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PAL C 20A Series 

AC Programming Parameters Ambient Temperature = 25°C 
Table 2 

Parameter Description 

tpp Programming Pulse Width 

ts Setup Time 

tH Hold Time 

tn tf Vpp Rise and Fall Time 

tvn Delay to Verify 

tvp Verify Pulse Width 

tnv Verify to Data Valid 

tnz Verify to High Z 

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 VIHP X 

Program Verify Vpp VILP X 

Phantom PAL X X X 

Program Phantom PAL Vpp Vpp X 

Phantom Program Inhibit Vpp VIHP X 

Phantom Program Verify Vpp VILP X 

Program Security Bit Vpp Vpp Vpp 

Verify Security Bit X X Note 9 

Register Preload X X X 
Notes: 
1. During verify operation 
2. Measured at 10% and 90% points 
3. Vss < X < vccp 
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 4 and 5. 
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 5. 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 

Min. Max. Units Notes 

100 10,000 fJ-s 2 

1.0 fJ-s' 

1.0 fJ-s 

1.0 fJ-s 2 

1.0 fJ-s 

2.0 fJ-s 

20.0 fJ-s 

1.0 fJ-s 

Table 3 

A2 

(4) 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Vpp 

X 

4-17 

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 3,8 

X X X HighZ 3 

Vpp X X Data In 3,10 

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. 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 = VOH, 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. 

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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PAL C 20A Series 

Table 4 

Product Term Addresses 

Binary Addresses 

Pin Numbers Line Number 

(4) (3) (2) 

VILP VILP VILP 0 8 16 24 32 40 48 56 

VILP VILP VIHP 1 9 17 25 33 41 49 57 

VILP VIHP VILP 2 10 18 26 34 42 50 58 

VILP VIHP VIHP 3 11 19 27 35 43 51 59 

VIHP VILP VILP 4 12 20 28 36 44 52 60 

VIHP VILP VIHP 5 13 21 29 37 45 53 61 

VIHP VIHP VILP 6 14 22 30 38 46 54 62 

VIHP VIHP VIHP 7 15 23 31 39 47 55 63 

DO Dl D2 D3 D4 D5 D6 D7 

Programmed Data Input 

Table 5 

Input Term Addresses Input Term Addresses 

Input 
Binary Addresses 

Input 
Binary Addresses 

Term Pin Numbers Term Pin Numbers 
Numbers (9) (8) (7) (6) (5) Numbers (9) (8) (7) (6) (5) 

0 VILP VILP VILP VILP VILP 18 VIHP VILP VILP VIHP VILP 

1 VILP VILP VILP VILP VIHP 19 VIHP VILP VILP VIHP VIHP 

2 VILP VILP VILP VIHP VILP 20 VIHP VILP VIHP VILP VILP 

3 VILP VILP VILP VIHP VIHP 21 VIHP VILP VIHP VILP VIHP 

4 VILP VILP VIHP VILP VILP 22 VIHP VILP VIHP VIHP VILP 

5 VILP VILP VIHP VILP VIHP 23 VIHP VILP VIHP VIHP VIHP 

6 VILP VILP VIHP VIHP VILP 24 VIHP VIHP VILP VILP VILP 

7 VILP VILP VIHP VIHP VIHP 25 VIHP VIHP VILP VILP VIHP 

8 VILP VIHP VILP VILP VILP 26 VIHP VIHP VILP VIHP VILP 

9 VILP VIHP VILP VILP VIHP 27 VIHP VIHP VILP VIHP VIHP 

10 VILP VIHP VILP VIHP VILP 28 VIHP VIHP VIHP VILP VILP 

11 VILP VIHP VILP VIHP VIHP 29 VIHP VIHP VIHP VILP VIHP 

12 VILP VIHP VIHP VILP VILP 30 VIHP VIHP VIHP VIHP VILP 

13 VILP VIHP VIHP VILP VIHP 31 VIHP VIHP VIHP VIHP VIHP 

14 VILP VIHP VIHP VIHP VILP PO VILP VILP Vpp X X 

15 VILP VIHP VIHP VIHP VIHP PI VILP VIHP Vpp X X 

16 VIHP VILP VILP VILP VILP P2 VIHP VILP Vpp X X 

17 VIHP VILP VILP VILP VIHP P3 VIHP VIHP Vpp X X 
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START 
Vccp=5.0V 
Vpp=13.5V 

l 
ADDR 1ST 
LOCATION 

l 
M =0 

l 
PROGRAM 

ONE PULSE 
OF 0.1 msec 

l 
M=M+ 1 

l 
M =20? 

YES 

l NO 

VERIFY 

FAIL ONE BYTE? 

l PASS 

PROGRAM 
ONE PULSE 
OF 4 (0.1) 
(M) msec 

l 
M = 20? 

I VERIFY 1 
YES 1 BYTE I FAIL 

! NO 
PASS 

1 INCREMENT 1 LAST 

1 ADDR I NO ADDRESS? 

l YES 

READ I 1 All BYTES? REJECT 

Vccp=5.0V FAIL -I DEVICE I 
! PASS 

PROGRAM 
COMPLETE. 

GOOD 
DEVICE 

0038-16 

Figure 5. Programming Flowchart 
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VIHP -- -­

ADDRESS 

VILP -- --
1: 

PROGRAM 

ADDRESS Ao THRU A9 

PROGRAM VERIFY 
INHIBIT 

tAH -r -I---tAS_ 
t--tos-

tov- I-- - I--toz 
VIHP - - -­

DATA 

VILP -- --

VpP----

VIHP -- -­

VPP 

VILP -- --

VpP----

VIHP -- -­

PGM/OE 

VILP -- --

VIHP- -

ADDRESS 

VILP- -

Vpp- --

tr 

). 

T -
..\.. 

DATA IN Do THRU 07 DATA OUT Do THRU 07 ..... ,... -'~ .... ,... 
I tAS ___ 

I--I--tOH l---tAH 
I 

1 
....,~ 

tr_ I+- - I--tf 

1-",," -'t-

~{ PROGRAM ~ 
I-~ 

- r-I----tpP- VERIFY 
.... 

r---tvo- tvp 

Figure 6. Programming Waveforms Normal Array 

PROGRAM PROGRAM VERIFY INHIBIT 

ADDRESS Ao THRU A2. As AND A7 

!---tAS-

VILP- ---i -tr -tos- - -tov - ~toz 
VIHP- -­

DATA 

VILP---

Vpp- --

Vpp 

VIHP- --

VILP- --

VPP- --

VIHP- -

PGM/OE 

VILP- --

~ 

tr-~tAS-

If -",... 
tr--

.., 

""r-
DATA IN Do THRU 07 DATA OUT Do THRU 07 

-"''If- to ~ 

r-- I--tOH I---tAH 

f-- - -tf 

,... ... 

~ PROGRAM ~ 
k-

~ ~,.. 

!+--tpp-
k-

VERIFY J 
I+--tvo tvp 

Figure 7. Program Waveforms Phantom Array 
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VPP - - --

VIHP - - -­

Al 

VILP - - --

VpP----

VIHP - - -­

Vpp 

VILP - - - -

VPP - - --

VIHP - - -­

PGM/OE 

VILP - - - - ----____ ~ 

VIHP - - --

Figure 8. Activating Program Security 

DATA ---------------_____________ ~ 
VILP - - --

VPP - - --

VIHP - - -­

A2 
VILP - - - - ---__________________ =1-

Figure 9. Verify Program Security 
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~ PAL C 20A Series 
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Functional Logic Diagram PAL C 16L8A 
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Functional Logic Diagram PAL C 16R4A 
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Functional Logic Diagram PAL C 16R6A 
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Functional Logic Diagram PAL C 16R8A 
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~~~===========================================P=A=L==C=2=O=A==s=e=r=ie==s 
TypiCll:I DC and AC Characteristics 
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Ordering Information 

ICC tpD ts teo Ordering Code Package Operating Range 
(rnA) (ns) (ns) (ns) 

90 25 - - PAL C 16L8A PC P5 Commercial 

90 25 - - PAL C 16L8A DC D6 Commercial 

90 25 - - PAL C 16L8A LC L61 Commercial 

90 30 - - PAL C 16L8A DMB D6 Military 

90 30 - - PAL C 16L8A LMB L61 Military 

90 - 20 15 PAL C 16R8A PC P5 Commercial 

90 - 20 15 PAL C 16R8A DC D6 Commercial 

90 - 20 15 PAL C 16R8A LC L61 Commercial 

90 - 25 20 PAL C 16R8A DMB D6 Military 

90 - 25 20 PAL C 16R8A LMB L61 Military 

90 25 20 15 PAL C 16R6A PC P5 Commercial 

90 25 20 15 PAL C 16R6A DC D6 Commercial 

90 25 20 15 PAL C 16R6A LC L61 Commercial 

90 30 25 20 PAL C 16R6A DMB D6 Military 

90 30 25 20 PAL C 16R6A LMB L61 Military 

90 25 20 15 PAL C 16R4A PC P5 Commercial 

90 25 20 15 PAL C 16R4A DC D6 Commercial 

90 25 20 15 PAL C 16R4A LC L61 Commercial 

90 30 25 20 PAL C 16R4A DMB D6 Military 

90 30 25 20 PAL C 16R4A LMB L61 Military 
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ADVANCED INFORMATION PAL C 22VIO 
CYPRESS 
SEMICONDUCTOR CMOS PAL® Device 

Features 
• Advanced second generation 

PAL architecture 

• Up to 22 input terms and 10 
outputs 

• Variable product terms 
- 2 X (8 thru 16) product 

terms 

• User programmable macro cell 
- Output polarity control 
- Individually selectable for 

registered or combinatorial 
operation 

• Standard and high performance 
versions 
-"A" 
--15 ns Teo 
-25 ns Ts 
- 30 ns Tpd 

-"STD" 
-25 ns Teo 
-35 ns Ts 
-35 ns Tpd 

• Low power 120 mA max 

• Commercial and military 
Temperature range 

• High reliability 
- Proven EPROM technology 
- > 2000V input protection 
- 100% programming and 

functional testing 

Logic Symbol and Pinout 

Functional Description 
The Cypress PAL C 22V1O 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 22V1O is executed in a 24 
pin package and provides up to 22 in­
puts and 10 outputs. The Programma­
ble Macro Cell provides the capability 
of defining the architecture of each out­
put individually. Each of the 10 poten­
tial outputs may be specified to be 
"REGISTERED" or "COMBINATO­
RIAL". Polarity of each output may 
also be individually selected allowing 
complete flexibility of output configu­
ration. Further configurability is pro­
vided through " ARRAY" configurable 
"OUTPUT ENABLE" for each poten­
tial output. This feature allows the 10 
outputs to be reconfigured as inputs on 
an individual basis or alternately used 
as a combination I/O controlled by the 
programmable array. 

The PAL C 22V1O features a "VARI­
ABLE PRODUCT TERM" architec­
ture. There are 5 pairs of product terms 
beginning at 8 product terms per out­
put and incrementing by 2 to 16 prod­
uct terms per output. By providing this 

variable structure the PAL C 22V1O is 
optimized to the configurations found 
in a majority of applications without 
creating devices that burden the prod­
uct term structures with unuseable 
product terms and lower performance. 

Additional features of the Cypress 
PAL C 22V1O include a synchronous 
PRESET and an asynchronous RESET 
product term. These product terms are 
common to all MACRO CELLS elimi­
nating the need to dedicate standard 
product terms for initialization func­
tions. The device also incorporates a 
power-up reset feature to guarantee 
that one unique condition on applica­
tion of power results and the ability to 
preload the output registers for testing. 

The PAL C 22V1O featuring program­
mable macro cells and variable product 
terms provides a device with the flexi­
bility to implement logic functions in 
the 500 to 800 gate array complexity. 
Since each of the 10 output pins may be 
individually configured as inputs on a 
temporary or permanent basis, func­
tions requiring up to 21 inputs and only 
a single output down to 12 inputs and 
10 outputs are possible. The 10 poten­
tial outputs are enabled through the 
use of product terms. Any output pin 
may be permanently selected as an out-

PAL@ is a registered trademark of Monolithic Memories Inc. 

0023-1 
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~ ADVANCED INFORMATION PALC22VIO 
~~~NDUcrOR ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~= 

Functional Description (Continued) 

put or arbitrarily enabled as an output and an input thru 
the selective use of individual product terms associated 
with each output. Each of these outputs is achieved 
through an individual programmable macro cell. These 
macro cells are programmable to provide a combinatorial 
or registered inverting or non-inverting output. In a regis­
tered mode of operation, the output of the register is fed 
back into the array providing current status information to 
the array. This information is available for establishing the 
next result in applications such as control-state-machines. 
In a combinatorial configuration, the combinatorial output 
or, if the output is disabled, the signal present on the I/O 
pin is made available to the array. The flexibility provided 
by both programmable macro cell product term control of 
the outputs and variable product terms allows a significant 
gain in functional density through the use of programma­
ble logic. 

Along with this increase in functional density, the Cypress 
PAL C 22VlO provides lower power operation thru the use 

Macrocell 

of CMOS technology, increased testability with a register 
preload feature and guaranteed AC performance through 
the use of a phantom array. This phantom array allows the 
22V 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 specified for the prod­
uct application. In addition, this same phantom array may 
be used to test the PAL C 22VlO at incoming inspection 
before committing the device to a specific function through 
programming. 

Configuration Table 1 

Registered/Combinatorial 

Cl Co Configuration 

0 0 Registered/ Active Low 

0 1 Registered/Active High 

1 0 Combinatorial! Active Low 

1 1 Combinatorial! Active High 

r---------------------, 
I 

AR I 

H--------.... -I D 

INPUT/ 
FEEDBACK 

MUX 

CP 

QI-----.... 

01--.... ---1 

SP 

OUTPUT 
SELECT 

MUX 

C1 --------~----~------------------------------~ 

co-------~----------------------------------------~ 
MACROCELL 

I 

L ____________________ ~ 
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~ ADVANCED INFORMATION PALC22VIO 
~~~NDUcrOR ===================================================================== 
Selection Guide 

Part Number 
Iee mA Tpd ns Tsns Tco ns 

COM MIL COM MIL COM MIL COM MIL 

22VlOA 120 l20 30 35 25 30 15 20 

22VI0 120 120 35 40 35 40 25 25 

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

Storage Temperature ............... - 65°C to + 150°C DC Programming Voltage ..... " ......... " .... 14.0V 

Ambient Temperature with Static Discharge Voltage ..................... >2oo1V 
Power Applied .................... - 55°C to + 125°C (per MIL-STD-883 Method 3015.2) 

Supply Voltage to Ground Potential Latchup Current .......................... > 200 rnA 
(Pin 20 to 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 ................... - 3.0V to + 7.0V 
Range 

Ambient 
Vee Temperature 

Output Current into Outputs (Low) ............. 24 rnA Commercial O°Cto +70°C 5V ± 10% 

