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How To Use This Book 

Overall Organization 

This book has been organized by product type, begin
ning with Product Information. The products are 
next, starting with Small PLDs, CPLDs, FPGAs, and 
Development Systems. A section containing Quality 
is next, followed by a Package Diagrams section. 
Within each section, data sheets are arranged in 
order of part number. 

Recommended Search Paths 

To search by: Use: 

Product line Table of Contents or flip 
through the book using the 
tabs on the right-hand pages. 

Size The Product Selector Guide 
in section 1. 

Numeric part number Numeric Device Index fol
lowing the Thble of Con
tents. The book is also ar
ranged in order of part 
number. 

Other manufacturer's The Cross Reference Guide 
part number in section 1. 

Military part number The Military Selector Guide 
in section 1. 

Published November 1995 

Key to Waveform Diagrams 

= 

Rising edge of signal will 
occur during this time. 

Falling edge of signal will 
occur during this time. 

Signal may transition 
during this time (don't 
care condition). 

Signal changes from high
impedance state to valid 
logic level during this time. 

Signal changes from valid 
logic level to high-impedance 
state during this time. 
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injury to the user. The inclusion of Cypress Semiconductor products in life-support systems applications implies that the manufacturer assumes all risk of such use and in so doing indemnifies 
Cypress Semiconductor against all damages. 



Table of Contents 

Table of Contents Page Number 

General Information 
Cypress Semiconductor Background ......................................................................... 1-1 
Ordering Information ..................................................................................... 1-4 
Cypress Semiconductor Bulletin Board System (BBS) Announcement. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1-5 
Application Notes ........................................................................................ 1-6 
Product Selector Guide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1-7 
Product Line Cross Reference ............................................................................. 1-10 
Military Overview. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1-14 
Military Product Selector Guide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1-15 
Military Ordering Information .................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1-17 

Small PLDs (Programmable Logic Devices) 

Introduction to Cypress PLDs 

Device 
PALC20 Series 
PALCE16V8 
PALCE20V8 
PLDC20GlOB 
PLDC20GlO 
PLDC20RAlO 
PALCE22VlO 
PALC22VlO 
PALC22VI0B 
PAL22VI0C 
PAL22VPI0C 
PALC22VlOD 
CY7C330 
CY7C331 
CY7C332 
CY7C335 

CPLDs (Complex PLDs) 

Device 
Ultra39000 
Ultra39192 
Ultra39256 
Ultra39320 
Ultra39384 
Ultra39448 
Ultra39512 
FLASH370 CPLD Family 
CY7C371 
CY7C372 
CY7C373 
CY7C374 
CY7C375 
FLAsH370i ISR CPLD Family 
CY7C371i 
CY7C372i 
CY7C373i 

2-1 

Description 
Reprogrammable CMOS PALC 16L8, 16R8, 16R6, 16R4 . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-6 
Flash Erasable, Reprogrammable CMOS PAL Device. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-7 
Flash Erasable, Reprogrammable CMOS PAL Device .............................. 2-17 
CMOS Generic 24-Pin Reprogrammable Logic Device ............................. 2-27 
CMOS Generic 24-Pin Reprogrammable Logic Device ............................. 2-27 
Reprogrammable Asynchronous CMOS Logic Device ............................. 2-35 
Flash Erasable, Reprogrammable CMOS PAL Device. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-46 
Reprogrammable CMOS PAL Device ........................................... 2-56 
Reprogrammable CMOS PAL Device ........................................... 2-57 
Universal PAL Device ........................................................ 2-58 
Universal PAL Device ........................................................ 2-58 
Flash Erasable, Reprogrammable CMOS PAL Device .............................. 2-59 
CMOS Programmable Synchronous State Machine ................................ 2-68 
Asynchronous Registered EPLD ............................................... 2-69 
Registered Combinatorial EPLD ............................................... 2-83 
Universal Synchronous EPLD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-84 

Description 
UltraLogic High-Density CPLD Family. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-1 
UltraLogic 192-Macrocell CPLD ................................................ 3-2 
UltraLogic 256-Macrocell CPLD ................................................ 3-3 
UltraLogic 320-Macrocell CPLD ................................................ 3-4 
UltraLogic 384-Macrocell CPLD ................................................ 3-5 
UltraLogic 448-Macrocell CPLD ................................................ 3-6 
UltraLogic 512-Macrocell CPLD ................................................ 3-7 
UltraLogic High-Density Flash CPLDs ........................................... 3-8 
UltraLogic 32-Macrocell Flash CPLD ........................................... 3 -15 
UltraLogic 64-Macrocell Flash CPLD ........................................... 3-24 
UltraLogic 64-Macrocell Flash CPLD ........................................... 3-33 
UltraLogic 128-Macrocell Flash CPLD .......................................... 3-43 
UltraLogic 128-Macrocell Flash CPLD .......................................... 3-54 
UltraLogic High-Density Flash CPLDs .......................................... 3-66 
UltraLogic 32-Macrocell Flash CPLD ........................................... 3-73 
U1traLogic 64-Macrocell Flash CPLD ........................................... 3-82 
UltraLogic 64-Macrocell Flash CPLD ........................................... 3-91 

iii 



~ 

¥-,~ ==', CYPRESS 
Table of Contents 

CPLDs (Complex PLDs) (continued) 

Device 
CY7C374i 
CY7C375i 
CY7C340 EPLD Family 
CY7C341B 
CY7C341 
CY7C342B 
CY7C342 
CY7C343 
CY7C343B 
CY7C344 
CY7C344B 
CY7C346 
CY7C346B 

Description 
UltraLogic 128·Macrocell Flash CPW .......................... . . . . . . . . . . . . . .. 3-100 
UltraLogic 128·Macrocell Flash CPW ......................................... 3-110 
Multiple Array Matrix High·Density EPLDs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-122 
192·Macrocell MAX EPLD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-128 
192·MacrocellMAXEPLD ................................................... 3-140 
128·Macrocell MAX EPWs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-141 
128·Macrocell MAX EPLDs .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-158 
64·Macrocell MAX EPLD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-159 
64·Macrocell MAX EPLD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-159 
32·MacrocellMAXEPW .................................................... 3-175 
32·MacrocellMAXEPLD .................................................... 3-175 
128·Macrocell MAX EPLDs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-189 
128·Macrocell MAX EPWs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-189 

FPGAs (Field Programmable Gate Arrays) 

Device 
Ultra38000 Family 
Ultra38003 
Ultra338003 
Ultra38005 
Ultra338005 
Ultra38007 
Ultra338007 
Ultra38009 
Ultra338009 
Ultra38012 
Ultra338012 
Ultra38016 
Ultra338016 
Ultra38020 
Ultra338020 
pASIC380 Family 
CY7C381P 
CY7C382P 
CY7C3381A 
CY7C3382A 
CY7C383A 
CY7C384A 
CY7C3383A 
CY7C3384A 
CY7C385P 
CY7C386P 
CY7C3385A 
CY7C3386A 
CY7C387P 
CY7C388P 
CY7C3387P 
CY7C3388P 

Description 
UltraLogic Very High Speed CMOS FPGAs . .. .. . . . . .. . .. . .. .. . . . . . . .. . . .. . . . .. . .. 4-1 
UltraLogic Very High Speed 3K Gate CMOS FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-5 
UltraLogic Very High Speed 3K Gate 3.3V CMOS FPGA ........................... 4-6 
UltraLogic Very High Speed 5K Gate CMOS FPGA . . .. .. . . .. . . . . . . . .. . . . . . . . .. . . .. 4-7 
UltraLogic Very High Speed 5K Gate 3.3V CMOS FPGA .......... . . . . . . . . . . . . . . . .. 4-8 
UltraLogic Very High Speed 7K Gate CMOS FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-9 
UltraLogic Very High Speed 3.3V 7K Gate CMOS FPGA .......... . . . . . . . . . . . . . . .. 4-19 
UltraLogic Very High Speed 9K Gate CMOS FPGA ............................... 4-20 
UltraLogic Very High Speed 9K Gate 3.3V CMOS FPGA .......................... 4-21 
UltraLogic Very High Speed 12K Gate CMOS FPGA .............................. 4-22 
UltraLogic Very High Speed 12K (36K) Gate 3.3V CMOS FPGA . . . . . . . . . . . . . . . . . . .. 4-23 
UltraLogic Very High Speed 16K Gate CMOS FPGA .............................. 4-24 
UltraLogic Very High Speed 16K Gate 3.3V CMOS FPGA ......................... 4-25 
UltraLogic Very High Speed 20K Gate CMOS FPGA .............................. 4-26 
UltraLogic Very High Speed 20K Gate 3.3V CMOS FPGA ......................... 4-27 
UltraLogic Very High Speed CMOS FPGAs ...................................... 4-28 
UltraLogic Very High Speed 1K Gate CMOS FPGA ............................... 4-35 
UltraLogic Very High Speed 1K Gate CMOS FPGA ............................... 4-35 
UltraLogic 3.3V Very High Speed 1K Gate CMOS FPGA .......... . . . . . . . . . . . . . . .. 4-44 
UltraLogic 3.3V Very High Speed 1K Gate CMOS FPGA .......................... 4-44 
UltraLogic Very High Speed 2K Gate CMOS FPGA ............................... 4-52 
UltraLogic Very High Speed 2K Gate CMOS FPGA ............................... 4-52 
UltraLogic 3.3V High Speed 2K Gate CMOS FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-61 
UltraLogic 3.3V High Speed 2K Gate CMOS FPGA ............................... 4-61 
UltraLogic Very High Speed 4K Gate CMOS FPGA ........... _. . . . . . . . . . . . . . . . . .. 4-69 
UltraLogic Very High Speed 4K Gate CMOS FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-69 
UltraLogic 3.3V High Speed 4K Gate CMOS FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-81 
UltraLogic 3.3V High Speed 4K Gate CMOS FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-81 
UltraLogic Very High Speed 8K Gate CMOS FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-90 
UltraLogic Very High Speed 8K Gate CMOS FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-90 
UltraLogic Very High Speed 8K Gate CMOS FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-100 
UltraLogic Very High Speed 8K Gate CMOS FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-100 

iv 



~ 

~YPRESS Table of Contents 

Development Systems 

PLD, CPLD, and FPGA Development Tools Overview .......................................................... 5-1 

Device Description 
CY3120/CY3125 Wmp2+ VHDL Compiler for PLDs, CPLDs, and FPGAs ............................ 5-2 
CY3121/CY3126 Wa1p2 VHDL Compiler for PLDs and CPLDs ..................................... 5-6 
CY3130/CY3135 Wa1p3 VHDL Development System for PLDs, CPLDs, and FPGAs .................. 5-10 
CY3140 ABEUSynario Design Software Kit for FLASH370 ................................. 5-15 
CY3141 Wa1p3 PROSeries Bolt-In ..................................................... 5 -16 
CY3146 Synopsys Design Software Kit for pASIC380 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5 -18 
CY3500 Impulse3 Device Programmer and Adapters ...................................... 5 -19 
Third-Party Tool Support. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5 - 22 

Quality 

Quality, Reliability, and Process Flows ....................................................................... 6-1 
pASIC380 Family ............... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 6-16 
CY7C380 Family Quick Power Calculator .................................................................... 6-29 
Moisture-Sensitive Devices Handling Information ............................................................. 6-34 
Thermal Management and Component Reliability ............................................................ 6-36 

Packages 

Thpe and Reel Specifications. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7-1 
Package Diagrams ........................................................................................ 7-5 

Sales Representatives and Distributors 
Direct Sales Offices 
North American Sales Representatives 
International Sales Representatives 
Distributors 

v 



~ 

2JI _ X Numeric Device Index 
=--/CYPRESS =============== 

Device Number 

CY3120/CY3125 
CY31211CY3126 
CY3130/CY3135 
CY3140 
CY3141 
CY3146 
CY3500 
CY7C330 
CY7C331 
CY7C332 
CY7C335 
CY7C3381A 
CY7C3382A 
CY7C3383A 
CY7C3384A 
CY7C3385A 
CY7C3386A 
CY7C3387P 
CY7C3388P 
CY7C340 EPLD Family 
CY7C341 
CY7C341B 
CY7C342 
CY7C342B 
CY7C343 
CY7C343B 
CY7C344 
CY7C344B 
CY7C346 
CY7C346B 
CY7C371 
CY7C371i 
CY7C372 
CY7C372i 
CY7C373 
CY7C373i 
CY7C374 
CY7C374 
CY7C375 
CY7C375i 
CY7C381P 
CY7C382P 
CY7C383A 
CY7C384A 
CY7C385P 
CY7C386P 
CY7C387P 
CY7C388P 
FLASH370 CPLD Family 
FLASH370i 
PAL22VlOC 
PAL22VPlOC 
PALC20 Series 
PALC22VlO 
PALC22VlOB 
PALC22VlOD 
PALCE16V8 

Description Page Number 

Wmp2+ VHDL Compiler for PLDs, CPLDs, and FPGAs ............................ 5-2 
Walp2 VHDL Compiler for PLDs and CPLDs ..................................... 5-6 
Walp3 VHDL Development System for PLDs, CPLDs, and FPGAs .................. 5-10 
ABEUSynario Design Software Kit for FLASH370 ................................. 5 -15 
Walp3 PROSeries Bolt-In ..................................................... 5-16 
Synopsys Design Software Kit for pASIC380 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 5 -18 
Impulse3 Device Programmer and Adapters ...................................... 5 -19 
CMOS Programmable Synchronous State Machine .................... . . . . . . . . . . .. 2-68 
Asynchronous Registered EPLD ............................................... 2-69 
Registered Combinatorial EPLD ............................................... 2-83 
Universal Synchronous EPLD .................................................. 2-84 
UltraLogic 3.3V High Speed 1K Gate CMOS FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-44 
UltraLogic 3.3V High Speed 1K Gate CMOS FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-44 
U1traLogic 3.3V High Speed 2K Gate CMOS FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-61 
UltraLogic 3.3V High Speed 2K Gate CMOS FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-61 
UltraLogic 3.3V High Speed 4K Gate CMOS FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-81 
UltraLogic 3.3V High Speed 4K Gate CMOS FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-81 
UltraLogic Very High Speed 8K Gate CMOS FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-100 
U1traLogic Very High Speed 8K Gate CMOS FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-100 
Multiple Array Matrix High-Density EPLDs ..................................... 3-122 
192-MacroceIlMAXEPLD ................................................... 3-140 
192-MacroceIlMAXEPLD ................................................... 3-128 
128-Macrocell MAX EPLDs .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-158 
128-Macrocell MAX EPLDs .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-141 
64-Macrocell MAX EPLD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-159 
64-Macrocell MAX EPLD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-159 
32-Macrocell MAX EPLD .................................................... 3-175 
32-MacroceIlMAXEPLD .................................................... 3-175 
128-Macrocell MAX EPLDs .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3 -189 
128-Macroce1lMAXEPLDs .................................................. 3-189 
U1traLogic 32-Macrocell Flash CPLD ........................................... 3-15 
U1traLogic 32-Macrocell Flash CPLD ........................................... 3-73 
UltraLogic 64-Macrocell Flash CPLD ........................................... 3-24 
UltraLogic 64-Macrocell Flash CPLD ............................................ 3-82 
UltraLogic 64-Macrocell Flash CPLD ........................................... 3-33 
UltraLogic 64-Macrocell Flash CPLD ........................................... 3-91 
UltraLogic 128-Macrocell Flash CPLD .......................................... 3-43 
UltraLogic 128-Macrocell Flash CPLD ......................................... 3 -100 
UltraLogic 128-Macrocell Flash CPLD ................................ " .......... 3-54 
U1traLogic 128-Macrocell Flash CPLD ......................................... 3-110 
UltraLogic Very High Speed 1K Gate CMOS FPGA ............................... 4-35 
U1traLogic Very High Speed 1K Gate CMOS FPGA ............................... 4-35 
U1traLogic Very High Speed 2K Gate CMOS FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-52 
UltraLogic Very High Speed 2K Gate CMOS FPGA ............................... 4-52 
U1traLogic Very High Speed 4K Gate CMOS FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-69 
U1traLogic Very High Speed 4K Gate CMOS FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-69 
U1traLogic Very High Speed 8K Gate CMOS FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-90 
UltraLogic Very High Speed 8K Gate CMOS FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-90 
UltraLogic High-Density Flash CPLDs ........................................... 3-8 
ISR CPLD Family U1traLogic High-Density Flash CPLDs .......................... 3-66 
Universal PAL Device ........................................................ 2-58 
Universal PAL Device ........................................................ 2-58 
Reprogrammable CMOS PALC 16L8, 16R8, 16R6, 16R4 . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-6 
Reprogrammable CMOS PAL Device ........................................... 2-56 
Reprogrammable CMOS PAL Device ........................................... 2-57 
Flash Erasable, Reprogrammable CMOS PAL Device .............................. 2-59 
Flash Erasable, Reprogrammable CMOS PAL Device. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-7 

vi 



- -.,~ Numeric Device Index 
rcYPRESS ================ 

PALCE20V8 
PALCE22VlO 
pASIC380 Family 
PLDC20GlO 
PLDC20Gl0B 
PLDC20RAlO 
Ultra338003 
Ultra338005 
Ultra338007 
Ultra338009 
Ultra338012 
Ultra338016 
Ultra338020 
Ultra38000 Family 
Ultra38003 
Ultra38005 
Ultra38007 
Ultra38009 
Ultra38012 
Ultra38016 
Ultra38020 
Ultra39000 
Ultra39192 
Ultra39256 
Ultra39320 
Ultra39384 
Ultra39448 
Ultra39512 

Flash Erasable, Reprogrammable CMOS PAL Device. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-17 
Flash Erasable, Reprogrammable CMOS PAL Device. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2-46 
UltraLogic Very High Speed CMOS FPGAs ...................................... 4-28 
CMOS Generic 24-Pin Reprogrammable Logic Device ............................. 2-27 
CMOS Generic 24-Pin Reprogrammable Logic Device ............................. 2-27 
Reprogrammable Asynchronous CMOS Logic Device ............................. 2-35 
UltraLogic Very High Speed 3K Gate 3.3V CMOS FPGA ........................... 4-6 
UltraLogic Very High Speed 5K Gate 3.3V CMOS FPGA ........................... 4-8 
UltraLogic Very High Speed 3.3V 7K Gate CMOS FPGA .......................... 4-19 
UltraLogic Very High Speed 9K Gate 3.3V CMOS FPGA .......................... 4-21 
UltraLogic Very High Speed 12K (36K) Gate 3.3V CMOS FPGA .................... 4-23 
UltraLogic Very High Speed 16K Gate 3.3V CMOS FPGA ......................... 4-25 
UltraLogic Very High Speed 20K Gate 3.3V CMOS FPGA ......................... 4-27 
UltraLogic Very High Speed CMOS FPGAs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-1 
UltraLogic Very High Speed 3K Gate CMOS FPGA ................................ 4-5 
UltraLogic Very High Speed 5K Gate CMOS FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-7 
UltraLogic Very High Speed 7K Gate CMOS FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-9 
UltraLogic Very High Speed 9K Gate CMOS FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-20 
UltraLogic Very High Speed 12K Gate CMOS FPGA .............................. 4-22 
UltraLogic Very High Speed 16K Gate CMOS FPGA .............................. 4-24 
UltraLogic Very High Speed 20K Gate CMOS FPGA .............................. 4-26 
UltraLogic High-Density CPLD Family. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 3-1 
UltraLogic 192-Macrocell CPLD ................................................ 3-2 
UltraLogic 256-Macrocell CPLD ................................................ 3-3 
UltraLogic 320-Macrocell CPLD ................................................ 3-4 
UltraLogic 384-Macrocell CPLD ................................................ 3-5 
UltraLogic 448-Macrocell CPLD ................................................ 3-6 
UltraLogic 512-Macrocell CPLD ................................................ 3-7 

vii 





GENERAL INFORMATION II 
SMALLPLDs II 
CPLDs II 
FPGAs II 
DEVELOPMENT SYSTEMS II 
QUALITY II 
PACKAGES II 



~ --..,... 
;;;::s _.,~ 

==;CYPRESS 
Table of Contents 

Table of Contents Page Number 

General Information 
Cypress Semiconductor Background ......................................................................... 1-1 
Ordering Information ..................................................................................... 1-4 
Cypress Semiconductor Bulletin Board System (BBS) Announcement . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1-5 
Application Notes ........................................................................................ 1-6 
Product Selector Guide ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1-7 
Product line Cross Reference ............................................................................. 1-10 
Military Overview. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1-14 
Military Product Selector Guide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1-15 
Military Ordering Information ............................................................................. 1-17 



#-.~ 
-.:::=r' CYPRESS 

Cypress Semiconductor Background 

Cypress Semiconductor was founded in April 1983 with the 
stated goal of serving the high-performance semiconductor mar
ket. This market is served by producing the highest-performance 
integrated circuits using state-of-the-art processes and circuit de
sign. Cypress is a complete semiconductor manufacturer, per
forming its own process development, circuit design, wafer fabri
cation, assembly, and test. The company went public in May 
1986 and has been listed on the New York Stock Exchange since 
October 1988. 

The initial semiconductor process, a CMOS process employing 
1.2-micron geometries, was introduced in March 1984. This pro
cess is used in the manufacturing of Static RAMs and Logic cir
cuits. In the third quarter of 1984, a 1.2-micron CMOS EPROM 
process was introduced for the production of programmable 
products. At the time of introduction, these processes were the 
most advanced production processes in the industry. Following 
the 1.2-micron processes, a O.8-micron CMOS SRAM process 
was implemented in the first quarter of 1986, and a O.8-micron 
EPROM process in the third quarter of 1987. 

In keeping with the strategy of serving the high-performance 
markets with state-of-the-art integrated circuits, Cypress intro
duced two new processes in 1989. These were a bipolar submi
cron process, targeted for ECL circuits, and a BiCMOS process 
to be used for most types of TTL and ECL circuits. 

The circuit design technology used by Cypress is also state of the 
art. This design technology, along with advanced process tech
nology, allows Cypress to introduce the fastest, highest-perfor
mance circuits in the industry. Cypress's offers products in four 
divisions: the Static Memory Division, the Programmable Prod
ucts Division, the Computation Products Division, and the Data 
Communications Division. 

Static Memories Division 

Cypress is a market-leading supplier of SRAMs, providing a 
wide range of SRAM memories for leading companies world
wide. SRAMs are used in high-performance personal comput
ers, workstations, telecommunications systems, industrial sys
tems, instrumentation devices, and networking products. 
Cypress's lower production cost structure allows the company to 
compete effectively in the high-volume personal computer and 
workstation market for SRAMs, including providing cache 
RAMs to support today's high-performance microprocessors, 
such as Pentium ~ , and PowerPC N • This business, combined 
with upcoming low-voltage products for the cellular communica
tions, portable instrument, and laptop/notebook PC markets, 
positions Cypress for future success in this key product area. 

Multichip modules is a fast-growing market segment that con
sists of multiple semiconductor chips mounted in packages that 
can be inserted in a computer circuit board. Cache modules for 
personal computers are the mainstay of this product line, and 
Cypress has announced major design wins for these products in 
IBM's PSNaluePoint N line of PCs, and in Apple Computer's 
highest performing Power Macintosh N products. 

Programmable Products Division 

With increasing pressure on system designers to bring products 
to market more quickly, programmable logic devices (PLDs) are 
becoming extremely popular. PLDs are logic control devices 
that can be easily programmed by engineers in the field, and lat
er erased and reprogrammed. This allows the designers to make 
key changes to their systems very late in the development cycle 
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to ensure competitive advantage. Used extensively in a wide 
range of applications, PLDs constitute a large and growing mar
ket. Cypress's UltraLogic N product line addresses the high-den
sity programmable logic market. UltraLogic includes the 
Ultra3800 N and pASIC380 N families of field-programmable 
gate arrays (FPGAs), the industry's fastest. It also includes high 
performance complex PLDs, the FLAsH370~ family. Both of 
these product families are supported by Cypress's VHDL (Very 
high-speed integrated circuit Hardware Description Language) 
based Wap3 N, the industry's most advanced software design 
tool. Cypress pioneered the use of VHDL for PLD program
ming, and Wap software is a key factor in the company's overall 
success in the PLD market. 

Cypress is a leading provider of the industry-standard 22VlO 
PLD with a wide range of products. Cypress is committed to 
competing in all ranges of the PLD market, with small devices, 
including the industry standard 16V8, the MAX340 EPLD line, 
and the U1traLogic products. To support these products, Cy
press offers one ofthe industry's broadest range of programming 
tools and software for the programming of its PLDs. 

Cypress provides one of the industry'S broadest ranges of CMOS 
EPROMs and PROMs. Cypress owns a large share of the high
speed CMOS PROM market, and with its new cost structure, is 
effectively penetrating the mainstream EPROM market with a 
popular 256 Kbit EPROM, and the introduction of the world's 
fastest 512K and 1 Megabit EPROMs at 25 ns. 

FCT Logic products are used in bus interface and data buffering 
applications in almost all digital systems. With the addition of 
the FCT logic product line, Cypress now offers over 46 standard 
logic and bus interface functions. The products are offered in 
the second generation FCT-T format, which is pin-compatible 
with the older FCT devices, but adds TTL (transistor-to-transis
tor logic) outputs for significantly lower ground bounce and im
proved system noise immunity. Cypress also offers the most 
popular devices with on-chip 25-ohm termination resistors 
(FCT2-T) to further lower ground bounce with no speed loss. 
Included in the new product family is the CYBUS3384, a bus 
switch that enables bidirectional data transfer between multiple 
bus systems or between 5 volt and 3.3 volt devices. Cypress also 
offers 16-bit versions of popular FCT products. This broad 
product offering is produced on Cypress's high-volume, CMOS 
manufacturing lines. 

Data Communications Division 

This is an especially significant area for Cypress since it repre
sents a more market-driven orientation for the company in a 
fast-growing market segment. As part of the new company strat
egy, Cypress has dedicated this product line to serve the high
speed data communications market with a range of products 
from the physical connection layer to system-level solutions. 
HOTLink ~, high-speed, point-to-point serial communications 
chips have been well received. HOTLink, along with the recent
ly announced SONET./SDS Serial1tansceiver (SST ~), address 
the fast-growing market segments of Asynchronous 1tansfer 
Mode (ATM) and Fibre Channel communications. The compa
ny has also entered the Ethernet market with the 100BaseT-4 
CY7C971 Fast Ethernet Transceiver and the CY7B8392 Coax 
Ethernet 1tansceiver. The data communications division en
compasses related products including RoboClock, a program
mable skew clock buffer that adjusts complex timing control sig
nals for a broad range of systems. The division also offers a 
broad range of First-In, First-Out (FIFO) memories, used to 
communicate data between systems operating at different fre-
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quencies, and Dual-Port Memories, used to distribute data to 
two different systems simultaneously. 

Computation Products Division 

This division focuses on the high-volume, high-growth market 
surrounding the desktop computer. It is the second of Cypress's 
market-oriented divisions. The division includes timing technol
o~ products o~ered through Cypress's IC Designs Subsidiary in 
Kirkland, Washmgton. IC Designs products are used widely in 
personal computers and disk drives, and the product line pro
vides Cypress with major inroads into these markets, helping 
move the company towards a more market-driven orientation. 
IC Designs clock oscillators control the intricate timing of all as
pects of a computer system, including signals for the computer's 
central processing unit (CPU), keyboard, disk drives, system bus 
serial port, and real-time clock. They replace all of the metal ca~ 
oscillators used in the system. IC Designs recently announced a 
new product, QuiXTAL m , which is a programmable metal can 
oscillator, and replaces individual oscillators used to control tim
ing. signals in virtually every type of electronics equipment. 
QUiXTAL can be programmed to any frequency, providing users 
t~e ability to make I.ast-minute frequency adjustments, speeding 
time to market. QuiXTAL takes frequency synthesis beyond the 
PC market, and addresses the broad market segments of elec
tronic instrumentation, telecommunications equipment and 
medical systems. ' 

Also offered by this division are chipsets for personal computers. 
~ress entered this market with the 1994 acquisition of Contaq 
Mlcrosystems, and recently announced the hyperCache m Chip
set for Pentium m -class PCS. The hyperCache Chipset is the in
dustry's most highly integrated. In addition to integrating key
board and mouse control, real-time clock, and local-bus IDE 
control, it is the only chipset which offers integrated second-level 
cache. 

Cypress Facilities 
Cypress operates wafer fabrication facilities in California's Sili
con Valley (San Jose), Round Rock (Austin), Texas, and Bloom
ington, Minnesota. The company's fourth wafer fab, located ad
jacent to the Bloomington, Minnesota facility, went on-line in 
July 1995. There are additional Cypress Design Centers in 
Starkville, Mississippi, Colorado Springs, Colorado and the 
United Kingdom, and a PLD software design group i~ Beaver
ton, C?regon. The facilities are designed to the most demanding 
techmcal and environmental specifications in the industry. At the 
Texas and Minnesota facilities, the entire wafer fabrication area 
is specified to be a Gass 1 environment. This means that the am
bient air has less than 1 particle of greater than 0.2 microns in 
diameter per cubic foot of air. Other environmental consider
ations are carefully insured: temperature is controlled to a ±0.1 
degree Fahrenheit tolerance; filtered air is completely exchanged 
more than 10 times each minute throughout the fab; and critical 
equipment is situated on isolated slabs to minimize vibration. 

The company has also received IS09000 registration, a standard 
model of quality assurance that is awarded to companies with ex
a.cting standards of quality management, production, and inspec
tIOnS. 

Attention to assembly is equally critical. Cypress manufactures 
100 percent of its wafers in the United States, at the front-end 
fabrication sites in California (San Jose), Minnesota (Blooming
ton), and Thxas (Round Rock). Cypress Thxas, the company's 
largest fab, and Cypress Minnesota's fabs, are all Class 1 facili
ties. 

Th improve global competitiveness, Cypress chose to move most 
bac~-end assembly, test, and mark operations to a facility in 
ThaIland. Be assured that Cypress's total quality commitment 
extends to the new site--Cypress Bangkok. 

The move to Bangkok consummated an intense search by Cy
press for a world-class, environmentally sophisticated facility 
that we could bring on line quickly. The Cypress search team 
scrutinized fIfteen manufacturing facilities in five countries and 
chose a site managed by Alphatec Electronics Co., Ltd., a pri
vately owned, entrepreneurial company promoted by the Thai
land Board of Investment. Cypress Bangkok occupies almost 
25,000 square feet-a significant portion of the manufacturing 
floor space available within the facility. The full facility at Bang
kok occupies more than 85,000 square feet on a site that encom
passes 25 acres-sufficient room for expansion to a number of 
buildings in a campus-like setting. In order to meet growiug de
mand for its products, Cypress has broken ground on a new as
sembly and test facility in the Philippines, which is scheduled for 
completion in 1996. 

Cypress San Jose maintains complete management control of all 
~sembly, test, mark, and ship operations worldwide, thus assur
mg complete continuity of back-end operations and quality. 

Cypress ~as added Thpe Automated Bonding (TAB) to its pack
a~e offenng. TAB, a surface-mount packaging technology, pro
VIdes the densest lead and package footprint available for fully 
tested die. 

From Cypress's facility in Minnesota, a VME Bus Interface 
Products group has been in operation since the acquisition of 
VTC's fab in 1990. Cypress manufactures VIC and VAC VME 
devices on the 0.8 micron CMOS process. 

The Cypress motto has always been "only the best-the best fa
cilities, the best equipment, the best employees ... all striving to 
make the best CMOS and BiCMOS products." 

Cypress Process Technology 

In the last decade, there has been a tremendous need for high
performance semiconductor products manufactured with a ba1-
ance of SPEED, RELIABILITY, and POWER. Cypress Semi
conductor overcame the classically held perceptions that CMOS 
was a moderate-performance technology. 

Cypress initially introduced a 1.2-micron "N" well technology 
with double-layer poly and a single-layer metal. The process 
employed lightly doped extensions of the heavily doped source 
and drain regions for both "N" and "P" channel transistors for 
significant improvement in gate delays. Further improvements in 
performance, through the use of substrate bias techniques, have 
added the benefit of eliminating the input and output latch-up 
characteristics associated with older CMOS technologies. 
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Cypress pushed process development to new limits in the areas 
of PROMs (Programmable Read Only Memory) and EPLDs 
(Erasable Programmable Logic Devices). Both PROMs and 
EPLDs have existed since the early 1970s in a bipolar process 
that employed various fuse technologies and was the only viable 
high-speed nonvolatile process available. Cypress PROMs and 
EPLDs use EPROM technology, which has been in use in MOS 
(Metal Oxide Silicon) since the early 1970s. EPROM technology 
has traditionally emphasized density while forsaking perform
~ce. Through Improved technology, Cypress produced the first 
high-performance CMOS PROMs and EPLDs, replacing their 
bipolar counterparts. 

To m~tain our leadersh!p position in CMOS technology, Cy
press mtroduced a sub-mIcron technology in 1987. This 0.8 mi-



cron breakthrough made Cypress's CMOS one of the most ad
vanced production processes in the world. The drive to maintain 
leadership in process technology has not stopped with the 
0.8-micron devices. Cypress introduced a 0.65-micron process in 
1991. A 0.5-micron process is currently in production. 

Although not a requirement in the high-performance arena, 
CMOS technology substantially reduces the power consumption 
for any device. This improves reliability by allowing the device to 
operate at a lower die temperature. Now higher levels of integra
tion are possible without trading performance for power. For in
stance, devices may now be delivered in plastic packages without 
any impact on reliability. 

While addressing the performance issues of CMOS technology, 
Cypress has not ignored the quality and reliability aspects of 
technology development. Rather, the traditional failure mecha
nisms of electrostatic discharge (ESD) and latch-up have been 
addressed and solved through process and design technology in
novation. 

ESD-induced failure has been a generic problem for many high
performance MOS and bipolar products. Although in its earliest 
years, MOS technology experienced oxide reliability failures, this 
problem has largely been eliminated through improved oxide 

growth techniques and a better understanding of the ESD prob
lem. The effort to adequately protect against ESD failures is per
turbed by circuit delays associated with ESD protection circuits. 
Focusing on these constraints, Cypress has developed ESD pro
tection circuitry specific to 1.2-, 0.8-, 0.65-, and O.5-micron 
CMOS process technology. Cypress products are designed to 
withstand voltage and energy levels in excess of 2001 volts and 
0.4 miIIi-joules. 

Latch-Up, a traditional problem with CMOS technologies, has 
been eliminated through the use of substrate bias generation 
techniques, the elimination of the "P" MOS pull-ups in the out
put drivers, the use of guardring structures anrl care in the physi
cal layout of the products. 

Cypress has also developed additional process innovations and 
enhancements: multilayer metal interconnections, advanced 
metal deposition techniques, silicides, exclusive use of plasma for 
etching, and 100-percent stepper technology with the world's 
most advanced equipment. 

Cypress technologies have been carefully designed, creating 
products that are "only the best" in high-speed, excellent reli
ability, and low power. 

UltraLogic, Ultra3800, FLAsH370, Wwp3, HOTLink, SST, and hyperCache are trademarks of Cypress Semiconductor Corporation. 
pASIC is a trademark of QuickLogic. 
Pentium is a trademark of Intel Corporation. 
Power PC and PSNalue Point are trademarks of International Business Machines Corporation. 
Power Macintosh is a trademark of Apple. 
MAX is a trademark of Altera. 
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In general, the ordering codes for products follow the format below; e.g., CY7C128-45DMB, PALC16R8L-35PC 

PAL & PLD 
PREFIX 

IpALC I 
PALC 
PALC 

PALCE 
PLDC 

CY 

DEVICE 

I 16R8 I 
16R8 

22VI0 
16V8 

20GlO 
7C330 

Cypress FSCM #65786 

SUFFIX 

-25LMB I 

L:~~gl 
-25P C 
-25WC 
-33P C 

[ 

FAMILY 

PAL 20 
LOW POWER PAL 20 
PAL 24 VARIABLE PRODUcr TERMS 
FLASH-ERASABLE PAL20 
GENERIC PLD 24 
PLD SYNCHRONOUS STATE MACHINE 

PROCESSING 

B = MIL-STD-883C FOR MILITARY PRODUcr 
= LEVEL 2 PROCESSING FOR COMMERCIAL PRODUcr 

T = SURFACE-MOUNTED DEVICES TO BE TAPE AND REELED 
R = LEVEL 2 PROCESSING ON TAPE AND REELED DEVICES 

TEMPERATURE RANGE 

C = COMMERCIAL (O°C TO +70°C) 
I = INDUSTRIAL (-40°C TO +85°C) 
M = MILITARY (-55°C TO + 125°C) 

PACKAGE 

B 
D 
E 
F 
G 
H 
J 
K 
L 
N 
P 
Q 
R 
S 
T 
U 
V 
W= 
X = 
Y = 
Z = 
HD= 
HV= 
PF = 
PS = 
PZ= 
BG= 

PLASTIC PIN GRID ARRAY (PPGA) 
CERAMIC DUAL IN-UNE PACKAGE (CERDIP)/BRAZED DIP 
TAPE AUTOMATED BONDING (TAB) 
FLATPACK (SOLDER-SEALED FiAT PACKAGE) 
PIN GRID ARRAY (PGA) 
WINDOWED LEADED CHIP CARRmR 
PLASTIC LEADED CHIP CARRIER (PLCC) 
CERPACK (GLASS-SEALED FLAT PACKAGE) 
LEADLESS CHIP CARRmR (LCC) 
PLASTIC QUAD FLATPACK (PQFP) 
PLASTIC DUAL IN-LINE (PDIP) 
WINDOWED LEADLESS CHIP CARRmR (LCC) 
WINDOWED PIN GRID ARRAY (PGA) 
SOIC (GULL WING) 
WINDOWED CERPACK 
CERAMIC QUAD FLATPACK (CQFP) 
SOIC (J LEAD) 
WINDOWED CERAMIC DUAL IN-UNE PACKAGE (CERDIP) 
DICE (WAFFLE PACK) 
CERAMIC LEADED CHIP CARRmR 
TSTOP 
HERMETIC DIP (MODULE) 
HERMETIC VERtICAL DIP 
PLASTIC FLAT SIP 
PLASTIC SIP 
PLASTIC ZIP 
BALL GRID ARRAY 

SPEED (ns or MHz) 

L = LOW-POWER OPTION 
A, B, C, D, G, CF = REVISION LEVEL 
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Cypress Semiconductor Bulletin Board System (BBS) Announcement 

Cypress Semiconductor supports a 24-hour electronic Bulletin Board System (BBS) that allows Cypress 
Applications to better serve our customers by allowing them to transfer files to and from the BBS. 

The BBS is set up to serve in multiple ways. One of its purposes is to allow customers to receive the most 
recent versions of Cypress programming software. Another is to allow the customers to send PLD program
ming files that they are having trouble with to the BBS. Cypress Applications can then find the errors in the 
files, correct them, and place them back on the BBS for the customer to download. The customer may also 
ask questions in our open forum message area. The sysop (system operator) will forward these questions to 
the appropriate applications engineer for an answer. The answers then get posted back into the forum. 

Communications Set-Up 

The BBS uses US Robotics HST Dual Standard modems capable of 14.4-Kbaud rates without compression 
and rates upwards of 19.2-Kbaud with compression. It is compatible with CCITT V.32 bis, V.32, V.22 
(2400-baud), Bell 212A (1200-baud), CCITT V.42, and CCITT V.42 bis. It also handles MNP levels 2, 3, 4, 
and 5. 

To call the BBS, set your communication package parameters as follows: 

Baud Rate: 1200 baud to 19.2 Kbaud. Max. is determined by your modem. 
Data Bits: 8 
Parity: None (N) 
Stop Bits: 1 

In the U.S. the phone number for the BBS is (408) 943-2954. In Japan the BBS number is 
81-423-69-8220. In Europe the BBS number is 49-810-62-2675. These numbers are for transmitting 
data only. 

If the line is busy, please retry at a later time. When you access the BBS, an initial screen with the following 
statement will appear: 

Rybbs Bulletin Board 

After you choose the graphics format you want to use, the system will ask for your first and last name. If you 
are a first-time user, you will be asked a few questions for the purposes of registration. Otherwise you will be 
asked for your password, and then you will be logged onto the BBS, which is completely menu driven. 

Downloading Application Notes and Datasheets 

A complete listing of files that may be downloaded is included on the BBS. Application notes are available 
for downloading in two formats, PCL and Postscript ™ . An "hp" in front of the file name indicates it is a PCL 
file and can be downloaded to Hewlett-Packard LaserJets™ and compatible printers. Files without the hp 
preceding them are in Postscript and can be downloaded to any Postscript printer. 

If you have any problems or questions regarding the BBS, please contact Cypress Applications at (408) 
943-2821 (voice). 

Postscript is a trademark of Adobe Corporation. 
LaserJet is a trademark of Hewlett Packard Corporation. 
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Contact a Cypress representative to get copies of the application notes listed here. 

ABEL 4.0/4.1 and the CY7C330, CY7C331, and CY7C332 
Abel-HDL vs. IEEE-1076 VHDL 
Architectures and Thchnologies for FPGAs 
Are Your PLDs Metastable? 
Bus-Oriented Maskable Interrupt Controller 
CMOS PAL Basics 
CPLD Arithmetic 
CY7C331 Asynchronous Self-Timed VMEbus Requestor 
CY7C344 as a Second-Level Cache Controller for the 80486 
CY7C380 Family Quick Power Calculator 
Describing State Machines with Warp2 VHDL 
Design Considerations For On-Board Programming of the 7C374 and7C375 
Design Tips for Advanced Max Users 
Designing a Multiprocessor Interrupt Distribution Unit with MAX 
Designing with the CY7C335 and Warp2 VHDL Compiler 
Designing with FPGAs 
DMA Control Using the CY7C342 MAX EPill 
The FLAsH370 Family of CPills and Designing with Warp2 
FPGA Design Entry Using Warp3 
Implementing a Reframe Controller for the CY7B933 HOTLink Receiver in a CY7C371 CPill 
Implementing a 128Kx8 Dual-Port Using FLAsH370 
FIFO RAM Controller with Programmable Flags 
Getting Started Converting .ABL Files to VHDL 
Interfacing PROMs and RAMs to DSP Using Cypress MAX Products 
Mentor Simulation with Cypress PLDs 
PAL Design Example: A GCR EncoderlDecoder 
pASIC380 Power vs. Operating Frequency 
PCI Bus Applications on FPGAs 
PLD-Based Data Path for SCSI-2 
State Machine Design Considerations and Methodologies 
1'2 Framing Circuitry 
Thp·Down Design Methodology with VHDL 
Using ABEL to Program the Cypress 22VlO 
Using CUPL with Cypress PLDs 
Using Hierarchical VHDL Design 
Using LoglIC to Program the CY7C330 
Using Scan Mode on pASIC380 for In-Circuit Testing 
Using Synopsys/Exemplar 
Using the CY7C331 as a Waveform Generator 
VHDL Techniques for Optimal Design Fitting 
Describing State Machines with Warp2 

Glossary - '93 
Glossary - '94 
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PLDs 

Part Number tpD(ns) 

PALCI6L8 20 

PALCI6L8L 25 

PALC16R4 20 

PALC16R4L 25 

PALC16R6 20 

PALC16R6L 25 

PALC16R8 20 

PALC16R8L 25 

PALCE16V8 5 

PALCE16V8 10 

PALCEI6V8L 15 

PLDC20GI0 25 

PLDC20GI0B 15 

PLD20RAI0 15 

PALCE20V8 5 

PALCE20V8 10 

PALCE20V8L 15 

PALC22VlO* 20 

PALC22VlOL * 25 

PALC22VlOB* 15 

PALC22VIOD 7.5 

PALC22VlOD 10 

PALCE22VI0 5 

PALCE22VlO IS 

CY7C331 20 

CY7C335 15 

* Not recommended for new designs. 

CPLDs 
Flash370'" 

Organization 

32-Macrocell Flash CPLD 

32-MacrocellFlash CPLD Low Power 

64-MacroceIlFlash CPLD 

64-MacrocellFlash CPLD Low Power 

128-Macrocell Flash CPLD 

128-Macrocell Flash CPLD Low Power 

32-Macrocell ISR Flash CPLD 

32-Macrocell ISRFlash CPLD Low Power 

64-Macrocell ISR Flash CPLD 

64-Macrocell ISRFlash CPLD Low Power 

128-Macrocell ISRFlash CPLD 

128-Macrocell ISRFlash CPLD Low Power 

f(MHz) 

28.5 

28.5 

28,5 

28.5 

28.5 

28.5 

28.5 

28.5 

142.8 

69 

45.5 

33.3 

45.5 

45.5 

142.8 

58.8 

45.5 

41.7 

33.3 

50 

100 

76.9 

142.8 

50 

35 
50 

Pins Part Number 

44 CY7C371 

44 CY7C371L 

44,84,100 CY7C372/3 

44,84,100 CY7C372L/3L 

84,100,160 CY7C374/5 

84,100,160 CY7C374L/5L 

44 CY7C371i 

44 CY7C37i1L 

44,84,100 CY7C372i/3i 

44,84,100 CY7C372iL/3iL 

84,100,160 CY7C374i/5i 

84,100,160 CY7C374iL/5iL 
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IcC(mA) Pins Packages 

70 20 D,L,P'Q,V,W 

45 20 D,L,P,Q,V,W 

70 20 D,L,P,Q,V,W 

45 20 D,L,P'Q, YoW 

70 20 D,L,P,Q, YoW 

45 20 D,L,P'Q, YoW 

70 20 D,L,P'Q,V,W III 
45 20 D,L,P,Q, YoW 

115 20 D,J,L,P 

90 20 D,J,L,P 

55 20 D,J,L,P'QSOP 

55 24/28 D,J,L,p,W 

70 24/28 D,J,L,p,W 

75 24/28 D,H,J,L,p,W 

115 24/28 D,J,L,P 

90 24/28 D,J,L,P 

55 24/28 D,J,L,P,QSOP 

90 24/28 D,J,L,P,Q,W 

55 24/28 D,J,L,P,Q,W 

90 24/28 D,H,J,L,P,Q, W 

130 24/28 D,J,L,P 

90 24/28 D,J,L,P 

115 24/28 D,J,L,P 

90 24 D,J,L,P 

130 28 D,J,H,P,Q,W 

140 28 D,J,H,p,W 

Icc 
Speed (ns) (rnA) Packages 

fMAXIts/teo = 143 MHz/5 ns/6 ns 175 A,J,Y 

fMAXIts/teo=83 MHz/6.5 ns/6.5 ns 90 A,J 

fMAX/tS/teo= 100 MHz/6.5 ns/6.5 ns 250 A,G,J,Y 

fMAXltsiteo = 100 MHz/6.5 ns/6.5 ns 125 A,G,J,Y 

fMAX/tsiteo = 100 MHz/7 nsn ns 300 A,G,J,V,Y 

fMAX/tsiteo = 100 MHz/7 nsn ns ISO A,G,J,V,Y 

fMAXltsiteo = 143 MHzJ5 ns/6 ns 175 A,J,Y 

fMAXltsiteo = 83 MHz/6.5 ns/6.5 ns 90 A,J 

fMAXltsiteo = 100 MHz/6.5 ns/6.5 ns 250 A,G,J,Y 

fMAXltsiteo = 100 MHz/6.5 ns/6.5 ns 125 A,G,J,Y 

fMAXltsitco = 100 MHz/7 nsn ns 300 A,G,J,V,Y 

fMAXlts/teo = lOOMHznnsnns ISO A,G,J,V,Y 



CPLDs (continued) 

Ultra39000'" 

Organization 

192-MacroccllF1ashISRCPLD 

256-Macroccll F1ash ISR CPLD 

320-Macrocell F1ash ISR CPLD 

384-Macroccll F1ash 1SR CPLD 

448-Macroccll F1ash 1SR CPLD 

512-MacroccllF1ash ISR CPLD 

MAX340'" 

Organization 

32MacrocellCPLD 

64 Macrocell CPLD 

128 Macrocell CPLD 

128 Macroccll CPLD 

192 Macrocell CPLD 

FPGAs 
pASIC380'" 

Organization 

CMOS1KGatesFPGA 

3.3VCMOS1KGatesFPGA 

CMOS2KGatesFPGA 

3.3V CMOS 2K Gates FPGA 

CMOS 4KGates FPGA 

3.3V CMOS 4K Gates FPGA 

CMOS 8KGates FPGA 

3.3V CMOS 8KGates FPGA 

Ultra3800'" 

Organization 

CMOS3KGatesFPGA 

3.3V CMOS 3K Gates FPGA 

CMOS5KGatesFPGA 

3.3V CMOS 5K Gates FPGA 

CMOS7KGatesFPGA 

3.3VCMOS7KGatesFPGA 

CMOS9KGatesFPGA 

3.3V CMOS 9K Gates FPGA 

CMOS 12KGatesFPGA 

3.3V CMOS 12K Gates FPGA 

CMOS 16K Gates FPGA 

3.3VCMOS 16K Gates FPGA 

CMOS20KGatesFPGA 

3.3V CMOS 20K Gates FPGA 

Product Selector Guide 

Icc 
Pins Part Nomber Speed (ns) (rnA) Packages 

84,160 CY7C39192 fMAX/tpD/ts/tCO= 125 MHz/10ns/5 ns/5.5 ns TBD A,J 

160,208 CY7C39256 fMAX/tpD/tS/tco= 125 MHz/lO ns/5 ns/5.5 ns TBD A,N 

208,240 CY7C39320 fMAX/tpD/ts/tCO= 125 MHz/10ns/5 ns/5.5 ns TBD N 

240 CY7C39384 fMAX/tPD/ts/tco=lOOMHz/12ns/6ns/6.5ns TBD N 

240,304 CY7C39448 fMAX/tpD/ts/tCO= 100 MHz/12 ns/6 ns/6.5 ris TBD N 

304 CY7C39512 fMAX/tpo/ts/tco= 100 MHz/12 ns/6 ns/6.5 ns TBD N 

IccfJSB 
Pins Part Number Speed (ns) (rnA) Packages 

28S CY7C344/B tPDIS/CO = 15/lO/lO, lO/6/5 200/150 H,J,p,W 

44 CY7C343/B tPDIS/CO = 20/12/12, 12/8/6 135/125 H,J,R 

68 CY7C342/B !PDIS/CO = 25/15/14, 12/8/6 250/225 H,J,R 

84,100 CY7C346/B tPD/S/CO = 25/15/14, 15/10/7 250/225 H,J,N,R 

84 CY7C341/B tPDIS/CO = 25/15/14, 15/10/7 380/360 H,J,R 

ICcfJSB 
Pins Part Number Speed Grade (rnA) Packages 

44,68,100 CY7C381N2A -X,-O,-1,-2 1SB= 10 A,G,J 

44,68,100 CY7C3381A!2A -X,-0,-1 ISB=0.65 A,J 

68,84,100 CY7C383N4A -X,-0,-1,-2 ISB= 10 A,G,J 

68,84,100 CY7C3383N4A -X,-0,-1 ISB = 0.65 A,J 

84,100,144,160 CY7C385N6A -X,-0,-1, -2 ISB= 10 A,G,J,U 

84,100,144 CY7C3385N6A -X,-O,-l ISB=0.65 A,J 

144,160,208,223 CY7C387N8A -X,-0,-1,-2 ISB= 10 A,G,N,U 

144,208 CY7C3387N8A -X,-O,-1 ISB = 0.65 A,N 

ICcfJSB 
Pins Part Nnmber Speed Grade (rnA) Packages 

84,144 CY7C3803 -X,-O, -1,-2 ISB= 10 A,J 

84,144 CY7C33803 -X,-0,-1,-2 ISB = 0.65 A,J 

84,144,208 CY7C3805 -X,-0,-1,-2 ISB= lO A,J,N 

84,144,208 CY7C33805 -X,-0,-I,-2 18B=0.65 A,J,N 

144,208,256 CY7C3807 -X, -0,-1,-2 ISB= 10 A, N,BGA 

144,208,256 CY7C33807 -X,-0,-1,-2 ISB=0.65 A, N, BGA 

144,208,256 CY7C3809 -X,-0,-1,-2 ISB= 10 A, N, BGA 

144,208,256 CY7C33809 -X,-0,-1,-2 18B=0.65 A,N,BGA 

208,352 CY7C3812 -X,-0,-1,-2 ISB= 10 N,BGA 

208,352 CY7C33812 -X,-0,-1,-2 ISB=0.65 N,BGA 

208,352 CY7C3816 -X,-0,-1,-2 ISB= 10 N,BGA 

208,352 CY7C33816 -X,-0,-1,-2 18B=0.65 N,BGA 

208,352 CY7C3820 -X,-0,-1, -2 ISB= 10 N,BGA 

208,352 CY7C33820 -X,-0,-1,-2 18B=0.65 N,BGA 
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Product Selector Guide 

Design and Programming Tools 
Description 1YJIe Part Number 

Wa1p2 + ~ forPC VHDLDesignThol CY3120 

Wa1p2~ forPC VHDLDesignThol CY3121 

Wa1p2 + for Sun VHDLDesignThoI CY3125 

Wa1p2 for Sun VHDL Design Tool CY3126 

Wa1p3~ forPC VHDL/CAE Design Tool CY3130 

Wa1p3 for Sun VHDL/CAE Design Tool CY3135 

Abel '" Kit for PC FLASH370 Design Kit CY3140 

PROseries N for PC Viewlogic N Design Kit CY3141 

Abel KitforSUN FLASH370 Design Kit CY3145 

Synopsys ~ for Sun pASIC380 Design Kit CY3146 

Impulse3~ Programmer CY3500 

Notes: 
The above specifications are for the commercial temperature range of 0 0 C to 700 C. Military temperature range ( - 55 0 C to + 125 0 C) product processed 
to MIL-STD-883 Revision C is also available for most products. Speed and power selections may vary from those above. Contact your local sales office 
for more information. 
Commercial grade product is available in plastic, CERDIp, or LCe. Military grade product is available in CERDlp, LCC, or PGA. 

Power supplies for most product lines are Vee = 5V ± 10%. 
22S, 24S, 28S stands for 300 mil. 22-pin, 24-pin, 28-pin, respectively. 28.4 stands for 28-pin 400 mil, 24.4 stands for 24-pin 400 mil. 

PLCC, SOJ, and SOIC packages are available on some products. 

F, K, and T packages are special order only. 
Please contact a Cypress representative for product availability. 

MAX and MAX + PLUS are registered trademarks of Altera Corporation. Pentium is a trademark of Intel Corporation. 

Package Code: 

B = Plastic Pin Grid Array 
D = CerDIP 
E = Thpe Automated Bond (TAB) 
F = Flatpack 
G = Pin Grid Array (PGA) 
H = Windowed Hermetic LeC 
J = PLCC 

K = Cerpack 
L = Leadless Chip Carrier (LCC) 
N = Plastic Quad Flatpack 
P = Plastic 

Q = Windowed LeC 
Q = QSOP 
R = Windowed PGA 
S = SOIC 
T = Windowed Cerpack 
U = Ceramic Quad Flatpack 
V = SOJ 
W = Windowed Cerdip 
X = DICE 
Y = Ceramic LCC 
Z = TSOP 

HD = Hermetic DIP (Module) 
HG = CeramicPGA(Module) 
PA = TSSOP 
PD = Plastic DIP (Module) 
PM = Plastic SIMM 
PN = Plastic Angled SIMM 
PS = Plastic SIP 
PV = SSOP 
PZ = Plastic ZIP 
SO = SOIC 

Wa1p2, Wa1p2+, Wa1p3, Ultra3800, Ultra39000, and Impulse3 are trademarks of Cypress Semiconductor Corporation. 
Abel is a trademark of Data I/O. 
Proseries and ViewLogic are trademarks of View Logic. 
Synopsys is a trademark of Synopsis. 
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Product Line Cross Reference 

CYPRESS CYPRESS ALTERA CYPRESS AMD 
PALCI6L8-25C PALCI6L8L-25C 5064JM 7C343-35HMB SMDPN 
PALCI6L8-30M PALCI6L8-20M 5064LC 7C343-35JC 5962-851550lRX 
PALCI6L8-35C PALCI6L8-25C 5064LC-l 7C343-25JC 5962-85155012X 
PALCI6L8-40M PALCI6L8-30M 5064LC-2 7C343-3OJC 5962-85155 02RX 
PALCI6L8L-35C PALCI6L8L-25C 5128AGC-1 7C342B-12RC 5962-85155022X 
PALC16R4-25C PALCI6R4L-25C 5128AGC-2 7C342B-15RC 5962-8515503RX 
PALC16R4-30M PALCI6R4-20M 5128AGC-3 7C342B-20RC 5962-85155032X 
PALC16R4-35C PALCI6R4-25C 5128AJC-l 7C342B-12HC 5962-8515504RX 
PALC16R4-40M PALC16R4-30M 5128AJC-2 7C342B-15HC 5962-85155042X 
PALCI6R4L-35C PALCI6R4L-25C 5128AJC-3 7C342B-20HC 5962-8515505RX 
PALC16R6-25C PALC16R6L-25C 5128ALC-1 7C342B-121C 5962-85155052X 
PALC16R6-30M PALC16R6-20M 5128ALC-2 7C342B-15JC 5962-8515506RX 
PALCI6R6-35C PALCI6R6-25C 5128ALC-3 7C342B-20JC 5962-85155062X 
PALC16R6-40M PALC16R6-30M 5128GC 7C342-35RC 5962-8515507RX 
PALC16R6L-35C PALC16R6L-25C 5128GC-l 7C342-25RC 5962-85155072X 
PALCI6R8-25C PALCI6R8L-25C 5128GC-2 7C342-30RC 5962-8515508RX 
PALCI6R8-30M PALCI6R8-20M 5128GM 7C342-35RMB 5962-85155082X 
PALC16R8-35C PALC16R8-25C 5128JC 7C342-35HC 5962-8605301LA 
PALC16R8-40M PALC16R8-30M 5128JC-l 7C342-25HC 5962-86053013A 
PALC16R8L-35C PALC16R8L-25C 5128JC-2 7C342-30HC 5962-86053 01KA 
PALC22VlO-35C PALC22VlO-25C 5128JI 7C342-35HI 5962-8605302LA 
PALC22VlO-40M PALC22VlO-30M 5128JI-2 7C342-30HI 5962-86053 023A 
PALC22VlOL- 25C PALC22VlO- 25C 5128JM 7C342-35HMB 5962-8605302KA 
PALC22VlOL-35C PALC22VlOL-25C 5128LC 7C342-35JC 5962-8605304LA 
PLDC20GlO-35C PLDC20GlO-25C 5128LC-1 7C342-25JC 5962-86053043A 
PLOC20GlO-40M PLDC20GlO-30M 5128LC-2 7C342-30JC 5962-8605304KA 

5128U 7C342-35JI 5962-86053 053A 
ALTERA CYPRESS 5128U-2 7C342-30HI 5962-8605305KA 
PREFIX:EPM PREFIX:CY 5130GC 7C346-35RC 5962-8605305LA 
50320C 7C344-25WC 5130GC-l 7C346-25RC 5962-885150lRX 
50320C-2 7C344-20WC 5130GC-2 7C346-30RC 5962-88515012X 
50320C-15 7C344-15WC 5130GM 7C346-35RM 5962-8851502RX 
50320C-17 Call Factory 5130JC 7C346-35HC 5962-88515022X 
50320C-20 7C344-20WC 513OJC-1 7C346-25HC 5962-8851503RX 
50320C-25 7C344-25WC 5130JC-2 7C346-30HC 5962-88515032X 
50320M 7C344-25WMB 5130JM 7C346-35HM 5962-8851504RX 
50320M-25 7C344-25WMB 5130LC 7C346-35JC 5962-88515042X 
50321C 7C344-25HC 5130LC-l 7C346-25JC PREFIX:Am 
50321C-2 7C344-20HC 5130LC-2 7C346-30JC PREFIX:SN 
50321C-15 7C344-15HC 5130U 7C346-35JI SUFFIX:B 
50321C-17 Call Factory 5130U-2 7C346-30JI SUFFIX:O 
50321C-20 7C344-20HC 5130QC 7C346-35NC SUFFIX:F 
50321C-25 7C344-25HC 5130QC-1 7C346-25NC SUFFIX:L 
503211-20 7C344-20HI 5130QC-2 7C346-30NC SUFFIX:P 
50321M 7C344-25HMB 5130QI 7C346-35NI MACHllO-121C 
50321M-25 7C344-25HMB 5192AGC-1 7C34IB-15RC MACHllO-15JC 
5032LC 7C344-25JC 5192AGC-2 7C34IB-20RC MACHllO-20JC 
5032LC-2 7C344-20JC 5192AJC-l 7C34IB-15HC MACHllO-20/BXA 
5032LC-15 7C344-15JC 5192AJC-2 7C341B-20HC MACH130-15JC 
5032LC-17 Call Factory 5192ALC-l 7C341B-15JC MACHI30-20JC 
5032LC-20 7C344-2OJC 5192ALC-2 7C43IB-20JC MACHI30-20/BXA 
5032LC-25 7C344-25JC 5192GC 7C341-35RC MACH2lO-12JC 
5032PC 7C344-25PC 5192GC-l 7C341-25RC MACH2lO-15JC 
5032PC-2 7C344-20PC 5192GC-2 7C341-30RC MACH210-20JC 
5032PC-15 7C344-15PC 51921C 7C341-35HC MACH210-2O/BXA 
5032PC-17 Call Factory 51921C-1 7C341-25HC MACH210A -lOJC 
5032PC-20 7C344-20PC 51921C-2 7C341-30HC MACH210A-121C 
5032PC-25 7C344-25PC 519211 7C341-35HI MACH230-15JC 
5064JC 7C343-35HC 5192LC 7C341-35JC MACH230-20JC 
5064JC-l 7C343-25HC 5192LC-l 7C341-25JC MACH435 -15JC 
5064JC-2 7C343-30HC 5192LC-2 7C341-30JC MACH435-2OJC 
5064JI 7C343-35HI PALI6L8A-4C 

Note: Unless otherwise noted, product meets all performance specs and is within 10 rnA on Icc and 5 rnA on ISB 
+ = meets all performance specs but may not meet Icc or ISB 
* = meets all performance specs except 2V data retention-may not meet Icc or ISB 

functionally equivalent 
t SOIConly 
:j: = 32-pin LCC crosses to the 7C198M 
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CYPRESS 
SMDPN 
5962-8871309RX 
5962-88713 09XX 
5962-88713 lORX 
5962-88713 lOXX 
5962-88713 llRX 
5962-88713 llXX 
5962-88713 12RX 
5962-88713 12XX 
5962-8871309RX 
5962-8871309XX 
5962-88713 lORX 
5962-88713 lOXX 
5962-8871311RX 
5962-88713 llXX 
5962-8871312RX 
5962-88713 12XX 
5962-89841 OlLX 
5962-89841013X 
5962-89841 OlKX 
5962-898410lLX 
5962-898410l3X 
5962-898410lKX 
5962-8984102LX 
5962-89841023X 
5962-89841 02KX 
5962-89841063X 
5962-8984106KX 
5962-89841 06LX 
5962-8871309RX 
5962-8871309XX 
5962-8871310RX 
5962-8871310XX 
5962-8871311RX 
5962-88713 llXX 
5962-88713 12RX 
5962-88713 12XX 
PREFIX:CY 
PREFIX:CY 
SUFFIX:B 
SUFFIX:DORW 
SUFFIX:F 
SUFFIX:L 
SUFFIX:P 
7C371-83JC 
7C371-66JC 
7C371-66JC 
7C371-66YMB 
7C373-83JC 
7C373-66]C 
7C373-66YMB 
7C372-10OJC 
7C372-83JC 
7C372-66JC 
7C372-66YMB 
7C372-125JC 
7C372-lOOJC 
7C374-83JC 
7C374-66]C 
7C374-83JC 
7C374-66JC 
PALCI6L8L-35C 
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?CYPRESS 
Product Line Cross Reference 

AMD CYPRESS AMD CYPRESS PREFIX:HM PREFIX:CY 

PAL16L8A-4M PALC16L8-40M PAL22V1OIBLA PALC22V1O-35DMB PREFIX:HPL PREFIX:CY 
PAL16L8AC PALC16L8-25C PAL22VlONB3A PALC22VlO-25LMB SUFFIX:8 SUFFIX:B 

PAL16L8ALC PALCI6L8-25C PAL22V1ONBLA PALC22VlO-25DMB PREFIX: 1 SUFFIX:D 

PAL16L8ALM PALC16L8-30M PAL22V1OAJC PALC22VlO-25JC PREFIX:9 SUFFIX:F 

PAL16L8AM PALC16L8-30M PAL22VlOAPC PALC22VlO-25PC PREFIX:4 SUFFIX:L 

PAL16L8BM PALC16L8-20M PAL22VlOJC PALC22V1O-35JC PREFIX:3 SUFFIX:P 

PAL16L8C PALC16L8-35C PAL22V1OPC PALC22V1O-35PC 16LC8-5 PALC16L8L-35C 

PAL16L8LC PALC16L8-35C PALCE16V8H-5JQ4 PALCE16V8-5JC 16LC8-8 PALC16L8-40M 

PAL16L8LM PALC16L8-40M PALCE16V8H-7JQ4 PALCE16V8-7JC 16LC8-9 PALC16L8-40M 

PAL16L8M PALC16L8-40M PALCEI6V8H-7PQ4 PALCEI6V8-7PC 16RC4-5 PALC16R4L-35C 
PAL16L8QC PALCI6L8L-35C PALCE16V8H-lOJC/4 PALCE16V8-IOJC 16RC4-8 PALC16R4-40M II 
PAL16L8QM PALC16L8-40M PALCE16V8H-lOPC/4 PALCE16V8-lOPC 16RC4-9 PALC16R4-40M 

PAL16R4A-4C PALC16R4L-35C PALCE16V8H-15JC/4 PALCE16V8-15JC 16RC6-5 PALC16R6L-35C 

PAL16R4A-4M PALC16R4-40M PALCE16V8H-15PQ4 PALCE16V8-15PC 16RC6-8 PALC16R6-40M 

PAL16R4ALC PALC16R4-25C PALCE16V8H-25JC/4 PALCE16V8-25JC 16RC6-9 PALC16R6-40M 

PAL16R4ALM PALC16R4-30M PALCEI6V8H-25PC/4 PALCE16V8-25PC 16RC8-5 PALC16R8L-35C 

PAL16R4AM PALCI6R4-30M PALCEI6V8Q-15JQ4 PALCE16V8L-15JC 16RC8-8 PALC16R8-40M 
PAL16R4BM PALC16R4-Z0M PALCE16V8Q-15PC/4 PALCE16V8L-15PC 16RC8-9 PALCI6R8-40M 

PAL16R4C PALC16R4-3SC PALCE16V8Q-25JQ4 PALCEI6V8L-25JC INTEL CYPRESS 
PAL16R4LC PALCI6R4-35C PALCEI6V8Q-25PQ4 PALCEI6V8L-2SPC PREFIX:8SC PREFIX:CY 
PAL16R4LM PALCI6R4-40M PALCE20V8H-5JQ4 PALCE20V8-5JC PREFIX:85C PREFIX:PLD 
PAL16R4M PALCI6R4-40M PALCE20V8H-7JQ4 PALCE20V8-7JC PREFIX:D SUFFIX:D 
PAL16R4QC PALCI6R4L-35C PALCE20V8H-7PC/4 PALCE20V8-7PC PREFIX:L SUFFIX:L 
PAL16R4QM PALCI6R4-40M PALCE20V8H-lOJQ4 PALCE20V8-lOJC PREFIX:P SUFFIX:P 
PAL16R6A-4C PALCI6R6L-35C PALCE20V8H-lOPC/4 PALCE20V8-lOPC SUFFIX:/B SUFFIX:B 
PAL16R6A-4M PALCI6R6-40M PALCElOV8H-15JQ4 PALCE20V8-1SJC 22VI0-lOC PALC22VlOD-7C 
PAL16R6AC PALCI6R6-ZSC PALCE20V8H-lSPQ4 PALCE20V8-1SPC 22VIO-lOC PALC22VlOD-IOC 
PAL16R6ALC PALCI6R6-2SC PALCEZOV8H-25JQ4 PALCEZOV8-2SJC 22VIO-IOC PAL22VIOC-7C+ 
PAL16R6ALM PALC16R6-30M PALCElOV8H-25PC/4 PALCE20V8-25PC 22V1O-lOC PAL22VlOC-IOC+ 
PAL16R6AM PALC16R6-30M PALCE20V8Q-15JQ4 PALCElOV8L-1SJC 22VlO-lSC PALC22VlOB-15C 
PAL16R6BM PALCI6R6-20M PALCElOV8Q-lSPQ4 PALCElOV8L-15PC 22VlO-15C PALC22VIOD-15C 
PAL16R6C PALC16R6-3SC PALCE20V8Q-25JQ4 PALCElOV8L-25JC 
PAL16R6LC PALC16R6-3SC PALCElOV8Q-25PQ4 PALCElOV8L-25PC LATTICE CYPRESS 
PAL16R6LM PALC16R6-40M PALCE22VlOH -7JC PALCE22VlO-7JC PREFIX:EE PREFIX:CY 
PAL16R6M PALC16R6-40M PALCE22VlOH-lOPC PALCE22VlO-IOPC PREFIX:GAL PREFIX:PALCE 
PAL16R6QC PALC16R6L-3SC PALCE22VlOH-lOJC PALCE22VlO-lOJC PREFIX:ST PREFIX:CY 
PAL16R6QM PALC16R6-40M PALCE22VlOH-lOPC PALCE22VlO-lOPC SUFFIX:B SUFFIX:B 
PALI6R8A-4C PALC16R8L-35 PALCE22VlOH PALCE22VlO SUFFIX:D SUFFIX:D 
PAL16R8A-4M PALC16R8-40M -lS/B3A -ISLMB SUFFIX:L SUFFIX:L 
PAL16R8AC PALCI6R8-25C PALCE22VlOH PALCE22VlO SUFFIX:P SUFFIX:P 
PAL16R8ALC PALCI6R8-2SC -ISIBLA -15DMB GAL16V8A-lOLJ PALCE16V8-10JC 
PAL16R8ALM PALCI6R8-30M PALCE22VlOH-15JC PALCE22VlO-15JC GAL16V8A-lOLP PALCE16V8-10PC 
PAL16R8AM PALC16R8-30M PALCE22VlOH-15PC PALCE22V1O-15PC GAL16V8A-1SLJ PALCE16V8-15JC 
PAL16R8BM PALC16R8-20M PALCE22V1OH PALCE22VlO GAL16V8A-1SLP PALCE16V8-15PC 
PAL16R8C PALC16R8-35C -20/B3A -15LMB GAL16V8A-15QJ PALCE16V8L-15JC 
PAL16R8LC PALCI6R8-35C PALCE22V1OH PALCE22VIO GAL16V8A -15QP PALCE16V8L-15PC 
PAL16R8LM PALC16R8-40M -20/BLA -15DMB GAL16V8A - L5LJ PALCEI6V8-25JC 
PAL16R8M PALC16R8-40M PALCE22VlOH PALCE22V1O GAL16V8A - 25LP PALCEI6V8-25PC 
PAL16R8QC PALC16R8L-35 

-25IB3A -25LMB 
GAL16V8A-25QJ PALCE16V8L-25JC 

PALCE22VlOH PALCE22VlO PAL16R8QM PALC16R8-40M -25/BLA -25DMB GAL16V8A - 25QP PALCE16V8L-25PC 
PAL22Vl0-7JC PALCE22V1O-7JC PALCE22VlOH-25JC PALCE22VlO-25JC GAL16V8B-7LJ PALCE16V8-7JC 
PAL22VlO-7PC PALCE22VlO-7PC PALCE22VlOH-25PC PALCE22V1O-25PC GAL16V8B-7LP PALCE16V8-7PC 
PAL22V1O-IOJC PALCE22V1O-I0JC PALCE22V1OH PALCE22V1O GAL16V8B-lOLJ PALCE16V8-1OJC 
PAL22VlO-lOPC PALCE22VlO-1OPC -30/B3A -25LMB GAL16V8B-I0LJI PALCE16V8-lOJI 
PAL22VIO-12/B3A PALCE22VlO-lOLMB PALCE22VlOH PALCE22V1O GAL16V8B-lOLP PALCE16V8-lOPC 
PAL22VlO-12/BLA PALCE22VlO-lODMB -30/BLA -25DMB GAL16V8B-lOLPI PALCE16V8-lOPI 
PAL22V1O-15DC PALC22V1OB-15DC GAL16V8B-15LJI PALCE16V8-15JI 
PAL22VlO-15JC PALC22VlOB-15JC ATMEL CYPRESS GAL16V8B-15LPI PALCE16V8-15PI 
PAL22VlO-15PC PALC22V1OB-15PC 22VlO PALC22VlO GAL16V8B- 25LJI PALCE16V8-25JI 
PAL22V1O-20/B3A PALC22V1OB-20LMB 22V1O-15 PALC22VlOB GAL16V8B- 25LPI PALCE16V8-25PI 
PAL22VlO-20/BLA PALC22VlOB-20DMB HARRIS CYPRESS GAL16V8A PALCE16V8 
PAL22VlOIB3A PALC22VlO-35LMB PREFIX:AT PREFIX:CY GAL16V8B PALCE16V8 
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Product Line Cross Reference 

LATTICE CYPRESS MMI/AMD CYPRESS MMIJAMD 
GAl20VSA -lOU PALCE20V8-lOJC SUFFIX:SHRP SUFFIX:B PAL16R8M 
GAL20V8A -lOLP PALCE20V8-lOPC PAL12LlOC PLDC20GlO-35C PAL18UC 
GAL20V8A -15U PALCE20V8-15JC PAL12LlOM PLDC20GlO-40M PAL18UM 
GAL20V8A -15LP PALCE20V8-15PC PAL14LSC PLDC20GlO-35C PALZOLlOAC 
GALZOV8A -15QJ PALCE20VSL-15JC PAL14LSM PLDC20GlO-40M PAL20LlOAM 
GAL20V8A -15QP PALCE20V8L-15PC PAL16L6C PLDC20GlO-35C PALZOLlOC 
GALZOV8A-LSU PALCE20V8-25JC PAL16L6M PLDC20GlO-40M PAL20LlOM 
GAL20V8A -25LP PALCE20V8-25PC PAL16LSA-2C PALC16LS-35C PALZOLZC 
GAL20V8A - 25QJ PALCE20V8L-25JC PAL16L8A-2M PALC16LS-40M PAL20L2M 
GALZOV8A -25QP PALCE20V8L-25PC PAL16LSA-4C PALC16LSL-3SC PAL20LSA-2C 
GALZOV8B-7U PALCE20V8-7JC PAL16LSA-4M PALC16LS-40M PALZOLSA-2M 
GAl2OV8B-7LP PALCE20V8-7PC PAL16LSAC PALC16LS-25C PALZOLSAC 
GALZOV8B-10U PALCE20V8-lOJC PAL16LSAM PALC16LS-30M PALZOLSAM 
GALZOV8B-1OUI PALCE20V8-10JI PAL16LSB-2C PALC16LS-35C PAL20LSC 
GALZOV8B-1OLP PALCE20V8-10PC PAL16LSB-2M PALC16LS-30M PALZOLSM 
GALZOV8B-lOLPI PALCE20V8-lOPI PAL16LSB-4C PALC16LSL-35C PAL20R4A-2C 
GALZOV8B-15UI PALCE20V8-1SJI PAL16LSB-4M PALC16LS-40M PAL20R4A-2M 
GALZOV8B-15LPI PALCE20V8-15PI PAL16LSBM PALC16LS-20M PALZOR4AC 
GALZOV8B-25UI PALCE20V8-25JI PAL16LSC PALC16LS-3SC PAL20R4AM 
GAL20V8B-25LPI PALCE20V8-25PI PAL16LSD-4C PALC16LSL-25C PALZOR4C 
GAL20V8A PALCE20V8 PAL16LSD-4M PALC16LS-30M PALZOR4M 
GAL20V8B PALCE20V8 PAL16LSM PALC16LS-40M PAL20R6A-2C 
GALZ2VIOB-7U PALCE22V1O-7JC PAL16R4A-2C PALC16R4-35C PALZOR6A-2M 
GAL22VlOB-7LP PALCE22VIO-7PC PAL16R4A-2M PALC16R4-40M PALZOR6AC 
GAL22VlOB-lOU PALCE22VlO·lOJC PAL16R4A-4C PALC16R4L-3SC PALZOR6AM 
GAL22VlOB-lOLP PALCE22VIO-lOPC PAL16R4A-4M PALC16R4-40M PALZOR6C 
GAL22VlOB·15LD PALCE22VlO- PALl6R4AC PALC16R4-25C PALZOR6M 
/883 15DMB PAL16R4AM PALC16R4-30M PALZOR8A-2C 
GALZ2V1OB-1SU PALCE22VlO·15JC PAL16R4B-2C PALC16R4-25C PAl2OR8A-ZM 
GAL22VIOB-1SUI PALCE22V10-lSJI PAL16R4B-2M PALC16R4-30M PALZOR8AC 
GALZ2V1OB-15LP PALCE22V1O·15PC PALl6R4B-4C PALC16R4L-35C PALZOR8AM 
GALZ2V1OB-lSLPI PALCE22V1O·lSPI PAL16R4B-4M PALC16R4-40M PALZOR8C 
GALZ2VIOB-15LR PALCE22VlO- PAL16R4BM PALC16R4-20M PALZOR8M 
/883 15LMB PAL16R4C PALC16R4-35C PALC22V10/A 
GALZ2VlOB-20UI PALCE22VlO·1SJI PAL16R4D-4C PALC16R4L-25C 
GAL22VlOB-20LD PALCE22VlO- PAL16R4M PALC16R4-40M NATIONAL 
/883 15DMB PAL16R6A-2C PALC16R6-35C PREFIX:DM 
GAL22VlOB-20LPI PALCE22VlO·15PI PAL16R6A-2M PALC16R6-40M PREFIX:GAL 
GAL22VlOB-20LR PALCE22VlO- PAL16R6A-4C PALC16R6L-35C PREIFX:IDM 
/883 lSLMB PAL16R6A-4M PALC16R6-40M PREFIX:NM 
GAL22VlOB-25LD PALCE22V1O- PALl6R6AC PALC16R6-25C PREFIX:NMC /883 25DMB 

PAL16R6AM PALC16R6-30M SUFFIX:J GALZ2VlOB-25U PALCE22V10·2SJC 
PAL16R6B-2C PALC16R6-25C SUFFIX:N 

GAL22V1OB-25UI PALCE22V1O·25JI 
PAL16R6B-2M PALC16R6-30M 18UC 

GAL22V1OB-2SLP PALCE22V10·2SPC 
PAL16R6B-4C PALC16R6L-35C 18UM GAL22V1OB-2SLPI PALCE22V1O·25PI 
PAL16R6B-4M PALC16R6-40M 20LZM 

GALZ2VlOB-25LR PALCE22V1O-
/883 25LMB PAL16R6BM PALC16R6-20M GAL22VlO-1SC 

GAL22VlOB-30LD PALCE22VlO- PAL16R6C PALC16R6-35C GALZ2VlO-2OI 

/883 25DMB PAL16R6D-4C PALC16R6L-25C GALZ2VlO-20M 

GAL22VlOB-30LR PALCE22VlO- PAL16R6M PALC16R6-40M GALZ2VlO-25C 
/883 25LMB PAL16R8A-2C PALC16R8-35C GALZ2VlO-3OI 
GALZ2VlOC-5U PALCE22VlO-5JC PAL16R8A-2M PALC16R8-40M GALZ2VlO-30M 
GAL22V1OC-7U PALCE22VlO-7JC PAL16R8A-4C PALC16R8L-35C PAL164A2M 
GAL22VlOC-7PC PALCE22VIO-7PC PAL16R8A-4M PALC16R8-40M PALl6LSA2C 

PAL16R8AC PALC16R8-25C PAL16LSA2M 

MMIJAMD CYPRESS PAL16R8AM PALC16R8-30M PAL16LSAC 
SUFFlX:883B SUFFIX:B PAL16R8B-2C PALC16R8-25C PAL16LSAM 
SUFFlX:F SUFFIX:F PAL16R8B-2M PALC16R8-30M PAL16LSB2C 

SUFFIX:J SUFFIX:D PAL16R8B-4C PALC16R8L-35C PAL16LSB2M 
SUFFIX:L SUFFIX:L PAL16R8B-4M PALC16R8-40M PAL16LSB4C 
SUFFIX:N SUFFIX:P PAL16R8BM PALC16R8-20M PALl6LSB4M 
PALl6R8D-4C PALC1648L-25C PAL16R8C PALC16R8-35C PAL16LSBM 

Note: Unless otherwise noted, product meets all performance specs and is within 10 rnA on ICC and 5 rnA on ISB 
+ = meets all performance specs but may not meet Icc or ISB 
• = meets all performance specs except 2V data retention-may not meet Icc or ISB 

functionally equivalent 
t SOIConly 
:j: = 32·pin LCC crosses to the 7C198M 
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CYPRESS 
PALC16R8-40M 
PLDCZOGlO-35C 
PLDCZOGIO-40M 
PLDCZOGlO-35C 
PLDC20GlO-30M 
PLDCZOGlO-35C 
PLDC20GlO-40M 
PLDCZOGlO-35C 
PLDC20GlO-40M 
PLDC2OG1O-3SC 
PLDC20GlO-40M 
PLDC20GlO-2SC 
PLDCZOGlO-30M 
PLDC20GlO-35C 
PLDCZOG 1O-40M 
PLDC20G1O-35C 
PLDCZOGlO-40M 
PLDC20GlO-25C 
PLDCZOGlO-30M 
PLDC20GlO-35C 
PLDC20GlO-40M 
PLDC20GlO-35C 
PLDC20GIO-40M 
PLDC20GIO-25C 
PLDC20GlO-30M 
PLDC20GlO-35C 
PLDC20GlO-40M 
PLDC20GlO-35C 
PLDC20GlO-40M 
PLDCZOGlO-25C 
PLDC20GlO-30M 
PLDCZOGlO-3SC 
PLDC20GlO-40M 
PALC22VlO-35C 

CYPRESS 
PREFIX:CY 
PREFIX:None 
PREFIX:CY 
PREFIX:CY 
PREFIX:CY 
SUFFIX:D 
SUFFIX:P 
PLDC2OGlO-3SC 
PLDCZOG lO-40M 
PLDC20GIO-40M 
PALCE22VlO-15C 
PALCE22VlO-15I 
PALCE22VlO-15M 
PALCE22VlO-25C 
PALCE22V1O-251 
PALCE22VlO-25M 
PALC16R4-40M 
PALC16L8-35C 
PALC16LS-40M 
PALC16L8-25C 
PALC16LS-30M 
PALC16LS-25C 
PALC16LS-30M 
PALC16LSL-35C 
PALC16LS-40M 
PALC16L8-20M 



=-~ 
~'CYPRESS 
NATIONAL CYPRESS 
PALl6LBC PALC16LB-35C 
PAL16LBM PALC16LB-40M 
PALl6R4A2C PALC16R4-35C 
PALl6R4AC PALC16R4-25C 
PALl6R4AM PALC16R4-30M 
PALl6R4B2C PALCI6R4-25C 
PALl6R4B2M PALCI6R4-30M 
PAL16R4B4C PALCI6R4L-35C 
PAL16R4B4M PALCI6R4-40M 
PALIGR4BM PALCIGR4-20M 
PAL16R4C PALC1GR4-35C 
PAL16R4M PALC1GR4-40M 
PAL16RGA2C PALC1GRG-35C 
PAL1GR6A2M PALC1GRG-40M 
PAL16R6AC PALC1GRG-25C 
PAL16R6AM PALC1GRG-30M 
PAL16R6B2C PALC16R6-25C 
PALl6R6B2M PALC16R6-30M 
PALl6R6B4C PALCIGR6L-35C 
PALl6R6B4M PALC1GRG-40M 
PALl6R6BM PALCI6R6-20M 
PAL16R6C PALC1GRG-35C 
PAL16R6M PALC1GRG-40M 
PALI6R8A2C PALC1GR8-35C 
PAL16R8A2M PALCI6R8-40M 
PAL16R8AC PALC16R8-25C 
PAL16R8AM PALC16R8-30M 
PAL16R8B2C PALC16R8-25C 
PAL16R8B2M PALC16R8-30M 
PAL16R8B4C PALCI6R8L-35C 
PAL16R8B4M PALC16R8-40M 
PAL16R8BM PALC16R8-20M 
PAL16R8C PALC16R8-35C 
PAL16R8M PALC16R8-40M 
PAL20L2C PLDC20GI0-35C 
PAL20LBAC PLDC20G 10-25C 
PAL20LBAM PLDC20GlO-30M 
PAL20LBBC PLDC20G 10-25C 
PAL20LBBM PLDC20GlO-30M 
PAL20LBC PLDC20GI0-35C 
PAL20LBM PLDC20G 10-40M 
PAL20LlOB2C PLDC20GI0-25C 
PAL20LlOB2M PLDC20GI0-30M 
PAL20LlOC PLDC20GlO-35C 
PAL20LlOM PLDC20GlO-40M 
PAL20R4AC PLDC20GlO-25C 
PAL20R4AM PLDC20GlO-30M 
PAL20R4BC PLDC20GlO-25C 
PAL20R4BM PLDC20GlO-30M 
PAL20R4C PLDC20GlO-35C 
PAL20R4M PLDC20GlO-40M 
PAL20RGAC PLDC20GlO-25C 
PAL20R6AM PLDC20GlO-30M 
PAL20R6BC PLDC20GlO-25C 
PAL20R6BM PLDC20GI0-30M 
PAL20R6C PLDC20GlO-35C 
PAL20RGM PLDC20GlO-40M 
PAL20R8AC PLDC20GlO-25C 
PAL20R8AM PLDC20GlO-30M 
PAL20R8BC PLDC20GlO-25C 
PAL20R8BM PLDC20GlO-30M 

Product Line Cross Reference 

NATIONAL CYPRESS TI CYPRESS 
PAL20R8C PLDC20GlO-35C PAL16LBAM PALC16LB-30M 
PAL20R8M PLDC20GlO-40M PAL16R4-20M PALC16R4-20M 

PAL16R4-25C PALCI6R4-25C 
QIDCKLOGIC CYPRESS PAL16R4-30M PALCI6R4-30M 
PREFIX:QL PREFIX:CY PALl6R4A-2C PALCI6R4-25C 
8XI2B-*CG68C 7C382A-*GC PALl6R4A-2M PALCI6R4-40M 
8XI2B-*CGG81 7C382A-*GJ PALl6R4AC PALCI6R4-25C 
8XI2B-*CG68M 7C382A-*GMB PALlGR4AM PALCI6R4-30M 
8X12B- *PFIOOC 7C382A-*AC PALl6R6-20M PALCIGR6-20M 
8X12B-*PF10OI 7C382A-*AI PALl6R6-25C PALC1GR6-25C 
8X12B-*PL44C 7C381A-*JC PALl6R6-30M PALC16R6-30M 
8X12B-*PL441 7C381A-*JI PALl6R6A-2C PALC16R6-25C 
8X12B-*PL68C 7C382A-*JC PALl6R6A-2M PALC16R6-40M 
8X12B- 'PL68I 7C382A-*JI PALl6R6AC PALC16R6-25C 
12X16B-*CG84C 7C384A-*GC PALl6R6AM PALC16R6-30M 
12XI6B-*CG84I 7C384A-*GJ PALl6R8-25C PALC16R8-25C 
12X16B-*CG84M 7C384A-*GMB PALl6R8-30M PALCI6R8-30M 
12XIGB-*PF100C 7C384A-*AC PALl6R8A-2C PALC1GR8-25C 
12X16B- *PF1OOI 7C384A-*AI PALlGR8A-2M PALCIGR8-40M 
12X16B-*PL68C 7C383A-*JC PALl6R8AC PALC1GR8-25C 
12X16B-*PL68I 7C383A-*JI PALlGR8AM PALCI6R8-30M 
12X16B-*PL84C 7C384A-*JC PAL20LBA-2C PLDC20GlO-25C 
12XIGB-*PLB4I 7C384A-*JI PAL20LBA-2M PLDC20GlO-30M 
16X24B-*GCI44C 7C386A-*GC PAL20LBAC PLDC20GlO-25C 
16X24B-*GCI44I 7C386A-*GJ PAL20LBAM PLDC20GlO-30M 
16X24B-*GCI44M 7C386A-*GMB PAL20LlOA-2C PLDC20GlO-25C 
16X24B-*PFIOOC 7C385A-*AC PAL20LlOA-2M PLDC20GlO-30M 
16X24B-*PFlOOI 7C385A-*AI PAL20LlOAC PLDC20G 10-35C 
16X24B-*PFI44C 7C386A-*AC PAL20LlOAM PLDC20GlO-30M 
16X24B-*PF1441 7C386A-*AI PAL20R4A-2C PLDC20G 10-25C 
16X24B-*PLB4C 7C385A-*JC PAL20R4A-2M PLDC20GlO-30M 
16X24B-*PLB4I 7C385A-*JI PAL20R4AC PLDC20GlO-25C 
24X32B-*GC44C 7C387A-*GC PAL20R4AM PLDC20GlO-30M 
24X32B-*GC144I 7C387A-*GJ PAL20R6A-2C PLDC20GlO-25C 
24X32B-*GC144MB 7C387A-*GMB PAL20R6A-2M PLDC20GlO-30M 
24X32B-*GC208C 7C388A-*GC PAL20R6AC PLDC20GlO-25C 
24X32B-*GC208I 7C388A-*GJ PAL20R6AM PLDC20GlO-30M 
24X32B- *GC208M 7C388A-*GMB PAL20R8A - 2C PLDC20GlO-25C 
24X32B- *PF144C 7C387A-*AC PAL20R8A-2M PLDC20GlO-30M 
24X32B- *PF144I 7C387A-*AI PAL20R8AC PLDC2OGlO-25C 
24X32B- *PF208C 7C388A-*AC PAL20R8AM PLDC2OGlO-30M 
24X32B-'PF208I 7C388A-*AI PAL22VlO-7C PALCE22VlO-7C 

• 

TI CYPRESS PAL22VlO-15C PALC22VlOB-15C 

PREFIX:JBP PREFIX:CY PAL22VlO-20M PALC22VlOB-20M 

PREFIX:PAL SUFFIX:P PAL22VlOAC PALC22VlO-25C 

PREFIX:SM PREFIX:CY PAL22VI0AC PALC22VlOL-25C 

PREFIX:SMJ PREFIX:CY PAL22V10AM PALC22VlO-25MB 

PREFIX:SN PREFIX:CY PAL22V10AM PALC22VlO-30MB 

PREFIX:TBP PREFIX:CY PAL22VlOC PALC22VlO-35C 

PREFIX:TIB PREFIX:CY PAL22V10C PALC22VlOL-35C 

PREFIX:TMS PREFIX:CY 
SUFFIX:F SUFFIX:F 
SUFFIX:J SUFFIX:L 
SUFFIX:N SUFFIX:D 
22VI0AC PALC22VI0-25C 
22VlOAM PALC22VI0-30M 
PALI6LB-20M PALCIGLB-20M 
PALI6LB-25C PALCI6LB-25C 
PALI6LB-30M PALCI6LB-30M 
PALI6LBA-2C PALCI6LB-35C 
PALI6LBA-2M PALC16LB-40M 
PALl6LBAC PALCI6LB-25C 
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Military Overview 
Features 
Success in any endeavor requires a high level of dedication to the 
task. Cypress Semiconductor has demonstrated its dedication 
through its corporate commitment to support the military market
place. This commitment starts with product design. All products 
are designed using our state-of-the-art CMOS and BiCMOS pro
cesses, and they must meet the full - 55 to + 125 degrees Celsius 
operational criteria for military use. The commitment shows in 
our dedication to meet and exceed the stringent quality and reli
ability requirements of MIL-STD-883 and MIL-PRF-38535. It 
shows in Cypress's participation in each of the military processing 
programs: MIL-STD-883 compliant, SMD (Standardized Mili
tary Drawing), and QML. Finally, our commitment shows in our 
leadership position in special packages for military use. 

Product Design 
Every Cypress product is designed to meet or exceed the full tem
perature and functional requirements of military product. This 
means that Cypress builds military product as a matter of course, 
rather than as an accidental benefit offavorable test yield. Designs 
are being carried out in our industry-leading 0.65-micron CMOS 
and BiCMOS processes. Cypress is able to offer a family of prod
ucts that are industry leaders in density, low operating and standby 
current, and high speed. In addition, our technology results in 
products with very small manufacturable die sizes that will fit into 
the LCCs and flatpacks so often used in military programs. 

DESC-Certified Facility 
On May 8,1986, the Cypress facility at 3901 North First Street in 
San Jose, California was certified by DESC for the production of 
JAN Class B CMOS Microcircuits. And, most recently, on Febru
ary 16, 1994, Cypress received QML (Qualified Manufacturers 
List) transitional certification from Defense Electronic Supply 
Center to the requirements of MIL-PRF-38535. This certifica
tion allows Cypress to continue to produce JAN products as well as 
manufacture devices listed on the QML. QML certification at
tests to Cypress' commitmentto quality and reliability through the 
use of statistical process control and total quality management. 
Our wafer fabrication facilities are Class 10 (San Jose) and Class 
1 (Round Rock, TX and Bloomington, MN) manufacturing envi
ronments and our assembly facility is also a clean room. 

Datasheet Documentation 
Every Cypress final data sheet is a corporate document with a revi
sion history. The document number and revision appears on each 
final data sheet. Cypress maintains a listing of all data sheet docu
mentation and a copy is available to customers upon request. This 
gives a customer the ability to verify the current status of any data 
sheet and it also gives that customer the ability to obtain updated 
specifications as required. 

Every final data sheet also contains detailed Group A subgroup 
testing information. All of the specified parameters that are tested 
at Group A are listed in a table at the end of each final data sheet, 
with a notation as to which specific Group A test subgroups apply. 

Assembly Traceability Code@> 
Cypress Semiconductor places an assembly traceability code on 
every military package that is large enough to contain the code. 
The ATC automatically provides traceability for that product to 
the individual wafer lot. This unique code provides Cypress with 
the abilitytodeterminewhiclj.operators andequipmentwere used 
in the manufacture of that product from start to finish. 

Quality and Reliability 
MIL-STD-883 and MIL-PRF-38535 spell out the toughest of 
quality and reliability standards for military products. Cypress 
products meet all of these requirements and more. Our in-house 
quality and reliability programs are being updated regularly with 
tighter and tighter objectives. Please refer to the chapter on Quali- ' 
ty, Reliability, and Process Flows for further details. 

Military Product Offerings 
Cypress offers three levels of processing for military product. 

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

Second, selected products are available to the SMD (Standardized 
Military Drawing) program administered by DESC. These prod
ucts are not only fully MIL-STD-883D compliant, but are also 
screened to the electrical requirements of the applicable military 
drawing. 

Third, selected products are available as QMUJAN devices. 
These products are processed in full accordance with MIL
PRF-38535B and they are screened to the electrical requirements 
of the applicable slash sheet. 

Product Packaging 
All packages for military product are hermetic. A look at the pack
age appendix in the back of this data book will give the reader an 
appreciation of the variety of packages offered. Included are cer
DIPs, windowed CerDIPs, leadless chip carriers (LCCs), win
dowed leadless chip carriers, cerpaks, windowed cerpaks, quad 
cerpaks, windowed quad cerpaks, bottom-brazed flatpacks, and 
pin grid arrays. 

Summary 
Cypress Semiconductor is committed to the support of the mili
tarymarketplace. Our commitment is demonstrated by our prod
uct designs, our DESC-certified facility, our documentation and 
traceability, our quality and reliability programs, our support of all 
levels of military processing, and by our leadership in special 
packaging. 

Assembly 1taceability Code is a trademark of Cypress Semiconductor Corporation. 
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PLDs 

Organization Pins Part Number JAN/SMD Speed (ns/MHz) Icc 883 
Number[ll" (mA@ns/MHz) Avai\ability 

PAl20 16L8, 16R8, 16R6, 16R4 20 PAL16XX 5962-92338(0) tpD= 7,10 180@7 Now 
PALC20 16L8, 16R8, 16R6, 16R4 20 PALC16XX 5962-88678(W) tpD = 20,30,40 70@20 Now 
PALC20 16L8, 16R8, 16R6, 16R4 20 PALC16XX 5962-88713(0) tpD = 20,30, 40 70@20 Now 
PALCE20 16V8-Macrocell 20S PALCE16V8 5962-89839 tPD/S/CO = 10/10n 130@10 Now 
PLD24 22Vl0C-Macrocell 24S PAL22VlOC 5962-91760(0) tPD/S/CO = 1O/3.6n.s 190@1O Now 
PLD24 22VlOC-Macrocell 24S PAL22VP1OC 5962-91760(0) tPD/S/CO = 1O/3.6n.s 190@1O Now 
PLDC24 22V10-Macrocell 24S PALC22VlO 5962-87539(W) tPD/S/CO = 25/18/15 100@25 Now III 
PLD24 22V10-Macrocell 24S PALC22VlOB 5962-87539(W) tpD/S/CO = 20/17/15 100@20 Now 
PLDC24 22Vl0-Macrocell 24S PALC22VlO 5962-88670(0) tPD/S/CO = 25/18/15 100@25 Now 
PLD24 22V10-Macrocell 24S PALC22VlOB 5962-88670(0) tPD/S/CO = 15/12/10 120@15 Now 
PLDC24 22V10-Macrocell 24S PALC22VlOB M38510/507(W) tPD/S/CO = 15/12/10 120@15 Now 
PLDC24 22V10-Macrocell 24S PALC22V1OB M3851O/508(0) tPD/S/CO = 15/12/10 120@15 Now 
PLDC24 22V10D-Macrocell 24S PALC22V1OD 5962-89841 (0) tPD/S/co=IO/6n 130@1O Now 
PLDC24 20G 100Generic 24S PLDC20GlO 5962-88637(0) tPD/S/CO = 20/17/15 80@30 Now 
PLDC24 20RA10-Asynchronous 24S PLD20RAlO 5962-90555(0) tPD/SU/CO = 20/10/20 100@25 Now 
PLDC24 20RA10-Asynchronous 24S PLD20RA1O 5962-90989(W) tPD/SU/co=20/1O/20 100@25 Now 
PLDC28 7C330-State Machine 28S CY7C330 5962-89546(W) 50,40,28 MHz 180@40MHz Now 
PLDC28 7C330-State Machine 28S CY7C330 5926-90802(0) 50,40,28 MHz 180@40MHz Now 
PLDC28 7C331-Asynchronous 28S CY7C331 5962-90754(W) tpD = 25, 30, 40 200@20MHz Now 
PLDC28 7C331-Asynchronous 28S CY7C331 5962-89855(0) tpD = 25,30,40 200@20MHz Now 
PLDC28 7C332-Combinatorial 28S CY7C332 5962-91584(W) tpD = 20,25,30 200@24MHz Now 
PLD28 7C335-Synchronous 28S CY7C335 5862-9451O(W) fMAX5 = 66.6,50,83 160@66.6MHz Now 

CPLDs 
Organization Pins Part Number JAN/SMD Speed (ns/MHz) Icc 883 

Number[1\* (mA@ns/MHz) Availability 

MAX28 7C344-32 Macrocell 28S CY7C344/B 5962-90611(W) tpD = 12,20,25,35 220@25 Now 
MAX40 7C343-64 Macrocell 40/44 CY7C343/B 5962-92158(W) tpD = 15,20,25,30,35 225@25 Now 
MAX68 7C342-128 Macrocell 68 CY7C342/B 5962-89468(W) tpD = 15,20,25,30,35 320@30 Now 
MAX84 7C341-192 Macrocell 84 CY7C341/B 5962-92062(W) tpD = 20,25,30,35,40 480@30 Now 
MAX100 7C346-128 Macrocell 84/100 CY7C346/B 5962-91344(W) tpD = 20,25,30,35 320@35 Now 
PLDC28 7C361-StateMachine 28S CY7C361 100,83,66 MHz 150@100MHz Now 
37X-44 7C371-32 Macrocell 44 CY7C371 5962-94684(0) fMAX/tS/teO= 83MHz/ 260@83 Now 

10/10 
37X-44 7C372-64 Macrocell 44 CY7C372 5962-94688(0) fMAXitslteo=83MHz/8/8 300@83 Now 
37X-84 7C373-64 Macrocell 84 CY7C373 5962-94689(0) fMAX!tsltco=83MHz/8/8 300@B3 Now 
37X-B4 7C374-128 Macrocell 84 CY7C374 5962-94713(0) fMAXitsftco=B3MHz/B/8 370@B3 Now 
37X-16O 7C375-12B Macrocell 160 CY7C375 fMAXitsltco=83MHz/B/B 370@B3 Now 
FLAsH.370- 7C376-192 Macrocell 160 CY7C376 fMAX/tS/tco=83MHz/ 300ffBD 4Q95 
160 12/12 
FLAsH.370- 7C377-192 Macrocell 240 CY7C377 fMAX/tS/teO = 83MHz/ 300(TBD 4Q95 
240 12/12 
FLAsH.370- 7C378-256 Macrocell 160 CY7C378 fMAX/tS/tco=83MHz/ 300(TBD 2Q95 
160 12/12 
FLAsH.370- 7C379-256 Macrocell 240 CY7C379 fMAX/tsltco=83MHz/ 300(TBD 2Q95 
240 12/12 

FPGAs 

Organization Pins Part Number JAN/SMD Speed (ns/MHz) Icc 883 
Number[1\* (mA@ns/MHz) Availability 

1KFPGA CMOSBx12 68 CY7C382A -0,-1 20 Now 
2KFPGA CMOS 12x16 84 CY7C384A -0,-1 20 Now 
4KFPGA CMOS 16x24 145 CY7C385A -0,-1 20 Now 
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FPGAs (continued) 

Organization Pins PartNnmber JAN/SMD Speed (ns/MHz) Icc 883 
Nnmber[ll· (mA@ns/MHz) Availability 

4K1<l'UA ' CMUS1ox24 loU CY7C38oA I '96z,.9~599 -U, -1 , 2U I Now 

8KFPGA CMOS24x32 145/ CY7C387A/8A -0,-1 20 4Q95 
160/ 
208 

Notes: 

The following Cypress facilites have been granted Level Q (QML) certification by DESC: 
QpmlliQn Facility l.rud!1i!!n 
Fab Fab2 Round Rock, TX 

Fab3 Bloomington, MN 
Assyffest Bangkok Bangkok, Thailand 
Thst San Jose San Jose, CA 

All of the above products are available with processing to MIL-STD-883D at a minimum. Many of these products are also available either to SMDs 
(Standardized Military Drawings) or to JAN slash sheets. 

The speed and power specifications listed above cover the full military temperature range. 

Modules are available with MIL-STD-883D components. These modules are assembled and screened to the proposed JEDEC military processing 
standard for modules. 

W = Windowed Package 
o = Opaque Package 
HD = Hermetic DIP Module 

lOOK ECL devices are available only to extended temperature range. 

22S stands for 22-pin 300-mil DIP. 
24S stands for 24-pin 300-mil DIP. 
28S stands for 28-pin 300-mil DIP. 
32S stands for 32-pin 300-mil DIP. 

Notes: 
1. Devices listed have been approved by DESC for the SMD indicated as 

of the date of publication. Contact your local Cypress representative, or 
the Cypress SMD Hotline at 408/943-2716, for the latest update. 
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Cypress Semiconductor fully supports the DESC standardized 
Military Drawing Program for devices that are compliant to the 
Class B requirements of Mlt-STD-883D. 

Military Ordering Information 

Listed below are the SMDs for which Cypress is an approved 
source of supply. Please contact your local Cypress representa
tive for the latest SMD update. 

DESC SMD (Standardized Military Drawing) Approvals!!] 
Package(3) 

.. 
Cypress(2) Product SMDNumber Part Number Description 'tYpe Description 

5962-87539 01LX PALC22VI0-25WMB 24.3 DIP W14 24-Pin CMOS UV EPLD 
5962-87539 013X PALC22Vl 0-25QMB 28SLCC Q64 24-Pin CMOS UV EPLD 
5962-87539 02LX PALC22VI0-30WMB 24.3 DIP W14 24-Pin CMOS UV EPLD 
5962-87539 023X PALC22VIO-30QMB 28SLCC Q64 24-Pin CMOS UV EPLD 
5962-87539 03LX PALC22VIO-40WMB 24.3 DIP W14 24-Pin CMOS UV EPLD 
5962-87539 04LX PALC22VIOB-20WMB 24.3 DIP W14 24-Pin CMOS UV EPLD 
5962-87539 043X PALC22VIOB-20QMB 28SLCC Q64 24-Pin CMOS UV EPLD 
5962-88637 01LX PLDC20G 1O-40DMB 24.3 DIP D14 Generic CMOS PLD 
5962-88637 02KX PLDC20GlO-30KMB 24CP K73 Generic CMOS PLD 
5962-88637 02LX PLDC20GlO-30DMB 24.3 DIP 014 Generic CMOS PLD 
5962-88637 023X PLDC20GlO-30LMB 28SLCC L64 Generic CMOS PLD 
5962-88670 01KX PALC22VIO-25KMB 24CP K73 24-Pin CMOS PLD 
5962-88670 OlLX PALC22VIO- 25DMB 24.3 DIP 014 24-Pin CMOS PLD 
5962-88670 013X PALC22VIO-25LMB 28SLCC L64 24-Pin CMOS PLD 
5962-88670 02KX PALC22VIO-30KMB 24CP K73 24-Pin CMOS PLD 
5962-88670 02LX PALC22VIO-30DMB 24.3 DIP 014 24-Pin CMOS PLD 
5962-88670 023X PALC22VIO-30LMB 28SLCC L64 24-Pin CMOS PLD 
5962-88670 03KX PALC22VlO-40KMB 24CP K73 24-Pin CMOS PLD 
5962-88670 03LX PALC22VIO-40DMB 24.3 DIP 014 24-Pin CMOS PLD 
5962-88670 04KX PALC22VIOB-20KMB 24CP K73 24-Pin CMOS PLD 
5962-88670 04LX PALC22VlOB-20DMB 24.3 DIP 014 24-Pin CMOS PLD 
5962-88670 043X PALC22VlOB-20LMB 28SLCC L64 24-Pin CMOS PLD 
5962-88670 05KX PALC22VIOB-15KMB 24CP K73 24-Pin CMOS PLD 
5962-88670 05LX PALC22VIOB-15DMB 24.3 DIP D14 24-Pin CMOS PLD 
5962-88670 053X PALC22VlOB-15LMB 28SLCC L64 24-Pin CMOS PLD 
5962-88678 OlXX PALCI6L8-40QMB 20SLCC Q61 20-Pin CMOS UV EPLD 
5962-88678 02XX PALC16R8-40QMB 20SLCC Q61 20-Pin CMOS UV EPLD 
5962-88678 03RX PALC16R6-40WMB 20.3 DIP W6 20-Pin CMOS UV EPLD 
5962-88678 03XX PALC16R6-40QMB 20SLCC Q61 20-Pin CMOS UV EPLD 
5962-88678 04RX PALCI6R4-40WMB 20.3 DIP W6 20-Pin CMOS UV EPLD 
5962-88678 04XX PALCI6R4-40QMB 20SLCC Q61 20-Pin CMOS UV EPLD 
5962-88678 07XX PALC16R6-30QMB 20SLCC Q61 20-Pin CMOS UV EPLD 
5962-88678 09RX PALCI6L8-20WMB 20.3 DIP W6 20-Pin CMOS UV EPLD 
5962-88678 09XX PALCI6L8-20QMB 20SLCC Q61 20-Pin CMOS UV EPLD 
5962-88678 lORX PALCI6R8-20WMB 20.3 DIP W6 20-Pin CMOS UV EPLD 
5962-88678 lOXX PALCI6R8-20QMB 20SLCC Q61 20-Pin CMOS UV EPLD 
5962-88678 llRX PALC16R6-20WMB 20.3 DIP W6 20-Pin CMOS UV EPLD 
5962-88678 llXX PALC16R6-20QMB 20SLCC Q61 20-Pin CMOS UV EPLD 
5962-88678 12RX PALCI6R4-20WMB 20.3 DIP W6 20-Pin CMOS UV EPLD 
5962-88678 12XX PALC16R4-20QMB 20SLCC Q61 20-Pin CMOS UV EPLD 
5962-88713 01RX PALC16L8-40DMB 20.3 DIP D6 20-Pin CMOS PLD 
5962-88713 05RX PALCI6L8-30DMB 20.3 DIP D6 20-Pin CMOS PLD 
5962-88713 05XX PALC16L8-30LMB 20SLCC L61 20-Pin CMOS PLD 
5962-88713 06RX PALCI6R8-30DMB 20.3 DIP D6 20-Pin CMOS PLD 
5962-88713 07RX PALC16R6-30DMB 20.3 DIP D6 20-Pin CMOS PLD 
5962-88713 07XX PALC16R6-30LMB 20SLCC L61 20-Pin CMOS PLD 
5962-88713 08RX PALC16R4-30DMB 20.3 DIP D6 20-Pin CMOS PLD 
5962-88713 09RX PALCI6L8-20DMB 20.3 DIP D6 20-Pin CMOS PLD 
5962-88713 09XX PALC16L8-20LMB 20SLCC L61 2O-Pin CMOS PLD 
5962-88713 lORX PALC16R8-20DMB 20.3 DIP D6 20-Pin CMOS PLD 
5962-88713 10XX PALC16R8-20LMB 20SLCC L61 20-Pin CMOS PLD 
5962-88713 llRX PALC16R6-20DMB 20.3 DIP D6 20-Pin CMOS PLD 
5962-88713 llXX PALC16R6-20LMB 20SLCC L61 20-Pin CMOS PLD 
5962-88713 12RX PALC16R4-20DMB 20.3 DIP D6 20-Pin CMOS PLD 
5962-88713 12XX PALC16R4-20LMB 20SLCC L61 20-Pin CMOS PLD 
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=r rcYPRESS Military Ordering Information 

DESC SMD (Standardized Military Drawing) Approvals[!] (continued) 

Package!3] 

SMDNumber 
Cypress!2] 

Description 'JYpe Prodnct 
Part Number Description 

5962-89468 OlXX CY7C342-35RMB 68PGA R68 128-Macrocell UV EPW 
5962-89468 01YX CY7C342-35HMB 68S0J H81 128-Macrocell UV EPW 
5962-89468 OlZX CY7C342-35TMB 68QFP T91 128-Macrocell UV EPW 
5962-89468 02XX CY7C342-30RMB 68PGA R68 128-Macrocell UV EPLO 
5962-89468 02YX CY7C342-30HMB 68SOJ H81 128-Macrocell UV EPW 
5962-89468 02ZX CY7C342-30TMB 68QFP T91 128-Macrocell UV EPW 
5962-89468 03XX CY7C342B-25RMB 68PGA R68 128-Macrocell UV EPLO 
5962-89468 03YX CY7C342B-25HMB 68S0J H81 128-Macrocell UV EPW 
5962-89468 03ZX CY7C342B-25TMB 68QFP T91 128-Macrocell UV EPW 
5962-89468 04XX CY7C342B-ZORMB 68PGA R68 128-Macrocell UV EPLO 
5962-89468 04YX CY7C342B-20HMB 68S0J H81 128-Macrocell UV EPLO 
5962-89468 04ZX CY7C342B-20TMB 68QFP T91 128-Macrocell UV EPW 
5962-89546 02XX CY7C330-40WMB 28.3 DIP W22 PLO State Machine 
5962-89546 02YX CY7C330-40TMB 28CP T74 PLO State Machine 
5962-89546 023X CY7C330-40QMB 28SLCC Q64 PLO State Machine 
5962-89546 03XX CY7C330-50WMB 28.3 DIP W22 PLO State Machine 
5962-89546 03YX CY7C330-50TMB 28CP T74 PLO State Machine 
5962-89546 033X CY7C330-50QMB 28SLCC Q64 PLO State Machine 
5962-89841 OlKX PALC22V100-30KMB 24CP K73 CMOS EE PW 
5962-89841 OlLX PALC22VlOO-300MB 24.3 DIP 014 CMOSEEPW 
5962-89841 013X PALC22V100-30LMB 28SLCC L64 CMOS EE PW 
5962-89841 02KX PALC22V100-20KMB 24CP K73 CMOS EE PW 
5962-89841 02LX PALC22VlOO-ZOOMB 24.3 DIP 014 CMOSEEPLO 
5962-89841 023X PALC22VlOO-ZOLMB 28SLCC L64 CMOSEEPLO 
5962-89841 03KX PALC22VlOO-15KMB 24CP K73 CMOS EE PW 
5962-89841 03LX PALC22V100-150MB 24.3 DIP 014 CMOS EE PLO 
5962-89841 033X PALC22VlOO-15LMB 28SLCC L64 CMOS EE PLO 
5962-89841 04KX PALC22VlOO-25KMB 24CP K73 CMOSEEPLO 
5962-89841 04LX PALC22V100-250MB 24.3 DIP 014 CMOS EE PW 
5962-89841 043X PALC22V100-25LMB 28SLCC L64 CMOS EE PW 
5962-89841 05KX PALC22VlOO-15KMB 24CP K73 CMOS EE PW 
5962-89841 05LX PALC22V100-150MB 24.3 DIP 014 CMOSEEPW 
5962-89841 053X PALC22VlOO-15LMB 28SLCC L64 CMOS EE PW 
5962-89841 06KX PALC22VlOO-10KMB 24CP K73 CMOS EE PLO 
5962-89841 06LX PALC22V100-100MB 24.3 DIP 014 CMOS EE PLO 
5962-89841 063X PALC22VlOO-10LMB 28SLCC L64 CMOSEEPLO 
5962-89855 01MYX CY7C331-40KMB 28CP K74 Asynchronous PLO 
5962-89855 OlMZX CY7C331-40YMB 28SJCQ Y64 Asynchronous PW 
5962-89855 01M3X CY7C331-40LMB 28SLCC L64 Asynchronous PLO 
5962-89855 02MXX CY7C331-300MB 28.3 DIP 022 Asynchronous PLO 
5962-89855 02MYX CY7C331-30KMB 28CP K74 Asynchronous PLO 
5962-89855 02MZX CY7C331-30YMB 28SJCQ Y64 Asynchronous PW 
5962-89855 03MXX CY7C331-250MB 28.3 DIP 022 Asynchronous PW 
5962-89855 03MYX CY7C331-25KMB 28CP K74 Asynchronous PW 
5962-89855 03MZX CY7C331-25YMB 28SJCQ Y64 Asynchronous PLO 
5962-89855 03M3X CY7C331-25LMB 28SLCC L64 Asynchronous PLO 
5962-90555 01KX PWC20RA10-35KMB 24CP K73 Asynchronous CMOS OTP PW 
5962-90555 01LX PLOCZORAlO-350MB 24.3 DIP 014 Asynchronous CMOS OTP PLO 
5962-90555 02KX PLOCZORA10-25KMB 24CP K73 Asynchronous CMOS OTP PLO 
5962-90555 02LX PLOCZORA10-250MB 24.3 DIP 014 Asynchronous CMOS OTP PLO 
5962-90555 03KX PWC20RA10-20KMB 24CP K73 Asynchronous CMOS OTP PW 
5962-90555 03LX PWC20RAlO-200MB 24.3 DIP 014 Asynchronous CMOS OTP PW 
5962-90555 023X PWC20RAlO-25LMB 28SLCC L64 Asynchronous CMOS OTP PW 
5962-90611 02XX CY7C344-25WMB 28.3 DIP W22 32-Macrocell UV EPLO 
5962-90611 02YX CY7C344-25HMB 28SJCQ H64 32-Macrocell UV EPLO 
5962-90754 01MYX CY7C331-40TMB 28CP T74 Asynchronous UV PLO 
5962-90754 OlMZX CY7C331-40HMB 28SJCQ H64 Asynchronous UV PLO 
5962-90754 02MYX CY7C331-3OTMB 28CP T74 Asynchronous UV PLO 
5962-90754 02MZX CY7C331-30HMB 28SJCQ H64 Asynchronous UV PLO 
5962-90754 02M3X CY7C331-30QMB 28SLCC Q64 Asynchronous UV PLO 
5962-90754 03MXX CY7C331-25WMB 28.3 DIP W22 Asvnchronous UV PLO 
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Military Ordering Information 

DESC SMD (Standardized Military Drawing) Approvalsl!] (continued) 
Package!3] 

SMDNumber 
Cypress[2] 

Description lYpe Product 
Part Number Description 

5962-91760 01M3X PAl22V1OG-15LMB 28SLCC L64 BiCMOS OTP PLD 
5962-91760 02M3X PAL22V1OG-12LMB 28SLCC L64 BiCMOS OTP PLD 
5962-91760 03M3X PAl22V1OG-lOLMB 28SLCC L64 BiCMOS OTP PLD 
5962-91760 04M3X PAl22VPlOG-15LMB 28SLCC L64 BiCMOS OTP PLD 
5962-91760 05M3X PAl22VPlOG-12LMB 28SLCC L64 BiCMOS OTP PLD 
5962-91760 06M3X PAl22VP10G-10LMB 28SLCC L64 BiCMOS OTP PLD 
5962-91760 09M3X PAl22V1OG-7LMB 28SLCC L64 BiCMOS OTP PLD • 5962-91760 1OM3X PAl22VP10G-7LMB 28SLCC L64 BiCMOS OTP PLD 
5962-92062 01MXX CY7C341-40HMB 84SJCQ H84 192-Macrocell UV EPLD 
5962-9Z062 01MYX CY7C341-40RMB 84PGA R84 192-Macrocell UV EPLD 
5962-9Z062 02MXX CY7C341-30HMB 84SJCQ H84 192-Macrocell UV EPLD 
5962-92062 02MYX CY7C341-30RMB 84PGA R84 192-Macrocell UV EPLD 
5962-92062 03MXX CY7C341-35HMB 84SJCQ H84 192-Macrocell UV EPLD 
5962-92062 03MYX CY7C341-35RMB 84PGA R84 192-Macrocell UV EPLD 
5962-90754 03MYX CY7C331-25TMB 28CP T74 Asynchronous UV PLD 
5962-90754 03MZX CY7C331-25HMB 28SJCQ H64 Asynchronous UV PLD 
5962-90754 03M3X CY7C331-25QMB 28SLCC Q64 Asynchronous UV PLD 
5962-90989 OlMLX PLDC20RAlO-35WMB 24.3 DIP W14 Asynchronous CMOS UV EPLD 
5962-90989 02MLX PLDC20RAlO-25WMB 24.3 DIP W14 Asynchronous CMOS UV EPLD 
5962-90989 02M3X PLDC20RA1O-25QMB 28SLCC Q64 Asynchronous CMOS UV EPLD 
5962-90989 03MLX PLDC20RA10-20WMB 24.3 DIP W14 Asynchronous CMOS UV EPLD 
5962-90989 03M3X PLDCZORA1O-20QMB 28SLCC Q64 Asynchronous CMOS UV EPLD 
5962-91584 01MYX CY7C332-25TMB 28CP T74 Registered Combinatorial UV EPLD 
5962-91584 01MZX CY7C332-25HMB 28SJCQ H64 Registered Combinatorial UV EPLD 
5962-91584 02MYX CY7C332-20TMB 28CP T74 Registered Combinatorial UV EPLD 
5962-91584 02MZX CY7C332-20HMB 28SJCQ H64 Registered Combinatorial UV EPLD 
5962-91584 02M3X CY7C332-ZOQMB 28SLCC Q64 Registered Combinatorial UV EPLD 
5962-92158 02MXX CY7C343-30HMB 44SJCQ H67 64-Macrocell UV EPLD 
5962-92338 OlMRX PAL16L8-1ODMB 20.3 DIP D6 20-Pin BiCMOS PLD 
5962-92338 01MSX PAL16L8-1OKMB 20CP K71 20-Pin BiCMOS PLD 
5962-92338 01MXX PAL16L8-lOLMB 20SLCC L61 20-Pin BiCMOS PLD 
5962-92338 02MRX PAL16R8-1ODMB 20.3 DIP D6 20-Pin BiCMOS PLD 
5962-92338 02MSX PAL16R8-1OKMB 20CP K71 20-Pin BiCMOS PLD 
5962-92338 02MXX PAL16R8-lOLMB 20SLCC L61 20-Pin BiCMOS PLD 
5962-92338 03MRX PAL16R6-1ODMB 20.3 DIP D6 20-Pin BiCMOS PLD 
5962-92338 03MSX PAL16R6-1OKMB 20CP K71 20-Pin BiCMOS PLD 
5962-92338 03MXX PAL16R6-1OLMB 20SLCC L61 20-Pin BiCMOS PLD 
5962-92338 04MRX PALI6R4-1ODMB 20.3 DIP D6 20-Pin BiCMOS PLD 
5962-92338 04MSX PAL16R4-1OKMB 20CP K71 20-Pin BiCMOS PLD 
5962-92338 04MXX PAL16R4-1OLMB 20SLCC L61 20-Pin BiCMOS PLD 
5962-92338 05MRX PAL16L8-7DMB 20.3 DIP D6 20-Pin BiCMOS PLD 
5962-92338 05MSX PALI6L8-7KMB 20CP K71 20-Pin BiCMOS PLD 
5962-92338 05MXX PAL16L8-7LMB 20SLCC L61 20-Pin BiCMOS PLD 
5962-92338 06MRX PAL16R8-7DMB ZO.3 DIP D6 20-Pin BiCMOS PLD 
5962-92338 06MSX PALI6R8-7KMB 20CP K71 20-Pin BiCMOS PLD 
5962-92338 06MXX PAL16R8-7LMB 20SLCC L61 20-Pin BiCMOS PLD 
5962-92338 07MRX PAL16R6-7DMB 20.3 DIP D6 20-Pin BiCMOS PLD 
5962-92338 07MSX PAL16R6-7KMB ZOCP K71 20-Pin BiCMOS PLD 
5962-92338 07MXX PAL16R6-7LMB 20SLCC L61 20-Pin BiCMOS PLD 
5962-92338 08MRX PALI6R4-7DMB 20.3 DIP D6 20-Pin BiCMOS PLD 
5962-92338 08MSX PAL16R4-7KMB ZOCP K71 20-Pin BiCMOS PLD 
5962-92338 08MXX PAL16R4-7LMB 20SLCC L61 20-Pin BiCMOS PLD 
5962-93144 01MZX CY7C346-35RMB 100PGA RlOO 128-Macrocell UV EPLD 
5962-93144 01MUX CY7C346-35HMB 84SJCQ H84 128-Macrocell UV EPLD 
5962-93144 02MZX CY7C346-30RMB 100PGA RI00 128-Macrocell UV EPLD 
5962-94510 OlMXX CY7C335-50WMB 28.3 DIP W22 Synchronous UV EPLD 
5962-94510 01MYX CY7C335-50HMB 28SJCQ H64 Synchronous UV EPLD 
5962-94510 01MZX CY7C335-50QMB 28SLCC Q64 Synchronous UV EPLD 
5962-94510 02MXX CY7C335-66WMB 28.3 DIP W22 Synchronous UV EPLD 
5962-94510 02MYX CY7C335-66HMB 28SJCQ H64 Synchronous UV EPLD 
5962-94510 02MZX CY7C335-66QMB 28SLCC Q64 Synchronous UV EPLD 
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Military Ordering Information 

DESC SMD (Standardized Military Drawing) Approvals!1] (continued) 
Package!3] 

SMDNumber 
Cypress!2] 

Description Part Number 

5962-94510 03MXX CY7C335-83WMB 28.3 DIP 
5962-94510 03MYX CY7C335-83HMB 28SJCQ 
5962-93144 02MUX CY7C346-30HMB 84SJCQ 

Notes: 
1. Devices listed have been approved by DESC for the SMD 

indicated as of the date of pUblication. Contact your local Cypress 
representative, or the Cypress SMD Hotline at 408/943-2716, -for 
the latest update. 

3. Package: 

2. Use the SMD part number as the ordering code. 

SMD Hotline: 408/943-2716 

JAN Qualifications to MIL·I·38535 
Packagel3] 

JAN Number 
Cypress!2] 

Description 'lYPe Part Number 

JM 3851O/50701B3A PALC22V10B-30QMB 28SLCC Q64 
JM 38510/50703B3A PALC22V10B-20QMB 28SLCC Q64 
JM 3851O/50704B3A PALC22V10B-15QMB 28SLCC Q64 
JM 3851O/5080lBLA PALC22VIOB-30DMB 24.3 DIP 014 
JM 3851O/50801BKA PALC22V10B-30KMB 24CP K73 
JM 38510/5080lB3A PALC22VIOB-30LMB 28SLCC L64 
JM 38510/50802BKA PALC22V10B-25KMB 24CP K73 
JM 38510/50803BKA PALC22VIOB-20KMB 24CP K73 
JM 38510/50803B3A PALC22VIOB-20LMB 28SLCC L64 
JM 38510/50804BLA PALC22VIOB-15DMB 24.3 DIP 014 
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Product 

Description 

W22 Synchronous UV EPLD 
H64 Synchronous UV EPLD 
H84 128-Macrocell UV EPLD 

24.3 DIP = 24-pin 0.300" DIP; 
24.6 DIP = 24-pin 0.600" DIP; 
28 R LCC = 28 terminal rectan!fUlar LCC, 

S = Square LCC, TLCC = Thin LCC 
24 CP = 24-pin ceramic flatpack (Configuration 1); 
FP = brazed flatpack; 
PGA = Pin Grief Array. 

Product Qualification 
Description Status 

CMOSUVPLD Qualified 
CMOSUVPLD Qualified 
CMOS UV PLD Qualified 
CMOSPLD Qualified 
CMOSPLD Qualified 
CMOSPLD Qualified 
CMOSPLD Qualified 
CMOSPLD Qualified 
CMOSPLD Qualified 
CMOSPLD Qualified 
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Military Ordering Information 

SMD Ordering Information 

5962-XXXXX 01 LX -- --r llimAmm 
A ~ Solder Dip 
B ~ Tin Plate 
C ~ Gold 
X ~ Don't Care (The letter "X" will not be marked on the device, but will be 

replaced with the actual lead finish designation.) 

PACKAGE TYPE (Not a complete list) 
V ~ 18-pin 0.300 DIP J ~ 24-pin 0.600 DIP 
R ~ 20-pin 0.300 DIP Q ~ 40-pin 0.600 DIP 
S ~ 20-pin Cerpack K 24-pin Cerpack 
W ~ 22-pin 00400 DIP 2 20-pin SQ LCC 
L ~ 24-pin 0.300 DIP 3 ~ 28-pin SQ LCC 

X, Y, Z, U, T, M, Nand 4, 5, 6, 7, 8, 9 ~ Non-dedicated package designations 
and will vary per drawing. 

'-____ DEVICE CLASS DESIGNATOR 
No character ~ Old (Pre March 1990) SMD 
M ~ Manufactured in compliance with MIL-STD-883, para 1.2.1 
Q ~ QML certification and qualification to MIL-PRF-1835 

~-----DEVICE TYPE 

L---------DRAWINGNUMBER 

L------------DRAWING PREFIX 
5962 ~ Federal Stock Class (FSC) for microcircuits. Pre-1985 drawings do 
not have this prefix. 

Cypress Military Marking Information 

Manufacturer's identification: 
Cypress Logo, CYPRESS, Cyp, and CY are trademarks of Cypress Semiconductor Corporation. 

Manufacturer's designating symbol or CAGE CODE: 
Designating symbol = CETK or ETK 

CAGE CODE/FSCM Number = 65786 

Country of origin: 
USA = United States of America 

THA = Thailand 

In general, the codes for5 products follow the format below. 

PAL & PLD 
PREFIX DEVICE 

I PAL C I f""'i6R81 
PALC 22VlO 
PLDC 20mo 

CY 7C330 
CY 10E302 

SUFFIX 

'-20 DMB I 
-15 WMB 
-20 WMB 
-50 DMB 
-4 DMB 

e.g., PALCI6R8-20DMB 

Cypress FSCM #65786 

FAMILY 

PAL 20 
PAL 24 VARIABLE PRODUCT TERMS 
GENERIC PLD 24 
PLD SYNCHRONOUS STATE MACHINE 
lOKECLPLD 
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Cypress PLD Family Features 
Cypress Semiconductor's PLD family offers the user a wide range 
of programmable logic solutions that incorporate leading-edge cir
cuit design techniques as well as diverse process technology capa
bilities. This allows Cypress PLD users to select PLDs that best suit 
the needs of their particular high-performance system, regardless 
of whether speed, power consumption, density, or device flexibility 
are the critical requirements imposed by the system. 

Cypress offers enhanced-performance industry-standard 20- and 
24-pin device architectures as well as proprietary 28-pin applica
tion-tailored architectures. The range of technologies offered in
cludes leading-edge 0.65-micron CMOS EPROM for high speed, 
low power, and high density, 0.65-micron FLASH technology for 
high speed, low power and electrical alterability. 

The reprogrammable memory cells used by Cypress serve the same 
purpose as the fuse used in most bipolar PLD devices. Before pro
gramming, the AND gates or product terms are connected via the 
reprogrammable memory cell to both the true and complement in
puts. When the reprogrammable memory cell is programmed, the 
inputs from a gate or product term are disconnected. Programming 
alters the transistor threshold of each cell so that no conduction 
can occur, which is equivalent to disconnecting the input from the 
gate or product term. This is similar to "blowing" the fuses of BiC
MOS or bipolar fusible devices, which disconnects the input gate 
from the product term. Selective programming of each ofthese re
programmable memory cells enables the specific logic function to 
be implemented by the user. 

The programmability of Cypress's PLDs allows the users to cus
tomize every device in a number of ways to implement their unique 
logic requirements. Using PLDs in place of SSI or MSI compo
nents results in more effective utilization of board space, reduced 
cost and increased reliability. The flexibility afforded by these 
PLDs allows the designer to quickly and effectively implement a 
number oflogicfunctions ranging from random logic gate replace
ment to complex combinatorial logic functions. 

The PLD family implements the familiar "sum of products" logic 
by using a programmable AND array whose output terms feed a 
fixed OR array. The sum of these can be expressed in a Boolean 
transfer function and is limited only by the number of product 

INTRO-l 

(a) 
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Introduction to Cypress PLDs 

terms available in the AND-OR array. A variety of different sizes 
and architectures are available. This allows for more efficient logic 
optimization by matching input, output, and product terms to the 
desired application. 

PLD Notation 
To reduce confusion and to have an orderly way of representing the 
complex logic networks, logic diagrams are provided for the vari
ous part types. In order to be useful, Cypress logic diagrams 
employ a common logic convention that is easy to use. Figure 1 
shows the adopted convention. In part (a), an "x" represents an 
unprogrammed EPROM cell or intact fuse link that is used to per
form the logical AND operation upon the inputterms. Theconven
tion adopted does not imply that the input terms are connected on 
the common line that is indicated. A further extension of this con
vention is shown in part (b), which shows the implementation of a 
simple transfer function. The normal logic representation of the 
transfer function logic convention is shown in part (c). 

PLD Circuit Configurations 
Cypress PLDs have several different output configurations that 
cover a wide spectrum of applications. The available output config
urations offer the user the benefits of both lower package counts 
and reduced costs when used. This approach allows designers to se
lect PLDs that best fit their applications. An example of some of 
the configurations that are available are listed below. 

Programmable I/O 
Figure 2 illustrates the programmable I/O offered in the Cypress 
PLD family that allows product terms to directly control the out
puts of the device. One product term is used to directly control the 
three-state output buffer, which then gates the summation of the 
remaining terms to the output pin. The output of this summation 
can be fed back into the PLD as an input to the array. This pro
grammable I/O feature allows the PLD to drive the output pin 
when the three-state output is enabled or, when the three-state 
output is disabled, the I/O pin can be used as an input to the array. 

Registered Outputs with Feedback 
Figure 3 illustrates the registered outputs offered on a number of 
the Cypress PLDs which allow any ofthese circuits to function as a 

INTRO-2 
(b) 

Figure 1. Logic Diagram Conventions 
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Figure 2. Programmable I/O 
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Figure 3. Registered Outputs with Feedback 

state sequencer. The summation of the product terms is stored in 
the D-type output ffip-flop on the rising edge of the system clock. 
The Q output ofthe ffip-flop can then be gated to the output pin by 
enabling the three-state output buffer. The output of the ffip-flop 
can also be fed back into the array as an input term. The output 
feedback feature allows the PLD to remember and then alter its 
function based upon that state. This circuit can be used to execute 
such functions as counting, skip, shift, and branch. 

Programmable Macrocell 
The programmable macrocell, illustrated in Figure 4, provides the 
capability of defining the architecture of each output individually. 
Each of the potential outputs may be specified to be "registered" 
or "combinatorial." Polarity of each output may also be individual
ly selected allowing complete flexibility of output configuration. 
Further configurability is provided through "array" configurable 
"output enable" for each potential output. This feature allows the 
outputs to be reconfigured as inputs on an individual basis or alter
nately used as a bidirectional I/O controlled by the programmable 
array (see Figure 5). 

Buried Register Feedback 
The CY7C331 and CY7C335 PLDs provide registers that may be 
"buried" or "hidden" by electing feedback of the register output. 
These buried registers, which are useful in state machines, may be 
implemented without sacrificing the use of the associated device 
pin as an input. In previous PLDs, when the feedback path was acti
vated, the input pin-path to the logic array was blocked. The pro
prietary CY7C335 reprogrammable synchronous state machine 
macrocell illustrates the shared input multiplexer, which provides 
an alternative input path for the I/O pin associated with a buried 
macrocell register (Figure 6). Each pair of macrocells shares an in
put multiplexer, and as long as alternate macrocells are buried, up 
to six of the twelve output registers can be buried without the loss 

Document #: 38-00165 - B 

of any I/O pins as inputs. The CY7C335 also contains four dedi
cated hidden macrocells with no external output that are used as 
additional state registers for creating high-performance state ma
chines (Figure 7). 

Asynchronous Register Control 
Cypress also offers PLDs that may be used in asynchronous sys
tems in which register clock, set, and reset are controlled by the 
outputs of the product term array. The clock sigual is created by the 
processing of external inputs and/or internal feedback by the logic 
of the product term array, which is then routed to the register clock. 
The register set and reset are similarly controlled by product term 
outputs and can be triggered at any time independent of the regis
ter clock in response to external and/or feedback inputs processed 
by the logic array. The proprietaryCY7C331 Asynchronous Regis
tered PLD, for which the I/O macrocell is illustrated in Figure 8, is 
an example of such a device. The register clock, set, and reset func
tions of the CY7C331 are all controlled byproduct terms and are 
dependent only on input signal timing and combinatorial delay 
through the device logic array to enable their respective functions. 

Input Register Cell 
Other Cypress PLDs provide input register cells to capture short 
duration inputs that would not otherwise be present at the inputs 
long enough to allow the device to respond. The proprietary 
CY7C335 Reprogrammable Synchronous State Machine provides 
these input register cells (Figure 9). The clock for the input register 
may be provided from one of two external clock input pins select
able by a configuration bit, C4, dedicated for this purpose for each 
input register. This choice of input register clock allows signals to 
be captured and processed from two independent system sources, 
each controlled by its own independent clock. These input register 
cells are provided within I/O macrocells, as well as for dedicated in
put pins. 
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Features 

• CMOS EPROM technology for repro
grammability 

• High performance at quarter power 

-tPD = 25ns 

-ts = 20ns 

-teo = 15ns 

-Icc = 45mA 

• High performance at military 
temperature 

-tpD = 20ns 

-ts = 20ns 

-tco = 15ns 

-Icc = 70mA 

• Commercial and military temperature 
range 

This is an abbreviated datasheet. Contact a Cypress 
representative for complete specifications. For new 
designs, please refer to the PALCEI6V8. 

PAL®C20 Series 

Reprogrammable CMOS 
PALC 16L8, 16R8, 16R6, 16R4 

• High reliability 
- Proven EPROM technology 
- > 1500V input protection from 

electrostatic discharge 
-100% AC and DC tested 
-10% power supply tolerances 
- High noise immunity 
- Security feature prevents pattern 

duplication 
-100% programming and functional 

testing 

Functional Description 
Cypress PALC20 Series devices are high
speed electrically programmable and UV
erasable logic devices produced in a pro
prietary N-well CMOS EPROM process. 
These devices utilize a sum-of-products 
(AND-OR) structure providing users with 
the ability to program custom logic func
tions serving unique requirements. 

PALs are offered in 20-pin plastic and ce
ramic DIP, plastic SOJ, and ceramic LCC 
packages. The ceramic package can be 
equipped with an erasure window; when 
exposed to UV light, the PAL is erased 
and can then be reprogrammed. 

Before programming, AND gates or prod
uet terms are connected via EPROM cells 
to both true and complement inputs. Pro
gramming an EPROM cell disconnects an 
input term from a product term. Selective 
programming of these cells allows a spe
cific logic function to be implemented in a 
PALC device. PALC devices are supplied 
in four functional configurations desig
nated 16R8, 16R6, 16R4, and 16L8. 
These 8 devices have potentially 16 inputs 
and 8 outputs configurable by the user. 
Output configurations of 8 registers, 8 
combinatorial, 6 registers and 2 combina
torial as well as 4 registers and 4 combina
torial are provided by the 4 functional 
variations of the product family. 

Logic Symbols and DIP and SOJ Pinouts 
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Features 

• Active pull-up on data input pins 

• Low power version (16V8L) 

- 55 mA max. commercial (10, 15, 25 
ns) 

- 65 mA max. industrial (10, 15, 2S ns) 

- 65 mA military (15 and 25 ns) 

• Standard version has low power 

- 90 mA max. commercial (10, 15, 25 
ns) 

-115 mA max. commercial (7 ns) 

-130 mA max. military/industrial 
(10, 15, 25 ns) 

• CMOS Flash technology for electrical 
erasability and reprogrammability 

• PCI compliant 

Logic Block Diagram (PDIP/CDIP) 

1100 1/0, 

PALCEl6V8 

Flash Erasable, 
Reprogrammable CMOS PAL ® Device 

• User-programmable macrocell 
- Output polarity control 
- Individually selectable for regis-

tered or combinatorial operation 
• Up to 16 input terms and 8 outputs 
• QSOP packaging available 

-7.5 ns com'l version 
5 ns teo 
5 ns t8 
7.5 ns tpD 
125-MHz state machine 

-10 ns military/industrial versions 
7 ns teo 
10 ns ts 
10 ns tPD 
62-MHz state machine 

• High reliability 
- Proven Flash technology 
-100% programming and functional 

testing 

1/02 1103 110. 110, 

Functional Description 

The Cypress PALCE16V8 is a CMOS 
Flash Electrical Erasable second-genera
tion programmable array logic device. It 
is implemented with the familiar sum-of
product (AND-OR) logic structure and 
the programmable macrocell. 

The PALCE16V8 is executed in a 20-pin 
300-mil molded DIP, a 300-mil cerdip, a 
20-lead square ceramic leadless chip carri
er, a 20-lead square plastic leaded chip car
rier and a 20-lead, quarter-size outline. 
The device provides up to 16 inputs and 8 
outputs. The PALCE16V8 can be electri
cally erased and reprogrammed. The pro
grammable macrocell enables the device 
to function as a superset to the familiar 
20-pin PLDs such as 16L8, 16R8, 16R6, 
and 16R4. 

1/0. 1/0, Vee 

PLCe/Lee 
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Pin Configuration DIP/QSOP Top1;iew 
Top View 
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17 1/01 lSV8-3 
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a~:::,:::, 

PAL is a registered trademark of Advanced Micro Devices. 
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PALCEl6V8 

Selection Guide 

tpDns tsns tcons IccmA 
Generic Part Number Com'l/Ind Mil Com'l/Ind Mil Com'l/Ind Mil Com'l Mil/lnd 

PAt,CE1W$f5 ",', "")5," (,,>,/', ">~"> ,i', , '>4 <, "(;\";'/ ",J~5;, '"," "'';''',!:,,' 
PALCEI6V8-7 7.5 

PALCEI6V8-10 10 

PALCE16V8-15 15 

PALCE16V8-25 25 

PALCEI6V8L-15 t!5 
PALCEI6V8L-25 25 

Shaded area contams prehmmary mfonnation. 

Functional Description (continued) 

7 

10 10 

15 12 

25 15 

15 12 

25 15 

ThePALCE16V8 features 8 product terms per output and 32 input 
terms into the AND array. The first product term in a macrocell 
can be used either as an internal output enable control or as a data 
product term. 

There are a total of 18 architecture bits in the PALCE16V8 macro
cell; two are global bits that apply to all macrocells and 16 that ap
ply locally, two bits permacrocell. The architecture bits determine 
whether the macrocell functions as a register or combinatorial with 
inverting or noninverting output. The output enable control can 
come from an external pin or internally from a product term. The 
output can also be permanently enabled, functioning as a dedi
cated output or permanently disabled, functioning as a dedicated 
input. Feedback paths are selectable from either the input/output 
pin associated with the macrocell, the input/output pin associated 
with an adjacent pin, or from the macrocell register itself. 

Power-Up Reset 

All registers in the PALCE16V8 power-up to a logic LOW for pre
dictable system initialization. For each register, the associated out
put pin will be HIGH due to active-LOW outputs. 

Configuration Table 

5 115 

10 7 10 90 130 

12 10 10 90 130 

20 12 12 90 130 

12 10 12 55 65 

20 12 20 55 65 

Electronic Signature 

An electronic signature word is provided in the PALCE16V8 that 
consists of 64 bits of programmable memory that can contain user
defined data. 

Security Bit 

A security bit is provided that defeats the readback of the internal 
programmed pattern when the bit is programmed. 

Low Power 

The Cypress PALCE16V8 provides low-power operation through 
the use of CMOS technology, and increased testability with Flash 
reprogrammability. 

Product Term Disable 

Product Term Disable (PID) fuses are included for each product 
term. The PID fuses allow each product term to be individually 
disabled. 

CGo CGl CLOx Cell Configuration Devices Emulated 

0 1 0 Registered Output Registered Med PALs 

0 1 1 CombinatorialI/O Registered Med PALs 

1 0 0 Combinatorial Output Small PALs 

1 0 1 Input Small PALs 

1 1 1 Combinatorial I/O 16L8 only 
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rr==~-----------------------------J1 1 
1 Ol---~ OE ...----1-11 1 

o X 
1 0 

CLl x 

ClOx 

o 0 

o 1 

r-------.-~ 1 1 
o X 

>----..4t--1 D Q 1-----1 1 0 

ClK Ot------~ 

CG1 for pin 13 to 18 
CGo for pin 12 and 19 
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PALCEl6V8 

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

Storage Temperature .................. -65°C to +150°C Latch-Up Current >200 rnA 

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

Supply Voltage to Ground Potential 
(Pin 24 to Pin 12) ....................... -O.5V to + 7.0V 

Ambient 
Range Temperature Vee 

DC Voltage Applied to Outputs 
in High Z State ......................... -O.5V to +7.0V 
DC Input Voltage ....................... -O.5V to + 7.0V 
Output Current into Outputs (WW) .............. 24 rnA 

Commercial O°C to +7SoC 5V±5% 
Military[l] -S5°C to +125°C SV ±10% 

Industrial -40°C to +8SoC 5V ±1O% 

DC Programming Voltage ......................... 12.SV 

Electrical Characteristics Over the Operating Rangd2] 

Parameter Description Test Conditions Min. Max. Unit 

VOH Output mGH Voltage Vee = Min., IOH= -3.2 rnA Com'l 2.4 V 
VIN = Vrn or VIL 

IOH = -2 rnA MiVInd 

VOL Output LOW Voltage Vee = Min., IOL = 24 rnA Com'l 0.5 V 
VIN = VIH or VIL 

IOL= 12 rnA MiVInd 

Vrn Input HIGH Level Guaranteed Input Logical mGHVoltage for Ail Inputs[3] 2.0 V 

VIL[4] Input LOW Level Guaranteed Input Logical LOW Voltage for AIl Inputs[3] -0.5 0.8 V 

IIH Input or I/O HIGH Leakage 3.SV S VIN S Vee 10 !lA 
Current , 

IIL[5] Input or I/O LOW Leakage OV S VIN S VIN (Max.) -100 !lA 
Current 

Ise Output Short Circuit Current Vee = Max., VOUT = 0.5V[6, 7] -30 -150 rnA 

Icc Operating Power Supply Vee = Max., 5,7 ns Com'l 115 rnA 
Current VIL = Ov, VIH = 3V, 

Output Open, 10,15,25 ns 90 rnA 
f= 15 MHz 15L, 25Lns 55 rnA (counter) 

10,15,25 ns MiVInd 130 rnA 

15L,25Lns Mil. 65 rnA 

ISL,2SLns Ind. 65 rnA 

Capacitance[7] 

Parameter Description Test Conditions 'JYp. Unit 

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

COUT Output Capacitance VOUT = 2.0V@f= 1 MHz 5 pF 

Endurance Characteristics[7] 
Test Conditions 

Normal Programming Conditions 

Notes: 
1. TA is the "instant on" case temperature. 5. The leakage current is due to the internal pull·up resistor on all pins. 
2. See the last page ofthis specification for Group A subgroup testing in

formation. 
3. These are absolute values with respect to device ground. All over

shoots due to system or tester noise are included. 
4. VldMin.) is equal to -3.0V for pulse durations less than 20 ns. 

6. Not more than one output should be tested at a time. Duration of the short 
circuit should not be more than one second. VOUT = 0.5V has been cho· 
sen to avoid test problems caused by tester ground degradatiOIL 

7. Tested initially and after any design or process changes that may affect 
these parameters. 
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AC Test Loads and Waveforms 

3.0V----

GND 

ALL INPUT PULSES 

90% 

R1 

16VB·5 

OUTPUT o--+---_~!) TEST POINT 

R2 

16VB·6 

Commercial Military 

Specification Sl CL Rl R2 Rl R2 

tPD, teo Closed SOpF 200Q 390Q 390Q 7S0Q 

tpzx, tEA Z,H: Open 
Z,L: Closed 

tpxz, tER H,Z:Open SpF 
L, Z: Closed 
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PALCEl6V8 

fI 

Measured Output Value 

l.SV 

l.SV 

H, Z: VOH - O.SV 
L • Z: VOL + O.5V 



PALCEl6V8 

Commercial and Industrial Switching Characteristics[2] 

16V8-S 16V8-7 16V8-10 16V8-1S 16V8-25 

Parameter Description Min, Max. Min. 

tpD Input to Output 1 5 3 
Propa~ation 
Delay ,9] 

tpzx OE to Output 1 6 
Enable , 

tpxz OEtoOutput 1 5 
Disable 

tEA Input to Outp'ut 
Enable Delay[7] 

1 6 

tER Input to Output 1 5 
Disable Delay[7, 10] 

tco Clock to Output 1 4 2 
Delay[8,9] 

ts Input or Feedbaok 3 5 
Set-UpTime 

tH Input Hold Time 0 0 

tp External Clock 7 10 
Period (teo + ts) 

tWH Clock Width 3 4 
HIGH[7] 

, ,,', 

tWL Clock Width LOW[7] , 3 4 

fMAX1 External Maximum 143 100 
Frequency 
(l/(tco + ts»[7, 11] 

fMAX2 Data Path Maximum 166 125 
Frequenw. ~l/(tWH 
+ tWL»[ ,1 ] 

fMAX3 Internal Feedback 166 125 
Maximum 
Frel!?uency (l/(tCF + 
ts»[ , 13] 

tCF Register Clock to 3 
Feedback Inputf7, 14] 

tpR Power-Up Reset 1 1 
Timd7] 

Shaded area contains reHmin p ary intormatloD. 
Notes: 
8. Min. times are tested initially and after any design or process changes 

that may affect these parameters. 
9. This specification is guaranteed for all device outputs changing state in 

a given access cycle. 
10. This parameter is measured as the time after OE pin or internal disable 

input disables or enables the output pin. This delay is measured to the 
point at which a previous HIGH level has fallen to 0.5 volts below V OH 
min. or a previous LOW level has risen to 0.5 volts above VOL max. 

11. This specification indicates the guaranteed maximum frequency at 
which a state machine configuration with external feedback can 
operate. 

Max. Min. Max. Min. Max. Min. Max. Unit 

7.5 3 10 3 15 3 25 ns 

6 10 15 20 ns 

6 10 15 20 ns 

9 10 15 25 ns 

9 10 15 25 ns 

5 2 7 2 10 2 12 ns 

7.5 12 15 ns 

0 0 0 ns 

14.5 22 27 ns 

6 8 12 ns 

6 8 12 ns 

69 45.5 37 MHz 

83 62.5 41.6 MHz 

74 50 40 MHz 

3 6 8 10 ns 

1 1 1 fts 

12. This specification indicates the guaranteed maximum frequency at 
which the device can operate in data path mode. 

13. This specification indicates the guaranteed maximum frequency at 
which a state machine configuration with internal only feedback can 
operate. 

14. This parameter is calculated from the clock period at fMAX internal 
(l/fMAX3) as measured (see Note 7 above) minus ts. 
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PALCEl6V8 

Military Switching Characteristics[2] 

16V8-10 16V8-15 16V8-25 

Parameter Description Min. Max. Min. Max. Min. Max. Unit 

tpD Input to Output 3 10 3 15 3 25 ns 
Propagation Delay[B, 9] 

tpzx OE to Output Enable 10 15 20 ns 

tpxz OE to Output Disable 10 15 20 ns 

tEA Input to Output Enable Delayl?] 10 15 25 ns 

tER Input to Output Disable DelayL', IUJ 10 15 25 ns 

tco Clock to Output Delayl~,~] 2 7 2 10 2 12 ns 

ts Input or Feedback Set-Up Time 10 12 15 ns 

tH Input Hold Time 0 0 0 ns 

tp External Clock Period (tco + ts) 17 22 27 ns 

tWH Clock Width HIGHl'J 6 8 12 ns 

tWL Clock Width LOWL?J 6 8 12 ns 

fMAXI External Maximum Frequency 58 45.5 37 MHz 
(l/(tco + tS)!?,11] 

fMAX2 Data Path Maximum Frequency 83 62.5 41.6 MHz 
(l/(tWH + twL)[?' 12] 

fMAX3 Internal Feedback Maximum 62.5 50 40 MHz 
Frequency (1/(tCF + ts»[?' 13] 

tCF Register Clock to 6 8 10 ns 
Feedback Input[7, 14] 

tpR Power-Up Reset TimeL!J 1 1 1 Ils 

Switching Waveform 

INPUTS, I/O, ---~ .... 
REGISTERED 

FEEDBACK ___ ....l,.;V 

CP 

REGISTERED 
OUTPUTS ______ ....L.~ 

COMBINATORIAL OUTPUTS ___________ ~~ 

16V8-7 

Power-Up Reset Waveform 

POWER 10% 
-2~9~0~%~--------------------------VCC 

SUPPLY VOLTAGE ------.....::Ir-
~------------- tpR------------~~ 

REGISTERED -------t-t-------~~__,.~~"'7"~~~~,..._--------
ACTIVE LOW 

OUTPUTS -------+-+------~~~'-~~~~~ 

CLOCK 

16V8-8 
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Functional Logic Diagram for PALCEl6V8 

.-- PIN NUMBERS 

1 
. r- PRODUCT LINE FIRST CELL NUMBERS 

. ~ 0 3 4 7 8 11 12 15 16 19 20 23 24 2728 

00 

64 
32 

128 96 

192 160 

~ 
256 288 
320 
384 352 

448 416 
480 

3 

:!: 544 

640 608 

704 672 
736 

4 

:: soo 
896 864 

960 928 
992 

5 

1024 

'088 '056 
1120 

1152 
1184 

6 
12~6'248 

::,3,2 

14081376 

1472'440 
1504 

7 

::~1568 
'684 '632 

1728 

8 
... 1760 

::,824 

'920'888 

'984'952 
2016 

9 

~ 0 3 4 7 8 11 12 1516 19 20 23 24 2728 

USER ELECTRONIC SIGNATURE ROW 

MSB LSB 
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INPUTUNE 
NUMBERS 

I 
31..--J 

I-

.1-

A 

.1-

1-

..... 
j-

..... 
.1-

..... 

