care. Electrically, the input shift pin is a ITL input internally connected to a three-state output which is in the high-impedance state. 
A = Register Addressed by A inputs. 
B = Register Addressed by B inputs. 
UP is toward MSB, DOWN is toward LSB. 

Table 4. Source Operand and ALU Function Matrix 

1210 Octal 0 1 2 3 4 5 6 

ALU 
Source 

Octal ALU 
1543 Function A,Q A,B O,Q O,B O,A D,A D,Q 

0 C0 = L A+Q A+B Q B A D+A D+Q 
RplusS 
Cn = H A+Q+l A+B+l Q+l B+l A+l D+A+l D+Q+l 

Qis 

x 
x 
x 
x 

IN1s 

x 
Q1s 

Q1s 

7 

D,O 

D 

D+l 

1 Cn = L Q-A-1 B-A-1 Q-1 B-1 A-1 A-D-1 Q-D-1 -D-1 
SminusR 
Cn = H Q-A B-A Q B A A-D Q-D -D 

2 Cn = L A-Q-1 A-B-1 -Q-1 -B-1 -A-1 D-A-1 D-Q-1 D-1 
RminusS 
Cn= H A-Q A-B -Q -B -A D-A D-Q D 

3 RORS AVQ AVB Q B A DVA DVQ D 

4 RANDS Ai\Q Ai\B 0 0 0 Di\A Di\Q 0 

5 RANDS Ai\Q Ai\B Q B A Di\A Di\Q 0 

6 REX-ORS A¥Q A¥B Q B A D¥A D¥Q D 

7 REX-NORS A¥Q A¥B Q B A D¥A D¥Q o 
+=Plus; - =Minus; V =OR; II =AND;¥ =EX-OR 
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Description of Architecture 
General Description 

The 7C9101 block diagram is shown in Figure 1. Detailed 
block diagrams show the operation of specific sections as 
described below. The device is a 16-bit slice consisting of a 
register file (16-word by 16-bit dual port RAM), the ALU, 
the Q-register and the necessary control logic. It is expand
able in 16-bit increments. 

Register File 

The dual port RAM is addressed by two 4-bit address 
fields (A3_0 and B3_0) which cause the data to simulta
neously appear at the A or B (internal) ports. Both the A 
and B addresses may be identical; in this case, the same 
data will appear at both the A and B ports. 

Data to be written to RAM is applied to the D inputs of 
the 7C9101 and is passed (unchanged) through the ALU to 
the RAM location specified by the B-address word. New 
data is written into the RAM by specifying a B address 

ALU 
DESTINATION 

DECODE 

while RAM write enable (RAM EN) is active and the 
clock input is LOW. RAM EN is an internal signal decod
ed from the signals 16, 7, g. As shown below, each of the 16 
RAM inputs is driven by a three-input multiplexer that 
allows the ALU output (F1s-o) to be shifted one bit posi
tion to the left, right, or not shifted. The RAM1s and 
RAMo 1/0 pins are also inputs to the 16-bit, 3-input multi
plexer. 

During the left shift (upshift) operation, the RAM1s out
put buffer and RAMo input multiplexer are enabled. For 
the down shift (right) operation, the RAMo output buffer 
and the RAM15 input multiplexer are enabled. 

The A and B outputs of the RAM drive separate 16-bit 
latches that are enabled (track the RAM data) when the 
clock is HIGH. The outputs of the A latch go to three 
multiplexers which feed the two ALU inputs (R1s-o and 
S1s-o) and the chip output (Y is-o). The B latch outputs 
are directed to the multipleJ[er which feeds the S input to 
the ALU. 

. 
I 

:RAM SHIFTER 
1 ( 16x3-IN MUX) 
I 

D13 • • • D1 Do 

16-WORD BY 16-BIT DUAL PORT RAM B3 l Bz 
B1 B - ADDRESS 

Bo 

CP 

0079-4 

Figure 2. Register File 
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Description of Architecture (Continued) 

Q-Register 

The ~register is mainly intended for use as a separate 
working register for multiplication and division routines. It 
mar also f'.unction as an accumulator or temporary storage 
register. ~ixteen master-slave latches are used to implement 
th~ Q-register. As shown below, the ~register inputs are 
driven by the outputs of the Q-shifter (sixteen 3-input mul-

••• 

tiplexers, under the control ofl6 7 g). The function of the 
Q-register input multiplexers is io illow the ALU output 
~15-0) to be either shifted left, right, or directly entered 
~to t~e !118Ster latches. The Q15 and Qo pins (110) func
tion similarly to the RAM1s and RAMo pins de8cribed 
earlier. Data is entered into the master latches when the , 
clock is LOW and transferred to the slave (output) at the 
clock LOWto HIGH transition. 

F1 

r-+-+~-+ll+H-M-+~-"'- --~ 
0-SHIFTER .--+++ll++++-1.;;i~7' 

• - - I- - - - - - - - - - - -1- - 1- - - 1.:1-. 
~~- ~ ~1~3-'iN~3-~H. • ·:1ff,3-'iNl-4';'-~~3-1N 1ri-1-r: .Ll.J.u..i.u.....J DECODE MUX MUX MUX j"I' MUX Ji MUX MUX Il-rTTi......,,....,.-..J 

1 ~--- ---- ---- ~6x;:;;;'"i.i~x> ---T---- .. ! 
Ds D14 D13 • • • D2 D1 Do .._ ____ _.OEN 

