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WAFERSCALE INTEGRATION, INC.

In

SHATTERING BARRIERS THAT LIMIT GROWTH

its short history, WaferScale Integration, Inc. (WSI) has made commonplace the breaking of traditional

barriers that limit high-performance system evolution. Company “breakthroughs’:

First company to patent a self-aligned split-gate single transistor EPROM cell and place it in high volume
production.

First company to produce a 55 ns 8K x 8 CMOS EPROM.
First company to produce a 43 MHz 4-bit CMOS bit slice processor.

First company to produce monolithic 16-bit and 32-bit CMOS bit slice processors, both. as stand-alone
products and as cell library macros.

First company to produce a 128K CMOS re-programmable non-volatile memory with bipolar PROM pinouts.
First company to produce a 30 ns 16 x 16 CMOS Multiplier Accumulator.

First company to produce a 55 ns x 16 (wordwide) CMOS EPROM.

First company to produce 55 ns 32K x 8 CMOS EPROMs.

First company to combine high-performance EPROM, SRAM and logic all on the same circuit.

First company to have 33 re-programmable CMOS EPROM products compliant to MIL-STD-883C.

First company to produce user-configurable high-performance CMOS re-programmable board-replacement
system controllers.

First company to produce a family of 16K to 64K CMOS RPROMs™ with sub-35 ns access time.

First company to produce address mappable memory circuits that combine EPROM, SRAM and logic.

As WSI moves into faster sub-micron CMOS technologies in 1988 and continues to develop new program-
mable solutions for higher performance system markets, additional barriers will continue to be broken in
our drive for leadership in high-performance next-generation programmable semiconductor products that
integrate both memory and logic. WSI thus enables its customers to achieve faster market entry, higher
performance systems and more easily producible end products.
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WAFERSCALE INTEGRATION, INC.

INTRODUCTION

WaferScale Integration, Inc. (WSI) has achieved marked increases in sales of its programmable CMOS memory, logic
and semicustom products. These increased sales have resulted in a solid financial position including profitability.
WSI is leveraging its proprietary CMOS technology and circuit architectures with strategic alliances involved in
technology, manufacturing and distribution. This partnership structure has resulted in WSI’s rapid emergence as the
leader in high-performance next-generation user-programmable semiconductor products integrating both memory
and logic.

WSI serves its customers with the industry’s fastest family of non-volatiie CMOS EPROM and RPROM™ memory
circuits, high-speed CMOS bit-slice processors and peripherals and programmable board-replacement cell-based
custom circuits. WSI continues to build on its unique technology by bringing to market fast new user-programmable
controllers and specialized memory products that combine high-performance EPROM, SRAM and logic on one cir-
cuit. WSI supports these new products with a complete system development environment including software assemblers,
simulators and utilities as well as the MagicPro™ programmer. These development tools are used by customer
design engineers during system development. Derived customer benefits from using the new user-programmable
products include faster time to market, higher levels of integration resulting in smaller, more efficient products and
higher system performance.

THE COMPANY

WSI was founded in August, 1983, to develop integrated circuit technologies and products tailored specifically to meet
the needs of high-performance systems developers. The company is headquartered in a 66,000 square foot facility
in Fremont, California and employs 100 people.

The company’s leveraging of its partnerships with Sharp Corporation, GE Solid State, Altera Corporation, Intergraph
Corporation, and Kyocera Corporation enables WSI to invest its capital into advancing its technology, serving its
customers, and realigning products to match market shifts.

Sharp Corporation and GE Solid State have invested in WSI through equity positions, and both companies hold WSI
technology licenses. Altera Corporation and Intergraph Corporation are two additional strategic alliances involving
either equity and/or technology. The Kyocera alliance involves equity and distribution of WSI product in Japan.

In its first round of financing in February, 1984, the company secured $16.1 million in equity, equipment loans, leaselines,
and facilities leasehold improvements. Investments were received from private sources, venture capital groups, and
corporate investment funds.

After achieving significant milestones in its first year of operation, the company secured its second round of equity
financing in October, 1984, for $8.5 million. WSI completed its third round financing in January, 1986 raising an addi-
tional $13 million in equity and licensing of its CMOS and EPROM technology. All of WSI’s previous institutional investors
participated in the third round.

A fourth round of financing with Kyocera Corporation as an added investor has been completed, exceeding $8 million.
This round brings the company’s total financing to over $30 million. Corporate investors cornerstoned and contributed
over 60% of the fourth round.

MARKETING STRATEGY

Today’s rapidly expanding systems markets demand semiconductor products that provide exceptionally high speed,
high reliability, high levels of integration, low power, a high electrostatic discharge protection, low to moderate cost,
and in the case of semicustom circuits, the ability to tailor or program the product to achieve unique customer defined
functions.
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WSI focuses on high-performance markets that include telecommunications, minicomputers, local area networking,
digital signal processing, array processing, high resolution color graphics, and military avionics and communications.
The company’s products are used where system designers are pushing the limits of system performance. These high-
speed requirements often involve real time data manipulation and control.

Major market involvement of WSI’s products presently include 55% office automation, 25% telecommunication, 15%
military, and 5% other. Marketing direction has been established to balance office automation, telecommunication,
and military to roughly 30% each by 1990.

To fulfill the needs of these markets, WSI has focused its attention on customer service. The company’s product-
development teams rely heavily on first-hand input from its customer base regarding new products. WSI provides
extensive technical information to customers in the form of printed product data, application notes, and personal design
assistance. WSI is supplying an engineering programmer (dubbed ““MagicPro” for Memory And loGIC PROgrammer)
which will enable customer engineers to incorporate new WSI products into their designs without having to wait until
the algorithms are commercially published for production use.

WSI has a CBIC (Cell-Based-Integrated-Circuit) program through which customers can combine a variety of proven
macro-cell functions and produce a unique high-performance programmable integrated circuit tailored to exact customer
specifications.

SALES NETWORK

WSI’s products are sold worldwide through a sales network that includes a combination of regional and direct sales
managers, manufacturers’ representative companies, and component distributors.

WSI has direct sales offices in Boston, MA; Huntsville, AL; Philadelphia, PA; Los Angeles and Fremont, CA; and Chicago,
IL. Over 25 manufacturers’ representative companies sell WSI products to major accounts on a nationwide basis.
WSI’s U.S. distributors include Time Electronics, Wyle Laboratories, Pioneer Technologies, and Pioneer Standard.

WSI has expanded its sales coverage in Europe and Japan. The company’s European sales representatives include
Tekelec Airtronic GmbH (Germany), Micro Call Ltd (England), REA (France), Silverstar (ltaly), Traco AB (Sweden),
Bacher GmbH (Austria, Switzerland), OY Comdax AB (Finland), OTE A/S (Norway), Distributoren Interelko, A/S
(Denmark), Unitronics, S.A. (Spain), Inelco (Belgium and Luxembourg), Components & Systems Electronics BV.
(Holland), and Vectronics (Israel). In the Orient, Kyocera Corporation recently has been named as a WSI sales represen-
tative for Japan along with Nippon imex Corporation (Japan), Components Agent Ltd (Hong Kong), Sertec Interna-
tional, Inc. (Taiwan), and Eastern Electronics, Inc. (Korea).

MANUFACTURING STRATEGY

A key ingredient for success in leading-edge semiconductors is a world-class fabrication facility that ensures high
volume capacity and prompt delivery of highly reliable and high yielding VLSI circuits. To this end, WSI has licensed
its proprietary CMOS logic and EPROM process to Sharp Corporation of Osaka, Japan and GE Solid State in
Somerville, NJ.

WSI’s semicustom and standard products are manufactured at Sharp’s highly automated manufacturing facility where
it produces 5-inch wafers with 1.2 micron CMOS VLSI circuits in a Class 1 clean room environment. The Sharp facility
employs the most advanced manufacturing equipment available including ion implantation, reactive ion etch, and
wafer stepper lithographic systems.

The WSI-GE Solid State alliance provides WSI with a state-side second source. The GE Solid State Class 10 facility
in Findley, Ohio provides 1.0 micron CMOS circuits on 5-inch wafers, and includes wafer stepper lithography and
dry etch capability. As a self-contained unit, wafer fabrication, assembly, and test can all be performed at this facility.

The benefits derived from this WSI multi-fab strategy include product manufactured with very high quality, high wafer
yields which enable low customer prices, and on-time delivery to meet demanding customer schedules . . . all at low
fixed cost to WSI.
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PRODUCTS

WS is the innovative leader in the high-speed EPROM arena. WSI began shipping the world’s first CMOS 8K x 8
RPROM™ in the first quarter of 1986. RPROMs (UV erasable re-programmable PROMs) provide bipolar PROM pin-
out and matching speed as well as CMOS low-power operation.

In mid-1987, WS introduced the world’s fastest pair of 256K CMOS EPROMSs using its newly patented, self-aligned
split gate EPROM technology. These EPROMSs feature access times of just 55 ns and provide one- and two-chip
program-store solutions for 16- and 32-bit MPU and DSP applications.

In addition to producing the world’s fastest family of CMOS EPROMSs, WSI supplies very high-speed CMOS bit-slice
processors and peripheral circuits that operate faster than bipolar products while using only a small fraction of the power.

WSI’s ability to combine EPROM, SRAM, and complex system logic functions on a single high-performance integrated
circuit is unique among semiconductor companies. Examples of this capability are seen in the Microprogrammable
Controller (PAC™) family, the MAP™ family of mappable memory products and the Stand-Alone Microsequencer
(SAM™) series. This same capability is used to develop powerful cell-based semicustom circuits that are unique to
customer requirements. A re-programmable semicustom circuit provides flexibility in software, system configuration,
and commonality of use among many customer projects.

The WSI CMOS macro-block cell library provides VLSI EPROM and SRAM memory and logic cells. When coupled
with WSI’s advanced CAD system, it enables WSI to build specially designed integrated circuits for its customers.
The use of pre-characterized and pre-proven macro cells greatly insures the early success of each project. By using
these powerful LSI functions, in addition to common logic elements, the cell library enables programmable subsystems
or even complete system designs to be integrated on a single piece of silicon.

The macro-block CMOS cell library contains a family of high-performance bit-slice processor cells (from 4-bit to 32-bit)
with better than bipolar LS| performance. Also included are bit-slice processor peripheral cells including microprogram
controllers, variable pipelines, FIFOs, multipliers, bus registers, and register files. The library also contains high-density,
very fast CMOS EPROM memory cell arrays, high-performance cell compilers for fast static RAM arrays, ROM arrays,
and PLA cell arrays. High-speed random logic cells, which are functionally compatible with the popular 7400/4000
series, are also included in the library.

Many of the macro-cells developed for the cell library are excellent as stand-alone standard products. By providing
these high-performance standard products, WSI can assist its customers in achieving enhanced system performance
either in discrete design configurations or as design aids in advance of a full semicustom solution.

QUALITY AND RELIABILITY

WSI has designed, developed and implemented a Quality and Reliability System whose mission is to continually pro-
duce Commercial and Military products that meet, and most often exceed, the customers’ requirements.

WS is deeply committed to product excellence. This begins with proper management attitude and direction and through
this focus the Quality and Reliability Program is able to operate efficiently. As a result, product quality becomes part
of each employee’s responsibilities.

Quality and Reliability begin with the proper product and process designs and is supported by material and process
controls. Examples are products manufactured on an epitaxial silicon layer to reduce latch-up sensitivity, all pins are
designed to withstand >2,000 volts ESDS, numerous ground taps are used which increases product noise immunity,
metal traces are designed to carry a current density of >2.0 x 105 amps/cm?, top passivation extends over into the
scribe lane to seal the die edges, data retention is performed 100% on re-programmable products (Tp = +200°C,
T = 48 hours), automated die attach and bonding is used extensively, wafers are fabricated in a <Class 10 clean
room, raw materials, chemicals and gases are inspected before use, and statistical controls are used to keep the
process on course.

Product and process introductions or changes are routinely evaluated for worthiness. Life Tests are conducted at
higher than typical stress levels (T, = +150°C, V¢ = +6.5V) and even at these stress levels, WSI products have
demonstrated low failure rates (see the Quality and Reliability section in this databook).

1-5
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WS is active in Military programs and its Quality and Reliability System supports Compliant Non-Jan products. WSI
also supports DESC'’s (Defense Electronics Supply Center) Standardized Military Drawings (SMD) program. As of
February, 1988, WSI is on three SMDs, two are pending and more are in process. See the Military section in this
databook.

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

LIFE SUPPORT POLICY:
WaferScale Integration, Inc. (WSI) products are not authorized for use as critical components in life support systems or devices without the express
written approval of the President of WSI. As used herein:

A) Life support devices or systems are devices or systems which 1) are intended for surgical implant into the body, or 2) support or sustain life
and whose failure to perform when properly used in accordance with instructions for use provided in the labeling can be reasonably expected
to result in a significant injury or death to the user,

B) A critical component is any component in a life support device or system whose failure to perform can be reasonably expected to cause the
failure of the life support device or system or to affect its safety or effectiveness.

Information furnished herein by WaferScale Integration, Inc. (WSI) is believed to be accurate and reliable. However, no responsibility is assumed
for its use. WSI makes no representation that the use of its products or the interconnection of its circuits, as described herein, will not infringe
on existing patent rights. No patent liability shall be incurred by WSI for use of the circuits or devices described herein. WSI does not assume
any responsibility for use of any circuitry described, no circuit patent rights or licenses are granted or implied, and WSI reserves the right without
commitment, at any time without notice, to change said circuitry or specifications. The performance characteristics listed in this book result from
specific tests, correlated testing, guard banding, design and other practices common to the industry. Information contained herein supersedes
previously published specifications. Contact your WSI sales representative for specific testing details or latest information.

Products in this book may be covered by one or more of the following patents. Additional patents are pending.

USA: 4,328)565; 4,361,847; 4,409,723; 4,639,893; 4,649,520
West Germany: 3,103,160

Japan: 1,279,100

England: 2,073,484; 2,073,487

The following are trademarks of WaferScale Integration, Inc.: MagicPro™, RPROM™, PMD™, MAP™, PACASM™, PACSIM™, WSI™, PAC™,
WISPER™

PAL is a registered trademark of Monolithic Memories, Inc.
IBM is a trademark of International Business Machines Corporation.
SAM and SAM+PLUS are trademarks of Altera Corporation.
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WAFERSCALE INTEGRATION, INC.

WSI CMOS TECHNOLOGY

Each generation of systems involved with data processing, digital communications, and real-time data analysis
and control historically require faster and more efficient system elements to accomplish greater productivity.
Issues of performance, reliability, integration, power and cost must be successfully addressed to insure
the successful development of highly competitive end products. WSI’'s CMOS technology forms the foun-
dation on which successful, high-performance next-generation systems may be realized.

The basic WSI CMOS process is a 1.2 micron N-well epi technology with double poly and single metal.
This process enables the combining of non-volatile memory, static random access memory and logic func-
tions all on the same low power circuit.

WSI’s core EPROM technology begins with its patented self-aligned single transistor split-gate EPROM
cell (Patent Number #4,639,893). This advancement beyond the traditional “stacked gate” EPROM cell
provides much higher read current at comparable cell size. Proprietary EPROM array design enhancements
such as clocked differential sensing, address-transition detection and the use of low resistance tungsten
silicide in the second poly layer result in very high-speed memory products. Manufacturability is also im-
proved as fewer EPROM cells are needed to complete a fast memory array, thus more conservative
photolithography may be used.

WSI’s use of epi wafers and design innovations result in products that exhibit immunity to latch-up and
provide ESD protection far in excess of that specified by MIL-STD-883C.

The WSI EPROM technology has proliferated into families of high-performance EPROMs, bipolar PROM
replacement products, user-configurable system products and cell-based custom capabilities described
in this databook. When the high-speed split-gate EPROM technology is combined with high-performance
cell-based logic functions, new user-configurable CMOS circuits such as the 20 MHz Microprogrammable
Controller (PAC™) series are realized. An additional family of 40 ns mappable (MAP™) memory products
combine EPROM, SRAM and logic on a single chip. WSI’s fast CMOS logic has yielded a market leading
30 ns 16 x 16 CMOS Multiplier Accumulator and a 33 MHz 32-bit CMOS bit slice processor . . . both the
fastest in their class.

WSTI’s ability to rapidly combine any of these completed or modified macro memory or logic functions into
a custom high-performance cell-based board-replacement circuit for special customer applications makes
WSI unique among semiconductor companies.
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{ TECHNOLOGY TO WATCH

peed or density? Den-
sity or speed? Thanks
{ to WaferScale Integration
Inc., systems designers no
longer must compromise.
The Fremont, Calif., com-
pany has just unleashed a
pair of high-speed, 256-
Kbit ultraviolet-erasable
I CMOS programmable read-
only memories. With 50- to 55-ns access times,
they are the fastest nonvolatile memories on the
market at 256 Kbits and beyond—at least two to
three times quicker than comparably sized
PROMs, and coming within range, at twice the
density, of the largest commercial bipolar PROM
[Electronics, Feb. 10, 1986, p.35]. And active
power dissipation is a comfortable 325 milliwatts,
just half that of its closest bipolar rival, sinking
to 75 mW on standby.

With their combination of speed and density,
the word-wide 16-K-by-16-bit WS57C257 and byte-
wide 32-K-by-8-bit WS57C256F are tailored to
one- and two-chip program storage for 16- and
32-bit microprocessors and digital signal process-
ing. Conventionally, anywhere from 4 to 16 non-
volatile memories are needed. Current plans call
for the byte-wide memory to hit the streets in
July in standard 28-pin ceramic dual in-line pack-
ages and 32-pin ceramic leadless chip carriers.
The word-wide part will follow sometime in the

“third quarter, in 40-pin Cerdips and 44-lead ce-

ramic leadless chip carriers. Both are priced at
$94 per unit in 100-unit sample quantities.

To achieve this unprecedented combination of
speed and density, engineers at WaferScale Inte-
gration refined the company’s process technol-
ogy and fine-tuned the circuit design. On the
process side, a slimmed-down, second-generation
1.2-um CMOS process, a scaled version of the
company’s patented split-gate EPROM cell, and
tungsten silicide word lines were the keys to
success. On the circuit-design side, clocked dif-
ferential sensing and a novel precharge tech-
nique, a special two-step ac signal scheme, and
address-transition detection were

WAFERSCALE’S 256-K

EPROM RUNS SUPERFAST

refined technology to whip up a scaled version of
its proprietary split-gate EPROM cell. Just 6.5 pm
on a side, the latest split-gate incarnation is
roughly half the size of its predecessor. There’s
more to the new cell than just size, but the
company won’t go any further than saying that
it adopted tungsten silicide.

The main problem with the traditonal stacked-
gate cell, notes Boaz Eitan, manager of the PROM
program, is that it forces a tradeoff between the
necessarily high read current and efficient pro-
grammability. “In traditional implementations, chip
designers have had to make a choice,” he says. “If
they wanted speed, they had to implement a PROM
cell with three to four transistors, separating the
read, write, and select functions. If they wanted
density, all three functions could be incorporated
into a single-stacked PROM cell, but only at consid-
erable sacrifice in speed.”

The heart of the trouble lies in rapidly sensing
the word- and bit-line voltages after address de-
coding. “The bit-line capacitance plays a big part
in the equation,” explains Syed Ali, manager of
memory design. “If the capacitance remains
fixed, a higher read current is needed to achieve
greater speed. However, if the capacitance can
be lowered, the speed can be boosted without
increasing the read current.”

The split-gate structure weds the best of the
multiple-transistor and single-stacked cell ap-
proaches, requiring none of the compromises in-
herent in either. It consists of a MOS transistor
linked in series with a floating-gate transistor
that has been merged into a composite device
(see fig. 1). In this design, says Eitan, the second
polysilicon layer acts as the control gate and
directly covers part of the channel area. “This
eliminates drain turn-on and source-drain
punchthrough, which adversely affects the stan-

the key developments. “These two
devices disprove the traditional be-
lief that you could have speed or
size, but not both, in your micro-
control store,” says Jerry Banks,
marketing manager for standard
products. “These large-architecture
CMOS EPROMs are ideally suited for

(FLOATING
POLYSILICON 1 GATE)

STACKED GATE SPLIT GATE

(CONTROL

modems, real-time control, guid-
ance systems, digital signal pro-
cessing, and other real-time or com-
plex processing applications.”
WaferScale Integration first

W

(a)

POLYSILICON 2

POLYSILICON 1

\7

N

boiled down its CMOS process—from
1.5 to 1.2 um—and then used the

1. SPLITS. Unlike the stacked-gate transistor (a), the split-gate transistor (b) has a second poly
control gate that partly covers the channel, preventing drain turn-on and source-drain punchthrough.




2. DELAY KILLER. Tungsten-silicide deposition helps Wafer-
Scale’s 256-Kbit EPROM achieve its 45-ns access time.

dard stacked-gate EPROM cell.” As a result, bit-
line read currents in excess of 150 pA can be
achieved, compared with the 50 pA typical of
conventional stacked-gate cells, giving the speed
of the multiple-transistor EPROM cell without its
attendant die size.

The memory array (see fig. 2) is divided into
two planes, each consisting of two blocks sepa-
rated by a mid-word-line repeater. Tungsten sili-
cide is deposited over the second polysilicon lay-
er to reduce word-line RC delays, further improv-
ing access time. With a resistance of only 3 Q
per square pm, tungsten silicide helps reduce the
delay to 60% of that incurred with traditional
aluminum metallization. The 512 columns of the
array are divided into blocks of eight columns,
each block with its own dedicated source lines.

The higher bit-line voltage and read current
established by the split-gate structure allow the
company to employ a differential-sensing scheme
that does not require a separate bit line, thus
eliminating bit-line capacitance. In this scheme,
the sense amplifier is designed to work in con-
junction with a trip inverter. During precharge,
the outputs of the differential amplifier and the
inverter are precharged to the inverter trip
point, enabling the inverter to move rapidly in
either direction after a signal has been detected.
The relative difference in the rate of discharge
between the bit line and a column of reference
cells provides just enough differential voltage
for high-speed sensing.

To ensure that signal levels are high enough
for sensing—a key consideration in all memories,
as density increases and interconnects get long-
er—a two-step ac signal-development scheme has
been incorporated into the circuits. In the first
step of the proprietary approach, a small ac sig-

nal is generated by using a capacitor-imbalanc-
ing technique. This 100-mV signal is rapidly read
out by a differential sense amplifier. In the sec-
ond step, the on-chip circuitry converts this sig-
nal to a 300-mV dec signal that is used to increase
programmed cell margins by as much as 25%.

As a result, says Eitan, the design senses bit-
line voltages more than five times faster than
previous devices. The scheme also makes for
fast programming. Typically, it takes only 0.1 ms
to program a byte, compared with 1 ms for older
technologies.

Address-transition detection also contributes
to the improved access times. Normally associat-
ed with static random-access memories, it helps
precharge the bit lines and to equalize the gain
of the critical sense amplifiers. When an address
transition is detected, an enable pulse is generat-
ed that precharges the bit-lines and critical
sense-amplifier nodes. This eliminates the setup
time normally encountered in PROMs. To further
reduce the precharge time, the bit-line voltage
swing is kept within narrow limits. More time is
saved by performing the address decoding in
parallel with the bit-line precharge, then ending
them simultaneously.

To keep power dissipation down, only 25% of
the cells in the array have access to the supply
voltage during a read. This dramatically de-
creases the supply current to no more than 40
mA at 20 MHz, about half that of other designs.

WaferScale Integration is also using its high-
speed process for a 64-Kbit PROM, the 8-K-by-8-bit
WS57C49B, a direct pin-for-pin replacement for a
bipolar PROM (called a reprogrammable ROM, or
RPROM). At 35 ns it matches most high-speed
CMOS SRAMS in access time. Another device for
which it is using the high-speed process is a pin-
for-pin CMOS relacement for the Am27C51, a 128-
Kbit bipolar PROM from Advanced Micro Devices
Inc., Sunnyvale, Calif. The WS57C51 is a 16-K-by-
8-bit RPROM with an access time of only 55 ns
and a chip area of only 32,000 mils?, 60% smaller
than the AMD device.

The company is now working on its next-gener-
ation CMOS PROM process, which at 1.0 um will
enable it to build 64-Kbit memories that access in
only 25 ns and 128-Kbit and 256-Kbit devices that
access in 35 ns. The same process will also allow
WaferScale Integration to extend its speed chal-
lenge up into the megabit range. “There is noth-
ing in our process that I can see that will prevent
us from building 1-Mbit EPROMs with access times
as low as 55 ns,” Ali says. -Bernard C. Cole

TECHNOLOGY TO WATCH 1s ¢ regular feature of
Electronics that provides readers with exclu-
sive, in-depth reports on important technical
innovations from companies around the
world. It covers significant technology, process-
es, and developments incorporated in major
new products.

Reprinted from ELECTRONICS, July 9, 1987, copyright 1987 by McGraw-Hill, Inc. with all rights reserved.
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== HIGH-PERFORMANCE
=5 CMOS PRODUCT SUMMARY

WAFERSCALE INTEGRATION, INC.

PART NUMBER DESCRIPTION l SPEED PACKAGE
One-Time Programmable (OTP) CMOS PROMs
WS57C191 2K x 8 CMOS PROM 45/55 ns 24 PDIP
WS57C191B 2K x 8 CMOS PROM 35/45 ns 24 PDIP
WS57C291 2K x 8 CMOS PROM 45/55 ns 24 PDIP
WS57C291B 2K x 8 CMOS PROM 35/45 ns 24 PDIP
. 24 PDIP
WS57C45 2K x 8 Registered CMOS PROM 20/25/35 ns 24 CERDIP
WS57C43B 4K x 8 CMOS PROM 35/45 ns 24 PDIP
WS57C49 8K x 8 CMOS PROM 55/70 ns 24 PDIP
WS57C49B 8K x 8 CMOS PROM 35/45 ns 24 PDIP
Re-Programmable CMOS PROMs (RPROMSs)
24 CERDIP
T™(1)
WS57C191 2K x 8 CMOS RPROM 45/55 ns 28 CLLCC
24 CERDIP
™(1)
WS57C191B 2K x 8 CMOS RPROM 35/45 ns 28 CLLCC
24 CERDIP
T™(1)
WS57C291 2K x 8 CMOS RPROM 45/55 ns 28 CLLCC
24 CERDIP
T™(1)
WS57C291B 2K x 8 CMOS RPROM 35/45 ns 28 CLLCC
. 24 Flatpack
T™™(1)
WS57C45 2K x 8 CMOS Registered RPROM 20/25/35 ns 24 CERDIP
24 CERDIP
™(1)
WS57C43 4K x 8 CMOS RPROM 55/70 ns 28 CLLCC
24 CERDIP
™(1)
WS57C43B 4K x 8 CMOS RPROM 35/45/55 ns 28 CLLCC
24 CERDIP
T™(1)
WS57C49 8K x 8 CMOS RPROM 55/70 ns 28 CLLCC
24 CERDIP
T™(1)
WS57C49B 8K x 8 CMOS RPROM 35/45/55 ns 28 CLLCC
WS57C51 16K x 8 CMOS RPROM™( 70 ns 28 CERDIP
28 CERDIP
™(1)
WS57C51B 16K x 8 CMOS RPROM 40/45/55/70 ns 32 CLLCC
High-Speed Byte-Wide CMOS EPROMs
. 28 CERDIP
WS57C64F 8K x 8 CMOS High Speed EPROM 55/70 ns 32 CLLCC
. 28 CERDIP
WS57C128F 16K x 8 CMOS High Speed EPROM 55/70 ns 35 CLLCC
. 28 CERDIP
WS57C256F 32K x 8 CMOS High Speed EPROM 55/70 ns 32 CLLCC

11



Product Summary

PRODUCT SUMMARY (Continued)

PART NUMBER | DESCRIPTION SPEED |  PACKAGE
High-Speed Byte-Wide CMOS EPROMs (Continued)
WS57C256F 32K x 8 CMOS High Speed EPROM 35/45 ns gg gffgép
28 CERDIP
WS27C256L 32K x 8 CMOS High Speed LP EPROM 90/120 ns 28 PDIP
32 CLLCC
WS27C256F 32K x 8 CMOS High Speed LP EPROM 90/120 ns gg gffgép
WS27C512F 64K x 8 CMOS High Speed LP EPROM 70190 ns gg gffgép
WS27C010L 128K x 8 CMOS High Speed LP EPROM 90/120/150 ns 32 CERDIP
WS57CO10F 128K x 8 CMOS High Speed EPROM 55/70 ns 32 CERDIP
Military Low Power CMOS EPROMs
WS27C64F 8K x 8 Military CMOS LP EPROM 90/120/150 ns gg gffgép
WS27C128F 16K x 8 Military CMOS LP EPROM 90/120/150 ns 2 gffgép
WS27C256F 32K x 8 Military CMOS LP EPROM 90/120/150 ns 52 gffgép
High-Speed Word-Wide CMOS EPROMs
WS57C65 4K x 16 CMOS EPROM 55/70 ns :2 gffgép
4K x 16 CMOS EPROM 40 CERDIP
W857C66 (Multiplexed Address/Data) 55/70 ns 44 CLLCC
WS57C257 16K x 16 CMOS EPROM 55/70 ns 22 gffgép
WS57C210F 64K x 16 CMOS EPROM 55/70 ns 40 CERDIP
Mapped-Address Programmable Products
WSMAP162 128K EPROM/32K SRAM MAP™ Memory 40 ns 40 CERDIP
WSMAP161 128K EPROM/32K SRAM MAP™ Memory 40 ns 40 CERDIP
44 CPGA
WSMAP168 128K EPROM/32K SRAM MAP™ Memory 40 ns 44 CLLCC
44 PLDCC
CMOS Bit-Slice Processors and Peripherals
WS5901 4-Bit CMOS Bit-Slice Processor C, D 40 PDIP
64 SDBRZ DIP
WS59016 16-Bit CMOS Bit-Slice Processor C, D 68 PLDCC
68 CLDCC
WS59032 32-Bit CMOS Bit-Slice Processor D, E 101 CPGA
WS5910A 12-Bit CMOS Variable Sequencer A :8 gg:?leP




Product Summary

PRODUCT SUMMARY (Continued)

PART NUMBER | DESCRIPTION SPEED ] PACKAGE
CMOS Bit-Slice Processors and Peripherals (Continued)

. . 40 CERDIP
WS5910B 12-Bit CMOS Variable Sequencer B 40 PDIP
. . . 24 CERDIP
WS59520 CMOS Variable Pipeline Register — 24 PDIP
. s . 24 CERDIP
WS59521 CMOS Variable Pipeline Register — 24 PDIP
68 PLDCC
WS59510 CMOS 16-Bit Multiplier Accumulator 30/40/50 ns 68 CPGA
64 PDIP
R . 68 PLDCC
WS59820 CMOS Bi-Directional Bus Register 23 ns 68 CPGA
Programmable Logic Products
WSPAC116 CMOS Programmable Stand-Alone 20 MHz 88 CPGA
Controller
WS444 CMOS Programmable Stand-Alone 32 MHz 24 CERDIP
Microsequencer (SAM)
CMOS Programmable Stand-Alone
WS448 Microsequencer (SAM) 32 MHz 24 CERDIP

NOTES: 1) RPROM™: Re-Programmable PROM
CMOS Replacement for Bipolar PROM’s

2) LP EPROM: Low Power EPROM
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@ FE= HIGH-PERFORMANCE CMOS PRODUCTS
S NUMERICAL LISTING

WAFERSCALE INTEGRATION, INC.

PART NUMBER DESCRIPTION SPEED PACKAGE
WS444 CMOS Programmable Stand-Alone 32 MHz 24 CERDIP
Microsequencer (SAM)
CMOS Programmable Stand-Alone
Ws448 Microsequencer (SAM) 32 MHz 24 CERDIP
. 28 CERDIP
WS27C64F 8K x 8 Military CMOS LP EPROM 90/120/150 ns 32 CLLCC
WS27C010L 128K x 8 CMOS High Speed LP EPROM 90/120/150 ns 32 CERDIP
. 28 CERDIP
WS27C128F 16K x 8 Military CMOS LP EPROM 90/1201150 ns 35 CLLCC
- 28 CERDIP
WS27C256F 32K x 8 Military CMOS LP EPROM 90/120/150 ns 35 CLLCC
. 28 CERDIP
WS27C256F 32K x 8 CMOS High Speed LP EPROM 90/120 ns 32 CLLCC
28 CERDIP
WS27C256L 32K x 8 CMOS High Speed LP EPROM 90/120 ns 28 PDIP
32 CLLCC
. 28 CERDIP
WS27C512F 64K x 8 CMOS High Speed LP EPROM 70/90 ns 32 CLLCC
24 CERDIP
™(1)
WS57C43 4K x & CMOS RPROM 55/70 ns 28 CLLCC
WS57C43B 4K x 8 CMOS PROM 35/45 ns 24 PDIP
24 CERDIP
M(1)
WS57C43B 4K x 8 CMOS RPROM™ 35/45/55 ns 28 CLLCC
. 24 Flatpack
™(1)
WS57C45 2K x 8 CMOS Registered RPROM 20/25/35 ns 24 CERDIP
WS57C45 2K x 8 CMOS Registered PROM 20/25/35 n 24 PDIP
X 9 s 24 CERDIP
WS57C49 8K x 8 CMOS PROM 55/70 ns 24 PDIP
24 CERDIP
™(1)
WS57C49 8K x 8 CMOS RPROM 55/70 ns 28 CLLCC
WS57C498B 8K x 8 CMOS PROM 35/45 ns 24 PDIP
24 CERDIP
T™(1)
WS57C49B 8K x 8 CMOS RPROM 35/45/55 ns 28 CLLCC
WS57C51 16K x 8 CMOS RPROM™() 70 ns 28 CERDIP
28 CERDIP
(1)
WS57C51B 16K x 8 CMOS RPROM 40/45/55/70 ns 35 CLLCC
' ) 28 CERDIP
WS57C64F 8K x 8 CMOS High Speed EPROM 55/70 ns 32 CLLCC
40 CERDIP
WS57C65 4K x 16 CMOS EPROM 55/70 ns 44 CLLCC
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Numerical Listing

NUMERICAL LISTING (Continued)

PART NUMBER DESCRIPTION SPEED PACKAGE
4K x 16 CMOS EPROM 40 CERDIP
WS57C66 (Multiplexed Address/Data) 55/70 ns 44 CLLCC
WS57C010F 128K x 8 CMOS High Speed EPROM 55/70 ns 32 CERDIP
. 28 CERDIP
WS57C128F 16K x 8 CMOS High Speed EPROM 55/70 ns 32 CLLCC
WS57C191 2K x 8 CMOS PROM 45/55 ns 24 PDIP
24 CERDIP
T™(1)
WS57C191 2K x 8 CMOS RPROM 45/55 ns 28 CLLCC
WS57C191B 2K x 8 CMOS PROM 35/45 ns 24 PDIP
24 CERDIP
T™™(1)
WS57C191B 2K x 8 CMOS RPROM 35/45 ns 28 CLLCC
WS57C210F 64K x 16 CMOS EPROM 55/70 ns 40 CERDIP
. 28 CERDIP
WS57C256F 32K x 8 CMOS High Speed EPROM 55/70 ns 32 CLLCC
. 28 CERDIP
WS57C256F 32K x 8 CMOS High Speed EPROM 35/45 ns 32 CLLCC
40 CERDIP
WS57C257 16K x 16 CMOS EPROM 55/70 ns 44 CLLCC
WS57C291 2K x 8 CMOS PROM 45/55 ns 24 PDIP
24 CERDIP
™(1)
WS57C291 2K x 8 CMOS RPROM 45/55 ns 28 CLLCC
WS57C291B 2K x 8 CMOS PROM 35/45 ns 24 PDIP
24 CERDIP
T™™(1)
WS57C291B 2K x 8 CMOS RPROM 35/45 ns 28 CLLCC
WS5901 4-Bit CMOS Bit-Slice Processor C,D 40 PDIP
. . 40 CERDIP
WS5910A 12-Bit CMOS Variable Sequencer A 40 PDIP
. . 40 CERDIP
WS5910B 12-Bit CMOS Variable Sequencer B 40 PDIP
64 SDBRZ DIP
WS59016 16-Bit CMOS Bit-Slice Processor C, D 68 PLDCC
68 CLDCC
WS59032 32-Bit CMOS Bit-Slice Processor D E 101 CPGA
68 PLDCC
WS59510 CMOS 16-Bit Multiplier Accumulator 30/40/50 ns 68 CPGA
64 PDIP
. _ . 24 CERDIP
WS59520 CMOS Variable Pipeline Register — 24 PDIP
. - . 24 CERDIP
WS59521 CMOS Variable Pipeline Register — 24 PDIP
— . 68 PLDCC
WS59820 CMOS Bi-Directional Bus Register 23 ns 68 CPGA
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Numerical Listing

NUMERICAL LISTING (Continued)

Controller

PART NUMBER DESCRIPTION SPEED PACKAGE
WSMAP162 128K EPROM/32K SRAM MAP™ Memory 40 ns 40 CERDIP
WSMAP161 128K EPROM/32K SRAM MAP™ Memory 40 ns 40 CERDIP
. 44 CPGA
WSMAP168 128K EPROM/32K SRAM MAP™ Memory 40 ns 44 CLLCC
WSPAC116 CMOS Programmable Stand-Alone 20 MHz 88 CPGA

NOTES: 1) RPROM™: Re-Programmable PROM

CMOS Replacement for Bipolar PROMs

2) LP EPROM: Low Power EPROM
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CROSS REFERENCE

WAFERSCALE INTEGRATION, INC.

AMD ——— WSI FUJITSU wsi
AM275191 WS57C191 MB7138 WS57C191
AM27PS191 WS57C191 MB7138-SK WS57C291
AM275291 WS57C291 MB7142 WS57C43
AM27PS191 WS57C291 MB7144 WS57C49
AM27543 WS57C43
AM27PS43 WS57C43 HARRIS wsi
AM27849 WS57049 HM-76161 WS57C191
AM27S49A WS57C49B HM.76321 WS57043
AM27551 WS57C51 or WS57C518 HM-76641 WS57C49 or WS57C498
AM2901 WS5901
AM2910A WS5910A
AM29520 WS59520 IoT wsI
AM29521 WS59521 IDT39CO1 Ws5901
AM29C101 WS59016* IDT39C10 WS5910A
AM29510 WS59510 IDT49C401 WS59016*
IDT7210 WS59510
ATMEL wsi
27HC64 WS57C64F LDI wsi
27HCE41 WS57C49 or WS57C498 L29C520 WS50520
L29C521 WS59521
CYPRESS ——— WSI
CY7C291 WS57C191 Mmi wslI
CY7C292 WS57C291 6351681 WS57C191 )
oy 70264 WeE7049 6353281 WS57C43 or WS57C438**
CY7C901 WS5901
CY7C910 WS5910A NATIONAL —— WSI
CY7C9101 WS59016* DM875191 WS57C191
CY7C510 WS59510 DM875291 WS57C291
CY7C263 WS57C49B DM875321 WS57C43 or WS57C43B**
CY7C264 WS57C49B
CY7C254 WS57C51 SIGNETICS =—— WSI
N82S191 WS57C191
FAIRCHILD —— WSI N82S191_-3 WS57C291
937511 WS57C191 N82S321 WS57C43
937565 WS57C49 or WS57C49B N82HS321 WS57C43 or WS57C43B**
29F01 WS5901 N82HS641 WS57C49
29F10 WS5910A N27HCB41 WS57C49 or WS57C49B
T.1. wsSi
TBP385166__W WS57C191
TBP38L166__W WS57C191
TBP38SA166__W WS57C191
TBP385166_T WS57C291
TBP38L166_T WS57C291
TBP38SA166__T WS57C291
MILITARY ONLY
AMD ——r== WSI INTEL wsi
AM2764 WS27C64F M2764 WS27C64F
AM27128 WS27C128F M27128 WS27C128F
AM27256 WS27C256F M27256 WS27C256F
M27C64 WS27C64F
M27C128 WS27C128F
M27C256 WS27C256F

.

Functional Equivalent **Available Q1 '88
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=SS5 ORDERING INFORMATION

WAFERSCALE INTEGRATION, INC.

HIGH-PERFORMANCE CMOS PRODUCTS

WS57C————- — S P WmP
—— cmn—
Basic Part Number I .
Manufacturing Process:
(blank) = WSI Standard Commercial Product
Manufacturing Process
M = Military Operating Range
— Temperature: -55 to +125°C
— Voltage: +5 Volts, +10%
CB = Commercial Burned-In (enhanced
commercial reliability)
MB = MIL-STD-883C
—— Package: Window
A = Plastic Pin Grid Array No
B = Ceramic SDBRZD DIP, 0.9” No
C = CLLCC Yes
D = CERDIP, 06" Yes
F = Ceramic Flatpack Yes
G = Ceramic Pin Grid Array No
H = Ceramic Flatpack No
J = PLDCC No
K = CERDIP, 06" No
L = CLDCC No
M = Plastic DIP, 0.9” No
P = Plastic DIP, 0.6" No
S = Plastic DIP, 0.3” No
T = CERDIP, 0.3" Yes
W = Waffle Packed Dice —
X = Ceramic Pin Grid Array Yes
Y = CERDIP, 06” No
Z = CLLCC No
—— Speed:
-35 = 35ns
-55 = 55 ns
-70 = 70 ns
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SECTION INDEX

PROGRAMMABLE MEMORY PRODUCTS

PROM Memory:

WS57C191/291 2K X 8 CMOS PROM ... i e 21
WS57C191B/291B 2K x BCMOS PROM . ... 2-5
WS57C45 2K x 8 Registered CMOS PROM . . ... ... ... e, 29
WS57C43B 4K x BCMOS PROM. ... 213
WS57C49 8K x B CMOS PROM. . ...t e e e 217
WS57C498B 8K X BCMOS PROM ... i e e e 2-21

For additional information,
call 800-TEAM-WSI (800-832-6974).
In California, call 415-656-5400.
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EE-5 5 WS57C191/291

WAFERSCALE INTEGRATION, INC. PRELIMINARY
2K x 8 CMOS PROM
KEY FEATURES

¢ Fast Access Time e Pin Compatible with AM275191/291
— 45 ns and N82S191 Bipolar PROMs

¢ Low Power Consumption e Immune to Latch-Up
— 225 mW Active Power — Up to 200 mA

* Fast Programming e ESD Protection Exceeds 2000V

GENERAL DESCRIPTION

The WS57C191/291 is now available as a PROM. It utilizes the same design as the previously released RPROM™
from WSI. The difference is the PROM version is available in plastic packages and is not re-programmable. The plastic
packaging is ideal for high volume applications which require automatic insertion. The plastic packaging also provides
an economic benefit when compared to a windowed cerdip package. For applications requiring reprogrammability,
contact your WSI sales representative for information on the WSI family of RPROMs.

The WS57C191/291 is a High Performance 16K-bit CMOS PROM. It is manufactured in an advanced CMOS EPROM
process which enables it to operate at bipolar speeds while consuming only 25% of the power of bipolar.

The WS57C191/291’s patented CMOS EPROM technology enables the entire memory array to be fully programmed
and erased prior to.assembly. This capability ensures nearly 100% programming yield. Devices manufactured with
other types of technologies utilize various types of fuses which cannot be tested without permanently programming
the fuse. This results in a relatively high programming fallout at the packaged level.

Other testability features were designed into the 57C191/291 which enable it to be tested for speed after assembly
without programming the memory array. This feature insures that the device will meet all A.C. as well as D.C. data
sheet parameters.

Another feature of the WS57C191/291 is its uniquely designed output structure. When compared with other high speed
devices, the output structure of the W857C191/291 virtually eliminates the introduction of switch related noise into
the system environment.

The WS75C191/291 is configured in the standard Bipolar PROM pinout. The WS57C191 is offered in a 600 mil wide
Dip and the WS57C291 is offered in a 300 mil wide Dip.

PIN CONFIGURATION
AMCre 2a[ Jvee AMre 24[JVee
A2 23[ A, As[]2 23[JA,
A5E3 22 jAg A5C3 22 :]As
Aa 21 gAm A s 21 JAw
A;[]s 20 [ ] CS1/Vpp A [Os 20 [ ] CSTIVep
A.[s 19[Jcs, A[]e 19[Jcs,
a7 18] Jcs, A7 18[Jcs,
A[]s 17[Jo, A 17[Jo,
o,[]e 16 ]0, 0, 16[J0s
0.0 15[ ]0s o,[Jw 15[ ]o,
o,[n 1o, o, [ Jo,
anp [ |12 13[ o, ToP GNo[] 12 13[]0,
PRODUCT SELECTION GUIDE
PARAMETER WS57C191/291-45 WS57C191/291-55
Address Access Time (Max) 45 ns 55 ns
Output Enable Time (Max) 20 ns 30 ns
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WS57C191/291

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature .......... -65°C to +150°C
Voltage on any pin with

respectto GND..................... -0.6V to +7V
VPP with respectto GND ........ -0.6V to +14.0V
ESD Protection ........ ... ... ... >2000V

OPERATING RANGE

RANGE TEMPERATURE Vee

Comm’l. 0° to +70°C +5V + 5%

*Notice: Stresses above those listed here may cause
permanent damage to the device. This is a stress rating
only and functional operation of the device at these or
any other conditions above those indicated in the opera-
tional sections of this specification is not implied.
Exposure to absolute maximum rating conditions for
extended periods of time may affect device reliability.

DC READ CHARACTERISTICS Over Operating Range. (See Above)

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
VoL Output Low Voltage loL = 16 mA 04 v
VoH Output High Voltage loy = -4 mA 24
lcci Ve Active Current (CMOS) Notes 1 and 3 Comm| 20 mA
lcce Ve Active Current (TTL) Notes 2 and 3 Comm’l 25
I Input Load Current Viy = 55V or Gnd -10 10 uA
Lo Output Leakage Current Vout = 55V or Gnd 110 10
NOTES: 1) CMOS inputs: GND + 0.3V or Ve + 03V. 3) A.C. Power component adds 3 mA/MHz.
2) TTL inputs: V|_ < 08V, Vi > 2.0V.
AC READ CHARACTERISTICS Over Operating Range. (See Above)
PARAMETER SYMBOL WS57C191/291-45 WS57C191/291-55 UNITS
MIN MAX MIN MAX

Address to Output Delay tace 45 55

CS to Output Delay tcs 20 30 ns

Output Disable to Output Float tor 20 30

Address to Output Hold toH 0

TEST LOAD
AC READ TIMING DIAGRAM (High Impedance Test Systems)
98Q
ADDRESSES VALID e

B —
——— fpcc

CS1/Vpp

2,01V
(INCLUDING SCOPE
]?: CAPACITANCE)

VI,
OUTPUTS << VALID

—

tor '<_

TIMING LEVELS

Input Levels: 0 and 3V
Reference Levels: 1.5V
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WS57C191/291

PROGRAMMING INFORMATION
DC CHARACTERISTICS (Ta=25 + 5°C, Vcc=550V % 5%, Vpp=13.5+05V)

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current B

Vin =Vee of Gnd I 10 10 HA
Vpp Supply Current During

Programming Pulse lep 60 mA
Vcc Supply Current (Note 3) lcc 25 mA
Input Low Level ViL -0.1 0.8 Y
Input High Level ViH 2.0 Vee +0.3 \
Output Low Voltage During Verify

(loL = 16mA) Vou 045

Output High Voltage During Verify

(on = — 4mA) Vou 2.4 \

NOTE: 5) Vpp must not be greater than 14 volts including overshoot.

AC CHARACTERISTICS (Ta=25 = 5°C, Voc=5.50V + 5%, Vpp=135x05V)

PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time tas 2 us
Chip Disable Setup Time tor 2 30 ns
Data Set Up tos 2 us
Program Pulse Width  (Note 6) tew 1 3 10 ms
Data Hold Time ton 2 us
Chip Select Delay tcs 30 ns
Vpp Rise and Fall Time trr 1 us

NOTE: 6) For programmers utilizing a one shot programming pulse, a 10 ms pulse width should be used.

PROGRAMMING WAVEFORM

Vin
ADDRESSES >< ADDRESS STABLE
Vi
Vin
DATA }( | DATA IN >— DATA OUT
Vi

—| tor | tps |w— | tow > | toy — tcs
Vep
Vin
CS1/Vpp /
[
tae tar
Vin
CS2/CS3
Vi
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WsS57C191/291

PROGRAMMING

Upon delivery from WaferScale Integration, Inc., the
WS57C191/291 has all 2048x8 bits in the “1,” or high state. “0’s”
are loaded into the WS57C191/291 through the procedure of
programming.

Programming is performed by raising V¢ to 5.75V, disabling
the outputs, addressing the byte to be programmed, present-
ing the data to be programmed onto the data pins, and apply-
ing a 135V pulse to the CS1/Vpp pin for 5 ms. The byte is

ORDERING INFORMATION

then verified by temoving the input data and reading the pro-
grammed byte as in the read operation. A 0.1 uF capacitor
between Vpp and GND is needed to prevent excessive voltage
transients which could damage the device.

PROGRAMMERS
Data I/0O Unipak 2 or 2B, family/pinout code 7B/21; WSI’s
MagicPro™ IBM PC Compatible Engineering Programmer.

OPERATING wsi
PART NUMBER Sl::.sE)D PA.E\'{(::E gﬁiﬁﬁé TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS57C191-45P 45 24 Pin PDIP, 06" P2 Comml Standard
WS57C291-45S 45 24 Pin PDIP, 0.3" S Comm’l Standard
WS57C191-55P 55 24 Pin PDIP, 06" P2 Comml Standard
WS57C291-558 55 24 Pin PDIP, 03" St Comml Standard

2-4




— m— a——
A — y — y—
vy ] AR s—
r vy ) —
3 Y

= = WS57C191B/291B

WAFERSCALE INTEGRATION, INC. ADVANCE INFORMATION
2K x 8 CMOS PROM
KEY FEATURES

e Ultra-Fast Access Time e Pin Compatible with AM27S191/291
— 35ns and N82S191 Bipolar PROMs

* Low Power Consumption * T?;gezct)g rkthh'Up
— 225 mW Active Power — ESD Protection Exceeds 2000V

¢ Fast Programming ¢ Plastic Dip Package

GENERAL DESCRIPTION

The WS57C191B/291B is an extremely HIGH PERFORMANCE 16K Electrically Programmable Read Only Memory.
It is specifically designed to replace bipolar PROMs in existing applications.

The WS57C191B/291B is manufactured using WSI’s patented CMOS EPROM technology. As a result, the entire memory
array can be fully programmed and erased prior to assembly. This capability ensures nearly 100% programming yield.
Devices manufactured with other types of technologies utilize various types of fuses which cannot be tested without
permanently programming the fuse. This results in relatively high programming fallout when compared to a WSI PROM.

Other testability features were designed into the WS57C191B/291B which enable it to be tested for speed after assembly
without programming the memory array. This capability insures that the product will meet all A.C. as well as DC.
data sheet parameters.

Another feature of the WS57C191B/291B is its uniquely designed output structure. When compared with other high
speed devices, the output structure of the WS57C191B/291B virtually eliminates the introduction of switch related noise
into the system environment.

The WS57C191B/291B is configured in the standard Bipolar PROM pinout. The WS57C191B is offered in a 600 mil
wide Dip and the WS57C291B is offered in a 300 mil wide Dip.

PIN CONFIGURATION

A e 24 JVee A [Jre 24[ JVee
A2 23[7]a, A2 23[]A,
as[]s 22[ ]A, A3 22["]A,
A 21 Jay Aa[: 4 21[JAq
A5 20[ ] CSIIVee a[]s 20 [ ] CSivee
A[]s 19[ ]cs, A [e 19[Jcs,
a7 18[]cs, A7 18[]cs,
A]s 17[Jo, A [ 17{Jo,
o []e 18] Jos 0 []o 160
010 15[ ]0; o] 15[ Jos
o[ 1 4[]0, o[ n 1u[Jo,
GND [ |12 13[]0, TOP GND[]12 13[]0,
PRODUCT SELECTION GUIDE
PARAMETER WS57C191B/291B-35 WS57C191B/291B-45
Address Access Time (Max) 45 ns 55 ns
Output Enable Time (Max) 20 ns 30 ns
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WS57C191B/291B

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature . .. ....... -65° to +150°C
Voltage on any pin with

respecttoGND .............. -06V to +7V
Vpp with respect to GND ... .. ... -06V to +14V
ESD Protection .. .................... >2000V

OPERATING RANGE

RANGE TEMPERATURE Vee

Comm’| 0° to +70°C +5V + 5%

*Notice: Stresses above those listed here may
cause permanent damage to the device. This is a
stress rating only and functional operation of the
device at these or any other conditions above those
indicated in the operational sections of this
specification is not implied. Exposure to absolute
maximum rating conditions for extended periods of
time may affect device reliability.

DC READ CHARACTERISTICS Over Operating Range. (See Above)

SYMBOL PARAMETER TEST CONDITIONS MIN MAX | UNITS
VoL Output Low Voltage loL = 16 mA 04 v
Vou Output High Voltage lon = -4 mA 24
lect V¢ Active Current (CMOS) Notes 1 and 3 Comm’l 30 mA
lcce Vec Active Current (TTL) Notes 2 and 3 Comm’l 40
Iy Input Load Current Vin = 55V or Gnd -10 10 1A
o Output Leakage Current Vout = 55V or Gnd -10 10

NOTES: 1) CMOS inputs: GND + 03V or Voo + 0.3V. 3) A.C. Power component adds 3 mA/MHz.

2) TTL inputs: V), < 08V, Vi > 2.0V.

AC READ CHARACTERISTICS Over Operating Range. (See Above)

WS57C191B/291B-35 | WS57C191B/291B-45
PARAMETER SYMBOL UNITS
MIN MAX MIN MAX
Address to Output Delay tace 35 45
CS to Output Delay tcs 20 20 ns
Output Disable to Output Float tor 20 20
Address to Output Hold toH 0 0
TEST LOAD
AC READ TIMING DIAGRAM (High Impedance Test Systems)
98Q
ADDRESSES VALID X 2.01V
- toe — 0] g, | D.UT. 20pF
(INCLUDING SCOPE
I AND JIG
S Vpe —L— CAPACITANCE)
tes [ TIMING LEVELS
27 5 ? >
OuTPUTS AN Input Levels: 0 and 3V
e Reference Levels: 1.5V
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WsS57C191B/291B

PROGRAMMING INFORMATION
DC CHARACTERISTICS (T, = 25 + 5°C, Voc = 550V + 5%, Vpp = 135 + 05V)

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current
Vi = Ve or Gnd u 10 10 nA
Vpp Supply Current During
Programming Pulse lep 60 mA
Ve Supply Current (Note 3) lec 25 mA
Input Low Level Vi -0.1 08 Vv
Input High Level Viy 20 Ve +0.3 \
Output Low Voltage During Verify
(o, = 16 mA) VoL 0.45 Vv
Output High Voltage During Verify
(o = —4 mA) Vo 24 \

NOTE: 4) Vpp must not be greater than 14 volts including overshoot.

AC CHARACTERISTICS (T, = 25 + 5°C, Vo = 550V + 5%, Vpp = 135 + 05V)

PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time tas 2 us
Chip Disable Setup Time tor 2 30 ns
Data Set Up tos us
Program Pulse Width (Note 5) tew 1 3 10 ms
Data Hold Time ton 2 us
Chip Select Delay tcs 30 ns
Vpp Rise and Fall Time tre 1 us

NOTE: 5) For programmers utilizing a one shot programming pulse, a 10 ms pulse width should be used.

PROGRAMMING WAVEFORM

Vim
ADDRESSES X ADDRESS STABLE
Vi
|¢ s ’{
Vin
DATA }_< | DATA IN DATA OUT
Vie
—»| toF —»| tps |- <——lpw>‘ | ton —{ tcs

Vep
Vin

CS1/Vpp /
A\

tar trr

Vin

CS2/Cs3
vlL

27



WS57C191B/291B

PROGRAMMING

Upon delivery from WaferScale Integration, Inc., the
WS57C191B/291B has all 2048x8 bits in the “1,” or high state.
“0’s” are loaded into the WS57C191B/291B through the pro-
cedure of programming.

Programming is performed by raising V¢c to 5.75V, disabling
the outputs, addressing the byte to be programmed, presenting
the data to be programmed onto the data pins, and applying
a 135V pulse to the CS1/Vpp pin for 5 ms. The byte is then

ORDERING INFORMATION

verified by removing the input data and reading the pro-
grammed byte as in the read operation. A 0.1 pF capacitor
between Vpp and GND is needed to prevent excessive voltage
transients which could damage the device.

PROGRAMMERS
Data 1/0 Unipak 2 or 2B, family/pinout code 7B/21; WSI’s
MagicPro™ IBM PC Compatible Engineering Programmer.

OPERATING wsi
PART NUMBER s:’g" PA%‘;}EGE ;gimﬁg TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS57C191B-35P 35 24 Pin PDIP, 06" P2 Comml Standard
WS57C291B-35S 35 24 Pin PDIP, 0.3" S Comm’l Standard
WS57C191B-45P 45 24 Pin PDIP, 0.6" P2 Comm’| Standard
WS57C291B-455 45 24 Pin PDIP, 03" st Comml Standard
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= s
WAFERSCALE INTEGRATION, INC. ADVANCE INFORMATION
HIGH-SPEED 2K x 8 REGISTERED CMOS PROM
KEY FEATURES
¢ Ultra-Fast Access Time ¢ Pin Compatible with AM27S45 and

— 20 ns Setup CY7C245

— I

10 ns Clock to Output . « Immune to Latch-Up

¢ Low Power Consumption — Up to 200 mA

— 225 mW Active Power
« Fast Programming e ESD Protection Exceeds 2000V
¢ Programmable Synchronous or ¢ Programmable Asynchronous

Asynchronous Output Enable Initialize Register

GENERAL DESCRIPTION

The WS57C45 is an extremely HIGH PERFORMANCE 16K Registered CMOS PROM. It is a direct drop-in replace-
ment for such devices as the AM27S45 and CY7C245.

To meet the requirements of systems which execute and fetch instructions simultaneously, an 8-bit parallel data register
has been provided at the output which allows PROM data to be stored while other data is being addressed.

An asynchronous initialization feature has been provided which allows a user programmable 2049th word to be placed
on the outputs independent of the system clock. This feature can be used to force an initialize word or provide a
preset or clear function.

A further advantage of the WS57C45 over Bipolar PROM devices is the fact that it utilizes a proven EPROM technology.
Unlike devices which cannot be erased, every WS57C45 is 100% tested with worst case test patterns, switching
characteristics, and functionality before assembly.

PIN CONFIGURATION

P Dip CerDip
Y S

A7 [1e 24 Ve A |10 24 [V

As (]2 23[] A Ag[2 23| ]Ag

As[ |3 22 A, As[]3 22 [ A,

A a 21 Ay Ada 21 ] Ay

As(]s 20 ] iNIT As[]s 20 [} iNIT

Al 19 [ ] OE/OE; A6 19 [] OE/OE,

A7 18[]cp A7 18[]cP

A[s 17[10; A8 1710,

0 []9 1610 0,9 16 [ 106

010 15[]0s 0410 15105

011 14[]0, 0[] 11 14[]0,4

GND [ 12 13[7]0, GND[ |12 13[]0;
TOP
PRODUCT SELECTION GUIDE

PARAMETER WS57C45-20 WS57C45-25 WS57C45-35
Address Access Time (Max) 20 ns 25 ns 35 ns
Output Enable Time (Max) 10 ns 12 ns 15 ns
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WS57C45

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature ..........
Voltage on any pin with

-65°C to +150°C

respectto GND..................... -0.6V to +7V
VPP with respectto GND ........ -0.6V to +14.0Vv
ESD Protection .............ccoiiiiinnn. >2000V
OPERATING RANGE
Range Temperature Vce
Comm’l. 0° to +70°C +5V * 5%
Military -55° to +125°C +5V + 10%

*Notice: Stresses above those listed here may
cause permanent damage to the device. This is a
stress rating only and functional operation of the
device at these or any other conditions above those
indicated in the operational sections of this
specification is not implied. Exposure to absolute
maximum rating conditions for extended periods of
time may affect device reliability.

DC READ CHARACTERISTICS Over Operating Range. (See above)

SYMBOL | PARAMETER TEST CONDITIONS MIN MAX | UNITS
VoL Output Low Voltage loL= 16mA 0.4
VoH Output High Voltage loH= —4mA 2.4 Y
. Comm'’l. 30
lect Vcc Active Current (CMOS) | Notes 1 and 3 —
Military 35 mA
. Comm’l. 40
lcc2 Vce Active Current (TTL) Notes 2 and 3 —
Military 40
ILi Input Load Current Vin = 5.5V or Gnd -10 10 uA
Lo Output Leakage Current Vout = 5.5V or Gnd -10 10
NOTES: 1) CMOS inputs: GND + 0.3V or Voo + 0.3V. 3) A.C. Power component adds 3 mA/MHz.
2) TTL inputs: V). < 08V, V|y > 20V.
AC READ CHARACTERISTICS Over Operating Range. (See Above)
PARAMETER SYMBOL WS57C45-20 | WS57C45-25 | WS57C45-35 UNITS
MIN | MAX | MIN | MAX | MIN | MAX
Address Setup to Clock HIGH tsa 20 25 35
Address Hold From Clock HIGH tha 0 0 0
Clock HIGH to Valid Output tco 10 12 15
Clock Pulse Width tewe 12 15 20
OEg Setup to Clock HIGH tsoeg 10 12 15
OEg Hold From Clock HIGH thoEg 5 5 5 ns
Delay From INIT to Valid Output ol 20 20 20
INIT Recovery to Clock HIGH tay 15 15 20
INIT Pulse Width towi 15 15 20
Active Output From Clock HIGH tze 15 15 20
Inactive Output From Clock HIGH thze 15 15 20
Active Output From OE LOW t z0e 15 15 20
Inactive Output From OE HIGH thzoe 15 15 20
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WS57C45

TEST LOAD (High Impedance Systems) TIMING LEVELS

97.5Q

Input Levels: 0 and 3V
2.01v
ouT Reference Levels: 0.8 and 2.0V

30 pF
(INCLUDING SCOPE
I JIG

AND
—= CAPACITANCE)

AC READ TIMING DIAGRAM

[*tha tsa —'1"' tha
Ag-Aqg
tsoe T tHoeg ts0Es T+ tHoe
o, 111
tsoe*thok j

S\ B Y ,Ztm AT

towe = towc e

N\ Y
000 X 11 \ % —‘@
F—tco —| [ thze —1 —tize — e—tco F&Em_
OE

ta

i;l

5

PROGRAMMERS
Data /0 Unipak 2 or 2B; WSI’s MagicPro™ IBM PC Compatible Engineering Programmer.

