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-'CYPRESS 

CY7C383A 
CY7C384A 

Very High Speed 
2K (6K) Gate CMOS FPGA 

Features - Fast, fully automatic place and Functional Description 
route 

• Very high speed 
- Loadable counter frequencies 

greater than 150 MHz 
- Chip-to-chip operating frequencies 

up to 85 MHz 
- Input + logic cell + output delays 

under 9 ns 

• Unparalleled FPGA performance for 
counters, data path, state machines, 
arithmetic, and random logic 

• High usable density 
-12 x 16 array of 192 logic cells pro­

vides 6,000 total available gates 
- 2,000 typically usable "gate array" 

gates in 68- and 84-pin PLCC, 
84-pin CPGA, and 100-pin TQFP 
packages 

• Low power, high output drive 
- Standby current typically 2 rnA 
-16-bit counter operating at 100 

MHz consumes 50 rnA 
- Minimum IOL of 12 rnA and 

IOHof8rnA 
• Flexible logic cell architecture 

- Wide fan-in (up to 14 input gates) 
- Multiple outputs in each cell 
- Very low cell propagation delay 

(1.7 ns) 

• Powerful design tools-Warp3 ™ 

-Designs entered in VHDL, sche­
matics, or both 

Logic Block Diagram 

- Waveform simulation with back 
annotated net delays 

- PC and workstation platforms 
• Robust routing resources 

- Fully automatic place and route of 
designs using up to 100 percent of 
logic resources 

- No hand routing required 

• 56 (CY7C383A) to 68 (CY7C384A) 
bidirectional input/output pins 

• 6 dedicated input/high-drive pins 
• 2 clock/dedicated input pins with fan­

out-independent, low-skew nets 
- Clock skew < 1 ns 

• Input hysteresis provides high noise 
immunity 

• Thorough testability 
- Built-in scan path permits 100 per­

cent factory testing of logic and I/O 
cells 

- Automatic Test Vector Generation 
(ATVG) software supports user 
testing after programming 

• CMOS process with ViaLink'" pro­
gramming technology 
- High-speed metal-to-metallink 
- Non-volatile antifuse technology 

• 68-pin PLCC is compatible with 
CY7C382A footprint for easy upgrade 

• 84-pin PLCC is compatible with 
ACTI020 power supply and ground 
pinouts 

The CY7C383A and CY7C384A are very 
high speed CMOS user-programmable 
ASIC (pASIC'M) devices. The 192 logic 
cell field-programmable gate array 
(FPGA) offers 2,000 typically usable "gate 
array" gates. This is equivalent to 6,000 
EPLD or LCA gates. The CY7C383A is 
available in a 68-pin PLCC. The 
CY7C384A is available in an 84-pin PLCC 
and CPGA and 100-pin TQFP. 

Low-impedance, metal-to-metal ViaLink 
interconnect technology provides non -vol­
atile custom logic capable of operating at 
speeds above 150 MHz with input delays 
under 1.5 ns and output delays under 3 ns. 
This permits high-density programmable 
devices to be used with today's fastest 
CISC and RISC microprocessors. 

Designs are entered into the CY7C383A 
and CY7C384A using Cypress Wa1p3 soft­
ware or one of several third-party tools. 
Warp3 is a sophisticated CAE package that 
features schematic entry, waveform-based 
timing simulation, and VHDL design syn­
thesis. The CY7C383A and CY7C384A 
feature ample on-chip routing channels for 
fast, fully automatic place and route of high 
gate utilization designs. 

For detailed information about the 
pASIC380 architecture, see the pASIC380 
Family datasheet. 

0000000000000000. 
0000000000000000: 
0000000000000000: 
0000000000000000: 
0000000000000000: 
0000000000000000: 

• I/O/HIGH-DRIVE INPUT/CLOCK CELLS 

o 0 0 0 0 0 0 0 0 0 0 0 0 0 0< ...... 

o 0 0 0 0 0 0 0 0 0 0 0 0 ODOr.--­
�r�-�~�-�+�-�-�+�-�-�r�~�-�-�+�-�-�+�-�-�r�-�~�-�+�-�-�+�-�-�r�-�+�-�-�+�-�-�r�~�.� 
0000000000000000: 
0000000000000000: 
0000000000000000: 
0000000000000000. . . 

68 or 84 PINS, INCLUDING 68 I/O CELLS, 6 INPUT HIGH-DRIVE CELLS, 2 INPUT/CLK (HIGH-DRIVE) CELLS 

ViaLink and pASIC are trademarks of QuickLogic Corporation. 
Warp3 is a trademark of Cypress Semiconductor Corporation. 
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Pin Configurations 
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Pin Configurations (continued) 

I/O I/O I/O I/O 

I/O I/O I/O I/O 

I/O I/O 

I/O I/O 

I/O I/O vcc 

I/O I/O 1/0 

1/0 I/O vss 

I/O I/O 

I/O I/O 

I/O 110 I/O 1/0 

I/O 110 110 110 

11 10 

CPGA 
Bottom View 

I/O I/O I/O 

I/(SCLK) I/(P) I 

vss I/CLKI vcc 
(SM) 

vcc I/CLK vss 

I/(SO) I I/(SI) 

I/O 1/0 I/O 
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Maximum Ratings 

CY7C383A 
CY7C384A 

(Above which the useful life may be impaired. For user guidelines, 
not tested.) 

Latch-Up Current ............................ ±200 rnA 

Storage Temperature Operating Range 
Ceramic ............................ -65°C to +150°C 
Plastic .............................. -40°C to + 125°C 

Lead Temperature ............................... 300°C 
Supply Voltage .......................... -0.5V to +7.0V 
Input Voltage ...................... -O.5V to Vee +O.5V 

Ambient 
Range Temperature Vee 

Commercial O°C to +70°C 5V±5% 

Industrial -40°C to +85°C 5V ± 10% 

ESD Pad Protection ............................ ±2000 V Military -55°C to +125°C 5V ± 10% 

DC Input Voltage. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±20 rnA 

Delay Factor (K) 

Speed Military Industrial Commercial 

Grade Min. Max. Min. Max. Min. Max. 

-0 0.39 1.82 0.4 1.67 0.46 1.55 

-1 0.39 1.56 0.4 1.43 0.46 1.33 

-2 0.4 1.35 0.46 1.25 

Electrical Characteristics Over the Operating Range 

Parameter Description Test Conditions Min. Max. Unit 

VOH Output HIGH Voltage IOH = -4.0 rnA 3.7 V 

IOH = -8.0 rnA 2.4 V 

IOH = -10.0 IlA Vee - 0.1 V 

VOL Output LOW Voltage IOL = 12 rnA Commercial 0.4 V 
IOL = 8.0 rnA Military/Industrial 

IOL = 10.0 IlA 0.1 V 

VIH Input HIGH Voltage 2.0 V 

VIL Input LOW Voltage 0.8 V 

II Input Leakage Current VIN = Vee or Vss -10 +10 IlA 

Ioz Output Leakage Current -Three-State VIN = Vee or Vss -10 +10 IlA 

los Output Short Circuit Current VOUT = Vss -10 -80 rnA 

VOUT =Vee 30 140 rnA 

Ice Standby Supply Current VIN, VI/O = Vee or Vss 10 rnA 

Capacitance 

Parameter Description Test Conditions Max. Unit 

CIN Input Capacitancd1] TA = 25°C, f = 1 MHz, 10 pF 

COUT Output Capacitance 
Vee = 5.0V 

20 pF 

Notes: 
1. erN = 40 pF max. on I/(SI) and I/(P). 
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Switching Characteristics Over the Operating Range 

Parameter Description 1 

LOGIC CELLS 

tpD Combinatorial Delay[3] 1.7 

tsu Set-Up Timd3] 2.1 

tH Hold Time 0.0 

tCLK Clock to Q Delay 1.0 

tCWHI Clock HIGH Time 2.0 

tCWLO Clock LOW Time 2.0 

tSET Set Delay 1.7 

tRESET Reset Delay 1.5 

tsw Set Width 1.9 

tRW Reset Width 1.8 

Parameter Description 1 

INPUT CELLS 

tIN Input Delay (HIGH Drive) 2.4 

tINI Input, Inverting Delay (HIGH Drive) 2.5 

tlO Input Delay (Bidirectional Pad) 1.4 

tGCK Clock Buffer Delay[4] 2.7 

tGCKHI Clock Buffer Min. HIGH[4] 2.0 

tGCKLO Clock Buffer Min. LOW[4] 2.0 

Parameter Description 30 

OUTPUT CELLS 

tOUTLH Output Delay LOW to HIGH 2.7 

tOUTHL Output Delay HIGH to LOW 2.8 

tPZH Output Delay Three-State to HIGH 4.0 

tpZL Output Delay Three-State to LOW 3.6 

tpHZ Output Delay HIGH to Three-StatdS] 2.9 

tpLZ Output Delay LOW to Three-StatdS] 3.3 

Notes: 

Propagation Delays[2] 
with Fanout of 

2 3 4 

2.2 2.6 3.2 

2.1 2.1 2.1 

0.0 0.0 0.0 

1.5 1.9 2.5 

2.0 2.0 2.0 

2.0 2.0 2.0 

2.1 2.6 3.2 

1.9 2.2 2.7 

1.9 1.9 1.9 

1.8 1.8 1.8 

Propagation DelaySf2T 

2 3 4 6 

2.5 2.6 2.7 3.0 

2.6 2.7 2.8 3.1 

1.9 2.2 2.8 3.7 

2.8 2.8 2.9 2.9 

2.0 2.0 2.0 2.0 

2.0 2.0 2.0 2.0 

Propagation Delays[2j 
with Output Load Capacitance (pF) of 

50 75 100 

3.4 4.2 5.0 

3.7 4.7 5.6 

4.9 6.1 7.3 

4.2 5.0 5.8 

CY7C383A 
CY7C384A 

8 Unit 

5.2 ns 

2.1 ns 

0.0 ns 

4.6 ns 

2.0 ns 

2.0 ns 

5.2 ns 

4.3 ns 

1.9 ns 

1.8 ns 

8 Unit 

3.3 ns 

3.6 ns 

4.6 ns 

3.0 ns 

2.0 ns 

2.0 ns 

150 Unit 

6.7 ns 

7.6 ns 

9.7 ns 

7.3 ns 

ns 

ns 

2. Worst-case propagation delay times over process variation at Vee = 
5.0V and TA = 25°C. Multiply by the appropriate delay factor, K, for 
speed grade to get worst-case parameters over full Vee and tempera­
ture range as specified in the operating range. All inputs are TTL with 
3-ns linear transition time between 0 and 3 volts. 

4. Clock buffer fanout refers to the maximum number of flip-flops per 
half column. The number of half columns used does not affect clock 
buffer delay. 

5. The following loads are used for tpxz: 

3. These limits are derived from worst-case values for a representative 
selection of the slowest paths through the pASIC logic cell including 
net delays. Guaranteed delay values for specific paths should be deter­
mined from simulation results. 
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High Drive Buffer 
# High Drives 

Wired 
Parameter Description Together 

tIN High Drive Input Delay 1 

2 

3 

4 

tINI High Drive Input, Inverting Delay 1 

2 

3 

4 

Switching Waveforms. 

Propagation Delays[2j with Fanout of 

12 24 48 72 96 

4.5 5.4 

3.9 5.6 

4.5 5.3 6.3 

4.6 5.3 

4.7 5.6 

4.0 5.8 

4.6 5.5 6.4 

4.8 5.5 

CY7C383A 
CY7C384A 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

co~:~~~oria=I=D=e=la=y======~~ ________________________________________________________ _ 

~ ~ tpD ------1 .. ~1 
OUTPUT ------------------------------------~~~--------------------------------

c383A-6 

Scl-Up a:d H~"tsu 

~~;j 
T 

tCWLO r CLOCK 

tCWHI 

~~ * Q 

c383A-7 

Set and Reset Delays 

t ~ SET 
tsw 

t tSET 
Q 

~ i RESET 
tRW 

tRESET L Q 

. ""'" 
Output Delay tOUTLH tOUTHL 

~ \} OUTPUT 
c383A-9 
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Switching Waveforms (continued) 

Three-State Delay 
OUTPUT 
BUFFER 
ENABLE 

OUTPUT 

---('PZH 
THREE-STATE 

lYpical AC Characteristics 

CY7C383A 
CY7C384A 

THREE-STATE 

c383A·l0 

Propagation delays depend on routing, fan-out, load capacitance, 
supply voltage, junction temperature, and process variation. The 
AC Characteristics are a design guide to provide initial timing esti­
mates at nominal conditions. Worst-case estimates are obtained 
when nominal propagation delays are multiplied by the appropri­
ate Delay Factor, K, as specified by the speed grade in the Delay 

Factor table. The effects of voltage and temperature variation are 
illustrated in the graphs below. Wafp3 incorporates datasheet AC 
Characteristics into the design database for pre-place-and-route 
simulations. The Wmp3 Delay Modeler extracts specific timing pa­
rameters for precise simulation results following place and route. 

VOLTAGE FACTOR (KvJ VERSUS SUPPLY VOLTAGE (Vrd 
1.10 

'-1.08 

1.06 

1.04 

1.02 

> 1.00 ::.:: 

0.98 

0.96 

0.94 

~ 
~ 
~ 
~ 
~ 
~ 
~ -.......... 

0.92 
4.50 4.75 5.00 5.25 5.50 

SUPPLY VOLTAGE, Vee (Volts) C383A-ll 

1.30 
TEMPERATURE FACTOR (KT) VERSUS TEMPERATURE 

1.25 

1.20 

1.15 

1.10 

./ """"" 
~ 

~ 

/~ 

I- 1.05 ::.:: 

1.00 

0.95 

0.90 

0.85 

./ 
~ 

L./ 
/" 

~~ 
-+""" 

0.80 
-60 -40 -20 o 20 40 60 80 100 120 140 

JUNCTION TEMPERATURE (DC) c383A-12 

*THETA JA = 45 DC/WAn FOR PLCC 
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Combinatorial Delay Example (Load = 30 pF) 

CY7C383A 
CY7C384A 

tlO tpD tOUT 
I---- 1.4ns ------.._------1.7ns --------1 ...... 1 •• --- 2.8ns ~ 

IN1 1--------1 
>------i OUT 

IN2 1--------1 INPUT DELAY + COMBINATORIAL DELAY + OUTPUT DELAY = 5.9 ns 

c383A-13 

Sequential Delay Example (Load = 30 pF) 

tlO tsu tCLK tOUT 

I---- 1.4 ns ----...... -- 2.1 ns ----.. ~I""".--- 1.0 ns --....... +1 •• --- 2.8 ns ~ 

IN1 1--------1 
>------iOUT 

CLKI--------I 

INPUT DELAY + REG SET-UP + CLOCK TO OUTPUT + OUTPUT DELAY = 7.3 ns 

c383A-14 
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Ordering Information 
Speed Package 
Grade Ordering Code Name 

2 CY7C383A - 2JC J81 

CY7C383A - 2JI J81 

1 CY7C383A-HC J81 

CY7C383A -lJI J81 

0 CY7C383A-OJC J81 

CY7C383A-OJI J81 

Speed Package 
Grade Ordering Code Name 

2 CY7C384A-2AC A100 

CY7C3S4A-'-2GC 084 

CY7C384A - 2JC J83 

CY7C384A - 2AI A100 

CY7C384A -'-201 G84, 

CY7C384A - 2JI J83 

1 CY7C384A -lAC A100 

CY7C384A-IGC 084 

CY7C384A -HC J83 

CY7C384A -1A1 A100 

CY7C384A -lfGI G84 

CY7C384A -lJI J83 

CY7C384A,';"10MB 084 

0 CY7C384A -OAC A100 

CY7C384A,-Oq€ 084 

CY7C384A -OJC J83 

CY7C384A -OAI A100 

CY7C384A -()GI G84' 

CY7C384A-OJI J83 

CY7C384A-OGMB G84 
Shaded area contams advanced mformatlOn. 

MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 
Parameter Subgroups 

VOH 1,2,3 

VOL 1,2,3 

Ioz 1,2,3 

ICCl 1,2,3 

Document #: 38-00361 

Package 
lYPe 

68-Lead Plastic Leaded Chip Carrier 

68-Lead Plastic Leaded Chip Carrier 

68-Lead Plastic Leaded Chip Carrier 

68-Lead Plastic Leaded Chip Carrier 

68-Lead Plastic Leaded Chip Carrier 

68-Lead Plastic Leaded Chip Carrier 

Package 
lYpe 

100-Pin Thin Quad Flat Pack 

8¥Pin Grid AlTay (caVity Up) 
84-Lead Plastic Leaded Chip Carrier 

100-Pin Thin Quad Flat Pack 

84-PinGrid AlTay (QVit;y Up) 
84-Lead Plastic Leaded Chip Carrier 

100-Pin Thin Quad Flat Pack 

~~-Pih Gnd Arr.(QVity Up) " 

84-Lead Plastic Leaded Chip Carrier 

100-Pin Thin Quad Flat Pack 

84.,l:>in (hid AlTay(CaVity;'t1p) 

84-Lead Plastic Leaded Chip Carrier 

84:-Pi~q~ Array (caYjty Up)"; 
, 

100-Pin Thin Quad Flat Pack 

) 84-Plp;Gri([~ray (C~yity t,{p)" 
"~'I 

84-Lead Plastic Leaded Chip Carrier 

100-Pin Thin Quad Flat Pack 

84-Pin Grig,'AlTay{Cavit;yiJ'p) i, 

84-Lead Plastic Leaded Chip Carrier 

84·Pin Grid AlTay (Cavit;yUp) 
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Operating 
Range 

Commercial 

Industrial 

Commercial 

Industrial 

Commercial 

Industrial 

Operating 
Range 

Commercial 

Industrial 

Commercial 

Industrial 

Mili!y;y 
" 

Commercial 

Industrial 

Military 

CY7C383A 
CY7C384A 
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Features 

• Very high speed 
- Loadable counter frequencies 

greater than 100 MHz 
- Chip-to-chip operating frequencies 

up to 85 MHz 
- Input + logic cell + output delays 

under 7 ns 

• Unparalleled FPGA performance for 
counters, data path, state machines, 
arithmetic, and random logic 

• High usable density 
-16 x 24 array of 384 logic cells pro­

vides 12,000 total available gates 
- 4,000 typically usable "gate array" 

gates in 84-pin PLCC/CLCC, 
100-pin and 144-pin TQFP, 145-pin 
CPGA, and 160-pin CQFP 
packages 

• Low power, high output drive 
- Standby current typically 2 rnA 
-16-bit counter operating at 100 

MHz consumes 50 rnA 
- Minimum IOL and lOB of 8 rnA 

• Flexible logic cell architecture 
- Wide fan-in (up to 14 input gates) 
- Multiple outputs in each cell 
- Very low cell propagation delay 

(1.7 ns) 

• Powerful design tools-Wa1p3 1M 

- Designs entered in VHDL, 
schematics, or both 

L . BI k OglC oc Diagram 

CY7C385A 
CY7C386A 

Very High Speed 
4K (12K) Gate CMOS FPGA 

- Fast, fully automatic place and 
route 

- Waveform simulation with back an­
notated net delays 

- PC and workstation platforms 

• Robust routing resources 
- Fully automatic place and route of 

designs using up to 100 percent of 
logic resources 

- No hand routing required 

• 88 (7C385A) to 122 (7C386A) bidirec­
tional input/output pins 

• 6 dedicated input/high-drive pins 
• 2 clock/dedicated input pins with fan­

out-independent, low-skew nets 
- Clock skew < 1 ns 

• Input hysteresis provides high noise 
immunity 

• Thorough testability 
- Built-in scan path permits 100 per­

cent factory testing oflogic and I/O 
cells 

- Automatic Test Vector Generation 
(ATVG) software supports user 
testing after programming 

• 0.651l CMOS process with ViaLink 1M 

programming technology 
- High-speed metal-to-metal link 
- Non-volatile antifuse technology 

• 100-pin TQFP is pin compatible with 
the IK (CY7C381A/2A) and the 2K 
(CY7C383A/4A) FPGAs 

Functional Description 
The CY7C385A and CY7C386A are very 
high speed CMOS user-programmable 
ASIC (pASIC 1M

) devices. The 384 logic 
cell field-programmable gate array 
(FPGA) offers 4,000 typically usable "gate 
array" gates. This is equivalent to 12,000 
EPLD or LCA gates. The CY7C385A is 
available in a 84-pin PLCC and CPGA and 
the 100-pin TQFP. The CY7C386A is 
available in 144-pin TQFP and CPGA 
packages, and a 160-pin CQFP package. 

Low-impedance, metal-to-metal ViaLink 
interconnect technology provides non -vol­
atile custom logic capable of operating at 
speeds above 150 MHz with input and out­
put delays under 3 ns. This permits high­
density programmable devices to be used 
with today's fastest CISC and RISC micro­
processors. 

Designs are entered into the CY7C385A 
and CY7C386A using Cypress Warp3 soft­
ware or one of several third-party tools. 
Warp3 is a sophisticated CAE package that 
features schematic entry, waveform-based 
timing simulation, and VHDL design syn­
thesis. The CY7C385A and CY7C386A 
feature ample on-chip routing channels for 
fast, fully automatic place and route of high 
gate utilization designs. 

For detailed information about the 
pASIC380 architecture, see the pASIC380 
Family datasheet. 

... . ....... . . . . . ........ 
DO DO DO DO DO DO DO DO DO DO DO o 0 : 
DO DO DO DO DO DO DO DO DO DO DO o 0 : 
DO DO DO DO DO DO DO DO DO DO o 0 o 0 : 

~ 
DO DO DO DO DO DO DO DO DO DO DO OC!.~ t-+-

DO DO DO DO DO DO DO DO DO DO DO I~ orr---DO DO DO DO DO DO DO DO o 0 DO DO 
DO DO DO DO DO DO DO DO DO DO o 0 DO ~ I r--I-+--
DO DO DO DO DO DO DO DO DO DO DO DO 
DO DO DO DO DO DO DO DO DO DO DO DO 
DO DO DO DO DO DO DO DO DO DO DO DO 
DO DO DO DO DO DO DO DO DO DO DO DO 
DO DO DO DO DO DO DO DO DO DO DO DO 
DO DO DO DO DO DO DO DO DO DO DO o 0 
DO DO DO DO DO DO DO DO DO DO DO DO 
DO DO DO DO DO DO DO DO DO DO DO DO • I/O/HIGH-DRIVE INPUT/ 

DO DO DO DO DO DO DO DO DO DO DO DO CLOCK CEllS ......... 
7C38SA-1 

84 and 144 PINS, 114 I/O CEllS, 6 INPUT HIGH DRIVE CEllS, 2 INPUT/ClK (HIGH DRIVE) CEllS 

ViaLin~ and pASIC are trademarks of QuickLogic Corporation. 
Warp3 IS a trademark of Cypress Semiconductor Corporation. 
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Pin Configurations 

I/O 
1/0 
I/O 
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1/0 
1/0 
1/0 
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I/O 

I/(SCLK) 
I/CLKI(SM) 

Vee 
I/(P) 

I 
Vee 
1/0 
1/0 
1/0 
1/0 
1/0 
I/O 
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Pin Configurations (continued) 
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Pin Configurations (continued) 
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Pin Configurations (continued) 
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Maximum Ratings 
(Above which the useful life may be impaired. For user guidelines, 
not tested.) 

Latch-Up Current ............................ ±200 rnA 

Storage Temperature Operating Range 
Ceramic ............................ -65°C to + 150°C 
Plastic .............................. -40°C to + 125°C 

Lead Temperature ............................... 300°C 
Supply Voltage .......................... -0.5V to + 7.OV 

Ambient 
Range Temperature Vee 

Commercial O°C to +70°C 5V±5% 

Input Voltage ...................... -0.5V to Vee +0.5V Industrial -40°C to +85°C 5V ± 10% 

ESD Pad Protection ............................ ±2000 V Military -55°C to +125°C 5V ± 10% 

DC Input Voltage . . . . . . . . . . . . . . . . . . . . . . . .. -O.5V to 7.OV 

Delay Factor (K) 

Speed Military Industrial Commercial 

Grade Min. Max. Min. Max. Min. Max. 

-0 0.39 1.82 0.4 1.67 0.46 1.55 

-1 0.39 1.56 0.4 1.43 0.46 1.33 

-2 0.4 1.35 0.46 1.25 

Electrical Characteristics Over the Operating Range 

Parameter Description Test Conditions Min. Max. Unit 

VOH Output HIGH Voltage IOH = -4.0 rnA 3.7 V 

IOH = -8.0 rnA 2.4 V 

IOH = - 10.0 ~A Vee - 0.1 V 

VOL Output LOW Voltage IOL = 8.0 rnA Military/Industrial 0.4 V 
IOL = 12 rnA Commercial 

IOL = 10.0 ~A 0.1 V 

VIH Input HIGH Voltage 2.0 V 

VIL Input LOW Voltage 0.8 V 

II Input Leakage Current VIN = Vee or Vss -10 +10 ~A 

Ioz Three-State Output Leakage Current VIN = Vee or Vss -10 +10 ~A 

los Output Short Circuit Current VOUT = Vss -10 -80 rnA 

VOUT =Vee 30 140 rnA 

lee Standby Supply Current VIN, VI/O = Vee or Vss 10 rnA 

Capacitance 

Parameter Description Test Conditions Max. Unit 

CIN Input Capacitancd1] TA = 25°C, f = 1 MHz, 10 pF 

COUT Output Capacitance 
Vee = 5.0V 

20 pF 

Notes: 
1. CI = 45 pF max. on lI(SI) and lI(P). 
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Switching Characteristics Over the Operating Range 

Propagation DelayslZj 
with Fanout of 

Parameter Description 1 2 3 4 8 Unit 
LOGIC CELLS 

tpD Combinatorial Delayl3j 1.7 2.2 2.6 3.2 5.3 ns 

tsu Set-Up Timel3j 2.1 2.1 2.1 2.1 2.1 ns 

tH Hold Time 0.0 0.0 0.0 0.0 0.0 ns 

tCLK Clock to Q Delay 1.0 1.5 1.9 2.6 4.7 ns 

tCWHI Clock HIGH Time 2.0 2.0 2.0 2.0 2.0 ns 

tCWLO Clock LOW Time 2.0 2.0 2.0 2.0 2.0 ns 

tSET Set Delay 1.7 2.2 2.6 3.2 5.3 ns 

tRESET Reset Delay 1.5 1.9 2.2 2.7 4.4 ns 

tsw Set Width 1.9 1.9 1.9 1.9 1.9 ns 

tRW Reset Width 1.8 1.8 1.8 1.8 1.8 ns 

Propagation Delays[2] 

Parameter Description 1 2 3 4 8 12 Unit 
INPUT CELLS 

tIN Input Delay (HIGH Drive) 2.8 2.9 3.0 3.1 4.0 5.3 ns 

tINI Input, Inverting Delay (HIGH Drive) 3.0 3.1 3.2 3.3 4.1 5.7 ns 

t10 Input Delay (Bidirectional Pad) 1.4 1.9 2.2 2.2 4.7 6.5 ns 

tOCK Clock Buffer Delayl4j 2.7 2.8 2.9 3.0 3.1 3.3 ns 

tOCKHI Clock Buffer Min. HIGHl4j 2.0 2.0 2.0 2.0 2.0 2.0 ns 

tOCKLO Clock Buffer Min. LOWl4j 2.0 2.0 2.0 2.0 2.0 2.0 ns 

Propagation Delays[2] 
with Output Load Capacitance (pF) of 

Parameter Description 30 50 75 100 150 Unit 

OUTPUT CELLS 

tOUTLH Output Delay LOW to HIGH 2.7 3.4 4.2 5.0 6.7 ns 

tOUTHL Output Delay HIGH to LOW 2.8 3.7 4.7 5.6 7.6 ns 

tPZH Output Delay Three-State to HIGH 4.0 4.9 6.1 7.3 9.7 ns 

tpZL Output Delay Three-State to LOW 3.6 4.2 5.0 5.8 7.3 ns 

tpHZ Output Delay HIGH to Three-StatdS] 2.9 ns 

tpLZ Output Delay LOW to Three-StatdS] 3.3 ns 

Notes: 
2. Worst-case propagation delay times over process variation at Vee = 

5.0Vand TA = 25°C. Multiply by the appropriate delay factor, K, for 
speed grade to get worst-case parameters over full Vee and tempera­
ture range as specified in the operating range. All inputs are TTL with 
3-ns linear transition time between 0 and 3 volts. 

4. Clock buffer fanout refers to the maximum number of flip-flops per 
half column. The number of half columns used does not affect clock 
buffer delay. 

5. The following loads are used for tpxz: 

3. These limits are derived from worst-case values for a representative 
selection of the slowest paths through the pASIC logic cell including 
net delays. Guaranteed delay values for specific paths should be deter­
mined from simulation results. 
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High Drive Buffer 

# High Drives Propagation Delays[2j with Fanout of 
Wired 

Parameter Description Together 12 24 48 72 96 Unit 

tIN High Drive Input Delay 1 5.3 6.7 ns 

2 4.5 6.6 ns 

3 5.3 6.2 7.2 ns 

4 5.4 6.2 ns 

tINI High Drive Input, Inverting Delay 1 5.7 7.2 ns 

2 4.6 6.8 ns 

3 5.5 6.4 7.4 ns 

4 5.6 6.4 ns 

Switching Waveforms 

Combinatorial Delay 

INPUT 

======~~_1_L.._~-_-_-_~-_-_-_-_t-P_D-_=~~=~~=~-_=~~.-I-:~~==================~~~~ 
OUTPUT 

7C385A-7 

Set-Up and Hold Times 
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D 1S= ~u ~·LtH =J:~II --------++--_ 

CLOCK . 