CP >1~ 0-REGISTER 

015 014 013 012 • • • 03 02 01 Oo 

0079-5 

Figure 3. Q-Register 

5-108 



~ CYPflISS CY7C9101 
~~~CONDUCTOR;;;;;;;;;;;:;;;;;;;:;;;;;;;:;;;;;;;:;;;;;;;:;;;;;;;:;;;;;;;:;;;;;;;:;;;;;;;:;;;;;;;:;;;;;;;:;;;;;;;:;;;;;;;:;;;;;;;:;;;;;;;:;;;;;;;:;;;;;;;:;;;;;;;:;;;;;;;:;;;;;;;:;;;;;;;:;;;;;;;:;;;;;;;:;;;;;;;:;;;;;;;:;;;;;;;:;;:;;:;=:::;;::::::;;;::; 
Description of Architecture (Continued) 

ALU (Arithmetic Logic Unit) 

The ALU can perform three arithmetic and five logical 
operations on the two 16-bit input operands, Rand S. The 
R-input multiplexer selects between data from the RAM 
A-port and data at the external data input, D15-0· The 
S-input multiplexer selects between data from the RAM 
A-port, the RAM B-port, and the Q-register. The Rand S 
~ultiplexers are controll.ed by the Io, 1, 2 inputs as shown 
m Table 1. The R and S tnput multiplexers each have an 
"inhibit capability," offering a state where no data is 
passed. This is equivalent to a source operand consisting of 
all zeroes. The R and S ALU source multiplexers are con
figured to allow eight pairs of combinations of A, B, D, Q, 
and "O" to be selected as ALU input operands. 

The ALU functions, which are controlled by I3, 4, 5, are 
shown in Table 2. Carry lookahead logic is resident on the 

015 014 ••• D1 Do 

A15 
A14 

• • • 
A1 

Ao 

R15 R14 ••• R1 Ro 

7C9101, using the ALU i!!}'uts carry in (Cn) ang the ALU 
outputs carry propagate (P), carry generate (G), carry out 
(Cn + 16), and overflow to implement carry lookahead 
arithmetic and determine if arithmetic overflow has oc
curred. Note that the carry in (Cn) signal affects the arith
metic result and internal flags; it has no effect on the logi
cal operations. 

Control signals I6, 1, s route the ALU data output (F1s-o) 
to the RAM, the Q-register inputs, and the Y-outputs as 
shown in Table 3. The ALU result MSB (F15) is output so 
the user may examine the sign bit without needing to en
able the three-state outputs. The F = 0 output, used for 
zero detection, is HIGH when all bits of the F output are 
LOW. It is an open drain output which may be wire OR'ed 
across multiple 7C9101 processor slices. 

815 814 ••• 81 Bo 

015 

014 

• • • 
01 

Oo 

ALU 12 
SOURCE 

11 OPERAND 
DECODE lo 

S15 S14 • •• S1 G 

16-BIT ARITHMETIC LOGIC UNIT (ALU) 
p 
Cn+16 

F15 F14 ••• F1 Fo OVR 
F15(SIGN) 

Cn F=O 

ALU la 

••• DESTINATION 17 
DECODE 

15 

CiE ••• 
Y15 Y14 ••• Y1 Yo 

0079-6 

Figure 4. ALU 
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Description of Architecture (Continued) 

Table 5. ALU Logic Mode Functions 

Octal Group Function 413, 1210 

40 AAQ 
41 

AND 
AAB 

45 DAA 
46 DAQ 

30 AVQ 
3 1 

OR 
AVB 

35 DVA 
36 DVQ 

60 AVQ 
61 

EX-OR 
AVB 

65 DVA 
66 DVQ 

70 AVQ 
7 1 

EX-NOR 
AVB 

75 I>llA 
76 l>VQ 

72 Q 
73 

INVERT 
n 

74 A 
77 D 

62 Q 
63 

PASS 
B 

64 A 
67 D 

32 Q 
33 

PASS 
B 

34 A 
37 D 

42 0 
43 

"ZERO" 
0 

44 0 
47 0 

50 AAQ 
5 1 

MASK 
AAB 

55 DAA 
56 I> A Q 
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Table 6. ALU Arithmetic Mode Functions 

Octal Ca= O(Low) Ca = .1 (High) 
1543,1210 Group Function Group 

00 A+Q 
01 

ADD 
A+B ADDplils 

05 D+A one 
06 D+Q 

02 Q 
03 

PASS 
B 

Increment 04 A 
07 D 

12 Q-1 
13 

Decrement 
B-1 

PASS 14 A-i 
27 D-1 

22 -Q-1 
23 l's Comp. 

-B-1 2'sComp. 
24 -A-1 (Negate) 
17 -D-1 

10 Q-A-1 
11 B-A-1 
1 5 A-D-1 
16 Subtract Q-D-1 Subtract 
20 (l's Comp.) A-Q-1 (2'sComp.) 
2 1 A-B-1 
25 D-A-1 
26 D-Q-1 

Conventional Addition and Pass-Increment/ 
Decrement 

Function 

A+Q+l 
A+B+l 
D+A+l 
D+Q+l 

Q+t 
B+l 
A+l 
D+l 

Q 
B 
A 
D 

-Q 
-B 
-A 
-D 

Q-A 
.B-A 
A-D 
Q-D 
A-Q 
A-B 
P~A 
D-Q 

When the carry-in is HIGH and either a conventional ad
dition or a PASS operation is performed, one (1) is added 
to the result. If the DECREMENT operation is performed 
when th~ carry-in is LOW, the value of'the operand is 
reduced by one. However, when the same operation is per
formed when the carry-in is HIGH, it nullifies the DEC
REMENT operation so that the result is equivalent to the 
PASS operation. In logical operations, the carry-in (Cn) 
will not affect the ALU output. · 

Subtraction 

Recall that in two's complement integer coding -1 is 
equal to all ones and that in one's complement integer cod
ing zero is equal to all ones. To convert a positive integer to 
its two's complement (negative) equivalent, invert (comple
ment) the number and add 1 to it; i.e., TWC = ONC + 1. 
In Table 6 the symbol -Q represents the two's comple-· 
ment ofQ so that the one's complement ofQ is then 
-Q-1. 



Electrical Characteristics Over Commercial and Military Operating Range 
Vee Min.= 4.5V, VeeMax. = 5.5V 

Parameters Description Test Conditions 

Voe Output HIGH Voltage 
Vee= Min. 
Ioe = -3.4mA 

VoL Output LOW Voltage 
Vee= Min. 
loL = 16mA 

VIH Input HIGH Voltage 

VIL Input LOW Voltage 

Iix Input Leakage Current Vss s VIN s Vee 
Vee= Max. 

Ioe Output HIGH Current 
Vee= Min. 
Voe= 2.4V 

loL Output LOW Current 
Vee= Min. 
VoL = 0.4V 

Ioz Output Leakage Current 
Vee= Max. 
VoUT = VsstoVee 

Ise Output Short Circuit CurrentUI Vee= Max. 
VoUT = OV 

Icc(Q1)[2l 
Supply Current Commercial Vss s VIN s V1L or 
(Quiescent) Military VIH s VIN s Vee; OE= HIGH 

Icc(Q2)[2l Supply Current Commercial Vss s V1N s 0.4V or 
(Quiescent) Military 3.85V s VIN s Vee; OE = HIGH 

Iec(Max.)[21 Supply Current Commercial v cc = Max., feLK = 10 MHz; 
Military OE= HIGH 

Capacitance [3] 

Parameters Description Test Conditions 

C1N Input Capacitance TA = 25°C, f= 1 MHz 

CoUT Output Capacitance Vee= 5.ov 

Notes: 

Min. 

2.4 

2.0 

-3.0 

-10 

-3.4 

16 

-40 

Max. 

5 

7 

I. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. 

Max. Units 

v 

0.4 v 

Vee v 

0.8 v 

10 µ.A 

mA 

mA 

+40 µ.A 
µ.A 

-85 mA 

30 
mA 

35 

25 
mA 

30 

60 
mA 

85 

Units 

pF 

2. Two quiescent figures are given for different input voltage ranges. To calculate Ice at any given frequency, use lcc(Q1) + Icc(A.e.) where lcc(Q1) is 
shown above and lcc(A.e.) = (3 mAJMez) X Clock Frequency for the Commercial temperature range. lcc(A.e.) = (5 mA/Mez) X Clock 
Frequency for Military temperature range. 

3. Tested on a sample basis. 

Output Loads used for AC Performance Characteristics 

Notes: 

+5 v 

252fl 
VouT 

1750 

0079-9 

All Outputs except Open Drain 

I. Cr, = SO pF includes scope probe, wiring and stray capacitance. 
2. Cr, = 5 pF for output disable tests. 

+5V 

~ 270·1!. 

Vo~ 

icL 
0079-10 

Open Drain (F ;= 0) 



Table 7. Logic Functions for CARRY and OVERFLOW Conditions 

1543 Function p G c,,+ 16 OVR 

0 R+S Po-P15 G15 + P15G14 + P15P14G13 + 
C16 C16 V C15 ... + P!-15 Go 

1 S-R ~ Same as R + S equations, but substitute R; for Ri in definitions ..... 
2 R-S ~ Same as R + S equations, but substitute Si for Si in definitions ..... 
3 RVS 

4 R /\ S 

5 R /\ S HIGH HIGH LOW LOW 

6 RVS 

7 RVS 

Definitions: + = OR 

Po-15 - P15 P14 P13 P12 P11 P10 P9 Pg P7 P6 P5 P4 P3 P2 P1 Po 
Po= Ro+ So 
P1 = R1 + Sz 
P2 = Rz + S2 
P3 = R3 + S3, etc. 

Go-15 = G15 G14 G13 G12 G11 G10 G9 Gg G7 G6 G5 G4 G3 G2 G1 Go 
Go=RoSo 
G1 = R1S1 
G2=R2S2 
G3 = R3 S3, etc. 

C16 = G15 + P15 G14 + P15 P14 G13 + ... + Po-15 Cn 
C15 = G14 + P14 G13 + P14 P13 G12 + ... + Po-14 Cn 

CY7C9101-30 and CY7C9101-40 Guaranteed 
Commercial Range AC Performance 
Characteristics 

Cycle Time and Clock Characteristics 
CY7C9101· 30 
Read-Modify-Write Cycle (from 30 ns 

selection of A, B registers to 
end of cycle). The tables below specify the guaranteed AC performance 

of these devices over the Commercial (O"C to 70"C) and 
Military ( - 55°C to + 125°C) operating temperature range 
with V cc varying from 4.5V to 5.5V. All times are in 
nanoseconds and are measured between the 1.5V signal lev
els. The inputs switch between OV and 3V with signal tran
sition rates of 1 V per nanosecond. All outputs have maxi
mum DC current loads. See also loading circuit informa
tion. 

Maximum Clock Frequency to shift Q 33MHz 
(50% duty cycle, I = 432 or 632) 
Minimum Clock LOW Time 20 ns 
Minimum Clock HIGH Time !Ons 
Minimum Clock Period 30ns 

This data applies to parts with the following numbers: 

CY7C9101-30PC CY7C9101-30DC CY7C9101-30LC CY7C9101-30JC CY7C9101-30GC 
CY7C9101-40PC CY7C9101-40DC CY7C9101-40LC CY7C9101-40JC CY7C9101-40GC 

Combinational Propagation Delays. CL = 50 pF 

To Output y Fis Cn + 16 G,P F=O OVR RAMo 
From Input RAM15 

CY7C9101- 30 40 30 40 30 40 30 40 30 40 30 40 30 40 
A, BAddress 37 47 36 47 35 44 32 41 35 46 32 42 32 40 
D 29 34 28 34 25 32 25 30 29 36 21 26 27 33 

Cn 22 27 22 27 20 25 - - 22 26 22 26 24 30 

Io, I, 2 32 40 32 40 30 38 28 36 34 42 26 32 27 35 

IJ, 4, 5 34 43 33 42 33 42 27 35 34 40 32 42 29 38 

I6, 7, 8 19 22 - - - - - - - - - - 22 26 

A Bypass ALU 25 30 - - - - - - - - - - - -(I= 2XX) 
Clock..£' 31 40 30 39 30 38 27 ~4 28 37 27 34 27 35 
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40 
40ns 

25MHz 

25 ns 
15 ns 
40ns 

Qo 
Qis 

30 40 

- -
- -
- -
- -

- -
22 26 

- -
20 23 
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Set-Up and Hold Times Relative to Clock (CP) lnput[l] 

CP: 

Input Set-Up Time Hold Time Set-up Time Hold Time 
BeforeH - L AfterH - L BeforeL - H AfterL - H 

CY7C9101· 30 40 30 40 30 40 30 40 

A, B Source Address 10 15 3[3] 3[3] 30[4] 40[4] 0 0 

B Destination Address 10 15 ~ Do Not Change[2] - 0 0 

D - - - - 22 28 0 0 

Cn - - - - 16 22 0 0 

lo, I, 2 - - - - 26 35 0 0 

13, 4, 5 - - - - 29 37 0 0 

16, 7, 8 10 12 ~ Do Not Change[2] - 0 0 

RAMo, RAM15, Qo, Q15 - - - - 11 14 0 0 

Output Enable/Disable Times 
Output disable tests performed with CL = 5 pF and measured to O.SV change of output voltage level. 

Device Input Output Enable Disable 
CY7C9101-30 OE y 18 16 
CY7C9101-40 OE y 22 19 

Notes: 
I. A dash indicates a propagation delay path or set-up time constraint 

does not exist. 
2. Certain signals must be stable during the entire clock LOW time to 

avoid erroneous operation. This is indicated by the phrase "do not 
change". 
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3. Source addresses must be stable prior to the clock H -+ L transition 
to allow time to access the source data before the latches close. The A 
address may then be changed. The B address could be changed if it is 
not a destination; i.e. if data is not being written back into the RAM. 
Normally A and B are not changed during the clock LOW time. 

4. The set-up time prior to the clock L -+ H transition is to allow time 
for data to be accessed, passed through the ALU, and returned to the 
RAM. It includes all the time from stable A and B addresses to the 
clock L -+ H transition, regardless of when the clock H -+ L 
transition occurs. 
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CY7C9101-35 and CY7C9101-45 Guaranteed 
Military Range AC Performance 
Characteristics 
The tables below specify the guaranteed AC performance 
of these devices over the Military ( - 55°C to + 125°C) op
erating temperature range with V cc varying from 4.5V to 
5.5V. All times are in nanoseconds and are measured be
tween the 1.5V signal levels. The inputs switch between OV 
and 3V with signal transition rates of 1 V per nanosecond. 
All outputs have maximum DC current loads. See also 
loading circuit information. 

This data applies to parts with thefollowing numbers: 

CY7C9101-35DMB CY7C9101-35LMB CY7C9101-35GMB 
CY7C9101-45DMB CY7C9101-45LMB CY7C9101-45GMB 

Combinational Propagation Delays CL = 50 pF 

Cycle Time and Clock Characteristics 
CY7C9101- 35 
Read-Modify-Write Cycle (from 35 ns 

selection of A, B registers to 
endof~l~ 

Maximum Clock Frequency to shift Q 28MHz 
~0% d~le, I = 432 or 63~ 
Minimum Clock LOW Time 23ns 
Minimum Clock HIGH Time 12ns 
Minimum Clock Period 35 ns 

45 
45ns 

22MHz 

28ns 

17ns 
45ns 

ToOutpui y Fis c,, + 16 G,P F=O OVR RALVio Qo 
RAM ts Q15 From Input 

CY7C9101- 35 45 35 45 35 45 35 45 35 45 35 45 35 45 35 45 

A, BAddress 41 52 40 51 38 48 37 45 40 48 36 46 36 43 - -
D 31 37 31 36 29 36 28 32 33 40 23 32 30 35 - -
Cn 25 30 24 29 23 27 - - 24 29 23 27 26 31 - -
lo, 1,2 36 44 35 43 33 41 31 38 38 46 29 38 30 38 - -
13, 4, s 38 48 37 47 37 46 31 38 3~ 45 36 45 33 41 - -
16, 7, 8 21 24 - - - - - - - - - - 24 28 24 28 

A Bypass ALU 28 33 ' 
(I= 2XX) - - - - - - - - - - - - - -

Clock..£" 35 44 34 43 34 42 30 37 34 40 28 38 30 37 21 25 

Set-Up and Hold Times Relative to Clock (CP) lnput[l] 

Input CP: 

Set-Up Time Hold Time Set-Up Time Hold Time 
Before H .,... L AfterH.,... L BeforeL.,... H AfterL.,... H 

CY7C9101- 35 45 35 45 35 45 35 45 

A, B Source Address 12 17 3[3] 3[3] 35[4] 45[4] 0 0 

B Destination Address 12 17 - Do Not Changel2] - 1 1 
D - - - - 25 30 0 0 

Cn - - - - 19 24 0 0 

lo, 1,2 - - - - 30 37 0 0 

13,4,5 - - - - 33 40 0 0 

16,7,8 12 16 - Do Not Chaugel2l - 0 0 

RAMo. RAM1s. Qo, Q1s - - - - 13 15 1 1 

Output Enable/Disable Times 
Output disable tests performed with CL = 5 pF and measured to 0.5V change of output voltage level. 

Device Input Output Enable Disable 
CY7C910l-35 cm y 20 17 
CY7C9101-45 cm y 23 20 

Notes: 
I. A dash indicates a propagation delay patb or set-up time constraint 

does not exist. 
2. Certain signals must be stable during tbe entire clock LOW time to 

avoid erroneous operation. This is indicated by tbe phrase "do not 
change". 
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3. Source addresses must be stable prior to tbe clock H --+ L transition 
to allow time to access tbe source data before tbe latches close. The A 
address may tben be changed. The B address could be changed if it is 
not a destination; i.e. if data is not being written back into tbe RAM. 
Normally A and B are not changed during tbe clock LOW time. 

4. The set-up time prior to tbe clock L --;. H transition is to allow time 
for data to be accessed, passed through tbe ALU, and returned to tbe 
RAM. It includes all tbe time from stable A and B addresses to tbe 
clock L --+ H transition, regardless of when tbe clock H --+ L 
transition occurs. · 
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Applications 

Minimum Cycle Time Calculations for 16-Bit Systems 

Speeds used in calculations for parts other than CY7C9101 and CY7C910 are representative for available MSI parts. 

CY7C245 
CY7C901 
Register 

CY7C245 
CY7C9101 
XORandMUX 

CY7C9101 

MICROPROGRAM 
MEMORY 

F=O 
Cn+16 

CY7C9101 OVR 
F15 

Y1s-o 

DATA 
REGISTER 

4 

Pipelined System, Add without Simultaneous Shift 

Data Loop 
Clock to Output 
A, B to Y, Cn+ 16. OVR 
Setup 

SEQUENCER 
CY7C910 

12 
37 
4 

53 ns 

CY7C245 
MUX 
CY7C910 
CY7C245 

Minimum Clock Period = 66 ns 

RAM15 

Control Loop 
Clock to Output 
Select to Output 
CC to Output 
Access Time 

0079-15 

CY7C245s 

MICROPROGRAM 
MEMORY 

F15i------------' 
CY7C9101 F=Oi-----------' 

OVR 

REGISTER 
t-------+I A, B, I, Cn Cn+ 16 

Y15-0 

Pipelined System, Simultaneous Add and Shift Down (RIGHT) 

Data Loop 
Clock to Output 
A, BtoY, Cn+16, OVR 
Prop. Delay, Select 
to Output 
RAM15Setup 

12 
37 
20 

11 

80ns 

CY7C245 
MUX 
CY7C910 
CY7C245 

Minimum Clock Period = 80 ns 
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Control Loop 
Clock to Output 
Select to Output 
CC to Output 
Access Time 

12 
12 
22 
20 

66ns 

12 
12 
22 
20 

0079-13 

66ns 
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CY7C9101 

Typical DC and AC Characteristics 
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Ordering Information 

Speed Ordering Code Package Operating 
(ns) Type Range 

30 CY7C9101-30 PC P29 Commercial 
CY7C9101-30 LC LSl 
CY7C9101-30 JC JSl 
CY7C9101-30 DC D30 
CY7C9101-30 GC G6S 

40 CY7C9101-40 PC P29 
CY7C9101-40 LC LSI 
CY7C9101-40 JC J81 
CY7C9101-40 DC D30 
CY7C9101-40 GC G6S 

35 CY7C9101-35 LMB LSI Military 
CY7C9101-35 DMB 030 
CY7C9101-35 GMB G6S 

45 CY7C9101-45 LMB LSl 
CY7C9101-45 DMB 030 
CY7C9101-45 GMB G6S 

5-117 





PRODUCT~~~~~~~~~~~ 
INFORMATION 

STATIC RAMS ~~~~~~~~~~ 

LOGIC~~~~~~~~~~~~ 

OJ 1,,7 BRIDGEMOS ~~~~~~~~~fi 
QUICKPRO ~~~~~~~~~~-

QUALITY AND ~~~~~~~~~§§(;] 
RELIABILITY 

APPLICATION BRIEFS ~~~~~~~~ 





Section Contents ~PRESS ~~!CONDUCTOR================================ 
BridgeMOS Page Number 
BridgeMOS Overview ................................................................................... 6-1 

Device Number 
CY8Cl50 
CY8C245 
CY8C291 
CY8C901 
CY8C909 
CY8C911 

Description 
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Features 
• May be driven by CMOS or 

TTL 

• Drives fully loaded TTL 
- Inputs switch at 1.SV 

• Can drive CMOS to full input 
levels 
- VoL = 0.2V @ loL = 20 

µA 
-Vou = 0.9 Vee@ Iou 

-20 µA 

• SRAM, PROM, LOGIC 

• 2.0V (V cc) Data Retention on 
all devices 

CY8C150 Selection Guide 

Maximum Access 
Time (ns) 

Maximum Operating 
Current (mA) 

CY8C245 Selection Guide 

Maximum Access Time (ns) 

Maximum Operating 
Current (mA) 

CY8C291 Selection Guide 

Maximum Access Time (ns) 

Maximum Operating 
Current (mA) 

Overview 
The BridgeMOS™ product line from 
Cypress Semiconductor provides an 
electrical bridge between CMOS and 
TTL or TTL and CMOS devices. 
BridgeMOS devices may be driven by 
either TTL or CMOS devices and in 
turn can drive either fully loaded TTL 
or CMOS to full input levels. As a re
sult, any combination of TTL and/or 
CMOS may be interfaced to Cypress 
BridgeMOS products. 

All devices in the BridgeMOS product 
line are specified at a 2.0V (V cc) 
standby mode of operation. This allows 
the device to be powered at 2.0 volts 
and maintain the integrity of the data 
in any volatile storage element. 

The output drivers in the 7CXXX Cy
press products are designed for TTL 
signals and pull up to 2.4 volts. For 

8C150-15 

Commercial 15 

Military 

Commercial 100 

Military 

BridgeMOS, Cypress has designed an 
output driver which boosts the output 
voltage sufficiently to drive the inputs 
of a device to greater than 3.85 volts, 
thus guaranteeing that the input con
verter will draw minimum power. The 
output drivers source 20 microamps at 
their rated BridgeMOS levels. They 
will also source and drive normal TTL 
loads. Therefore, they are capable of 
driving other non-BridgeMOS loads 
and normal TTL loads at the same 
time. 

Although the TTL to CMOS input 
converters power down as described 
above, they switch at TTL levels and 
all timing is referenced to 1.5 volts. The 
device will operate at normal TTL lev
els with no AC performance degrada
tion. 

8C150-25 8C150-35 

25 35 

25 35 

100 100 

125 125 

8C245-35 8C245-45 

35 50 

l Commercial 45 45 

l Military 80 80 

8C291-35 8C291-50 --
35 50 

l Commercial 45 45 

l Military 80 80 
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CY8C901 Selection Guide 
Read Modify· Write Cycle (min.) In DI Operating Ice (max.) In mA Operating Range Part Number 

31 26.S Commercial 8C901-31 

32 31.0 Military 8C901-32 

CY8C909/8C911 Selection Guide 
8C!HJ!l.30 8C909-40 
8C911-30 8C911-40 

Minimum Clock to Output Cycle Time (ns) 30 40 

Maximum Operating Current (mA) 15 15 
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Features 
• Combined PROM, PLD, and 

EPROM programmer 

• Programs all Cypress CMOS 
PLDs and PROMs. (All future 
devices will also be supported) 

• Reads bipolar PLDs and 
PROMs 

• Easy to use, menu-driven 
software 

• New device updates via floppy 
disk 

• IBM-PC® plug-in card format, 
external ZIP-DIP socket 

• Compatible with the IBM PC 
family of computers and plug 
compatibles 

• Programs 24- and 28-pin NMOS 
and CMOS EPROMs 

• One long slot and 256K bytes of 
memory required 

• Designed for present and future 
NMOS and CMOS devices 

• Optional LCC socket adapter 

QuickPro is a trademark of Cypress Semiconductor Corporation. 
IBM and IBM PC are registered trademarks of International Business Machines Corporation. 
ABEL™ is a registered trademark of Data I/O Corporation. 
CUPL™ is a registered trademark of Assisted Technology. 
P ALASMTM is a registered trademark of Monolithic Memories Inc. 
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CY3000 

QuickProTM 
Description 
QuickPro is a development tool for 
present and future CMOS PROM and 
PLD devices, and is used within the 
IBM PC and compatible environment. 
Older generation bipolar PLDs and 
PROMs required special programming 
voltages and current difficult to gener
ate within the IBM PC. 

QuickPro is designed for new genera
tion of CMOS PLDs and PROMs 
which obsolete the older technology, 
and use a programming technique 

0095-1 

II 
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Description (Continued) 

which is more compatible with low cost programming 
methods. 

QuickPro can also program standard NMOS and CMOS 
EPROMs and in packages up to 28 pins. And QuickPro is 
fast; intelligent programming is used to reduce program
ming time to a minimum. 

QuickPro is future oriented. Each 1/0 pin is fully pro
grammable, allowing the parameters and timing of each 
device to be handled via software. As new devices become 
available, they will be supported by QuickPro. Updates are 
managed by a simple exchange of floppy disks. 

QuickPro includes a comprehensive set of commands to 
make programming PLDs and PROMs as easy as possible. 

For PLDs, QuickPro uses the IBDEC standard data for
mat, so present and future logic design tools such as 
ABEL™, CUPL™, and PALASM™ can be used. 
QuickPro avoids serial download problems from a PC to a 
stand-alone programmer. For PROMs, QuickPro reads 
PCDOS binary files for use with assemblers and compilers. 
And QuickPro is low cost, each workstation can have one, 
eliminating the inconvenien6e of sharing one expensive 
programmer. All actions are menu-driven, with complete 
explanations provided on-screen, in clear text. There is no 
need to look up manufacturer's codes in a table. 

QuickPro Commands 
Program device 

Select device type 

Edit memory 

Display memory 

Readdevice 

Test PLD device 

Calculate checksum 

Technical Information 

Size 

Read disk file 

Write disk file 

Verify device 

Blank check device 

Program security fuse 

Fill memory 

Convert PLD type 

IBM PC standard full length card. Uses port addresses 
300-31F hex. 

Power 

+5V 1.0amp 

+ 12V 1.0 amp (peak) 0.4 amp average 

-12V 0.05 amp 

SocketPo4 

This is the external socket for connection to the device to 
be programmed or reiid. It provides a 28-pin 300/600 mil 
socket for compatibility with a wide range of devices: Oth
er adapters for leadless packages also available. Five filter 

switches are located on the pod for bypass capacitors ac
cording to manufacturers' published programming specifi
cations. 

Memory 

256K bytes of total memory is sufficient to operate Quick
Pro. 

Devices Supported 
Cypress CMOS PROMs: 
CY7C225, CY7C235, CY7C245, CY7C251, 
CY7C253, CY7C254, CY7C261, CY7C263, 
CY7C264, CY7C268, CY7C269, CY7C271, 
CY7C281, CY7C282, CY7C291, CY7C292 

Cypress CMOS PLDs: 
PAL16L8, PAL16R4, PAL16R6, PAL16R8, 
PAL22Vl0, PLD20Gl0 

QuickPro can read 20 and 24 pin Bipolar PLDs, for con
version to Cypress PLDs. 

EPROMs: (NMOS and CMOS) 
2716, 2732, 2732A, 2764, 2764A, 27128, 27256 

Ordering Information 
CY3000 QuickPro System ($995.00) contains: 

CY3001 QuickPro Board 

CY3002 QuickPro Pod 

CY3003 QuickPro System Disc 
Quick Pro Manual 

QuickPro Package Adaptors Include: 

CY3004 (CY3006) 28 Lead Square (P)LCC: 
7C225, 7C235, 7C245, 7C261, 7C263, 7C264, 7C281, 
7C282, 7C291, 7C292, PALC22V10 

CY3005 (CY3007) 20 Lead Square (P)LCC: 
16L8, 16R4, 16R6, 16R8 

CY3008 (CY3009) 28 Lead Square (P)LCC: 
7C251, 7C253, 7C254, 7C269, 7C271, 7C330, 7C331, 
7C332 

CY3010 (CY3011) 28 Lead Square (P)LCC: 
PLDC20G10 

CY3012 (CY3013) 32 Lead Rectangular (P)LCC: 
7C268 

CY3014 28 Pin SOIC: 
7C225, 7C235, 7C245, 7C251, 7C253, 7C254, 7C261, 
7C263, 7C264, 7C269, 7C271, 7C281, 7C282, 7C291, 
7C292 

CY3015 32 Pin SOIC: 
7C268 

' CY3016 32 Pin DIP: 
7C268 
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Quality, Reliability and Process Flows 
Corporate Views on Quality and 
Reliability 
Cypress believes in product excellence. Excellence can only 
be defined by how the users perceive both our product 
quality and reliability. If you, the user, are not satisfied 
with every device that is shipped, then product excellence 
has not been achieved. 

Product excellence does not occur by following the indus
try norms. It begins by being better than one's competitors, 
with better designs, processes, controls and materials. 
Therefore, product quality and reliability are built into ev
ery Cypress product from the start. 

Some of the techniques used to insure product excellence 
are the following: 

• Product Reliability starts at the initial design inception. 
It is built into every product design from the very start. 

• Product Quality is built into every step of the manufac
turing process through stringent inspections of incom
ing materials and conformance checks after critical pro
cess steps. 

• Stringent inspections and reliability conformance 
checks are done on finished product to insure the fin
ished product quality requirements are met. 

• Field data test results are encouraged and tracked so 
that accelerated testing can be correlated to actual use 
experiences. 

Product Assurance Documents 
Cypress Semiconductor uses MIL-STD-883C and MIL-M-
38510F as baseline documents to determine our Test Meth
ods, Procedures and General Specifications for semicon
ductors. 

Customers using our Commercial grade product receive 
the benefit of a military patterned process flow at no addi
tional charge. 

Product Testing Categories 
Four different testing categories are offered by Cypress: 

1) Commercial operating range product: o•c to + 70°C. 

2) Military Grade product processed to MIL-STD-883C; 
Military operating range: - 55°C to + 125°C. 

3) SMD (Standard Military Drawing) certified product; 
Military operating range: - 55°C to + 125°C, electrical
ly tested per the applicable Military Drawing. 
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4) JAN qualified product; Military operating range: 
- 55°C to + 125°C, electrically tested per MIL-M-
38510 slash sheet requirements. 

Category 1 and 2 are available on all products offered by 
Cypress Semiconductor. Category 3 and 4 are offered on a 
more limited basis, dependent upon the specific part type 
in question. 

Commercial Product Assurance Categories 
Commercial grade devices are offered with two different 
classes of product assurance. Every device shipped, as a 
minimum, meets the processing and screening require
ments of level 1. 
Levell: For commercial or industrial systems where the 

demand for quality and reliability is high, but 
where field service and device replacement can be 
reasonably accomplished. 

Level 2: For enhanced reliability applications and commer
cial or industrial systems where maintenance is 
difficult and/ or expensive and reliability is para
mount. 

Devices are upgraded from Level 1 to Level 2 by 
additional testing and a bum-in to MIL-STD-883, 
Method 1015. 

Table 1 lists the 100% screening and quality conformance 
testing performed by Cypress Semiconductor in order to 
meet the requirements of these programs. 

Military Product Assurance Categories 
Only one standard product assurance category exists for 
JAN, SMD and Military grade products. Cypress' military 
grade devices are processed per MIL-STD-883C using 
methods 5004 and 5005 to define our screening and quality 
conformance procedures. The processing performed by 
Cypress results in a product that meets the class B screen
ing requirements as called out by these methods. Every 
device shipped, as a minimum, meets these requirements. 

JAN, SMD and Military grade devices supplied by Cypress 
are processed for applications where maintainance is diffi
cult or expensive and reliability is paramount. Tables 2 
through 6 list the screening and quality conformance test
ing that is performed in order to meet the processing re
quirements required by MIL-STD-883C and MIL-M-
38510. 
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Table 1. Cypress Commercial Product Screening Flows 

Screen MIL-STD-883 Method 

Visual/Mechanical 
• Internal Visual 2010 
•High Temperature Storage 1008, CondC 
• Temperature Cycle 1010, Conde 
• Constant Acceleration 2001, Cond E,Yl 

Orientation 
• Hermeticity Check: 1014, Cond A & B; Fine Leak 

Fine/Gross Leak Cond C; Gross Leak 

Bum-in 
• Pre-Bum-in Electrical Per Device Specification 
•Bum-in 1015 
• Post-Burn-In Electrical Per Device Specification 
• Percent Defective 

Allowable (PDA) 

Final Electrical Per Device Specification 
• Functional, Switching, 1) At 25°C and Power 

Dynamic (AC) and Supply Extremes 

Static (DC) Tests 2) At Hot Temperature and 
Power Supply Extremes 

Cypress Quality 
Lot Acceptance 

• External Visual 2009 
• Final Electrical Cypress Method 17-00064 

Conformance 
• Fine & Gross Leak 1014, Cond A & B; Fine Leak 

Conformance Cond C; Gross Leak 
Notes: 
1) Electrical Test is performed after burn-in. Results of this are used to 

determine PDA percentage. 
2) Burn-in is performed as a standard for 12 hours at 150'C. 

Product Temperature Ranges 

Commercial O"C to + 70"C 

Level 1 Level2 

Plastic Hermetic Plastic Hermetic 

0.4%AQL 100% 0.4%AQL 100% 
Not Performed 100% Not Performed 100% 
Not Performed Not Performed Not Performed Not Performed 

Does Not Apply Not Performed Does Not Apply Not Performed 

Does Not Apply 
LTPD = 5; 

Does Not Apply 
LTPD = 5; 

77(1,2) 77(1,2) 

Does Not Apply Does Not Apply 100% 100% 
Does Not Apply Does Not Apply 100%[2] 100%L2l 
Does Not Apply Does Not Apply 100% 100% 

Does Not Apply Does Not Apply 5% (max)Ul 5% (max)lll 

Not Performed Not Performed 100%[1] 100%111 

100% 100% 100% 100% 

[3] [3] [3] [3] 

[3] [3] [3] [3] 

Does Not Apply 
LTPD = 5; 

Does Not Apply 
LTPD = 5; 

77(1,2) 77(1,2) 

3) Lot acceptance testing is performed on every lot to guarantee 200 
PPM average outgoing quality. 
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Table 2. Cypress JAN/SMD/Military Product Screening Flows 

Screening Per Product Temperature Range: -SS"C to + 125°C 

Screen Method 5004 of SMD/Milltary 
MIL-STD-883C JAN 

Product 

Visual/Mechanical 
• Internal Visual Method 2010, Cond B 100% 100% 
• Stabilization Bake Method 1008, 24 Hrs 

100% 100% 
(No End Pt. Electricals) Cond C, Minimum 

• Temperature Cycling Method 1010, Cond C 100% 100% 
• Constant Acceleration Method 2001, Cond E (Min), 

100% 100% 
YI Orientation Only 

• Hermeticity 
-Fine Leak Method 1014, Cond A & B 100% 100% 
-Gross Leak Method 1014, Cond C 100% 100% 

Bum-in 
• Initial (Pre-Burn-in) Per Applicable Device 

100% 100% 
Electrical Parameters Specification 

• Burn-in Test Method 1015, 160 Hrs 
at 125°C Min or 100% 100% 
80 hours at l 50"C 

• Interim (Post-Bum-in) Per Applicable Device 
Electrical Parameters, Specification 

100% 100% 
Percent Defective Maximum PDA, for 
Allowable (PDA) AllLots, 5% ~, 

Final Electrical Tests 
• Static Tests Method 5005, Table 1, 100%Testto 100% Test to 

Subgroups l, 2 and 3 Slash Sheet Applicable Device 
Specification 

• Dynamic and Switching Method 5005, Table 1, 100% Test to 100% Test to 
Tests Subgroups 4, 5, 6, 9, Slash Sheet Applicable Device 

lOand 11 Specification 
• Functional Tests Method 5005, Table 1, 100% Test to 100% Test to 

Subgroups 1 and 8 Slash Sheet Applicable Device 
Specification 

Quality Conformance Tests 
•GroupA Method 5005, See Sample Sample 
•GroupB Table 3-6 for Sample Sample 
•Groupe Details Sample Sample 
•GroupD Sample Sample 
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Table 3. Group A Test Descriptions 

Cypress uses an L TPD sampling plan that was developed 
by the Military to assure product quality. Testing is per
formed to the subgroups found to be appropriate for the 
particular device type. All Military products have a Group 
A sample test performed as outlined by the particular 
screen flow. 

Subgroup Description LTPD 
Sample Size/ 
Accept No. 

1 Static Tests at 25°C 2 195/1 

2 Static Tests at Maximum 3 129/1 
Rated Operating Temperature 

3 Static Tests at Minimum 5 77/1 
Rated Operating Temperature 

4 Dynamic Tests at 25°C 2 195/1 

5 Dynamic Tesrs ar Maximum 3 i29/i 
Rated Operating Temperature 

6 Dynamic Tests at Minimum 5 77/1 
Rated Operating Temperature 

7 Functional Tests at 25°C 2 195/1 

8 Functional Tests at Minimum 5 77/1 
and Maximum Temperatures 

9 Switching Tests at 25°C 2 195/1 

10 Switching Tests at 3 129/1 
Maximum Temperature 

11 Switching Tests at 5 77/1 
Minimum Temperature 

Table 4. Group B Quality Tests 

Subgroup Description 
Quantity I Accept # 

orLTPD 

1 Physical Dimensions, 2/0 
Method 2016 

2 Resistance to Solvents, 4/0 
Method 2015 

3 Solderability, Method 2003 10 

4 Internal Visual/Mechanical, 1/0 
Method2014 

5 Bond Strength, Method 2011 15 

6 Internal Water Vapor,[2] 3/0 or 5/1 
Method 1018 

7 Seal: Fine & Gross Leak,[1] 5 
Method 1014 

8 ESD Characteristics,13] 15/0 
Method 3015 

Notes: 
I) Fine and Gross Leak is not performed because a 100% screen is 

employed. 
2) Test is only performed if a package contains a dessicant. 
3) Test is performed only at qualification and upon redesign. 

Group B testing is performed for each inspection lot. An 
inspection lot is defined as a group of material of the same 
device type, package type and lead finish built within a six 
week seal period and submitted to Group B testing at the 
same time. 
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Table 5. Group C Quality Tests 

Subgroup Description LTPD 

1 Steady State Life Test, End 5 
Point Electricals, Method 1005 

2 Temp Cycle, Constant 15 
Acceleration Seal: Fine & Gross 
Leaks, Visual Examination, End 
Point Electricals Methods 1010, 
2001, 1014 

Group C tests for JAN product are performed on one de
vice type from one inspection lot representing each tech
nology. Sample tests are performed per MIL-M-38510 
from each three· months production of devices, which is 
based upon the lot inspection identification (or date) codes. 

Group C tests for SMD and Military products are per
formed on one device type from one inspection lot repre
senting each technology. Sample tests are performed per 
MIL-STD-883 from each twelve months production of de
vices, which is based upon the lot inspection identification 
(or date) codes. 

End-point electrical tests and parameters are performed 
per detailed device specification. 

Table 6. Group D Quality Tests (Package Related) 

Subgroup Description 
Quantity I Accept # 

orLTPD 

1 Physical Dimensions, Method 15 
2016 

2 Lead Integrity, Seal: Fine & 15 
Gross Leak, Methods 2004 & 
1014 

3 Thermal Shock, Temp 15 
Cycling, Moisture Resistance, 
Seal: Fine & Gross Leak, 
Visual Examination, End-
Point Electricals, Methods 
1011, 1010, 1004 & 1014 

4 Mechanical Shock, Vibration - 15 
Variable Frequency, Constant 
Acceleration, Seal: Fine & 
Gross Leak, Visual 
Examination, End-Point 
Electricals, Methods 2002, 
2007, 2001 & 1014 

5 Salt Atmosphere, Seal: Fine & 15 
Gross Leak, Visual Exam-
ination, Methods 1009 & 1014 

6 Internal Water-Vapor 3/0 or 5/1 
Content; 500 ppm maximum 
@ 100°c. Method 1018 

7 Adhesion of Lead Finish,141 15 
Method2025 

8 Lid Torque, Method 2024[5] 510 
Notes: 
4) Does not apply to leadless chip carriers. 
5) Applies only to packages with glass seals. 
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Group D tests for JAN product are performed per MIL
M-38510 on each package type from each six months of 
production, based on the lot inspection identification (or 
date) codes. 

Group D tests for SMD and Military product are per
formed per MIL-STD-883 on each package type from each 
twelve months of production, based on the lot inspection 
identification (or date) codes. 

End-point electrical tests and parameters are performed 
per detailed device specification. 

Product Screening Summary 
Commercial Product 
• Screened to either Level 1 or Level 2 product assurance 

flows 

• Hermetic and Molded packages available 

• Incoming Mechanical and Electrical performance guar
anteed: 

- 0.1 % AQL Electrical Sample test performed on every 
lot prior to shipment 

- 0.65% AQL External Visual Sample inspection 

• Electrically tested to Cypress datasheet 
Ordering Information 
Product Assurance Grade: Level 1 

• Order Standard Cypress part number 

• Parts marked the same as ordered part number 

Ex: CY7Cl22-15PC 

Product Assurance Grade: Level 2 

• Bum-in performed on all devices to Cypress detailed cir
cuit specification 

• Add "B" Suffix to Cypress standard part number when 
ordering to designate Bum-in option 

• Parts marked the same as ordered part number 

Ex: CY7Cl22-15PCB 
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Military Product 
• Product processed per MIL-STD-883C, method 5004 

product test flows 

• Military grade devices electrically tested to Cypress data
sheet specifications 

• SMD (Standard Military Drawing) devices electrically 
tested to military drawing specifications 

OR 

• JAN devices electrically tested to slash sheet specifica
tions 

• All devices supplied in Hermetic packages 

• Quality conformance assured: Method 5005, Groups A, 
B, C and D performed as part of the standard process 
flow 

• Burn-in performed on all devices 

- Cypress detailed circuit specification for non-JAN de
vices 

OR 

- Slash sheet requirements for JAN products 

• AC, DC, Functionally and Dynamically tested at 25°C 
as well as temperature and power supply extremes on 
100% of the product in every lot 

•JAN product manufactured in a DESC certified facility 

Ordering Information 
JAN Product: 

• Order per Military document 

• Marked per Military document 

Ex: JM38510/28901BVA 

SMD Product: 

• Order per Military document 

• Marked per Military document 

Ex: 5962-8684601EA 

Military Grade Product: 

• Order per Cypress standard Military part number 

• Marked the same as ordered part number 

Ex: CY7C122-25DMB 
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AREA PROCESS 

QC INCOMING MATERIALS 
INSPECTION 

FAB DIFFUSION/ION 
IMPLANTATION 

FAB OXIDATION 

FAB PHOTOLITHOGRAPHY / 
ETCHING 

FAB METALIZATION 

FAB PASSIVATION 

FAB QC VISUAL OF 
WAFERS 

FAB E-TEST 

FAB QC MONITOR OF 
E-TEST DATA 

TEST WAFER PROBE/SORT 

Product Quality Assurance Flow 

T PROCESS DETAILS 

ALL INCOMING MATERIALS ARE INSPECTED TO DOCUMENTED PROCEDURES COVERING 
THE HANDLING, INSPECTION, STORAGE, AND RELEASE OF RAW MATERIALS USED IN 
THE MANUFACTURE OF CYPRESS PRODUCTS. MATERIALS INSPECTED ARE: WAFERS, 
MASKS, LEADFRAMES, CERAMIC PACKAGES AND/OR PIECE PARTS, MOLDING 
COMPOUNDS, GASES, CHEMICALS, ETC. 

SHEET RESISTANCE, IMPLANT DOSE, SPECIES AND CV CHARACTERISTICS ARE 
MEASURED FOR ALL CRITICAL IMPLANTS AND ON EVERY PRODUCT RUN. TEST 
WAFERS MAY BE USED TO COLLECT THIS DATA INSTEAD OF ACTUAL PRODUCTION 
WAFERS. IF THIS I~ DONE, THEY ARE PROCESSED WITH THE STANDARD PRODUCT 
PRIOR TO COLLECTING SPECIFIC DATA. THIS ASSURES ACCURATE CORRELATION 
BETWEEN THE ACTUAL PRODUCT AND THE WAFERS USED TO MONITOR IMPLANTATION. 

SAMPLE WAFERS AND SAMPLE SITES ARE INSPECTED ON EACH RUN FROM VARIOUS 
POSITIONS OF THE FURNACE LOAD TO INSPECT FOR OXIDE THICKNESS. AUTOMATED 
EQUIPMENT IS USED TO MONITOR PIN HOLE COUNTS FOR VARIOUS OXIDATIONS IN 
THE PROCESS. IN ADDITION, AN APPEARANCE INSPECTION IS PERFORMED BY THE 
OPERATOR TO FURTHER MONITOR THE OXIDATION PROCESS. 

APPEARANCE OF RESIST IS CHECKED BY THE OPERATOR AFTER THE SPIN OPERATION. 
ALSO, AFTER THE FILM JS DEVELOPED, BOTH DIMENSIONS AND APPEARANCE ARE 
CHECKED BY THE OPERATOR ON A SAMPLE OF WAFERS AND LOCATIONS UPON EACH 
WAFER. FINAL CD'S AND ALIGNMENT ARE ALSO SAMPLE INSPECTED ON SEVERAL 
WAFERS AND SITES ON EACH WAFER ON EVERY PRODUCT RUN. 

FILM THICKNESS IS MONITORED ON EVERY RUN. STEP COVERAGE CROSS-SECTIONS 
ARE PERFORMED ON A PERIODIC BASIS TO INSURE COVERAGE. 

AN OUTGOING VISUAL INSPECTION IS PERFORMED ON 100% OF THE WAFERS IN A 
LOT TO INSPECT FOR SCRATCHES, PARTICLES, BUBBLES, ETC. FILM THICKNESS IS 
VERIFIED ON A SAMPLE OF WAFERS AND LOCATIONS WITHIN EACH GIVEN WAFER ON 
EACH RUN. PINHOLES ARE MONITORED ON A SAMPLE BASIS WEEKLY. 

SAMPLE ELECTRICAL TEST IS PERFORMED FOR FINAL PROCESS ELECTRICAL 
CHARACTERISITICS ON EVERY RUN. 

WEEKLY REVIEW OF ALL DATA TRENDS; RUNNING AVERAGES, MINIMUMS, 
MAXIMUMS, ETC. ARE REVIEWED WITH PROCESS CONTROL MANAGER 

VERIFY FUNCTIONALITY, ELECTRICAL 
CHARACTERISTICS, STRESS TEST DEVICES 

TEST QC CHECK PASS/ FAIL LOT BASED ON YIELD, 
PROBING AND CORRECT PROBE PLACEMENT 
ELECTRICAL TEST 
RESULTS TO ASSEMBLY 

AND TEST 

(Continued) 
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PLASTIC 
ASSEMBLY 

FLOW 

Product Quality Assurance F1ow (Continued) 

WAFER PREP /MOUNT /SAW 

INSPECT FOR ACCURATE SAWING OF 
SCRIBELINE AND 1003 SAW THRU 

PERIODIC QC MONITOR - WAFER SAW 

PERFORM MONITOR OF MOUNTING, SAWING 
AND POST SAW CLEAN OPERATIONS 

DIE VISUAL INSPECTION 

INSPECT DIE PER CYPRESS EQUIVALENT TO 
MIL-STD-883, METHOD 2010 

QC VISUAL LOT ACCEPTANCE 

SAMPLE INSPECT DIE; 1 .03 AQL 

DIE ATTACH 

ATTACH PER CYPRESS DETAILED SPECIFICATION 

QC PROCESS MONITOR 

INSPECT FOR DIE POSITION, QUALITY AND 
UNIFORMITY OF DIE ATTACH AND ATTACHMENT 
STRENGTH, t.llL-STD-883, METHOD 2010, CRITERIA 

WIRE BOND 

BOND PER CYPRESS DETAILED SPECIFICATION 

QC PROCESS MONITOR - WIRE BONDING 

t.IONITOR BOND STRENGTH AND 
FAILURE t.IODE 

INTERNAL VISUAL INSPECTION 

LOW POWER (30X} INSPECTION OF WORKMANSHIP 
MIL-STD-883, METHOD 2010, CRITERIA 

QC LOT ACCEPTANCE 

SAMPLE INSPECT LOT TO VERIFY WORKMANSHIP, 
t.llL-STD-883, METHOD 2010, CRITERIA; 0.43 AQL 

DIE COAT 

COATING APPLIED TO SELECTED PRODUCTS 

MOLD/ ENCAPSULATE PLASTIC DEVICES 

HERMETIC 
ASSEt.IBLY 

FLOW 

SEAL HERMETIC DEVICES 

PERIODIC QC MONITOR, LID-TORQUE 

SHEAR STRENGTH OF GLASS-FRIT 
SEAL TESTED TO t.llL-STD-883, t.IETHOD 2024 

(Continued) 
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Product Quality Assurance Flow (Continued) 

POST MOLD CURE 

PER CYPRESS METHOD 
FOR MOLDING COMPOUND STABILIZATION BAKE 

METHOD 1008, COND C 

LEAD TRIM/ FORM 

TEMPERATURE CYCLE(1) 

METHOD 1010, COND C 

CENTRIFUGE(1) 

METHOD 2001, COND E, Y1 ORIENTATION 

FINE AND GROSS LEAK TEsr(2) 

PER METHODS EQUIVALENT TO METHOD 
1014, CONDA ORB; FINE LEAK 

METHOD 1014, COND C; GROSS LEAK 

LEAD TRIM AND FORM FOR PLASTIC DEVICES, LEAD 
TRIM FOR HERMETIC DEVICES {WHERE APPLICABLE) 

LOT ID - PLASTIC DEVICES 

MARK WAFER LOT ON DEVICES; LASER MARK ON 
PLASTIC DEVICES 

LEAD PREP/ FINISH (SOLDER DIP) 

PREPARE LEADS FOR SOLDER DIP, SOLDER DIP DEVICES 
AND INSPECT FOR UNIFORM SOLDER COVERAGE 

QC PROCESS MONITOR 

VERIFY WORKMANSHIP AND SOLDER COVERAGE 

LOT ID - HERMETIC DEVICES 

MARK WAFER LOT ON DEVICES 

FINE AND GROSS LEAK SAMPLE TEST(2) 

METHOD 1014, CONDA OR B; FINE LEAK 
METHOD 1014, COND C; GROSS LEAK 

EXTERNAL VISUAL INSPECTION 

INSPECT FOR WORKMANSHIP, CONSTRUCTION, CRACKED 
OR BROKEN DEVICES, BENT LEADS, CRAZING, CASTELLATION 
ALIGNMENT AND SOLDER COVERAGE. 
MIL-STD-883, METHOD 2009 

(Continued) 
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Notes: 

D 
I 
I 
I 

0 
I 
I 
I 

0 
I 
I 
I 

0 
I 
I 
I 
I 
I 

Product Quality Assurance Flow (Continued) 

OPTIONAL BURNIN PROCESSING FOR LEVEL 2 
(STANDARD FOR JAN/MILITARY DEVICES) 

PRE - BURNIN ELECTRICAL TEST 

BURNIN: METHOD 1015 

QC MONITOR - BURNIN DOCUMENTS/RESULTS 

INTERIM (POST-BURNIN) ELECTRICALS 

PER APPLICABLE DEVICE SPECIFICATION 

D 
I 
I 
I 

0 
I 
I 
I 

0 
I 
I 
I 

0 
I 
I 
I 
I 
I 

k> QC INSPECTION ~ PDA VERIFIED WITHIN LIMITS 
I 
I 

+ 
I 
I 
I .. 

FINAL ELECTRICAL TEST 

100% TEST LOT; DC, AC, FUNCTIONAL AND DYNAMIC 
TESTS PERFORMED PER APPLICABLE DEVICE SPECIFICATION 

FINAL DEVICE MARKING 

FINAL VISUAL INSPECTION 

INSPECT FOR BENT LEADS, MARKING, 
SOLDER COVERAGE, ETC. 

I QC LOT ACCEPTANCE I 
VIS L SAMPLE INSPECTION 

METHOD 2009 -0.65% AOL 

ELECTRICAL SAMPLE TEST 

TO GUARANTEE 200 PPM 

INSPECTION - PRE-SHIPMENT 

CONFIRM PART TYPE, COUNT, PACKAGE, CHECK 
FOR COMPLETENESS OF PROCESSING 
REQUIREMENTS, CONFIRM SUPPORTING 
DOCUMENTATION IS SENT, IF REQUIRED 

PACK/ SHIP ORDER 

Key 

0 PRODUCTION PROCESS 

D TEST I INSPECTION 

IQI PRODUCTION PROCESS AND TEST INSPECTION 

<> QC SAMPLE GATE AND INSPECTION 
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I. Temp Cycle.and Centrifuge performed per Applicable Product Screening Flow. 
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2. JAN/SMD/Military grade products are 100% Fine and Gross Leak tested and sample tested after wafer lot I.D. Commercial grade devices 
received sample test only. Sample size is per Commercial Product Screening Flow. 
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Reliability Monitor Program 
The Reliability Monitor Program is a documented Cypress 
procedure that is described in Cypress specification 
#25-00008 which is available to Cypress customers upon 
request. This specification describes a procedure that pro
vides for periodic reliability monitors to insure that all 
Cypress products comply with established goals for reli
ability improvement and to minimize reliability risks for 

Cypress customers. The Reliability Monitor Program is de
signed to monitor key products within each generic process 
family. This procedure requires that detailed failure analy
sis be performed on all test rejects and the corrective ac
tions be taken as indicated by the analysis. A summary of 
the Reliability Monitor Program test and sampling plan is 
shown below. 

Reliability Monitor Program Sampling Plan 

Test Description Duration Sample Frequency[l] 
Size 

Early Failure Rate (EFR) 
12 Hours 125 Weekly 150°CHTOL 

High Temp Steady State Life (HTSSL) 
1000 Hours 10 Monthly 

!50°C HTOL with Deltas 

Latent Failure Rate (LFR) 
lOOOHours 125 Quarterly 

150°CHTOL 

High Temp Storage (HTS) 
lOOOHours 10 Monthly 200°CHTS 

Epoxy Packaged Data Retention 
168 Hours 55 Weekly 165°CBake 

Hermetic Packaged Data Retention 
500Hours 55 Monthly 250"CBake 

Pressure Cooker (PCT) 
288 Hours 55 Weekly 12l"C/100% R.H. 

Preconditioned Temperature Humidity Life (PCTH) 
1000 Hours 55 Every 6 Weeks 96 Hrs. PCT + Biased 85/85 

Extended Temperature Cycle (TIC) 
1000 Cycles 55 Quarterly - 65°C to + 150°C 

Note: 
I) Maximum period between samples is listed. More frequent sampling may occur. 
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'ii CYPRESS 

_ , SEMICONDUCTOR 

Application Briefs 
RAM Input Output Characteristics 

Introduction to Cypress RAMs 
Cypress Semiconductor Corporation uses a speed opti
mized CMOS technology to manufacture high speed static 
RAMs which meet and exceed the performance of compet
itive bipolar devices while consuming significantly less 
power and providing superior reliability characteristics. 
While providing identical functionality, these devices ex
hibit slightly differing input and output characteristics 
which provide the designer opportunities to improve over
all system performance. The balance of this application 
note describes the devices, their functionality and specifi
cally their 1/0 characteristics. 
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A1 
o, 
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7C189 

PRODUCT DESCRIPTION 
The five parts in Figure 1 constitute three basic devices of 
64, 1024 and 4096 bits respectively. The 7C189 and 7Cl90 
feature inverting and non-inverting outputs respectively in 
a 16 x 4 bit organization. Four address lines address the 16 
words, which are written to and read from over separate 
input and output lines. Both of these 64 bit devices have 
separate active LOW select and write enable signals. The 
256 x 4 7Cl22 is packaged in a 22 pin DIP, and features 
separate input and output lines, both active LOW and ac
tive HIGH select lines, eight address lines, an active LOW 
output enable, and an active LOW write enable. Both the 
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Figure 1. RAM Block Diagrams 
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Figure 1. RAM Block Diagrams (Continued) 

7C148 and 7C149 are organized 1024 x 4 bits and feature 
common pins for the input and output of data. Both parts 
have 10 address lines, a single active LOW chip select and 
an active LOW write enable. The 7Cl48 features automatic 
power down whenever the device is not selected, while the 
7Cl49 has a high speed, 15 ns, chip select for applications 
which do not require power control. This family of high 
speed static RAMs is available with access times of 15 to 
45 ns with power in the 300 to 500 mW range. They are 
designed from a common core approach, and share the 
same memory cell, input structures and many other char
acteristics. The outputs are similar, with the exception of 
output drive, and the common 1/0 optimization for the 
7C148 and 7C149. For more detailed information on these 
products, refer to the available data sheets. 

GENERIC I/O CHARACTERISTICS 
Input and output characteristics fall generally into two cat
egories, when the area of operation falls within the normal 
limits of Vee and Vss plus or minus approximately 
600 mV, and abnormal circumstances, when these limits 
are exceeded. Inputs under normal operating conditions 
are voltages that switch between logic "O" and logic "l". 
We will consider operation in a positive true environment 
and therefore a logic "1" is more positive than a logic "O". 
The 1/0 characteristics of the devices we are concerned 
with are what is considered to be TTL compatible. There
fore a logic "l" is 2.0V, while a logic "O" is 0.8V. The 
input of a device must be driven greater than 2.0V, not to 
exceed Vee + 0.6V to be considered a logic "1" and, to 
less than 0.8V, but not less than Vss - 0.6V, to be consid
ered a logic "O". 

Output characteristics represent a signal that will drive the 
input of the next device in the system. Since the levels we 
are dealing with are TTL, we may assume that the V1L and 
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Vrn values of 0.8 and 2.0V referenced above are valid. In 
consideration of noise margin however, driving the input of 
the next stage to the required VIL or V rn is not sufficient. 
Noise margins of 200 to 400 m V are considered more than 
adequate, and therefore the Yott we deal with is 2.4V while 
the VoL is 0.4V, providing a noise margin of 400 mV. 
Since the driven node consists of both a resistive and a 
capacitive component, output characteristics are specified 
such that the output driver is capable of sinking loL at the 
specified VoL, and capable of sourcing Iott at Yott· Since 
the values of loL and Iott differ depending on the device, 
these values are shown in Table 1. Outputs have one other 
characteristic that we need to be concerned with, Output 
Short Circuit Current or Ios. This is the maximum current 
that the output will source when driving a logic "l" into 
Vss. We need to be concerned for two reasons. First, the 
output should be capable of supplying this current for some 
reasonable period of time without damage, and second, this 
is the current that charges the capacitive load when switch
ing the output from a "O" to a "l" and will control the 
output rise time. 

Since memories such as these are often tied together, we 
are also concerned about the output characteristics of the 
devices when they are deselected. All of the devices in this 
family feature three state outputs such that in addition to 
their active conditions when selected, when deselected, the 
outputs are in a high impedance condition which does not 
source or sink any current. In this condition, as long as the 
input is driven in its normal operating mode, it appears as 
an open, with less than 10 µA of leakage. Thus to any 
other device driving this node, it is non-existent. 
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TECHNOLOGY DEPENDENCIES AND 
BENEFITS 
Some of the products in this application note were original
ly produced in a BIPOLAR technology, some have since 
been re-engineered in NMOS technology and Cypress has 
now produced them in a speed optimized CMOS technolo
gy. There are both technology dependencies and benefits 
relative to the design of input and output structures that 
are associated with each technology. The designer who 
uses these products should be knowledgeable of these char
acteristics and how they can benefit or impede a design 
effort. One of the most obvious is that both NMOS and 
CMOS device inputs are high impedance, with less than 10 
µ.A of input leakage. Bipolar devices, however, require that 
the driver of an input sink current when driving to V1L. but 
appear as high impedance at VIH levels. This is due to the 
fact that the input of a bipolar device is the emitter of a 
bipolar NPN type device with its base biased positive. The 
bias is what establishes the point at which the input chang
es from requiring current to be sourced to high impedance 
and is 1.5V. This switching level is the reason that AC 
measurements are done at the 1.SV level. Although NMOS 
and CMOS device inputs do not change from low to high 
impedance, great care is taken to balance their switching 
threshold at 1.5V. To a system designer this allows fanout 
to consider only capacitive loading with MOS devices 
while bipolar has both a capacitive and DC component. 
The other input characteristic which differs from bipolar to 
MOS is the clamp diode structure. This structure exists in 
both MOS and bipolar, however in MOS that uses BIAS 
GENERATOR techniques, all high speed MOS devices, 
the diode does not become forward biased until the input 
goes more negative than the substrate bias generator plus 
one diode drop. Since the bias generator is usually about 
- 3V this has the effect of removing the clamping effect. 

1/0 Parameters 
CMOS/NMOS/BIPOLAR INPUT 
CHARACTERISTICS 
Although NMOS, CMOS and BIPOLAR technologies dif
fer widely, the VO characteristics tend to fall into two 
areas. The traditional characteristics are the TTL deriva
tives that have been covered above, and are documented in 
Table 1. With the exception of the differences in input im
pedance between MOS and BIPOLAR devices all three 
technologies are used to produce TTL compatible prod
ucts. The second camp is the true CMOS interface where 
signals swing from Vss to Vee. These interface specifica
tions define a "1" as greater than V cc - l .SV and a "0" as 
less than Vss + l.SV. In addition, loads are primarily 
capacitive. Only devices produced in a CMOS technology 
are capable of behaving in this manner. CMOS devices can, 
however, handle both TTL and CMOS inputs. Devices 
such as the ones described in this application note have 
input characteristics depicted in Figure 2. 
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Figure 2. Input Voltage vs. Current 

Table 1. DC Parameters 

Parameters Description Test Conditions 7C122 7C148/9 7C189/90 
Units 

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

VoH Output High Voltage Vee= Min.,IoH = -5.2mA 2.4 2.4 2.4 v 
VoL Output Low Voltage Vee = Min., IoL = 8.0 mA 0.4 0.4 0.4 v 
Vrn Input High Voltage 2.1 Vee 2.0 Vee 2.0 Vee v 
VIL Input Low Voltage -3.0 0.8 -3.0 0.8 -3.0 0.8 v 
I1L Input Low Current Vee = Max., VIN = Vss 10 10 10 p.A 

Irn Input High Current Vee= Max., VIN= Vee 10 10 10 p.A 

Io FF Output Current (High Z) VoL < VoUT < VoH. TA = Max. -10 +10 -10 +10 -10 +10 p.A 

Output Short Vee = Max., O"C < TA < 70"C -70 -90 -275 mA 
los Circuit Current VoUT = Vss. -s5°C <TA< 125•c -80 -90 -350 mA 
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When operated in the TTL range, they perform normally. 
Operated in full CMOS mode, an additional ben~fit of 
power savings is realized as the ~urrent consull?-ed m the 
input converter decreases as the mput voltage nses above 
3.0V, or falls below l.5V. Since the input signal is in the 1.5 
to 3.0V range only when transitioning between logic states, 
the power savings in a large array with true CMOS inputs 
can be significant. With input signals on over half of the 
pins of a device, significant savings in a la~ge system. can be 
realized by using CMOS input voltage swmgs even m TTL 
systems. 

Switching Characteristics 
Although this application note does not directly deal with 
the AC characteristics of high speed RAMs, the input and 
output characteristics of these devices have a great deal to 
do with the actual AC specifications. Conventionally, all 
AC measurements associated with high speed devices are 
done at 1.5V and assume a maximum rise and fall time. 
This eliminates the variations associated with the various 
configurations that the device will be used in (as a figure of 
merit when testing the device) but, does not mean that the 
designer can ignore these influences when designing a sys
tem. Maximum rise and fall time is usually found in the 
notes included on every data sheet .. For the products re
ferred to in this application note, a 10 ns maximum rise 
and fall time is specified for all devices with access times 
equal to or greater than 25 ns and a 5 ns maximum rise and 
fall time for all devices with access times less than 25 ns. 
The AC load and its Thevenin equivalent in Figure 3. repre
sent the resistive and capacitive components of load which 
the devices are specified to drive. With either of these 
loads, the device will be required to source or sink its rate? 
output current at its specified output voltage. The capaci
tance stresses the ability of the device output to source or 
sink sufficient current to slew the outputs at a high enough 
rate to meet the A.C specifications. The high impedance 
load is a convenience to testing when trying to determine 
how rapidly the output enters a high impedance condition. 
Once the output enters a high impedance mode, the resis
tive divider will charge the capacitance until equilibrium is 
reached. Allowing for noise margin, testing for a 500 m V 
change is normal. By using a smaller capacitance 

AC Load 

R1 470!1 

than normal, the change will occur more quickly, allowing 
a more accurate detennination of entry into the high im
pedance state. 

SWITCHING THRESHOLD VARIATIONS 
Switching threshold variations along with input rise and 
fall times can have an effect on the perfon:nance of any 
device. Input rise and fall times are under the control of the 
designer, and are primarily affected by capacitive loading, 
the driver and bus tennination techniques; Switching 
threshold is affected by process variations, changes in V cc 
and temperature. Compensation of these variables is the 
territory of the manufacturer, both at the design stage and 
the manufacturing of the device. Combined threshold shifts 
over full military temperature ranges and process varia
tions average less than 100 mV. This translates directly to 
V1L and Vrn variations which track well within the noise 
margins of normal system design pa..'iicularly since the 
