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Third-Party Tool Support
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Synopsys

Product

Design Compiler

Device Support

FLAsH370, pASIC380

Input Format

VHDL and Verilog

Required Product

Synopsys Design Software Kit for FLASH370

Synopsys Design Software Kit for pASIC380 (CY3146)
Design Flow Description

Designs are entered in either HDL, or netlist format. It can then be
functionally simulated using the VHDL System Simulator (VSS).
The next step in the process is logic optimization and technology
mapping. The output then goes into the Warp SpDE place and
route tool, or Warp fitter, and programming and simulation files
are generated for device programming and device-level simulation
with VSS.

Synplicity

Product

Synplify

Device Support

PASIC380

Input Format

VHDL and Verilog

Required Cypress Product
Warp2+ or Warp3 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
Warp 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.

Design Flow Manager
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Available from Cypress
Available from Synopsys

Figure 20
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221 Available from Cypress
Available from Synplicity

Figure 21
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ViewLogic

Product

PROSeries™

Device Support

Small PLDs, MAX340, FLASH370, pASIC380
Input Format

Schematic Entry and VHDL

Required Product

Warp3 PROSeries Bolt-In (CY3141)
Design Flow Description

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. A LOF file will be gener-
ated for device programming, while timing models will be gener-

ated for device-level simulation. "2  Available from Cypress
Available from ViewLogic

— Y . v

Design Flow Manager

Figure 22

ViewLogic

Product

Workview Plus, Powerview

Device Support

Smal PLDs, MAX340, FLASH370, pASIC380
Input Format

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 VHDL file, 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. .2 Available from Cypress

Available from ViewLogic

Figure 23
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ACUGEN Software Inc.
427—-3 Ambherst 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

Data I/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

ISDATA GmbH
Haid—und—Neu—Strasse 7
D-7500 Karlsruhe 1
Germany

(0721) 69 30 92

ISDATA, Inc.

PO. Box 19278
Oakland, CA 94619
(510) 5318553

PRELIMINARY

Company Addresses

IST

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

MINC Inc.

6755 Earl Rd.

Colorado Springs, CO 80918
(719) 590—1155

Mentor Graphics

8005 SW Boeckman Road
Wilsonville, OR 970707777
(503) 6858000

MicroSim Corporation
20 Fairbanks

Irvine, CA 92718
(714) 770-3022

OrCAD

3175 NW Aloclek 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

Warp, Warp2, Warp2+,and FLASH370 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

Third-Party Tool Support
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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 of the techniques used to insure product excellence are the
following:
o 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 insgections 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: 0°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.

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.

Level 1:  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 Level 1 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 applicationswhere maintenance isdifficult
or expensive and reliability is paramount. Tables 3 through 7 list
the screening and quality conformance testing thatis performedin
order to meet the processing requirements required by MIL-
STD-883 and MIL-I-38535.



= = CYPRESS

-~

Quality, Reliability, and Process Flows

Table 1. Cypress Commercial and Industrial Product Screening Flows—Components

Product Temperature Ranges
Commercial 0°C to +70°C; Industrial —40°C to +85°C
Level 1 Level 2
Screen MIL-STD-883 Method Plastic Hermetic Plastic Hermetic
Visual/Mechanical
® Internal Visual 2010 0.4% AQL 100% 0.4% AQL 100%
o Hermeticity
— Fine Leak 1014, Cond A or B (sample) | Does Not Apply LTPD =5 Does Not Apply LTPD =5
— Gross Leak 1014, Cond C Does Not Apply 100% Does Not Apply 100%
Burn-in
e Pre-Burn-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%11 100%11)
® Post-Burn-in Electrical | Per Device Specification Does Not Apply | Does Not Apply 100% 100%
® Percent Defective Does Not Apply | Does Not Apply | 5% (max)I2] 5% (max)[2]
Allowable (PDA)
Final Electrical Per Device Specification
e Static (DC), Functional, | 1. At 25°C and Power Not Performed | Not Performed 100%!1] 100%M1]
and Switching (AC) Tests Supplies Extremes
2. At Hot Temperature and 100% 100% 100% 100%
Power Supply Extremes
Cypress Quality
Lot Acceptance
o External Visual 2009 Note 3 Note 3 Note 3 Note 3
o Final Electrical Cypress Method 17-00064 Note 3 Note 3 Note 3 Note 3
Conformance
Table 2. Cypress Commercial and Industrial Product Screening Flows—Modules
Product Temperature Ranges
Commercial 0°C to +70°C; Industrial —40°C to +85°C
Screen MIL-STD-883 Method Level 1 Level 2
Burn-in
o Pre-Burn-in Electrical Per Device Specification Does Not Apply 100%
® Burn-in 1015 Does Not Apply 100%
® Post-Burn-in Electrical | Per Device Specification Does Not Apply 100%
e Percent Defective Does Not Apply 15%
Allowable (PDA)
Final Electrical Per Device Specification
o Static (DC), Functional, | 1. At 25°C and Power Not Performed 100%
and Switching (AC) Tests Supply Extremes
2. At Hot Temperature and 100% 100%
Power Supply Extremes
Cypress Quality
Lot Acceptance
o External Visual 2009 Per Cypress Module Specification | Per Cypress Module Specification
o Final Electrical Cypress Method 17-00064 Note 3 Note 3
Conformance
Notes:

1. Burp-in is performed as a standard for 12 hours at 150°C.
2. Electrical Test is performed after burn-in. Results of this are used
to determine PDA percentage.

3. Lotacceptance testing isperformed oneverylot. AOQL (the Average
Outgoing Quality Level) for 1994 was <100 PPM.
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Table 3. Cypress QML/JAN/SMD/Military Grade Product Screening Flows for Class B

Screening Per Product Temperature Ranges —55°C to +125°C
Method 5004 of QML/JAN/SMD/Military
Screen MIL-STD-883 Grade Product[4! Military Grade Module
Visual/Mechanical
o Internal Visual Method 2010, Cond B 100% N/A
® Temperature Cycling Method 1010, Cond C, (10 cycles) 100% Optional
e Constant Acceleration Method 2001, Cond E (Min.), 100% N/A
Y1 Orientation Only
e Hermeticity:
— Fine Leak Method 1014, Cond A or B 100% N/A
— Gross Leak Method 1014, Cond C 100% N/A
Burn-in
e Pre-Burn-in Electrical Per Applicable Device 100% 100%
Parameters Specification
® Burn-in Test Method 1015, Cond D, 100% 100%
160 Hrs at 125°C Min. or (48 Hours at 125°C)
80 Hrs at 150°C
® Post-Burn-in Electrical Per Applicable Device 100% 100%
Parameters Specification
® Percent Defective Maximum PDA, for All Lots 5% 10%
Allowable (PDA)
Final Electrical Tests
o Static Tests Method 5005 100% Test to 100% Test to
Subgroups 1, 2, and 3 Applicable Device Applicable
Specification Specification
o Functional Tests Method 5005 100% Test to 100% Test to
Subgroups 7, 8A, and 8B Applicable Device Applicable
Specification Specification
o Switching Method 5005 100% Test to 100% Test to
Subgroups 9, 10, and 11 Applicable Device Applicable
Specification Specification
Quality Conformance Tests
® Group Al Sample Sample
e Group B Method 5005, see Sample Sample
o Group clel Tables 4 — 7 for details Sample Sample
e Group DIf] Sample Sample
External Visual Method 2009 100% 100%
Notes:
4. QML product is allowed a reduction in screening requirements with 6. Group C and D end-point electrical tests for QML/SMD/Military

DESC approval per MIL-I-38535.

5.

Group A subgroups tested for QML/SMD/Military Grade products

are 1,2,3,7,8A, 8B, 9, 10, 11, or per JAN Slash Sheet.

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

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

Cypress uses an LTPD sampling plan that was developed by the
Military to assure product quality. Testing is performed to the sub-
groups found to be appropriate for the particular device type. All
Military Grade component products have a Group A sample test
performed on each inspection lot per MIL-I-38535/MIL-
STD-883 and the applicable device specification.

Table 5. Group B Quality Tests

Quantity/Accept #
Sub- or LTPD
group Description Components | Modules!”]
2 Resistance to Solvents, 3/0 3/0
Method 2015
3 Solderability, 22/0 10
Method 2003(8]
5 Bond Strength. 15/0 NA
Method 201119
Notes:

7. Military Grade Modules are processed to proposed JEDEC standard
flows for MIL-STD-883 compliant 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.

Sub- Sample Size/Accept No. package type and lead finish built within a sixweek seal period and
group Description Components | Modules’] submitted to Group B testing at the same time.
1 Static Tests at 25°C 116/0 116/0 Table 6. Group C Quality Tests
2 Static Tests at 116/0 116/0 LTPD
Maximum Rated Sub- L @]
Operating Temperature group Description Components | Modules
3 Static Tests at 116/0 116/0 1 Steady State Life Test, 45/0 15/0
Minimum Rated End-Point Electricals,
Operating Temperature Method 1005, Cond D
Dynamic Tests at 25°C 1160 116/0 Group C tests for all Military Grade products are performed on
Dynamic Tests at 116/0 116/0 one device type from one inspection lot representing each tech-
Maximum Rated nology. Sample tests are performed per MIL-I-38535/MIL-
Operating Temperature STD-883 from each four calendar quarters production of devices,
6 Dynamic Tests at 116/0 116/0 which is based upon the die fabrication date code.
Minimum Rated End-point electrical tests and parameters are performed per the
Operating Temperature applicable device specification.
7 | Functional Testsat25°C 116/0 116/0 Table 7. Group D Quality Tests (Package Related)
8A | Functional Tests at 116/0 116/0 -
Maximum Temperature Quantity/Accept #
or LTPD
8B | Functional Tests at 116/0 116/0 Sub- - K
Minimum Temperature group Description Components | Modules!
9 A o 1 1 1 Physical Dimensions, 15/0 15/0
Sthchfng Tests at 25°C 16/0 116/0 Mothod 2016
10 ﬁg;fggﬁsgjpagmm 116/0 116/0 2 | Lead Integrity, Seal: 45/008] 15/0
Fine and Gross Leak,
11 Switching Tests at 116/0 116/0 Method 2004 and 1014
Minimum Temperature

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

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

(continued)
Quantity/Accept #
Sub- or LTPD
group Description Components | Modules!10]
5 Salt Atmosphere, 15/0 15/0
Seal: Fine & Gross Leak,
Visual Examination,
Methods 1009 & 1014
6 Internal Water-Vapor 3(0) or 5(1) N/A
Content; 5000 ppm
maximum @ 100°C.
Method 1018
7 Adhesion of Lead 15/0 15/0
Finish,[11]
Method 2025
8 Lid Torque, 5(0) N/A
Method 2024(12]
Notes:

10. Does not apply to leadless chip carriers.
11. Based on the number of leads.
12. Applies only to packages with glass seals.

