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4 COMPANY PROFILE

b
WAFERSCALE INTEGRATION, INC.

:

INTRODUCTION

WaferScale Integration, Inc. (WSI) designs and produces the world's broadest and fastast families of CMOS PROMSs,
RPRCMs, EPROMS, and Programmable System™ Devices (PSD). These product families target the needs of system
designers who must reduce system development time and deliver market competitive products in continuously shorter
periods of time, WSl's programmable VLS| products additionally enable higher systern performance from smaller,
mors compact end products due to higher levels of system integration at the chip level.

WSl's mission is clear — to build a great company by serving its customers with a portfolio of high-performance
pregrammable VLSI products that enable designers to achieve faster time to market with new, advanced glectronic
systems.

The company’s patented self-aligned, split-gate EPROM technology forms the core of WSH's programmable products
and delivers higher performance and greater density than competing “'stacked gate” EPROM technologies. This core
technology has enabled WS to be first in the industry with numercus breakthroughs in speed, density, process and
packaging. WSI has leveraged this technology into the broadest family of CMOS PRCMs, RPROMs, and EPROMs
available.

WSI's new “off the shelf” user-configurable PSDs provide system level building blocks an a single chip that enable
quick implementation of application specific controllers and peripherals. They are the first to integrate high-performance
EPROM, SRAM and logic and dsliver a performance and integration breakthrough to the programmable producis
market. PSDs are user<configurable on & PC or compatible and can be tailored for use in a variety of system applications.
As a result, WS has established itself as a leading supplier of high-performance programmable VLS solutions to
a broad customer tase that includes some of the world's largest and most technologically advanced electronics
companies.

Founded in 1883, WSI is headquartered in a 66000 square foot facility in Fremont, California and has more than
125 employees. Through a long-tarm equity, manufacturing and technology license agreement with Sharp Corporation
of Japan, WSI produces its products in a world-class production facility that guarantees the highest quality at competitive
costs.

MARKETS AND APPLICATIONS

WSI's high-perfarmance non-volatile memory and PSD products are used by the world's leading suppliers of high-
performance electronic systems in communications, data processing, military and industrial markets, Customer eng
producis cover a broad spectrum and typically include cellular telephones, workstations, DSP computers, navigation
cantrollers, T1 multiplexers, modems, image processors, missiles, LAN controllers, high density disk drives and the
like. Customer applications include image processing, digital signai processing, bus contral, LAN data and file control,
real time process control, graphics processing, hard disk contrel, flight simulators, DMA control, and others. WSI
products are ideally suited for these applications where designers are faced with increasingly shorter product life
cycles and must devalep new, compatitive high-performance products in short periods of time.
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Company Profile

PRODUCTS

Memory Products

EPROMs

WSI offers the broadast line of CMOS EPROM products available featuring architectures ranging from 8K x 8 to

128K x 8, plus several x16 products, with speeds ranging from 40 to 200 ns. Commerciai, industrial and MIL-

STD-883C/SMD products are available. A wide variety of package selections are available including plastic and hermetic,

through-hole and surface mount types.

“L'" Family
WSi's “L" family memory products are the industry’s fastest, low power JEDEC pinout EPROMs and meet the
requirements of many mainstream system applications. With speeds ranging from 90 to 200 ns and architectures
from 8K x 8 to 128K x 8 including several x16 products, “L" family EFROMs are ideal for high-performance
personal computers and workstations, Taking advantage of its splitgate EPROM technology, WS! uses a
conservative 1.2 micron lithography to achieve world-class memory densities that traditionally require lowar yielding
sub-micron technologies.

“F Family
The “F" family is WS¥'s fastest line of EPROMs, featuring speeds ranging from 40 to 113 ns and architectures
from 8K x 8 to 32K x B, plus several x16 products. The high speed and word width options of the “F” family
EPROMs make them attractive for use in high-end engineering and scientific workstations, data communications
and other high-performance applications.