ORDERING INFORMATION

OPERATING wsi
PART NUMBER s';f;" PACKIGE PO C= | TEMPERATURE | MANUFACTURING

RANGE PROCEDURE
WS57C45-20S 20 24 Pin Plastic DIP, 0.3" S1 Comm’l Standard
WS57C45-20K 20 24 Pin CERDIP, 0.3” K1 Comm’l Standard
WS57C45-25S 25 24 Pin Plastic DIP, 0.3" S Comm’l Standard
WS57C45-25K 25 24 Pin CERDIP, 0.3” K1 Comm’l Standard
WS57C45-25KMB 25 24 Pin CERDIP, 0.3" K1 Military MIL-STD-883C
WS57C45-35S 35 24 Pin Plastic DIP, 0.3” S1 Comm’l Standard
WS57C45-35K 35 24 Pin CERDIP, 0.3" K1 Comm’l Standard
WS57C45-35KMB 35 24 Pin CERDIP, 0.3” K1 Military MIL-STD-883C
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WS57C43B
ADVANCE INFORMATION

WAFERSCALE INTEGRATION, INC.
4K x 8 CMOS PROM
KEY FEATURES
s Ultra-Fast Access Time ¢ Pin Compatible with AM27S43
— 35ns

and N82S321 Bipolar PROMs

¢ Immune to Latch-Up
— Up to 200 mA

¢ Available in 300 Mil Dip

¢ Low Power Consumption
— 300 mW Active Power (20 MHz)

¢ Fast Programming

GENERAL DESCRIPTION

The WS57C43B is now available as.a PROM: it utilizes the same desngn as the previously released RPROM™ from
WSI. The difference is the PROM version. is available in plastic packages and is not re-programmable. The plastic
packaging is ideal for high volume appheatlons which fequire automatic insertion. The plastic packaging also provides
an economic benefit when compared to awmdowed cerdip package. For applications requiring reprogrammability,
contact your WSI sales representative for information on the WSI family 'of RPROMs. =

The WS57C43B is a High Performance 32K-bit CMOS PROM It is: manufactured in an édvanced CMOS EPROM
process which enables it to operate at bipolar: speeds while censurmng only 259.0f the power of bipolar.

The WS57C43B $"patented CMOS EPROM tec nblogy enables the entire memory array to be fully-programmed and
erased prior to assembly. This capability ensures nearly 100% programming yield: Devices manufactured with other
types of technologies u ‘various types of fuses which cannot be tested WlthGut permanently programmmg the

fuse. This results in a felatlvely high programmlng fallout at the packaged level.
Other testablhty features were desugeaed mto the W857C43B wmch enable itto be tested for speed after assembly

sheet parameters

The WS57C43B is

which are currently usmg ‘Bipolar PROMs. It also uses the same programming algorithm as its predecessor the
WS57C43. :

PIN CONFIGURATION

afe 24 [ Jvec AMC1e 26 ]vee
A2 23[]A, A2 23[]As
Ascg 22[]A, As[]s 22[ A,
A 4 2 DAm A4E 4 21 DAm
A,EC-‘— 5 20 [ ] C81Vee A5 20 ] TSIV
A o[ Jes, A ) gcs2
a7 18[Jcs, A 18 Jcs,
A [s w7[Jo, A[]e 17[Jo,
o, []o 16] ]Og o, []e 16[Jos
o[ 15[ )0 O.E 10 15[ Jos
o, [ 14 %o. o[ 1n 1[]o,
aNo [ ]2 13 Do, TOP GNDE 12 13[Jo,

PRODUCT SELECTION GUIDE

PARAMETER WS57C43B-35 WS57C43B-45 WS57C43B-55
Address Access Time (Max) 35 ns 45 ns 55 ns
Output Enable Time (Max) 25 ns 20 ns 25 ns
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WsS57C43B

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature . .. ....... —-65° to +150°C
Voltage on any pin with

respectto GND .............. -06V to +7V
Vpp with respect to GND . ... .. .. -06V to +14V
ESD Protection. . .................... >2000V

OPERATING RANGE

RANGE TEMPERATURE Vee

Comm’l 0° to +70°C +5V + 5%

*Notice: Stresses above those listed here may cause
permanent damage to the device. This is a stress rating
only and functional operation of the device at these or
any other conditions above those indicated in the opera-
tional sections of this specification is not implied.
Exposure to absolute maximum rating conditions for
extended periods of time may affect device reliability.

DC READ CHARACTERISTICS Over Operating Range. (See Above)

SYMBOL PARAMETER TEST CONDITIONS MIN MAX | UNITS
VoL Output Low Voltage loo = 16 mA 0.4 v
VoH Output High Voltage lon -4 mA 24
Icc Vcc Active Current (CMOS) Notes 1 and 3 Comm('| 30 mA
lec2 Vcc Active Current (TTL) Notes 2 and 3 Comm’l 40
I Input Load Current Vin = 55V or Gnd -10 10 uA
o Output Leakage Current Vout = 55V or Gnd -10 10

NOTES: 1) CMOS inputs: GND + 0.3V or Vo + 0.3V. 3) A.C. Power component adds 3 mA/MHz.

2) TTL inputs: V, < 08V, V), > 20V.

AC READ CHARACTERISTICS Over Operating Range. (See Above)

AC READ TIMING DIAGRAM

WS57C43B-35 | WS57C43B-45 | WS57C43B-55
PARAMETER SYMBOL UNITS
MIN MAX MIN MAX MIN MAX
Address to Output Delay tacc 35 45 55
CS to Output Delay tcs 20 25 25 ns
Output Disable to Output Float tor 20 25 25
Address to Output Hold ton 0 0
TEST LOAD

(High Impedance Test Systems)

98Q

ADDRESSES P VALID X

201V
D.UT.
[ —

-« thee ——> 30pF
Ace > tou I(m'c):l.uome SCOPE
AND JIG
_ —L CAPACITANCE)
cs
s |€—
OUTPUTS V7% T TIMING LEVELS
-t |<_ Input Levels: 0 and 3V

Reference Levels: 1.5V
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WsS57C43B

PROGRAMMING INFORMATION

DC CHARACTERISTICS (Ta=25 +

5°C, Vcc=5.50V = 5%, Vpp=13.5+0.5V)

PARAMETER SYMBOLS MIN. MAX. UNIT
Input Leakage Current _
Vin =Vee or Gnd i 10 10 uA
Vpp Supply Current During
Programming Pulse lep 60 mA
Vce Supply Current (Notes 2 and 3) lce 30 mA
Input Low Level ViL -0.1 0.8 Vv
Input High Level ViH 2.0 Vee +0.3 v
Output Low Voltage During Verify
(loL = 16mA) Vo 0.45
Output High Voltage During Verify
(lon = -4mA) Von 2.4 \
NOTES: 5) Vpp must not be greater than 14 volts including overshoot.
AC CHARACTERISTICS (Ta=25 + 5°C, Vcc=5.50V = 5%, Vpp=13.5+0.5V)
PARAMETER SYMBOLS MIN. TYP MAX. UNIT
Address Setup Time tas 2 us
Chip Disable Setup Time tor 30 ns
Data Set Up tos 2 us
Program Pulse Width tew 1 3 10 ms
Data Hold Time ton 2 us
Chip Select Delay tes 30 ns
Vpp Rise and Fall Time tre 1 us

PROGRAMMING WAVEFORM

NOTES: A single shot progrémming algorithm should use one 10 ms pulse.

Vin
ADDRESSES ><
Vi

ADDRESS STABLE

Vin
DATA |
Vi

DATA IN

Viu
CS1/Vpp /
Vi

< thw |

l— tpy — tcs

D DATA OUT

Ccs2
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ws57C43B

PROGRAMMING

Upon delivery from WaferScale Integration, Inc., the WS57C43B
has all 4096 x 8 bits in the ‘“1,” or high state. “0’s” are loaded
into the WS57C43B through the procedure of programming.

Programming is performed by raising Vgc to 55V, disabling
the outputs, addressing the byte to be programmed, present-
ing the data to be programmed onto the data pins, and apply-
ing a 135V pulse to the CS1/Vpp pin for 5 ms. The byte is then
verified by removing the input data and reading the pro-

ORDERING INFORMATION

grammed byte as in the read operation. A 0.1 pF capacitor
between Vpp and GND is needed to prevent excessive voltage
transients which could damage the device.

PROGRAMMERS

Data 1/0 Unipak 2 or 2B, software version 11 or later, family/
pinout code 7B/63; WSI's MagicPro™ IBM PC Compatible
Engineering Programmer.

OPERATING wsi
PART NUMBER Sl(’:sE)D PA.IC.:J{(:EG E gﬁi’;ﬁﬁg TEMPERATURE MANUFACTURING
RANGE PROCEDURE
WS57C43B-35S 35 24 Pin PDIP, 0.3" S1 Comm’l Standard
WS57C43B-35P 35 24 Pin PDIP, 0.6” P2 Comm’l Standard
WS57C43B-45S 45 24 Pin PDIP, 0.3” S1 Comm’l Standard
WS57C43B-45P 45 24 Pin PDIP, 0.6” P2 Comm’l Standard
WS57C43B-55S 55 24 Pin PDIP, 0.3” St Comm’l Standard
WS57C43B-55P 55 24 Pin PDIP, 06" P2 Comm’l Standard
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4 WS57C49
WAFERSCALE INTEGRATION, INC.

8K x 8 CMOS PROM

KEY FEATURES
¢ Very-Fast Access Time ¢ Pin Compatible with AM27S49
— 55 ns and MB7144 Bipolar PROMs
e Low Power Consumption * '_""S:?oezég rI;:tch-Up
— 300 mW Active Power (Full Speed) — ESD Protection Exceeds 2000V
e Fast Programming * Plastic Dip Package

GENERAL DESCRIPTION

The WS57C49 is an extremely HIGH PERFORMANCE 64K Electrically Programmable Read Only Memory. It is
specifically designed to replace bipolar PROMs in existing applications.

The WS57C49 is manufactured using WSI’s patented CMOS EPROM technology. As a result, the entire memory array
can be fully programmed and erased prior to assembly. This capability ensures nearly 100% programming yield.
Devices manufactured with other types of technologies utilize various types of fuses which cannot be tested without
permanently programming the fuse. This results in relatively high programming fallout when compared to a WSI PROM.

Other testability features were designed into the WS57C49 which enable it to be tested for speed after assembly
without programming the memory array. This capability insures that the product will meet all A.C. as well as D.C.
data sheet parameters.

The WS57C49 is configured in the standard Bipolar PROM pinout which provides an easy upgrade path for systems
which are currently using Bipolar PROMs.

PIN CONFIGURATION

A [ Jr1e 24 JVee
Ag 2 23 Ag
As[Cs 22[ A,
A s 21[ Ay,
A5 20| ] TSIV
A (e 19 JAn
A7 18] JAn
A []s 17[]o,
0,[|9 16[ O,
0,10 15[ )05
0,1 [ Jo,
Top R 13[]0,
PRODUCT SELECTION GUIDE
PARAMETER WS57C49-55 WS57C49-70
Address Access Time (Max) 55 ns 70 ns
Output Enable Time (Max) 20 ns 25 ns
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WS57C49

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature . ......... —65° to +150°C
Voltage on any pin with

respectto GND .............. -06V to +7V
Vpp with respect to GND ... ... .. -06V to +14V
ESD Protection . ..................... >2000V

OPERATING RANGE

RANGE TEMPERATURE Vee

Comm’l 0° to +70°C +5V + 5%

*Notice: Stresses above those listed here may cause
permanent damage to the device. This is a stress rating
only and functional operation of the device at these or
any other conditions above those indicated in the opera-
tional sections of this specification is not implied.
Exposure to absolute maximum rating conditions for
extended periods of time may affect device reliability.

DC READ CHARACTERISTICS Over Operating Range. (See Above)

SYMBOL PARAMETER TEST CONDITIONS MIN MAX | UNITS
VoL Output Low Voltage loo = 16 mA 04 v
VoHr Output High Voltage lon = -4 mA 24
lect Vcc Active Current (CMOS) Notes 1 and 3 Comm'| 20 mA
lecz Vec Active Current (TTL) Notes 2 and 4 Comm’l 25
I Input Load Current Vin = 55V or Gnd -10 10 WA
Lo Output Leakage Current Vout = 55V or Gnd -10 10

NOTES: 1) CMOS inputs: GND + 0.3V or Voo + 03V.
2) TTL inputs: V) < 08V, V| > 2.0V.

3) AC. Power component adds 3 mA/MHz.

AC READ CHARACTERISTICS Over Operating Range. (See Above)

WS57C49-55 WS57C49-70
PARAMETER SYMBOL MIN MAX MIN MAX UNITS
Address to Output Delay tace 55 70
CS to Output Delay tcs 20 25 ns
Output Disable to Output Float tor 20 25
Address to Output Hold ton 10 10
TEST LOAD
AC READ TIMING DIAGRAM (High Impedance Test Systems)
98Q
ADDRESSES VALID < 2oV
— e —— 2 o D.UT. 30pF
(INCLUDING SCOPE
I AND JIG
[ —— CAPACITANCE)
tes [ TIMING LEVELS
OUTPUTS <& vauo Input Levels: 0 and 3V
—

tor Reference Levels: 1.5V
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WS57C49

PROGRAMMING INFORMATION

DC CHARACTERISTICS (T, = 25 + 5°C, Vg = 550V + 5%, Vpp = 135 + 05V)

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current
VIN = VCC or Gnd ILI -10 10 LI,A
Vpp Supply Current During
Programming Pulse lep 60 mA
Ve Supply Current (Notes 2 and 3) lec 25 mA
Input Low Level Vi -0.1 08 \
Input High Level Vi 20 Ve +0.3 \"
Output Low Voltage During Verify
(oL = 16 mA) VoL 0.45 \Y
Output High Voltage During Verify
(lon = —4 mA) Von 24 Vv
NOTE: 4) Vpp must not be greater than 14 volts including overshoot.
AC CHARACTERISTICS (T, = 25 + 5°C, Voo = 550V + 5%, Vpp = 135 + 05V)

PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time tas 2 us
Chip Disable Setup Time tor 30 ns
Data Set Up tps 2 us
Program Pulse Width thw 1 3 10 ms
Data Hold Time ton 2 us
Chip Select Delay tcs 30 ns
Vpp Rise and Fall Time tre 1 us

NOTE: Single shot programming algorithms should use one 10 ms pulse per word.

PROGRAMMING WAVEFORM

vIH

ADDRESSES ADDRESS STABLE

e X

*‘ tas
Vin
DATA >_< | DATA IN
Vi
—»| tor | tps |w— | tpw > l— tpy
Vep
Vin
CS1/Vpp /
Vi
tre tre

— tes

>—< DATA OUT




Ws57C49

PROGRAMMING

Upon delivery from WaferScale Integration, Inc., the WS57C49
has all 8192x8 bits in the “1,” or high state. “‘0’s” are loaded
into the WS57C49 through the procedure of programming.

Programming is performed by raising V¢ to 55V, disabling
the outputs, addressing the byte to be programmed, presenting
the data to be programmed onto the data pins, and applying
a 135V pulse to the CS1/Vpp pin for 5 ms. The byte is then
verified by removing the input data and reading the pro-

ORDERING INFORMATION

grammed byte as in the read operation. A 0.1 uF capacitor
between Vpp and GND is needed to prevent excessive voltage
transients which could damage the device.

PROGRAMMERS

Data I/0 Unipak 2 or 2B, software version 9 or later, family/
pinout code 3C/67; WSI’s MagicPro™ IBM PC Compatible
Engineering Programmer.

OPERATING wsl
PART NUMBER s':f;" PA%'{(:EGE gﬁimﬁg TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS57C49-55P 55 24 Pin PDIP, 06" P2 Comml Standard
WS57C49-70P 70 24 Pin PDIP, 0.6” P2 Comm’l Standard
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= = WS57C49B
WAFERSCALE INTEGRATION, INC. ADVANCE INFORMATION

8K x 8 CMOS PROM

KEY FEATURES
¢ Ultra-Fast Access Time ¢ Pin Compatible with AM27S49
— 35ns and MB7144 Bipolar PROMs
¢ Low Power Consumption i
— 300 mW Active Power (20 MHz) ¢ IEHS; :’(\)e2(t)g ;:ICh Up

* Fast Programming « Available in 300 Mil Dip

GENERAL DESCRIPTION

The WS57C49B is now available as a PROM. It utilizes the same design as the previously released RPROM™ from
WSI. The difference is the PROM version is available in plastic packages and is not re-programmable. The plastic
packaging is ideal for high volume applications which require automatic insertion. The plastic packaging also pro-
vides an economic benefit when compared to a windowed cerdip package. For applications requiring reprogrammability,
contact your WSI sales representative for information on the WSI family of RPROMs.

The WS57C49B is a High Performance 64K-bit CMOS PROM. It is manufactured in an advanced CMOS EPROM
process which enables it to operate at bipolar speeds while consuming only 25% of the power of bipolar.

The WS57C49B’s patented CMOS EPROM technology enables the entire memory array to be fully programmed and
erased prior to assembly. This capability ensures nearly 100% programming yield. Devices manufactured with other
types of technologies utilize various types of fuses which cannot be tested without: permanently programming the
fuse. This results in a relatively hlgh programming_fallout at the packaged level.

Other testability features were des:gned into the WS57C49B which enable it to be tested for speed after assembly
without programming the memory array. This capabllny msures that the device wm meet all A.C. as well as D.C. data
sheet parameters.

Another feature.of the WS57C49B is lts umquely des1gned eutput structure, When compared with other high-speed
devices, the output structure of the W357C4QB wrtually eliminates the mtroduct:on of switch-related noise into the
system environment.

The WS57C49B i is conflgljred inthe standard Blpolar PROM pinout which provides an easy upgrade path for systems
which are currently using Bipolar PROMs.

PIN CONFIGURATION
aCre 24 Jvee Ao 2a[ JVec
As[]2 23[]A, A2 23[ A
as[]s 22[ A, As[s 22["]A
A s 21[ JA, A s 21[ JAw
A5 20 [ ]CSIIVpp A [ 20 [ ] TSIV
A e 19 ]cs, A e 19 Jcs,
A7 18] ]cs; A7 18] Jcs,
A8 17 :]o, Augs 17[Jo,
0[]e 16| 0 0,[]s 6] Jo,
o[ 15[]os 0,10 15[ Jog
o,[n 1u[Jo, 0,1 u[Jo,
aNo [ 12 13[Jo, ToP aNp |12 13[Jo,
PRODUCT SELECTION GUIDE
PARAMETER WS57C49B-35 WS57C49B-45
Address Access Time (Max) 35 ns 45 ns
Output Enable Time (Max) 20 ns 25 ns
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Ws57C49B

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature .......... -65°C to +150°C
Voltage on any pin with

respect to GND..................... -0.6V to +7V
VPP with respectto GND ........ -0.6V to +14.0V
ESD Protection ..............ciiiiiia.. >2000V
OPERATING RANGE
RANGE TEMPERATURE Vee
Comm’l 0° to +70°C +5V + 5%

*Notice: Stresses above those listed here may cause
permanent damage to the device. This is a stress rating
only and functional operation of the device at these or
any other conditions above those indicated in the opera-
tional sections of this specification is not implied.
Exposure to absolute maximum rating conditions for
extended periods of time may affect device reliability.

DC READ CHARACTERISTICS Over Operating Range. (See Above)

SYMBOL PARAMETER TEST CONDITIONS MIN MAX | UNITS
VoL Output Low Voltage loo = 16 mA 04 v
Vou Output High Voltage loy = -4 mA 24
lcct Vcc Active Current (CMOS) Notes 1 and 3 Comm‘l 30 mA
leca Vcc Active Current (TTL) Notes 2 and 3 Comm’l 40
Iy Input Load Current VN = 55V or Gnd -10 10 uA
Lo Output Leakage Current Vout = 55V or Gnd -10 10
NOTES: 1) CMOS inputs: GND + 0.3V or Vg + 0.3V. 3) A.C. Power component adds 3 mA/MHz.
2) TTL inputs: V) < 08V, V} > 2.0V.
AC READ CHARACTERISTICS Over Operating Range. (See Above)
WS57C49B-35 WS57C49B-45
PARAMETER SYMBOL UNITS
MIN MAX MIN MAX

Address to Output Delay tacc 35 45

CS to Output Delay tcs 20 20 ns

Output Disable to Output Float tor 20 20

Address to Output Hold ton 0 0

TEST LOAD
AC READ TIMING DIAGRAM (High Impedance Test Systems)
980
ADDRESSES P VALID 201V
< " > DUT.
e >t [ ﬁgl?;iuome SCOPE
I AND JIG
&= —L— CAPACITANCE)
ﬁ tes  |w-—
OUTPUTS <<J VALID TIMING LEVELS
— tye |e— Input Levels: 0 and 3V
Reference Levels: 1.5V
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WS57C49B

PROGRAMMING INFORMATION

DC CHARACTERISTICS (T, = 25 + 5°C, Vgg = 550V + 5%, Vpp = 135 + 05V)

PARAMETER SYMBOLS MIN. MAX. UNIT
{/r: Sli \L/gzkggzsgrrent Iy -10 10 pA
Vpp Supply Current During pp 60 mA
Programming Pulse

Vec Supply Current (Notes 2 and 3) lce 35 mA
Input Low Level Vi -0.1 0.8 v
Input High Level Vin 2.0 Vcc+0.3 v
fl)gtp:alétr)nv;)\/oltage During Verify VoL 0.45 v
Output High Voltage During Verify Vou 2.4 v
(loH = —4mA)

NOTE: 5) Vpp must not be greater than 14 volts including overshoot.

AC CHARACTERISTICS (Ta =25+5°C, Vcc = 5.5V * 5%, Vpp = 13.5 + 0.5V)

PARAMETER SYMBOLS MIN. TYP. MAX. UNIT
Address Setup Time tas 2 us
Chip Disable Setup Time toF 30 ns
Data Setup tos 2 us
Program Pulse Width tpw 1 3 10 ms
Data Hold Time tDH 2 us
Chip Select Delay tcs 30 ns
Vpp Rise and Fall Time tRF 1 us

NOTE: A single shot programming algorithm should use one 10 ms pulse.

PROGRAMMING WAVEFORM

Vin
ADDRESSES X ADDRESS STABLE
vlL

‘* tas
vl“
DATA >—< | DATA IN DATA OUT
Vi

—»| tor [@—  —| tps |w— | tow > < tpy — tcs

Vi

CS1/Vpp /
Vi

tae trr
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WS57C498

PROGRAMMING

Upon delivery from WaferScale Integration, Inc., the WS57C49B
has all 8192 x 8 bits in the “1,” or high state. “0’s"” are loaded
into the WS57C49B through the procedure of programming.

Programming is performed by raising V¢ to 55V, disabling
the outputs, addressing the byte to be programmed, present-
ing the data to be programmed onto the data pins, and apply-
ing a 135V pulse to the CS1/Vpp pin for 5 ms. The byte is then
verified by removing the input data and reading the pro-

ORDERING INFORMATION

grammed byte as in the read operation. A 0.1 pF capacitor
between Vpp and GND is needed to prevent excessive voltage
transients which could damage the device.

PROGRAMMERS

Data I/O Unipak 2 or 2B, software version 9 or later, family/pinout
code 3C/67; WSI's MagicPro™ IBM PC Compatible Engineer-
ing Programmer.

OPERATING wsi

PART NUMBER s'(’fs'ib PATC.’#}EGE gﬁimﬁg TEMPERATURE | MANUFACTURING
RANGE PROCEDURE

WS57C49B-35S 35 24 Pin PDIP, 0.3” S1 Comm’l Standard

WS57C49B-35P 35 24 Pin PDIP, 06" P2 Comm'l Standard

WS57C49B-458 45 24 Pin PDIP, 03" St Comml Standard

WS57C49B-45P 45 24 Pin PDIP, 06" P2 Comm'l Standard
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SECTION INDEX

RE-PROGRAMMABLE MEMORY PRODUCTS

RPROM Memory:

WS57C191/291
WS57C191B/291B
WS57C45
WS57C43
WS57C43B
WS57C49
WS57C49B
WS57C51
WS57C51B

EPROM Memory (x8):

WS27C64F
WS57C64F
WS27C128F
WS57C128F
WS27C256F
WS57C256F (~55)
WS57C256F (~35)
WS27C256L
WS27C256F
WS27C512F
WS27C010L
WS57CO10F

EPROM Memory (x16):

WS57C65
WS57C66
WS57C257
WS57C210F

2K x 8 CMOS RPROM ... .t e e e 3-1
2K x 8 CMOS RPROM . ...t e e e 35
2K x 8 Registered CMOS RPROM. . .. ... . . e e 39
4K x 8 CMOS RPROM . .. ... e e 313
4K x 8 CMOS RPROM .. ... e e 317
8K x 8 CMOS RPROM .. ... e 3-21
8K x 8 CMOS RPROM . ... it e e 3-25
16K x 8 CMOS RPROM . ... i e e e e e e e 3-29
16K x 8 CMOS RPROM . ... e e e e 3-33
8K x 8 CMOS EPROM (Mil) ... .ot e 3-37
8K x 8 CMOS EPROM .. ... e 3-41
16K x 8 CMOS EPROM (Mil) . .. ... e 3-45
16K x 8 CMOS EPROM ... . 3-49
32K x 8 CMOS EPROM (Mil) . ... .. e 3-53
32K x 8 CMOS EPROM ... . e 3-57
32K x 8 CMOS EPROM ... ... 3-61
32K x 8 CMOS EPROM . . ... 3-65
32K x 8 CMOS EPROM . . ... 3-69
64K x 8 CMOS EPROM . ... . i e 373
128K x 8 CMOS EPROM ............ ... ... ... .. ... e 377
128K x 8 CMOS EPROM . ... .. e 3-83
4K x 16 CMOS EPROM . ... 3-87
4K x 16 Muxed CMOS EPROM .. ... ... . e 3-91
16K x 16 CMOS EPROM ... ... 3-97
64K x 16 CMOS EPROM. . ... e 3-101

Mappable Memory Products:

WSMAP162/WSMAPT6T MAP™ MeMOIY .. ..ottt ettt e et et e e e e e e e 3-105
WSMAPTE8 MAP™ MEMOIY . . . . . ittt et et e e e e e e e e e e e e e e e e 3115

For additional information,
call 800-TEAM-WSI (800-832-6974).
In California, call 415-656-5400.
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IES S = WS57C191/291

WAFERSCALE INTEGRATION, INC.

HIGH SPEED 2K x 8 CMOS RPROM™

KEY FEATURES
¢ Ultra-Fast Access Time ¢ Pin Compatible With AM27S191/291
— 45 ns and N82S191 Bipolar PROMs
¢ Low Power Consumption ¢ Immune to Latch-Up
— 225 mW Active Power — Up to 200 mA
¢ Fast Programming e ESD Protection Exceeds 2000V

GENERAL DESCRIPTION

The WS57C191/291 is an extremely HIGH PERFORMANCE 16K UV Erasable Electrically Re-Programmable Read
Only Memory. It is manufactured in an advanced CMOS technology which allows it to operate at Bipolar PROM speeds
while consuming only 25% of the power of its Bipolar counterparts.

A further advantage of the WS57C191/291 over Bipolar PROM devices is the fact that it utilizes a proven EPROM
technology. This allows the entire memory array to be tested for switching characteristics and functionality after
assembly. Unlike devices which cannot be erased, every WS57C191/291 is 100% tested with worst case test patterns
both before and after assembly.

Another feature of the WS57C191/291 is its uniquely designed output structure. When compared with other high speed
devices, the output structure of the WS57C191/291 virtually eliminates the introduction of switch related noise into
the system environment.

The WS57C191/291 is configured in the standard Bipolar PROM pinout. The WS57C191 is offered in a 600 mil wide
Dip and the WS57C291 is offered in a 300 mil wide Dip. Both are offered in a Leadless Ceramic Chip Carrier.

PIN CONFIGURATION

As As A; NC Vo Ay Ag
ArL_|1 ~ 24[]vee T T T T Tt
140131 121 [1) 12811271 1261 "\
A2 23[ ]As Lded Ly jCacaca )
29 Ld -
A5E 3 22 :]A9 A5, :"’_54 A
A []a 21 JAy A[82 T3] csiv,,
A [j 5 20 [_] TSI, L _ _
3 :’ PP A7 r5cs,
-d [ =
A []e 19[_]cs, - -]
A als] T322]cs,
(17 18 Jcs, ;_ 22
- -
A s 17[]o; Al 9 L21 [N
= el e [@ Lo,
o_|10 15[ ]0s - h
O o o iy
o[ |n 1u[]o, FACaCaracaraea
1
GND [ |12 13[]0s N2 {131 114) 115) 116 117} 118y /7

0, 0, & NC 05 O, O
D

PRODUCT SELECTION GUIDE

PARAMETER WS57C191/291-45 WS57C191/291-55
Address Access Time (Max) 45 ns 55 ns
Output Enable Time (Max) 20 ns 30 ns
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WS57C191/291

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature .......... -65°C to +150°C
Voltage on any pin with
respect to GND..................... -0.6V to +7V

VPP with respectto GND ........ -0.6V to +14.0V

*Notice: Stresses above those listed here may cause
permanent damage to the device. This is a stress rating
only and functional operation of the device at these or
any other conditions above those indicated in the opera-
tional sections of this specification is not implied.

ESD Protection ............ccvviiiiinnn. >2000V Exposure to gbsolute. maximum rating c_onditign; _for
extended periods of time may affect device reliability.
OPERATING RANGE
Range Temperature Vce
Comm’l. 0° to +70°C +5V * 5%
Military -55° to +125°C +5V £ 10%
DC READ CHARACTERISTICS Over Operating Range. (See above)
SYMBOL PARAMETER TEST CONDITIONS MIN MAX | UNITS
VoL Output Low Voltage loL= 16mA 04
Vv
VoH Output High Voltage loH=—-4mA 2.4
. Comm’l. 20
lccq Vcc Active Current (CMOS) | Notes 1 and 3 —
Military 30 mA
. Comm’l. 25
lcco Vcc Active Current (TTL) Notes 2 and 3 —
Military 35
ILi Input Load Current VIN = 5.5V or Gnd -10 10 uA
ILo Output Leakage Current Vourt = 5.5V or Gnd -10 10
NOTES: 1) CMOS inputs: GND + 03V or Vge + 03V. 3) A.C. Power component adds 3 mA/MHz.
2) TTL inputs: V;_ < 0.8V, V) > 2.0V.
AC READ CHARACTERISTICS Over Operating Range. (See Above)
WS57C191/291-45 WS57C191/291-55
PARAMETER SYMBOL UNITS
MIN MAX MIN MAX
Address to Output Delay tace 45 55
CS to Output Delay tcs 20 30 ns
Output Disable to Output Float tor 20 30
Address to Output Hold toH 0 0
AC READ TIMING DIAGRAM TEST LOAD (High impedance Systems)
980
ADDRESSES VALID S 2.0tV
e e — | o, e DUT.
I (mcn.uome SCOPE
CS1/Vpp = CAPACITANCE)
‘E‘ tes TIMING LEVELS
Yo, »)
ouTRUTS Y AL Input Levels: 0 and 3V
T Reference Levels: 1.5V

3-2




WS57C191/291

PROGRAMMING INFORMATION
DC CHARACTERISTICS (Ta=25 = 5°C, Voc=550V = 5%, Vpp =135+ 0.5V)

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current _

Vin =Vee or Gnd i 10 10 BA
Vpp Supply Current During

Programming Pulse lpp 60 mA
Ve Supply Current (Note 3) lce 25 mA
Input Low Level ViL -0.1 0.8 Y
Input High Level ViH 2.0 Vee +0.3 vV
Output Low Voltage During Verify

(loL = 16mA) Vou 0.45

Output High Voltage During Verify

(lon = - 4mA) Vou 2.4 v

NOTE: 5) Vpp must not be greater than 14 volts including overshoot.

AC CHARACTERISTICS (Ta=25 + 5°C, Voo =550V + 5%, Vpp=13.5+0.5V)

PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time tas 2 us
Chip Disable Setup Time tor 2 30 ns
Data Set Up tos us
Program Pulse Width  (Note 6) tew 1 3 10 ms
Data Hold Time ton 2 us
Chip Select Delay tcs 30 ns
Vpp Rise and Fall Time tre 1 uS

NOTE: 6) For programmers utilizing a one shot programming pulse, a 10 ms pulse width should be used.

PROGRAMMING WAVEFORM

Vi
ADDRESSES X ADDRESS STABLE
A\

Vin
DATA }—< | DATA IN >—- DATA OUT
Vi

—»| tor — lps | | tow [ tou — tes
Vep
Vin
CS1/Vpp /
Vi
tre tar
Vin
Cs2/Cs3
Vi
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Ws57C191/291

PROGRAMMING

Upon delivery from WaferScale Integration, Inc. or after each
erasure (see Erasure section), the WS57C191/291 has all
2048 x 8 Bits in the “1,” or high state. “‘0’s” are loaded into
the WS57C191/291 through the procedure of programming.

Programming is performed by raising V¢ to 5.75V, disabling
the outputs, addressing the byte to be programmed, presenting
the data to be programmed onto the data pins, and applying
a 135V pulse to the CS1/Vpp pin for 5 ms. The byte is then
verified by removing the input data and reading the pro-
grammed byte as in the read operation. A 0.1 uF capacitor
between Vpp and GND is needed to prevent excessive voltage
transients which could damage the device.

PROGRAMMERS

Data 1/0 Unipak 2 or 2B, family/pinout code 7B/21; WSI's
MagicPro™ IBM PC Compatible Engineering Program.

ORDERING INFORMATION

ERASURE

In order to clear all locations of their programmed contents,
it is necessary to expose the WS57C191/291 to an ultra-violet
light source. A dosage of 15W-second/cm? is required to com-
pletely erase a WS57C191/291.

This dosage can be obtained by exposure to an ultra-violet lamp
(wavelength of 2537 Angstroms (A) ) with intensity of 12000
Wicm? for 15 to 20 minutes. The WS57C191/291 should be
about one inch from the source and all filters should be removed
from the UV light source prior to erasure.

It is important to note that the WS57C191/291 and similar
devices will erase with light sources having wavelengths shorter
than 40004A. Although erasure times will be much longer than
with UV sources at 2537A, the exposure to fluorescent light and
sunlight will eventually erase the WS57C191/291 and exposure
to them should be prevented to realize maximum system
reliability. If used in such an environment, the package win-
dows should be covered by an opaque label or substance.

OPERATING wsi
PART NUMBER SZ"E;D PA%'((::E gﬁimﬁg TEMPERATURE | MANUFACTURING

RANGE PROCEDURE
WS57C191-45D 45 24 Pin CERDIP, 0.6” D1 Comm’l Standard
WS57C291-45T 45 | 24 Pin CERDIP 03" T Comml Standard
WS57C191-55D 55 | 24 Pin CERDIP 06" D1 Comml Standard
WS57C291-55T 55 24 Pin CERDIP, 0.3" T Comm’l Standard
WS57C191-55CMB | 55 | 28 Pad CLLCC Ct Military MIL-STD-883C
WS57C191-55DMB | 55 | 24 Pin CERDIP, 06" D1 Military MIL-STD-883C
WS57C291-55TMB | 55 | 24 Pin CERDIP, 03" 1 Military MIL-STD-883C
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4 WS57C191B/291B

WAFERSCALE INTEGRATION, INC. PRELIMINARY

HIGH SPEED 2K x 8 CMOS RPROM™

KEY FEATURES
¢ Ultra-Fast Access Time ¢ Pin Compatible with AM27S191/291
— 35ns and N82S191 Bipolar PROMs
¢ Low Power Consumption e Immune to Latch-Up
— 300 mW Active Power — Up to 200 mA
* Fast Programming  ESD Protection Exceeds 2000V

GENERAL DESCRIPTION

The WS57C191B/291B is an extremely HIGH PERFORMANCE 16K UV Erasable Electrically Re-Programmable Read
Only Memory. It is manufactured in an advanced CMOS technology which allows it to operate at Bipolar PROM speeds
while consuming only 25% of the power of its Bipolar counterparts.

A further advantage of the WS57C191B/291B over Bipolar PROM devices is the fact that it utilizes a proven EPROM
technology. This allows the entire memory array to be tested for switching characteristics and functionality after
assembly. Unlike devices which cannot be erased, every WS57C191B/291B is 100% tested with worst case test patterns
both before and after assembly.

The WS57C191B/291B is configured in the standard Bipolar PROM pinout which provides an easy upgrade path for
systems which are currently using Bipolar PROMs.

PIN CONFIGURATION

As Ag A, NC Vg Ay A
\ S 5 6 7 cc Mg 9
AL 24 Ve A7d‘ 24 JVee ( Tara3iian (11280270 261 N\
As[]2 23[]A, AsEZ 23 JAs [N Bl iy Sl J|I....ll__l Ca
- L -
As[s 22[ ]A, A 22[ A, A 5] 125] Ay
A[a 21 JAy A s 21[ JAw A, :E: ra] TSIV,
A []s 20 [ ]CSTIVep A s 20[ ] CSi/Vpp A, "-7': [2:3- cs,
AzCG 19 :’CSZ AzCG 19 jcsz ::., ,—-:
a7 18[]cs, A 8[Jcss Als, L2z cs,
A s 17[Jo, A[]s 17[Jo, NN Lai]ne
0,[]o 16[ 0 o[ ]e 16[J 0, nc[#o2 rx]o,
0[]0 15[]0s o, 15[ Jos o Frn r=1o
02E11 14304 OZE" 14304 o--Jr--l [l st Rt Nl Kol rﬂL_d °
GND [ |12 13[]o, ano[ |12 13[ ] 0, N2l et 4y st 16y 7 tiey S
0, 0, & NC O O, O
TOP D
PRODUCT SELECTION GUIDE
PARAMETER WS57C191B/291B-35 WS57C191B/291B-45
Address Access Time (Max) 35 ns 45 ns
Output Enable Time (Max) 20 ns 20 ns
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ws57C191B/291B

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature .......... -65°C to +150°C
Voltage on any pin with

respectto GND..................... -0.6V to +7V
VPP with respect to GND ........ -0.6V to +14.0V
ESD Protection ............. ... ..l >2000V

OPERATING RANGE

*Notice: Stresses above those listed here may cause
permanent damage to the device. This is a stress rating
only and functional operation of the device at these or
any other conditions above those indicated in the opera-
tional sections of this specification is not implied.
Exposure to absolute maximum rating conditions for
extended periods of time may affect device reliability.

Range Temperature Vce
Comm’l. 0° to +70°C +5V + 5%
Military -55° to +125°C +5V £ 10%
DC READ CHARACTERISTICS Over Operating Range. (See above)
SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
VoL Output Low Voltage loL= 16mA 04
\
VoH Output High Voltage loH= -4mA 2.4
. Comm'’l. 30
lcct Vcc Active Current (CMOS) | Notes 1 and 3 —
Military 35 mA
. Comm'’l. 40
lcca Vcc Active Current (TTL) Notes 2 and 3 —
Military 40
Il Input Load Current ViN = 5.5V or Gnd -10 10 uA
ILo Output Leakage Current Vour = 5.5V or Gnd -10 10
NOTES: 1) CMOS inputs: GND + 0.3V or Ve + 0.3V. 3) A.C. Power component adds 3 mA/MHz.
2) TTL inputs: V)_ < 0.8V, V; > 2.0V.
AC READ CHARACTERISTICS Over Operating Range. (See Above)
WS57C191B/291B-35 | WS57C191B/291B-45
PARAMETER SYMBOL UNITS
MIN MAX MIN MAX
Address to Output Delay tacc 35 45
CS to Output Delay tce 20 20 ns
Output Disable to Output Float tor 20 20
Address to Output Hold ton 0 0
AC READ TIMING DIAGRAM TEST LOAD (High impedance Systems)
98Q
ADDRESSES VALID e

- Emm—
tace > oy

2,01V
| — DUT.

I (INCLUDING SCOPE

CAPACITANCE)

TIMING LEVELS

OUTPUTS & vau

— ‘DF|<_

Input Levels: 0 and 3V

Reference Levels: 1.5V
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Ws57C191B/291B

PROGRAMMING INFORMATION

DC CHARACTERISTICS (Ta=25 + 5°C, Voc=5.50V + 5%, Vpp=13.50.5V)

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current _
Vin =Vee or Gnd i 10 10 A
Vpp Supply Current During
Programming Pulse lep 60 mA
Vee Supply Current (Note 3) lce 25 mA
Input Low Level ViL -0.1 0.8 Vv
Input High Level ViH 2.0 Vee +0.3 v
Output Low Voltage During Verify
(oL = 16mA) VoL 0.45
Output High Voltage During Verify
(lon = —4mA) Vo 2.4 Vv
NOTES: 5) Vpp must not be greater than 14 volts including overshoot.
AC CHARACTERISTICS (To=25 + 5°C, Vec=5.50V + 5%, Vpp=13.5+0.5V)
PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time tas 2 us
Chip Disable Setup Time tor 2 30 ns
Data Set Up tos us
Program Pulse Width  (Note 6) tew 1 3 10 ms
Data Hold Time ton 2 us
Chip Select Delay tcs 30 ns
Vpp Rise and Fall Time tar 1 us
NOTES: 6) For programmers utilizing a one shot programming pulse, a 10ms pulse width should be used.
PROGRAMMING WAVEFORM
Vin N
ADDRESSES X ADDRESS STABLE
Vi
|, - =
Vin
DATA D_< | DATA IN >—-—< DATA OUT
Vi
—»| tor —»| tps |w— | tpw > [ toy —{ tcg
Vep
Vin
CS1/Vpp /
Vi
'RF‘ tRF‘
Vin 076767676076 6 0. O 0.9 0.0 SO XXX K %
LRI TR
v LR RRAARARKARAKK .

37




WS57C191B/291B

PROGRAMMING

Upon delivery from WaferScale Integration, Inc. or after each
erasure (see Erasure section), the WS57C191B/291B has all
2048x8 bits in the “1,” or high state. “0’s” are loaded into the
WS57C191B/291B through the procedure of programming.

Programming is performed by raising Vg to 5.75V, disabling
the outputs, addressing the byte to be programmed, present-
ing the data to be programmed onto the data pins, and apply-
ing a 135V pulse to the CS1/Vpp pin for 5 ms. The byte is
then verified by removing the input data and reading the pro-
grammed byte as in the read operation. A 0.1 uF capacitor
between Vpp and GND is needed to prevent excessive voltage
transients which could damage the device.

ERASURE

In order to clear all locations of their programmed contents,
it is necessary to expose the WS57C191B/291B to an ultra-violet
light source. A dosage of 15W second/cm? is required to
completely erase a WS57C191B/291B. This dosage can be

ORDERING INFORMATION

obtained by exposure to an ultra-violet lamp with wavelength
of 2537 Angstroms (A) with intensity of 12000u Wicm? for 15
or 20 minutes. The WS57C191B/291B should be about one inch
from the source and all filters should be removed from the UV
light source prior to erasure.

It is important to note that the WS57C191B/291B and similar
devices will erase with light sources having wavelengths shorter
than 4000A. Although erasure times will be much longer than
with UV sources at 25374, the exposure to fluorescent light and
sunlight will eventually erase the WS57C191B/291B and ex-
posure to them should be prevented to realize maximum system
reliability. If used in such an environment, the package win-
dows should be covered by an opaque label or substance.

PROGRAMMERS

Data /0O Unipak 2 or 2B, software version 9 or later, family/
pinout code 7B/21; WSI's MagicPro™ IBM PC Compatible
Engineering Programmer.

OPERATING wsi
PART NUMBER sz:s;o PA%'{(PAEGE gﬁ%ﬁﬁg TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS57C191B-35D 35 | 24 Pin CERDIP, 06" D1 Comml Standard
WS57C291B-35T 35 | 24 Pin CERDIP, 03" T Comm'l Standard
WS57C191B-45CMB | 45 | 28 Pad CLLCC c Military MIL-STD-883C
WS57C191B-45D 45 | 24 Pin CERDIP, 06" D1 Comml Standard
WS57C191B-45DMB | 45 | 24 Pin CERDIP, 06" D1 Military MIL-STD-883C
WS57C291B-45CMB | 45 | 28 Pad CLLCC Ct Military MIL-STD-883C
WS57C291B-45T 45 24 Pin CERDIP, 0.3" T Comm’l Standard
WS59C291B-45TMB | 45 | 24 Pin CERDIP, 03" T Military MIL-STD-883C
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WS57C45

WAFERSCALE INTEGRATION, INC.

HIGH-SPEED 2K x 8 REGISTERED CMOS RPROM™
KEY FEATURES

Ultra-Fast Access Time
— 20 ns Setup
— 10 ns Clock to Output

e Low Power Consumption
— 225 mW Active Power

Fast Programming

Programmable Synchronous or

Asynchronous Output Enable

preset or clear function.

ADVANCE INFORMATION

¢ Pin Compatible with AM27S45 and

CY7C245

¢ Immune to Latch-Up

— Up to 200

mA

o ESD Protection Exceeds 2000V

¢ Programmable Asynchronous
Initialize Register

GENERAL DESCRIPTION

The WS57C45 is an extremely HIGH PERFORMANCE 16K UV Erasable Registered CMOS RPROM. It is a direct
drop-in replacement for such devices as the AM27S45 and CY7C245.

To meet the requirements of systems which execute and fetch instructions simultaneously, an 8-bit parallel data register
has been provided at the output which allows RPROM data to be stored while other data is being addressed.

An asynchronous initialization feature has been provided which allows a user programmable 2049th word to be placed
on the outputs independent of the system clock. This feature can be used to force an initialize word or provide a

A further advantage of the WS57C45 over Bipolar PROM devices is the fact that it utilizes a proven EPROM technology.
This allows the entire memory array to be tested for switching characteristics and functionality after assembly. Unlike
devices which cannot be erased, every WS57C45 is 100% tested with worst case test patterns both before and

after assembly.
PIN CONFIGURATION

CerDip Flatpack
% ]

A7) 24 [JVee A E__j 1 24| ) Vee

Ag(]2 23 [] A, A ()2 23 A

As[]3 22 [ A, As[ |3 227 Ay

A a 21 J Ay A, 4 21 Aqp

As[]s 20 [ ]iNIT A5 200 ]iNIT

A6 Q 19 ] GE/OE, A, 6 Q 19| ) OF/OEs

A7 18[]cP A7 18] ___JcP

A8 17[J0, Ao 8 1710,

% []e 16 [ ] Og 0y 9 16106

o;J10 15 [] 05 o110 15105

01 4[]0, O n 1|10,

GND[ |12 13[]0; GND 12 13104
TOP
PRODUCT SELECTION GUIDE

PARAMETER WS57C45-20 WS57C45-25 WS57C45-35
Address Access Time (Max) 20 ns 25 ns 35 ns
Output Enable Time (Max) 10 ns 12 ns 15 ns
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WS57C45

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature -65°C to +150°C
Voltage on any pin with
respectto GND..................... -0.6V to +7V

VPP with respect to GND ........ -0.6V to +14.0V
ESD Protection ................cuvunnn.. >2000V
OPERATING RANGE
Range Temperature Vee
Comm’l. 0° to +70°C +5V + 5%
Military -55° to +125°C +5V + 10%

*Notice: Stresses above those listed here may
cause permanent damage to the device. This is a
stress rating only and functional operation of the
device at these or any other conditions above those
indicated in the operational sections of this
specification is not implied. Exposure to absolute
maximum rating conditions for extended periods of
time may affect device reliability.

DC READ CHARACTERISTICS Over Operating Range. (See above)

SYMBOL | PARAMETER TEST CONDITIONS MIN MAX | UNITS
VoL Output Low Voltage loL= 16mA 0.4
VoH Output High Voltage loH=-4mA 2.4 Y
Ice Vce Active Current (CMOS) | Notes 1 and 3 Cc.)fnm’l. 20
Military 30 mA
X Comm’l. 25
lecz Vce Active Current (TTL) Notes 2 and 4 —
Military 35
W] Input Load Current ViN = 5.5V or Gnd -10 10 uA
ILo Output Leakage Current Vout = 5.5V or Gnd -10 10
NOTES: 1) CMOS inputs: GND % 0.3V or Vcc £ 0.3V.  3) A.C. Power component adds 2 mAMHz.
2) TTL inputs: ViL<0.8V, Vi4=2.0V. 4) A.C. Power component adds 3 mA/MHz.
AC READ CHARACTERISTICS Over Operating Range. (See Above)
PARAMETER SYMBOL WS57C45-20 | WS57C45-25 | WS57C45-35 UNITS
MIN | MAX | MIN | MAX | MIN | MAX
Address Setup to Clock HIGH tsa 20 25 35
Address Hold From Clock HIGH tha 0 0 0
Clock HIGH to Valid Output tco 10 12 15
Clock Pulse Width trwe 12 15 20
OE;g Setup to Clock HIGH tsoes 10 12 15
OEjg Hold From Clock HIGH thoeg 5 5 5 ns
Delay From INIT to Valid Output tp) 20 20 20
INIT Recovery to Clock HIGH tri 15 15 20
INIT Pulse Width tewr 15 15 20
Active Output From Clock HIGH t zc 15 15 20
Inactive Output From Clock HIGH thze 15 15 20
Active Output From OE LOW tLzoE 15 15 20
Inactive Output From OE HIGH thzoE 15 15 20
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WS57C45

TEST LOAD (High Impedance Systems)

TIMING LEVELS

97.5Q
2,01V

D.UT.

Input Levels: 0 and 3V

Reference Levels: 0.8 and 2.0V

30 pF

(INCLUDING SCOPE
] AND JIG

—= CAPACITANCE)

AC READ TIMING DIAGRAM

Ag-Ayg

[+ tha M‘u—""m?

. zzg—_{\vi T

towe = towe = )
ST\ S\ AN
- towc > tpwe e - tewc
X —= )ﬁ( —C
Fe—tco —+ [+ thze —1 e tize — F—tco thzoe —+! tizoe
to ta
INIT
tew
ERASURE

In order to clear all locations of their programmed contents,
it is necessary to expose the WS57C45 to an ultra-violet light
source. A dosage of 15W second/cm? is required to completely
erase a WS57C45. This dosage can be obtained by exposure
to an ultra-violet lamp with wavelength of 2537 Angstroms (A)
with intensity of 12000u W/cm? for 15 to 20 minutes. The
WS57C45 should be about one inch from the source and all
filters should be removed from the UV light source prior to
erasure.

It is important to note that the WS57C45 and similar devices
will erase with light sources having wavelengths shorter than

ORDERING INFORMATION

4000A. Although erasure times will be much longer than with
UV sources at 25374, the exposure to fluorescent light and
sunlight will eventually erase the WS57C45 and exposure to
them should be prevented to realize maximum system reliability.
If used in such an environment, the package windows should
be covered by an opaque label or substance.

PROGRAMMERS
Data 1/O Unipak 2 or 2B; WSI’s MagicPro™ IBM PC Compati-
ble Engineering Programmer.

OPERATING wsi
PART NUMBER s'::s'io PATC\'{(QEGE [';Animﬁg TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS57C45-20T 20 | 24 Pin CERDIP, 03" T1 Comm'l Standard
WS57C45-25FMB | 25 | 24 Pin Ceramic Flatpack F1 Military MIL-STD-883C
WS57C45-25T 25 | 24 Pin CERDIP, 0.3" T Comm'l Standard
WS57C45-25TMB | 25 | 24 Pin CERDIP, 03" T Military MIL-STD-883C
WS57C45-35FMB 35 24 Pin Ceramic Flatpack F1 Military MIL-STD-883C
WS57C45-35T 35 | 24 Pin CERDIP, 03" T Comml Standard
WS57C45-35TMB | 35 | 24 Pin CERDIP, 03" T Military MIL-STD-883C
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WS57C43

WAFERSCALE INTEGRATION, INC.

HIGH SPEED 4K x 8 CMOS RPROM™

KEY FEATURES
¢ Pin Compatible with AM27543,

Ultra-Fast Access Time
— 55 ns

Low Power Consumption
— 225 mW Active Power

Fast Programming

¢ Immune to Latch-Up
— Up to 200 mA

e ESD Protection Exceeds 2000V

GENERAL DESCRIPTION

The WS57C43 is an extremely HIGH PERFORMANCE 32K UV Erasable Electrically Re-Programmable
Read Only Memory. It is manufactured in.an advanced CMOS technology which allows it to operate at
Bipolar PROM speeds while consuming only 25% of the power of its Bipolar counterparts.

A further advantage of the WS57C43 over Bipolar PROM devices is the fact that it utilizes a proven
EPROM technology. This allows the entire memory array to be tested for switching characteristics and
functionality after assembly. Unlike devices which cannot be erased, every WS57C43 is 100% tested
with worst case test patterns both before and after assembly.

Another feature of the WS57C43 is its uniquely designed output structure. When compared with other
high speed devices, the output structure of the WS57C43 virtually eliminates the introduction of switch
related noise into the system environment.

The WS57C43 is configured in the standard Bipolar PROM pinout. Packaging options include both 300
and 600 mil wide Dips as well as a Leadless Chip Carrier.

PIN CONFIGURATION

MB7142 and 82S321 Bipolar PROMs

g As A A; NC Voo Ay Ay
A7E1 24:Vcc /T T T T T T T T
a2 23], CHEH O EH IR
- -
As[]s 22[ A, A 5] i 125] A
A []a 21[ JAg A 8] 28] T8IV,
A5 20 [ ] CSTvep a[37 5 a,
A [1s 10 JAy, -~ -=
A8} ra27cs
A7 18[]cs, i L2265,
a[|s 17[Jo, A [ 9] T21ne
%] oo ne[ ] r5]o,
o 10 15 0, L - -
O'C [ Jo: 0, F"} Fie o,
2| 1 1] ]0, "rAarararacara e )
ano 12 1[0, 1123 1131 1141 (15! 1161 117} 1181
0, 0, & NC O O, O
TOP °
PRODUCT SELECTION GUIDE
PARAMETER WS57C43-55 WS57C43-70
Address Access Time (Max) 55ns 70ns
Output Enable Time (Max) 25ns 30ns
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WS57C43

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature .......... -65°C to +150°C
Voltage on any pin with

respectto GND..................... -0.6V to +7V
VPP with respectto GND ........ -0.6V to +14.0V
ESD Protection ........... ...l >2000V

OPERATING RANGE

Range Temperature Vce
Comm’l. 0° to +70°C +5V *+ 5%
Military -55° to +125°C +5V + 10%

*Notice: Stresses above those listed here may cause
permanent damage to the device. This is a stress rating
only and functional operation of the device at these or
any other conditions above those indicated in the opera-
tional sections of this specification is not implied.
Exposure to absolute maximum rating conditions for
extended periods of time may affect device reliability.

DC READ CHARACTERISTICS Over Operating Range. (See above)

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
VoL Output Low Voltage loL= 16mA 0.4
\'
VoH Output High Voltage loH=-4mA 2.4
Comm’l. 20
lceq Vcc Active Current (CMOS) | Notes 1 and 3 Ir —
Military 30 mA
. Comm’l. 25
lcez Vcc Active Current (TTL) Notes 2 and 3 —
Military 35
ILi Input Load Current ViNn = 5.5V or Gnd -10 10
ILo Output Leakage Current Vourt = 5.5V or Gnd -10 10 uA
NOTES: 1) CMOS inputs: GND + 0.3V or Voo + 0.3V. 3) A.C. Power component adds 3 mA/MHz.
2) TTL inputs: V, < 0.8V, V| > 2.0V.
AC READ CHARACTERISTICS Over operating Range. (See above)
WS57C43-55 WS57C43-70
PARAMETER SYMBOL MIN MAX MIN MAX UNITS
Address to Output Delay tacc 55 70
CSto Output Delay tcs 25 30 ns
Output Disable to Output Float t oF 25 30
Address to Output Hold t OH 0 0

AC READ TIMING DIAGRAM

TEST LOAD (High Impedance Systems)

980
ADDRESSES Pt VALID < 201v
-~ e o]y, |« DUT. 20pF
(INCLUDING SCOPE
| AND JIG
csi L CAPACITANCE)
tes [ TIMING LEVELS
OUTPUTS &K
AN G Input Levels: 0 and 3V
| 1 |
oF Reference Levels: 15V
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WS57C43

PROGRAMMING INFORMATION
DC CHARACTERISTICS (Ta =25 +5°C, Vcc = 5.50V + 5%, Vpp = 13.5 + 0.5V)

PARAMETER SYMBOLS MIN. MAX. UNIT
Input Leakage Current _

VIN = Vcc or Gnd Iu 10 10 HA
Vep Supply Current During

Programming Pulse Ipp 60 mA
Ve Supply Current (Notes 2 and 3) lcc 25 mA
Input Low Level ViL -0.1 0.8 \
Input High Level ViH 2.0 Vcc+0.3 \'
Output Low Voltage During Verify

(loL = 16mA) VoL 0.45 \
Output High Voltage During Verify

(loH = —4mA) VoH 2.4 \

NOTE: 5) Vpp must not be greater than 14 volts including overshoot.

AC CHARACTERISTICS (Ta = 25 +5°C, Vcc = 5.50V % 5%, Vpp = 13.5 + 0.5V)

|PArRAMETER SYMBOLS MIN. MAX. UNIT
Address Setup Time tas 2 uS
Chip Disable Setup Time toF 30 ns
Data Setup tos 2 uS
|Program Pulse Width tPw 5 ms
Data Hold Time toH 2 uS
Chip Select Delay tcs 30 ns
Vpp Rise and Fall Time tRF 1 uS

PROGRAMMING WAVEFORM

Vin
ADDRESSES X ADDRESS STABLE
\[

F tas —>|
Vin
DATA :>_( | DATA IN >—-< DATA OUT
A\

—»| tor —| tps |w— | tow > *tnu*‘ —F'cs\V

CS1/Vpp /
VIL em——

cs,
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WS57C43

PROGRAMMING

Upon delivery from WaferScale Integration, Inc. or after each
erasure (see Erasure section), the WS57C43 has all 4096x8
bits in the “1,” or high state. “0’s” are loaded into the WS57C43
through the procedure of programming.

Programming is performed by raising V¢ to 5.75V, disabling
the outputs, addressing the byte to be programmed, present-
ing the data to be programmed onto the data pins, and apply-
ing a 135V pulse to the CS1/Vpp pin for 5 ms. The byte is then
verified by removing the input data and reading the pro-
grammed byte as in the read operation. A 0.1 uF capacitor
between Vpp and GND is needed to prevent excessive voltage
transients which could damage the device.

ERASURE

In order to clear all locations of their programmed contents,
it is necessary to expose the WS57C43 to an ultra-violet light

ORDERING INFORMATION

source. A dosage of 15W second/cm? is required to completely
erase a WS57C43. This dosage can be obtained by exposure
to an ultra-violet lamp with wavelength of 2537 Angstroms (A)
with intensity of 12000n Wicm? for 15 to 20 minutes. The
WS57C43 should be about one inch from the source and all
filters should be removed from the UV light source prior to
erasure.

It is important to note that the WS57C43 and similar devices
will erase with light sources having wavelengths shorter than
4000A. Although erasure times will be much longer than with
UV sources at 25374, the exposure to fluorescent light and
sunlight will eventually erase the WS57C43 and exposure to
them should be prevented to realize maximum system reliability.
If used in such an environment, the package windows should
be covered by an opaque label or substance.

OPERATING wsi
PART NUMBER sz:s;n PA%‘::E gg‘jmﬁg TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS57C43-55D 55 24 Pin CERDIP, 06" D1 Comm’l Standard
WS57C43-55T 55 24 Pin CERDIP, 0.3" T Comm’| Standard
WS57C4370CMB | 70 | 28 Pad CLLCC Ct Military MIL-STD-883C
WS57C43-70D 70 | 24 Pin CERDIP, 06" D1 Comm'l Standard
WS57C43-70DM 70 | 24 Pin CERDIP, 06" D1 Military Standard
WS57C4370DMB | 70 | 24 Pin CERDIP 06" D1 Military MIL-STD-883C
WS57C43-70T 70 | 24 Pin CERDIP, 03" T Commil Standard
WS57C43-70TM 70 | 24 Pin CERDIP, 03" T Military Standard
WS57C43-70TMB 70 | 24 Pin CERDIP, 03" T1 Military MIL-STD-883C
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=SS5 WS57C43B

WAFERSCALE INTEGRATION, INC. PRELIMINARY

HIGH SPEED 4K x 8 CMOS RPROM™

KEY FEATURES
¢ Ultra-Fast Access Time ¢ Pin Compatible with AM27S43 and
— 35ns N82S321 Bipolar PROMs
¢ Low Power Consumption e Immune to Latch-Up
— 300 mW Active Power (20 MHz) — Up to 200 mA
¢ Fast Programming ¢ Available in 300 Mil Dip

GENERAL DESCRIPTION

The WS57C43B is an extremely HIGH PERFORMANCE 32K UV Erasable Electrically Re-Programmable Read Only
Memory. It is manufactured in an advanced CMOS technology which allows it to operate at Bipolar PROM speeds
while consuming only 25% of the power required by its Bipolar counterparts.

A further advantage of the WS57C43B over Bipolar PROM devices is the fact that it utilizes a proven EPROM technology.
This allows the entire memory array to be tested for switching characteristics and functionality after assembly. Unlike
devices which cannot be erased, every WS57C43B is 100% tested with worst case test patterns both before and
after assembly.

The WS57C43B is configured in the standard Bipolar PROM pinout which provides an easy upgrade path for systems
which are currently using Bipolar PROMSs. It also uses the same programming algorithm as its predecessor the
WS57C43.

PIN CONFIGURATION

As A A, NC Voo Ay Ay
Ve T T\
23[ A e l..:! Hir il S e
22[ A, A [31 - (35 g
i R Ca] s,
20 [ ] €SV N — ]
A7) Mala
19 JAy i B i
w[Jes,  A[E] T22]cs,
vor af3] rihe
o S ra]o,
15]]0s L2 =
4[]0, Y AN 1_91 O
Lot vin sl in ol L oin sl
13]]0; K 112} {131 114 w15) 161 117; 18y
0 0, § NC 0, O, O
TOP °
PRODUCT SELECTION GUIDE
PARAMETER WS57C43B-35 WS57C43B-45 WS57C43B-55
Address Access Time (Max) 35 ns 45 ns 55 ns
Output Enable Time (Max) 20 ns 25 ns 25 ns




WsS57C43B

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature .......... -65°C to +150°C
Voltage on any pin with
respectto GND..................... -0.6V to +7V
VPP with respectto GND ........ -0.6V to +14.0V
ESD Protection .................. ..., >2000V
OPERATING RANGE
Range Temperature Vce
Comm'’l. 0° to +70°C +5V + 5%
Military -55° to +125°C +5V + 10%

*Notice: Stresses above those listed here may cause
permanent damage to the device. This is a stress rating
only and functional operation of the device at these or
any other conditions above those indicated in the opera-
tional sections of this specification is not implied.
Exposure to absolute maximum rating conditions for
extended periods of time may affect device reliability.