Group D tests for all Military Grade products are performed per
MIL-1-38535/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

e Screened to either Level 1 or Level 2 product assurance flows
e Hermetic and molded packages available
e 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
o Electrically tested to Cypress data sheet

Ordering Information

Product Assurance Grade: Level 1

e Order Standard Cypress part number

e Parts marked the same as ordered part number
Ex: CY7C122-15PC, PALC22V10-25PI

Product Assurance Grade: Level 2

e 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, PALC22V10-25PIB

Military Grade Product

e SMD and Military Grade components are manufactured in
compliance with paragraph 1.2.1 of MIL-STD-883. Com-
pliant products are identified by an ‘MB’ suffix on the part

number (CY7C122-25DMB) and the letter “C”

QML/JAN 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
o All devices supplied in hermetic packages

e 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:

e Order per military document
e Marked per military document

Ex: JM38510/28901BVA
SMD Product:

o Order per military document

e 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

o Military Temperature Grade Modules are designated with an
‘M’ suffix only. These modules are screened to standard com-

bined flows and tested at both military temperature extremes.
MIL-STD-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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Product Quality Assurance Flow—Components

PROCESS v

INCOMING MATERIALS I:I]
INSPECTION

DIFFUSION/ION
IMPLANTATION Ezl
OXIDATION EZ

PHOTOLITHOGRAPHY Ej
/ETCHING

METALIZATION EB

PASSIVATION

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.

QC VISUAL OF <>.1
WAFERS
E-TEST Electrical test is performed for final process electrical characteristics on every
wafer.
QC MONITOR OF Weekly review of all data trends; running averages, minimums, maximums,
E-TEST DATA etc. are reviewed with the process control manager.
WAFER PROBE/SORT Verify functionality, electrical characteristics, stress test devices.
QC CHECK PROBING Pass/fail lot based on yield and correct probe placement.
AND ELECTRICAL
TEST RESULTS
TO ASSEMBLY
AND TEST

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

l COMMERCIAL AND INDUSTRIAL PRODUCT I

PLASTIC HERMETIC
ASSEMBLY ASSEMBLY
FLOW FLOW

Wafer Prep/Mount/Saw g)

Inspect for accurate sawing of
scribeline and 100% saw-through

Eé' Die Visual Inspection Eﬂ

Inspect die per Cypress equivalent to
MIL-STD-883, Method 2010, condition B

,—O QC Visual Lot Acceptance O_
Sample inspect die; 1.0% AQL

O Die Attach O

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 I: ]
Low-power (30x) inspection of workmanship
MIL-STD-883, Method 2010, condition B

_Q QC Visual Lot Acceptance O_
Sample inspect lot to verify workmanship,
MIL-STD-883, Method 2010, condition B,
criteria; 0.4% AQL

Ezl . Die Coat O

Coating applied to selected products

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

PLASTIC HERMETIC

_O QC Visual Lot Acceptance for Die Coated Products O_

) Mold/Encapsulate Plastic Devices

M)

Seal Hermetic Devices ()

Periodic QC Monitor, Lid-Torque

Shear strength of glass-frit seal tested O—
to MIL-STD-883, Method 2024

Post Mold Cure
Per Cypress method for molding compound

@ Lead Trim/Form O
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) O
Prepare leads for solder dip, solder dip devices
and inspect for uniform solder coverage

QC Process Monitor [:I
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%)

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

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

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

PLASTIC HERMETIC
l OPTIONAL BURN-IN PROCESSING FOR LEVEL 2

<
E Pre-Burn-In Electrical Test

.
Burn-In
m m
D QC Monitor — Burn-In Documents/Results D
[
L]
X
O
L]
e

)

D Post-Burn-In Electricals
Per applicable device specification

.

.

.

' QC Inspection

' PDA verified within limits
L]

.

Final Electrical Test
100% test lot; static (DC), functional and switching (AC)
tests perfomed per applicable device specification

Final Device Marking

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

| QC LOT ACCEPTANCE |

External Visual Sample
Method 2009; 0.01% AQL

O &
-<> Electrical Sample Test O—
] [

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

(l) Pack/Ship Order (P
A

A
Key

Production Process

Test/Inspection

Production Process and Test Inspection

QC Sample Gate and Inspection

&rao
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Product Quality Assurance Flow—Components

Military Components

r 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

QC Visual Lot Acceptance
Sample inspect die; 1.0% AQL

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

QC Visual Lot Acceptance

<> Sample inspect lot per MIL-STD-883,
Method 2010, condition B, 0.4% AQL

Die Coat
Coating applied to selected products

QC Visual Lot Acceptance for Die Coated Products

CB Seal

Periodic QC Monitor, Lid-Torque

_O Shear strength of glass
(continued)
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Product Quality Assurance Flow—Components (continued)
Military Components

Temperature Cycle
Method 1010, Cond C, 10 cycles

Constant Acceleration
Method 2001, Cond E, Y1 Orientation

Lead Trim
Lead trim when applicable

Lot ID
Mark assembly lot on devices

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

QC Process Monitor
Verify workmanship and lead finish coverage

External Visual Inspection
Method 2009

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

Burn-In
Method 1015, condition D

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

PDA Calculation
Method 5004, 5%

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

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

Lead Finish — Solder Dip
Solder dip applicable devices

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

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

Group B
Method 5005

Group A
Method 5005, per applicable device specification

Group Cand D

Method 5005, in accordance with
1.2.1 of MIL-STD-883; JAN devices
in accordance with MIL-1-38535

External Visual
Method 2009, 100% inspection

External Visual Sample
Method 2009, 0.01% AQL

TS EE"

Plant Clearance

Pack/Ship Order

Key

Production Process

Test/Inspection

Production Process and Test Inspection

QC Sample Gate and Inspection

&@go
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Product Quality Assurance Flow—Modules
v  Allincoming materials are inspected to documented
procedures covering the handling, inspection, storage,
inspection 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.

MILITARY

Incoming materials

COMMERCIAL

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

Component Placement
Robotic and/or manual per detailed specification

Solder Reflow
Microprocessor controlled infrared reflow oven

Data logging

(optional)

Clean C )

Flux removal by vapor phase
per detailed specification

—O AQL visual Inspect 100% visual

. Double-Sided Assembly
2-sided Repeatprocessforside2 | ~ £%IC€q)

¢

Y

O Solder paste deposition

1-sided

1-sided Componentplacement

Q
(o] o]
O Solder reflow O
Q Q

Clean

.
--------<> AQLvisual nspect 100%visua|<>--------

Lead Trim

Electrical Test

80°C 100%
(Pre-burn-intest)

(continued)
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QC Inspection :
PDA verified within limits '
L}

]

Product Quality Assurance Flow—Modules (continued)

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

Burn-In
Method 1015

QC Monitor — Burn-In Documents/
Results

Post-Burn-In Electricals
Per applicable device specification

000

Final Electrical Test I::l
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

Production Process

“Test/Inspection

Production Process and Test Inspection

QC Sample gate and inspection

&rOo
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Reliability Monitor Program

The Reliability Monitor Program is a documented Cypress proce-
dure thatis described in Cypress specification #25-00008, whichis
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

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

Devices Tested # per
Stress Quarter
HTOL | Tech. — Fab. 6
All High Volume 2
HAST Tech. — Fab. 6
All High Volume 2
PCT Plastic Packages 4
TC Tech. — Fab. 6
Plastic Packages 3
Ceramic Packages 5
All High Volume 2
DRET FAMOS - San Jose and Texas 2
HTSSL | All Technologies 4
TEV All Technologies 4
Total 46
Reliability Monitor Test Conditions
Sample Read Points
Test Abbrev. Temp. (°C) | R.H. (%) Bias Size LTPD (hrs.)
High-Temperature HTOL +150 N/A 5.75V Dynamic 116 2 48, 168, 500,
Operating Life 1000
High-Temperature 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 PCT +121 100 N/A 76 96, 168
Highly Accelerated Stress | HAST +140 85 5.5V Static 76 128
Test
Temperature Cycling 1 TC —40 to N/A N/A 76 3 500, 1000 Cycles
+125°C
Temperature Cycling 2 TC2 —65 to N/A N/A 45 5 300, 1000 Cycles
+150°C
Temperature Extreme TEV Commercial N/A N/A 116 2 N/A
Verification Hot & Cold
0to +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™ devices is
partof acontinuous process to insure long-
termreliability 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 0.65-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 oxideviabetweenthefirstand

CYPRESS

pASIC380
Family

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
lowtemperature and causesnochangeto
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 ( 5 GQ) to a
low-resistance state (=50Q) 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 I).

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 amorphous silicon film is approxi-
mately 1000A. 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-

Reliability Report

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, Ay, can be written as

= exp[~Eok(UTy - UTy)]  Eq. 1
where T is the stress temperature, T, isthe
operating temperature of the device, E, is
the activation energy for that mechanism,
and k is the Boltzmann constant.

In Table 1,

tsop = the mean time to failure,

E = electric field,

E, = activation energy,

k = Boltzmann constant
(8.62x 1075 eV/°K),

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.

Figure 1. Cross Section of a ViaLink Antifuse

ViaLink and pASIC are trademarks of QuickLogic Corp.
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Table 1. Failure Mechanisms That May Be Operative in pASIC380 Devices

Failure Mechanism

ts0 Dependence

Activation Energy (E,)

Detection Tests

Insulator breakdown
(leakage, opens)

exp(—P/E) value of § depends
on the dielectric and may be
temperature dependent

Approx. 0.3 eV for SiO,
and dependent on E

High-voltage operating life test
(HTOL)

Parameter shifts due to con- exp(E4/kT) (Arrhenius) 1.0eV High-temperature bias

tamination (such as Na)

Silicon defects (leakage, etc.) | Arrhenius 0.5eV High-voltage and guard-
banded tests

Metal line opens from electro- | Wt exp(E,/kT) Approx. 0.7 eV for Al+Cu | HTOL

migration i alloys

Masking and assembly defects

exp(E4/kT) (Arrhenius)

0.5eV

High-temperature storage and
HTOL

Shorts channel charge trapping
(VT and gp, shifts)

gm = exp(—AE)

Approx. —0.06 eV

Low-temperature, high-voltage
operating life test

Stress-induced open metal (op- | W™tP exp (Eo/kT) 0.6to1.4eV Temperature cycling

erative only on non-clad metal | (m and p range from 1.3 to 4.7)

systems)

Open metal from electrolytic | (%RH)~*3 exp(Ey/kT) 0.3 t0 0.6 High-temperature/

corrosion high-humidity/bias test

Wire bond failure from 1/(Dt)}2 where 0.7eV HTOL

excessive gold-aluminum D = Dyexp(Eo/kT)

interdiffusion

Parameter shifts due to con- Arrhenius 1.0eV High temp. bias

tamination (such as Na)

Plastic Chemistry of the pack- | Arrhenius 1.0eV High temp./high humidity/bias
age test

Polarization in the thin film Arrhenius 1.0eV High temp./high humidity/bias
layers test

Microcrack in oxides and thin | Arrhenius 13eV HTOL/Temp. Cycling

films

Unprogrammed ViaLink exp(—BE) 0eV High V¢ static life test
Programmed ViaLink exp(—PJ) 0eV Low-temperature operating

life test

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 7able 2 is 19 FITs 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.

