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User-Configurable Product Applications

The new WSI user-configurable product families are expanding the range of choices for today’s system designers
who prefer to use low risk off-the-shelf products during the system prototyping and production stage. The Micro-
programmable Controller PAC™ family provides high performance system solutions in a variety of applications
ranging from the interface of a microprocessor to a high-speed system, fast stand-alone system controllers, high-
speed graphics processors or replacement of bit-slice engines. The PAC™ family is ideal for applications such as
address generation (both for instruction and data requirements), bus interface and control, fast arithmetic element
controllers and DSP algorithm controllers.

THE WSPAC116 PROGRAMMABLE CONTROLLER

The first product in the PAC™ family is the WSPAC116, a single chip 20 MHz programmable controller that consists
of a peripheral interface, 1K x 64 program store EPROM, a 16-bit instruction/data port, a 16-bit ALU, eight general
purpose individually programmed 1/Os, up to 4M words of addressing capability, eight high-speed program test condi-
tions and four interrupts. The following provides information on the PAC™ controller architecture, features and
capabilities. Please refer to the WSPAC116 product data sheet for detailed parameters or contact your WSI sales
representative for additional information.

5910 SEQUENCER
WITH 15 DEEP STACK
INTERRUPT & CONDITION MICROPROCESSOR
8 x 1K x 8 REGISTERED PROM LOGIC/AUX (PLDS/TTL) INTERFACE
wsi
@ PAC™
CIRCUIT
MICROCODE STORE FIFOS/TTL
59016 ALU WITH
32 x 16 DUAL PORT 810
RAM (TTL)
DATA MUX & BUFFERS (TTL) 2 x 16 BIT UP/DOWN COUNTERS

THE WSI WSPAC116 CIRCUIT REPLACES A PC BOARD WITH THE ABOVE COMPONENTS

USER BENEFITS

* 100% faster than conventional microprocessor implementation
® 20 MHz clock operation (50 nsec cycle times)

¢ Military operation rated at 15 MHz (75 nsec cycle times)

e 50-to-1 PC parts count reduction

® 20x less power

® 5x lower cost
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WSPAC116 CONFIGURATION

CC TEST

4*"00
8

wreRRUPTS 7 ) /" >w
4 8
MEMORY/ADDRESS <I> WSPACT16 <I> ADD/DATA
6 16
MEMORY DATA w O :j:> CONTROL
16 16

cS —
RD ————
WR ———————»
RESET ——————

CCLK ——

5+GND

WSPAC116 FEATURES

* Dual mode of operation
— Stand-alone controller
— Microprocessor peripheral interface
— 16-bit microprocessor interface
— 8 word instruction/data queue

e Very high performance for real time control
— 20 MHz instruction execution rate (single instruction per cycle)
— 20 MHz output port and address bus

e Advanced 16-bit controller architecture
— 59016A 16-bit ALU
— 59010M 12-bit sequencer with 15 deep stack
— 32 x 16 register file
— 22-bit memory address bus
— Interrupt controller

e High performance reprogrammable memory
— 1K x 64 EPROM

e Dual I/O ports
— 16 real time control output lines
— 8 bidirectional /O port

¢ High level program development tools
— Macro assembler with “C” like syntax
— Functional simulator
— Memory programmer
— Debug facilities
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WSPAC116 FUNCTIONAL BLOCK DIAGRAM

e ah o
[7] o n w
| IB] &
RESET—» 8] | al g
CLOCK —> -
r HOST INTERFACE I
CASE | 8 x 22 FIFO | L—»l SWAP I
s MUX
o
S <
Q
g — W
: SERIAL
SbMux ADMUX INJOUT
REEN |
INTERRUPT |_| SEQUENCER BREAKPOINT Le| 32x 16 SERIAL
B LOGIC (5910Mm) REGISTER DUAL PORT > PORT
& 15 DEEP REGISTER ]
= FILE
g | | STACK
MULTIWAY
BRANCH
v 16 BIT
BREAKPOINT \/ — BLock
SINGLE STEP
CONDITION .,__T ALY COUNTER
CODES (59016A),
T T 1K x 64 _ .| CONFIGURATION
¢ , EPROM REGISTERS <]
i 4l w AYMUX ;
w| Q| 2
ol £| o
SCAN IN g Elo 22 BIT
SCAN SEL SCAN 9|8 ADDRESS
SCAN CLK REGISTER ] COUNTER
SCAN OUT
l RN
PIPELINE REGISTER
> ReGisTER > 110 PoRT > ADDRESS
|_FLAG BUS I
F (15:0) 110 (7:0) ADD (15:0)
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MICROPROCESSOR
* 80286
* 80386
* 68020

INTERRUPT

ADDRESS BUS

MEMORY

DATA BUS

HANDSHAKE

SIGNALS

110

PAC™

CONTROL
FAST SYSTEMS
* BUSSES
* GRAPHICS
STATUS * ETC.

LOW SPEED CONTROL

HIGH SPEED CONTROL

PAC™ PRODUCT DELIVERS REAL TIME, HIGH-SPEED CONTROL

* Application program stored in the 1K x 64 on-board EPROM

¢ Standard peripheral interface link between host microprocessor and PAC™ product
e PAC™ product executes the application program, controls and monitors the fast system and generates

* Handshake protocol between the host and the PAC™ circuit is done through the 8-bit I/O port

addresses to memory in real time

MICROPROCESSOR

SYSTEM

ADDRESS (Ag5) >

ADDRESS DECODING

DATA (Dg_y5) )

IEIEIEA

INTERRUPT

HOLD

HLBA

cs
RD
WR
110,
10,
cL,

WSPAC116

ADDRESS/DATA TO SLAVE
INPUT/OUTPUT

< CCy;
< INT (0:3)

CONDITION CODES

INTERRUPTS

WSPAC116 PROVIDES A STRAIGHT-FORWARD BUS INTERFACE TO MICROPROCESSOR

Simple host connections
Interfaces like a peripheral
16-bit data bus for data and command transfer to WSPAC116
6-bit address bus for accessing internal WSPAC116 resources
Standard CS, RD, and WR controls
Handshake performed through 1/O ports
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cs
ADDRI
__D ESS ADDRESS RAM
WR WA
OE DATA
MICROPROCESSOR RD 16 1
SYSTEMS
DATA
16
6
CONTROL
FLOATING POINT
BUS REQ. PROCESSOR
* WEITEK
BUS ACK. WwsPAct1s e AMD
Tl
INTR. REQ. STATUS * AD
INTR. ACK. T

PAC™ CIRCUIT EXTENDS THE NUMBER CRUNCHING CAPABILITIES OF HIGH-SPEED

FLOATING-POINT PROCESSOR SYSTEMS

* Direct floating-point unit interface from WSPAC116
¢ Peripheral interface to microprocessor
* Direct access to memory for data loading/storing from/to floating-point processor
* Matrix multiplication of 4 x 4 matrices with data access in 4 usec

MICROPROCESSOR
SYSTEMS

ADDRESS

WR

16

RD

cs

ADDRESS
WR

RAM

OE DATA

o

DATA

BUS REQ.

A6

l-16

BUS ACK.

INTR. REQ.

INTR. ACK.

WSPAC116

T [

|_CONTROL 9

BR, BBSY, BERR
WRITE, LWORD, IACK
DS,, DS,

BUS GRANT, AS, DTACK, BERR

PN

VME
BUS

PAC™ INTERFACES A HOST MICROPROCESSOR TO A HIGH-SPEED BUS

e Performs bus protocol

e Data transfer to/from the microprocessor bus to/from a fast bus (like VME or Multibus)

¢ Transfer rate of up to 20 Mbyte/sec
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MAGICPRO™
PROGRAMMER

PACASM™ PACSIM™

‘ ASSEMBLER } ‘ SIMULATOR ,

PAC™ SYSTEM DEVELOPMENT TOOLS ARE USER FRIENDLY
e PACASM™ — High level program entry

e PACSIM™ — Logic simulator

* MagicPro™ — IBM PC® hardware compatible programmer

WISPER™ = WSI INTEGRATED SOFTWARE
AND PROGRAMMING
ENVIRONMENT
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WS444/WS448 STAND-ALONE MICROSEQUENCERS (SAM™)

The third family of WSI’s user-configurable products is known as STAND-ALONE MICROSEQUENCERS or SAM™s.
These products are fully-integrated CMOS VLS| microsequencers designed to provide an efficient vehicle for the
implementation of state machines and microcoded controllers. High performance on-chip EPROM memory (up to
448 words) is integrated with a microcode sequencer consisting of Branch Control logic, Stack and Loop Counter.
Eight general-purpose inputs feed the Branch Control logic along with current state information. The Branch Control
logic gives flexible multi-way microcode branch capability in a single clock, enhancing throughput beyond that of
conventional controllers or sequencers. The generic microcoded architecture fits a wide range of applications spanning
the spectrum from basic state machines to traditional bit-slice controller applications.

Two versions of the SAM™ architecture are initially available. The number of output pins and packaging are the key
differences. The WS444 has 12 user-definable outputs, while the WS448 has 16. The SAM™ products are packaged

plastic versions of the SAM™ products are available to minimize volume production costs.

WSI'’s world-class EPROM technology makes the microcode user-configurable and, in windowed packages, erasable.
The products feature a combination of low CMOS power and greater than 20 MHz performance. Designing with the
SAM™ products is eased through the use of WSI's MagicPro™ Programmer and SAM+PLUS™ Development Soft-
ware. This software supports efficient microcode generation through high-level state machine entry and assembler
microcode compilation.

Ideal application areas for the SAM™ architecture include programmable sequencer generators, bus and memory
controller functions, graphics and DSP algorithm controllers, and other complex, high performance machines.

For additional information, please refer to the WS444/WS448 product data brochures available from your WSl sales
representative.

SAM™ DEVICE CONFIGURATION

NRESET ————————1

INPUTS 8 ), Q 12 (16) > OUTPUTS

«———CLK
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WS44X SAM BLOCK DIAGRAM

NRESET
———]

INPUTS

(8)

ZERO

BRANCH
CONTROL

CREG

LOGIC

=

STACK
15 x 8

ADDRESS

MICROCODE
EPROM

448 x 36
BITS

<

PIPELINE
REGISTER

s

[

]

d

QUTPUTS: 12 - WS444

16 - WS448

l CLK

SIMPLE ARCHITECTURE ENHANCES CAPABILITIES
* On-chip reprogrammable EPROM microcode memory up to 448 words deep

e 15 x 8 stack
* Loop counter

¢ Single clock, multi-way control branching
e 8 general-purpose branch control inputs

WS44X CASCADING

12 (WS444) or 16 (WS448) general-purpose control outputs

INPUTS

WS44X

CLOCK

INPUTS )

Ws44X

VERTICAL CASCADE

CONTROL
N > OUTPUTS
(N)

INPUTS INPUTS
WsS44X WSs44X

S 2

CONTROL OUTPUTS (2N)
HORIZONTAL CASCADE

CLOCK

WSI SAM™ PRODUCT CASCADING BENEFITS
e Greater output fanout flexibility in horizontal cascaded mode

¢ Increased memory depth provided by vertical cascade implementation

* Cycle-by-cycle output enable control provides smooth device to device control transfer
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SAM+PLUS™ MAGICPRO™
DEVELOPMENT PROGRAMMER
SOFTWARE

WISPER™ = WSI INTEGRATED SOFTWARE
AND PROGRAMMING
ENVIRONMENT

WSI’s DESIGN DEVELOPMENT SOFTWARE SIMPLIFIES DESIGN ENTRY
¢ Development tools supported by WSI’s MagicPro™ development environment

e System supports [{Then-Eise Constructs or Truth Table Entry

¢ Functional simulator provides simulation capabilities for the SAM™ products
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CELL-BASED CUSTOM DESIGN CAPABILITY

WSI’s cell-based custom library offers the ability to modify or customize an existing standard or programmable product.

Hence, when WSI’s users are ready to move from the prototyping stage to full production, a path exists to accomplish
the task.

The WSI cell-based custom library contains traditional SSI ““glue” cells, soft macros (TTL-equivalent functions without
fixed layout), and proprietary macro cells. The list of macro cells includes such functions as ALU’s, sequencers,

multipliers, register files, counters, FIFO’s, barrel and funnel shifters, and memory arrays of ROMs, SRAMs and
EPROMs.

Integration of WSI’s CAD and macro cell library onto a flexible system development platform provides the user with
a unique capability to quickly respond to market changes. For example, a custom cell-based design enables easy
incorporation of known test patterns from other macro cell-based designs. The test patterns from the standard pro-
ducts can be incorporated into the larger test programs for the cell-based custom design. This provides obvious benefits:

1) Reduced test program development time
2) Expected timing values are known
3) Error-free test patterns

K x 48
WS5910A EPROM CONTROL
MEMORY STORE
SEQUENCER —
[ PIPELINE REGISTER ]
INSTRUCTION >
QUEUE

- T

)

L—rﬁuﬁwﬁ‘_lm{ﬁ?}g:J

. BUS COMMANDS
1—:> BUS REQUEST

INTERRUPT ACK.

INSTR
A, B ADDR.

16 BIT
WS59016
PROCESSOR

DATA IN

DATA OUT STATUS

TEST
LOGIC

STATUS
LoGIC
READY
—— GR,

ANT
INTERRUPTS
SET

SHIFTER

g

_\/

DATA OUT

ADVANCE PC

ADDRESS (20)

TYPICAL WSI CELL-BASED CUSTOM SINGLE CHIP APPLICATION

ON-CHIP EPROM DELIVERS FLEXIBILITY AND HIGH PERFORMANCE
e User-configurable functions

e Security protection bits available

e WSI on-chip EPROM insures high system performance

¢ On-board macro-elements enable system speeds as fast as 50 nsec per instruction
e Minimizes PC board space by replacing over 50 standard logic and memory devices
e Constructed using verified macro cell functions
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QUALITY AND RELIABILITY

SECTION INDEX

For additional information,
call 800-TEAM-WSI (800-832-6974).
In California, call 415-656-5400.