DC READ CHARACTERISTICS Over Operating Range. (See above)

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
VoL Output Low Voltage loL= 16mA 0.4
Vv
VoH Output High Voltage lon= -4mA 2.4
Comm’l. 30
lccy Vcc Active Current (CMOS) [Notes 1 and 3 —
Military 35 mA
. Comm’l. 40
lecz Vcc Active Current (TTL) Notes 2 and 3 —
. Military 40
ILi Input Load Current VIN = 5.5V or Gnd -10 10
ILo Output Leakage Current VouTt = 5.5V or Gnd -10 10 uA
NOTES: 1) CMOS inputs: GND + 0.3V or Ve + 0.3V. 3) A.C. Power component adds 3 mA/MHz.
2) TTL inputs: V| < 0.8V, V,; > 2.0V.
AC READ CHARACTERISTICS Over Operating Range. (See Above)
WS57C43B-35 | WS57C43B-45 | WS57C43B-55
PARAMETER SYMBOL UNITS
MIN MAX MIN MAX MIN MAX
Address to Output Delay tacc 35 45 55
CS to Output Delay tcs 20 25 25 ns
Output Disable to Output Float tor 20 25 25
Address to Output Hold ton 0 0 0
AC READ TIMING DIAGRAM TEST LOAD (High Impedance Systems)
28Q
ADDRESSES VALID 20 ,
-« e —> ton |e— D.UT.
I (INCLUDING SCOPE
3 = CAPACITANCE)
Voo, »}
ouTPUTS & _vaup Input Levels: 0 and 3V
o Reference Levels: 1.5V
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WS57C43B

PROGRAMMING INFORMATION
DC CHARACTERISTICS (Ta = 25 + 5°C, Vcc = 5.50V + 5%, Vpp = 13.5 + 0.5V)

PARAMETER SYMBOLS MIN. MAX. UNIT
Input Leakage Current _

VIN = Vcc or Gnd L 10 10 uA
Vpp Supply Current During

Programming Pulse ] 60 mA
Vcc Supply Current (Notes 2 and 3) lcc 30 mA
Input Low Level ViL -0.1 0.8 \
Input High Level ViH 2.0 Vcc+0.3 \
Output Low Voltage During Verify

(loL = 16mA) VoL 0.45 \
Output High Voltage During Verify

(loH = -4mA) VoH 2.4 \Y

NOTE: 5) Vpp must not be greater than 14 volts including overshoot.

AC CHARACTERISTICS (Ta=25%5°C, Vcc = 5.5V 5%, Vpp = 13.5 % 0.5V)

PARAMETER SYMBOLS MIN. TYP. MAX. UNIT
Address Setup Time tas 2 us
Chip Disable Setup Time toF 30 ns
Data Setup tos 2 us
Program Pulse Width tpw 1 3 10 ms
Data Hold Time tDH 2 us
Chip Select Delay tcs 30 ns
Vpp Rise and Fall Time tRF 1 us

NOTE: A single shot programming algorithm should use one 10ms pulse.

PROGRAMMING WAVEFORM

Vim

ADDRESSES X ADDRESS STABLE
Vi

]
|

Vin
DATA >__< DATA IN >—-< DATA OUT
Vi
—| tor —»| tps [@— |- ‘Pw—ﬁ [ ton — tes
Vep
Vin
CS1/Vpp /
Vi
l tar tar

V,

c H RS

Sz / DON'T CARE X

Vi V8.9.9.90.0.9.0.9.9.0.0.9.8.59.9.9.9.9.9.9.9.0.9.9.9.9.9.9\
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WsS57C43B

PROGRAMMING

Upon delivery from WaferScale Integration, Inc. or after each
erasure (see Erasure section), the WS57C43B has all 4096x8
bits in the *“1)” or high state. “0’s” are loaded into the
WS57C43B through the procedure of programming.

Programming is performed by raising V¢c to 55V, disabling
the outputs, addressing the byte to be programmed, present-
ing the data to be programmed onto the data pins, and apply-
ing a 135V pulse to the CS1/Vpp pin for 5 ms. The byte is
then verified by removing the input data and reading the pro-
grammed byte as in the read operation. A 0.1 uF capacitor
between Vpp and GND is needed to prevent excessive voltage
transients which could damage the device.

ERASURE

In order to clear all locations of their programmed contents,
it is necessary to expose the WS57C43B to an ultra-violet light
source. A dosage of 15W second/cm? is required to completely
erase a WS57C43B. This dosage can be obtained by exposure

ORDERING INFORMATION

to an ultra-violet lamp with wavelength of 2537 Angstroms (A)
with intensity of 12000p W/cm?2 for 15 to 20 minutes. The
WS57C43B should be about one inch from the source and all
filters should be removed from the UV light source prior to
erasure.

It is important to note that the WS57C43B and similar devices
will erase with light sources having wavelengths shorter than
4000A. Although erasure times will be much longer than with
UV sources at 25374, the exposure to fluorescent light and
sunlight will eventually erase the WS57C43B and exposure to
them should be prevented to realize maximum system reliability.
If used in such an environment, the package windows should
be covered by an opaque label or substance.

PROGRAMMERS

Data I/O Unipak 2 or 2B, software version 11 or later, family/
pinout code 7B/63; WSI's MagicPro™ IBM PC Compatible
Engineering Programmer.

OPERATING wsi
PART NUMBER S'(,:SD PA%'((';‘}EGE ggimﬁg TEMPERATURE | MANUFACTURING

RANGE PROCEDURE
WS57C43B-35D 35 | 24 Pin CERDIP, 06" D1 Comml Standard
WS57C43B-35T 35 | 24 Pin CERDIP, 03" e Comml Standard
WS57C43B-45CMB | 45 | 28 Pad CLLCC C Military MIL-STD-883C
WS57C43B-45D 45 | 24 Pin CERDIP, 06" D1 Comml Standard
WS57C43B-45DMB | 45 | 24 Pin CERDIP, 06" D1 Military MIL-STD-883C
WS57C43B-45T 45 24 Pin CERDIP, 0.3" T Comm’l Standard
WS57C43B-45TMB 45 | 24 Pin CERDIP, 03" e Military MIL-STD-883C
WS57C43B-55CMB | 55 | 28 Pad CLLCC Ct Military MIL-STD-883C
WS57C43B-55D 55 | 24 Pin CERDIP, 06" D1 Comm'l Standard
WS57C43B-55DMB | 55 | 24 Pin CERDIP. 06" D1 Military MIL-STD-883C
WS57C43B-55T 55 | 24 Pin CERDIP, 03" r Comm'l Standard
WS57C43B-55TMB 55 | 24 Pin CERDIP, 03" e Military MIL-STD-883C
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WAFERSCALE INTEGRATION, INC.

HIGH SPEED 8K x 8 CMOS RPROM™

KEY FEATURES
¢ Very-Fast Access Time ¢ Pin Compatible with AM27549
— 55ns and MB7144 Bipolar PROMs
¢ Low Power Consumption ¢ Immune to Latch-Up
— 300 mW Active Power (Full Speed) — Up to 200 mA
¢ Fast Programming e Commercial and Military Availability 3

GENERAL DESCRIPTION
The WS57C49 is an extremely HIGH PERFORMANCE 64K UV Erasable Electrically Re-Programmable Read Only
Memory. It is specifically designed to replace bipolar PROMs in existing applications.

An advantage of the WS57C49 over Bipolar PROM devices is the fact that it utilizes a proven EPROM technology.
This allows the entire memory array to be tested for switching characteristics and functionality after assembly. Unlike
devices which cannot be erased, every WS57C49 is 100% tested with worst case test patterns both before and after
assembly.

The WS57C49 is manufactured using WSI’s patented CMOS EPROM technology which allows it to operate at Bipolar
PROM speeds while consuming only 25% of the power required by its Bipolar counterparts.

The WS57C49 is configured in the standard Bipolar PROM pinout which provides an easy upgrade path for systems
which are currently using Bipolar PROMs.

PIN CONFIGURATION

A A, NC Vg A; A
A; C 1 ~ 24 chc fvjﬁ :A:: :27: ™7 Ccn orl 9- \
4 111 12811227} 1261
A2 23[ ]A, Ldeala ) jadacla ]
As[]s 22[ A, AlS] -4 I
AmP 21 jA,_o A[E2 [28] TSIV,
A ]s 20| ]8IV a[37 rz]a
A, C 6 19 Ay L. =
A7 O 1874, Als, L22 A
A []s 1w[]o, A 9] L21|ne
%L ts A nef ] o]0,
o 5[ ]o. [ —]
‘Lo e, 0, [ 1] ci9]os
N e R R SR R
ano [z 13[Jo N2l (1) 18] 163 17 viey
- s 0, 0, § NC O, O, O
TOP °
PRODUCT SELECTION GUIDE
PARAMETER WS57C49-55 WS57C49-70
Address Access Time (Max) 55 ns 70 ns
Output Enable Time (Max) 20 ns 25 ns
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WS57C49

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature ..........
Voltage on any pin with

respect to GND
VPP with respect to GND

-65°C to +150°C

-0.6V to +7V

-0.6V to +14.0V

*Notice: Stresses above those listed here may cause
permanent damage to the device. This is a stress rating
only and functional operation of the device at these or
any other conditions above those indicated in the opera-
tional sections of this specification is not implied.
Exposure to absolute maximum rating conditions for

ESD Protection ......................... 0
rotection >2000V extended periods of time may affect device reliability.
OPERATING RANGE
Range Temperature Vce
Comm’l. 0° to +70°C +5V + 5%
Military -55° to +125°C +5V + 10%
DC READ CHARACTERISTICS Over Operating Range. (See above)
SYMBOL PARAMETER TEST CONDITIONS MIN MAX | UNITS
VoL Output Low Voltage loL= 16mA 04
\
VoH Output High Voltage loH= ~4mA 2.4
Comm’l. 20
Iccy Vcce Active Current (CMOS) | Notes 1 and 3 -
A Military 30 mA
. Comm'’l. 25
lcco Vcc Active Current (TTL) Notes 2 and 3 —
Military 35
L Input Load Current VIN = 5.5V or Gnd -10 10 uA
ILo Output Leakage Current VouT = 5.5V or Gnd -10 10 )
NOTES: 1) CMOS inputs: GND + 03V or Vg + 0.3V. 3) AC Power component adds 3 mA/MHz.
2) TTL inputs: V, < 0.8V, V| > 2.0V.
AC READ CHARACTERISTICS Over Operating Range. (See Above)
WS57C49- WS57C49-70
PARAMETER SYMBOL S57C49-55 3 UNITS
MIN MAX MIN MAX
Address to Output Delay tacc 55 70
CS to Output Delay tcs 20 25 ns
Output Disable to Output Float tor 20 25
Address to Output Hold ton 10 10
TEST LOAD
AC READ TIMING DIAGRAM (High Impedance Test Systems)
98Q
ADDRESSES VALID 2o
- —_— DUT.
e g B ONBLUDING SCOPE
I AND JIG.
cs —— CAPACITANCE)
tes [-—
OUTPUTS <& vaupo TIMING LEVELS
1 toe I‘* Input Levels: 0 and 3V
Reference Levels: 1.5V
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WS57C49

PROGRAMMING INFORMATION

DC CHARACTERISTICS (T, = 25 + 5°C, Vgg = 55V + 5%, Vpp = 135 + 05V)
PARAMETER SYMBOLS MIN. MAX. UNIT
Input Leakage Current _
ViN = Vcc or Gnd u 10 10 KA
Vep Supply Current During Ipp 60 mA
Programming Pulse
Ve Supply Current (Note 3) Icc 25 mA
Input Low Level ViL -0.1 0.8 Vv
Input High Level VIH 2.0 Vcc+0.3 \
Output Low Voltage During Verify
(oL = 16mA) Vo 045 v
Output High Voltage During Verify
(loH = “4mA) VoH 2.4 Vv
NOTE: 5) Vpp must not be greater than 14 volts including overshoot.
AC CHARACTERISTICS (Ta =25%5°C, Vcc = 5.5V + 5%, Vpp = 13.5 £ 0.5V)
PARAMETER SYMBOLS MIN. TYP. MAX. UNIT
Address Setup Time tas 2 us
Chip Disable Setup Time toF 30 ns
Data Setup tbs 2 us
Program Puise Width trw 3 10 ms
Data Hold Time toH 2 us
Chip Select Delay tcs 30 ns
Vpp Rise and Fall Time tRF 1 us

PROGRAMMING WAVEFORM

NOTE: A single shot programming algorithm should use one 10 ms pulse.

Vin

ADDRESSES )( ADDRESS STABLE
v||.
><~ tas —
VIH
DATA :>—< | DATA IN >—X DATA OUT
vlL
—=| toF —| tps |w— | tpw - r— tpy — tcs
Vep
Vin
CS/Vpp /
Vi
tre tre
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WS57C49

PROGRAMMING

Upon delivery from WaferScale Integration, Inc. or after each
erasure (see Erasure section), the WS57C49 has all 8192x8
bits in the “1,” or high state. “0’s” are loaded into the WS57C49
through the procedure of programming.

Programming is performed by raising V¢c to 55V, disabling
the outputs, addressing the byte to be programmed, present-
ing the data to be programmed onto the data pins, and apply-
ing a 135V pulse to the CS/Vpp pin for 5 ms. The byte is then
verified by removing the input data and reading the pro-
grammed byte as in the read operation. A 0.1 uF capacitor
between Vpp and GND is needed to prevent excessive voltage
transients which could damage the device.

ERASURE

In order to clear all locations of their programmed contents,
it is necessary to expose the WS57C49 to an ultra-violet light
source. A dosage of 15W second/cm? is required to completely
erase a WS57C49. This dosage can be obtained by exposure

ORDERING INFORMATION

to an ultra-violet lamp with wavelength of 2537 Angstroms (&)
with intensity of 12000p Wicm?2 for 15 to 20 minutes. The
WS57C49 should be about one inch from the source and all
filters should be removed from the UV light source prior to
erasure.

It is important to note that the WS57C49 and similar devices
will erase with light sources having wavelengths shorter than
4000A. Although erasure times will be much longer than with
UV sources at 25374, the exposure to fluorescent light and
sunlight will eventually erase the WS57C49 and exposure to
them should be prevented to realize maximum system reliability.
If used in such an environment, the package windows should
be covered by an opaque label or substance.

PROGRAMMERS

Data I/O Unipak 2 or 2B, software version 9 or later, family/
pinout code 3C/67; WSI’s MagicPro™ IBM PC Compatible
Engineering Programmer.

OPERATING wsi
PART NUMBER s'::s‘;'o PA;"',(F',:EGE gg‘jmﬁg TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS57C49-55D 55 | 24 Pin CERDIP, 06" D1 Comm'l Standard
WS57C4970CMB | 70 | 28 Pad CLLCC c1 Military MIL-STD-883C
WS57C49-70D 70 24 Pin CERDIP, 06" D1 Comm’l Standard
WS57C49-70DMB | 70 | 24 Pin CERDIP, 06" D1 Military MIL-STD-883C
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LAy WS57C498

WAFERSCALE INTEGRATION, INC. PRELIMINARY

HIGH SPEED 8K x 8 CMOS RPROM™

KEY FEATURES
¢ Ultra-Fast Access Time ¢ Pin Compatible with AM27S49 and
— 35ns MB7144 Bipolar PROMs
¢ Low Power Consumption ¢ Immune to Latch-Up
— 300 mW Active Power (20 MHz) — Up to 200 mA
¢ Fast Programming e ESD Protection Exceeds 2000V

GENERAL DESCRIPTION
The WS57C49B is an extremely HIGH PERFORMANCE 64K UV Erasable Electrically Re-Programmable Read Only
Memory. It is manufactured in an advanced CMOS technology which allows it to operate at Bipolar PROM speeds
while consuming only 25% of the power required by its Bipolar counterparts.
A further advantage of the WS57C49B over Bipolar PROM devices is the fact that it utilizes a proven EPROM technology.
This allows the entire memory array to be tested for switching characteristics and functionality after assembly. Unlike
devices which cannot be erased, every WS57C49B is 100% tested with worst case test patterns both before and
after assembly.
A unique feature of the WS57C49B is a designed-in output hold from address change. This allows the WS57C49B
to be run at a cycle time equal to the address access time. While addresses are changing, output data is held long
enough to be latched into external circuitry.
The WS57C49B is configured in the standard Bipolar PROM pinout which provides an easy upgrade path for systems
which are currently using Bipolar PROMs.

PIN CONFIGURATION

m As Ay A, NC Ve Ay Ag
= W ST IR
As[] B td e L ,J||...n_.| Ca
As[] 14 Af5] - Ez.—f'] Ao
a0 [ 180 4,53 ca] e,
AZC jcsvaP A, --7] E2—34 A
A,C :lAu - -
Als] ra2]A
A,[: jAIZ L ] Les e
N For a[3] [ we
% 1% @] 5] o,
o - —]
o :]05 o, [11] 9]0,
02: 4 [T o ea r-\l--u--!r--lj
ano ] 0, 112} J13] 114} 115, 1161 117) 118}
‘ 0, 0, § NC 0 O, O
D
TOP
PRODUCT SELECTION GUIDE
PARAMETER WS57C49B-35 WS57C49B-45 WS57C49B-55
Address Access Time (Max) 35 ns 45 ns 55 ns
Output Enable Time (Max) 20 ns 25 ns 25 ns
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Ws57C498

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature

Voltage o

respect to GND

VPP with

n any pin with

respect to GND

-65°C to +150°C

*Notice: Stresses above those listed here may cause
permanent damage to the device. This is a stress rating
only.and functional operation of the device at these or
any other conditions above those indicated in the opera-
tional sections of this specification is not implied.
Exposure to absolute maximum rating conditions for

P (Lo T
ESD Protection extended periods of time may affect device reliability.
OPERATING RANGE
Range Temperature Vcc
Comm’l. 0° to +70°C +5V + 5%
Military -55° to +125°C +5V + 10%
DC READ CHARACTERISTICS Over Operating Range. (See above)
SYMBOL | PARAMETER TEST CONDITIONS MIN MAX UNITS
VoL Output Low Voltage loL= 16mA 0.4
\
VoH Output High Voltage loH= -4mA 24
Comm’l. 30
lect Vcc Active Current (CMOS) | Notes 1 and 3 —
Military 35 mA
. Comm’l. 40
lccz Vcc Active Current (TTL) Notes 2 and 3 —
Military 40
UN] Input Load Current VIN = 5.5V or Gnd -10 10
ILo Output Leakage Current Vourt = 5.5V or Gnd -10 10 nA
NOTES: 1) CMOS inputs: GND + 0.3V or Voo + 0.3V. 3) A.C. Power component adds 3 mA/MHz.
2) TTL inputs: V) < 0.8V, Vi > 2.0V.
AC READ CHARACTERISTICS Over Operating Range. (See Above)
WS57C49B-35 | WS57C49B-45 | WS57C49B-55 UNITS
PARAMETER SYMBOL
MIN MAX MIN MAX MIN MAX
Address to Output Delay tacc 35 45 55
CS to Output Delay tes 20 25 25 ns
Output Disable to Output Float tor 20 25 25
Address to Output Hold toH 0 0 0
TEST LOAD
AC READ TIMING DIAGRAM (High Impedance Test Systems)
98Q
ADDRESSES VALID 2o
; o.u.r.z:g
face o tw (INCLUDING SCOPE
— :_E CAPACITANCE)
& =
tes —
oUTRUTS & TIMING LEVELS
— ot e Input Levels: 0 and 3V
Reference Levels: 1.5V
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WsS57C49B

PROGRAMMING INFORMATION
DC CHARACTERISTICS (T, = 25 + 5°C, Vo = 550V + 5%, Vpp = 135 + 05V)

|PARAMETER SYMBOLS MIN. MAX. UNIT
Input Leakage Current _

ViN = Vcc or Gnd I 10 10 HA
Vpp Supply Current During PP 60 mA
Programming Pulse

Vce Supply Current (Notes 2 and 3) lcc 35 mA
Input Low Level ViL -0.1 0.8 Vv
Input High Level ViH 2.0 Vcc+0.3 Vv
Output Low Voltage During Verify

(loL = 16mA) VoL 0.45 \'
Output High Voltage During Verify

(IoH = —4mA) VoH 2.4 \")

NOTE: 5) Vpp must not be greater than 14 volts including overshoot.

AC CHARACTERISTICS (Ta =25+ 5°C, Vcc = 5.5V + 5%, Vpp = 13.5 + 0.5V)

PARAMETER SYMBOLS MIN. TYP. MAX. UNIT
Address Setup Time tas 2 us
Chip Disable Setup Time toF 30 ns
Data Setup tos 2 us
Program Pulse Width trw 1 3 10 ms
Data Hold Time toH 2 uSs
Chip Select Delay tcs 30 ns
Vpp Rise and Fall Time tRF 1 us

NOTES: A single shot programming algorithm should use one 10 ms pulse.

PROGRAMMING WAVEFORM

Vin
ADDRESSES >< ADDRESS STABLE
vlL

F tas |
Vin
DATA }_< | DATA IN >— DATA OUT
Vi

—| tor —| tps [ | tow - le— tpy —] tcs

CS/Vpp /
Vi

tre tae
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WS57C49B

PROGRAMMING

Upon delivery from WaferScale Integration, Inc. or after each

erasure (see Erasure section), the WS57C49B has all 8192x8 -

bits in the “1,” or high state. “0’s” are loaded into the
WS57C49B through the procedure of programming.

Programming is performed by raising V¢c to 55V, disabling
the outputs, addressing the byte to be programmed, present-
ing the data to be programmed onto the data pins, and apply-
ing a 135V pulse to the CS1/Vpp pin for 5 ms. The byte is
then verified by removing the input data and reading the pro-
grammed byte as in the read operation. A 0.1 uF capacitor
between Vpp and GND is needed to prevent excessive voltage
transients, which could damage the device.

ERASURE

In order to clear all locations of their programmed contents,
it is necessary to expose the WS57C49B to an ultra-violet light
source. A dosage of 15W second/cm? is required to completely
erase a WS57C49B. This dosage can be obtained by exposure

ORDERING INFORMATION

to an ultra-violet lamp with wavelength of 2537 Angstroms (A)
with intensity of 12000u W/cm? for 15 to 20 minutes. The
WS57C49B should be about one inch from the source and all
filters should be removed from the UV light source prior to
erasure.

It is important to note that the WS57C49B and similar devices
will erase with light sources having wavelengths shorter than
4000A. Although erasure times will be much longer than with
UV sources at 25374, the exposure to fluorescent light and
sunlight will eventually erase the WS57C49B and exposure to
them should be prevented to realize maximum system reliability.
If used in such an environment, the package windows should
be covered by an opaque label or substance.

PROGRAMMERS

Data 1/O Unipak 2 or 2B, software version 9 or later, family/
pinout code 3C/67; WSI’'s MagicPro™ IBM PC Compatible
Engineering Programmer.

OPERATING wsi
PART NUMBER s'(’:;” PA%'{(:SE ;ﬁiﬁﬁg TEMPERATURE | MANUFACTURING

RANGE PROCEDURE
WS57C49B-35D 35 24 Pin CERDIP, 0.6” D1 Comm’l Standard
WS57C49B-35T 35 | 24 Pin CERDIP, 03" T Comml Standard
WS57C49B-45CMB | 45 | 28 Pad CLLCC ct Military MIL-STD-883C
WS57C49B-45D 45 | 24 Pin CERDIP, 06" D1 Comml Standard
WS57C49B-45DMB | 45 | 24 Pin CERDIP, 06" D1 Military MIL-STD-883C
WS57C49B-45FMB 45 24 Pin Flatpack F1 Military MIL-STD-883C
WS57C49B-45T 45 24 Pin CERDIP, 0.3" ™ Comm’l Standard
WS57C49B-45TMB | 45 | 24 Pin CERDIP, 03" r Comm'l MIL-STD-883C
WS57C49B-55CMB | 55 | 28 Pad CLLCC ct Military MIL-STD-883C
WS57C49B-55DMB | 55 | 24 Pin CERDIP, 06" D1 Military MIL-STD-883C
WS57C49B-55FMB | 55 | 24 Pin Flatpack F1 Military MIL-STD-883C
WS57C49B-55T 55 | 24 Pin CERDIP, 03" T Comml Standard
WS57C49B-55TMB | 55 | 24 Pin CERDIP, 03" T Military MIL-STD-883C
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r ¥ 9= WS57C51

WAFERSCALE INTEGRATION, INC.

HIGH SPEED 16K x 8 CMOS RPROM™
KEY FEATURES

¢ Ultra-Fast Access Time ¢ Pin Compatible with AM27S51
— 70 ns

 Low Power Consumption * Immune to Latch-Up

— 200 mW Active Power (10 MHz) — Up 10 200 mA
¢ Fast Programming ¢ ESD Protection Exceeds 2000V
GENERAL DESCRIPTION 3

The WS57C51 is an extremely High Performance 128K UV Erasable electrically Re-Programmable Read Only
Memory. It is manufactured in an advanced CMOS technology which allows it to operate at Bipolar PROM
speeds while consuming only 25% of the power required by its Bipolar counterparts.

A further advantage of the WS57C51 over Bipolar PROM devices is the fact that it utilizes a proven EPROM
technology. This allows the entire memory array to be tested for switching characteristics and functionality after
assembly. Unlike devices which cannot be erased, every WS57C51 is 100% tested with worst case test patterns
both before and after assembly.

The WS57C51 provides a low power alternative to those designs which are committed to a bipolar PROM
footprint. It is a direct drop-in replacement for a bipolar PROM of the same architecture (16K x 8). No software,
hardware or layout changes need be performed.

The WS57C51 is configured in the standard Bipolar PROM pinout which provides an easy crossover path for
systems which are currently using Bipolar PROMs.

PIN CONFIGURATION

J

A, O1 28 Ve

A 02 270 A

A, 03 26 A,

As 4 25[] Ay,

As 05 24 A,y

As e 23 1 TS /Vpp

A Q7 22]Cs2

A2 (8 21[Jcs3

A Oo 20 1 CSa

Ay O10 19 PO,

0, O 1 18 1 0

0, Ij 12 17105

(Y ik} 16 g 0,

GND O 14 15 b [
TOP
PRODUCT SELECTION GUIDE

PARAMETER WS57C51-70
Address Access Time (Max) 70 ns
Output Enable Time (Max) 25 ns
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WS57C51

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature .......... -65°C to +150°C
Voltage on any pin with
respectto GND..................... -0.6V to +7V

VPP with respect to GND

-0.6V to +14.0V

ESD Protection ............. ..., >2000V
OPERATING RANGE
RANGE TEMPERATURE Vee
Comm’l 0° to +70°C +5V + 5%

*Notice: Stresses above those listed here may cause
permanent damage to the device. This is a stress rating
only and functional operation of the device at these or
any other conditions above those indicated in the opera-
tional sections of this specification is not implied.
Exposure to absolute maximum rating conditions for
extended periods of time may affect device reliability.

DC READ CHARACTERISTICS Over Operating Range. (See Above)

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
VoL Output Low Voltage loL = 16 mA 0.4 v
VoH Output High Voltage loy = -4 mA 24
lcc Vcc Active Current (CMOS) Notes 1 and 3 Comm'l 20 (Note 3)
leca Ve Active Current (TTL) Notes 2 and 3 Comm’l 25 (Note 3) mA
I Input Load Current Viy = 55V or Gnd -10 10 1A
Lo Output Leakage Current Vout = 55V or Gnd -10 10

NOTES: 1) CMOS inputs: GND + 0.3V or Voo + 03V. 3) A.C. Power component adds 3 mA/MHz.
2) TTL inputs: V< 08V, Vyy > 2.0V.
AC READ CHARACTERISTICS Over Operating Range. (See Above)
WS57C51-70
PARAMETER SYMBOL UNITS
MIN MAX
Address to Output Delay tace 70
CS to Output Delay tcs 25 ns
Output Disable to Output Float tor 25
Address to Output Hold ton 0
AC READ TIMING DIAGRAM TEST LOAD High Impedance Systems)
980
ADDRESSES D{ VALID 201V
< tee T 1oy e DUT. 30 pF
I gucbn..tljgue SCOPE
s —— CAPACITANCE)
tes [ TIMING LEVELS
OuTPUTS <& vao Input Levels: 0 and 3V
Bl Reference Levels: 1.5V
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WS57C51

PROGRAMMING INFORMATION

DC CHARACTERISTICS (Ta =25+ 5°C, Vcc = 5.5V + 5%, Vpp = 13.5 + 0.5V)

PARAMETER SYMBOLS MIN. MAX. UNIT
Input Leakage Current _

VIN = Vcc or Gnd 1Ly 10 10 KA
Vep Supply Current During PP 60 mA
Programming Pulse

Vce Supply Current (Notes 2 and 3) Icc 25 mA
Input Low Level ViL -0.1 0.8 \%
Input High Level ViH 2.0 Vcc+0.3 Vv
Output Low Voltage During Verify

(loL = 16mA) VoL 0.45 \"
Output High Voltage During Verify

(IoH - —4mA) VoH 24 v
NOTE: 5) Vpp must not be greater than 14 volts including overshoot.
AC CHARACTERISTICS (Ta =25+5°C, Vcc = 5.5V + 5%, Vpp = 13.5 + 0.5V)

PARAMETER SYMBOLS MIN. TYP. MAX. UNIT
Address Setup Time tas 2 us
Chip Disable Setup Time tor 30 ns
Data Setup tos 2 us
Program Pulse Width (Note 6) tpw 1 3 10 ms
Data Hold Time tbH 2 us
Chip Select Delay tcs 30 ns
Vpp Rise and Fall Time tRF 1 us

NOTE: 6) 10 ms is the pulse width required for simple, one pulse only, programming routines.

PROGRAMMING WAVEFORM

le
ADDRESSES

ADDRESS STABLE

X
=

DATA IN

V|K
o<
A\

—»| tor —| tps

CS1/Vpp

< tow ] [ toy — tes

>—< DATA OUT
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WS57C51

PROGRAMMING

Upon delivery from WaferScale Integration, Inc. or after each
erasure (see Erasure section), the WS57C51 has all 16Kx8 bits
in the “1,” or high state. “0’s” are loaded into the WS57C51
through the procedure of programming.

Programming is performed by raising V¢ to 5.75V, disabling
the outputs, addressing the byte to be programmed, present-
ing the data to be programmed onto the data pins, and apply-
ing a 135V pulse to the CS1/Vpp pin for 5 ms. The byte is
then verified by removing the input data and reading the pro-
grammed byte as in the read operation. A 0.1 uF capacitor
between Vpp and GND is needed to prevent excessive voltage
transients, which could damage the device.

ERASURE

In order to clear all locations of their programmed contents,
it is necessary to expose the WS57C51 to an ultra-violet light
source. A dosage of 15W second/cm? is required to completely
erase a WS57C51. This dosage can be obtained by exposure

ORDERING INFORMATION

to an ultra-violet lamp with wavelength of 2537 Angstroms (A)
with intensity of 12000p W/icm?2 for 15 to 20 minutes. The
WS57C51 should be about one inch from the source and all
filters should be removed from the UV light source prior to
erasure.

It is important to note that the WS57C51 and similar devices
will erase with light sources having wavelengths shorter than
40004. Although erasure times will be much longer than with
UV sources at 25374, the exposure to fluorescent light and
sunlight will eventually erase the WS57C51 and exposure to
them should be prevented to realize maximum system reliability.
If used in such an environment, the package windows should
be covered by an opaque label or substance.

PROGRAMMERS

Data I/O Unipak 2B, software version 13 or later, family/pinout
code 7B/71; WSI’s MagicPro™ IBM PC Compatible Engineer-
ing Programmer.

OPERATING wsi
PART NUMBER SP:sED PA%'{(&GE ggimﬁg TEMPERATURE | MANUFACTURING
(ns) RANGE PROCEDURE
WS57C51-70D 70 24 Pin CERDIP, 06" D1 Comm’l Standard
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WAFERSCALE INTEGRATION, INC.

HIGH SPEED 16K X 8 CMOS RPROM™
KEY FEATURES
¢ Ultra-Fast Access Time ¢ Pin Compatible with AM27S51
— 40 ns

¢ Low Power Consumption
— 250 mW Active Power (10 MHz)

¢ Fast Programming ¢ ESD Protection Exceeds 2000V

¢ Immune to Latch-Up
— Up to 200 mA

GENERAL DESCRIPTION

The WS57C51B is an extremely High Performance 128K UV Erasable electrically Re-Programmable Read Only
Memory. It is manufactured in an advanced CMOS technology which allows it to operate at Bipolar PROM
speeds while consuming only 25% of the power required by its Bipolar counterparts.

A further advantage of the WS57C51B over Bipolar PROM devices is the fact that it utilizes a proven EPROM
technology. This allows the entire memory array to be tested for switching characteristics and functionality after
assembly. Unlike devices which cannot be erased, every WS57C51B is 100% tested with worst case test patterns
both before and after assembly.

The WS57C51B provides a low power alternative to those designs which are committed to a bipolar PROM
footprint. It is a direct drop-in replacement for a bipolar PROM of the same architecture (16K x 8). No software,
hardware or layout changes need be performed.

PIN CONFIGURATION

N\

A Q1 2800 Vee Ag A; Ag Ag Vec Ay Ay

Ag 02 27 [ Ay IR REREE R
LiLaid!ridcg 130

A, s 267 Ay as[T3s4 8 2 L33 T e,
As Qs 251 A A [C36 280" Ay
h 0 2410 A A [T17 2707] GV
g 23 CSTVpe A [118 [ 7] cs
A3 ar 22 ;(352 A, -—:39 25[: cs3

o S Ao [ 7310 207 s
A Qs 20 184 [ .

Nc[Z11 237" NC

Ao O10 19 00, o Fre 2r-1a
0Oy d 1" 18 [0 Og o “: I':-_ 7
ods b “ErARLn G
0. 13 I T TR TN T T N S SN N N O O |

2§ 1610, Q, NCGNDQy NC Q, Qg

GND O 14 15 [10;
TOP
PRODUCT SELECTION GUIDE
PARAMETER WS57C51B-40 WS57C51B-45 WS57C51B-55 WS57C51B-70
Address Access Time (Max) 40 ns 45 ns 55 ns 70 ns
Output Enable Time (Max) 20 ns 20 ns 20 ns 25 ns
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Ws57C51B

ABSOLUTE MAXIMUM RATINGS* *Notice: Stresses above those listed here may cause
Storage Temperature ....... -65°to +150°C permanent damage to the device. This is a stress rating

: : only and functional operation of the device at these or
:/eoSI:)aegcet ? g Ga Rﬁspm with —0.6V to +7V any other conditions above those indicated in the opera-
VPPwith respecttoGND. .. ... _0.6Vto+14.0V tional sections of this specification is not implied.

ESD Protection .................... >2000V

OPERATING RANGE

Exposure to absolute maximum rating conditions for
extended periods of time may affect device reliability.

Range Temperature Vce

Comm’l 0°to +70°C +5V+5%

Military -55°to +125°C +5V+ 10%

DC READ CHARACTERISTICS Over Operating Range. (See Above)

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
VoL Output Low Voltage loL = 16 mA 04 v
Vo Output High Voltage loy = -4 mA 24

‘ 30
lcct Vcc Active Current (CMOS) Notes 1 and 3 C<.)fnml Note
Military 35| 3 mA
. Comm’l 40 | Note
lcc2 Ve Active Current (TTL) Notes 2 and 3 Military 20| 3
M Input Load Current Vin = 55V or Gnd -10 10 WA
o Output Leakage Current Vour = 55V or Gnd -10 10
NOTES: 1) CMOS inputs: GND + 03V or Vg + 0.3V. 3) A.C. Power component adds 3 mA/MHz.
2) TTL inputs: V). < 08V, V}y > 2.0V.
AC READ CHARACTERISTICS Over Operating Range. (See Above)
WS57C51B-40| WS57C51B-45| WS57C51B-55| WS57C51B-70
PARAMETER SYMBOL UNITS
MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX

Address to Output Delay tacc 40 45 55 70

CS to Output Delay tcs 20 20 20 25

Output Disable to ns

Output Float tor 20 20 20 25

Address to Output Hold ton 0 0 0 0

AC READ TIMING DIAGRAM TEST LOAD (High Impedance Systems)
28Q
ADDRESSES pot VALID X 2,01V
o e 5] 4, | DuT. 30pF
(INCLUDING SCOPE
T e
cs —— CAPACITANCE)
/]

s [*— TIMING LEVELS

OUTPUTS <& vaup Input Levels: 0 and 3V
= tor e Reference Levels: 1.5V
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¢ WS57C518
PROGRAMMING INFORMATION
DC CHARACTERISTICS (T, = 25 + 5°C, Vgg = 550V + 5%, Vpp = 125 + 05V)
|[PARAMETER SYMBOLS MIN. MAX. UNIT
Input Leakage Current _
VIN = Vcc or Gnd L) 10 10 A
Vep Supply Current During
Programming Pulse PP 60 mA
Vce Supply Current (Notes 2 and 3) lcc 25 mA
Input Low Level ViL -0.1 0.8 Vv
Input High Level ViH 2.0 Vcc+0.3 \"
Output Low Voltage During Verify
(loL = 16mA) VoL 0.45 Vv
Output High Voltage During Verify
(loH = —4mA) VoH 2.4 \"
NOTE: 5) Vpp must not be greater than 14 volts including overshoot.
AC CHARACTERISTICS (T, = 25 + 5°C, Vg = 55V + 5%, Vpp = 125 + 05V)
PARAMETER SYMBOLS MIN. TYP. MAX. UNIT
Address Setup Time tas 2 us
Chip Disable Setup Time toF 30 ns
Data Setup tos 2 us
Program Pulse Width (Note 6) tpw 3 10 ms
Data Hold Time tDH 2 us
Chip Select Delay tcs 30 ns
Vpp Rise and Fall Time tRF 1 us

NOTE: 6) 10 ms is the pulse width required for simple, one pulse only, programming routines.

PROGRAMMING WAVEFORM

Vin

ADDRESSES X ADDRESS STABLE
Vi

" ths
Vin

DATA }__< | DATA IN
Vi

—| tor —| tps |[w— | tpw > [ toy

CS1Vp /
Vi

>—< DATA OUT

— tcs
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Ws57C518

PROGRAMMING

Upon delivery from WaferScale Integration, Inc. or after each
erasure (see Erasure section), the WS57C51B has all 16Kx8
bits in the “1,” or high state. “0’s” are loaded into the WS57C51B
through the procedure of programming.

Programming is performed by raising V¢c to 5.75V, disabling
the outputs, addressing the byte to be programmed, present-
ing the data to be programmed onto the data pins, and apply-
ing a 125V pulse to the CS1/Vpp pin for 5 ms. The byte is then
verified by removing the input data and reading the pro-
grammed byte as in the read operation. A 0.1 uF capacitor
between Vpp and GND is needed to prevent excessive voltage
transients which could damage the device.

ERASURE

In order to clear all locations of their programmed contents,
it is necessary to expose the WS57C51B to an ultra-violet light
source. A dosage of 15W second/cm? is required to completely
erase a WS57C51B. This dosage can be obtained by exposure

ORDERING INFORMATION

to an ultra-violet lamp with wavelength of 2537 Angstroms (A)
with intensity of 12000 W/cm?2 for 15 to 20 minutes. The
WS57C51B should be about one inch from the source and all
filters should be removed from the UV light source prior to
erasure.

It is important to note that the WS57C51B and similar devices
will erase with light sources having wavelengths shorter than
4000A. Although erasure times will be much longer than with
UV sources at 25374, the exposure to fluorescent light and
sunlight will eventually erase the WS57C51B and exposure to
them should be prevented to realize maximum system reliability.
If used in such an environment, the package windows should
be covered by an opaque label or substance.

PROGRAMMERS

Data I/0 Unipak 2B, software version 13 or later, family/pinout
code 7B/71; WSI's MagicPro™ IBM PC Compatible Engineer-
ing Programmer.

OPERATING wsi
PART NUMBER s'(’:sfn PA.?#}EGE ;ﬁiﬁﬁg TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS57C51B-40D 40 | 24 Pin CERDIP, 06" D1 Comml Standard
WS57C51B-40T 40 24 Pin CERDIP, 0.3” T Comm’l Standard
WS57C51B-45CMB | 45 | 32 Pad CLLCC c2 Military MIL-STD-883C
WS57C51B-45D 45 24 Pin CERDIP, 0.6 D1 Comm’l Standard
WS57C51B-45DMB | 45 | 24 Pin CERDIP, 06" D1 Military MIL-STD-883C
WS57C51B-45T 45 24 Pin CERDIP, 0.3” T Comm’l Standard
WS57C51B-45TMB | 45 | 24 Pin CERDIP, 03" e Military MIL-STD-883C
WS57C51B-55CMB | 55 | 32 Pad CLLCC c2 Military MIL-STD-883C
WS57C51B-55D 55 | 24 Pin CERDIP, 06" D1 Comml Standard
WS57C51B-55DMB | 55 | 24 Pin CERDIP, 0.6” D1 Military MIL-STD-883C
WS57C51B-55T 55 | 24 Pin CERDIP, 03" T1 Comml Standard
WS57C51B-55TMB | 55 | 24 Pin CERDIP, 03" T Military MIL-STD-883C
WS57C51B70CMB | 70 | 32 Pad CLLCC c2 Military MIL-STD-883C
WS57C51B-70DM 70 | 24 Pin CERDIP T Military Standard
WS57C51B-70T 70 24 Pin CERDIP, 0.3" T Comm’l Standard
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WS27C64F

WAFERSCALE INTEGRATION, INC.

MILITARY 8K x 8 CMOS EPROM

e Fast Access Time
— 90 ns

KEY FEATURES

® Low Power Consumption
— 1 mW During Power Down
— 240 mW Active Power (Max)

e EPI Processing
— Latch-Up Immunity Up to 200 mA

e Standard EPROM Pinout

e Military Temperature
Operating Range

GENERAL DESCRIPTION

The WS27C64F isa HIGH PERFORMANCE 64K UV Erasable Electrically Programmable Read Only Memory. Itis
manufactured in an advanced CMOS technology which allows it to operate at high speeds and very low power

over the Military operating range.

The WS27C64F is a direct drop-in replacement for the industry standard 27C64 and/or 2764 EPROMs. It was
developed specifically for this purpose and requires no board or software modifications to complete the change.

The WS27C64F is configured in the standard EPROM pinout which provides an easy upgrade path to the

WS27C128F and WS27C256F.

PIN CONFIGURATION

P
~ 8 &80 8G o
.<. “' = .z.->°. M =z Ve OJ1 ~ uh Ve
T““LJ'&E'&?E&\ A, 2 27 0 PGM
Al-1s 1 20771 A A; Q3 260 NC
A E:G 28{:' A As 4 250 Ag
A 37 27[32 Ay As Qs 24P A
af1s 2671 nC A6 2300 Ay
A0 25{22 oF AsQ7 O 221 O
Afl310 24[ij Ay A8 210 Aw
A [IIm 23" ¢ A9 20 CE
el 112 20 A, 10 190 0,
ool 318 21{_.07 0,01 180 O
o 1415 16 17 18 19 20 pa o gz 171 0
I 0: Q13 163 O,
.6'6‘220”0’6" GND O 14 150 04
(O]
TOP
PRODUCT SELECTION GUIDE
PARAMETER WS27C64F-90 WS27C64F-12 WS27C64F-15
Address Access Time (Max) 90 ns 120 ns 150 ns
Chip Select Time (Max) 90 ns 120 ns 150 ns
Output Enable Time (Max) 30 ns 30 ns 35 ns
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WS27C64F

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature ........ -65° to +150°C
Voltage on any pin with

respecttoGND ................ -0.6V to +7V
VPP with respect to GND ...-0.6V to +14.0V
ESD Protection ..................... >2000V

OPERATING RANGE

*Notice: Stresses above those listed here may cause
permanent damage to the device. This is a stress rating
only and functional operation of the device at these or
any other conditions above those indicated in the opera-
tional sections of this specification is not implied.
Exposure to absolute maximum rating conditions for
extended periods of time may affect device reliability.

Range Temperature Vce

Military —-55°to +125°C [|+5V +10%

DC READ CHARACTERISTICS Over Operating Range with Vpp = V.

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
VoL Output Low Voltage loL =4mA 0.4 v
VoH Output High Voltage loy= —1mA 2.4 \"
Isg1 Vcc Standby Current CMOS | Note 1 200 pA
Isg2 Vcce Standby Current TTL Note 2 10 mA
lcct Active Current (CMOS) Notes 1 and 3 25 mA
lcca Vce Active Current (TTL) Notes 2 and 3 35 mA
Ipp Vpp Supply Current Vpp =Vcc 100 A
Vop Vpp Read Voltage Vec-0.4 Vce v
T Input Load Current ViN=5.5V or Gnd -10 10 wA
ILo Output Leakage Current Vout=5.5V or Gnd -10 10 wA

NOTES: 1) CMOS inputs: GND + 0.3V or Ve + 0.3V. 3) AC. Active power component is 3 mA/MHz (Power = AC + DC).

2) TTL inputs: V)_ < 08V, V,y > 20V.

AC READ CHARACTERISTICS Over Operating Range with Vpp = Vgc.

WS27C64F-90 | WS27C64F-12 | WS27C64F-15
PARAMETER SYMBOL MIN MAX MIN MAX MIN MAX | UNITS
Address to Output Delay t Acc 90 120 150
"CE to Output Delay tce 90 120 150 ns
"OE to Output Delay t o 30 30 35
Output Disable to Output Float t DF 30 30 35
Address to Output Hold t OH 0 0 0

AC READ TIMING DIAGRAM

TEST LOAD (High Impedance Systems)

320Q
ADDRESSES VALID 2,01V
- ¢ |
_ Aoe > ton e puT. 100 pF
° N 4 (INCLUDING SCOPE
I AND JIG
[ tee —% —= CAPACITANCE)

BE —»| tpr -—

- TIMING LEVELS

OE

OUTPUTS «7 VALID Input Levels: .45 and 2.4V
— 1 }4_ Reference Levels: .8 and 2.0V
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WS27C64F

PROGRAMMING INFORMATION
DC CHARACTERISTICS (Ta =25+ 5°C, Vcc = 5.5V + 5%, Vpp = 13.5 + 0.5V)

PARAMETER SYMBOL MIN. MAX. UNIT
Input Leakage Current _
(VIN = Vcc or Gnd) L 10 10 HA
Vpp Supply Current During
Programming Pulse lpp 60 mA
(CE= PGM= V|.)
Ve Supply Current (Note 3) lec 50 mA
Input Low Level ViL -0.1 0.8 vV
Input High Level ViH 2.0 Vee +0.3 Vv
Output Low Voltage During Verify
(oL = 16mA) Vou 045
Output High Voltage During Verify v 24 Vv
(loh = —4mA) OH ’

NOTES: 5) Vcc must be applied either coincidentally or before Vpp and removed either coincidentally or after Vpp.

6) Vpp must not be greater than 14 volts including overshoot. During CE = PGM =V, Vpp must not be switched

from 5 volts to 13.5 volts or vice-

versa.

7) During power up the PGM pin must be brought high (> Vi) either coincident with or before power is applied to Vpp.

AC CHARACTERISTICS (Ta=25+5°C, Vcc = 5.5V + 5%, Vpp = 13.5+ 0.5V).

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Address Setup Time tas 2 us
Chip Enable Setup Time toes 2 us
Output Enable Setup Time toes 2 us
Data Setup Time tos 2 us
Address Hold Time tan 0 us
Data Hold Time ton 2 us
Chip Disable to Output Float Delay tor 0 130 ns
Data Valid from Output Enable toe 130 ns
Vpp Setup Time tvs 2 us
PGM Pulse Width tow 1 3 10 ms

NOTE: 8) Single pulse programming algorithms should use one 10 ms PGM pulse per byte.

PROGRAMMING WAVEFORM

:
ADDRESSES X ADDRESS STABLE T
le— tas > -’j tan [*—
’
oaa ——— DATA IN STABLE HicH 2 DATAOUT K
[ tos ton — [ tog > tor [e—
Vep
Vs
Vep Y,
le— tys ﬂ
CE \
- 'CES >
Vin
LU
[N
tew [*—toes "1
Vin s
o N /
Vi
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WS27C64F

PROGRAMMING

Upon delivery from WaferScale Integration, Inc. or after each
erasure (see Erasure section), the WS27C64F has all 8192x8
bits in the “1,” or high state. “0’s” are loaded into the WS27C64F
through the procedure of programming.

The programming mode is entered when +135V is applied to
the Vpp pin and CE is at V, . During programming, CE is kept
at V.. A 0.1 pF capacitor between Vpp and GND is needed
to prevent excessive voltage transients, which could damage
the device. The adgress to be programmed is applied to the
proper address pins. 8-bit patterns are placed on the respec-
tive data output pins. The voltage levels should be standard
TTL levels.

ERASURE

In order to clear all locations of their programmed contents,
itis necessary to expose the WS27C64F to an ultra-violet light
source. A dosage of 15W second/cm? is required to completely
erase a WS27C64F. This dosage can be obtained by exposure

ORDERING INFORMATION

to an ultra-violet lamp with wavelength of 2537 Angstroms (A)
with intensity of 12000p Wicm? for 20 minutes. The WS27C64F
should be about one inch from the source and all filters should
be removed from the UV light source prior to erasure.

It is important to note that the WS27C64F and similar devices
will erase with light sources having wavelengths shorter than
4000A. Although erasure times will be much longer than with
UV sources at 25374, the exposure to fluorescent light and
sunlight will eventually erase the WS27C64F and exposure to
them should be prevented to realize maximum system reliability.
If used in such an environment, the package windows should
be covered by an opaque label or substance.

PROGRAMMERS

Data 1/0 Unipak 2 or 2B, software version 9 or later, family/
pinout code 3C/33; WSI’s MagicPro™ IBM PC Compatible
Engineering Programmer.

OPERATING wsl

PART NUMBER S':fs'io PA%'((::E ;‘F“imﬁg TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS27C64F-90CMB | 90 | 32 Pad CLLCC c2 Military MIL-STD-883C
WS27C64F-90DMB | 90 | 28 Pin CERDIP, 06" D2 Military MIL-STD-883C
WS27C64F-12CMB | 120 | 32 Pad CLLCC C2 Military MIL-STD-883C
WS27C64F12DMB | 120 | 28 Pin CERDIP, 06" D2 Military MIL-STD-883C
WS27C64F15CMB | 150 | 32 Pad CLLCC c2 Military MIL-STD-883C
WS27C64F-15DMB | 150 | 28 Pin CERDIP, 06" D2 Military MIL-STD-883C
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WS57C64F

WAFERSCALE INTEGRATION, INC.

HIGH SPEED 8K X 8 CMOS EPROM
KEY FEATURES
® Fast Access Time

—55ns

* Low Power Consumption
—90mW During Power Down (18 MHz)
—280mW Active Power (18 MHz)

® EPI Processing
—Latch-up Immunity up to 200mA

e Standard EPROM Pinout
e Bipolar Speeds

GENERAL DESCRIPTION

The WS57C64F is an extremely HIGH PERFORMANCE 64K UV Erasable Electrically Programmable Read Only
Memory. Itis manufactured in an advanced CMOS technology which allows it to operate at Bipolar speeds while
consuming very little power.

Two major features of the WS57C64F are its Low Power and High Speed. These features make it an ideal solution
for applications which require fast access times, low power, and non-volatility. Typical applications include
systems which do not utilize mass storage devices and/or are board space limited. Examples of these
applications are modems, secure telephones, servo controllers, and industrial controllers.

The WS57C64F is configured in the standard EPROM pinout which provides an easy upgrade path to higher
density EPROMs.

PIN CONFIGURATION
~ 8 B0 8 g 4]
<« g >2Z>M2 Voo O1 280V,
ooy + U A PP cc
Y “5.1..:55;“3?36' A, d2 27 O PGM
Al s 20071 A, 27123 260 NC
Al e 28{7] A, A“C" 25;“’
A7 27" Ay s 5 240 A,
Al ls 26{"] ne ge 2P An
A, .;]9 SRS st s 07 O 221 OF
A0 24" A, A, 08 210 A
Ag[-im 23! ] cE :1C9 20325
Neli312 22!7] o, o° E :? 9 3 07
Q.10 21§ 0 o°|:12 :::\oB
14 15 ! s
AR ode  wha
Gé"%‘z’o"o'd" GND [] 14 150 0,
TOP
PRODUCT SELECTION GUIDE
PARAMETER WS57C64F-55 WS57C64F-70
Address Access Time (Max) 55ns 70ns
Chip Select Time (Max) 55ns 70ns
Output Enable Time (Max) 20ns 25ns
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WS57C64F

ABSOLUTE MAXIMUM RATINGS”

*Notice: Stresses above those listed here may cause

Storage Temperature .......... -65°C to +150°C permanent damage to the device. This is a stress rating

Voltage on any pin with only and functional operation of the device at these or

respectto GND..........oovvinnn. -0.6V to +7V any other conditions above those indicated in the opera-

VPP with respect to GND ........ -0.6V to +14.0V tional sections of this specification is not implied.

ESD Protection .........c..coiiiiiiiinn. >2000V Exposure to absolute maximum rating conditions for

extended periods of time may affect device reliability.

OPERATING RANGE P y Y

Range Temperature Vce

Comm’l. 0° to +70°C +5V * 5%

Military -55° to +125°C +5V + 10%

DC READ CHARACTERISTICS Over Operating Range with Vpp = V(.

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
VoL Output Low Voltage loL= 16mA 0.4 \
VOH Output High Voltage loH= —-4mA 2.4 Vv
IsB1 Vcce Standby Current (CMOS) | CE=Vec + 0.3V. Notes 1 and 3 500 RA
IsB2 Vcc Standby Current(TTL) CE=Vj4. Notes 2 and 3 15 mA

. Comm’l. 20 mA
lect Vcce Active Current (CMOS) | Notes 1 and 4 —

Military 30 mA

Comm’l. 25 mA
lec2 Vce Active Current (TTL) Notes 2 and 4 —

Military 35 mA
lpp Vpp Supply Current Vpp= Vcc 100 uA
Vpp Vpp Read Voltage Vce-0.4| Vcec "

LI Input Load Current VIN = 5.5V or Gnd -10 10 wA

ILo Output Leakage Current VouTt = 5.5V or Gnd -10 10 wA
NOTES: 1) CMOS inputs: GND + 0.3V or Ve + 0.3V. 3) A.C. Power component adds 1 mA/MHz.
2) TTL inputs: V) < 0.8V, Vjy > 2.0V. 4) A.C. Power component adds 3 mA/MHz.

AC READ CHARACTERISTICS Over Operating Range with Vpp = V.

WS57C64F-55 WS57C64F-70
PARAMETER SYMBOL MIN MAX MIN MAX UNITS
Address to Output Delay t Acc 55 70
"CE to Output Delay tce 55 70 ns
OE to Output Delay t o 20 25
Output Disable to Output Float toF 20 25
Address to Output Hold t OH 10 10
AC READ TIMING DIAGRAM TEST LOAD (High Impedance Systems)
97.5Q
ADDRESSES X VALID X 2.0V
_ face >ty [e— D.U.T.m'
cE N / (INCLUDING SCOPE
[ teg —> :l_: CAPACITANCE)
5 —l o |-— -
TIMING LEVELS
tog [ -
OUTPUTS ({ VALID Input Levels: 0 and 3V
| 1y e Reference Levels: 0.8 and 2.0V
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WS57C64F

PROGRAMMING INFORMATION
DC CHARACTERISTICS (Ta =25+ 5°C, Vcc = 5.5V + 5%, Vpp = 13.5 £ 0.5V)

PARAMETER SYMBOLS MIN. MAX. UNIT
Input Leakage Current _

ViN = Ve or Gnd ILi 10 10 LA
Vpp Supply Current During

Programming Pulse Ipp 60 mA
(CE=PGM=V|L)

Vcc Supply Current (Note 4) Icc 25 mA
Input Low Level ViL —0.1 0.8 Vv
Input High Level VIH 2.0 Vcc+0.3 \]
Output Low Voltage During Verify

(loL = 16mA) VoL 0.45 Vv
Output High Voltage During Verify

(loH = -4mA) VoH 2.4 Vv

NOTES: 6) Vcc must be applied either coincidentally or before Vpp and removed either coincidentally or after Vpp.

7) Vpp must not be greater than 14 volts including overshoot. During CE = PGM = Vi, Vpp must not
be switched from 5 volts to 13.5 volts or vice-versa.
8) During power up the PGM pin must be brought high (=ViH) either coincident with or before power is applied to Vep

AC CHARACTERISTICS (Ta =25+ 5°C, Vcc = 5.5V * 5%, Vpp = 13.5 + 0.5V)

PARAMETER SYMBOLS MIN. TYP. MAX. UNIT
Address Setup Time tas 2 us
Chip Enable Setup Time tces 2 us
Output Enable Setup Time toEs 2 us
Data Setup Time tos 2 us
Address Hold Time taH 0 us
Data Hold Time toH 2 us
Chip Disable to Output Float Delay toF 0 130 ns
Data Valid from Output Enable toe 130 ns
Vpp Setup Time tvs 2 us
PGM Pulse Width tpw 1 3 10 ms

PROGRAMMING WAVEFORM

NOTE: 9) For simple, one pulse only, programming algorithms, use a 10 ms pulse.

ADDRESSES

~

ADDRESS STABLE

X

e thg >

DATA IN STABLE

[ tog

le- toy —

—-i tay f—
HIGH Z DATA OUT 5
VALID
[+ tog tor [*—

V,
cc [ tyg —o
Viy =————\
CE \
Vi
[ tces >

e

[ loes "1

PGM
Vi
- Vin
OE
Vi
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WS57C64F

PROGRAMMING

Upon delivery from WaferScale Integration, Inc. or after each
erasure (see Erasure section), the WS57C64F has all 8192x8
bits in the “1,” or high state. “0’s” are loaded into the WS57C64F
through the procedure of programming.

The programming mode is entered when +13.5V is applied to
the Vpp pin and CE is taken to V.. During programming, CE is
kept at V|.. A 0.1 pF capacitor between Vpp and GND is
needed to prevent excessive voltage transients which could
damage the device. The address to be programmed is applied
to the proper address pins. 8-bit patterns are placed on the
respective data output pins. The voltage levels should be
standard TTL levels.

ERASURE

In order to clear all locations of their programmed contents,
itis necessary to expose the WS57C64F to an ultra-violet light
source. A dosage of 15W second/cm? is required to completely
erase a WS57C64F. This dosage can be obtained by exposure

ORDERING INFORMATION

to an ultra-violet lamp with wavelength of 2537 Angstroms (A)
with intensity of 12000u W/cm? for 20 minutes. The WS57C64F
should be about one inch from the source and all filters should
be removed from the UV light source prior to erasure.

It is important to note that the WS57C64F and similar devices
will erase with light sources having wavelengths shorter than
4000A. Although erasure times will be much longer than with
UV sources at 25374, the exposure to fluorescent light and
sunlight will eventually erase the WS57C64F and exposure to
them should be prevented to realize maximum system reliability.
If used in such an environment, the package windows should
be covered by an opaque label or substance.

PROGRAMMERS

Data 1/0O Unipak 2 or 2B, software version 9 or later, family/
pinout code 3C/33; WSI's MagicPro™ IBM PC Compatible
Engineering Programmer.

OPERATING wsi
PART NUMBER s'(’nE;D PATC\'((::EGE Eﬁmﬁé TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS57C64F-55D 55 | 24 Pin CERDIP 06" D1 Comml Standard
WS57C64F70CMB | 70 | 32 Pad CLLCC c2 Military MIL-STD-883C
WS57C64F-70D 70 | 24 Pin CERDIP, 06" D1 Comml Standard
WS57C64F70DMB | 70 | 24 Pin CERDIP, 06" D1 Military MIL-STD-883C
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WAFERSCALE INTEGRATION, INC.

WS27C128F

MILITARY 16K x 8 CMOS EPROM

KEY FEATURES

¢ EPI Processing
— Latch-Up Immunity Up to 200 mA

e Standard EPROM Pinout
¢ Military Operating Range

¢ Fast Access Time
— 90/120/150 ns

¢ Low Power Consumption
— 1 mW During Power Down
— 300 mW Active Power

GENERAL DESCRIPTION

The WS27C128F is an extremely HIGH PERFORMANCE 128K UV Erasable Electrically Programmable Read Only
Memory. It is manufactured in an advanced CMOS technology which allows it to operate at high speeds and very
low power over the full Military temperature operating range.

The WS27C128F was specifically designed to replace standard EPROMs in military environments. No hardware or
software changes are required to replace standard military 27128 EPROMs with the WSI WS27C128F,

The WS27C128F is configured in the standard EPROM pinout which provides an easy upgrade path for the WS27C64F
and the 256K bit WS27C256F.