Military - 55°C to + 125°C 5V ±1O% 

Electrical Characteristics Over Operating Range 

Parameters Description Test Conditions Min. Max. Units 

VOH Output HIGH Voltage Vee = Min., 10H = -3.2mA COM'L 
2.4 V 

VIN = VIH or VIL 10H = -2mA MIL 

VOL Output LOW Voltage Vee = Min., IOL=16mA COM'L 
0.4 V 

VIN = VIH or VIL 10L = 12mA MIL 

VIR Input HIGH Level Guaranteed Input Logical HIGH Voltage for All Inputs 2.0 V 

VIL Input LOW Level Guaranteed Input Logical LOW Voltage for All Inputs 0.8 V 

IIX Input Leakage Current Vss ~ VIN ~ Vee, Vee = Max. -lO 10 p,A 

loz Output Leakage Current Vee = Max., Vs ~ VOUT ~ Vee -40 40 p,A 

Ise Output Short Circuit Current Vee = Max., VOUT = 0.5V -30 -90 rnA 

lee Power Supply Current Vee = Max., VSS ~ VIN ~ Vee Outputs Open 120 rnA 

Capacitance 

Parameters Description Test Conditions Min. Max. Units 

CIN Input Capacitance VIN = 2.OV @ f = 1 MHz 5 

CoUT Output Capacitance VOUT = 2.OV @ f = 1 MHz 8 
pF 
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~ ADVANCED INFORMATION PALC22VIO 
~~~NDUcrOR ===================================================================== 
Switching Characteristics PAL C 22VIO 

Commercial Military 

Parameters Description "A" "STD" "A" "STD" 

Tpd 
Input or Feedback to 
Non-Registered Output 

Tea Input to Output Enable 

Ter Input to Output Disable 

Teo Clock to Output 

Ts Input or Feedback Setup Time 

Th Hold Time 

Tp Clock Period (T s + Teo) 

Tw Clock Width 

Fmax Maximum Frequency 

Taw Asynchronous Reset Width 

Tar 
Asynchronous Reset Recovery 
Time 

Tap 
Asynchronous Reset to 
Registered Output Reset 

Switching Waveforms 
INPUTS I/O, 
REGISTERED 

FEEDBACK 
SYNCHRONOUS 

PRESET 
CP 

ASYNCHRONOUS 

Min. 

25 

0 

40 

20 

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

30 35 35 

30 35 35 

30 35 35 

15 25 20 

35 30 40 

0 0 0 

60 50 65 

25 25 30 

25 16.5 20 

25 35 30 

25 35 30 

25 35 30 

RESET --"""""'-----1--..1 
_ _ """""I""~ ___ -+-_""""1"""""'" _________ ... +t"!""ER!'\.I· ... tEA f. 

REGISTERED r r 
OUTPUTS: ____ ~~ ~_-+ __ ~~ ~ ________ ~~ -= t - tEO r -tEA f. 

COMBI~~i~~~~~ :::::::::::::~~-----------------)~)"'"'» «C 
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Max. 

40 

40 

40 

25 

15 

40 

40 

40 
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Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

ns 

ns 

ns 



~ ADVANCED INFORMATION PAL C 22VIO 
'n~~NDucrOR ====================================================== 
Functional Logic Diagram PAL C 22VIO 
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ADVANCED INFORMATION PALC32VIO 
CYPRESS 
SEMICONDUCTOR 

Features 
• Advanced second generation 

PAL architecture 

• Up to 32 input terms and 10 
outputs 

• Variable product terms 
- 2 X (8 thru 16) product 

terms 

• User programmable macro cell 
- Output polarity control 
- Individually selectable for 

registered or combinatorial 
operation 

- Selectable output enable from 
array or external output 
enable 

- Registered or combinatorial 
feedback 

- Buried registers available 
when output pin is used for 
an input 

• Standard and high performance 
versions 
-"A" 
- 15 ns Teo 
- 25 ns Ts 
- 30 ns Tpd 

-"STD" 
- 25 ns Teo 
- 35 ns Ts 
- 35 ns Tpd 

• Low power 120 mA max 

• Commercial and military 
temperature range 

• High reliability 
- Proven' EPROM technology 
- > 2000V input protection 
- 100% programming and 

functional testing 

Functional Description 
The Cypress PAL C 32VlO is a CMOS 
second generation Programmable Log­
ic Array device utilizing an advanced 
macro cell. It is implemented with the 
familiar sum-of-products (AND-OR) 
logic structure, variable product terms 
and a macro cell that allows I/O pins 
associated with macro cell to be used 
without losing the use of the register in 
the macro cell and its feedback terms. 

The PAL C 32VlO is executed in a 24 
pin package and provides up to 22 in­
puts and 10 outputs to the package. In­
ternally 32 inputs to the array are im­
plemented. This is achieved by provid­
ing both an input from the I/O pin and 
either a feedback from the combinato­
rial path or from the register. The Pro­
grammable Macro Cell provides the ca­
pability of defining the architecture of 
each output individually. Each of the 

PAL@ is a registered trademark of Monolithic Memories, Inc. 

Logic Symbol and Pinout 
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CMOS PAL® Device 

10 potential outputs may be specified 
to be "REGISTERED" or "COMBI­
NATO RIAL". Polarity of each output 
may also be individually selected allow­
ing complete flexibility of output con­
figuration. 

Associated with each of the I/O macro 
cell combinations are two inputs to the 
programmable array. One comes di­
rectly from the I/O pin, bypassing the 
macro cell itself and allowing either 
feedback into the array of the state of 
the output or use of the pin as an input 
whenever the output buffer is in a high 
impedance condition. The second input 
into the array comes directly from the 
macro cell and may be either the out­
put of the register or the combinatorial 
feedback that results from the sum of 
products associated with the specific 
macro cell. By providing both of these 
paths, the I/O pin may be used as an 
input and the register may still be used 
as a state register (buried state regis­
ter). 

Further configurability is provided by 
allowing the output buffers to be en­
abled either through the array or via an 
external input. Through an "ARRAY" 
configurable "OUTPUT ENABLE" 
each of the potential 10 outputs may be 

0022-1 



ADVANCED INFORMATION PALC32VIO 

Functional Description (Continued) 

reconfigured as inputs on an individual basis or alternately 
used as a combination I/O controlled by the programma­
ble array. External output enables allow the external selec­
tion of the functions generated in the PAL device along 
with the shorter enable/disable times associated with direct 
control of the output buffers. 

The PAL C 32VlO 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 32VlO is optimized for the 
configurations found in a large majority of applications 
without creating devices that burden the product term 
structures with unuseable product terms and lower per­
formance. 

Additional features of the Cypress PAL C 32VlO include a 
synchronous PRESET and an asynchronous RESET prod­
uct term. These product terms are common to all MACRO 
CELLS eliminating the need to dedicate standard product 
terms for initialization functions. The device also incorpo­
rates a power-up reset feature to guarantee that one unique 
condition on application of power results and the ability to 
preload the output registers for testing. 

The PAL C 32VI0 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 

Macrocell and Configuration Tables 

array complexity. Since each of the 10 output pins may 
individually configured as inputs on a temporary or perma­
nent basis, functions requiring up to 21 inputs and only a 
single output down to 12 inputs and 10 outputs and any­
where in between are possible. Any output pin may be per­
manently selected as an output or arbitrarily enabled as an 
output and an input thru the selective use of individual 
product terms associated with each output. Each of these 
outputs is achieved through an individual programmable 
macro cell. The flexibility provided by both programmable 
macro cell product term control of the outputs and variable 
product terms allows a significant gain in functional densi­
ty through the use of programmable logic. 

Along with this increase in functional density, the Cypress 
PAL C 32VI0 provides lower power operation through the 
use of CMOS technology, increased testability with a regis­
ter preload feature, access to even buried registers for test­
ing purposes and guaranteed AC performance through the 
use of a phantom array. This phantom array allows the 
32VlO to be programmed with a test pattern and tested 
prior to shipment for full AC specifications without using 
any of the functionality ofthe device specified for the prod­
uct application. In addition, this same phantom array may 
be used to test the PAL C 32VI0 at incoming inspection 
before commiting the device to a specific function through 
programming. 
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,~ CYPRESS ADVANCED INFORMATION PALC32VIO •r.~ , SEMICONDUCTOR ===================================================================== 
Selection Guide 

Part Number 
Iee mA Tpdns Ts ns Teo ns 

COM MIL COM MIL COM MIL COM MIL 

32V1OA 120 120 30 35 25 30 15 20 

22V1O 120 120 35 40 35 40 25 25 

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

Storage Temperature ............... -65°C to + 150°C Static Discharge Voltage ..................... > 200 1 V 

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

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

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 O°C to + 70°C 5V ± 10% 

Output Current into Outputs (Low) ............. 24 rnA Military - 55°C to + 125°C 5V ±1O% 

DC Programming Voltage ...................... 14.0V 

Electrical Characteristics Over Operating Range 

Parameters Description Test Conditions Min. Max. Units 

Vee = Min., IOH = -3.2mA COM'L 
VOH Output HIGH Voltage 2.4 V 

VIN = VIR or VIL IOH = -2mA MIL 

Vee = Min., IOL = 16mA COM'L 
VOL Output LOW Voltage 0.4 V 

VIN = VIR or VIL IOL = 12mA MIL 

VIR Input HIGH Level 
Guaranteed Input Logical HIGH 2.0 V 
Voltage for All Inputs 

VIL Input LOW Level Guaranteed Input Logical LOW 0.8 V 
Voltage for All Inputs 

IIX Input Leakage Current VSS ~ VIN ~ Vee, Vee = Max. -10 10 }J-A 

Ioz Output Leakage Current Vee = Max., Vs ~ VOUT ~ Vee -40 40 }J-A 

Ise Output Short Circuit Current Vee = Max., VOUT = 0.5V -30 -90 rnA 

lee Power Supply Current Vee = Max., VSS ~ VIN ~ Vee, Outputs Open 120 rnA 

Capacitance 

Parameters Description Test Conditions Min. Max. Units 

CIN Input Capacitance VIN = 2.0V @ f = 1 MHz (Note 5) 5 pF 

COUT Output Capacitance VOUT = 2.0V @ f = 1 MHz (Note 5) 8 pF 
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~ ADVANCED INFORMATION PALC32VIO 
~~~~ucrOR ~~~~~~~~~~~~~~~~~~============~========~====== 
Switching Characteristics PAL C 32VIO 

Commercial Military 

Parameters Description "A" "STD" "A" "STD" 

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

Tpd 
Input or Feedback to 30 35 35 Non-Registered Output 

Tea Input to Output Enable 30 35 35 

Ter Input to Output Disable 30 35 35 

Teo Clock to Output 15 25 20 

Ts Input or Feedback Setup Time 25 35 30 40 

Tb Hold Time 0 0 0 0 

Tp Clock Period (T s + T co) 40 60 50 65 

Tw Clock Width 20 25 25 30 

Tpzx External Output Enable 20 25 25 

Tpxz External Output Disable 20 25 25 

Fmax Maximum Frequency 25 16.5 20 

Taw Asynchronous Reset Width 25 35 30 

Tar 
Asynchronous Reset 25 35 30 Recovery Time 

Tap 
Asynchronous Reset to 25 35 30 Registered Output Reset 

Switching Waveforms 

INPUTS I/o, 
REGISTERED 

FEEDBACK 
SYNCHRONOUS 

PRESET 

CP 

ASYNCHRONOUS 
RESET __ -+~ ___ +----' 

__ ~~ ----+---"'I""~ _________ -~tE~R 1'-_ tEA j. 
REGISTERED r r 

OUTPUTS: __ ~~ '-_-+_~~~ ~ _______ -+.w 

- tER 1'-- tEA ~ 
COMBINATORIAL ,..---------)!'"I'$~S\ m-

OUTPUTS: ~ ~ 

OE ___________________ t_px ..... zr-L:x 
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ADVANCED INFORMATION PAL C 32V10 

Functional Logic Diagram PAL C 32VIO 
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~ PAL Programming Information 
~~~NDUcrOR ======================================================================= 
Introduction 
PALs or Programmable Array Logic provide an attractive 
alternative to logic implemented in discrete logic. Because 
the primary requirement of this logic is to provide the 
highest performance possible, in the past all programmable 
logic products had been implemented in a bipolar process 
technology. Bipolar technology uses a fuse for the pro­
gramming mechanism. The fuses are in tact when the prod­
uct is delivered to the user, and may be programmed or 
written once with a pattern and used or read infinitely. The 
fuses are literally blown using a high current supplied by a 
programming system. Since the fuses may only be blown or 
programmed once, they may not be programmed during 
test to determine that they will indeed program. In addi­
tion, since they may not be programmed until the user 
determines the pattern, they may not be completely tested 
prior to shipment from the supplier. This inability to com­
pletely test, results in less than 100% yield during pro­
gramming and use by the customer for three reasons. 

First some percentage of the product fails to program. 
These devices fall out during the programming operation, 
and although a nuisance, this fallout is easily identified. 
Second, material may fail because it does not function cor­
rectly even though it successfully programs and verifies 
correctly. This phenomena occurs because without pro­
gramming each location in a device, the connection be­
tween the programmed cell and the logic that it drives can­
not be 100% tested. This can sometimes be tested in some 
programmers by generating a unique set of test vectors for 
each pattern and testing each device with its test pattern 
immediately after programming. Additional material how­
ever is lost because it fails to perform even though it pro­
grams correctly and passes a functional test. This failure is 
normally due to the device being too slow. This is a much 
more subtle failure, and can only be found by 100% post 
program AC testing, or even worse by trouble shooting an 
assembled board or system. 

Cypress CMOS PALs use an EPROM programming 
mechanism. This technology has also been in use in MOS 
technologies since the early 1970s however, as with most 
MOS technologies its emphasis has been in density, not 
performance. CMOS at Cypress however is as fast as or 
faster than bipolar and coupled with EPROM becomes a 
viable alternative to bipolar programmable logic from a 
performance point of view. In the arena of programming, 
EPROM has some significant advantages over fuse tech­
nology. EPROM cells are programmed by injecting charge 
on an isolated gate which permanently turns the transistor 
off. This mechanism can be reversed by irradiating the de­
vice with ultraviolet light. The fact that programming can 
be erased, totally changes the testing and programming sit­
uation and philosophy. All cells can be programmed dur­
ing the manufacturing process and then erased prior to 
packaging and subsequent shipment. While these cells are 
programmed, the performance of each cell in the memory 
can be tested allowing the shipment of only devices that 
not only will program every time, but that when pro­
grammed, will perform as specified. 
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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
gramming transistor is conducted to the read transistor bi­
asing it off. 

Programming Algorithm 
Byte Addressing and Programming 
All Cypress Programmable Logic Devices are addressed 
and programmed on BYTE or EXTENDED BYTE basis 
for programming, where an EXTENDED BYTE is a field 
that is as wide as the output path of the device. Each device 
or family of devices as a unique address map which is avail­
able in the product data sheet. Each BYTE or EXTEND­
ED BYTE is written into the addressed location from the 
pins that serve as the output pins in normal operation. To 
program a cell, a "I" or HIGH is placed on the input pin 
and a "0" or LOW is placed on pins corresponding to cells 
that are not to be programmed. Data is also read from 
these pins in parallel for verification after programming. A 
"I" or HIGH during program verify operation indicates an 
unprogrammed cell, while a "0" or LOW indicates that the 
cell accessed has been programmed. 
Blank Check 
Before programming all Programmable Logic Devices may 
be checked in a conventional manner to determine that 
they have not been previously programmed. This is accom­
plished in a program verify mode of operation by reading 
the contents of the array. During this operation, a "I" or 
HIGH output indicates that the addressed cell is unpro­
grammed, while a "0" or LOW indicates a programmed 
cell. 



~RE5S PAL Programming Information (Continued) 
_~ICONDUcrOR ==================================================================== 
Programming The Data Array Special Features 
Programming is accomplished by applying a supervoltage 
to one pin of the device causing it to enter the program­
ming mode of operation. This also provides the program­
ming voltage for the cells to be programmed. In this mode 
of operation, the address lines of the device are used to 
address each location to be programmed, and the data is 
presented on the pins normally used for reading the con­
tents of the device. Each device has a READ/WRITE pin 
in the programming mode. This signal causes a write oper­
ation when switched to a supervoltage, and a read opera­
tion when switched to a logic "0" or LOW. In the logic 
high state "1" the device is in a program inhibit condition 
and the output pins are in a high impedance state. During a 
WRITE operation, the data on the output pins is written 
into the addressed array location. In a READ operation 
the contents of the addressed location are present on the 
output pins and may be verified. Programming therefore is 
accomplished by placing data on the output pins, and writ­
ing it into the addressed location Verification of data is 
accomplished by examining the information on the output 
pins during a READ operation. 

The timing for actual programming is supplied in the 
unique programming specification for each device. 
Phantom Operating Modes 
All Cypress Programmable Logic Devices contain a 
PHANTOM ARRAY for the purposes of post assembly 
testing. This array is accessed, programmed and operated 
in a special PHANTOM mode of operation. In this mode, 
the normal array is disconnected from control of the logic, 
and in its place the PHANTOM ARRAY is connected. In 
normal operation the PHANTOM ARRA Y is disconnect­
ed and control is only via the normal array. This special 
feature allows every device to be tested for both functional­
ity and performance after packaging, if desired by the user 
before programming and use. The PHANTOM modes are 
entered through the use of supervoltages and are unique for 
each device or family of devices. See specific data sheets for 
details. 
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Cypress Programmable Logic devices depending on the de­
vice have several special features. For example the Security 
mechanism defeats the verify operation and therefore se­
cures the contents of the device against unauthorized tam­
pering or access to the content. In advanced devices, the 
architecture bits allow the designer to tailor the basic func­
tion of the output to meet unique system requirements. 
These features take advantage of the EPROM cell for pro­
gramming. Specific programming of these special features 
are depicted in the specific device data sheet. 

Programming Support 
Programming support for Cypress CMOS Programmable 
Logic Devices is available from a number of programmer 
manufacturers some of which are listed below. 

Data I/O 
Programmer Model 29 

Logicpak 

Data I/O Corporation 
10525 Willows Rd. N.E. 
P.O. Box 97046 
Redmond, W A 98073-9746 
(206) 881-6444 

Stag 
Programmer PPZ 

ZL30 

Stag Microsystems 
528-5 Weddell Dr. 
Sunnyvale, CA 94089 
(408) 745-1991 

Wavetek Digilec 
Programmer Model 803 

Wavetek Digilec 
586 Weddell Dr. 
Suite 1 
Sunnyvale, CA 94089 
(408) 745-0722 
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ADVANCED INFORMATION 
CY2901B 
CY2901C 

CYPRESS 
SEMICONDUCTOR 

Features 
• Pin compatible and functional 

equivalent to AMD AM2901B, C 

• Low power 

• Vee margin 
- SV ±lO% 
- All parameters guaranteed 

over commercial and military 
operating temperature range 

• Eight function ALU 
Performs eight operations on 
two 4-bit operands 

• Expandable 
Infinitely expandable in 4-bit 
increments 

• Four status flags 
Carry, overflow, negative, zero 

• ESD protection 
Capable of withstanding 
greater than 2000V static 
discharge voltage 

Logic Block Diagram 

Functional Description 
The CY2901 is a high-speed, expand­
able, 4-bit wide ALU that can be used 
to implement the arithmetic section of 
a CPU, peripheral controller, or pro­
grammable controller. The instruction 
set of the CY2901 is basic but yet so 
versatile that it can emulate the ALU 
of almost any digital computer. 

The CY2901, as illustrated in the block 
diagram, consists of a 16-word by 4-bit 
dual-port RAM register file, a 4-bit 
ALU and the required data manipula­
tion and control logic. 

The operation performed is determined 
by nine input control lines (10 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. 

CLOCK -----, ,----.., 

'A' (READ) 
ADDRESS 

'B' 
(READ/WRITE) 
ADDRESS 

CARRY IN 

DATA OUT 

CMOS Four-Bit Slice 

The CY2901 is a pin compatible, func­
tional equivalent, improved perform­
ance replacement for the AM2901. 

The CY2901 is fabricated using an ad­
vanced 1.2 micron CMOS process that 
eliminates latch up , results in ESD pro­
tection over 2000V and achieves supe­
rior performance at a low power dissi­
pation. 

Pin Configuration 

Top View 

0007-2 
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Features 
• Twelve bits wide 

- Addresses up to 4096 words 
of microcode with one chip. 
All internal elements are a 
full 12 bits wide. 

• Internal loop counter 
- Pre-settable 12-bit down­

counter for repeating 
instructions and counting 
loop iterations. 

• Four address sources 
- Microprogram address may 

be selected from 
microprogram counter, 
branch address bus, 9-level 
push/pop stack, or internal 
holding register. 

• Sixteen powerful 
microinstructions 
- Executes 16 sequence control 

instructions, most of which 
are conditional on external 
condition input, state of the 
internal loop counter, or both. 

Block Diagram 

RLD 

CC 

D 
D 
CCEN 

D 

ADVANCED INFORMATION CY2910 

Microprogram Controller 

• Output enable controls for three 
branch address sources 
- Built in decoder function to 

enable external devices onto 
branch address bus. 
Eliminates external decoder. 

• Fast 
- The CY2910 supports 100 ns 

cycle times. 

Functional Description 
The CY291 0 Microprogram Controller 
is an address sequencer intended for 
controlling the sequence of execution 
of microinstructions stored in micro­
program memory. Besides the capabili­
ty of sequential access, it provides con­
ditional branching to any microinstruc­
tion within its 4096-microword range. 
A last-in, first-out stack provides mi­
crosubroutine return linkage and loop­
ing capability; there are nine levels of 

nesting of microsubroutines. Micro­
instruction loop count control is pro­
vided with a count capacity of 4096. 

During each microinstruction, the mi­
croprogram controller provides a 12-bit 
address from one of four sources: 1) the 
microprogram address register (MPC), 
which usually contains an address one 
greater than the previous address; 2) an 
external (direct) input (D); 3) a regis­
ter/counter (RC) retaining data loaded 
during a previous microinstruction; or 
4) a nine-deep last-in, first-out stack 
(P). 

The CY29 10 is a pin compatible, func­
tional equivalent, improved perform­
ance replacement for the AM2910 that 
is fabricated using an advanced 1.2 mi­
cron CMOS technology. 

OE 

D------;-+-r------------+, 
~ DATA PATH 

CONTROL LINES 
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CY3341 
CYPRESS 
SEMICONDUCTOR 64 X 4 FIFO Serial Memory 

Features 
• 1.2 MHz data rate 

• Fully TIL 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 cascading. 

The 3341 is manufactured using Cy­
press CMOS technology and is avail­
able in both ceramic and plastic pack­
ages. 

Logic Block Diagram 

Sl 

Data Input 

The four bits of data on the Do through 
D3 inputs are entered into the first bit 
location 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. 

IR WRITE POINTER 

Do 
01 
02 
03 

READ POINTER 

5-3 

SO 

OR 

0004-1 

Data Output 

When data has been transferred into 
the last cell, Output Ready (OR) goes 
HIGH, indicating the presence of valid 
data at the output pins Qo through Q3. 
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. Ifthe 
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 
MR returns HIGH, Output Ready 
(OR) stays LOW, and Input Ready 
(lR) goes HIGH if Shift In (SI) was 
LOW. 

Pin Configuration 

IR 

SI 

Do 

D1 

O2 

0 3 

Voo 

"Internally not connected 

Vss 

SO 

OR 

00 

01 

02 

03 

MR 
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~ CY3341 
~~~UcrOR ===================================================================== 
Maximum Ratings 
(Above which the useful life may be impaired) 

Storage Temperature ............... -65°C to + 150°C Static Discharge Voltage ..................... > 200 1 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 16 to Pin 8) ..................... -0.5V to + 7.0V Operating Range 

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

Range 

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

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

Electrical Characteristics Over the Operating Range 

Parameters Description Test Conditions 

VOH Output HIGH Voltage Vss = Min.,loH = -0.3 mA 

VOL Output LOW Voltage Vss = Min.,IOL = 1.6 mA 

VIH Input HIGH Voltage 

VIL Input LOW Voltage 

IIX Input Leakage Current Voo S VI S Vss 

los 
Output Short 

Vss = Max., VOUT = Voo Circuit Currend l] 

Ion Power Supply Current Vss = Max., Commercial 
lOUT = OmA 

IGG VGGCurrent 

Capacitance [2] 

Parameters Description Test Conditions 

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

COUT Output Capacitance Vee = 5.0V 

Notes: 
1. Not more than 1 output should be shorted at one time. Ouration of 

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

AC Test Loads and Waveforms 

Ambient 
Temperature 

O°Cto +70°C 

Min. 

2.4 

2.0 

-3.0 

-10 

Max. 

7 

10 

R1 2.42 Kn 
ALL INPUT PULSES 

Max. 

0.4 

Vss 

0.8 

+10 

-90 

45 

0 

5 v O----.JVVtv----, 3.0 V-----.z.~---~ 

OUTPUT o--__ -----t 
GND 

30 pF R2 

I 3.28 KH 

INCLUDING 
JIG AND 

10 ns 

-=- SCOPE -=-
0004-3 

Equivalent to: 
THEVENIN EQUIVALENT 

1.05 Kn 
OUTPUT ~ 2.08 V 

0004-4 

5-4 

Vss 

5V ±1O% 

Units 

V 

V 

V 

V 

p.A 

mA 

rnA 

mA 

Units 

pF 

10 ns 

0004-5 
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CY3341 

Switching Characteristics Over the Operating Range[31 

Parameters Description Test 
Min. Max. Conditions 

fMAX Operating Frequency Note 4 1.2 

tpHSI SIHIGHTime 80 

tpLSI SILOWTime 80 

too Data Setup to SI 0 

tOSI Data Hold from SI 200 

tIR+ Delay, SI HIGH to IR LOW 20 350 

tIR- Delay, SI LOW to IR HIGH 20 450 

tpHSO SO HIGH Time 80 

tpLSO SO LOW Time 80 

tOR + Delay, SO HIGH to OR LOW 20 370 

tOR- Delay, SO LOW to OR HIGH 20 450 

tOA Data Setup to OR HIGH 0 

tOH Data Hold from OR LOW 75 

tBT Bubble through Time 1 

tMRW MR Pulse Width 400 

tOSI MR HIGH to SI HIGH 30 

tOOR MR LOW to OR LOW 400 

tDIR MR LOW to IR HIGH 400 

Notes: 
3. Test conditions assume signal transitions of 10 ns or less. Timing 

reference levels of l.SV and output loading of the specified IorJ10H 
and 30 pF load capacitance. 