WAFERSCALE INTEGRATION, INC.

QUALITY STATEMENT

WaferScale Integration, Inc. is committed to
producing and delivering defect-free products
and services that meet or exceed the specified
requirements. We are dedicated to a system
of defect prevention and an attitude of zero
defects through management example.

The management of WaferScale Integration,
Inc. pledges this to you . . . our CUSTOMER.
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WAFERSCALE INTEGRATION, INC.

QUALITY & RELIABILITY PROGRAM

INTRODUCTION

The Quality & Reliability (Q & R) Program at WS is intended to comply with the latest requirements of: MIL-1-45208,
“Inspection System Requirements;” MIL-Q-9858, “‘Quality Program Requirements;” and Appendix A of MIL-M-38510,
“Quality Assurance Program.”

The task of the Q & R Program is to assure that all delivered products conform to the requirements of each order
placed with the company and to drive the quality and reliability improvement process to optimize product performance
and market acceptance.

In order to support the above, WSI has organized its Q & R Department into four main sections:

1.0 Quality Control (QC) — The main functions of QC are:
1.1 QC Engineering — To provide the Quality Control function and the manufacturing function with technical
support.
1.2 Materials Quality Control — Assures that all raw materials used in the manufacture of the final product
meet WSI specified requirements.

1.3 Process Quality Control — Assures that all WSI manufacturing processes are within their specified control
limits and that in-process product maintains the highest quality level.

2.0 Quality Assurance (QA) — The main functions of QA are:

2.1 QA Engineering — To provide a factory interface for customers on all field returns and corrective action
requests; to provide technical assistance to other QA functions and engineering functions in matters of
product quality.

2.2 QA Inspection — To assure that the final product meets the internal product specifications, applicable
customer specifications, and/or other contractual requirements.

2.3 Calibration — To provide a function that assures all equipment used to test or accept product is properly
calibrated at set intervals to assure product quality.

3.0 Reliability — The main functions of Reliability are:

3.1 Reliability Engineering (RE) — To assure that all manufactured products reflect the highest reliability stan-
dards and to measure this with in-house programs to compare against these standards; to provide technical
assistance to other engineering functions in matters of product reliability; to prepare and execute Qualifica-
tion plans for new or revised designs, packages and processes.

3.2 Reliability Test Lab — To provide suitable step/stress facilities in-house, or at an appropriate vendor, for
the purpose of conducting qualifications or quality conformance inspections.

3.3 Failure Analysis Lab — To provide and maintain a Failure Analysis function in-house, or at an appropriate
vendor, for the purpose of investigating the cause(s) of failure(s) and for their systematic elimination from
the product.

4.0 Configuration Control — The main functions are:

4.1 Document Control — To provide an organized, systematic function for originating, changing and distributing
internal specifications and drawings; to provide for the prompt notification of changes to customers with
Change Notification Requirements.

4.2 Audits — To provide a system for periodically checking WSI’s and vendor’s quality programs for compliance
with stated policies, procedures and contractual requirements.

4.3 Specification Review and Writing — To provide a function for reviewing customer documentation and con-
verting those requirements to in-house requirements.

5.0 For detailed coverage of WSI’s total Q & R System, write or call for our ‘‘Quality &
Reliability Policy Manual.”’
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QUALITY
What Is Quality? _
Quality is something we all strive for, but seem at a loss to define simply. At WSI we have chosen to adopt Phil

Crosby's definition because it is the simplest and to-the-point.

Product Flows
WS offers four standard product flows which are shown below:

Quality is: ‘‘Conformance to the requirements.”’
Quality is not relegated only to the state of the product. It encompasses all administrative areas also. At WSI we strive
for zero defects and our programs are geared to attain this.

883 .
1.0 Flows Class B Mil-Temp Standard Standard
20 Packages Hermetic| Hermetic | Hermetic Plastic
. Military Commercial
30 Operating Temperature Range _55°C to +125°C 0°C 1o 70°C
SCREENS & | MIL-STD-883 METHOD/CONDITION
INSPECTIONS OR WSI REQUIREMENT 883 MIL-TEMP | STANDARD | STANDARD
40 Preseal M2010/Condition B 100% N/A N/A N/A
"~ | Inspection WSI Requirement N/A 100% 100% 100%
Stabilization M1008/Condition C 0
501 Bake 24 Hours at +150°C 100% NiA NiA NIA
Temperature M1010/Condition C 0
60 Cycle 10 Cycles, —65°C to +150°C 100% NIA NIA NIA
Constant M2001/Condition D or E
70 Acceleration Y1:20K Gs or 30K Gs 100% N/A NIA N/A
8.0 | Hermeticity
8.1 | Fine Leak M1014/Condition A or B 100% 100% 100% N/A
8.2 | Gross Leak M1014/Condition C 100% 100% 100% N/A
a0 Data Retention | Packaged Parts — 72 Hours at 140°C | 100% N/A N/A N/A
"~ | (EPROMs only) | Wafers — 48 Hours at 200°C 100% 100% 100% 100%
Pre Burn-in .
100 Electricals Per Applicable Data Sheet 100% N/A N/A N/A
M1015/Condition A or D o
1.0] Burm-in 160 Hours at +125°C or Equivalent 100% N/A NIA NiA
Post Burn-in .
12.0 Electricals Per Applicable Data Sheet 100% N/A N/A N/A
% Defective
130 Allowable M5004, Paragraph 35.1 5% N/A N/A N/A
Final . o o o
140 Electricals Per Applicable Data Sheet 100% 100% 100% 100%
15.0 Quality QCI per M5005/Group A Sample Sample Sample Sample
| Conformance
160 External* M2009 100% 100% N/A N/A
~| Vision WSI Requirement N/A N/A 100% 100%
Quality
17.0 Conformance QCI per M5005/Group B, C and D Sample N/A N/A N/A
Shipping . o o o o
18.0 Inspection Every Shipment 100% 100% 100% 100%

*WSI ships visual and mechanical criteria to a 1.0% AQL.
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QUALITY AND RELIABILITY

WAFERSCALE INTEGRATION, INC.

RELIABILITY
INTRODUCTION

WSl is committed to serving its customers with the most
reliable products available. From the onset, products are
designed, manufactured and tested to rigorous WSI
standards which culminate in devices that are differen-
tiatedly better in performance and reliability.

RELIABILITY GOALS

The failure rate for any integrated circuit has been
classically described as having a “bathtub” curve (see
Figure 1). The “bathtub” curve shows three main stages
of a product’s life: 1) A very high failure rate in the begin-
ning, known as the infant mortality period, which normalily
represent the first 300 hours in a system. 2) A constant
failure rate period, with relatively few failures, known as
the intrinsic failure rate or useful life. This period
represents the next 20 years or more of operation. 3)
Eventually, the devices enter the wearout region where
failures begin to occur very rapidly again. The mean time
to failure for wearout is >20 years.

INFANT
MORTALITY

WEAR OUT

FAILURE RATE

INTRINSIC

TIME

Figure 1 — Bathtub Curve

WSI has established the following Reliability Goals at
Ta = 55°C:

¢ Infant Mortality 0-300 Hours  <0.1%
e Intrinsic Failure 300 Hours- <100 FITs
Rate 20 Years

e Wear Out MTTF >20 Years
In order to meet the infant mortality goal of 0.1%, an ap-
propriate burn-in screen may be implemented. Data col-
lected on 10,000 EPROMSs, from various wafer fab runs,
showed the failure rate to be 0.23% during the first six
hours of burn-in which then dropped to 0.02% over the
next 21 hours. This demonstrated that a proper burn-in
(150°C, 6.5V) for six hours was sufficient to lower the
failure rate to less than 0.1%. This screen is revisited
on a periodic basis to determine whether or not it is
continuing to meet the stated goal. Similar data is col-
lected when a new process is released to production.

RELIABILITY PREDICTION

The life expectancy of an integrated circuit can be ac-
celerated by both temperature and voltage. At WSI, both
are used extensively in assessing product reliability.

Temperature

For many years, temperature had been known to be an
accelerator of various types of failure mechanisms. By
increasing the temperature, it was observed that the
devices took less time to fail. By elevating the tem-
perature, long term reliability data can be collected in a
relatively short time. Failure rate calculations are based
upon data collected from accelerated life testing.

The temperature dependence on accelerating failures
has been shown to be exponential. The acceleration
factor between two temperatures can be calculated by
using the Arrhenius equation:

E
A=Exp-2[L_ 1
k |1, T T

T, = Application Junction Temperature

T, = Accelerated Stress Junction Temperature
k = 862 x 1075 eVI°’K

E, = Thermal Activation Energy

Each failure mechanism is accelerated differently by
temperature. The thermal activation energy is a constant
which adjusts for the temperature dependence for the
various failure mechanisms. The following activation
energies are used for each failure mechanism:

Failure Mechanism Activation Energy (E,)
Oxide Defects 03 eV
Masking Defects 05 eV
Assembly Defects 05 eV

Bulk Silicon Defects 05 eV
Electromigration 05-09 eV
Charge Loss 06 eV
Contamination 1.0 eV

Voltage

Oxide defects are more highly accelerated by voltage
than by temperature (note the low activation energy for
oxide defects). To obtain a higher acceleration for oxide
defects during a lifetest, the supply voltage is increased
by 6.5 volts when possible. By increasing the supply
voltage, an additional acceleration of 55x is obtained for
oxide defects.
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FAILURE RATE CALCULATIONS

Failure rate calculations are based on a summary of the
life test results. Typically, the failure rate is calculated for
a family of devices manufactured on a given process. To
calculate a failure rate, the acceleration factor for each
activation energy must be calculated between the
accelerated stress temperature and the application
temperature. Junction temperatures are used rather than
ambient temperatures. The junction temperature is the
temperature at the die surface due to the heat generated
by the device itself. The junction temperature is the
product of the power dissipation multiplied by the thermal
resistance of the package and is then added to the
ambient temperature.

Ty = Ta + (84)(P); where P = (lcc)(Vee)

The next step is to calculate the number of accelerated
device hours from the lifetest data. The number of device
hours is the product of the sample size multiplied by the
hours of the lifetest. The equivalent device hours for each
activation energy is calculated by multiplying the device
hours by the acceleration factor. The failure rate for each
activation energy is computed by dividing the total
number of failures with the same activation energy by
the equivalent device hours. Typically a 60% confidence
level is used for calculating failure rates. The total failure
rate is the summation of all the failure rates for each ac-
tivation energy. The failure rate is expressed in FITs which
is the number of failures per 10° device hours:

F(E,, 60% UCL)
AE, T, T)) x D

F(E,, 60% UCL) = 1.049 (Failures with same E;) + 1.0305
A(E,, T4, To) = Acceleration Factor
D = Device Hours

RELIABILITY DATA SUMMARY

The Reliability Data Summary is a quarterly publication
which presents all WSI reliability data and is available
to WSI customers. The data is presented with the test
results at each timepoint with accompanying failure
analysis where applicable. In this manner, the customer
can compute the failure rate for his own application. For
convenience, the failure rates have been computed to
55°C using the previous method discussed.

Current life test results show a failure rate of 40 FITs at
55°C on EPROMs with a density of 64K and higher. This
data was computed from approximately 5 million device
hours. The failure rate for Bit Slice products was approx-
imately 130 FITs after 1.4 million device hours.

PRODUCT RELIABILITY

ElectroStatic Discharge Sensitivity (ESDS)

WSI products are tested for ESDS in accordance with
Method 3015 of MIL-STD-883. All devices exhibit an

Failure Rate = E x 10° FITs

ESDS greater than 2,001 volts with typical inputs begin-
ning to fail around 5,000 volts and outputs in the range
of 3,000 to 4,000 volts. Testing is performed on new prod-
ucts or when changes occur that can influence the ESDS
of a device (i.e., redesign, new process, etc.).

Latch-Up

Latch-up is a condition that occurs due to excessive cur-
rent (spikes) in the circuit periphery and creates a large
potential that triggers a parasitic SCR inherent to all
CMOS processes. Latch-up can be destructive to the
device. To reduce latch-up, WSI employs an epitaxial
layer above a low resistivity substrate. This diverts the
current to the substrate, away from the active circuitry,
reducing the lateral potential which triggers the latch-up.
WSI products are tested for latch-up between —1.0 and
+7.0 volts with currents up to 200 mA forced on any
one pin.

Qualifications

All new processes, major process changes, or new
design rules must pass a reliability qualification. One to
three lots are used depending on the reliability risk
involved. Qualification requires a minimum 1000-hour life
test at 125°C. EPROMs are stressed dynamically at
150°C with an overvoltage condition of 6.5 volts. (The
overvoltage accelerates oxide defects an additional 55x.)
Qualifications place heavy emphasis on the first 48 hours
(infant mortality) of the iife test. Larger sample sizes are
used initially with the number decreasing as the qualifica-
tion progresses. If other reliability stresses are to be used
in the qualification, those units will receive a 48-hour
burn-in prior to starting those stresses in order to
eliminate any unrelated failures.

Bit Slice and EPROM products basically run on the same
fab process with the Bit Slice products lacking the steps
for the EPROM cell. Because of the common processing
between the two product lines, more emphasis is placed
on performing reliability studies on EPROMs. The
peripheral circuitry of the EPROM, decoders, I/Os, etc.,
have the identical design rules as the Bit Slice products.
Every reliability evaluation on an EPROM product also
evaluates the Bit Slice product line. Testing and failure
analysis is easier on an EPROM. Because of the large
availability of EPROM burn-in boards, larger sample
sizes can be used. Also, the straightforward operation
of an EPROM allows 100% dynamic stressing during
burn-in at a higher temperature and voltage.