PIN CONFIGURATION

~ S Bo 8 2o ~_
.<. .<. = .z. = Ver G1 2813 Vee
SEEEIPEERN Aad2 272 P
Acl1s 1 20771 a, A, 3 26[7 Ay
As[le 28771 A, Ae Q4 2501 A
A7 2707] Ay A0S 240 Ay
As[Tl8 26{ ] NC Age 231 An
A (719 25771 58 AsO7 O 22 OF
A 10 24[53 A A, s 2100 Ay
Ao [Iin 23! ] cE/pam Age 20p cE
neli312 22:] o, Ao Q10 1 0
ol 11 2171 o, 0,1 18 Og
14 15 16 17 18 19 20 01912 171 05
REIRERIRIRInES 0, 13 161 O,
S g gz) SS & GND O 14 150 O,
(3]
TOP
PRODUCT SELECTION GUIDE _
PARAMETER WS27C128F-90 WS27C128F-12 WS27C128F-15
Address Access Time (Max) 90 ns 120 ns 150 ns
Chip Select Time (Max) 90 ns 120 ns 150 ns
Output Enable Time (Max) 30 ns 30 ns 35 ns
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WS27C128F

ABSOLUTE MAXIMUM RATINGS*
Storage Temperature
Voltage on any pin with

-65° to +150°C

*Notice: Stresses above those listed here may cause

permanent damage to the device. This is a stress rating

only and functional operation of the device at these or

any other conditions above those indicated in the opera-

respecttoGND ................ —06Vito+7V tional sections of this specification is not implied
VPP with res.pect to GND ...-0.6Vto +14.0V Exposure to absolute maximum rating conditions for
ESD Protection ..................... >2000V extended periods of time may affect device reliability.
OPERATING RANGE
Range Temperature Vce
Military | —55°to +125°C [+5V +£10%
DC READ CHARACTERISTICS Over Operating Range with Vpp = V.
SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
VoL Output Low Voltage loL=4mA 0.4 \"
VoH Output High Voltage lon=—1mA 2.4 \%
Isg1 Vcc Standby Current CMOS | Notes 1 and 3 200 uA
Isg2 Vce Standby Current TTL Notes 2 and 3 10 mA
lcci Active Current (CMOS) Notes 1 and 4 25 mA
lcc2 Vcc Active Current (TTL) Notes 2 and 4 35 mA
lop Vpp Supply Current Vpp =Vcc 100 A
Vop Vpp Read Voltage Vcec-0.4 Vce \
Iy Input Load Current ViN=56.5V or Gnd -10 10 A
Lo Output Leakage Current Vout =5.5V or Gnd -10 10 uA
NOTES: 1) CMOS inputs: GND * 0.3V or Vcc + 0.3V. 3) A.C. standby power component is TmA/MHz.
2) TTL inputs: ViL<0.8V, ViH=2.0V. 4) A.C. Active power component is 3mA/MHz (Power = AC + DC).
AC READ CHARACTERISTICS Over Operating Range with Vpp = Vgc.
WS27C128F-90 |WS27C128F-12 |WS27C128F-15
PARAMETER SYMBOL MIN MAX MIN MAX MIN MAX | UNITS
Address to Output Delay tacc 90 120 150
CE to Output Delay tce 90 120 150
OE to Output Delay t oe 30 30 35 ns
Output Disable to Output Float toF 30 30 30
Address to Output Hold ton 0 0 0
NOTE: Single shot programming algorithms should use one 10 ms PGM pulse per word.
AC READ TIMING DIAGRAM TEST LOAD (High impedance Systems)
320Q
ADDRESSES VALID 201V
_ T e >ty [ DUT.
cE N / (mcn.unme. SCOPE
[ tcg —| -1—_ CAPACITANCE)
oE —»{ tpr | |e—
TIMING LEVELS
tog [
OUTPUTS & vauo Input Levels: .45 and 2.4V
— oy Reference Levels: .8 and 2.0V




WsS27C128F

PROGRAMMING INFORMATION
DC CHARACTERISTICS (Ta =25 +5°C, Voo = 5.5V + 5%, Vpp = 12.5 + 0.5V)

PARAMETER SYMBOL MIN. MAX. UNIT

input Leakage Current _

(Vin = Vce or Gnd) u 0 10 A

Vpp Supply Current During

Programming Pulse Ipp 30 mA

(CE= PGM = V)

Vee Supply Current lee 50 mA

Input Low Level ViL -0.1 0.8 Vv

Input High Level ViH 2.0 Vcec +0.3 Vv

Output Low Voltage During Verify

(oL = 16mA) VoL 0.45 \

Output High Voltage During Verify

(lon = —4mA) Vou 2.4 \
NOTES: 6) Vcc must be applied either coincidentally or before Vpp and removed either coincidentally or after Vpp.

7) Vpp must not be greater than 14 volts including overshoot. During CE = PGM = V,, Vpp must not be switched
from 5 volts to 13.5 volts or vice-versa.
8) During power up the PGM pin must be brought high (> Vi) either coincident with or before power is applied to Vpp.

AC CHARACTERISTICS (Ta =25 +5°C, Vcc = 5.5V + 5%, Vpp = 12.5 + 0.5V)

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Address Setup Time tas 2 us
Chip Enable Setup Time tees 2 us
Output Enable Setup Time toes 2 us
Data Setup Time tos 2 us
Address Hold Time tan 0 us
Data Hold Time ton 2 us
Chip Disable to Output Float Delay tor 0 130 ns
Data Valid from Output Enable toe 130 ns
Vpp Setup Time tvs 2 - us
PGM Pulse Width  (Note 9) tow 1 5 ms
NOTE: 9) For single pulse programming algorithms, use one 10 ms pulse.
PROGRAMMING WAVEFORM
ADDRESSES X ADDRESS STABLE K
la— tag —«—i tan fe—
DATA —-—-—{‘ DATA IN STABLE }ﬂ'_{_{ AT E_—
[ tos [ ton — [ top tor [+
Vep
y
V,
PP VCC _/
[ tyg —
v
& 1H \
Vi \
I tces >
vy —
PGM
Vi H
tow [*— toes
VIN ’l A
o N/
Vi
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WsS27C128F

PROGRAMMING

Upon delivery from WaferScale Integration, Inc. or after each
erasure (see Erasure section), the WS27C128F has all 16,384x8
bits in the “1,” or high state. “0’s” are loaded into the
WS27C128F through the procedure of programming.

The programming mode is entered when +13.5V is applied to
the Vpp pin and CE is taken to V, . During programming, CE is
kept at Vi . A 0.1 uF capacitor between Vpp and GND is
needed to prevent excessive voltage transients which could
damage the device. The address to be programmed is applied
to the proper address pins. 8-bit patterns are placed on the
respective data output pins. The voltage levels should be
standard TTL levels.

ERASURE

In order to clear all locations of their programmed contents,
itis necessary to expose the WS27C128F to an ultra-violet light
source. A dosage of 15W second/cm? is required to completely
erase a WS27C128F. This dosage can be obtained by exposure

ORDERING INFORMATION

to an ultra-violet lamp with wavelength of 2537 Angstroms (A)
with intensity of 12000p W/cm2 for 20 minutes. The
WS27C128F should be about one inch from the source and all
filters should be removed from the UV light source prior to
erasure.

It is important to note that the WS27C128F and similar devices
will erase with light sources having wavelengths shorter than
4000A. Although erasure times will be much longer than with
UV sources at 25374, the exposure to fluorescent light and
sunlight will eventually erase the WS27C128F and exposure
to them should be prevented to realize maximum system
reliability. If used in such an environment, the package win-
dows should be covered by an opaque label or substance.

PROGRAMMERS

Data 1/O Unipak 2 or 2B, software version 12 or later, family/
pinout code 3C/51; WSI's MagicPro™ IBM PC Compatible
Engineering Programmer.

OPERATING wsi
PART NUMBER s':f;” PA%‘:SE .';.Aai'\fﬁﬁé TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS27C128F-90CM 90 | 32 Pad CLLCC c2 Military Standard
WS27C128F-90CMB | 90 | 32 Pad CLLGC c2 Military MIL-STD-883C
WS27C128F-90DM 90 | 28 Pin CERDIP 06" D2 Military Standard
WS27C128F-90DMB | 90 | 28 Pin CERDIP 06" D2 Military MIL-STD-883C
WS27C128F-12CM 120 | 32 Pad CLLCC c2 Military Standard
WS27C128F12CMB | 120 | 32 Pad CLLCC c2 Military MIL-STD-883C
WS27C128F-12DM 120 | 28 Pin CERDIP, 06" D2 Military Standard
WS27C128F-12DMB | 120 | 28 Pin CERDIP. 06" D2 Military MIL-STD-883C
WS27C128F-15CM 150 | 32 Pad CLLCC c2 Military Standard
WS27C128F-15CMB | 150 | 32 Pad CLLCC c2 Military MIL-STD-883C
WS27C128F-15DM 150 28 Pin CERDIP, 0.6” D2 Military Standard
WS27C128F-15DMB | 150 | 28 Pin CERDIP, 06 D2 Military MIL-STD-883C
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WS57C128F
PRELIMINARY

WAFERSCALE INTEGRATION, INC.

HIGH SPEED 16K x 8 CMOS EPROM

KEY FEATURES

e EPI Processing
—Latch-up Immunity up to 200mA

e Standard EPROM Pinout
e Bipolar Speeds

e Fast Access Time
—55ns

® Low Power Consumption
—90mW During Power Down (18 MHz)
—305mW Active Power (18 MHz)

GENERAL DESCRIPTION

The WS57C128F is an extremely HIGH PERFORMANCE 128K UV Erasable Electrically Programmable Read
Only Memory. It is manufactured in an advanced CMOS technology which allows it to operate at Bipolar speeds
while consuming only 60mA.

Two major features of the WS57C128F are its Low Power and High Speed. These features make it an ideal
solution for applications which require fast access times, low power, and non-volatility. Typical applications
include systems which do not utilize mass storage devices and/or are board space limited. Examples of these
applications are modems, secure telephones, servo controllers, and industrial controllers.

The WS57C128F is configured in the standard EPROM pinout which provides an easy upgrade path for systems
which are currently using standard EPROMs.

PIN CONFIGURATION
~ 8 2o 8 ('; 2
<d>Z>5M< Vep 1 ~ sy
L ] LU T B ) cc
Yy “a..;‘:ii?ﬁ'iﬁ A 02 27 O PGM
LYY ! 20771 A A7 Q3 260 Ag
As ;:6 23::: Ay 26C4 257 Ag
A 37 27::1 Ay A555 240 A
A[738 26{_] NC +He 20 An
aaf 250 ] o »g O 2 p o¢
A fT30 2417 A N 2P Ao
NES i A
NC[l312 22{7 %o, o 7
O[3 18 21l7] o, P ol by
\jt 15 16 17 18 19 20 o ds ::: 05
NEIREninininlh 2 s
S 3 g ‘z’é’c;om GND (J 14 150 Oy
TOP
PRODUCT SELECTION GUIDE
PARAMETER WS57C128F-55 WS57C128F-70
Address Access Time (Max) 55ns 70ns
Chip Select Time (Max) 55ns 70ns
Output Enable Time (Max) 25ns 25ns
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WS57C128F

ABSOLUTE MAXIMUM RATINGS*
Storage Temperature ............ -65° to +150°C
Voltage on Any Pin with

*Notice: Stresses above those listed here may cause
permanent damage to the device. This is a stress rating
only and functional operation of the device at these or

Respectto GND ................ -06V to +7V any other conditions above those indicated in the opera-
Vpp with Respect to GND ......... -06V to +14V tional sections of this specification is not implied.
ESD Protection . ....................... >2000V Exposure to absolute maximum rating conditions for
OPERATING RANGE extended periods of time may affect device reliability.

RANGE TEMPERATURE Vee

Comm’l 0° to +70°C +5V + 5%

Military —-55° to +125°C +5V + 10%

DC READ CHARACTERISTICS Over Operating Range with Vpp = V.

SYMBOL PARAMETER TEST CONDITIONS MIN MAX | UNITS
Vou Output Low Voltage lo. = 16 mA 04 \
Vou Output High Voltage loy = -4 mA 24 Vv
Isg1 V¢ Standby Current (CMOS) Notes 1 and 3 500 nA
Isp2 V¢ Standby Current (TTL) Notes 2 and 3 20 mA
lcct Active Current (CMOS) Notes 1 and 4 Comn' 25 mA

Military 30
loce Vcc Active Current (TTL) Notes 2 and 4 |—omm! 3 mA
Military 40
lpp Vep Supply Current Vep = Vee 100 pA
Vpp Vpp Read Voltage Vee - 04 Vee \'
I Input Load Current Vin = 55V or Gnd -10 10 pA
o Output Leakage Current Vout = 55V or Gnd -10 10 pA
NOTES: 1) CMOS inputs: GND + 03V or Ve + 0.3V. 3) AC. Standby power component is 1 mA/MHz (Power = AC + DC).

2) TTL inputs: V< 08V, Vyy > 2.0V,

4) AC. Active power component is 3 mA/MHz (Power = AC + DC).
AC READ CHARACTERISTICS Over Operating Range with Vpp = V.

WS57C128F-55 WS57C128F-70
PARAMETER SYMBOL MIN AX MIN MAX UNITS
Address to Output Delay tace 55 70
CE to Output Delay tce 55 70
OE to Output Delay toe 25 25 ns
Output Disable to Output Float tor 25 0 25
Address to Output Hold ton 10 10
AC READ TIMING DIAGRAM TEST LOAD (High Impedance Systems)
97.5Q
ADDRESSES VALID i 201V 4
_ face >ty DUT. S0
ce / (m?:wome SCOPE
I AND JIG
[ tee —> == CAPACITANCE)
o8 —| tor -—
— TIMING LEVELS
toe —
OUTPUTS «; VALID 3; Input Levels: 0 and 3V
—{ 1 e Reference Levels: 0.8 and 2.0V
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WS57C128F

PROGRAMMING INFORMATION
DC CHARACTERISTICS (Ta =25+ 5°C, Vcc = 5.5V * 5%, Vpp = 13.5 + 0.5V)

PARAMETER SYMBOL MIN. MAX. UNIT

input Leakage Current _

(Vin = Vcg or Gnd) u 10 10 HA

Vpp Supply Current During

Programming Pulse Ipp 60 mA

(CE = PGM = V)

Vcc Supply Current Notes 2 & 4 lce 30 mA

Input Low Level ViL -0.1 0.8 \

Input High Level ViH 2.0 Vgc + 0.3 Vv

Output Low Voltage During Verify

(loL = 16mA) Vou 045

Output High Voltage During Verify

(lon = —4mA) Vou 2.4 \
NOTES: 6) Vcc must be applied either coincidentally or before Vpp and removed either coincidentally or after Vpp.

7) Vpp must not be greater than 14 volts including overshoot. During CE = PGM =V, Vpp must not be switched
from 5 volts to 13.5 volts or vice-versa.
8) During power up the PGM pin must be brought high (> Vin) either coincident with or before power is applied to Vpp.

AC CHARACTERISTICS (Ta =25+5°C, Vcc = 5.5V *+ 5%, Vpp = 13.5 + 0.5V)

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Address Setup Time tas 2 us
Chip Enable Setup Time toes 2 us
Output Enable Setup Time toes 2 us
Data Setup Time tos 2 us
Address Hold Time tan 0 us
Data Hold Time ton 2 - uS
Chip Disable to Output Float Delay tor 0 130 ns
Data Valid from Output Enable toe 130 ns
Vpp Setup Time tus 2 us
PGM Pulse Width tow 1 3 10 ms
NOTE: Single shot programming algorithms should use a single 10 ms pulse.
PROGRAMMING WAVEFORM
ADDRESSES ‘X ADDRESS STABLE K
le— s -’i tan [e—
DATA ——( DATA IN STABLE Hohz DA p——
[ tos [ ton —o~ tog | tor fe—
Vep I
Vep
’ Vee _—/.4- tyg —
le
CE \k
vIL
- tees |
Vin
PGM
Vi
H [*—toes "‘
o Vin —
=, N/
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WS57C128F

PROGRAMMING

Upon delivery from WaferScale Integration, Inc. or after each
erasure (see Erasure section), the WS57C128F has all 16384x8
bits in the “1,” or high state. “0’s” are loaded into the
WS57C128F through the procedure of programming.

The programming mode is entered when +135V is applied to
the Vpp pin, and CE is at V). During programming, CE is kept
at V.. A 0.1 pF capacitor between Vpp and GND is needed
to prevent excessive voltage transients, which could damage
the device. The address to be programmed is applied to the
proper address pins. 8-bit patterns are placed on the respec-
tive data output pins. The voltage levels should be standard
TTL levels.

ERASURE

In order to clear all locations of their programmed contents,
it is necessary to expose the WS57C128F to an ultra-violet light
source. A dosage of 15W second/cm? is required to completely
erase a WS57C128F. This dosage can be obtained by exposure

ORDERING INFORMATION

to an ultra-violet lamp with wavelength of 2537 Angstroms (A)
with intensity of 12000p W/cm?2 for 20 minutes. The
WS57C128F should be about one inch from the source and
all filters should be removed from the UV light source prior to
erasure.

It is important to note that the WS57C128F and similar devices
will erase with light sources having wavelengths shorter than
4000A. Although erasure times will be much longer than with
UV sources at 25374, the exposure to fluorescent light and
sunlight will eventually erase the WS57C128F and exposure
to them should be prevented to realize maximum system
reliability. If used in such an environment, the package win-
dows should be covered by an opaque label or substance.

PROGRAMMERS

Data I/0O Unipak 2 or 2B, software version 11 or later, family/
pinout code 3C/51; WSI's MagicPro™ IBM PC Compatible
Engineering Programmer.

OPERATING wsi
PART NUMBER sz:sso PA;’\'((PAEGE gﬁiﬁﬁg TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS57C128F-55D 55 | 28 Pin CERDIP, 06" D2 Comm'l Standard
WS57C128F70CMB | 70 | 32 Pad CLLCC c2 Military MIL-STD-883¢
WS57C128F-70D 70 | 28 Pin CERDIP, 06" D2 Comm’ Standard
WS57C128F-70DMB | 70 | 28 Pin CERDIP 06" D2 Military MIL-STD-883C
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;:55_____5';5 WS27C256F
PRELIMINARY

WAFERSCALE INTEGRATION, INC.

MILITARY 32K x 8 CMOS EPROM
KEY FEATURES

EPI Processing
— Latch-Up Immunity Up to 200 mA

¢ Fast Access Time .
— 90 ns (Military)

e Low Power Consumption
— 1 mW During Power Down
— 325 mW Active Power

¢ Military High Rel Processing

Drop-In Replacement for

— M27256

GENERAL DESCRIPTION

The WS27C256F is a HIGH PERFORMANCE 256K UV Erasable Electrically Programmable Read Only Memory. 1t
is manufactured in an advanced CMOS technology which allows it to operate at speeds as fast as 90 ns Access
Time over the full military operating range. (If faster speeds are required, contact your WSI sales representative.

Two major features of the WS27C256F are its Low Power and High Speed. While operating in a TTL environment
it consumes only 65 mA while cycling at full speed. Additionally, the WS27C256F can be placed in a standby mode
which drops operating current below 30 mA in a TTL environment and 200 pA in a CMOS environment.

The WS27C256F is configured in the standard EPROM pinout which provides an easy upgrade path for systems
which are currently using standard EPROMs.

MODE SELECTION PIN CONFIGURATION

PINS | _
MODE CE

Read ViL
Output Disable X

Standby ViH| X
Program ViL

OUTPUTS
Dout
High Z
High Z
Din
Dout
High Z
Encoded Dataj

Vee |Vee

Vee | Vec |
Vee [Vee
Vce
Vee
Vce
Vce
Vee |Vee

Vee

Vep

Program Verify X |V
Viy
ViL

Vep

Program Inhibit Vpp

Signature*

X can be either V,_or V.
*For Signature, Ag = 12V, A, is toggled, and all other address are at
TTL low. Ag = Vi = MFGR 23H, A; = V| = DEVICE A8H.

TOP

PRODUCT SELECTION GUIDE

PARAMETER

WS27C256F-90

WS27C256F-12

WS27C256F-15

Address Access Time (Max)

90 ns

120 ns

150 ns

Chip Select Time (Max)

90 ns

120 ns

150 ns

Output Enable Time (Max)

30 ns

35 ns

40 ns




WS27C256F

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature . ......... —-65° to +150°C
Voltage on any pin with

*Notice: Stresses above those listed here may cause
permanent damage to the device. This is a stress rating
only and functional operation of the device at these or

respect to GND . ............. —~06V to +7V any other conditions above those indicated in the opera-
Vpp with respect to GND . . . . . . ... —06V to +14V tional sections of this specification is not implied.
ESD Protection . . .. ..o oo >2000V Exposure to absolute maximum rating conditions for

extended periods of time may affect device reliability.

OPERATING RANGE

RANGE TEMPERATURE Vee

Comm’l 0° to +70°C +5V + 10%
DC READ CHARACTERISTICS Over Operating Range with Vpp = V.

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
VoL Output Low Voltage loL = 4mA 04 Vv
Vou Output High Voltage lo = -1 mA 24 \
lsg1 V¢ Standby Current CMOS | CE = Vg¢ + 0.3V (Note 1) 250 pA
lsgo V¢c Standby Current TTL CE = Vi, (Note 2) 5 mA
locct Vcc Active Current (CMOS) Note 1 30 (Note 3) mA
lcca V¢c Active Current (TTL) Note 2 40 (Note 3) mA
lpp Vpp Supply Current Vpp = Vc¢ 100 pA
Vpp Vpp Read Voltage Ve -04 Vee \

I Input Load Current Vin = 55V or Gnd -10 10 pA
Lo Output Leakage Current Vour = 55V or Gnd -10 10 pA
NOTES: 1) CMOS inputs: GND + 0.3V or Voo + 03V. 3) A.C. Active power component is 3 mA/MHz (Total Power = AC + DC).

2) TTL inputs: V) < 08V, V,y > 2.0V.

AC READ CHARACTERISTICS Over Operating Range with Vpp = V.

WS27C256F-90 | WS27C256F-12 | WS27C256F-15
PARAMETER SYMBOL UNITS
MIN MAX MIN MAX MIN MAX
Address to Output Delay tace 90 120 150
CE to Output Delay tce 90 120 150
OE to Output Delay toe 30 35 40 ns
Output Disable to Output Float tor 30 35 40
Address to Output Hold ton 0 0

AC READ TIMING DIAGRAM

TEST LOAD (High Impedance Systems)

3200
ADDRESSES VALID 2.0V

_ “ tace > toy D.U.T.Im'1 0 pF

CE —'"—\ / I (INCLUDING SCOPE

[ tcg ——> == CAPACITANCE)
. —»1 tor
OF
TIMING LEVELS
e [
OUTPUTS (\\ VALID Input Levels: .45 and 2.4
| g fe— Reference Levels: 0.8 and 2.0V
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WS27C256F

PROGRAMMING INFORMATION
DC CHARACTERISTICS (T, = 25 + 5°C, Voc = 55V + 10%, Vpp = 125 + 05V)

PARAMETER SYMBOL MIN. MAX. UNIT

input Leakage Current "
(VIN = Vg or Gnd ILi 10. 10 iy

Vce Supply Current During

Programming Pulse lec 60 mA
(CE= PGM = Vi)

Vce Supply Current (Note 3) lcc 30 mA
Input Low Level ViL -0.1 0.8 Vv
Input High Level ViH 2.0 Veec +0.3 Vv
Outplut Low Voltage During Verify VoL 0.45 v
(loL=4mA)

Output High Voltage During Verify

(loH=—1mA) Vo 24 Y,

NOTES: 5) Vcc must be applied either coincidentally or before Vpp and removed either coincidentally or after Vpp.
6) Vpp must not be greater than 14 volts including overshoot. During CE = PGM = V|, Vpp must not be switched from 5 volts
to 12.5 volts or vice-versa.
7) During power up the PGM pin must be brought high (> V,,;) either coincident with or before power is applied to Vpp.

AC CHARACTERISTICS (T = 25 + 5°C, Vog = 55V + 10%, Vpp = 125 + 05V)

PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time tag 2 us
CE High to OE High tcon 2 ps
Output Enable Setup Time toes 2 us
Data Setup Time tos 2 us
Address Hold Time tan 0 us
Data Hold Time ton 2 us
Chip Disable to Output Float Delay toF 0 55 ns
Data Valid From Output Enable toe 55 ns
Vpp Setup Time tys 2 us
PGM Pulse Width tow 1 3 10 ms
OE Low to CE “Don’t Care” tocx 2 us

NOTE: 8) Single pulse programming algorithms should use one 10 ms PGM pulse per byte.
PROGRAMMING WAVEFORM

|
ADDRESSES ADDRESS STABLE X
- thg > "i tan [
A HIGH Z DATA OUT
paA —— oarainsTase  h— =& PAROUT B
[ tos le ton — [ tog — o <
Vee s
Vep ;
Vee la— tyg —=
e tees + tocx teon
VIH ——
CE/PGM'
vIL
tew I toes "'l
Vi —
o N /
vlL
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WS27C256F

PROGRAMMING

Upon delivery from WaferScale Integration, Inc. or after each
erasure (see Erasure section), the WS27C256F has all
32,768x8 bits in the “1,” or high state. “‘0’s” are loaded into
the WS27C256F through the procedure of programming.

The programming mode is entered when +12.5V is applied to
the Vpp pin, and CE/PGM is taken to V.. During program-
ming, CE/PGM is kept at V.. A 0.1 pF capacitor between Vpp
and GND is needed to prevent excessive voltage transients,
which could damage the device. The address to be pro-
grammed is applied to the proper address pins. 8-bit patterns
are placed on the respective data output pins. The voltage levels
should be standard TTL levels.

ERASURE

In order to clear all locations of their programmed contents,
it is necessary to expose the WS27C256F to an ultra-violet light
source. A dosage of 15W second/cm? is required to completely
erase a WS27C256F. This dosage can be obtained by exposure

ORDERING INFORMATION

to an ultra-violet lamp with wavelength of 2537 Angstroms A)
with intensity of 12000p W/cm?2 for 20 minutes. The
WS27C256F should be about one inch from the source and
all filters should be removed from the UV light source prior to
erasure.

It is important to note that the WS27C256F and similar devices
will erase with light sources having wavelengths shorter than
4000A. Although erasure times will be much longer than with
UV sources at 25374, the exposure to fluorescent light and
sunlight will eventually erase the WS27C256F and exposure
to them should be prevented to realize maximum system
reliability. If used in such an environment, the package win-
dows should be covered by an opaque label or substance.

PROGRAMMERS

Data 1/0 Unipak 2 or 2B, software version 12 or later, family/
pinout code 3C/32; WSI's MagicPro™ IBM PC Compatible
Engineering Programmer.

OPERATING wsi
PART NUMBER S'(’fjo PA%'(‘;}EGE ;ﬁiﬁﬁg TEMPERATURE | MANUFACTURING

RANGE PROCEDURE
WS27C256F-90CMB | 90 | 32 Pad CLLCC c2 Military MIL-STD-883C
WS27C256F-90DMB | 90 | 28 Pin CERDIP, 06" D2 Military MIL-STD-883C
WS27C256F-12CMB | 120 | 32 Pad CLLCC c2 Military MIL-STD-883¢
WS27C256F-12DMB | 120 | 28 Pin CERDIP, 06" D2 Military MIL-STD-883C
WS27C256F-15CMB | 150 | 32 Pad CLLCC c2 Military MIL-STD-883C
WS27C256F-15DMB | 150 | 28 Pin CERDIP, 06" D2 Military MIL-STD-883C
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ES 5= WS57C256F

WAFERSCALE INTEGRATION, INC. PRELIMINARY

HIGH SPEED 32K x 8 CMOS EPROM
KEY FEATURES

¢ Fast Access Time e EPI Processing

— 55 ns — Latch-Up Immunity Up to 200 mA
* Low Power Consumption + Standard EPROM Pinout

— 75 mW During Power Down

— 325 mW Active Power ¢ Bipolar Speeds

GENERAL DESCRIPTION

The WS57C256F is an extremely HIGH PERFORMANCE 256K UV Erasable Electrically Programmable Read Only
Memory. It is manufactured in an advanced CMOS technology which allows it to operate at speeds as fast as 55 ns
Access Time.

Two major features of the WS57C256F are its Low Power and High Speed. While operating in a TTL environment
it consumes only 65 mA while cycling at full speed. Additionally, the WS57C256F can be placed in a standby mode
which drops operating current below 15 mA in a TTL environment and 200 pA in a CMOS environment.

The WS57C256F also has exceptional output drive capability. It can source 4 mA and sink 16 mA per output.

The WS57C256F is configured in the standard EPROM pinout which provides an easy upgrade path for systems
which are currently using standard EPROMSs.

MODE SELECTION PIN CONFIGURATION
PINS | _ | __
MODE CE |OE|Vpp|Vcc| OUTPUTS
Read ViL | ViL | Vee | Vee |Dout Vee o1 285 Voo
Output Disable | X |V |Vcg |Vec [High Z n St A
Standby Vi | X | Vee!|Vee |High z S PO B
(ZINC "
Program ViL | ViH | Ve [ Ve IDIN ¢ }F :SE: OZZ;%
i b A, 10
Program Verify X [ ViL| Vee |Vce |Dout t g—glmi A,E: :;igg,m
Program Inhibit | Vi [ Vin { Vep [Vec [High Z oy ol vy
Signature*® ViL | ViL | Vee | Vec [Encoded Data g;g:; :Zgg:
GNDO 14 15004
X can be either V, or V.
*For Signature, Ag=12V, A, is toggled, and all other address are at
TTL low. Ag= V)= MFGR 23H, Ay = V|, = DEVICE A8H.
TOP
PRODUCT SELECTION GUIDE
PARAMETER WS57C256F-55 WS57C256F-70
Address Access Time (Max) 55 ns 70 ns
Chip Select Time (Max) 55 ns 70 ns
Output Enable Time (Max) 25 ns 30 ns
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WS57C256F

ABSOLUTE MAXIMUM RATINGS*

*Notice: Stresses above those listed here may cause

Storage Temperature ........ -65°to +150°C pell'mangrfn dat’_“é"éleI to thet{’eVicfe-tJhicT isa s"?fs rating
Lo only and functional operation of the device at these or
Voltage on any pin with s o .
respecttoGND ................ -0.6Vto+7V :2:::lthse;;?:::I%?Stz?:vse;:;sfiggﬁat;d ::::hﬁ:;gg-
VPP with respect to GND ...-0.6Vto +13.0V Exposure to absolute maximum rating conditions for
ESD Protection ..................... >2000V- extended periods of time may affect device reliability.
OPERATING RANGE
Range Temperature Vce
Comm’| 0° to +70°C +5V + 5%
Military -55°to +125°C +5V+ 10%
DC READ CHARACTERISTICS Over Operating Range With Vpp=Vcc.
SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
VoL Output Low Voltage lor=16mA 04 Vv
VoH Output High Voltage loy=-4mA 2.4 \Y
I'sB1 Vce Standby Current CMOS CE=Vcc =+ 0.3V.Note 1 &3 500 A
(P Vcc Standby Current TTL CE=V|y. Note 2 & 3 15 mA
Comm’l 30 mA
| Vee Acti t (CMOS Notes 1 and 4
cc1 cc Active Current ( ) Military 20 A
lcca Vce Active Current (TTL) Notes 2 and 4 |-0m™"! 35 mA
Military 45 mA
Ipp Vpp Supply Current Vpp=Vcc 100 MA
Vop Vpp Read Voltage Vce-0.4 Vee Y
Iy Input Load Current Viy =5.5V or Gnd -10 10 uA
lLo Output Leakage Current Vour=5.5V or Gnd -10 10 nA
NOTES: 1) CMOS inputs: GND + 0.3V or Vgc + 0.3V. 3) A.C. Power component adds 1 mA/MHz.
2) TTL inputs: Vy < 08V, Vi > 20V. 4) AC. Power component adds 3 mA/MHz.
AC READ CHARACTERISTICS Over Operating Range with Vpp = V.
WS57C256F-55 WS57C256F-70
PARAMETER SYMBOL UNITS
MIN MAX MIN MAX
Address to Output Delay tacc 50 70
CE to Output Delay tce 55 70
OE to Output Delay toe 25 30 ns
Output Disable to Output Float toe 25 30
Address to Output Hold ton 0
AC READ TIMING DIAGRAM TEST LOAD (High impedance Systems)
97.5Q
ADDRESSES VALID 201V
== .
cE AN / I (mcwome SCOPE
[ tcg ——> — CAPACITANCE)
oE —| tor
— TIMING LEVELS
tog [
OUTPUTS ({; VALID : ; 9 Input Levels: 0 and 3V
— 1 | Reference Levels: 0.8 and 2.0V
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WS57C256F

PROGRAMMING INFORMATION
DC CHARACTERISTICS (Ta=25 = 5°C, Vcc=5.50V + 5%, Vpp=12.5+0.5V)

PARAMETER SYMBOL MIN. MAX. UNIT
input Leakage Current _

(ViN = Vcc or Gnd I 10 10 uA
Vce Supply Current During

Programming Pulse lec &0 mA
(CE= PGM=V).)

Ve Supply Current (Note 4) lce 35 mA
Input Low Level ViL -0.1 0.8 \
Input High Level ViH 2.0 Voo +0.3 )Y
Output Low Voltage During Verify

(oL = 16mA) VoL 0.45 \)
Output High Voltage During Verify

(loH = — 4mA) Vo 2.4 Vv

NOTES:

6) Vcc must be applied either coincidentally or before Vpp and removed either coincidentally or after Vpp.

7) Vpp must not be greater than 14 volts including overshoot. During CE = PGM = Vi, Vpp must not be switched
from 5 volts to 12.5 volts or vice-versa.

8) During power up the PGM pin must be brought high (> Vi) either coincident with or before power is applied to Vpp.

AC CHARACTERISTICS (T, = 25 + 5°C, Vg = 550V + 5%, Vpp = 125 + 05V)
PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time tas 2 us
CE High to OE High tcon 2 us
Output Enable Setup Time toes 2 us
Data Setup Time tos 2 us
Address Hold Time tan 0 us
Data Hold Time ton 2 us
Chip Disable to Output Float Delay tor 0 130 ns
Data Valid From Output Enable toe 130 ns
Vpp Setup Time tys 2 us
PGM Pulse Width tew 1 3 10 ms
OE Low to CE “Don’t Care” tocx 2 us
NOTE: 9) A single shot programming algorithm should use one 10 ms pulse.
PROGRAMMING WAVEFORM
ADDRESSES ‘X ADDRESS STABLE X
e tas > —.{ tan fe—
DATA ——{f DATA IN STABLE QL{ DAL a}-——
< tos | e ton — letoe =  —> tor |e—
Vep Is
v |
PP Vee _/
[ tvs
e tees tocx tcon
VIH _—
CE/PGM \ y
A\
tow re— toes
] SR
o N /
VIL
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WS57C256F

PROGRAMMING

Upon delivery from WaferScale Integration, Inc. or after each
erasure (see Erasure section), the WS57C256F has all
32,768x8 bits in the “1,” or high state. ““0’s” are loaded into
the WS57C256F through the procedure of programming.

The programming mode is entered when +13.5V is applied to
the Vpp pin and CE/PGM is taken to V. During Programming,
CE/PGM is kept at V.. A 0.1 uF capacitor between Vpp and
GND is needed to prevent excessive voltage transients which
could damage the device. The address to be programmed is
applied to the proper address pins. 8-bit patterns are placed
on the respective data output pins. The voltage levels should
be standard TTL levels.

ERASURE

In order to clear all locations of their programmed contents,
itis necessary to expose the WS57C256F to an ultra-violet light
source. A dosage of 15W second/cm? is required to completely
erase a WS57C256F. This dosage can be obtained by exposure

ORDERING INFORMATION

to an ultra-violet lamp with wavelength of 2537 Angstroms 4)
with intensity of 12000p W/cm?2 for 20 minutes. The
WS57C256F should be about one inch from the source and
all filters should be removed from the UV light source prior to
erasure.

It is important to note that the WS57C256F and similar devices
will erase with light sources having wavelengths shorter than
4000A. Although erasure times will be much longer than with
UV sources at 2537A, the exposure to fluorescent light and
sunlight will eventually erase the WS57C256F and exposure
to them should be prevented to realize maximum system
reliability. If used in such an environment, the package win-
dows should be covered by an opaque label or substance.

PROGRAMMERS
Data I/0 Unipak 2 or 2B, software version 12 or later; WSI’s
MagicPro™ IBM PC Compatible Engineering Programmer.

OPERATING wsl
PART NUMBER s'(’:sD PA.%QEGE g‘;‘;mﬁg TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS57C256F-55D 55 28 Pin CERDIP, 0.6” D2 Comm’l Standard
WS57C256F70CMB | 70 | 32 Pad CLLCC c2 Military MIL-STD-883C
WS57C256F-70D 70 | 28 Pin CERDIP, 06" D2 Comm'l Standard
WS57C256F-70DMB | 70 | 28 Pin CERDIP, 06" D2 Military MIL-STD-883C
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WAFERSCALE INTEGRATION, INC, ADVANCE INFORMATION
HIGH SPEED 32K x 8 CMOS EPROM

KEY FEATURES

¢ Fast Access Time ¢ EPI Processing
— 35 ns — Latch-Up Immunity Up to 200 mA

e Low Power Consumption — ESD Protection Exce?ds 2000V
— 75 mW During Power Down e Standard EPROM Pinout
— 325 mW Active Power

GENERAL DESCRIPTION

The WS57C256F is a 32K x 8 CMOS EPROM which has been speed-enhanced from 55 ns to 35 ns. It is based
upon WaferScale’s patented CMOS Split Gate EPROM technology.

The 35 ns access time of the WS57C256F is a key parameter. Traditionally, as memory densities increase, memory
access times become slower. This forces microprocessors to insert Wait States which negatively impact system
throughput. Real Time applications cannot afford Wait Statesnrega:rd[e'ss ‘of memory density. WaferScale’s unique
memories can keep pace with the fastest microprocessors. The combination of speed and density available in the
WS57C256F enables the use of more complex and comprehen‘Sive algorithms in Real Time applications.

WaferScale’s patented CMOS Split-Gate EPROM technology not only ‘enables the development of fast and dense
memory products, it also provides a higher level of Quality and Reliability. Tests have proven that WSI EPROM products
program very efficiently and quickly. Also, the WSI EPROM retains its data an order of magnitude better than traditional
EPROM technologies. This combination of speed, density, quality and reliability make WSI the obvious choice when
selecting a non-volatile memory supplier.

The WS57C256F is configured in the JEDEC standard EPROM pin configuration. It is also easily programmed
on popular EPROM programmers as well as the MagicPro™ IBM PC compatible engineering programmer offered
by WSI.

MODE SELECTION PIN CONFIGURATION
PINS | _ | __
MODE CE |OE | Vpp |Vcc| OUTPUTS
Read Vi | ViL | Vee | Vee |Pour 1 " ashvg
Output Disable | X |Vin|Vee |Vec High z S aaba
Standby Viu | X |V |Voc [High Z s ba
Program ViL | Vin | Vee |Vec |DIN ; Qgg%
Program Verify | X |Vi_|Vpp [Vce |Dour : i
Program Inhibit | Viy [ Vin | Vee [Vee [High Z I
Signature® ViL | ViL | Vee | Voe |[Encoded Data :: ::ggf
14 1500,
X can be either V, or V).
*For Signature, Ag= 12V, A is toggled, and all other address are at
TTL low. Ag=V)_= MFGR 23H, A= V,,; = DEVICE A8H.
TOP
PRODUCT SELECTION GUIDE
PARAMETER WS57C256F-35 WS57C256F-45
Address Access Time (Max) 35 ns 45 ns
Chip Select Time (Max) 35 ns 45 ns
Output Enable Time (Max) 20 ns 25 ns

3-61




WS57C256F

ABSOLUTE MAXIMUM RATINGS*

*Notice: Stresses above those listed here may cause

Storage Temperature ........ -65°to +150°C pe:man:r;t datmagT to thett_:levicfe.ﬂ;l'hi: isa strtef: rating
L only and functional operation of the device at these or
Voltage on any pin with any other conditions above those indicated in the opera-
respecttoGND ................ -0.6V to +7V . - . e e o
. D V to +13.0V tional sections of this specification is not implied.
VPP with res_pect to GND ...-0.6V to +13. Exposure to absolute maximum rating conditions for
ESD Protection ..................... >2000V extended periods of time may affect device reliability.
OPERATING RANGE
Range Temperature Vce
Comm'| 0° to +70°C +5V £ 5%
Military -55°to +125°C +5V + 10%
DC READ CHARACTERISTICS Over Operating Range with Vpp = V.
SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
VoL Output Low Voltage loL=16mA 04 \"
VoH Output High Voltage lop=-4mA 2.4 \
1Bt Ve Standby Current CMOS CE=Vcc + 0.3V. Note 1 500 uA
IsB2 Vce Standby Current TTL CE=V\u. Note 2 5 mA
Comm’l
lcet Vcc Active Current (CMOS) Notes 1 and 3 — 30 mA
Military 40 mA
lcee Vcc Active Current (TTL) Notes 2 and 3 comm'l 35 mA
Military 45 mA
'pp Vpp Supply Current Vpp=Vcc 100 HA
Vop Vpp Read Voltage Vce-0.4 Vce Vv
[FN] Input Load Current Vin =5.5V or Gnd -10 10 MA
Lo Output Leakage Current Voyr=5.5V or Gnd -10 10 rA

NOTES: 1) CMOS inputs: GND + 0.3V or Ve + 03V. 3) A.C. Power component adds 3 mA/MHz.

2) TTL inputs: V< 08V, V|, > 20V.

AC READ CHARACTERISTICS Over Operating Range with Vpp = Vgg.

WS57C256F-35 | WS57C256F-45
PARAMETER SYMBOL WMIN TMAX | WIN [ MAX UNITS
Address to Output Delay tace 35 45
CE to Output Delay tce 35 45 ns
OE to Output Delay toe 15 20
Output Disable to Output Float tDF 15 20
Address to Qutput Hold toH 0 0
AC READ TIMING DIAGRAM TEST LOAD (High Impedance Systems)
975Q
ADDRESSES VALID 201V
tace > toy D.UT.
cE N / (mct.unme SCOPE
[ tee — . -—-7[ CAPACITANCE)
e —»| tor
f—r’ TIMING LEVELS
toe [
oUTPUTS \/{J VALID Input Levels: 0 and 3V
] 4, | Reference Levels: 0.8 and 2.0V
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WS57C256F

PROGRAMMING INFORMATION

DC CHARACTERISTICS (T, = 25 + 5°C, Voo = 550V + 5%, Vpp = 125 + 05V)
PARAMETER SYMBOL MIN. MAX. UNIT
input Leakage Current _
(VIN = Vcc or Gnd i 10 10 HA
Vec Supply Current During
Programming Pulse lec 60 mA
(CE= PGM = V;.)
Vee Supply Current (Note 4) lce 35 mA
Input Low Level Vi -0.1 0.8 \
Input High Level ViH 2.0 Vee +0.3 \Y
Output Low Voltage During Verify
(loL = 16mA) Voo 0.45 \
Output High Voltage During Verify
(lon = — 4mA) Von 2.4 v
NOTES: 6) Ve must be applied either coincidentally or before Vpp and removed either coincidentally or after Vpp.

7) Vpp must not be greater than 14 volts including overshoot. During CE =

from 5 volts to 12.5 volts or vice-versa.

8) During power up the PGM pin must be brought high (>

PGM = Vi, Vpp must not be switched

Vin) either coincident with or before power is applied to Vpp.

AC CHARACTERISTICS (T, = 25 + 5°C, Vgg = 550V + 5%, Vpp = 125 + 05V)
PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time tas 2 us
CE High to OE High toom 2 us
Output Enable Setup Time toes 2 us
Data Setup Time tos 2 us
Address Hold Time tAH 0 us
Data Hold Time ton 2 us
Chip Disable to Output Float Delay tor 0 130 ns
Data Valid From Output Enable toe 130 ns
Vpp Setup Time tysg 2 us
PGM Puise Width tew 3 10 ms
OE Low to CE “Don't Care” tocx 2 s
PROGRAMMING WAVEFORM
ADDRESSES X ADDRESS STABLE j‘K
e tas > —-{ tan [
DATA i DATA IN STABLE HiGH 2 DAL :}—-
= tos [ ton — [*toe = —> tor [+—
" !
Vep Vs .
[ tces > tocx tcon
e ] o
t, [ t,
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WS57C256F

PROGRAMMING

Upon delivery from WaferScale Integration, Inc. or after each
erasure (see Erasure section), the WS57C256F has all
32,768x8 Bits in the “1,” or high state. “0’s” are loaded into
the WS57C256F through the procedure of programming.

The programming mode is entered when +13.5V is applied to
the Vpp pin and CE/PGM is taken to V.. During Programming,
CE/PGM is kept at Vj,.. A 0.1 uF capacitor between Vpp and
GND is needed to prevent excessive voltage transients which
could damage the device. The address to be programmed is
applied to the proper address pins. 8-bit patterns are placed
on the respective data output pins. The voltage levels should
be standard TTL levels.

ERASURE
In order to clear all locations of their programmed contents,
itis necessary to expose the WS57C256F to an ultra-violet light

ORDERING INFORMATION

source. A dosage of 15W second/cm? is required to completely
erase a WS57C256F. This dosage can be obtained by exposure
to an ultra-violet lamp with wavelength of 2537 Angstroms (A)
with intensity of 12000p W/cm?2 for 20 minutes. The
WS57C256F should be about one inch from the source and
all filters should be removed from the UV light source prior to
erasure.

It is important to note that the WS57C256F and similar devices
will erase with light sources having wavelengths shorter than
4000A. Although erasure times will be much longer than with
UV sources at 25374, the exposure to fluorescent light and
sunlight will eventually erase the WS57C256F and exposure
to them should be prevented to realize maximum system
reliability. If used in such an environment, the package win-
dows should be covered by an opaque label or substance.

OPERATING wsl
PART NUMBER sz:s;n PA%'{(::E SAR‘imﬁg TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS57C256F-35D 35 | 28 Pin CERDIP, 06" D2 Comm'l Standard
WS57C256F-45CMB | 45 | 32 Pad CLLCC c2 Military MIL-STD-883C
WS57C256F-45D 45 28 Pin CERDIP, 0.6" D2 Comm’| Standard
WS57C256F-45DMB | 45 | 28 Pin CERDIP 06 D2 Military MIL-STD-883C
WS57C256F-55CMB | 55 | 32 Pad CLLCC c2 Military MIL-STD-883C
WS57C256F-55DMB | 55 | 28 Pin CERDIP, 0.6” D2 Military MIL-STD-883C
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WAFERSCALE INTEGRATION, INC.

WS27C256L
ADVANCE INFORMATION

32K x 8 CMOS EPROM

KEY FEATURES
e 300 Mil Dip or Standard 600 Mil Dip
e EPI Processing

— Latch-Up Immunity to 200 mA
— ESD Protection Exceeds 2000V

¢ Fast Access Time
— 90 ns
e Low Power Consumption
— 0.5 mW During Power Down
— 150 mW Active Power @ 5 MHz

¢ Drop-In Replacement for 27C256 or 27256

GENERAL DESCRIPTION

The WS27C256L is a HIGH PERFORMANCE 256K UV Erasable Electrically Programmable Read Only Memory. It
is manufactured in WSI’s latest CMOS EPROM technology which enables it to operate at speeds as fast as 90 ns
access time over the full operating range. (If faster speeds are required, contact your WSI sales representative.)

The WS27C256L can directly replace any 32K x 8 EPROM which conforms to the JEDEC standard. Examples of
this would be as follows: 27256, 27C256, or 27C256F. It can be easily programmed using standard EPROM program-
mers or the MagicPro™ IBM PC compatible engineering programmer offered by WSI.

The WS27C256L is also available in a 300 mil Dip. The pin configuration remains the same as the 600 mil wide package
and the programming algorithms are unchanged. This allows for a simple PCB layout change to take advantage of
a 50% reduction in required board space. An upgrade path to a 512K product (WS27C512F) is provided.

The high-speed (90 ns access time) of the WS27C256L enables it to run in a “No Wait State”” environment with such
microprocessors as the 16 MHz 80286. Slower speed versions are also available for lower performance applications.

The WS27C256L is configured in the standard EPROM pinout which provides an easy upgrade path for systems which
are currently using standard EPROMSs.

MODE SELECTION PIN CONFIGURATION
PINS <$fgdss
MODE CE |OE | Vpp |Vec | OUTPUTS VY 5L e Pot I
Read Vi | Vi [ Vee | Vee |Dour g AL R
Output Disable | X | Vi | Voo | Ve |High Z o O
Standby Vin | X | Vee | Ve |High Z e e war Ozpe
Program ViL | Vin | Vep | Vee [DIN wel - g_f/m :.:E?o e
Program Verify | X |V {Vep |Vce [Dout > 141516171819 20 B who
Program Inhibit | Vi | Vi | Ve |Voc [High Z 5588558 wadi_ 1sho.
X can be either V,_or V.
TOP
PRODUCT SELECTION GUIDE
PARAMETER WS27C256L-90 WS27C256L-12
Address Access Time (Max) 90 ns 120 ns
Chip Select Time (Max) 90 ns 120 ns
Output Enable Time (Max) 30 ns 35 ns




WS27C256L

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature -65°C to +150°C
Voltage on any pin with

respectto GND..............cooten -0.6V to +7V
VPP with respect to GND ........ -0.6V to +14.0V

*Notice: Stresses above those listed here may cause
permanent damage to the device. This is a stress rating
only and functional operation of the device at these or
any other conditions above those indicated in the opera-
tional sections of this specification is not implied.
Exposure to absolute maximum rating conditions for

(T 4 TP \' . .
ESD Protection >2000 extended periods of time may affect device reliability.
OPERATING RANGE
RANGE TEMPERATURE Vee
ili — Oy (o]
Military 55°C to +125°C +5V + 10%
Commercial 0° to +70°C
DC READ CHARACTERISTICS Over Operating Range With Vpp= Vcc.
SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
VoL Output Low Voltage loL= 4mA 0.4 v
VoH Output High Voltage loL=-1mA 2.4 Vv
IsB1 Vcc Standby Current CMOS | CE=Vcc + 0.3V. Note 1 100 LA
IsB2 Vce Standby Current TTL "CE=ViH. Note 2 3 mA
lccy Vcc Active Current (CMOS) | Note 1 17 (Note 3) mA
lcc Vcc Active Current (TTL) Note 2 33 (Note 3) mA
lpp Vpp Supply Current Vpp= Vcc 100 uA
Vpp Vpp Read Voltage Vee - 0.4 Vce Vv
ILi Input Load Current VIN = 5.5V or Gnd -10 10 uA
ILo Output Leakage Current Vout = 5.5V or Gnd -10 10 uA

NOTES: 1) CMOS inputs: GND + 0.3V or Voo + 0.3V.
2) TTL inputs: V) < 0.8V, V|y = 2.0V.

3) A.C. Active power component is 25 mA/MHz (Total Power = AC + DC).

AC READ CHARACT ERISTICS Over Operating Range with Vpp = V¢e.

WS27C256L-90 WS27C256L-12
PARAMETER SYMBOL N MAX N MAX UNITS
Address to Output Delay tace 90 120
CE to Output Delay tee 90 120
OE to Output Delay toe 30 35 ns
Output Disable to Output Float tor 30 35
Address to Output Hold toH 0 0
AC READ TIMING DIAGRAM TEST LOAD (High Impedance Systems)
) 320Q
ADDRESSES P VALID i 201V
_ —— e —> | ton |e— D.UT. 100 oF
CE \ / I (All:ngl).‘lillglNG SCOPE
e tcg —| —— CAPACITANCE)
5E — ty -
——— TIMING LEVELS
OE
OUTPUTS {« VALID Input Levels: .45 and 2.4
] b e Reference Levels: 0.8 and 2.0V
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Wws27C256L

PROGRAMMING INFORMATION
DC CHARACTERISTICS (Ta =25 +5°C, Vcc = 5.5V + 10%, Vpp = 12.5 + 0.5V)

PARAMETER SYMBOL MIN. MAX. UNIT
input Leakage Current —

(VIN = Vcc or Gnd) L 10 10 HA
Vpp Supply Current During

Programmmg Pulse lpp 60 mA
(CE= PGM = V|_)

Vce Supply Current lce 33 mA
Input Low Level ViL -0.1 0.8 Vv
Input High Level ViH 2.0 Vee +0.3 Y
Output Low Voltage During Verify V. 4

(loL=4mA) oL 0.

Output High Voltage During Verify

(loH==1mA) Vo 24 v

NOTES: 5) V¢ must be applied either coincidentally or before Vpp and removed either conncndentally or after Vpp.
6) Vpp must not be greater than 14 volts including overshoot. During CE = PGM = v, Vpp must not be switched
from 5 volts to 12,5 volts or vice-versa.
7) During power up the PGM pin must be brought high (> Vi) either coincident with or before power is applied to Vpp.

AC CHARACTERISTICS (Tao =25+5°C, Vcc = 5.5V + 10%, Vpp = 12.5 + 0.5V)

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Address Setup Time tas 2 1S
CE High to OE High tcon 2 1S
Output Enable Setup Time toes 2 ns
Data Setup Time tos 2 ns
Address Hold Time tan 0 s
Data Hold Time tow 2 1S
Chip Disable to Output Float Delay tor 0 55 ns
Data Valid from Output Enable toe 55 ns
Vpp Setup Time tyvs 2 1S
PGM Pulse Width tow 1 3 10 ms
OE Low to CE “Don’t Care” tocx 2 uS

NOTE: 8) Single pulse programming algorithms should use one 10 ms PGM pulse per byte.
PROGRAMMING WAVEFORM

ADDRESSES ADDRESS STABLE
le tag - —-l tan e
& 3 HIGH Z R
patA. ——— DATA IN STABLE }-—{ DA T
L tog e toy —o [ toe —» tpr [e—
Ver r
Vep /
Vee
fa— tyg —
[ tces * tocx teon
iy ——-o——
CE/PGM Y
Vi
tow ta— togs —>|
_ Vin —
o N /
Vi
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Ws27C256L

PROGRAMMING

Upon delivery from WaferScale Integration, Inc. or after each
erasure (see Erasure section), the WS27C256L has all
32,768x8 Bits in the “1,” or high state. “0’s” are loaded into
the WS27C256L through the procedure of programming.

The programming mode is entered when +125V is applied to
the Vpp pin and CE/PGM is taken to V. During Programming,
CE/PGM is kept at V.. A 0.1 uF capacitor between Vpp and
GND is needed to prevent excessive voltage transients which
could damage the device. The address to be programmed is
applied to the proper address pins. 8-bit patterns are placed
on the respective data output pins. The voltage levels should
be standard TTL levels.

ERASURE
In order to clear all locations .of their programmed contents,

ORDERING INFORMATION

it is necessary to expose the WS27C256L to an ultra-violet light
source. A dosage of 15W second/cm?3 is required to completely
erase a WS27C256L. This dosage can be obtained by exposure
to an ultra-violet lamp with wavelength of 2537 Angstroms and
intensity of 12000n W/cm3 for 20 minutes. The WS27C256L
should be about one inch from the source and all filters should
be removed from the UV light source prior to erasure.

It is important to note that the WS27C256L and similar devices
will erase with light sources having wavelengths shorter than
4000A. Although erasure times will be much longer than with
UV sources at 25374, the exposure to fluorescent light and
sunlight will eventually erase the WS27C256L and exposure
to them should be prevented to realize maximum system
reliability. If used in such an environment, the package win-
dows should be covered by an opaque label or substance.

OPERATING wsi
PART NUMBER sn(::so PA.?#:EGE ;;imﬁg TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS27C256L-90D 90 | 28 Pin CERDI 06" D2 Comml Standard
WS27C256L-90DMB | 90 | 28 Pin CERDIP, 06" D2 Military MIL-STD-883C
WS27C256L-90P 00 | 28 Pin Plastic DIP, 06" P3 Comm'l Standard
WS27C256L-90S 90 28 Pin Plastic DIP, 0.3” S2 Comm’l Standard
WS27C256L-90T 90 | 28 Pin CERDIP, 03" ™ Comml Standard
WS27C256L-90TMB | 90 | 28 Pin CERDIP, 03" ™ Military MIL-STD-883C
WS27C256L-12CMB | 120 | 32 Pad CLLCC c2 Military MIL-STD-883C
WS27C256L-12D 120 | 28 Pin CERDIP, 06" D2 Comm'l Standard
WS27C256L-12DMB | 120 | 28 Pin CERDIP, 06 D2 Military MIL-STD-883C
WS27C256L-12P 120 | 28 Pin Plastic DIP, 06" P3 Comm'l Standard
WS27C256L-12S 120 | 28 Pin Plastic DIP, 0.3" s2 Comml Standard
WS27C256L-12T 120 | 28 Pin CERDIP, 03" P Comml Standard
WS27C256L-12TMB | 120 | 28 Pin CERDIP, 03" ™ Military MIL-STD-883C
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WAFERSCALE INTEGRATION, INC. PRELIMINARY

COMMERCIAL 32K x 8 CMOS EPROM

KEY FEATURES
e Fast Access Time e EPI Processing
— 90 ns — Latch-Up Immunity Up to 200 mA
* Low Power Consumption « Standard EPROM Pinout
— 1 mW During Power Down
— 325 mW Active Power e Compatible with WS57C256F

The WS27C256F is an extremely HIGH PERFORMANCE 256K UV Erasable Electrically Programmable Read Only
Memory. It is manufactured in an advanced CMOS technology which allows it to operate at speeds as fast as 90
ns Access Time. (If faster speeds are required, contact your WSI sales representative.)

Two major features of the WS27C256F are its Low Power and High Speed. While operating in a TTL environment
it consumes only 65 mA while cycling at full speed. Additionally, the WS27C256F can be placed in a standby mode
which drops operating current below 1 mA in a TTL environment and 100 pA in a CMOS environment.

The WS27C256F is configured in the standard EPROM pinout which provides an easy upgrade path for systems
which are currently using standard EPROMs.

MODE SELECTION PIN CONFIGURATION
PINS | __ | __
MODE CE |OE | Vpp |Vcec| OUTPUTS
Read ViL | Vi | Vec | Vee |Dout Verd1 285 Voo
Output Disable | X |Vin |Vee |Voc [High Z PO S A
Ha
Standby Vin | X [Vee|Vec [High z 5 M S
£ o
N 2] Ay A
Program Verify | X | Vi | Vep |Vee |Dour C g—é’/w :ﬁﬁ: 20 caN
e . +-qY7 010 19p 0,
Program Inhibit | Vi4 | Viy | Vpp | Vee [High Z 0 g.,nu 18110
Signature* ViL | ViL | Vee | Ve |Encoded Datal o;E :; ::3&
GNDd 14 15004
X can be either V,_or V.
*For Signature, Ag=12V, A, is toggled, and all other address are at
TTL low. Ay=V, = MFGR 23H, A= V,,, = DEVICE A8H. TOP
PRODUCT SELECTION GUIDE
PARAMETER WS27C256F-90 WS27C256F-12
Address Access Time (Max) 90 ns 120 ns
Chip Select Time (Max) 90 ns 120 ns
Output Enable Time (Max) 30 ns 35 ns
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WS27C256F

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature . . ........ —65° to +150°C
Voltage on any pin with

*Notice: Stresses above those listed here may cause
permanent damage to the device. This is a stress rating
only and functional operation of the device at these or
any other conditions above those indicated in the opera-

respectto GND .............. -06V to +7V A - - oe TTILal © Opf
Vpp With respect to GND . . ... ... ~06V to +14V tional sections of this specification is not implied.
ESD Protection . . . . ..o >2000V Exposure to absolute maximum rating conditions for

extended periods of time may affect device reliability.

OPERATING RANGE

RANGE TEMPERATURE Vee

Comm’l 0° to +70°C +5V £ 10%
DC READ CHARACTERISTICS Over Operating Range With Vpp=Vcc.

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
VoL Output Low Voltage loL = 4 mA 04 \
VoH Output High Voltage lon = -1 mA 24 \
lsg1 V¢c Standby Current CMOS | CE = Vge + 03V (Note 1) 100 pA
Isg2 Ve Standby Current TTL CE = V, (Note 2) 1 mA
lcct Vcc Active Current (CMOS) Note 1 Comm| 30 (Note 3) mA
lcc2 Vcc Active Current (TTL) | Note 2 Comm’l 35 (Note 3) mA
lpp Vpp Supply Current Vpp = V¢ 100 nA
Vpp Vpp Read Voltage Voo -04 Vee \"

Iy Input Load Current Vin = 55V or Gnd -10 10 HA
o Output Leakage Current Vout = 55V or Gnd -10 10 A
NOTES: 1) CMOS inputs: GND + 0.3V or Vgc + 0.3V. 3) A.C. Active power component is 3 mA/MHz (Total Power = AC + DC).

2) TTL inputs: V< 08V, V> 20V.

AC READ CHARACTERISTICS Over operating Range with Vpp = Vcc.

WS27C256F-90 | WS27C256F-12
PARAMETER SYMBOL MIN MAX MIN MAX UNITS
Address to Output Delay tacc 90 120
CE to Output Delay tce 90 120 ns
OE to Output Delay t oE 30 35
Output Disable to Output Float t DF 30 35
Address to Output Hold toH 0 0
AC READ TIMING DIAGRAM TEST LOAD (High Impedance Systems)
3200
ADDRESSES VALID 201V
_ face > ton [ D.UT. 100 oF
cE / (NCLUDING SCOPE
I AND JIG
[ tcg —> =L CAPACITANCE)
e — ftp - —
e TIMING LEVELS
OE
OUTPUTS &L vaw | POH>— Input Levels: .45 and 2.4
—| e | Reference Levels: 0.8 and 2.0V
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PROGRAMMING INFORMATION
DC CHARACTERISTICS (Ta =25+ 5°C, Vcc = 5.5V + 10%, Vpp =135+ 0.5V)

PARAMETER SYMBOL MIN. MAX. UNIT
input Leakage Current _

(V'N — VCC or Gnd ||_| 10. 10 /J.A
Vcc Supply Current During

Programming Pulse lcc 60 mA
(CE= PGM = Vi)

Vcc Supply Current (Note 3) lce 35 mA
Input Low Level Vi -0.1 0.8 \Y
Input High Level ViH 2.0 Vcc +0.3 Vv
Output Low Voltage During Verify Vo 0.45 Vi
(loL=4mA) L

Output High Voltage During Verify

(loH==1mA) Vou 2.4 v

NOTES:

from 5 volts to 13.5 volts or vice-

versa.

5) Vcc must be applied either coincidentally or before Vpp and removed either coincidentally or after Vpp.
6) Vpp must not be greater than 14 volts including overshoot. During CE = PGM =V, Vpp must not be switched

7) During power up the PGM pin must be brought high (> Vi) either coincident with or before power is applied to Vpp.

AC CHARACTERISTICS (T, = 25 + 5°C, Vo = 55V + 5%, Vpp = 135 + 05V)
PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time tas 2 us
CE High to OE High tcon 2 us
Output Enable Setup Time toes 2 us
Data Setup Time tos 2 us
Address Hold Time tAH 0 us
Data Hold Time ton 2 us
Chip Disable to Output Float Delay tor 0 55 ns
Data Valid From Output Enable toe 55 ns
Vpp Setup Time tys 2 us
PGM Pulse Width tpw 3 10 ms
OE Low to CE “Don’t Care” tocx 2 us
NOTE: 8) Single pulse programming algorithms should use one 10 ms PGM pulse per byte.
PROGRAMMING WAVEFORM
ADDRESSES | ADDRESS STABLE K
e ths > —'i tan [
DATA __<-r DATA IN STABLE )i——m——< DAJAAL%UT }—
< tos [ ton — [toe > ™ tor [+
v Yer -
" e _/+ -
F— tees tocx teon
e T i y
CE/PGM v
la—t
. e A
x X /
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WS27C256F

PROGRAMMING

Upon delivery from WaferScale Integration, Inc. or after each
erasure (see Erasure section), the WS27C256F has all
32,768x8 bits in the “1,” or high state. “0’s” are loaded into
the WS27C256F through the procedure of programming.