~lli *_------T {-
Q 

Set and Reset Delays 
SET 

Q 

RESET 

Q 

Output Delay 
tOUTLH 

tsw ~ 
tSET 

tRW i 
tRESET 

tOUTHL 

~ ------'~----OUTPUT 
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Switching Waveforms (continued) 

Three-State Delay 
OUTPUT 
BUFFER 
ENABLE 

OUTPUT 

------(~H 
THREE-STATE 

1:ypical AC Characteristics 

l-tPHz -{ IpZL 

THREE-STATE THREE-STATE 

7C385A-11 

Propagation delays depend on routing, fanout, load capacitance, 
supply voltage, junction temperature, and process variation_ The 
AC Characteristics are a design guide to provide initial timing esti­
mates at nominal conditions. Worst-case estimates are obtained 
when nominal propagation delays are multiplied by the appropri­
ate Delay Factor, K, as specified by the speed grade in the Delay 

Factor table. The effects of voltage and temperature variation are 
illustrated in the graphs below. Warp3 incorporates datasheet AC 
Characteristics into the design database for pre-place-and-route 
simulations. The Warp3 Delay Modeler extracts specific timing pa­
rameters for precise simulation results following place and route. 
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Combinatorial Delay Example (Load = 30 pF) 

tlO tpD tOUT 

CY7C385A 
CY7C386A 

j.--- 1.4 ns ----_014------- 1.7 ns -------... +001._-- 2.8 ns ---I 

IN1 \---------1 >-----_1 OUT 

IN2 \---------1 7C385A-14 

INPUT DELAY + COMBINATORIAL DELAY + OUTPUT DELAY = 5.9 ns 

Sequential Delay Example (Load = 30 pF) 

tlO tsu tCLK tOUT 

j.--- 1.4ns ----_~-- 2.1 ns --_ ..... 1._-- 1.0ns ---!.~lf-oI.""--- 2.8nS ---l 
IN1 1---------1 >------1 OUT 

CLK~------I 7C385A-15 

INPUT DELAY + REG SET-UP + CLOCK TO OUTPUT + OUTPUT DELAY = 7.3 ns 

Ordering Information 
Speed Package Operating 
Grade Ordering Code Name Package 'J.Ype Range 

2 CY7C385A - 2AC A100 1OO-Pin Thin Quad Flat Pack Commercial 

CY7C385A-2JC J83 84-Lead Plastic Leaded Chip Carrier 

CY7C385A - 2A1 A100 100-Pin Thin Quad Flat Pack Industrial 

CY7C385A - 2n J83 84-Lead Plastic Leaded Chip Carrier 

1 CY7C385A -lAC A100 100-Pin Thin Quad Flat Pack Commercial 

CY7C385A -lJC J83 84-Lead Plastic Leaded Chip Carrier 

CY7C385A -1A1 A100 100-Pin Thin Quad Flat Pack Industrial 

CY7C385A -In J83 84-Lead Plastic Leaded Chip Carrier 

0 CY7C385A-OAC A100 100-Pin Thin Quad Flat Pack Commercial 

CY7C385A-OJC J83 84-Lead Plastic Leaded Chip Carrier 

CY7C385A -OAI A100 100-Pin Thin Quad Flat Pack Industrial 

CY7C385A -on J83 84-Lead Plastic Leaded Chip Carrier 
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Ordering Information (continued) 

Speed Package 
Grade Ordering Code Name 

2 CY7C386A - 2AC A144 

CY7C386A - 2GC G145 

CY7C386A - 2UC U162 

CY7C386A - 2Al A144 

CY7C386A - 2GI G145 

CY7C386A-2UI U162 

1 CY7C386A -lAC A144 

CY7C386A -lGC G145 

CY7C386A -1 UC U162 

CY7C386A -lAl A144 

CY7C386A -1 GI G145 

CY7C386A -1 UI U162 

CY7C386A -lGMB G145 

CY7C386A -1 UMB U162 

0 CY7C386A -OAC A144 

CY7C386A -OGC G145 

CY7C386A-OUC U162 

CY7C386A -OAI A144 

CY7C386A -OGI G145 

CY7C386A-OUI U162 

CY7C386A -OGMB G145 

CY7C386A -OUMB U162 
Shaded area con tams advanced mformatlon. 

Military Specifications 
Group A Subgroup Testing 

DC Characteristics 
Parameters Subgroups 

VOH 1,2,3 

VOL 1,2,3 

loz 1,2,3 

leCl 1,2,3 

Document #: 38-00209-C 

Operating 
Package Jype Range 

144-Pin Thin Quad Flat Pack Commercial 

145-Pin Grid Array (Cavity Up) 

160-Lead Ceramic Quad Flatpack (Cavity Up) 

144-Pin Thin Quad Flat Pack Industrial 

145-Pin Grid Array (Cavity Up) 

160·Lead Ceramic Quad Flatpack (Cavity Up) 

144-Pin Thin Quad Flat Pack Commercial 

145-Pin Grid Array (Cavity Up) 

160-Lead Ceramic Quad Flatpack (Cavity Up) 

144-Pin Thin Quad Flat Pack Industrial 

145-Pin Grid Array (Cavity Up) 

160-Lead Ceramic Quad Flatpack (Cavity Up) 

145-Pin Grid Array (Cavity Up) Military 

160-Lead Ceramic Quad Flatpack (Cavity Up) 

144-Pin Thin Quad Flat Pack Commercial 

145-Pin Grid Array (Cavity Up) 

160-Lead Ceramic Quad Flatpack (Cavity Up) 

144-Pin Thin Quad Flat Pack Industrial 

145-Pin Grid Array (Cavity Up) 

160·Lead Ceramic Quad Flatpack (Cavity Up) 

145-Pin Grid Array (Cavity Up) Military 

160-Lead Ceramic Quad Flatpack (Cavity Up) 
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Features 
• Very high speed 

- Loadable counter frequencies 
greater than 100 MHz 

- Chip-to-chip operating frequencies 
up to 85 MHz 

- Input + logic cell + output delays 
under 7 ns 

• Unparalleled FPGA performance for 
counters, data path, state machines, 
arithmetic, and random logic 

• High usable density 
- 24 x 32 array of 768 logic cells pro­

vides 24,000 total available gates 
- 8,000 typically usable "gate array" 

gates in 14S-pin and 245-pin 
CPGA, 144-pin TQFP, 208-pin 
PQFP, 160-pin CQFP, and 225-pin 
BGA packages 

• PCI compliant I/O pins 

• Low power, high output drive 
- Standby current typically 2 rnA 

Logic Block Diagram 

. . . . . . . 
DO DO DO DO DO DO DO 
DO 00 DO DO DO DO DO 
DO 00 DO DO DO DO DO 
DO DO 00 DO 00 DO 00 
DO DO DO DO DO DO DO 
DO DO DO DO DO DO DO 
DO DO DO DO DO DO DO 
DO DO DO DO DO DO DO 
DO DO DO DO DO DO DO 
DO DO DO DO DO DO DO 
DO DO DO DO DO DO DO 
DO DO DO DO DO DO DO 
DO DO DO DO DO DO DO 
DO DO DO DO DO DO DO 
DO DO DO DO DO DO DO 
DO DO DO DO DO DO DO 
DO DO DO DO DO DO DO 
DO DO DO DO DO DO DO 
DO DO DO DO DO DO DO 
DO DO DO DO DO DO DO 
DO DO DO DO DO DO DO 
DO DO DO DO DO DO DO 
DO DO DO DO DO DO DO 
DO DO DO DO DO DO DO 

. 

PRELIMINARY 
CY7C387A 
CY7C388A 

Very High Speed 
8K (24K) Gate CMOS FPGA 

-16-bit counter operating at 100 
MHz consumes 50 rnA 

- Minimum IOL of 12 rnA and lOR of 
8 rnA 

• Flexible logic cell architecture 
- Wide fan-in (up to 14 input gates) 
- Multiple outputs in each cell 
- Very low cell propagation delay 

(1.7 ns) 

• Powerful design tools-Warp3 ™ 

- Designs entered in VHDL, 
schematics, or mixed 

- Fast, fully automatic place and 
route 

- Waveform simulation with back an­
notated net delays 

- PC and workstation platforms 

• Robust routing resources 
- Fully automatic place and route of 

designs using up to 100 percent of 
logic resources 

- No hand routing required 

. . . . . . 

• 132 (7C387 A) to 172 (7C388A) bidi­
rectional input/output pins 

• 6 dedicated input/high-drive pins 

• 2 clock/dedicated input pins with fan­
out-independent, low-skew nets 
- Clock skew < 1 ns 

• Input hysteresis provides high noise 
immunity 

• Thorough testability 
- Built-in scan path permits 100 per­

cent factory testing of logic and I/O 
cells 

- Automatic Test Vector Generation 
(ATVG) software supports user 
testing after programming 

• 0.6S fl CMOS process with ViaLink TM 

programming technology 
- High-speed metal-to-metallink 
- Non-volatile antifuse technology 

• 144-pin TQFP, 145-pin CPGA, and 
160-pin CQFP are pin compatible 
with the CY7C386A 

DO DO DO DO DO DO ODD DOD · 
DO 00 DO DO DO DO ODD DOD · 
DO DO DO DO DO DO olgJO DOD · • I/O/HIGH-DRIVE IN · DO 00 DO DO DO DO ,~3 E.E. ~: CLOCK CELLS 
DO 00 DO DO DO DO DO o • 

PUT/ 

DO DO DO DO DO DO 01/ \0 DO o : 
DO DO DO DO DO ;:1.lD.lD.I nn In • 
DO DO DO DO DO ,I 

DO DO DO DO DO 
DO DO DO DO DO I DO DO DO DO DO 
DO DO DO DO DO 

~ DO DO DO DO DO r-+-

DO DO DO DO DO 
DO DO DO DO DO 

"'--f-f--
DO DO DO DO DO 
DO DO DO DO DO J DO DO DO DO DO 
DO DO DO DO DO 
DO DO DO DO DO 
DO DO DO DO DOD · DO DO DO DO DO DO DO DO DO· 
DO DO DO DO DO DO DO DO DO : 
DO DO DO DO DO DO DO DO DO · 

7C387A-1 

144 and 208 PINS, 172 I/O CEllS, 6 INPUT HIGH DRIVE CEllS, 2 INPUT/ClK (HIGH DRIVE) CEllS 

ViaLink and pASIC are trademarks of QuickLogic Corporation. 
Wafp3 is a trademark of Cypress Semiconductor Corporation. 
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Functional Description 
The CY7C387A and CY7C388A are very high speed, CMOS, 
user-programmable ASIC (pASIC™) devices. The 768 logic cell 
field-programmable gate array (FPGA) offers 8,000 typically us­
able "gate array" gates. This is equivalent to 24,000 EPLD or LCA 
gates. The CY7C387A is available in a 145-pin CPGA, 160-pin 
CQFP, and 144-pin TQFP. The CY7C388A is available in 208-pin 
PQFP, 245-pin CPGA, and 225-pin BGA packages. 

Low-impedance, metal-to-metal ViaLink interconnect technology 
provides non-volatile custom logic capable of operating at speeds 
above 150 MHz with input and output delays under 3 ns. This per-

Pin Configurations 

PRELIMINARY 
CY7C387A 
CY7C388A 

mits high-density programmable devices to be used with today's 
fastest CISC and RISC microprocessors. 

Designs are entered into the CY7C387 A and CY7C388A using 
Cypress Walp3 software or one of several third-party tools. Warp3 
is a sophisticated CAE package that features schematic entry, wa­
veform-based timing simulation, and VHDL design synthesis. The 
CY7C387 A and CY7C388A feature ample on-chip routing chan­
nels for fast, fully automatic place and route of high gate utilization 
designs. 

For detailed information about the pASIC380 architecture, see the 
pASIC380 Family datasheet. 
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Pin Configurations (continued) 

I/O 
I/O 
I/O 
I/O 

I/O 
I/O 
I/O 
I/O 
I/O 

Vee 10 

Vss 11 

I/O 12 

I/O 13 
I/O 14 
I/O 15 
I/O 16 

I/O 17 

I/O 18 

I/O 19 
I/O 20 
I/O 21 
I/O 22 

Vss 23 

I/O 24 

I 25 
I/CLK 26 

Vee 27 
I 28 

29 

Vee 30 

I/O 31 
I/O 32 
I/O 33 
I/O 34 

I/O 35 

I/O 36 
I/O 37 
I/O 38 
I/O 39 

I/O 40 

I/O 41 

Vee 42 

Vss 43 
I/O 44 
I/O 45 
I/O 46 

I/O 47 

I/O 48 
I/O 49 
I/O 50 
I/O 51 

I/O 52 

PRELIMINARY 

208-Pin Plastic Quad Flat Pack (PQFP) 
Top View 

7C388A 
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CY7C387A 
CY7C388A 

156 I/O 
155 I/O 
154 I/O 
153 I/O 
152 I/O 
151 I/O 
150 I/O 
149 I/O 
148 I/O 
147 Vss 
146 Vee 
145 I/O 
144 I/O 
143 I/O 
142 I/O 
141 I/O 
140 I/O 
139 I/O 
138 I/O 
137 I/O 
136 I/O 
135 I/O 
134 Vee 
133 I 
132 
131 Vee 
130 I/CLK 
129 I 
128 I/O 
127 Vss 
126 I/O 
125 1/(' 

124 I/e 
123 I/O 
122 I/O 
121 I/O 
120 I/O 

119 I/O 

118 I/O 
117 I/O 
116 I/O 
115 Vss 
114 Vee 
113 I/O 
112 I/O 
111 I/O 
110 I/O 
109 I/O 
108 I/O 

107 I/O 
106 I/O 
105 I/O 
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=:'~YPRESS~~~~~~~=P=nE~L=IM~IN=~=R=Y~~~CY=7=C=3=88=A= 
Pin Configurations (continued) 

110 

110 

110 

I/O 

I/O 

110 

110 

Vee 
110 9 
I/O 10 
110 11 
110 12 
110 13 

I/O 14 
110 15 
110 16 

Vss 17 

110 18 

19 
I/ClK 20 

Vee 21 

I 22 
I 23 

Vee 24 
110 25 
110 26 
110 27 
I/O 28 

110 29 
110 30 
110 31 
110 32 

Vss 33 
110 34 
110 35 

110 36 

I/O 37 
110 38 
110 39 

110 40 

160·Pin CQFP 
Top View 

7C387A 
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120 I/O 

119 110 

118 110 

117 I/O 

116 110 

115 110 

114 110 

113 Vss 

112 110 

111 110 

110 110 

109 110 

108 110 

107 110 

106 110 

105 110 

104 Vee 

103 I 

102 

101 Vee 

100 I/ClK 

99 I 

98 110 

97 Vss 

96 110 

95 110 

94 I/O 

93 110 

92 110 

91 110 

90 110 

89 110 

88 Vee 

87 110 

86 110 

85 110 

84 110 

83 110 

82 110 

81 110 

73 74 75 76 77 78 79 80 
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==-~YPRESS==~~~~~~=P=nE~L=IM~IN=~=R=Y~~~CY=7=C=3=88=A= 
Pin Configurations (continued) 

M 

I/O I/O I/O I/O I/O 

I/O I/O I/O I/O I/O 

I/O I/O Vss I/O Vee 

I/O I/O I/O 

I/O I/O Vee 

I/O I/O I/O 

I I Vss 

I/O I I/CLK 

I/O I/O Vee 

I/O I/O I/O 

I/O I/O Vss 

I/O I/O I/O 

I/O I/O Vee I/O Vss 

I/O I/O I/O I/O I/O 

I/O I/O I/O I/O I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

145-Pin CPGA 
Bottom View 

H G 

I/O I/O I/O 

I/O I/O I/O 

Vss I/O Vee 

7C387A 

Vee I/O Vss 

I/O I/O I/O 

I/O I/O I/O 
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D C A 

I/O I/O I/O I/O I/O I/O 

I/O I/O I/O I/O I/O I/O 

I/O Vss I/O Vee I/O I/O 

• I/O I/O I/O 

Vss I/O I/O 

I/O I/O I/O 

Vee I/O I/O 

I/CLK I I/O 

Vss I I 

I/O I/O I/O 10 

Vee I/O I/O 11 

I/O I/O I/O 12 

I/O Vee I/O Vss I/O I/O 13 

I/O I/O I/O I/O I/O I/O 14 

I/O I/O I/O I/O I/O I/O 15 
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~~YPRESS===============P=nE==L=IM=I~N~~=R~Y======CY=7~C~3=88=A~ 
Maximum Ratings 
(Above which the useful life may be impaired. For user guidelines, Latch-Up Current ............................ ±200 rnA 
not tested.) 

Storage Temperature Operating Range 
Ceramic ............................ -65°C to +150°C 
Plastic .............................. -40°C to +125°C 

Lead Temperature ............................... 300°C 
Supply Voltage .......................... -0.5V to +7.0V 
Input Voltage ...................... -O.5V to Vee +0.5V 
ESD Pad Protection . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±2000 V 
DC Input Voltage. . . . . . . . . . . . . . . . . . . . . . . .. -O.5V to 7.0V 

Delay Factor (K) 

Speed Military Industrial 

Grade Min. Max. Min. Max. 

-0 0.39 1.82 0.4 1.67 

-1 0.39 1.56 0.4 1.43 

-2 0.4 1.35 

Electrical Characteristics Over the Operating Range 

Parameter Description 

Range 

Commercial 

Industrial 

Military 

Commercial 

Min. Max. 

0.46 1.55 

0.46 1.33 

0.46 1.25 

Test Conditions 

VOH Output HIGH Voltage IOH = -4.0 rnA 

IOH = -8.0 rnA 

IOH = - 10.0 f.-tA 

Ambient 
Temperature 

O°C to +70°C 

-40°C to +85°C 

-55°C to +125°C 

Min. 

3.7 

2.4 

Vee - 0.1 

VOL Output LOW Voltage IOL = 8.0 rnA Military/Industrial 
IOL = 12 rnA Commercial 

IOL = 10.0 f.-tA 

VIH Input HIGH Voltage 2.0 

VIL Input LOW Voltage 

II Input Leakage Current VIN = Vee or Vss -10 

loz Three-State Output Leakage Current VIN = Vee or Vss -10 0 

los Output Short Circuit Current VOUT = Vss -10 

VOUT =Vee 30 

lec Standby Supply Current VIN, VI/O = Vee or Vss 

Capacitance 
Parameter Description Test Conditions Max. 

CIN Input Capacitance TA = 25°C, f = 1 MHz, 10 

COUT Output Capacitance 
Vee = 5.0V 

10 

4-50 

Vee 
5V± 5% 

0 

5V ± 10% 

5V ± 10% 

Max. Unit 

V 

V 

V 

0.4 V 

0.1 V 

V 

0.8 V 

+10 f.-tA 

+10 f.-tA 

-80 rnA 

140 rnA 

11) rnA 

Unit 

pF 

pF 

P 



Switching Characteristics Over the Operating Range 

Parameter Description 1 

LOGIC CELLS 

tpD Combinatorial Delayl2J 1.7 

tsu Set-Up Timel2J 2.1 

tH Hold Time 0.0 

tCLK Clock to Q Delay 1.0 

tcwHI Clock HIGH Time 2.0 

tCWLO Clock LOW Time 2.0 

tSET Set Delay 1.7 

tRESET Reset Delay 1.5 

tsw Set Width 1.9 

tRW Reset Width 1.8 

Parameter Description 1 

INPUT CELLS 

tIN Input Delay (HIGH Drive) 2.8 

tINI Input, Inverting Delay (HIGH Drive) 3.0 

t10 Input Delay (Bidirectional Pad) 1.4 

tGCK Clock Buffer Delayl3J 2.7 

tGCKHI Clock Buffer Min. HIGH!3] 2.0 

tGCKLO Clock Buffer Min. LOWl3] 2.0 

Parameter Description 30 

OUTPUT CELLS 

tOUTLH Output Delay LOW to HIGH 2.7 

tOUTHL Output Delay HIGH to LOW 2.8 

tpZH Output Delay Three-State to HIGH 4.0 

tPZL Output Delay Three-State to LOW 3.6 

tpHZ Output Delay HIGH to Three-Statd4] 2.9 

tpLZ Output Delay LOW to Three-Statd4] 3.3 

Notes: 

PRELIMINARY 

Propagation DelaysllJ 
with Fanout of 

2 3 4 

2.2 2.6 3.2 

2.1 2.1 2.1 

0.0 0.0 0.0 

1.5 1.9 2.6 

2.0 2.0 2.0 

2.0 2.0 2.0 

2.2 2.6 3.2 

1.9 2.2 2.7 

1.9 1.9 1.9 

1.8 1.8 1.8 

Propagation Delays[1] 
with Fanout of 

2 3 4 8 

2.9 3.0 3.1 4.0 

3.1 3.2 3.3 4.1 

1.9 2.2 2.2 4.7 

2.8 2.9 3.0 3.1 

2.0 2.0 2.0 2.0 

2.0 2.0 2.0 2.0 

Propagation Delays[1] 
with Output Load Capacitance (pF) of 

50 75 100 

3.4 4.2 5.0 

3.7 4.7 5.6 

4.9 6.1 7.3 

4.2 5.0 5.8 

CY7C387A 
CY7C388A 

8 Unit 

5.3 ns 

2.1 ns 

0.0 ns 

4.7 ns 

2.0 ns 

2.0 ns 

5.3 ns 

4.4 ns 

1.9 ns 

1.8 ns 

12 Unit 

5.3 ns 

5.7 ns 

6.5 ns 

3.3 ns 

2.0 ns 

2.0 ns 

150 Unit 

6.7 ns 

7.6 ns 

9.7 ns 

7.3 ns 

ns 

ns 

1. Worst -case propagation delay times over process variation at Vee = 
5.0V and TA = 25°C. Multiply by the appropriate delay factor, K, for 
speed grade to get worst-case parameters over full Vee and tempera­
ture range as specified in the operating range. All inputs are TTL with 
3-ns linear transition time between 0 and 3 volts. 

3. Clock buffer fanout refers to the maximum number of flip-flops per 
half column. The number of half columns used does not affect clock 
buffer delay. 

4. The following loads are used for tpxz: 

2. These limits are derived from worst-case values for a representative 
selection of the slowest paths through the pASIC logic cell including 
net delays. Guaranteed delay values for specific paths should be deter­
mined from simulation results. 
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High Drive Buffer 
# High Drives Propagation Delays[1] with Fanout of 

Wired 
Parameter Description Together 12 24 48 72 96 Unit 

tIN High Drive Input Delay 1 5.3 6.7 ns 

2 4.5 6.6 ns 

3 5.3 6.2 7.2 ns 

4 5.4 6.2 ns 

tIN! High Drive Input, Inverting Delay 1 5.7 7.2 ns 

2 4.6 6.8 ns 

3 5.5 6.4 7.4 ns 

4 5.6 6.4 ns 

Switching Waveforms 

Combinatorial Delay 

INPUT 

===~~~_-_-_1_1_.=========-t_PD==_ -:=--:=--==--i~"-' -,...---------------:----:----:----:----:---------
OUTPUT 

7C387A-6 

Set.Up and Hold Times 

eLOe: 1= ~u L ~ ~~: -----+l-j-,_ -_ -_ -_tCWL_O -=--=--=-~!; 
~tCLK * ___ l' ____ 1_ 

Q 

Set and Reset Delays 

SET 

Q 

RESET 

Q 

Output Delay 
tOUTLH 

tsw :t 
tSET 

tRW i 
tRESET 

tOUTHL 

~ ------'~----OUTPUT 
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Switching Waveforms (continued) 

Three-State Delay 
OUTPUT 
BUFFER 
ENABLE 

OUTPUT 

-------( 'pZH 

THREE-STATE 

1:ypical AC Characteristics 

PRELIMINARY 
CY7C387A 
CY7C388A 

THREE-STATE 

7C387A-10 

Propagation delays depend on routing, fanout, load capacitance, 
supply voltage, junction temperature, and process variation. The 
AC Characteristics are a design guide to provide initial timing esti­
mates at nominal conditions. Worst-case estimates are obtained 
when nominal propagation delays are multiplied by the appropri­
ate Delay Factor, K, as specified by the speed grade in the Delay 

Factor table. The effects of voltage and temperature variation are 
illustrated in the graphs below. Warp3 incorporates datasheet AC 
Characteristics into the design database forpre-place-and-route 
simulations. The Warp3 Delay Modeler extracts specific timing pa­
rameters for precise simulation results following place and route. 

VOLTAGE FACTOR (Kv) VERSUS SUPPLY VOLTAGE (Vee) 
1.10 

i'... 
1.08 

1.06 

1.04 

1.02 

> 1.00 >::: 

0.98 

0.96 

0.94 

"'-"'-........ 
"'-........ 
~ 
~ 
~ 
~ 
~ 

0.92 
4.50 4.75 5.00 5.25 5.50 

SUPPLY VOLTAGE, Vee (Volts) 
7C387A-11 

TEMPERATURE FACTOR (KT) VERSUS TEMPERATURE 
1.30 

1.25 

1.20 

1.15 

1.10 

./ ~ 

./' 
,-

/~ 

f- 1.05 
>::: 

1.00 

0.95 

0.90 

0.85 

./ 
~ 

~ 
~ 

~ ~ 
-Y 

0.80 
-60 -40 -20 o 20 40 60 80 100 120 140 

JUNCTION TEMPERATURE (0C) 

*THETA JA = 45 °C/WATT FOR PLCC 
7C387A-12 
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==~YPRESS===============P=nE==L=IM=I=N=~=R=Y======CY=7=C=3=88=A~ 
Combinatorial Delay Example (Load = 30 pF) 

tlO tpD tOUT 

I----- 1.4 ns -----+1------- 1.7 ns ------....... ~I ... --- 2.8 ns -----I 
IN1 1--------1 

~----__1 OUT 

IN21--------I 7C3B7A-13 

INPUT DELAY + COMBINATORIAL DELAY + OUTPUT DELAY = 5.9 ns 

Sequential Delay Example (Load = 30 pF) 

tlO tsu tCLK tOUT 

I----- 1.4 ns ----....... ---- 2.1 ns ---i .. ~I~ .. --- 1.0 ns --...... I-f---- 2.8 ns -----I 
IN1 1--------1 

~----__10UT 

CLKI--------I 7C3B7A-14 

INPUT DELAY + REG SET-UP + CLOCK TO OUTPUT + OUTPUT DELAY = 7.3 ns 
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===~YPRESS~~~~~~~=P=nE~L=IM=I=N=~=R=Y~~~CY=7=C=3=88=A= 
Ordering Information 

Speed Package 
Grade Ordering Code Name 

2 CY7C387 A - 2AC A144 

CY7C387 A - 2GC G145 

CY7C387A-2Al A144 

CY7C387 A - 2GI G145 

1 CY7C387 A -lAC A144 

CY7C387A-1GC G145 

CY7C387 A -lAl A144 

CY7C387 A -lGI G145 

CY7C387A-1GMB G145 

CY7C387A -1 UMB U162 

0 CY7C387A-OAC A144 

CY7C387A-OGC G145 

CY7C387A-OAl A144 

CY7C387A-OGI G145 

CY7C387A-OGMB G145 

CY7C387A-OUMB U162 

Speed Package 
Grade Ordering Code Name 

2 CY7C388A - 2AC A208 

CY7C388A -2BGC B225 

CY7C388A - 2GC G245 

CY7C388A - 2Al A208 

CY7C388A - 2GI G245 

1 CY7C388A -lAC A208 

CY7C388A-lBGC B225 

CY7C388A-1GC G245 

CY7C388A -lAl A208 

CY7C388A -1GI G245 

CY7C388A,-lGMB G245; 

0 CY7C388A -OAC A208 

CY7C388A -OBGC B225 

CY7C388A -OGC G245 

CY7C388A -OAl A208 

CY7C388A -OGI G245 

CY7C388A -OGMB G245 
Shaded area contams advanced mformatlOn. 

Military Specifications 
Group A Subgroup Testing 

DC Characteristics 
Parameters Subgroups 

VOH 1,2,3 

VOL 1,2,3 

loz 1,2,3 

ICCl 1,2,3 

Document #: 38-00373 

Operating 
Package 'JYpe Range 

144-Pin Thin Quad Flat Pack Commercial 

145-Pin Grid Array (Cavity Up) 

144-Pin Thin Quad Flat Pack Industrial 

145-Pin Grid Array (Cavity Up) 

144-Pin Thin Quad Flat Pack Commercial 

145-Pin Grid Array (Cavity Up) 
144-Pin Thin Quad Flat Pack Industrial 

145-Pin Grid Array (Cavity Up) 

145-Pin Grid Array (Cavity Up) Military 

160-Lead Ceramic Quad Flatpack (cavity Up) 

144-Pin Thin Quad Flat Pack Commercial 

145-Pin Grid Array (Cavity Up) 

144-Pin Thin Quad Flat Pack Industrial 

145-Pin Grid Array (Cavity Up) 

145-Pin Grid Array (Cavity Up) Military 

16()..Lead Ceramic Quad Flatpack(Cavity Up) 

Operating 
Package 'JYpe Range 

208-Pin Thin Quad Flat Pack Commercial 

225-l'in Ball Grid Array 
245-Pin Grid Array (Cavity Up) 

208-Pin Thin Quad Flat Pack Industrial 

245-Pin Grid Array (Cavity Up) 

208-Pin Thin Quad Flat Pack Commercial 

225-Pi1:I Ball Grid Array 
245-Pin Grid Array (Cavity Up) 

208-Pin Thin Quad Flat Pack Industrial 

245-Pin Grid Array (Cavity Up) 

.245-Pin Grid Array (C~ty Up):;" .'. Military 

208-Pin Thin Quad Flat Pack Commercial 

225-Pin Ball Grid Array.' .';',:,:":; .' 

245-Pin Grid Array (Cavity Up) 

208-Pin Thin Quad Flat Pack Industrial 

245-Pin Grid Array (Cavity Up) 

245~Pin Grid Array (cavityZUp) ./~> Military 
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Features 
• Very high speed 

- Loadable counter frequencies 
greater than 100 MHz 

- Chip-to-chip operating frequencies 
up to 85 MHz 

- Input + logic cell + output delays 
under 7 ns 

• Unparalleled FPGA performance for 
counters, data path, state machines, 
arithmetic, and random logic 

• High usable density 
- 32 x 36 array of 1152 logic cells 

provides 36,000 total available 
gates 

-12,000 typically usable "gate 
array" gates in 208-pin PQFP, 
313-pin BGA, and 245-pin CQFP 
packages 

Logic Block Diagram 

D D DD DD DD DD DD 
D D DD DD DD DD DD 
DD DD DD DD DD DD 
DD DD DD D D DD DD 
DD DD DD DD DD DD 
D D DD DD DD DD DD 
D D DD DD DD DD DD 
DD DD DD DD DD DD 
D D DD DD DD DD DD 
DD DD DD DD DD DD 
DD DD DD DD DD DD 
DD DD DD DD DD DD 
D D DD DD DD DD DD 
D D DD DD DD DD DD 
D D DD DD DD DD DD 
DD DD DD DD DD DD 
DD DD DD DD DD DD 
DD DD DD DD DD DD 
DD DD DD DD DD DD 
D D DD DD DD DD DD 
D D DD DD DD DD DD 
D D DD DD DD DD DD 
DD DD DD DD DD DD 
DD DD DD DD DD DD 
DD DD DD DD DD DD 
DD DD DD DD DD DD 
DD DD DD DD DD DD 
D D DD DD DD DD DD 
D D DD DD DD DD DD 
DD DD DD DD DD DD 
DD DD DD DD DD DD 
DD DD DD DD DD DD 

DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 
DD 

ADVANCED INFORMATION CY7C389A 

Very High Speed 
12K (36K) Gate CMOS FPGA 

• Low power, high output drive 
- Standby current typically 2 rnA 
-16-bit counter operating at 100 

MHz consumes 50 rnA 
- Minimum IOL and IOH of 8 rnA 

• Flexible logic cell architecture 
- Wide fan-in (up to 14 input gates) 
- Multiple outputs in each cell 
- Very low cell propagation delay 

(1.7 ns) 

• PCI compliant I/O pins 

• Powerful design tools-Warp3 TM 

- Designs entered in VHDL, 
schematics, or both 

- Fast, fully automatic place and 
route 

- Waveform simulation with back 
annotated net delays 

DD DD DD DD DD DD DD DD 
DD DD DD DD DD DD DD DD 
DD DD D D D D DD DD DD DD 
DD DD D D DD DD DD DD DD 
DD DD D D DD DD DD DD DD 
DD DD DD DD DD DD DD D D 

- PC and workstation platforms 

• Robust routing resources 
- Fully automatic place and route of 

designs using up to 100 percent of 
logic resources 

- No hand routing required 

• Input hysteresis provides high noise 
immunity 

• Thorough testability 
- Built-in scan path permits 100 

percent factory testing of logic and 
I/O cells 

- Automati'c Test Vector Generation 
(ATVG) software supports user 
testing after programming 

• 0.65!! CMOS process with ViaLink TM 

programming technology 
- High-speed metal-to-metallink 
- Non-volatile antifuse technology 

D DID DD D • 
DDD DDD . 
D I!i\. D DD D • 

,~3 DD D • 
00 0· 

D V lD DD D • 
DD DD DD DD DD DD DD P. .c.lCI hln n n • 
DD DD DD DD DD DD DD .\ 
DD DD DD DD DD DD DD 
DD DD DD DD DD DD DD -=:1 DD DD D D DD DD DD DD 
DD DD DD DD DD DD DD 
DD DD DD DD DD DD DD ~~~ D D DD DD DD DD DD DD 
DD DD DD DD DD DD DD 
DD DD DD DD DD DD DD ~I ~--
DD DD DD DD DD DD DD 
DD DD D D DD DD DD DD 
DD DD DD DD DD DD DD 
DD DD DD DD DD DD DD 
D D DD DD DD DD DD DDD 
DD DD DD DD DD DD DD DD DD DD D D • 
DD DD DD DD DD DD DD DD DD DD D D • 
DD DD DD DD DD DD DD DD DD DD D D • 
DD DD DD DD DD DD DD DD DD DD D D • 7C3B9A-1 
DD DD DD DD DD DD DD DD DD DD D D • 
DD DD DD DD DD DD DD DD DD DD D D • 
DD DD DD DD DD DD DD DD DD DD D D • 
D D DD DD DD DD DD DD DD DD DD D D • 
DD DD DD DD DD DD DD DD DD DD D D • • I/O/HIGH-DRIVE 
DD DD DD DD DD DD DD DD DD DD D D • INPUT/CLOCK CELLS 
DD DD DD DD DD DD DD DD DD DD D D • ........................................................................ 