RPROMs

RPROMSs provide bipolar PROM gin-out with matching speed and CMOS low power operation. The RPROM (Re-

Programmable Read Only Memory) praduct seriss incluges architectures ranging from 2K x 8 to 32K x 8 with speeds

ranging from 25 to 70 ns.

Commercial, industrial and MIL-STD-883C/SMD configurations are available in a variety of hermetic and plastic
package styles.

Programmable System™ Devices (PSDs)

WSI's family of Programmable System Devices {(PSDs) represent a new class of programmable VLS| products, achieving
unparalleled levels of performance, configurability and integration. Offering a significantly higher leval of integration
over programmable logic, PSDs are the first programmable VLSI products to integrate high-speed EPROM, SRAM
and logic on a single chip thereby providing complete system solutions to the design engineer. PSDs are off-the-shelf
system building elements that can be quickly configured and programmed for a variety of system applications thus
anabling system designers to shorten system development time.

The PSD is a new solution for system designers who build high-end systems around embedded controllers and
advanced microprocessors. These new systems require faster, more highly integrated and lower cost VLS| solutions
as well as rapid design cycles. WSI's new PSD family meets this demanding set of needs.

The initial members of WSI's PSD family includss:

* The PAC1000 User-Configurable Microcontroller

* The MAP168 User-Configurable Peripheral with Memory

* The PSD301 User-Configurable Peripheral with Memory

* The SAM448 User-Configurable Microsequencer

Design Tools and Support

W5I's development tools minimize the time required for designers to program PSDs for use in a variety of system
applications. PSDs are supported with complete easy-to-use program development, simulation and programming
software, the PC hosted MagicPro™ Memary and PSD Programmer, a dial-in applications bulletin board and WS5i's
team of factory and field applications engineers. As a result, WSI customers achieve their goal of shorter system
development time and reach new markets socner.
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Company Profile

PRODUCTS (Cont.)

Custom Circuits

To serve the needs of its customers with unigue requirements, WS1 offers its custom circuit capability using its celt
beased library of EPROM, static RAM and logic functions. Standard products described in this catalog can usually
be modified on a custom basis to serve particular requirements. New customer defined custom products that incorporate
high-performance non-volatile memory, SRAM and logic can be produced that deliver significant speed or system
integration advantages. Contact your tocal WSI sales office for additional information.

MANUFACTURING

A key ingredient for success in leading-edge semiconductors is a world-class fabrication facility that ensures high
volurme capacity and prompt delivery of highiy reliable and high yielding VLS circuits. To this end, WSI has licensed
its proprietary CMOS EPROM and logic process technology to Sharp Corporation of Osaka, Japan. This tong term
alliance ensures high quality, high-volume production, competitive costs and fast delivery. The Sharp facility in
Fukuyama, Japan employs the most advanced sub-micron VLS| integrated circuit manufacturing equipment available
including ion implantation, reactive ion etch, and wafer stepper lithographic systems.

QUALITY AND RELIABILITY

W5l is deeply committed to product excellence. This begins with proper management attitude and direction and with
this focus, the Quality and Reliability Program is able to operate sfficiently, As a result, product quality becomes part
of each employee's responsibility.

Quality and Reliability begin with the proper product and process designs and is supported by material and process
controis. 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 10° ampsicm?, top passivation extends over into the
scribe lane to seal the die edges, data retention is parformed 100% on re-programmabile products (T, = +225°C,
T = 72 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 (Ty = +150°C, Ve = +65VY) and even at these stress levels, WSI products have
demonstrated low failure rates (see the Quality and Reliability section in this databook).

WSl 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
Gelober, 1989, WSI has eighteen products on SMDs with additional products pending. Several additienal products
not on SMDs are available per MIL-STD-883C. See Section 7 (Military Products) in this databook.

SALES NETWORK

WSI's international sales network includes regional sales managers, field applications engineers, manufacturers
representatives and many of the leading compoanent distributors in the United States, Europe and Asia, See Section 10
in this catalog.