4. l/fMAX > tpHSI + tIR -, l/fMAX > tpHSO + tOR -. 

Switching Waveforms 
Data In Timing Diagram 

1-------lifMAX -------f.------lifMAX ---------1 

SHIFT IN 

INPUT READY 

DATA INPUT "'--------Jxxxxxxxx'---__ 
Data Out Timing Diagram 

----_-I------1ifMAX------+l 

SHIFT OUT 

OUTPUT READY 

DATA OUTPUT 

5-5 

Units 

MHz 

ns 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

os 

JJ-s 

os 

os 

os 

os 
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Switching Waveforms (Continued) 

Master Reset Timing Diagram 

tMAW . 
MASTER RESET \~ 7{ 

tOIR 

INPUT READY }'I-
toOA 

\b 
~ 

OUTPUT READY 

. tOSI 

SHIFT IN --_-------I} 
DATA OUTPUT \ 

0004-8 

Ordering Information 

Ordering Code 
Package Operating 

Type Range 

CY3341-PC PI 
Commercial 

CY3341-DC D2 
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CY7C401/CY7C403 
CY7C402/CY7C404 

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 CY7C402 and CY7C404 

• Capable of withstanding greater 
than 2000V electrostatic 
discharge 

Logic Block Diagram 

SI 

IR 

( ) = 7C402, 7C404 
[ ) = 7C403, 7C404 

Selection Guide 

WRITE POINTER 

READ POINTER 

Maximum Shift Rate (MHz) 

Maximum Operating 
Current (rnA) 

• Pin compatible with MMI 
67401A/67402A and NSC 
DM87S401A/DM87S402A 

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 (lR) 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 
high speed communication and con­
troller applications. 

Pin Configurations 

[Ot) 

SO 

OR 

0014-1 

Commercial 

Military 

5-7 

CY7C401 NC 
CY7C403OE 

IR 

51 

0 10 

01, 

01 2 

0 13 

GNO 

7C40X-IO 

10 

75 

90 

0014-2 

NC 

OR 

0°0 
DO, 

0°2 

0014-16 

7C40X-15 

15 

75 

90 

Vce 

SO 

~ OR 

010 000 

01, DO, 

012 002 

013 003 

014 004 

GNO MR .... ___ r 

0014-3 

3 2 11120 19 
SI 4 .-, 18 OR 

010 7C402 17 000 
01, 7C404 16 001 
012 7 15 002 
013 8 14 003 

" 910111213 

0014-17 

7C40X-25 

25 

75 

90 



fin 
CY7C401/CY7C403 

. CY7C402/CY7C404 
~NDUcroR ~====================================================================~ 

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

Storage Temperature ............... - 65°C to + 150°C Static Discharge Voltage ..................... > 200 1 V 

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

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

Supply Voltage to Ground Potential .... - O.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 ............................. 1.0W 

Output Current, into Outputs (Low) ............. 20 rnA 

Commercial O°C to + 70"C. 5V ±10% 

Military!l] - 55°C to + 125°C 5V ±10% 

Electrical Characteristics Over Operating Range (Unless Otherwise Noted) 

Parameters Description Test Conditions 
7C40X-IO, 15~ 25 

Units 
Min. Max. 

VOH Output HIGH Voltage Vee = Min.,IOH = -4.0mA 2.4 V 

VOL Output LOW Voltage Vee = Min., IOL = 8.0 rnA 0.4 V 

VIH Input HIGH Voltage 2.0 6.0 V 

VIL Input LOW Voltage -3.0 0.8 V 

IIX Input Leakage Current GND::;; VI::;; Vee -10 +10 p,A 

VeD Input Diode Clamp Voltage[2] 

loz Output Leakage Current GND ::;; VOUT ::;; Vee, Vee = 5.5V -50 +50 p,A 
Output Disabled (CY7C403 and CY7C404) 

los Output Short Circuit Current13] Vee = Max., VOUT = GND -90 rnA 

Vee = Max., I Commercial 75 rnA 
lec Power Supply Current 

lOUT = o rnA I Military 90 rnA 

Capacitance 
Parameters Description Test Conditions Max. Units 

CIN Input Capacitance TA = 25°C, f = 1 MHz 5 

COUT Output Capacitance Vee = 4.5V 7 
pF 

Notes: 
1. Extended temperature operation guaranteed with 400 linear feet per 

minute air flow. 
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 

FIFO is insensitive to - 3V dc input levels and - 5V undershoot 
pulses ofless than 10 ns (measured at 50% point). 

5-8 



~crPRFSS 
.. nEMICONDUcrOR ==::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::= 

CY7C401/CY7C403 
CY7C402/CY7C404 

AC Test Load and Waveform 
Al 4370 A1437n 

ALL INPUT PULSES 

5 v o----JVl.!\,---. 5Vo----~~~ 3.0 V----iI-!~----,[ 

OUTPUT 0--_---04 OUTPUT o---~---i 

30pF 

I ,NCLUD,NG 
JIG AND 

A2 
2720 

5 pF 

I ,NCLUD,NG 
JIG AND 

A2 
2720 

GND 
.;5 ns 

0014-5 

":" SCOPE -= -= SCOPE -= 

Equivalent to: 

Figure la 

THEVENIN EQUIVALENT 

167n 

OUTPUT o~----'·v"v .. ".---o 1.73 V 

Figure Ib 

0014-6 

Switching Characteristics Over the Operating Range[4] 

Parameters Description 
Test 

Conditions 

0014-4 

7C403-25 
7C40X-I0 7C40X-15 7C404-25 

Units 

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

fo Operating Frequency Note 5 

tpHSI SIHIGHTime 

tpLSI SILOWTime 

tSSI Data Setup to SI Note 6 

tHSI Data Hold from SI Note 6 

tDLIR Delay, SI HIGH to IR LOW 

tDHIR Delay, SI LOW to IR HIGH 

tpHSO SO HIGH Time 

tPLSO SO LOW 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 Bubble through Time 

tSIR Data Setup to IR Note 7 

tHlR Data Hold from IR Note 7 

tpIR Input Ready Pulse HIGH 

tPOR Output Ready Pulse HIGH 

tpMR MR Pulse Width 

tDSI MR HIGH to SI HIGH 

tDOR MR LOW to OR LOW 

tDIR MR LOW to IR HIGH 

tLZMR MR LOW to Output LOW Note 8 

toOE Output Valid from OE LOW 

tHZOE Output HIGH-Z from OE HIGH Note 9 

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

reference levels of 1.5V and output loading of the specified 10I/loH 
and 30 pF load capacitance, as in Figure 1 a. 

5. lifO> tpHSI + tDHIR, lifo> tpHSO + tDHOR 
6. tSSI and tHSI apply when memory is not full. 

23 

30 

0 

40 

23 

25 

2 

10 

10 

5 

30 

23 

23 

30 

35 
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10 15 25 MHz 

23 11 ns 

25 29 ns 

0 0 ns 

30 20 ns 

40 35 21 ns 

45 40 28 ns 

23 11 ns 

25 29 ns 

40 35 19 ns 

55 40 34 ns 

2 2 ns 

10 10 ns 

90 10 65 10 50 ns 

5 5 ns 

30 20 ns 

23 15 ns 

23 15 ns 

25 25 ns 

25 10 ns 

40 35 25 ns 

40 35 25 ns 

40 35 25 ns 

35 30 20 ns 

30 25 15 ns 

7. tSIR and tHlR apply when memory is full, SI is high and minimum 
bubble through (tBT) conditions exist. 

8. All data outputs will be at LOW level after reset goes high until data 
is entered into the FIFO. 

9. HIGH-Z transitions are referenced to the steady-state VOH - 500 m V 
and VOL + 500 m V levels on the output. tHZOE is tested with 5 pF 
load capacitance as in Figure lb. 