313 PINS, 2421/0 CELLS, 6 INPUT HIGH DRIVE CELLS, 2INPUT/CLK (HIGH DRIVE) CELLS 

ViaLink is a trademark of QuickLogic Corporation. 
Warp3 is a trademark of Cypress Semiconductor Corporation. 
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A large number of development tools are available for use when 
designing with Cypress Semiconductor's PLDs, CPLDs, and 
FPGAs. Many of these tools are available from Cypress, while 
additional design flow options are available from numerous third­
party tool vendors. (For a complete listing of third-party tool 
vendors, see the Third-Party Tools datasheet.) 

Development software is available that provides design entry, 
synthesis, optimization, fitting, place and route, and simulation. 
As shown below, this software produces a programming file for 
use with a device programmer. Wa1p2 1M provides VHDL design 

PLD, CPLD, and FPGA 
Development Tools Overview 

description and functional simulation. Warp3 1M includes Warp2 
functionality plus schematic entry and timing simulation. In addi­
tion, many third-party tools are available and provide various lev­
els of support. 

Device programmers use the programming file created by the de­
velopment tool and program the PLD, CPLD, or FPGA. The 
Impulse3 ™ can program any Cypress device and can be upgraded 
to program other manufacturers' devices. Many third-party pro­
grammers are available that can be used to program a wide array 
of devices including those from Cypress. 

I --------------------- --, 

I 
PLD, CPLD, and FPGA Development Tools I 

I CAE Standalone Software 
I 

I Schematic Solutions (PLA for PLD/CPLDs) VHDL I 
(Netlist) (QDF for FPGA) 

I I -t-L ----- J 

Warp3 
Warp2 VHDL Description 

VHDL Description Schematic Entry 
Functional Simulation • • Timing Simulation 

1 
/' /' /' /' 

Third-Party Impulse3 • • Device Device 

Programmer / 
Programmer V 

Document #: 38-00370 

5-1 



Features 
• VHQL (IEEE 1076) high-level language compiler 

- VHDL facilitates device independent design 
- VHDL designs are portable across multiple devices and/or 

CAD platforms 
- VHDL facilitates the use of industry-standard simulation 

and synthesis tools for board and system-level design 
- VHDL supports functions and libraries facilitating modu­

lar design activity 

• Warp2 provides synthesis for a powerful subset of IEEE stan­
dard VHDL including: 
- enumerated types 
- opeartor overloading 
- for ... generate statements 
-integers 

• State-of-the-art optimizations and reduction algorithms 
- Optimization for flip-flop type (D type/T type) 
- Automatic selection of optimal flip-flop type (D type/T 

type) 
- Automatic pin assignment 
- Automatic state assignment (grey code, one-hot, binary) 

• Several design entry methods support multiple levels of 
abstraction: 
- VHDL Behavioral (IE .. THEN ... ELSE; CASE ... ) 
- State tables 
-Boolean 
- VHDL Standard (RTL) 

• Designs can intermix multipleVHDL entry methods in a 
single design 

• Supports all Cypress PLDs and PROMs, including MAXSOOO 
and the state machine PROMs (CY7C2S8/9) 

• Functional simulation provided with Cypress NOVA 
simulator: 
- Graphical waveform simulator 
- Entry and modification of on-screen waveforms 
- Ability to probe internal nodes 
- Display of inputs, outputs, and High Z signals in different 

colors 
- Automatic clock and pulse creation 
- Waveform to JEDEC test vector conversion utility 
-JEDEC to symbolic disassembly 
- Support for buses 

• Hosted on IBM PC-AT 
• Windows 3.1 on PCs 
• OpenLook or Motif on Sun workstations 

Functional Description 
Wmp2 ™ is a state-of-the-art VHDL compiler for designing with 
Cypress PLDs and PROMs. Watp2 utilizes a proper subset of 
IEEE 1076 VHDL as its Hardware Description Language 
(HDL) for design entry. VHDL provides a number of significant 
benefits for the design engineer. Warp2 accepts VHDL input, 
synthesizes and optimizes the entered design, and outputs a JE­
DEC map or POF file for the desired device (see Figure 1). For 
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VHDL Compiler for PLDs, 
CPLDs, and FPGAs 

simulation, Warp2 provides the graphical waveform simulator 
from the NOVA. 

VHDL Compiler 

VHDL (VHSIC Hardware Description Language) is an open, 
powerful, non-proprietary language that is a standard for behavior­
al design entry and simulation. It is already mandated foruse by the 
Department of Defense and supported by every major vendor of 
CAE tools. VHDL allows designers to learn a single language that 
is useful for all facets of the design process. 

VHDL offers designers the ability to describe designs at different 
levels of abstraction. At the highest level, designs can be entered as 
a description of their behavior. This behavioral description is not 
tied to any specific target device. As a result, simulation can be 
done very early in the design to verify correct functionality, which 
significantly speeds the design process. 

Warp2's VHDL syntax also includes support for intermediate level 
entry modes such as state table and boolean entry. At the lowest 
level, designs can be described using gate-level RTL (Register 
Transfer Language). Warp2 gives the designer the flexibility to in­
termix all of these entry modes. 

In addition, VHD L allows you to design hierarchically, building up 
entities in terms of other entities. This allows you to work either 
"top-down" (designing the highest levels of the system and its in­
terfaces first, then progressing to greater and greater detail) or 
"bottom-up" (designing elementary building blocks ofthe system, 
then combining these to build larger and larger parts) with equal 
ease. 

u { '--__ ---.,,....-----' '--........ _---' '--_--,..---..... '---,..---__ ----' 

{ 
Figure 1. Wmp2 Design Flow 
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Because VHDL is an IEEE standard, multiple vendors offer tools 
for design entry, simulation at both high and low levels, and synthe­
sis of designs to different silicon targets. The use of device indepen­
dent behavioral design entry gives users the freedom to retarget 
designs to different devices. The wide availability of VHDL tools 
provides complete vendor independence aswell. Designers can be­
gin their project using Warp2 for Cypress PLDs and convert to high 
volume gate arrays using the same VHDL behavioral description 
with industry-standard synthesis tools. 

While design portability and device independence are significant 
benefits, VHDL has other advantages. The VHDL language al­
lows users to define their own functions. User-defined functions al­
low users to extend the capabilities of the language and build reus­
able libraries of tested routines. As a result the user can produce 
complex designs faster than with ordinary "flat" languages. VHD L 
also provides control over the timing of events or processes. VHD L 
has constructs that identify processes as either sequential, concur­
rent, or a combination of both. This is essential when describing the 
interaction of complex state machines. 

Cypress chose to offer tools that use the VHDL language because 
of the languages' universal acceptance, the ability to do both device 
and vendor independent design, simulation capabilities at both the 
chip and system level that improve design efficiency, the wide avail­
ability of industry-standard tools with VHD L support for both sim­
ulation and synthesis, and the inherent power of the languages' 
syntax. 

VHDL is a rich programming language. Its flexibility reflects the 
nature of modern digital systems and allows designers to create ac­
curate models of digital designs. Because of its depth and com­
pleteness, it is easier to describe a complex hardware system accu­
rately in VHDL than in any other hardware description language. 
In addition, models created in VHDLcan readily be transported to 
other CAD systems. Warp2 supports a rich subset ofVHD L includ­
ing loops, for. .. generate statements, full hierarchical designs with 
packages, as well as synthesis for enumerated types and integers. 

Designing with Warp2 

Design Entry 

Warp2 descriptions specify 

1. The behavior or structure of a design, and 

2. The mapping of signals in a design to the pins of a PLD 
(optional) 

The part of a Warp2 description that specifies the mapping of sig­
nals from the design to the pins of a PLD is called a binding archi­
tecture. It takes signal names from the design and matches them 
up with pin names from the PLD's entry in a library. 

The part of a Warp2 description that specifies the behavior or struc­
ture ofthe design is called an entity/architecture pair. Entity/archi­
tecture pairs, as their name implies, can be divided into two parts: 
an entity declaration, which declares the design's interface signals 
(i.e., tells the world what external signals the design has, and what 
their directions and types are), and a design architecture, which de­
scribes the design's behavior or structure. 

Some users prefer to put the binding architecture for a design in 
one file, and the entity/architecture pair containing the design's be­
havioral or structural description in a different file. This allows you 
to isolate the device-dependent pin mapping in one file (the one 
containing the binding architecture), while leaving the device-inde­
pendent behavioral or structural description in another (the one 
containing the entity/architecture pair). Warp2 makes it easy to do 
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this, offering separate analysis of files and easy reference to pre­
viously analyzed files by means of the USE clause. 

Design Entity 

If the entity/architecture pair is kept in a separate file, that file is 
usually referred to as the design entity file. The entity portion of a 
design entity file is a declaration of what a design presents to the 
outside world (the interface). For each external signal, the entity 
declaration specifies a signal name, a direction and a data type. In 
addition, the entity declaration specifies a name bywhich the entity 
can be referenced in a design architecture. In this section are code 
segments from four sample design entity files. The top portion of 
each example features the entity declaration. 

Behavioral Description 

The architecture portion of a design entity file specifies the func­
tion of the design. As shown in Figure 1, multiple design-entry 
methods are supported in Warp2. A behavioral description in 
VHDL often includes well known constructs such as 
If ... Then ... Else, and Case statements. Here is acode segment from 
a simple state machine design (soda vending machine) that uses be­
havioral VHDL to implement the design: 

ENTITY drink IS 
PORT (nickel,dime, quarter, clock: in bit; 
returnDime,returnNickel,giveDrink:out bit); 

END drink; 

ARCHITECTURE fsm OF drink IS 

TYPE drinkState IS (zero,five,ten,fif­
teen,twenty,twentyfive,owedime); 
SIGNAL drinkstatus:drinkState; 
ATTRIBUTE FSM_synthesis OF drinkStatus:signal 
is sequential; 

BEGIN 

PROCESS BEGIN 

WAIT UNTIL clock '1'; 

giveDrink <= '0'; 
returnDime <= '0'; 
returnNickel <= '0'; 

CASE drinkStatus IS 

WHEN zero => 
IF (nickel = '1') THEN 

drinkStatus <= drinkStatus'SUCC(drink­
Status) ; 

-- goto Five 
ELSIF (dime = '1') THEN 

drinkStatus <= Ten; 
ELSIF (quarter = '1') THEN 

drinkStatus <= TwentyFive; 
ENDIF; 

WHEN Five => 
IF (nickel = '1') THEN 

drinkStatus <= Ten; 
ELSIF (dime = '1') THEN 

drinkStatus <= Fifteen; 
ELSIF (quarter = '1') THEN 

II 



giveDrink <= '1'; 
drinkStatus <= drinkStatus'PRED(drink­

Status) ; 
goto Zero 

ENDIF; 

WHEN oweDime => 
returnDime <= '1'; 
drinkStatus <= zero; 

when others => 
This ELSE makes sure that the state 

-- machine resets itself if 
-- it somehow gets into an undefined state. 

drinkStatus <= zero; 
END CASE; 
END PROCESS; 

END FSM; 

VHDL is a highly typed language. It comes with several prede­
fined operators, such as + and /= (add, not-equal-to). VHDL of­
fers the capability of defining multiple meanings for operators 
(such as + ), which results in simplification of the code written. For 
example, the following code segment shows that "count = count 
+ 1" can be written such that count is a bit vector, and 1 is an inte­
ger. 

ENTITY sequence IS 
port (clk: in bit; 

s: inout bit); 
end sequence; 

ARCHITECTURE fsm OF sequence IS 

SIGNAL count: INTEGER RANGE 0 TO 7; 

BEGIN 

PROCESS BEGIN 

WAIT UNTIL clk , l' ; 

CASE count IS 

WHEN 0 I 1 I 2 3 => 
S <= '1'; 
count <= count + 1; 

WHEN 4 => 
s <= ' 0' ; 
count <= count + 1; 

WHEN 5 => 
s <= '1'; 
count <= '0'; 

WHEN others => 
s <= ' 0' ; 
count <= '0'; 

END CASE; 

END PROCESS; 

END FSM; 

In this example, the + operator is overloaded to accept both inte­
ger and bit arguments. Wmp2 supports overloading of operators. 
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A major advantage ofVHDLis the ability to implement functions. 
The support of functions allows designs to be reused by simply 
specifying a function and passing the appropriate parameters. 
Wa1p2 features some built-in functions such asttf(truth-table func­
tion). The ttf function is particularly useful for state machine or 
look-up table designs. The following code describes a seven-seg­
ment display decoder implemented with the ttf function: 

ENTITY SEG7 IS 
PORT ( 

inputs: IN BIT_VECTOR (0 to 3); 
outputs: OUT BIT_VECTOR (0 to 6) 

) ; 
END SEG7; 

ARCHITECTURE mixed OF SEG7 IS 

CONSTANT truthTable: 
x01_table (0 to 11, 0 to 10) .-

-- input & output 

"0000" & "0111111", 
"0001" & "0000110", 
"0010" & "1011011", 
"0011" & "1001111", 
"0100" & "1100110", 
"0101" & "1101101", 
"0110" & "1111101", 
"0111" & "0000111", 
"1000" & "1111111", 
"1001" & "1101111", 
"101x" & "1111100", --creates E pattern 
"lllx" & "1111100" 
); 

BEGIN 

outputs <= ttf(truthTable,inputs); 

END mixed; 

Boolean Equations 

A third design-entry method available to Wa1p2 users is Boolean 
equations. Figure 2 displays a schematic of a simple one-bit half ad­
der. The following code describes how this one-bit half adder can 
be implemented in Wmp2 with Boolean equations: 

--entity declaration 
ENTITY half_adder IS 

PORT (x, y : IN BIT; 
sum, carry: OUT BIT); 

END half_adder; 
--architecture body 
ARCHITECTURE behave OF half_adder IS 
BEGIN 

Figure 2. One-Bit Half Adder 



sum <= x XOR y; 
carry <= x AND y; 

END behave; 

Structural VHDL (RTL) 

While all of the design methodologies described thus far are high­
level entry methods, structural VHDL provides a method for de­
signing at a very low level. In structural descriptions (also called 
RTL), the designer simply lists the components that make up the 
design and specifies how the components are wired together. Fig­
ure 3 displays the schematic of a simple 3-bit shift register and the 
following code shows how this design can be described in Wmp2 
using structural VHDL: 

ENTITY shifter3 IS port ( 
clk : IN BIT; 
x : IN BIT; 
qO OUT BIT; 
ql : OUT BIT; 
q2 : OUT BIT) ; 

END shifter3; 

ARCHITECTURE struct OF shifter3 IS 
SIGNAL qO_temp, ql_temp, q2_temp : BIT; 
BEGIN 

dl 
d2 
d3 

DFF PORT MAP(x,clk,qO_temp); 
DFF PORT MAP(qO_temp,clk,ql_temp); 
DFF PORT MAP(ql_temp,clk,q2_temp); 

qO <= qO_temp; 
ql <= ql_temp; 
q2 <= q2_temp; 

END struct; 

All ofthe design -en try methods described can be mixed as desired. 
The ability to combine both high- and low-level entry methods in a 
single file is unique to VHDL. The flexibility and power ofVHDL 
allows users of Wa1p2 to describe designs using whatever method is 
appropriate for their particular design. 

Binding Architecture 

The purpose of a binding architecture is to map external signals of 
a design to the pins of a physical device. The binding architecture 
can be in a separate file or appended to the end of the design file. 

Here is a binding architecture file for the 3-bit shift register de­
scribed in the last example: 

USE work.rtlpkg.all; 
USE work.shift3pkg.all; 

qO 

x 

clk 

q1 

q 

clk 

Figure 3. Three-Bit Shift Register Circuit Design 

q2 
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ARCHITECTURE shift3 OF c22vlO IS 
BEGIN 

SH1:shifter3 PORT MAP( 
clk => pinl, 
x => pin2, 
fbx(qO) => pin14, 
fbx(ql) => pin15, 
fbx(q2) => pin16); 

END shift3; 
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As indicated in the architecture statement, this design targets the 
Cypress 22VlO for implementing the specified function. By simply 
changing the architecture statement and appropriately modifying 
the pin assignments, a binding architecture file targeting other Cy­
press PLDs can easily be generated. 

Compilation 
Once a design entity and binding architecture have been com­
pleted, a design is compiled using Wmp2. Although implementa­
tion is with a single command, compilation is actually a multistep 
process (as shown in Figure 1). The first step is synthesizing the in­
put VHD L into a logical representation of the design. Wmp2 syn­
thesis is unique in that the inputlanguage (VHDL) supports a very 
high level of abstraction. Competing PLD compilers require very 
specific and device-dependent information in the design input file. 

The second step of compilation is an iterative process of optimizing 
the design and fitting the logic into the targeted PLD. Logical opti­
mization in Wa1p2 is accomplished with the Espresso algorithms. 
The optimized design is fed to the Wa1p2 fitter, which applies the 
design to the specified target PLO. The Wa1p2 fitter supports 
manual or automatic pin assignments as well as automatic selection 
of D or T flip-flops. After the optimization and fitting step is com­
plete, Wa1p2 automatically creates a JEDEC file for the specified 
PLD. 

Simulation 
Wa1p2 is delivered with Cypress's NOVA Simulator. NOVA fea­
tures a graphical waveform simulator that can be used to simulate 
designs generated in Wa1p2. The NOVA simulator provides func­
tional simulation and features interactive waveform editing and 
viewing. The simulator also provides the ability to probe internal 
nodes, automatically generate clocks and pulses, and to generate 
JEDEC test vectors from simulator waveforms. 

Programming 
The result of Wa1p2 compilation is a JEDEC file that implements 
the input design in the targeted PLO. Using the JEDEC file, Cy­
press PLDs can be programmed on Cypress'sImpulse3 1M program­
mer or on any qualified third-party programmer. 

System Requirements 

ForPCs 

IBM PC-AT or equivalent (386 or higher recommended) 

PC-DOS 1M version 3.3 or higher 

2 Mbytes of RAM (4 Mbytes recommended) 

EGA, VGA, or Hercules 1M monochrome display 

20-Mbyte hard disk drive 

1.2-Mbyte 5Y4-inch or 1.44-Mbyte floppy disk drive 

1Wo or three-button mouse 

Windows® Version 3.1 or higher 

II 
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For Sun Workstations 

SPARCCPU 
Sun as TM 4.1.1 or later 
16 Mbytes of RAM 
1.44-Mbyte 3V2-inch disk drive 

Ordering Information 
CY3120 Wa1p2 for Windows PLD Compiler includes: 

31/2-inch, l.4-Mbyte floppy disks 
Wmp2 User's Guide 
Wmp2 Workbook 
Wmp2 Reference Manual 
Registration Card 

Document #: 38-00218-A 
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CY3125 Wmp2 for Sun PLD Compiler includes: 
311z-inch, l.4-Mbyte floppy disks 
Wmp2 User's Guide 
Wmp2 Workbook 
Wa1p2 Reference Manual 
Registration Card 

Wa1p2 and Impulse3 are trademarks of Cypress Semiconductor Corporation. 
PC-AT and PC-DOS are trademarks of IBM Corporation. 
Windows is a registered'trademark of Microsoft Corporation. 
Hercules is a trademark of Hercules Technology Inc. 
Sun as is a trademark of'Sun Microsystems. 
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Features 
• Sophisticated PLDIFPGA design and veriftcation system 

based on VHDL 
• Wa1p3 TM Is based on Viewloglc's Powervlew TM (Sun) and 

Work.view Plus TM (PC) design environments 
- Advanced graphical user Interface lor WIndows and Sun 

Workstations 
- Schematic capture (Vlewdraw TM) 
- Interactive timing simulator (VIewslm TM ) 
- Wavelorm stimulus and viewing (Vlewtrace TM) 

- Textual design entry using VHDL 
- Mixed-mode design entry support 

• The core 01 Wa1p3 Is an IEEE 1076 standard VHDL compiler 
- VHDL Is an open, powerful design language 
- VHDL (IEEE standard 1076) facllitates design portability 

across devices and/or CAD platforms 
- VHDL lacllitates the use 01 Industry-standard simulation 

and synthesis tools lor board and system-level design 
- VHDL lacllitates hierarchical design with support lor 

functions and libraries 

PRELIMINARY 
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Warp3 VHDL Development 
System for PLDs and FPGAs 

• Support lor ALL Cypress PLDs/FPGAs and PROMs, 
including: 
- Industry-standard 20- and 24-pln devices like the 22V10 
- Cypress 7C33X lamlly of 28-pln PLDs 
-CY7C34X (MAXSOOOTM Series) 
-FLAsH370"" 
-pASIC38X 

Introduction 
As the capacity and complexity of programmable logic increased 
dramatically over the last couple of years, users began to demand 
software tools that would allow them to manage this growing com­
plexity. They also began to demand design-entry standards that 
would allow them to spend more time designing with PLDs rather 
than learning a vendor's proprietary software package. Thus, 
Hardware Description Languages (HDLs) in general, and VHDL 
(Very high speed integrated-circuit Hardware Description Lan­
guage) in particular, have emerged as the standard methodology 
for integrated-circuit and system design. 
While the design community debated whether VHDL could be­
come the standard for PLDs, Cypress took an industry leading 
position by introducing the first native VHDL compiler for 
PLDs-our Wap tools. 

Figure 1. Warp3 Design Flow 

FLASH370, WQ1p3 and Impulse3 are trademarks of Cypress Semiconductor Corporation. 
Powerview,Workview, Viewdraw, Viewsim, Viewtrace, VHDLsim, and Viewgen are registered trademarks of View logic Systems Inc. 
ChipLab is a trademark of Data I/O Corporation ' 
Microsoft Windows is a registered trademark of Microsoft Corporation. 
MAXSOOO is a trademark of Altera. 
Open Windows is a trademark of Sun Microsystems. 
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Functional Description 
Warp3 is an integration of Cypress's advanced VHDL synthesis 
and fitting technology with Viewlogic's sophisticated CAE design 
environment. On the PC platform, Warp3 includes Cypress' 
VHDL compiler and Viewlogic's Workview Plus V5.1 software for 
Microsoft Windows®. On the Sun platform, Warp3 includes Cy­
press' VHDL compiler and Viewlogic's Powerview V5.1 software 
for Open Windows 1M • 

Design Flow 
Figure 1 displays a block diagram of the typical design flow in 
Warp3. Designs can be entered in VHDL text, schematic capture 
or via an imported EDIF netlist. In fact, Warp3 supports mixing 
these approaches on individual designs. Designs are then ~unctio~­
ally verified using the Warp3 functional simulator. The thIrd step IS 
to compile the design and target a PLD, PROM or FPGA. Post­
synthesis, the waveform timing simulator is used to verify design 
timing as programmed in the chosen device. If the simulation re­
sults are satisfactory the JEDEC, HEX or netlist file is used to pro­
gram the targeted device. A detailed description of each step fol­
lows. 

Specifically, the Warp3 Design Flow includes the following: 

Viewlogic GUI 
IEEE 1076 VHDL Synthesis 
Schematic Capture (Viewdraw) 
Hierarchy Navigator 
Mix-mode Design Entry 
Waveform Editor (Viewtrace) 
VHDL Timing Simulator (VHDLsim 1M ) 

Device fitters for all Cypress PLD/CPLDs/PROMs 
Automatic Place&Route fw all Cypress FPGAs 

The Cockpit . 
The Viewlogic graphical user interface (GUI) is built around a 
file/tool manager called "the cockpit". The cockpit is used to se­
lect the project and current toolset in use. The cockpit allows us­
ers to select from a variety of design environments called tool­
boxes. For UNIX workstations the GUI is under the PowerView 
cockpit and for PC/Windo;ws tlle GUI is under the WorkView Plus 
cockpit (see Figure 2). 

Current Toolbox I Cypress 

Current Drawer 1\1/ arp 0 esign 

Proiect Type IViewdraw 

Current Proiect Ic:\warp3 

Current Library Ic:\warp3 
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Design Entry 
Text Editor 

Warp3 
(CY3130/CY3135) . 

Text entry is done with industry standard VHDL. Warp3 can syn­
thesize a rich set of the VHDL language in conformance with 
IEEE standard 1076. This includes support for Behavioral, Bool­
ean, State Table and Structural VHDL entry. 

Text entry is ideal for describing complex logic functions such as 
state machines or truth tables. With VHDL, the behavior of a state 
machine can be described in concise, easily-readable code. Fur­
ther, the hierarchical nature of VHDL allows very complex func­
tions to be described in a modular, top-down fashion. For more in­
formation on VHDL see the Warp2 (CY3120) datasheet. 

Schematic Capture 

Warp3 users can also to enter designs graphically with a sophisti­
cated schematic capture system(Viewdraw). With schematic entry, 
designers can quickly describe a variety of common logic functions 
from simple gate9'to complex multipliers (see Figure 3). 

Within Warp3, users have access to an extensive symbol library of 
standard components and macro functions. These include: 

• adders/multipliers 

• counters 
• gates (AND, OR, NAND, NOR, XOR, XNOR, INV, & BUF) 
• io (singles, buses, three-states, clk-pads, hd-pad, gnd, & vcc) 

• macrocells' 
• memory (assorted flip-flops and latches) 

• mux (decoders and multiplexers) 
• registers, shift registers and universal registers 

• 7400-ttl (commonly used parts) 
In addition, the designer may create custom functions that can be 
used in any Warp3 design. 

Symbol Editor 

The Warp3 schematic capture tools also provide methods to create 
symbols for schematics. Using the VHDL2SYM.utility, symbols 
are automatically generated from VHDL text flies. Usmg the 
Viewgen 1M utility, symbols are automatically generated from low-

• P .~j:rJ 

exptlO76 Warp Place&Rte 

;E III a..i.. 4:1 

ViewSim ViewTra.ce Nova 

Figure 2. WorkView PLUS Cockpit for PC Workstations 
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Figure 3. 1Ypical Symbol Library 

er-Ievel schematic data. Symbols are useful for creating a design 
hierarchy to easily describe complex designs. 

EDIFInput 

Wafp3 includes an ED IF netlist converter that provides a conve­
nient way for designers to import designs from other CAE sche­
matic capture and simulation tools. The ED IF-in tool supports 
ED IF version 2 0 O. 

Mix-mode Entry 

Perhaps the most powerful design entry methodology in Warp3 is 
the combination of the above methods. In most designs, some por­
tions of the circuit are most easily described in schematics while 
others are best described in text. Typically, standard logic compo­
nents such as counters, adders and registers are best implemented 
by retrieving components from the Warp3 schematic symbol li­
brary. 

Meanwhile, text entry is usually preferred for describing sections of 
the circuit design that implement control logic. In particular, state 
machines are often much easier to describe with behavioral VHDL 
as opposed to schematic gates. Combining these methods in a 
single design simplifies the input process and shortens the design 
cycle time. 

As mentioned above, Warp3 can automatically generate symbols 
for text and schematic designs. This capabilityfacilitateshierarchi­
cal design entry by allowing users to represent complex functions 
by a symbol. The top level of the design may be represented by the 
connection of a small number of symbols representing the main 
functional blocks. To move to lower levels in the design the user 
can push into selected symbols. If the underlying design is de­
scribed in VHD L, a text window will be launched with the design 
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file. If the underlying design is a schematic, a Viewdraw window 
will be opened with the design. There is no limit to the number of 
levels of hierarchy used or the number of symbols in a particular 
design. 

Design Verification 
Functional Simulation 

Verifying functionality early in the design process can greatly re­
duce the number of design iterations necessary to complete a par­
ticular design. Using Viewsim the functionality of the design can 
be verified with textual stimulus from the keyboard or from a file. 
Viewtrace can be used in conjunction with Viewsim to simulate the 
design functionality graphically. The simulation process is de­
scribed in detail below. 

VHDL Source-level Debugger (Release 2) 

A unique and powerful feature of Warp3 is the source-level VHDL 
debugger. The VHDL debugger works in concert with the Warp3 
simulator and waveform editor. The debugger allows users to 
graphically step through VHDL code and monitor the results 
textually or in waveforms. After each single step the debugger 
highlights the VHDL text representing the current state of the sim­
ulation. Simultaneously waveform and text windows can display 
the inputs and outputs of the design. 

Note that a design does not have to be entered in VHDL text to use 
the VHDL debugger. Since Warp3 converts all facets of a design 
(schematic, EDIF-in etc.) to VHDL before compilation, this 
VHDL representation can be single stepped to verify design func­
tionality. 

Hierarchy Navigator 

Another powerful debugging tool within Warp3 is the hierarchy 
navigator (Viewnav). The navigator allows users to select a net or 
node at one level of the design and automatically trace that net 
through all levels of the hierarchy. This is very useful for tracing 
signal paths when looking for design errors. 