Standard CMOS Tests and Results

HTOL is the life test that operates the device at a high V¢ 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 0.7 €V and an operating temperature of 55°C.
The observed failure rate in FITs is

Failure Rate = (failures) X (10° device-hrs)

(total equivalent device-hrs) Eq. 2
The generally reported failure rate is a 60% confidence level of the
observed FITs. The failure rate at this confidence levelis 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,for55°CandE, = 0.7¢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

6—17
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customers. The failure in the 7C382 was due to particle atviaetch.  There were no failures during the first 500 hrs of life test. The
The particles have been significantly reduced as part of an ongoing  pASIC380 does not have an early life failure problem.

quality andyield improvement. The observed failure rate is 14 FITs

and the failure rate at a 60% confidence levels is 19 FITS.

Table 2. Results of Accelerated Life Tests on the pASIC380

Process Qual. Acceptance
Test Requirements Test Results
HTOL, 1,000 hrs, 125°C, Ve = 5.5V, <100 FITs @ 55°C, E, = 0.7 ¢V, 60% | 3 failures, 14 observed FITs, 19 FITs
MIL-STD-883C, Method 1005 confidence at z; 60% confidence, 2778 units from
41 lots

High-temperature storage, 1,000 hrs., 150°C, | LTPD=5% 0% failures, 210 units from 6 lots

unbiased

THB, 1,000 hrs., alternately biased, 85% R.H., | LTPD=5% 0.51% failures, 791 units from 26 lots

85°C, JEDEC STD 22-B, Method A101

or HAST 50 hrs 85% RH, 100°C, JEDEC

STD 22—-A110

Temperature cycle, 1,000 cycles, —65°C to LTPD=5% 0.12% failures, 854 units from 26 lots

150°C, MIL—-STD-883D, Method 1010

Thermal shock, 100 cycles, —65°C to 150°C, | <1% cumulative failures per test 0% failures, 854 units from 3 lots

883C, Method 1011

Pressure Pot, 168 hrs., 121°C, 2.0 atm., no bias | LTPD=5% 0% failures, 518 units from 26 lots

High Vc static life, 1,000 hrs., 25°C, Voc = <20 FITs due to unprogrammed 0 observed FIT, 675 units from 12

7.0V, static ViaLink element, A; = 130 lots

Low Temperature operating life, 1,000 hrs., <20 FITs due to programmed 0 observed FITs, 1605 units from 21

-55°C, Ve = 6.0V, 8-15 MHz ViaLink element, A = 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 Fab Lot Device Quantity 168 500 1,000

68PLCC 18362 7C382 100 0 0 0
68PLCC 19194 7C382 100 0 0 0
68PLCC 19618 7C382 100 0 0 0
68PLCC 20454 7C382 100 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 100 0 0 0
68PLCC 35421 7C382 100 0 0 0
68PLCC 34267 7C382A 100 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 100 0 0 1
84PLCC 20762 7C384 100 0 0 0
84PLCC 22164 7C384 100 0 0 1
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Table 3. Results of High-Temperature Operating Life Test (continued)
(Voo = 5.5V, Temp. = 125°C, f = 1 MHz)

Failures @ Hours
Package Fab Lot Device Quantity 168 500 1,000

84PLCC 23001 7C384 100 0 0 1
84PLCC 23093 7C384 36 0 0 0
84PLCC 22988 7C384 32 0 0 0
84PLCC 23091 7C384 38 0 0 0
84PLCC 35284 7C384 100 0 0 0
84PLCC 36935 7C384 100 0 0 0
84PLCC 36936 7C384 98 0 0 0
84PLCC 37448 7C384 65 0 0 0
84PLCC 37449 7C384 74 0 0 0
84PLCC 39068 7C384 54 0 0 0
84PLCC 40670 7C384 50 0 0 0
84PLCC 40672 7C384 50 0 0 0
84PLCC 1415570 7C384A 67 0 0 0
84PLCC 1418672 7C384A 73 0 0 0
84PLCC 1328491 TC385A 2 0 0 0
84PLCC 1337713 7C385A 22 0 0 0
84PLCC 1337739 7C385A 19 0 0 0
84PLCC 1407324 7C385A 20 0 0 0
84PLCC 1407325 7C385A 38 0 0 0
84PLCC 1413492 7C385A 6 0 0 0
84PLCC 5-6 7C385A 24 0 0 0
84PLCC 15-18 7C385A 46 0 0 0
84PLCC various 7C385A 9 0 0 0

TOTAL 2778 0 0 3

High-Temperature Storage

High-temperature storage test is a 150°C, 1,000-hour, unbiased  7Table 4 demonstrate the stability of the programmed and unpro-
bake. This test accelerates failures due to mobile charge, thermal —grammed ViaLink element and the long-term shelf life of
instabilities, and bond ball intermetallic formation. The resultsin ~ pASIC380.

Table 4. Results of High-Temperature Storage Test
(No Bias, Temp. = 150°C)

Failures @ Hours
Package Fab Lot Device Quantity 168 500 1,000

68PLCC 18362 7C382 35 0 0 0
68PLCC 19194 7C382 35 0 0 0
68PLCC 19390 7C382 35 0 0 0
68PLCC 34515 7C382 35 0 0 0
68PLCC 35421 7C382 35 0 0 0
68PLCC 35422 7C382 35 0 0 0

TOTAL 210 0 0 0
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Temperature, Humidity, and Bias (85/85)

The temperature, humidity, and bias test is performed under
severe environmental conditions. The device is exposed to a
temperature of 85°C and a relative humidity of 85% for 1,000
hours, while the pins are alternately biased between 0 and 5.5 volts
(JEDEC STD 22-B). An alternate temperature, humidity and
bias test is HAST, a Highly Accelerated Stress Test. This test is
similiar to the 85° C/85% relative humidy test except that the test is
done at 130°C and 85% relative humidity. The vapor pressure at
this test condition is 33.5 psia. The pins are bias alternativelyat 5.5
volts for 50 hours (JEDEC STD 22-A110). Some parts were
stressed more at a more stringent condition, 140°C for 128 hours.

These two testsare effective at detecting corrosion problems, while
also stressing the package and bonding wires. Table 5 shows that
the pASIC380 had three failures from the total 482 units in 85/85
and one failure in HAST. The first failure was an I failure caused
by a power supply surge. The second failure was a short due to a
particle under metal 2. The third failure was and Icc failure due to
the same improper test limit which caused a failure in HTOL. The
limit was corrected before units were shipped to customers. The
one HAST failure in the 7C384 was due to a metal short. The
ongoing quality and yield improvement effort has reduced the
defect level.

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

Failures @ Hours
Package Fab Lot Device Quantity 168 500 1,000
68PLCC 19194 7C382 100 0 0 0
68PLCC 19168 7C382 100 0 0 0
68PLCC 19454 7C382 100 0 0 0
68PLCC 34515 7C382 35 1 0 0
68PLCC 35421 7C382 35 1 0 0
68PLCC 35422 7C382 35 0 0 0
84PLCC 20762 7C384 29 0 0 0
84PLCC 23000 7C384 24 1 0 0
84PLCC 23001 7C384 24 0 0 0
TOTAL 482 3 0 0
(HAST, Temp. =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 partfrom —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

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)

Failures @ Cycles
Package Fab Lot Device Quantity 250 500 1,000

68PLCC 18362 7C382 35 0 0 0
68PLCC 19194 7C382 35 0 0 0
68PLCC 19618 7C382 35 0 0 0
68PLCC 34515 7C382 35 0 0 0
68PLCC 35421 7C382 35 0 0 0
68PLCC 35422 7C382 35 0 0 0
68PLCC 39017 7C382A 38 0 0 0
84PLCC 20762 7C384 29 0 0 0
84PLCC 22999 7C384 24 0 0 0
84PLCC 23000 7C384 24 0 0 0
84PLCC 39068 7C384 85 0 0 1
84PLCC 38980 7C384 37 0 0 0
84PLCC 38979 7C384 65 0 0 0
100TQFP 36934 7C382A 30 0 0 0
100TQFP 36128 TC382A 30 0 0 0
100TQFP 36129 7C382A 30 0 0 0
100TQFP 37447 7C384 30 0 0 0
100TQFP 37448 7C384 30 0 0 0
100TQFP 36936 7C384 30 0 0 0
84PLCC 1409378 TC384A 30 0 - 0
84PLCC 1417657 7C384A 31 0 - 0
84PLCC 1416600 7C385A 16 0 - 0
144TQFP 1342851 TC386A 25 0 - 0
144TQFP 1405263 7C386A 15 0 - 0
144TQFP 1351123 TC386A 15 0 - 0
144TQFP 1417657 7C386A 30 0 - 0

TOTAL 854 0 0 1

Thermal Shock Tests Table 7. Results of Thermal Shock Test

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.

(Liquid to Liquid, —65°C to 150°C, 68-Lead PLCC)

Failures @ Cycle
Fab Lot Quantity 100
18362 35
19194 35
19618 35
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Pressure Pot Tests

The pressure pot test is performed at 121°C at 2.0 atmospheres of
saturated steam with devices in an unbiased state. This test forces
moisture into the plastic package and tests for corrosion in the
bonding pads and wires that are not protected by passivation. Cor-

rosion can also occur in passivated areas where there are micro
cracks or poor step coverage. pASIC380 devices had no failures, as
shown in Table 8.