CY7C401/CY7C403 
~ CY7C402/CY7C404 
~~~DUcrOR===================================================================== 
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 ~ata 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 propaga.te an Outl?ut 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 ent~r an e~pty 
condition signified by the Output Ready (OR) .sIgna~ bemg 
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 

Switching Waveforms 

Data In Timing Diagram 

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. 

I--------��Fo-----_-!------��Fo-------I 

SHIFT IN 

INPUT READY 

DATA IN 

0014-7 

Data Out Timing Diagram 
~----I/FO----------I~----I/FO----_+_I 

SHIFT OUT 

OUTPUT READY 

DATA OUT 

0014-8 
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CY7C401/CY7C403 

. - CYPRESS CY7C402/CY7C404 
SEMICONDUcrOR ==================================================~=======~~ 

Switching Waveforms (Continued) 

Bubble Through, Data Out To Data In Diagram 

SHIFTOUT ---.!~t----
SHIFT IN ~ \'-_____ _ 

I+_---IBT-------I· ! 

INPUT READY 

DATA IN 

tSIR---I-_---

0014-9 

Bubble Through, Data In To Data Out Diagram 

•• n. ~~~~~ 
'""""' ~ 

1+1 ----IBT------'t-l4----

OUTPUT READY 

DATA OUT 

0014-10 

Master Reset Timing Diagram 
I-------IpMR_ 

MASTER RESET ~~ ~l 
j 

IOIR 

INPUT READY ~~ 
1 

I IOOR 

OUTPUT READY \ ... 
\ 

IOSI 

) SHIFT IN 

DATA OUT 

14
1 '---ILZMR---+1~ 

0014-11 

Output Enable Timing Diagram 

OUTPUT ENABLE ____ 4.....:...'.---.lZO};E l~,,=t-----
DATA OUT --

NOTE 9 

0014-12 
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CY7C401/CY7C403 
CY7C402/CY7C404 

Typical DC and AC Characteristics 
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fin CY7C401/CY7C403 
. CY7C402/CY7C404 

.' ~~NDUcrOR ==================================== 
FIFO Expansion 

128 x 4 Application 

SHIFT IN 

INPUT READY 

DATA IN{ 

OR 

SO 

DOD 

DOl 

D02 

D03 

SI 

IR 

DID 

011 

01 2 

01 3 

OR OUTPUT READY 

SO SHIFT OUT 

DOD 

} DATA OUT 
001 

002 

MA D03 

MAo-----------~--------------------~ 
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 
IR so IR so IR so 

,-- SI OR SI OR SI OR 

- DID DOD DID DOD DID DOD ~ 

- 011 DOl Dll 001 011 DOl ~ 

- DI2 D02 DI2 002 DI2 D02 ~ 

- 013 MA D03 DI3 MA 003 D13;vrn D0 3 ~ 

COMPOSITE f ~ 1 
INPUT READY COMPOSITE 

,..-,..--
so OUTPUT READY 

\.....J-
IR SO IR SO IR ~ 

~ SI OR SI OR SI OR r-=LJ - DID DOD DID DOD DID DOD ~ 

- Dll DOl Dll 001 011 DOl ~ 
- 012 D02 DI2 002 DI2 D02 ~ 

- DI3 l'V'I'R o03 01 3 MA D03 01 3 MA D03 ~ 

'( 1 r 
IR so IR so IR so r---SHIFT IN 
SI OR SI OR SI OR 

- DID DOD DID DOD DID DOD f-
- 011 DOl 011 001 011 001 r--
- DI2 D02 DI2 002 DI2 D02 ~ 

- 013 MA D03 DI3 MA D03 DI3 MA 003 ~ 

'( y y MA 

0014-15 

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: 
1. 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 tORd 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. 

5-13 

4. When the master reset is brought LOW, the outputs are cleared to 
LOW, IR goes HIGH and OR goes LOW. If SI 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. If SI 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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CY7C401/CY7C403 
CY7C402/CY7C404 

Ordering Information 
Ordering Code Package Operating Ordering Code Package Operating Ordering Code Package Operating 

(25 MHz) Type Range (15 MHz) Type Range (10 MHz) Type Range 

CY7C403-25PC PI Com. CY7C401-15PC PI Com. CY7C401-lOPC PI Com. 

CY7C404-25PC P3 CY7C402-15PC P3 CY7C402-lOPC P3 

CY7C403-25DC D2 CY7C403-15PC PI CY7C403-lOPC PI 

CY7C404-25DC D4 CY7C404-15PC P3 CY7C404-lOPC P3 

CY7C403-25LC L61 CY7C401-15DC D2 CY7C401-lODC D2 

CY7C404-25LC L61 CY7C402-15DC D4 CY7C402-lODC D4 

CY7C403-25DMB D2 Mil. CY7C403-15DC D2 CY7C403-lODC D2 

CY7C404-25DMB D4 CY7C404-15DC D4 CY7C404-lODC D4 

CY7C403-25LMB L61 CY7C401-15LC L61 CY7C40 l-lOLC L61 

CY7C404-25LMB L61 CY7C402-15LC L61 CY7C402-10LC L61 

CY7C403-15LC L61 CY7C403-lOLC L61 

CY7C404-15LC L61 CY7C404-lOLC L61 

CY7C401-15DMB D2 Mil. CY7C401-lODMB D2 Mil. 

CY7C402-15DMB D4 CY7C402-lODMB D4 

CY7C403-15DMB D2 CY7C403-lODMB D2 

CY7C404-15DMB D4 CY7C404-10DMB D4 

CY7C401-15LMB L61 CY7C401-lOLMB L61 

CY7C402-15LMB L61 CY7C402-lOLMB L61 

CY7C403-15LMB L61 CY7C403-lOLMB L61 

CY7C404-15LMB L61 CY7C404-lOLMB L61 

5-14 
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Features 
• Fast 

CY7C901·31 has a 31 ns 
(Min.) Clock Cycle; Commercial 
CY7C901·32 has a 32 ns 
(Min.) Clock Cycle; Military 

• Low Power 
ICC (Max.) = 70 rnA; 
Commercial 
ICC (Max.) = 90 rnA; 
Military 

• Vee Margin 
5V ±10% 
All parameters guaranteed 
over commercial and military 
operating temperature range 

• Eight Function ALU 
Performs eight operations on 
two 4-bit operands 

• Expandable 
Infinitely expandable in 4·bit 
increments 

Logic Block Diagram 

• Four Status Flags 
Carry, overflow, negative, zero 

• ESD Protection 
Capable of withstanding 
greater than 2000V static 
discharge voltage 

• 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 CY7C901, as illustrated in the 
block diagram, consists of a 16-word 
by 4-bit dual-port RAM register file, a 

CLOCK -----

'6' 

'A'IREADI 
ADDRESS 

IREAD/WRITEI 
ADDRESS 

CARRY IN 

DATA OUT 
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CY7C901 

CMOS Four-Bit Slice 

4-bit ALU and the required data ma­
nipulation and control logic. 

The operation performed is determined 
by nine input control lines (10 to 18) 
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 

A3 

A2 Y3 

A, Y2 

Ao Y, 

Yo 

OVR 

RAM3 Cn +4 

RAMo G 
Vee 

F =0 GND 

Cn 

12 

CP 

Q3 Do 

Bo 

B, 02 

B2 03 

B3 

0030-2 

0030-1 
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CY7C901 

Selection Guide See last page for ordering information. 

Oock Cycle (Min.) in ns Operating lee (Max.) in mA Operating Range Part Number 

31 70 
32 90 
69 70 
88 90 

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) .................... - O. 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 I 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. 

10-Ig These 9 instruction lines select the ALU data 
sources (10, 1, 2), the operation to be performed 
(13, 4, 5) and what data is to be written into either 
the Q register or the register file (16, 7, g). 

Do-D3 These are 4 data input lines that may be selected 
by the 10, 1, 2 lines as inputs to the ALU. 

Y 0-Y 3 0 These are three-state data output lines that, when 
enabled, output either the output ofthe ALU or 
the data in the A latches, as determined by the 
code on the 16, 7, glines. 

OE Output Enable. This is an active LOW input th~t 
controls the Y 0-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/O These two lines are bidirectional and are 
controlled by the 16, 7, g inputs. Electrically they 
are three-state output drivers connected to the 
TTL compatible CMOS inputs. 
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Commercial CY7C901-31 
Military CY7C901-32 

Commercial CY7C901-69 
Military CY7C901-88 

Output Current into Outputs (Low) ............. 30 rnA 

Static Discharge Voltage ..................... > 200 1 V 
(Per MIL-STD-883 Method 3015.2) 

Latchup Current (Outputs) .................. > 200 rnA 

Operating Range 

Range 
Ambient 

Vee Temperature 

Commercial O°Cto + 70°C 5V ± 10% 

Military - 55°C to + 125°C 5V ± 10% 

Signal 
Name 1/0 Description 

Q3 1/0 Outputs: When the destination code on lines 16,7, 
RAM3 g indicates a shift left (UP) operation the three-
(Cont.) 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 RAM 3 
pin. 
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/O 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. 
en I The carry-in to the internal ALU. 
Cn + 4 0 The carry-out from the internal ALU. 
a:, 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 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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Functional Tables 

MicroCode ALUSource 
Operands 

Mnemonic Octal 
12 11 10 Code R S 

Micro Code ALU Mnemonic Octal Function Symbol 
15 14 13 Code 

ADD L L L 0 RPlusS 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 RI\S 
ZA H L L 4 0 A NOTRS H L H 5 RANDS RI\S 
DA H L H 5 D A EXOR H H L 6 REX-ORS RVS 
DQ H H L 6 D Q EXNOR H H H 7 REX-NORS RVS 
DZ H H H 7 D 0 Figure 3. ALU Function Control 

Figure 2. ALU Source Operand Control 

MicroCode RAM Function Q-Reg. RAM Q Shifter 
Mnemonic Function y Shifter 

18 17 16 
Octal Shift Load Shift Load 

Output 
RAMo RAM3 Qo Q3 Code 

QREG L L L 0 X None None F~Q F X X X X 
NOP L L H 1 X None X None F X X X X 
RAMA L H L 2 None F~B X None A X X X X 
RAMF L H H 3 None F~B X None F X X X X 
RAMQD H L L 4 DOWN F/2 ~ B DOWN Q/2 ~ Q F Fo IN3 Qo IN3 
RAMD H L H 5 DOWN F/2 ~ B X None F Fo IN3 Qo X 
RAMQU H H L 6 UP 2F ~ B UP 2Q ~ Q F INo F3 INo Q3 
RAMU H H H 7 UP 2F ~ B X None F INo F3 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 

1210 Octal 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 
R plus S 
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-l B-A-l Q-l B-1 A-I A-D-l Q-D-l -D-l 
SminusR 
Cn = H Q-A B-A Q B A A-D Q-D -D 

2 Cn = L A-Q-l A-B-l -Q-l -B-1 -A-l D-A-l D-Q-l D-l 
Rminus S 
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 AVQ AVB Q B A DVA DVQ D 

7 REX-NORS AVQ AVB Q B A DVA DVQ D 
+= Plus; - = Minus; V = OR; 1\ = AND; ¥ = EX-OR 

Figure S. Source Operand and ALU Function Matrix 
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Description of Architecture 
General Description 

A block diagram of the CY7C901 is shown in Figure 1. 
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 
~utputs of the ALU (Fo, 1, 2, 3,) to be shifted one bit posi­
tIon to the left, the right, or not to be shifted. The other 
inputs to the multiplexer are from the RAM3 and RAMo 
I/O pins. 

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 A or 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 (RQ, 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, Rand 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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10, 1, 2 inputs as shown in Figure 2. This configuration of 
multiplexers on the ALU Rand S inputs enables the user 
to select eight pairs of combinations of A, B, D, Q and "0" 
(unselected) inputs as 4-bits operands to the ALU. The 
logical and arithmetic operations performed by the ALU 
upon the data present at its Rand S inputs are tabulated in 
Figur'!.}. The ALU has a carry-in (Cn) input, carry-propa­
gate (P) output, carry-generate (0) 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 16, 7, 8 control signal 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. An open-collector output, F = 0, is provided 
that is HIGH when Fo = Fl = F2 = F3 = 0 so that the 
user can determine when the ALU output is zero by wire 
ORing similar outputs together. 

Q Register 

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 16, 7, 8 inputs. The Qo and Q3 I/O 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 10, 1, 2 lines select eight pairs of source operands and 
the 13, 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 AAQ 
41 AAB 
45 DAA 
46 DAQ 

30 OR AVQ 
3 1 AVB 
35 DVA 
36 DVQ 

60 EX-OR AV-Q 
61 AV-B 
65 DV-A 
66 DV-Q 

70 EX-NOR AV-Q 
71 AV-B 
75 DV-A 
76 DV-Q 

72 INVERT Q 
73 13 
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 AAQ 
51 AAB 
55 DAA 
56 DAQ 

Figure 6. ALU Logic Mode Functions 
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Subtraction 

Recall that in two's complement coding - 1 is equal to all 
ones and that in one's complement coding zero is equal to 
all ones. To convert a positive number to its two's comple­
ment (negative) equivalent, invert (complement) the num­
ber and add 1 to it; i.e., TWC = ONC + 1. In Figure 7 the 
symbol - Q represents the two's complement of Q so that 
the one's complement of Q is then - Q - 1. 

Octal Cn = o (Low) Cn = 1 (High) 
1543,1210 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-l Q 
13 

Decrement 
B-1 

PASS 
B 

14 A-I A 
27 D-l D 

22 -Q-l -Q 
23 

l'sComp. 
-B-1 2'sComp. -B 

24 -A-l (Negate) -A 
1 7 -D-l -D 

10 Q-A-l Q-A 
1 1 B-A-l B-A 
1 5 A-D-l A-D 
16 Subtract Q-D-l Subtract Q-D 
20 (1's Camp.) A-Q-l (2's Camp.) A-Q 
21 A-B-l A-B 
25 D-A-l D-A 
26 D-Q-l D-Q 

Figure 7. ALU Arithmetic Mode Functions 
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Definitions (+ = OR), 

Po = Ro + So GO = RoSo 
PI = Rl + Sl Gl = RlSl 
P2 =_R2 + S2 G2 = R2S2 
P3 = R3 + S3 G3 = R3S3 

Logic Functions for G, P, Cn + 4, ~nd 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 Rand S inputs are the two in­
puts selected according to Figure 2. 

C4 = G3 + P3G2 + P3P2G l + P3P2GO + P3P2PIPOCn 
C3 = G2 + P2G l + P2P IGO + P2PIPOCn 

1543 Function P G CN+4 OVR 

0 R+S P3P2PIPO G3 + P3G2 + P3P2Gl + P3P2PIGO C4 C3 ¥ C4 

1 S-R +- Same as R + S equations, but substitute Ri for Ri in definitions -+ 

2 R-S +- Same as R + S equations, but substitute Si for Si in definitions -+ 

3 R V S LOW P3P2PIPO P3P2PIPO+Cn P3P2P IPO + Cn 

4 RI\S LOW G3+ G2+Gl +Go G3+G2+Gl +Go+Cn G3+ G2+ G l +Go+Cn 

5 RI\S LOW +- Same as R 1\ S equations, but substitute Ri for Rj in definitions -+ 

6 R¥S +- Same as R ¥ S, but substitute Ri for Ri in definitions -+ 

7 R¥S G3+ G2+Gl +Go G3 + P3G2 + P3P2Gl + P3P2PIPO 
G3 + P3G2 + P3P2Gl See note 
+ P3P2PIPO (Go + Cn) 

Notes: 
[P2 + G2Pl + G2GIPO + G2GIGOCnl ¥ [P3 + G3P2 + G3G2Pl + G3G2GIPO + G3G2G\GoCnl 
+ = OR ' 

Figure 8 
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CY7C901 

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 
IOH = -3.4mA 

Vee = Min. 
VOL Output LOW Voltage IOL = 20 mA Commercial 

IOL = 16 mA Military 

VIH Input HIGH Voltage 2.0 

VIL Input LOW Voltage -3.0 

lIB Input HIGH Current Vee = Max. 
VIN = Vee 

IlL Input LOW Current Vee = Max. 
VIN = VSS 

IOH Output HIGH Current 
Vee = Min. -3.4 
VOH = 2.4V 

IOL Output LOW Current 
Vee = Min. 

I 
Commercial 20 

VOL = OAV Military 16 

IOZ Output Leakage Current 
Vee = Max. 
VOUT = Vss - Vee -40 

Isc Output Short Circuit Current[l] Vee = Max. 
VOUT = OV 

lee 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: 
1. 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: 

+5 V 

y{200n 

VOUT 

J,CL 150$2 

0030-4 

All outputs except open drain 

1. eL = 50 pF includes scope probe, wiring and stray capacitance. 
2. eL = 5 pF for output disable tests. 
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+5 v 

~270" 
VO~ 

lCL 
Open drain (F = 0) 

Max. Units 

V 

0.4 V 

Vee V 

0.8 V 

10 fLA 

-10 fLA 

mA 

mA 
mA 

+40 fLA 
fLA 

-85 mA 

70 mA 
90 mA 

Units 

pF 
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CY7C901-31 and CY7C901-69 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 Vcc 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 I V per nanosecond. 
All outputs have maximum DC current loads. See page 8 
for loading circuit information. 

This data applies to parts with the following numbers: 

CY7C901-31PC CY7C901-31DC CY7C901-31LC 
CY7C901-69PC CY7C901-69DC CY7C901-69LC 

Combinational Propagation Delays. CL = SO pF 

To Output Y 
From Input 

F3 Cn + 4 

CY7C901- 31 69 31 69 31 69 
A, B Address 40 60 40 61 40 59 

D 30 38 30 36 30 40 

Cn 22 30 22 29 20 20 

1012 35 50 35 47 35 45 

1345 35 51 35 52 35 52 
1678 25 28 - - - -
A BypassALU 35 37 (I = 2XX) - - - -

Clock~ 35 49 35 48 35 47 

31 
37 
30 

-
37 

35 
-

-

35 

Cycle Time and Clock Characteristics 
CY7C901- 31 69 

Read-Modify-Write Cycle (from 31 ns 69 ns 
selection of A, B registers to 
end of cycle). 

Maximum Clock Frequency to shift Q 32 MHz 16 MHz 
(50% duty cycle, I = 432 or 632) 

Minimum Clock LOW Time 15 ns 30 ns 

Minimum Clock HIGH Time 15 ns 30 ns 

Minimum Clock Period 31 ns 69 ns 

G,P F=O OVR RAMo Qo 
RAM 3 Q3 

69 31 69 31 69 31 69 31 69 

50 40 70 40 67 40 71 - -
33 38 48 30 44 30 45 - -

- 25 37 22 29 25 38 - -
45 37 56 35 53 35 57 - -
45 38 60 35 49 35 53 - -
- - - - - 26 35 26 35 

- - - - - - - - -

37 35 58 35 55 35 59 28 29 

Set-up and Hold Times Relative to Clock (CP) Input 

CP: ~b ~ --1----

Input Set-upTime Hold Time Set-upTime Hold Time 
BeforeH ~ L AfterH ~ L Before L ~ It AfterL ~ H 

CY7C901- 31 69 31 69 31 69 31 69 

A, B Source Address 15 20 1 0 30,15 + tPWL 69 0 0 
(Note 3) (Note 3) (Note 4) (Note 4) 

B Destination Address 15 15 ~ Do Not Change ~ 0 0 

D - - - - 25 51 0 0 

Cn - - - - 20 39 0 0 

1012 - - - - 30 56 0 0 

1345 - - - I - 30 55 0 0 

1678 10 11 ~ Do Not Change ~ 0 0 

RAMo, 3,QO, 3 - - - - 12 16 0 0 

Output Enable/Disable Times 
Output disable tests performed with CL = S pF and measured to O.SV change of output voltage level. 

Device Input Output Enable Disable 
CY7C901-31 OE Y 23 23 
CY7C901-69 OE Y 35 25 

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 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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CY7C901 

CY7C901-32 and CY7C901-88 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 page 8 
for loading circuit information. 

This data applies to parts with the following numbers: 

CY7C901-32DM CY7C901-32LM 
CY7C901-88DM CY7C901-88LM 

Combinational Propagation Delays CL = 50 pF 

To Output Y F3 Cn + 4 
From Input 
CY7C901- 32 88 32 88 32 88 
A, BAddress 48 82 48 84 48 80 
D 37 44 37 38 37 40 
Cn 25 34 25 32 21 24 

1012 40 53 40 50 40 47 

1345 40 58 40 58 40 58 

1678 29 29 - - - -
A BypassALU 40 50 (I = 2XX) - - - -

Clock-F 40 53 40 50 40 49 

Cycle Time and Clock Characteristics 
CY7C901· 32 88 
Read-Modify-Write Cycle (from 32 ns 88 ns 

selection of A, B registers to 
end of cycle). 

Maximum Clock Frequency to shift Q 31 MHz 15 MHz 
(50% duty cycle, I = 432 or 632) 
Minimum Clock LOW Time 15 ns 30ns 
Minimum Clock HIGH Time 15 ns 30ns 
Minimum Clock Period 32ns 88 ns 

G,P F=O OVR RAMo Qo 
RAM3 Q3 

32 88 32 88 32 88 32 88 32 88 
44 70 48 90 48 86 48 94 - -
34 34 40 50 37 45 37 48 - -
- - 28 38 25 31 28 39 - -
44 46 44 65 40 55 40 58 - -
40 48 40 64 40 56 40 55 - -
- - - - - - 29 27 29 27 

- - - - - - - - - -

40 41 40 63 40 58 40 61 33 31 

Set-up and Hold Times Relative to Clock (CP) Input 

CP: .)l- ~ -- .....---
Input Set-upTime Hold Time Set-upTime Hold Time 

BeforeH ~ L AfterH ~ L BeforeL ~ H AfterL ~ H 
CY7C901· 32 88 32 88 32 88 32 88 
A, B Source Address 15 20 1 0 30,15 + tpwL 69 0 0 

(Note 3) (Note 3) (Note 4) (Note 4) 
B Destination Address 15 15 +- Do Not Change ~ 0 0 
D - - - - 25 55 0 0 
Cn - - - - 20 42 0 0 

1012 - - - - 30 58 0 0 

1345 - - - - 30 62 0 0 

1678 10 14 +- Do Not Change ~ 0 0 
RAMo, 3,QO, 3 - - - - 12 18 0 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 
CY7C901-32 OE Y 25 25 
CY7C901-88 OE Y 40 25 

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 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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Minimum Cycle Time Calculations for 16-bit Systems 
Speed used in calculations for parts other than CY7C901 are representative for MSI parts. 

<D 
+ ® 
+ ® 
+ @ 

+ @ 

+ 
+ 
+ 
+ 
+ 

Register 
CY7C901 
Carry Logic 
CY7C901 
Register 

<D Register 
® CY7C901 

CD 
REGISTER 

..n.r 
CLOCK 

Pipelined System. Add without Simultaneous Shift. 
Data Loop 

Clock to Output 9 <D Register 
A,BtoO,P 37 + ® MUX 
00, Po to Cn + Z 10 + (i) CY7C91O 
Cn to en + 4, OVR, F3, F = 0, Y 25 + @ PROM 
Set-upTime 2 + <D Register 

83 ns 
Minimum Clock period = 104 ns 

..1l.r 
CLOCK 

LSB ® RAM3 
RAMo 0 
A, B, I, Cn G, P 

CY7C901 

Pipelined System. Simultaneous Add and Shift Down (RIGHT). 

<D Register 
® MUX 

® Carry Logic 

Data Loop 
Clock to Output 
A,BtoO,P 
Go,PotoCn+z 
Cn to F3, OVR, 

9 
37 
10 
25 
21 
12 

+ 
+ 
+ 
+ 

(i) CY7C91O 
@ PROM @ CY7C901 

@ XORandMUX <D Register 
® CY7C901 RAM3 Set-up 

114ns 
Minimum clock period = 114 ns 
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STATUS 

0030-7 

Control Loop 
Clock to Output 9 
Select to Output 13 
CC to Output 45 
Access Time 35 
Set-up Time 2 

l04ns 

Control Loop 
Clock to Output 
Select to Output 
CCtoOutput 
Access Time 
Set-up Time 

9 
13 
45 
35 

0030-8 

2 
l04ns 
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Ordering Information Pin Configuration 

Oock Package Operating 
Cycle Ordering Code 
(ns) Type Range 

31 CY7C901-31PC P17 Commercial 
69 CY7C901-69PC P17 Commercial 

Top View 
~ _1D4(0.;: 4(C'l4("'~ >",>N»O 

6 5 4 3 2 l!J4443 4241 40 
18 7 39 NC 

17 8 38 P 
31 CY7C901-31DC 018 Commercial 
69 CY7C901-69DC 018 Commercial 

RAM3 9 37 OVR 

RAMO 10 36 Cn+4 

31 CY7C901-31LC L67 Commercial 
69 CY7C901-69LC L67 Commercial 

Vcc 11 35 G 
F=O 12 34 F3 

10 13 33 GND 

32 CY7C901-32DMB 018 Military 
88 CY7C901-88DMB 018 Military 

11 14 32 cn 
12 15 31 14 

32 CY7C901-32LMB L67 Military 
88 CY7C901-88LMB L67 Military 

CP 16 30 15 
NC 17 29 13 

18192021 22232425262728 

", 0 ~ C'l ", 0 ", C'l ~ 0(,) 
OIDIDIDIDOOOOOZ 0030-9 
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ADVANCED INFORMATION 
CY7C909 
CY7C911 

CYPRESS 
SEMICONDUCTOR CMOS Micro Program 

Sequencers 

Features 
• Fast 

- CY7C909/11 has a 30 ns 
(min.) clock to output cycle 
time; commercial 

- CY7C909/11 has a 40 ns 
(min.) clock to output cycle 
time; military 

• Low Power 
- ICC (max.) = 55 mA; 

commercial 
- Icc (max.) 55 mA; 

military 

• Vee margin 
- 5 V ± 10% 
- All parameters guaranteed 

over commercial and military 
operating temperature range 

• Expandable 
Infinitely expandable in 4-bit 
increments 

Logic Block Diagram 
R (Am2909 ONLY) 

11------~4 
REGISTER i 

ENABLE I 
RE) : 

D AND R I 
CONNECTED j 4 

ON Am;~~~ I 
I 
I 

DIRECT I 
INPUTS I 

OUTPUT 
CONTROL 

OE 

• ESD Protection 
Capable of withstanding greater 
than 2000V static discharge 
voltage 

• Pin compatible and 
functional equivalent to 
AMD AM2909A/ AM29ltA 

Description 
The CY7C909 and CY7C911 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 
(Dj); 2) external data stored in an inter­
nal register (Rj); 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 
(Yj) 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 CY7C911 is 
available in a 20-pin, 300-mil package. 

Pin Configurations 

fiLE 
ENABLE 

CLOCK 

Cn + 4 0042-1 

5-27 

RE 
R3 

R2 

Rl 

RO 
OR3 

03 
OR2 

O2 
OR 1 

01 
ORO 

DO 
GNO 

Vcc 
CP 

PUSH/POP 

FE 
Cn+4 
Cn 
OE 
Y3 
Y2 
Yl 
Yo 

51 

So 
ZERO 

0042-2 

u "-
r:F o:;Noe:.MI~ >0t3 ir 

FE 

Cn+4 
Cn 
6E 
Y3 
Y2 
Y1 

0001° 0-0 a::: c zct:: (1)(1)>-o (!)W 
N 

0042-4 

CP PUP 

VCC IT 
RE Cn+4 

D3 Cn 

D2 DE 

D1 Y3 

DO Y2 
GND Y1 

ZERO Yo 

So S1 

0042-3 

U Q. 

I~ >u~ irl~ 

Cn+4 
Cn 
DE 
Y3 
Y2 

10 0 ~ 0 -eJU1U1>->-
N 

0042-5 

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

Storage Temperature ............... -65°C to + 150°C Static Discharge Voltage ..................... >2oo1V 

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

Power Applied .................... - 55°C to + 125°C Latch-Up Current ......................... > 200 rnA 

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 ................... -3.0V to +7.0V 
Output Current, into Outputs (Low) ............. 30 rnA 

Commercial O°Cto + 70°C 

Military [1] - 55°C to + 125°C 

Electrical Characteristics Over Operating Range 

Parameters Description Test Conditions Min. 

VOH Output HIGH Voltage Vee = Min.,IOH = -2.6mA(Comm.) 2.4 

Vee = Min.,IOH = -1.0 mA (Mil.) 2.4 

VOL Output LOW Voltage Vee = Min., IOL = 16.0 mA 

VIH Input High Voltage 2.0 

VIL Input Low Voltage -2.0 

IIX Input Load Current GND:<;;: VI:<;;: Vee -10 

loz 
Output Leakage GND:<;;: Vo:<;;: Vee -20 
Current Output Disabled 

los 
Output Short[2] 

Vee = Max. VOUT = GND -30 
Circuit Current 

lec 
Vee Operating Vee = Max. Commercial 
Supply Current lOUT = OmA Military 

Vee Operating Vee = Max. Commercial 
leci Supply Current VIH 2 3.0V, VIL :<;;: O.4V Military 

Capacitance [3] 

Parameters Description 

CIN Input Capacitance 

COUT Output Capacitance 
Notes: 
1. Extended temperature operation guaranteed with 400 linear feet per 

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

the short circuit should not exceed 30 seconds. 

AC Test Loads and Waveforms 

Test Conditions 

TA = 25°C, f = 1 MHz 
Vee = 5.0V 

3. Tested on a sample basis. 

Max. 

5 

7 

Max. 

0.4 

Vee 
0.8 

+10 

+20 

-85 

55 

55 

35 

35 

Rl Rl ALL INPUT PULSES 
220n 220n 

Vee 

5V ±1O% 

5V ±1O% 

Units 

V 

V 

V 

V 

V 

p,A 

p,A 

mA 

mA 

mA 

Units 

pF 

OUTP5U~ n OUTP5U~ n 
50 f ~~.n (Yi) 5 f ~~n (Yi) 

3.0V I I 

~90% L 
GND I ,:% ,~% I 

5n5--1 1- --I 1-5n5 p I 2.4k.n(Cn+4) p I 2.4kn(Cn+4) 

INCLUDING _ INCLUDING _ 