EPROMs are subjected to special qualification re-
quirements to study the data retention characteristics of
the EPROM cell. These devices are programmed with
a 100% zero pattern and then baked at 150°C, 200°C,
and 250°C for 1000 hours. These tests are performed to
insure that WSI reliability goals have been met.

Other tests include Temperature Cycle from —-65°C to
+150°C for 1000 cycles. In addition, plastic packaged
products must pass 1000 hours of Temperature Humidity
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Bias at 85°C and 85% relative humidity, and 168 hours
of Pressure Pot at 15 PSIG.

EPROMs

Because of the floating gate storage cell, EPROMs have
unique reliability considerations. Data retention is related
to the ability to store a charge on the floating gate of the
EPROM cell. Charge loss can shift the threshold of the
EPROM cell from a programmed state to an unpro-
grammed state, i.e., from a logical 0 to a 1. Charge loss
is the result of defects in the oxide surrounding the
floating gate. These defects occur during wafer process-
ing and generally affect a single bit in the array. It has
been shown that defective bits of this type lose their
charge very rapidly with high temperature. For this
reason, they can be effectively screened out with a high
temperature bake.

EPROM Screening

Data retention screening is performed on all EPROM
products. Screening is at the wafer level so that higher
temperatures can be used without the fear of affecting
the solderability of a packaged unit. The screen consists
of programming each device 100% and then baking the
wafers for 48 hours at 200°C. After the bake, the 100%
pattern is verified. This screen is equivalent to 4 years
of continuous operation at 55°C. The High Temperature
Storage Life (HTSL 200) data in Table 1 shows the effec-
tiveness of the screen. The data shows that the failure
rate is very low for the first 500 hours of a 200°C bake.
This is equivalent to 38 years of operation at 55°C and
thereby demonstrates the reliability of the EPROM cell.

Charge can also flow electrically to the floating gate.
Charge gain is charge transfer from either the word line
or the bit line to the floating gate such that an unpro-
grammed device becomes programmed. To date, charge
gain has not been observed on any WS| EPROM.

EPROM Programming

Electrical charge loss is the major cause for program-
ming failure. Program Disturb is charge transfer from the
floating gate to the bit line. This charge loss mechanism
occurs during programming due to the high electrical
fields present. Failure occurs when an already pro-
grammed cell loses charge as other cells, with the same
bit line, are being programmed. This failure mechanism
is the result of oxide defects at the edge of the floating
gate.

DC Erase is electrical charge loss to the word line. DC
Erase is the result of defects in the oxide between the
floating gate and the word line above. Like Program
Disturb, DC Erase occurs during programming when an
already programmed cell losses charge as adjacent cells
on the same word line are programmed.

The WSI split gate EPROM has matured to the point that
programmability by the customer can be >99.9%.

Product Assurance data collected on over 5000 units
showed programmability to be 99.98%. The most recent
Program/Erase cycling data had no fails out to 100 cycles.
By focusing on eliminating Program Disturb and DC
Erase, the threshold of a programmed EPROM cell is
consistently well above 7.0 volts and typically above
8.0 volts. This provides additional operating margin
and reliability.

Split Gate vs. Traditional EPROMs

The patented WSI split gate EPROM (Patent #4,639,893)
has several inherent advantages over the traditional
stacked gate EPROM. One major advantage is better
control over the etching of the floating gate during wafer
processing. With the traditional stacked gate EPROM,
a self-aligning process is used to define the floating gate.
That is, a layer of poly is first deposited for the floating
gate, followed by an oxide layer, and finally another poly
layer for the control gate. To define and etch the floating
gate, the control gate poly and poly-poly oxide are first
etched and are used as the mask to define the floating
gate. This means that the etching of the control gate and
the poly-poly oxide must be very well controlled in order
to achieve good definition of the floating gate. For the
WS split gate EPROM, the floating gate is etched using
conventional methods in the step following the poly
deposition of the floating gate. This way the floating gate
etch is very well controlled and is not dependent upon
both a poly and an oxide etch.

POLY-POLY
EDGE OXIDE
OXIDE
GATE OXIDE

TRADITIONAL STACKED GATE EPROM

/ % A

POLY-POLY OXIDE

v

GATE OXIDE

WSI SPLIT GATE EPROM
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Quality and Reliability

This leads to another advantage for the WSI split gate
EPROM. Because of the critical etching involved with the
traditional stacked gate EPROM, it is difficult to use a
silicide on the control gate to reduce the poly resistance
and speed up the device. The conventional processing
steps used to make the WS split gate EPROM does allow
for the successful use of silicide and is used on many
products.

Another advantage lies in the quality of the oxide sur-
rounding the floating gate. Following the floating gate
etch on the stacked gate EPROM, a third oxide is grown
which contacts the edge of the floating gate as well as
the poly-poly oxide. The floating gate is now surrounded
by three separate oxides (gate oxide, poly-poly oxide and
edge oxide), all of which contribute to defects. On the
other hand, the WSI split gate EPROM has a
homogeneous poly-poly oxide which contacts the floating
gate at the top as well as the edges. Because the floating
gate of the split gate EPROM is surrounded by only two
oxides, neither of which are etched, better oxide integrity
is obtained. Oxide integrity is the key in reducing relia-
bility problems such as: Data Retention, Program Disturb
and DC Erase.

PROCESS RELIABILITY

WS utilizes a Class 10 wafer fab facility for all its wafer
processing. Most processing is performed by robotics
which reduces the human factors such as contamination
and handling from contributing to reliability failures.
Photolithography is performed using state-of-the-art step-
pers which eliminates marginal mask defects from
becoming reliability hazards. Passivation cracks and

metal shifting on double layer metal devices are minimiz-
ed on even large die through a planarization process.
When processing is completed, the back of the wafer is
polished to remove oxides and other processing artifacts.
This results in better eutectic die attach at assembly and
reduces the chances of die cracking.

The CMOS Advantage

The low power characteristics of CMOS greatly enhance
the reliability of any system. This can be demonstrated
by comparing the thermal characteristics of WSI’s
RPROM vs a Bipolar PROM and applying it to reliability.

For instance, if we assume a 24-pin CERDIP package
with a thermal resistance of 63°C in an ambient temper-
ature of 55°C, the following junction temperatures are
obtained:

cmvéisﬁﬁﬁ%m CMvgsssgg;%M 64';:3’5'"
(Standby) (18 MHz)

loc = B5MA | lgc = 50 A | log = 150 mA
P-75mW | P=250mW | P =750 mW
To = 5°C T = 16°C | Tg = 47°C
T, = 60°C T, = 7°C | T, = 102°C

Calculating the acceleration factor of the Bipolar PROM
over the WSI EPROM, using an activation energy of
0.5 eV, we find that the acceleration is 7x in the standby
mode and 4x at 18 MHz. This means that by running
cooler, the WSI RPROM will have a life expectancy of
4 to 7 times greater than its Bipolar PROM equivalent.

The following tables show reliability results obtained on various WSI products.

EPROM RELIABILITY DATA

Dynamic High Temperature Life Test Table 1
DHTL 150°C 48 Hours 168 Hours 500 Hours 1000 Hours 1500 Hours 2000 Hours
6.5 Volts 4/6540 6/5079 2/4259 4/3970 0/486 0/486
Failure Rate
Product Hours Failures Act. Eng.  60% Conf at 55°C Cause
4,808,388 Hours 3 03 eV x 55 1.6 FITs Oxide Defects
3 05 eV 18 FITs Assembly Defects
8 06 eV 19 FITs Charge Loss
High Temperature 2 1.0 eV 03 FITs Contamination
Storage Life Test Combined Failure Rate: 389 FITs
HTSL 200°C 168 Hours 332 Hours 500 Hours 1000 Hours
No Bias 1/502 0/501 0/501 5/501
HTSL 150°C 168 Hours 332 Hours 500 Hours 1000 Hours
No Bias 0/451 0/451 0/451 0/451
Failure Rate
Product Hours Failures Act. Eng. 60% Conf at 55°C Cause
(501 ,168 at 200°C 5 06 eV 165 FITs Charge Loss
451,000 at 150°C, 1 10 eV 0.08 FITs Contamination
Combined Failure Rate: 166 FITs

Product Types: WS27C64F, WS57C64F, WS57C49, WS27C128F, WS27C256F
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Quality and Reliability

OTP RELIABILITY DATA

Dynamic High Temperature Life Test Table 2
DHTL 150°C 48 Hours 168 Hours 500 Hours 1000 Hours
6.5 Volts 2/1522 0/314 0/246 1/246
1 — Bond Short 1 — Charge Loss
1 — Output Leakage
Temperature/Humidity with Bias
THB
168 Hours 500 Hours 1000 Hours
85°C/85% RH
5.0 Volts 0/287 0/287 0/287
Pressure Pot
PPOT 96 Hours 168 Hours 240 Hours
15 PSIG/121°C 0/315 0/315 1/315
1 — No Corrosion
Temperature Cycle
TC 100 Cycles 500 Cycles 1000 Cycles
-55°C/+150°C 0/234 0/234 2/234
1 — Bond Lift
Products: WS57C64F 1 — Input Leakage
BIT SLICE RELIABILITY DATA Table 3
Dynamic High Temperature Life Test avle
DHTL 125°C 48 Hours 168 Hours 500 Hours 1000 Hours
5.5 Volts 11670 0/1606 11246 0/728
DHTL 150°C 48 Hours 168 Hours 500 Hours 1000 Hours
5.5 Volts 11383 0/825 2/298 0/295
Failure Rate
Product Hours Failures Act. Eng. 60% Conf at 55°C Cause
1,023,672 at 125°C 1 10 ev 15 FITs lonic Contamination
411,826 at 150°C 4 05 eV 127 FITs 1 — Bond Short
3 — Functional
Combined Failure Rate: 1285 FITs
Temperature/Humidity with Bias
THB
168 Hours 500 Hours 1000 Hours
85°C/85% RH y
5.0 Volts 1/520 0/412 4/313
1 — Static IDD 2 — Corrosion
1 — Functional
1 — Static IDD
Pressure Pot
PPOT 96 Hours 168 Hours 240 Hours
15 PSIG/121°C 2/501 1/499 0/182
2 — Short 1 — Functional
Temperature Cycle
TC 500 Cycles 1000 Cycles
-55°C/+150°C 1/390 1/389

1 — Wire to Wire
Short

1 — Wire to Wire
Short

Products: WS5901, WS59016, WS5910A, WS59520, ASIC1004
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WSI PRODUCT PACKAGES

(By Alphabetical Drawing Number)

Drawing Pins Package Window Package Type Page No.
B1 64 Sidebrazed Ceramic Dip, 0.9” No B 8-1
C1 (28) Ceramic Leadless Chip Carrier Yes C 8-1
c2 (32) Ceramic Leadless Chip Carrier Yes C 8-2
Cc3 (44) Ceramic Leadless Chip Carrier Yes C 8-2
D1 24 CERDIP, 0.6” Yes D 8-3
D2 28 CERDIP, 0.6” Yes D 8-3
D3 40 CERDIP, 0.6” Yes D 8-4
D4 32 CERDIP, 0.6” Yes D 8-4
F1 24 Ceramic Flatpack Yes F 8-5
G1 68 Ceramic PGA No G 3-5
G2 101 Ceramic PGA No G 8-6
J1 68 Plastic Leaded Chip Carrier No J 8-6
J2 44 Plastic Leaded Chip Carrier No J 87
K1 24 CERDIP, 0.3” No K 87
L1 68 Ceramic Leaded Chip Carrier No L 8-8
M1 64 Plastic Dip, 09" No M 8-8
P1 40 Plastic Dip, 0.6” No P 8-9
P2 24 Plastic Dip, 0.6” No P 8-9
P3 28 Plastic Dip, 0.6” No P 8-10
S1 24 Plastic Dip, 0.3" No S 8-10
S2 28 Plastic Dip, 0.3" No S 8-11
T 24 CERDIP, 0.3" Yes T 8-11
T2 28 CERDIP, 0.3" Yes T 8-12
X1 88 Ceramic PGA Yes X 8-12
X2 44 Ceramic PGA Yes X 8-13
Y1 40 CERDIP, 06" No Y 813
Z1 (68) Ceramic Leadless Chip Carrier No z 8-14

(In Order of Pin Count)

Pins Package Window Package Type Drawing Page No.

24 CERDIP, 0.3" No K K1 87
24 CERDIP, 0.3" Yes T T1 8-11
24 Plastic Dip, 0.3" No S St 8-10
24 CERDIP, 0.6” Yes D D1 8-3
24 Plastic Dip, 0.6” No P P2 8-9
24 Ceramic Flatpack Yes F F1 8-5
28 CERDIP, 0.3” Yes T T2 8-12
28 Plastic Dip, 0.3" No S S2 8-11
28 CERDIP, 06" Yes D D2 8-3
28 Plastic Dip, 06" No P P3 8-10
(28) Ceramic Leadless Chip Carrier Yes C C1 8-1
32 CERDIP, 06" Yes D D4 8-4
(32) Ceramic Leadless Chip Carrier Yes (o} c2 8-2
40 CERDIP, 06" No Y Y1 8-13
40 CERDIP, 0.6” Yes D D3 8-4
40 Plastic Dip, 06" No P P1 8-9
44 Plastic Leaded Chip Carrier No J J2 87
(44) Ceramic Leadless Chip Carrier Yes C C3 8-2
44 Ceramic PGA Yes X X2 8-13
64 Sidebrazed Ceramic Dip, 0.9” No B B1 8-1
64 Plastic Dip, 0.9” No M M1 8-8
68 Ceramic PGA No G G1 8-5
(68) Ceramic Leadless Chip Carrier No 4 21 8-14
68 Plastic Leaded Chip Carrier No J J1 8-6
68 Ceramic Leaded Chip Carrier No L L1 8-8
88 Ceramic PGA Yes X X1 8-12
101 Ceramic PGA No G G2 8-6




PRODUCT PACKAGES

WAFERSCALE INTEGRATION, INC.