VoL and Yott changes track to the same 100 mV. 

Input Protection Mechanisms 
THE ELECTROSTATIC DISCHARGE 
PHENOMENON 
Because of their extremely high input impedance and rela
tively low (approximately 30V) breakdown voltage, MOS 
devices have always suffered from destruction caused by 
ESD (Electro Static Discharge). This has caused two ac
tions. First, major efforts to design input protection circuits 
without impeding performance has resulted in MOS de
vices that are now superior to bipolar devices. Second, care 
in handling semiconductors is now common practice. In
terestingly enough, bipolar products that once did not suf
fer from ESD have now suddenly become sensitive to the 
phenomenon, primarily because new processing technology 
involving shallow junctions is in itself sensitive. MOS de
vices are in many cases now superior to bipolar products. 
A sampling of competitive BIPOLAR and NMOS 64 bit, 
lK bit and 4K bit products reveals breakdown voltages as 
low as ± 150V to greater than ±2001V magnitudes. The 
circuit in Figure 4 is used to protect Cypress products 
against ESD. It consists of two thick oxide field transistors 
wrapped around an input resistor and a thin oxide device 

High Impedance Load 

R1 470 !l 

Thevenin Equivalent 
OUTPUT 0--------t OUTPUT 0-------~ 

1s2 n 
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224fl 
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Figure 3, Test Loads 
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Figure 4. Input Protection Circuit 

with a relatively low breakdown voltage of approximately 
12V. Large input voltages cause the field transistors to tum 
on discharging the ESD current harmlessly to ground. The 
thin oxide transistor breaks down when the voltage across 
it exceeds the 12V level and it is protected from destruction 
by the current limiting of Rp. The combination of these 
two structures provides ESD protection greater than 
2250V, the limit of the testing equipment available. In ad
dition, repeated applications of this stress do not cause a 
degradation that could lead to eventual device failure as 
observed in functionally equivalent devices. 

CMOS Latchup 
The parasitic bipolar transistors shown in Figure 5 result in 
a built-in silicon controlled rectifier illustrated in Figure 6. 
Under normal circumstances the substrate resistor RsuB is 
connected to ground. Therefore, whenever the signal on 
the pin goes below ground by one diode drop, current flows 

Output Driver 

n-MOS 
PULL-DOWN MOS 
DEVICE /~ULL-UP 'h OUTPUT 1-..f" DEVICE 

n+ DIFFUSION AND p+ DIFFUSION 
n-WELL GUARD RING GUARD RING 

LATERAL npn BIPOLAR 
TRANSISTOR 

from ground through RsuB forward biasing the lower tran
sistor in the effective SCR. If this current is sufficient to 
tum on the transistor, the upper PNP transistor is forward 
biased, the SCR turns on and normally destroys the device. 
Several solutions are obvious, decreasing the substrate re
sistance, or adding a substrate bias generator are two. The 
bias generator technique has several additional benefits, 
however, such as threshold voltage control which increases 
device performance and is employed in all Cypress prod
ucts, along with guard rings which effectively isolate input 
and output structures from the core of the device and thus 
effectively decrease the substrate resistance by short cir
cuiting the current paths. Latchup can potentially be in
duced at either the inputs or outputs. In true CMOS output 
structures as discussed above, the output driver has a 
PMOS pullup which creates additional vertical bipolar 
PNP transistors compounding the latchup problem. Addi
tonal isolation using the guard ring technique can be used 
to solve this problem, at the expense of additional silicon 

Vee 

PARASITIC 
RESISTANCE 

CMOS Inverter 

OUTPUT INPUT 

p- SUBSTRATE 

SUBSTRATE 
BIAS~ -3.0 V 

VERTICAL pnp BIPOLAR PARASITIC 
TRANSISTOR RESISTANCE 
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Figure S. CMOS Cross Section and Parasitic Circuits 
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Figure 6. Parasitic SCR and Bias Generator 

area. Since all of the devices of concern here require TTL 
outputs, the problem is totally eliminated through the use 
of an NMOS pullup. 

LATCHUP CHARACTERISTICS 
Inducing Latchup for Testing Purposes 
Care needs to be exercised in testing for latchup since it is 
normally a destructive phenomena. The normal method is 
to power the device under test with a supply that can be 
current limited, such that when latchup is induced, insuffi
cient current exists to destroy the device. Once this setup 
exists, driving the inputs or outputs with a current, and 
measuring the point at which the power supply collapses 
will allow non-destructive measurement of the latchup 
characteristics of the devices under question. In actual test
ing, with the device under power, individual inputs and 
outputs are driven positive and negative with a voltage and 
the current measured at which the device latches up. This 
provides the DC latchup data for each pin on the device as 
a function of trigger current. 

Measurement of Latchup Susceptibility 
Actually measuring the latchup characteristics of devices 
should encompass ranges of reasonable positive and nega
tive currents for trigger sources. Depending on the device, 
latchup can occur as low as a few mA to as high as several 
hundred mA of sink or source current. Devices which latch 
at trigger currents of less than 20 to 30 mA are in danger of 
encountering system conditions that will cause latchup fail-
ure. 
Competitive Devices 
Although there are few devices directly competitive with 
the Cypress devices covered in this application note, the 
latchup characteristics of the closest functionally similar 
devices were measured. The results show devices that 
latchup at as low as 10 mA all the way to devices that can 
sustain greater than 100 mA of trigger current without 
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latchup. The Cypress devices covered in this document can 
sustain greater than 200 mA without incurring latchup, far 
more than is possible to encounter in any reasonable sys
tem environment. 

Elimination of Latchup in Cypress 
RAMs 
Since the latchup characteristic is one that inherently exists 
in any CMOS device, rather than change the laws of phys
ics, we design to minimize its effects over the operating 
environment that the device must endure. These include 
temperature, power supply and signal levels as well as pro
cess variations. There are several techniques employed to 
eliminate the latchup phenomenon. Two of them involve 
moving the trigger threshold outside the operating range as 
to make it impossible to ever encounter it. These are either 
using low impedance, epitaxial, substrates and/or a sub
strate bias generator. The use of a low impedance substrate 
has the effect of increasing the undershoot voltage required 
to generate the required trigger current that causes latch
up. A substrate bias generator has two effects which help to 
eliminate latchup. First, by biasing the substrate at a nega
tive, - 3.0V, voltage, the parasitic diodes can not be for
ward biased unless the undershoot exceeds the - 3V by at 
least one diode drop. Second, if undershoot is this severe, 
the impedance of the bias generator itself is sufficient to 
deter sufficent trigger from being generated. The bias gen
erator has one additional noticeable characteristic, it effec
tively removes the input clamp diode. This is due to the 
anode of the diode connecting to the substrate which is at 
- 3.0V. Therefore, even though the diode exists as shown 
in Figure 4, DC signals of - 3.0V do not forward bias the 
diode and exhibit the clamp condition. The benefits of this 
are apparent in higher noise tolerance as substrate currents 
due to input undershoot do not occur. 
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Figure 7. Bias Generator Characteristics 
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Figure 8. Input V /I Characteristics 

Figures 8 and 9 represent the voltage and current charac
teristics of the devices discussed in this application brief. 
Figure 8 is characteristic of an input pin, and Figure 9 an 
output pin in a high impedance state. In Figure 8, the input 
covers +12Vto -6V,welloutsidethe +7Vto -3Vspec
ification. Referring to Figure 4 to understand these charac
teristics, when the input voltage goes negative, the thin 
oxide transistor acts as a forward biased diode and the 
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Figure 9. Output V /I Characteristics 

slope of the curve is set by the value of Rp. As the input 
voltage goes positive, only leakage current flows. The out
put characteristics in Figure 9 show the same phenomenon, 
with the exception that, since this is not an input, no pro
tection circuit exists, and therefore no Rp exists. An equiv
alent thin film device acts as a clamp diode which limits 
the output voltage to approximately - 1 V at - 5 mA. 
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74F189 Application Brief 
Introduction 
There are available in the market a number of high speed 
64 bit static RAMs organized 16 by 4 bits. Because of the 
various different manufacturers specifications, there is no 
apparent true second source for these products as each op
erates with some unique characteristics. The composite 
specifications contained in this applications brief will allow 
the interchangeable use of the Cypress CY7Cl 89 with the 
74F189 and the Cypress CY7C190 with the 74F219 with 
optimization for either power or performance. 

Electrical Characteristics Over the Operating Range 

Specifications 
Depending on system requirements, the SPEED OPTI
MIZED specification will allow the designer to select per
formance at the expense of power, and use either Cypress's 
CY7Cl89-15 or the 74F189 interchangeably. If, however, 
the major criteria is power the designer can achieve a 55 
mA max power specification using the Cypress CY7C189-
25 interchangeably with the 74Fl89 by designing with the 
POWER OPTIMIZED specification. 

Speed Power 
Parameters Description Test Conditions Optimized Optimized Units 

Min. Max. Min. Max. 

VoH Output HIGH Voltage V cc = Min., IoH = - 3.0 mA 2.4 2.4 v 
VoL Output LOW Voltage Vee= Min., IoL = 16.0 mA 0.5 0.5 v 
Vrn Input HIGH Voltage 2.0 Vee 2.0 Vee v 
VIL Input LOW Voltage -3.0 0.8 -3.0 0.8 v 
I1x Input Leakage Current GNDs Vis Vee -600 +20 -600 +20 µA 

Ioz Output Leakage Current GND s Vos Vee -50 +50 -50 +50 µA 

Ios 
Output Short 

Vee = Max., VouT = GND -150 -150 mA Circuit Current 

Ice Power Supply Current Vee= Max., [ Commercial 90 55 mA 
IouT = OmA l Military 70 mA 
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Switching Characteristics Over the Operating Range 

Parameters Description 

READ CYCLE 

tRC Read Cycle Time 

tACS Chip Select to Output Valid 

tezcs Chip Select Inactive to High Z 

tLZCS Chip Select Active to Low Z 

to HA Output Hold from Address Change 

tAA Address Access Time 

WRITE CYCLE 

twc Write Cycle Time 

tezWE Write Enable Active to High Z 

tLZWE Write Enable Inactive to Low Z 

tAWE Write Enable to Output Valid 

tpwE Write Enable Pulse Width 

tso Data Setup to Write End 

teo Data Hold from Write End 

tsA Address Setup to Write Start 

tHA Address Hold from Write End 

tees Chip Select Hold from Write End 

Read Cycle 

Ao-A3 
ADDRESS----

Write Cycle 

a: 
CHIP SELECT 

Do-D3 
DATA IN 

WE 
WRITE ENABLE 

Oo-03 
DATA OUTPUTS 

LOAD 

... ~ 

--H--

-+-

lttZWE 
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Speed Optimized Power Optimized 
Units 

Min. Max. Min. Max. 

27 27 ns 

14 15 ns 

12 15 ns 

12 15 ns 

5 5 ns 

27 27 ns 

15 20 ns 

14 20 ns 

12 20 

29 29 ns 

15 20 ns 

15 20 ns 

0 0 ns 

0 0 ns 

0 0 ns 

6 6 ns 

_____ x= 
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1-'"c•j 

•so tHoj 
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Programmable Logic Device 
Application Brief 

Scope and Purpose 
The purpose of this application brief is to provide the 
reader with a basic understanding of Cypress CMOS 
Programmable Logic Devices. This includes a description 
of their architecture and design, the technology used in 
their fabrication, how they are programmed and a 
discussion of their reliability. 

This document will tell the reader how state-of-the-art 
CMOS technology and a unique architecture have been 
incorporated in a family of PLD integrated circuits that are 
functionally equivalent, pin compatible, and superior in 
performance to their bipolar counterparts. 

The appendix discusses and illustrates the design 
techniques that Cypress uses on all products to eliminate 
latchup and improve ESD (Electro-Static-Discharge) 
protection. 

Introduction 
The PLD is a Programmable Logic Device. The basic 
(functional) logic structure of a PLD is programmable 
AND array whose outputs feed into a fixed OR array. The 
pertinent parameters are the number of inputs, the number 
of outputs, the width (number of factors) in the AND 
array and the width (number of terms) in the OR array. 
The Boolean equation implemented is the sum-of-products 
or minterm form. 

The first PLDs were strictly combinatorial logic. They 
were followed by devices that added latches (D flip-flops) a 
clock input, and internal feedback. For the first time a 
programmable, sequential, state machine could be 
implemented in a single package. Three-state outputs, the 
"security fuse", flip-flop initialization, and in general terms 
"testability" are . features that have been added for 
increased flexibility. 

Applications 
PLDs are used to replace SSI/MSI logic and "glue chips" 
primarily to increase packaging density. A single PLD is 
the functional equivalent of many SSI ICs (in the 200-500 
equivalent gate range). When PLDs are used to replace 
standard logic gates, the resulting reduction in PC card 
area, although application dependent, has been found to 
vary between 4 to 1 and 10 to 1. i.e., One PLD will replace 
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between four and ten 14 pin ICs. Secondary benefits to the 
user are reduced parts inventory, reduced power, higher 
reliability, faster design and turnaround time, product 
secrecy and equal (matched) propagation delays through 
the AND OR array. 

Reliability 
Reliability studies have shown that system reliability is 
inversely proportional to the number of interconnections 
between system elements. However, the failure rate for 
mature I Cs is about 0.1 % per thousand hours and has 
remained constant during the last twenty years in spite of 
the fact that circuit complexity (density) has increased by 
more than two orders of magnitude. 

The conclusion is that higher levels of IC integration 
provide increased system reliability. Thus the user is 
increasing system reliability when Cypress CMOS PLDs 
replace glue chips. 

Programming 
PLDs must be programmed. This can be accomplished by 
either designing and building a programmer or purchasing 
one for $1,000 to $10,000. 
Programming Bipolar PLDs 
Bipolar PLDs use a fuse as the programmable element. In 
an unprogrammed. device all of the connections are 
"made" during the manufacturing process and the 
unwanted connections are later "unmade" by blowing fuses 
during the programming process. 

Bipolar products are programmed using 20 Volt pulses of 
durations from 50 microseconds to 10 milliseconds during 
which 100 to 300 milliamperes (mA) of current exist. In 
order to limit the heat generated during programming, the 
duty cycle for the programming pulses is limited to 20 to 
30 percent. One fuse is blown at a time so that the heat 
generated will neither permanently damage the IC nor 
stress it to the point that it could fail later. Some 
programming algorithms take into account the physical 
locations of the fuses and avoid sequentially blowing fuses 
that are physically close to each other in order to prevent 
excessive localized heating of the chip. Because of the high 
currents required, bipolar products are not "gang" 
programmed, as are EPROMs. 
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Programming Cypress CMOS PLDs 
Cypress PLDs are programmed by storing charge on the 
floating gate of an EPROM transistor. Charge storage is 
accomplished by hot carrier injection; a process that does 
not physically destroy material or heat the device. During 
programming, EPROM cells are stressed significantly less 
than fuses. In addition, every cell is programmed, tested 
and erased as part of the manufacturing process. This 
100% testing guarantees a very high programming yield to 
the customer, which is impossible to guarantee with any 
fuse programmable device. 

The storage mechanism is well understood. Products using 
it have been in volume production for more than ten years. 
Reliability studies have been performed by many 
independent organizations and all have concluded that the 
technology is reliable. 

Cypress PLDs are programmed using high voltage pulses 
of durations from 100 microseconds to 10 ms, during 
which 50 milliamperes of programming current exist. Eight 
bits are programmed at the same time and, because of the 
lower currents required, gang programmers that can 
handle 10 to 20 devices in parallel are possible. 

Before programming, AND gates or PRODUCT TERMS 
are connected via EPROM cells to both true and 
complement inputs. Programming an EPROM cell 
disconnects an input from a PRODUCT TERM. Selective 
programming of these cells enables a specific logic function 
to be implemented. PLDs are supplied in a number of 
functional configurations. These functional variations offer 
the user the choice of combinatorial as well as registered 
paths to implement logic functions. 

CMOS Technology 
Cypress PLDs are fabricated using an advanced "N-well" 
CMOS technology. The use of proven EPROM technology 
to achieve memory non-volatility, combined with novel 
circuit design and a unique architecture, provides the user 
with a superior product in terms of performance, 
reliability, testability and programmability. 

PAL® is a registered trademark of Monolithic Memories, Inc. 
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Functional Description 
General 
The variations of PLD functions available are listed in 
Table I. The 16L8, which is used as an example (see Figure 
2), is purely combinatorial and consists of eight groups of 
7-input AND gates, each of which can have up to 32 
inputs. One of the AND gates of each group (of 8) is used 
to enable the (inverting) output driver, so that 7 AND 
gates (each of which may have 32 inputs) each feed one OR 
gate, whose output is inverted. 

The 16R8 is similar to the 16L8, except that the outputs 
are latched using D flip-flops (with a common clock), the 
inputs to the 8 OR gates are the outputs of 8 AND gates; 
the three-state output drivers are enabled by a common 
enable input. 

The reader should refer to the PLD data sheets for a more 
detailed description of the other members of the family. 
The 16R4, 16R6 and 16R8 have 4, 6, or 8 registered 
outputs with feedback. 

The 22Vl0 offers a unique macro-cell flexibility to allow 
any combination of up to 10 combinatorial or registered 
outputs. In a similar manner the 20G 10 uses macro-cells to 
allow the user to program the functionality of the 10 most 
popular PAL® 24 devices. 

Register Preload 
The preload function is used to load data into the internal 
register (of registered devices) for testing purposes. This 
significantly simplifies and shortens the testing procedure. 
Loading is accomplished by applying a supervoltage pulse 
of at least 100 microseconds duration to pin 5 as a write 
pulse while pin 11 is held at VIH and data is applied to 
pins 12 through 19. 

Security Function 
The security function prevents the contents of the regular 
array from being electrically verified. This enables the user 
to safeguard proprietary logic. The EPROM technology 
prevents the state of the cell from being visually 
ascertained. The security function is implemented by 
programming an EPROM cell that disconnects the lines 
that are used to verify the array. This cell has been 
designed to retain its charge longer than any of the other 
cells in the array. 
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Commercial Selection Guide 
Generic 

Output IccmA tpons tsns tcons 
Part Logic 

Enable 
Outputs 

Number L STD -25 .35 -25 .35 -25 .35 

16L8 
(8) 7-wide 

Programmable 
( 6) Bidirectional 

45 70 25 35 - - - -
AND-OR-Invert (2) Dedicated 

16R8 (8) 8-wide AND-OR Dedicated Registered Inverting 45 70 - - 20 30 15 25 

(6) 8-wide AND-OR Dedicated Registered Inverting 

16R6 (2) 7-wide 
Programmable Bidirectional 

45 70 25 35 20 30 15 25 
AND-OR-Invert 

(4) 8-wide AND-OR Dedicated Registered Inverting 

16R4 (4) 7-wide 
Programmable Bidirectional 

45 70 25 35 20 30 15 25 
AND-OR-Invert 

20010 
(10) 8-wide AND-OR- Programmable Programmable Bidirectii;mal - 55 25 35 15 30 15 25 
Invert with MACRO or Dedicated or Registered 

22Vl0 
(10) variable AND-OR-

Programmable 
Programmable Bidirectional 

55 90 25 35 15 30 15 25 
Invert with MACRO or Registered 

Military Selection Guide 
Generic 

Output Vee tpons ts ns tcons 
Part Logic 

Enable 
Outputs 

mA 
Number -20 -25 -30 -40 -20 -25 -30 -40 -20 -25 -30 -40 

16L8 
(8) 7-wide 

Programmable 
( 6) Bidirectional 

70 20 NA 30 40 - NA - - - NA - -AND-OR-Invert (2) Dedicated 

16R8 
(8) 8-wide 

Dedicated Registered Inverting 70 - NA - - 20 NA 25 35 15 NA 20 25 
AND-OR 

(6) 8-wide 
Dedicated Registered Inverting 

AND-OR 
16R6 70 20 NA 30 40 20 NA 25 35 15 NA 20 25 

(2) 7-wide 
Programmable Bidirectional 

AND-OR-Invert 

(4) 8-wide 
Dedicated Registered Inverting 

AND-OR 
16R4 70 20 NA 30 40 20 NA 25 35 15 NA 20 25 

(4) 7-wide 
Programmable Bidirectional 

AND-OR-Invert 

(10) 8-wide Programmable 
20010 AND-OR-Invert Programmable Bidirectional 80 NA - 30 40 NA - 25 35 NA - 20 25 

with MACRO or Registered 

( 10) variable Programmable 
22V10 AND-OR-Invert Programmable Bidirectional 100 NA 25 30 40 NA 20 25 35 NA 20 20 25 

with MACRO or Registered 

Table 1. PLD Selection Guide 
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Figure 2. Functional Logic Diagram PAL C 16L8A 
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There are 2048 EPROM cells in the PAL C 20 array that 
are used to specify up to 32 inputs for 8 groups of 7-input 
AND OR gates and 8 32-input AND output enable gates. 
In normal usage, a maximum of 16 inputs would be 
connected to any AND gate, because connecting both a 
true and a complement input of the same signal to the 
input of an AND gate will result in a constant LOW 
output. 

Phantom Array 
There are an additional 256 bits in a phantom array that 
are used to test the PAL C 20 device functionally and to 
verify dynamic (AC) operation without using the regular 
array after the device is packaged. The phantom array is 
programmed and verified as part of the final electrical test 
procedure during the manufacturing process. It may be 
used by the customer as part of an incoming inspection and 
could be used to verify programmability as well as 
functionality. Three input pins are used to verify operation 
of the phantom array. One (pin 2) has a worst case (longest 
physical length) propagation delay path through the 
regular array. 

Programming the Arrays 
The phantom array is programmed in the same manner as 
the regular array. Both are addressed as byte arrays for 
programming. The normal array has 256 bytes to program 
and the phantom array has 32 bytes. The customer may 
test the programmed phantom array functionally and 
dynamically as part of an incoming inspection. 

Programming the EPROM Cell 
A schematic of the two-transistor EPROM cell used in all 
PLDs is illustrated in Figure 1. Conventional EPROMS 
use one transistor per cell and its design is a compromise 
between being able to program (write) rapidly and read. 
Cypress uses a two-transistor cell that enables the PLDs to 
achieve superior performance by optimizing the read 
transistor, R, and program transistor, P, for their 
respective functions. The cell size is 20.4 microns by 6. 7 
microns. Note that the selection gates, the floating gates 
and the sources of both transistors are (respectively) 
connected together. 

Operation 
In the unprogrammed state, the threshold voltage of the R 
transistor is less than that of the P transistor. 

9-14 

A (INPUT TERM) 

VS/15 0049-1 

Figure 1. PLD EPROM Cell Schematic 

To program the cell, the input line (A) is raised to 15 volts, 
which causes charge to be stored on the floating gate of the 
P transistor, which causes its threshold to increase by 
approximately 7 volts. Because the floating gates. of both 
transistors are connected together, the threshold of the R 
transistor increases by the same amount. 

To read from the cell, the input line (A) is raised to 5 volts. 
If the cell had been programmed, this voltage would not be 
sufficient to turn-on the read transistor. However, if the 
cell had not been programmed, the read transistor would 
turn-on. Under this condition the current through the read 
transistor is 150 microamperes; approximately an order of 
magnitude greater than that used in a conventional 
EPROM cell. The larger current is required in order to 
achieve the specified performance. 

Operational Overview 
The device operates in two basic modes; normal and 
PROGRAM. In the normal mode either the Regular array 
or the Phamtom array may be used, together with the data 
inputs, to determine the state of the outputs. In the 
PROGRAM mode either the Regular array or the 
Phantom array may be programmed using the 8 outputs 
(pins 12-19) as data inputs and pins 2 through 9 as address 
inputs. 

Table 2 illustrates the various modes of operation for the 
PAL C 20 device. They are decoded by high-voltage
sensitive on-chip circuits. It is permitted to go from any 
mode to any other mode. Note that the normal data output 
pins (12-19) are used as data input pins for programming. 

Programming 
Tables 3 and 4 indicate how the regular and the phantom 
arrays in the PAL C 20 device are addressed. The 20G 10 
and 22Vl0 are similar. The regular array is addressed as a 
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256 word (8 X 32) by 8-bits per word memory. The 
phantom array is selected using the same addresses as 
columns 0, 1, 2 and 3, but with pin 7 at Vpp (per Tables 2 
and 4). 

In either case (normal or phantom array), the product 
terms are addressed in groups of 8 as shown in Table 3. 
There is a one-to-one correspondence between the data to 
be programmed and the D0-07 inputs and the product 
terms, as modified modulo 8, by the address on pins 2, 3, 4 
(Refer to Figure 2). In other words, a one on DO 
corresponds to de-selecting the "product term input" at 
input line 0 and product term 0. A one on D 1 corresponds 
to de-selecting the product term input at input line 0 and 

product term 8, etc. One method of programming the array 
would be to program and verify the bits corresponding to 
the first product term address and then increment a 
counter that generates the "OR" gate addresses (pins 2, 3, 
4) and then program and verify the second row of Table 3, 
and continue this process 8 times until all 64 product terms 
associated with input line 0 have been programmed and 
verified. To select the second (1) input term, address pins 6, 
7, 8 and 9 are held LOW (as before) and pin 5 = HIGH. 
The preceding sequence is then repeated 31 more times, 
incrementing pins 5 through 9 in a binary sequence, to 
program and verify the entire array. The other members of 
the family are programmed in an identical manner. 

Table 2. PAL C 20 Series Operating Modes 

Pin Name Vpp PGM/OE Al 

Pin Number (I) (11) (3) 

Operating Modes 

PAL x x x 
Program PAL Vpp Vpp x 
Program Inbibit Vpp Vrnp x 
Program Verify Vpp VrLP x 
Phantom PAL x x x 
Program Phantom PAL Vpp Vpp x 
Phantom Program Inhibit Vpp Vrnp x 
Phantom Program Verify Vpp VrLP x 
Program Security Bit Vpp Vpp Vpp 

Verify Security Bit x x (Note 8) 

Register Preload x x x 
Notes: 
1. Vpp = 13.5 ±0.5V, lpp = 50mA; Veep= 5 ±0.25V; Vrnp = 3V; 

VrLP = 0.4V. 
2. Measured at 10% and 90% points. 
3. Vss < X < VeeP. 
4. All "X" inputs operational per normal PAL function. 
5. Address inputs occupy Pins 2 thru 9 inclusive, for both programming 

and verification see programming address Tables 3 and 4. 
6. All "X" inputs operational per normal PAL function except that they 

operate on the function that occupies the phantom array. 

A2 

(4) 

x 
x 
x 
x 
x 
x 
x 
x 
x 

Vpp 

x 

A3 A4 AS D7-DO 
(5) (6) (7) (12-19) Notes 

x x x Programmed Function 3, 4 

x x x Data In 3, 5 

x x x HighZ 3, 5 

x x x Data Out 3, 5 

x Vpp x Programmed Function 3,6 

x x Vpp Data In 3, 7 

x x Vpp HighZ 3, 7 

x x Vpp Data Out 3, 7 

x x x HighZ 3 

x x x HighZ 3 

Vpp x x Data In 3, 9 

7. Address inputs occupy Pins 2 thru 9 inclusive, for both programming 
and verification see programming address Tables 3 and 4. Pin 7 is 
used to select the phantom mode of operation and must be taken to 
Vpp before selecting phantom program operation with Vpp on Pin I. 

8. The state of Pin 3 indicates ifthe security function has been invoked 
or not. If Pin 3 = VOL security is in effect, if Pin 3 = V OH• the data 
is unsecured and may be directly accessed. 

9. For testing purposes, the output latch on the 16R8, 16R6 and 16R4 
may be preloaded with data from the appropriate associated output 
line. 

Table 3. PAL C 20 Series Product Term Addresses 

Product Term Addresses 

Binary Address 

Pin Numbers Line Number 

(4) (3) (2) 

VrLP VrLP VrLP 0 8 16 24 32 40 48 56 

VrLP VrLP Vrnp I 9 17 25 33 41 49 57 

VrLP Vrnp VrLP 2 10 18 26 34 42 50 58 

VrLP Vrnp Vrnp 3 II 19 27 35 43 51 59 

Vrnp VrLP V1LP 4 12 20 28 36 44 52 60 

Vrnp VrLP Vrnp 5 13 21 29 37 45 53 61 

VrHP Vrnp VrLP 6 14 22 30 38 46 54 62 

Vrnp Vrnp Vrnp 7 15 23 31 39 47 55 63 

DO DI D2 D3 D4 D5 D6 D7 

Programmed Data Input 
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Table 4. PAL C 20 Series Input Term Addresses 

Input Term Addresses 

Input Binary Addresses 

Terms Pin Numbers 
Numbers (9) (8) (7) (6) (5) 

0 VILP VILP VILP VILP VILP 

I VILP VILP V1LP VILP Vrnp 

2 VILP VILP V1LP Vrnp V1LP 

3 VILP VILP V1LP VIHP Vrnp 

4 VILP VILP Vrnp VILP V1LP 

5 VJLP VJLP Vmp VJLP Vrnp 

6 ,,TT - ,, .......... ,, .............. VIHP VILP •!Lr •1.a....r • t.n.r 

7 VILP VJLP Vrnp Vrnp Vrnp 

8 VJLP Vrnp VJLP VJLP V1LP 

9 VJLP Vmp VJLP VILP V1HP 

10 VILP Vrnp VJLP Vrnp V1LP 

11 VJLP VJHP VJLP Vrnp Vrnp 

12 VJLP Vmp V1HP VILP VJLP 

13 VILP VJHP Vrnp VILP Vrnp 

14 VJLP V1HP V1HP Vrnp VJLP 

15 VJLP Vrnp V1HP Vrnp Vrnp 

16 VJHP VJLP VJLP VJLP VJLP 

17 Vmp VJLP VILP VJLP Vrnp 

18 V1HP VJLP VJLP Vrnp VJLP 

19 Vmp V1LP VILP Vrnp V1HP 

20 Vrnp VJLP Vrnp VILP VJLP 

21 Vrnp VJLP Vrnp VJLP Vrnp 

22 VJHP VJLP Vrnp Vrnp VJLP 

23 V1HP VJLP Vrnp Vrnp Vmp 

24 VJHP Vrnp VJLP VILP VJLP 

25 VJHP Vrnp VJLP VJLP VJHP 

26 Vrnp VJHP VJLP Vrnp VJLP 

27 Vrnp VJHP VILP VJHP VrHP 

28 Vrnp Vmp VJHP VJLP VILP 

29 V1HP Vrnp Vrnp VILP Vrnp 

30 V1HP VJHP Vrnp Vrnp VILP 

31 Vrnp V1HP V1HP Vrnp Vrnp 

PO VJLP V1LP Vpp x x 
Pl VJLP Vrnp Vpp x x 
P2 Vrnp VJLP Vpp x x 
P3 VJHP VJHP Vpp x x 
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Implementation 
A simplified block diagram of a 16L8 is presented in Figure 
3. The method of programming and sensing is illustrated in 
Figure 4. 

Programming Operation 
Pins 5-9 are decoded (according to Table 4) in a one of 32 
decoder, whose outputs correspond to the inputs labeled 
0-31 of Figure 2. For programming, 15 volts is applied to 
the bottom of the input term line through a weak depletion 
mode device (Figure 4). The EN (enable) signal to all of the 
three-state drivers is LOW, which prevents the normal 
input signals from driving the input term lines during 
programming. The DO-D7 inputs (pins 19 through 12) 
drive the program transistors (0, 8, 16, 24 etc.) as selected 
by pins 2, 3, 4 and as listed in Table 3. To disconnect an 
inout term line from a oroduct term line, the P transistor is 
fornrard biased, which increases the threshold of the R 
transistor. 

Verify Operation 
To verify the programmed cells, the. device must go from 
the PROGRAM mode to the PROGRAM INHIBIT 
mode to the PROGRAM VERIFY mode. This is 
accomplished by reducing the voltage on pin 11 to VIHP 
(3V) and then to VILP (0.4V). Internal to the device (see 
Figure 4) the 1 of 32 decoder is disabled, the EN signal is 
LOW, and 31 of the 32 input term lines are at zero volts. 
The line being verified is at 5 volts. The input address lines 
(pins 2 through 9) do not need to change when going from 
program to verify. 

The "ones" that were programmed cause the thresholds of 
the R transistors to increase, so they do not tum on during 
verify. Conversely, the unprogrammed transistors do tum 
on, so the complement (inverse) of the data programmed is 
read during verify. 

Normal Operation 
The PAL device will implement the programmed function 
when there are no supervoltages applied to any of the pins. 
During regular PAL operation the 1 of 32 decoder and the 
DO-D7 decoder are disabled, the EN signal is HIGH and 
all 32 input term lines are at 5 volts. Under these 
conditions, the data at the input pins is applied to all 64 of 
the product term lines. If any of the P transistors (16 per 
product term line) had not been programmed, they will 
tum on and pull the lower input to the corresponding sense 
amplifier (SA) to 2 volts or less. This voltage will be less 
than the reference (Vref) so that the output of the sense 
amplifier will be LOW. 

The reference is an unprogrammed EPROM cell that 
tracks the same process, voltage and temperature 
variations that affect all of the cells in the array. It is 
approximately three volts at room temperature and 
nominal (5 volts) Vee. 
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Phantom Operation 
The PAL C 20 device is in the PHANTOM mode of 
operation when a supervoltage (Vpp = 13.5V) is applied to 
pin 6. The phantom array is programmed as shown in 
Figure 2. The user may measure the worst case propagation 
delay from the pin 2 input to the outputs (pins 12 through 
17). The truth table for the phantom array is shown in 
Table 5. 

Table 5. Phantom Array Truth Table 
Inputs Outputs 

Pin 2 3 4 19 18 17 16 15 14 13 12 

0 0 1 x x 1 1 1 1 1 1 

1 0 1 x x 0 0 0 0 0 0 

0 1 x 1 0 x x x x x x 
0 1 x 0 1 x x x x x x 

Reliability 
Reliability is designed into all Cypress products from the 
beginning by using design techniques to eliminate latchup, 
improve ESD and by paying careful attention to layout. In 
addition, all products are tested for all known types of 
CMOS failure mechanisms. 

Failure mechanisms can be either classified as those 
generic to CMOS technology or those specific to EPROM 
devices. 

Table 6 lists both categories of failures, their relevant 
activation energies, Ea in eV (electron volts), and the 
detection method used by Cypress. In both cases, the 
mechanisms are aggravated by HTOL (High Temperature 
Operating Life) tests and HTS (High Temperature Storage) 
tests. 

Specific EPROM failure mechanisms include charge loss, 
charge gain and electron trapping. Charge loss is 
accelerated by thermal energy and field emission effects. 

Thermal charge loss failures usually occur on random bits 
and are often related to latent manufacturing defects. 

Field emission effects are generally detected as weakly 
programmed cells. The high voltages used to program a 
"selected bit" may disturb (as a result of a defect) an 
"unselected bit". 

Charge gain is due to electrons accumulating on a floating 
gate as a result of bias or voltage on the gate. This results in 
a reduced read margin. This mechanism is generally 
negligible. 

Charge gain and charge loss are monitored on every 
Cypress die in wafer form by programming, performing a 
HTS test and verifying that the programmed data is 
retained in the device. 

Table 6. Generic CMOS Failure Mechanisms 

Mechanism 
Activation 

Energy(eV) 

Surface Charge 0.5 to 1.0 

Contamination 1.0 to 1.4 

Electromigration 1.0 

Micro-cracks -

Silicon Defects 0.3 

Oxide Breakdown 0.3 

Hot Electron Injection -
Fabrication Defects -

Latchup -

ESD -
Charge Loss 0.8 to 1.4 

Charge Gain 
0.3 to 0.6 

(Oxide Hopping) 

Electron Trapping 
-

in Gate Oxide 

Notes: 
Table 6 has been adapted from, "An Evaluation of2708, 2716, 2532, and 
2732 Types of U-V EPROMS, Including Reliability and Long Term 
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Detection Method 

HTOL, Fabrication Monitors 

HTOL, Fabrication Monitors 

HTOL 

Temperature Cycling 

HTOL 

High Voltage Stress, HTOL 

LTOL (Low Temp. Operating Life) 

Burn In 

High Voltage Stress, Burn In, 

Characterization 

Characterization 

HTS (High Temperature Storage) 

HTOL 

Program/Erase Cycle 

Stability." Danish Research Center for Applied Electronics, Nov. 1980. 
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HTOL Testing 
High Temperature Operating Life test (or bum-in) is used 
to detect most generic CMOS failure mechanisms. Units 
are placed in sockets under bias conditions with power 
applied and at elevated temperatures for a specific number 
of hours. This test is used to weed out the "weak sisters" 
that would fail during the first 100 to 500 hours of 
operation under normal operating temperatures. HTOL 
tests are also used to measure parameter shifts in order to 
predict (and screen for) failures that would occur much 
later. 

HTS Testing 
High Temperature Storage tests are used to thermally 
accelerate charge loss. These tests are performed at the 
wafer level and under unbiased conditions. Both pass/fail 
data as well as shifts in thresholds may be measured. For a 
more detailed discussion of charge loss screening the reader 
is referred to the article on EPROM reliability beginning 
on page 132 of the August 14, 1980, issue of Electronics 
magazine. 

The generally accepted screening method for identifying 
charge loss is a 168 hour bake at 250°C. This correlates 
with more than 220,000 years of normal operation at 70°C 
using a failure activation energy of 1.4 e V. 

Initial Qualification 
The process in general and the EPROM cell design in 
particular was qualified using HTS (bake) at 250°C for 256 
hours, in conjunction with an HTOL test at 125°C for 1000 
hours. 
Procedure 
Four wafers were erased using ultraviolet light and the 
linear thresholds of the cell read transistors measured at 
twenty-five "sites" on each wafer. 

The wafers were then programmed and the linear 
thresholds then measured and recorded. 

The wafers were alternately baked at 250°C and the linear 
thresholds measured and recorded at 0.25, 0.5, l, 2, 4, 8, 
16, 32, 64, 128, and 256 hours. The number of device hours 
is then 100 X 256 = 25,600. 
Results 
The average threshold reduction due to charge loss was 
0.66 volts. The range was eight to ten percent of the 
average initial threshold of 7. 7 volts. This reduced 
threshold is greater than four volts above the sense 
amplifier voltage reference. There were no failures. 

If the charge loss failure activation energy is assumed to be 
1.4 eV, the HTS time of 256 hours at 250°C translates to 
438,356 years of operation at 70°C. 
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The time translations were computed using the industry 
standard Arrhenius equation, which converts the time to 
failure (operating lifetime) at one temperature and time to 
another temperature and time. 
Summary 

Sample size: 100 
Device hours: 25,600 hours 

HTS conditions: 256 hours at 250°C 
Average initial threshold: 7. 7 volts 

Average threshold decrease: 0.66 volts 
Standard deviation: 0.12 

Lifetime (1.4 ev): 438,356 years at 70°C 
Conclusion 
An HTS experiment, performed according to industry 
standard conditions, and using representative Cypress 
product confirms that the data retention characteristics of 
the EPROM cell used in all Cypress PLDs and PROMs 
guarantees a minimum operating lifetime of 438,356 years 
for activation energies of 1.4 eV. 

Production Screen 
Units from the same population were assembled without 
being subjected to HTS and were subjected to an HTOL of 
150 degrees C for 1000 hours. The units were tested at 12, 
24, 48, 96, 168, 336, and 1008 hours and the measurements 
recorded. Variations in the thresholds of the EPROM cells 
were measured and correlated to the units tested in the 
HTS test in order to determine a maximum acceptable rate 
of charge loss in order to guarantee data retention over 
their normal operating lifetime. 

Advantages Over Bipolar 
Lower power results in several benefits to the user. They 
are: 

• Lower capacity and, therefore, lower cost power 
supplies. 

• Reduced cooling requirements. 

• Increased long term reliability due to lower die junction 
temperatures. 

Power dissipation may be further reduced by driving the 
inputs between 0.5 volts (or less) and 4 volts (or more). 
This reduces the power dissipation in the input TTL to 
CMOS buffers, which dissipate power when their inputs 
are between 0.8 volt and 3 volts. Each buffer draws 
approximately 0.8 mA of Ice current at VIN = 2 volts. 
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Figure 5. Input Protection Circuit 

Appendix 
The Cypress double-layer polysilicon, single-layer metal, 
N-well. CMOS technolo2v has been ootimized for 
performance. Careful attention to design details and layout 
techniques has resulted in superior performance products 
with improved BSD input protection and improved 
latchup protection. 

Input ESD Protection 
The circuit shown in Figure 5 is used at every input pin in 
all Cypress products to provide protection against BSD. 
This circuitry has been designed to withstand repeated 
applications of high voltages without failure or 
performance degradation. This is accomplished by 
preventing the high (BSD) voltage from reaching the thin 
gate oxides of the internal transistors. 

The circuit consists of two thick oxide (field) transistors 
wrapped around an input resistor (Rp) and a thin oxide 
(gate) transistor with a relatively low breakdown of 12 
volts. Large input voltages cause the thick oxide transistors 
to tum on, discharging the BSD current to ground. The 
thin oxide transistor breaks down when the voltage across 
it (drain to source) exceeds 12 volts. It is protected from 
destruction by the current limiting action of Rp. 

Experiments have confirmed that this input protection 
circuitry results in BSD protection in excess of 2001 volts. 

Definition of Latchup 
Latchup is a regenerative phenomenon that occurs when 
the voltage at an input pin or an output pin is either raised 
above the power supply voltage potential or lowered below 
the substrate voltage potential (which is usually ground). 

Current rapidly increases until, in effect, a short circuit 
from V cc to ground exists. If the (V cc) current is not 
limited it will destroy the device; usually by melting a 
metal trace. 

Causes of Latchup 
The CMOS processing, which provides both N-channel 
and P-channel MOS transistors, also inherently provides 
parasitic bipolar transistors; both NPNs and PNPs. 
Latchup is caused when these parasitic transistors are 
inadvertently turned on. 
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As long as the voltages that are applied to the package pins 
of the CMOS IC remain within the limits of the power 
supply voltages (usually 0 volts to 5 volts), these parasitic 
hipofar transistors will remain dormant (ie., oft} However, 
when either negative voltages or positive voltages greater 
than the V cc supply voltage are applied to input or output 
pins, these parasitic bipolar transistors may tum on and 
cause latchup. 

Conditions For Latchup 
A cross section of a typical CMOS inverter using a 
P-channel pullup transistor and an N-channel pulldown 
transistor is shown in Figure 6. Also shown is an 
N-channel output driver that is isolated from the CMOS 
inverter by a guard ring (channel stopper) that is necessary 
to prevent parasitic MOS transistors between devices. P + 
guard rings surround N-channel devices and N + guard 
rings surround P-channel devices. The parasitic SCR 
(PNPN) and bias generator are illustrated in Figure 7. The 
output driver schematic is not shown. 

In order for latchup to occur two conditions must be 
satisfied; (1) the product of the betas of the NPN and PNP 
transistors must be greater than one, and (2) a trigger 
current must exist that turns on the SCR. 

Since the SCR structure in bulk CMOS cannot be 
eliminated, preventing latchup is reduced to keeping the 
SCR from turning on. If either RwELL = 0 or RsuB = 0 
the SCR cannot tum on because the base emitter junction 
of the PNP cannot be forward biased because they are tied 
together and the base emitter junction of the NPN cannot 
be forward biased because the base is connected to ground. 
Note, however, that the NPN could be turned on by a 
negative voltage on the output pin (if the right end of RsuB 
is grounded). 

Prevention of Latchup; Traditional 
Approaches 
The traditional cures include increased horizontal spacing, 
diffused guard rings and metal straps to critical areas. 
These solutions are obviously opposite to the goal of 
greater density. 

A brute-force approach that has been successful in 
reducing latchup has been to increase the conductivity of 
the N-well and the substrate. Changing the well 
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Figure 6. CMOS Cross Section and Parasitic Circuits 

conductivity is unacceptable because it affects the 
characteristics of the P-channel MOS transistors. Using an 
epitaxial layer to reduce the substrate resistivity (RsuB) is 
another possible solution. 

Vee 

0049-7 

Substrate Bias Generator --+ 
Figure 7. Parasitic SCR and Bias Generator 

The Cypress Solution to Latchup 
Cypress uses several design techniques in addition to 
careful circuit layout and conservative design rules to 
eliminate latchup. 
NMOS Output Pullup Transistors 
Conventional CMOS technology uses a P-channel MOS as 
a pullup transistor on the output drivers. This has the 
advantage of being able to pull the output voltage HIGH 
level to within 100 millivolts of the positive voltage supply. 
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However, this is of marginal value when TTL compatibility 
is required. In addition, the P-channel pullup is sensitive to 
overshoot and introduces another vertical PNP transistor 
that further compounds the latchup problem. Cypress uses 
N-channel pullup transistors that eliminate all of these 
problems and still maintain TTL compatibility. 

Substrate Bias Generator 
Cypress is the first company to use a substrate bias 
generator with CMOS technology. The bias generator 
keeps the substrate at approximately - 3 volts DC, which 
serves several purposes. 
Input Pins 
The parasitic diodes shown in Figure 5 cannot be forward 
biased unless the voltage at an input pin is at least one 
diode drop more negative than - 3 volts. This translates 
into increased device tolerance to (negative voltage) 
undershoot at the input pins, caused by inductance in the 
leads. If the undershoot is this large, the output impedance 
of the bias generator itself is sufficient to prevent trigger 
current from being generated. 
Output Pins 
The same reasoning applies to negative voltages at the 
output pins as shown in Figure 7. In order to turn on the IJ 
NPN transistor the voltage at the output pin must be at 
least one VBE more negative than - 3 volts. 
Guard Ring 
To protect the "core" of the die from free floating holes 
and stray currents, a diffused collection guard ring that is 
strapped with metal and connected to the bias generator is 
used. This provides an effective wall against transient 
currents that could cause mis-reading of the EPROM cells. 
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PAL® C 16R6 Design Example: 
GCR Encoder /Decoder 

Digital encoding and decoding of data is often used to in
crease the reliability of data transmission and storage. One 
area where digital techniques are employed is the transfor
mation between data stored on one-quarter inch magnetic 
tape and serial digital data. 

This document describes the procedure used to en
code/ decode serial digital data for recording/reading from 
one-quarter inch magnetic tape using a Cypress CMOS 
PAL C 16R6 to implement the logic. 

History 
The recording format and the Group Code Recording 
(GCR) code have been adopted and incorporated in a se
ries of standards by a committee called the QIC (Quarter 
Inch Cartridge) Committee, composed of manufacturers 

PULSE 
DET. 

DATA 
SEP. 

WRITE 
AMP. 

TAPE 
POS. 

DRIVE 

and users of quarter inch tapes and ca..4:ridgcs. The pw.-pose 
of the committee is to insure compatibility between manu
facturers and reliability to end users. 

Quarter inch tape cartridges are used extensively to backup 
or archive data from hard disks. Most drives are operated 
in a continuous or streaming mode (for reasons that will be 
discussed later) and data is recorded at 10,000 FRPS (Flux 
Reversals Per Inch) in a serpentine manner on seven to 
fourteen channels. The tape moves at 30 to 90 ips (inches 
per second) and the error rates achieved are one in 109 or 
1010. A cartridge holds 2000 to 3000 feet of tape 0.001 inch 
thick and stores 20 to 80 million bytes (mega-bytes) of 
data. 

Typical System 
A block diagram of a typical system is shown in Figure 1. 
The interface between the Host (or Host Adapter) is bi-

TAPE 
rORMATTER 

OR 
CONTROLLER 

roRMATTER 

HOST 
1.--,..._,~ ADAPTER 

QIC-24/36 QIC-02 
QIC-50 SCSI 
QIC-59 IPI 

Interface 
Standards 

Interface 
Standards 

HOST 

HOST 
0060-1 

Figure 1. A Typical Tape Drive System 

PAL® is a registered trademark of Monolithic Memories Inc. 
ABEL TM is a trademark of Data I/O Corporation 
PALASM™ is a trademark of Monolithic Memories Inc. 
VAX™ is a trademark of Digital Equipment Corp. 
WORDSTAR ™ is a trademark of MicroPro International 
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Typical System (Continued) 

directional, with a byte-wide data path and 10 to 20 control 
signals, depending upon the interface standard. Data rates 
are 300 KBs (thousand Bytes per second) to 1 MBs (Mil
lion Bytes per second). 

The Formatter or Tape Controller performs serial/parallel 
conversion and encoding/decoding of the data as well as 
error checking and, in some cases, error correcting. Con
trol is usually provided by a state machine that handles the 
handshaking between the host as well as control of the 
tape. Data is written in blocks of various lengths (depend
ing upon the standard) and a "read after write" check is 
usually performed. Buffer storage of at least two blocks of 
data is usually provided using static RAMs (SRAMs), 
FIFOs, or some combination of the two. 

The Drive electronics consist of digital signals that control 
and sense the tape motion and analog signals in the read 
and write paths. The interface between the Drive and the 
Formatter is digital and, once again, there are various stan
dards. 

Reading and Writing on Tape 
To write on the tape a current of 100 mA or less is used to 
change the direction of magnetization. To read from the 
tape a coil of wire (the read head) is held against the tape 
and a voltage (10 mV or less) is induced by the change in 
direction of the magnetic flux on the tape. 

Recording Codes 
All codes used for recording on magnetic mediums are 
classified as Franaszek Run Length Limited (RLL) codes 
of the form: 

(D, K) 

where D = the minimum number of zeros between con
secutive ones, and 

K = the maximum number of zeros between con
secutive ones. 

D controls the highest frequency that can be recorded and 
K controls the lowest frequency. 

0 0 0 

Using the Franaszek notation, the GCR code is (1, 2). As 
illustrated in Figure 2, a flux reversal signifies a one and the 
absence of a flux reversal signifies a zero. This is true for all 
codes. 

Peak Detection and Data Separation 
Peaks are detected (versus zero crossings) because the cir
cuits used are less sensitive to noise. The output of the peak 
detector goes to the most critical analog circuit in the 
drive; the data separator. 

The function of the data separator is to provide ones and 
zeros that occur at a precise frequency. It does this by first 
synchronizing itself to a crystal controlled reference clock 
and then attempting to "lock" itself to the maximum data 
frequency on the tape by finding the phase difference be
tween itself and the data output of the peak detector and 
driving a voltage controlled oscillator (VCO) such that 
they are equal. This is called a Phase Locked Loop (PLL). 
The frequency of the reference clock must be at least twice 
(2f) that of the highest frequency that is to be read (f). 

The PLL is synchronized to the 2f reference frequency 
when it is not in use. A string of ones is recorded, which is 
called the preamble, before the block of data is recorded. 
When the command to read is given, the 2f reference fre~ 
quency is removed from the data separator and the signal 
from the peak detector is applied to the data separator. The 
PLL then attempts to "lock" to the preamble. Just after the 
preamble, a code violation is recorded so that the Format
ter can recognize where valid data begins. The procedure 
of locking onto the preamble is called "getting bit sync." 
The detection of the code violation is called "obtaining 
byte sync". 

PLLs typically exhibit frequency and phase offsets during 
acquisition of the preamble. Phase errors also occur after 
lock, during the reading of the data field. Differences in 
tape speed during record and playback (as well as from 
unit to unit) result in frequency differences between the 
data read from the tape and the 2f reference. 

Random phase errors caused by noise, intersymbol inter
ference (bit crowding), timing errors and other transients 
may also get the PLL out of lock. 

The data separator's PLL is susceptible to these errors be
cause it must satisfy two conflicting conditions: ( 1) it must 

0 0 0 ____ F+l __ __ 

I ~ '-cuP 
\=7'/LEVEL 

0 0 0 1 0 0 0 
READING FROM TAPE 

0060-2 

Figure 2 
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Reading and Writing on Tape (Continued) 

lock quickly enough to detect the preamble, but (2) it must 
not overcorrect phase for a single misaligned bit. 

Strings of zeros cause the phase of the PLL to shift and if 
the shift is larger than the "bit window", an error will 
occur. The QIC-24 standard calls for up to 37% bit shift 
tolerance, which means that the data separator must be 
able to recognize a "one" (flux transversal) that deviates 
± 18.5% from its expected time position without causing a 
data error. In order to achieve this performance a four-bit 
binary nibble is encoded into a five-bit "GCR code word" 
that is written onto the tape. 

Reasons for the GCR Code 
The 5-bit GCR code format is required to encode the data 
such that no more than two consecutive zeros occur in the 
seriai data. This encoding reiaxes the performance require
ments of the PLL and the loop filter so that the desired 
system performance can be achieved. 

Static Tolerances 
Another reason for GCR encoding is to compensate for the 
speed variation of the tape due to: 

Mechanical Tolerances 
Cartridge 
Tape thickness (±3%) 

Tape Elasticity and Wear 

Motor Speed Variation 

Temperature and Humidity 

The preceding static tolerances can result in a ± 10% 
speed variation of the tape. 

Dynamic Tolerances 
In addition to the static tolerances, there are Instantaneous 
Speed Variations (ISV) due to discontinuous tape release at 
the unwind spool (10-20%), guide/back stick slip (5%) 
and shuffle ISV (vibration) due to start/stop (5-30%). The 
shuffie ISV can be avoided by operating the tape in a con
tinuous (streaming) mode. If these dynamic tolerances are 
added together they can result in a ± 15% speed variation. 

Electronics Compensate 
The electronics in the tape controller and the drive are 
designed to compensate for the tape speed variations due to 
the mechanical tolerances. 

The compensation is performed by: 

Data Encoding and Error Detection and Correction 

Phase Locked Loop Design 

Bit Window Tolerance 

Sequence of Operations 
During a write operation the following sequence occurs: 

1. Idle (Hold) 

2. Convert 4-bit parallel input to 5-bit GCR code and 
load into 5-bit register. 

3. Shift out 5-bits to write amplifier. 

9-24 

During a read operation the following sequence occurs: 

1. Idle (same as during write) 

2. Shift in 5-bits. 

3. Detect sync mark 

Set/Clear invalid flag 

Convert 5-bit serial input to 4-bit binary value and 
load into register. 

Note: that the read clock and the write clock are not the 
same. 

Also, the logic must keep up with th~ tape data rate. 

And finally, the read and write operations are mutually 
exclusive so that the storage elements (D flip-flops) can be 
time-shared and that read and write operations require 5 
clocks. 

A total of 5 siaies are required because ihe idie state is 
common to both read and write operations. Therefore, 3 
control lines will be required. It is convenient to designate 
one control line as an enable line (active LOW) and the 
other two lines as Mode Control signals. 

The control of these lines is not described here, nor is the 
required clock synchronization. The reason for not doing 
this is that at the next level of control, system considera
tions such as what action to take when errors occur must 
be implemented in hardware and these tend to be not only 
application dependent but also very subjective. 

The diagrams of Figure 3 show the flow of data under the 
control of the ENABLE signal and the MO and Ml mode 
control signals. 

TheGCRCode 
The GCR code is part ofthe QIC-24 Standard and is also 
the ANSI X3.54 standard (1976). The MSB (leftmost bit) 
is recorded first. Note that there are a maximum of two 
consecutive zeros in the five-bit code that is recorded on 
the tape. 

4-Bit Code 5-BitCode 
Line Number D D D D y y y y s 

(For Ref.) 3 2 1 0 3 2 1 0 0 

0 0 0 0 0 1 1 0 0 1 
1 0 0 0 1 1 1 0 1 1 
2 0 0 1 0 1 0 0 1 0 
3 0 0 1 .1 1 0 0 1 1 
4 0 1 0 0 1 1 1 0 1 
5 0 1 0 1 1 0 1 0 1 
6 0 1 1 0 1 0 1 1 0 
7 0 1 1 1 1 0 1 1 1 
8 1 0 0 0 1 1 0 1 0 
9 1 0 0 1 0 1 0 0 1 

10 1 0 1 0 0 1 0 1 0 
11 1 0 1 1 0 1 0 1 1 
12 1 1 0 0 1 1 1 1 0 
13 1 1 0 1 0 1 1 0 1 
14 1 1 1 0 0 1 1 1 0 
15 1 1 1 1 0 1 1 1 1 

A A A A B B B B B 
3 2 1 0 0 1 2 3 4 

Figure 4. GCR Code 



~ PAL® C 16R6 GCR Encoder/Decoder 
~~~CONDUCTOR=================================================================== 