JIG AND - JIG AND -

0042-7 

Figure 2 

SCOPE SCOPE 
0042-6 

Figure la Figure Ib 
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ADVANCED INFORMATION 
CY7C909 
CY7C911 

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 16 17 18 20 17 22 20 25 ns 

SO, Sl 17 18 20 21 29 34 29 34 ns 

ORi (7C909) 14 16 16 18 17 22 20 25 ns 

CN - 13 - 15 - 14 - 16 ns 

ZERO 15 16 17 18 29 34 30 35 ns 

OE Low to Output 15 - 17 - 25 - 25 - ns 

OE High to High Z[41 15 - 17 - 25 - 25 - ns 

Clock High, So, Sl = LH 19 20 22 23 39 44 45 50 ns 

Clock High, So, S 1 = LL 19 20 22 23 39 44 45 50 ns 

Clock High, So, Sl = HL 23 25 27 29 44 49 53 58 ns 

MINIMUM SET-UP AND HOLD TIMES (All Times Relative to Clock LOW to HIGH Transition) 

From Input 

RE 

Ri [51 

Push/Pop 

FE 

CN 

Di 

ORi (7C909) 

So, Sl 

ZERO 

Notes: 
4. Output Loading as in Figure lb. 

Switching Waveforms 

CLOCK 

INPUT 
(EXCEPT BE) 

Set-up Hold Set-up 

10 0 11 

10 0 11 

10 0 11 

10 0 11 

10 0 11 

14 0 16 

12 0 14 

14 0 16 

11 0 12 

Hold Set-up Hold Set-up Hold 

0 19 4 19 5 ns 

0 10 4 12 5 ns 

0 25 4 27 5 ns 

0 25 4 27 5 ns 

0 18 4 18 5 ns 

0 25 0 25 0 ns 

0 25 0 25 0 ns 

0 25 0 29 0 ns 

0 25 0 29 0 ns 

5. Rj and Dj are internally connected on the CY7C9ll. Use Rj set-up 
and hold times for Dj inputs. 

-MIN CLOCK LOW-

HOLD 
----I TIMES 

I CLOCK TO OUTPUT • 
--INPUT TO OUTPUTl 

(Y. ~~T:~) :::J<XXXXXXXXXXXXXXXXXX ::::::::::::: 
0042-8 
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Functional Description 
The tables below qefine 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 SI So SOURCE FOR Y OUTPUT~ 

0 L L Microprogram Counter (jLPC) 
1 L H Address/Holding Register (AR) 
2 11 L Push-Pop stack (STK) 
3 H H Direct inputs (Di) 

Control ofthe Push/Pop Stack is contained in Table 2. 
FILE ENABLE (FE) enables stack operations, while 
Push/Pop (PUP) controls the stack. 

Table 2. Synchronous 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 St. So, FE, PUP J.LPC 

N 0000 J 
N + 1 - J + 1 

N 0001 J 
N + 1 - J + 1 

N 00 1 X J 
N + 1 - J + 1 

N 0100 J 
N + 1 - K + 1 

N 0101 J 
N + 1 - K + 1 

N 011 X J 
N + 1 - K + 1 

N 1000 J 
N + 1 - Ra + 1 

N 1001 J 
N + 1 - Ra + 1 

N 10 1 X J 
N + 1 - Ra + 1 

N 1100 J 
N + 1 - D + 1 

N 1 101 J 
N + 1 - D + 1 

N 1 11 X J 
N + 1 - D + 1 

J = Contents of Microprogram Counter 
K = Contents of Address Register 
Ra. Rb. Re. Rei = Contents in Stack 

REG STKO STKl 

K Ra Rb 
K Rb Rc 

K Ra Rb 
K J Ra 

K Ra Rb 
K Ra Rb 

K Ra Rb 
K Rb Rc 

K Ra Rb 
K J Ra 

K Ra Rb 
K Ra Rb 

K Ra Rb 
K Rb Rc 

K Ra Rb 
K J Ra 

K Ra Rb 
K Ra Rb 

K Ra Rb 
K Rb Rc 

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 Z 
X L L L 
H H L H 
L H L Source selected by So S 1 

Table 4 defines the effect of So, SI, 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 before and after the Clock LOW to 
HIGH edge. 

Table 4 

STK2 STK3 YOUT COMMENT PRINCIPLE 
USE 

Rc Rd J Pop Stack End 
Rd Ra - Loop 

Rc Rd J Push J.LPC 
Set-up 

Rb Rc - Loop 

Rc Rd J Continue Continue 
Rc Rd -
Rc Rd K Use AR for Address; End 
Rd Ra - Pop Stack Loop 

Rc Rd K Jump to Address in AR; JSRAR 
Rb Rc - Push J.LPC 

Rc Rd K Jump to Address in AR JMPAR 
Rc Rd -
Rc Rd Ra Jump to Address in STKO; RTS 
Rd Ra - Pop Stack 

Rc Rd Ra Jump to Address in STKO; 
Rb Rc - Push J.LPC 

Rc Rd Ra Jump to Address in STKO 
Stack Ref 

Rc Rd - (Loop) 

Rc Rd D Jump to Address on D; End 
Rd Ra - Pop Stack Loop 

Rc Rd D Jump to Address on D; JSRD 
Rb Rc - Push J.LPC 

Rc Rd D Jump to Address on D JMPD 
Rc Rd -
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CY7C909 
CY7C911 

Functional Description (Continued) 

Two examples of Subroutine Execution appe~r 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 (p. WR). The contents 
of the p. WR also controls the four signals So, St. FE, and 
PUP. The starting address of th~ subroutine is applied to 
the D inputs of the 7C909 at t~e 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 
Microprogram 

Cycle Address 
Sequencer 
Instruction 

Execute Cycle To 

Clock L Signals -

J-I 
To J 
TI J+I 
T2 J+2 JSRA 

Inputs SI. So 0 
FE H (from 

PUP X ,...WR) 
D X 

T6 J+3 

TJ 

L 
0 
H 
X 
X 

T7 J+4 ,...PC J+I J+2 

Internal 
STKO 

Registers 
STKI 
STK2 
STK3 

T3 A I(A) 
T4 A+I 

Output Y HI J+2 

Ts A+2 RTS ROM (Y) 1(1+ I) JSRA 
OutpJt 

Contents 
of,...WR 

(Instruction ,...WR I(J) 1(1+ I) 
being 

executed) 

"Jump to sub-routine at A". At the time T2, this instruc­
tion is in the p. WR, 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 inpllts from the p. WR 
and appears on the Y outputs. The first instruction of the 
subroutine, I(A), is accessed and is at the inputs of the 
p. WR. On the next clock transition, I(A) is loaded into the 
p. WR for execution, and the return address J + 3 is 
pushed onto the stack. The return instruction is executed at 
T5. Figure 4 is a similar timing chart showing one subrou­
tine linking to a second, the latter consisting of only one 
microinstruction. 

T2 T3 T4 Ts T6 T, Ts Tg 

L r-"l.. L L L L IL Il-
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+3 A+I A+2 A+3 J+4 1+5 
H3 H3 J+3 

A A+I A+2 1+3 J+4 1+5 

I(A) I(A+I) RTS I(J+3) 1(1+4) 1(1+ 5) 

JSRA I(A) I(A+I) RTS 1(1+3) 1(1+4) 

Figure 3. Subroutine Execution. 
0042-9 

Cn = HIGH 

CONTROL MEMORY 

Execute 
Microprogram 

Cycle Address 
Sequencer 
Instruction 

Execute Cycle To TJ T2 T3 T4 TS T6 

Clock lL-L IL-IU IL ll-L Signals --' 

J-I 
To J 
TI J+I 
T2 H2 JSRA 

Inputs Slo 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 

,...WR) 
D X X A X X B X 

T9 H3 
,...PC J+I J+2 J+3 A+I A+2 A+3 B+I 

Internal 
STKO 1+3 J+3 J+3 A+3 
STKI J+3 

Registers 
STK2 

T3 A STK3 
T4 A+I 
Ts A+2 JSRB 
T7 A+3 

Output Y J+1 J+2 A A+I A+2 B A+3 

T~ A+4 RTS ROM (Y) 1(1+1) JSRA I(A) I(A+I) JSRB RTS I(A+3) 
Output 

Contents 
of,...WR 

T6 B RTS (Instruction ,...WR 1(1) 1(1+1) JSRA I(A) I(A+ I) JSRB RTS 
being 

executed) 

Figure 4. Two Nested Subroutines. Routine B is Only One Instruction. 
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T, 

L 
0 
H 
X 
X 

A+4 
J+3 

A+4 

RTS 

I(A+3) 

Ts Tg 

L IL 
2 0 
L H 
L X 
X X 

A+5 J+4 
J+3 

J+3 J+4 

I(J+3) 1(1+4) 

RTS I(J+3) 

0042-10 

Cn = HIGH 
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RO R, R2 R3 

F'LE ENA8~ >-------t>0 

RE 

CLOCK >0 )J11 Mj I Mj I Mjl'; I I~."~~~ 
Wo i W, i W2 i W3 
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1/0 I I I 

So 

! 1 
YO Y, Cn 
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ADVANCED INFORMATION 
CY7C909 
CY7C911 

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/ 
911 is illustrated in the logic diagram in Figure 5. The 
various blocks are described below. 

Multiplexer 

The Multiplexer is controlled by the So and SI inputs to 
select the address source. It selects either the Direct Inputs 
(Dj), the Address Register (AR), the Microprogram Coun­
ter (MPC), or the stack (SP) as the source of the next 
microinstruction address. 

Direct Inputs 

The Direct Inputs (Dj) allow addresses from an external 
source to be output on the Y outputs. On the CY7C911, 
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 (JLPC) 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 - > JLPC) 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 - > JLPC) 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 
microsubroutine. Push/Pop is set HIGH while File Enable 
is kept LOW. The stack pointer is incremented and the 
memory array is written with the microinstruction address 
following 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 
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 (OB) 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 

ORj Logic OR Input to each Address Output Line (7C909 only) 

Cn Carry-In, Controls Microprogram Counter 

Ri Inputs to the Internal Address Register 

Dj Direct Inputs to the Multiplexer 

CP Clock Input 
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Definition of Terms (Continued) 

Name Description 

OUTPUTS 

Yj Address Outputs 

CN+ 4 Carry-Out from Incrementer 

INTERNAL SIGNALS 

ILPC 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 SIGNALS 

A Address to the Counter Memory 

1 (A) Instruction in Control Memory at Address A 

ILWR Contents of the Microword Register at the 
Output of the Control Memory 

TN Time Period (Cycle) n 
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Features 
• Fast 

- CY7C910-S0 has a 50 ns 
(min.) clock cycle; 
commercial 

- CY7C910-51 has a 51 ns 
(min.) clock cycle; military 

• Low power 
- Icc (max.) = 100 mA 

• Vee Margin 5V ± 10% 
All parameters guaranteed over 
commercial and military 
operating temperature range 

• Sixteen powerful 
microinstructions 
The CY7C910 implements 16 
instructions that control the 
execution of the program 

• Three output enable controls 
for three-way branch 

• Twelve-bit address word 
The 12-bit wide address path 
allows 4096 memory locations to 
be addressed 

• Four sources for addresses 
The microprogram address can 
be selected from the 
microprogram counter (MPC), 
the branch address bus, the 
9-word stack, or the internal 
holding register 

Logic Block Diagram 

• Internal loop counter 
The on-chip, 12-bit, down­
counter can be used to count 
loop iterations for loops of one 
to 4096 instructions 

• Internal 9-word by 12-bit stack 
The internal stack can be used 
for subroutine return address or 
data storage 

• ESD protection 
Capable of withstanding over 
2000 volts static discharge 
voltage 

• Pin compatible and functional 
equivalent to AMD AM2910A 

Functional Description 
The CY7C910 is a standalone 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 CY7C91O, 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-

ij[ 

D----,,~------~ 

0041-1 
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CMOS Microprogram 
Controller 

croprogram Counter) and incrementer, 
a 12-bit wide by 4-input multiplexer 
and the required data manipulation 
and control logic. 

The operation performed is determined 
by four input instruction lines (10 to I3) 
that in tum select the (internal) source 
of the next micro-instruction to be 
fetched. This address is output on the 
YO-Y11 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 CY7C91O is a pin compatible, 
functional equivalent, improved per­
formance replacement for the 
AM29 lOA. 

The CY7C91O 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 

Y4 03 

°4 Y3 
Ys O2 

°5 Y2 
VECT 01 

Pi: Y1 
MAP DO 

13 Yo 

12 CI 

Vee CP 

11 GNO 

10 DE 

CCEN Y11 
cc 011 

RLO Y10 
fULL 010 

Os Yg 

Ys Og 

D7 Y8 

Y7 08 

0041-2 

Top View 

I 



Block Diagram 

Pin Definitions 

Signal 
I/O Name 

OO-D11 I 

RLD I 

IO-I3 I 

CC I 

CCEN I 

CP I 

PUSH/POP /HOLD/CLEAR 

CLEAR/COUNT 

OE 
C>------~+-~----------~ 

I~ I~ I~ 
Figure 1 

Description 

Direct inputs to the RC (Register/ 
Counter) and multiplexer. DO is LSB 
and 011 is MSB. 

Register load. Control input to RC that, 
when LOW, loads data on the DO-OIl 
pins into RC on the LOW to HIGH 
clock (CP) transition. 

Instruction inputs that select one of 
sixteen instructions to be performed by 
the CY7C910. 

Control input that, when LOW, 
signifies that a test has passed. 

Enable for CC input. When HIGH CC 
is ignored and a pass is forced. When 
LOW the state of CC is examined. 

Clock input. All internal states are 
changed on the LOW to HIGH clock 
transitions. 
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Signal 
Name 

CI 

OE 

YO-Y11 

FULL 

PL 

MAP 

VECT 

==I DATA PATH 

CONTROL LINES 

0041-3 

I/O Description 

I Carry input to the LSB of the 
incrementer for the MPC. 

I Control for YO-Yll outputs. LOW to 
enable; High to disable. 

0 Address output to microprogram 
memory. YO is LSB and Yll is MSB. 

0 When LOW indicates that nine words 
are in the stack. i.e., the stack is full. 

0 When LOW selects the pipeline register 
as the direct input (00-011) source. 

0 When LOW selects the Mapping 
PROM (or PLA) as the direct input 
source. 

0 When LOW selects the Interrupt 
Vector as the direct input source. 
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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 (10-13), and other ex­
ternal inputs. The sources are (1) the (external) DO-Dll 
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 1, whose outputs are ap­
plied to the inputs of the YO-Yll three-state output driv­
ers. 

External Inputs: DO-Dll 

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, CPo The data on the D in­
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 
many (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 9-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. 

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 
'~ump 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 
depth of the stack increases. The physical stack depth is 
9-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 
instrution 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. 

Output Load used for AC Performance Characteristics 

All Outputs 
+5 v 

voli: Notes: 
1. CL = 50 pF includes scope probe, writing and stray capacitance. 
2. CL = 5 pF for output disable tests. 

0041-4 

Selection Guide 
CLOCK CYCLE STACK OPERATING RANGE PART NUMBER (Min.) in ns DEPTH 

50 9 words Commercial CY7C91O-50 

51 9 words Military CY7C91O-51 

93 5 words Commercial CY7C91O-93 

100 5 words Military CY7C91O-100 
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Muimum Ratings 
(Above which the useful life may be impaired) 

Storage Temperature ............... - 65°C to + 150°C Static Discharge Voltage ..................... > 200 1 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 10 to Pin 30) .................... -0.5V to + 7.0V Operating Range 

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

Range 
Temperature 

DC Input Voltage ................... -3.0V to + 7.0V 
Commercial O°Cto + 70°C 

Military - 55°C to + 125°C 
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 Test Condition 

VOH Output HIGH Voltage 
Vee = Min. 
IOH = -3.4mA 

VOL Output LOW Voltage 
Vee = Min. 
IOL = 12mA 

VIH Input HIGH Voltage 

VIL Input LOW Voltage 

IIH Input HIGH Current 
Vee = Max. 
VIN = Vee 

IlL Input LOW Current 
Vee = Max. 
VIN = Vss 

IOH Output HIGH Current 
Vee = Min. 
VIH = 2.4V 

IOL Output LOW Current 
Vee = Min. 
VOL = O.4V 

Ioz Output Leakage Current 
Vee = Max. 
VOUT = Vss-Vee 

Isc Output Short Circuit Current 
Vee = Max. 
VOUT = OV 

Icc Supply Current Vee = Max. 

Capacitance [2] 

Parameters Description Test Conditions 

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

CoUT Output Capacitance Vee = 5.0V 

Notes: 

Min. 

2.4 

2.0 

-3.0 

-3.4 

12 

-40 

1. Not more than one output should be tested at a time. Duration ofthe 
short circuit should not exceed one second. 

2. Tested on a sample basis. 

Switching Waveforms 

3.0V---------_�_-----_�_--
INPUTS 

oV------------'I~------'I~--
3.0V 

CLOCK 
OV 

OUTPUTS 
______________________ -JI~ ________ __ 
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Max. 

0.4 

Vee 

0.8 

10 

-10 

+40 

-85 

100 

Max. 

5 

7 

0041-5 

Vee 

5V ±1O% 

5V ±1O% 

Units 

V 

V 

V 

V 

fLA 

fLA 

mA 

mA 

fLA 
fLA 

mA 

mA 

Units 

pF 

pF 
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Guaranteed AC Performance Characteristics 
The tables below specify the guaranteed AC performance 
of the CY7C91O 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 1.5V signal levels. 

Clock Requirements (Note 1) 

CY7C910- 50 

Minimum Clock LOW 20 

Minimum Clock HIGH 20 

Minimum Clock Period I = 14 50 

Minimum Clock Period 
50 

I = 8, 9, 15 (Note 2) 

Combinational Propagation Delays. CL = 50 pF 

To Output Commercial 

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 

93 51 100 

50 25 58 

35 25 42 

93 51 100 

113 
50 

114 

123 125 

Military 

From Input Y PL, VECT, MAP FULL Y PL, VECT, MAP FULL 

CY7C910- 50 93 50 93 50 93 51 100 51 100 51 100 

DO-Dll 20 20 - - - - 25 25 - - - -
10-13 35 50 30 51 - - 40 54 35 58 - -
CC 30 30 - - - - 36 35 - - - -
CCEN 30 30 - - - - 36 37 - - - -
CP 75 60 77 67 
I = 8,9,15 40 r--- 31 r--- - 35 -- - - - -
(Note 2) 85 60 98 67 

CP 
40 55 31 60 46 61 35 67 

All Other I - - - -
OE 25 35 25 40 - - - - - - - -
(Note 3) 37 30 30 30 

Minimum Set-up and Hold Times Relative to clock LOW to HIGH Transition. CL = 50 pF 

Commercial 

Input Set-up 

CY7C91O- 50 93 50 

DI --+ RC 16 24 0 

DI --+ MPC 30 58 0 

10-13 35 75 0 

CC 24 63 0 

CCEN 24 63 0 

CI 18 46 0 

RLD 19 36 0 

Notes: 
1. 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 ifRLD was LOW. 

Hold 
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Military 

Set-up Hold 

93 50 93 50 93 

6 16 28 0 6 

4 30 62 0 4 

0 38 81 0 0 

0 35 65 0 0 

0 35 63 0 0 

5 18 58 0 5 

6 20 42 0 6 

3. The enable/disable times are measured to a 0.5 Volt change on the 
output voltage level with CL = 5 pF. 
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One Level Pipeline Based Architecture 

I--+ICC 

(Recommended) 
MAP 

CY7C910 

A+1 

MICROPROGRAM 
MEMORY 

I(A+1) 

CLOCK 

S(A-1) 

0041-6 

CLOCK ,""'-___ ..1 

t----------- 98 ns CYCLE TIME ------------.j. I 

'---'-, (CLOCK TO REGISTER OUTPUT) 

PIPELINE CY7C910 ------\"'~~----------------------_t_--REGISTER • INSTRUCTION _______ .t.:i.~~~ ______________________ ~-
OUTPUT INPUTS 

'----I~ 18 ns (MUX SELECT TO OUTPUT) 

MUX CY7C910 ------~~_~_""!!""'Ii_-------------------_i_--
OUTPUT • CC INPUT ______ ...i.~~~~~*_-------------------_I_--

CY7C910-------~~~~~~~~~~~~~~~~----------~--­

OUTPUTS ------~~~~~~~~~~~~~~~------------_i_--
MICROPROGRAM ------------~~~~~~~~~"'1'{'"'~~~~~~~"'1'{'"'~~+__+_-­

MEMORY 
OUTPUTS ------------~--~~~~~~~--~~~~--~~--~~+_~--
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Table of Instructions 

REG/ RESULT 
CNTR FAIL PASS 

13-10 MNEMONIC NAME CCEN = LandCC = H CCEN = HorCC = L REG/ CON. ENABLE 
TENTS y STACK y STACK 

CNTR 

0 JZ Jump Zero X 0 Clear 0 Clear Hold PL 

1 CJS CondJSB PL X PC Hold D Push Hold PL 

2 JMAP Jump Map X D Hold D Hold Hold Map 

3 CJP CondJumpPL X PC Hold D Hold Hold PL 

4 PUSH Push/Cond LD CNTR X PC Push PC Push (Note 1) 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, *0 F Hold F Hold Dec PL 

CNTR* 0 =0 PC POP PC Pop Hold PL 

9 RPCT 
RepeatPL, *0 D Hold D Hold Dec PL 

CNTR*O =0 PC Hold PC Hold Hold PL 

10 CRTN CondRTN X PC Hold F Pop Hold PL 

11 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 *0 F Hold PC Pop Dec PL 

=0 D Pop PC Pop Hold PL 

Notes: 
1. If CCEN = L and CC = H, hold; else load. H = HIGH L= LOW x = Don't Care 

Ordering Information 
Clock 

Package Operating 
Cycle Ordering Code 
(os) Type Range 

50 CY7C91O·50PC P17 Commercial 
93 CY7C91O·93PC P17 Commercial 

50 CY7C91O·50DC 018 Commercial 
93 CY7C91O·93DC 018 Commercial 

50 CY7C91O·50LC L67 Commercial 
93 CY7C910·93LC L67 Commercial 

51 CY7C91O·51DMB 018 Military 
100 CY7C91O·100DMB 018 Military 

51 CY7C91O·51LMB L67 Military 
100 CY7C91O·100LMB L67 Military 
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Features 

• Fast 
- CY8C901·31 has a 31 ns 

(min.) clock cycle 

• Automatic standby mode 

• Low power 
- lee (max.) = 26.S mA 
- leeSB (max.) = 10 mA 

• Vee margin 
- SV ±10% 
- All parameters guaranteed 

over commercial O°C to 70°C 
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 

• ESD protection 
Capable of withstanding great· 
er than 2000V static discharge 
voltage 

• Pin compatible and functional 
equivalent to AMD 
AM2901B, C 

Functional Description 
The CY8C901 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 CY8C901 is basic but yet so 
versatile that it can emulate the ALU 
of almost any digital computer. 

The CY8C901 is 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. 

CLOCK -----1 

'B' 

'A' (READ) 
ADDRESS 

(READ/WRITE) 
ADDRESS 

CARRY IN 

DATA OUT 
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Low Power CMOS 
Four-Bit Slice 

The operation performed is determined 
by nine input control lines (10 to 18) 
that are usually inputs from a microin­
struction register. 

The CY8C901 is expandable in 4-bit 
increments, has three-state data out­
puts as well as flag outputs, and can 
use either a full-look ahead carry or a 
ripple carry. 

The CY8C90 1 is a pin compatible, 
functional equivalent, improved per­
formance replacement for the 
AM2901. 

The CY8C90 1 is fabricated using an 
advanced 1.2 micron CMOS process 
that eliminates latchup, results in ESD 
protection over 2000V and achieves su­
perior performance at a low power dis­
sipation. 

0039-1 

Pin Configuration 
Top View 

A3 

A2 Y3 

A, 

Ao 

16 

18 P 
17 OVR 

en + 4 

G 
Vee 

F = 0 

10 Cn 

12 

CP 

03 Do 

Bo 

B, 02 

B2 03 

B3 
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ADVANCED INFORMATION CY8C901 

Selection Guide 
Clock Cycle (Min.) in ns Operating IcC (Max.) in rnA Operating Range 

31 26.5 Commercial 

69 26.5 Commercial 

Electrical Characteristics Over Commercial and Military Operating Range 
Vee Min. = 4.5V, Vee Max. = 5.5V 

Parameters Description Test Conditions 

VOH Output HIGH Voltage V ce = Min., IOH = - 3.2 rnA 
IOH = -100 #LA 

VOL Output LOW Voltage Vee = Min.,IOL = 20 rnA 
VIH Input HIGH Voltage 

VIL Input LOW Voltage 

IIH Input HIGH Current Vee = Max. 
VIN = Vee 

IlL Input LOW Current Vee = Max. 
VIN = VSS 

IOH Output HIGH Current Vee = Min., VOH = 2.4V 

VOH = Vee-1.2V 

IOL Output LOW Current Vee = Min. 
VOL = O.4V 

IOZ Output Leakage Current Vee = Max. 
VOUT = Vss-Vee 

Ise Output Short Circuit Current[1] Vee = Max. 
VOUT = OV 

Icc Supply Current Vee = Max.,VIH 2 Vee-1.2V 
10 MHz VIL 2 0.4V 

leesB Standby Current Vee = Max. D.C., VIH = Vee 
VIL :0:;: O.4V 

Capacitance [2] 

Parameters Description Test Conditions 

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

COUT Output Capacitance Vee = 5.0V 

Notes: 
1. 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. 
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Min. 

2.4 

Vee-1.2 

Vee-1.6 

-3.0 

-3.2 

-100 

20 

-40 

Max. 

5 

7 

Part Number 

CYSC901-31 

CYSC901-69 

Max. Units 

V 

0.4 V 

Vee V 

O.S V 

10 #LA 

-10 #LA 

rnA 
#LA 

rnA 

+40 #LA 
#LA 

-S5 rnA 

26.5 rnA 

10 rnA 

Units 

pF 
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CYPRESS 
SEMICONDUCTOR 

Appendix A: 
Package Diagrams 

16 Lead (300 MIL) Molded DIP PI 16 Lead (300 MIL) Cerdip D2 

-l DIMENSIONS IN INCHES 
0.230 MIN. 

/PINl 

r'-"'-'-...... "'-I ...... ."j".,I .... ..A-'-...I. ...... ~+ DIMENSIONS IN INCHES 
I MIN. 

0.240 MAX. 

'-T"T""'T""T"'"T"'T"'T""Ir-T''T""T"''T'''"T'"T"-r+r .... 

jO 
~ --i I.- SEATING PLANE 

MAX. 

0.D15 SEATING PLANE 
0.035 

~::~===l :::: r;:~:::-~ 
,t..~1/E:3 

I ' '.m '''" 'I '''1 lie -'''' =-, 1 
0.~00~~1/~ 
t:- I[ ~~ J_~ ~ ~ 1 jl MIN. ,0.012 I 
0.125 I I I i 0.330 
MIN. I 1 -----I 1---- 1----

_ ~ 0.045 0.015 0.390 

"E ~ ~ -=5+~ ~ 
0.125 1 1 1\ MIN. I 0.310 I 
MIN. I --lJ-- I--- 0.385---1 

--l I-- 0.055 0.D15 

0.090 0.065 0.020 0.090 0.065 0.020 
0.110 0.110 

18 Lead (300 MIL) Molded DIP P3 18 Lead (300 MIL) Cerdip D4 

0.240 ~~~. 0 J45 
0.260 0310 

-- , ~ -- ~ 

DIMENSIONS IN INCHES 
MIN. 
MAX. [ 

__ ~~~"" D'"''''D'''N'N'"'' [ __ :)jPINl 

0.040 I-- SEATING PLANE I' I 
o:oso I 0035 __ J.- SEATING PLANE 

~ 
0890 I 0.120 r--- 0.280 ---! 0055 

,J;; :~~-f B "Joo~;~~1: 
Mt --M~ ¥ ¥ It +:~i ~ b ~ UJ--~~u l:.015 

0.125 I fill ~~~5 1 0.310 1 0.125 I I II MIN. 

MIN. I --I ---11-- I--- 0385 --------j MIN. I I ---II--
----J !.- 0.055 0.D15 . ----I I-- 0.045 0.015 

0.090 0.065 0.020 0.090 0.065 0.020 
Q.11o 0.110 
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r-- 0.290 --j r:I 
I c:: 0.320 :::J I 1:1 
~ . 

I 0.012 I 
I--- 0.330 --l 

0.390 



20 Lead Molded DIP P5 

/PINI 

~.250 DD
~ 

~ ~
~O SEATING 

0.050 --1 __ PLANE 

0.070 0120 ~!~. :::: -17 r:~-:'-:J 
t~marJ1 I 

~FJ,~ I- ::::~q~: 
0.110 

22 Lead (400 MIL) Molded DIP P7 

C--
--~.,....,...,...~.,.. 

PIN 1 

DIMENSIONS IN INCHES 
MIN. 
MAX. 

0.035 SEATING PLANE 
0.055 

oTo:~;~~~:~ f::l MAX. __ ~ 

t J ~ 0.015 ~:~~~ 
0.125 I ! II MIN. I 0.410 I 
MIN. I --11-- I--- 0.485 ----l 

--..J I-- 0.055 0.015 
0.090 0.065 0.020 
0.110 

20 Lead Cerdip D6 

DO'S:" 0310 

I ~ SEATING 

.-.~::~ :g;~-I om f;~;'=l 
~ m1+j~ 

0.125 MIN. ! III f 
u I 0.015 r- -I!1L-0050 MIN 

0.090 i 0.065 

if1iO ~gi~ --~ 

22 Lead (400 MIL) Cerdip D8 

[ 

__ JjPINl 

I DIMENSIONS IN INCHES 
0360 MIN. __ 15 MAX. 

~:~!~ -~ ~ SEATING PLANE 

o~~;~~ltHl En ~J--hll v V ~-OM~~5 ~.~~~ 
~~~5 I I l- j~ L:0.420-J _I I--- 0.045 0.015 0.490 