DRAWING B1
64 PIN Ceramic Side Braze (Package Type B)
0510 0.008
™ os30 [ 0.012
64 J 33 __[
| I ‘[
) 0.890 0.900 REF.
0.930 TYP. 0.040 MAX.
INDEX — TYP.
INDEX PLATING BAR 32 ;
3.170 ~ 0.010
3.230 ' 0.014
3.090 . _0.040
‘ 3110 0.060
0.050 —» j@——
™ I l—/ Lﬁ
| ] 0.077
i i ) —F "~ 0.093
018 — - ogee — orzs an
DRAWING Ci1
28 PAD Ceramic Leadless Chip Carrier (CLLCC) (Package Type C)
0.042

X .200 DIA

\ P W N
\— 0.008 R (28 PL.)

r———— 0.390 SQ —*

/)

0.445
0.460 sa

0.043

0.063
0.077
—

0.065 0
0.085 0

0.058
0.020 x 45°

0.025 TYP

0.120 MAX
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Product Packaging

DRAWING C2

le———— 0.350

32 PAD Ceramic Leadless Chip Carrier (CLLCC) (Package Type C)

0.050 TYP
R Pin 1 0.020 x 45°
290 DIA 0.043 — Index "‘ - ® 0,075
30 4 _j_ﬁ_
N N T 0.077
0.093 1
\ 0.510 l
0.450 -i— 0.400
0.545 ___J_
0560 0.050
) 1
\TW y o n n T
0.008 R (32 PL.) 0120 2022 Tvp -’I L—— !
0.410 — la—— 300 —— 0.040 x 45°
MAX 3PL.
0.445 |
f 0.458 1
DRAWING C3
44 PAD Ceramic Leadless Chip Carrier (CLLCC) (Package Type C)
. 0.644
0.662 o0
0.542
0.558 2
350 DIA
AV -\ ——-—f
0.075
\ 0.095
\ 0.050
y

‘L— 0.008R (44 PL)  0.043 -—,

0.025 44P|.—-H-—

0 120 MAX

0.040 x 45 "]

3PL




Product Packaging

DRAWING D1

24 Pin CERDIP (Package Type D)
0.280 DIA — 0.620 MAX 0.008

24 13 1_____#__.:'_[
_T
i

0.505
) 0.550 MAX

1 12 7
1.240 °
1.280 157 MAX
0.045
" " o.065
SEALING GLASS —\ — 0.230 MAX
N 0.020
0.060
1 1 T
g%’_g {— 0.125 MIN
0.015 ) le—— 0.100 MAX
0.020 BOTH ENDS
28 Pin CERDIP (Package Type D)
—0.590 0.008
0.290 0.620 0.012
28 0.360 15 o
) 0.610 MAX
A =
1 14 7
1.440 15 ° MAX
1.490
0.040
SEALING GLASS toee " —
™ 0.230 MAX
N 0.015
0.060
L 0.125 MIN
0.015 le—— 0.100 MAX
0.020 0.105 BOTH ENDS




Product Packaging

DRAWING D3
40 Pin CERDIP (Package T D
( ge Type D) 0590 genD 0.008
-350 DIA [ 0.620 0.012
40 21 o l
_l m"'
) 0.505
0.560
ol
1 20 "7
2.030 o
2.100 157 MAX
0.045
0.065
— 0.235 MAX
0.015
0.060

=
s

0.125 MIN
0.100 o030
DRAWING D4
32 Pin CERDIP (Package Type D) 000 0.008
.350 DIA [~ 0.620 0.012
32 17 apen
) 0.610 MAX
1 16 '"”’7
1.640 o
1.690 157 MAX

— 0.230 MAX

0.015

0.060

__1___1_-
0.125 MIN

0.100 MAX
BOTH ENDS




Product Packaging

DRAWING F1
24 Pin Ceramic Flatpack (Package Type F)
——o{ je—— 0.005 MIN 202 r—
0.003 .
™ MAX %g [ 0.045 MAX 0006
13
|
l E—
0.300
0.420
~ °°°8 J] [88;‘2 657 TP — e
.L-——-—— 0.640 MAX ————— |

68 Pin CERAMIC PGA (Package Type G)
1.092 0.047
65 5@ — ™ o-555 DIA STANDOFF
0.695 0.067
0.705 °@ ’ ™ 0.083 0.085 00155
17—0'105 /00175 DIAPIN
— L
&/0 © © i ;f @@ e |i
& P9 © 060 ®/0 0 e 0 6|1
r ®'® ® @]9
® e ® o|s
® @ @ e]7
0.9%20 _|
+ o 1@ + o—o-|6
@ e @ o|s
® @ ® o4
® e ® o |s
$°©©©$©©©°T2
\ 3 u ? ®@ @ © ® ®@ @ ® .‘1
\ 0.010 | LK JHGFEDT CTHBA
INDEX MARK 0014 ] 0.047 « 0.095 J
o 0.150 0.053 0.105 0.990
.037 X 45° REF oo ™ 2% i 1,010 '
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Product Packaging

101 PIN Ceramic PGA (Package Type G)
1.308
13325Q *
0.693
~—— S5y SQ —= STANDOFF, 4 PLCS
/ |
6000606 ®60 066006 e |N
PO OO0 0601066 66 6 @ |M
@ © ® ® © ® o |L
@ ® ® @ |K
® © ® o |J
® ® ® ® ® @ |H
—+ — —fo—e—e© -+ e—e-eo-|G
® ©® ® @ ® ®|F
® © ® @ |E
® @ ® ® |D
® ©® ©® ® ® @ @ e |c
©©©@©@i@©©©©@ B
7

P & @ @ @ ® ®@ @@ ® 0 ? A

/ 2 3456 7 8 9 10 111213

INDEX MARK 0.010_ __I le— 0100 - _l

0.014 ‘ 1‘122133 |

Y — L 1.
f 0180{
. . L Typ 2072
0.016 DIA ——”—-— 0.050 DIA 0 50T
0.020 Typ 050 Typ
DRAWING J1

68 PIN Plastic Leaded Chip Carrier (PLDCC) (Package Type J)

0.980 g

1.000
0.944 0.944 o

o .
0964 ———j 5° - 3 Sides

i)
_f

0.018
Ref

=
B

olo

.930

0.050
Typ
——I L——o.o4s X 45° Ref -—| 0.104 Typ
0.160
™ 5.180
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Product Packaging

DRAWING J2

44 PIN Plastic Leaded Chip Carrier (PLDCC) (Package Type J)

h
u}
b
h
al 0.590
1 -+ =] 0.630
O
b
E sl
g ul
[= u}
guudgguouuy
_.J 0.042 y 45°
0.048
DRAWING K1

24 Pin CERDIP (Package Type K)

24 13
0.270
0.310
1 12
0.005 MIN —
1.235
1.285
0.040 -
0.065

0.015

0.080

ot

0.125
5023 0.100 TYP =2

le—— 0.098 MAX

BOTH ENDS

0.200 MAX

0.200
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Product Packaging

DRAWING L1
68 PIN Ceramic Leaded Chip Carrier (CLDCC) (Package Type L)
0.020 0.045
_SEe TP _’l .‘— TYP
BRAZE DETALL f— ggg)g
- = —— J
_{ With-In
T —f 0.006 Per
0.023 Pk
0.640 -
0880 o050 Y ™Po700 DETAIL
Tle - 0.810
0.040C (Ref) 0.010 __, }-,
(3 PLCS) 0.014 0.072
- 0.088
DRAWING M1
64 Lead Plastic DIP (Package Type M)
7° 4PLCS g.008
64 33 / e I
) 0.790 0.900
0.810 0.925
O l—
1 S
1 32 7
3.205 °
. A Y
3215 157 MAX
0.055 . 0.080
0.065 0.090
; — 0.220 MAX
é I 0.180 NOM
ﬂ E 0.100 NOM T— 0.125
0.016 e 0.050 0.135
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Product Packaging

DRAWING P1
40 Pin Plastic DIP
(Package Type P) _0.600 0.008
0.625 0.012
40 21 =2
0.515
0.580
! PIN 1 IDENTIFIER 2 7
15 ° MAX
2.065 MAX

" 0.040
0.065
— 0.200 MAX

| 0.020 MIN
vt
0.015 0.100 MIN
0.100 o020

Typ

DRAWING P2

24 Pin Plastic DIP (Package Type P)

24 13
0.530
F 0.550

1 12

> 0.065
0.065 0.075
/ / — 0.150 — 0.190 MAX

0.016 L 0.125
050 0.100 TYP

0.070 0.135
0.080
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Product Packaging

DRAWING P3
28 Pin Plastic DIP (Package Type P)
_ 0.600 penpy 0.008
0.625 0.012
28 15 i
) 0.530 0.600
0.550
| IR
1 14 \:'"’7
15 ° MAX
1.445
1.455 v *
0.055 - 0.065
0.065 0.075

— 0.150 — 0.190 MAX

0.100 TYP T—g—}-g—g
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DRAWING St

24 Pin Plastic .300 DIP (Package Type S)

24 13 J

0.250
0.270

-
b
>
o

-
N
14
(4]

=]
=3
[
jon

o
o
[+23
w

.060
— 0.130 — 0.170 MAX

~

A —t

0.016 __, ' 0.100 TYP 0.125

0.020 0.070 0.135

0.080

8-10



Product Packaging

DRAWING S2

28 Pin Plastic DIP (Package Type S)

28 15

b 0.270
0.290

15 ° MAX
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A
‘_f 5
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DRAWING T1
24 Pin CERDIP (Package Type T)
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BOTH ENDS
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Product Packaging

DRAWING T2

28 Pin CERDIP (Package Type T)
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DRAWING X1
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Product Packaging

DRAWING X2

44 Pin Ceramic PGA (Package Designator X)

0.180 —*
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l l 8 76 5 4 3 2 1
_ b
[ 0.100 TYP ©0000 YA
: &P o6 ©6 6 6B
T ®’® @ oe|c
© @ ® © |D
550 SQ
® @ e oele
© © ©® @ |F
t 0006 e®|c
/ | 0.018 C?@@@@@ "
-
/ B ™
350 DIA ’ 0.700 SQ ——~
—»| e— 0.080

DRAWING Y1
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DRAWING Z1

68 PAD Ceramic Leadless Chip Carrier (CLLCC) (Package Type 2)

0.938

SIDE
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SECTION INDEX

PROGRAMMERS/PROGRAMMING

WSI Programming Algorithms . .

WSI MagicPro™ Engineering Programmer. . ... ... ... .

Data /0 Programming Support

For additional information,
call 800-TEAM-WSI (800-832-6974).
In California, call 415-656-5400.
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EPROM PROGRAMMING ALGORITHM A

WAFERSCALE INTEGRATION, INC.

PRODUCTS: L START J PROGRAMMING PARAMETERS
WS57C64F Vpp: 13.5V  0.5V¥
WS27C64F # PULSE: MIN tpy = 0.95 ms
WS57C128F
WS27C128F VERIFY FULLY ERASED
WS57C256F DEVICE @ V¢ = Vpp = 5.0V
WS27C256F
WS57C65 1
WS57C257
| FIRST ADDRESS I
Vee = 56V; *
Vpp = 13.5V
N=20 ]
|
PROGRAM ONE
1 ms PULSE
L N=N+1 ]
YES
FAIL (STOP)
NO
FAIL
VERIFY ONE BYTE
i PASS
| OVERPROGRAM x 1 l
INCREMENT _|
LAST ADDRESS? RS
Vee = Vpp = 5.5V
COMPARE ALL
BYTES TO ORIGINAL FAIL (STOP)
DATA
*Vpp = 125V +.0.5V FOR:
WS27C256F
WS57C256F
WS57C257
WS27C512F DEVICE PASSED (STOP)

91
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EPROM PROGRAMMING ALGORITHM B

WAFERSCALE INTEGRATION, INC.

PRODUCTS:

WS57C49
WS57C43
WS57C191
WS57C291
WS57C51
WS57C49B
WS57C43B
WS57C51B
WS57C191B
WS57C291B

| START I

{

VERIFY FULLY ERASED
DEVICE @ V¢ = 5.0V

{

FIRST ADDRESS I

S

&
(3]
]
o
(-]
2

PROGRAMMING PARAMETERS

Vpp: 135V & 05V
PULSE: MIN tpy = 0.95 ms

—
z
n
o

PROGRAM ONE 1 ms
PULSE: Vpp = 13.5V

l N=N+1 l
NO
FAIL VERIFY ONE BYTE |
l PASS

l OVERPROGRAM x 1J

LAST ADDRESS?

r Vee = 55V

COMPARE ALL
BYTES TO ORIGINAL
DATA

DEVICE PASSED (STOP)

YES

FAIL (STOP)

INCREMENT _]
ADDRESS

FAIL (STOP)
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WAFERSCALE INTEGRATION, INC.