ENABLE M1 MO OPERATION DATA FLOW DIAGRAM 

X X HOLD 

Y3 Y2 Y1 YO so 

0 0 0 SERIAL 
SHIFT IN 

Y3 Y2 Y1 YO so 

CONVERT 5-BIT TO 4-BIT 

A3 A2 

0 1 0 CONVERT 
5-BIT TO 4-BIT 

Y3 Y2 Y1 YO so 
D3 D2 D1 DO 

! ! ! 
CONVERT 4-BIT TO 5-BIT 

BO B1 B2 B3 B4 

0 1 1 CONVERT 
4-BIT TO 5-BIT y y 

Y3 Y2 Y1 YO so 

D 0 0 1 SERIAL 
SHIFT OUT 

Y3 Y2 Y1 YO so 
0060-3 

Figure 3. Data Flow Diagrams 
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Design Procedure 
The design procedure will be to map the code conversions 
using Venn diagrams and write the logic equations as the 
"sum of products" or in minterm form. Six flip-flops are 
required, so the logic will be implemented using a PAL C 
16R6. Because the PAL device has inverting output buff
ers, the zeros will be mapped. The D flip-flops require an 
"extra term" for them to hold their states when the EN
ABLE is HIGH. 

For example, for a conventional D flip-flop the form of the 
logic equations would be: 

D = ENABLE 1 ( Q ) ; RECIRCULATE 
PRESENT 
STATE 

+ ENABLE 2 ( F2 ) ; FUNCTION 2 
+ ENABLE 3 ( F3 ) ; FUNCTION 3 

Where the ENABLE controls are mutually exclusive. 

4-Bit to 5-Bit Conversion for Y3 Output 
In Figure 4 (at the bottom) the 5-bit code columns are 
labeled BO through B4 to help the reader understand how 
the 4-bit code is mapped. In addition, the line numbers are 
labeled 0 through 15, which correspond to the values of the 
4-bit binary code. 

Figure 5a shows how the 4-bit binary code is mapped on 
the Venn diagram. For example, reference line number 
zero, which corresponds to binary value zero, is located in 
the lower right hand corner of Figure 5a. 

The Venn diagram of Figure 5b shows the conversion for 
the TI output. It is labeled the BO input to the D flip-flop. 
Note that the parallel nibble (see Figure 3) is reversed (end 
for end) so that the MSB is written first when it is shifted 
out. 

DO 

3 11 10 2 

01 

7 15 14 6 

02 

5 3 12 4 

1 9 8 0 

03 
0060-4 

Figure Sa. Binary Values 
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DO 

1 0 0 1 

01 

1 0 0 1 

02 

1 0 1 1 

1 0 1 1 

"'----" 
03 

0060-5 

Figure Sb. Y3 Map 

In Figure 5b, the ones and zeros in column BO are mapped. 
For example, reference line zero has the value 1 in column 
BO of Figure 4 .. Therefore, a one is placed in the square 
corresponding to binary value zero in Figure 5b. In a simi
lar manner, ref. line 15 has a value of zero in column BO, so 
a zero is placed in the square corresponding to binary value 
fifteen. 
Writing the Equation 
If the output of the PAL C 16R6 were positive true logic, 
we would write the equation to include all of the ones on 
the Venn diagram. However, because the PAL device out
put is negative logic (active LOW) we will write the equa
tion to include all of the zeros. Then, when the PAL device 
inverts the signals, the zeros will be changed to ones, so 
that the final outputs will be positive true logic. 

By inspection: 

BO = D3 DO + 03 Dl or, 

VJ= D3DO + D3Dl 
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Design Procedure (Continued) 

4-Bit to 5-Bit Conversions for Y2, Yl, YO, So 
These are presented for the sake of completeness. 

D1 

D1 

DO __,- ......._ 

/°"\ [7 7\ 
0 v 1 1 0 

J,.------,. 

0 1 1 0 

\,_ ~ '-.. _./ 

0 1 1 1 
~ 

1 1 1 1 

D3 

Y2 =BT= D3Dl + D3D2DO 

Figure Sc. Y2 Map 

DO 

1 1 1 1 

1 1 1 1 

(o -~) 
1 10' 

1 0 1 0 
'-..___,) 

D3 

D2 

D2 

YO= BJ= D3DIDO + D3Dl DO+ D2Dl DO 

Figure Se. YO Map 

5-Bit to 4-Bit Conversion for Y Outputs 

0060-6 
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This conversion requires two 16 square Venn diagrams be
cause there are 25 = 32 possible binary values. However, 
note that in Figure 4 not all 32 possible combinations are 
used in the 5-bit code columns. These unused combinations 
are "don't cares", which are represented by Xs in the 
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bJ 
0060-7 

D2 

0060-9 

Venn diagrams, which can be either ones or zeros, which 
further reduces or simplifies the logic equations. 

The procedure is: plot the ls and Os g 
put Xs in the blank squares 
write the equations for the zeros. 
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Serial Shift In 
During serial shift in (both mode control signals LOW) the 
data output of the data separator is applied to the input of 
the formatter. The signal is called SIN and is applied to the 
D input of the SOUT flip-flop. The output of the SOUT 
flip-flop is applied to the D input of the YO flip-flop and its 
output is applied to the input of the YI flip-flop, etc. After 
five read clocks the MSB of the 5-bit GCR coded data is in 
Y3 and the LSB is in SOUT. 

Serial Shift Out 
During a write operation, after the 4-bit data is converted 
to 5-bit data and reversed, it is shifted out using the write 
clock and written on tape. The shift direction is opposite to 
that in Serial Shift In. Note that it is right shifted "end 
around" (see Figure 3) so that after 5 write clocks the same 
data appears in the register. 

Invalid Flag (INV Flip-Flop) 
The Invalid flip-flop is set to a one when an invalid 5-bit 
code is read from the tape. This is used to tell the tape 
Formatter that the next data read is the beginning of the 
data block. This procedure is called getting "byte sync." 
INV is a negative true signal, so the logic equations are 
written for ones on the Venn diagram. 

The 16 binary values that are NOT listed in Figure 4 are 
plotted as ones in Figure 7. The procedure was to plot zeros 
in the squares where there were valid 5-bit codes, then fill 
the rest with ones and then write the equation for the ones. 

The Invalid flip-flop is enabled by a signal called CIF 
(Control Invalid Flag) and reset when CIF is LOW. 

Synchronization Mark Detection 
Bit synchronization is achieved when the illegal 5-bit code 
of all ones is read from the tape. It is the logical AND of all 
five bits, or BS = Y3 • Y2 • YI • YO • SOUT. 

Implementation Procedure 
Once the conceptual design has been completed, it must be 
reduced to practice. There are two main steps in the pro
cess; 

1. describe the logic using a high-level language, and 

2. program the PAL device. 

Several programs that run on the IBM PC (or equivalent) 
or the VAX™ computer are available from either semi
conductor manufacturers or from third party software ven
dors. The first such program, called P ALASM™ (PAL 
device Assembler) was developed by Monolithic Memories. 
It enables the designer to describe the logic in terms of 
Boolean equations, truth tables, or state diagrams using a 
language whose syntax is comparable to a microcomputer 
assembly language. 

PALASM Equations 
The equations were written in the P ALASM syntax. The 
(ASCII) file created using WORDSTAR in the non-docu
ment (N) mode is shown in Figure 8. 

Conversion to ABEL™ 
The PALASM file (GCREX.PAL) was then translated to 
ABEL syntax using the TOABEL program. The format of 
the command is: 

TOABEL -IB:GCREX -OB:GCREXT 

The TOABEL program converted the GCREX.PAL file to 
a file named GCREXT.ABL, whose listing is shown in 
Figure 9. 

0060-14 

INV = YO SOUT + Y3 Y2 + Y3 YI YO + Y3 Y2 YI YO SOUT 
Figure7 
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~~~NDUCT()R ================================================================== 
ABEL Program Procedure 
The ABEL program consists of an executive and several 
overlay programs that are executed by simply typing in; 

ABEL B:GCREXT 

followed by an enter (CR) from the keyboard of an IBM 
(or look-alike) PC. The ABEL program was developed by 
a programmer manufacturer, Data I/O Corporation. The 
source file may be simplified (logic reduction), a logic sim
ulation may be performed, and test vectors may be generat
ed. 

ABEL Programs 
The ABEL programs are: 

Program Name Function 

PARSE Read source file, check syntax, expand 
macros, act upon assembler directives. 

TRANSFOR Convert the description to an intermediate 
form. 

REDUCE Perform logic reduction. 

FUSEMAP Create the programmer load (JEDEC) file. 

SIMULATE Simulate the operation of a programmed 
device. 

DOCUMENT Create a design documentation file. 

ABEL Outputs 
The output files are: 

GCREXT.LST 
GCREXT.OUT 
GCREXT.DOC 
GCREXT.SIM 

see Figure 10 

P16R6.JED 
(This design was not simulated.) 
see Figure 11 

PALASM Equations 

PAL16R6 DESIGN EXAMPLE 
PATOOl 
4B-5B ENCODER/DECODER 
CYPRESS SEMICONDUCTOR 

CK Ml MO D3 D2 Dl DO /EN /CIF GND 
/E SIN /INV YO Yl Y2 Y3 SOUT /BS VCC 
/SOUT:: EN*/SOUT 

/EN*/Ml*/MO*/SIN 
/EN*/Ml*MO*/YO 
/EN*/Ml*/MO*/SIN 
/EN*/Ml* MO* Dl*/DO 
/EN*/Ml* MO* D3*/DO 

The last file is in JEDEC (JC-42.1-81-62) format; suitable 
for loading into a PLD programmer. The listing is shown 
in Figure 11. The DOCUMENT program output is shown 
in Figure 10. 

Programming the 16R6 
The 16R6 was programmed using the Data I/0 model 29B 
programmer operated in the remote mode to the PC. The 
design was then verified by checking out the device on the 
bench. 

Summary 
Space Saving Advantage 
This design example illustrates the space saving advantage 
of Cypress CMOS PAL devices. The FUSEMAP program 
printed out that 40 of the 64 available product terms were 
used. 

If the P ALASM input equations of Figure 8 are imple
mented in two-input gates, approximately thirty gates are 
required for each one of the six D flip-flop inputs, or a total 
of 6 X 30 = 180 two-input gates. The logic equations 
alone would then require 180 divided by 4 = 45 14 pin 
DIPs. The six flip-flops would require three 14 pin DIPs 
for a total of 48 DIPs. This example demonstrates the pow
er of the Cypress PAL devices. 

Power Saving Advantage 
The maximum Ice current, under worst case conditions, 
for the PAL C 16R6L-25PC is 45 mA. 

If the typical Ice per package is assumed to be 10 mA, the 
total Ice for 50 TTL packages would be 500 mA. 

The worst case Ice for the TTL system could be as high as 
20 mA per DIP, which would mean a total of one Ampere 
for the system. 

The Cypress CMOS PAL device results in a system power 
reduction of between a factor of 10 or 15, depending upon 
whether typical or worst case numbers are compared. 

FILENAME; GCREX.PAL 
BRUCE WENNIGER 9/17/85 

+ HOLD/RECIRCULATE 
+ SERIAL SHIFT IN 
+ SERIAL SHIFT OUT 
+ CONV. SIN & LOAD 
+ CONV. PAR. & LOAD 

DITTO 
Figure 8 
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'11!!1t'~~CONDUCTQR;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::;::::~ 
P ALASM Equations (Continued) 

/YO 

/Yl 

/Y2 

/Y3 

INV 

:= EN*/YO 
/EN*/Ml*/MO*/SOUT 
/EN*/Ml* MO*/Yl 
/EN* Ml*/MO*/SOUT 
/EN* Ml*/MO* Y3* Y2*/YO 
/EN* Ml* MO* D2*/Dl"DO 
/EN* Ml* MO* D3*/Dl* DO 
/EN* Ml* MO*/D3*/Dl*/DO 

:: EN*/Yl 
/EN*/Ml*/MO*/YO 
/EN*/Ml* MO*/Y2 
/EN* Ml*/MO*/YO 
/EN* Ml*/MO* Y3° Y2 
/EN* Ml* MO*/D2 

:= EN*/Y2 
/EN*/Ml*/MO*/Yl 
/EN*/Ml* MO*/Y3 
/EN* Ml*/MO*/Yl 
/EN* Ml* MO*/D3* Dl 
/EN* Ml* MO*/D3* D2* DO 

:= EN*/Y3 
/EN*/Ml*/MO*/Y2 
/EN*/Ml* MO*/SOUT 
/EN* Ml*/MO* Y3* SOUT 
/EN* Ml*/MO*/Y2 
/EN* Ml* MO* D3* DO 
/EN* Ml* MO* D3* Dl 

:=/CIF* INV 

CIF* Ml*/MO*/Y3*/Y2 
CIF* Ml*/MO*/Y3/Yl*/YO 
CIF* Ml*/MO*/YO*/SOUT 

+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 

+ 

CIF* Ml*/MO* Y3* Y2* Yl* YO* SOUT 

+ 
+ 
+ 
+ 

BS = Y3* Y2* Yl* YO* SOUT 

Figure 8 (Continued) 
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; HOLD 
SERIAL SHIFT IN 

; SERIAL SHIFT OUT 
; CONV. SIN & LOAD 
; DITTO 
; CONV. PAR. & LOAD 
; DITTO 
; DITTO 

; HOLD 
SERIAL SHIFT IN 

; SERIAL SHIFT OUT 
; CONV. SIN & LOAD 
; DITTO 
; CONV. PAR. & LOAD 

; HOLD 
SERIAL SHIFT IN 
SERIAL SHIFT OUT 
CONV. SIN & LOAD 
CONV. PAR. & LOAD 

; DITTO 

; HOLD 
SERIAL SHIFT IN 

; SERIAL SHIFT OUT 
; CONV. SIN & LOAD 
; DITTO 
; CONV. PAR. & LOAD 
; DITTO 

; HOLD INV FLAG 
; (ACTIVE LOW) 
; SET IF INVALID 
; DITTO 
; DITTO 
; DITTO 

; BIT SYNC. 
; (ACTIVE LOW) 



~CYPRFSS 
~n!CONDUCIOR ================================= PAL® C 16R6 GCR Encoder/Decoder 

ABEL Listing 
module --gcrext ; 
title 

flag •-ro; 

'PAL16R6 DESIGN EXAMPLE FILENAME: GCREX.PAL 
PATOOl BRUCE WENNIGER 9/17/85 
4B-5B ENCODER/DECODER 
CYPRESS SEMICONDUCTOR 
-Translated by TOABEL-'; 
Pl6R6 device 'Pl6R6'; 

"declarations 

equations 

TRUE,FALSE = 1,0; 
H,L = 1,0; 
X,Z,C = .X., .z., .C.; 

GND,VCC 
pin 10,20; 

CK,Ml,MO,D3,D2,Dl,DO,EN,CIF,E 
pin 1,2,3,4,5,6,7,8,9,11; 

INV,YO,Yl,Y2,Y3,SOUT 
pin 13,14,15,16,17,18; 

SIN,BS 
pin 12,19; 

!SOUT := !EN Be !SOUT 
# EN Be !Ml Be !MO Be !SIN 
# EN Be !Ml Be MO Be !YO 
# EN Be Ml Be !MO Be !SIN 
# EN Be Ml Be MO Be Dl Be !DO 
# EN Be Ml Be MO Be D3 Be !DO 

" HOLD/RECIRCULATE 
" SERIAL SHIFT IN 
" SERIAL SHIFT OUT 
" CONV. SIN Be LOAD 
" CONV. PAR. Be LOAD 
" DITTO 

!YO :: !EN Be !YO 
# EN Be !Ml Be !MO Be !SOUT 
# EN Be !Ml Be MO Be !Yl 
# EN Be Ml Be !MO Be !SOUT 
# EN Be Ml Be !MO Be Y3 Be Y2 Be !YO 
# EN Be Ml Be MO Be D2 Be !Dl Be DO 
# EN Be Ml Be MO Be D3 Be !Dl Be DO 
#EN Be Ml Be MO Be !D3 Be !Dl Be !DO; 

Figure9 
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ABEL Listing (Continued) 

• HOLD 
• SERIAL SHIFT IN 
• SERIAL SHIFT OUT 
• CONV. SIN & LOAD 
"DITTO 
"CONV. PAR. & LOAD 
"DITTO 
"DITTO 

!Yl := !EN & !Yl 
# EN & !Ml & !MO & !YO 
# EN & !Ml & MO & !Y2 
# EN & Ml & !MO & !YO 

"HOLD 

# EN & Ml & !MO & Y3 & Y2 
# EN & Ml & MO & !D2 ; 

•SERIAL SHIFT IN 
•SERIAL SHIFT OUT 
•coNV. SIN & LOAD 
•DITTO 
•coNv. PAR. & LOAD 

!Y2 := !EN & !Y2 

•HOLD 

# EN & !Ml & !MO & !Yl 
# EN & !Ml & MO & !Y3 
# EN & Ml & !MO & !Yl 
# EN & Ml & MO & !D3 & Dl 
# EN & Ml & MO & !D3 & D2 & DO 

"SERIAL SHIFT IN 
"SERIAL SHIFT OUT 
"CONV. SIN & LOAD 
"CONV. PAR. & LOAD 
"DITTO 

!Y3 := !EN & !Y3 
# EN & !Ml & !MO & !Y2 
# EN & !Ml & MO & !SOUT 
# EN & Ml & !MO & Y3 & SOUT 
# EN & Ml & !MO & !Y2 
# EN & Ml & MO & D3 & DO 
# EN & Ml & MO & D3 & Dl 

Figure 9 (Continued) 
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ABEL Listing (Continued) 

"HOLD 
"SERIAL SHIFT IN 
"SERIAL SHIFT OUT 
"CONV. SIN & LOAD 
"DITTO 
"CONV. PAR. & LOAD 
"DITTO 

!INV := CIF & !INV 
!MO & 

!MO & 

!MO & 

!Y3 & !Y2 
!Y3 & !Yl & 

!YO & !SOUT 

# !CIF & Ml & 

# !CIF & Ml & 
# !CIF & Ml & 
# !CIF & Ml /k iMO & Y3 & Y2 & Yl 

end --gcrext ; 

• HOLD INV FLAG 
0 SET IF INVALID 
" DITTO 
" DITTO 
" DITTO 

!BS = Y3 & Y2 & Yl & YO & SOUT ; 
" BIT SYNC. 