Compilation 
VHDL Synthesis 

• For synthesis Warp3 supports a rich subset ofVHDL 
including 
- Enumerated types 
-Integers 
- For ... generate loops 
- Operator overloading 

Once design entry is complete and functionality has been verified, 
the entire design is converted to VHDL using the "Export 1076" 
utility on schematic modules. At this point in the design there is a 
VHDL description ofthe entire design. This VHDL description is 
fed to the Cypress VHDL compiler for translation to a device pro­
gramming file. Although compilation is a multistep process, it ap­
pears as a single step to the user (as shown in Figure 1). 
The first step in compilation is synthesizing the input VHDL into a 
logical representation of the design in terms of components found 
in the target device (AND gates, OR gates, flip-flops etc.). Warp3 
synthesis is unique in that the input language (VHDL) supports a 
very high level of abstraction. Competing PLD compilers require 
very specific and device-dependent information in the design file. 
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Device Fitting 

• State-of-the-art optimization and reduction algorithms 
- Optimization for flip-flop type (D type/T type) 
- Automatic pin assignment 
- Automatic state assignment (Gray code, binary, one-hot) 

For PLDs and FPGAs, the second phase of the compilation is an 
iterative process of optimizing the design and fitting the logic into 
the targeted device (see Figure 4). Logical optimization in Warp3 is 
accomplished with Espresso algorithms. Once optimized, the de­
sign is fed to the device-specific fitter which applies the design to 
the selected device (see Figure 5). Warp3 fitters support manual or 
automatic pin assignments as well as automatic selection ofD-type 
or T-type flip-flops. After optimization and fitting are complete, 
Wa1p3 will create a JEDEC file (PLDs) or a LOF file (FPGAs) im­
plementing the users design. 

J 

Warp VHDL hies 

C:\WARP3 

VHDL Files:------, Warp Input Files:­

counter2.vhd counter2.vhd 
drink.vhd 
mux21.vhd 
~top.vhd 

traffic.vhd 
ttf.vhd 
[ .. ] 
[lc22v10] 
[lc381] 
[sch] 
isy~] 

--liIWaI 
I~t').ij 

drink.vhd 
mux21.vhd 
traffic.vhd 
ttf.vhd 
~top.vhd 

Build:--------, 

@ Compile _Synthesize 

Selected Device: 
_ C22V10 

o Compile Only -
Figure 4. Compile/Synthesize Dialog Box 

Devices: 

C342 
C343 
C344 
C361 

C372 
C373 
C374 
C375 
C381 
C381A 
C382 
C382A 
C383 
C383A 
C384 ~ 

IC371 
Package: 

ICY7C371-83JC .=tII 

• I ,. I 

Optimize:- Output:-------, 

o None [8:J Create JEDEC File 

@ Quick [8:J Create HEX Hie 

o Large 0 Create ViewSim Model 

DXOR 

Fitter:--------------, 

o Force Flip-Flop Types 

o Use ·O···type Form 

o the 'T"Wpe Form 

@ Use optimal ~Ol or ITt form 

o Force Polarity Optimization 

o Assign PINs in Fitter 

o Force Logic Factoring 

IRun Options: 

L 0 Quiet Mode 

Figure S. Device Fitting/Routing Dialog Box 

PRELIMINARY 

Automatic Place&Route 

Warp3 
( CY3130/CY3135) 

• Completely automatic place and route 
- Includes timing back annotation into Viewsim 

For Cypress FPGAs, the second phase of the design process is 
called place&route. The place&route tools in Walp3 take the log­
ical design description from synthesis and apply it to the cells ofthe 
targeted FPGA. Once placed, the programmable interconnect 
channels are programmed to connect logic blocks as required by 
the design. With Cypress FPGAs and Warp3, the place&route pro­
cess is 100% automatic. No tedious manual intervention or hand 
tweaking is necessary. Once place&route is finished, Warp3 gener­
ates a netlist that is used to program the FPGA. 

Automatic Error Locating 

Of course, the compilation process may not always go as planned. 
VHDL syntax errors should be identified and corrected in the pre­
synthesis functional simulation stage. During the compilation 
phase Walp3will detect errors that occur in the fittinglplace&route 
process. Warp3 features automatic error location that allows prob­
lems to be diagnosed and corrected in seconds. Errors from com­
pilation are displayed immediately in a pop-up window. H the user 
highlights a particular error, Warp3 will automatically highlight the 
offending line in the entered design. If the device fitting or 
place&route process includes errors, a pop-up window will again 
describe them. Further, a detailed report file is generated indicat­
ing the resources required to fit the input design and any problems 
that occurred in the process. 

Simulation 
The last step in the design process before programming is verifying 
the timing of your design. For this, Warp3 includes the Viewsim 
VHDL timing simulator. During compilation, delays that result 
from fitting the input design are "written" into an internal file for 
use by the Warp3 simulator. This information represents worst­
case path delays for the design as fit in the selected device. Delays 
are based on the type of device and speed grade selected. 

One of the ways to simulate is with the command-line interface to 
Viewsim. From the command line, the designer can specify the 
state of inputs (high, low, X, etc.) and watch how outputs behave 
over a specified time frame. In this way users can easily step 
through test cases and view the output results. Stimulus can be en­
tered from the command line or from a file . 

Waveform Editor 

A graphical method of simulation uses the Viewlogic waveform 
editor, Viewtrace, in conjunction with Viewsim. With Viewtrace 
users can input stimulus from a file or graphically via digital wave­
forms. Outputs are viewed as digital waveforms that reflect the 
timing delays of the device as programmed. Viewtrace is interac­
tive, allowing modifications of the stimulus and re-simulation of 
the results without re-running synthesis tools. 

Huser inputs violate device specifications the Warp3 simulator will 
detect the violation and warn the user. For example, if an input 
changes immediately before a CLKrise (violating the device set-up 
time) Warp3 will issue a warning and highlight the offending signal. 
The same occurs for all other timing violations. 

Programming 
After the design is compiled and verified, the targeted device is 
ready for programming. The program file generated in Warp3 (a 
JEDEC file or LOF file) is used as input to a device programmer. 
Cypress offers the Impulse3 programmer, based on Data I/O's Chi­
pLab 1M , that programs all Cypress PLDs and FPGAs. Alternative­
ly, customers can use anyone of several qualified 3rd party pro-
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grammers from corporations like Data 110, SMS and Logical 
Devices. 

System Requirements 
PC Platform 

80486-based IBM PC 
MicroSoft Windows V3.1 or higher 
16 Mbytes of RAM 
60-Mbyte Disk Space 
1.44 Mbyte 3.5 inch floppy disk drive 

Sun Platform 

SPARCCPU 
Sun as 4.1.1 or later 
Motif or OpenLook GUI 
16 Mbytes of RAM 
130 Mbytes of Disk Space 
Cartridge Tape 

Ordering Information 
CY3130 Wmp3 PLD Development System on the PC includes: 

3 1/2-inch 1.44-Mbyte floppy disks 
Wmp3 Viewlogic hardware key 
Wmp3 User's Guide 
Wmp3 Reference Manual 
Registration Card 

Document #: 38-00242-C 

PRELIMINARY 
Warp3 

(CY3130/CY3135) 

CY3131[1] Wmp3 PLD Development System on the PC (for cur­
rent Viewlogic Users of Workview Plus) includes: 

3 1/2-inch 1.44-Mbyte floppy disks 
Wmp3 User's Guide 
Warp3 Reference Manual 
Registration Card 

CY3135 Warp3 PLD Development System on a UNIX/SUN 
Workstation includes: 

Three Cartridge Tapes 
1) Viewlogic Software 
2) Warp3 Software 
3) Viewlogic On-line Documentation 

Warp3 User's Guide 
Warp3 Reference Manual 
Registration Card 

CY3136[2] Warp3 PLD Development System on a UNIX/SUN 
Workstation (for current Viewlogic Users ofPowerview) includes: 

One Cartridge Tapes of Warp3 Software 
Warp3 User's Guide 
Warp3 Reference Manual 
Registration Card 

Notes: 
1. This is a "Bolt-in" Solution and requires the customer to be a current 

User of Viewlogic's Workview Plus S/W 
2. This is a "Bolt-in" Solution and requires the customer to be a current 

User of Viewlogic's Powerview S/W. 
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Features 
• OEM version of Data I/O ChipLab 1M 

• Programs all Cypress PROMs, EPROMs, PLDs, CPLDs, and 
FPGAs 

• Modular for easy device-specific support 

• Easy to use DOS-based, PC interface 

• New device support available with floppy disk software 
change 

• DIP adapter included with base unit 

• Mouse-driven user interface 
• On-line documentation and device support list 

• One-year warranty 
• Dimensions of Impulse3 are 25 x 25 x 7.6 cm or 9.75 x 9.75 x 3 

in and the weight is 1.02 kg or 2.25 lbs. 

Functional Description 
Impulse3 is Cypress's OEM version of the Data I/O ChipLab. It 
provides programming support for all of Cypress' programmable 
devices. The programmer uses a DOS-based PC interface to pro­
vide an easily accessible programming environment. The PC's par­
allel port is used to communicate with the programmer, and de­
vice-specific adapters and drivers to ensure that you get the specific 
device support you need for your programming application. 

Impulse3 uses industry standard JEDEC, HEX (for PRO Ms), and 
LOF (for pASIC380) data format for programming and can be up­
graded by Data I/O to support products from other vendors. 

Impulse3@) 

Device Programer 
System Requirements 
The Impulse3 works with your IBM compatible PC computer. The 
minimum system requirements are: 

• One free parallel port 

• Minimum 2-MB extended memory 
• Intel® 286 (not recommended), 386, 486 or Pentium ™ pro­

cessor 

• DOS version 3.3 or higher 
• 5 MB offree hard disk space for the programmer drivers and 

programs 

• High Density floppy disk drive (3.5- or 5.25-inch) 

• Microsoft®-compatible mouse 

Device Support 
Impulse3 supports all Cypress Programmable products. The base 
unit (CY3500) supports DIP devices up to 44 pins. For other de­
vice/package combinations, an adapter is required. In addition, de­
vices over 44 pins require a high pin-count adapter (CY3501). The 
Impulse3 products are sold modularly so that you can adapt them 
to your specific device support needs. 

Maximum Ratings 
(Above which the useful life may be impaired. For user guidelines, 
not tested.) 

Input Voltage ................... 90 to 264 Vac, 48 to 63 Hz 
Programmer Voltage .............. 24V (AC or DC) ±10% 

Programmer Current ... . . . . . . .. AC = 1.67 A, DC = 1.25 A 
Operating Temperature ...................... O°C to 40°C 

Storage Temperature ..................... -40°C to 55°C 

Relative Humidity (Operating) ................ 20% to 80% 
Relative Humidity (Storage) . . . . . . . . . . . . . . . . .. 10% to 90% 

Operating Altitude . . . . . . . . . . . . . . . . . . . . . .. to 5,000 Meters 
Storage Altitude . . . . . . . . . . . . . . . . . . . . . . .. to 15,000 Meters 

Impulse3, Warp2, and Warp3 are trademarks of Cypress Semiconductor Corporation. 
ChipLab, ABEL, and Synario are trademarks of Data I/O. 
CUPL is a trademark of Logical Devices. 
PALASM is a trademark of Advanced Micro Devices. 
MINC is a trademark of MINe. 
Pentium is a trademark of Intel Corporation. 
Intel is a registered trademark of Intel Corporation. 
Microsoft is a registered trademark of Microsoft Corporation. 
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Impulse3 

Ordering Information 

Part Number Description 

CY3500 Impulse3 base unit and DIP adapter for all DIP packaged devices. 

CY3501 Adapter for high pin count devices including pASIC380 and FLASH370 Family 

CY3509 28-pin PLCC for CY7C34x 

CY3511 44-pin PLCC PPI for the CY7C34x 

CY3512 44-pin PLCC PPI for the CY7C37x 

CY3513 44-pin PLCC PPI for CY7C38x 

CY3514 68-pin PLCC PPI for CY7C34x 

CY3515 68-pin PLCC PPI for CY7C38x 

CY3516 84-pin PLCC PPI for CY7C34x 

CY3517 84-pin PLCC PPI for CY7C37x 

CY3518 84-pin PLCC PPI for CY7C38x 

CY3521 144-pin TQFP PPI for pASIC380 family 

CY3522 100-pin TQFP PPI for CY7C37x 

CY3523 100-pin TQFP PPI for pASIC380 family 

CY3524 176-pin PGA PPI for CY7C34x, CY7C37x 

CY3525 145-pin PGA PPI CY7C38x 

CY3526 85-pin PGA PPI for CY7C34x 

CY3527 85-pin PGA PPI for CY7C37x 

CY3528 85-pin PGA PPI for CY7C38x 

CY3529 69-pin PGA PPI for CY7C34x 

CY3530 69-pin PGA PPI for CY7C38x 

CY3535 lOO-pin PQFP PPI for CY7C34x 

CY3536 84-pin PLCC for CY7C34x 

CY3538 160-pin CQFP for CY7C37x, CY7C38x 

CY3004A 28-pin LCC adapter for PAL22VlO 

CY3005 20-pin LCC adapter for PAL20, PALC20 families 

CY3006A 28-pin PLCC adapter for PAL22VI0 

CY3007 20-pin PLCC adapter for PAL20, PALC20 families 

CY3008 28-pin LCC adapter for 265, 269, 330, 331, 332, 335 

CY3009 28-pin PLCC adapter for 265,269,330,331,332,335 

CY3010 28-pin LCC adapter for 20GI0, 20RAlO 

CY3011 28-pin PLCC adapter for 20GlO, 20RAlO 

CY3014 24-pin SOIC adapter for CY7C251 

CY3017 32-pin PLCC adapter for CY7C251 

CY3019 24-pin CerPack adapter for 245, 261, 263, 291 

CY3020 28-pin CerPack adapter for 251, 330, 331, 332, 271, 265 

CY3021 20-pin CerPack adapter for PAL20, PALC20, families 

CY3024 32-pin LCC adapter for 256,266,271,274,277,279,286 

CY3027 32-pin LCC adapter for CY7C287 

CY3043 32-pin PLCC adapter for CY7C201 

CY3044 32-pin PLCC adapter for 256, 271, 266, 274, 277, 279, 286 

CY3045 32-pin PLCC adapter for CY7C287 

Document #: 38-00374 
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Third-Party Tools 
Third-Party Tools 

Cypress Semiconductor provides a complete solution for PLD, CPLD, and FPGA development and programming with its Wa1p2 TM and 
Wary3 1M development software and Impulse3 1M device programmer. Additionally, a wide array of third-party tool vendors also provide 
support for Cypress devices. These third-party tools are available directly from the third-party tool vendor. 

The following vendors provide support for some of Cypress's devices. Please contact the vendor directly for the most up-to-date informa­
tion on specific features and device support. 

Programming Support Stag Microsystems 
1600 Wyatt Dr. 

BP Microsystems 
1000 N Post Oak Road 
Houston, TX 77055-7237 
(713) 688-4600 

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

Digelec Corporation 
1602 Lawrence Ave. 
Suite 113 
Ocean, NJ 07712 
(201) 493 - 2420 

P.O. Box 380 
Herzliya, Israel 
(97) 252-559615 

Logical Devices Inc. 
692 S. Military Trail 
Deerfield Beach, FL 33442 
(305) 428-6868 

SMS Mikrocomputersysteme GmbH 
1m Morgental13, D-8994 Hergatz 
Germany 5018 
(49) 7522-5018 (phone) 
(49) 7522-8929 (fax) 

17411 NE Union Hill Rd. #100 
Redmond, WA 98052 
(206) 883-8447 

Test Sockets: 

Santa Clara, CA 95054 
(408) 988-1118 
STAG ZL32 Rev. 30A03 

Third-Party Development 
Software 

Data I/O Corporation (ABEL TM , Synario TM ) 

10525 Willows Rd. N.E. 
P.O. Box 97046 
Redmond, WA 98073-9764 
(206) 881-6444 

Exemplar Logic, Inc (CORE 1M) 

2550 Ninth Street, Suite 102 
Berkeley, CA 94710 
(510) 849-0937 

ISDATA GmbH (LOG/iC'M) 
Haid-und-Neu-Strasse 7 
D-7500 Karlsruhe 1 
Germany 
(0721) 69 30 92 

P.O. Box 19278 
Oakland, CA 94619 
(510) 531-8553 

Logic Modeling Corporation 
(SmartModels TM ) 

19500 NW Gibbs Dr. 
PO Box 310 
Beaverton, OR 97075 
(503) 690-6900 

Package Yamaichi Part Nepenthe Part 
44 Pin PLCC 
84 Pin PLCC 
100 Pin TQFP 
160 Pin TQFP 

Prototype Sockets: 

Package 
44 Pin PLCC 
84 Pin PLCC 
100 Pin TQFP 

IC51-0444-400 PC1-044050-002 
IC51-0844-401 PC1-084050-003 
IC51-1004-809 QP1-100050-048 
IC51-1604-1350 QPl-160065-01O 

Yamaichi Part 
TPL-044-T-S-100 
TPL-084-T-S-100 
IC149-100-025 -S5 

All trademarks are of their respective owners. 
Document #: 38-00371 
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Logical Devices Inc. (CUPL 1M ) 

692 S. Military Trail 
Deerfield Beach, FL 33442 
(305) 428-6868 

Minc Incorporated (PLDesigner 1M ) 

6755 Earl Rd. 
Colorado Springs, CO 80918 
(719) 590-1155 

OrCAD (OrCAD 1M ) 

3175 NW Aloclek Dr. 
Hillsboro, OR 97124 
(503) 690-9881 

Synopsys (FPGA Compiler 1M , 

Design Compiler TM ) 

700 E. Middlefield Rd. 
Mountain View, CA 94043-4033 
(415) 962-5000 

ViewLogic Systems (Workview Plus 1M , 

Powerview 1M , Pro series 1M ) 

293 Boston Post Rd. West 
Marlboro, MA 01752 
(508) 480-0881 

Test and Prototype Sockets 

Yamaichi Electronics, Inc 
(408) 452-0797 

Nepenthe 
(800) NEPENTHE 

CTI Technologies, Inc 
(602) 998-1484 
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Introduction 
PLDs, or programmable logic devices, provide an attractive alter­
native to logic implemented with discrete devices. Cypress Semi­
conductor is in the enviable position of being able to offer PLDs in 
several different process technologies, thus assuring our customers 
of a wide range of options for leading-edge speed as well as very 
low power consumption. Cypress optimizes the mix of technology 
and device architecture to insure that the programmable logic re­
quirements oftoday's highest-performance electronics systems can 
be fully supported by a single PLD vendor. 

Cypress offers a wide variety of PLDs based on our leading-edge 
CMOS EPROM process technology. This technology facilitates 
the lowest power consumption and the highest logic density of any 
nonvolatile PLD technology on the market today, at speeds that 
are as fast as state-of-the-art bipolar technology would provide. 
Furthermore, these devices offer the user the option of device era­
sure and reprogrammability in windowed packages. Cypress also 
offers a number of PLDs based on our state-of-the-art BiCMOS 
and bipolar technologies. These PLDs are targeted at applications 
where power consumption and density are not as critical as lead­
ing-edge speed. Cypress offers PLDs based on CMOS Flash 
technology. The ViaLink 1M Technology provides OTP FPGAs 
with high-speed and routability. Thus Cypress offers solutions for 
state-of-the-art systems regardless of what the optimal balance is 
between speed, power, and density for any particular system. 

Programmable Technology 
EPROM Process Technology 

EPROM technology employs a floating or isolated gate between 
the normal control gate and the source/drain region of a transistor. 
This gate may be charged with electrons during the programming 
operation, permanently turning off the transistor. 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 electrons on the gate to re­
combine and discharge the gate. This process is repeatable and 
therefore can be used during the processing of the device, repeat­
edly if necessary, to assure programming function and perfor­
mance. 

1Wo Transistor Cells 

Cypress uses a two-transistor EPROM cell. One transistor is opti­
mized for reliable programming, and one transistor is optimized 
for high speed. The floating gates are connected such that charge 
injected on the floating gate of the programming transistor is con­
ducted to the read transistor turning it off. 

BiCMOS and Bipolar Process Technology 

In addition to CMOS, Cypress offers BiCMOS TTL and bipolar 
ECL I/O-compatible PLDs. The BiCMOS devices offer the ad­
vantages of CMOS (high density and low power) and bipolar (high 
speed). Both the BiCMOS and bipolar devices are one-time fuse 
programmable. The fuses are Ti-W and are connected directly to 
first metal. First metal is a reliable composite of Ti-TiW-AlSi-Ti to 
ensure excellent electromigration resistance, eliminate contact 
spiking, and minimize hillocking. 

PLD Programming Information 

Flash Process Technology 

The Flash cell is programmed in the same manner as the EPROM 
cell, and is electrically erased via Fowler-Nordheim tunneling. 
This next-generation PLD technology will combine a number of 
key advantages for future Cypress PLDs. The principal advantages 
will be leading-edge speed, low CMOS power consumption, and 
electrical alterability for simplified inventory management. In 
addition, Flash technology offers two inherent advantages for 
PLDs over the commonly used full-features EE CMOS technolo­
gy. One is its superior migratability to higher logic densities, due to 
the smaller Flash cell size. The second is superior reliability, due to 
the Flash cell's higher immunity to voltage transients and the ac­
companying risk of data corruption. 

pASIC TM Process Technology 

Programmable devices implement customer-defined logic func­
tions by interconnecting user-configurable logic cells through a 
variety of semiconductor switching elements. The maximum speed 
of operation is determined by the effective impedance of the switch 
in both programmed, ON, and unprogrammed, OFF, states. 

In pASIC380 devices, the switch is called a ViaLink element. The 
ViaLink element is an antifuse formed in a via between the two lay­
ers of metal of a standard CMOS process. The direct metal-to­
metal link created as a result of programming achieves a connec­
tion with resistance values as low as 50 ohms. This is less than 5 
percent of the resistance of an EPROM or SRAM switch and 10 
percent of that of a dielectric antifuse. The capacitance of an un­
programmed ViaLink site is also lower than these alternative ap­
proaches. The resulting low RC time constant provides speeds two 
to three times faster than older generation technologies. 

In a ViaLink programmable ASIC device, the two layers of metal 
are initially separated by an insulating semiconductor layer with re­
sistance in excess of 1 gigaohm. A programming pulse of 10 to 12 
volts applied across the via forms a bidirectional conductive link 
connecting the top and bottom metal layers. 

Programming Algorithm-EPROM, BieMOS and 
Flash Technology 
Byte Addressing and Programming 

Most Cypress programmable logic devices are addressed and pro­
grammed on a byte or extended byte basis where an extended byte 
is a filed that is as wide as the output path ofthe device. Each de­
vice, or family of devices, has a unique address map that is available 
in the product datasheet. Each byte, or extended byte, is written 
into the addressed location from the pins that serve as the output 
pins in normal operation. To program a cell, a 1, or HIGH, is 
placed on the input pin and a 0, or LOW, is placed on pins corre­
sponding to cells that are not to be programmed. Data is also read 
from these pins in parallel for verification after programming. AI, 
or HIGH, during program verify operation indicates an unpro­
grammed 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 accomplished in a program 
verify mode of operation by reading the contents of the array. Dur­
ing this operation, a 1, or HIGH, output indicates that the ad-
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dressed cell is unprogrammed, while a 0, or Law, indicates a pro­
grammed cell. 

Programming the Data Array 

Programming is accomplished by applying a supervoltage to one 
pin of the device causing it to enter the programming mode of op­
eration. This also provides the programming 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 
contents of the device. Each device has a read/write pin in the pro­
gramming mode. This signal causes a write operation when 
switched to a supervoltage and a read operation when switched to 
a logic 0 or Law. In the logic HIGH or 1 state, the device is in a 
program inhibit condition and the output pins are in a high-imped­
ance 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 writing it into the addressed 
location. Verification of data is accomplished by examining the in­
formation on the output pins during a read operation. 

The timing for actual programming is supplied in the unique pro­
gramming specification for each device. 

Phantom Operating Modes 

All Cypress programmable logic devices on the EPROM and BiC­
MaS technology contain a Phantom array for post assembly test­
ing. This array is accessed, programmed, and operated in a special 
Phantom mode of operation. In this mode, the normal array is dis­
connected from control of the logic, and in its place the Phantom 
array is connected. In normal operation the Phantom array is dis­
connected and control is only via the normal array. This special 
feature allows every device to be tested for both functionality and 
performance after packaging and, 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 device datasheets for details. 

Special Features 

Cypress programmable logic devices, depending on the device, 
have several special features. For example, the security mechanism 
defeats the verify operation and therefore secures the contents of 
the device against unauthorized tampering or access. In advanced 
devices such as the PALC22VlO, PLDC20G 10, and CY7C330, the 

Document #: 38-00164-B 
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macrocells are programmable through the use of the architecture 
bits. This allows users to more effectively tailor the device architec­
ture to their unique system requirements. Specific programming is 
detailed in the device datasheet. 

Programming Algorithm-pASIC380 Family 
The metal interconnections of pASIC devices can be considered as 
a vertical and horizontal grid of metal lines. Both ends of the metal 
line grids are connected to internal shift registers which control the 
connection of the end of the wire to the programming voltage, 
ground, or an open. Non-contiguous wires are connected for pro­
gramming purposes by pass transistors, which are also controlled 
by the shift registers. 

Individual ViaLink fuses can be "addressed" by turning on various 
pass transistors and (from the shift registers) driving the wires that 
connect to both sides of the fuse to be programmed. Applying a 
programming voltage (Vpp) to the device, the shift register con­
tents directs the voltage to the ViaLink fuse, which becomes pro­
grammed. 

Once a fuse is programmed, it has shorted two wires of the wire 
grid. This can cause other fuses to become "unaddressable." For 
this reason, fuses must be programmed in a specific order. This or­
dering is determined by the development tool. Programming is 
achieved by loading the internal shift registers with the required 
data and then applying the programming pulse for the fuse( s) to be 
programmed. The programming pulse is required to meet specific 
timing and current limit specifications. 

Entering the programming mode is accomplished by applying su­
pervoltages on specific pins. The shift registers are accessed in a 
variety of modes which permit rapid programming as well as specif­
ic internal test features. These test modes allow complete testing 
of devices during manufacture. 

The unprogrammed device has all internal logic cell input gates in 
the unconnected state. Consequently, applying Vee to an unpro­
grammed device will cause large currents to flow that can cause ir­
reparable damage to the device. Under no circumstances should 
Vee be applied to an unprogrammed pASIC. 

After the device is programmed, the test modes can also be used to 
verify the device programming. The development tools provide 
automatic test vector generation (ATVG). These vectors can be 
used with appropriately equipped programmers to provide post 
program testing. 
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Introduction 
The Cypress pASIC380 family of very high 
speed FPGAs is built by integrating the 
ViaLink TM metal-to-metal antifuse pro­
gramming element into a standard high­
volume CMOS gate array process. 

Reliability testing of pASIC™ devices is 
part of a continuous process to insure long­
term reliability of the product. It consists 
of industry-established accelerated life 
tests for basic CMOS devices plus addi­
tional stress tests. The addition of two 
high-voltage life tests stresses the unpro­
grammed and programmed ViaLink ele­
ments beyond conventional CMOS reli­
ability testing. 

Results to date, from the evaluation of 
over 1700 pASIC devices from multiple 
wafer lots, indicate that the addition of the 
ViaLink element to a well-established 
CMOS process has no measurable effect 
on the reliability of the resulting product. 
There have been no failures in 31 million 
equivalent device hours of high-tempera­
ture operating life. The observed failure 
rate is 0 FITs, and the failure rate at a 60% 
confidence level is 29 FITs. 

Process Description 
The pASIC devices are fabricated using a 
standard, high-volume l-[.lm CMOS gate 
array process with twin-well, single-poly, 
and double-layer metal interconnect. This 
technology has been qualified to meet 
MIL-STD-883C. Over 1.1 X 109 equiva­
lent device hours of operating life test have 
been accumulated since volume produc­
tion began in 1989. 

The technology employs a high-integrity 
TiW - AI +Cu + TiW metal system that of-

fers very low contact resistance through 
the use of pTSi contacts, high resistance to 
electromigration, and freedom from 
stress-induced opens.[1] 

The basic CMOS technology[2] features 
LDD-type transistors with a gate oxide 
thickness of 200A. BPSG applied over the 
polysilicon lines is reflowed after contact 
formation giving a sloped entry for metal 
one. The interlevel dielectric is planarized 
with spin-on-glass. Vias are wet/dry 
etched, giving sloped walls for good metal 
two-step coverage. Interconnect metal 
lines contain layers ofTiW on both sides of 
standard AI+Cu alloy. 

The ViaLink element is located in an in­
termetal oxide via between the first and 
second layers of metal. I t is created by de­
positing a very high resistance silicon 
film in a standard size metal one to metal 
two via. The silicon deposition is done at 
low temperature and causes no change to 
the properties of the CMOS transistors. 
When deposited at low temperatures, sil­
icon forms an amorphous structure that 
can be electrically switched from a high­
resistance state (== 1 GO) to a low-resis­
tance state (== 50 GO) for an off-to-on 
ratio of 2x 107. QuickLogic takes 
advantage of this property to create the 
ViaLink metal-to-metal antifuse pro­
gramming element (see Figure 1). 

The programming voltage of the ViaLink 
element varies with amorphous silicon 
thickness. For a desired programming 
voltage between 10-12 volts, the thick­
ness of the amorphous silicon film is 
approximately 1000A. This is ideal for 
good process control and minimizes the ca­
pacitive coupling effect of an unpro-

Figure 1. Cross Section of a ViaLink Antifuse 

ViaLink and pASIC are trademarks of QuickLogic Corp. 
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grammed element located between the 
two layers of metal. 

Amorphous silicon is deposited with 
standard semiconductor manufacturing 
equipment and processing techniques. In 
addition to antifuse elements, it is used in 
the high-volume fabrication of image 
sensors, decode, and drive circuits for flat 
panel displays, and high-efficiency solar 
cells. 

Failure Mechanisms in the 
pASIC Device 
A variety of failure mechanisms exists in 
CMOS integrated circuits. Since the over­
all failure rate is composed of various fail­
ure mechanisms, each having different 
temperature dependence and thus varying 
time-temperature relationships, it is im­
portant to understand the characteristics 
of each contributing failure mechanism. 
Table 1 lists nine key failure mechanisms 
that have been characterized for standard 
CMOS devices, plus the two mechanisms 
for the programmed and unprogrammed 
ViaLink elements. 

Various accelerated life tests are used to 
detect the possible contribution of each 
mechanism to the overall failure rate of the 
device. Failure rate data taken at elevated 
temperature can be translated to a lower 
temperature through the Arrhenius equa­
tion. This equation, in the form of an accel­
eration factor, Af, can be written as 

Af = exp[ - Ea!k(lITs - lITo)] Eq. 1 

where Ts is the stress temperature, To is the 
operating temperature of the device, Ea is 
the activation energy for that mechanism, 
and k is the Boltzmann constant. 
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Table 1. Failure Mechanisms That May Be Operative in pASIC Devices 

Failure Mechanism tso Dependence 

Insulator breakdown exp( - ~/E) value of ~ depends 
(leakage, opens) on the dielectric and may be 

temperature dependent. 