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

Failures @ Hours
Package Fab Lot Device Quantity 48 96 168

68PLCC 18362 7C382 35 0 0 0
68PLCC 19194 7C382 35 0 0 0
68PLCC 19390 7C382 35 0 0 0
68PLCC 34515 7C382 35 0 0 0
68PLCC 35421 7C382 35 0 0 1}
68PLCC 35422 7C382 35 0 0 0
84PLCC 20762 7C384 28 0 0 0
84PLCC 22999 7C384 25 0 0 0
84PLCC 23000 7C384 24 - - 0
100TQFP 36936 7C384 15 - - 0
100TQFP 37447 7C384 15 - - 0
100TQFP 37448 7C384 15 - - 0
68PLCC 1346945 7C382A 15 - - 0
68PLCC 1350096 7C382A 15 - - 0
68PLCC 1350104 7C382A 15 - - 0
84PLCC 1417657 7C385A 30 - - 0
84PLCC 1416600 7C385A 15 - - 0
84PLCC 1409360 7C385A 36 - - 0
84PLCC 1410389 7C385A 15 - - 0
84PLCC 1350093 7C385A 15 - - 0
84PLCC 1403209 7C385A 15 - - 0
84PLCC 1402177 7C385A 15 L - - 0
144TQFP 1342851 7C385A 15 - - 0
144TQFP 1405263 7C385A 15 - - 0
144TQFP 1351123 7C385A 15 - - 0
144TQFP 1417657 7C385A 30 - - 0

TOTAL 518 0 0 0

ViaLink Element Reliability Tests and Results

The ViaLink antifuse is a one-time programmable device. In the
unprogrammed state it has a resistance of greater than one gi-
gaohm and capacitance of less than one femtofarad.

The application of a programming voltage above a critical level
across the antifuse structure, causes the device toundergo a switch-
ingtransition 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

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-cm and is responsible for the low 50-ohm resistance thatis a
unique characteristic of the ViaLink antifuse.

Thelinkforms a permanent, bidirectional connectionbetween 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 towithstand 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.

140

The pASIC380 device is designed to operate with resistance of the
unprogrammed ViaLink element from 50 MQ to greater than 1
G 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
MQundervariousapplied electricfields at different temperatures.
The time required for the change is not accelerated by temperature
over the studied range of electric fields. The activation energy, E,,
for this process is zero.

Figure 5 shows the time required for a ViaLink element to reach 50
MQundervariouselectricfieldstresses. Arange of amorphoussili-
con thicknesses have been included in this chart. The data can be
modeled using the equation

tsoma = toexp(—BE) Eq.3
where the time to 50 MQ decreases exponentially with increasing
applied electric field. The constant tg is 3x101° seconds and the
field acceleration factor, B, is 20 cm/MV. The model is valid for
electric fields, E, below 1.5 MV/cm. Above this field, the amor-
phoussilicon antifuse programs. The electric field for 5.0 volt Ve
operation with a typical amorphous silicon thickness is 0.61 MV/
cm, which extrapolates tsgvg to 1.5x1010 seconds, or 500 years.
The time to 50 M for the worst-case amorphousssilicon thickness
and operating at worst-case Vc is in excess of 30 years.
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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 ICC of the 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 V¢ static life test. This test stresses the unpro-
grammed ViaLink element with a V¢ = 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
ineach 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 tsgp 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 7able 9 show thatno
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 V¢c 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 V¢ Static Life Test (continued)
(Vee = 7.0V Static, Temp. = 25°C)

Package Fab Lot Device Qty Total Hrs Failures Equiv. Dev. Hrs
68PLCC 33403 7C382A 100 1000 0 1.3E+07
68PLCC 34515 7C382A 36 6000 0 2.8E+07
68PLCC 35421 7C382A 34 6000 0 2.7E+07
68PLCC 35422 7C382A 36 6000 0 2.8E+07

TOTAL 675 0 2.2E+08
[ through the programmed ViaLink element. Thus, the number of
Vin @ 1 cycles to disturb can be modeled as
n Nso = Noexp(—PJ) Eq. 4
; where Ny = 7x104; cyclesis a constant, P = 1.2 cm?/mA is the cur-
rent density acceleration factor,and J is the peak AC current densi-
ty through the link.
ViN The pASIC380 is designed to operate at worst-case AC current
density of 35x106 A/cm?2. The Nsq for this condition is 4x1023
TIME cycles. The failure rate can be calculated using the cumulative den-
sity F(t),
F(t) = ¢ In [N/Nsp/o] Eq.5
| The failure distribution can be determined by plotting the data on
IN alognormal probabilityscale versus the log of the number of cycles
TIME to failure (see Figure 8). The shape parameter, 0, is In(N5¢/N16) =

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.

Inoperation, the programmed ViaLink elements are subjected to
capacitive switching current of the interconnect network. They do
not experience any DC current or voltage (see Figure 6). Each
switching pulse forces a capacitive charging current to flow
through programmed ViaLink elements into the network on the
rising edge, and an opposite, or discharging current, to flow on the
falling edge. Each cycle is analogous to a read pulse for a memory
device. A 10% change in resistance was set as the read disturb cri-
teria for the ViaLink element. The typical impedance of a network
isabout 500Q with the programmed ViaLink element contributing
50Q A 10% increase in the ViaLink resistance will increase the
network impedance by approximately 5€ 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, Nsq, for
25°C and 250°C were found to be identical. The absence of
temperature dependence indicates an E; = 0. Figure 7 shows the
acceleration of the read disturb at high AC current densities

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 S0MHz, ACcurrent througha 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 A/cm2. 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 A/cm? for 1.6x1016 read
cycles (equivalent to continuous operation at 50 MHz for 10years)
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 Ve =6.0 volts at 15SMHz for 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 40x10% A/cm? for 5.4x1013 cycles. The accel-
eration factor, calculated from Equation 4, is 380. This test is equiv-
alent to 2.0x1016 switching cycles, or continous operation under
worst case condition at 50 MHz for 12 years at the worst case den-
sity of 35x106 A/cmZ. 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. Test results in Table 9 show that there have been no fail-
ure of the programmed ViaLink.

The Low Temperature Operating Life test stresses the pro-
grammed ViaLinks at 40x10% A/cm? The acceleration factor for
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this test is 380. The results in Table 9 show no failure on pro-  The first was a metal one to metal two short. The other two devices
grammed ViaLink elements in over 110 million equivalent device  shorted when a power supply surged during the test.
hours. There were three failures unrelated to the ViaLink element.
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Table 10. Results of Low Temperature Operating Life Test
(Vcc = 6.0V, Dynamic, f =15 MHz, Temp=~55°C)
Failures @ Cycles
Package Fab Lot Device Quantity 250 500 1,000

68PLCC 34267 7C382A 100 0 1} 0
68PLCC 36128 7C382A 100 0 0 0
68PLCC 36129 7C382A 150 0 0 0
68PLCC 36934 7C382A 70 0 0 0
84PLCC 20762 7C384 100 0 0 0
84PLCC 22999 7C384 100 0 0 0
68PLCC 23001 7C384 100 1 0 0
84PLCC 36935 7C384 100 0 0 0
84PLCC 36936 7C384 100 2 0 0
84PLCC 38713 7C384 50 0 0 0
84PLCC 1323368 7C385A 4 0 0 0
84PLCC 1337713 7C385A 10 0 0 0
84PLCC 1337739 7C385A 20 0 0 0
84PLCC 1409353 7C385A 150 0 0 0
84PLCC 1409354 7C382A 150 0 0 0
84PLCC 1409390 7C382A 200 0 0 0
84PLCC 1409360 7C385A 40 0 0 0
84PLCC 1410389 7C385A 33 0 0 0
84PLCC 404333 7C385A 66 0 0 0
84PLCC 404788 7C385A 1 0 0 0

TOTAL 1604 3 0 0

Conclusion on Life Tests References

The testing reported here establishes the reliability of pASIC380.
No failures have been observed in 210 million equivalent device
hours14 FITs and the failure rate with a 60% confidence is 19 FITs
with no early life failures. The acceleration factors that canlead 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

1. Jim Nulty, et al, A High Reliability Metallization Systm for a
Double Metal 1.5 um CMOS Process, Proc. Fifth IEEE VMIS,
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2. Dipankar Pramanik, et al, 4 High Reliability Triple Metal pro-
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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 mW is not
included. There is no estimate of the power for the
number of columns and number of loads 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)

P(cells) = (% used)*Fay*(0.38) for 7C381/C382
(Figure 1)
P(cells) = (% used)*Fay™*(0.77) for 7C383/C384
(Figure 2)
P(cells) = (% used)*Fay*(1.54) for 7C385/C386
(Figure 3)

Where Fapy 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.

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.

S. Sum the individual powers for an estimate of the
total power.

Work Sheet
Toggle Rate Percent of Number
(MHz) Device of I/0s Factor Power (mW)

X 0.3

X 0.3

X X

X X

X X

X X

X X X X
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Example

CY7C380 Family Quick Power Calculator

A CY7C382 FPGA is to be used with the following

estimates:

e 321/Os are connected to a 40-MHz bus

(half are assumed to be changing at this rate on

the average).

e The remaining I/Os have a low duty cycle.

e 10% of the device is going to be toggling at the
40-MHz rate.

e 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.

Toggle Rate Percent of Number
(MHz) Device of 1/0s Factor Power (mW)

20 X 32 03 192

X 0.3
40 10 X X 150
10 60 X X 220

X X

X X
X X X X 562

Document #: PLD0009-0194



Moisture-Sensitive Devices Handling Information

Cypress Dry Bag Policy

Inorder toinsure against moisture damage, Cypress carries outdry
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) with caution labels similar to Figure
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 if it has been baked for 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 andsteep 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. The moisture trappedinsuch adevice vaporizesduringthe re-
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 resultisa
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.

Ineach 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
customersofthe seal date informationand the need forspecialhan-
dling precautions.

Dry-Packed Part Handling Procedures
Package Inspection

Uponreceiving 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 asealed 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 abagwithin its stated expiration period, the HIC dis-
play ahumiditylevel 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:

e Use the parts within 48 hours

e Reseal the devices in a MBB within 12 hours after baking with
fresh desiccant packs and HIC

o Store the devicesin a controlled cabinet withless than 20% RH.
Opening a Sealed Bag

When parts are ready to be used, open the MBB by cutting across
the top within one inch of the seal area. Use the dry parts following
the guideline under the factory-floor-life section to ensure they are
maintainedbelow critical moisture levels. Opened bags mustbe re-
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 dnd seal-
ing procedure must also be applied.

Factory Floor Life

Cypress recommends the maximum cumulative time that devices
canbe exposed tothe openairwithoutrequiringre-bake and result-
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
bagisre-opened after seal.) If the floor life is exceeded, it isrecom-
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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Moisture-Senstive Device

@H CAUTION

IS BAG CONTAINS MOISTURE SENSITIVE DEVICES
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.
OUTOFOVEN: __/ SEALED: /
BAG OPENED: / SEALED: /
BAG OPENED: / SEALED: /

Figure 1. Caution Label
Document #: 38—00501
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Thermal Man
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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

agement and
Reliability

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 I).

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 (—E,/kT)
where E, 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 03eV
Silicon Defects 03eV
Electromigration 0.6eV
Contact Metallurgy 09eV
Surface Charge 0.5-1.0eV
Slow Trapping 1.0eV
Plastic Chemistry 1.0eV
Polarization 1.0eV
Microcracks 13eV
Contamination 1.4 eV

To 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
1K SRAM CMOS devices in their respective plastic packaging
environments under standard operating conditions.