Figure 9 (Continued) 
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~ PAL® C 16R6 GCR Encoder/Decoder 
~~~CDNOOCTOR::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::=::==== 
Document File 

Page l 
ABEL™ Version 1.10 - Document Generator 17-Sept-85 8:30 AM 
PAL16R6 DESIGN EXAMPLE 
PATOOl 

FILENAME; GCREX.PAL 
BRUCE WENNIGER 9/17/85 

4B-5B ENCODER/DECODER 
CYPRESS SEMICONDUCTOR 
-Translated by TOABEL-
Equat ions for Module --gcrext 

Device Pl6R6 
Reduced Equations: 

SOUT := ! ( !EN &: !SOUT 
# EN &: !MO &: !Ml &: !SIN 
# EN &: MO &: !Ml &: !YO 
# EN &: !MO &: Ml &: !SIN 
# !DO &: Dl &: EN &: MO &: Ml 
# !DO &: D3 &: EN &: MO &: Ml) ; 

YO ·- ! ( !EN &: !YO 

Yl ·-

# EN &: !MO &: !Ml &: !SOUT 
# EN &: MO &: !Ml &: !Yl 
# EN &: !MO &: Ml &: !SOUT 
# EN &: !MO &: Ml &: !YO &: Y2 &: Y3 
# DO &: !Dl &: D2 &: EN &: MO &: Ml 
# DO &: !Dl &: D3 &: EN &: MO &: Ml 
# !DO &: !Dl &: !D3 &: EN &: MO &: Ml) ; 

! (!EN &: !Yl 
# EN &: !MO &: !Ml &: !YO 
# EN &: MO &: !Ml &: !Y2 
# EN &: !MO &: Ml &: !YO 
# EN &: !MO &: Ml &: Y2 &: Y3 
# !D2 &: EN &: MO &: Ml) ; 

Y2 •- ! ( !EN &: !Y2 
# EN &: !MO &: !Ml &: !Yl 
# EN &: MO &: !Ml &: !Y3 
# EN &: !MO &: Ml &: !Yl 
# Dl &: !D3 &: EN &: MO &: Ml 
# DO &: D2 &: !D3 &: EN &: MO &: Ml) ; 

Y3 ·- !(!EN &: !Y3 
# EN &: !MO &: !Ml &: !Y2 
# EN &: MO &: !Ml &: !SOUT 
# EN &: !MO &: Ml &: SOUT &: Y3 
# EN &: !MO &: Ml &: !Y2 
# DO &: D3 &: EN &: MO &: Ml 
# Dl &: D3 &: EN &: MO &: Ml) ; 

INV = ! ( CIF &: !INV 
Figure 10 
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'!Jl!llll'~~DUCTOR============================================================::;:== 
Document File (Continued) 

ABEL™ VERSION 1.10 - Document Generator 
PAL16R6 DESIGN EXAMPLE 
PATOOl 
4B-5B ENCODER/DECODER 
CYPRESS SEMICONDUCTOR 
-Translated by TOABEL
Equations for Module --gcrext 
Device Pl6R6 

# !CIF & !MO & Ml & !Y2 & !Y3 
# !CIF & !MO & Ml & !YO & !Yl & !Y3 
# ICIF &: IMO lt"l"\,Trn 

iWVU.L 
o IVI'\ 
a;: i.&.V 

Page 1 
17 Sept-85 8:30 AM 

FILENAME: GCREX.PAL 
BRUCE WENNIGER 9/17/85 

# !CIF & !MO & Ml & SOUT & YO & Yl & Y2 & Y3) ; 
BS= !(SOUT & YO & Yl & Y2 & Y3); 

Chip diagram for Module --gcrext 
Device Pl6R6 

Figure 10 (Continued) 

PALC16R6 

CK 20 Vee 
M1 2 19 BS 

MO 3 18 SOUT 

03 4 17 Y3 

02 5 16 Y2 
01 6 15 Y1 

DO 7 14 YO 

EN 8 13 INV 

CIF 9 12 SIN 

GND 10 11 E 

0060-15 

end of module --gcrext 
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~~~NDUCTOR========================================================:=:::: 
JEDECFile 
ABEL™ Version 1.10 JEDEC file for: Pl6R6 
Created on: 17-Sept-85 8:30 AM 
PAL16R6 DESIGN EXAMPLE 
PATOOl 
4B-5B ENCODER/DECODER 
CYPRESS SEMICONDUCTOR 
-Translated by TOABEL-* 
QP20* QF2048* 

LOOOO 
11111111111111111111111111111111 
11111101110111011101110111111111 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
11111110111111111111111110111111 
10111011111111111111111101111110 
10110111111111111111111001111111 
01111011111111111111111101111110 
01110111111111110111101101111111 
01110111011111111111101101111111 

00000000000000000000000000000000 
00000000000000000000000000000000 
11111111111011111111111110111111 
10111011111111101111111101111111 
10110110111111111111111101111111 
01111001110111111111111101111111 
01111011111111101111111101111111 
01110111011111111111011101111111 
01110111011111110111111101111111 

00000000000000000000000000000000 
00000000000000000000000000000000 
11111111111011111111111110111111 
10111011111111101111111101111111 
10110110111111111111111101111111 
01111001110111111111111101111111 
01111011111111101111111101111111 
01111111111111111111011101111111 
01110111011111110111111101111111 
00000000000000000000000000000000 
11111111111111101111111110111111 

FILENAME: GCREX.PAL 
BRUCE WENNIGER 9/17/85 

Figure 11 
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~~~NDUCTOR==========================::::::::::::::::::;;:::::::::::======================= 
JEDEC File (Continued) 

10111011111111111110111101111111 
10110111111011111111111101111111 
01111011111111111110111101111111 
01110111101111110111111101111111 
01110111101101111111011101111111 

00000000000000000000000000000000 
00000000000000000000000000000000 
11111111111111111110111110111111 
10111011111111111111111001111111 
10110111111111101111111101111111 
01111011111111111111111001111111 
01111011110111011111111101111111 
01110111111110111111111101111111 

00000000000000000000000000000000 
00000000000000000000000000000000 
11111111111111111111111010111111 
10111010111111111111111101111111 
10110111111111111110111101111111 
01111011111111111111111101111111 
01111011110111011111111001111111 
01110111111101111011011101111111 
01110111011111111011011101111111 
01110111101111111011101101111111 
11111111111111111111111111100111 
01111011111011101111111111111011 
01111011111011111110111011111011 
01111010111111111111111011111011 
01111001110111011101110111111011 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000 
00000000000000000000000000000000• 
C8E51* 

Dl5A 

Figure 11 (Continued) 

9-38 



- ~ -- --:~ .:. 
·=CYPRESS 

JI' SEMICONDUCTOR 

Understanding FIFOs 
Introduction 
FIFO is an acronym for First-In-First-Out. 

In digital electronics, a FIFO is a buffer memory that is 
organized such that the first data entered into the memory 
is also the first data removed from the memory. 

History of FIFOs 
Software FIFOs 
Software FIFOs have been (and are being) used extensively 
in computer programs where tasks are placed in queues 
waiting for execution. In the programmers' language the 
program (process) that puts data into the memory is a 
"producer" and the program that takes data out is a "con
sumer". Obviously the producer and the consumer cannot 
access the memory simultaneously. It is the responsibility 
of the programmer to insure that contention does not oc
cur. Data transfer via a shared memory is a standard pro
gramming technique but it is not feasible to have the proc
essor in the data path for data rates greater than 5 Mega
bytes per second (MB/s). For higher data rates DMA, 
FIFO, or some combination of the two techniques are used 
to transfer information. 

Hardware FIFOs 
In the design of systems, once procedures are standardized 
and verified in software, the software can be replaced with 
hardware. The benefits of doing this are improved perform
ance, reduced software, ease of design and usually reduced 
costs. 
Register Array 
The first hardware FIFOs were of the "register array" ar
chitecture and included the serializer I deserializer 
(SERDES) within the IC. As they evolved, and due to the 
ubiquitous microprocessor, the parallel input and parallel 
output configuration became the standard. For applica
tions that required SERDES users added external shift reg
isters. 

The method of transferring data from one register to an
other is called a "bucket brigade". The transfer is con
trolled by a "valid data" bit (one per word) that designates 
which words have been written into but not yet read from 
and combinatorial control logic. The time for this logic to 
propagate a word of data from the input to the output of an 
initially empty FIFO is called "fallthrough time". 

9-39 

Dual Port Ram 
The "second generation" of FIFOs are of the "dual port 
RAM" architecture. In order to achieve truly independent, 
asynchronous operation of inputs and outputs, the capabili
ty to read and write simultaneously must be designed into 
the basic memory cell. 

The fallthrough time present in the register array organiza
tion is eliminated by the RAM architecture. However, the 
RAM must be (internally) addressed, which requires two 
pointers. One points to the location to be written into and 
the other points to the location to be read from. In addi
tion, a bit is required for every FIFO word to designate 
which words have been written to but not yet read. 

Applications 
FIFOs are used as building blocks in applications where 
equipment that are operating at different data rates must 
communicate with each other, i.e., where data must be 
stored temporarily or buffered. 

These include: 

• Word processing systems 

• Terminals 

• Communications systems; including Local Area Net
works 

• EDP, CPU, and peripheral equipment; including disk 
controllers and streaming tape controllers 

The Ideal FIFO 
The characteristics of an ideal FIFO are: 

INPUTS 

• Infinitely variable input frequency (0 to infinity) 

• Infinitely variable input handshaking signals 

OUTPUTS 

• Infinitely variable output frequency 

• Infinitely variable output handshaking signals 
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The Ideal FIFO (Continued) 

BOTH 

• Inputs and outputs are completely independent and 
asynchronous to each other, except that over-run or 
under-run are not possible. 

STATUS INDICATORS 

• Full/empty 

• One-half full, 1/ 4 full, 1/ 4 empty 

LATENCY 

• The latency should be zero. In other words, the data 
should be available at the FIFO outputs as soon as it is 
written. In the empty condition this would be the next 
cycle. 

EXPANSION 

• Expandable word leHgth and depth without external 
logic and without performance degradation. 

NO FALLTHROUGH OR BUBBLETHROUGH TIME 

Analysis of Present Architectures 

Register Array 
The first Integrated Circuit FIFOs were an extension of the 
simplest FIFO of all; a serial shift register. 
Input Stage 
As illustrated in Figure l, the input stage is a one word by 
m-bit parallel shift register that is under control of the in
put handshaking signals SI (Shift In) and IR (Input 
Ready). 
Output Stage 
The output stage is also a one word by m-bit parallel shift 
register that is under control of the output handshaking 
signals OR (Output Ready) and SO (Shift Out). 
Register Array 
The middle N-2 X m-bit registers are controlled by signals 
derived from the preceding control signals. 

OUTPUT 
CONTROL 

Valid Data 
A flag bit is associated with each word of the FIFO in 
order to tell whether or not the data stored in that word is 
valid. The usual convention is to set the bit to a one when 
the data is written and to clear it when the data is read. 
Fallthrough and Bubblethrough 
The preceding statements regarding input and output 
stages are not precisely correct under two special condi
tions, which occur when the FIFO is empty and full: 

EMPTY CONDITION - FALLTHROUGH 

In the empty condition the data must enter the input 
stage and propagate to the output stage. This is called 
Fallthrough time and it limits the output data rate. 

FULL CONDITION - BUBBLETHROUGH 

When the FIFO is full and one word is read, all of the 
remaining words must move down one word (or the 
empty word must propagate to the input). This is 
called Bubblethrough time and it limits the input data 
rate. 

As we shall see, Bubblethrough time and Fallthrough time 
are usually equal because the same logic is used. 

Dual Port RAM Architecture 
The dual port RAM architecture refers to the basic memo
ry cell used in the RAM. By adding read and write transis
tors to the conventional two transistor RAM cell, the read 
and write functions can be made independent of each oth
er. Obviously this increases the size of the RAM cell, but 
doing this is more than compen5ated for by simpler control 
logic and improved performance. 

The RAM requires two address pointers; one to address 
the location where data is to be written and the other to 
address where data is to be read. Comparators are used to 
sense the empty and full conditions and control logic is 
required to prevent over-run and under-run. 

INPUT DATA ! m- bits 

INPUT STAGE } 

REGISTER 
ARRAY 

m- bits 

OUTPUT DATA 

l 
} 

1 WORD 

N-2 
WORDS 

1 WORD 
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Figure 1. Register Array Architecture 
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Analysis of FIFOs 
The procedure will be to first analyze the FIFO as a "black 
box" and then to compare the most important characteris
tics of a class of representative FIFOs with the characteris
tics of the CY7C401 FIFO. 

The class of FIFOs chosen is the industry standard 
XXX401A and XXX402A that are available from several 
sources. The 401 is 64 x 4 and the 402 is 64 x S with the 
same performance. Both are of the register array architec
ture. Both are expandable in depth (number of words), 
which is called cascadeable, without additional logic as 
well as expandable in word width (number of bits per 
word) with additional logic. The operation will first be ana
lyzed in the standalone configuration. 

Functional Description 
Data Input • Refer to Figures 2, 3 
After power-on the Master Reset (MR) input is pulsed 
LOW to initialize the FIFO. When the IR output goes high 
it signifies that the FIFO is able to accept data from the 
producer at the DI inputs. Data is entered into the input 
stage when the SI input is brought high (if IR is also high). 
SI going high causes IR to go low, acknowledging receipt 
of the data, which is now in the input stage. 

When SI goes low (in response to IR going low) and if the 
FIFO is not full, IR will go back high, indicating that more 
room is available in the FIFO. At the same time SI goes 
low data is propagated to the next empty location, which 

may be the second location, but could be any location up to 
but not including the output stage. 
Data Output - Refer to Figures 4, 5 
Data is read from the DO outputs of the output stage un
der control of the SO and OR handshaking signals. The 
high state of OR indicates to the consumer that valid data 
is available at the outputs. When OR is high, data may be 
shifted out by bringing the SO line high (request), which 
causes the OR line to go low (acknowledge). Valid data is 
maintained on the outputs as long as SO is high. When SO 
goes low (in response to OR going low) and if the FIFO is 
not empty, OR will go back high, indicating that there is 
new valid data at the outputs. If the FIFO is empty OR 
will remain low and the data on the outputs will not 
change. 
Empty/Full 
If the FIFO is empty, OR will not go high within a fall
through time after SO goes low, so this condition may be 
sensed and used to indicate EMPTY. 

Similarly, if the FIFO is full, IR will not go high within a 
bubblethrough time after SI goes low, so this condition 
may be sensed and used to indicate FULL. 

Standalone Operation 
Input Data Setup and Hold 
The input data must be stable for an amount of time equal 
to the setup time (trns) before the rising edge of SI and 

~ 0 
SHIFTIN ¥J + 4~ 1 

INPUT READY ~~ ~----..-8- - - __ 01 

INPUT DATA ZZ}f--sTABLE DATAy{)(XXXXXXXXXXXXXXXXXXXXX 
0044-2 

Figure 2. Method of Data Input 
Notes: 

Shift in pulses applied while Input Ready is LOW will be ignored. 
Ea External "producer" response time. 
+ SI pulse could be of fixed positive duration and would then not de

pend upon response time of producer. 
<D Input Ready HIGH indicates space is available and a Shift in pulse 

may be applied. 
@ Input Data is loaded into the first word. 

SHIFT IN 
INPUT READY--H~~-

@ Input Ready goes LOW indicating the first word is full. 
© The Data from the first word is released to propagate to the second 

word. 
® The Data from the first word is transferred to the second word. The 

first word is now empty as indicated by Input Ready HIGH. 
@ If the second word is already full then the data remains at the first 

word. Since the FIFO is now full, Input Ready remains low. 

'-+----11<XXXXXX><.._ __ ><XXXXXX><.._ __ 
HOLD TIME 

40ns 
~ons 

0044-3 

Figure 3. Input Timing for FIFO 
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Analysis of FIFOs (Continued) 

.?t==:.. © 
SHIFT OUT &,·~Jl-----+--~-->c 0:

5 
--- ---

OUTPUT READY -CD------1-.--¥? J ~ 
OUTPUT DATA -------A---0-AT_A ______ >kmxx>r:idf:. 

~AORB-1 
0044-4 

Figure 4. The Method of Shifting Data Out of the FIFO 
Notes: 
ED External "consumer'' response time. 
+ SO pulse could be of fixed positive duration and would then not 

depend upon response time of consumer. 
© Output Ready high indicates that data is available and a Shift Out 

pulse may be applied. 
@ Shift Out goes high causing the next step. 

@ Output Ready goes LOW. 
© Contents of word 52 (B-DATA) is released to propagate to word 53. 
@ Output Ready goes high indicating that new data (B) is now available 

at the FIFO outputs. 
@ If the FIFO has only one word loaded (A-DATA) then Output 

Ready stays LOW and the A-DATA remains unchanged at the out
puts. 

C-DATA 

0044-5 

Figure 5. Output Timing for Register Array FIFO 

Notes: 
© The diagram assumes that, at this time, words 63, 62, 61 are loaded 

with A, B, C Data respectively. 

remain stable for an amount of time equal to the hold time 
(troH) after the rising edge of SI. 

trns = Ons 

troH = 40ns 
Input Timing 
Figure 3 shows the timing relationships between the input 
data and the handshaking signals when operating at the 
maximum input data rate of 15 MHz. The Input Ready 
signal lags (follows) the rising edge of the Shift In signal by 
40 ns (max.) for this two edge handshake. 

Fallthrough Time 
Figure 2 shows the method of entering data into the FIFO. 
The fallthrough time (Figure 6) is measured from the fall
ing edge of the SI signal to the rising edge of the IR signal. 
For a 15 MHz Register Array FIFO, this time is specified 
as tPT = 1.6 µs (microseconds). 
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@ Data in the crosshatched region may be A or B Data. 

Register Array Propagation Delay Time 
The register array propagation delay time may be approxi
mated by using the delay from the falling edge of the SO 
signal to the rising edge of the OR signal as being repre
sentative of the data propagation delay through the output 
stage and subtracting this from the fallthrough time. 

Reg. Prop. Delay = 

Fallthrough time - Output Prop. Delay Time 

The delay per stage is then calculated by dividing the regis
ter array propagation delay time by the number of stages 
the data propagates through. 

Reg. Prop. Delay = 1.6 µs - 50 ns 

= 1.55 µs 

Delay per stage 
= 1.55 µs 

64 - 2 

= 25 ns 
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Analysis of FIFOs (Continued) 
Output Timing 
Figure 5 shows the timing relationships between the output 
data and handshaking signals when operating at the maxi
mum output data rate of 15 MHz. The Output Ready sig
nal lags the Shift Out signal by 45 ns (max.) for this two 
edge handshake. Data is shifted to the output stage on the 
falling edge of SO, but does not stabilize until 45 ns later. 
OR goes low in response to SO going high (45 ns later) and 
then goes back high 50 ns (max) after the high to low 
transition of SO. 

The reader may assume that the (new) output data is valid 
50 - 45 = 5 ns before the rising edge of the OR signal, but 
this is incorrect. The data sheet specifies these two num
bers only as maximums and not also as minimums. Evalua
tion of these FIFOs has revealed that the data may change 
several nanoseconds AFTER the rising edge of the OR 
signal. 

The consumer is responsible for delaying the rising edge of 
the SO signal in order to satisfy his data setup time require
ments, which may further reduce the throughput. 

SHIFT IN 

INPUT READY-----+---+---

Full Condition 
The maximum propagation delay from SI going low until 
IR goes high is 40 ns (Figure 3). The bubblethrough time 
for the full condition is illustrated in Figure 7. This time, 
tPT, is specified as 1.6 /J.S on the data sheet. The delay per 
stage is calculated by subtracting 40 ns from 1.6 /J.S and 
dividing by the number of stages (64 - 2). 

Delay per stage = 

Bubblethrough time - Output Delay time 

Number of stages 

= 1.6 /J.S - 0.04 /J.S 
64 - 2 

= 25.16 ns 

Bubblethrough Time 
The bubblethrough timing is illustrated in Figure 7. It is 
seen to be equal to the fallthrough time. 

0044-6 

Figure 6. Fallthrough Timing 
Notes: 

SHIFT OUT 

<D FIFO initially empty. 
@ Consumer requests data. 
@ Producer enters data. 

OUTPUT READY -----+---+---

SHIFT IN 

© Data enters internal register 
array. 

® Data is available at output. 

1PT ~ f!? 1.6µ1----1-i-r'C_ { 

INPUT READY -----------------'·1_ '1PH _1'-· ----
i---3ons -----i 

Figure 7. Bubblethrough Timing 
Notes: 
<D FIFO is initially full. 
@ Shift In held HIGH. 
@ Consumer reads data. 
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© Empty location begins to 
propagate to input. 

® Empty location reaches input. 

0044-7 
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Analysis of FIFOs (Continued) 
Maximum Throughput Calculations 
The maximum throughput of the FIFO is seen to be limit
ed by the fallthrough time when it is empty and the bubble
through time when it is full. 

The "throughput period" corresponding to the "standalone 
period" (tA) and the fallthrough time (tp) is: 

Tmax. = tA + tp 
Converting to frequency yields 

1 1 
--=-+tp 
Fmax. FA 

Rearranging and solving for Fmax yields 

1 
Fmax= ---

1 -+ tp 
FA 

EQ.1 

The expressions for the throughput freql!encies for the 
FIFO under the full and empty conditions are then; 

EMPTY FIFO 

FULL FIFO 

Fin = Fin (max.) 
1 

Fout= - 1---

- + tp 
FA 

Fout = Fout (max.) 
1 

1 -+ tp 
FA 

The maximum throughput that can be handled by a "near
ly empty" or a "nearly full" FIFO operating in the stand
alone mode is then: 

1 
F (max.) = - 1---

1 

- + tp 
FA 

F(max.) = --1-----= ---
1.667 µs 

15 MHz+ 1.6 µs 

F (max.) = 599.88 kHz 
Note that this is considerably less than the 15 MHz speci
fied on the data sheet. 

FULLNESS SENSITIVITY (STANDALONE) 

The number of words written into the FIFO corresponding 
to the fallthrough time if the input data rate is at the maxi
mum (15 MHz) is: 

Fin 15 MHz 
F fallthrough = --1- = 24 words. EQ. 2 

1.6 µs 

Since the bubblethrough time is the same as the fallthrough 
time (in this case) the same number of words can be output 
at the maximum data rate from a full FIFO. 
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What this means is that the FIFO can operate at its maxi
mum data rate (15 MHz) only when it is between 24 words 
and 64 - 24 = 40 words full. In order to NOT be sensitive 
to its fullness, the FIFO must be operated at a maximum 
frequency less than or equal to the frequency correspond
ing to the fallthrough/bubblethrough time (625 KHz). 

Cypress proposes defining a Fullness Sensitivity (FS) figure 
of merit for FIFOs that is a measurement of the capacity 
range (or fullness) over which the FIFO can be operated at 
its maximum input rate AND its maximum output rate. 
The FS is normalized; one (1) is ideal and 1 > FS > 0. 

N - F1A tp - FoA tB 
FS = --------

N 
EQ.3 

Where: FS = Fullness Sensitivity 

N = The number of words in the FIFO 

F1A = Standalone maximum input frequency 

tp = Fallthrough time 

FoA = Standalone maximum output frequency 

tB = Bubblethrough time 

As an example we will calculate FS for a typical register 
array FIFO. 

FrA = FoA = 15 MHz 

tp = tB = 1.6 µs 

N = 64words 

64-15X106X 1.6X 10-9-15X106X 1.6X 10-9 
FS = ---------------~ 

64 

64-24-24 
FS=-----

64 

FS = 0.25 

If the partial products would have had fractional parts we 
would have rounded them up to the next highest integers. 
FIFO Expansion 
The interconnection of two 64 word FIFOs to form a 128 x 
4 FIFO is shown in Figure 8. Observe that the OR output 
of the first FIFO becomes the SI input of the second FIFO 
and that the IR of the second becomes the SO input to the 
first. 

What this means is that the bubblethrough/fallthrough 
times serially add when the FIFOs are cascaded. 

The maximum throughput that can be handled by two 
FIFOs cascaded together is: 

F(max.) = l 
-+ 2tp 
FA 

F(max.) = 306 KHz 
Where, as before, FA = 15 MHz, tp = 1.6 µs. 
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Analysis of FIFOs (Continued) 

In general, when N FIFOs are cascaded together, the max
imum throughput of the combination is: 

1 
F(max.) = l 

-+Ntp 
FA 

EQ.4 

The FS is also affected by the cascading of FIFOs. If N 
FIFOs are cascaded together the number of words that can 
be output or input is N times that of the standalone condi
tion. 

Fin = FA 

F fallthrough 1 
EQ.5 

Ntp 

If this number is greater than the actual (physical) FIFO 
depth it means that the FIFO cannot be operated at its 
maximum frequency. 

To make a wider word, as well as a deeper FIFO, connect 
the FIFOs as illustrated in Figure 9. Composite IR and OR 
signals must be generated using two external AND gates 
(e.g., 74LS08) to compensate for variations in the propaga
tion delay of these signals from device to device. The max-

SHIFT IN 

INPUT READY 

~"" [ 
MR 

...... 

,.,. 

SI DR 

IR so 

Dia D00 

DI, Do, 

Dl2 D02 

Dl3 - D03 
MR 

I 

...... 

~ 

~ 

imum throughput for this configuration is 205 KHz 
(N = 3 in preceding formula). 
Cascadability Considerations 
In order to guarantee the ability of multiple FIFOs to reli
ably cascade with each other using the handshaking meth
od previously described, certain conditions must be met. 
These are now considered. 
SI or OR Signal Compatability 
In the cascaded configuration, the OR signal of the Nth 
FIFO must be specified such that it can be detected when it 
is applied to the SI input of the N + Ith FIFO. See Figure 
8. This means that the minimum high time (positive pulse 
width) of the OR output signal of the input FIFO must be 
able to be recognized at the SI input of the output FIFO. 
IR and SO Signal Compatability 
In the cascaded configuration, the IR output of the N + 1th 
FIFO must be specified such that it can be detected when it 
is applied to the SO input of the Nth FIFO. 
Minimum Delay Between SI and IR 
The minimum delay between SI going HIGH and IR going 
LOW is an unspecified parameter in the industry standard 

SI 

IR 

Dia 

DI, 

Dl2 

Dl3 -
MR 

J 

OR 
so 1 ..... 

DO a 

Do, 

D02 

D03 

OUTPUT READY 

SHIFT OUT 

]~,.,~ 

0044-B 

Figure 8. 128 x 4 FIFO 

SHIFT OUT 
IR so IR so IR so 

SI OR SI OR SI OR 

Dlo DO a Dia DO a Dia DO a 

DI, Do, Dl1 Do, Dl1 Do, 

012 002 012 002 012 002 

Dl3 MR 003 Dl3 MR D03 Dl3 MR D03 

IR so IR so IR so 

SI OR SI OR SI OR 

Dia DO a Dlo OOa Dia DO a 

SHIFT IN 
01, oo, Dl1 Do, DI, Do, 

Dl2 002 Dlz D02 Dl2 D02 

Dl3 MR 003 Dl3 MR 003 Dl3 MR D03 

MR 0044-9 

Figure 9. 192 x 8 FIFO 
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Analysis of FIFOs (Continued) 

data sheets. The Cypress FIFO exhibits a 6 to 10 ns mini
mum delay. Care must be taken when mixing Cypress FI
FOs and competitive FIFOs to insure that the parts will 
cascade with one another. In general, delaying the IR out
put qf the Cypress FIFOs enables competitive parts to cas
cade with Cypress parts. The Cypress FIFO can always 
recognize the output of the competitive product. 

Minimum Delay Between OR and SO 
Another unspecified industry parameter is the delay be
tween OR and SO. The minimum delay for Cypress FIFOs 
is 6 ns. A 500 pF capacitor added between the OR pin and 
ground and the IR pin and ground of all Cypress FIFOs 
will permit cascading with competitive FIPOs. These ca
pacitors delay the signals the appropriate amount of time. 

Product Configuration 

CY7C401 64x4 

CY7C403 64x4 

CY7C402 64x 5 

CY7C404 64x 5 

IR 
IR CONTROL 

BUFFER 

SI--+ 

DATA 
DI--+ IN 

CONTROL 

tF 

65 ns 

65 ns 

65 ns 

65 ns 

WRITE PTR. 

l 
MUX IN 

RAM 
64X5 

MUX OUT 

READ PTR. 

EMPTY 
DELAY 

Cascading at the Operating Frequency 
In order to operate at a given frequency, Po, in the cascad
ed configuration the following relationship must be satis
fied; 

1 
tsrn + t1RH < -

Po 

This condition is met by both the MMI and Cypress 
FIFOs. 

Description of the CY7C401 
A block diagram of the CY7C401 is shown in Figure JO. It 
is a direct, pin for pin, functional equivalent, improved per
formance, replacement for the register array FIFOs. The 
similarities and differences between the 401, 402, 403, and 
404 are summarized in the table. 

Package Description 

16pinDIP Industry Standard 

16pinDIP Pin 1 is three-state 
output enable 

18 pin DIP Industry Standard 

18 pin DIP Pin 1 is three-state 
output enable 

r-+ 
c 
0 
M 
p 
A EMPTY 
R FULL 
A FLAG 
T 
0 
R 
s 

OUTPUT DO 
BUFFERS 

OR 
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Figure 10. CY7C401 Block Diagram 
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Description of the CY7C401 (Continued) 

Architecture Refer to Figure 10 

The architecture is that of a dual port RAM, which is 
accessed by two pointers; a read pointer and a write point
er. The input data and output data do not reside in input or 
output registers as in the register array architecture. In
stead, the pointers address the memory locations of the 
input and output data. Comparators are used to control the 
IR and OR lines to prevent overflow and underflow. The 
key to this architecture is the dual port RAM cell, which is 

illustrated in Figure 11. It is only 1.2 square mils in area. 
Separating the read and write functions enables the memo
ry cell to be read from and written to simultaneously and 
independently. This increases the basic cell size, but simpli
fies the overall architecture and improves the performance. 

The bubblethrough time is greatly reduced (65 ns versus 
1.6 µs) because it now represents the time required to up
date the pointers, not the time required for data to propa
gate through the memory array. 

0044-11 

Figure llA. CY7C401 Ram Cell Layout 
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Figure llB. Cell Schematic 
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Description of The CY7C401 (Continued) 

Functional Description 
To the "outside world" the CY7C401 appears functionally 
e9uivalent to the register array FIFOs. All of the timing 
diagrams as well as the expansion diagrams of Figures 8 
and 9 apply. 

Input data is sampled with the rising edge of the SI signal if 
the IR signal is high. The input (write) pointer is incre
mented on the falling edge of the SI signal. 

Data is output with the falling edge of the SO signal if the 
OR signal is high. The output (read) pointer is incremented 
on the rising edge of the SO signal. 
Output Timing 
In the discussion on output timing it was pointed out that 
(fot the i-egl:ste1 aiTay FIFO) the way the tilning of the data 
out with respect to OR, there is no guarantee that the data 
will be stable before the rising edge of OR. This time 
(ts01u is guaranteed to be a minimum of 5 ns on the 
CY7C401 data sheet. 

Comparison of Register Array FIFOs 
and the CY7C401 
Throughput 
Using equation 4 the values in the following table were 
calculated and are plotted in Figure 12. 

Fullness Sensitivity 
Register Array FIFOs in the Standalone Mode 
Equation 2 was used to calculate the number of words that 
could be input and output corresponding to the maximum 
frequency of 15 MHz. Subtracting these from the FIFO 
capacity (64) gives us the capacity range over which the 
FIFO can operate at its maximum rate. This was calculat
e.d to be between 24 and 40 words, or 32 ± 8 words. Equa
t10n 3 was used to calculate the FS and it was found to be 
0.25. 

Using equation 2 we have; 

Fin = FA 
F fallthrough 1 

15MHz 

1 

67 ns 

tp 

= 0.975 words 

The CY7C401 is seen to be much less sensitive to fullness 
than the register array FIFOs. Its capacity can range from 
2 to 63 words, or 32 ± 31 words in the standalone mode. 

The Fullness Sensitivities are plotted in Figure 13. They are 
also plotted in a slightly different form in Figure 14. 

A little thought will convince the reader that Fullness Sen
sitivity is another way of quantifying the range of the dif
ference between input and output data rates. The closer the 
FS is to 1 the greater the capacity of the FIFO to handle 
bursts of data. 

Latency 
The classic definition of latency is the difference, in elapsed 
time, between when a resource is requested and when it is 
granted. T n disks, the worst case latencv is the time re
quired for one revolution of the disk. The ~verage latency is 
then the time required for one-half a revolution. The as
sumptions are one head per track and no contention for the 
head. 

Worst Case Latency - refer to Figures 6 and 7 
The worst case latency for the consumer occurs when the 
FIFO is empty and for the producer when it is full. It is; 

Where: t;n + tout + tp 

t;n = period of the input frequency 

tout = period of the output frequency 

tp = Fallthrough time 

Average Latency 
If the FIFO is operated such that it is not sensitive to its 
fullness tp = 0. In addition, if tin = tout the average laten
cy is one cycle. Otherwise, it is; 

tin + tout 
2 

Throughput 

N D C67401A CY7C401-5 CY7C401·25 

FA - - 15MHz 15MHz 25MHz 
tp - - 1.6 µs 65 ns 65 ns 

1 64 600KHz 7.57MHz 9.52MHz 

2 128 306KHz 5.01 MHz 5.8MHz 

4 256 155 KHz 3MHz 3.3MHz 

8 512 77.7KHz l.7MHz 1.78 MHz 

16 1024 38.9 KHz 903KHz 925.9 KHz 

32 2048 19.5 KHz 465.7 KHz 471 KHz 
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Comparison of Register Array FIFO's and the CY7C401 (Continued) 

10 

~ CY7C401-25 

~ CY7C401-15 

0 
0 500 1 000 1500 2000 

FIFO DEPTH IN WORDS 
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Figure 12. Maximum F1FO Throughput vs. Depth 
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Figure 13. Fullness Sensitivity in the Standalone Mode 
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Figure 14. Standalone Throughput 
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Summary and Conclusions 
In most systems where FIFOs are used they are neither full 
nor empty, except at the beginning or end of an operation. 
After analyzing the preceding two FIFOs the reader can 
understand why. Serious performance degradation occurs 
under these conditions, especially if the FIFO uses the reg
ister array architecture. To compensate for this, manufac-
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turers have added one-half empty/full indicators (etc.), 
which has helped by alerting the system controller before 
the performance suffers. 

A better solution to the performance problem is to use a 
FIFO that has the dual port RAM architecture, which has 
been shown to result in a superior performance FIFO. 
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Interfacing to the FIFO 
Application Brief 

Introduction 
This application brief is intended to be a guide to the FIFO 
user and to make him aware of certain conditions that 
should be considered when interfacing to the FIFO. The 
two areas of concern are (1) voltage sensitivity on the SI 
and SO inputs and, (2) metastability when the SI or the ~O 
signals are derived from independent clocks. These two is
sues are independent of each other. 

High Gain Inputs 
The minimum positive SI and SO pulse widths are speci· 
fied on the FIFO data sheet as 11 ns (25 MHz SVSO) and 
20 ns (other speed grades). At room temperature and nom
inal (5V) V cc the FIFO will operate reliably with SI/SO 
pulses as short as 5 ns. The reason these FIFOs respond to 
such short pulses is that the Cypress high performance 
CMOS process yields circuits that have very high gains 
and, consequently, require very little energy to change 
state. 

Termination networks are recommended on the SI and SO 
lines (traces) on Printed Circuit Boards (PCBs) when the 
lines exceed seven inches in length (from source to load). 
The temiination matches the load impedance to the char
acteristic impedance of the PCB trace, which is typically 
500. or less for microstrip or stripline construction on G-10 
glass epoxy material. For minimum voltage reflections a 
slightly overdamped termination is preferred. Cypress rec
ommends a series capacitor of 10 pF and resistor of 470. be 
connected from the input pin (SVSO) to ground as shown 
in Figure I. This termination network acts as a low pass 
filter for short, high frequency pulses and dissipates no DC 

10pF I 
470HMS ¢. 

CYPRESS 
FIFO 

0097-1 

Figure 1. Recommended Termination Network 
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power. If more than one FIFO is connected in parallel to 
make a wider word only one termination network is re
quired. It should be located at the input that is electrically 
the farthest away from the source. 

Synchronous And Asynchronous 
Operation 
When the SI and SO signals are derived from a common 
frequency source (or clock) the FIFO is, by definition, op
erating in the synchronous mode. There is a precise, known 
relationship between the SI and SO signals. 

Conversely, when the SI and SO signals are derived from 
two independent frequency sources, the FIFO is operating 
in an asynchronous mode. 

In the synchronous mode the designer can assure that the 
OR signal not occur within the setup and hold time win· 
dow that normally "surrounds" the output system clock 
edge (or sampling signal). The same reasoning applies to 
the occurance of the IR signal with respect to the input 
system clock. 

In the asynchronous mode, the designer cannot assure a 
known relationship between the OR signal and the output 
system clock either with respect to frequency or with re
spect to phase. It is the responsibility of the designer to 
insure that, even though the output system clock edge may 
occur at the same time that the OR signal occurs, the 
FIFO still receives a SO clock that is wide enough to be 
reliably recognized as such by the FIFO. The same reason· 
ing applies to the SI signal that is generated in response to 
the IR signal under control of the input system clock. 

A B 

0097-2 

Figure 2. Pulse Synchronizer 
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Pulse Synchronizer 
The circuit of Figure 2 is recommended to generate the SO 
pulse as a function of OR under control of the output sys
tem clock. An identical circuit should be used to generate 
the SI pulse as a function of IR under control of the input 
system clock. If it is required to perform control functions 
on the OR or the IR signals, it should be done before they 
are clocked by the first D flip-flop. 

State Diagram 
The two stage shift register is analyzed as a state machine 
in Figure 3. Other, more complex state machines can be 
designed, but the idea is the same; reliably generate a single 
pulse of a known minimum width for every OR or IR 
LOW to HIGH transition. 

0097-3 

Figure 3. Pulse Synchronizer State Diagram 

Transition Table 

A B STATE DESCRIPTION 

~ 0 0 0 IDLE AT STATE 0 

1 0 1 GENERATE SO = 1 

1 1 3 GENERATE SO = 0 

..__, 0 1 2 TRANSITION STATE 
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Design Considerations 
The frequency of the clock to the pulse synchronizer 
should be at least twice that of the maximum rate data is 
shifted into or out of the FIFO. 

For example, if it is required to shift data into the FIFO at 
a 10 MHz (SI) rate, the clock to the input pulse synchroni
zer should be 20 MHz. If it is required to shift data out of 
the FIFO at a 15 MHz (SO) rate the clock to the output 
pulse synchronizer should be 30 MHz. 
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Minimum SI/SO Pulse Width 
The minimum pulse width of the SO signal of Figure 2 
under normal operating conditions will be one cycle of the 
output clock (CLK). However, when the OR or the IR 
signal changes within the "unallowed window" around the 
clock edge, defined by the flip-flop setup time and hold 
time, the flip-flop may go into a metastable state. i.e., its 
outputs may be between the logic ONE and the logic 
ZERO voltage levels. The amount of time the flip-flop will 
stay in the metastable region will be approximately 4 X, 
where X = clock to output propagation delay time. 

The minimum pulse width of the SO signal is determined 
by the delay, d, through the NOR gate, plus any delay the 
designer may add (D, shown as a box) in the path from the 
IQ output of the A flip-flop to the input of the NOR gate. 
The NOR gate acts as a low pass filter and will not pass a 
pulse if its width is less than d. Adding an external delay, 
D, iucteases the 1uinirnun1 pulse width to d + D. The 
maximum frequency that the circuit can operate at, assum
ing equal gate tum-on and turn-off times, is then 

1 
f(max.) = 2 (d + D). 

The total delay should be chosen such that the minimum 
pulse width is sufficient to reliably be detected by the 
FIFO. 

Implementation Of The Delay 
If only the NOR gate provides the delay, the following 
table lists typical and maximum propagation delays under 
nominal V cc and loading (20 pF) conditions. 

Table 1. Propagation Delay in ns 

Family Typical Maximum 

LS 10 15 

ALS 5 11 

HCMOS 8 23 

FACT 5 9.5 

A 74LS02 NOR gate will result in a minimum pulse width 
of 10 ns, which will reliably operate a 25 MHz CY7C403 
or a CY7C404 FIFO. 

Ifit is required to operate a 10 MHz CY7C401/402, the Q 
output of the A flip-flop may be inverted through a 74LS04 
and applied to the lower input of the NOR gate. The mini
mum pulse width is then 10 + 10 = 20 ns . 

A delay line or a RC network could also be used to delay 
the signal to the lower input of the NOR gate. 

The circuit of Figure 2 can also be used to synchronize the 
SI and SO inputs of the CY7C3341. 

The rising edge of the SO signal should be used to sample 
the FIFO data. 



---

Power Characteristics of 
Cypress Products 

Introduction 
SCOPE AND PURPOSE 
This document presents and analyzes the power dissipation 
characteristics of Cypress products. The purpose of this 
document is to provide the user with the knowledge and 
the tools to manage power when using Cypress CMOS 
products. 

DESIGN PHILOSOPHY 
The design philosophy for all Cypress products is to 
achieve superior performance at reasonable power dissipa
tion levels. The CMOS technology, the circuit design tech
niques, architecture and the topology have been carefully 
combined in order to optimize the speed/power ratio. 

SOURCES OF POWER DISSIPATION 
Power is dissipated within the integrated circuit as well as 
external to it. Both internal and external power have a 
quiescent (or DC) component and a frequency dependent 
component. The relative magnitudes of each depend upon 
the circuit design objectives. In circuits designed to mini
mize power dissipation at low to moderate performance, 
the internal frequency dependent component is significant
ly greater than the DC component. In the high perform
ance circuits designed and manufactured by Cypress, the 
internal frequency dependent power component is much 
less than the DC component. The reason for this is that a 
large percentage of the internal power is dissipated in linear 
circuits such as sense amplifiers, bias generators and volt
age/ current references that are required for high perform
ance. 
External Power Dissipation 
The input impedance of CMOS circuits is extremely high. 
As a result, the DC input current is essentially zero (10 µ,A 
or less). When CMOS circuits drive other CMOS circuits 
there is practically no DC output current. However, 

PAL® is a registered trademark of Monolithic Memories. 
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when CMOS circuits drive either bipolar circuits or DC 
loads, external DC power is dissipated. It is standard prac
tice in the semiconductor industry to NOT include the cur
rent from a DC load in the device lee specification. 
Cypress supports this practice. It is also standard practice 
to NOT include the current required to charge and dis
charge capacitive loads in the data sheet Ice specification. 
Cypress also supports this standard practice. 
Frequency Dependent Power 
CMOS integrated circuits inherently dissipate significantly 
less power than either bipolar or NMOS circuits. In the 
ideal digital CMOS circuit there is no direct current path 
between V cc and V ss; in circuits using other technologies 
such paths exist and DC power is dissipated while the de
vice is in a static state. 

The principal component of power dissipation in a power
optimized CMOS circuit is the transient power required to 
charge and discharge the capacitances associated with the 
inputs, outputs, and internal nodes. This component is 
commonly called CV2f power and is directly proportional 
to the operating frequency, f. The corresponding current is 
given by the formula 

Icc(t) = CVf. 

The primary sources of frequency dependent power are due 
to the capacitances associated with the internal nodes and 
the output pins. For "regular" logic structures, such as 
RAMs, PROMs and FIFOs the internal capacitances are 
"balanced" so that the same delay and, therefore, the same 
frequency dependent power is dissipated independent of 
the location that is addressed. This is not true for program-
mable devices such as P ALs because the capacitive loading D 
of the internal nodes is a function of the logic implemented I 
by the device. In addition, P ALs and other types of logic 
devices may contain sequential circuits so the input fre-
quency and the output frequency may be different. 

The capacitance of each input pin is typically 5 pF, so its 
contribution to the total power is usually insignificant. 
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Introduction (Continued) 
Derivation of Applicable Equations 
The charge, Q, stored on a capacitor, C, that is charged to 
a voltage, V, is given by the equation; 

Q =CV. EQ.1 

Dividing both sides of equation 1 by the time required to 
charge and discharge the capacitor (one period or T) 
yields; 

EQ.2 

By definition, current (I) is the charge per unit time and 

1 
f = -. 

T 

Therefore, 

I= CVf. EQ.3 

The power (P = VI) required to charge and discharge the 
capacitor is obtained by multiplying both sides of equation 
3 by v. 

P =VI= CV2f EQ.4 

It is standard practice to make the assumption that the 
capacitor is charged to the supply voltage (V cc) so that 

P = Vccl = c [VccJ2f EQ. s 
The total power consumption for a CMOS integrated cir
cuit is dependent upon: 

• the static (quiescent or DC) power consumption. 

• the internal frequency of operation 

• the internal equivalent (device) capacitance 

• the number of inputs, their associated capacitance, and 
the frequency at which they are changing 

• the number of outputs, their associated capacitance, 
and the frequency at which they are changing 

In equation form: 

Po = [(CIN)(FIN)+ (C1NT)(F1NT) + (CLOAD) (FLOAD)] 

[VccJ2+ Ice (quiescent) Vee. EQ. 6 

The first three terms are frequency dependent and the last 
is not. This equation can be used to describe the power 
dissipation of every IC in the system. The total system 
power dissipation is then the algebraic sum of the individu
al components. 

The relative magnitudes of the various terms in the equa
tion are device dependent. Note that equation 6 must be 
modified if all of the inputs, internal nodes or all of the 
outputs are not switching at the same frequency. In the 
general case, each of the terms is of the form Cl Fl + 
C2 F2 + C3 F3 + . . . Cn Fn. In practical reality the 
terms are estimated using an equivalent capacitance and 
frequency. 
Transient Power: Input Buffers and Internal 
In the N-well CMOS inverter, the P-channel pullup tran
sistor and the N-channel pulldown transistor (which are in 
series with each other between V cc and V ss) are never on 
at the same time. This means that there is no direct current 
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path between V cc and ground, so that the quiescent power 
is very nearly zero. In the real world, when the input signal 
makes the transition through the linear region (i.e., be
tween logic levels) both the N-channel and the P-channel 
transistors are partially turned ON. This creates a low im
pedance path between Vee and Vss, whose resistance is 
the sum of the N-channel and P-channel resistances. These 
gates are used internally in Cypress products. 
DC or Static Power 
In addition to the conventional gates there are sense ampli
fiers, input buffers and output buffers, bias generators and 
reference generators that all dissipate power. The RAMs 
and FIFOs also have memory cells that dissipate standby 
power whether the IC is selected or not. The PROM and 
PAL® products have EPROM memory cells that do not 
dissipate as much standby po\ver as a !t .. A_M cell. 

Power Down Options 
Five of the Cypress static RAMs have power down options 
that enable the user to reduce the power dissipation of 
these devices by approximately an order of magnitude 
when they are not accessed. The technique used is to dis
able or turn-off the input buffers and the sense amplifiers. 
Worst Case Device Power Specifications 
All Cypress products are specified with Ice under worst, 
worst, worst case conditions. This means that the V cc 
voltage is at its maximum (5.5V), the operating tempera
ture is at its minimum, which is 0°C for commercial prod
uct and - 55°C for military product and all inputs are at 
VIN= 2V. 

Ice TEMPERATURE DEPENDENCE 

For all Cypress products operating under all conditions, 
the Ice current increases as the temperature decreases. The 
Ice temperature coefficient is -0.12% per °C. To calcu
late the percentage change in Ice from one temperature to 
another, this temperature coefficient is multiplied by the 
temperature difference. 

If, for example, it is required to calculate the expected re
duction in Ice if either a commercial or a military grade 
Cypress IC is operated at room temperature (25°C), the 
calculations are: 

For commercial products 

[O - 25] X [ -0.12%] 3% less Ice at room tempera-
ture than at o·c. 
For military products 
[-55 - (25)] x [-0.12%] 
temperature than at - 55°C. 
Procedure 

9.6% less Ice at room 

The procedure will be to develop a general purpose power 
dissipation model that applies to all of the Cypress CMOS 
products and to then present tables so that users can esti
mate typical and worst case power dissipations for each 
product. The data will be presented in chart form as func
tions of product type and capacitance, that is: SRAM, 
PROM, PAL or Logic; including FIFOs. 
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Figure 1. Power Dissipation Model 

Power Dissipation Model 
A general purpose power dissipation model for all Cypress 
integrated circuits is shown in Figure 1. 

The procedure will be to isolate the four components of 
power dissipation described by equation 6 by controlling 
the inputs to the IC. The quiescent (Ice) current is mea
sured with the inputs to the IC at 0.4V or Jess. Under this 
condition the input buffers and output buffers (unloaded 
DC wise) draw only leakage currents. All other direct cur
rents are due to the substrate bias generator, sense amplifi
ers, other internal voltage or current references and NMOS 
memory circuits. 

At VIN= 2.0V the input buffers draw maximum Ice cur
rent. The total current is measured and the quiescent cur
rent subtracted to find the total input buffer Ice current. 
The current per input buffer is then calculated by dividing 
the total input buffer current by the number of input buff
ers. 

INPUT BUFFERS 
Three different types of input buffers are used in Cypress 
products. For purposes of illustration they are referred to 
as types A, B and C. Table 1 lists which buffers are used on 
the various products. 

Table 1. Types of Input Buffers 

Buffer Ice Cypress Product Type (max.inmA) 

A 1.3 CY7Cl22 

B 0.8 CY7Cl89/190 
CY7Cl48/149 
CY7Cl47 
CY7Cl28/129 
CY7C245 
CY7C281/282 
CY7C291/292 
CY7C225 
CY7C235 
PAL16R8/16L8/16R6/16R4 
CY7C401/402/403/404 
CY3341 

c 0.6 CY7Cl67/168/169, 
CY7C909/91 l/910/9101 
CY7C510/516/517 
CY7C261/263/264 
CY7C268/269 
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The schematics and input characteristics for the three 
types of buffers are illustrated in Figure 2. A circle on the 
gate of a transistor means that it is a P-channel device. 

As can be seen from the figure, the input buffers draw 
essentially zero Ice current when V1N is 0.4V or less or 
(except for type A) when VIN is 4V or more. In other 
words, if the inputs are driven "rail to rail" the B and C 
input buffers will dissipate power only during the input 
signal transitions. 

To reach these levels the input pins should be either driven 
by a CMOS driver or by a TTL driver whose output does 
not drive any other TTL inputs. 

When the inputs are driven by the minimum TTL levels 
(Vm = 2V, V1L = O.SV) each input buffer draws 20% 
more Ice current than if it were driven rail to rail. 

Your 
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Power Dissipation Model (Continued) 

DUTY CYCLE CONSIDERATIONS 
The input characteristics of the type B (Figure 2D) and the 
type C (Figure 2F) buffers may be approximated by trian
gles symmetric about the VIN = 2V points, whose ampli
tudes are 0.8 mA and 0.6 mA, respectively. Therefore, be
tween the VIN = 0.5V and VIN = 3.5V points the average 
current is one-half the peak current, or 0.4 mA and 
0.3 mA, respectively. In most systems the input signal slew 
rates are one-half volt per nanosecond or greater so the 
input transitions occur quickly. Under these conditions the 
duty cycle of the input buffers must be considered. 

Figure2C 

0.8 

OIBmll!!!::.1.....-....l...--~!ll!BIL....J 

0 0.5 20 

VIN (V) 

Figure2D 
TypeB 

Vee 

.. 1 
Figure2E 

3.5 4.0 

0059-7 

0059-5 

0059-6 

9-56 

0.6 

0 -..::;..'----'----'-""'-
0 0.5 2.0 

VIN (V) 

Figure2F 
TypeC 

3.5 

0059-8 

For example, if the CY7Cl67-35 RAM were used with 
input signals having a slew rate of one-half volt per nano
second it would take 

1 
[3.5V - 0.5V] X -- = 6 ns 

0.5V/ns 

for the input signals to go through the 3V transition. Dur
ing the transition each input buffer would be drawing 
0.3 mA of current from the Ice supply. However, this time 
is only 6 ns/35 ns = 0.17 or 17% of the access cycle. 
Therefore, the actual input buffer transient current is only 
0.17 X 0.3 mA = 0.051 mA. It will be shown that this is 
insignificant in most power calculations. 

INPUT BUFFER FREQUENCY 
DEPENDENT CURRENT 
This is the current required to charge and discharge the 
capacitance associated with each input buffer. The capaci
tance is typically 5 pF and the voltage swing is typically 
4V. 

Using equation 3; I= CVf 

Icc(f) = 5 X 10-12 X 4 X f. 

Icc(f) = 20 x 10-12f. 

CORE AND OUTPUT BUFFERS 
The memory core will have a standby power dissipation 
due to the substrate bias generator, reference generators, 
sense amplifiers, and polyload RAM cells or EPROM 
cells. This current is measured with VIN = OV, so that the 
input buffers draw no current. Under these conditions the 
output buffers will draw only leakage current and dissipate 
essentially no power. 

The output buffers have N-channel pullup devices that 
cause the output voltage level to reach VoH = V cc - 1 V. 

The capacitance of the output buffers, including stray ca
pacitance, is typically 10 pF. 

IF CL = lOpF, VoH "" 4V. 

Again, using equation 3, Icc(f) = 40 x 10-12f for the 
output buffers. 
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Current Measurement 
INSTANTANEOUS CURRENT 
Figure 3 illustrates the instantaneous current drawn by a 
Cypress RAM. The instantaneous power is calculated by 
multiplying this current times the constant supply voltage, 
V CC· Most of the power is dissipated in the time corre
sponding to the access time. This is also true for PROMs 
and PALs. 

ADDRESS/ DATA 

~-----Tcy------+< 

I 1 = Quiescent Ice 
Ii = Average Ice 

i( t) = Instantaneous Ice 
Figure 3. RAM Ice 

AVERAGE CURRENT 
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The current measurement unit in an automatic tester inte
grates the instantaneous current over the measurement cy
cle and arrives at an equivalent average current. In other 
words, the average current, Ii, during time TCY is equal to 
the area between the instantaneous current, i (t), and the X 
axis during TCY. Therefore, when the frequency is de
creased, the "current pulse" is (figuratively) spread over a 
longer time, so the average current is proportionately less. 

DC Load Current 
Note that the preceding calculations have not accounted 
for any DC loads. The user must calculate these separately. 

Product Characteristic Tables 
The following tables are listed to enable the user to calcu
late the current requirements for Cypress products. CINT is 
the equivalent device internal capacitance, Ice (Q) is the 
quiescent or DC current and IcC(MAX) is the maximum 
Ice current (as specified on the data sheet) for the com
mercial operating temperature range. 

STATIC RAMs 
Table2 

Part No. No. No. CINT Ice (Q) lcc<Max.J 
Inputs Outputs (pF) (mA) (mA) 

CY7Cl22 12 4 24 50 90 
CY7C128/129 14 8 27 59 120 
CY7C147 15 1 34 28 90 
CY7Cl48/149 12 1 32 45 90 
CY7C167 17 1 75 25 70 
CY7Cl68/169 18 4 75 50 90 
CY7Cl89/190 10 4 21 32 90 
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PRO Ms 
Table 3 

Part No. 
No. No. C1NT Icc(Q) lcc<Max.J 

Inputs Outputs (pF) (mA) (mA) 

CY7C225 11 8 32 35 90 
CY7C235 12 8 35 35 90 
CY7C245 13 8 35 50 90 
CY7C261/3/4 14 8 60 45 100 
CY7C268/269 19/17 9 60 60 100 
CY7C281/282 14 8 35 35 100 
CY7C291/292 14 8 35 50 100 

PALs 
For the 16L8, 16R8, 16R6 and 16R4 the number of inputs 
and outputs is, within limits, user configurable. 

Table4 

Part No. CINT Ice (Q) lcC(Max.) 
(pF) (mA) (mA) 

PALC16L8/R8/R6/R4 40 25 45 
PLDC20Gl0 50 30 55 
PALC22VIO 50 40 80 

LOGIC PRODUCTS 
Table 5 

Part No. 
No. No. CINT Icc(Q) lcc<Max.J 

Inputs Outputs (pF) (mA) (mA) 

CY7C401 6 6 53 30 75 
CY7C402 8 7 53 30 75 
CY7C403 7 6 53 30 75 
CY7C404 8 7 53 30 75 
CY7C510 - - 60 30 100 
CY7C516/517 - - 60 30 100 
CY3341 6 6 53 30 45 
CY7C901 28/24 10/14 160 25 70 
CY7C909 21 5 80 25 55 
CY7C911 13 5 80 25 55 
CY7C9101 - - 70 30 85 

The CY7C901 has four bi-directional 1/0 pins. 

Static RAM Example 
To illustrate how to use the preceding tables and perform a 
the required calculations the following example is provid- I 
ed. 

Estimate the typical Ice current for the CY7C169-35 
RAM at room temperature (TA = 25°C) and Vee = 5V. 
Assume the duty cycle is 100% at the specified access time. 
Calculate typical and worst case Ice (all inputs and out
puts changing) with output loading of 10 pF. 

From the RAM product characteristic table; 

# inputs = 18 

#outputs = 4 

C1NT = 75 pF 

Ice (Q) = 50 mA 
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Static RAM Example (Continued) 

TRANSIENT INPUT BUFFER CURRENT 
The input buffers on the CY7C169 are type C, so the aver
age current is 0.3 mA. If the input signal level transitions 
are 4V and the transition times are 0.5 V /ns, the transition 
time is: 

4V 
Tt = --- = 8ns. 

0.5 V/ns 

The duty cycle is then; 

8 ns/35 ns = 0.23. 

Therefore, each input buffer draws 

0.3 mA X 0.23 = 0.069 mA. 

If all inputs change, the total transient input buffer current 
is 

18 X 0.069 = 1.24 mA. 

CVf Input Buffer Current 

I = CVf CrN = 5 pF 

I = 0.57 mA V = 4V 

f = 1/35 ns 

Total= 18 X 0.57 = 10.28 mA 

Internal CVf Current 

I = CVf CrNT = 75 pF 

I = 10.71 mA V = 5V 

f = 1/35 ns 

Output CVf Current 

I = CVf CouT = 10 pF 

I = 1.15 mA V = 4V 

f = 1/35 ns 

Total = 4 X 1.15 = 4.6 mA 

The Quiescent Current is 50 mA 

The Total Current At TCY = 35 ns is; 
Input Transient 1.24 mA 
Input CVf 10.28 mA 
Internal CVf 10.71 mA 
Output CVf 4.6 mA 
Quiescent 50 mA 

Total Ice 78.83 mA (all inputs/outputs changing) 

Note that the worst case transient current is 26.83 mA. 

If one-half of the inputs and outputs change this is reduced 
to 13.4 mA, which gives a total current of 63.4 mA (typical 
Ice). 

If the duty cycle is 10% the transient current is reduced to 
1.34 mA, which results in a total current of 51.34 mA. 
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Note also that the Input CVf current and the output CVf 
current would have the same values for a bipolar device. 

WORST, WORST, WORST CASE Ice 

Next, let's estimate the Ice for worst case V cc and low 
temperature, in addition to all inputs and outputs changing 
and compare it with the Ice specified on the data sheet. 

The Ice current will be greater at high V cc, which is 5.5V 
or 1.1 X the nominal 5V V CC· The increase in Ice due to 
the lower temperature is 3%, so the total increase is 13%. 
These factors apply to the internal CVf current (10.71 
mA), the output CVf current (4.6 mA), and the quiescent 
current (50 mA), (total 65.31 inA). 

Total Ice = Input Transient Ice+ Input CVf Ice+ 

[InternalCVf+OutputCVf+Icc(Q)] X 1.13 

Ice = 1.24 + 10.28 + [65.31] x 1.13 = 85.32 mA. 

This is approximately 95% of the 90 mA specified on the 
data sheet. 

Note, however, that the data sheet Ice maximum does 
NOT include the output CVf current. 

Typical Ice Versus Frequency 
Characteristic 
The Ice versus frequency curves for all Cypress products 
have the same basic shape, which is illustrated by the 
PAL 16R8 curve of Figure 4. The current remains essen
tially constant at the quiescent Ice value until the frequen
cy increases to the point where the capacitances begin to 
cause appreciable currents. This point depends upon the 
capacitances (input, internal, and output), the number of 
inputs and outputs, the rate at which they change, and the 
voltage levels that they are switched between. For Cypress 
products this point is in the 1-10 MHz range. 

The PAL 16R8 devices that were tested to obtain the data 
for the curve were exercised such that all inputs and all 
outputs changed every cycle. Curve A shows the total Ice 
current for a 50 pF load on each of the eight outputs. 
Curve B shows the total Ice current when the outputs are 
disabled. The B curve results from the input and the inter
nal capacitances. In most applications the actual operation 
of the device will be somewhere between the A and B 
curves. 

The A and B curves may be extrapolated backwards until 
they intersect the quiescent current (point C in Figure 4). 

Point C is approximately 5.6 MHz. This gives the user an 
easy to use approximate formula to calculate the Ice cur
rent. 

For frequencies less than 5.6 MHz 

Ice = Ice (Q) = 25 mA 

For frequencies greater than 5.6 MHz 

Ice= Ice (Q) + 3.5 mA per MHz (all outputs changing) 

or, 
Ice= Ice (Q)+0.5 mA per MHz (no outputs changing) 
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Systems Design Considerations When 
Using Cypress CMOS Circuits 

Introduction 
This document is intended to be a guide for the systems 
designer. Its purpose is to make him aware of the things to 
consider either when designing new systems using Cypress 
high performance CMOS integrated circuits or when Cy
press products replace either bipolar or NMOS circuits in 
existing systems. The two major areas of concern are trans
mission line effects due to impedance mismatching between 
the source and load, and device input sensitivity. 

Design for Performance 
In order to achieve maximum performance when using Cy
press CMOS integrated circuits, the systems designer must 
pay attention to the placement of the components on the 
Printed Circuit Board (PCB), the routing of the metal 
traces that interconnect the components, the layout and 
decoupling of the power distribution system on the PCB 
and, perhaps most important of all, the impedance match
ing of (some of) the traces (which, under certain condi
tions, must be analyzed as transmission lines) between the 
source and the loads. The most critical traces are those of 
clocks, write strobes (on SRAMS), and chip enables. 

Issues of Concern When Cypress ICs Replace 
Either Bipolar or NMOS ICs 
Cypress CMOS ICs have been designed to replace both 
bipolar ICs and NMOS products, and to achieve equal or 
better performance at one-third (or less) the power of the 
components they replace. 

When high performance Cypress CMOS circuits replace 
either bipolar or NMOS circuits in existing sockets, the 
user must be aware of certain conditions, which may be 
present in the existing system, that could cause the Cypress 
ICs to behave in a manner different than expected. These 
conditions fall into two general categories; (1) device input 
sensitivity and, (2) sensitivity to reflected voltages. 

Input Sensitivity 
High performance products, by definition, require less en
ergy at their inputs in order to change state than low or 
medium performance products. 

Unlike a bipolar transistor, which is a current sensing de
vice, a MOS transistor is a voltage sensing device. In fact, a 
MOS circuit design parameter called K' is analogous to the 
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!!"m of a vacuum tuhe. and is inverselv nronortional to the 
gate oxide thickness. . ' • • -. .. .. 

The thin gate oxides, which are required to achieve the 
desired performance, result in highly sensitive inputs that 
require very little energy. High frequency signals that bipo
lar devices would not respond to may be detected by 
CMOS products. 

MOS transistors also have extremely high (5 to 10 million 
ohm) input impedances, which make their gate inputs anal
ogous to the input of a high gain amplifier (or an RF anten
na). In contrast, bipolar ICs have input impedances of 
1000!! or less, so they require much more energy to change 
state than MOS ICs. In fact, a Cypress IC requires less 
than 10 picojoules of energy to change state. 

Therefore, when Cypress CMOS ICs replace either bipolar 
or NMOS ICs in existing systems, they may respond to 
pulses of energy that are present in the system that are not 
detected by the bipolar or NMOS products. 

Reflected Voltages 
Cypress CMOS ICs have very high input impedances and, 
to achieve TTL compatibility and to drive capacitive loads, 
low output impedances. The impedance mismatch, due to 
low impedance outputs driving high impedance inputs 
may, under certain conditions, cause unwanted voltage re
flections and ringing, which could result in less than opti
mum system operation. 

When the impedance mismatch is very large, a nearly equal 
and opposite negative pulse is reflected back from the load 
to the source when the (electrical) length of the line (PCB 
trace) is greater than 

f = TR (ns) 
2 Tpd (ns/ft.) 

where TR is the rise time of the signal at the source and 
Tpo is the one-way propagation delay of the line per unit 
length. 

The input clamping diodes that bipolar logic "IC families" 
(e.g., TTL, LS, ALS, FAST) all have are inherent in the 
fabrication process. The p-substrate is usually grounded 
and n wells are used for the NPN transistors and p type 
resistors. The wells are reverse biased by connecting them 
to the V cc supply. As a result, a PN junction diode is 
formed between every input pin (cathode or n material) 
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Introduction (Continued) 

and the substrate (anode or p-material). When a negative 
voltage occurs at an input pin, either due to lead induc
tance or to a voltage reflection, the diode is forward biased, 
turns on, and clamps the input pin to a Vf below ground 
(approximately -0.SV). 

As circuit performance improved, the output rise and fall 
times of the bipolar circuits decreased to the point where 
voltage reflections began to occur (even for short traces) 
when there was an impedance mismatch between the line 
and the load. Most users, however, were unaware of these 
reflections because they were suppressed by the clamping 
action of the diodes. 

Conventional CMOS processing results in PN junction di
odes. However, they adversely affect the ESD (Electrostat
ic Discharge) protection circuitry at each input pin and 
cause an increased susceptibility to latchup. To eliminate 
this, a substrate bias generator is used. 

Voltage reflections should be eliminated by using imped
ance matching techniques and crosstalk should be reduced 
by careful PCB layout. 

Crosstalk 
The rise and fall times of the waveforms generated by the 
output circuits are 2 to 4 ns between levels of0.4V and 4V. 
The fast transition times and the large voltage swings could 
cause capacitive and inductive coupling (crosstalk) between 
signals if insufficient attention is paid to PCB layout. 