Parameter shifts due to con- exp(EafkT) (Arrhenius) 
tamination (such as Na) 

Silicon defects (leakage, etc.) Arrhenius 

Metal line opens from electro- Wt exp(Ea/kT) 
migration j2 

Masking and assembly defects Arrhenius 

Shorts channel charge trapping 
(VT and gm shifts) 

gm == exp( -AE) 

Stress-induced open metal (op- WmtP exp (Ea/kT) (m and p 
erative only on non-clad metal range from 1.3 to 4.7) 
systems) 

Open metal from electrolytic (%RH)-4.5 exp(Ea/kT) 
corrosion 

Wire bond failure from l/(Dt)1!2 where D = 
excessive gold-aluminum Doexp(Ea/kT) 
interdiffusion 

Unprogrammed ViaLink exp(-BE) 

Programmed ViaLink exp( -Pl) 

~n Table ~, t59 is the mean ~ime to failure, E is the electric field, E~ 
IS the activatIOn energy, k IS the Boltzmann constant (8.62 X w­
e V;oK), W is the metal width, t is the metal thickness, 1 is current 
density, gm is transconductance, V T is the threshold voltage, A is a 
constant, m and p are constants, Tis the absolute temperature, RH 
is the relative humidity, and D is the diffusion constant. 

Accelerated Life Tests on 7C382 
The purpose of a life test is to predict the reliability and failure rate 
of a device. However, a device operating under normal operating 
conditions would require years of testing to determine its long­
term reliability. Methods of accelerating failures developed in the 
industry allow accurate prediction of a device life time and failure 
rate in a much shorter time duration. Accelerated stress tests are 
run at high temperature, high voltages, or a combination of both. 
Table NO TA G contains the results of the tests performed on a pro­
grammed 7C382, where approximately 3500 ViaLink elements 
were programmed and about 75,000 ViaLink elements were left 
unprogrammed. These numbers are typical for a fully utilized de­
vice. 

A failure is defined as any change in the DC characteristic beyond 
the datasheet limits and any measurable change in the AC perfor­
mance. 

The overall reliability of the 7C382 devices as indicated by the re­
sults of the tests shown in Table NO TAG is 29 FlTh with a 60% 
confidence. 

Activation Energy (Ea) Detection Tests 

Approx. 0.3 e V for Si02 High-voltage operating life test 
and dependent on E (HTOL) 

1.0eV High-temperature bias 

0.5 eV High-voltage and guard-
banded tests 

Approx. 0.7 eV for Al+Cu HTOL 
alloys 

0.5 eV High-temperature storage and 
HTOL 

Approx. -0.06 eV Low-temperature, high-voltage 
operating life test 

0.6 to 1.4 eV (Ea difficult 
to reproduce) 

Temperature cycling 

0.3 to 0.6 High-temperature/ 
high-humiditylbias test 

0.7eV HTOL 

OeV High Vee static life test 

Approx. 0 eV High Vee operating life test 

Details of each of the tests of Table 2 are given in the following sec­
tions. The failure mechanisms specific to the ViaLink antifuse ele­
ment are described in detail. All tested devices were in the 68-lead 
plastic leaded chip carrier (PLCC) package. 

Standard CMOS Tests and Results 
HTOL is the life test that operates the device at a high vee and 
high temperature. This test is used to determine the long-term reli­
ability and failure rate of the device in the customer environment. 
The specific condition of this test is defined by the MIL­
STD - 883C Quality Conformance Test. The devices are operated 
at 5.5V and 125 0 C for 1000 hours. The acceleration due to temper­
ature can be calculated by using Equation 1, assuming an average 
activation energy ofO. 7 e V and an operating temperature of 55 0 C. 
The observed failure rate in FITs is 

Failure Rate = (failures) X (109 device-hrs)/(total 
equivalent device-hrs) Eq.2 

The generally reported failure rate is a 60% confidence level of the 
observed FITs. The failure rate at this confidence level is calculated 
using Poisson statistics since the distribution is valid for a low fail­
ure occurrence in a large sample. 

The acceleration factor from Equation 1, for 55 0 C and Ea = 0.7 e V 
is 78. Therefore, from the results shown in Table 3, the 7C382 has 
been operating for more than 31 million equivalent device hours 
without a failure. The observed failure rate is 0 FITs and the failure 
rate at a 60% confidence levels is 29 FITs. 
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Table 2. Results of Accelerated Life Tests on the 7C382 

Process Qual. Acceptance Require-
Test ments Test Results 

HTOL, 1,000 hrs, 125°C, Vee = 5.5V, MIL- ~100 FITs @ 55°C, Ea = 0.7 eV, 60% o observed FITs, 29 FITs at a 60% 
STD-883C, Method 1005 confidence confidence, 40 units from 4 lots 

High-temperature storage, 1,000 hrs., 150°C, ~1 % cumulative failures per test 0%, 105 units from 3 lots 
unbiased 

THB, 1,000 hrs., alternately biased, 85% R.H., ~1 % cumulative failures per test 0%, 300 units from 3 lots 
85°C, JEDEC STD 22-B, Method A101 

Temperature cycle, 1,000 cycles, -65°C to ~1 % cumulative failures per test 0%, 110 units from 4 lots 
150°C, MIL-STD-883C, Method 1010 

Thermal shock, 100 cycles, -65°C to 150°C, ~1 % cumulative failures per test 0%, 105 units from 3 lots 
883C, Method 1011 

Pressure Pot, 168 hrs., 121°C, 2.0 atm., no bias ~1 % cumulative failures per test 0%,105 units from 3 lots 

High Vee static life, 1,000 hrs., 25°C, Vee = <20 FITs due to unprogrammed o observed FITs, 363 units from 5 lots 
7.0V static ViaLink element, Af = 130 

High Vee dynamic life, 1,000 hrs., 25°C, Vee <20 FITs due to programmed o observed FITs, 300 units from 3 
= 6.0V, 15 MHz ViaLink element, Af = 380 lots, 1 failure not related to ViaLink 

element 

Table 3. Results of High-Temperature Operating Life Test 
(Vee = 5.5V, Temp. = 125°C, f = 1 MHz, 68-Lead PLCC) 

Temperature, Humidity, and Bias (85/85) 

The temperature, humidity, and bias test is performed under 
severe environmental conditions. The device is exposed to a 
temperature of 85°C and a relative humidity of 85% for 1,000 
hours, which the pins are alternately biased between 0 and 5.5 volts 
(JEDEC STD 22-B). This test is effective at detecting corrosion 
problems, while also stressing the package and bonding wires. 
Table 5 shows that the 7C382 had no failures. 

Failures @ Hours 

Fab Lot Quantity 168 500 1,000 

18362 100 0 0 0 

19194 100 0 0 0 

19618 100 0 0 0 

20454 100 0 0 0 

High-Temperature Storage 

High-temperature storage test is a 150°C, 1,000-hour, unbiased 
bake. This test accelerates failures due to mobile charge, such as 
sodium. The results in Table 4 demonstrate the stability of the pro­
grammed and unprogrammed ViaLink element and the long-term 
shelf life of the 7C382. 

Table 4. Results of High-Temperature Operating Life Test 
(Vee = 5.5V, Temp. = 125°C, f = 1 MHz, 68-Lead PLCC) 

Failures @ Hours 

Fab Lot Quantity 168 500 1,000 

18362 35 0 0 0 

19194 35 0 0 0 

19390 35 0 0 0 

Table 5. Results of Temperature, Humidity, and Bias Test 
(85% R.H., Temp. = 85°C, pins alternately biased at 5.5V, 

68-Lead PLCC) 

Failures @ Hours 

Fab Lot Quantity 168 500 1,000 

19194 100 0 0 0 

19618 100 0 0 0 

19454 100 0 0 0 

Temperature Cycle Tests 

The temperature cycle test stresses the packaged part from - 65 ° C 
to 150°C for 1,000 cycles. The air-to-air cycling follows the 
MIL-STD - 883C Quality Conformance Test. This test checks for 
any problems due to the thermal expansion stresses. The plastic 
package, lead frame, silicon die, and die materials expand and 
contract at different rates. This mismatch can lead to cracking, 
peeling, or delamination of the high-stress layers. The results in 
Table 6 show that the 7C382 had no failures. 
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Table 6. Results of Temperature Cycle Test 
(85% R.H., Temp. = 85°C, pins alternately biased at 5.5V, 

68-Lead PLCe) 

Failures @ Hours 

Fab Lot Quantity 250 500 1,000 

16921 5 0 0 0 

18362 35 0 0 0 

19194 35 0 0 0 

19618 35 0 0 0 

Thermal Shock Tests 

The thermal shock test cycles the packaged part through the same 
temperatures as the temperature cycle test except that the cycling 
is done from liquid to liquid. The temperature change is nearly 
instantaneous in this case. The rapid temperature change can 
result in higher stresses in the package and lead frame. The results 
in Table 7 show that the 7C382 had no failures. 

Table 7. Results of Thermal Shock Test 
(Liquid to Liquid, -65°C to 150°C, 68-Lead PLCe) 

Failures @ Cycle 

Fab Lot Quantity 100 

18362 35 0 

19194 35 0 

19618 35 0 

Pressure Pot Tests 

The pressure pot test is performed at 121°C at 2.0 atmospheres of 
saturated steam with devices in an unbiased state. This test forces 
moisture into the plastic package and tests for corrosion in the 
bonding pads and wires that are not protected by passivation. Cor­
rosion can also occur in passivated areas where there are micro 
cracks or poor step coverage 7C382 had no failures, as shown in 
Table 8. 

Table 8. Results of Pressure Pot Test 
(Pressure = 2.0 atm., Temp. = 121°C, no bias, 68-Lead PLCe) 

Failures @ Hours 

Fab Lot Quantity 48 96 168 

18362 35 0 0 0 

19194 35 0 0 0 

19618 35 0 0 0 

ViaLink Element Reliability Tests and Results 
The ViaLink antifuse is a one-time programmable device. In the 
unprogrammed state it has a resistance of greater than one gi­
gaohm and capacitance of less than one femtofarad. 
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The application of a programming voltage across the antifuse 
structure, above a critical level causes the device to undergo a 
switching transition through a negative resistance region into a 
low-resistance state. The magnitude of the current allowed to flow 
in the low-resistance state, the programming current, is predeter­
mined by design. A link of tungsten, titanium, and silicon alloy is 
formed between metal one and metal two during the programming 
process. 

The link has a metallic-like resistivity of the order of 500 micro­
ohms-cm and is responsible for the low 50-ohm resistance that is a 
unique characteristic of the ViaLink antifuse. 

The link forms a permanent, bidirectional connection between two 
metal lines. The size of the link, and hence the resistance, depends 
on the magnitude of the programming current. Figure 6 shows the 
relationship between programming current and programmed link 
resistance. Figure 3 shows the distribution of link resistance for a 
fixed programming current. 

Unprogrammed ViaLink Element Reliability 

Reliability studies on an antifuse that can exist in two stable resis­
tance states, must focus on the ability of an unprogrammed and a 
programmed device under stress to remain in the desired state. In 
the context of standard IC testing, the antifuse should be stressed 
under conditions similar to those for a dielectric (in the unpro­
grammed state) and for a conductor (in the programmed state). 

For ViaLink elements in the unprogrammed state, the tests must 
determine their ability to withstand applied voltages over the range 
of operating conditions without changing resistance or becoming 
programmed. Amorphous materials might be expected to show 
gradual changes in resistance as a result of relaxation or annealing. 
Reliability studies have been designed to explore these effects. 

When a ViaLink element is stressed at high electric fields, its resis­
tance can decrease from the initial 1 GQ value. The reliability test­
ing program examined the time for the resistance to reach 50 MQ 
at different stress fields. Figures 4 and 5 illustrate that because of 
time constraints ( == 500 years), it is impossible to detect this effect 
at normal operating fields in systems. 

The pASIC device is designed to operate with resistance of the un­
programmed ViaLink element from 50'MQ, the pASIC product 
would remain within the guaranteed speed and standby Icc specifi­
cations. 

Figure 4 shows the time required for a ViaLink element to reach 50 
MQ under various applied electricfields at different temperatures. 
The time required for the change is not accelerated by temperature 
over the studied range of electric fields. The activation energy, Ea, 
for this process is zero. 

Figure 5 shows the time required for a ViaLink element to reach 50 
MQ under various electricfield stresses. Arange of amorphous sili­
con thicknesses have been included in this chart. The data can be 
modeled using the equation 

tSOMQ = toexp( - BE) Eq. 3 

where the time to 50 MQ decreases exponentially with increasing 
applied electric field. The constant to is 3x101S seconds and the 
field acceleration factor, B, is 20 cm/MY. The model is valid for 
electricfields, E, below 1.6 MV fcm. Above this field, programming 
occurs. The electric field for 5.0 volt Vee operation with a typical 
amorphous silicon thickness is 0.61 MV/cm, which extrapolates 
tSOMQ to 1.5x10lO seconds, or 500 years. The time to 50 MQ for the 
worst-case amorphous silicon thickness and operating at worst­
case Vee is in excess of 30 years. 
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The high field effect is both predicable and reproducible. This 
effect is inherent to the amorphous silicon in the ViaLink 
elemend31. The pASIC device has been designed to operate where 
the effect is minimized and has no impact on the reliability of the 
pASIC device. 

Accelerated Stress Tests for Unprogrammed ViaLink Elements 

The high field effect is created in the packaged 7C382 device 
through a high Vee static life test. This test stresses the unpro­
grammed ViaLink element with aVec = 7.0 volts for 1000 hours. 
Over 360 7C382 devices from four lots have been tested. This 
condition stresses over 20,000 unprogrammed ViaLink elements 
in each 7C382. The failure criteria for the pASIC device for this 
test is the same as that of the previous tests, with emphasis placed 
on the standby Icc, which increases as the resistance of the unpro­
grammed ViaLink element decreases. The acceleration factor for 
this stress is calculated by using Equation 3 to find the ratio of the 
tSOM for E = 0.61 MV/cm at 5 volts and E = 0.85 MV/cm at 7 volts. 
This test has an acceleration factor = 130 for the unprogrammed 
ViaLink element. The test results in Table 9 show that no device has 
failed this stress in more than 73 million equivalent device hours. 
Life tests continue to run; two lots have reached 1,500 hours, and 
one lot has exceeded 3,500 hours. 

Table 9. Results of High Vee Static Life Test 
(Vee = 7.0V Static, Temp. = 25°C, 68-Lead PLCC) 

FabLot Quantity Failures Total Hours 

16558 14 0 3,650 

18362 39 0 1,907 

19194 110 0 1,756 

19618 101 0 1,456 

20454 100 0 1,000 

Programmed ViaLink Element Reliability 

The reliability tests on the programmed ViaLink element must 
demonstrate the stability of the link resistance in the programmed 
state. While an increase in resistance of the programmed device 
may not be catastrophic, a higher resistance can affect the device 
operating speed. Because the programmed ViaLink element has 
become part of the on-chip interconnect, reliability tests should be 
similar to those that are normally used to validate the integrity of 
metal interconnects. 

In operation, the programmed ViaLink elements are subjected to 
capacitive switching current of the interconnect network. They do 
not experience any DC current or voltage (see Figure 6). Each 
switching pulse forces a capacitive charging current to flow through 
programmed ViaLink elements into the network on the rising 
edge, and an opposite, or discharging current, to flow on the falling 
edge. Each cycle is analogous to a read pulse for a memory device. 
A 10% change in resistance was set as the read disturb criteria for 
the ViaLink element. The typical impedance of a network is about 
500Q with the programmed ViaLink element contributing 50U A 
10% increase in the ViaLink resistance will increase the network 
impedance by approximately 5Q, or 1 %. This increase in resistance 
will increase a network delay in the pASIC device by about the 
same proportion. 

Programmed ViaLink elements were stressed under severe 
capacitive currents. AC stresses rather than DC stresses were used 
to accelerate the failures for closer correlation with actual 
operation. The mean number of read cycles to disturb, Nso, for 
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Figure 6. Switching of Programmed ViaLink Antifuse 

various temperatures were found to be identical. The absence of 
temperature dependence indicates an Ea == O. Figure 7 shows the 
acceleration of the read disturb at high AC current densities 
through the programmed ViaLink element. Thus, the number of 
cycles to disturb can be modeled as 

Nso = Noexp(-PJ) Eq.4 

where No = 7x1041 cycles is a constant, P = 1.2 cm2/rnA is the cur­
rent density acceleration factor, and J is the peakAC current densi­
ty through the link. 

The 7C382 is designed to operate at worst-case AC current density 
of 40xl06 Alcm2. The Nso for this condition is lx1021 cycles. The 
failure rate can be calculated using the cumulative density F(t), 

F(t) = cp In [NlNsO/a] Eq. 5 

The failure distribution can be determined by plotting the data on 
a log normal probability scale versus the log of the number of cycles 
to failure (see Figure 8). The shape parameter, a, is In(NsoIN16) = 
2.5. 

High AC current density occurs at low frequencies where there is 
sufficient time for the network to be fully charged or discharged. At 
frequencies above 50 MHz, AC current through a ViaLink element 
decreases due to incomplete charging and discharging cycle. The 
worst-case pattern in a programmed pASIC has less than 150 
ViaLink elements operating at 40x106 Ncm2. Most of the 
programmed ViaLink elements operate at much lower current 
densities. Using Equation 5, the cumulative failure rate for the 
ViaLink element operating at 40x106 Alcm2 for 1.6x1016 read 
cycles (equivalent to continuous operation at 50 MHz for 10 years ) 
is 0.6 parts per million. This failure rate for the pASIC device is 90 
parts per million operating under worst-case condition for 10 
years. The failure rate of the programmed ViaLink element would 
contribute 1 FIT to the overall failure rate of the pASIC device. 

Accelerate Stress Tests for Programmed ViaLink Elements 

The high Vee dynamic life test stresses the 7C382 with Vee = 6.0 
volts at 15 MHz for 1,000 hours. This test stresses the programmed 
ViaLink elements at 45x106 Alcm2 for 5.4xlO13 cycles. The accel­
eration factor, calculated fromEquation 4, is380. This test is equiv­
alent to 2.0xl016 switching cycles, or continuous operation under 
worst-case condition at 50 MHz for 12 years. Three hundred 
7C382 devices from 3 lots have been stressed. The failure criteria is 
the same as previously described, with emphasis placed on careful 
monitoring of AC performance. Test results in Table 10 show that 
there have been no failures of the programmed ViaLink elements 
in over 34 million equivalent device hours. 
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Table 10. Results of High Vee Dynamic Life Test 
(Vee = 6.0V, Temp. = 25°C, 15 MHz, 68-Lead PLCC) 

Failures @ Hours 

FabLot Quantity 168 500 1,000 

19194 100 0 0 0 

19618 100 lPl 0 0 

20454 100 0 0 0 

Note: 
1. ICC failure. Not a ViaLink element related failure. Failure analysis 

revealed a particle under M2 causing a short. 

One failure, which was not associated with the ViaLink element, 
was observed during this test. Failure analysis on this part revealed 
a particle under the second metal that caused a short. This failure 
was due to an oxide defect and is highly accelerated by voltage 
stress. This device, which failed at the 6.0-volt stress, may not have 
failed had it been subjected to the standard 5.5-volt HTOL stress. 

Conclusion on Life Tests 

The testing reported here establishes the reliability of the 7C382. 
No failures have been observed in 31 million equivalent device 

Document #: 38-00375 

pASIC380 
Reliability 

hours of high-temperature operating life. The observed failure rate 
is 0 FITs and the failure rate with a 60% confidence is 29 FITs. The 
acceleration factors that can lead to the degradation of the pro­
grammed and unprogrammed ViaLinkelements were studied. The 
pASIC devices are designed to operate at voltages and currents 
where the failure rate of the ViaLink element does not measurably 
increase the failure rate of the pASI C device above that of normal 
CMOS products. 
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Power Characteristics of Cypress Programmable 
Logic Products 

This application note presents and analyzes the 
power dissipation characteristics of Cypress pro­
grammable logic products. The knowledge and 
tools presented here will help you manage power 
when using Cypress CMOS products. 

Design Philosophy 

The design philosophy for all Cypress products is to 
achieve superior performance at reasonable power 
dissipation levels. The CMOS technology, circuit 
design techniques, architecture, and topology are 
carefully combined to optimize the speed/power 
ratio. 

Power Dissipation Sources 

Power is dissipated both inside and outside ICs. The 
internal and external power have a quiescent (or 
DC) component and a frequency-dependent com­
ponent. The relative magnitudes of each depend 
upon the circuit design objectives. 

In circuits designed to minimize power dissipation 
at low to moderate performance, the frequency­
dependent component is significantly greater than 
the DC component. In the high-performance cir­
cuits designed and manufactured by Cypress, the 

. frequency-dependent power component is much 
lower than the DC component. This is because a 
large percentage of the internal power is dissipated 
in linear circuits such as sense amplifiers, bias gen­
erators, and voltage/current references, which are 
required for high performance. 

6-12 

Frequency-Dependent Power 

CMOS circuits inherently dissipate significantly less 
power than either bipolar or NMOS circuits. The 
ideal CMOS circuit has no direct current path be­
tween Vee and V ss. In circuits using other technol­
ogies, such paths exist, and DC power is dissipated 
while the device is in a static state. 

The principal component of power dissipation in a 
power-optimized CMOS circuit is the transient 
power required to charge and discharge the capaci­
tances associated with the inputs, outputs, and inter­
nal nodes. This component is commonly called CV2 
power and is directly proportional to the operating 
frequency, f. 

The charge, Q, stored in a capacitor, C, that is 
charged to a voltage, V, is given by the equation: 

Q = CV Eq.l 

Dividing both sides of Equation 1 by the time re­
quired to charge and discharge the capacitor (one 
period, or T) yields: 

Q CV 
T T Eq.2 

By definition, current (I) is the charge per unit time 
and 

Therefore, 

1= CVf Eq.3 

The power (P = VI) required to charge and dis­
charge the capacitor is obtained by multiplying both 
sides of Equation 3 by V: 
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P = VI = Cylj Eq.4 

It is standard practice to assume that the capacitor 
is charged to the supply voltage (V cc), so that 

Eq.5 

The total power consumption for CMOS systems 
depends upon the operating frequency, the number 
of inputs and outputs, the total load capacitance, the 
internal equivalent (device) capacitance, and the 
static (quiescent) or standby power consumption. 
In equation form: 

Pd = [CINTFINT + CtoadFtoad]Vee2 + 
Iquieseen/Vee = IeeVee Eq.6 

The first four quantities are frequency dependent, 
the last is not. This same equation can be used to de­
scribe the power dissipation of every IC in the sys­
tem. The total power dissipation is then the algebra­
ic sum of the individual components. 

The relative magnitudes of the various terms in the 
equation are device dependent. Note that Equation 
6 must be modified if all of the internal nodes or all 
of the outputs are not switching at the same fre­
quency. 

Transient Power 

Cypress devices incorporate N-well CMOS invert­
ers that can affect the devices' transient power con­
sumption. In an ideal N-well CMOS inverter, the P­
channel pull-up transistor and the N-channel 
pull-down transistor (which are in series with each 
other between Vee and V ss) are never on at the 
same time. Thus, there is no direct current path be­
tween Vee and ground, and the quiescent power is 
very nearly zero. 

In the real world, when the input signal makes the 
transition through the linear region (i.e., between 
logic levels), both the N-channel and P-channel 
transistors are partially turned on. This creates a 
low-impedance path between Vee and V ss whose 
resistance equals the sum of the N- and P-channel 
resistances. 
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Calculating Power for the pASIC380 

Since the pASIC380 family of devices is program­
mable, determining active power is difficult in that 
it is dependent on the functions implemented in the 
pASIC and the frequency of the internal nodes. To 
obtain a reasonably accurate estimate of the power 
consumption for a particular pASIC 1M design, a cal­
culation must be made that sums the power for each 
contributor in the device. This section presents the 
details of how this is accomplished. 

Static Power 

The pASIC family of devices does not have sense 
amplifiers, but they do have an internal bias genera­
tor, which typically uses about 2 rnA for the 5-volt 
versions. This current is less for the 3-volt versions. 
The worst case static current is 10 rnA for all 
pASIC380 devices. 

Active Power 

Active power arises from the energy required to 
move charge in and out of the load capacitances on 
the CMOS gates. A simple model of this is shown 
in Figure 1. The capacitance is composed of the in­
trinsic capacitance of the gate, the interconnect wire 
capacitance to ground, and the input capacitance of 
the gates to which the driving gate is connected. For 
the purpose of the model, the capacitance is lumped 
into the one capacitor in Figure 1. 

The calculation can be a consuming task. Each logic 
cell contains multiple gates each toggling at differ­
ent average frequencies. Each logic cell can be con­
nected to the inputs of other logic cells through vari­
ous types and lengths of interconnect wires. With 
several thousand gates in the device, a power cal­
culation based on the simple model is not a useful 
approach. A simplification is obtained by attribut­
ing an average capacitance to elements easily identi­
fiable by the user. 

These elements are: 

• logic cell 

• input buffer 

• output buffer (unloaded externally) 

• loads on high drive input buffers 
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• express interconnect wire 

• clock input buffer 

• clock distribution (internal column) buffer 

• clock load 

These elements are identified in Figure 2, which is an 
architectural representation of the pASIC family 
devices. Three of the elements in this list are explic­
itly identified load capacitances: loads on high drive 
input buffers, express interconnect wires, and clock 
loads. The average capacitances for each of these 
elements may not be directly due to a named ele­
ment but will include interconnect wire capacitance 
and loads the element is connected to (given some 
average fanout). The capacitances for these ele­
ments will be referred to as an equivalent capaci­
tance to reflect this averaging and the fact that the 
capacitance includes loads not necessarily in that 
particular element. 

The equivalent capacitances are derived from em­
pirical data to insure accuracy. Moreover, the mea-

GATE 

I 
INTRINSIC 
CAPACITANCE 

I 
WIRE 
CAPACITANCE 

surements verify the averaging process and they 
verify the way the capacitances are attributed to the 
various elements. The equivalent capacitances for 
all the elements are given in Table 1 for various aver­
age frequencies from 10 to 100 MHz. The equiva­
lent capacitances are also plotted vs frequency in 
Figure 3. Given this data, the user only needs to 
know how many of each of these elements are used 
and their average frequency in order to estimate the 
power consumption. Not all elements are included 
in all members of the family. The individual data­
sheets should be consulted for further details. 

With the capacitance in pF, the frequency in MHz, 
and the resulting power in m W, the power equation 
can be expressed as 

Pmw = CEQ Vcc2jlO-3 

This equation is in a form for practical use. The 
equivalent capacitance values, CEQ, are obtained 
form the table or curves for the frequency of in­
terest. 

I 

I 

I 

LOAD 
CAPACITANCES 

ACTUAL CIRCUIT CAPACITANCES 

GATE 

I LUMPED 
CAPACITANCE 

CIRCUIT MODEL 

Figure 1. Capacitances in CMOS Circuits 
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Table 1. pASIC380 Equivalent Capacitance (CEQ) 

10 MHz 20 MHz 33 MHz 50 MHz 66 MHz 80 MHz 100 MHz 

Input 9.60 9.30 8.89 

Output 15.73 15.83 16.04 

Macro 17.47 17.02 16.57 

HDbuffer Load 2.25 2.19 2.10 

VertHD Line 3.38 3.29 3.16 

Clock Buffer 10.75 10.75 10.75 

Clock Colbuf 4.67 4.67 4.67 

Clock Load 1.11 1.11 

Power Estimation Example 

As an example of a power estimate, consider a 16-bit 
synchronous counter operating at 33 MHz. This ex­
ample is for illustrative purposes only and the re­
sults should not be used for any other purposes. The 
counter clock is placed on a high-drive input-only 
pad (not one of the specialized clock input buffers) 
and is routed to the counter flip-flops through verti­
cal express wires. When laid out, the counter occu­
pies four columns in the array. All of the counter 
outputs are sent to output pins. Equivalent capaci­
tance numbers are obtained from Table 1 under the 
33 MHz column. 

First examine the 16 bit counter and the logic cells 
used to implement it. An analysis of this gives a sim­
ple result that can be used for the logic and output 
cell power calculation. The first flip-flop toggles at 
f/2, the next flip-flop toggles at f/4, the third at f/8, 
etc. The average per flip-flop toggle rate is 

(f/16)*(1/2 + 1/4 + 1/8... + 1/65536) 

or approximately f/16. The counter and the outputs 
can be considered as 16 logic cells and 16 outputs 
each toggling at f/16. 

The power for all the elements can now be easily cal­
culated. 

Logic Cells (each cell) 

CEQ = 16.57 pF 

f = 33/16 MHz 

P = 16.57 (33/16) * 52 * 10-3 0.83mW 

1.11 
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8.13 7.62 

15.55 16.60 

15.78 14.15 

1.98 1.87 

2.97 2.80 

10.75 10.75 

4.67 4.67 

1.11 1.11 

and for all 16 

P = 16 * 0.83 = 13.28 mW 

Input Buffer 

7.23 6.83 

16.04 14.39 

13.42 12.69 

1.77 1.71 

2.66 2.57 

10.75 10.75 

4.67 4.67 

1.11 1.11 

This is a high drive input buffer for the clock. 

The input buffer itself 

CEQ = 8.89pF 

f = 33 MHz 

P = 8.89 (33) * 52 * 10-3 

The vertical express wires (4) 

CEQ = 3.16pF 

f = 33 MHz 

7.33 mW 

P = 4 * 3.16 (33) * 52 * 10-3 = 10.43 mW 

The high drive buffer loads (clocks on 16 flip - flops) 

CEQ = 2.10 pF 

f= 33 MHz 

P = 16 * 2.10 (33) * 52 * 10-3 27.72 mW 

The output buffers (total for all 16 ) 

CEQ = 16.04 pF 

f = 33/16 MHz 

P = 16 * 16.04 (33/16) * 52 * 10-3 = 13.23 mW 

Adding all ofthe contributors to the power, the total 
dynamic power for the counter is 72.51 mW. To this 
must be added the maximum quiescent power of 50 
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m W (10 rnA max. specification) giving a total of 123 
m W. This power calculation does not include the 
power resulting from external loads on the device 
pins. 

Obtaining Values for the Calculations 

The difficult part of the calculations is obtaining val­
ues for the number of logic cells used, the number 
of clock buffers used, and the average toggle fre­
quency. There is no prescription for determining 
these numbers. However, there are aids to this pro­
cess. These aids will be discussed in this section. 

Consider a 16-bit counter different from the one in 
the previous example. This new counter will use the 
internal clock distribution tree. The task of obtain­
ing the number of logic cells and clock buffers used 
is aided by the Physical View in the Walp3 TM tool. 
Figure 4 shows the physical view for a 16-bit synchro­
nous counter using the internal clock distribution 
tree. The number of logic cells used in the counter 
can be easily counted; there are 27. With the physi­
cal view displayed in SpDE, the user can obtain a 
summary of the cell utilization. This is done by se­
lecting Cell Utilization under Info. There are 16 
output buffers and one clock input buffer, as ex­
pected. The upper/lower column division is be­
tween row 5 and row 6. Therefore, the clock is dis­
tributed to both the upper and lower half of columns 
A and B, whereas only the lower half of columns C, 
D, E, and H receive clocks. Columns A and B will 
use two clock internal buffers each (one for the low­
er half column and one for the upper half column) 
and there will be one each for columns C, D, E, and 
H. The results for clock distribution are: 

clock input buffer (clock buffer) 
clock internal buffers (clock colbuf) 
clock loads 

1 
8 
16 

All of the components of the active power have been 
identified. From the previous example, the average 
frequency for the flip-flop logic cells, the output 
buffers, and the clock related buffers and loads is 
known. Eleven of the logic cells are combinatorial 
and need to be examined more closely. These logic 
cells must be part of the excitation logic for the 
counter flip-flops. There are several approaches. 
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The most direct approach is to examine the physical 
view and, for each cell in question, examine the ori­
gin of the inputs and the destination of the output 
and determine heuristically the approximate logic 
function being implemented in the cell. Knowing 
this, the average toggle rate can be estimated. This 
approach can be time consuming and difficult if 
there is a large amount of circuitry in the design. An 
alternative is to use approximations to an advan­
tage. An approach used earlier was to attribute an 
average toggle frequency to each flip-flop of the 
counter. A simple extension of this approximation 
suggests that each of these combinatorial cells be es­
timated as having an average toggle frequency of 
f/16. 