:1--

31 

MSB LSB 

PALCEl6V8 

PIN NUMBERS -----. • 

Vee 

I~ 
MC7 

~~ Cl1-2048 
CLO 2120 
PTD-2128 

~ 
2135 I--
MC6 r-Ctl-...Fal CL1 2049 

CLO 2121 r- .... -
PTD 2136 

2143 I--
MC5 r-Wrl!Zl Cl1 2050 

CLO 2122 f-
PTD 2144 

~ 
2151 I--
MC4 r-

CL1 2051 
CLO 2123 r-~ 
PTD 2152 

.... I 

~ 
2159 I--
MC3 f-

~ Cl1 2052 
CLO 2124 f-
PTD 2160 

~ 2167 I--

MC2 r-+ Cl1 2053 

~ CLO-2125 f-
PTD 2168 

~ 
2175 1+ 

MC1 r-+ CL1 2054 

~ CLO 2126 -
PTD 2176 

~ -2183 .. 
MCO =+ Cl1 2055 

~ CLO 2127 
PTD 2184 

2191 .. 
~ I 11 

GLOBAL ARCH BITS 

CGo=2192 
CG,=2193 16V8-9 



PALCEl6V8 

Ordering Infonnation 
ICC tpD ts tco Package Operating 

(rnA) (ns) (ns) (ns) Ordering Code Name Package 'JYpe Range 

115 5 3 4 PALCE16V8-5JC J61 20-Lead Plastic Leaded Chip Carrier Commercial 

115 7.5 5 5 PALCEI6V8-7JC J61 20-Lead Plastic Leaded Chip Carrier Commercial 

PALCE16V8 -7PC P5 20-Lead (300-Mil) Molded DIP 

90 10 7.5 7 PALCEI6V8-lOQC Q5 20-Lead Quarter-Size Outline 

90 10 7.5 7 PALCEI6V8-10JC J61 20-Lead Plastic Leaded Chip Carrier Commercial 

PALCEI6V8-lOPC P5 20-Lead (300-Mil) Molded DIP 

130 10 7.5 7 PALCEI6V8-lOJI J61 20-Lead Plastic Leaded Chip Carrier Industrial 

PALCEI6V8-lOPI P5 20-Lead (300-Mil) Molded DIP 

130 10 10 7 PALCEI6V8-lODMB D6 20-Lead (300-Mil) CerDIP Military fI 
PALCEI6V8-lOLMB L61 20-Pin Square Leadless Chip Carrier 

90 15 12 10 PALCEI6V8-15JC J61 20-Lead Plastic Leaded Chip Carrier Commercial 

PALCEI6V8-15PC P5 20-Lead (300-Mil) Molded DIP 

130 15 12 10 PALCEI6V8-15JI J61 20-Lead Plastic Leaded Chip Carrier Industrial 

PALCEI6V8-15PI P5 20-Lead (300-Mil) Molded DIP 

130 15 12 10 PALCEI6V8-15DMB D6 20-Lead (300-Mil) CerDIP Military 

PALCEI6V8-15LMB L61 20-Pin Square Leadless Chip Carrier 

90 25 15 12 PALCEI6V8-25JC J61 20-Lead Plastic Leaded Chip Carrier Commercial 

PALCEI6V8-25PC P5 20-Lead (3OO-Mil) Molded DIP 

130 25 15 12 PALCEI6V8-25JI J61 20-Lead Plastic Leaded Chip Carrier Industrial 

PALCEI6V8-25PI P5 20-Lead (3OO-Mil) Molded DIP 

130 25 15 12 PALCEI6V8-25DMB D6 20-Lead (300-Mil) CerDIP Military 

PALCEI6V8-25LMB L61 20-Pin Square Leadless Chip Carrier 

Shaded area eontams prelImmary mformatlOn. 
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Ordering Information (continued) 

55 15 12 10 PALCEI6V8L-15JC J61 20-Lead Plastic Leaded Chip Carrier Commercial 

PALCEI6V8L-15PC P5 20-Lead (300-Mil) Molded DIP 

Q5 20-Lead Quarter-Size Outline 

J61 20-Lead Plastic Leaded Chip Carrier Industrial 

P5 2O-Lead (300-Mil) Molded DIP 

Q5 20-Lead Quarter-Size Outline 

D6 20-Lead (300-Mil) CerDIP Military 

L61 20-Pin Square Leadless Chip Carrier 

J61 20-Lead Plastic Leaded Chip earrier Commercial 

P5 20-Lead (300-Mil) Molded DIP 

Q5 20-Lead Quarter-Size Outline 

J61 20-Lead Plastic Leaded Chip Carrier Industrial 

P5 20-Lead (300-Mil) Molded DIP 

Q5 20-Lead Quarter-Size Outline 

20-Lead (300-Mil) CerDIP Military 
~~~~~~~--~~--~~~~~~~~-=~--~ L61 20-Pin Square Leadless Chip Carrier 

D6 

Parameter Subgroups 

VOH 1,2,3 

VOL 1,2,3 

VIH 1,2,3 

VIL 1,2,3 

IIX 1,2,3 

Ioz 1,2,3 

Icc 1,2,3 

Switching Characteristics 
Parameter Subgroups 

tpD 9,10,11 

teo 9,10,11 

ts 9,10,11 

tH 9,10,11 

Document #: 38-00364-C 
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PALCE20V8 

Flash Erasable, 
Reprogrammable CMOS PAL ® Device 

Features 

• Active pull-up ou data input pins 

• Low power version (20V8L) 
- 55 rnA max. commercial (15,25 ns) 

- 65 rnA max. military/industrial 
(15,25 ns) 

• Standard version has low power 
- 90 rnA max. commercial 

(15,25 ns) 

-115 rnA max. commercial (10 ns) 

-130 rnA max. military/industrial 
(15,25 ns) 

• CMOS Flash technology for electrical 
erasahility and reprogrammability 

• User-programmable macrocell 
- Output polarity control 
- Individually selectable for regis-

tered or combinatorial operation 

• QSOP package available 
-10, 15, and 25 ns com'l version 
-15, and 25 ns military/industrial 

versions 

• High reliability 
- Proven Flash technology 
-100% programming and functional 

testing 

Functional Description 
The Cypress PALCE20V8 is a CMOS 
Flash Erasable second-generation pro-

Logic Block Diagram (PDIP/CDIP/QSOP) 

Pin Configuration 
DIP/QSOP 
Top View 

PLCC/LCC 
'ThpView 

o 

grammable array logic device. It is imple
mented with the familiar sum-of-product 
(AND-OR) logic structure and the pro
grammable macrocell. 

The PALCE20V8 is executed in a 24-pin 
300-mil molded DIP, a 300-mil cerdip, a 
28-lead square ceramic leadless chip carri
er, a 28-lead square plasticleaded chip car
rier, and a 24-lead quarter size outline. 
The device provides up to 20 inputs and 8 
outputs. The PALCE20V8 can be electri
cally erased and reprogrammed. The pro
grammable macrocell enables the device 
to function as a superset to the familiar 
24-pin PLDs such as 20LS, 20R8, 20R6, 
20R4. 

ClK/lo 
1, 
12 
13 
I, 
I. 
I. 
I, 
I. 
I. 

110 

Vee 
113 

I/~ 
I/O. 
110. 
110, 
I/O, 
1/02 
110, 

1100 

112 
00111 

_"'.r~ !;l ~ ~g 

GND 
2QVB·2 

PAL is a registered trademark of Advanced Micro Devices, Inc. 
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PALCE20V8 

Selection Guide 

tpDns ts ns teo ns lee mA 

Generic Part Number Com'I/lnd Mil Com'I/lnd Mil Com'l/lnd Mil Com'l MiI/lnd 

PALCE20V8-5 5 

PALCE20V8-7 7.5 
PALCE20V8-1O 10 

PALCE20V8 -15 15 

PALCE20V8-25 25 

PALCE20V8L- 15 15 

PALCE20V8L-25 25 
Shaded area contams prehmmary mformatlOn. 

Functional Description (continued) 

3 

7 

10 10 

15 12 

25 15 

15 12 

25 15 

The PALCE20V8 features 8 product terms per output and 40 input 
terms into the AND array. The first product term in a macrocell 
can be used either as an internal output enable control or as a data 
product term. 

There are a total of 18 architecture bits in the PALCE20V8 macro
cell; two are global bits that apply to all macrocells and 16 that ap
ply locally, two bits per macrocell. The architecture bits determine 
whether the macrocell functions as a register or combinatorial with 
inverting or noninverting output. The output enable control can 
come from an external pin or internally from a product term. The 
output can also be permanently enabled, functioning as a dedi
cated output or permanently disabled, functioning as a dedicated 
input. Feedback paths are selectable from either the input/output 
pin associated with the macrocell, the input/output pin associated 
with an adjacent pin, or from the macrocell register itself. 

Power-Up Reset 

All registers in the PALCE20V8 power-up to a logic LOW for pre
dictable system initialization. Foreach register, the associated out
put pin will be HIGH due to active-LOW outputs. 

Electronic Signature 

An electronic signature word is provided in the PALCE20V8 that 
consists of 64 bits of programmable memory that can contain user
defined data. 

Configuration Table 

4 115 
5 115 

10 7 10 115 130 

12 10 12 90 130 

20 12 20 90 130 

12 10 12 55 65 

20 12 20 55 65 

Security Bit 

A security bit is provided that defeats the readback of the internal 
programmed pattern when the bit is programmed. 

Low Power 

The Cypress PALCE20V8 provides low-power operation through 
the use of CMOS technology, and increased testability with Flash 
reprogrammability. 

Product Term Disable 

Product Term Disable (PTD) fuses are included for each product 
term. The PTD fuses allow each product term to be individually 
disabled. 

Input and I/O Pin Pull-Ups 

The PALCE20V8 input and I/O pins have built-in active pull-ups 
that will float unused inputs and I/Os to an active HIGH state (Iog
icaI1). All unused inputs and three-stated I/O pins should be con
nected to another active input, Vee, or Ground to improve noise 
immunity and reduce Icc. 

CGo CGl CLOx Cell Configuration Devices Emulated 

0 1 0 Registered Output Registered Med PALs 

0 1 1 CombinatorialI/O Registered Med PALs 

1 0 0 Combinatorial Output Small PALs 

1 0 1 Input Small PALs 

1 1 1 CombinatorialI/O 20LSonly 

2-18 
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PALCE20V8 

Macrocell 

1 1 

o X 
1 0 

CLOx 

OE 

Vee 

11 
101---..., 
o 0 
o 1 

To 
Adjacent 
Macrocell 

~----_--l1 1 
OX 1-----1 

01-----110 

01-------. 

CGl for pin 16 to 21 (DIP) 
CGo for pin 15 and 22 (DIP) 

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

Storage Thmperature .................. -65°C to + 150°C Latch-Up Current 
Ambient Temperature with 
Power Applied ....................... -55°C to + 125°C Operating Range 

Supply Volt~ge to Ground Potential 
(Pm 24 to Pm 12) ....................... -O.5V to +7.0V Range 

DC Voltage Applied to Outputs 
in High Z State ......................... -O.5V to + 7.0V 
DC Input Voltage ....................... -O.5V to + 7.0V 
Output Current into Outputs (LOW) .............. 24 rnA 

Commercial 

Industrial 

Military[lj 

DC Programming Voltage ......................... 12.5V 

Note: 
1. TA is the "instant on" case temperature. 
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I-----From 

Ambient 
Temperature 

O°C to +75°C 

Adjacent 
Pin 

-40°C to +85°C 

-55°C to +125°C 

20V8-4 

>200mA 

Vee 
5V±5% 

5V ±1O% 

5V ±1O% 

III 
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Electrical Characteristics Over the Operating Rangel2] 

Parameter Description Test Conditions 

VOH Output HIGH Voltage Vee = Min., IOH = -3.2 rnA Com'l 
VIN = Vm or VIL 

IOH = -2 rnA Mil/Ind 

VOL Output LOW Voltage Vee = Min., IOL = 24 rnA Com'l 
VIN = Vm or VIL 

IOL = 12 rnA Mil/Ind 

Vm Input HIGH Level Guaranteed Input Logical HIGH Voltage for All Inputs[3] 

VIL[4] Input LOW Level Guaranteed Input Logical LOW Voltage for All Inputs[3] 

1m Input or I/O mGH Leakage 3.5V ~ VIN ~ Vee 
Current 

IIL[S] Input or I/O LOW Leakage OV ~ VIN ~ VIN (Max.) 
Current 

Ise Output Short Circuit Current Vee = Max., VOUT = 0.5V[6, 7] 

Icc Operating Power Supply Vee = Max., 5,7,10 ns Com'l 
Current VIL = Ov, Vm = 3V, 

Output Open, 15,25 ns 
f=15MHz 15L,25Lns (counter) 

10,15,25 ns Mil/Ind 

15L,25Lns Mil/Ind 

Capacitance[7] 

Parameter Description Test Conditions 

CIN Input Capacitance VIN = 2.0V @ f = 1 MHz 

COUT Output Capacitance VOUT = 2.0V @ f = 1 MHz 

Endurance Characteristics[7] 

Description Test Conditions 

Minimum Reprogramming Cycles Normal Programming Conditions 

Notes: 

PALCE20V8 

Min. Max. Unit 

2.4 V 

0.5 V 

2.0 V 

-0.5 0.8 V 

10 ItA 

-100 ItA 

-30 -150 rnA 

115 rnA 

90 rnA 

55 rnA 

130 rnA 

65 rnA 

1YP. Unit 

5 pF 

5 pF 

2. See the last page ofthis specification for Group A subgroup testing in
formation. 

3. These are absolute values with respect to device ground. All over
shoots due to system or tester noise are included. 

6. Not more than one output should be tested at a time. Duration of the short 
circuit should not be more than one second. Your = 0.5V has been cho
sen to avoid test problems caused by tester ground degradation. 

4. VIL (Min.) is equal to -3.0V for pulse durations less than 20 ns. 
5. The leakage current is due to the internal pull-up resistor on all pins. 

7. Tested initially and after any design or process changes that may affect 
these parameters. 
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AC Test Loads and Waveforms 

3.0V---

GND 

ALL INPUT PULSES 

90% 

R1 

20V8-5 

OUTPUT o--t---t----;i!) TEST POINT 

R2 

20V8-6 

Commercial Military 

Specification SI CL Rl R2 Rl R2 

tpD, teo Closed SOpF 200Q 390Q 390Q 750Q 

tpzx, tEA Z. H: Open 
Z. L: Closed 

tpxz, tER H.Z: Open 5pF 
L. Z: Closed 
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PALCE20V8 

fI 

Measured Output Value 

l.SV 

l.SV 

H. Z: VOH - O.SV 
L • Z: VOL + O.5V 



PALCE20V8 

Commercial and Industrial Switching Characteristics[2] 

I. 2OV8'c~;.· .••• JOVll;.;7 20V8-10 20V8-15 20V8-25 

Parameter Description Mm~ l\fai(; Mbi. Max. Min. Max. Min. Max. Min. Max. Unit 

tpD Input to Output >1~ 5 .. ~' 7.5 1 10 1 15 1 25 ns 
Propagation Delay[8] ... : 

tpzx OE to Output Enable .... ... 5 . . 6 10 15 20 ns 

tpxz OE to Output Disable •• 5·. . .. : 6 10 15 20 ns 

tEA Input to Outp'ut .. 6 9. 10 15 25 ns 
Enable Delay[7] 

tER Input to Output 6 9· • 10 15 25 ns 
Disable Delay[7.9] ... 

tco Clock to Output Delay[8] 1 4 1 5 1 7 1 10 1 12 ns 

ts Input or Feedback 3 7 10 12 15 ns 
Set-Up Time 

tH Input Hold Time 0 0 0 0 0 ns 

tp External Clock Period 7 12 17 22 27 ns 
(teo + ts) 

tWH Clock Width HIGH[7] 3 5 8 8 12 ns 

tWL Clock Width LOW[7] 3 5 .... 8 8 12 ns 

fMAX! External Maximum 143 83 
Frequency (l!(tco + tS»[7. 10] • 

fMAX2 Data Path Maximum 166.6 100 
Frequency 
(l!(tWH + tWL»)P, 11] 

fMAX3 Internal Feedback Maximum 166;6 100 
Frequency (l!(tcF + tS»)p·12] 

tCF Register Clock to 3 
Feedback Inputl7• 13] 

tpR Power-Up Reset Timel7J 1 1 
SnaOeO area contams prel1mmary mtormatlOn. 
Notes: 
8. Min. times are tested initially and after any design or process changes 

that may affect these parameters. 
9. This parameter is measured as the time after OE pin or internal disable 

input disables or enables the output pin. This delay is measured to the 
point at which a previous HIGH level has fallen to 0.5 volts below V OH 
min. or a previous LOW level has risen to 0.5 volts above VOL max. 

10. This specification indicates the guaranteed maximum frequency at 
which a state machine configuration with external feedback can 
operate. 

... 58 45.5 37 MHz 

. 

I 
62.5 62.5 41.6 MHz 

• . 
62.5 50 40 MHz 

3 6 8 10 ns 

.. 1 1 1 ItS 

11. This specification indicates the guaranteed maximum frequency at 
which the device can operate in data path mode. 

12. This specification indicates the guaranteed maximum frequency at 
which a state machine configuration with internal only feedback can 
operate. 

13. This parameter is calculated from the clock period at fMAX internal 
(1/fMAX3) as measured (see Note 7 above) minus ts. 
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Military Switching Characteristics[2] 

Parameter Description 

tpD Input to Output 
Propagation Delay[8] 

tpzx OE to Output Enable 

tpxz OE to Output Disable 

tEA Input to Output Enable DelayLI] 

tER Input to Output Disable Delayl/, Y] 

tco Clock to Output Delayl8J 

ts Input or Feedback Set-Up Time 

tH Input Hold Time 

tp External Clock Period (teo + ts) 

tWH Clock Width HlGHL7] 

tWL Clock Width LOWI7] 

fMAXI External Maximum Frequency 
(lI(tco + tS)[7, 10] 

fMAX2 Data Path Maximum Frequency 
(lI(tWH + twL)[7, 11] 

fMAX3 Internal Feedback Maximum 
Frequency (l/(tCF + tS»[7, 12] 

tCF Register Clock to 
Feedback Input[7, 13] 

tpR Power-Up Reset Timel7] 
snaaea area contams pre Immary mlormatlon. 

Switching Waveform 

INPUTS, I/O. ---~ 
REGISTERED 

FEEDBACK ___ ....L.:.V 

CP 

REGISTERED 
OUTPUTS ______ ....... U(.v 

COMBINATORIAL OUTPUTS ___________ ~~ 

Power-Up Reset Waveform 

POWER 
SUPPLY VOLTAGE 

REGISTERED 
ACTIVE LOW 

OUTPUTS 

CLOCK 

10%t 90% 

20V8-10 20V8-15 

Min. Max. Min. Max. 

1 10 1 15 

10 15 

10 15 

10 15 

10 15 

1 10 1 12 

10 12 

0 0 

20 24 

8 10 

8 10 

50 41.7 

62.5 50 

62.5 50 

6 8 

1 1 

tpR 

XXXXXX 
....!.L. 

~ 
tpR MAX = 1 /lS _tWL -
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PALCE20V8 

20V8-25 

Min. Max. Unit 

1 25 ns 

20 ns 

20 ns 

25 ns 

25 ns 

1 20 ns 

20 ns 

0 ns fI 
40 ns 

15 ns 

15 ns 

25 MHz 

33.3 MHz 

33.3 MHz 

10 ns 

1 I's 

tEA. tpZX[10] 

20V8-7 

Vee 

I' 

VB·B 20 



~YPRESS 
Functional Logic Diagram for PALCE20V8 

.- PIN NUMBERS DIP (PLCC) PACKAGE 

" 0 
1 (2 

2 (3 )D---Cl= 

0 

280 
3 (4 ) 

320 

600 

4 (5 ) 

640 

920 
5 (6 ) 

960 

1240 

6(7 ) 

1280 

7 ( 9 
15~0 

1600 

1880 

8 (10 )0 .. 

9 (1 1) 

10 (12 

11 (13 

) 

) 

1920 

2200 

2240 

25~O 

4 8 12 16 20 24 28 32 32 

ELECTRONIC SIGNATURE ROW 

2568 2569 .. ... 2630 2631 

BYTE 7 I BYTE 6 . 

t t 
. .. BYTE 1 BYTE 0 I 

MSB LSB 
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PALCE20V8 

PTD 

PIN NUMBERS DIP (PLCC) PACKAGE ------,t 

~ 

b:J. 

~CGo 

MC7 
CL1 2560 
CLO 2632 

MC6 
CL1 2561 
CLO 2633 

MC5 
CL1 2562 
CLO 2634 

MC4 
CL1 2563 
CLO 2635 

MC3 
CL1 2564 
CLO 2636 

MC2 
CL1 2565 
CLO 2637 

MC1 
CL1 =2566 
CLO=2638 

MCO 
CL1 =2567 
CLO = 2639 

I--

0 

CGO~ 

CGO=2704 
CG1=2705 

23 (27) 

~ 22 (26) 

~ 21 (25) 

~ 20 (24) 

~ 19 (23) 

~ 18 (21) 

~ 17 (20) 

~ 16 (19) 

r-----J 
v I 

15 (18) 

14 (17) 

'" 
13 (16) 

20V8-9 



PALCE20V8 

Ordering Information for PALCE20V8 

ICC tpD ts teo Package Operating 
(mA) (ns) (ns) (ns) Ordering Code Name Package 'JYpe Range 

115 5 3 4 PALCE20V8-5JC J64 28-Lead Plastic Leaded Chip Carrier Commercial 

115 7.5 7 5 PALCE20V8-7JC J64 28-Lead Plastic Leaded Chip Carrier Commercial 

PALCE20V8-7PC P13 24-Lead (300-Mil) Molded DIP 

115 10 10 7 PALCE20V8-10JC J64 28-Lead Plastic Leaded Chip Carrier Commercial 

PALCE20V8-lOPC P13 24-Lead (300-Mil) Molded DIP 

130 10 10 10 PALCE20V8-lOJI J64 28-Lead Plastic Leaded Chip Carrier Industrial 

PALCE20V8-lOPI P13 24-Lead (300-Mil) Molded DIP 

130 10 10 10 PALCE20V8-lODMB D14 24-Lead (300-Mil) CerDIP Military 

PALCE20V8-lOLMB L64 28-Pin Square Leadless Chip Carrier fI 
90 15 12 10 PALCE20V8-15JC J64 28-Lead Plastic Leaded Chip Carrier Commercial 

PALCE20V8-15PC P13 24-Lead (300-Mil) Molded DIP 

130 15 12 12 PALCE20V8-15JI J64 28-Lead Plastic Leaded Chip Carrier Industrial 

PALCE20V8-15PI P13 24-Lead (300-Mil) Molded DIP 

130 15 12 12 PALCE20V8-15DMB D14 24-Lead (300-Mil) CerDIP Military 

PALCE20V8-15LMB L64 28-Pin Square Leadless Chip Carrier 

90 25 15 12 PALCE20V8-25JC J64 28-Lead Plastic Leaded Chip Carrier Commercial 

PALCE20V8-25PC P13 24-Lead (300-Mil) Molded DIP 

130 25 20 20 PALCE20V8-25JI J64 28-Lead Plastic Leaded Chip Carrier Industrial 

PALCE20V8-25PI P13 24-Lead (300-Mil) Molded DIP 

130 25 20 20 PALCE20V8-25DMB D14 24-Lead (300-Mil) CerDIP Military 

PALCE20V8-25LMB L64 28-Pin Square Leadless Chip Carrier 

Shaded area contains preliminary information. 
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::::aw rcYPRESS 
Ordering Information for PALCE20V8L 

ICC tpD ts teo 
(mA) (ns) (ns) (ns) Ordering Code 

55 15 12 10 PALCE20Y8L-15JC 

PALCE20Y8L-15PC 

PALCE20Y8L-15QC 

65 15 12 12 PALCE20Y8L-15JI 

PALCE20Y8L-15PI 

PALCE20Y8L-15QI 

65 15 12 12 PALCE20Y8L-15DMB 

PALCE20Y8L-15LMB 

55 25 15 12 PALCE20Y8L-25JC 

PALCE20Y8L-25PC 

PALCE20Y8L-25QC 

65 25 20 20 PALCE20Y8L-25JI 

PALCE20Y8L-25PI 

PALCE20Y8L-25QI 

65 25 20 20 PALCE20Y8L-25DMB 

PALCE20Y8L-25LMB 

MILITARY SPECIFICATIONS 
Group A Subgroup Testing 
DC Characteristics 

Parameter Subgroups 

YOH 1,2,3 

VOL 1,2,3 

YIH 1,2,3 

YIL 1,2,3 

Irx 1,2,3 

loz 1,2,3 

Icc 1,2,3 

Switching Characteristics 
Parameter Subgroups 

tpD 9,10,11 

teo 9,10,11 

ts 9,10,11 

tH 9,10,11 

Document #: 38-00367-C 

PALCE20V8 

Package Operating 
Name Package 'JYpe Range 

J64 28-Lead Plastic Leaded Chip Carrier Commercial 

P13 24-Lead (300-Mil) Molded DIP 

Q13 24-Lead Quarter-Size Outline 

J64 28-Lead Plastic Leaded Chip Carrier Industrial 

P13 24-Lead (300-Mil) Molded DIP 

Q13 24-Lead Quarter-Size Outline 

D14 24-Lead (300-Mil) CerDIP Military 

L64 28-Pin Square Leadless Chip Carrier 

J64 28-Lead Plastic Leaded Chip Carrier Commercial 

P13 24-Lead (300-Mil) Molded DIP 

Q13 24-Lead Quarter-Size Outline 

J64 28-Lead Plastic Leaded Chip Carrier Industrial 

P13 24-Lead (300-Mil) Molded DIP 

Q13 24-Lead Quarter-Size Outline 

D14 24-Lead (300-Mil) CerDIP Military 

L64 28-Pin Square Leadless Chip Carrier 
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Features 
• Fast 

- Commercial: tpD = 15 ns, teo = 10 
ns, ts = 12 ns 

- Military: tpD = 20 ns, teo = 15 ns, 
ts=ISns 

• Lowpower 
- Icc max.: 70 mA, commercial 
-Icc max.: 100 mA, military 

• Commercial and military temperature 
range 

• User-programmable output cells 
- Selectable for registered or combi

natorial operation 
- Output polarity control 
- Output enable source selectable 

from pin 13 or product term 

Logic Block Diagram 

IJOE 110. liD, I/O, 

Pin Configurations 
LCC 

Thp View 

() ii: 880 Z __ 0:> :::-::::-

4 3 2~1!282726 
25 NC 
24 110 2 
23 1103 

PLDC20G10 22 I/O. PLDC20G10B 
9 21 I/O, 

I 10 20 I/0. 
NC 11 19 11O, 

12131415161718 

--$~~~~ 
20G10·2 

Note: 

PLDC20G lOB/PLDC20GIO 

CMOS Generic 24-Pin 
Reprogrammable Logic Device 

• Generic architecture to replace stan
dard logic functions including: 20LlO, 
20L8, 20R8, 20R6, 20R4, 12LlO, 14L8, 
16L6, 18L4, 20L2, and 20V8 

• Eight product terms and one OE 
product term per output 

• CMOS EPROM technology for 
reprogrammability 

• Highly reliable 

- Uses proven EPROM technology 

- Fully AC and DC tested 

- Security feature prevents logic pat-
tern duplication 

- ± 10% power supply voltage and 
higher noise immunity 

liD. I/O, I/o. 110 3 

STDPLCC 
ThpView 

---~~g'g 
4 3 2 1 282726 

NC 110 2 
I 1/°3 
I PLDC20G10 110. 

NC PLDC20G10B 11O, 
I 110. 
I 11O, 

NC NC 

---$~~~ 20G10-4 

Functional Description 
Cypress PLD devices are high-speed elec
tricallyprogrammable logic devices. These 
devices utilize the sum-of -products (AND
OR) structure providing users the ability to 
program custom logicfunctions for unique 
requirements. 
In an unprogrammed state the AND gates 
are connected via EPROM cells to both 
the true and complement of every input. 
By selectively programming the EPROM 
cells, AND gates may be connected to ei
ther the true or complement or discon
nected from both true and complement in
puts. 
Cypress PLDC20GIO uses an advanced 
O.S-micron CMOS technology and a prov
en EPROM cell as the programmable ele
ment. This technology and the inherent 

1102 1/0, 1/0 0 Vee 
20010·1 

JEDEC PLCC[1] 
Top View 

--~~~g'g 
4 3 2 1 282726 

1/°2 
1103 

I CG7C323-A 110. 
NC CG7C323B-A NC 

11O, 
110. 
I/O, 

- - ~ ~~ ~ g 20G1Q-3 

1. The CG7C323 is the PLDC20GlO packaged in the JEDEC-eompat
ible 28-pin PLCC pinout. Pin function and pin order is identical for 

both PLCC pinouts. The difference is in the location of the "no con
nect" or NC pins. 
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Selection Guide 

Generic Icc (mA) tpD (ns) 

Part Number Com/Ind Mil Com/lnd 

2001OB-15 70 15 

20GlOB-20 70 100 20 

2001OB-25 100 

20GlO-25 55 25 

20010-30 80 

20010-35 55 35 

20010-40 80 

Functional Description (continued) 

advantage of being able to program and erase each cell enhances 
the reliability and testability of the circuit. This reduces the burden 
on the customer to test and to handle rejects. 

A preload function allows the registered outputs to be preset to any 
pattern during testing. Preload is important for testing the func
tionality of the Cypress PLD device. 

20GIO Functional Description 
The PLDC20GI0 is a generic 24-pin device that can be pro
grammed to logic functions that include but are not limited to: 
20LlO, 20LS, 20R8, 20R6, 20R4, 12LlO, 14LS, 16L6, 18L4, 20L2, 
and 20V8. Thus, the PWC20GlO provides significant design, in
ventoryandprogrammingflexibilityoverdedicated24-pindevices. 
It is executed in a 24-pin 300-mil molded DIP and a 300-mil win
dowed cerDIP. It provides up to 22 inputs and 10 outputs. When 
the windowed cerDIP is exposed to UV light, the 20G 10 is erased 
and then can be reprogrammed. 

The programmable output cell provides the capability of defining 
the architecture of each output individually. Each of the 10 output 
cells may be configured with registered or combinatorial outputs, 
active HIGH or active LOW outputs, and product term or Pin 13 
generated output enables. Three architecture bits determine the 
configurations as shown in the Configuration Thble and in Figures 
1 through 8. A total of eight different confignrations are possible, 

Programmable Output Cell 

PLDC20GIOBIPLDC20GIO 

ts (ns) teo (ns) 

Mil Com/Ind Mil Com/lnd Mil 

12 10 

20 12 15 12 15 

25 18 15 

15 15 

30 20 20 

30 25 

40 35 25 

with the two most common shown inFigure 3 and Figure 5. The de
fault or unprogrammed state is registered/active/LOW /Pin 11 OE. 
The entire programmable output cell is shown in the next section. 

The architecture bit 'Cl' controls the registered/combinatorial op
tion. In either combinatorial or registered configuration, the out
put can serve as an I/O pin, or if the output is disabled, as an input 
only. Any unused inputs should be tied to ground. In either regis
tered or combinatorial configuration, the output of the register is 
fed back to the array. This allows the creation of control-state ma
chines by providing the next state. The register is clocked by the sig
nal from Pin 1. The register is initialized on power up to Q output 
LOW and Q output HIGH. 

In both the combinatorial and registered configurations, the 
source of the output enable signal can be individually chosen with 
architecture bit 'C2'. The OE signal may be generated within the 
array, or from the external OE (Pin 13). The Pin 13 allows direct 
control of the outputs, hence having faster enable/disable times. 

Each output cell can be configured for output polarity. The output 
can be either active HIGH or active LOW. This option is controlled 
by architecture bit 'CO'. 

Along with this increase in functional density, the Cypress 
PWC20GI0 provides lower-power operation through the use of 
CMOS technology and increased testabilitywith aregisterpreload 
feature. 

r-------------------~ 
r--!-_..:O.::.E.:..;PRc:;O:;:D:;:U.::.CT:..T:.:E::,:RM:::..-________ -i ~~~~J 

MUX 

OUTPUT I-I---t--H 

INPUT! 
FEED· 
BACK 
~X 

I----..:OO=--t s~~r 

1-t---..:0:..;1-1 c, Co 

c, ---+--~---------~I-+--il-~ I 
I ~ ::::::+=::::::::::::::::::::::~~ ___ .1 

PIN 13 
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PLDC20G 10B/PLDC20G 10 

Configuration Table 
Figure Cz Cl Co 

1 0 0 0 

2 0 0 1 

5 0 1 0 

6 0 1 1 

3 1 0 0 

4 1 0 1 

7 1 1 0 

8 1 1 1 

Registered Output Configurations 

20010-6 

Figure 1. Product Term OE/Active LOW 

o Q 

20010-8 

Figure 3. Pin 13 OE{Active LOW 

Combinatorial Output Configurations[2] 

20010-10 

Figure 5. Product Term OE/Active LOW 

20G10-12 
PIN 13 

Figure 7. Pin 13 OE/Active LOW 

Note: 

Configuration 

Product Thrm OE/Registered/Active LOW 

Product Thrm OE/Registered/Active HIGH 

Product Term OE/Combinatorial/Active LOW 

Product Term OE/CombinatoriaVActive HIGH 

Pin 13 OE/Registered/Active LOW 

Pin 13 OE/Registered/Active HIGH 

Pin 13 OE/CombinatoriaVActive LOW 

Pin 13 OE/CombinatoriaVActive HIGH 

C2 = 0 
Cl = 0 
Co = 0 >-----10 Q 

20G10-7 

Figure 2. Product Term OE/Active HIGH 

C2 = 1 
Cl = 0 
Co = 0 

C2 = 0 
Cl = 1 
Co = 0 

C2 = 1 
Cl = 1 
Co = 0 

>-----10 Q 

20G10-9 

Figure 4. Pin 13 OE/Active HIGH 

20G10-11 

Figure 6. Product Term OE/Active HIGH 

20G10·13 
PIN 13 

Figure 8. Pin 13 OE/Active mGH 

2. BidirectionalI/O configurations are possible only when the combina
torial output option is selected 

2-29 

C2 = 0 
Cl =0 
Co = 1 

C2 = 1 
Cl = 0 
Co = 1 

C2 = 0 
Cl = 1 
Co = 1 

C2 = 1 
Cl = 1 
Co = 1 
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Maximum Ratings 
(Above which the usefullife maybe impaired. For user guidelines, 
not tested.) 

Storage Temperature .................. -65°C to + 150°C 

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

Supply Voltage to Ground Potential ........ -O.5V to + 7.0V 
DC Voltage Applied to Outputs 
in High Z State ......................... -O.SV to +7.0V 

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

Output Current into Outputs (LOW) .............. 16 rnA 
DC Programming Voltage 

PLDC20GlOB and CG7C323B-A ................ 13.0V 
PLDC20GlO and CG7C323-A ................... 14.0V 

PLDC20GIOB/PLDC20GIO 

Latch-Up Current ........................... >200 rnA 
Static Discharge Voltage ......................... >500V 
(per MIL-STD-SS3, Method SOlS) 

Operating Range 
Ambient 

Range Temperature Vee 
Commercial O°C to +75°C 5V ±1O% 

MilitaryL3J -55°C to + 125°C 5V ±1O% 

Industrial -40°C to +S5°C 5V ±1O% 

Electrical Characteristics Over the Operating Range (Unless Otherwise Noted)[4] 

Parameter Description Test Conditions Min. Max. Unit 

VOR Output HIGH Voltage Vee = Min., lOR = -3.2 rnA Com'l/Ind 2.4 V 
VIN = VIH or VIL lOR = -2 rnA Military 

VOL Output LOW Voltage Vee = Min., IOL = 24 rnA Com'l/Ind 0.5 V 
VIN = VIH or VIL IOL= 12 rnA Military 

VIH Input HIGH Level Guaranteed Input Logical HIGH Voltage for All InputsL~J 2.0 V 

VIL Input LOW Level Guaranteed Input Logical LOW Voltage for All InputsPJ O.S V 

IIX Input Leakage Current VSSSVINSVCC -10 +10 !lA 
Ise Output Short Circuit Current Vee = Max., VOUT = 0.5VLb,IJ - 90 rnA 

lee Power Supply Current OsVINSVee Com'l/Ind-15, -20 70 rnA 
Vee = Max., 
lOUT = o rnA 
Unprogrammed Device 

Com'l/Ind-25, -35 55 rnA 

Military-20, -25 100 rnA 

Military-30, -40 SO rnA 

loz Output Leakage Current Vee - Max., VSSS VOUTS Vee -100 100 !lA 

Capacitance[7] 

Parameter Description 

CIN Input Capacitance 

COUT Output Capacitance 

Notes: 
3. TA is the "instant on" case temperature. 
4. See the last page of this specification for Group A subgroup testing in

formation. 
5. These are absolute values with respect to device ground. All over

shoots due to system or tester noise are included. 

Test Conditions Max. Unit 

TA = 2SoC, f = 1 MHz 10 pF 

VIN - 2.0V; Vee - 5.0V 10 pF 

6. Not more than one output should be tested at a time. Duration of the 
short circuit should not be more than one second. V OUT = O.5V has 
been chosen to avoid test problems caused by tester ground degrada
tion. 

7. Tested initially and after any design or process changes that may affect 
these parameters. 
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AC Test Loads and Waveforms (Commercial) 
R1238Q 

OUTPUT 

5v~(319QMIL) 

R2170Q 

INCLUDING 
I 50 pF (236Q MIL) 

JIG AND 
SCOPE 

(a) 

Equivalent to: THEvENIN EQUIVALENT (Commercial) 
99Q 

OUTPUT o---------wv--- 2.08V = Vthc 
20GIO·15 

Switching Characteristics Over Operating Rangel3• 8. 9] 

Parameter Description 

tpD Input or Feedback to Non-Registered Output 

tEA Input to Output Enable 

tER Input to Output Disable 

tpzx Pin 11 to Output Enable 

tpxz Pin 11 to Output Disable 

teo Clock to Output 

ts Input or Feedback Set-Up Time 

tH Hold Time 

tp[lO] Clock Period 

tWH Clock High Time 

tWL Clock Low Time 

fMAX[ll] Maximum Frequency 

Notes: 
8. Part (a) of ACTest Loads and Waveforms used for all parameters ex

cept tER, tpzx, and tpxz. Part (b) of AC Test Loads and Waveforms 
used for tER, tpzx, and tpxz. 

9. The parameters tER and tpxz are measured as the delay from the input 
disable logic threshold transition to VOH - O.5V for an enabled HIGH 
output or VOL + O.SV for an enabled LOW input. 

10. til minimum guaranteed clock period is that guaranteed for state ma
chine operation and is calculated from tp = ts + teo. The minimum 

PLDC20G10BIPLDC20G10 

R1238Q 

5V:F1(319QMIL) 

OUTPUT 
R2170Q 

INCLUDING 
I 5 pF (236Q MIL) 

JIG AND -= -= 20GI().14 

SCOPE (b) 

Equivalent to: THEvENIN EQUIVALENT (Milnary/lndustrial) 
136Q 

OUTPUT C>-----'IMr---O 2.13V = Vthm 
2OGIO·16 

Commercial 

B-15 B-20 -25 -35 

Min. 

12 

0 

22 

8 

8 

45.4 

Max. Min. Max. Min. Max. Min. Max. Unit 

15 20 25 35 ns 

15 20 25 35 ns 

15 20 25 35 ns 

12 15 20 25 ns 

12 15 20 25 ns 

10 12 15 25 ns 

12 15 30 ns 

0 0 0 ns 

24 30 55 ns 

10 12 17 ns 

10 12 17 ns 

41.6 33.3 18.1 MHz 

guaranteed period for registered data path operation (no feedback) 
can be calculated as the greater of (tWH + twLl or (ts + tH)' 

11. fMAX, minimum guaranteed operating frequency, is that guaranteed 
for state machine operation and is calculated from fMAX = 1/(ts + 
teo). The minimum guaranteed fMAX for registered data path opera
tion (no feedback) can be calculated as the lower of 1/(twH + twLl or 
1/(18 + tH). 
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Switching Characteristics Over Operating Rangd3, 8, 9] (continued) 

Parameter Description 

tpD Input or Feedback to Non-Registered Output 

tEA Input to Output Enable 

tER Input to Output Disable 

tpzx Pin 11 to Output Enable 

tpxz Pin 11 to Output 
Disable 

teo Clock to Output 

ts Input or Feedback 
Set-UpTime 

tH Hold Time 

tp[lO] Clock Period 

tWH Clock Higb Time 

tWL Clock Low Time 

fMAX[ll] Maximum Frequency 

Switching Waveform 

INPUTS 1/0, 1r"7~~"'" 
REGISTERED 

FEEDBACK ........... ~" 

CP 

REGISTERED 
OUTPUTS _____ --'~~ 

COMBINATORIAL 

B-20 

Min. Max. 

20 

20 

20 

17 

17 

15 

15 

0 

30 

12 

12 

33.3 

PLDC20GIOB/PLDC20GIO 

Military/lndustrial 

B-25 -30 -40 

Min. Max. Min. Max. Min. Max. Unit 

25 30 40 ns 

25 30 40 ns 

25 30 40 ns 

20 25 25 ns 

20 25 25 ns 

15 20 25 ns 

18 20 35 ns 

0 0 0 ns 

33 40 60 ns 

14 16 22 ns 

14 16 22 ns 

30.3 25.0 16.6 MHz 

tpzx 

tEA 

OUTPUTS ______________ ~~~VI'---------------------~~ 

20Gl0-17 
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Functional Logic Diagram 
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DE 
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PLDC20GIOB/PLDC20GIO 

=~ :B::::::t..-/ CELL 
~ 

:'1---
23 

~ ~ OUTPU 

~ 
CELL 

:4--

~ g::::r- :4--
OUTPU 
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II 
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~ ~~ 
UTPU 
CELL 

20 
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~rcYPRESS 
Ordering Information 

tpD ts teo Icc 
(ns) (ns) (ns) (rnA) Ordering Code 

15 12 10 70 PLDC20GlOB 15JC/JI 
PWC20G lOB -15PC/PI 
PLDC20GlOB-15WC 
CG7C323B - A15JC/JIL 1 J 

20 12 12 70 PLDC20GlOB-20JC/JI 
PLDC20G lOB-20PCIPI 
PLDC20GlOB-20WC 
CG7C323B-A20JC/JIlIJ 

20 15 15 100 PLDC20GlOB-20DMB 
PLDC20GlOB 20LMB 
PLDC20GlOB-20WMB 

25 15 15 55 PLDC20GlO-25JC/JI 
PLDC20G10-25PCIPI 
PLDC20GlO-25WC 
CG7C323-A25JC/JILIJ 

25 18 15 100 PLDC20GlOB-25DMB 
PWC20GlOB 25LMB 
PWC20GlOB-25WMB 

30 20 20 80 PLDC20GlO-30DMB 
PWC20G10-30LMB 
PWC20GlO-30WMB 

35 30 25 55 PLDC20GlO 35JC/JI 
PLDC20GlO-35PCIPI 
PLDC20GlO-35WC 
CG7C323 A35JC/JIlIJ 

40 35 25 80 PLDC20GlO-40DMB 
PLDC20GlO-40LMB 
PLDC20GlO-40WMB 

MILITARY SPECIFICATIONS 
Group A Subgroup Testing 
DC Characteristics 

Parameter Subgroups 

VOH 1,2,3 

VOL 1,2,3 

VIH 1,2,3 

VIL 1,2,3 

Ilx 1,2,3 

Ioz 1,2,3 

ICC 1,2,3 

PLDC20GIOB/PLDC20GIO 

Package Operating 
Name Package 'Jype Range 

J64 28-Lead Plastic Leaded Chip Carrier Commercial! 
P13 24-Lead (300-Mil) Molded DIP Industrial 

W14 24-Lead (300-Mil) Windowed CerDIP 
J64 28-Lead Plastic Leaded Chip Carrier 
J64 28-Lead Plastic Leaded Chip Carrier Commercial! 
P13 24-Lead (300-Mil) Molded DIP Industrial 

W14 24-Lead (300-Mil) Windowed CerDIP 
J64 28-Lead Plastic Leaded Chip Carrier 
D14 24-Lead (300-Mil) CerDIP Military 
L64 28-Square Leadless Chip Carrier 
W14 24-Lead (300-Mil) Windowed CerDIP 
J64 28-Lead Plastic Leaded Chip Carrier Commercial! 
P13 24-Lead (300-Mil) Molded DIP Industrial 

W14 24-Lead (300-Mil) Windowed CerDIP 
J64 28-Lead Plastic Leaded Chip Carrier 
D14 24-Lead (300-Mil) CerDIP Military 
L64 28-Square Leadless Chip Carrier 
W14 24-Lead (300-Mil) Windowed CerDIP 
D14 24-Lead (300-Mil) CerDIP Military 
L64 28-Square Leadless Chip Carrier 
W14 24-Lead (300-Mil) Windowed CerDIP 
J64 28-Lead Plastic Leaded Chip Carrier Commercial! 
P13 24-Lead (300-Mil) Molded DIP Industrial 

W14 24-Lead (300-Mil) Windowed CerDIP 
J64 28-Lead Plastic Leaded Chip Carrier 
D14 24-Lead (300-Mil) CerDIP Military 
L64 28-Square Leadless Chip Carrier 
W14 24-Lead (300-Mil) Windowed CerDIP 

Switching Characteristics 

Parameter Subgroups 

tPD 9,10,11 

tpzx 9,10,11 

teo 9,10,11 

ts 9,10,11 

tH 9,10,11 

Document #: 38-00019-G 
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Features 
• Advanced-user programmable macro

cell 
• CMOS EPROM technology for repro-

grammability 

• Up to 20 input terms 
• 10 programmable 110 macrocells 
• Output macrocell programmable as 

combinatorial or asynchronous D
type registered output 

• Product-term control of register 
clock, reset and set and output enable 

• Register preload and power-up reset 
• Four data product terms per output 

macrocell 

• Fast 
- Commercial 

tpD = 15 ns 
teo = 15 ns 
tsu=7ns 

Logic Block Diagram 

I/O, I/O. 1/0 7 

Selection Guide 
Generic Part tpD ns 

Number Com'l Mil/lnd 

20RAlO-15 15 

20RAlO-20 20 20 

20RAlO-25 25 

20RAlO-35 35 

- Military/lndustrial 
tpD = 20 ns 
teo = 20 ns 
tsu = 10 ns 

• Lowpower 
- Icc max - 80 rnA (Commercial) 
- Icc max = 85 rnA (Military) 

• High reliability 
- Proven EPROM technology 
- >2001V input protection 
-100% programming and functional 

testing 

• Windowed DIP, windowed LCC, DIP, 
LCC, PLCC available 

Functional Description 
The Cypress PLDC20RAlO is a high-per
formance, second-generation program-

liD. I/O, 1/0 3 

PLDC20RAIO 

Reprogrammable 
Asynchronous CMOS 

Logic Device 
mabIe logic device employingaflexible ma
crocell structure that allows any individual 
output to be configured independently as a 
combinatorial output or as afully asynchro
nous D-type registered output. 

The Cypress PLDC20RAlO provides low
er-power operation with superior speed 
performance than functionally equivalent 
bipolar devices through the useofhigh -per
formance 0.8-micron CMOS manufactur
ing technology. 

The PLDC20RA10 is packaged in a 24 pin 
300-mil molded DIP, a 300-mil windowed 
cerDIp, and a 28-lead square leadless chip 
carrier, providing up to 20 inputs and 10 
outputs. When the windowed device is ex
posed to UV light, the 20RAlO is erased 
and can then be reprogrammed. 

1/02 1100 Vee 
RA1()'1 

tsu ns teo ns lee ns 

Com'l MiI/lnd Com'l MiI/lnd Com'l MiIJInd 

7 15 80 

10 10 20 20 80 85 

15 25 85 

20 35 85 
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Pin Configurations 

LCC STD PLCC/HLCC JEDEC PLCC/HLCC [1] Top View Top View Top View 

~ :21~~gg ~:.?I~ gg'g -=- .?I~ l! ~ g'g 

'2 5 
4 3 2~1! 282726 

25 
4 3 21282726 4 3 21282726 NC 

'3 6 24 1/02 
'4 23 1/03 

NC 5 1/02 '2 1/02 
'3 1/0 3 '3 1/0 3 

'5 PLDC20RA 10 22 1/04 
'6 21 1/05 

I, 
PLDC20RA10 

1/0 4 14 1/0 4 
NC 1/0 5 NC PLDC20RA10 NC 

'7 10 20 1/0 6 
NC 11 19 1/0 7 

12131415161718 

15 1/0 6 15 CG7C324 1/0 5 
'6 1/0 7 '6 1/06 

NC NC 
'7 1/0 7 

_<D_cn$l~gg~ 

RA10-2 
-.!'-"'-"'$Igjgg -Q)~ $ ~I~~H~) g 

Macrocell Architecture 
Figure 1 illustrates the architecture of the 20RAlO macrocell. The 
cell dedicates three product terms for fully asynchronous control of 
the register set, reset, and clock functions, as well as, one term for 
control of the output enable function. 

The output enable product term output is ANDed with the input 
from pin 13 to allow either product term or hardwired external 
control of the output or a combination of control from both 
sources. If product-term-only control is selected, it is automati
cally chosen for all outputs since, for this case, the external out
put enable pin must be tied LOW. The active polarity of each 
output may be programmed independently for each output cell 
and is subsequently fixed. Figure 2 illustrates the output enable 
options available. 

When an I/O cell is configured as an output, combinatorial-only ca
pability may be selected by forcing the set and reset product term 
outputs to be HIGH under all input conditions. This is achieved by 
programming all input term programming cells for these two prod
uct terms. Figure 3 illustrates the available output configuration 
options. 

An additional four uncommitted product terms are provided in 
each output macrocell as resources for creation of user-defined 
logic functions. 

Programmable I/O 
Because any of the ten I/O pins may be selected as an input, the de
vice input configuration programmed by the user may vary from a 
total of nine programmable plus ten dedicated inputs (a total of 
nineteen inputs) and one output down to a ten-input, ten-output 
configuration with all ten programmable I/O cells configured as 
outputs. Each input pin available in a given configuration is avail-

Note: 
1. The CG7C324 is the PLDC20RAIO packaged in the JEDEC-compat

ible 28-pin PLCC pinout. Pin fuction and pin order is identical for 
both PLCC pinouts. The principal differencd is in the location of the 
"no connect" (NC) pins. 

RA10-3 RA10-4 

able as an input to the four control product terms and four uncom
mitted product terms of each programmable I/O macrocell that has 
been configured as an output. 

An I/O cell is programmed as an input by tying the output enable 
pin (pin 13) HIGH or by programming the output enable product 
term to provide a LOW; thereby disabling the output buffer, for all 
possible input combinations. 

When utilizing the I/O macrocell as an output, the input path func
tions as a feedback path allowing the output signal to be fed back as 
an input to the product term array. When the output cell is config
ured as a registered output, this feedback path may be used to feed 
back the current output state to the device inputs to provide cur
rent state control of the next output state as required for state ma
chine implementation. 

Preload and Power-Up Reset 
Functional testability of programmed devices is enhanced by inclu
sion of register preload capability, which allows the state of each 
register to be set by loading each register from an external source 
prior to exercising the device. Thsting of complex state machine de
signs is simplifIed by the ability to load an arbitrary state without 
cycling through long test vector sequences to reach the desired 
state. Recovery from illegal states can be verified by loading illegal 
states and observing recovery. Preload of a particularregister is ac
complished by impressing the desired state on the register output 
pin and lowering the signal level on the preload control pin (pinl) 
to a logic LOW level. If the specifIed preload set-up, hold and 
pulse width minimums have been observed, the desired state is 
loaded into the register. To insure predictable system initialization, 
all registers are presetto a logic LOW state upon power-up, there
by setting the active LOW outputs to a logic HIGH. 
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PRELOAD 
(FROM PIN 1) 

OUTPUT ENABLE 
(FROM PIN 13) 

PLDC20RAIO 

TO I{O PIN 

Output Always Enabled 

-----I[)or----

External Pin 

--------l~-

co 

R 

Figure 1. PLDC20RAI0 Macrocell 

RA10-6 

RA1D-B 

Programmable 

~-
Combination of 

Programmable and Hardwired 

Figure 2. Four Possible Output Enable Alternatives for the PLDC20RAI0 
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Registered/Active LOW Combinatorial/Active LOW 

RA10-10 RA10-11 

Registered/Active HIGH Combinatorial/Active mGH 

RA10-12 RA10-13 

Figure 3. Four Possible Macrocell Configurations for the PLDC20RAIO 
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Maximum Ratings 
(Above which the useful life may be impaired. For user guidelines, 
not tested.) 

Latch-Up Current ............................ >200 rnA 
DC Program Voltage .............................. 13.0V 

Storage Temperature ................... -65°C to +150°C 

Ambient Temperature with 
Operating Range 

Power Applied ........................ -55°C to + 125°C 

Supply Volt~ge to Ground Potential 
(Pm 24 to Pm 12) ........................ -0.5V to + 7.0V 

Ambient 
Range Temperature Vee 

Commercial O°C to +75°C 5V:!: 10% 
DC Voltage Applied to Outputs 
in High Z State .......................... -0.5V to + 7.0V Industrial -40°C to +S5°C 5V:!: 10% 

DC Input Voltage ...................... -3.0 V to + 7.0 V Military[2] -55°C to + 125°C 5V:!: 10% 
Output Current into Outputs (LOW) ............... 16 rnA 
Static Discharge Voltage ........................ > 2001 V 
(per MIL-SID-SS3, Method 3015) 

Electrical Characteristics Over the Operating Rangel3] 

Parameter Description Test Conditions Min. Max. Unit 

VOH Vee = Min., IOH = -3.2 rnA Com'l 2.4 V 
Output HIGH Voltage VIN = VIH or VIL 

IOH = -2 rnA MiI/lnd 

VOL Output LOW Voltage Vee = Min., IOL = SrnA 0.5 V 
VIN = VIH or VIL 

VIH Input HIGH Level Guaranteed Input Logical HIGH Voltage for All Inputs[4] 2.0 V 

VIL Input LOW Level Guaranteed Input Logical LOW Voltage for All Inputs[4] O.S V 

IIX Input Leakage Current Vss:<:::: VIN :<:::: Vee, Vee = Max -10 +10 fAA 
Ioz Output Leakage Current Vee = Max., Vss:<:::: VOUT:<:::: Vee -40 +40 fAA 
Ise Output Short Circuit Current[5] Vee = Max., VOUT = 0.5V[6] -30 -90 rnA 

IcC! Standby Power Supply Current Vee= Max., VIN = GND Outputs Open Com'l 75 rnA 

MiIJInd SO rnA 

Iee2 Power SUPB?, Current at Vee = Max., Outputs Disabled (In High Z Com'l SO rnA 
Frequency State) Device Operating af fMAX 

MiIJInd S5 rnA 

Capacitance[5] 

Parameter Description Test Conditions Max. Unit 

CIN Input Capacitance VIN = 2.0 V @ f = 1 MHz 10 pF 

COUT Output Capacitance VOUT = 2.0 V @ f = 1 MHz 10 pF 

Notes: 
2. TA is the "instant on" case temperature. 
3. See the last page ofthis specification for Group A subgroup testing in

formation. 

5. Tested initially and after any design or process changes that may affect 
these parameters. 

4. These are absolute values with respect to devicee ground and all over
shoots due to system or tester noise are included. 

6. Not more than one output should be tested at a time. Duration of the 
short circuit should not be more than one second. VOUT = 0.5 V has 
been chosen to avoid test problems caused by tester ground degrada
tion. 
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AC Test Loads and Waveforms (Commercial) 
Rl 457Q Rl 457Q ALL INPUT PULSES 
(470Q MIL) (470Q MIL) 3.0V---

5v;n 5V5f1 OUTPUT R2 OUTPUT R2 GND 
270Q 270Q 

50 pF I (319Q Mil) 5 pF I (319Q Mil) 

~78~~~NG -=- -=- ~78~~~NG -=- -=-
SCOPE SCOPE 

RA10-14 

(a) (b) 

Equivalent to: THEvENIN EQUIVALENT (Commercial) Equivalent to: 

OUTPUT ~ 1.86V=Vthc 
RA1().16 

RA1()'15 

THEvENIN EQUIVALENT (Military/Industrial) 

190Q 
OUTPUT~ 2.02V=Vlhc 

RA1()'17 

Parameter Vth Output Waveform-Measurement Level 

tpxZ(-) 1.5V 
VOH O.5V l ~ VX RA10·18 

tpXZ(+) 2.6V O.5V l ~ Vx 
VOL 

RA1().19 

O.SV l ~ VOH tpZX(+) Vthc Vx 
RA10·20 

tpZX(-) Vthc Vx 
O.5V l ~ VOL RA10·21 

tER(-) 1.5V VOH O.5V , I: Vx RA10·22 

tER(+) 2.6V VOL O.5V l ~ Vx 
RA1()'23 

Vthc O.5V l ~ VOH tEA(+) Vx 
RA1().24 

tEA(-) Vthc Vx , ~ VOL O.5V RA10·25 

(c) 
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Switching Characteristics Over the Operating Rangel3, 7, 8] 

Commercial 

PLDC20RAIO 

Military/lndustrial 

-15 -20 -20 -25 -35 

Parameter Description Min. Max. Min. 

tpD Input or Feedback to 15 
Non-Registered Output 

tEA Input to Output Enable 15 

tER Input to Output 15 
Disable 

tpzx Pin 13 to Output 12 
Enable 

tpxz Pin 13 to Output 12 
Disable 

teo Clock to Output 15 

tsu Input or Feedback 
Set-UpTime 

7 10 

tH Hold Time 3 5 

tp Clock Period 22 30 
(tsu + tCO) 

tWH Clock Width HIGH[5] 10 13 

tWL Clock Width LOW[5] 10 13 

fMAX Maximum Frequency 45.5 33.3 
(1/tp )[5] 

ts Input of Asynchronous 15 
Set to Registered 
Output 

tR Input of Asynchronous 15 
Reset to Registered 
Output 

tARW Asynchronous Reset 15 20 
Width[5] 

tASW Asynchronous Set 15 20 
Width[5] 

tAR Asynchronous Set! 10 12 
Reset Recovery Time 

twp Preload Pulse Width 15 15 

tsup Preload Set-Up Time 15 15 

tHP Preload Hold Time 15 15 

Notes: 
7. Part (a) of AC Thst Loads was used for all parameters except tEA> tER, 

tpzx and tpxz, which use part (b). 
8. The parameters tER and tpxz are measured as the delay from the in

put disable logic threshold transition to VOH - 0.5 V for an enabled 

2-41 

Max. Min. Max. Min. Max. Min. Max. Unit 

20 20 25 35 ns 

20 20 30 35 ns 

20 20 30 35 ns 

15 15 20 25 ns 

15 15 20 25 ns 

20 20 25 35 ns 

10 15 20 ns 

3 5 5 ns 

30 40 55 ns 

12 18 25 ns 

12 18 25 ns 

33.3 25.0 18.1 MHz 

20 20 25 40 ns 

20 20 25 40 ns 

20 25 25 ns 

20 25 25 ns 

12 15 20 ns 

15 15 15 ns 

15 15 15 ns 

15 15 15 ns 

HIGH output or VOL +O.5V for an enabled LOW output. Please see 
part (c) of AC Test Loads and Waveforms for waveforms and measure
ment reference levels. 
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Switching Waveform 

INPUTS, REGISTERED 
FEEDBACK 

CP 

ASYNCHRONOUS 
RESET 

ASYNCHRONOUS 
SET 

OUTPUTS 
(HIGH ASSERTED) 

OUTPUT ENABLE 
INPUT PIN 

Preload Switching Waveform 
PIN 13 

OUTPUT 
ENABLE 

REGISTER 
OUTPUTS 

PIN 1 
PRELOAD 

CLOCK 

Asynchronous Reset 

Asynchronous Set 

ASYNCHRONOUS 
RESET 

OUTPUT 

ASYNCHRONOUS 
SET 

OUTPUT 

PLDC20RAIO 

tEA 

:=~rl'----
_~-------,ts -3 
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?cYPRESS PLDC20RAIO ================~~~ 
Functional Logic Diagram 
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Ordering Information 
tpD tsu teo Package Operating 

IcCl (ns) (ns) (ns) Ordering Code Name Package 'JYpe Range 

80 15 7 15 PLDC20RAlO-15HC H64 28-Pin Windowed Leaded Chip Carrier Commercial 

PLDC20RAlO-15JC J64 28-Lead Plastic Leaded Chip Carrier 

PLDC20RAlO-15PC P13 24-Lead (300-Mil) Molded DIP 

PLDC20RAlO-15WC W14 24-Lead (300-Mil) Windowed CerDIP 

CG7C324-A15HC H64 28-Pin Windowed Leaded Chip Carrier 

CG7C324-A15JC J64 28-Lead Plastic Leaded Chip Carrier 

80 20 10 20 PLDC20RAlO-20HC H64 28-Pin Windowed Leaded Chip Carrier Commercial 

PLDC20RAlO-20JC J64 28-Lead Plastic Leaded Chip Carrier 

PLDC20RAlO-20PC P13 24-Lead (300-Mil) Molded DIP 

PLDC20RAlO-20WC W14 24-Lead (300-Mil) Windowed CerDIP 

CG7C324-A20HC H64 28-Pin Windowed Leaded Chip Carrier 

CG7C324-A20JC J64 28-Lead Plastic Leaded Chip Carrier 

85 20 10 20 PLDC20RAlO-20DI Dl4 24-Lead (300-Mil) CerDIP Industrial 

PLDC20RAIO-20JI J64 28-Lead Plastic Leaded Chip Carrier 

PLDC20RAlO-20PI P13 24-Lead (300-Mil) Molded DIP 

PLDC20RAlO-20WI W14 24-Lead (300-Mil) Windowed CerDIP 

PLDC20RAlO-20DMB Dl4 24-Lead (300-Mil) CerDIP Military 

PLDC20RAlO-20HMB H64 28-Pin Windowed Leaded Chip Carrier 

PLDC20RAlO-20LMB L64 28-Square Leadless Chip Carrier 

PLDC20RAlO-2QMB Q64 28-Pin Windowed Leadless Chip Carrier 

PLDC20RAlO-20WMB W14 24-Lead (300-Mil) Windowed CerDIP 

85 25 15 25 PLDC20RAlO-25DI D14 24-Lead (300-Mil) CerDIP Industrial 

PLDC20RAlO-25JI J64 28-Lead Plastic Leaded Chip Carrier 

PLDC20RAlO-25PI P13 24-Lead (300-Mil) Molded DIP 

PLDC20RAlO-25WI W14 24-Lead (300-Mil) Windowed CerDlP 

PLDC20RAlO-25DMB Dl4 24-Lead (300-Mil) CerDIP Military 

PLDC20RAlO-25HMB H64 28-Pin Windowed Leaded Chip Carrier 

PLDC20RAlO-25LMB L64 28-Square Leadless Chip Carrier 

PLDC20RAlO-25QMB Q64 28-Pin Windowed Leadless Chip Carrier 

PLDC20RAlO-25WMB W14 24-Lead (300-Mil) Windowed CerDIP 

85 35 20 35 PLDC20RAlO-35DI D14 24-Lead (300-Mil) CerDIP Industrial 

PLDC20RAIO-3JI J64 28-Lead Plastic Leaded Chip Carrier 

PLDC20RAlO-35PI P13 24-Lead (300-Mil) Molded DIP 

PLDC20RAlO-35WI W14 24-Lead (300-Mil) Windowed CerDIP 

PLDC20RAlO-35DMB Dl4 24-Lead (300-Mil) CerDIP Military 

PLDC20RAlO-35HMB H64 28-Pin Windowed Leaded Chip Carrier 

PLDC20RAlO-35LMB L64 28-Square Leadless Chip Carrier 

PLDC20RAlO-35QMB Q64 28-Pin Wi.ndowed Leadless Chip Carrier 

PLDC20RAI0-35WMB W14 24-Lead (300-Mil) Windowed CerDlP 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 

Parameter Subgroups 

VOH 1,2,3 

VOL 1,2,3 

VIH 1,2,3 

VIL 1,2,3 

IIX 1,2,3 

Ioz 1,2,3 

Icc 1,2,3 

Switching Characteristics 

Parameter Subgroups 

tpD 9,10,11 

tpzx 9,10,11 

teo 9,10,11 

tsu 9,10,11 

tH 9,10,11 

Document #: 38-00073-E 

PLDC20RAIO 
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Features 
• Lowpower 

-90 mA max. commercial (10 ns) 
-130 mA max. commercial (5 ns) 

• CMOS Flash EPROM technology for 
electrical erasability and reprogram· 
mability 

• Variable product terms 
-2 x (8 through 16) product terms 

• User-programmable macrocell 
- Output polarity control 
- Individually selectable for regis-

tered or combinatorial operation 

• Up to 22 input terms and 10 outputs 
• DIP, LCC, and PLCC available 

- 5 ns commercial version 
4 ns tco 

PALCE22VIO 

Flash Erasable, 
Reprogrammable CMOS PAL® Device 

3 ns ts 
5 ns tpD 
181-MHz state machine 

-10 ns military and industrial ver
sions 
7 ns teo 
6ns ts 
10 ns tpD 
nO-MHz state machine 

-IS-ns commercial, industrial, and 
military versions 

-25-ns commercial, industrial, and 
military versions 

• High reliability 

- Proven Flash EPROM technology 

-100% programming and functional 
testing 

Functional Description 

The Cypress PALCE22VlO is a CMOS 
Flash Erasable second-generation pro
grammable array logic device. It is im
plemented with the familiar sum-of-pro
ducts (AND-OR) logic structure and the 
programmable macrocell. 

The PALCE22V10 is executed in a 24-pin 
300-mil molded DIP, a 300-mil cerDIp, a 
28-lead square ceramic leadless chip carri
er, a 28-lead square plastic leaded chip car
rier, and provides up to 22 inputs and 10 
outputs. The PALCE22V10 can be electri
cally erased and reprogrammed. The pro
grammable macrocell provides the capa
bility of defining the architecture of each 
output individually. Each of the 10 poten
tial outputs may be specified as "regis
tered" or "combinatorial." Polarity of 

Logic Block Diagram (PDIP/CDIP) 

I/Og 1/08 1/07 1/06 1/05 liD, 1/03 1/02 1/01 1100 Vec 
Pin Configuration 

LCC PLCC CE22Vl 0-1 

ThpView ThpView 

--~~~gg 
a:088o __ 0 z::;;;::,.::::, 

4 3 2 ~1~ 282726 4 3 2 1 282726 
I 25 1/02 
I 24 1/03 

I 1/02 

I 7 23 1/04 
I 1/0 3 

NC 8 22 N/C I 1/04 

I 9 21 1/0 5 NC N/C 

I 10 20 liDs I 1/0 5 

I 11 19 1/0 7 
I 1/06 

12131415161718 I 1/07 

--$~-gg CE22Vl0-2 CE22Vl0-3 
--(1)0- ma:a 

-!I' z gg 

PAL is a registered trademark of Advanced Micro Devices. 
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Selection Guide 
tpD ns 

Generic Part Number Com'l MillInd 

PALCE22V10-5 5 

PALCE22VlO-7 7.5 

PALCE22VlO-1O 10 10 

PALCE22VlO-15 15 15 

PALCE22VlO-25 25 25 

Functional Description (continued) 
each output may also be individually selected, allowing complete 
flexibility of output configuration. Further configurability is pro
vided through "array" configurable "output enable" for each po
tential output. This feature allows the 10 outputs to be reconfi
gured as inputs on an individual basis, or alternately used as a 
combination I/O controlled by the programmable array. 

PALCE22VlO features a variable product term architecture. 
There are 5 pairs of product term sums beginning at 8 product 
terms per output and incrementing by 2 to 16 product terms per 
output. By providing this variable structure, the PALCE 22VlO is 
optimized to the configurations found in a majority of applications 
without creating devices that burden the product term structures 
with unusable product terms and lower performance. 

Additional features of the Cypress PALCE22VlO include a syn
chronous preset and an asynchronous reset product term. These 
product terms are common to all macrocells, eliminating the need 
to dedicate standard product terms for initialization functions. The 
device automatically resets upon power-up. 

The PALCE22VlO, featuring programmable macrocells and vari
able product terms, provides a device with the flexibility to imple
ment logic functions in the 500- to 800-gate-array complexity. 
Since each of the 10 output pins may be individually configured as 
inputs on a temporary or permanent basis, functions requiring up 
to 21 inputs and only a single output and down to 12 inputs and 10 
outputs are possible. The 10 potential outputs are enabled using 
product terms. Any output pin may be permanently selected as an 
output or arbitrarily enabled as an output and an input through the 
selective use of individual product terms associated with each out-

PALCE22VIO 

ts ns tcons IccmA 
Com'l MillInd Com'l Mil/Ind Com'l Mil/lnd 

3 4 130 

5 5 130 

6 6 7 7 90 150 

10 10 8 8 90 120 

15 15 15 15 90 120 

put. Each of these outputs is achieved through an individual pro
grammable macrocell. These macrocellsare programmable to pro
vide a combinatorial or registered inverting or non-inverting 
output. In a registered mode of operation, the output of the regis
ter is fed back into the array, providing current status information 
to the array. This information is available for establishing the next 
result in applications such as control state machines. In a combina
torial configuration, the combinatorial output or, if the output is 
disabled, the signal present on the I/O pin is made available to the 
array. The flexibility provided by both programmable product term 
control of the outputs and variable product terms allows a signifi
cant gain in functional density through the use of programmable 
logic. 

Along with this increase in functional density, the Cypress 
PALCE22VlO provides lower-power operation through the use of 
CMOS technology, and increased testability with Flash repro
grammability. 

Configuration Thble 
Registered/Combinatorial 

Cl Co Configuration 

0 0 Registered/Active LOW 

0 1 Registered/Active HIGH 

1 0 Combinatorial/Active LOW 

1 1 Combinatorial/Active HIGH 
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Macrocell 

r----------------------, 

)---J..----...... -ID 

CP 

INPUT/ 
FEEDBACK 

MUX 

I 
I 

AR I 

ai-----I 

01-.-----1 

SP 

OUTPUT 
SELECT 

MUX 

I 

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

PALCE22VIO 

Co --------~------------------~M~A~C~R~O~C~E~LL~------~ 

~----------------------
CE22V1Q-4 

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

Storage Temperature .................. -65°C to +150°C 
Ambient Temperature with 

Static Discharge Voltage 
(per MIL-STD-883, Method 3015) .............. >2001V 

Power Applied ....................... -55°C to + 125°C 
Supply Volt~ge to Ground Potential 
(Pm 24 to Pm 12) ....................... -O.5V to +7.0V 
DC Voltage Applied to Outputs 
in High Z State ......................... -O.5V to + 7.0V 

Operating Range 
Ambient 

Range Temperature Vee 
Commercial O°C to +75°C 5V±5% 

DC Input Voltage ....................... -O.5V to + 7.0V Industrial -40°C to +85°C 5V ±1O% 
Output Current into Outputs (LOW) .............. 16 rnA 
DC Programming Voltage ......................... 12.5V 

Military!l] -55°C to + 125°C 5V±1O% 

Latch-Up Current ........................... >200 rnA 
Note: 
1. TA is the "instant on" case temperature. 
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PALCE22V10 

Electrical Characteristics Over the Operating Range[2] 

Parameter Description 'lest Conditions Min. Max. Unit 

VOH Output HIGH Voltage Vee = Min., IOH = -3.2 rnA Com'l 2.4 V 
VIN = VIH or VIL 

IOH = -2 rnA Mil/Ind 

VOL Output LOW Voltage Vee = Min., IOL = 16 rnA Com'l 0.5 V 
VIN = VIH or VIL 

IOL = 12 rnA Mil/Ind 

VIH Input HIGH Level Guaranteed Input Logical HIGH Voltage for All Inputs[3] 2.0 V 

VIL[4] Input LOW Level Guaranteed Input Logical LOW Voltage for All Inputs[3j -0.5 0.8 V 

IIX Input Leakage Current Vss~ VIN ~ Vee, Vee = Max. -10 10 flA 
Ioz Output Leakage Current Vee = Max., Vss~ VOUT~ Vee -40 40 flA 
Ise Output Short Circuit Current Vee = Max., VOUT = 0.5v[5, 6] -30 -130 rnA 

IcC! Standby Power Supply Vee - Max., 10,15,25 ns Com'l 90 rnA 
Current VIN = GND, 

Outputs Open in 5,7.5 ns 130 rnA 
Unprogrammed 

15,25 ns Mil/Ind 120 rnA Device 

10 ns 120 rnA 

Iee2[6] Operating Power Supply Vee = Max., VIL = 10,15,25 ns Com'l 110 rnA 
Current Ov, VIH = 3V, 

Output Open, De- 5,7.5 ns 140 rnA 
vice Programmed as 

15,25 ns Mil/Ind 130 rnA a lO-Bit Counter, 
f=25MHz 10 ns 130 rnA 

Capacitance[6] 

Parameter Description Test Conditions Min. Max. Unit 

CjN Input Capacitance VIN = 2.0V @ f = 1 MHz 10 pF 

COUT Output Capacitance VOUT = 2.0V @ f = 1 MHz 10 pF 

Endurance Characteristics[6] 

Description Test Conditions 

Minimum Reprogramming Cycles Normal Programming Conditions 

Notes: 
2. See the last page of this specification for Group A subgroup testing in· 

formation. 
3. These are absolute values with respect to device ground. AU over· 

shoots due to system or tester noise are included. 

5. Not more than one output should be tested at a time. Duration of the short 
circuit should not be more than one second. VOUT = O.5V has been cho· 
sen to avoid test problems caused by tester ground degradation. 

4. VIL (Min.) is equal to -3.0V for pulse durations less than 20 ns. 
6. Thsted initially and after any design or process changes that may affect 

these parameters. 
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PALCE22VIO 

AC Test Loads and Waveforms 
R123BQ R123BQ 

OUTP:~:r.1(319Q MIL) 

R2170Q 

I CL (236Q MIL) 
INCLUDING 

5V :=F1(319QMIL) 

OUTPUT 
R2170Q 

I 5 pF (236Q MIL) 

INCLUDING 

OUTPUT O~-1~--1750Q 

I CL (1.2KQ 
MIL) 

JIG AND -= -= JIG AND -= -= 
SCOPE SCOPE 

(a) 

3.0V---

GND 

Equivalent to: THEvENIN EQUIVALENT (Commercial) 

99Q 

(b) 

ALL INPUT PULSES 

90% 

(d) 

OUTPUT 0-----'WIr----0 2.0BV = Vthc CE22Vl0-6 

Load Speed CL Package Parameter 
5,7.5, 10, 15,25 ns 50pF PDIp,CDIp, 

PLCC,LCC tER(-) 

tER(+) 

tEA(+) 

tEA(-) 
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(c) 

CE22V1 0·5 

Equivalent to: THEvENIN EQUIVALENT (Military) 

136Q 
OUTPUT 0-----'WIr----0 2.13V = Vthm CE22V1D-7 

Vx Output Waveform-Measurement Level 

1.5V 
VOH O.5V ~ ~ Vx 

2.6V 
VOL O.5V t ~ Vx 

OV 1.5V t ~ VOH 
Vx 

Vthc Vx t ~ 0.5V VOL 

(e) Test Waveforms 
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PALCE22VIO 

Commercial Switching Characteristics PALCE22VIO[2, 7] 

22VIO-S 

Parameter Description Min. Max. 

tpD Input to Output 3 5 
Propagation Delay[8] 

tEA Input to Outp'ut 6 
Enable Delay[9] 

tER Input to Output 6 
Disable Delay[10] 

tco Clock to Output Delay[8] 2 4 

tSI Input or Feedback Set-Up Time 3 

tS2 Synchronous Preset Set-Up Time 4 

tH Input Hold Time 0 

tp External Clock Period (tco + tS) 7 

tWH Clock Width HIGH[6] 2.5 

tWL Clock Width LOW[6] 2.5 

fMAXI External Maximum 143 
Frequency (l/(tco + ts»[U] 

fMAX2 Data Path Maximum Frequency 200 
(l/(tWH' + twd)[6,12] 

fMAX3 Internal Feedback Maximum 181 
Frequency (l/(tCF + tS»[6,13] 

tCF Register Clock to 2.5 
Feedback Inpud6, 14] 

tAW Asynchronous Reset Width 8 

tAR Asynchronous Reset 4 
Recovery Time 

tAP Asynchronous Reset to 7.5 
Registered Output Delay 

tSPR Synchronous Preset 4 
Recovery Time 

tpR Power-Up Reset Timd6, 15] 1 

Noles: 
7. Part (a) of AC Thst Loads and Waveforms is used for all parameters ex

cept tER and tEA( + ). Part (b) of AC Thst Loads and Waveforms is used 
fortER. Part (c) ofAC Thst Loads and Waveforms is used fortEA(+)' 

8. Min. times are tested initially and after any design orproccss changes. 
that may affect these parameters. 

9. The test load of part (a) of AC Thst Loads and Waveforms is used for 
measuring tEA(-). The test load of part (c) of AC Test Loads and 
Waveforms isusedformeasuringtEA(+)only. Please see part (e) ofAC 
Thst Loads and Waveforms for enable and disable test waveforms and 
measurement reference levels. 

10. This parameter is measured as the time after output disable input that 
the previous output data state remains stable on the outpu t. This delay 
is measured to the point at which a previous HIGH level has fallen to 
0.5 volts below VOH min. or a previous LOW level has risen to 0.5 volts 
above VOL max. Please see part (e) of AC Thst Loads and Waveforms 
for enable and disable test waveforms and measurement reference 
levels. 

22VIO-7 22VIO-IO 22VIO-lS 22VIO-2S 

Min. Max. Min. Max. Min. Max. Min. Max. Unit 

3 7.5 3 10 3 15 3 25 ns 

8 10 15 25 ns 

8 10 15 25 ns 

2 5 2 7 2 8 2 15 ns 

5 6 10 15 ns 

6 7 10 15 ns 

0 0 0 0 os 

10 12 20 30 ns 

3 3 6 13 ns 

3 3 6 13 ns 

100 76.9 55.5 33.3 MHz 

166 142 83.3 35.7 MHz 

133 111 68.9 38.5 MHz 

2.5 3 4.5 13 os 

8 10 15 25 ns 

5 6 10 25 ns 

12 13 20 25 ns 

6 8 10 15 ns 

1 1 1 1 Ils 

11. This specification indicates the guaranteed maximum frequency at 
which a state machine configuration with external feedback can 
operate. 

12. This specification indicates the guaranteed maximum frequency at 
which the device can operate in data path mode. 

13. This specification indicates the guaranteed maximum frequency at 
which a state machine configuration with internal only feedback can 
operate. 

14. This parameter is calculated from the clock period at fMAX internal 
(l/fMAX3) as measured (see Note 11 above) minns ts. 

15. The registers in the PALCE22VlO have been designed with the capa
bility to reset during system power-up. Following power-up, all regis
terswill be reset to a logic LOW state. The output state will depend on 
the polarity of the output buffer. This feature is useful in establishing 
state machine initialization. Th insure proper operation, the rise in Vee 
must be monotonic and the timing constraints depicted in Power-Up 
Reset Waveform must be satisfied. 
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Military and Industrial Switching Characteristics PALCE22VIO[2, 7] 

22V1O-1O 22V1O-1S 

Parameter Description Min. Max. Min. Max. 

tpD Input to Output 3 10 3 15 
Propagation Delay[8] 

tEA Input to Output Enable Delay[9] 10 15 

tER Input to Output Disable Delay[lO] 10 15 

tco Clock to Output Delay[8] 2 7 2 8 

t51 Input or Feedback Set-Up Time 6 10 

t52 Synchronous Preset Set-Up Time 7 10 

tH Input Hold Time 0 0 

tp External Clock Period (tco + t5) 12 20 

tWH Clock Width HIGH[6] 3 6 

tWL Clock Width LOW[6] 3 6 

fMAX1 External Maximum Frequency 76,9 50.0 
(lI(tco + t5))[11] 

fMAX2 Data Path Maximum Frequency 142 83.3 
(1/(tWH + tWL))[6, 12] 

fMAX3 Internal Feedback Maximum 111 68.9 
Frequency (l/(tCF + t5))[6,13] 

tCF Register Clock to 3 4.5 
Feedback Inputl6, 14] 

tAW Asynchronous Reset Width 10 15 

tAR Asynchronous Reset 6 12 
Recovery Time 

tAP Asynchronous Reset to 12 20 
Registered Output Delay 

t5PR Synchronous Preset 8 20 
Recovery Time 

tpR Power-Up Reset Timel6, 15] 1 1 
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22V1O-2S 

Min. Max. Unit 

3 25 ns 

25 ns 

25 ns 

2 15 ns 

18 ns 

18 ns 

0 ns 

33 ns 

14 ns 

14 ns 

30.3 MHz 

35.7 MHz 

32.2 MHz 

13 ns 

25 ns 

25 ns 

25 ns 

25 ns 

1 fls 



=' ?cYPRESS 
Switching Waveforms 

INPUTS I/O, _____ ...... 
REGISTERED 

FEEDBACK 
SYNCHRONOUS ___ ~V' 

PRESET 

CP 

ASYNCHRONOUS 
RESET ________ ~~------~~ 

REGISTERED -----------~ ........ 
OUTPUTS _______ ~UL~ 

COMBINATORIAL -----------------.....:,...;.: 
OUTPUTS 

------------------------~~ 

Power-Up Reset Waveform[15] 

PALCE22VIO 

CE22Vl0-B 

POWER 10'" ~'E9;oO%%:------------------------ Vcc 
SUPPLY VOLTAGE _______ :."0f-

~----------- tpR------~ 

REGISTERED --------t-t------~~~~~~~~~~kr--------
ACTIVE LOW 

OUTPUTS ------~r_-----~~~~~~~~ 

CLOCK 

CE22Vl0-9 
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Functional Logic Diagram for PALCE22VIO 
1-ri> 
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Ordering Information 
ICC tpD ts tco 

(mA) (ns) (ns) (ns) Ordering Code 

130 5 3 4 PALCE22V1O-5JC 

130 7.5 5 5 PALCE22V1O-7JC 

PALCE22V1O-7PC 

90 10 6 7 PALCE22VI0-I0JC 

PALCE22V1O-1OPC 

150 10 6 7 PALCE22V1O-1OJI 

PALCE22V1O-10PI 

150 10 6 7 PALCE22V10-10DMB 

PALCE22V1O-10KMB 

PALCE22V1O-1OLMB 

90 15 7.5 10 PALCE22V1O-15JC 

PALCE22V1O-15PC 

120 15 7.5 10 PALCE22V1O-15JI 

PALCE22V1O-15PI 

120 15 7.5 10 PALCE22VI0-15DMB 

PALCE22V1O-15KMB 

PALCE22VI0-15LMB 

90 25 15 15 PALCE22VI0-25JC 

PALCE22VI0-25PC 

120 25 15 15 PALCE22V1O-25JI 

PALCE22V1O-25PI 

120 25 15 15 PALCE22V1O-25DMB 

PALCE22V10-25KMB 

PALCE22V1O-25LMB 

MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 
Parameter Subgroups 

VOH 1,2,3 

VOL 1,2,3 

VIH 1,2,3 

VIL 1,2,3 

IIX 1,2,3 

Ioz 1,2,3 

Icc 1,2,3 

Document #: 38-00447-B 

PALCE22VIO 

Package Operating 
Name Package 'IYpe Range 

J64 28-Lead Plastic Leaded Chip Carrier Commercial 

J64 28-Lead Plastic Leaded Chip Carrier Commercial 

P13 24-Lead (300-Mil) Molded DIP 

J64 28-Lead Plastic Leaded Chip Carrier Commercial 

P13 24-Lead (300-Mil) Molded DIP 

J64 28-Lead Plastic Leaded Chip Carrier Industrial 

P13 24-Lead (300-Mil) Molded DIP 

D14 24-Lead (300-Mil) CerDIP Military 

K73 24-Lead Rectangular Cerpack Ell 
L64 28-Square Leadless Chip Carrier 

J64 28-Lead Plastic Leaded Chip Carrier Commercial 

P13 24-Lead (300-Mil) Molded DIP 

J64 28-Lead Plastic Leaded Chip Carrier Industrial 

P13 24-Lead (300-Mil) Molded DIP 

D14 24-Lead (300-Mil) CerDIP Military 

K73 24-Lead Rectangular Cerpack 

L64 28-Square Leadless Chip Carrier 

J64 28-Lead Plastic Leaded Chip Carrier Commercial 

P13 24-Lead (300-Mil) Molded DIP 

J64 28-Lead Plastic Leaded Chip Carrier Industrial 

P13 24-Lead (300-Mil) Molded DIP 

D14 24-Lead (300-Mil) CerDIP Military 

K73 24-Lead Rectangular Cerpack 

L64 28-Square Leadless Chip Carrier 

Switching Characteristics 
Parameter Subgroups 

tpD 9,10,11 

tco 9,10,11 

ts 9,10,11 

tH 9,10,11 
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Features 
• Advanced second-generation PAL 

architecture 

• Lowpower 
- SS mA max. "C' 
- 90 mA max. standard 
-120 mA max. military 

• CMOS EPROM technology for 
reprogrammabiJity 

• Variable product terms 
- 2 x (8 tbrough 16) product terms 

• User-programmable macrocell 
- Output polarity control 
- Individually selectable for regis-

tered or combinatorial operation 

• 20, 2S, 3S ns commercial and 
industrial 

This is an abbreviated datasheet. Contact a 
Cypress representative for complete specifications. 
For new designs, please refer to the PALCE22VIO. 

PALC22VIO 

Reprogrammable CMOS 
PAL® Device 

• 2S, 30, 40 ns military 
• Up to 22 input terms and 10 outputs 
• Iligh reliability 

- Proven EPROM technology 
-100% programming and functional 

testing 

• Windowed DIP, windowed LCC, DIP, 
LCC, and PLCC available 

Functional Description· 
The Cypress PALC22VlO is a CMOS se
cond-generation programmable logic 
array device. It is implemented with the fa
miliar sum-of-products (AND-OR) logic 
structure and a new concept, the "pro
grammable macrocell." 
The PALC22V10 is available in 24-pin 
300-mil molded DIPs, 300-mil windowed 
cerDIPs, 28-lead square ceramic leadless 

chip carriers, 28-lead square plastic1eaded 
chip carriers, and provides up to 22 inputs 
and 10 outputs. When the windowed cer
DIP is exposed to UV light, the 22V10 is 
erased and can then be reprogrammed. 
The programmablemacrocell provides the 
capability of defining the architecture of 
each output individually. Each of the 10 
potential outputs may be specified as regis
tered or combinatorial. Polarity of each 
output may also be individually selected, 
allowing complete flexibility of output 
configuration. Further configurability is 
provided through array-configurable out
put enable for each potential output. This 
feature allows the 10 outputs to be reconfi
gured as inputs on an individual basis, or 
alternately used as a combination I/O con
trolled by the programmable array. 

Logic Block Diagram (PDIP/CDIP) 
vss 

Pin Configuration 

PAL is a registered trademark of Advanced Micro Devices. 

Document #: 38-00020-H 

I 
I 

NC 
I 
I 
I 

1105 I/O, 

LCC/PLCC 
Top View 

--~~ygg 
4 3 2~1! 282726 

25 
2_ 

7 23 
8 22 
9 21 
10 20 
11 19 

12131415161718 

--(1')0- Oleo 
ftJz gg 
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This is an abbreviated datasheet. Contact a Cypress 
representative for complete specifications. For new 
designs, please refer to the PALCE22V10. 

PALC22VIOB 

Reprogrammable CMOS PAL® Device 
Features 

• Advanced second generation PAL ar
chitecture 

• Lowpower 
- 90 rnA max. standard 
-100 rnA max. military 

• CMOS EPROM technology for repro
grammability 

• Variable product terms 
- 2 x (8 through 16) product terms 

• User-programmable macrocell 
- Output polarity control 

- Individually selectable for regis-
tered or combinatorial operation 

- "IS" commercial and industrial 
10 ns tco 
10 ns ts 
15 ns tpD 
50 MHz 

- "IS" and "20" military 
10/15 ns teo 
10/17 ns ts 
15/20 ns tpD 
50/31 MHz 

• Up to 22 input terms and 10 outputs 

• Enhanced test features 

- Phantom array 

-Top test 

-Bottom test 

-Preload 

• High reliability 

- Proven EPROM technology 

-100% programming and functional 
testing 

• Windowed DIP, windowed LCC, DIP, 
LCC, PLCC available 

Logic Block Diagram (PDIP/CDIP) 
Vss 

Pin Configurations 
LCC 

ThpView 
PLCC 

ThpView 

Functional Description 
The Cypress PALC22V10B is a CMOS 
second-generation programmable logic 
array device. It is implemented with the 
familiarsum-of-products(AND-OR)logic 
structure and a new concept, the 
"Programmable Macrocell." 

The PALC22VlOB is executed in a 24-pin 
300-mil molded DIP, a 300-mil windowed 
cerDIP, a 28-lead square ceramic leadless 
chip carrier, a 28-lead square plasticleaded 
chip carrier, and provides up to 22 inputs 
and 10 outputs. When the windowed cer
DIP is exposed to UV light, the 22VlOB is 
erased and can then be reprogrammed. 
The programmable macrocell provides the 
capability of defining the architecture of 
each output individually. Each of the 10 
potential outputs may be specified as "reg
istered" or "combinatorial." Polarity of 
each output may also be individually 

CP/I 

V10B-1 

__ t~~g'g __ t~~g'g 
4 3 2'1' 282726 

I •• 25 1/02 

I 24 1/03 
I 7 23 1/04 

N/C 8 22 N/C 
I 9 21 1/05 
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I 11 19 1107 

12131415161718 

PAL is a registered trademark of Advanced Micro Devices 
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PAL22VIOC 
PAL22VPIOC 

Universal PAL® Device 
Features 

• Ultra high speed supports today's and 
tomorrow's fastest microprocessors 

-tpD=6ns 

-tsu = 3ns 

-'MAx = 117 MHz 

• Reduced ground bounce and under
shoot 

• PLCC and LCC packages with addi
tional Vee and V ss pins for lowest 
ground bounce 

• Up to 22 inputs and 10 outputs for 
more logic power 

• Variable product terms 
- 8 to 16 per output 

• 10 user-programmable output 
macrocells 
- Output polarity control 

- Registered or combinatorial 
operation 

- 2 new feedback paths 
(PAL22VPI0C) 

• Synchronous PRESET, asynchronous 
RESET, and PREWAD capability for 
flexible design and testability 

• High reliability 
- Proven Ti-W fuse technology 

-AC and DC tested at the factory 

• Security Fuse 

Functional Description 
The Cypress PAl22Vl0C 
PAl22VPlOC are second-generatio 

Logic Block Diagram and PDIP (P)/CDIP (D) Pin Contigu 

grammable array logic devi 
BiCMOS process and Ti-W 
PAL22VlOC and PAL22 
familiarsum-of-products( 
structure and a new co 
mabIe macrocell. 

Both the PAL22V 
provide 12 dedi 
pins (see Logic 
ing each I 
tempor 
achieve 
inpu 

22VPlOC 
and 10 I/O 

ram). By select
permanent or 

22 inputs can be 
requiring up to 21 

utput, down to 12 in-
pu s can be realized. The 

roduct term available on 
this selection. 

v10o-1 

PLCC (J)/CLCC (y) 
1bpView 

--~yyg'g 
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Features 
• Advanced second-generation PAL ar

chitecture 

• Lowpower 
- 90 rnA max. commercial (10 ns) 
-130 rnA max. commercial (7.5 ns) 

• CMOS Flash EPROM technology for 
electrical erasability and reprogram
mability 

• Variable product terms 
- 2 x (8 through 16) product terms 

• User-programmable macrocell 
- Output polarity control 

- Individually selectable for regis-
tered or combinatorial operation 

• Up to 22 input terms and 10 outputs 

For new designs, please refer to the PALCE22VIO. 

PALC22VIOD 

Flash Erasable, 
Reprogrammable CMOS PAL ® Device 

• DIP, LCC, and PLCC available 

- 7.5 ns commercial version 
5 ns tco 
5 ns ts 
7.5 ns tPD 
133-MHz state machine 

-10 ns military and industrial ver
sions 
6 ns tco 
6 ns ts 
10 ns tpD 
nO-MHz state machine 

-15-ns commercial and military 
versions 

- 25-ns commercial and military 
versions 

• High reliability 
-Proven Flash EPROM technology 

-100% programming and functional 
testing 

Functional Description 
The Cypress PALC22VlOD is a CMOS 
Flash Erasable second-generation pro
grammable array logic device. It is im
plemented with the familiar sum-of-pro
ducts (AND-OR) logic structure and the 
programmable macrocell. 

The PALC22VlOD is executed in a 24-pin 
300-mil molded DIP, a 300-mil cerDIp, a 
28-lead square ceramic leadless chip carri
er, a 28-lead square plasticleaded chip car
rier, and provides up to 22 inputs and 10 
outputs. The 22VlOD can be electrically 

Logic Block Diagram (PDIP/CDIP) 
\Iss CPII 

IIOg 1/08 1/0 7 IIOS 1/05 1/°4 1/0 3 1/°2 1/°1 1/°0 Vec 
Vl0D·l 

Pin Configuration 
LCC PLCC 

Top View ThpView 

__ 5~9gg __ ~~>Sgg 

4 3 2 ~1~ 282726 4 3 2 1 28 27 26 
I 25 1/°2 I 1/°2 I 24 1/°3 I 1/0 3 I 7 23 1/°4 I 1/0 4 NC 8 22 N/C NC N/C I 9 21 1/0 5 I 21 1/0 5 10 20 1/°6 I/Os 11 19 1/07 1/07 12131415161718 

Vl00-2 
-- 00(.)- (J)(Q 

Vl0D-3 :!J'Z gg - - (I) (.) - C) co 
:!J' Z gg 

PAL is a registered trademark of Advanced Micro Devices. 
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Functional Description (continued) 

erasedandreprogrammed. Theprogrammablemacrocellprovides 
the capability of defining the architecture of each output individu
ally. Each of the 10 potential outputs may be specified as "regis
tered" or "combinatorial." Polarity of each output may also be in
dividually selected, allowing complete flexibility of output 
configuration. Further configurability is provided through "array" 
configuraple "output enable" for each potential output. This fea
ture allows the 10 outputs to be reconfigured as inputs on an indi
vidual basis, or alternately used as a combination I/O controlled by 
the programmable array. 

PALC22VlOD features a variable product term architecture. 
There are 5 pairs of product term sums beginning at 8 product 
terms per output and incrementing by 2 to 16 product terms per 
output. By providing this variable structure, the PAL C 22VlOD is 
optimized to the configurations found in a majority of applications 
without creating devices that burden the product term structures 
with unusable product terms and lower performance. 

Additional features of the Cypress PALC22V10D include a syn
chronous preset and an asynchronous reset product term. These 
product terms are common to all macrocells, eliminating the need 
to dedicate standard product terms for initialization functions. The 
device automatically resets upon power-up. 

The PALC22VlOD, featuring programmable macrocells and vari
able product terms, provides a device with the flexibility to imple
ment logic functions in the 500- to 800-gate-array complexity. 
Since each of the 10 output pins may be individually configured as 
inputs on a temporary or permanent basis, functions requiring up 
to 21 inputs and only a single output and down to 12 inputs and 10 
outputs are possible. The 10 potential outputs are enabled using 

Macrocell 

PALC22VIOD 

product terms. Any output pin may be permanently selected as an 
output or arbitrarily enabled as an output and an input through the 
selective use ofindividual product terms associated with each out
put. Each of these outputs is achieved through an individual pro
grammablemacrocell. Thesemacrocells are programmable to pro
vide a combinatorial or registered inverting or non-inverting 
output. In a registered mode of operation, the output of the regis
ter is fed back into the array, providing current status information 
to the array. This information is available for establishing the next 
result in applications such as control state machines. In a combina
torial configuration, the combinatorial output or, if the output is 
disabled, the signal present on the I/O pin is made available to the 
array. Theflexibilityprovided byboth programmable producUerm 
control of the outputs and variable product terms allows a siguifi
cant gain in functional density through the use of programmable 
logic. 

Along with this increase in functional density, the Cypress 
PALC22VlOD provides lower-power operation through the use of 
CMOS technology, and increased testability with Flash repro
grammability. 

Configuration Table 

Registered/Combinatorial 

Cl Co Configuration 

0 0 Registered/Active LOW 

0 1 Registered/Active HIGH 

1 0 Combinatorial/Active LOW 

1 1 Combinatorial/Active HIGH 

r----------------------, 

>--+------;0 

CP 

INPUT! 
FEEDBACK 

MUX 

AR 

SP 

QI-----I 

MACROCELL 

OUTPUT 
SELECT 

MUX 

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

Static Discharge Voltage Storage Temperature .................. -65°C to +150°C 
Ambient Temperature with (per MIL-STD-883, Method 3015) .............. >2001V 

Power Applied ....................... - 55 ° C to + 125 ° C 
Supply Voltage to Ground Potential 
(Pin 24 to Pin 12) ....................... -0.5V to +7.0V 
DC Voltage Applied to Outputs 
in High Z State ......................... -0.5V to +7.0V 

Operating Range 

Ambient 
Range Temperature Vee 

Commercial O°C to +75°C 5V±5% 
DC Input Voltage ....................... -O.5V to +7.0V Military!!] -55°C to +125°C 5V ±10% 
Output Current into Outputs (LOW) .............. 16 rnA Industrial -40°C to +85°C 5V ±1O% 
DC Programming Voltage ......................... 12.5V 
Latch-Up Current ........................... >200 rnA 

Electrical Characteristics Over the Operating Range!2] 

Parameter Description Test Conditions Min. Max. Unit 

VOH Output HIGH Voltage Vee = Min., IOH = -3.2 rnA Com'l 2.4 V 
VIN = VIH or VIL 

IOH = -2 rnA Mil/lnd 

VOL Output LOW Voltage Vee = Min., IOL= 16 rnA Com'l 0.5 V 
VIN = VIH or VIL 

IOL= 12 rnA Mil/lnd 

VIH Input HIGH Level Guaranteed Input Logical HIGH Voltage for All Inputs!3] 2.0 V 

VIL!4] Input WW Level Guaranteed Input Logical LOW Voltage for All Inputs!3] -0.5 0.8 V 

Ilx Input Leakage Current Vsss VIN S Vee, Vee = Max. -10 10 t-tA 
loz Output Leakage Current Vee = Max., Vsss VOUT.!S. Vee -40 40 t-tA 
Ise Output Short Circuit Current Vee = Max., VOUT = 0.5V!5, 6] -30 -90 rnA 

lee! Standby Power Supply Vee = Max., 10,15,25 ns Com'l 90 rnA 
Current VIN= GND, 

Outputs Open in 7.5 ns 130 rnA 
Unprogrammed 

15,25 ns Mil/lnd 120 rnA Device 
10 ns 120 rnA 

lee2!6] Operating Power Supply Vee = Max., VIL = 10,15,25 ns Com'l 110 rnA 
Current OY, VIH = 3Y, 

Output Open, De- 7.5 ns 140 rnA 
vice Programmed as 

15,25 ns Mil/lnd 130 rnA a IO-Bit Counter, 
f=25MHz 10 ns 130 rnA 

Capacitance!6] 

Parameter Description Test Conditions Min. Max. Unit 

qN Input Capacitance VIN = 2.0V @ f = 1 MHz 10 pF 

COUT Output Capacitance VOUT = 2.0V @ f = 1 MHz 10 pF 

Endurance Characteristics!6] 

Test Conditions 

Normal Programming Conditions 

Notes: 
1. TA is the "instant on" case temperature. 
2. See the last page of this specification for Group A subgroup testing in

formation. 

5. Not more than one output should be tested at a time. Duration of the short 
circuit should not be more than one second. VOUT = OSV bas heen cho
sen to avoid test problems caused by tester ground degradation. 

3. These are absolute values with respect to device ground. All over
shoots due to system or tester noise are included. 

4. VJdMin.) is equal to -3.0V for pulse durations less than 20 ns. 

6. Tested initially and after any design or process changes that may affect 
these parameters. 
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AC Test Loads and Waveforms 
R1238Q 

OUTP:~:Fl(319QMI~ 
R2170Q 

R1238Q 

5V:F1(319QMIL) 

OUTPUT 
R2170Q OUTPUT O~-I--l 750Q 

INCLUDING 
I CL (236Q MIL) 

INCLUDING 
I 5 pF (236Q MIL) I CL (1.2KQ 

MIL) 

JIG AND -= -= JIG AND -= -= 
SCOPE SCOPE 

(a) 

3.0V----

GND 

Equivalent to: THEVENIN EQUIVALENT (Commercial) 

99Q 
OUTPUT Q----vvI,----O 2.08V = V1hc 

(b) 

ALL INPUT PULSES 

90% 

(d) 

VIOD-6 

Load Speed CL Package Parameter 
7.5, 10, 15, 25 ns 50pF PDlp,CDlp, 

PLCC,LCC tER(-) 

tER(+) 

tEA(+) 

tEA(-) 
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(c) 

VIOD·5 

Equivalent to: THEvENIN EQUIVALENT (Military) 

136Q 
OUTPUT Q----vvI,----O 2.13V = Vlhm 

VIOD-7 

Vx Output Waveform-Measurement Level 

1.5V 
VOH O.5V t ~ VX 

2.6V 
VOL O.5V t t:: Vx 

OV 1.5V t t:: VOH 
Vx 

Vthc Vx t ~ O.5V VOL 

(e) Test Waveforms 

VIOD-8 

VIOD-9 

VIOD-IO 

VIOD-II 
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Commercial Switching Characteristics PALC22VIOD[2,7] 

22V10D-7 

Parameter Description Min. Max. 

tpD Input to Output 3 7.5 
Propagation Delay[S,9] 

tEA Input to Output Enable Delay[lO] 8 

tER Input to Output Disable Delay[ll] 8 

tco Clock to Output Delay[S, 9] 2 5 

tSI Input or Feedback Set-Up Time 5 

tS2 Synchronous Preset Set-Up Time 6 

tH Input Hold Time 0 

tp External Clock Period (tco + ts) 10 

tWH Clock Width HIGH[6] 3 

tWL Clock Width LOW[6] 3 

fMAXI External Maximum Frequency 100 
(lI(tco + tS»[12] 

fMAX2 Data Path Maximum Frequency 166 
(lI(tWH + twd)[6, 13] 

fMAX3 Internal Feedback Maximum 133 
Frequency (1/(tCF + tS»[6, 14] 

tCF Register Clock to 2.5 
Feedback Inputl6, 15] 

tAW Asynchronous Reset Width 8 

tAR AsynchronousResetRecoveryTime 5 

tAP Asynchronous Reset to 12 
Registered Output Delay 

tSPR Synchronous Preset Recovery Time 6 

tpR Power-Up Reset Timel6, 16] 1 

Notes: 
7. Part (a) of ACT est Loads and Wavefonns is used for all parameters ex· 

cept tER and tEA( +). Part (b) of AC Thst Loads and Wavefonns is used 
for tER. Part (c) of AC Test Loads and Wavefonns is used for tEA( +). 

8. Min. times are tested initially and after any design or process changes 
that may affect these parameters. 

9. This specification is guaranteed for all device outputs changing state in 
a given access cycle. 

10. The test load of part (a) of AC Test Loads and Waveforms is used for 
measuring tEA( _). The test load of part (c) of AC Test Loads and 
Wavefonnsisusedformeasuringt~+)only.Pleaseseepart(e)ofAC 
Thst Loads and Waveforms for enable and disable test wavefonns and 
measurement reference levels. 

I!. This parameter is measured as the time after output disable input that 
the previous output data state remains stable on the output. This delay 
is measured to tbe point at which a previous HIGH level has fallen to 
0.5 volts below VOH min. or a previous LOW level has risen to 0.5 volts 
above VOL max. Please see part (e) of AC Thst Loads and Wavefonns 
for enable and disable test waveforms and measurement reference 
levels. 

22V10D-10 22V10D-15 22V10D-25 

Min. Max. Min. Max. Min. Max. Unit 

3 10 3 15 3 25 ns 

10 15 25 ns 

10 15 25 ns 

2 7 2 8 2 15 ns 

6 10 15 ns 

7 10 15 ns 

0 0 0 ns 

12 20 30 ns 

3 6 13 ns 

3 6 13 ns 

76.9 55.5 33.3 MHz 

142 83.3 35.7 MHz 

111 68.9 38.5 MHz 

3 4.5 13 ns 

10 15 25 ns 

6 10 25 ns 

13 20 25 ns 

8 10 15 ns 

1 1 1 Its 

12. This specification indicates the guaranteed maximum frequency at 
which a state machine configuration with external feedback can 
operate. 

13. This specification indicates the guaranteed maximum frequency at 
which the device can operate in data path mode. 

14. This specification indicates the guaranteed maximum frequency at 
which a state machine configuration with internal only feedback can 
operate. 

15. This parameter is calculated from the clock period at fMAX internal 
(l/fMAX3) as measured (see Note 11 above) minus ts. 

16. The registers in the PALC22VI0D have been desigued with the capa· 
bility to reset during system power·up. Following power-up, all regis· 
ters will be resetto a logic LOW state. The output state will depend on 
the polarity of the output buffer. This feature is useful in establishing 
state machine initialization. To insure proper operation, the rise in V cc 
must be monotonic and the timing constraints depicted in Power-Up 
Reset Wavefonn must be satisfied. 
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Military and Industrial Switching Characteristics PALC22VIOD[2,7] 

22VIOD-IO 22VIOD-15 22VIOD-25 

Parameter Description Min. Max. Min. Max. Min. Max. Unit 

tpD Input to Output 3 10 3 15 3 25 ns 
Propagation Delay[8, 9] 

tEA Input to Output Enable Delay[10] 10 15 25 ns 

tER Input to Output Disable Delay[ll] 10 15 25 ns 

teo Clock to Output Delay[8, 9] 2 7 2 8 2 15 ns 

tS1 Input or Feedback Set-Up Time 6 10 18 ns 

tS2 Synchronous Preset Set-Up Time 7 10 18 ns 

tH Input Hold Time 0 0 0 ns 

tp External Clock Period (teo + ts) 12 20 33 ns 

tWH Clock Width HIGH[6] 3 6 14 ns 

tWL Clock Width LOW[6] 3 6 14 ns 

fMAX1 External Maximum Frequency 76.9 50.0 30.3 MHz 
(1!(teo + tS»[12] 

fMAX2 Data Path Maximum Frequency 142 83.3 35.7 MHz 
(1!(tWH + tWL»[6, 13] 

fMAX3 Internal Feedback Maximum 111 68.9 32.2 MHz 
Frequency (1!(tcF + tS»[6,14] 

tCF Register Clock to 3 4.5 13 ns 
Feedback Inpud6, 15] 

tAW Asynchronous Reset Width 10 15 25 ns 

tAR Asynchronous Reset 6 12 25 ns 
Recovery Time 

tAP Asynchronous Reset to 12 20 25 ns 
Registered Output Delay 

tSPR Synchronous Preset 8 20 25 ns 
Recovery Time 

tpR Power-Up Reset Timd6, 16] 1 1 1 [ts 
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Switching Waveform 

INPUTS I/O, ____ _ 
REGISTERED 

FEEDBACK 
SYNCHRONOUS ---~ '-_-1 

PRESET 

CP 

ASYNCHRONOUS 
RESET ------+:----4-...J1 

REGISTERED ------...;..:,....,: 
OUTPUTS ______ ..Lloal '-_-4_-L:.lLl;' 

COMBINATORIAL -----------......;:..:;.' 
OUTPUTS 

--------------~~ 

Power-Up Reset Waveform[16] 

PALC22VIOD 

Vl00-12 

POWER 10% JfS9~~%~-------------------------VCC 
SUPPLY VOLTAGE ------~ 

tpR------....-I 
REGISTERED -------t-t-------.;~~~"7~~.;;:::;;!."7_-------
ACTIVE LOW 

OUTPUTS ------H~-----~~~~~~~~ 
CLOCK----------------t~------------------------~~ 

Vl00-13 
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Functional Logic Diagram for PALC22VIOD 

1-r-C 
• 1 1 

AR 
OE 

0 · · · 
~7 

OE 
0 

· · · 
9 

2 
OE 

0 

· · · 
11 

3 
OE 

0 

· · · 
4 

13 

OE 
0 

· · 
5 

15 

OE 
0 

· · · 
6 

15 

OE 
0 

· · 
7 

13 

OE 
0 

· · · 
8-011 

OE 
0 

· · · 
9 

9 
OE 

0 · · · 7 

SP 

1 

4 3 6 0 
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Ordering Information 
Icc tpD ts teo 

(mA) (ns) (ns) (ns) Ordering Code 

130 7.5 5 5 PALC22V10D-7JC 

PALC22VlOD-7PC 

90 10 6 7 PALC22VlOD-1OJC 

PALC22VlOD-10PC 

150 10 6 7 PALC22VlOD-lOJI 

PALC22VlOD-10PI 

150 10 6 7 PALC22VlOD-lODMB 

PALC22VlOD-lOKMB 

PALC22VlOD-lOLMB 

90 15 7.5 10 PALC22VlOD-15JC 

PALC22VlOD -15PC 

120 15 7.5 10 PALC22VlOD-15JI 

PALC22VlOD-15PI 

120 15 7.5 10 PALC22VlOD-15DMB 

PALC22VlOD-15KMB 

PALC22VlOD-15LMB 

90 25 15 15 PALC22VlOD-25JC 

PALC22VlOD - 25PC 

120 25 15 15 PALC22VlOD-25JI 

PALC22VlOD-25PI 

120 25 15 15 PALC22VlOD-25DMB 

PALC22V10D-25KMB 

PALC22VlOD-25LMB 

MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 
Parameter Subgroups 

VOH 1,2,3 

VOL 1,2,3 

VIR 1,2,3 

VIL 1,2,3 

IJX 1,2,3 

Ioz 1,2,3 

Icc 1,2,3 

Switching Characteristics 
Parameter Subgroups 

tpD 9,10,11 

teo 9,10,11 

ts 9,10,11 

tH 9,10,11 

Document#: 38-00185-H 

PALC22VIOD 

Package Operating 
Name Package 'l)'pe Range 

J64 28-Lead Plastic Leaded Chip Carrier Commercial 

P13 24-Lead (300-Mil) Molded DIP 

J64 28-Lead Plastic Leaded Chip Carrier Commercial 

P13 24-Lead (300-Mil) Molded DIP 

J64 28-Lead Plastic Leaded Chip Carrier Industrial 

P13 24-Lead (300-Mil) Molded DIP 

D14 24-Lead (300-Mil) CerDlP Military 

K73 24-Lead Rectangular Cerpack 

L64 28-Square Leadless Chip Carrier II 
J64 28-Lead Plastic Leaded Chip Carrier Commercial 

P13 24-Lead (300-Mil) Molded DIP 

J64 28-Lead Plastic Leaded Chip Carrier Industrial 

P13 24-Lead (300-Mil) Molded DIP 

D14 24-Lead (300-Mil) CerDlP Military 

K73 24-Lead Rectangular Cerpack 

L64 28-Square Leadless Chip Carrier 

J64 28-Lead Plastic Leaded Chip Carrier Commercial 

P13 24-Lead (300-Mil) Molded DIP 

J64 28-Lead Plastic Leaded Chip Carrier Industrial 

P13 24-Lead (300-Mil) Molded DIP 

D14 24-Lead (300-Mil) CerDlP Military 

K73 24-Lead Rectangular Cerpack 

L64 28-Square Leadless Chip Carrier 

2-67 



Features 
• lWelve I/O macrocells each having: 

- registered, three-state I/O pins 
- input register clock select multi-

plexer 
- feed back multiplexer 
- output enable (OE) multiplexer 

• All twelve macrocell state registers 
can be hidden 

• User-configurable state registers
JK, RS, T, or D 

• One input multiplexer per pair of I/O 
macrocells allows I/O pin associated 
with a hidden macrocell state register 
to be saved for use as an input 

• Four dedicated hidden registers 
• Eleven dedicated, registered inputs 

Logic Block Diagram 

CY7C330 

CMOS Programmable 
Synchronous State Machine 

• Three separate clocks-two inputs, 
one output 

• Common (pin 14-controlled) or 
product term-controlled output en
able for each I/O pin 

• 256 product terms-32 per pair of 
macrocells, variable distribution 

• Global, synchronous, product term
controlled, state register set and re
set-inputs to product term are 
clocked by input clock 

• 66-MHz operation 
- 3-ns input set-up and I2-ns clock to 

output 
-15-ns input register clock to state 

register clock 

• Lowpower 
-130mAlcc 

7C330-66 
Commercial 66_6 

Military 

Commercial 140 

Military 
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7C330-50 
50_0 

50_0 

130 

160 

0330-1 

7C330-40 7C330-33 7C330-28 
33.3 

40_0 28.5 

130 

150 150 



Features 
• 'IWelve 110 macrocells each having: 

- One state flip-flop with an XOR 
sum-of-products input 

- One feedback flip-flop with input 
coming from the I/O pin 

- Independent (product term) set, 
reset, and clock inputs on all 
registers 

-Asynchronous bypass capability on 
all registers under product term 
control (r = s = 1) 

- Global or local output enable on 
three-state 110 

- Feedback from either register to 
the array 

• 192 product terms with variable dis
tribution to macrocells 

Logic Block Diagram 

liD. liD. 

Selection Guide 

Generic Part IcC! (mA) 

Number Com'l Mil 

CY7C331-20 130 

CY7C331-25 120 160 

CY7C331-30 150 

CY7C331-40 150 

CY7C331 

Asynchronous Registered EPLD 
• 13 inputs, 12 feedback I/O pins, plus 6 

shared I/O macrocell feedbacks for a 
total of31 tme and complementary 
inputs 

• High speed: 20 ns maximum tpD 
• Security bit 
• Space-saving 28-pin slim-line DIP 

package; also available in 28-pin 
PLCC 

• Lowpower 
- 90 mA typical Icc quiescent 
-180 mA Icc maximum 
- UV-erasable and reprogrammable 
- Programming and operation 100% 

testable 

GND I. 

I/O, 1/0. GND Vee liD, 

tPD (ns) 

Com'l Mil Com'l 

20 12 

25 25 12 

30 

40 
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Functional Description 
The CY7C331 is the most versatile PLD 
available for asynchronous designs. Cen
tral resources include twelve full D-type 
flip-flops with separate set, reset, and clock 
capability. For increased utility, XOR 
gates are provided at the D-inputs and the 
product term allocation per flip-flop is 
variably distributed. 

I/O Resources 
Pins 1 through 7 and 9 through 14 serve as 
array inputs; pin 14 may also be used as a 
global output enable for the 110 macrocell 
three-state outputs. Pins 15 through 20 and 
23 through 28 are connected to 110 macro
cells and may be managed as inputs or out
puts depending on the configuration and 
the macrocell OE terms. 

10 

liD. 1/0, 1100 C331·1 

ts (ns) tco (ns) 

Mil Com'l Mil 

20 

15 25 25 

15 30 

20 40 



Pin Configuration 

l_ 
Is 
I. 

GND 
17 
I. 
19 

PLCC 
lbpView 

.2>~:'p~gg 

1/03 
110_ 
liDs 
Vee 
GND 
liD. 
1/0 7 

~ :: ~ ;:: ~ 8 ~ C331-2 --l8 gg ;";,, 

I/O Resources (continued) 

It should be noted that there are two ground connections (pins 8 
and 21) which, together with Vee (pin 22) are located centrally on 
the package. The reason for this placement and dual-ground struc
ture is to minimize the ground-loop noise when the outputs are 
driving simultaneously into a heavy capacitive load. 

The CY7C331 has twelve I/O macroceIls (see Figure 1). Each macro
cell has two D-type flip-flops. One is fed from the array, and one from 
the I/O pin. For each flip-flop there are three dedicated product terms 
driving the R, S, and clock inputs, respectively. Each macrocell has 
one input to the array and for. each pair of macroceIls there is one 
shared input to the array. The macrocell input to the array may be 
configured to come from the 'Q' output of either flip-flop. 

CY7C331 

The D-type flip-flop that is fed from the array (i.e., the state flip
flop) has a logical XORfunction on its input that combines a single 
product term with a sum(OR) of a number of product terms. The 
single product term is used to set the polarity of the output or to 
implement toggling (by including the current output in the product 
term). 

The Rand S inputs to the flip-flops override the current setting of 
the 'Q' output. The S input sets 'Q' true and the R input resets 'Q' 
(sets it false). If both Rand S are asserted (true) at once, then the 
output will follow the input ('Q' = 'D') (see Table 1). 

R 

1 
o 
1 

Thble 1. RS Truth Thble 

S 

o 
1 

Shared Input Multiplexer 

Q 
o 
1 
D 

The input associated with each pair of macrocells may be confi
gured by the shared input multiplexer to come from either macro
cell; the 'Q' output of the flip-flop coming from the I/O pin is used 
as the input signal source (see Figure 2). 

Product Term Distribution 
The product terms are distributed to the macrocells such that 32 
product terms are distributed between two adjacent macrocells. 

TO PIN 14 (INVERTED) 

OEPTERM 

OUT SET PTERM 

OUT CLK PTERM 

OUT RESET PTERM 

IN CLKPTERM 

IN SETPTERM 

IN RESET PTERM 

XORPTERM 

ORPTERMS 

TO INPUT BUFFER 

TO SHARED 

INPUTMUX 

TO PIN 14 (INVERTED) 

Figure 1. I/O MacroceU 
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Product Term Distribution (continued) 

The pairing of macrocells is the same as it is for the shared inputs. 
Eight ofthe product terms are used in each macrocell for set, reset, 
clock, output enable, and the upper part of the XOR gate. This 
leaves 16 product terms per pair of macrocells to be divided be
tween the sum-of-products inputs to the two state registers. The 
following table shows the I/O pin pairing for shared inputs, and the 
product term (PT) allocation to macrocells associated with the I/O 
pins (see Table 2). 

Thble 2. Product Thrm Distributiou 

Macrocell 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

OIJTPUT FROM 
LOGIC ARRAY 

FEEDBACK TO -----,~ 
LOGIC ARRAY --~N 

INPUT TO -----,71 
LOGIC ARRAY ---N 

OIJTPUT FROM 
LOGIC ARRAY 

FEEDBACK TO -----,~ 
LOGIC ARRAY ---O-.J 

Pin Number Product Terms 

28 
27 
26 
25 
24 
23 
20 
19 
18 
17 
16 
15 

4 
12 
6 
10 
8 
8 
8 
8 
10 
6 
12 
4 

MACROCELLA 

Q-OUTPUT FROM 
INPUT REGISTER OF 
110 MACROCELL A 

Q-OUTPUT FAOM 
INPUT REGISTER OF 
I/O MACROCELL B 

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

MACROCELLB 

Figure 2. Shared Input Multiplexer 

CY7C331 

The CY7C331 is configured by three arrays of configuration bits 
(CO, C1, C2). For each macrocell, there is one CO bit and one C1 
bit. For each pair of macrocells there is one C2 bit. 

There are twelve CO bits, one for each macrocell. If CO is pro
grammed for a macrocell, then the three-state enable (OE) will be 
controlled by pin 14 (the global OE). If CO is not programmed, 
then the OE product term for that macrocell will be used. 

There are twelve C1 bits, one for eachmacrocell. The C1 bit selects 
inputs for the product term (PT) array from either the state register 
(if the bit is unprogrammed) or the input register (if the bit is pro
grammed). 

There are six C2 bits, providing one C2 bit for each pair of macro
cells. The C2 bit controls the shared input multiplexer; if the C2 bit 
is not programmed, then the input to the product term array comes 
from the upper macrocell (A). If the C2 bit is programmed, then 
the input comes from the lower macrocell (B). 

The timing diagrams for the CY7C331 cover state register, input 
register, and various combinational delays. Since internal clocks 
are the outputs of product terms, all timing is from the transition of 
the inputs causing the clock transition. 

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

Storage Thmperature ................... -65°C to + 150°C 

Ambient Temperature with 
Power Applied ........................ -55°C to + 125°C 
Supply Voltage to Ground Potential 
(Pin 28 to Pin 8 or 21) .................... -O.5V to +7.0V 
DC Input Voltage ........................ -3.0V to +7.0V 
Output Current into Outputs (LOW) ............... 12 rnA 
Static Discharge Voltage ........................ > 1500V 
(per MIL-STD-883, Method 3015) 
Latch-Up Current ............................ >200 rnA 
DC Programming Voltage . . . . . . . . . . . . . . . . . . . . . . . .. 13.0 V 

. Operating Range 
Ambient 

Range Thmperature Vee 
Commercial DoC to +70°C 5V± 10% 

Military[1] -55°C to + 125°C 5V± 10% 
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Electrical Characteristics Over the Operating Range[2] 

Parameter Description Test Conditions Min. Max. Unit 

VOR Output HIGH Voltage Vee = Min., VIN = VIHor VIL 
lOR = - 3.2 rnA (Com'l), lOR = - 2 rnA (Mil) 

2.4 V 

VOL Output LOW Voltage Vee = Min., VIN = VIR or VIL 0.5 V 
IOL = 12 rnA (Com'l), IOL = 8 rnA (Mil) 

Vrn Input HIGH Voltage Guaranteed HIGH Input, all Inputs[3] 2.2 V 

VIL Input LOW Voltage Guaranteed LOW Input, all Inputs[3] 0.8 V 

IIX Input Leakage Current Vss < VIN < Vee, Vee = Max. -10 +10 !LA 
loz Output Leakage Current Vss < VOUT < Vee, Vee = Max. -40 +40 !LA 
Ise Output Short Circuit Vee = Max., VOUT = 0.5V[5] -30 -90 rnA 

Currentl4] 

leel Standby Power Supply Vee = Max., YIN = GND, Com'I-20 130 rnA 
Current Outputs Open Com'I-25 120 

Mil-25 160 rnA 

Mil-3~, -40 150 

Iee2 Power Sup~ly Current at Vee = Max., Outputs Disabled Com'l 180 rnA 
Frequency 4, 6] (in High Z State) 

Mil 200 Device Operating at fMAX External (fMAXl) 

Capacitance[4] 
Parameter Description Test Conditions Max. Unit 

CIN Input Capacitance VIN = 2.OVatf = 1 MHz 10 pF 

CoUT Output Capacitance VOUT = 2.OV at f = 1 MHz 10 pF 

Notes: 
1. TA is the "instant on" case temperature. 
2. See the last page of this specification for Group A subgroup testing in

formation. 
3. These are absolute values with respect to device ground and all over

shoots due to system or tester noise are included. 

5. Not more than one output should be tested at a time. Duration of the 
short circuit should not be more than one second. VOUT = O.5V has 
been chosen to avoid test problems caused by tester ground degrada
tion. 

4. Thsted initially and after any design or process changes that may affect 
these parameters. 

6. Because these input signals are controlled byproduct terms, active in
put polarity may be of either polarity. Internal active input polarity has 
been shown for clarity. 
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AC Test Loads and Waveforms 
R1 3130 R1313Q 

OUTP~~ ~(470Q Mil) OUTP~~ s:n(470Q Mil) 3.0V 

R2 208Q R2 208Q 
50 pF I (3190 Mil) 5 pF I (3190 Mil) GND 

~~8~~~NG -= -= ~~8~~~NG -= -= .s. 5 ns 

ALL INPUT PULSES 

90% 

SCOPE SCOPE 

(a) (b) C331-5 C331·6 

Equivalent to: THEVENIN EQUIVALENT (Commercial) 

OUTPUT ~ 2.00V = V1hc 
C331·7 

Equivalent to: THEVENIN EQUIVALENT (Military) 

OUTPUT ~ 2.02V = V1hm 

Parameter Vx Output Waveform-Measurement Level 

tpXZ(-) 1.5V 
VOH O.5V~ ~~ 

tpXZ(+) 2.6V O.5V~ ~~ VOL 

tpZX(+) Vthc 0.5V~ 7~ Vx 

tpZX(-) Vthc Vx 0.5V~ ~~ 
tER(-) 1.5V 

VOH O.5V~ ~~ 
tER(+) 2.6V O.5V~ ~~ VOL 

tEA(+) Vthc O.5V~ ~~ Vx 

tEA(-) Vthc 
Vx O.5V~ ~~ 

(c) Test Waveforms and Measurement Levels 

Switching Characteristics Over the Operating Rangd2] 

Parameter Description 

tpD Input to Output Propagation Delay(7] 

tleo Input Register Clock to Output Delay[8] 

tIOH Output Data Stable Time from Input C1ock[8] 

tIS Input or Feedback Set-Up Time to Input Register Clock[8] 

tJH Input Register Hold Time from Input Clock[8] 
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Vx 

Vx 

VOH 

VOL 

Vx 

Vx 

VOH 

VOL 

Commercial 

-20 -25 

Min. Max. Min. Max. 

20 25 

35 40 

5 5 

2 2 

11 13 

C331·8 

C331·9 

0331-10 

0331-11 

0331-12 

C331·13 

0331·14 

C331-15 

C331-16 

Unit 

ns 

ns 

ns 

ns 

ns 

II 
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Switching Characteristics .Over the Operating Rangd2] (continued) 

Commercial 

-20 -25 

Parameter Description Min. Max. Min. Max. Unit 

tIAR Input to Input Register Asynchronous Reset Delay[8] 35 40 ns 

tlRW Input Register Reset Width[4, 8] 35 40 ns 

tlRR Input Register Reset Recovery Timd4, 8] 35 40 ns 

tIAS Input to Input Register Asynchronous Set Delay[8] 35 40 ns 

tlSW Input Register Set Width[4, 8] 35 40 ns 

tlSR Input Register Set Recovery Timel4, 8] 35 40 ns 

tWH Input and Output Clock Width HIGH[8, 9, 10] 12 15 ns 

tWL Input and Output Clock Width LOW[8, 9, 10] 12 15 ns 

fMAX! Maximum fre~uency with Feedback in Input Registered Mode 27.0 23.8 MHz 
(1/(tICO + tiS)) 11] 

fMAX2 Maximum Frequency Data Path in Input Registered Mode (Lowest 28.5 25.0 MHz 
of 1/tlCO, 1/(tWH + tWL), or 1/(tls + tIH)[8] 

tIOH-tIH33X Output Data Stable from Input Clock Minus Input Register Input 0 0 ns 
Hold Time for 7C330 and 7C332[12, 13] 

tco Output Register Clock to Output Delay[9] 20 25 ns 

tOH Output Data Stable Time from Output Clock[9] 3 3 ns 

ts Output Register Input Set-Up Time to Output Clock[9] 12 12 ns 

tH Output Register Input Hold Time from Output Clock[9] 8 8 ns 

tOAR Input to Output Register Asynchronous Reset Delay[9] 20 25 ns 

tORW Output Register Reset Width[9] 20 25 ns 

tORR Output Register Reset Recovery Timd9] 20 25 ns 

tOAS Input to Output Register Asynchronous Set Delay[9] 20 25 ns 

tosw Output Register Set Width[9] 20 25 ns 

tOSR Output Register Set Recovery Timd9] 20 25 ns 

tEA Input to Output Enable Delay[14, 15] 25 25 ns 

tER Input to Output Disable Delay[14, 15] 25 25 ns 

tpzx Pin 14 to Output Enable Delay[14, 15] 20 20 ns 

tpxz Pin 14 to Output Disable Delay[14, 15] 20 20 ns 

fMAX3 Maximum Fre~uen~ with Feedback in Output Registered Mode 31.2 27.0 MHz 
(1/(tco + ts))[ 6,17] 

fMAX4 Maximum Fre~uency Data Path in Output Registered Mode (Low- 41.6 33.3 MHz 
est of 1/ieo, 1/ tWH + tWL), or 1/(ts + tH))[9] 

tOH-tIH33X Output Data Stable from Output Clock Minus Intjut 0 0 ns 
Register Input Hold Time for 7C330 and 7C332[ ,18] 

fMAXS Maximum Frequency Pipelined ModdlO, 17] 35.0 30.0 MHz 

Noles: 
7. Refer to Figure 3, configuration 1. 
8. Refer to Figure 3, configuration 2. 
9. Refer to Figure 3, configuration 3. 

14. Part (a) ofAC Thst Loads and Waveforms used for all parameters ex
cept tpzXIo tpXZI, tpzx, and tpxz, which use part (b). Part (c) shows 
the test waveforms and measurement levels. 

10. Refer to Figure 3, configuration 6. 
11. Referto Figure 3, configuration 7. 
12. Refer to Figure 3, configuration 9. 
13. This specification is intended to guarantee interface compatibility of 

the other members of the CY7C330 family with the CY7C331. This 
specification is met for the devices noted operating at the same ambi
ent temperature and at the same power supply voltage. These parame
ters are tested periodically by sampling of production product. 

15. Refer to Figure 3, configuration 4. 
16. Refer to Figure 3, configuration 8. 
17. This specification is intended to guarantee that a state machine config

uration created with internal or external feedback can be operated 
with output register and input register clocks controlled by the same 
source. These parameters are tested by periodic sampling of produc
tion product. 

18. Refer to Figure 3, configuration 10. 
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Switching Characteristics Over the Operating Rangd2] (continued) 

Military 

-25 -30 -40 

Parameter Description Min. Max. Min. Max. Min. Max. Unit 

tpD Input to Output Propagation Delay[7] 25 30 40 ns 

tlCO Input Register Clock to Output Delay[4, 8] 45 50 65 ns 

tlOH Output Data Stable Time from Input Clock[4. 8] 5 5 5 ns 

tiS Input or Feedback Set-Up Time to Input Register Clock[8] 5 5 5 ns 

tIH Input Register Hold Time from Input Clock[4, 8] 13 15 20 ns 

tlAR Input to Input Register Asynchronous Reset Delay[4, 8] 45 50 65 ns 

tlRW Input Register Reset Width[8] 45 50 65 ns 

tlRR Input Register Reset Recovery TimelS] 45 50 65 ns 

tlAS Input to Input Register Asynchronous Set Delay[8] 45 50 65 ns 

tlSW Input Register Set Width[8] 45 50 65 ns 

tlSR Input Register Set Recovery Timel8] 45 50 65 ns 

tWH Input and Output Clock Width High[8, 9, 10] 15 20 25 ns 

tWL Input and Output Clock Width Low[8, 9, 10] 15 20 25 ns 

fMAX1 Maximum frequency with Feedback in Input Registered 20.0 18.1 14.2 MHz 
Mode (1I(tlco + tIS»[l1] 

fMAX2 Maximum frequency Data Path in Input Registered Mode 22.2 20.0 15.3 MHz 
(Lowest of 1ItlCO, l/(tWH + twL), or 1I(tlS + tIH)[8] 

tIOH-tIH33X Output Data Stable from Input Clock Minus Input Register 0 0 0 ns 
Input Hold Time for 7C330 and 7C332[12, 13] 

tco Output Register Clock to Output Delay[9] 25 30 40 ns 

tOH Output Data Stable Time from Output Clock[9] 3 3 3 ns 

ts Output Register Input Set-Up Time to Output Clock[9] 15 15 20 ns 

tH Output Register Input Hold Time from Output Clock[9] 10 10 12 ns 

tOAR Input to Output Register Asynchronous Reset Delay[9] 25 30 40 ns 

tORW Output Register Reset Width[9] 25 30 40 ns 

tORR Output Register Reset Recovery Timd9] 25 30 40 ns 

tOAS Input to Output Register Asynchronous Set Delay[9] 25 30 40 ns 

tosw Output Register Set Width[9] 25 30 40 ns 

tOSR Output Register Set Recovery Timel9] 25 30 40 ns 

tEA Input to Output Enable Delay[14, 15] 25 30 40 ns 

tER Input to Output Disable Delay[14, 15] 25 30 40 ns 

tpzx Pin 14 to Output Enable Delay[14, 15] 20 25 35 ns 

tpxz Pin 14 to Output Disable Delay[14, 15] 20 25 35 ns 

fMAX3 Maximum Frequen~ with Feedback in Output Registered 25.0 22.2 16.6 MHz 
Mode )1I(tco + ts)[ 6,17] 

fMAX4 Maximum Frequency Data Patb in Output Registered Mode 33.3 25.0 20.0 MHz 
(Lowest of l/tco, 11( tWH + tWL), or 1/( ts + tH)[9] 

tOH-tIH33X Output Data Stable from Output Clock Minus Input Regis- 0 0 0 ns 
ter Input Hold Time for 7C330 and 7C332[13, 18] 

fMAX5 Maximum Frequency Pipelined Model10, 17] 28.0 23.5 18.5 MHz 
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Switching Waveforms 

INPUT OR 
I/O PIN 

I/O INPUT 
REGISTER 
CLOCK[6] 

OUTPUT 
REGISTER 
CLOCKI6] 

OUTPUT 

SET AND 
RESET 

INPUTsl6J 

1_-----1-- tpO[21] ------~ 

OEPRODUCT~ 
TERM INPUT[6,15] *=.,~ 
PIN 14 AS lJE[24] .,~ b tpxz I--- tpzx 

OUTPUT "" //. 
//. '\" 

OUTPUT ~tER- -tOAR-

REGISTER ')E RESET INPUT[6, 9] 

OUTPUT - toRW---I 

REGISTER 
CLOCK[6,9] 

OUTPUT 
REGISTER 

SET INPUT[6, 9] 

tlAR -

CY7C331 

C331-17 

,/ 
"-

t:=tORR 

71{ 

tOAS toSR 

-tosw 
I/O INPUT t 

REGISTER RESET ~ I INPUT[6,B] _____________ .... 

I/O INPUT tlRW ~ tlRR ~I _---
REGISTER 

CLOCK[6, B] I 
I/O INPUT tIAS~~ • i i~ tlSR 

REGISTER " 
SET INPUT[6, B] --------------------.... tlSW 

Notes: 
19, Output register is set in '!tansparent mode. Output register set and re

set inputs are in a HIGH state. 
ZO, Dedicated input or input register set in '!tansparent mode. Input regis

ter set and reset inputs are in a HIGH state, 
21. Combinatorial Mode. Reset and set inputs of tbe input and output reg

isters should remain in a HIGH state at least until the output responds 
at tpD. When returning set and reset inputs to a LOW state, one of 
these signals should go LOW a minimum of toSR (set input) or toRR 
(reset input) prior to tbe other. This guarantees predictable register 
states upon exit from Combinatorial mode, 

C331-1B 

22. When entering tbe Combinatorial mode, input and output register set 
and reset inputs must be stable in a HIGH state a minimum of tISR or 
tIRR and tOSR or toRR respectively prior to application of logic input 
signals. 

23, When returning to the input and/or output Registered mode, register 
set and reset inputs must be stable in a WW state a minimum oftIsR 
or tIRR and tOSR or tORR respectively prior to the application of tbe 
register clock input. 

24. Refer to Figure 3, configuration 5. 
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CONFIGURATION 1 

CONFIGURATION 2 

CONFIGURATION 3 

CONFIGURATION 4 

CONFIGURATION 5 

CONFIGURATION 6 

PIN l---------C~==j 
INPUT OR 1/0 PIN 

PIN 1 ___ ~C~LO~C~K/~S/!!:R~-C~==j r INPUT 

UNREGISTERED 
INPUT OR 1/0 PIN INPUT REGISTER 

PIN 

UNREGISTERED 
INPUT OR 1/0 PIN 

PIN 
CLOCK/SIR 

INPUT 

UNREGISTERED 
INPUT OR I/O PIN 

PRODUCT 
TERM 
ARRAY 

PRODUCT 
TERM 
ARRAY 

OUTPUT REGISTER 

PIN l---------c~==j PRODUCT 1-------, 
INPUT OR 1/0 PIN 

PIN 

INPUT OR I/O PIN 

PIN 
14 

INPUT OR 1/0 PIN 

PIN 

INPUT OR 1/0 PIN 

UNREGISTERED 
INPUT OR 1/0 PIN 

PIN 

CLOCK INPUT 

INPUT REGISTER 

CLOCK 

TERM 
ARRAY 

PRODUCT 
TERM 
ARRAY 

Figure 3. Timing Configurations 

2-77 

OUTPUT REGISTER 

CY7C331 

II 

1/0 PIN 

0331-19 



'rcYPRESS 
CY7C331 

CONFIGURATION 7 

DATA INPUT 
PIN 

PRODUCT 
TERM 

CONFIGURATION 8 ARRAY 

PIN 
CLOCK INPUT 

0331-20 

CONFIGURATION 9 

CONFIGURATION 10 

C331-21 

CLOCK 

Figure 3. Timing Configurations (continued) 
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CY7C331 Logic Diagram (Upper Half) 

o • UI 24 5' 

I --

;:~~':~lIl1l1l1l1l1l1l1l1l1l1l1l1l1l1l1l1l1l1l1!1~~~!![~;J 
~4(CO .. I) 

4-o-j!= 
, __ 0 }-;:-.:(O) 

JIIIIIIII~rrl;~~(CO"I) 1-< -0 1 .... 

3 LI984 ..". r-

~llllllll~~q~(CO"I) 4 I~rr= ~ 
nod. 33 

~ D LI19II (C2) 

5 

1.21152 

. Ir~ 
1~1= 

L3918 ....-

I L1~g. (CO .. I) 
~ 

~11111118-D--~~~~~Hili(a>--) 6 node 32 
~ -0 LUgl' (C2) L4960 

7 .. rIll I II 

I 
TO LOWER SECTION C331·22 
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CY7C331 Logic Diagram (Lower Half) 

TO UPPER SECTION 

I 

L5952 

LS9" 

10 
l7930 

11 

LI052 

12 
LII20 

LIII60 

T 

2-80 

CY7C331 

,....L. 

Hm (CO •. l) 
20 

.~ r-' 
node 31 

0 L11921 ( C2) 

IL1~4(CO .. I) 

r"1.!!J 

10 rr=r r-' 
-t..r" 

node 30 
L11926 (C2) 

-

12-rJrF r 

~(CO .. l) 

-.l!J 

nod. 29 
L11931 (e2) 

~(CO •• l) 

iLlll 
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Ordering Information 

ICCl tpD ts teo Package Operating 
(mA) (ns) (ns) (ns) Ordering Code Name Package 1)'pe Range 

130 20 12 20 CY7C331-20HC H64 28-Pin Windowed Leaded Chip Carrier Commercial 

CY7C331-2OJC J64 28-Lead Plastic Leaded Chip Carrier 

CY7C331-20PC P21 28-Lead (300-Mil) Molded DIP 

CY7C331-20WC W22 28-Lead (300-Mil) Windowed CerDlP 

160 25 15 25 CY7C331-25DMB D22 28-Lead (300-Mil) CerDIP Military 

CY7C331-25HMB H64 28-Pin Windowed Leaded Chip Carrier 

CY7C331-25LMB L64 28-Square Leadless Chip Carrier 

CY7C331-25QMB Q64 28-Pin Windowed Leadless Chip Carrier 

CY7C331-25TMB T74 28-Lead Windowed Cerpack 
II 

CY7C331-25WMB W22 28-Lead (300-Mil) Windowed CerDIP 

120 25 12 25 CY7C331-25HC H64 28-Pin Windowed Leaded Chip Carrier Commercial 

CY7C331-25JC J64 28-Lead Plastic Leaded Chip Carrier 

CY7C331-25PC P21 28-Lead (300-Mil) Molded DIP 

CY7C331-25WC W22 28-Lead (300-Mil) Windowed CerDIP 

150 30 15 30 CY7C331-30DMB D22 28-Lead (300-Mil) CerDIP Military 

CY7C331-30HMB H64 28-Pin Windowed Leaded Chip Carrier 

CY7C331-30LMB L64 28-Square Leadless Chip Carrier 

CY7C331-30QMB Q64 28-Pin Windowed Leadless Chip Carrier 

CY7C331-30TMB T74 28-Lead Windowed Cerpack 

CY7C331-30WMB W22 28-Lead (300-Mil) Windowed CerDIP 

150 40 20 40 CY7C331-40DMB D22 28-Lead (300-Mil) CerDIP Military 

CY7C331-40HMB H64 28-Pin Windowed Leaded Chip Carrier 

CY7C331-40LMB L64 28-Square Leadless Chip Carrier 

CY7C331-40QMB Q64 28-Pin Windowed Leadless Chip Carrier 

CY7C331-40TMB T74 28-Lead Windowed Cerpack 

CY7C331-40WMB W22 28-Lead (300-Mil) Windowed CerDIP 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 

Parameter Subgroups 

VOH 1,2,3 

VOL 1,2,3 

VIR 1,2,3 

VIL 1,2,3 

IIX 1,2,3 

Ioz 1,2,3 

Icc! 1,2,3 

Switching Characteristics 

Parameter Subgroups 

tIS 9,10,11 

tIR 9,10,11 

tWH 9,10,11 

tWL 9,10,11 

tco 9,10,11 

tPD 9,10,11 

tIAR 9,10,11 

tIAS 9,10,11 

tpxz 9,10,11 

tpzx 9,10,11 

tER 9,10,11 

tEA 9, 10, 11 

ts 9,10,11 

tH 9,10,11 

Document #: 38-00066-D 

CY7C331 
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Features 
• 12 I/O macrocells each having: 

- Registered, latched, or transparent 
array input 

- A choice of two clock sources 
- Global or local output enable (OE) 

- Up to 19 product terms (PTs) per 
output 

- Product term (PT) output polarity 
control 

• 192 product terms with variable 
distribution to macrocells 
- An average of 14 PTs per macrocell 

sum node 
• 'I\vo clock inputs with configurahle 

polarity control 

Logic Block Diagram 

CY7C332 

Registered Combinatorial 
EPLD 

• 13 input macrocells, each having: 
- Complementary input 
- Register, latch, or transparent 

access 
- 'I\vo clock sources 

• 15 ns tpD max. 

• Lowpower 
-120 mA typical Icc quiescent 
-180mAmax. 
- Power-saving "Miser Bit" feature 

• Security fuse 
• 28-pin slim-line package; also avail

able in 28-pin PLCC 
• UV-erasable and reprogrammable 
• Programming and operation 100% 

testable 

Iecl (mA) treo/tpD (ns) 

Functional Description 
The CY7C332 is a versatile co 
PLD with I/O registers 
are 25 array inputs; each 
that may be configured as 
or simple buffer. 0 
three-state contro 
location of prod 
is varied so t 

trs (ns) 

C332-1 

Commercial Military Commercial Military Commercial Military 

130 18/15 3 

120 160 20 23(20 3 4 

120 150 25 25 3 4 

150 30 4 
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Features 
• 100-MHz output registered 

operation 

• Twelve I/O macrocells, each having: 
- Registered, three-state I/O pins 
-Input and output register clock se-

lect multiplexer 
- Feed back multiplexer 
- Output enable (OE) multiplexer 

• Bypass on input and output registers 
• All twelve macrocell state registers 

can be hidden 
• User configurable I/O macrocells to 

implement JK or RS flip-flops and T 
or D registers 

• Input multiplexer per pair of I/O ma
crocells allows I/O pin associated with 
a hidden macrocell state register to be 
saved for use as an input 

• Four dedicated hidden registers 
• Twelve dedicated registered inputs 

with individually programmable by
pass option 

Logic Block Diagram 

1/0. 

CY7C335 

Universal Synchronous EPLD 
• Three separate clocks-two input 

clocks, two output clocks 
• Common (pin l4-controlled) or 

product term-controlled output en
able for each I/O pin 

• 256 product terms-32 per pair of 
macrocells, variable distribution 

• Global, synchronous, product term
controlled, state register set and re
set-inputs to product term are 
clocked by input clock 
-2-ns input set-up and 9-ns output 

register clock to output 
-lOons input register clock to state 

register clock 

• 2S-pin, 300-mil DIP, LeC, PLCC 
• Erasable and reprogrammable 
• Programmable security bit 

Functional Description 
The CY7C335 is a high-performance, eras
able, programmable logic device (EPLD) 
whose architecture has been optimized to 
enable the user to easily and efficiently 

16 Vss I, 

1/0 7 I/O. Vss Vee I/O, 
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construct very high performance state ma
chines. 

The architecture of the CY7C335, consist
ing ofthe user-configurable output macro
cell, bidirectionalI/O capability, input reg
isters, and three separate clocks, enables 
the user to design high-performance state 
machines that can communicate either 
with each other or with microprocessors 
over bidirectional parallel buses of user
definable widths. 

The four clocks permit independent, syn
chronous state machines to be synchro
nized to each other. 

The user-configurable macrocells enable 
the designer to designate JK-, RS-, T-, or 
D-type devices so that the number of prod
uct terms required to implement the logic 
is minimized. 

The CY7C335 is available in a wide variety 
of packages including 28-pin, 300-mil plas
tic and ceramic DIPs, PLCCs, and LCCs. 

1,/CLK3 loIClK2 ClK1 

I/O, 1/02 I/O, 1/00 C335-1 
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Pin Configurations 
LCC 

'fupView 
PLCC 

'fupView 

Selection Guide 

Maximum Operating 
Frequency (MHz) 

ICCl (rnA) 

I, 
I. 
15 7 

VSS 8 
16 9 

4 3 2'1' 282726 
... 25 1/03 

17 10 

24 I/O. 
23 1/05 
22 Vee 
21 VSS 
20 1/06 
19 liD, Is 11 

12131415161718 

C335-2 

CY7C335-100 

Commercial 100 

Military 

Commercial 140 

Military 

Architecture Configuration Bits 

I, 
I. 
I. 

VSS 
10 
I, 
I, 

The architecture configuration bits are used to program the multiplex
ers. The function of the architecture bits is outlined in Table 1. 

CY7C335-83 

83.3 

83.3 

140 

160 

liD, 
liD. 
liD. 
Vee 
Vss 
1/0 6 
1/07 

C335-3 

CY7C335-66 

66.6 

66.6 

140 

160 

CY7C335-50 CY7C335-40 

50 

50 40.0 

140 

160 160 

Table 1. Architecture Configuration Bits 

Architecture 
Configuration Bit Number of Bits Value Function 

CO Output Enable 12 Bits, 1 Per 0---Virgin State Output Enable Controlled by Product Term 
SelectMUX I/O Macrocell 

I-Programmed Output Enable Controlled by Pin 14 

Cl State Register 12 Bits, 1 Per 0---Virgin State State Register Output is Fed Back to Input Array 
Feed Back MUX I/O Macrocell 

1-Programmed I/O Macrocell is Configured as an Input and 
Output of Input Path is Fed to Array 

C2 I/O Macrocell 12 Bits, 1 Per 0---Virgin State ICLK1 Controls the Input Register I/O Macrocell 
Input Register I/O Macrocell Input Register Clock Input 
Clock Select 
MUX 1-Programmed ICLK2 Controls the Input Register I/O Macrocell 

Input Register Clock Input 

C3 Input Register 12 Bits, 1 Per 0---Virgin State Selects Input to Feedback MUX from Input 
Bypass MUX- I/O Macrocell Register 
I/O Macrocell 

I-Programmed Selects Input to Feedback MUX from I/O pin 

C4 Output Register 12 Bits, 1 Per 0---Virgin State Selects Output from the State Register 
Bypass MUX I/O Macrocell 

1-Programmed Selects Output from the Array, Bypassing the State 
Register 

C5 State Clock MUX 16 Bits, 1 Per I/O 0---Virgin State State Clock 1 Controls the State Register 
Macrocell and 1 Per 
Hidden Macrocell 1-Programmed State Clock 2 Controls the State Register 

C6 Dedicated Input 12 Bits, 1 Per 0---Virgin State ICLKI Controls the Input Register I/O Macrocell 
Register Clock Dedicated Input Dedicated Input Register Clock Input 
SelectMUX Cell 

1-Programmed ICLK2 Controls the Input Register I/O Macrocell 
Dedicated Input Register Clock Input 
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Table 1. Architecture Configuration Bits (continued) 

Architecture 
Configuration Bit Number of Bits Value Function 

C7 Input Register 12 Bits, 1 Per O-Virgin State Selects Input to Array from Input Register 
Bypass MUX- Dedicated Input 
Input Cell Cell 1-Programmed Selects Input to Array from Input Pin 

C8 ICLK2 Select 1 Bit O-Virgin State Input Clock 2 Controlled by Pin 2 
MUX 

1-Programmed Input Clock 2 Controlled by Pin 3 

C9 ICLKl Select 1 Bit O-Virgin State Input Clock 1 Controlled by Pin 2 
MUX 

1-Programmed Input Clock 1 Controlled by Pin 1 

ClO SCLK2 Select 1 Bit O-Virgin State State Clock 2 Grounded 
MUX 

l-Programmed State Clock 2 Controlled by Pin 3 

CX I/O Macrocell 6 Bits, 1 Per O-Virgin State Selects Data from I/O Macrocell Input Path of 
(11-16) Pair Input I/O Macrocell Macrocell A of Macrocell Pair 

SelectMUX Pair 
1-Programmed Selects Data from I/O Macrocell Input Path of 

Macrocell B of Macrocell Pair 

1 

INPUT .... TO ARRAY 
~ INPUT REGISTER REG 

":? BYPASS 
INPUT 0 MUX ... 

PIN D Q 

'--- d7 
O~ 

ICLK1 INPUT 
CLOCK - > 1 MUX 

ICLK2 

C6 C335-4 

Figure 1. CY7C335 Input Macrocell 
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OUTPUT ENABLE PRODUCT TERM 

SET PRODUCT TERM 

EX OR PRODUCT TERM 

! 
SCLK1 

SCLK2 

RESET PRODUCT TERM 

TO ARRAY 

ICLK1 

ICLK2 

TO ARRAY 

FEED 
BACK 
MUX 

C1 

CX(11 -16) 

o 

co 

OUTPUT 
OUTPUT REG 
BYPASS MUX PIN 14: OE 

ENABLE 1-__ +, 
o MUX 

o 
C2 

INPUT 
CLOCK 

MUX 

o 

C3 

FROM ADJACENT MACROCELL 

INPUT REGISTER 

Q D 

Figure 2. CY7C335 Input/Output Macrocell 
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PIN 1 

PIN 2 

PIN3 

SET PRODUCT TERM 

! 

C8 

S 
D Q 

SCLKl 

SCLK2 

RESET PRODUCT TERM 

C335-6 

Figure 3. CY7C33S Hidden Macrocell 

SCLK2 TO OUTPUT MACROCELLS AND HIDDEN MACROCELLS 

ICLKl ICLK2 SCLKl TO OUTPUT MACROCELLS AND HIDDEN 
MACROCELLS 

C335-7 

Figure 4. CY7C33S Input Clocking Scheme 
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Maximum Ratings 
(Above which the useful life maybe impaired. For user guidelines, 
not tested.) 

Static Discharge Voltage ........................ >2001V 
(per MIL-STD-883, Method 3015) 

Storage Temperature .................. -65°C to + 150°C Latch-Up Current ........................... >200 rnA 

Ambient Temperature with DC Programming Voltage ......................... 13.0V 

Power Applied ....................... -55°C to + 125°C 

Supply Volt~ge to Ground Potential 
(Pm 22 to Pins 8 and 21) ................. -O.5V to +7.0V 
DC Voltage Applied to Outputs 
in High Z State ......................... -0.5V to +7.0V 

Operating Range 

Ambient 
Range Temperature Vee 

Commercial DoC to +75°C 5V ± 10% 
DC Input Voltage ....................... -3.0V to +7.0V Industrial -40°C to +85°C 5V ± 10% 
Output Current into Outputs (Low) ............... 12 mA Military[l] -55°Cto +125°C 5V ± 10% 

Electrical Characteristics Over the Operating Rangd2] 

Parameter Description Test Conditions Min. Max. Unit 

VOH Output HIGH Voltage Vee = Min., IOH - -3.2mA Com'l 2.4 V 
VIN = V/H or VIL IOH - -2mA MillInd 

VOL Output LOW Voltage Vee = Min., IOL = 12mA Com'l 0.5 V 
VIN = V/H or VIL IOL = 8mA Mil/Ind 

V/H Input HIGH Level Guaranteed Input Logical HIGH Voltage for All InputsL3j 2.2 V 

VIL Input LOW Level Guaranteed Input Logical LOW Voltage for All InputsL3j 0.8 V 

Ilx Input Leakage Current Vss~ VIN ~ Vee, Vee = Max. -10 10 f!A 
Ioz Output Leakage Current Vee = Max., Vss~ VOUT~ Vee -40 40 f!A 
Ise Output Short Circuit Current Vee = Max., VOUT = 0.5VL4,'j -30 -90 mA 

IcC! Standby Power Vee = Max., VIN = GND Com'l 140 mA 
Supply Current Outputs Open Mil/Ind 160 rnA 

Iee2 Power Supply Current Vee = Max., Com'l 180 mA 
at Frequency[5] Outputs Disabled (in High Z State), 

MillInd 200 mA Device Operating at fMAX External (fMAXS) 

Capacitance[5] 

Parameter Description Test Conditions Min. Max. Unit 

CIN Input Capacitance VIN = 2.0V @ f = 1 MHz 10 pF 

COUT Output Capacitance VOUT = 2.0V @ f = 1 MHz 10 pF 

Notes: 
1. tA is the "instant on~' case temperature. 
2. See the last page ofthis specification for Group A subgroup testing in

formation. 

4. Not more than one output should be tested at a time. Duration of the 
short circuit should not be more than one second. VOUT = O.5V has 
been chosen to avoid test problems caused by ground degradation. 

3. These are absolute values with respect to device ground and all over
shoots due to system or tester noise are included. 

S. Thsted initially and after any design or process changes that may affect 
these parameters. 
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AC Test Loads and Waveforms (Commercial) 

R1313Q 
(470Q MILIIND) 

R2208Q OUTP:~:=Fl 
I so pF (319Q MiI/lnd) 

INCLUDING 
JIG AND -=- -=-
SCOPE 

(a) C335-8 

R = 12SQ (190Q MIL) 

OUTPUTO I ~ 1 
VTH = 2.00V 

C = so pF T I (2.02V MIL) 

OV OV C335-9 

(c) Thevenin Equivalent (Load 1) 

CY7C335 

3.0V----
ALL INPUT PULSES 

90% 

GND 

.5.3 ns 

(b) 

R = 12SQ (190Q MIL) 

OUTPUTO I 'Wo 1 
c=sPFT 1 Vx 

OV OV 

(d) Three-state Delay Load (Load 2) 

C335-11 

C335-10 

Parameter Vx Output Waveform-Measurement Level 

tpxz(-) 1.5V 
VOH ~ ~ O.5V Vx C335-12 

tpxz(+) 2.6V O.5V ~ ~ Vx 
VOL 

C335-13 

tpzx (+) Vth O.5V ~ ~~ VOH 
Vx 

C335-14 

tpzx (-) Vth Vx ~ ~ O.5V VOL C335 15 

tCER (-) 1.5V 
VOH ~ ~ O.5V Vx C335-16 

tCER (+) 2.6V 0.5V ~ ~~ Vx 
VOL 

C335-17 

tCliA(+) Vth O.5V : .~ VOH 
Vx 

C335-18 

tCEA(-) Vth Vx ~ ~ ·O.5V VOL C335-19 

Figure S. Test Waveforms 
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Commercial AC Characteristics 
7C33S·tOO 7C33S·S3 7C33S·66 7C33S·S0 

Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Unit 

Combinatorial Mode Parameters 

tpD Input to Output Propagation Delay 15 15 20 25 ns 

tEA Input to Output Enable 15 15 20 25 ns 

tER Input to Output Disable 15 15 20 25 ns 

Input Registered Mode Parameters 

tWH Input and Output Clock Width HIGHt' J 4 5 6 8 ns 

tWL Input and Output Clock Width LOWl'J 4 5 6 8 ns 

tiS Input or Feedback Set-Up Time to Input Clock 2 2 2 3 ns 

tIH Input Register Hold Trrne from Input Oock 2 2 2 3 ns II 
tlCO Input Register Clock to Output Delay 18 18 20 25 ns 

tIOH Output Data Stable Trrne from Input Oock 3 3 3 3 ns 

tIOH - tIH Output Data Stable from Input Clock Minus I~ut Regis- 0 0 0 0 ns 
33x ter Hold Time for 7C330, 7C332, and 7C335[ 

tpzx Pin 14 Enable to Output Enabled 12 12 15 20 ns 

tpxz Pin 14 Disable to Output Disabled 12 12 15 20 ns 

fMAX! Maximum Frequency of (2) CY7C335s in Input Registered 50 50 45.4 35.7 MHz 
Mode (Lowest of l/(tlCO+tIS) & l/(tWL +tWH)[5] 

fMAX2 Maximum Frequency Data Path in Input Registered Mode 55.5 55.5 50 40 MHz 
(Lowest of (l/(tlCO), l/(tWH+tWL), 1/(tls+trn»[5] 

tlCEA Input Clock to Output Enabled 17 17 20 25 ns 

tlCER Input Clock to Output Disabled 15 15 20 25 ns 

Output Registered Mode Parameters 

tCBA Output Clock to Output Enabledt' J 17 17 20 25 ns 

tCER Output Clock to Output Disab1edl'J 15 15 20 25 ns 

ts Output Register Input Set-Up Time from Output Clock 8 9 12 15 ns 

tH Output Register Input Hold Time from Output Clock 0 0 0 0 ns 

tco Output Register Clock to Output Delay 9 10 12 15 ns 

tC02 Input Output Register Clock or Latch Enable to 17 18 23 30 ns 
Combinatorial Output Delay (Through Logic Array)[5] 

tOH Output Data Stable Time from Output Clock 2 2 2 2 ns 

tOHZ Output Data Stable Time From Output Clock (Through 3 3 3 3 ns 
Memory Array)[5] 

tOHZ-tIH Output Data Clock Stable Time From Output Clock Mi- 0 0 0 0 ns 
nus Input Register Hold Timel5] 

fMAX3 Maximum Frequency with Internal Feedback in Output 100 83.3 66.6 50 MHz 
Registered Model5] 

fMAX4 Maximum Frequency of (2) CY7C335s in Output Refstered 58.8 50 41.6 33.3 MHz 
Mode (Lowest of l/(tco + ts) & l/(tWL + tWH)[5 

fMAXS Maximum Frequency Data Path in Output Registered 111 100 83.3 62.5 MHz 
Mode (Lowest of l/(tCO), l/(tWL + tWH), 1/(ts + tH»[5] 

tOH - tIH Output Data Stable from Output Clock Minus Inyut Reg- 0 0 0 0 ns 
33x ister Hold Time for 7C330, 7C332, and 7C335[6 
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Commercial AC Characteristics (continued) 
17C33S-100 I 7C33S-83 7C33S-66 I 7C33S-S0 I 

Parameter Description Min. Max. Min. Max. Min. Max. I Min. I Max. I Unit 
Pipelined Mode Parameters 

tcos Input Clock to Output Clock 10 12 15 20 ns 

fMAX6 Maximum Frequency Pipelined Mode (Lowest of 100 83.3 66.6 50 MHz 
1/(tcos), 1/(tco), 1/(tWL + tWH», 1/(tIS + tIH)[5] 

fMAX7 Maximum Frequency of (2) CY7C335s in Pipelined Mode 90.9 83.3 66.6 50 MHz 
(Low~st of 1/(tco + tIS) or Vtcos) 

Power-Up Reset Parameters 

tpOR Power-Up Reset Time15, 7J 

Military/lndustrial AC Characteristics 

Parameter Description 

Combinatorial Mode Parameters 

tPD Input to Output Propagation Delay 

tEA Input to Output Enable 

tER Input to Output Disable 
Input Registered Mode Parameters 

tWH Input and Output Clock Width HIGH[5] 

tWL Input and Output Clock Width LOW[5] 

tIS Input or Feedback Set-Up Tllfle to Input Oock 

tIH Input Register Hold Time from Input Oock 

tICO Input Register Clock to Output Delay 

tIOH Output Data Stable Time from Input Oock 

tIOH - tIH Output Data Stable from Input Oock Minus Influt 
33x RegIster Hold Time for 7C330, 7C332, and 7C33 [6] 

tpzx Pin 14 Enable to Output Enabled 

tpxz Pin 14 Disable to Output Disabled 

fMAX! Maximum Frequency of (2) CY7C335s in Input 
Registered Mode (Lowest of V(trco + trs) & 
1/(tWL + tWH»[5] 

fMAX2 Maximum Frequency Data Path in Input Registered 
Mode (Lowest of (V(trco), 1/(tWH + tWL), 
1/(trs + tIH»[5] 

trcBA Input Oock to Output Enabled 

tICER Input Clock to Output Disabled 
Output Registered Mode Parameters 

tCEA Output Clock to Output Enabled [5] 

tCER Output Clock to Output Disabled [5] 

ts Output Register Input Set-Up Time to Output Clock 

tH Output Register Input Hold Time from Output Clock 

tco Output Register Clock to Output Delay 

tC02 OutputRegisterOockor Latch Enable to Combinatorial 
Output Delay (Through Logic Array) [5] 

Notes: 
6. This specification is intended to guarantee interface compatibility of 

!be other members of the CY7C330 family with the CY7C335. This 
specification is met for !be devices operating at !be same ambient tem· 
perature and at the same power supply voltage. 

1 1 1 1 !-IS 

7C335-83 7C335-66 7C33S-50 7C33S-40 

Min. Max. Min. Max. Min. Max. Min. Max. Unit 

20 20 25 30 ns 

20 20 25 30 ns 

20 20 25 30 ns 

5 6 8 10 ns 

5 6 8 10 ns 

3 3 3 4 ns 

3 3 3 4 ns 

23 23 25 30 ns 

3 3 3 3 ns 

0 0 0 0 ns 

15 15 20 30 ns 

15 15 20 30 ns 

38.4 38.4 35,7 29.4 MHz 

43.4 43.4 40 33.3 MHz 

20 20 25 30 ns 

20 20 25 30 ns 

20 20 25 30 ns 

20 20 25 30 ns 

10 12 15 20 ns 

0 0 0 0 ns 

11 12 15 20 ns 

22 23 30 35 ns 

7. This part has been designed with !be capability to reset during system 
power-up. Following power-up, !be input and output registers will be 
reset to a logic LOW state. The output state will depend on how the 
array is programmed. 
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Military/Industrial AC Characteristics (continued) 

7C335-83 7C335-66 7C335-50 7C335-40 

Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Unit 

tOH Output Data Stable Time from Output Clock 2 2 2 2 ns 

tOH2 Output Data Stable Time From Output Clock 3 3 3 3 ns 
(Through Memory Array)[S) 

tOH2-tIH Output Data Clock Stable Time From Output Clock 0 0 0 0 ns 
Minus Input Register Hold TimelS) 

fMAX3 Maximum Frequency with Internal Feedback in Out- 83.3 66.6 50 40 MHz 
put Registered ModelS) 

fMAX4 Maximum Frequency of (2) CY7C335s in Output Regis- 47.6 41.6 33.3 25 MHz 
tered Mode (Lower of l/(tco + ts) & l/(tWL + tWH»[S) 

fMAXS Maximum Frequency Data Path in Output Registered 90.9 83.3 62.5 50 MHz 
Mode (Lowest of 1/(tco), lI(tWL + tWH), l/(ts + tH»[S) II 

tOH - tIH Output Data Stable from Output Clock Minus InRut 0 0 0 0 ns 
33x Register Hold Time for 7C330, 7C332, and 7C335[6) 
Pipelined Mode Parameters 

tcos Input Clock to Output Clock 12 15 20 25 ns 

fMAX6 Maximum Frequency Pipe lined Mode 83.3 66.6 50 40 MHz 
(Lowest of 1/( tcos), l/(tIS), or 1/( tCO», 1/( tIS + tIH)[S) 

fMAX7 Maximum Frequency of (2) CY7C335s in Pipelined 
Mode (Lowest of l/(tco + tIS) or 1/tCOS) 

71.4 66.6 50 40 MHz 

Power-Up Reset Parameters 

tpOR I Power-Up Reset TimelS, 7) I I 1 I 1 1 1 Its 
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Switching Waveform 

INPUT OR 
I/O PIN 

INPUT REG. 
CLOCK 

OUTPUT 
REG. CLOCK 

OUTPUT 

PIN 14 
ASO'E 

~-------------- ~os -------+~----~--

t------ tpD ----I 

114----- tlCER -------~ 
1------------ tER -----------~ 

____ f----.tpxz c tpzx 

Power-Up Reset Waveform[7] 

VCC 

OUTPUT 

CLOCK 
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Block Diagram (Page 1 of 2) 

TO LOWER SECTION 
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, CYPRESS ==============~CY~7~C~33~5 

Block Diagram (Page 2 of 2) 
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I II 
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II II 
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..;; 

node=36 
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, 1 '6 ' 24' 32 40' 4s '56' TH, 6'4 ' SET node=30'" ()F I 

C335-23 
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Ordering Information 

fMAX ICCI Package Operating 
(MHz) (mA) Ordering Code Name Package 1Ype Range 

100 140 CY7C335-100HC H64 28-Pin Windowed Leaded Chip Carrier Commercial 

CY7C335 -lOOJC J64 28-Lead Plastic Leaded Chip Carrier 

CY7C335 -IOOPC P21 28-Lead (300-Mil) Molded DIP 

CY7C335 -lOOWC W22 28-Lead (300-Mil) Windowed CerDIP 

83.3 160 CY7C335-83DI D22 28-Lead (300-Mil) CerDIP Industrial 

CY7C335-83HI H64 28-Pin Windowed Leaded Chip Carrier 

CY7C335 - 83PI P21 28-Lead (300-Mil) Molded DIP 

CY7C335-83WI W22 28-Lead (300-Mil) Windowed CerDIP 

CY7C335-83DMB D22 28-Lead (300-Mil) CerDIP Military • CY7C335-83HMB H64 28-Pin Windowed Leaded Chip Carrier 

CY7C335 - 83LMB L64 28-Square Leadless Chip Carrier 

CY7C335-83QMB Q64 28-Pin Windowed Leadless Chip Carrier 

CY7C335 -83WMB W22 28-Lead (300-Mil) Windowed CerDIP 

83.3 140 CY7C335 - 83HC H64 28-Pin Windowed Leaded Chip Carrier Commercial 

CY7C335-83JC J64 28-Lead Plastic Leaded Chip Carrier 

CY7C335-83PC P21 28-Lead (300-MiI) Molded DIP 

CY7C335 - 83WC W22 28-Lead (300-MiI) Windowed CerDIP 

66.6 160 CY7C335-66DI D22 28-Lead (300-MiI) CerDIP Industrial 

CY7C335-66HI H64 28-Pin Windowed Leaded Chip Carrier 

CY7C335-66PI P21 28-Lead (300-MiI) Molded DIP 

CY7C335-66WI W22 28-Lead (300-MiI) Windowed CerDIP 

CY7C335-66DMB D22 28-Lead (300-MiI) CerDIP Military 

CY7C335 - 66HMB H64 28-Pin Windowed Leaded Chip Carrier 

CY7C335 -66LMB L64 28-Square Leadless Chip Carrier 

CY7C335-66QMB Q64 28-Pin Windowed Leadless Chip Carrier 

CY7C335-66WMB W22 28-Lead (300-MiI) Windowed CerDIP 

66.6 140 CY7C335-66HC H64 28-Pin Windowed Leaded Chip Carrier Commercial 

CY7C335-66JC J64 28-Lead Plastic Leaded Chip Carrier 

CY7C335-66PC P21 28-Lead (300-MiI) Molded DIP 

CY7C335-66WC W22 28-Lead (300-MiI) Windowed CerDIP 

50 140 CY7C335-50HC H64 28-Pin Windowed Leaded Chip Carrier Commercial 

CY7C335-50JC J64 28-Lead Plastic Leaded Chip Carrier 

CY7C335 - 50PC P21 28-Lead (300-MiI) Molded DIP 

CY7C335-50WC W22 28-Lead (300-MiI) Windowed CerDIP 
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Ordering Infonnation (continued) 

fMAx ICCI 
(MHz) (rnA) Ordering Code 

50 160 CY7C33S - SODI 

CY7C33S-S0HI 

CY7C33S - SOPI 

CY7C33S-S0WI 

CY7C33S-S0DMB 

CY7C33S-50HMB 

CY7C335 - 50LMB 

CY7C335-50QMB 

CY7C335-50WMB 

40 160 CY7C33S-40DI 

CY7C335-40HI 

CY7C335-40PI 

CY7C335-40WI 

CY7C335-40DMB 

CY7C335-40HMB 

CY7C335 -40LMB 

CY7C335-40QMB 

CY7C335-40WMB 

MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 
Parameter Subgroups 

VOH 1,2,3 

VOL 1,2,3 

VIH 1,2,3 

VIL 1,2,3 

IIX 1,2,3 

Ioz 1,2,3 

lee 1,2,3 

Switching Characteristics 
Parameter Subgroups 

tpD 9,10,11 

tIeo 9,10,11 

tIS 9,10,11 

teo 9,10,11 

ts 9,10,11 

tH 9,10,11 

teas 9,10,11 

Document #: 38-00186-C 

CY7C335 

Package Operating 
Name Package 'JYpe Range 

D22 28-Lead (300-Mil) CerDIP Industrial 

H64 28-Pin Windowed Leaded Chip Carrier 

P21 28-Lead (300-MiI) Molded DIP 

W22 28-Lead (3OO-Mil) Wmdowed CerDIP 

D22 28-Lead (300-MiI) CerDIP Military 

H64 28-Pin Windowed Leaded Chip Carrier 

L64 28-Square Leadless Chip Carrier 

Q64 28-Pin Windowed Leadless Chip Carrier 

W22 28-Lead (3OO-Mil) Wmdowed CerDIP 

D22 28-Lead (300-Mil) CerDIP Industrial 

H64 28-Pin Windowed Leaded Chip Carrier 

P21 28-Lead (300-Mil) Molded DIP 

W22 28-Lead (3OO-Mil) Windowed CerDIP 

D22 28-Lead (300-Mil) CerDIP Military 

H64 28-Pin Windowed Leaded Chip Carrier 

L64 28-Square Leadless Chip Carrier 

Q64 28-Pin Windowed Leadless Chip Carrier 

W22 28-Lead (3OO-Mil) Windowed CerDIP 
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Features 
• High density 

-192-512 macrocells 
-64-224 I/O pins 
- Multiple input/clock pins 

• High performance 
-125 -100 MHz performance 
-10-12nstpD 
-5-6nsts 
-5.5-6.5 ns teo 

• In·System Reprogrammable (ISR ,. ) 
• Fast CMOS technology 
• Fully PCI compliant 
• Full JTAG compatibility 
• 3.3V or 5V operation 
• Programmable speed/power options 
• Simple timing model 
• No hidden delays 

• Packages 
- 84 to 304 pins 
- PLCC, TQFP, and PQFP 

• Programmable security bit 
• Warp3 ~ CAE developmeut system 

-VHDLinput 
- ViewLogic ~ graphical user inter-

face 
- Schematic capture (ViewDraw ~ ) 
-Available on Sun, HP, and Win-

dows m platforms 

• Warp2 m /Warp2+ m VHDL Compiler 
-VHDLinput 
- Functional simulator 
- Available on Sun, HP, and Windows 

platforms 

Ultra39000 Selection Guide 
Device Macrocells Pin Count 

39192 192 84/160 

39256 256 160/208 

39320 320 208/240 

39384 384 240 

39448 448 240/304 

39512 512 304 

ADVANCED INFORMATION Ultra39000 ™ 

UltraLogic ™ High-Density 

Functional Description 
The Ultra39000 ,. family of high-density, 
high-performance Complex Program
mable Logic Devices (CPLDs) provide an 
in-system reprogrammable solution com
plete with full Joint Test Action Group 
(JTAG IEEE1149.1) compatability. Each 
member of the Ultra39000 Family of fast, 
reconfigurable CPLDs has been designed 
to bring the high performance and the ease 
of use of 22V10s to ultra high-density 
PLDs. And since they are designed and 
fabricated with Cypress's state-of-the-art 
electrically-alterable Flash technology, 
users can program the devices in-circuit, 
which simplifies both the development and 
manufacturing processes. This, in turn, 
speeds time to market and reduces product 
inventory costs. The entire family will op
erate at 3.3V or 5V and is fully compliant 
with the PCI Local Bus Specification. It 
will operate with speeds of up to 125 MHz. 

All of the macrocells in each of the 
Ultra39000 Family members are distrib
uted among a number of distinct logic 
blocks. For example the Ultra39192 has 12 
logic blocks, while the Ultra39512 has 32. 
Each logic block contains 16 macrocells 
along with a product term array and a fast, 
intelligent product term matrix. Each logic 
block in the Ultra39000 architecture is 
connected through a Programmable Inter
connect that produces extremely fast and 
predictable paths through the device 

All members ofthe Ultra39000 Familyfea
ture an abundant number ofI/O resources 
with 64 to 2241/0 pins as well as four dedi
cated inputs/clocks and provide both fast 
synchronous and asynchronous clocking 

Max. I/O Pins fMAX(MHz) 

64/128 125 

128/160 125 

160/192 125 

192 100 

192/224 100 

224 100 

CPLD Family 
capabilities. Each member is also both up
wardly and downwardly pin-compatible 
with the other family members, providing a 
built-in upgrade path. 

Additionally, the Ultra39000 Family fea
tures a programmable speed/power option 
that allows users to optimize designs for 
either ultra-fast performance or ultra-low 
power. The family also provides slew rate 
control for each of the outputs that reduces 
switching noise. And finally, the 
Ultra39000 Family features a very simple 
timing model that results in parameters 
that are not dependent on the device re
sources utilized or the type of application 
being implemented. 

Development support for the entire family 
of Cypress Programmable Logic Devices 
including Ultra39000 is provided through 
all of Cypress's state-of-the-art VHDL
based tools as well as a vast array of third 
party solutions. Wap3 is a sophisticated 
design tool based on ViewLogic's CAE de
sign environment, which integrates Cy
press's IEEE1164-compliant VHDL syn
thesis engine, full schematic capture capa
bility (ViewDraw'·), a VHDL waveform 
simulator, VHDL debugger, and a full
function timing simulator. This integrated 
tool features mixed-mode entry allowing 
designs to be entered textually, schemati
cally, or in a combination of both. It is sup
ported on PCs running Windows, and on 
Sun and Hewlett Packard workstations. In 
addition, both Warp2 and Wa1p2 + are low
cost VHDLcompilers offering VHDL syn
thesis capability and a functional simula
tor. See the separate software and third 
party data sheets for further information. 

tpD (ns) ts (ns) teo (ns) 

10 5 5.5 

10 5 5.5 

10 5 5.5 

12 6 6.5 

12 6 6.5 

12 6 6.5 

Warp2, Wmp2+, Warp3, ISR, Ultra39000, and UltraLogic are trademarks of Cypress Semiconductor Corporation. 
ViewLogic and ViewDraw are trademarks of View Logic Corporation. 
Windows is a trademark of Microsoft Corporation. 
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Features 
• 192 macrocells in 12 logic blocks 

• In-System Reprogrammable (ISR m ) 

• Fully PCI compliant 

• Full JTAG compatability 

• 3.3V or 5V operation 
• Programmable speed/power options 

• 64 and 128 I/O pins 
• 4 dedicated inputs/clocks 

• No hidden delays 

• Highspeed 
-fMAX = 125 MHz 
-tpD = IOns 
-ts=5ns 
-teo = 5.5 ns 

• Available in 84-pin PLCC and 160-pin 
TQFP packages 

• Pin compatible with the Ultra39256 

Logic Block Diagram 

INPUTS/ 
CLOCKS 

I/O~>--I 

ADVANCED INFORMATION Ultra39192 

UltraLogic ™ 192-Macrocell CPLD 
Functional Description 
The Ultra39192 is a high-density, high
performance Complex Programmable 
Logic Device (CPLD) providing in-system 
reprogrammability (ISR) and full Joint 
Test Action Group (JTAG IEEE1l49.1) 
compatibility. It is part of the 
Ultra39000 m family of fast, reconfigur
able CPLDs, which has been designed to 
bring the high performance and the ease of 
use of 22V10s to ultra high-density PLDs. 
The entire family is also fully compliant 
with the PCI Local Bus Specification and 
will operate at either 3.3V or SY. 
The 192 macrocells in the Ultra39192 are 
divided between 12 logic blocks. Each log
ic block contains 16 macrocells along with 
a product term array and a fast, intelligent 
product term matrix. Each logic block in 
the Ultra39000 architecture is connected 
through a Programmable Interconnect 

I/O I/O 

that produces extremely fast and predict
able paths through the device. 

All members of the Ultra39000 family fea
ture an abundant number ofI/O resources. 
The Ultra39192 contains either 64 or 128 
I/O pins, as well as four dedicated inputs/ 
clocks, and provides both fast synchronous 
and asynchronous clocking capabilities. 

Additionally, the Ultra39192 features a 
prograrnmablespeedlpoweroptionthatal
lows users to optimize designs for eitherul
tra-fast performance or ultra-low power. 
The family also provides slew rate control 
for each of the outputs, which reduces 
switching noise. And finally, the 
Ultra39192 features a very simple timing 
model that results in parameters that are 
not dependent on the device resources uti
lized or the type of application being im
plemented. 

INPUTS/ 
CLOCKS 

Ultra39192-1 

UltraLogic, ISR, and Ultra39000 are trademarks of Cypress Semiconductor Corporation. 
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Features 
• 256 macrocells in 16 logic blocks 
• In.System Reprogrammable (ISR m ) 

• Fully PCI compliant 

• Full JTAG compatibility 
• 3.3V or 5V operation 

• Programmable speed/power options 

• 12S or 160 I/O pins 
• 4 dedicated inputs/clocks 

• No hidden delays 

• Higb speed 
- fMAX = 125 MHz 
-tPD = IOns 
-ts = 5ns 
-teo = 5.5 ns 

• Available in 160·pin TQFP and 
20S·pin PQFP packages 

• Pin compatible with the U1tra39192 
and the UItra39320 

Logic Block Diagram 

I/O 

INPUTS/ 
CLOCKS 

I/O 

I/O 

ADVANCED INFORMATION Ultra39256 

UltraLogic ™ 256-Macrocell CPLD 
Functional Description 
The Ultra39256 is a high·density, high
performance Complex Programmable 
Logic Device (CPLD) providing in-system 
reprogrammability (ISR) and full Joint 
Test Action Group (JTAG IEEE1149.1) 
compatibility. It is part of the 
Ultra39000 m Family of fast, reconfigur
able CPLDs, which has been designed to 
bring high performance and the ease of 
use of 22VlOs to ultra high-density PLDs. 
The entire family is also fully compliant 
with the PCI Local Bus Specification and 
will operate at either 3.3V or 5V. 

The 256 macrocells in the UItra39256 are 
divided between 16 logic blocks. Each log
ic block contains 16 macrocells along with 
a product term array and a fast, intelligent 
product term matrix. Each logic block in 
the Ultra39000 architecture is connected 
through a Programmable Interconnect 

Programmable 

H LOGIC ~ 
BLOCK 

~ LOGIC ~ 
BLOCK 

Interconnect 

I/O I/O 

that produces extremely fast and predict
able paths through the device. 

All members of the Ultra39000 family fea· 
ture an abundant numberofl/O resources. 
The Ultra39256 contains either 128 or 160 
I/O pins, as well as four dedicated inputs/ 
clocks, and provides both fast synchronous 
and asynchronous clocking capabilities. 

Additionally, the Ultra39256 features a 
programmable speed/power option that al
lows users to optimize designs for eitherul· 
tra-fast performance or ultra·low power. 
The family also provides slew rate control 
for each of the outputs which reduces 
switching noise. And finally, the 
Ultra39256 features a very simple timing 
model that results in parameters that are 
not dependent on the device resources uti
lized or the type of application being im
plemented. 

INPUTS/ 
CLOCKS 

I/O 

UltraLogic, ISR, and Ultra 39000 are trademarks of Cypress Semiconductor Corporation 
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Features 
• 320 macrocells in 20 logic blocks 
• In-System Reprogrammable (ISR ,. ) 

• Fully PCI compliant 
• Full JTAG compatibility 
• 3.3V or 5V operation 
• Programmable speed/power options 

• 160 or 192 I/O pins 
• 4 dedicated inputs/clocks 
• No hidden delays 
• High speed 

- fMAX = 125 MHz 
-tpD = IOns 
-ts = 5ns 
-teo = 5.5 ns 

• Available in 20S-pin and 240-pin 
PQFP package 

• Pin compatible with the U1tra39256 

Logic Block Diagram 
I/O 

I/O 

I/O 

INPUTS/ 
CLOCKS 

I/O 

ADVANCED INFORMATION Ultra39320 

UltraLogic 1M 320-Macrocell CPLD 
Functional Description 
The Ultra39320 is a high-density, high
performance Complex Programmable 
Logic Device (CPLD) providing in-system 
reprogrammability (ISR) and full Joint 
lest Action Group (JTAG IEEE1149.1) 
compatibility. It is part of the 
Ultra39000 ~ family of fast, reconfigur
able CPLDs, which have been designed to 
bring the high performance and the ease of 
use of 22VI0s to ultra high-density Pills. 
The entire family is also fully compliant 
with the PCI Local Bus Specification and 
will operate at either 3.3V or Sv. 

The 320 macrocells in the U1tra39320 are 
divided between 20 logic blocks. Each log
ic block contains 16 macrocells along with 
a product term array and a fast, intelligent 
product term matrix. Each logic block in 
the Ultra39000 architecture is connected 
through a Programmable Interconnect 

110 

that produces extremely fast and predict
able paths through the device. 

All members of the U1tra39000 family fea
ture an abundant number ofI/O resources. 
The U1tra39320 contains 160 or 192 I/O 
pins as well as four dedicated inputs/clocks 
and provides both fast synchronous and 
asynchronous clocking capabilities. 

Additionally, the U1tra39320 features a 
programmablespeedlpoweroptionthatal
lows users to optimize designs for either ul
tra-fast performance or ultra-low power. 
The family also provides slew rate control 
for each of the outputs, which reduces 
switching noise. And finally, the 
Ultra39320 features a very simple timing 
model that results in parameters that are 
not dependent on the device resources uti
lized or the type of application being im
plemented. 

.--..... .. /1/0 

I/O 

INPUTSI 
CLOCKS 

I/O 

I/O 

U~ra39320·1 

U1traLogic, ISR, and Ultra39000 are trademarks of Cypress Semiconductor Corporation 
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Features 
• 384 macrocells in 24 logic blocks 
• In-System Reprogrammable (ISR ,. ) 

• Fully PCI compliant 

• Full JTAG compatibility 
• 3_3V or 5V operation 

• Programmable speed/power options 

• 192 I/O pins 
• 4 dedicated inputs/clocks 

• No hidden delays 

• High speed 
- fMAX = 100 MHz 
-tpD = 12ns 
-ts = 6ns 
-teo = 6.5 ns 

• Available in 240-pin PQFP package 

• Pin compatible with the U1tra39448 

Logic Block Diagram 
I/O 

I/O 

INPUTS/ 
CLOCKS 

I/O 

I/O 

I/O 

I/O 

ADVANCED INFORMATION Ultra39384 

UltraLogic ™ 384-Macrocell CPLD 
Functional Description 
The U!tra39384 is a high-density, high
performance Complex Programmable 
Logic Device (CPLD) providing in-system 
reprogrammability (ISR) and full Joint 
Test Action Group (JTAG IEEE1149.1) 
compatibility. It is part of the 
Ultra39000 m family of fast, reconfigur
able CPLDs, which have been designed to 
bring the high performance and the ease of 
use of 22VlOs to ultra high-density PLDs. 
The entire family is also fully compliant 
with the PCI Local Bus Specification and 
will operate at either 3.3V or 5Y. 

The 384 macrocells in the Ultra39384 are 
divided between 24 logic blocks. Each log
ic block contains 16 macrocells along with 
a product term array and a fast, intelligent 
product term matrix. Each logic block in 
the Ultra39000 architecture is connected 
through a Programmable Interconnect 

I/O I/O 

I/O I/O 

that produces extremely fast and predict
able paths through the device. 

All members of the Ultra39000 family fea
ture an abundant number ofI/O resources. 
The Ultra39384 contains 192 I/O pins as 
well as four dedicated inputs/clocks and 
provides both fast synchronous and asyn
chronous clocking capabilities. 

Additionally, the UJtra39384 features a 
programmable speed/power option that al
lows users to optimize designs for either 
ultra-fast performance or ultra-low power. 
The family also provides slew rate control 
for each of the outputs, which reduces 
switching noise. And finally, the 
Ultra39384 features a very simple timing 
model that results in parameters that are 
not dependent on the device resources uti
lized or the type of application being im
plemented. 

I/O I/O 

BLOCK ~ 16 1 ~oo 
I/O I/O 

UItra39384-1 

UltraLogic, ISR, and Ultra39000 are trademarks of Cypress Semiconductor Corporation 
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Features 
• 448 macrocells in 28 logic blocks 
• In-System Reprogrammable (lSR ~ ) 

• Fully PCI compliant 

• Full JTAG compatibility 

• 3.3Vor SV operation 
• Programmable speed/power options 

• 192 or 224 I/O pins 

• 4 dedicated inputs/clocks 

• No hidden delays 

• Higb speed 
-fMAX = 100 MHz 
-tpD = 12n8 
-ts = 6ns 
-lco= 6.Sns 

• Available in 240-pin and 304-pin 
PQFP packages 

• Pin compatible witb tbe U1tra39384 
and U1tra39S12 

Logic Block Diagram 

INPUTS! 
CLOCKS 

ADVANCED INFORMATION Ultra39448 

UltraLogic TM 448-Macrocell CPLD 
Functional Description 
The U1tra39448 is a high-density, high
performance Complex Programmable 
Logic Device (CPLD) providing in-system 
reprogrammability (ISR) and full Joint 
lest Action Group (JTAG IEEE1149.1) 
compatibility. It is part of the 
Ultra39000~ family of fast, reconfigur
able CPLDs, which have been designed to 
bring the high performance and the ease of 
use of 22VI0s to ultra high-density PLDs. 
The entire family is also fully compliant 
with the PCI Local Bus Specification and 
will operate at either 3.3V or Sv. 

The 448 macrocells in the Ultra39448 are 
divided between 28 logic blocks. Each log
ic block contains 16 macrocells along with 
a product term array and a fast, intelligent 
product term matrix. Each logic block in 
the U1tra39000 architecture is connected 
through a Programmable Interconnect 

that produces extremely fast and predict
able paths tbrough the device. 

All members of the U1tra39000 family fea
ture an abundantnumberofl/O resources. 
The U1tra39448 contains eitber 192 or 224 
I/O pins as well as four dedicated inputs/ 
clocks and provides both fast synchronous 
and asynchronous clocking capabilities. 

Additionally, the U1tra39448 features a 
programmable speed/power option that ai
lows users to optimize designs for eitberul
tra-fast performance or ultra-low power. 
The family also provides slew rate control 
for each of tbe outputs, which reduces 
switching noise. And finally, the 
U1tra39448 features a very simple timing 
model that results in parameters that are 
not dependent on tbe device resources uti
lized or the type of application being im
plemented. 

INPUTS! 
CLOCKS 

UHra3944B·1 

UltraLogic, ISR, and U1tra39000 are trademarks of Cypress Semiconductor Corporation 
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Features 
• 512 macrocells in 32 logic blocks 
• In-System Reprogrammable (ISR N ) 

• Fully PCl compliant 
• Full JTAG compatibility 
• 3.3V or 5V operation 
• Programmable speed/power options 

• 2241/0 pins 
• 4 dedicated inputs/clocks 
• No hidden delays 

• Highspeed 
-fMAX = 100 MHz 
-tpD = 12ns 
-ts = 6ns 
-teo = 6.5 ns 

• Available in 304-pin PQFP package 
• Pin compatible with the U1tra39448 

Logic Block Diagram 

INPUTS/ 
CLOCKS 

I/O I/O 

I/O 

ADVANCED INFORMATION UItra39512 

UltraLogic TM 512-Macrocell CPLD 
Functional Description 
The Ultra39512 is a high-density, high
performance Complex Programmable 
Logic Device (CPLD) providing in-system 
reprogrammability (ISR) and full Joint 
Thst Action Group (JTAG IEEE1149.1) 
compatibility. It is part of the 
Ultra39000 ~ family of fast, reconfigur
able CPLDs, which have been designed to 
bring the high performance and the ease of 
use of 22VlOs to ultra high-density PLDs. 
The entire family is also fully compliant 
with the PCI Local Bus Specification and 
will operate at either 3.3V or 5Y. 

The 512 macrocells in the Ultra39512 are 
divided between 32 logic blocks. Each log
ic block contains 16 macrocells along with 
a product term array and a fast, intelligent 
product term matrix. Each logic block in 
the Ultra39000 architecture is connected 
through a Programmable Interconnect 

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

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

that produces extremely fast and predict
able paths through the device. 

All members of the Ultra39000 family fea
ture an abundant numberofl/O resources. 
The Ultra39512 contains 224 I/O pins as 
well as four dedicated inputs/clocks and 
provides both fast synchronous and asyn
chronous clocking capabilities. essing and 
decoding capabilities. 

Additionally, the Ultra39512 features a 
programmable speed/power option that al
lows users to optimize designs for eitherul
tra-fast performance or ultra-low power. 
The family also provides slew rate control 
for each of the outputs, which reduces 
switching noise. And finally, the 
Ultra39512 features a very simple timing 
model that results in parameters that are 
not dependent on the device resources uti
lized or the type of application being im
plemented. 

I/O 

I/O 

~ B6K I/O 

I/O 

INPUTS/ 
CLOCKS 

Ultra39512M 1 

UltraLogic, ISR, and Ultra39000 are trademarks of Cypress Semiconductor Corporation. 
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CYPRESS 
FLASH370™ 

CPLD Family 

Features 
• Flash erasable CMOS CPLDs 
• High density 

- 32-128 macroceUs 
-32-128 I/O pins 
- Multiple clock pins 

• High speed 
-tpD = 8.5-12ns 
-ts = 5-7ns 
-teo = 6-7ns 

• Fast Programmable Interconnect Ma
tris (PIM) 
-Uniform predictable delay, inde

peudent of routing 

• Intelligent product term allocator 
- 0-16 product terms to any macro

cell 
- Provides product term steering on 

an individual basis 
- Provides product term sharing 

among local macrocells 
- Prevents stealing of neighboring 

product terms 

• Simple timing model 
- No fanout delays 
- No expander delays 
- No dedicated vs. I/O pin delays 
- No additional delay through PIM 
- No penalty for using.full16 prod-

uct terms 
- No delay for steering or sharing 

product terms 

• Flexible clocking 
- 2-4 clock pins per device 
- Clock polarity control 

• Security bit and user ID supported 

• Packages 
-44-160 pins 
- PLCC, CLCC, PGA, and TQFP 

packages 

FLAsH370 Selection Guide 
Device Pins Macrocells 

371 44 32 

372 44 64 

373 84 64 

374 84 128 

375 160 128 

UltraLogic ™ High-Density Flash CPLDs 
• Wtup2N/Wa1p2+ m 

- Low-cost, text-based design tool, 
PLD compiler 

-IEEE 1164-compliant VHDL 
- Available on PC and Sun platforms 

• Wa1p3 N CAE development system 
-VHDLinput 
- ViewLogic graphical user interface 
- Schematic capture (ViewDraw m) 

- VHDL simulation (ViewSim N ) 

-Available on PC, HP, and Sun plat-
forms 

General Description 
The FLASH370 m family of CMOS CPWs 
provides a range of high-density program
mable logic solutions with unparalleled 
performance. Each member of the family 
is designed with Cypress's state-of-the-art 
0.65-micron Flash technology. All of the 
devices are electrically erasable and repro
grammable, simplifying product inventory 
and reducing costs. 

The FLASH370 family is designed to bring 
the flexibility, ease of use and performance 
of the 22VlO to high-density CPWs. The 
architecture is based on a number of logic 
blocks that are connected by a Program
mable Interconnect Matrix (PIM). Each 
logic block features its own product term 
array, product term allocator array, and 16 
macrocells. The PIM distributes signals 
from one logic block to another as well as 
all inputs from pins. 

The family features a wide variety of densi
ties and pin counts to choose from. At each 
density there are two packaging options to 
choose from-one that is I/O intensive and 
another that is register intensive. For ex
ample, the CY7C374 and CY7C375 both 
feature 128 macrocells. On the CY7C374 
half of the macrocells are buried and the 
device is available in 84-pin packages. On 

the CY7C375 all of the macrocells are fed 
to I/O pins and the device is available in 
160-pin packages. Figure 1 shows a block 
diagram of the CY7C374/5. 

Functional Description 
Programmable Interconnect Matrix 

The Programmable Interconnect Matrix 
(PIM) consists of a completely global rout
ing matrix for signals from I/O pins and 
feedbacks from the logic blocks. The PIM 
is an extremely robust interconnect that 
avoids fitting and density limitations. 
Routing is automatically accomplished by 
software and the propagation delay 
through the PIM is transparent to the user. 
Signals from any pin or any logic block can 
be routed to any or all logic blocks. 

The inputs to the PIM consist of all I/O 
and dedicated input pins and all macrocell 
feedbacks from within the logic blocks. 
The number of PIM inputs increases with 
pincount and the number of logic blocks. 
The outputs from the PIM are signals 
routed to the appropriate logic block(s). 
Each logic block receives 36 inputs from 
the PIM and their complements, allowing 
for 32-bit operations to be implemented 
in a single pass through the device. The 
wide number of inputs to the logic block 
also improves the routing capacity of the 
FLASH370 family. 

An important feature of the PIM involves 
timing. The propagation delay through the 
PIM is accounted for in the timing specifi
cations for each device. There is no addi
tional delay for traveling through the PIM. 
In fact, all inputs travel through the PIM. 
Likewise, there are no route-dependent 
timing parameters on the FLAsH370 de
vices. The worst-case PIM delays are in
corporated in all appropriate FLAsH370 
specifications. 

Dedicated Inputs I/O Pins Flip-Flops Speed (tpD) Speed (fMAX> 

6 32 44 8.5 143 

6 32 76 10 125 

6 64 76 10 125 

6 64 140 12 100 

6 128 140 12 100 
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Figure 1. CY7C374/5 Block Diagram 

Functional Description (continued) 

-Routing signals through the PIM is completely invisible to the user. 
All routing is accomplished 100% by software-no hand routing is 
necessary. Wap and third-party development packages automati
cally route designs for the F'LAsH370 family in a matter of minutes. 
Finally, the rich routing resources of the FLASH370 family accom
modate last minute logic changes while maintaining fixed pin as
signments. 

Logic Block 

The logic block is the basic building block of the FLASH370 archi
tecture. It consists of a product term array, an intelligent product
term allocator, 16 macrocells, and a number ofl/O cells. The num
ber of I/O cells varies depending on the device used. 

There are two types of logic blocks in the FLASH370 family. The 
first type features an equal number (16) of I/O cells and macrocells 
and is shown in Figure 2. This architecture is best for I/O-intensive 
applications. The second type oflogic block features a buried ma
crocell along with each I/O macrocell. In other words, in each logic 
block, there are eight macrocells that are connected to I/O cells 
and eight macrocells that are internally fed back to the PIM only. 
This organization is designed for register-intensive applications 
and is displayed in Figure 3. Note that at each FLAsH370 density 
(except the smallest), an I/O intensive and a register-intensive de
vice is available. 

Product Term Array 

Each logic block features a 72 x 86 programmable product term 
array. This array is fed with 36 inputs from the PIM, which origi
nate from macrocell feedbacks and device pins. Active LOW and 
active HIGH versions of each of these inputs are generated to 
create the full 72-inputfield. The 86 product terms in the array can 
be created from any of the 72 inputs. 

Of the 86 product terms, 80 are for general-purpose use for the 16 
macrocells in the logic block. Four of the remaining six product 
terms in the logic block are output enable (OE) product terms. 
Each ofthe OE product terms controls up to eight of the 16 macro
cells and is selectable on an individual macrocell basis. In other 
words, each I/O cell can select between one of two OE product 
terms to control the output buffer. The first two of these four OE 
product terms are available to the upper half of the I/O macrocells 
in a logic block. The other two OE product terms are available to 
the lower half of the I/O macrocells in a logic block. The final two 
product terms in each logic block are dedicated asynchronous set 
and asynchronous reset product terms. 

Product Term Allocator 

Through the product term allocator, software automatically dis
tributes product terms among the 16 macrocells in the logic block 
as needed. A total of 80 product terms are available from the local 
product term array. The product term allocator provides two im
portant capabilities without affecting performance: product term 
steering and product term sharing. 
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Figure 2. Logic Block for CY7C371, CY7C373, and CY7C375 (I/O Intensive) 
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Figure 3. Logic Block for CY7C372 and CY7C374 (Register Intensive) 
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Product Term Steering 

Product term steering is the process of assigning product terms to 
macrocells as needed. For example, if one macrocell requires ten 
product terms while another needs just three, the product term al
locator will "steer" ten productterms to one macrocell and three to 
the other. On FLAsH370 devices, product terms are steered on an 
individual basis. Any number between 0 and 16 product terms can 
be steered to any macrocell. Note that 0 product terms is useful in 
cases where a particular macrocell is unused or used as an input 
register. 

Product Term Sharing 

Product term sharing is the process of using the same product term 
among multiple macrocells. For example, if more than one output 
has one or more product terms in its equation that are common to 
other outputs, those product terms are only programmed once. 
The FLAsH370 product term allocator allows sharing across groups 
offouroutput macrocells in a variable fashion. The software auto
matically takes advantage of this capability-the user does not 
have to intervene. Note that greater usable density can often be 
achieved if the user "floats" the pin assignment. This allows the 
compiler to group macrocells that have common product terms ad
jacently. 

Note that neither product term sharing nor product term steering 
have any effect on the speed ofthe product. All worst-case steering 
and sharing configurations have been incorporated in the timing 
specifications for the FLAsH370 devices. 

FLAsH370 Macrocell 

I/O Macrocell 

Within each logic block there are 8 or 16 I/O macrocells depending 
on the device used. Figure 4 illustrates the architecture ofthe I/O 
macrocell. The macrocellfeatures a register that can be configured 
as combinatorial, a D flip-flop, a T flip-flop, or a level-triggered 
latch. 

The register can be asynchronously set or asynchronously reset at 
the logic block level with the separate set and reset product terms. 

FLASH370 

Each ofthese product terms features programmable polarity. This 
allows the registers to be set or reset based on an AND expression 
or an OR expression. 

Clocking of the register is very flexible. Depending on the device, 
either two or four global synchronous clocks are available to clock 
the register. Furthermore, each clock features programmable po
larity so that registers can be triggered on falling as well as rising 
edges (see the Dedicated/Clock Inputs section). Clock polarity is 
chosen at the logic block level. 

At the output of the macrocell, a polarity control mux is available 
to select active LOW or active HIGH signals. This has the added 
advantage of allowing significant logic reduction to occur in many 
applications. 

The FLAsH370 macrocell features a feedback path to the PIM sep
arate from the I/O pin input path. This means that if the macrocell 
is buried (fed back internally only), the associated I/O pin can still 
be used as an input. 

Buried Macrocell 

Some ofthe devices in the FLASH370 family feature additional ma
crocells that do not feed individual I/O pins. Figure 5 displays the 
architecture of the I/O and buried macrocells for these devices. 
The I/O macrocell is identical to the one on devices without buried 
macrocells. 

The buried macrocell is very similar to the I/O macrocell. Again, it 
includes a register that can be configured as combinatorial, a D 
flip-flop, a T flip-flop, or a latch. The clock for this register has the 
same options as described for the I/O macrocell. The primary dif
ference between the I/O macrocell and the buried macrocell is that 
the buried macrOcell does not have the ability to output data di
rectly to an I/O pin. 

One additional difference on the buried macrocell is the addition 
of input register capability. The buried macrocell can be config
ured to aetas an input register (D-type or latch) whose input comes 
from the I/O pin associated with the neighboring macrocell. The 
output of all buried macrocells is sent directly to the PIM regard
less of its configuration. 

I/O MACROCELL 

0-16 PRODUCT 
TERMS 

r - -

C2 C3 

I/O CELL 
r------------------ .. 

"0' 
I U1""T"r-t" I 

C5 C6 
______________ J 

______________________________________ J 

Note: 

ASYNCHRONOUS 
BLOCK RESET 

ASYNCHRONOUS 
BLOCK PRESET 

FEEDBACK TO PIM 

FEEDBACK TO PIM 

Figure 4. I/O Macrocell 

1. C1 is not used on the CY7C371 and CY7C372 since the mux size is 2:1 
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FLAsH370 I/O Cell 

The I/O cell on the FLAsH370 devices is illustrated along with the 
I/O macrocell in Figures 4 and 5. The user can program the I/O cell 
to change the way the three-state output buffer is enabled and/or 
disabled. Each output can be set permanently on (output only), 

permanently off (input only), or dynamically controlled by one of 
two OE product terms. 

Dedicated/Clock Inputs 

Six pins on each member of the FLASH370 family are designated as 
input-only. There are two types of dedicated inputs on FLAsH370 
devices: input pins and input/clock pins. Figure 6 illustrates the ar-

FROM PTM 

0-'6 PRODUCT 
TERMS 

FROM PTM 

0-'6 PRODUCT 
TERMS 

r - -

r - -

ASYNCHRONOUS 
BLDCKRESET 

ASYNCHRONOUS 
BLOCK PRESET 

I/O MACROCELL 

BURIED MACROCELL 

FEEDBACK TO PIM 

FEEDBACK TO PIM 

FEEDBACK TO PIM 

I/O CELL 
r------------------ .. , 

I "O~ 
I "1" -.-.-...... __ .... 

, C5 C6 ...... - --------------.1 , 
_________ J 

flash370·5 

2 BANK OE TERMS 

Figure 5. I/O and Buried Macrocells 

Note: 

FROM CLOCK 
POLARITY MUXES 

INPUT PIN 

Figure 6. Input Pins 

2. C9 is not used on the CY7C371 and CY7C372 since the mux size is 2:1 
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FROM CLOCK 
POLARITY INPUT 

CLOCK PINS 

INPUT/CLOCK PIN 

FLAsH370 

TO CLOCK MUX ON 
ALL INPUT MACROCElLS 

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

I TO CLOCK MUX II 
I ~~~LOCK L __ ~!::~~~,~~~ _____ J 

TOPIM 
CLOCK POLARITY MUX 
ONE PER LOGIC BLOCK 
FOR EACH CLOCK INPUT 

flash370-7 

Figure 7. Input/Clock Pins 

Notes: 
3. C8 and C9 are not included on the CY7C371 and CY7C372 since each input/clock pin has the other input/clock pin as its clock. 
4. CI5 and CI6 are not used on the CY7C371 and CY7C372 since there are two clocks. 

chitecture for input pins. Four input options are available for the 
user: combinatorial, registered, double-registered, or latched. If a 
registered or latched option is selected, anyone of the input clocks 
can be selected for control. 

Figure 7 illustrates the architecture of input/clock pins. There are 
either two or four input/clock pins available, depending on the de
vice selected. (The CY7C371 and CY7C372 have two input/clock 
pins while the other devices have four input/clock pins.) Like the 
input pins, input/clock pins can be combinatorial, registered, 
double registered, or latched. In addition, these pins feed the 
clocking structures throughout the device. The clock path at the 
input is user-configurable in polarity. The polarity ofthe clock sig
nal can also be controlled by the user. Note thatthis polarity is sep
arately controlled for input registers and output registers. 

Timing Model 

One of the most important features of the FLASH370 family is the 
simplicity of its timing. All delays are worst case and system perfor
mance is unaffected by the features used or not used on the parts. 
Figure 8 illustrates the true timing model for the 8.5-ns devices. For 
combinatorial paths, any input to any output incurs an 8.S-ns 
worst-case delay regardless of the amount of logic used. For syn
chronous systems, the input set-up time to the output macrocells 
for any input is 5.0 ns and the clock to output time is also 6.0 ns. 

O COMBINATORIAL SIGNAL 0 
~------------------

tpD = 8.5 ns 

REGISTERED SIGNAL 

O'-----___ ,At--------ID o---P flash370-8 

CLOCK ts = 5.0 ns tco = 6.0 ns 

Figure 8. Timing Model for CY7C371 

Again, these measurements are for any output and clock, regard
less of the logic used. 

Stated another way, the FLASH370 features: 

• no fanout delays 

• no expander delays 
• no dedicated vs. 1/0 pin delays 

• no additional delay through PIM 
• no penalty for using 0-16 product terms 

• no added delay for steering product terms 

• no added delay for sharing product terms 

• no routing delays 

• no output bypass delays 
The simple timing model of the FLASH370 family eliminates unex
pected performance penalties, 

Development Software Support 
Wa1p2/Wa1p2+ 
Warp2/Walp2 + are state-of-the-art VHDLcompilersfordesigning 
with Cypress PLDs and PROMs. Warp2/Warp2+ utilize a proper 
subset of IEEE 1164 VHDL as the Hardware Description Lan
guage (HDL) for design entry. VHDL provides a number of signif
icant benefits for the design entry. VHDL provides a number of 
significant benefits for the design engineer. Warp2/Warp2+ ac
cepts VHDL input, synthesizes and optimizes the entered design, 
and outputs a JEDEC map for the desired device. For simulation, 
Warp2/Warp2+ provides the graphical waveform simulator called 
Nova. 

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 for use 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. See separate data 
sheet for further information. 

Wa1p3 

Warp3 is a sophisticated design tool that is based on the latest ver
sion of ViewLogic's CAE design environment. Warp3 features 
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schematic capture (ViewDraw ~), VHDL waveform simulation 
(ViewSim ~ ), a VHDL debugger, and VHDL synthesis, all inte
grated in a graphical design environment. Wap3 is available on 
PCS using Windows 3.1 or subsequent versions, and on HP and Sun 
workstations. See separate data sheet for further information. 

Third-Party Software 

Cypress maintains a very strong commitment to third-party design 
software vendors. All major third-party software vendors (includ
ingABEL ~ , LOG/iC ~ , CUPL N , and Minc) will provide support 
for the ~H370 family of devices. To expedite this support, Cy
press supplies vendors with all pertinent architectural information 
as well as design fitters for our products. 

Document #: 38-0021S-C 

FLASH370 

Programming 
The Impulse3 ~ device programmer from Cypress will program all 
Cypress PLDs, CPLDs, and PROMs. This unit is a programmer 
that connects to any IBM-compatible PC via the printer port. 

Third-Party Programmers 

As with development software, Cypress strongly supports third
party programmers. Allmajorthird-partyprogrammers(including 
Data I/O, Logical Devices, Minato, SMS, and Stag) will support 
the FLAsH370 family. 

W:ap2,. Wap2+,. Wap3, FLAsH370, UltraLogic and Impulse3 are trademarks of Cypress Semiconductor Corporation. 
VlewSlm and VlewDraw are trademarks of ViewLogic. 
ABEL is a trademark of Data I/O Corporation. 
LOG/iC is a trademark of Isdata Corporation. 
CUPL is a trademark of Logical Devices, Inc. 
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Features 
• 32 macrocells in two logic blocks 

• 32 I/O pins 
• 6 dedicated inputs including 2 clock 

pins 

• No hidden delays 

• High speed 
-fMAX = 143 MHz 
-tpD= 8.S ns 
-ts = Sns 
-teo = 6ns 

• Electrically alterable FLASH 
technology 

• Available in 44-pin PLCC, CLCC, and 
TQFP packages 

• Pin compatible with the CY7C372 

Logic Block Diagram 

CY7C371 

UltraLogic ™ 32-Macrocell Flash CPLD 
Functional Description 
The CY7C371 is a Flash erasable Complex 
Programmable Logic Device (CPLD) and 
is part of the FLASH37o. family of high-den
sity, high-speed CPLDs. Like all members 
of the FLASH37o. family, the CY7C371 is 
designed to bring the ease of use and high 
performance of the 22VIo. to high-density 
CPLDs. 

The 32 macrocells in the CY7C371 are di
vided between two logic blocks. Each logic 
block includes 16 macrocells, a 72 x 86 
product term array, and an intelligent 
product term allocator. 

The logic blocks in the FLASH37o. architec
ture are connected with an extremely fast 
and predictable routing resource-the 
Programmable Interconnect Matrix 

INPUT 
MACROCELLS 

2 

PIM 

CLOCK 
INPUTS 

2 

INPUT/CLOCK 
MACROCELLS 

(PIM). The PIM brings flexibility, rout
ability, speed, and a uniform delay to the 
interconnect. 

Like all members ofthe FLASH37o. family, 
the CY7C371 is rich in 110 resources. 
Each macrocell in the device features an 
associated 110 pin, resulting in 32110 pins 
on the CY7C371. In addition, there are 
four dedicated inputs and two input/clock 
pins. 

Finally, the CY7C371 features a very sim
ple timing model. Unlike other high-den
sity CPLD architectures, there are no hid
den speed delays such as fanout effects, in
terconnect delays, or expander delays. Re
gardless of the number of resources used 
or the type of application, the timing pa
rameters on the CY7C371 remain the 
same. 

2 

161/05 LOGIC LOGIC 161/05 
1/00-1/0 15 BLOCK 36 36 BLOCK 1/0 16-1/0 31 

A B 
16 16 

16 16 

7c371-1 

Selection Guide 
7C371~143 7C371-110 7C371-83 7C371L-83 7C371-66 7C371L-66 

Maximum Propagation Delay, tpD (ns) 8.5 10 12 12 15 15 

Minimum Set-Up, ts (ns) 5 6 10 10 12 12 

Maximum Clock to Output, teo (ns) 6 6.5 10. 10 12 12 

Maximum Supply I Commercial 220. 175 175 90. 175 90. 
Current, Icc (rnA) I Military/lnd. 220. 110. 220. 110. 

. . 
Shaded area contams prelImmary mformatlOn . 
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Top View 

1/0. 
110. 
1/07 
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1/027 
1/0 29 
1/0 25 
1/0.. 
CLK1/1. 
GND 

I. 
1, 

GNO 
CLKO~2 

1/0. 
1/0. 

110 ,. 

11 
12 
13 

33 14 

" 15 
16 

32 I. 
31 
30 
29 

110 " ,7,8,9202, 2223 2. 25 262728 

1/0 23 
1/0 22 
1/0 21 

70371-2 

Logic Block 

The number of logic blocks distinguishes the members of the 
FLAsH370 family. The CY7C371 includes two logic blocks. Each 
logic block is constructed of a product term array, a product term 
allocator, and 16 macrocells. 

Product Term Array 

The product term array in the FLAsH370 logic block includes 36 in
puts from the PIM and outputs 86 product terms t~ the p.roduct 
term allocator. The 36 inputs from the PIM are available m both 
positive and negative polarity, making the overall array size 72x 86. 
This large array in each logic block allows for very complex func
tions to be implemented in a single pass through the device. 

Product Term Allocator 

The product term allocator is a dynamic, configu.rable resource 
that shifts product terms to macrocells that reqUire them. Any 
number of product terms between 0 and 16 inclusive can be as
signed to any of the logic block macrocells (this is called product 
term steering). Furthermore, product terms can be shared among 
multiple macrocells. This means that product terms that are com
mon to more than one output can be implemented in a single prod
uct term. Product term steering and product term sharing help to 
increase the effective density of the FLASH370 CPLDs. Note that 

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

Storage Thmperature ................... -65°C to + 150°C 

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

Supply Voltage to Ground Potential ......... -O.5V to +7.0V 
DC Voltage Applied to Outputs 
in High Z State .......................... -O.5V to + 7.0V 

DC Input Voltage ........................ -O.5V to + 7.0V 

DC Program Voltage .............................. 12.5V 

Output Current into Outputs (LOW) ............... 16 rnA 

Note: 
1. TA is the "instant on" case temperature. 

110. 
1/0. 
1/0 7 

I. 
1, 

GND 

CLKO~2 

1/0. 
1/0. 

1/0 10 

1/0" 

TQFP 
Top View 

<:t (f) C'II.,.... o~ U c;; g &i re: 
ggggg",~gggg 

CY7C371 

1/027 

1/0 29 
1/0 25 
1/024 
CLK1/1. 
GND 
I, 

I. 
1/0 23 
1/0 22 
1/021 

70371-3 

product term allocation is handled by software and is invisible to 
the user. 

I/O Macrocell 

Each of the macrocells on the CY7C371 has a separate associated 
I/O pin. The input to the macrocell is the sum of between 0 and 16 
product terms from the product term allocator. The macrocell in
cludes a register that can be optionally bypassed. It also has polar
ity control, and two global clocks to trigger the register. The ma
crocell also features a separate feedback path to the PIM so that 
the register can be buried if the I/O pin is used as an input. 

Programmable Interconnect Matrix 

The Programmable Interconnect Matrix (PIM) connects the two 
logic blocks on the CY7C371 to the inputs and to each other: All 
inputs (including feedbacks) travel through the PIM. There IS no 
speed penalty incurred by signals traversing the PIM. 

Design '!boIs 

Development software for the CY7C371 is available from Cy
press's Wmp2, Wmp2+, and Wmp3 software packages. Allofthese 
products are based on the IEEE-standard VHDL language. Cy
press also actively supports third-party design tools such as 
ABEL m ,CUPL N ,MINC, and LOG/iC N • Please contactyourlo
cal Cypress representative for further information. 

Static Discharge Voltage ........................ >2001 V 
(per MIL-STD-883, Method 3015) 

Latch-Up Current ............................ >200 rnA 

Operating Range 

Ambient 
Range Temperature Vee 

Commercial O°C to +70°C 5V±5% 

Military!l] -55°C to + 125°C 5V± 10% 

Industrial -40°C to +85°C 5V± 10% 

3-16 



CY7C371 

Electrical Characteristics Over the Operating Rangd21 
Parameter Description Test Conditions Min. Max. Unit 

VOH Output HIGH Voltage Vee = 
Min. 

IOH = -3.2 rnA (Com'IJInd) 2.4 V 

IOH = -2.0 rnA (Mil) V 

VOL Output LOW Voltage Vee = 
Min. 

IOL = 16 rnA (Corn'I/Ind) 0.5 V 

IOL = 12 rnA (Mil) V 

VIH Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for all inputs[3] 2.0 7.0 V 

VlL Input LOW Voltage Guaranteed Input Logical LOW Voltage for all inputs[3] -0.5 0.8 V 

IlX Input Load Current GND:;::;VI:;::; Vee -10 +10 fLA 

Ioz Output Leakage Current GND s Vo s Vee, Output Disabled -50 +50 fLA 
los Output Short Vee = Max., VOUT = O.5V -30 -90 rnA 

Circuit Currentl4, 51 

Icc Power Supply Current Vee = Max., lOUT = 0 rnA, Com'l 175 rnA 
f = 1 mHz, VIN = GND, Vecf6] 

Com'l"~' 90 
-66, -83 

Com'I-143, 220 
Mil/lnd 

Ind "e -66, -83 110 

Shaded area can tams prelImmary mformallon. 

Capacitance[5] 
Parameter Description Test Conditions Max. Unit 

CIN Input Capacitance VIN = 5.0V at f=1 MHz 10 pF 

COUT Output Capacitance VOUT = 5.0V at f = 1 MHz 12 pF 

Endurance Characteristics[5] 
Description Test Conditions 

Minimum Reprogramming Cycles Normal Programming Conditions 

Notes: 
2. See the last page of this specification for Group A subgroup testing in

formation. 
5. Tested initially and after any design or process changes that may affect 

these parameters. 
3. These are absolute values with respect to device ground. All over

shoots due to system or tester noise are included. 
4. Not more than one output should be tested at a time. Duration ofthe 

short circuit should not exceed I second. VOUT = O.5V has been cho
sen to avoid test problems caused by tester ground degradation. 

6. Measured with 16-bit counter programmed into each logic block. 
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2380 (COM'L) 
3190 (MIL) 

CY7C371 

AC Test Loads and Wavefonns 
2380 (COM'L) 
3190 (MIL) 

5V 0---"'INv--, 

OUTPUT 0--...... --.... 

35 PFI INCLUDING 
JIG AND -= 

1700 (COM'L) 
2360 (MIL) 

OUTP: 5ri1700 (COM'L) 
5 PFI 2360 (MIL) 

INCLUDING 

SCOPE 7c371·4 JIG AND -= -= 7c371-5 

(a) 
SCOPE (b) 

Equivalent to: THEVENIN EQUIVALENT 
990 (COM'L) 
1360 (MIL) 2.08V (COM'L) 

OUTPUT 0-----'IMI---0 2.13V (MIL) 

3.0V---

GND 

ALL INPUT PULSES 

90% 

(c) 7c371-6 

Parameter Vx Output Waveform-Measurement Level 

tER( ) 1.5V 
VOH O.5V : r 

tER(+) 2.6V 
VOL 0.5V: ~ 

tEA(+) 1.5V O.5V: ~ Vx 

tEA(-) Vthc Vx : /: 0.5V 

(d) Test Waveforms 

Switching Characteristics Over the Operating Range[7] 

Parameter Description 

Combinatorial Mode Parameters 

tpD Input to Combinatorial Output 

tpDL Input to Output Through 'Itansparent Input or 
Output Latch 

tpDLL Input to Output Through Transparent Input and 
Output Latches 

tEA Input to Output Enable 

tER Input to Output Disable 

Input Registered/Latched Mode Parameters 

tWL Clock or Latch Enable Input LOW TimeL~ I 

tWH Clock or Latch Enable Input HIGH TimePI 

tiS Input Register or Latch Set-Up Time 

tm Input Register or Latch Hold Time 

tlCO Input Register Clock or Latch Enable to Combina-
torial Output 

tlCOL Input Register Clock or Latch Enable to Output 
Through'Itansparent Output Latch 

Shaded area contams prehrmnary mformalton. 

Note: 
7. AIL AC parameters are measured with 16 outputs switching. 

Vx 70371-7 

Vx 
70371·8 

VOH 
70371·9 

VOL 7c371·10 

7C37t~1~ 
7C371-83 7C371-66 

7C371-110 7C371L-83 7C371L-66 

~. ,~. Min. Max. Min. Max. Min. Max. Unit 

" 
.. ,8.5, :' 10 12 15 ns 

.,' t,'~P: .. 13 18 22 ns 
I:',' .:," , " 
I' ,' .••... 13,5 15 20 24 ns 

I·· .. ', 1",,-
," .. < 13 14 19 24 ns 

.'. ·x !'.1~ 14 19 24 ns 

.,.z.?" ' ...... 3 4 5 ns 

2.5' " -". 3 4 5 ns 
2; ,'i 2 3 4 ns 

, l:~:' " 
2 3 4 ns 

. -.,':,~., ,~, ,::[2.:,' 14 19 24 ns 

.,i, ... ,:': .. :.~~" 16 21 26 ns 
.. ,."". 

8. This specification is intended to guarantee interface compatibility of 
the other members of the CY7C370 family with the CY7C371. This 
specification is met for the devices operating at the same ambient tem
perature and at the same power supply voltage. 
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Switching Characteristics Over the Operating Range[7] (continued) 

Parameter Description 

Output Registered/Latched Mode Parameters 

teo Clock or Latch Enable to Output 

ts Set-Up Time from Input to Clock or Latch 
Enable 

tH Register or Latch Data Hold Time 

teo2 Output Clock or Latch Enable to Output Delay 
(Through Memory Array) 

tses Output Clock or Latch Enable to Output Clock or 
Latch Enable (Through Memory Array) 

tses2 Output Clock Through Array to Output Clock 
(2-Pass Delay)[S] 

tSL Set-Up Time from Input Through Transparent 
Latch to Output Register Clock or Latch Enable 

tHL Hold Time for Input Through 1tansparent Latch 
from Output Register Clock or Latch Enable 

fMAXl Maximum Frequency with Internal Feedback 
(Least of 1/tses, 1/(ts + tH), or 1/teo)[S] 

fMAX2 Maximum Frequency Data Path in Output Re~is-
teredlLatched Mode &Lesser of 1/(tWL + tWH , 
1I(ts + tH), or 1/tco) ] 

fMAX3 Maximum Frequency with external feedback 
(Lesser of 1/(tco + ts) and 1/(tWL + tWH»[S] 

tOH-tlH Output Data Stable from Output clock Minus 
37x Input Register Hold Time for 7C37x[5, 8] 

Pipelined Mode Parameters 

tiCS Input Register Clock to Output Register Clock 

fMAX4 Maximum Frequency in Pipelined Mode (Least of 
1/(teo + tiS), l/tles, l/(tWL + tWH), 1I(tls + tlH)' 
or 1ItSCS) 

Reset/Preset Parameters 

tRW Asynchronous Reset Widthl'] 

tRR Asynchronous Reset Recovery Timel5] 

tRO Asynchronous Reset to Output 

tpw Asynchronous Preset WidthP] 

tpR Asynchronous Preset Recovery Timel'] 

tpo Asynchronous Preset to Output 

tpOR Power-On ResetlS] 
.. 

Shaded area contaInS prelimInary InformatIOn. 

Switching Waveforms 

Combinatorial Output 

7C371-143 

Min. Max. 

6 

5 

0 

12 

7 

13 

9 

0 

143 

166.7 

91 

0 

7 

125 

8 

10 

14 

8 
10 

14 

1 

CY7C371 

7C371-83 7C371-66 
7C371-110 7C371L-83 7C371L-66 

Min. Max. Min. Max. Min. Max. Unit 

6.5 10 12 ns 

6 10 12 ns 

0 0 0 ns 

14 19 24 ns 

9 12 15 ns 

16.5 21 27 ns 

10 12 15 ns 

0 0 0 ns 

111 83.3 66.6 MHz 

153.8 100 83.3 MHz 

80 50 41.6 MHz 

0 0 0 ns 

9 12 15 ns 

111 76.9 62.5 MHz 

10 15 20 ns 

12 17 22 ns 

16 21 26 ns 

10 15 20 ns 

12 17 22 ns 

16 21 26 ns 

1 1 1 !-Is 

INPUT 

COMBINATORIAL 
OUTPUT ______ t~~x~x~xx~x*-----

7c371-11 
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Switching Waveforms (continued) 

Registered Output 

INPUT 

CLOCK 

REGISTERED 
OUTPUT 

CLOCK 

Latched Output 

INPUT 

LATCH ENABLE 

LATCHED 
OUTPUT 

Registered Input 

REGISTERED 
INPUT 

INPUT REGISTER 
CLOCK 

COMBINATORIAL 
OUTPUT 

CLOCK 

E. t_J _"----
1-~-1 

---------x--x~----
---------

r~~----~H------1r~-----~L-----1~ 

__ %-i.-------------"X-

-----/) ( )( 
-----~::~ts~::~::::~tH~I----:::: ~--------------------

----4----~~ ", '----------_tP: 1 _t:=1 _ 
________ ~x~g~)K----------------x~ 

)~ X 
tiS tlH 

/ 

~tICO xxt.....----
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Switching Waveforms (continued) 

Clock to Clock 

REGISTERED 
INPUT 

INPUT REGISTER 
CLOCK 

OUTPUT 
REGISTER CLOCK 

Latched Input 

LATCHED INPUT 

LATCH ENABLE 

COMBINATORIAL 
OUTPUT 

LATCH ENABLE 

Latched Input and Output 

LATCHED INPUT 

LATCHED 
OUTPUT 

INPUT LATCH 
ENABLE 

OUTPUT LATCH 
ENABLE 

x 

'K 
--tiS 

-~1 XX 

; 

C,~ J==c} 

'K 
tlH-, )... 

H:1= XX 
tWH 

t 
tWL } 

LATCH ENABLE 

__ ;I-----twH=~t-l--_-_tW_L-______ ----.l} __ 
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Switching Waveforms (continued) 

Asynchronous Reset 

-------
INPUT 

REGISTERED 
OUTPUT 

CLOCK 

Asynchronous Preset 

INPUT 

REGISTERED 
OUTPUT 

CLOCK 

Power-Up Reset Waveform 

POWER 
SUPPLY VOLTAGE 

REGISTERED 
ACTIVE LOW 

OUTPUTS 

CLOCK 

Output Enable/Dlsable 

INPUT 

OUTPUTS 

'I 

10%t/ 90% 

CY7C371 

~---tRW .. 

70371-18 

tpw .. 
I\. )K 
_tPQ_ 

XXXX) K 
I--tpR 

Vee 

tpOR 

xxx XXX V 
ts 

i--=-

~" V 

tpOR MAX = 1 JlS !---tWL- 70371·20 

70371-21 
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Ordering Information 
Speed Package 
(MHz) Ordering Code Name 

143 CY7C371-143AC A44 

CY7C371-143JC J67 

110 CY7C371-110AC A44 

CY7C371-11OJC J67 

83 CY7C371-83AC A44 

CY7C371L-83AC A44 

CY7C371-83JC J67 

CY7C371L-83JC J67 

CY7C371-83AI A44 

CY7C371L-83AI A44 

CY7C371-83JI J67 

CY7C371L-83JI J67 

CY7C371- 83YMB Y67 

66 CY7C371-66AC A44 

CY7C371L-66AC A44 

CY7C371-66JC J67 

CY7C371L-66JC J67 

CY7C371-66A1 A44 

CY7C371L-66A1 A44 

CY7C371-66JI J67 

CY7C371L-66JI J67 

CY7C371-66YMB Y67 
Shaded areas contaJII prellmmary mformatlOn. 

MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 
Parameter Subgroups 

VOH 1,2,3 

VOL 1,2,3 

VIH 1,2,3 

VIL 1,2,3 

IIX 1,2,3 

loz 1,2,3 

IcC! 1,2,3 

Document #: 38-00212-E 
ABEL is a trademark of Data I/O Corporation. 
LOG/iC is a trademark of Isdata Corporation. 

Operating 
Package 'JYpe Range 

44-Lead Thin Plastic Quad Flat Pack Commercial 

44-Lead Plastic Leaded Chip Carrier 

44-Lead Thin Plastic Quad Flat Pack Commercial 

44-Lead Plastic Leaded Chip Carrier 

44-Lead Thin Plastic Quad Flat Pack Commercial 

44-Lead Thin Plastic Quad Flat Pack 

44-Lead Plastic Leaded Chip Carrier 

44-Lead Plastic Leaded Chip Carrier 

44-Lead Thin Plastic Quad Flat Pack Industrial 

44-Lead Thin Plastic Quad Flat Pack 

44-Lead Plastic Leaded Chip Carrier 

44-Lead Plastic Leaded Chip Carrier 

44-Lead Ceramic Leaded Chip Carrier Military 

44-Lead Thin Plastic Quad Flat Pack Commercial 

44-Lead Thin Plastic Quad Flat Pack 

44-Lead Plastic Leaded Chip Carrier 

44-Lead Plastic Leaded Chip Carrier 

44-Lead Thin Plastic Quad Flat Pack Industrial 

44-Lead Thin Plastic Quad Flat Pack 

44-Lead Plastic Leaded Chip Carrier 

44-Lead Plastic Leaded Chip Carrier 

44-Lead Ceramic Leaded Chip Carrier Military 

Switching Characteristics 
Parameter Subgroups 

tpD 9,10,11 

tco 9,10,11 

tICO 9,10,11 

ts 9,10,11 

tH 9,10,11 

tIS 9, 10, 11 

tIH 9,10,11 

tICS 9,10,11 

CUPL is a trademark of Logical Devices Incorporated. 
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CY7C372 

UltraLogic 1M 64-Macrocell Flash CPLD 
Features 
• 64 macrocells in four logic blocks 

• 321/0 pins 
• 6 dedicated inputs including 2 clock 

pins 

• No hidden delays 

• High speed 
- fMAX = 125 MHz 
-tpD = IOns 
-ts = 5.5ns 
-teo = 6.5 ns 

• Electrically alterable Flash 
technology 

• Available in 44·pin PLCC and CLCC 
packages 

• Pin compatible with the CY7C371 

Logic Block Diagram 

81/0s 
1/00-1/07 

81/0s 

1/08-1/0 15 

Selection Guide 

Maximum Propagation Delay, tpD (ns) 

Minimum Set-up, ts (ns) 

Maximum Clock to Output, teo (ns) 

Functional Description 
The CY7C372is a Flash erasable Complex 
Programmable Logic Device (CPLD) and 
is part of the FLAsH370~ family of high
density, high-speed CPLDs. Like all mem
bers ofthe FLAsH370 family, the CY7C372 
is designed to bring the ease of use and 
high performance of the 22VlO to high
density CPLDs. 

The 64 macrocells in the CY7C372 are di
vided between four logic blocks. Each logic 
block includes 16 macrocells, a 72 x 86 
product term array, and an intelligent 
product term allocator. 

The logic blocks in the FLASH370 architec
ture are connected with an extremely fast 
and predictable routing resource-the 
Programmable Interconnect Matrix 

INPUT 
MACROCELLS 

2 

36 

16 

36 

16 

16 

7c372-1 

7C372...,125 7C372-100 

10 12 

5.5 6.0 

6.5 6.5 

Maximum SU~PIY I Commercial 280 250 
Current, Icc rnA) I Military/Industrial .. 

. . 
Shaded area contams prelimmary mformatlon . 
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(PIM). The PIM brings flexibility, rout
ability, speed, and a uniform delay to the 
interconnect. 

Like all members of the FLAsH370 family, 
the CY7C372 is rich in I/O resources. Ev
ery two macrocells in the device feature an 
associated I/O pin, resulting in 32 1/0 pins 
on the CY7C372. In addition, there are 
four dedicated inputs and two input/clock 
pins. 

Finally, the CY7C372 features a very sim
ple timing model. Unlike other high-densi
ty CPLD architectures, there are no hid
den speed delays such as fanout effects, in
terconnect delays, or expander delays. Re
gardless of the number of resources used. 
or the type of application, the timing pa
rameters on the CY7C372 remain the 
same. 

81/0s 

1/0 24-1/0 31 

81/0s 
1/016-1/023 

16 

7C372-83 7C372-66 7C372L-66 

15' 20 20 

8 10 10 

8 10 10 

250 250 125 

300 300 
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Pin Configuration 

65432:1:4443424140 
I/O, 
I/O, 8 
I/O, 9 

10 10 
11 11 

GND 12 

- - 39 

38 
37 

36 
35 

34 
ClKO/12 13 33 

I/O. 14 32 
I/O, 15 31 

110 10 16 30 
1/0 11 17 29 

18 1920 21 22232425 26 27 28 

Functional Description (continued) 

Logic Block 

1/027 
1/026 

I/O" 
1/0 2. 
CLK1/IS 
GND 

I, 

I. 
1/0 23 
1/022 
1/021 

The number of logic blocks distinguishes the members of the 
FLAsH370 family. The CY7C372 includes four logic blocks. Each 
logic block is constructed of a product term array, a product term 
allocator, and 16 macrocells. 

Product Term Array 

The product term array in the FLAsH370 logic block includes 36 in
puts from the PIM and outputs 86 product terms to the product 
term allocator. The 36 inputs from the PIM are available in both 
positive and negative polarity, making the overall array size 72 x 86. 
This large array in each logic block allows for very complex func
tions to be implemented in a single pass through the device. 

Product Term Allocator 

The product term allocator is a dynamic, configurable resource 
that shifts product terms to macrocells that require them. Any 
number of product terms between 0 and 16 inclusive can be as
signed to any of the logic block macrocells (this is called product 

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

Storage Thmperature ................... -65°C to + 150°C 

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

Supply Voltage to Ground Potential ......... -0.5V to +7.0V 

DC Voltage Applied to Outputs 
in High Z State .......................... -O.5V to + 7.0V 

DC Input Voltage ........................ -O.5V to +7.0V 

DC Program Voltage .............................. 12.5V 

Output Current into Outputs ...................... 16 rnA 

Static Discharge Voltage ........................ > 2001 V 
(per MIL-STD-883, Method 3015) 

CY7C372 

term steering). Furthermore, product terms can be shared among 
multiple macrocells. This means that product terms that are com
mon to more than one output can be implemented in a single prod
uct term. Product term steering and product term sharing help to 
increase the effective density of the FLAsH370 PLDs. Note that 
product term allocation is handled by software and is invisible to 
the user. 

I/O Macrocell 

Half of the macrocells on the CY7C372 have separate I/O pins 
associated with them. In other words, each I/O pin is shared by two 
macrocells. The input to the macrocell is the sum of between 0 and 
16 product terms from the product term allocator. The macrocell 
includes a register that can be optionally bypassed. It also has po
larity control, and two global clocks to trigger the register. The I/O 
macrocell also features a separate feedback path to the PIM so that 
the register can be buried if the I/O pin is used as an input. 

Buried Macrocell 

The buried macrocell is very similar to the I/O macrocell. Again, it 
includes a register that can be configured as combinatorial, as a D 
flip-flop, a T flip-flop, or a latch. The clock for this register has the 
same options as described for the I/O macrocell. One difference on 
the buried macrocell is the addition of input register capability. 
The user can program the buried macrocell to act as an input regis
ter (D-type or latch) whose input comes from the I/O pin 
associated with the neighboringmacrocell. The output of all buried 
macrocells is sent directly to the PIM regardless of its config
uration. 

Programmable Interconnect Matrix 

The Programmable Interconnect Matrix (PIM) connects the four 
logic blocks on the CY7C372 to the inputs and to each other. All 
inputs (including feedbacks) travel through the PIM. There is no 
speed penalty incurred by signals traversing the PIM. 

Development Tools 

Development software for the CY7C372 is available from Cy
press's Wa/p2 m and Wa/p3 m software packages. Both of these 
products are based on the IEEE standard VHDL language. Cy
press also supports third-party vendors such as ABEL m , CUPL ,. , 
and LOG/icm. Please contact your local Cypress representative 
for further information. 

Latch-Up Current ............................ >200 rnA 

Operating Range 
Ambient 

Range Temperature Vee 
Commercial O°Cto +700C 5V±5% 

Industrial -40°C to +85°C 5V ± 10% 

Military[lj -55°C to + 125°C 5V ± 10% 

Note: 
1. TA is the "instant on" case temperature. 
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Electrical Characteristics Over the Operating Rangd2] 

Parameter Description Test Conditions 

VOH Output HIGH Voltage Vee = Min. IOH = -3.2 rnA (Com'l/Ind) 

IOH = - 2.0 rnA (Mil) 

VOL Output LOW Voltage Vee = Min. IOL = 16 rnA (Com'l/Ind) 

IOL = 12 rnA (Mil) 

VIH Input HIGH Voltage Guaranteed Inpnt Logical HIGH Voltage for all Inputs[3] 

VIL Input LOW Voltage Guaranteed Input Logical WW Voltage for all Inputs[3] 

IIX Input Load Current GNDsVIsVee 

loz Output Leakage Current GND S Vo s Vee, Output Disabled 

los Output Short 
Circuit Currend4, 5] 

Vee = Max., VOUT = O.SV 

lee Power Supply Current [6] Vee = Max., lOUT = 0 rnA, Com'l 
f = 1 mHz, VIN = GND, Vee 

>eom'l"C' 
-'66 .. 

Com'l 
-125 

Mil 
Ilndustrial 

Shaded area contams prelImmary mformatlOn. 

Capacitance[5] 

Min. 

2.4 

2.0 

-0.5 

-10 

-50 

-30 

. 

Parameter Description Test Conditions Max. 

CIN Input Capacitance VIN = S.OV at f=1 MHz 10 

CoUT Output Capacitance VOUT = S.OV at f = 1 MHz 12 

Endurance Characteristics[5] 
Description Test Conditions 

Minimum Reprogramming Cycles Normal Programming Conditions 

Parameter Vx Output Waveform-Measurement Level 

tER( ) l.SV 
VOH O.SV : ~ Vx 

tER(+) 2.6V 
VOL o.SV: ~ Vx 

tEA(+) l.SV O.5V l ~ VOH 
Vx 

tEA( ) Vthc Vx l ~ O.5V VOL 

(a) Test Waveforms 

Notes: 

CY7C372 

Max. Unit 

V 

V 

0.5 V 

V 

7.0 V 

0.8 V 

+10 !lA 
+50 !lA 
-90 mA 

250 rnA 

125 rnA 

280 rnA 

300 rnA 

Unit 

pF 

pF 

2. See the last page ofthis specification for Group A subgroup testing in
formation. 

5. Tested initially and after any design or process changes that may affect 
these parameters. 

3. These are absolute values with respect to device ground. All over
shoots due to system or tester noise are included. 

4. Not more than one output should be tested at a time. Duration of the 
short circuit should not exceed 1 second. VOUT = O.5V has been cho
sen to avoid test problems caused by tester ground degradation. 

6. Meaured with 16-bit counter programmed into each logic block. 
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AC Test Loads and Waveforms 

23SQ (com'l) 

our; ~ H"" I~', 
,~~.~~F 1 1236Q (mil) 

23SQ (com'l) 

5V 5n319Q (mil) 

OUTPUT 170Q (com'l) 

INCLUDING - -

5 pF I 236Q (mil) 

~~8~~~NG -= -= JIG AND - -
SCOPE (a) SCOPE 

7c372-3 

(b) 

Equivalent to: THEVENIN EQUIVALENT 
3.0V---

ALL INPUT PULSES 

90% 
99Q (com'l) 
136Q (mil) 2.0SV (com 'I) 

OUTPUT Q------'IIIIIr- 2.13V (mil) 
GND 

Switching Characteristics Over the Operating Range[7] 

7C372-125 7C372-100 7C372-83 

Parameter Description Min. Max. Min. Max. Min. Max. 

Combinatorial Mode Parameters 

tpD Input to Combinatorial Output 10 12 15 

tpDL Input to Output Through Transparent Input or 
Output Latch 

13 15 18 

tpDLL Input to Output Through Transparent Input and 15 16 19 
Output Latches 

tEA Input to Output Enable 14 16 19 

tER Input to Output Disable 14 16 19 

Input Registered/Latched Mode Parameters 

tWL Clock or Latch Enable Input LOW TimerS] 3 3 4 

tWH Clock or Latch Enable Input HIGH TimerS] 3 3 4 

tIS Input Register or Latch Set-Up Time 2 2 3 

tm Input Register or Latch Hold Time 2 2 3 

tICO Input Register Clock or Latch Enable to 14 16 19 
Combinatorial Output 

tICOL Input Register Clock or Latch Enable to Output 16 18 21 
Through Transparent Output Latch 

Output Registered/Latched Mode Parameters 

tco Clock or Latch Enable to Output 6.5 6.5 8 

ts Set-Up Time from Input to Clock or Latch Enable 5.5 6 8 

tH Register or Latch Data Hold Time 0 0 0 

tC02 Output Clock or Latch Enable to Output Delay 
(Through Memory Array) 

14 16 19 

tscs Output Clock or Latch Enable to Output Clock or 
Latch Enable (Through Memory Array) 

8 10 12 

tSL Set-Up Time from Input Through Transparent 10 12 15 
Latch to Output Register Clock or Latch Enable 

tHL Hold Time for Input Through nansparent Latch 0 0 0 
from Output Register Clock or Latch Enable 

Shaded area contams prelImmary mformatlOn. 
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10% 

5.2 ns 
7c372-4 

7C372-66 

7C372L-66 

Min. Max. Unit 

20 ns 

22 ns 

24 ns 

24 ns 

24 ns 

5 ns 

5 ns 

4 ns 

4 ns 

24 ns 

26 ns 

10 ns 

10 ns 

0 ns 

24 ns 

15 ns 

20 ns 

0 ns 

II 



Switching Characteristics Over the Operating Rangd?] (continued) 

Parameter Description 

fMAXI Maximum Frequency with Internal Feedback in 
Output Registered Mode (Least of l/tscs, 
1/(ts + tH), or 1/tCO)[5] 

fMAX2 Maximum Frequency Data Path in Output Regis-
teredlLatched Mode &Lesser of 1/(tWL + tWR), 
1/(ts + tH), or 1/tco) ] 

fMAX3 Maximum Frequency with External Feedback 
(Lesser of l/(tco + ts) and 1/(tWL + tWH»[5] 

tOR-tIH Output Data Stable from Output clock Minus 
37x Input Register Hold Time for 7C37x[5, 8] 

Pipelined Mode Parameters 

tiCS Input Register Clock to Output Register Clock 

fMAX4 Maximum Frequency in Pipelined Mode (Least of 
l/(tco + t!1)' l/tICS, 1/(tWL + tWH), l/(tls + tIH), 
or l/tscs)[ 

Reset/Preset Parameters 

tRW Asynchronous Reset WidthPJ 

tRR Asynchronous Reset Recovery Timel5j 

tRo Asynchronous Reset to Output 

tpw Asynchronous Preset WidthPj 

tPR Asynchronous Preset Recovery Timel5j 

tpo Asynchronous Preset to Output 

tpOR Power-On Resetpj 
Shaded area contams prelImmary mformatlOn. 

Switching Waveforms 

Combinatorial Output 

'" , 
" 

7~'i~~US' 

Mh1; Mn, 
125 

""".' 
I';;, .,'.' .. 
1518 " ··i;. !.' ., . ' ,. 
83)3 : .. ,.". 
.,' ...... ' 

1·,,',0.'" 
'" .. ' .. 

8 .". 
IJZS; 

" 
, 

" 

)0 'J' 
,L2,;:, ·'·C 

k " 16. 
,iQ:'; ::" 
.~2 ' .. ' 

" 
16, 

...... ,/1'" 

CY7C372 

7C372-66 

7C372-100 7C372-83 1jj~1~I.~6j5: . 
Min. Max. Min. Max. Min. Max. Unit 

100 83 66 MHz 

153.8 125 100 MHz 

80 62.5 50 MHz 

0 0 0 ns 

10 12 15 ns 

100 83.3 66.6 MHz 

12 15 20 ns 

14 17 22 ns 

18 21 26 ns 

12 15 20 ns 

14 17 22 ns 

18 21 26 ns 

1 1 1 J.ls 

INPUT 

COMBINATORIAL 
OUTPUT ________ ~l~x~x~x~x~xi------

Note: 
7. All AC parameters are measured with 16 outputs switching. 
8. This specification is intended to guarantee interface compatibility of 

the other members of the CY7C370 family with the CY7C372. This 
specification is met for the devices operating at the same ambient tem
perature and at the same power supply voltage. 
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Switching Waveforms (continued) 
Registered Output 

INPUT 

CLOCK 

REGISTERED 
OUTPUT 

CLOCK 

Latched Output 

INPUT 

LATCH ENABLE 

LATCHED 
OUTPUT 

Registered Input 

REGISTERED 
INPUT 

INPUT REGISTER 
CLOCK 

COMBINATORIAL 
OUTPUT 

CLOCK 

E. t_J _____ ,,--
~:-1 

------------------~x--~~~._-_-_-_-_-_-_-

;14---~tW-H-tl+--:WL---.I}~ 

______ JjK~ ______________ ~;K ________________ __ 
~ts tH-

______ ~------~)V ""I\. '----------
~':-1 ~:-1 _____ ~x~Z~)K,. -----------~x~~ 

__________ -J""K~ ________ _J)K~ ________ __ 

v 

~~_1 

__________________ x~Z~)K======== 
_;'---~tw-H--tol----_tw_L~}~ 
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Switching Waveforms (continued) 

Clock to Clock 

REGISTERED 
INPUT ----~><~--------------------------

INPUT REGISTER 
CLOCK 

OUTPUT 
REGISTER CLOCK 

Latched Input 

LATCHED INPUT 

LATCH ENABLE 

COMBINATORIAL 
OUTPUT 

LATCH ENABLE 

__ c_~ t 0-
)K ) 

I--tlS tlH--

V "r\. 

I-- tpDL I--tlCO 

xrl--~x~x1= 
_____ J---~H==~t=~~_L-_~}----

Latched Input and Outpnt 

LATCHED INPUT 

tpDLL 

LATCHED 
OUTPUT 

IsL 

INPUT LATCH 
ENABLE 

tiCS 

OUTPUT LATCH 
ENABLE 

J tWH t tWL } LATCH ENABLE 
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Switching Waveforms (continued) 
Asyncbronous Reset 

INPUT 

REGISTERED 
OUTPUT 

CLOCK 

Asyncbronous Preset 

INPUT 

REGISTERED 
OUTPUT 

14---- tRW -----1.~1 

tpw • 
)r-,. I\. 

!--tpo-

XXXX K: 
I--- tpR 

CLOCK ____ J.....-
Power-Up Reset Wavefonn 

CY7C372 

7c372-12 

7c372-13 

POWER 10% 
~~9~0~%--------------------------VCC 

SUPPLY VOLTAGE ------~ 
.... ------ tpOR -------~ 

REGISTERED -------t-+------""'~""'7'~~~:__:l~~.j...".--------
ACTIVE LOW OUTPUTS ______ ++-_____ ....t.~"_.::~~~~~:::./ 

CLOCK 

tpOR MAX = 1 !tS 

Output Enable/Disable 

INPUT 

OUTPUTS 
70372-15 
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Ordering Information 
Speed Package Operating 
(MHz) Ordering Code Name Package 'JYpe Range 

";':'~,~;" l,a;/~ '?","~ ;:~J~7:i;1;1 r(~~~4'~~ilC',~~~,~JlJ~,;' '}\, ::';~~C1il1i'l 
100 CY7C372-100JC J67 

83 CY7C372-83JC J67 

CY7C372-83JI J67 

CY7C372-83YMB Y67 

66 CY7C372-66JC J67 

CY7C372-66YMB Y67 

CY7C372-66JI J67 

CY7C372L-66JC J67 
Shaded areas contain preliminary information, 

MILITARY SPECIFICATIONS 
Group A Subgroup Testing 
DC Characteristics 

Parameter Subgroups 

VOH 1,2,3 

VOL 1,2,3 

VIH 1,2,3 

VIL 1,2,3 

IJX 1,2,3 

Ioz 1,2,3 

Icc 1,2,3 

Document #: 38-00213-C 

44-Lead Plastic Leaded Chip Carrier Commercial 

44-Lead Plastic Leaded Chip Carrier Commercial 

44-Lead Plastic Leaded Chip Carrier Industrial 

44-Lead Ceramic Leaded Chip Carrier Military 

44-Lead Plastic Leaded Chip Carrier Commercial 

44-Lead Ceramic Leaded Chip Carrier Military 

44-Lead Ceramic Leaded Chip Carrier Industrial 

44-Lead Ceramic Leaded Chip Carrier Commercial 

Switching Characteristics 
Parameter Subgroups 

tpD 9,10,11 

tco 9,10,11 

tlCO 9,10,11 

ts 9,10,11 

tH 9,10,11 

tiS 9,10,11 

tIH 9,10,11 

tiCS 9,10,11 

Wa/p2, Wap2+, Wap3 , UltraLogic, and FLAsH370 are trademarks of Cypress Semiconductor Corporation, 
ABEL is a trademark of Data I/O Corporation. 
LOG/iC is a trademark of Isdata Corporation. 
CUPL is a trademark of Logical Devices Incorporated. 
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Features 
• 64 macrocells in four logic blocks 

• 641/0 pins 
• 6 dedicated inputs including 4 clock 

pins 

• No hidden delays 

• High speed 
- fMAX = 125 MHz 
-tPD = 10 ns 
-ts = 5.5 ns 
-teo = 6.5 ns 

• Electrically alterable Flash 
technology 

• Available in 84-pin PLCC and 
100-pin TQFP packages 

• Pin compatible with the CY7C374 

Logic Block Diagram 

1/00-1/0 15 

1/016-1/0 31 

Selection Guide 

Maximum Propagation Delay (ns) 

Minimum Set-up, ts (ns) 

Maximum Clock to Output, tco (ns) 

32 

CY7C373 

UltraLogic ™ 64-Macrocell Flash CPLD 
Functional Description 
The CY7C373 is a Flash erasable Complex 
Programmable Logic Device (CPLD) and 
is part of the FLAsH370 m family of high
density, high-speed CPLDs. Like all mem
bers ofthe FLASH370 family, the CY7C373 
is designed to bring the ease of use and 
high performance of the 22VlO to high
density CPLDs. 

The 64 macrocells in the CY7C373 are di
vided between four logic blocks. Each logic 
block includes 16 macrocells, a 72 x 86 
product term array, and an intelligent 
product term allocator. 

The logic blocks in the FLASH370 architec
ture are connected with an extremely fast 
and predictable routing resource-the 
Programmable Interconnect Matrix 

INPUT 
MACROCELLS 

36 

16 

36 

16 

7C373-125 7C373-100 

10 12 

5.5 6 

6.5 6.5 

(PIM). The PIM brings flexibility, rout
ability, speed, and a uniform delay to the 
interconnect. 

Like all members ofthe FLASH370 family, 
the CY7C373 is rich in I/O resources. Ev
ery macrocell in the device features an 
associated I/O pin, resulting in 641/0 pins 
on the CY7C373. In addition, there are 
two dedicated inputs and four input/clock 
pins. 

Finally, the CY7C373 features a very sim
ple timing model. Unlikeotherhigh-densi
ty CPLD architectures, there are no hid
den speed delays such as fanout effects, in-

. terconnect delays, or expander delays. Re
gardless of the number of resources used 
or the type of application, the timing pa
rameters on the CY7C373 remain the 
same. 

1/048-1/063 

1/032-1/0 47 

32 
7C373-1 

7C373-83 7C373-66 7C373L-66 

15 20 20 

8 10 10 

8 10 10 

Maximum Supply 
Current, Icc (rnA) 

I Commercial 280 250 250 250 125 

I Industrial 300 300 
.. Shaded area contams prehmmary mformatlon 
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.?cYPRESS 
Pin Configurations 

NC 
GND 
I/O. 
110, 

1/010 
110" 
1/0,2 
I/O,. 
1/0 14 
I/O,. 

ClKoIlo 
Vee 
N/C 

GND 
CLK,/I, 

110,. 
1/017 
110,. 
110,. 
1/0 20 
1/02' 
1/022 
1/0 23 
Vee 
NC 

110. 
1/00 

1/010 

I/O" 
1/0 12 
I/O,. 
1/0 14 
11O,. 

CLKO/lo 
Vee 

GND 
CLKM, 

1/016 
1/0 17 
I/O,. 
I/O,. 
1/°20 
1/021 

1/022 

1/°23 
GND 

PLCC 
Top View 

7C373 

TQFP 
Top View 

GND 
110 .. 
110 .. 
110 .. 
1/052 
110., 
110 .. 
110 .. 
110 .. 
CLK3/14 
GND 
Vee 
CLK2/I. 
1/047 
110 .. 
110 .. 
I/0 .. 
I/0 .. 
1/042 

1/041 
11O .. 

10099 98 97 96 95 94 93 92 91 9089 88 87 86 85 84 83 82 81 80 79 78 n 76 

13 
14 
15 
16 
17 
18 

25 26 2726 29 30 31 32 3334 36 36 3738394041 424344 45 4647 48 49 50 
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75 
74 

73 
72 
71 
70 
69 
68 
67 
66 
65 
64 
63 
62 
61 
80 
59 
58 
57 
56 
55 
54 
63 
62 
51 

NC 
Vee 
I/0 •• 
I/0 .. 
110 •• 
1/052 
1/051 
1/0.0 
1/°49 
1/048 
ClKoII4 
GND 
NC 
Vee 
CLK,II. 
11047 

110 .. 
I/O .. 
I/0 .. 
1/043 
1/0 42 
I/O., 
liD .. 
GND 
NC 

7C373-2 

/ 
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Functional Description (continued) 

Logic Block 

The number of logic blocks distinguishes the members of the 
FLASH370 family. The CY7C373 includes four logic blocks. Each 
logic block is constructed of a product term array, a product term 
allocator, and 16 macrocells. 

Product Term AlTay 

The product term array in the FLASH370 logic blockincludes36 in
puts from the PIM and outputs 86 product terms to the product 
term allocator. The 36 inputs from the PIM are available in both 
positive and negative polarity, making the overall array size 72x86. 
This large array in each logic block allows for very complex func
tions to be implemented in single passes through the device. 

Product Term Allocator 

The product term allocator is a dynamic, configurable resource 
that shifts product term resources to macrocells that require them. 
Any number of product terms between 0 and 16 inclusive can be 
assigned to any ofthe logic block macrocells (this is called product 
term steering). Furthermore, product terms can be shared among 
multiple macrocells. This means that product terms that are com
mon to more than one output can be implemented in a single prod
uct term. Product term steering and product term sharing help to 
increase the effective density of the FLASH370 CPLDs. Note that 
the product term allocator is handled by software and is invisible to 
the user. 

I/O Macrocell 

Each of the macrocells on the CY7C373 has a separate I/O pin 
associated with it. In other words, each I/O pin is shared by two ma
crocells. The input to the macrocell is the sum of between 0 and 16 
product terms from the product term allocator. The macrocell in
cludes a register that can be optionally bypassed, polarity control 
over the input sum-term, and two global clocks to trigger the regis
ter. The macrocell also features a separate feedback path to the 
PIM so that the register can be buried if the I/O pin is used as an 
input. 

CY7C373 

Programmable Interconnect Matrix 

The Programmable Interconnect Matrix (PIM) connects the four 
logic blocks on the CY7C373 to the inputs and to each other. All 
inputs (including feedbacks) travel through the PIM. There is no 
speed penalty incurred by signals traversing the PIM. 

Development Tools 

Development software for the CY7C373 is available from Cy
press's Warp2 m , Warp2+ m , and Warp3 m software packages. Both 
of these products are based on the IEEE standard VHDL language. 
Cypress also supports third-party vendors such as ABEL m , CUPL m , 

and LOG/iC '.. Please contact your local Cypress representative for 
further information. 

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

Storage Temperature ................... -65°C to + 150°C 
Ambient Thmperature with 
Power Applied ........................ -55°C to + 125°C 
Supply Voltage to Ground Potential ......... -O.SV to + 7.0V 
DC Voltage Applied to Outputs 
in High Z State .......................... -O.5V to + 7.0V 
DC Input Voltage ........................ -O.SV to + 7.0V 
DC Program Voltage .............................. 12.5V 

Output Current into Outputs ...................... 16 rnA 
Static Discharge Voltage ........................ > 2001 V 
(per MIL-STD-883, Method 3015) 
Latch-Up Current ............................ >200 rnA 

Operating Range 
Ambient 

Range Temperature Vee 
. Commercial O°C to +70°C 5V±S% 

Industrial -400C to +8S o C SV ± 10% 
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CY7C373 

Electrical Characteristics Over the Operating Range 

Parameter Description Test Conditions Min. Max. Unit 

VOH Output HIGH Voltage Vee = Min. I IOH = -3.2 rnA (Com'l/Ind) 2.4 V 

VOL Output LOW Voltage Vee = Min. I IOL = 16 rnA (Com'l/Ind) 0.5 V 

VIH Input mGH Voltage Guaranteed Input Logical HIGH Voltage for all Inputs[l] 2.0 7.0 V 

VII. Input LOW Voltage Guaranteed Input Logical LOW Voltage for all Inputs[l] -0.5 0.8 V 

Ilx Input Load Current GND~VI~Vee -10 +10 !AA 
Ioz Output Leakage Current GND ~ Vo ~ Vee, Output Disabled -SO +SO !AA 
los Output Short Vee = Max., VOUT = O.SV -30 -90 rnA 

Circuit Current[2,3] 

ICC Power Supply Currentl4] Vee = Max., lOUT = 0 rnA, Com'l 2S0 rnA 
f = 1 mHz, VIN = GND, Vee . Com') 

•••• 
125 rnA 

"t',:':"66 .. 
. 

Com'l 280 rnA 
-125 

Industrial 300 rnA 

Shaded area contams prehnunary mformation 

Capacitance[3] 

Parameter Description Test Conditions Max. Unit 

CIN Input Capacitance VIN = S.OV at f=l MHz 10 pF 

CoUT Output Capacitance VOUT = S.OV at f = 1 MHz 12 pF 

Endurance Characteristics[3] 

Description Thst Conditions 

Minimum Reprogramming Cycles Normal Programming Conditions 

Parameter Vx Output Waveform-Measurement Level 

tER( ) l.SV 
VOH O.SV t I: Vx 

tER(+) 2.6V 
VOL O.SV t ~ Vx 

tEA(+) l.SV O.SV t ~ VOH 
Vx 

tEA( ) Vthe Vx t I: O.5V VOL 

(a) Thst Waveforms 

Notes: 
1. These are absolute values with respect to device ground. All over

shoots due to system or tester noise are included. 
3. Tested initially and after any design or process changes that may affect 

these parameters. 
2. Not more than one output should be tested at a time. Duration of the 

short circuit should not exceed 1 second. V OUT = O.5V has been cho
sen to avoid test problems caused by tester ground degradation. 

4. Measured with 16-bit counter programmed into each logic block. 
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AC Test Loads and Waveforms 
238Q (COM'L) 238Q (COM'L) 

5V~ 5V5[l319Q(MIL) 3.0V---

OUTPUT OUTPUT 
35 pF 170Q (COM'L) 5 pF GND I 236Q (MIL) I 

INCLUDING -= -= INCLUDING -= -= 170n (COM'L) 
JIG AND JIG AND •• 
SCOPE SCOPE 

Equivalent to: 

(a) 

THEVENIN EQUIVALENT 
99Q (COM'L) 

2.08V (COM'L) 
OUTPUT o---wv---o 

(b) 

Switching Characteristics Over the Operating Rangel5] 

7C373·4 

7C373-125 

Parameter Description Min. Max. 

Combinatorial Mode Parameters 

tpo Input to Combinatorial Output 10 

tpOL Input to Output Through 'fiansparent Input or 13 
Output Latch 

tpOLL Input to Output Through Transparent Input and 
Output Latches 

15 

tEA Input to Output Enable 14 

tER Input to Output Disable 14 

Input Registered/Latched Mode Parameters 

tWL Clock or Latch Enable Input LOW Time[3J 3 

tWH Clock or Latch Enable Input HIGH TimeL3J 3 

tIS Input Register or Latch Set-Up Time 2 

tIH Input Register or Latch Hold Time 2 

tICO Input Register Clock or Latch Enable to 14 
Combinatorial Output 

tIcaL Input Register Clock or Latch Enable to Output 16 
Through Transparent Output Latch 

Output Registered/Latched Mode Parameters 

tco Clock or Latch Enable to Output 6.5 

ts Set-Up Time from Input to Clock or Latch Enable 5.5 

tH Register or Latch Data Hold Time 0 

tC02 Output Clock or Latch Enable to Output Delay 
(Through Memory Array) 

14 

tscs Output Clock or Latch Enable to Output Clock or 
Latch Enable (Through Memory Array) 

8 

tSL Set-Up Time from Input Through 'fiansparent 
Latch to Output Register Clock or Latch Enable 

10 

tHL Hold Time for Input Through Transparent Latch 0 
from Output Register Clock or Latch Enable 

fMAXI Maximum Frequency with Internal Feedback 125 
(Least of 1/tscs, 1/(ts + tH), or 1/tCO)[3] 

fMAX2 Maximum Frequency Data Path in Output 153.8 
Registered/Latched Mode ~Lesser of 1/( tWL + 
tWH), 1/(ts + tH), or 1/tco) 3] 

snaaea area contams prellmmary mrormallon 
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7C373-100 

Min. Max. 

12 

15 

16 

16 

16 

3 

3 

2 

2 

16 

18 

6.5 

6 

0 

16 

10 

12 

0 

100 

153.8 

CY7C373 

ALL INPUT PULSES 

7C373-5 

II 7C373-66 
7C373-83 7C373L-66 

Min. Max. Min. Max. Unit 

15 20 ns 

18 22 ns 

19 24 ns 

19 24 ns 

19 24 ns 

4 5 ns 

4 5 ns 

3 4 ns 

3 4 ns 

19 24 ns 

21 26 ns 

8 10 ns 

8 10 ns 

0 0 ns 

19 24 ns 

12 15 ns 

15 20 ns 

0 0 ns 

83 66 MHz 

125 100 MHz 
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Switching Characteristics Over the Operating Range[S] (continued) 

Parameter Description 

fMAX3 Maximum Frequency of (2) CY7C373s with 
External Feedback (Lesser of l/(tco + ts) and 
l/(tWL + twW)[3] 

tOR-tIH Output Data Stable from Output clock Minus 
37x Input Register Hold Time for 7C37x[3, 6] 

Pipelined Mode Parameters 

tICS Input Register Clock to Output Register Clock 

fMAX4 Maximum Frequency in Pipelined Mode (Least of 
l/(tco + t~), l/tICS, l/(tWL + tWR), l/(tIS + tIH), 
or I/tscs)[ 

Reset/Preset Parameters 

tRW Asynchronous Reset WidthLjJ 

tRR Asynchronous Reset Recovery TimeL3J 

tRO Asynchronous Reset to Output 

tpw Asynchronous Preset WidthL3J 

tpR Asynchronous Preset Recovery Timel3J 

tpo Asynchronous Preset to Output 

tpOR Power-On ResetL3J 

Shaded area contams prelImmary mformatlOn. 

Note: 
5. ALI AC parameters are measured with 16 outputs switching. 
6. This specification is intended to guarantee interface compatibility of 

the other members of the CY7C370 family with the CY7C373. This 
specification is met for the devices operating at the same ambient tem
perature and at the same power supply voltage. 

, . ,. 
1q73~US 
Mm . . MaX. 
83.3 

... ' . 

.0 .... I 
,. 

8 
125 

. 
... 

10 
12 

16 
10 
12 

.' 16 
1 
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7C373-66 
7C373-100 7C373-83 7Q7;3L~ 

Min. Max. Min. Max. Min. Max. Unit 

80 62.5 50 MHz 

0 0 0 ns 

10 12 15 ns 

83.3 66.6 50.0 MHz 

12 15 20 ns 

14 17 22 ns 

18 21 26 ns 

12 15 20 ns 

14 17 22 ns 

18 21 26 ns 

1 1 1 fIB 



==-- -'i~ -=-_, CYPRESS 
Switching Waveforms 

Combinatorial Output 

INPUT 

COMBINATORIAL 
OUTPUT 

Registered Output 

INPUT 

CLOCK 

REGISTERED 
OUTPUT 

CLOCK 

Latched Output 

INPUT 

LATCH ENABLE 

LATCHED 
OUTPUT 

t % 1 __________ ~z~x~x~x~x~x~======== 

f=. t'--I-,f ---,,---
1-<o~ Xz(""'--.---

"'-------

_JI---,.....---tW_H-tl+---~tW_L~},....----

_____ J)K~ ______________ _I)K~ ______________ __ 

______ ~-------I)V "'l\. '------

~.:~. ~:~ __ ....L.X~z~~· --------X-xr= 
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.~YPRESS 
Switching Waveforms (continued) 

Registered Input 

REGISTERED 
INPUT 

INPUT REGISTER 
CLOCK 

COMBINATORIAL 
OUTPUT 

CLOCK 

Clock to Clock 

REGISTERED 
INPUT 

INPUT REGISTER 
CLOCK 

OUTPUT 
REGISTER CLOCK 

Latched Input 

LATCHED INPUT 

lATCH ENABLE 

COMBINATORIAL 
OUTPUT 

LATCH ENABLE 

K ~ I---tlS tlH 
V 

~tICO xx1----
_JI4---..---tW-H--tl+--_tw_L----..I}-

----~><~--------------------------

)( 

I+--tlS tlH-
~V 'I\. 

I-- tpDL I-- tlCO 
xx1-----.x~x1= 

______ J~_twH~~t~~-__ tw __ L-_-}~--
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Switching Waveforms (continued) 

Latched Input and Output 

LATCHED INPUT 

LATCHED 
OUTPUT 

INPUT LATCH 
ENABLE 

OUTPUT LATCH 
ENABLE 

14---tSL 

LATCH ENABLE 
__ J-~ -_tWH=="""*"t==_tWL=~}....--_ 

Asynchronous Reset 

INPUT 

REGISTERED 
OUTPUT 

CLOCK 

Asynchronous Preset 

INPUT 

REGISTERED 
OUTPUT 

CLOCK 

j4----tpw • 

3-41 

CY7C373 

II 

7C373-12 

7C373-13 

7C373-14 



Switching Waveforms (continued) 

Power-Up Reset Waveform 

CY7C373 

POWER 10% 
JE~90~%~------------------------VCC 

SUPPLY VOLTAGE -------r
~------------tpOR------------~~ 

REGISTERED -------+-+------~"7'I:....,.~~...,..:__::~"7'I:t_7--------
ACTIVELDW 

OUTPUTS -------+-+------~~~~~~~~~ 

CLOCK 

Output EnabJe/DisabJe 

INPUT 

OUTPUTS 

Ordering Information 
Speed Package 
(MHz) Ordering Code 1YPe 

1$'/, CX?~73,,-,:,l~A.P ,',," ,AIOQ',' 

,r, '"'.":,, .' CX7C$~';'125JC",' ,""" ;Jill "', 

100 CY7C373-100AC AlOO 

CY7C373-l00JC J83 

83 CY7C373-83AC AlOO 

CY7C373-83JC J83 

CY7C373-83AJ AlOO 

CY7C373-83JI J83 

66 CY7C373-66AC AlOO 

CY7C373-66JC J83 

CY7C373 -66AJ AlOO 

CY7C373-66JI J83 

CY7C373L-66JC J83 

Shaded area contams prelimmary mformatIOn 
Document #: 38-00216-C 

tpOR MAX = 1 Ils 

Package Operating 
1YPe Range 

1OQ-fi4 !fhin,QulldF1a~c~ " ' <::oin1nerciiil 

,!l4,~a9l>ll!sti9Le<l.(ic:d Phil': quner: ' .. ' , 

100-Pin Thin Quad Flatpack Commercial 

84-Lead Plastic Leaded Chip Carrier 

100-Pin Thin Quad Flatpack Commercial 

84-Lead Plastic Leaded Chip Carrier 

100-Pin Thin Quad Flatpack Industrial 

84-Lead Plastic Leaded Chip Carrier 

lOO-Pin Thin Quad Flatpack Commercial 

84-Lead Plastic Leaded Chip Carrier 

100-Pin Thin Quad Flatpack Industrial 

84-Lead Plastic Leaded Chip Carrier 

84-Lead Plastic Leaded Chip Carrier Commercial 

, 

UltraLogic, FLAsH370, WOIp2, Watp2+, and WOIp3 are trademarks of Cypress Semiconductor Corporation. 
ABEL is a trademark of Data I/O Corporation. 
LOG/iC is a trademark of Isdata Corporation. 
CUPL is a trademark of Logical Devices Incorporated. 
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CYPRESS 
CY7C374 

Features 
• 128 macro cells in eight logic blocks 

• 641/0 pins 
• 6 dedicated inputs including 4 clock 

pins 

• No hidden delays 

• Highspeed 
-fMAX = 100 MHz 
-tPD = 12ns 
-ts = 7ns 
-tco=7ns 

• Electrically Alterable Flash 
technology 

• Available in 84-pin PLCC, 84-pin 
CLCC, 100-pin TQFP, and 84-pin PGA 
packages 

• Pin compatible with the CY7C373 

Functional Description 
The CY7C374 is a Flash erasable Complex 
Programmable Logic Device (CPLD) and 
is part of the FLASH370 m family of high
density, high-speed CPLDs. Like all mem
bers ofthe FLASH370family, the CY7C374 

Logic Block Diagram 

1/00 -1/0 7 
;:!52s 

81/0s ......,1 1/0 8-1/0 15 
.... 1 

110 16-1/0 23 
81/0s 

~ 
1/0 2cI/0 31 

81/0s 

-
Selection Guide 

Maximum Propagation Delay tpD (ns) . 

Minimum Set-Up, ts (ns) 

Maximum Clock to Output, tco (ncs) 

Maximum Supply 
Current, Icc (rnA) 

Shaded area contams prelimmary mformatlOn. 

UltraLogic TM 128-Macrocell Flash CPLD 
is designed to bring the ease of use and 
high performance of the 22VlO to high
density CPLDs. 

The 128 macrocells in the CY7C374 are di
vided between eight logic blocks. Each 
logic block includes 16 macroceIls, a 72 x 
86 product term array, and an intelligent 
product term allocator. 

The logic blocks in the FLASH370 architec
ture are connected with an extremely fast 
and predictable routing resource-the 
Programmable Interconnect Matrix 
(PIM). The PIM brings flexibility, rout
ability, speed, and a uniform delay to the 
interconnect. 

Like all members of the FLASH370 family, 
the CY7C374 is rich in I/O resources. Ev
ery two macrocells in the device feature an 
associated I/O pin, resulting in 64 I/O pins 
on the CY7C374. In addition, there are 
two dedicated inputs and four input/clock 
pins. 

Finally, the CY7C374 features a very sim
ple timing model. Unlike other high-densi
ty CPLD architectures, there are no hid-

INPUTS I CLOCK 
INPUTS 

4 

den speed delays such as fanout effects, in
terconnect delays, or expander delays. Re
gardless of the number of resources used 
or the type of application, the timing pa
rameters on the CY7C374 remain the 
same. 

Logic Block 

The number of logic blocks distinguishes 
the members ofthe FLASH370 family. The 
CY7C374 includes eight logic blocks. Each 
logic block is constructed of a product term 
array, a product term allocator, and 16 ma
crocells. 

Product Term An-ay 

The product term array in the FLASH370 
logic block includes 36 inputs from the 
PIM and outputs 86 product terms to the 
product term allocator. The 36 inputs from 
the PIM are available in both positive and 
negative polarity, making the overall array 
size 72 x 86. This large array in each logic 
block allows for very complex functions to 
be implemented in single passes through 
the device. 

INPUT 2~ INPUTICLOCK 
MACROCELLS~ MACROCELLS 

t 4 t t 4 

LOGIC I 
36 1 

LOGIC l-l'::. ~ 1/056-1/0 63 BLOCK 36 BL~CK I v A -
16 PIM 16 

~ ~ 
LOGIC LOGIC I " 81/0s 
BLOCK I 36 36 I 

B'-8CK I v 
1/048-1/0 55 

B 
16 16 

~ ~ 
LOGIC LOGIC I " 81/0s 
BL'(;CK I 36 36 I 1/040-1/047 BL~CK J .... 

16 16 
~ ~ 

LOGIC LOGIC 8~S 
11032-1/0 39 BLOCK I 36 36 I BLOCK 

D E -
16 16 7C374·1 

32 32 

7C374-100 7C374-SJ 7C374-66 7C374L-66 

12 15 20 20 

6 8 10 10 

7 8 10 10 

I Commercial 300 300 300 150 

I Military/Industrial 370 370 
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Pin Configurations 

I/O. 
I/O. 

1/010 
1/0 11 

1/0'2 
V013 
I/O,. 
1/0 15 

ClKO~. 
Vee 

GND 
CLK111, 

I/O,. 
1/0 17 
I/O,. 
1/°19 
11020 
1/021 
11022 
11023 
GND 

PLCC/CLCC 
Top View 

'-~nn~nn~nn~an~~rr6~~ 