Crosstalk is reduced by avoiding running PCB traces paral
lel to each other. If this is not possible, ground traces 
should be run between signal traces. In synchronous sys
tems, the worst time for the crosstalk to occur is during the 
clock edge with which the data is sampled. In most systems 
it is sufficient to isolate the clock and other data strobe 
lines so that they do not cause coupling to the data lines. 

The Theory of Transmission Lines 
A connection (trace) on a PCB should be considered as a 
transmission line if the wavelength of the applied frequency 
is short compared to the line length. If the wavelength of 
the applied frequency is long compared to the length of the 
line, conventional circuit analysis can be used. 

In practice, transmission lines on PCBs are designed to be 
as nearly lossless as possible. As a result, the mathematics 
required for their analysis, compared to a lossy (resistive) 
line can be simplified. 

Ideally, all signals between ICs travel over constant-imped
ance transmission lines that are terminated in their charac-

1· t 
tR tl 

11,, 1 
m=IG 

p tc 

'I' 

I V2 

teristic impedances at the load. In practice this ideal situa
tion is seldom achieved for a variety of reasons. 

Perhaps the most basic reason is that the characteristic 
impedances of all real transmission lines are not constants, 
but present different impedances depending upon the fre
quency of the applied signal. For "classical" transmission 
lines driven by a single frequency signal source the charac
teristic impedance is "more constant" than when the trans
mission line is driven by a square wave or a pulse. 

A square wave is composed of an infinite set (Fo:urier series 
expansion) of discrete frequency components, 1.e., funda
mental plus odd harmonics of decreasing amplitudes. 
When the square wave is propagated down a transmission 
line the higher frequencies are attenuated more than the 
lower frequencies and, due to dispersion, all of the frequen
cies do not travel at the same speed. 

Dispersion indicates the dependance of phase velocity upon 
the applied frequency. (Ref. 1, pg. 192). The result is that 
the square wave is distorted when all of the frequency com
ponents are added together at the load. 

A secondary reason why practical transmission lines are 
not ideal is that they frequently (ofnecessity) have multiple 
loads. The loads may be distributed along the line at regu
lar (or irregular) intervals or they may be lumped together 
(as close as practical) at the end of the line. The signal-line 
reflections and ringing caused by impedance mismatches, 
nonuniform transmission line impedances, inductive leads, 
and non-ideal resistors could compromise the dynamic sys
tem noise margins and cause inadvertent switching. 

One of the system design objectives is to analyze the crit
ical signal paths and design the interconnections such that 
adequate system noise margins are maintained. The~e ~l 
always be signal overshoot and undershoot. The objective 
is to accurately predict them and to keep them within ac
ceptable limits. 

The Ideal (Lossless) Transmission Line 
An equivalent circuit for a transmission line is presented in 
Figure 2.1. It consists of subsections of series resistance (R) 
and inductance (L) and parallel capacitance (C) and shunt 
admittance (G) (or parallel resistance, Rp). For clarity and 
consistency these parameters will be defined per unit 
length. The value of the parameter (R, L, C, Rp) must be 
multiplied by the length of the subsection, I , to find the 
total value. The line is assumed to be infinitely long. 

If the line of Figure 2.1 is assumed to lossless (R = 0, Rp 
= infinity) Figure 2.1 is reduced to Figure 2.2. 

t 
tR tl 

TO 
IG INFINITY 

tc 
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Figure 2.1. Transmission Line Model 
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The Theory of Transmission Lines (Continued) 

0099-2 

Figure 2.2. Ideal Transmission Line Model 

Input or Characteristic Impedance 
We shall now calculate the characteristic impedance (AC 
impedance or surge impedance) looking into terminals a-b 
of Figure 2.2. 

Let the input impedance looking into terminals a-b be Zl, 
that looking into terminals c-d be Z2, that looking into 
terminals e-fbe Z3, etc. The input impedance, Zl, looking 
into terminals a-b is the series impedance of the first induc
tor ( f L) in series with the parallel combination of Z2 and 
the impedance of the capacitor ( f C). 

From AC theory: 

XL= jwf L 

Where XL is the inductive reactance. 

1 
XC=-

jwf C 

Where XC is the capacitive reactance. 

Then 
Z2XC 

Zl =XL+--
Z2 + XC 

(2-1) 

If the line is "reasonably" long Zl = Z2 = Z3. Substitut
ing Zl = Z2 into equation 2-1 yields; 

ZlXC 
Zl =XL+---

Zl + XC 

Or, Zt2 - Zl XL - XC XL = 0 (2-2) 

Substituting the expressions for XC and XL yields; 

Zt2 - jw f L = .!:'. (2-3) c 
Equation 2-3 contains a complex component that is fre
quency dependent. It can be eliminated by allowing f to 
become very small and by recognizing that the ratio L/C is 
constant and independent of f or w. 

Zl = .Jf (2-4) 

The AC input impedance of a purely reactive, uniform, 
lossless line is a resistance. This is true for AC or DC 
excitation. 

Propagation Velocity and Propagation Delay 
The propagation velocity (or phase velocity) of a sinusoid 
traveling on an ideal line (Ref. 1, pg. 33) is: 

1 
a= ,/LC" 
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The propagation delay for a lossless line is the reciprocal of 
the propagation velocity. 

T pd = ,/LC (2-5) 
= Z1 C 

where L and C are the intrinsic line inductance and capaci
tance per unit length. 

If additional stubs or loads are added to the line the propa
gation delay will increase by the factor (Ref. 2, pg. 129). 

~1 + c;. 
Where Co = load capacitance. 

Therefore, the propagation delay, Tpo', of a loaded line is: 

I~ 
TPD = TPD"\j 1 + C. (2-6) 

The characteristic impedance of a capacitively loaded line 
is decreased by the same factor that the propagation delay 
is increased. 

Zl 
Zl' =-=== 

~1 + c; (2-7) 

Reflection Coefficients 
The third attribute of the ideal transmission line; reflection 
coefficients, are not actually a line characteristic. The line 
is treated as a circuit component (which it is) and reflection 
coefficients are defined that measure the impedance mis
matches between the line and its source and the line and its 
load. The reason for defining the reflection coefficients will 
become apparent later when it will be shown that if the 
impedance mismatch is sufficiently large, either a negative 
voltage or a positive voltage may be reflected back from the 
load to the source, where it may either add to or subtract 
from the original signal. If the impedance of the source is 
mismatched to the line impedance it may also cause a volt
age reflection, which in turn will be reflected back to the 
load. Therefore, two reflection coefficients will be defined. 

For classical transmission lines driven by a single frequen
cy source the impedance mismatches cause standing waves. 
When pulses are transmitted and the output impedance of 
the source changes depending upon whether a LOW to 
HIGH or a HIGH to LOW transition occurs, the analysis 
is further complicated. Classical transmission analysis, 
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The Theory of Transmission Lines (Continued) 

where pulses are represented by complex variables with 
exponentials, could be used to calculate the voltages at the 
source and the load after several back and forth reflections. 
However, these complex equations tend to obscure what is 
physically happening. 

Energy Considerations 
Consider next, driving the ideal transmission line from a 
source capable of generating digital pulses and analyze the 
behavior of the line under various driving and loading con
ditions. 

The circuit to be analyzed is illustrated in Figure 2. 3. The 
ideal transmission line of length £ is being driven by a 
digital source of internal resistance Rs and loaded with a 
resistive load of RL. The characteristic _!!!medance of the 
line appears as a pure resistance, Zo = ~L/C to any excita
tion. 

The ideal case is when Rs = Zo = RL. The maximum 
energy transfer from source to load occurs under this con
dition, and there are no reflections. One half the energy is 
dissipated in the source resistance, Rs, and the other half is 
dissipated in the load resistance, RL, (the line is lossless). 

If the load resistor is greater (larger) than the characteristic 
impedance of the line there will be extra energy available at 
the load, which will be reflected back to the source. This is 
called the underdamped condition, because the load under
uses the energy available. If the load resistor is smaller than 
the line impedance the load will attempt to dissipate more 
energy than is available. Since this is not possible, a reflec
tion will occur that is a signal to the source to send more 
energy. This is called the overdamped condition. Both of 
these cases will cause negative traveling waves, which 
would cause standing waves if the excitation were sinusoi
dal. The condition Zo = RL is called critically damped. 

It should be intuitively obvious to the reader that the "saf
est" termination condition, from a systems design view
point, is the slightly overdamped condition. No energy is 
reflected back to the source. 

Derivation of the Line Voltage for Step 
Function Excitation 
The procedure is to apply a step function to the ideal line 
and to analyze the behavior of the line under various load
ing conditions. The following section will analyze pulses, 
reflections from various terminations, and the effects of rise 
times on the waveforms. 

The step function response is important because any pulse 
can be represented by the superposition of a positive step 
function and a negative step function, delayed in time with 
respect to each other. By proper superposition the response 
of any line and load to any width pulse can be predicted. 
The principle of superposition applies to all linear systems. 

According to theory, the risetime of the signal driven by 
the source is not affected by the characteristics of the line. 
This has been substantiated in practice by using a special 
coaxially constructed reed delay that delivered a pulse of 
18 amperes into 50.0. with a risetime of 0.070 ns (70 ps). 
(Ref. 1, pg. 162). 
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The equation representing the voltage waveform going 
down the line (Figure 2.3) as a function of distance and 
time is: 

VL(X, t) = VA(t) U(t - X tpd) fort < To (2-8) 

Where: VA(t) = Vs(t) ( Zo ) (2-9) 
Zo +Rs 

VA = the voltage at point A 

X = the voltage at a point X on the line 

£ = the total line length 

tpd = the propagation delay of the line in ns/ft. 

To = £ tpd. or the one-way line propagation delay 

U(t) = a unit step function occurring at X = 0, and 

Vs(t) = the source voltage 

When the incident voltage reaches the end of the line a 
reflected voltage, VL', will occur if RL is not equal to Zo. 
The reflection coefficient at the load, pL, can be obtained 
by applying Ohm's Law. 

The voltage at the load is VL + VL', which must be equal 
to (IL + IL')RL. But IL = VL/Zo and IL' = -VL' /Zo 
(the minus sign is due to IL being negative. i.e., it is oppo
site to the current due to VL.) 

Therefore, 

VB= VL + VL' = (VL _ VL')RL 
Zo Zo 

(2-10) 

By definition: 

reflected voltage VL' 
pL = 

incident voltage VL 

Solving for VL' /VL in equation 2-10 and substituting in 
the equation for pL yields: 

RL-Zo 
pL - (2-11) 

RL + Zo 
The reflection coefficient at the source is: 

Rs-Zo 
pS -

RL + Zo 

Re-arranging equation 2-10 yields: 

( VL') VB = VL + VL' = I + VL VL = (I + pL) VL 

(2-12) 

(2-13) 

Equation 2-13 describes the voltage at the load (VB) as the 
sum of an incident voltage (VL) and a reflected voltage (pL 
VL) at time t = To. When RL = Zo no voltage is reflect
ed. When RL < Zo the reflection coefficient at the load is 
negative, so the reflected voltage subtracts from the inci
dent voltage, giving the load voltage. When RL > Zo the 
reflection coefficient is positive, so the reflected voltage 
adds to the incident voltage, again giving the load voltage. 
Note that the reflected voltage at the load has been defined 
as positive when traveling toward the source. This means 
that the corresponding current must be negative, subtract
ing from the current driven by the source, which it does. 

This "piecewise" analysis is cumbersome and can be tedi
ous. However, it does provide an insight into what is physi-
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The Theory of Transmission Lines (Continued) 

cally happening and demonstrates that a complex problem 
can be solved by dividing it into a series of simpler prob
lems. Also, the mathematics are simple if the exponentials, 
which provide phase information in the classical transmis
sion line equations, are eliminated. One must provide the 
"bookkeeping" to combine the reflections at the proper 
time. This is quite straightforward, since a pulse travels 
with a constant velocity along an ideal or low loss line and 
the time delay between reflected pulses can be predicted. 

The rules to keep in mind are that at any point and instant 
of time the voltage or the current is the algebraic sum of 
the waves traveling in the positive X and the negative X 
directions. For example, two voltage waves of the same 
polarity and equal amplitudes, traveling in opposite direc
tions, at a given point and time will add together to yield a 
voltage of twice the amplitude of the individual wave. The 
same reasoning applies to points cf termination and discon
tinuities on the line. The total voltage or current is the 
algebraic sum of all of the incident and reflected waves. 
Polarities must be observed. A positive voltage reflection 
results in a negative current reflection and vice versa. 

Before considering reflections at the source, due to imped
ance mismatches between the source impedance and the 
line impedance, the behavior of the ideal line with various 
loads will be analyzed when it is driven by a step function. 

v 
~ 

Zo 

SOURCE LINE 

Step Function Response of the Ideal Line for 
Various Loads 
The voltage and current waveforms at point A (line input, 
Figure 2.3) and point B (the load) for various loads are 
presented in Table 1. They have been reproduced from Ta
ble 5.1, pages 158, 159 of Reference 1. Note that Rs = Zo 
and that VA at t = 0 is equal to V s/2, which means that 
there is no impedance mismatch between the source and 
the line, so there will be no reflection from the source at 
t = 2 To. 

To is the one way propation of the line. 

The time domain response of the reactive loads are ob
tained by applying a step function to the LaPlace transform 
of the load and then taking the inverse transform. 

Note that the reflection coefficient at the load is not the 
total reflection coefficient (a complex number) but repre
sents only the real part of the load. The reason for doing 
this is to eliminate the complex Gwt) terms because we are 
performing the bookkeeping involving the phase relation
ships, which are performed by them in classical transmis
sion line analysis. 

Also note that for the open circuit condition, Table 1 (b ), 
ZL = infinity, so that pL = + 1. The voltage is reflected 
back from the load to the source (at amplitude Vo = 
Vs/2), so that at time = 2 To it adds to the original volt
age, Vo = V s/2 to give a value of 2 Vo = VS· During the 
time the voltage wave is traveling down to and back from 
the load a current of Io = V o/Zo = V s/2 Zo exists. This 
current charges up the distributed line capacitance to the 
value Vs, at which time it stops. 

~ 

~ 

t 
[~-,, RL 

LOAD 

Direction of Travel 
VA,IA - +X 
VB,IB +- -X 
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Figure 2.3. Ideal Transmission Line Loaded and Driven 
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Table 1. Step Function Response of Figure 2.3 for Various Terminations 

VA= Vs/2, Io= Vo/Zo, To= £ .JLC,, pL = (RL - Zo)/(RL + Zo) 

Termination 
Input waveforms 

Vin. iin 

v v 

Output waveforms 
Vf, it 

(o) SHORT CIRCUIT VA h . I _ _.l_A_L_W-AY_S_=_o ______ , I 

:J,., ,,~' " '•f 1...------
v 2~ T 

2VVAA ~ lv ...--lo -(b~RCUIT c-=: 
Zi= QO I 2To • t --1-.. To ________ _ 

! l ALWAYS=O 

lo t-=--i 'I ___.__ -----
v 2To v 

'I 

(c) SMALL RESISTOR v L-. v ~-v _IY_ t 
~ A~----- A R,+~o; sR,+zo··_-_-... l_.._ _______ _ 

o--f'< Zo 10 b=------· R1~:0 ------... ·i_.._ _______ _ 
Ri v 

(d) LARGE RESISTOR VA C=""""" Vs Ri+z()=( 1+PL)VA .. --t 
:J•>'o -~.... ~ .. -.---.}-T.&o---------, I 
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(e) SERIES RESISTANCE AND 
INDUCTANCE: z1 = R+ ;w-L 

(g) SERIES RESISTANCE ANO 
CAPACITANCE 

(h) PARALLEL RESISTANCE ANO 
CAPACITANCE 

L r=--
R+Z0 

•1+2T0 
V VA(1+PLe-,-) 

VA~R>Zo 
... ., R<Zo 

ZTo (R+Zo)L 
r=--

R+Z0 

2T0 

r=(R+Zo)C 

RZoC 
r=--

R+Z0 
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The Theory of Transmission Lines (Continued) 

The waveforms at the source and load for (g) and (h) are of 
particular interest because (g) represents a series RC termi
nation that dissipates no DC power and can be used to 
terminate a transmission line in its characteristic imped
ance at the input to a Cypress IC. The equivalent circuit of 
the input to a Cypress IC is represented by (h). The addi
tion of (g) and (h) then models a Cypress IC driven by a 
transmission line terminated in its characteristic impedance 
when the values of R and C are properly chosen. 

Reflections Due to Discontinuities 
Table 2 illustrates three types of common discontinuities 
found on transmission lines. When a discontinuity occurs 
at a point on the line it causes a reflection and some energy 
is directed back to the source. The amount of energy re-
flected back is determined by the reflection coefficient at 
that point. Discontinuities are usually small (by design), so 
most of the energy is transmitted to the load. 

Pulse Response of the Ideal 
Transmission Line 
Consider next the behavior of the ideal transmission line 
when driven by a pulse whose width is short compared to 
the electrical length of the line. In other words, when the 
width of the pulse is less than the one-way propagation 
delay time, To, of the line. 

The voltage waveforms at point A (line input, Figure 2.3) 
and point B (the load) for various loads are presented in 
Table 3. They have been reproduced from Table 5.2, pages 
160, 161 of Reference 1. Note that Rs = Zo and that VA 
at t = 0 is equal to V s/2, which means that there is no 
impedance mismatch between the source and the line, so 
there will be no reflection from the source at t = 2 To. 

Table 2. Reflections from Discontinuities with an Applied Step Function 
Discontinuity 
(a) Series Inductance 

(b) Shunt Capacitance 

'·I f' f ~ 
~t'~ 

( c) Series Resistance 

R 

,,.I T f ,, 
~e·~ 
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Voltage Seen at Input End: VA = Vs/2 also, Rs = Zo 

2VA ----------

(R+Zo) 
2VA R+2Zo 
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Pulse Response of the Ideal Transmission Line (Continued) 

Table 3. Pulse Response of Figure 2-3 for Various Terminations 

v A = Vs/2, To = f .J[C, Pv = (RL - Zo)/(RL + Zo) 

Termination Input waveform Vin Output waveform VB 

Vin 

''5~ '•h n, 
Zi=O -V-Ao!-[-_ _. __ -_-_-_"'0'--1-----• t 

{b) OPEN CIRCUIT 

0-- _v_A~v~_n_,_~~[J__,.._ ___ ~, t 
0-- 2To 

( c) SMALL RESISTOR 

:JR1<Zo 

Vin 

(e) SERIES RESISTANCE AND 

··h 
INDUCTANCE 

]1" tcJA 
2To 

Vin 

(f) PARALLEL RESISTANCE AND 

··h INDUCTANCE PLVA 

:J]Tvt I 

Tl', 
2<1?' 

V1n 

(g) SERIES RESISTANCE AND 

··h 
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Finite Rise Time Effects 
Now consider the effects of step functions with finite rise 
times driving the ideal transmission line. 

If TR is sufficiently fast, the voltage at the load will change 
in discrete steps. The amplitude of the steps is determined 
by the impedance mismatch and the width of the steps is 
determined by the two-way propagation delay of the line. 

As the risetime becomes slower and the line shorter (small
er To), or both, the result converges to the familiar RC 
time constant, where C is the static capacitance. All devic
es should be treated as transmission lines for transient anal
ysis when an ideal step function is applied. However, as the 
rise time becomes larger (slower) and the traces shorter (or 
both) the transmission line analysis reduces to conventional 
AC circuit analysis. 

Reflections from Sm.all Discontinuities 
Table 4 shows a pulse with a linear rise time and rounded 
edges driving the transmission line of Table 2 (a), (b). The 
expressions for Vr are derived on pages 171 and 172 of 
Reference 1. The reflection caused by the small series in
ductance is useful for calculating the value of the inductor, 
L', but little else. 

Table 4. Reflections from Small Discontinuities with 
Finite Rise Time Pulse 

(a) Applied Pulse from Generator 

(b) Reflection from Small Series Inductor L' 

I' 2Toy 

(c) Reflection from Small Shunt Capacitor C' 

I' 
2Toe 

0099-20 

0099-21 

0099-22 
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The reflection caused by the small shunt capacitor is more 
interesting because if it is sufficiently large it could cause a 
device connected to the transmission line to see a logic 
ZERO instead of a logic ONE. 

The Effect of Rise Time on Waveforms 
Next, consider the ideal line terminated in a resistance less 
than its characteristic impedance and driven by a step func
tion with a linear rise time. The stimulus, the circuit, and 
the response are illustrated in Figures 4.1 (a), (b) and (c), 
respectively. Once again, note that the source resistance is 
equal to the line characteristic impedance, so there are no 
reflections from the source. 

v,. 
Vs r 
V APPLIED STEP FUNCTION 

.__ __ , 
Zo 

E 
(a) 

i·· Zo 

(b) 

r-TR-j 
------r-----------------: : ! REFLECTED WAVE 

' ' ' 

(c) 

0099-23 

0099-24 

0099-25 

Figure 4.1. Effect of Rise Time on Step Response of 
Mismatched Line with Rt < Zo 

The resulting waveforms are similar to those of Table 1 (c) 
as modified as shown in Figure 4.1 (c). The final value of 
the waveform must be the same as before (Table 1 (c)). 

The resultant wave at the line input (Vin) is easily obtained 
by superposition of the applied wave and the reflected wave 
at the proper time. In Figure 4.1 the rise time of the step 
function is less than the (two-way) propagation delay of the 
line so the input wave reaches its final value, Vsf2. At t = 
2 To the reflected wave arrives back at the source and 
subtracts from the applied step function. 

The cases where the step function rise time is equal to twice 
the propagation delay and greater than the propagation 
delay are illustrated in Figure 4.2 (a) and (b), respectively. 
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Finite Rise Time Effects (Continued) 

REFLECTED WAVE 

v R, 
s R,+Zo 

0099-28 

4T 
(a) 

0099-26 v~ 

(a)TR = 2To 

RErLECTED WAVE 

0099-27 

(b)TR > 2To 
Figure 4.2. Effects of Rise Time on Step Response for 

Rt< Zo:(a)TR = 2To;(b)TR > 2To 

Multiple Reflections and Effective Time 
Constant 
We will now consider the case of an ideal transmission line 
with multiple reflections causes by improper terminations 
at both ends of the line. The circuit and waveforms are 
illustrated in Figure 4.3. The reflection coefficients at the 
source and the load are both negative. i.e., the source resist
ance and the load resistance are both less than the line 
characteristic impedance. Refer to equations 2-11and2-12. 

When the switch is initially closed, a step function of am-

plitude Vo = Yin = VS Zo appears on the line and 
Rs+ Zo 

travels toward the load. A one-way propagation delay time 
later, To, the wave is reflected back with an amplitude of 
pLVo. 

This first reflected wave then travels back to the source and 
at time t = 2 To it reaches the input end of the line. At 
this time the first reflection at the source occurs and a wave 
of amplitude pS (pL Vo) is reflected back to the load. At 
time t = 3 To this wave is again reflected from the load 
back to the source with amplitude pL pS (pL Vo) = pS 
pL2 Vo. This back and forth reflection process continues 
until the amplitudes of the reflections become so small that 
they cannot be observed, at which time the circuit is said to 
be in a quiescent state. 

Effective Time Constant 
From an examination of Figure 4.3 it is reasonable that if 
the voltage reflections occur in small increments that are of 
short durations the resultant waveform will approximate 
an exponential function, as indicated by the dashed line in 
Figure 4.3 (b). The smaller and narrower the steps become, 
the more closely the waveform will approach an exponen
tial. 
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(b) 
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(c) 

···~i ~-1-;·.:. 
T0 3T0 5T0 7T0 
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(d) 
Figure 4.3. Step Function Applied to Line 

Mismatched on both ends; waveforms shown for 
negative values of ps and pt . 

The mathematical derivation is presented on pages 178 and 
179 of Reference 1. The time constant is shown to be: 

K= __ 2_T_o_ 
1 - pS pL 

(4-1) 

So that the resultant waveform can be approximated by; 

V(t) = Vo E (i) (4-2) 

In order for equation 4-2 to be accurate pL and ps must be 
reasonably large (approaching ± 1) so that the incremental 
steps are small. The product pS pL is a positive number, 
less than one, so the time constant is a negative number, 
which indicates that the exponential decreases with time. 
This is usually the case in transient circuits. 

Both reflection coefficients must also have the same sign in 
order to yield a continually decreasing (or increasing) 
waveform. Opposite signs will give oscillatory behavior 
that cannot be represented by an exponential function. 
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Finite Rise Time Effects (Continued) 

The Transition from Transmission Line to 
Circuit Analysis 
When a transmission line is terminated in its characteristic 
impedance it behaves like a resistor and it usually does not 
matter if transmission line or circuit analysis is used; pro
vided that the propagation delays are taken into account. 

Consider the case of a short-circuited transmission line 
driven by a step function with a source impedance unequal 
to the characteristic line impedance. The general case is 
shown in Figure 4.3 (a). For RL = 0 the reflection coeffi
cients are; 

Zs - Zo 
pS = pL = -1. 

Zs+ Zo 
The approximate time constant is; 

-k = 2 To = 2 To = To (Zs + Zo) 
I - pS pL I + pS Zs 

, or 

ToZo 
-k =To+ -- (4-3) 

Zs 

Recall that To = f ,/LC (one-way delay) 

and Zo = ~· where f is the physical length of the line 

and L and C are the per-unit-length parameters. 

Substitution of these into equation 4-3 yields 

L 
-k =To+ f -

Zs 

It is necessary to have Zs smaller than Zo. 

Thus the reflection coefficients have the same sign in order 
to give exponential behavior. Opposite signs give oscillato
ry behavior. 

If Zs < Zo, the exponential approximation becomes more 
accurate. If Zs is very small compared to Zo, then To is 
negligible compared to f L!Zo, so that equation 4-5 re
duces to; 

L 
k = -f -. 

Zs 

But f L is the total loop inductance and Zs is the total 
series impedance of the circuit. The time constant is then; 

L' 
k=-

Rs 

This is the same time constant that would have been ob
tained by a circuit analysis approach if the line were con
sidered a series combination of L' and Rs. 

By open-circuiting the line and performing a similar analy
sis it can be shown that a RC time constant results. 
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Types of Transmission Lines 
The types of transmission lines are: 

Coaxial cable 
Twisted pair 
Wire over ground 
Microstrip lines 
Strip lines 

Coaxial Cable 
Coaxial cable offers many advantages for distributing high 
frequency signals. The well defined and uniform character
istic impedance permits easy matching. The ground shield 
on the cable reduces crosstalk and the low attenuation at 
high frequencies make it ideal for transmitting the fast rise 
and fall time signals generated by Cypress CMOS integrat
ed circuits. However, because of its high cost, coaxial cable 
is usually restricted to applications where there are no oth
er alternatives. These arc usually clock distribution lines on 
PCBs or backplanes. 

Characteristic Impedance 
Coaxial cables have characteristic impedances of 50, 75, 93, 
or 150 ohms. Special cables can be made with other imped
ances, but these are the most common. 

Propagation Delay 
The propagation delay is very low. It may be computed 
using the formula; 

Tpd = 1.017 ~ ns/ft. (5-1) 

where er is the relative dielectric constant and depends 
upon the dielectric material used. For solid teflon and poly
ethylene it is 2.3. The propagation delay is 1.54 ns per foot. 
For maximum propagation velocity, coaxial cables with di
electric styrofoam or polystyrene beads in air may be used. 
Many of these cables have high characteristic impedances 
and are slowed considerably when capacitively loaded. 

Twisted Pair 
Twisted pairs can be made from standard wire (A WG 24-
28) twisted about 30 turns per foot. Typical characteristic 
impedance is I !Ofi. Because the propagation delay is di
rectly proportional to the characteristic impedance (equa
tion 2-5) the propagation delay will be approximately twice 
that of coaxial cable. Twisted pairs are used for backplane 
wiring and for breadboarding. 

Wire Over Ground 
Figure 5.1 shows a wire over ground. The wire over ground 
is used for breadboarding and for backplane wiring. The 
characteristic impedance is approximately 120fi and may 
vary as much as ± 40%, depending upon the distance from 
the groundplane, the proximity of other wires, and the con
figuration of the ground. 

1°1 
HL ~ 

VZl/%/OZIZl/Zllll//I GROUND 

0099-32 

Zo =~In(~), Fe; d 
Figure 5.1. Wire Over Ground 
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Types of Transmission Lines (Continued) 

Microstrip Lines 
A microstrip line (Figure 5.2) is a strip conductor (signal 
line) on a PCB separated from a ground plane by a dielec
tric. If the thickness and width of the line, and the distance 
from the ground plane are controlled, the characteristic 
impedance of the line can be predicted with a tolerance of 
±5%. 

~j __ -i w 
t ::::: 0.0015" for 1 oz. Cu, 

I- 0.003" for 2 oz. Cu. 
\ 

T I 
DIELECTRIC H 

~.,.....,..,..,. ............... -1 
0099-33 

z 87 In ( 5.98H ) 
0 = ~er + 1.41 0.8w + t ' 

where: 
er = relative dielectric constant of the board material (about 5 

for G-10 fiber-glass epoxy boards), 
w, h, t, = dimensions indicated. 

Figure 5.2. Microstrip Line 

The formula of Figure 5.2 has proven to be very accurate 
for ratios of width to height between 0.1 and 3.0 and for 
dielectric constants between 1 and 15. 

The inductance per foot for microstrip lines is; 

L = Zo2Co 

where Zo = characteristic impedance, 

Co = capacitance per foot. 

The propagation delay of a microstrip line is; 

T pd = 1.017 ~0.45 er + 0. 67 ns per foot 

(5-2) 

(5-3) 

Note that the propagation delay is dependent only upon 
the dielectric constant and is not a function of the line 
width or spacing. For G-10 fiber-glass epoxy PCBs (dielec
tric constant of 5) the propagation delay is 1. 74 ns per foot. 

Strip Line 
A strip line consists of a copper strip centered in a dielec
tric between two conducting planes (Figure 5.3). If the 
thickness and width of the line, the dielectric constant, and 
the distance between ground planes are all controlled, the 
tolerance of the characteristic impedance will be within 
± 5%. The equation of Figure 5.3 is accurate for W /(b-t) 
< 0.35 and t/b < 0.25. 

0099-34 

Zo = ~ In ( 0.67 ~w (:.8 + ; ) ) 

Figure 5.3. Stripline 
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The inductance per foot is given by the formula; 

Lo= Zo2Co. 

The propagation delay of the line is given by the formula; 

Tpd = 1.017 Fe; ns per foot. (5-4) 

For G-10 fiber-glass epoxy boards the propagation delay is 
2.27 ns per foot. The propagation delay is not a function of 
line width or spacing. 

Power Distribution 
Instantaneous Current 
In order to realize the fast rise and fall times that Cypress 
CMOS integrated circuits are capable of achieving, the 
power distribution system must be capable of supplying the 
instantaneous current required when the device outputs 
switch from LOW to HIGH. 
The energy is stored as charge on the local decoupling ca
pacitors. It is standard practice to use one decoupling ca
pacitor for each IC that drives a transmission line and to 
use one for every three devices that do not. 
The value of the decoupling capacitor is determined by 
estimating the instantaneous current required when all the 
outputs of the IC switch from LOW to HIGH, assuming a 
reasonable "droop" of the voltage on the capacitor. 

Calculations 
The charge stored on the local decoupling capacitor of Fig
ure 6.1 is Q = C V. Differentiating yields; 

. dQ dV 
l(t) = dt = c dt. (6-1) 

The characteristic impedance of a typical transmission line 
is 500. Heavily (capacitively) loaded lines will have lower 
characteristic impedances (equation 2-7). 

Vee BUS 

0099-35 

Figure 6.1. Local Decoupling Capacitor 

Next, assume that the IC is an eight output PROM, such 
as the CY7C245 or the CY7C261. The outputs will reach 
Vee -Vt = SV-lV = 4V. Each output will then require 
4V /50 = 8 mA. Since there are eight outputs a total of 64 
mA will be required. 

Solving equation 6-1 for C yields; 

dt 
C=I-. 

dV 
(6-2) 

The signal rise and fall times are 2 to 4 ns so we will use dt 
= 3 ns. 
The last step is to assume a reasonable, tolerable droop in 
the capacitor voltage. Assume dV = 100 mV. 
Therefore, substituting these values in equation 6-2 yields; 

64 x 10-3 x 3 x 10-9 
C = lOO X 10_ 3 = 0.192 X 10-9 = 192pF. 

It is standard practice to use 0.01 to 0.1 µF decoupling 
capacitors. A 0.01 µF capacitor is capable of supplying 330 
mA under the preceding conditions. 
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Power Distribution (Continued) 

Decoupling capacitors for high speed Cypress CMOS cir
cuits should be of the high K ceramic type with a low ESR 
(Equivalent Series Resistance). Capacitors using 5 ZU di
electric are a good choice. 

Low Frequency Filter Capacitors 
A solid tantalum capacitor of 10 µF is recommended for 
each 50 to 100 ICs to reduce power supply ripple. This 
capacitor should be as close as possible to where the Vee 
and ground enter the PCB or module. 

When Should Transmission Lines Be 
Terminated? 
Transmission lines should be terminated when they are 
long. From the preceding analysis it should be apparent 
that 

. Tr 
Long Lme > -- . 

2 Tpd 

Where Tpd is the propagation delay per unit length. 

For Cypress products the rise time, T,, is typically two 
nanoseconds. 

The propagation delay per unit length has been shown to 
be as small as l. 7 ns per foot. 

2 ns 
Long Line > = 0.59 ft. or 7 inches. 

2 X l. 7 ns/ft. 

Not all lines exceeding 7 inches will need to be terminated. 
Terminations are usually only required on clock inputs, 
write and read strobe lines on SRAMs, and chip select or 
output enable lines on RAMs, PROMs, and PLDs. Ad
dress lines and data lines on RAMs and PROMs usually 
have time to settle. 

In the case where multiple loads are connected to a trans
mission line, only one termination circuit is required. The 
termination network should be located at the load that is 
electrically the longest distance from the source. This is 
usually the load that is the longest physical distance from 
the source. 

Types of Terminations 
There are three basictypes of terminations. They are called 
series damping, parallel, and pullup/pulldown. Each has 
their advantages and disadvantages. 

Except for series damping, the termination network should 
be attached to the input (load) that is electrically furthest 
away from the source. Component leads should be as short 
as possible in order to prevent reflections due to lead induc
tance. 

Series Damping 
Series damping is accomplished by inserting a small resis
tor (typically 100 .to 750) in series with the transmission 
line, as close to the source as possible, as illustrated in 
Figure 8.1. Series damping is a special case of damping in 
which the series resistor value plus the circuit output im
pedance is equal to the transmission line impedance. The 
strategy is to prevent the wave that is reflected back from 
the load from reflecting back from the source by making 
the source reflection coefficient equal to zero. 
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The channel resistance (ON resistance) of the pulldown 
device for Cypress ICs is ten to twenty ohms (depending 
upon the current sinking requirements), so this value 
should be subtracted from the series damping resistor, Rs. 

0099-36 

Figure 8.1. Series Damping 

The disadvantage of the series damping technique is that 
during the two-way propagation delay time the voltage at 
the input to the line is half-way between the logic levels, 
due to the voltage divider action of Rs. This means that no 
inputs can be attached along the line, because they would 
respond incorrectly. However, any number of devices may 
be attached to the load end of the line because all of the 
reflections wiH be absorbed at the source. 

Due to the low input current required by Cypress CMOS 
ICs, there will be essentially no DC power dissipation and 
the only AC power required will be to charge and dis
charge the parasitic capacitances. 

Pullup/Pulldown 
The pullup/pulldown resistor termination shown in Figure 
8.2 is included only for the sake of completeness. Ifboth 
resistors are used there will be DC power dissipated all the 
time and if only a pulldown resistor is used DC power will 
be dissipated when the input is in the logic HIGH state. 
Due to these power dissipations, this termination is not 
recommended. 

Yee 

0099-37 

Figure 8.2. Pullup/Pulldown 

However, in special cases where inputs should be either 
pulled up (HIGH) for logic reasons or because of very slow 
rise and fall times, a pullup resistor to V cc may be used in 
conjunction with the terminating network described below. 
DC power will be dissipated when the source is LOW. 

Parallel AC Termination; Figure 8.3 
This is the recommended general purpose termination. It 
does not have the disavantage of the half-voltage levels of 
series damping and it causes no DC power dissipation. 
Loads may be attached anywhere along the line and they 
will see a full voltage swing. 

0099-38 

Figure 8.3. Parallel AC 

The disadvantages is that it requires two components, ver
sus the series damping termination of one. 
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Types of Terminations (Continued) 

The value of C should be as small as possible. Such that Xe 
is less than two ohms at the frequency 

Rs can then equal Zo. 

1 
F=--. 

2Tpn 

Schottky Diode Termination 
In certain instances it may be expedient to use Schottky 
diodes to terminate lines. Where line impedances are not 
well defined, as in breadboards and backplanes, the use of 
diode terminations is convenient and may save time. 

A typical diode termination is shown in Figure 9.1. The 
low forward voltage, Vr, of the diode (typically 0.3 to 
0.45V) clamps the input signal to a V r below ground (lower 
diode) and Vcc+Vr (upper diode), thereby significantly 
reducing signal undershoot and overshoot. In some appli
cations both diodes may not be required. 

Vee 

0099-39 

Figure 9.1. Schottky Diode Termination 

The advantages of diode terminations are: 

• Impedance matched lines are not required. 

• The diodes replace terminating resistors or RC termina
tions. 

• The clamping actions of the diodes reduce overshoot 
and undershoot. 

• Although diodes are more expensive than resistors, the 
total cost of layout may be less because a precise, con
trolled transmission line environment is not required. 

• If ringing is discovered to be a problem during system 
checkout the diodes can be easily added. 

As with resistor or RC terminations, the leads should be as 
short as possible in order to avoid ringing due to lead in
ductance. 

A few of the types of Schottky diodes commercially avail
able are: 

• 1N4148 (Switching) 

• 1N5711 

• MBD101 (Motorola) 

• HP5042 (Hewlett Packard) 

Example: Unterminated Line 
The following example is presented to illustrate the proce
dure for calculating the waveforms when a Cypress PLD is 
used to generate the write strobe for a Cypress SRAM. The 
PLD is a PAL®C 20 device and the SRAM is the 
CY7C189-25. 

The equivalent circuit is illustrated in Figure JO.I and the 
(unmodified) driving waveform in Figure 10.2. The rise and 
fall times are two nanoseconds. The length of the micro-
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strip trace on the PCB is eight inches and the characteristic 
line impedance is son. It is required to calculate the volt
age waveforms at the source (point A) and the load (point 
B) as functions of time. 

.. q 

Zo=SOM.O. 

( 1 t=='==-1. r t' ( 10pf 
10.0. VA t=B" 

v, 1 L L 

~ i 
Figure 10.1. Equivalent Circuit 
for Cypress PAL Driving RAM 

,. 

s•.n 

J 20 ~ 
2.2 2.4 
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Figure 10.2. VA (t), Unmodified 

Equivalent Circuits for The PLD and SRAM 
The equivalent ON channel resistance of the PLD pullup 
device, 28n, was calculated using the output source cur
rent versus voltage graph over the region of interest (0 to 
2V) from the data sheet. The equivalent resistance of the 
pulldown device, ton, was calculated in a similar manner, 
using the output sink current versus output voltage graph, 
also on the data sheet. 

The equivalent input circuit for the SRAM was construct
ed by approximating the input and stray capacitance with a 
10 pF capacitor and the resistance with a 5 million ohm 
resistor. The input leakage current for all Cypress products 
is specified as a maximum of± 10 µA, which guarantees a 
minimum of 500,000n at Yin = 5V. Typical leakage cur
rent is one microampere. 

Transmission Line Calculations 
The next step is to calculate the propagation delay and 
loaded characteristic impedance of the line. 

Propagation Delay 
The unloaded propagation delay of the line is calculated re. 
using equation 5-3 with a dielectric constant of 5. ~ 

Tpd = 1.74 ns/ft. 

In order to calculate the loaded line propagation delay, the 
intrinsic capacitance must first be calculated using equa
tion 2-5. 

Tpd = ZoCo, 

where Zo is the intrinsic characteristic impedance and Co 
is the intrinsic capacitance. 

Tnd 1.74 ns/ft. 
Co = -= = = 34.8 pF/ft. 

Zo 50 
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Example: Unterminated Line (Continued) 

The line is loaded with 10 pF, so equation 2-6 is used to 
compute the loaded propagation delay of the line. 

' ~D Tpd = Tpd 1 + -
Co 

Tpd' = 1.74 ns/ft. 

Tpd' = 2.08 ns/ft. 

10 pF 
1 + -----'-------

8 in. 
34.8 pF/ft. X ---

12 in./ft. 

Note that the capacitance per unit length must be multi
plied by the line length to arrive at an equivalent lumped 
capacitance. 

Characteristic Impedance 
The intrinsic iine impedance is reduced by the same faclm 
by which the propagation delay is increased (1.96). See 
equation 2-7. 

50!1 
Zo' = -- = 41.8!1. 

1.196 

Initial Conditions 
At time t = 0 the circuit of Figure JO.I is in a quiescient 
state. The voltage at points A and B must be the same. 

6To 8To 

By inspection; 

VA= VB= (Vee - Vf) (Rs R:RL) 

( 5Xl06 ) 
= (5-1) = 4V 

28 + 5 x 106 

The Falling Edge of the Write Strobe 
At t = 0 the driving waveform changes from 4V to OV 
(approximately) with a fall time of two nanoseconds. This 
is represented in Figure 10.1 by the switch arm moving 
from position 1 to position 2. The wave propagates to the 
load at the rate of 2 ns per foot (approximately) and arrives 
there 

8 in. 
To= 2ns/ft. X --· - = l.33ns 

12 in./ft. 
iater, as iiiustrated in Figure i0.3 (b). 

The reflection coefficient at the load is pL = 1, so a nearly 
equal and opposite polarity waveform is propagated back 
to the source from the load, arriving at t = 2 To = 2.66 
ns, as shown in Figure 10.3 (a). (See Table 3 {h}). Note 
that the falltime is preserved. The reflection coefficient at 
the source is; 

RS - Zo' 10 - 41.8 
ps = RS + Zo' = 10 + 41.8 = -0.6l 

The magnitude of the reflected voltage at the source is 
then; 

VA O 8 10 12 
-0.s 1 +====t=='!::3~t::±::j::±:::J=:::j:f;:::::±"J--:,t--;1:t:;4--;1';s-;1 a;--:t20:;--:2t,2;---:;2;.41--;;2;s l:t.2a;----:3t;o~~3'.;"z-
- t.56 +----+----+--+--1-""""' "----o.24v o 2 4 a 10 

2To 4To 

-4 
Figure 10.3 (a) 

/,65mv 

4-+-----..... 

0.95 =!'-----+--+---~~+--+--+---'-
Va o+----+--Hl--\-!'--l--++-++-+=t==--+---+--+--+--+--1--+-+--+--+--+--+---1--
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Figure 10.3 (b) 

9-74 



~PRFBS Systems Design Considerations When Using Cypress CMOS Circuits 
~;~!CONDUCTOR ================================== 
Example: Unterminated Line (Continued) 

VSl = -4V X (-0.61) = 2.44V. 

This wave propagates from the source to the load and ar
rives at t = 3 To, and adds to the (zero volts) signal. The 
risetime is preserved, so the time required for the signal to 
go from OV to 2.44V is; 

tr = 2.44V X 2 ns/4V = 1.22 ns. 

The signal at the load thus reaches the 2.44V level at time 
t = 3 To + 1.22 ns = 5.22 ns and remains at that level 
until the next reflection occurs at t = 5 To. The wave that 
arrived at the load at 3 To is reflected back to the source 
and arrives at t = 4 To (5.32 ns). The 2.44V level adds to 
the -4V level, so that the resultant level is - l.56V. The 
risetime is preserved, so that this level is reached at t = 4 
To + 1.22 ns = 6.54 ns, and maintained until the next 
reflection occurs at t = 6 To. The 2.44V wave that arrived 
at the source at t = 4 To is reflected back to the load and 
arrives at t = 5 To. The portion that is reflected back is; 

VS2 = 2.44 X (-0.61) = - l.49V. 

This subtracts from the 2.44V level to give 2.44 - 1.49 = 
0.95V. The falltime is preserved, so the time required for 
the signal to go from 2.44V to 0.95V is; 

tr= l.49V X 2 ns/4V = 0.75 ns. 

The 0.95V level is thus reached at time t = 5 To + 0.75 
ns = 7.4 ns. 

At t = 6 To the 0.95V wave arrives back at the source, 
where it subtracts from the - l.56V level to give -0.61 V. 
The risetime is tr = 0.95 X 0.5 ns/V = 0.45 ns. 

The 0.95V wave that arrived at the source at t = 6 To is 
reflected back to the load and arrives at t = 7 To. The 
portion that is reflected back is; 

VS3 = 0.95 X (-0.61) = -0.58V. 

This subtracts from the 0.95V level to give 0.37V. The 
falltime is approximately 0.5 ns. 

This process continues until the voltages at points A and B 
decay to approximately zero volts. 

Observations 
The positive reflection coefficient at the load and the nega
tive reflection coefficient at the source result in an oscilla
tory behavior that eventually decays to acceptable levels. 
The voltage at point A reaches -0.61V after 6 To delays 
and the voltage at point Breaches 0.37V after 7 To delays. 

The reflection at the load that causes the voltage to exceed 
the TTL minimum ONE level (2V) at T = 3 To could 
cause a problem if either the data to be written in the RAM 
changes up to 5 To delays after the falling edge of the write 
strobe or if the observed shortening of the write strobe by 5 
To delays violates the minimum write strobe specification. 

However, if this reflection occurred on a clock line to a 
logic device, registered PROM, or a PLD the reflection 
could be interpreted by the device as a second clock. The 
width of the pulse caused by the reflection in this case is 2 
To = 2.66 ns, which is probably too short to be detected. 
If the line were either slightly longer or more heavily ca
pacitively loaded the pulse would be wider and could be 
detected as a second clock. 

The Rising Edge of the Write Strobe 
At t = 22 ns the rising edge of the write strobe begins, 
which is the equivalent of closing the switch in Figure 10.1 
in the 1 position. For this analysis it its convenient to start 
the time scale over at zero, as is shown in Figures 10.3 a 
and b. 

If the forcing function were a step function, the equations 
of Table 1 (h) would apply. The time constant in the equa
tion is: 

RZo' Ce 
T=----

R+ Zo' 
(10-1) 

Because R :> Zo', T = Zo' Ce, where Zo' = 41.80 and 
Ce= 33.2 pF. 

This is the equivalent of saying that the five megohm de
vice input resistance can be ignored for transient circuit 
analysis. Substitution of Zo' and Ce into the preceding 
equation yields a time constant of T = 1.39 ns. 

Writing the equation for the voltages for the circuit of Fig
ure 10.1 

1 It V A(t) = i Zo' + - i dt. 
Ce o 

Also, VA(t) = Kt U(t) - K(t - Tl) U(t - Tl). 

(10-2) 

(10-3) 

Where Kt is the rising edge of the write strobe (K = 
2V /ns) applied at t = 0 using a unit step function, U(t), 
and - K (t - Tl) represents an equal but opposite wave
form applied at t = Tl (after the risetime) using a unit step 
function, U(t - Tl). 

Equating the equations and taking the LaPlace transforms 
of both sides yields: 

K Ke-TIS I(s) ( 1 ) 
- - --- = Zo' I(s) + - = Zo' + - I(s). 
s2 s2 Ces Ces 

(10-4) 

1 Jt I(s) However, VB(t) = - i dt, or VB(s) = - . 
Ce o Ces 

Therefore: 

K KE-TIS ( 1 ) - - --- = Zo' + -- Ce s VB(s). 
s2 s2 CeS 

Solving for VB(s) yields: 

~ ( 1 - ens) 
VB(s) = . 

Ce s (zo' + - 1-) 
Ces 

Which is equivalent to: 

K 
--(1- e-TIS) 
Zo' Ce 

VB(s) = ( I ) . 
s2 S +-

Zo'Ce 

(10-5) 

(10-6) 

(10-7) 
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Taking the inverse LaPlace transform yields: 

-t 

VB(t) = [ K 7.Q' Ce ( E Z.O' Ce - 1) + Kt] U(t) -

(10-8) 

KZ.0' Ce E Z.O'Ce - 1. + K(t -Tl) U(t - Tl) [ ( 
-(t - Tl) ) ] 

Equation 10-8 consists of two terms. The first term applies 
from time zero up to and including Tl and the second term 
applies after Tl. 

K Z.0' Ce ....::!_ K 
VB(t) = Tl (E Z.O' Ce - 1) + Tl (t) t :S: Tl (10-9) 

K Z.0' Ce ....!!_ ....::!.. 
VB(t) = (1 - EZo'~EZo'Ce +Kl t > Tl(l0-10) 

Tl 

where Kl = final value = 4V 

Substitution of the proper values into equation 10-9 yields 
att=T1=2ns. 

VB(t=Tl)= 

2 x 41.8 X 33.2 X 10-12 1439 2V 
2 x l0-9 (c . - 1) + ns x 2 ns 

= -1.057 + 4 = 2.94V 

If the forcing function would have been a step function the 
equation would be: 

-t 

VB(t) = 4V (1 - E Z.O' Ce) (10-11) 

at t = 2 ns, VB = 3V, which is greater than the 2.94V 
calculated using equation 10-9. 

At t = (22 ns) + To the voltage waveform begins to build 
up at the load and continues to build until the first reflec
tion from the source occurs at t = 3 To. 

Equation 10-10 is used to calculate the voltage at the load 
at t = 2 To (because 1 To is used for propagation delay 
time). 

VB(t = 2To) = 

-2V X 41.8 X 33.2 X 10-12 _ 1431)\ _ 2 
2 X 10-9 (1 - E • -J (E ) + 4 

= -1.39 (0. 762)(0.135) + 4 

= -0.143 + 4 = 3.86V 

The voltage at the load will remain at this value until the 
first reflection from the source reaches the load at t = 3 
To. 

Meanwhile, at t = To, the wave at the load is reflected 
back to the source and arrives there at t = 2 To. It sub
tracts from the 4V level at the source as illustrated in Table 
4 (c). The amplitude of the "droop" is given by: 

C'Z.O'Vo 
V""---r - 2 TR 

for the case Vs = Z.O'. 

(10-11) 

If Vs ¥= Z.O' equation 10-11 must be modified. Instead of 

~o the voltage is Vo (Rs :S Z.O' ). so that equation 10-11 

becomes: 

V 5!! C' Z.0' Vo ( Rs ) . 
r TR Rs+ Z.0' (10-12) 

where: C' = 10 pF 

Zo' = 41.S!l 

Rs== 28n 
TR= 2 ns 

Vo= 4V 
Substitution of these values into equation 10-12 yields: 

Vr = 0.33V. 

4V - 0.33V = 3.67V, so there is no danger of the voltage 
dropping below the minimum HIGH level. 

The reflection coefficient at the source is: 

_Rs -Zo' .Rs= 28n 
ps - Rs + Zo' where. Zo' = 41.8!l 

ps = -0.198 

The amount of voltage reflected from the source back to 
the load is then: 

vs1 = (-0.33) x (-0.198) = +o;o6sv. 

This same result could have been obtained by applying the 
ramp function of Figure 10.2 to a large resistor and then to 
a capacitive load and adding the results using superposi
tion. 

Obsenations 
The risetime of the waveform at the load is reduced by the 
10 pF load capacitor. The reflection at the source caused 
by the load capacitor is insufficient to reduce the 4V level 
to less than the TTL one level (2V). 

The reflection coefficient at the source is sufficiently small 
so that the energy reflected back to the load is insufficient 
to cause a problem. 
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Summary 
The example has demonstrated that, under certain condi
tions, the voltage reflections caused by the impedance mis
match between a PCB trace and the input of a Cypress 
CMOS integrated circuit may cause a pulse whose energy 
is sufficient to be detected by another circuit. 

It is the responsibility of the system designer to identify 
and to analyze these conditions and to then modify the 
design such that the reflections will not occur. 
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Microcoded Systems Performance 
The microcoded processor family of devices offered by Cy
press Semiconductor are the fastest available. High per
formance systems designed for specific applications can be 
confi5ured using t1'Js high performance chip set. The per
formance of these devices in 16- and 32-bit processors is 
detailed below. 

Increasing functional integration is evident in the 
CY7C9101 16-bit slice, which is the equivalent to four 
CY7C901s (4-bit slice) and a 2902 carry lookahead genera-

tor. By placing these functions on a single chip, the inter
connect delays between chips are reduced. Significant im
provement in overall system throughput, reduced board 
space, and reduced power requirements are among the ad
vantages of the CY7C9101 systems over CY7C901 based 
systems. Following is a critical path timing analysis of the 
data loop and control loop for generic 16- and 32-bit sys
tems. A discussion of the speed and power advantages of
fered by CY7C9101 systems will also be presented. 

Minimum Cycle Time Calculations for 16- and 32-Bit Systems 

MICROPROGRAM 
MEMORY 

CY7C901 
(1) 

DATA 
REGISTER 

} TO 
CY7C901 (2,3,4) 

Cn 

CY7C901 
(4) 

WIRED "OR" F"=O 
FROM OTHER CY7C901 s ,.---...._ 

F"=O 

Cn+4 
OVR 
F"3 

Y1s-12 

DATA 
REGISTER 

3 

Figure 1. CY7C901 Based 16-Bit System (Pipelined System, Add without Simultaneous Shift) 

CY7C245 
CY7C901 
Carry Logic 
CY7C901 
Register 

Data Loop 
Clock to Output 
A, BtoG, P 
Go, Poto Cn +z 
Cn to Worst Case 
Setup 

12 
28 

9 
18 
4 

71 ns 

CY7C245 
MUX 
CY7C910 
CY7C245 

Minimum Qock Period = 71 ns 
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Control Loop 
Clock to Output 
Select to Output 
CC to Output 
Access Time 

12 
12 
22 
20 

66ns 
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Minimum Cycle Time Calculations for 16- and 32-Bit Systems (Continued) 

} 
TO 
CY7C901(6,7,B) 

Cn+x>----4-------

TO 
CY7C901 (5) 

} 
FROM CY7C901 (5,6,7) 

TO 
CY7C901 (2,3,4) 

WIRED "OR" F=O 
FROM OTHER CY7C901 s 

Cn F=Ol-4--....... 

Cn+-4 
CY7C901 OVR 1------i''---

(B) F3 

Figure 2. CY7C901 Based 32-Bit System (Pipelined System, Add without Simultaneous Shift) 

Data Loop 
CY7C245 Clock to Output 
CY7C901 A, BtoG,P 

[ Go, Po to G, P Carry 
Go, Po to Cn + x Logic 
Cn to Cn + x, y,z 

CY7C901 Cn to Worst Case 
Register Setup 

12 CY7C245 
28 MUX 

12 CY7C910 

9 CY7C245 

14 

18 
4 

97 ns 

Minimum Clock Period = 97 ns 

MICROPROGRAM 
MEMORY 

A,8,1,Cn F::;:Q 

Cn+16 
CY7C9101 OVR 

F15 

Y1s-o 

Control Loop 
Clock to Output 
Select to Output 
CC to Output 
Access Time 

0096-3 

Figure 3. CY7C9101 Based 16-Bit System (Pipelined System, Add without Simultaneous Shift) 

Data Loop Control Loop 
CY7C245 Clock to Output 12 CY7C245 Clock to Output 
CY7C9101 A, B to Y, Cn + 16, OVR 37 MUX Select to Output 
Register Setup 4 CY7C910 CC to Output 

53 ns CY7C245 Access Time 

Minimum Clock Period = 66 ns 
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12 
12 
22 
20 

66 ns 

12 
12 
22 
20 

66ns 
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Minimum Cycle Time Calculations for 16· and 32-Bit Systems (Continued) 

F=O 

CY7C9101 Cn+16 en CY7C9101 

MICROPROGRAM 
MEMORY Y 15-0 

0096-4 

Figure 4. CY7C9101 Based 32-Bit System (Pipelined System, Add without Simultaneous Shift) 

CY7C245 
CY7C9101 
CY7C9101 
Register 

Data Loop 
Clock to Output 
A, BtoCn + 16 

Cn to Worst Case 
Setup 

12 
35 
24 
4 

75 ns 

CY7C245 
MUX 
CY7C910 
CY7C245 

Minimum Clock Period = 75 ns 

Control Loop 
Clock to Output 
Select to Output 
CC to Output 
Access Time 

Table 1 

12 
12 
22 
20 
66ns 

Power is an important consideration in microcoded sys
tems. For an equivalent system, the CY7C901 offers sub
stantial savings in power over the bipolar devices. Coupled 
with other low power Cypress CMOS devices, the power 
savings over bipolar is clearly evident. The functional inte
gration of four CY7C90ls with carry lookahead gives the 
CY7C9101 even greater advantages. The number of ALU 
elements is reduced by a factor of four, also, there is a 
reduction in the carry logic needed. A comparison between 
bipolar, CY7C901-based, and CY7C9101-based systems is 
given below in Table 1. Note that in this comparison, the 
devices common to all 16- and 32-bit system configurations 
are included in the Ice computations. 

Ice Calculations for 16-Bit Systems (All Figures in mA) 

Cypress CMOS 

CY7C901 CY7C9101 Bipolar 
Based Based 

Sequencer 100 100 340 
Registered PROM 90 90 185 
Carry Logic 110 - 110 
ALU Elements 

4x Four-Bit Slice 320 1060 
16-Bit Slice 75 

Total 620 265 1695 
Cypress CMOS devices offer the highest speed microcoded 
solutions while keeping power consumption to reasonable 
levels. The CY7C901-based systems win over bipolar's fast
est devices in a speed comparison, while consuming rough
ly 1/. the power. Upgrading to the CY7C9101 will result in 
even faster systems, at close to '/3 the power of the 
CY7C901-based systems. This comparison is illustrated be
low, in Table 2. 

Ice Calculations for 32-Bit Systems (All Figures in mA) 

Cypress CMOS 

CY7C901 CY7C9101 Bipolar 
Based Based 

Sequencer 100 100 340 
Registered PROM 90 90 185 
Carry Logic 330 110 330 
ALU Elements 

8x Four-Bit Slice 640 2120 
2x Sixteen-Bit Slice 150 

Total 1160 450 2975 

Table 2. Speed/Power Comparison between Bipolar, CY7C901, CY7C9101 

Minimum Clock Cycle (ns) Maximum Ice (mA) 

Bipolar CY7C901 CY7C9101 Bipolar CY7C901 CY7C9101 

16-Bit Systems 85 71 66 1695 620 265 

32-Bit Systems 111 97 75 2975 1160 450 
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Thermal Management and 
Component Reliability 

One of the key variables determining the long-term reliabil
ity of an integrated circuit is the junction temperature of 
the device during operation. Long-term reliability of the 
semiconductor chip degrades proportionally with increas
ing temperatures following an exponential function de
scribed by the Arrhenius equation of the kinetics of chem-

ical reactions. The slope of the logarithmic plots is given by 
the activation energy of the failure mechanisms causing 
thermally activated wear out of the device (Figure 1). 

Typical activation energies for commonly observed failure 
mechanism in CMOS devices are shown in Table 2. 

7 -Z 

f L 

TEMPERATURE (C) 
0064-1 

Figure 1. Arrhenius plot, which assumes a failure rate proportional to EXP ( - EAlkT) 
where EA is the activation energy for the particular failure mechanism 
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Table 2. Failure Mechanisms and 
Activation Energies in CMOS Devices 

Approximate Failure Mode Activation Energy (EQ) 

Oxide Defects 0.3eV 

Silicon Defects 0.3 eV 

Electromigration 0.6eV 

Contact Metallurgy 0.9eV 

Surface Charge 0.5-1.0 eV 

Slow Trapping 1.0 eV 

Plastic Chemistry 1.0 eV 

Polarization 1.0 eV 

Microcracks 1.3 eV 

Contamination 1.4eV 

To reduce thermally-activated reliability failures, Cypress 
Semiconductor has optimized both their low power gener
ating l.2f!- CMOS device fabrication process and their high 
heat dissipation packaging capabilities. Table 3 demon
strates this optimized thermal performance by comparing 
bipolar, NMOS and Cypress high speed lK SRAM CMOS 
devices in their respective plastic packaging environments 
under standard operating conditions. 

Table 3. Thermal Performance of 
Fast lK SRAMS in Plastic Packages 

Technology Bipolar NMOS Cypress 
CMOS 

Device Number 93422 9122 7Cl22 

Speed (ns) 30 25 25 

Icc(mA) 150 ' 110 60 

Vcc(V) 5.0 5.0 5.0 

PMAx(MW) 750 550 300 

Package RTH (JA) (°C/W) 120 120 70 

Junction Temperature (°C) 160 136 91 
at Data Sheet PMAx* 

*Tambient = 7G°C 

The Cypress 7C122 device, during its normal operation, 
experiences a 91°C junction temperature, whereas competi
tive devices in their respective packaging environments see 
a 45°C and 69°C higher junction temperature. In terms of 
relative reliability life expectancy, assuming a 1.0 eV acti
vation energy failure mechanisms, this translates into an 
improvement in excess of two orders of magnitude (lOOX) 
over the bipolar 93422 device and more than one order of 
magnitude (30X) over the NMOS 9122 device. 
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Thermal Performance Data of Cypress 
Component Packages 
The thermal performance of a semiconductor device in its 
package is determined by many factors, including package 
design and construction, packaging materials, chip size, 
chip thickness, chip attachment process and materials, 
package size, etc. 

Thermal Resistance (OJA, 0Jc) 
For a packaged semiconductor device, heat generated near 
the junction of the powered chip causes the junction tem
perature to rise above the ambient temperature. The total 
thermal resistance is· defined as, 

T1-TA 
81A=--p 

and 8 JA physically represents the temperature differential 
between the die junction and the surrounding ambient at a 
power dissipation of 1 watt. 

The junction temperature is given by the equation: 

TJ = TA + p [8JAl = TA + p [8Jc + 9cAl 

where: 

T1-Tc Tc-TA 
91c = --- and 9cA = ---

P p 

TA = Ambient temperature at which the device is operated; 
Most common standard temperature of operation 
equals 70°C 

TJ = Junction temperature of the IC chip 

Tc = Temperature of the case (package) 

P = Power at which the device operates 

81c = Junction to case thermal resistance 

9JA = Junction to ambient thermal resistance 

9cA = Case to ambient thermal resistance 

The junction-to-ambient environment is a still-air environ
ment where the device is inserted into a low-cost standard 
device socket and mounted on a standard .062" GlO PC 
board. For junction-to-case measurements, the same as
sembly is immersed into a constant temperature liquid res
ervoir approaching infinite heat sinking for the heat dissi
pated from the package surface. 

The thermal resistance values of Cypress standard pack
ages are graphically illustrated in Figures 4 through 7. 
Each envelope represents a spread of typical Cypress inte
grated circuit chip sizes (upper boundary = 5000 Mils2, 
lower boundary = 30,000 Miis2) in their thermally opti
mized packaging environment. 

All thermal characteristics are measured using the TSP 
(Temperature Sensitive Parameter) test method described 
in MIL STD 883C, Method 1012.1. A thermal silicon test 
chip, containing a 25!1 diffused resistor to heat the chip 
and a calibrated TSP diode to measure the junction tem
perature, is used for all characterizations. 
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Thermal Management 

100 
DIE SIZE 

90 

80 

70 

60 
JA 

50 

40 

30 JC 

20 

10 

0 
16 20 24 28 32 36 40 

LEAD COUNT--. 
Figure 4. Thermal Resistance of Cypress Plastic DIP Packages 

DIE SIZE 
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Figure 5. Thermal Resistance of Cypress Cerdip Packages 
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Figure 6. Thermal Resistance of Cypress Hermetic Chip Carriers (HLCC) 
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Figure 7. Thermal Resistance of Cypress SOICs 
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Packaging Materials 
CYPRESS PLASTIC PACKAGES 
INCORPORATE: 
• High thermal conductivity copper lead frame. 

• Molding compound with high thermal conductivity. 

• Silver filled conductive epoxy as die attach material. 

• Gold bond wires. 

CYPRESSCERDIPPACKAGES 
INCORPORATE: 
• High conductivity Alumina substrates. 

• Silver filled glass as die attach material. 

• Alloy 42 lead frame. 

• Aluminum bond wires. 
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Package Diagrams 
16 Lead (300 MIL) Cerdip D2 

/PIN1 

¥ 
MILM 38510 D·2 CONFIG. T 

I DIMENSIONS IN INCHES 
0.230 MIN. 

~.,..,..,...,...,......,. ..... ...,.. ...... ...-,;..-o~O MAX. 

~-I ~ /iSEATING PLANE 
0.745 0.140 I---- 0.290 
0·785 0.175 I c o.320 ~ 

r=~~~ 4~~ 0.125 =~ ~ ij ij 1~1 ij ij r~060 I 0012 
1 

0 200 I I -.JI-- ~ 0.330 -
. ---- t-- 0.045 0.015 °·390 

0.090 0.065 0.020 
0.110 

20 Lead (300 MIL) Cerdip D6 
MIL M 38510 D-8 CONFIG. 1 

DGP~N 1 

DIMENSIONS IN INCHES 

0.245 MIN. 
0.310 MAX. 

__l 
SEATING 

g:g;~ -I PLANE 

~ 0.140 l2l!QI 
o.s10 D.175 I r o.320 :ti 

~~m~.~~ a ~ ...:J11~~ 0.080 ~0330_j 
~ o.01s __ H_o.06s a:aso 
0.110 it020 

10-6 

18 Lead (300 MIL) Cerdip D4 

DIMENSIONS IN INCHES 
MIN. 
MAX. 

1-- 0.290 ----I 
l c o.320 ::J I 

~~ I 0.012 · I 
1--0.330-1 

0.390 

22 Lead (400 MIL) Cerdip D8 
MIL M 38510 D-7 CONFIG. 1 

[

• ·J]PIND~MENSIONS IN INCHES 

0.360 MIN. 

•• _]05 MAX.' 

~:~..:--! ~ SEATING PLANE 

~ 1•050 ----1 0.140 0.380 

I ~r 11 lco.425:;1 

rmJm~ .... ~~ 0.125 ' I ti 0.060 I 0.012 . 1 
o 200 I I -.JI-- ~ o.•20 -------J 

. ~ ~ 0.045 0.015 o.490 

0.090 0.065 0.020 
0.110 
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-l ~ 
0.090 a.no 

22 Lead (300 MIL) Cerdip D10 

..... ..... 

24 Lead (300 MIL) Cerdip D14 

MIL M 38510 D-9 CONFIG. 1 

00~1 
0.245 

_Jo 

~!!:!!!!! 

DIMENSIONS IN INCHES 
MIN. 

MAX. 

SEATING 
PLANE 

0.085 
1.230 0.140 0.290 
1.280 0.175 rr;if.320~ 

JJdf/r!s I I ~~ ~ 1l ! ~ ~ 
Of--1 I ll1fin= O.D1S +-~~15' 

jtD.045 Q.060 L j 
0.065 0.330 

(),(>9_() 0.015 0.390 
0.110 0.020 
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24 Lead (600 MIL) Cerdip D12 
MIL M 38510 ~ CONFIG. 1 

PIN 1 

DIMENSIONS IN INCHES 
MIN. 
MAX. 

28 Lead (600 MIL) Cerdip D16 
PIN 1 

m 
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40 Lead (600 MIL) Cerdip D18 

Dos 
I JO 

o.o .. _J I 
0.085 ~ 

MIL M 38510 D-5 CONFIG. 1 

DIMENSIONS IN INCHES 
MIN. 

MAX. 

SEATING PLANE 

2.030 ~ 0.590~ 
2.100 °·140 i-- 0620 

0.175 l r-- . 

I~M\r~~~ 
0 20Li 1--, 0.040 -11--, . I-- 0.630 ~ 

0.090 0.060 0.015 0.690 

0.110 0.020 

32 Lead (600 MIL) Cerdip D20 
(Preliminary) 

/PIN1 

~U....U.....u....L.L-Ll....LJ....LJ...JU....U..~I DIMENSIONS IN INCHES 

MIN. 
0.570 
0.590 

~ ......................... --~~.....J....J_j 
MAX. 

L SEATING PLANE 

i-----------1.640 0.140 

D. 125~~?-0ii j0.

17

5 
0.185 J J c 111 0.015 

_.j ~ _ L ~~ 0.060 I-- 0.630 ---I 
0.690 

0.090 0.045 0.015 
Q.TiO 0.065 0.020 

28 Lead (300 MIL) Cerdip D22 

00~:5 
0.310 

_J 

0.085 

DIMENSIONS IN INCHES 
MIN. 

MAx. 

SEATING 
PLANE 

~0.065 
1.430 0.140 0.290 

1.485 0.175 [;;; 0.320 ~ 

Wwil~ 0-12• I I 0.009 o· 
0.200 1 I - -

r- ~ ~ g:g:~ ~·~~~ :.::: ,.. ~ 0015JC LOFoJ 
0.110 o.52ii 
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~ Package Diagrams 
~~~UCl'OR=============================================== 