MacGicPro™ MEMORY AND LOGIC
PROGRAMMER

KEY FEATURES

¢ Programs All WSI CMOS EPROMs and e Programs LCC and PGA Packaged
RPROMs™ (x8, x16, Mux /O and All Product by Using Adaptors
Future Programmable Products
e Easy-to-Use Menu-Driven Software
e Programs 24, 28, 32 and 40 Pin

Standard 600 Mil or Slim 300 Mil Dip e Compatible with IBM PC/XT/AT®
Packages Without Adaptors Family of Computers (and True
Plug-Compatible)

GENERAL DESCRIPTION

MaGICPRO™ is an engineering development tool designed to program existing WSI EPROMs and RPROMs™ and
future WSI programmable products. It is used within the IBM PC® and compatible environment. The MAGICPRO™
is meant to bridge the gap between the introduction of a new WSI programmable product and the availability of
programming support from the EPROM programmer manufacturers (e.g., Data 1/O, etc.). The MaGICPRO™
programmer and accompanying software enable quick programming of newly released WSI programmable products,
thus accelerating the system design process.

The MAGICPRO™ plug-in board is integrated easily into the IBM PC®. It occupies a short expansion slot and its
software requires only 256K bytes of computer memory. The two external ZIF-Dip sockets in the Remote Socket Adaptor
(RSA) support WSI 24, 28, 32 and 40 pin standard 600 mil or slim 300 mil Dip packages without adaptors. LCC and
PGA packages are supported using adaptors.
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Many features of the MAGICPRO™ Programmer show its capabilities in supporting WSI’s future products. Some of
these are:

— 24 to 40 pin JEDEC Dip pinouts
— 1 Meg. address space (20 address lines)
— 16 data /O lines

The MAGICPRO™ menu driven software system makes using different features of the MAGICPRO™ an easy task.
Software updates are done via floppy disk which eliminates the need for adding a new memory device for system
upgrading. Please call 800-TEAM-WSI for information regarding programming WSI products not listed herein. The
MAGICPRO™ reads Intel Hex format for use with assemblers and compilers.

MagcicPro™ COMMANDS WSI PRODUCTS
— Help WS57C191/291 2K x 8 RPROM™
— Upload RAM from device WS57C43 4K x 8 RPROM™
— Load RAM from disk WS57C43B 4K x 8 RPROM™
— Write RAM to disk WS57C49 8K x 8 RPROM™
— Display RAM data WS57C49B 8K x 8 RPROM™
— Edit RAM WS57C51 16K x 8 RPROM™
— Move/copy RAM WS57C51B 16K x 8 RPROM™
— Fill RAM WS27C64F 8K x 8 EPROM
— Blank test device WS57C64F 8K x 8 EPROM
— Verify device WS57C65 4K x 16 EPROM
— Program device WS57C66 4K x 16 EPROM
— Select device (Mux 1/O, 28 Pin DIP)
— Configuration WS27C128F 16K x 8 EPROM
— Quit MagicPro™ WS57C128F 16K x 8 EPROM
WS27C256F 32K x 8 EPROM
WS57C256F 32K x 8 EPROM
WS57C257 16K x 16 EPROM
WS27C512F 64K x 8 EPROM

TECHNICAL INFORMATION

¢ Size: IBM PC® short length card

¢ Port Address Location: 100H to 1FFH-—default 140H (If a conflict exists with this address space, the address location
can be changed in software and with the switches on the plug-in board.)

e System Memory Requirements: 256K bytes of RAM

* Power: +5 Volts, 0.03 Amp.; +12 Volts, 0.04 Amp.

e Remote Socket Adaptor (RSA): The RSA contains two ZIF-Dip sockets that are used to program and read WSI
programmable products. The 32 pin ZIF-Dip socket supports 24, 28 and 32 pin standard 600 mil or slim 300 mil
Dip packaged product. The 40 pin ZIF-Dip socket supports all 40 pin Dip packages. Adaptor sockets are available
for LCC and PGA packages.

ORDERING INFORMATION

The WS6000 MAGICPRO™ System contains: MAGICPRO™ Adaptors include:
MAGICPRO™ IBM PC® plug-in programmer board WS6001 28 CLLCC Adaptor
MAGICPRO™ Remote Socket Adaptor and cable WS6002 32 CLLCC Adaptor
MAGICPRO™ Operating System Floppy Disk and WS6003 44 CLLCC Adaptor

Operating Manual WS6005 28 Pin Dip WS57C66 Adaptor

IBM is a trademark of IBM Corporation.
'RPROM™ and MagcicPro™ are trademarks of
WAFERSCALE INTEGRATION, INC.
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All WSI memory products program easily on standard commercially available EPROM programmers. Manufacturers
of these EPROM programmers offer a broad range of products which cover prototyping through high volume produc-
tion requirements. The leading programmer manufacturer is Data I/O Corporation located in Redmond, Washington.
The table below covers that portion of Data I/O’s product line which supports WSI’s programmable products. For
more information regarding programming support for WSI products call toll-free 800-TEAM WSI (800-832-6974) or
415-656-5400 (CA).

Data 1/0 Programming Support

P/N Family/Pinout | Unipak 2 | Unipak 2B/Cartridge | Unisite/Module | GangPak
RPROMs: WS57C191 7B/21 V12 V12/— 1.5/Site 40 Vo7
WS57C291 7B/21 vi2 Vi2/— 1.5/Site 40 —
WS57C43 7B/63 V12 Vi2/— 1.5/Site 40 Vo7
WS57C43B 7B/63 V12 V12/— 1.5/Site 40 Vo7
WS57C49 3C/67 V12 V12/— — Vo7
WS57C49 F3C/067 — — — —
WS57C49 7B/67 — — 1.5/Site 40 —
WS57C49B 3C/67 V12 V12/— — Vo7
WS57C49B F3C/067 — — — —
WS57C49B 7B/67 — — 1.5/Site 40 —
WS57C51 7B/71 — V13/351B101 1.5/Site 40 —
WS57C51B 7B/71 — V13/351B101 1.5/Site 40 —
EPROMs: WS57C64F 3C/33 V12 V12/351B086 1.5/Site 40 Vo7
WS57C128F 3C/51 V12 V12/351B086 1.5/Site 40 Vo7
WS57C256F 3C/32 V12 V12/351B086 — —
WS27C64F 3C/33 V12 V12/351B086 1.5/Site 40 Vo7
WS27C128F 3C/51 V12 V12/351B086 1.5/Site 40 Vo7
WS27C256F 3C/32 Vi2 V12/351B086 - —_
WS57C65 2C/E7 — V12/351B095 1.5/Site 40 —
WS57C257 1F/E1 — V13/351B095 — —

97
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WAFERSCALE INTEGRATION, INC.

EPROMs FOR MODERN TIMES

HIGH SPEED EPROMs:

Early generations of microprocessors (e.g., 6809, 8085, 8086, etc.) and microcontrollers (8048, 8051, 6805, etc.) operated
at frequencies in the 1-5 MHz range. At these operating frequencies, memory access time requirements varied from
200-500 ns. The EPROM technology available at the time was well suited for such applications. This technology,
based upon a single transistor “‘stacked gate” EPROM cell (see Figure 1), was optimized for programmability and
density, not speed. Many manufacturers were quite successful with this technology and manufactured EPROMs from
16K bits up to 1 Mbit.

However, today’s generation of high performance microprocessors (80286, 80386, 68000, 68020, etc.), microcontrollers
(8096, etc.) and dedicated DSP processors (TMS320xx, MC56000, etc.) operate in the 12-40 MHz range and require
memories with access times well below 100 ns (see Table 1).

Table 1
MEMORY ACCESS TIME REQUIREMENTS
PART # FREQUENCY MEMORY ACCESS
80386 16 MHz 70 ns
68020 20 MHz 70 ns
32020 20 MHz 75 ns
56000 20 MHz 55 ns
320C25 40 MHz 40 ns

As will be shown, the traditional single transistor “‘stacked gate” approach is not able to provide such high speeds.
As a result, system designers are forced into alternatives such as down loading from slow EPROM into fast SRAM,
which provides non-volatility and high speed. Unfortunately, these techniques result in higher system costs (board
space, components, power, etc.).

Semiconductor manufacturers are attempting to solve this problem at the I.C. level with various approaches. This
article explains the various techniques for achieving high speed EPROMs and allows the reader to determine which
technique is best suited for their application and which technique provides the best path for the future.

HIGH SPEED NVM: A GENERAL DISCUSSION

Memory arrays are laid out in two-dimensional row and column formats. These are referred to as word lines and bit
lines, respectively. Selecting a word line determines which row of cells in the array has been chosen to provide the
programmed output. The bit line, or column, is used to determine which of the selected cells in the row is to be read
from an output. Although this technique singles out a particular EPROM cell for reading, the output of the selected
EPROM is still connected to the outputs of several non-selected EPROM celis which share the same column, or bit
line. Each of these non-selected cells adds some capacitance to the bit line. This capacitance must be overcome
by the selected cell before the proper state (“1” or “0”’) can be sent to the output. The selected cell must have enough
drive to be able to discharge the combined bit line capacitance. Higher drive, or read current, results in a faster capacitive
discharge and, therefore, faster reading. Lower bit line capacitance and/or increasing read current are the fundamental
goals associated with developing high speed, dense EPROMSs. Lowering bit line capacitance is easily achieved by
reducing the number of memory cells. Although this results in a speed improvement, it severely limits density.

The main problem to solve, therefore, is how to manufacture an EPROM cell which can provide high read current
(for speed), high density (for small size), high reliability and ease of programming.

The following paragraphs discuss four approaches for developing a fast, dense, reliable and programmable EPROM
memory.
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1. SINGLE TRANSISTOR (‘“STACKED GATE”’)

The industry standard single transistor stacked gate EPROM cell (Figure 1) is optimized for efficient programming
and high density. It is not well suited for high speed because of its low read current. The typical read current for
a single unprogrammed stacked gate EPROM cell is between 20-50 microamps and the total bit line capacitance
for a typical EPROM can be as high as 3-5 pF. Consequently, at 40 microamps of worst-case read current, it would
take a “stacked gate” EPROM cell 70 ns to discharge the bit line by enough voltage to detect an unprogrammed
condition. Address decoding and output buffers add another 25-50 ns (depending upon technology). Clearly, this
makes it very difficult to achieve a worst-case total access time which will allow an EPROM to run with today’s genera-
tion of processors (see Table 1). Several semiconductor manufacturers are looking for alternatives to surmount the
inherent limitations of the older single transistor “‘stacked gate” EPROM.

“STACKED GATE”’
EPROM CELL
(INDUSTRY STANDARD)
CONTROL
GATE
FLOATING
GATE
SOURCE DRAIN
Figure 1

2. TWO TRANSISTOR FAST CELL (‘‘STACKED GATE’’ EPROM)

In this approach each bit consists of two stacked gate EPROM cells in a differential pair. With this architecture, it
is possible to employ a differential sensing technique which allows a programmed or unprogrammed state (“0” or
“1”) to be detected with a very small voltage swing. As a result, a memory cell can be read much faster than with
a standard sensing technique. However, this incurs the penalty of twice the area of the single cell memory array as
well as implications of lower yields, higher costs and lower reliability than a single cell approach.

3. FOUR TRANSISTOR FAST CELL (‘‘STACKED GATE’’ EPROM)

In this approach, the differential sensing technique is also used. However, each half bit is constructed with two
transistors, one of which is optimized for programming efficiency while the second transistor is optimized to give high
read current (typically 150 microamps). This makes it possible to achieve very high speeds. However, a four transistor
cell results in a very large memory array resulting in problems more severe than those of the two transistor approach
(again, low yields, high costs and low reliability). Consequently, this technique is limited to low density devices.

STACKED GATE SUMMARY

MEMORY TYPE RELATIVE SPEED RELATIVE DIE SIZE
Single Transistor Slow Small
Two Transistor Fast Large
Four Transistor Fastest Larger
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4. SINGLE TRANSISTOR FAST CELL (‘‘SPLIT GATE”” EPROM)

WaferScale Integration Inc. (WSI) has developed a proprietary technology which embodies all of the benefits of the
single transistor “stacked gate” (ease of programming, reliability, and density) and conquers the fundamental problem
of low read current. This patented technology is known as the “split gate” EPROM (see Figure 2).

WAFERSCALE’S PATENTED
“SPLIT GATE”
EPROM CELL
CONTROL
GATE
FLOATING
GATE
SOURCE DRAIN
Figure 2

The “split gate” cell uses a single transistor per bit and, although it is nearly the same size as the “stacked gate,”
each cell provides a read current of at least 160 microamps under worst-case voltage and temperature conditions.
This allows the design of very high density and very fast memory products. As an example of the capabilities of the
“split gate,” WaferScale has introduced, a family of Fast EPROM products varying in density from 16K to 256K bits
and in speed ranging from 35-55 ns, all manufactured with the same EPROM technology.

SPLIT GATE SUMMARY

MEMORY TYPE RELATIVE SPEED RELATIVE DIE SIZE

Single Transistor Fastest Small

As is seen from the table above, the WSI split gate EPROM technology provides the high density capability of the
single transistor “stacked gate” and the fast speed of the four transistor solution.

REQUIRED FEATURES

Although speed and density are necessary EPROM attributes, they alone are not sufficient for today’s memory
requirements. Reliability and ease of programming play an equally important role in determining the usefulness of
a memory product.
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RELIABILITY

The fundamental criterion for evaluating the reliability of an EPROM cell is Data Retention. This is the ability of the
cell to maintain its programmed state over time. Under extensive testing, the WaferScale patented “split gate” com-
pares quite favorably to the industry standard “stacked gate.” Figure 3 displays the results of testing which compares
the charge loss of the two cell types over time.

CHARGE LOSS
SPLIT GATE vs STACKED GATE

Ta = 250°C

1.0 |—

STACKED GATE

CHARGE LOSS
(VOLTS)

01—

WSI SPLIT GATE

0.01 I I I
500 1000 1500 2000

TIME (HOURS)

Figure 3

As can be seen from the above chart, the data retention of WaferScale’s “split gate” is nearly an order of magnitude
better than the older industry standard “stacked gate,” which is considered a very reliable technology.