~~~~~~~~~?~?~~~~~~~~~ 

GND 
1/0 55 
I/O .. 

K 

I/O., H 
1/052 

1/0 5' 
1/050 G 
I/O .. 
I/O .. 
ClK3~. 
GND 
Vee 
ClK2/l, 
1/0 47 
liD .. 
11045 D 
I/O .. 
liD., 
11042 C 
I/O., 
liD .. 

B 

A 

1102, 

I/O., 

1/020 

1/0 18 

ClK1 
/" 

1/0'7 

1/015 

1/0,2 

1/010 

liDs 

1107 

7C374-2 

TQFP 
Top View 

1/025 

GND 

I/O .. 

1/0,9 

I/O,. 

CLKO 
/1. 

I/O,. 

I/O" 

I/O. 

GND 

1/05 

1/026 I/o.. 

1/024 1/027 

GND 

Vee 

I/O" 

• 
liD. I/Ds 

liD. 1/02 

PGA 
Bottom View 

1/0 31 I/O" Vee 

I/O,. 12 I/o,. 

1/029 Vee GND 

liD, Vee 15 

I/O. 1/061 110 62 

Vee GND liD"" 

I/O,. 

110.. 

1/059 

liD .. 

10099 98 g-{ 96 95 94 93 92 91 90 89 8B 8786 85 84 83 82 81 8079 7877 76 

NC 
GND 
liD. 
liD. 

I/O,. 
11011 

110,2 
I/O" 
1/0 14 
I/O,s 

Cl~l. 
Vee 
N/C 

GND 
ClK,/I, 

I/O,. 
1/017 
I/O,. 
1/0'9 
1/0 20 
1/0 2' 
1/022 
1/0 23 
Vee 
NC 
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75 
74 
73 
72 
71 
70 
69 
68 
f57 
68 
65 
64 
63 
62 
61 
60 
59 
58 

57 
56 
55 
54 
53 
52 
51 

NC 
Vee 
liD,. 
liDs. 
I/O., 
1/0 52 
1/05, 

liD .. 
1/049 
I/O., 
ClKaII. 
GND 
NC 
Vee 
ClK~, 

Ip.7 
I/O .. 
1/0 45 
1/044 
I/O., 
1/042 
1/0 41 
I/O .. 
GND 
NC 

CY7C374 

I/O,. 110,7 110" 

I/O,. GND 11041 

I/O .. 1/042 

I/O., 110 44 

CLK2 I/O .. 1/047 
II, 

Vee 11045 GND 

I/O .. I/O .. CLK3 
II. 

1/°51 I/O .. 

I/O .. 1/052 

I/O,. GND I/O., 

I/O .. 1/057 1/0 55 

10 11 
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Functional Description (continued) 

Product Term Allocator 

The product term allocator is a dynamic, configurable resource 
that shifts product terms to macrocells that require them. Any 
number of product terms between 0 and 16 inclusive can be as
signed to any of the logic block macrocells (this is called product 
term steering). Furtbermore, product terms can be shared among 
multiple macrocells. This means that product terms that are com
mon to more than one output can be implemented in a single prod
uct term. Product term steering and product term sharing help to 
increase the effective density of the FLASH370 CPLDs. Note that 
product term allocation is handled by software and is invisible to 
the user. 

I/O Macrocell 

Half of the macrocells on the CY7C374 have I/O pins associated 
with them. The input to the macrocell is the sum of between 0 and 
16 product terms from the product term allocator. The I/O macro
cell includes a register that can be optionally bypassed, polarity 
control over the input sum-term, and two global clocks to trigger 
the register. The macrocell also features a separate feedback path 
to the PIM so that the register can be buried if the I/O pin is used 
as an input. 

Buried Macrocell 

The buried macrocell is very similar to the I/O macrocell. Again, it 
includes a register that can be configured as combinatorial, as a D 
flip-flop, a T flip-flop, or a latch. The clock for this register has the 
same options as described for the I/O macrocell. One difference on 
the buried macrocell is the addition of input register capability. 
The user can program the buried macrocell to act as an input regis
ter (D-type or latch) whose input comes from tbe I/O pin 
associated with the neighboringmacrocell. Theoutputofall buried 
macrocells is sent directly to the PIM regardless of its config
uration. 

Programmable Interconnect Matrix 

The Programmable Interconnect Matrix (PIM) connects the eight 
logic blocks on the CY7C374 to the inputs and to each other. All 

CY7C374 

inputs (including feedbacks) travel through the PIM. There is no 
speed penalty incurred by signals traversing the PIM. 

Development Tools 

Development software for the CY7C374 is available from Cy
press's Wa1p2 m , Wa1p2 + m , and Wa1p3 m software packages. Both 
of these products are based on the IEEE standard VHDL lan
guage. Cypress also supports third-party vendors such as ABEL '" , 
CUPL m , and LOG/iC '" . Please contact your local Cypress repre
sentative for further information. 

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

Storage Temperature ................... -65°C to + 150°C 
Ambient 'Thmperature with 
Power Applied ........................ -55°C to + 125°C 
Supply Voltage to Ground Potential ......... -O.5V to + 7.0V 
DC Voltage Applied to Outputs 
in High Z State .......................... -O.5V to +7.0V 
DC Input Voltage ........................ -O.5V to +7.0V 
DC Program Voltage .............................. 12.5V 
Output Current into Outputs ...................... 16 rnA 
Static Discharge Voltage ........................ >200lV 
(per MIL-SID-883, Method 3015) 
Latch-Up Current ............................ >200 rnA 

Operating Range 
Ambient 

Range Temperature Vee 
Commercial O°Cto +70°C 5V±5% 

Industrial -40°C to +8S o C SV±S% 

Military[lj -55°C to + 125°C 5V± 10% 

Note: 
1. TA is the "instant on" case temperature. 
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Electrical Characteristics Over the Operating Rangel2] 

Parameter Description Test Conditions 

VOH Output HIGH Voltage Vee = Min. IOH = -3.2 rnA (Com'l/Ind) 

IOH = -2.0 rnA (Mil) 

VOL Output LOW Voltage Vee = Min. IOL = 16 rnA (Com'l/Ind) 

IOL = 12 rnA (Mil) 

VIR Input HIGH Voltage Guaranteed Input Logical HIGH voltage for all inputs[3] 

VIL Input LOW Voltage Guaranteed Input Logical LOW voltage for all inputs[3] 

Ilx Input Load Current GND 5. VI 5. Vee 

loz Output Leakage Current GND 5. Vo 5. Vee, Output Disabled 

los Output Short 
Circuit Currend 4, 5] 

Vee = Max., VOUT = O.5V 

Icc Power Supply Currend6] Vee = Max., lOUT = 0 rnA, Com'l 
f = 1 MHz, VIN = GND, Vee 

;com'l' ,\ 
~C' '-66 

, ,',",,'" 

Mil./lnd. 

Shaded area contams prelinllnary informalion. 

Capacitance[5] 
Parameter Description Test Conditions Max. 

CIN Input Capacitance VIN = S.OV at f=1 MHz 10 

COUT Output Capacitance VOUT = S.OV at f = 1 MHz 12 

Endurance Characteristics[5] 

Description Test Conditions 

Minimum Reprogramming Cycles Normal Programming Conditions 

Notes: 

CY7C374 

Min. Max. Unit 

2.4 V 

V 

0.5 V 

V 

2.0 7.0 V 

-0.5 0.8 V 

-10 +10 !lA 
-50 +50 !lA 
-30 -90 rnA 

300 rnA 

ISO rnA 
" ,: ' " :' ",' 

370 rnA 

Unit 

pF 

pF 

2. See the last page ofthis specification for Group A subgroup testing in
formation. 

5. Thsted initially and after any design or process changes that may affect 
these parameters. 

3. These are absolute values with respect to device ground. All over
shoots due to system or tester noise are iocluded. 

6. Measured with 16-bit counter programmed into each logic block. 

4. Not more than one output should be tested at a time. Duration of the 
short circuit should not exceed 1 second. V OUT = O.5V has been cho
sen to avoid test problems caused by tester ground degradation. 

AC Test Loads and Waveforms 
2380 (COM'L) 2389 (COM'L) 

OUTP~~ ~3199 (MIL) OUTP~~ Sf13199 (MIL)1709 (COM~~~V 
35 PFI 1709 (COM'L) 5 PFI 2369 (MIL)GND 

2369 (MIL) < 2 ns 
INCLUDING -= -= INCLUDING-= -= -
JIG AND JIG AND 
SCOPE SCOPE 

(a) (b) 7C374-5 

Equivalent to: THEvENIN EQUIVALENT 
999 (COM'L) 
1369 (MIL) 2.08V (COM'L) 

OUTPUT o-----vvv---o 2.13V (MIL) 
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Parameter Vx Output Waveform-Measurement Level 

tER(-) 1.5V 
VOH 0.5V t ~ VX 7C374·7 

tER(+) 2.6V O.5V t ~ Vx VOL 
7C374-8 

tEA(+) 1.5V O.5V t ~ _ VOH 
Vx 7C374·9 

tEA(-) Vthc Vx t ~ O.5V VOL 7C374-10 

(a) Test Waveforms 

Switching Characteristics Over the Operating Range[7] 

7C374-66 

7C374-100 7C374-83 7C374L:"66 II 
Parameter Description Min. Max. Min. Max. Min. Max. Unit 

Combinatorial Mode Parameters 

tpD Input to Combinatorial Output 12 15 20 ns 

tpDL Input to Output Through Transparent Input or Output Latch 15 18 22 ns 

tpDLL Input to Output Through Transparent Input and Output Latches 16 19 24 ns 

tEA Input to Output Enable 16 19 24 ns 

tER Input to Output Disable 16 19 24 ns 

Input Registered/Latched Mode Parameters 

tWL Clock or Latch Enable Input LOW Time[S] 3 4 5 ns 

tWH Clock or Latch Enable Input HIGH TimdS] 3 4 5 ns 

tIS Input Register or Latch Set-Up Time 2 3 4 ns 

tIR Input Register or Latch Hold Time 2 3 4 ns 

tICO Input Register Clock or Latch Enable to Combinatorial Output 16 19 24 ns 

tIcaL Input Register Clock or Latch Enable to Output Through Trans-
parent Output Latch 

18 21 26 ns 

Output Registered/Latched Mode Parameters 

tco Clock or Latch Enable to Output 7 8 10 ns 

ts Set-Up Time from Input to Clock or Latch Enable 6 8 10 ns 

tH Register or Latch Data Hold Time 0 0 0 ns 

tC02 Output Clock or Latch Enable to Output Delay (Through 16 19 24 ns 
Memory Array) 

tscs Output Clock or Latch Enable to Output Clock or Latch Enable 10 12 15 ns 
(Through Memory Array) 

tSL Set-Up Time from Input Through Transparent Latch to Output 12 15 20 ns 
Register Clock or Latch Enable 

tHL Hold Time for Input Through Transparent Latch from Output 
Register Clock or Latch Enable 

0 0 0 ns 

fMAX! Maximum Frequency with Internal Feedback 100 83 66 MHz 
(Least of l/tscs, 1/( ts + tH), or l/tco)[S] 

fMAX2 Maximum Frequency Data Path in Output Registered!Latched 
Mode (Lesser of 1/(tWL + tWH), 1/(ts + tH), or lItco) 

143 125 100 MHz 

.. 
Shaded area contams prellmmary mformatIOn. 
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Switching Characteristics Over the Operating Range[7] (continued) 

7C374-66 

7C374-100 7C374-83 7~74Jl;;;':66 

Parameter Description 

fMAX3 Maximum Frequency with External Feedback 
(Lesser of l/(tco + ts) and l/(tWL + tWH» 

tOR-tIH Output Data Stable from Output clock Minus Input Register 
37x Hold Time for 7C37x[5. 8] 

Pipelined Mode Parameters 

tICS Input Register Clock to Output Register Clock 

fMAX4 Maximum Frequency in Pipelined Mode (Least of 1/(tco + tIS), 
l/tICS, 1/(tWL + tWR). 1/(tIS + tIH), or 1/tscs) 

Reset/Preset Parameters 

tRW Asynchronous Reset Widthl5] 

tRR Asynchronous Reset Recovery TimeL)J 

tRO Asynchronous Reset to Output 

tpw Asynchronous Preset Widthl5] 

tpR Asynchronous Preset Recovery Timet" J 

tpo Asynchronous Preset to Output 

tpOR Power-On ResetL)J 
.. 

Shaded area contams prelImmary mformallon. 

Note: 

Min. 

76.9 

0 

10 

100 

12 

14 

12 

14 

Max. Min. Max. Min. Max. Unit 

67.5 50 MHz 

0 0 ns 

12 15 ns 

83.3 66.6 MHz 

15 20 ns 

17 22 ns 

18 21 26 ns 

15 20 ns 

17 22 ns 

18 21 26 ns 

1 1 1 fls 

7. AIL AC parameters are m"asured with 16 outputs switching. 8. This specification is intended to guarantee interface compatibility of 
the other members of the CY7C370 family with the CY7C374. This 
specification is met for the devices operating at the same ambient tem
perature and at the same power supply voltage. 

Switching Waveforms 

Combinatorial Output 

INPUT 

COMBINATORIAL 
OUTPUT 

Registered Output 

INPUT 

CLOCK 

REGISTERED 
OUTPUT 

CLOCK 

________ t~~~x~x~x~x~xi------

" 
E. t,_J ----...,,---

1-~-1 
--------------------~><~~~)K========= 

1-_-_-_-:_tW_H_-:::.:t+-~~~~_t_WL:_ -_-_-}+I ___ _ J 
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Switching Waveforms (continued) 

Latched Output 

INPUT 

LATCH ENABLE 

LATCHED 
OUTPUT 

Registered Input 

REGISTERED 
INPUT 

INPUT REGISTER 
CLOCK 

COMBINATORIAL 
OUTPUT 

CLOCK 

Clock to Clock 

X 
j4--ts 

I- IpDL 

; 

y 

jr\. 
-115 

IWH 

l< 
tH-

" 
-teo 

; K 
IIH 

V 

~~1 
XX 

t IWL } 

REGISTERED 
INPUT ----~><~-------------------------

INPUT REGISTER 
CLOCK 

OUTPUT 
REGISTER CLOCK 

__ c_,~} ~ 
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Switching Waveforms (continued) 

Latched Input 

LATCHED INPUT 

LATCH ENABLE 

COMBINATORIAL 
OUTPUT 

LATCH ENABLE 

~K ..-K 
I----tl8 tlH-

"' ..- I'\. 
j.- tpDL ~tICO xJ,------.x,......,......xi= 

__ ;~tw_H-_-t~_-_tW_L-_---.t}....---

Latched Input and Output 

LATCHED INPUT 

LATCHED 
OUTPUT 

INPUT LATCH 
ENABLE 

OUTPUT LATCH 
ENABLE 

LATCH ENABLE 

Asynchronous Reset 

INPUT 

REGISTERED 
OUTPUT 

CLOCK 

__ ;t--~-_tW_H-_----IItoi--_-_tW_L-_-}....---

J----tRW • 

--------
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Switching Waveforms (continued) 

Asynchronous Preset 

INPUT 

REGISTERED 
OUTPUT 

CLOCK 

Power-Up Reset Waveform 

CY7C374 

t----tPW .. 

7C374-19 

POWER 10~ ~~9mo%%~---------------------------------------------VCC 

SUPPLY VOLTAGE ------~"'f" 14-------- tpOR -------'" 

REGISTERED --------t-t------"""\7~'"'7'~"'"''''7''~~~--------
ACTIVE LOW 

OUTPUTS ------------t-r-----------~~~~~~~~ 

CLOCK 

tpOR MAX = 1 fJS 7C374-20 

Output EnablelDisable 

INPUT 

-lit OUTPUTS 
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Ordering Information 

Speed Package Operating 
(MHz) Ordering Code Name Package 'tYPe Range 

100 CY7C374-100AC AlOO 100-Pin Thin Quad Flat Pack Commercial 

CY7C374-100GC G84 84-Pin Grid Array (Cavity Up) 

CY7C374-100JC J83 84-Lead Plastic Leaded Chip Carrier 

83 CY7C374-83AC AlOO lOO-Pin Thin Quad Flat Pack Commercial 

CY7C374-83GC G84 84-Pin Grid Array (Cavity Up) 

CY7C374-83JC J83 84-Lead Plastic Leaded Chip Carrier 

CY7C374-83AI AlOO 100-Pin Thin Quad Flat Pack Industrial 

CY7C374-83JI J83 84-Lead Plastic Leaded Chip Carrier 

CY7C374-83GMB G84 84-Pin Grid Array (Cavity Up) Military 

CY7C374-83YMB Y84 84-Pin Ceramic Leaded Chip Carrier 

66 CY7C374-66AC AlOO 100-Pin Thin Quad Flat Pack Commercial 

CY7C374-66GC G84 84-Pin Grid Array (Cavity Up) 

CY7C374-66.Jt: J83 84-Lead Plastic Leaded Chip Carrier 

CY7C374-66AI AlOO 100-Pin Thin Quad Flat Pack Industrial 

CY7C374-66JI J83 84-Lead Plastic Leaded Chip Carrier 

CY7C374-66GMB G84 84-Pin Grid Array (Cavity Up) Military 

CY7C374-66YMB Y84 84-Pin Ceramic Leaded Chip Carrier 

CY7C374L-66AC AlOO lOO-Pin Thin Quad Flat Pack Commercial 

CY7C374L-66JC J83 84-Lead Plastic Leaded Chip Carrier 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 
DC Characteristics 

Parameter Subgroups 

VOH 1,2,3 

VOL 1,2,3 

VIH 1,2,3 

VIL 1,2,3 

IIX 1,2,3 

loz 1,2,3 

ICCl 1,2,3 

Document #: 38-00214-D 

Switching Characteristics 
Parameter Subgroups 

tpD 9,10,11 

tpDL 9,10,11 

tpDLL 9,10,11 

tco 9,10,11 

tICO 9,10,11 

tICOL 9,10,11 

ts 9,10,11 

tSL 9,10,11 

tH 9,10,11 

tHL 9,10,11 

tIS 9,10,11 

tIH 9,10,11 

tICS 9,10,11 

tEA 9,10,11 

tER 9,10,11 

UltraLogic, FLASH370, Wa>p2, Wa>p2+, and Wa>p3 are trademarks of Cypress Semiconductor Corporation. 
ABEL is a trademark of Data I/O Corporation. 
CUPL is a trademark of Logical Devices Incorporated. 
LOG/iC is a trademark of Isdata Corporation. 
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CY7C375 

UltraLogic ™ 128-Macrocell Flash CPLD 
Features 
• 128 macroceUs in eight logiS blocks 

• 128 I/O pins 
• 6 dedicated inpnts including 4 clock 

pins 

• No hidden delays 

• High speed 
-fMAX = 100 MHz 
-tPD = 12 ns 
-ts = 6ns 
-teo = 7ns 

• Electrically alterable FLASH 
technology 

• Available in 160-pin TQFP, CQFP, and 
PGA packages 

Logic Block Diagram 

161/05 
1/00-1/0 15 

161/05 
1/0 16-1/031 

161/05 
1/032-1/0 47 

161/05 
1/046-1/0 63 

Selection Guide 

Maximum Propagation Delay, tpD (ns) 

Minimum Set-Up, ts (ns) 

Maximum Clock to Output, teo (ns) 

Maximum su0Ply 
Current, Icc rnA) 

Shaded area contams preltmmary mformatlOn. 

Functional Description 
. The CY7C375 is a Plash erasable Complex 
Programmable Logic Device (CPLD) and 
is part of the FLAsH370 N family of high
density, high-speed CPLDs. Like all mem
bers ofthe FLAsH370 family, the CY7C375 
is designed to bring the ease of use and 
high performance of the 22VlO to high
density PLDs. 

64 

The 128macrocellsin the CY7C375 aredi
vided between eightlogic blocks. Each log
ic block includes 16 macrocells, a 72 x 86 
product term array, and an intelligent 
product term allocator. 

The logic blocks in the FLASH370 architec
ture are connected with an extremely fast 
and predictable routing resource-the 
Programmable Interconnect Matrix 

INPUT 
MACROCELLS 

36 

16 

36 

16 

36 

16 

36 

16 

7C375-100 

12 

6 

7 

I Commercial 330 

I Military/Industrial 

3-54 

(PIM). The PIM brings flexibility, rout
ability, speed, and a uniform delay to the 
interconnect. 

Like all members of the FLAsH370 family, 
the CY7C375 is rich in I/O resources. Ev
ery macrocell in the device features an 
associated I/O pin, resulting in 128 I/O 
pins on the CY7C375. In addition, there 
are two dedicated inputs and four input! 
clock pins. 

Finally, the CY7C375 features a very sim
ple timing model. Unlike other high-densi
ty CPLD architectures, there are no hid
den speed delays such as fanout effects, in
terconnect delays, or expander delays. Re
gardless of the number of resources used 
or the type of application, the timing pa
rameters on the CY7C375 remain the 
same. 

161/05 

1/0 112-1/0 127 

161/05 

1/0 96-1/0 111 

161/05 
1/060-1/0 95 

161/05 
1/064-1/0 79 

64 
7C375-1 

7C375-83 7C375-66 7C375L-66 

15 20 20 

8 10 10 
8 10 10 

300 300 ~5~" 
370 370 ' "; ,',' " 



Pin Configurations 

GND 
1/0 16 
1/0 17 
I/O,. 
1/0 19 
1/0 20 

1/0 21 

1/0 22 
1/023 
GND 
1/024 

1/0 25 
1/0 26 
1/0 27 
1/028 

1/°29 
1/030 
1/°31 

ClKollo 
Vee 

GND 
CLK1/11 

I/O., 
110 .. 
1/034 

1/0 35 
110 .. 
1/0 37 
1/038 
1/0gg 
GND 
1/040 
1/041 
1/042 
I/O .. 
I/O .. 
1/°45 
110", 
1/047 
Vee 

TQFP/CQFP 

Top View 

3-55 

120 

119 
118 
117 
116 
115 
114 
113 
112 
111 
110 
109 
108 
107 
106 
105 
104 
103 
102 
101 
100 
99 
98 
97 

96 
95 
94 
93 
92 
91 
90 
89 
88 
87 
86 
85 
84 

83 
82 
81 

CY7C375 

Vee 
1/0 111 

110 110 

1/°'09 
1/0 108 

110107 

1/0,06 

110 105 

1/°104 
GND 
1/0 103 

1/°102 

1/0 101 
110 100 

I/O,. 
110,. 
I/O" 
110,. 
ClKalI, 

GND 
Vee 
ClK,!13 
1/0 95 
110 .. 
1/0 93 

1/0 92 
I/o", 
1/000 
110 .. 
110 .. 
GND 
I/OS7 
110 .. 
110 .. 
110 .. 
1/0 83 
I/O" 
I/OS1 
1/0 80 
GND 

7C375-2 
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1zrcYPRESS 
Pin Configurations (continued) 

R 1/°,09 1/0112 1/0115 1/°,18 1/0121 1/0,23 

p 1/0100 1/0 110 I/O". V0 116 1/0119 1/°,22 

N 1/°106 1/°,06 1/0", 1/0 114 1/0117 1/0,20 

M 1/°,02 1/0,04 1/°,07 Vee 

1/°,00 1/0 ,01 1/°,03 

K I/o.. I/0 .. GND 

I/0 .. 1/°97 
ClK3 Vee /I. 

H I/O .. GND Cl.K2 GND /13 

G I/0 .. I/O .. 1/0,2 Vee 

F 1/0" I/O" I/0 .. 

I/O .. I/O., I/0 .. • 
o I/0 .. I/O .. 1/082 GND 

C I/0 .. 1/0., GND 1/0,6 1/0'2 GND 

I/O .. 1/0,9 I/Orr 1/°73 1/°70 I/O .. 

A 1/0 78 I/O,. I/O,. I/O" I/0 .. I/0., 

PGA 
Bottom View 

1/0,,,,, 1/0,27 1/00 

1/0125 GND 1/0, 

1/0,2. I. 1/02 

Vee GND Vee 

Vee GND Vee 

I/O .. 12 I/O .. 

I/O .. GND 1/0., 

I/0 .. I/0 .. 1/062 

3-56 

I/0. I/0. 

I/0. 1/°0 

GND I/0. 

I/O .. 1/°53 

I/O .. I/0 .. 

I/0 .. I/0., 

10 11 

CY7C375 

I/O, 1/°,0 I/O" 1/0 ,. 

I/O, 1/0,. 1/015 1/0 ,6 

1/0,2 GND 1/0 17 I/O" 

GND 1/0,. 1/°20 1/°22 

1/021 1/023 I/0 .. 

1/024 1/026 1/°27 

Vee 1/°2. 1/°29 I/O .. 

GND ClKO GND 1/0., /10 

Vee ClK1 I/0 .. 1/°32 /1, 

GND V035 V034 

I/O .. 1/°3, I/O .. 

Vee I/O .. I/0 .. I/0 .. 

I/O .. 1/047 I/0 .. I/O., 

I/O .. I/O .. I/O., 1/°42 

I/0 .. 1/0., I/0 .. I/0 .. 

12 13 14 15 
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Functional Description (continued) 

Logic Block 

The number of logic blocks distinguishes the members of the 
F'LAsH370 family. The CY7C375 includes eight logic blocks. Each 
logic block is constructed of a product term array, a product term 
allocator, and 16 macrocells. 

Product Term Array 

The product term array in the F'LAsH.370 logic block includes 36 in
puts from the PIM and outputs 86 product terms to the product 
term allocator. The 36 inputs from the PIM are available in both 
positive and negative polarity, making the overall array size 72x86. 
This large array in each logic block allows for very complex func
tions to be implemented in single passes through the device. 

Product Term Allocator 

The product term allocator is a dynamic, configurable resource 
that shifts product terms to macrocells that require them. Any 
number of product terms between 0 and 16 inclusive can be as
signed to any of the logic block macrocells (this is called product 
term steering). Furthermore, product terms can be shared among 
multiple macrocells. This means that product terms that are com
mon to more than one output can be implemented in a single prod
uct term. Product term steering and product term sharing help to 
increase the effective density of the FLASH370 Pills. Note that 
product term allocation is handled by software and is invisible to 
the user. 

I/O Macrocell 

Each of the macrocells on the CY7C375 has a separate I/O pin 
associated with it. The input to the macrocell is the sum of between 
o and 16 product terms from the product term allocator. The ma
crocell includes a register that can be optionally bypassed, polarity 
control over the input sum-term, and four global clocks to trigger 
the register. The macrocell also features a separate feedback path 
to the PIM so that the register can be buried if the I/O pin is used 
as an input. 

Programmable Interconnect Matrix 

The Programmable Interconnect Matrix (PIM) connects the eight 
logic blocks on the CY7C375 to the inputs and to each other. AIl 

CY7C375 

inputs (including feedbacks) travel through the PIM. There is no 
speed penalty incurred by signals traversing the PIM. 

Development Tools 

Development software for the CY7C375 is available from 
Cypress's Wa1p2m, Wa1p2+ m, and Wa1p3 m software packages. 
Both of these products are based on the IEEE standard VHDL 
language. Cypress also supports third-party vendors such as 
ABEL m, CUPL m, and LOG/iC'". Please contact your local 
Cypress representative for further information. 

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

Storage Temperature ................... -65°C to + 150°C 

Ambient Temperature with 
Power Applied ........................ -55°C to + 125°C 
Supply Voltage to Ground Potential ......... -O.5V to +7.0V 

DC Voltage Applied to Outputs 
in High Z State .......................... -O.5Vto +7.0V 
DC Input Voltage ........................ -0.5V to + 7.0V 

DC Program Voltage .............................. 12.5V 

Output Current into Outputs ...................... 16 rnA 
Static Discharge Voltage ........................ > 2001 V 
(per MIL-STD-883, Method 3015) 

Latch-Up Current ............................ >200 rnA 

Operating Range 

Ambient 
Range Temperature Vee 

Commercial O°Cto +70°C 5V±5% 

Industrial -40°C to +85°C 5V ± 10% 

Military[l] -55°C to +125°C 5V ± 10% 

Note: 
1. TA is the "instant on" case temperature. 
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Electrical Characteristics Over the Operating Rangd2] 

Parameter Description Test Conditions Min. Max. Unit 

VOR Output HIGH Voltage Vee = Min. lOR = -3.2 rnA (Com'l/Ind) 2.4 V 

lOR = -2.0 rnA (Mil) V 

VOL Output LOW Voltage Vee = Min. IOL = 16 rnA (Com'l/Ind) 0.5 V 

IOL = 12 rnA (Mil) V 

VIH Input HIGH Voltage Guaranteed Input Logical HIGH voltage for all inputs[3] 2.0 7.0 V 

VIL Input LOW Voltage Guaranteed Input Logical LOW voltage for all inputs[3] -0.5 0.8 V 

IIX Input Load Current GND.s VI.s Vee -10 +10 !lA 
loz Output Leakage Current GND.s Vo.s Vee, Output Disabled -50 +50 !lA 
los Output Short Vee = Max., VOUT = O.5V -30 -90 rnA 

Circuit Currentl4,5] 

Icc Power Supply Currend6J Vee = Max., lOUT = 0 rnA, Com'l 300 rnA 
f = 1 mHz, VIN = GND, Vee 

~6:. 
; 150 ••. ,ttiA. I> " 

"; 

Mil/Ind 370 rnA 
Shaded area contaInS prehmmary mformation. 

Capacitance[5] 
Parameter Description Test Conditions Max. Unit 

CIN Input Capacitance VIN = 5.0V at f=l MHz 10 pF 

COUT Output Capacitance VOUT = 5.0V at f = 1 MHz 12 pF 

Endurance Characteristics[5] 

Description Test Conditions 

Minimum Reprogramming Cycles Normal Programming Conditions 

Notes: 
2. See the last page of this specification for Group A subgroup testing in

formation. 
5. Tested initially and after any design or process changes that may affect 

these parameters. 
3. These are absolute values with respect to device ground. All over

shoots due to system or tester noise are included. 
4. Not more than one output should be tested at a time. Duration of the 

short circuit should not exceed 1 second. V OUT = O.5V has been cho
sen to avoid test problems caused by tester ground degradation. 

6. Measured with 16-bit counter programmed into each logic block. 
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AC Test Loads and Waveforms 
238fJ (COM'L) 238fJ (COM'L) 

OUTPUT OUTPUT 170fJ (COM'L) 

5V ~319fJ (MIL) 5V sn319fJ (MIL) 3.0V 

35 pF 170fJ (COM'L) 5 pF 236fJ (MIL) GND 

INCLUDING J _ 236fJ (MIL) J _ .$. 2 ns 
JIG AND - - INCLUDING - -
SCOPE JIG AND 

(a) 
SCOPE 

Equivalent to: THEVENIN EQUIVALENT 
99fJ (COM'L) 
136Q (MIL) 2.08V (COM'L) 

OUTPUT cr-----wv----o 2.13V (MIL) 

(b) 7C375-4 

Parameter Vx Output Waveform-Measurement Level 

tER(-) 1.5V 
VOH 0.5V t F;; 

tER(+) 2.6V O.5V t I:: VOL 

tEA(+) 1.5V O.5V t I:: Vx 

tEA(-) Vthc Vx t F;; O.5V 

(d) Test Waveforms 

Switching Characteristics Over the Operating Range[7] 

Parameter Description 

Combinatorial Mode Parameters 

tpD Input to Combinatorial Output 

Vx 

Vx 

VOH 

VOL 

tpDL Input to Output Through Transparent Input or Output Latch 

tPDLL Input to Output Through 'fiansparent Input and Output Latches 

tEA Input to Output Enable 

tER Input to Output Disable 

Input Registered/Latched Mode Parameters 

tWL Clock or Latch Enable Input LOW TimelS] 

tWH Clock or Latch Enable Input HIGH TimelS] 

tIS Input Register or Latch Set-Up Time 

tIH Input Register or Latch Hold Time 

tICO Input Register Clock or Latch Enable to Combinatorial Output 

tIcaL Input Register Clock or Latch Enable to Output Through Trans-
parent Output Latch 

Output Registered/Latched Mode Parameters 

tco Clock or Latch Enable to Output 

ts Set-Up Time from Input to Clock or Latch Enable 

tH Register or Latch Data Hold Time 
Shaded area contams prehmmary mformatlOn. 
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7C375-100 

Min. Max. 

12 

15 

16 

16 

16 

3 

3 

2 

2 

16 

18 

7 

6 

0 

CY7C375 

ALL INPUT PULSES 

90% 

(c) 7C375·5 

II 

7C375-66 

7C375-83 7C375L-66 

Min. Max. Min. Max. Unit 

15 20 ns 

18 22 ns 

19 24 ns 

19 24 ns 

19 24 ns 

4 5 ns 

4 5 ns 

3 4 ns 

3 4 ns 

19 24 ns 

21 26 ns 

8 10 ns 

8 10 ns 

0 0 ns 
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Switching Characteristics Over the Operating Range[7] (continued) 

Parameter Description 

teo2 Output Clock or Latch Enable to Output Delay (Through 
Memory Array) 

tscs Output Clock or Latch Enable to Output Clock or Latch Enable 
(Through Memory Array) 

tSL Set-Up Time from Input Through 'Itansparent Latch to Output 
Register Clock or Latch Enable 

tHL Hold Time for Input Through 1l:ansparent Latch from Output 
Register Clock or Latch Enable 

fMAXI Maximum Frequency with Internal Feedback 
(Least of l/tscs, 1/(ts + tH), or l/tc;o)[5] 

fMAX2 Maximum Frequency Data Path in Output RegisteredlLatched 
Mode (Lesser of l/(tWL + tWH), l/(ts + tH), or 1Iteo) 

fMAX3 Maximum Frequency with External Feedback 
(Lesser of l/(tco + ts) and l/(tWL + tWH» 

tOH-tIH 
37x 

Output Data Stable from Output clock Minus Input Register 
Hold Time for 7C37x[5, 8] 

Pipelined Mode Parameters 

tiCS Input Register Clock to Output Register Clock 

fMAX4 Maximum Frequency in Pipelined Mode (Least of l/(tco + tiS), 
lItlCS, lI(tWL + tWH), l/(tls + tIH), or lItses) 

Reset/Preset Parameters 

tRW Asynchronous Reset WidthPj 

tRR Asynchronous Reset Recovery TimelSj 

tRO Asynchronous Reset to Output 

tpw .Asynchronous Preset WidthL5j 

tpR Asynchronous Preset Recovery TimePJ 

tpo Asynchronous Preset to Output 

tpOR Power-On Reset 

Note: 
7. All AC parameters are measured with 16 outputs switching. 
8. This specification is intended to guarantee interface compatibility of 

the other members of the CY7C370 family with the CY7C375. This 
specification is met for the devices operating at the same ambient tem
perature and at the same power supply voltage. 