48 Lead (600 MIL) Sidebraze DIP D26 

'WNlNliilJiimll_i ~ 
0.090--1 I- 0.035~ ~ 0.015--11- 0.120-::::f 0•070 
0.110 0.065 0.022 0.160 

52 Lead (900 MIL) Bottombraze DIP D28 

PIN 1 

DIMENSIONS 
IN INCHES 

MIN. 
MAX. 

SEATING 
PLANE 

~ I 0.012 I 
1--0.590--1 

0.620 

DIMENSIONS 
IN INCHES • l MIN. 

MAX. 

g:~~g X= g:g~g 
J y-D.080 

"c:rc:rc:rc:rc:rcrc:rcrc:rcrcrcrcrcrcrcrcrcrcrc1C1C11C1C1'Cl'C!:TIJ. - D. 11 0 

~:~~=~~SEATING 
t+-------2.560 . PLANE 

2.640 ' __J_ 

-~ 
o.o9o_j I- o.o3o~ ~ o.01s-JI- 0.120"]" 1~:1 g:g:~J 
0.11 o 0.060 0.020 0.160 0 _009 I 0.880 

0.012--fl 0.920 

64 Lead (900 MIL) Bottombraze DIP D30 

!~~~:::~::::::::::::~::::::~"' ~~ 
3.160 ~-+i ~~ ~~~~G 
3.240 ·1_1 

-~~ VVVVVVVVVVVVVVVVVVVMVVVVVVVVVVVV~ 15• 0.065] 
0.090 --1 I- 0.030 ~ ~ Q,Q1§ --II- 0.120 -::J l 0.085 
0.11 o 0.060 0.020 0.160 0•009 I g::;g 

0.012--ll 

10-9 

I 



~ Package Diagrams 
~~~~DUCTOR ==::==::==::==::==::==::==::==::==::==::==::==::==::==::==::==::==::==::==::==::==::==::==::==::==::==::==::==::==::==::==::==:::::::; 

0.045 
0.055 

0.015 
0.019 

l_ 
T-

L 
t 

16 Lead Rectangular Flatpack F69 

(MIL-M 3851 OF F-5 CON FIG 2) 

PIN 1 MIN DIMENSIONS IN INCHES MAX'. 

- ~ 
4 

--0 0.41 

0.012 
0.045 l 

D ,,, 
J 

0.045 
0.055 

0.015 
0.019 

0.012 
0.045 

.!_ -

t 1 g:;;~g g:~:;J 0.030 1--
J__ 0.050 qrig;===;;;;;:i ... ---_j_--g-:g~:~ 

T°Q:.004 Ll--0-.1-55 _ _.j.,P-~;::;;o.=oo~5~]~~t 
0.007 0.175 0.015 

l_ 
T-

L 
t 

l_ 
t 

20 Lead Rectangular Flatpack F71 

(MIL-M 38510 F-9 CON FIG 2) 

PIN 1 

1 DIMENSIONS IN INCHES MA 

""" 

0.480 
0.520 

~ 
1 g:;~~o g:~~~ J 

. 0.050 1--

J__ 0.070 q ;:i----_j_--g--':g'-~~ 

-rQ:.004 ~1-""'0,...2,..2-4 --.1~==0=.0~1~0 ~]~~+ 
0.007 0.236 0.030 

10-10 

0.045 
0.055 

0.015 
0.019 

0.012 
0.045 

l_ 
T-

L 
t 

l_ 
t 

18 Lead Rectangular Flatpack F70 

PIN 1 } 
MIN. 
Ax. DIMENSIONS IN INCHES M 

D ~ 0.415 
0.455 

~ 
1 g:;~o~ g:;;~ J 

0.030 1--
J__ 0.050 q rl ____ _j_ __ g_:_,_g:~ 

-rQ:.003 ~1.~~.P10~.1~3~0=0=.0~1~o~J~~t 
0.007 0. 150 0.040 

24 Lead Rectangular Flatpack F73 

(MIL-M 38510 F-6 CONFIG 2) 

0.045 PIN 1 I 
0.0551 \ 

DIMENSIONS IN INCHES ~~~ .. 

0.015 
0.019 

0.012 
0.045 

-
T-

L 
t 

l_ 
t 

ii 
0.580 
0.620 

u 
1 g:;~5~ g:~~g J 

0.050 1--
J__ 0.070 qrig;===;;;;r:i ... ---_j_--g-:~g~g 

-rQ:.004 I- 0.270 -I 0.010 J f 
0.007 0.290 0.030 



~ Package Diagrams 
~~~NDUCJDR ====================================================================== 

42 Lead Rectangular Flatpack F76 

0.045 PIN 1 L 0.055 1 @ 

f -

0.018 
0.022 0 1 D 1.07 

MAX 

0.012 
0.045 

T 

l_ 
T - -

0.100 
MAX.] 

L====;;a.J•c' =F=1i::::::'11;1 ;:::::===!:::::::..J. 
G.001 I . . I I 

0.010 I 0.650 I 0.275 I I L 
I--- MAX. ---+1-0.325-1 0.040 SEATING 

0.060 PLANE 

68 Pin Grid Array Package G68 
0.988_ 

TYP. - 0.100- r--6:9M_I I 0.812 

$0000000$ 
$000000000$1 

11111 11 I II '· :::: 
00 00 OJ2 
00 00 
00 00 
$000000000 

$0000 ° 00$-1----'-
BOTTOM 0.070 DIA. - TYP. 