0.090 0.065 0.020 
0.110 
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22 Lead (300 MIL) Molded DIP P9 
-PIN 1 

I:::::::::: )\;: 
0.065--1 i-
0.085 

24 Lead (600 MIL) Molded DIP PH 

PIN 1 

SEATING PLANE 

0.200 MAX. ~---I 0.570 

t£ 1.240 0.140 r.=o.625-J 1.270 0.160 

WW~1u.~ = I 
0.125MIN.1 1 Il! ~ \ 

1" 0.055 jt 0015 I 0.012 I 
0.065 --- MIN. I---- 0.585 ~ 

0.090 ~.~~~ 0.685 
0.110 
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22 Lead (300 MIL) Cerdip DIO 

I : : : : : : : : : : j~~;: 
0.065 --I i-
0.085 

1.120 0.140 0.290 
1--1 ---1.160 I ~5 1.0.320~ J 

SEATING PLANE 

0'200f~1 J!B\ 
0.125~ -1" 

L- 0.QI5 MIN - g:g?~ 
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24 Lead (600 MIL) Cerdip D12 

PIN 1 

SEATING PLANE 

0,065 I 

I 1.230 0.085---1 0','40 r--- 0.590----j 
1.285 0175 I c::= 0.620 =:::J I 

0.200~M~t i= II 1 
O~!! lnrJ1W~ 0015 MIN. ~:~~~ ,- jto.045 I I r-- 0.065 I-----0.630----1 

0.090 0015 0.690 
0,110 0.020 
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24 Lead (300 MIL) Molded DIP PI3 

SEATING PLANE 

0.280 LI" 1.240 0.120 rrO.325~ 

~~~'~[I~ 
TU~ L ::,.:::jll~ ~~~S ~:::'---J 

0.090 . ~ I.--0.015 0.385 
iJ.11O 0.020 

40 Lead Molded DIP PI7 

0001 
0.530 
0.550 

21 40~ 
0.065 .. i I--~SEATING PLANE 

2040 0.085 r,=0'570~ 
0.200 I_ . "1 0 .140 0.625 ill ,,,. :it = I 

,.". MIN.WiUlJ~~ --- 1t~ ~ .---=, , ~ ~ Ih 0.015 ~0.012 -J I I , --1 MIN. 

r-I \.- 0015 0.585 
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0: 110 0.055 0.020 
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24 Lead (300 MIL) Cerdip DI4 

DO~i 
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-*-
0.085 

SEATING 
PLANE 

~ ~
0'065 

1.230 0.140 0.290 

~ 1.285 0.175 rr;0.320~ 
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.

012 j 
0.065 0.330 

g,090 0.015 0.390 
0.110 0.020 

40 Lead Cerdip DIS 

Do 015 0.550 

21 ~o ~ 
0.065~ l-
0.085 SEATING PLANE 

2.030 0.590 ---l 
\" 2100 "\ ~ 1-0.620 ---.1 

~~~llDffijp1't! ~ 
~" ~~u- ~~+~ ij 

MIN. 0.040 j L L 0.630 -J 
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18 Pin Rectangular Leadless Chip Carrier LSO 

24 Pin Rectangular Leadless Chip Carrier LS3 

. 050 r-
L 
r 

. 
~INlll 

TOP 

1 
6 EOU"L SP"CES 
00.050 E"CH 

1 
0.008 R 
24 PL"CES 

0.400t 0.008 

t 0.300tO.008 ---i 

SIDE 

I-- 0.070t 0.008 

I-- .060t .006 
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20 Pin Rectangular Leadless Chip Carrier LSI 

BOTTOM 

"e 
LplN NO.1ID. 

TOP 

0.433 

~j 
C 0.287.1 I 

0.303~ ---j 

!.- 0.062 
I 0.078 

I 

SIDE 

0.015 MIN. 

20 Pin Square Leadless Chip Carrier L61 

1_ 30~~~S4S0 REF. --11-- .020 x 450 REF. 

108St.008 

.050 TYP . 