Switching Waveforms 

Combinatorial Output 

INPUT 

COMBINATORIAL 
OUTPUT 
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CY7C375 

7C375-66 

7C375-100 7C375-83 7C37SL':';6(i 

Min. Max. Min. Max. Min. Max. Unit 

16 19 24 ns 

10 12 15 ns 

12 15 20 ns 

0 0 0 ns 

100 83 66 MHz 

143 125 100 MHz 

76.9 62.5 50 MHz 

0 0 0 ns 

10 12 15 ns 

100 83.3 66.6 MHz 

12 15 20 ns 

14 17 22 ns 

18 21 26 ns 

12 15 20 ns 

14 17 22 ns 

18 21 26 ns 

1 1 1 Its 

7C375-6 
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Switching Waveforms (continued) 

Combinatorial Output 

INPUT 

COMBINATORIAL 
OUTPUT 

Registered Output 

INPUT 

CLOCK 

REGISTERED 
OUTPUT 

CLOCK 

Latched Output 

INPUT 

LATCH ENABLE 

LATCHED 
OUTPUT 

t 'm 1 
__________ ~z~x~x~x~x~x~========= 

E. ~_J< ______ ,,--
1-~-1 

------------.-x....,.......~======== 
JI4----,...---tw_H -tk--twL------.j}.....----

v 'K 
~ts tH-

)~ ~" 
I-- tpOL I--tco 
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Switching Waveforms (continued) 

Registered Input 

REGISTERED 
INPUT 

INPUT REGISTER 
CLOCK 

COMBINATORIAL 
OUTPUT 

CLOCK 

Clock to Clock 

REGISTERED 
INPUT 

INPUT REGISTER 
CLOCK 

OUTPUT 
REGISTER CLOCK 

Latched Input 

LATCHED INPUT 

LATCH ENABLE 

COMBINATORIAL 
OUTPUT 

LATCH ENABLE 

jK )K 
tiS tlH 

V 

I-- tlCO xil,...----
__ }I+--,....--_tWH==~t=--=-tW_L-_----.l} __ 

--~><~-------------

__ t=_~, t 0-
K V 

I------ tiS tlH-
1/ '" i-tpDL i--tICO xil-----x--xi= 

_}...---tW_H ---t-l---""'----tW __ L-}.....---
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Switching Waveforms (continued) 

Latched Input and Output 

LATCHED INPUT 

LATCHED 
OUTPUT 

INPUT LATCH 
ENABLE 

OUTPUT LATCH 
ENABLE 

K 
I- tICOL'" 

'I\. 

r--tICS-

V--

J tWH t LATCH ENABLE 

Asynchronous Reset 

tRW 

INPUT 

REGISTERED 
OUTPUT 

CLOCK 

Asynchronous Preset 

tpw 

INPUT 

REGISTERED 
OUTPUT 

CLOCK 
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Switching Waveforms (continued) 

Power-Up Reset Wavefonn 

CY7C375 

POWER 10% 
~~9~0-%~------------------------VCC 

SUPPLY VOLTAGE ---------...-
~------------tpOR------------~~ 

REGISTERED -------+-+------"T'" ....... -....--,........,..,........, ............. +....--------
ACTIVE LOW 

OUTPUTS -------+-+-------~~~'-~~~~~ 

CLOCK 

tpOR MAX = 1 !'S 

Output Enable/Disable 

INPUT 

OUTPUTS 

Ordering Information 
Speed Package 
(MHz) Ordering Code Name Package type 

100 CY7C375 -100AC A160 160-Lead Thin Quad F1atpack 

83 CY7C375-83AC A160 160-Lead Thin Quad F1atpack 

CY7C375-83A1 A160 160-Lead Thin Quad F1atpack 

CY7C375-83GMB G160 160-Pin Grid Array 

CY7C375-83UMB U162 160-Pin Ceramic Quad F1atpack[9j 

66 CY7C375 - 66AC A160 160-Lead Thin Quad F1atpack 

CY7C375 - 66AI A160 160-Lead Thin Quad F1atpack 

CY7C375-66GMB G160 160-Pin Grid Array 

CY7C375-66UMB U162 160-Pin Ceramic Quad F1atpack[9j 

66 CY7C375L-66AC A160 160-Lead Thin Quad F1atpack 

Notes: 
9. Available as custom trim and form version. Contact local Cypress 

office for package information. 
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Operating 
Range 

Commercial 

Commercial 

Industrial 

Military 

Commercial 

Industrial 

Military 

Commercial 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 
DC Characteristics 

Patameter Subgroups 

VOH 1,2,3 

VOL 1,2,3 

VIH 1,2,3 

VIL 1,2,3 

Ilx 1,2,3 

Ioz 1,2,3 

Icc 1,2,3 

Document #: 38-00217-D 

Switching Characteristics 

Parameter Subgroups 

tpD 9,10,11 

tco 9,10,11 

tlCO 9,10,11 

ts 9,10,11 

tH 9,10,11 

tIS 9,10,11 

tIH 9,10,11 

tICS 9,10,11 

UltraLogic, FLASH370, Wmp2, Wmp2+, and Wa1p3 are trademarks of Cypress Semiconductor Corporation. 
ABEL is a trademark of Data I/O Corporation. 
WG/iC is a trademark of Isdata Corporation. 
CUPL is a trademark of Logical Devices Incorporated. 
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FLASH370i 1M ISR 1M 

CYPRESS 
ADVANCED INFORMATION CPLD Family 

Features 
• Flash In-System Reprogrammable 

(lSR ~) CMOS CPLDs 
-JTAG interface 

• High density 
-32-128 macrocells 
- 32 -128 I/O pins 
- Multiple clock pins 

• Fully PCI compliant 
• High speed 

-tpD = 8.5-12 ns 
-ts = 5-7ns 
-teo = 6-7ns 

• Fast Programmable Interconnect Ma
trix (PIM) 
- Uniform predictable delay, inde

pendent of routing 

• Intelligent product term allocator 
- 0-16 product terms to any macro

cell 
- Provides product term steering on 

an individual basis 
- Provides product term sharing 

among local macrocells 
-Prevents stealing of neighboring 

product terms 

• Simple timing model 
-No fanout delays 
- No expander delays 
- No dedicated vs.I/O pin delays 
- No additional delay through PIM 
- No penalty for using full 16 prod-

net terms 
- No delay for steering or sharing 

product terms 

• Flexible clocking 
- 2-4 clock pins per device 
- Clock polarity control 

• Security hit and user ID supported 

• Packages 
-44-160 pins 
- PLCC, CLCC, PGA, CQFP, and 

TQFP packages 

FLAsH370i Selection Guide 
Device Pins Macrocells 

371i 44 32 

372i 44 64 

373i 84/100 64 

374i 84/100 128 

375i 160 128 

UltraLogic ™ High-Density Flash CPLDs 
• Wa1p2 N IWa1p2 + N 

- Low-cost, text-based design tool, 
PLD compiler 

- IEEE 1164-compliant VHDL 
- Available on PC, Sun, and HP plat-

forms 
• Wa1p3 m CAE development system 

-VHDLinput 
- ViewLogic graphical user interface 
- Schematic capture (ViewDraw ru) 
- VHDL simulation (ViewSim ru ) 
-Available on PC, Sun, and HP plat-

forms 

General Description 
The FLAsH370i ru family of CMOS CPLDs 
provides a range of high-density program
mable logic solutions with unparalleled 
performance. Each member of the family 
is designed with Cypress's state-of-the-art 
0.65-micron Flash technology. 

All of the U1traLogic FLASH370i devices 
are electrically erasable and In-System Re
programmable (ISR), which simplifies 
both design and manufacturing flows, 
thereby reducing costs. The Cypress ISR 
function is implemented through a 4-pin 
serial interface. Data is shifted in and out 
through the SDI and SDO pins, respective
ly, using the programming voltage pin 
(Vpp). These pins are dual function pro
viding a pin-compatible upgrade to earlier 
versions of the FLASH370 devices. Addi
tionally, because of the superior routability 
ofthe FLAsH370i devices, ISR often allows 
users to change existing logic designs while 
simultaneously fixing pinout assignments. 
Additionally, the entire family is fully com
pliant with the PCI Local Bus specifica
tion, meeting all the electrical and timing 
requirements. 

The FLAsH370i family is designed to bring 
the flexibility, ease of use and performance 
of the 22VlO to high-density CPLDs. The 
architecture is based on a number of logic 
blocks that are connected by a Program-

mabie Interconnect Matrix (PIM). Each 
logic block features its own product term 
array, product term allocator array, and 16 
macro cells. The PIM distributes signals 
from one logic block to another as well as 
all inputs from pins. 

The family features a wide variety of densi
ties and pin counts to choosefrom. Ateach 
density there are two packaging options to 
choose from-one that is I/O intensive and 
another that is register intensive. For ex
ample, the CY7C374i and CY7C375i both 
feature 128 macrocells. On the CY7C374i 
half of the macrocells are buried and the 
device is available in 84-pin packages. On 
the CY7C375i all ofthe macrocells are fed 
to I/O pins and the device is available in 
160-pin packages. Figure 1 shows a block 
diagram of the CY7C374i/5i. 

Functional Description 
Programmable Interconnect Matrix 

The Programmable Interconnect Matrix 
(PIM) consists of a completely global rout
ing matrix for signals from I/O pins and 
feedbacks from the logic blocks. The PIM 
is an extremely robust interconnect that 
avoids fitting and density limitations. 
Routing is automatically accomplished by 
software and the propagation delay 
through the PIM is transparentto the user. 
Signals from any pin or any logic block can 
be routed to any or all logic blocks. 

The inputs to the PIM consist of all I/O 
and dedicated input pins and all macrocell 
feedbacks from within the logic blocks. 
The number of PIM inputs increases with 
pincount and the number of logic blocks. 
The outputs from the PIM are signals 
routed to the appropriate logic block(s). 
Each logic block receives 36 inputs from 
the PIM and their complements, allowing 
for 32-bit operations to be implemented 
in a single pass through the device. The 
wide number of inputs to the logic block 
also improves the routing capacity of the 
FLASH370i family. 

Dedicated Inputs I/O Pins Flip-Flops Speed (tpD) Speed (fMAX) 

6 32 44 8.5 143 

6 32 76 10 125 

6 64 76 10 125 

6 64 140 12 100 

6 128 140 12 100 
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INPUT 
MACROCELLS 

4 

36 

16 

36 

16 
PIM 

36 

16 

36 

16 

CLOCK 
INPUTS 

4 

INPUT/CLOCK 
MACROCELLS 

36 

16 

36 

16 

36 

16 

36 

16 

flash370i-1 

Figure 1. CY7C374i/Si Block Diagram 

Functional Description (continued) 

An importantfeature ofthe PIMinvolves timing. The propagation 
delay through the PIM is accounted for in the timing specifications 
for each device. There is no additional delay for traveling through 
the PIM. In fact, allinputs travel through the PIM. Likewise, there 
are no route-dependent timing parameters on the F'LAsH370i de
vices. The worst-case PIM delays are incorporated in all appropri
ate F'LAsH37Oi specifications. 

Routing signals through the PIM is completely invisible to the user. 
All routing is accomplished 100% by software-no hand routing is 
necessary. Wwp2 and third-party development packages automat
ically route designs for the F'LAsH370i family in a matter of min
utes. Finally, the rich routing resources of the F'LAsH370i family 
accommodate last minute logic changes while maintaining fixed 
pin assignments. 

Logic Block 

The logic block is the basic building block of the F'LAsH370i archi
tecture. It consists of a product term array, an intelligent product
term allocator, 16 macrocells, and a number ofl/O cells. The num
ber of I/O cells varies depending on the device used. 

There are two types of logic blocks in the FLASH370i family. The 
first type features an equal number (16) ofl/O cells and macrocells 
and is shown in Figure 2. This architecture is bestfor I/O-intensive 
applications. The second type oflogic block features a buried ma
crocell along with each I/O macrocell. In other words, in each logic 
block, there are eight macrocells that are connected to I/O cells 
and eight macrocells that are internally fed back to the PIM only. 

This organization is designed for register-intensive applications 
and is displayed in Figure 3. Note that at each F'LAsH37Oi density 
(except the smallest), an I/O intensive and a register-intensive de
vice is available. 

Product Tenn Array 

Each logic block features a 72 x 86 programmable product term 
array. This array is fed with 36 inputs from the PIM, which origi
nate from macrocell feedbacks and device pins. Active LOW and 
active HIGH versions of each of these inputs are generated to 
create the full 72-inputfie1d. The 86 productterms in the array can 
be created from any of the 72 inputs. 

Ofthe 86 product terms, 80 are for general-purpose use for the 16 
macrocells in the logic block. Four of the remaining six product 
terms in the logic block are output enable (OE) product terms. 
Each of the OE product terms controls up to eight ofthe 16 macro
cells and is selectable on an individual macrocell basis. In other 
words, each I/O cell can select between one of two OE product 
terms to control the output buffer. The first two ofthese four OE 
product terms are available to the upper half of the I/O macrocells 
in a logic block. The other two OE product terms are available to 
the lower half of the I/O macrocells in a logic block. The final two 
product terms in each logic block are dedicated asynchronous set 
and asynchronous reset product terms. 

Product Tenn Allocator 

Through the product term allocator, software automatically dis
tributes product terms among the 16 macrocells in the logic block 
as needed. A total of 80 product terms are available from the local 
product term array. The product term allocator provides two im-
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r------------------------------------------------------------ ... 
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TERM 
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0-16 
PRODUCT 
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2 

.. ____________________________________________ .. _ .. _____________ J 

Figure 2. Logic Block for CY7C371i, CY7C373i, and CY7C37Si (I/O Intensive) 
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Figure 3. Logic Block for CY7C372i and CY7C374i (Register Intensive) 
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portant capabilities without affecting performance: product term 
steering and product term sharing. 

Product Tenn Steering 

Product term steering is the process of assigning product terms to 
macrocells as needed. For example, if one macrocell requires ten 
product terms while another needs just three, the product term al
locator will "steer" ten product terms to one macrocell and three to 
the other. On F'LAsH370i devices, product terms are steered on an 
individual basis. Any number between 0 and 16 product terms can 
be steered to any macrocell. Note that 0 product terms is useful in 
cases where a particular macrocell is unused or used as an input 
register. 

Product Tenn Sharing 

Product term sharing is the process of using the same product term 
among multiple macrocells. For example, if more than one output 
has one or more product terms in its equation that are common to 
other outputs, those product terms are only program~ed once. 
The F'LAsH37Oi product term allocator allows shanng across 
groups of four output macrocells in a variable fashion. The soft
ware automatically takes advantage of this capability-the user 
does not have to intervene. Note that greater usable density can 
often be achieved if the user "floats" the pin assignment. This al
lows the compiler to group macrocells that have common product 
terms adjacently. 

Note that neither product term sharing nor product term steering 
have any effect on the speed ofthe product. All worst-case steering 
and sharing configurations have been incorporated in the timing 
specifications for the F'LAsH37Oi devices. 

FLAsH370i Macrocell 

I/O Macrocell 

Within each logic block there are 8 or 16 I/O macrocells depending 
on the device used. Figure 4 illustrates the architecture of the I/O 
macrocell. The macrocellfeatures a register that can be configured 
as combinatorial, a D flip-flop, a T flip-flop, or a level-triggered 
latch. 

The register can be asynchronously set or asynchronously reset at 
the logic block level with the separate set and reset product terms. 
Each of these product terms features programmable polarity. T.his 
allows the registers to be set or reset based on an AND expreSSIOn 
or an OR expression. 

Clocking of the register is very flexible. Depending on the device, 
either two or four global synchronous clocks are available to clock 
the register. Furthermore, each clock features'programmabl~ I?o
larity so that registers can be triggered on f~lhng as well as r~sm.g 
edges (see the Dedicated/Clock Inputs sectIOn). Clock polanty IS 
chosen at the logic block level. 

At the output of the macrocell, a polarity control mux is available 
to select active LOW or active HIGH signals. This has the added 
advantage of allowing significant logic reduction to occur in many 
applications. 

The FLASH370i macrocellfeatures a feedback path to the PIM sep
arate from the I/O pin input path. This means that if the macrocell 
is buried (fed back internally only), the associated I/O pin can still 
be used as an input. 

Buried Macrocell 

Some of the devices in the FLASH370i family feature additional ma
crocells that do not feed individual 110 pins. Figure 5 displays the 
architecture of the I/O and buried macrocells for these devices. 
The I/O macrocell is identical to the one on devices without buried 
macrocells. 

The buried macrocell is very similar to the I/O macrocell. Again, it 
includes a register that can be configured as combinatorial, a D 
flip-flop, ~ T flip-flop, .or a latch. The clock for this regist~r has t~e 
same optIons as descnbed for the I/O macrocell. The pnmary dif
ference between the I/O macrocell and the buried macrocell is that 
the buried macrocell does not have the ability to output data di
rectly to an I/O pin. 

One additional difference on the buried macrocell is the addition 
of input register capability. The buried macrocell can be config
ured to act as an input register (D-type or latch) whose input comes 
from the I/O pin associated with the neighboring macrocell. The 

I/O MACROCELL 
r ........ .......................................................................... -, 

0-16 PRODUCT 
TERMS 

, I/O CELL 
r------------------~ 

'0" 
I "1~ '-T ,~~~ 

, C5 C6 ...... - --------------.1 , 
______________________________________ J 

Note: 

ASYNCHRONOUS 
BLOCK RESET 

ASYNCHRONOUS 4 SYSTEM CLOCKS (CY7C373i - CY7C3751) 
BLOCK PRESET 2 SYSTEM CLOCKS (CY7C3711 - CY7C372i) 

FEEDBACK TO PIM 

FEEDBACK TO PIM 

Figure 4. I/O Macrocell 

1. Cl is not used on the CY7C371i and CY7C372i since the mux size is 2:1. 
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output of all buried macrocells is sent directly to the PIM regard
less of its configuration. 

FLAsH370i I/O Cell 

The I/O cell on the FLAsH370i devices is illustrated along with the 
I/O macrocell in Figures 4 and5. The user can program the I/O cell 
to change the way the three-state output buffer is enabled and/or 
disabled. Each output can be set permanently on (output only), 

permanently off (input only), or dynamically controlled by one of 
two OE product terms. 

Dedicated/Clock Inputs 

Six pins on each member ofthe FLAsH370i family are designated as 
input-only. There are two types of dedicated inputs on FLASH370i 
devices: input pins and input/clock pins. Figure 6 illustrates the ar-

I/O MACROCELL 
r - -

FROMPTM 

r - -

FROMPTM 

0-16 PRODUCT 
TERMS 

ASYNCHRONOUS 
BLOCK RESET 

ASYNCHRONOUS 
BLOCK PRESET 

BURIED MACROCELL 

FEEDBACK TO PIM 

FEEDBACK TO PIM 

FEEDBACK TO PIM 

I/O CELL 
r -- ........ -- ............ -- .... .. , 

"0" 
"1" ,T""1-'i-_--' 

I C5 C6 
to-- ______________ ,1 

_________ J 

_________ J 

flash370i-5 

2 BANK OE TERMS 

Figure S. I/O and Buried Macrocells 

Note: 

FROM CLOCK 
POLARllY MUXES 

INPUT PIN 

Figure 6. Input Pins 

2. C9 is not used on the CY7C371i and CY7C372i since the mux size is 2: 1. 
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FROM CLOCK 
POLARITY INPUT 

CLOCK PINS 

INPUT/CLOCK PIN 

TO CLOCK MUX ON 
ALL INPUT MACROCELLS 

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

TO CLOCK MUX I 
L~~8~LOCK I L __ ~~~~~·~~~ _____ J 

TOPIM 
CLOCK POLARITY MUX 
ONE PER LOGIC BLOCK 
FOR EACH CLOCK INPUT 

flash370i-7 

Figure 7. Input/Clock Pins 

Notes: 
3. C8 and C9 are not included on the CY7C371i and CY7C372i since each input/clock pin has the other input/clock pin as its clock. 
4. CIS and CI6 are not used on the CY7C371i and CY7C372i since there are two clocks. 

chitecture for input pins. Four input options are available for the 
user: combinatorial, registered, double-registered, or latched. If a 
registered or latched option is selected, anyone ofthe input clocks 
can be selected for control. 

Figure 7 illustrates the architecture of input/clock pins. There are 
either two or four input/clock pins available, depending on the de
vice selected. (The CY7C371i and CY7C372i have two input/clock 
pins while the other devices have four input/clock pins.) Like the 
input pins, input/clock pins can be combinatorial, registered, 
double registered, or latched. In addition, these pins feed the 
clocking structures throughout the device. The clock path at the 
input is user-configurable in polarity. The polarity of the clock sig
nal can also be controlled by the user. Note that this polarity is sep
arately controlled for input registers and output registers. 

Timing Model 

One of the most important features of the F'LAsH370i family is the 
simplicity ofits timing. All delays are worst case and system perfor
mance is unaffected by the features used or not used on the parts. 
Figure 8 illustrates the true timing model for the 8.5-ns devices. For 
combinatorial paths, any input to any output incurs an 8.5-ns 
worst-case delay regardless ofthe amount oflogic used. For syn
chronous systems, the input set-up time to the output macrocells 
for any input is 5.0 ns and the clock to output time is also 6.0 ns. 

D COMBINATORIAL SIGNAL D 1----------
tpo = 8.5 ns 

REGISTERED SIGNAL 

D------'A~D 
~ flash370;·8 

CLOCK ts = 5.0 ns teo = 6.0 ns 

Figure 8. Timing Model for CY7C37li 

Again, these measurements are for any output and clock, regard
less of the logic used. 

Stated another way, the F'LAsH37Oi features: 

• no fanout delays 
• no expander delays 
• no dedicated vs. I/O pin delays 
• no additional delay through PIM 
• no penalty for using 0-16 product terms 
• no added delay for steering product terms 
• no added delay for sharing product terms 

• no routing delays 
• no output bypass delays 
The simple timing model ofthe F'LAsH37Oi family eliminates unex
pected performance penalties. 

Development Software Support 
WarpZ/WarpZ+ 

Warp2/Warp2+ are state-of-the-art VHDLcompilersfordesigning 
with Cypress PLDs and PROMs. Warp2/Warp2 + utilize a proper 
subset of IEEE 1164 VHDL as the Hardware Description Lan
guage (HDL) for design entry. VHDL provides a number of signif
icant benefits for the design entry. VHDL provides a number of 
significant benefits for the design engineer. Warp2/Warp2+ ac
cepts VHDL input, synthesizes and optimizes the entered design, 
and outputs a JEDEC map for the desired device. For simulation, 
Warp2/Warp2+ provides the graphical waveform simulator called 
Nova. 

VHDL (VHSIC Hardware Description Language) is an open, 
powerful, non-proprietary language that is a standard for behav
ioral design entry and simulation. It is already mandated for use 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. See separate data 
sheet for further information. 
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Warp3 

Warp3 is a sophisticated design tool that is based on the latest ver
sion of ViewLogic's CAE design environment. Wa/p3 features 
schematic capture (ViewDraw ~), VHDL waveform simulation 
(ViewSim m), a VHDL debugger, and VHDL synthesis, all inte
grated !n a g~aphical design environment. Wa/p3 is available on 
PCs usmg Wmdows 3.1 or subsequent versions and on Sun and 
Hewlett Packard workstations. See separate data sheet for further 
information. 

Third-Party Software 

Cypress maintains a very strong commitment to third-party design 
software vendors. All major third-party software vendors (includ
ingABEL m , LOG/iC m , CUPL m , and Minc) will provide support 

Document #: 38-00493 

for the F'LAsH37Oi family of devices. To expedite this support, Cy
press supplies vendors with all pertinent architectural information 
as well as design fitters for our products. 

Programming 
The Impulse3 m device programmer from Cypresswill program all 
Cypress PLDs, CPLDs, and PROMs. This unit is a programmer 
that connects to any IBM-compatible PC via the printer port. 

Third-Party Programmers 

As with development software, Cypress strongly supports third
party programmers. Allmajorthird-partyprogrammers (including 
Data I/O, Logical Devices, Minato, SMS, and Stag) will support 
the F'LAsH37Oi family. 

I~R, l!ltraLogi~, Wa1p2, Wa1p2+, Wa1p3, FLASH370i, and Impulse3 are trademarks of Cypress Semiconductor Corporation. 
VlewSlm and VlewDraw are trademarks of ViewLogic. 
ABE~ is .a trademark of Data I/O Corporation. 
LOG/IC IS a trademark of Isdata Corporation. 
CUPL is a trademark of Logical Devices, Inc. 
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Features 
• 32 macrocells in two logic blocks 

• 32 I/O pins 
• 6 dedicated inputs including 2 clock 

pins 
• In-System Reprogrammable (ISR 'M ) 

Flash technology 
- JTAG interface 

• No hidden delays 

• High speed 
-fMAX = 143 MHz 
-tpD= 8.5 ns 
-ts = Sns 
-teo = 6ns 

• Fully PCI compliant 
• Available in 44-pin PLC, and TQFP 

packages 
• Pin compatible with the CY7C372i 

Functional Description 
The CY7C37li is an In-System Repro
grammableComplexProgrammableLogic 
Device (CPLD) and is part of the 

Logic Block Diagram 

ADVANCED INFORMATION CY7C37li 

UltraLogic ™ 32-Macrocell Flash CPLD 
FLASH370i m family of high-density, high
speed CPLDs. Like all members of the 
FLASH370i family, the CY7C37li is de
signed to bring the ease of use and high 
performance ofthe 22VI0, as well as PCI 
Local Bus Specification support, to high
density CPLDs. 

Like all of the UltraLogic FLASH370i de
vices, the CY7C371i is electrically erasable 
and In-System Reprogrammable (ISR), 
which simplifies both design and manufac
turing flows, thereby reducing costs. the 
Cypress ISR function is implemented 
through a 4-pin serial interface. Data is 
shifted in and out through the SDI and 
SDOpins, respectively, using the program
ming voltage pin (Vpp). These pins are 
dual function providing a pin-compatible 
upgrade to earlier versions of the 
FLASH370 m devices. Additionally, be
cause of the superior routability of the 
FLASH370i devices, ISR often allows users 
to change existing logic designs while si
multaneously fixing pinout assignments. 

The 32 macrocells in the CY7C371i are di
vided between two logic blocks. Each logic 

INPUTS 9 { CLOCK 
INPUTS 

41 2 

INPUT ~ c:;: INPUT/CLOCK 

MACROCELLS r-r MACROCELLS 

~ ~ 

2 

PIM 

block includes 16 macrocells, a 72 x 86 
product term array, and an intelligent 
product term allocator. 

The logic blocks in the FLASH370i architec
ture are connected with an extremely fast 
and predictable routing resource-the 
Programmable Interconnect Matrix 
(PIM). The PIM brings flexibility, rout
ability, speed, and a uniform delay to the 
interconnect. 

Like all members ofthe FLASH370i family, 
the CY7C371i is rich in I/O resources. 
Each macrocell in the device features an 
associated I/O pin, resulting in 32 I/O pins 
on the CY7C371i. In addition, there are 
four dedicated inputs and two input/clock 
pins. 

Finally, the CY7C371i features a very sim
ple timing model. Unlike other high-den
sity CPLD architectures, there are no hid
den speed delays such as fanout effects, in
terconnect delays, or expander delays. Re
gardless of the number of resources used 
or the type of application, the timing pa
rameters on the CY7C371i remain the 
same. 

2 

161/0s LOGIC LOGIC 161/0s 

I I 1/00-1/0 15 ~ BLOCK 36 36 BLOCK ~ 1/016-1/0 31 - -A B 
16 16 

16 16 

7c371i-1 

Selection Guide 
7C37li-I43 7C37li-110 7C37li-83 7C37liL-83 7C37li-66 7C37liL-66 

Maximum Propagation Delay, tpD (ns) 8.5 10 12 12 15 15 

Minimum Set-Up, ts (ns) 5 6 8 8 10 10 

Maximum Clock to Output, tco (ns) 6 6.5 8 8 10 10 

Maximum SU~plY I Commercial 220 175 175 90 175 90 
Current, Icc rnA) I Industrial 220 110 220 110 
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Pin Configurations PLCC 
ThpView 

VO,tSCLK 
VO. 
V0 7 

10 
I,Npp 
GND 

ClKO~2 

VO. 
VO. 

110 ,0 
110 11 

Logic Block 

7 
8 
9 
10 
11 
12 
13 
14 

'<t (0) C\I .,.... o~ 0 ;; ~ gj re 
ggggg(!J~gggg 

6 5 4 3 

15 
16 3D 

29 
1718192D 21 22232425 262728 

110 271501 
110 .. 
110 .. 
110 24 

CLK111. 
GND 
I, 
13 
110 .. 
110 22 

V0 21 

7c371i·2 

The number of logic blocks distinguishes the members of the 
F'LAsH370i family. The CY7C371i includes two logic blocks. Each 
logic block is constructed of a product term array, a product term 
allocator, and 16 macrocells. 

Product Term AlTay 

The product term array in the F'LAsH37Oi logic block includes 36 
inputs from the PIM and outputs 86 product terms to the product 
term allocator. The 36 inputs from the PIM are available in both 
positive and negative polarity, making the overall array size 72 x 86. 
This large array in each logic block allows for very complex func
tions to be implemented in a single pass through the device. 

Product Term Allocator 

The product term allocator is a dynamic, configurable resource 
that shifts product terms to macrocells that require them. Any 
number of product terms between 0 and 16 inclusive can be as
signed to any of the logic block macrocells (this is called product 
term steering). Furthermore, product terms can be shared among 
multiple macrocells. This means that product terms that are com
mon to more than one output can be implemented in a single prod
uct term. Product term steering and product term sharing help to 
increase the effective density ofthe F'LAsH370i CPLDs. Note that 

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

Storage Temperature ................... -6SoC to + 1S0°C 

Ambient Thmperature with 
Power Applied ........................ -SsoC to +125°C 

Supply Voltage to Ground Potential ......... -O.5V to + 7.0V 
DC Voltage Applied to Outputs 
in High Z State .......................... -O.5V to +7.0V 
DC lriput Voltage ........................ -O.5V to + 7.0V 

DC Program Voltage .............................. 12.5V 

IIO,tSCLK 
110. 
1107 

10 
11Npp 

GND 
CLKOfl2 

110. 
110. 

1/010 
1/011 

TQFP 
ThpView 

'o:I'(o)N .... O~oC;;g~re 
gggggC!1~gggg 

110271501 

110 26 
110 25 

110 24 

CLK1~. 
GND 
I, 
13 
110 23 

110 22 

110 21 

7c371i-3 

product term allocation is handled by software and is invisible to 
the user. 

I/O Macrocell 

Each ofthe macrocells on the CY7C371i has a separate associated 
I/O pin. The input to the macrocell is the sum of between 0 and 16 
product terms from the product term allocator. The macrocell in
cludes a register that can be optionally bypassed. It also has polar
ity control, and two global clocks to trigger the register. The ma
crocell also features a separate feedback path to the PIM so that 
the register can be buried if the I/O pin is used as an input. 

Programmable Interconnect Matrix 

The Programmable Interconnect Matrix (PIM) connects the two 
logic blocks on the CY7C371i to the inputs and to each other. All 
inputs (including feedbacks) travel through the PIM. There is no 
speed penalty incurred by signals traversing the PIM. 

Design Tools 

Development software for the CY7C371i is available from 
Cypress's Wa1p2'", Wa1p2+ '", and Wa1p3'" software packages. 
All ofthese products are based on the IEEE-standard VHDLlan
guage. Cypress also actively supports third-party design tools such 
as ABEL'" , CUPL'" , MINC, and LOG/iC '" . Please contact your 
local Cypress representative for further information. 

Output Current into Outputs (LOW) ............... 16 rnA 

Static Discharge Voltage ........................ > 2001 V 
(per MIL-STD-883, Method 301S) 

Latch-Up Current ............................ >200 rnA 

Operating Range 
Ambient 

Range Temperature Vee 
Commercial O°C to +70°C SV±S% 

Industrial -40°C to +85°C 5V ± 10% 
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Electrical Characteristics Over the Operating Rangel!] 

Parameter Description Test Conditions Min. Max. Unit 

VOH Output HIGH Voltage Vee = IOH = -3.2 rnA (Com'l/Ind) 2.4 V 
Min. 

VOL Output LOW Voltage Vee = 
Min. 

IOL = 16 rnA (Com'VInd) 0.5 V 

VIH Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for all inputs[2] 2.0 7.0 V 

VIL Input LOW Voltage Guaranteed Input Logical LOW Voltage for all inputs[2] -0.5 0.8 V 

IIX Input Load Current GND:::;VI$; Vee -10 +10 f,IA 

Ioz Output Leakage Current GND S Vo s Vee, Output Disabled -50 +50 f,IA 

los Output Short Vee = Max., VOUT = O.5V -30 -160 rnA 
Circuit Current[3,4] 

IcC Power Supply Current Vee - Max., lOUT = 0 rnA, Com'l 175 rnA 
f = 1 mHz, VIN = GND, vecl5] 

Com'l"~' 90 
-66, -83 

Com'I-143,Ind 220 

Ind "CO -66, -83 110 

Capacitance[5] 
Parameter Description Test Conditions Max. Unit 

CIN Input Capacitance VIN = 5.0Vatf=1 MHz 10 pF 

COVT Output Capacitance VOUT = 5.0V at f = 1 MHz 12 pF 

Endurance Characteristics[5] 

Description Test Conditions 

Minimum Reprogramming Cycles Normal Programming Conditions 

Notes: 
1. See the last page ofthis specification for Group A subgroup testing in

formation. 
4. Thsted initially and after any design or process changes that may affect 

these parameters. 
2. These are absolute values with respect to device ground. All over

shoots due to system or tester noise are included. 
3. Not more than one output should be tested at a time. Duration of the 

short circuit should not exceed 1 second. V OUT = O.5V has been cho
sen to avoid test problems caused by tester ground degradation. 

5. Measured with 16-bit counter programmed into each logic block. 
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AC Test Loads and Waveforms 
238Q (COM'Ll 

5V ~319Q(MILl 
OUTPUT 

35 pF 170Q (COM'Ll 
INCLUDING I 236Q (MILl 

ADVANCED INFORMATION 

238Q (COM'Ll 

OUTP~~ 5n319Q 
(MILl170Q (COM'Ll 

5 PFI 236Q (MILl 
INCLUDING 
JIG AND -= -= 70371;.5 
SCOPE (b) 

CY7C37li 

~gO"rED -= -= 7c371 ;·4 

(a) 

Equivalent to: THEvENIN EQUIVALENT 
3.0V----

ALL INPUT PULSES 

90% 

99Q (COM'Ll 
136Q (MILl 2.08V (COM'Ll 

OUTPUT o------vw---o 2.13V (MILl 

GND 

(e) 7c371i-6 

Parameter Vx Output Waveform-Measurement Level 

tER(-) L5V 
VOH O.5V : ~ Vx 7c371i-7 

tER(+) 2.6V O.5V: ~ Vx 
VOL 

7c371i-8 

tEA(+) L5V O.5V: ~ VOH 
Vx 

7c371i-9 

tEA( ) Vthc Vx : ~ 0.5V VOL 70371;·10 

(d) Test Waveforms 

Switching Characteristics Over the Operating Rangd6] 

7C371i-83 7C371i-66 
7C371i-143 7C371i-110 7C371iL-83 7C371iL-66 

Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Unit 

Combinatorial Mode Parameters 

tpD Input to Combinatorial Output 8.5 10 12 15 ns 

tPDL Input to Output Through Transparent Input or 11.5 13 18 22 ns 
Output Latch 

tpDLL Input to Outc,ut Through llansparent Input and 13.5 15 20 24 ns 
Output Late es 

tEA Input to Output Enable 13 14 19 24 ns 

tER Input to Output Disable 13 14 19 24 ns 

Input Registered/Latched Mode Parameters 

tWL Clock or Latch Enable Input LOW Timet'] 2.5 3 4 5 ns 

tWH Clock or Latch Enable Input HIGH TimeL)] 2.5 3 4 5 ns 

tIS Input Register or Latch Set-Up Time 2 2 3 4 ns 

tIH Input Register or Latch Hold Time 2 2 3 4 ns 

tIeo Input Register Clock or Latch Enable to Combina-
toria! Output 

12 14 19 24 ns 

tleoL Input Register Clock or Latch Enable to Output 14 16 21 26 ns 
Through llansparent Output Latch 

Note: 
6. All AC parameters are measured with 16 outputs switching. 
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Switching Characteristics Over the Operating Range[6] (continued) 

7C37li-143 

Parameter Description Min. 

Output Registered/Latched Mode Parameters 

teo Clock or Latch Enable to Output 

ts Set-Up Time from Input to Clock or Latch 
Enable 

5 

tH Register or Latch Data Hold Time 0 

teo2 Output Clock or Latch Enable to Output 
Delay (Through Memory Array) 

tses Output Clock or Latch Enable to Output 
Clock or Latch Enable (Through Memory 
Array) 

7 

tSL Set-Up Time from Input Through 1l"anspar-
ent Latch to Output Register Clock or Latch 
Enable 

9 

tHL Hold Time for Input Through Transparent 
Latch from Output Register Clock or Latch 
Enable 

0 

fMAX! Maximum Frequency with Internal Feed- 143 
back (Least of l/tscs, 1/(ts + tH), or 
l/teo)[5] 

fMAX2 Maximum Frequency Data Path in Output 166.7 
Registered/Latched Mode (Lesser of 1/(tWL 
+ tWH), 1/( ts + tH), or 1/tCO)[5] 

fMAX3 Maximum Frequency with external feedback 91 
(Lesser of 1/(tco + ts) and 1/(tWL + 
tWH»[5] 

tOH-tIH Output Data Stable from Output clock Mi- 0 
37x nus Input Register Hold Time for 7C37x[5,7] 

Pipelined Mode Parameters 

tICS Input Register Clock to Output Register 
Clock 

7 

fMAX4 Maximum Frequency in Pipelined Mode 
(Least of 1/(tco + tIS), 1/tIes, 1/(tWL + 
tWH), 1/(tIS + tIH), or 1/tSCS) 

125 

Reset/Preset Parameters 

tRW Asynchronous Reset Widthl'J 8 

tRR Asynchronous Reset Recovery TimeL)] 10 

tRO Asynchronous Reset to Output 

tpw Asynchronous Preset Widthl'J 8 

tpR Asynchronous Preset Recovery TimeL5] 10 

tpo Asynchronous Preset to Output 

tpOR Power-On Resetl'J , 
Note: 
7. This specification is intended to guarantee interface compatibility of 

the other members of the CY7C37Oi family with the CY7C371i. This 
specification is met for the devices operating at the same ambient tem
perature and at the same power supply voltage. 
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Max. 

6 

12 

14 

14 

1 

7C371i-83 
7C37li-110 7C37liL-83 

Min. Max. Min. Max. 

6.5 8 

6 8 

0 0 

14 19 

9 12 

10 12 

0 0 

111 83.3 

153.8 100 

80 50 

0 0 

9 12 

111 76.9 

10 15 

12 17 

16 21 

10 15 

12 17 

16 21 

1 1 

CY7C371i 

7C37li-66 
7C37liL-66 

Min. Max. Unit 

10 ns 

10 ns 

0 ns 

24 ns 

15 ns 

15 ns 

II 
0 ns 

66.6 MHz 

83.3 MHz 

41.6 MHz 

0 ns 

15 ns 

62.5 MHz 

20 ns 

22 ns 

26 ns 

20 ns 

22 ns 

26 ns 
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Switching Waveforms 

Combinatorial Output 

INPUT 

ADVANCED INFORMATION 

COMBINATORIAL 
OUTPUT 

~ >, ~: __________ ~Z~X~X~X~X~X~======== 
Registered Output 

INPUT 

CLOCK 

REGISTERED 
OUTPUT 

CLOCK 

Latched Output 

INPUT 

LATCH ENABLE 

LATCHED 
OUTPUT 

E, t_J _,-
1-~~: ---------...... x--x~======== 
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Switching Waveforms (continued) 

Registered Input 

REGISTERED 
INPUT 

INPUT REGISTER 
CLOCK 

COMBINATORIAL 
OUTPUT 

CLOCK 

Clock to Clock 

REGISTERED 
INPUT 

INPUT REGISTER 
CLOCK 

OUTPUT 
REGISTER CLOCK 

Latched Input 
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COMBINATORIAL 
OUTPUT 
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Switching Waveforms (continued) 

Latched Input and Output 

lATCHED INPUT 

lATCHED 
OUTPUT 

INPUT lATCH 
ENABLE 

OUTPUT lATCH 
ENABLE 

ADVANCED INFORMATION 

, r 
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-tPDLL-
K )~ 

i--tICOL .. tSL-- -
'I\.. 

-tICS- - /r-~V 

lATCH ENABLE 
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CLOCK 
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~"CYPRESS 
Switching Waveforms (continued) 

Power-Up Reset Waveform 

ADVANCED INFORMATION CY7C37li 

POWER 10% 
-E~9~0~%~--------------------------------------------------VCC 

SUPPLY VOLTAGE -------=r 
~-------------tpOR--------------~ 

REGISTERED -------+-t-------~~...,~~~~"t"""~....,.---------
ACTIVE LOW 

OUTPUTS --------~~-----~~~~~~~~~~ 

CLOCK 

tpOR MAX = 1 1'5 
7c371i-20 

Output EnablelDisable 

INPUT 

OUTPUTS 
7c371i-21 

Ordering Information 
Speed Package Operating 
(MHz) Ordering Code Name Package 'JYpe Range 

143 CY7C371i-143AC A44 44-Lead Thin Plastic Quad Flat Pack Commercial 

CY7C371i-143JC J67 44-Lead Plastic Leaded Chip Carrier 

110 CY7C371i -110AC A44 44-Lead Thin Plastic Quad Flat Pack Commercial 

CY7C371i -11OJC J67 44-Lead Plastic Leaded Chip Carrier 

83 CY7C371i -83AC A44 44-Lead Thin flastic Quad Flat Pack Commercial 

CY7C371i-83JC J67 44-Lead Plastic Leaded Chip Carrier 

CY7C371i-83AI A44 44-Lead Thin Plastic Quad Flat Pack Industrial 

CY7C371i -8311 J67 44-Lead Plastic Leaded Chip Carrier 

83 CY7C371iL-83AC A44 44-Lead Thin Plastic Quad Flat Pack Commercial 

CY7C371iL- 83JC J67 44-Lead Plastic Leaded Chip Carrier 

CY7C371iL- 83AI A44 44-Lead Thin Plastic Quad Flat Pack Industrial 

CY7C371iL-8311 J67 44-Lead Plastic Leaded Chip Carrier 

66 CY7C371i -66AC A44 44-Lead ThIn Plastic Quad Flat Pack Commercial 

CY7C371i-66JC J67 44-Lead Plastic Leaded Chip Carrier 

CY7C371i-66AI A44 44-Lead Thin Plastic Quad Flat Pack Industrial 

CY7C371i -6611 J67 44-Lead Plastic Leaded Chip Carrier 

66 CY7C371iL-66AC A44 44-Lead Thin Plastic Quad Flat Pack Commercial 

CY7C371iL-66JC J67 44-Lead Plastic Leaded Chip Carrier 

CY7C371iL-66AI A44 44-Lead Thin Plastic Quad Flat Pack Industrial 

CY7C371iL-6611 J67 44-Lead Plastic Leaded Chip Carrier 

Document #: 38-00497 
Wa1p2, Wa1p2+, Wa1p3, FLAsH370, FLAsH370i, ISR, and UltraLogic are trademarks of Cypress Semiconductor Corporation 
ABEL is a trademark of Data I/O Corporation. 
LOG/iC is a trademark of Isdata Corporation. 
CUPL is a trademark of Logical Devices Incorporated. 
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Features 
• 64 macrocells in four logic blocks 

• 321/0 pins 
• 6 dedicated inputs including 2 clock 

pins 

• In-System Reprogrammable (ISR ~ ) 
Flash technology 
-JTAG interface 

• No hidden delays 

• Highspeed 
-fMAX = 125 MHz 
-tPD = IOns 
-ts = 5.5ns 
-teo = 6.5 ns 

• Fully PCI compliant 
• Available in 44-pin PLCC and CLCC 

packages 

• Pin compatible with the CY7C37li 

Functional Description 
The CY7C372i is an In-System Repro
grammableComplexProgrammableLogic 
Device (CPLD) and is part of the 

Logic Block Diagram 

81/0s 

81/0s 

Selection Guide 

Maximum Propagation Delay, tpD (ns) 

Minimum Set-up, ts (ns) 

Maximum Clock to Output, teo (ns) 

I Commercial 

16 

ADVANCED INFORMATION CY7C372i 

UltraLogic TM 64-Macrocell Flash CPLD 
F'LAsH37Oi ~ family of high-density, high
speed CPLDs. Like all members of the 
FLASH370i family, the CY7C372i is de
signed to bring the ease of use and high 
performance of the 22V10, as well as PCI 
Local Bus Specification support, to high
density CPLDs. 

Like all of the UltraLogic F'LAsH37Oi de
vices, the CY7C372i is electrically erasable 
and In-System Reprogrammable (ISR), 
which simplifies both design and manufac
turing flows, thereby reducing costs. The 
Cypress ISR function is implemented 
through a 4-pin serial interface. Data is 
shifted in and out through the SDI and 
SDO pins, respectively, using the program
ming voltage pin (Vpp). These pins are 
dual function, providing a pin-compatible 
upgrade to earlier versions of FLASH370 m 

devices. Additionally, because of the supe
rior routability of the F'LAsH370i devices, 
ISR often allows users to change existing 
logic designs while simultaneously fIXing 
pinout assignments. 

The 64 macrocells in the CY7C372i are di
vided between four logic blocks. Each logic 

INPUT 
MACROCELLS 

36 

16 

36 

16 

7c3721·1 

block includes 16 macrocells, a 72 x 86 
product term array, and an intelligent 
product term allocator. 

The logic blocks in the F'LAsH370i architec
ture are connected with an extremely fast 
and predictable routing resource-the 
Programmable Interconnect Matrix 
(PIM). The PIM brings flexibility, rout
ability, speed, and a uniform delay to the 
interconnect. 

Like all members of the F'LAsH370i family, 
the CY7C372i is rich in I/O resources. Ev
ery two macrocells in the device feature an 
associated I/O pin, resulting in 321/0 pins 
on the CY7C372i. In addition, there are 
four dedicated inputs and two input/clock 
pins. 

Finally, the CY7C372i features a very sim
ple timing model. Unlike other high-densi
ty CPLD architectures, there are no hid
den speed delays such as fanout effects, in
terconnect delays, or expander delays. Re
gardless of the number of resources used. 
or the type of application, the timing pa
rameters on the CY7C372i remain the 
same. 

16 

7C372i-125 7C372i-100 7C372i-83 7C372i-66 7C372iL-66 

10 12 15 20 20 

5.5 6.0 8 10 10 

6.5 6.5 8 10 10 

280 250 250 250 125 Maximum SU~PIY 
Current, Icc rnA) I Military/Industrial 300 300 
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Pin Configuration 

6 5 4 3 -;~; 44 43 42 41 40 "-
IIOsl8CLK 

110. 
I/O, 

39 1102,1801 
38 11026 
37 11025 

~ W ~ 
11Npp 11 35 
GND 12 34 

CLKOA2 13 33 

I/O. 14 32 
1/09 15 31 

1/010 16 30 
110 11 17 29 

181920212223 24 25 26 27 ~ 

N~o:rIt)UOU)""'coO 0 

g ~g~L" ~ggg ~ !f 
~ ~ 
i! 

Functional Description (continued) 

Logic Block 

1/°24 
CLK1As 
GNO 

I. 
I, 
11023 

110 22 
1/0 21 

The number of logic blocks distinguishes the members of the 
FLASH370i family. The CY7C312i includes four logic blocks. Each 
logic block is constructed of a product term array, a product term 
allocator, and 16 macrocells. 

Product Term AlTay 

The product term array in the FLASH370i logic block includes 36 
inputs from the PIM and outputs 86 product terms to the product 
term allocator. The 36 inputs from the PIM are available in both 
positive and negative polarity, making the overall array size 12x 86. 
This large array in each logic block allows for very complex func
tions to be implemented in a single pass through the device. 

Product Term Allocator 

The product term allocator is a dynamic, configurable resource 
that shifts product terms to macrocells that require them. Any 
number of product terms between 0 and 16 inclusive can be as
signed to any of the logic block macrocells (this is called product 

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

Storage Temperature ................... -65°C to +150°C 

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

Supply Voltage to Ground Potential ......... -O.5V to + 7.0V 
DC Voltage Applied to Outputs 
in High Z State .......................... -0.5V to + 7.0V 

DC Input Voltage ........................ -0.5V to +7.0V 

term steering). Furthermore, product terms can be shared among 
multiple macrocells. This means that product terms that are com
mon to more than one output can be implemented in a single prod
uct term. Product term steering and product term sharing help to 
increase the effective density of the FLASH370 PLDs. Note that 
product term allocation is handled by software and is invisible to 
the user. 

I/O Macrocell 

Half of the macrocells on the CY7C312i have separate I/O pins 
associated with them. In other words, each 110 pin is shared by two 
macrocells. The input to the macrocell is the sum of between 0 and 
16 product terms from the product term allocator. The macrocell 
includes a register that can be optionally bypassed. It also has po
larity control, and two global clocks to trigger the register. The 110 
macrocell also features a separate feedback path to the PIM so that 
the register can be buried if the I/O pin is used as an input. 

Buried Macrocell 

The buried macrocell is very similar to the I/O macrocell. Again, it 
includes a register that can be configured as combinatorial, as a D 
flip-flop, a T flip-flop, or a latch. The clock for this register has the 
same options as described for the 110 macrocell. One difference on 
the buried macrocell is the addition of input register capability. 
The user can program the buried macrocell to act as an input regis
ter (D-type or latch) whose input comes from the I/O pin 
associated with the neighboringmacrocell. The output of all buried 
macrocells is sent directly to the PIM regardless of its config
uration. 

Programmable Interconnect Matrix 

The Programmable Interconnect Matrix (PIM) connects the four 
logic blocks on the CY7C312i to the inputs and to each other. All 
inputs (including feedbacks) travel through the PIM. There is no 
speed penalty incurred by signals traversing the PIM. 

Development Tools 

Development software for the CY7C312i is available from 
Cypress's Wa1p2~, Wa1p2+ ~, and Wa/p3~ software packages. 
Both of these products are based on the IEEE standard VHDL 
language. Cypress also supports third-party vendors such as 
ABEL ~ , CUPL ~ , and LOG/iC , •. Please contact your local Cy
press representative for further information. 

Latch-Up Current ............................ >200 rnA 

Operating Range 
Ambient 

Range Temperature Vee 
Commercial O°C to +70°C 5V±5% 

Industrial -40°C to +85°C 5V ± 10% 

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

DC Program Voltage .............................. 12.5V Note: 

Output Current into Outputs ...................... 16 rnA 1. TA is the "instant on" case temperature. 

Static Discharge Voltage ........................ > 2001 V 
(per MIL-STD-883, Method 3015) 
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Electrical Characteristics Over the Operating Rangd2J 
Parameter Description Test Conditions Min. Max. Unit 

VOH Output HIGH Voltage Vee = Min. IOH = -3.2 rnA (Com'l!Ind) 2.4 V 

IOH = -2.0 rnA (Mil) V 

VOL Output LOW Voltage Vee = Min. IOL = 16 rnA (Com'l!Ind) 0.5 V 

IOL = 12 rnA (Mil) V 

VIH Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for all Inputs[3] 2.0 7.0 V 

VIL Input LOW Voltage Guaranteed Input Logical LOW Voltage for all Inputs[3] -0.5 0.8 V 

IIX Input Load Current GND,::;;,VI,::;;,Vee -10 +10 ItA 
loz Output Leakage Current GND .::;;. Vo'::;;' Vee, Output Disabled -50 +50 ItA 
los Output Short Vee = Max., VOUT = 0.5V -30 -160 rnA 

Circuit Current[4.5] 

Icc Power Supply Current[6] Vee = Max., lOUT = 0 rnA, 
f = 1 mHz, VIN = GND, Vee 

Com'l 250 rnA 

Com'l "e -66 125 rnA 

Com'I-125 280 rnA 

MillIndustrial 300 rnA 

Capacitance[5] 

Parameter Description Test Conditions Max. Unit 

CIN Input Capacitance VIN = 5.0V at f=1 MHz 10 pF 

COUT Output Capacitance VOUT = 5.0V at f = 1 MHz 12 pF 

Endurance Characteristics[5] 

Description Test Conditions 

Minimum Reprogramming Cycles Normal Programming Conditions 

Notes: 
2. See the last page ofthis specification for Group A subgroup testing in

formation. 
5. 'Iested initially aod after any design or process chaoges that may affect 

these parameters. 
3. These are absolute values with respect to device ground. All over

shoots due to system or tester noise are included. 
4. Not more than one output should be tested at a time. Duration of the 

short circuit should not exceed 1 second. V OUT = O.5V has been cho
sen to avoid test problems caused by tester ground degradation. 

6. Meaured with 16-bit counter programmed into each logic block. 
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_V2YPRESS 
AC Test Loads and Waveforms 

2380 (com'l) 

0""'::: ~ "oo,~'. 
,~~~:F 1 12360 (mil) 

ADVANCED INFORMATION 

2380 (com'l) 

5v:;n3190(mil) 

OUTPUT 1700 (com'l) 
5 pF I 2360 (mil) 

j78~~~NG ~ ~ INCLUDING - -
JIG AND - - 7c372i-3 

SCOPE (a) SCOPE (b) 

ALL INPUT PULSES 

Equivalent to: THEVENIN EQUIVALENT 
3.0V --- /"=::=":'" _____ '" 

90% 
990 (com'l) 
1360 (mil) 2.08V(com'l) 

OUTPUT o----"IMr--O 2.13V (mil) 
GND 

Parameter Vx Output Waveform-Measurement Level 

tER(-) 1.5V 
VOH 0.5V l /: 

tER(+) 2.6V 
VOL O.5V l ~ 

tEA(+) 1.5V O.5V l ~ Vx 

tEA(-) Vthc Vx 
O.5V l /: 

(d) Test Waveforms 

Switching Characteristics Over the Operating Range[7] 

Parameter Description 

Combinatorial Mode Parameters 

tpD Input to Combinatorial Output 

tpDL Input to Outhut Through Transparent Input or 
Output Late 

tpDLL Input to Output Through 'Iransparent Input 
and Output Latches 

tEA Input to Output Enable 

tER Input to Output Disable 

Input Registered/Latched Mode Parameters 

tWL Clock or Latch Enable Input LOW TimdS] 

tWH Clock or Latch Enable Input HIGH Time[S] 

tIS Input Register or Latch Set-Up Time 

tIH Input Register or Latch Hold Time 

tICO Input Register Clock or Latch Enable to 
Combinatorial Output 

tICOL Input Register Clock or Latch Enable to Out-
put Through 'Iransparent Output Latch 

Note: 
7. All AC parameters are measured with 16 outputs switching. 

Vx 

Vx 

VOH 

VOL 

7C372i-125 

Min. Max. 

10 

13 

15 

14 

14 

3 

3 

2 

2 

14 

16 
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(c) 

7C372i-lOO 7C372i-83 

Min. Max. Min. Max. 

12 15 

15 18 

16 19 

16 19 

16 19 

3 4 

3 4 

2 3 

2 3 

16 19 

18 21 

CY7C372i 

~2ns 
7c372i4 

7C372i-66 
7C372iL-66 

Min. Max. Unit 

20 ns 

22 ns 

24 ns 

24 ns 

24 ns 

5 ns 

5 ns 

4 ns 

4 ns 

24 ns 

26 ns 

• 
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Switching Characteristics Over the Operating Rangd7J (continued) 

7C372i-12S 

Parameter Description Min. 

Output Registered/Latched Mode Parameters 

teo Clock or Latch Enable to Output 

ts Set-Up Time from Input to Clock or Latch En-
able 

5.5 

tH Register or Latch Data Hold Time 0 

teo2 Output Clock or Latch Enable to Output 
Delay (Through Memory Array) 

tses Output Clock or Latch Enable to Output 
Clock or Latch Enable (Through Memory 
Array) 

8 

tSL Set-Up Time from Input Through Trans~arent 10 
Latch to Output RegIster Clock or Latc En-
able 

tHL Hold Time for Input Through 'Il"ansparent 0 
Latch from Output Register Clock or Latch 
Enable 

fMAX! Maximum Frequency with Internal Feedback 125 
in Output Registered Mode (Least of l/tses, 
l/(ts + tw, or l/teO)[5] 

fMAX2 Maximum Frequency Data Path in Out~ut 153.8 
Registered/Latched Mode ~Lesser of 1/ tWL + 
tWH), 1/(ts + tH), or l/teo) 5] 

fMAX3 Maximum Frequency with External Feedback 83.3 
(Lesser of 1/(tco + ts) and l/(tWL + tWH))[5] 

tOH-tlH Output Data Stable from Output clock Minus 0 
37x Input Register Hold Time for 7C37x[5, 8] 

Pipelined Mode Parameters 

tICS Input Register Oock to Output Register Clock 8 

fMAX4 Maximum Frequency in Pipelined Mode 125 
(Least of 1/(tco + tIS), l{tICS' l/(tWL + tWH), 
l/(tIS + tlH), or l/tscs)[5 

Reset/Preset Parameters 

tRW Asynchronous Reset Widthl5J 10 

tRR Asynchrqnous Reset Recovery TimeL'J 12 

tRO Asynchronous Reset to Output 

tpw Asynchronous Preset Widthl5J 10 

tpR c Asynchronous Preset Recovery Timel'J 12 

tpo Asynchronous Preset to Output 

tpOR Power-On Resetl'J 

Nole: 
S. This specification is intended to guarantee interface compatibility of 

the other members of the CY7C37Oi family with the CY7C372i. This 
specification is met for the devices operating at the same ambient tem
perature and at the same power supply voltage. 
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Max. 

6.0 

14 

16 

16 

1 

7C372i-lOO 7C372i-83 

Min. Max. Min. Max. 

6.5 8 

6 8 

0 0 

16 19 

10 12 

12 15 

0 0 

100 83 

153.8 125 

80 62.5 

0 0 

10 12 

100 83.3 

12 15 

14 17 

18 21 

12 15 

14 17 

18 21 

1 1 

CY7C372i 

7C372i-66 
7C372iL-66 

Min. Max. Unit 

10 ns 

10 ns 

0 ns 

24 ns 

15 ns 

20 ns 

0 ns 

66 MHz 

100 MHz 

50 MHz 

0 ns 

15 ns 

66.6 MHz 

20 ns 

22 ns 

26 ns 

20 ns 

22 ns 

26 ns 

1 flS 
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Switching Waveforms 

Combinatorial Output 

ADVANCED INFORMATION 

INPUT 

COMBINATORIAL 
OUTPUT ________ t~~~x~x~x~xx~*------

Registered Output 

INPUT 

CLOCK 

REGISTERED 
OUTPUT 

CLOCK 

Latched Output 

INPUT 

LATCH ENABLE 

LATCHED 
OUTPUT 

L. t_J ---..,,-
1-~~ 

-------------.:::X""?""::-":~======== 
J....---tw_H----at0f4--tWL~}---

/K 
I---ts tH--

V "" I-- tpDL I--tco 
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ADVANCED INFORMATION 

Switching Waveforms (continued) 

Registered Input 

REGISTERED 
INPUT 

INPUT REGISTER 
CLOCK 

COMBINATORIAL 
OUTPUT 

CLOCK 

Clock to Clock 

REGISTERED 
INPUT 

INPUT REGISTER 
CLOCK 

OUTPUT 
REGISTER CLOCK 

Latched Input 

LATCHED INPUT 

LATCH ENABLE 

COMBINATORIAL 
OUTPUT 

LATCH ENABLE 

), )K 
I--- tl5 tlH 

1/ 

~tICO xx1--
r~~----~H------t~-----~L-----1· 

_%.------ ______ X.----

----~)(~-------------------------

)K )V 

I--- tl5 tlH-

1/ "I\. 

f4- tpOL /+-tICO 

xx1--~x~x1= 
_J ___ tW_H--tl+--_tW_L---.t}_ 
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Switching Waveforms (continued) 

Latched Input and Output 

LATCHED INPUT 

LATCHED 
OUTPUT 

INPUT LATCH 
ENABLE 

OUTPUT LATCH 
ENABLE 

ADVANCED INFORMATION 

LATCH ENABLE 

_J~....---tW_H-tl+---_tW_L~}.--

Asynchronous Reset 

INPUT 

REGISTERED 
OUTPUT 

CLOCK 

Asynchronous Preset 

INPUT 

REGISTERED 
OUTPUT 

CLOCK 

tRW 
-tRO-
XXXX" 

tpw 

.I( 
-tpo-

xxx X 
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Switching Wavefonns (continued) 

Power-Up Reset Waveform 

10%rt POWER 
SUPPLY VOLTAGE 

REGISTERED 
ACTIVE LDW 

OUTPUTS 

CLOCK 

Output Enable/Disable 

INPUT 

OUTPUTS 

Ordering Infonnation 
Speed Package 
(MHz) Ordering Code Name 

125 CY7C372i -12SJC J67 

100 CY7C372i -lOOJC J67 

83 CY7C372i-83JC J67 

CY7C372i-83JI J67 

CY7C372i -83YMB Y67 

66 CY7C372i -66JC J67 

CY7C372i-66YMB Y67 

CY7C372i-66JI J67 

66 CY7C372iL-66JC J67 

MILITARY SPECIFICATIONS 
Group A Subgroup Testing 
DC Characteristics 

Parameter Subgroups 

VOH 1,2,3 

VOL 1,2,3 

VIH 1,2,3 

VIL 1,2,3 

IIX 1,2,3 

loz 1,2,3 

Icc 1,2,3 

Document #: 38-00498 

ADVANCED INFORMATION CY7C372i 

90% 
Vee 

tpOR 

xxx XXX / 
Is -~r\. / 

tpOR MAX = 1 lAS I--- tWL_ 7c372i-14 

Operating 
Package'IYpe Range 

44-Lead Plastic Leaded Chip Carrier Commercial 

44-Lead Plastic Leaded Chip Carrier Commercial 

44-Lead Plastic Leaded Chip Carrier Commercial 

44-Lead Plastic Leaded Chip Carrier Industrial 

44-Lead Ceramic Leaded Chip Carrier Military 

44-Lead Plastic Leaded Chip Carrier Commercial 

44-Lead Ceramic Leaded Chip Carrier Military 

44-Lead Ceramic Leaded Chip Carrier Industrial 

44-Lead Ceramic Leaded Chip Carrier Commercial 

Switching Characteristics 
Parameter Subgroups 

tpD 9,10,11 

tco 9,10,11 

tICO 9,10,11 

ts 9,10,11 

tH 9,10,11 

tIS 9,10,11 

tIH 9,10,11 

tICS 9,10,11 

ISR, UltraLogic FLAsH370, FLASH370i, Wa1p2, Wa1p2+, and Wa1p3 are trademarks of Cypress Semiconductor Corporation. 
ABEL is a trademark of Data I/O Corporation. 
LOG/iC is a trademark of Isdata Corporation. 
CUPL is a trademark of Logical Devices Incorporated. 
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Features 
• 64 macro cells in four logic blocks 

• 641/0 pins 
• 6 dedicated inputs including 4 clock 

pins 

• In·System Reprogrammable (ISR ~ ) 
Flash technology 
-JTAG interface 

• No hidden delays 

• High speed 
- fMAX = 125 MHz 
-tpD = 10 ns 
-ts = 5.5 ns 
-teo = 6.5 ns 

• Fully PCI compliant 
• Available in 84·pin PLCC and 

100.pin TQFP packages 

• Pin compatible with the CY7C374i 

Functional Description 
The CY7C373i is an In-System Repro
grammableComplexProgrammableLogic 
Device (CPLD) and is part of the 

Logic Block Diagram 

1/°0-1/°15 

1/°16-1/°31 

32 

Selection Guide 

Maximum Propagation Delay (ns) 

Minimum Set-up, ts (ns) 

Maximum Clock to Output, tco (ns) 

ADVANCED INFORMATION CY7C373i 

UltraLogic ™ 64-Macrocell Flash CPLD 
FLASH370i m family of high-density, high
speed CPLDs. Like all members of the 
FLASH370i family, the CY7C373i is de
signed to bring the ease of use and high 
performance ofthe 22VlO, as well as PCI 
Local Bus Specification support, to high
density CPLDs. 

Like all of the UltraLogic FLASH370i de
vices, the CY7C373i is electrically erasable 
and In-System Reprogrammable (ISR), 
which simplifies both design and manufac
turing flows, thereby reducing costs. The 
Cypress ISR function is implemented 
through a 4-pin serial interface. Data is 
shifted in and out through the SDI and 
SDO pins, respectively, using the program
ming voltage pin (Vpp). These pins are 
dual function, providing a pin-compatible 
upgrade to earlier versions ofFLASH370 ~ 
devices. Additionally, because ofthe supe
rior routability of the FLAsH370i devices, 
ISR often allows users to change existing 
logic designs while simultaneously fixing 
pinout assignments. 

The 64 macrocells in the CY7C373i are di
vided between four logic blocks. Each logic 

INPUT 
MACROCELLS 

36 

16 

36 

16 

7C373i-125 

10 

5.5 

6.5 

7C373i-100 

12 

6.0 

6.5 

block includes 16 macrocells, a 72 x 86 
product term array, and an intelligent 
product term allocator. 

The logic blocks in the FLASH370i architec
ture are connected with an extremely fast 
and predictable routing resource-the 
Programmable Interconnect Matrix 
(PIM). The PIM brings flexibility, rout
ability, speed, and a uniform delay to the 
interconnect. 

Like all members of the FLASH370i family, 
the CY7C373i is rich in I/O resources. Ev
ery macrocell in the device features an 
associated I/O pin, resulting in 64 1/0 pins 
on the CY7C373i. In addition, there are 
two dedicated inputs and four input/clock 
pins. 

Finally, the CY7C373i features a very sim
ple timing model. Unlikeotherhigh-densi
ty CPLD architectures, there are no hid
den speed delays such as fanout effects, in
terconnect delays, or expander delays. Re
gardless of the number of resources used 
or the type of application, the timing pa
rameters on the CY7C373i remain the 
same. 

161/05 

1/°48-1/°63 

161/05 

1/0 32-1/0 47 

32 
7C373i-1 

7C373i-83 7C373i-66 7C373iL-66 

15 20 20 

8 10 10 

8 10 10 

Maximum SUEPly I Commercial 280 250 250 250 125 
Current, Icc rnA) I Industrial 300 300 
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Pin Configurations 

SCLK 
GNO 
liD. 
I/o, 

1/0 10 

I/O" 
1/0 ,2 
1/0,3 
1/0 ,. 
1/°15 

CLKoIlo 
Vee 
N/C 

GNO 
CLK,/I, 

1/0,. 
1/0 17 
1/0,. 
1/0 ,. 
1/0 20 

1/0 21 
1/022 
1/023 
Vee 
NC 

I/O, 
1/0, 

1/0 1OISClK 
I/O" 
1/0 12 
1/0 13 
1/0 14 
1/0 15 

ClKO/lo 
Vee 

GNO 
ClKlIl, 

1/°16 
110 17 
1/018 
1/0 ,. 
1/020 
1/021 

1/022 

1/0 23 
GNO 

ADVANCED INFORMATION 

PLCC 
Top View .. 

1:1 ,... <D 10 o::t (') C\I""'0Q 1:1 u:t ~ ~ CD g m ~ ro f8 
~ g g g g g g g g~ t5>o ~ g g g g g g g g 

55 
54 

~~~~$UW~~M~~«~~Q~~OO~~~ 

TQFP 
ThpView 

GNO 
liD,. 
I/O"",SOI 
1/0 53 
1/052 
1/051 
1/0 50 

1/0 49 
liD .. 
ClK3/l. 
GNO 
Vee 
ClK2113 
1/0 47 
liD .. 
1/0 45 
1/0 44 
1/0 43 
1/0 42 
1/041 
liD .. 

7C373i-3 
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75 
74 
73 
72 
71 
70 
69 
68 
67 
66 
65 
64 
83 
62 
61 
60 
59 
58 
57 
56 
55 
54 
53 

~ 
51 

SOl 
Vee 
1/055 
1/054 

1/0.3 
1/0 52 
1/051 
liD .. 
1/0 49 
1/048 
ClKafl. 
GNO 
NC 
Vee 
CLK:;'13 
1/047 

liD .. 
liD .. 
1/044 
liD .. 
1/0.2 
11041 
I/O .. 
GNO 
NC 
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ADVANCED INFORMATION CY7C373i 

Functional Description (continued) 

Logic Block 

The number of logic blocks distinguishes the members of the 
FLASH370i family. The CY7C373i includes four logic blocks. Each 
logic block is constructed of a product term array, a product term 
allocator, and 16 macrocells. 

Product Term An-ay 

The product term array in the FLASH370i logic block includes 36 
inputs from the PIM and outputs 86 product terms to the product 
term allocator. The 36 inputs from the PIM are available in both 
positive and negative polarity, making the overall array size 72x86. 
This large array in each logic block allows for very complex func
tions to be implemented in single passes through the device. 

Product Term Allocator 

The product term allocator is a dynamic, configurable resource 
that shifts product term resources to macrocells that require them. 
Any number of product terms between 0 and 16 inclusive can be 
assigned to any ofthe logic block macrocells (this is called product 
term steering). Furthermore, product terms can be shared among 
multiple macrocells. This means that product terms that are com
mon to more than one output can be implemented in a single prod
uct term. Product term steering and product term sharing help to 
increase the effective density of the FLASH370i CPLDs. Note that 
the product term allocator is handled by software and is invisible to 
the user. 

I/O Macrocell 

Each of the macrocells on the CY7C373i has a separate I/O pin 
associated with it. In other words, each I/O pin is shared by two ma
crocells. The input to the macrocell is the sum of between 0 and 16 
product terms from the product term allocator. The macrocell in
cludes a register that can be optionally bypassed, polarity control 
over the input sum-term, and two global clocks to trigger the regis
ter. The macrocell also features a separate feedback path to the 
PIM so that the register can be buried if the I/O pin is used as an 
input. 

Electrical Characteristics Over the Operating Range 

Parameter Description 

Programmable Interconnect Matrix 

The Programmable Interconnect Matrix (PIM) connects the four 
logic blocks on the CY7C373i to the inputs and to each other. All 
inputs (including feedbacks) travel through the PIM. There is no 
speed penalty incurred by signals traversing the PIM. 

Development Tools 

Development software for the CY7C373i is available from Cy
press's Wa1p2 ~ , Wa1p2+ ~ , and Wa1p3 ~ software packages. Both 
of these products are based on the IEEE standard VHDL language. 
Cypress also supports third-party vendors such as ABEL N , CUPL N , 

and LOG/iC N. Please contact your local Cypress representative for 
further information. 

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

Storage Temperature ................... -6S0C to + IS0°C 

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

Supply Voltage to Ground Potential ......... -O.5V to + 7.0V 
DC Voltage Applied to Outputs 
in High Z State .......................... -O.SV to + 7.0V 
DC Input Voltage ........................ -O.SV to +7.0V 
DC Program Voltage .............................. 12.5V 
Output Current into Outputs ...................... 16 rnA 
Static Discharge Voltage ........................ > 2001 V 
(per MIL-STD-883, Method 301S) 
Latch-Up Current ............................ >200 rnA 

Operating Range 
Ambient 

Range Temperature Vee 
Commercial O°Cto +70°C SV±S% 

Industrial -40°C to +85°C SV ± 10% 

Test Conditions Min. Max. Unit 

VOH Output HIGH Voltage Vee - Min. I IOH - -3.2 rnA (Com'I/lnd) 2.4 V 

VOL Output LOW Voltage Vee - Min. I IOL - 16 rnA (Com'l!lnd) 0.5 V 

VIH Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for alllnputsLlJ 2.0 7.0 V 

VIL Input LOW Voltage Guaranteed Input Logical LOW Voltage for all InputsllJ -0.5 0.8 V 

Ilx Input Load Current GND.$. VI.$. Vee -10 +10 !1A 
loz Output Leakage Current GND.$. Vo.$. Vee, Output Disabled -50 +SO !1A 
los Output Short Vee - Max., VOUT - 0.5V -30 -160 rnA 

Circuit Currentl2, 3] 

Icc Power Supply Currentl4] Vee = Max., lOUT = 0 rnA, Com'! 250 rnA 
f = 1 mHz, VIN = GND, Vee Com'! "C', -66 125 rnA 

Com'I-I25 280 rnA 

Industrial 300 rnA 

Notes: 
1. These are absolute values with respect to device ground. All over

shoots due to system or tester noise are included. 
3. Tested initially and after any design or process changes that may affect 

these parameters. 
2. Not more than one output should be tested at a time. Duration of the 

short circuit should not exceed 1 second. VOUT = O.5V has been cho
sen to avoid test problems caused by tester ground degradation. 

4. Measured with 16-bit counter programmed into each logic block. 

3-93 

II 



.~ 
~;CYPRESS ADVANCED INFORMATION CY7C373i 

Capacitance[3] 
Parameter Description lest Conditions 

CIN Input Capacitance VIN = 5.0V at f=1 MHz 

COUT Output Capacitance VOUT = 5.0V at f = 1 MHz 

Endurance Characteristics[3] 
Description lest Conditions 

Minimum Reprogramming Cycles Normal Programming Conditions 

AC Test Loads and Waveforms 
2380 (COM'L) 2380 (COM'L) 

3.0V---

OUTPUT OUTPUT 

5V~ 5V5fl3190(MIL) 

35 pF 1700 (COM'L) 5 pF GND I 2360 (MIL) I 
~~8~~~NG ':' ':' ~~8~~~NG ':' ':' 1700 (COM'L) 
SCOPE SCOPE 

(a) 

Equivalent to: THEvENIN EQUIVALENT 
990 (COM'L) 

2.08V (COM'L) 
OUTPUT~ 

(b) 7C373i-4 

Parameter Vx Output Waveform-Measurement Level 

tER(-) 1.5V 
VOH 0.5V l ~ Vx 

tER(+) 2.6V O.5V l ~ Vx VOL 

tEA(+) 1.5V O.5V l ~ VOH 
Vx 

tEA ( ) Vthc Vx l ~ 0.5V VOL 

(d) lest Waveforms 

Switching Characteristics Over the Operating RangdS] 

7C373i-12S 

Parameter Description Min. Max. 

Combinatorial Mode Parameters 

tpD Input to Combinatorial Output 10 

tpDL Input to Output Through 'Il"ansparent Input or 13 
Output Latch 

tPDLL Input to Output Through 'Il"ansparent Input 
and Output Latches 

15 

tEA Input to Output Enable 14 

tER Input to Output Disable 14 

Note: 
5. All AC parameters are measured with 16 outputs switching. 
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7C373i-lOO 

Min. Max. 

12 

15 

16 

16 

16 

Max. Unit 

10 pF 

12 pF 

ALL INPUT PULSES 

(c) 7C373i-5 

7C373i-66 
7C373i-83 7C373iL-66 

Min. Max. Min. Max. Unit 

15 20 ns 

18 22 ns 

19 24 ns 

19 24 ns 

19 24 ns 
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Switching Characteristics Over the Operating Range!5] (continued) 

7C373i-66 
7C373i-12S 7C373i-lOO 7C373i-83 7C373iL-66 

Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Unit 

Input Registered/Latched Mode Parameters 

tWL Clock or Latch Enable Input LOW Timel3J 3 3 4 5 ns 

tWH Clock or Latch Enable Input HIGH TimeL"J 3 3 4 5 ns 

tiS Input Register or Latch Set-Up Time 2 2 3 4 ns 

tIH Input Register or Latch Hold Time 2 2 3 4 ns 

tleo Input Register Clock or Latch Enable to 
Combinatorial Output 

14 16 19 24 ns 

tleoL Input Register Clock or Latch Enable to 16 18 21 26 ns 
Output Through 1tansparent Output Latch 

Output Registered/Latched Mode Parameters 

teo Clock or Latch Enable to Output 6.5 6.5 8 10 ns 

ts Set-Up Time from Input to Clock or Latch 
Enable 

5.5 6 8 10 ns 

tH Register or Latch Data Hold Time 0 0 0 0 ns 

teo2 Output Clock or Latch Enable to Output 
Delay (Through Memory Array) 

14 16 19 24 ns 

tses Output Clock or Latch Enable to Output 8 10 12 15 ns 
Clock or Latch Enable (Through Memory 
Array) 

tSL Set-Up Time from Input Through 1tanSEarent 10 12 15 20 ns 
Latch to Output Register Clock or Latc 
Enable 

tHL Hold Time for Input Through 1tansparent 
Latch from Output Register Clock or Latch 

0 0 0 0 ns 

Enable 

fMAXl Maximum Frequency with Internal Feedback 125 100 83 66 MHz 
(Least of 1/tses, 1/(ts + tH), or 1/tco)[3] 

fMAX2 Maximum Frequency Data Path in Output 153.8 153.8 125 100 MHz 
Registered/Latched Mode ~Lesser of 1/(tWL + 
tWH), 1/(ts + tH), or 1/tco) 3] 

fMAX3 Maximum Frequency of (2) CY7C373is with 83.3 80 62.5 50 MHz 
External Feedback (Lesser of 1/(teo + ts) and 
1/(tWL + tWH»[3] 

tOH-tIH Output Data Stable from Output clock Minus 0 0 0 0 ns 
37x Input Register Hold Time for 7C37x[3, 6] 

Pipelined Mode Parameters 

tiCS Input Register Clock to Output Register Clock 8 10 12 15 ns 

fMAX4 Maximum Fre0uency in Piftelined Mode (Least 125 83.3 66.6 50.0 MHz 
of 1/(tco + trs , 1/?es, 1/ tWL + tWH), 1/(tls 
+ tIH), or 1/tses)[3 

Reset/Preset Parameters 

tRW Asynchronous Reset WidthPJ 10 12 15 20 ns 

tRR Asynchronous Reset Recovery TimeL3J 12 14 17 22 ns 

tRO Asynchronous Reset to Output 16 18 21 26 ns 

tpw Asynchronous Preset WidthL"J 10 12 15 20 ns 

tPR Asynchronous Preset Recovery Timel'J 12 14 17 22 ns 

tpo Asynchronous Preset to Output 16 18 21 26 ns 

tpOR Power-On ResetPJ 1 1 1 1 fts 

Note: 
6. This specification is intended to guarantee interface compatibility of 

the other members ofthe CY7C37Oi famiJywith the CY7C373i. This 
specification is met for the devices operating at the same ambient tem
perature and at the same power supply voltage. 
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Switching Waveforms 

Combinatorial Output 

INPUT 

COMBINATORIAL 
OUTPUT 

Registered Output 

INPUT 

CLOCK 

REGISTERED 
OUTPUT 

CLOCK 

Latched Output 

INPUT 

LATCH ENABLE 

LATCHED 
OUTPUT 

t ., ~1 __________ ~z~x~x~x~x~x~========= 

t=~ t,---+---,f -"----

1-::.1. 
==================~x;::;~======== 
_J~_tw_' t'---tw_L----..I}-

") K )( 
~ts tH-, 

"'" i-tpDL f--tco 
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Switching Waveforms (continued) 

Registered Input 

REGISTERED 
INPUT 

INPUT REGISTER 
CLOCK 

COMBINATORIAL 
OUTPUT 

CLOCK 

Clock to Clock 

REGISTERED 
INPUT 

INPUT REGISTER 
CLOCK 

OUTPUT 
REGISTER CLOCK 

Latched Input 

LATCHED INPUT 

LATCH ENABLE 

COMBINATORIAL 
OUTPUT 

LATCH ENABLE 

;K )K 
tiS tlH 

V 

J.- tlCO xJ.....---
__ ;-~ -_tWH==~t==_tWL~-:}~_ 

---~><~-------------------------

I\.. 

I--- tl5 tlH ---. 
.,V '~ 

I-- tpDL i--tICO xJ...-----x..........-xi= 
__ ;~_~H=~t~_-__ ~ __ L-_~}~_ 
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Switching Waveforms (continued) 

Latched Input and Output 

LATCHED INPUT 

LATCHED 
OUTPUT 

INPUT LATCH 
ENABLE 

OUTPUT LATCH 
ENABLE 

ADVANCED INFORMATION 

1---tSL 

LATCH ENABLE 
_JI+--.....---tW_H-t~'----tW_L~}.--

Asynchronous Reset 

INPUT 

REGISTERED 
OUTPUT 

CLOCK 

Asynchronous Preset 

INPUT 

REGISTERED 
OUTPUT 

CLOCK 

tRW .. 
... K /1'\. 

!---tRO-

XXXX' K 
j--tRR 

j.----tpw .. 
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Switching Waveforms (continued) 

Power-Up Reset Waveform 

POWER 10% 
-k~9~0~%~--------------------------------------------------VCC 

SUPPLY VOLTAGE ------.... 1------- tpOR -------+1 
REGISTERED -------+-+------~~...,..~~~~~~t7--------
ACTIVE LOW 

OUTPUTS ------------~~~----------~~~~~~~~~~ 

CLOCK 

tpOR MAX = 1 1'8 7C373i-15 

Output Enable/Disable 

INPUT 

OUTPUTS 

7C373i-16 

Ordering Information 
Speed Package Package Operating 
(MHz) Ordering Code 1Ype 'JYpe Range 

125 CY7C373i -125AC AlOO 100-Pin Thin Quad Fiatpack Commercial 

CY7C373i -125JC J83 84-Lead Plastic Leaded Chip Carrier 

100 CY7C373i -100AC AlOO 100-Pin Thin Quad Fiatpack Commercial 

CY7C373i -lOOJC J83 84-Lead Plastic Leaded Chip Carrier 

83 CY7C373i-83AC Al00 100-Pin Thin Quad Fiatpack Commercial 

CY7C373i-83JC J83 84-Lead Plastic Leaded Chip Carrier 

CY7C373i-83Al AlOO 100-Pin Thin Quad Flatpack Industrial 

CY7C373i-83JI J83 84-Lead Plastic Leaded Chip Carrier 

66 CY7C373i-66AC AlOO 100-Pin Thin Quad Fiatpack Commercial 

CY7C373i-66JC J83 84-Lead Plastic Leaded Chip Carrier 

CY7C373i-66Al AlOO 100-Pin Thin Quad Flatpack Industrial 

CY7C373i-66JI J83 84-Lead Plastic Leaded Chip Carrier 

66 CY7C373iL-66JC J83 84-Lead Plastic Leaded Chip Carrier Commercial 

Document #: 38-00495 

FLAsH370, FLASH370i, ISR, UltraLogic, Warp2, Wa>p2 +, and Wa>p3 are trademarks of Cypress Semiconductor Corporation. 
ABEL is a trademark of Data 110 Corporation. 
LOG/iC is a trademark of Isdata Corporation. 
CUPL is a trademark of Logical Devices Incorporated. 
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ADVANCED INFORMATION CY7C374i 

Features 
• 128 macrocells in eight logic blocks 

• 64110 pins 
• 6 dedicated inputs including 4 clock 

pins 

• In-System Reprogrammable (lSR m ) 

Flash technology 
-JTAG interface 

• No hidden delays 

• Highspeed 
-fMAX = 100 MHz 
-tpD = 12ns 
-ts = 6ns 
-teo = 7ns 

• Fully PCI compliant 
• Available in 84-pin PLCC, 84-pin 

CLCC, and 100-pin TQFP packages 

• Pin compatible with the CY7C373 

Functional Description 
The CY7C374i is an In-System Repro
grammable Complex Programmable Log
ic Device (CPLD) and is part of the 

Logic Block Diagram 

81/0s AI 1/00-1/07 
'" L 

UltraLogic ™ 128-Macrocell Flash CPLD 
FLAsH370i m family of high-density, high
speed CPLDs. like all members of the 
FLAsH370i family, the CY7C374i is de
signed to bring the ease of use as well as 
PCI Local Bus Specification support and 
high performance of the 22V10 to high
density CPLDs. 

Like all of the UltraLogic FLAsH370i de
vices, the CY7C374iis electrically erasable 
and In-System Reprogrammable (ISR), 
which simplifies both design and manufac
turing flows thereby reducing costs. The 
Cypress ISR function is implemented 
through a 4-pin serial interface. Data is 
shifted in and out through the SDI and 
SDO pins, respectively using the program
ming voltage pin (Vpp). These pins are 
dual function providing a pin-compatible 
upgrade to earlier versions of the 
FLAsH370 m devices. Additionally, be
cause of the superior routability of the 
FLAsH370i devices, ISR often allows users 
to change existing logic designs while si
multaneously fixing pinout assignments. 

The 128 macrocells in the CY7C374i are 
divided between eight logic blocks. Each 

INPUTS I 
~ 

CLOCK 
INPUTS 

2~ 
4 

INPUT INPUT/CLOCK 
MACROCELLSr-r MACROCELLS 

logic block includes 16 macrocells, a 72 x 
86 prodlfct term array, and an intelligent 
pro~uct term allocator. 

The logic blocks in the FLAsH370i architec
ture are connected with an extremely fast 
and predictable routing resource-the 
Programmable Interconnect Matrix 
(PIM). The PIM brings flexibility, rout
ability, speed, and a uniform delay to the 
interconnect. 

Like all members ofthe FLAsH370i family, 
the CY7C374i is rich in I/O resources. Ev
ery two macrocells in the device feature an 
associated I/O pin, resulting in 64 I/O pins 
on the CY7C374i. In addition, there are 
two dedicated inputs and four input/clock 
pins. 

Finally, the CY7C374ifeatures averysim
pIe timing model. Unlike other high-densi
ty CPLD architectures, there are no hid
den speed delays such as fanout effects, in
terconnect qelays, or expander delays. Re
gardless of the number of resources used 
or the type of application, the timing pa
rameters on the CY7C374i remain the 
same. 

f 4 • .f 4 

LOGIC LOGIC k 81/0s 
1/056-1/0 63 BLOCK I 36 36 I BL~CK I .... 

A 16 PIM 16 

• • 81/0s I LOGIC LOGIC 8~s 
1/0 8-1/0 15 Al BLOCK I 36 36 -I BLOCK 1/0 48-1/0 55 

'" B G -
16 16 

~ ~ 

1/0 16-1/0 23 ~s ~1 
LOGIC LOGIC ~ BLOCK I 36 36 1 BLOCK 1/040-1/0 47 - C F -

16 16 

• • 81/0s AI LOGIC 1 
36 I LOGIC I ..... 81/0s 

1/032-1/0 39 1/024-1/031 BLOCK 36 B~CK I v ""I 0 16 16 7C3741~1 

32 32 

Selection Guide 
7C374i-l00 7C374i-83 7C374i-66 7C374iL-66 

Maximum Propagation Delay tpD (ns) 12 15 20 20 
Minimum Set-Up, ts (ns) 6 8 10 10 
Maximum Clock to Output, tco (nes) 7 8 10 10 
Maximum Supply 1 Commercial 300 300 300 150 
CUrrent, Icc (rnA) 

1 Military/lndustrial 370 370 
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Pin Configurations 

SCLK 
GND 
liD. 
1I0g 

110,0 
11011 

liD" 
1/0 ,3 
1/0,4 
liD,. 

CLKoflo 
Vee 
NIC 

GND 
CLK,II, 

1/016 

1/0 ,7 
1/0,8 
liD" 
110 20 
V021 
11022 
1102, 
Vee 
NC 

liD. 
110, 

1I0,ofSCLK 
1/0,1 
110,2 
liD" 
liD,. 
liD,. 

CLKOllo 
Vee 

GND 
CLK1/I, 

1/0,6 
1/°17 
1/°,8 
liD" 
110 20 
1{021 
110 22 
11023 
GND 

14 
15 
16 
17 

22 

30 
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Top View 
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TQFP 
Top View 

GNO 
liD .. 
1I0..rSDI 
liD., 
110 52 
1105, 
110.0 
1/049 

~~~A. 
GND 

Vee 
CLK2l1a 
110.7 
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liD .. 
liD .. 
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110 40 
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SOl 
Vee 
liD •• 
1/054 

liD., 
110 52 
1/051 

110.0 
liD., 
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GNO 
NC 
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liD .. 
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Functional Description (continued) 

Logic Block 

The number of logic blocks distinguishes the members of the 
FLAsH370i family. The CY7C374i includes eight logic blocks. Each 
logic block is constructed of a product term array, a product term 
allocator, and 16 macrocells. 

Product Term AlTay 

The product term array in the FLAsH.37Oi logic block includes 36 
inputs from the PIM and outputs 86 product terms to the product 
term allocator. The 36 inputs from the PIM are available in both 
positive and negative polarity, making the overall array size 72 x 86. 
This large array in each logic block allows for very complex func
tions to be implemented in single passes through the device. 

Product Term Allocator 

The product term allocator is a dynamic, configurable resource 
that shifts product terms to macrocells that require them. Any 
number of product terms between 0 and 16 inclusive can be as
signed to any of the logic block macrocells (this is called product 
term steering). Furthermore, product terms can be shared among 
multiple macrocells. This means that product terms that are com
mon to more than one output can be implemented in a single prod
uct term. Product term steering and product term sharing help to 
increase the effective density of the FLAsH370i CPLDs. Note that 
product term allocation is handled by software and is invisible to 
the user. 

I/O Macrocell 

Half ofthe macrocells on the CY7C374i have 110 pins associated 
with them. The input to the macrocell is the sum of between 0 and 
16 productterms from the product term allocator. The I/O macro
cell includes a register that can be optionally bypassed, polarity 
control over the input sum-term, and two global clocks to trigger 
the register. The macrocell also features a separate feedback path 
to the PIM so that the register can be buried if the 110 pin is used 
as an input. 

Buried Macrocell 

The buried macrocell is very similar to the 110 macrocell. Again, it 
includes a register that can be configured as combinatorial, as aD 
flip-flop, a T flip-flop, or a latch. The clock for this register has the 
same options as described for the 110 macrocell. One difference on 
the buried macrocell is the addition of input register capability. 
The user can program the buried macrocell to act as an input regis
ter (D-type or latch) whose input comes from the 110 pin 

CY7C374i 

associated with theneighboringmacrocell. The output of all buried 
macrocells is sent directly to the PIM regardless of its config
uration. 

Programmable Interconnect Matrix 

The Programmable Interconnect Matrix (PIM) connects the eight 
logic blocks on the CY7C374i to the inputs and to each other. All 
inputs (including feedbacks) travel through the PIM. There is no 
speed penalty incurred by signals traversing the PIM. 

Development Tools 

Development software for the CY7C374i is available from 
Cypress's Wa1p2 m , Wa1p2+ m, and Wa1p3 m software packages. 
Both of these products are based on the IEEE standard VHDL 
language. Cypress also supports third-party vendors such as 
ABEL m, CUPL m, and LOG/iC m • Please contact your local 
Cypress representative for further information. 

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

Storage Thmperature ................... -65°C to + 150°C 
Ambient Thmperature with 
Power Applied ........................ -55°C to +12SoC 
Supply Voltage to Ground Potential ......... -O.5V to + 7.0V 
DC Voltage Applied to Outputs 
in High Z State .......................... -O.5V to + 7.0V 
DC Input Voltage ........................ -O.5V to + 7.0V 
DC Program Voltage .............................. 12.5V 
Output Current into Outputs ...................... 16 rnA 
Static Discharge Voltage ........................ > 2001 V 
(per MIL-STD-883, Method 3015) 
Latch-Up Current ............................ >200 rnA 

Operating Range 
Ambient 

Range temperature Vee 
Commercial O°C to +70°C SV±S% 

Industrial -40°C to +8SoC SV±S% 

Military[1] -55°C to +12SoC SV± 10% 

Note: 
1. TA is the "instant on" case temperature. 
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Electrical Characteristics Over the Operating RangeI2J 

Parameter Description Test Conditions 

VOH Output HIGH Voltage Vee = Min. IOH = -3.2 mA (Com'I/Ind) 

IOH = -2.0 rnA (Mil) 

VOL Output LOW Voltage Vee = Min. IOL = 16 rnA (Com'l!Ind) 

IOL = 12 rnA (Mil) 

VIH Input HIGH Voltage Guaranteed Input Logical HIGH voltage for all inputs[3J 

VIL Input LOW Voltage Guaranteed Input Logical LOW voltage for all inputs[3J 

Ilx Input Load Current GNDs VIS Vee 

loz Output Leakage Current GND S Vo s Vee, Output Disabled 

los Output Short 
Circuit Current[4, 5J 

Vee = Max., VOUT = 0.5V 

lee Power Supply Current Vee = Max., lOUT = 0 rnA, Com'l 
f = 1 mHz, VIN = GND, ved6J 

Com'l 
"~' -66 

Mil./lnd. 

Capacitance[5J 

Parameter Description Test Conditions Max. 

CIN Input Capacitance VIN = 5.0V at f= 1 MHz 10 

COUT Output Capacitance VOUT = 5.0V at f = 1 MHz 12 

Endurance Characteristics[5J 

Description Test Conditions 

Minimum Reprogramming Cycles Normal Programming Conditions 

Notes: 

CY7C374i 

Min. Max. Unit 

2.4 V 

V 

0.5 V 

V 

2.0 7.0 V 

-0.5 0.8 V 

-10 +10 fAA 
-50 +50 fAA 
-30 -160 rnA 

300 rnA 

150 rnA 

370 rnA 

Unit 

pF 

pF 

2. See the last page of this specification for Gronp A subgroup testing in
formation. 

5. Tested initially and after any design or process changes that may affect 
these parameters. 

3. These are absolute values with respect to device ground. All over
shoots due to system or tester noise are included. 

4. Not more than one output should be tested at a time. Duration of the 
short circuit should not exceed 1 second. V OUT = O.5V has been cho
sen to avoid test problems caused by tester ground degradation. 

6. Measured with 16-bit counter programmed into each logic block. 
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AC Test Loads and Waveforms 

23S0 (COM'L) 23S0 (COM'L) 

OUTP:~ ~3190 (MIL) OUTP:~ Sf13190 (MIL)1700 (COM~~~V 
35 pF 1700 (COM'L) 5 pF 2360 (MIL)GND 

I 2360 (MIL) I < 2 ns 
INCLUDING -= -= INCLUDING -= -= -
JIG AND JIG AND 
SCOPE SCOPE 

(a) (b) 7C3741-4 

Equivalent to: THEVENIN EQUIVALENT 
990 (COM'L) 
1360 (MIL) 2.0SV (COM'L) 

OUTPUT 0---'wIr----0 2.13V (MIL) 

Parameter Vx Output Waveform-Measurement Level 

tER(-) 1.5V 
VOH 0.5V t I: 

tER(+) 2.6V 
VOL O.5V l ~ 

tEA(+) 1.5V 0.5V l ~ Vx 

tEA(-) Vthc Vx l I: O.5V 

(d) Test Waveforms 

Switching Characteristics Over the Operating Range[7] 

Vx 

Vx 

VOH 

VOL 

7C374i-lOO 

Parameter Description Min. Max. 

Combinatorial Mode Parameters 

tpo Input to Combinatorial Output 12 

tpOL Input to Output Through 'Ifansparent Input or Output Latch 15 

tpOLL Input to Output Through 'Ifansparent Input and Output 16 
Latches 

tEA Input to Output Enable 16 

tER Input to Output Disable 16 

Input Registered/Latched Mode Parameters 

tWL Clock or Latch Enable Input LOW TimdS] 3 

tWH Clock or Latch Enable Input HIGH TimdS] 3 

tIS Input Register or Latch Set-Up Time 2 

tIH Input Register or Latch Hold Time 2 

tlCO Input Register Clock or Latch Enable to Combinatorial 
Output 

16 

tlCOL Input Register Clock or Latch Enable to Output Through 
'Ifansparent Output Latch 

18 

3-104 
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ALL INPUT PULSES 

90% 

(c) 
7C3741-5 

7C374i-66 
7C374i-83 7C374iL-66 

Min. Max. Min. Max. Unit 

15 20 ns 

18 22 ns 

19 24 ns 

19 24 ns 

19 24 ns 

4 5 ns 

4 5 ns 

3 4 ns 

3 4 ns 

19 24 ns 

21 26 ns 



CY7C374i 

Switching Characteristics Over the Operating Range[7] (continued) 

7C374i-66 
7C374i-IOO 7C374i-83 7C374iL-66 

Parameter Description Min. Max. Min. Max. Min. Max. Unit 

Output Registered/Latched Mode Parameters 

tco Clock or Latch Enable to Output 7 8 10 ns 

ts Set-Up Time from Input to Clock or Latch Enable 6 8 10 ns 

tH Register or Latch Data Hold Time 0 0 0 ns 

tc02 Output Clock or Latch Enable to Output Delay (Through 
Memory Array) 

9 16 19 24 ns 

tscs Output Clock or Latch Enable to Output Clock or Latch 10 12 15 ns 
Enable (Through Memory Array) 

tSL Set-Up Time from Input Through 1tansparent Latch to 12 15 20 ns 
Output Register Clock or Latch Enable 

tHL Hold Time for Input Through Transparent Latch from Out-
put Register Clock or Latch Enable 

0 0 0 ns 

fMAXI Maximum Frequency with Internal Feedback 100 83 66 MHz 
(Least of 1/tscs, 1/(ts + tH), or 1/tco)[5] 

fMAX2 Maximum Frequency Data Path in Output Registeredl 143 125 100 MHz 
Latched Mode (Lesser of 1/(tWL + tWH), 1/(ts + tH), or 
1/tco) 

fMAlO Maximum Frequency with External Feedback 
(Lesser of l/(tco + ts) and 1/(tWL + tWH» 

76.9 67.5 50 MHz 

tOH-tIH Output Data Stable from Output Clock Minus Input Register 0 0 0 ns 
37x Hold Time for 7C37x[5, 8] 

Pipelined Mode Parameters 

tres Input Register Clock to Output Register Clock 10 12 15 ns 

fMAX4 Maximum Frequency in Pipelined Mode (Least of l/(tco + 
tIS), 1/tICS, l/(tWL + tWH), 1/(tls + tIH), or l/tses) 

100 83.3 66.6 MHz 

Reset/Preset Parameters 

tRW Asynchronous Reset WidthPI 12 15 20 ns 

tRR Asynchronous Reset Recovery TimePJ 14 17 22 ns 

tRO Asynchronous Reset to Output 18 21 26 ns 

tpw Asynchronous Preset WidthL5] 12 15 20 ns 

tpR Asynchronous Preset Recovery Timel'J 14 17 22 ns 

tpo Asynchronous Preset to Output 18 21 26 ns 

tpOR Power-On ResetL5] 1 1 1 fls 

Note: 
7. All AC parameters are measured with 16 outputs switching. 8. This specification is intended to guarantee interface compatibility of 

the other members of the CY7C37Oi family with the CY7C374i. This 
specification is met for the devices operating at the same ambient tem
perature and at the same power supply voltage. 

Switching Waveforms 

Combinatorial Output 

INPUT 

COMBINATORIAL 
OUTPUT 

7C374i-6 
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~;CYPRESS 
Switching Waveforms (continued) 

Registered Output 

INPUT 

CLOCK 

REGISTERED 
OUTPUT 

" 
E. t_J ----...,,--

1-:-1. ---------...... x--~======== 
CLOCK 

Latched Output 

INPUT 

LATCH ENABLE 

LATCHED 
OUTPUT 

Registered Input 

REGISTERED 
INPUT 

INPUT REGISTER 
CLOCK 

COMBINATORIAL 
OUTPUT 

CLOCK 

} IWH--¥t=--=-IW_L ~}_-

, )( "-
-Is IH-

~/ "'\ 
~ 

..... IPOL r---Ico xxi· -------.x-x1= 
X K 

1----118 tlH 
/ 

/ 

-tICO xxi --
__ }14----_tWH==--'+t==-tW_L-_----I}--
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~#CYPRESS 
Switching Waveforms (continued) 

Clock to Clock 

REGISTERED 
INPUT ----~><~---------------------------

INPUT REGISTER 
CLOCK 

OUTPUT 
REGISTER CLOCK 

Latched Input 

LATCHED INPUT 

LATCH ENABLE 

COMBINATORIAL 
OUTPUT 

'K 'K 
I---tl8 tlH--

V 'I\. 

I-- tpDL I-- tlCD 
xx1~----'x~x1= 

LATCH ENABLE 
__ J.----tW-H---t'*-_~ __ tW __ L~-}.-----

Latched Input and Output 

LATCHED INPUT 

LATCHED 
OUTPUT 

t8L 
INPUT LATCH 

ENABLE 

OUTPUT LATCH 
ENABLE 

J 
tWH 

t } tWL 
LATCH ENABLE 

3-107 

CY7C374i 

7C374i-10 

II 

tHL 

7C374i-f2 



==- :z 
i&ICYPRESS 

CY7C374i 

Switching Waveforms (continued) 

Asynchronous Reset 

tRW 

INPUT 

REGISTERED 
OUTPUT 

tRRJ 
CLOCK 

70374i-13 

Asynchronous Preset 

tpw • 
INPUT 

REGISTERED 
OUTPUT 

tPRJ 
CLOCK 

7C374i~14 

Power-Up Reset Waveform 

90% 
Vee 

POWER 10% 
SUPPLY VOLTAGE 

tpOR 

REGISTERED 
ACTIVE LOW 

OUTPUTS 

CLOCK 

tpORMAX = 1 JA.S 7C374i-15 

Output Enable/Disable 

INPUT 

OUTPUTS 
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Ordering Information 
Speed Package 
(MHz) Ordering Code 

100 CY7C374i-100AC 

CY7C374i -lOOJC 

83 CY7C374i-83AC 

CY7C374i-83JC 

CY7C374i-83AI 

CY7C374i-83JI 

CY7C374i-83YMB 

66 CY7C374i -66AC 

CY7C374i -66JC 

CY7C374i -66AI 

CY7C374i -66JI 

CY7C374i -66YMB 

66 CY7C374iL-66AC 

CY7C374iL-66JC 

MILITARY SPECIFICATIONS 
Group A Subgroup Testing 
DC Characteristics 

Parameter Subgroups 

VOH 1,2,3 

VOL 1,2,3 

VIH 1,2,3 

VIL 1,2,3 

IIX 1,2,3 

Ioz 1,2,3 

Icc! 1,2,3 

Document #: 38-00214-0 

Name 

AIOO 

J83 

AlOO 

J83 

AlOO 

J83 

Y84 

AlOO 

J83 

AlOO 

J83 

Y84 

AlOO 

J83 

CY7C374i 

Operating 
Package lYPe Range 

100-Pin Thin Quad Flat Pack Commercial 

84-Lead Plastic Leaded Chip Carrier 

100-Pin Thin Quad F1at Pack Commercial 

84-Lead Plastic Leaded Chip Carrier 

100-Pin Thin Quad F1at Pack Industrial 

84-Lead Plastic Leaded Chip Carrier 

84-Pin Ceramic Leaded Chip Carrier Military 

100-Pin Thin Quad Flat Pack Commercial 

84-Lead Plastic Leaded Chip Carrier 

100-Pin Thin Quad Flat Pack Industrial 

84-Lead Plastic Leaded Chip Carrier 

84-Pin Ceramic Leaded Chip Carrier Military 

100-Pin Thin Quad F1at Pack Commercial 

84-Lead Plastic Leaded Chip Carrier 

Switching Characteristics 
Parameter Subgroups 

tpD 9,10,11 

tpDL 9,10,11 

tpDLL 9,10,11 

tco 9,10,11 

tICO 9,10,11 

tICOL 9,10,11 

ts 9,10,11 

tSL 9,10,11 

tH 9,10,11 

tHL 9,10,11 

tIS 9,10,11 

tm 9,10,11 

tICS 9,10,11 

tEA 9,10,11 

tER 9, 10, 11 

ISR, UltraLogic, FLAsH370, FLASH370i, Wa/p2, Wa/p2+, and Wa/p3 are trademarks of Cypress Semiconductor Corporation. 
ABEL is a trademark of Data I/O Corporation. 
CUPL is a trademark of Logical Devices Incorporated. 
LOG/iC is a trademark of Isdata Corporation. 
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CYPRESS ADVANCED INFORMATION CY7C375i 

Features 
• 128 macrocells in eight logic blocks 

• 128 I/O pins 
• 6 dedicated inputs including 4 clock 

pins 
• In-System Reprogrammable (lSR m) 

Flash technology 
- JTAG interface 

• No hidden delays 

• High speed 
-fMAX = 100 MHz 
-tPD = l2ns 
-ts = 6ns 
-tco=7ns 

• Fully PCI compliant 
• Available in 160-pin TQFP, CQFP, and 

PGA packages 

Functional Description 
The CY7C375i is an In-System Repro
grammableComplexProgrammableLogic 
Device (CPLD) and is part of the 
FLAsH370i m family of high-density, high-

Logic Block Diagram 

161/08 
1/00-1/0 15 

161/08 
1/01S-1/0 31 

161/08 
1/032-1/047 

161/08 
1/048-1/0 63 

64 

UltraLogic TM 128-Macrocell Flash CPLD 
speed CPLDs. Like all members of the 
FLAsH370i family, the CY7C375i is de
signed to bring the ease of use and high 
performance of the 22VlO to high-density 
PLDs. 

Like all of the UltraLogic FLAsH370i de
vices, the CY7C375iis electrically erasable 
and In-System Reprogrammable (ISR), 
which simplifies both design and manufac
turing flows thereby reducing costs. The 
Cypress ISR function is implemented 
through a 4-pin serial interface. Data is 
shifted in and out through the SDI and 
SDO pins, respectively using the program
ming voltage pin (Vpp). These pins are 
dual function providing a pin-compatible 
upgrade to earlier versions of the 
FLAsH370 m devices. Additionally, be
cause of the superior routability of the 
FLASH370i devices, ISR often allows users 
to change existing logic designs while si
multaneously fixing pinout assibnments. 

The 128 macrocells in the CY7C375i are 
divided between eight logic blocks. Each 
logic block includes 16 macrocells, a 72 x 

INPUT 
MACROCELLS 

36 

16 

36 

16 

36 

16 

36 

16 
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86 product term array, and an intelligent 
product term allocator. 

The logic blocks in the FLAsH370i architec
ture are connected with an extremely fast 
and predictable routing resource-the 
Programmable Interconnect Matrix 
(PIM). The PIM brings flexibility, rout
ability, speed, and a uniform delay to the 
interconnect. 

Like all members of the FLAsH370i family, 
the CY7C375i is rich in I/O resources. Ev
ery macrocell in the device features an 
associated I/O pin, resulting in 128 I/O 
pins on the CY7C375i. In addition, there 
are two dedicated inputs and four input! 
clock pins. 

Finally, the CY7C375i features a very sim
ple timing model. Unlike other high-densi
ty CPLD architectures, there are no hid
den speed delays such as fanout effects, in
terconnect delays, or expander delays. Re
gardless of the number of resources used 
or the type of application, the timing pa
rameters on the CY7C375i remain the 
same. 

161/08 

1/0112-1/0 127 

161/08 

1/096 -1/0111 

161/08 
1/080-1/0 95 

161/08 
1/0sc1/079 

64 7C375i·1 



Selection Guide 

Maximum Propagation Delay, tpD (ns) 

Minimum Set-Up, ts (ns) 

Maximum Clock to Output, teo (ns) 

Maximum Supply 
Current, Icc (rnA) 

Pin Configurations 

GNO 

I/O,. 
1/0'7 
1/0'8 
1/0'9 

1/0 201SCLK 
1/021 

1/022 

1/0 23 
GNO 10 
1/024 
1/025 
1/026 
1/027 ,. 
1/028 
1/0 29 
1/0 30 

1I00, 
ClKoflo 

Vee 
GNO 

ClK,/l, 

1/032 
1/0 33 
1/0 34 
1/035 
1/036 

11037 

1/038 
I/O,. 
GNO 
1/0 40 
1/041 
1/042 

1/0 43 

1/044 
liD .. 
liD .. 
1/047 
Vee 

ADVANCED INFORMATION 

7C375i-IOO 

I Commercial 

I Military/Industrial 

Top View 
TQFP/CQFP 
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12 

6 

7 

330 

7C375i-83 

15 

8 

8 

300 

370 

7C375i-66 

20 

10 

10 

300 

370 

CY7C375i 

7C375iL-66 

20 

10 

10 

150 

Vee 
1/0111 

1/0110 

1/°109 
I/O,oaISOI 

1/°107 

1/0106 

1/°105 
1/0104 
GNO 

1/0103 
1/°102 
1/0101 
110100 

11099 
1/098 

1/097 
1/096 

ClKofI. 
GND 

Vee 
ClK,,!13 
1/095 
liD .. 

1/0'3 

I/O" 
I/O" 
1/090 
1/089 
I/Os8 
GND 

1/0 87 
liD .. 
1/085 

1/084 
1/°63 
1/°82 

I/OS1 
1/0,0 
GND 

II 



Pin Configurations (continued) 

R 1/0 ,09 1(0112 1/0115 V0118 1/0,2, 

1/°106 1/°110 1/0113 1/0 116 1/0119 

1/0,05 I/0 10a 1/0111 1/0 114 1/0117 
/SDI 

N 

M 1/0,02 1/0,04 1/°107 Vee 

1/°100 1/°101 1/°103 

K I/O .. I/Ooe GND 

I/O,. I/~ 
CLK3 Vee /I. 

I/O .. GND CLK2 GND /1. 
H 

G I/O .. I/Oaa V0,2 Vee 

V0 91 Vo,. I/O .. 

I/O .. 1/0.7 I/O .. • 
D I/O .. I/O .. 1/082 GND 

C I/O .. 1/081 GND V0 7& 1/072 SDO 

B V0 90 V0 79 I/On Vo,. V07. 

A V0 78 V07. 1/07• V0 71 VO" 

ADVANCED INFORMATION 

VO,23 

VO,22 

VO,20 

GND 

VO .. 

V0 67 

PGA 
Bottom View 

VO,26 1/0 127 VO. 

1/0,25 GND VO, 

I/D'24 lsi V02 
Vpp 

Vee GND Vee 

Vee GND Vee 

I/O .. 12 VOeo 

I/Ces GND 1/0., 

VO .. I/O .. VO .. 

3-112 

Vo, 

VO. 

GND 

I/O .. 

I/O .. 

I/O .. 

10 

VO. V07 VO,. Vo" 

I/O. Vo, 1/013 VO,. 

I/O. 1/0,2 GND 1/017 

GND 1/0 ,. VO",! 
SCLI< 

1/021 V0 23 

1/02. VO,. 

Vee I/O .. 1/029 

GND CLKO GND /1. 

Vee CLI<l I/D •• /1, 

GND I/O .. 

I/o,. 1/0.7 

Vee I/O .. I/O .. 

I/O .. I/O .. VO.7 VO .. 

1/055 I/O.,} I/O .. I/O .. 
SMOOE 

1/0.7 VO .. VO., I/O .. 

11 12 13 14 

CY7C375i 

1/°14 

1/0,• 

1/0,. 

1/022 

1/025 

V027 

1/030 

1/°31 

1/0 32 

VO •• 

I/O .. 

I/D38 

VO., 

1/0.2 

11045 

15 
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ADVANCED INFORMATION CY7C375i 

Functional Description (continued) 

Logic Block 

The number of logic blocks distinguishes the members of the 
F'LAsH37Oi family. The CY7C37Si includes eight logic blocks. Each 
logic block is constructed of a product term array, a product term 
allocator, and 16 macrocells. 

Product Term A"ay 

The product term array in the F'LAsH370i logic block includes 36 
inputs from the PIM and outputs 86 product terms to the product 
term allocator. The 36 inputs from the PIM are available in both 
positive and negative polarity, making the overall array size 72x86. 
This large array in each logic block allows for very complex func
tions to be implemented in single passes through the device. 

Product Term Allocator 

The product term allocator is a dynamic, configurable resource 
that shifts product terms to macrocells that require them. Any 
number of product terms between 0 and 16 inclusive can be as
signed to any of the logic block macrocells (this is called product 
term steering). Furthermore, product terms can be shared among 
multiple macrocells. This means that product terms that are com
mon to more than one output can be implemented in a single prod
uct term. Product term steering and product term sharing help to 
increase the effective density of the FLAsH370i PLDs. Note that 
product term allocation is handled by software and is invisible to 
the user. 

I/O Macrocell 

Each of the macrocells on the CY7C37Si has a separate 110 pin 
associated with it. The input to the macrocell is the sum of between 
o and 16 product terms from the product term allocator. The ma
crocell includes a register that can be optionally bypassed, polarity 
control over the input sum-term, and four global clocks to trigger 
the register. The macrocell also features a separate feedback path 
to the PIM so that the register can be buried if the 110 pin is used 
as an input. 

Programmable Interconnect Matrix 

The Programmable Interconnect Matrix (PIM) connects the eight 
logic blocks on the CY7C37Si to the inputs and to each other. All 

inputs (including feedbacks) travel through the PIM. There is no 
speed penalty incurred by signals traversing the PIM. 

Development Tools 

Development software for the CY7C37Si is available from 
Cypress's Wap2m, Wap2+ m, and Wa/p3 m software packages. 
Both of these products are based on the IEEE standard VHDL 
language. Cypress also supports third-party vendors such as 
ABEL m, CUPL m, and LOG/iC m • Please contact your local 
Cypress representative for further information. 

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

Storage Thmperature ................... -65°C to +lS0°C 
Ambient Temperature with 
Power Applied ........................ -55°C to +12S o C 
Supply Voltage to Ground Potential ......... -O.5V to + 7.0V 
DC Voltage Applied to Outputs 
in High Z State .......................... -O.SV to + 7.0V 
DC Input Voltage ........................ -O.SV to + 7.0V 
DC Program Voltage .............................. 12.5V 
Output Current into Outputs ...................... 16 rnA 
Static Discharge Voltage ........................ >2001V 
(per MIL-STD-883, Method 3015) 
Latch-Up Current ............................ >200 rnA 

Operating Range 
Ambient 

Range Temperature Vee 
Commercial O°C to +70°C SV±S% 

Industrial -40°C to +8S o C SV ± 10% 

Military[lj -55°C to + 125°C SV ± 10% 

Note: 
1. TA is the "instant on" case temperature. 
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ADVANCED INFORMATION CY7C375i 

Electrical Characteristics Over the Operating Rangd2] 

Parameter Description Test Conditions Min. Max. Unit 

VOH Output mGH Voltage Vee = Min. IOH = -3.2 rnA (Com'l/lnd) 2.4 V 

lOR = - 2.0 rnA (Mil) V 

VOL Output LOW Voltage Vee = Min. IOL = 16 rnA (Com'l/Ind) 0.5 V 

IOL = 12 rnA (Mil) V 

VIH Input mGH Voltage Guaranteed Input Logical HIGH voltage for all inputs!3] 2.0 7.0 V 

V'L Input LOW Voltage Guaranteed Input Logical LOW voltage for all inputs!3] -0.5 0.8 V 

I,x Input Load Current GND 5V,5 Vee -10 +10 !JA 
loz Output Leakage Current GND 5 Vo 5 Vee, Output Disabled -50 +50 !JA 
los Output Short Vee = Max., VOUT = O.5V -30 -160 rnA 

Circuit Current!4, 5] 

lec Power Supply Current!6] Vee = Max., lOUT = 0 rnA, Com'l 300 rnA 
f = 1 mHz, VIN = GND, Vee 

Com'l 150 rnA 
"1.:'-66 

Mil/lnd 370 rnA 

Capacitance!5] 

Parameter Description Test Conditions Max. Unit 

CIN Input Capacitance VIN = 5.0Vatf=1 MHz 10 pF 

COUT Output Capacitance VOUT = 5.0V at f = 1 MHz 12 pF 

Endurance Characteristics!5] 

Description Test Conditions 

Minimum Reprogramming CYcles Normal Programming Conditions 

Notes: 
2. See the last page ofthis specification for Group A subgroup testing in

formation. 
5. Thsted initially and after any design or process changes that may affect 

these parameters. 
3. These are absolute values with respect to device ground. All over

shoots due to system or tester noise are included. 
4. Not more than one output should be tested at a time. Duration of the 

short circuit should not exceed 1 second. V OUT = O.5V has been cho
sen to avoid test problems caused by tester ground degradation. 

6. Measured with 16-bit counter programmed into each logic block. 
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ADVANCED INFORMATION CY7C375i 

AC Test Loads and Waveforms 
23BO (COM'L) 23BO (COM'L) 

OUTPUT OUTPUT 1700 (COM'L) 

5V 3=t3190 (MIL) 5V ~3190 (MIL) 3.0V 

35 pF 1700 (COM'L) 5 pF 2360 (MIL) GND 

INCLUDING J _2360 (MIL) J _ .$. 2 ns 
JIG AND - - INCLUDING - -
SCOPE JIG AND 

(a) 
SCOPE 

Equivalent to: THEVENIN EQUIVALENT 
990 (COM'L) 
1360 (MIL) 2.0BV (COM'L) 

OUTPUT D--------'IMr-- 2.13V (MIL) 

(b) 7C375i-4 

Parameter Vx Output Waveform-Measurement Level 

tER(-) 1.5V 
VOH 0.5V : ~ Vx 

tER(+) 2.6V 
VOL 0.5V: ~ Vx 

tEA(+) 1.5V O.5V: ~ VOH 
Vx 

tEA(-) Vthc Vx : ~ O.5V VOL 

(a) Test Waveforms 

Switching Characteristics Over the Operating Range[7] 

Parameter Description 

Combinatorial Mode Parameters 

tpD Input to Combinatorial Output 

tpDL Input to Output Through 'Il"ansparent Input or Output 
Latch 

tpDLL Input to Output Through Transparent Input and Output 
Latches 

tEA Input to Output Enable 

tER Input to Output Disable 

Input Registered/Latched Mode Parameters 

tWL Clock or Latch Enable Input LOW TimdS] 

tWH Clock or Latch Enable Input HIGH TimdS] 

tIS Input Register or Latch Set-Up Time 

tIH Input Register or Latch Hold Time 

tlCO Input Register Clock or Latch Enable to Combinatorial 
Output 

tlCOL Input Register Clock or Latch Enable to Output 
Through Transparent Output Latch 

Output Registered/Latched Mode Parameters 

teo Clock or Latch Enable to Output 

ts Set-Up Time from Input to Clock or Latch Enable 

3-115 

7C375i-6 

7C375i-7 

7C375i-8 

7C375i-9 

7C37Si-1OO 

Min. Max. 

12 

15 

16 

16 

16 

3 

3 

2 

2 

16 

18 

7 

6 

ALL INPUT PULSES 

90% 

7C375i·5 

7C37Si-83 7C37SiL-66 

Min. Max. Min. Max. Unit 

15 20 ns 

18 22 ns 

19 24 ns 

19 24 ns 

19 24 ns 

4 5 ns 

4 5 ns 

3 4 ns 

3 4 ns 

19 24 ns 

21 26 ns 

8 10 ns 

8 10 ns 
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ADVANCED INFORMATION CY7C375i 

Switching Characteristics Over the Operating Rangd7] (continued) 

7C37Si-lOO 7C37Si-83 7C37SiL-66 

Parameter Description Min. Max. Min. Max. Min. Max. Unit 

tH Register or Latch Data Hold Time 0 0 0 ns 

tC02 Output Clock or Latch Enable to Output Delay 
(Through Memory Array) 

16 19 24 ns 

tscs Output Clock or Latch Enable to Output Clock or 
Latch Enable (Through Memory Array) 

10 12 15 ns 

tSL Set-Up Time from Input Through 1tansparent Latch to 
Output Register Clock or Latch Enable 

12 15 20 ns 

tHL Hold Time for Input Through 1tansparent Latch from 0 0 0 ns 
Output Register Clock or Latch Enable 

fMAXI Maximum Frequency with Internal Feedback 100 83 66 MHz 
(Least of 1/tscs, 1/(ts + tH), or 1/tco)[S] 

fMAX2 Maximum Frequency Data Path in Output Registeredl 143 125 100 MHz 
Latched Mode (Lesser of l/(tWL + tWH), l/(ts + tH), 
or 1/tco) 

fMAX3 Maximum Frequency with External Feedback 
(Lesser of 1/(tco + ts) and 1/(tWL + tWH» 

76.9 62.5 50 MHz 

tOH-tIH Output Data Stable from OutP.ut Clock Minus Input 0 0 0 ns 
37x Register Hold Time for 7C37x[S, 8] 

Pipelined Mode Parameters 

tiCS Input Register Clock to Output Register Clock 10 12 15 ns 

fMAX4 Maximum Frequency in Pipelined Mode (Least of 
1/(tco + tiS), 1/t1CS, 1/(tWL + tWH), 1/(tIS + tIH), or 
1/tscs) 

100 83.3 66.6 MHz 

Reset/Preset Parameters 

tRW Asynchronous Reset WidthL'J 12 15 20 ns 

tRR Asynchronous Reset ReCovery TimeL' J 14 17 22 ns 

tRO Asynchronous Reset to Output 18 21 26 ns 

tpw Asynchronous Preset WidthLSJ 12 15 20 ns 

tpR Asynchronous Preset Recovery TimelOJ 14 17 22 ns 

tpo Asynchronous Preset to Output 18 21 26 ns 

tpOR Power-On Reset 1 1 1 its 

Note: 
7. This specification is intended to guarantee interface compatibility of 8. All AC parameters are measured with 16 outputs switching. 

the other members of the CY7C37Oi famiJywith the CY7C375i. This 
specification is met for the devices operating at the same ambient tem-
perature and at the same power supply voltage. 

Switching Waveforms 

Combinatorial Output 

INPUT 

COMBINATORIAL 
OUTPUT ________ ~t~x~x~x~x~xi------
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Switching Waveforms (continued) 

Combinatorial Output 

INPUT 

COMBINATORIAL 
OUTPUT 

Registered Output 

INPUT 

CLOCK 

REGISTERED 
OUTPUT 

CLOCK 

Latched Output 

INPUT 

LATCH ENABLE 

LATCHED 
OUTPUT 

________ ~t~x~x~x~x~xi~----
E. t_J ______ ,,---

~:~ -------------.-x.........-~======== 
JI4----...---tw_H -tol+--- tWL------..j}_ 

)K 
---ts tH-

y ~ 
I-- tpDL I-Ico xx1..--------.x.....,......x1= 
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Switching Waveforms (continued) 

Registered Input 

REGISTERED 
INPUT 

INPUT REGISTER 
CLOCK 

COMBINATORIAL 
OUTPUT 

CLOCK 

Clock to Clock 

REGISTERED 
INPUT 

INPUT REGISTER 
CLOCK 

OUTPUT 
REGISTER CLOCK 

Latched Input 

LATCHED INPUT 

LATCH ENABLE 

COMBINATORIAL 
OUTPUT 

LATCH ENABLE 

K ~ I----IIS IIH 
~v 

~':1 XX 

J 
IWH 

t 
IWL } 

----~><~--------------------------

)1' )K 
-liS IIH-

V 'r-.. -lpDL ~IICO 

xx1------.x~x1= 
_J----IW-H----t~_IW_L---.I}...----
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Switching Waveforms (continued) 

Latched Input and Output 

LATCHED INPUT 

LATCHED 
OUTPUT 

INPUT LATCH 
ENABLE 

OUTPUT LATCH 
ENABLE 

ADVANCED INFORMATION 

tpOLL 

i+---tsL 

LATCH ENABLE 

__ }I+--_ -_tWH=-=tol+-_-_tW_L-___ ---'}---

Asynchronous Reset 

INPUT 

REGISTERED 
OUTPUT 

CLOCK 

Asynchronous Preset 

INPUT 

REGISTERED 
OUTPUT 

CLOCK 

tRW • 
'K 
I--tRO-

XXXXK 
r---tRR 

f4----tpw • 
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Switching Waveforms (continued) 

Power-Up Reset Waveform 

POWER 
SUPPLY VOLTAGE 

REGISTERED 
ACTIVE LOW 

OUTPUTS 

CLOCK 

Output Enable/Disable 

INPUT 

OUTPUTS 

Ordering Information 
Speed 
(MHz) Ordering Code 

100 CY7C375i -100AC 

83 CY7C375i-83AC 

CY7C375i-83Al 

CY7C375i-83GMB 

CY7C375i-83UMB 

66 CY7C375i-66AC 

CY7C375i -66AI 

CY7C375i -66GMB 

CY7C375i -66UMB 

66 CY7C375iL-66AC 

Notes: 

10%2 

Package 
Name 

A160 

A160 

A160 

G160 

U162 

A160 

A160 

G160 

U162 

A160 

ADVANCED INFORMATION 

90% 

tPOR 

XXXXXX " Is 
~ 

~~ 
tpOR MAX = 1 iJS I--- tWL-

, 
Operating 

Package 1Ype Range 

160-Lead Thin Quad Flatpack Commercial 

160-Lead Thin Quad Flatpack Commercial 

160-Lead Thin Quad Flatpack Industrial 

160-Pin Grid Array Military 

160-Pin Ceramic Quad Flatpack[9j 

160-Lead Thin Quad Flatpack Commercial 

160-Lead Thin Quad Flatpack Industrial 

160-Pin Grid Array Military 

160-Pin Ceramic Quad Flatpack[9] 

160-Lead Thin Quad Flatpack Commercial 

9. Available as custom trim and form version. Contact local Cypress 
office for package information. 

3-120 

CY7C375i 

Vcc 

V 

7C37 5i-20 

7C375i-21 



~ 

=-- -"~ -=-, CYPRESS 
MILITARY SPECIFICATIONS 
Group A Subgroup Testing 
DC Characteristics 

Parameter Subgroups 

VOH 1,2,3 

VOL 1,2,3 

VIH 1,2,3 

VIL 1,2,3 

Ilx 1,2,3 

Ioz 1,2,3 

Icc 1,2,3 

Document #: 38-00217-D 

ADVANCED INFORMATION CY7C375i 

Switching Characteristics 
Parameter Subgroups 

tpD 9, 10, 11 

tco 9,10,11 

tlCO 9,10,11 

ts 9,10,11 

tH 9, 10, 11 

tiS 9,10,11 

tIH 9,10,11 

tiCS 9, 10, 11 

ISR, UltraLogic FLASH370, FLASH370i, Wa1p2, Wa1p2+, and Wa1p3 are trademarks of Cypress Semiconductor Corporation. 
ABEL is a trademark of Data UO Corporation. 
LOG/iC is a trademark of Isdata Corporation. 
CUPL is a trademark of Logical Devices Incorporated. 
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CY7C340 EPLD Family 

Multiple Array Matrix 

Features 
• Erasable, user-confIgUrable CMOS 

EPLDs capable of implementing high
density custom logic functions 

• O.S-micron double-metal CMOS 
EPROM technology (CY7C34X) 

• Advanced O.6S-micron CMOS 
technology to increase performance 
(CY7C34XB) 

• Multiple Array MatriX architecture 
optimized for speed, density, and 
straightforward design implementa
tion 
- Programmable Interconnect Array 

(PIA) simplifies routing 
- Flexible macrocells increase utili

zation 
- Programmable clock control 
- Expander product terms imple-

ment complex logic functions 

• Wtup2" /Warp2+" 
- Low-cost VHDL compiler for 

CPLDs, FPGAs, and PLDs 
- IEEE 1164-compliant VHDL 
- Available on PC and Sun platforms 

• Wary3" 
- VHDL synthesis 
- ViewLogic graphical user interface 
- Schematic capture (ViewDraw") 

Max Family Members 

Feature CY7C344(B) 

Macrocells 32 

MAX Flip-Flops 32 

MAX Latches[l] 64 

MAX Inputs[2] 23 

MAX Outputs 16 

Packages 28H,J,W,P 

- VHDL simulation (ViewSim" ) 
- Available on PC and Sun platforms 

General Description 
The Cypress Multiple Array Matrix 
(MAX®) family of EPLDs provides a 
user-configurable, high-density solution 
to general-purpose logic integration re
quirements. With the combination of in
novative architecture and state-of-the
art process, the MAX EPLDs offer LSI 
density without sacrificing speed. 
The MAX architecture makes it ideal for 
replacing large amounts of TTL SSI and 
MSI logic. For example, a 74161 counter 
utilizes only 3% of the 128 macrocells 
available in the CY7C342B. Similarly, a 
74151 8-to-1 multiplexer consumes less 
than 1 % of the over 1,000 product terms in 
the CY7C342B. This allows the designer to 
replace 50 or more TTL packages with just 
one MAX EPLD. The family comes in a 
range of densities, shown below. By stan
dardizing on a few MAX building blocks, 
the designer can replace hundreds of dif
ferent 7400 series part numbers currently 
used in most digital systems. 
The family is based on an architecture of 
flexible macrocells grouped together into 
Logic Array Blocks (LABs). Within the 
LAB is a group of additional product terms 

CY7C343(B) CY7C342B 

64 128 

64 128 

128 256 

35 59 

28 52 

44H,J 68H,J,R 

High-Density EPLDs 
called expander product terms. These ex
panders are used and shared by the macro
cells, allowing complex functions of up to 
35 product terms to be easily implemented 
in a single macrocell. A Programmable in
terconnect Array (PIA) globally routes all 
signals within devices containing more 
than one LAB. This architecture is fabri
cated on the Cypress O.8-micron, double
layer-metal CMOS EPROM process, 
yielding devices with significantly higher 
integration, density and system c10ckspeed 
than the largest of previous generation 
EPLDs. The CY7C34XB devices are 
0.65-micron shrinks of the original 0.8-mi
cron family. The CY7C34XBs offer faster 
speed bins for each device in the Cypress 
MAX family. 
The density and performance of the 
CY7C340 family is accessed using Cy
press's Wa1p2, Wary2+ and Wary3 design 
software. Wary2 and Wary2+ provide 
state-of-the-art VHDL synthesis for 
MAX, Flash370", and pASIC380" at a 
very low cost. Warp3 is a sophisticated 
CAE tool that includes schematic cap-
ture (ViewDraw) and timing simulation 
(ViewSim) in addition to VHDL synthe
sis. Consult the Warp2, Wary2+, and 
Warp3 datasheets for more information 
about the development tools. 

CY7C346(B) CY7C341B 

128 192 

128 192 

256 384 

84 71 

64 64 

84H,J 100R,N 84H,J,R 

Key: P-Plastic DIP; H-Windowed Ceramic Leaded Chip Carrier; J-Plastic J-Lead Chip Carrier; R-Windowed Pin Grid Array; 
W-Windowed Ceramic DIP; N-Plastic Quad Flat Pack 

Notes: 
1. When all expander product terms are used to implement latches. 

PAL is a registered trademark of Advanced Micro Devices. 
MAX is a registered trademark of Altera Corporation. 

2. With one output. 

Wa1p2, Wa1p2+, Wa1p3, and FLAsH370 are trademarks of Cypress Semiconductor Corporation. 
ViewDraw and ViewSim are trademarks of ViewLogic Corp. 
pASIC is a trademark of of QuickLogic Corporation. 
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Functional Description 
The Logic Array Block 

The logic array block, shown in Figure 2, is the heart of the MAX 
architecture. It consists of a macrocell array, expander product 
term array, and an I/O block. The number of macrocells, expan
ders, and I/O vary, depending upon the device used. Global ~eed
back of all signals is provided within a LAB, giving each functional 
block complete access to the LAB resources. The LAB itself is fed 
by the programmable interconnect array and dedicated input bus. 
The feedbacks of the macrocells and I/O pins feed the PIA, provid
ing access to them through other LABs in the device. The members 
of the CY7C340 family of EPLDs that have a single LAB use a 
global bus, so a PIA is not needed (see Figure 3). 
The MAX Macrocell 

1taditionally, PLDs have been divided into either PLA (program
mabie AND, programmable OR), or PAL® (programmable AND, 
fixed OR) architectures. PLDs of the latter type provide faster in
put-to-output delays, but can be inefficient due to fixed allocation 
of product terms. Statistical analysis of PLD logic designs has 
shown that 70% of all logic functions (per macrocell) require three 
product terms or less. 

The macrocell structure of MAX has been optimized to handle 
variable product term requirements. As shown in Figure 4, each 
macro cell consists of a product term array and a configurable regis
ter. In the macrocell, combinatorial logic is implemented with 
three product terms ORed together, which then feeds an XOR 
gate. The second input to the XOR gate is also controlled by a 
product term, providing the ability to control active HIGH or ac
tive LOW logic and to implement T- and JK-type flip-flops. 

If more product terms are required to implement a given function, 
they may be added to the macrocell from the expander product 
term array. These additional product terms may be added to any 
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macrocell, allowing the designer to build gate-intensive logic, such 
as address decoders, adders, comparators, and complex state ma
chines, without using extra macrocells. 

The register within the macrocell may be programmed for either 
D, T, JK, or RS operation. It may alternately be configured as a 
flow-through latch for minimum input-to-output delays, or by
passed entirely for purely combinatorial logic. In addition, e~ch 
register supports both asynchronous preset and clear, alIowmg 
asynchronous loading of counters of shift registers, as found in 
many standard TILfunctions. These registers may be clocked with 
a synchronous system clock, or clocked independently from the 
logic array. 

Expander Product Tenns 

The expander product terms, as shown in Figure 5, are fed by the 
dedicated input bus, the programmable interconnect array, the 
macrocell feedback, the expanders themselves, and the I/O pin 
feedbacks. The outputs ofthe expanders then go to each and every 
product term in the macrocell array. This allows expanders to be 
"shared" by the product terms in the logic array block. One expan
der may feed all macrocells in the LAB, or even multiple product 
terms in the same macrocell. Since these expanders feed the sec
ondary product terms (preset, clear, clock, and output enable) of 
eachmacrocell,complexlogicfunctionsmaybeimplementedwith
out utilizing anothermacrocell. Likewise, expanders may feed and 
be shared by other expanders, to implement complex multilevel 
logic and input latches. 

I/O Block 

Separate from the macrocell array is the I/O control block of the 
LAB. Figure 6 shows the I/O block diagram. The three-state buffer 
is controlled by a macrocell product term and the drives the 110 
pad. The input of this buffer comes from a macrocell within the 
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• PROGRAMMABLE FLIP-FLOP 
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'CYPRESS 
Functional Description (continued) 

associated LAB. The feedback path from the I/O pin may feed oth
er blocks within the LAB, aswell as the PIA. Bydecoupling the I/O 
pins from the flip-flops, all the registers in the LAB are "buried," 
allowing the I/O pins to be used as dedicated outputs, bidirectional 
outputs, or as additional dedicated inputs. Therefore, applications 
requiring many buried flip-flops, such as counters, shift registers, 
and state machines, no longer consume both the macrocell register 
and the associated I/O pin, as in earlier devices. 

The Programmable Interconnect Array 

PLD density and speed has traditionally been limited by signal 
routing; i.e., getting signals from one macrocell to another. For 
smaller devices, a single array is used and all signals are available to 
all macrocells. But as the devices increase in density, the number of 
signals being routed becomes very large, increasing the amount of 
silicon used for interconnections. Also, because the signal must be 
global, the added loading on the internal connection path reduces 
the overall speed performance of the device. The MAX architec
ture solves these problems. It is based on the concept of small, flex
ible logic array blocks that, in the larger devices, are intercon
nected by a PIA. 

The PIA solves interconnect limitations by routing only the signals 
needed by each LAB. The architecture is designed so that every 
signal on the chip is within the PIA. The PIA is then programmed 
to give each LAB access to the signals that it requires. Consequent-
1y, each LAB receives only the signals needed. This effectively 
solves any routing problems that may arise in a design without de
grading the performance of the device. Unlikemaskedorprogram
mabIe gate arrays, which induce variable delays dependent on 
routing, the PIA has a fIxed delay from point to point. This elimi
nates undesired skews among logic signals, which may cause 
glitches in internal or external logic. 

Development Software Support 
Wa1p2/Warp2+ 

Walp2/Wa1p2+ is a state-of-the-art VHDL compiler for designing 
with Cypress PLDs and CPLDs. Wa1p2/Wa1p2+ utilizes a proper 
subset of IEEE 1164 VHDL as its Hardware Description Lan
gnage(HDL)fordesignentry. VHDLprovidesanumberofsignif-

CY7C340 EPLD Family 

icant benefIts for the design entry process. Wa1p2/Wa1p2+ ac
cepts VHDL input, synthesizes and optimizes the entered design, 
and outputs a JEDEC map for the desired device. For functional 
simulation, Wa1p2/Wa1p2+ provides agraphical waveform simula
tor (NOVA). 

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 for use 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. 

Warp3 

Wa1p3 is a sophisticated design tool that is based on the latest ver
sion of ViewLogic's CAE design environment. Wa1p3 features 
schematic capture (ViewDraw'"), VHDL waveform simulation 
(ViewSim m ), a VHDL debugger, and VHDL synthesis, all inte
grated in a graphical design environment. Uii1p3 is available on 
PCS using Windows3.1 or subsequent versions, and on Sun and HP 
workstations. 

For furtherinformation on Warp software, see the Wa1p2/Wa1p2+ 
and Wa1p3 datasheets contained in this data book. 

Third-Party Software 

Cypress maintains a very strong commitment to third-party design 
software vendors. All major third-party software vendors provide 
support for the MAX family of devices. To expedite this support, 
Cypress supplies vendors with all pertinent architectural informa
tion as well as design fitters for our products. 

Programming 
The Impulse3 m device programmers from Cypress will program 
all Cypress PLDs, CPLDs, FPGAs, and PROMs. The unit is a 
standalone programmer that connects to any ffiM-compatible PC 
via the printer port. 

Third-Party Programmers 

As with development software, Cypress strongly supports third
party programmers. All major third-party programmers support 
the MAX family. 
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Cross Reference 
ALTERA 
PREFIXEPM 
PREFIX:EP 
22VI0-I0C 
22VlO-I0C 
22VlO-lOC 
22VI0-lOC 
22VlO-15C 
22VlO-15C 
5032DC 
5032DC-2 
5032DC-15 
5032DC-17 
5032DC-20 
5032DC-25 
5032DM 
5032DM-25 
5032JC 
5032JC-2 
5032JC-15 
5032JC-17 
5032JC-20 
5032JC-25 
5032JM 
5032JM-25 
5032LC 
5032LC-2 
5032LC-15 
5032LC-17 
5032LC-20 
5032LC-25 
5032PC 
5032PC-2 
5032PC-15 
5032PC-17 
5032PC-20 
5032PC-25 
5064JC 
5064JC-l 
5064JC-2 
5064JI 
5064JM 
5064LC 
5064LC-l 
5064LC-2 
5128AGC-12 
5128AGC-15 
5128AGC-20 
5128AJC-12 
5128AJC-15 
5128AJC-20 
5128ALC-12 
5128ALC-15 
5128ALC-20 
5128GC 
5128GC-l 
5128GC-2 
5128GM 
5128JC 
51281C-l 
5128JC-2 
5128JI 
512811-2 
5128JM 
5128LC 

CYPRESS 
PREFIX:CY 
PREFIX: PALC 
PALC22VlOD-7C 
PALC22VlOD-lOC 
PAL22VlOC-7C+ 
PAL22VI0C-lOC+ 
PALC22VlOB-15C 
PALC22VlOD-15C 
7C344-25WC 
7C344-20WC 
7C344-15WC 
Call Factory 
7C344-20WC 
7C344-25WC 
7C344-25WMB 
7C344-25WMB 
7C344-25HC 
7C344-20HC 
7C344-15HC 
Call Factory 
7C344-20HC 
7C344-25HC 
7C344-25HMB 
7C344-25HMB 
7C344-25JC 
7C344-20JC 
7C344-15JC 
Call Factory 
7C344-20JC 
7C344-25JC 
7C344-25PC 
7C344-20PC 
7C344-15PC 
Call Factory 
7C344-20PC 
7C344-25PC 
7C343-35HC 
7C343-25HC 
7C343-30HC 
7C343-35H1 
7C343-35HMB 
7C343-35JC 
7C343-25JC 
7C343-3OJC 
7C342B-12RC 
7C342B-15RC 
7C342B-20RC 
7C342B-12HC 
7C342B-15HC 
7C342B-20HC 
7C342B-12JC 
7C342B-15JC 
7C342B-20JC 
7C342-35RC 
7C342-25RC 
7C342-30RC 
7C342-35RMB 
7C342-35HC 
7C342-25HC 
7C342-30HC 
7C342-35H1 
7C342-30Hl 
7C342-35HMB 
7C342-35JC 

ALTERA 
5128LC-l 
5128LC-2 
5128LI 
5128LI-2 
5130GC 
5130GC-l 
5130GC-2 
5130GM 
5130JC 
5130JC-l 
513OJC-2 
5130JM 
5130LC 
5130LC-l 
5130LC-2 
5130LI 
5130LI-2 
5130QC 
5130QC-l . 
5130QC-2 
5130QI 
5192AGC-15 
5192AGC-20 
5192AJC-15 
5192AJC-20 
5192ALC-l 
5192ALC-2 
5192GC 
5192GC-l 
5192GC-2 
5192JM 
5192JC 
5192JC-l 
5192JC-2 
5192GM 
5192JI 
5192LC 
5192LC-l 
5192LC-2 

CY7C340 EPLD Family 

CYPRESS 
7C342-25JC 
7C342-30JC 
7C342-35JI 
7C342-30Hl 
7C346-35RC 
7C346-25RC 
7C346-30RC 
7C346-35RM 
7C346-35HC 
7C346-25HC 
7C346-30HC 
7C346-35HM 
7C346-35JC 
7C346-25JC 
7C346-30JC 
7C346-35JI 
7C346-30JI 
7C346-35NC 
7C346-25NC 
7C346-30NC 
7C346-35NI 
7C341B-15RC 
7C341B-20RC 
7C341B-15HC 
7C34IB-20HC 
7C34IB-15JC 
7C341B-2OJC 
7C341-35RC 
7C341-25RC 
7C341-30RC 
7C341-35HM 
7C341-35HC 
7C341-25HC 
7C341-30HC 
7C341-35RM 
7C341-35H1 
7C341-35JC 
7C341-25JC 
7C341-3OJC 

Document #: 38-00087-D 
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. Features 
• 192 macrocells in 12 lABs 
• 8 dedicated inputs, 64 bidirectional 

I/O pin 
• Advanced O.6S-micron CMOS 

technology to increase performance 
• Programmable interconnect array 
• 384 expander product terms 
• Available in 84-pin HLCC, PLCC, and 

PGA packages 

Functional Description 
The CY7C341B is an Erasable Program
mabie Logic Device (EPLD)inwhich CMOS 
EPROM cells are used to configure logic 
functions within the device. The MAX archi
tecture is 100% user configurable allowing 
the devices to accommodate a variety ofinde
pendent logic functions. 

The 192macrocellsin the CY7C341B isdi
vided into 12 Logic Array Blocks (LABs), 
16 per LAB. There are 384 expander prod
uct terms, 32 per LAB, to be used and 
shared by the macrocells within each LAB. 
Each LAB is interconnected with a pro
grammable interconnect array, allowing all 
signals to be routed throughout the chip. 
The speed and density of the CY7C341B 
allows them to be used in a wide range of 
applications, from replacement of large 
amounts of 7400 series TTL logic, to com
plex controllers and multifunction chips. 
With greater than 37 times the functionality 
of 2O-pin PLDs, the CY7C341B allows the 
replacement of over 75 TTL devices. By re
placing large amounts of logic, the 
CY7C341B reduces board space, part 
count, and increases system reliability. 
Each LAB contains 16macrocells. In LABs 
A, F, G, and L, 8 macrocells are connected 
to I/O pins and 8 are buried, while for LABs 
B, C, D, E, H, I, J, and K, 4 macrocells are 
connected to I/O pins and 12 are buried. 
Moreover, in addition to the I/O and buried 
macrocells, thereare32singleproductterm 

Selection Guide 

Maximum Access Time (ns) 
" 

Maximum Commercial 
operatin~ Industrial '" 

Current rnA) 
Military 

Maximum Commercial 
Standby Industrial 
Current (rnA) 

Military .. Shaded areas contam prehmmary mformatlOn. 

CY7C341B 

192-Macrocell MAX® EPLD 
logic expanders in each LAB. Their use 
greatly enhances the capability of the ma
crocells without increasing the number of 
product terms in each macrocell. 

Logic Array Blocks 
There are 12 logic array blocks in the 
CY7C341B. Each LAB consists of a macro
cell array conJaining 16 macrocells, an expan
der product term array conJaining 32 expan
ders, and an I/O block. The LAB is fed by the 
programmable interconnect array and the 
dedicated input bus. All macrocell feedbacks 
go to the macrocell array, the expander array, 
and the programmable interconnect array. 
Expandersfeed themselves and the macrocell 
array. All I/O feedbacks go to the program
mable interconnect array so that they may be 
accessed by macrocells in other LABs as well 
as the macrocells in the LAB in which they 
are situated. 

Externally, the CY7C341B provide 8 dedi
cated inputs, one of which may be used as a 
system clock. There are 64 I/O pins that may 
be individually configured for input, output, 
or bidirectional data flow. 

Programmable Interconnect Array 

The Programmable Interconnect Array 
(PIA) solves interconnect limitations by 
routing only the signals needed by each log
ic array block. The inputs to the PIA are 
the outputs of every macrocell within the 
device and the I/O pin feedback of every 
pin on the device. 

Unlike masked or programmable gate ar
rays, which induce variable delay depen
dent on routing, the PIA has a fixed delay. 
This eliminates undesired skews among 
logic signals, which may cause glitches in in
ternal orexternallogic. The fixed delay, re
gardless of programmable interconnect 
array configuration, simplifies design by as
suring that internal signal skews or races are 
avoided. The result is ease of design imple-

mentation, often in a single pass, without 
the multiple internal logic placement and 
routing iterations required for a program
mable gate array to achieve design timing 
objectives. 

Timing Delays 
Timing delays within the CY7C341B may 
be easily determined using 
Wa1p2 ~ /Wa1p2 + ~, or Wa1p3 ~ software 
or by the model shown in Figure 1. The 
CY7C341B has fixed internal delays, 
allowing the user to determine the worst 
case timing delays for any design. For 
complete timing information, the Wa1p3 
software provides a timing simulator. 

Design Recommendations 
Forproperoperation,inputandoutputpins 
must be constrained to the range GND S 
(VINorVOUT)S Vee. Unused inputs must 
always be tied to an appropriate logic level 
(either VeeorGND). Each set of V ceand 
GND pins must be connected together 
directlyatthedevice.Powersupplydecoup
ling capacitors of at least 0.2 flF must be 
connected between Vee and GND. For the 
most effective decoupling, each Vee pin 
should be separately decoupled to GND, 
directly at the device. Decoupling capaci
tors should have good frequency response, 
such as monolithic ceramic types. 

Design Security 
The CY7C341B contains a programmable 
design security feature that controls the 
access to the data programmed into the 
device. If this programmable feature is 
used, a proprietary design implemented in 
the device cannot be copied or retrieved. 
This enables a high level of design control 
to be obtained since programmed data 
within EPROM cells is invisible. The bit 
that controls this function, along with all 
other program data, may be reset simply 
by erasing the device. 

7C341B-lS 7C3,4111-20 7C341B-2S 7C341B-30 7C341B-3S 
15 20 ,> 25 30 35 

380 " 380 380 380 380 

480 480 480 480 480 

" 480 480 480 480 

, 360 360 360 360 360 
',,435 

.' 
435 435 435 435 

, .. 435 435 435 435 

MAX is a registered trademarkofAiteraCorporation. Wa1p, Wa1p2 + , and Wa1p3 are trademarks of Cypress Semiconductor Corporation. 
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Design Security (continued) 

The CY7C34 ~B is fully functionally tested and guaranteed through 
complete testmg of each programmable EPROM bit and all inter
nallogic elements thus ensuring 100% programming yield. 

C341B-3 

The erasable nature of these devices allows test programs to be 
used and erased during early stages of the production flow. The 
devices also contain on-board logic test circuitry to allow verifica
tion of function and AC specification once encapsulated in non
windowed packages. 
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Figure 1. CY7C341B Internal Timing Model 
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Maximum Ratings 
(Above which the useful life may be impaired. For user guidelines. 
not tested.) 

Storage Temperature ................... -65°C to +150°C 
Ambient Temperature with 
Power Applied ........................... O°C to +70°C 
Maximum Junction Temperature 
(Under Bias) .................................... 150°C 
Supply Voltage to Ground Potential ......... -2.0V to +7.0V 
Maximum Power Dissipation .................... 2500 mW 
DC Vee or GND Current ........................ 500 rnA 
DC Output Current, per Pin .... . . . . . .. - 25 rnA to + 25 rnA 

Electrical Characteristics Over the Operating Rangel2] 

Parameter Description 

CY7C341B 

DC Input Voltagell] ...................... - 3.0V to +7.0V 
DC Program Voltage .............................. l3.0V 
Static Discharge Voltage ........................ > 1100V 
(per MIL-STD-883, method 3015) 

Operating Range 
Ambient 

Range Temperature Vee 
Commercial O°C to +70°C 5V±5% 

Industrial -40°C to +85°C 5V ± 10% 

Military -55°C to +125°C (Case) 5V ± 10% 

Test Conditions Min. Max. Unit 

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

VOL Output LOW Voltage Vee = Min., IOL = 8 rnA 0.45 V 

VIH Input HIGH Level 2.2 Vee+ O.3 V 

VIL Input LOW Level -0.3 0.8 V 

IIX Input Current GND::;; VIN::;; Vee -10 +10 ftA 

Ioz Output Leakage Current Vo = Vee or GND -40 +40 ftA 

los Output Short Vee = Max., VOUT = GND[3,4] -30 -90 rnA 
Circuit Current 

Ieel Power Supply VI = VeeorGND Com'l 360 rnA 
Current (Standby) (No Load) Mil/lnd 435 rnA 

Iee2 Power SUfply VI = Vee or GND (No Load) Com'l 380 rnA 
Currend5 f = 1.0 MHz[3, 5] 

Mil/lnd 480 rnA 

tR (Recommended) Input Rise Time 100 ns 

tF (Recommended) Input Fall Time 100 ns 

Capacitancel6] 

Parameter Description Test Conditions Max. Unit 

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

COUT Output Capacitance Vee = 5.0V 20 pF 

Notes: 
1. Minimum DC input is -O.3y. During transitions, the inputs may un-

dershoot to - 2.0V for periods less than 20 ns. 
2. Typical values are for TA = 2SoC and Vee = Sv. 

5. This parameter is measured with device programmed as a 16-bitcount
er in each LAB and is tested periodically by sampling production 
material. 

3. Guaranteed but not 100% tested. 
4. Not more than one output should be tested at a time. Duration of the 

short circuit should not be more than one second. VOUT = O.SV has 
been chosen to avoid test problems caused by tester ground degrada
tion. 

AC Test Loads and Waveforms 

OUTP~~31R1464Q 
50 pF R2 

250Q 
INCLUDING I _ 

JIG AND - -
SCOPE (a) 

V R1464Q 

OUTP~T~ 
5pF I R2 

250Q 

(b) C3418-5 

Equivalent to: THEVENIN EQUIVALENT (commercial/military) 

OUTPUTe 1~Q e 1.75V 

6. Part (a) in AC Test Load and Waveforms is used for all parameters ex
ceptlER and txz, which is used for part (b) inAC Test Load and Wave
forms. All external timing parameters are measured referenced to ex
ternal pins of the device. 

ALL INPUT PULSES 

3.0V ----~~---~ 
90% 

GND 

C341B-6 
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External Synchronous Switching Characteristics Over the Operating Rangd6] 

7C341B-15 7C341B..,20 7C341B-25 

Parameter Description Min. Max Min. Max Min. Max 

tpDl Dedicated Input to Com'l 15 20 25 
Combinatorial Output 
Delay[7] Mil 20 25 

tpD2 I/O Input to Combinatorial Com'l 25 33 40 
Output Delay!8] 

Mil 33 40 

tPD3 Dedicated Input to Com'l 23 30 37 
Combinatorial Output Delay 
with Expander Delay!9] Mil 30 37 

tpD4 I/O Input to Combinatoria Com'l 33 43 52 
I Output Delay with 
Expander Delay!3, 10] Mil 43 52 

tEA Input to Outp'ut Com'l 15 20 25 
Enable Delay!3, 7] 

Mil 20 25 

tER Input to Output Disable Com'l 15 20 25 
Delay!6] 

Mil 20 25 

tcO! Synchronous Clock Input to Com'l 7 8 14 
Output Delay 

Mil 8 14 

tC02 Synchronous Clock to Local Com'l 17 20 30 
Feedback to Combinatorial 
Output!3, 11] Mil 20 30 

tSI Dedicated Input or Com'l 10 13 15 
Feedback Set-up Time 
to Synchronous Clock 
Output!6,12] Mil 13 15 

tS2 I/O Input Set-up Time to Com'l 20 24 30 
Synchronous Clock Input!8] 

Mil 24 30 

tH Input Hold Time from Com'l 0 0 0 
Synchronous Clock Input!6] 

Mil 0 0 

tWH Synchronous Clock Input Com'l 5 7 8 
High Time 

Mil 7 8 

tWL Synchronous Clock Input Com'l 5 7 8 
Low Time 

Mil 7 8 

tRW Asynchronous Clear Com'l 16 22 25 
Width!3,6] 

Mil 22 25 

tRR Asynchronous Clear Com'l 16 22 25 
Recovery!3, 7] 

Mil 22 25 

tRO Asynchronous Clear to Com'l 15 20 25 
Registered Output Delay!5] 

Mil 20 25 

tpw Asynchronous Preset Com'l 15 20 25 
Width!3,6] 

Mil 20 25 

Shaded areas contam prelImmary mformation. 
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7C341B-30 7C341B-35 

Min. Max Min. Max Unit 

30 35 ns 

30 35 

45 55 ns 

45 55 

44 55 ns 

44 55 

59 75 ns 

59 75 

30 35 ns 

30 35 

30 35 ns 

30 35 

16 20 ns 

16 20 

35 42 ns 

35 42 

20 25 ns 

20 25 

39 45 ns 

39 45 

0 0 ns 

0 0 

10 12.5 ns 

10 12.5 

10 12.5 ns 

10 12.5 

30 35 ns 

30 35 

30 35 ns 

30 35 

30 35 ns 

30 35 

30 35 ns 

30 35 
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CY7C341B 

External Synchronous Switching Characteristics Over the Operating Rangd6]( continued) 

Parameter Description 

tpR Asynchronous Preset 
Recovery Timd3, 6] 

tpo Asynchronous Preset to 
Registered Output 
Delay[6] 

tCF Synchronous Clock to Local 
Feedback Input!3, 13] 

tp External Synchronous Clock 
Period (1/fMAX3)13j 

fMAXI External Feedback Maxi-
mum Frequency 
(1/(tCOI + tSI»[3, 14] 

fMAX2 Internal Local Feedback 
Maximum Frequency, 
lesser of (l/~t~~ + tCF» 
or (l/tcOl)!' ] 

fMAX3 Data Path Maximum 
Frequency, least of 
1/(tWL + t~{, 1/(tSI + tH), 
or (l/teOl) , 6] 

fMAX4 Maximum Register Toggle 
Frequency 
(l/(twL + tWH»[3, 17] 

tOH Output Data Stable Time 
from Sl.nchronous Clock 
Input! ,18] 

Shaded areas contam prehmmary mformatlOn. 

Notes: 

7C34IB-15 

Min. Max 

Com'l 15 

Mil 

Com'l 15 

Mil 

Com'l 3 

Mil 

Com'l 12 

Mil 

Com'l 58.8 

Mil 

Com'l 76.9 

Mil 

Com'l 100 

Mil 

Com'l 100 

Mil 

Com'l 3 

Mil 

7. This specification is a measure of the delay from input signal applied 
to a dedicated input to combinatorial output on any output pin. This 
delay assumes no expander terms are used to form the logic function. 
When this note is applied to any parameter specification it indicates 
that the signal (data, asynchronous clock, asynchronous clear, and/or 
asynchronous preset) is applied to a dedicated input only and no signal 
path (either clock or data) employs expander logic. 
If an input signal is applied to an 1/0 pin an additional delay equal to 
tpIA should be added to the comparable delay for a dedicated input. 
If expanders are used, add the maximum expander delay tEXP to the 
overall delay for the comparable delay without expanders. 