TOP l 
>----------' J 

/ 1.088 I 
PIN#l ----1~.=11=2 -j 

10-11 

DIMENSIONS IN INCHES 
MIN 
MAX 

SEATING 
PLANE 

0.050 
0.078 
0.093 

SIDE 

__J_o.01s 
---ro.020 



~~;;;;:;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;:;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;:;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;=P=a=ck=a=g=e=D;;;;;;;;ia=gr;;;;;;;;am;;;;:;;s 

20 Lead Plastic Leadless Chip Carrier J61 

o.Ln 
o.395 I q 

0.350 
0.356 

DIMENSIONS IN INCHES 
MIN. 
MAX. 

PIN 1 

rl ~~I 0.020 MiN. 

0.120 
QJ.§5 ' 
0.180 

32 Lead Plastic Leadless Chip Carrier J65 

~---10.110 l 0.065 0.140 
0.095 

1-11.-0.015 _J t t t o.521 0.390 0.015 MIN. 
0.430 

l 
0.490 

J 

10-12 

28 Lead Plastic Leadless Chip Carrier J64 

o.Ln 
0.4951 ~ 

0.450 
0.458 

DIMENSIONS IN INCHES 
MIN. 
MAX. 

PIN 1 

u "~~=:J 0.450 
0.458 

0.485 
0.495 

44 Lead Plastic Leadless Chip Carrier J67 
DIMENSIONS IN INCHES 

MIN. 
MAX. 



~ Package Diagrams 
~~~NDUCTOR ::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:::;;:== 

PIN 1 l.D. 

68 Lead Plastic Leadless Chip Carrier J81 

0.985 
0.995 

0.950 
0.958 

0.985 , _______ 0.995 

16 Lead Rectangular Cerpack K69 
(MIL-M 38510 F-5 CONFIG 1) 

0.045 

--c::==~,_ 0.055 

0.045 MAX. 

DIMENSIONS IN INCHES 
~ 
MAX. 

PIN 1 

10-13 

Pl1 l.D. 

18 Lead Rectangular Cerpack K70 
(MIL-M 38510F F-10) 

TOP VIEW 

0.004 

.t.15-;:::::=F=========t--~ £ 0.008 

g:~; I :~ 
' --1i=o:.2:50=1===00= .. 23=500=0 ==:t.:0:.2:5=!0 l L o.02s SEATING 

0.350 o.350 0.040 PLANE 



~ Package Diagrams 
~~~'&J"NDUCIOR;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;::;;;;:: 

20 Lead Rectangular Cerpack K71 
(MIL-M 38510F F-9 CONFIG 1) 

PIN 1 1.0. __ I 0.320 MAX.~ 

0.005 $ L 0.005MIN. 

0.015 I ~ g:g~~ 

g:~g TOP VIEW 

I 
j : I d- _:r0.045MAX. 

I 
0.004 

:==:F====::::::a---. £ 0.008 

g:;j· I '~ 
T 0 250 I 0 250 I 0.250 I L 0.026 SEATING 

0:350 i.-----o:3oo -------+I 0.350 ~ 0.040 PLANE 

28 Lead Rectangular Cerpack K74 
{MIL-M 38510F F-11) 

0.003 

I _Lo.009 
0.045 I I I ::::1_ 
o.~I : : '::C 

T -I 0.250 I 0.340 I 0.250 I L 0.026 SEATING 
0.370 i.----- 0.380--------+I 0.370 ~ 0.040 PLANE 

10-14 

PIN 1 l.D. 

24 Lead Rectangular Cerpack K73 
(MIL-M 38510F F-6 CONFIG 1) 

0.045 
1:;::;;;;;;;;:;J--'- 0.055 

0.045 MAX. 

---, 
0.004 

==:i:=====:i __ _Lo.ooa 

g:;j• I I '~ 
T I I 0.260 I L 0.026 SEATING 

g:~~g i.-----g:~~g--------i 0.325 ~ 0.040 PLANE 

18 Pin Rectangular Leadless Chip Carrier LSO 

BOTTOM 

0.075 
0.085 

TOP 

0.045 
---{31''----'-- 0.055 
-{3f-----. 14 PLCS 

0.020 

0.030 

0.008R 
18 PLCS 

DIMENSIONS IN INCHES 
MIN. 

MAX. 

--0.078 I 0.062 

SIDE 



~ Package Diagrams 
~~~NDUCIOR :::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;:::;== 

20 Pin Rectangular Leadless Chip Carrier L51 
PIN1 

BOTTOM 

o.020L 
0.030 

0.040 

TOP 

_l 0.040 

0.060 
-.-16 PLCS 

j DIMENSIONS IN INCHES 
---'.3--'--<i. MIN. 

MAX. 

14-- 0.062 
I 0.018 

SIDE 

I ,_o.oso 
----i 0.066 

24 Pin Rectangular Leadless Chip Carrier L53 

TOP 

DIMENSIONS IN INCHES 

MIN. 

0.020 
0.030 

0.008 R 
24 PLACES 

n 

MAX. 

1-- 0.062 
I 0.018 

SIDE 

I 0.392 
0.408 

t:o=JJ 
0.308 

0.050 
0.066 

10-15 

22 Pin Rectangular Leadless Chip Carrier L52 

BOTTOM 

0.045 

0.055 .----;1;3---

~~~~ 

TOP 

_f_ 0.022 

,0.028 

n 
I~ 
I~ 

0.484 
0.496 

A~ 
I~ 
-J 

1-0.284~ 
0.296 

DIMENSIONS IN INCHES 

MIN. 
MAX. 

_., 

I+- 0.070 
I o.o9o 

SIDE 

I.- 0.060 
0.080 

28 Pin Rectangular Leadless Chip Carrier L54 

0.045 

0.045 
0.055 

0.055 .-le--

~·--n TOP ~ 

I I ~ 0.542 
) 0.558 

~Li 
~g:~;~__j 

DIMENSIONS IN INCHES 

MIN. 
MAX. 

1-- 0.060 
I 0.100 

SIOE 



~ Package Diagrams 
~..,--~DUCTOR ;;::;;::;;::;;::;;::::::;;;::;;::;;::;;::;;::;;::;;::;;::==;;::============;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;; 

32 Pin Rectangular Leadless Chip Carrier LSS 

0.045 

0.055 .-;:3----

TOP 

_j_ 0.022 

,0.028 

DIMENSIONS IN INCHES 

MIN. 
MAX. 

'-- 0.064 
1- 0.090 

SIDE 

~ 0.050 
0.080 

28 Pin Square Leadless Chip Carrier L64 

0.045 
0.055 .--El---

TOP 

DIMENSIONS IN INCHES 

MIN. 

_j_ 0.022 
t 0.028 

MAX. 

I.- 0.064 
I 0.100 

SIDE 

I o.045 
1--o.oss 

10-16 

BOTTOM 

~ 

20 Pin Square Leadless Chip Carrier L61 

[ :'.'. #l .... 0.045 

,..,U""IU""ILlr"IU""l<lf"' .... 11 0.055 

DIMENSIONS IN INCHES 

--Eli-~ 

_J_ 0.022 
t 0.028 

MIN. 
MAX. 

1 I.- 0.064 
I 0.078 

~I IBSIDE 
TOP LJO.J42 I 0.358 

I"'"" µ -I H::: I-- 0.358 --1 

44 Pin Square Leadless Chip Carrier L67 

DIMENSIONS IN INCHES 

MIN. 
MAX. 

0.055 .-El----

TOP 

I 0.640 
n 

o.66o 

) 

_____ 0.640 ____ _,, [ 

0.660 

I--- 0.064 
I 0.100 

SIDE 

~ i-0054 
0.088 



~ Package Diagrams 
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PIN N0.1 
INDEX';; 

48 Pin Square Leadless Chip Carrier L68 

_J0.066~ 

1.078 g:g~: 

'- 0.0075R 
REF'. 
(48 PLCS.) 

0.0075 R REf. 
(3 CORNERS) 

10-17 

52 Pin Square Leadless Chip Carrier L69 

DIMENSIONS 
IN INCHES 

MIN. 
MAX. 

0.008 R 
_,-- (52 PLCS.) 

0.045 
0.055 



~ Package Diagrams 
,...,~~NDUCTOR;;;;:==================================;;;:;;;:;;;::::;;;;;;;;;;;;;;;;;;;;;;;==================== 

68 Pin Square Leadless Chip Carrier L81 

0.0415 

0.01515 ~ll=t------

TOP 

16 Lead (300 MIL) Molded DIP Pl 
PIN 1 

10-18 

DIMENSIONS IN INCHES 

MIN. 
MAX. 

~ f--~ 
0.088 

18 Lead (300 MIL) Molded DIP P3 

0240 
0260 

-- _l 

DIMENSIONS IN INCHES 
MIN. 
MAX. C--~~PINl 

0 040 ' I SEATING PLANE ~ 1--

l=~J:~~~ 
~:~~ ! i ~ ~~.080 

---.J 1-- 0.055 0.015 
0.090 0.065 0.020 
0.110 

r- 0.280--i 

Ir 0.325 -ii 
E:3{ ~ 
+~ ~v I-- 0.310 --l 

0.385 



~ Package Diagrams 
~~C~!DUCTOR;;:;;:;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;:;;;:== 

20 Lead (300 MIL) Molded DIP PS 
/PINl 

DD~ DIMENSIONSININCHES 
~ MIN. 

~ __::ro SEATIN:AX. 

::~~: --1 - PLANE ::: ~rr=~ . 
r-~~~~ ... t-]'L lQQ!Jfl~~+ 
~ ,--i 0.065 _J 111--0.015 L 0.310 _J 
0.200 0.090 --ll...--0.020 0 38S 

0.110 

22 Lead (300 MIL) Molded DIP P9 

I::::::::~~;~ 
0.085 

%MMMMf 
1.120 0.140 

0.125 ,1-t 
0.200 ~ 

~ ~~ .Q,QJ_Q L 0.060 

-1 ~ -H--
0.090 0.055 ~ 
0.110 o.Os5 0.020 

DIMENSIONS IN INCHES 

MIN, 
MAX. 

SEATING PLANE 

10-19 

22 Lead (400 MIL) Molded DIP P7 

24 Lead (600 MIL) Molded DIP Pll 
PIN 1 

DIMENSIONS IN INCHES 
MIN. 
MAX: 

(Y' 

15" 



Cz. Package Diagrams 
..,,,.-~UCI'OR================================================== 

24 Lead (300 MIL) Molded DIP P13 

/PIN1 00 t DIMENSIONSININCHES 
MIN. 

~ MAX. 
0.270 

____j_ 

0.060 -.J rrSEATING PLANE 

.,... ___ .,::::: - ::: I ~~~ 
~~D o 1 dmmr~D d[1: ~~1' 
T I I 0.055~~ ~:: I O.Ol

2 I 
0065 i--o.310--J 

0.090 . O.Q15 0.385 
0.110 0.020 

40 Lead (600 MIL) Molded DIP P17 

/PINI 

DIMENSIONS IN INCHES 
MIN. 
MAX. 

~---1 
2 040 0.085 r:= 0.570 =J r-----·----i ~ ii.625 

~ ~0~111~ 
~, ~ ~ ~ oo¥~r-- ~~ ~~ O' G ~ J~~h~::1. ~:~~61o_j w 

0.090 . Q,_fil ~-~~~ ii:68s 
1l.11o 0.055 . 

10-20 

28 Lead (600 MIL) Molded DIP PlS 
PIN 1 

DIMENSIONS IN INCHES 
MIN. 
MR 

0.140 ~~::~~__, F SEATING PLANE 

D.160 I I 

~_LJH= = l' 
--'-=''"·"'lITTnfl l!l-t=~~~ ~~*-0.055jt 0.015! _j 

0.065 - 0.080 l-------- 0.610 

0.090 ~:~~~ Q.ii5 
D.ffci 

28 Lead (300 MIL) Molded DIP P21 



~PREss Package Diagrams 
.. ~!CONDUCTOR ==================================;:;;=:;;; 

48 Lead (600 MIL) Molded DIP P25 

PIN#1 

Dll.lENSIONS IN INCHES 

0.530 
0.550 

MIN. 
MAX. 

~~~°E'i"T'"i"i'""'i"1""ii'T"'TT"T',_,.,_TT"'i"ir-T"P""T'i""i"'i'"TT"ii"T"_,.._,_...,,..._,.._,.....,.,._._.~, ~~ SEATING PLANE 

o.oss I 
0.085 -I 

0 

2.420 -------------~ 
2.440 

64 Lead (900 MIL) Molded DIP P29 

0.055 I 
0.100 --1 

PIN#1 

-r DIMENSIONS IN INCHES 

MIN. 
MAX. 

SEATING PLANE 

3.160 0.185 I 0.880 -i 
3.240 o.245 0.920 ----, I 

::l:~======WiNN# J R9-.~ 
t -i i- J L Jl 0.060 I 1.010 

0.090 0.055 0.015 1.062 ----
0.110 0.065 0.020 

10-21 



32 Pin Windowed Rectangular Leadless Chip Carrier QSS 

0.045 
0.055 .---E;!---

~~~~~n 
TOP 

~ 0.540 
~ 0.560 

~J 
0.458 

DIMENSIONS IN INCHES 

MIN. 
MAX. 

' 0.084 ro:m 

SIDE 

I o.o5o 
I+- 0.080 

20 Pin Windowed Square Leadless Chip Carrier Q61 

PIN #1 0.045 .... ~_..-..~_,r 0.055 

TOP 

DIMENSIONS IN INCHES 

MIN. 
MAX. 

I.- 0.084 
I 0.110 

SIDE 

I o.054 
l--0.066 

28 Pin Windowed Leadless Chip Carrier Q64 

0.045 
0.055 .-13---

10-22 

0.045 
0.055 

DIMENSIONS IN INCHES 

MIN. 
MAX. 

!.-- 0.087 
I 0.114 

SIDE 



~RESS Package Diagrams 
~nEMICONDUCTOR =============================:;;;;;===== 

16 Lead Molded SOIC St 

PIN 1 

g:~~; ---~ 

~,},, 
0.105 

'._j j 

J L JI_ g:g~; 

DIMENSIONS IN INCHES 

MIN. 
MAX. 

LEAD COPLANIARITY 0.004 MAX. 

SEATING PLANE 

450 CHAMf 
PIN#1 l.D. 

0.047 
0.053 

0.013 
0.019 

~J [1:::; 
0.393 ~ 
0.420 

18 Lead Molded SOIC S3 

PIN 1 

I 0.447 
0.463 

~,,\, 
0.105 

!_j j 

J L JI_ ~:~~~ 
0.047 
0.053 

.Q,Qli 
0.019 

10-23 

DIMENSIONS IN INCHES 

MIN. 
MAX. 

LEAD COPLANIARITY 0.004 MAX. 

SEATING PLANE 

450 CHAMf 
PIN #1 l.D. 

m 
I 



20 Lead Molded SOIC SS 
PIN 1 

Q.5i1 ' 
0.497 I 

~J., 
, , IL ~or 
I I 0.003 

-I i.- - 0.012 
0.047 
0.053 

0.013 
0.019 

DIMENSIONS IN INCHES 

MIN. 
MAX. 

LEAD COPLANIARllY 0.004 MAX. 

!Sl:.AllNG PLANE 

24 Lead Molded SOIC S13 

PIN 1 

DIMENSIONS IN INCHES 

MIN. 
MAX. 

450 CHAMF 
PIN#1 l.D. 

LEAD COPLANIARllY 0.004 MAX. 

i'"'------- ~:~~~ ------+! 

~ . .\, 0.105 

LJ i 
~I I~ JL 

0.047 
0.053 

0.013 
0.019 

0.003 
0.012 

10-24 

SEA TING PLANE 

0.291 

CQ.3o01 
45° CHAMF 
PIN#1 l.D. 



~F!F,SS Package Diagrams 
~~~ONDUCTOR ======================================================================= 

28 Lead Molded SOIC S21 

PIN 1 

DIMENSIONS IN INCHES 

MIN. 
MAX. 

LEAO COPLANIARITY 0.004 MAX. 

,.___ ______ 0.696 _____ __, 

0.713 

0.105 

SEATING PLANE 

450 CHA~F 
PIN #1 1.D. 

~ .. \, 
l_J j 

J L JI_ g:g~; 
0.047 
0.053 

0.013 
~JU::~ 

0.393 ~ 
0.420 

0.125 
0.155 

Q.019 

20 Lead Windowed Cerdip W6 

0.015 .... 1 
0.035 

PIN 1 

t 
0.140 0.245 
0.155 0.310 

i 

0.970 0.175 
0.930 I 0.140 

·~mrntf~ l 
' ' 11 0.060 
~ I- .... --j-

0.090 
0.110 

0.050 
0.065 

O.Q15 
0.020 

10-25 

DIMENSIONS IN INCHES 

MIN. 
MAX. 

0 
15° 



24 Lead Windowed Cerdip W14 

0.125 
0.155 

/PIN1 

~ ............... .a...i:;;.., t 

0.090 
0.110 

0.045 
0.065 

0.015 
0.020 

0.140 0.245 
0.155 0.310 

i 

DIMENSIONS IN INCHES 

MIN. 
MAX. 

0 
15° 

28 Lead (600 MIL) Windowed Cerdip W16 

0:065-1 
0.085 

1.440 1+-----'---1.500 ____ _, 

.12·5· 5r . 200 c 
0.090 
0.110 

10-26 

DIMENSIONS IN INCHES 

MIN. 
MAX. 

- SEATING PLANE 

r-0.590--i 

I c 0.620 :::::i I 

/ff§.\ .: . 
-U-~ ~\Y 
l-o.63o__j 

0.690 



0.125 
0.155 

0.045 R 

32 Lead (600 MIL) Windowed Cerdip W20 
(Preliminary) 

0.045 
0.065 

0.015 
0.020 

28 Lead Windowed Cerdip W22 

GLASS LENS 

PIN 1 

I 
0.245 

...,.,,.,.. __ _.~ """'-...+-,....! OTO 

DIMENSIONS IN INCHES 

MIN. 
MAX. 

SEATING PLANE 

I 0.630 I 
1----0.690 • 

DIMENSIONS IN INCHES 

MIN. 
MAX • 

~ _.j ~ fi "'"" '"'" 
'~ffi~~j~ I r~;i 
'fj UJ IU U ~-d~~ , -g:g~~ ~ 

-1 ~ - -11- 1- 0.330 _j 
0.090 0.045 0.015 0.390 
0.110 0.065 0.020 
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~ Package Diagrams 
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Typical Marking for DIP Packages (P and D Type) 

PLACE Of MFG. 

DATE CODE: ---

XXYY 
XX=YEAR 
YY =WORK WEEK 

WEEK PARTS WERE MARKED (FOR PLASTIC) 
WEEK PARTS WERE SEALED (FOR HERMETIC) 

"USA" 
DEVICE WITH 
SPEED, PACKAGE &: TEMP RANGE 

' SHIP CODE: ASSEMBLY CODE: 
~~~~~~~~~~~ 

IDENTIFIES SPECIFIC SHIPMENT IDENTIFIES THE SPECIFIC ASSEMBLY 
LOTS TO CUSTOMERS. LOT THE PRODUCT CAME FROM. 
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~ Sales Representatives and Distribution 
~~~UCTOR =================================================================== 
Direct Sales Offices 
California 

Cypress Semiconductor 
Corporate Headquarters 
3901 N. First Street 
San Jose, CA 95134 
( 408) 943-2600 
Telex: 821032 CYPRESS SNJ UD 
TWX: 910 997 0753 
FAX: 408-943-2741 

Cypress Semiconductor 
23586 Calabasas Rd., Ste. 201 
Calabasas, CA 91302 
(818) 884-7800 

Cypress Semiconductor 
2151 Michelson Dr., Ste. 284 
Irvine, CA 92715 
(714) 476-8211 

Cypress Semiconductor 
16496 Bernardo Center, Ste. 215 
San Diego, CA 92128 
(619) 487-9446 

Colorado 
Cypress Semiconductor 
143 Union Blvd., Ste. 900 
Lakewood, CO 80228 
(303) 986-4221 

Sales Representatives 
Alabama 

CSR Electronics 
303 Williams Ave., Ste. 931 
Huntsville, AL 35801 
(205) 533-2444 
TWX: 510-600-2831 
FAX: 205-536-4031 

Arizona 
Luscombe Engineering 
7533 E. First Street 
Scottsdale, AZ 85251 
(602) 949-9333 

California 
Cypress Semiconductor 
Corporate Headquarters 
3901 N. First Street 
San Jose, CA 95134 
( 408) 943-2600 
Telex: 821032 CYPRESS SNJ UD 
TWX: 910 997 0753 
FAX: 408-943-2741 

Cypress Semiconductor 
23586 Calabasas Rd., Ste. 201 
Calabasas, CA 91302 
(818) 884-7800 

Cypress Semiconductor 
2151 Michelson Dr., Ste. 284 
Irvine, CA 92715 
(714) 476-8211 

Florida 
Cypress Semiconductor 
10014 N. Dale Marby Hwy., 101 
Tampa, FL 33618 
(813) 968-1504 

Illinois 
Cypress Semiconductor 
1530 E. Dundee Rd., Ste. 190 
Palatine, IL 60067 
(312) 934-3144 

Maryland 
Cypress Semiconductor 
5570 Sterret Place, Ste. 300 
Columbia, MD 21044 
(301) 740-2087 

Massachusetts 
Cypress Semiconductor 
2 Dedham Place 
Dedham, MA 02026 
(617) 461-1778 

Minnesota 
Cypress Semiconductor 
14525 Hwy. 7, Ste. 115 
Minnetonka, MN 55345 
(612) 935-7747 

California 
Cypress Semiconductor 
16496 Bernardo Center, Ste. 215 
San Diego, CA 92128 
(619) 487-9446 

Taarcom 
451 N. Bailey Avenue 
Mountain View, CA 94043 
(415) 960-1550 

Colorado 
Cypress Semiconductor 
143 Union Blvd., Ste. 900 
Lakewood, CO 80228 
(303) 986-4221 

Connecticut 
HLM 
411 Highland Ave., Ste. 2 S. 
Waterbury, CT 06708 
(203) 753-9894 

Florida 
CM Marketing 
1435D Gulf to Bay Blvd. 
Clearwater, FL 33515 
(813) 443-6390 

CM Marketing 
6091-A Buckeye Ct. 
Tamarac, FL 33319 
(305) 722-9369 

Oregon 
Cypress Semiconductor 
6950 S.W. Hampton St., Ste. 217 
Portland, OR 97223 
(503) 684-1112 

Pennsylvania 
Cypress Semiconductor 
3 Neshaminy Interplex, S301 
Trevose, PA 19047 
(215) 639-6663 

Texas 
Cypress Semiconductor 
14675 Midway Rd., Ste. 212 
Dallas, TX 75244 
(214) 239-2901 

Cypress Semiconductor International 
51 Rue du Moulin a Papier, Bte 11 
1160 Brussels, Belgium 
Tel: (32) 02-672-2220 
Telex: 64677 CYPINT B 
FAX: (32) 02 660-0366 

Germany 
Cypress Semiconductor 
Harzog Ottoweg 1 
D-8011 Zomeding 
West Germany 
Tel: (49) 8106 2806 
FAX: (49) 8106 2707 

Florida 
CM Marketing 
PO Box 560776 
Orlando, FL 32856 
(305) 841-7423 

Cypress Semiconductor 
10014 N. Dale Marby Hwy., 101 
Tampa, FL 33618 
(813) 968-1504 

Georgia 
CSR Electronics 
1651 Mt. Vernon Rd., Ste. 200 
Atlanta, GA 30338 
(404) 396-3720 
TWX: 510 600 2162 
FAX: 404-394-8387 

Illinois 
Cypress Semiconductor 
1530 E. Dundee Rd., Ste. 190 
Palatine, IL 60067 
(312) 934-3144 

Micro Sales Inc. 
54 West Seegers Road 
Arlington Hts., IL 60005 
(312) 956-1000 
Telex: 510 6000756 



~Ni-s Sales Representatives and Distribution 
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Sales Representatives (Continued) 

Indiana New Jersey Ohio 
Technology Mktg. Corp. HLM Lyons 
599 Industrial Dr. 1300 Route 46 248 N. State St. 
Carmel, IN 46032 Parsippany, NJ 07054 Westerville, OH 43081 
(317) 844-8462 (201) 263-1535 (614) 895-1447 

Technology Mktg. Corp. New York Oregon 
3428 W. Taylor HLM Cypress Semiconductor 
Ft. Wayne, IN 46802 64 Mariners Lane 6950 S.W. Hampton St., Ste. 217 
(219) 432-5553 Northport, NY 11768 Portland, OR 97223 

Iowa (516) 757-1606 (503) 684-1112 

Midwest Tech. Sales Reagan/Com par Pennsylvania 
2510 White Eagle Trail S.E. 6 Highland Ave. Cypress Semiconductor 
Cedar Rapids, IA 52403 Albany, NY 12205 3 Neshaminy Interplex, S301 
(319) 365-4011 (518) 489-4777 Trevose, PA 19047 

Kansas Reagan/Compar (215) 639-6663 

Midwest Tech. Sales 3449 St. Paui Bivd. Tenne2j~ee 

837 Perry Rochester, NY 14617 CSR Electronics 
Wichita, KS 67203 (716) 338-3198 803 West Jackson Ave., Ste. 11 
(316) 262-7240 Reagan/Compar Knoxville, TN 37902 

Midwest Tech. Sales 41 Woodberry Road (615) 673-0222 

15301 W. 87 Parkway, Ste. 200 New Hartford, NY 13413 TWX: 510 600 2162 

Lenexa, KS 66219 (315) 732-3775 FAX: 615-673-0229 

(913) 888-5100 Reagan/Compar Texas 

Kentucky 42 Winding Brook Drive Cypress Semiconductor 

Technology Mktg Corp. Fairport, NY 14450 14675 Midway Rd., Ste. 212 

8819 Roman Ct. (716) 271-2230 Dallas, TX 75244 

Louisville, KY 40291 Reagan/Com par 
(214) 239-2901 

(502) 499-7808 400 Hooper Road Southern States Marketing 

Maryland Endwell, NY 13760 1143 Rockingham, Ste. 106 

Cypress Semiconductor (607) 723-8743 Richardson, TX 75080 

5570 Sterret Place, Ste. 300 Reagan/Compar 
(214) 238-7500 

Columbia, MD 21044 TWX: 910 867 4754 

(301) 740-2087 
3737 Pheasant Lane 

Southern States Marketing Endwell, NY 13760 
Massachusetts (607) 723-8743 400 E. Anderson Lane, Ste. 111 

Cypress Semiconductor New Mexico 
Austin, TX 78752 

2 Dedham Place (512) 835-5822 

Dedham, MA 02026 
Quatra Associates TWX: 910 874 2006 

(617) 461-1778 
9704 Admiral Dewey N.E. 

Utah Albuquerque, NM 87111 
Michigan (505) 821-1455 Sierra Technical Sales 

Techrep North Carolina 
4700 South 900 East 3-150 

2950 Packard Road Salt Lake City, UT 84117 

Ypsilanti, MI 48197 
Tingen Tech. Sales (801) 262-4566 

(313) 572-1950 
2809 Millbrook Rd., Ste. 203 

Washington Raleigh, NC 27604 
Minnesota (919) 878-4440 Electronic Sources 

Cypress Semiconductor TWX: 510 928 0540 300 120 St. N.E. 

14525 Hwy. 7, Ste. 115 FAX: 919 878 8681 Bldg. 1, Ste. 100 

Minnetonka, MN 55345 Ohio 
Bellevue, WA 98005 

(612) 935-7747 Lyons 
(206) 451-3500 

Missouri 4812 Frederick Rd., Ste. 101 Wisconsin 

Midwest Tech. Sales Dayton, OH 45414 Micro Sales Inc. 

136 Cedar Crest Ct. (513) 278-0714 N. 81 W. 12920 Leon Rd., Ste. 115 

St. Charles, MO 63301 Lyons 
Menomonee Falls, WI 53051 

(314) 441-1012 4615 W. Streetsboro Road 
(414) 251-0151 

Richfield, OH 44286 
(216) 659-9224 



~ Sales Representatives and Distribution 
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International Sales Representatives 
Cypress Semiconductor International 

51 Rue du Moulin a Papier, Bte 11 
1160 Brussels, Belgium 
Tel: (32) 2 672 2220 
Telex: 64677 CYPINT B 
FAX: (32) 2 660-0366 

Austria 
Hitronik Vertriebs GmBH 
St. Veitgasse 51 
A-1130 Wien, Austria 
Tel: (43) 222 824199 
Telex: 133404 HIT A 
FAX: (43) 222 826 440 

Belgium 
Microtronica 
Rue de l' Aeronef, 2 
B-1140 Bruxelles, Belgium 
Tel: (32) 2 216 7061 
Telex: 64709 MICRO B 
FAX: (32) 2 242 2720 

Canada 
ESP 
447 McLeod St. 
Ottawa, Ontario KlR 5P5 
(613) 236-1221 

ESP 
4434 Shelby Crescent, Suite 1 
Mississauga, Ontario L4W 3T3 
(416) 626-8221 
FAX: (416) 848-8221 

Denmark 
A/S Nordisk Electronik 
Transformervej 17 
DK-2730 Herlev 
Tel: (45) 2 842000 
Telex: 35200 NORDEL DK 
FAX: (45) 2 921552 

Finland 
OY Fintronic AB 
Melkonkatu 24 A 
SF-00210 Helsinki 
Tel: (358) 0-6926022 
Telex: 124224 FTRON SF 
FAX: (358) 0-674886 

France 
Newtek S.A.R.L. 
18 Rue de L'Esterel, Silic 583 
F-94633 Rungis Cedex 
Tel: (33) 1 4687-6025 
Telex: 263046 COSERM 
FAX: (33) 1 4687 8049 

Germany 
Cypress Semiconductor GmbH 
Harzog Ottoweg 1 
D-8011 Zorneding 
Tel: (49) 8106 2806 
FAX: (49) 8106 2707 

API Electronik GmbH 
Augustinerring 27 
D-8062 Markt, Indersdorf 
Tel: (49) 8136 7092 
Telex: 527 0505 

Astek GmbH 
Gottlieb-Daimler-Str. 7 
D-2358 Kaltenkirchen 
Tel: (49) 4191 8711 
Telex: 2180120 ASK D 
FAX: (49) 4191 8249 

Metronik GmbH 
Leonhardsweg 2, Postfach 1328 
D-8025 Unterhaching b. Munich 
Tel: (49) 89-611080 
Telex: 17 897434 METRO D 
FAX: (49) 89 611 6468 

Israel 
Talviton Electronics 
PO Box 21104, 9 Biltmore Street 
Tel Aviv 61 210 
Tel: (972) 3 444572 
Telex: 33400 VITKO 
FAX: (972) 3 455626 

Italy 
Cramer Italia s.p.a. 
134, Via C. Colombo 
00147 Roma 
Tel: (39) 6 517 981 
FAX: (39) 6 514 0722 

Dott.Ing. Guiseppe De Mico s.p.a. 
V. Le Vittorio Veneto, 8 
I-20060 Cassina d'Pecchi 
Milano 
Tel: (39) 2 95 20 551 
Telex: 330869 DEMICO I 
FAX: (39) 2 952 2227 

Japan 
Tomen Electronics 
2-1-1 Uchisaiwai-Cho, Chiyoda-Ku 
Tokyo 100 
Tel: (81) 3 506 3670 
Telex: 23548 TMELCA 
FAX: (81) 3 506 3497 

Norway 
Nordisk Elektronik (Norge) A/S 
Smedsvingen 4, PO Box 122 
N-1364 Hvalstad 
Tel: (47) 2 846 210 
Telex: 77546 NENAS N 
FAX: (47) 2 846 545 

Puerto Rico 
ETS 
P.O. Box 10768 
Caparra Height Station 
San Juan, PR 00922 
(809) 720-1300 

Spain 
Comelta S.A. 
Emilio Munoz, 41 Nave 1-1-2 
E-Madrid 17 
Tel: (34) 1 754 3001 
Telex: 42007 CETA-E 
FAX: (34) 1 754 2151 

Sweden 
Nordisk Electronik AB 
Huvudstagatan 1, PO Box 1409 
S-171 27 Solna 
Tel: 8-635 040 
Telex: 10547 Nortron S 
FAX: (46) 8 272 204 

Switzerland 
Baerlocher AG 
Forrlibuckstrasse 150 
CH-8005 Zurich 
Tel: (41) 1 429 900 
Telex: 822762 BAEZ CH 
FAX: (41) 1 445 023 

Taiwan R.O.C. 
Prospect Technology Corp. 
5, Lane 55, Long-Chiang Road 
Taipei 
Tel: (886) 2 721 9533 
Telex: 14391 PROSTECH 
FAX: (886) 2 773 3756 

The Netherlands 
Semicon B.V. 
P.O. Box 408, 5600 AK Eindhoven 
Office: Duivendijk SB 
NL-5672 AD Nuenen 
Tel: (31) 40 837 035 
Telex: 59418 INTRA NL 
FAX: (31) 40 838 635 

United Kingdom 
Pronto Electronic System LTD. 
City Gate House 
399-425 Eastern Avenue 
Gants Hill Ilford, Essex IG2 6LR 
Tel: (44) 1 554 6222 
Telex: 8954213 PRONTO G 
FAX: (44) 1 518 3222 



~ Sales Representatives and Distribution 
~~~CIOR====================================================== 
Distribution 
Marshall Industries: 

Alabama 
Huntsville, AL 35801 
(205) 881-9235 

Arizona 
Tempe, AZ 85282 
(602) 968-6181 

California 
Marshall Industries, 
Corp. Headquarters 
El Monte, CA 91731-3004 
(818) 459-5500 

Irvine, CA 92714 
(714) 458-5395 

Chatsworth, CA 91311 
(818) 407-0101 

Rancho Cordova, CA 95670 
(916) 635-9700 

San Diego, CA 92131 
(619) 578-9600 

Milpitas, CA 95035 
(408) 943-4600 

Colorado 
Thornton, CO 80241 
(303) 451-8383 . 

Connecticut 
Wallingford, CT 06492-0200 
(203) 265-3822 

Florida 
Ft. Lauderdale, FL 33309 
(305) 928-0661 

Orlando, FL 32811 
(305) 841-1878 

St. Petersburg, FL 33702 
(813) 576-1399 

Georgia 
Norcross, GA 30093 
(404) 923-5750 

filinois 
Schauinburg, IL60173 
(312) 490-0155 

Indiana 
Indianapolis, IN 46278 
(317) 297-0483 

Kansas 
Lenexa, KS 66214 
(913) 492-3121 

Maryland . 
Gaithersburg, MD 20877 
(301) 840-9450 

Massachusetts 
Burlington, MA 01803 
(617) 272-8200 

Michigan 
Livonia, MI 48150 
(313) 525-5850 

Minnesota 
Plyinouth, MN 55441 
(612) 559~2211 

New Jersey 
Fairfield, NJ 07006 
(201) 882-0320 

Mt. Laurel, NJ 08054 
(609) 234-9100 

New York 
Johnson City, NY 13790 
(607) 798-1611 

Hauppauge, LI, NY 11788 
(516) 273-2424 

Rochester, NY 14624 
(716) 235-7620 

North Carolina 
Raleigh, NC 27604 
(919) 878-9882 

Ohio 
Solon, OH 44139 
(216) 248-1788 

Dayton, OH 45424 
(513) 236-8088 

Oregon 
Beaverton, OR 97005 
(503) 644-5050 

Pennsylvania 
Mt. Laurel, NJ 08054 
(609) 234-9100 

Pittsburgh, PA 15238 
(412) 963-0441 

Texas 
Austin, TX 78754 
(512) 837-1991 

Carrollton, TX 75006 
(214) 233-5200 

Texas 
Houston, TX 77040 
(713) 895-9200 

Utah 
Salt Lake City, UT 84115 
(801) 485-1551 

Washington 
Bellevue, WA 98007 
(206) 747-9100 

Wisconsin 
Brookfield, WI 53005 
(414) 797-8400 

Semad: 

Canada 

Toronto 
Markhain, Ontario L3R 4Z4 
(416) 475-8500 
Telex: 06-966600 
FAX: 416-475-4158 

Montreal 
Pointe Claire, Quebec H9R 427 
(514) 694-0860 
1-800-363-6610 
FAX: 514-694-0965 

Ottawa 
Ottawa, Ontario K2C OR3 
(613) 727-8325 
Telex: 05-33943 

Vancouver 
Burnaby, B.C. V5G 4Nl 
(604) 438-2515 
Telex: 04-356625 
1-800-242-6597 

Calgary 
Calgary, Alberta T2H 2S8 
(403) 252-5664 
Telex: 03-824775 
FAX: 403-255-0966 

Cypress Electronics: 

Santa Clara, CA 95050 
(908) 980-2500 

Falcon Electronics: 

Hauppauge, LI, NY 11788 
(516) 724-0980 

Fraininghain, MA 01701 
(617) 626-2128 

Milford, CT 06460 
(203) 878-5272 
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Distribution (Continued) 

Anthem Electronics, Inc.: 

Tempe, AZ 85281 
(602) 966-6600 

Chatsworth, CA 91311 
(818) 700-1000 

East Irvine, CA 92718 
(714) 768-4444 

Sacramento, CA 95834 
(916) 922-6800 

San Jose, CA 95131 
(408) 295-4200 

San Diego, CA 92121 
(619) 453-9005 

Englewood, CO 80112 
(303) 790-4500 

Beaverton, OR 97034 
(503) 684-2661 

Salt Lake City, UT 84119 
(801) 973-8555 

Redmond, WA 98052 
(206) 881-0850 

Zeus Components, Inc.: 

Anaheim, CA 92807 
(714) 632-6880 

San Jose, CA 95131 
(408) 998-5121 

Oviedo, FL 32765 
(305) 365-3000 

Lexington, MA 02173 
(617) 863-8800 

Columbia, MD 21045 
(301) 997-1118 

Port Chester, NY 10573 
(914) 937-7400 

Richardson, TX 75081 
(214) 763-7010 

Quality Components: 

Huntsville, AL 35816 
(205) 830-1881 

Addison, TX 75001 
(214) 733-4300 

Austin, TX 78758 
(512) 835-0220 

Sugarland, TX 77478 
(713) 240-2255 

Tulsa, OK 74129 
(918) 664-8812 

Lionex Corporation: 

Meriden, CT 06450 
(203) 237-2282 

Wilmington, MA 01887 
(617) 657-5170 

Columbia, MD 21045 
(301) 964-0040 

Fairfield, NJ 07006 
(201) 227-7960 

Hauppauge, NY 11787 
(516) 273-1660 

Horsham, PA 19044 
(215) 443-5150 





CYPRESS SEMICONDUCTOR CORPORATION 
3901 NORTH FIRST STREET 

SAN JOSE. CALIFORNIA 95134 
TELEPHONE (408) 943-2600 