The programming mode is entered when +135V is applied to
the Vpp pin, and CE/PGM is taken to V, . During Program-
ming, CE/PGM is kept at V. A 0.1 uF capacitor between Vpp
and GND is needed to prevent excessive voltage transients,
which could damage the device. The address to be pro-
grammed is applied to the proper address pins. 8-bit patterns
are placed on the respective data output pins. The voltage levels
should be standard TTL levels.

ERASURE

In order to clear all locations of their programmed contents,
it is necessary to expose the WS27C256F to an ultra-violet light
source. A dosage of 15W second/cm? is required to completely
erase a WS27C256F. This dosage can be obtained by exposure

ORDERING INFORMATION

to an ultra-violet lamp with wavelength of 2537 Angstroms (A)
with intensity of 12000p W/cm?2 for 20 minutes. The
WS27C256F should be about one inch from the source and
all filters should be removed from the UV light source prior to
erasure.

It is important to note that the WS27C256F and similar devices
will erase with light sources having wavelengths shorter than
4000A. Although erasure times will be much longer than with
UV sources at 25374, the exposure to fluorescent light and
sunlight will eventually erase the WS27C256F and exposure
to them should be prevented to realize maximum system
reliability. If used in such an environment, the package win-
dows should be covered by an opaque label or substance.

PROGRAMMERS

Data 1/O Unipak 2 or 2B, software version 12 or later, family/
pinout code 3C/32; WSI's MagicPro™ IBM PC Compatible
Engineering Programmer.

OPERATING wsi
PART NUMBER | SPEED PA%'((::E ;ﬁiﬁﬁg TEMPERATURE | MANUFACTURING
(ns) RANGE PROCEDURE
WS27C256F-90D 90 | 28 Pin CERDIP, 06" D2 Comm'l Standard
WS27C256F-12D 120 | 28 Pin CERDIP, 06" D2 Comm'l Standard
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Sy S s WS27C512F
WAFERSCALE INTEGRATION, INC. ADVANCE INFORMATION

HIGH SPEED 64K x 8 CMOS EPROM

KEY FEATURES
e Fast Access Time * EPI Processing
— 70 ns — Latch-Up Immunity Up to 200 mA
e Low Power Consumption e Standard EPROM Pinout
— 75 mW During Power Down e Bipolar Speeds

— 325 mW Active Power

3

GENERAL DESCRIPTION

The WS27C512F is an extremely HIGH PERFORMANCE 512K UV Erasable Electrically Programmable Read Only
Memory. It is manufactured in an advanced CMOS technology which allows it to operate at speeds as fast as 70
ns Access Time.

Two major features of the WS27C512F are its Low Power and High Speed. While operating in a TTL environment
it consumes only 72 mA while cycling at full speed. Additionally, the WS27C512F can be placed in a standby mode
which drops operating current below 2 mA in a TTL environment and 200 pA in a CMOS environment.

The WS27C512F also have exceptional output drive capability. It can source 1 mA and sink 4 mA per output.

The WS27C512F is configured in the standard EPROM pinout which provides an easy upgrade path for systems which
are currently using standard EPROMs.

MODE SELECTION PIN CONFIGURATION
PINS | | OF/
MODE CE | Vep | Vec [ OUTPUTS sfre8ss
IREBERIRINIRIN: A
Read ViL | ViL | Vec | Dour 43 32L1323130 A:E; ::;'ch
Output Disable | C | ViH | Vcc | High Z As[35 ! 29071A, A;03 265 Ay
Os{76 28{2]A, Ada 2sh A
Standby ViH | X | Vec | High Z 04337 27008y ads 2ab A
- rd 9
Program ViL | Vep | Vcc | DIN 22 iig 2:‘,: '&N Aide 23h A,
- A 2! L PP A3O07 220 QE/V
Program Verify | ViL | Vit | Vcc | Dout A :j::’ 242 1Aq0 Ads O 210 Ay "
— i 23{2]CE/PGM CE/PCM
Program Inhibit | ik | ViH | Vcc | High Z NC[ 3 12 2lo, :;Efo op SePam
X " Oo[7113 2120, o y
Signature ViL | ViL | Vcc | Encoded Data 14151617 1819 20 * odi bt 3:
_N'Q‘omqm 0,413 1600,
X can be either ViL or Vix. oo zz000 GNDG14 15010,
*For Signature, Ag = 12V, Ao is toggled, and all other address are TOP
at TTL low. Ao = ViL = MFGR 23H, Ao = Vih = DEVICE AAH.
PRODUCT SELECTION GUIDE
PARAMETER WS27C512F-70 WS27C512F-90
Address Access Time (Max) 70 ns 90 ns
Chip Select Time (Max) 70 ns 90 ns
Output Enable Time (Max) 25 ns 30 ns
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WS27C512F

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature ..........
Voltage on any pin with

-65°C to +150°C

*Notice: Stresses above those listed here may
cause permanent damage to the device. This is a
stress rating only and functional operation of the
device at these or any other conditions above those

respectto GND..................... -0.6V to +7V S . . : .
. indicated in the operational sections of this
\égg v;:?éi;gi“ 1o GND ........ -0.6v to:;(%gx specification is not implied. Exposure to absolute
""""""""""""" maximum rating conditions for extended periods of
OPERATING RANGE time may affect device reliability.
Range Temperature Vcc
Comm'’l. 0° to +70°C +5V * 5%
Military -55° to +125°C +5V = 10%

DC READ CHARACTERISTICS Over Operating Range with Vep=Vcc.

SYMBOL | PARAMETER TEST CONDITIONS MIN MAX UNITS
VoL Output Low Voltage loo = 4 mA 0.4 v
VOH Output High Voltage loy = -1 mA 2.4 v
IsB1 Vcc Standby Current CMOS| CE=Vcc * 0.3V. Note 1 200 A
IsB2 Vcc Standby Current TTL CE=ViH. Note 2 2 mA

. Comm’l. 30 mA

Icct Vcc Active Current (CMOS) | Notes 1 and 3 Military 20 A

o Comm’l. 35 mA

lcc2 Vcc Active Current (TTL) Notes 2 and 3 Military 75 mA
Ipp Vpp Supply Current Vep=Vcc 100 nA
Vpp Vpp Read Voltage Vcc-0.4 Vce Vv

ILi Input Load Current VIN=5.5V or Gnd -10 10 uA

Lo Output Leakage Current VouTt=5.5V or Gnd. -10 10 uA

NOTES: 1) CMOS inputs: GND + 0.3V or Vg + 0.3V. 3) A.C. Power component adds 3 mA/MHz.
2) TTL inputs: V) < 0.8V, V|, > 2.0V.

AC READ CHARACTERISTICS Over Operating Range with Vpp = V.

WS27C512F-70 WS27C512F-90

PARAMETER SYMBOL MIN MAX MIN MAX UNITS

Address to Output Delay tacc 70 90

[CE to Output Delay tce 70 90

[OE to Output Delay toe 25 30 ‘ns

Output Disable to Output Float toF 25 30

Address to Output Hold toH 0 0

AC READ TIMING DIAGRAM TEST LOAD (High Impedance Systems)
L 97.50
ADDRESSES VALID X 2.0V
) taco > ton [ D.u:r.w.
== F
(AN 4 (INELUDING ScopE
I AND JIG
[ tcg —>] —— CAPACITANCE)
oE — it -
P TIMING LEVELS
OUTPUTS (( vaLp | ] Input Levels: 0.4 and 2.4V
1t }<—— Reference Levels: 0.8 and 2.0V
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PROGRAMMING INFORMATION
DC CHARACTERISTICS (T, =

25 1+ 5°C, Voo = 55V + 5%, Vpp = 125 + 05V)

PARAMETER SYMBOL MIN MAX UNIT
Input Leakage Current

(VIN = Vcc or Gnd) ILi -10 10 uA
Vcc Supply Current During

Programming Pulse lcc 60 mA
(CE=PGM = V)

Vecc Supply Current (Note 3) Icc 25 mA
Input Low Level ViL -0.1 0.8 \
Input High Level ViH 2.0 Vcc + 0.3 Vv
Output Low Voltage During Verify

(lop = 4 mA) VoL 0.45 v
Output High Voltage During Verify

(lon = -1 mA) VOH 2.4 v

NOTES: 4) V¢ must be applied either coincidentally or before Vpp and removed either coincidentally or after Vpp.

5) Vpp must not be greater than 14 volts including overshoot. During CE = PGM = V,, Vpp must not be switched

from 5 volts to 12.5 volts or vice-versa.

6) During power up the PGM pin must be brought high (>V,,;) either coincident with or before power is applied to Vpp.

AC CHARACTERISTICS (T, = 25 + 5°C, Vgc = 55V + 5%, Vpp = 125 + 05V)
PARAMETER SYMBOL MIN TYP MAX UNIT
Address Setup Time tas 2 uS
Vpp Hold Time tvn 2 uS
Data Setup Time tos 2 uS
Address Hold Time tan 0 uS
Data Hold Time ton 2 usS
Chip Disable to Output Float Delay tor 0 70 ns
Data Valid From Chip Enable tee 70 ns
Vpp Setup Time tvs 2 usS
PGM Pulse Width tew 1 35 ms
NOTES: 7. A single shot programming algorithm should use one 10 ms pulse.
PROGRAMMING WAVEFORM
ADDRESSES ADDRESS STABLE
e thg > -—l tan [+
DATA ——{4 DATA IN STABLE ‘}-—H@i.z__{ DAMLVT b
e tos > e toy — [ tog —» tpp |e—
VIH
_ y ’/
OE/Vpp
vlL ——/
[ tys — l——ty tyg ] [ty
Vi ——e ‘_———\ ——
CE/PGM \ /
Vi
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WS27C512F

PROGRAMMING

Upon delivery from WaferScale Integration, Inc. or after each
erasure (see Erasure section), the WS27C512F has all 65536x8
bits in the “1,” or high state. “0’s” are loaded into the
WS27C512F through the procedure of programming.

The programming mode is entered when +135V is applied to
the OE/Vpp pin and CE/PGM is taken to V. During Program-
ming, CE/PGM is kept at V.. A 0.1 uF capacitor between Vpp
and GND is needed to prevent excessive voltage transients,
which could damage the device. The address to be pro-
grammed is applied to the proper address pins. 8-bit patterns
are placed on the respective data output pins. The voltage levels
should be standard TTL levels.

ERASURE

In order to clear all locations of their programmed contents,
itis necessary to expose the WS27C512F to an ultra-violet light
source. A dosage of 15W second/cm? is required to completely
erase a WS27C512F. This dosage can be obtained by exposure

ORDERING INFORMATION

to an ultra-violet lamp with wavelength of 2537 Angstroms (A)
with intensity of 12000p W/cm2 for 20 minutes. The
WS27C512F should be about one inch from the source and all
filters should be removed from the UV light source prior to
erasure.

Itis important to note that the WS27C512F and similar devices
will erase with light sources having wavelengths shorter than
4000A. Although erasure times will be much longer than with
UV sources at 25374, the exposure to fluorescent light and
sunlight will eventually erase the WS27C512F and exposure
to them should be prevented to realize maximum system
reliability. If used in such an environment, the package win-
dows should be covered by an opaque label or substance.

PROGRAMMERS
Data I/O Unipak 2B; WSI’s MagicPro™ IBM PC Compatible
Engineering Programmer.

OPERATING wsi
PART NUMBER s::—:;o PAf\'((Ff:EGE ;‘;ﬁ'&v‘l‘ﬁg TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS27C512F-70C 70 32 Pad CLLCC Cc2 Comm’l Standard
WS27C512F-70D 70 28 Pin CERDIP, 0.6” D2 Comm’l Standard
WS27C512F-90C 90 32 Pad CLLCC Cc2 Comm’l Standard
WS27C512F-90CM 90 | 32 pad CLLCC c2 Military Standard
WS27C512F-.90CMB| 90 | 32 Pad CLLCC c2 Military MIL-STD-883C
WS27C512F-90D 90 | 28 Pin CERDIP, 06" D2 Comm'l Standard
WS27C512F-90DM 90 | 28 Pin CERDIP, 06" D2 Military Standard
WS27C512F-90DMB| 90 | 28 Pin CERDIP, 06" D2 Military MIL-STD-883C
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5= WS27C010L
WAFERSCALE INTEGRATION. INC. ADVANCE INFORMATION

1 Meg (128K x 8) BYTE-WIDE EPROM

KEY FEATURES

e Compatible with JEDEC 27256 and ¢ Fast Programming

27512 EPROMs — 15 Seconds Typical
e Simplified Upgrade Path ¢ High Performance CMOS

— Vpp and PGM Are “Don’t Care” During — 90 ns Access Time

Normal Read Operation — 65 mA Active Power

¢ EPI Processing e JEDEC Standard Pin Configuration

— Latch-Up Immunity to 200 mA — 32 Pin Dip Package

— ESD Protection Exceeds 2000 Volts

GENERAL DESCRIPTION

The WS27C010L is a high performance, 1,048576-bit Electrically Programmable UV Erasable Read Only Memory.
It is organized as 128 K-words of 8 bits each. Its pin-compatibility with byte-wide JEDEC EPROMs allows upgrades
from 16K through 512K EPROMs. The “Don’t Care” feature during read operations allows memory expansions up
to 8M bits with no printed circuit board changes.

The WS27C010L can directly replace lower density 28-pin EPROMs by adding an Ag address line and V¢ jumper.
During the normal read operation PGM and Vpp are in a “don’t care” state which allows higher order addresses,
such as Aq7, Aqg, and Ag to be connected without affecting the normal read operation. This allows memory upgrades
to 8M bits without hardware changes. The WS27C010L will also be offered in a 32-pin plastic Dip with the same
upgrade path.

The WS27C010L provides microprocessor-based systems with extensive storage capacity for large portions of operating
system and application software. Its 90-ns access time provides no-wait-state operation with high-performance CPUs
such as the 16-MHz 80186. The WS27C010L offers a single chip solution for the code storage requirements of 100%
firmware-based equipment. Frequently-used software routines are quickly executed from EPROM storage, greatly
enhancing system utility.

The WS27C010L is one of a three product megabit EPROM family. Other family members are the WS57C010F and
WS57C210F. The WS57CO10F is the high-speed version of the WS27C010L. The WS57C210F is organized in a 64K x 16
configuration which is optimal for wordwide systems.

The WS27C010L is manufactured using WSI’s advanced CMOS technology.

PRODUCT SELECTION GUIDE

PARAMETER WS27C010L-90 WS27C010L-12 WS27C010L-15
Address Access Time (Max) 90 ns 120 ns 150 ns
Chip Select Time (Max) 90 ns 120 ns 150 ns
Output Enable Time (Max) 30 ns 40 ns 50 ns

NOTE: Plastic Dip will be available in the second half of 1988.
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WsS27C010L

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature . . ......... -65°C to +125°C
Voltages on Any Pin with

Respectto Ground .. ... ......... -06V to +7V
Vpp with Respect to Ground . ... ... -06V to +14V
Ve Supply Voltage with

Respectto Ground . ............. -06V to +7V
ESD Protection ....................... > 2000V

*Notice: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to
the device. This is a stress rating only and functional
operation of the device at these or any other conditions
above those indicated in the operational sections of this
specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may
affect device reliability.

NOTICE: Specifications contained within the following tables are subject to change.

READ OPERATION

DC CHARACTERISTICS 0°C < Tp < +70°C; Ve (Comml/Military) = +5V + 10%

LIMITS
SYMBOL PARAMETER CONDITIONS
MIN MAX UNITS
I Input Load Current ViN = 55V 10 pA
Lo Output Leakage Current Vout = 55V 10 HA
Ippy( Vpp Load Current Vpp < Vge 10 pA
lsg (TTL) Ve Current Standby CE = Viy 2 mA
Isg (CMOS) Vec Current Standby CE = Vcc 100 pA
loci™ Vcc Current Active CE =0OE =V, 40 mA
lcce (CMOS) Ve Active Current (Note 3) CE = OE = oV 14 mA
Vi Input Low Voltage -01 +0.8 \"
Viy Input High Voltage 20 Voo +1 \
VoL Output Low Voltage loo = 4 mA 0.4 Vv
VoH Output High Voltage loy = =1 mA 24 \Y
Vpp() Vpp Read Voltage Ve = 50V + 025 -0.1 Voo +1 \Y

AC CHARACTERISTICS 0°C < Ta < +70°C

SYMBOL|  CHARAGTERISTICS TEST WS27C010L-90 | WS27C010L-12| WS27CO10L-15 |
CONDITIONS | MIN | MAX | MIN | MAX [ MIN | MAX
tace Address to Output Delay |[CE = OE = V,_ 90 120 150 ns
tce CE to Output Delay OE = V. 90 120 150 ns
toe OE to Output Delay CE = V|_ 30 40 50 ns
tpr® | OE High to Output Float CE =V, 0 30 0 40 0 50 ns
Output Hold from .
ton Addresses CE or OE E = OE = V|_ 0 0 0
Whichever Occurred First

NOTES:

1. Vpp should be at a TTL level except during programming. The supply current would then be the sum of Icc and lpp;. The maximum current

value is with Outputs Oy to O; unloaded.

2. This parameter is only sampled and is not 100% tested. Output Float is defined as the point where data is no longer driven—see timing diagram.

3. AC. current component adds 2.5 mA per MHz.
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Ws27C010L

A.C. WAVEFORMS
Viu s
ADDRESSES X A?,ﬂfﬁ,ss K
Vie N 7
vIH
/
Vi 7/
tee® ———
VIH
OE
Vi 7/ [
toel® —]
< tacc ton—> Iﬂ—
VIH
OUTPUT = <<<<< VALID OUTPUT \ > HIGH z
VIL
NOTES:

1. Typical values are for T, = 25°C and nominal supply voltages.

2. This parameter is only sampled and is not 100% tested.

3. OE may be delayed up to tcg ~tog after the falling edge of CE without impact on tcg.

CAPACITANCE®) T, = 25°C, f = 1 MHz

SYMBOL PARAMETER CONDITIONS TYPO MAX UNITS
Cin Input Capacitance ViN = OV 4 6 pF
Cout Output Capacitance Voutr = OV 8 12 pF
Cvpp Vpp Capacitance Vpp = OV 18 25 pF

A.C. TESTING INPUT/OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
2.01v
24
20 2.0
} TEST POINTS < 33Ke
08 08 DEVICE
0.45 UNDER out
TEST
I C_ = 100 pF
A.C. testing inputs are driven at 2.4V for a Logic “1”’ and
0.45V for a Logic “0.” Timing measurements are made at 2.0V C_ = 100 pF
for a Logic “1” and 0.8V for a Logic “0.” C_ includes Jig Capacitance
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MODE SELECTION

The modes of operation of the WS27C010L are listed in Table 1. A single 5V power supply is required in the read
mode. All inputs are TTL levels except for Vpp and 12V on Ag for device signature.

Table 1. Modes Selection

PINS - I~ e
CE OE PGM Ag Ao Vpp Vee OUTPUTS
MODE
Read ViL Vi XM X X X 5.0V Dourt
Output Disable Vi ViH X X X X 5.0V High Z
Standby Vi X X X X X 50V High Z
Programming Vi ViH Vi X X Vpp Vee Din
Program Verify VL Vi V4 X X Vpp VCC DOUT
Program Inhibit ViH X X X X Vpp Vee High Z
. Manufacturer® | v Vv X Vi@ | v, X 50V 23 H
Signature L It H L
Device® Vie | Vi X V@ Vin X 50V CiH
NOTES:
1. X can be V) or Viy
2. Vy = 120V +05V
3. A-Ag, Ajg-Ass = Vi
DIP PIN CONFIGURATIONS
8 Mbit | 4 Mbit | 2 Mbit | 27512 | 27256 ws27cot0L 27256 | 27512 | 2 Mbit | 4 Mbit | 8 Mbit
Aqg XX/Vep | XX/Vpp ——XX/Vep 1 32AVee Vee Vee Vee
A Asg A A 2 31 I XX/PGM—— XX/PGM| Aqg Agg
A1s Ass A5 Ass Vep A3 30 FIXX Vee | Vee A7 A7 A7
A2 Az A2 A2 Az A C]4 29[1A, Ay Aq Ayq Aqq A1q
A7 A7 A7 A7 A7 A7 s 2811 Ay A3 A3 Az Az A1z
Ag Ag Ag Ag Ag — A6 27 (A, Ag Ag Ag Ag Ag
As As As Asg As As 7 26 0A;, — | Ag Ag Ag Ag Ag
Ay Ay Ay A4 Ag A8 O 25 0 A, An |_An Ay An |_An
A3 A3 As As Az A9 24 [10E OE OE/Vpp OE OE OE/Vpp
Ay Ay Ay Ay Ay A, ] 10 23[1Ay ﬁg ﬂ) A_«w A_lg Ao
Ay Ay Ay A Ay A 2heE CE CE CE CE CE
Ag Ag Ag Ag Ag — A2 2110, 07 07 07 [o12 07
Og Og Op Op Op 0,13 20[10¢ Og Og Og Og Og
04 04 04 04 04 0,14 1905 Og Og Os Os Osg
(o7} 0, 0y 05 0y 0,15 1810, 04 Oy 04 04 0Oy
GND GND GND GND GND GND[] 16 1700, 03 O3 O3 O3 03

NOTES: 1. Plastic Dip will be available in the second half of 1988.
2. Compatible EPROM pin configurations are shown in the blocks adjacent to the WS27CO10L pins.

PIN NAMES
Ap-Aqg Addresses
CE Chip Enable
OE Output Enable
0p-0O7 Outputs
PGM Program
XX Don’t Care (During Read)
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Ws27Co10L

ORDERING INFORMATION

OPERATING wsl
PART NUMBER S'(’:;D PAchFf:EGE Sﬁ‘f\'&'fﬁg TEMPERATURE | MANUFACTURING

RANGE PROCEDURE

WS27C010L-90D 90 | 32 Pin CERDIP, 06" D4 Comml Standard

WS27C010L-12D 120 | 32 Pin CERDIP, 06" D4 Comm' Standard

WS27C010L-12DMB 120 | 32 Pin CERDIP, 06" D4 Military MIL-STD-883C

WS27C010L-15D 150 | 32 Pin CERDIP, 06" D4 Comml Standard

WS27C010L-15DMB 150 | 32 Pin CERDIP, 06" D4 Military MIL-STD-883C
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£S5 5= WS57C010F
ADVANCE INFORMATION

WAFERSCALE INTEGRATION, INC.

1 Meg (128K x 8) BYTE-WIDE EPROM

KEY FEATURES

¢ Ultra-High Performance ¢ Fast Programming

— 55 ns — 15 Seconds Typical
¢ Simplified Upgrade Path * EPI Processing

— Vpp and PGM Are “Don’t Care” During — Latch-Up Immunity to 200 mA

Normal Read Operation — ESD Protection Exceeds 2000 Volts

— Fxpandable to 8M Bits « JEDEC Standard Pin Configuration

¢ Pin Compatible with WS27C010L — 32 Pin Dip Package

GENERAL DESCRIPTION

The WS57CO010F is an ultra-high performance, 1,048576-bit Electrically Programmable UV Erasable Read Only Memory.
Itis organized as 128 K-words of 8 bits each. The 55 ns access time of the WS57C010F enables it to operate in high
performance systems. The “Don’t Care” feature during read operations allows memory expansions up to 8M bits
with no printed circuit board changes.

High performance microprocessors such as the 80386 and 68020 require sub-70 ns memory access times to operate
at or near full speed. The WS57C010F enables such systems to incorporate operating systems and/or applications
software into EPROM. This enhances system utility by freeing up valuable RAM space for data or other program
store and eliminating disk accesses for the EPROM resident routines.

The WS57CO010F pin configuration was established to enable memory upgrades to 8M bits without hardware changes
to the printed circuit board. Pins 1 and 31 are “don’t care” during normal read operation. This enables higher order
addresses to be connected to these pins (see Figure 2). When higher density memories are required, the printed
circuit board is ready to accept the higher density device with no hardware changes.

The WS57CO010F is part of a three product megabit EPROM family. Other family members are the WS27C010L and
WS57C210F. The WS27C010L is the standard speed version of the WS57C010F. The WS57C210F is organized in
a 64K x 16 configuration which is optimal for a word-wide system.

The WS57C010F is manufactured using WSI’s advanced CMOS technology.

PRODUCT SELECTION GUIDE

PARAMETER WS57C010F-55 WS57C010F-70
Address Access Time (Max) 55 ns 70 ns
Chip Select Time (Max) 55 ns 70 ns
Output Enable Time (Max) 20 ns 25 ns
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WS57C010F

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature

Voltage on Any Pin with

Respect to Ground
Vpp with Respect to Ground

Vge Supply Voltage with

Respect to Ground
ESD Protection

—-65°C to +125°C

-06V to +7V
-06V to +14V

-06V to +7V
>2000V

*Notice: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to
the device. This is a stress rating only and functional
operation of the device at these or any other conditions
above those indicated in the operational sections of this
specification is not implied. Exposure to absolute
maximum rating conditions for extended periods may
affect device reliability.

NOTICE: Specifications contained within the following tables are subject to change.

READ OPERATION
DC CHARACTERISTICS 0°C < Tp < +70°C; Vg (Comm’l/Military) = +5V + 10%.

LIMITS
SYMBOL PARAMETER CONDITIONS VIN MAX UNITS
I Input Load Current VN = 55V 10 pA
Lo Output Leakage Current Vout = 55V 10 pA
Ippq() Vpp Load Current Vpp < Ve 10 pA
Isg TTL V¢ Current Standby CE = Vi 2 mA
lsg CMOS Ve Current Standby CE = Viy 500 uA
leci® V¢ Current Active CE = OE = V_ 60 mA
Vi Input Low Voltage -0.1 +0.8 \
Viy Input High Voltage 2.0 Voo +1 \
Vou Output Low Voltage loL = 16 mA 04 \Y
Vou Output High Voltage lon = -4 mA 24 Vv
Vpp(h Vpp Read Voltage Vee = 50V + 025 -0.1 Voo +1 '
AC CHARACTERISTICS 0°C < Tp < +70°C
SYMBOL |  CHARACTERISTICS TEST WSSTCOIOR95 | WSSTCOWOF™ | uniTs
CONDITIONS MIN | MAX | MIN | MAX
tacc Address to Output Delay CE = OE = V_ 55 70 ns
tce CE to Output Delay OE = V). 55 70 ns
toe OE to Output Delay CE =V, 20 25 ns
tpe® OE High to Output Float CE =V, 0 20 0 25 ns
Output Hold From o
toH Addresses CE or OE CE = OE = V_ 0 0 ns
Whichever Occurred First
NOTES:

1. Vpp should be at a TTL level except during programming. The supply current would then be the sum of Ig and Ipp;. The maximum current
value is with Outputs Oy to O; unloaded.
2. This parameter is only sampled and is not 100% tested. Output Float is defined as the point where data is no longer driven—see timing diagram.
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A.C. WAVEFORMS
Vin s
ADDRESSES y ADaeSS
v N_ 7
L
Vin
. \ /
v, N 7
teg® ———|
Vin
OE
Vi / )
toe® —~
tace ton—>1 I"‘
VIH
OUTPUT HiGn z <<<<< VALID OUTPUT \ / HiGnz
Vi
NOTES:
1. Typical values are for Ty = 25°C and nominal supply voltages.
2. This parameter is only sampled and is not 100% tested.
3. OE may be delayed up to tce —toe after the falling edge of CE without impact on tgg.
CAPACITANCE®® T, = 25°C, f = 1 MHz
SYMBOL PARAMETER CONDITIONS TYP® MAX UNITS
Cin Input Capacitance Viy = OV 4 6 pF
Cour Output Capacitance Vout = OV 8 12 pF
Cvpp Vpp Capacitance Vpp = OV 18 25 pF
A.C. TESTING INPUT/OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
2.0V
2.4
2.0 2.0
} TEST POINTS < 33K
0.8 0.8 DEVICE
0.45 UNDER ouT
TEST
I C_ = 30 pF
AC. testing inputs are driven at 2.4V for a Logic “1” and
045V for a Logic “0.” Timing measurements are made at 2.0V C_ = 30 pF )
for a Logic “1” and 0.8V for a Logic “0." Cy includes Jig Capacitance
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DIP PIN CONFIGURATIONS

WS57C010F

8 Mbit | 4 Mbit | 2 Mbit | 27512 | 27256 27256 | 27512 | 2 Mbit | 4 Mbit | 8 Mbit
Agg | XXVpp | XX/Vpp ——XX/Vep ] 1 32 1 Vee Vee Vee | Vee
At At A Aw2 31 (I XX/PGM — XX/PGM| Aqg Aqg
Ais Ats Ag Ass Vep Ais 3 30 (7 XX Vee Vee A7 Aq7 Ay7
A2 A2 A2 A2 A2 A4 2971A,, Agg Aqgg Aqgq Ag Aq
A7 A7 A7 A7 A7 A s 281A, A3 A3 Az A3 A3
As Ag Ag Ag As As 6 27 (1A, Ag Ag Ag Ag Ag
As As As As Ag A; 7 26 1A, Ag Ag Ag Ag Ag
A4 A4 A4 A4 A4 As]s O 250A, — A |_An Ay A | Ay
A3 A3 A3 A3 A; A9 24 (1GE OE |OE/Vpp| OE OE |OE/NVpp
Az Az Az Ay Ay A, 10 23A, Ay Ay Aq At A
Aq Aq Aq A4 Aq A 22 ACE CE CE CE CE CE
Ao Ao Ao Ag Ag Ao 12 21h0, 07 0, 0y 05 [
Op 00 Oo Oo 00 0o 313 2010¢ :] 06 06 05 Os OG
04 04 04 04 04 0,14 19 o, 05 05 05 05 (o
0Oz 0z [o73 0y 0y 0,15 1810, 04 04 O4 04 04

GND | GND | GND | GND | GND GNDC] 16 1730, 03 03 03 03 0,
NOTES: 1. Plastic Dip will be available in the second half of 1988.
2. Compatible EPROM pin configurations are shown in the blocks adjacent to the WS57CO10F pins.
PIN NAMES
Ao-Atg Addresses
CE Chip Enable
OE Output Enable
00—07 Outputs
PGM Program
XX Don’t Care (During Read)
ORDERING INFORMATION
OPERATING wsi
PART NUMBER sn(ago PACKGE DR C® | TEMPERATURE | MANUFACTURING
RANGE PROCEDURE

WS57C010F-55D 55 32 Pin CERDIP, 0.6” D4 Comm’l Standard

WS57C010F-70D 70 32 Pin CERDIP, 06” D4 Comm’l Standard

WS57C010F-70DMB 70 32 Pin CERDIP, 0.6” D4 Military MIL-STD-883C
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e & WS57C65

WAFERSCALE INTEGRATION, INC.

HIGH SPEED 4K x 16 WORDWIDE CMOS EPROM
KEY FEATURES

¢ 2 to 1 Package Reduction

* 30% + Space Savings

¢ Single Chip Solution

e Compatible with JEDEC pinout

e Fast Access Time
— 55ns

* Low Power Consumption

¢ |deal for 16/32 bit Processors
— TMS320, 68000, 80386, etc.

GENERAL DESCRIPTION

The WS57C65 is an extremely High Performance EPROM based memory with a 4K x 16 architecture.
It is manufactured in an advanced CMOS process which consumes very little power while operating at
speeds which rival that of bipolar PROMs.

The major features of the WS57C65 are its 4K x 16 architecture and its high speed. This combination
makes the WS57C65 an ideal solution for applications which utilize 16/32 bit data paths. Examples in-
clude systems which are based on such processors as the TMS320 family of DSP processors as well
as high performance general purpose processors such as the MC68000 family and the 80286 and
80386 microprocessors.

The word wide architecture of the WS57C65 results in a 2 to 1 savings in EPROM component count and
a minimum 30% savings in board space.
The pin configuration utilized is upward compatible with the JEDEC standard pinout for word wide

EPROMSs. This allows an easy upgrade path to higher density memories such as the WS57C257. No
board changes or jumper wires are required to complete the upgrade.

MODE SELECTION PIN CONFIGURATION
PINS | __ | __
MODE CE |OE | Vpp |Vcc | OUTPUTS
Read ViL | Vi | Vee | Vec |Dout
Output Disable X | Vin | Vec | Vee |High Z
Standby Vi | X |Vec|Vee |High Z
Program Vit | Vin | Vee | Vee |Din
Program Verify | X | Vi | Vep |Vee |Dout
Program Inhibit | Viy | Vin | Vep |Vce [High Z
Signature* ViL [ ViL | Vec [ Ve [Encoded Data)

X can be either V, or V.
*For Signature, Aq= 12V, A; is toggled, and all other address are at
TTL low. Ag= V), = MFGR 0023H, Ay = V,; = DEVICE 00B1H.

PRODUCT SELECTION GUIDE

PARAMETER WS57C65-55 WS57C65-70
Address Access Time 56ns 70ns
Chip Select Time 55ns 70ns
Output Enable Time 25ns 30ns
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ABSOLUTE MAXIMUM RATINGS™*
Storage Temperature .. .......... —-65° to +150°C

Voltage on Any Pin with

*Notice: Stresses above those listed here may cause
permanent damage to the device. This is a stress rating
only and functional operation of the device at these or

Respectto GND ................ -06V to +7V any other conditions above those indicated in the opera-
Vpp with Respectto GND ......... -06V to +14V tional sections of this specification is not implied.
ESD Protection . ....................... >2000V Exposure to absolute maximum rating conditions for
OPERATING RANGE extended periods of time may affect device reliability.

RANGE TEMPERATURE Vee

Comm’l 0° to +70°C +5V + 5%

Military —-55° to +125°C +5V + 10%

DC READ CHARACTERISTICS Over Operating Range. (See Above)

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
VoL Output Low Voltage loo = 16 mA 04 \"
Vou Output High Voltage lo = —4 mA 24 Y
lsg1 V¢ Standby Current (CMOS) Notes 1 and 3 500 nA
Isp2 Ve Standby Current (TTL) Notes 3 and 3 20 mA
lcor | Active Current (CMOS) Note 1 Comm'l 3 1 Noe4)| mA

Military 45
leca Vcc Active Current (TTL) Note 2 Comm' 48 (Note 4) mA
Military 55
lpp Vpp Supply Current Vep = Ve 100 pA
Vep Vpp Read Voltage Vee — 04 Vee \"
L Input Load Current Vin = 55V or Gnd -10 10 uA
o Output Leakage Current Vout = 55V or Gnd -10 10 A
NOTES: 1) CMOS inputs: GND + 03V or Ve + 0.3V. 3) A.C. Standby power component is 1 mA/MHz (Power = AC + DC).

2) TTL inputs: V)< 08V, V|, > 2.0V.

4) A.C. Active power component is 3 mA/MHz (Power = AC + DC).

AC READ CHARACTERISTICS Over Operating Range. (See Above)

WS57C65-55 WS57C65-70 WS57C65-90
PARAMETER SYMBOL UNITS
MIN MAX MIN MAX MIN MAX
Address to Output Delay tacc 55 70 90
CE to Output Delay tee 55 70 90
OE to Output Delay toe 20 25 30 ns
Output Disable to Output Float tor 20 25 30
Address to Output Hold ton 0 0 0
AC READ TIMING DIAGRAM TEST LOAD (High Impedance Systems)
195Q
ADDRESSES VALID 2.01V
_ face "" ton [ D.UT.
ce / (INCLUDING SCOPE
[ teg — :7[ CAPACITANCE)
o€ — tor -~—
— TIMING LEVELS
tog [
OUTPUTS <<< VALID Input Levels: 0 and 3V
|y e Reference Levels: 0.8 and 2.0V
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PROGRAMMING INFORMATION
DC CHARACTERISTICS (Ta=25 = 5°C,Vcc=5.50V + 5%, Vpp=135+0.5V)

PARAMETER SYMBOL MIN. MAX. UNIT
input Leakage Current —

(Vﬁq = Ve or Gnd) L) 10 10 HA
Vpp Supply Current During

Programming Pulse lpp 50 mA
(CE= PGM= V)

Ve Supply Current lce 35 (Note 4) mA
Input Low Level Vi -0.1 0.8 Vv
Input High Level ViH 2.0 Voo + 0.3 \%
Output Low Voltage During Verify

(oL = 8mA) VoL 0.45 Y
Output High Voltage During Verify

(on = —2mA) Vou 2.4 Vv

NOTES:

from 5 volts to 13.5 volts or vice-versa.
8) During power up the PGM pin must be brought high (> Vi) either coincident with or before power is applied to Vpp.

AC CHARACTERISTICS (Ta=25 * 5°C, Vcc=5.50V + 5%, Vpp=13.5+0.5V)

6) Vcc must be applied either coincidentally or before Vpp and removed either coincidentally or after Vpp.
7) Vpp must not be greater than 14 volts including overshoot. During CE = PGM = V., Vpp must not be switched

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Address Setup Time tas 2 us
Chip Enable Setup Time tees 2 us
Output Enable Setup Time toes 2 us
Data Setup Time tos 2 us
Address Hold Time tan 0 us
Data Hold Time ton 2 us
Chip Disable to Output Float Delay tor 0 130 ns
Data Valid from Output Enable toe 130 ns
Vpp Setup Time tys 2 us
PGM Pulse Width tow 1 3 10 ms

PROGRAMMING WAVEFORM

NOTE: Single shot programming algorithms should use a single 10 ms pulse.

ADDRESSES

X

ADDRESS STABLE

e ths >

—" tan

DATA

DATA IN STABLE

h HIGH Z :

[ tos

la- 1oy —

DATA OUT
VALID

[+ tog

tor

TTV“

[ tys —

e— tops ->l

Vie N
[ tces *
le _—
PGM
vlL
. VIN
OE
Vie
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WS57C65

PROGRAMMING

Upon delivery from WaferScale Integration, Inc. or after each
erasure (see Erasure section), the WS57C65 has all 4096x16
bits in the *“1,” or high state. “0’s” are loaded into the WS57C65
through the procedure of programming.

The programming mode is entered when +135V is applied to
the Vpp pin, +5.75V is applied to V¢, and CE is at V. During
programming, CE is kept at V.. A 0.1 uF capacitor between
Vpp and GND is needed to prevent excessive voltage tran-
sients which could damage the device. The address to be pro-
grammed is applied to the proper address pins. 8-bit patterns
are placed on the respective data output pins. The voltage levels
should be standard TTL levels.

ERASURE

In order to clear all locations of their programmed contents,

ORDERING INFORMATION

it is necessary to expose the WS57C65 to an ultra-violet light
source. A dosage of 15W second/cm? is required to completely
erase a WS57C65. This dosage can be obtained by exposure
to an ultra-violet lamp with wavelength of 2537 Angstroms (A)
with intensity of 12000u W/cm? for 20 minutes. The WS57C65
should be about one inch from the source and all filters should
be removed from the UV light source prior to erasure.

It is important to note that the WS57C65 and similar devices
will erase with light sources having wavelengths shorter than
4000A. Although erasure times will be much longer than with
UV sources at 25374, the exposure to fluorescent light and
sunlight will eventually erase the WS57C65 and exposure to
them should be prevented to realize maximum system reliability.
If used in such an environment, the package windows should
be covered by an opaque label or substance.

OPERATING wsi
PART NUMBER sz:s;n PATC\'{(F‘:EGE gﬁimﬁg TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS57C65-55D 55 | 40 Pin CERDIP, 06" D3 Comml Standard
WS57C65-70CMB 70 | 44 Pad CLLCC c3 Military MIL-STD-883C
WS57C65-70D 70 | 40 Pin CERDIP, 06" D3 Comml Standard
WS57C65-70DMB 70 | 40 Pin CERDIP. 06" D3 Military MIL-STD-883C
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£S5 5= WS57C66
ADVANCE INFORMATION

WAFERSCALE INTEGRATION, INC.

HIGH-SPEED 4K x 16 CMOS EPROM WITH MUX 1/0

KEY FEATURES

¢ Fast Access Time ¢ Low Power Consumption

e fﬂ?"’t“ar;‘yem‘a' « Chip Select Can be Latched (FT = 0)

. or Unlatched (FT = 1)

e Multiplexed 1/0 . .

— Interfaces Directly to a 16-Bit Multiplexed Bus ¢ 28-Pin Cerdip Package

— Address Latched on Chip ¢ Supported by the WSI MagicPro™
¢ 4 to 1 Package Reduction Engineering Programmer

GENERAL DESCRIPTION

The WS57C66 is a high-performance CMOS EPROM memory in a 4K x 16 architecture that interfaces directly to
a multiplexed bus. The address and data are multiplexed enabling the circuit to be housed in a 28 pin DIP package.
The ALE input latches the address in the input latches when low. The latches are transparent when the ALE is high.

The CS to the WS57C66 can be latched for a maximum savings of 4 packages (FT = 0) or 2 packages when FT = 1.
The WS57C66 is an ideal solution for microprocessors or microcontrollers with multiplexed address and data busses.

FUNCTIONAL BLOCK DIAGRAM

ADy_i5 16 13 LATCH N
7 0-12
[
ALE [}
& 16 4K x 16
. LATCH cs  EPROM
G
FT :) >_—4
o« OE OE Do_15
]

PRODUCT SELECTION GUIDE

PARAMETER WS57C66-55 WS57C66-70 UNITS
Address Access Time 55 70 ns
Chip Select Time 55 70 ns
Output Enable Time 20 25 ns
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Ws57C66

SYSTEM INTERFACE
16 AD,_
a > ADg 45
ADy5 _ * REPLACES TWO 4K x 8 HIGH-SPEED
MICROPROCESSOR cs EPROMs AND TWO 8-BIT LATCHES
WS57C66
4K x 16
EPROM
ALE
ALE
RD _ FT
OE _|
a) CHIP SELECT LATCHED (FT = 0)
ALE * REPLACES TWO 4K x 8
ADg_ HIGH-SPEED EPROMs
MICROPROCESSOR WS57C66
4K x 16
ADg_s5 A EPROM v
ALE LATCH *% ] DECODER S o FT ce
RD — [}
LATCH | Ao
G
b) CHIP SELECT UNLATCHED (FT = 1)
MODE SELECTION
PINS o .
CE OE \'/ Vv OUTPUTS
MODE PP cC
Read ViL Vi Vee Vec Dourt
Output Disable X Viy Vee Vee High Z
Standby VIH X VCC VCC ngh Z
Program Vie Vin Vep Vee Diy
Program Verlfy X V||_ Vpp VCC DOUT
Program Inhibit Vi Vi Vep Vee High Z
WS57C66 PIN ASSIGNMENTS
s
Ver 1 28 Vee
_ Dy 2 27 FT
ADy OE D3 26[1Dys
ADy, ALE D4 251 OE
AD, 5 241 ALE
AD, GND ADy 6 231 GND
ADg [ 7 221 PGM
GND PGM GNDL]8 21f1cE
ADg CE ADg]9 201 AD,
AD; ]10 19 [0 AD,4
AD7 ) 10 AD, ADg ] 11 18 aNC
— Nc 12 17[ANC
APs APy AD, [} 13 16 11 AD,
AD, ] 14 157 AD,
NC AD; AD, AD; AD, NC NC TOP
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WS57C66

ABSOLUTE MAXIMUM RATINGS* *Notice: Stresses above those listed here may cause
permanent damage to the device. This is a stress rating

Storage Tempergture_ h """"" ~65°C to +150°C only and functional operation of the device at these or

Voltage to any pin wit any other conditions above those indicated in the

respectto GND . ................. -06V to +7V : - . T L

Vo with respect to GND 06V to +14.0V operational sections of this specification is not implied.
pp WIIN respect 10 GNL . . ....... — U : . . ane

ESD Protection . . . . . . . ..o 2000V Exposure to absolute maximum rating conditions for

extended periods of time may affect device reliability.

OPERATING RANGE

RANGE TEMPERATURE Vee
Comm'l 0° to +70°C +5V + 5%
Military -55° to +125°C +5V + 10%

DC READ CHARACTERISTICS Over Operating Range with Vpp = V¢

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
VoL Output Low Voltage loo = 8 mA 0.4 \
Vou Output High Voltage lon = -2mA 24 \
Isgy Ve Standby Current (CMOS) | Note 1 15 (Note 3) mA
Isga Vcc Standby Current (TTL) Note 2 20 (Note 3) mA

Comm’l 35
lccy Active Current (CMOS) Note 1 — (Note 4) mA
Military 45
. Comm’l 45
loce Ve Active Current (TTL) Note 2 — (Note 4) mA
Military 55
|pp Vpp Supply Current Vpp = VCC 100 pA
Vpp Vpp Read Voltage Vcc—0.4 Vcc \")
Iy Input Load Current Vin = 55V or GND -10 10 pA
o Output Leakage Current Vout = 55V or GND -10 10 pA
NOTES: 1) CMOS inputs: GND + 0.3V or Vgc + 0.3V. 3) AC. standby power component is 1 mA/MHz (Power = AC + DC).
2) TTL inputs: V| < 08V, V| = 2.0V. 4) AC. active power component is 3 mA/MHz (Power = AC + DC).

AC READ CHARACTERISTICS Over Operating Range with Vpp = V¢

WS57C66-55 WS57C66-70
PARAMETER SYMBOL MIN MAX MIN MAX UNITS
Address to Output Delay tacc 55 70 ns
CE to Output Delay tee 55 70 ns
OE to Output Delay toe 20 25 ns
Output Disable to Output Float toF 20 25 ns
Address Setup Time tas 6 8 ns
Address Hold Time tan 10 12 ns
Latch Pulse Width tw 10 12 ns
Output Disable to Latch Enable topL 0 0 ns
Latch Disable to Output Enable t.po 10 12 ns
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AC READ TIMING DIAGRAM

tooL -t \y — et po —> tooL

ALE_ [ / \

e_ / N | A

CE . S
(WITHCFEI' = 0) ,( )L

*CE

CE
(WITHFT = 1) N

[t thg »teetay |e—top —»| [ tpe
ADy-AD;,  DATA  }—{ ADDRESS }——————od  DATA  )}—{ ADDRESS
tacc
D,-Dis  DATA } { DATA }

TEST LOAD
(High Impedance Test Systems)

195Q

z.ow::’E iq TIMING LEVELS
D.UT.
z?‘gf_ume SCOPE Input Levels: 0 and 3V
lgﬁ&gﬁmm ‘Reference Levels: .8 and 2.0V

PROGRAMMING INFORMATION
DC CHARACTERISTICS (T, = 25 + 5°C, Vg¢ = 550V + 5%, Vpp = 125 + 05V)

PARAMETER SYMBOL MIN MAX UNIT
Input Leakage Current
VIN = VCC or GND ILI -10 10 ]J.A
Vpp Supply Current During
Programming Pulse lpp 40 mA
(CE = PGM = V)
Vpp Supply Current lcc 35 (Note 5) mA
Input Low Level Vi -01 08 \
Input High Level Viy 20 Vee + 03 \
Output Low Voltage During Verify
(oL = 8 mA) VoL 045 Vv
Output High Voltage During Verify
('OH = _2 mA) VOH 24 \'

NOTES: 5) V¢ must be applied either coincidentally or before Vpp and removed either coincidentally or after Vpp.
6) Vpp must not be greater than 14 volts including overshoot. During CE = PGM = V., Vpp must not be switched from 5 volts
to 12,5 volts or vice-versa.
7) During power up the PGM pin must be brought high (> V) either coincident with or before power is applied to Vpp.
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AC CHARACTERISTICS (T, = 25 + 5°C, Voc = 550V + 5%, Vpp = 125 + 05V)

PARAMETER SYMBOL MIN TYP MAX UNIT
Address Setup Time tas 10 ns
Address Hold Time tan 14 ns
Latch Pulse Width tw 14 ns
Address Setup Time to PGM taps 2 us
Chip Enable Setup Time tces 2 us
Output Enable Setup Time toes 2 us
Data Setup Time tos 2 us
Data Hold Time ton 2 us
Output disable to Output Float toF 0 130 ns
Data Valid From Output Enable toe 130 ns
Vpp Setup Time tvs 2 us
PGM Pulse Width trw 1 5 ms

PROGRAMMING WAVEFORM

Vep /
| t
I

c—E A\

le ¢
I CES
ADBUS ———(;ADDRESS )———' DATA IN ) DATA OUT —
—>{tan [—tog—>| [e—ton toe
¢ toes
AS—
ALE "
+t,_w-><-———t”s——>
tow
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PROGRAMMING

Upon delivery from WaferScale Integration, Inc. or after each
erasure (see Erasure section), the WS57C66 has all 8192 x 8
bits in the “1” or high state. “0’s” are loaded into the WS57C66
through the procedure of programming.

The programming mode is entered when +12.5V is applied to
the Vpp pin and CE is at V. During programming, CE is kept
at V). A 0.1 uF capacitor between Vpp and GND is needed
to prevent excessive voltage transients, which could damage
the device. The address to be programmed is applied to the
proper address pins. 8 bit patterns are placed on the respective
data output pins. The voltage levels should be standard TTL
levels.

ERASURE
In order to clear all locations of their programmed contents,
it is necessary to expose the WS57C66 to an ultra-violet light

ORDERING INFORMATION

source. A dosage of 15W-second/cm? is required to completely
erase a WS57C66. This dosage can be obtained by exposure
to an ultra-violet lamp with wavelength of 2537 Angstroms (A)
with intensity of 12000p Wicm? for 15 to 20 minutes. The
WS57C66 should be about one inch from the source and all
filters should be removed from the UV light source prior to
erasure.

It is important to note that the WS57C66 and similar devices
will erase with light sources having wavelengths shorter than
4000A. Although erasure times will be much longer than with
UV sources at 25374, the exposure to fluorescent light and
sunlight will eventually erase the WS57C66 and exposure to
them should be prevented to realize maximum system reliability.
If used in such an environment, the package windows should
be covered by an opaque label or substance.

OPERATING wsl
PART NUMBER sz:s;o PA%'(('QEGE ggimﬁg TEMPERATURE | MANUFACTURING

RANGE PROCEDURE

WS57C66-55D 55 | 28 Pin CERDIP 06" D2 Comm'l Standard

WS57C66-70CMB 70 | 32 Pad CLLCC c2 Military MIL-STD-883C

WS57C66-70D 70 | 28 Pin CERDIP 06" D2 Comml Standard

WS57C66-70DM 70 | 28 Pin CERDIP 06" D2 Military Standard

WS57C66-70DMB 70 | 28 Pin CERDIP. 06" D2 Military MIL-STD-883C
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=S5 5= WS57C257
WAFERSCALE INTEGRATION, INC. PRELIMINARY
HIGH SPEED 16K X 16 WORDWIDE CMOS EPROM
KEY FEATURES
¢ Fast Access Time e 16 Bit Data Bus
— 55 ns

¢ Simplifies Board Routing
e Low Power Consumption

Single Chip Solution

¢ |deal for 16/32 Bit Processors Compatible with JEDEC pinout

— TMS320, 68000, 80386, etc.

GENERAL DESCRIPTION

The WS57C257 is an extremely High Performance EPROM based memory with a 16K x 16 architecture. It is
manufactured in an advanced CMOS process which consumes very little power while operating at speeds which
rival that of bipolar PROMs.

The major features of the WS57C257 are its 16K x 16 architecture and its high speed. This combination makes the
WS57C257 an ideal solution for applications which utilize 16/32 bit data paths. Examples include systems which
are based on such processors as the TMS320 family of DSP processors as well as high performance general
purpose processors such as the MC68000 family and the 80286 and 80386 microprocessors.

The wordwide architecture of the WS57C257 results in a 4 to 1 savings in EPROM component count and a
minimum 60% savings in board space.

The pin configuration utilized is upward compatible with the JEDEC standard pinout for word wide EPROMs.
This allows an easy upgrade path from lower density memories such as the WS57C65. No board changes or
jumper wires are required to complete the upgrade.

MODE SELECTION PIN CONFIGURATION
———

400 Vee
390 PGM

380 NC

PINS | _ | __ 37NC

MODE CE | OE | Vpp |Vec | OUTPUTS s6b NC
Read Vi | Vi | Vee | Vee [Dout g 1 - 350 A,
Output Disable | X |V |Voe|Voe [High z 9 o 341 Ay
: 0 o 333 Ay

Standby ViH | X |Vee|Vee [High Z _ 3200 Ay
Program Vi [ Vi | Vee | Vee [Din 2 310 Ay
X N 13 - 30 GND

Program Verify X | Vit | Ver | Ve |Dout E;]” [A: 290 A,
Program Inhibit | V|4 | Vi4 [ Vee |Vcc [High Z 115 == 2801 A,
Signature* ViL | ViL | Vee [ Vee [Encoded Datal - ’ :;g:s
5

250 A,
2400 A,
230 A,
220 A,
210 A,

X can be either ViL or Vig
*For signature, Ag =12V, Ag is toggled, and all other address are
at TTL low. Ao = ViL = MFGR 0023H. Ap = V)4 = DEVICE 00B2H.

PRODUCT SELECTION GUIDE

PARAMETER WS57C257-55 WS57C257-70
Address Access Time 56ns 70ns
Chip Select Time 55ns 70ns
Output Enable Time 25ns 30ns
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Ws57C257

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature
Voltage on any pin with

respectto GND.................

VPP with respect to GND

-65°C to +150°C

ESD Protection ..............iiiiiina. >2000V
OPERATING RANGE
Range Temperature Vce
Comm’l. 0° to +70°C +5V + 5%
Military -55° to +125°C +5V + 10%

*Notice: Stresses above those listed here may cause
permanent damage to the device. This is a stress rating
only and functional operation of the device at these or
any other conditions above those indicated in the opera-
tional sections of this specification is not implied.
Exposure to absolute maximum rating conditions for
extended periods of time may affect device reliability.

DC READ CHARACTERISTICS Over Operating Range with Vpp = V.

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNIT
VoL Output Low Voltage loL= 8mA 0.4 \
VoH Output High Voltage loH=-2mA 2.4 \"
IsB1 Vcce Standby Current (CMOS) | Notes 1 and 3 500 pA
IsB2 Vcc Standby Current (TTL) | Notes 2 and 3 20 mA
lcct Active Current (CMOS) Note 1 | Comm’l. 40 |(Note 4)| mA

Military 50
lccz Vce Active Current (TTL) Note 2 | Comm’l. 90 | (Note 4| mA
Military 60
lpop Vpp Supply Current Vpp= Vcc 100 A
Vpp Vpp Read Voltage Vee - 0.4 Vece Vv
I Input Load Current ViIN = 5.5V or Gnd -10 10 nA
ILo Output Leakage Current VouT = 5.5V or Gnd -10 10 uA

NOTES: 1) CMOS inputs: GND + 0.3V or V¢ + 0.3V.

2) TTL inputs: Vy < 0.8V, V,y > 2.0V.

3) A.C. standby power component is 1 mA/MHz.

4) AC. active power component is 3 mA/MHz (Power = AC + DC).

AC READ CHARACTERISTICS Over Operating Range with Vpp = Vgg.
WS57C257-55 WS57C257-70
PARAMETER SYMBOL MIN MAX MIN MAX UNITS
Address to Output Delay tacc 55 70
"CE to Output Delay tce 55 70
“OE to Output Delay t oe 25 30 ns
Output Disable to Output Float t DF 25 30
Address to Output Hold t oH 0 0
AC READ TIMING DIAGRAM TEST LOAD (High Impedance Systems)
ADDRESSES D{ VALID ) 201V e
_ - tace Tl tow e DUT.
CE RN e ?lagtunmc SCOPE
[ tee —> :?[éxBA'gﬁ'ANCE)
oF —l tpp | |le—
P TIMING LEVELS
OUTPUTS (\r; VALID : } 9 Input Levels: 0 and 3V
]y e Reference Levels: 0.8 and 2.0V
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WS57C257

PROGRAMMING INFORMATION
DC CHARACTERISTICS (Ta =25 +5°C, Vcc = 5.50V + 5%, Vpp = 12.5 + 0.5V)

PARAMETER SYMBOL MIN. MAX. UNIT
input Leakage Current N

(VIN = Vcc or Gnd) i 10 10 HA
Vpp Supply Current During

Programming Pulse Ipp 60 mA
(CE= PGM= V)

Vce Supply Current lcc 35 (Note 4) mA
Input Low Level ViL -0.1 0.8 \
Input High Level ViH 2.0 Voo + 0.3 \
Output Low Voltage During Verify

(loL = 8mA) VoL 0.45 Vv
Output High Voltage During Verify

(lon = —2mA) VOH 2.4 vV

NOTES: 6) Vcc must be applied either coincidentally or before Vpp and removed either coincidentally or after Vpp.

7) Vpp must not be greater than 14 volts including overshoot. During CE = PGM = Vi, Vpp must not be switched

from 5 volts to 13.5 volts or vice-versa.

8) During power up the PGM pin must be brought high (=ViH) either coincident with or before power is applied to Vpp.

AC CHARACTERISTICS (Ta =25 +5°C, Vcc = 5.50V * 5%, Vpp = 12.5 + 0.5V)

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Address Setup Time tas 2 us
Chip Enable Setup Time tees 2 us
Output Enable Setup Time toes 2 us
Data Setup Time tos 2 us
Address Hold Time tay 0 us
Data Hold Time ton 2 us
Chip Disable to Output Float Delay tor 0 130 ns
Data Valid from Output Enable toe 130 ns
Vpp Setup Time tus us
PGM Pulse Width tow 1 3 10 ms

PROGRAMMING WAVEFORM

NOTE: Single shot programming algorithms should use one 10 ms pulse per word.

ADDRESS STABLE

DATA IN STABLE

——1 tan

|- toy —

HIGH Z DATA OUT
VALID 5_"
[ toe —» tor T'—

ADDRESSES
[e tas >
-

DATA —<
[ tog
\
PP r
Vep

e tyg —

e—toes ->1

Vie N—
[ tces ™
Vi ————
PGM
Vie
tew
Vin
OE
Vie
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Ws57C257

PROGRAMMING

Upon delivery from WaferScale Integration, Inc. or after each
erasure (see Erasure section), the WS57C257 has all 16,384 x16
bits in the *“1,” or high state. “0’s” are loaded into the WS57C257
through the procedure of programming.

The programming mode is entered when +135V is applied to
the Vpp pin, +55V is applied to Vg, and CE is taken to V.
During programming, CE is kept at V). A 0.1 uF capacitor
between Vpp and GND is needed to prevent excessive voltage
transients, which could damage the device. The address to be
programmed is applied to the proper address pins. 16-bit
patterns are placed on the respective data output pins. The
voltage levels should be standard TTL levels.

ERASURE

In order to clear all locations of their programmed contents,
itis necessary to expose the WS57C257 to an ultra-violet light
source. A dosage of 15W second/cm? is required to completely

ORDERING INFORMATION

erase a WS57C257. This dosage can be obtained by exposure
to an ultra-violet lamp (wavelength of 2537 Angstroms (A)) with
intensity of 12000u W/icm? for 20 minutes. The WS57C257
should be about one inch from the source and all filters should
be removed from the UV light source prior to erasure.

It is important to note that the WS57C257 and similar devices
will erase with light sources having wavelengths shorter than
4000A. Although erasure times will be much longer than with
UV sources at 25374, the exposure to fluorescent light and
sunlight will eventually erase the WS57C257 and exposure to
them should be prevented to realize maximum system reliability.
If used in such an environment, the package windows should
be covered by an opaque label or substance.

PROGRAMMERS

Data I/O Unipak 2B, software version 13 or later, family/pinout
code 1F/E1; WSI’'s MagicPro™ IBM PC Compatible Engineer-
ing Programmer.

OPERATING wsi
PART NUMBER sn::;n PA%',(PAEGE gﬁimﬁg TEMPERATURE | MANUFACTURING
| RANGE PROCEDURE
WS57C257-55D 55 | 40 Pin CERDIP, 06" D3 Comml Standard
WS57C257.70CMB | 70 | 44 Pad CLLCC c3 Military MIL-STD-883C
WS57C257-70D 70 40 Pin CERDIP, 0.6” D3 Comm’l Standard
WS57C257-70DMB | 70 | 40 Pin CERDIP, 06" D3 Military MIL-STD-883C
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£S5 5= WS57C210F
ADVANCE INFORMATION

WAFERSCALE INTEGRATION, INC.

1 Meg (64K x 16) WORD-WIDE EPROM

KEY FEATURES

¢ Ultra-High Performance ¢ Fast Programming

— 55 ns — 15 Seconds Typical

¢ EPI Processing

« Simplified Upgrade Path — Latch-Up lm_munlty to 200 mA

— Vpp and PGM Are “Don’t Care” During — ESD Protection Exceeds 2000 Volts

Normal Read Operation e JEDEC Standard Pin Configuration
— Expandable to 8M Bits — 40 Pin Dip Package

GENERAL DESCRIPTION

The WS57C210F is an ultra-high performance, 1,048,576-bit Electrically Programmable UV Erasable Read Only Memory.
It is organized as 64 K-words of 16 bits each. The 55 ns access time of the WS57C210F enables it to operate in high
performance systems. The “Don’t Care” feature during read operations allows memory expansions up to 8M bits
with no printed circuit board changes.

High performance microprocessors such as the 80386 and 68020 require sub-70 ns memory access times to operate
at or near full speed. The WS57C210F enables such systems to incorporate operating systems and/or applications
software into EPROM. This in turn enhances system utility by freeing up valuable RAM space for data or other program
store and eliminating disk accesses for the EPROM resident routines.

The WS57C210F pin configuration was established to allow memory upgrades to 8M bits without hardware changes
to the printed circuit board. Pins 1 and 39 are “don’t care” during normal read operation. This enables higher order
addresses to be connected to these pins (see Figure 2). When higher density memories are required, the printed
circuit board is ready to accept the higher density device with no hardware changes.

The WS57C210F is part of a three product megabit EPROM family. Other family members are the WS27C010L and
WS57C010F. The standard speed WS27C010L is organized in a 128K x 8 configuration. The WS57C010F is the high-
speed version of the WS27C010L.

The WS57C210F is manufactured using WSI’s advanced CMOS technology.

PRODUCT SELECTION GUIDE

PARAMETER WS57C210F-55 WS57C210F-70
Address Access Time (Max) 55 ns 70 ns
Chip Select Time (Max) 55 ns 70 ns
Output Enable Time (Max) 20 ns 25 ns
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WS57C210F

ABSOLUTE MAXIMUM RATINGS*

*Notice: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to

Storage Temperature . ... ....... —65°C to +125°C ) 9 ’ s
Voltages on Any Pin with the deyace. This is g stress rating only and funct.lpnal
Respectto Ground .. ............ —08V to +7V operation of the device at these or any other conditions
Vpp With Respect to Ground . .. . ... —06V to +14V above those indicated in the operational sections of this
Ve Supply Voltage with specification is not implied. Exposure to absolute
Respectto Ground ... ........... —06V t8 +7V maximum rating conditions for extended periods may
ESD Protection . ....................... >2000V affect device reliability.