8. This specification is a measure of the delay from input signal applied 
to an I/O macrocell pin to any output. This delay assumes no expander 
terms are used to form the logic function. 

9. This specification is a measure of the delay from an input signal applied 
to a dedicated input to combinatorial output on any output pin. This 
delay assumes expander terms are used to form the logic functions and 
includes the worst-case expander logic delay for one pass through the 
expander logic. 

10. This specification is a measure of the delay from an input signal applied 
to an I/O macrocell pin to any output. This delay assumes expander 
terms are used to form the logic function and includes the worst-case 
expander logic delay for one pass through the expander logic. This pa
rameter is tested periodically by sampling production material. 

11. This specification is a measure of the delay from synchronous register 
clock to internal feedback of the register output signal to the input of 
the LAB logic array and then to a combinatorial output. This delay as
sumes no expanders are used, register is synchronously clocked and all 

7C34IB-20 7C341B-25 7C341B-30 7C34IB325 

Min. Max Min. Max Min. Max Min. Max Unit 

20 25 30 35 ns 

25 30 35 

20 25 30 35 ns 

20 25 30 35 

3 3 3 5 ns 

3 3 3 5 

14 16 20 25 ns 

14 16 20 25 

50 34.5 27.7 22.2 MHz 

50 34.5 27.7 22.2 

62.5 55.5 43 33 MHz 

62.5 55.5 43 33 

71.4 62.5 50 40.0 MHz 

71.4 62.5 50 40.0 

71.4 62.5 50 40.0 MHz 

71.4 62.5 50 40.0 

3 3 3 3 ns 

3 3 3 3 

feedback is within the same LAB. This parameter is tested periodically 
by sampling production material. 

12. If data is applied to an 1/0 input for capture by a macrocell register, the 
I/O pin set-up time minimums should be observed. These parameters 
are tS2 for synchronous operation and tAS2 for asynchronous opera
tion. 

13. This specification is a measure of the delay associated with the internal 
register feedback path. This is the delay from synchronous clock to 
LAB logic array input. This delay plus the register set-up time, tSl, is 
the minimum internal period for an internal synchronous state ma
chine configuration. This delay is for feedback within the same LAB. 
This parameter is tested periodically by sampling production material. 

14. This specification indicates the guaranteed maximum frequency, in 
synchronous mode, at which a state machine configuration with exter
nal feedback can operate. It is assumed that all data inputs and feed
back signals are applied to dedicated inputs. All feedback is assumed 
to be local originating within the same LAB. 

15. This specification indicates the guaranteed maximum frequency at 
which a state machine, withinternal-onlyfeedback, can operate. Ifreg
ister output states must also control external points, this frequency can 
still be observed as long as this frequency is less than lIteOl. 
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External Asynchronous Switching Characteristics Over the Operating Rangel6] (continued) 

Parameter Description 
~,"iI',",Y' ",....,,;;,.,:1 ~i~;~B,:,~~!;,C, 7M<:41BM-25 7C341B-30 7C341B-35 
... _:" :i.'~' " "m...,. lR. ax Min. Max Min. Max 

,': ,.:;':', ' :. i"':: :'.~ :": : ,',,:., ",': 
Unit 

tASl 

Dedicated Asynchronous 
Clock Input to Output 
Delay[6] 

Asynchronous Clock Input 
to Local Feedback to 
Combinatorial Outputll9] 

ns 

ns 

ns 

I/O Input Set-Up Time to LCo:-;-:;-m_'I-f:~,";~~4;:4:1:'i+:t+,:::+, "P-f'I""' 'e18I-f'I""r"':':j"';;:-f'I";::20~_--I-;;;27:;--/_--I-;;;30:;--/~--I 
AsynchronousC10ckInput[6] 'Mil,":, IF:,,:: ,': 1\:'; ii 20 27 30 

ns 

Input Hold Time from Com'l ,. s:, ' " ,,',,: '6 8 10 
Asynchronous Clock Inputl6] Mil ":if ::T"":: 'n:, 6 8 10 

ns 

Asynchronous Clock Input Com'l f:,:':~}'::,l'l': 'C" IJ" '}!:::: 11 14 16 
mGH Timel6] Mil I' ,':<0.: 0.. :: 11 14 16 

ns 

Asynchronous Clock Input 
LOW Timel6, 20] 

Com'l HI.:,';, " 9 11 14 ns 

fMAXA3 

fMAXA4 

Asynchronous Clock to 
Local Feedback Input[2l] 

Data Path Maximum 
Frequen9Y in Asynchronous 
Model24] 

Maximum Asynchronous 
Register Toggle Freguency 
l!(tAWH + tAWL)[25[ 

Mil 

ns 

MHz 

MHz 

ns Output Data Stable Time 
from Asynchronous 
Clock Inputl26] Mil ,:: J:jl I:' • ,:' ~:\; ;.';!1:: 15 15 15 

Shaded areas contain preliminary information. 

Notes: 
16. This frequency indicates the maximum frequency at which the device 

may operate in data path mode (dedicated input pin to output pin). 
This assumes data input signals are applied to dedicated input pins and 
no expander logic is used. If any of the data inputs are I/O pins, tS2 is 
the appropriate ts for calculation. 

17. This specification indicates the guaranteed maximum frequency, in 
synchronous mode, atwhich an individual output or buried registercan 
be cycle by a clock signal applied to the dedicated clock input pin. 

18. This parameter indicates the minimum time after a synchronous regis
ter clock input that the previous register output data is maintained on 
the output pin. 

19. This specification is a measure ofthe delay from an asynchronous reg
ister clock input to internal feedback of the register output signal to the 
input of the LAB logic array and then to a combinatorial output. This 
delay assumes no expanders are used in the logic of combinatorial out
put or the asynchronous clock input. The clock signal is applied to the 

dedicated clock input pin and all feedback is within a single LAB. This 
parameter is tested periodically by sampling production material. 

20. This parameter is measured with a positive-edge-triggered clock at the 
register. For negative-edge triggering, the tAWH and tAWLparameters 
must be swapped. If a given input is used to clock multiple registers 
with both positive and negative polarity, tAWH should be used for both 
tAWH and tAWL' 

21. This specification is a measure of the delay associated with the internal 
register feedback path for an asynchronous clock to LAB logic array in
put. This delay plus the asynchronous register set-up time, tASh is the 
minimum internal period for an internal asynchronously clocked state 
machine configuration. This delay is for feedback within the same 
LAB, and assumes there is no expander logic in the clock path and the 
clock input signal is applied to a dedicated input pin. This parameter 
is tested periodically by sampling production material. 
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Switching Waveforms 

External Combinatorial 

I/O INPUT _____ _ DEDICATED INPUT/ ~ 

COMBINATORIAL 
OUTPUT 

CY7C341B 

;'",,",,~~ 75\<--------
I-- lER[6) =3-----------COMBINATORIAL ------------ _ HIGH-IMPEDANCE 

REGISTERED OUTPUT ______ --: _____ - 3-STATE 

~IEA[3'7)~ 
HIGH IMPEDANCE ------------_ VALID OUTPUT 3-STATE __________ _ 

C3418-7 

External Synchronous 

DEDICATED INPUT/ =j< 
I/O INPUT[7) . __ -;--:-_ 

IS1 

SYNCHR'b~gg~ _____ " 

ASYNCHRONOUS 
CLEAR/PRESET[7) ------+-+-+-' 

10H 

REGISTERED 
OUTPUTS _____ ~:--I~~ 

COMBINATORIAL OUTPUT FROM ___________________ 'L _______ _ 
REGISTERED FEEDBACK[10) .71' 

C341B-8 

External Asynchronous 

DEDICATED INPUT/ =j< 
I/O INPUT[7) . __ -;-__ 

lAS1 

ASYNCHRONOUS 
CLOCK INPUT ------

ASYNCHRONOUS 
CLEAR/PRESET[7) ------+-+-+-' 

ASYNCHRONOUS REGISTERED 
OUTPUTS _____ ~~I'_;v 

1+-'---'--- lAC02 ------~~ 
COMBINATORIAL OUTPUT FROM 

ASYNCH. REGISTERED FEEDBACK ___________________ _ ______ _ 

C3418-9 
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?CYPRESS 

CY7C341B 

Internal Switching Characteristics Over the Operating Rangd2] 

Parameter Description 

tIN Dedicated Input Pad and 
Buffer Delay 

t)O I/O Input Pad and 
Buffer Delay 

tEXP Expander Array Delay 

tlAD Logic Array Data Delay 

tLAC Logic Array Control 
Delay 

taD Output Buffer and 
Pad Delay 

tzx Output Buffer Enable 
Delay[27] 

txz Output Buffer Disable 
Delay 

tRSU Register Set-Up Time 
Relative to Clock Signal 
at Register 

tRH Register Hold Time 
Relative to Oock Signal 
at Register 

tLATCH Flow-Through 
Latch Delay 

tRD Register Delay 

tCOMB nans~arent Mode 
Delay 28] 

IcH Clock High Time 

tCL Clock Low Time 

Shaded areas contam prehmmary mformatlOn. 

Notes: 

Com'l 

Mil 

Com'l 

Mil 
Com'l 

Mil 

Com'l 

Mil 

Com'l 

Mil 
Com'l 

Mil 

Com'l 

Mil 

Com'l 

Mil 

Com'l 

Mil 

Com'l 

Mil 

Com'l 

Mil 

Com'l 

Mil 

Com'l 

Mil 
Com'l 

Mil 

Com'l 

Mil 

'7(3411)~.!,5 
Min. 'Max 
.... , '3 

. ..... 
' .. 3 

,,",." ':'" 
.. 8 

, .," 
" & 

I···. 
,: 5:, 

, 

3 

., 5. 

.' .,. 
"'5. 

.. 

. ";4 ;: " . 

"" 
J 

.~ , , . " 
" <r 

.,. ,: 
~ 
.' . 

" 

;1 
.... 

'4 , 

, : 
4:, .' :: " 

'., 

22. This specification indicates the guaranteed maximum frequency at 
which an asynchronously clocked state machine configuration with ex
ternal feedback can operate. It is assumed that all data inputs, clock in
puts, and feedback siguals are applied to dedicated inputs, and that no 
expander logic is employed in the clock sigual path or data path. 

23. This specification indicates the guaranteed maximum frequency at 
which an asynchronously clocked state machine with internal-only 
feedback can operate. This parameter is determined by the lesser of 
(l/tACF + tAS1» or (l/(tAWH +tAWL». If register output states must 
also control external points, this frequency can still be observed as long 
as this frequency is less than 1/tAC01' 

24. This frequency is the maximum frequency at which the device may op
erate in the asynchronously clocked data path mode. This specification 
is determined by the least of l/(tAWH + tAwd, l/(tASl + tAH) or 
l/tACQ1. It assumes data and clock input signals are applied to dedi
cated input pins and no expander loigc is used. 

25. This specification indicates the guaranteed maximum frequency at 
which an individual output or buried register can be cycled in asynchro
nously clocked mode by a clock signal applied to an external dedicated 
input pin. 

7~4111"'~ 7C3418-25 7C3418-30 7C341B-35 

Min • . Max Min. Max Min. Max Min. Max Unit 

[, .' 4 5 7 9 ns 

'." , 4·'· 5 7 9 
": ...... I' 4 6 6 9 ns 

: .. A. 6 6 9 

F 1'10 12 14 20 ns 

" 
'19 12 14 20 

. 10 ,. 12 14 16 ns 

"'. 10 12 14 16 

. ;< :7 10 12 13 ns 

7 10 12 13 
3' 5 5 6 ns 

.," 3 5 5 6 
5 10 11 13 ns 

.. ',''', . 5 10 11 13 
, 5··· 10 11 13 ns 

.... l, 10 11 13 
,~ : 6 8 10 ns 

.,s: ;',' 6 8 10 

5" I.: : 6 8 10 ns 

?, I" ... ,' . 6 8 10 

:.' 1,2, 3 4 4 ns 

2 3 4 4 

<.,:} '1;. 1 2 2 ns 

': " 
1 1 2 2 

, 2 3 4 4 ns 

'.:. .2 3 4 4 

6, 8 10 12.5 ns 

6 .. :. 8 10 12.5 
6:, F.":'" 8 10 12.5 ns 

6 ". 8 10 12.5 

26. This parameter indicates the minimum time that the previous register 
output data is maintained on the output after an asynchronous register 
clock input applied to an external dedicated input pin. 

27. Sample tested only for an output change of 500 m V. 
28. This specification guarantees the maximum combinatorial delay asso

ciated with the macrocell register bypass when the macrocell is confi
gured for combinatorial operation. 
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-"~ =-=, CYPRESS 
Internal Switching Characteristics Over the Operating Rangd2J 

7C3418-15 7C3418-20 
Parameter Description Min. Max Min. Max 

tIC Asynchronous Clock Com'l 6 8 
Logic Delay Mil 8 

tICS Synchronous Clock Delay Com'l 0.5 0.5 
Mil 0.5 

tFD Feedback Delay Com'l 1 1 
Mil 1 

tpRE Asynchronous Register Com'l 3 3 
Preset Time Mil 3 

tCLR Asynchronous Register Com'l 3 3 
Clear Time Mil 3 

tpcw Asynchronous Preset and Com'l 3 4 
Clear Pulse Width Mil 4 

tpCR Asynchronous Preset and Com'l 3 4 
Clear Recovery Time Mil 4 

tpIA Programmable Intercon- Com'l 10 :t2 
nect Array Delay Mil 

Shaded areas contam relimma information. p ry 

Switching Waveforms 

Internal Combinatorial 

INPUT PIN * 
tiN 

tlO 
I--tPIA-
I--

I/O PIN 

--tEXP-

EXPANDER 
ARRAY DELAY 

LOGIC ARRAY 
INPUT 

LOGIC ARRAY 
OUTPUT 

'( 

-:l 
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70418-25 7C3418-30 70418-35 
Min. Max Min. Max Min. Max Unit 

14 16 18 ns 
14 16 18 
2 2 3 ns 
2 2 3 

1 1 2 ns 
1 1 2 
5 6 7 ns 
5 6 7 
5 6 7 ns 
5 6 7 

5 6 7 ns 
5 6 7 
5 6 7 ns II 
5 6 7 

14 16 20 ns 
16 20 

_tLAC, tLAD-

;( 
C3416-10 



Switching Waveforms (continued) 

Internal Asynchronous 

CY7C341B 

CWC,": --1 F-~-~ .-J.~ 
~t1N1 't-r-----------

CLOCK INTO V "\... / \. 
LOGIC ARRAY ------Io'r....-- tiC l .... ____ oJ, ,'--------

CLOCK FROM \.. / LOGIC ARRAY ' .... ____ ..J 

LOGIC ARRAY _____ ..... ~tRBU tRH~ 
DATA FROM t 

REGISTER OUTPUT tRD.tLATCH -+- tFD =t tCLR.tpRE --+- tFD k= 
TO LOCAL LAB -
LOGIC ARRAY ___________________ ~~tP~IA=)(---------------

REGISTER OUTPUT - ~ 
TO ANOTHER LAB 

C3418-11 

Internal Synchronous 

}=tcH~tCL=r 

SYSTEM CLOCK "/ AT REGISTER --+----.....joI. ...., ____ oJ " ...... _--

SYSTEM CLOCK PIN =i-----tl: ~: ------.... " 

tRBU" tRH~ 
DATA FROM ,..--------------------

LOGIC ARRAY 

Internal Synchronous 

CLOCK FROM -----Ji 
LOGIC ARRAY 

DATA FROM 
LOGIC ARRAY 

OUTPUT PIN 

~-------------------C3418-12 

C3418-13 
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Ordering Information 
Speed Package 
(ns) Ordering Code Name 

15 CY7C34IB-15HC/HI H84 

CY7C341B-15JC/JI J83 

CY7C341B-15RC/RI R84 

20 CY7C34IB-20HC;m H84 

CY7C34IB-20JC/JI J83 

CY7C341B-20RC/RI R84 

CY7C341B-20HMB H84 

CY7C34IB-20RMB R84 

25 CY7C341B-25HC/HI H84 

CY7C34IB-25JC/JI J83 

CY7C34IB-25RC/RI R84 

CY7C34IB-25HMB H84 

CY7C34IB-25RMB R84 

30 CY7C34IB-30HC/HI H84 

CY7C34IB-3OJC/JI J83 

CY7C34IB-30RC/RI R84 

CY7C341B-30HMB H84 

CY7C341B-30RMB R84 

35 CY7C34IB-35HC/HI H84 

CY7C34IB-35JC/JI J83 

CY7C34IB-35RC/RI R84 

CY7C34IB-35HMB H84 

CY7C341B-35RMB R84 

Shaded areas contain preliminary information. 

MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 
Parameter Subgroups 

VOH 1,2,3 

VOL 1,2,3 

VIR 1,2,3 

VIL 1,2,3 

IIX 1,2,3 

Ioz 1,2,3 

ICCI 1,2,3 

CY7C341B 

Package 1Ype Operating 
Range 

84-Lead Windowed Leaded Chip Carrier Commercial/Industrial 

84-Lead Plastic Leaded Chip Carrier 

84-Lead Windowed Pin Grid Array 

84-Lead Windowed Leaded Chip Carrier Commercial!Industrial 

84-Lead Plastic Leaded Chip Carrier 

84-Lead Windowed Pin Grid Array 

84-Lead Windowed Leaded Chip Carrier Military 

84-Lead Windowed Pin Grid Array 

84-Lead Windowed Leaded Chip Carrier Commercial/Industrial 

84-Lead Plastic Leaded Chip Carrier 

84-Lead Windowed Pin Grid Array 

84-Lead Windowed Leaded Chip Carrier Military II 
84-Lead Windowed Pin Grid Array 

84-Lead Windowed Leaded Chip Carrier Commercial!Industrial 

84-Lead Plastic Leaded Chip Carrier 

84-Lead Windowed Pin Grid Array 

84-Lead Windowed Leaded Chip Carrier Military 

84-Lead Windowed Pin Grid Array 

84-Lead Windowed Leaded Chip Carrier Commercial!Industrial 

84-Lead Plastic Leaded Chip Carrier 

84-Lead Windowed Pin Grid Array 

84-Lead Windowed Leaded Chip Carrier Military 

84-Lead Windowed Pin Grid Array 

Switching Characteristics 

Parameter Subgroups 

tpDl 7, 8, 9, 10, 11 

tpD2 7, 8, 9, 10, 11 

tPD3 7, 8, 9; 10, 11 

tCOl 7, 8, 9, 10, 11 

tSI 7, 8, 9, 10, 11 

tH 7, 8, 9, 10, 11 

tACOl 7, 8, 9, 10, 11 

tAC02 7, 8, 9, 10, 11 

tASI 7,8,9,10,11 

tAH 7, 8, 9, 10, 11 

Document #: 38-00137-G 
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Features 
• 192 macrocells in 12 LABs 
• 8 dedicated inputs, 64 bidirectional 

I/O pins 
• 0.8-micron double-metal CMOS 

EPROM technology 
• Programmable interconnect array 
• 384 expander product terms 
• Available in 84-pin HLCC, PLCC, and 

PGA packages 

Functional Description 
TheCY7C341 is an Erasable Progranunable 
Logic Device (EPLD) in which CMOS 
EPROM cells are used to configure logic 
functions within the device. The MAXarchi
tecture is 100% user configurable allowing 
thedevicestoaccommodateavarietyofinde
pendent logic functions. 

The 192macrocells in the CY7C341 aredi
vided into 12 Logic Array Blocks (LABs), 
16 per LAB. There are 384 expander prod
uct terms, 32 per LAB, to be used and 
shared by the macrocells within each LAB. 
Each lAB is interconnected with a pro
grammable interconnect array, allowing all 
sigoals to be routed throughout the chip. 
The speed and density of the CY7C341 al
lows them to be used in a wide range of 
applications, from replacement of large 
amounts of 7400 series TIL logic, to com
plex controllers and multifunction chips. 
With greater than 37 times the functionality 
of 2O-pin PLDs, the CY7C341 allows the 
replacement of over 75 TIL devices. By re
placing large amounts of logic, the 
CY7C341 reduces board space, part count, 
and increases system reliability. 

Each LAB contains 16macrocells. In LABs 
A, F, G, and L, 8 macrocells are connected 
to I/O pins and 8 are buried, while for LABs 
B, C, D, E, H, I, J, and K, 4 macrocells are 
connected to I/O pins and 12 are buried. 
Moreover, in addition to theI/Oandburied 

Selection Guide 

Maximum Access Time (ns) 

Maximum Commercial 
Operatintr Industrial 
Current rnA) 

MilitaIy 

Maximum Standby Commercial 
Current (rnA) Industrial 

MilitftIy 

This is an abbreviated data sheet. Contact a 
Cypress Representative for complete specifica
tions. For new designs please refer to the 
CY7C341B. CY7C341 

192-Macrocell MAX® EPLD 
macrocells, thereare32single productterm 
logic expanders in each LAB. Their use 
greatly enhances the capability of the rna
crocells without increasing the number of 
product terms in each macrocell. 

Logic Array Blocks 
There are 12 logic array blocks in the 
CY7C341. Each lAB consists of a macro
cell array containing 16 macrocells, an expan
der product term array containing 32 expan
ders, and an I/O block. The LAB is fed by the 
programmable interconnect array and the 
dedicated input bus. Allmacrocell feedbacks 
go to the macrocell array, the expander array, 
and the progranunable interconnect array. 
Expandersfeedthemselvesandthemacrocell 
array. All I/O feedbacks go to the program
mable interconnect array so that they may be 
accessed bymacrocells in other lABs as well 
as the macrocells in the LAB in which they 
are situated. 

Externally, the CY7C341 provides 8 dedi
cated inputs, one ofwhich may be used as a 
system clock. There are 64 I/O pins that may 
be individually configured for input, output, 
or bidirectional data flow. 

Programmable Interconnect Array 
The Progranunable Interconnect Array 
(PIA) solves interconnect limitations by 
routing ouly the sigoals needed by each log
ic array block. The inputs to the PIA are 
the outputs of eveIy macrocell within the 
device and the I/O pin feedback of eveIy 
pin on the device. 

Uulike masked or programmable gate ar
rays, which induce variable delay depen
dent on routing, the PIA has a fixed delay. 
This eliminates undesired skews among 
logic signals, which may cause glitches in in
ternal or external logic. The fixed delay, re
gardless of programmable interconnect 
array configuration, simplifies desigo by as
suring that internalsigoal skews or races are 

7C341-25 
25 
380 
480 

480 

360 
435 

435 

avoided. The result is ease of design imple
mentation, often in a single pass, without 
the multiple internal logic placement and 
routing iterations required for a program
mable gate array to achieve desigo timing 
objectives. 

Timing Delays 
Timing delays within the CY7C341 may be 
easily determined using Wap2m, 
Wap2+ "', or Wap3 m software. The 
CY7C341 has fIXed internal delays, 
allowing the user to determine the worst 
case timing delays for any design. For 
complete timing information, the Wap3 
software provides a timing simulator. 

Design Recommendations 
Forproperoperation,inputandoutputpins 
must be constrained to the range GND ~ 
(VINOrVoUT)~ Vee. Unused inputs must 
always be tied to an appropriate logic level 
( either Vee or GND). Each set of V cc and 
GND pins must be connected together 
directly atthedevice. Powersupplydecoup
ling capacitors of at least 0.2 !-IF must be 
connected between Vee and GND. For the 
most effective decoupling, each Vee pin 
should be separately decoupled to GND, 
directly at the device. Decoupling capaci
tors should have good frequency response, 
such as monolithic ceramic types. 

Design Security 
The CY7C341 contains a programmable 
desigo security feature that controls the 
access to the data programmed into the 
device. If this programmable feature is 
used, a proprietaIy design implemented in 
the device cannot be copied or retrieved. 
This enables a high level of design control 
to be obtained since programmed data 
within EPROM cells is invisible. The bit 
that controls this function, along with all 
other program data, may be reset simply 
by erasing the device. 

7C341-30 7C341-35 
30 35 
380 380 
480 480 

480 480 
360 360 
435 435 

435 435 

MAX IS a registered trademark of Altera CorporatIOn. 
Wap2, Wap2+, and Wap3 are trademarks of Cypress Semiconductor Corporation. 

Document #: 38-00499 
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Features 
• 128 macro cells in 8 LABs 

CY7C342B 

128-Macrocell MAX® EPLDs 
allowing all signals to be routed through
out the chip. 

• 8 dedicated inputs, 52 bidirectional 
I/O pins 

mabie Logic Device (EPLD) in which 
CMOS EPROM cells are used to configure 
logic functions within the device. The 
MAX architecture is 100% user configur
able, allowing the devices to accommodate 
a variety of independent logic functions. 

The speed and density of the CY7C342B 
allows it to be used in a wide range of 
applications, from replacement of large 
amounts of 7400-series TTL logic, to com
plex controllers and multifunction chips. 
With greater than 25 times the functional
ity of 20-pin PLDs, the CY7C342B allows 
the replacement of over 50 TTL devices. 
By replacing large amounts of logic, the 
CY7C342B reduces board space, part 
count, and increases system reliability. 

• Programmable interconnect array 
• Advanced O.65-micron CMOS 

technology to increase performance 

• Available in 68-pin HLCC, PLCC, and 
PGA 

Functional Description 
The CY7C342B is an Erasable Program-

The 128 macrocells in the CY7C342B are 
divided into 8 Logic Array Blocks (LABs), 
16 per LAB. There are 256 expander prod
uct terms, 32 per LAB, to be used and 
shared by the macrocells within each LAB. 

Each LAB is interconnected with a 
programmable interconnect array, 

) INPUT/CLK 

Logic Block Diagram 
1 (B6 

2 (AB ) INPUT 

INPUT 

INPUT 

(A 

( 

7) 68 

AS) 66 

32 (L4 ) 

34 (L5 ) 

4 (AS) 
5 (B4) 
6 (A4) 
7 (83) 
8 (AS) 
9 (A2) 
10 (B2) 
11 (81) 

12 (C2) 
13 (Cl) 
14 (02) 
15 (01) 
17 (El) 

18 (F2) 
19(Fl) 
21 (Gl) 
22 (H2) 
23 (Hl) 

24 (J2) 
25 (Jl) 
26 (Kl) 
27 (K2) 
28 (L2) 
29 (1<3) 
30 (l3) 
31 (K4) 

INPUT 

INPUT 

~ 
I SYSTEM CLOCK 

LAB A ~ .7 - MACRe ;EU 

- MA"HU" ••• A 

- MACROCEU.6 

- MACROCELI.8 

I MACROCELL 9·16 ------v' 

LABB ~ ~~ 
- MACROCEL! 18 -
~'f --

MACROCELL 22·32 ~ 
---v' P 

LABC ~ ~ 
I 
A 

- MACROCEL!. 33 
MAl'HUl'''LL ,. 

A 
M"""U""LL 00 

'f 

MACROCELIL 38-48 ~ 
---v' 

LABO ~ {>. 
- MAl'HUl'''LL 'u 

iA. - M"""U""LL O. 
'If - ~"H(J~L~ 

-". - M"""U""LL 00 

... "c'"'''''' <,. .. 
3,20,37,54 (B5, G2, K7, El0) D- vcc 

16,33.50,67 (E2. KS, Gl0, B7) D- GNO 

INPUT ( 16) 36 

INPUT ( K8) 35 

I 
hLABH ~ 

MA CROCEU 120 - -

-V MACROCEU 115 
--

(88)65 
(AS) 64 
(B9) 63 
(Al0) 62 
(BlO) 61 
(Bll) 60 
(Cll) 59 
(Cl0) 58 

A 

IV-

" 
IV 
Vt-----
IV-

-" 

r----v 
Vt-----
['r-

-V 

IV-

I MACROCELIL 121-128 

-./ !:r 

M~ ;Re -
WCRe 
M~CR( -

MACROCELL 102·112 

~ :;, ~ LABF 

M~ CROCELI. 85 -
M~CROCEU.82 -

MACROCELL 86-96 

• 
~ -
Jt-

MACROCELL 73-80 

(Dll)57 
(010) 56 
(Ell) 55 
(Fll) 53 
(FlO) 52 

(Gll)51 
(Hll) 49 
(Hl0) 48 
(Jll) 47 
(Jl0) 46 

(Kll)45 
(Kl0)44 
(L10) 43 
(l9) 42 
(K9) 41 
(l8) 40 
(KS) 39 
(L7) 38 

() . PERTAIN TO 68·PIN PGA PACKAGE 

MAX is a registered trademark of Altera Corporation. Wa1J12, »a1J12+, and Wa1J13 are trademarks of Cypress Semiconductor. 
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=§rrcYPRESS 
Selection Guide 

Maximum Access Time (ns) 

Maximum Operating 
Current (rnA) 

Maximum Static 
Current (rnA) 

Pin Configurations 

Commercial 

Military 

Industrial 

Commercial 

Military 

Industrial 

PLCC 
Top View 

7C342B-U 7C342B-lS 

12 15 
250 250 

320 
320 

225 225 
275 
275 

K 
76 543 2 L) 6867666564636261 

110 
1/0 

I/O 
1/0 
1/0 

110 
GND 

110 
1/0 
110 

Vee 
110 
110 
110 

1/0 

1/0 
1/0 

60 110 
I/O 
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7C342B-20 

20 
250 
320 
320 
225 
275 
275 

1/0 110 

110 1/0 110 

I/O I/O 

110 110 

I/O Vee 

I/O 1/0 

110 GND 

I/O 1/0 

110 110 

I/O I/O I/O 

• 1/0 110 

7C342B-2S 7C342B-30 

25 
250 
320 
320 
225 
275 
275 

PGA 
Bottom View 

30 
250 
320 
320 
225 
275 
275 

INPUT INPUT INPUT 110 1/0 

110 GND INPUT Vee 1/0 

7C342B 

I/O Vee 
INPUTI GND I/O elK 

I/O I/O INPUT INPUT INPUT 

CY7C342B 

7C342B-3S 

35 
250 
320 
320 
225 
275 
275 

1/0 110 

1/0 1/0 110 

110 I/O 

110 1/0 

GND 1/0 

110 I/O 

Vee 110 

1/0 110 

110 1/0 

I/O 1/0 I/O 

1/0 I/O 

10 11 
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~;CYPRESS 
Maximum Ratings 

CY7C342B 

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

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

DC Program Voltage ............................. 13.0V 
Storage Temperature .................. -65°Cto +150°C Static Discharge Voltage ....................... > 1l00V 
Ambient Temperature with (per MIL-STD-883, Method 3015) 
Power Applied .......................... O°C to +70°C 

Maximum Junction Temperature Operating Range 
(under bias) .................................... 150°C Ambient 
Supply Voltage to Ground Potential ........ -3.0V to +7.0V Range Temperature Vee 

Maximum Power Dissipation ................... 2500 mW Commercial O°Cto +70°C 5V±5% 

DC Vee or GND Current . . . . . . . . . . . . . . . . . . . . . . . 500 rnA Industrial -40°C to +85°C 5V ± 10% 

DC Output Current per Pin .......... -25 rnA to +25 rnA Military -55°C to + 125°C (Case) 5V ± 10% 

Electrical Characteristics Over the Operating Rangd2J 

Parameter Description Test Conditions Min. Max. Unit 

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

VOL Output LOW Voltage Vee = Min., IOL = 8.0 rnA 0.45 V 

Vrn Input HIGH Voltage 2.2 Vee +0.3 V 

VlL Input LOW Voltage -0.3 0.8 V 

IJX Input Current GND~ VIN~ Vee -10 +10 !AA 
Ioz Output Leakage Current Vo - Vee or GND -40 +40 !AA 
los Output Short Circuit Current Vee = Max., VOUT = 0.5VL3,4j -30 -90 rnA 

Ieel Power Supply Current (Static) VI = GND (No Load) Com'l 225 rnA 

Mil/lnd 275 

Iec2 Power Supply CurrentL'] VI = Vee or GND (No Load) Com'l 250 rnA 
f = 1.0 MHz[4] , Mil/lnd 320 

tR Recommended Input Rise Time 100 ns 

tF Recommended Input Fall Time 100 ns 

Capacitance[6] 
Parameter Description Test Conditions Max. Unit 

CIN Input Capacitance VIN = 2V, f = 1.0 MHz 10 pF 

COUT Output Capacitance VOUT - 2V, f - 1.0 MHz 10 pF 

Notes: 
4. Guaranteed but not 100% tested. 1. Minimum DC input is - 0.3y. During transitions, the inputs may un· 

dershoot to - 3.0V for periods less than 20 ns. 
2. Typical values are for TA: 25'C and Vee: 5Y. 

5. This parameter is measured with device programmed as a l6·bit count· 
er in each LAB. 

3. Not more than one output should be tested at a time. Duration of the 
short circuit should not be more than one second. VOUT : O.5V has 
been chosen to avoid test problems caused by tester ground 
degradation. 

AC Test Loads and Waveforms[5] 
R1464Q R1464Q 

OUTPUT 

6. Part (a) in AC Test Load and Waveforms is used for all parameters ex· 
cepttER and txz, which is used for part (b) inAC Test Load and Wave· 
forms. All external timing parameters are measured referenced to ex· 
ternal pins of the device. 

ALL INPUT PULSES 5V~ 
50 pF R2 

250Q 
INCLUDING I _ 

OUTP~~31 
5pF I R2 

250Q 
INCLUDING _ _ 

'W~ 10% 90% 
GND 

.s6 ns ~ 10% 

- .s6ns 
JIG AND - - JIG AND - -
SCOPE 

Equivalent to: 

SCOPE C342B-4 
(a) (b) 

THEVENIN EQUIVALENT (commerCial/military) 

163!l 
OUTPUT 0.0---"1""'; __ -00 1.75V 

3-143 

O342B-5 

II 



Logic Array Blocks 
There are 8 logic array blocks in theCY7C342B. Each LAB con
sists of a macrocell array containing 16 macrocells, an expander 
product term array containing 32expanders, and an I/O block. The 
LAB is fed by the programmable interconnect array and the dedi
cated input bus. All macrocell feedbacks go to the macrocell array, 
the expander array, and the programmable interconnect array. Ex
panders feed themselves and the macrocell array. All I/O feed
backs go to the programmable interconnect array so that they may 
be accessed by macrocells in other LABs as well as the macrocells 
in the LAB in which they are situated. 

Externally, the CY7C342B provides eight dedicated inputs, one of 
which may be used as a system clock. There are 52 I/O pins that 
may be individually configured for input, output, or bidirectional 
data flow. 

Programmable Interconnect Array 
The Programmable Interconnect Array (PIA) solves interconnect 
limitations by routing only the siguals needed by each logic array 
block. The inputs to the PIA are the outputs of every macrocell 
within the device and the I/O pin feedback of every pin on the de
vice. 

Unlike masked or programmable gate arrays, which induce vari
able delay dependent on routing, the PIA has a fixed delay. This 
eliminates undesired skews among logic signals that may cause 
glitches in internal or external logic. The fIXed delay, regardless of 
programmable interconnect array configuration, simplifiesdesigu 
by assuring that internal signal skews or races are avoided. The re
suit is ease of desigu implementation, often in a sigual pass, without 
the mUltiple internal logic placement and routing iterations re-

__ Dffi~ 
DELAY 

--k tEXP 

CY7C342B 

quired for a programmable gate array to achieve design timing ob
jectives. 

Timing Delays 
Timing delays within the CY7C342B may be easily determined us
ingWap2~ /Wap2+" or Wap3'" softwarebythe model shown in 
Figure 1. The CY7C342B has fixed internal delays, allowing the 
user to determine the worst case timing delays for any design. For 
complete timing information the Wap3 software provides a timing 
sirnnlator. 

Design Recommendations 
Operation of the devices described herein with conditions 
above those listed under"Maximum Ratings" may cause perma
nent damage to the device. This is a stress rating only and func
tional operation of the device at these or any other conditions 
above those indicated in the operational sections of this data
sheet is not implied. Exposure to absolute maximum ratings 
conditions for extended periods of time may affect device reli
ability. The CY7C342B contains circuitry to protect device pins 
from high static voltages or electric fields, but normal precau
tions should be taken to avoid application of any voltage higher 
than the maximum rated voltages. 

For proper operation, input and output pins must be constrained to 
the range GND .:5. (VIN or VOUT) .:5. V ce. Unused inputs must al
ways be tied to an appropriate logic level (either Vee or GND). 
Each set of V ce and GND pins must be connected together direct
ly at the device. Power supply decoupJing capacitors of at least 0.2 
tAP must be connected between V ce and GND. For the most effec
tive decoupling, each Vee pin should be separately decoupled to 

REGISTER 

~ LOGIC ARRAY ,It; 
:: CONTROL DELAY leLR OUTPUT 

~ 
DELAY IN 

- ~ tLAC I tpRE OUT PUT 

INPUT -!j LOGIC ARRAY I tRSU IRO 
- ..... too f-.-c 

DELAY txz 
DELAY teOMB tzx 

tiN 
-~ tLAO I tRH tLATCH 

SYSTEM CLOCK DELAY tiCS 

r PIA 
-!j CLOCK I 

DELAY I DELAY 
~ IIC 

IplA 

I FEEDBACK I. 
I DELAY I IFO 

I 1/0 DELAY 

I 110 C342B-6 

Figure 1. CY7C342B Internal Timing Model 
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GND directly at the device. Decoupling capacitors should have 
good frequency response, such as monolithic ceramic types have. 

Design Security 
The CY7C342B contains a programmable design security feature 
that controls the access to the data programmed into the device. If 
this programmable feature is used, a proprietary design implem
ented in the device cannot be copied or retrieved. This enables a 
high level of design control to be obtained since programmed data 
within EPROM cells is invisible. The bit that controls this function, 
along with all other program data, may be reset simply by erasing 
the entire device. 

The CY7C342B is fully functionally tested and guaranteed 
through complete testing of each programmable EPROM bit and 
all internal logic elements thus ensuring 100% programming yield. 

The erasable nature of these devices allows test programs to be 
used and erased during early stages of the production flow. The de
vices also contain on-board logic test circuitry to allow verification 
of function and AC specification once encapsulated in non-win
dowed packages. 

1Ypical Icc vs. fMAX 

400r-----------------------------, 

ci. 300 -
~ 
~ Vee =5.0V 
S Room Temp. 
w 200 -> 
f= u 
<{ 

() 

.2 100 -

0L---L---~ __ ~ ____ L_ __ _L __ ~ 

100 Hz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 50 MHz 

MAXIMUM FREQUENCY 

Output Drive Current 

...J 

t'i 100 a:: 
10l ~ 

~ 80 
S 
f-
Z 60 w 
a: a: 
::::l 
U 40 
f-
::::l 
"-
f- 20 ::::l 
0 
.9 

o 0.45 2 3 4 5 

Vo OUTPUT VOLTAGE (V) 
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Timing Considerations 
Unless otherwise stated, propagation delays do not include expan
ders. When using expanders, add the maximum expander delay 
tEXP to the overall delay. Similarly, there is an additional tpIA delay 
for an input from an I/O pin when compared to a signal from 
straight input pin. 

When calculating synchronous frequencies, use tSl if all inputs are 
on dedicated input pins. The parameter tS2 should be used if data 
is applied at an I/O pin. If tS2 is greater than tCOl, 1/tS2 becomes 
the limiting frequency in the data path mode unless l/(tWH + twLl 
is less than 1/tS2. 

When expander logic is used in the data path, add the appropriate 
maximum expander delay, tEXP to tSI. Determine which of l/(tWH 
+ twLl, l/tCOl, or l/(tEXP + tSl) is the lowest frequency. The low
est of these frequencies is the maximum data path frequency for 
the synchronous configuration. 

When calculating external asynchronous frequencies, use tASI if all 
inputs are on the dedicated input pins. If any data is applied to an 
I/O pin, tAS2 must be used as the required set-up time. If (tAS2 + 
tAH) is greater than tACO!. l/(tAS2 + tAH) becomes the limiting 
frequency in the data path mode unless l/(tAWH + tAwLl is less 
than l/(tAS2 + tAH)' 
When expander logic is used in the data path, add the appropriate 
maximum expander delay, tEXP to tASI' Determine which of 
l/(tAWH + tAWL), l/tACO]' or l/(tEXP + tASl) is the lowest fre
quency. The lowest of these frequencies is the maximum data path 
frequency for the asynchronous configuration. 

The parameter tOH indicates the system compatibility of this de
vice when driving other synchronous logic with positive input hold 
times, which is controlled by the same synchronous clock. If tOH is 
greater than the minimum required input hold time of the subse
quent synchronous logic, then the devices are guaranteed to func
tion properly with a common synchronous clock under worst-case 
environmental and supply voltage conditions. 

The parameter tAOH indicates the system compatibility of this de
vice when driving subsequent registered logic with a positive hold 
time and using the same asynchronous clock as the CY7C342B. 

In general, if tAOH is greater than the minimum required input 
hold time ofthe subsequent logic (synchronous or asynchronous) 
then the devices are guaranteed to function properly under worst
case environmental and supply voltage conditions, provided the 
clock signal source is the same. This also applies if expander logic 
is used in the clock signal path of the driving device, but not for the 
driven device. This is due to the expander logic in the second de
vice's clock signal path adding an additional delay (tEXP) causing 
the output data from the preceding device to change prior to the 
arrival of the clock signal at the following device's register. 
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Commercial and Industrial External Synchronous Switching Characteristics[6] Over Operating Range 

7C342B-12 7C342B-15 7C342B-20 

Parameter Description Min. Max. Min. Max. Min. Max. Unit 

tpDl Dedicated Input to Combinatorial Output Delay[7] 12 15 20 ns 

tpD2 I/O Input to Combinatorial Output Delayl8J 20 25 32 ns 

tpD3 Dedicated Input to Combinatorial Output Delay with 18 23 30 ns 
Expander Delay[9] 

tpD4 I/O In~ut to Combinatorial Output Delay with Expander 26 33 42 ns 
Delay~' 10] 

tEA Input to Output Enable Delayl4, 7] 12 15 20 ns 

tER Input to Output Disable Delayl4, I] 12 15 20 ns 

tCOl Synchronous Clock Input to Output Delay 6 7 8 ns 

tC02 Synchronous Clock to Local Feedback to 14 17 20 ns 
Combinatorial Output[4, 11] 

tSI Dedicated Input or Feedback Set-Up Time to 8 10 13 ns 
Synchronous Clock Inputl7, 12] 

tS2 I/O Input Set-Up Time to Synchronous Clock Inputl7J 16 20 24 ns 

tH Input Hold Time from Synchronous Clock Inputl7] 0 0 0 ns 

tWH Synchronous Clock Input HIGH Time 4.5 5 7 ns 

tWL Synchronous Clock Input LOW Time 4.5 5 7 ns 

tRW Asynchronous Clear Widthl4, 7] 12 15 20 ns 

tRR Asynchronous Clear Recovery Timel4, 7J 12 15 20 ns 

tRO Asynchronous Clear to Registered Output Delayl7] 12 15 20 ns 

tpw Asynchronous Preset Widthl4, 7] 12 15 20 ns 

tpR Asynchronous Preset Recovery Timel4, 7J 12 15 20 ns 

tpo Asynchronous Preset to Registered Output Delayl7] 12 15 20 ns 

tCF Synchronous Clock to Local Feedback Inputl4, 13J 3 3 3 ns 

tp External Synchronous Clock Period (1/(fMAX3»l4J 9 12 15 ns 

fMAXI External Feedback Maximum Frequency 71.4 58.8 47.6 MHz 
(1/(tCOl + tSl»[4, 14] 

fMAX2 Internal Local Feedback Maximum Frequency, lesser of 90.9 76.9 62.5 MHz 
(1/(tSI + tCF» or (1/tCOl)[4, 15] 

fMAX3 Data Path Maximum Fre~uency, lesser of (l/(tWL + tWH», 111.1 100 71.4 MHz 
(1/(tSI + tH» or (l/tCOl)! ,16] 

fMAX4 Maximum Register Toggle Frequency (l/(tWL +twH»l4, 17J 111.1 100 71.4 MHz 

tOH Output Data Stable Time from Synchronous Clock Inputl4, 18J 3 3 3 ns 

tpDl Dedicated Input to Combinatorial Output Delayl7l 25 30 35 ns 

tpD2 I/O Input to Combinatorial Output Delay[8] 39 46 55 ns 

tpD3 Dedicated Input to Combinatorial Output Delay with 37 44 55 ns 
Expander Delay[9] 

tpD4 I/O In~ut to Combinatorial Output Delay with Expander 51 60 75 ns 
Delay 4, 10] 

tEA Input to Output Enable Delayl4, 7J 25 30 35 ns 

tER Input to Output Disable Delayl4, 7] 25 30 35 ns 

tcOl Synchronous Clock Input to Output Delay 14 16 20 ns 
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Commercial and Industrial External Synchronous Switching Characteristics (continued) 

7C342B-25 7C342B-30 7C342B-35 

Parameter Description Min. Max. Min. Max. Min. Max. Unit 

tC02 Synchronous Clock to Local Feedback to Combinatorial 30 35 42 ns 
Output!4, 11] 

tSI Dedicated In1mt or Feedback Set-Up Time to Synchronous 15 20 25 ns 
Clock Input[ , 12] 

tS2 I/O Input Set-Up Time to Synchronous Clock Inputl7J 29 36 45 ns 

tH Input Hold Time from Synchronous Clock Input]/] 0 0 0 ns 

tWH Synchronous Clock Input HIGH Time 8 10 12.5 ns 

tWL Synchronous Clock Input LOW Time 8 10 12.5 ns 

tRW Asynchronous Clear Widthl4, I] 25 30 35 ns 

tRR Asynchronous Clear Recovery Timel4, 7J 25 30 35 ns 

tRO Asynchronous Clear to Registered Output Delayl/] 25 30 35 ns 

tpw Asynchronous Preset Widthl4, IJ 25 30 35 ns 

tpR Asynchronous Preset Recovery Timel4, 7J 25 30 35 ns 

tpo Asynchronous Preset to Registered Output Delayl7] 25 30 35 ns 

tCF Synchronous Clock to Local Feedback Inputl4, 13 J 3 3 6 ns 

tp External Synchronous Clock Period (1I(fMAX3»14] 16 20 25 ns 

fMAXI External Feedback Maximum Frequency 34.5 27.7 22.2 MHz 
(lI(tcOl + tSl»[4, 14] 

fMAX2 Internal Local Feedback Maximum Frequency, lesser of 55.5 43.4 32.2 MHz 
(1I(t81 + tCF» or (lItcOl)[4, 15] 

fMAX3 Data Path Maximum Frewency, lesser of (lI(twL + tWH», 62.5 50 40 MHz 
(1I(t81 + tH» or (lItcOl) ,16] 

fMAX4 Maximum Register Toggle Frequency (1/(tWL +tWH»14, II] 62.5 50 40 MHz 

tOH Output Data Stable Time from Synchronous Clock Inputl4, IMJ 3 3 3 ns 

Notes: 
7. This specification is a measure of the delay from input signal applied 

to a dedicated input (6B-pin PLCC input pin 1, 2, 32, 34, 35, 66, or 6B) 
to combinatorial output on any output pin. This delay assumes no ex
pander terms are used to form the logic function. 
When this note is applied to any parameter specification it indicates 
that the signal (data, asynchronous clock, asynchronous clear, and/or 
asynchronous preset) is applied to a dedicated input only and no signal 
path (either clock or data) employs expander logic. 
If an input signal is applied to an 110 pin an additional delay equal to 
tplA should be added to the comparable delay for a dedicated input. If 
expanders are used, add the maximum expander delay tEXP to the 
overall delay for the comparable delay without expanders. 

B. This specification is a measure of the delay from input signal applied 
to an 110 macrocell pin to any output. This delay assumes no expander 
terms are used to form the logic function. 

9. This specification is a measure of the delay from an input signal applied to 
a dedicated input (68-pin PLCC input pin 1, 2, 32, 34, 35, 36, 66, or 68) to 
combinatorial output on any output pin. This delay assumes expander 
terms are used to form the logic function and includes the worst -case ex
pander logic delay for one pass through the expander logic. 

10. This specification is a measure of the delay from an input signal applied 
to an 110 macraeell pin to any output. This delay assumes expander 
terms are used to form the logic function and includes the worst-case 
expander logic delay for one pass through the expander logic. This pa
rameter is tested periodically by sampling production material. 

11. This specification is a measure ofthe delay from synchronous register 
clock to internal feedback of the register output signal to the input of 
the LAB logic array and then to a combinatorial output. This delay as
sumes no expanders are used, register is synchronously clocked and all 
feedback is within the same LAB. This parameter is tested periodically 
by sampling production material. 

12. Ifdata is applied to an 110 inputfor capture by a macrocell register, the 
110 pin input set -up time minimums should be observed. These param
eters are tS2 for synchronous operation and tAS2 for asynchronous op
eration. 

13. This specification is a measure ofthe delay associated with the internal 
register feedback path. This is the delay from synchronous clock to 
LAB logic array input. This delay plus the register set-up time, tSh is 
the minimum internal period for an internal synchronous state ma
chine configuration. This delay is for feedback within the same LAB. 
This parameter is tested periodically by sampling production material. 

14. This specification indicates the guaranteed maximum frequency, in 
synchronous mode, at which a state machine configuration with exter
nal feedback can operate. It is assumed that all data inputs and feed
back signals are applied to dedicated inputs. All feedback is assumed 
to be local originating within the same LAB. 

15. This specification indicates the guaranteed maximum frequency at 
which a state machine with internal-onlyfeedbackcan operate. If regis
ter output states must also control external points, this frequency can 
still be observed as long as this frequency is less than litem. 

16. This frequency indicates the maximum frequency at which the device 
may operate in data path mode (dedicated input pin to output pin). 
This assumes data input signals are applied to dedicated input pins and 
no expander logic is used. If any of the data inputs are I/O pins, tS2 is 
the appropriate ts for calculation. 

17. This specification indicates the guaranteed maximum frequency, in 
synchronous mode, at which an individual output or buried register can 
be cycled by a clock signal applied to the dedicated clock input pin. 

18. This parameter indicates the minimum time after a synchronous regis
ter clock input that the previous register output data is maintained on 
the output pin. 
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Commercial and Industrial External Asynchronous Switching Characteristics!6] Over Operating Range 
7C3428-12 7C3428-15 7C3428 20 

Parameter Description Min. Max. Min. Max. Min. Max. Unit 

tACOl Asynchronous Clock Input to Output Delay(7] 12 15 20 ns 

tAC02 Asynchronous Clock Input to Local Feedback to Combinatorial 20 25 32 ns 
Output!19] 

tASI Dedicated Inllut or Feedback Set-Up Time to Asynchronous 4 5 5 ns 
Clock Input! 

tAS2 I/O Input Set-Up Time to Asynchronous Clock Input!?] 12 14.5 17 ns 

tAH Input Hold Time from Asynchronous Clock Input!?] 4 5 6 ns 

tAWH Asynchronous Clock Input HIGH Time!?] 8 9 10 ns 

tAWL Asynchronous Clock Input LOW Time!?, 20] 6 7 8 ns 

tACF Asynchronous Clock to Local Feedback Inputl4,21] 9 11 13 ns 

tAP External Asynchronous Clock Period (1!(fMAXA4»!4] 14 16 18 ns 

fMAXAI External Feedback Maximum Frequency in Asynchron0us 62.5 50 40 MHz 
Mode (1/(tACOl + tAS1»!4,22] 

fMAXA2 Maximum Internal Asynchronous Frequency!4,23] 71.4 62.5 55.5 MHz 

fMAXAJ Data Path Maximum Frequency in Asynchronous Mode!4, 24] 83.3 66.6 50 MHz 

fMAXA4 Maximum Asynchronous Register 'Ibggle Frequency 71.4 62.5 55.5 MHz 
1/(tAWH + tAWL)!4,25] 

tAOH Output Data Stable Time from Asynchronous Clock Inputl4, 26] 12 12 12 ns 
I, 

Notes: 
19. This specification is a measure ofthe delay from an asynchronous reg

ister clock input to internal feedback of the register output signal to the 
input of the LAB logic array and then to a combinatorial output. This 
delay assumes no expanders are used in the logic of combinatorial out
put or the asynchronous clock input. The clock signal is applied to the 
dedicated clock input pin and all feedback is within a single LAB. This 
parameter is tested periodically by sampling production material. 

20. This parameter is measured with a positive-edge triggered clock at the 
register. For negative edge triggering, the tAWH and tAWL parameters 
must be swapped. If a given input is used to clock multiple registers 
with both positive and negative polarity, tAWH should be used for both 
tAWH and tAWL' 

21. This specification is a measure ofthe delay associated with the internal 
register feedback path for an asynchronousclockto LAB logic array in
put. This delay plus the asynchronous register set-up time, tASh is the 
minimum internal period for an internal asynchronously clocked state 
machine confignration. This delay is for feedback within the same 
LAB, assumes no expander logic in the clock path, and assumes that the 
clock input signal is applied to a dedicated input pin. This parameter 
is tested periodically by sampling production material. 

22. This specification indicates the gnaranteed maximum frequency at 
which an asynchronously clocked state machine configuration with ex
ternalfeedback can operate. It is assumed that all data inputs, clock in-

puts, and feedback signals are applied to dedicated inputs and that no 
expander logic is employed in the clock signal path or data path. 

23. This specification indicates the gnaranteed maximum frequency at 
which an asynchronously clocked state machine with internal-only 
feedback can operate. This parameter is determined by the lesser of 
(l/(tACF + tAS!» or (l/(tAWH + tAWL»' Ifregister output states must 
also control external points, this frequency can still be observed as long 
as this frequency is less than l/tACO!' 
This specification assumes no expander logic is utilized, all data inputs 
and clock inputs are applied to dedicated inputs, and all state feedback 
is within a single LAB. This parameter is tested periodically by sam
pling production material. 

24. This frequency is the maximum frequency at which the device may op
erate in the asynchronously clocked data path mode. This specification 
is determined by the lesser of l/(tAWH + tAwL>, l/(tAS! + tAR) or 
l/tACO!. It assumes data and clock input signals are applied to dedi
cated input pins and no expander logic is used. 

25. This specification indicates the gnaranteed maximum frequency at which 
an individual output or buried register can be cycled in asynchronously 
clocked mode by a clock signal applied to an exterual dedicated input pin. 

26. This parameter indicates the minimum time that the previous register 
output data is maintained on the output after an asynchronous register 
clock input applied to an external dedicated input pin. 
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Commercial and Industrial External Asynchronous Switching Characteristics[6] Over Operating Range (continued) 

7C342B-25 7C342B-30 7C342B-35 
Parameter Description Min. Max. Min. Max. Min. Max. Unit 

tACO! Asynchronous Clock Input to Output Delayl7J 25 30 35 ns 

tAC02 Asynchronous Clock Input to Local Feedback to Combinatorial 39 46 55 ns 
Outputl19] 

tAS! Dedicated In~ut or Feedback Set-Up Time to Asynchronous 5 6 8 ns 
Clock Inputl 

tAS2 I/O Input Set-Up Time to Asynchronous Clock InputL/] 19 22 28 ns 

tAH Input Hold Time from Asynchronous Clock InputPJ 6 8 10 ns 

tAWH Asynchronous Clock Input HIGH Timel7J 11 14 16 ns 

tAWL Asynchronous Clock Input LOW Timel,'U] 9 11 14 ns 

tACF Asynchronous Clock to Local Feedback Inputl4, 21 J 15 18 22 ns 

tAP External Asynchronous Clock Period (1!(fMAXA4»l4J 20 25 30 ns 

fMAXAl External Feedback Maximum Frequency in Asynchronous 33.3 27.7 23.2 MHz 
Mode (lI(tACOl + tAS1»[4,22] 

II 
fMAXA2 Maximum Internal Asynchronous Frequencyl4, 23J 50 40 33.3 MHz 

fMAXA3 Data Path Maximum Frequency in Asynchronous ModeL4,l4] 40 33.3 28.5 MHz 

fMAXA4 Maximum Asynchronous Register lbggle Frequency 50 40 33.3 MHz 
1/(tAWH + tAwd[4,25] 

tAOH Output Data Stable Time from Asynchronous Clock Inputl4, 26 J 15 15 15 ns 

Commercial and IndustriallYPical Internal Switching Characteristics Over Operating Range 

7C342B-12 7C342B-15 7C342B-20 

Parameter Description Min. Max. Min. Max. Min. Max. Unit 

tIN Dedicated Input Pad and Buffer Delay 2.5 3 4 ns 

tlO I/O Input Pad and Buffer Delay 2.5 3 4 ns 

tEXP Expander Array Delay 6 8 10 ns 

tLAD Logic Array Data Delay 6 8 10 ns 

tLAC Logic Array Control Delay 5 5 7 ns 

tOD Output Buffer and Pad Delay 3 3 3 ns 

tzx Output Buffer Enable DelayLlI] 5 5 5 ns 

txz Output Buffer Disable Delay 5 5 5 ns 

tRSU Register Set-Up Time Relative to Oock Signal at Register 2 4 5 ns 

tRH Register Hold Time Relative to Clock Signal at Register 4 4 5 ns 

tLATCH How Through Latch Delay 1 1 2 ns 

tRD Register Delay 0.5 1 1 ns 

tCOMB Transparent Mode Delayl2~J 1 1 2 ns 

tCH Clock HIGH Time 3 4 6 ns 

tCL Clock LOW Time 3 4 6 ns 

tIC Asynchronous Clock Logic Delay 5 6 8 ns 

tICS Synchronous Clock Delay 0.5 0.5 0.5 ns 

tFD Feedback Delay 1 1 1 ns 

tpRE Asynchronous Register Preset Time 3 3 3 ns 

tCLR Asynchronous Register Clear Time 3 3 3 ns 

tpcw Asynchronous Preset andClear Pulse Width 2 3 4 ns 

tpCR Asynchronous Preset and Clear Recovery Time 2 3 4 ns 

tpIA Programmable Interconnect Array Delay Time 8 10 12 ns 
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Commercial and Industrial1Ypical Internal Switching Characteristics Over Operating Range (continued) 

Parameter Description 

tIN Dedicated Input Pad and Buffer Delay 

tIO I/O Input Pad and Buffer Delay 

tEXP Expander Array Delay 

tlAD Logic Array Data Delay 

tLAC Logic Array Control Delay 

taD Output Buffer and Pad Delay 

tzx Output Buffer Enable Delay!~7] 

txz Output Buffer Disable Delay 

tRSU Register Set-Up Time Relative to Oock Signal at Register 

tRH Register Hold Time Relative to Clock Signal at Register 

tLATCH Flow Through Latch Delay 

tRD Register Delay 

tCOMB 'Itansparent Mode Delay!'"] 

tCH Clock HIGH Time 

tCL Clock LOW Time 

tIC Asynchronous Clock Logic Delay 

tICS Synchronous Clock Delay 

tFD Feedback Delay 

tpRE Asynchronous Register Preset Time 

tCLR Asynchronous Register Clear Time 

tpcw Asynchronous Preset and Clear Pulse Width 

tpCR Asynchronous Preset and Clear Recovery Time 

tPIA Programmable Interconnect Array Delay Time 

Notes: 
27. Sample tested only for an output change ofSOO mY. 
28. This specification guarantees the maximum combinatorial delay asso

ciated with the macrocell register bypass when the macrocell is confi
gured for combinatorial operation. 
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7C342B-30 7C342B-35 

Min. Max. Min. Max. Unit 

7 9 ns 

6 9 ns 

14 20 ns 

14 16 ns 

12 13 ns 

5 6 ns 

11 13 ns 

11 13 ns 

8 10 ns 

8 10 ns 

4 4 ns 

2 2 ns 

4 4 ns 

10 12.5 ns 

10 12.5 ns 

16 18 ns 

2 3 ns 

1 2 ns 

6 7 ns 

6 7 ns 

6 7 ns 

6 7 ns 
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Military External Synchronous Switching Characteristics[6] Over Operating Range 

7C342B-15 7C342B-20 7C342B-25 7C342B-30 7C342B-35 

Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Unit 

tpDl Dedicated Input to Combina- 15 20 25 30 35 ns 
torial Output Delay[7] 

tpD2 I/O Input to Combinatorial 25 32 39 46 55 ns 
Output Delay[8] 

tPD3 Dedicated Input to Combina- 23 30 37 44 55 ns 
torial Output Delay with Ex-
pander Delay[9] 

tpD4 I/O Input to Combinatorial 33 42 51 60 75 ns 
Output Delay with 
Expander Delay[4, 10] 

tEA Input to Output Enable 15 20 25 30 35 ns 
Delay[4,7] 

tER Input to Output Disable 15 20 25 30 35 ns 
Delay[4,7] 

II 
tCOl Synchronous Clock Input to 7 8 14 16 20 ns 

Output Delay 

tC02 Synchronous Clock to Local 17 20 30 35 42 ns 
Feedback to Combinatorial 
Outputl4,11] 

tSI Dedicated Input or Feedback 10 13 15 20 25 ns 
Set-Up Time to Synchronous 
Clock Input[7, 12] 

tS2 I/O Input Set-Up Time to 20 24 29 36 45 ns 
Synchronous Clock Input[7] 

tH Input Hold Time from 0 0 0 0 0 ns 
Synchronous Clock Input[7] 

tWH Synchronous Oock Input 5 7 8 10 12.5 ns 
HIGH Time 

tWL Synchronous Clock Input 5 7 8 10 12.5 ns 
LOW Time 

tRW Asynchronous Clear Width[4, 7] 15 20 25 30 35 ns 

tRR Asynchronous Clear Recovery 15 20 25 30 35 ns 
Timel4,7] 

tRO Asynchronous Clear to Regis- 15 20 25 30 35 ns 
tered Output Delay[7] 

tpw Asynchronous Preset 15 20 25 30 35 ns 
Width[4,7] 

tpR Asynchronous Preset 15 20 25 30 35 ns 
Recovery Timel4, 7] 

tpo Asynchronous Preset to Regis- 15 20 25 30 35 ns 
tered Output Delay[7] 

tCF Synchronous Clock to Local 3 3 3 3 6 ns 
Feedback Inputl4, 13] 

tp External s&::chronous Clock 12 14 16 20 25 ns 
Period (1/ fMAX3»[4] 

3-151 



CY7C342B 

Military External Synchronous Switching Characteristics[6] Over Operating Range (continued) 

7C342B-lS 7C342B-20 7C342B-2S 7C342B-30 7C342B-3S 

Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Unit 

fMAX1 External Feedback Maximum 58.8 . 47.6 34.5 27.7 22.2 MHz 
Frequency (1I(tCOl + tS1»[4, 14] 

fMAX2 Internal Local Feedback 76.9 62.5 55.5 43.4 32.2 MHz 
Maximum Frequency, lesser of 
(1I(tS1 + tCF» or (1ItCOl)[4, 15] 

fMAX3 Data Path Maximum Frequency, 100 71.4 62.5 50 40 MHz 
lesser of (1I(tWL + tWH» 
(1/(tS1 + tH» or (1ItcoI)f4, 16] 

fMAX4 Maximum Register Thggle 100 71.4 62.5 50 40 MHz 
Frequency (l/(tWL + tWH»[4, 17] 

tOH Output Data Stable Time from 3 3 3 3 3 ns 
Synchronous Clock Input[4, 18] 

Military External Asynchronous Switching Characteristics[6] Over Operating Range 

7C342B-15 7C342B-20 7C342B-2S 7C342B-30 7C342B-35 

Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Unit 

tAC01 Asynchronous Clock Input to 15 20 25 30 35 ns 
Output Delay[7] 

tAC02 Asynchronous Clock Input to 25 32 39 46 55 ns 
Local Feedback to Combinatorial 
Output[19] 

tASl Dedicated Input or Feedback 5 5 5 6 8 ns 
Set-Up Time to Asynchronous 
Clock Input[7] 

tAS2 I/O Input Set-Up Time to 14.5 17 19 22 28 ns 
Asynchronous Clock Input[7] 

tAH Input Hold Time from 5 6 6 8 10 ns 
Asynchronous Clock Input[7] 

.tAWH Asynchronous Clock Input 9 10 11 14 16 ns 
HIGH Time[7] 

tAWL Asynchronous Clock Input 7 8 9 11 14 ns 
LOW Timel7, 20] 

tACF Asynchronous Clock to Local 11 13 15 18 22 ns 
Feedback Input[4, 21] 

tAP External Asynchronous Clock 16 18 20 25 30 ns 
Period (1I(fMAXA4»[4] 

fMAXA1 External Feedback Maximum 50.0 40 33.3 27.7 23.2 MHz 
Frequency in Asynchronous 
Mode (1I(tACOl + tAS1»[4,22] 

fMAXA2 MaximumInternalAsynchronous 62.5 55.5 50 40 33.3 MHz 
Frequency[4,23] 

fMAXA3 Data Path Maximum Fre~ency 66.6 50 40 33.3 28.5 MHz 
in Asynchronous Model4, ] 

fMAXA4 Maximum Asynchronous 62.5 55.5 50 40 33.3 MHz 
Register Toggle Fre~ency 
1I(tAWH + tAWL)[4, ] 

tAOH Output Data Stable Time from 12 12 15 15 15 ns 
Asynchronous Clock Input[4, 26] 

3-152 



~ 

-~ 
W;CYPRESS 
Military 1YPical Internal Switching Characteristics Over Operating Range 

7C342B-15 7C342B-20 7C342B-25 

Parameter Description Min. Max. Min. Max. Min. Max. 

tIN Dedicated Input Pad and 
Buffer Delay 

3 4 5 

tlO I/O Input Pad and Buffer Delay 3 4 6 

tEXP Expander Array Delay 8 10 12 

tLAD Logic Array Data Delay 8 10 12 

tLAC Logic Array Control Delay 5 7 10 

taD Output Buffer and Pad Delay 3 3 5 

tzx Output Buffer Enable Delay[27] 5 5 10 

txz Output Buffer Disable Delay 5 5 10 

tRSU Register Set-Up Time Relative 4 5 6 
to Clock Signal at Register 

tRH Register Hold Time Relative 4 5 6 
to Clock Signal at Register 

tLATCH Flow Through Latch Delay 1 2 3 

tRD Register Delay 1 1 1 

tCOMB 1tansparent Mode Delay[28] 1 2 3 

tCH Clock HIGH Time 4 6 8 

tCL Clock LOW Time 4 6 8 

tIC Asynchronous Clock Logic Delay 6 8 14 

tICS Synchronous Clock Delay 0.5 0.5 2 

tpD Feedback Delay 1 1 1 

tpRE Asynchronous Register Preset 3 3 5 
Time 

tcLR Asynchronous Register Clear 
Time 

3 3 5 

tpcw Asynchronous Preset and 3 4 5 
Clear Pulse Width 

tpCR Asynchronous Preset and 3 4 5 
Clear Recovery Time 

tpIA Programmable Interconnect 10 12 14 
Array Delay Time 
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7C342B-30 7C342B-35 

Min. Max. Min. Max. Unit 

7 9 ns 

6 9 ns 

14 20 ns 

14 16 ns 

12 13 ns 

5 6 ns 

11 13 ns 

11 13 ns 

8 10 ns Ell 
8 10 ns 

4 4 ns 

2 2 ns 

4 4 ns 

10 12.5 ns 

10 12.5 ns 

16 18 ns 

2 3 ns 

1 2 ns 

6 7 ns 

6 7 ns 

6 7 ns 

6 7 ns 

16 20 ns 



#" -?cYPRESS 
Switching Waveforms 

External Combinatorial 

I/O INPUT _____ ---' 
DEDICATED INPUT/ ~ 

COMBINATORIAL 
OUTPUT 

CY7C342B 

."m,.",. )_-------

I----- tER[7] =3-------COMBINATORIAL OR ------------ • HIGH-IMPEDANCE 
REGISTERED OUTPUT ______ --: ______ ~ THREE-STATE 

I----- tEA!7] ~ 
HIGtt~~~~~tT~¥~ ------------- VALID OUTPUT ---------- C342B-7 

External Synchronous 

DEDICATED INPUTS OR =1 
REGISTERED FEEDBACK[7] __ ..,.. __ 

1s1 

SYNCHRONOUS CLOCK _____ , 

ASYNCHRONOUS 
CLEAR/PRESET!7] ____ t_O_H -"":'-f--f--' 

REGISTERED 
OUTPUTS _____ ~:--I~:';O 

COMBINATORIAL OUTPUT FROM _____________________ ..... j '~ ______ _ 
REGISTERED FEEDBACK!11] .71'--

External Asynchronous 

DEDICATED INPUTS OR ~ 
REGISTERED FEEDBACK - r 

ASYNCHRONOUS 
CLOCK INPUT 

iAS1 • 

ASYNCHRONOUS 
CLEAR/PRESET 

tAOH ---

ASYNCHRONOUS REGISTERED 
OUTPUTS 

ASYNCHRONOUS REGISTERED 

• tAH 

£ 

tAC01 

-
X 

I. 

C342B-8 

... tAWH- I-- tAWL ---

" 
... £ 

.. tRWitPW- -- tRRitPR-

£ 

~ tRoitpo --

( ( 

tAC02 
COMBINATORIAL OUTPUT FROM * 

FEEDBACK ------------------- --------C342B-9 
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Switching Waveforms (continued) 

Internal Combinatorial 

INPUT PIN 

1/0 PIN 

EXPANDER 
ARRAY DELAY 

LOGIC ARRAY 
INPUT 

L 

* tlO 

CY7C342B 

tiN ----00 

j::=- tplA --

I 

-tEXP -

), 
I----- tLAC, tLAD ----<0 

~K 

LOGIC ARRAY 
OUTPUT )K 

C342B-10 

Internal Asynchronous 

tR ~I:= tAWH I.. r- tAWL } tF --It 
CLOCK PIN ~ _ ..... ------. _ 

tiN 1 t-----
CLOCK INTO V " / 

LOGIC ARRAY ------IIr..-- tiC ~ ,'-____ .J, "-

CLOCK FROM "/r-------
LOGIC ARRAY " i tRSU tRH * '--------'--

DATA FROM t 
LOGIC ARRAY 

REGISTER OUTPUT ------ tRO,tLATCH -+- tFD % tCLR,tpRE --+ tFD *= 
TO LOCAL LAB -
LOGIC ARRAY 

tplA ~,... _______ _ 

REGISTER OUTPUT ----------------.!.--.:..:....- . 
TO ANOTHER LAB 

C342B 11 

Internal Synchronous 

'\.._-----
SYSTEM CLOCK 

AT REGISTER _ _ '\..,, ____ ...... / '\..'----

}= tCH ~ tCL =¥ 
SYSTEM CLOCK PIN -=£---- tiN -:E: 

tRSU tRH =1 
DATA FROM ..... --------------------

LOGIC ARRAY -----------------------C342B-12 
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Switching Waveforms (continued) 

Internal Synchronous 

CLOCK FROM 
LOGIC ARRAY -----"1 

DATA FROM 
LOGIC ARRAY 

OUTPUT PIN 

Ordering Information 
Speed Package 
(ns) Ordering Code Name 
12 CY7C342B-12HC H81 

CY7C342B-12JC J81 

CY7C342B-12RC R68 

15 CY7C342B-15HC/HI H81 

CY7C342B-15JC/JI J81 

CY7C342B-15RC/RI R68 

CY7C342B-15HMB H81 

CY7C342B-15RMB R68 

20 CY7C342B-20HC/lll H81 

CY7C342B-2OJC/JI J81 

CY7C342B-20RC/RI R68 

CY7C342B-20HMB H81 

CY7C342B-20RMB R68 

25 CY7C342B - 25HC/HI H81 

CY7C342B-25JC/JI J81 

CY7C342B-25RC R68 

CY7C342B-25HMB H81 

CY7C342B-25RMB R68 

30 CY7C342B-30HC/HI H81 

CY7C342B - 30JCIJI J81 

CY7C342B - 30RC/RI R68 

CY7C342B-30HMB H81 

CY7C342B-30RMB R68 

35 CY7C342B-35HC/HI H81 

CY7C342B-35JCIJI J81 

CY7C342B - 35RC/RI R68 

CY7C342B-35HMB H81 

CY7C342B-35RMB R68 

CY7C342B 

C3428-13 

Package 1YPe Operating 
Range 

68-Pin Windowed Leaded Chip Carrier Commercial 

68-Lead Plastic Leaded Chip Carrier 

68-Pin Windowed Ceramic Pin Grid Array 

68-Pin Windowed Leaded Chip Carrier Commercial! 
68-Lead Plastic Leaded Chip Carrier Industrial 

68-Pin Windowed Ceramic Pin Grid Array 

68-Pin Windowed Leaded Chip Carrier Military 

68-Pin Windowed Ceramic Pin Grid Array 

68-Pin Windowed Leaded Chip Carrier Commercial! 
68-Lead Plastic Leaded Chip Carrier Industrial 

68-Pin Windowed Ceramic Pin Grid Array 

68-Pin Windowed Leaded Chip Carrier Military 

68-Pin Windowed Ceramic Pin Grid Array 

68-Pin Windowed Leaded Chip Carrier Commercial! 
68-Lead Plastic Leaded Chip Carrier Industrial 

68-Pin Windowed Ceramic Pin Grid Array 

68-Pin Windowed Leaded Chip Carrier Military 

68-Pin Windowed Ceramic Pin Grid Array 

68-Pin Windowed Leaded Chip Carrier Commercial! 
68-Lead Plastic Leaded Chip Carrier Industrial 

68-Pin Windowed Ceramic Pin Grid Array 

68-Pin Windowed Leaded Chip Carrier Military 

68-Pin Windowed Ceramic Pin Grid.Array 

68-Pin Windowed Leaded Chip Carrier Commercial! 
68-Lead Plastic Leaded Chip Carrier Industrial 

68-Pin Windowed Ceramic Pin Grid Array 

68-Pin Windowed Leaded Chip Carrier Military 

68-Pin Windowed Ceramic Pin Grid Array 

3-156 



- -.,~ 
'CYPRESS 

MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 
Parameter Subgroups 

VOH 1,2,3 

VOL 1,2,3 

VIH 1,2,3 

VIL 1,2,3 

Ilx 1,2,3 

Ioz 1,2,3 

Icc! 1,2,3 

Document #: 38-00119-G 

CY7C342B 

Switching Characteristics 

Parameter Subgroups 

tpOl 7, 8, 9, 10, 11 

tPD2 7, 8, 9, 10, 11 

tPD3 7, 8, 9, 10, 11 

tcO! 7, 8, 9, 10, 11 

tS! 7, 8, 9, 10, 11 

tS2 7, 8, 9, 10, 11 

tH 7, 8, 9, 10, 11 

tWH 7, 8, 9, 10, 11 

tWL 7, 8, 9, 10, 11 

tRO 7, 8, 9, 10, 11 

tpo 7, 8, 9, 10, 11 II 
tACO! 7, 8, 9, 10, 11 

tAS! 7, 8, 9, 10, 11 

tAH 7, 8, 9, 10, 11 

tAWH 7, 8, 9, 10, 11 

tAWL 7, 8, 9, 10, 11 
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This is an abbreviated datasheet. Contact a Cypress 
Representative for complete specifications. For new 
designs, please refer to the CY7C342B. CY7C342 

Features 
• 128 macrocells in 8 LABs 
• 8 dedicated inputs, 52 bidirectionalI/O pins 

• Programmable interconnect array 
• D.8-micron double-metal CMOS EPROM technology 

• Available in 68-pin HLCC, PLCC, and PGA packages 

Functional DeSCription 
The CY7C342 is an Erasable Programmable Logic Device 
(EPLD) in which CMOS EPROM cells are used to configure logic 
functions within the device. The MAX architecture is 100% user 
configurable, allowing the devices to accommodate a variety of in
dependent logic functions. 

The 128 macrocells in the CY7C342 are divided into 8 LogicArray 
Blocks (LABs), 16 per LAB. There are 256 expander product 
terms, 32 per LAB, to be used and shared by the macrocells within 
each LAB. 

Each LAB is interconnected with a programmable interconnect 
array, allowing all signals to be routed throughout the chip. 

The speed and density of the CY7C342 allows it to be used in a 
wide range of applications, from replacement of large amounts of 
7400-series TTL logic, to complex controllers and multifunction 
chips. With greater than 25 times the functionality of 20-pin 
Pills, the CY7C342 allows the replacement of over 50 TTL de
vices. By replacing large amounts of logic, the CY7C342 reduces 
board space, part count, and increases system reliability. 

Logic Array Blocks 
There are 8 logic array blocks in the CY7C342. Each LAB consists 
of a macrocell array containing 16 macrocells, an expander product 
term array containing 32 expanders, and an I/O block. The LAB is 
fed by the programmable interconnect array and the dedicated in-

Selection Guide 

Maximum Access Time (ns) 

Maximum 03erating Commercial 
Current (rnA Military 

Industrial 

Maximum Static Commercial 
Current (rnA) Military 

Industrial 

MAX is a registered trademark of Altera Corporation. 

128-Macrocell MAX ® EPLDs 
put bus. All macrocell feedbacks go to the macrocell array, the ex
pander array, and the programmable interconnect array. Expan
ders feed themselves and the macrocell array. All I/O feedbacks go 
to the programmable interconnect array so that they may be ac
cessed bymacrocells in other LABs as well as the macrocells in the 
LAB in which they are situated. 

Externally, the CY7C342 provides eight dedicated inputs, one of 
which may be used as a system clock. There are 52 I/O pins that 
may be individually configured for input, output, or bidirectional 
data flow. 

Programmable Interconnect Array 
The Programmable Interconnect Array (PIA) solves interconnect 
limitations by routing only the signals needed by each logic array 
block. The inputs to the PIA are the outputs of every macrocell 
within the device and the I/O pin feedback of every pin on the de
vice. 

Unlike masked or programmable gate arrays, which induce vari
able delay dependent on routing, the PIA has a fixed delay. This 
eliminates undesired skews among logic signals that may cause 
glitches in internal or external logic. The fixed delay, regardless of 
programmable interconnect array configuration, simplifies design 
by assuring that internal signal skews or races are avoided. The re
suit is ease of design implementation, often in a signal pass, without 
the multiple internal logic placement and routing iterations re
quired for a programmable gate array to achieve design timing ob
jectives. 

Timing Delays 
Timing delays within the CY7C342 may be easily determined us
ing Wap2"', Wap2+ "', or Wap3'" software. The CY7C342 has 
fIXed internal delays, allowing the user to determine the worst case 
timing delays for any design. For complete timing information the 
Wap3 software provides a timing simulator. 

7C342-25 7C342-30 7C342-35 

25 30 35 

250 250 250 

320 320 320 

320 320 320 

225 225 225 

275 275 275 

275 275 275 

Wap2, Wap2+, and Wap3 are trademarks of Cypress Semiconductor. 

Document #: 38-00500 
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Features 
• 64 MAX macrocells in 4 LABs 
• 8 dedicated inputs, 24 bidirectional 

I/O pins 
• Programmable interconnect array 
• 0.8-micron double-metal CMOS 

EPROM technology (CY7C343) 
• Advanced 0.65-micron CMOS 

technology to increase performance 
(CY7C343B) 

• Available in 44-pin HLCC, PLCC 
• Lowest power MAX device 

Logic Block Diagram 
9 INPUT 

11 INPUT ::::: 

121NPUT ~ 
13 INPUT 

lAB A 

1/0 PINS i3::: 

CY7C343 
CY7C343B 

64-Macrocell MAX ® EPLD 

Functional Description 

The CY7C343/CY7C343B is a high-per
formance, high-density erasable program
mable logic device, available in 44-pin 
PLCC and HLCC packages. 

The CY7C343/CY7C343B contains 64 
highly flexible macrocells and 128 expander 
product terms. These resources are divided 
into four Logic Array Blocks (LABs) con
nected through the Programmable Inter-

r-

DEDICATED INPl'TS 

connect Array (PIA). There are 8 input pins, 
one that doubles as a clock pin when needed. 
The CY7C343/CY7C343B also has 28 
I/O pins, each connected to a macrocell 
(6 for LABs A and C, and 8 for LABs B 
and D). The remaining 36 macrocells are 
used for embedded logic. 

The CY7C343/CY7C343B is excellent for 
a wide range of both synchronous and 
asynchronous applications. 

INPUT 35 

-::::::: INPUT/ClK 34 

;2 INPUT33 

INPUT 31 

~7 
SYSTEM CLOCK 

~!;" LABD 

IA ...J\ 
_55 ~ _54 
.53 I----D 

I'" -y 
.51 r=g .. MACROCEl • 50 

1 
44 
42 
41 I/O PINS 
40 
39 
38 ~ MACROCELLS 7 - 16 '"L..J 

r-----v ['r-
37 

I/O PINS 

15 
16 
17 
18 
19 
20 
22 
23 

~ 

Q= D-

lABB ,JJ~ 
p 
I 

'A A 
'f 

.. 
MACROCELLS 25 - 32 r-----v 

Selection Guide 

Maximum Access Time (ns) 

Maximum Operating Commercial 
Current (rnA) 

Military 

Industrial 

Maximum Standby Commercial 
Current (rnA) 

Military 

Industrial 
. . 

Shaded area contams prehmmary mformatlOn . 

(3. 14,25.36) C>- Vee 
(10.21.32.43) C>- GND 

7C343-12 7C343HS 
7C343B-12 7C343B~1S 

12 15 

135 135 

225 
. 225 225 

125 125 
200 

200 200 

","DrV'C" %7 • 64 

~j.. ~ LABC 
MACROCEL • 38 

~ 

" 
lI'------
['r- MACRDCELLS 39 - 48 

7C343-20 7C343-25 
7C343B-20 7C343B-25 

20 25 

135 135 

225 225 

225 225 

125 125 

200 200 

200 200 

Wmp2, Wmp2+, and Wmp3 are trademarks of Cypress Semiconductor Corporation. 
MAX® is a registered trademark of Aitera Corporation. 
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QYPRESS 
Pin Configuration 

g g 

VO 

I/O 

INPUT 

GND 

INPUT 

INPUT 

INPUT 

Vee 
VO 

I/O 

I/O 

MaXimum Ratings 

HLCC 
ThpView 

<> 0 
g>oggg~ggg 

0 
7C343 

I/O 

I/O 

VO 

Vee 
INPUT 

INPUT/ClK 

INPUT 
GND 

INPUT 

VO 

VO 

C343-2 

CY7C343 
CY7C343B 

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

DC Input Voltagel1] ..................... - 3.0V to + 7.0V 
DC Program Voltage ............................. 13.0V 

Storage Temperature .................. -65°C to + 150°C Static Discharge Voltage ........................ > 1l00V 

Ambient Thmperature with (per MIL-STD-883, method 3015) 

Power Applied .......................... O°C to +70°C Operating Range 
Maximum Junction Thmperature 
(Under Bias) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 150°C Ambient 

Range Thmperature Vee 
Supply Voltage to Ground Potential ........ -2.0V to +7.0V 
Maximum Power Dissipation ................... 2500 m W 

Commercial O°C to +70°C 5V±5% 

Industrial -40°C to +85°C 5V ±10% 
DC Vee or GND Current . . . . . . . . . . . . . . . . . . . . . .. 500 rnA 
DC Output Current, per Pin .. . . . . . . .. - 25 rnA to +25 rnA Military -55°C to +125°C (Case) 5V±10% 

Electrical Characteristics Over the Operating Rangel2] 

Parameter Description Thst Conditions Min. Max. Unit 

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

VOL Output LOW Voltage Vee = Min., IOL = 8 rnA 0.45 V 

VIH Input HIGH Level 2.2 Vee+O.3 V 

VIL Input LOW Level - 0.3 0.8 V 

Ilx Input Current GND.$ VIN.$ Vee -10 +10 fAA 
loz Output Leakage Current Vo = Vee or GND - 40 +40 fAA 
los Output Short Circuit Current Vee = Max., VOUT = 0.5V[3,4] - 30 - 90 rnA 

leel Power Supply Current VI = Vee or GND Commercial 125 rnA 
(Standby) (No Load) Military/Industrial 200 rnA 

lecz Power Supply Currend5] VI = Vee or GND (No Load) Commercial 135 rnA 
f = 1.0 MHz[4, 5] 

Military/Industrial 225 rnA 

tR Recommended Input Rise 100 ns 
Time 

tF Recommended Input Fall 100 ns 
Time 

Notes: 
1. Minimum DC input is -0.3Y. During transitions, the inputs may un

dershoot to - 2.0V for periods less than 20 ns. 
been chosen to avoid test problems caused by tester ground degra
dation. 

2. Typical values are for TA = 2S'C and Vee = SY. 
3. Not more than one output should be tested at a time. Duration of the 

short circuit should not be more than one second. V OUT = O.5V has 

4. Guaranteed but not 100% tested. 
S. Measured with device programmed as a 16-bit counter in each LAB. 

This parameter is tested periodically by sampling production material. 
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Capacitance[6] 
Parameter Description Test Conditions Max. 

CY7C343 
CY7C343B 

Unit 

CIN Input Capacitance VIN = 2V, f = 1.0 MHz 10 pF 

COUT Output Capacitance VOUT = 2.0V, f = 1.0 MHz 10 pF 

Notes: 
6. Part (a) in AC Test Load and Waveforms is used for all parameters ex

cept tER and txz, which is used for part (b) in AC Test Load and Wave-

AC Test Loads and Waveforms[6] 

R1464Q R1464Q 

OUTPUT 

forms. All external timing parameters are measured referenced to ex
ternal pins of the device. 

ALL INPUT PULSES 5V~ 
50pF R2 

250Q 
INCLUDING I _ 

OUTP~~31 
5pF I R2 

250Q 
INCLUDING _ _ 

,OV~ 10% 90% 
GND 

.$.6 ns Jt:: 10% 

.... .$.6ns 

JIG AND - - JIG AND - -
SCOPE SCOPE C343-3 0343-4 

(a) (b) 

Equivalent to: THEVENIN EQUIVALENT (commercial/military) 

163Q 
OUTPUTc>o---JY·~"".·_--oO 1.75V 

Programmable Interconnect Array 
The Programmable Interconnect Array (PIA) solves interconnect 
limitations by routing only the signals needed by each logic array 
block. The inputs to the PIA are the outputs of every macrocell 
within the device and the I/O pin feedback of every pin on the de
vice. 

Unlike masked or programmable gate arrays, which induce vari
able delay dependent on routing, the PIA has a fIxed delay. This 
eliminates undesired skews among logic signals, which may cause 
glitches in internal or external logic. The fixed delay, regardless of 
programmable interconnect array configuration, simplifies design 
by ensuring that internal signal skews or races are avoided. The re
sult is simpler design implementation, often in a single pass, with
out the multiple internal logic placement and routing iterationsre
quired for a programmable gate array to achieve design timing 
objectives. 

Timing Delays 
Timing delays within the CY7C343/CY7C343B may be easily de
termined using Wa1p2/Wa1p2+ ~or Wa1p3 m software or by the 
model shown in Figure 1. The CY7C343/CY7C343B has fixed in
ternal delays, allowing the user to determine the worst case timing 
delays for any design. For complete timing information, the Wa1p3 
software provides a timing simulator. 

Design Recommendations 
Operation of the devices described herein with conditions above 
those listed under"AbsoluteMaximumRatings"maycause perma
nent damage to the device. This is a stress rating only and function
al operation of the device at these or any other conditions above 
those indicated in the operational sections of this data sheet is not 
implied. Exposure to absolute maximum ratings conditions for ex
tended periods of time may affect device reliability.The 

CY7C343/CY7C343B contains circuitry to protect device pins 
from high static voltages or electric fields; however, normal precau
tions should be taken to avoid applying any voltage higher than 
maximum rated voltages. 

Forproper operation, input and output pins must be constrained to 
the range GND.s(VINorVOUT).s Vee. Unused inputs must al
ways be tied to an appropriate logic level (either Vee or GND). 
Each set of V ee and GND pins must be connected together direct
ly at the device. Power supply decoupling capacitors of at least 0.2 
!-IF must be connected between Vee and GND. For the most effec
tive decoupling, each Vee pin should be separately decoupled to 
GND, directly at the device. Decoupling capacitors should have 
good frequency response, such as monolithic ceramic types. 

Timing Considerations 
Unless otherwise stated, propagation delays do not include expan
ders. When using expanders, add the maximum expander delay 
tEXP to the overall delay. Similarly, there is an additional tpIA delay 
for an input from an I/O pin when compared to a signal from a 
straight input pin. 

When calculating synchronous frequencies, use tS1 if all inputs are 
on the input pins. tS2 should be used if data is applied at an I/O pin. 
If tS2 is greater than tCOl, 1/tS2 becomes the limiting frequency in 
the data path mode unless 1/(tWH + tWL) is less than 1/tS2' 

When expander logic is used in the data path, add the appropriate 
maximum expander delay, tEXP to tS1' Determine which of 1/(tWH 
+ tWLl, l/tCOl, or l/(tEXP + tS1) is the lowest frequency. The low
est of these frequencies is the maximum data path frequency for 
the synchronous configuration. 

When calculating external asynchronous frequencies, use tAS1 if all 
inputs are on dedicated input pins. If any data is applied to an I/O 
pin, tAS2 must be used as the required set-up time. If (tAS2 + tAR) 
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is greater than tACOb l/(tAS2 + tAH) becomes the limiting fre
quency in the data path mode unless l/(tAWH + tAH) is less than 
l/(tAS2 + tAH)' 

When expander logic is used in the data path, add the appropriate 
maximum expander delay, tEXP to tAS!. Determine which of 
l/(tAWH + tAWL), l/tACOh or l/(tEXP + tAS!) is the lowest fre
quency. The lowest of these frequencies is the maximum data path 
frequency for the asynchronous configuration. 

The parameter tOH indicates the system compatibility of this de
vice when driving other synchronous logic with positive input hold 
times, which is controlled by the same synchronous clock. If tOH is 
greater than the minimum required input hold time of the subse
quent synchronous logic, then the devices are guaranteed to func
tion properly with a common synchronous clock under worst-case 
environmental and supply voltage conditions. 

CY7C343 
CY7C343B 

The parameter tAOH indicates the system compatibility of this de
vice when driving subsequent registered logic with a positive hold 
time and using the same clock as the CY7C343/CY7C343B. 

In general, if tAOH is greater than the mininmm required input 
hold time ofthe subsequent logic (synchronous or asynchronous), 
then the devices are guaranteed to function properly under worst
case environmental and supply voltage conditions, provided the 
clock signal source is the same. This also applies if expander logic 
is used in the clock signal path of the driving device, but noHor the 
driven device. This is due to the expander logic in the second de
vice's clock signal path adding an additional delay (tE}CP), causing 
the output data from the preceding device to change prior to the 
arrival of the clock signal at the following device's register. 

""""DER~ DELAY 
~ tEXP 

REGISTER 

IN ~ 
I"!I LOGIC ARRAY ,~ 

CONTROL DELAY tcLR 

-~ tLAC I tpRE 

INPUT '""""!I LOGIC ARRAY I tRSU tRO 
- ..... 

DELAY DELAY tCOMB 
tiN 

-~ tLAO I tRH tLATCH 

SYSTEM CLOCK DELAY lics 

Ir1 PIA ~ CLOCK I 
DELAY DELAY I tplA -----iI tiC 

I FEEDBACK L 
I DELAY 

r tFO 

I I/O DELAY L 
I tlO r 

Figure 1. CY7C343/CY7C343B Internal Timing Model 
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External Synchronous Switching Characteristics!6] Over Operating Range 

7C343-12 
7C343B-12 

Parameter Description Min. Max. 

tpOl Dedicated Inp.ut to Combinatorial Com'l/lnd 12 
Output Delay[7] Mil 

tPD2 I/O In~ut to Combinatorial Output Com'lllnd 20 
Delay] Mil 

tPD3 Dedicated Input to Combinatorial Com'l/lnd 18 
Output Delay with Expander Delayl9] Mil 

tPD4 I/O Input to Combinatorial Outfut Com'l/lnd 26 
Delay with Expander Delayl4, 10 Mil 

tEA Input to Output Enable Delay[4, 7] Com'l/lnd 12 

Mil 

tER Input to Output Disable Delay!4, 7] Com'llInd 12 

Mil 

tCOl Synchronous Clock Input to Output Com'l/lnd 6 
Delay Mil 

tC02 Synchronous Clock to Local Feedback Com'l/lnd 14 
to Combinatorial Output!4, 11] Mil 

tSI Dedicated Input or Feedback Set-Uf Com'l/lnd 8 
Time to Synchronous Clock Input[7 Mil 

tS2 I/O Input Set-UR Time to Synchronous Com'l/lnd 16 
Clock Input!7, I Mil 

tH Input Hold Time from Synchronous Com'l/lnd 0 
Clock Input[7] Mil 

tWH Synchronous Clock Input HIGH Time Com'l/lnd 4.5 

Mil 

tWL Synchronous Clock Input LOW Time Com'llInd 4.5 

Mil 

tRW Asynchronous Clear Width[4, 7] Com'l/lnd 12 

Mil 

tRR Asynchronous Clear Recovery Timel4, 7] Com'l/lnd 12 

Mil 

tRO Asynchronous Clear to Registered Com'l/lnd 12 
Output Delay[7] Mil 

tpR Asynchronous Preset Recovery Timel4, 7] Com'l/lnd 12 

Mil 

tpo Asynchronous Preset to Registered Com'l/lnd 12 
Output Delay!7] Mil 

tCF Synchronous Clock to Local Feedback Com'l/lnd 3 
Input!4, 13] 

Mil 

tp External s~chronous Clock Period Com'l/lnd 9 
(lIfMAX3) ~] Mil 

fMAXI External Maximum Frequency Com'l/lnd 71.4 
(lI(tcOl + tSl))[4, 14] Mil 

Shaded area contains preliminary information. 
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7C343-15 
7C343B-1S 

Min. Max. 

15 

15 

25 

25 

23 

23 

33 

33 

15 

15 

15 

15 

7 

7 

17 

17 

10 

10 

20 

20 

0 

0 

5 

5 

5 

5 

15 

15 

15 

15 

15 

15 

15 

15 

15 

15 

3 

3 

10 

10 

58.8 

58.8 

CY7C343 
CY7C343B 

7C343-20 
7C343B-20 

Min. Max. Unit 

20 ns 

20 

32 ns 

32 

30 ns 

30 

42 ns 

42 

20 ns 

20 

20 ns 

20 

12 ns 

12 

25 ns 

25 

12 ns 

12 

24 ns 

24 

0 ns 

0 

6 ns 

6 

6 ns 

6 

20 ns 

20 

20 ns 

20 

20 ns 

20 

20 ns 

20 

20 ns 

20 

3 ns 

3 

12 ns 

12 

41.6 MHz 

41.6 

II 
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CY7C343 
CY7C343B 

External Synchronous Switching Characteristics[6] Over Operating Range (continued) 

Parameter 

fMAX2 

fMAX3 

fMAX4 

Description 

Internal Local Feedback Maximum 
Frequenw., lesser of (1I(tSl + tCF» or 
(l/tcOl)[ , 15] 

Data Path Maximum Frequency, least of 
l/(tWL + tWH), 1I(tSl + tw, or 
(1Itun)[4,16]-

Maximum Re~ister Toggle Frequency 
(1I(tWL + tWH»[4, 17] 

Output Data Stable Time from 
Synchronous Clock Input[4, 18] 

Asynchronous Preset Width[4, 7] 

Shaded area contains preliminary information. 

Notes: 
7. This specification is a measure of the delay from input signal applied 

to a dedicated input (44-pin PLCe input pin 9, 11, 12, 13,31,33,34, or 
35) to combinatorial output on any output pin. This delay assumes no 
expander terms are used to form the logic !function. 
When this note is applied to any parameter specification it indicates 
that the signal (data, asynchronous clock, asynchronous clear, and/or 
asynchronous preset) is applied to a dedicated input only and no signal 
path (either clock or data) employs expander logic. 
If an input signal is applied to an I/O pin, an additional delay equal to 
tplA should he added to the comparable delay for a dedicated input. 
If expanders are used, add the maximum expander delay tEXP to the 
overall delay for the comparable delay without expanders~ 

8. This specification is a measure of the delay from inpllt signal applied 
to an I/O macrocell pin to any output. This delay assumes no expander 
terms are used to form the logic function. 

9. This specification is a measure of the delay from an input signal applied 
to a dedicated input (44-pin PLee input pin 9, 11, 12, 13, 31, 33, 34, or 
35) to combinatorial output on any output pin. This delay assumes ex
pander terms are used to form the logic function and includes the 
worst-case expander logic delay for one pass through the expander log
ic. This parameter is tested periodically by sampling production mate
rial. 

10. This specification is a measure of the delay from an input signal applied 
to an I/O macrocell pin to any output. This delay assumes expander 
terms are used to form the logic function and includes the worst-case 
expander logic delay for one pass through the expander logic. This pa
rameter is tested periodically by sampling production material. 

11. This specification is a measure of the delay from synchronous register 
clock to internal feedback of the register output signal to the input of 
the LAB logic array and then to a combinatorial output. This delay as
sumes no expanders are used, register is synchronously clocked and all 
feedback is within the same LAB. This parameter is tested periodically 
by sampling production material. 

"!"7(;343;;'~ ~.,."....,=,..,."...----~-...., 

<·~~Bf~.·'~~ .. ~+--~--4 
7C343-20 

7C343B-20 

.~ ... ~, :~';;'~; Min. Max. Unit 

66.6 MHz 

66.6 

83.3 MHz 

83.3 

83.3 MHz 

83.3 

3 ns 

3 

20 ns 

20 

12. If data is applied to an I/O inputfor capture by a macrocell register, the 
I/O pin set-up time minimums should be observed. These parameters 
are tS2 for synchronous operation and tAS2 for asynchronous opera
tion. 

13. This specification is a measure of the delay associated with the internal 
register feedback path. This is the delay from synchronous clock to 
LAB logic array input. This delay plus the register set-up time, tSh is 
the minimum internal period for an internal synchronous state ma
chine confignration. This delay is for feedback within the same LAB. 
This parameter is tested periodically by sampling production material. 

14. This specification indicates the guaranteed maximum frequency, in 
synchronous mode, at which a state machine configuration with exter
nal feedback can operate. It is assumed that all data inputs and feed
back signals are applied to dedicated inputs. 

15. This specification indicates the guaranteed maximum frequency at 
which a state machine, with internal-onlyfeedback, can operate. If reg
ister output states must also control external points, this frequency can 
still be observed as long as this frequency is less than lIteOl. All feed
back is assumed to be local, originating within the same LAB. 

16. This frequency indicates the maximum frequency at which the device 
may operate in data path mode. This delay assumes data input signals 
are applied to dedicated inputs and no expander logic is used. 

17. This specification indicates the guaranteed maximum frequency, in 
synchronous mode, atwhich an individual output orburiedregister can 
be cycled. 

18. This parameter indicates the minimum time after a synchronous regis
ter clock input that the previous register output data is maintained on 
the output pin. 
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External Synchronous Switching Characteristics[6] Over Operating Range (continued) 

7C343-25 7C343-30 
7C3438-25 7C343B-30 

Parameter Description Min. Max. Min. Max. 

tpOl Dedicated.Inp.ut to Combinatorial Com'l/lnd 25 30 
Output Delay[7] Mil 25 30 

tpD2 I/O In~ut to Combinatorial Output Com'l/lnd 39 44 
Delay] Mil 39 44 

tPD3 Dedicated Input to Combinatorial Com'l/lnd 37 44 
Output Delay with Expander Delay[9] Mil 37 44 

tpD4 I/O Input to Combinatorial Ou~ut Com'VInd 51 58 
Delay with Expander Delay[4, I Mil 51 58 

tEA Input to Output Enable Delay[4. 7] Com'l/lnd 25 30 

Mil 25 30 

tER Input to Output Disable Delay[4, 7] Com'VInd 25 30 

Mil 25 30 

tcOl Synchronous Clock Input to Output Com'VInd 14 16 
Delay Mil 14 16 

tC02 Synchronous Clock to Local Feedback Com'VInd 30 35 
to Combinatorial Output[4, 11] Mil 30 35 

tSI Dedicated Input or Feedback Set-Up Com'VInd 15 20 
Time to Synchronous Clock Input[7] Mil 15 20 

tS2 I/O Input Set-U~ Time to Synchronous Com'VInd 30 35 
Clock Input[7, 1 Mil 30 35 

tH Input Hold Time from Synchronous Com'VInd 0 0 
Clock Input[7] Mil 0 0 

tWH Synchronous Clock Input HIGH Time Com'VInd 8 10 

Mil 8 10 

tWL Synchronous Clock Input LOW Time Com'VInd 8 10 

Mil 8 10 

tRW Asynchronous Clear Width[4, 7] Com'l/lnd 25 30 

Mil 25 30 

tRR Asynchronous Clear Recovery Timel4, 7] Com'VInd 25 30 

Mil 25 30 

tRO Asynchronous Clear to Registered Com'VInd 25 30 
Output Delay[7] Mil 25 30 

tpR Asynchronous Preset Recovery Timel4, 7] Com'VInd 25 30 

Mil 25 30 

tpo Asynchronous Preset to Registered Com'VInd 25 30 
Output Delay[7] Mil 25 30 

tcF Synchronous Clock to Local Feedback Com'VInd 3 3 
Input[4, 13] 

Mil 3 3 

tp External S~chronous Clock Period Com'VInd 16 20 
(lIfMA)(3) ~] 

Mil 16 20 

fMAXI External Maximum Com'VInd 34 27 
Frequency (1/(tCOl + tSl»[4, 14] Mil 34 27 
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CY7C343 
CY7C343B 

7C343-35 
7C343B-35 

Min. Max. Unit 

35 ns 

35 

53 ns 

53 

55 ns 

55 

73 ns 

73 

35 ns 

35 

35 ns 

35 

20 ns 

20 

42 ns 

42 

25 ns 

25 

42 ns 

42 

0 ns 

0 

12.5 ns 

12.5 

12.5 ns 

12.5 

35 ns 

35 

35 ns 

35 

35 ns 

35 

35 ns 

35 

35 ns 

35 

5 ns 

5 

25 ns 

25 

22.2 MHz 

22.2 

II 



F~ 
==:S, CYPRESS 
External Synchronous Switching Characteristics[6] Over Operating Range (continued) 

7C343-2S 7C343-30 
7C343B-2S 7C343B-30 

Parameter Description Min. Max. Min. Max. 

fMAX2 Internal Local Feedback Maximum Com'1/Ind 55 43 
Frequenw., lesser of (1I(tsl + tCF» or 
(l/tC01)[ , IS] Mil 55 43 

fMAlO Data Path Maximum Frequency, least of Com'1/Ind 62.5 50 
1!(twr., +~, l/(tsl + tH), or 

Mil 62.5 50 (1ItC01)[4, 

fMAX4 Maximum R~ister 'lbggle Frequency Com'l/lnd 62.5 50 
(1/(tWL + tw )[4,17] Mil 62.5 50 

tOH Output Data Stable Time from Com'l/Ind 3 3 
Synchronous Clock Inputf4, 18] Mil 3 3 

tpw Asynchronous Preset Width[4, 7] Com'l/Ind 25 30 

Mil 25 30 

External Asynchronous Switching Characteristics Over Operating Rangd6] 

1C3~":'ll.: 
1C343l1-12 

7043-15 
7CJ4,3B\..1,S, • 

Parameter Description Min' . . . Max. .' 'Min~ 
;" 

MU;' 

tAC01 Asynchronous Clock Input to Output Com'l/Ind ,"" .,. 12- <. 15 
Delay[7] Mil , .. \ " '.' .... . "15-

tAC02 Asynchronous Clock Input to Local Com'l/Ind " .Y· .' 

20'" ". 
,.' .. ~.'. Feedback to Combinatorial 

Outputf19] Mil .... ,.,,;, ,<, ,25. 

tASI Dedicated Input or Feedback Set-Uti' Com'l/Ind 3: ,) '.' 3.S , Y,,' 
Time to Asynchronous Clock Input[ Mil " ,'; 3.S :. 

tAS2 I/O Input Set-Up Time to Com'l/Ind '·'.:\.2 ' "'.,,".:" . .1$5 , , 

Asynchronous Clock Inputf7] Mil ," :", ',', "".1$.5 
tAH Input Hold Time from Asynchronous Com'l/Ind J ',',IA? ','. 

Clock Inputf7] Mil " 4.5 
" 

tAWH Asynchronous Clock Input HIGH Com'l/Ind ·8 ./ 8,$' , , 
Time[7] Mil .'; ,.','" 8.$ 

, 

tAWL Asynchronous Clock Input LOW Com'l/Ind '.~ '.' 
',6:5 

• Timd7,ZO] Mil .", . .6,5 , ' .. 
tACF Asynchronous Clock to Local Feedback Com'l/Ind ". 9 ", '." 11 

Inputf4, 21] , .... ' .. 
Mil 

" 

... ' ., 11 
tAP External ~nchronous Clock Period Com'l/Ind ' 14, , '. ".15 

(1IfMAXA4) ] Mil .' '. ~~, 
fMAXAI External Maximum Frequency in Com'l/Ind 66;6 ,,: ~,u., .. .. 

Asynchronous Mode 
1/( tAC01 + tASI)[4, 22] Mil .. ,' ,.' 

54.u. 

fMAXAZ Maximum Internal Asynchronous Com'l/Ind 71.4 '.; :66.6. 'I" 
Frequency[4, 23] Mil I' , , .. ',' 66;6 . 

fMAXA3 Data Path Maximum Fre~uency in Com'l/Ind ,71·1 1
00 .,;. 66.6 . . .. ,.' 

Asynchronous Modd4,24 Mil ,. '" 
'" 66.6 ". .. 

fMAXA4 Maximum Asynchronous Register Com'l/Ind '71.4 . , : 66.6 
• Thggle Frequency' 

Mil . 6f>.6 . 1I(tAWH + tAWL)[4,25] 

Shaded area contains prelimmary mformatlon. 
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7C343-35 
7C343B-35 

Min. Max. Unit 

33 MHz 

33 

40 MHz 

40 

40 MHz 

40 

3 ns 

3 

35 ns 

35 

7C343-20 
7C343B-20 

Min • Max. Unit 

20 ns 

20 

32 ns 

32 

4 ns 

4 

15 ns 

15 

5 ns 

5 

9 ns 

9 

7 ns 

7 
13 ns 

13 
16 ns 

16 

41.6 MHz 

41.6 

58.8 MHz 

58.8 

50 MHz 

50 

62.5 MHz 

62.5 



CY7C343 
CY7C343B 

External Asynchronous Switching Characteristics Over Operating Rangel6] (continued) 

Parameter Description 

tAOH Output Data Stable Time from Com'I/Ind 
Asynchronous Clock Input!4, 26] Mil 

tACO! Asynchronous Clock Input to Output Com'I/Ind 
Delay(7] Mil 

tAC02 Asynchronous Clock Input to Local Com'l/lnd 
Feedback to Combinatorial 
Output!19] Mil 

tASI Dedicated Input or Feedback Set-UR Com'I/Ind 
Time to Asynchronous Clock Input! Mil 

tAS2 I/O Input Set-Up Time to Com'I/Ind 
Asynchronous Clock Input(7] Mil 

tAH Input Hold Time from Asynchronous Com'l/Ind 
Clock Input(7] Mil 

tAWH Asynchronous Clock Input HIGH Com'I/Ind 
Time(7] Mil 

tAwL Asynchronous Clock Input LOW Com'l/lnd 
Timel7,20] Mil 

tACF Asynchronous Clock to Local Feedback 
Input[4,21] 

Com'I/Ind 

Mil 

tAP External A~nchronous Clock Period Com'I/Ind 
(l/fMAXA4) ~] Mil 

fMAXAI External Maximum Frequency in Com'I/Ind 
Asynchronous Mode 

Mil lI(tACOI + tAS1)[4,22] 

fMAXA2 Maximum Internal Asynchronous Com'l/Ind 
Frequency[4, 23] Mil 

fMAXA3 Data Path Maximum Fre~uency in Com'I/Ind 
Asynchronous Model4, 24 Mil 

fMAXA4 Maximum Asynchronous Re~ster Toggle Com'l/lnd 
Frequency 1/(tAWH + tAwd 4,25] Mil 

tAOH Output Data Stable Time from Com'l/Ind 
Asynchronous Clock Inputf4, 26] Mil 

Notes: 
19, This specification is a measure of the delay from an asynchronous reg

ister clock input to internal feedback of the register output signal to the 
input of the LAB logic array and theu to a combiuatorial output. This 
delay assumes no expanders are used in the logic of combinatorial out
put or the asynchronous clock input. The clock signal is applied to a 
dedicated input pin and all feedback is within a single LAB. This pa
rameter is tested periodically by sampling production material. 

20. This parameter is measured with a positive-edge triggered clock at the 
register. For negative edge triggering, the tAWH and tAWLparameters 
must be swapped. If a given input is used to clock multiple registers 
with both positive and negative polarity, tAWHshould be used for both 
tAWH and tAWL. 

7C343-25 7C343-30 7C343-3S 
7C343B-25 7C343B-30 7C343B-3S 

Min. Max. Min. Max. Min. Max. Unit 

12 12 15 ns 
12 15 

25 30 35 ns 
25 30 35 
40 46 55 ns 

40 46 55 

5 6 8 ns 

5 6 8 
20 25 30 ns 
20 25 30 
6 8 10 ns 

6 8 10 
11 14 16 ns 
11 14 16 
9 11 14 ns 
9 11 14 

15 18 22 ns 

15 18 22 
20 25 30 ns 
20 25 30 
33 27 23 MHz 

33 27 23 

50 40 33 MHz 
50 40 33 
40 33 28 MHz 
40 33 28 

50 40 33 MHz 
50 40 33 
15 15 15 ns 
15 15 15 

21. This specification is a measure of the delay associated with the internal 
register feedback path for an asynchronous clock to LAB logic array in
put. This delay plus the asynchronous register set-up time, tASh is the 
minimum internal period for an internal asynchronously clocked state 
machine configuration. This delay is for feedback within the same 
LAB, assumes no expander logic in the clock path, and assumes that the 
clock input signal is applied to a dedicated input pin. This parameter 
is tested periodically by sampling production material. 

22. This specification indicates the guaranteed maximum frequency at 
which an asynchronously clocked state machine configuration with ex
ternal feedback can operate. It is assumed that all data inputs, clock in
puts, and feedback signals are applied to dedicated inputs, and that no 
expander logic is employed in the clock signal path or data path. 
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Internal Switching Characteristics Over Operating Rangel6] 

7C343"'!U 
7~~B~12 

Parameter Description l\iIin •. M~.· 

tIN Dedicated Input Pad and Buffer Delay Com'l/Ind .' .. 2.5 
Mil ". .' 

tIO I/O Input Pad and Buffer Delay Com'Vind .... 2.5 
Mil '. " : '.' 

tEXP Expander Array Delay Com'Vlnd .... 6 
Mil , 

tLAD Logic Array Data Delay Com'Vind 6. 
Mil 

tLAC Logic Array Control Delay Com'Vind .... 5 
Mil . 

too Output Buffer and Pad Delay Com'Vind 3 
Mil '. 

tzx Output Buffer Enable DelayL<IJ Com'Vind 5 
Mil . '. 

txz Output Buffer Disable Delay Com'Vind 5 
Mil 

tRSU Register Set-Up Time Relative to Clock Com'Vind 2 
Signal at Register Mil 

tRH Register Hold Time Relative to Clock Com'Vlnd 3 
Signal at Register Mil 

tLATCH Flow-Through Latch Delay Com'l/lnd .' 1 
Mil :. 

tRD Register Delay Com'Vind 1 
Mil .' 

tCOMB Transparent Mode DelayL""J Com'Vind 1 . 
Mil 

tCH Clock HIGH Time Com'Vind 3 
Mil . 

.' 

tCL Clock LOW Time Com'Vind 3 
Mil .' 

tIC Asynchronous Clock Logic Delay Com'Vind 5 . 
Mil . 

tICS Synchronous Clock Delay Com'Vlnd 0,5 
Mil . 

tFD Feedback Delay Com'Vlnd 1 
Mil 

tpRE Asynchronous Register Preset Time Com'Vind 3 
Mil ..... ' .. 

tCLR Asynchronous Register Clear Time Com'Vind .' . ,3 ,. 
Mil ' ... 

tpcw Asynchronous Preset and Clear Pulse Com'l/lnd 2 '. 
Width Mil 

tpCR Asynchronous Preset and Clear Com'VInd 2 
Recovery Time Mil " 

tPIA Programmable Interconnect Array Com'VInd ",8 
Delay Time Mil ". 

Shaded area contams prehmmary mformatlon. 
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'7~~1S 
:7~43B-15 
• ,Min; I,M$.. 

' . ... 3. 
" 3 

3 
, ... 3 

8 
.. ' 8 

8 
. 8 

" 

6 
6 
3 
3 

". 
6 
6 
6 
6 

3 

3 
3.5 
3.5 

1 
" 1 

1 
,. 1 

1 
1 

4 

4 

4 

.4 
7 
7 

..' 05. 
.. 0.5 

. 1 
. 1 

..... 3 
. 3 

3 
•• , 3 

3 
.3 

3, 

3 
10 
10 

CY7C343 
CY7C343B 

7C343-20 
7C343B-2O 

Min. Max. Unit 
4 ns 
4 

4 ns 

4 
10 ns 

10 
10 ns 

10 
8 ns 
8 

4 ns 

4 

8 ns 
8 
8 ns 
8 

4 ns 
4 
4 ns 
4 

2 ns 
2 
1 ns 
1 
2 ns 
2 

6 ns 

6 
6 ns 

6 
12 ns 

12 
2 ns 
2 
1 ns 

1 
4 ns 
4 
4 ns 

4 
4 ns 
4 
4 ns 
4 

12 ns 

12 



-~ 
~'CYPRESS 

Internal Switching Characteristics Over Operating Rangd6] (continued) 

7C343-25 
7C343B-25 

Parameter Description Min. Max. 

tIN Dedicated Input Pad and Buffer Delay Com'llInd 5 
Mil 5 

tID I/O Input Pad and Buffer Delay Com'VInd 5 
Mil 5 

tEXP Expander Array Delay Com'VInd 12 
Mil 12 

tLAD Logic Array Data Delay Com'VInd 12 
Mil 12 

tLAC Logic Array Control Delay Com'VInd 10 
Mil 10 

taD Output Buffer and Pad Delay Com'I/Ind 5 
Mil 5 

tzx Output Buffer Enable Delayl£/ J Com'I/Ind 10 
Mil 10 

txz Output Buffer Disable Delay Com'I/Ind 10 
Mil 10 

tRSU Register Set-Up Time Relative to Clock Com'VInd 6 
Signal at Register Mil 6 

tRH Register Hold Time Relative to Clock Com'VInd 6 
Signal at Register Mil 6 

tLATCH Flow-Through Latch Delay Com'I/Ind 3 
Mil 3 

tRD Register Delay Com'I/Ind 1 
Mil 1 

tCOMB 'fiansparent Mode DelaylZ~J Com'VInd 3 
Mil 3 

tCH Clock HIGH Time Com'llInd 8 
Mil 8 

tCL Clock LOW Time Com'l/Ind 8 
Mil 8 

tIC Asynchronous Clock Logic Delay Com'I/Ind 14 
Mil 14 

tICS Synchronous Clock Delay Com'I/Ind 2 
Mil 2 

tFD Feedback Delay Com'l/Ind 1 
Mil 1 

tpRE Asynchronous Register Preset Time Com'I/Ind 5 
Mil 5 

tCLR Asynchronous Register Clear Time Com'l/lnd 5 
Mil 5 

tpcw Asynchronous Preset and Clear Pulse Com'I/Ind 5 
Width Mil 5 

tpCR Asynchronous Preset and Clear Com'VInd 5 
Recovery Time Mil 5 

tpIA Programmable Interconnect Array Com'VInd 14 
Delay Time Mil 14 
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7C343-30 
7C343B-30 

Min. Max. 
7 
7 
5 
5 
14 
14 
14 
14 
12 
12 
5 
5 
11 
11 
11 
11 

8 
8 
8 
8 

4 
4 
2 
2 
4 
4 

10 
10 
10 
10 

16 
16 
2 
2 
1 
1 
6 
6 
6 
6 

6 
6 
6 
6 

16 
16 

CY7C343 
CY7C343B 

7C343-35 
7C343B-35 

Min. Max. Unit 
9 ns 

9 
7 ns 

7 
20 ns 
20 
16 ns 

16 
13 ns 

13 
6 ns 

6 
13 ns 

13 
13 ns 

13 
10 ns 

10 
12 ns 

12 
4 ns 
4 
2 ns 
2 
4 ns 

4 
12.5 ns 
12.5 
12.5 ns 

12.5 
18 ns 

18 
3 ns 
3 
2 ns 

2 
7 ns 

7 
7 ns 

7 
7 ns 

7 
7 ns 

7 
20 ns 
20 
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Switching Waveforms 

External Combinatorial 

I/O INPUT _____ _ 

CY7C343 
CY7C343B 

DEDICATED INPUT/ ~ 

COMBINATORIAL 
OUTPUT 

""""""'" ) ..... _--------

I--- tER[7J =3----------COMBINATORIAL OR ------------ _ HIGH-IMPEDANCE 
REGISTERED OUTPUT ______ -:-___ ~ THREE-STATE 

I--- tEAI71 4 
HIGH-IMPEDANCE -----------_ VALID OUTPUT THREE-STATE _________ _ 

C343-6 

External Synchronous 

DEDICATED INPUTS OR 4 
REGISTERED FEEDBACK[7] __ -;--_ 

tS1 

SYNCHRONOUS 
CLOCK ------' 

ASYNCHRONOUS t 
CLEAR/PRESET[7] ____ O_H_-+-+_-+_ 

REGISTERED 
OUTPUTS _______ ~I'_v 

1--'---'--- tC02 ------~-I 
COMBINATORIAL OUTPUT FROM 

REGISTERED FEEDBACK[11] 
------ ---C343-7 

Notes: 
23. This specification indicates the guaranteed maximum frequency at 

which an asynchronously clocked state machine with internal-only 
feedback can operate. This parameter is determined by the lesser of 
(l/tACF + tAS!» or (l/(tAWH +tAWL». If register output states must 
also control external points, this frequency cao still be observed as long 
as this frequency is less than l/tAC01. 

24. This frequency is the maximum frequency at which the device may op
erate in the asynchronously clocked data path mode. This specification 
is determined by the least of l/(tAWH + tAWL), l/(tASl + tAH) or 
I/tACOl. It assumes data and clock input signals are applied to dedi
cated input pins and no expander logic is used. 

25. This specification indicates the guaranteed maximum frequency at 
which an individual output or buried registercao be cycled in asynchro
nously clocked mode by a clock signal applied to an external dedicated 
input pin. 

26. This parameter indicates the minimum time that the previous register 
output data is maintained on the output after an asynchronous register 
clock input. 

27. Sample tested only for an output change of 500 mY. 
28. This specification guarantees the maximum combinatorial delay asso

ciated with the macrocell register bypass when the macrocell is confi
gured for combinatorial operation. 
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Switching Waveforms (continued) 

External Asynchronous 

DEDICATED INPUTS OR ~ 
REGISTERED FEEDBACK!7] - r 

ASYNCHRONOUS 
CLOCK INPUT 

tAS1 • 

ASYNCHRONOUS 
CLEAR/PRESET!7] 

tAOH -

ASYNCHRONOUS REGISTERED 
OUTPUTS 

I- tAH 

~ 
tAC01 

I--

~ 
I-

I-- tAwH - I- tAWL ...... 

oJ -
I-- tRW/tpW --~ tRR/tpR ----

~ ~ 

I-- tRO/1PO --

K K 
tAC02 

~ 

CY7C343 
CY7C343B 

COMBINATORIAL OUTPUT FROM j" 
ASYNCH. REGISTERED FEEDBACK -------------------1--...... -------

C343 10 

Internal Combinatorial 

* 
tlN-

INPUT PIN 

tlO 
::::- tplA-

I/O PIN 

-- tEXP----

EXPANDER -l ARRAY DELAY 

, - tLAc. tLAD --
LOGIC ARRAY 

~ INPUT 

LOGIC ARRAY jE OUTPUT C343-8 

Internal Asynchronous 

tR ~I:= tAWH i\[ tAWL }.------.,tF --I{ 
CLOCK PIN 

~-----------------
tiN 1 

CLOCK INTO V \.. /-
LOGIC ARRAY 14- tlC;l ,,"'-____ .1, 

CLOCK FROM \.. / 
LOGIC ARRAY "",. ____ ~. 

~ tRSU tRH * 
DATA FROM t LOGIC ARRAY _____ _ 

tRD.tLATCH -+- tFD % tcLR.tPRE -+- tFD k= 
REGISTER OUTPUT - - -

TO LOCAL LAB 
LOGIC ARRAY 

__________________________ ~_t_P~_)( __ --------------
REGISTER OUTPUT 

TO ANOTHER LAB C343-9 

,,"'-----
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~ CY7C343 

_/CYPRESS ==============~CY~7~C;g3~43~B 
Switching Waveforms (continued) 

Internal Synchronous 

}=~H~tCL=r 

SYSTEM CLOCK 
AT REGISTER _ _ ' ..... ___ ...J/ ' ...... _--

SYSTEM CLOCK PIN -=i---- tiN :E: ,-------'' 
tRSU tRH 1 

DATA FROM ~-------------------------------------
LOGIC ARRAY 

Output Mode 

CLOCK FROM 
LOGIC ARRAY -------....JI 

DATA FROM 
LOGIC ARRAY 

OUTPUT PIN 

'---------------------C343-12 

0343-11 
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Ordering Information 
Speed Package 
(ns) Ordering Code Name 

12 CY7C343B-12HC/HI H67 

CY7C343B -12JC/JI J67 

15 CY7C343B-15HC/HI H67 

CY7C343B-15JC/JI J67 

CY7C343B -15HMB H67 

20 CY7C343 - 20JC/JI J67 

CY7C343B-20HClHI H67 

CY7C343B- 20JC/JI J67 

CY7C343B - 20HMB H67 

25 CY7C343-25HC/HI H67 

CY7C343-25JC/JI J67 

CY7C343B-25HC/HI H67 

CY7C343B-25JC/JI J67 

CY7C343 - 25HMB H67 

CY7C343B - 25HMB H67 

30 CY7C343 - 30HC/HI H67 

CY7C343-30JC/JI J67 

CY7C343B - 30HC/HI H67 

CY7C343B - 30JC/JI J67 

CY7C343 - 30HMB H67 

CY7C343B - 30HMB H67 

35 CY7C343-35HC/HI H67 

CY7C343-35JC J67 

CY7C343B-35HC/HI H67 

CY7C343B-35JC/JI J67 

CY7C343 - 35HMB H67 

CY7C343B-35HMB H67 

Shaded area contams prehmmary mformatIOn. 

Package 1Ype 

44-Pin Windowed Leaded Chip Carrier 

44-Lead Plastic Leaded Chip Carrier 

44-Pin Windowed Leaded Chip Carrier 

44-Lead Plastic Leaded Chip Carrier 

44-Pin Windowed Leaded Chip Carrier 

44-Lead Plastic Leaded Chip Carrier 

44-Pin Windowed Leaded Chip Carrier 

44-Lead Plastic Leaded Chip Carrier 

44-Pin Windowed Leaded Chip Carrier 

44-Pin Windowed Leaded Chip Carrier 

44-Lead Plastic Leaded Chip Carrier 

44-Pin Windowed Leaded Chip Carrier 

44-Lead Plastic Leaded Chip Carrier 

44-Pin Windowed Leaded Chip Carrier 

44-Pin Windowed Leaded Chip Carrier 

44-Pin Windowed Leaded Chip Carrier 

44-Lead Plastic Leaded Chip Carrier 

44-Pin Windowed Leaded Chip Carrier 

44-Lead Plastic Leaded Chip Carrier 

44-Pin Windowed Leaded Chip Carrier 

44-Pin Windowed Leaded Chip Carrier 

44-Pin Windowed Leaded Chip Carrier 

44-Lead Plastic Leaded Chip Carrier 

44-Pin Windowed Leaded Chip Carrier 

44-Lead Plastic Leaded Chip Carrier 

44-Pin Windowed Leaded Chip Carrier 

44-Pin Windowed Leaded Chip Carrier 
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Operating 
Range 

CY7C343 
CY7C343B 

Commercial/Industrial 

Commercial/Industrial 

Military 

Commercial/Industrial 

Military 

Commercial/Industrial 

Military 

Commercial/Industrial 

Military 

Commercial/Industrial 

Military 
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-=E!I!!!F ?cYPRESS 
ND1JTARYSPECunCATIONS 
Group A Subgroup Testing 

DC Characteristics 
Parameters Subgroups 

VOH 1,2,3 

VOL 1,2,3 

VIH 1,2,3 

VIL 1,2,3 

Ilx 1,2,3 

Ioz 1,2,3 

Icc! 1,2,3 

Switching Characteristics 

Parameters Subgroups 

tpDl 7, 8, 9, 10, 11 

tPD2 7, 8, 9, 10, 11 

tPD3 7, 8, 9, 10, 11 

tcO! 7, 8, 9, 10, 11 

ts 7, 8, 9, 10, 11 

tH 7, 8, 9, 10, 11 

tACO! 7, 8, 9, 10, 11 

tAC02 7, 8, 9, 10, 11 

tAS 7, 8, 9, 10, 11 

tAH 7,8,9,10,11 

Document #: 38-00128-0 
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Features 
• High-performance, high-density re

placement for TTL, 74HC, and cus
tom logic 

• 32 macrocells, 64 expander product 
terms in one LAB 

• S dedicated inputs, 161/0 pins 
• O.S-micron double-metal CMOS 

EPROM technology (CY7C344) 
• Advanced 0.65-micron CMOS 

technology to increase performance 
(CY7C344B) 

• 2S-pin 300-mil DIP, cerDIP or 2S-pin 
HLCC, PLCC package 

Logic Block Diagram[l] 

15(22) INPUT o------l 
15(23) INPUT 0------1 
27(6) INPUT o------l 
28(7) INPUT o------l 

MACROCELL2 

MACROCELL4 

MACROCELL6 

MACROCELL8 

MACROCELL 10 

MACROCELL 12 

MACROCELL 14 

MACROCELL 16 

MACROCELL 18 

MACROCELL 20 

MACROCELL 22 

MACROCELL 24 

MACROCELL 26 

MACROCELL 28 

MACROCELL 30 

MACROCELL 32 

Selection Guide 

Maximum Access Time (ns) 

Maximum Commercial 
Operatin& 
Current rnA) Military 

Industrial 

Maximum Standby Commercial 
Current (rnA) Military 

Industrial 
Shaded area contains .. prehmmary mformation 
Note: 
1. Numbers in 0 refer to I-leaded packages. 

CY7C344 
CY7C344B 

32-Macrocell MAX® EPLD 
Functional Description 
Available in a 2S-pin 300-mil DIP or win
dowed I-leaded ceramic chip carrier 
(HLCC), the CY7C344/CY7C344B repre
sents the densest EPLD of this size. Eight 
dedicated inputs and 16 bidirectionalI/O 
pins communicate to one logic array block. 
In the CY7C344 LAB there are 32 macro
cells and 64 expander product terms. When 
an I/O macrocell is used as an input, two 
expanders are used to create an input path. 
Even if all ofthe I/O pins are driven by ma
crocell registers, there are still 16 "buried" 
registers available. All inputs, macrocells, 

INPUT 1(8) 

INPUT/CLK 2(9) 

INPUT 13(20) 

INPUT 14(21) 

I/O 

110 

1/0 

I/O 

1/0 

I/O 

I/O 

I/O 

1/0 

I/O 

110 

1/0 

1/0 

I/O 

I/O 

I/O 

C344-1 

3(10) 

4(11) 

5(12) 

6(13) 

9(16) 

10(17) 

11(18) 

12(19) 

17(24) 

18(25) 

19(26) 

20(27) 

23(2) 

24(3) 

25(4) 

26(5) 

and I/O pins are interconnected within the 
LAB. 
The speed and density of the 
CY7C344/CY7C344B makes it a natural 
for all types of applications. With just this 
one device, the designer can implement 
complex state machines, registered logic, 
and combinatorial "glue" logic, without us
ing multiple chips. This architectural flexi
bility allows the CY7C344/CY7C344B to 
replace multichip TTL solutions, whether 
they are synchronous, asynchronous, com
binatorial, or all three. 

Pin Configurations 
HLCC 

ThpView 

ggg~~gg 

I/O 
INPUT 

0 INPUT 
INPUT 

INPUT/CLK 
110 
1/0 

ggJ5~ggg 

CerDIP 
ThpView 

INPUT 

I/O 
I/O 

I/O 
Vee 7 

GND 
I/O 
I/O 

I/O 
1/0 

INPUT 

INPUT 

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

C344-2 

INPUT 
INPUT 
I/O 
I/O 
I/O 

I/O 
Vee 
GND 
I/O 

1/0 
1/0 
I/O 
INPUT 

INPUT 
C344-3 

7C344-15 7C344-20 7C344-25 
7C344B-I0 7C344B-12 7C344B-15 7C344B-20 7C344B 25 

10 12 15 20 25 

200 200 200 200 200 

220 220 220 

220 220 220 220 

150 150 150 150 150 

170 170 170 

170 170 170 170 
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Maximum Ratings 

CY7C344 
CY7C344B 

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

DC Output Current, per Pin .......... -2S rnA to +25 rnA 
DC Input Voltagd2] •••.•••.••...•.••••.. -3.0V to +7.0V 

Storage Thmperature .................. -6SoC to + lS0°C DC Program Voltage ........................... + 13.0V 

Ambient Temperature with 
Power Applied .......................... O°C to +70°C 

Operating Range 
Ambient 

Maximum Junction Thmperature (Under Bias) ...... lS0°C Range Temperature Vee 
Supply Voltage to Ground Potential ........ -2.0V to +7.0V Commercial O°C to +70°C SV±S% 
Maximum Power Dissipation ................... lS00 mW Industrial -40°C to +8SoC SV ±10% 
DC V cc or GND Current . . . . . . . . .. . . . . . . . . . . . .. SOO rnA 
Static Discharge Voltage 

Military -S5°C to +l25°C (Case) SV ±1O% 

(per MIL-STD-883, Method 301S) .............. >2001V 

Electrical Characteristics Over the Operating Rangd3] 

Parameter Description Test Conditions Min. Max. Unit 

VOH Output HIGH Voltage V cc - Min., IOH - - 4.0 rnA 2.4 V 

VOL Output LOW Voltage Vee = Min., IOL = 8 rnA 0.45 V 

VIR Input HIGH Level 2.2 Vcc+O.3 V 

VIL Input LOW Level -0.3 0.8 V 

IIX Input Current GND ~ VIN ~ Vee -10 +10 tJA 
Ioz Output Leakage Current Vo = Vcc or GND -40 +40 tJA 
los Output Short Vcc = Max., VOUT = 0.5VL4,5J -30 -90 rnA 

Circuit Current 

IcC! Power Supply VI = Vee or GND (No Load) Commercial 150 rnA 
Current (Standby) Military/lndustrial 170 rnA 

ICC2 Power Supply Current VI = V cc or GND (No Load) Commercial 200 rnA 
f = 1.0 MHz[4, 6] 

Military/Industrial 220 rnA 

tR Recommended Input Rise Time 100 ns 

tF Recommended Input Fall Time 100 ns 

Capacitance 
Parameter Description Test Conditions Max. Unit 

CIN Input Capacitance VIN = 2V, f = 1.0 MHz 10 pF 

COUT Output Capacitance VOUT = 2.0V, f = 1.0 MHz 10 pF 

AC Test Loads and Waveforms[7] 

0"'::;: '" pC Ii' 1 ~ OUTP~~:f1R1464Q ALL INPUT PULSES 

INCLUDING _ _ 
JIG AND - -

250Q 
5pF I R2 

250Q 

,.OV ::-:r1'" 
GND 10% 

<6ns I
tR 
~ 10% 

tf ..... <6ns 
tF 

SCOPE (a) (b) C344-4 C344-5 

Equivalent to: THEVENIN EQUIVALENT (commercial/military) 
163Q 

OUTPUT 0.0---"' ..... __ --oo1.75V 
C344-6 

Notes: 
2. Minimum DC input is -0.3Y. During transitions, the inputs may un-

dershoot to - 2.0V for periods Jess thao 20 ns. 
3. 'JYpical vaLues are for TA = 2SoC and Vce = SY. 
4. Guaranteed by design but not 100% tested. 
S. Not more !bao one output should be tested at a time. Duration of the 

short circuit should not be more !ban one second. VOUT = O.SV has 
been chosen to avoid test problems caused by tester ground degradation. 

6. Measured with device programmed as a 16-bit counter. 
7. Part (a) in AC Test Load and Waveforms is used for all parameters ex

cept tER and txz, which is used for part (b) in AC Thst Load aod Wave
forms. All external timing parameters are measured referenced to ex
ternal pins of the device. 
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Timing Delays 
Timing delays within the CY7C314/CY7C344B may be easily de
termined using Wa1p2 ~ /Wa1p2 + ,or Wa1p3 ~ software or by the 
model shown in Figure 1. The CY7C344/CY7C344B has fixed in
ternal delays, allowing the user to determine the worst case timing 
delays for any design. For complete timing information, the Wa1p3 
software provides a timing simulator. 

Design Recommendations 
Operation of the devices described herein with conditions above 
those listed under "Absolute Maximum Ratings" may cause per
manent damage to the device. This is a stress rating only and func
tional operation of the device at these or any other conditions 
above those indicated in the operational sections of this datasheet 
is not implied. Exposure to absolute maximum ratings conditions 
for extended periods of time may affect device reliability. The 
CY7C344/CY7C344B contains circuitry to protect device pins 
from high-static voltages or electric fields; however, normal pre
cautions should be taken to avoid applying any voltage higher 
than maximum rated voltages. 

For proper operation, input and output pins must be constrained to 
therangeGND~ (VINOrVoUT)~ Vcc. Unused inputs must al
ways be tied to an appropriate logic level (either Vcc or GND). 
Each setofV CC and GND pins must be connected together direct
ly at the device. Power supply decoupling capacitors of at least 0.2 
IlF must be connected between V cc and GND. For the most effec
tive decoupling, each V cc pin should be separately decoupled. 

Timing Considerations 
Unless otherwise stated, propagation derays do not include expan
ders. When using expanders, add the maximum expander delay 
tEXP to the overall delay. 

When calculating synchronous frequencies, use tS1 if all inputs are 
on the input pins. tS2 should be used if data is applied at an I/O pin. 
If tS2 is greater than tCOl, 1/tS2 becomes the limiting frequency in 
the data-path mode unless 1/(tWH + twd is less than 1/ts2' 

--D<R}J DELAY 
~ tEXP 

CY7C344 
CY7C344B 

When expander logic is used in the data path, add the appropriate 
maximum expander delay, tEXP to tS1. Determine which of 1/( tWH 
+ twd, l/tCOl, or 1/(tEXP + tS1) is the lowest frequency. The low
est of these frequencies is the maximum data-path frequency for 
the synchronous configuration. 

When calculating external asynchronous frequencies, use tAS1 ifall 
inputs are on dedicated input pins. If any data is applied to an I/O 
pin, tAS2 must be used as the required set-up time. If (tAS2 + tAH) 
is greater than tACO!. 1/(tAS2 + tAH) becomes the limiting fre
quency in the data-path mode unless l/(tAWH + tAwd is less than 
1/(tAS2 + tAH)' 
When expander logic is used in the data path, add the appropriate 
maximum expander delay, tEXP to tAS1. Determine which of 
l/(tAWH + tAWL), 1/tACO!. or l/(tEXP + tAS1) is the lowest fre
quency. The lowest ofthesefrequencies is the maximum data-path 
frequency for the asynchronous configuration. 

The parameter tOH indicates the system compatibility of this de
vice when driving other synchronous logic with positive input hold 
times, which is controlled by the same synchronous clock. IftOH is 
greater than the minimum required input hold time of the subse
quent synchronous logic, then the devices are guaranteed to func
tion properly with a common synchronous clock under worst-case 
environmental and supply voltage conditions. 

The parameter tAOH indicates the system compatibility of this de
vice when driving subsequent registered logic with a positive hold 
time and using the same clock as the CY7C344/CY7C344B. 

In general, if tAOH is greater than the minimum required input 
hold time ofthe subsequent logic (synchronous or asynchronous), 
then the devices are guaranteed to function properly under worst
case environmental and supply voltage conditions, provided the 
clock signal source is the same. This also applies if expander logic 
is used in the clock signal path of the driving device, but not for the 
driven device. This is due to the expander logic in the second de
vice's clock signal path adding an additional delay (tEXP), causing 
the output data from the preceding device to change prior to the 
arrival of the clock signal at the following device's register. 

REGISTER 

M LOGIC ARRAY ,~ OUTPUT CONTROL DELAY letR 

~ 
DELAY IN t-~ tLAC I tpRE OUT PUT 

INPUT M LOGIC ARRAY I tRSU tRO 
t-rt too I--------C 

lxz DELAY DELAY lcOMB lzx 
tiN 

t-~ tLAO I tRH tLATCH 

SYSTEM CLOCK DELAY tiCS 

~ I I/O CLOCK 
DELAY I I/O I/O DELAY 

f..----iI tiC 
1,O 

I FEEDBACK L 

I 
DELAY 

I lFO C344-7 

Figure 1. CY7C344/CY7C3448 Timing Model 
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*5s~YPRESS 
External Synchronous Switching Characteristics(7) Over Operating Range 

.. 

7C344B~10 

Parameter Description Min. l\f.I!X. 
tpDl DedicatedInputtoCombinatorial OutputDelay[8) Com'l/Ind 10 

Mil , 
tpD2 I/O Input to Combinatorial Output Delay[9) Com'l/Ind 10 

Mil 

tpD3 Dedicated Input to Combinatorial Output Delay Com'l/Ind 16 
with Expander Delay[IO) Mil 

tpD4 I/O Input to Combinatorial Output Delay with Com'l/Ind 16 
Expander Delay[4, 11) 

Mil 

tEA Input to Output Enable Delay[4) Com'l/Ind 10 
Mil .. 

tER Input to Output Disable Delay14) Com'l/Ind 10 
Mil 

tcO! Synchronous Clock Input to Output Delay Com'l/Ind 5 

Mil 

tC02 SynchronousClocktoLocalFeedbacktoCombina- Com'l/Ind 10 
torial Output[4, 12) 

Mil 

ts Dedicated Input or Feedback Set-Up Time to Com'l/Ind 6 
Synchronous Clock Input Mil 

tH Input Hold Time from Synchronous Clock Inputl7J Com1/Ind 0 
Mil 

tWH Synchronous Clock Input HIGH Timel4) Com1JInd 4 
Mil 

tWL Synchronous Clock Input LOW Timel4J Com'l/lnd 4 

Mil 

tRW Asynchronous Clear Width[4) Com'l/Ind 10 

Mil .. 

tRR Asynchronous Clear Recovery Timd4) Com'l/Ind 10 

Mil 

tRO Asynchronous Clearto Registered Output Delay[4) Com'I/Ind 10 

Mil 

tpw Asynchronous Preset Width[4) Com1/Ind 10 

Mil 

tpR Asynchronous Preset Recovery Timel4) Com'l/lnd 10 

Mil 

tpo Asynchronous Preset to Registered Output Com'l/Ind 10 
Delay[4) 

Mil 

tCF Synchronous Clock to Local Feedback Inputl4, 13 J Com'l/Ind 3 
Mil 

tp External Synchronous Clock Period (lIfMAX3)[4) Com'l/Ind 8 
Mil 

fMAXI External Maximum Frequency(lI(tcOl + tS»[4, 14] Com'l/Ind 90.9 

Mil 

Shaded area contains preliminary information. 
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Min. Mat. 

12 

12 

12 

12 

18 
, 

18 

18 

. 18 

12 

12 

12 

12 

6 

6 
12 

12 
8 
8 . 0 

0 

4.5 
4.5 

4.5 

4.5 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

12 

3 
3 

9 

9 

71.4 

71.4 

CY7C344 
CY7C344B 

7C344-15 
7C3448-15 

Min. Max. Unit 

15 ns 

15 

15 ns 

15 

30 ns 

30 

30 ns 

30 

20 ns 

20 

20 ns 

20 

10 ns 

10 

20 ns 

20 

10 ns 

10 

0 ns 

0 

6 ns 

6 

6 ns 

6 

20 ns 

20 

20 ns 

20 

15 ns 

15 

20 ns 

20 

20 ns 

20 

15 ns 

15 

4 ns 

4 

13 ns 

13 

50.0 MHz 

50.0 
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CY7C344 
CY7C344B 

External Synchronous Switching Characteristics[7] Over Operating Range (continued) 

Parameter Description 

fMAX2 Maximum Freguency with Internal Only Feedback 
(l/(tcF + tS»[4,15] 

fMAX3 Data Path Maximum Frequen~i least of 1/(tWL + 
tWH), 1/(ts + tw, or (1/tcOl)[4, 6] 

fMAX4 Maximum Register Toggle Frequency 1/(tWL + 
tWH)[4,17] 

tOH Output Data Stable Time from Synchronous Clock 
Input!4,18] 

Shaded area contams preliminary mformatlOn. 

Notes: 
8. This parameter is the delay from an input signal applied to a dedicated 

input pin to a combinatorial output on any output pin. This delay as
sumes no expander terms are used to form the logic function. 

9. This parameter is the delay associated with an input signal applied to 
an I/O macrocell pin to any output. This delay assumes no expander 
terms are used to form the logic function. 

10. This parameter is the delay associated with an input signal applied to 
a dedicated input pin to combinatorial output on any output pin. This 
delay assumes expander terms are used to form the logic function and 
includes the worst -case expander logic delay for one pass through the 
expander logic. This parameter is tested periodically by sampling pro
duction material. 

11. This parameter is the delay associated with an input signal applied to 
an I/O macrocell pin to any output pin. This delay assumes expander 
terms are used to form the logic function and includes the worst-case 
expander logic delay for one pass through the expander logic. This pa
rameter is tested periodically by sampling production material. 

12. This specification is a measure ofthe delay from synchronous register 
clock input to internal feedback of the register output signal to a combi
natorial output for which the registered output signal is used as an in
put. This parameter assumes no expanders are used in the logic of the 
combinatorial output and the register is synchronously clocked. This 
parameter is tested periodically by sampling production material. 

7C344-15 
7C3448-1O 7C3448-12 7C3448-15 

Min. Max. Min. ~Max. Min. Max. Unit 

Com'VInd 111.1 90.9 71.4 MHz 
Mil 90.9 71.4 

Com'VInd 125.0 111.1 83.3 MHz 
Mil 111.1 83.3 

Com'VInd 125.0 111.1 83.3 MHz 
Mil 111.1 83.3 

Com'VInd 3 3 3 ns 

Mil 3 3 

13. This specification is a measure ofthe delay associated with the internal 
register feedback path. This delay plus the register set -up time, ts, is the 
minimum internal period for an internal state machine configuration. 
This parameter is tested periodically by sampling production material. 

14. This specification indicates the guaranteed maximum frequency at 
which a state machine configuration with external only feedback can 
operate. 

15. This specification indicates the guaranteed maximum frequency at 
which a state machine with internal-only feedback can operate. If regis
ter output states must also control external points, this frequency can 
still be observed as long as it is less than 1/teOl. This specification as
sumes no expander logic is used. This parameter is tested periodically 
by sampling production material. 

16. This frequency indicates the maximum frequency at which the device 
may operate in data-path mode (dedicated input pin to output pin). 
This assumes that no expander logic is used. 

17. This specification indicates the guaranteed maximum frequency in syn
chronous mode, at which an individual output or buried register can be 
cycled by a clock signal applied to either a dedicated input pin or an I/O 
pin. 

18. This parameter indicates the minimum time after a synchronous regis
ter clock input that the previous register output data is maintained on 
the output pin. 
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External Synchronous Switching Characteristics[7] Over Operating Range (continued) 

7C344-20 
7C344B-20 

Parameter Description Min. Max. 

tpDl Dedicated Input to Combinatorial Output Delay[8] Com'l/lnd 20 

Mil 20 

tpD2 I/O Input to Combinatorial Output Delay[9] Com'l/Ind 20 

Mil 20 

tPD3 Dedicated InIlut to Combinatorial Output Delaywith Ex- Com'l/lnd 30 
pander Delay[lO] Mil 30 

tpD4 I/O In~ut to Combinatorial Output Delay with Expander Com'l/Ind 30 
Delay 4, 11] 

Mil 30 

tEA Input to Output Enable Delay[4] Com'l/lnd 20 

Mil 20 

tER Input to Output Disable Delay[4] Com'l/lnd 20 

Mil 20 

tcO! Synchronous Clock Input to Output Delay Com'l/Ind 12 

Mil 12 

tC02 Synchronous Clock to Local Feedback to Combinatorial Com'l/Ind 22 
Outputl4,12] 

Mil 22 

ts Dedicated Input or Feedback Set-Up Time to Synchro- Com'l/Ind 12 
nous Clock Input Mil 12 

tH Input Hold Time from Synchronous Clock Input[7] Com'l/lnd 0 

Mil 0 

tWH Synchronous Clock Input HIGH Timd4] Com'l/lnd 7 
Mil 7 

tWL Synchronous Clock Input LOW Timd4] Com'l/lnd 7 
Mil 7 

tRW Asynchronous Clear Width[4] Com'l/lnd 20 

Mil 20 

tRR Asynchronous Clear Recovery Timd4] Com'l/lnd 20 

Mil 20 

tRO Asynchronous Clear to Registered Output Delay[4j Com'l/lnd 20 

Mil 20 

tpw Asynchronous Preset Width[4] Com'l/lnd 20 

Mil 20 

tpR Asynchronous Preset Recovery Timd4] Com'l/lnd 20 

Mil 20 

tpo Asynchronous Preset to Registered Output Com'l/lnd 20 
Delay[4] 

Mil 20 

tCF Synchronous Clock to Local Feedback Input[4, 13] Com'l/Ind 4 

Mil 4 

tp External Synchronous Clock Period (lIfMAX3)[4] Com'l/Ind 14 

Mil 14 
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CY7C344 
CY7C344B 

7C344-2S 
7C344B-2S 

Min. Max. Unit 

25 ns 

25 

25 ns 

25 

40 ns 

40 

40 ns 

40 

25 ns 

25 

25 ns 

25 

15 ns 

15 

29 ns 

29 

15 ns 

15 

0 ns 

0 

8 ns 

8 

8 ns 

8 

25 ns 

25 

25 ns 

25 

25 ns 

25 
25 ns 

25 
25 ns 

25 
25 ns 

25 

7 ns 

7 
16 ns 

16 



=r~ 
~;CYPRESS 

External Synchronous Switching Characteristics[7] Over Operating Range (continued) 

7C344-20 
7C3448-20 

Parameter Description Min. Max. 

fMAXl External Maximum Frequency(l/(tcOl + tS»[4, 14] Com'VInd 41.6 

Mil 41.6 

fMAX2 Maximum Fre2uency with Internal Only Feedback Com'VIod 62.5 
(1/(tcF + ts))l , 15] Mil 62.5 

fMAX3 Data Path Maximum Fref/;uency, least of l/(tWL + tWl{), Com'VInd 71.4 
l/(ts + tw, or (1/tc0l)[4, 1 ] Mil 71.4 

fMAX4 Maximum Register Toggle Frequency l/(tWL + tWH)[4, 17] Com'VIod 71.4 

Mil 71.4 

tOH Output Data Stable Time from Com'l/Ind 3 
Synchronous Clock Inputl4, 18] Mil 3 

External Asynchronous Switching Characteristics Over Operating Range[7] 

7C344B-10 7C344B-lZ 

CY7C344 
CY7C344B 

7C344-25 
7C3448-25 

Min. Max. Unit 

33.3 MHz 

33.3 

45.4 MHz 

45.4 
62.5 MHz 

62.5 
62.5 MHz 

62.5 
3 ns 

3 

7C344-15 
7C3448-15 

Parameter Description Min. Max. Min. Max. Min. Max. Unit 

tACOl Asynchronous Clock Input to Output Delay Com'l/Ind 10 12 15 ns 

Mil 12 15 

tAC02 Asynchronous Clock In&ut to Local Feedback to Com'VIod 15 18 30 ns 
Combinatorial Output[ ] Mil 18 30 

tAS Dedicated Input or Feedback Set-Up Time to Com'VIod 4 4 7 ns 
Asynchronous Clock Input Mil 4 7 

tAH Input Hold Time from Asynchronous Clock Input Com'l/Ind 3 4 7 ns 

Mil 4 7 

tAWH Asynchronous Oock Input HIGH Timel4,20] Com'VIod 4 5 6 ns 

Mil 5 6 

tAWL Asynchronous Clock Input LOW Timel4] Com'l/Ind 5 6 7 ns 

Mil .... 6 7 

tACF Asynchronous ClocktoLocalFeedbackInputl4,21] Com'l/Ind 7 9 18 ns 

Mil 9 18 

tAP External Asynchronous Clock Period (1/fMAX4)[4] Com'VIod 12 12.5 13 ns 
Mil 12.5 13 

fMAXAl External Maximum Fre~uency in Asynchronous Com'l/Ind 71.4 62.5 45.4 MHz 
Mode 1/(tACOl + tAS)[4, ] Mil .. 62.5 45.4 

fMAXA2 Maximum Internal Asynchronous Frequency Com'VIod 90.9 76.9 40 MHz 
1/(tACF + tAS) or l/(tAWH + tAWL)[4,23] Mil 76.9 40 

fMAXA3 Data Path Maximum Frequency in Asynchronous Com'VIod 100.0 83.3 66.6 MHz 
Model4,24] 

Mil I 83.3 66.6 

fMAXA4 Maximum Asynchronous Refister Toggle Fre- Com'l/Ind 111;1 90.9 76.9 MHz 
quency 1/(tAWH + tAWL)[4,25 Mil 90.9 76.9 

tAOH Output Data Stable Time from Asynchronous Com'VIod 12 12 ... 15 ns 
Clock Input[4, 26] 

Mil ... 15 
.. 

Shaded area contams prehmmary mformatlon. 
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CY7C344 
CY7C344B 

External Asynchronous Switching Characteristics Over Operating Rangd?] (continued) 

7C344-20 7C344-25 
7C344B-20 7C344B-25 

Parameter Description Min. Max. Min. Max. Unit 

tACO! Asynchronous Cock Input to Output Delay Com'l/Ind 20 25 ns 

Mil 20 25 

tAC02 Asynchronous Clock Input to Local Feedback to Combi-
natorial Outpudl9] 

Com'l!Ind 30 37 ns 

Mil 30 37 

tAS Dedicated Input or Feedback Set-Up Time to Asynchro- Com'l/Ind 9 12 ns 
nous Clock Input Mil 9 12 

tAH Input Hold Time from Asynchronous Clock Input Com'l/Ind 9 12 ns 

Mil 9 12 

tAWH Asynchronous Cock Input HIGH Tlffid4, 20] Com'l/Ind 7 9 ns 

Mil 7 9 

tAWL Asynchronous Clock Input LOW Timd4] Com'l/Ind 9 11 ns 

Mil 9 11 

tACF Asynchronous Clock to Local Feedback Input[4, 21] Com'l/lnd 18 21 ns 

Mil 18 21 

tAP External Asynchronous Clock Period (l/fMAX4)L4] Com'l/Ind 16 20 ns 

Mil 16 20 

fMAXAI External Maximum Frequency in Asynchronous Mode Com'l/Ind 34.4 27 MHz 
l/(tACOI + tAS)[4, 22J Mil 34.4 27 

fMAXA2 Maximum Internal Asynchronous Frequency l/(tACF + Com'l/Ind 37 30.3 MHz 
tAS) or l/(tAWH + tAWL)[4,23] Mil 37 30.3 

fMAXA3 DataPathMaximumFrequencyinAsynchronousModd4, Com'l/Ind 50 40 MHz 
24] 

Mil 50 40 

fMAXA4 Maximum Asynchronous Register Thggle Frequency Com'l/lnd 62.5 50 MHz 
l/(tAWH + lAWL) [4, 25] 

Mil 62.5 50 

tAOH Outllut Data Stable Time from Asynchronous Clock In- Com'l/Ind 15 15 ns 
pud ,26] 

Notes: 
19. This specification is a measure ofthe delay from an asynchronous reg

ister clock ioput to internal feedback of the registered output signal to 
a combinatorial output for which the registered output signal is used 
as an ioput. Assumes no expanders are used in logic of combinatorial 
output or the asynchronous clock ioput. This parameter is tested peri
odically by sampling production material. 

20. This parameter is measured with a positive-edge-triggered clock at the 
register. For negative edge triggering, the tAWH and tAWL parameters 
must be swapped. If a given input is used to clock multiple registers 
with both positive and negative polarity, tAWH should be used for both 
tAWH and tAWL. 

21. This specification is a measure of the delay associated with the ioternal 
register feedback path for an asynchronously clocked register. This 
delay plus the asynchronous register set-up time, tAS, is the minimum 
ioternal period for an asynchronously clocked state machine configu
ration. This delay assumes no expander logic in the asynchronousclock 
path. This parameter is tested periodically by sampliogproduction ma
terial. 

22. This parameter indicates the guaranteed maximum frequencyatwhich 
an asynchronously clocked state machine configuration with external 
feedback can operate. It is assumed that no expander logic is employed 
in the clock signal path or data path. 

Mil 15 15 

23. This specification indicates the guaranteed maximum frequency at 
which an asynchronously clocked state machine with internal-only 
feedback can operate. Ifregister output states must also control exter
nal points, this frequency can still be observed as long as this frequency 
is less than l/tACOl' This specification assumes no expander logic is uti
lized. This parameter is tested periodically bysamplingproductionma
terial. 