United States

Direct sales and field applications engineering offices in Boston, Chicago, Hunisville, Philadelphia, Los Angeles areas
and Fremont, CA; more than 25 manufacturers’ representatives for major national accounts; national distributars
including Schweber Electronics, Time Electronics and Wyle Laboratories; and regional distributors,

International

Distributors in West Germany, England, France, ltaly, Sweden, Finland, Denmark, Norway, Spain, Belgium, Luxembourg,
the Netherlands, and Israel. Distributors for the Asia/Pacific Rim region in Japan, Korea, Taiwan, Hong Kong and
Australia,

Uirss
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E5 5= WSI CMOS TECHNOLOGY AND PATENTS

WAFERSCALE INTEGRATION, INC.

Each gensration of systems involved with data processing, communications, military and industrial control historically
recjuires faster and more efficient systern functions to accomplish greater productivity. I1ssues of performance, refiability,
design tima, system integration, power, and cost must be successfully treated fo insure the market success of competitive
end products. WSI's CMOS technology forms the foundation of a portfolio of programmable VLS| integrated circuits
that are used by leading systems manufacturers worldwide to address the above issues and retain their competitive
adge.

WSl's core technology begins with its patented self-aligned, split-gate single transistor EPROM cell (US. patents
#4,639,893 and 4,795719). The self-aligned, split-gate EPRCM cell pioneered by WSI is the only major EPROM
technologyfarchitecture innovation since 1972. This advancement beyond the traditional ““stacked gate™ EPROM cell,
when coupled with several memory array design enhancements, provides WSI with a broad product line of high-
performance PROMs, RPROMs, EPROMs and Programmable System™ Devices.

The WSI self-aligned, split-gate EPROM cell will not program in the reverse direction. This feature has enabled the
development of a high density virtual ground array EPROM architecture that has resulted in smalier EPROM die sizes
than competitive products even when fabricated with less aggressive phoiolithography.

WSI's 1.2 micron double metal/double poly N-well CMOS process enables the combining of high-performance EPROM
mermaory, static random access memory and logic all on the same low power circuit. This capability has snabled the
development of the Programmabla System Devices product family. These standard product integrated circuits shorten
system development timg by enabling the design engineer to quickly configure and program them for use in various
portions of the system. Their high level of integration and versatility enable designers to develop end products faster
and reach markets ahaad of their competition.

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.

Technology and design patents held by W3S are listed below. Several additional patents are pending.
#4,328,656 Non-wolatile EPROM with increased Efficiency
#4,361,847 Nond/olatile EPROM and EEPRCM with Increased Efficiency
#4,409,723 Non-Volatile EPROM and EEPROM with Increased Efficiency
#4,639,893 A Self-Aligned, Split-Gate EPROM
#4,649,520 A Single Layer Polycrystalline Floating Gats
#4,758,869 Nan-Volatile Floating Gate Transistor Structure
#4,763,184 Input Circuit for Protecting Against Damage Caused by Elsctrostatic Discharge
#4,795,719 A Self-Aligned, Split-Gate EPROM
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Sirai aiy = TECHNICAL BRIEF 001

WAFERSCALE INTEGRATION, INC.

EPROMs FOR MODERN TIMES

HIGH SPEED EPROMSs:

Early generations of microprocessors {e.g., 6809, 8085, B08E, 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 we#l 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, 88020, etc.), microcantrollers
{8096, etc.) and dedicated DSP processors (TMS320xx, MCEB000, stc.) operate in the 12-40 MHz range and require
memaries 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 soive this problem at the 1.C. leve! with various approaches. This
article explains the various techniques for achiaving 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 fuiure.