NOTICE: Specifications contained within the following tables are subject to change.

READ OPERATION
DC CHARACTERISTICS 0°C < Tp < +70°C; V¢ (Comm'l/Military) = +5V + 10%

LIMITS
SYMBOL PARAMETER CONDITIONS
MIN MAX UNITS
Iu Input Load Current VN = 55V 10 pA
Lo Output Leakage Current Vour = 55V 10 pA
Ippy (" Vpp Load Current Vpp < Ve 10 pA
Isg (TTL) Vcc Current Standby CE = Vi 2 mA
Isg (CMOS) Vcc Current Standby CE = Vi 500 pA
Icci™ Ve Current Active CE = OE = V_ 75 mA
ViL Input Low Voltage -01 +0.8 Vv
Viy Input High Voltage 20 Vee +1 v
VoL Output Low Voltage lo = 8 mA 04 Vv
VoH Output High Voltage lon = —2mA 24 \"
Vep(! Vep Read Voltage Vee = 50V + 0.25 -0.1 Ve +1 v
AC CHARACTERISTICS 0°C < T, < +70°C
SYMBOL | CHARACTERISTICS TEST WSSTC2IOR S5 | WSSTC2IOFTO | units
?ONDlTlONS MIN MAX MIN MAX

tacc Address to Output Delay CE = OE = V_ 55 70 ns

tce CE to Output Delay OE =V, 55 70 ns

toe OE to Output Delay CE = VL 20 25 ns

tpe@ OE High to Output Float CE = V_ 0 20 0 25 ns

Output Hold from .
toH Addresses CE or OE CE = OE = V. 0 0 ns
Whichever Occurred First

NOTES:

1. Vpp should be at a TTL level except during programming. The supply current would then be the sum of Igg and Ipps. The maximum current
value is with Outputs O, to O; unloaded.

2. This parameter is only sampled and is not 100% tested. Output Float is defined as the point where data is no longer driven—see timing diagram.
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WS57C210F

A.C. WAVEFORMS

VIH
—
ADDRESSES ADDRESS
N VALID 7
VIL
Viu
CE /
Vie 7
tog® ——
Vin
OE
Y y, l
L L tDF(Z)
toe® —
tacc ton —> td—
Vin
HIGH Z ///// HIGH Z
OUTPUT \\\ VALID OUTPUT
Vie A

NOTES:

1. Typical values are for Ty = 25°C and nominal supply voltages.

2. This parameter is only sampled and is not 100% tested.

3. OE may be delayed up to tce —toe after the falling edge of CE without impact on tge.

CAPACITANCE®) T, = 25°C, f = 1 MHz

SYMBOL PARAMETER CONDITIONS TYP( MAX UNITS
Cin Input Capacitance ViNn = OV 4 6 pF
Cout Output Capacitance Vout = OV 8 12 pF
Cvpp Vpp Capacitance Vpp = OV 18 25 pF

A.C. TESTING INPUT/OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

24
20 20
> TEST POINTS <
08 08
045

A.C. testing inputs are driven at 2.4V for a Logic “1” and

for a Logic “1” and 0.8V for a Logic “0.”

0.45V for a Logic ““0.” Timing measurements are made at 2.0V

201V
33 KQ
DEVICE
UNDER out
TEST
I C, = 30 pF
C_ = 30 pF
C_ includes Jig Capacitance
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WS57C210F

DIP PIN CONFIGURATIONS

WS57C210F
8 Mbit| 4 Mbit| 2 Mbit| 512K |wss57C257| Wss7Ce5 WS57C65| WS57C257| 512K | 2 Mbit |4 Mbit |8 Mbit
Asg | XX/Vpp| XXIVpp| XXVpp| XXVpp | XXiVpp |—Ver 1 40 Vee—]  Vee Vee Vee | Vee | Vee | Vee
CENpp| CE | CE | CE CE CE |—-ceEd2 39 [0 PGM—| XX/PGM | XX/PGM |XX/PGM|XX/PGM| A,; | Ay
O | Oi5 | Oi5 | Oss Oss 0 953 38[INC—] NC NC NC A | A | A
Oy | O14 | Oya | O44 (2 Oy [—Oul]4 Q0 As—| NC NC NC Ais | Ais | Ags
O3 | O3 | O3 | Oy 043 03 O[5 8O A,—] NC NC Ay Ag | Ay | A
O | Oz | Op2 | Op 012 o, —9%:00e 350 A;—| Nc Az Az Az | A3 | Agg
Ony | On | Oy | Oy Oy oy o7 a0 A,—| NC Az Aqz Az | A | A
O | O | O0 | Oq0 O10 0p [~%0wC]s BOA—] An A A An | An | Ay
) Og O Oy 0O 0 [—0 o 200A0— Aw Ao Ao Ao | A | A
04 0y 0g 04 0g 0 9]0 3A[dA,—] A, Ag Ag Ag Ay | A
GND | GND [ GND | GND GND GND |-GND q 1 30 [1GND— GND GND GND | GND | GND [ GND
[ 0y 0, 0, 0, 0; [0, 2900 A,—] As Ag Ag Ag Ag | Ag
Og 0 Og Og O¢ 0 013 28[0A,—] A; A; A; A; A, | A,
[ 05 05 05 05 o5 [—os]1a 270a;,— A Ag Ag Ag A | Ag
0,4 04 04 0, 0, 0, [—0s[Q1s 26[JAa,—] As As As As As | As
0, 0, 0, 0, 0, 0; —O0:Q1e 250A,— A, A, A, A, Ay | A,
0, 0, 0, 0, 0, 0, 0017 24 3a,— As A; Ag A3 Ay | Ag
04 0, 0,4 04 0,4 o, o1 230A,—1 A A, Ay A, A | A
[N 0p 0 0 o2 0 [—0,[]10 2A,— A A, Ay Ay A | oA
OE | OE | OE | OF OE OF |—0OE[]20 210 A, —1 Ao Ao Ao Ao Ay | Ay
NOTES: 1. Compatible EPROM pin configurations are shown in the blocks adjacent to the WS57C210F pins.
2. Plastic Dip Availability is scheduled for second half 1988.
PIN NAMES
Ao-Aq9 Addresses
CE Chip Enable
OE Output Enable
00—015 Outputs
NC No Connection
XX Don'’t Care (During Read)
ORDERING INFORMATION
OPERATING wsi
D PACKAGE
PART NUMBER S'::; PACKISE DRAWING | TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS57C210F-55D 55 40 Pin CERDIP, 0.6” D3 Comm’l Standard
WS57C210F-70D 70 40 Pin CERDIP, 0.6” D3 Comm’l Standard
WS57C210F-70DMB 70 40 Pin CERDIP, 06" D3 Military MIL-STD-883C
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=S 5= WSMAP162/WSMAP161
WAFERSCALE INTEGRATION, INC. ADVANCE INFORMATION
HIGH-SPEED MAPPABLE
MEMORY (MAP™)
KEY FEATURES
e Super Fast Access Time ¢ Addressable Range
— EPROM/SRAM: 40 ns (including decode) — 512K Bytes or 256K Words
— Chip Select Outputs: 22 ns ¢ Block Resolution
¢ High Density UV Erasable EPROM — 2K Bytes or 1K Words
— 128K Bits * Eight Chip Select Outputs
¢ High Depsity 6-Transistor Static RAM — Control I/O and Other System Devices
— 32K Bits ¢ Fully User Configurable
¢ On-Board Programmable Address Decoder — Byte or Word Operation
— Eliminates External Chip-Select Decode e Reduces Board Space
Components and Delay — Simplifies Routing
e Code Security — Replaces 2 or more EPROMs, 2 or more
— Contains Programmable Security Bit SRAMs and One Decoder

GENERAL DESCRIPTION

The WSMAP162 and WSMAP161 are Mapped Address Programmable (MAP™) memory products that integrate 128K
bits of EPROM, 32K bits of SRAM and a Programmable Mapping Decoder (PMD™) into a single 40-pin package.
With a wide input addressing range, these memory products are compatible with large address space processor
systems. The on-board PMD™ enables the placement of physical 16K bytes or 8K words of EPROM and 4K bytes
or 2K words of SRAM anywhere in a total address space of 512K bytes or 256K words respectively. The PMD™
reduces system component count as well as board space, enhances performance and increases data security. The
major feature of this product is the integration of high speed, high density UV erasable EPROM and a CMOS SRAM
along with decoding logic on a single chip.

The WSMAP162 is ideal for use with digital signal processors such as the TMS320XX series. Its data path can be
programmed as either 8 or 16 bits. With the provision of Pin 2 programmable as either Chip Select (CSI)
or the highest address bit, its address range is from 128K to 256K words or 256K to 512K bytes. The EPROM architecture
is 16K x 8 (byte operations) or 8K x 16 (word operations). The SRAM architecture is 4K x 8 (byte operations) or
2K x 16 (word operations).

The 16-bit data path WSMAP161 is used with microcontrollers and microprocessors using a 16-bit data bus. With
Pin 39 as BHE (Byte High Enable), the WSMAP161 can accomodate either full word or byte operations (for those 16-bit
processors capable of byte operations). Its addressing range is from 64K words to 128K words (see pin 2 above).
Its EPROM is 8K x 16 and its SRAM is 2K x 16.

Refer to Application Note 002 in this databook for additional information.
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WSMAP162/WSMAP161

BLOCK DIAGRAM
DECODED EPROM ADDRESS > Ag-Ayz ) Ao-Arz
PGMH EPROM EPROM
PGM 8K x 8 PGM 8K x 8
EOEH
E OE 0ouT,; INy; OE  0UT,; INy;
PGML .
Ay —> e d
(WSMAP162 EOEL
ONLY) DECODED SRAM ADDRESS > Ag-Aqg ) Ao-Aso
WEH SRAM SRAM
PMD™ WE 2K x 8 WE 2K x8
ROEH
BHE —— OFE  0uTy; Ny, OE ouT,, INg;
(WSMAP161
ONLY) WEL 4 q
WEVep ROEL
o8 CS,-CS, !
(™ CON \/[
OEL 2:1 2:1
MUX MUX
OEH
o e
1/04_4; OR CSO,_, 17047

TABLE 1. PRODUCT SELECTION GUIDE

PARAMETER WSMAPIST.40 | WSMAPieds | wsMAPterss | UNITS
Address Access Time (Max.) 40 45 55 ns
Chip Select (CSI) Access Time (Max.) 40 45 55 ns
Output Enable (OE) Access Time (Max.) 18 21 23 ns
Chip Select Output Delay (Max) 22 25 27 ns

TECHNICAL DESCRIPTION

Internally the memory is organized as two 8K x 8 EPROMs and two 2K x 8 SRAMs. The MAP™ memory can be
configured for byte or wordwide operations during the EPROM and PMD™ programming operation by programming
the configuration (CON) bit. In the wordwide operation, the 1/Os of the two EPROMs and two SRAMs are common
and are brought out in parallel. In the byte wide operation, the 8 most significant bits of the /O are multiplexed with
the 8 least significant bits using a multiplexer controlled by address bit Ay. An important feature offered with the byte
wide configuration is the 8 most significant I/O bits are replaced by 8 individual chip select outputs (CSOy-CSO5)
which can be programmed to select and control other devices (I/O, SRAM, DRAM, etc.).

The PMD™ enables the WSMAP162/WSMAP161 to directly interface with high speed microprocessors and digital
signal processors which require 16K bytes (or 8K words) of EPROM program store and 4K bytes (or 2K words) of
SRAM data store in a non-contiguous address space.

In the byte wide configuration, it is possible (by programming the PMD™) to subdivide and selectively access 8
blocks of EPROM each configured in a 2K x 8 architecture. Any one of these eight EPROM blocks can be mapped
into any of the 256 available 2K deep blocks in a 512K byte address space. Similarly, the two blocks of SRAM configured
as 2K x 8 can be mapped into any of the 256 2K blocks in a 512K byte address space (not occupied by the EPROM).
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WSMAP162/WSMAP161

The physical blocks of EPROM and SRAM can be concatenated together to form a continuous sequentially addressable
section of memory, placed in non-sequential addressable individual blocks or any combination of the two.

In the wordwide configuration, the EPROM and SRAM are organized as 1K x 16. The PMD™ is used to map the
8 blocks of EPROM and 2 blocks of SRAM into any of the 256 1K blocks in a 256K word address space.

Pin 2 can be configured as a normal address input (“A,” or highest address bit) or as a chip select input (CSI). This
is done during the programming of the PMD™. When configured as an address input, this pin goes directly to the
PMD™ and effectively doubles the address space. When configured as a chip select (CSI), this pin provides a very
low power stand-by mode when the chip is deselected.

In the WSMAP162, pin 39 is an address input (A7) and in the WSMAP161 it is Byte High Enable (BHE). As A,5, it
functions as a normal address input. As BHE, it is used in the x16 (wordwide) configuration if byte operations are
required. The combination of BHE and A, control the memory access for a word, upper byte, or lower byte operation.
See table 4. This feature reduces the logic required in 16-bit microprocessors and microcontrollers capable of byte
operations. If only word operations are required, BHE and A, should be connected to ground.

A security bit (SEC) bit is provided that functions as a “bridge” bit. After completion of programming the PMD™ and
EPROM, this bit can be programmed (the “bridge” can be “burned”). This prevents external access to the PMD™
contents and inhibits duplication of the PMD™ data by routine copying.

The WSMAP162/WSMAP161 pin out is derived from the JEDEC standard WSI WS57C257 16K x 16 high speed
EPROM, i.e., itis read compatible. This pinout enables memory expansion with future WSI mapped address products
up to 512K bytes of physical memory. The process technology used in the WSMAP162/WSMAP161 is common to
all of WSI’s current family of high speed EPROM and RPROM™ memory products. Both the PMD™ and EPROM
blocks are programmed using the WSI MagicPro™ IBM PC compatible engineering programmer. A menu driven
software package for the IBM PC is provided from WSI to support the special PMD™ address mapping and
configuration.

TABLE 2. MAP™ MEMORY CONFIGURATIONS

WSMAP162 x 8 WSMAP162 x 16 WSMAP161 x 16
Pin 2 Configured as CsI Ay 5]} Ay CsI Ay
Address Space 256K 512K 128K 256K 64K 128K

Bytes Bytes Words Words Words Words
Block Size 2K Bytes | 2K Bytes | 1K Words | 1K Words | 1K Words | 1K Words
Addressable Blocks 128 256 128 256 64 128
Available EPROM Blocks 8 8 8 8 8 8
Available SRAM Blocks 2 2 2 2 2 2
Number of Chip Select Outputs 8 8 0 0 0 0
EPROM Size Configuration 16K x 8 | 16K x 8 | 8K x 16 8K x 16 8K x 16 8K x 16
SRAM Size Configuration 4K x 8 4K x 8 2K x 16 2K x 16 2K x 16 2K x 16
Number of 1/0s 8 8 16 16 16 16
Low Power Standby Yes No Yes No Yes No
Protected Mode Yes Yes Yes Yes Yes Yes
Byte Operations N/A N/A No No Yes Yes

NOTE: Ay is Highest Address Bit
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WSMAP162/WSMAP161

TABLE 3. MODE SELECTION

v | [ | /o CHIP SELECTS
CSl [ OE | WE/Vpp ADDRESS CONFIGURED x16, 1/0y_s5 | CONFIGURED x8,
MODE CONFIGURED x8, 1/0y_; CS0,-CS0,
Read EPROMISRAM | Vi [ Vi | vy | EPROMSRAM Dour CSour
Read External Vi [Vie| Vi | TancrsaAM High Z CSour
Output Disable X | Vi X X High Z CSour
Stand-By Vi | X | X X High Z CSour
Write SRAM Vi | x | vi. | SRAM selected Din CSout
Write External Vi | X Vi '\g;g?t:gn X CSour
EPROM

Pl'ogram EPROM V||_ VIH Vpp Program Address DIN DlN

. EPROM
Program Verlfy EPROM V"_ V"_ VlH Pl’ogram 2ddress DOUT CSOUT
Program PMD™ V||_ VIH Vpp PM}?d:::sgsram DlN DIN
Progl'am Verify PMD™ V||_ V"_ VIH PMgdg::sg;am DOUT CSOUT

TABLE 4. HIGH/LOW BYTE SELECTION TRUTH TABLE (IN x16 CONFIGURATION ONLY)

BHE (PIN 39) A, OPERATION
0 0 Whole Word
0 1 Upper Byte From/To Odd Address
1 0 Lower Byte From/To Even Address
1 1 None

NOTE: WR and BHE are used for SRAM Functions
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WSMAP162/WSMAP161

TABLE 5. DC READ CHARACTERISTICS

PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
Output Low Voltage VoL lo = 16 mA 04 \
Output High Voltage Vou lon = -4 mA 24 \"

’ 1

Vge Standby Current CMOS ls1 Notes 1 and 3 |—oomm 0 mA

Military 20 mA
Vg Standby Current TTL lsgo Notes 2 and 3 |—comm! 40 mA

Military 50 mA

Configured
x16 x8

Active Current (CMOS) oo 1A Notes 1 and 4 |_comm! 10 10 mA
No Blocks Selected Military 20 20 mA
Active Current (CMOS) lec 1B Notes 1 and 4 |_comm’l 55 30 mA
EPROM Block Selected Military 65 40 mA
Active Current (CMOS) lgc 1C Notes 1 and 4 |_comm! 65 40 mA
SRAM Block Selected Military 75 50 mA
Active Current (TTL) oo 2A Notes 2 and 4 |_comm’l 40 40 mA
No Blocks Selected Military 50 50 mA
Active Current (TTL) loc 2B Notes 2 and 4 |_comm! 85 60 mA
EPROM Block Selected Military 95 70 mA
Active Current (TTL) lec 2C Notes 2 and 4 |L_comm’l 95 70 mA
SRAM Block Selected Military 105 80 mA
Input Load Current I Viy = 55V or GND -10 10 nA
Output Leakage Current o Vour = 55 or GND -10 10 pA

NOTES: 1) CMOS inputs: GND + 0.3V or Vgc + 0.3V
2) TTL inputs: V), < 08V, V| > 2.0V
3) AC. power component is 1.5 mA/MHz (Power = AC + DC)
4) A.C. power component is 35 mA/MHz (Power = AC + DC)
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WSMAP162/WSMAP161

TABLE 6. AC EPROM/SRAM READ AND SRAM WRITE CHARACTERISTICS

WSMAP162-40 | WSMAP162-45 | WSMAP162-55
PARAMETER SYMBOL | WSMAP161-40 | WSMAP161-45 | WSMAP161-55 | ,niTs
MIN MAX | MIN MAX | MIN | MAX
Read Cycle Time tre 40 45 55 ns
Address to Output Delay tacc 40 45 55 ns
CSI to Output Delay toe 40 45 55 ns
OE to Output Delay toe 18 21 23 ns
Output Disable to Output Float toer 18 21 23 ns
Chip Disable to Output Float (CSI) tosk 18 21 23 ns
Address to Output Hold ton 10 10 10 ns
Address to CSO Valid tcso 22 25 27 ns
SRAM Write Cycle Time twe 40 45 55 ns
Chip Enable to Write End tosw 40 45 55 ns
Address Setup Time tas 0 0 0 ns
Address Hold Time taH 0 0 0 ns
Address Valid to Write End taw 40 45 55 ns
SRAM Write Enable Pulse Width trwE 25 30 35 ns
Data Setup Time tps 20 20 30 ns
Data Hold Time ton 0 0 0 ns
Write Enable to Data Float twer 18 21 23 ns
Write Disable to Data Low Z twerz 3 3 3 ns

TABLE 7. DATA RETENTION CHARACTERISTICS

PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
Minimum V¢ for Data Retention Vbr Ve = 20V, 20 \
Current When in Data Retention Mode lccor CSI > Ve -0.2V, 100 pA
Chip Deselect to Data Retention tcspr Vin 2 Voo -0.2V 0 ns
n or V|N < 0.2v
Recovery Time From Data Retention tRoR the ns

DATA RETENTION WAVEFORM

|«—— DATA RETENTION MODE —>]

4.5V§ l4.5V
Vee
Vor > 2V

tespr>| tror

w 77777 P NS LY RN
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ABSOLUTE MAXIMUM RATINGS*

Storage Temperature ... ........ —-65°C to +150°C
Voltage to any pin with

respect to GND
Vpp with respect to GND. . ... ... -06V to +14.0V

*Notice: Stresses above those listed here may cause
permanent damage to the device. This is a stress rating
only and functional operation of the device at these or
any other conditions above those indicated in the
operational sections of this specification is not implied.

ESD Protection . ....................... >2000V Exposure to absolute maximum rating conditions for
extended periods of time may affect device reliability.
OPERATING RANGE
RANGE TEMPERATURE Vee
Comm’l 0° to +70°C +5V + 5%
Military ~55° to +125°C +5V + 10%
READ CYCLE TIMING DIAGRAM TEST LOAD
(High Impedance Test Systems)
the 980
ADDRESSES P N 2.01v
tace e ton—> D.UT. Zﬂq
E T\ v (mcwome SCOPE
tee |<—'w :I__: CAPACITANCE)
o , — TIMING LEVELS
'OE [—
Dour &L DATA VALID D>HY— Input Levels: 0 and 3V
. Reference Levels: 1.5V
(OEF —» l—
teso
WRITE CYCLE TIMING DIAGRAM
appresses X X
csi < ,|[
' CSW 1
WE N j’d
tas tewe tan
—» twsT tos ton—>]
Dour /I
Diy DATA INVALID
BHE > X BHE VALID
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MAP™ MEMORY ARCHITECTURE

ADDRESS BUS

DIRECT ADDRESSES

BLOCK DECODE : PMD™
ADDRESSES ESo.r 8
—»| WE/Vpp  RSg 2
—| TSI, cs0,, |5
—» OE

ADDRESS

EPROM
cs

1o

EPROM

EPROM

EPROM

EPROM

EPROM

{{[e]

EPROM

EPROM

(I

SRAM

SRAM

WSMAP162/WSMAP161 PIN ASSIGNMENTS

WE AND BHE ARE USED
FOR SRAM FUNCTIONS

/

WE/Vpp
CSI/A,
Cso,
CSO,
€SO,
€80,
CSO,
Cso,
Cso,
€S0,
GND
o 7
0 6
105
/0 4
/0 3
/0 2
10 1
110 0
OE

BY 8
( BY 16 \
(40 PIN DIP \

WENge |1 40 Vee
CSIAy 2 39| A;;/BHE
1/0 15 3 38 A
10 14 4 37 A
10 13 5 36 Ay,
1/0 12 6 35 Ay
10 11 7 34 Ay,
1/0 10 8 33 Ay
o9 9 32 Ay
s |10 31 Aq
GND |11 30| GND
w7 |12 29 Ag
e |13 28 A;
s |14 27 Ag
ma |15 26 As
w3 |1e 25 A,
w2 |17 24 As
w1 |8 23 A,
o |19 22 A,
OE 20 21 A,

N

Vee
A,,/BRE
A

GND

—> WSMAP162
WSMAP161

PIN 39

BHE
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PROGRAMMING

Upon delivery from WaferScale Integration, Inc. or after each
erasure (see Erasure section), the WSMAP162/WSMAP161 has
all bits in the PMD™ and EPROM in the “1” or high state.
“0’s” are loaded through the procedure of programming.

Information for programming the PMD™ and EPROM is
available directly from WSI. Please contact your local sales
representative.

ERASURE

In order to clear all locations of their programmed contents,
it is necessary to expose the MAP™ Memory to an ultra-violet
light source. A dosage of 15W-second/cm? is required to
completely erase the part. This dosage can be

ORDERING INFORMATION

obtained by exposure to an ultra-violet lamp with wavelength
of 2537 Angstrom () with intensity of 12000 W/cm? for 15 to
20 minutes. The WSMAP162/161 should be about one inch from
the source and all filters should be removed from the UV light
source prior to erasure.

It is important to note that the WSMAP162/161 and similar
devices will erase with light sources having wavelengths shorter
than 4000A. Although erasure times will be much longer than
with UV sources at 25374, the exposure to fluorescent light and
sunlight will eventually erase the WSMAP162/161 and exposure
to them should be prevented to realize maximum system
reliability. If used in such an environment, the package windows
should be covered by an opaque label or substance.

OPERATING wsi
PART NUMBER s': :;D P A%'{(F‘,:EGE I';gimﬁg TEMPERATURE | MANUFACTURING

RANGE PROCEDURE
WSMAP162-40D 40 40 Pin CERDIP, 0.6” D3 Comm’l Standard
WSMAP162-40P 40 40 Pin Plastic DIP, 0.6” P1 Comm’l Standard
WSMAP161-40D 40 40 Pin CERDIP, 0.6” D3 Comm’l Standard
WSMAP161-40P 40 40 Pin Plastic DIP, 0.6” P1 Comm’l Standard
WSMAP162-45D 40 40 Pin CERDIP, 06" D3 Comm’l Standard
WSMAP162-45P 40 40 Pin Plastic DIP, 0.6” P1 Comm’l Standard
WSMAP161-45D 40 40 Pin CERDIP, 0.6” D3 Comm’l Standard
WSMAP161-45P 40 40 Pin Plastic DIP, 0.6” P1 Comm’l Standard
WSMAP162-55D 55 40 Pin CERDIP, 0.6” D3 Comm’l Standard
WSMAP162-55DMB 55 40 Pin CERDIP, 06" D3 Military MIL-STD-883C
WSMAP162-55P 55 40 Pin Plastic DIP, 0.6” P1 Comm’l Standard
WSMAP161-55D 55 40 Pin CERDIP, 0.6” D3 Comm’l Standard
WSMAP161-55DMB 55 40 Pin CERDIP, 0.6"” D3 Military MIL-STD-883C
WSMAP161-55P 55 40 Pin Plastic Dip, 0.6" P1 Comm’l Standard
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=SS5 WSMAP168
WAFERSCALE INTEGRATION, INC. ADVANCE INFORMATION
HIGH SPEED MAPPABLE
MEMORY (MAP™)
KEY FEATURES
e Super Fast Access Time * Addressable Range
— EPROM/SRAM: 40 ns (including decode) — 2M Bytes or 1M Words
— Chip Select Outputs: 22 ns e Block Resolution
— Fast Chip Select Output: 17 ns — 2K Bytes or 1K Words
¢ High Density UV Erasable EPROM e Chip Select Outputs
— 128K Bits — Control /O and Other Devices
¢ High Density 6-Transistor Static RAM — 9 in Byte Wide Mode
— 32K Bits — 1 in Word Wide Mode
¢ On-Board Programmable Address Decoder ¢ Fully User Configurable
— Eliminates External Chip-Select Decode — Byte or Word Operation
Components and Delay ¢ Reduces Board Space
e Code Security — Simplifies Routing

— Contains Programmable Security Bit — Replaces 2 or more EPROMSs, 2 or more
SRAMs and One Decoder

GENERAL DESCRIPTION

The WSMAP168 is a Mapped Address Programmable (MAP™) memory product that integrates 128K bits of EPROM,
32K bits of SRAM and a Programmable Mapping Decoder (PMD™) into a single 44-pin package. With a wide input
addressing range, this memory product is compatible with large address space processor systems. The on-board
PMD™ enables the placement of physical 16K bytes or 8K words of EPROM and 4K bytes or 2K words of SRAM
anywhere in a total address space of 2M bytes or 1M words respectively. The PMD™ reduces system component
count as well as board space, enhances performance and increases data security. The major feature of this product
is the integration of high speed, high density UV erasable EPROM and a 6-transistor full CMOS SRAM along with
decoding logic on a single chip.

The WSMAP168 combines the features of the WSMAP162 and WSMAP161 MAP™ products into a single 44 pin
package.

The WSMAP168 is ideal for use with digital signal processors like the TMS320XX series, high-performance
microcontrollers and microprocessors using a 16-bit data bus. Its data path can be programmed as either 8 or 16 bits.
With the provision of Pin 3 programmable as either Chip Select (CSI) or the highest address bit, its address
range is from 512K to 1M words or 1M to 2M bytes. The EPROM architectures are 16K x 8 (byte operations) or 8K x 16
(word operations). The SRAM architectures are 4K x 8 (byte operations) or 2K x 16 (word operations).

With BHE (Byte High Enable) in the 16-bit mode, the WSMAP168 can accommodate either full word or byte operations
(for those 16-bit processors capable of byte operations).

Refer to Application Note 002 in this databook for additional information.
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BLOCK DIAGRAM
DECODED EPROM ADDRESS Ag-Aqz N Ag-A
PGMH > EPROM o EPROM
PGM 8K x 8 PGM 8K x 8
11—_‘_19_;> EOEH OE ouT,, Ny, OE  0UT,; "INy
== 1
EOEL —
DECODED SRAM ADDRESS Ao-Ap Ag-Ay
WEH > SRAM ° SRAM
PMD™ WE 2K x 8 WE 2K x 8
BHE — OE  OUTy;, Ny, OE ouT,; Ny
WeL HPAN 7\
WENVpp ROEL T
oE CSo-CS; @
CSiA, CON
FCS0<—| OEL 2:1 21
MUX MUX
OEH (T
1/04._15 OR CSO,_, 70,7
TABLE 1. PRODUCT SELECTION GUIDE
PARAMETER WSMAP168-40 | WSMAP168-45 | WSMAP168-55 | UNITS
Address Access Time (Max.) 40 45 55 ns
Chip Select (CSI) Access Time (Max.) 40 45 55 ns
Output Enable (OE) Access Time (Max.) 18 21 23 ns
Chip Select Output (CSO,—-CSO5) 22 25 27 ns
Fast Chip Select (FCSO) Output Time (Max.) 17 20 22 ns

TECHNICAL DESCRIPTION

Internally the memory is organized as two 8K x 8 EPROMSs and two 2K x 8 SRAMs. The WSMAP168 can be configured
for byte or wordwide operations during the EPROM and PMD™ programming operation by programming the
configuration (CON) bit. In the wordwide operation, the I/Os of the two EPROMs and two SRAMs are common and
are brought out in parallel. In the byte wide operation, the 8 most significant bits of the 1/0 are multiplexed with the
8 least significant bits using a multiplexer controlled by address bit A;. An important feature offered with the byte
wide configuration is the 8 most significant 1/O bits are replaced by 8 individual chip select outputs (CSO,-CSO;)
which can be programmed to select and control other devices (I/O, SRAM, DRAM, etc.). A single fast chip select
output (FCSO) is provided regardless of byte or wordwide mode selection.

The PMD™ enables the WSMAP168 to directly interface with high speed microprocessors and digital signal
processors which require 16K bytes (or 8K words) of EPROM program store and 4K bytes (or 2K words) of SRAM
data store in a non-contiguous address space.

In the byte wide configuration, it is possible (by programming the PMD™ to subdivide and selectively access 8 blocks
of EPROM each configured in a 2K x 8 architecture. Any one of these eight EPROM blocks can be mapped into
any of the 1024 available 2K deep blocks in a 2M byte address space. Similarly, the two blocks of SRAM configured
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as 2K x 8 can be mapped into any of the 1024 2K blocks in the 2M byte address space (not occupied by the EPROM).
The physical blocks of EPROM and SRAM can be concatenated together to form a continuous sequentially addressable
section of memory, placed in non-sequential addressable individual blocks or any combination of the two.

In the wordwide configuration, the EPROM and SRAM are organized as 1K x 16. The PMD™ is used to map the
8 blocks of EPROM and 2 blocks of SRAM into any of the 1024 blocks in a 1M word address space.

Pin 3 (CSI/Ay) is a dual function input. 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. CSOs are not powered down since they are a function of the address input and the (always powered up)
PMD™.

In the x16 (wordwide) configuration, pin 1 is used as a Byte High Enable (BHE) control (if byte operations are required).
The combination of BHE and A, control the memory access for a word, upper byte, or lower byte operation. See
table 4. This feature reduces the logic required in 16-bit microprocessors and microcontrollers capable of byte operations.
If only word operations are required, BHE and A, should be connected to ground.

A security bit (SEC) is provided that functions as a “bridge” bit. After completion of programming the PMD™ and
EPROM, this bit can be programmed (the “bridge” can be “burned”). This prevents external access to the PMD™
contents and inhibits duplication of the PMD™ data by routine copying.

The WSMAP168 pinout is derived from the JEDEC standard WS| WS57C257 16K x 16 high-speed EPROM, i.e.,
it is read compatible. This pinout enables memory expansion with future WSI mapped address products up to 2M
bytes of physical memory. The process technology used in the WSMAP168 is common to all of WSI’s current family
of high-speed EPROM and RPROM™ memory products. Both the PMD™ and EPROM blocks are programmed using
the WSI MagicPro™ (or other) programmer. A menu driven software package for the IBM PC is provided from WSI
to support the special PMD™ address mapping and configuration.

TABLE 2. WSMAP168 CONFIGURATIONS

WSMAP168 x 8 WSMAP168 x 16
Pin 2 Configured as CsI Ay CSI Ay
Address Space 1M Bytes 2M Bytes 512K Words 1M Words
Block Size 2K Bytes 2K Bytes 1K Words 1K Words
Addressable Blocks 512 1024 512 1024
Available EPROM Blocks 8 8 8 8
Available SRAM Blocks 2 2 2 2
Number of Chip Select Outputs 9 9 1 1
EPROM Size Configuration 16K x 8 16K x 8 8K x 16 8K x 16
SRAM Size Configuration 4K x 8 4K x 8 2K x 16 2K x 16
Number of 1/0s 8 8 16 16
Low Power Standby Yes No Yes No
Protected Mode Yes Yes Yes Yes
Byte Operations N/A N/A Yes Yes
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TABLE 3. MODE SELECTION

Nl | | CONFIGURED x16 | CONFIGURED x16 FCSO
CSl | OE | WE/Vpp ADDRESS 0-15 CONFIGURED x8 FCSO,
MODE CONFICURED x8 CS0,-CS0,
0-7
Read EPROMISRAM | Vi | V| Vi | FPRoMionAM Dout CSour
Read External Vi [Vie| vie | EGRMISRAM High Z CSour
Output Disable X | Vin X X High Z CSout
Stand'By V|H X X X ngh Z CSOUT
Write SRAM V"_ X V||_ SRAM Selected DIN CSOUT
Write External Vil X Vi I\g_ﬂz Z':gﬁ X CSout
EPROM
Program EPROM V“_ VlH Vpp Program Address DlN DlN
. EPROM
Program Verify EPROM | V; | Vii| Vin Program Address Dout CSout
T PMD Program
Program PMD™ V“_ VlH Vpp Addregs DIN DlN
Program Verify PMD™ V“_ V"_ VIH PMADd::gsg;am DOUT CSOUT

TABLE 4. HIGH/LOW BYTE SELECTION TRUTH TABLE (IN x16 CONFIGURATION ONLY)

NOTE: WR and BHE are used for

SRAM Functions

BHE (PIN 1) Ay OPERATION
0 0 Whole Word
0 1 Upper Byte From/To Odd Address
1 0 Lower Byte From/To Even Address
1 1 None
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TABLE 5. DC READ CHARACTERISTICS

PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
Output Low Voltage VoL lop = 8 mA 0.45 \
Output High Voltage Vou lon = -2 mA 2.4 \Y

’ 1

Ve Standby Current CMOS lsg1 Notes 1 and 3 C?mml 0 mA

Military 20 mA

'l

Vcc Standby Current TTL lsp2 Notes 2 and 3 C?mm 40 mA

Military 50 mA

Configured
x16 x8

Active Current (CMOS) loc 1A Notes 1 and 4 Comm’'l 10 10 mA
No Blocks Selected Military 20 20 mA
Active Current (CMOS) loc 1B Notes 1 and 4 |_comm’l 55 30 mA
EPROM Block Selected Military 65 40 mA
Active Current (CMOS) log 1C Notes 1 and 4 |_comm’l 65 40 mA
SRAM Block Selected c Military 75 | 50 mA
Active Current (TTL) ICC 2A Notes 2 and 4 Comm’l 40 40 mA
No Blocks Selected Military 50 50 mA
Active Current (TTL) loc 2B Notes 2 and 4 Comm’l 85 60 mA
EPROM Block Selected Military 95 70 mA
Active Current (TTL) loc 2C | Notes 2 and 4 | Comm! 9% | 70 mA
SRAM Block Selected Military 105 80 mA
Input Load Current I Vin = 55V or GND -10 10 pA
Output Leakage Current Lo Vout = 55V or GND -10 10 pA

NOTES: 1) CMOS inputs: GND + 0.3V or Voo + 03V
2) TTL inputs: V, < 08V, V) > 2.0V
3) A.C. power component is 1.5 mA/MHz (Power = AC + DC)
4) AC. power component is 35 mA/MHz (Power = AC + DC)
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TABLE 6. AC EPROM/SRAM READ AND SRAM WRITE CHARACTERISTICS

WSMAP168-40 | WSMAP168-45 | WSMAP168-55
PARAMETER SYMBOL MIN MAX MIN MAX MIN MAX UNITS
Read Cycle Time trc 40 45 55 ns
Address to Output Delay tacc 40 45 55 ns
CSI to Output Delay tee 40 45 55 ns
OE to Output Delay toe 18 21 23 ns
Output Disable to Output Float toer 18 21 23 ns
Chip Disable to Output Float tosk 18 21 23 ns
Address to Output Hold toH 10 10 10 ns
Address to CSO,_; True tcso 22 25 27 ns
Address to FCSO True trcso 17 20 22 ns
SRAM Write Cycle Time twe 40 45 55 ns
Chip Enable to Write End tosw 40 45 55 ns
Address Setup Time tas 0 0 0 ns
Address Hold Time tan 0 0 0 ns
Address Valid to Write End taw 40 45 55 ns
SRAM Write Enable Pulse Width tewe 25 30 35 ns
Data Setup Time tps 20 20 30 ns
Data Hold Time ton 0 0 0 ns
Write Enable to Data Float twer 18 21 23 ns
Write Disable to Data Low Z tweLz 3 3 3 ns

TABLE 7. DATA RETENTION CHARACTERISTICS

PARAMETER SYMBOL TEST CONDITIONS MIN MAX UNITS
Minimum V¢ for Data Retention Vbr Ver = 2.0V 20 \Y
__Vcc = &V,
Current in Data Retention Mode lccor CSI = Vge -0.2V, 100 mA
Chip Deselect to Data Retention tcspbr Vin Z Voo -0:2V 0 ns
or VIN < 02v
Recovery Time From Data Retention tROR tre ns

DATA RETENTION WAVEFORM

[——DATA RETENTION MODE

4.5\A

4.5V
Vee
Vor > 2V

I*tcson* tror—>|

- Mvm NANNNNNY v'")\\\ \\
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ABSOLUTE MAXIMUM RATINGS* *Notice: Stresses above those listed here may cause
Storage Temperature . . . . ... .. .. —~65°C to +150°C permanent damage to the device. This is a stress rating
Voltage to any pin with only and functional operation of the device at these or
respect o GND .................. —06V to +7V any other conditions above those indicated in the
Vpp with respect to GND . . ... .. .. _06V to +14.0V operational sections of this specification is not implied.
ESD Protection . . . ... >2000V Exposure to absolute maximum rating conditions for

extended periods of time may affect device reliability.
OPERATING RANGE

RANGE TEMPERATURE Vee
Comm’l 0° to +70°C +5V + 5%
Military ~55° to +125°C +5V + 10%

READ CYCLE TIMING DIAGRAM

'Hb
ADDRESSES TEST LOAD
t R
Ace = fow (High Impedance Test Systems)
csi * * 980
tee ~losr 2.0V
OE j: / DUT. 30pF
toe e (INCLUDING SCOPE
o \ I AND JIG
Dour & DATA VALID D>—— —L_ ‘capACITANCE)
t,
S . oo ~ TIMING LEVELS
trcso Input Levels: 0 and 3V
— tcso Reference Levels: 1.5V

WRITE CYCLE TIMING DIAGRAM

wC

ADDRESSES )ﬁ X

i N\ ){/

csw 1

'IA"
WE N '
tas tewe tan
—] twgp\ld—\ |e——— tpg——>te——tpy—>]
Dour /I
~— twerz

Din DATA INVALID

BHE BHE VALID
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MAP™ MEMORY ARCHITECTURE

——"r—“"—|“‘" | ADDRESS 10
EPROM
— [
__ EPROM
1}—- —————»! CS
DIRECT ADDRESSES 1> EPROM
" ————| CS
EPROM
(L— —_—  »|CS
[
ADDRESS BUS J _ eprom
r_ -_ »}]CS
BLOCK DECODE : PMD™ __ EPROM
ADDRESSES 8 ] TS
ESg;
— > WENpe RSy 2 __ EPROM
—_ = -1 CS
—| CSi/Ay CSO,_; r—s/—b |
—{ OE FCs0 | __ EPROM
L [
r—-——————/ __ SRAM
[
: ) SRAM
[

Lm0

3-122



WSMAP168

WSMAP168 PIN ASSIGNMENTS

44 PIN PLDCC PACKAGE
44 PAD CLLCC PACKAGE 44 PIN CPGA PACKAGE
PIN PIN
NO. x8 x16 NO. x8 x16
1 GND BHE As GND BHE
2 WE/Vpp WE/Vpp A, WE/Vpp WE/Vpp
3 CSI/Ax CSl/A, B, CSl/A, CSl/A
4 €S0, 1045 Ay Cso, 11045
5 CS0g 11044 By CS0g 11044
6 €SO, 1/044 A, CSO; /043
7 €S0, 1104, B, €SO0, /04,
8 CS0, 11044 B, CS0, 11044
9 €so, 1049 c, Cso, 11049
10 €S0, 110 c, Cs0, 110g
11 TS0, 1/0g D, €so, 1/0g
12 GND GND D, GND GND
13 FCSO FCSO E, FCSO FCSO
14 10, /0, E, 110, 10,
15 1/0¢ 1/0g Fy 1/0g 110g
16 /05 1/05 F, /04 1/0g
17 110, 10, G, /0, /0,
18 110, 110, G, /0, 1105
19 110, 10, H, 110, 10,
20 110, 110, G, 110, 1/0,
21 110y 110, Hy 1/0, 110y
22 OE OE Gy OE OE
23 Ay Ay Hy Ag Ag
24 A, A, Hg A, A,
25 A, A, Gs A, A,
26 A; Ay Hg A, Ay
27 A, A, G A, A,
28 Ag Ag Hy As Ag
29 As Ag G, As Ag
30 A, A, Gg A, A,
31 Ag Ag F; Ag Ag
32 Ag A, Fg Ag Ag
33 Ay Ao E7 Ao Ao
34 GND GND Eg GND GND
35 A An Dg Ay An
36 A Ay D, Ay Agz
37 Ay Ay Cg A A
38 Ay Ay C; Ay Aqg
39 A Ass Bg Ass Ass
40 A A B; Ass Asg
M Ay Ay A; Ay Ay
42 Asg Asg Bg Asg A
a3 A Asg Ag A Ay
44 Vee Vee Bs Vee Vee
NOTE: WR and BHE functions are for SRAM functions.
WSMAP168 PIN ASSIGNMENTS
44 PIN PLDCC PACKAGE 44 PIN CPGA PACKAGE 44 PAD CLLCC PACKAGE
6 54 3 2 14443424140 1 2 3 4 5 6 7 8 6 5 4 3 2 14443424140
i:fiiﬁr“ﬁ””ﬂ“h R IREEEEEREE RN RN
- [ERSREEE! :u; LiLiLitd LJE:_ 2 A @ @ @ @ @@ - LU |LJ; [SESEREERE N
= o Bl OOOOOOOO
1023 c=736 ol OO ©®
1nEs3 i k1
1273 ainis EYY ol OO OJO)
13F=3 c=1as HNOIO) '0]0)
= = kol ©0
Y o OOOOOOOOG
"Thannnnnnnnn ] W OOOOOO
R
18 19 20 2122 23 24 25 26 27 28
TOP (THROUGH PACKAGE) VIEW
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PROGRAMMING

Upon delivery from WaferScale Integration, Inc. or after each
erasure (see Erasure section), the WSMAP168 has all bits in
the PMD™ and EPROM in the “1” or high state. “0’s” are
loaded through the procedure of programming.

Information for programming the PMD™ and EPROM is
available directly from WSI. Please contact your local sales
representative.

ERASURE

In order to clear all locations of their programmed contents,
it is necessary to expose the WSMAP168 to an ultra-violet light
source. A dosage of 15W-second/cm? is required to completely

ORDERING INFORMATION

erase a WSMAP168. This dosage can be obtained by exposure
to an ultra-violet lamp with wavelength of 2537 () with intensity
of 1200u Wicm? for 15 to 20 minutes. The WSMAP168 should
be about one inch from the source and all filters should be
removed from the UV light source prior to erasure.

It is important to note that the WSMAP168 and similar devices
will erase with light sources having wavelengths shorter than
4000A. Although erasure times will be much longer than with
UV sources at 25374, the exposure to fluorescent light and
sunlight will eventually erase the WSMAP168 and exposure to
them should be prevented to realize maximum system reliability.
If used in such an environment, the package windows should
be covered by an opaque label or substance.

OPERATING WSl
PART NUMBER s?:sn PAff';‘:EGE gﬁ%v‘l‘ﬁg TEMPERATURE | MANUFACTURING

RANGE PROCEDURE
WSMAP168-40C 40 44 Pad CLLCC C3 Comm’l Standard
WSMAP168-40CMB 40 44 Pad CLLCC C3 Military MIL-STD-883C
WSMAP168-40J 40 44 Pin PLDCC J2 Comm’l Standard
WSMAP168-40X 40 44 Pin Ceramic PGA X2 Comm’l Standard
WSMAP168-40XMB 40 44 Pin Ceramic PGA X2 Military MIL-STD-883C
WSMAP168-45C 45 44 Pad CLLCC C3 Comm’'l Standard
WSMAP168-45CMB 45 44 Pad CLLCC Cc3 Military MIL-STD-883C
WSMAP168-45J 45 44 Pin PLDCC J2 Comm’l Standard
WSMAP168-45X 45 44 Pin Ceramic PGA X2 Comm’| Standard
WSMAP168-45XMB 45 44 Pin Ceramic PGA X2 Military MIL-STD-883C
WSMAP168-55C 55 44 Pad CLLCC C3 Comm’l Standard
WSMAP168-55CMB 55 44 Pad CLLCC C3 Military MIL-STD-883C
WSMAP168-55J 55 44 Pin PLDCC J2 Comm’l Standard
WSMAP168-55X 55 44 Pin Ceramic PGA X2 Comm’l Standard
WSMAP168-55XMB 55 44 Pin Ceramic PGA X2 Military MIL-STD-883C
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SECTION INDEX

CMOS BIT SLICE PRODUCTS

WS5901 4-Bit CMOS Bit Slice ProCessor . . . . ...ttt e e e 41
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iS5 5= WS5901

WAFERSCALE INTEGRATION, INC.

CMOS 4-BIT HIGH-SPEED MICROPROCESSOR SLICE

KEY FEATURES
e 2901 Architecture in CMOS ¢ High Speed
— Maximum Clock Frequency of 43 MHz (23 ns)
* Drop-In Replacement for 2901C * Very Low Power

— 30 mA Maximum (Commercial Temperature)

. . e EPI Processing
e Expandable in 4-Bit Increments — Latch-Up Immunity Over 200 mA

GENERAL DESCRIPTION
The WS5901 is a 4-bit high-speed microprocessor which contains the logic of a Bipolar 2901 bit slice processor.

This microprogrammable circuit has the flexibility to efficiently emulate almost any digital computing machine. It is
an ideal candidate for such applications as peripheral controllers, CPUs, programmable microprocessors, and Digital
Signal Processors.

The advanced CMOS process, with which the 5901 is manufactured, provides significant performance improvements
over its counterpart. While operating as fast as a 2901C based system, the WS5901C requires less than 8% of the
power consumed by its Bipolar equivalent. The WS5901D is a 25% speed enhancement over the “C” speed.

The WS5901 is also a macro cell in the WaferScale cell library. As such it can be combined with other cells to build
High Performance CMOS Application Specific Integrated Circuits.

FUNCTIONAL BLOCK DIAGRAM

RAM
RAM
SHIFT 3
Q, OSHFT g
’ s e LR T
- IN ]
ALY “A” (READ) 16x4 2 Port »icp Q@
'l source ADDRESS RAM fK L_r—:
L] w “B” “pr egn LoGIC Q REGISTER
2 [=) (READ/WRITE) ) ouT ouT «g”
8 ADDRESS I T
@ w
= s 8 —/ T
z
3L AL g A B 0 Q
lo-ly B |
o-lg §F> i FuncTion | 3 Dy-D, ALU SOURCE MUX
=
| |- SO .
i g —>G r-o
——»F =
6 = 8-FUNCTION 16-BIT ALU —————» oF
| = Cin > —— Y, Y/
7 |DESTINATION F = Cpy g
CONTROL l)l
-
- —
6E——>[ A OUTPUT DATA MUX F —I
YO'VS
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PIN DESCRIPTION

Signal Name 1/0 Description

AQ-3 | Addresses which select the word of on board RAM which is to be displayed through the A port.

BO-3 | Addresses which select the word of on board RAM which is to be displayed through the B port and into which
data is written when the clock is low.

10-8 | Block of three instruction groups which are to select 1) which data sources will be applied to the ALU (1012), 2)
what function the ALU will perform (1345), and 3) what data is to be written into the Q register or on board
RAM(1678).

Q3, RAM3 1/0 Signal paths at the MSB of the on-board RAM and the Q-register which are used for shifting data. When the|
destination code on 1678 indicates an up shift (Octal 6 or 7) the three state outputs are enabled and the
MSB of the ALU output is available on the RAM 3 pin and the MSB of the Q-register is available on the Q3
pin. Otherwise, the pins appear as inputs.  When the destination code calls for a down shift, the pins are
used as the data inputs to the MSB of RAM (octal 4 and 5) and the Q register (octal 4).

Qo, RAMo /0 Shift lines similar to Q3 and RAM3. However the description is applied to the LSB of RAM and the Q-
register.

DO-D3 I These four direct data inputs can be selected as a data source for the ALU. DO is the LSB.

YO-Y3 [e] These four three state outputs, when enabled, display either the data on the A-port of the register stack or
the outputs of the ALU as determined by the destination code 1678.

OE | When high, the Y outputs are in the high impedance state. When low, either the contents of the A-register or|
the outputs of the ALU are displayed on YO-Y3 , as determined by 1678.

G, P (o] The carry generate and propagate outputs of the ALU.

OVR [e] This signal indicates that an overflow into the sign bit has occurred as a result of a two's complement operation.

F=0 (o] This output, when high, indicates the result of an ALU operation is zero.

F3 o The most significant ALU output bit.

Cn | The carry-in to the ALU.

Cn+4 (o] The carry-out of the ALU.

CP | This clock signal is applied to the A and B-port latches, RAM, and Q-register. The clock low time is the write
enable to the on-board 16 x 4 RAM, including set-up time for the A and B port registers. The A and B port
and Q-register outputs change on the clock low-to-high transition.

Plastic Package
A O " ahoE
A, 02 22v,
A3 23y,
A4 24y,
Nal 25v,
1,06 26[P
1,07 27 Eovn
RAM; (] 8 28[]cC,,,
RAM, ]9 297G
vee Q10 30[]F,
F=0n 31 JGND
1,0 12 3213c,
1,13 331,
1,14 315
cpr s 35071,
Q,[]16 361D,
B, [ 17 37 b,
8,18 38[Jo,
B, ] 19 39[3p,
B, 20 a0]q,
TOP

42



Ws5901

ABSOLUTE MAXIMUM RATINGS* *Notice: Stresses above those listed here may cause
Operating Temp (Comm’l) ........ 0°C to +70°C permanent damage to the device. This is a stress rating
Mily ..o —55°C to +125°C only and functional operation of the device at these or
Storage Temp. (No Bias). . . ... -65°C to +150°C any other conditions above those indicated in the
Voltage on Any Pin with operational sections of this specification is not implied.
Respectto GND . ............. —06V to +7V Exposure to absolute maximum rating conditions for
Latch-Up Protection . ................ >200 mA extended periods of time may affect device reliability.
ESD Protection . ................... > +2000V

DC READ CHARACTERISTICS Over Operating Temperature Range (Note 1)

SYMBOL PARAMETER TEST CONDITIONS MIN | MAX | UNITS
Vou | Output High Voltage Vee = Min All Outputs|loy = —16 mA 24
Vin = VigorVy
= Mi Yo-Y. lo. = 20 mA Comm’l
Vo | Output Low Voltage xcc VM'" 03 oL 05 | Vv
N = VigorViL | All Others |lg. = 16 mA
ViH Input High Voltage Guaranteed Input High Voltage 20
Vi Input Low Voltage Guaranteed Input Low Voltage 08
lix Input Load Current Vee = Max, Vi = Gnd or Ve -10| 10
High Impedance _ _ _ pA
Ioz Output Current VCC = MaX, VO = Gnd or VCC 50 50
lcc Power Supply Current| Ve = Max (Note 2)| Comm’l (0°C to +70°C) 30 mA
NOTES: 1) Commercial: Vgg = +5V + 5%, Tp = 0°C to 70°C. 2) 100 ns System Cycle
LOGICFUNCTIONS FORG, P,C,.4,and OVR
The four signals, G, P, C,, , 4 and OVR are designed Definitions (+ = OR)
to mdncatg carry and overflow conditions when the Po = Ro+ So Go = RoSo
WS5901 is in the add or subtract mode. The table P, = R; + S, Gy = R{S; -
below indicates the logic equations for these four P, =R+ S, G>= R,S,
signals for each of the eight ALU functions. The R P; =Rz + S3 Gz = R3S3
and S inputs are the two inputs selected according Cs=Ga+ P3Gz2+ P3P,G1 + P3P, Go + P3P, Py Py Cpy
to Table 1. Ca= Gz2+ P2G1+ PP Go + P,P R Cyy
Isaz | Function P G Cni+a OVR
(0] R+ S P3PoPPo | G3+ P3Gy +P3P,Gy+ P3PoP1Go Ca4 C3Vv Cy
1 S-R <«——————Same as R+ S equations, but substitute ﬁi for R; in definitions —————————
2 R-S <+—————— Same as R+ S equations, but substitute §i for Sj in definitions ——8 ————»
3 RVS LowW P3P,PPg P3P2P1Po+Cn P3P2P1Po +Cn
4 RAS LOW Gz + Gzt Gy T Go G3+Gp+G1+Go+Cp |Ga+GotGi+Go+Ch
5 RAS LOW <«—— Same as R A S equations, but substitute ﬁi for R; in definitions ——
6 R~ S <+——— Same as R ¥ S equations, but substitute ﬁi for R; in definitions —————»
7 AVS Gt Gl Gt PuPyGy+ PaPyPyGy | S 02t PaPaGy s
+ + — ee note 1
+ G+ Go| 22 3TEMTTSTEIEO T P Py (GotCn)

NOTES: 1) (P + GpPy + GpGy Py + GpGyGoCp) ¥ (P3 + GgPs + GaGoP, + G3G2G1 Ry + G3GoG1GoCh)-
2) +=0R
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FUNCTIONAL TABLES

MICRO CODE Py evie MICRO CODE
Mnemonic Mnemonic AL"! SYMBOL
Octal Octal| Function

PR Code R S Is|la|ls Code
AQ L{L|L] O A Q ADD L|L|L 0 R Plus S R+ S
AB LILJH] 1 A B SUBR L|L|H 1 S Minus R S-R
zQ LIH|L|] 2 0 Q SuBS L|{H|L 2 R Minus S R-S
ZB L{H|H} 3 0 B OR L|H|H 3 RORS RvS
ZA HIL|L] 4 0 A AND H|lL|L 4 B AND S B AS
DA HIL]H| 5 D A NOTRS |H|L|H 5 R AND S RAS
DQ HI|H|L|] 6 D Q EXOR HIH|L 6 R EXOR RvVS
Dz HI{H|H} 7 D 0 EXNOR |H|H|H 7 R EX-NOR S RvVS

Table 1: ALU Source Operand Control.

Table 2. ALU Function Control.

RAM Q-REG. RAM
MICRO CODE Q SHIFTER
Mnemonic FUNCTION FUNCTION | | outpuT SHIFTER
1g|l7 |16 82:,1' SHIFT | LoaD | sHIFT | LoAD RAM, |[RAM3 | Qo | Q3
QREG LjLjL} o X NONE | NONE| F—-Q F X X X X
NOP L{L|H}| 1 X NONE X NONE F X X X X
RAMA L{H|L]| 2 NONE | F—B X NONE A X X X X
RAMF LIH|H] 3 NONE | F—B X NONE F X X X X
RAMQD |H|L|L]| 4 DOWN |F/2—-B|DOWN |Q/2—-Q F Fo IN3 Qo IN 3
RAMD HiL|H| 5 DOWN |F/2—-B X NONE F Fo IN3 Qo X
RAMQU |H|H]|L] 6 UP 2F-B UP |2Q-Q F INg F3 INo Q3
RAMU H{H|H} 7 uUpr 2F—B X NONE F INg F3 X Q3
- X= Don't care.
B = Register Addressed by B inputs.
DOWN is toward LSB. UP is toward MSB.
Table 3. ALU Destination Control.
l210 (Octal Code)
0 1 ] 2 | 3 | a4 | s5 | e 7
I543 ALU ALU Source (R, S)
(Octal Code)] Function A, Q A, B 0, Q O,B 0, A D, A D, Q D, O
Ch=1L A+ Q A+ B Q B A D+ A D+ Q D
o] R Plus S
Ch=H A+ Q+ 1A+ B+ 1] Q+ 1 B+ 1 A+ 1 D+A+1D+Q+ 1 D+ 1
C,=1L Q-A-1|B-A-1 Q-1 B-1 A-1 A-D-1|1Q-D-1|-D-1
1 S Minus R
Ch=H Q-A B-A Q B A A-D Q-D -D
Ch=1L A-Q-1]|A-B-1| -Q-1 -B-1 -A-1 D-A-1|D-Q-1 D-1
2 R Minus S
Ch=H A-Q A-B -Q -B -A D-A D-Q D
3 RORS AvQ AvB Q B A DvA DvaQ D
4 R AND S AArQ AAB 0 0 0 DAA DaAQ 0
5 RAND S ArQ AAB Q B A DaA DaQ 0
6 R EX-OR S AvQ AvB Q B A DvA DvQ D
7 REX-NORS | A¥Q AvB Q B A DVA DvQ D
+ = Plus; - = Minus; v = OR; A = AND; v = EX-OR.

Table 4. Source Operand and ALU Function Matrix.
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SOURCE OPERANDS AND ALU FUNCTIONS

Eight source operand pairs are available to the ALU as determined by the 10, I1, and 12 instruction
inputs. The ALU performs eight functions; three arithmetic and five logic. This function selection is
controlled by the 13, 14, and 15 instruction inputs. When in the arithmetic mode, the ALU results are also
affected by the carry, Cn. In the logic mode, the Cn input has no effect.

The matrix of Table 4 results when Cn and |0 through 15 are viewed together. Table 5 defines the logic
operations which the WS5901 can perform and Table 6 shows the arithmetic operations of the
device. Both carry-in HIGH (Cn = 1) and carry-in LOW (Cn = 0) are defined in these operations.

Octal c,=L Cn=H

lsa3,

l210 Group | Function | Group Function
00 A+ Q A+Q+1
01 |ADD A+ B ADD plus | A+ B+ 1
05 D+ A one D+ A+ 1
06 D+ Q D+ Q+ 1
02 Q Q+1
03 |PASS B Increment B+ 1
04 A A+1
07 D D+ 1
12 Q-1 Q
13 |Decrement| B-1 PASS B
14 A-1 A
27 D-1 D
22 -Q-1 -Q
23 |1t’'sComp. | -B-1 2's Comp. -B

24 -A-1 (Negate) -A

17 -D-1 -D
10 Q-A-1 Q-A
11 |Subtract B- A- 1| Subtract B-A
15 |(1's Comp.)) A-D-1|(2’s Comp.) A-D
16 Q-D-1 Q-D
20 A-Q-1 A-Q
21 A-B-1 A-B
25 D-A-1 D-A
26 D-Q-1 D-Q

Octal
I543, l210 Group Function

40 ArQ
41 AND AAB
45 DA A
46 DaQ
30 AvQ
31 OR AvB
35 Dv A
36 DvQ
60 AvQ
61 EX-OR AvVB
65 DVA
66 DvQ
70 Ava
71 EX-NOR AVB
rs DvA
76 5va
72 a
rs INVERT B
74 i
77 s}
62 a
63 PASS B
64 A
67 b
32 a
33 PASS B
34 A
37 b
42 o
43 “ZERO" 0
44 o
47 o
50 -A-/\Q
51 MASK AnB
55 DA
56 5aQ

Table 5. ALU Logic Mode Functions.

Table 6. ALU Arithmetic Mode Functions.
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ws5901C CYCLE TIME AND CLOCK
COMMERCIAL RANGE AC CHARACTERISTICS
CHARACTERISTICS READ-MODIFY-WRITE (from select
) of A, B registers to end of cycle) 31ns
The tables shown here specify the guaranteed Maximum Clock Frequency to Shift
performance of the WS5901C over the Commercial Q (50% duty cycle, 1 = 432 or 632) 32MHz
operating temperature range of 0°C to +70°C and Minimum Glock Low Time 15ns
a power supply range of 5V + 5%. Inputs are Minimum Clock High Time 15ns
switching between 0 and 3V with rise and fall times Minimum Clock Period
of 1 Vins and measurements made at 15V. All nl ock rero 31ns
outputs have maximum DC load.
OUTPUT ENABLE/DISABLE TIME
Disable tests performed with C| = 5pF and
measured to 0.5V change of output voltage.
From OE Low to Y output enable 23ns
From OE High to output disable 23ns
COMBINATIONAL PROPAGATION DELAYS (CL= 50PF)
TO
OUTPUT A B _ RAMO, Qo,
m%@r Y F3 Cn+a G, P F=0 OVR RAM3 a3 UNITS
A, B ADDRESS 40 40 40 37 40 40 40 -
DO-D3 30 30 30 30 38 30 30 -
Cn 22 22 20 - 25 22 25 -
lo12 35 35 35 37 37 35 35 - ns
I345 35 35 35 35 38 35 35 -
le78 25 - - - - - 26 26
A BYPASS ALU
(1= 2XX) 35 - - - - - - -
CLOCK 35 35 35 35 35 35 35 28

SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP) INPUT

CcP

INPUT Set Up before H— L | Hold after H— L | Set Up before L~ H |Hold after L— H | UNITS
ﬁ,dgrgg:rce 15 1 (Note 3) 30(Note 4) 1

B Destination 15 DO NOT CHANGE (Note 2) 1

Address

DO-D3 - - 25 0

Cn - - 20 0 ns
lo12 - - 30 0]

laas - - 30 0

le78 10 DO NOT CHANGE (Note 2) o]

g):\)l’\dao,:aand N _ 12 0

NOTES: 1) Dashes indicate that a set-up time constraint or a propagation delay path does not exist.
2) The phrase “DO NOT CHANGE?” indicates that certain signals must remain low for the duration of the clock Low time.