Table 2. Thermal Performance of Fast 1K SRAMs

in Plastic Packages
Cypress

Technology Bipolar | NMOS | CMOS
Device Number 93422 9122 7C122
Speed (ns) 30 25 25
Icc (mA) 150 110 60
Vee (V) 5.0 5.0 5.0
Ppmax (mW) 750 550 300
Package RTH (JA) (°C/W) 120 120 70
Junction Temperature (°C) 160 136 91
at Datasheet Pyax!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-eV activation energy failure mecha-
nism, this translates into an improvement in excess of two orders
of magnitude (100x) over the bipolar 93422 device, and more
than one order of magnitude (30x) 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.

Thermal Resistance (84, 05c)

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

Ty —Ta

P
and Oja physically represents the temperature differential be-
tween the die junction and the surrounding ambient at a power
dissipation of 1 watt.

O5a =

The junction temperature is given by the equation

Ty = Ta + P[05a] = Ta + P[B)c + Bcal

where
O5c = ——-———T“ —Tc and Oca = -————TC = Ta
Ta = Ambient temperature at which the device is operated;

Most common standard temperature of operation is room
temperature to 70°C.

Ty = Junction temperature of the IC chip.

Tc = Temperature of the case (package).

P = Power at which the device operates.

0jc= Junction-to-case thermal resistance. This is mainly a func-
tion of the thermal properties of the materials constituting
the package.

0ja= Junction-to-ambient thermal resistance. The junction-to-

ambient environment is a still-air environment.

Bca = Case-to-ambient thermal resistance. This is mainly depen-
dent on the surface area available for convection and radi-
ationand the ambientconditionsamongother factors. This
canbe 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

05¢ and B4 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 E?uipment and Materials Inter-
national) method SEMI G30-88(] states “heat sink” mounting
technique to be the “reference” method for 5¢ estimation of ce-
ramic packages. Accordingly, 8¢ of packages has been obtained
by applying the boundary conditions that correspond to the heat
sink mounted on the packages in the simulation.

For 034 evaluation, SEMI standard specification SEMI G38-87
suggests using a package-mounting arrangement that approxi-
mates the application environment. So, in evaluating the Oja,
package on-board configuration is assumed.

Notes:

1. Tambient = 70°C

2. ANSYS Finite Element Software User Guides

3. SDRC-IDEAS Pre and Post Processor User Guide

4. SEMI International Standards, Vol. 4, Packaging Handbook, 1989.
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Model Description

e One quarter of the package is mounted on a FR-4 PC board.

e Leads have been modeled as a continuous metallic plane, and
equivalent thermal f)roperties have been used to account for
the plastic (or the glass in the case of ceramic packages) that
fills the space between the leads.

e 1W power dissipation over the entire chip is assumed.

e 70°C ambient condition is considered.

Comparison of Simulation Data with Measured
Data

In the case of ceramic packages, it is not unusual to see signifi-
cant differences in Oyc values when a heat sink is used in the
place of fluid bath.I5] However, SEMI G30-88 test method rec-
ommends the heat sink configuration for 0yc evaluation.

0ja values from simulation compare within 12 percent of the
measured values. O34 values obtained from simulation seem to be
conservative with an accuracy of about +12 percent.

Measured values given in Table 3 used the Temperature Sensitive
Parameter method described in MIL STD 883C, method 1012.1.
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” G10 PC
board.

Table 3. 24-Lead Ceramic and Plastic DIPs

034 (°C
Cavity/PAD s CCW)
Package Size (mils) | Measured | Simulation | % Diff.
24LCDIPIOI | 170 x 270 64 67 5
24LPDIPT [ 160 x 210 72 82 12

Thermal Resistance of Packages with Forced
Convection Air Flow

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:

e For plastic packages:
— 200 LFM air flow can reduce 834 by 20 to 25%
— 500 LFM air flow can reduce 055 by 30 to 40%
e For ceramic packages:

Table 4. Factors for Estimating Thermal Resistance

Air Flow Rate Multiplication
Package Type (LFM) Factor
Plastic 200 0.77
Plastic 500 0.66
Ceramic 200 0.72
Ceramic 500 0.60
Example:

0;a for a plastic package in still air is given to be 80°C/W. Using
the multiplication factor from Table 4:

® 04 at 200 LFM is (80 x 0.77) = 61.6°C/W

® 054 at 500 LFM is (80 x 0.66) = 52.8°C/W

07, for a ceramic package in still air is given to be 70°C/W. Using
Table 4:

® 0ja at 200 LFM is (70 x 0.72) = 50.4°C/W

® 0ja 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 typical Cypress
integrated circuit chip sizes (upper boundary=5000 mils?, lower
boundary = 100,000 mils?) 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,J, 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
(20) and package width in inches (.3). If no decimal appears, the
reader must refer to the package diagrams.

Packaging Materials
Cypress plastic packages incorporate
e High thermal conductivity copper lead frame

e Molding compound with high thermal conductivity
e Gold bond wires

Cypress cerDIP packages incorporate

o High conductivity alumina substrates
— 200 LFM air flow ¢ by 0 . . . .
af w can reduce 654 by 25 to 30% o Silver-filled glass as die attach material

— 500 LFM air flow can reduce 054 by 35 to 45% o Alloy 42—lcad frame
If O34 for a package in still air (no air flow) is known, approxi- e Aluminum bond wires
mate values of thermal resistance at 200 LFM and 500 LFM can Silver-filled conductiv dic attach material
be estimated. For estimation, the factors given in Table 4 can be Hiver-ified conductive epoxy as die attach materia
used as a guideline.
Notes:
5. “Thermalresistance measurements and finite calculations forceramic 6. 24LCDIP = 24-lead cerDIP

hermetic packages.” James N. Sweet et. al., SEMI-Therm, 1990. 7. 24LPDIP = 24-lead plastic DIP
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Figure 2. Thermal Resistance of Cypress Plastic DIPs (Package type “P”)
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Figure 3. Thermal Resistance of Cypress Ceramic DIPs (Package type “D” and “W”)
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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 5. Plastic Surface Mount SOIC, SOJ(89]

Package Type Paddle Size Die Size Die Area O5c O5a
“S” and “V” (mil) LF Material (mil) (sq. mil) (°C/W) (°C/W still air)
16 140x 170 Copper 98 x 84 8,232 19.0 120
18 140 x 170 Copper 98 x 84 8,232 18.0 116
20 180 x 250 Copper 145 x 213 30,885 17.0 105
24 180 x 250 Copper 145 x 213 30,885 15.4 88
24 170 x 500 Copper 141 x 459 64,719 14.9 85
28 170 x 500 Copper 145x 213 30,885 16.7 84
28 170 x 500 Copper 141 x 459 64,719 14.4 80

Table 6. Plastic Quad Flatpacks

Package Type Paddle Size Die Size Oc O3
“N” LF Material (mil) (mil) (°C/W) (°C/W still air)
100 Copper 310x 310 235x235 17 51
144 Copper 310x 310 235x 235 18 41
160 Copper 310x 310 230 x 230 18 40
184 Copper 460 x 460 322x 311 15 38.5
208 Copper 400 x 400 290 x 320 16 39

Notes:

8. The data in Table 6 was simulated for SOIC packaging.
9. SOICs and SOJs have very similar thermal resistance characteristics.
The thermal resistance values given above apply to SOJ packages also.
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Table 7. Ceramic Quad Flatpacks

Package Type Cavity Size ; Die Size Die Area 03c O3
“H” and “Y” (mil) aterial (mil) (sq. mil) ) ° still air)

LF Material q (°C/W, C/W sti

28 250x 250 Alloy 42 123 x 162 19,926 9.2 96

28 250 x 250 Alloy 42 150 x 180 27,000 8.9 93

32 316x 317 Alloy 42 198 x 240 47,520 7.5 72

44 400 x 400 Alloy 42 310 x 250 77,500 59 55

52 400 x 400 Alloy 42 250x 310 77,500 59 55

68 400 x 400 Alloy 42 310 x 250 77,500 5.4 33

84 450 x 450 Alloy 42 310 x 250 77,500 5.4 29

Table 8. Cerpacks

Package Type Cavity Size Leadframe Die Size Die Area 03c Oja
“K” and “T” (mil) Material (mil) (sq. mil) (°C/wW) (°C/W still air)
16 140 x 200 Alloy 42 100x 118 11,800 10 107
18 140 x 200 Alloy 42 100x 118 11,800 10 104
20 180 x 265 Alloy 42 128 x 170 21,760 9 102
24 170 x 270 Alloy 42 128 x 170 21,760 10 102
28 210x 210 Alloy 42 150 x 180 27,000 9 98
32 210 x 550 Alloy 42 141 x 459 64,719 7 81

Table 9. Miscellaneous Packaging

Cavity Size Leadframe Die Size Die Area 03¢ 654
Package Type (mil) Material (mil) (sq. mil) (°C/W) (°C/W still air)
24 VDIPI10] 500 x 275 Alloy 42 145x 213 30,885 6 57
68 CPGAl!l] 350 x 350 Kovar Pins 323x273 88,179 3 28
Notes:
10. VDIP = “PV” package. 11. CPGA = “G” package.

Table 10. Die Sizes of Cypress Devices

Part Number Size (mil?) Part Number Size (mil?)
SRAMs CY7B134 76152
CY2147 10132 CY7B1342 76152
CY2148 9983 CY7B135 76152
CY2149 9983 CY7B138 76152
CY27LS03 4130 CY7B139 76152
CY27S03A 4130 CY7B144 76152
CY27S07A 4130 CY7B145 76152
CY6116 20007 CY7B160 27244
CY6116A 20007 CY7B161 27244
CY6117 20007 CY7B162 27244
CY6117A 20007 CY7B164 27244
CY745189 4130 CY7B166 27244
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Table 10. Die Sizes of Cypress Devices (continued)

Part Number Size (mil?) Part Number Size (mil?)
CY7B173 102200 CY7C171A 21228
CY7B174 102200 CY7C172 21228
CY7B180 54600 CY7C172A 21228
CY7B181 54600 CY7C183 65636
CY7B185 27244 CY7C184 65636
CY7B186 27244 CY7C185 30885
CY7B191 73152 CY7C186 30885
CY7B192 73152 CY7C187 30885
CY7B19%4 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
CY7C171 21228 CY7C268 29400
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Table 10. Die Sizes of Cypress Devices (continued)