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
pregrammed output. The bit line, or column, is used to determine which of the selected calls in the row is to be read
from an cutput. Aithough this technique singles out a particular EPROM cefl for reading, the cutput of the selected
EPROM is still connected to the outputs of several non-selected EPROM cells 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 cvercome
by the selacted cell bafore the proper state {“1” or “0™) can be sent to the output. The selected cell must have encugh
drive to be able to discharge the combined bit line capacitance. Higher drive, or read current, results in a faster capacitive
dischargs and, therefore, faster roeading. Lower bit line capacitance andfor increasing read current are the fundamental
goals associated with developing high speed, dense EPROMs. Lowering bit line capacitance is easily achieved by
reducing the number of memory cells. Although this resulis in a speed improvement, it severely limits density.

The main problem to solve, tharefore, 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 EFAOM
memory.
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Technical Brief 001

SINGLE TRANSISTOR (*STACKED GATE"’)

The industry standard singie transistor stacked gate EPROM cell {Figure 1} is optimized for efficient programming
and high density. It is not well suited for high spead bacause of its low read currant. The typical read current for
a single unprogrammad stacked gate EPROM ceil 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 technelogy). Clearly, this
makes it very difficult to achieve a worst-case total access time which will atlow an EPROM to run with today’s genera-
tion of processors (see Table 1}. Several semiconductor manufacturers are leoking for alternatives to surmount the
inherent limitations of the older single transistor “stacked gate” EPROM.

“STACKED GATE"
EPROM CELL
(INDUSTRY STANDARD)

CONTROL
GATE

FEDATING
GATE

SGURCE DRAIN

Figure 1

TWO TRANSISTOR FAST CELL (*STACKED GATE'’ EPROM)

In this approach each bit consists of two stacked gate EPROM celfis 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
“17} to be detectad with a very smali voltage swing. As a result, a memory cell can be read much faster than with
a standard sensing technique. However, this incurs the penaity 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.

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 (fypically 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 raliability). 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

/g
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Technical Brief 001

SINGLE TRANSISTOR FAST CELL (*‘SPLIT GATE” EPROM)

WaferScale Integration Inc. {(WSH) has developed a proprietary technology which embodies all of the benefits of the
single transistor “stacked gate” (ease of programming, refiability, and density) and conquers the fundamental problem
of low read current. This patentad 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 praducts. As an exampie of the capabiiities of the
“split gate,” WaferScale has intrcduced families of EPROM products varying in density from 16K to 1 Mbits and in
speed ranging from 25-200 ns, all manufactured with the same EPROM techncology.

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.

SUMMARY

Although the single transistor “stacked gate” EPROM technology is very well suited for its intended use (sfow, dense
NVM), itis 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 o 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 welt suited for devige scaling,
the tachnology 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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Article Reprint

D4vE BURSKY

nyone who has ever de-
signed a high-perfor-
mance controller sub-
syst*m using high-
speed micropre-
grammed  building
blocks, programmable
logie devices, gate ar-
rays, or discrete lopic
realizes the difficulties in integraling
the complete selution. In such a system,
the chip count escalates, the operating
power rizses, and the development
schedule lengthens.

By integrating all these functiens
and resources onto one high-speed
CMOS chip—the PACI006 microcen-
troller—WaferScale Integration Inc.
has drastically reduced the chip count
from the typically required 50 or so [Cs
to just one. At the same time, the
FAC1000 slashes the power consump-
tion from tens of watts to less than 1.5
W and cuts development time,

The PAC1000 can solve many high-
end embedded control applications and
is the only available circuit that can
tackle system, data, and event control
tasks. A C-like language and PC-hosted
system-development tools simplify the
creation of the control software. Users
can eonfigure the circuit as a micropro-
cessor peripheral or as a standalone
controller to meet the unique require-
ments of high-performance system,
data, or event controllers. Each of the
chip’s two bidirectional 16-bit buses, its
individual 1/0 lines, and interrupt in-
puts can, if necessary, be redefined dur-
ing each 50-ns instruetion cyele.