Using the above data, the power for this 16-bit 
counter is determined as follows: 

Logic Cells (each cell) 

CEQ = 16.57 pF 

f = 33/16 MHz 

P = 16.57 (33/16) * 52 * 10-3 

and for all 27 

P = 27 * 0.85 = 22.95 mW 

0.85mW 

Clock Input Buffer and Distribution Tree 

The input buffer itself 

CEQ = 10.75 pF 

f = 33 MHz 

P = 10.75 (33) * 52 * 10-3 

The clock column buffers (8) 

CEQ = 4.67pF 

f= 33 MHz 

8.87mW 

P = 8 * 4.67 (33) * 52 * 10-3 30.82 mW 

The loads (16) 

CEQ = 1.11 pF 

f = 33 MHz 

P = 16 * 1.11 (33) * 52 * 10-3 14.65 mW 



B 

" 
§ 

Power Characteristics of Cypress PLD Products 

8,,_,,_ 

Figure 4. 16-Bit Counter Physical View 
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The output buffers (total for all 16 ) 

CEQ = 16.04 pF 

f = 33/16 MHz 

P = 16 * 16.04 (33/16) * 52 * 10-3 = 13.23 mW 

The total dynamic power for the counter is 90.52 
m W. Adding, as before, the maximum quiescent 
power of 50 mw, the total power becomes 140 m W. 
This power calculation does not include the power 
resulting from external loads on the device pins. 
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Conclusion 

This application note provides algorithms and refer­
ence data for calculating power consumption in 
Cypress programmable logic devices. All calcula­
tions for active power are based on Equation 4. The 
accuracy of the results is related to the determina­
tion of the capacitance and the frequency. In many 
cases, significant power dissipation is a result of 
driving external loads. Users should make certain 
that the device power calculations include the power 
associated with the external loads. 
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Corporate Views on Quality and Reliability 

Cypress believes in product excellence. Excellence can only be de­
fined by how the users perceive both our product quality and reli­
ability. 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 industry 
norms. It begins by being better than one's competitors, with bet­
ter designs, processes, controls and materials. Therefore, product 
quality and reliability are built into every Cypress product from 
the start. 

Some of the techniques used to insure product excellence are the 
following: 

• Product Reliability is built into every product design, starting 
from the initial design conception. 

• Product Quality is built into every step of the manufacturing 
process through stringent inspections of incoming materials 
and conformance checks after critical process steps. 

• Stringent inspections and reliability conformance checks are 
done on finished product to insure the finished product quali­
ty requirements are met. 

• Field data test results are encouraged and tracked so that 
accelerated testing can be correlated to actual use experi­
ences. 

Product Assurance Documents 

Cypress Semiconductoruses MIL-STD-883D and MIL-I -38535B 
as baseline documents to determine our Test Methods, Procedures 
and General Specifications for semiconductors. 

Customers using our commercial and industrial grade product re­
ceive the benefit of a military patterned process flow at no addi­
tional charge. 

Product Testing Categories 

Five different testing categories are offered by Cypress: 

1. Commercial operating range product: O°C to +70°C. 

2. Industrial operating range product: - 40°C to +85°C. 

3. Military Grade product processed to MIL-STD-883D; Military 
operating range: - 55 0 C to + 125 0 C. 

4. SMD (Standardized Military Drawing) approved product: Mili­
taryoperatingrange: - 55 ° Cto + 125 ° C, electrically tested per 
the applicable Military Drawing. 

5. JAN qualified product; Military operating range: - 55°C to 
+ 125 ° C, electrically tested per JAN slash sheet requirements. 

Categories 1,2, and 3 are available on all products offered by Cy­
press Semiconductor. Categories 4 and 5 are offered on a more 
limited basis, dependent upon the specific part type in question. 

Commercial Product Assurance Categories 

Commercial grade devices are offered with two different classes of 
product assurance. Every device shipped, as a minimum, meets 
the processing and screening requirements of level 1. 

Levell: For commercial or industrial systems where the de­
mand for quality and reliability is high, but where field 
service and device replacement can be reasonably ac­
complished. 

Level 2: For enhanced reliability applications and commercial 
or industrial systems where maintenance is difficult 
and/or expensive and reliability is paramount. 

Devices are upgraded from Levell to Level 2 by addi­
tional testing and a burn-in of 12 hours at 150°C. 

Tables 1 and 2 list the 100% screening and quality conformance 
testing performed by Cypress Semiconductor in order to meet re­
quirements of these programs. 

Military Product Assurance Categories 

Cypress's Military Grade components and SMD products are pro­
cessed per MIL-STD-883D using methods 5004 and 5005 to de­
fine our screening and quality conformance procedures. The pro­
cessing performed by Cypress results in a product that meets the 
class B screening requirements as called out by these methods. Ev­
ery device shipped, as a minimum, meets these requirements. 

JAN, SMD, and Military Grade devices supplied by Cypress are 
processed for applications where maintenance is difficult or ex­
pensive and reliability is paramount. Tables 3 through 7 list the 
screening and quality conformance testing that is performed in or­
der to meet the processing requirements required by MIL­
STD-883D and MIL-I-38535B. 
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Table 1. Cypress Commercial and Industrial Product Screening Flows-Components 

Product Temperature Ranges 

Commercial O°C to +70°C; Industrial -40°C to +85°C 

Levell Level 2 

Screen MIL-STD-883D Method Plastic Hermetic Plastic Hermetic 

VisuallMechanical 

• Internal Visual 2010 O.4%AQL 100% O.4%AQL 100% 

• Hermeticity 
- Fine Leak 1014, CondAorB (sample) Does Not Apply LTPD = 5 Does Not Apply LTPD = 5 
- Gross Leak 1014, Cond C Does Not Apply 100% Does Not Apply 100% 

Burn-in 

• Pre-Bum-in Electrical Per Device Specification Does Not Apply Does Not Apply 100% 100% 

• Burn-in Per Cypress Specification Does Not Apply Does Not Apply 100%(1] 100%[1] 

• Post-Bum-in Electrical Per Device Specification Does Not Apply Does Not Apply 100% 100% 

• Percent Defective Does Not Apply Does Not Apply 5% (max)[2] 5% (max)[2] 
Allowable (PDA) 

Final Electrical Per Device Specification 

• Static (DC), Functional, 1. At 25 ° C and Power Not Performed Not Performed 100%(1] 100%[1] 
and Switching (AC) Tests Supplies Extremes 

2. At Hot Temperature and 100% 100% 100% 100% 
Power Supply Extremes 

Cypress Quality 
Lot Acceptance 

• External Visual 2009 Note 3 Note 3 Note 3 Note 3 

• Final Electrical Cypress Method 17-00064 Note 3 Note 3 Note 3 Note 3 
Conformance 

Table 2. Cypress Commercial and Industrial Product Screening Flows-Modules 

Product Temperature Ranges 

Commercial O°C to +70°C; Industrial -40°C to +85°C 

Screen MIL-STD-883D Method Levell Level 2 

Burn-in 

• Pre-Bum-in Electrical Per Device Specification Does Not Apply 100% 

• Burn-in 1015 Does Not Apply 100% 

• Post-Bum-in Electrical Per Device Specification Does Not Apply 100% 

• Percent Defective Does Not Apply 15% 
Allowable (PDA) 

Final Electrical Per Device Specification 

• Static (DC), Functional, 1. At 25 ° C and Power Not Performed 100% 
and Switching(AC) Tests Supply Extremes 

2. At Hot Temperature and 100% 100% 
Power Supply Extremes 

Cypress Quality 
Lot Acceptance 

• External Visual 2009 Per Cypress Module Specification Per Cypress Module Specification 

• Final Electrical Cypress Method 17-00064 Note 3 Note 3 
Conformance 

Notes: 
1. Burn-in is performed as a standard for 12 hours at 150a C. 
2. Electrical Test is performed after burn-in. Results of this are used to 

determine PDA percentage. 

3. Lot acceptance testing is performed on every lot to guarantee 200 
PPM average outgoing quality. 
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Table 3. Cypress JAN/SMD/Military Grade Product Screening Flows for Class B 

Screening Per 
Method 5004 of 

Screen MIL-STD-883D 

Visual/Mechanical 

• Internal Visual Method 2010, Cond B 

• Temperature Cycling Method 1010, Cond C, (10 cycles) 

• Constant Acceleration Method 2001, Cond E (Min.), 
Y1 Orientation Only 

• Hermeticity: 
-Fine Leak Method 1014, Cond A or B 
- Gross Leak Metpod 1014, Cond C 

Burn-in 

• Pre-Bum-in Electrical Per Applicable Device 
Parameters Specification 

• Burn-in Test Method 1015, Cond D, 
160 Hrs at 125°C Min. or 
80 Hrs at 150°C 

• Post-Bum-in Electrical Per Applicable Device 
Parameters Specification 

• Percent Defective Maximum PDA, for All Lots 
Allowable (PDA) 

Final Electrical Tests 

• Static Tests Method 5005 
Subgroups 1, 2, and 3 

• Functional Tests Method 5005 
Subgroups 7, 8A, and 8B 

• Switching Method 5005 
Subgroups 9, 10, and 11 

Quality Conformance Tests 

• GroupA[4] 

• Group B 
Method 5005, see 

• Group C[5] Tables 4 - 7 for details 

• Group D[5] 

External Visual Method 2009 

Notes: 
4. Group A subgroups tested for SMD/Military Grade products are 1, 2, 

3,7, 8A, 8B, 9, 10, 11, or per JAN Slash Sheet. • 

Product Temperature Ranges -55°C to +125°C 

SMD/Military Military Grade 
JAN Grade Product Module 

100% 100% N/A 

100% 100% Optional 

100% 100% N/A 

100% 100% N/A 
100% 100% N/A 

100% 100% 100% 

100% 100% 100% 
(48 Hours at 125°C) 

100% 100% 100% 

5% 5% 10% 

100% Test to 100% Test to 100% Test to 
Slash Sheet Applicable Device Applicable 

Specification Specification 

100% Test to 100% Test to 100% Test to 
Slash Sheet Applicable Device Applicable 

Specification Specification 

100% Test to 100% Test to 100% Test to 
Slash Sheet Applicable Device Applicable 

Specification Specification 

Sample Sample Sample 

Sample Sample Sample 

Sample Sample Sample 

Sample Sample Sample 

100% 100% 100% 

5. Group C and D end-point electrical tests for SMD/Military Grade 
products are performed to Group A subgroups 1,2,3,7, 8A, 8B, 9, 10, 
11, or per JAN Slash Sheet. 
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Table 4. Group A Test Descriptions 

Sub-
Sample Size/Accept No. 

group Description Components Modules[6] 

1 Static Tests at 25 0 C 116/0 116/0 

2 Static Tests at 116/0 116/0 
Maximum Rated 
Operating Temperature 

3 Static Tests at 116/0 116/0 
Minimum Rated 
Operating Temperature 

4 Dynamic Tests at 25 0 C 116/0 116/0 

5 Dynamic Tests at 116/0 116/0 
Maximum Rated 
Operating Temperature 

6 Dynamic Tests at 116/0 116/0 
Minimum Rated 
Operating Temperature 

7 Functional Tests at 25 0 C 116/0 116/0 

8A Functional Tests at 116/0 116/0 
Maximum Temperature 

8B Functional Tests at 116/0 116/0 
Minimum Thmperature 

9 Switching Tests at 25 0 C 116/0 116/0 

10 Switching Tests at 116/0 116/0 
Maximum Temperature 

11 Switching Tests at 116/0 116/0 
Minimum Temperature 

Cypress uses an LTPD sampling plan that was developed by the 
Military to assure product quality. Testing is performed to the sub­
groups found to be appropriate for the particular device type. All 
Military Grade component products have a Group A sample test 
performed on each inspection lot per MIL-STD-883D and the 
applicable device specification. 

Table 5. Group B Quality Tests 

Quantity/Accept # 

Sub-
orLTPD 

group Description Components Modules[6] 

2 Resistance to Solvents, 3/0 3/0 
Method 2015 

3 Solderability, 10 10 
Method 2003 

5 Bond Strength, 15 NA 
Method 2011 

Group B testing is performed for each inspection lot. An inspec­
tion lot is defined as a group of material of the same device type, 

Note: 
6. Military Grade Modules are processed to proposed JEDEC standard 

flows for MIL-STD-883D compliant modules. 

Quality, Reliability, and Process Flows 

package type and lead finish built within a sixweek seal period and 
submitted to Group B testing at the same time. 

Table 6. Group C Quality Tests 

LTPD 
Sub-

group Description Components Modules[6] 

1 Steady State Life Test, 5 15/0 
End-Point Electricals, 
Method 1005, Cond D 

Group C tests for JAN product are performed on one device type 
from one inspection for lot representing each technology. Sample 
tests are performed per MIL-I-38535B from each three month 
production of devices, which is based upon the die fabrication date 
code. 

Group C tests for SMD and Military Grade products are per­
formed on one device type from one inspection lot representing 
each technology. Sample tests are performed per MIL-STD -883D 
from each four calendar quarters production of devices, which is 
based upon the die fabrication date code. 

End-point electrical tests and parameters are performed per the 
applicable device specification. 

Table 7. Group D Quality Tests (Package Related) 

Quantity/Accept # 

Sub-
orLTPD 

group Description Components Modules[7] 

1 Physical Dimensions, 15 15/0 
Method 2016 

2 Lead Integrity, Seal: 5 15/0 
Fine and Gross Leak, 
Method 2004 and 1014 

3 Thermal Shock, Temp 15 15/0 
Cycling, Moisture 
Resistance, Seal: Fine 
and Gross Leak, Visual 
Examination, End-
Point, Electricals, 
Methods 1011, 1010, 
1004 and 1014 

4 Mechanical Shock, 15 15/0 
Vibration - Variable 
Frequency, Constant 
Acceleration, Seal: 
Fine and Gross Leak, 
Visual Examination, 
End-Point Electricals, 
Methods 2002, 2007, 
2001 and 1014 
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Thble 7. Group D Quality Tests (Package Related) 
(continued) 

Quantity/Accept # 

Sub- orLTPD 

group Description Components Modules[7] 

5 Salt Atmosphere, 
Seal: Fine & Gross Leak, 

15 (0) 15/0 

Visual Examination, 
Methods 1009 & 1014 

6 Internal Water-Vapor 
Content; 5000 ppm 
maximum @ 100°C. 

3(0) or 5(1) N/A 

Method 1018 

7 Adhesion of Lead 15(0) 15/0 
Finish,[8] 
Method 2025 

8 Lid Torque, 5(0) N/A 
Method 2024[9] 

Notes: 
7. Does not apply to leadless chip carriers. 
8. Based on the number of leads. 
9. Applies only to packages with glass seals. 

Group D tests for JAN product are performed per MIL-1-38535B 
on each package type from each six months of production, based 
on the lot inspection identification (or date) codes. 

Group D tests for SMD and Military Grade products are per­
formed per MIL-STD-883D on each package type from each six 
months of production, based on the lot inspection identification 
(or date) codes. 

End-point electrical tests and parameters are performed per the 
applicable device specification. 

Product Screening Summary 

Commercial and Industrial Product 

• Screened to either Levell or Level 2 product assurance flows 
• Hermetic and molded packages available 
• Incoming mechanical and electrical performance guaranteed: 

- 0.02% AQL Electrical Sample test performed on every lot 
prior to shipment 

- 0.65% AQL External Visual Sample inspection 

• Electrically tested to Cypress data sheet 

Ordering Information 

Product Assurance Grade: Levell 

• Order Standard Cypress part number 
• Parts marked the same as ordered part number 

Ex: CY7C122-15PC, PALC22V10-25PI 

Product Assurance Grade: Level 2 

• Burn-in performed on all devices to Cypress detailed circuit 
specification 

• Add 'B' Suffix to Cypress standard part number when order­
ing to designate burn-in option 

• Parts marked the same as ordered part number 
Ex: CY7C122-15PCB, PALC22VlO-25PIB 

Quality, Reliability, and Process Flows 

Military Grade Product 

• SMD and Military Grade components are manufactured in 
compliance with paragrar.h 1.2.1 of MIL-STD-883D. Com­
pliant products are identIfied by an 'MB' suffix on the part 
number (CY7C122-25DMB) and the letter "C" 

• JAN devices are manufactured in accordance with 
MIL-M-3851OJ 

• Military grade devices electrically tested to: 
- Cypress data sheet specifications 

OR 
- SMD devices electrically tested to military drawing specifi­

cations 

OR 
- JAN devices electrically tested to slash sheet specifications 

• All devices supplied in hermetic packages 
• Quality conformance inspection: Method 5005, Groups A, B, 

C, and D performed as part of the standard process flow 

• Burn-in performed on all devices 
- Cypress detailed circuit specification for non-Jan devices 

OR 
- Slash sheet requirements for JAN products 

• Static functional and switching tests performed at 25 ° C as 
well as temperature and power supply extremes on 100% of 
the product in every lot 

• JAN product manufactured in a DESC certified facility 

Ordering Information 

JAN Product: 

• Order per military document 
• Marked per military document 

Ex: JM3851O/2890lBVA 

SMD Product: 

• Order per military document 
• Marked per military document 

Ex: 5962-8867001LA 

Military Grade Product: 

- Order per Cypress standard military part number 

- Marked the same as ordered part number 
Ex: CY7C122-25DMB 

Military Modules 

• Military Temperature Grade Modules are designated with an 
'M' suffix only. These modules are screened to standard com­
bined flows and tested at both military temperature extremes. 

• MIL-STD-883D Equivalent Modules are processed to pro­
posed JEDEC standard flows for MIL-STD-883D compliant 
modules. All MIL-STD-883D equivalent modules are as­
sembled with fully compliant MIL-STD-883D components. 
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Area PROCESS 

QC INCOMING MATERIALS 
INSPECTION 

FAB DIFFUSION/ION 
IMPLANTATION 

FAB OXIDATION 

FAB PHOTOLITHOGRAPHY 
/ETCHING 

FAB METALIZATION 

FAB PASSIVATION 

FAB QC VISUAL OF 
WAFERS 

FAB E-TEST 

FAB QC MONITOR OF 
E-TEST DATA 

TEST WAFER PROBE/SORT 

TEST QC CHECK PROBING 
AND ELECTRICAL 
TEST RESULTS 

Quality, Reliability, and Process Flows 

Product Quality Assurance Flow-Components 

Process Details 

All incoming materials are inspected to documented procedures covering the 
handling, inspection, storage, and release of raw materials used in the 
manufacture of Cypress products. Materials inspected are: wafers, masks, 
leadframes, ceramic packages and/or piece parts, molding compounds, gases, 
chemicals, etc. 

Sheet resistance, implant dose, species and CV characteristics are measured 
for all critical implants on every product run. Test wafers may be used to collect 
this data instead of actual production wafers. If this is done, they are processed 
with the standard product prior to collecting specific data. This insures accurate 
correlation between the actual product and the wafers used to monitor 
implantation. 

Sample wafers and sample sites are inspected on each run from various 
positions of the furnace load to inspect for oxide thickness. Automated 
equipment is used to monitor pinhole counts for various oxidations in the 
process. In addition, an appearance inspection is performed by the opeartor to 
further monitor the oxidation process. 

Appearance of resist is checked by the operator after the spin operation. Also, 
after the film is developed, both dimensions and appearance are checked by 
the operator on a sample of wafers and locations upon each wafer. Final CDs 
and alignment are also sample inspected on several wafers and sites on each 
wafer on every product run. 

Film thickness is monitored on every run. Step coverage cross-sections are 
performed on a periodic basis to insure coverage. 

An outgoing visual inspection is performed on 100% of the wafers in a lot to 
inspect for scratches, particles, bubbles, etc. Film thickness is verified on a 
sample of wafers and locations within each given wafer on each run. Pinholes 
are monitored on a sample basis weekly. 

Electrical test is performed for final process electrical characteristics on every 
wafer. 

Weekly review of all data trends; running averages, minimums, maximums, 
etc. are reviewed with the process control manager. 

Verify functionality, electrical characteristics, stress test devices. 

Pass/fail lot based on yield and correct probe placement. 

TO ASSEMBLY 
AND TEST 

(continued) 
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ASSEMBLY 

FLOW 

Quality, Reliability, and Process Flows 

Product Quality Assurance Flow-Components (continued) 
Commercial and Industrial Product 

COMMERCIAL AND INDUSTRIAL PRODUCT 

Wafer Prep/Mount/Saw 
Inspect for accurate sawing of 

scribeline and 100% saw-through 

Die Visual Inspection 
Inspect die per Cypress equivalent to 

MIL-STD-883D, Method 2010, condition B 

QC Visual Lot Acceptance 
Sample inspect die; 1.0% AQL 

Die Attach 
Attach per Cypress detailed specification 

QC Process Monitor 
Inspect for die position, quality and uniformity of 

die attach and attachment strength, 
MIL-STD-883D, Method 2010, criteria 

Wire Bond 
Bdnd per Cypress detailed specification 

QC Process Monitor - Wire Bonding 
Monitor bond strength and failure mode 

Internal Visual Inspection 
Low-power (30x) inspection of workmanship 

MIL-STD-883D, Method 2010, condition B 

QC Visual Lot Acceptance 
Sample inspect lot to verify workmanship, 
MIL-STD-883D, Method 2010, condition B, 

criteria; 0.4% AQL 

Die Coat 
Coating applied to selected products 

(continued) 
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Quality, Reliability, and Process Flows 

Product Quality Assurance Flow-Components (continued) 
Commercial and Industrial Product 

QC Visual Lot Acceptance for Die Coated Products 

HERMETIC 

Mold/Encapsulate Plastic Devices 

Post Mold Cure 

Seal Hermetic Devices 

Periodic QC Monitor, Lid-Torque 
Shear strength of glass-frit seal tested 

to MIL-STD-883D, Method 2024 

Per Cypress method for molding compound 

Lead Trim/Form 
Lead trim and form for plastic devices, lead 
trim for hermetic devices (where applicable) 

Lot 10 
Mark assembly lot on devices 

Lead Prep/Finish (Solder Dip) 
Prepare leads for solder dip, solder dip devices 

and inspect for uniform solder coverage 

QC Process Monitor 
Verify workmanship and solder coverage 

Fine and Gross Leak Test 
Method 1014, Cond A or 8; fine leak (sample) 

Method 1014, Cond C; gross leak (100%) 

External Visual Inspection 
Inspect for workmanship, construction, cracked or 
broken devices, bent leads, crazing, castellation 

alignment, and solder coverage. 
MIL-STD-883D, Method 2009 

( continued) 

6-27 



PLASTIC 

o 
I 

[] 
I 

o 
I 

Quality, Reliability, and Process Flows 

Product Quality Assurance Flow-Components (continued) 
Commercial and Industrial Product 

OPTIONAL BURN-IN PROCESSING FOR LEVEL 2 

Pre-Burn-In Electrical Test 

Burn-In 

QC Monitor - Burn-In Documents/Results 

Post-Burn-In Electricals 
Per applicable device specification 

HERMETIC 

o 
I 

o 
I 

[j 
I 

I 

QC Inspection 
PDA verified within limits <>-j 

Final Electrical Test 
100% test lot; static (DC), functional and switching (AC) 

tests perfomed per applicable device specification 

Final Device Marking 

Final Visual Inspection 
Inspect for bent leads, marking, solder coverage, etc. 

I QC LOT ACCEPTANCE I 

External Visual Sample 
Method 2009; 0.4% AQL 

Electrical Sample Test 
0.02% AQL to guarantee 200 PPM 

Inspection - Pre-Shipment 
Confirm part type, count, package, check for 

completeness of processing requirements, confirm 
supporting documentation is sent, if required 

o 
D 
[Q1 

o 

Pack/Ship Order 

Key 

Production Process 

Test/Inspection 

Production Process and Test Inspection 

QC Sample Gate and Inspection 
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Quality, Reliability, and Process Flows 

Product Quality Assurance Flow-Components 
Military Components 

MILITARY ASSEMBLY FLOW 

Wafer Prep/Mount/Saw 
Inspect for accurate sawing of scribeline and 100% saw-through 

Die Visual Inspection 
Inspect die per MIL-STD-883D, Method 2010, condition B 

QC Visual Lot Acceptance 
Sample inspect die; 1.0% AQL 

Die Attach 
Attach per Cypress detailed specification 

Die Adherence Monitor 
MIL-STD-883D, Method 2019 or Method 
2027 

Wire Bond 
Bond per Cypress detailed specification 

Bond Pull Monitor 
MIL-STD-883D, Method 2011 

Internal Visual Inspection 
Low-power and high-power inspection per 
MIL-STD-883D, Method 2010, condition B 

QC Visual Lot Acceptance 
Sample inspect lot per MIL-STD-883D, 
Method 2010, condition B, 0.4% AQL 

Die Coat 
Coating applied to selected products 

QC Visual Lot Acceptance for Die Coated Products 

Seal 

Periodic QC Monitor, Lid-Torque 
Shear strength of glass 

(continued) 
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Quality, Reliability, and Process Flows 

Product Quality Assurance Flow-Components (continued) 
Military Components 

Temperature Cycle 
Method 1010, Cond C, 10 cycles 

Constant Acceleration 
Method 2001, Cond E, Y1 Orientation 

Lead Trim 
Lead trim when applicable 

Lot ID 
Mark assembly lot on devices 

Lead Finish 
Solder dip or matte tin plate applicable devices and inspect 

QC Process Monitor 
Verify workmanship and lead finish coverage 

External Visual Inspection 
Method 2009 

Pre-Burn-In Electrical Test 
Method 5004, per applicable device specification 

Burn-In 
Method 1015, condition D 

Post-Burn-In Electricals 
Method 5004, per applicable device specification 

PDA Calculation 
Method 5004, 5% 

Final Electrical Test 
Method 5004; Static, functional and switching 
tests per applicable device specification 

(continued) 
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Product Quality Assurance Flow-Components (continued) 
Military Components 

Lead Finish - Solder Dip 
Solder dip applicable devices 

Fine and Gross Leak Test 
Method 1014, condition A or B, fine leak; condition C, gross leak 

Final Device Marking 
MIL-STD-883D or applicable device specification 

Group B 
Method 5005 

Group A 
Method 5005, per applicable device specification 

Group C and D 
Method 5005, in accordance with 
1.2.1 of MIL-STD-883D; JAN devices 
in accordance with MIL-M-38510J 

External Visual 
Method 2009, 100% inspection 

External Visual Sample 
Method 2009, 0.4% AQL 

Plant Clearance 

Pack/Ship Order 

Key o Production Process 

D Test/Inspection 

(Q] Production Process and Test Inspection 

<> QC Sample Gate and Inspection 
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1-sided 

Quality, Reliability, and Process Flows 

Product Quality Assurance Flow-Modules 

Incoming materials 
inspection 

.. All incoming materials are inspected to documented 
procedures covering the handling, inspection, storage, 
and release of raw materials used in the manufacture of 
Cypress products. Materials inspected are: substrates, 
active device packages, chip capacitors, lead frames, 
solder paste, inks, chemicals, etc. 

Kit Picked 
Compliance verified, documented, 

and traceability established 

Clean 
Pre-assembly cleaning of components 

Solder Paste Depostion 
Screen printed and/or dispensed per detailed specifiction 

2-sided 

o , 
[Q) 
, 

o , 

Component Placement 
Robotic and/or manual per detailed specification 

Solder Reflow 
Microprocessor controlled infrared reflow oven 

Clean 

Data logging <> __ 
(optional) 

AQL visual 

Flux removal by vapor phase 
per detailed specification 

Double-Sided Assembly 
Repeat process for side 2 

Solder paste deposition 

Component placement 

Solder reflow 

100% visual 

2-sided 

o 
~ o 

I 

o 
----:---0 AQLvisual 

Clean o , 
100% visual 0---~ ---

Lead Trim 

Electrical Test 

(Pre-burn-in test) 

( continued) 
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Quality, Reliability, and Process Flows 

Product Quality Assurance Flow-Modules (continued) 

OPTIONAL BURN-IN PROCESSING FOR LEVEL 2 
(STANDARD FOR MIL DEVICES) 

Burn-In 
Method 1015 

QC Monitor - Burn-In Documents/ 
Results 

Post-Burn-In Electricals 
Per applicable device specification 

,- - --
1 

o 

o 
o , 

1 

~-o QC Inspection 
PDA verified within limits <>-~ , 

Final Electrical Test 
100% test lot; DC, AC, functional, and dynamic 

tests performed per applicable device specification 

Final Device Marking 

Final Visual Inspection 
Confirm part type, count, package, check for 

completeness of processing requirements, confirm 
supporting documentation is sent, if required 

QA electrical test 
(room temperature) 

Inspection - Pre-Shipment 

Pack/Ship Order 

Key o Production Process 

D Test/Inspection 

IQ] Production Process and Test Inspection 

<> QC Sample gate and inspection 
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Reliability Monitor Program 

The Reliability Monitor Program is a documented Cypress proce­
dure that is described in Cypress specification #25-00008, which is 
available to Cypress customers upon request. This specification 
describes a procedure that provides for periodic reliability moni­
tors to insure that all Cypress products comply with established 
goals for reliability improvement and to minimize reliability risks 

Quarterly Reliability Monitor Test Matrix 

Devices Tested # per 
Stress Quarter 

HTOL Tech. - Fab. 6 

All High Volume 2 

HAST Tech. - Fab. 6 

All High Volume 2 

PCT Plastic Packages 4 

TC Tech. - Fab. 6 

Plastic Packages 3 

Ceramic Packages 5 

All High Volume 2 

DRET FAMOS - San Jose and Texas 2 

HTSSL All Technologies 4 

TEV All Technologies 4 

Total 46 

Reliability Monitor Test Conditions 

Test Abbrev. Temp. (0C) R.H.(%) 

High-Temperature HTOL +150 N/A 
Operating Life 

High-Temperature Steady- HTSSL +150 N/A 
State Life 

Data Retention for DRET +165 N/A 
Plastic Packages 

Data Retention for DRETI +250 N/A 
Ceramic Packages 

Pressure Cooker PCT +121 100 

Highly Accelerated Stress HAST +140 85 
Test 

Temperature Cycling for TC -40 to N/A 
Plastic Packages + 125°C 

Temperature Cycling for TC2 -65 to N/A 
Ceramic Packages +150°C 

Temperature Extreme TEV Commercial N/A 
Verification Hot & Cold 

o to +70°C 

Quality, Reliability, and Process Flows 

for Cypress customers. The Reliability Monitor Program monitors 
our most advanced technologies and packages. Every technology 
produced at a given fabrication site (Tech. - Fab.) and all assem­
bly houses are monitored at least quarterly. If failures occur, de­
tailed failure analyses are performed and corrective actions are 
implemented. A summary of the Reliability Monitor Program test 
and sampling plan is shown below. 