24. This specification indicates the guaranteed maximum frequency at 
which an individual output or buried register can be cycled in asynchro
nously clocked mode. This frequency is least of l/(tAWH + tAWL), 
1/( tAS + tAH), or l/tACOl. It also iodicates the maximum frequency at 
which the device mayoperate io the asynchronously clocked data-path 
mode. Assumes no expander logic is used. 

25. This specification indicates the guaranteed maximum frequency at 
which an individual output or buried register can be cycled io asynchro
nously clocked mode by a clock signal applied to an external dedicated 
input or an I/O pio. 

26. This parameter indicates the mioimum time that the previous register 
output data is maintained on the output pin after an asynchronous reg
ister clock input to an external dedicated ioput or I/O pin. 
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CY7C344 
CY7C344B 

1Ypical Internal Switching Characteristics Over Operating Rangel?] 

Parameter Description 

tIN Dedicated Input Pad and Buffer Delay 

tIO I/O Input Pad and Buffer Delay 

tEXP Expander Array Delay 

tLAD Logic Array Data Delay 

tLAC Logic Array Control Delay 

taD Output Buffer and Pad Delay 

tzx Output Buffer Enable DelaylL/j 

txz Output Buffer Disable Delay 

tRSU Register Set-Up Time Relative to Clock Signal at 
Register 

tRH Register Hold Time Relative to Clock Signal at 
Register 

tLATCH Flow-Through Latch Delay 

tRD Register Delay 

tCOMB Transparent Mode DelaylLOj 

tCH Clock HIGH Time 

tCL Clock LOW Time 

tIC Asynchronous Clock Logic Delay 

tICS Synchronous Clock Delay 

tpD Feedback Delay 

tpRE Asynchronous Register Preset Time 

tCLR Asynchronous Register Clear Time 

tpcw Asynchronous Preset and Clear Pulse Width 

tpCR Asynchronous Preset and Clear Recovery Time 

Shaded area contams prehmmary mformallon. 

Note: 
27. Sample tested only for an output change of 500 mY. 

7C344 15 
7C344B-IO 7C344B-12 7C344B-15 
Min. Max. Min. Max. Min. Max. Unit 

Com'Wnd 2 2.5 4 ns 
Mil 2.5 4 

Com'Wnd 2 2.5 4 ns 
Mil 2.5 4 

Com'Wnd 6 6 8 ns 
Mil 6 8 
Com'lJInd 5 6 7 ns 
Mil 6 7 

Com'Wnd 5 5 5 ns 

Mil 5 5 

Com'Wnd 3 3 4 ns 
Mil 3 4 

Com'l!lnd 5 5 7 ns 
Mil 5 7 

Com'Wnd 5 5 7 ns 
Mil 5 7 

Com'lJInd 2 2 5 ns 
Mil 2 5 

Com'lJInd 4 5 7 ns 
Mil 5 7 

Com'Wnd 0.5 0.5 1 ns 
Mil 0.5 1 
Com'lJInd 0.5 0.5 1 ns 
Mil 0.5 1 
Com'lJInd 0.5 0.5 1 ns 

Mil 0.5 1 
Com'l!lnd 3 4 6 ns 
Mil 4 6 

Com'Wnd 3 4 6 ns 
Mil 4 6 

Com'lJInd 5 6 7 ns 
Mil 6 7 

Com'lJInd 0.5 0.5 1 ns 
Mil 0.5 1 
Com'Wnd 1 1 1 ns 
Mil 1 1 
Com'lJInd 2 3 5 ns 
Mil 3 5 
Com'lJInd 2 3 5 ns 
Mil 3 5 
Com'lJInd 2 3 5 ns 

Mil 3 5 
Com'lJInd 2 3 5 ns 
Mil 3 5 

28. This specification guarantees the maximum combinatorial delay asso
ciated with the macrocell register bypass when the macrocell is confi
gured for combinatorial operation. 
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1Ypical Internal Switching Characteristics Over Operating Range[7] (continued) 

7C344-20 
7C344B-20 

Parameter Description Min. Max. 

tIN Dedicated Input Pad and Buffer Delay Com'VInd 5 

Mil 5 

tlO I/O Input Pad and Buffer Delay Com'VInd 5 

Mil 5 

tEXP Expander Array Delay Com'VInd 10 

Mil 10 

tLAD Logic Array Data Delay Com'VInd 9 

Mil 9 

tLAC Logic Array Control Delay Com'VInd 7 

Mil 7 

tOD Output Buffer and Pad Delay Com'VInd 5 
Mil 5 

tzx Output Buffer Enable DelayLLlJ Com'l/lnd 8 

Mil 8 

txz Output Buffer Disable Delay Com'VInd 8 

Mil 8 

tRSU Register Set-Up Time Relative to Clock Signal at Register Com'VInd 5 

Mil 5 

tRH Register Hold Time Relative to Clock Signal at Register Com'VInd 9 

Mil 9 

tLATCH Flow-Through Latch Delay Com'VInd 1 

Mil 1 

tRD Register Delay Com'VInd 1 

Mil 1 

tCOMB Transparent Mode DelayL""J Com'VInd 1 
Mil 1 

tCH Clock HIGH Time Com'VInd 7 

Mil 7 

tCL Clock LOW Time Com'VInd 7 

Mil 7 

tIC Asynchronous Clock Logic Delay Com'VInd 8 

Mil 8 

tICS Synchronous Clock Delay Com'VInd 2 

Mil 2 

tFD Feedback Delay Com'VInd 1 
Mil 1 

tpRE Asynchronous Register Preset Time Com'VInd 6 

Mil 6 

tCLR Asynchronous Register Clear Time Com'VInd 6 

Mil 6 

tpcw Asynchronous Preset and Clear Pulse Width Com'VInd 5 

Mil 5 

tpCR Asynchronous Preset and Clear Recovery Time Com'VInd 5 

Mil 5 
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CY7C344B 

7C344-25 
7C344B-25 

Min. Max. Unit 

7 ns 

7 

7 ns 

7 

15 ns 

15 

10 ns 

10 

7 ns 

7 

5 ns 

5 

11 ns 

11 

11 ns 

11 

8 ns 

8 

12 ns 

12 

3 ns 

3 

1 ns 

1 

3 ns 

3 

8 ns 

8 

8 ns 

8 

10 ns 

10 

3 ns 

3 

1 ns 

1 

9 ns 

9 

9 ns 

9 

7 ns 

7 

7 ns 

7 



Switching Waveforms 

External Combinatorial 

DEDICATED INPUT/ r 
I/O INPUT -------, F tpDl/tpD2 =:)..-________ _ 

COMBINATORIAL 
OUTPUT 

CY7C344 
CY7C344B 

I----- tER =1~------COMBINATORIAL OR ----------- • HIGH-IMPEDANCE 
REGISTERED OUTPUT ______ --:____ THREE-STATE 

I-----tEA4 
HIG~~~~~?tT~~~ ------------ VALID OUTPUT ------------------ C344-8 

External Synchronons 

DEDICATED INPUTS OR ~ 
REGISTERED FEEDBACK __ ,-_ 

ts 

SYNCHRONOUS CLOCK _____ J 

ASYNCHRONOUS tOH 
CLEAR/PRESET ______ +-+_+-J' 

REGISTERED 
OUTPUTS -------:--t'--"" 

1------ tC02 ------<*~ 
COMBINATORIAL OUTPUT FROM 

REGISTERED FEEDBACK(12] 
------ ~--C344-9 

External Asynchronons 

DEDICATED INPUTS OR =1 
REGISTERED FEEDBACK '"__-:-__ 

tAS 

ASYNCHRONOUS 
CLOCK INPUT _____ _ 

ASYNCHRONOUS tAOH 
CLEAR/PRESET ______ +-+_+..J 

ASYNCHRONOUS REGISTERED 
OUTPUTS -------:--t'-...., 

1--'----'---- tAC02 -----~*~ 
COMBINATORIAL OUTPUT FROM _____________________ _ ______ _ 

ASYNCH. REGISTERED 
FEEDBACK(19] 

C344-10 
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Switching Waveforms (continued) 

Internal Combinatorial 

INPUT PIN 

1/0 PIN 

EXPANDER 
ARRAY DELAY 

LOGIC ARRAY 
INPUT 

l 

* tlO 

tlN--

~tPIA-

I 

~tEXP --

jK 
I+- tLAC, tLAD --

"lK 

CY7C344 
CY7C344B 

LOGIC ARRAY 
OUTPUT )I( 

C344-11 

Internal Asynchronous 

tR ~I:= tAWH I.. r= tAWL } tF -l{ 
CLOCK PIN "i-- _ ...---;""- _ 

tiN 1 1'------------
CLOCK INTO t- \.. / \.. LOGIC ARRAY ______ -1'_ "'"" ____ --'. "-

tiC l' '-----
CLOCK FROM 
LOGIC ARRAY 

~---~/~--------

LOGIC ARRAY _____ _ ~ tRSU tRH * 
DATA FROM t 

REGISTER OUTPUT tRD,tLATCH -+- tFD % tCLR,tpRE --+ tFD *= 
TO LOCAL LAB -
LOGIC ARRAY 

_ ____ ....:..........tPIA~ 
REGISTER OUTPUT - .------------
TO ANOTHER LAB ----------

C344 12 

Internal Syncbronous (Input Path) 

~"'----------
SYSTEM CLOCK 

AT REGISTER _ _ ~"' ____ --'/ ~----

}= tCH ~ tCL =r 
SYSTEM CLOCK PIN _:£ __ -J tiN 12: 

tRSU tRH 1 
DATA FROM ,------------------------

LOGIC ARRAY 
~--------------------C344-13 
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Switching Wavefonns (continued) 

Internal Synchronous (Output Path) 

CLOCK FROM 
LOGIC ARRAY 

DATA FROM 
LOGIC ARRAY 

OUTPUT PIN 

Ordering Infonnation 
Speed 
(ns) Ordering Code 

10 CY7C344B-I0HC 
CY7C344B-lOJC 

CY7C344B-lOPC 
CY7C344B-IOWC 

12 CY7C344B-12HC/HI 
cY7C344B'--I2JC/JI 
CY7C344B-I2PClPI 

CY7C344B-12WC/WI 
CY7C344B-12HMB 
CY7C344B-12WMB 

15 CY7C344-15HC/HI 
CY7C344-15JC/JI 
CY7C344-15PCIPI 

CY7C344-15WC/WI 
CY7C344B-15HC/HI 
CY7C344B-15JC/n 
CY7C344B-15PCIPI 

CY7C344B-15WC/WI 
CY7C344B-15HMB 
CY7C344B-15WMB 

Package 
Name 

H64 
J64 
P21 
W22 
H64 
J64 

• P21 

W22 
H64 

W22 
H64 
J64 
P21 

W22 
H64 
J64 

P21 
W22 
H64 
W22 

Shaded area contams prelumnary mformatIon. 

Package 1Ype 

28-Lead. Windowed Leaded Chip Carrier 
28-Lead Plastic Leaded Chip Carrier 

28-Lead (300-Mil) Molded DIP 
28-Lead Windowed CerDIP 
28-LeadWmdowed Leaded Chip Carrier 
28~LeadPlastic Lea,ded Chip Carrier 

28-Lead (300-Mil) Molded DIP 
28-Lead Windowed CerDIP 
28-Lead Wmdowed Leaded Chip Carrier 

28-Lead Willdowed CerDIP 
28-Lead Windowed Leaded Chip Carrier 
28-Lead Plastic Leaded Chip Carrier 
28-Lead (300-Mil) Molded DIP 

28-Lead Windowed CerDIP 
28-Lead Windowed Leaded Chip Carrier 
28~Lead. Plastic Leaded Chip Carrier 
28~Lead (300-Mil) Molded DIP 

28-Lead Windowed CerDIP 
28-Lead Wmdowed Leaded Chip Carrier 
28-Lead Windowed CerDIP 
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Operating 
Range 

ComJilercial 

CY7C344 
CY7C344B 

C344-14 

Commercial/lndustrial 

Military 

CommerciallIndustrial 

Military 



Ordering Information (continued) 

Speed 
(ns) 

20 

25 

Ordering Code 

CY7C344-20HCIHI 
CY7C344-20JC/JI 
CY7C344-20PC/PI 
CY7C344-20WC/WI 

C¥7C344B;;'ZPH<::VI:I:l' 
C¥7C3'141h·2OJGlJI, 
C¥7C344B.-:-2Ol'(;)j]?I 

CY7C344:B-20WC/WI 
CY7C344-20HMB 

CY7C344-20WMB 
CY7C344:a,",,~ 

CY7C344B-20WMB 
CY7C344-25HCIHI 
CY7C344- 25JC/JI 
CY7C344- 25PC/PI 
CY7C344-25WC/WI 

CY7C344-25HMB 
CY7C344-25WMB 

Package 
Name 

H64 
J64 
P21 
W22 
HM, 

: J64 ... 

'P2i 
W22 
H64 
W22 
H64 

W22 
H64 

J64 
P21 

W22 

H~4 .... 
J64 " . 

. P21 

. W22 
H64 
W22 

CY7C344B~25HMB '.,. H6-( 
W22 

Shaded area contains preliminary information. 

MILITARY SPECIFICATIONS 
Group A Subgroup Testing 
DC Characteristics 

Parameter Subgroups 

VOH 1,2,3 

VOL 1,2,3 

Vm 1,2,3 

VIL 1,2,3 

IIX 1,2,3 

Ioz 1,2,3 

Icc! 1,2,3 

Package 'JYpe Operating 
Range 

CY7C344 
CY7C344B 

28-Lead Windowed Leaded Chip Carrier Commercialllndustrial 
28-Lead Plastic Leaded Chip Carrier 
28-Lead (300-MiI) Molded DIP 
28-Lead Windowed CerDIP 

28-Lead PlastiC Leaded Chip Carrier 

28-Lead Windowed Leaded Chip Carrier Military 
28-Lead Windowed CerDIP 

28-4iid WilidowedLeaqed Chip Carrier 
28-Lead Wmdowed CerDlP 
28-Lead Windowed Leaded Chip Carrier Commercial/Industrial 
28-Lead Plastic Leaded Chip Carrier 

28-Lead (300-Mil) Molded DIP 
28-Lead Windowed CerDIP 

28-Lead Windowed Leaded Chip Carrier Military 
28-Lead Windowed CerDIP 

Switching Characteristics 
Parameter Subgroups 

tpDl 7, 8, 9, 10, 11 

tpD2 7, 8, 9, 10, 11 

tpD3 7, 8, 9, 10, 11 

tcO! 7,8,9,10,11 

ts 7,8,9,10,11 

tH 7, 8, 9, 10, 11 

tACO! 7, 8,9, 10, 11 

tACO! 7,8,9,10,11 

tAS 7, 8, 9, 10, 11 

tAH 7, 8,9, 10, 11 

MAX is a registered trademark of Altera Corporation. 
Wa1p2, Wa1p2+, and Wa1p3 are trademarks of Cypress Semiconductor Corporation. 

Document #: 38-00127-G 
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CY7C346 
CY7C346B 

128-Macrocell MAX ® EPLDs 
Features Functional Description Each LAB is interconnected through the 

programmable interconnect array, allow
ing all signals to be routed throughout the 
chip. 

• 128 macrocells in 8 LABs 
• 20 dedicated inputs, up to 64 bidirec

tional I/O pins 
• Programmable interconnect array 

• 0.8-micron donble-metal CMOS 
EPROM technology (CY7C346) 

• Advanced 0.65-micron CMOS 
technology to increase performance 
(CY7C346B) 

• Available in 84-pin CLCC, PLCC, and 
lOO-pin PGA, PQFP 

The CY7C346/CY7C346B is an Erasable 
Programmable Logic Device (EPLD) in 
which CMOS EPROM cells are used to 
configure logic functions within the device. 
The MAX architecture is 100% user confi
gurable, allowing the devices to accommo
date a variety of independent logic 
functions. 

The 128 macrocells in the CY7C346/ 
CY7C346B are divided into 8 Logic Array 
Blocks (LABs), 16 per LAB. There are 256 
expander product terms, 32 per LAB, to be 
used and shared by the macrocells within 
each LAB. 

The speed and density of the 
CY7C346/CY7C346B allow it to be used 
in a wide range of applications, from re
placement of large amounts of 7400-series 
TTL logic, to complex controllers and mul
tifunction chips. With greater than 25 
times the functionality of20-pin PLDs, the 
CY7C346/CY7C346B allows the replace
ment of over 50 TTL devices. By replacing 
large amounts of logic, the CY7C346/ 
CY7C346B reduces board space, part 
count, and increases system reliability. 

Logic Block Diagram 
1 (C7) {1 6] INPUT/CLK 

78 (AlO) [9] INPUT 
79 (B9) (1 0] INPUT 
80 (A9) [1 1] INPUT 
83 (A8) [1 4] INPUT 
84 (B7) [1 5] INPUT 

2 (A7) [1 7] INPUT 
5 (C6) [2 0] INPUT 
6 (A5) [2 1] INPUT 
7 (B5) [2 2] INPUT 

I 
LAB A ~ .7 

] 
] 
] 

8 (B13) [1] 
9 (C12) [2 
10 (A13) [3 
11 (B12) [4 
12 (A12) [5 
13 (11) [6 
NC (Al1) [ 
NC (Bl0) [ 

]-
] 
7 
8 

----

14 (A4) [23] 
15 (B4) [24] 
16 (A3) [25] 
17 (A2) [26] 
18 (B3) [27] 
21 (Al) [28] 
NC (B2) [29 
NC (Bl) [30 

]-
]-

1 
,j-

22 (C2) [3 
25 (Cl) [32 
26 (02) [33 
27 (01) [34 
28 (E2) [35 
29 (El) [36 
NC (Fl) [3 
NC (G2) [4 

i1-
] -
i]-g:=-

30 (G3) [4 
31 (Gl) [42 
32 (H3) [45 
33 (Jl) [46 
34 (J2) [47 
35 (Kl) [48 
NC (K2) [49 
NC (L1) [50 

1 

] 
] 

] 

MACROCELL 2 

.4 
MACROCELL 5 
MACROCELL 
MACROCELL 7 
MACROCELL B 

MACROCELL 9-16 

LABB ... ..LJ... 

MACROCELL 18 
MACROCELL 19 
MACROCELL 20 
MACROCELL 21 
MACROCELL 22 
MACROCELL 23 
MACROCELL 24 

MACROCELL 25·32 

LABC • ..! 1-
MACROCELI. 34 

MAr.onr.FII 
MACROCELL 37 
MACROCELI. 38 
MACROCELL 39 
MACRO ELL 40 

MACROCELL 41-48 

LABD • ..LJ... 

MAr.onr.FI ,n 
MAr.one " 
MAmnr.FI " 

MACROCELL 57-64 

SYSTEM CLOCK 

~ 
rv-
,....---y 

A.. 

V--

11 P 
I 
A 

A.. 

V--

-v 

IA. 
j"r"-

-V 

3.20.37.54 (A6.B6.F12,F13,Hl.H2,M8,N8) [18. 19. 43. 44, 68. 69, 93, 94] C>- Vee 

16. 33. 50. 67 (B8,C8.F2.F3,H".H12.L6,M6) [12. 13, 37. 38. 62, 63, 87, 88] C>- GND 
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.../I. 

r-----v 
A 

I .... 

----1\ 
--v' 

rv--

.../I. 

--v' 

.... 

f------.J\ 
r----v 
l'f 

INPUT [59] (N 4) 36 
INPUT [60] (M 
INPUT [61] (N 
INPUT [64] (N 
INPUT [65] (M 
INPUT [66] (L 
INPUT [67] (N 
INPUT [70] (L 
INPUT [71] (N 
INPUT [72] (M 

~hLABH 
MACROCELL 120 -

~ 
-

M 116 
M 117 
M 116 -
MACROCELL 115 -
MACROCELL 114 -
MACAOCELL 113 

MACROCELL 121-128 

..LJ... ... LABG 

MACROCELL 03 -
MAr.onr.F 101 -
MACROCELL 100 -
MACROCEL 99 
MACROCELL 98 
MACROCELL 97 

MACROCELL 105-112 

..!],...LABF 
MACROCELL 86 -
MA ROCELL 87 
MACROCELL 86 
MACROCELL 85 --"-

I ~ACROCELL ~; 
M 82 -
M 81 

MACROCELL 86-96 

..!J... • LABE I MACROCELL 72 
L 71 

70 
69 -
68 

MACROCELL 67 

f--
MACROCELL 73-80 

5) 37 
5) 38 
6) 41 
7) 42 
7) 43 
7) 44 
8) 47 
9) 48 
9) 49 

[100] (C13) NC 
[99] (012) NC 
[98] (D13) 77 
[97] (E12) 76 
[96] (E13) 75 
[95] (Fll) 74 
[92] (G 13) 73 
[91] (Gl1) 72 

[90[ (G12) NC 
[89] (H13) NC 
[86] (J13) 71 
[85] (J12) 70 
[84] (K13) 69 
[83] (K12) 68 
[82] (L13) 67 
[81] (L12) 64 

[80] (M13) NC 
[79] (M12) NC 
[78] (N13) 63 
[77] (Ml1) 60 
[76] (N12) 59 
[75] (Nl1) 58 
[74] (M10) 57 
[73] (NlO) 56 

[58] (M4) NC 
[57] (N3) NC 
[56] (M3) 55 
[55] (N2) 54 
[54] (M2) 53 
[53] (N1) 52 
[52] (L2) 51 
[51] (M1] 50 

() PERTAIN TO 1 OO·PIN PGA PACKAGE 

[ ] , PERTAIN TO 100,PIN PQFP PACKAGE C346-1 
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Selection Guide 
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1C346B..,,!S h~4~L.ZO, 
Maximum Access Time (ns) "'15" . 20 ,;; 

Maximum Operating Commercial ..... ' ~O" ,259 ' , . 
Current (rnA) Military ", "' .. ' 320 

Industrial " 320 ,"320 , 
Maximum Standby Commercial 
Current (rnA) Military 

Industrial 

Shaded area contains preliminary information. 

Pin Configurations 
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Pin Configurations (continued) 
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~r;CYPRESS 
Maximum Ratings 

CY7C346 
CY7C346B 

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

DC Input VoItagdl] .................... -3.0V to + 7.0V 

DC Program Voltage ............................. 13.0V 
Storage Thmperature .................. -65°C to + 150°C Static Discharge Voltage ....................... > 1l00V 

(per MIL-STD-883, Method 3015) Ambient Temperature with 
Power Applied ....................... -55°C to + 125°C 

Maximum Junction Temperature Operating Range 
(under bias) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 150 ° C Ambient 
Supply Voltage to Ground Potential ........ -2.0V to +7.0V Range Temperature Vcc 

Maximum Power Dissipation ................... 2500 mW Commercial O°Cto +70°C 5V±5% 

DC Vee or GND Current .. . . . . . . . . . . . . . . . . . . . .. 500 rnA Industrial -40°C to +85°C 5V ± 10% 
DC Output Current per Pin .......... -25 rnA to +25 rnA Military -55°C to + 125°C (Case) 5V ± 10% 

Electrical Characteristics Over the Operating Rangd2] 

Parameter Description lest Conditions Min. Max. Unit 

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

VOL Output LOW Voltage Vee = Min., IOL = 8.0 rnA 0.45 V 

VIH Input HIGH Voltage 2.2 Vee +0.3 V 

VIL Input LOW Voltage -0.3 0.8 V 

IJX Input Current GND < VIN < Vee -10 +10 ItA 
Ioz Output Leakage Current Vo = Vee or GND -40 +40 J.IA 
los Output Short Circuit Current Vee = Max., VOUT = 0.5Vlj,4J -30 -90 rnA 

Ieel PowerSupplyCurrent (Standby) VI - GND (No Load) Com'l 225 rnA 

MiI/lnd 275 

ICC2 Power Supply Currentl'J VI = Vee or GND (No Load) Com'l 250 rnA 
f = 1.0 MHz[4] Mil/lnd 320 

tR Recommended Input Rise Time 100 ns 

tF Recommended Input Fall Time 100 ns 

Capacitance[6] 
Parameter Description lest Conditions Max. Unit 

CIN Input Capacitance VIN - 2Y, f - 1.0 MHz 10 pF 

COUT Output Capacitance VOUT = 2Y, f = 1.0 MHz 20 pF 

Notes: 
I. Minimum DC input is - 0.3y. During transitions, the inputs may un

dershoot to - 3.0V for periods less than 20 ns. 
4. Guaranteed by design but not 100% tested. 

2. 1YPical values are for TA = 25 0 C and Vee = 5Y. 
3. Not more than one output should be tested at a time. Duration of the 

short circuit should not be more than one second. V OUT = O.5V has 
been chosen to avoid test problems caused by tester ground 
degradation. 

AC Test Loads and Waveforms[6] 
R1464Q 

OUTPUT 

R1464Q 

5. This parameter is measured with device programmed as a 16-bitcount
er in each LAB. 

6. Part (a) in AC Thst Load and Waveforms is used for all parameters ex
cept tER and txz, which is used for part (b) in AC Test Load and Wave
forms. AIl'external timing parameters are measured referenced to ex
ternal pins of the device. 

ALL INPUT PULSES 

10% 90% 10% 
GND 

OUTP~~~ 
SOpF I R2 

2S0Q 

SV31 
S pF R2 

2S0Q 
INCLUDING I _ 

'rrv~ ~ _ ~6ns 

INCLUDING _ _ 
JIG AND - - JIG AND - -
SCOPE SCOPE 0346-5 

(a) (b) 

Equivalent to: THEVENIN EQUIVALENT (commercial/military) 
163Q 

OUTPUTOO--_YII\ ........ --oO 1.7SV 
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Logic Array Blocks 
There are 8 logic array blocks in the CY7C346/CY7C346B. Each 
LAB consists of a macrocell array containing 16 macrocells, an ex
pander product term array containing 32 expanders, and an I/O 
block. The LAB isfed by the programmable interconnect array and 
the dedicated input bus. All macrocell feedbacks go to the macro
cell array, the expander array, and the programmable interconnect 
array. Expanders feed themselves and the macrocell array. All I/O 
feedbacks go to the programmable interconnect array so that they 
may be accessed by macrocells in other LABs as well as the macro
cells in the LAB in which they are situated. 

Externally, the CY7C346/CY7C346B provides 20 dedicated in
puts, one of which may be used as a system clock. There are 64 I/O 
pins that may be individually configured for input, output, or bidi
rectional data flow. 

Programmable Interconnect Array 
The Programmable Interconnect Array (PIA) solves interconnect 
limitations by routing only the signals needed by each logic array 
block. The inputs to the PIA are the outputs of every macrocell 
within the device and the I/O pin feedback of every pin on the 
device. 

Timing Delays 
Timing delays within the CY7C346/CY7C346B may be easily de
termined using Walp2 ~ /WaIp2+ m , Walp3 m software or by the 
model shown in or Figure 1. The CY7C346 /CY7C346B has fixed 
internal delays, allowing the user to determine the worst case tim
ing delays for any design. For complete timing information, Walp3 
software provides a timing simulator. 

~D"~ -->: DELAY 
~ tEXP 

Design Recommendations 

CY7C346 
CY7C346B 

Operation of the devices described herein with conditions 
above those listed under"Maximum Ratings" may cause perma
nent damage to the device. This is a stress rating only and func
tional operation of the device at these or any other conditions 
above those indicated in the operational sections of this data
sheet is not implied. Exposure to absolute maximum ratings 
conditions for extended periods of time may affect device reli
ability. The CY7C346/CY7C346B contains circuitry to protect 
device pins from high static voltages or electric fields, but nor
mal precautions should be taken to avoid application of any 
voltage higher than the maximum rated voltages. 

For proper operation, input and output pins must be constrained to 
the range GND ~ (VIN or VOUT) ~ Vee. Unused inputs must al
ways be tied to an appropriate logic level (either Vee or GND). 
Each set of V ee and GND pins must be connected together direct
ly at the device. Power supply decoupling capacitors of at least 0.2 
J.tF must be connected between Vee and GND. For the most effec
tive decoupling, each Vee pin should be separately decoupled to 
GND directly at the device. Decoupling capacitors should have 
good frequency response, such as monolithic ceramic types have. 

Design Security 
The CY7C346/CY7C346B contains a programmable design secu
rity feature that controls the access to the data programmed into 
the device. If this programmable feature is used, a proprietary de
sign implemented in the device cannot be copied or retrieved. This 
enables a high level of design control to be obtained since pro
grammed data within EPROM cells is invisible. The bit that con
trols this function, along with all other program data, may be reset 
simply by erasing the entire device. 

REGISTER 

r--!I LOGIC ARRAY ,ftc 
CONTROL DELAY tClR OUTPUT 

~ 
DELAY IN ..... '---iI tLAC I tpRE OUT PUT 

INPUT M LOGIC ARRAY I tRSU tRD 
-r-t tOD -.-c 

DELAY DELAY tCOMB 
txz 

tiN ,....~ tLAD I tRH tLATCH 
tzx 

SYSTEM CLOCK DELAY tiCS 

M I 

Ir PIA CLOCK 
DELAY I DELAY 

f---...iI tiC 
tplA 

I FEEDBACK l 
I 

DELAY 

I tFD 

I I/O DELAY 

I tlO C346-7 

Figure 1. CY7C346/CY7C346B Internal Timing Model 
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The CY7C346/CY7C346B is fully functionally tested and guaran
teed through complete testing of each programmable EPROM bit 
and all internal logic elements thus ensuring 100% programming 
yield. 

The erasable nature of these devices allows test programs to be 
used and erased during early stages ofthe production flow. The de
vices also contain on-board logic test circuitry to allow verification 
of function and AC specification once encapsulated in non-win
dowed packages. 

'JYpical Icc vs. fMAX 

400 ....-------------, 

ci 300 -
~ 
<- Vee =5.0V 
.s Room Temp. 
w 

200 -

~ 
0 

.2 100 -

o~ __ ~ __ -L ____ ~ __ -L ____ ~~ 

100 Hz 1 kHz 10 kHz 100 kHz 1 MHz 10 MHz 50 MHz 

MAXIMUM FREQUENCY 

Output Drive Current 

C346-8 

...J 

t§ 100 
1i: 

IOL ~ 
<- 80 
.s 
f-z 60 w 
a: 
a: 
:::l 
(..l 40 
f-
:::l 
D.. 
f- 20 :::l 
0 
.9 

0°.45 1 2 34 5 

Vo OUTPUT VOLTAGE M C346-9 

Timing Considerations 

CY7C346 
CY7C346B 

Unless otherwise stated, propagation delays do not include expan
ders. When using expanders, add the maximum expander delay 
tEXP to the overall delay. Similarly, there is an additional tpIA delay 
for an input from an I/O pin when compared to a signal from 
straight input pin. 

When calculating synchronous frequencies, use tS1 if all inputs are 
on dedicated input pins. The parameter tS2 should be used if data 
is applied at an I/O pin. If tS2 is greater than tCOl, 1/ts2 becomes 
the limiting frequency in the data path mode unless l/(tWH + twL) 
is less than 1/tS2. 

When expander logic is used in the data path, add the appropriate 
maximum expander delay, tEXP to tS1. Determine which of 1/( tWH 
+ tWL), 1/tCOl, or 1/(tEXP + tS1) is the lowest frequency. The low
est of these frequencies is the maximum data path frequency for 
the synchronous configuration. 

When calculating external asynchronous frequencies, use tAS1 ifall 
inputs are on the dedicated input pins. If any data is applied to an 
I/O pin, tAS2 must be used as the required set-up time. If (tAS2 + 
tAH) is greater than tACOh l/(tAS2 + tAH) becomes the limiting 
frequency in the data path mode unless l/(tAWH + tAWL) is less 
than 1/(tAS2 + tAH). 

When expander logic is used in the data path, add the appropriate 
maximum expander delay, tEXP to tAS1. Determine which of 
l/(tAWH + tAWL), 1/tACOh or 1/(tEXP + tAS1) is the lowest fre
quency. The lowest of thesefrequencies is the maximum data path 
frequency for the asynchronous configuration. 

The parameter tOH indicates the system compatibility of this de
vice when driving other synchronous logic with positive input hold 
times, which is controlled by the same synchronous clock. If tOH is 
greater than the minimum required input hold time of the subse
quent synchronous logic, then the devices are guaranteed to func
tion properly with a common synchronous clock under worst-case 
environmental and supply voltage conditions. 

The parameter tAOH indicates the system compatibility of this de
vice when driving subsequent registered logic with a positive hold 
time and using the same asynchronous clock as the 
CY7C346/CY7C346B. 

In general, if tAOH is greater than the minimum required input 
hold time of the subsequent logic (synchronous or asynchronous) 
then the devices are guaranteed to function properly under worst
case environmental and supply voltage conditions, provided the 
clock signal source is the same. This also applies if expander logic 
is used in the clock signal path of the driving device, but not for the 
driven device. This is due to the expander logic in the second de
vice's clock signal path adding an additional delay (tEXP) causing 
the output data from the preceding device to change prior to the 
arrival of the clock signal at the following device's register. 
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Commercial and Industrial External Synchronous Switching Characteristics[6] Over Operating Range 

7C346-25 7C346-30 7C346-35 
7C346B-15 7C346B-20 7C346B-25 7C346B-30 7C346B-35 

Parameter Description Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Unit 

tPD1 Dedicated Input to Combinatorial 15 20 25 30 35 ns 
Output Delay[7] 

tPD2 I/O Input to Combinatorial 25 32 40 45 55 ns 
Output Delay[8] 

tPD3 Dedicated Input to Combinatorial 23 30 37 44 55 ns 
Output Delay with 
Expander Delay[9] 

tpD4 I/O Input to Combinatorial 33 42 52 59 75 ns 
Output Delay with 
Expander Delay[4, 10] 

tEA Input to Output Enable Delay[4, 7] 15 20 25 30 35 ns 

tER Input to Output Disable Delay[4, 7] 15 20 25 30 35 ns 

tCOl Synchronous Clock Input to 7 8 14 16 20 ns 
Output Delay 

tC02 Synchronous Clock to Local 17 20 30 35 42 ns 
Feedback to Combinatorial 
Outputl4,11] 

tSI Dedicated Input or Feedback 10 13 15 20 25 ns 
Set-Up Time to 
Synchronous Clock Input[7, 12] 

tS2 I/O Input Set-Up Time to 20 24 30 36 45 ns 
Synchronous Clock Input[7] 

tH Input Hold Time from 0 0 0 0 0 ns 
Synchronous Clock Input[7] 

tWH Synchronous Clock Input 5 7 8 10 12,5 ns 
HIGH Time 

tWL Synchronous Clock Input 5 7 8 10 12,5 ns 
LOW Time 

tRW Asynchronous Clear Width[4, 7] 16 22 25 30 35 ns 

tRR Asynchronous Clear Recovery 16 22 25 30 35 ns 
Timd4,7] 

tRO Asynchronous Clear to Registered 15 20 25 30 35 ns 
Output Delay[7] 

tpw Asynchronous Preset Width[4, 7] 15 20 25 30 35 ns 

tpR Asynchronous Preset Recovery 15 20 25 30 35 ns 
Timd4,7] 

tpo Asynchronous Preset to Registered 15 20 25 30 35 ns 
Output Delay[7] 

tCF Synchronous Clock to Local 3 3 3 3 6 ns 
Feedback Input[4, 13] 

tp External Synchronous Clock 12 15 16 20 25 ns 
Period (1/(fMAX3»[4] 

fMAXI External Feedback Maximum 58,8 47.6 34.5 27,7 22.2 MHz 
Frequency (l/(tCOl + tSI»[4, 14] 

fMAX2 Internal Local Feedback 76.9 62.5 55.5 43.4 32.2 MHz 
Maximum Frequency, lesser of 
(i/(tsl + tCF» or (l/tC01)[4, IS] 

Shaded area contains preliminary information. 
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CY7C346B 

Commercial and Industrial External Synchronous Switching Characteristics[6] Over Operating Range (continued) 

Parameter Description 

fMAX3 Data Path Maximum Frequency, 
lesser of (l/(tWL + tWH)) 
(1/(tS1 + tH)) or (l/tcod4, 16] 

fMAX4 Maximum Register Toggle 
Frequency (l/(tWL + tWH))[4, 17] 

tOH Output Data Stable Time from 
Synchronous Clock Inputl4, 18] 

Shaded area contains preliminary information. 

Noles: 

7C346B-15 

Min. Max. 

100 

100 

3 

7. This specification is a measure of the delay from input signal applied 
to a dedicated input (68-pin PLCC input pin 1, 2, 32, 34, 35, 66, or 68) 
to combinatorial output on any output pin. This delay assumes no ex
pander terms are used to form the logic function. 
When this note is applied to any parameter specification it indicates 
that the signal (data, asynchronous clock, asynchronous clear, and/or 
asynchronous preset) is applied to a dedicated input only and no signal 
path (either clock or data) employs expander logic. 
If an input signal is applied to an I/O pin an additional delay equal to 
tpIA should be added to the comparable delay for a dedicated input. If 
expanders are used, add the maximum expander delay tEXP to the 
overall delay for the comparable delay without expanders. 

8. This specification is a measure of the delay from input signal applied 
to an I/O macrocell pin to any output. This delay assumes no expander 
terms are used to form the logic function. 

9. This specification is a measure of the delay from an input signal applied 
to a dedicated input (68-pin PLCC input pin 1, 2, 32, 34, 35, 36, 66, or 
68) to combinatorial output on any output pin. This delay assumes ex
pander terms are used to form the logic function and includes the 
worst -case expander logic delay for one pass through the expander log
ic. 

10. This specification is a measure of the delay from an input signal applied 
to an I/O macrocell pin to any output. This delay assumes expander 
terms are used to form the logic function and includes the worst-case 
expander logic delay for one pass through the expander logic. This pa
rameter is tested periodically by sampling production material. 

11. This specification is a measure of the delay from synchronous register 
clock to internal feedback of the register output signal to the input of 
the LAB logic array and then to a combinatorial output. This delay as
sumes no expanders are used, register is synchronously clocked and all 
feedback is within the same LAB. This parameter is tested periodically 
by sampling production material. 

7C346-25 7C346-30 7C346-35 
7C346B-20 7C346B-25 7C346B-30 7C346B-35 

Min. Max. Min. Max. Min. Max. Min. Max. Unit 

71.4 62.5 50 40 MHz 

71.4 62.5 50 40 MHz 

3 3 3 3 ns 

12. If data is applied to an I/O input for capture by a macrocell register, the 
I/O pin input set-up time minimums should be observed. These param
eters are tS2 for synchronous operation and tAS2 for asynchronous op
eration. 

13. This specification is a measure ofthe delay associated with the internal 
register feedback path. This is the delay from synchronous clock to 
LAB logic array input. This delay plus the register set-up time, ts!. is 
the minimum internal period for an internal synchronous state ma
chine configuration. This delay is for feedback within the same LAB. 
This parameter is tested periodically by sampling production material. 

14. This specification indicates the guaranteed maximum frequency, in 
synchronous mode, at which a state machine configuration with exter
nal feedback can operate. It is assumed that all data inputs and external 
feedback signals are applied to dedicated inputs. 

15. This specification indicates the guaranteed maximum frequency at 
which a state machine with internal-only feedback can operate. If regis
ter output states must also control external points, this frequency can 
still be observed as long as this freq).lency is less than lIteOl. All feed
back is assumed to be local originating within the same LAB. 

16. This frequency indicates the maximum frequency at which the device 
may operate in data path mode (dedicated input pin to output pin). 
This assumes data input signals are applied to dedicated input pins and 
no expander logic is used. If any of the data inputs are I/O pins, tS2 is 
the appropriate ts for calculation. 

17. This specification indicates the guaranteed maximum frequency, in 
synchronous mode, at which an individual output or buried register 
can be cycled by a clock signal applied to the dedicated clock input pin. 

18. This parameter indicates the minimum time after a synchronous regis
ter clock input that the previous register output data is maintained on 
the output pin. 
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Commercial and Industrial External Asynchronous Switching Characteristics[6] Over Operating Range 

Parameter Description 

tACO! Asynchronous Clock Input to 
Output Delay[7] 

tAC02 Asynchronous Clock Input to 
Local Feedback to Combinatorial 
Outputll9] 

tASl Dedicated Input or Feedback 
Set-Up Time to Asynchronous 
Clock Input[7] 

tAS2 I/O Input Set-Up Time to 
Asynchronous Clock Input[7] 

tAH Input Hold Time from 
Asynchronous Clock Input[7] 

tAWH Asynchronous Clock Input 
HIGH Time[7] 

tAWL Asynchronous Clock Input 
LOW Timel?, 20] 

tACF Asynchronous Clock to Local 
Feedback Inputl4, 21] 

tAP External Asynchronous Clock 
Period (1/(fMAXA4»[4] 

fMAXAl External Feedback Maximum 
Frequency in Asynchronous 
Mode (1/(tACOl + tAS1»[4,22] 

fMAXAZ Maximum Internal Asynchronous 
Frequency[4,23] 

fMAXA3 Data Path Maximum Freguency 
in Asynchronous Mode [4,24] 

fMAXA4 Maximum Asynchronous 
Register Toggle Fre~ency 
1/(tAWH + tAwd[4, ] 

tAOH Output Data Stable Time from 
Asynchronous Clock Input[4, 26] 

Shaded area contains preliminary information. 

Notes: 

7C346B-15 

Min. Max. 

15 

25 

5 

14.5 

5 

9 

7 

11 

16 

50 

62.5 

66.6 

62.S 

12 

19. This specification is a measure of the delay from an asynchronous reg
ister clock input to internal feedback of the register output signal to the 
input of the LAB logic array and then to a combinatorial output. This 
delay assumes no expanders are used in the logic of combinatorial out
put or the asynchronous clock input. The clock signal is applied to the 
dedicated clock input pin and all feedback is within a single LAB. This 
parameter is tested periodically by sampling production material. 

20. This parameter is measured with a positive-edge triggered clock at the 
register. For negative edge triggering, the tAWH and tAWL parameters 
must be swapped. If a given input is used to clock multiple registers 
with both positive and negative polarity, tAWH should be used for both 
tAWH and tAWL. 

21. This specification is a measure ofthe delay associated with the internal 
register feedback path for an asynchronous clockto LAB logic array in
put. This delay plus the asynchronous register set-up time, tASlo is the 
minimum internal period for an internal asynchronously clocked state 
machine confignration. This delay is for feedback within the same 
LAB, assumes no expander logic in the clock path, and assumes that the 
clock input signal is applied to a dedicated input pin. This parameter 
is tested periodically by sampling prodnction material. 

22. This specification indicates the guaranteed maximum frequency at 
which an asynchronously clocked state machine configuration with ex
ternal feedback can operate. It is assumed that all data inputs, clock in
puts, and feedback signals are applied to dedicated inputs and that no 
expander logic is employed in the clock signal path or data path. 

7C346-25 7C346-30 7C346-35 
7C346B-20 7C346B-25 7C346B-30 7C346B-35 

Min. Max. Min. Max. Min. Max. Min. Max. Unit 

20 25 30 35 ns 

32 39 46 55 ns 

5 5 6 8 ns 

17 19 22 28 ns 

6 6 8 10 ns 

10 11 14 16 ns 

8 9 11 14 ns 

13 15 18 22 ns 

18 20 25 30 ns 

40 33.3 27.7 23.2 MHz 

55.5 50 40 33.3 MHz 

50 40 33.3 28.5 MHz 

55.5 50 40 33.3 MHz 

12 15 15 15 ns 

23. This specification indicates the guaranteed maximum frequency at 
which an asynchronously clocked state machine with internal-only 
feedback can operate. This parameter is determined by the lesser of 
(l/(tACF + tAS1)) or (1/(tAWH + tAWL». Ifregister output states must 
also control external points, this frequency can still be observed as long 
as this frequency is less than l/tAC01' 
This specification assumes no expander logic is utilized, all data inputs 
and clock inputs are applied to dedicated inputs, and all state feedback 
is within a single LAB. This parameter is tested periodically by sam
pling production material. 

24. This frequency is the maximum frequency at which the device may op
erate in the asynchronously clocked data path mode. This specification 
is determined by the lesser of l/(tAWH + tAWL), l/(tASJ + tAH) or 
l/tACOJ' It assumes data and clock input signals are applied to dedi
cated input pins and no expander logic is used. 

25. This specification indicates the guaranteed maximum frequency at 
which an individual output or buried register can be cycled in asynchro
nously clocked mode by a clock signal applied to an external dedicated 
input pin. 

26. This parameter indicates the mininmm time that the previous register 
output data is maintained on the output after an asynchronous register 
clock input applied to an external dedicated input pin. 
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Commercial and Industrial Internal Switching Characteristics Over Operating Range 

7C346B-15 7C346B-20 

Parameter Description 

tIN Dedicated Input Pad and 
Buffer Delay 

tlO I/O Input Pad and Buffer 
Delay 

tEXP Expander Array Delay 

tLAD Logic Array Data Delay 

tLAC Logic Array Control Delay 

taD Output Buffer and Pad Delay 

tzx Output Buffer Enable 
Delay[27J 

txz Output Buffer Disable Delay 

tRSU Register Set-Up Time 
Relative to Clock Signal 
at Register 

tRH Register Hold Time Relative 
to Clock Signal at Register 

tLATCH Flow Through Latch Delay 

tRD Register Delay 

tCOMB Transparent Mode Delay12~J 

tCH Clock HIGH Time 

tCL Clock LOW Time 

tIC Asynchronous Clock Logic 
Delay 

tICS Synchronous Clock Delay 

tpD Feedback Delay 

tpRE Asynchronous Register 
Preset Time 

tCLR Asynchronous Register Clear 
Time 

tpcw Asynchronous Preset and 
Clear Pulse Width 

tpCR Asynchronous Preset and 
Clear Recovery Time 

tplA Programmable Interconnect 
Array Delay Time 

Shaded area contains preliminary information. 

Notes: 

Min. 

4 

4 

4 
4 

3 

3 

27. Sample tested only for an output change of 500 mY. 

Max. Min. 

3 

3 

8 

8 
5 
3 
5 

5 
5 

5 

1 
1 

1 

6 
6 

6 

0.5 
1 

3 

3 

4 

4 

10 

28. This specification guarantees the maximum combinatorial delay asso
ciated with the macrocell register bypass when the macrocell is confi
gured for combinatorial operation. 

Max. 

4 

4 

10 

10 

7 
3 

5 

5 

2 

1 

2 

8 

0.5 
1 

3 

3 

12 
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7C346-25 7C346-30 
7C346B-25 7C346B-30 

Min. Max. Min. Max. 

5 7 

6 6 

12 14 

12 14 

10 12 

5 5 
10 11 

10 11 

6 8 

6 8 

3 4 
1 2 
3 4 

8 10 

8 10 

14 16 

1 1 
1 1 

5 6 

5 6 

5 6 

5 6 

14 16 

CY7C346 
CY7C346B 

7C346-35 
7C346B-35 

Min. Max. Unit 

9 ns 

9 ns 

20 ns 

16 ns 

13 ns 

6 ns 

13 ns 

13 ns 

10 ns 

10 ns 

4 ns 

2 ns 

4 ns 

12.5 ns 

12.5 ns 

18 ns 

1 ns 

2 ns 

7 ns 

7 ns 

7 ns 

7 ns 

20 ns 



Military External Synchronous Switching Characteristics[6J Over Operating Range 

7C346-30 
7C346B-20 7C346B-25 7C346B-30 

Parameter Description Min. Max. Min. Max. Min. Max. 

tpDl Dedicated Input to Combinatorial Out- 20 25 30 
put Delay[7J 

tPD2 I/O Input to Combinatorial 32 39 45 
Output Delay[8J 

tPD3 Dedicated Input to Combinatorial Out- 30 37 44 
put Delay with Expander Delay[9J 

tpD4 I/O Input to Combinatorial 42 51 59 
Output Delay with 
Expander Delay[4, 10J 

tEA Input to Output Enable 20 25 30 
Delay[4,7J 

tER Input to Output Disable 20 25 30 
Delay[4,7J 

tCOI Synchronous Clock Input to 8 14 16 
Output Delay 

tC02 Synchronous Clock to Local 20 30 35 
Feedback to Combinatorial 
Outpud4,I1J 

tSl Dedicated Input or Feedback 13 15 20 
Set-Up Time to 
Synchronous Clock Input[7, 12J 

tS2 I/O Input Set-Up Time to 24 29 36 
Synchronous Clock Input[7J 

tH Input Hold Time from 0 0 0 
Synchronous Clock Input[7J 

tWH Synchronous Clock Input 7 8 10 
HIGH Time 

tWL Synchronous Clock Input 7 8 10 
LOW Time 

tRW Asynchronous Clear Width[4,7J 20 25 30 

tRR Asynchronous Clear Recovery 20 25 30 
Timd4,7J 

tRO Asynchronous Clear to Registered Out- 20 25 30 
put Delay[7J 

tpw Asynchronous Preset Width[4, 7J 20 25 30 

tpR Asynchronous Preset Recovery 20 25 30 
Timd4,7J 

tpo Asynchronous Preset to Registered 20 25 30 
Output Delay[7J 

tCF Synchronous Clock to Local 3 3 3 
Feedback Inpud4, 13J 

tp External Synchronous Clock 14 16 20 
Period (1/(fMAX3))[4J 

fMAXl External Feedback Maximum 47.6 34.5 27.7 
Frequency (l/(tCOl + tSl))[4, 14J 

Shaded area contains advanced information. 
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CY7C346B 

7C346-35 
7C346B-35 

Min. Max. Unit 

35 ns 

55 ns 

55 ns 

75 ns 

35 ns 

35 ns 

20 ns 

42 ns 

25 ns 

45 ns 

0 ns 

12.5 ns 

12.5 ns 

35 ns 

35 ns 

35 ns 

35 ns 

35 ns 

35 ns 

6 ns 

25 ns 

22.2 MHz 

II 
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CY7C346 
CY7C346B 

Military External Synchronous Switching Characteristics[6] Over Operating Range (continued) 

7C346-30 7C346-35 
7C346B-30 7C346B-35 

Parameter Description Min. Max. Min. Max. Unit 

fMAX2 Internal Local Feedback 43.4 32.2 MHz 
Maximum Frequency, lesser of 
(1I(t81 + tCF» or (l/tCOl)[4, 15] 

fMAX3 Data Path Maximum Frequency, 50 40 MHz 
lesser of (lI(tWL + tWH» 
(1I(t81 + tH» or (lItcOl)f4, 16] 

fMAX4 Maximum Register ThggIe 50 40 MHz 
Frequency (lI(twL + tWH»[4, 17] 

tOH Output Data Stable Time from 3 3 ns 
Synchronous Clock Inputl4, 18] 

Shaded area contains preliminary information. 

Military External Asynchronous Switching Characteristics[6] Over Operating Range 
;.: :i':;'.: 7C346-30 7C346-35 

iC3~~' ' 7C346Bi:~S 7C346B-30 7C346B-35 

Parameter Description MiiJ. I\W: ••• WQ;' Mu",· Min. Max. Min. Max. Unit 

tACOl Asynchronous Clock Input to ,,: ::to",'J .r ~:r 30 35 ns 
Output Delay[7] ' ...••• ,.. ii 

tAC02 Asynchronous Clock Input to :,,'; l:)~? I~n .... . ~~ 46 55 ns 
Local Feedback to Combinatorial 
Outputl19] ii':"'. "',. ,.f ",' 

tASl Dedicated Input or Feedback ,':6 h,·5 I, ',',' 6 8 ns 
Set-Up Time to Asynchronous 
Clock Input[7] ""':" :;H I, ,i. ' .. " 

tAS2 I/O Input Set-Up Time to :,:rl;' 'Ui •• :' ,"19,.','., 22 28 ns 
Asynchronous Clock Input[7] 

" ..... , ," 

tAH Input Hold Time from Ji ."': .~\ i" 8 10 ns 
Asynchronous Clock Input[7] ' .. ". ., , i '.'.... . 

.' . tAWH Asynchronous Clock Input :.~q.,1 "". 
,1~ 

, " 

14 16 ns 
HIGH Time[71 "':" 

tAWL Asynchronous Clock Input . ,"8,: 
I" •• '," ".9: J.'" 11 14 ns 

LOW Timd7, 20] i. ' 
tACF Asynchronous Clock to Local 

'T. · 
. '1? ,:.;> : 15:. 18 22 ns 

Feedback Inputl4, 21] < 
tAP External Asynchronous Clock Ij8:, . ." ,·IO:,., .i, 25 30 ns 

Period (1/(fMAXA4»[4] •• e!, 
fMAXAl External Feedback Maximum 1,:40, I,'.;,; . '33:,3: ·::ii"·:'· 

27.7 23.2 MHz 
Frequency in Asynchronous 
Mode (1/(tACOl + tA8l»[4,221 

" r:j", ':,).; .. '., 
fMAXA2 Maximum Internal Asynchronous IrS;S, .• ,,]I!. f?!, "::!. 40 33.3 MHz 

Frequency[ 4, 23] 

fMAXA3 Data Path Maximum Fre~ency Ifi:?O:::; ),':.li: :,1IQ' 1:', Hi' 33.3 28.5 MHz 
in Asynchronous Modd4, ] '. .' fMAXA4 Maximum Asynchronous 

1;';~'J1:' "';:1" [','.rq·."", 
I", "'( 40 33.3 MHz 

Register Thggle Fre~uency 
,·:·"'i" '~.i.,j 1/(tAWH + tAWL)[4, 5] 

tAOH Output Data Stable Time from '~J'::' .. ,.· •• ·ii,.i :Aii ',,, 15 15 ns 
Asynchronous Clock Inputl4,26] , '>.'..,,, 

" '. 
Shaded area contains preliminary information. 
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Military 1Ypical Internal Switching Characteristics Over Operating Range 

7C346B-20 7C346B-25 

Parameter Description Min. Max. Min. Max. 

tIN Dedicated Input Pad and 
Buffer Delay 

4 5 

tIO 1/0 Input Pad and Buffer Delay 4 6 

tEXP Expander Array Delay 10 12 

tLAD Logic Array Data Delay 10 12 

tLAC Logic Array Control Delay 7 10 

tOD Output Buffer and Pad Delay 3 5 

tzx Output Buffer Enable Delay[27] 5 10 

txz Output Buffer Disable Delay 5 10 

tRSU Register Set-Up Time Relative 5 6 
to Clock Signal at Register 

tRH Register Hold Time Relative 5 6 
to Clock Signal at Register 

tLATCH Flow Through Latch Delay 2 3 

tRD Register Delay 1 1 

tCOMB 1l:ansparent Mode Delay[28] 2 3 

tCH Clock HIGH Time 6 8 

tCL Clock LOW Time 6 8 

tIC Asynchronous Clock Logic Delay 8 14 

tICS Synchronous Clock Delay 0.5 2 

tpD Feedback Delay 1 1 

tpRE Asynchronous Register Preset Time 3 5 

tCLR Asynchronous Register Clear Time 3 5 

tpcw Asynchronous Preset and 4 5 
Clear Pulse Width 

tpCR Asynchronous Preset and 4 5 
Clear Recovery Time 

tPIA Programmable Interconnect 12 14 
Array Delay Time 

Shaded area contains preliminary information. 
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7C346-30 
7C346B-30 

Min. Max. 

7 

6 

14 

14 

12 

, 5 

11 

11 

8 

8 

4 

2 

4 

10 

10 

16 

2 

1 

6 

6 

6 

6 

16 

CY7C346 
CY7C346B 

7C346-35 
7C346B-35 

Min. Max. Unit 

9 ns 

9 ns 

20 ns 

16 ns 

13 ns 

6 ns 

13 ns 

13 ns 

10 ns 

10 ns 

4 ns 

2 ns 

4 ns 

12.5 ns 

12.5 ns 

18 ns 

3 ns 

2 ns 

7 ns 

7 ns 

7 ns 

7 ns 

20 ns 

II 
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W;CYPRESS 
Switching Waveforms 

External Combinatorial 

I/O INPUT _____ _ DEDICATED INPUT! ~ 

COMBINATORIAL 
OUTPUT 

•• ~",~.l ) ___ --------

CY7C346 
CY7C346B 

I-- tER[7] =1----------COMBINATORIAL OR ------....,;----- _ HIGH-IMPEDANCE 
REGISTERED OUTPUT ______ .....,_____ THREE-STATE 

I--tEA[714 HIGH-IMPEDANCE ------------_ VALID OUTPUT THREE-STATE _________ _ 
C346-10 

External Synchronous 

DEDICATED INPUTS OR 4 
REGISTERED FEEDBACK[7] __ -:--_ 

1$1 

SYNCHRONOUS 
CLOCK ------' 

ASYNCHRONOUS t 
CLEAR/PRESET[71 ____ O_H_....;.--1_--1__' 

REGISTERED 
OUTPUTS _____ ~~~~ 

COMBINATORIAL OUTPUT FROM ~ 
REGISTERED FEEDBACK[111 

---------------- ------C-346-11 

External Asynchronous 

DEDICATED INPUTS OR 4 
REGISTERED FEEDBACK ...... _...,... __ 

tAS1 

ASYNCHRONOUS 
CLOCK INPUT _____ " 

ASYNCHRONOUS tAOH 
CLEAR/PRESET __ ---.....;~I---1--' 

ASYNCHRONOUS REGISTERED 
OUTPUTS _____ .....,--1~v 

~----- tAC02 ------~~ 
COMBINATORIAL OUTPUT FROM ----------
ASYNCHRONOUS REGISTERED 

FEEDBACK ------------------- C346-12 
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# rcYPRESS 
Switching Waveforms (continued) 

Internal Combinatorial 

INPUT PIN t 
1/0 PIN 

EXPANDER 
ARRAY DELAY 

tlO 

tlN-

I:=- tplA-

f.-- tEXP-

~( 

- tLAC, tLAD -

LOGIC ARRAY 
INPUT 

LOGIC ARRAY 
OUTPUT 

Internal Asynchronous 

CLOCK PIN "i--- _ 

) 

tR ~I:= tAWH --j, r tAWl } 

tiN 1 
CLOCK INTO t- \.. / LOGIC ARRAY _____ .....jI'. "' '--___ oJ 

tlC~ 
"''--_--.J/ CLOCK FROM 

LOGIC ARRAY 

LOGIC ARRAY _____ ~ 

) 

CY7C346 
CY7C346B 

C346 13 

~ tRSU tRH * 
DATA FROM ~ 

REGISTER OUTPUT tRD,tLATCH -+- tFO % tClR,tpRE ~ tFD k= 
TO LOCAL LAB 
LOGIC ARRAY 

_ __________________ ~~~tPIA~~ 
REGISTER OUTPUT - -...------------

TO ANOTHER LAB ------------------C346-14 

Internal Synchronous 

"'-------
SYSTEM CLOCK 

}= tCH ~ tCl =¥ 
SYSTEM CLOCK PIN =f--_..J tiN -:E: 

AT REGISTER _ _ "''''' ____ ''''/ "''-----tRSU tRH =* 
DATA FROM ...-----------------------------

LOGIC ARRAY -----------------------C346-15 
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Switching Waveforms (continued) 

Internal Synchronons 

CLOCK FROM 
LOGIC ARRAY ------'i 

DATA FROM 
LOGIC ARRAY 

OUTPUT PIN 
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Ordering Information 
Speed Package 
(ns) Ordering Code Name 

15 CY7C346B-15HC/HI H84 

CY7C346B-15JC/JI J83 

CY7C346B-15NC/NI NlOO 

CY7C346B-15RC/RI RlOO 

20 CY7C346B-20HC/HI H84 

CY7C346B-20JC/JI J83 

CY7C346B-20NC/NI NlOO 

CY7C346B-20RC/RI RlOO 

CY7C346B-20HMB H84 

CY7C346B-20RMB RlOO 

25 CY7C346-25HC/HI H84 

CY7C346-25JC/JI J83 

CY7C346-25NC/NI NlOO 

CY7C346-25RC/RI RlOO 

CY7C346B-25HC/HI H84 

CY7C346B-25JC/JI J83 

CY7C346B-25NClNI NlOO 

CY7C346B-25RC/RI Rl00 

CY7C346B-25HMB H84 

CY7C346B-25RMB RlOO 

30 CY7C346-30HC/HI H84 

CY7C346-3OJC/JI J83 

CY7C346-30NC/NI NlOO 

CY7C346-30RC/RI RlOO 

CY7C346B-30HC/HI H84 

CY1C346B-30JC/JI J83 

CY7C346B-30NC/NI NlOO 

CY7C346B-30RC/RI RlOO 

CY7C346-30HMB H84 

CY7C346-30RMB RIOO 

CY7C346B-3OHMB H84 

CY7C346B-30RMB RlOO 

35 CY7C346-35HC/HI H84 

CY7C346-35JC/JI J83 

CY7C346-35NC/NI NIOO 

CY7C346-35RC/RI RIOO 

CY7C346B-35HC/HI H84 

CY7C346B-35JC/JI J83 

CY7C346B-35NC/NI NlOO 

CY7C346B-35RC/RI RI00 

CY7C346-35HMB H84 

CY7C346-35RMB RlOO 

CY7C346B-35HMB H84 

CY7C346B-35RMB Rl00 
Shaded area contains preliminary information. 

Package 'JYpe 

84-Pin Windowed Leaded Chip Carrier 

84-Lead Plastic Leaded Chip Carrier 

100-Lead Plastic Quad Flatpack 

lOO-Pin Windowed Ceramic Pin Grid Array 

84-Pin Windowed Leaded Chip Carrier 

84-Lead Plastic Leaded Chip Carrier 

lOO-Lead Plastic Quad Flatpack 

lOO-Pin Windowed Ceramic Pin Grid Array 

84-Pin Windowed Leaded Chip Carrier 

lOO-Pin Windowed Ceramic Pin Grid Array 

84-Pin Windowed Leaded Chip Carrier 

84-Lead Plastic Leaded Chip Carrier 

lOO-Lead Plastic Quad Flatpack 

lOO-Pin Windowed Ceramic Pin Grid Array 

84-Pin Windowed Leaded Chip Carrier 

84-Lead Plastic Leaded Chip Carrier 

100-Lead Plastic Quad Flatpack 

100-Pin Windowed Ceramic Pin GridArray 

84-Pin Wmdowed Leaded Chip Carrier 

lOO-Pin Windowed Ceramic Pin Grid Array 

84-Pin Windowed Leaded Chip Carrier 

84-Lead Plastic Leaded Chip Carrier 

100-Lead Plastic Quad Flatpack 

lOO-Pin Windowed Ceramic Pin Grid Array 

84-& Windowed Leaded Chip Carrier 

84-Lead Plastic Leaded Chip Carrier 

lOO-Lead Plastic Quad Flatpack 

lOO-Pin Windowed Ceramic Pin Grid Array 

84-Pin Windowed Leaded Chip Carrier 

lOO-Pin Windowed Ceramic Pin Grid Array 

84-Pin Windowed Leaded Chip Carrier 

100-& Windowed Ceramic .Pin Grid Array 

84-Pin Windowed Leaded Chip Carrier 

84-Lead Plastic Leaded Chip Carrier 

100-Lead Plastic Quad Flatpack 

100-Pin Windowed Ceramic Pin Grid Array 

84-Pin Windowed Leaded Chip Carrier 

84-LeadPlastic Leaded Chip Carrier . 
lOO-Lead Plastic Quad FJatpack 

100-Pin Windowed Ceramic Pin Grid Arrlly 

84-Pin Windowed Leaded Chip Carrier 

lOO-Pin Windowed Ceramic Pin Grid Array 

84-Pin Windowed Leaded Chip Carrier 

lOO-PinWindowedCeramic Pin Grid Array 
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Operating 
Range 

CY7C346 
CY7C346B 

Commercial/Industrial 

Commercia]Jlndustrial 

Military 

CommerciaVIndustrial 

Military 

CommerciaVIndustrial 

Military 

Commercialllndustrial 

Military 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

DC Characteristics 
Parameter Subgroups 

VOH 1,2,3 

VOL 1,2,3 

VIR 1,2,3 

VIL 1,2,3 

IJX 1,2,3 

Ioz 1,2,3 

ICC1 1,2,3 

Switching Characteristics 

Parameter Subgroups 

tpDl 7, 8, 9, 10, 11 

tpDZ 7, 8, 9, 10, 11 

tPD3 7, 8, 9, 10, 11 

teal 7, 8, 9, 10, 11 

tS1 7, 8, 9, 10, 11 

tS2 7, 8, 9, 10, 11 

tH 7, 8, 9, 10, 11 

tWH 7,8,9,10,11 

tWL 7, 8, 9, 10, 11 

tRO 7, 8, 9, 10, 11 

tpo 7, 8, 9, 10, 11 

tACO! 7, 8, 9, 10, 11 

tAC02 7, 8, 9, 10, 11 

tASl 7, 8, 9, 10, 11 

tAH 7, 8, 9, 10, 11 

tAWH 7, 8, 9, 10, 11 

tAWL 7, 8, 9, 10, 11 

MAX is a registered trademark of Altera Corporation. 
Wmp2, Warp2+, and Warp3 are trademarks of Cypress Semiconductor Corporation 

Document #: 38-00244-C 

3-206 

CY7C346 
CY7C346B 



GENERAL INFORMATION 

II 
SMALLPLDs 

fI 
CPLDs II 
FPGAs II 
DEVELOPMENT SYSTEMS II 
QUALITY II 
PACKAGES II 



Table of Contents 

Table of Contents Page Number 

FPGAs (Field Programmable Gate Arrays) 

Device 
Ultra38000 Family 
Ultra38003 
Ultra338003 
Ultra38005 
Ultra338005 
Ultra38007 
Ultra338007 
Ultra38009 
Ultra338009 
Ultra38012 
Ultra338012 
Ultra38016 
Ultra338016 
Ultra38020 
Ultra338020 
pASIC380 Family 
CY7C381P 
CY7C382P 
CY7C3381A 
CY7C3382A 
CY7C383A 
CY7C384A 
CY7C3383A 
CY7C3384A 
CY7C385P 
CY7C386P 
CY7C3385A 
CY7C3386A 
CY7C387P 
CY7C388P 
CY7C3387P 
CY7C3388P 

Description 
UltraLogic Very High Speed CMOS FPGAs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-1 
UltraLogic Very High Speed 3K Gate CMOS FPGA ................................ 4-5 
UltraLogic Very High Speed 3K Gate 3.3V CMOS FPGA ........................... 4-6 
UltraLogic Very High Speed 5K Gate CMOS FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-7 
UltraLogic Very High Speed 5K Gate 3.3V CMOS FPGA ........................... 4-8 
UltraLogic Very High Speed 7K Gate CMOS FPGA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4-9 
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Features 
• Very high speed 

- Loadable counter frequencies 
greater than 185 MHz 

- Data Path frequencies at greater 
than 200 MHz 

- Chip-to-chip operating frequencies 
up to 135 MHz 

- Input + logic cell + output delays 
under 5_5 ns 

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

• High usable density 
- Density from 9,000 to 60,000 total 

available gates 
- 3,000 to 20,000 typically usable 

"gate array" gates 
• Fully PCI compliant inputs & outputs 

- Full 33 MHz system performance 

• 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 24 rnA 

• Flexible logic cell architecture 
- Wide fan-in (up to 16 input gates) 
- Multiple outputs in each cell 
- Very low cell propagation delay 

(1.4 ns typical) 
- Fragments into five fine-grained 

functions for the worlds most effi
cient synthesis 

• Robust routing resources 
- Fully automatic place and route of 

designs using up to 100 percent of 
logic resources 

- No hand routing required 

U1tra38000 Family Members 

Gate Count 
(in thousands) 

20 

16 

12 

9 

7 

5 
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UltraLogic ™ Very High Speed 
CMOS FPGAs 

• Dedicated clock input pins with fan
out-independent low-skew clock nets 
- Fast clocks driven from dedicated 

inputs 
- Global clocks driven from dedi

cated inputs, any I/O pins or inter
nallogic 

- Clock skew < o.s ns 

• Input registers 
- Set-up time <2 ns 

• Input hysteresis provides high noise 
immunity 

• Full JTAG testability 
-IEEE standard 1149.1.6 

• 0.65J.t triple layer metal CMOS pro
cess with ViaUnk m programming 
technology 
- High-speed metal-to-metallink 
- Non-volatile antifuse technology 

• Powerful design tools-WtUp3 m 

- Designs entered in IEEE1164 
VHDL, schematics, or mixed 

- Fast, fully automatic place and 
route 

- Waveform simulation with back an
notated net delays 

- PC and workstation platforms 

Functional Description 
The U1tra38000 m Family of very-high
speed CMOS user-programmable ASIC 
devices is based on Cypress's ViaLink 
FPGA technology to combine high speed, 
high density, and low power in a single 
architecture. 

Ail Ultra38000 Family devices are based 
on an array of highly flexible logic cells 
which have been optimized for efficient 

implementation of high-speed arithmetic, 
counter, datapath, state machine, random 
and glue logic functions. The logic cell was 
also designed to be fragmented into five 
fine-grained functions for the most effi
cient synthesis available. Logic cells are 
configured and interconnected by rows 
and columns of routing metal and ViaLink 
metal-to-metal programmable-via inter
connect elements. 

ViaLink technology provides a nonvola
tile, permanently programmed customer 
logic function capable of operating at 
counter speeds of over 175 MHz. Internal 
logic cell nominal delays are under 2 ns and 
total input to output combinatorial delays 
are under 6 ns. This permits high-density 
programmable devices to be used with 
today's fastest CISC and RISC micropro
cessors, while consuming a fraction of the 
power and board area of PAL, GAL, and 
discrete logic solutions. 

Ultra38000 Family devices range in density 
from 3000 gates in an 84-pin package, to 
20,000 gates in a 352-pin package. See 
Table 1. Devices share a common 
architecture to allow easy migration of 
designs from one density to another. 

Designs are captured for the Ultra38000 
using Cypress Wwp3 software or one of 
several third-party tools. See the Develop
ment Systems section for more informa
tion. Wap3 is a sophisticated CAE pack
age that features schematic entry, wave
form-based timing simulation, and VHDL 
design synthesis. The Ultra38000 family 
features ample on-chip routing channels 
for fast, fully automatic place and route of 
100% gate utilization designs. 

Ultra38020/338020 

-
-
-
- • 

• • 
~ltra38016/33801t? 

~ltra38012/33801,f 

Ultra38009/338009 • • • 
Ultra38007/338007 • • • 

Ultra~8005/3~8005 • 
3 Ultr~8003/33J!003 

~ 

84 144 208 256 352 

Number of Packaae Pins 38000·1 
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Table 1. Key Features of U1tra38000 Devices 

Device Logic Cells I/O Cells 

Ultra38003 192 120 
Ultra338oo3 

Ultra38005 320 156 
Ultra338005 

Ultra38007 480 192 
U1tra338007 

Ultra38009 672 228 
Ultra338009 

U1tra38012 896 264 
U1tra338012 

Ultra38016 1152 300 
Ultra338016 

U1tra38020 1440 336 
Ultra338020 

Organization 
The U1tra38000 Family of very-high-speed FPGAs contains 
devices covering a wide spectrum of I/O and density requirements. 
The seven members range from 3,000 gates in an 84-pin package to 
20,000 gates in an 352-pin package and are shown in Table 1. 

Device part numbers are derived from the usable gate count. Each 
of the internal logic cells has the logic capacity of more than 30 
"gate array gates." A typical application will use 12 to 15 gates 
from each logic cell. 

ViaLink Programming Element 
Programmable devices implement custom logic functions 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 Ultra38000 devices the switch is called a ViaLink element. The 
ViaLink element is an antifuse formed in a via between the two 
layers of metal of a standard CMOS gate array process. The direct 
metal-to-metallink created as a result of programming achieves a 
connection with resistance values below 50n . This is less than five 
percent of the resistance of an EPROM or SRAM switch and 10 
percent of that of a dielectric antifuse. The capacitance of any 
programmed ViaLink site is also lower than these alternative 
approaches. The resulting low RC time constant provides speeds 
two to three times faster than older generation technologies. 

In a custom metal masked ASIC, such as a gate array, the top and 
bottom layers of metal make direct contact through the via. In an 
Ultra38000 FPGA, the two layers of metal are initially separated 
by an insulating silicon layer with resistance in excess of 1 gigaohm. 

A programming voltage pulse applied across the via forms a 
bidirectional conductive link connecting the top and bottom metal 
layers. 

Cypress U1tra38000 devices are fabricated on a conventional 
high-volume CMOS gate array process. The base technology is a 
0.65 micron, n-well CMOS technology with a single polysilicon 
layer and three layers of metal interconnect as shown in Figure 1. 
The only deviation from the standard process flow occurs when the 
ViaLink module is inserted between the metal deposition steps. 

The size of a ViaLink via is identical to that of a standard metal 
interconnect via. Therefore the programmable elements can be 
packed very densely. The structure of Figure 1 shows an array of 

Usable Gates Packages 

3K 84 PLCC, 144 TQFP 

5K 84 PLCC, 144 TQFP, 
208 PQFP, 256 PBGA 

7K 144 TQFP, 208 PQFP, 
256PBGA 

9K 144 TQFP, 208 PQFP, 
256PBGA 

12K 208 PQFP, 352 PBGA 

16K 208 PQFP, 352 PBGA 

20K 208 PQFP, 352 PBGA 

Horiz. Tracks 

38000-2 

Figure 1. Three Layer Metal ViaLink Structure 
ViaLink elements. The density is limited only by the minimum 
dimensions of the metal-line to metal-line pitch. 

The U1tra38000 device architecture consists of an array of 
user-configurable logic building blocks, called logic cells, set in a 
grid of metal wiring channels similar to those of a gate array. 
Through ViaLink elements located at the wire intersections, the 
output of any cell may be programmed to connect to the input of 
any other cell. 

This regular and orthogonal interconnect makes the Ultra38000 
architecture similar in structure and performance to a metal 
masked gate array. It also makes system operating speed far less 
sensitive to partitioning and placement decisions, as minor 
revisions to a logic design result only in small changes in 
performance. 

Adequate wiring resources permit 100% automatic placement and 
routing of designs using up to 100% of the logic cells. This has 
been demonstrated on designs that include a high percentage of 
fixed pin placements. 
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Ultra38000 Logic Cell 
The Ultra38000 internal logic cell, shown in Figure 2, is a general 
purpose building block that can implement most TIL and gate 
array macro library functions. It has been optimized to maintain 
the inherent speed advantage of the ViaLink technology while 
ensuring maximum logic flexibility. 

The complete Ultra38000 logic cell consists of two 6-input AND 
gates, four 2-input AND gates, six 2-to-1 multiplexers and one D 
flip-flip with asynchronous preset and clear controls. Each cell 
represents approximately 13 usable gate-equivalents of logic 
capacity. The total fan-in of the cell is 29 (including register 
control lines ) and allows a wide range of functions with up to 16 
simultaneous inputs. The high logic capacity and fan-in of the 
Ultra38000 logic cell accommodate many user functions with a 
single level of logic delay while other architectures require two or 
more levels of delay. Examples of combinatorial functions that can 
be implemented with a single logic cell: one 16-input AND gate, 
two 6-input AND gates plus two 4-input AND gates, two 6-input 
AND gates plus two 2:1 orone 4:1 multiplexers, one 5-input XOR 
gate, one 3-input XOR and one 2-input XOR, and numerous 
sum-of-products functions with up to 16 inputs or 16 product 
terms. 

The mUltiplexer output feeds the D-typeflip-flopwhich can also be 
configured to provide J -K, S-R, or T-type functions as well as count 
with carry-in. Two independent SET and RESET inputs can be 
used to asynchronously control the output condition. The 
combination of wide gating capability and a built-in sequential 
function makes the Ultra38000 logic cell particularly well suited to 
the design of high-speed state machines, shift registers, encoders, 
decoders, arbitration and arithmetic logic, as well as a wide variety 
of counters. 

Figure 3 shows some of the possible configurations ofthe logic cell. 
Since all connections within the cell are hard-wired, the various 
functions are available in parallel. Thus very wide, complex 
functions are implemented with the same cell speed (about 2ns) as 
the much smaller "fragment" functions. Related and unrelated 
functions can be packed into the same logic cell, increasing 
effective density and gate utilization. 

This level of flexibility is especially important for designs 
synthesized from HDLs such as VHDL or Verilog. Typically, 
synthesis tools prefer "gate array-like" fine-grained architectures; 
however, fine-grained FPGA architectures generally yield very 
poor performance due to the long delays resulting from building 
functions with multiple levels of gates and slow interconnect 
elements. The Ultra38000 family gives logic synthesis tools the 
needed degrees of freedom for the high logic utilization benefits of 
a fine-grained architecture without sacrificing the high perfor
mance benefits of a large-grained, high fan-in architecture. 

Figure 2. Logic Cen 38000-3 
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38000-4 

Figure 3. Logic Cen Fragmentation 

The function of a logic cell is determined by the logic levels applied 
to the inputs of the AND gates. ViaLink sites located on signal 
wires tied to the gate inputs perform the dual role of configuring 
the logic function of a cell and establishing connections between 
cells. 

A detailed understandingofthe logic cell is therefore not necessary 
to design successfully with Ultra38000 devices. CAE tools will 
automatically translate a conventional logic schematic into a 
device and provide excellent performance and utilization. 

I/O Cell 
The Ultra38000 family features enhanced I/O cells with fast set-up 
time input registers featuring individually controlled synchronous 
clock enables. Each I/O pin has an individually controlled output 
enable signal as well. See Figure 4. All of the outputs are 
slew-controlled to minimize ground bounce, yet feature full PCI 
2.1 output drive compliance. The family has a wide range of I/O 
counts available up to 336 for the largest device. Members of the 
family are available in multiple package types, including PLCC, 
TQFP, PQFP, and BGA. Different devices offered in the same 
packages are pin-compatible with each other, making it easy for 
designers who need more features to migrate to a higher density 
device. 

Three types of input and output structures are provided on 
Ultra38000 devices to configure buffering functions at the external 
pads. They are the Bidirectional Input/Output (I/O) cell, the 
Dedicated Input (I) cell, and the Clock Input cell (I/CLK). 

The bidirectionalI/O cell consists of a 2-input OR gate connected 
to a pin buffer driver. The buffer output is controlled by a 
three-state enable line to allow the pad to also act as an input. The 
output may be configured as active HIGH, active LOW, or as an 
open drain inverting buffer. 

Figure 4. I/O Cell 38000·5 
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The output buffers (IOrJIOH of 24 rnA) are designed to ensure 
quiet switching characteristics while maintaining high speed. 
Measured results show up to 48 outputs switching simultaneously 
into a 10 pF load with less than ± 1 volt of output switching noise. 

Routing Wires 
Five types of signal wires are employed on the 3K, 5K, 7K, and 9K: 
segmented, dual, express, clock, and quad wires. A sixth wire type 
is added to the 12K, 16K, and 20K - the hex wire. Segmentedwires 
are predominantly used for local connections and have a ViaLink 
element referred to as a cross link, at every intersection. They may 
also be connected to the segmented wires of cells above and below 
through ViaLink elements, called pass links. Express wires are 
similar to segmented wires except that they are not divided by pass 
links. Quad wires are similar to segmented wires in that they are 
employed for local interconnect, but instead of having pass links 
above and below each cell, they have pass links every fourth logic 
cell. The hex wire has pass links every six logic cells. This 
hierarchical routing structure is designed for optimal performance 
and density. 

Dedicated Clock wires are lightly lpaded with only three links per 
cell to distribute high-speed clock edges to the flip-flop CLK, SET, 
and RESET pins. Express wires may also be used to deliver clock 
signals into the multiplexer region of the cell for combinatorial 
gating. 

Horizontal wiring channels provide connections via cross links to 
other columns of logic cells and to the periphery of the chip. 
Appropriate programming of ViaLink elements allows electrical 
connection to be made from any logic cell output to the input of 
any other logic or I/O cell. Ample wires are provided in the 
channels to permit automatic place and route of designs using up to 

PRELIMINARY 
Ultra38000 

Family 

100% of the logic cells. Designs can be completed automatically 
even with a high percentage of fIXed user placement of internal 
cells and pin locations. 

The automatic place and route software allocates signals to the 
appropriate wire to ensure the optimum speed/density combina
tion. 

Reliability 
The Ultra38000 Family is based on a 0.65-micron, high-volume 
CMOS fabrication process with the ViaLink programmable-via 
antifuse technology inserted between the metal deposition steps. 
Devices from this base CMOS process have been qualified to meet 
the requirements of MIL-STD-883D, Revision B. 

The ViaLink element exists in one of the two states: a highly 
resistive unprogrammed, OFF, state and the low impedance, 
conductive, ON, state. It is connected between the output of one 
logic cell and inputs of other logic cell directly or through other 
links. No DC current flows through either a programmed or an 
unprogrammed link during operation as a logic device. An 
unprogrammed link sees a worst case voltage equal to Vee biased 
across its terminals. A programmed link carries AC current caused 
by charging and discharging of device and interconnect 
capacitances during switching. 

Studies of test structures and complete Ultra38000 devices have 
shown that an unprogrammed link under Vee bias remains in the 
unprogrammed state overtime. Similar tests on programmed links 
under current bias exhibit the same stability. These tests indicate 
that the long term reliability of the combined CMOS and ViaLink 
structure is similar to that of the base gate array process. See the 
Antifuse Reliability report for more information. 

UltraLogic, Warp, Warp3, and Ultra38000 are trademarks of Cypress Semiconductor Corp. 
PAL is a trademark of Advanced Micro Devices. 
GAL is a trademark of Lattice Semiconductor Corp. 
ViaLink is a trademark of QuickLogic Corp. 

Document #: 38-00492 
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Features 
• Very high speed 

- Loadable counter frequencies 
greater than 185 MHz 

- Chip-to-chip operating frequencies 
up to 135 MHz 

- Input + logic cell + output delays 
under 5.5 ns 

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

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

vides 9,000 total available gates 
- 3,000 typically usable "gate array" 

gates 

• Available in 84-pin PLCC and 144-pin 
TQFP 

• Fully PCI compliant iuputs & outputs 
• 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 24 rnA 

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

(1.4 ns typical) 

Logic Block Diagram 

ADVANCED INFORMATION Ultra38003 

UltraLogic TM Very High Speed 
3K Gate CMOS FPGA 

• Robust routing resources 
- Fully automatic place and route of 

designs using up to 100 percent of 
logic resources 

- No hand routing required 
• 112 bidirectional input/output pins 
• 4 dedicated input/high-drive pins 
• 4 fanout-independent low-skew clock 

nets 
- 2 fast clocks driven from dedicated 

inputs 
- 2 global clocks driven from any pin 

or internal logic 

• Input registers 
- Set-up time <2 ns 

• 1\vo primary clock/dedicated input 
pins with fanout-independent, low
skew nets 
- Clock skew <0.5 ns 

• Input hysteresis provides high noise 
immunity 

• Full JTAG testability 
• 0.65f.1 triple layer metal CMOS pro

cess with ViaLink ,. programming 
technology 
- High-speed metal-to-metallink 
- Non-volatile antifuse technology 

!JIll 
Ole 
OT"': 

IJ'f 
01 11: 

~ ~ 

• Powerful design tools-Wary3 ~ 
- 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 

• Extensive third party tools support 
- See Development Systems section 

Functional Description 
The Ultra38003 is a very high speed, 
CMOS, user-programmable ASIC device. 
The 19210giccellfield-programmable gate 
array (FPGA) offers 3,000 typically usable 
"gate array" gates. This is equivalent to 
9,000 EPLD or LCA gates. The 
Ultra38003 is available in 84-pin PLCC 
and 144-pin TQFP packages. 

Low-impedance, metal-to-metal ViaLink 
interconnect technology provides non-vol
atile custom logic capable of operating at 
speeds above 200 MHz with input delays 
under 2 ns and output delays under 3 ns. 
This permits high-density programmable 
devices to be used with today's fastest 
CISC and RISC microprocessors. 

For detailed information about the 
Ultra38000 ~ architecture, see the 
Ultra38000 Family datasheet. 

• ~ ~ ~ ...... 

~ 
~ )l. 

7C38003·1 

64 and 144 PINS, 1121/0 CELLS, 4 INPUT HIGH DRIVE CELLS, 4INPUT/CLK (HIGH DRIVE) CELLS 

ViaLink and pASIC are trademarks of QuickLogic Corporation. 
Wmp3, U1tra38000, and UltraLogic are trademarks of Cypress Semiconductor Corporation. 
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Features 
• Full 3.3V operation 
• 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 12 array of 192 logic cells pro

vides 9,000 total available gates 
- 3,000 typically usable "gate array" 

gates 

• Available in 84-pin PLCC and 144-pin 
TQFP 

• Fully PCI compliant inputs & outputs 
• Low power, high output drive 

- Standby current typically 100 I'A 
-16-bit counter operating at 100 

MHz consumes 25 rnA 
• Flexible logic cell architecture 

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

(1.4 ns typical) 

Logic Block Diagram 

ADVANCED INFORMATION Ultra338003 

UltraLogic ™ Very High Speed 
3K Gate 3.3V CMOS FPGA 

• Robust routing resources 
- Fully automatic place and route of 

designs using up to 100 percent of 
logic resources 

- No hand routing required 
• 112 bidirectional input/output pins 
• 8 dedicated input/high-drive pins 
• 4 fanout-independent low-skew clock 

nets 
- 2 fast clocks driven from dedicated 

inputs 
- 2 global clocks driven from any pin 

or internal logic 

• Input registers 
- Set-up time <2 ns 

• two primary clock/dedicated input 
pins with fanout-independent, low
skew nets 
- Clock skew <0.5 ns 

• Input hysteresis provides high noise 
immunity 

• Full JTAG testability 
• 0.6511 triple layer metal CMOS pro

cess with ViaLink m programming 
technology 
- High-speed metal-to-metallink 
- Non-volatile antifuse technology 

.. ................... 

• Powerful design tools-Wtup3 N 

- 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 
• Extensive third party tools support 

- See Development Systems section 

Functional Description 
The Uitra338003 is a very high speed, 3.3Y, 
CMOS, user-programmable ASIC device. 
The 19210giccellfield-programmable gate 
array (FPGA) offers 3,000 typically usable 
"gate array" gates. This is equivalent to 
9,000 EPLD or LCA gates. The 
Uitra338003 is available in 84-pin PLCC 
and 144-pin TQFP packages. 

Low-impedaoce, metal-to-metal ViaLiok 
interconnect technology provides non-vol
atile custom logic capable of operating at 
speeds above 100 MHz with input delays 
under 4 ns and output delays under 5.5 ns. 
This permits high-density programmable 
devices to be used with today's fastest 
CISC and RISC microprocessors. 

For detailed information about the 
Uitra38000 m architecture, see the 
Uitra38000 Family datasheet. 

84 and 144 PINS, 1121/0 CELLS, 4 INPUT HIGH DRIVE CELLS, 4INPUT/CLK (HIGH DRIVE) CELLS 
7C338003·1 

ViaLink and pASIC are trademarks of QuickLogic Corporation. 
Warp3, Uitra38000, and UltraLogic are trademarks of Cypress Semiconductor Corporation. 

Document #: 38-00480 
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Features 
• Very high speed 

- Loadable counter frequencies 
greater than 185 MHz 

- Chip-to-chip operating frequencies 
up to 135 MHz 

- Input + logic cell + output delays 
under 5.5 ns 

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

• High usable density 
- 20 x 16 array of 320 logic cells pro

vides 15,000 total available gates 
- 5,000 typically usable "gate array" 

gates 

• Available in 84-pin PLCC, 144-pin 
TQFP, and 20S-pin PQFP 

• Fully PCI compliant inputs & outputs 
• 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 24 rnA 

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

(1.4 ns typical) 

Logic Block Diagram 

ADVANCED INFORMATION Ultra38005 

UltraLogic ™ Very High Speed 
5K Gate CMOS FPGA 

• Robust routing resources 
- Fully automatic place and route of 

designs using up to 100 percent of 
logic resources 

- No hand routing required 
• 148 bidirectional input/output pins 
• 8 dedicated input/high-drive pins 
• 4 fanout-independent low-skew clock 

nets 
- 2 fast clocks driven from dedicated 

inputs 
- 2 global clocks driven from any pin 

or internal logic 

• Input registers 
- Set-up time <2 ns 

• 1\vo primary clock/dedicated input 
pins with fanout-independent, low
skew nets 
- Clock skew <0.5 ns 

• Input hysteresis provides high noise 
immunity 

• Full JTAG testability 
• 0.6511 triple layer metal CMOS pro

cess with ViaLink'" programming 
technology 
- High-speed metal-to-metallink 
- Non-volatile antifuse technology 

• Powerful design tools-Warp3 ru 

- Designs entered in VHDL, 
schematics, or mixed 

"I iii I < 
CIT'll: 
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- Fast, fully automatic place and 
route 

- Waveform simulation with back an
notated net delays 

- PC and workstation platforms 
• Extensive third party tools support 

- See Development Systems section 

Functional Description 
The Ultra38005 is a very high speed, 
CMOS, user-programmable ASIC device. 
The 320 logic cell field-programmable gate 
array (FPGA) offers 5,000 typically usable 
"gate array" gates. This is equivalent to 
15,000 EPLD or LCA gates. The 
Ultra38005 is available in 84-pin PLCC, 
144-pin TQFP, and 208-pin PQFP 
packages. 

Low-impedance, metal-to-metal ViaLink 
interconnect technology provides non-vol
atile custom logic capable of operating at 
speeds above 200 MHz with input delays 
under 2 ns and output delays under 3 ns. 
This permits high-density programmable 
devices to be used with today's fastest 
CISC and RISC microprocessors. 

For detailed information about the 
Ultra38000 m architecture, see the 
Uitra38000 Family datasheet. 

· · 
· I; 

• ~ ~ 
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84,144, and 208 PINS, 1481/0 CELLS, 4 INPUT HIGH DRIVE CELLS, 4INPUT/CLK (HIGH DRIVE) CELLS 7C38005~1 

ViaLink and pASIC are trademarks of QuickLogic Corporation. 
Walp3, UltraLogic, and Ultra38000 are trademarks of Cypress Semiconductor Corporation. 
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Features 
• Full3.3Voperation 

• 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 
- 20 x 16 array of 320 logic cells pro

vides 15,000 total available gates 
- 5,000 typically usable "gate array" 

gates 

• Available in 84-pin PLCC, 144-pin 
TQFP, and 208-pin PQFP 

• Fully PCI compliant inputs & outputs 

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

MHz consumes 25 rnA 
• Flexible logic cell architecture 

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

(1.4 ns typical) 

Logic Block Diagram 

ADVANCED INFORMATION Ultra338005 

UltraLogic ™ Very High Speed 
5K Gate 3.3V CMOS FPGA 

• Robust routing resources 
- Fully automatic place and route of 

designs using up to 100 percent of 
logic resources 

- No hand routing required 

• 148 bidirectional input/output pins 
• 4 dedicated input/high-drive pins 

• 4 fanout-independent low-skew clock 
nets 
- 2 fast clocks driven from dedicated 

inputs 
- 2 global clocks driven from any pin 

or internal logic 

• Input registers 
- Set-up time <2 ns 

• 'l\vo primary clock/dedicated input 
pins with fanout-independent, low
skew nets 
- Clock skew <0.5 ns 

• Input hysteresis provides high noise 
immunity 

• Full JTAG testability 
• 0.65!l triple layer metal CMOS pro

cess with ViaLink'" programming 
technology 
- High-speed metal-to-metallink 
- Non-volatile antifuse technology 

• Powerful design tools--Wa1p3 m 

- Designs entered in VHDL, 
schematics, or mixed 

tV 

c. 
III 

• ....... 

- Fast, fully automatic place and 
route 

- Waveform simulation with back an
notated net delays 

- PC and workstation platforms 

• Extensive third party tools support 
- See Development Systems section 

Functional Description 
The Ultra338005 is a very high speed, 3.3V, 
CMOS, user-programmable ASIC device. 
The 320 logic cell field-programmable gate 
array (FPGA) offers 5,000 typically usable 
"gate array" gates. This is equivalent to 
15,000 EPLD or LCA gates. The 
Ultra338005 is available in 84-pin PLCC, 
144-pin TQFP, and 208-pin PQFP. 

Low-impedance, metal-to-metal ViaLink 
interconnect technology provides non-vol
atile custom logic capable of operating at 
speeds above 100 MHz with input delays 
under 4 ns and output delays under 5.5 ns. 
This permits high-density programmable 
devices to be used with today's fastest 
CISC and RISC microprocessors. 

For detailed information about the 
Ultra38000 ~ architecture, see the 
Ultra38000 Family datasheet. 

· · · · · ,; 

J-j 

~, 
~ 

~)l 
;::;t 

7C338005·1 
84.144. and 208 PINS. 1481/0 CELLS. 4 INPUT HIGH DRIVE CELLS. 4INPUT/CLK (HIGH DRIVE) CELLS 

ViaUnk and pASIC are trademarks of QuickLogic Corporation. 
Wa/p3, Ultra38000, and UltraLogic are trademarks of Cypress Semiconductor Corporation. 
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Features 
• Very high speed 

- Loadable counter frequencies 
greater than 185 MHz 

- Chip-to-chip operating frequencies 
up to 135 MHz 

- Input + logic cell + output delays 
under 5.5 ns 

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

• High usable density 
- 24 x 20 array of 480 logic cells pro

vides 21,000 total available gates 
- 7,000 typically usable "gate array" 

gates 
• Available in 144-pin TQFP, 208-pin 

PQFP, and 256-pin BGA 
• Fully PCI compliant inputs & outputs 
• Low power, high output drive 

- Standby current typically 2 rnA 
-16-bit counter operating at 100 

MHz consumes 50 rnA 

Logic Block Diagram 

PRELIMINARY Ultra38007 

UltraLogic ™ Very High Speed 
7K Gate CMOS FPGA 

- Minimum IOL and IOH of 24 rnA 

• Flexible logic cell architecture 
- Wide fan-in (up to 16 input gates) 
- Multiple outputs in each cell 
- Very low cell propagation delay 

(1.4 ns typical) 

• Robust routing resources 
- Fully automatic place and route of 

designs using up to 100 percent of 
logic resources 

- No hand routing required 
• 184 bidirectional input/output pins 
• 4 dedicated input/high-drive pins 
• 4 clock dedicated input pins with fan

out-independent low-skew clock nets 
- 2 fast clocks driven from dedicated 

inputs 
- 2 global clocks driven from dedi

cated inputs, any I/O pins or inter
nallogic 

- Clock skew < 0.5 ns 

: 
· · · · · I: 

Ii> 

~~ij 

• Input registers 
- Set-up time <2 ns 

• Input hysteresis provides high noise 
immunity 

• Full JTAG testability 
• 0.65f,t triple layer metal CMOS pro

cess with ViaLink m programming 
technology 
- High-speed metal-to-metallink 
- Non-volatile antifuse technology 

• Powerful design tools-Wary3 m 

- Designs entered in IEEEl164 
VHDL, schematics, or mixed 

- Fast, fully automatic place and 
route 

- Waveform simulation with back an
notated net delays 

- PC and workstation platforms 

• ~ 9 , . 
.... .. . ... .. ... .. . .. .. . . ;-1 . 

256,208, and 144 PINS, 184 I/O CEllS, 4 INPUT HIGH DRIVE CELLS, 4INPUT/CLK (HIGH DRIVE) CELLS 

UltraLogic, Walp3, and Ultra38000 are trademarks of Cypress Semiconductor Corporation 
ViaLink and pASIC are trademarks of QuickLogic Corporation. 

4-9 

7C3B007-' 

II 



Functional Description 
The Ultra38007 is a very high speed, CMOS, user-programmable 
ASIC device. The 480 logic cell field-programmable gate array 
(FPGA) offers 7,000 typically usable "gate array" gates. This is 
equivalent to 21,000 EPLD or LCAgates. The Ultra38007 is avail
able in a 144-pin TQFP, 208-pin PQFP, and 256-pin BGA. 

Low-impedance, metal-to-metal ViaLink N interconnect technolo
gy provides non-volatile custom logic capable of operating at 
speeds above 185 MHz with input delays under 2 ns and output 
delays under 3 ns. This permits high-density programmable de-

Pin Configurations 

vices to be used with today's fastest CISC and RISC microproces
sors. 

Designs are entered into the Ultra38007 using Cypress W01p3 N 

software or one of several third-party tools. Wa1p3 is a sophisti
cated CAE package that features schematic entry, waveform
based timing simulation, and VHDL design synthesis. The 
Ultra38007 features ample on-chip routing channels for fast, fully 
automatic place and route of high gate utilization designs. 

For detailed information about the Ultra38000 N architecture, see 
the Ultra38000 Family datasheet. 
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- rcYPRESS PRELIMINARY Ultra38007 

Pin Configurations (continued) 
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Pin Descriptions 

Pins Description 

VpprrDI A high voltage supply pin during programming. If JTAG is used, Test Data In. It should be held HIGH 
when it is not in JTAG mode. 

VHHfTRSTB A high voltage pin during programming. Active low reset for JTAG. It must be held HIGH during normal 
operation. 

Vpp(I'MS A high voltage supply pin during programming. Test mode select for JTAG. It should be held HIGH or 
LOW during normal operation. 

VpprrCK Ahigh voltage supply pin duringprograrnmingTest c1ockfor JTAG. It should be held HIGH or LOW dur-
ing normal operation. 

STM Must be grounded during normal operation. 

VpptrDO High voltage supply pin during programming. Test data outfor JTAG. It should be held HIGH or LOW 
during normal operation. 

I/ACLK Can be configured as either an input or as the highest performance clock for the array. 

I/GCLK Can be configured as either an input, high-performance global clock (array input registers) or an output 
enable. 

I Input 

I/O Can be configured as an input and/or output. 

Vee All power supply pins must be connected. 

Vss All ground pins must be connected. 

Maximum Ratings 
(Above which the usefullife may be impaired. Foruser guidelines, Latch-Up Current ............................ ±2o.o. rnA 
not tested.) 

Storage Temperature Operating Range 
Ceramic ............................ -65°C to +15o.oC 
Plastic .............................. -4o.oC to + 125°C 

Lead Temperature ............................... 3o.o.oC 

Supply Voltage .......................... -o..5V to + 7.o.V 

Input Voltage ...................... -o..5V to Vee +o..5V 

Ambient 
Range Temperature Vee 

Commercial DoC 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. . . . . . . . . . . . . . . . . . . . . . . .. -o..5V to 7.o.V 

Delay Factor (K) 

Speed Commercial Industrial 

Grade Min. Max. Min. Max. 

-X 0.46 2.55 0..4 2.75 

-0 0.46 1.85 0..4 2.0.0. 
I;, ;C,L'·";,' 0..46 .,'. 

" t50 . ',; ;~.4 1.60. ; 
.":, ~2 '0..46 1.25 ;' OA .' .. ,. 1.35 " • 
Shaded area contams advanced mformatlOn. 
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i[.~YPRESS~~~~~~~~PRE~L~1~M~IN~~~R~Y~~~U~lt~ra~3~80~O==7 
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 = 24.0 rnA 2.4 V 

IOH = -10.0 !lA Vcc - 0.1 V 

VOL Output LOW Voltage IOL= 24.0 rnA 0.4 V 

IOL = 10.0 !lA 0.1 V 

VIH Input HIGH Voltage 2.0 V 

VIL Input LOW Voltage 0.8 V 

II Input Leakage Current VIN=VccorVss -10 +10 !lA 
Ioz Three-State Output Leakage Current VIN=VCCorVss -10 +10 !lA 
los Output Short Circuit Current(1] VOUT = Vss -10 -90 rnA 

VOUT =Vcc 40 160 rnA 

ICCl Standby Supply Current VIN, VI/O = Vcc orVss 10 rnA 

Capacitance[2] 

Parameter Description Test Conditions Max. Unit 

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

COUT Output Capacitance 
Vcc = S.OV 

10 pF 

Switching Characteristics (Vcc=sv. Th=2S'C K = 100) , , 
Propagation Delays(3 J 

with Fanout of 

Parameter Description 1 2 3 4 8 Unit 

LOGIC CELLS 

tpD Combinatorial Delayl4J 1.4 1.8 2.2 2.6 4.4 ns 

tsu Set-Up Time14J 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 0.8 1.2 1.5 2.2 3.9 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 1.4 1.8 2.2 2.6 4.4 ns 

tRESET Reset Delay 1.2 1.5 1.8 2.2 3.7 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 

Notes: 
1. One output at a time. Duration should not exceed 30 seconds. 
2. Capacitance is sample tested. 
3. Worst-case propagation delay times over process variation at Vee = 

S.OV and TA = 2S'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 TIL with 
3-ns linear transition time between 0 and 3 volts. 

4. These limits are derived from worst-case values for a representative 
selection of the slowest paths through the Ultra38000 logic cell includ
ing net delays. Guaranteed delay values for specific paths should be 
determined from simulation results. 
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fiEU~YPRESS================PRE==L=1=M=lN=~==y======u=lt=rn=3=80=O==7 
Switching Characteristics (Vcc=5Y, 'Th=25·C, K = 1.00) (continued) 

Propagation Delays[3j 
with Fanout of 

Parameter Description 1 2 3 4 8 10 
INPUT CELLS 

tIN Input Delay (HIGH Drive) 2.5 2.6 2.6 2.7 3.5 4.1 

tINI Input, Inverting Delay (HIGH Drive) 2.6 2.7 2.8 2.9 3.7 4.2 

tIO Input Delay (Bidirectional Pad) 1.1 1.5 1.8 2.4 3.8 4.6 

tACK!'] Global Clock Buffer Delayl6J 2.2 2.3 2.3 2.4 2.5 2.6 

tCKHI Clock Buffer Min. HIGHl6J 2.0 2.0 2.0 2.0 2.0 2.0 

tCKLO Clock Buffer Min. LOW!O] 2.0 2.0 2.0 2.0 2.0 2.0 

tGCKP Global Clock Pin Delay 1.2 1.2 1.2 1.2 1.2 1.2 

tGCKB Global Clock Buffer Delay 1.5 1.6 1.6 1.7 1.8 1.9 

tISU Input register set-up time 1.0 1.0 1.0 1.0 1.0 1.0 

tJH Input register hold time 0.0 0.0 0.0 0.0 0.0 0.0 

tICLK Input register clock to Q 0.8 1.2 1.5 2.1 3.5 4.3 

tIRESET Input register reset delay 0.7 1.1 1.4 2.0 3.4 4.2 

tIESU Input register clock enable set-up time 4.1 4.1 4.1 4.1 4.1 4.1 

tIEH Input resiger clock enable hold time 0.0 0.0 0.0 0.0 0.0 0.0 

Propagation Delays[3] 
with Output Load Capacitance (pF) of 

Parameter Description 30 50 75 100 150 

OUTPUT CELLS 

tOUTLH Output Delay LOW to HIGH 2.7 3.3 3.8 4.3 5.4 

toUTHL Output Delay HIGH to LOW 2.8 3.6 4.5 5.3 6.9 

tpZH Output Delay Three-State to HIGH 2.1 2.6 3.1 3.7 4.8 

tpZL Output Delay Three-State to LOW 2.6 3.3 4.1 9.9 6.5 

tpHZ Output Delay HIGH to Three-Statd1l 2.9 

tpLZ Output Delay LOW to Three-State[7] 3.3 

Notes: 
5. tACK include pin delay. 7. The following loads are used for tpxz:buffer delay. 
6. Clock buffer fanout refers to the maximum number of flip-flops per 

half column. The number of half columns used does not affect clock 
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=- ~YPRESS~~~~~~~~PRE~L=I=M=IN=~=R=Y~~~U=lt=rn=3=80=O==7 
Switching Waveforms 

Combinatorial Delay 

INPUT 

~========_>t_~_~~~~~~~~~-t_P-D~=~:=~::~~=->k~a-I-==========================~ OUTPUT 

Set-Up and Hold Times 

D 

1=~ lxd<~ T 
tCWLD {-CLOCK 

!eLK * Q 

7C3BOO7-5 II 
Set and Reset Delays 

~ ~ SET 

tsw 
tSET t Q 

t ~ RESET tRW 
Q 

tRESET 1 7C3BOO7-0 
Output Delay 

OUTPUT 
tOUTLH VI -'~ 

7C38007~7 

Three-State Delay 

OUTPUT 

(tPZH 1- tpHZ {tPZL ~tPLZ BUFFER 
ENABLE 

THREE-STATE THREE-STATE THREE-STATE 
OUTPUT 

7C3BOO7-B 
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1YPical AC Characteristics 
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. The Wa/p3 Delay Modeler extracts 
specific timing parameters for precise simulation results following 
place and route. 

TEMPERATURE FACTOR (KT) VERSUS TEMPERATURE 
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Sequential Delay Example using array clock (Load = 30 pF, Fanout = 1, K = 1.0) 
t,O tsu tclK tOUT 

I--- 1.1 ns .1. 2.1 ns .1. 0.8 ns .1. 2.8ns ---I 
IN1 \--------; 

.>------\OUT 

CLKr--------\ 

INPUT DELAY + REG SET-UP + CLOCK TO Q DELAY+ OUTPUT DELAY = 6.8 ns 

Sequential Delay Example using Global Clock (Load = 30 pF, Fanout = 1, K = 1.0) 

t,O tsu tClK tOUT 

7C38007·11 

I--- 1.1 ns ----....... 1.0--- 2.1 ns --~.~Ii""".--- 0.8ns ---0.-1-1 ... --- 2.8 ns ---l 

tGCKP tGCKB 

I--- 1.2 ns --0_+1._---- 1.5 ns ----"'.~I 

Combinatorial Delay Example (Load = 30 pF, Fanout = 1, K = 1.0) 
7C38007·12 

t,O tpo touT 
I--- 1.1 ns ----..... ------- 1.4 ns ---------0 .... 1 ... --- 2.8 ns ---I 

IN1 \--------; .>------\ OUT 

IN2 r--------\ 

INPUT DELAY + COMBINATORIAL DELAY + OUTPUT DELAY = 5.3 ns 
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Ordering Information 
Speed 
Grade Ordering Code 

2 CY38007P144-2AC 

CY38007P144-2AI 

CY38007P2$6-2BGC 
CY38007P208-2NC 

CY38007P208-2NI 

1 CY38007P144-1AC 

CY38007P144-1AI 

CY38007P256-1BGC 
CY38007P208-1NC 

CY38007P208-1NI 

0 CY38007P144-0AC 
CY38007P144-0AI 

CY3S001P256_0BGC 
CY38007P208-0NC 

CY38007P208 -ONI 
X CY38007P144-XAC 

CY38007P144-XAI 

'. CY38007P256-'-)(BOG 
CY38007P208-XNC 

CY38007P208-XNI 
Shaded area contams advanced mformatlOn. 

Military Specifications 
Group A Subgroup Testing 

DC Characteristics 
Parameters Subgroups 

VOH 1,2,3 

VOL 1,2,3 

Ioz 1,2,3 

ICCl 1,2,3 

Document #: 38-00429 

Package Operating 
Name Package lYpe Range 

A144 144-Pin Thin Plastic Quad Flat Pack Commercial 

A144 144-Pin Thin Plastic Quad Flat Pack Industrial 

BG256 256·PildBall GIid Array COmmercial 
N208 208-Pin Plastic Quad Flat Pack Commercial 

N208 208-Pin Plastic Quad Flat Pack Industrial 
A144 144-Pin Thin Plastic Quad Flat Pack Commercial 
A144 144-Pin Thin Plastic Quad Flat Pack Industrial 

BG256 256-Piid Ball Grid Array Commercial 
N208 208-Pin Plastic Quad Flat Pack Commercial 
N208 208-Pin Plastic Quad Flat Pack Industrial 

A144 144-Pin Thin Plastic Quad Flat Pack Commercial 
A144 144-Pin Thin Plastic Quad Flat Pack Industrial 

8G256 256.;Pad BaIl Grid Arr!J:Y .' 
;;; Commercial 

N208 208-Pin Plastic Quad Flat Pack Commercial 

N208 208-Pin Plastic Quad Flat Pack Industrial 

A144 144-Pin Thin Plastic Quad Flat Pack Commercial 
A144 144-Pin Thin Plastic Quad Flat Pack Commercial 

BG256 256·PadBlIJIGrid,Airay '., .. '.;,' .. In,dqstrlal; 
N208 208-Pin Plastic Quad Flat Pack Commercial 

N208 208-Pin Plastic Quad Flat Pack Industrial 
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Features 
• 'frue 3.3V operation 
• Very high speed 

- Loadable counter frequencies 
greater than 100 MHz 

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

- Input + logic cell + output delays 
under7ns 

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

• High usable density 
- 24 x 20 array of 480 logic cells pro

vides 21,000 total available gates 
-7,000 typically usable "gate array" 

gates 
• Available in 144-pin TQFP, 208-pin 

PQFP, and 256-pin BGA 

ADVANCED INFORMATION Ultra338007 

UltraLogic ™ Very High Speed 3.3V 
7K Gate CMOS FPGA 

• Robust routing resources 
- Fully automatic place and route of 

designs using up to 100 percent of 
logic resources 

- No hand routing required 
• 184 bidirectional input/output pins 
• 4 dedicated input/high-drive pins 
• 4 fanout-independent, low skew clock 

nets 
- 2 fast clocks driven from dedicated 

inputs 
- 2 global clocks driven from any pin 

or internal logic 
- Clock skew <0.5 ns 

• Input registers 
- Set-up time <2 ns 

• Input hysteresis provides high noise 
immunity 

• Full JTAG testability 

- Fast, fully automatic place and 
route 

- Waveform simulation with back an
notated net delays 

- PC and workstation platforms 
• Extensive third party tools support 

- See Development Systems section 

Functional Description 
The Ultra338007 is a very high speed, 3.3V, 
CMOS, user-programmable ASIC device. 
The 480 logic cell field-programmable gate 
array (FPOA) offers 7,000 typically usable 
"gate array" gates. This is equivalent to 
21,000 EPLD or LeA gates. The 
Ultra338007 is available in a 144-pin 
TQFP, 208-pin PQFP, and 256-pin BOA. 

• Fully PCI compliant inputs & outputs • 0.65ft triple layer metal CMOS pro
cess with ViaLink m programming 
technOlogy 

Low-impedance, metal-to-metal ViaUnk 
interconnect technology provides non-vol
atile custom logic capable of operating at 
speeds above 100 MHz with input delays 
under 4 ns and output delays under 5.5 ns. 
This permits high-density programmable 
devices to be used with today's fastest 
CISC and RISC microprocessors. 

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

MHz consumes 25 rnA 
• Flexible logic cell architecture 

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

(1.4 ns typical) 

Logic Block Diagram 
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- High-speed metal-to-metallink 
- Non-volatile antifuse technology 

• Powerful design tools-Warp3 m 

- Designs entered in VHDL, 
schematics, or mixed 
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For detailed information about the 
Ultra38000 m architecture, see the 
Ultra38000 Family datasheet. 
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144,208, and 256 PINS, 184110 CELLS, 4 INPUT HIGH DRIVE CELLS, 4INPUT/CLK (HIGH DRIVE) CELLS 7C338007-1 

ViaUnk and pASIC are trademarks of QuickLogic Corporation. 
Wa1p3, Ultra38000, and UltraLogic are trademarks of Cypress Semiconductor Corporation. 
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Features 
• Very high speed 

- Loadable counter frequencies 
greater than 18S MHz 

- Chip-to-chip operating frequencies 
up to 13S MHz 

- Input + logic cell + output delays 
underS.S ns 

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

• High usable density 
- 28 x 24 array of 672 logic cells pro

vides 27,000 total available gates 
- 9,000 typically usable "gate array" 

gates 

• Available in 144-pin TQFP, 208-pin 
PQFP and 2S6-pin BGA 

• Fully PCI compliant inputs & outputs 

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

MHz consumes SO rnA 
- Minimum IOL and lOB of 24 rnA 

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

(1.4 ns typical) 

Logic Block Diagram 

ADVANCED INFORMATION Ultra38009 

UltraLogic TM Very High Speed 
9K Gate CMOS FPGA 

• Robust routing resources 
- Fully automatic place and route of 

designs using up to 100 percent of 
logic resources 

- No hand routing required 

• 220 bidirectional input/output pins 

• 8 dedicated input/high-drive pins 

• 4 fanout-independent low-skew clock 
nets 
- 2 fast clocks driven from dedicated 

inputs 
- 2 global clocks driven from any pin 

or intemallogic 
- Clock skew <O.S ns 

• Input registers 
- Set-up time <2 ns 

• Input hysteresis provides high noise 
immunity 

• Full JTAG testability 
• 0.6S!t triple layer metal CMOS pro

cess with ViaLink m programming 
technology 
- High-speed metal-to-metallink 
- Non-volatile antifuse technology 

• Powerful design too)s-Wary3 m 

- 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 
• Extensive third party tools support 

- See Development Systems section 

Functional Description 
The Ultra38009 is a very high speed, 
CMOS, user-programmable ASIC device. 
The 672logiccellfield-programmable gate 
array (FPGA) offers 9,000 typically usable 
"gate array" gates. This is equivalent to 
27,000 EPLD or LCA gates. The 
Ultra38009 is available in 144-pin TQFP, 
208-pin PQFP, and 256-pin BGA 
packages. 

Low-impedance, metal-to-metal ViaUnk 
interconnect technology provides non-vol
atiIe custom logic capable of operating at 
speeds above 200 MHz with input delays 
under 2 ns and output delays under 3 ns. 
This permits high-density programmable 
devices to be used with today's fastest 
CISC and RISC microprocessors. 

For detailed information about the 
Ultra38000 m architecture, see the 
Ultra38000 Family datasheet. 

7C38009-1 

144,208, and 256 PINS, 220 I/O CEllS, 4 INPUT HIGH DRIVE CEllS, 4 INPUT/ClK (HIGH DRIVE) CEllS 

ViaLink and pASIC are ,trademarks of QuickLogic Corporation. 
Wap3, U1tra38000, and UItraLogic are trademarks of Cypress Semiconductor Corporation. 
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Features 
• Full 3.3V operation 
• 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 
- 28 x 24 array of 672 logic cells pro

vides 27,000 total available gates 
- 9,000 typically usable "gate array" 

gates 
• Available in 208-pin PQFP and 

256-pinBGA 
• Fully PCI compliant inputs & outputs 
• Low power, high output drive 

- Standby current typically 100 /LA 
-16-bit counter operating at 100 

MHz consumes 25 rnA 

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

ADVANCED INFORMATION Ultra338009 

UltraLogic ™ Very High Speed 
9K Gate 3.3V CMOS FPGA 

- Very low cell propagation delay 
(1.4 ns typical) 

• Robust routing resources 
- Fully automatic place and route of 

designs using up to 100 percent of 
logic resources 

- No hand routing required 
• 220 bidirectional input/output pins 
• 4 dedicated input/high-drive pins 
• 4 fanout-independent, low-skew clock 

nets 
- 2 fast clocks driven from input pins 
- 2 global clocks driven from any pin 

or internal logic 
- Clock skew <0.5 ns 

• Input registers 
- Set-up time <2 ns 

• Input hysteresis provides high noise 
immunity 

• Full JTAG testability 
• 0.651-\ triple layer metal CMOS pro

cess with ViaLink m progmmming 
technology 
- High-speed metal-to-metallink 
- Non-volatile antifuse technology 

• Powerful design tools-Warp3 m 

- 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 
• Extemsive third party tools support 

- See Development Systems section 

Functional Description 
The Ultra338009 is a very high speed, 
CMOS, user-programmable ASIC device. 
The 672 logic cell field-programmable gate 
array (FPGA) offers 9,000 typically usable 
"gate array" gates. This is equivalent to 
27,000 EPLD or LCA gates. The 
Ultra338009 is available in 144-pin TQFP, 
208-pin PQFP, and 256-pin BGA 
packages. 

Low-impedance, metal-to-metal ViaLink 
interconnect technology provides non-vol
atile custom logic capable of operating at 
speeds above 100 MHz with input delays 
under 4 ns and output delays under 5.5 ns. 
This permits high-density programmable 
devices to be used with today's fastest 
CISC and RISC microprocessors. 

For detailed information about the 
Ultra38000 m architecture, see the 
Ultra38000 Family datasheet. 

Logic Block Diagram ••••••••••••••• a ••••••••••••••••••••• 

7C338009·1 

208 and 256 PINS, 220 I/O CEllS, 4 INPUT HIGH DRIVE CEllS, 4 INPUT/ClK (HIGH DRIVE) CEllS 

ViaLink and pASIC are trademarks of QuickLogic Corporation. 
Wafp3, Ultra38000, and UltraLogic are trademarks of Cypress Semiconductor Corporation. 
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Features 
• Very high speed 

- Loadable counter frequencies 
greater than 185 MHz 

- Chip-to-chip operating frequencies 
up to 135 MHz 

- Input + logic cell + output delays 
under 5.5 ns 

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

• High usable density 
- 32 x 28 array of 896 logic cells pro

vides 36,000 total available gates 
-12,000 typically usable "gate 

array" gates 

• Available in 208-pin PQFP, and 
352-pinBGA 

• Fully PCI compliant inputs & outputs 
• 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 24 rnA 

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

(1.4 ns typical) 

Logic Block Diagram 

ADVANCED INFORMATION Ultra38012 

UltraLogic TM Very High Speed 
12K Gate CMOS FPGA 

• Robust routiug resources 
- Fully automatic place and route of 

designs using up to 100 percent of 
logic resources 

- No hand routing required 
• 256 bidirectional input/output pins 
• 8 dedicated inputlhigh-drive pins 
• 8 fanout-independent low-skew clock 

nets 
- 4 fast clocks driven from dedicated 

inputs 
- 4 global clocks driven from any pin 

or internal logic 
- Clock skew <0.5 ns 

• Input registers 
- Set-up time <2 ns 

• Input hysteresis provides high noise 
immunity 

• Full JTAG testability 
• 0.6511 triple layer metal CMOS pro

cess with ViaLink ~ programming 
technology 
- High-speed metal-to-metallink 
- Non-volatile antifuse technology 

• Powerful design tools--Warp3 N 

- 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 
• Extensive third party tools support 

- See Development Systems section 

Functional Description 
The Ultra38012 is a very high speed, 
CMOS, user-programmable ASIC device. 
The 896 logic cell field-programmable gate 
array (FPGA) offers 12,000 typically 
usable "gate array" gates. This is 
equivalent to 36,000 EPLD or LCA gates. 
The Ultra38012 is available in 208-pin 
PQFP and 352-pin BGA packages. 

Low-impedance, metal-to-metal ViaIink 
interconnect technology provides non-vol
atile custom logic capable of operating at 
speeds above 200 MHz with input delays 
under 2 ns and output delays under 3 ns. 
This permits high-density programmable 
devices to be used with today's fastest 
CISC and RISC microprocessors. 

For detailed information about the 
Ultra38000 ~ architecture, see the 
Ultra38000 Family datasheet. 

208 and 352 PINS, 2561/0 CEllS, 4 INPUT HIGH DRIVE CELLS, 8 INPUT/ClK (HIGH DRIVE) CEllS 7C38012-1 

ViaLink and pASIC are trademarks of QuickLogic Corporation. 
Warp3, Ultra38000, and UltraLogic are trademarks of Cypress Semiconductor Corporation. 
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Features 
• Full 3.3V operation 
• 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 28 array of 896 logic cells pro

vides 36,000 total available gates 
-12,000 typically usable "gate 

array" gates 
• Available in 208-pin PQFP and 

352-pinBGA 
• Fully PCI compliant inputs & outputs 
• Low power, high output drive 

- Standby current typically 100 uA 
-16-bit counter operating at 100 

MHz consumes 25 rnA 
• Flexible logic cell architecture 

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

(1.4 ns typical) 

Logic Block Diagram 

ADVANCED INFORMATION Ultra338012 

UltraLogic TM Very High Speed 
12K (36K) Gate 3.3V CMOS FPGA 

• Robust routing resources 
- Fully automatic place and route of 

designs using up to 100 percent of 
logic resources 

- No hand routing required 
• 256 bidirectional input/output pins 
• 8 dedicated input/high-drive pins 
• 8 fanout-independent, low-skew clock 

sets 
- 4 fast clocks driven from dedicated 

input pins 
- 4 global clocks driven from any pin 

or internal logic 
- Clock skew <0.5 ns 

• Input registers 
- Set-up time <2 ns 

• Input hysteresis provides high noise 
immunity 

• Full JTAG testability 
• 0.651-1 triple layer metal CMOS pro

cess with ViaLink'" programming 
technology 
- High-speed metal-to-metallink 
-Non-volatile antifuse technology 

• Powerful design tools-WarpJ '" 
- 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 
• Extensive third party tools support 

- See Development Systems section 

Functional Description 
The Ultra338012 is a very high speed, 3.3V, 
CMOS, user-programmable ASIC device. 
The 896 logic ceJl field-programmable gate 
array (FPGA) offers 12,000 typically 
usable "gate array" gates. This is 
equivalent to 36,000 EPW or LCA gates. 
The Ultra338012 is available in a 208-pin 
PQFP and 352-pin BGA packages. 

Low-impedance, metal-to-metal ViaLink 
interconnect technology provides non-vol
atile custom logic capable of operating at 
speeds above 100 MHz with input delays 
under 4 ns and output delays under 5.5 ns. 
This permits high-density programmable 
devices to be used with today's fastest 
CISC and RISC microprocessors. 

For detailed information about the 
Ultra38000 '" architecture, see the 
Ultra38000 Family datasheet. 

7C338012·1 

144,208, and 352 PINS, 2561/0 CEllS, 4 INPUT HIGH DRIVE CEllS, 8 INPUT/ClK (HIGH DRIVE) CEllS 

ViaLink and pASIC are trademarks of QuickLogic Corporation. 
Walp3, Ultra38000, and UltraLogic are trademarks of Cypress Semiconductor Corporation. 
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Features 
• Very high speed 

- Loadable counter frequencies 
greater than 185 MHz 

- Chip-to-chip operating frequencies 
up to 135 MHz 

- Input + logic cell + output delays 
under 5.5 ns 

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

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

provides 48,000 total available 
gates 

-16,000 typically usable "gate 
array" gates 

• Available in 208-pin PQFP and 
352-pinBGA 

• Fully PCI compliant inputs & outputs 
• 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 24 rnA 

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

Logic Block Diagram 

ADVANCED INFORMATION Ultra38016 

UltraLogic 1M Very High Speed 
16K Gate CMOS FPGA 

- Very low cell propagation delay 
(1.4 ns typical) 

• Robust routing resources 
- Fully automatic place and route of 

designs using up to 100 percent of 
logic resources 

- No hand routing required 

• 292 bidirectional input/output pins 
• 8 dedicated input/high-drive pins 
• 8 fanout-independent low-skew clock 

nets 
- 4 fast clocks driven from dedicated 

inputs 
- 4 global clocks driven from any pin 

or internal logic 
- Clock skew <0.5 ns 

• Input registers 
- Set-up time <2 ns 

• Input hysteresis provides high noise 
immunity 

• Full JTAG testability 
• 0.65f,t triple layer metal CMOS pro

cess with ViaLink m programming 
technology 
- High-speed metal-to-metallink 
- Non-volatile antifuse technology 

• Powerful design tools-Wa/p3 '" 
- Designs entered in VHDL, 

schematics, or mixed 

- Fast, fully automatic place and 
route 

- Wavefonn simulation with back an
notated net delays 

- PC and workstation platfonns 
• Extensive third party tools support 

- See Development Systems section 

Functional Description 
The Ultra38016 is a very high speed, 
CMOS, user-programmable ASIC device. 
The 1152 logic cell field-programmable 
gate array (FPGA) offers 16,000 typically 
usable "gate array" gates. This is equiva
lent to 48,000 EPLD or LeA gates. The 
Ultra38016 is available in a 208-pin PQFP 
and 352-pin BGA. 

Low-impedance, metal-to-metal ViaLink 
interconnect technology provides non-vol
atile custom logic capable of operating at 
speeds above 200 MHz with input delays 
under 2 ns and output delays under 3 ns. 
This permits high-density programmable 
devices to be used with today's fastest 
CISC and RISC microprocessors. 

For detailed information about the 
Ultra38000'" architecture, see the 
Ultra38000 Family datasheet. 

7038016-1 

208 and 352 PINS, 292 I/O CEllS, 4 INPUT HIGH DRIVE CEllS, 8 INPUT/ClK (HIGH DRIVE) CEllS 

ViaLink and pASIC are trademarks of QuickLogic Corporation. 
Wa/p3, Uitra38000, and UitraLogic are trademarks of Cypress Semiconductor Corporation. 
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Features 
• Full 3.3V operation 
• 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 perfonnance for 
counters, data path, state machines, 
arithmetic, and random logic 

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

provides 48,000 total available 
gates 

-16,000 typically usable "gate 
array" gates 

• Available in 208-pin PQFP and 
352-pinBGA 

• Fully PCI compliant inputs & outputs 
• Low power, high output drive 

- Standby current typically 100/LA 
-16-bit counter operating at 100 

MHz consumes 25 rnA 

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

Logic Block Diagram 

ADVANCED INFORMATION Ultra338016 

UltraLogic ™ Very High Speed 
16K Gate 3.3V CMOS FPGA 

- Very low cell propagation delay 
(1.4 ns typical) 

• Robust routing resources 
- Fully automatic place and route of 

designs using up to 100 percent of 
logic resources 

- No hand routing required 
• 292 bidirectional input/output pins 
• 8 dedicated input/high-drive pins 
• 8 fanout-independent low-skew clock 

nets 
- 4 fast clocks driven from dedicated 

inputs 
- 4 global clocks driven from any pin 

or internal logic 
- Clock skew <0.5 ns 

• Input registers 
- Set-up time <2 ns 

• Input hysteresis provides high noise 
immunity 

• Full JTAG testability 
• 0.65!1 triple layer metal CMOS pro

cess with ViaLink m programming 
technology 
- High-speed metal-to-metallink 
-Non-volatile antifuse technology 

• Powerful design tools-Warp3 m 

- Designs entered in VUDL, 
schematics, or mixed 

- Fast, fully automatic place and 
route 

- Wavefonn simulation with back an
notated net delays 

- PC and workstation platfonns 
• Extensive third party tools support 

- See Development Systems section 

Functional Description 
The Ultra338016 is a very high speed, 3.3\1, 
CMOS, user-programmable ASIC device. 
The 1152 logic cell field-programmable 
gate array (FPGA) offers 16,000 typically 
usable "gate array" gates. This is 
equivalent to 48,000 EPW or LCA gates. 
The Ultra338016 is available in 208-pin 
PQFP and 352-pin BGA packages. 

Low-impedance, metal-to-metal ViaIink 
interconnect technology provides non -vol
atile custom logic capable of operating at 
speeds above 100 MHz with input delays 
under 4 ns and output delays under 5.5 ns. 
This permits high-density programmable 
devices to be used with today's fastest 
CISC and RISC microprocessors. 

For detailed information about the 
Ultra38000 m architecture, see the 
Ultra38000 Family datasheet. 

7C338016·1 

208 and 352 PINS, 292 I/O CEllS, 4 INPUT HIGH DRIVE CEllS, 8 INPUT/ClK (HIGH DRIVE) CEllS 

ViaLink and pASIC are trademarks of QuickLogic Corporation. 
Warp3, Ultra38000, and UltraLogic are trademarks of Cypress Semiconductor Corporation. 
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Features 
• Very high speed 

- Loadable counter frequencies 
greater than 185 MHz 

- Chip-to-chip operating frequencies 
up to 135 MHz 

- Input + logic cell + output delays 
under 5.5 ns . 

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

• High usable density 
- 40 x 36 array of 1440 logic cells 

provides 60,000 total available 
gates 

- 20,000 typically usable "gate 
array" gates 

• Available in 20S-pin PQFP and 
352-pinBGA 

• Fully PCI compliant inputs & outputs 
• Low power, high output drive 

- Standby current typically 2 rnA 
-16-bit counter operating at 100 

MHz consumes 50 rnA 
- Mhlimum IOL and lOB of 24 rnA 

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

Logic Block Diagram 

ADVANCED INFORMATION Ultra38020 

UltraLogic ™ Very High Speed 
20K Gate CMOS FPGA 

- Very low cell propagation delay 
(1.4 ns typical) 

• Robust routing resources 
- Fully automatic place and route of 

designs using up to 100 percent of 
logic resources 

- No hand routing required 

• 328 bidirectional input/output pins 
• 8 dedicated input/high-drive pins 
• 8 fanout-independent low-skew clock 

nets 
- 4 fast clocks driven from dedicated 

inputs 
- 4 global clocks driven from any pin 

or internal logic 
- Clock skew <0.5 ns 

• Input registers 
- Set-up time <2 ns 

• Input hysteresis provides high noise 
immunity 

• Full JTAG testability 
• 0.6511 triple layer metal CMOS pro

cess with ViaLink '" programming 
technology 
- High-speed metal-to-metallink 
- Non-volatile antifuse technology 

• Powerful design tools-Warp3 ru 

- 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 
• Exclusive third party tools support 

- See Development Systems section 

Functional Description 
The Uitra38020 is a very high speed, 
CMOS, user-programmable ASIC device. 
The 1440 logic cell field-programmable 
gate array (FPOA) offers 20,000 typically 
usable "gate array" gates. This is equiva
lent to 60,000 EPLD or LCA gates. The 
Ultra38020 is available in 208-pin PQFP 
and 3S2-pin BOA packages. 

Low-impedance, metal-to-metal ViaLink 
interconnect technology provides non-vol
atile custom logic capable of operating at 
speeds above 200 MHz with input delays 
under 2 ns and output delays under 3 ns. 
This permits high-density programmable 
devices to be used with today's fastest 
CISe and RISC microprocessors. 

For detailed information about the 
Ultra38000 ru architecture, see the 
Ultra38000 Family datasheet. 

208 and 352 PINS 328 I 0 CELLS 4 INPUT HIGH DRIVE CEllS 8INPUT/ClK HIGH DRIV 7C38020·1 

ViaLink and pASIC are trademarks of QuickLogic Corporation. 
Wa1p3, Uitra38000, and UitraLogic are trademarks of Cypress Semiconductor Corporation. 
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Features 
• Full 3.3V operation 
• Very high speed 

- Loadable counter frequencies 
greater than 100 MHz 

- Chip-8-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 
- 40 x 36 array of 1440 logic cells 

provides 60,000 total available 
gates 

- 20,000 typically usable "gate 
array" gates 

• Available in 208-pin PQFP and 
352-pin BGA 

• Fully PCI compliant inputs & outputs 
• Low power, high output drive 

- Standby current typically 100/LA 
-16-bit counter operating at 100 

MHz consumes 25 rnA 
• Flexible logic cell architecture 

- Wide fan-in (up to 14 input gates) 
- Multiple outputs in each cell 

Logic Block Diagram 

ADVANCED INFORMATION Ultra338020 

UltraLogic 1M Very High Speed 
20K Gate 3.3V CMOS FPGA 

- Very low cell propagation delay 
(1.4 ns typical) 

• Robust routing resources 
- Fully automatic place and route of 

designs using up to 100 percent of 
logic resources 

- No hand routing required 
• 328 bidirectional input/output pins 
• 8 dedicated input/high-drive pins 
• 8 fanout-independent low-skew clock 

nets 
- 4 fast clocks driven from dedicated 

inputs 
- 4 global clocks driven from any pin 

or internal logic 
- Clock skew <0.5 ns 

• Input registers 
- Set-up time <2 ns 

• Input hysteresis provides high noise 
immunity 

• Full JTAG testability 
• 0.6511 triple layer metal CMOS pro

cess with ViaLink ~ programming 
technology 
-High-speed metal-to-metallink 
- Non-volatile antifuse technology 

• Powerful design tools-Warp3 m 

- 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 
• Extensive third party tools support 

- See Development Systems section 

Functional Description 
The Ultra338020 is a very high speed, 3.3V, 
CMOS, user-programmable ASIC device. 
The 1440 logic cell field-programmable 
gate array (FPGA) offers 20,000 typically 
usable "gate array" gates. This is 
equivalent to 60,000 EPLD or LCA gates. 
The Ultra338020 is available in 208-pin 
PQFP and 352-pin BGA packages. 

Low-impedance, metaI-to-metal ViaLink 
interconnect technology provides non-vol
atile custom logic capable of operating at 
speeds above 100 MHz with input delays 
under 4 ns and output delays under 5.5 ns. 
This permits high-density programmable 
devices to be used with today's fastest 
CISC and RISC microprocessors. 

For detailed information about the 
Ultra38000 ~ architecture, see the 
Ultra38000 Family datasheet. 

208, and 352 PINS, 328 I/O CELLS, 4 INPUT HIGH DRIVE CELLS, 8 INPUT/CLK (HIGH DRIVE) CELLS 7G33802Q-1 

ViaLink and pASIC are trademarks of QuickLogic Corporation. 
Wa1p3, Ultra38000, and UltraLogic are trademarks of Cypress Semiconductor Corporation. 

Document #: 38-00487 

4-27 

a 



Features 
• Very high speed 

- Loadable couuter frequencies 
greater than 150 MHz 

- Chip-to-chip operating frequencies 
up to 110 MHz 

- Input + logic cell + output delays 
under6ns 

• High usable density 
- Up to 8,000 "gate array" gates, 

equivalent to 24,000 EPLD or LCA 
gates 

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

MHz consumes 50 rnA 
- Minimum IoL and lOR of 20rnA 

(IK, 4K, and 8K) 
• 5 V and 3.3 V devices at all densities 
• Fully PCI Compliant 

-IK, 4K, and 8K family members 
• Flexible FPGA logic cell 

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

(1.7 ns typical) 
• Powerful Warp3 m design tools 

- Designs entered in VHDL, 
schematics, or both 

- Fast, fully automatic place and 
route 

- Waveform simulation with back an
notated net delays 

- PC and workstation platforms 
• Extensive third-party tool support 

- See Development-Systems section 

pASIC380 Family Members 

pASIC380 
Family 

UltraLogic ™ Very High Speed 
CMOS FPGAs 

• Robust routing resources 
- Fully automatic place and route of 

designs using up to 100 percent of 
logic resources 

• Input hysteresis provides high noise 
immunity 

• Thorough testability 
- Built-in scan path permits 100 

percent factory testing of logic and 
I/O cells 

• 0.6511 CMOS process with ViaLink m 

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

Functional Description 
ThepASIC380 m Familyofveryhighspeed 
CMOS, user-programmable,ASICdevices 
is based on the first FPGA technology to 
combine high speed, high density, and low 
power in a single architecture. 

All pASIC380 Family devices are based on 
an array of highly flexible logic cells that 
have been optimized for efficient imple
mentation of high-speed arithmetic, 
counter, data path, state machine, and 
glue logic functions. Logic celis are 
configured and interconnected by rows 
and columns of metal routing lines and 
Vialink metal-to-metal programmable
via interconnect elements. 

The Vialink technology provides a non
volatile,permanentlyprogrammedcustom 
logic function capable of operating at 
speeds of over 100 MHz. Internal logic celi 
delays are under 2 ns and total input to 

output combinatorial logic delays are 
under 8 ns. This permits high-density 
programmable devices to be used with 
today's fastest CISC and RISCmicropro
cessors, while consuming a fraction of the 
power and board area of PALs m , GALs m , 

and discrete logic elements. 

pASIC380 Family devices range in density 
from 1000 "gate array" gates (3,000 
EPLD/LCA gates) in 44- and 68-pin 
packages to 8,000 gates (24,000 EPLD/ 
LCA gates) in 144- and 208-pin packages. 

Designs are captured for the pASIC380 
Family devices on PC or workstation 
platforms using Cypress's Warp3 or third
party, general-purpose design-entry and 
simulation CAE packages, together with 
Cypress Warp2+ m device-specific place 
and route tools. Sufficient on-chip routing 
channels are provided to allow fuliy 
automatic place and route of designs using 
up to 100 percent of the available logic 
celis. 

All the necessary hardware, software, 
documentation and accessories required 
to complete a design, from entering a 
schematic to programming a device are 
included in Warp3 and Impulse3 "', avail
able from Cypress. Warp3 includes a 
schematic capture system together with 
VHDL synthesis and a waveform-based 
timing simulator. Ali applications run 
under Microsoft Windows'" to insure a 
highly productive and easy-to-use design 
environment. Sun workstation UNIX and 
HP platforms are also available. 

Gate Count 
(in thousands) 

36 12 -
CY7C387P CY7C388P • • 24 8 

12 4 

9 3 

6 2 

3 

EPLD Gate 
LCA Array 

-
CY7C385P - • • 

-
CY7C383A CY7C384A - . • • 

CY7C381P CY7C382P ,...... .. . 

CY7C386P • 

I I I I 
44 68 84 100 144 

Number of Package Pins 
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Figure 1. Unprogrammed ViaLink Element 

ViaLink Programming Element 
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 
layers of metal of a standard CMOS process. The direct 
metal-to-metallink created as a result of programming achieves a 
connection with resistance values as a 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 unprogrammed ViaLink site is also lower than these alternative 
approaches. The resulting low RC time constant provides speeds 
two to three times faster than older generation technologies. 

Figure 1 shows an unprogrammed ViaLink site. In a custom metal 
masked ASIC, such as a gate array, the top and bottom layers of 
metal make direct contact through the via. In a ViaLink 
programmable ASIC device, the two layers of metal are initially 
separated by an insulating semiconductor layer with resistance in 
excess of 1 gigaohm. 

A programming pulse applied across the via forms a bidirectional 
conductive link connecting the top and bottom metal layers, as 
shown in Figure 2_ The tight distribution oflink resistance is shown 
in Figure 3. 

Standard CMOS Process 
pASIC380 devices are the first FPGA devices to be fabricated on a 
conventional high-volume CMOS process_ The base technology is 

pASIC380 
Family 

380-3 

Figure 2. Programmed ViaLink Element 

a 0.65-micron, n-well CMOS technology with a single polysilicon 
layer and two layers of metal interconnect. The only deviation 
from the standard process flow occurs when the ViaLinkmodule is 
inserted between the metal deposition steps. 

As the size of a ViaLink is identical to that of a standard metal 
interconnect via, programmable elements can be packed very 
densely. The microphotograph in Figure 4 shows an array of 
ViaLink elements. The density is limited only by the minimum 
dimensions of the metal-line to metal-line pitch_ 

25 

~ 20 

~ 
15 z w 

::J 
0 10 w 
c:: 
u. 

5 

0 
0 50 100 

PROGRAMMED ViaLink RESISTANCE (Ohms) 

Figure 3. Distribution of Programmed Liuk Resistance 
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Figure 4. An Array of Vi aLi uk Elements 
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pASIC380 
Family 

Figure S. A Matrix of Logic Cells and Wiring Channels 

The pASIC380 device architecture consists of an array of 
user-configurable logic building blocks, called logic cells set in a 
grid of metal wiring channels. Figure 5 shows a section of a 
pASIC380 device containing internal logic cells, inputloutputcells, 
and dual-layer vertical and horizontal metaI routing channels. The 
output of any cell may be programmed to connect to the input of 
any other cell through ViaLink elements located at all the wire 
intersections. 

The regularity and orthogonality of this interconnect, together 
with the capability to achieve 100 percent routability of logic cells, 
makes the pASIC380 architecture similiar in structure and 
performance to a metal-masked gate array. It also makes system 
operating speed far less sensitive to partitioning and placement 
decisions. Minor revisions to a logic design result in only small 
changes in performance. (See Figure 6.) 

Adequate wiring resources permit 100% automatic placement and 
routing of designs using up to 100% ofthe logic cells. This has been 
demonstrated on designs that require fixed pin placements. 

Organization 
The pASIC380 Family of very higb speed FPGAs contains devices 
covering a wide spectrum of I/O and density requirements. 

The key features of all pASIC380 devices are listed in Table 
NO TAG. See the individual product datasheets for more specific 
information on each device. 

Individual part numbers indicate unique logic cell and I/O cell 
combinations. For example, the CY7C383A contains 192 logic 
cells and 56 1/0 cells in a 68-pin package. The CY7C384A also 
contains 192 logic cells, but it has 68 I/O cells and is packaged in 84-
and 100-pin packages. Note that at each pASIC380 I/O count there 
is a density upgrade available in the same package. In otherwords, 
the CY7C383A features 2,000 gates in the same pinout as the 
1,OOO-gate CY7C382P. The same applies to the CY7C385P and 
CY7C384A. 

Gate counts for pASIC380 devices are based on the number of 
usable Of "gate array" gates. Each of the internal logic cells has a 
total logic capacity of up to 30 EPLD or LCA gates. As a typical 
application will use 10 to 12 of these gates. 
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Device Logic Cells 

7C381P 96 
7C3381A 

7C382P 96 
7C3382A 

7C383A 192 
7C3383A 

7C384A 192 
7C3384A 

7C385P 384 
7C3385A 

7C386P 384 
7C3386A 

7C387P 768 
7C3387P 

7C388P 768 
7C3388P 

4 8 10 12 

Net Size (staircase) 

Figure 6. Net Delay vs. Net Size (4 ns "comer to comer") 

Table 1. Key Features ofpASIC380 Devices 

I/O Cells Dedicated Inputs Usable Gates EPLD/LCA Gates 

32 8 1000 3000 

56 8 1000 3000 

56 8 2000 6000 

68/80 8 2000 6000 

68/80 8 4000 12000 

114 8 4000 12000 

116 8 8000 24000 

172 8 8000 24000 
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Packages 

44-PinPLCC 

68-PinPLCC 
69-PinCPGA 
1OO-Pin TQFP 

68-PinPLCC 

84-PinPLCC 
85-PinCPGA 
100-Pin TQFP 

84-PinPLCC 
lOO-Pin TQFP 

144-Pin TQFP 
145-Pin CPGA 
160-Pin CQFP 

144-Pin TQFP 

208-Pin CQFP 
208-Pin PQFP 
223-Pin CPGA 
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Figure 7. pASIC380 Internal Logic Cell 

pASIC380 Internal Logic Cell 
The pASIC380 internal logic cell, shown in Figure 7, is a 
general-purpose building block that can implement most TTL and 
gate array macro library functions. It has been optimized to 
maintain the inherent speed advantage of the ViaLink technology 
while ensuring maximum logic flexibility. 

The logic cell consists of two 6-inputAND gates, four2-inputAND 
gates, three 2-to-l multiplexers and a D flip-flop. Each cell 
represents approximately 30 gate-equivalents of logic capability. 
The pASIC380 logic cell is unique among FPGA architectures in 
thatitoffers up to 14-input-wide gating functions. It can implement 
all possible Boolean transfer functions of up to three variables as 
well as many functions of up to 14 variables. 

Glitch-free switching of the multiplexer is insured because the 
internal capacitance of the circuit maintains enough charge to hold 
the output in a steady state during input transitions. The 
multiplexer output feeds the D-type flip-flop, which can also be 
configured to provide JK-, SR-, or T-type functions as well as count 
with carry-in by using additional logic cell resources. '!Wo 
independent SET and RESET inputs can be used to asynchronous
ly control the output condition. The combination of wide gating 
capability and a built-in register makes the pASIC380 logic cell 
particularly well suited to the design of high-speed state machines, 
shift registers, encoders, decoders, arbitration and arithmetic logic, 
as well as a wide variety of counters. 

Each pASIC380 logic cell features five separate outputs. The 
existence of multiple outputs makes it easier to pack independent 
functions into a single logic cell. For example, if one function 
requires a single register, both 6-input AND gates (A and F) are 
available for other uses. Logic packing is accomplished 
automatically with Wa1p3 software. 

pASIC380 
Family 

The function of a logic cell is determined by the logic levels applied 
to the inputs of the AND gates. ViaLink sites located on signal 
wires tied to the gate inputs perform the dual role of confignring 
the logic function of a cell and establishing connections between 
cells. 

A detailed understanding of the logic cell is not necessary to 
successfully design with pASIC380 devices. CAE tools will 
automatically translate a conventional logic schematic and/or 
VHDL source code into a device and provide excellent 
performance and utilization . 

Three types of input and output structures are provided on 
pASIC380 devices to configure buffering functions at the external 
pads. They are called the Bidirectional Input/Output (I/O) cell, the 
Dedicated Input (I) cell, and the ClocklDedicated Input (CLK/I) 
cell. 

The bidirectionalI/O cell, shown in Figure 8, consists of a 2-input 
OR gate connected to a pin buffer driver. The buffer output is 
controlled by a three-state enable line to allow the pad to also act 
as an input. The output may be configured as active HIGH, active 
LOW, or as an open drain inverting buffer. 

The output buffers are designed to ensure quiet switching 
characteristics while maintaining high speed. Measured results 
show up to 48 outputs switching simultaneously into a 10 pF load 
with less than ± 1 Volt of output switching noise. 

,~~~ 
380-7 

Fignre 8. BidirectionalI/O Cell 

The Dedicated Input cell, shown in Figure 9, conveys true and 
complement signals from the input pads into the array of logic 
cells. As these pads have nearly twice the current drive capability 
of the I/O pads, they are useful for distributing high fanout signals 
across the device. 

~11 
I~ ~ 

Figure 9. Dedicated Input High.Drive Cell 

380·8 

The ClocklDedicated Input cell (Figure 10) drives a low-skew, 
fanout-independent clock tree that can connect to the clock, set, or 
reset inputs of the logic cell flip-flops. 

~~==~11 CLKlI~: 12 CLK 

380·9 

Figure 10. Clock/Dedicated Input Cell 

pASIC380 Interconnect Structure 
Multiple logic cells are joined together to form a complex logic 
function by interconnection through the routing channels. To 
describe the organization ofthese routing channels, a hypothetical 
14-pin device consisting of two logic cells is shown in Figure 11. This 
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device contains the same architectural features as the members of 
the pASIC380 family. 

Active logic functions are performed by the internal logic cells, the 
110 cells (pins 2, 3, 7, 9, 10, and 14) and the I cells (pins 4, 6,11, and 
13). These cells are connected with vertical and horizontal wiring 
channels. 

Four types of signal wires are employed: segmented wires, quad 
wires, express wires, and clock wires. Segmented wires are 
predominantly used for local connections and have ViaLink 
elements known as a Cross Link (denoted by the open box symbol), 
at every crossover point. They may also be connected to the 
segmented wires of cells above and below through ViaLink 
elements, called Pass Links (denoted by the X symbol). Express 
lines are similar to segmented wires except that they are not 
divided by Pass Links. Quad Lines are a compromise between 
express and segmented lines. Quad wires are used for local 
interconnect, but have pass links at every forth logic cell. 

Dedicated clock wires are lightly loaded with only three links per 
cell to distribute high-speed clock edges to the flip-flop CLK, SET, 
and RESET inputs. Express wires may also be used to deliver clock 
signals into the multiplexer region of the cell for combinatorial 
gating. The automatic place and route software allocates signals to 
the appropriate wires to insure the optimum speed/density 
combination. 

Vertical V cc and GND wires are located close to the logic cell gate 
inputs to allow any input that is not driven by the output of another 
cell to be automatically tied to either VCC or GND. All of the 
vertical wires (segmented, express, quad, clock, and power) 
considered as a group are called vertical channels. These channels 

1 1 12 
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span thefull height ofthe device and run to the left of each column 
of logic cells. 

Horizontal wiring channels, called rows, provide connections, via 
cross links, to other columns of logic cells and to the periphery of 
the chip. Appropriate programming of ViaLink elements allows 
electrical connection to be made from any logic cell output to the 
input of any other logic or 110 cell. 

Ample wires are provided in the channels to permit automatic 
place and route of designs using up to 100 percent of the device 
logic cells. Designs can be completed automatically even with a 
high percentage of fixed user placement of internal cells and pin 
locations. 

This information is presented to provide the user with insight into 
how a logic function is implemented in pASIC380 devices. 
However, it is not necessary to develop a detailed understanding of 
the architecture in order to achieve efficient designs. All routine 
tasks are fully automatic. No manual wire routing is necessary, nor 
is it permitted by the software. Fully automatic placement of logic 
functions is also offered. But if it is necessary to achieve a specific 
pin configuration or register alignment, for example, manual 
placement is supported. 

Power Consumption 
Typical standby power supply current consumption, Icc!. of a 
pASIC380 device is 2 rnA. The worst-case limit for standby current 
(ICC1) over the full operating range of the pASIC380 devices is 
10 rnA. Formulas for calculating Icc under AC conditions (ICC2) 
are provided in the "pASIC380 Family Quick Power Calculation" 
application note. 
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Figure 11. pASIC380 Device Features 
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Figure 12. Internal Serial Scan Path 

Programming and Testing 
pASIC380 devices may be programmed and functionally tested on 
the Cypress Impulse3 Programmer and a variety of third party 
programmers. See the third party tools section. 

All pASIC380 devices have a built-in serial scan path linking the 
logic cell register functions (Figure 12). This is provided to improve 
factory test coverage and to permit testing by the user with 
automatically generated test vectors following programming. 

Document #: 38-0021O-B 

Reliability 

pASIC380 
Family 

The pASIC380 Family is based on a O.65-micron high-volume 
CMOS fabrication process with the ViaLink programmable-via 
antifuse technology inserted between the metal deposition steps. 
The base CMOS process has been qualified to meet the 
requirements of MIL-STD-883B, Revision C. 

The ViaLink element exists in one of two states: a highly resistive 
unprogrammed state, OFF, and the low-impedance, conductive 
state, ON. It is connected between the output of one logic cell and 
the inputs of other logic cells directly or through other links. No 
DC current flows through either a programmed or an 
unprogrammed link during operation as a logic device. An 
unprogrammed link sees a worst-case voltage equal to Vee biased 
across its terminals. A programmed link carriesAC current caused 
by charging and discharging of device and interconnect 
capacitances during switching. 

Studies of test structures and complete pASIC380 devices have 
shown that an unprogrammed link under Vee bias remains in the 
unprogrammed state overtime. Similar tests on programmed links 
under current bias exhibit the same stability. The long-term 
reliability ofthe combined CMOS and ViaLink structure is similar 
to that of the base gate array process. For further details, see the 
pASIC380 Family Reliability Report, contained in the reliability 
section of the Programmable Logic Data Book. 

pASIC380, Wmp3, Wmp2+, Impulse3, and UltraLogic are trademarks of Cypress Semiconductor Corporation. 
PAL is a trademark of Advanced Micro Devices. 
GAL is a trademark of Lattice Semiconductor Corporation. 
pASIC and ViaLink are trademarks of QuickLogic Corporation. 
Microsoft Windows is a trademark of Microsoft Corporation. 
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Features 
• Very high speed 

- Loadable counter frequencies 
greater than 150 MHz 

- Chip-to-chip operating frequencies 
up to 110 MHz 

- Input + logic cell + output delays 
under6ns 

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

• High usable density 
- 8 x 12 array of 96 logic cells pro

vides 3,000 total available gates 
-1,000 typically usable "gate array" 

gates in 44- and 68-pin PLCC, 
69-pin CPGA, 100-pin TQFP pack
ages 

• Fully PCI compliant inputs and out
puts for commercial and industrial 
temperature ranges 

• Low power, high output drive 
- Standby current typically 2 rnA 
-16-bit counter operating at 150 

MHz consumes 50 rnA 
- Minimum IOL and IOH of 20 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 typical) 

• Powerful design tools-Wmp3 m 

- Designs entered in VHDL, sche
matics, or both 

CY7C381P 
CY7C382P 

UltraLogic ™ Very High Speed 
lK Gate CMOS FPGA 

- Fast, fully automatic place and 
route 

- Waveform simulation with back 
annotated net delays 

- PC and workstation platforms 

• Extensive 3rd party tool support 
- See Development Systems section 

• Robust routing resources 
- Fully automatic place and route of 

designs using up to 100 percent of 
logic resources 

- No hand routing required 

• 32 (CY7C381P) to 56 (CY7C382P) bi
directional input/output pins 

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

out-independent, low-skew nets 
- Clock skew <0.5 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 

• 0.6511 CMOS process with ViaLink N 

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

• 68-pin PLCC is compatible with 
EPLD 1800 and LCA 2064 industry
standard pinouts 

• l00-pin TQFP is pinout compatible 
with 2K (C47C384A) and 4K 
(CY7C385P) devices 

• 68-pin PLCC is pinout compatible 
with 2K (CY7C383A) devices 

Functional Description 
The CY7C381P and CY7C382P are very 
high speed CMOS user-programmable 
ASIC (pASIC m ) devices. The 96 logic cell 
field-programmable gate array (FPGA) of
fers 1,000 typically usable "gate array" 
gates. This is equivalent to 3,000 EPLD or 
LCA gates. The CY7C381P is available in 
a 44-pin PLCC package. The CY7C382P 
is available in a 68-pin PLCC, 69-pin 
CPGA and a 100-pin TQFP packages. 

Thelow-impedance,metal-to-metaIViaIink 
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 CY7C381P 
and CY7C382P using Cypress Wa1p3 soft
ware or one of several third-party tools. 
See the Development Systems section of 
the Programming LogicDatabookfor more 
tools information Wa1p3 is a sophisticated 
CAE package that features schematic 
entry, waveform-based timing simulation, 
and VHDL design synthesis. The 
CY7C381P and CY7C382P feature am
ple 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. 