Otherwise, erroneous operation may be the result.

3) Priorto clock H> L transition, source addresses must be stable to allow time for the source data to be set up before the
latch closes. After this transition the A address may be changed. If it is not being used as a destination, the B address
may also be changed. If itis being used as a destination, the B address must remain stable during the clock Low period.

4) Set-up time before H> L included here.
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wS5901D CYCLE TIME AND CLOCK
COMMERCIAL RANGE AC CHARACTERISTICS
CHARACTERISTICS READ-MODIFY-WRITE (from select o3ns
The tables shown here specify the guaranteed ofA B regc';Ster: ;o end of cty Cge,: ft
- | -
performance of the WS5901D over the Commercial g?ég?,;’g’uty"c@c.e', qu=u i%cg o? 63'2) 43MHz
operating temperature range of 0°C to +70°C and Minimum Clock Low Time 11ns
a power supply range of 5V + 5%. Inputs are Minimum Clock High Time Tins
switching between 0 and 3V with rise and fall times — -
of 1 VIns and measurements made at 1.5V. All Minimum Clock Period 2305
outputs have maximum DC load.
OUTPUT ENABLE/DISABLE TIME
Disable tests performed with C_ = 5pF and
measured to 0.5V change of output voltage.
From OE Low to Y output enable 14ns
From OE High to output disable 16ns
COMBINATIONAL PROPAGATION DELAYS (CL = 50PF)
TO
OUTPUT ~ D — RAMO’ QO,
m;m Y F3 Cn+a G, P F=0 OVR RAM3 a3 UNITS
A, B ADDRESS 30 30 30 28 30 30 30 -
DO-D3 21 20 20 20 24 21 22 -
Cn 17 17 14 - 19 16 18 -
lo12 26 25 24 24 25 24 25 - ns
I345 26 24 24 24 26 24 26 -
lg78 16 - - - - - 21 21
A BYPASS ALU
(1= 2XX) 24 - - - - - - -
CLOCK 24 23 23 23 24 24 24 19
SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP) INPUT
INPUT CP | Set Up before H— L | Hold after H—~ L | Set Up before L—H |Hold after L—H | UNITS
ﬁagrgs‘,’:rce 10 0 (Note 3) 21(Note 4) 1
B Destination
Address 10 DO NOT CHANGE (Note 2) 1
D0-D3 - - 16 0
Cn - - 13 0 ns
lo12 - - 19 0
I345 - - 19 0
le78 7 DO NOT CHANGE (Note 2) 0
RAMO, 3 and
Q0,3 - - 9 1

NOTES: 1) Dashes indicate that a set-up time constraint or a propagation delay path does not exist.
2) The phrase “DO NOT CHANGE” indicates that certain signals must remain low for the duration of the clock Low time.
Otherwise, erroneous operation may be the result.

3) Priorto clock H> L transition, source addresses must be stable to allow time for the source data to be set up before the

latch closes. After this transition the A address may be changed. If it is not being used as a destination, the B address

may also be changed. If it is being used as a destination, the B address must remain stable during the clock Low period.

4) Set-up time before H> L included here.
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ORDERING INFORMATION

OPERATING wsl
PART NUMBER | SPEED PA%‘:SE ;ﬁimﬁg TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS5901CP C | 40 Pin Plastic DIP, 06" P1 Comm'l Standard
WS5901DP D 40 Pin Plastic DIP, 0.6” P1 Comm’l Standard
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ES S = WS59016

WAFERSCALE INTEGRATION, INC.

CMOS 16-BIT HIGH-SPEED MICROPROCESSOR SLICE

KEY FEATURES
e Four CMOS 2901 Type Devices in a ¢ High Speed Operation
Single Package — 31 ns Read-Modify-Write
° g“ Boatrd Look-Ahead Carry * Fully Firmware Compatible with the
enerator Bipolar Device Configuration of Four
e Low CMOS Power 2901s and One 2902A
— 225 mW

GENERAL DESCRIPTION

The WS59016 is a 16-bit high-speed microprocessor which combines the functions of four 2901 4-bit slice processors
and distributed look-ahead carry generation on a single High Performance CMOS device.

This microprogrammable circuit has the flexibility to efficiently emulate almost any digital computing machine. It is
an ideal candidate for such applications as peripheral controllers, CPUs, programmable microprocessors, and Digital
Signal Processors.

The advanced CMOS process, with which the WS59016 is manufactured, provides significant performance
improvements over an equivalent Bipolar device configuration. While operating faster than a 2901C based system,
the WS59016 requires less than 3% of the power consumed by an equivalent Bipolar system.

The WS59016 is also available as a macro cell in the WaferScale cell library. As such it can be combined with other
cells to build Application Specific Integrated Circuits.

FUNCTIONAL BLOCK DIAGRAM

RAM, swr RAM,5
Q, G-SHIFT g
0 e—C W e WV
- IN
i Aw A (“EAD)::> 16x16 2 Port ' G
SOURCE ADDRESS RAM F
u N “p wpr e LoGIC Q REGISTER
2 =] (READ/WRITE) OUT  OUuT “0”
8 ADDRESS ~— V' ™= Y
E a — L J L J L \)———J
=]
g 3 z .
oeL\H . g A B 9 Q
Ip-1 Dg-D
o-lg § o] pls 8 0-Dis > ALU SOURCE MUX
2
5 |° N N :
= 5 P _
g _—G'*F =0
6 2 - - F——>
6] g Cn - 8-FUNCTION 16-BIT ALU Fis ovm
7 [PESTINATION F > Cn.16
CONTROL T
8 — ; L

|

[e]

E—>| A OUTPUT DATA MUX F ]

YO-Y15
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Signal Name 1/0 Description

A0-3 | Addresses which select the word of on board RAM which is to be displayed through the A port.

BO-3 | Addresses which select the word of on board RAM which is to be displayed through the B port and into which)
data is written when the clock is low.

10-8 | Block of three instruction groups which are to select 1) which data sources will be applied to the ALU (1012), 2)
what function the ALU will perform (1345), and 3) what data is to be written into the Q register or on board|]
RAM(1678).

Q15, RAM15 110 Signal paths at the MSB of the on-board RAM and the Q-register which are used for shifting data. When the
destination code on 1678 indicates an up shift (Octal 6 or 7) the three state outputs are enabled and the
MSB of the ALU output is available on the RAM 15 pin and the MSB of the Q-register is available on the Q15
pin. Otherwise, the pins appear as inputs.  When the destination code calls for a down shift, the pins are
used as the data inputs to the MSB of RAM (octal 4 and 5) and the Q register (octal 4).

Qo, RAMo 1/0 Shift lines similar to Q15 and RAM15, however the description is applied to the LSB of RAM and the Q-
register.

DO-D15 | These sixteen direct data inputs can be selected as a data source for the ALU. DO is the LSB.

YO-Y15 o These sixteen three state outputs, when enabled, display either the data on the A-port of the register stack or
the outputs of the ALU as determined by the destination code 1678.

OE | When high, the Y outputs are in the high impedance state. When low, either the contents of the A-register or
the outputs of the ALU are displayed on YO-Y15, as determined by 1678.

G P [¢] The carry generate and propagate outputs of the ALU.

OVR (o] This signal indicates that an overflow into the sign bit has occurred as a result of a two’s .complement operation.

F=0 (o) This output, when high, indicates the result of an ALU operation is zero.

F15 o] The most significant ALU output bit.

Cn 1 The carry-in to the ALU.

Cn'+ 16 (o] The carry-out of the Al_U.

CP | This clock signalis applied to the A and B-port latches, RAM, and Q-register. The clock low time is the write enable
to the on-board dual port RAM, including set-up time for the A and B-port registers. The A and B-port outputs
change while the clock is high. The Q-register is latched on the clock low-to-high transition.

PIN ORIENTATION

D,
Dy
D,
Ds
Ds
D;
RAM,

Chip Carrier Dip
e 8 6 6 a0 o - @ T 28 o2 At U ed0aA,
- N - - N-- - Ao 2 630 A,
1(,l_JL]Lﬂ_IL_Il_JL_ILILJLJLJLJL_ILJL_H_H_JG.,\ B3 62[JDys
98765 a3 215857666564636261EGND B,[]4 611Dy
B.5 601D
D, 13
3“ :ZE D’ By[J6 59[1D;,
12 s D7 58[D,,
113 57 RAM,, VBCE 8 57gnm
19 561Dy
(114 56 Qss D, 10 55[1D,
)15 ss(]G gs[: 1 54 JRAM,
_ 12 53[]Q
116 saP D:Em 52%615
17 s53(Jcp Dg[]14 511P
D, 15 so[JcpP
521 7
(118 gt RAM, [ 16 491,
119 51, G:DE 1;1 4;; g I|,
' 5 )1 471,
o pEk A==l
15 3 ] 20 45[JOVR
122 48] OVR 1,021 44[Ys
W22 43[Yy,
mES 470 Vs lo[]23 42[0Cny16
24 46 Yqq Yo[J24 M[JF=0
Yi[J25 40,3
gzs 455 :ncm c,26 393,,12
OE[]27 38Y
7 41 42 43 1
56 27 28 29 30 31 32 33 34 35 36 37 38 39 40 v V.28 bt SV
Y3 29 36[JGND
& e © e o© 3
B0 T8 g F Y v, 30 3501,
Y531 34[Y,
TOP Ye[]32 3307,
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ABSOLUTE MAXIMUM RATINGS*

........ 0°C to +70°C
-55°C to +125°C
—-65°C to +150°C

Operating Temp (Comm’l)

(Mil)
Storage Temp. (No Bias)
Voltage on Any Pin with

*Notice: Stresses above those listed here may cause

permanent damage to the device. This is a stress rating
only and functional operation of the device at these or
any other conditions above those indicated in the

operational sections of this specification is not implied.

Respectto GND .. ............ -06V to +7V
Latch-Up Protection .. ............... >200 mA
ESD Protection . ................... > +2000V

DC READ CHARACTERISTICS Over Operating Temperature Range (Note 1)

Exposure to absolute maximum rating conditions for
extended periods of time may affect device reliability.

SYMBOL PARAMETER TEST CONDITIONS MIN | MAX | UNITS
Von | Output High Voltage Vec = Min All Outputs| loy = —34 mA 24
Vin = Vig or Vi,
V = Min IOL =12 mA Comm’l
vV Output Low Voltage cC All Outputs 05 v
o P 9 | Vin = Vigor vy, P lo. = 8 mA Mil
Viy Input High Voltage Guaranteed Input High Voltage 20
ViL Input Low Voltage Guaranteed Input Low Voltage 0.8
Iix Input Load Current Vee = Max, Viy = Gnd or Vg -10| 10
High Impedance _ _ HA
loz Output Current Ve = Max, Vg = Gnd or Vg -50| 50
| Power Subplv Current| v M Comm’l (0°C to +70°C) 45 A
ower Su urren = Max m
ce PPl ce Mil (—55°C to +125°C) 60

NOTES: 1) Commercial: Ve =

+5V + 5%, T = 0°C to 70°C.

2) Military: Ve =

LOGIC FUNCTIONS FORG, P, C,+ 16, and OVR

The four signals G, P, Cn*16, and OVR are
designed to indicate carry and overflow condi-
tions when the WS59016 is in the add or subtract

- mode. The table below indicates the logic
equations for these four signals for each of the
eight ALU functions. The R and S inputs are the
two inputs selected according to Table 1.

Definitions
Pi=R +S;
Gi=Ri-S;

Pos= Po'P1-P2-P3
Ps7= P4:Ps-Ps: Py
Pg.11 = Pg-Pg-Pyo-P1
Pi2.15 = P12'P13:P14-P1s

+5V + 10%, T, = -55°C to +125°C.

Goa= Ga+ Pa-Go+ Py-P2-Gy + Py-PyPy-Go
G47=G7+ P7-Ge+ P7:Ps-Gs + P7-Pe-Ps Gy

Gg.11 = Gy1 + Pi11'Gyg + Py1P1o°Gg + Py1-Pyo'Pg-Gs
Gi2.15= Gys + P15'Gia + Pis-P14-Giz + Pi5'P14 P13 G2

Cn+15 = Giz-1a+ P12:1a°Gg1 + P1214-Ps11°Gaz + Pr2.14-Ps11Paz-Goa

Pi2.1a = P12'PygPis

Giz1a=Gis + P1sGis + Pia'Pi3-Gyz

I543 lFunction P G Chn+16 OVR
Gizas + Poys Garit Pros Peyy Gay
0 R+ S Po3'Ps.7 Pg.11 - Pi2-15 F P15 ParrPay Gog P-Ca+ G Cn+|5®cn+|s
1 S-R |<«——— Same as R+ S Equations except substitute R, for R; in definitions
2 R-S |<——— Same as R+ S Equations except substitute S for S in definitions
3 RVS LOW HIGH LOW LOW
4 RAS LOW Gizas + Ggait Gaz + Goa HIGH LOW
— Same as R A S except substitute
5 | RAS Low R for R in definition HIGH Low
6 | R®s PoaPar PariPras HIGH LOW LOW
—_ Same as RS except
7 | R@s Substitute & for R in HIGH LOW LOW
Definitions
Note: 1) + = OR
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FUNCTIONAL TABLES

MICRO CODE Py verive MICRO CODE
Mnemonic PE M ALl! SYMBOL
Ll Octal ) | Octal| Function
2{!1]lo|code R S 5|'4/!3|Code
R N N A Q abp  [L|L|L| o |rPuss R+ S
AB  |L|L|H| 1 A B suBR |L|L|H| 1 |sMinusR | s-R
za |L|H[L] 2 0 Q suBs |L|H|L| 2 |RMinuss | R-s
z8 |L|H|H| 3 0 B OR L|H|H| 3 |RORS RVS
zan  |H|L|L] 4 0 A AND |H[L|L| 4 |RANDS RAS
pA [H[L|H| 5 D A NOTRs |H|L|H| 5 |RANDS RAS
pa |H|H|L| 6 D Q exor |H|H|L| & |REXORS RYS
pz |H|H|H| 7 D 0 EXNOR [H|H|H| 7 |[REX-NORS| R¥3
Table 1: ALU Source Operand Control. Table 2. ALU Function Control.
RAM Q-REG. RAM
wnemonic L'/CRO CODE | pyncTION | FUNCTION v ouTpuT | —SHIFTER Q SHIFTER
la|17[16| Q%! | swiFT | LoaD | sHIFT | LoAD RAM, |[RAMis| Qo | Q1s
QREG |L|L|L| o X | NONE | NONE| F-Q F X X X X
NOP L[C[H] 1 X |NoNE| x |NONE F X X X X
RAMA |L|H|L| 2 |[NONE| F=B | X | NONE A X X X X
RAMF |L|H|H| 3 |NONE | F=B | X | NONE F X X X X
RAMQD |H|L|L| 4 |DOWN [F/2—B|DOWN|Q/2—Q F Fo | Nis | Qo | INts
RAMD |H|L|H| 5 |DOWN |F/2—~B| X | NONE F Fo | N1s | Qo X
RAMQU |H[H[L]| & UP |2F-B| UP |20-Q F INo | Fis | INo | Qis
RAMU |H[H[H] 7 UP |2F—B| X |NONE F INg | Fis X Qs

X= Don’t care.
B = Register Addressed by B inputs.
DOWN is toward LSB. UP is toward MSB.

Table 3. ALU Destination Control.

|210 (Octal Code)
o | 1 ] 2 | 3 | a4 | s 6 7
ls43 ALU ALU Source (R, S)
(Octal Code)] Function A, Q A, B 0, Q 0,B O,A D, A D, Q D, O
Ch=1L A+ Q A+ B Q B A D+ A D+ Q D
0 R Plus S
Ch=H A+ Q+ 1A+ B+ 1 Q+ 1 B+ 1 A+ 1 D+A+1D+Q+1 D+ 1
Ch,=1 Q-A-1|B-A-1 Q-1 B-1 A-1 A-D-1]1Q-D-1}|-D-1
1 S Minus R
Ch=H Q-A B-A Q B A A-D Q-D -D
C,=L |A-Q-1]A-B-1] -Q-1 -B-1 -A-1 D-A-1|D-Q-1 D-1
2 R Minus S
Ch=H A-Q A-B -Q -B -A D-A D-Q D
3 RORS AvQ AvB Q B A DVA DvQ D
4 RAND S AAQ AAnB [¢] 0 0 DaAA DAQ 0
5 RAND S ArQ AAB Q B A DaA DaQ 0
6 REX-ORS AvQ AvB Q B A DvA DvQ D
7 REX-NORS | A¥Q AvVB Q B A DvA bvaQ D
+ = Plus; - = Minus; v = OR; A = AND; v = EX-OR.

Table 4. Source Operand and ALU Function Matrix.
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SOURCE OPERANDS AND ALU FUNCTIONS

Eight source operand pairs are available to the ALU as determined by the 10, 11 and |2 instruction inputs. The ALU
performs eight functions; three arithmetic and five logic. This function selection is controlled by the 13, 14and I5
instruction inputs. When in the arithmetic mode, the ALU results are also affected by the carry, Cn. In the logic
mode, the Cn input has no effect.

The matrix of Table 4 results when Cn and 10through I5 are viewed together. Table 5 defines the logic operations
which the WS59016 can perform and Table 6 shows the arithmetic operations of the device. Both carry-in HIGH
(Cn = 1) and carry-in LOW (CN = 0) are defined in these operations.

Octal Octal
Isa3, 1210 Group Function lsa, C,=1L Ch=H
40 AAQ l210 Group | Function | Group Function
41 A
45 AND DQ}B\ 00 A+ Q A+Q+1
46 DA Q 01 |ADD A+B |ADDplus | A+ B+ 1
05 D+ A one D+ A+ 1
89 2" g 06 D+Q D+ Q+ 1
35 OR Dy A 02 a a+ 1
36 DvQ 03 |PASS B Increment B+ 1
04 A A+ 1
60 AvaQ 07 D D+ 1
o EX-OR AvE 12 Q-1 Q
66 gvA 13 |Decrement| B-1 PASS B
S 14 A-1 A
7o AVQ 27 D-1 D
;; EX-NOR AvB Y o e
76 g%-g 23 [rscomp. | -B-1 |2sComp.| -B
— 24 -A-1 (Negate) -A
r2 Q 17 -D-1 -D
;2 INVERT _B' 10 Q-A-1 Q-A
A -A- -
77 D 11 |Subtract B-A-1] Subtract B-A
62 Q 15 |(1's Comp.)l A-D-1|(2's Comp.) A-D
63 B 16 Q-D-1 Q-D
64 PASS A 2 A-Q-1 A-Q
67 D 21 A-B-1 A-B
25 D-A-1 D-A
gg g 26 D-Q-1 D-Q
34 PASS A Table 6. ALU Arithmetic Mode Functions.
37 D
42 0
43 “ZERO” 0
44 0
47 0
50 AArQ
51 MASK ArB
55 DAA
56 DAaQ

Table 5. ALU Logic Mode Functions.
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The following analysis compares the critical timing paths of a WS59016D vs. the equivalent Bipolar circuit
implementation using four 2901C’s and one 2902A.

As can be seen from this comparison, the WS59016 operates faster than even the theoretically achievable values
of the Bipolar implementation. The actual values for the Bipolar circuit will be lengthened by the layout
dependent interconnect delays between the individual devices. When these delays are taken into account, the
WS59016 speed advantage becomes even greater.

COMPETITIVE TIMING ANALYSIS

TIMING COMPARISON
WS59016D vs 2901C w/2902A (Comm’l)

DATA PATH

CONTROL PATH

2901C w/ 2902A

A, B Address —————=P or G = 37ns
PorG > C= 9ns
C——— +F=0, RAMg 5= 25ns

2901C w/ 2902A
lo12 - PorG=37ns
PorG C= 9ns

C——— > F=0, RAMp 15 = 25ns

interconnect delay ——— = Xns interconnect delay = Xns
Total Delay > > 71ns Total Delay - > 71ns
59016D 59016D

A, B Address—=F = 0, RAMg 15 = 46ns loptg ———= F =0, RAMg 15 = 41ns
interconnect delay —— = Ons interconnect delay = Ons
Total Delay < 46ns Total Delay < 41ns

TIMING COMPARISON
WS59016D vs 2901C w/2902A (Military)

DATA PATH

CONTROL PATH

2901C w/ 2902A

2901C w/ 2902A

A, B Address————P or G = 44ns lo12 PorG = 44ns
PorG »C = 11.5ns PorG C=11.5ns
C———F=0, RAMO.15= 28ns C———=F=0, RAM0.15= 28ns
interconnect delay ———— = Xns interconnect delay ———— = Xns
Total Delay > 83.5ns Total Delay — > 83.5ns
59016D 59016D

A, B Address— F15, RAM; 45 = 56ns lorp————— F15, RAMg 15 = 49ns
interconnect delay ————— = Ons interconnect delay ——— = O0Ons
Total Delay < 56ns Total Delay < 49ns

NOTE: This competitive analysis holds true for any 16 bit system which performs arithmetic operations. If arithmetic operations are
not used, the Bipolar circuit can run faster than noted above.




Ws59016

COMMERCIAL RANGE AC

CYCLE TIME AND CLOCK

CHARACTERISTICS CHARACTERISTICS
(WS59016C) READ-MODIFY-WRITE (from select po
R of A, B registers to end of cycle) s
The tables shown here specify the guaranteed Maximum Clock Frequency to Shift
performance of the WS59016C over the Commercial Q (50% duty cycle, | = 432 or 632) 15MHz
operating temperature range of 0°C to +70°C and Minimum Clock Low Time 33ns
a power supply range of 5V + 5%. Inputs are Minimum Clock High Time 33ns
switching between 0 and 3V with rise and fall times — -
of 1 V/Ins and measurements made at 1.5V. All Minimum Clock Period g7ns
outputs have maximum DC load.
OUTPUT ENABLE/DISABLE TIME
Disable tests performed with C_ = 5pF and
measured to 0.5V change of output voltage.
From OE Low to Y output enable 25ns
From OE High to output disable 25ns
COMBINATIONAL PROPAGATION DELAYS (CL = 50PF)
TO
OUTPUT = = RAMO, Qo,
C s = VR UNITS
i Y F15 nt1e | G P F=0 | © RAM15 | Q15
A, B ADDRESS 69 69 60 68 71 69 71 -
DO0-D15 55 55 45 50 55 55 55 -
Cn - 38 38 27 - 42 38 42 -
lo12 60 60 55 55 60 60 60 - ns
l345 60 60 55 65 60 60 60 -
la7s 30 - - - - - 27 26
A BYPASS ALU 45 _ B _ _ _
(1= 2XX) - -
CLOCK 65 65 65 65 55 65 70 30
INPUT €P | set Up before H— L | Hold after H— L | Set Up before L—H |Hold after L—H | UNITS
A, B Source
Address 15 2 (Note 3) 65 (Note 4) 1
B Destination
Address 15 DO NOT CHANGE (Note 2) 1
DO-D15 - - 50 0
Cn - - 34 0 ns
lo1a - - 55 0
1345 - - 55 0
le7s 15 DO NOT CHANGE (Note 2) 0
RAMO, 15 and
Qo, 15 - - 20 4
NOTES: 1) Dashes indicate that a set-up time constraint or a propagation delay path does not exist.

2) The phrase “DO NOT CHANGE” indicates that certain signals must remain low for the duration of the clock Low time.
Otherwise, erroneous operation may be the result.
3) Prior to clock H > L transition, source addresses must be stable to allow time for the source data to be set up before
the latch closes. After this transition the A address may be changed. If it is not being used as a destination, the B
address may also be changed. If it is being used as a destination, the B address must remain stable during the clock
Low period.

4) Set-up time before H> L included here.
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MILITARY RANGE AC CYCLE TIME AND CLOCK
CHARACTERISTICS CHARACTERISTICS
(WS59016C) [READ-MODIFY-WRITE (from select
. of A, B registers to end of cycle) 80ns
The tables shown here specify the guaranteed Maximum Clock Frequency to Shift
performance of the WS59016C over the Military Q (50% duty cycle, | = 432 or 632) 12.5MHz
operating temperature range of —55°C to +125°C Minimum Clock Low Time 39ns
and a power supply range of 5V + 10%. Inputs are Minimum Clock High Time 39ns
switching between 0 and 3V with rise and fall times Mini Clock Period
of 1 V/Ins and measurements made at 1.5V. All ooom oo 80ns
outputs have maximum DC load.
OUTPUT ENABLE/DISABLE TIME
Disable tests performed with C, = 5pF and
measured to 0.5V change of output voltage.
From OE Low to Y output enable 30ns
From OE High to output disable 30ns
COMBINATIONAL PROPAGATION DELAYS (CL= 50PF)
TO
OUTPUT — = RAMO, Qo,
FROM - Y F15 | Cht16 | G, P F=0 OVR | pamis | Q15 |UNITS
A, B ADDRESS 83 83 72 82 83 83 83 -
DO0-D15 66 66 54 60 66 66 66 -
Cn 46 46 33 - 53 46 53 -
lo12 72 72 66 66 72 72 72 - ns
I345 72 72 66 66 72 72 72 -
lg78 36 - - - - - 31 31
A BYPASS ALU
(1= 2XX) 55 - - - - - - -
CLOCK 78 78 78 78 66 78 78 36
SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP) INPUT
INPUT CP | set Up before H— L | Hold after H— L | Set Up before L~ H |[Hold after L—~H | UNITS
ﬁagrgggme 20 2 (Note 3) 78 (Note 4) 2
B Destination
Address 20 DO NOT CHANGE (Note 2) 2
DO-D15 - - 60 0
Cn - - 41 0 ns
lo12 - - 66 [¢]
1345 - - 66 0
l678 20 DO NOT CHANGE (Note 2) 0
RAMO, 15 and
Qo, 15 - - 25 5
NOTES: 1) Dashes indicate that a set-up time constraint or a propagation delay path does not exist.

2) The phrase “DO NOT CHANGE” indicates that certain signals must remain low for the duration of the clock Low time.
Otherwise, erroneous operation may be the result.
3) Prior to clock H> L transition, source addresses must be stable to allow time for the source data to be set up before the
latch closes. After this transition the A address may be changed. If it is not being used as a destination, the B address
may also be changed. If it is being used as a destination, the B address must remain stable during the clock Low period.
4) Set-up time before H> L included here.
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COMMERCIAL RANGE AC

CYCLE TIME AND CLOCK

CHARACTERISTICS CHARACTERISTICS
(WS59016D) READ-MODIFY-WRITE (from select) 31 ns
The tables shown here specify the guaranteed of A, B registers to end of cycle)
performance of the WS59016D over the Commercial Maximum Clock Frequency to Shift 32 MHz
operating temperature range of 0°C to +70°C and Q (50% duty cycle, | =432 or 632)
a power supply range of 5V + 5%. Inputs are Minimum Clock Low Time 14 ns
B oo St i S mes.  Iinimum Glook High Tme tane
outputs have maximum DC load. Minimum Ciock Period 40 ns
OUTPUT ENABLE/DISABLE TIME
Disable tests performed with C| = 5pF and
measured to 0.5V change of output voltage.
From OE Low to Y output enable 24 ns
From OE High to output disable 22 ns
COMBINATION PROPAGATION DELAYS (C_=50PF)
o = = RAMO Qo
oUTPUT UTRUT F15 | Casts | G,P | F=0 | OVR | pamis | Q15 | UNITS
A, B ADDRESS 46 46 44 43 46 46 44 —_
D0-D15 36 32 34 32 36 34 36 —
Cnh 32 29 24 — 32 28 32 —
lo12 39 39 37 38 39 38 41 — ns
la4s 39 38 37 37 39 38 41 —
lg78 28 — — — — — 34 34
ABYPASSALU | g4 _ _ _ _ _ _ _
(I=2XX)
CLOCK 38 37 38 34 38 38 38 38
SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP) INPUT
INPUT CP | Set Up before H—L | Hold after H—L | Set Up before L — H|Hold after L—H | UNITS
B, Source 12 0 (Note 3) 23 (Note 4) 1
B Dpstination 12 DO NOT CHANGE (Note 2) 1
D0-D15 — — 19 0
Cn — — 16 0 ns
lo12 — — 22 0
1345 — — 22 0
lg7s 12 DO NOT CHANGE (Note 2) 0
g&wg% 15 and _ _ 17 3
NOTES: 1) Dashes indicate that a set-up time constraint or a propagation delay path does not exist.

2) The phrase “DO NOT CHANGE” indicates that certain signals must remain low for the duration of the clock Low time.
Otherwise, erroneous operation may be the result.
3) Prior to clock H > L transition, source addresses must be stable to allow time for the source data to be set up before
the latch closes. After this transition the A address may be changed. If it is not being used as a destination, the B
address may also be changed. If it is being used as a destination, the B address must remain stable during the clock
Low period.

4) Set-up time before H> L included here.
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MILITARY RANGE AC CYCLE TIME AND CLOCK
CHARACTERISTICS CHARACTERISTICS
(WS59016D) READ-MODIFY-WRITE (from select) | 56 o
The tables shown here specify the guaranteed of A, B registers to end of cycle)
performance of the WS59016D over the Military Maximum Clock Frequency to Shift
operating temperature range of —55°C to +125°C Q (50% duty cycle, | = 432 or 632) 27 MHz
and a power supply range of 5V + 10%. Inputs are Mini | :
switching between 0 and 3V with rise and fall times inimum Clock Low Time 17ns
of 1 V/Ins and measurements made at 1.5V. All Minimum Clock High Time 17 ns
outputs have maximum DC load. Minimum Clock Period 47 ns
OUTPUT ENABLE/DISABLE TIME
Disable tests performed with C_ = 5pF and
measured to 0.5V change of output voltage.
From OE Low to Y output enable 30 ns
From OE High to output disable 27 ns
COMBINATION PROPAGATION DELAYS (C_=50PF)
FROM L?JTPUT Y F15 C G, P F=0 OVR RAMO Q0 UNITS
OUTPUT n+16 ’ = RAM15 | Q15
A, B ADDRESS 56 56 53 52 56 56 53 —
D0-D15 43 39 42 39 43 42 43 —
Cp 39 36 30 — 39 34 39 ——
lo12 48 48 46 47 48 47 49 — ns
1345 48 47 46 46 48 47 49 —
l678 34 — — — — — 42 42
ABYPASSALU | ,, _ . . _ _ _ _
(I'=2XX) | |
CLOCK 47 46 47 42 47 47 47 47
SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP) INPUT
INPUT CP | Set Up before H—L | Hold after H—L | Set Up before L H|Hold after L—~H| UNITS
B Source 16 0 (Note 3) 29 (Note 4) 2
B Destination
Address 16 DO NOT CHANGE (Note 2) 2
DO-D15 — — 23 0
Cn — — 20 0 ns
lo12 - — 27 0
1345 — — 27 0
le78 16 DO NOT CHANGE (Note 2) 0
RAMO, 15 and
Qo, 15 - - 21 4
NOTES: 1) Dashes indicate that a set-up time constraint or a propagation delay path does not exist.

2) The phrase “DO NOT CHANGE" indicates that certain signals must remain low for the duration of the clock Low time.
Otherwise, efroneous operation may be the result.
3) Prior to clock H> L transition, source addresses must be stable to allow time for the source data to be set up before
the latch closes. After this transition the A address may be changed. If it is not being used as a destination, the B
address may also be changed. If it is being used as a destination, the B address must remain stable during the clock

Low period.

4) Set-up time before H> L included here.
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ORDERING INFORMATION

OPERATING wsi
PART NUMBER | SPEED PA%'((,QEGE gﬁ%ﬁﬁg TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS59016CB C 64 Pin Ceramic Sidebrazed B1 Comm’'l Standard
DIP, 09"
WS59016CBMB C 64 Pin Ceramic Sidebrazed B1 Military MIL-STD-883C
DIP, 0.9”
WS59016CJ C 68 Pin PLDCC J1 Comm’l Standard
WS59016CL C 68 Pin CLDCC L1 Comm’l Standard
WS59016CLMB o] 68 Pin CLDCC L1 Military MIL-STD-883C
WS59016DB D 64 Pin Ceramic Sidebrazed B1 Comm’l Standard
DIP, 09"
WS59016DBMB D 64 Pin Ceramic Sidebrazed B1 Military MIL-STD-883C
DIP, 09"
WS59016DJ D 68 Pin PLDCC Ji Comm’l Standard
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552 WS59032

WAFERSCALE INTEGRATION, INC.

CMOS 32-BIT HIGH-SPEED MICROPROCESSOR SLICE

KEY FEATURES
e Eight CMOS 2901 Type Devices in a e High Speed Operation
Single Package — 23 MHz Read-Modify-Write Cycle
¢ 32 x 32 Dual Port RAM ® Fully Firmware Compatible
e Low CMOS Power with the 2901
— 350 mW e On Board Carry Look-Ahead

GENERAL DESCRIPTION
The WS59032 is a 32-bit High-Speed microprocessor which combines the functions of eight 2901 4-bit slice pro-
cessors and distributed look-ahead carry generation on a single High Performance CMOS device. The WS59032 dual
port RAM is 32-bits wide and 32 words deep. This architecture provides greater flexibility and eases the task of
generating new microcode while maintaining 100% compatible with existing 2901 based microcode.
This microprogrammable circuit has the flexibility to efficiently emulate almost any digital computing machine. It is
an ideal candidate for such applications as peripheral controllers, CPUs, programmable microprocessors, and Digital
Signal Processors.
The advanced CMOS process, with which the WS59032 is manufactured, provides significant performance im-
provements over an equivalent Bipolar device configuration. While operating faster than a 2901C based system, the
WS59032 requires less than 3% of the power consumed by an equivalent Bipolar system.
The WS59032 is also available as a macro cell in the WaferScale cell library. As such it can be combined with other
cells to build Application Specific Integrated Circuits.

FUNCTIONAL BLOCK DIAGRAM

RAM, SF::}":V'T RAM,,
Q, Q-SHIFT g
0 cP WE “B”
- IN ———'l
ALU ‘A’ (READ) 32 x 32 2 PORT »1cp Q
1 ADDRESS
SOURCE ADD RAM F
|| w B wpr g LOGIC Q REGISTER
2 3 (READ/WRITE) ouT ouT “Q”
8 ADDRESS T .
a w
[=]
=K z U U L}
eL\H A g A B 0 Q
[P} ~
o-ls_5 4| CuNGHION 3 Dy~Dy i> ALU SOURCE MUX
| . =
2 |® 2 Vi N
= 9]
] F=
6 S 8-FUNCTION 32-BIT ALU ———
- = Cin > L, Y
7 |DESTINATION F »Cri32
CONTROL  —
8 : L

ﬁa—>l A OUTPUT DATA MUX F 1

YO_Y31
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PIN DESCRIPTION

Signal Name 1/0 Description
AO-4 | Addresses which select the word of on board RAM which is to be displayed through the A port.
BO-4 | Addresses which select the word of on board RAM which is to be displayed through the B port and into which
data is written when the clock is low.
i0-8 | Block of three instruction groups which are to select 1) which data sources will be applied to the ALU (1012), 2)
what function the ALU will perform (1345), and 3) what data is to be written into the Q register or on board
RAM(1678).
Q31,RAM31 1/0 Signal paths at the MSB of the on-board RAM and the Q-register which are used for shifting data. When the
destination code on 1678 indicates an up shift (Octal 6 or 7) the three state outputs are enabled and the
MSB of the ALU output is available on the RAM 31 pin and the MSB of the Q-register is available on the Q 31
pin. Otherwise, the pins appear as inputs. ~ When the destination code calls for a down shift, the pins are
used as the data inputs to the MSB of RAM (octal 4 and 5) and the Q register (octal 4).
Q0, RAMO 170 Shift tIines similar to Q31 and RAM31. however the description is applied to the LSB of RAM and the Q-
register.
DO-D31 | These thirty two direct data inputs can be selected as a data source for the ALU. DO is the LSB.
YO-Y31 o These thirty two three state outputs, when enabled, display either the data on the A-port of the register stack
or the outputs of the ALU as determined by the destination code 1678.
OE | When high, the Y outputs are in the high impedance state. When low, either the contents of the A-register or
the outputs of the ALU are displayed on Y0-Y31, as determined by 1678.
OVR o This signal indicates that an overflow into the sign bit has occurred as a result of a two’s complement operation.
F=0 o This output, when high, indicates the result of an ALU operation is zero.
F31 [e] The most significant ALU output bit.
Cn ! The carry-in to the ALU.
Cn+32 (e] The carry-out of the ALU.
cp | This clock signalis applied tothe A and B-port latches, RAM, and Q-register. The clock low time is the write enable
to the on-board dual port RAM, including set-up time for the A and B-port registers. The A and B-port outputs
change while the clock is high. The Q-register is latched on the clock low-to-high transition.
PIN DESIGNATOR
PIN PGA PIN PGA PIN PGA PIN PGA
NAME GRID # NAME GRID # NAME GRID # NAME GRID #
VvCC N1 B3 N2 D23 B1 Y7 K12
VCC Al B4 M3 D24 B2 Y8 K13
GND N7 DO N6 D25 B3 Y9 J12
GND G13 D1 M6 D26 A2 Y10 J13
GND A12 D2 L6 D27 A3 Y11 H11
GND C6 D3 N5 D28 B4 Y12 H12
RAMO M7 D4 M5 D29 A4 Y13 H13
RAM31 B6 D5 N4 D30 BS Y14 G12
QO L7 D6 M4 D31 A5 Y15 G11
Q31 A6 D7 N3 10 N8 Y16 F13
CLK A7 D8 H3 11 M8 Y17 F12
CIN N13 D9 H2 12 L8 Y18 F11
CN+32 A9 D10 H1 13 N9 Y19 E13
OVR C8 D11 G1 14 M9 Y20 E12
F=0 C13 D12 G3 15 N10 Y21 D13
F31 B8 D13 G2 16 A8 Y22 D12
OEN M12 D14 F1 17 B7 Y23 B13
AO J1 D15 F2 18 C7 Y24 C12
A1 J2 D16 F3 YO M10 Y25 A13
A2 K1 D17 E1 Y1 N11 Y26 B12
A3 K2 D18 E2 Y2 N12 Y27 B11
Ad L1 D19 D1 Y3 M11 Y28 A1
BO M1 D20 D2 Y4 M13 Y29 B10
B1 L2 D21 C1 Y5 L12 Y30 A10
B2 M2 ! D22 c2 Y6 L13 Y31 B9
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ABSOLUTE MAXIMUM RATINGS* *Notice: Stresses above those listed here may

Operating Temp (Comm’l) 0°C to +70°C cause permanent damage to the device. This is a
""" stress rating only and functional operation of the

(Mil) ...... -55°C to+125°C h .
: R R device at these or any other conditions above those
Storage Temp. (No bias) ...-65°C to +150°C indicated in the operational sections of this
Voltage on any pin with specification is not implied. Exposure to absolute
respect toGND ............... -0.6Vto+7V maximum rating conditions for extended periods of
Latch Up Protection ............... >200 mA time may affect device reliability.
ESD Protection .................. > +2000V

DC CHARACTERISTICS Over Operating Temperature Range (Note 1)

SYMBOL PARAMETER TEST CONDITIONS MIN MAX |UNITS
Voh |Output High Voltage | Vec = Min. All outputs | lon = -1.6mA 24
Vin = Vih or Vjj oh
Vee = Mi Yo-Y3 lol=12mA Com’l
Vol Output Low Voltage VPC; v mor Vi "Y31 lol=9mA Mil 0.5 v
in= Vih il "AIl others lol=8mA
Vih Input High Voltage Guaranteed Input High Voltage 2.0
Vi Input Low Voltage Guaranteed Input Low Voltage 0.8
lix Input Load Current Vee = Max, Vip = Gnd or Ve -10 10
High Impedance Vee = Max, Vo = Gnd or V¢ _ pA
loz Output Current 50 50
Comm’l (0°C to +70°C) 70
le Power Supply Current | Vee = Max mA
¢ ce Mil (—55°C to +125°C) 85
NOTES: 1) Commercial: Voc = +5V + 5%, Tp = 0°C to 70°C.
2) Military: Voo = +5V + 10%, To = -55°C to +125°C.
PACKAGE ORIENTATION
101 PIN PGA PACKAGE
N ML KJHGTFTETDTCTBA A B CDETFGHUJ KLMN
1M ++++++++++++ + |1 1l +++++++++++ + + |1
2l + 4+ 4+ 4+ ++ +++ A+ A+ o+ 2l +++ + 4+ + +++++++ |2
3] + + + + + + + + 3 3 + + + + + + + + 3
al + + + + |4 al + + + + |4
5| + + + + |5 5 + + + + |s
6] + + + + + + |6 6] + + + + + + |6
7] + + + + + + |7 7] + + + + + + |7
sl + + + + + + |s sl + + + + + + |8
o] + + + + | s + + + + |
1] + + + + |1 10 + + + 4+ |10
n| + + + + + + + |1 1l + + + + + + + |1
2] + + ++ +++++++++ |2 2] +++ 4+ + ++ +++++ 4+ |2
Bl + + ++ +++++ ++ + + |3 Bl + +++ + +++ 4+ ++ 4+ + |3
NML KJHGFETDTCBA A B CDETFGH HUJI KLMN
TOP VIEW BOTTOM VIEW
(THROUGH PACKAGE VIEW)
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FUNCTIONAL TABLES

MICRO CODE Py edive MICRO CODE
Mnemonic Mnemonic ALI.! SYMBOL
L Octal R s o Octal| Function
21'1|'olCode 5|'4{'3|Code
AQ LiLjL| o A Q ADD LiLIL] O |RPlusS R+ S
AB LiLIH] 1 A B SUBR L|L|H 1 S Minus R S-R
ZQ LIHJL| 2 0 Q SuBS L |H|L 2 |RMinus S R-S
ZB L{H|H| 3 0 B OR L{H|H] 3 |JRORS RvS
ZA HIL|L] 4 0 A AND H|LIL| 4 |RANDS RAS
DA HiL|H} 5 D A NOTRS |H|LIH] 5 |RANDS RAS
DQ H{H|L| 6 D Q EXOR HIH|L| 6 R EXOR S RvS
DZ HIH|H| 7 D 0 EXNOR |H|H|H| 7 |REX-NORS| RVvS
Table 1: ALU Source Operand Control. Table 2. ALU Function Control.
RAM Q-REG. RAM
MICRO CODE Q SHIFTER
Mnemonic FUNCTION FUNCTION Y OUTPUT SHIFTER
Ig{1;|1g 83;1' SHIFT | LOAD | SHIFT | LoAD RAMo | RAM 5| Qg Qs
QREG LirfLf o X NONE | NONE| F—-Q F X X X X
NOP LIL}H] 1 X NONE X NONE F X X X X
RAMA LI{H|L] 2 NONE | F—B X NONE A X X X X
RAMF LI{H|H| 3 NONE | F—B X NONE F X X X X
RAMQD |H|L|L| 4 DOWN |F/2—-B|DOWN |Q/2—~Q F Fo IN¢5 Qo INys
RAMD HI{L|H] & DOWN |F/2-B X NONE F Fo IN¢5 Qo X
RAMQU [H|H|L]| 6 upP 2F—-B UP |2Q—-Q F INg Fis INg Qs
RAMU H{H|H| 7 upP 2F—B X NONE F INg Fis X Q5
X = Don't care.
B = Register Addressed by B inputs.
DOWN is toward LSB. UP is toward MSB.
Table 3. ALU Destination Control.
l210 (Octal Code)
o | 1+ ] =2 ] a3 | a4 | 5 | 6 | 7
V543 ALU ALU Source (R, S)
(Octal Code)| Function A.Q A, B 0. Q 0, B 0. A D, A D. Q D, O
Ch=1L A+ Q A+ B Q B A D+ A D+AQ D
0 R Plus S
Cn = A+ Q+ 1A+ B+ 1 Q+1 B+ 1 A+1 |D+A+1D+Q+1| D+1
C,=1L Q-A-1|B-A-1 Q-1 B-1 A-1 A-D-1]1Q-D-1|-D-1
1 S Minus R
Ch=H Q-A B-A Q B A A-D Q-D -D
Ch=1L A-Q-1|A-B-1] -Q-1 -B-1 -A-1 D-A-1|D-Q-1 D-1
2 R Minus S
Ch=H A-Q A-B -Q -B -A D-A D-Q D
3 RORS AvQ AvB Q B A DvA DvQ D
4 R AND S AAQ AArB 0 0 0 DaAA DaAQ 0
5 RAND S AnrQ ArB Q B A DaA DaQ 0
6 REX-ORS AVQ AvB Q B A DVA DvQ D
7 REX-NORS | AvQ AvB Q B A DvA DvQ D
+ = Plus; - = Minus; v = OR; A = AND; v = EX-OR.

Table 4. Source Operand and ALU Function Matrix.
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SOURCE OPERANDS AND ALU FUNCTIONS

Eight source operand pairs are available to the ALU as determined by the 10, |1, and 12 instruction
inputs. The ALU performs eight functions; three arithmetic and five logic. This function selection is
controlled by the 13, 14, and |5 instruction inputs. When in the arithmetic mode, the ALU results are also
affected by the carry, Cn. In the logic mode, the Cn input has no effect.

The matrix of Table 4 results when Cn and 10 through 15 are viewed together. Table 5 defines the logic
operations which the WS59032 can perform and Table 6 shows the arithmetic operations of the
device. Both carry-in HIGH (Cn = 1) and carry-in LOW (Cn = 0) are defined in these operations.

Octal ) Octal _
lsa3, l210 Group Function lsas, C,=L Ch=H
40 AArQ 210 Group Function | Group Function
41 ArB
45 AND DA A 00 AtQ AtQ+i
46 DAQ 01 |ADD A+t B |ADDplus | A+ B+ 1
05 D+ A one D+ A+ 1
30 AvaQ 06 D+aQ D+ Q+1
31 AvB
35 OR Dv A 02 Q Q-+ 1
36 DvQ 0 3 |PASS B Increment B+ 1
04 A A+ 1
60 AvQ 07 b D+ 1
g; EX-OR ATVB 12 Q-1 Q
66 g:é 13 |Decrement| B-1 PASS B
— 14 A-1 A
70 AvQ 27 D-1 D
. EX-NOR AvE 22 Q-1 Q
7 g B%(—A) 23 |1t'sComp. | -B-1 2's Comp. -B
— 24 -A-1 (Negate) -A
;g g 17 -D-1 -D
INVERT
74 A 10 Q-A-1 Q-A
77 D 11 }Subtract B-A-1| Subtract B-A
60 a 15 |(1’'s Comp.)] A-D-1[(2's Comp.) A-D
63 B 16 Q-D-1 Q-D
64 PASS A 20 A-Q-1 A-Q
67 D 21 A-B-1 A-B
25 D-A-1 D-A
gg g 26 D-Q-1 D-Q
34 PASS A Table 6. ALU Arithmetic Mode Functions.
37 D
42 0
43 “ZERO” 0
44 o}
47 0
50 AArQ
51 MASK AAB
55 DAA
56 DAQ

Table 5. ALU Logic Mode Functions.
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ws59032D CYCLE TIME AND CLOCK
COMMERCIAL RANGE AC CHARACTERISTICS
CHARACTERISTICS I ——
The tables shown here specify the guaranteed per- 3'5:0;’:0[?;':;':\:?';-5(2?2' ;Z')e"‘ 51ns
formance of the WS59032D over the Commercial Max;mm:gcmck Froauonc Jt’O Shif
operating temperature range of 0°C to +70°C and Q (50% duty cycleelq= 432yor 632) 26.4 MHz
a power supply range of 5V + 5%. Inputs are Minimum Clock Low Time 29ns
switching between 0 and 3V with rise and fall times Minimum Clock High 26ns
of 1 VIns and measurements made at 1.5V. All out- Minimum Clock Period s
puts have maximum DC load. ns
OUTPUT ENABLE/DISABLE TIME
Disable tests performed with C = 5pF and
measured to 0.5V change of output voltage.
From OE Low to Y output enable 30ns
From OE High to output disable 25ns
COMBINATIONAL PROPAGATION DELAYS (CL= 50PF)
~ TO
OUTPUT _ RAMoO, Qo,
FroM Y F31 Cnss2 F=0 OVR RAM31 Q31 UNITS
A, B ADDRESS 66 66 58 66 62 75 —
D0-D31 45 45 35 45 35 48 —
Cn 36 36 18 36 32 42 —
lo12 46 46 35 46 41 58 — ns
lass 51 51 41 51 46 53 —
l678 22 - — —_ —_ 22 20
A BYPASS ALU 46
(I = 2XX) B _ — — _ -
CLOCK 51 51 42 51 46 59 22
SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP) INPUT
INPUT & Set Up before H L Hold after H L Set Up before L H Hold after L H UNITS
A, B
P dress‘;“me 20 1 (Note 3) 53 (Note 4) 0
B Destination
| Address 10 DO NOT CHANGE (Note 2) 0
D0-D31 — — 20 0
Cn — — 22 0 ns
lo12 — — 28 0
1345 — — 30 0
le78 7 DO NOT CHANGE (Note 2) 0
RAMO, 31 and ’
Qo, 31 — — 7 3

NOTES: 1) Dashes indicate that a set-up time constraint or a propagation delay path does not exist.

2) The phrase “DO NOT CHANGE” indicates that certain signals must remain low for the duration of the clock Low time.
Otherwise, erroneous operation may be the result.

3) Priorto clock H> L transition, source-addresses must be stable to allow time for the source data to be set up before the
latch closes. After this transition the A address may be changed. If it is not being used as a destination, the B address
may aiso be changed. If it is being used as a destination, the B address must remain stable during the clock Low period.

4) Set-up time before H> L included here.
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WwS59032D CYCLE TIME AND CLOCK
MILITARY RANGE AC CHARACTERISTICS
CHARACTERISTICS READ-MODIFY-WRITE (from select 0ns
The tables shown here specify the guaranteed per- of A, B registers to end of cycle)
formance of the WS59032D over the Military Maximum Clock Frequency to Shift 23.6 MHz
operating temperature range of —55°C to +125°C Q (50% duty cycle, | =432 or 632)
and a power supply range of 5V + 10%. Inputs are Minimum Clock Low Time 26ns
switching between 0 and 3V with rise and fall times Minimum Clock High 30ns
of 1 Vins and measurements made at 1.5V. All out- Minimum Clock Period 60ns

puts have maximum DC load.

OUTPUT ENABLE/DISABLE TIME
Disable tests performed with C, = 5pF and
measured to 0.5V change of output voltage.

From OE Low to Y output enable 36ns
From OE High to output disable 30ns

COMBINATIONAL PROPAGATION DELAYS (CL= 50PF)

TO
RAMO Qo
OUTPUT — ) 3
Frow Y F31 Cnia F=0 OVR RAM3: a3 UNITS
A, B ADDRESS 72 72 63 69 69 81 -
DO0-D31 51 51 40 52 42 52 —
Cn Py 41 21 39 36 36 _
lo12 48 48 40 48 24 63 _ ns
la45 54 54 46 56 51 57 -
le78 27 — —_ —_ — 21 20
A BYPASS ALU 51 _
Ta=2xx - - - - -
CLOCK 58 58 50 58 53 66 29
SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP) INPUT
INPUT | setupbeforeH L | Hold after H L Set Up before L H Hold after L H | UNITS
A, B Source
Address 25 1 (Note 3) 63 (Note 4) 1
B Destination
Addiass 25 DO NOT CHANGE (Note 2) 1
DO0-D31 — — 30 0
Cn — — 30 0 ns
lo12 —_ — 36 0
l345 — — 42 0
le78 13 DO NOT CHANGE (Note 2) 0
RAMO, 31 and
T - - 10 5

NOTES: 1) Dashes indicate that a set-up time constraint or a propagation delay path does not exist.

2) The phrase “DO NOT CHANGE" indicates that certain signals must remain low for the duration of the clock Low time.
Otherwise, erroneous operation may be the result.

3) Priorto clock H> L transition, source addresses must be stable to allow time for the source data to be set up before the
latch closes. After this transition the A address may be changed. If it is not being used as a destination, the B address
may also be changed. Ifitis being used as a destination, the B address must remain stable during the clock Low period.

4) Set-up time before H> L included here.
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WS59032E CYCLE TIME AND CLOCK
COMMERCIAL RANGE AC CHARACTERISTICS
CHARACTERISTICS m (from select 42ns
The tables shown here specify the guaranteed per- of A, B registers to end of cycle)
formance of the WS59032E over the Commercial Maximum Clock Frequency to Shift 33 MHz

operating temperature range of 0°C to +70°C and Q (50% duty cycle, | =432 or 632)

a power supply range of 5V + 5%. Inputs are Minimum Giock Low Time 18ns
switching between 0 and 3V with rise and fall times Minimum Clock High 21ns
of 1 V/ns and measurements made at 1.5V. All out- Minimum Clock Period 40ns
puts have maximum DC load. '

OUTPUT ENABLE/DISABLE TIME
Disable tests performed with C_ = 5pF and
measured to 0.5V change of output voltage.

From OE Low to Y output enable 25ns
From OE High to output disable 20ns

COMBINATIONAL PROPAGATION DELAYS (CL = 50PF)

TO

~~_OUTPUT _ RAMO, Qo,
FroW Y F31 Cns32 F=0 OVR RAMS a3 UNITS
A, B ADDRESS 55 55 48 55 51 62 —
DO0-D31 37 37 29 37 29 40 —
Cn 30 30 15 30 26 35 —
lo12 38 38 29 38 34 48 — ns
1345 42 42 34 42 38 44 —
le7s 18 —_ — —_ —_ 18 16
A BYPASS ALU 38 _ _ _
(1 = 2XX) — - —
CLOCK 42 42 35 42 38 49 18
SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP) INPUT

INPUT &1 set Up before H L Hold after H L Set Up before L H Hold after L H UNITS
A, B Source
Py 20 0 (Note 3) 44 (Note 4) 0
B Destination
Address 10 DO NOT CHANGE (Note 2) 0
DO0-D31 — — 18 0
Cn — — 20 0 ns
lo12 — — 26 0
|345 — — 29 0
le7s 5 DO NOT CHANGE (Note 2) ()}
RAMO, 31 and

, 31 — — 5 3

NOTES: 1) Dashes indicate that a set-up time constraint or a propagation delay path does not exist.

2) The phrase “DO NOT CHANGE" indicates that certain signals must remain low for the duration of the clock Low time.
Otherwise, erroneous operation may be the result.

3) Priortoclock H> L transition, source addresses must be stable to allow time for the source data to be set up before the
latch closes. After this transition the A address may be changed. If it is not being used as a destination, the B address
may also be changed. If it is being used as a destination, the B address must remain stable during the clock Low period.

4) Set-up time before H> L included here.
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WS59032E CYCLE TIME AND CLOCK
MILITARY RANGE AC CHARACTERISTICS
CHARACTERISTICS READ-MODIFY-WRITE (from select 50ns
The tables shown here specify the guaranteed per- of A, B registers to end of cycle)
formance of the WSS59032E over the Military Maximum Clock Frequency to Shift 29 MHz
operating temperature range of —55°C to +125°C Q (50% duty cycle, | =432 or 632)
and a power supply range of 5V + 10%. Inputs are Minimum Clock Low Time 23ns
switching between 0 and 3V with rise and fall times Minimum Clock High 25ns
of 1 Vins and measurements made at 1.5V. All out- Minimum Clock Period 50ns
puts have maximum DC load.
OUTPUT ENABLE/DISABLE TIME
Disable tests performed with C, = 5pF and
measured to 0.5V change of output voltage.
From OE Low to Y output enable 30ns
From OE High to output disable 30ns
COMBINATIONAL PROPAGATION DELAYS (CL= 50PF)
TO
RAMO, Qo,
Fou outpPuT Y F31 Cna32 F=0 OVR RAM31 Q31 UNITS
A, B ADDRESS 60 60 52 57 57 67 —
D0-D31 42 43 33 43 35 43 —
Cn 34 34 17 32 30 30 —
lo12 40 40 33 40 36 52 — ns
la4s 45 45 38 46 42 47 —
le7s 22 —_ —_ — — 17 16
A BYPASS ALU 4 _ _ _ _
(1 = 2XX) - —
CLOCK 48 48 41 48 44 55 24

SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP) INPUT

INPUT e Set Up before H L Hold after H L Set Up before L _H Hold after L H UNITS
A, B Source
Address 23 0 (Note 3) 52 (Note 4) 1
B Destination
Address 23 DO NOT CHANGE (Note 2) 1
D0-D31 — — 25 0
Cn — — 25 0 ns
lo12 — — 30 0
I345 — — 35 0
le78 10 DO NOT CHANGE (Note 2) 0
RAMO, 31 and|
Qo, 31 — — 7 5
NOTES: 1) Dashes indicate that a set-up time constraint or a propagation delay path does not exist.

2) The phrase “DO NOT CHANGE" indicates that certain signals must remain low for the duration of the clock Low time.

Otherwise, erroneous operation may be the result.

3) Priorto clock H> L transition, source addresses must be stable to allow time for the source data to be set up before the
latch closes. After this transition the A address may be changed. If it is not being used as a destination, the B address
may also be changed. If itis being used as a destination, the B address must remain stable during the clock Low period.

4) Set-up time before H> L included here.
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COMPETITIVE TIMING ANALYSIS

The following analysis compares the critical timing paths of a WS59032E vs. the equivalent Bipolar circuit
implementation using eight 2901C’s, two 2902A’s and three high speed logic gates (See Figure).

As can be seen from the following comparison, the Data Path of the WS59032E is 44% faster than the Data Path
of the Bipolar/ECL functional equivalent circuit. Additionally, the Control Path of the WS59032E is 50% faster
than the Bipolar/ECL implementation. The actual values for the Bipolar/ECL circuit will be lengthened by the
layout dependent interconnect delays between the individual devices. When these delays are taken into account,
the WS59032E speed advantage becomes even greater.

TIMING COMPARISON
WS59032D vs Eight 2901C’s, Two 2902A’s Plus High Speed Logic

DATA PATH CONTROL PATH
WS59032E WS59032E
A,B Address —»F =@ =55ns lo12 F =@ =48ns
interconnect delay = @ns interconnect delay = fns
Total Delay < 55ns Total Delay =48ns
DISCRETE IMPLEMENTATION (See Figure) DISCRETE IMPLEMENTATION (See Figure)
AB »P3,G3 =37ns lo12 > F =g =37ns
P3.G3 »P .G =11ns P3.Gs » P.G = 11ns
P.G »C16=10ns | P.G » C16 = 10ns
C16 »C 28!1= 14ns C16 » C28 = 14ns
C28 — »F =@ =25ns Czs > F =@ =25ns
interconnect delay = Xns interconnect delay = Xns
Total Delay >97ns Total Delay >97ns
Look-Ahead Carry Using Discrete Components
> Four 2901Cs - Four 2901Cs
Poss A Pis A
Gos Cq, 8,12 [T Cao, 24, 28
\ 5 |
Cn——> 2902A B — Cis - 2002A
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ORDERING INFORMATION

OPERATING wSsI
PART NUMBER s?:so PA%'((';‘:EGE ggimﬁg TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS59032DG D 101 Pin Ceramic PGA G2 Comm’| Standard
WS59032DGMB D 101 Pin Ceramic PGA G2 Military MIL-STD-883C
WS59032EG E 101 Pin Ceramic PGA G2 Comm'l Standard
WS59032EGMB E 101 Pin Ceramic PGA G2 Military MIL-STD-883C
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=EL5 WS5910A/B
PRELIMINARY

WAFERSCALE INTEGRATION, INC.

CMOS MICROPROGRAM CONTROLLER

KEY FEATURES
e High Speed Operation e Bipolar Replacement
— 50% Faster Than Bipolar — Fully Compatible with AM2910A
e Low Power e Immune to Latch-Up
— 225 mW — Over 200 mA
¢ On-Board Stack ¢ ESD Protection
— 9 Words Deep — Exceeds 2000 Volts

GENERAL DESCRIPTION

The WS5910A/B microprogram controller is an address sequencer which provides addresses to a control store memory.

These addresses can come from one of four internal sources: 1) the Microprogram Counter, 2) the 9 word x 12 bit

stack, 3) the 12-bit Register/Counter, or 4) the Direct Data Input. The address source selected is dependent upon

the instruction applied to the WS5910A/B. 4
The device can sequentially address memory or it can provide a conditional branch address anywhere within its
addressing range. In addition, the WS5910A/B also contains a last-in, first-out stack which provides capabilities for

looping as well as providing the microsubroutine return linkage. The on-board register/counter provides loop count

control with a count capacity of 4096.

The CMOS WS5910A/B is a form, fit and function replacement for the bipolar/ECL AM2910A. A.C. performance and
output drive capability, meet or exceed the specifications of its bipolar counterpart. The WS5910A/B is also available
as a macro cell in the WSI cell library.