Sample Read Points 
Bias Size LTPD (hrs.) 

5.75V Dynamic 116 2 48, 168, 500, 
1000 

5.75V Static 116 2 48, 168, 500, 
1000 

N/A 76 3 168,1000 

N/A 76 3 168,1000 

N/A 76 3 96, 168 

5.5V Static 76 3 128 

N/A 76 3 500, 1000 Cycles 

N/A 45 5 500, 1000 Cycles 

N/A 116 2 N/A 
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Tape and Reel Specifications 
Description 

Surface-mounted devices are packaged in embossed tape and 
wound onto reels for shipment in compliance with Electronics In­
dustries Association Standard EIA-481 Rev. A. 

Specifications 

Cover Tape 

• The cover tape may not extend past the edge of the carrier tapes 

• The cover tape shall not cover any part of any sprocket hole. 

• The seal of the cover tape to the carrier tape is uniform, with the 
seal extending over 100% of the length of each pocket, on each 
side. 

SOIC Devices 
TYPICAL 

DIRECTION OF FEED 

SOJ Devices 
TYPICAL 

[[][[][[] 
DIRECTION OF FEED 

• The force to peel back the cover tape from the carrier tape shall 
be: 20 gms minimal, 70 gms nominal, 100 gms maximal, at a pull­
back speed of 300 ± 10 mm/min. 

Loading the Reel 

Empty pockets between the first and last filled pockets on the tape 
are permitted within the following requirements: 

• No two consecutive pockets may be left empty 

• No more than a total often (10) empty pockets may be on a reel 

The surface-mount devices are placed in the carrier tape with the 
leads down, as shown in Figure 1. 

PLCC and LCC Devices 
TYPICAL 

DIRECTION OF FEED 
PIN #1 TO BE ON CIRCULAR 
SPROCKET-HOLE SIDE OF TAPE 

Figure 1. Part Orientation in Carrier Tape 
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Leaders and Trailers 

The carrier tape and the cover tape may not be spliced. Both tapes 
must be one single uninterrupted piece from end to end. 

Both ends of the tape must have empty pockets meeting the follow­
ing minimum requirements: 

• Trailer end (inside hub of reel) is 300 mm minimum 

• Leader end (outside of reel) is 500 mm min., 560 mm max. 

• Unfilled leader and trailer pockets are sealed 

• Leaders and trailers are taped to tape and hub respectively using 
masking tape 

Packaging 

• Full reels contain a standard number of units (refer to Table 1) 
• Reels may contain up to 3 inspection lots. 

• Each reel is packed in an anti-static bag and then in its own indi­
vidual box. 

• Labels are placed on each reel as shown inFigure 2. The informa­
tion on the label consists of a minimum of the following informa­
tion, which complies with EIA 556, "Shipping and Receiving 
Transaction Bar Code Label Standard": 
- Barcoded Information: 

Customer PO number 
Quantity 
Date code 

- Human Readable Only: 
Package count (number of reels per order) 
Description 
"Cypress-San Jose" 

Cypress pin 
Cypress CS number (if applicable) 
Customer pin 

Tape and Reel 

• Each box will contain an identical label plus an ESD warning 
label. 

Ordering Information 

CY7Cxxx-yyzzz 

xxx = part type 

yy = speed 

zzz = package, temperature, and options 

SCT = soic, commercial temperature range 
SIT = soic, inductrial temperature range 
SCR = soic, commercial temperature plus burn-in 
SIR = soic, industrial temperature plus burn-in 
vcr = soj, commercial temperature range 
VIT = soj, industrial temperature range 
VCR = soj, commercial temperature plus burn-in 
VIR = soj, industrial temperature plus burn-in 
JCT = picc, commercial temperature range 
JIT = picc, industrial temperature range 
JCR = picc, commercial temperature range plus burn-in 
JIR = picc, industrial temperature range plus burn-in 

Notes: 
1. The T or R suffix will not be marked on the device. Units will be 

marked the same as parts in a tube. 
2. Order releases must be in full-reel multiples as listed in Table 1. 

Table 1. Parts Per Reel and Tape Specifications 

Package '!ype Terminals Carrier Width (mm) Pocket Pitch Parts Per Meter Parts Per Full Reel 

PLCC 18 24 3 83.3 750 

20 16 3 83.3 750 

28(S) 24 4 62.5 500 

32 24 4 62.5 500 

44 32 6 41.6 400 

52 32 6 41.6 400 

68 44 8 31.2 250 

84 44 8 31.2 250 

SOIC 20 24 3 83.3 1,000 

24 24 3 83.3 1,000 

28 24 3 83.3 1,000 

SOJ 20 24 3 83.3 1,000 

24 24 3 83.3 1,000 

28 24 3 83.3 1,000 

TSOP-1 32 24 3 62.5 1,500 
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EMBOSSED CARRIER 

Tape and Reel Shipping Medium 

Label Placement 

Tape and Reel 

ESD STICKER 

TAPE SLOT IN CORE 

REGULAR, SPECIAL, OR 
BAR CODE LABEL 

Figure 2. Shipping Medium and Label Placement 
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Thermal Management and 
Component Reliability 

One of the key variables determining the long-term reliability of 
an integrated circuit is the junction temperature of the device 
during operation. Long-term reliability ofthe semiconductor chip 
degrades proportionally with increasing temperatures following 
an exponential function described by the Arrhenius equation of 

the kinetics of chemical reactions. The slope of the logarithmic 
plots is given by the activation energy of the failure mechanisms 
causing thermally activated wear out of the device (see Figure 1). 

Typical activation energies for commonly observed failure mecha­
nisms in CMOS devices are shown in Table 1. 
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Figure 1. Arrhenius plot, which assumes a failure rate proportional to EXP ( - EAlkT) 
where EA is the activation energy for the particular failure mechanism 
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Table 1. Failure Mechanisms and 
Activation Energies in CMOS Devices 

Approximate 
Failure Mode Activation Energy (Eq) 

Oxide Defects 0.3 eV 

Silicon Defects 0.3 eV 

Electromigration 0.6eV 

Contact Metallurgy 0.9 eV 

Surface Charge 0.5-1.0 eV 

Slow Trapping 1.0eV 

Plastic Chemistry 1.0eV 

Polarization 1.0eV 

Microcracks 1.3 eV 

Contamination 1.4eV 

To reduce thermally activated reliability failures, Cypress Semi­
conductor has optimized both their low-power-generating CMOS 
device fabrication process and their high-he at-dissipation packag­
ing capabilities. Table 2 demonstrates this optimized thermal per­
formance by comparing bipolar, NMOS, and Cypress high-speed 
lK SRAM CMOS devices in their respective plastic packaging 
environments under standard operating conditions. 

Table 2. Thermal Performance of Fast lK SRAMs 
in Plastic Packages 

Technology Bipolar NMOS 
Cypress 
CMOS 

Device Number 93422 9122 7C122 

Speed (ns) 30 25 25 

Icc (rnA) 150 110 60 

Vcc(V) 5.0 5.0 5.0 

PMAX (mW) 750 550 300 

Package RTH (JA) (OCIW) 120 120 70 

Junction Temperature (oq 160 136 91 
at Datasheet PMAX[l] 

During its normal operation, the Cypress 7C122 device experi­
ences a 91°C junction temperature, whereas competitive devices 
in their respective packaging environments see a 45 ° C and 69 ° C 
higher junction temperature. In terms of relative reliability life 
expectancy, assuming a 1.0-eV activation energy failure mecha­
nism, this translates into an improvement in excess of two orders 
of magnitude (WOX) over the bipolar 93422 device, and more 
than one order of magnitude (3Ox) over the NMOS 9122 device. 

Thermal Performance Data of Cypress Component 
Packages 
The thermal performance of a semiconductor device in its pack­
age is determined by many factors, including package design and 
construction, packaging materials, chip size, chip thickness, chip 
attachment process and materials, package size, etc. 

Notes: 
1. Tambient = 70°C 
2. ANSYS Finite Element Software User Guides 
3. SDRC-IDEAS Pre and Post Processor User Guide 

Thermal Management 

Thermal Resistance (8lA, 8le) 
Thermal resistance is a measure of the ability of a package to 
transfer the heat generated by the device inside it to the ambient. 

For a packaged semiconductor device, heat generated near the 
junction of the powered chip causes the junction temperature to 
rise above the ambient temperature. The total thermal resistance 
is defined as 

8
lA

= Tl - TA 
P 

and 8lA physically represents the temperature differential be­
tween the die junction and the surrounding ambient at a power 
dissipation of 1 watt. 

The junction temperature is given by the equation 

where 

8 Tl - Tc 
lC= --­

P 
and 8CA = T C - TA 

P 

TA = Ambient temperature at which the device is operated; 
Most common standard temperature of operation is room 
temperature to 70°e. 

TJ = Junction temperature of the IC chip. 

T C = Temperature of the case (package). 

P = Power at which the device operates. 

8le = Junction-to-case thermal resistance. This is mainly a func­
tion of the thermal properties ofthe materials constituting 
the package. 

8lA = Junction-to-ambient thermal resistance. The junction-to­
ambient environment is a still-air environment. 

8eA = Case-to-ambient thermal resistance. This is mainly depen­
dent on the surface area available for convection and radi­
ation and the ambient conditions among other factors. This 
can be controlled at the user end by using heat sinks provid­
ing greater surface area and better conduction path or by 
air or liquid cooling. 

Thermal Resistance: Finite Element Model 
8le and 8lA values given in the following figures and listed in the 
following tables have been obtained by simulation using the Fi­
nite element software ANSYS[2]. SDRC-IDEAS Pre and Post 
processor softward3] was used to create the finite element model 
of the packages and the ANSYS input data required for analysis. 

SEMI Standard (Semiconductor Eguipment and Materials Inter­
national) method SEMI G30-88[4] states "heat sink" mounting 
technique to be the "reference" method for 8le estimation of ce­
ramic packages. Accordingly, 8Je of packages has been obtained 
by applying the boundary conditions that correspond to the heat 
sink mounted on the packages in the simulation. 

For 8lA evaluation, SEMI standard specification SEMI G38-87 
suggests using a package-mounting arrangement that approxi­
mates the application environment. So, in evaluating the 8JA, 
package on-board configuration is assumed. 

4. SEMI International Standards, Vol. 4, Packaging Handbook, 1989. 
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Model Description 
• One quarter of the package is mounted on a FR-4 PC board. 

• Leads have been modeled as a continuous metallic plane, and 
equivalent thermal properties have been used to account for 
the plastic (or the glass in the case of ceramic packages) that 
fills the space between the leads. 

• 1 W power dissipation over the entire chip is assumed. 

• 70°C ambient condition is considered. 

Comparison of Simulation Data with Measured 
Data 
In the case of ceramic packages, it is not unusual to see signifi­
cant differences in 8JC values when a heat sink is used in the 
place of fluid bathJ5] However, SEMI G30-88 test method rec­
ommends the heat sink configuration for 8Jc evaluation. 

8JA values from simulation compare within 12 percent of the 
measured values. 8JA values obtained from simulation seem to be 
conservative with an accuracy of about + 12 percent. 

Measured values given in Table 3 used the Temperature Sensitive 
Parameter method described in MIL STD 883C, method 1012.I. 
The junction-to-ambient measurement was made in a still-air en­
vironment where the device was inserted into a low-cost stan­
dard-device socket and mounted on a standard 0.062" G10 PC 
board. 

Table 3. 24-Lead Ceramic and Plastic nIPs 

Cavity/PAD 
8JA (OCIW) 

Package Size (mils) Measured Simulation 

24LCDIP[6] 170 x 270 64 67 

24LPDIP[7] 160 x 210 72 82 

Thermal Resistance of Packages with Forced 
Convection Air Flow 

% DitT. 

5 

12 

One of the methods adopted to cool the packages on PC boards 
at the system level is to used forced air (fans) specified in linear 
feet per minute or LFM. This helps reduce the device operating 
temperature by lowering the case to ambient thermal resistance. 
Available surface area of the package and the orientation of the 
package with respect to the air flow affect the reduction of ther­
mal resistance that can be achieved. A general rule of thumb is: 

• For plastic packages: 
- 200 LFM air flow can reduce 8JA by 20 to 25% 

- 500 LFM air flow can reduce 8JA by 30 to 40% 

• For ceramic packages: 
- 200 LFM air flow can reduce 8JA by 25 to 30% 

- 500 LFM air flow can reduce 8JA by 35 to 45% 

If 8JA for a package in still air (no air flow) is known, approxi­
mate values of thermal resistance at 200 LFM and 500 LFM can 
be estimated. For estimation, the factors given in Table 4 can be 
used as a guideline. 

Notes: 
5. "Thermal resistance measurements and finite calculations for ceramic 

hermetic packages." James N. Sweet et. aI., SEMI-Therm, 1990. 

Thermal Management 

Table 4. Factors for Estimating Thermal Resistance 

Air Flow Rate Multiplication 
Package 1Ype (LFM) Factor 

Plastic 200 0.77 

Plastic 500 0.66 

Ceramic 200 0.72 

Ceramic 500 0.60 

Example: 

8JA for a plastic package in still air is given to be 80°C/W. Using 
the multiplication factor from Table 4: 

• 8JA at 200 LFM is (80 x 0.77) = 6I.6°C/W 

• 8JA at 500 LFM is (80 x 0.66) = 52.8°C/W 

8JA for a ceramic package in still air is given to be 70°C/W. Using 
Table 4: 

• 8JA at 200 LFM is (70 x 0.72) = 50AoC/W 

• 8JA at 500 LFM is (7OXO.60) = 42.0°C/W 

Presentation of Data 
The following figures and tables present the data taken using the 
aforementioned procedures. The thermal resistance values of Cy­
press standard packages are graphically illustrated in Figures 2 
through 6. Each envelope represents a spread of typical Cypress 
integrated circuit chip sizes (upper boundary=5000 mils2, lower 
boundary = 100,000 mils2) in their thermally optimized packag­
ing environments. These graphs should be used in conjunction 
with Table 10, which lists the die sizes of Cypress devices. 

Tables 5 through 9 give the thermal resistance values for other 
package types not included in the graphs. The letter in the head­
er (D,P,], etc.) ofthese tables refer to the package designators as 
detailed in the Package Diagrams section of this catalog. The nu­
meric values given in the table (e.g., 20.3) refer to the lead count 
(20) and package width in inches (.3). If no decimal appears, the 
reader must refer to the package diagrams. 

Packaging Materials 
Cypress plastic packages incorporate 

• High thermal conductivity copper lead frame 
• Molding compound with high thermal conductivity 

• Gold bond wires 

Cypress cerDIP packages incorporate 

• High conductivity alumina substrates 

• Silver-filled glass as die attach material 

• Alloy 42-lead frame 

• Aluminum bond wires 
• Silver-filled conductive epoxy as die attach material 

6. 24LCDIP = 24-1ead cerDIP 
7. 24LPDIP = 24-lead plastic DIP 
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Figure 6. Thermal Resistance of Cypress Ceramic PGAs 

Table 5. Plastic Surface Mount SOIC, SOJ[8,9) 

Paddle Size Die Size Die Area 
(mil) LF Material (mil) (sq. mil) 

140 x 170 Copper 98x84 8,232 

140 x 170 Copper 98x84 8,232 

180x 250 Copper 145 x 213 30,885 

180x 251\) Copper 145 x 213 30,885 

170 x 500 Copper 141 x 459 64,719 

170 x 500 Copper 145 x 213 30,885 

170 x 500 Copper 141 x 459 64,719 

Table 6. Plastic Quad Fiatpacks 

Package 'JYpe Paddle Size Die Size 
"N" LFMaterial (mil) (mil) 

100 Copper 310 x 310 235 x 235 

144 Copper 310x 310 235 x 235 

160 Copper 310x 310 230 x 230 

184 Copper 460 x 460 322 x 311 

208 Copper 400 x 400 290 x 320 

Notes: 
8. The data in Table 6 was simulated for sOle packaging. 
9. SOICs and SOJs have very similar thermal resistance characteristics. 

The thermal resistance values given above apply to SOl packages also. 
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DIE SIZE 

- - - - - - - 5000 SQ. MIL 
30000 SQ. MIL 

100000 SQ. MIL 

8JC 8JA 
(DC/W) (DC/W still air) 

19.0 120 

18.0 116 

17.0 105 

15.4 88 

14.9 85 

16.7 84 

14.4 80 

SJC 8JA 
(DCIW) (DC/W still air) 

17 51 

18 41 

18 40 

15 38.5 

16 39 



Thermal Management 

Table 7. Ceramic Quad Flatpacks 

Package 1:ype Cavity Size Die Size Die Area 8Je 8JA 

"H" and "Y" (mil) LFMaterial (mil) (sq. mil) (OCIW) (OC/W still air) 

28 250 x 250 Alloy 42 123 x 162 19,926 9.2 96 

28 250 x 250 Alloy 42 150 x 180 27,000 8.9 93 

32 316 x 317 Alloy 42 198x 240 47,520 7.5 72 

44 400 x 400 Alloy 42 310 x 250 77,500 5.9 55 

52 400 x 400 Alloy 42 250 x 310 77,500 5.9 55 

68 400 x 400 Alloy 42 310 x 250 77,500 5.4 33 

84 450 x 450 Alloy 42 310 x 250 77,500 5.4 29 

Table 8. Cerpacks 

Package lYpe Cavity Size Leadframe Die Size Die Area 8Je 8JA 
"K"and "T" (mil) Material (mil) (sq. mil) (OCIW) (OC/W still air) 

16 140x 200 Alloy 42 100 x 118 11,800 10 107 

18 140x 200 Alloy 42 100 x 118 11,800 10 104 

20 180x 265 Alloy 42 128 x 170 21,760 9 102 

24 170x 270 Alloy 42 128x 170 21,760 10 102 

28 210 x 210 Alloy 42 150x 180 27,000 9 98 

32 210 x 550 Alloy 42 141 x 459 64,719 7 81 

Table 9. Miscellaneous Packaging 

Cavity Size Leadframe Die Size Die Area 8Je 8JA 
Package 1:ype (mil) Material (mil) (sq. mil) (OCIW) CC/W still air) 

24 VDIPllOJ 500 x 275 Alloy 42 145 x 213 30,885 6 57 

68 CPGAlllJ 350x 350 Kovar Pins 323 x 273 88,179 3 28 

Notes: 
10. VOIP = "PV" package. 11. CPGA = "G" package. 

Table 10. Die Sizes of Cypress Devices 

Part Number Size (mil2) Part Number Size (mil2) 

PLDs PAL22VlOC 18834 

CY7C330 20088 PAL22VPI0C 18834 

CY7C331 16536 PALC16L8 9700 

CY7C332 19116 

CY7C335 23111 

PALC16R4 9700 

PALC16R6 9700 II 
CY7C341 136320 PALC16R8 9700 

CY7C342 83475 PALC22VlO 19926 

CY7C342B 49104 PALC22VlOB 13284 

CY7C343 43953 PALC22VlOD 12954 

CY7C344 21977 PLD20GlOC 18834 

PAL16L8 13552 PLDC20GlO 19926 

PAL16R4 13552 PLDC20G10B 13284 

PAL16R6 13552 PLDC20RAlO 13284 

PAL16R8 13552 Document #: 38-00190 
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Package Diagrams 

Thin Quad Flat Packs (continued) 

144·Pin Thin Quad Flat Pack A144 
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Package Diagrams 

Thin Quad Flat Packs (continued) 

160-Lead Thin Quad Flat Pack (TQFP) A160 
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NOTES 

o 
o 

o 
+1 
o 
o 
\£i 
(\J 

lJ 
1.40±0.05 

1. DIMENSIONS ARE IN MILLIMETERS 
2. LEAD COPLANARITY 0.100 MAX. 
3. PACKAGE VlIDTH AND LENGTH C24.00±0.05) 

DOES NOT INCLUDE MOLD PROTRUSION. 
MAX. ALLOVIABLE PROTRUSION IS 0.25 MM. 

4. LEAD VlIDTH DOES NOT INCLUDE DAMBAR PROTRUSION. 
MAX. ALLOVIABLE DAMBAR PROTRUSION 
ABOVE LOVIER RADIUS IS 0.08 MM. 
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Package Diagrams 

Ceramic Dual-In-Line Packages 

20-Lead (300-Mil) CerDIP D6 
MIL-STD-1835 D-8 Config. A 
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Package Diagrams 

Ceramic Pin Grid Arrays 
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Ceramic Pin Grid Arrays (continued) 
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Ceramic Pin Grid Arrays (continued) 
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Ceramic Windowed J -Leaded Chip Carriers 

28-Pin Windowed Leaded Chip Carrier H64 
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Package Diagrams 

Ceramic Windowed J-Leaded Chip Carriers (continued) 
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Package Diagrams 

Ceramic Windowed J-Leaded Chip Carriers (continued) 

68·Pin Windowed Leaded Chip Carrier H81 
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Ceramic Windowed J-Leaded Chip Carriers (continued) 

84-Lead Windowed Leaded Chip Carrier H84 
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Plastic Leaded Chip Carriers 
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Plastic Leaded Chip Carriers (continued) 
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Package Diagrams 

Ceramic Leadless Chip Carriers 
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Of1 SIDEB 

t=~:t18 ~ 
,358 
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If) 
(\j 0 

0 0 
+1 +1 
0 0 
(\j 0 
(Y) 0 
(\j (\j 

Package Diagrams 

Plastic Quad Flatpacks 

IOO-Lead Plastic Quad Flatpack NIOO 

0,65 
TYP, 

7-23 

0 

0 0 

+1 +1 
0 0 
0 (\j 

0 (Y) 
(\j (\j 

NOTES: 

1. DIMENSIONS ARE IN MILLIMETERS, 
2. LEAD COPLANARITY 0.100 MAX, 
3, PACkAGE VlIDTH 04,00±0.10) AND LENGTH C20.00±0.10) 

DOES NOT INCLUDE MOLD PROTRUSION, 
MAX. ALLOVIABLE PROTRUSION IS 0.25 MM. 

4, LEAD VlIDTH DOES NOT INCLUDE DAI"IBAR PROTRUSION 
MAX ALLOVIABLE DAMBAR PROTRUSION ABOVE 
LOVIER RADIUS IS 0.08 MM. 

II 
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Plastic Dual-In-Line Packages 

20-Lead (300-Mil) Molded DIP P5 

~ -----l 

DIMENSIONS IN INCHES Ml!:i 
MAX, 

24-Lead (300-Mil) Molded DIP P13/P13A 

DIMENSIONS IN INCHES MIN, 
MAX, q PINI 

--r o ~ 
NOTE B ~ 

P 13 P 13A 

l NOTE A 11.ZQ LnQ 
1.200 1.260 

l NOTE B 
.QJ!.;iQ QM,Q 
0,050 0,080 

~
OTEA 

.QJ.iO. L~ ____ 

~ 
0.160 

'll1i J l~ 

SEA TING PLANE 

28-Lead (300-Mil) Molded DIP P21 

oq
~1 

Qg;iQ 

~o 

~ 0,030 
0,080 

~
UZQ 
1425 

ili' 01,0 M2Q J 
0,110 

7-24 

DiMENSIONS IN INCHES ~ 
MAX, 

SEA TING PLANE 
r-~-j Ir 0325 11 

QJlQ2 a 3' MIN 
0012+ ~t 
~~~ 

Package Diagrams 



· -'i~ 
'CYPRESS 

Ceramic Windowed Leadless Chip Carriers 

Package Diagrams 

20-Pin Windowed Square Leadless Chip Carrier Q61 
MIL-STD-1835 C-2A 

28-Pin Windowed Leadless Chip Carrier Q64 
MIL-STD-1835 C-4 

.100 
TYP, 

20 PLACES 

DIMENSIONS IN INCHES 
MIN, 
MAX, 

BOTTOM 

290 DIA, 
LENS 

TOP 

DIMENSIONS IN INCHES 
MIN, 

045 
055 

MAX 

H r
087 
114 
045 
066 n, mCi§ 

'" ~ 
l~'<c~~ 

458 

Ceramic Windowed Pin Grid Arrays 

68-Pin Windowed PGA Ceramic R68 

68 X ,080 DIA, MAX 

DIMENSIONS IN INCHES 
MIN 
MAX, 

,175

l ,185 

68 X L 
~DIA, S 

SEATING 
PLANE 

7-25 

350 DIA 
LENS 

II 



PIN 1 INDICATOR 

Package Diagrams 

Ceramic Windowed Pin Grid Arrays (continued) 
84·Lead Windowed Pin Grid Array R84 

.390 DIA. 
LENS 

X 

~DIA .020 . 

BOTTOM VIEW' 

too· Pin Windowed Ceramic Pin Grid Array RtOO 

TOP VIE\J 

1.290 
1.335 

DIMENSIONS IN INCHES 

MIN. 
MAX. 

BOTTOM VIE\J 

.393 DIA. LENS 

l 
1£.'ZQ 

1.335 

.100 
BSC. 

1.200 
BSC. 

SEATING 

PL\ [~ ~:x~ 

4J'~ ~ ~ ~ ~ ~ ~ ~ ij ~ ~n~ 
L2.Q J L·050 DIA. JL :i~§ 
.140 4 X 

:~k~ DIA. 

100 X 

7-26 



Plastic Small Outline ICs 
20-Lead (300-MiI) Molded SOIC S5 

PIN I ID 

0.291 

Package Diagrams 

0.300 0.393 J 0.420 
DIMENSIONS IN INCHES MIN. 

MAX. 

~bkl LEAD COPLANARITY 0.004 MAX. 

0.032 

r---- 0.497 -------j SEATING PLANE 

1,------ 0.513 ___ +_--, 
)jrr:==( ~h~~ 

0.015 I l---r 0.007 
0.050 -I I--- 0.013 

Windowed Cerpacks 

28-Lead Windowed Cerpack T74 

.015 r .005 
fr PIN 1 LD. 

~ ~~g --

r 
.7 
M AX. 

I 

40 .1 

~ 
TYP. = 

= 
~ 
= = = 

~D 

DIMENSIONS IN INCHES 
MIN. 
MAX. 

r' 045 MAX. 

f 

f 

---.I' 050 BSC 

t 
-----.t 

L .340 ----.J L .005 MIN. 

.003 

.009L 

r 1 

L.250~ 
.370 

.380 

L .250 
.370 

7-27 

BASE AND 
SEATING 
PLANE 

I 
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PIN 1 

Package Diagrams 

Ceramic Quad Flatpacks 

160-Lead Ceramic Quad Flatpack (Cavity Up) U162 

DIMENSION IN MM CINCH) 
MIN, 
MAX, 

0,650 (,0256) 
TYP, 

(,012) 

~
SEAT;,~~ ~~:~)E r 2,79 (110) 

0.15 ±0,02 

mumummUUmmmg~~ (,006 ±,00l) 

0,050 (,002) I [I 
0,500 (,020) ------I 0,51 ±0,20 

(,020 ±,008) 

7-28 



Package Diagrams 

Plastic Small Outline J - Bend 

20-Lead (300-MiI) Molded SOJ V5 

PIN 1 ID 

DIMENSIONS IN INCHES MIN, 
MAX, 

~0'007 
0,013 

0,262 
0,272 

Ceramic Windowed Dual-In-Line Packages 

.150 DIA, 
LENS 

20-Lead (300-MiI) Windowed CerDIP W6 
MIL-STD-1835 D-8 Config. A 

PIN 1 

-. 
,245 
-:3TO 

----,--,----rt-r--r-r--r-r--r-r-,--,---r'~ 

SEA TING PLANE 

7-29 

DIMENSIONS IN INCHES 
MIN, 
MA\, 



Package Diagrams 

Ceramic Windowed Dual-In-Line Packages (continued) 

24-Lead (300-MiI) Windowed CerDiP W14 
MIL-STD-1835 D-9 Config. A 

.175 DIA, 
LENS 

D -. 
245 

~~~h-~~~~~~~O l'- 065 II DIMENSIONS IN INCHES 
I 095 -l~ ~i~ 

155 I 1230 I 290 

2~~ Iffl BASE PLANE 

200tL _ ~ 2~ __ _ _. ~~~ I, 320~ 
~~:W~r'f~~ t~II~! U UJ LU~ U; L 3·~ 

-----H- 0~~5 SEATING PL:~~ 3~50·~ \ 

.140 X ,300 DR 

.140 X .400 
GLASS LENS 

,020 ,390 

28-Lead (300-MiI) Windowed CerDiP W22 
MIL-STD-1835 D-15 Config. A 

PIN 1 

7-30 



Ceramic J-Leaded Chip Carriers 

44-Pin Ceramic Leaded Chip Carrier Y67 

PIN 1 

SEE 
VIE\-! A 

.035 , '5'~ 

-J 1-.050 

040 X 45' BSC 
VIE\-! A 

7-31 

Package Diagrams 

.026 

.032 
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Ceramic J-Leaded Chip Carriers (continued) 

84-Pin Ceramic Leaded Chip Carrier Y84 

PIN 1 

I 
---+---

m 
1.142 1.185 
1.158 1.195 

E"~2JU 1.158 

DIMENSIONS IN INCHES 
MIN. 

.155 
260 

MAX. 

Package Diagrams 

1.185 
1.195 SEATING PLANE 

I 
---+---

I 

---II-- .050 
.040 X 45° BSC 

1Ypicai Marking for DIP Packages (P and D 1Ype) 

DATE CODE: 
XX'('( 

XX = YEAR 
YY = WORK WEEK 

WEEK PARTS WERE MARKED (FOR PLASTIC) 
WEEK PARTS WERE SEALED (FOR HERMETIC) 

IDENTIFIES SPECIFIC MARK LOT 
THE PRODUCT CAME FROM. 

7-32 

DEVICE WITH 
SPEED, PACKAGE, AND TEMP RANGE 

ASSEMBLY CODE: 

IDENTIFIES THE SPECIFIC ASSEMBLY 
LOT THE PRODUCT CAME FROM. 