Logic Block Diagram • ••• •••• ••• ••• • 
• 0 0 0 0 o ololol-
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~ 0 DID ~ 
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----0 0 0 0 ol[ I 
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44,68,69, or 100 PINS, INCLUDING 561/0 CELLS, 6 INPUT HIGH-DRIVE CELLS, 2INPUT/CLK (HIGH-DRIVE) CELLS 
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Pin Configurations 
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Pin Configurations (continued) 
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Z?cYPRESS 
Maximum Ratings 

CY7C381P 
CY7C382P 

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

DC Input Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±20 rnA 

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

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

Lead Temperature ............................... 300°C Range 
Supply Voltage ......................... - O.5V to +7.0V 

Commercial 
Input Voltage ...................... - O.5V to Vee +O.5V 
ESD Pad Protection . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±2000 V 
DC Input Voltage. . . . . . . . . . . . . . . . . . . . . . . .. -O.5V to 7.0V 

Industrial 

Military 

Delay Factor (K) 

Speed Military Industrial Commercial 

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

-X 0.39 3.00 0.4 2.75 0.46 2.55 

-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 

VOH Output HIGH Voltage IOH= -4.0 rnA 

IOH= -20 rnA 

IOH = -10.0 j.tA 

VOL Output LOW Voltage IOL = 20 rnA 

IOL = 10.0 j.tA 

VIH Input HIGH Voltage 

VIL Input LOW Voltage 

II Input Leakage Current VIN=VeeorVss 

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

los Output Short Circuit Current!l] VOUT = Vss 

VouT=Vee 

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

Capacitance 
Parameter Description Test Conditions 

CIN Input Capacitancd2] TA = 25°C, f = 1 MHz, 

COUT Output Capacitance 
Vee = 5.0V 

Notes: 

Ambient 
Temperature 

O°C to +70°C 

-400C to +85°C 

-55°C to + 125°C 

Min. 

3.7 

2.4 

Vee - 0.1 

2.0 

-10 

-10 

-10 

30 

Max. 

10 

10 

1. Only one output at a time. Duration should not exceed 30 seconds. 2. CI = 20 pF max. on I/(SI). 
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Vee 
5V±5% 

5V ± 10% 

5V ± 10% 

Max. Unit 

V 

V 

V 

0.4 V 

0.1 V 

V 

0.8 V 

+10 j.tA 

+10 j.tA 

-80 rnA 

140 rnA 

10 rnA 

Unit 

pF 

pF 



CY7C381P 
CY7C382P 

Switching Characteristics (At Vcc=5 V, TA=25'C, K=1.00) 

Parameter Description 1 

LOGIC CELLS 

tpD Combinatorial Delay[4] 1.7 

tsu Set-Up Time[4] 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) 2.1 

tIN! Input, Inverting Delay (HIGH Drive) 2.1 

tIO Input Delay (Bidirectional Pad) 1.4 

tGCK Clock Buffer Delay[5] 2.7 

tGCKH! Clock Buffer Min. HIGH[5] 2.0 

tGCKLO Clock Buffer Min. LOW[5] 2.0 

Parameter Description 

OUTPUT CELLS 

tOUTLH Output Delay LOW to HIGH 

tOUTHL Output Delay HIGH to LOW 

tpZH Output Delay Three-State to HIGH 

tpZL Output Delay Three-State to LOW 

tpHZ Output Delay HIGH to Three-Statd6] 

tpLZ Output Delay LOW to Three-Statd6] 

Notes: 
3. Worst-case propagation delay times over process variation at V cc = 

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. These limits are derived from worst-case values for a representative 
selection of the slowest paths through the pASIC380 logic cell includ
ing net delays. Guaranteed delay values for specific paths should be 
determined from simulation results. 

30 

2.7 

2.8 

4.0 

3.6 

2.9 

3.3 

Propagation Delaysl3j 
with Fanont of 

2 3 4 8 Unit 

2.1 2.6 3.0 4.8 ns 

2.1 2.1 2.1 2.1 ns 

0.0 0.0 0.0 0.0 ns 

1.5 1.9 2.3 4.2 ns 

2.0 2.0 2.0 2.0 ns 

2.0 2.0 2.0 2.0 ns 

2.1 2.6 3.0 4.8 ns 

1.8 2.2 2.5 3.9 ns 

1.9 1.9 1.9 1.9 ns 

1.8 1.8 1.8 1.8 ns 

Propagation Delays[3] 

2 3 4 6 8 Unit 

2.2 2.3 2.4 2.6 2.9 ns 

2.2 2.3 2.5 2.8 3.1 ns 

1.8 2.2 2.6 3.4 4.2 ns 

2.7 2.8 2.9 3.0 ns 

2.0 2.0 2.0 2.0 ns 

2.0 2.0 2.0 2.0 ns 

Propagation Delays[3] 
with Output Load Capacitance (pF) of 

50 75 100 150 Unit 

3.4 4.2 5.0 6.7 ns 

3.7 4.7 5.6 7.6 ns 

4.9 6.1 7.3 9.7 ns 

4.2 5.0 5.8 7.3 ns 

ns 

ns 

5. 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. 

6. The following loads are used for tpxz: 

~ 
5 PF,*, tPLZ 
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High Drive Buffer 

Parameter Description 

tIN High Drive Input Delay 

tIN! High Drive Input, Inverting Delay 

Switching Waveforms 

Combinatorial Delay 

# High Drives 
Wired 

Together 

1 

2 

3 

4 

1 

2 

3 

4 

Propagation Delays[3] with Fanout of 

12 24 48 72 96 

4.0 4.9 

3.5 5.0 

4.0 4.8 5.6 

4.1 4.8 

4.2 5.1 

3.7 5.2 

4.2 5.0 5.8 

4.3 5.0 

CY7C381P 
CY7C382P 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

INPUT ===~~~~_-_~_I_.~~~~~~~~~-t_P-D_-:-=-_-:-=-_-:-=--=--*-t.~1 -... -_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_ 

OUTPUT 

7C381f'.6 

CLOCK 

Q 

L ~ 3_, -:r!+---: - tcWLO ------11_ 

----....... f- ~ ~----}-----------1--
Set and Reset Delays 

SET 

Q 

RESET 

Q 

Output Delay 
toUTLH 

tsw ~ 
tSET 

tRW ~ 
tRESET 

tOUTHL 

~ ------~~-----------OUTPUT 
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-:='rcYPRESS 
Switching Waveforms (continued) 

Three-State Delay 
OUTPUT 
BUFFER 
ENABLE 

OUTPUT 

-----'( lPZH 

THREE-STATE 

lYpical AC Characteristics 

THREE-STATE 

CY7C381P 
CY7C382P 

THREE-STATE 

7C381i'-10 

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. The Wmp3 Delay Modeler extracts 
specific timing parameters for precise simulation results following 
place and route. 

VOLTAGE FACTOR (Kv) VERSUS SUPPLY VOLTAGE (Ved 
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) 
7C381P-ll 

TEMPERATURE FACTOR (KT) VERSUS TEMPERATURE 
1.30 

1.25 

1.20 
./ 

,r 

1.15 

1.10 

>- 1.05 
'" 

1.00 

0.95 

0.90 

./ 
/"' 

./" 
~ 

l,..../" 
~ 

"", 
0.85 ......... 
0.80 

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

JUNCTION TEMPERATURE ('C) 
7C381i'-12 

"THETA JA = 45 'CIWATT FOR PLCC 
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Combinatorial Delay Example (Load = 30 pF, K=1, Fanout = 1) 

t(O !Po toUT 

CY7C381P 
CY7C382P 

I--- l.4ns ----.,.------ 1.7ns ----------1°114---- 2.8ns -------l 
IN11-------I >------\ OUT 

IN21-------I 

INPUT DELAY + COMBINATORIAL DELAY + OUTPUT DELAY = 5.9 ns 

Sequential Delay Example (Load = 30 pF, K=1, Fanout = 1) 

t(O tsu teu< tOUT 
I--- 1.4 ns ----+1-0--- 2.1 ns ---I"~I."--- 1.0 ns --~ .. Ii""-~-- 2.8 ns -------I 

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

CLKI-------I 

INPUT DELAY + REG SET-UP + CLOCK TO Q DELAY + OUTPUT DELAY = 7.3 ns 
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Ordering Information 
Speed Package 
Grade Ordering Code Name 

2 CY7C381P-2JC J67 

CY7C381P-2JI J67 

1 CY7C381P-lJC J67 

CY7C381P-1JI J67 

0 CY7C381P-OJC J67 

CY7C381P-OJI J67 

X CY7C381P-XJC J67 

CY7C381P-XJI J67 

Speed Package 
Grade Ordering Code Name 

2 CY7C382P-2AC AlOO 

CY7C382P-2JC J81 

CY7C382P-2AI AlOO 

CY7C382P-2JI J81 

1 CY7C382P-1AC AlOO 

CY7C382P-lJC J81 

CY7C382P-1AI AlOO 

CY7C382P-1JI J81 

CY7C382P-1GMB G69 

0 CY7C382P-OAC AlOO 

CY7C382P-OJC J81 

CY7C382P-OAI AlOO 

CY7C382P-OJI J81 

CY7C382P-OGMB G69 

X CY7C382P-XAC AlOO 

CY7C382P-XJC J81 

CY7C382P-XA! AlOO 

CY7C382P-XJI J81 

CY7C382P-XGMB G69 
Shaded area contams prelImmary mformatlon. 

MILITARY SPECIFICATIONS 
Group A Subgroup Testing 

Operating 
Package 1Ype Range 

44-Lead Plastic Leaded Chip Carrier Commercial 

44-Lead Plastic Leaded Chip Carrier Industrial 

44-Lead Plastic Leaded Chip Carrier Commercial 

44-Lead Plastic Leaded Chip Carrier Industrial 

44-Lead Plastic Leaded Chip Carrier Commercial 

44-Lead Plastic Leaded Chip Carrier Industrial 

44-Lead Plastic Leaded Chip Carrier Commercial 

44-Lead Plastic Leaded Chip Carrier Industrial 

Operating 
Package 1Ype Range 

lOO-Pin Thin Quad Flat Pack Commercial 

68-Lead Plastic Leaded Chip Carrier 

lOO-Pin Thin Quad Flat Pack Industrial 
68-Lead Plastic Leaded Chip Carrier 

lOO-Pin Thin Quad Flat Pack Commercial 

68-Lead Plastic Leaded Chip Carrier 

lOO-Pin Thin Quad Flat Pack Industrial 
68-Lead Plastic Leaded Chip Carrier 

69-Pin Grid Array (Cavity Down) Military 

lOO-Pin Thin Quad Flat Pack Commercial 

68-Lead Plastic Leaded Chip Carrier 

lOO-Pin Thin Quad Flat Pack Industrial 
68-Lead Plastic Leaded Chip Carrier 

69-Pin Grid Array (Cavity Down) Military 

lOO-Pin Thin Quad Flat Pack Commercial 

68-Lead Plastic Leaded Chip Carrier 

lOO-Pin Thin Quad Flat Pack Industrial 
68-Lead Plastic Leaded Chip Carrier 

69-Pin Grid Array (Cavity Down) Military 

DC Characteristics Switching Characteristics 
Parameter Subgroups Parameter Subgroups 

VOH 1,2,3 Delay Factor (K) 7,8,9,10,11 

VOL 1,2,3 

Ioz 1,2,3 

IcC! 1,2,3 

II 1,2,3 

VlaLmk and pASIC are trademarks of QUickLogic Corporation. 
Wa1p3 and UltraLogic are trademarks of Cypress Semiconductor Corporation. 

Document #: 38-00253-B 
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Features 
• Very high speed 

- Loadahle counter frequencies 
greater than 80 MHz 

- Chip-to-chip operating frequencies 
up to 60 MHz 

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

• Lowpower 
- Standby current typically 250 JIA 
-16-bit counter operating at 80 MHz 

consumes 20 rnA 

• High usable density 
- 8 x 12 array of 96 logic cells pro

vides 3,000 total available gates 
-1,000 typically usable "gate array" 

gates in 44- and 68-pin PLCC and 
100-pin TQFP packages 

• Fully PCI compliant inputs and out
puts for commercial and industrial 
temperature range 

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

(1.7ns typical) 
• Powerful design tools-Wa1p3 ,. 

- Designs entered in VUDL, sche
matics, or both 

- Fast, fully automatic place and 
route 

- Wavefonn simulation with hack
annotated net delays 

Logic Block Diagram 

CY7C3381A 
CY7C3382A 

UltraLogic ™ 3.3V High Speed 
lK Gate CMOS FPGA 

- PC and workstation platfonns 
• Extensive 3rd party tool support 

- See Development Systems section 
• 5V Tolerant Inputs (see IIH spec) 
• Robnst routing resources 

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

- No hand routing required 
• 32 (CY7C3381A) to 56 (CY7C3382A) 

bidirectional input/output pins 
• 6 dedicated input/bigh-drive pins 
• 2 clock/dedicated input pins with fan

out-independent, low-skew nets 
- Clock skew <0.5 ns 

• Input hysteresis provides high noise 
immunity 

• Thorough testability at 3.3V 
- Built-in scan path permits 100 per

cent factory testing of logic and I/O 
cells 

• 0.65!t CMOS process with ViaLink ~ 
programming technology 
- High-speed metal-to-metallink 
- Non-volatile antifuse technology 

• 68-pin PLCC is pinout compatible 
with 2K (CY7C3384A) devices 

• 100-pin TQFP is pinout compatible 
with 3.3V 2K (CY7C3384A) and 4K 
(CY7C3385A) devices 

• Pinout compatible with 5V 
CY7C381Pj2P devices 

Functional Description 
The CY7C3381A and CY7C3382A are 
3.3V very high speed CMOS user-pro
grammableASIC (pASIC ru ) devices. The 
96 logic cell field-programmable gate array 
(FPGA) offers 1,000 typically usable "gate 
array" gates. This is equivalent to 3,000 
EPLD or LCA gates. The CY7C3381A is 
available in a 44-pin PLCC package. The 
CY7C3382A is available in a 68-pin PLCC 
and a lOO-pin TQFP package. 

Low-impedance, metal-to-metal ViaLink 
interconnect technology provides non-vol
atile custom logic capable of operating at 
speeds above 100 MHz. This permits high
density programmable devices to be used 
with today's fastest CISC and RISCmicro
processors. 

Designs are entered into the CY7C3381A 
and CY7C3382A using Cypress Wmp3 
software or one of several third-party tools. 
See the Development Systems section of 
the Programmable Logic Databook for 
more tools information. 

Warp3 is a sophisticated CAE package that 
features schematic entry, waveform-based 
timing simulation, and VHDL design syn
thesis. The CY7C3381A and CY7C3382A 
feature ample on-chip routing channels for 
fast, fully automatic place and route ofhigh 
gate utilization designs. 

For detailed information about the 
pASIC3380 architecture, see the 
pASIC380 Family datasheet. 

•••••••••••••••• 
• 0 0 0 0 0 0 0 o • 
• 0 0 0 0 0 0 0 0 

• 0 0 0 0 0 0 0 0 

• 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 ~ 0 0 0 0 ~ 
1-- ..... 

i(-- ~" =- -
0 0 0 0 0 0 0 0 

• 
• 
• 
• 0 0 0 0 0 0 0 0 I 

• 0 0 0 0 0 0 0 0 

• 0 0 0 0 0 0 0 0 • 
0 0 0 0 0 0 0 o • • I/O/HIGH-DRIVE INPUT CLO • CKCELLS 

• 0 0 0 0 0 0 0 o • 7c3381A-l 

•••••••••••••••• 
44,68, or 100 PINS, INCLUDING 561/0 CELLS, 6 INPUT HIGH-DRIVE CELLS, 21NPUT/CLK (HIGH-DRIVE) CELLS 
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Pin Configurations 

1/0 
1/0 
1/0 

I/(SCLK) 10 
I/CLKI(SM) 11 

Vee 12 
I 13 
I 14 

1/0 15 
1/0 16 
I/O 

PLCC 
Top View 

ggggg~ggggg 

6 5 4 3 

7C3381A 

ggggg~ggggg 
> 

1/0 
1/0 
1/0 
I/(SO) 
I 
Vee 
I/CLK 
I/(SI) 
1/0 
I/O 
1/0 

7c3381A-2 

CY7C3381A 
CY7C3382A 

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

I/(SCLK) 
I/CLKI(SM) 

Vee 
I 
I 

1/0 
I/O 
1/0 

I/O 24 

PLCC 
Top View 

7C~82A 

~ ~ « 
~ ~D~~M~~~M •• ~.~~M~g 

TQFP 
Top View 

gggggggg~gggggggg 

1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
I/(SO) 

Vee 
I/CLK 
I/(SI) 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 

7c3381A·3 

10099 9B 97 96 9594 93 92 91 90 69 88 87868564 B3 82 81 8079 787776 

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

I/(SCLK) 
I/CLKI(SM) 

Vee 
I 
I 

NC 
1/0 
1/0 
1/0 
1/0 
NC 
1/0 
NC 
1/0 
NC 
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75 
74 
73 
72 
71 
70 
69 
68 
67 
66 
65 
64 
63 
62 
61 
60 
59 
58 
57 
56 
55 
54 
53 
52 

NC 

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

I/(SO) 
I 
Vee 
I/CLK 
I/(SI) 
1/0 
NC 

1/0 
1/0 
1/0 
NC 
1/0 
NC 
1/0 
NC 
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Maximum Ratings 

CY7C3381A 
CY7C3382A 

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

DC Input Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. :!:20 rnA 

Latch-Up Current ............................ :!:200 rnA 

Storage Temperature 
Ceramic ........................... - 6SoC to + lS0°C 
Plastic .............................. -40°C to + 125°C 

Operating Range 

Lead Temperature ............................... 300°C 

Supply Voltage ......................... - O.5V to + 7.0V 

Input Voltage ...................... - O.5V to Vee +0.7V 
ESD Pad Protection ............................ :!:2000 V 

Ambient 
Range Temperature Vee 

Commercial O°Cto +70°C 3.3V:!: O.3V 

Industrial -40°Cto +8SoC 3.3V ± O.3V 

DC Input Voltage. . . . . . . . . . . . . . . . . . . . . . . .. -O.5V to 7.0V 

Delay Factor (K) 

Speed Commercial Indnstrial 

Grade Min. Max. Min. Max. 

-X 0.46 3.52 0.40 3.77 

-0 0.46 2.61 0.40 2.81 

-1 0.46 2.23 0.40 2.39 

Electrical Characteristics Over the Operating Range 

Parameter Description Test Conditions Min. Max. Unit 

VOR Output HIGH Voltage lOR = -2.4 rnA 2.4 V 

lOR = -10.0 iJA Vee - 0.1 V 

VOL Output LOW Voltage IOL= 4.0 rnA 0.4 V 

IOL = 10.0 iJA 0.1 V 

VIH Input HIGH Voltage 2.0 V 

VIL Input LOW Voltage 0.8 V 

IIH Input HIGH Current Sink 
(For SV Inputs) 

SV> VIN > Vee 12[1] rnA 

h Input Leakage Current VIN = VccorVss -10 +10 iJA 
loz Output Leakage Current Three-State VIN = VeeorVss -10 +10 iJA 
los Output Short Circuit Currentl2] VOUT= Vss -S -so rnA 

VOUT=Vee S 100 rnA 

Iee1 Standby Supply Current VIN, VI/a = Vee orVss 6S0 flA 

Capacitance 
Parameter Description Test Conditions Max. Unit 

CIN Input Capacitance(3] TA = 2SoC, f = 1 MHz, 10 pF 

COUT Output Capacitance 
Vee = 3.3V 

10 pF 

Note: 
1. User must limit input current to 12 rnA. 3. CI = 20 pF max. on I/(SI). 
2. Only one output at a time. Duration should not exceed 30 seconds. 
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Switching Characteristics (Vcc=3.3 V, TA=25 'C, K=1.00) 

Parameter Description 1 

LOGIC CELLS 

tpD Combinatorial Delay[5] 1.7 

tsu Set-Up Timd5] 2.1 

tH Hold Time 0.0 

tcLK Clock to Q Delay 1.0 

tCWHI Clock HIGH Time 2.0 

tcww 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) 2.1 

tINI Input, Inverting Delay (HIGH Drive) 2.1 

tIO Input Delay (Bidirectional Pad) 1.4 

tGCK Clock Buffer Delay[6] 2.7 

tGCKHI Clock Buffer Min. HIGH[6] 2.0 

tGCKLO Clock Buffer Min. LOW[6] 2.0 

Parameter Description 

OUTPUT CELLS 

tOUTLH Output Delay LOW to HIGH 

tOUTHL Output Delay HIGH to LOW 

tpZH Output Delay Three-State to HIGH 

tpZL Output Delay Three-State to LOW 

tpHZ Output Delay HIGH to Three-Statd?] 

tPLZ Output Delay LOW to Three-State[7] 

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

3.3V and TA = 25'C. Multiply by tbe 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. 

5. These limits are derived from worst-case values for a representative 
selection ofthe slowest paths throngh the pASIC380 logic cell includ
ing net delays. Guaranteed delay values for specific paths should be 
determined from simulation results. 

30 

2.7 

2.8 

4.0 

3.6 

2.9 

3.3 

Propagation DelaysL4] 
with Fanout of 

2 3 4 

2.1 2.7 3.3 

2.1 2.1 2.1 

0.0 0.0 0.0 

1.5 1.9 2.3 

2.0 2.0 2.0 

2.0 2.0 2.0 

2.2 2.7 3.0 

1.8 2.2 2.5 

1.9 1.9 1.9 

1.8 1.8 1.8 

Propagation Delays 

2 3 4 6 

2.2 2.3 2.4 2.6 

2.2 2.3 2.5 2.8 

1.8 2.2 2.6 3.4 

2.7 2.8 2.9 3.0 

2.0 2.0 2.0 2.0 

2.0 2.0 2.0 2.0 

Propagation Delays[4] 
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 

CY7C3381A 
CY7C3382A 

8 Unit 

4.8 ns 

2.1 flS 

0.0 ns 

4.2 flS 

2.0 flS 

2.0 flS 

4.8 flS 

3.9 flS 

1.9 flS 

1.8 flS 

8 Unit 

2.9 ns 

3.1 ns 

4.2 ns 

ns 

ns 

ns 

150 Unit 

6.7 ns 

7.6 flS 

9.7 flS 

7.3 ns 

ns 

flS 

6. 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. 

7. The following loads are used for tpxz: 
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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 

Combinatorial Delay 

CY7C3381A 
CY7C3382A 

Propagation Delays[4] with Fanout of 

12 24 48 72 96 Unit 

4.0 4.9 ns 

3.5 5.0 ns 

4.0 4.8 5.6 ns 

4.1 4.8 ns 

4.2 5.1 ns 

3.7 5.2 ns 

4.2 5.0 5.8 ns 

4.3 5.0 ns 

INPUT 

=========_~_~_-_-_-_-_-_-_-_-_-_-t_P-D~:--~:-_::-_=~~>k-.~I-==========================~ 
OUTPUT 

7c3381A-5 

Set-Up and Hold Times 

c~ t·, r' =t~ -:rl+--... -tcwLO ~1~ 
{-~ ~ __ } _____ 1_ 

Q 

Set and Reset Delays 

SET 

Q 

RESET 

Q 

Output Delay 

OUTPUT 

t tsw 

t tRW 

~UTLH ~ 
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=E!!S!!I' CYPRESS 
Switching Waveforms (continued) 

Three-State Delay 
OUTPUT 

---(tPZH BUFFER 
ENABLE 

OUTPUT 
THREE-STATE 

1Ypical AC Characteristics 

THREE-STATE 

CY7C3381A 
CY7C3382A 

THREE-STATE 

7c3381A·9 

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. The Wap3 Delay Modeler extracts 
specific timing parameters for precise simulation results following 
place and route. 

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

1.08 

1.06 

1.04 

1.02 

> 1.00 
'" 

~ 

~ 

"" -........... -............ 
~ 0.98 

0.96 -............ 

... 
'" 

0.94 

0.92 
3.00 3.15 3.30 

SUPPLY VOLTAGE, Vee (Volts) 

TEMPERATURE FACTOR (KTJ VERSUS TEMPERATURE 
1.30 

1.25 

1.20 

1.15 

1.10 / 
1.05 

1.00 

0.95 

0.90 

0.85 

./ 
~ 

~ 
~ 

".., 
.,...... 

0.80 
-60 -40 -20 o 20 40 60 80 

JUNCTION TEMPERATURE (OC) 
-THETA JA = 45 °C/WATT FOR PLCC 
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~ -...... 
3.45 3.60 

./ " 
./ 

100 120 140 

7c33B1A-10 

7c3381A-11 
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.~YPRESS 
Combinatorial Delay Example (Load = 30 pF, K=l, Fanout=l) 

tlO tpo tOUT 

CY7C3381A 
CY7C3382A 

I--- 1.4ns ----~e------- 1.7ns ------~ .. Ii"" .. --- 2.8ns ---I 
IN11-------I >------1 OUT 

IN2 t-------i 

INPUT DELAY + COMBINATORIAL DELAY + OUTPUT DELAY = 5.9 ns 

Sequential Delay Example (Load = 30 pF, K=l, Fanout=l) 

tlO tsu tCLK tOUT 
I--- 1.4 ns ----..... e--- 2.1 ns --....... ~14.--- 1.0 ns --.... +-1 .. 1---- 2.8 ns ---I 

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

CLKI-------I 

INPUT DELAY + REG SET-UP + CLOCK TO Q DELAY + OUTPUT DELAY = 7.3 ns 
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.~YPRESS 
Ordering Information 

Speed Package 
Grade Ordering Code Name Package 'JYpe 

1 CY7C3381A -UC J67 44-Lead Plastic Leaded Chip Carrier 

CY7C338lA -lJI J67 44-Lead Plastic Leaded Chip Carrier 

0 CY7C338lA -OJC J67 44-Lead Plastic Leaded Chip Carrier 

CY7C3381A -011 J67 44-Lead Plastic Leaded Chip Carrier 

X CY7C338lA - XJC J67 44-Lead Plastic Leaded Chip Carrier 

CY7C338lA - XJI J67 44-Lead Plastic Leaded Chip Carrier 

Speed Package 
Grade Ordering Code Name Package 'JYpe 

1 CY7C3382A -lAC AlOO lOO-Pin Thin Quad Flat Pack 

CY7C3382A -UC J81 68-Lead Plastic Leaded Chip Carrier 

CY7C3382A -lAl AlOO lOO-Pin Thin Quad Flat Pack 

CY7C3382A -lJI J8l 68-Lead Plastic Leaded Chip Carrier 

0 CY7C3382A-OAC AlOO lOO-Pin Thin Quad Flat Pack 

CY7C3382A-OJC J81 68-Lead Plastic Leaded Chip Carrier 

CY7C3382A -OAI AlOO lOO-Pin Thin Quad Flat Pack 

CY7C3382A-01l J81 68-Lead Plastic Leaded Chip Carrier 

X CY7C3382A - XAC AlOO lOO-Pin Thin Quad Flat Pack 

CY7C3382A - XJC J8l 68-Lead Plastic Leaded Chip Carrier 

CY7C3382A - XAI AlOO 100-Pin Thin Quad Flat Pack 

CY7C3382A-XJI J81 68-Lead Plastic Leaded Chip Carrier 

Wa1p3 and UltraLogic are trademarks of Cypress Semiconductor Corporation. 
ViaLink and pASIC are trademarks of QuickLogic Corporation. 
Document #: 38-00252-B 
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Operating 
Range 

Commercial 

Industrial 

Commercial 

Industrial 

Commercial 

Industrial 

Operating 
Range 

Commercial 

Industrial 

Commercial 

Industrial 

Commercial 

Industrial 

CY7C3381A 
CY7C3382A 
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CY7C383A 
CY7C384A 

UltraLogic TM Very High Speed 
2K Gate CMOS FPGA 

Features 
• Very high speed 

- Loadable counter freqnencies 
greater than 150 MHz 

- Chip-to-chip operating frequencies 
up to 110 MHz 

- Input + logic cell + output delays 
under6ns 

• 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, 
85-pin CPGA, and 100-pin TQFP 
packages 

• Low power, high output drive 
- Standby current typically 2 mA 
-16-bit counter operating at 150 

MHz consumes 50 mA 
- Minimum IOL of 12 mA and 

IOHOf8 mA 
• 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 typical) 

• Powerful design tools-Walp3 ~ 
- Designs entered in VHDL, sche

matics, or both 
- Fast, fully automatic place and 

route 

Logic Block Diagram 

- Waveform simulation with back 
annotated net delays 

- PC and workstation platforms 

• Extensive 3rd party tool support 
- See Development Systems section 

• 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 80 (CY7C384A) 
bidirectional inputJoutput pins 

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

out-independent, low-skew nets 
- Clock skew <0.5 ns 

• Input hysteresis provides high uoise 
immunity 

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

cent factory testing of logic and I/O 
cells 

• 0.6511 CMOS process with ViaLink ~ 
programming technology 
- Higb-speed metal-to-metallink 
- Non-volatile antifuse technology 

• 68-pin PLCC is pinout compatible 
with lK (CY7C382P) devices 

• 84-pin PLCC is pinout compatible 
with the 4K (CY7C385P) devices 

• lOO-pin TQFP is pinout compatible 
with the lK (CY7C382P) and the 4K 
(CY7C385P) devices 

Functional Description 
The CY7C383A and CY7C384A are very 
high speed CMOS user-programmable 
ASIC (pASIC~) 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 package. The 
CY7C384A is available in 84-pin PLCC, 
85-pin CPGA and 100-pin TQFP pack
ages. 

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 Wap3 soft
ware or one of several third-party tools. 
See the Development Systems section of 
the Programmable Logic Data Book for 
more tools information. Wap3 is a sophis
ticated CAE package that features sche
matic entry, waveform-based timing simu
lation, and VHDL design synthesis. The 
CY7C383A and CY7C384A feature am
ple on-chip routing channels for fast, fully 
automatic place and route of high gate uti
lization designs. 

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

DO DO DO DO DO DO· • I/O/HIGH-DRIVE INPUT/CLOCK CELLS 

.0 DO DO DO DO DO O· 
0 DO DO DO DO DO O· 
DO DO DO DO DO DO· 

.0 DO DO DO DO DO O· 

.0 DO DO DO DO DO o· 
1 .0 DO DO 00 00 DO O· 

0 00 DO 00 00 DO O· 

~ 00 DO DO 00 0J..g1~ 
00 00 DO 00 ~o~o'-- ~ 00 00 00 00 ~~ r-OD DO DO 00 DO DO· 

~J 00 00 00 00 00 00· 

.0 00 00 00 DO 00 O· 

.0 00 DO 00 00 00 O· 

.0 00 00 00 00 00 O· ...................... 
68,84(85), or 100 PINS, INCLUDING 68 I/O CELLS, 6 INPUT HIGH-DRIVE CELLS, 2 INPUT/CLK (HIGH-DRIVE) CELLS c383A-1 

ViaLink and pASIC are trademarks of QuickLogic C?rporation. . 
U1traLogic and Wap3 are trademarks of Cypress Semiconductor CorporatIOn. 
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Pin Configurations 

110 
110 
110 
110 
I/O 
I/O 

I/(SClK) 
I/CLKI(SM) 

Vee 
II(P) 

I 
110 
110 
110 
110 
110 
110 

PLCC 
Top View 

gggggggg~gggggggg 

~~TnnT~rn~~rnTn~nTTnTr~ 

gggggggg~gggggggg 
> 

CY7C383A 
CY7C384A 

110 
I/O 
I/O 
I/O 
110 

I/O 
I/O 
110 
110 
110 
110 
110 

I/O Vss 

I/(SO) II(SC~ 
I 
Vee I/ClK/(SM) 
I/ClK I/(P) 
I/(SI) I 
1/0 Vee 
I/O 110 
110 110 
I/O 110 
110 I/O 
110 I/O 

c383A-2 

I/O 
I/O 

PLCC 
Top View 

ggggggg~ggggg~ggggggg 

7C384A 

54 
~~~~~U~~~M~~~%~U~~OO~~~ 

g g g g g g g ~g g g g g 8 g g g g g g g 
:> > 

TQFP 
Top View 

I/O 
110 
110 
110 
110 
110 
110 
Vee 
I/(SO) 
I 

I/ClK 
I/(SI) 
110 
vss 
110 
110 
110 
110 
110 
110 
110 

o383A-3 

10099 98 97 96 95 9493 92 91 908988 87868584 838281 80 79 787776 

I/O 
I/O 
I/O 
I/O 
110 
I/O 
I/O 
110 

vss 
110 

I/(SClK) 
l/ClK/(SM) 

Vee 
I/(P) 

I 
Vee 

110 
110 
110 
110 
110 
110 
110 
110 
I/O 

ggggggggg~gg~gggggggggggg 
> > > 
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75 
74 
73 
72 
71 
70 
69 
68 

67 
66 
65 
64 
63 
62 
61 
60 
59 
58 
57 
56 
55 
54 
53 
52 
51 

110 
110 
110 
110 
110 
110 
110 
110 
110 
Vee 
I/(SO) 
I 
Vee 
I/ClK 
I/(SI) 
I/O 
V,S 
I/O 
I/O 
I/O 
110 
I/O 
110 
110 
110 o383A-4 
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Pin Configurations (continued) 

I/O 

110 

110 

110 

I/O 

110 

110 

110 

110 

110 

I/O 

110 

110 

I/O 

110 

110 

110 

110 

110 

I/O 

)/0 

110 

11 10 

110 110 

110 I/O 

Vee 

110 

Vss 

I/O 110 

110 I/O 

CPGA 
Bottom View 

110 110 110 

I/(scLl<) I/(P) I 

vss I/eLK/ Vee 
(SM) 

Vee I/ClK Vss 

I/(SO) I I/(SI) 

I/O 110 I/O 
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110 110 110 

110 I/O 110 

• 110 

110 

vss 110 

I/O 110 

Vee 110 

110 

I/O 

110 110 I/O 

110 I/O 110 

I/O 

110 

110 

110 

110 

I/O 

I/O 

110 

I/O 

110 

I/O 

A 

B 

C 

D 

E 

G 

H 

K 

c3B3A-S 

CY7C383A 
CY7C384A 



rcYPRESS 
Maximum Ratings 

CY7C383A 
CY7C384A 

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

DC Input Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±20 rnA 
Latch-Up Current ............................ ±200 rnA 

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

Operating Range 

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

Ambient 
Range Temperature Vee 

Commercial O°C to +70°C 5V±5% 

Industrial -40°C to +85°C 5V ± 10% 

DC Input Voltage ........................ -O.5V to + 7.0V Military -55°C to + 125°C 5V ± 10% 

Delay Factor (K) 

Speed Military Industrial Commercial 

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

-X 0.39 3.00 0.4 2.75 0.46 2.55 

-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 !LA Vee - 0.1 V 

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

IOL = 10.0 !LA 0.1 V 

VIH Input HIGH Voltage 2.0 V 

VIL Input LOW Voltage 0.8 V 

II Input Leakage Current VIN=VeeorVss -10 +10 t-tA 

loz Output Leakage Current-Three-State VIN=VeeorVss -10 +10 !LA 
los Output Short Circuit Currend1] VOUT= Vss -10 -80 rnA 

VOUT =Vee 30 140 rnA 

IcC! Standby Supply Current VIN, VI/a = VeeorVss 10 rnA 

Capacitance 

Parameter Description Test Conditions Max. Unit 

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

COUT Output Capacitance 
Vee = 5.0V 

10 pF 

Notes: 
1. Only one output at a time. Duration should not exceed 30 seconds. 
2. CIN = 40 pF max. on 1/(SI) and I/(P). 
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Switching Characteristics (At Vcc=5V, TA=25°C K=1.00) 

Parameter Description 1 

LOGIC CELLS 

tpD Combinatorial Delay[4] 1.7 

tsu Set-Up Timef4] 2.1 

tH Hold Time 0.0 

!eLK 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 

taCK Clock Buffer Delay[S] 2.7 

tGCKHI Clock Buffer Min. HIGH[S] 2.0 

tGCKLO Clock Buffer Min. LOW[S] 2.0 

Parameter Description 

OUTPUT CELLS 

tOUTLH Output Delay LOW to HIGH 

toUTHL Output Delay HIGH to LOW 

tPZH Output Delay Three-State to HIGH 

tpZL Output Delay Three-State to LOW 

tpHZ Output Delay HIGH to Three-Statd6] 

tpLZ Output Delay LOW to Three-Statef6] 

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

S.OV and TA = 2S°C. Multiply by the appropriate delay factor, K, for 
speed grade to get worst-case parameters over full V cc 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. These limits are derived from worst -case values for a representative 
selection of the slowest paths through the pASIC380 logic cell includ
ing net delays. Guaranteed delay values for specific paths should be 
determined from simulation results. 

30 

2.7 

2.8 

4.0 

3.6 

2.9 

3.3 

Propagation DelaysL3j 
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 DelaysL3j 

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 DelaysL'j 
with Output Load Capacitance (pF) of 

SO 7S 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 

3.4 ns 

4.6 ns 

3.0 ns 

2.0 ns 

2.0 ns 

ISO Unit 

6.7 ns 

7.6 ns 

9.7 ns 

7.3 ns 

ns 

ns 

5. 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. 

6. The following loads are used for tpxz: 

~5PF '·""1 I tpHZ 
":'" -= 
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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 

Combinatorial Delay 

~ INPUT 

tpD 

OUTPUT 

~-UP:Hf~ 

~~;j 
CLOCK ,--~ ~i 

Q 

Set and Reset Delays 

t SET 

tsw 

Q 

RESET f tRW 

Q 

Output Delay tOUTLH 

OUTPUT ~ 
4-57 

CY7C383A 
CY7C384A 

Propagation Delays[3j with Fanout of 

12 24 48 72 96 Unit 

4.5 5.4 ns 

3.9 5.6 ns 

4.5 5.3 6.3 ns 

4.6 5.3 ns 

4.7 5.6 ns 

4.0 5.8 ns 

4.6 5.5 6.4 ns 

4.8 5.5 ns 

* c383A-6 

~ 
tCWLO {-

c383A-7 

~ 
tSET t 

i 
tRESET L • c~§;l8-§ 

touTHL 

~ 
c383A-9 
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Switching Waveforms (continued) 

Three-State Delay 
OUTPUT 
BUFFER 
ENABLE 

OUTPUT 

------( tPZH 

THREE-STATE 

'!Ypical AC Characteristics 

{tPZL 
THREE-STATE 

CY7C383A 
CY7C384A 

THREE-STATE 

o383A·10 

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. The Wa1p3 Delay Modeler extracts 
specific timing parameters for precise simulation results following 
place and route. 

> 
'" 

I-

'" 

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

1.08 
..... 

............... 
1.06 

1.04 

1.02 

1.00 

0.98 

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

---.......... 
---.......... 

0.96 

0.94 

0.92 
4.50 4.75 5.00 

SUPPLY VOLTAGE, Vee (VoHs) 

1.30 
TEMPERATURE FACTOR (KT) VERSUS TEMPERATURE 

1.25 

1.20 

1.15 

1.10 

1.05 

1.00 

0.95 

0.90 

0.85 ,...... 
0.80 

-60 

~ 
..... V 

-40 -20 

./ 
~ 

/" 

o 20 40 60 

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

5.25 5.50 

c383A·11 

./ 
". 

./ 
/ 

80 100 120 140 

JUNCTION TEMPERATURE (0C) o3B3A·12 

'THETA JA = 45 °CIWATT FOR PLCC 
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Combinatorial Delay Example (Load = 30 pF, K=1, Fanout=1) 

tlO tpD toUT 

CY7C383A 
CY7C384A 

I--- 1.4 ns ----"*0------- 1.7 ns ------_.,..1_1---- 2.6 ns -----I 
IN1 1---------1 >------1 OUT 

c383A-13 

INPUT DELAY + COMBINATORIAL DELAY + OUTPUT DELAY = 5.9 ns 

Sequential Delay Example (Load = 30 pF, K=1, Fanout=1) 

tlO tsu tCLK tOUT 

I--- 1.4 ns ----~o--- 2.1 ns ---i.~14"--- 1.0 ns --•• 11-1 .. >---- 2.6 ns -----I 
IN1 1-------1 

>-----;OUT 

CLKr-------; 

c383A-14 

INPUT DELAY + REG SET-UP + CLOCK TO Q DELAY + OUTPUT DELAY = 7.3 ns 
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Ordering Infonnation 
Speed Package 
Grade Ordering Code Name 

2 CY7C383A-2JC J81 

CY7C383A-2JI J81 

1 CY7C383A -lJC J81 

CY7C383A -1JI J81 

0 CY7C383A-OJC J81 

CY7C383A-OJI J81 

X CY7C383A - XJC J81 

CY7C383A-XJI J81 

Speed Package 
Grade Ordering Code Name 

2 CY7C384A -ZAC AlOO 

CY7C384A-2JC J83 

CY7C384A-2AI AlOO 

CY7C384A-2JI J83 

1 CY7C384A -lAC AlOO 

CY7C384A -lJC J83 

CY7C384A -lAl AlOO 

CY7C384A -1JI J83 

CY7CS84A,-'.; IP~ , ','Q65( 
"., --

0 CY7C384A-OAC A100 

CY7C384A-OJC J83 
CY7C384A-OAl Aloo 

CY7C384A-OJI J83 

CY7C384A-OGMB 'O~$ 
X CY7C384A-XAC AlOO 

CY7C384A - XJC J83 

CY7C384A - XA1 AlOO 

CY7C384A - XJI J83 

CY7CS84A~XG~ ,G85,' 
Shaded area contams prebmmary 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-B 

Package 
1YPe 

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 

68-Lead Plastic Leaded Chip Carrier 

68-Lead Plastic Leaded Chip Carrier 

Package 
'JYpe 

lOO-Pin Thin Quad Flat Pack 

84-Lead Plastic Leaded Chip Carrier 

100-Pin Thin Quad Flat Pack 

84-Lead Plastic Leaded Chip Carrier 

100-Pin Thin Quad Flat Pack 

84-Lead Plastic Leaded Chip Carrier 

100-Pin Thin Quad Flat Pack 

84-Lead Plastic Leaded Chip Carrier 

, .{!5;~Qjld,~(C1!vityppr:':/·' 
100-Pin Thin Quad Flat Pack 

84-Lead Plastic Leaded Chip Carrier 

100-Pin Thin Quad Flat Pack 

84-Lead Plastic Leaded Chip Carrier 

'85"Pill<l:tid,~ (paYitj1)fPt, ," ',:,' 
100-Pin Thin Quad Flat Pack 

84-Lead Plastic Leaded Chip Carrier 

lOO-Pin Thin Quad Flat Pack 

84-Lead Plastic Leaded Chip Carrier 

',,8$~fjn Qri(lAl:~Y (caVi~tJp)' •. ~:.. 
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Operating 
Range 

Commercial 

Industrial 

Commercial 

Industrial 

Commercial 

Industrial 

Commercial 

Industrial 

Operating 
Range 

Commercial 

Industrial 

Commercial 

Industrial 

,:M1l\~',", •• ,,' 
Commercial 

Industrial 

: MiJjtaif, " 
Commercial 

Industrial 

Commercial 

Industrial 

:~t~ , , 

CY7C383A 
CY7C384A 



CY7C3383A 
CY7C3384A 

Ultra Logic ™ 3.3V High Speed 
2K Gate CMOS FPGA 

Features 
• Very high speed 

- Loadable counter frequencies 
greater than 80 MHz 

- Chip-to-chip operating frequencies 
up to 60 MHz 

• 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, and 
IOO-pin TQFP packages 

• Low power, high output drive 
- Standby current typically 250 pA 
-I6-bit counter operating at 80 MHz 

consumes 20 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 typical) 

• Powerful design tools-Warp3 m 

- Designs entered in VHDL, sche
matics, or both 

- Fast, fully automatic place and 
route 

- Waveform simulation with back 
annotated net delays 

- PC and workstation platforms 

• Extensive 3rd party tool support 

- See Development Systems section 

• 5V tolerant Inputs (see IIH spec) 

• Robust routing resources 
- Fully-automatic place and route of 

designs using up to 100 percent of 
logic resources 

- No hand routing required 

• 56 (CY7C3383A) to 80 
(CY7C3384A) bidirectional input/ 
output pins 

• 6 dedicated input/high-drive pins 

• 2 clock/dedicated input pins with fan
out-independent, low-skew nets 
- Clock skew <0.5 ns 

• Input hysteresis provides high noise 
immunity 

• Thorough testability at 3.3V 
- Built-in scan path permits 100 per

cent factory testing of logic and 110 
cells 

• 0.65" CMOS process with ViaLink m 

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

• 68-pin PLCC is pinout compatible 
with IK (CY7C3382A) devices 

• 84-pin PLCC is pinout compatible 
with 4K (CY7C3385A) devices 

• 100-pin TQFP is pinout compatible 
with IK (CY7C3382A) and 4K 
(CY7C3385A) devices 

• Pinout compatible with sv, 2K 
(CY7C383A/4A) devices 

Logic Block Diagram ..................... • 
.0 DO DO DO DO DO O· 
.0 DO DO DO DO DO O· 

Functional Description 
The CY7C3383A and CY7C3384A are 
3.3V high speed CMOS user-program
mable ASIC (pASIC~) 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 CY7C3383A is 
available in a 68-pin PLCC packages. The 
CY7C3384A is available in an 84-pin 
PLCC and lOa-pin TQFP packages. 

Low-impedance, metal-to-metal ViaLink 
interconnect technology provides non-vol
atile custom logic capable of operating at 
speeds above 100 MHz. This permits high
density programmable devices to be used 
with today's fastest CISC and RISC micro
processors. 

Designs are entered into the CY7C3383A 
and CY7C3384A using Cypress Warp3 
software or one of several third-party tools. 
See the Development Systems section of 
the Programmable Logic Data Book for 
more tools information. Warp3 is a sophis
ticated CAE package that features sche
matic entry, waveform-based timing simu
lation, and VHDL design synthesis. The 
CY7C3383A and CY7C3384A 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. 

.0 DO 0 0 0 0 0 0 DO O· 
• I/O/HIGH-DRIVE INPUT/CLOCK CELLS O· .0 DO 0 0 DO DO DO 

.0 DO DO DO DO DO 

.0 DO DO DO DO 0 

.0 0 DO 0 DO DO 0 

.0000000000 

.0000000000 
000000 1"'" t:=-

• I...... F='=,,:::-
.000000 olCto 0 
.0000000000 

.0000000000 

.0000000000 

.0000000000 

O· 

.000000000000· . .. .. .. .. .. .. .. ...... . 

I 

68, 84, or 100 PINS, INCLUDING 681/0 CELLS, 6 INPUT HIGH-DRIVE CELLS, 2 INPUT/CLK (HIGH-DRIVE) CELLS 
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Pin Configurations 

110 
110 
110 
I/O 
110 
110 

I/(SClK) 
I/ClKl(SM) 

Vee 
I/(P) 

I 
110 
110 
110 
110 24 

PLCC 
'lbpView 

~ggggggg~gggggggg 

7C3383A 

00 ~ « 
00 ~B~~M~~~~~~D~~~~~~ 

gggggggg~gggggggg 
> 

c3383A·2 

I/O 
110 
110 
I/O 
I/O 

liD 
liD 
liD 
I/O 
I/O 
I/O 
110 

110 Vss 
I/(SO) liD 
I II(SClK) 

Vee I/ClKl(SM) 
I/CLK I/(P) 
I/(SI) I 
110 Vee 
110 I/O 
I/O I/O 
110 I/O 
I/O I{O 
I/O 110 

liD 
liD 

PLCC 
'lbpView 

ggggggg~ggggg~ggggggg 

7C3~ 

54 
~~~~~D~~~~~~«%~U~~~~~~ 

ggggggg ~ggggg8 ggggggg 
> > 

c3~3A·3 

TQFP 
'lbpView 

o '" '" gggggggg~ggg~gg~ggggggggg 

I/O 
110 
110 
110 
110 
110 
110 
I/O 

Vss 
110 

I/(SCLK) 
I/ClKl(SM) 

Vee 
I/(P) 

I 
Vee 
I/O 
110 
I/O 
110 
I/O 
110 
110 
110 
110 

10099 98 97 96 95 94 93 92 91 90 8988 878685 84 63 82 81 80 79 787776 

ggggggggg~gg~ggg8gggggggg 
> > > 
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75 
74 
73 
72 
71 
70 
69 
68 
67 
66 
65 
64 
63 
62 
61 
60 
59 
58 
57 
56 
55 
54 
~ 

52 

110 
110 
110 
110 
110 
110 
110 
110 
110 
Vee 
I/(SO) 
I 
Vee 
I/CLK 
I/(SI) 
I/O 
Vss 
I/O 
I/O 
110 
I/O 
110 
110 
110 
110 

110 
I/O 
110 
I/O 
I/O 
I/O 
I/O 
Vee 
I/(SO) 
I 
I/CLK 
I/(SI) 
110 
Vss 
110 
110 
110 
110 
110 
110 
I/O 



Maximum Ratings 

CY7C3383A 
CY7C3384A 

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

DC Input Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±20 rnA 
Latch-Up Current ............................ ±200 rnA 

Storage Temperature 
Ceramic ............................ -6SoC to + 1S0°C 
Plastic .............................. -40°C to +12SoC 

Operating Range 

Lead Temperature ............................... 300°C 
Supply Voltage ........................... -O.5V to 7.0V 
Input Voltage ...................... -O.SV to Vee +0.7V 
ESD Pad Protection ............................ ±2000 V 

Ambient 
Range Temperature Vee 

Commercial OOCto +70°C 3.3 ± O.3V 

Industrial -40°C to +8SoC 3.3 ± 0.3V 

DC Input Voltage. . . . . . . . . . . . . . . . . . . . . . . .. -O.SV to 7.0V 

Delay Factor (K) 

Speed Commercial Industrial 

Grade Min. Max. Min. Max. 

-X 0.46 3.52 0.40 3.77 

-0 0.46 2.61 0.40 2.81 

-1 0.46 2.23 0.40 2.39 

Electrical Characteristics Over the Operating Range 

Parameter Description Test Conditions Min. Max. Unit 

VOR Output HIGH Voltage lOR = -2.4 rnA 2.4 V 

lOR = -10.0 !JA Vee - 0.1 V 

VOL Output LOW Voltage IOL = 4mA 0.4 V 

IOL = 10.0 !JA 0.1 V 

VIH Input HIGH Voltage 2.0 V 

VIL Input LOW Voltage 0.8 V 

IIH Input HIGH Current Sink 
(for SV Inputs) 

SV> VIN> Vee 12[1] rnA 

II Input Leakage Current VIN = VccorVss -10 +10 !JA 
Ioz Output Leakage Current-Three-State VIN = VceorVss -10 +10 !JA 
los Output Short Circuit Currend2] VOUT= Vss -S -SO rnA 

VOUT=Vec lS 100 rnA 

IcC! Standby Supply Current VIN, VI/O = Vee or Vss 6S0 !JA 

Capacitance 
Parameter Description Test Conditions Max. Unit 

CIN Input Capacitancd3] TA = 2SoC, f = 1 MHz, 10 pF 

COUT Output Capacitance 
Vee = 3.3V 

10 pF 

Note: 
1. User must limit input current to 12 rnA. 
2. Only one output at a time. Duration should not exceed 30 seconds. 
3. CIN = 40 pF max. on I/(SI) and I/(P). Capacitance is sample tested. 
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# ?cYPRESS 
Switching Characteristics (Vcc=3.3 V; TA=25'C, K=1.00) 

Parameter Description 1 

LOGIC CELLS 

tpD Combinatorial Delay[5] 1.7 

tsu Set-Up Timd5] 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 

tIN! Input, Inverting Delay (HIGH Drive) 2.5 

tIO Input Delay (Bidirectional Pad) 1.4 

taCK Clock Buffer Delay[6] 2.7 

tOCKH! Clock Buffer Min. HIGH[6] 2.0 

tGCKLO Clock Buffer Min. LOW[6] 2.0 

Parameter Description 

OUTPUT CELLS 

tOUTLH Output Delay LOW to HIGH 

tOUTHL Output Delay HIGH to LOW 

tpzH Output Delay Three-State to HIGH 

tpZL Output Delay Three-State to LOW 

tpHZ Output Delay HIGH to Three-State[7] 

tPLZ Output Delay LOW to Three-Statd?] 

Notes: 
4. Worst-case propagation deLay times over process variation at V cc = 

3.3V 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. 

5. These limits are derived from worst-case values for a representative 
selection ofthe slowest paths through the pASIC380 logic cell includ
ing net delays. Guaranteed delay values for specific paths should be 
determined from simulation results. 

30 

2.7 

2.8 

4.0 

3.6 

2.9 

3.3 

Propagation De\aysl4J 
with Fanout of 

2 3 

2.2 2.6 

2.1 2.1 

0.0 0.0 

1.5 1.9 

2.0 2.0 

2.0 2.0 

2.1 2.6 

1.9 2.2 

1.9 1.9 

1.8 1.8 

Propagation De\aysL4J 

2 3 4 

2.5 2.6 2.7 

2.6 2.7 2.8 

1.9 2.2 2.8 

2.8 2.8 2.9 

2.0 2.0 2.0 

2.0 2.0 2.0 

Propagation De\aysl4J 

4 

3.2 

2.1 

0.0 

2.5 

2.0 

2.0 

3.2 

2.7 

1.9 

1.8 

6 

3.0 

3.1 

3.7 

2.9 

2.0 

2.0 

CY7C3383A 
CY7C3384A 

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 

3.4 ns 

4.6 ns 

3.0 ns 

2.0 ns 

2.0 ns 

with Output Load Capacitance (pF) of 

SO 7S 100 ISO Unit 

3.4 4.2 5.0 6.7 ns 

3.7 4.7 5.6 7.6 ns 

4.9 6.1 7.3 9.7 ns 

4.2 5.0 5.8 7.3 ns 

ns 

ns 

6. 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. 

7. The following loads are used for tpxz: 
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High Drive Buffer 

Parameter Description 

tIN High Drive Input Delay 

tIN! High Drive Input, Inverting Delay 

Switching Waveforms 

Combinatorial Delay 

~ INPUT 

OUTPUT 

# High Drives 
Wired 

Together 

1 

2 

3 

4 

1 

2 

3 

4 

tpD 

S~UP7~'~ 

:g,J~: 
CLOCK 

~ * Q 

Set and Reset Delays 

~ 
SET 

tsw 

Q 

RESET ~ tRW 

Q 

Output Delay 

OUTPUT 
toUTLH PI 
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CY7C3383A 
CY7C3384A 

Propagation Delays[4j with Fanout of 

12 24 48 72 96 Unit 

4.5 5.4 ns 

3.9 5.6 ns 

4.5 5.3 6.3 ns 

4.6 5.3 ns 

4.7 5.6 ns 

4.0 5.8 ns 

4.6 5.5 6.4 ns 

4.8 5.5 ns 

* c33B3A·5 

~, 
tCWLO {-

c3383A-6 

~ 
t tSET 

i 
tRESET L • c33B3A·7 

N tOUTHL 

c33B3A-B 
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.~YPRESS 
Switching Waveforms (continued) 

Three-State Delay 
OUTPUT 
BUFFER 
ENABLE 

OUTPUT 
THREE-STATE 

'iYpicai AC Characteristics 

THREE-STATE 

CY7C3383A 
CY7C3384A 

~-tPLZ--
THREE-STATE 

c3383A·9 

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. The Wap3 Delay Modeler extracts 
specific timing parameters for precise simulation results following 
place and route. 

VOLTAGE FACfOR (Kv) VERSUS SUPPLY VOLTAGE (V"d 
1.10 

1.08 

1.06 

1.04 

1.02 

> 1.00 
'" 

0.98 

'" ~ 
~ 

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

0.96 

0.94 

0.92 
3.00 3.15 3.30 

SUPPLY VOLTAGE. Vee (Volts) 

1.30 
TEMPERATURE FACfOR (KT) VERSUS TEMPERATURE 

1.25 

1.20 

1.15 

1.10 

t- 1.05 
'" 

1.00 

./ 
~ 

0.95 

0.90 

l,..../" 
~ 

,,;'" 
0.85 
~ 

0.60 
-60 -40 -20 o 20 40 60 

--............ 
-.............. ---3.45 3.60 

/ 
", 

./ 
/ 

80 100 120 140 

c3383A· 
10 

JUNCTION TEMPERATURE (OC) c3383A·11 

'THETA JA = 45 °C/WATT FOR PLCC 
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Combinatorial Delay Example (Load = 30 pF, K=1, Fanout = 1) 

tlO tpD touT 

CY7C3383A 
CY7C3384A 

j.-- 1.4 ns -----I~------ 1.7 ns ---------< ... 1 ... --- 2.8 ns ---I 

>------1 OUT 

IN2 1--------1 

c3383A-12 

INPUT DELAY + COMBINATORIAL DELAY + OUTPUT DELAY = 5.9 ns 

Sequential Delay Example (Load = 30 pF, K=1, Fanout=1) 

tlO tsu tCLK tOUT 

j.-- 1.4 ns ----..... _- 2.1 ns --"".~Ii"""--- 1.0 ns --.... +1 .... --- 2.8 ns ---I 
IN1 1--------1 >------1 OUT 

c3383A-13 

INPUT DELAY + REG SET·UP + CLOCK TO Q DELAY + OUTPUT DELAY = 7.3 ns 
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Ordering Information 
Speed Package Package 
Grade Ordering Code Name 1Ype 

1 CY7C3383A-lJC J81 68-Lead Plastic Leaded Chip Carrier 

CY7C3383A -lJI J81 68-Lead Plastic Leaded Chip Carrier 

0 CY7C3383A -OJC J81 68-Lead Plastic Leaded Chip Carrier 

CY7C3383A -011 J81 68-Lead Plastic Leaded Chip Carrier 

X CY7C3383A - XJC J81 68-Lead Plastic Leaded Chip Carrier 

CY7C3383A - XJI J81 68-Lead Plastic Leaded Chip Carrier 

Speed Package Package 
Grade Ordering Code Name 'JYpe 

1 CY7C3384A-1AC AlOO 100-Pin Thin Quad Flat Pack 

CY7C3384A-lJC J83 84-Lead Plastic Leaded Chip Carrier 

CY7C3384A -1AI AlOO 100-Pin Thin Quad Flat Pack 

CY7C3384A -lJI J83 84-Lead Plastic Leaded Chip Carrier 

0 CY7C3384A -OAC AlOO lOO-Pin Thin Quad Flat Pack 

CY7C3384A-OJC J83 84-Lead Plastic Leaded Chip Carrier 

CY7C3384A-OAI AI00 100-Pin Thin Quad Flat Pack 

CY7C3384A -OJ! J83 84-Lead Plastic Leaded Chip Carrier 

X CY7C3384A-XAC AlOO 100-Pin Thin Quad Flat Pack 

CY7C3384A-XJC J83 84-Lead Plastic Leaded Chip Carrier 

CY7C3384A - XAI AlOO lOO-Pin Thin Quad Flat Pack 

CY7C3384A - XJI J83 84-Lead Plastic Leaded Chip Carrier 

Wa1p3 and UltraLogic are trademarks of Cypress Semiconductor Corporation. 
ViaLink and pASIC are trademarks of QuickLogic Corporation. 

Document #: 38-00434-A 
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Operating 
Range 

Commercial 

Industrial 

Commercial 

Industrial 

Commercial 

Industrial 

Operating 
Range 
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Industrial 

Commercial 

Industrial 

Commercial 

Industrial 
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Features 
• Very high speed 

- Loadable counter frequencies 
greater than 150 MHz 

- Chip-to-chip operating frequencies 
up to 110 MHz 

- Input + logic cell + output delays 
under 6 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, 145-pin 
CPGA, 100-pin and 144-pin TQFP, 
and 160-pin CQFP packages 

• Folly PC! compliant inputs and out
puts 

• Low power, high output drive 
- Standby current typically 2 rnA 
-16-bit counter operating at 150 

MHz consumes 50 rnA 
- Minimum IOL and IOH 

of 20 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 typical) 

• Powerful design tools-Wwp3 m 

- Designs entered in VUDL, 
schematics, or both 

Logic Block Diagram 

CY7C385P 
CY7C386P 

UltraLogic ™ Very High Speed 
4K Gate CMOS FPGA 

- Fast, fully automatic place and 
route 

- Waveform simulation with back an
notated net delays 

- PC and workstation platforms 

• Extensive 3rd party tools support 
- See Development Systems section 

• Robust routing resources 
- Folly automatic place and route of 

designs using up to 100 percent of 
logic resources 

- No hand routing required 

• 80 (7C385P) to 114 (7C386P) 
bidirectional input/output pins 

• 6 dedicated input/high-drive pins 

• 2 clock/dedicated input pins with fan
out-independent, low-skew nets 
- Clock skew <0.5 ns 

• Input hysteresis provides high noise 
immunity 

• Thorough testability 
- Built in scanpath permits 100 per

cent factory testing of logic and 
I/O cells 

• 0.65J.1 CMOS process with ViaLink m 

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

• 100-pin TQFP is pinout compatible 
with the lK (CY7C382P) FPGAs and 
2K (CY7C384A) devices 

• 84-pin PLCC is pinout compatable 
with the 2K (CY7C384A) devices 

• 144-pin TQFP is pinout compatable 
with the 8K (CY7C388P) devices 

Functional Description 
The CY7C385P and CY7C386P are very 
high speed CMOS user-programmable 
ASIC (pASIC m ) 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 CY7C385P is 
available in a 84-pin PLCC and the 100-pin 
TQFP packages. The CY7C386P is avail
able in 144-pin TQFP, 145-pin and CPGA 
and 160-pin CQFP packages. 

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 CY7C385P 
and CY7C386P using Cypress Wmp3 soft
ware or one of several third-party tools. 
See the Developmeut Systems section of 
the Programmable Logic Databook for 
more tools information. Warp3 is a sophis
ticated CAE package that features sche
matic entry, waveform-based timing simu
lation, and VHDL design synthesis. The 
CY7C385P and CY7C386P feature am
ple on-chip routing channels for fast, fully 
automatic place and route of high gate uti
lization designs. 

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

~ . f--

J 

• CLOCK CELLS 
I/O/HIGH-DRIVE INPUT/ 

84,100, and 144 (145) AND 160 PINS, 1141/0 CELLS, 6 INPUT HIGH DRIVE CELLS, 2INPUT/CLK (HIGH DRIVE) CELLS 
7C385P·1 

ViaLink and pASIC are trademarks of QuickLogic 0rporation. . 
Ultralogic and Warp3 are trademarks of Cypress Semiconductor Corporation. 
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~ CY7C385P 

_ICYPRESS =============CY=7C=3=86=P 

Pin Configurations 
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Pin Configurations (continued) 

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

I/O 14 
VSS 15 
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1{(SeLK) 17 
IICLKI(SM) 18 

Vee 19 
I{(P) 20 

21 
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I/O 23 
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I/O 25 
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I/O 27 
I{O 28 
I/O 29 

Vss 30 
I/O 31 
vA 32 

va 33 
I/O 34 
I/O 35 
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Top View 
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Pin Configurations (continued) 

R p N M 

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

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

I/O I/O vss I/O 

I/O I/O I/O 

I/O I/O Vee 

I/O 110 I/O 

I II(SO} vss 

I/O I/(SI} 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 

I/O NC I/O I/O 

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

K 

I/O I/O 

I/O I/O 

Vee I/O 

vss I/O 

I/O 110 

I/O I/O 

CPGA 
Bottom View 

H G 

I/O I/O I/O 

I/O I/O I/O 

vss I/O Vee 

7C386P 

Vee I/O vss 

I/O I/O I/O 

110 I/O I/O 
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o C B A 

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

I/O I/O I/O I/O NC I/O 

I/O vss I/O Vee I/O I/O 

• I/O I/O I/O 

VS. I/O I/O 

110 I/O 110 

Vee I/O I/O 

l/eU<! 1/(SelK) I/O 
(SM) 

Vss I II(P} 

I/O I/O I/O 10 

Vee I/O 110 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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Pin Configurations (continued) 

CQFP 
1bpView 

160 159 158157156 155154153152 151150 149148147146145144 143 142 141140 139138 137136 135 134133 132 131 130 129128 127126 125 124 123 122 121 

00 Iro 
I/O 119 

00 IW 
I/O 117 

00 116 

NC 115 

I/O 114 

Vee 113 

I/O 112 

I/O 

I/O 

I/O 

I/O 

I/O 

NC 

I/O 

VSS 

I/O 

1/(SClK) 

I/ClK/(SM 

I(P) 

Vee 

I/O 

NC 

I/O 

I/O 

I/O 

I/O 

I/O 

I/O 

VSS 
I/O 

NC 

I/O 

I/O 

I/O 

I/O 

I/O 

-----~~---------------
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I/O 

I/O 

I/O 

I/O 

I/O 

NC 

I/O 

Vee 
1/(50) 

Vee 
I/CLK 

I/(SI) 

I/O 

VSS 

I/O 

NC 

I/O 

I/O 
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I/O 

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

DC Input Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±20 rnA 
Latch-Up Current ............................ ±200 rnA 

Storage Thmperature 
Ceramic ............................ -65°C to + 150°C 
Plastic .............................. -40°C to + 125°C 

Operating Range 

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

Ambient 
Range Temperature Vee 

Commercial O°Cto +70°C 5V±5% 

Industrial -40°C to +85°C 5V ± 10% 

DC Input Voltage. . . . . . . . . . . . . . . . . . . . . . . .. -0.5V to 7.0V Military -55°C to +125°C 5V± 10% 

Delay Factor (K) 

Speed Military Industrial Commercial 

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

-X 0.39 3.00 0.4 2.75 0.46 2.55 

-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 = -20 rnA 2.4 V 

IOH = - 10.0 !lA Vcc - 0.1 V 

VOL Output LOW Voltage IOL = 20 rnA 0.4 V 

IOL = 10.0 !lA 0.1 V 

VIH Input HIGH Voltage 2.0 V 

VIL Input LOW Voltage 0.8 V 

II Input Leakage Current VIN = VccorVss -10 +10 !lA 
Ioz Three-State Output Leakage Current VIN= Vccor Vss -10 +10 !lA 
los Output Short Circuit CurrendlJ VOUT = VSS -10 -80 rnA 

VOUT =Vcc 30 140 rnA 

leci Standby Supply Current VIN, VI/O = VccorVss 10 rnA 

Capacitance 
Parameter Description Test Conditions Max. Unit 

CIN Input Capacitancel2J TA = 25°C, f = 1 MHz, 10 pF 

COUT Output Capacitance 
Vee = 5.0V 

10 pF 

Notes: 
1. Only one output at a time. Duration should not exceed 30 seconds. 2. eI = 45 pF max. on I/(SI) and I/(P). 
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Switching Characteristics (At VCC=SV; TA=2SoC, K=I) 

Parameter Description 1 
LOGIC CELLS 

tpD Combinatorial Delayl4] 1.7 

tsu Set-Up Timel4] 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 

tlO Input Delay (Bidirectional Pad) 1.4 

tGCK Clock Buffer DelayP] 2.7 

tGCKHI Clock Buffer Min. HIGHP] 2.0 

tGCKLO Clock Buffer Min. LOWI'] 2.0 

Parameter Description 

OUTPUT CELLS 

tOUTLH Output Delay LOW to HIGH 

tOUTHL Output Delay HIGH to LOW 

tpZH Output Delay Three-State to HIGH 

tpZL Output Delay Three-State to LOW 

tpHZ Output Delay HIGH to Three-Statd6j 

tpLZ Output Delay LOW to Three-Statd6j 

Notes: 
3. Worst-case propagation delay times over process variation at V CC = 

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. These limits are derived from worst-case values for a representative 
selection of the slowest paths through the pASIC380 logic cell includ
ing net delays. Guaranteed delay values for specific paths should be 
determined from simulation results. 

30 

2.7 

2.8 

4.0 

3.6 

2.9 

3.3 

Propagation Delaysl3] 
with Fanout of 

2 3 4 8 Unit 

2.2 2.6 3.2 5.3 ns 

2.1 2.1 2.1 2.1 ns 

0.0 0.0 0.0 0.0 ns 

1.5 1.9 2.6 4.7 ns 

2.0 2.0 2.0 2.0 ns 

2.0 2.0 2.0 2.0 ns 

2.2 2.6 3.2 5.3 ns 

1.9 2.2 2.7 4.4 ns 

1.9 1.9 1.9 1.9 ns 

1.8 1.8 1.8 1.8 ns 

Propagation Delays[3j 

2 3 4 8 12 Unit 

2.9 3.0 3.1 4.0 5.3 ns 

3.1 3.2 3.3 4.1 5.7 ns 

1.9 2.2 2.9 4.7 6.5 ns 

2.8 2.9 3.0 3.1 3.3 ns 

2.0 2.0 2.0 2.0 2.0 ns 

2.0 2.0 2.0 2.0 2.0 ns 

Propagation Delays[3j 
with Output Load Capacitance (pF) of 

50 75 100 150 Unit 

3.4 4.2 5.0 6.7 ns 

3.7 4.7 5.6 7.6 ns 

4.9 6.1 7.3 9.7 ns 

4.2 5.0 5.8 7.3 ns 

ns 

ns 

5. 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. 

6. The following loads are used for tpxz: 

:-r-l.- 5pF 

• no • .i 1 tpHZ 
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High Drive ButTer 

Parameter Description 

tIN High Drive Input Delay 

tIN} High Drive Input, Inverting Delay 

Switching Waveforms 

Combinatorial Delay 

# High Drives 
Wired 

Together 

1 

2 

3 

4 

1 

2 

3 

4 

Propagation Delays[3j with Fanout of 

12 24 48 72 96 Unit 

5.3 6.7 ns 

4.5 6.6 ns 

5.3 6.2 7.2 ns 

5.4 6.2 ns 

5.7 7.2 ns 

4.6 6.8 ns 

5.5 6.4 7.4 ns 

5.6 6.4 ns 

INPUT 

=========_~_~~~~~~~~~~~t_P-D~:--~=-_::-_=~_>k-.~I-==========================~ OUTPUT 

Set-Up and Hold Times 

=~ t", "E" =1<.,: ------..T-,'---_ -_ -_!cWL_O -=--=--=--+llr-
~~~ * __ l' ____ 1_ 

Q 

Set and Reset Delays 

SET 

Q 

RESET 

Q 

Output Delay 

tsw :t 
tSET 

tRW i 
tRESET 

tOUTLH tOUTHL 

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

Three-State DeJay 
OUTPUT 
BUFFER 
ENABLE 

OUTPUT 

---(tPZH 
THREE-STATE 

1:ypical AC Characteristics 

1:-tPHZ -{ tpZL 
THREE-STATE THREE-STATE 

7C385P-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. The Wa1p3 Delay Modeler extracts 
specific timing parameters for precise simulation results following 
place and route. 

> 
'" 

I-

'" 

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

1.08 

1.06 

too... ,.............. 

~ 
1.04 

1.02 
............... 

1.00 

0.98 

............... 
--............ 

0.96 

0.94 

0.92 
4.50 4.75 5.00 

SUPPLY VOLTAGE, Vee (Volts) 

TEMPERATURE FACTOR (KT) VERSUS TEMPERATURE 
1.30 

1.25 

1.20 

1.15 

1.10 

1.05 

1.00 

0.95 

0.90 

0.85 
-+"""" 

0.80 
-60 

/" 
.... V 

-40 -20 

./ 
~ 

./" 

o 20 40 60 

~ 
~ 
~ 

5.25 5.50 

~ 
"r 

/" 
/" 

80 100 120 140 

JUNCTION TEMPERATURE (0G) 

"THETA JA = 45 °C/WATT FOR PLCC 
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Combinatorial Delay Example (Load = 30 pF, K=l, Fanout=l) 

tlO tpD toUT 
I--- 1.4 ns ----..... 1------- 1.7 ns ------_ .... 1.>----- 2.8 ns ---I 

IN1 1-------1 >-----;OUT 

IN21-------; 

INPUT DELAY + COMBINATORIAL DELAY + OUTPUT DELAY = 5.9 ns 

Sequential Delay Example (Load = 30 pF, K=l, Fanout = 1) 

tlO tsu tcLK tOUT 
I--- 1.4 ns ----..... 1--- 2.1 ns ----I .. ~I ... --- 1.0 ns --......... 1.>----- 2.8 ns ---I 

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

CLKI-------I 

INPUT DELAY + REG SET-UP + CLOCK TO Q DELAY + OUTPUT DELAY = 7.3 ns 
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=:a~YPRESS~~~~~~~~~~~~~~=C=Y=7=C=38=6~P 
Ordering Information 

Speed Package 
Grade Ordering Code Name 

2 CY7C385P-2AC AlOO 

CY7C385P-2JC J83 

CY7C385P-2A! AlOO 

CY7C385P-2JI J83 

1 CY7C385P-1AC AlOO 

CY7C385P-IJC J83 

CY7C385P-1AI AlOO 

CY7C385P-lJI J83 

0 CY7C385P-OAC AlOO 

CY7C385P-OJC J83 

CY7C385P-OAI AlOO 

CY7C385P-OJI J83 

X CY7C385P-XAC AlOO 

CY7C385P-XJC J83 

CY7C385P - XAI AlOO 

CY7C385P-XJI J83 

Speed Package 
Grade Ordering Code Name 

2 CY7C386P-2AC A144 

CY7C386P-2AI A144 

1 CY7C386P-IAC A144 

CY7C386P-1AI A144 

CY7C386P-IGMB G145 
CY7C386P-l UMBL7j U160 

0 CY7C386P-OAC A144 

CY7C386P-OAI A144 

CY7C386P.--OGMB Gi45 
CY7C386P-OUMBL7j U160 

X CY7C386P-XAC A144 

CY7C386P-XAI A144 

CY7C386P-XGMB G145 

CY7C386P-XUMBL7j U160 
.. 

Shaded area contains preliminary information. 

Note: 

Package lYPe 

100-Pin Thin Quad Flat Pack 

84-Lead Plastic Leaded Chip Carrier 

100-Pin Thin Quad Flat Pack 

84-Lead Plastic Leaded Chip Carrier 

100-Pin Thin Quad Flat Pack 

84-Lead Plastic Leaded Chip Carrier 

100-Pin Thin Quad Flat Pack 

84-Lead Plastic Leaded Chip Carrier 

100-Pin Thin Quad Flat Pack 

84-Lead Plastic Leaded Chip Carrier 

100-Pin Thin Quad Flat Pack 

84-Lead Plastic Leaded Chip Carrier 

100-Pin Thin Quad Flat Pack 

84-Lead Plastic Leaded Chip Carrier 

100-Pin Thin Quad Flat Pack 

84-Lead Plastic Leaded Chip Carrier 

Package lYPe 

144-Pin Thin Quad Flat Pack 

144-Pin Thin Quad Flat Pack 

144-Pin Thin Quad Flat Pack 

144-Pin Thin Quad Flat Pack 

145-Pin Grid Array (Cavity Up) 

160-Lead Ceramic Quad Flatpack (Cavity Up) 

144-Pin Thin Quad Flat Pack 

144-Pin Thin Quad Flat Pack 

145-Pin GtidArray (Cavity Up) 

160-Lead Ceramic Quad Flatpack (Cavity Up) 

144-Pin Thin Quad Flat Pack 

144-Pin Thin Quad Flat Pack 

145-Pin Grid Array (Cavity Up) 

160-Lead Ceramic Quad Flatpack (Cavity Up) 

7. Shipped in molded carrier ring. Contact local sales office for informa
tion on trim and form. 
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Operating 
Range 

Commercial 

Industrial 

Commercial 

Industrial 

Commercial 

Industrial 

Commercial 

Industrial 

Operating 
Range 

Commercial 

Industrial 

Commercial 

Industrial 

Military 

Commercial 

Industrial 

Military 

Commercial 

Industrial 

Military 
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~;CYPRESS==========================C~Y~7~C3~8~6P= 
Military Specifications 
Group A Subgroup Testing 
DC Characteristics 

Parameters Subgroups 

VOH 1,2,3 

VOL 1,2,3 

Ioz 1,2,3 

ICCI 1,2,3 

II 1,2,3 

Switching Characteristics 

Parameters Subgroups 

Delay Factor (K) 7,8, 9, 10, 11 

Document #: 38-00209-D 
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Features 
• Very high speed 

- Loadable counter frequencies 
greater than 80 MHz 

- Chip-to-chip operating frequencies 
up to 60 MHz 

• 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, 100-pin and 
144-pin TQFP 

• Low power, high output drive 
- Standby current typically 250 flA 
-16-bit counter operating at 80 MHz 

consumes 20 mA 

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

(1.7ns typical) 

• Powerful design tools-Warp3 ~ 
- Designs entered in IEEE 1164 

VHDL, schematics, or both 
- Fast, fully automatic place and 

route 
- Waveform simulation with back an

notated net delays 

Logic Block Diagram 

CY7C3385A 
CY7C3386A 

UltraLogic ™ 3.3V High Speed 
4K Gate CMOS FPGA 

- PC and workstation platforms 

• Extensive 3rd party tool support 

• 5V tolerant Inputs (see 1m spec) 

• Robust routing resources 
- Fully automatic place and route of 

designs using up to 100 percent of 
logic resources 

- No hand routing required 

• 80 (7C3385A) to 114(7C3386A) bidi
rectional input/output pins 

• 6 dedicated input/high-drive pins 

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

• Input hysteresis provides high noise 
immunity 

• Thorough testability at 3.3V 
- Built-in scan path permits 100 per

cent factory testing of logic and 110 
cells 

• 0.6511 CMOS process with ViaLink ~ 
programming technology 
- High-speed metal-to-metallink 
- Non-volatile antifuse technology 

• 84-pin PLCC is pinout compatible 
with 2K (CY7C3384A) devices 

• 100-pin TQFP is pinout compatible 
with 3.3V lK (CY7C3382A) and 2K 
(CY7C3384A) devices 

• Pinout compatible with 5V 4K 
(CY7C385P/6P) devices 

Functional Description 
The CY7C3385A and CY7C3386A are 
very high speed CMOS user-program
mable ASIC (pASIC'") 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 CY7C3385A is 
available in a 84-pin PLCC and the 100-pin 
TQFP packages. The CY7C3386Ais avail
able in 144-pin TQFP package. 

Low-impedance, metal-to-metal ViaLink 
interconnect technology provides non-vol
atile custom logic capable of operating at 
speeds above 80 MHz. This permits high
density programmable devices to be used 
with today's fastest CISC and RISC micro
processors. 

Designs are entered into the CY7C3385A 
and CY7C3386A using Cypress WQlP3 
software or one of several third-party tools. 
See the tools section of the Programmable 
Logic Databook for more tools informa
tion. Wa1p3 is a sophisticated CAE pack
age that features schematic entry, wave
form-based timing simulation, and VHDL 
design synthesis. The CY7C3385A and 
CY7C3386A feature ample on-chip rout
ing 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. 

• I/O/HIGH-DRIVE INPUT/ 
CLOCK CELLS 

7C3385A·1 
84,100, and 144 PINS, 1141/0 CELLS, 6 INPUT HIGH DRIVE CELLS, 2INPUT/CLK (HIGH DRIVE) CELLS 

ViaLink and pASIC are trademarks of QuickLogic Co!poration. . 
UltraLogic and Wa1p3 are trademarks of Cypress SemIConductor Corporation. 
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Pin Configurations (continued) 

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

VBS 
I/O 

I/(SCLI<) 
I/ClKl(5M) 

Vee 
I/(P) 

I 
Vee 
I/O 
I/O 
I/O 
I/O 
VO 
I/O 
VO 
VO 
I/O 

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

Vss 
I/O 

1/(5ClK) 
I/ClKl(5M) 

I/(P) 
I 

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

PLCC/CLCC 
Top View 

11 10 9 8 7 6 5 4 3 2 LIJ 84 83 82 81 80 79 78 77 76 75 

74 I/O 
VO 
I/O 
I/O 
I/O 
I/O 
I/O 
Vee 
V(50) 
I 

7C385A I/ClK 
1/(51) 
I/O 
Vss 
I/O 
I/O 
I/O 
I/O 
I/O 

~ ~ 
31 54 I/O 
~~~~~~~~~~~~"%~G~~OO~~83 

TQFP 
Top View 

gggggggg~ggg~gg~ggggggggg 
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I/O 

I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
Vee 
1/(50) 

I 
Vee 
I/ClK 
1/(51) 
I/O 
Vss 
I/O 
VO 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
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Pin Configurations (continued) TQFP 
ThpView 

CY7C3385A 
CY7C3386A 

144143142141140139138137136135134 133 132131130 129 128 127126 125124 123122121120 119 118117 116 115 114 113112 111 110 109 

I/O 108 I/O 

I/O 107 I/O 

I/O 106 I/O 

I/O 106 I/O 

I{O 104 I/O 

I{O 103 I/O 

Vee 102 

V __ 

I/O 101 I/O 

I/O 100 I/O 

I/O 10 99 I/O 

I/O 11 98 110 
I{O 12 97 I{O 

I{O 13 96 I/O 

I{O ,. 95 I/O 

VSS 15 94 Vee 
I/O 16 93 1/(80) 

I/(SCLK) 17 7C3386A 
92 

I{CLKJ(SM) 18 91 Vee 

Vee ,. 90 I/CLK 

I/(P) 20 88 I{(SI) 

21 88 I{O 

Vee 22 87 Vss 
I/O 23 86 I{O 

I/O 2. 85 I{O 

I/O 25 84 I{O 

I{O 26 83 I/O 
I{O 27 82 I/O 
I/O 28 81 I/O 
I/O 2. 80 I/O 

Vss 30 
7. Vee 

I/O 31 I/O 78 
I/O 32 I/O 77 
I/O 33 76 I{O 
I/O 3. 75 110 
I{O 35 74 110 
I{O 36 73 110 

7C3385A-4 
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--. CY7C3385A 
2£~YPREss;============================CY=7=c=3=38=6~A 

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

DC Input Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±20 mA 
Latch-Up Current ............................ ±200 mA 

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

Operating Range 

Lead Temperature ............................... 300°C 
Supply Voltage ........................... -O.SV to 7.0V 
Input Voltage ...................... -O.5V to Vee +0.7V 
ESD Pad Protection ............................ ±2000 V 

Ambient 
Range Temperature Vee 

Commercial O°C to +70°C 3V ± O.3V 

Industrial -40°C to +85°C 3V ± O.3V 

DC Input Voltage. . . . . . . . . . . . . . . . . . . . . . . .. -O.SV to 7.0V 

Delay Factor (K) 

Speed Commercial Industrial 

Grade Min. Max. Min. Max. 

-X 0046 3.52 0040 3.77 

-0 0.46 2.61 0040 2.81 

-1 0046 2.23 0040 2.39 

Electrical Characteristics Over the Operating Range 

Parameter Description Test Conditions Min. Max. Unit 

VOH Output HIGH Voltage IOH = 2AmA 204 V 

IOH = - 10.0 iJA Vee - 0.1 V 

VOL Output LOW Voltage IOL = 4mA 004 V 

IOL = 10.0 iJA 0.1 V 

VIH Input HIGH Voltage 2.0 V 

VIL Input LOW Voltage 0.8 V 

IIH Input HIGH Current Sink SV> VIN > Vee 12[1] mA 
(for 5V Inputs) 

II Input Leakage Current VIN = Vee or Vss -10 +10 iJA 
Ioz Three-State Output Leakage Current VIN = Vee or Vss -10 +10 J.tA 

lOS Output Short Circuit Current[2] VOUT =Vss -5 -50 mA 

VOUT =Vee 15 100 mA 

IcC! Standby Supply Current VIN, VI/O = Vee or Vss 650 iJA 

Capacitance 
Parameter Description Test Conditions Max. Unit 

CIN Input Capacitll1lce[3] TA = 25°C, f = 1 MHz, 10 pF 

COUT Output Capacitance 
Vee = 3.3 V 

10 pF 

Note: 
1 User must limit input current to 12 mA. 3. q = 45 pF max. on lI(SI) and I/(P). Capacitance is sample tested. 
2. Only one ouput at a time. Duration should not exceed 30 seconds. 
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CY7C3385A 

= ~YPRESS~~~~~~~~~~~~~~~C~Y~7~C~33~8~6A~ 
Switching Characteristics (Vcc=3.3V, TA=25'C, K=1.00) 

Parameter Description 1 

LOGIC CELLS 

tpD Combinatorial DelaylSj 1.7 

tsu Set-Up TimelSj 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 

tIO Input Delay (Bidirectional Pad) 1.4 

tGCK Clock Buffer Delayl6J 2.7 

tGCKHI Clock Buffer Min. HIGHl6J 2.0 

tGCKLO Clock Buffer Min. LOWl6j 2.0 

Parameter Description 

OUTPUT CELLS 

tOUTLH Output Delay LOW to HIGH 

tOUTHL Output Delay HIGH to LOW 

tpZH Output Delay Three-State to HIGH 

tpZL Output Delay Three-State to LOW 

tpHZ Output Delay HIGH to Three-State[7] 

tpLZ Output Delay LOW to Three-State[7] 

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

3.3V 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. 

5. These limits are derived from worst-case values for a representative 
selection of the slowest paths through the pASIC380 logic cell includ
ing net delays. Guaranteed delay values for specific paths should be 
determined from simulation results. 

30 

2.7 

2.8 

4.0 

3.6 

2.9 

3.3 

Propagation Delays[4j 
with Fanout of 

2 3 4 8 Unit 

2.2 2.6 3.2 5.3 ns 

2.1 2.1 2.1 2.1 ns 

0.0 0.0 0.0 0.0 ns 

1.5 1.9 2.6 4.7 ns 

2.0 2.0 2.0 2.0 ns 

2.0 2.0 2.0 2.0 ns 

2.2 2.6 3.2 5.3 ns 

1.9 2.2 2.7 4.4 ns 

1.9 1.9 1.9 1.9 ns 

1.8 1.8 1.8 1.8 ns 

Propagation Delays[4] 

2 3 4 8 12 Unit 

2.9 3.0 3.1 4.0 5.3 ns 

3.1 3.2 3.3 4.1 5.7 ns 

1.9 2.2 2.9 4.7 6.5 ns 

2.8 2.9 3.0 3.1 3.3 ns 

2.0 2.0 2.0 2.0 2.0 ns 

2.0 2.0 2.0 2.0 2.0 ns 

Propagation Delays[4] 
with Output Load Capacitance (pF) of 

50 75 100 150 Unit 

3.4 4.2 5.0 6.7 ns 

3.7 4.7 5.6 7.6 ns 

4.9 6.1 7.3 9.7 ns 

4.2 5.0 5.8 7.3 ns 

ns 

ns 

6. 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. 

7. The following loads are used for tpxz: 

~5PF '""I I tpHZ 
-= -= 
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~ CY7C3385A 

¥~YPRESS ==============C=Y=7C=3=38=6=A 

High Drive ButTer K=1.00 
# High Drives Propagation Delays[4j 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 

tINJ 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 

========:_~_~_-_-_-_-_-_-_-_-_-_-t_P-D~:--~:-_:~-_=~~>k:I-==========================~ 
OUTPUT 

7C3385A-5 

Set-Up and Hold Times 

C~~ t ~ L ~ J ~ ----*J-,'---_ -_ -_tcwLO_-_-_-_____ ~I-{-'" * ___ l' ____ 1_ 
Q 

Set and Reset Delays 

SET 

Q 

RESET -~-
Q 

Output Delay 
tOUTLH 

tsw ~ 
tSET 

tRW ~ 
tRESET 

tOUTHL 

~ ------~~-----------OUTPUT 
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CY7C3385A 

==-~YPRESS=;;;;;;;;;;;;;;;;;;;;;;;;;;;=CY=7=C=3=38=6A== 
Switching Waveforms (continued) 

Three-State Delay 
OUTPUT 
BUFFER 
ENABLE 

OUTPUT ____ ~T~H~R~E!E~-S~T~AT~E~ ______ _JI-----------~~~TH~R~E~E~-S~T~A~T~E __ ~ 

'lYPical AC Characteristics 

THREE-STATE 

7C3385A-9 

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. The Wmp3 Delay Modeler extracts 
specific timing parameters for precise simulation results following 
place and route. 

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

1.08 

1.06 

1.04 

1.02 

> 1.00 
'" 

""" ............... 
............... 

............... 
............... 

-............. 0.98 

0.96 -.......... 

I-

'" 

0.94 

0.92 
3.00 

1.30 

1.25 

1.20 

1.15 

1.10 

1.05 

1.00 

0.95 

0.90 

3.15 3.30 

SUPPLY VOLTAGE, Vec (Volts) 

TEMPERATURE FACTOR (KT) VERSUS TEMPERATURE 

~ 
~ 

~ 
~ 

~ 

~ 

0.85 
........ 

0.80 
-60 -40 -20 o 20 40 60 80 

JUNCTION TEMPERATURE (OC) 

"THETA JA = 45 °C/WATI FOR PLCC 
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=_7 CYPRESS =============C=Y7=C=33=86=A= 

Combinatorial Delay Example (Load = 30 pF, K=l, Fanout = 1) 

tlO tpD toUT 

I--- 1.4 ns ------<~------ 1.7 ns =-------.!.I'""'.>---- 2.8 ns -----I 
IN1 1-------1 >------1 OUT 

IN21--------1 

INPUT DELAY + COMBINATORIAL DELAY + OUTPUT DELAY = 5.9 ns 

Sequential Delay Example (Load = 30 pF, K=l, Fanout = 1) 

tlO tsu tCLK tOUT 

I--- 1.4 ns ----.... 0--- 2.1 ns =-~.~I'""'.--- 1.0 ns --... '""'1.>---- 2.8 ns -----I 
INl 1-------1 >------1 OUT 

CLKI--------1 

INPUT DELAY + REG SET-UP + CLOCK TO Q DELAY + OUTPUT DELAY = 7.3 ns 
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=-~YPRESS=============================CY=7=C=3=38=6A~ 
Ordering Infonnation 

Speed Package Operating 
Grade Ordering Code Name Package type Range 

1 CY7C3385A-1AC AlOO 100-Pin Thin Quad Flat Pack Commercial 

CY7C3385A -HC J83 84-Lead Plastic Leaded Chip Carrier 

CY7C3385A - 1Al A100 lOO-Pin Thin Quad Flat Pack Industrial 

CY7C3385A -lJI J83 84-Lead Plastic Leaded Chip Carrier 

0 CY7C3385A-OAC A100 lOO-Pin Thin Quad Flat Pack Commercial 

CY7C3385A-OJC J83 84-Lead Plastic Leaded Chip Carrier 

CY7C3385A -OAI AlOO lOO-Pin Thin Quad Flat Pack Industrial 

CY7C3385A-OJI J83 84-Lead Plastic Leaded Chip Carrier 

X CY7C3385A-XAC AlOO lOO-Pin Thin Quad Flat Pack Commercial 

CY7C3385A-XJC J83 84-Lead Plastic Leaded Chip Carrier 

CY7C3385A - XAI AlOO lOO-Pin Thin Quad Flat Pack Industrial 

CY7C3385A - XJI J83 84-Lead Plastic Leaded Chip Carrier 

Speed Package Operating 
Grade Ordering Code Name Package 1YPe Range 

1 CY7C3386A -lAC Al44 144-Pin Thin Quad Flat Pack Commercial 

CY7C3386A -1Al Al44 144-Pin Thin Quad Flat Pack Industrial 

0 CY7C3386A -OAC A144 144-Pin Thin Quad Flat Pack Commercial 

CY7C3386A -OAl A144 144-Pin Thin Quad Flat Pack Industrial 

X CY7C3386A - XAC A144 144-Pin Thin Quad Flat Pack Commercial 

CY7C3386A - XAI A144 144-Pin Thin Quad Flat Pack Industrial 

Document #: 38-00435-A 
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Features 
• Very high speed 

- Loadable counter frequencies 
greater than 150 MHz 

- Chip-to-chip operating frequencies 
up to 110 MHz 

- Input + logic cell + output delays 
under 6 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 144-pin TQFP, 208-pin 
PQFP and CQFP, and 223-pin 
CPGA packages 

• Fully PCI compliant inputs & outputs 
for commercial and industrial tem
perature ranges 

Logic Block Diagram 

CY7C387P 
CY7C388P 

UltraLogic ™ Very High Speed 
8K Gate CMOS FPGA 

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

MHz consumes SO rnA 
- Minimum IOL and IOH of 20 rnA 

(PCI compliant) 

• 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 typical) 

• Powerful design tools-Warp3 m 

- Designs entered in IEEE 1164 
VUDL, schematics, or mixed mode 

- Fast, fully automatic place and 
route 

- Waveform simulation with back an
notated net delays 

- PC and workstation platforms 

• Extensive third-party tool support 
- See Development Systems section 

• Robust routing resources 
- Fully automatic place and route of 

designs using up to 100 percent of 
logic resources 

- No hand routing required 

• 116 (7C387P) to 172 (7C388P) 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 <0.5 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 

• 0.651-1 CMOS process with ViaLink m 

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

• 144-pin TQFP is compatible with the 
4K (CY7C386P) FPGAs 

.......................... . . .. .. . . .. · · 
· • I/O/HIGH-DRIVE INPUT/ 

· CLOCK CELLS 

· · · · 
I 

~ 1'I 

-

I 

ClclC 

I: · · · • · 7C387P-l 

144, 160,208, and 223 PIN PACKAGES, 172 I/O CELLS, 6 INPUT HIGH DRIVE CELLS, 2 INPUT/CLK (HIGH DRIVE) CELLS 

ViaLink and pASIC are trademarks of QuickLogic Corporation. 
UltraLogic and Warp3 are trademarks of Cypress Semiconductor Corporation. 
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~'CYPRESS =================~ 
Functional Description 
The CY7C387P and CY7C388P are very high speed, CMOS, user
programmable ASIC (pASIC~) devices. The 768 logic cell field
programmable gate array (FPGA) offers 8,000 typically usable 
"gate array" gates. This is equivalent to 24,000 EPLD or LCA 
gates. The CY7C387P is available in 208-pin CQFP and 144-pin 
TQFP. The CY7C388P is available in 208-pin PQFP and a 223-pin 
CPGA. 

Low-impedance, metal-ta-metal ViaUnk interconnect technology 
provides non-volatile custom logic capable of operating at speeds 
above 150 MHz with input delays under 1.5 ns and output delays 

Pin Configurations 

under 3 ns. This permits high-density programmable devices to 
be used with today's fastest CISC and RISC microprocessors. 

Designs are captured for the CY7C387P and CY7C388P using Cy
press Wa1p3 software or one of several third-party tools. See the 
Development Systems section of the Programmable Logic Data
book for more tools information. Wa1p3 is a sophisticated CAE 
package that features schematic entry, waveform-based timing 
simulation, and VHDL design synthesis. The CY7C387P and 
CY7C388P 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. 

144-Pin Thin Quad Flat Pack (TQFP) 
Top View 

144143142141140139138137136 135134 133 132131130 129126 127126 125124123122 121120 119 118117 t 16115114113112111 110 109 

I/O 
I/O 

I/O 

I/O 

I/O 

I/O 

Vss 
I/O 

I/O 

10 I/O 

11 I/O 

12 I/O 

13 I/O ,. I/O 

,. Vee 

16 1/(50) 

17 7C3B7? ,. Vee 

19 l{elK 

20 1/(51) 

21 I/O 

22 Vss 

23 I/O 

2. I/O 

2. I/O 

26 I/O 
I/O 27 I/O 
I/O 2. I/O 
I/O 29 I/O 

30 Vee 
31 I/O 

I/O 32 I/O 
I/O 33 I/O 
I/O 34 I/O 
I/O 35 I/O 
I/O 36 I/O 

7C387P.2 
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~ CY7C387P 

JJ&~YPRESS==========================CY==7=C3=8=8P= 
Pin Configurations (continued) 

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

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

Vee 
I/O 

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

liD 
I/O 
I/O 
I/O 
I/O 
I/O 

Vss 
I/O 

I/(SCLl<) 
I/CLK/(SM) 

Vee 
I/(P) 

I 
Vee 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
VO 
VO 
VO 
VO 

Vee 
VO 

Vss 
I/O 

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

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
28 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
4S 
46 
47 
48 
49 
50 
51 

lOS-Pin Plastic Quad Flat Pack (PQFP) and 
20S-Pin Ceramic Quad Flat Pack (CQFP) 

ThpView 

7C388P 

154 
153 
152 
151 
150 
149 
148 
147 
146 
145 
144 
143 
142 
141 
140 
139 
139 
137 
136 
135 
134 
133 
132 
131 
130 
128 
128 
127 
128 
125 
124 
123 
122 
121 
120 