Part Number Size (mil?) Part Number Size (mil?)
CY7C269 29400 PALC16R8 9700
CY7C271 38750 PALC22V10 19926
CY7C274 38750 PALC22V10B 13284
CY7C277 38750 PALC22V10D 12954
CY7C279 38750 PLD20G10C 18834
CY7C281 13900 PLDC18G8 7744
CY7C282 13900 PLDC20G10 19926
CY7C285 43875 PLDC20G10B 13284
CY7C286 43875 PLDC20RA10 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 CY7CA408A 16268
PLDs CY7C409A 16268
CY7C330 20088 CY7C420 41019
CY7C331 16536 CY7CA421 41019
CY7C332 19116 CY7C424 41019
CY7C335 23111 CY7C425 41019
CY7C341 136320 CYTCA28 41019
CY7C342 83475 CY7C429 41019
CY7C342B 49104 CY7C432 50040
CY7C343 43953 CY7CA33 50040
CY7C344 21977 CY7C439 47160
CY7C361 25872 CY7C441 44756
PAL16L8 13552 CY7C443 44756
PAL16R4 13552 CY7C451 44756
PAL16R6 13552 CY7C453 44756
PAL16R8 13552 CY7C460 89445
PAL22V10C 18834 CY7C462 89445
PAL22VP10C 18834 CY7C464 89445
PALCI16L8 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 I Size (mil?) Part Number | Size (mil?)
Logic ECL
CY2909A 7968 CY100E301L 14875
CY2910A 21750 CY100E302L 14875
CY2911A 7968 CY100E422 6960
CY7C2901 11800 CY100E474 10830
CY7C510 30704 CY100E494 29575
CY7C516 29000 CY10E301L 14875
CY7C517 29000 CY10E302L 14875
CY7C901 11800 CY10E422 6960
CY7C909 7968 CY10E474 10830
CY7C910 21750 CY10E494 29575
CY7C9101 36108 Bus Interface
CY7C911 7968 CY7C964 21460
VAC068 101060
VIC068A 103620
VIC64 103620

Document #: 38—00190
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‘Tape and Reel Specifications

o The seal of the cover ta(g)e to the carrier tape is uniform, with the
seal extending over 100% of the length of each pocket, on each

Surface-mounted devices are packaged in embossed tape and side.
wound onto reels for shipment in compliance with Electronics e The force to peel back the cover tape from the carrier tape shall

Description

Industries Association Standard EIA—481 Rev. A. be: 20 gms minimal, 70 gms nominal, 100 gms maximal, ata pull-
back speed of 300 + 10 mm/min.

Specifications Loading the Reel

Cover Tape

Empty pockets are not permitted between the first and last filled
e The cover tape may not extend past the edge of the carrier tapes pockets on the tape.

® The cover tape shall not cover any part of any sprocket hole. e gurace-mount devices are placed in the carrier tape with the
leads down, as shown in Figure 1.

SOIC Devices

\

TYPICAL

a Ve a D
d

A4
Fa

p
3

7
ﬂ/‘ﬂ HEE ﬁ,—n PLCC and LCC Devices

-
I~ A

H/T TYPICAL
A}
]
o000
DIRECTION OF FEED i g i _\
oo —0—o —o—
SOJ Devices TYPICAL Lt ‘\ l
AY
o E— PIN #1 TO BE ON CIRCULAR
D N A A DIRECTION OF FEED  qpROCKETHOLE SIDE OF TAPE
R A A A AR A A 40
\
DIRECTION OF FEED

Figure 1. Part Orientation in Carrier Tape
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Tape and Reel

Leaders and Trailers

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

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

o 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

Leadersand trailersare taped to tape and hubrespectively using
masking tape

Packaging

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

e Eachreelispackedinan anti-staticbag and then inits own
individual box.

e Labelsare placed on eachreel as shown in Figure 2. The inform-
ation on the label consists of a minimum of the following infor-
mation, which complies with EIA 556, “Shipping and Receiving
Transaction Bar Code Label Standard”:

- Barcoded Information:
Customer PO number
Quantity
Date code

— Human Readable Only:
Package count (number of reels per order)
Description
“Cypress—San Jose”
Cypress p/n
Cypress CS number (if applicable)
Customer p/n

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

Ordering Information

CY7Cxxx—yyzzz

XXX = part type

yy = speed

zzz = package, temperature, and options

SCT = soic, commercial temperature range

SIT = soic, inductrial temperature range

SCR = soic, commercial temperature plus burn-in
SIR = soic, industrial temperature plus burn-in

VCT = soj, commercial temperature range

VIT = soj, industrial temperature range

VCR = soj, commercial temperature plus burn-in
VIR = s0j, industrial temperature plus burn-in

JCT = plcc, commercial temperature range

JIT = plcc, industrial temperature range

JCR = plcc, commercial temperature range plus burn-in
JIR = plcc, industrial temperature range plus burn-in

Notes:

1. The Tor Rsuffixwill 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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Table 1. Parts Per Reel and Tape Specifications
Minimum Partial
Package Type 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
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Tape and Reel

- TOP COVER TAPE

EMBOSSED CARRIER
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Tape and Reel Shipping Medium
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Label Placement

Figure 2. Shipping Medium and Label Placement
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Thin Quad Flat Packs

44-Pin Plastic Thin Quad Flat Pack (TQFP) A44
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Thin Quad Flat Packs (continued)

100-Pin Plastic Thin Quad Flat Pack (TQFP) A100
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Package Diagrams

Thin Quad Flat Packs (continued)

144-Pin Plastic Thin Quad Flat Pack (TQFP) A144
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Thin Quad Flat Packs (continued)

160-Pin Plastic Thin Quad Flat Pack (TQFP) A160

160 MAX,
E 0.20 MAX.
2
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TYP. [\ o
12k
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SEATING i J 1. DIMENSIONS ARE IN MILLIMETERS.
PLANE R 008 MIN. 2. LEAD COPLANARITY 0.100 MAX.
3. PACKAGE WIDTH AND LENGTH (24.00£0,05)
o' 70 0.025 MAX.

DOES NOT INCLUDE MOLD PROTRUSION.
MAX, ALLOWABLE PROTRUSION IS 025 MM,
0.60£0.15 —= 4, LEAD WIDTH DOES NOT INCLUDE DAMBAR PROTRUSION.
_ - 100010 MAX, ALLOWABLE DAMBAR PROTRUSION
000, ABOVE LOWER RADIUS IS 0.08 MM,
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Package Diagrams

20-Pin (300-Mil) CerDIP D6
MIL~STD-1835 D-8 Config. A
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28-Pin (300-Mil) CerDIP D22

MIL-STD-1835 D—15 Config. A

PIN 1
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O o A A o o MIN,
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Ceramic Dual-In-Line Packages

24-Pin (300-Mil) CerDIP D14
MIL-STD-1835 D—-9 Config. A
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Ceramic Pin Grid Arrays

69-Pin Ceramic Grid Array (CPGA) (Cavity Up) G69
TP VIEW BOTTOM VIEW
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Ceramic Pin Grid Arrays (continued)

85-Pin Ceramic Grid (CPGA) (Cavity Up) Array G85

TOP VIEW BOTTOM VIEW
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Ceramic Pin Grid Arrays (continued)

INDEX MARK
PIN Al INDICATOR

Tap

160-Pm Ceramic Grid Array (CPGA) (Cavity Up) PGA G160
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o
1.840

INDEX MARK

1.880
PIN 1 LD.

DIMENSIONS IN INCHES

MIN.
MAX.

BOTTOM VIEW
1.700 BSC.

PEEEEEEEEOOOOOOEO®
oy JojolofololotolofolototototoY 1o
fofoYololofolclolsTotolototofotototo)
fotcTotoletotoTototetotototetotcot)
fogoTotol fogsToto)
I foTototo fofoYoto)
e |00 fog¥oto)
fofolotol fotooto)
L84 L 16060 PeOG| L7
1.880 _f__@@®® PEEE BSC.
00006 ofooto)
00O fofototol
fote3olo) fogoYoo)
fogootol fogoYoto)
fogsIofololololofolofololotoYotofot)
fooYogoletotelotoTotolctotoYotototo)
o} YololofolelotolofolotolototoY To)
®@®®®®@®??f?®®®®®®
.100

SEATING PLANE

o
=
I=)

:

-
B L

_C,
o
ol

M,

0165
ot DA

223 X

R
3la

070
145



)

Package Diagrams

54 CYPRESS

I

Ceramic Windowed J-Leaded Chip Carriers

28-Pin Windowed Leaded Chip Carrier (CLCC) H64
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Ceramic Windowed J-Leaded Chip Carriers (continued)

44-Pin Windowed Leaded Chip Carrier (CLCC) H67
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Ceramic Windowed J-Leaded Chip Carriers (continued)

68-Pin Windowed Leaded Chip Carrier (CLCC) H81
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Ceramic Windowed J-Leaded Chip Carriers (continued)

84-Pin Windowed Leaded Chip Carrier (CLCC) H84

400 DIA. LENS
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Plastic Leaded Chip Carriers

20-Pin Plastic Leaded Chip Carrier (PLCC) J61

PIN 1
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Plastic Leaded Chip Carriers (continued)

68-Pin Plastic Leaded Chip Carrier (PLCC) J81

DIMENSIONS IN INCHES MIN.
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Cerpacks

24-Pin Rectangular Cerpack K73
MIL-STD-1835 F—6 Config. A
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Ceramic Leadless Chip Carriers

20-Pin Square Leadless Chip Carrier (LCC) L61 28-Pin Square Leadless Chip Carrier (LCC) L64
MIL-STD-1835 C-2A MIL-STD-1835 C—4
929 045 PIN #1 7
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Package Diagrams
Plastic Quad Flat Packs
100-Pin Plastic Quad Flat Pack (PQFP) N100
— 3.40 MAX,
0.23 MAX.
== r 0.30£0.08
=1 o X
=5 )= o
= s
== o ™
= . o
= 0.65 R~
= TYP. o
= ip}
] 2.80£0.25
NOTES:
i STAND-OFF DIMENSIONS ARE IN MILLIMETERS.