T 



32 Pin Rectangular Leadless Chip Carrier L55 28 Pin Square Leadless Chip Carrier L64 

.025 TYP. l 

T 

1 
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.083 
~~~~~~~~~ 

...L::r:=lf---­
.050 TYP. 

T 

1_·442 __ 1 
.458 

.540 

.560 

I-- .049 
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SIDE 

T 

LL::T-­
.050 TYP . 

T 

EB 
~ .450 SO.t.008 -I 

-I.060~ 
.075 

44 Pin Square Leadless Chip Carrier L67 

,-
0.077 
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,--0.490----, 
:- 0.510 -: 

L 
f 
~:~~~ I - - 0.640 I 0.640 r O.660I ,mol 

~txL~~)ES 0' rfl 
[J L~"" 

0.054 -1 I-
DIMENSIONS IN INCHES :~~.. 0.088 
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Thermal Management and its 
Importance 
One of the key variables that determines the long term 
reliability of integrated circuits is the temperature of the 
device during its operation. In the operation of many semi­
conductor devices the effective dissipation of internally 
generated thermal energy is critical to both device perform­
ance and the component's reliability. A device's useful life­
time is an exponential function of junction temperature, 
decreasing by approximately a factor of two for every 10 
degree C increase in temperature. Most of the failure mech­
anisms responsible for device failure are thermally activat­
ed, viz: electromigration, breakdown of packaging materi­
als, Gold-Aluminum bond wire integrity ... etc. Therefore, it 
is from this point of view that high reliability components 
need a careful control of the mean operating temperatures. 

Thermal Resistance: Definitions and 
Terminologies 
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, 

TJ - Ta 
OJa = --P-

and OJa 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 [OJa] = Ta + P [OJc + Oca] 

where: 

TJ - Tc Tc - Ta 
OJc = --- and 0 = ---P ca P 

T a = Ambient temperature at which the device is operated; 
Most common standard temperature of operation = 70 deg. C 

TJ = Junction temperature ofthe IC chip 
Te = Temperature of the case (package) 
P = Power at which the device operates 
(he = Junction to case thermal resistance 
8Ja = Junction to ambient thermal resistance 
8ea = Case to ambient thermal resistance 

Cypress Plastic Packages Incorporate: 
• High thermal conductivity copper lead frame. 

• Molding compound with high thermal 
conductivity Silica fillers. 

• Silver filled conductive epoxy as die attach material. 

• Gold bond wires. 

Cypress Cerdip Packages Incorporate: 
• High conductivity Alumina substrates. 

• Silver filled glass as die attach material. 

• Alloy 42 lead frame. 

Test Chip for Thermal Resistance 
Measurement 
Thermal resistance measurements were carried out using a 
specially designed test chip. 

A dedicated silicon test chip was designed. The chip con­
tains a series of diffused resistors with a total resistance of 
25 ohms. These resistors are utilized to generate heat by 
forcing a current through them. 

The chip also has three diodes located at different positions 
and isolated from the main resistor circuit. The tempera­
ture measurements are made by measuring the forward 
voltage drop across the diode at a fixed current (50 }-LA). 
The diodes are calibrated prior to thermal measurements. 
The OJa measurements are done in a natural convection 
environment (in a 1 cubic foot closed box) and OJc mea­
surements are done in a freon bath kept at a constant 30°C. 

Thermal resistance values, OJa and OJc, for Cypress Cerdip 
and Plastic packages are presented in the following table. 

Thermal Resistance Measurement 

Pin 
Pkg Theta JA ThetaJC ThetaJA ThetaJC 

Count 
Width Plastic Plastic Cerdip Cerdip 
(Mils) DegC/Watt DegC/Watt DegC/Watt DegC/Watt 

16 300 92 57 85 40 
18 300 85 55 83 38 
20 300 80 53 80 39 
22 400 70 43 75 32 
24 300 73 43 ·73 37 
24 600 58 43 60 32 
28 600 56 43 60 32 

Note: The heat flow from the package can be greatly Improved and thus 8Ja can be drastically reduced by usmg artificIal aIr and/or heat spreaders. 
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CYPRESS 
SEMICONDUCTOR 

Appendix B: 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; 
better designs, processes, controls and materials. Therefore, 
product quality and reliability is built into every 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 
process 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 Guideline 
Documents 
Cypress Semiconductor uses Mil-Std-883 and Mil-M-
38510 as guideline documents by which to model our Test 
Methods, Procedures and General Specifications for semi­
conductors. 
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Commercial and Industrial users receive the benefit of a 
military patterned processing of all product at no addition­
al charge. 

Product Testing Categories 
Two different testing categories are offered by Cypress. 

1) Commercial operating range: O°C to + 70°C 

2) Military operating range: - 55°C to + 125°C 

Military operating range product are available on all devic­
es manufactured by Cypress. 

Standard Product Assurance Categories 
Commercial devices produced to the above testing catego­
ries have two different classes of product assurance. Every 
device shipped, as a minimum meets the processing and 
screening requirements of level 1. 

Level 1: For commercial or industrial systems where the 
demand for quality and reliability is high, but 
where field service and device replacement can be 
easily accomplished. 

Level 2: For flight applications and commercial or indus­
trial systems where maintenance is difficult and/ 
or expensive and reliability is paramount. 

Devices are upgraded from Level 1 to Level 2 by 
additional testing and burn-in screening to Meth­
od 1015. 

Table 1 lists the 100% screening and quality conformance 
testing performed by Cypress Semiconductor in order to 
meet the requirements of these programs. 



~~ ======================================================================= 
Table 1. Cypress Product Screening Flows 

Product Temperature Ranges 

Commercial O"C to + 70"C 
Military 

Screen MIL-STD-883 Method - 55°C to + 125°C 

Levell Level 2 Level 2 

Plastic Hermetic Plastic Hermetic Hermetic 

Visual/Mechanical 
eInternal Visual 2010 0.4% AQL 100% 0.4% AQL 100% 100% 
eHigh Temperature Storage 1008, Cond C - 100% - 100% 100% 
eTemperature Cycle 1010, CondC - - - - 100% 
eConstant Acceleration 2001, Cond E,Y1 

n/a n/a 
100% 

Orientation 
- -

eHermeticity Check: 1014, Cond A & B; Fin~ Leak 
n/a 

LTPD 5; 
n/a 

LTPD5; 
100% 

Fine/Gross Leak Cond C; Gross Leak 77(1,2) 77(1,2) 

Burnin 
ePre-Burn-in Electrical Per Device Specification 

100% 100% 100% 
& Cypress Method 10009 

- -
eBurn-in Method 1015 Equivalent 

& Cypress Methods 100% 100% 100% 
10012, 10015 

Final Electrical Cypress Datasheet Electrical Specifications 

eFunctional, Switching, 1) At 25°C and Power 100%[1] l00%[J] 100% Dynamic (AC) and Supply Extremes - -

Static (DC) Tests 2) At Temperature and 100%[3] 100%[3] 100%[3] 100%[3] 100% 
Power Supply Extremes 

Jan/Military 
Conformance Tests 

eGroupA Sample 
eGroupB See Tables 2-5 Sample - - - -
eGroup C For Details Sample 
eGroup D Sample 

Cypress Quality 
Lot Acceptance 

e External Visual 2009 0.65%AQL 0.65%AQL 0.65% AQL 0.65%AQL 0.65%AQL 
e Final Electrical Cypress Method 40021 

O.l%AQL O.l%AQL O.I%AQL O.l%AQL (2) 
Conformance 

e Fine & Gross Leak 10 14, Cond A & B; Fine Leak 
n/a 

LTPD = 5; 
n/a 

LTPD = 5; LPTD = 5, 
Conformance Cond C; Gross Leak 77(1,2) 77(1,2) 77(1,2) 

Notes: 
1) Electrical Test at 25°C is performed to facilitate PDA" calculation. 
2) Final electrical conformance tests are covered by Group A tests. 
3) Hot Temperature Testing performed only. 
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~~===================================================================== 
Table 2. Group A Test Descriptions 

Cypress uses a LTPD 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 Tests at Maximum 3 129/1 
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 3. Group B Quality Tests 

Subgroup Description 
Quantity /(Accept #) 

orLTPD 

1 Physical Dimensions, 2/0 
Method 2016 

2 Resistance to Solvents, 4/0 
Method 2015 

3 Solderability, Method 2003 15 

4 Internal VisuallMechanical, 1/0 
Method 2014 

5 Bond Strength, Method 2011 15 

6 Internal Water Vapodl], 3/0 or 5/1 
Method 1018 

7 Seal: Fine & Gross Leak[2], 5 
Method 1014 

8 ESD Characteristics, 15/0 
Method 3015.2 

Notes: 
1) Internal Water Vapor is not performed since no desiccant is contained 

in the package 
2) Fine and Gross Leak is not performed because a 100% screen is 

employed 

Group B testing is performed on each inspection lot, which 
is defined as all product built in a 6 week seal period, for 
each package type and lead finish. 
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Table 4. 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 are performed on one device type or one 
inspection lot representing each technology. Sample tests 
are performed from each three months production of de­
vices, which is based on the lot inspection identification 
codes. 

Table 5. Group D Quality Tests (package Related) 

Subgroup Description 
Quantity/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 Mechancial 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 
Examination, Methods 1009 
& 1014 

6 Internal Water-Vapor 3/0 or 5/1 
Content; 500 ppm maximum 
@ 100°e. Method 1018 

7 Adhesion of Lead Finish, 15 
Method 2025 

8 Lid Torque, Method 2024 5/0 

Group D tests are performed on each package type from 
each six months production, based on lot identification 
codes. 



Standard Product Screening Summary 
Commercial Product 
• Screened to Cypress Level 1 and Level 2 product flows 

• Hermetic and Molded packages available 

• Incoming Mechanical and Electrical performance guar­
anteed: 

- 0.1 % AQL Electrical Sample performed on every lot 
prior to shipment 

- 0.65% AQL Extemal Visual Sample also performed 

• Electrically Tested to Cypress datasheet 
Ordering Information 
Level 1 Product 

• Order Standard Cypress part number 

• Parts Marked the same as ordered part number 

Ex: CY7C122-15PC 

Level 2 Product 

• Add "B" Suffix to Cypress standard part number when 
ordering to designate Bumin option 

• Parts marked the same as ordered part number 

Ex: CY7CI22-15PCB 

Military Product 
• Product processed per Cypress Level 2 Military product 

test flows 

• Electrically tested to Cypress datasheet specifications 

• All devices supplied in Hermetic packages 

• Quality conformance assured: Groups A, B, C and D 
performed as part of the standard process flow 

• Bumin performed on all to devices Cypress detailed cir­
cuit specification 

• 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 

Ordering Information 
• Order per Cypress standard part number with "B" suffix 

added to designate Bumin option • Bumin performed on all devices to Cypress detailed cir­
cuit specification 

• Marked the same as ordered part number 

Ex: CY7CI22-25DMB 

Commercial Product Quality Assurance Flow 
AREA PROCESS T PROCESS DETAILS 

OC INCOMING MATERIALS INSPECTION WAFERS, MASKS, WIRE (FOR BONDING), 

FAB DIFFUSION / ION IMPLANTATION 

FAB OXIDATION 

FAB PHOTOLITHOGRAPHY/ETCHING 

FAB METALIZATION 

FAB PASSIVATION 

FAB OC VISUAL OF 
INCOMING WAFERS 

FAB E-TEST 

FAB OC MONITOR OF E-TEST DATA 

TEST WAFER PROBE/SORT 

TEST OC CHECK PROBING AND 
ELECTRICAL TEST RESULTS 

LEAD FRAMES, MOLDING COMPOUND, GASES, 
CHEMICALS, CERAMIC PACKAGES, ETC. 

DIFFUSION DEPTH, SHEET RESISTANCE, 
IMPLANT DOSE, SPECIES 

APPEARANCE, THICKNESS, PINHOLE COUNT 

DIMENSIONS / APPEARANCE OF PHOTORESIST, 
FINAL DIMENSIONS AFTER ETCH 

FILM THICKNESS, STEP COVERAGE MONITOR, 
CHECK FOR SCRATCHES AND CONTAMINATION 

FILM THICKNESS, MONITOR PINHOLE COUNT, 
CHECK FOR SCRATCHES AND CONTAMINATION 

ELECTRICAL TEST OF TEST DIE FOR 
PROCESS ELECTRICAL CHARACTERISTICS 

VERIFY COMPLIANCE TO E-TEST 
PROCEDURES AND LOT ACCEPTANCE 

VERIFY FUNCTIONALITY, ELECTRICAL 
CHARACTERISTICS, STRESS TEST DEVICES 

PASS / FAIL LOT BASED ON YIELD, 
CORRECT PROBE PLACEMENT 

TO ASSEMBLY 
AND TEST 
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Commercial Product Quality Assurance Flow (Continued) 

PLASTIC 
ASSEMBLY 

FLOW 

WAFER PREP / MOUNT / SAW 

INSPECT FOR ACCURATE SAWING OF 
SCRIBELINE AND 100% 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; 1.0% AQL 

DIE ATIACH 

QC PROCESS MONITOR 

INSPECT FOR DIE POSITION, QUALITY AND 
UNIFORMITY OF DIE ATIACH AND ATIACHMENT 
STRENGTH, MIL-STD 833, METHOD 2010, CRITERIA 

WIRE BOND 

BOND PER CYPRESS DETAILED SPECIFICATION 

QC PROCESS MONITOR 

INSPECT FOR BOND PLACEMENT, SIZE, STRENGTH 
AND WORKMANSHIP 

INTERNAL VISUAL INSPECTION - SKIP LOT 

LOW POWER (30X) INSPECTION OF WORKMANSHIP 
MIL-STD 883, METHOD 2010, CRITERIA 

QC LOT ACCEPTANCE 

SAMPLE INSPECT LOT TO VERIFY WORKMANSHIP, 
MIL-STD 883, METHOD 2010, CRITERIA 

DIE COAT 

COATING APPLIED TO SELECTED PRODUCTS 

MOLD / ENCAPSULATE 

Continued 
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HERMETIC 
ASSEMBLY 

FLOW 
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Commercial Product Quality Assurance Flow (Continued) 

POST MOLD CURE 

PER CYPRESS METHOD 
FOR MOLDING COMPOUND STABILIZATION BAKE 

PER METHOD EQUIVALENT TO 
METHOD 100B, COND C 

• TEMPERATURE CYCLE 

PER METHOD EQUIVALENT TO 
METHOD 1010, COND C 

CENTRIFUGE 

PER METHOD EQUIVALENT TO METHOD 
2001, COND E, Yl ORIENTATION 

FINE AND GROSS LEAK TEST 

PER METHODS EQUIVALENT TO METHOD 
1014, COND A OR B; FINE LEAK 

METHOD 1014, COND C; GROSS LEAK 

QC PROCESS MONITOR 

MONITOR CONFORMANCE TO SPECIFICATIONS 
AFTER STABILIZATION BAKE, TEMP CYCLE, 

CENTRIFUGE AND FINE AND GROSS LEAK TESTS 

LEAD TRIM / FORM 

LEAD TRIM AND FORM FOR PLASTIC DEVICES, LEAD 
TRIM FOR HERMETIC DEVICES (WHERE APPLICABLE) 

LOT ID - PLASTIC AND CERDIP DEVICES 

MARK WAFER LOT ON DEVICES; LASER MARK ON 
PLASTIC DEVICES, INK MARK ON CERDIP 

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 

Continued 
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Commercial Product Quality Assurance Flow (Continued) 

0 
I 
I 
I 

0 
I 
I 
I 

0 

EXTERNAL VISUAL INSPECTION 

INSPECT FOR BENT LEADS, SOLDER 
COVERAGE, MIL-STD 883, METHOD 2009 

1 OPTIONAL BURNIN PROCESSING FOR LEVEL 21 

PRE - BURNIN ELECTRICAL TEST 

BURNIN: METHOD 1015, COND D EQUIVALENT 

QC MONITOR - BURNIN DOCUMENTS/RESULTS 

0 

0 
I 
I 
I 

0 
I .. 

FINAL ELECTRICAL TEST 

100% TEST LOT; DC, AC, FUNCTIONAL AND DYNAMIC 
TESTS PERFORMED PER DEVICE SPECIFICATION 

FINAL DEVICE MARKING 

FINAL VISUAL INSPECTION 

INSPECT FOR BENT LEADS, MARKING, 
SOLDER COVERAGE, ETC. 

I QC LOT ACCEPTANCE I 
VISUAL SAMPLE INSPECTION 

METHOD 2009 EQUIVALENT -0.65% AQL 

ELECTRICAL SAMPLE TEST 

0.1 % AQL SAMPLE INSPECTION 

FINE AND GROSS LEAK SAMPLE TEST 

METHOD 1014 EQUIVALENT-LTPD = 5, 77 (1,2) 

QC INSPECTION - PRE-SHIPMENT RELEASE 

CONFIRM PA~T TYPE, COUNT, PACKAGE, CHECK 
FOR COMPLETENESS OF PROCESSING 
REQUIREMENTS, CONFIRM SUPPORTING 
DOCUMENTATION IS SENT, IF REQUIRED 

PACK/SHIP ORDER 

Key 

o PRODUCTION PROCESS 

D TEST / INSPECTION 

IQI PRODUCTION PROCESS AND TEST INSPECTION 

o QC SAMPLE GATE AND INSPECTION 
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Reliability Testing 
In order to determine the reliability of product being 
shipped to the end customer, Cypress's Quality and Reli­
ability department samples products from normal produc­
tion material. These samples are pulled on a random basis 
from a different device type and generic process. An exam­
ple of this would be the 7C122 (256 X 4 SRAM) as the 
specific device type for the generic RAM process. The 
7C245 (2K X 8 Registered PROM) would be used as a 
specific device type for the generic PROM/PAL process. 

Sampling Plan for Reliability Testing 

Tested Performed LTPD 
Sample Size/ 

Accept # 

HTOL, Method 1005, Cond D 5 105/2 

Biased 85/85, Low Power Condition 7 55/1 

Pressure Pot, 121°C, 15 Psig 7 55/1 

External Visual Examination; 
15 15/0 

Method 2009 

Physical Dimensions; Method 2016 15 15/0 

Lead Fatigue; Method 2004, Cond B2 10 22/0 

Temperature Cycling; Method 1010 5 55/1 

Temperature Shock 5 55/1 

ESD Sensitivity; Method 3015 15 15/0 

Latchup Immunity 5/0 

• Maximum period between samples is listed. More frequent sampling may occur. 
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Periodicity * 

monthly 

monthly 

bi-weekly 

quarterly 

quarterly 

quarterly 

bi-weekly 

quarterly 

quarterly 

quarterly 
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Appendix C: 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 I/O characteristics. 
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PRODUCT DESCRIPTION 
The five parts in Figure 1 constitute three basic devices of 
64, 1024 and 4096 bits respectively. The 7C189 and 7C190 
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 7C122 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 

6-16 



Ag 1/0 0 

As 

A7 I/O, 

A6 

As 
1/02 

A4 
1/0 3 

CS 

0027-3 
WE 

0027-4 
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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 7C148 features automatic 
power down whenever the device is not selected, while the 
7C149 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 m W 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 I/O 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 V ss plus or minus approximately 
600 m V, and abnormal circumstances when these limits are 
exceeded. Inputs under normal operating conditions are 
voltages that switch between logic "0" and logic "1" . We 
will consider operation in a positive true environment and 
therefore a logic "1" is more positive than a logic "0". The 
I/O characteristics of the devices we are concerned with 
are what is considered to be TTL compatible. Therefore a 
logic "I" is 2.0V, while a logic "0" 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 considered a logic 
"0". 

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 VIL and 
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VIH 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 VIH is not sufficient. 
Noise margins of 200 to 400 mV are considered more than 
adequate, and therefore the VOH we deal with is 2.4V while 
the VOL is OAV, providing a noise margin of 400 m V. 
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 IOL at the 
specified VOL, and capable of sourcing IOH at VOH. Since 
the values of IOL and IOH 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 los. This is the maximum current 
that the output will source when driving a logic "I" into 
V ss. 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 "0" to a "1" 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 i 
an open, with less than 10 /-LA of leakage. Thus to any 
other device driving this node, it is non-existent. 



~~ ===================================================================== 
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 
J,LA of input leakage. Bipolar devices, however, require that 
the driver of an input sink current when driving to VIL, 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 be sourced to high impedance 
and is 1.5V. This switching level is the reason that AC 
measurements are done at the 1.5V 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 
GENERA TOR techniques, all high speed MOS devices, 
the diode does not become forward biased until the input 
goes more negative than the substrate bias generator + 1 
diode drop. Since the bias generator is usually about - 3V 
this has the effect of removing the clamping effect. 

I/O Parametrics 
CMOSINMOS/BIPOLAR INPUT 
CHARACTERISTICS 
Although NMOS, CMOS and BIPOLAR technologies dif­
fer fairly widely, the I/O characteristics tend to fall into 
two areas. The traditional characteristics are the TTL de­
rivatives that have been covered above, and are document­
ed in Table 1. With the exception of the differences in input 
impedance 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 V ss to Vee. These interface specifica­
tions define a "1" as greater than Vee - 1.5V and a "0" as 
less than Vss + 1.5V. 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 7Cl48/9 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 rnA 0.4 0.4 0.4 V 

VIH 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 

IlL Input Low Current Vee = Max., VIN = Vss 10 10 10 p.A 

IIH Input High Current Vee = Max., VIN = Vee 10 10 10 p.A 

IOFF Output Current (High Z) VOL < VOUT < VOH, TA = Max. -10 +10 -to +10 -10 +10 p.A 

Output Short Vee = Max.,O°C < TA < 70°C -70 -90 -275 rnA 
los Circuit Current VOUT = Vss, -55°C < TA < 125°C -80 -90 -350 rnA 
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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 current consumed m the 
input converter decreases as the input voltage rises above 
3.0V, or falls below 1.5V. 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 large system can be 
realized by using CMOS input voltage swings even in TTL 
systems. 

Switching Characteristics 
Although this application note does not directly .deal with 
the AC characteristics of high speed RAMs, the mput 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 AC 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 

ACLoad 

R1470n 

than normal, the change will occur more quickly, allowing 
a more accurate determination 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 performance of any 
device. Input rise and fall times are under the ~~ntrol of. the 
designer, and are primarily affected by capaclt1ve loadl~g, 
the driver and bus termination techniques. Switchmg 
threshold is affected by process variations, changes in Vee 
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 mY. This translates directly to 
VIL and VIH variations which track well within the noise 
margins of normal system design particularly since the 
VOL and VOH changes track to the same 100 mY. 

Input Protection Mechanisms 
THE ELECTROSTATIC DISCHARGE 
PHENOMENA 
Because of their extremely high input impedance and rela­
tively low (approximately 30Y) 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 
phenomena, 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, 
1K bit and 4K bit products reveals breakdown voltages as 
low as ± 150V to greater than ± 200 1 V magnitudes. The 
circuit in Figure 4 is used to protect Cypress products 
against ESD. It consists of tW? thick oxide ~eld ~ransist?rs 
wrapped around an input resistor and a thm OXide deVice 

High Impedance Load 
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OUTPUTn-----.-------~ OUTPUT 0-----..... ------...., 
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R2 
224n 
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Figure 3. Test Loads 
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Rp TTL TO 

~--'-------'-------~--~VV~---'-----------1~------------~~----'CMOS 

*Thick Oxide Field Transistor 
* * Substrate Diode VSUB 

CONVERTER 

THIN OXIDE 
TRANSISTOR 

0027-9 

Figure 4. Input Protection Circuit 

with a relatively low breakdown voltage of approximately 
12V. Large input voltages cause the field transistors to turn 
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 

noMOS 

PULL-DOWN MOS 
DEVICE /~ULL-UP "h OUTPUT U- 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 
turn on the transistor, the upper PNP transistor is forward 
biased, the SCR tums 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 

VERTICAL pnp BIPOLAR PARASITIC 
TRANSISTOR RESISTANCE 

0027-10 

Figure 5. CMOS Cross Section and Parasitic Circuits 
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Substrate Bias Generator 

Vee 

0027-11 

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 Susceptability 
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 the latch­
up 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 
process variations. There are several techniques employed 
to eliminate the latchup phenomena. Two of them involve 
effectively moving the trigger threshold so far outside the 
operating range as to make it impossible to ever encounter. 
These are either using low impedance, epitaxial, substrates 
and/or a substrate bias generator. The use of a low imped­
ance substrate has the effect of increasing the undershoot 
voltage required to generate the required trigger current 
that causes latchup. A substrate bias generator has two 
effects which help to eliminate latchup. First, by biasing 
the substrate at a negative, - 3.0V, voltage, the parasitic 
diodes can not be forward biased unless the undershoot 
exceeds the - 3V by at least one diode drop. Second, if 
undershoot is this severe, the impedance of the bias genera­
tor itself is sufficient to deter sufficent trigger from being 
generated. The bias generator has one additional noticeable 
characteristic, it effectively 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 8. Input V /1 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 + 12V to -6V, well outside the -3 to +7V speci­
fication. 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 /1 Characteristics 

slope of the curve is set by the value of Rp. As the input 
voltage goes positive, leakage current only flows. The out­
put characteristics in Figure 9 show the same phenomena, 
with the exception that, since this is not an input, no pro­
tection circuit and therefore no Rp exists. An equivalent 
thin film device acts as a clamp diode which limits the 
output voltage to approximately - 1 V at - 5 rnA. 
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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/deserializer 
(SERDES) within the Ie. 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 "fall through time". 
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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 un­
der-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 length 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 1, 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. 

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 compensated 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. 

OUTPUT DATA 

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 Fair­
child, National and Monolithic Memories. The 401 is 64 x 
4 and the 402 is 64 x 5 with the same performance. Both 
are of the register array architecture. 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 analyzed in the standalone configura­
tion. 

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 01 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 (tIDS) before the rising edge of SI and 

SHnINFl+ ~ 
INPUTREADY ~~ • ~,....---~ 

8 - - ---~ 
INPUT DATA ZZ)f-STABLE DATA:7<XXXXXXXXXXXXXXXXXXXXXX 

0044-2 

Figure 2. Method of Data Input 
Notes: 

Shift in pulses applied while Input Ready is LOW will be ignored. 
EB 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 --M~~""'" 

® 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. 

0044-3 

Figure 3. Input Timing for FIFO 
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~~ ===================================================================== 
Analysis of FIFOs (Continued) 

fFl + T¥P~ SHIFT OUT -

OUTPUT READY ~C;;-"';+;;;;'1 ----+\.'----_-_-_-:¥P"'~3 __ ----'· W?t _ __ __ _ 
OUTPUT DATA -------A---DA-TA-----....,.*'I#&~ 

I-AORB~ 
0044-4 

Figure 4. The Method of Shifting Data Out of the FIFO 
Notes: 
Ell External "consumer" response time. 
+ SO pulse could be of fixed positive duration and would then not 

depend upon response time of consumer. 
<D 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 avail-

able 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. 

------~I4-------67ns----.1 

SHIFT OUT 

OUTPUT READY ---+.....j.-+_~"'" 

OUTPUT DATA A- DATA c- DATA 
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Figure 5. Output Timing for Register Array FIFO 

Notes: 
<D 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 
(tIDH) after the rising edge of SI. 

tIDS = 0 ns 

tIDH = 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 faUthrough time (Figure 6) is measured from the fall­
ing edge of the SI signal to the rising edge of the IR signal. 
This time is specified as tPT = 1.6 J-Ls (microseconds) on 
the data sheet. 
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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 J-Ls - 50 ns 

= 1.55 J-Ls 

Delay per stage 
= 1.55 J-Ls 

64 - 2 

= 25 ns 



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
nallags 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 -----+---+--_ 

SHIfT OUT 

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. 

tpT (5) 
-1.6p.S-----I-~1 r I 

OUTPUT READY --.fD_1 ----------~~I :OPH '1"" ___ _ 
-30ns-

Figure 6. Falltbrough Timing 
Notes: 
<D FIFO initially empty. 
® Consumer requests data. 
@ Producer enters data. 

SHIfT OUT 

OUTPUT READY ----+--+--~ 

@ Data enters internal register 
array. 

® Data is available at output. 

SHIFT IN 

-1.:~S--+-"'" I ~ I 
fD ~ , INPUT READY """" _______________ ..J'I_ t

lPH 
_I"" ------

30ns~ 

Figure 7. Bubbletbrougb 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. 
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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 fall through time when it is empty and the bub­
blethrough time when it is full. 

The "throughput period" corresponding to the "standalone 
period" (tA) and the fallthrough time (tF) is: 

Tmax. = tA + tF 

Converting to frequency yields 

1 1 
--=-+tF 
Fmax. FA 

Rearranging and solving for Fmax yields 

1 
Fmax = -1---

-+ tF 
FA 

EQ.l 

The expressions for the throughput frequencies for the 
FIFO under the full and empty conditions are then; 

EMPTY FIFO 

FULL FIFO 

Fin = Fin (max.) 

1 
Fout = -1---

-+tF 
FA 

Fout = Fout (max.) 

1 

1 
-+ tF 
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 

-+ tF 
FA 

F (max.) = --1----- - ---
1.667 p,s 

15 MHz + 1.6 p,s 

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 
----- = --- = 24 words. EQ. 2 
F faUthrough 1 

1.6 p,s 

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). 

I propose defining a Fullness Sensitivity (FS) figure of mer­
it 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 > O. 

N - FIA tF - FOA tB 
~= ~3 

N 

Where: FS = Fullness Sensitivity in words 

N = The number of words in the FIFO 

FIA = Standalone maximum input frequency 

tF = Fallthrough time 

FOA = Standalone maximum output frequency 

tB = Bubblethrough time 

As an example we will calculate FS for a typical register 
array FIFO. 

FIA = FOA = 15 MHz 

tF = tB = 1.6 p,s 

N = 64 words 

64-15X 106 X 1.6X 1O-9 -15X 106 X 1.6 X 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.) = 1 
- + 2tF 
FA 

F(max.) = 306 KHz 

Where, as before, FA = 15 MHz, tF = 1.6 p,s. 
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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.) = 1 EQ.4 

-+ NtF 
FA 

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 

NtF 

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 

DATA IN [ 

MR 

--+ 

--+ 
--+ 
--+ 
--+ 

-

SI OR 

IR SO 

010 0°0 
011 0°1 
012 0°2 
013 - 003 MR 

Y 

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 + lth 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 + 1 th 
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 

010 
011 

012 
013 -

MR 

I 

OR 

SO ,. 
0°0 

0°1 

0°2 
003 

OUTPUT READY 

SHIFT OUT 

1 DATA OUT 
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Figure 8. 128 x 4 FIFO 

COMPOSITE 
INPUT READY 

IR 
SHIFT OUT 

SO IR SO IR SO~-+--~--------

L-_____________ ~------------~~------~~----- 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 of 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 FIFOs. These ca­
pacitors delay the signals the appropriate amount of time. 

Product 

CY7C401 

CY7C403 

CY7C402 

CY7C404 

Configuration 

64x4 

64x4 

64x 5 

64x 5 

IR 

DATA 
01 ---+ IN 

CONTROL 

tF 
65 ns 

65 ns 

65 ns 

65 ns 

WRITE PTR. 

MUX IN 

RAM 
64X5 

Cascading at the Operating Frequency 
In order to operate at a given frequency, Fa, in the cascad­
ed configuration the following relationship must be satis­
fied; 

1 
tSIH + tIRH < -

Fa 
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 10. 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 

16 pin DIP INDUSTRY STANDARD 

16 pin DIP Pin 1 is three-state 
output enable 

18 pin DIP INDUSTRY STANDARD 

18 pin DIP Pin 1 is three-state 
output enable 

@D-ENSE 
AMP. 

'----'" 
DO 
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Figure 10. CY7C401 Block Diagram 



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 p.s) 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. 
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Figure llA. CY7C401 Ram Cell Layout 

01 DO R R 50 Di 

.1 .1 
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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 
equivalent 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 
(for the register array FIFO) the way the timing ofthe data 
out with respect to OR, there is no guarantee that the data 
will be stable before the rising edge of OR. This time 
(tsaR) 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~ to be between 24 and 40 words, or 32 ± 8 words. Equa­
tlOn 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 

15 MHz 

1 

67 ns 

tF 

= 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. In dis~s, the worst case latency is the time re­
quired for one revolution of the disk. The average 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 Laten.cy • 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: tin + tout + tF 

tin = period of the input frequency 

tout = period of the output frequency 

tF = Fallthrough time 

Average Latency 
If the FIFO is operated such that it is not sensitive to its 
fullness tF = O. 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 - - 15 MHz 15 MHz 25 MHz 

tF - - 1.6 J.ts 65 ns 65 ns 

1 64 600KHz 7.57 MHz 9.52 MHz 

2 128 306KHz 5.01 MHz 5.8 MHz 

4 256 155 KHz 3 MHz 3.3 MHz 

8 512 77.7 KHz 1.7 MHz 1.78 MHz 

16 1024 38.9 KHz 903 KHz 925.9 KHz 

32 2048 19.5 KHz 465.7 KHz 471 KHz 

6·32 



Comparison of Register Array FIFO's and the CY7C401 (Continued) 
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Figure 12. Maximum FIFO 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
turers have added one-half empty/full indicators (etc.), 
which has helped by alerting the system controller before 
the performance sutTers. 

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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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 CY7C189 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 PERFORM­
ANCE OPTIMIZED specification will allow the designer 
to select performance at the expense of power, and use 
either Cypress's CY7C189-18 or the 74F189 interchange­
ably. If, however, the major criteria is power the designer 
can achieve a 55 rnA max power specification using the 
Cypress CY7C189-25 interchangeably with the 74F189 by 
designing with the POWER OPTIMIZED specification. 

Speed Power 
Parameters Description Test Conditions Optimized Optimized Units 

Min. Max. Min. Max. 

VOH Output HIGH Voltage Vee = Min., IOH = -3.0mA 2.4 2.4 V 

VOL Output LOW Voltage Vee = Min.,IOL = 16.0mA 0.5 0.5 V 

VIH Input HIGH Voltage 2.0 Vee 2.0 Vee V 

VIL Input LOW Voltage -3.0 0.8 -3.0 0.8 V 

IIX Input Leakage Current GND::;; VI::;; Vee -600 +20 -600 +20 p.A 

VeD 
Input Diode Clamp 
Voltage 

Ioz Output Leakage Current GND::;; Vo::;; Vee -50 +50 -50 +50 p.A 

los 
Output Short 

Vee = Max., VOUT = GND -150 -150 rnA 
Circuit Current 

lee Power Supply Current Vee = Max., I Commercial 90 55 rnA 
lOUT = OmA I Military 70 rnA 
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Switching Characteristics Over the Operating Range 

Parameters Description 
Speed Optimized Power Optimized 

Units 
Min. Max. Min. Max. 

READ CYCLE 

tRC Read Cycle Time 27 27 ns 

tACS Chip Select to Output Valid 14 15 ns 

tHZCS Chip Select Inactive to High Z 12 15 ns 

tLZCS Chip Select Active to Low Z 12 15 ns 

tOHA Output Hold from Address Change 5 5 ns 

tAA Address Access Time 27 27 ns 

WRITE CYCLE 

twc Write Cycle Time 15 20 ns 

tHZWE Write Enable Active to High Z 14 20 ns 

tLzwE Write Enable Inactive to Low Z 12 20 

tAwE Write Enable to Output Valid 29 29 ns 

tPWE Write Enable Pulse Width 15 20 ns 

tSD Data Setup to Write End 15 20 ns 

tHD Data Hold from Write End 0 0 ns 

tSA Address Setup to Write Start 0 0 ns 

tHA Address Hold from Write End 0 0 ns 

tHCS Chip Select Hold from Write End 6 6 ns 

Read Cycle 

tl-o.----- tRC --------lj,.. 
AD~~E~-i---f-tOHA----x:: 

cs 
CHIP SELECT 

Write Cycle 
0043-1 

AD~~E~ ____________ ~~~~~~~~~~~~~~~~~~~_t_wc ___ -___ -_____ -_-_-_-_-___ -__ -_-~-------------------
\sA t--- f-tHA 

cs 
CHIP SELECT 

00-0 3 
DATA IN 

WE 
WRITE ENABLE 

00-0 3 
DATA OUTPUTS 

LOAD 

-- tso t---

-1t 

-'1\ 
tHZWE 

I--tHCS-1 
f+- tHO'" 

~~ 
tPWE 

..,r-

I 
I----- tAWE ----+j 

""t. 11"'11 
...I- ,-r 

i+-- tLZWE 
0043-2 

6-36 



&.;):CYPRFSS Sales Representatives and Distribution 
~ SEMICONDUCTOR 

Sales Representatives 

Alabama 
The Novus Group 
14005 Coy's Dr. 
Huntsville, AL 35803 
(205) 881-2207 

Arizona 
Luscome Engineering 
7533 E. First St. 
Scottsdale, AZ 85251 
(602) 949-9333 

California 
Centaur 
18006 Skypark Cr., Suite 106 
Irvine, CA 92714 
(714) 261-2123 

Centaur 
20720 Ventura Blvd., Suite 280 
Woodland Hills, CA 91364 
(818) 704-1655 

Centaur - San Diego 
9420 Farnham St., Suite 201A 

r6aln9F~1s~4~to 92123 

Cypress Semiconductor 
3901 N. First St. 
San Jose, CA 95134 
(408) 943-2600 

Cypress Semiconductor 
30423 Canwood, Suite 116 
Agoura Hills, CA 91301 
(818) 991-7118 

Cypress Semiconductor 
27281 Las Ramblas, Suite 200B 
Mission Viejo, CA 92691 
(714) 643-0770 

Taarcom 
451 N. Bailey Avenue 
Mountain View, CA 94043 
(415) 960-1550 

Colorado 
Thorson Rocky Mountain 
7076 S. Alton Wy., Bldg. D 

~'b~)'1¥~~6~~ 80 ll2 

Connecticut 
HLM 
411 Highland Ave., Suite 2 S. 
Waterbury, CT 06708 
(203) 753-9894 

Florida 
CM Marketing 
4602 N.W'- 3rd Dr. 
Delray Beach, FL 33445 
(305) 496-0165 

CM Marketing 
1712 East Bay Dr., Suite G 

~a{§)5~k l~1tO 
Cypress Semiconductor 
10014 N. Dale Marhy Hwy, 101 
Tampa, FL 33618 
(813) 968-1504 

Georgia 
The Novus Group 