FUNCTIONAL BLOCK DIAGRAM

D, U cP
12
1 _
RLD — REGISTER/ > sTACK FULL
COUNTER R POINTER =
DEXECYOR 9 WORD x 12 BIT
R=0 STACK
>
out .
=al [SELECT l
52 [
i3 D R F _uPC MICROPROGRAM
x COUNTER —
53 MULTIPLEXER OUNTER -
== a* pPC
cc 1 PUSH/POP/
@ = HOLD/CLEAR
4 ‘
=
CCEN 58 CLEAR/COUNT INCREMENTER[-C] I
zQ
h ho
Z
oA 2
66 6 <71 OE
12
ey N
= g g Yi
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PIN DESCRIPTION
SIGNAL NAME | 1/0 DESCRIPTION
Di | Direct Input to Register/Counter and Multiplexer. D, is LSB.
li | Instruction Inputs to the WS5910A/B
CcC I Condition Code Input. Pass Test is a LOW on CC.
CCEN | When HIGH, CC Input is Ignored and Internally Forced LOW
Cl | Carry Input to the LSB of the Microprogram Counter
RLD | When LOW, Register/Counter is Loaded Regardless of Instruction or Condition
OE | Three State Control of Yi Outputs
Yi o Address to Microprogram Memory. Y, is LSB.
CP | All Internal States Change at LOW-to-HIGH Edge
FULL (0] Stack Full Indicator. (Stack is Nine Levels Deep.)
PL (0] Active LOW Signal Used to Select the Pipeline Register as the Direct Input Source
MAP 0 Active LOW Signal Used to Select the Mapping PROM (or PLA) as the Direct
Input Source
VECT (0] Active LOW Signal Used to Select the Interrupt Vector as the Direct Input Source

PIN CONFIGURATION

o
N

2 3[] v
[ ]o
4 37 j Y,
5 3 [ ] 0
PL 6 35 :] Y,
AP 7 3a[] o,
8 3| ] Y
9 2 Ja
a1 Jee
1 30 [] enp
12 29 OE
ceen [ 1 28 [] Yu
cc[ ] 27 [] oa
RD [ 15 26 [ vy
FULL E 16 25 : Dyo
o [] 17 2] v
Ye [: 18 23] o,
D; E 19 2]
Y, C 20 21 D Dy

TOP

o
o

mlnlaln

b
]

00000
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INTRODUCTION

The WS5910A/B is a high performance CMOS microprogram controller that produces a sequence of addresses which
control the execution of a microprogram. These 12-bit addresses are selected from one of the four sources which
feed into a 12-bit 4 to 1 multiplexer. The source selected can be 1) the direct data inputs (Dy-D4), 2) the
Register/Counter, 3) the Microprogram Counter, or 4) the stack register. Selection is dependent upon which of the
sixteen instructions is being executed as well as other external inputs. The selected source is used to drive the Y4y,
three state output buffers.

External Inputs: Dy-D4;

The external inputs can be used to supply the jump address for conditional branch types of instructions. They can
also be used to load the register counter.

Register Counter

The RC is an edge triggered 12-bit register which is clocked on the LOW-to-HIGH (positive) transition of the clock,
CP. The RC is loaded synchronously from the D inputs when the load control input, RLD, is LOW. The output of RC
is referred to as R in the table of instructions.

The RC operates as a 12-bit down counter and is decremented and tested for a zero result during instructions 8,
9, and 15. If the RC is loaded with a number N, the sequence will be executed N + 1 times. This allows microinstructions
to be repeated up to 4096 times.

THE STACK AND STACK POINTER

The last-in-first-out stack, which is 9 levels deep by 12-bits wide, provides return addresses from micro-subroutine
or from loops. Integral to it is the stack pointer which points to the last word written. This allows data on the top of
the stack to be referenced without having to perform a POP operation.

There are five microinstructions during which a POP operation may occur (8, 10, 11, 13, 15). A POP decrements the
stack pointer at the next rising clock edge following the microinstruction causing the POP. The stack pointer points
to zero when the stack is empty. A POP from an empty stock may place unknown data on the Y outputs. The stack
pointer remains at zero if a POP is attempted on an empty stack.

There are three operations during which a PUSH operation may occur (1, 3, and 5). A PUSH increments the stack
pointer and the return linkage is then written into the stack at the location pointed to by the just incremented stack
pointer. RESET (instruction 0) forces the stack pointer to zero, effectively emptying the stack. Each PUSH increments
the stack pointer by one, each POP decrements the stack pointer by one. When the stack reaches the level of nine
(stack pointer equals nine), the FULL flag goes low. This flag indicates that a POP should occur prior to the next
PUSH. If a PUSH does occur on a full stack, the data is overwritten at the top of the stack (location nine) but the
stack pointer remains unchanged. The operation will usually destroy useful information and is normally avoided.
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TABLE OF INSTRUCTIONS

REG/ RESULT
13-l | MNEMONIC NAME ONTR  PaL | PASS __ REG/
CON- |CCEN=L and CC=H | CCEN=H or CC=L CNTR ENABLE
TENTS Y STACK Y STACK
0 JZ Jump Zero X 0 Clear 0 Clear Hold PL
1 CJS Cond JSB PL X PC Hold D Push Hold PL
2 JMAP Jump Map X D Hold D Hold Hold Map
3 CJP Cond Jump PL X PC Hold D Hold Hold PL
4 PUSH Push/Cond LD CNTR X PC Push PC Push Note 1 PL
5 JSRP Cond JSB R/PL X R Push D Push Hold PL
6 CJv Cond Jump Vector X PC Hold D Hold Hold Vect
7 JRP Cond Jump R/PL X R Hold D Hold Hold PL
8 RECT Repeat Loop, * 0 F Hold F Hold Dec PL
CNTR # 0 =0 PC Pop PC Pop Hold PL
9 RPCT Repeat PL, #+ 0 PC Hold D Hold Dec PL
CNTR # 0 =0 | PC Hold PC Hold Hold PL
10 CRTN Cond RTN X PC Hold F Pop Hold PL
11 CJPP Cond Jump PL & Pop X PC Hold D Pop Hold PL
12 LDCT LD Cntr & Continue X PC Hold PC Hold Load PL
13 LOOP Test End Loop X F Hold PC Pop Hold PL
14 CONT Continue X PC Hold PC Hold Hold PL
# 0 F Hold PC Pop Dec PL
15 TWB Three-Way Branch o D Pop P Pop Hold L
NOTE: 1) If CCEN = L and CC = H, hold; else load. H = HIGH L = LOW X = Don't Care
ABSOLUTE MAXIMUM RATINGS* *Notice: Stresses above those listed here may cause
Operating Temp. (Comm’l)........ 0°C to +70°C permanent damage to the device. This is a stress rating
Mily ... -55°C to +125°C only and functional operation of the device at these or
Storage Temp. (No Bias)....... -65°C to +150°C any other conditions above those indicated in the
Voltage on any pin with operational sections of this specification is not implied.
respectto GND ............... —06V to +7V Exposure to absolute maximum rating conditions for
Latch Up Protection................. >200 mA extended periods of time may affect device reliability.
ESD Protection. .................... > +2000V
DC CHARACTERISTICS Over Operating Temperature Range (See Note 1)
SYMBOL PARAMETER TEST CONDITIONS MIN | MAX | UNITS
Vou | Output High Voltage xﬁf = thﬂ:'n or v, | Al Outputs | low = ~34mA | 24
Voo Output Low Voltage \\;ﬁf N Vh,/:nor v, All Outputs | I, = 12 mA 05 v
Vi Input High Voltage Guaranteed Input High Voltage 20
' Input Low Voltage Guaranteed Input Low Voltage 08
lac Input Load Current Vee = Max, Viy = GND or Ve -10| 10
o | B |~ Yo - cDar e o] |
o Y ;
lcc Power Supply Current | Voo = Max 0_505:% :o7o+$2$8n(1;/‘n"|)) ;2 mA

NOTES: 1) Commercial: Voc = +5V + 5%, Tp = 0°C to 70°C.

2) Military: Vgg = +5V + 10%, Tp = ~55°C to +125°C.
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WS5910A
COMMERCIAL RANGE
AC CHARACTERISTICS
The tables shown here specify the guaranteed performance of the WS5910A over the commercial operating range
of 0°C to +70°C and a power supply range of 5V + 5%.

Inputs are switching between 0 and 3V with rise and fall times of 1V/ns and measurements made at 1.5V. All outputs
have maximum DC load.

CYCLE TIME AND CLOCK CHARACTERISTICS

Minimum Clock LOW Time 20

Minimum Clock HIGH Time 20 ns
Minimum Clock Period 50

Maximum Clock Frequency 20 MHz

COMBINATIONAL PROPAGATION DELAYS (C, = 50 pF)

INPUT Y PL, VECT, MAP FULL UNITS
Dy-D1q 20 — —

lo-ls 35 30 —

CcC 30 — — ns
CCEN 30 — —

cpP 40 — 31

OUTPUT ENABLE/DISABLE TIME
Disable tests performed with C_ = 5 pF and measured to 0.5V change of output voltage.

From OE LOW to Y Output Enable 25
From OE HIGH to Y Output Disable 27

ns

SET UP AND HOLD TIMES

INPUT tg ty UNITS
Di — R 16 0
Di - PC 30 0

lo-l 35 0

cC 24 0 ns
CCEN 24 0

Cl 18 0

RLD 19 0
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WS5910A
MILITARY RANGE
AC CHARACTERISTICS

The tables shown here specify the guaranteed performance of the WS5910A over the military operating range of —55°C
to +125°C and a power supply range of 5V + 10%.

Inputs are switching between 0 and 3V with rise and fall times of 1 V/ns and measurements made at 1.5V. All outputs
have maximum DC load.

CYCLE TIME AND CLOCK CHARACTERISTICS

Minimum Clock LOW Time 25

Minimum Clock HIGH Time 25 ns
Minimum Clock Period 51

Maximum Clock Frequency 196 MHz

COMBINATIONAL PROPAGATION DELAYS (C, = 50 pF)

INPUT Y PL, VECT, MAP FULL UNITS
Dg-D1y 25 — —

lols 40 35 —

cC 36 — — ns
CCEN 36 — -

cpP 46 - 35

OUTPUT ENABLE/DISABLE TIME
Disable tests performed with C; = 5 pF and measured to 0.5V change of output voltage.

From OE LOW to Y Output Enable 25
From OE HIGH to Y Output Disable 30

ns

SET UP AND HOLD TIMES

INPUT ts ty UNITS
Di - R 16 0
Di - PC 30 0
lo-ls 38 0
cC 35 0 ns
CCEN 35 0
Cl 18 0
RLD 20 0
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ws5910B
COMMERCIAL RANGE
AC CHARACTERISTICS

The tables shown here specify the guaranteed performance of the WS5910B over the commercial operating range
of 0°C to +70°C and a power supply range of 5V + 5%.

Inputs are switching between 0 and 3V with rise and fall times of 1 V/ns and measurements made at 1.5V. All outputs
have maximum DC load.

CYCLE TIME AND CLOCK CHARACTERISTICS

Minimum Clock LOW Time 13

Minimum Clock HIGH Time 13 ns
Minimum Clock Period 33

Maximum Clock Frequency 30 MHz

COMBINATIONAL PROPAGATION DELAYS (C, = 50 pF)

INPUT Y PL, VECT, MAP FULL UNITS
Dy-Dy4 18 — -

lo-la 24 — —

CC 21 — — ns
CCEN 21 — —

cP 27 — 20

OUTPUT ENABLE/DISABLE TIME

Disable tests performed with C, = 5 pF and measured to 0.5V change of output voltage.

From OE LOW to Y Output Enable 21
From OE HIGH to Y Output Disable 22 n
SET UP AND HOLD TIMES
INPUT tg ty UNITS
Di - R 1 0
Di - PC 20 0
lols 23 0
cC 16 0 ns
CCEN 16 0
Cl 12 0
RLD 12 0
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ws5910B
MILITARY RANGE
AC CHARACTERISTICS

The tables shown here specify the guaranteed performance of the WS5910B over the military operating range of —55°C
to +125°C and a power supply range of 5V + 10%.

Inputs are switching between 0 and 3V with rise and fall times of 1 V/Ins and measurements made at 1.5V. All outputs
have maximum DC load.

CYCLE TIME AND CLOCK CHARACTERISTICS

Minimum Clock LOW Time 17

Minimum Clock HIGH Time 17 ns
Minimum Clock Period 35

Maximum Clock Frequency 29 MHz

COMBINATIONAL PROPAGATION DELAYS (C; = 50 pF)

INPUT Y PL, VECT, MAP FULL UNITS
Do-Dy 22 — —

lo-l3 26 23 —

CcC 24 — — ns
CCEN 24 — —

CP 30 - — 24

OUTPUT ENABLE/DISABLE TIME
Disable tests performed with C_ = 5 pF and measured to 0.5V change of output voltage.

From OE LOW to Y Output Enable 24
From OE HIGH to Y Output Disable 25

ns

SET UP AND HOLD TIMES

INPUT ts ty UNITS
Di - R 1 0
Di - PC 20 0

lo-la 25 0

CC 23 0 ns
CCEN 23 0

Cl 12 0

RLD 13 0




WS5910A/B

SWITCHING WAVEFORMS

v ] |
INPUTS
N R
By ts : ty
3V
CLOCK
o
- tn P>
- tep o

3v

ov

ORDERING INFORMATION

OPERATING wsi

PART NUMBER | SPEED PATC\'((;:EGE I';:imﬁg TEMPERATURE | MANUFACTURING
RANGE PROCEDURE

WS5910AP 20 MHz | 40 Pin Plastic DIP, 0.6” P1 Comm’l Standard

WS5910ADMB | 20 MHz | 40 Pin CERDIP, 06" Yi Military MIL-STD-883C

WS5910BP 30 MHz | 40 Pin Plastic DIP, 0.6” P1 Comm’| Standard

WS5910BDMB | 30 MHz | 40 Pin CERDIP, 0.6” Y1 Military MIL-STD-883C
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WAFERSCALE INTEGRATION, INC.

16 X 16 MULTIPLIER ACCUMULATOR

KEY FEATURES

e 16 X 16 Bit Parallel ®* Two’s complement or unsigned

Multiplication with Accumula- magnitude operation

tion to 35-Bit Result

®* Immune to latch-up

e Fast — Over 200 mA

— 30 ns Multiply

Accumulate Time ¢ Pin compatible and functionally

e Low Power equivalent to Am29510 and

— lgc = 100 mA (10 MHz) TDC1010

FUNCTIONAL DESCRIPTION

The WS59510 is a high-speed 16 x 16 parallel multiplier accumulator which operates at 30 ns clocked multiply

~accumulate (MAC) time (33 MHz multiply accumulate rate). The operands may be specified as either two’s
complement or unsigned magnitude 16-bit numbers. The accumulator functions include loading the
accumulator with the current product, adding or subtracting the accumulator contents and the current product,
or preloading the accumulator from the external world.

All inputs (data and instructions) and outputs are registered. These independently clocked registers are positive
edge triggered D-type flip-flops. The 35-bit accumulator/output register is divided into a 3-bit extended product
(XTP), a 16-bit most significant product (MSP), and a 16-bit least significant product (LSP). The XTP and MSP
have dedicated ports for three-state output; the LSP is multiplexed with the Y-input. The 35-bit
accumulator/output register may be preloaded through the bidirectional output ports.

FUNCTIONAL BLOCK DIAGRAM

x15-0 v15-0,P15-0
4
y
16 1
CLKX I X ER r@]s‘rgn I
CLKY
16 A6
TC
16 x 16 ASYNCHRONOUS
A% RND MULTIPLIER ARRAY

TC >+
RND >—»{ 'NST. 32
REG.
ACC > ACC

SUB > SUB ADD/SUBTRACT/PASS ] 35

[ o e

CLKP > XxTP | _MSP LSP
PREL —»| REG [ REGISTER [" REGISTER

3 16 16
—
/
J

OEX OEM OEL

P332 P36
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PRODUCT SELECTION GUIDE

59510-30 59510-40 59510—50
Maximum Multiply- Commercial 30 40 —
Accumulate Time ns Military — 40 50
PIN CONFIGURATIONS
TOP
@ @ ‘ @ @ @ (Through Package View)
® @6 e @ o e e ©
53 52 49 47 4 43 @ 3@ 37 3bp 34
55 54 32 33
5I7 sle 3Io aI1
59 58 28 29 Xs 1 64 X,
@ X O 2 63 7 X,
61 60 26 27 Xa E 3 62 : Xq
) ) xd o 1 x
63 62 24 25 2 O H X0
@ @ xOs 60 [ Xy
65 &4 2 2 x, e 59 [ X
% g7 s [ %
57 86 % 2 YoP, [ 8 57 [ %
WOOOOO®®® e
68 1 3 Ps B8 19 YoPi Qo s6 H1 %
\.@...@ o= B =P
2z 2 10 YaPs O 1 54 [7] RND
v.p, O 12 53 [ sus
o -
I A I I R I I I I YsPs O 13 s2 [ acc
X X X X X X X X X X X x X X X a a Ye,Pg E 14 51 : CLKX
9 8 7 6 5 4 3 2 H 68 67 66 65 64 63 62 61 Y7.P7 [ 15 50 [J cLky
X5 60  P,Y, a\p [ 16 49 [ Vee
OEL 59  PsY; YePs [ 17 a8 [ TC
RND 58 C Pu¥s  vop, [ 18 a7 3 oex
suB 57 C PsYs  Yy,Py [ 19 46 [] PREL
Acc 56 C PeYs  vy,Py [ 20 45 [ OEm
CLKX 55 C P27 v,P, [ 21 4a [J cLkp
CLKY 54 C GND  v,P, [ 22 43 [J P
Vee 53 C GND vy p, [] 23 42 [ P3ys
Vee 52 Q Pg,Ys  YyPy [ 24 a1 [Py
Vee 51 Q Pos P [ 25 a0 [Py
Vee 50 P Y10 Py; [ 26 39 [0 Pw
Tc 49  PyYy Pe [ 27 38 [ Pa
OEX 48 C Pyp)Yqp Py ] 28 37 [ P2
PREL 47 C PiaYs Po [ 29 a6 [ Pa
OEM 46 Q PuYie Py [ 30 35 [ Pu
CLKP 45 C PisYis P O 3 Y a I
Pas 44 C Pyg 3 32 P,
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 = O 33 [ Pa
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PIN DESCRIPTION

*Pin No.| Name 1/0 | Description

54 RND | Round
When RND is High, a bit with a weight of P15 is added to the multiplier product.
RND is loaded on the rising edge of CLKx or CLKy.

48 TC | Two’s Complement
When High, the X and Y inputs are defined as two's complement data, or as unsigned data when Low.
The TC control is loaded on the rising edge of CLKx or CLKy.

46 PREL | Preload
When High, data is preloaded into the specific output register when its respective Load Enable is High.
When Low, the accumulator register is available at the P-port when the Output Enables are Low.

47 LEx/OEx | Load Enable Extended/Output Enable Extended
Active High Load Enable for the XTP port during preloading. Active Low three-state control for the
XTP port during normal operation (see Preload Function). (TSX)**

45 LEm/OEm | | Load Enable Most/Output Enable Most
Active High Load Enable for the MSP port during preloading. Active Low three-state
control for the MSP port during normal operation (see Preload Function). (TSM)**

55 LEL/OEL | Load Enable Least/Output Enable Least
Active High Load Enable for the LSP port during preloading. Active Low three-state
control for the LSP port during normal operation (see Preload Function). (TSL)**

51, 50 CLKx, CLKy | CLOCKS
Load X and Y data respectively and TC, RND, ACC and SUB/ADD on the rising edge.

44 CLKp ! CLOCK
Loads data into the XTP, MSP and LSP registers on the rising edge.

1-7, X15-Xo | Multiplier Data Input

56-64 Data is loaded into the X register on the rising edge of CLKx.

8-15, Y15-Yo 1/0 | Bidirectional Port

17-24 P15-Po Data is loaded into the Y register on the rising edge of CLKy. Product output for least Significant
Product (LSP) and input to preload LSP register.

41-43 P34-P32 1/0 | Bidirectional Port
Product output for extended Product (XTP) and input to preload XTP register.

25-40 P31-P1s 1/0 | Bidirectional Port
Product output for the Most Significant Product (MSP) and input to preload MSP register.

52 ACC | Accumulate
When High, the multiplier product is accumulated in the accumulator. When Low, the multiplier
product is written into the accumulator (see Accumulator Function Table). The ACC control
is loaded on the rising edge of CLKx or CLKy.

53 SUB/ADD | Subtraction/Addition
When High, the accumulator contents are subtracted from the multiplier product and the result
written back into the accumulator. When Low, the multiplier product is added into the
accumulator (see Accumulator Function Table). The SUB/ADD control is loaded on the
rising edge of CLKx or CLKy.

*DIP Configuration
**TRW TDC1010 Pin Designation
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ABSOLUTE MAXIMUM RATINGS*

*Notice: Stresses above those listed here may

Operating Temp (Comm’l)........ 0°C to +70°C cause permanent damage to the device.. This is a

(Mil) ..o -55°C to +125°C stre§s rating only and functlona! pperatlon of the
Storage Temp. (No bias) ....... -65°C to +150°C device at these or any other conditions above those
Voltage on any pin with indicated in the operational sections of this
respect to GND............ouvnee.. 0.6V to +7V specification is not implied. Exposure to absolute
Latch Up Protection ................... >200 mA maximum rating conditions for extended periods of
ESD Protection ........................ > £2000V time may affect device reliability.

DC CHARACTERISTICS Over Operating Temperature Range (Note 1)

SYMBOL PARAMETER TEST CONDITIONS MIN | MAX [UNITS
Von Output High Voltage Vec=Min. All outputs loh =-1.6mA 2.4
Vin=Vih or Vil
loi=12mA Comm’l
Vol Output Low Voltage Vee=Min YO0-Y31 loi=9mA Mil 0.5 Vv
Vin=Vin or Vil | All others |Iloj=8mA
Vih Input High Voltage Guaranteed Input High Voltage 2.0
Vil Input Low Voltage Guaranteed Input Low Voltage 0.8
lix Input Load Current Vee = Max, Vin = Gnd or Vcc -10 10
High Impedance Vee = Max, Vo = Gnd or Ve -50 50 uA
loz Output Current
lec Power Supply Current [Vcc =Max | Comm’l. (0°C to +70°C) 100 | A
Mil (-55°C to +125°C) 110

NOTES: 1) Commercial: Voo = +5V + 5%, T, = 0°C to +70°C.
2) Military: Voc = +5V + 10%, T, = —-55°C to +125°C.

DETAILED DESCRIPTION

The WS59510 is a high-speed 16 x 16-bit multiplier accumulator (MAC). It comprises a 16-bit parallel multiplier
followed by a 35-bit accumulator. All inputs (data and instructions) and outputs are registered. The WS59510 is
divided into four sections: the input section, the 16 x 16 asynchronous multiplier array, the accumulator, and the
output/preload section.

The input section has two 16-bit operand input registers for the X and Y operands, clocked by the rising edge of
CLKX and CLKY, respectively. The four-bit instruction register (TC, RND, ACC, SUB) is clocked by the rising
edge of the logical OR of CLKX, CLKY.

The 16 x 16 asynchronous multiplier array produces the 32-bit product of the input operands. Either two's
complement or unsigned magnitude operation is selected, based on control TC. If rounding is selected, (RND =
1), a “1” is added to the MSB of the LSP (position P15). The 32-bit product is zero-filled or sign-extended as
appropriate and passed as a 35-bit number to the accumulator section.

The accumulator function is controlled by ACC, SUB, and PREL. Four functions may be selected: the
accumulator may be loaded with the current product; the product may be added to the accumulator contents;
the accumulator contents may be subtracted from the current product; or the accumulator may be preloaded
from the bidirectional ports.

The output/preload section contains the accumulator/output register and the bidirectional ports. This section is
controlled by the signals PREL, OEX, OEM, and OEL. When PREL is HIGH, the output buffers are in high
impedance state. When the controls OEX, OEM, and OEL are also high, data present at the output pins will be
preloaded into the appropriate accumulator register at the rising edge of CLKP. When PREL is LOW, the signals
OEX, OEM, and OEL are enable controls for their respective three-state output ports.
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WS59510
Input Formats

Fractional Two’'s Complement Input

XIN YIN
{15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0] 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0]
-20 2-12-2 2-3 2-4 2.5 2.6 2-7 2-8 2-9 2-10 2-11 2-12 2-13 2-14 2-15 =20 2-1 2-2 2-3 2-4 2.5 2.6 2-7 2-8 2-9 2-10 2-11 2-12 2-13 2-14 2-15
(Sign) (Sign)

Integer Two’s Compl t Input

XIN YIN
[15 14 13 12 11 10 9 8 7 6 5 43210 [15 14 138 12 11 10 9 8 7 6 5 4 3 2 1 0]
-215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20 -215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20
(Sign) (Sign)

Unsigned Fractional Input

XIN YIN
[15 14 13 12 11 10 9 8 7 6 5 4 321 0] [15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0]
2-12-22-32-42.52.62-7 2-8 2-9 2-10 2-11 2-12 2-13 2-14 2-15 2-16 2-12-2 23 24 2-5 2-6 2-7 2-8 2-9 2-10 2-11 2-12 2-13 2_14 2-15 2-16

Unsigned Integer Input
XIN Yin
@14131211 109876543210J 5514131211 1098765432101
215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20 215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20

WS59510
Output Formats
Two's Complement Fractional Output
XTP MSP LSP
[343332] [31 3029 28 27 26 25 24 2322212019181716] [15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0]
24 23 92 21202-122232425260.7282.92102-112.122-132.14  2-152.162-172-182-192-202-212-220-230-242-252-262-272-282-292-30
(Sign)

Two's Complement Integer Output
XTP MSP LSP
[343332] (3130292827 26 25 24 2322212019181716] [15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
-234233232  231230229228227226225224223222221220219218217216 215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20
(Sign)

Unsigned Fractional Output

XTP MSP LSP
[343332] [3130 29 28 27 26 25 24 23 22 212019181716 ] [15_14 13 12 11 10 9 8 7 6 5 4 3 2 1 0]
222120 2-12-20-30-42-52-62-72-82-92-102-112-122-132-142-152-16 2-172-182-192-202-212-222-230-242-259-262-272-282-292-302-312-32

Unsigned Integer Output
XTP MSP LSP
|343332| |31 302928272625242322212019181716| ILS 14 13 12 11 10 9 8 7 6 5 4 3 2 1 OI
-234233232  231230229228227226225224223222221220219218217216 215 214 213 212 211 210 29 28 27 26 25 24 23 22 21 20
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SWITCHING CHARACTERISTICS Over Operating Range

WS59510-30 | WS59510-40 | WS59510-50
DESCRIPTION PARAMETERS UNITS
MIN | MAX | MIN | MAX | MIN | MAX
Multiply Accumulate Time tva 30 40 50 ns
Setup Time (X)y,Y;n,RND,TC,ACC,SUB) ts1 5 5 5 ns
Setup Time (PREL,OEX,OEM,OEL) tso 15 15 15 ns
Hold Time th 2 2 2 ns
Clock Pulse Width tew 10 10 15 ns
Output Clock to P trpp 20 25 30 ns
Output Clock to Y tepy 20 25 30 ns
OEX, OEM to P; High to Z tpHz 20 25 30 ns
OEL to Y (Disable Time) | Low to Z teLz 20 25 30 ns
OEX, OEM to P; Z to High tpzH 20 25 30 ns
OEL to Y (Enable Time) | Zto Low tpzL 20 25 30 ns
Relative Hold Time thoL 0 0 0 ns
NOTE: Inputs are switching between 0 and 3V with rise and fall times of 1 V/ns and measurements made at 1.5V. All inputs have maximum
DC load.
TEST WAVEFORMS
Test Vx OUTPUT WAVEFORM - MEASUREMENT LEVEL
VoH
All trp's Vce * 1.5V
VoL
VoH -3
tPHz 0.0v 0.5V
0.0V
2.6V
trLz 2.6V 0.5V
VoL
VoH
tpzH 0.0v 1.5V
0.0V
2.6V
tpzL 2.6V 1.5V
VoL
Setup and Hold Time Pulse Width
3v
DATA LOW-HIGH-LOW
INPUT —_— 15V PULSE — 1.5V
ov
ts -ty tow
av | |
TIMING —™8™™ ™ — —_—— 15V
INPUT
ov
Notes:

1. Diagram shown for HIGH data only. Output transition may be
opposite sense.
2. Cross hatched area is don't care condition.
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WS59510 TIMING DIAGRAM

tow N j‘ucn.
ey / L

RXXXXXXXXAXAXXXX)

tma

CLKP /

teop

teoy

*Tev XX AXXXXX XXX X XXX XXX XXX XX XXX XX XXX XXX

PRELOAD TIMING DIAGRAM

tow
CLKP ) 4 1 /

OUTPUT
PINS

XXX XX XX XXX XXX XXXKXXXXKXX XXX

THREE-STATE TIMING DIAGRAM

v,
3-STATE on
CONTROL A N\ 1.5V
: le—  tpnz Voo
(DISABLE) le— tpzy — v
OH
(HIGH LEVEL) —_———— Vo -0.5V (ENABLE) Ta o
SurPuT (HIGH IMPEDANCE)
VoL +0.5V ‘ 15V
v,
(LOW LEVEL) | [ tpz -~ o
(DISABLE) (ENABLE)
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ACCUMULATOR FUNCTION PRELOAD FUNCTION
TABLE = LEx/ LEm/ LEL/ Qutput Register
sSuB/ PREL | OFEx OEm OEL XTP MSP LSP
ADD 0 0 0 0 Q Q Q
PREL|ACC |ADD | P | OPERATION 0 0 0 0 a Q a
0 0 1 0 Q z Q
L L X Q Load 0 0 1 1 Q z 7
0 1 0 0 z Q Q
L H L Q Add 0 1 0 1 z Q z
0 1 1 0 z z Q
0 1 1 1 z z z
L H H Q Subtract > o 0 0 Z Z z
1 0 0 1 z z PL
H X X PL Preload 1 ° 1 0 z PL 7
1 0 1 1 z PL PL
1 1 0 0 PL z z
1 1 0 1 PL z PL
1 1 1 0 PL PL z
1 1 1 1 PL PL PL
Z = output buffers at High impedance (disabled).
Q = output buffers at Low impedance. Contents of output

register available through output ports.

PL = output disabled. Preload data supplied to the output
pins will be loaded into the output register at the rising
edge of CLKp.

ORDERING INFORMATION
OPERATING WwSI

PART NUMBER s':f;” PACKIGE RS | TEMPERATURE | MANUFACTURING

RANGE PROCEDURE
WS59510-30J 30 68 Pin PLDCC J1 Comm’l Standard
WS59510-40G 40 68 Pin Ceramic PGA G1 Comm’l Standard
WS59510-40GMB 40 68 Pin Ceramic PGA G1 Military MIL-STD-883C
WS59510-40J 40 68 Pin PLDCC J1 Comm’l Standard
WS59510-40P 40 64 Pin Plastic DIP, 0.9” M1 Comm’l Standard
WS59510-50G 50 68 Pin Ceramic PGA G1 Comm'l Standard
WS59510-50GMB 50 68 Pin Ceramic PGA G1 Military MIL-STD-883C
WS59510-50J 50 68 Pin PLDCC J Comm’'l Standard
WS59510-50P 50 64 Pin Plastic DIP, 0.9” M1 Comm’| Standard
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WAFERSCALE INTEGRATION, INC.

MULTILEVEL PIPELINE REGISTER
KEY FEATURES

* Four 8-Bit Registers ¢ Dual Two Stage or Single Four Stage

Push Only Stack ti
¢ Contents of Each Register Available ush Only Stack Operation

at Output ¢ Hold, Transfer and Load Instructions
e 24-Pin 300 Mil Package ¢ High Performance CMOS
e TTL Compatible

GENERAL DESCRIPTION

The WS59520 and WS59521 are CMOS drop-in replacements for the bipolar AM29520 and AM29521 devices offered
by Advanced Micro Devices. The high performance CMOS process with which these products are manufactured enables
them to operate at bipolar speeds while consuming one tenth the power of the bipolar circuits.

The WS59520/521 consists of four 8-bit registers which can be configured as a single four level pipeline or two dual
level pipelines. The architectural configuration is determined by the instruction inputs (I and |4).

Each of the four registers contents is available at the multiplexed output. The register to be used as the output register
is determined by the control inputs (S, and S;). The output is 8-bits wide and is enabled by the OE input.

The WS59520 and WS59521 differ only in the dual two level stack mode of operation.

FUNCTIONAL BLOCK DIAGRAM

D,-D;
4

) MUX
lo —=
° _—— REGISTER A1 REGISTER B1
h—e 2
——
71
4
]
CLOCK —~ - REGISTER A2 REGISTER B2
] [ Y 1
Sy e
MUX
S, =i

ql

+ a
Yo-Y7
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ABSOLUTE MAXIMUM RATINGS*
Operating Temp (Comm’l) ....... 0°Cto +70°C

Mil)y ....... -55°Cto +125°C
Storage Temp. (No bias) .... —65°C to +150°C
Voltage on any pin with

* Notice: Stresses above those listed here may
cause permanent damage to the device. Thisis a
stress rating only and functional operation of the
device at these or any other conditions above
those indicated in the operational section of this
specification is not implied. Exposure to absolute

respecttoGND ............... —0.6Vto +7V maximum rating conditions for extended periods
Latch Up Protection . ................ >200 mA of time may effect device reliability.
ESD Protection .................. > + 2000V
PIN DESCRIPTION

SIGNAL NAME 1/0 DESCRIPTION

Do-Dy | | Data input port

Yo-Y7 0 | Data output port

CLK | | Data Latches on Low-to-High Transition

lo-14 I | Instruction inputs. Refer to Instruction Control Tables.

So, 54 I | Selects one of four registers to be read at the output port.

OE I. | Active Low, output enable. A high signal disables the output port.

PIN CONFIGURATION

(INSTRUCTION) 1,1 24[ Ve
(INSTRUCTION) I, ]2 23[]So (MUX SEL)
D‘,[: 3 22["]s, (Mux SEL)
o,[Js 217]Y,
D,[]s 20[ v,
D;[J6 wsses20 19 ]V,
or
D,[]7 wsses21 18] ]V,
DsE 8 17 :]v,
Dg : 9 16 :Vs
D, [J10 15[ ]Ye
ek [n 1l 1Y,
anp[]12 13[ JoE
REGISTER SELECT
S1 SO WS59520 or WS59521
0 0 B2
0 1 B1
1 0 A2
1 1 A1

INSTRUCTION CONTROL

1 10 WS59520 WS59521
= [ea | 0= [ Ea
o 0 ! | |
| A2 ] | B2 | [ A2 ] [ B2]
I I
i 1
[(a] [ | [a] [B1]
0o 1 |
[A2] [B2] | [A2] [B2]
i
[ A1 ] LB} [A17] [B1]
1 0 1
| A2 | | B2 | | A2 | [ B2 ]
1 1 | ALL REGISTERS HOLD | ALL REGISTERS HOLD
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DC CHARACTERISTICS Over Operating Range (See Notes)

SYMBOL PARAMETER TEST CONDITIONS MIN MAX | UNITS
Voh Output High Voltage v Vee = Min. loh = —6.5mA 24
Vin = Vih or Vj|
|o|_ = 20 mA
Vol Output Low Voltage Vee = Min. Comm’| 0.5 v
Vin = Vih or Vj| loL = 16 mA Mil
Vin Input High Voltage Guaranteed Input High Voltage 2.0
Vil Input Low Voltage Guaranteed Input Low Voltage 0.8
lix Input Load Current Vee = Max, Vin = Gnd or Vg -10 10
loz High Impedance Vee = Max, Vo = Gnd or Vge _50 50 A
Output Current
| b SubplY G ¢ v M Comm’l (0° + 70°C) 12 A
ower Su urren = Max m
ce PRl ce Mil (—55° to + 125°C) 15
NOTES: 1) Commercial: Vo = +5V + 5%, T = 0°C to 70°C. 3) C_ = 50 pF except for tpr where C = 5 pF.

2) Military: Voo = +5V + 10%, Tp = -55°C to +125°C.

SWITCHING CHARACTERISTICS Over Operating Range (See Notes)

WS59520/WS59521
COMMERCIAL MILITARY
PARAMETER DESCRIPTION MIN MAX MIN MAX UNITS
trD Clock to Data Out 22 24
tsEL Mux Select to Data Out 20 22
ts Input (Data/Instr.) Set Up 10 ‘ 10
tH Input (Data/Instr.)Hold 3 3 ns
tor Output Disable 15 16
toe Output Enable 21 22
tPwH Clock Pulse Width High 10 10
tPwL Clock Pulse Width Low 10 10
TIMING DIAGRAM OUTPUT TIMING DIAGRAM
e toyy ———>|
°L°°K—:r;’<m,k ﬂ L ¢ ) N
INSTR qs—w::m - 2
oata IN_ VALI::EL X ouTPUT — %
mux se. X VALID X tor —>] ]47 — L—tos
DATA OUT dpo;( VALID

Inputs are switching between 0 and 3V with rise and fall times of 1 V/ns and measurements made at 1.5V. All outputs
have maximum DC load.

4-53



Ws59520/521

ORDERING INFORMATION

OPERATING wsi
PART NUMBER s':f;" PA.?;‘::E ;‘:i"fv‘l‘ﬁg TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS59520S 22 24 Pin Plastic DIP, 0.3" S1 Comm’| Standard
WS59520T 22 | 24 Pin CERDIP, 03" K1 Comm' Standard
WS59520TMB 24 | 24 pin CERDIP, 03" K1 Military MIL-STD-883C
WS59521S 22 | 24 Pin Plastic DIP, 03" St Comm' Standard
WS59521T 22 24 Pin CERDIP, 0.3” K1 Comm’l Standard
WS59521TMB 24 | 24 Pin CERDIP, 03" K1 Military MIL-STD-883C
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WAFERSCALE INTEGRATION, INC.

BI-DIRECTIONAL BUS INTERFACE REGISTERS

KEY FEATURES
¢ Two Banks of 8 x 16 Registers ¢ Bi-Directional Buses Interface — Dual
4-Deep or 8-Deep Registers in Each
e Contents of Each Register Available Direction
at Output « Separate Control for Each Register Bank

« Provides Temporary Address or Data e Direct Processor Bus-to-Bus Interface

Storage Between Two Processor Ports e TTL Compatible
or Buses e Replaces Eight WS59520’s

GENERAL DESCRIPTION

The WS59820 consists of two banks of registers, eight registers in each bank, each register 16 bits wide. A single
bank can be configured as an eight level pipeline or two each four level pipelines. The architectural configuration
is determined by the instruction inputs (I0 and I1) for each register bank.

Each of the eight registers in each bank is available at the multiplex output. The output register is determined by
the control inputs (SO, S1, and S2) for each register bank. The muitiplexed ouput is 16 bits wide and is enabled by
the -OEN signal. Each bank of registers has its own clock (CLK), instruction inputs (10-1) and multiplex controls.

BLOCK DIAGRAM

1A, 1 ———>] A-REGISTER OENB
SAg 1, ——> CONTROL
I l MUX ]<—vass

I
EERRERE

REGISTERS

EIGHT CLKB

B
REGISTERS

———Fl 8:1 MUX l 1 T
BYPASS —>I; MUX I

— B-REGISTER 1By,
OENA 5# CONTROL DI SBoys

!
DBYA
(15:0)
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2
A
INSTRUCTION —*’
1Ag,4

A
REGISTER
CONTROL

CLK A=\~
1

Yy

v

I HEX REG A,

d

y

| HEX REG Ag

¥

l HEX REG A;

Py

y

I HEX REG A,

Py

YV

\ MUX

v

[ HEX REG A,

3
Yy

l HEX REG A,

—

I HEX REG A,

I HEX REG A,

>
»
—]

8:1 MUX

DAYB (15:0)

OENB

MUx

\e—avmss

SBy,1,2

yd

8:1 MUX

Ny

A

=
HEX REG B, |

HEX REG B, I

 S—

HEX REG B, I

)

h

HEX REG B, ]

i

MUX \

4 2
t

HEX REG B, ]

!

HEX REG Bj I

)

h

HEX REG B, I

)

h

HEX REG B, J

1

b

SAg,1,2
BYPASS

MuUX /

DBYA (15:0)

2

Pttt

B
l@-\— INSTRUCTION
B 1Bg,
REGISTER
CONTROL
[ \-CLK B
1
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SELECTION TABLE FOR REGISTER SHIFT OPTIONS FOR
REGISTER AOR B REGISTERS A OR B
REGISTER IXq, IXy = 0 Xg, IXy = 1 Xy, IXy = 2 1Xq, IXy = 3
SX2 SX1 SX0
SELECTED DﬁiI'A DATA DATA
0 0 0 REG 0 4 = 4
0 0 1 REG 1 T 7
0 1 0 REG 2 [ ] e 1 [6 ]
0 1 1 REG 3 v ¥
1 0 0 REG 4 L i 1 =1 [ j ]
NO LOAD
: ? (1) :Eg g L3} Lel el SHIPTING
¥ [ —
1 1 1 REG 7 3] ] =]
X = Register A or B. l—!—| E_!_] =]
¥ ]
L Lt =
¥ )
Lo ] [0 ] o]
SINGLE DUAL
8-LEVEL 4-LEVEL
X = Register A or B.
MULTIPLEX CONTROL
OENA OENB BYPASS OPERATION
0 0 1 Pass Output of 8:1 Muxes to Outputs
0 0 0 Not Allowed (Input is Preferred)
0 1 0 Pass Input From DAYB (15:0) to Output DBYA (15:0)
0 1 1 Pass Output From 8:1 Mux to Outputs DBYA (15:0)
1 0 0 Pass Input From DBYA (15:0) to Output DAYB (15:0)
1 0 1 Pass Output From 8:1 Mux to Outputs DAYB (15:0)
1 1 X Inhibit Outputs (High Impedance)
PIN DESCRIPTION
SIGNAL NAME 110 DESCRIPTION
1A, 1A, | Instruction Inputs for Register Bank A
1By, 1B4 | Instruction Inputs for Register Bank B
SAg-SA, | Multiplex Select for Register Bank A
SB¢-SB, | Multiplex Select for Register Bank B
OENA | Output Enable for Output Port DBYA
OENB | Output Enable for Output Port DAYB
CLKA | Clock Input for Register Bank A
CLKB | Clock Input for Register Bank B
DBYA 15:0 110 Register Bank B Input Port, Register Bank A Output Port
DAYB 15:0 110 Register Bank A Input Port, Register Bank B Output Port
BYPASS | BYPASS Control (Active Low). See Table on Output Control
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PACKAGE ORIENTATION

68 PIN CPGA
(Top Through Package View)
1 2 3 4 5 6 7 8 9 10 1
VA S S
Bl 4o -d- -a- 4 S it SIS SHIEE R +
of 4+ 4
o| i+
E| -4- -+ —4- -4
Fl -+ - 4 4
of -+ -+
Mo
o| 4 h
I S e S i S S
e it T S R =
68 PIN PLDCC
(Top Through Package View)
[7]
o [}
S 2
5 o 2 > > [Z a o - o § 5
CRE— o} - 8§Q ©
zza§82055§3556>"zz
DRI I IR IR IR IR
9 38 6 5 4 3 216867 666564 63 62 61
NC. [ 210 L 607 _INC
NC. "' 597 INC
DBYA, |7 12 58, _| DAYB,;
DBYA, | ‘13 57, ] DAYB,,
DBYA; [~ )14 567 _ | DAYB,;
DBYAg |~ 557 _ | DAYB,,
DBYA, [~ '16 54, ” | DAYB,,
DBYAg "~ 17 53, 4 pave,,
DBYA, |~ '18 527" | DAYB,
DBYA,, |~ ‘19 517 _ | DAYB,
DBYA, |"” j20 DAYB,
DBYA,, |"~ 21
DBYA; |~ '22 48 | DAYB;
DBYA,, | ‘23 477” | DAYB,
DBYAs |~ 124 467 _ | DAYB,
Ne. |25 457 IncC.
NC.[ 226 4" Inc.
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43
bt Mk Bl Bl Bl M ik B Mk Bt Bl Bl Bk Mk B B N |
T I T T I O O B O I N A O N N A I O B T IO I
1 1 I 1 1 1 1 1 1 1 A 1 A 1 A 1 1
QO 82 ddd 2RSS U
zz>"’_‘.3m3“5§2;2§z’z‘
o O g o a
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WS59820 THREE STATE TIMING

av
3-STATE L N —_— 5V
CONTROL ] . N ov
OE (DISABLE) [ tog —=
(ENABLE) Vou
AN Von-0.5V —/£ — 5V
3-STATE
OUTPUT
PORT e —— Vo405V - — 15V
~ ~— v
tor [ tog — o
(DISABLE)

WS59820 TIMING DIAGRAM

tewn
L ~
cLock /1 N
I tg 1, [ tpw,

INSTR * VALID

e s it

DATA IN i vALID
tove

re— tsa >

MUX SEL DK VALID D4

'I‘U
DATA OUT DK VvALID

- tseL

BYPASS X
‘ tayp ———

68 PIN CPGA PIN DESIGNATOR

PIN SIGNAL PIN SIGNAL PIN SIGNAL PIN SIGNAL
NAME NAME NAME NAME NAME NAME NAME NAME
Ag 1A, Bs BYPASS As OENA Bs DBYA,
A, DBYA, B, DBYA, Ag GND Bs Not Used
A, Not Used B, Not Used B, Not Used C, DBYA;
C, DBYA, D, DBYA; D, DBYA, E, DBYA,
E, DBYAg F DBYA, Fy DBYA,, G, DBYA
G, DBYA,, H, DBYA,; Hap DBYA, J DBYA,5
Jo Not Used K4 Not Used Ly Not Used Ko Not Used
Ly Veo Ks CLKB Ly SB, K, SB,
Ls SB, Ks 1B, Le 1B, Ks GND
L, OENB K, DAYB, Lg DAYB, Kg DAYB,
Lo GND Ky Not Used Lo Not Used Ky Not Used
Kio Not Used Ji DAYBg Jio DAYB, Hyq DAYBs
Hio DAYBg Gy DAYB, Gyo DAYB, Fi DAYB,
Fio DAYB,qo Eq DAYB;, Eqo DAYB, Dy DAYB,3
Dio DAYB,, (o DAYB,5 Cyo Not Used By Not Used
Ay Not Used By Not Used Ag Veo By CLKA
Ag SA, Bg SA, A, SA, B, 1A,
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ABSOLUTE MAXIMUM RATINGS*

Operating Temp. (Comm’l)........ 0°C to +70°C

Mil) ... —-55°C to +125°C
Storage Temp. (No Bias)....... —-65°C to +150°C
Voltage on any pin with

respectto GND ............... -06V to +7V
Latch Up Protection ................. > 200 mA
ESD Protection. . ................... > +2000V

*Notice: Stresses above those listed here may cause
permanent damage to the device. This is a stress rating
only and functional operation of the device at these or
any other conditions above those indicated in the
operational sections of this specification is not implied.
Exposure to absolute maximum rating conditions for

extended periods of time may affect device reliability.

DC CHARACTERISTICS Over Operating Range (See Notes)

SYMBOL PARAMETER TEST CONDITIONS MIN | MAX | UNITS
Vou Output High Voltage \\;I%C N Vh,/:nor Vi, loy = —65 mA 24 '
VoL Output Low Voltage x&c - Vh,/',_:nc;r Vi :gt : fg :: ;ci'.;mm’l 05
ViH Input High Voltage Guaranteed Input High Voltage 20 y
ViL Input Low Voltage Guaranteed Input Low Voltage 08

lix Input Load Current Voo = Max, Viy = GND or Ve -10 10
loz gﬁ;d{"gﬁii:fe Voo = Max, Vo = GND or Vg 50| so | M
lcc Power Supply Current | Voo = Max Tgstzzo_:?z(;gnzmlg E mA
NOTES: 1) Commercial: Vgc = +5V + 5%, To = 0°C to 70°C. 3) C_ = 50 pF except for tpr where C = 5 pF.
2) Military: Voo = +5V + 10%, T, = —55°C to +125°C.
SWITCHING CHARACTERISTICS Over Operating Range (See Notes)
WS59820
PARAMETER DESCRIPTION COMMERCIAL MILITARY UNITS
MIN MAX MIN MAX
trp Clock to Data Out 23 25
tseL Mux Select to Data Out 20 22
ts Input (Data/Instr.) Set Up 6
ty Input (Data/Instr.) Hold
tor Output Disable 15 16 ns
toe Output Enable 18 22
tewn Clock Pulse Width High 10 12
tewL Clock Pulse Width Low 11 12
tayp Bypass to Data Out 17 20
Data Via BYPASS
tove (Data In to Data Out When 13 16
BYPASS is Active Low)

NOTE: Inputs are switching between 0 and 3V with rise and fall times of 1 V/ins and measurements made at 1.5V. All outputs have

maximum DC load.
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ORDERING INFORMATION

OPERATING wsi
PART NUMBER S'::;D PAﬂ(:EGE ;ﬁimﬁg TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS59820J 23 68 Pin PLDCC J1 Comm’l Standard
WS59820G 23 68 Pin Ceramic PGA G1 Comm’l Standard
WS59820GMB 25 | 68 Pin Ceramic PGA G Military MIL-STD-883C
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WAFERSCALE INTEGRATION, INC.

Waferscale Integration, Inc. (WSI) is committed to supplying products that meet the demands of the Military/Hi-Reliability
marketplace. WSI’s very high performance CMOS EPROM (with its patented Split-Gate design) and Logic technology
offers an intrinsic reliability that, when coupled with Military screening and testing, produces an extremely enhanced
and reliable product. All WSI products can be procured fully compliant to Paragraph 1.2.1 of MIL-STD-883C.

The WSI Quality Assurance Program has been designed and implemented to perpetuate and maintain the high
standards needed to repeatedly produce these products. The cohesiveness of the Program is accomplished through
a comprehensive Document Control system that assures the repeatability of the process.

State-of-the-art equipment and techniques are being used extensively throughout Design, Wafer Fabrication, Assembly,
Screening and Testing (Method 5004), and Quality Conformance Inspections (Method 5005) to produce the highest
yields possible with their associated reliability enhancement.

The tables below describe the program in detail. Worthy of notation is the fact that WSI UV EPROMs are subjected
to two 100% data retention tests: one in wafer form (48 hours at 200°C) and the other in finished package form (72 hours
at 140°C). The wafer data retention test, with its high activation temperature, assures data retention problems are
reduced and virtually eliminated.

TABLE I. 100% SCREENING TO METHOD 5004

All product is subjected to the following 100% screening flow. Screening test methods are in
accordance with MIL-STD-883, Method 5004. (Latest issues in effect.)

QUALITY
SCREEN TEST METHOD/CONDITION LEVEL
Data Retention (EPROMs Only) 48 Hours at 200°C 100%
Visual and Mechanical 5004
Internal Visual 2010/Condition B 100%
High-Temperature Storage 1008/Condition C 100%
Temperature Cycle 1010/Condition C 100%
Constant Acceleration 2001/Condition D or E (Y Axis) 100%
Hermeticity 1014
Fine Condition A or B 100%
Gross Condition C 100%
External Visual 2009 100%
Data Retention (EPROMs Only) 72 Hours at 140°C 100%
Burn-In 5004
Pre-Burn-In Electrical Per Applicable WSI Device Specifications or 100%
Military Drawing. T, = +25°C.
Burn-In 1015/Condition D, T, = +125°C Minimum 100%
Final Electrical Tests (See Note 1) 5004
Static (DC) a) Ty, = +25°C, +125°C, and -55°C 100%
Functional b) Power Supply Extremes 100%
Switching (AC)
Percent Defective Allowable (PDA) 5004 5%
Paragraph 35.1
Quality Conformance Inspection 5005
Sample Selection See Tables Il Through V Sample
External Visual 2009 100%

NOTE: 1. Per applicable WSI device specification or Military Drawing.
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TABLE Il. GROUP A QUALITY CONFORMANCE INSPECTION

Group A Inspection is performed on each inspection lot per MIL-STD-883, Method 5005, Table I.

MAXIMUM
TEST (SEE NOTE 1) LTPD | samMPLE | ACCEPT
SIZE NUMBER
Subgroup 1
Static Tests at T, = +25°C 2 266 2
Subgroup 2
Static Tests at Maximum Rated Operating Temperature 3 176 2
Subgroup 3
Static Tests at Minimum Rated Operating Temperature 5 105 2
Subgroup 4 (See Note 2)
Dynamic Tests at T, = +25°C 2 266 2
Subgroup 5 (See Note 2)
Dynamic Tests at Maximum Rated Operating Temperature 3 176 2
Subgroup 6 (See Note 2)
Dynamic Tests at Minimum Rated Operating Temperature 5 105 2
Subgroup 7
Functional Tests at T, = +25°C 2 266 2
Subgroup 8
Functional Tests at Maximum and Minimum Rated Operating Temperatures 5 105 2
Subgroup 9
Switching Tests at Ty, = +25°C 2 266 2
Subgroup 10
Switching Tests at Maximum Rated Operating Temperature 3 176 2
Subgroup 11
Switching Tests at Minimum Rated Operating Temperature 5 105 2
NOTES: 1. Per applicable WSI device specification or Military Drawing. 2. Subgroups 4, 5, and 6 are not applicable to WSI products.

TABLE lll. GROUP B QUALITY CONFORMANCE INSPECTION

Group B quality conformance tests are performed on each inspection lot in accordance with

MIL-STD-883, Method 5005, Table lib.

TEST QUALITY LEVEL/
TEST METHOD TEST CONDITIONS MAXIMUM ACCEPT
NUMBER
Subgroup 1
Physical Dimensions 2016 Per WSI Outline Drawing and 2 Devices (No
Appendix C of MIL-M-38510 Failures)
Subgroup 2
Resistance to Solvents 2015 4 Chemical Solutions 4 Devices (No
Failures)
Subgroup 3
Solderability 2003 Soldering Temperature of LTPD 10/Accept = 2
+245°C + 5°C 38 Leads From 3
Devices Minimum
Subgroup 4
Internal Visual and 2014 Failure Criteria Based on Design and 1 Device (No
Mechanical Construction Requirements of WSI Failures)
Specification

(Table lll Continued on Next Page.)
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TABLE Ill. GROUP B QUALITY CONFORMANCE INSPECTION (Cont.)

Group B quality conformance tests are performed on each inspection lot in accordance with
MIL-STD-883, Method 5005, Table llb.

TEST QUALITY LEVEL/
TEST METHOD TEST CONDITIONS MAXIMUM ACCEPT
NUMBER
Subgroup 5
Bond Strength 2011 Condition C or D LTPD 15/Accept = 1
Ultrasonic or Wedge 34 Bonds From 4
Devices Minimum
Subgroup 6
Internal Water Vapor Content 1018 This Test is Not Performed by WSI. 3 Devices, 0 Failures
WSI Packages Do Not Contain or 5 Devices,
Dessicants. 1 Failure
Subgroup 7
Seal 1014 LTPD 5/Accept = 2
Fine Condition A or B
Gross Condition C
Subgroup 8
Electrostatic Discharge 3015 Unless Otherwise Specified, This Test LTPD 15/Accept =0
Sensitivity Classification Will be Performed for Initial Qualifi-
cation of New Product or Redesign.

TABLE IV. GROUP C QUALITY CONFORMANCE INSPECTION

Group C quality conformance tests are performed on inspection lots every 52 weeks in accordance
with MIL-STD-883, Method 5005, Table IlI.

TEST QUALITY LEVEL/
TEST METHOD TEST CONDITIONS MAXIMUM ACCEPT
NUMBER
Subgroup 1
Steady-State Life Test 1005 Condition D, 1000 Hours at Ty = 125°C | LTPD 5/Accept =2
or Equivalent
End-Point Electrical Per WSI Specification or Military Drawing
Subgroup 2
Temperature Cycling 1010 Condition C
Constant Acceleration 2001 Condition D or E
Hermeticity 1014 LTPD 15/Accept = 2
Fine Condition A or B
Gross Condition C
Visual Examination 1010 or
1011
End-Point Electrical Parameters Per WSI Specification or Military Drawing
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TABLE V. GROUP D QUALITY CONFORMANCE INSPECTION

Group D quality conformance tests are performed on inspection lots every 52 weeks in accordance
with MIL-STD-883, Method 5005, Table V.

TEST QUALITY LEVEL/
TEST METHOD TEST CONDITIONS MAXIMUM ACCEPT
NUMBER
Subgroup 1
Physical Dimensions 2016 Per WSI Outline Drawing and LTPD 15/Accept = 2
Appendix C of MIL-M-38510
Subgroup 2
Lead Integrity 2004 or Test Condition B2 (Lead Fatigue) or D LTPD 15/Accept = 2
2028
Hermeticity, Fine and Gross 1014 Condition A or B and C
Subgroup 3
Thermal Shock 1011 Condition B Minimum
Temperature Cycling 1010 Condition C Minimum
Moisture Resistance 1004 LTPD 15/Accept = 2
Hermeticity, Fine and Gross 1014 Condition A or B and C
Visual Examination 1004,
1010
End-Point Electrical Parameters Per WSI Specification or Military
Drawing
Subgroup 4
Mechanical Shock 2002 Condition B Minimum
Vibration, Variable Frequency 2007 Condition A Minimum
Constant Acceleration 2001 Condition D or E LTPD 15/Accept = 2
Hermeticity, Fine and Gross 1014 Condition A or B and C
Visual,Examination 2009
End-Point Electrical Parameters Per WSI Specification or Military
Drawing
Subgroup 5
Salt Atmosphere 1009 Condition A Minimum
Hermeticity, Fine and Gross 1014 Condition A or B and C LTPD 15/Accept = 2
Visual Examination 1009
Subgroup 6
Internal Water Vapor 1018 5,000 ppm Maximum Water Content 3 Devices, 0 Failures
at 100°C or 5 Devices, 1 Failure
Subgroup 7
Adhesion of Lead Finish 2025 LTPD 15/Accept =2
Subgroup 8
Lid Torque 2024 As Applicable to Glass-Frit Packages LTPD 15/Accept =0
WSI supports the Standardized Military Drawings (SMD) program sponsored by DESC (Defense Electronics Supply Center)
and has submitted Certificates of Compliance for the following products:
ESTIMATED DESC
MILITARY DRAWING NO. WSI PART NO. PUBLICATION DATE
85102 WS27C64F Late Q1, 1988
5962-87661 WS27C128F Available Now
5962-87063 WS27C256F Late Q1, 1988
5962-87515 WS57C49 and WS57C49B Late Q1, 1988
5962-87650 WS57C191 and WS57C291 Available Now

NOTE: Compliant MIL-STD-883C products are marked with the letter “C” preceding the date code.
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When Military Drawings are not available for new, state-of-the-art products offered by WSI, WSI makes available its
own version of a Military Drawing composed and formatted like a DESC SMD for ease of recognition. A sample of
a WSI Military Drawing is depicted below. These can be obtained from a WS sales office or authorized representative.
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WSI’s MIL-STD-883C COMPLIANT FAST EPROMs AND RPROMs

| ] 28PN | 32PIN | 24PIN | FASTEST

NS‘:A';LR ARCHITECTURE | TYPE g;?glp (?I.E?SIP CERAMIC | CERAMIC| CERAMIC | MILITARY
CLLCC | cLLCC | FLATPACK| SPEED
WS57C191 2K x 8 RPROM 24 Pin X 50 ns
WS57C291 %K x 8 RPROM| 24 Pin X 50 ns
WS57C43 4K x 8 RPROM 24 Pin X 70 ns
WS57C43B 4K x 8 RPROM | 24 Pin | 24 Pin X X 45 ns
WS27C64F 8K x 8 EPROM 28 Pin X 90 ns
WS57C49 8K x 8 RPROM 24 Pin X X 70 ns
WS57C498 8K x 8 RPROM | 24 Pin | 24 Pin X X 45 ns
WS57C64F 8K x 8 EPROM 28 Pin X 70 ns
WS27C128F 16K x 8 | EPROM 28 Pin X 90 ns
WS57C51 16K x 8 | RPROM 28 Pin X 70 ns
WS57C518B 16K x 8 | RPROM 28 Pin X 45 ns
WS57C128F 16K x 8 | EPROM 28 Pin X 70 ns
WS27C256F| 32K x 8 | EPROM 28 Pin X 90 ns
WS57C256F| 32K x 8 | EPROM 28 Pin X 70 ns
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WAFERSCALE INTEGRATION, INC.

THE SHORTEST PATH FROM SYSTEM CONCEPT TO MARKET

WSI supports the needs of high-performance system designers and provides them with the edge they need to survive
and grow in today’s competitive marketplace. WSI has positioned its organization and product portfolio to address
the most important needs concerning today’s system designer:

— Quick market entry

— Higher integration

— Lower power consumption
— Higher system performance

WS offers very high performance integrated circuit products that combine nonvolatile memory with macro logic functions
that result in “board-level” replacement circuits. Whether supplied as off-the-shelf product or customized for customer
needs, WSI can deliver this capability quickly. This makes WSI unique among semiconductor companies.

High-Performance EPROM Core

At the core of this capability lies WSI’s high-performance CMOS EPROM technology. This technology has proliferated
into families of market leading EPROMs and bipolar PROM replacement products . . . memory products that feature
bytewide and wordwide architectures, speeds as fast as 35 ns, and bit densities climbing to the 1 Mbit level. These
fast nonvolatile memory products are described in this catalog.

User-Configurable Product Families

WSI continues to build on its EPROM core technology. Configured as EPROM macro cells in the WSI custom cell
library, this high performance nonvolatile memory capability has been combined with other large functional CMOS
macro cells, fast static RAM cells, fast multipliers, and random logic blocks to produce very fast programmable off-
the-shelf circuits to address the above market needs. These families of high-performance user-configurable products
are programmable by the user to suit particular system requirements. These products are supported by a complete
system development environment that includes software and hardware development tools for use during evaluation,
program development and debug.

The first user-configurable CMOS products offered by WSI are:
— The PAC™ family of Microprogrammable Controllers
— The MAP™ family of Mappable Memory Products (described in this databook)
— The SAM™ family of Stand Alone Microsequencers

Rapid System Design

These user-configurable programmable products provide system designers with the ability to quickly try new concepts
or designs. With the development tools, system designers are free to fashion new products that combine new features
and increased performance within the confines of their own development laboratory. When incorporated into a system,
the new WSI user-configurable products deliver high levels of integration and exceptionally high system performance.

Custom Products for Custom Needs

But this is not where WSI’s capabilities end. For customers who have special needs, WSI will customize its standard
products by modifying them to suit particular customer requirements. In addition, WSI will work with its customers
to define and produce completely customized integrated circuits that take advantage of WSI’s high performance memory
and logic capabilities. WSI has a proprietary CAD/CAE design system and library of macrocells in place to guide
its customers from the earliest system conceptual stages through prototyping and into production.
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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.

741
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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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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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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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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
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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
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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
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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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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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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
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; — 0.220 MAX
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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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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
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1.455 v *
0.055 - 0.065
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— 0.150 — 0.190 MAX
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DRAWING St

24 Pin Plastic .300 DIP (Package Type S)

24 13 J
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DRAWING S2

28 Pin Plastic DIP (Package Type S)

28 15

b 0.270
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DRAWING T1
24 Pin CERDIP (Package Type T)
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DRAWING T2

28 Pin CERDIP (Package Type T)

28 15
0.245
0.310
1 14 T
e
1.430
1.485
0.040
0.065

_0.290 genD
0.320 BE

o
N
(&)

e
n
o
o

i

DRAWING X1
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DRAWING X2

44 Pin Ceramic PGA (Package Designator X)
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DRAWING Z1

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

0.938

SIDE
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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)
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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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WAFERSCALE INTEGRATION, INC.

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 — —
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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)
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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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Sales Representatives and Distributors

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