In addition, life test data has shown excellent results at higher than normal conditions (T4 = 150°C, Voc = 6.5V).
Fit levels of less than 100 are typical (1 Fit = 1 failure in 1 billion device hours).

This demonstrates that WaferScale has actually improved EPROM reliability in its pursuit of a high speed and high
density EPROM technology. For the latest Reliability Data Summary, contact your local WaferScale sales representative.

PROGRAMMING
All WaferScale memory products are easily programmed using standard 3rd party EPROM/PROM programmers. The
programming algorithms supplied to these manufacturers have been optimized for programming yield.

A further programming advantage is the fact that WaferScale devices program and verify with Vg set at 5.5V. This
feature is ideally suited for “on board” programming where other non-EPROM devices may be powered by the same
Ve power supply, because the common V¢ voltage used by all devices can also be used during EPROM program-
ming. Most “stacked gate” algorithms require V¢ to be 6V or higher during the program mode and this requires
either a separate V¢ supply or protection circuitry for the non-EPROM devices.

SUMMARY

Although the single transistor “‘stacked gate” EPROM technology is very well suited for its intended use (slow, dense
NVM), it is not well suited for today’s high performance memory requirements. Brute force techniques, such as using
multiple transistor memory cells, can provide high performance; however, the penalty paid in die size and resultant
higher costs limits these techniques to relatively low densities.

WaferScale’s patented “split gate” technology combines all of the attributes of the single transistor “stacked gate”
(reliability, ease of programming and density) with the speed of the multi-transistor memory cell. The result is a family
of dense, high speed EPROM based products. Also, since WaferScale’s technology is well suited for device scaling,
the technology path for future products is already in place. This will result in products with higher density that utilize
both standard and application specific architectures.
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INTRODUCTION TO THE WSI MAP™ FAMILY OF
MAPPABLE MEMORY PRODUCTS

The basic components in a typical microprocessor based system are an EPROM for program store, an SRAM for
data store and a decoder for selecting the appropriate memory device based on the address (Figure 1). The decoder
is typically implemented using descrete logic, 74XX138 type MSI building blocks or PAL® type of devices. Hardwired
devices require jumpers on the PC. board for memory configuration changes and expansion. PAL® based decoders
are more flexible since they can be re-programmed for configuration changes.

D EPROM

cs

1

3—={8

DATA BUS
SRAM K

ADDRESS BUS

CS WE OE

| ]

DECODE
DATA BUS N Loaic WR RD
<:— L——— ] a0 L .5
EEEEEE——

RO|——m>

WR—mm—>

(9]
[o]

JUMPERS TO OTHER DEVICES

0
1721
O

Figure 1. General Architecture — Discrete Solution

Regardless of the method chosen to implement the decoder, some compromises will be incorporated that affect system
performance, board space and cost. Since the decoder is in the memory access path, the total memory access time
is the sum of the decoder delay and the access time of the memory. For example, to achieve a 40 ns total access
time, a 12 ns decoder can be used with a 25 ns memory allowing 3 ns for on-board interconnect delay (memory products
in the 25 ns range are expansive and usually are available in by 1 or by 4 bits wide configuration).

The WSI MAP™ family of mappable memory products has been developed to significantly enhance system perfor-
mance by integrating (on one chip) high density EPROM for program store, high density SRAM for data store and
high performance logic in the form of a Programmable Mapping Decoder (PMD™) (Figure 2). The products are

ADDRESS BUS > ADDRESS
RD OE
P ~ mapv
WR WE I
>CS0 15 oTHER
___ DEVICES
DATA BUS 10 — 56

Figure 2. Single-Chip Solution Using Map™ Memory
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ideally suited for DSP oriented applications (modems, analog data filtering or analysis, etc.), expansion memories
for 8 or 16-bit microprocessors and microcontrollers and applications that are very board space sensitive (i.e., plug-in
cards, avionics, portable systems, etc.).

The EPROM is based on WSI’s patented split gate EPROM technology for high density and very high speed. The
first generation of MAP™ products from WSI (WSMAP162/161, WSMAP168) contains a 128K bit UV erasable 40 ns
EPROM. This EPROM can be organized in the bytewide configuration as 16K x 8 and in the wordwide configuration
as 8K x 16.

The SRAM is based on the industry standard full CMOS 6-transistor cell. The advantages of this cell are high speed,
very low stand-by power, high noise immunity and good data retention when disturbed by alpha particles. In the first
MAP™ generation of products, the SRAM contains 32K bits which can be configured as 4K x 8 in the byte mode
or 2K x 16 in the wordwide mode.

MAP™ MEMORY ARCHITECTURE

The memory is structured as a series of blocks to achieve a very flexible and highly configurable circuit for general
purpose applications (Figure 3). The EPROM is subdivided into 8 blocks and the SRAM is subdivided into 2 blocks.
These memory blocks can be considered as separate memories with dedicated internal chip selects. The on-board
Programmable Mapping Decoder (PMD™) selects the appropriate block based on the incoming address. This archi-
tecture enables the product to be configured and compatible with virtually any system address map. Complicated
address maps of microcontroller systems can be fully utilized by programming blocks of EPROM and SRAM to be
addressed by the various portions of the system address map.

ADDRESS 1o
EPROM

EPROM

DIRECT ADDRESSES

EPROM

EPROM

ADDRESS BUS

__ EPROM

BLOCK DECODE PMD™ __ EPROM
ADDRESSES ESo., 8
—»| WE/Vgp  RSq 2 __ EPROM
j— S 8 *— CS
—1 Csi CSOy_; [ 7>
——»| OE FCSo —1,4> EPROM

SRAM

M
LUUDULL

SRAM

Figure 3. Map™ Memory Architecture

In addition to having fine control of memory allocation, it is now easier to make software updates which require changes
in the address map boundaries. This can be accomplished by simply reprogramming the PMD™ when the EPROM
code is altered. Now only one part is needed to be sent to the customer to accommodate field software changes,
a user-transparent method that requires no change of PC board jumpers.
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THE PROGRAMMABLE MAPPING DECODER (PMD™)

The PMD™ actually performs as an address comparator. When the address that was previously programmed into
the PMD™ is detected, the PMD™ enables the internal “Chip Select” to the memory block that is selected by that
address. If no block is selected by the address, both the EPROM and SRAM are powered down and the outputs
are disabled (the SRAM retains its data). This enables other devices to drive the data bus. In addition to selecting
internal blocks of memory, the PMD™ can also be programmed to select other devices using the Chip Select Out-
puts. The CSOs are programmable in the same block resolution as the internal memory. However, a CSO can be
active for any number of blocks in the address space, i.e., it is possible to enable another external 128K byte memory
by programming a single CSO to be active for that entire address range.

The PMD™ is implemented similar to a PAL® device. All the block decode addresses are connected to the AND
plane. There is only one output per AND gate (there is no OR plane). Each AND gate output either selects a block
of internal memory or, in the case of Chip Select Outputs (CSO,_;), can select a number of blocks of external memory.
Addresses A;;—A,q are block decode addresses. EPROM select outputs ES,—ES; (ES outputs) select 1 of 8 available
EPROM blocks. SRAM select outputs RSy—RS, (RS outputs) select one out of 2 available SRAM blocks. For a par-
ticular address, the selection of one memory block from ESy—ES; or one from RSy-RS,; is allowed but not both. That
is, only the EPROM or SRAM can be active at a particular time. The CSOs are independent of the ES and RS out-
puts. Any one address can be programmed to select one or more of the CSOs even if one of the ES or RS outputs
is selected. This is particularly useful for /O control or wait state generation address decode.

The PMD™ is implemented with UV erasable EPROM cell-based “fuses”. After UV erase or with new parts, the
EPROM cells are normally connected between the address inputs and the select outputs. The EPROM cells are discon-
nected by selective programming. For a select output to be enabled, all the “true” addresses must be disconnected.
For example, for selection if the address contains A;; = 0, A;; must be disconnected and if the address contains
Ay = 1, Ajp must be disconnected (Figure 4). For ES and RS select outputs, it is possible to not select any com-
bination by not disconnecting any of the addresses. The case when an address and its complement are not discon-
nected is termed “hard deselect”.

D_‘ Sy = Al
I D— s = Ak,
[D— s: = HARD DESELECTED = NEVER SELECTED
—)— S5 = DON'T CARE = ALWAYS SELECTED
—D—o.-5
1 * ® = CONNECTED
A, Az Ay Ay X = DISCONNECTED

Figure 4. PMD™ Programming Examples

CHIP SELECT OUTPUTS (CSO)

For CSOs, it is possible to make an address line a “don’t care” by deselecting both the true and the complement
of that address (Figure 5). This enables the CSO to be active for more than one address combination. Thus, a group
of blocks of external memory can be selected with only one CSO. A CSO can be programmed to function as a con-
figuration bit which is always deselected (i.e., CSO, = “1”) or always selected (i.e., CSO, = “0") by programming
the addresses with “hard deselect” or with the “don’t care” patterns respectively. This is similar in function to a PC
board wire jumper. Unused CSOs should be programmed with all addresses “don’t care” to eliminate switching and
reduce power consumption.

Since the PMD™ is always powered up, CSOs are always active (depending on the PMD™ configuration).
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Figure 5. PMD Array Architecture

POWER DISSIPATION

Power dissipation on the chip is managed by selectively powering up either the EPROM or SRAM. If the EPROM
is selected, it will draw power while the SRAM stays powered down and vice versa. When neither the EPROM or
the SRAM is selected, both are powered down. Even though the SRAM is in a “powered down” mode, its data stays
intact. A Chip Select Input (CSl) is provided for a very low power quiescent mode. With CSI = “1”, the EPROM and
SRAM are powered down but the PMD™ is powered up (independent of the incoming address signals). The CSlI
input can be connected to a system power down signal if such signal exists. Otherwise, to save power in the stand-by
mode, it is possible to address a location in memory that does not select either the EPROM or the SRAM. In this
case, only the PMD™ is powered up and will draw only a small fraction of the active power.

The CSI/Ay input is a dual function pin. It is always an address (MSB) input. Optionally, it can be programmed to be
a chip select input as well which enables the EPROM and SRAM memory when active low. In a system application,
usually one or the other modes is employed but rarely both even though it is possible to employ both modes
simultaneously.

SECURITY

The PMD™ is programmed through the circuit’s address and I/O pins. When entering the PMD™ programming mode,
the contents of the PMD™ can be addressed and accessed through the 1/O pins. After programming is completed,
it is possible to isolate the PMD’s™ programmed configuration by programming the security (SEC) bit. The security
bit, when programmed, disables external access to the PMD™ and ensures that the part can not be copied. To fur-
ther aid in securing data in the MAP™ product, it is suggested that memory blocks that are addressed in a certain
order be placed in a different order in the PMD™. The security bit will be erased during UV erase.
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SYSTEM APPLICATIONS

The MAP™ family of products is designed to reduce memory access time and board area utilization in high perfor-
mance digital signal processor and microcontrolier and microprocessor systems. These systems typically have the
following requirements:

¢ 16-bit data path (e.g., Motorola 68000/68020, Intel 8096/8086/80286 Processors or National HPC16000 microcon-
trollers and T.I. TMS32020/TMS320C25 DSP circuits).

* 64K-1 Meg address space

¢ Fast access time (100 ns to 40 ns)
¢ Need decoding for 1/O and memory
* Printed circuit board area limitations

* Need a mix of memory
— Program store: 128K bits EPROM
— Data store: 32K bits SRAM

Figure 6 illustrates a typical system based upon a 40 MHz TMS320C25 digital signal processor. Such a system allows
only 40 ns for memory access time. The access time can be broken down into decoding time and memory access
time. The fastest decoders available today require approximately 10 ns to complete their decode function. Due to
this decoding time, memory access time for both the EPROM and SRAM must be 30 ns or less. The MAP™ family
of products performs decoding on-board the chip with no speed penalty. As a result, in the above example, a 40 ns
MAP™ product would perform the function of a 10 ns decoder and a 30 ns EPROM and SRAM memory. In addi-
tion, the equivalent of two fast EPROMs, two fast SRAMs and at least one decoder are combined into one MAP™
product resulting in a 5 to 1 component count reduction.

CS TO PORTS

1/0 PORT
INTERFACE

16-18
ADDRESS /
RD
16
Vi
DSP DATA 7
TMS320C25-40

* REPLACED BY THE
MAP™ MEMORY FAMILY

Figure 6. General Block Diagram of a DSP System
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The general architecture of the first release of the MAP™ product line is shown in Figure 7. The family consists of
three products. They are the WSMAP162, the WSMAP161 and the WSMAP168. The memory consists of 128K bits
of EPROM and 32K bits of SRAM. A fast Programmable Memory Decoder (PMD™) is used on-board the circuit to
map and access different EPROM and SRAM sections depending on the address inputs. The EPROM and SRAM
can be partitioned into blocks of 1K 16-bit words or 2K 8-bit bytes depending on the user programmed configuration
of the product.

DECODED EPROM ADDRESS Ag-Az :> Ag-A,,
PGMH pGM 8K 8 PGM oK '8
EOEH OE ouT,_, m.,_7 OE  0UT,,; Ny,
v o ! ﬁ
(1) Ag —> EOEL —
(1) Ajg ——>} DECODED SRAM ADDRESS > Ag-Ayg Ao-Aw
WEH WE  2Kxs WE  2KE
PMD™ ROEH OE 0UT,; INg; OE ouT,, INgs
(3) BHE WEL AN
WEVpp —— ROEL -
oF — | CS5,-CS, &
CSIAX (2) — CON \/‘
eso ~—] [
OEH T}
110545 OR CSOp_; 170y_7

Notes:

1. WSMAP168 Pins

2. WSMAP162 Ay = Ay
WSMAP161 Ay = Ay

3. Only WSMAP168, WSMAP161

Figure 7. General Architecture of the MAP™ Products

Any of the three products can be programmed to operate in a bytewide or wordwide configuration. The internal memory
is organized as 8K x 16 EPROM and 2K x 16 SRAM in the wordwide mode and 16K x 8 EPROM and 4K x 8
SRAM in the bytewide mode. When configured for byte operations, 1/0g to /0,5 become outputs (CSO, to CSO;)
that can be programmed to select other devices in the system.