~~~~r~:,k G~o~069Rr. 
(404) 939-1135 

Illinois 
Micro Sales Inc. 
54 West Seegers Road 
Arlington Hts., IL 60005 
(312) 956-1000 

Maryland 
Arbotek Assoc. 
102 West Joppa Rd. 
Towson, MD 21204 
(301) 825-0775 

Massachusetts 
Comsales 
105 Chestnut St. 
Needham, MA 02192 
(617) 444·8071 

~~r~l~ S;~iconductor 
Dedham, MA 02026 
(617) 461-1778 

Minnesota 
Cypress Semiconductor 
14525 Hwy 7, Suite 115 
Minnetonka, MN 55345 
(612) 935-7747 

New Jersey 
Comtek 
Plaza Office Ctr., Suite 404E 
Mt. Laurel, NJ 08054 
(609) 235-8505 

HLM 
1280 Route 46 

r2~~lPft~-)'5~~ 07054 

New York 
HLM 
64 Mariners Ln. 
Northport, NY 11768 
(516) 757-1606 

Reagan/Compar 
6 Highland Ave. 
Albany, NY 12205 
(518) 489-7408 

~i~~a:;~~~:~~r Ln. 
Endwell, NY 13760 
(607) 754-2171 

Reagan/Compar 
400 Hooper Rd. 
Endwell, NY 13760 
(607) 723-8743 

Rea-&,an/compar 

~!irp;~~i~ B{~~~oDr. 
(716) 271-2230 

~fa-&'~~c?~e~rta~d. 
New Hartford, NY 13413 
(716) 271-2230 

~~af:N~~~~~~r Dr. 
West Henrietta, NY 14586 
(716) 271-2230 

North Carolina 
Tingen Tech. Sales Inc. 
3901 Barrett Drive 
Raleigh, NC 27609 
(919) 781-1100 

Ohio 
Lyons 
4812 Frederick Rd. Suite 101 
Dayton, OH 45414 
(513) 278-0714 

Lyons 
4615 W. Streetsboro Rd. 
Richfield, OH 44131 
(216) 659-9224 

Oklahoma 
Southern States Mktg. 
9912 E. 114 St. 
Bixby, OK 74008 
(918) 369-3233 

Oregon 
Cypress Semiconductor 
6950 S.W. Hampton St., Suite 217 
Portland, OR 97223 
(503) 684-1112 

Pennsylvania 
L~ons 

~ri~~!'~fe~i~lt1~6f~e 
(412) 745-8967 

Texas 
Cypress Semiconductor 
P.O. Box 801247 
Dallas, TX 75380 
(214) 248-8028 

Southern States Mktg. 
400 E. Anderson Ln., Suite 209 
Austin, TX 78752 
(512) 452-9459 

Southern States Mktg. 
1500 S. Dairy Ashford, 411 
Houston, TX 77077 
(713) 558-4900 

Southern States Mktg. 

Mga~~~~~~~a'f50~C:te 106 
(214) 238-7500 

Utah 
Thorson Rocky Mountain 
2309 S. Redwood Rd. 
W. Valley City, UT 84119 
(801) 973-7969 

Washington 
Venture Electronics 
P.O. Box 3034 
Bellevue, W A 98009 
(206) 454-4594 

Wisconsin 
Micro Sales Inc. 
N. 81 W. 12920 Leon Rd., Suite 115 
Menomonee, WI 53051 
(414) 251-0151 

Cypress International 
Sales Representatives 

Cypress Semiconductor International 
51 Rue Du Moulin A Papier, Bte 11 

i~r~~)J~e~s72~~~:fm 
Telex: 64677 CYP INT 
FAX: (32) 02 6738402 

Austria 
Hitronik GmBH 
Auhofstrasse 41a 
A-1130 Wien 
Tel: (43) 0222 824199 
Telex: 133738 

Belgium 
Microtronica 
Rue De L'Aeronef 2 
B-1140 BruxelIes 
Tel: (32) 02 2167061 
Telex: 64709 MICRO B 
Tel: (32) 02 2167061 

Canada 
MSE 
1419 Carling Ave., Suite 3 
Hampton Park Plaza KIZ7L7 
(613) 722-7667 

MSE 
155 Gordon Baker Rd., Suite 210 
Willowdale, Ontario M2H3N7 
(416) 495-0778 

Denmark 
A/S Nordisk Electronik 
Transformervej 17 
DK-2730 Herlev 
Tel: (45) 02 842000 
Telex: 35200 NORDEL DK 
FAX: (45) 02 921552 

Finland 
OY Fintronlc Ab 
Melkonkatu 24 A 
SF-0021O Helsinki 
Tel: (358) 090 6926022 
Telex: 124224 FTRON SF 
FAX: (358) 090 674886 

France 
Newtek SARL 
18 Rue Du Morvan, Silic 531 
F-94633 Rungis Cedex 
Tel: (33) 01 6876025 
Telex: 203936F COSERM 

Germany 
Astek GmBH 
Covering Postal Code 1-5 only 
Carl-Zelss-Strasse 3 
D-2085 Qulckborn 
Tel: (49) 4106-71084 
Telex: 214082 ASK 0 

Metronlk GmBH 
Covering Postal Codes 6-8 only 
Kapellenstrasse 9 

~~~:0(~~)ugJ~r~~~~::fJ3B., Munich 
Telex: 529524 METRO D 

Italy 
Dott. Ing. Giuseppe De Mico s.p.a. 
Viale Vittorio Venito, 8 
1-20060 Cassina De'Pechi 
Milano 
Tel: (39) 02 9520551 
Telex: 330869 DEMICO I 

Japan 
Tomen Electronics 
1-1 Uchisaiwai-Cho 
Chiyoda-Ku 
Tokyo 100 
Tel: 03 5063473 
Telex: 23548 TMELC A 

Norway 
Nordisk Electronik AB 
Smedsvingen 4, P.O. Box 130 
N-1364 Hvalstad 
Tel: (47) 02 846210 
Telex: 77546 NENAS N 

Spain 
Comelta S.A. 
Emilo Munoz 41, Nave 1-1-2 
E-Madrid 17 
Tel: (34) 01 7543001 
Telex: 42007 CETA-E 

Sweden 
Nordisk Electronik AB 
Sandhamnsgatan 71, P.O. Box 27301 
S-10254 Stockholm 
Tel: (46) 08 635040 
Telex: 10547 NORTRON S 

Switzerland 
Baerlocher Ag. 
Forrlibuck Strasse 150 
CH-8oo5 Zurich 
Tel: (41) 01 429900 
Telex: 822762 BAEZ CH 

The Netherlands 
Semicon B.V. 
P.O. Box 408, NL5600 AK, Eindhoven 
Office: Duivendljk 5B 
NL-5672 AD Nuenen 
Tel: (31) 40-838009 
Telex: 51118 BEBON NL 

United Kingdom 
Pronto Electronic, Ltd. 
466-478 Cranbrook Rd. 
Gants Hill, 
liford, Essex, IG2 6LE 
Tel: (44) 01 5546222 
Telex: 8954213 PRONTO G 
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Distribution 

Marshall Electronics Group 

Alabama 
3313 Memorial Parkway South 
Huntsville. AL 35801 
(205) 881-9235 

Arizona 
835 West 22nd Street 
Tempe. AZ 85282 
(602) 968-6181 

California 
Marshall Cotporate Headquarters 
9674 Telstar A venue 
EI Monte. CA 91731-3004 
(818) 442-7204 

788 Palomar Avenue 
Sunnyvale. CA 94086 
(408) 732-1100 

17321 Murphy Avenue 
Irvine. CA 92714 
(714) 660-0951 

8015 Deering Avenue 
Canoga Park. CA 91304 
(818) 999-5001 

10105 Carroll Canyon Road 
San Diego. CA 92131 
(619) 578-9600 

~~~~h~i~~~~o~~~~:'9~~~~ 140 
(916) 635-9700 

Colorado 
7000 North Broadway 
Denver. CO 80221 
(303) 427-1818 

Connecticut 
20 Sterling Drive 
Barnes Industrial Park. North 
P.O. Box 200 
Wallingford. CT 06492 
(203) 265-3822 

Florida 
4205 34th Street. SW 
Orlando. FL 32811 
(305) 841-1878 

1101 NW 62nd Street 
Suite 306(') 
Ft. Lauderdale. FL 33309 
(305) 928-0661 

Georgia 
4350J International Boulevard 
Norcross. GA 30093 
(404) 923-5750 

Illinois 

Indiana 
6990 Corporate Drive 
Indianapolis. IN 46278 
(317) 297-0483 

Kansas 
8321 Melrose Drive 
Lenexa. KN 66214 
(913) 492-3121 

Maryland 
8445 Helgerman Court 
Gaithersburg. MD 20877 
(301) 840-9450 

MasSachusetts 
One Wilshire Road 
Burlington. MA 01803 
(617) 272-8200 

Michigan 
13760 Merriman Road 
Livonia. MI 48150 
(313) 525-5850 

Minnesota 
3800 Annapolis Lane 
Plymouth. MN 55441 
(612) 559-2211 

New Jersey 
10 I Fairfield Road 
Fairfield. NJ 07006 
(201) 882-0320 

102 Gaither Drive 
Mt. Laurel. NJ 08054 
(609) 234-9100 

New York 
10 Hooper Road 
Endwell. NY 13760 
(607) 754-1570 

1280 Scottsville Road 
Rochester. NY 14624 
(716) 235-7620 

275 Oser Avenue 
Hauppauge. LI. NY 11788 
(516) 273-2424 

North Carolina 
5221 North Boulevard 

~~~:§go~i2rri'~:2 
SC: (800) 334-2512 

Ohio 
5905B Harper Road 
Solon. OH 44139 
(216) 248-1788 

6212 Executive Boulevard 
Dayton. OH 45424 
(513) 236-8088 

Oregon 
8230 SW Nimbus Avenue 
Beaverton. OR 97005 
(503) 644-5050 

Pennsylvania 
102 Gaither Drive 
Mt. Laurel. NJ 08054 
PA: (215) 627-1920 

701 Alpha Drive. Suite 240 
Pittsburg. PA 15238 
(412) 963-0441 

Texas 
14205 Proton Road 
Dallas. TX 75234 
(214) 233-5200 

3698 Westchase Drive 
Houston. TX 77042 
(713) 789-6600 

8705 Shoal Creek Blvd .. Suite 202 
Austin. TX 78758 
(512) 458-5654 

Utah 
3501 South Main Street 
Salt Lake City. UT 84115 
(801) 261-0901 

Washington 
14102 NE 21st Street 
Bellevue. W A 98007 
(206) 747-9100 

Wisconsin 
235 North Executive Drive 
Suite 305 
Brookfield. WI 53005 
(414) 797-8400 

Cypress Electronics 
2586 Seaboard Ave. 
San Jose. CA 95131 
(408) 945-8400 
(800) 538-5112 
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