119 
118 
117 
116 
115 
114 
113 
112 
111 
110 
109 
108 

107 
106 

~ g 

~~~m~~m~~~~~~~~~m~~~~~~~~~~g~~~~~~~ii8~~8!~~~Sm~~~~~ 

gggggg~ggggggggggggg~gggg~gggg8ggggggggggg~g8ggggggg 
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I/O 
I/O 
I/O 
I/O 
VO 
I/O 
VO 
I/O 
I/O 
Vss 
I/O 
Vee 
VO 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
Vee 
V(SO) 
I 

Vee 
VClK 
V(SI) 
VO 
Vss 
vo 
VO 
I/O 
I/O 
VO 
vo 
I/O 
VO 
I/O 
I/O 
Vss 
I/O 

Vee 
I/O 
I/O 
vo 
VO 
VO 
I/O 
I/O 
I/O 
I/O 
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~~YPRESS~~~~~~~~~~~~~~=C=Y=7=C=38=8==P 
Pin Configurations (continued) 

NC NC I/O I/O I/O I/O 

NC NC 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 

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 I/O I/O Vee 

I/CLK I/(SI) I/O Vss 

I/O I/(SO) I Vee 

I/O I/O I/O Vss 

I/O I/O I/O Vee 

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 

NC NC I/O I/O I/O I/O 

NC NC I/O I/O I/O I/O 

NC NC I/O I/O I/O I/O 

I/O I/O 

I/O I/O 

I/O I/O 

Vee Vss 

Vss Vee 

I/O I/O 

I/O I/O 

I/O I/O 

223·Pin CPGA 
Bottom View 

I/O I/O I/O 

I/O I/O I/O 

I/O I/O I/O 

Vee Vss Vee 

7C388P 

Vss Vee 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 

Vss 

Vee 

I/O 

I/O 

I/O 

18 17 16 15 14 13 12 11 10 9 8 7 
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I/O I/O I/O I/O NC NC V 

I/O I/O I/O I/O NC NC U 

I/O I/O I/O I/O NC NC T 

I/O I/O I/O I/O I/O I/O R 

I/O I/O I/O I/O P 

I/O I/O I/O I/O N 

Vee I/O I/O I/O M 

Vss I/O I/O I/O L 

Vee I/(P) I I/O K 

Vss I/O 
1/ I/CLK/ 

SCLK (SM) J 

Vee I/O I/O I/O H 

Vss I/O I/O I/O G 

I/O I/O I/O I/O F 

I/O I/O I/O I/O E 

I/O I/O I/O I/O I/O I/O D 

I/O I/O I/O I/O I/O I/O C 

I/O I/O I/O I/O NC NC B 

I/O I/O I/O I/O NC NC A 

6 5 4 3 2 

7C387P-4 
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~~YPRESS~~~~~~~~~~~~~~=CY~7=C=38=8~P 
Maximum Ratings 
(Above which the useful life may be impaired. For user guidelines, 
not tested.) 

DC Input Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±20rnA 
Latch-Up Current ............................ ±200 rnA 

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

Operating Range 

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

Ambient 
Range Temperature Vee 

Commercial DoC to +70°C 5V±5% 

Industrial -40°C to +85°C 5V ± 10% 

DC Input Voltage. .. . . .. . . . . . . .. . .. . . .. . .. -O.5V to 7.0V Military -55°C to + 125°C 5V ± 10% 

Delay Factor (K) 

Speed Commercial Industrial 

Grade Min. Max. Min. Max. 

-X 0.46 2.55 0.4 2.75 ,0.~9 .. ) :. ..•.. 3.00 .... 

-0 0.46 1.55 0.4 1.67 

-1 0.46 1.33 0.4 1.43 

-2 0.46 1.25 0.4 1.35 
Shaded area contains preliminary information. 

Electrical Characteristics Over the Operating Range 

Parameter Description Test Conditions Min. Max. Unit 

VOH Output HIGH Voltage IOH = -lOrnA 3.7 V 

IOH = -20 rnA 2.4 V 

IOH = - 10.0 f1A Vee - 0.1 V 

VOL Output LOW Voltage IOL= 20 rnA 0.4 V 

IOL = 10.0 f1A 0.1 V 

VIR Input HIGH Voltage 2.0 V 

VIL Input LOW Voltage 0.8 V 

II Input Leakage Current VIN = Vee or Vss -10 +10 f1A 
loz Three-State Output Leakage Current VIN = VeeorVss -10 +10 f1A 
los Output Short Circuit Currend1] VOUT = Vss -10 -90 rnA 

VOUT =Vee 40 160 rnA 

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

Capacitance 
Parameter Description Test Conditions Max. Unit 

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

CoUT Output Capacitance 
Vee = 5.0V 

10 pF 

Note: 
1. Only one output at a time. Duration should not exceed 30 seconds. 

4-94 



=r -.,:Z -=-, CYPRESS 
Switching Characteristics (Vcc=5Y, TA=25°C, K = 1.00) 

Parameter Description 1 

LOGIC CELLS 

tpD Combinatorial Delay!3] 1.7 

tsu Set-Up Time!3] 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) 3.1 

tINI Input, Inverting Delay (HIGH Drive) 3.3 

tIO Input Delay (Bidirectional Pad) 1.4 

tOCK Clock Buffer Delay!4] 2.7 

tOCKHI Clock Buffer Min. HIGH!4] 2.0 

tOCKLO Clock Buffer Min. LOW!4] 2.0 

Parameter Description 

OUTPUT CELLS 

tOUTLH Output Delay LOW to HIGH 

tOUTHL Output Delay HIGH to LOW 

tpZH Output Delay Three-State to HIGH 

tPZL Output Delay Three-State to LOW 

tpHZ Output Delay HIGH to Three-StatelS] 

tpLZ Output Delay LOW to Three-StatelS] 

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

5.0V and TA = 25 0 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 TIL with 
3-ns linear transition time between 0 and 3 volts. 

3. These limits are derived from worst-case values for a representative 
selection of the slowest paths through the pASIC380 logic cell includ
ing net delays. Guaranteed delay values for specific paths should be 
determined from simulation results. 

30 

2.7 

2.8 

2.1 

2.6 

2.9 

3.3 

Propagation Delaysl2J 
with Fanout of 

2 3 4 

2.2 2.7 3.3 

2.1 2.1 2.1 

0.0 0.0 0.0 

1.5 1.9 2.7 

2.0 2.0 2.0 

2.0 2.0 2.0 

2.2 2.7 3.3 

1.9 2.3 2.8 

1.9 1.9 1.9 

1.8 1.8 1.8 

Propagation Delays[2] 
with Fanout of 

2 3 4 8 12 

3.2 3.3 3.4 4.4 5.8 

3.4 3.5 3.6 4.6 6.0 

1.9 2.3 3.0 4.8 6.7 

2.8 2.9 3.0 3.1 3.3 

2.0 2.0 2.0 2.0 2.0 

2.0 2.0 2.0 2.0 2.0 

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

50 75 100 

3.3 3.8 4.3 

3.6 4.5 5.3 

2.6 3.1 3.7 

3.3 4.1 4.9 

CY7C387P 
CY7C388P 

8 Unit 

5.5 ns 

2.1 ns 

0.0 ns 

4.9 ns 

2.0 ns 

2.0 ns 

5.5 ns 

4.6 ns 

1.9 ns 

1.8 ns 

16 Unit 

6.5 ns 

6.7 ns 

8.5 ns 

3.4 ns 

2.0 ns 

2.0 ns 

150 Unit 

5.4 ns 

6.9 ns 

4.8 ns 

6.5 ns 

ns 

ns 

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: 

~5PF '''''1 I tpHZ 
-= "::" 
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CY7C387P 
=::~YPRESS============================CY=7=C=38=8==P 

High Drive ButTer 
# High Drives Propagation Delays[2j with Fanout of 

Wired 
Parameter Description Together 12 24 48 72 96 Unit 

tIN High Drive Input Delay 1 5.8 7.2 ns 

2 5.0 7.1 ns 

3 5.8 6.7 7.7 ns 

4 5.9 6.8 ns 

tIN! High Drive Input, Inverting Delay 1 6.0 7.4 ns 

2 5.2 7.3 ns 

3 6.0 6.9 7.9 ns 

4 6.1 7.0 ns 

Switching Waveforms 

Combinatorial Delay 

INPUT 

~========-~-I.--_-_-_~-_-_-_~~-t_P-D~:--~=-_::~=~->k:.1-=========================== OUTPUT 

7C387P.5 

Set.Up and Hold Times 

cwc~ 1= ~ 10 ~ J -, ----r:r...-_-=--=--=-_tcwLo_-_-_-_--l1-
1= <~ *_----l'------------1--

Q 

7C387P.6 

Set an:;eset Delays k: ~--------------
Q -------- r~C:==========:::--t-s-W--- tSET ---------~t 

_---'k i'---__ 
'~"'::--------:--------.:-t-R-W-----tR-ES-ET-~::::~----------L~·1 

RESET 

Q 

7C387P.7 

Output Delay 

OUTPUT ~'N'--_________ _ 
7C387P-8 
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::'~YPRESS~===========================CY=7=C=38=8==P 
Switching Waveforms (continued) 

Three-State Delay 
OUTPUT 
BUFFER 
ENABLE 

OUTPUT 

-------( tpZH 

THREE-STATE 

'JYpical AC Characteristics 

THREE-STATE THREE-STATE 

7C387P-9 

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. The Warp3 Delay Modeler extracts 
specific timing parameters for precise simulation results following 
place and route. 

VOLTAGE FACfOR (Kv) VERSUS SUPPLY VOLTAGE (Vee> 
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, Vce (Volts) 
7C387P·10 

TEMPERATURE FACTOR (KT) VERSUS TEMPERATURE 
1.30 

1.25 

1.20 

1.15 

1.10 

>- 1.05 
'" 

1.00 

0.95 

0.90 

0.85 

./ 
~ 

./ io""" 

/ 
./ 

~ 
~ 

V" 
.,/ 

....... 
0.80 

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

JUNCTION TEMPERATURE (OC) 
7C387p·ll 

-THETA JA = 45 °C/WATT FOR PLCC 
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.'CYPRESS =============CY=7=C3=8=8P= 

Combinatorial Delay Example (Load = 30 pF, Fanout = 1, K = 1.0) 

tlO tpD tOUT 
j.-- l.4ns ----"*_-----1.7ns ----------1-114.--- 2.8nS------l 

IN2 ~------I 

INPUT DELAY + COMBINATORIAL DELAY + OUTPUT DELAY = 5.9 ns 

Sequential Delay Example (Load = 30 pF, Fanout = 1, K = 1.0) 

tlO tsu tell< tOUT 

j.-- 1.4 ns ----"*_- 2.1 ns ---.~li4'~-- 1.0 ns --..... 1.1---- 2.8 ns ------I 
IN1 1-------1 >-----1 OUT 

CLK~------I 

INPUT DELAY + REG SET-UP + CLOCK TO Q DELAY+ OUTPUT DELAY = 7.3 ns 
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~ CY7C387P = ~YPRESS============================C=Y7=C=3=88==P 
Ordering Information 

Speed Package 
Grade Ordering Code Name 

2 CY7C387P-ZAC A144 
CY7C387P-ZAI A144 

1 CY7C387P-IAC A144 
CY7C387P-IAI AI44 

0 CY7C387P-OAC A144 
CY7C387P-OAI AI44 

X CY7C387P-XAC A144 

CY7C387P-XAI AI44 

Speed Package 
Grade Ordering Code Name 

2 CY7C388P-2NC N208 
CY7C388P-2NI N208 

1 CY7C388P-INC N208 
CY7C388P-INI N208 

CY7C388P-IGMB G223 
CY7C388P-IUMB U208 

0 CY7C388P-ONC N208 

CY7C388P-ONI N208 

CY7C388P-OGMB G223 
CY7C388P-OUMB U2D8 

X CY7C388P-XNC N208 
CY7C388P-XNI N208 
CY7C388P-XGMB G223 
cy7C388P-XUMB UZ08 

Shaded area contains prelIminary informatIOn. 

Military Specifications 
Group A Subgroup Testing 

DC Characteristics 
Parameters Subgroups 

VOH 1,2,3 

VOL 1,2,3 

Ioz 1,2,3 

IcC! 1,2,3 

Document #: 38-00373-B 

Operating 
Package 'IYJle Range 

144-Pin Thin Quad Flat Pack Commercial 
144-Pin Thin Quad Flat Pack Industrial 
144-Pin Thin Quad Flat Pack Commercial 
144-Pin Thin Quad Flat Pack Industrial 
144-Pin Thin Quad Flat Pack Commercial 
144-Pin Thin Quad Flat Pack Industrial 
144-Pin Thin Quad Flat Pack Commercial 

144-Pin Thin Quad Flat Pack Industrial 

Operating 
Package 1Ype Range 

208-Pin Plastic Quad Flat Pack Commercial 
208-Pin Plastic Quad Flat Pack Industrial 

208-Pin Plastic Quad Flat Pack Commercial 
208-Pin Plastic Quad Flat Pack Industrial 

223-Pin Ceramic Pin Grid Array MilitllIY 
2OO-Pin Ceramic Quad Flat Pack MiIill\IY 
208-Pin Plastic Quad Flat Pack Commercial 
208-Pin Plastic Quad Flat Pack Industrial 

ZZ3-Pin Ceramic Pin Grid Array Military 
208-Pin Ceramic Quad Flat Pack MiIitllIY 
208-Pin Plastic Quad Flat Pack Commercial 
208-Pin Plastic Quad Flat Pack Industrial 

223-PinCeramic Pin Grid Array Military 
ZOO.Pin Ceramic Quad. Flat Pack Mi1itllIY 
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PRELIMINARY 
CY7C3387P 
CY7C3388P 

UltraLogic TM Very High Speed 
8K Gate CMOS FPGA 

Features 
• Very high speed 

- Loadable counter frequencies 
greater than 80 MHz 

- Chip-to-chip operating frequencies 
up to 60 MHz 

• 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 144-pin TQFP and 208-pin 
PQFP 

• Fully 3.3V PCI compliant inputs and 
outputs for commercial and industrial 
temperature range 

• Minimum IOL of 16 mA and IOH of 8 
mA 

• Low power, high output drive 
- Standby current typically 250 !LA 

Logic Block Diagram 

-16-bit counter operating at 80 MHz 
consumes 25 mA 

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

• Powerful design tools--Warp3 '" 
- Designs entered in VHDL, sche

matics, or mixed mode 
- Fast, fully automatic place and 

route 
- Waveform simulation with back an

notated net delays 
- PC and workstation platforms 

• Extensive third-party tool support 
- See Development Systems section 

• Robust routing resources 
- Fully automatic place and route of 

designs using up to 100 percent of 
logic resources 

- No hand routing required 

• SV tolerant Inputs (see IIH spec) 

............................ ....... , ....... 
I • • • 
I 

I· 

ro Il. ~Iolo 
rcr \0 
lei 
fij t! IQIQ 

• • · • • 

• 116 (7C3387P) to 172 (7C3388P) bidi
rectioual input/output pins 

• 6 dedicated input/high-drive pins 

• 2 clock/dedicated input pins with fan
out-independent, low-skew nets 
- Clock skew <0.5 ns 

• Input hysteresis provides high noise 
immunity 

• Thorough testability at 3.3V 
- Built-in scan path permits 100 per

cent factory testing of logic and I/O 
cells 

• 0.65J.1 CMOS process with ViaLink ,. 
programming technology 
- High-speed metal-to-metallink 
- Non-volatile antifuse technology 

• 144-pin TQFP pinout compatible with 
the 4K (CY7C3386A) devices 

• Pinout compatable with the SV 
(CY7C387P/8P) devices 

• I/O/HIGH-DRIVE INPUT/ 
CLOCK CELLS 

I 

~ Jft-- I-

fl 

7C33B7P-1 

144 and 208 PIN PACKAGES, 172 I/O CELLS, 6 INPUT HIGH DRIVE CELLS, 2 INPUT/CLK (HIGH DRIVE) CELLS 
ViaLink and pASIC are trademarks of QuickLogic Corporation. 
Wa1p3 and UltraLogic are trademarks of Cypress Semiconductor Corporation. 
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- CY7C3387P 
JL ~ PRELIMINARY CY7C3388P 
~"CYPRESS ================ 

Functional Description 
The CY7C3387P and CY7C3388P are very high speed, CMOS, 
user-programmable ASIC (pASIC m ) 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 CY7C3387P is available in a 144-pin TQFP. The 
CY7C3388P is available in 208-pin PQFP. 

Low-impedance, metal-to-metal ViaLink interconnect technology 
provides non-volatile custom logic capable of operating at speeds 
above 80 MHz. This permits high-density programmable devices 
to be used with today's fastest CISC and RISC microprocessors. 

Pin Configurations 

Designs ~re entered into the CY7C3387P and CY7C3388P using 
Cypress Warp3 software or one of several third-party tools. See the 
Development Systems section of the Programmable Logic Data
book for more information. Warp3 is a sophisticated CAE package 
that features schematic entry, waveform-based timing simulation, 
and VHDL design synthesis. The CY7C3387P and CY7C3388P 
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. 

144-Pin Thin Quad Flat Pack (TQFP) 
Top View 

144143142141140139138137136135134133132131130 129128 127126125124123122121120 119 118117 116 115 114 113112 111 110 109 

I/O 108 I/O 

I/O 107 VO 

I/O 106 I/O 

110 lOS I/O 

I/O I/O 

I/O I/O 

Vee Vss 
I/O 101 I/O 

I/O I/O 

I/O 10 I/O 

I/O 11 I/O 

I/O 12 I/O 

I/O 13 I/O 

110 14 I/O 

Vss ,. Vee 

I/O 16 I/(SO) 

I/(SClK) 17 7C3387P Vee IICU«SM) 18 
Vee ,. I/CU< 

I/(?) 20 I/(SI) 

21 I/O 

22 Vss 

23 I/O 

24 I/O 

25 I/O 

26 I/O 

27 I/O 
28 I/O 
29 I/O 
30 Vee 
31 I/O 
32 I/O 
33 I/O 
34 I/O 

3S I/O 
36 I/O 

7C3387P-2 
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~~YPRESS================PRE==L=L=M=IN=~==Y=====C=Y=7=C=33=8=8P== 
Pin Configurations (continued) 

VO 
I/O 
VO 
VO 
vo 
I/O 
VO 
VO 
VO 

Vee 
I/O 

VSS 
I/O 
I/O 
I/O 
I/O 
I/O 
VO 
I/O 
I/O 
I/O 
I/O 

Vss 
VO 

1/(SeLK) 
I/CLKI(SM) 

Vee 
I/(P) 

I 
Vee 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
VO 
VO 

Vee 
I/O 

Vss 
VO 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
VO 

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

g g g g g g g J3 g ~ g g g g g g g g g g g:? g g g g ~ g g g g ~ g g g g g g g g g g g ~ g ~ g g g g g g 

156 
155 
154 
153 
152 
151 
150 
14. 
14S 

10 147 
11 146 
12 145 
13 144 
14 143 
15 142 ,. 141 
17 140 
18 13. ,. 138 
20 137 
21 13. 
22 135 
23 134 
24 133 
25 7CSSSSP 132 
26 131 
27 130 
2B 12. 
29 128 
30 127 
31 126 
32 125 
33 124 
34 123 
35 122 
36 121 
37 120 

38 11. 
39 118 
40 117 
41 116 
42 115 
43 114 
44 113 
45 112 
46 111 
47 110 
48 109 
4. 108 

50 
51 
52 105 

gggggg~g8gggggggggggmgggg~ggggggggggggggggmg8ggggggg 
» > > > » 
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I/O 
vo 
VO 
VO 
I/O 
vo 
vo 
vo 
I/O 
VBS 
I/O 
Vee 
I/O 
I/O 
I/O 

I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
Vee 
I/(SO) 
I 

Vee 
VCLK 
I/(SI) 
I/O 
VSS 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
VSS 
I/O 
Vee 
VO 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
I/O 
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=-~YPRESS~~~~~~~~P~nE~L~1~M~IN~~~R~Y~~~CY~7~C~33~8~8~P 
Maximum Ratings 
(Above which the useful life may be impaired. For user guidelines, 
not tested.) 

DC Input Current. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. ±20 mA 
Latch-Up Current ............................ ±200 mA 

Storage Temperature 
Ceramic ............................ -65°C to + 1500C 
Plastic .............................. -40°C to +l25°C 

Operating Range 

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

Ambient 
Range Temperature Vee 

Commercial O°Cto +70°C 3.3V ± O.3V 

ESD Pad Protection ............................ ±2000 V Industrial -40°C + 85°C 3.3V ± O.3V 

DC Input Voltage. . . . . . . . .. . . . . . . .. . . . . . .. -0.5V to 7.0V 

Delay Factor (K) 

Speed Commercial Industrial 

Grade Min. Max. Min. Max. 

-X 0.46 3.52 0.4 3.77 

-0 0.46 2.61 0.4 2.81 

-1 0.46 2.23 0.4 2.39 

Electrical Characteristics Over the Operating Range 

Parameter Description Test Conditions Min. Max. Unit 

VOH Output HIGH Voltage IOH = -8mA 2.4 V 

IOH = -10.0 !lA Vee - 0.1 V 

VOL Output LOW Voltage IOL = 16mA 0.4 V 

IOL = 1O.0f.tA 0.1 V 

Vrn Input HIGH Voltage 2.0 V 

VIL Input LOW Voltage 0.8 V 

Irn Input HIGH Current Sink (for 5V 
Inputs) 

5V>VIN> Vee 12[1] mA 

II Input Leakage Current VIN = Vee or Vss -10 +10 !lA 
loz Three-State Output Leakage Current VIN = Vee or Vss -10 +10 !lA 
los Output Short Circuit Currentf2] VOUT = Vss -5 -50 mA 

VOUT =Vee 15 100 mA 

lee1 Standby Supply Current VIN, VI/a = VeeorVss 650 !lA 

Capacitance 
Parameter Description Test Conditions Max. Unit 

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

CoUT Output Capacitance 
Vee = 3.3V 

10 pF 

Notes: 
1. User must limit current to 12 rnA. 
2. Only one output at a time. Duration should not exceed 30 seconds. 
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Switching Characteristics (VCC=3.3Y, TA=25°C, K=1) 

Propagation Delaysl3j 
with Fanout of 

Parameter Description 1 2 3 4 8 Unit 
WGICCELLS 

tpD Combinatorial Delayl4j 1.7 2.2 2.7 3.3 5.5 ns 

tsu Set-Up Timel4j 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 2.7 4.9 ns 

tCWH! Clock HlGH 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 2.7 3.3 5.5 ns 

tRESET Reset Delay 1.5 1.9 2.3 2.8 4.6 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[3] 
with Fanout of 

Parameter Description 1 2 3 4 8 12 16 Unit 

INPUT CELLS 

tIN Input Delay (HIGH Drive) 3.1 3.2 3.3 3.4 4.4 3.8 6.5 ns 

tIN! Input, Inverting Delay (HIGH Drive) 3.3 3.4 3.5 3.6 4.6 6.0 6.7 ns 

tlO Input Delay (Bidirectional Pad) 1.4 1.9 2.3 3.0 4.8 6.7 8.5 ns 

tacK Clock Buffer Delayl5j 2.7 2.8 2.9 3.0 3.1 3.3 3.4 ns 

taCKH! Clock Buffer Min. HlGHL5j 2.0 2.0 2.0 2.0 2.0 2.0 2.0 ns 

tacKLO Clock Buffer Min. LOWL5j 2.0 2.0 2.0 2.0 2.0 2.0 2.0 ns 

Propagation Delays[3] 
with Output Load Capacitance (pF) of 

Parameter Description 30 50 75 100 150 Unit 

OUTPUT CELLS 

tOUTLH Output Delay LOW to HlGH 2.7 3.3 3.8 4.3 5.4 ns 

tOUTHL Output Delay HlGH to LOW 2.8 3.7 4.5 5.3 6.9 ns 

tpZH Output Delay Three-State to HIGH 2.1 2.6 3.1 3.7 4.8 ns 

tpZL Output Delay Three-State to LOW 2.6 3.3 4.1 4.9 6.5 ns 

tpHZ Output Delay HIGH to Three-Statd6] 

tpLZ Output Delay LOW to Three-State[6] 

Notes: 
3. Worst-case propagation delay times over process variation at V cc = 

3.3V and TA = 25°C. Multiply by the appropriate delay factor, K, for 
speed grade to get worst-case parameters over full V cc 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. These limits are derived from worst-case values for a representative 
selection of the slowest paths through the pASIC380 logic cell includ
ing net delays. Guaranteed delay values for specific paths should be 
determined from simulation results. 

2.9 

3.3 

ns 

ns 

5. 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. 

6. The following loads are used for tpxz: 

~5PF lkUf 

'·""1 I tpHZ ~ tpLZ 
-= ':" 
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High Drive Buffer 
# High Drives Propagation Delays[3] with Fanout of 

Wired 
Parameter Description Together 12 24 48 72 96 Unit 

tIN High Drive Input Delay 1 5.8 7.3 ns 

2 5.0 7.1 ns 

3 5.8 6.7 7.7 ns 

4 5.4 6.8 ns 

tINI High Drive Input, Inverting Delay 1 6.0 7.4 ns 

2 5.2 7.3 ns 

3 6.0 6.9 7.9 ns 

4 6.1 7.0 ns 

Switching Waveforms 

Combinatorial Delay 

INPUT 

========~_t_L.._""_-_-_-_-_-_-_-_-_-t_P-D~:--~:-_:::-_=~_~:.I-=========================== II 
OUTPUT 

7C3387P-4 

Set-Up and Hold Times 

C~~ 1= ~ F ~ J -: ---+IoJ-~_-_ -_ -_tcw~_o -=--=--=--'1_ 
{:-~ ~---}----{-

Q 

7C3387p·5 

Set an:E~set Delays .k: ------I~-------------
Q ~~~~~~~~~~~~~~_~~~L~~_=~-_=~-_=~-_=~-_~~~~_W-_-_-_-_~t_SE_T _________________ ;tr 

-----Jf- tRW -tRESET-==-~'---~-=:;-L' -

7C3387P.S 

RESET 

Q 

Output Delay 

~~, NoL..-____________ _ 
7C3387P·7 
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Switching Waveforms (continued) 

Three-State Delay %''''......;.-----"' 
----....... /.-- lpZH -----{lPZL 

THREE·STATE THREE-STATE 

7C3387P-8 

1YPical AC Characteristics 
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. The Wa1p3 Delay Modeler extracts 
specific timing parameters for precise simulation results following 
place and route. 
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~~YPRESS~~~~~~~~PRE~L~1~M~IN~~~R~Y~~~CY~7~C~33~8~8P;= 
Combinatorial Delay Example (Load = 30 pF, Fanout =1, K=l.O) 

tlO tpo tOUT 
I---- 1.4 ns -----1+------- 1.7 ns -------... +10_-- 2.8 ns ---I 

IN1 1---------1 

IN21---------I 

INPUT DELAY + COMBINATORIAL DELAY + OUTPUT DELAY = 5.9 ns 
7C3387P-11 

Sequential Delay Example (Load = 30 pF, Fanout =1, K=l.O) 

tlO tsu telK tOUT 

I---- 1.4 ns -----... -- 2.1 ns ----o • .JI .... f---- 1.0 ns ---_...,100---- 2.8 ns ---I 

>------1 OUT 

CLK~-----~ 

INPUT DELAY + REG SET-UP + CLOCK TO Q DELAY + OUTPUT DELAY = 7.3 ns 
7C3387P.12 

Ordering Information 
Speed Package Operating 
Grade Ordering Code Name Package 'Jype Range 

1 CY7C3387P-1AC A144 144-Pin Thin Quad Flat Pack Commercial 

CY7C3387P-1AI A144 144-Pin Thin Quad Flat Pack Industrial 

0 CY7C3387P-OAC A144 144-Pin Thin Quad Flat Pack Commercial 

CY7C3387P-OAI A144 144-Pin Thin Quad Flat Pack Industrial 

X CY7C3387P-XAC A144 144-Pin Thin Quad Flat Pack Commercial 

CY7C3387P-XA! A144 144-Pin Thin Quad Flat Pack Industrial 

Speed Package Operating 
Grade Ordering Code Name Package 1Ype Range 

1 CY7C3388P -1NC N208 208-Pin Plastic Quad Flat Pack Commercial 

CY7C3388P-1NI N208 208-Pin Plastic Quad Flat Pack Industrial 

0 CY7C3388P-ONC N208 208-Pin Plastic Quad Flat Pack Commercial 

CY7C3388P-ONI N208 208-Pin Plastic Quad Flat Pack Industrial 

X CY7C3388P-XNC N208 208-Pin Plastic Quad Flat Pack Commercial 

CY7C3388P - XNI N208 208-Pin Plastic Quad Flat Pack Industrial 
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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. Watp2 ~ and Watp2+ ~ provides 

r-----

PLD, CPLD, and FPGA 
Development Tools Overview 

VHDL design description and functional simulation. Watp3 ~ in
cludes Watp2 + functionality plus schematic entry, VHDL source 
code simulation, and timing simulation. In addition, many third
party tools are available and provide various levels of support. 

Device programmers use the programming file created by the 
development tool to 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 
programmers are available that can be used to program a wide 
array of devices including those from Cypress. 

-------, 
I 

PLD, CPLD, and FPGA Development Tools 
I 

I 
I 
I 
L 

CAE 
Schematic Solutions 

(Netlist) 

Warp2/Warp2+ 
VHDL Description 

Functional Simulation 

f"o/-~--:-~~/ 
Impulse3 I 

Device 
Programmer '/ 

• 

• 

Standalone Software 
(PLA for PLD/CPLDs) 

(QDF for FPGA) 

-t-

I 
• 

• 

VHDL 

Warp3 
VHDL Description 
Schematic Entry 

Timing Simulation 
VHDL Code Simulation 

~/--=--=----('/ 
Third-Party 
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Watp2, Watp2 +, Watp3, and Impulse3 are trademarks of Cypress Semiconductor Corporation. 
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Features 
• VHDL (IEEE 1076 and 1164) high-level language compiler 

- VHDL facilitates device independent desigu 
- VHDL desigus are portable across multiple devices 

and/or CAE Environments 
- VHDL facilitates the use of industry-standard simulation 

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

modular design methodology 

• Warp2 + ™ provides synthesis for a powerful subset of IEEE 
standard 1076 and 1164 VHDL including: 
- enumerated types 
- operator overloading 
- for ... generate statements 
-integers 

• State-of-the-art optimizations and reduction algorithms 
- Optimization for nip-nop type (D typerr type) 
- Automatic selection of optimal nip-nop type 

(D typerr type) 
-Automatic pin assigument 
- Automatic state assigument (grey code, one-hot, binary) 

• Several desigu entry methods support high and low-level 
desigu descriptons: 
-Behavioral VHDL (IF ... THEN ... ELSE; CASE ... ) 
-Boolean 
- Structural VHDL (RTL) 

• Designs can include multiple VHDL entry methods in a 
single desigu 

• Supports all Cypress PLDs and CPLDs, including MAX340 m 

and FLAsH370" 

• Supports all Cypress (pASIC380 m ) FPGAs 

• 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 siguals in different 

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

• PC, Sun, and UP platforms 

• Windows 3.1 
• Motif on Sun workstations IEEE 1076, and is fully 1164 com-

pliant 

Functional Description 
Wa1p2+ is a state-of-the-art VHDL compiler for designing with 
Cypress PLDs. Wa1p2 + utilizes a subset of IEEE 1164 VHDL as 
its Hardware Description Language (HDL) for design entry. 
VHDL provides a number of significant benefits for the design 
engineer. Wa1p2+ accepts VHDL input, synthesizes and opti-

PRELIMINARY 
CY3120 
CY3125 

Wa1p2 + ™ VHDL Compiler 
for PLDs, CPLDs, and FPGAs 

mizes the entered design, and outputs a JEDEC map for the de
sired PLD or CPLD, or outputs a LOF file for the desired FPGA. 
(see Figure 1). For simulation, Wa1p2+ provides the graphical 
waveform simulator called NOVA. 

VHDL Compiler 

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

VHDLoffers designers the ability to describe designs at many dif
ferent levels. At the highest level, designs can be entered as a de
scription oftheir 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 verifycorrectfunctionality, which signifi
cantly speeds the design process. 

Wa1p2+'s VHDL syntax also includes support for intermediate 
level entry modes such as state table and boolean entry. At the low
est level. designs can be described using gate-level RTL (Register 
Thansfer Language) descriptions. Wa1p2+ gives the designer the 
flexibility to intermix all of these entry modes. 

In addition. VHDL 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 

z 
o 

~ 

~ 
+ 

f 

Figure 1. Warp2+ Design Flow 
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"bottom-up" (designing elementary building blocks of the system, 
then combining these to build larger and larger parts) with equal 
ease. 

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 ofVHDL tools 
provides complete vendor independence as well. Designers can 
begin their project using Wmp2+ for Cypress PLDs and FPGAs 
and convert to high volume gate arrays using the same VHDL be
havioral 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. VHDL 
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 language's universal acceptance, the ability to do both de
vice and vendor independent design, simulation capabilities at 
both the chip and system level that improve design efficiency, the 
wide availability of industry-standard tools with VHDLsupportfor 
b<:>th simulation and synthesis, and the inherent power of the lan
guages' 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, itis 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 CAE Environments. Wmp2+ supports a rich subset of 
VHDL including loops, for ... generate statements, full hierarchi
cal designs with packages, as well as synthesis for enumerated types 
and integers. 

Designing with Warp2 + 
Design Entry 

Wa1p2+ 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/ 
CPLD/FPGA (optional) 

The part of a Wmp2 + description that specifies the behavior or 
structure of the design is called an entity/architecture pair. Entity/ 
architecture 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 describes the design's behavior or structure. 

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 by which the entity 
can be referenced in a design architecture. In this section are code 

PRELIMINARY 
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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 Wa1p2+. A behavioral description 
in VHDL often includes well known constructs such as 
If ... Then ... Else, and Case statements. Here is a code segment 
from a simple state machine design (soda vending machine) that 
uses behavioral VHDL to implement the design: 

ENTITY drink IS 
PORT (nickel, dime, quarter, clock:in bit; 

returnDime,returnNickel,giveDrink:outbit); 
END drink; 

ARCHITECTURE fsm OF drink IS 

TYPE drinkS tate IS (zero,five,ten,fifteen, 
twenty,twentyfive,owedime); 
SIGNAL drinkstatus:drinkState; 

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 
(drinkStatus) ; 

-- 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 

giveDrink <= '1/; 
drinkStatus <= drinkStatus'PRED 
(drinkStatus); 

gato Zero 
ENDIF; 

WHEN aweDime => 
returnDime <= 'l'i 
drinkStatus <= zero; 

when others => 
This ELSE makes sure that the state 

-- machine resets itself if 
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-- it somehow gets into an undefined state. 
drinkStatus <= zero; 

END CASE; 
END PROCESS; 

END FSM; 

VHDL is a strongly typed language. It comes with several prede
fined operators, such as + and/= (add, not-equal-to). VHDLof
fers the capability of defining multiple meanings for operators 
(such as + ), which results in simplification ofthe 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 
integer. 

ENTITY sequence IS 
port (clk: in bit; 

s : inout bit); 
end sequence; 

ARCHITECTURE fsm OF sequence IS 

SIGNAL count: INTEGER RANGE a TO 7; 

BEGIN 

PROCESS BEGIN 

WAIT UNTIL clk '1'; 

CASE count IS 

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

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

WHEN 5 => 
s <= '1'; 
count <= 'O'i 

WHEN others => 
S <= '0'; 
count <= 'O'i 

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. 

Functions 

A major advantage ofVHDL is the ability to implement functions. 
The support of functions allows designs to be reused by simply 
specifying a function and passing the appropriate parameters. 
Wa1pZ+ features some built-in functions such as ttf (truth-table 
function). The ttffunction is particularly useful for state machine 
or look-up table designs. The following code describes a seven
segment 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: 
xOl_table (0 to 11, a 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 
"111x" & "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 Wa1pZ+ 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 

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

END behave; 

Strnctural 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 Wa1p2 + 
using structural VHDL: 

x~ carry 

rs~ 
Figure 2. One-Bit Half Adder 
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ENTITY shifter3 IS port ( 

elk : IN BIT; 
x : IN BIT; 
qO OUT BIT; 
ql : OUT BIT; 
q2 : OUT BIT) ; 

END shifter3; 

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

dl DFF PORT MAP(x,elk,qO_temp); 
d2 DFF PORT MAP(qO_temp,elk,ql_temp); 
d3 DFF PORT MAP(ql_temp,clk,q2_temp); 
qO <= qO_temp; 
ql <= ql_temp; 
q2 <= q2_temp; 

END struet; 

All ofthe design-entry 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 Wmp2 + to describe designs using whatever method 
is appropriate for their particular design. 

Compilation 
Once the VHDL description of the design is complete, it is com
piled using Wmp2+. Although implementation is with a single 
command, compilation is actually a multistep process as shown in 
Figure 1). The first part of the compilation process is the same for 
all devices. The input VHDLdescription is synthesized to a logical 
representation of the design. Wap 2+ synthesis is unique in that 
the input language (VHDL) supports device-independent design 
descriptions. Competing programmable logic compilers require 
very specific and device-dependent information in the design de
scription. 

The second step of compilation is an interactive process of optimiz
ing the design and fitting the logic into the targeted device. Logical 
optimization in Wap2+ is accomplished using Espresso algo
rithms. The optimized design is automatically fed to the Wap2+ 
fitter if the user is targeting a PLD or CPLD. This fitter supports 
the automatic or manual placement of pin assignments as well as 
automatic selection ofD or Tflip-flops. After the optimization and 
fitting step is complete, Wap2 + creates a JEDEC file for the speci
fied PLD or CPLD. 

qO q1 q2 

x - t-- d qr-'-- d q-- d q-

clk - - "> clk - I> clk - ~clk 

Figure 3_ Three-Bit Shift Register Circuit Design 
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If the target device is an FPGA, Wap2+ outputs a QDIF netlist 
file after optimization that is read into the Wap2 + place and route 
software, SpDE. SpDE determines the placement of logic in the 
FPGA and routing ofthe interconnect that maximizes the speed of 
operation and minimizes the area utilization of the design. After 
the place and route is complete, the design timing can be checked 
by the SpDE's path analyzer, and a LOF file is output for program
ming. 

Simulation 
Wap2+ includes Cypress's NOVA Simulator. NOVA features a 
graphical waveform simulator that can be used to simulate PLD/ 
CPLD designs generated in Wap2+. The NOVA simulator pro
vides functional simulation for PLDs/CPLDs and features interac
tivewaveformeditingandviewing. The simulator also provides the 
ability to probe internal nodes, automatically generate clocks and 
pulses, and generate JEDEC test vectors from simulator wave
forms. FPGA static timing analysis is available with that tool flow. 
(Higher level simulation support is' available with Wap3 
[CY3130].) 

Programming 
The result of Wap2+ compilation is a JEDEC or LOFfile thatim
plements the input design in the targeted device. Using this file, 
Cypress devices can be programmed on Cypress's Impulse3 pro
grammer or on any qualified third-party programmer. 

System Requirements 

ForPCs 

IBM PC-AT or equivalent (486 or higher recommended) 

PC-DOS version 3.3 or higher 

8 Mbytes of RAM (16 Mbytes recommended) 

EGA, VGA, or Hercules monochrome display 

70-Mbyte hard disk space 

1.2-Mbyte 5V.-inch or 1,44-Mbyte floppy disk drive or CD-ROM 

Two- or three-button mouse 

Windows Version 3.1 

For Sun Workstations 

SPARCCPU 
Sun OS 4.1.1 or later 
16 Mbytes of RAM 
1,44-Mbyte 3Y2-inch disk drive 

Ordering Information 
CY3120 Wap2+ for Windows PLD Compiler includes: 

3Y2-inch, 1.4-Mbyte floppy disks 
Wap2+ User's Guide 
Wap2+ Synthesis Reference 
Registration Card 

CY3125 Wap2+ for Sun PLD Compiler includes: 
3Y2-inch, 1.4-Mbyte floppy disks 
Wap2+ User's Guide 
Wap2+ Synthesis Reference 
Registration Card 

Wap2+ and F'LAsH370 are a trademarks of Cypress Semiconductor Corporation. 
MAX is a trademark of Altera Corporation. 
pASIC is a trademark of Quicklogic Corporation. 
PC-AT is a trademark of IBM Corporation. 
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Features 
• VHDL (IEEE1076 and 1164) high-level language compiler 

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

and/or CAE platforms 
- VHDL facilitates the use of industry-standard simulation 

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

modular design methodology 

• Wary2 m provides synthesis for a powerful subset of IEEE 
standard 1076 and 1164 VHDL including: 
- enumerated types 
- operator overloading 
- for ... generate statements 
-integers 

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

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

• Several design entry methods support high and low-level 
design descriptions: 
-Behavioral VHDL (IF ... THEN ... ELSE; CASE. .. ) 
-Boolean 
- Structural VHDL (RTL) 

• Designs can include multipleVHDL entry methods in a single 
design 

• Supports all Cypress PLDs and CPLDs, including MAX340 m 

and FLAsH370 m 

• Functional simulation provided with Cypress NOVA 
simulator: 
- Graphical waveform simulator 
- Entry and modification of on-screen waveforms 
- Ability to probe internal nodes 
- Display of input and output signals in different colors 
- Automatic clock and pulse creation 
- Waveform to JEDEC test vector conversion utility 
- Support for buses 

• PC, Sun, and HP platforms 
• Windows m 3.1 or above 

• Motif'"' on Sun workstations 

Functional Description 
Wmp2 is a state-of-the-art VHDL compiler for designing with 
Cypress PLDs and CPLDs. Wa1p2 is fully IEEE1076 and 1164 
VHDL compliant. VHDL provides a number of significant bene
fits for the design engineer. Wa1p2 accepts VHDL input, synthe
sizes and optimizes the entered design, and outputs a JEDEC 
map for the desired device (see Figure 1). For simulation, Wa1p2 
provides a graphical waveform simulator called NOVA. 

PRELIMINARY 
CY3121 
CY3126 

Warp2TM VHDL Compiler 
for PLDs and CPLDs 

VHDL Compiler 

VHDL (Very High Speed Integrated Circuit Hardware Descrip
tion Language) is a powerful, non-proprietary language that is a 
standard for behavioral design entry and simulation. It is mandated 
for use by the Department of Defense and is 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 many dif
ferent levels. At the highest level, designs can be entered as a de
scription 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 signifi
cantly speeds the design process. 

Wa1p2'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) descriptions. Wa1p2 gives the designer the flex
ibility to intermix all of these entry modes. 

In addition, VHDL allows users 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 of the system, 
then combining these to build larger and larger parts) with equal 
ease. 

Because VHDL is an IEEE standard, multiple vendors offer tools 
for design entry, simulation at both high and low levels, and synthe-

Fignre 1. Wary2 Design Flow 
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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 Wmp2 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. VHDL 
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 
ofthe 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, thewide avail
ability of industry-standard tools with VHDLsupportfor both sim
ulation and synthesis, and the inherent power of the language's 
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 VHDLcanreadily be transported to 
other CAE systems. Wa1p2 supports a rich subset ofVHDL 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 

Wa1p2 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 or 
CPLD (optional) 

The part of a Wa1p2 description that specifies the behavior orstruc
ture ofthe design is called an entity/architecture pair. Entity/archi
tecture pairs, as their name implies, are 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. 

Design Entity 

The entity is a declaration of what a design presents to the outside 
world (the interface). For each external signal, the entity declara
tion specifies a signal name, a direction and a data type. In addi
tion, the entity declaration specifies a name by which the entity can 
be referenced in a design architecture. In this section are code seg
ments 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 Wa1p2. A behavioral description in 
VHDL often includes well known constructs such as 

PRELIMINARY 
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If ... Then ... Else, and Case statements. Here is a code segment 
from a simple state machine design (soda vending machine) that 
uses behavioral VHDL to implement the design: 

ENTITY drink IS 
PORT (nickel,dime,quarter,clock:in bit; 

returnDime,returnNickel,giveDrink:outbit); 
END drink; 

ARCHITECTURE fsm OF drink IS 

TYPE drinkState IS (zero, five, ten, fif teen, 
twenty,twentyfive,owedime); 
SIGNAL drinkstatus:drinkState; 

BEGIN 

PROCESS BEGIN 

WAIT UNTIL clock '1'; 

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

CASE drinkStatus IS 

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

drinkStatus <= drinkStatus'SUCC 
(drinkStatus) ; 

-- 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 

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

goto Zero 
ENDIF; 

WHEN oweDime => 
returnDime <= '1' i 
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 strongly typed language. It comes with several prede
fined operators, such as + and/= (add, not-equal-to). VHDLof-
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fers the capability of defining multiple meanings for operators 
(such as + ), which results in simplification ofthe 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 integer. 

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 c1k '1'; 

CASE count IS 

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

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

WHEN 5 => 
S <= '1'; 
count <= 'O'i 

WHEN others => 
s <= 'O'i 
count <= 'O'i 

END CASE; 

END PROCESS; 

END FSM; 

In this example, the + operator is overloaded to accept both inte
ger and bit arguments. Wa/p2 supports overloading of operators. 

Functions 

A major advantage ofVHDLis the ability to implement functions. 
The support of functions allows designs to be reilsed by simply 
specifying a function and passing the appropriate parameters. 
Wa/p2 features some built -in functions such as ttf (truth-table func
tion). The ttf function is particularly useful for state machine or 
look-up table designs. The following code describes a seven
segment 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: 
xOl_table (0 to 11, 0 to 10) := 

-- input & output 

"0000" & 
"0001" & 

"0111111" , 
"0000110" , 

"0010" & "1011011", 
"0011" & "1001111" , 
"0100" & "1100110" , 
"0101" & "1101101" , 
"0110" & "1111101" , 
"0111 " & "0000111" , 
"1000" & "1111111", 
"1001" & "1101111", 
"101x" & "1111100" , --creates E pattern 
"111x" & "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 Wa1p2 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 

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 Wa1p2 
using structural VHDL: 

ENTITY shifter3 IS port ( 
clk : IN BIT; 
x : IN BIT; 
qO OUT BIT; 
q1 : OUT BIT; 
q2 : OUT BIT); 

END shifter3; 

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

XD carry 

r~~ 
Figure 2. One-Bit Half Adder 
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BEGIN 

dl DFF PORT MAP(x,clk,qO_temp); 
d2 DFF PORT MAP(qO_temp,clk,ql_temp); 
d3 DFF PORT MAP(ql_temp,clk,q2_temp); 
qO <; qO_temp; 
ql <; ql_temp; 
q2 <; q2_temp; 

END struct; 

All of the design-entry 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 powerofVHDL 
allows users of Wmp2 to describe designs using whatever method is 
appropriate for their particular design. 

Compilation 
Synthesis and optimization is a one button process. The first step 
is synthesizing the input VHDLinto a logical representation ofthe 
design. Watp2 synthesis is unique in that the input language 
(VHDL) supports device-independent design descriptions. Com
peting programmable logic compilers require very specific and de
vice-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 Watp2 is accomplished with Espresso algorithms. The 
optimized design is fed to the Watp2 fitter, which applies the design 
to the specified target PLD. The Watp2 fitter supports manual or 
automatic pin assignments as well as automatic selection ofD or T 
flip-flops. After the optimization and fitting step is complete, 
Watp2 automatically creates a JEDEC file for the specified PLD or 
CPLD. 

qO q1 q2 

x - r-- d q-'-- d q 1--'-- d qt-

elk -~ ~ elk - ~ elk - ~ elk 

Figure 3. Three-Bit Shift Register Circuit Design 

Document #: 38-00433 

Simulation 
Watp2 is delivered with Cypress's NOVA Simulator. NOVA fea
tures a graphical waveform simulator that can be used to simulate 
designs generated in Watp2. 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 Watp2 compilation is a JEDEC file that implements 
the input design in the targeted PLD. Using the JEDEC file, 
Cypress PLDs and CPLDs can be programmed on Cypress's 
Impulse3 programmer or on any qualified third-party program
mer. 

System Requirements 

ForPCs 

IBM PC-AT or equivalent (486 or higher recommended) 

PC-DOS version 3.3 or higher 

16 Mbytes of RAM 

35-Mbyte hard disk space 

1.44-Mbyte floppy disk drive 

Two- or three-button mouse 

Windows Version 3.1 

For Sun Workstations 

SPARCCPU 
Sun OS 4.1.1 or later 
16 Mbytes of RAM 
1.44-Mbyte 3Y2-inch disk drive 

Ordering Information 
CY3121 Watp2 for Windows PLD Compiler includes: 

3\12-inch, 1.4-Mbyte floppy disks 
Watp2 User's Guide 
Watp2 Synthesis Reference 
Registration Card 

CY3126 Watp2 for Sun PLD Compiler includes: 
3\12-inch, 1.4-Mbyte floppy disks 
Watp2 User's Guide 
Watp2 Synthesis Reference 
Registration Card 

Watp2, MAX340, and FLAsH370 are trademarks of Cypress Semiconductor Corporation. 
PC/AT is a trademark of International Business Machines Corporation. 
Windows is a trademark of Microsoft Corporation. 
Open Look is a registered trademark of Sun Microsystems, Inc. 
Motif is a registered trademark of Open Software Foundation, Inc. 
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Warp3 TM VHDL Development 
System for PLDs, CPLDs, and FPGAs 

Features 
• Sophisticated PLD/FPGA design and verification system 

based on VHDL 
• Warp3 m is based on Viewlogic's Powerview m (Sun and HP) 

and Workview Plus ,. (PC) design environments 
- Advanced graphical user interface for Wiudows and Sun! 

HP Workstations 
- Schematic capture (Viewdraw) 
-Interactive timing simulator (Viewsim) 
- Waveform stimulus and viewing (Viewtrace) 
- Textual design entry using VHDL 
- Mixed-mode design entry support 

• The core of Warp3 is an IEEE1076 and 1164 standard VHDL 
compiler 
- VHDL is an open, powerful design language 
- VHDL (IEEE standard 1076 and 1164) facilitates design 

portability across devices and/or CAD platforms 
- VHDL facilitates the use of industry-standard simulation 

and synthesis tools for board and system-level design 
- VHDL facilitates hierarchical design with support for 

functions and libraries 

• Support for ALL Cypress PLDs, CPLDs, FPGAs, and 
PROMs, including: 
- Industry-standard 20- and 24-pin devices like the 22V10 
- Cypress 7C33X family of 28-pin PLDs 
_MAX340m (MAXSOOO Series) CPLDs 
_ FLAsH370 m CPLDs 
_ pASIC380 m FPGAs 

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 pro
grammable logic-our Wa1p ,. software tools. 

VHDL SOURCE-LEVEL 
SIMULATOR 

SUPPORT FOR ALL ~ 
CYPR~~l!i;'~~PLOs, ~ 

Figure 1. Warp3 Design Flow 

FLASH370, Wa1p, Wa1p2, Wa1p2+, Wa1p3, and Impulse3 are trademarks of Cypress Semiconductor Corporation. 
Powerview and Workview are registered trademarks of Viewlogic Systems, Inc. 
ChipLab is a trademark of Data I/O Corporation. 
pASIC is a trademark of QuickLogic Corporation. 
MAX is a trademark of Altera Corporation 
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Functional Description 
Watp3 is an integration of Cypress's advanced VHDL synthesis 
and fitting technology with Viewlogic's sophisticated CAE design 
environment. On the PC platform, Watp3 includes Cypress's 
VHDL compiler and Viewlogic's Workview Plus software for 
Microsoft Windows. On the Sun and HP platforms, Watp3 in
cludes Cypress's VHDLcompiler and Viewlogic's Powerviewsoft
ware. 

Design Flow 
Figure 1 displays a block diagram of the typical design flow in 
Watp3. Designs can be entered in VHDL text, schematic capture 
or via an imported EDIF netlist. In fact, Watp3 supports mixing 
these approaches on individual designs. Designs are thenfunction
ally verified using the Watp3 functional simulator. The third step is 
to compile the design and target a PLD, CPLD or FPGA. After 
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 or netlist file is used to program 
the targeted device. A detailed description of each step follows. 

Specifically, the Watp3 Design Flow includes the following: 

Viewlogic GUI (Cockpit) 
IEEE1076 and 1164 VHDL Synthesis 
Schematic Capture (Viewdraw) 
Hierarchy Navigator 
Mixed-mode Design Entry 
Waveform Editor (Viewtrace) 
VHDL Timing Simulator (Viewsim) 
Device fitters for all Cypress PLD/CPLDs/PROMs 
Automatic Place&Route for 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 tool set 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 PClWindows the GUI is under the WorkView Plus 
cockpit (see Figure 2). 

Current T oolboll IC1'press 

Current Drawer IWarp Design 

Project T 1'pe IViewdraw 

Current Proiect Ic:\warp3 

Current Libr ar1' Ic:\warp3 
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Design Entry 
Text Editor 

Warp3 
(CY3130/CY3135) 

Text entry is done with industry standard VHDL. Watp3 can syn
thesize a rich set of the VHDL language in conformance with 
IEEE standard 1076 and 1164. This includes support for Behav
ioral, Boolean, State Thble and Structural VHDL entry. 

Thxt 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. In addi
tion, the hierarchical nature of VHDL allows very complex func
tions to be described in a modular, top-down or bottom-up fashion. 
For more information on VHDLsee the Watp2 N (CY3121) or the 
Watp2+ N (CY3120) datasheet. 

Schematic Capture 

Watp3 users can also enter designs graphically with a sophisticated 
schematic capture system(Viewdraw). With schematic entry, de
signers can quickly describe a variety of common logic functions 
from simple logic gates to complex arithmetic functions. 

Watp3 also supports the use ofthe LPM (Library of Parameterized 
Modules) Standard. With LPM, users can import schematic and 
text designs from any CAE tool that supports the LPM standard via 
an EDIFnetlist. Designs based on this standard library will then be 
portable across many CAE and synthesis (see Figure 3) platforms. 

Within Watp3, users have access to an extensive syrnbollibrary of 
standard components and macro functions. These include: 

• adders/multipliers 

• counters 
• gates (AND, OR, XOR, INY, & 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 

exptlO76 Wazp Place&Rte 

~ 110 
ViewSim ViewTrace Nova 

Figure 2. WorkView PLUS Cockpit for PC Workstations 
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Figure 3. Using the LPM Symbol Library in Viewdraw 

In addition, the designer may create custom functions that can be 
used in any Wa1p3 design. 

Symbol Editor 

The Wa1p3 schematic capture tools also provide methods to create 
symbols for schematics and VHDL blocks. Using the Viewgen 
utility, symbols are automatically generated from lower-level sche
matic data. Using the VHDL2SYM utility, symbols are automati
cally generated from VHDL text files. Symbols are useful for 
creating a design hierarchy to easily describe complex designs. 

EDIFInput 

Wa1p3 includes an EDIF netlist converter that provides a conve
nient way for designers to import designs from other CAE sche
matic capture and simulation tools. The EDIF-in tool supports 
EDIF version 2 0 O. 

Mixed-mode Entry 

Perhaps the most powerful design entry methodology in Wa1p3 is 
the combination of the above methods. Inmost designs, some por
tions of the circuit are most easily described in schematic form 
while others are best described in text. '!ypically, standard logic 
components such as counters, adders and registers are best imple
mented by retrieving components from the Wa1p3 schematic sym
bollibrary. Meanwhile, text entry is usually preferred for describ
ing sections of the circuit design that implement control logic. In 
particular, state machines are often much easier to describe with 
behavioral VHDL than with schematic components. Combining 
these methods in a single design simplifies the input process and 
shortens the design cycle time. 

As mentioned above, Wa1p3 can automatically generate symbols 
for text and schematic designs. This capability facilitates hierarchi
cal design entry by allowing users to represent complex functions 

with 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 VHDL, a text window will be launched with the design 
file. If the underlying design is a schematic, a Viewdraw window 
will be opened with the schematic design. Tbere 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 Speedwave 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 Speedwave to sim
ulate the design functionality graphically. The simulation process 
is described in detail below. 

VHDL Source-level Simulation 

A unique and powerful feature ofWa1p3 is the source-level VHDL 
simulator. The VHDL debugger works in concert with the Wa1p3 
simulator and waveform editor. The simulator allows users to 
graphically step through VHDL code and monitor the results 
textually or in waveforms. After each single step the simulator 
highlights the VHDL text representing the current state ofthe 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 VHDLtext to use 
the VHDL simulator. Since Wa1p3 converts all facets of a design 
(schematic, EDIF-in etc.) to VHDL before compilation, this 
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VHDL representation can be single stepped to verify design func
tionality. 

Hierarchy Navigator 

Another powerful debugging tool within Wa1p3 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 1164" 
utility on schematic modules. At this point in the design there is a 
VHDLdescription ofthe entire design. This VHDLdescription is 
fed to the Cypress VHDL compiler for logic optimization, fitting, 
and translation to a device programming file. Although compila
tion is a multistep process, it appears as a single step to the user (as 
shown in Figure 1). 

The first step in compilation is synthesizing the input VHDLinto a 
logical representation of the design in terms of components found 
in the target device (AND gates, OR gates, flip-flops etc.). Wa1p3 
synthesis is unique in that the input language (VHDL) supports 
device-independent design descriptions. Competing program
mable logic compilers require very specific and device-dependent 
information in the design file. 

Device Fitting 

• State-of-the-art optimization and reduction algoritbms 
- Optimization for flip-flop type (D typeIT type) 
- Automatic pin assignment 
- User-specified state assignment (Gray code, binary, one-

hot) 
For PLDs and CPLDs, 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 Wa1p3 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). Wa1p3 fitters SU1PP()rt lmanUll1 or 
automatic as well as "UI'UllJ<1"~ ",""'OlllJlllJl 

Figure 4. Compile/Synthesize Dialog Box 

PRELIMINARY 
Warp3 

(CY3130/CY3135) 

or T-type flip-flops. After optimization and fitting are complete, 
Wa1p3 will create a JEDEC file (PLDs and CPLDs) used to pro
gram the device. 

Automatic Place&Route 

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

For Cypress FPGAs, the second phase of the compilation process 
is called place&route. The place&route tools in Warp3 ta/(e the 
logical design description from synthesis and apply it to the cells of 
the targeted FPGA. Once placed, the programmable interconnect 
channels are routed to connect logic blocks as required by the de
sign. With Cypress FPGAs and Wa1p3, the place&route process is 
100% automatic. No tedious manual intervention or hand tweak
ing is necessary. Once place&route is finished, Wa1p3 generates a 
netlist that is used to program the FPGA or a device programmer. 

Automatic Error Tracking 

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, Wa1p3 will detect errors that occur in the fitting! 
place&route process. Wa1p3 features automatic erroriocation that 
allows problems to be diagnosed and corrected in seconds. Errors 
from compilation are displayed immediately in a pop-up window. 
If the user highlights a particular error, Wa1p3 will automatically 
open the source code file and higblightthe offending line in the en
tered design. Ifthe device fitting or place&route process includes 
errors, a pop-up window will again describe them. In addition, a 
detailed report file is generated indicating the reSources required 
to fit the input design and any problems that occurred in the pro
cess. 

Simulation 
The last step in the design process before programming is verifying 
the timing of your design. For this, Wa1p3 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 Wa1p3 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 ofthe 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 

Figure 5. Device FittingIRouting Dialog Box 
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through test cases and view the output results. Stimulus can be en
tered from the command line or from a file. 

In addition to Viewsim, Wap3 will output VHDL and Verilog tim
ing models for numerous other simulators. 

• VHDL 
-Mentor (Model Technology and Quicksim) 
- Cadence (Leapfrog) 
-Synopsys (VSS) 
- Viewlogic (Vantage) 

• Verilog 
-Cadence 
- Intergraph 

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. 

Ifuser inputs violate device specifications the Wap3 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) Wap3will issue a warning and highlight the offendingsignaJ. 
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 Wap3 (a 
JEDEC file or LOF file) is used as input to a device programmer. 
Cypress offers an inexpensive programmer, the Impulse3 m based 
on Data I/O's Chip Lab m , that programs all Cypress PLDs and 
FPGAs. Alternatively, customers can use anyone of several quali
fied third party programmers from corporations like Data I/O, 
SMS and Logical Devices. 

System Requirements 
PC Platform 

80486-based IBM PC 
Microsoft Windows V3.1 
16 Mbytes of RAM 
110 Mbytes Disk Space 
1.44-Mbyte 3.5-inch floppy disk drive 

Sun Platform 

SPARCCPU 
Sun OS 4.1.1 or later 

Document #: 38-00242-D 
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MotifGUI 
16 Mbytes of RAM 
120 Mbytes of Disk Space 
Cartridge Thpe 

HPPlatform 

HP700 Series CPU 
OS 9.05 
MotifGUI 
16 Mbytes of RAM 
130 Mbytes of Disk Space 
Cartridge Thpe 

Ordering Information 

Warp3 
(CY3130/CY3135) 

CY3130 Wap3 PLD Development System on the PC includes: 
3 1I2-inch 1.44-Mbyte floppy disks 
Wap3 Viewlogic hardware key 
Wap3 User's Guide 
Wap3 Reference Manual 
Registration Card 

CY3131[lj Wap3 PLD Development System on the PC (for cur
rent Viewlogic Users of Workview Plus) includes: 

3 1/2-inch 1.44-Mbyte floppy disks 
Wap3 User's Guide 
Wap3 Reference Manual 
Registration Card 

CY3135 Wap3 PLD Development System on a UNIX/SUN 
Workstation includes: 

Three Cartridge Thpes 
1) Viewlogic Software 
2) Wap3 Software 
3) Viewlogic On-line Documentation 

Wap3 User's Guide 
Wap3 Reference Manual 
Registration Card 

CY3136[2j Wap3 PLD Development System on a UNIX/SUN 
Workstation (for current Viewlogic Users ofPowerview) includes: 

One Cartridge Thpes of Wap3 Software 
Wap3 User's Guide 
Wap3 Reference Manual 
Registration Card 

Noles: 
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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PRELIMINARY CY3140 

ABEL ™ /Synario ™ Design Software 
Kit for FLASH370 TM 

Features 
• Device independent design entry formats: 

- ABEL-HDL for ABEL-4, ABEL-5, and ABEL-6 
- Schematic entry, VHDL, and ABEL-HDL for Synario m 

• Full integration supporting all ABEL m and Synario ~ design 
features 

• Supports the full family of FLASH370 ~ devices 
• Graphical device simulator included (CYPSIM) 
• Automatic installation into existing ABEL and Synario envi-

ronment 
• Available on PC and Sun workstation design platforms 

Introduction 
The seamless integration of Data I/O's ABEL or Synario soft
ware design environment and the Cypress FLAsH370 ABEL fitter 
offers a powerful solution for fitting ABEL and Synario designs 
into the Cypress CPLD device family. 

Functional Description 
The design process in the ABEL environment begins with enter
ing ABEL-HDL (and optional test vectors) using any text editor. 
The process in Synario is guided by the Project Navigator, and 
begins with design entry in either schematic, VHDL, or ABEL
HDL. The design can then be functionally simulated at the 
source-level. It then goes through logic optimization and mini
mization. The output file then goes into the FLASH370 fitter. Test 
vectors specified in the ABEL-HDL files are also automatically 
processed for use in post-fitting device simulation. 

The FLASH370 fitter generates a JEDEC file for device pro
gramming and post-fitting simulation in CYPSIM. The test 
vectors will also be read in for functional verification. 

The post-fitting simulator, CYPSIM, operates under the Win
dows environment. It takes JEDEC files as input and can read in 
and write out stimulus files (e.g. test vectors from ABEL-HDL) 
for functional verification of the design. Users can edit input 
waveforms graphically and specify simulation length and resolu
tion interactively. Signals can also be grouped, manipulated, and 
viewed in various formats. 

System Requirements 

PC Platform 

80486-based IBM PC 

Microsoft Windows V3.1 

16 Mbytes of RAM 

40 Mbytes of disk space 

1.44-Mbyte 3.5-inch floppy disk drive 

Document #: 38-00431-A 

ABEL and Synario are trademarks of Data I/O Corporation 

Sun Platform 

SPARCCPU 

Sun OS 4.1 or later 

MotifGUI 

16 Mbytes of RAM 

50 Mbytes of disk space 

Ordering Information 
CY3140 ABEUSynario Development System for FLASH370 in
cludes: 

ABEL Fitter Software on 3Y2-inch 1.44-Mbyte floppy disks 
for PCs 

ABEL Fitter Software on 3Y2-inch 1.44-Mbyte floppy disks 
for Sun 

ABEL Fitter User's Guide 
Wa1p2 ~ Software on 3Y2-inch 1.44-Mbyte floppy disks 
Wa1p2 User's Guide 
Wmp2 Synthesis Reference 
Registration Card 

_ ....... _--., 
FLASH370 I 

Fitter I L.._-I-_.J 
r--- ---, 
I Program File I 

I----H~ (JEDEC) I ___ • ___ .J 

r 
___ L _____ , 

Device Sim (CYPSIM) I -' ___________ .J 

c::J Available in Synario only Eiilm Available in ABEL and Synario 

C :::l Cypress FLAsH370 ABEL Fitter Kit 

Figure 1. ABEUSynario Design Flow 

FLAsH370 and Wa1p2 are trademarks of Cypress Semiconductor Corporation 
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Features 
• Seamless integration into Viewlogic's PROSeries design envi

ronment to provide state-of-the-art PLD/CPLDIFPGA de
sign, synthesis, and simulation. Highlights include: 
- Hierarchical schematic design entry or mixed-mode entry 

withVHDL 
- mEEl164 VHDL synthesis provides design retargetablity 
- Full timing simulation and waveform analysis 
- Full Cypress programmable logic device support 

• Viewlogic's PROSeries design environment provides: 
- Advanced graphical user interface for Windows ~ 
- Schematic capture (PROcapture) 
- Symbol generator (PROgen) 
- Interactive timing simulator (PROsim) 
- Waveform analyzer (PROwave) 

• The core of Wtup3 ~ bolt-in is an mEE1164 and 1076 stan
dard VHDL compiler: 
- VHDL is a powerful mEE standard design language 
- mEE1164 compliance facilitates design portability across 

devices and/or CAE environments 
- VHDL facilitates the use of industry-standard simulation 

and synthesis tools for board and system-level design 
- VHDL facilitates hierarchical design with support for 

functions and libraries 
• Support for ALL Cypress UltraLogic m devices: 

-small PLDs (e.g. 22V10) 
-MAX340 CPLD family 
- FLAsH370 ~ family 
-pASIC38x FPGA family 

Functional Description 
The Wa1p3 PROSeries Bolt-In is an integration of Cypress's ad
vanced VHDLsynthesis and fitting technology into the customer's 
existing Viewlogic PROSeries CAE design environment. 

Design Flow 
Figure 1 is a block diagram of the typical design flow of the Wa1p3 
PROSeries design environment. 

The Wa1p3 PROSeries design flow begins with design entry which . 
can be done using schematic symbols, text (VHDL), or a combina
tion of both schematic and text. Schematics are entered using the 
schematic capture tool (PROcapture), and lower-level schematics 
can be generated into symbols (PROgen) to be used in higher lev
els, providing a hierarchical design structure. Designs can also be 
entered in VHDL, and if desired, a symbol can be created for this 
VHDLblock and placed in the schematic. This is especiallypower
ful since some designs (i.e., state machines) are much easier to im
plement in VHDL than in schematic. 

After design entry, all schematic designs are converted to 
IEEE1164 VHDL (EXPTVHDL in PROcapture). The next step 
is to compile and synthesize the exported VHDL design (Galaxy). 
Designs can be targeted to PLDs, CPLDs, and FPGAs. For PLDs, 
and CPLDs, a JEDEC file is generated for device programming, 
and timing models are generated for timing simulation. For 
FPGAs a QDIF file is produced for place and route. 

PRELIMINARY CY3141 

Wa1p3™ PROSeries™ Bolt-In 

For FPGAs, the next step would be to place and route (SpDE). The 
place and route result is saved, and a LOF file is generated for de
vice programming. Timing models are also generated for simula
tion purposes. 

Post-synthesis simulationforallPLDs, CPLDs, and FPGAs is done 
using the timing simulator (PROsim). Waveform analysis of the 
simulation results can also be done (PROwave). 

(see Figure 1) 

Schematics & Libraries 

~~'m"" tJ -o;;;.:;:~ 
VHDL & Libraries 1 PROcapture 1 

,I EXPTVHDLI 

VHDLFile~ 

§.J 
PLDi FP-;;:"@:2jQDFFile 
CPLD 

1 SpDE Place & Route 

.VHD Files .VL Files , o ~¥.~k~ ~~ing~ 0 
JEDFile~MOde ~ LOFFile 

'" / 1 SpDE -> PROsim 1 

" / 
IPROVhdl~L 

~~II PROsim & PROwave I 

PROSeries 

Schematic 

Capture 

PROSeries 

Warp3 

Bolt·ln 

PROSeries 

Simulation 

Figure 1. Warp3 PROSeries Design Environment 
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System Requirements 
ForPCs 

IBM PC-AT or equivalent (486 or higher recommended) 

PC-DOS version 3.3 or higher 

16 Mbytes of RAM 

EGA or VGA display 

35-Mbyte hard disk space 

1.44-Mbyte floppy disk drive 

Two- or three-button mouse 

Microsoft Windows Version 3.1 

Ordering Information 
CY3141 Wmp3 PROSeries Bolt-In: 

3Vz-inch, 1.4-Mbyte floppy disks 
Warp3 PROSeries Users Guide 
Warp Synthesis Reference 
Registration Card 

Document #: 38-00478 

pASIC is a trademark of QuickLogic. 

PRELIMINARY 

Wa1p3, UltraLogic, and FLAsH370 are trademarks of Cypress Semiconductor Corporation. 
Windows is a trademark of Microsoft Corporation. 
PROSeries is a trademark of ViewLogic Corporation. 
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Features 
• High-level design methodology: VHDL and Verilog input 

formats 

• Supports all Synopsys design features 
• Seamless integration using EDIF 2 0 0 format as interface 
• Supports the full family of pASIC380 devices 
• Available on Sun workstation design platforms 

Introduction 
Users of the Synopsys Design Compiler can now access Cypress's 
pASIC380 family of FPGA devices through the seamless integra
tion of the Synopsys Design Software Kit. The kit includes an ex
tensive design macro library for Synopsys and the Wa1p m SpDE 
place & route tool. 

Functional Description 
Design entry in the Synopsys design environment begins with the 
input of VHDL, Verilog, or a variety of other netlist formats. The 
design can then be functionalIysimulated using the VHDLSystem 
Simulator (VSS). It then goes through a synthesis and technology 
mapping process (utilizing the pASIC380 design macro library ele
ments). All Synopsys design methodologies like constraint-driven 
optimization, finite-state machine extraction, and automaticl 
manuaI pad placements are fully supported. The synthesis output 
(in EDIF 2 0 0 format) then goes into Wa1p SpDE for place & 
route. 

The SpDE place and route tool accepts the EDIF file as input. 
SpDE generates a LOF file for device programming and timing 
models (e.g., Verilog, LMCEDIF) for post-synthesis device simu
lation in many third-party simulators including VSS. 

System Requirements 

Sun Platform 

SPARCCPU 

Sun OS 4.1 or later 

MotifGUI 

16 Mbytes RAM 

50 Mbytes of disk space 

Floppy drive (for Synopsys libraries) 

Cartridge tape drive (for Wa1p2 + ~ software) 

Document #: 38-00432-A 

pASIC is a trademark of QuickLogic. 

PRELIMINARY CY3146 

Synopsys 1M Design Software Kit 
for pASIC380 ™ 

Ordering Information 
CY3146 Synopsys pASIC380 FPGA Design Software 
(Sun-based) includes: 

3'h-inch disk Sun version pASIC FPGA Synopsys Library 
(1 disk) 

User's Guide 
Registration Card, and 
CY3125 Wa1p2+ for Sun Package which inclndes: 

Wa1p Synthesis Reference 
Wa1p2 m User's Guide 
Wa1p2+ Software for SUN (1 cartridge) 

r----
I 
I 
I 

Place & Route 
(SpDE) 

L _____ • ____ J 

r-------J-------, 
I Program File I 
I (LOF File) I 
L __ J 

[= J' Synopsys Design Software Kit 

!iii Part of Synopsys Design Compiler 

Fignre 1. pASIC/Synopsys Design 

Wa1p, Wa1p2, and Wa1p2+are trademarks of Cypress Semiconductor Corporation. 
Synopsys is a trademark of Synopsys Corporation. 
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Features 
• OEM version or Data I/O ChipLab ~ 
• Programs all Cypress PROMs, EPROMs, PLDs, CPLDs, and 

FPGAs 

• Modular for easy device-specific support 
• Easy to use Windows-based, PC interface 
• New device support available with software changes on 

floppy disk and Cypress bulletin board 
• DIP adapter included with base unit 
• Mouse-driven user interface 
• On-line documentation and device support list 

• One-year warranty 
• Dimensions ofCY3S00 are 25 x2S x 7.6 cm or 9.75 x 9.75 x3 

in. and the weight is 1.02 kg or 2.25 Ibs. 

Functional Description 
Impulse3 m is Cypress's OEM version of the Data 110 ChipLab. It 
provides programming support for all of Cypress's programmable 
devices. The programmer uses a PC interface to provide an easily 
accessible programming environment. The PC's parallel port is 
used to communicate with the programmer, and device-specific 
adapters and drivers to ensure that you get the specific device sup
port you need for your programming application. 

CY3500 uses industry standard JEDEC, HEX (for PROMs), and 
LOF (for pASIC380) data format for programming and can be up
graded by Data 110 to support products from other vendors. 

CY3500 

Impulse3 1M Device 
Programmer and Adapters 

System Requirements 
The CY3500 works with your IBM compatible PC computer. The 
minimum system requirements are: 

• One free parallel port 
• Minimum 2-MB extended memory 
• Intel 386, 486, or Pentium processor 
• DOS version 3.3 or higher 
• 5 MB of free hard disk space for the programmer drivers and 

programs 
• High Density floppy disk drive (3.S-inch) 
• Microsoft-eompatible mouse 

Device Support 
Impulse3 is sold modularly and supports all Cypress Program
mable products. The base unit (CY3500) supports DIP devices up 
to 44 pins. For other device/package combinations, an adapter is 
required. In addition, devices over 44 pins require a high pin-count 
adapter (CY3501A). 

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 Thmperature ..................... -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 and FLASH370 are trademarks of Cypress Semiconductor Corporation. 
ChipLab is a trademark of Data 110. 
pASIC is a trademark of Quicklogic Corporation. 
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Ordering Information 

Part Number Description 

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

CY3501A Adapter for high pin count devices including pASIC380 and FlASH370 families 

CY3509 28-pin PLCC for MAX340 

CY3511 44-pin PLCC PPI for the MAX340 

CY3512 44-pin PLCC PPI for the FlASH370 

CY3513 44-pin PLCC PPI for pASIC380 

CY3514 68-pin PLCC PPI for MAX340 

CY3515A 68-pin PLeC PPI for pASIC380 

CY3516 84-pin PLCC PPI for MAX340 

CY3517 84-pin PLCC PPI for FIASH370 

CY3518 84-pin PLCC PPI for pASIC380 

CY3519 160-pin TQFP PPI for FIASH370 

CY3521 144-pin TQFP PPI for CY7C386A 

CY3522 100-pin TQFP PPI for FIASH370 

CY3523 100-pin TQFP PPI for pASIC380 

CY3524 100-pin PGA PPI for MAX340 

CY3525 145-pin PGA PPI for pASIC380 

CY3526 85-pin PGA PPI for MAX340 

CY3527 85-pin PGA PPI for FIASH370 

CY3528 85-pin PGA PPI for pASIC380 

CY3529 69-pin PGA PPI for MAX340 

CY3530 69-pin PGA PPI for pASIC380 

CY3535 1oo-pin TQFP PPI for MAX340 

CY3536 84-pin PLCC for MAX340 

CY3537 160-pin CPGA PPI for FLASH370 

CY3538 160-pin CQFP for pASIC380 

CY3541 160-pin CQFP PPI for FIASH370 

CY3542 160-pin MCR PPI for FIASH370 

CY3543 160-pin MCR PPI for pASIC380 

CY3546 44-pin TQFP PPI for FIASH370 

CY3547 208-pin PQFP PPI for pASIC380 

CY3548 144-pin TQFP PPI for CY7C387A 

CY3004A 28-pin LCC adapter for PAL22VI0 

CY3OO5 20-pin LCC adapter for PAL20, PALC20 families 

CY3006A 28-pin PLCC adapter for PAL22VlO 

CY3007 20-pin PLCC adapter for PALZO, PALC20 families 

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

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

CY3010 28-pin LCC adapter for 20GlO, 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 
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Part Number Description 

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-A 
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Support for Cypress programmable logic devices is available in 
many software products from third-party vendors. Some compa
nies include support for the entire design process in products that 
they sell. Others provide software for a portion of the design pro
cess (i.e., schematic capture, synthesis, or simulation) and interface 
with Cypress's Wmp ~ software tools to complete the design flow. 
This section will describe the design flow using these third-party 
software products and will describe the interface between these 
products and Cypress's Wa1p software. 

In describing the design flow through these tools, it is useful to 
break the process into its major functional blocks. Figure 1 shows 
these blocks. Asimilarfigure is included for each ofthe third-party 
products, and the portions of this flow that are covered by that 
product are highlighted. Where applicable, the portion of the flow 
covered by Cypress's Wa1p software is also highlighted. 

At the top of each figure are the "Text" and "Sch" blocks. These 
represent hardware description language (HDL) entry and sche
matic capture, respectively. Some tools offer design simulation at 
the design entry stage. This is known as "pre-synthesis" simulation, 
and is represented by "Simulation" block. 

After design entry and simulation are complete, the design descrip
tion is synthesized. The "Synthesis" block represents the transla
tion of the design description into logic equations, and the opti
mization of these equations to a device architecture. If targeting a 
small PLD or CPLD, the next step is device fitting, represented by 
the "Fitting" block. Here, the logic equations are mapped into the 
resources ofthe device. If targeting an FPGA, the next step is auto
matic place and route, the '1\l'R" block on the figure. Place and 
route consists of mapping the logic equations into the FPGA logic 
cells, determining the placement of these logic cells in the device, 
and the connections between logic cells via routing channels. The 
result of both "Fitting" and '1\l'R" is a file used to program the de
vice. 

The last block in the flow diagram is "Device Sim." This corre
sponds to simulation ofthe design according to its implementation 
in the device. Some simulators will take the timing parameters 
(i.e., propagation delay) of the device into account, and will pro
vide simulation results consistent with this timing. Others will 
verify that the programming file is functionally consistent with the 
design description, but will not contain device timing information. 

Finally, along the left of the diagram is the Design Flow Manager. 
The Design Flow Manager keeps track of the design process for the 
user. This module typically informs the designer which steps of the 
design flow have been completed and which have not. This flow 
manager can also be used to launch vendor tools such as Wa1p syn
thesis and SpDE place and route. 
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Third-Party Tool Support 

Figure 1 
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Aldec Active-CAD 
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Synplicity Synplify 

ViewLogic PROSeries 

ViewLogic Workview+, PowerView 



=e ?cYPRESS 

Acugen 

PRELIMINARY Third-Party Tool Support 

Product 
AAQUATGEN 

Device Support 
Small PLDs, MAX340 m , FLAsH370 m , pASIC380 m 

Input Format 
JEDEC file or EDIF 

Required Cypress Product 
Wwp2 m , Wwp2+ m, or Wwp3 m for smaIl PLDs, MAX340, and 
FLASH370 

Wwp2+ or Wa1p3 for pASIC380 

Design Flow Description 
Acugen'sATGEN software can automatically generate test vectors 
to be used with device programmers or with automatic test equip
ment (ATE) for Cypress PLDs, CPLDs, and FPGAs. For small 
PLDs and CPLDs, the JEDEC file output by Wa1p is read into the 
ATGEN software, where test vectors are generated for the design. 
ATGEN can output a JEDEC file with test vectors to be used on a 
device programmer, or a test program to be used on a tester. For 
FPGAs, the flow is the same, but the EDIF file (.edo) output by 
Wa1p's place and route software, SpDE, is first translated to 
JEDEC format by Acugen's AAQL software. 

Product 
Active-CAD 

Device Support 

Aldec 

SmaIl PLDs, MAX340, FLASH370, pASIC380 

Input Format 
Schematic Entry and VHrL 

Required Cypress Product 
Wa1p2, Wa1p2+, or Wa1p3 for small PLDs, MAX340, and 
FLAsH370 

Wa1p2+ or Wa1p3 for pASIC380 

Design Flow Description 
Active-CAD integrates with the Wa1p tools through the Active 
Design Manager. Designs entered as schematics or VHDL can be 
functionally simulated and then fed into Wa1p for synthesis and 
fitting (for small PLDs, MAX340, and FLASH370) or place and 
route (for pASIC380). The resulting output files can then be used 
for device-level simulation and device programming. 
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Cadence Design Systems 
Product 
Cadence Concept or Cadence Composer 

Device Support 
Small Pills, MAX340, FLAsH370, pASIC380 

Input Format 
Schematic Entry and VHDL 

Required Cypress Product 
Wa1p2m, Wa1p2+ m, or Wa1p3 m for small PLDs, MAX340, and 
FLASH370 

Wa1p2+ or Wa1p3 for pASIC380 

Design Flow Description 
Both schematic and textual designs (VHDL) are supported using 
the Cadence Concept or Composer schematic capture tools. The 
Wa1p software interfaces to these tools and provides the synthe
sis, fitting and/or automatic place and route steps of the design 
flow. Timing information and simulation models are then pro
duced by Wa1p and fed back into the Cadence environment for 
device-level simulation. Programming files are also produced for 
device programming. 

Cadence Design Systems 
Product 
PIC Designer 

Device Support 
Small PLDs, MAX340, FLAsH370 

Input Format 
Schematic Entry, VHDL, and Verilog 

Required Cypress Product 
None 

Design Flow Description 
Both schematic and textual (VHDL) design entry are supported 
in PIC Designer. Source-code simulation is used to catch design 
errors before the design is synthesized and fit to a Cypress PLD 
or CPill. PIC Designer then synthesizes the design description, 
optimizes it, and fits it to the target device. A JEDEC file is out
put for device programming and timing simulation using PIC De
signer's simulator. 
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Data I/O 
Product 
ABElA, ABELS, and ABEL6 

Device Support 
Small PLDs, MAX340, FLASH370, pASIC380 

Input Format 
ABEL-HDL 

Required Product 
None for Small PLDs or MAX340 

Cypress ABEL Fitter Kit for FLASH370 (CY3140) 

Data 110 pASIC Fitter Kit for pASIC380 

Design Flow Description 

PRELIMINARY 

Designs entered in ABEL-HDL can first be functionally simu
lated using PLASIM and then go through logic optimization and 
minimization. The output files from ABELwill then go through fit
ting or place and route. The resulting output files can then be used 
for device-level simulation and device programming. 

Product 
Synario 

Device Support 

Data I/O 

Small PLDs, MAX340, FLASH370, pASIC380 

Input Format 
Schematic Entry, VHDL, and ABEL-HDL 

Required Product 
None for Small PLDs or MAX340 

Cypress ABEL Fitter Kit for FLASH370 (CY3140) 

Data 110 pASIC Fitter Kit for pASIC380 

Design Flow Description 
The user is guided through the design process by the Project Navi
gator. Designs can be entered in schematic entry, VHDL, or ABEL 
HDL. Designs entered can be functionally simulated and then op
timized by Synario. The designs will then go through fitting or 
place and route. The resulting output files can be used for device
level simulation and device programming. 
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Exemplar Logic 

PRELIMINARY Third-Party Tool Support 

Product 
Galileo 

Device Support 
Small PLDs, MAX340, FLASH370, pASIC380 

Input Format 
VHDL, Verilog, OpenABEL, Berkeley PLA, ElL, EDIF, ADL, 
XNF 

Required Product 
Wa1p2, Wa1p2+, or Wa1p3 for small PLDs, MAX340, and 
FLASH370 

Wa1p2+ or Wa1p3 for pASIC380 

Design Flow Description 
Exemplar Logic's Galileo synthesis software accepts any of the 
above file formats and synthesizes the logic to any of the Cypress 
programmable logic devices. GaIileo outputs aPLAfile that can be 
read into any of the Wa1p tools, where device fitting and JEDEC 
(programming file) output occurs for any of the small PLDs, 
MAX340 CPLDs, or FLASH370 CPLDs. If the target architecture 
is the pASIC380 FPGA family, GaIileo outputs a QDIF file that is 
read into the Wa1p place and route software. After place and route, 
a programming file is output. Galileo also provides timing simula
tion for the design once fitting or place and route have been per
formed. 

Product 
FS-ATG 

Flynn Systems 

Device Support 
Small PLDs, MAX340, FLASH370, pASIC380 

Input Format 
JEDEC file or EDIF 

Required Cypress Product 
Wa1p2, Wa1p2+, or Wa1p3 for small PLDs, MAX340, and 
FLASH370 

Wa1p2+ or Wa1p3 for pASIC380 

Design Flow Description 
Using FS-ATG from Flynn Systems, users can automatically gen
erate test vectors to be used on device programmers or in-circuit 
testers. For small PLDs and CPLDs, the JEDEC file output by 
Wa1p is read into the FS-ATG software, where test vectors are gen
erated automatically. The user can enter constraints for this gener
ator as desired. FS-ATG then outputs the JEDEC File with test 
vectors, to be used on a device programmer. It also outputs test 
vector files that can be translated for use with an in-circuit tester. 
This translator will take the test vectors and convert them to an au
tomatic test equipment program. The path for FPGAs is the same, 
but the input to FS-ATG is an EDIF (.edo) file output by Wa1p's 
place and route software, SpDE. 
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Intergraph 
Product 
Veribest Design System 

Device Support 
pASIC380 

Input Format 
Schematic Entry, Verilog 

Required Product 
Cypress FPGA Design Kit from Intergraph 

Design Flow Description 

PRELIMINARY 

Design flow begins with setting up a design project with the Design 
Manager. Design entry can either be schematic (with the ACEPlus 
Design Capture tool) or Verilog. The design is then compiled into 
an internal database format using the Compile ACEPlus tool. A 
Verilog simulation netlist can then be generated for pre-layout sim
ulation. The design is then compiled and synthesized, and an EDIF 
2 0 0 output file is generated. This file then goes into the Wa1p 
SpDE place and route tool. ALOFfile is then generated for device 
programming and timing models for device simulation. 

Product 
LOG/iC 

Device Support 

Isdata 

Smail PLDs, MAX340, FLASH370 

Input Format 
LOG/iC-HDL 

Required Cypress Product 
Wa1p2, Wa1p2+, or Wa1p3 

Design Flow Description 
Design entryinLOG/iCisdone using schematic capture or Isdata's 
proprietary LOG/iC hardware description language. After design 
description and debugging ofthe source code, the design is synthe
sized and fit to a Cypress PLD or CPLD via the Wa1p2, Wa1p2 +, or 
Wa1p3 software. After synthesis and fitting, the software outputs a 
programming file. Simulation is also available to complete the de
sign flow. 
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1ST 

PRELIMINARY 

Product 
ASYL+ 

Device Support 
Small Pills, MAX340, FLASH370, pASIC380 

Input Format 
VHDL, Verilog, Palasm, OpenABEL, and netlists 

Required Cypress Product 
Wmp2, Wmp2+, or Wmp3 for small PLDs, MAX340, and 
FLASH370 

Wmp2+ or Wa1p3 for pASIC380 

Design Flow Description 
Designs are entered in HDL or netlist format. After optimization 
and synthesis, a VHDL file is generated for PLDs/CPLDs, which 
can be read into Wmp for fitting. An EDIF or QDIF file can also 
be generated for pASIC, which would then go into the Wa1p SpDE 
tool for place and route. Simulation capability is also available 
from Cypress as well as many other third party tool vendors. 

Product 
CUPL 

Logical Devices 

Device Support 
Small PLDs, MAX340, FLASH370, pASIC380 

Input Format 
CUPL-HDL 

Required Cypress Product 
None for small PLDs, MAX340, and FLASH370 

Wa1p2+ or Wa1p3 for pASIC380 

Design Flow Description 
Design entry is done using Logical Devices' proprietary CUPL 
hardware description language. Source-code simulation is used 
to catch design errors before the design is synthesized and fit to a 
Cypress device. If the user is targeting a pASIC380 FPGA, a 
QDIF file is output by CUPL and read into Cypress's Wa1p2+ or 
Wa1p3 tool. The design is then placed and routed in the FPGA 
and a programming file is output. 
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PRELIMINARY Third-Party Tool Support 

Mentor Graphics 
Product 
Design Architect 

Device Support 
Small PLDs, MAX340, FLASH370, pASIC380 

Input Format 
Schematic Entry and VHDL 

Required Cypress Product 
Warp2, Warp2+, or Warp3 for small PLDs, MAX340, and 
FLASH370 

Warp2+ or Warp3 for pASIC380 

Design Flow Description 
Both schematic and textual designs (VHDL) are supported using 
the Mentor Design Architect schematic capture tool. The Warp 
software interfaces to this tool and provides the synthesis, fitting 
and/or automatic place and route steps of the design flow. Timing 
information and simulation models are then produced by Warp 
and fed back into the Mentor environment for device-level simu
lation. Programming files are also produced for device program
ming. 

Mentor Graphics 

Product 
PLDSynthesis II 

Device Support 
Small PLDs, MAX340, FLASH370 

Input Format 
Schematic Entry and VHDL 

Required Cypress Product 
None 

Design Flow Description 
Both schematic and textual (VHDL) design entry are supported 
in PLDSynthesis II. Source-code simulation is used to catch de
sign errors before the design is synthesized and fit to a Cypress 
PLD or CPLD. PLDSynthesis II then synthesizes the design de
scription, optimizes it, and fits it to the target device. A JEDEC 
file is output for device programming and timing simulation using 
PLDSynthesis II's simulator. 
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MieroSim 
Product 
PLSyn 

Device Support 
Small PLDs, MAX340, and FLAsH370 

Input Fonnat 
Schematic entry and VHDL 

Required Cypress Product 
None 

Design Flow Description 

PRELIMINARY 

Both schematic and textual (VHDL) design entry are supported in 
PLSyn. Source-code simulation is used to catch design errors be
fore the design is synthesized and fit to a Cypress PLD or CPLD. 
PLSyn then synthesizes the design description, optimizes it, and fits 
it to the target device. A JEDEC file is output for device program
ming and timing simulation using PLSyn's simulator. 

Product 
PLDesigner-XL 

Device Support 

Mine 

Small PLDs, MAX340, and FLAsH370 

Input Format 
Minc "Design Synthesis Langnage" (DSL) 

Required Cypress Product 
None 

Design Flow Description 
Design entry is done in PLDesigner-XL using Minc's proprietary 
hardware description language, DSL. Designs written in DSL are 
device-independent, but can be made device specific using a 
physical information file. After entering the design, the user enters 
constraints for logic synthesis, which includes support for 
partitioning the design to several PLDs or CPWs. 
PLDesigner-XL generates several solutions based on these 
constraints, and generates a JEDEC programming file for each 
device targeted. After fitting, the user can functionally simulate 
the design using Minc's simulator. 
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Orcad 

PRELIMINARY Third-Party Tool Support 

Product 
PLD386+ 

Device Support 
Small PLDs, MAX340, FlASH370 

Input Format 
Orcad-HDL 

Required Cypress Product 
None 

Design Flow Description 
PLD386+ interfaces to the other tools in Orcad's design software 
suite to provide complete design entry, synthesis, and simulation. 
Designs are entered using Orcad's proprietary design language, or 
by Orcad's schematic capture software. After design description 
and debugging of the source code, the design is synthesized and fit 
to a PLD or CPLD from within the PLD386+ software. 
PLD386+ outputs the programming file, which is also used for de
vice timing simulation to complete the design flow. 

Product 
Capture for Windows 

Device Support 

Orcad 

Small PLDs, MAX340, FIASH370, pASIC380 

Input Format 
Schematic Entry 

Required Cypress Product 
Wap2, Wap2+, or Wap3 for small PLDs, MAX340, and 
FIASH370 

Wap2+ or Wap3 for pASIC380 

Design Flow Description 
Both schematic and textual designs (VHDL) are supported using 
the Orcad Capture for Windows schematic capture tool. The Wap 
software interfaces to this tool and provides the synthesis, fitting 
and/or automatic place and route steps of the design flow. Timing 
information and simulation models are then produced by Wap and 
fed back into the Orcad environment for device-level simulation. 
Programming files are also produced for device programming. 
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Product 
Design Compiler 

Device Support 
FLASH370, pASIC380 

Input Format 
VHDL and Verilog 

Required Product 

Synopsys 

Synopsys Design Software Kit for FLASH370 

PRELIMINARY 

Synopsys Design Software Kit for pASIC380 (CY3146) 

Design Flow Description 

Third.Party Tool Support 

Designs are entered in either HDL, or netlist format. It can then be 
functionally simulated using the VHDL System Simulator (VSS). Program File :, 
The next step in the process is logic optimization and technology 
mapping. The output then goes into the WaIP SpDE place and 
route tool, or WaIP fitter, and programming and simulation files 
are generated for device programming and device-level simulation 
with VSS. 

Product 
Synplify 

Device Support 
pASIC380 

Input Format 
VHDL and Verilog 

Synplicity 

Required Cypress Product 
WOIp2+ or WaIP3 for pASIC380 

Design Flow Description 
Designs are entered in VHDL or Verilog for synthesis with the 
Synplicity software. The output of synthesis is then fed into the 
WaIP place and route software for pASIC380 designs. The place 
and route software generates the device programming file as well 
as the simulation model with timing information. Simulation capa
bility is available from Cypress as well as many other third party 
tool vendors. 
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ViewLogic 

Product 
PROSeries~ 

Device Support 
Small PLDs, MAX340, FLAsH370, pASIC380 

Input Fonnat 
Schematic Entry and VHDL 

Required Product 
Warp3 PROSeries Bolt-In (CY3141) 

Design Flow Description 

PRELIMINARY 

Schematics and/or VHDL files can be used for design entry. The 
PROSeries design will then be exported into a VHDL file, which 
would go into the Warp3 PROSeries Bolt-In for optimization and 
synthesis. For PLDs and CPLDs, the design will then go through 
fitting, resulting in a JEDEC file for device programming and tim
ing models for device-level simulation. For pASIC380 devices, a 
QDF file will be generated, which will go into the SpDE place and 
route tool within the PROSeries Bolt-In. ALOFfilewili be gener
ated for device programming, while timing models will be gener
ated for device-level simulation. 

ViewLogic 

Product 
Workview Plus, Powerview 

Device Support 
Smal PLDs, MAX340, FLAsH370, pASIC380 

Input Fonnat 
Schematic entry and VHDL 

Required Cypress Product 
Warp3 Workview Plus Bolt-In (CY3131) 

Warp3 Powerview Bolt-In (CY3136) 

Design Flow Description 
Schematics and/or VHDL files can be used for design entry. The 
design will then be exported into a VHDLfile, which would go into 
the Warp3 Bolt-In for optimization and synthesis. For PLDs and 
CPLDs, the design will then go through fitting, resulting in a JE
DEC file for device programming and timing models for device
level simulation. For pASIC380 devices, a QDF file will be gener
ated, which will go into the SpDE place and route tool within the 
Warp3 Bolt-In. A LOF file will be generated for device program
ming, while timing models will be generated for device-level simu
lation. 
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ACUGEN Software Inc. 
427-3 Amherst Street 
Suite 391 
Nashua, NH 03063 
(603) 881-8821 

Aldec 
3525 Old Conejo Road 
Suite 111 
Newbury Park, CA 91320 
(805) 499-6867 

Cadence Design Systems, Inc. 
555 River Oaks Parkway 
San Jose, CA 95134 
(408) 943 -1234 

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

Exemplar Logic 
815 Atlantic Avenue 
Suite 105 
Alameda, CA 94501-2274 
(510) 337-3700 

Flynn Systems Corporation 
Exit 4 Office Building 
7 1/2 Harris Road 
Nashua, NH 03062 
(603) 891-1111 

Intergraph Corporation 
1 Madison Industrial Park 
Huntsville, AL 35894 
(205) 730-2000 

ISDATAGmbH 
Haid-und-Neu-Strasse 7 
D-7500Karlsruhe 1 
Germany 
(0721) 69 30 92 

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

PRELIMINARY 

Company Addresses 

1ST 

Third-Party Tool Support 

5201 Great America Parkway, 
Suite 320 
Santa Clara, CA 95054 
(408) 982-2557 

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

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

Mentor Graphics 
8005 SW Boeckman Road 
Wilsonville, OR 97070-7777 
(503) 685-8000 

MicroSim Corporation 
20 Fairbanks 
Irvine, CA 92718 
(714) 770-3022 

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

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

Synplicity 
465 Fairchild Drive 
Suite 115 
Mountain View, CA 94043 

ViewLogic Systems, Inc. 
293 Boston Post Road West 
Marlborough, MA 01752 

Wwp, Wa1]J2, WaI]J2+,and F'LAsH370 are trademarks of Cypress Semiconductor Corporation. 
MAX is a trademark of Altera Corporation. 
pASIC is a trademark of Quicklogic Corporation. 
PROSeries is a trademark of ViewLogic Corporation. 

Document #: 38-00371-A 
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Quality, Reliability, and Process Flows 

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 ofthe 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 Semiconductor uses MIL-STD-883 and MIL-I- 38535 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-883; Military 

operating range: - 55°C to + 125°C. 

6-1 

4. QML(QualifiedManufacturersLine),JAN(JointArmyNavy), 
and SMD (Standardized Military Drawing) approved product: 
Military operating range: - 55 ° C to + 125 ° C, electrically 
tested per the applicable Military Drawing. 

Categories 1, 2, and 3 are available on all products offered by Cy
press Semiconductor. Category 4 is offered on a more limited ba
sis, 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-883 using methods 5004 and 5005 to define 
our screening and quality conformance procedures. The process
ing performed by Cypress results in a product that meets the class 
B screening requirements as called out by these methods. Every 
device shipped, as a minimum, meets these requirements. 

QML, JAN, SMD, and Military Grade devices supplied by Cy
press are processed for applications where maintenance is difficult 
or expensive and reliability is paramount. Tables 3 through 7 list 
the screening and quality conformance testing thatis performed in 
order to meet the processing requirements required by MIL
STD-883 and MIL-I-38535. 
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Quality, Reliability, and Process Flows 

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-883 Method Plastic Hermetic Plastic Hermetic 

Visual/Mechanical 

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

• Henneticity 
Does Not Apply - Fine Leak 1014, CondAor B (sample) 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) 

Filial Electrical Per Device Specification 

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

2. At Hot Thmperature 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 
Confonnance 

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

Product Temperature Ranges 

Commercial.O°C to +70°C; Industrial -40°C to +8S o C 

Screen MIL-STD-883 Method Levell Level 2 

Burn-in 

• Pre·Burn-in Electrical Per Device Specificatioll 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 Switchmg (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 
Confonnance 

Notes: 
1. Burll·ill is performed as a standard for 12 hours at 1S0a C. 
2. Electrical Thst is performed after burn-in. Results of this are used 

to determine PDA percentage. 
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Note 3 Note 3 

3. Lot acceptance testing is performed on every lot. AOQL (the Average 
Outgoing Quality Level) for 1994 was < 100 PPM. 



Quality, Reliability, and Process Flows 

Table 3. Cypress QMIJJAN/SMD/Military Grade Product Screening Flows for Class B 

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

Method 5004 of QMIJJAN/SMD/Military 
Screen MIL-STD-883 Grade Product[4l Military Grade Module 

Visual!Mechanical 

• Internal Visual Method 2010, Cond B 100% N/A 

• Temperature Cycling Method 1010, Cond C, (10 cycles) 100% Optional 

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

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

Burn-in 

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

• Burn-in Thst 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 Thsts Method 5005 
Subgroups 7, 8A, and 8B 

• Switching Method 5005 
Subgroups 9, 10, and 11 

Quality Conformance Tests 

• GroupA[Sj 

• GroupB 
Method 5005, see 

• GroupC[6j Tables 4 - 7 for details 

• GroupD[6j 

External Visual Method 2009 

Notes: 
4. QML product is allowed a reduction in screening requirements with 

DESC approval per MIL-I-38535. 
5. Group A subgroups tested for QMUSMD/Military Grade products 

are 1, 2, 3, 7, 8A, 8B, 9, 10, 11, or per JAN Slash Sheet. 
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100% N/A 

100% N/A 
100% N/A 

100% 100% 

100% 100% 
(48 Hours at 125°C) 

100% 100% 

5% 10% 

100% Test to 100%Thst to 
Applicable Device Applicable 

Specification Specification 

100% Test to 100% Test to 
Applicable Device Applicable 

Specification Specification 

100% Test to 100% Thst to 
Applicable Device Applicable 

Specification Specification 

Sample Sample 

Sample Sample 

Sample Sample 

Sample Sample 

100% 100% 

6. Group C and D end-point electrical tests for QMUSMD/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[7] 

1 Static Tests at 25°C 116/0 116/0 

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

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

4 Dynamic Thsts at 25 ° C 116/0 116/0 

5 Dynamic Tests at 
Maximum Rated 

116/0 116/0 

Operating Thmperature 

6 Dynamic Tests at 
Minimum Rated 

116/0 116/0 

Operating Thmperature 

7 Functional Thsts at 25 ° C 116/0 116/0 

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

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

9 Switching Thsts at 25 ° C 116/0 116/0 

10 Switching Tests at 
Maximum Thmperature 

116/0 116/0 

11 Switching Tests at 
Minimum Temperature 

116/0 116/0 

Cypress uses an LTPD sampling plan that was developed by the 
Military to assure product qUality. Thsting 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-I-38535/MIL
STD-883 and the applicable device specification. 

Table S. Group B Quality Thsts 

Quantity/Accept # 

Sub· 
orLTPD 

group Description Components Modules[7] 

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

3 Solderability, 22/0 10 
Method 2003[8] 

5 Bond Strengt~ 15/0 NA 
Method 2011[ 

Notes: 
7. Military Grade Modules are processed to proposed JEDEC standard 

flows for MIL-STD-883 oompliant modules. 
8. Sample size is based upon leads taken from a minimum of 3 devices. 
9. Sample size is based upon leads taken from a minimum of 4 devices. 

Quality, Reliability, and Process Flows 

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

Sub-
group Description 

LTPD 

Components Modules[7J 

1 Steady State Life Thst, 45/0 15/0 
End-Point Electricals, 
Method 1005, Cond D 

Group C tests for all Military Grade products are performed on 
one device type from one inspection lot representing each tech
nology. Sample tests are performed per MIL-I-38535/MIL
STD·883 from each four calendar quarters production of devices, 
which is based upon the die fabrication date code. 
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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, 15/0 15/0 
Method 2016 

2 Lead Integrity, Seal: 45/0[8] 15/0 
Fine and Gross Leak, 
Method 2004 and 1014 

3 Thermal Shock, Thmp 
Cycling, Moisture 

15/0 15/0 

Resistance, Seal: Fine 
and Gross Leak, Visual 
Examination, End-
Point, Electricals, 
Methods 1011, 1010, 
1004 and 1014 

4 Mechanical Shock, 15/0 15/0 
Vibration· Variable 
Frequency, Constant 
Acceleration, Seal: 
Fine and Gross Leak, 
Visual Examination, 
End·Point Electricals, 
Methods 2002, 2007, 
2001 and 1014 



Thble 7. Group D Quality Tests (Package Related) 
(continued) 

Quantity/Accept # 

Sub- orLTPD 

group Description Components Modules[lO] 

5 Salt Atmosphere, 
Seal: Fine & Gross Leak, 

15/0 15/0 

Visual Examination, 
Methods 1009 & 1014 

6 Internal Water-Vapor 
Content; 5000 ppm 

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

maximum @ 100°C. 
Method 1018 

7 Adhesion of Lead 15/0 15/0 
Finish,[ll] 
Method 2025 

8 Lid Torque, 
Method 2024[12] 

5(0) N/A 

Notes: 
lD. Does not apply to leadless chip carriers. 
11. Based on the number ofleads. 
12. Applies only to packages with glass seals. 

Group D tests for all Military Grade products are performed per 
MIL-I-38535/MIL-STD-883 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 

- 0.01 % 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, PALC22VlO-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 
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Military Grade Product 

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

• QMUJAN devices are manufactured in accordance with 
MIL-I-38535. Compliant products are identified with the 
letter "Q." 

• 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/QML Product: 

• Order per military document 
• Marked per military document 

Ex: JM3851O/28901BVA 

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 onfy. These modules are screened to standard com
bined flows and tested at both military temperature extremes. 

• MIL-STD-883 Equivalent Modules are processed to pro
posed JEDEC standard flows for MIL-STD-883 compliant 
modules. All MIL-STD-883 equivalent modules are as
sembled with fully compliant MIL-STD-883 components. 
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Quality, Reliability, and Process Flows 

Product Quality Assurance FIow-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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PLASTIC 
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-883, 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-883, 

Method 2010, criteria 

Wire Bond 
Bond 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-883, Method 2010, condition B 

QC Visual Lot Acceptance 
Sample inspect lot to verify workmanship, 
MIL-STD-883, 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-883, 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 ID 
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 B; fine leak (sample) 

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

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

alignment, and solder coverage. 
MIL-STO-883, Method 2009 

(continued) 
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Quality, Reliability, and Process Flows 

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

HERMETIC 
OPTIONAL BURN-IN PROCESSING FOR LEVEL 2 

Pre-Bum-In Electrical Test 

Burn-In 0 
I 

QC Monitor - Burn-In Documents/Results 0 
I 
I 

Post-Bum-In Electricals 0 Per applicable device specification 

I 

:-<> QC Inspection <>-: PDA verified within limits 
I 

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

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; 0.01 % AQL 

Electrical Sample Test 
0.02% AQL every lot 

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

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

Pack/Ship Order 

Key 

o Production Process 

D Test/Inspection 

IQI Production Process and Test Inspection 

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

Product Quality Assurance F1ow-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-883, Method 2010, condition B 

OC Visual Lot Acceptance 
Sample inspect die; 1.0% AOL 

Die Attach 
Attach per Cypress detailed specification 

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

Wire Bond 
Bond per Cypress detailed specification 

Bond Pull Monitor 
MIL-STD-883, Method 2011 

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

OC Visual Lot Acceptance 
Sample inspect lot per MIL-STD-883, 
Method 2010, condition B, 0.4% AOL 

Die Coat 
Coating applied to selected products 

OC Visual Lot Acceptance for Die Coated Products 

Seal 

Periodic OC 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-Bum-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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Quality, Reliability, and Process Flows 

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-883 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-883; JAN devices 
in accordance with MIL-I-38535 

External Visual 
Method 2009,100% inspection 

External Visual Sample 
Method 2009, 0.01% AQL 

Plant Clearance 

Pack/Ship Order 

Key 

o Production Process 

D TesVlnspection 

IQI Production Process and Test Inspection 

<> QC Sample Gate and Inspection 
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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 

1-sided 

2-sided 

o 
~ 
o 
o 

Component Placement 
Robotic and/or manual per detailed specification 

Solder Reflow 
Microprocessor controlled infrared reflow oven 

Data logging <> __ 
(optional) 

Clean 

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 

Clean 

100% visual 

2-sided 

o 
~ o o 

---~---<> AQL visual Inspect 100% visual <> ---~ ----
Lead Trim 

Electrical Test 

(Pre-bum-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 Documentsl 
Results 

Post-Bum-In Electricals 
Per applicable device specification 

,- --

0 

0 

o 
QC Inspection 

PDA verified within limits <>-1 
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 
(roomtemperature) 

Inspection - Pre-Shipment 

Pack/Ship Order 

Key 

o Production Process 

o . 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 

PCf 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 Thchnologies 4 

TEV All Technologies 4 

Total 46 

Reliability Monitor Thst Conditions 

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. Asummaryofthe Reliability Monitor Program test 
and sampling plan is shown below. 

Sample Read Points 
Thst Abbrev. Thmp. (0C) R.H. (%) Bias Size LTPD (hrs.) 

High-Temperature HTOL +150 N/A 5.75V Dynamic 116 2 48, 168, 500, 
Operating Life 1000 

High-Thmperature Steady- HTSSL +150 N/A 5.75V Static 116 2 48, 168, 500, 
State Life 1000 

Data Retention for DRET +165 N/A N/A 76 3 168, 1000 
Plastic Packages 

Data Retention for DRET2 +250 N/A N/A 76 3 168,1000 
Ceramic Packages 

Pressure Cooker PCf +121 100 N/A 76 3 96, 168 

Highly Accelerated Stress HAST +140 85 5.5V Static 76 3 128 
Thst 

Temperature Cycling 1 TC -40 to N/A N/A 76 3 500, 1000 Cycles 
+125°C 

Thmperature Cycling 2 TC2 -65 to N/A 
+150°C 

N/A 45 5 300, 1000 Cycles 

Temperature Extreme TEV Commercial N/A N/A 116 2 N/A 
Verification Hot & Cold 

o to +70°C 
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Introduction 
The Cypress pASIC380 family of very high 
speed FPGAs is built by integrating the 
ViaLink ~ metal-to-metal antifuse pro
gramming element into a standard high
volume CMOS gate array process. 

Reliability testing of pASIC ru 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 additional 
stress tests. The addition of two high-volt
age life tests stresses the unprogrammed 
and programmed ViaLink elements be
yond conventional CMOS reliability test
ing. 

Results to date, from the evaluation of over 
7000 pASIC380 devices from multiple wa
fer 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 related to the 
ViaLink element in 210 million equivalent 
device hours of high-temperature operat
ing life. The observed failure rate is 14 
FITs, and the failure rate at a 60% confi
dence level is 19 FITs. 

Process Description 
The pASIC380 devices are fabricated us
ing a standard, high-volume 0.6S-micron 
CMOS process with twin-well, single-poly, 
and double-layer metal interconnect. This 
technology has been qualified to meet 
MIL-STD-883D. 

The ViaLink element is located in an 
intermetal oxide via between the first and 

second layers of metal. It is created by 
depositing 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, 
silicon forms an amorphous structure 
that can be electrically switched from a 
high-resistance state ('" S GQ) to a 
low-resistance state ('" SOQ) for an 
off-to-on ratio of 108. Cypress takes 
advantage of this property to create the 
ViaLink metal-to-metal antifuse 
programming 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 thickness 
of the amofJ~hous silicon film is approxi
mately lOOOA. This is ideal for good pro
cess control and minimizes the capacitive 
coupling effect of an unprogrammed ele
ment 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 
pASIC380 Device 
A variety of failure mechanisms exists in 
CMOS integrated circuits. Since the over
all failure rate is composed of various fail-

Figure 1. Cross Section of a ViaLink Antifuse 

ViaLink and pASIC are trademarks of QuickLogic Corp. 
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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, Ar, can be written as 

Ar = exp[ -Eafk:(l{fs - l{fo)] 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. 

In Table 1, 

t50 = the mean time to failure, 
E electric field, 
Ea activation energy, 
k Boltzmann constant 

(8.62 X 10-5 eV/oK), 
W metal width, 
t metal thickness, 
J current density, 
gm = transconductance, 
VT = threshold voltage, 
T = absolute temperature, 
RH= relative humidity, 
D = diffusion constant. 
A, m, and p are constants. 



pASIC380 
Reliability 

Table 1. Failure Mechanisms That May Be Operative in pASIC380 Devices 

Failure Mechanism tso Dependence 

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

temperature dependent 

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

Silicon defects (leakage, etc.) Arrhenius 

Metal line opens from electro-
migration 

j¥1 exp(EalkT) 

Masking and assembly defects exp(EalkT) (Arrhenius) 

Shorts channel charge trapping 
(VT and gm shifts) 

gm '" exp( -AE) 

Stress-induced open metal (op-
erative only on non-clad metal 
systems) 

W"'tP exp (EalkT) 
(m and p range from 1.3 to 4.7) 

Open metal from electrolytic (%RH) 4.5 exp(EalkT) 
corrosion 

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

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

Plastic Chemistry of the pack- Arrhenius 
age 

Polarization in the thin film Arrhenius 
layers 

Microcrack in oxides and thin Arrhenius 
films 

Unprogrammed ViaLink exp(-BE) 

Programmed ViaLink exp( -PJ) 

Accelerated Life Tests on pASIC380 
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 2 contains the results of the tests performed on a pro
grammed pASIC380, where approximately 4% ViaLink elements 
were programmed and approximately 96% were left unpro
grammed. These numbers are typical for a fully utilized device. 

All tests were performed with a proprietary reliability pattern that 
stresses the programmed and unprogrammed ViaLinks. A failure 
is defined as any change in the DC characteristic beyond the data
sheet limits and any measurable change in the AC performance. 

The overall reliability of the pASIC380 devices as indicated by the 
results of the tests shown in Table 2 is 19 FITh with a 60% confi
dence. 

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. 

Activation Energy (Ea) Detection Tests 

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

1.0 eV High-temperature bias 

0.5 eV High-voltage and guard-
banded tests 

Approx. 0.7 eV for Al+Cu HTOL 
alloys 

0.5eV High-temperature storage and 
HTOL 

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

0.6 to 1.4 eV Temperature cycling 

0.3 to 0.6 High-temperature/ 
high-humidity/bias test 

0.7eV HTOL 

1.0eV High temp. bias 

1.0 eV High temp./bigh humidity/bias 
test 

1.0 eV High temp./high humidity/bias 
test 

1.3 eV HTOL/Temp. Cycling 

OeV High Vee static life test 

OeV Low-temperature operating 
life test 

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-883D Quality Conformance Test. The devices are operated 
at5.5V and 125°Cfor 1000 hours. The acceleration due to temper
ature can be calculated by using Equation 1, assuming an average 
activation energy of O. 7 e V and an operating temperature of 55 ° C. 
The observed failure rate in FITs is 

Failure Rate = (failures) X .,..,-.,.....~::.:;....;::=:.r:=L...,---c 
Eq.2 

The generally reported failure rate is a 60% confidence level of the 
observed FITh. Thefailure 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 ° C and Ea = 0.7 e V 
is 78. Therefore, from the results shown in Table 3, the pASIC380 
has been operating for more than 210 million equivalent device 
hours with three failures. One was due to a gate oxide failure and 
the other was an Icc failure due to an improper test limit at final 
test. the test limit was corrected before any units were shipped to 
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customers. The failure in the 7C382 was due to particle at via etch. 
The particles have been significantly reduced as part of an ongoing 
quality and yield improvement. The observed failure rate is 14 FITh 
and the failure rate at a 60% confidence levels is 19 FITh. 

pASIC380 
Reliability 

There were no failures during the first 500 hrs of life test. The 
pASIC380 does not have an early life failure problem. 

Table 2. Results of Accelerated Life Tests on the pASIC380 

Process Qual. Acceptance 
Test Requirements Test Results 

mOL, 1,OOOhrs, 125°C, Vee = 5.5V, s.lOO .F1Th @ 55°C, E. = 0.7 eV, 60% 3 failures, 14 observed FITh, 19 FITh 
MIL-STD-883C, Method lO05 confidence at a 60% confidence, 2778 units from 

41 lots 

High-temperature storage, 1,000 hIS., 150°C, 
unbiased 

LTPD=5% 0% failures, 210 units from 6 lots 

THB, 1,000 hrs., alternately biased, 85% R.H., LTPD=5% 0.51 % failures, 791 units from 26 lots 
85°C, JEDEC SID 22-B, Method AlO1 
or HAST 50 hIS 85% RH, lOO°C, JEDEC 
STD 22-AllO 

Temperature cycle, 1,000 cycles, -65°C to 
150°C, MIL-STD-883D, Method 10lO 

LTPD=5% 0.12% failures, 854 units from 26 lots 

Thermal shock, 100 cycles, -65°C to 150°C, 
883C, Method 1011 

s.1 % cumulative failures per test 0% failures, 854 units from 3 lots 

Pressure Pot, 168 hrs., 121°C, 2.0 atm., no bias LTPD=5% 0% failures, 518 units from 26 lots 

High Vee static life, 1,000 hIS., 25°C, Vee = <20 FITh due to unprogrammed o observed PITh, 675 units from 12 
7.0V, static ViaLink element, Af = 130 lots 

Low Thmperature operating life, 1,000 hIS., <20 FITh due to programmed o observed FITh, 1605 units from 21 
-55°C, Vee = 6.0V, 8-15 MHz ViaLink element, Ar = 380 lots, 3 failures not related to ViaLink 

element 

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

Failures @ Hours 

Package FabLot Device Quantity 168 500 1,000 

68PLCC 18362 7C382 lOO 0 0 0 

68PLCC 19194 7C382 100 0 0 0 

68PLCC 19618 7C382 100 0 0 0 

68PLCC 20454 7C382 lOO 0 0 0 

68PLCC 20470 7C382 76 0 0 0 

68PLCC 20534 7C382 82 0 0 0 

68PLCC 21786 7C382 76 0 0 0 

68PLCC 33669 7C382 70 0 0 0 

68PLCC 34515 7C382 lOO 0 0 0 

68PLCC 35421 7C382 lOO 0 0 0 

68PLCC 34267 7C382A lOO 0 0 0 

68PLCC 36129 7C382A 100 0 0 0 

68PLCC 40673 7C382A 51 0 0 0 

68PLCC 1346945 7C382A 100 0 0 0 

68PLCC 1351104 7C382A 100 0 0 0 

68PLCC 1409354 7C382A lOO 0 0 1 

84PLCC 20762 7C384 100 0 0 0 

84PLCC 22164 7C384 100 0 0 1 
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Package 

84PLCC 

84PLCC 

84PLCC 

84PLCC 

84PLCC 

84PLCC 

84PLCC 

84PLCC 

84PLCC 

84PLCC 

84PLCC 

84PLCC 

84PLCC 

84PLCC 

84PLCC 

84PLCC 

84PLCC 

84PLCC 

84PLCC 

84PLCC 

84PLCC 

84PLCC 

84PLCC 

TOTAL 

High-Temperature Storage 

Table 3. Results of High-Temperature Operating Life Test (continued) 
(Vee = 5.5V; Thmp. = 125°C, f = 1 MHz) 

pASIC380 
Reliability 

Failures @ Hours 

FabLot Device Quantity 168 500 1,000 

23001 7C384 100 0 0 1 

23093 7C384 36 0 0 0 

22988 7C384 32 0 0 0 

23091 7C384 38 0 0 0 

35284 7C384 100 0 0 0 

36935 7C384 100 0 0 0 

36936 7C384 98 0 0 0 

37448 7C384 65 0 0 0 

37449 7C384 74 0 0 0 

39068 7C384 54 0 0 0 

40670 7C384 50 0 0 0 

40672 7C384 50 0 0 0 

1415570 7C384A 67 0 0 0 

1418672 7C384A 73 0 0 0 

1328491 7C385A 2 0 0 0 

1337713 7C385A 22 0 0 0 

1337739 7C385A 19 0 0 0 

1407324 7C385A 20 0 0 0 

1407325 7C385A 38 0 0 0 

1413492 7C385A 6 0 0 0 

5-6 7C385A 24 0 0 0 

15-18 7C385A 46 0 0 0 

various 7C385A 9 0 0 0 

2778 0 0 3 

High-temperature storage test is a 150° C, 1,000-hour, unbiased 
bake. This test accelerates failures due to mobile charge, thermal 
instabilities, and bond baIl intermetallic formation. The results in 

Table 4 demonstrate the stability of the programmed and unpro
grammed ViaLink element and the long-term shelf life of 
pASIC380. 

Package FabLot 

68PLCC 18362 

68PLCC 19194 

68PLCC 19390 

68PLCC 34515 

68PLCC 35421 

68PLCC 35422 

TOTAL 

Table 4. Results of High-Temperature Storage Test 
(No Bias, Temp. = 150°C) 

Device Quantity 168 

7C382 35 0 

7C382 35 0 

7C382 35 0 

7C382 35 0 

7C382 35 0 

7C382 35 0 

210 0 
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Failures @ Hours 

500 1,000 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

III 
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The temperature, humidity, and bias test is performed under These two tests are effective at detecting corrosion problems, while 
severe environmental conditions. The device is exposed to a also stressing the package and bonding wires. Table 5 shows that 
temperature of 85°C and a relative humidity of 85% for 1,000 the pASIC380 had three failures from the total 482 units in 85/85 
hours, while the pins are alternately biased between 0 and 5.5 volts and one failure in HAST. The first failure was an Icc failure caused 
(JEDEC SID 22-B). An alternate temperature, humidity and by a power supply surge. The second failure was a short due to a 
bias test is HAST, a Highly Accelerated Stress Thst. This test is particle under metal 2. The third failure was and Icc failure due to 
similiar to the 85' C/85% relative humidytest except that the test is the same improper test limit which caused a failure in HTOL. The 
done at 130'C and 85% relative humidity. The vapor pressure at limit was corrected before units were shipped to customers. The 
this test condition is 33.5 psia. The pins are bias alternatively at 5.5 one HAST failure in the 7C384 was due to a metal short. The 
volts for 50 hours (JEDEC SID 22-A110). Some parts were ongoing quality and yield improvement effort has reduced the 
stressed more at a more stringent condition, 140°C for 128 hours. defect level. 

Package 

68PLCC 

68PLCC 

68PLCC 

68PLCC 

68PLCC 

68PLCC 

84PLCC 

84PLCC 

84PLCC 

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

FabLot Device Quantity 168 

19194 7C382 100 0 

19168 7C382 100 0 

19454 7C382 100 0 

34515 7C382 35 1 

35421 7C382 35 1 

35422 7C382 35 0 

20762 7C384 29 0 

23000 7C384 24 1 

23001 7C384 24 0 

TOTAL 482 3 

Failures @ Hours 

500 1,000 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

(HAST, Thmp. =130°C, 85% R.H., pins alternately biased at 5.5V) 

Failures @ Hours 

Package Fab Lot Device Quantity 50@ 130'C 128@ 140'C 

100TQFP 36936 7C384 15 0 -
100TQFP 37447 7C384 13 0 -
100TQFP 37448 7C384 17 - -
68PLCC 1409354 7C382A 25 - 0 

68PLCC 1409353 7C382A 20 - 0 

84PLCC 1402176 7C385A 30 - 0 

84PLCC 1402177 7C385A 15 - 0 

84PLCC 1410389 7C385A 15 - 0 

84PLCC 1408334 7C385A 16 - 0 

84PLCC 1450263 7C385A 14 - 0 

84PLCC 1417657 7C385A 22 - 0 

144TQFP 10885 7C385A 2 - 0 

144TQFP 1412454 7C385A 14 0 -
144TQFP 1413492 7C385A 15 1 -
144TQFP 49403007 7C385A 16 0 -
144TQFP 1411431 7C385A 15 0 -
144TQFP 1417657 7C385A 45 0 -

TOTAL 309 1 0 
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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 -883D Quality Conformance Test. This test checks for 
any problems due to thermal expansion stresses. The plastic 
package, lead frame, silicon die, and die materials expand and 

pASIC380 
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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 pASIC380 devices had one failure due to a 
lifted bond. 

Table 6. Results of Temperature Cycle Test 
(Air-to-air 65°C to 150°C) 

Package Fab Lot Device 

68PLCC 18362 7C382 

68PLCC 19194 7C382 

68PLCC 19618 7C382 

68PLCC 34515 7C382 

68PLCC 35421 7C382 

68PLCC 35422 7C382 

68PLCC 39017 7C382A 

84PLCC 20762 7C384 

84PLCC 22999 7C384 

84PLCC 23000 7C384 

84PLCC 39068 7C384 

84PLCC 38980 7C384 

84PLCC 38979 7C384 

100TQFP 36934 7C382A 

100TQFP 36128 7C382A 

100TQFP 36129 7C382A 

100TQFP 37447 7C384 

100TQFP 37448 7C384 

100TQFP 36936 7C384 

84PLCC 1409378 7C384A 

84PLCC 1417657 7C384A 

84PLCC 1416600 7C385A 

144TQFP 1342851 7C386A 

144TQFP 1405263 7C386A 

144TQFP 1351123 7C386A 

144TQFP 1417657 7C386A 

TOTAL 

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 pASIC380 devices had no failures. 
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Failures @ Cycles 

Quantity 250 500 1,000 

35 0 0 0 

35 0 0 0 

35 0 0 0 

35 0 0 0 

35 0 0 0 

35 0 0 0 

38 0 0 0 

29 0 0 0 

24 0 0 0 

24 0 0 0 

85 0 0 1 

37 0 0 0 

65 0 0 0 

30 0 0 0 

30 0 0 0 

30 0 0 0 

30 0 0 0 

30 0 0 0 

30 0 0 0 

30 0 - 0 

31 0 - 0 

16 0 - 0 

25 0 - 0 

15 0 - 0 

15 0 - 0 

30 0 - 0 

854 0 0 1 

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

Failures @ Cycle 

FabLot 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-

pASIC380 
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rosion can also occur in passivated areas where there are micro 
cracks or poor step coverage. pASI C380 devices had no failures, as 
shown in Table 8. 

Thble 8. Results of Pressure Pot Test 
(Pressure = 2.0 atm., Temp. = 121°C, no bias) 

Package Fab Lot Device 

68PLCC 18362 7C382 

68PLCC 19194 7C382 

68PLCC 19390 7C382 

68PLCC 34515 7C382 

68PLCC 35421 7C382 

68PLCC 35422 7C382 

84PLCC 20762 7C384 

84PLCC 22999 7C384 

84PLCC 23000 7C384 

lOOTQFP 36936 7C384 

100TQFP 37447 7C384 

lOOTQFP 37448 7C384 

68PLCC 1346945 7C382A 

68PLCC 1350096 7C382A 

68PLCC 1350104 7C382A 

84PLCC 1417657 7C385A 

84PLCC 1416600 7C385A 

84PLCC 1409360 7C385A 

84PLCC 1410389 7C385A 

84PLCC 1350093 7C385A 

84PLCC 1403209 7C385A 

84PLCC 1402177 7C385A 

144TQFP 1342851 7C385A 

144TQFP 1405263 7C385A 

144TQFP 1351123 7C385A 

144TQFP 1417657 7C385A 

TOTAL 

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. 

The application of a programming voltage above a critical level 
across the antifuse structure, causes the device to undergo a switch
ing transition through a negative resistance region into alow-resis
tance state. The magnitude of the current allowed to flow in the 
low·resistance state, the programming current, is predetermined 

Failures @ Hours 

Quantity 48 96 168 

35 0 0 0 

35 0 0 0 

35 0 0 0 

35 0 0 0 

35 0 0 0 

35 0 0 0 

28 0 0 0 

25 0 0 0 

24 - - 0 

15 - - 0 

15 - - 0 

15 - - 0 

15 - - 0 

15 - - 0 

15 - - 0 

30 - - 0 

15 - - 0 

36 - - 0 

15 - - 0 

15 - - 0 

15 - - 0 

15 - - 0 

15 - - 0 

15 - - 0 

15 - - 0 

30 - - 0 

518 0 0 0 

by design. A link of tungsten, titanium, and silicon alloy is formed 
between metal one and metal two during the programming pro
cess. 

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

Thelinkforms 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 2 shows the 
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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. 
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The pASIC380 device is designed to operate with resistance of the 
unprogrammed ViaLink element from 50 MQ to greater than 1 
GQ at 20°C, and remain within the guaranteed speed and standby 
Icc specifications. 

Figure 4 shows the time required for a ViaLink element to reach 50 
MQ under various applied electric fields 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 undervarious electric field stresses. A range 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 
electric fields, E, below 1.5 MV/cm. Above this field, the amor
phous silicon antifuse programs. The electric field for 5.0volt Vee 
operation with a typical amorphous silicon thickness is 0.61 MV/ 
cm, which extrapolates tSOMQ to 1.5xlOlO 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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Figure 2. Resistance Versus l/Programming Current 
(R = 0.810/Ip) 
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Figure 5. Electric Field Acceleration of Unprogrammed ViaLink Element 

The high field effect is both predicable and reproducible, and 
reversible. This effect is inherent in the amorphous silicon in the 
ViaLink element. The pASIC380 device has been designed to 
operate where the effect is minimized and has no impact on the 
reliability of the pASIC380 device. The pASIC380 device lifetime 
extrpolations are based on the average unprogrammed ViaLink 
element since the effect on the increaased ICCofthe pASIC380 is 
the sum of the leakages through the unprogrammed ViaLink 
elements. The time dependent resistance of the ViaLink elements 
does not degrade the functionality or AC performance of the 
pASIC380. 

Accelerated Stress Tests for Unprogrammed ViaLink Elements 

The high field effect is created in the packaged pASIC380 device 
through a high Vee static life test. This test stresses the unpro
grammed ViaLink element with a Vee = 7.0 volts for 1000 hours. 

Over 600 pASIC380 devices from four lots have been tested. This 
condition stresses over 20,000 unprogrammed ViaLink elements 
in each pASIC380. The failure criteria for the pASIC380 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 
unprogrammed ViaLink element decreases. The acceleration fac
tor 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 unpro
grammed ViaLink element. The test results in Table 9 show that no 
device has failed this stress in more than 220 million equivalent de
vice hours. Four lots have 6000 hours of test which is equivalent to 
over 80 years of operation. The reliability stresses of the unpro
grammed ViaLink for the 0.65 micron process was done on test 
structures where the ViaLink could be stressed independently 
from the CMOS. 

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

Package Fab Lot Device Qty Total Hrs Failures Equiv. Dev. Hrs 

68PLCC 16558 7C382 14 3650 0 6.6E+06 

68PLCC 18362 7C382 38 1907 0 9.4E+06 

68PLCC 19194 7C382 110 1756 0 2.5E+06 

68PLCC 19618 7C382 101 1464 0 1.9E+07 

68PLCC 20454 7C382 100 2800 0 3.6E+07 

68PLCC 34515 7C382 37 1000 0 4.8E+06 

68PLCC 35421 7C382 36 1000 0 4.7E+06 

68PLCC 35422 7C382 33 1000 0 4.3E+06 
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Table 9. Results of High Vee Static Life Test (continued) 
(Vee = 7.0V Static, Thmp. = 2YC) 

Package FabLot Device 

68PLCC 33403 7C382A 

68PLCC 34515 7C382A 

68PLCC 35421 7C382A 

68PLCC 35422 7C382A 

TOTAL 

VIN t.~ ____ ..... x~ ______ .... 
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Figure 6. Switching of Programmed ViaLink Antifuse 

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 ofthe 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 cri
teria for the ViaLink element. The typical impedance of a network 
is about500Qwith the programmed ViaLink element contributing 
50Q 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 pASIC380 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 
25'C and 250°C 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 

Qty lOta) Drs Failures Equiv. Dev. Hrs 

100 1000 0 1.3E+07 

36 6000 0 2.8E+07 

34 6000 0 2.7E+07 

36 6000 0 2.8E+07 

675 0 2.2E+08 

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 = 1.2cm2/mAis the cur
rent density acceleration factor, andJ is the peakACcurrent densi
ty through the link. 

The pASIC380 is designed to operate at worst-case AC current 
density of 35xl06 Ncm2• The Nso for this condition is 4xlO23 

cycles. The failure rate can be calculated using the cumulative den
sity F(t), 

F(t) = <I> In [N/Nsolcr] Eq. 5 
The failure distribution can be determined by plotting the data on 
a log normal probability scale versus the log ofthe number of cycles 
to failure (see Figure 8). The shape parameter, cr, is In(NsofN16) = 
2.5. The shape parameter is relatively large because it includes the 
measurement tolerances of the current density. 

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,ACcurrent through a ViaLink element 
decreases due to incomplete charging and discharging cycle. The 
worst-case pattern in a programmed pASIC380 has less than 150 
ViaLink elements operating at 35x106 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 35x106 Ncm2 for 1.6x1016 read 
cycles (equivalent to continuous operation at 50 MHz for 10 years ) 
is less than 0.1 parts per million. The failure rate of the 
programmed ViaLink element contributes less than 0.01 FIT to 
the overall failure rate of the pASIC380 device. 

Accelerate Stress Tests for Programmed ViaLink Elements 

The low temperature operating life test stresses the pASIC380 de
vices with Vee =6.0volts at 15MHzfor 1000 hours at -55°C. The 
lack of an ambient temperature dependence on read disturb allow 
Cypress to stress at any temperature without changing the depro
gramming cycle dependence. Cold temperature operation was 
chosen because it accelerates the stress by increasing the drive cur" 
rent of the CMOS devices. This test stresses the programmed 
ViaLink elements at 4Ox106 Ncm2 for 5.4xlO13 cycles. The accel
eration factor, calculated from Equation 4, is 380. This testis equiv
alent to 2.Ox1016 switching cycles, or continous operation under 
worst case condition at 50 MHz for 12 years at the worst case den
sity of 35x106 Ncm2. Over 1000 pASIC380 devices from 13 lots 
have been stressed. The failure criteria is the same as previously 
described, with emphasis placed on careful monitoring of AC per
formance. Thst results in Table 9 show that there have been no fail
ure of the programmed ViaLink. 

The Low Thmperature Operating Life test stresses the pro
grammed ViaLinks at 4Ox106 Ncm2. The acceleration factor for 
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this test is 380. The results in Table 9 show no failure on pro
grammed ViaLink elements in over 110 million equivalent device 
hours. There were three failures unrelated to the ViaLink element. 

The first was a metal one to metal two short. The other two devices 
shorted when a power supply surged during the test. 
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Thble 10. Results of Low Temperature Operating Ufe Test 
(Vee = 6.0V; Dynamic, f =15 MHz, Thmp=-55'C) 

Package Fab Lot Device 

68PLCC 34267 7C382A 

68PLCC 36128 7C382A 

68PLCC 36129 7C382A 

68PLCC 36934 7C382A 

84PLCC 20762 7C384 

84PLCC 22999 7C384 

68PLCC 23001 7C384 

84PLCC 36935 7C384 

84PLCC 36936 7C384 

84PLCC 38713 7C384 

84PLCC 1323368 7C385A 

84PLCC 1337713 7C385A 

84PLCC 1337739 7C385A 

84PLCC 1409353 7C385A 

84PLCC 1409354 7C382A 

84PLCC 1409390 7C382A 

84PLCC 1409360 7C385A 

84PLCC 1410389 7C385A 

84PLCC 404333 7C385A 

84PLCC 404788 7C385A 

TOTAL 

Conclusion on Ufe Tests 

The testing reported here establishes the reliability of pASIC380. 
No failures have been observed in 210 million equivalent device 
hours14 FITh and the failure rate with a 60% confidence is 19 FITh 
with no early life failures. The acceleration factors that can lead to 
the degradation of the programmed and unprogrammed ViaLink 
elements were studied. The pASIC380 devices are designed to op
erate at voltages and currents where the failure rate of the ViaLink 
element does not measurably increase the failure rate of the 
pASIC380 device above that of normal CMOS products. 

Document #: 38-00375-A 

Failures @ Cycles 

Quantity 250 500 1,000 

100 0 0 0 

100 0 0 0 

150 0 0 0 

70 0 0 0 

100 0 0 0 

100 0 0 0 

100 1 0 0 

100 0 0 0 

100 2 0 0 

50 0 0 0 

4 0 0 0 

10 0 0 0 

20 0 0 0 

150 0 0 0 

150 0 0 0 

200 0 0 0 

40 0 0 0 

33 0 0 0 

66 0 0 0 

1 0 0 0 

1604 3 0 0 
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CY7C380 Family Quick Power Calculator 

This brief is intended to provide a rapid method of 
calculating the approximate power consumed by a 
CY7C380 family device. Because the intent is a 
first-estimate calculation, some details are ne
glected. The quiescent power of about 20 m W is not 
included. There is no estimate of the power for the 
number of columns and number ofloads per column 
of the clock distribution tree. Wiring capacitance is 
neglected. High drive cell power is taken to be the 
same as a normal input cell. I/O cell power is aver
aged over input and output. The power calculation 
does not include the power of an output driving an 
external load. This approach was taken to simplify 
the calculation. The average toggle rate and per 
cent of the device used are assumed to be rough esti
mates, thus there is no need to strive for great accu
racy. For detailed considerations refer to the ap
plication note "Power Characteristics of Cypress 
Products." 

The equations used to create the curves are: 

P(I/O) = (number of I/Os) *Fav* (0.3) 

WorkSheet 
ToggJeRate Percent of Number 

(MHz) Device ofIJOs 

X 

X 

X 

X 

X 

X 

X X X 

6-29 

P(cells) = (% used)*FAV*(0.38) for 7C381/C382 
(Figure 1) 

P(cells) = (% used)*FAv*(O.77) for 7C383/C384 
(Figure 2) 

P(cells) = (% used)*FAv*(1.54) for 7C385/C386 
(Figure3) 

Where FAV is the average toggle rate frequency 

Quick Power Calculation Process 

1. Estimate the toggle rate (frequency in MHz) for 
each of the major blocks of the design. 

2. Select a 7C380 family device. 

3. Estimate the percent of the device that will be 
utilized to implement each block. 

4. For each block, use the power vs. toggle rate 
curves for the selected device and read the pow
er for the estimated toggle rate and percent uti
lization. Enter the power in the work sheet. 

5. Sum the individual powers for an estimate of the 
total power. 

Factor Power(mW) 

0.3 

0.3 

X 

X 

X 

X 

X 
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b~ CY7C380 Family Quick Power Calculator 
, CYPRESS ============= 
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Figure 1. Average Toggle Range for CY7C38l/2 
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Power(mW) 
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CY7C380 Family Quick Power Calculator 

60% 30% Device: 383/384 
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Frequency (MHz) 
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Figure 2. Average Toggle Range for CY7C383/4 
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Power (mW) 
10000 
9000 
8000 
7000 
6000 

5000 

4000 

3000 

2000 

1000 
900 
800 
700 
600 

500 

400 

300 

200 

100 
90 
80 
70 
60 

50 

40 

30 

20 

CY7C380 Family Quick Power Calculator 

Device: 385/386 
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Figure 3. Average Toggle Range for CY7C385/6 
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Example 

A CY7C382 FPGA is to be used with the following 
estimates: 

• 32 I/Os are connected to a 40-MHz bus 
(half are assumed to be changing at this rate on 
the average). 

• The remaining I/Os have a low duty cycle. 

Toggle Rate Percent of Number 
(MHz) Device ofl/Os 

20 X 32 

X 

40 10 X 

10 60 X 

X 

X 

X X X 

Document #: PLD0009-0194 
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• 10% of the device is going to be toggling at the 
40-MHz rate. 

• 60% of the device is estimated to be toggling at 
10 MHz. 

The work sheet is filled in as shown below. The 
toggle rate of the I/Os is taken to be 20 because half 
are assumed to change in any clock (on the average). 
The next two entries are taken from the graph for 
the 7C382 and entered into the Power column. Total 
power is summed at the bottom. 

Factor Power (mW) 

0.3 192 

0.3 

X 150 

X 220 

X 

X 

X 562 



Moisture-Sensitive Devices Handling Information 
Cypress Dry Bag Policy 

In order to insure against moisture damage, Cypress carries out dry 
bake and dry packing on all devices that are moisture sensitive in 
surface mount applications. These devices are shipped in sealed 
Moisture Barrier Bags (MBBs)withcautionlabelssimiiartoFigure 
1. Cypress recommends that all PLCCs with pin counts of 44 and 
higher, all Plastic Quad Flat Packs (PQFPs), and Thin Quad Flat 
Packs (TQFPs) be used dry in surfacemount applications. Note: A 
package is considered dry ifit has been baked/or 24 continuous hours 
at 125 ± 5°C and has been stored at or below 20% Relative Humidity 
(RH) prior to the reflow-soldering process. 

Moisture-Sensitivity 

The extremely high temperatures and steep temperature gradients 
that are present during the reflow-soldering processes used in at
taching surface mount devices to circuit boards could damage to 
moisture-sensitive devices if they have absorbed excessive mois
ture. Themoisturetrappedinsuchadevicevaporizesduringthere
flow-soldering processes and may generate significant hydrostatic 
pressure within the package. In the worst case, this pressure may 
cause an internal or external crack in the overmold that allows flux 
and other contaminants to reach the die area. The final result is a 
cracked device that will suffer an early failure. 

Cypress Dry-Packing Process 

The Cypress dry-packing process starts with baking the moisture 
sensitive devices at 125 ± 5°C for 24 continuous hours in bakeable 
carrier trays (for TSOp, TQFP, PQFP devices) or aluminum tubes 
(for SOIC, SOJ, and PLCC devices). Baked devices are then vac
uum sealed and dry packed in MBBs within the 24 hour factory
floor-life limit under controlled environment. 

In each of the vacuum sealed MBBs, appropriate amount of desic
cant packs are enclosed to keep the enclosed devices at less than 
20% RH for up to 12 months from the date of seal as stated on the 
caution label on the bag. A reversible humidity indicator card 
(HIC) that has indicator grades, is also enclosed to monitor the in
ternal humidity level. On the outside of each sealed bag a caution 
label similar to the one shown is attached to inform and alert the 
customers of the seal date information and the need for special han
dling precautions. 

Dry-Packed Part Handling Procedures 

Package Inspection 

Upon receiving the package, check the seal date and make sure that 
the package has no holes, tears, or openings that may endanger the 

enclosed devices to humidity. Cypress recommends that the bag 
stay sealed until the enclosed devices are ready for use. 

Storage Condition 

In line with the warning stated on the caution label, the sealed 
MBBs should be stored unopened in a relatively dry environment 
or one of no more than 90% relative humidity and 40°C. 

Expiration Date: First Seal Date Plus 12 Months 

The expiration date of a sealed MBB is 12 months from the original 
seal date if it has been stored in an environment of less than 40°C 
and 90% humidity. If the expiration date has been exceeded, or if 
upon opening a bag within its stated expiration period, the HIC dis
playa humidity level of over 30%, the enclosed devices "may still be 
used with the addition of a bake of 192 hours at 40°Cwith less than 
5% humidity, or a bake of 24 hours at 125°C with less than 5% hu
midity." After the baking, any of the following options may apply: 

• Use the parts within 48 hours 
• Reseal the devices in a MBB within 12 hours after baking with 

fresh desiccant packs and HIC 
• Store the devices in a controlled cabinet with less than20% RH. 

Opening a Sealed Bag 

When parts are ready to be used, open the MBB by cutting across 
the top within one inch ofthe seal area. Use the dry parts following 
the guideline under the factory-floor-life section to ensure they are 
maintained below critical moisture levels. Opened bags must bere
sealed immediately (the factory-floor-life is cumulative and has a 
maximum of 24 hours) and the information on the date the bag is 
opened and resealed must be filled out on the caution label. If the 
opened bag is not resealed immediately, and provided that the 
factory-floor-life has not been exceeded, or in the case of splitting 
the devices of a bag, and new desiccant, the same packing and seal
ing procedure must also be applied. 

Factory Floor Life 

Cypress recommends the maximum cumulative time that devices 
can be exposed to the open airwithout requiringre-bake andresult
ing in moisture-related damages to be 24 hours with environment 
condition not worse than 40°C and 85% RH. (This includes proc
essing time after bake but prior to seal at Cypress and any time the 
bag is re-opened after seal.) If the floor life is exceeded, it is recom
mended that the devices be dry baked as if the storage period has 
expired. 

If at any time, the recommended storage and factory floor condi
tions, or handling guidelines might be violated, please consult 
Cypress for more information. 
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~rcYPRESS Moisture-Senstive Device 

DO NOT OPEN EXCEPT UNDER CONTROLLED CONDITIONS 

EXPIRATION DATE: FIRST SEAL DATE PLUS 12 MONTHS 

1. THIS BAG MAY BE STORED FOR UP TO 12 MONTHS AT 40°C AND 90% HUMIDITY. 

2. THE CONTENTS OF THIS BAG MAY BE STORED INDEFINITELY AT 20% HUMIDITY. 

3. IF UPON OPENING, THE MOISTURE INDICATOR CARD SHOWS HUMIDITY ABOVE 20%, 
CONTENTS HAVE EXPIRED. 

4. IF CONTENTS ARE EXPIRED THEY MAY STILL BE USED WITH THE ADDITION OF A BAKE 
OF 192 HOURS AT 40°C 5% HUMIDITY, OR A BAKE OF 24 HOURS AT 125°C 5% HUMIDITY. 
CAUTION, THE PACKING MATERIAL WILL MELT AT 125°C AND MAY OUTGAS AT 40°C, 
METAL TUBES OR TRAYS BE USED FOR BAKING. 

5. THE CONTENTS OF THIS BAG MUST BE MOUNTED ON A BOARD WITHIN 48 HOURS OF 
OPENING THIS BAG. 

OUT OF OVEN: __ I __ 

BAG OPENED: __ I __ 

BAG OPENED: __ 1 __ 

Document #: 38-00501 

Figure 1. Caution Label 
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SEALED: __ I __ 

SEALED: __ 1 __ 



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 of the 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.geV 

Surface Charge 0.5-1.0 eV 

Slow napping 1.0eV 

Plastic Chemistry 1.0eV 

Polarization 1.0eV 

Microcracks 1.3 eV 

Contamination 1.4 eV 

Th reduce thermally activated reliability failures, Cypress Semi
conductor has optimized both their low-power-generating CMOS 
device fabrication process and their high-heat-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 

Cypress 
Thchnology Bipolar NMOS 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) (OC/W) 120 120 70 

Junction Temperature (0C) 160 136 91 
at Datasheet PMAX(1] 

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-e V activation energy failure mecha
nism, this translates into an improvement in excess of two orders 
of magnitude (lOOx) over the bipolar 93422 device, and more 
than one order of magnitude (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 (SJA, SJC) 

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 

SJA= TJ - TA 
P 

and SJA 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 

II TJ - Tc 
VJC= --- and SCA= Tc-TA 

P P 

TA = Ambient temperature at which the device is operated; 
Most common standard temperature of operation is room 
temperature to 70°C. 

TJ = Junction temperature of the IC chip. 

T C = Thmperature of the case (package). 

P = Power at which the device operates. 

SJC = Junction-to-case thermal resistance. This is mainly a func
tion of the thermal properties of the materials constituting 
the package. 

SJA = Junction-to-ambient thermal resistance. The junction-to
ambient environment is a still-air environment. 

SCA = 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 
SJC and SJA 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 softwarel3] was used to create the finite element model 
of the packages and the ANSYS input data required for analysis. 

SEMI Standard (Semiconductor Equipment and Materials Inter
national) method SEMI G30-88[4f states "heat sink" mounting 
technique to be the "reference" method for SJC estimation of ce
ramic packages. Accordingly, SJC of packages has been obtained 
by applying the boundary conditions that correspond to the heat 
sink mounted on the packages in the simulation. 

For SJA evaluation, SEMI standard specification SEMI G38-87 
suggests using a package-mounting arrangement that approxi
mates the application environment. So, in evaluating the SJA, 
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. 

• 700 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 bath.l5] 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 SID 883C, method 1012.1. 
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" GlO PC 
board. 

Thble 3. 24-Lead Ceramic and Plastic DIPs 

Cavity/PAD 
8JA eC/W) 

Package Size (mils) Measured Simulation 

24LCDIPL6] 170 x 270 64 67 

24LPDIP[7] 160 x 210 72 82 

Thermal Resistance of Packages with Forced 
Convection Air Flow 

%Diff. 

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. 

Note.: 
5. "Thermal resistance measurements and finite calculations for ceramic 

hermetic packages." James N. Sweet et. aI., SEMI-Therm, 1990. 

Thermal Management 

Thble 4. Factors for Estimating Thermal Resistance 

Air Flow Rate Multiplication 
Package 1YPe (LFM) Factor 

Plastic 200 0.77 

Plastic 500 0.66 

Ceramic ZOO 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) = 61.6°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 200LFM is (70 x 0.72) = 50AoC/W 

• 8JA at 500 LFM is (70x0.60) = 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 typical9YPress 
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,l, etc.) of these 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 
(ZO) 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. 24LPDlP = 24-lead plastic DIP 
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Figure 2. Thermal Resistance of Cypress Plastic DIPs (Package type "P") 
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Figure 4. Thermal Resistance of Cypress PLCCs (Package type "J") 
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Figure 6. Thermal Resistance of Cypress Ceramic PGAs 

Table S. Plastic Surface Mount SOIC, SOJ[8,9] 

Paddle Size Die Size Die Area 
(mil) LFMaterial (mil) (sq. mil) 

140x170 Copper 98x 84 8,232 

140 x 170 Copper 98x 84 8,232 

180 x 250 Copper 145 x 213 30,885 

180 x 250 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 Flatpacks 

Package 'fYpe Paddle Size Die Size 
"N" LFMaterial (mil) (mil) 

100 Copper 310 x 310 235 x 235 

144 Copper 310 x 310 235 x 235 

160 Copper 310 x 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. sores and SOJs have very similar thermal resistance characteristics. 

The thermal resistance values given above apply to SOJ packages also. 
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DIE SIZE 

- - - - - - - 5000 SO. MIL 

30000 SO. MIL 

100000 SO. MIL 

a JC a JA 
(OC/W) (OC/W still air) 

19.0 120 

18.0 116 

17.0 105 

15.4 88 

14.9 85 

16.7 84 

14.4 80 

aJC a JA 
(OC/W) (OC/W still air) 

17 51 

18 41 

18 40 

15 38.5 

16 39 

iii 
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Package lYPe Cavity Size 
"H" and''Y'' (mil) 

28 250 x 250 

28 250 x 250 

32 316 x 317 

44 400 x 400 

52 400 x 400 

68 400 x 400 

84 450 x 450 

Package lYPe Cavity Size 
"K"and"T" (mil) 

16 140 x 200 

18 140 x 200 

20 180 x 265 

24 170x270 

28 210x 210 

32 210 x 550 

Cavity Size 
Package lYPe (mil) 

24 VDIPllUJ 500 x 275 

68 CPGAlllJ 350 x 350 

Notes: 
10. VDIP; "PV" package. 

Part Number 

SRAMs 

CY2147 

CY2148 

CY2149 

CY27LS03 

CY27S03A 

CY27S07A 

CY6116 

CY6116A 

CY6117 

CY6117A 

CY74S189 

Thermal Management 

Table 7. Ceramic Quad Flatpacks 

Die Size Die Area aJe a JA 
LFMaterial (mil) (sq. mil) (OC/W) (OCIW still air) 

Alloy 42 123 x 162 19,926 9.2 96 

Alloy 42 150 x 180 27,000 8.9 93 

Alloy 42 198 x 240 47,520 7.5 72 

Alloy 42 310 x 250 77,500 5.9 55 

Alloy 42 250 x 310 77,500 5.9 55 

Alloy 42 310 x 250 77,500 5.4 33 

Alloy 42 310 x 250 77,500 5.4 29 

Table 8. Cerpacks 

Leadframe Die Size Die Area aJC aJA 
Material (mil) (sq. mil) (OC/W) (OCIW still air) 

Alloy 42 100 x 118 11,800 10 107 

Alloy 42 100 x 118 11,800 10 104 

Alloy 42 128 x 170 21,760 9 102 

Alloy 42 128x 170 21,760 10 102 

Alloy 42 150x 180 27,000 9 98 

Alloy 42 141 x 459 64,719 7 81 

Table 9. Miscellaneous Packaging 

Leadframe Die Size Die Area aJC a JA 
Material (mil) (sq. mil) (OCIW) CCIW still air) 

Alloy 42 145 x 213 30,885 6 57 

Kovar Pins 323 x 273 88,179 3 28 

11. CPGA; "G" package. 

Table 10. Die Sizes of Cypress Devices 

Size (mil2) Part Number Size (mil2) 

CY7B134 76152 

10132 CY7B1342 76152 

9983 CY7B135 76152 

9983 CY7B138 76152 

4130 CY7B139 76152 

4130 CY7B144 76152 

4130 CY7B145 76152 

20007 CY7B160 27244 

20007 CY7B161 27244 

20007 CY7B162 27244 

20007 CY7B164 27244 

4130 CY7B166 27244 

6-42 



~rcYPRESS Thermal Management 

Table 10. Die Sizes of Cypress Devices (continued) 

Part Number Size (mill) Part Number Size (mil2) 

CY7B173 102200 CY7Cl71A 21228 

CY7B174 102200 CY7Cl72 21228 

CY7B180 54600 CY7Cl72A 21228 

CY7B181 54600 CY7C183 65636 

CY7B185 27244 CY7C184 65636 

CY7B186 27244 CY7C185 30885 

CY7B191 73152 CY7C186 30885 

CY7B192 73152 CY7C187 30885 

CY7B194 73152 CY7C189 4130 

CY7C122 6300 CY7C190 4130 

CY7C123 6300 CY7C191 68150 

CY7C128 20007 CY7C192 68150 

CY7C128A 17400 CY7C194 68150 

CY7C130 36636 CY7C196 68150 

CY7C131 36636 CY7C197 68150 

CY7C132 36636 CY7C198 68150 

CY7C136 36636 CY7C199 68150 

CY7C140 36636 CY7C191 (RAM2.5) 51590 

CY7C141 36636 CY7C192 (RAM2.5) 51590 

CY7C142 36636 CY7C194 (RAM2.5) 51590 

CY7C146 36636 CY7C196 (RAM2.5) 51590 

CY7C147 10132 CY7C197 (RAM2.5) 51590 

CY7C148 9983 CY7C198 (RAM2.5) 51590 

CY7C149 9983 CY7C199 (RAM2.5) 51590 

CY7C150 6634 CY7C9122 6300 

CY7C157 86460 CY93422A 6300 

CY7C161A 30885 PROMs 

CY7C162A 30885 CY7C225 11815 

CY7C164A 30885 CY7C235 13900 

CY7C166A 30885 CY7C245 19321 

CY7C167 21228 CY7C245A 9394 

CY7C167A 21228 CY7C251 49536 

CY7C168 21228 CY7C254 49536 

CY7C168A 21228 CY7C261 28290 

CY7C169 21228 CY7C263 28290 

CY7C169A 21228 CY7C264 28290 

CY7C170 21228 CY7C265 28290 

CY7C170A 21228 CY7C266 28290 

CY7Cl71 21228 CY7C268 29400 
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Thermal Management 

Table 10. Die Sizes of Cypress Devices (continued) 

Part Number Size (mil2) Part Number Size (mil2) 

CY7C269 29400 PALC16R8 9700 

CY7C271 38750 PALC22V1O 19926 

CY7C274 38750 PALC22VIOB 13284 

CY7C277 38750 PALC22V1OD 12954 

CY7C279 38750 PLD20GlOC 18834 

CY7C281 13900 PLDC18G8 7744 

CY7C282 13900 PLDC20GlO 19926 

CY7C285 43875 PLDC20G1OB 13284 

CY7C286 43875 PLDC20RA1O 13284 

CY7C287 43875 FIFOs 

CY7C289 43875 CY3341 8064 

CY7C291 19182 CY7C401 8064 

CY7C291A 9394 CY7C402 8064 

CY7C292 19321 CY7C403 8064 

CY7C292A 9394 CY7C404 8064 

CY7C293A 9394 CY7C408A 16268 

PLDs CY7C409A 16268 

CY7C330 20088 CY7C420 41019 

CY7C331 16536 CY7C421 41019 

CY7C332 19116 CY7C424 41019 

CY7C335 23111 CY7C425 41019 

CY7C341 136320 CY7C428 41019 

CY7C342 83475 CY7C429 41019 

CY7C342B 49104 CY7C432 50040 

CY7C343 43953 CY7C433 50040 

CY7C344 21977 CY7C439 47160 

CY7C361 25872 CY7C441 44756 

PALI6L8 13552 CY7C443 44756 

PAL16R4 13552 CY7C451 44756 

PAL16R6 13552 CY7C453 44756 

PAL16R8 13552 CY7C460 89445 

PAL22V1OC 18834 CY7C462 89445 

PAL22VPI0C 18834 CY7C464 89445 

PALCI6L8 9700 CY7C470 89445 

PALC16R4 9700 CY7C472 89445 

PALC16R6 9700 CY7C474 89445 
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Table 10. Die Sizes of Cypress Devices (continued) 

Part Number Size (mil2) Part Number Size (mil2) 

Logic ECL 

CY2909A 7968 CY100E301L 14875 

CY2910A 21750 CY100E302L 14875 

CY2911A 7968 CY100E422 6960 

CY7C2901 11800 CY100E474 10830 

CY7C510 30704 CY100E494 29575 

CY7C516 29000 CYIOE301L 14875 

CY7C517 29000 CYlOE302L 14875 

CY7C90l 11800 CYlOE422 6960 

CY7C909 7968 CY10E474 10830 

CY7C91O 21750 CYlOE494 29575 

CY7C9101 36108 Bus Iuterface 

CY7C911 7968 CY7C964 21460 

VAC068 101060 

VIC068A 103620 

VIC64 103620 

Document #: 38-00190 

III 
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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 
Industries Association Standard EIA -481 Rev. A. 

Specifications 

CoverThpe 

• The cover tape may not extend past the edge ofthe carrier tapes 
• The cover tape shall not cover any part of any sprocket hole. 

SOIC Devices 
TYPICAL 

... 
DIRECTION OF FEED 

SOJ Devices 
TYPICAL 

[[][[][[] 
... 

DIRECTION OF FEED 

• 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. 

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

Loading the Reel 

Empty pockets are not permitted between the first and last filled 
pockets on the tape. 

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 Thpe 
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Lead~rs 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 ofthe 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 

individual box. 

• Labels are placed on each reel as shown inFigure 2. The inform
ation on the label consists of a minimum of the following infor
mation, which complies with EIA556, "Shipping and Receiving 
Transaction Bar Code Label Standard": 
- Barcoded Information: 

Cp.stomer 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 

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

Ordering Information 

CY7Cxxx-yyzzz 

xxx = part type 

yy = speed 

Tape and Reel 

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 = pice, commercial temperature range 
JIT = pice, industrial temperature range 
JCR = plcc, commercial temperature range plus burn-in 
JIR = pice, industrial temperature range plus burn-in 

Notes: 
1. The Tor R SuffIXWill 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. 
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Tape and Reel 

Thble 1. Parts Per Reel and Thpe Specifications 

Minimum Partial 
Package 'Jype Terminals Carrier Width (mm) Part Pitch (mm) Parts Per Full Reel Quantity 

PLCC 20 16 12 1,000 250 

28 24 16 750 188 

32R 24 16 750 188 

44 32 24 500 125 

52 32 24 500 125 

68 44 32 250 63 

84 44 32 250 263 

SOIC 20 24 12 1,000 250 

24 24 12 1,000 250 

28 24 12 1,000 250 

SOJ 20 24 3 1,000 250 

24 24 3 1,000 250 

28 24 3 1,000 250 

32L (300 mil) 24 16 1,000 250 

32 (400 mil) 32 3 1,000 250 

TSOP 28L 24 16 1,000 250 

32 32 3 1,750 438 

SSOP 20 (150 mil) 16 8 2,000 500 

24 (150 mil) 16 8 2,000 500 

48 (300 mil) 32 16 1,000 250 

56 (300 mil) 32 16 1,000 250 

TSSOP 48 24 12 2,000 500 

56 24 12 2,000 500 

II 
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13" 

Document #: 38-00111-B 

Thpe and Reel Shipping Medium 

Label Placement 

Tape and Reel 

ESDSTICKER 

TAPE SLOT IN CORE 

REGULAR, SPECIAL, OR 
BAR CODE LABEL 

Figure 2. Shipping Medium and Label Placement 
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Package Diagrams 

Thin Quad Flat Packs 

44-Pin Plastic Thin Quad Flat Pack (TQFP) A44 

DIMENSIONS IN MILLIMETERS 
LEAD COPLANARITY 0.080 MAX. 

0.20 MIN. 

1.00 REF. 

7-5 

10· MIN. 

0.08/0.20 R. 

~ 
~ GAUGE PLANE 

0-7" 

0.60±0.15 

II 



ks (continued) d Flat Pac 
Thin Qua k (TQFP) AlOO 

• Quad Flat Pac lOO·Pin Plastic Thm 

E=:::~ 
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0.50 
TYP. 
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Package Diagrams 

Thin Quad Flat Packs (continued) 

144-Pin Plastic Thin Quad Flat Pack (TQFP) A144 

1.60 MAX'LF I J 0,20 MAX, 

11 

SEATING 
PLANE 

II 
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PLANE 

Package Diagrams 

Thin Quad Flat Packs (continued) 

160-Pin Plastic Thin Quad Flat Pack (TQFP) A160 

--.I 0.22±0.05 

I 

0.50 
TYP. 

7-8 

1.60 
MAX'l£ 

. 0.20 MAX. 

Tf 
Z. 

12'±1' I 
(8X)~ 

NOTES, 

lJ 
1.40±0.05 

1. DIMENSIONS ARE IN MILLIMETERS. 
2. LEAD CO PLANARITY 0.100 MAX. 
3. PACKAGE IJIDTH AND LENGTH (24.00±0.05) 

DOES NOT INCLUDE MOLD PROTRUSION. 
MAX. ALLOIJABLE PROTRUSION IS 0.25 MM. 

4. LEAD IJIDTH DOES NOT INCLUDE DAMBAR PROTRUSION. 
MAX. ALLOIJABLE DAM BAR PROTRUSION 
ABOVE LOIJER RADIUS IS 0.08 MM. 



Package Diagrams 

Ceramic Dual-In-Line Packages 

20-Pin (300-Mil) CerDIP D6 
MIL-STO-1835 0-8 Config. A 

OPINI D ----:IMENSID~~N1N INCHES 

• MAX . 
. 245 
3lO . J 

~ I--~~§ .005 MIN. ---II-- BASE PLANE 

1 .930 ----I .w, r 
.~~~ ti9~0 _ _ I 111 rr=:m~ 

.125 ~m=o=o=iJ1~ ~~I50 ~ 200 rr1fll- MIN. -.JL ~ \ 
I .045 .090 3' 

.065 ill 15' jt~k~ SEATING PLANE L:mjl-

28-Pin (300-Mil) CerDIP D22 
MIL-STO-1835 0-15 Config. A 

24-Pin (300-Mil) CerDIP D14 
MIL-STD-1835 D-9 Config. A 

DO PIN 1 -;MENSID~1~IN INCHES 

245 

~O 

~ I--~ 005 MIN ---1I--ITJiBASE PLANE 

155 I" 1230 1 r- 290---1 

20°ti _ _ 1280 ~~~ I, 3N ,I 

125~ 150~ 
T-Jr 045 MIN L ~;~ 

065 15' 

.~~~ SEATING PLANE :~~~ 
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PIN 1 INDICATOR 

DIM D I DIM E 

LARGE OUTLINE 

SMALL OUTLINE 

Package Diagrams 

Ceramic Pin Grid Arrays 

69-Pin Ceramic Grid Array (CPGA) (Cavity Up) G69 

TOP VIEIJ BOTTOM VIEIJ 

MIN, MAX, 

1.140 1.180 

1090 1.135 

.100 
BSC, 

1.000 BSC. 

00000000 0 
0~000000000 

00 /00 00 00 
00 EXTRA 00 
00 PIN 00 
00 00 
00 00 
00 00 
0~0000000~0 

000000 0 

.100 
SEATING BSC, 
PLANE 

1.000 
BSC. 

\ [!l! ~~J ::: 

DIMENSIONS IN INCHES 
MIN, 

II nJL~~nn~n~ 
r-- JL L 175 .:~~ J ' ~5~ DIA 185 

~1~ DIA 

INDEX MARK 
(NO PIN) 

MAX, 
69 X 

84-Pin Ceramic Grid Array (CPGA) (Cavity Up) G84 

7-10 

DIMENSIONS IN INCHES 
MIN, 

.175 l .185 
MAX, 

84 X L 
~DIAJ 
.020 ' 

J..Q.CL ,060 
.120 

SEA TING PLANE 

~L'040 
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Package Diagrams 

INDEX MARK 
PIN 1 LD, 

PIN 1 
INDEX 
MARK 

.100 
TYP, 

Ceramic Pin Grid Arrays (continued) 

85·Pin Ceramic Grid (CPGA) (Cavity Up) Array G85 

TOP VIEIV 

r---- 1,090 --, 

I L135 I 

l 

BOTTOM VIEIV 

LOOO BSC.i 

4X L I 
~~0*0 "'G"G"'G"'o "'G"G"'G"'o "'G"G"'G"'o /i)*'o l 

GGGGGGGGGGG 
GG GGG 00G 
GG GG D :~l~ GG GGG 

GG GGG 1.000 
GGG GGG BSC, 

"------------.JJ 
.100 GG GGJ 
BSC. GG GGG GG 

GGGGGGGGGGG 
0GGGGG GG0 

,100 
BSC. 

'" "'\" I pl! m 1 
~M [ ~ n ~ n J ~ (! ~~~ 

RQ. T--::J L 050 DIA JL ----r DIMENSIONS IN INCHES 

l1l.!'l.c 
MAX. 

140 4 X~~~; DIA 

85 X 

145·Pin Ceramic Grid Array (CPGA) (Cavity Up) G145 

r~1.565~ 
1.590 

SQ, 

1.383 
. 1.415 

SQ, 

0000000000000 
000000000000000 
000000000000000 
000'- 000 
000 000 
000 EXTRA 000 
000 PIN 000 
000 000 
000 000 

00 000 
00 000 

000 000 
000000000000000 
000000000000000 
0000 0000 0 0000 

DIMENSIONS IN INCHES 
MIN, 
MAX, 

145 X 

.165 l .195 

:~~~ DIA""L
~ 

l-

,040 
,100 
TYP, 145 X .Q70 MAX, DIA, 

,65~ DIA':J~~ 
,060 

,125 
.135 

SEATING 
PLANE 
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Package Diagrams 

INDEX MARK 
PIN Al INDICATOR 

INDEX MARK 
PIN 1 J.D, 

Ceramic Pin Grid Arrays (continued) 
160-Pin Ceramic Grid Array (CPGA) (Cavity Up) PGA G160 

TOP VIEW' BOTTOM VIE'W 
1.540 
1.590 

l 
D ,--->J 

~ 
1.590 

1.400 BSC -------j 

.100 
SEA TlNG BSC. 

1.400 
BSC, 

DIMENSIONS IN INCHES 
MIN, 

"'\ [ll! ~J .:;: 
~JI~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~nTI~5 MAX, 

.120 J L,050 DIA, JL ,185 

.140 4 X 

:~~~~ DIA, 

160 X 

223-Pin Ceramic Grid Array (CPGA) (Cavity Down) G223 
TOP VIE\oI BOTTOM VIE\oI 

1------ ::~~: 

l 
1MQ 
1.880 

.100 
BSC, 

1----- 1.700 BSC, ------I 

1.700 
BSC, 

,-----J 
DIMENSIONS IN INCHES 

!illi. 
MAX, 

,100 
BSC, 

SEA TING PLANE ,040 070 

\ [OGO ~145 

It lun mrnrrrrHU~I~ 
m J -J l- ~5~ DIA JL L :~~ 

:k~~ DIA 
223 X 

7-12 



-
=:...rcYPRESS 

Ceramic Windowed J-Leaded Chip Carriers 

28-Pin Windowed Leaded Chip Carrier (CLCC) H64 

,150 DIA. LENS 

.485 

.495 

--J 
.040 X 45° 

PIN 1 

nl 
.485 
.495 

SEE 
VIE'W A 

.035 '''A 
. 008 

k.050 
BSC 

VIE'W A 

7-13 
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SEATING 
PLANE 

:m R . 

~ 
.032 



1srcYPRESS 
Package Diagrams 

Ceramic Windowed J-Leaded Chip Carriers (continued) 

44-Pin Windowed Leaded Chip Carrier (CLCC) H67 

,280 DIA, LENS 

PIN 1 

,658 E&.1£. 

,685 _~-I 
,695 

+ 
--J L,050 

,040 X 45' BSC 

SEE 
VIE'vI A 

,035 X ~5'1 

ooeD 

SEATING PLANE 

,035 R 
,045 ' 

,017 

r-,--=,,===;--===---1-[ ,023 

,026 
,032 

VIE 'vi A 

7-14 



=:"?cYPRESS 
Package Diagrams 

Ceramic Windowed J-Leaded Chip Carriers (continued) 

68-Pin Windowed Leaded Chip Carrier (CLCC) H81 

.380 DIA. LENS 
TYP. 

PIN 1 

m 
II~ :~~~ ---------II !::=== .985 ___ ----I 

.995 

---11-050 

.040 X 45° 
BSC 

.942.985 

.958.995 

.800 
REF. 

"'}t 
. 008 

7-15 

.006 

.0lD 

SEATING PLANE 

~R 
.045 . 

.026 

.032 
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Ceramic Windowed J-Leaded Chip Carriers (continued) 

84-Pin Windowed Leaded Chip Carrier (CLCC) H84 

0400 DIA, LENS 

m 
U~~ -----I 

U~~ ------I 

I 
---+---

I 

-11--,050 

,040 X 45° BSC 

1.142 1.185 
1.158 1.195 

"~';i 
008 

1.000 
REF, 

7-16 

SEA TING PLANE 

~R 
,045 ' 

,017 

r-----===cLI ,023 

,026 
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Package Diagrams 

Plastic Leaded Chip Carriers 

20·Pin Plastic Leaded Chip Carrier (PLCC) J61 

PIN 1 

DIMENSIONS IN INCHES MIN, 
MAX, 

0.385 
0.395 

r1------l--.L 
~45 

=~~ 0.356 

~ 
0.395 

0.055 

44·Pin Plastic Leaded Chip Carrier (PLCC) J67 

0.650 
0.658 

PIN 1 

DIMENSIONS IN INCHES MIN, 
MAX, 

= 0,033 

JJ 
.!lJ.Q2 
0,180 

0,020 MIN. 

llJ!'Zl! 
0.120 

7-17 

28·Pin Plastic Leaded Chip Carrier (PLCC) J64 

PIN 1 

DIMENSIONS IN INCHES MIN, 
MAX 

rn-------l~ 
0.495 I g 0,055 

~~j 
fo---- 0.495 
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Plastic Leaded Chip Carriers (continued) 

68-Pln Plastic Leaded Chip Carrier (PLCC) J8I 

PIN 1 
DIMENSIONS IN INCHES ~ 

MAX, 

= 0.958 

1,185 
1,195 

0.020 MIN, 

J!Jl2Q 
0.130 

84-Pin Plastic Leaded Chip Carrier (PLCC) J83 

.L!"-!! 
1,158 

PIN 1 

.L!"-!!3 1,158 

f------ U~; 

7-18 

DIMENSIONS IN INCHES ~ 
MAX, 

!Jj@, 
0,032 

~ 
0,200 

0,020 MIN. 

= 0.130 

Package Diagrams 
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.590 
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Cerpacks 

24-Pin Rectangular Cerpack K73 
MIL-STD-1835 F -6 Config. A 

PIN 1 J.D. 

DIMENSIONS IN INCHES 
MIN. 
MAX. 

r .045 MAX, 

I .015 

---.fN9 
! -.r .050 BSC 

I 
-.l 

L360~ L .005 MIN. 

ADO 

BASE AND 
SEATING 
PLANE 

.004 

.o09L 

,- I 
L260~ L.260 

.325 ~ 

Ceramic Leadless Chip Carriers 

Package Diagrams 

20-Pin Square Leadless Chip Carrier (LCC) L61 
MIL-STD-1835 C-ZA 

28-Pin Square Leadless Chip Carrier (LCC) L64 
MIL-STD-1835 C-4 

BOTTOM 

TOP 

DIMENSIONS IN INCHES 

.045 

.055 

MIN. 
MAX. 

1 ~ '060 
.075 
.054 
.066 

Dl,t SIDE~ 

t==:¥ ~ 
.358 

7-19 

.045 

.055 

TOP 

DIMENSIONS IN INCHES 
MIN. 

.045 

.055 

MAX. 

1 ~ :~~~ 
.045 
.066 

SIDE 

II 



lfl 
(\J D 

cO D +1 +1 
D D 
(\J D 

M d 
(\J (\J 

R 0,13 MIN, 
0,30 MAX, 

SEATING 
PLANE 

0'-]0 

Package Diagrams 

Plastic Quad Flat Packs 

lOO-Pin Plastic Quad Flat Pack (PQFP) NlOO 

1720<025 ~ 

0,65 
TYP, 

7-20 

8 
lfl 
(\J 

cO D 

+1 +1 
D D 
D (\J 

d M 
(\J (\J 

NOTES, 

1. DIMENSIONS ARE IN MILLIMETERS, 
2, LEAD COPLANARITY 0.100 MAX, 
3, PACKAGE 'w'IDTH (14,00±0.10) AND LENGTH (20,00±0.10) 

DOES NOT INCLUDE MOLD PROTRUSION, 
MAX, ALLO'w'ABLE PROTRUSION IS 0,25 MM, 

4, LEAD 'w'IDTH DOES NDT INCLUDE DAMBAR PROTRUSION, 
MAX, ALLO'w'ABLE DAMBAR PROTRUSION ABOVE 
LO'w'ER RADIUS IS 0,08 MM, 



~ 
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~,CYPRESS 

Package Diagrams 

Plastic Quad Flat Packs (continued) 

160-Pin Plastic Quad Flat Pack (PQFP) Nl60 

PIN #1 

.650 TYP. 

DIMENSION IN MM 

LEAD CDPLANARITY .100 

1------- 28,00±.10 SQ ----------i 

1-------- 31.20±,25 SQ -----------i 

R, ,20 TYP, 

3.49±0.10 
SEATING PLANE 

'\ ~~'--IHHJ-lJ-IHH)~~~~~ ~_ \ _ f'23 MAX, 

,25 
MIN, 

R, ,30 TYP, .88 ~:t~ 

7-21 

II 



~~ 
~'CYPRESS 

PIN #1 

Package Diagrams 

Plastic Quad Flat Packs (continued) 

20S·Pin Plastic Quad Flat Pack N20S 

0.40 MIN, 

1.30 

7-22 

DIMENSION IN 1'11'1 MIN, 
MAX, 

LEAD CDPLANARITY 0.100 
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--- rcYPRESS 
Package Diagrams 

Plastic Dual-In-Line Packages 

20-Pin (300-MiI) Molded DIP P5 

PIN 1 

~~~~~~~~-r 

0.250 
0.270 

~~~R7~~7e~~ 
~~ 

0.070 

DIMENSIONS IN INCHES MIN. 
MAX. 

~ -----.1 SEATING PLANE 

~Fr""~-prc",FrFrco-Prl ~:r~ : ~ r--=---J 
11 0325 II 

= 0,060 

= 9 3• MIN 0012+ ~~ 
~QdJQ--I 

0.385 

24-Pin (300-MiI) Molded DIP P13/P13A 

DIMENSIONS IN INCHES MIN. 

og~ 
0,270 

NOTE B t 

MAX. 

P 13 P 13A 

I NOTE A lJ.ZQ J.Z;lQ 
1.200 1.260 

lNDTE B = 0.060 
0,050 0.080 

~ 
.Q.,HQ 

= 0,012 

~QdJQ~ 
0.385 

3~ MIN. 

28-Pin (300-MiI) Molded DIP P21 

Dq-;~ 
0.270 

-1 

~ 0.030 
0.080 

1425 

DIMENSIONS IN INCHES Mlli, 
MAX. 

~
370 

01\5 OltO J 
0160 

~ = f.-
7-23 

II 
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Package Diagrams 

Quarter Size Outline Packages 
20·Pin Quarter Size Outline Package (QSOP) QS 

SEATING 

PLAN\E ~r---------, 

=Lb~nrumtiriE1 t f II 
0,004 --j f- 0,008 

liN!! 0,025 = 
BSC, 

DIMENSIONS IN INCHES MIN, 
MAX, 

LEAD CDPLANARITY 0,004 MAX, 

24·Pin Quarter Size Outline Package (QSOP) Q13 

SEATING 
PLANE 

r!3 0,033 

REF, 

o,r:~~ 
0,228 = 
0,244 Ll r--&ffi~ j 

~,--------------
0,053 ~~==:l 
M69 LLl:QJ WJ-WJ 

0,004 -I ~ 0,008 

o:om 0,025 = 
BSC, 

DIMENSIONS IN INCHES MIN, 
MAX, 

LEAD CDPLANARITY 0,004 MAX, 

7-24 



Package Diagrams 

Ceramic Windowed Leadless Chip Carriers 

20·Pin Windowed Square Leadless Chip Carrier (LCC) Q61 
MIL-STD-1835 C-2A 

28·Pin Windowed Leadless Chip Carrier (LCC) Q64 
MIL-STD-1835 C-4 

.lao 
TYP, 

.009 R. 
20 PLACES 

DIMENSIONS IN INCHES 
MIN, 
MAX, 

.045 

.055 

290 DIA. 
LENS 

TOP 

DIMENSIONS IN INCHES 
MIN, 

.045 

.055 

MAX, 

008 R 
28 PLACES 114 

045 
066 

1 ~ 087 

fl SIDE~ 
458 ~ 

L~~/III 
458~ 

Ceramic Windowed Pin Grid Arrays 

68·Pin Windowed Ceramic Pin Grid Array Ceramic R68 

DIMENSIONS IN INCHES 
MIN. 
MAX. 

68 X L 
.~ DIA.-1 

SEATING 
PLANE 

7-25 

II 
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Package Diagrams 

Ceramic Windowed Pin Grid Arrays (continued) 
84·Pin Windowed Ceramic Pin Grid Array (FPGA) R84 

LENS INDEX MARK 
(NO PIN) 

.100 

,390 DIA, ( SEATING PLANE 

,--------,----r---, T----~~~,,~~~~~~~ 

PIN 1 INDICA TDR 

X 

~DIA 
,020 ' 

J ~,65~ DIA, 

,095 }( 
T35 ,040 

,175 ,060 
.185 

MAX, 

BOTTOM VIEVI 

tOO· Pin Windowed Ceramic Pin Grid Array (CPGA) RIOO 

TOP VIEW' BOTTOM VIEW' 

1,290 
1.335 

,393 DIA, LENS 1.200 BSC, 

l 
1.290 
1.335 o '--------.)J 

DIMENSIONS IN INCHES 
MIN, 
MAX, 

1.200 
BSC, 

SEATING 

PL\4ANE ,040 ,070 [:060 ~'145 

JI~ ~ ~ ~ ~ ~ ~ ~ ~ ~ rn~" 
,120 J L,050 DlA, JL .185 
,140 4 X 

:~k~ DIA, 

100 X 

7-26 
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Package Diagrams 

Ceramic Quad Flat Packs 

160-Pin Ceramic Quad Flat Pack (CQFP) in Molded Carrier Ring U160 

PACKAGE 
PIN #1 

0.50±0.10 R 

39 X 0.650±0.025 = 25.350±0.100-~ 

1------- 41.50 TYP TOP AND BOTTOM --------"1 

1.5510,038 DIA. 
TYP. 

2.50fO.50 RAD. 
8. BOTTOM 

4,0010.50 RAD. 
TOP 8. BOTTOM 

~@~~~~~~~~~~~~~~~~~~~~I:l=~r 0.6510,20 4'8~ LI: 11\ 0 nnnnnnnnnnononnnnnnnnnnnnnnnnnnnnMnnnnn 0 E II I r 
L.Bc±O,to j 

1.50±0.13 

7-27 

'" ~ 
>-
'" w 
>-

i5 
w 
~ 

" w 
w 
" '" >-
0> 
D 

D 
>-
w 
~ 

" w 

" '" >-
0> 
D 

'" D 
~ 

"-

0,35±0.15 '1 --1 1-0.65±0.20 

I m~ ,1. 50±0,13 - T 

r 1.956±0,1 78 

0.254±0.025-

1 " '" 
"' ~ ru 

+; ~ 

1 
ffi 

I---

I/D,O 25 TYP , r 
r±1· TYP 

SECTION B-B 

• 



PIN 1 

Package Diagrams 

Ceramic Quad Flat Packs (continued) 

160·Pin Ceramic Quad Flat Pack (CQFP) (Cavity Up) Ul62 

DIMENSION IN MM (INCH) 
MIN, 
MAX, 

0,650 (0256) 
TYP, 

0,300 (012) 
TYP, 

\{;SEA~,~~ ~~:~)E [ 2,79 <.110) 
0.15 ±0,02 

LlJDIJRUUDmmmuuu~mm r (,006 ±,OO!) 

0,050 (002) lit _ 
0,500 (020) --n=~ 0,51 ±0,20 

(,020 ±,OOB) 

7-28 
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Package Diagrams 

Ceramic Windowed Dual-In-Line Packages 

.150 DIA, 
LENS 

20-Pin (300-MiI) Windowed CerDIP W6 
MIL-STO-1835 0-8 Config. A 

DIMENSIONS IN INCHES 
MIN, 

24-Pin (300-MiI) Windowed CerDIP W14 
MIL-STD-1835 0-9 Config. A 

MA\, 

,175 DIA, 
LENS D + 245 

-n""h-nr'rr,,-',,~~ l.L 065 Il DIMENSIONS IN INCHES 
I 095 ---1 ~l~ 

~!~ rr~ BASE PLANE 
155 I 1230 I 290 

200tr _ ~ 280 • ~~~ Ir= 320~ 

1:i~r'f~~ tJI~! U ~ LU~ U; L 3.-J-
I- 0~~5 SEATING PL:~: 3~50' -----I \ 

,020 ,390 

7-29 
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Package Diagrams 

Ceramic Windowed Dual-In-Line Packages (continued) 

.140 X .300 DR 

.140 X .400 
GLASS LENS 

28-Pin (300-MiI) Windowed CerDIP W22 
MIL-STO-1835 0-15 Config. A 

PIN 1 

DIMENSIONS IN INCHES + MIN . 
. 245 MAX. 
3iO 

~~~~~~~~~ 
.005 MIN.--Il-

~
BASE PLANE 

�.430 _____ ~ 290 

f---~:~~--~:--;~I"'".--4,8"'5:.+.:;~:;~::::;.::_:; ..... ·":llln~ 
~rJ. _.00_9 

L ·~~2~ 

7-30 

15· 
.330 
.390 



Ceramic J-Leaded Chip Carriers 

44·Pin Ceramic Leaded Chip Carrier (CLCC) Y67 

PIN 1 

-+ -n~J:, 
E 6~2jlJ656 

,656 

,685 
695 

---Il.-,050 

,040 X 45° sse 

7-31 

SEE 
VIE'" A 

006 
mo 

VIE'" A 

Package Diagrams 

SEATING PLANE 

III 



DATE CODE: 

XX'fY 
XX = YEAR 
YY = WORK WEEK 

Package Diagrams 

Ceramic J-Leaded Chip Carriers (continued) 

84-Pin Ceramic Leaded Chip Carrier (CLCC) Y84 

PIN 1 

nl 
___ + __ _ 1.142 1.185 

E "~, =fJ1.158 1.195 

1.158 
1,185 
1,195 

I 
---+---

I 

--II-- .050 
.040 X 45' BSC 

DIMENSIONS IN INCHES 
MIN. 

.155 
260 

MAX. 

SEATING PLANE 

1YPical Marking for DIP Packages (P and D 1YPe) 

IDENTIFIES SPECIFIC MARK LOT 
THE PRODUCT CAME FROM. 

DEVICE WITH 
SPEED, PACKAGE, AND TEMP RANGE 

ASSEMBLY CODE: 

IDENTIFIES THE SPECIFIC ASSEMBLY 
LOT THE PRODUCT CAME FROM. 

WEEK PARTS WERE MARKED (FOR PLASTIC) 
WEEK PARTS WERE SEALED (FOR HERMETIC) 

7-32 



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: 910 997 0753 
FAX: (408) 943-2741 

Ie Designs Division 
12020-113th Ave. N.E. 
Kirkland, WA 98034 
(206) 821-9202 
FAX: (206) 820-8959 

Alabama 
c¥press Semiconductor 
555 Sparkman Drive, Ste. 1218 
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 lA3 
(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 
13535 Feather Sound Drive 
Suite 130 
Clearwater, FL 34622 
(813) 968-1504 

Cypress Semiconductor 
255 South Orange Avenue 
Suite 1255 
Orlando, FL 32801 
(407) 422-0734 
FAX: (407) 422-1976 

Cypress Semiconductor 
1000 W. McNab Road 
Pompano Beach, FL 33069 
(954) 943-9295 
FAX: (954) 943-4057 

Georgia 
Cypress Semiconductor 
1080 Holcomb Bridge Rd. 
Building 200, Ste. 365 
Roswell, GA 30076 
(770) 998-0491 
FAX (770) 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. 550 
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 
22 IBM Road 
Suite 103B 
Poughkeepsie, NY 1260 
(914) 463-3218 
FAX: (914) 463-3220 

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 
Tho Neshaminy Interplex, Ste. 206 
nevose, PA 19053 
(21S) 639-6663 
FAX: (215) 639-9024 

Texas 
Cypress Semiconductor 
101 W. Renner Rd, Suite 155 
Richardson, TX 75082-2002 
(214) 437-0496 
FAX: (214) 644-4839 

Cypress Semiconductor 
8834 Capital of Texas Highway North 
Suite 220 
Austin, TX 78759 
(512) 418-4205 
FAX: (512) 418-4201 

Cypress Semiconductor 
20405 SH 249, Ste. 215 
Houston, TX 77070 
(713) 370-0221 
FAX: (713) 370-0222 
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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 

Thchnology Solutions Company 
5525 Oakdale Ave., Suite 275 
Woodland Hills, CA 91364 
(818) 704-1693 
FAX: (818) 704-6165 

Technology Solutions Company 
10 Hughes, Suite AZ01 
Irvine, CA 92718 
(714) 707-4565 
FAX: (714) 707-4510 

Canada 
bbd Electronics, Inc. 
6685 -1 Millcreek Dr. 
Mississauga, Ontario LSN 5M5 
(905) 821-7800 
FAX: (905) 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 
Site #7, Box 40 R.R.l 
Dewinton, Alberta, Canada TOL OXO 
(403) 254-4180 
FAX: (403) 256-0942 

Colorado 
Lange Sales 
1500 W Canal Court, Bldg. A 
Suite 100 
Littleton, CO 80120 
(303) 795 - 3600 
FAX: (303) 795-0373 

Georgia 
Giesting & Associates 
2434 Highway 120 
Suite 108 
Duluth, GA 30155 
(770) 476-0025 
FAX: (770) 476-2405 

Idaho 
Sierra Technical Sales 
10378 Fairview 
Suite 246 
Boise, ID 83704 
(208) 378-8981 
FAX: (208) 378-0228 

Illinois 
Micro Sales Inc. 
901 W Hawthorn Drive 
Itasca, IL 60143 
(708) 285-1000 
FAX: (708) 285 -1008 

Indiana 
Thchnology 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 

Thchnology 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 Woodland Dr. 
Augusta, KS 67010 
(316) 775-2565 
FAX: (316) 775-3577 

Midwest Thchnical Sales 
10,000 College Blvd. 
Suite 240 
Overland Park, KS 66210 
(913) 338-2400 
FAX: (913) 338-0404 

Kentucky 
Technology Marketing Corp. 
100 Thade Street, Suite 1A 
Lexington, KY 40510-1007 
(606) 253-1808 
FAX: (606) 253-1662 

Maryland 
Thi-Mark, Inc. 
1410 Crain Highway, N.W 
Suite 4B 
Glen Burnie, MD 21061 
(410) 761-6000 
FAX: (410) 761-6006 

Massachusetts 
The Nashoba Group 
321 Billerica Rd. 
Chelmsford, MA 01824 
(508) 256-9900 
FAX: (508) 256-1142 

Michigan 
Thchrep 
2200 North Canton Center Rd. 
Suite 110 
Canton, MI 48187 
(313) 981-1950 
FAX: (313) 981-2006 

Minnesota 
Matrix Marketing, Inc. 
5001 West 80th Street, Suite 375 
Bloomington, MN 55437 
(612) 835-6977 
FAX: (612) 835-6822 

Missouri 
Midwest Technical Sales 
4203 Earth City Expwy., #149 
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 
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'CYPRESS 
Sales Representatives and Distributors 

Domestic Sales Representatives (continued) 

New Jersey 
GroupTec 
111 Howard Blvd. 
Suite 212 
Mt. Arlington, NJ 07856 
(201) 398-1200 
FAX: (201) 398-3344 

New Mexico 
Thorn Luke Sales 
(719) 661-8795 
FAX: (602) 451-0172 

New York 
Reagan/Compar 
815 Montrose Turnpike 
Owego, NY 13827 
(716) 271-2230 
FAX: (716) 381-2840 

Reagan/Compar 
44 Riverferry Way 
Rochester, NY 14608 
(716) 454-3350 
FAX: (716) 454-4230 

Reagan/Compar 
532 Benton Street 
Rochester, NY 14620 
(716) 473-6070 
FAX: (716) 473-6075 

Reagan/Compar 
3301 Country Club Road 
Ste.2211 
P.O. Box 135 
Endwell, NY 13760 
(607) 754-2171 
FAX: (607) 754-4270 

North Carolina 
Quantum Marketing 
6604 Six Forks Rd., Ste. 102 
Raleigh, NC 27615 
(919) 846-5728 
FAX: (919) 847-8271 

Quantum Marketing 
4801 E. Independent Blvd. 
Ste.1000 
Charlotte, NC 28212 
(704) 536-8558 
FAX: (704) 536-8768 

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 
4905 SW Griffith Drive 
Suite 106 
Beaverton, OR 97005 
(503) 644-4840 
FAX: (503) 644-9519 

Pennsylvania 
KW Electronic Sales, Inc. 
4068 Mt. Royal Blvd., Ste. 110 
Allison Park, PA 15101 
(412) 492-0777 
FAX: (412) 492-0780 

Omega Electronic Sales, Inc. 
Four Neshaminy Interplex, Ste. 101 
Trevose, PA 19053 
(215) 244-4000 
FAX: 244-4104 

Puerto Rico 
Electronic Thchnical Sales 
P.O. Box 10758 
Caparra Heights Station 
San Juan, P.R. 00922 
(809) 781-1313 
FAX: (809) 781-2020 

Tenessee 
Giesting & Associates 
475 Arrowhead Springs Lane 
Versailles, KY 40383 
(606) 873 - 2330 

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 100 
Brookfield, WI 53045 
(414) 786-1403 
FAX: (414) 786-1813 
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International Direct Sales Offices 
Cypress Semiconductor 
International-Europe 

Avenue Ernest Solvay, 7 
B-131O 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) 1-69-29-88-90 
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 
BtiroNord 
Matthias-Claudius-Str. 17 
W-2359 Henstedt-Ulzburg, Germany 
Tel: (49) 4193-77217 
FAX: (49) 4193-78259 

Italy 
Cypress Semiconductor 
Interporto di Torino 
Prima 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 
Shinjuku-Marune Bldg. 
1-23-1 Shinjuku 
Shinjuku-ku, Tokyo, Japan 160 
Tel: (81) 3-5269-0781 
FAX: (81) 3-5269-0788 

Singapore 
Cypress Semiconductor Singapore 
583 Orchard Road, #11-03 Forum 
Singapore 0923 
Tel: (65) 735-0338 
FAX: (65) 735-0228 

International Sales Representatives 
Australia 

Braemac Pty. Ltd. 
1/59-61 Burrows Road 
Alexandria, Sydney 2015, Australia 
Tel: (61) 2-550-6600 
FAX: (61) 2-550-6377 

Braemac Pty. Ltd. 
6/417 Ferntree Gully Rd. 
Mt. Waverly, Victoria 3149, Australia 
Tel: (61) 3-540-0100 
FAX: (61) 3-540-0122 

Braemac Pty. Ltd. 
300 Gilles Street 
Adelaide, SA 5000, Australia 
Tel: (61) 8-232-5550 
FAX: (61) 8-232-5551 

Braemac Pty Ltd. 
345 Harborne Street 
Herdsman W.A. 6017, Australia 
Tel: (61) 9-443-5122 
FAX: (61) 9-443-5262 

Austria 
Eurodis Electronics GmbH 
Lamenzanstrasse 10 
A-1232Wien 
Austria 
Tel: (43) 1-610-62-128 
FAX: (43) 1-610-62-151 

Belgium 
N.V. Memec Benelux 
Sint-Lambertusstraat 135 
1200 Brussels, Belgium 
Tel: (32) 2-772-8008 
FAX: (32) 2-460-1200 

Belgium (continued) 
Sonetech 
Limburgstirumlaan 243, B-2 
B-1810 Wemmel, Belgium 
Tel: (32) 2-460-0707 
FAX: (32) 2-460-1200 

Denmark 
Tech-Partner AlS 
Tomsagervej 18 
DK-8250 Aabyhoj (Aarhus) 
Denmark 
Tel: (45) 86-25-00-55 
FAX: (45) 86-25-28-55 

Team Tech 
Bygstubben 3 
DK-2950 Vedbaek 
Denmark 
Tel: (45) 45-66-25-00 
FAX: (45) 45-66-02-44 

Finland 
ScandComp Finland OY 
Asemakuja 2 A 
SF-02 770 Espoo 
Finland 
Tel: (358) 0 61352695 
FAX: (358) 0 61352620 

France 
Arrow Electronics 
73n9, Rue des Solets 
Silic 585 
94653 Rungis Cedex 
Tel: (33) 1 49 78 49 00 
FAX: (33) 1 49 78 0599 

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. 
Gate House 
Fretherne Road 
Welwyn Garden City 
Herts., UK ALB 6NS 
Tel: (44) 707-33-88-88 
FAX: (44) 707-33-88-11 

Cypress Semiconductor Manchester 
27 Saville Rd. Cheadle 
Gatley, Cheshire, U.K 
Tel: (44) 614-28-22-08 
FAX: (44) 614-28-0746 

France (continued) 
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 1575 18 
FAX: (33) 61300193 

Arrow Electronics 
Immeuble SI. Christophe 
Rue de la Frebardiere 
Zi Sud Est 
35135 Chantepie 
Tel: (33) 99 41 7044 
FAX: (33) 99 50 11 28 

Newtek 
Rue de I:Esterel, 8, Silic 583 
F - 94663 Rungis Cedex, France 
Tel: (33) 1-46-87-22-00 
FAX: (33) 1-46-87-80-49 

Newtek 
Rue de I'Europe, 4 
Zac Font-Ratel 
F - 38640 Claix, France 
Tel: (33) 76-98-56-01 
FAX: (33) 76-98-16-04 

Scaib, SA 
6 Rue Ambroise Croizat 
91127 Palaiseau Cedex, France 
Tel: (33) 1-69-19-89-00 
FAX: (33) 1-69-19-89-20 



Sales Representatives and Distributors 

International Sales Representatives (continued) 

Germany 
AktiveRep Electronic GmbH 
Kennedy Strasse 5 
D-75438 Knittlingen, Germany 
Tel: (49) 70-43-9400 12 
FAX: (40) 70-43-334 92 

CED Ditronic GmbH 
Feldkirchner Str. 12A 
D-85551 Kirchheim, Germany 
Tel: (49) 89-903 8551 
FAX: (49) 89-903 0944 

CED Ditronic GmbH 
Julius-Hoelder Str. 42 
D-70597 Stuttgart, Germany 
Tel: (49) 711-72001-0 
FAX: (49) 711-7289780 

CED Ditronic GmbH 
Laatzener-Str. 19 
D-30539 Hannover, Germany 
lei: (49) 511-8764-0 
FAX: (49) 511-8764-160 

Metronik GmbH 
Leonhardsweg 2, Postfach 1328 
D-82oo8 Unterhaching, Germany 
lei: (49) 89-61108-0 
FAX: (49) 89-6116468 

Metronik GmbH 
Liessauer Pfad 17 
D -13503 Berlin, Germany 
lei: (49) 30-4361219 
FAX: (49) 30-4315956 

Metronik GmbH 
Zum Lonnenhohl38 
D-44319 Dortmund, Germany 
Tel: (49) 231-217041 
FAX: (49) 231-210799 

Metronik GmbH 
Osmiastrasse 9 
D-69221 Dossenhem, Germany 
Tel: (49) 6203-4701 
FAX: (49) 6203-45543 

Metronik GmbH 
Schoenauer Str. 113 
D-04207 Leipzig, Germany 
lei: (49) 341-4891413 
FAX: (49) 341-4891424 

Metronik GmbH 
Pilotystrasse 27/29 
D-90408 Niirnberg, Germany 
lei: (49) 911-363536 
FAX: (49) 911-353986 

Germany (continued) 
Metronik GmbH 
Carl Zeiss-Strasse 37 
D-25451 Quickborn, Germany 
lei: (49) 41-06-77 30 50 
FAX: (49) 41-06-77 30 52 

Metronik GmbH 
Loewenstrasse 37 
D-70597 Stuttgart, Germany 
lei: (49) 711-764033 
FAX: (49) 711-7655181 

Metronik GmbH 
Bahnstrasse 9 
D-65205 Wiesbaden, Germany 
lei: (49) 611-702083 
FAX: (49) 611-70 28 86 

SASCO-HED GmbH 
Hermann-Oberth-Strasse 16 
D-85640 Putzbrnnn, Germany 
lei: (49) 89-4611-211 
FAX: (49) 89-4611-271 

SASCO-HED GmbH 
Huttenstrasse 31 
D-10552 Berlin, Germany 
lei: (49) 30-349-9240 
FAX: (49) 30-349-5236 

SASCO-HED GmbH 
Beratgerstr. 36 
D-44149 Dortmund, Germany 
Tel: (49) 231-17 97 91 
FAX: (49) 231-17 29 91 

SASCO-HED GmbH 
Hainer Weg 48 
D-60599 Frankfurt, Germany 
Tel: (49) 69-61 03 91 
FAX: (49) 69-618824 

SASCO-HED GmbH 
Europaallee 3 
D-22850 Norderstedt, Germany 
lei: (49) 4052-3 20 13 
FAX: (49) 4052-3 23 78 

SASCO-HED GmbH 
Stafflenbergstrasse 21 
D-70184 Stuttgart, Germany 
Tel: (49) 711-21 0710 
FAX: (49) 711-233963 

SASCO-HED GmbH 
Am Gansacker 26 
D-79224 Umkirch bei Freiburg 
Germany 
lei: (49) 7665-70 18 
FAX: (49) 7665-8778 

Greece 
Peter Caritato & Associates S.A. 
31 Ilia Iliou 
Athens 11743, Greece 
Tel: (30) 1-9020-115 
FAX: (30) 1-9017-024 

Hong Kong 
lekcomp Electronics, Ltd. 
Rm. 913-914 Bank Centre 
636, Nathan Road, Mongkok 
Kowloon, Hong Kong 
Tel: (852) 2-710-8121 
lelex: 38513 TEKHL 
FAX: (852) 2-710-9220 

India 
Spectra Innovations Inc. 
Manipal Centre, Unit No. S-822 
47, Dickenson Rd. 
Bangalore-560,042 
Karnataka, India 
lei: 812-566-630 
Telex: 845 - 2696 or 8055 

(Attn: ICTP-705) 
FAX: 812-261-468 

Israel 
Talviton Electronics 
P.O. Box 21104,9 Biltmore Street 
Tel Aviv 61 210, Israel 
lei: (972) 3-544-2430 
Telex: 33400 VITKO 
FAX: (972) 3-544-2085 

Italy 
Silverstar Ltd. SPA 
Viale Fulvio lesti, 280 
20126 Milano, Italy 
lei: (39) 2 661251 
Telex: 33 2189 SIL 71 
FAX: (39) 266101359 

CEDItaly 
Via Milano 22/24 
20083 Bonirola di Gaggiano (MI) 
Italy 
Tel: (39) 2 908091 
FAX: (39) 29081424 

ECC Electronica S.P.A. 
Via C. Goldoni 29 
20090 liezzano Sui Navigio (Milano) 
Italy 
lei: (39) 248401547 
FAX: (39) 2 48401599 
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International Sales Representatives (continued) 

Japan 
Tomen Electronics Corp. 
2-1-1 Uchisaiwai-cho, Chiyoda-ku 
1bkyo, 100 Japan 
Tel: (81) 3-3506-3673 
Thlex: 23548 1MELCA 
FAX: (81) 3-3506-3497 

Fuji Electronics Co., Ltd. 
Ochanomizu Center Bldg. 
3-2-12 Hongo, Bunkyo-ku 
1bkyo, 113 Japan 
Thl: (81) 3-3814-1416 
Thlex: J28603 FUJITRON 
FAX: (81) 3-3814-1414 

Ryoyo Electro Corporation 
Konwa Bldg., 1-12-22 Tsukiji, 
Chuo-ku, Tokyo 104 Japan 
101: (81) 3-3546-5088 
FAX: (81) 3-3546-5044 

Korea 
Logicom Inc. 
5th Floor, Haesung Bldg. 
2-46 Yangjae-Dong 
Seocho-ku 
Seoul, Korea 137-131 
Thl: (82) 2-575-3211 
FAX: (82) 2-576-7040 

superCHIP Inc. 
4-18 Hannam-Dong 
Yongsan-ku 
Seoul, Korea 140-210 
Tel: (82) 2-796-6356/8 
FAX: (82) 2-796-6535 

Netherlands 
Memec Benelux B.v. 
Insulindelaan 134 
5613 BT Eindhoven 
The Netherlands 
Tel: (31) 40-65-9399 
FAX: (31) 40 65 - 9393 

Sonetec Nederland B. V. 
Gulberg 33 
NL-5674 TE Nuenen 
The Netherlands 
Thl: (31) 40-2-635-635 
Telex: 59418 INTRA NL 
FAX: (31) 40-2-832-300 

Norway 
ScandComp Norway A/S 
Nils Hansen vei 3 
N-0667 Oslo 
Norway 
Thl: (47) 22-50-06-50 
FAX: (47) 22-50-27-77 

Portugal 
AID Electronica S.A 
Quinta Grande Lote 20 
Alfragide 
2700 Amadora (Lisboa) 
Portugal 
Tel: (351) 1-4714182 
FAX: (351) 1-4715886 

Singapore 
Electec PTE Ltd. 
Block 50, KalJang Bahru 
#04-21, Singapore 1233 
Thl: (65) 294-8389 
FAX: (65) 294-7623 

South Africa 
Electronic Bldg. Elements 
P.O. Box 912-1222 
Silverton 0127 
178 Erasmus St., Meyers Park 
Pretoria 0184, South Africa 
Tel: (27) 12803-8294 
FAX: (27) 12803-7680 

Spain 
AID Electronica S.A 
Albasanz, 75 
28037 Madrid, Spain 
Tel: (34) 1-304-1534 
FAX: (34) 1-327-2778 

AID Electronica SA. 
Conchita Suprevia 9 
08028 Barcelona, Spain 
Thl: (34) 3-4907344 
FAX: (34) 3-4901723 

SELCO 
Ctra. de La Coruna, Km 18.200 
28230 Las Rozas (Madrid), Spain 
Tel: (34) 1-637-1333 
FAX: (34) 1-637-5114 

Sweden 
ScandComp Sweden AB 
Box 8303 Domnarvsgatan 33 
S-163 08 Spanga 
Sweden 
Thl: (46) 8-761-73-00 
FAX: (46) 8-760-46-69 

Switzerland 
Basix fur Elektronik A G. 
Hardturmstrasse 181 
CH-8010 Zurich, Switzerland 
Thl: (41) 1-276-11-11 
Telex: 822762 BAEZ CH 
FAX: (41) 1-276-14-48 

Taiwan R.O.C. 
Prospect Thchnology Corp. 
5F, No. 348, Section 7 
Cheng-Thh Rd. 
Thipei, Thiwan 
Tel: (886) 2-820-5353 
Telex: 14391 PROSTECH 
FAX: (886) 2-820-5731 

Prospect Warehouse: 
#5, Lane 55 
Long-Chang Road 
Thipei, Taiwan 

Thrkey 
Inter Electronik Sanayi ve Ticaret AS. 
Kadlkoy Hasircibasi Caddesi no. 55 
81310 Istanbul 
Thrkey 
Tel: (0216) 349-94-00 
Thlex: 29245 Imnd tr 
FAX: (0216) 349-94-30 
FAX: (0216) 349-94-34 

United Kingdom 
2001 Electronic Components Ltd. 
Stevenage Business Park 
Pin Green 
Stevenage, Herts 
SG14SUU.K. 

Ambar Components Ltd. 
17 Thame Park Road 
Thame, Oxfordshire 
England, OX93XD 
Thl: (44) 844-26-11-44 
Telex: 837427 
FAX: (44) 844-26-17-89 

Arrow Electronics (UK) Ltd. 
St. Martins Business Centre 
Cambridge Road 
Bedford MK42 OLp, UK 
101: (44) 234 270272 
FAX: (44) 234 214674 

Pronto Electronic System Ltd. 
City Gate House 
Eastern Avenue, 399-425 
Gants Hill, llford, 
Essex, u. K. IG26LR 
Tel: (44) 81-554-62-22 
Telex: 8954213 PRONTO G 
FAX: (44) 81-518-32-22 

Spectrum 
2 Grange Mews 
Station Road 
Launton 
Bicester 
Oxon, UK OX6 ODX 
Tel: (44) 1-869-325-174 
FAX: (44) 1-869-325-175 
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Distributors 
Alliance Electronics: 
Scottsdale, AZ 85254 
1-800-608-9494 
FAX: (602) 443-3898 

Shelton, cr 06484 
(203) 926-0087 
FAX: (203) 926-1850 

Minneapolis, MN 55036 
(612) 471-0076 
FAX: (612) 471-7861 

Huntington, NY 11743 
(516) 673-1930 
FAX: (516) 673-1934 

Dayton, OH 45459 
(513) 433-7700 
FAX: (513) 433-3147 

Anthem Electronics, Inc.: 
Huntsville, AL 35805 
(205) 890-0302 

Tempe, AZ 85281 
(602) 966-6600 

Chatsworth, CA 91311 
(818) 775-1333 

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, cr 06705 
(203) 575 -1575 

Altamonte Springs, FL 32701 
(407) 831 - 0007 

Fort Lauderdale, FL 33309 
(305) 484-0990 

Duluth, GA 30136 
(404) 931-3900 

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 

Raleigh, NC 27604 
(919) 871-6200 

Beaverton, OR 97005 
(503) 643-1114 

Horsham, PA 19044 
(215) 443-5150 

Austin, TX 78728 
(512) 388-0049 

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 

Irvine, CA 92718 
(714) 587-0404 

San Diego, CA 92123 
(619) 565-4800 

San Jose, CA 95131 
(408) 441-9700 

San Jose, CA 95134 

Canada 
Mississauga, Ontario LST 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 

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 

Maryland 
Columbia, MD 21046 
(410) 596-7800 

Gathersburg, MD 
(301) 596-7800 
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Distributors (continued) 

Arrow Electronics: (cont.) 
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 

Pinebrook, 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 

Thxas 
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 

Wisconsin 
Brookfield, WI 53045 
(414) 792-0150 

Axis Components: 
Corporate Headquarters 
SanDiego, CA 92121 
(619) 677-7950 
(800) 556-0225 

Irvine, CA 92714 
(714) 442-8325 

Westlake Village, CA 91362 
(818) 706-0166 

Sunnyvale, CA 94086 
(408) 522-9599 

Westminster, CO 80234 
(303) 469-8186 

Bell Microproducts: 
Irvine, CA 92718 
(714) 470-2900 

San Jose, CA 94131 
(408) 451-9400 

Altamonte Springs, FL 32714 
(407) 682-1199 

Deerfield Beach, FL 33441 
(305) 429-1001 

Billerica, MA 01882 
(508) 667-2400 

Columbia, MD 21045 
(410) 720-5100 

Edina, MN 55435 
(612) 933-3236 

Clifton, NJ 07013 
(201) 777-4100 

Smithtown, NY 11787 
(516) 543-2000 

Ambler, PA 19002 
(215) 540-4148 

Austin, TX 78759 
(512) 258-0725 

Richardson, TX 75081 
(214) 783-4191 

Chantilly, VA 22021 
(703) 803 -1020 

Redmond, WA 98052 
(206) 861-7510 
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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 Rochester, NY 14624 

Arizona (813) 573-1399 (716) 235 -7620 
Phoenix, AZ 85044 Georgia Ronkonkoma, NY 11779 
(602) 496-0290 Norcross, GA 30093 (516) 737-9300 

California (404) 923-5750 North Carolina 
Marshall Industries, Co~. Headquarters Illinois Raleigh, NC 27604 
EI Monte, CA 91731-3 04 Schaumbrug, IL 60173 (919) 878-9882 
(818) 307-6000 (708) 490-0155 Ohio 
Irvine, CA 92718 Indiana Solon, OH 44139 (714) 458-5301 Carmel, IN 46032 (216) 248-1788 
Calabasas, CA 91302 (317) 431-6554 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 Columbia, MD 21046 Pennsylvania 
Miltas, CA 95035 (410) 880-3030 Mt. Laurel, NJ 08054 (40 ) 942-4600 

Massachusetts (609) 234-9100 
Canada Wilmington, MA 01887 Texas Mississauga, Ontario L4V 1X5 (508) 658-0810 Austin, TX 78754 (416) 458-8046 

Michigan (512) 837-1991 
Pointe Claire, Quebec H9R 5P9 

Livonia, MI 48150 Richardson, TX 75081 (514) 694-8142 
(313) 525-5850 (214) 705-0600 Colorado 

Colorado Sgrings, CO 80915 Minnesota Houston, TX 77043 
(719) 573- 904 Plymouth, MN 55447 (713) 467-1666 
Thornton, CO 80241 

(612) 559-2211 
Utah 

(303) 451-8383 Missouri Salt Lake Ci~, UT 84119 
Bridgeton, MO 63044 (801) 973-2 88 Connecticut (314) 291-4650 

Wallinf£ord, CT 06492-0200 Washington 
(203) 65 - 3822 New Jersey Bothell, WA 98011 

Fairfield, NJ 07006 (206) 486-5747 Florida (201) 882-0320 
Ft. Lauderdale, FL 33309 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 T2E 7H7 
(403) 252-5664 
FAX: (800) 565-9779 

Montreal 
Pointe Claire, Quebec H9R 427 
(514) 694-0860 
i-800-361-6558 
FAX: (514) 694-0965 

Ottawa 
Ottawa, Ontario K1B 1A7 
(613) 526-4866 
FAX: (613) 523-4372 

Toronto 
Markham, Ontario L3R 4Z4 
(905) 475 - 3922 
FAX: (905) 475-4158 

Vancouver 
Burnaby, British Columbia V5G 1H1 
(604) 451-3444 
i -800-663-8956 
FAX: (604) 451-3445 

Zeus Electronics: 
Yorba Linda, CA 92686 
(714) 921-9000 

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 



Cypress Semiconductor 
3901 North First Street 
San Jose, CA 95134 
Tel: (408) 943~2600 
Fax: (408) 943-2741 
Fax-On-Demand: 1 (800) 213-5120 
http: //www.cypress.com 