R 013 MIN,

+015
0.88 -0.10

. 025 MIN.

 f

1

2. LEAD COPLANARITY 0.100 MAX

3. PACKAGE WIDTH (14.00£0.10> AND LENGTH (20.00+0.10>
DOES NOT INCLUDE MOLD PROTRUSION.
MAX. ALLOWABLE PROTRUSION IS 0.25 MM,

4, LEAD WIDTH DDES NOT INCLUDE DAMBAR PROTRUSION.
MAX. ALLOWABLE DAMBAR PROTRUSION ABOVE
LOWER RADIUS IS 0.08 MM,



Package Diagrams

Plastic Quad Flat Packs (continued)

160-Pin Plastic Quad Flat Pack (PQFP) N160

A AR AR AR ARARR AR AR
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—— L 650 TYP.
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R. .20 TYP.
SEATING PLANE % \
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DIMENSION IN mm
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Package Diagrams

Plastic Quad Flat Packs (continued)
208-Pin Plastic Quad Flat Pack N208
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Plastic Dual-In-Line Packages

20-Pin (300-Mil) Molded DIP P5

PIN 1
HHH’HHHH’HJHHFJHJHHH[
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24-Pin (300-Mil) Molded DIP P13/P13A
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28-Pin (300-Mil) Molded DIP P21
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Quarter Size Outline Packages
20-Pin Quarter Size Outline Package (QSOP) Q5
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Ceramic Windowed Leadless Chip Carriers

20-Pin Windowed Square Leadless Chip Carrier (LCC) Q61

28-Pin Windowed Leadless Chip Carrier (LCC) Q64
MIL-STD-1835 C—2A

MIL-STD-1835 C—-4

045
.05

-
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Ceramic Windowed Pin Grid Arrays

68-Pin Windowed Ceramic Pin Grid Array Ceramic R68
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Ceramic Windowed Pin Grid Arrays (continued)
84-Pin Windowed Ceramic Pin Grid Array (FPGA) R84
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Ceramic Quad Flat Packs
160-Pin Ceramic Quad Flat Pack (CQFP) in Molded Carrier Ring U160

39 X 0.650+0.025 = 25.350+0.100
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Ceramic Quad Flat Packs (continued)

160-Pin Ceramic Quad Flat Pack (CQFP) (Cavity Up) U162

DIMENSION IN MM (INCH>

PIN 1
0.650 (0256)
TYP,
0.300 <012
TYP.
28,00 +0.10
(1.102_+,004)
sQ.
3120 %0.25
(1.228 +010)
sQ.
SEATING PLANE
203 <080)
275 (110
.................................... . 015 #0.02
] (006 00D
0.050 ¢.002)
0500 .020) 051 £0.20
€020 +.008)
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Ceramic Windowed Dual-In-Line Packages

20-Pin (300-Mil) Windowed CerDIP W6
MIL-STD-1835 D—8 Config. A

150 Dia DIMENSIONS IN INCHES

LENS \,_\ PIN 1 i
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24-Pin (300-Mil) Windowed CerBIP W14
MIL-STD-1835 D-9 Config. A

PIN 1

175 DIA
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Ceramic Windowed Dual-In-Line Packages (continued)

28-Pin (300-Mil) Windowed CerDIP W22
MIL-STD-1835 D-15 Config. A

140 X .300 OR
140 X .400

GLASS LENS PIN 1
o i O o s o W e NS IN INCHES
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310
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!
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1485 | ﬂ% [‘ -320"
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// |
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Ceramic J-Leaded Chip Carriers

44-Pin Ceramic Leaded Chip Carrier (CLCC) Y67
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VIEW A
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Package Diagrams

Ceramic J-Leaded Chip Carriers (continued)

84-Pin Ceramic Leaded Chip Carrier (CLCC) Y84

nonnonoadnoaononan
l
|

|

DIMENSIONS IN INCHES
MIN.

MAX.

Sii=3

Typical Marking for DIP Packages (P and D Type)

CYPRESS
LOGO

PLACE OF MFG.

SEATING PLANE

.035
045

017

023
T T
026

032

DEVICE WITH

l/ SPEED, PACKAGE, AND TEMP RANGE

\J
N

W25 4 P

DATE CODE: MARK LOT CODE: ASSEMBLY CODE:
XXYY IDENTIFIES SPECIFIC MARK LOT IDENTIFIES THE SPECIFIC ASSEMBLY
XX = YEAR THE PRODUCT CAME FROM. LOT THE PRODUCT CAME FROM.

YY = WORK WEEK
WEEK PARTS WERE MARKED (FOR PLASTIC)
WEEK PARTS WERE SEALED (FOR HERMETIC)
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Sales Representatives and Distributors
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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) 9432741

IC Designs Division
12020—113th Ave. N.E.
Kirkland, WA 98034
(206) 821-9202

FAX: (206) 8208959

Alabama
Cypress Semiconductor
555 Sparkman Drive, Ste. 1218
Huntsville, AL 35816
(205) 721-9500
FAX: (205) 7210230

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) 2223800

FAX: (818) 222—-3810

Cypress Semiconductor

2 Venture Plaza, Suite 460
Trvine, 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 MIC 1A3
(416) 620—7276
FAX: (416) 6207279

Colorado
Cypress Semiconductor
4704 Harlan St., Suite 360
Denver, CO 80212
(303) 4334889
FAX: (303) 433—0398

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

Ilinois

Cypress Semiconductor

1530 E. Dundee Rd., Ste. 190
Palatine, IL 60067

(708) 9343144

FAX: (708) 934-7364

Maryland
Cypress Semiconductor
8850 Stanford Blvd., Suite 1600
Columbia, MD 21045
(410) 3122911
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) 8912655
FAX: (603) 8912676

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) 4633218
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

Two Neshaminy Interplex, Ste. 206

Trevose, PA 19053
(215) 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) 4184205
FAX: (512) 418—4201

Cypress Semiconductor
20405 SH 249, Ste. 215
Houston, TX 77070
(713) 370-0221

FAX: (713) 3700222
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Sales Répresentatives and Distributors

Domestic Sales Representatives

Alabama
Giesting & Associates
4835 University Square
Suite 15
Huntsville, AL 35816
(205) 830—4554
FAX: (205) 830—4699

Arizona
Thom 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

Technology Solutions Company
5525 Oakdale Ave., Suite 275
‘Woodland Hills, CA 91364
(818) 704—1693

FAX: (818) 7046165

Technology Solutions Company
10 Hughes, Suite A201

Irvine, CA 92718

(714) 707—-4565

FAX: (714) 707—-4510

Canada
bbd Electronics, Inc.
6685—1 Millcreek Dr.
Mississauga, Ontario L5SN 5MS5
(905) 821—7800
FAX: (905) 821—4541

bbd Electronics, Inc.

298 Lakeshore Rd., Ste. 203
Pointe Claire, Quebec HIS 4L3
(514) 697-0801

FAX: (514) 697-0277

bbd Electronics, Inc. — Ottawa
(613) 564—0014
FAX: (416) 8214092

bbd Electronics, Inc. — Winnipeg
(204) 942-2977
FAX: (416) 821—-4092

Western Canada
Microwe Electronics Corporation
Site #7, Box 40 R.R.1
Dewinton, Alberta, Canada TOL 0X0
(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) 4762405

Idaho
Sierra Technical Sales
10378 Fairview
Suite 246
Boise, ID 83704
(208) 3788981
FAX: (208) 378—-0228

Hlinois
Micro Sales Inc.
901 W. Hawthorn Drive
Itasca, IL 60143
(708) 285~1000
FAX: (708) 285—-1008

Indiana
Technology Mktg. Corp.
1526 East Greyhound Pass
Carmel, IN 46032
(317) 8448462
FAX: (317) 573~5472

Technology Mktg. Corp.
4630—10 W. Jefferson Blvd.
Ft. Wayne, IN 46804

(219) 432—-5553

FAX: (219) 4325555

Technology Marketing Corp.
1214 Appletree Lane
Kokomo, IN 46902

(317) 459-5152

FAX: (317) 457~3822

Iowa
Midwest Technical Sales
463 Northland Ave., N.E.
Suite 101
Cedar Rapids, IA 52402
(319) 377-1688
FAX: (319) 377-2029

Kansas
Midwest Technical Sales
13 Woodland Dr.
Augusta, KS 67010
(316) 775-2565
FAX: (316) 775-3577

Midwest Technical Sales
10,000 College Blvd.
Suite 240

Qverland Park, KS 66210
(913) 338—2400

FAX: (913) 3380404

Kentucky
Technology Marketing Corp.
100 Trade Street, Suite 1A
Lexington, KY 405101007
(606) 253—1808
FAX: (606) 253—-1662

Maryland
Tri-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
Techrep
2200 North Canton Center Rd.
Suite 110
Canton, MI 48187
(313) 9811950
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) 2088787
FAX: (314) 2089843

Nevada
TAARCOM
735 Sunrise Ave.
Suite 200—-4
Roseville, CA 95661
(916) 782-1776
FAX: (916) 782—-1786
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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

Thom Luke Sales
(719) 661—-8795
FAX: (602) 451-0172

New York

Reagan/Compar

815 Montrose Turnpike
Owego, NY 13827
(716) 2712230

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) 5368558

FAX: (704) 5368768

Ohio
KW Electronic Sales, Inc.
8514 North Main Street
Dayton, OH 45415
(513) 890-2150
FAX: (513) 8905408

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 Technical 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) 5718195
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



Sales Representatives and Distributors

¢

CYPRESS

International Direct Sales Offices

Cypress Semiconductor

International—Europe
Avenue Ernest Solvay, 7
B-1310 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

Biiro Nord

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. 5/B
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 K.K.
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-1232 Wien
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 A/S
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
73/79, Rue des Solets
Silic 585

94653 Rungis Cedex
Tel: (33) 149 78 49 00
FAX: (33) 149 78 05 99

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. AL8 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
Betiment B3

213, Rue Gerland

69007 Lyon

Tel: (33) 787279 42
FAX: (33) 78 7280 24

Arrow Electronics
Centreda

Avenue Didier Daurat
31700 Blagnac

Tel: (33) 61 1575 18
FAX: (33) 61300193

Arrow Electronics
Immeuble St. Christophe
Rue de la Frebardiere

Zi Sud Est

35135 Chantepie

Tel: (33) 99 41 70 44
FAX:(33)99501128

Newtek

Rue de LEsterel, 8, Silic 583
F-94663 Rungls 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
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Sales Representatives and Distributors

International Sales Representatives (continued)

Germany
AktiveRep Electronic GmbH
Kennedy Strasse 5
D~75438 Knittlingen, Germany
Tel: (49) 70—43-94 00 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
Tel: (49) 511-8764—0

FAX: (49) 511-8764—160

Metronik GmbH

Leonhardsweg 2, Postfach 1328
D~-82008 Unterhaching, Germany
Tel: (49) 89—61108—0

FAX: (49) 89—-6116468

Metronik GmbH
Liessauer Pfad 17
D-13503 Berlin, Germany
Tel: (49) 30—4361219
FAX: (49) 30—4315956

Metronik GmbH

Zum Lonnenhohl 38

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
Tel: (49) 341-4891413
FAX: (49) 341-4891424

Metronik GmbH

Pilotystrasse 27/29

D—90408 Niirnberg, Germany
Tel: (49) 911-363536

FAX: (49) 911-353986

Germany (continued)
Metronik GmbH
Carl Zeiss-Strasse 37
D—25451 Quickborn, Germany
Tel: (49) 41-06—77 30 50
FAX: (49) 41-06—-77 30 52

Metronik GmbH
Loewenstrasse 37

D~—70597 Stuttgart, Germany
Tel: (49) 711—764033

FAX: (49) 711-7655181

Metronik GmbH

Bahnstrasse 9

D—65205 Wiesbaden, Germany
Tel: (49) 611—70 20 83

FAX: (49) 611-70 28 86

SASCO-HED GmbH
Hermann-Oberth-Strasse 16
D—85640 Putzbrunn, Germany
Tel: (49) 89—-4611-211