Domestic Direct Sales Offices 
Corporate Headquarters 

Cypress Semiconductor 
3901 N. First Street 
San Jose, CA 95134 
(408) 943-2600 
Telex: 821032 CYPRESS SNJ UD 
TWX: 910997 0753 
FAX: (408) 943-2741 

IC Designs Division 
12020-113th Ave. N.E. 
Kirkland, WA 98034 
(206) 821-9202 
FAX: (206) 820-8959 

Alabama 
Cypress Semiconductor 
555 Sparkman Drive, Ste. 1212 
Huntsville, AL 35816 
(205) 721-9500 
FAX: (205) 721-0230 

California 
Northwest Sales Office 
Cypress Semiconductor 
100 Century Center Court 
Suite 340 
San Jose, CA 95112 
(408) 437-2600 
FAX: (408) 437-2699 

Cypress Semiconductor 
23586 Calabasas Rd., Ste. 201 
Calabasas, CA 91302 
(818) 222-3800 
FAX: (818) 222-3810 

Cypress Semiconductor 
2 Venture Plaza, Suite 460 
Irvine, CA 92718 
(714) 753-5800 
FAX: (714) 753-5808 

Cypress Semiconductor 
12526 High Bluff Dr., Ste. 300 
San Diego, CA 92130 
(619) 755-1976 
FAX: (619) 755-1969 

Canada 
Cypress Semiconductor 
701 Evans Avenue 
Suite 312 
Toronto, Ontario M9C 1A3 
(416) 620-7276 
FAX: (416) 620-7279 

Colorado 
Cypress Semiconductor 
4704 Harlan St., Suite 360 
Denver, CO 80212 
(303) 433-4889 
FAX: (303) 433-0398 

Sales Representatives and Distributors 

Florida 
Cypress Semiconductor 
10014 N. Dale Mabry Hwy. 101 
Tampa, FL 33618 
(813) 968-1504 
FAX: (813) 968-8474 

Cypress Semiconductor 
255 South Orange Avenue 
Suite 1255 
Orlando, FL 32801 
(407) 422-0734 
FAX: (407) 422-1976 

Georgia 
Cypress Semiconductor 
1080 Holcomb Bridge Rd. 
Building 100, Ste. 300 
Roswell, GA 30076 
(404) 998-0491 
FAX (404) 998-2172 

Illinois 
Cypress Semiconductor 
1530 E. Dundee Rd., Ste. 190 
Palatine, IL 60067 
(708) 934-3144 
FAX: (708) 934-7364 

Maryland 
Cypress Semiconductor 
8850 Stanford Blvd., Suite 1600 
Columbia, MD 21045 
(410) 312-2911 
FAX: (410) 290-1808 

Minnesota 
Cypress Semiconductor 
14525 Hwy. 7, Ste. 360 
Minnetonka, MN 55345 
(612) 935-7747 
FAX: (612) 935-6982 

New Hampshire 
Cypress Semiconductor 
61 Spit Brook Road, Ste. 110 
Nashua, NH 03060 
(603) 891-2655 
FAX: (603) 891-2676 

New Jersey 
Cypress Semiconductor 
100 Metro Park South 
3rd Floor 
Laurence Harbor, NJ 08878 
(908) 583-9008 
FAX (908) 583-8810 

New York 
Cypress Semiconductor 
244 Hooker Ave., Ste. B 
Poughkeepsie, NY 12603 
(914) 485-6375 
FAX: (914) 485-7103 

North Carolina 
Cypress Semiconductor 
7500 Six Forks Rd., Suite G 
Raleigh, NC 27615 
(919) 870-0880 
FAX: (919) 870-0881 

Oregon 
Cypress Semiconductor 
8196 S.w. Hall Blvd. Suite 100 
Beaverton, OR 97005 
(503) 626-6622 
FAX: (503) 626-6688 

Pennsylvania 
Cypress Semiconductor 
Two Neshaminy Interplex, Ste. 206 
Trevose, PA 19053 
(215) 639-6663 
FAX: (215) 639-9024 

Texas 
Cypress Semiconductor 
333 West Campbell Rd., Ste. 240 
Richardson, TX 75080 
(214) 437-0496 
FAX: (214) 644-4839 

Cypress Semiconductor 
Great Hills Plaza 
9600 Great Hills Trail, Ste. 150W 
Austin, TX 78759 
(512) 502-3023 
FAX: (512) 338-0865 

Cypress Semiconductor 
20405 SH 249, Ste. 216 
Houston, TX 77070 
(713) 370-0221 
FAX: (713) 370-0222 

Virginia 
Cypress Semiconductor 
3151C Anchorway Court 
Falls Church, VA 22042 
(703) 849-1733 
FAX: (703) 849-1734 
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Domestic Sales Representatives 
Alabama 

Giesting & Associates 
4835 University Square 
Suite 15 
Huntsville, AL 35816 
(205) 830-4554 
FAX: (205) 830-4699 

Arizona 
Thorn Luke Sales, Inc. 
9700 North 91st St., Suite A - 200 
Scottsdale, AZ 85258 
(602) 451-5400 
FAX: (602) 451-0172 

California 
TAARCOM 
451 N. Shoreline Blvd. 
Mountain View, CA 94043 
(415) 960-1550 
FAX: (415) 960-1999 

TAARCOM 
735 Sunrise Ave., Suite 200-4 
Roseville, CA 95661 
(916) 782-1776 
FAX: (916) 782-1786 

Canada 
bbd Electronics, Inc. 
6685 -1 Millcreek Dr. 
Mississauga, Ontario L5N 5M5 
(416) 821-7800 
FAX: (416) 821-4541 

bbd Electronics, Inc. 
298 Lakeshore Rd., Ste. 203 
Pointe Claire, Quebec H9S 4L3 
(514) 697-0801 
FAX: (514) 697-0277 

bbd Electronics, Inc. - Ottawa 
(613) 564-0014 
FAX: (416) 821-4092 

bbd Electronics, Inc. - Winnipeg 
(204) 942-2977 
FAX: (416) 821-4092 

Western Canada 
Microwe Electronics Corporation 
5330 Wallace Avenue 
Delta, British Columbia V4M 1A1 
(604) 943-5020 
FAX: (604) 943-8184 

Connecticut 
HLM 
3 Pembroke Rd. 
Danbury, cr 06810 
(203) 791-1878 
FAX: (203) 791-1876 

Georgia 
Giesting & Associates 
2434 Highway 120 
Suite 108 
Duluth, GA 30136 
(404) 476-0025 
FAX: (404) 476-2405 

Illinois 
Micro Sales Inc. 
901 W. Hawthorn Drive 
Itasca, IL 60143 
(708) 285-1000 
FAX: (708) 285 -1008 

Indiana 
Technology Mktg. Corp. 
1526 East Greyhound Pass 
Carmel, IN 46032 
(317) 844-8462 
FAX: (317) 573-5472 

Technology Mktg. Corp. 
4630-10 W. Jefferson Blvd. 
Ft. Wayne, IN 46804 
(219) 432-5553 
FAX: (219) 432-5555 

Technology Marketing Corp. 
1214 Appletree Lane 
Kokomo, IN 46902 
(317) 459-5152 
FAX: (317) 457-3822 

Iowa 
Midwest Technical Sales 
463 Northland Ave., N.E. 
Suite 101 
Cedar Rapids, IA 52402 
(319) 377-1688 
FAX: (319) 377-2029 

Kansas 
Midwest Technical Sales 
13 Woodward Dr. 
Augusta, KS 67010 
(316) 775-2565 
FAX: (316) 775-3577 

Midwest Technical Sales 
15301 W. 87 Parkway, Ste. 200 
Lenexa, KS 66219 
(913) 888-5100 
FAX: (913) 888-1103 

Kentucky 
Technology Marketing Corp. 
718 Amhurst Place 
Louisville, KY 40223 
(502) 245-7411 
FAX: (502) 245-4818 

Michigan 
Techrep 
2200 North Canton Center Rd. 
Suite 110 
Canton, MI 48187 
(313) 981-1950 
FAX: (313) 981-2006 

Missouri 
Midwest Technical Sales 
514 Earth City Expwy., #239 
Earth City, MO 63045 
(314) 298-8787 
FAX: (314) 298-9843 

Nevada 
TAARCOM 
735 Sunrise Ave. 
Suite 200-4 
Roseville, CA 95661 
(916) 782-1776 
FAX: (916)782-1786 

New Jersey 
HLM 
333 Littleton Rd. 
Parsippany, NJ 07054 
(201) 263-1535 
FAX: (201) 263-0914 

New York 
HLM 
64 Mariners Lane 
P.O. Box 328 
Northport, NY 11768 
(516) 757 -1606 
FAX: (516) 757-1636 

Reagan/Compar 
96 W. Forest Dr. 
Rochester, NY 14624 
(716) 271-2230 
FAX: (716) 381-2840 

Reagan/Compar 
214 Dorchester Ave., #3C 
Syracuse, NY 13203 
(315) 432-8232 
FAX: (315) 432-8238 

Reagan/Compar 
3301 Country Club Road 
Ste.2211 
P.O. Box 8635 
Endwell, NY 13760 
(607) 754-2171 
FAX: (607) 754-4270 

Ohio 
KW Electronic Sales, Inc. 
8514 North Main Street 
Dayton, OH 45415 
(513) 890-2150 
FAX: (513) 890-5408 

KW Electronic Sales, Inc. 
3645 Warrensville Center Rd. #244 
Shaker Heights, OH 44122 
(216) 491-9177 
FAX: (216) 491-9102 

Oregon 
Northwest Marketing Associates 
6975 S. W. Sandburg Rd, Ste. 330 
Beaverton, OR 97223 
(503) 620-0441 
FAX: (503) 684-2541 
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Sales Representatives and Distributors 

Domestic Sales Representatives (continued) 

Pennsylvania 
KW Electronic Sales, Inc. 
4068 Mt. Royal Blvd., Ste. 110 
Allison Park, PA 15101 
(412) 492-0777 
FAX: (412) 492-0780 

L. D. Lowery 
2801 West Chester Pike 
Broomall, PA 19008 
(215) 356-5300 
FAX: (215) 356-8710 

Puerto Rico 
Electronic Technical Sales 
P.O. Box 10758 
Caparra Heights Station 
San Juan, P.R. 00922 
(809) 798-1300 
FAX: (809) 798-3661 

Utah 
Sierra Technical Sales 
1192 E. Draper Parkway 
Suite 103 
Draper, UT 84020 
(801) 571-8195 
FAX: (801) 571-8194 

Washington 
Northwest Marketing Associates 
12835 Bellevue-Redmond, Ste. 330N 
Bellevue, WA 98005 
(206) 455-5846 
FAX: (206) 451-1130 

Wisconsin 
Micro Sales Inc. 
210 Regency Court 
Suite LIOI 
Waukesha, WI 53186 
(414) 786-1403 
FAX: (414) 786-1813 
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International Direct Sales Offices 
Cypress Semiconductor 
International-Europe 

Avenue Ernest Solvay, 7 
B-13lO La Hulpe, Belgium 
Tel: (32) 2-652-0270 
Telex: 64677 CYPINT B 
FAX: (32) 2-652-1504 

France 
Cypress Semiconductor France 
Miniparc Bat. no 8 
Avenue des Andes, 6 
Z.A. de Courtaboeuf 
91952 Les Ulis Cedex, France 
Tel: (33) 1-69-07-55-46 
FAX: (33) 1-69-07-55-71 

Germany 
Cypress Semiconductor GmbH 
Munchner Str. 15A 
W-8011, Zorneding, Germany 
Tel: (49) 81-06-2855 
FAX: (49) 81-06-20087 

Cypress Semiconductor GmbH 
BiiroNord 
Matthias-Claudius-Str. 17 
W-2359 Henstedt-Ulzburg, Germany 
Tel: (49) 4193-77217 
FAX: (49) 4193-78259 

Italy 
Cypress Semiconductor 
Via Di Valle Focicchia 2 
00040 Rocca Di Papa, Rome 
Tel: (39) 6-949-6888 
FAX: (39) 6-949-6888 (same as phone) 

Cypress Semiconductor 
Interporto di Torino 
Proma Strada n. 5IB 
10043 Orbassano, Italy 
Tel: (39) 11-397-57-98 
or (39) 11-397-57-57 
FAX: (39) 11-397-58-10 

Cypress Semiconductor 
Via Gallarana 4 
20052 Monza, Milano 
Tel: (39) 39-202-7099 
FAX: (39) 202-7101 

Japan 
Cypress Semiconductor Japan KK 
Fuchu-Minami Bldg., 2F 
10-3, l-Chome, Fuchu-machi, 
Fuchu-shi, Tokyo, Japan 183 
Tel: (81) 423-69-82-11 
FAX: (81) 423-69-82-10 

International Sales Representatives 
Australia 

Braemac Pty. Ltd. 
Unit 6,111 Moore St. 
Leichhardt, N.S.W. 2040, Australia 
Tel: (61) 2-564-1211 
FAX: (61) 2-564-2789 

Braemac Pty. Ltd. 
10-12 Prospect Street, Box Hill 
Melbourne, Victoria, 3128, Australia 
Tel: (61) 3-899-1272 
FAX: (61) 3-899-1276 

Austria 
Eurodis Electronics GmbH 
Lamezanstrasse 10 
A -1232 Wien, Austria 
Tel: (43) 1-61062-128 
FAX: (43) 1-61062-151 

Belgium 
SonetechArcobel 
Limburgstirum 243 
B-181O Wemmel, Belgium 
Tel: (32) 2-460-0707 
FAX: (32) 2-460-1200 

Denmark 
ScandComp Denmark A/S 
Rentemestervej 69A 
DK - 2400 Copenhagen NY 
Denmark 
Tel: (45) 31194433 
FAX: (45)3110 12 87 

Finland 
ScandComp Finland OY 
Asemakuja 2 
SF-02 770 ESPOO 
Finland 
Tel: 358-0-859-3099 
FAX: 358-0-859-2120 

France 
Arrow Electronics 
73/79, Rue des Solets 
Silic 585 
94653 Rungis Cedex 
Tel: (33) 1 49 78 49 00 
FAX: (33) 149780599 

Arrow Electronics 
Les Jardins d'Entreprises 
BetimentB3 
213, Rue Gerland 
69007 Lyon 
Tel: (33) 78 72 79 42 
FAX: (33) 78 72 80 24 

Arrow Electronics 
Centreda 
Avenue Didier Daurat 
31700 Blagnac 
Tel: (33) 61 15 75 18 
FAX: (33) 61 3001 93 

Arrow Electronics 
Immeuble St. Christophe 
Rue de la Frebardiere 
Zi Sud Est 
35135 Chantepie 
Tel: (33) 9941 70 44 
FAX: (33) 9950 11 28 

Singapore 
Cypress Semiconductor 
583 Orchard Rd. #11-03 
Singapore 0923 

Sweden 
Cypress Semiconductor 
Scandinavia AB 
Taby Centrum, Ingang S 
S-18311 Taby, Sweden 
Tel: (46) 8 638 0100 
FAX: (46) 8 792 1560 

United Kingdom 
Cypress Semiconductor U.K, Ltd. 
3, Blackhorse Lane, Hitchin, 
Hertfordshire, U.K, SG4 9EE 
Tel: (44) 462-42-05-66 
FAX: (44) 462-42-19-69 

Cypress Semiconductor Manchester 
27 Saville Rd. Cheadle 
Gatley, Cheshire, U.K 
Tel: (44) 614-28-22-08 
FAX: (44) 614-28-0746 

France (continued) 
Newtek 
Rue de I.2Esterel, 8, Silic 583 
F -94663 Rungis Cedex, France 
Tel: (33) 1-46-87-22-00 
Telex: 263046 F 
FAX: (33) 1-46-87-80-49 

Newtek 
Rue de I'Europe, 4 
Zac Font- Ratel 
38640 Claix, France 
Tel: (33) 16-76-98-56-01 
FAX: (33) 16-76-98-16-04 

Scaib, SA 
80 Rue d'Arcueil Silic 137 
9 4523 Rungis, Cedex, France 
Tel: (33) 1-46-87-23-13 
FAX: (33) 1-45-60-55-49 

Germany 
API Electronik GmbH 
Lorenz- Brarenstr 32 
W-8062 Markt, Indersdorf 
Germany 
Tel: (49) 8136 7092 
Telex: 527 0505 
FAX: (49) 8136 7398 

Metronik GmbH 
Leonhardsweg 2, Postfach 1328 
W-8025 Unterhaching, 
Germany 
Tel: (49) 89 611080 
Telex: 17 897434 METRO D 
FAX: (49) 89 6116468 



Sales Representatives and Distributors 

International Sales Representatives (continued) 

Germany (continued) 
Metronik GmbH 
Laufamholzstrasse 118 
W - 8500 Niirnberg, 
Germany 
Tel: (49) 911 544966 
Telex: 6 26 205 
FAX: (49) 911 542936 

Metronik GmbH 
Loewenstrasse 37 
W -7000 Stuttgart 70 
Germany 
Tel: (49) 711 764033 
Telex: 7-255-228 
FAX: (49) 711 7655181 

Metronik GmbH 
Siemensstrasse 4-6 
W -6805 Heddesheim, Germany 
Tel: (49) 6203 4701 
Telex: 465 035 
FAX: (49) 6203 45543 

Metronik GmbH 
Zum Lonnenhohl 38 
W-4600 Dortmund l3, Germany 
Tel: (49) 231 217041 
FAX: (49) 231210799 

Metronik Halle 
Thalmannplatz 16/0904 
0-4020 Halle, Germany 

SASCOGmbH 
Hermann-Oberth-Str. 16 
8011 Putzbrunn, Germany 
Tel: (089) 4611-211 
Telex: 529 504 sasco d 
FAX: (089) 4611-271 

SASCOGmbH 
Gibitzenhofstr. 62 
8500 Numberg 70, Germany 
Tel: (0911) 42 10 65 
Telex: 623097 
FAX: (0911) 425794 

SASCOGmbH 
Stafflenbergstr. 24 
7000 Stuttgart 1, Germany 
Tel: (0711) 244521 
Telex: 723936 
FAX: (0711) 23 3963 

SASCOGmbH 
Am Gansacker 26 
7801 Umkirch bei Freiburg 
Tel: (07665) 70 18 
Telex: 7722945 
FAX: (07665) 87 78 

SASCOGmbH 
Hainer Weg 48 
6000 Frankfurt 70, Germany 
Tel: (069) 61 03 91 
Telex: 414435 
FAX: (069) 61 8824 

Germany (continued) 
SASCOGmbH 
Beratgerstr. 36 
4600 Dortmund 1, Germany 
Tel: (0231) 17 97 91 
Telex: 8227826 
FAX: (0231) 172991 

SASCOGmbH 
Am Uhrturm 7 
3000 Hannover 81, Germany 
Tel: (0511) 83 90 20 
Telex: 921123 
FAX: (0511) 8 43 7618 

SASCOGmbH 
Europaallee 3 
2000 Norderstedt, Germany 
Tel: (040) 5 23 20 13 
Telex: 2165623 
FAX: (040) 5 23 23 78 

Hong Kong 
Tekcomp Electronics, Ltd. 
913-4 Bank Centre 
636, Nathan Road, Mongkok 
Kowloon, Hong Kong 
Tel: (852) 3-880-629 
Telex: 38513 TEKHL 
FAX: (852) 7-805-871 

India 
Spectra Innovations Inc. 
Manipal Centre, Unit No. S-822 
47, Dickenson Rd. 
Bangalore-560,042 
Karnataka, India 
Tel: 80-588-323 
Telex: 845 2696 or 8055 

(Attn: ICTP-705) 
FAX: 80-586-872 

Israel 
Talviton Electronics 
p.o. Box 21104, 9 Biltmore Street 
Tel Aviv 61 210, Israel 
Tel: (972) 3-544-2430 
Telex: 33400 VITKO 
FAX: (972) 3-544-2085 

Italy 
Silverstar Ltd. SPA 
Viale Fulvio Testi, 280 
20126 Milano, Italy 
Tel: (39) 2 661251 
Teles: 33 2189 SIL 71 
FAX: (39) 266101359 

Japan 
Fuji Electronics Co., Ltd. 
Ochanomizu Center Bldg. 
3 - 2-12 Hongo, Bunkyo - Ku 
Tokyo, 113 Japan 
Tel: (81) 3-3814-1411 
Telex: 128603 FUJITRON 
FAX: (81) 3-3814-1414 

Japan (continued) 
Ryoyo Electro Corporation 
Knowa Bldg., 1-12-22 Tsukiji, 
Chuo-ku, Tokyo 104 Japan 
Tel: (81)3-5565-1531 
FAX: (81) 3-5565-1546 

Tomen Electronics Corp. 
2-1-1 Uchisaiwai-Cho, Chiyoda-Ku 
Tokyo, 100 Japan 
Tel: (81) 3-3506-3673 
Telex: 23548 TMELCA 
FAX: (81) 3-3506-3497 

Korea 
Logicom Inc. 
1634-9 Bongchun-Dong 
Kwanak-ku 
Seoul, Korea 151-061 
Tel: (822) 888-2858 
FAX: (822) 888-7040 

superCHIP Inc. 
6th Floor, KyungJin Bldg. 161-17 
Sansung-dong, Kangnam-ku 
Seoul, Korea 
Tel: (822) 558-5559 
FAX: (822) 558-1875 

Netherlands 
Sonetech/Arcobel B.Y. 
Gulberg 33, NL-5674 
TeNuenen 
The Netherlands 
Tel: (31) 40-83-70-75 
Telex: 59418 INTRA NL 
FAX: (31) 40-83-23-00 

Norway 
ScandComp Norway NS 
Aslakveien 20 F 
N-0753 OSLO 7 
Norway 
Tel: (47) 22500650 
FAX: (47) 22 50 27 77 

Singapore 
Electec PTE Ltd. 
Block 50, Kallang Bahru 
#04-21, Singapore 1233 
Tel: (65) 294-8389 
FAX: (65) 294-7623 

South Africa 
Electronic Building Elements 
P.O. Box 912-1222 
Silverton 0127 
178 Erasmus St. 
Meyers Park, Pretoria 0184 
South Africa 
Tel: (34) 1304-1534 
FAX: (34) 1327-2778 
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International Sales Representatives (continued) 

Spain 
AID Electronica 
Avda. de la Industria No. 32 
Nave 17, 2B, 28100 Alcobendas 
Madrid, Spain 
Tel: (34) 1-66-16-551 
FAX: (34) 1-66-16-300 

Sweden 
ScandComp Sweden AB 
Box 8303 Domnarvsgatan 33 
S-163 08 SPANGA 
Sweden 
Tel: (46) 8-761-73-00 
FAX: (46) 8-760-46-69 

Switzerland 
Basix fUr Elektronik A. G. 
Hardturmstrasse 181 
CH -8010 Zurich, Switzerland 
Tel: (41) 1-276-11-11 
Telex: 822762 BAEZ CH 
FAX: (41) 1-276-14-48 

Taiwan R.O.C. 
Prospect Technology Corp. 
5F, No. 348, Section 7 
Cheng-Teh Rd. 
Taipei, Thiwan 
Tel: (886) 2-820-5353 
Telex: 14391 PROSTECH 
FAX: (886) 2-820-5731 

United Kingdom 
Ambar Components Ltd. 
17 Thame Park Road 
Thame, Oxfordshire 
England, OX9 3XD 
Tel: (44) 844-26-11-44 
Telex: 837427 
FAX: (44) 844-26-17-89 

United Kingdom (continued) 
Arrow Electronics (UK) Ltd. 
St. martins Business Centre 
Cambridge Road 
Bedford MK42 OLF, UK 
Tel: (44) 234 270272 
FAX: (44) 234 214674 

Pronto Electronic System Ltd. 
City Gate House 
Eastern Avenue, 399-425 
Gants Hill, Ilford, 
Essex, U. K IG2 6LR 
Tel: (44) 81-554-62-22 
Telex: 8954213 PRONTO G 
FAX: (44) 81-518-32-22 
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Distributors 
Alliance Electronics: 
Scottsdale, AZ 85254 
1-800-608-9494 
FAX: (602) 443-3898 

Shelton, CT 06484 
(203) 926-0087 
FAX: (203) 926-1850 

Vernon Hills, IL 60061 
(708) 949-9890 
FAX: (708) 949-1162 

Winchester, MA 01890 
1-800-888-6627 
FAX: (617) 756-1226 

Binghamton, NY 13901 
(607) 648 - 8833 

Huntington, NY 11743 
(516) 673-1930 
FAX: (516) 673-1934 

Dayton, OH 45459 
(513) 433-7700 
FAX: (513) 433-3147 

Carrolton, TX 75007 
(214) 492-6700 
FAX: (214) 492-5474 

Anthem Electronics, Inc.: 
Tempe, AZ 85281 
(602) 966-6600 

Chatsworth, CA 91311 
(818) 775 -1333 

East Irvine, CA 92718 
(714) 768-4444 

Rocklin, CA 95677 
(916) 624-9744 

San Jose, CA 95131 
(408) 453 -1200 

San Diego, CA 92121 
(619) 453-9005 

Englewood, CO 80112 
(303) 790-4500 

Waterbury, CT 06705 
(203) 575 -1575 

Altamonte Springs, FL 32701 
(407) 831-0007 

Schaumburg, IL 60173 
(708) 884-0200 

Wilmington, MA 01887 
(508) 657-5170 

Columbia, MD 21046 
(301) 995-6640 

Eden Prairie, MN 55344 
(612) 944-5454 

Pine Brook, NJ 07058 
(201) 227 -7960 

Commack, NY 11725 
(516) 864-6600 

Beaverton, OR 97005 
(503) 643-1114 

Horsham, PA 19044 
(215) 443-5150 

Richardson, TX 75081 
(214) 238-7100 

Salt Lake City, UT 84119 
(801) 973-8555 

Bothel, WA 98011 
(206) 483 -1700 

Arrow Electronics: 
Alabama 
Huntsville, AL 35816 
(205) 837-6955 

Arizona 
Tempe, AZ 85282 
(602) 431-0030 

California 
Calabasas, CA 91302 
(818) 880-9686 

San Diego, CA 92123 
(619) 565-4800 

San Jose, CA 95131 
(408) 441-9700 

San Jose, CA 95134 

Tustin, CA 92680 
(714) 587-0404 

Canada 
Mississauga, Ontario L5T 1MA 
(416) 670-7769 

Dorval, Quebec H9P 2T5 
(514) 421-7411 

Neapean, Ontario K2E 7W5 
(613) 226-6903 

Quebec City, Quebec G2E 5RN 
(418) 871-7500 

Burnaby, British Columbia V5A 4T8 
(604) 421-2333 

Colorado 
Englewood, CO 80112 
(303) 799-0258 

Connecticut 
Wallingford, CT 06492 
(203) 265-7741 

Florida 
Deerfield Beach, FL 33441 
(305) 429-8200 

Florida (continued) 
Lake Mary, FL 32746 
(407) 333-9300 

Georgia 
Deluth, GA 30071 
(404) 497 -1300 

Illinois 
Itasca, IL 60143 
(708) 250-0500 

Indiana 
Indianapolis, IN 46268 
(317) 299-2071 

Kansas 
Lenexa, KS 66214 
(913) 541-9542 
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Distributors (continued) 

Arrow Electronics: (cont.) 
Maryland 
Columbia, MD 21046 
(410) 596-7800 

Gathersburg, MD 
(301) 596-7800 

Massachusetts 
Wilmington, MA 01887 
(617) 658-0900 

Michigan 
Livonia, MI 48152 
(313) 462-2290 

Minnesota 
Eden Prairie, MS 55344 
(612) 941-5280 

Missouri 
St. Louis, MO 63146 
(314) 567-6888 

New Jersey 
Marlton, NJ 08053 
(609) 596-8000 

Pine brook, NJ 07058 
(201) 227 -7880 

New York 
Rochester, NY 14623 
(716) 427 -0300 

Hauppauge, NY 11788 
(516) 231-1000 

North Carolina 
Raleigh, NC 27604 
(919) 876-3132 

Ohio 
Centerville, OH 45458 
(513) 435-5563 

Solon, OH 44139 
(216) 248-3990 

Oklahoma 
Tulsa, OK 74146 
(918) 252-7537 

Oregon 
Beaverton, OR 97006-7312 
(503) 629-8090 

Pennsylvania 
Pittsburgh, PA 15238 
(412) 963-6807 

Texas 
Austin, TX 78758 
(512) 835-4180 

Carrollton, TX 75006 
(214) 380-6464 

Houston, TX 77099 
(713) 530-4700 

Washington 
Bellevue, WA 98007 
(206) 643-9992 

Spokane, WA 99206-6606 
(509) 924-9500 

Wisconsin 
Brookfield, WI 53045 
(414) 792-0150 
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Distributors (continued) 
Marshall Industries: Florida (continued) New York 
Alabama Altamonte Springs, FL 32701 Endicott, NY 13760 
Huntsville, AL 35801 (407) 767-8585 (607) 785 - 2345 
(205) 881-9235 St. Petersburg, FL 33716 Haufpage, NY 11788 

Arizona (813) 573-1399 (516 273-2695 
Phoenix, AZ 85044 Georgia Rochester, NY 14624 
(602) 496-0290 Norcross, GA 30093 (716) 235-7620 

California (404) 923 - 5750 North Carolina 
Marshall Industries, Corp. Headquarters Illinois Raleigh, NC 27604 
EI Monte, CA 91731-3004 Schaumbrug, IL 60173 (919) 878-9882 
(818) 307-6000 (708) 490-0155 Ohio 
Irvine, CA 92718 Indiana Solon, OH 44139 (714) 458-5301 

Indianapolis, IN 46278 (216) 248-1788 
Calabasas, CA 91302 (317) 297-0483 Dayton, OH 45414 (818) 878-7000 

Kansas (513) 898-4480 
Rancho Cordova, CA 95670 Lenexa, KS 66214 Oregon (916) 635-9700 (913) 492-3121 Beaverton, OR 97005 
San Diego, CA 92123 Maryland (503) 644-5050 
(619) 627-4140 Silver Springs, MD 20904 Pennsylvania 
Milpitas, CA 95035 (301) 622-1118 Mt. Laurel, NJ 08054 (408) 942-4600 

Massachusetts (609) 234-9100 
Canada Wilmington, MA 01887 Texas Brampton, Ontario L6T 5G3 (508) 658-0810 Austin, TX 78754 (416) 458-8046 

Michigan (512) 837 -1991 
Ottawa, Ontario 

Livonia, MI 48150 Richardson, TX 75081 (613) 564-0166 
(313) 525-5850 (214) 705-0600 Pointe Claire, Quebec H9R 5P9 

(514) 694-8142 Minnesota Houston, TX 77043 
Colorado Plymouth, MN 55447 (713) 467 -1666 
Thornton, CO 80241 (612) 559-2211 

Utah 
(303) 451-8383 Missouri Salt Lake City, UT 84119 

Connecticut Bridgeton, MO 63044 (801) 973-2288 
Wallingford, CT 06492-0200 (314) 291-4650 

Washington 
(203) 265-3822 New Jersey Bothell, WA 98011 

Florida Fairfield, NJ 07006 (206) 486-5747 
Ft. Lauderdale, FL 33309 (201) 882-0320 

Wisconsin 
(305) 977-4880 Mt. Laurel, NJ 08054 Waukesha, WI 53186 

(609) 234-9100 (414) 797 -8400 
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Distributors (continued) 

Semad: 
Calgary 
Calgary, Alberta T2H 2S8 
(403) 252-5664 
FAX: (800) 565 -9779 

Montreal 
Pointe Claire, Quebec H9R 427 
(514) 694-0860 
1-800-361-6558 
FAX: (514) 694-0965 

Ottawa 
Ottawa, Ontario KlB lA 7 
(613) 526-4866 
FAX: (613) 523-4372 

Toronto 
Markham, Ontario L3R 4Z4 
(905) 475-3922 
FAX: (905) 475-4158 

Vancouver 
Burnaby, British Columbia V5G 4Ml 
(604) 451-3444 
1-800-663-8956 
FAX: (604) 451-3445 

Zeus Electronics, An Arrow Co.: 
Irvine, CA 92718 
(714) 581-4622 

San Jose, CA 95131 
(408) 629-4789 

Lake Mary, FL 32746 
(407) 333-3055 

Itasca,IL 60143 
(708) 595 -9730 

Wilmington, MA 01887 
(508) 658-4776 

Port Chester, NY 10573 
(914) 937-7400 

Carrollton, TX 75006 
(214) 380-4330 
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