The Chip Select Input (CSI) on each product can be programmed to select the chip or to be an additional (highest)
address input. On the WSMAP162 it can be CSi or A,g; on the WSMAP161, CSI or A7; and on the WSMAP168, CSI
or Ayg. Table 1 summarizes the programmable options.

Table 1. Programmable Features of the MAP™ Family

WSMAP162 WSMAP161 WSMAP168
x8 or x16 Yes Yes Yes
CSI or Address CSl/Ag CSIA, CSliAy
Programmable Decoder Yes Yes Yes
Security Mode Yes Yes Yes
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SYSTEM INTERFACE TO WSMAP162

The WSMAP162 is especially suited for high-speed word-oriented (no byte operations) microprocessors. The
TMS320C20/25 DSP family is an example of such a microprocessor. Figures 9 and 10 show two options of interfacing
the WSMAP162 to a TMS320C25 operating at 40 MHz with no wait states. The TMS320C25 has two pins for selecting
Program Memory (PS) and Data Memory (DS) These functions are connected to the higher order address of the
WSMAP162. PS is connected to A,g and DS is connected to A,;. Usually PS will select the EPROM and DS will

select the SRAM. See Figure 8.

64K WORDS

%

8K x 16
EPROM

7

2K x 16

7

1K x 16 SRAM

4K x 16 EPROM

4K x 16 EPROM

SRAM
DS
1K x 16 SRAM
a. CONTIGUOUS MAPPING b. SPLIT MAPPING
Figure 8. Examples of Mapping Memory Using the WSMAP162
PS A
DS »| Ay MEMORY CONFIGURATION
40 MHz —| CK 8K x 16 EPROM
2K x 16 SRAM
Ag-Aqs JI> Ais
L] Ao
TMS320C25 = WSMAP162
Vee
T Dg-Dy5 <L ) Do-Dss
READY .
- E: o
RIW OE

Figure 9. Interfacing the WSMAP162 to a TMS320C25 in a DSP Application (x16 Configuration)

When in a wordwide (x16) configuration, the total memory available on the WSMAP162 is 8K x 16 of EPROM and

2K x 16 of SRAM. See Figure 9. This implementation replaces a minimum of:
* one high-speed decoder (10 ns)
¢ two 8K x 8 EPROMSs (30 ns)
e two 2K x 8 SRAMSs (30 ns)

10



Application Note 002

or a total of 5 circuits. If the system was previously implemented using a boot EPROM, the WSMAP162 replaces:
* one high-speed decoder (10 ns)
¢ two 8K x 8 EPROMSs (30 ns)
e two 2K x 8 SRAMSs (30 ns)

two 8K x 8 slow EPROMs

three ICs for Wait-State generation

or a total of 10 circuits.

In a byte wide (x8) configuration, two WSMAP162s can be interfaced directly with a TMS320C25. See Figure 10.
Key features of this system are:

® 40 ns access time
e 16K x 16 EPROM
e 4K x 16 EPROM
¢ 16 general purpose programmable chip selects

The general purpose programmable chip selects can be mapped to any location in the address space via the
PMD™. These chip selects can be used to access I/O ports, select additional memory or control other system
functions.

PS A
40 MHz ——> DS T Ay
Ag-As5 > Ais
WSMAP162
TMS320C25 14 TS, > CS,;

Dg-Dys < > Do-Dy5
STRB > WE
_ — TO
RIW & OE 1/0 PORTS
OR

ADDITIONAL
A MEMORY

Ve <+——{ READY

16
WSMAP162 B
Ao CS,.7 > CSg_s5

Do-Dys

l”'—

WE

‘»{ OE

Figure 10. WSMAP162 in a x8 Configuration

SYSTEM INTERFACE TO WSMAP161

The WSMAP161 has two basic configurations. They are a wordwide (x16) configuration with byte operation capability
and a byte wide (x8) configuration with 8 chip select outputs (for byte wide only applications, it is suggested to use
the WSMAP162 as the inclusion of A,; instead of BHE gives greater addressing range).

The 128K address space (during byte operations in the wordwide mode) makes the WSMAP161 especially suited
for microcontroller applications. Figure 11 illustrates a simple interconnection of the WSMAP161 to a microcontroller.
In the HPC16040 without wait states, the access time is 65 ns which makes the WSMAP161 (40 ns access time) a
good fit with plenty of margin. See Figure 11.

The WSMAP161 can be configured in a bytewide (x8) mode. This is equivalent to the WSMAP162 and can also be
used “doubled-up” as shown in Figure 10.
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A MEMORY
= '° CONFIGURATION
8K x 16 EPROM
2K x 16 SRAM
ADg_y5 <ﬁ> LATCH A A
[ WSMAP161
ALE r CSI/Ay
MICROCONTROLLER G
(HPC16000, .
8096, etc.) LATCH Aoz

BHE WE OE Dg_s
Vee [
L BHE
READY

o
m

> Do_15

33

Note: In an HPC16040, the access time is 63 nsec.

Figure 11. Interfacing the WSMAP161 to a Microcontroller (x16 Configuration)

SYSTEM INTERFACE TO WSMAP168
The WSMAP168 has the following key features:
* 1 Meg address space decoding * One output chip select when in the wordwide mode (FCSO)

® 40 ns access time ¢ Nine output chip selects when in the bytewide mode
» Byte operations in wordwide mode (BHE) - * Programmable Mapping Decoder (PMD™)

Ag-Aso j} Ais-Aro
" ADg_y5 K ) LATCH A As-15
G
ALE WSMAP168
(x16)
Vee 80186 3
} > A,
SRDY LATCH 0-7
ARDY  ggE BHE
— — FCSO TO
ucs CSi/Ay ———» USER
— — PORT
WR WE
5 oF
Do_s5
ADO-15 @
s :
E—

Figure 12. Interfacing the WSMAP168 to an 80186 in an Embedded Control Application (x16 Configuration)
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Figure 12 illustrates the interface between an 80186 and the WSMAP168 (in the x16 mode). The UCS (Upper Chip
Select) is connected to CSI/Ay on the WSMAP168. The PMD™ is programmed to locate a 1K x 16 EPROM slot in
the upper memory address space for a reset subroutine. The rest of the memory can be located as required by the
user (Figure 13).

1K x 16
EPROM RESET
ucs

PROGRAM 7K x 16
STORE EPROM

srong ———| 1K x 16 SRAM

VECTOR 1 K

INTERRUPT ———»| 1K x 16
STORE SRAM

Figure 13. Optional Memory Mapping Using a WSMAP168 in an 80186 System

MAP™ FAMILY SUPPORT

WSI provides the programming environment needed to program the MAP™ family of products. The MagicPro™ and
the MAP™ Utility provides the user with the ability to program the PMD™ and the EPROM. The menu-driven soft-
ware and hardware use the IBM PC as a platform and are easily installed and used. For additional information, con-
sult your nearest WSI sales representative.
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=555 SALES REPRESENTATIVES AND DISTRIBUTORS

WAFERSCALE INTEGRATION, INC.

DOMESTIC REPRESENTATIVES

Alabama

Rep, Inc.

PO. Box 4889

Huntsville, Alabama 35815

(205) 881-9270

Twx: 8107262102 Fax: (205) 882-6692

Arizona

Shefler-Kahn Company

2017 North 7th Street

Phoenix, Arizona 85006

(602) 257-9015

Twx: 9109510659 Fax: (602) 252-3431

California

Bager Electronics Inc.

17220 Newhope Street, Suite 209
Fountain Valley, California 92708
(714) 957-3367

Fax: (714) 546-2654

Bager Electronics Inc.

21133 Victory Bivd., Suite 225
Canoga Park, California 91303
(818) 712-0011

Fax: (818) 712-0160

Reider Associates

2660 Bernardo Avenue

Escondido, California 92025

(619) 741-0496

Twx: 9103221157 Fax: (619) 741-1392

Canada

HarTech Electronics, Ltd.
5000 Dufferin Street, Suite 216
Downsview, Ontario (Toronto)
Canada M3H 5T5

(416) 665-7773

Fax: (416) 665-7290

(514) 694-6110
Telex: 05-822679 (Montreal)
Fax: (514) 694-8501

(613) 726-9410 (Ottawa)
Fax: (613) 726-8834

Colorado

Waugaman Associates, Inc.
4800 Van Gordon Street
Wheat Ridge, Colorado 80033
(303) 423-1020

Fax: (303) 467-3095

Connecticut

NRG, Ltd.

63 Duka Avenue

Fairfield, Connecticut 06430

(203) 384-1112

Telex: 710-4572169 Fax: (203) 335-2127

Florida

Sales Engineering Concepts, Inc.
776 South Military Trail

Deerfield Beach, Florida 33442
(305) 426-4601

Sales Engineering Concepts, Inc.
926 Great Pond Drive, Suite 2002
Altamonte Springs, Florida 32714
(305) 682-4800

Fax: (305) 682-6491

Sales Enginering Concepts, Inc.
15107 Nighthawk

Tampa, Florida 33625

(305) 682-4800

Georgia

Rep, Inc.

1944 Northlake Parkway #1

Tucker, Georgia 30084

(404) 938-4358

Twx: 8107660822 Fax: (404) 938-0194

Hlinois

Sieger Associates

1350 Remington Road, Suite UV
Schaumburg, lliinois 60173

(312) 310-8844

Telex: 206248 Fax: (312) 310-9530

Indiana

M/S Sales & Associates

7319 West Jefferson Blvd.

Ft. Wayne, Indiana 46804

(219) 436-3023

Twx: 8103321414 Fax: (219) 436-3026

lowa

Gassner & Clark Co.

PO. Box 10 (ALL MAIL)

Hiawatha, lowa 52233

1834 Blairs Ferry Road NE

Cedar Rapids, lowa 52402

(319) 393-5763

Twx: 62950087 Fax: (319) 393-5799

Maryland

Logical Technology, Inc.

Empire Towers Building

7310 Ritchie Highway, Suite 609A
Glen Burnie, Maryland 21061
(301) 766-7444

Fax: (301) 760-2054

Massachusetts

Complech, Inc.

1 Bridgeview Circle

Tyngsboro, Massachusetts 01879
(617) 649-3030

Twx: 62875819 Fax: (617) 649-3276

Michigan

Action Component Sales
22765 Heslip Drive
Novi, Michigan 48050
(313) 349-3940

Telex: 509359

Minnesota

Electronic Sales Agency, Inc.

8053 Bloomington Freeway
Bloomington, Minnesota 55420
(612) 884-8291

Telex: 4310015 Fax: (612) 884-8294

New Jersey

Astrorep Inc.

1479 Route 23

PO. Box 1612

Wayne, New Jersey 07470

(201) 696-8200

Twx: 7109885847 Fax: (201) 696-6497

New Mexico

Shefler-Kahn Company

2709J Pan American Freeway NE
Albuquerque, New Mexico 87112
(505) 345-3591

Fax: (505) 345-3593

New York

Astrorep Inc.

103 Cooper Street

Babylon, New York 11702

(516) 422-2500

Telex: 286852 Fax: (516) 422-2504

Tri-Tech Electronics Inc.

300 Main Street

East Rochester, New York 14445
(716) 385-6500

Twx: 62934993 Fax: (716) 385-7655

Tri-Tech Electronics Inc.

3215 East Main Street

Endwell, New York 13760

(607) 754-1094 (Binghampton)

Twx: 5102520891 Fax: (607) 785-4557

Tri-Tech Electronics Inc.

6836 East Genesee Street
Fayetteville, New York 13066

(315) 446-2881 (Syracuse)

Twx: 7105410604 Fax: (315) 446-3047
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DOMESTIC REPRESENTATIVES (Continued)

Tri-Tech Electronics Inc.

14 Westview Drive

Fishkill, New York 12524
(914) 897-5611 (Hudson Valley)
Twx: 62906505

North Carolina

Rep, Inc.

2500 Gateway Centre Blvd., #400
Morrisville, North Carolina 27560
(919) 851-3007

Twx: 821765 Fax: (919) 481-3879

Rep, Inc.

Independence Office Park

6407 Idlewild, Suite #425
Charlotte, North Carolina 28212
(704) 563-5554

Twx: 821765 Fax: (704) 535-7507

Ohio

G & H Sales Company
7754 Camargo Road
Cincinnati, Ohio 45243
(513) 272-0580

Fax: (513) 272-0582

G & H Sales Company
17600 Detroit Road, #409
PO. Box 79191

Lakewood, Ohio 44107
(216) 226-6800 (Cleveland)

Oregon

Thorson Company Northwest
6700 SW. 105th Avenue
Beaverton, Oregon 97005

(503) 644-5900

Telex: 294835 Fax: (503) 644-5919

Pennsylvania

Tech-Com Marketing, Inc.

PO. Box 460

Sellersville, Pennsylvania 18960
(215) 723-0820

Fax: (215) 723-2861

Tennessee

Rep, Inc.