FAX: (49) 89—4611-271

SASCO—~HED GmbH
Huttenstrasse 31
D-10552 Berlin, Germany
Tel: (49) 30—349-92 40
FAX: (49) 30—349-52 36

SASCO~HED GmbH
Beratgerstr. 36

D—44149 Dortmund, Germany
Tel: (49) 231-17 97 91

FAX: (49) 231-1729 91

SASCO-HED GmbH

Hainer Weg 48

D~-60599 Frankfurt, Germany
Tel: (49) 69—-61 03 91

FAX: (49) 69—-61 88 24

SASCO~HED GmbH
Europaallee 3

D-22850 Norderstedt, Germany
Tel: (49) 4052~320 13

FAX: (49) 4052-323 78

SASCO-HED GmbH
Stafflenbergstrasse 21
D~70184 Stuttgart, Germany
Tel: (49) 711-21 07 10

FAX: (49) 711-23 3963

SASCO-HED GmbH

Am Gansacker 26

D~—79224 Umkirch bei Freiburg
Germany

Tel: (49) 7665—70 18

FAX: (49) 7665—-87 78

Greece

Peter Caritato & Associates S.A.
31 Ilia Iliou

Athens 11743, Greece

Tel: (30) 1-9020—-115

FAX: (30) 1-9017-024

Hong Kong
Tekcomp Electronics, Ltd.
Rm. 913-914 Bank Centre
636, Nathan Road, Mongkok
Kowloon, Hong Kong
Tel: (852) 2—710—8121
Telex: 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
Tel: 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

Tel: (972) 3—544—2430

Telex: 33400 VITKO

FAX: (972) 3—544—2085

Italy

Silverstar Ltd. SPA
Viale Fulvio Testi, 280
20126 Milano, Italy
Tel: (39) 2 661251
Telex: 33 2189 SIL 71
FAX: (39) 2 66101359

CED Italy

Via Milano 22/24

20083 Bonirola di Gaggiano (MI)
Italy

Tel: (39) 2 908091

FAX: (39) 2 9081424

ECC Electronica S.PA.
Via C. Goldoni 29

20090 Trezzano Sul Naviglo (Milano)

Italy
Tel: (39) 2 48401547
FAX: (39) 2 48401599
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Sales Representatives and Distributors

International Sales Representatives (continued)

Japan
Tomen Electronics Corp.
2-1-1 Uchisaiwai-cho, Chiyoda-ku
Tokyo, 100 Japan
Tel: (81) 3—3506—3673
Telex: 23548 TMELCA
FAX: (81) 3—3506—3497

Fuji Electronics Co., Ltd.
Ochanomizu Center Bldg.
3-2-12 Hongo, Bunkyo—ku
Tokyo, 113 Japan

Tel: (81) 3—3814—1416
Telex: 128603 FUJITRON
FAX: (81) 3—3814—1414

Ryoyo Electro Corporation
Konwa Bldg., 1-12-22 Tsukiji,
Chuo—ku, Tokyo 104 Japan
Tel: (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
Tel: (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

Tel: (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
Tel: (47) 22-50—06-50
FAX: (47) 22-50-27-77

Portugal
ATD Electronica S.A.
Quinta Grande Lote 20
Alfragide
2700 Amadora (Lisboa)
Portugal
Tel: (351) 1-4714182
FAX: (351) 14715886

Singapore
Electec PTE Ltd.
Block 50, Kallang Bahru
#04-21, Singapore 1233
Tel: (65) 294—8389
FAX: (65) 294—7623

South Africa

Electronic Bldg. Elements
PO. Box 912-1222

Silverton 0127

178 Erasmus St., Meyers Park
Pretoria 0184, South Africa
Tel: (27) 12 8038294

FAX: (27) 12 803~-7680

Spain
ATD Electronica S.A.
Albasanz, 75
28037 Madrid, Spain
Tel: (34) 1-304-1534
FAX: (34) 1-327-2778

ATD Electronica S.A.
Conchita Suprevia 9
08028 Barcelona, Spain
Tel: (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
Tel: (46) 8—761—73-00
FAX: (46) 8—760—46—69

Switzerland
Basix fiir Elektronik A. G.
Hardturmstrasse 181
CH-8010 Zurich, Switzerland
Tel: (41) 1-276—-11-11
Telex: 822762 BAEZ CH
FAX: (41) 1-276—14-48

Taiwan R.O.C.

Prospect Technology Corp.
SE, No. 348, Section 7
Cheng-Teh Rd.

Taipei, Taiwan

Tel: (886) 2—820—5353
Telex: 14391 PROSTECH
FAX: (886) 2—820-5731

Prospect Warehouse:
#5, Lane 55
Long—Chang Road
Taipei, Taiwan

Turkey
Inter Electronik Sanayi ve Ticaret A.S.
Kadlkoy Hasircibasi Caddesi no. 55
81310 Istanbul
Turkey
Tel: (0216) 349—94—00
Telex: 29245 Inmd 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, OX9 3XD

Tel: (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 OLF, UK.
Tel: (44) 234 270272

FAX: (44) 234 214674

Pronto Electronic System Ltd.
City Gate House

Eastern Avenue, 399—425
Gants Hill, Iiford,

Essex, U. K. IG2 6LR

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, U.K. OX6 0DX

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, CT 06484
(203) 9260087
FAX: (203) 926~1850

Minneapolis, MN 55036
(612) 471-0076
FAX: (612) 4717861

Huntington, NY 11743
(516) 673—1930
FAX: (516) 673—~1934

Dayton, OH 45459
(513) 433-7700
FAX: (513) 433-3147

Sales Representatives and Distributors

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) 7684444

Rocklin, CA 95677
(916) 6249744

San Jose, CA 95131
(408) 4531200

San Diego, CA 92121
(619) 453—9005

Englewood, CO 80112
(303) 790—4500

Waterbury, CT 06705
(203) 575-1575

Altamonte Springs, FL 32701
(407) 831-0007

Fort Lauderdale, FL 33309
(305) 484—0990

Duluth, GA 30136
(404) 9313900

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) 6431114

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 L5T 1IMA
(416) 670—7769

Dorval, Quebec H9P 2T5
(514) 421-7411

Neapean, Ontario K2E TW5
(613) 226—6903

Quebec City, Quebec G2E SRN
(418) 871-7500

Burnaby, British Columbia V5A 4T8

(604) 4212333

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) 2992071

Kansas
Lenexa, KS 66214
(913) 5419542

Maryland
Columbia, MD 21046
(410) 596—7800

Gathersburg, MD
(301) 5967800
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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) 2277880

New York
Rochester, NY 14623
(716) 427—0300

Hauppauge, NY 11788
(516) 2311000

North Carolina
Raleigh, NC 27604
(919) 876—3132

Ohio
Centerville, OH 45458
(513) 435-5563

Solon, OH 44139
(216) 248-3990

Oklahoma
Tulsa, OK 74146
(918) 252—-7537

Oregon
Beaverton, OR 97006—-7312
(503) 629—8090

Pennsylvania
Pittsburgh, PA 15238
(412) 963—6807

Texas
Austin, TX 78758
(512) 835—4180

Carrollton, TX 75006
(214) 380—-6464

Houston, TX 77099
(713) 530—4700

Washington
Bellevue, WA 98007
(206) 643—-9992

Wisconsin
Brookfield, WI 53045
(414) 792-0150

Sales Representatives and Distributors

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) 4698186

Bell Microproducts:

Trvine, 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) 9333236

Clifton, NJ 07013
(201) 777-4100

Smithtown, NY 11787
(516) 5432000

Ambler, PA 19002
(215) 540—4148

Austin, TX 78759
(512) 258—-0725

Richardson, TX 75081
(214) 783—-4191

Chantilly, VA 22021
(703) 8031020

Redmond, WA 98052
(206) 861—7510
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Sales Representatives and Distributors

Distributors (continued)

Marshall Industries:
Alabama
Huntsville, AL 35801
(205) 881-9235

Arizona
Phoenix, AZ 85044
(602) 496—0290

California

Marshall Industries, Corp. Headquarters

El Monte, CA 917313004
(818) 307-6000

Irvine, CA 92718
(714) 458—5301

Calabasas, CA 91302
(818) 878~7000

Rancho Cordova, CA 95670
(916) 635-9700
San Diego, CA 92123
(619) 627-4140
Milpitas, CA 95035
(408) 942~-4600

Canada
Mississauga, Ontario L4V 1X5
(416) 458—8046
Pointe Claire, Quebec H9R 5P9
(514) 6948142

Colorado
Colorado Springs, CO 80915
(719) 5730904

Thornton, CO 80241
(303) 4518383

Connecticut
Wallingford, CT 06492—0200
(203) 265—3822

Florida
Ft. Lauderdale, FL 33309
(305) 977—-4880

Florida (continued)
Altamonte Springs, FL 32701
(407) 767—8585

St. Petersburg, FL 33716
(813) 573—-1399

Georgia
Norcross, GA 30093
(404) 923-5750

INinois
Schaumbrug, IL 60173
(708) 490—0155

Indiana
Carmel, IN 46032
(317) 4316554

Kansas
Lenexa, KS 66214
(913) 492—-3121

Maryland
Columbia, MD 21046
(410) 880—3030

Massachusetts
‘Wilmington, MA 01887
(508) 658—0810

Michigan
Livonia, MI 48150
(313) 5255850

Minnesota
Plymouth, MN 55447
(612) 559-2211

Missouri
Bridgeton, MO 63044
(314) 291-4650

New Jersey
Fairfield, NJ 07006
(201) 882—-0320

Mt. Laurel, NJ 08054
(609) 234—9100

New York
Endicott, NY 13760
(607) 785—2345

Rochester, NY 14624
(716) 2357620

Ronkonkoma, NY 11779
(516) 737—-9300

North Carolina
Raleigh, NC 27604
(919) 878—-9882

Ohio
Solon, OH 44139
(216) 2481788

Dayton, OH 45414
(513) 898—4480

Oregon
Beaverton, OR 97005
(503) 644—5050

Pennsylvania
Mt. Laurel, NJ 08054
(609) 234—-9100

Texas
Austin, TX 78754
(512) 837—-1991

Richardson, TX 75081
(214) 705—-0600

Houston, TX 77043
(713) 467—-1666

Utah
Salt Lake City, UT 84119
(801) 973-2288

Washington
Bothell, WA 98011
(206) 486—5747

Wisconsin
‘Waukesha, WI 53186
(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 HIR 427
(514) 694—0860
1-800—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
1-800—663—8956
FAX: (604) 4513445

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
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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