113 South Branner Street

PO. Box 728

Jefferson City, Tennessee 37760
(615) 475-4105

Twx: 8105704203 Fax: (615) 475-6340

Texas

Southwestern Technical Sales
3010 LBJ Freeway, #860

Dallas, Texas 75234-7704

(214) 243-0180

Telex: 797334 Fax: (214) 243-3512

Southwestern Technical Sales
6200 Turkey Hollow

Austin, Texas 78750

(512) 440-0499

Utah

Butterworth Marketing

302 West 5400 South, Suite 204
Murray, Utah 84107

(801) 268-2244

Fax: (801) 268-8344

Washington

Thorson Company Northwest

12301 N.E. 10th Place, Suite 260
Bellevue, Washington 98005

(206) 455-9180

Twx: 9104432300 Fax: (206) 455-9185

DOMESTIC DISTRIBUTORS

Alabama

Pioneer

4825 University Square
Huntsville, Alabama 35805
(205) 837-9300

Time Electronics

4801 University Square
Huntsville, Alabama 35816
(205) 721-1133

Arizona

Time Electronics

1203 West Geneva Drive
Tempe, Arizona 85282
(602) 967-2000

Wyle Laboratories

17855 North Black Canyon Highway
Phoenix, Arizona 85023

(602) 866-2888

California

Time Electronics

370 S. Crenshaw Bivd., Suite E-104
Torrance, California 90503

(213) 320-0880

Time Electronics

1339 Moffett Park Drive
Sunnyvale, California 94089
(408) 734-9888

Time Electronics

9751 Independence Avenue
Chatsworth, California 91311
(818) 998-7200

Time Electronics

8525 Arjons Drive, Suite A
San Diego, California 92126
(619) 586-1331

Time Electronics

2410 E. Cerritos Avenue
Anaheim, California 92806
(714) 937-0911

Wyle Laboratories

3000 Bowers Avenue

Santa Clara, California 95051
(408) 727-2500

Wyle Laboratories

11151 Sun Center Drive

Rancho Cordova, California 95670
(916) 638-5282

Wyle Laboratories
17872 Cowan Avenue
Irvine, California 92715
(714) 863-9953

Wyle Laboratories

26677 West Agoura Road
Calabasas, California 91302
(818) 880-9001

Wyle Laboratories

9525 Chesapeake Drive
San Diego, California 92123
(619) 565-9171

Colorado

Time Electronics

7399 S. Tucson Way, Suite A7
Englewood, Colorado 80112
(303) 799-8851

Wyle Laboratories

451 East 124th Street
Thornton, Colorado 80241
(303) 457-9953

Connecticut

Pioneer

112 Main Street

Norwalk, Connecticut 06851
(203) 853-1515

Time Electronics

1701 Highland Avenue
Cheshire, Connecticut 06410
(203) 271-3200

Florida

Pioneer

221 North Lake Blvd.

Altamonte Springs, Florida 32701
(305) 834-9090
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DOMESTIC DISTRIBUTORS (Continued)

Pioneer

6745 Military Trail

Deerfield Beach, Florida 33441
(305) 428-8877

Time Electronics

6610 NW 21st Street

Ft. Lauderdale, Florida 33309
(305) 974-4800

Time Electronics

4405 Vineland, Suite C15
Orlando, Florida 32811
(305) 841-6565

Georgia

Pioneer

5835 B Peachtree
Corners East

Peachtree Crossings
Business Park

Norcross, Georgia 30092
(404) 4481711

Time Electronics

5555 Oakbrook, Suite 535
Norcross, Georgia 30093
(404) 448-4448

Hlinois

Pioneer

1551 Carmen Drive

Elk Grove Village, lllinois 60007
(312) 437-9680

Out-of-state: 800-323-0360

Time Electronics

945 N. Edgewood, Suite G
Wooddale, lllinois 60191
(312) 350-0610

Indiana

Pioneer

6408 Castleplace Drive
Indianapolis, Indiana 46250
(317) 849-7300

In state: 800-382-5503
IL-KY-MO: 800-428-9128
St. Louis: (314) 241-9232

Kansas

Pioneer

10551 Lackman Road
Lenexa, Kansas 66215
(913) 492-0500

Fax: (913) 492-7832

Maryland

Time Laboratories

9051 Red Branch Road
Columbia, Maryland 21045
(301) 964-3090

Massachusetts

Pioneer

44 Hartwell Avenue

Lexington, Massachusetts 02173
(617) 861-9200

Out-of-state: 800-225-8344

Time Electronics

10A Centennial Drive

Peabody, Massachusetts 01906
(617) 532-6200

Michigan

Pioneer

13485 Stamford

Livonia, Michigan 48150
(313) 525-1800

Ann Arbor: (313) 455-9090
In-state: 800-624-5800

Pioneer

4505 Broadmoor Avenue, S.E.
Grand Rapids, Michigan 49508
(616) 698-1800

In-state: 800-482-0119

Minnesota

Pioneer

7625 Golden Triangle Drive, Suite G
Eden Prairie, Minnesota 55343

(612) 944-3355

Twx: 9105762738 Fax: (612) 944-3794

Time Electronics

4445 W. 77th Street, Suite 216
Edina, Minnesota 55435

(612) 835-1250

Missouri

Time Electronics

330 Soverign Court

St. Louis, Missouri 63011-4491
(314) 391-6444

New Jersey

Pioneer

45 Route 46

Pine Brook, New Jersey 07058
(201) 575-3510

Time Electronics

Montville Ind’l Park #3

55 Route 46

Pinebrook, New Jersey 07058
(201) 882-4611

New York

Pioneer

840 Fairport Park
Fairport, New York 14450
(716) 381-7070

In-state: 800-822-0885

Pioneer

60 Crossways Park West
Woodbury, New York 11797
(516) 921-8700

Pioneer

1806 Vestal Parkway E.
Vestal, New York 13850
(607) 748-8211

In-state: 800-252-1278

Time Electronics

70 Marcus Blvd.

PO. Box 11248

Hauppauge, New York 11788
(516) 273-0100

Time Electronics

6075 Corporate Drive

East Syracuse, New York 13057
(315) 432-0355

North Carolina

Pioneer

9801 A. Southern Pine Blvd.
Charlotte, North Carolina 28210
(704) 527-8188

Time Electronics

Industry Drive

Oxford, North Carolina 27565
(919) 693-5166

Time Electronics

9800 L. Southern Pine Bivd.
Charlotte, North Carolina 28210
(704) 522-7600

Ohio

Pioneer

4800 E. 131st Street
Cleveland, Ohio 44105
(216) 587-3600
In-state: 800-362-9127

Pioneer

4433 Interpoint Blvd.
Dayton, Ohio 45424

(513) 236-9900

In-state: 800-762-7810

KY: 800-543-5113;
Cincinnati: (513) 628-1072
Columbus: (614) 221-0043

Time Electronics
6175H Shamrock Court
Dublin, Ohio 43017
(614) 761-1100

Oregon

Time Electronics

16125 SW. 72nd Avenue
Portland, Oregon 97224
(503) 684-3780

Wyle Laboratories

5250 N.E. Elam Young Parkway
Suite 600

Portland, Oregon 97123

(503) 640-6000
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DOMESTIC DISTRIBUTORS (Continued)

Pennsylvania

Pioneer

261 Gibraltar Road

Horsham, Pennsylvania 19044
(215) 674-4000

Pioneer

259 Kappa Drive

Pittsburgh, Pennsylvania 15238
(412) 782-2300

WV: 800-245-0786

Erie: 800-242-0217

Time Electronics

600 Clark Avenue

King of Prussia, Pennsylvania 19406
(215) 337-0900

Texas

Pioneer

9901 Burnet Road
Austin, Texas 78758
(512) 835-4000

San Antonio: 736-5544

Pioneer

13710 Omega Road
Dallas, Texas 75244
(214) 386-7300

Metro: 263-3168
In-state: 800-492-9027
OK-AR: 800-527-0387

Pioneer

5853 Point West Drive
Houston, Texas 77036

(713) 988-5555
Lafayette-Baton Rouge-
New Orleans: 800-231-9965

Time Electronics
10450 Stancliff Blvd.
Houston, Texas 77099
(713) 530-0800

Time Electronics
1826-F Kramer Lane
Austin, Texas 78758
(512) 339-3051

Time Electronics

2210 Hutton Drive
Carrollton, Texas 75006
(214) 241-7441

Wyle Laboratories

1810 North Greenville Avenue
Richardson, Texas 75083
(214) 235-9953

Wyle Laboratories

11001 South Wilcrest, Suite 100
Houston, Texas 77099

(713) 879-9953

Wyle Laboratories
2120-F West Braker Lane
Austin, Texas 78758

(512) 834-9957

Utah

Time Electronics

2446 Progress Drive
West Valley, Utah 84119
(801) 973-8181

Wyle Laboratories

1325 West 2200 South, Suite E
West Valley, Utah 84119

(801) 974-9953

Washington

Time Electronics

8601 Willows Road
Redmond, Washington 98052
(206) 882-1600

Wyle Laboratories

1325 West 2200 South, Suite E
West Valley, Utah 84119

(801) 974-9953

Washington, D.C.

Pioneer

9100 Gaither Road
Gaithersburg, Maryland 20877
(301) 921-0660

Baltimore: (301) 792-7500

INTERNATIONAL DISTRIBUTORS

Germany

Tekelec Airtronic GmbH
Kapuzinerstrasse 9

8000 Munchen 2, West Germany
89 5164 0

Telex: 841522241 Fax: 49 89 516410

England

Micro Call Ltd.

Thame Park Road

Thame, Oxon 0X9 3XD, England

44 84 421 5405

Telex: 851837457 Fax: 44 84 421 7185

France

REA (Radio Equipements-Antares)

90, Rue De Villiers, B.P. 5

92300 Levallois Perret Cedex

France

14758 11 1

Telex: 842620630 Fax: 33 1 47 58 79 13

Italy

Silverstar

20, Via Dei Gracchi

20146 Milano, Italy

39 2 4996

Telex: 843332189 Fax: 39 2 435594

Finland

OY Comdax AB

Italahdenkatu 23 A

SF-00210 Helsingfors, Finland

857 067 02 77

Telex: 857125876 Fax: 358 0674886

Norway

OTE A/S

PO. Box 102 Tveila

N-0617 Oslo 6, Norway

47 2 269955

Telex: 85678955 Fax: 47 2 268305

Sweden

Traco AB

PO. Box 103

S$-123 22 Farsta, Sweden

468 930011

Telex: 85410689 Fax: 468 947732

Austria, Switzerland

Bacher GmbH

Sendlingerstrasse 64

8000 Munich 2, West Germany

89 265094

Telex: 8415214624 Fax: 49 89 2604133

Denmark

Distributoren Inereiko, A/S

Silovej 18

DK-2690 Karlslunde, Denmark

45 3 140700

Telex: 85543507 Fax: 45 3 146805

Spain

Unitronics, S.A.

Plaza de Espana, 18

28008 Madrid, Spain

34 1 242 5204

Telex: 83122596 Fax: 34 1 248 4228

Belgium, Luxembourg

Inelco

Avenue Des Croix De Guerre, 94
1120 Brussels, Belgium

32 2 216 0160

Telex: 84664475 Fax: 32 2 2166150

Holland

Components & Systems Electronics BYV.
Wegastnaat 77

NL 2516 AN DEN HAAG, Holland

70 474991

Telex: 84432655 Fax: 31 70 475598
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INTERNATIONAL DISTRIBUTORS (Continued)

Israel

Vectronics

60 Medinat Hayehudim St.

PO. Box 2024

Herzlia B 46120, Israel

972 52 556070

Telex: 922342579 Fax: 972 52 558508

Japan

Nippon Imex Corporation

No. 6 Sanjo Bldg. 5F

1-46-9 Matsubara

Setagaya-ku, Tokyo 156 Japan

321 4415

Telex: 781 23444 Fax: 81 3 325 0021

Kyocera Corporation

2-13-2 Tamagawadai

Setagaya-ku, Tokyo, 158 Japan
3-708-3111

Telex: 7812466091 Fax: 813-708-3372

Hong Kong

Components Agent Ltd.

Unti 2301C-2, Nan Fung Centre

298 Castle Peak Road

New Territories, Hong Kong
0-499-2688

Telex: 78030398 Fax: 852 0-4993123

Taiwan

Sertek International, Inc.

3 FL, 135, Sec. 2

Chien Kuo N. Road

Taipei, 10479, Taiwan, R.O.C.
2-501-0019

Telex: 78523756

Korea

Eastern Electronics, Inc.

151-22, Hwayang-Dong
Sungdong-Ku, Seoul, Korea

C.PO. Box 1075

82 2 463-2266

Telex: 78727381 Fax: 82 2 465-2607

Australia

Energy Control

26 Boron Street

Sumner Park

Brisbane, QLD 4074, Australia
Phone 61-7-376-2955

Fax: 61-7-376-3286

Telex: 43778

WSI DIRECT SALES OFFICES

North East Regional Sales
239 Littleton Road, Suite 3C
Westford, MA 01886

(617) 692-4083

Fax: 617/692-4083

Midwest Regional Sales

33 West Higgins Road, Suite 2054
South Barrington, lllinois 60010
312/551-9062

Fax: 312/551-9063

South West Regional Sales
Beeper: 714/550-3062

17011 Beach Blvd., Suite 900
Huntington Beach, California 92647
(714) 843-9407

Fax: 714/841-9083

Mid Atlantic Regional Sales

3 Neshaminy Interplex, Suite 301
Trevose, Pennsylvania 19047
(215) 638-9617

Fax: 215/245-4705

South East Regional Sales

101 Washington Street, Suite 14
Huntsville, Alabama 35801

(205) 539-7406

Fax: 205/539-7449

Northwest Regional Sales
47280 Kato Road

Fremont, California 94538
(415) 656-5400

Telex: 289225

Fax: 415/657-5916

For additional information or assistance, call 800-TEAM-WSI (800-832-6974). In California, call 415-656-5400.
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WAFERSCALE INTEGRATION, INC.

47280 Kato Road, Fremont, CA 94538
415-656-5400

800-TEAM-WSI

Fax: 415-657-5916

Telex: 289255