Repnnled with permission Iram ELECTRONIC DESIGN - Ocinber 27, 1088

COVER FEATURE

PACKING ALL THE MAJOR BLOCKS OF A
MICROPROGRAMMABLE SYSTEM, A CMOS IC EASES
EMBEDDED CONTROLLER DESIGNS

CONFIGURABLE CHIP EASES
CONTROL-SYSTEM DESIGN

*,

At the heart of the PACI000's flexi-
bility lies an internal mieropregramma-
ble architecture, ineluding a 16-bit CPU,
afast 10-bit microsequencer, & 32-word-
by-16-bit register file, and a 1kword-by-
64-bit high-speed EPROM. As produci
plaoning manager Yoram Cedar ex-
plains, since the circuit executes any of
its instructions in one clock cycle, the
controller delivers a raw throughput of

Copynoht 1988 YNU Business Pubikcabons, o
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20 MIPS.

Every instruction of the PAC1000
can perform as many as three simul-
taneous operations: program eon-
trol, CPU funetions, and output con-
trol, with all possible combinations
allowed. Cedar claims the more pow-
erful instruction format, combined
with the higher clock speed, yields a
five- to tenfold performance im-
* provement, compared with other

one-chip microcontrollers. The high
throuphput suits many tasks well. It
has already found homes in radar,
communications, video-graphics,
1/0 subsystems, bus and DMA con-
teollers, and disk-drive-controllers,
Besides the CPTU, register file, znd
sequencer, the chip includes an auxil-
iary Q-register for double-word op-
erations, an B-input interrupt eon-
teoller, 16 putput control tines, & bi-

o Has! adkdress
Clock  Fesel Chp$éiécl  Fead write Mosidatabus  and dala bus v
I o
4 16 84,
| Configuratian reqistrs | | Hostmletface ‘
1 Register stack
! } y
- Sequenter 16-bil EPU
7 N
| | 1-twnn1‘><-ﬁ-i-hrtEPI|I]M] R Exlended-precision
.- r register for 64-ba
operalions
B
15.level l Breahphinl ragisler '
stk | [ Program ceuntes
CASE lagic r+—=1  Bhock counler |
User Interrupl |+ Address counter
oulpit Testhge loges
™
. A 110 and special Atldress/data
167 81 1] function port pori
st 51 =
lisardefinabte  Condition-  Imierropt 1i0 lines hddress
oulpwl code inpuls
ines senze
Inputs
1. PACKING A 16-bi MiCropro-

grammable central processor with a 32-
word register fide, 2 I-kwordhy-64-bit
microcode [TV EPROM, sequencer, and
other conligurable resources, the
PACLO0G userconfigurable
micrgconiraller from Wafer3cale
Integration delivers u raw instrutiion
throughput of 20 MIPS at 20 NHz (iop).
Designers ean add or alter various bocks
to customize versions for high-velume

users (left).

directional 1/Q lines, scan-test and
CASE program test logic, and a 22~
hit external address bus (Fig. £, tep).

Alzo, Cedar emphasizes, the cir-
cuit deals much more rapidly with in-
terrupts than mest centeollers do,
and that serves embedded control
applications well. The chip changes
program flow in either of two ways.
First, it has four user-definable in-
terrupt input lines plus four dedicat-
ed internal interrupts that require
just 104 ns, at most, to alier the pro-
gram flow. Second, another set of in-
put lines—22 condition-code inputs
(% external and 14 internalj—let the
processor alter the program flow
with condition calls and program
jumps in just one 50-ns instroction
cyele.

And if on-chip resources don't
quite mateh an application’s require-
ments, chip medifications can be
done for large-volume users. The cir-
euit was designed with the compa-
ny's standard-cell library, and many
of the chip’s sections are actually
cells in WaferScale's library (Fig. I,
left). Noticeable on the chip's left
side are the large cells that include
the 64-khit EPROM block on the bot-
tom and the 16-bit CPU on the upper
left. On the chip’s right side, random
logic performs the control and inter-
face functions; small standard cells
are used to create those eireuits.

For every instruction, a dedicated
field specifies the bit pattern on the
ontput lines. Also, designers can in-
dividually program eight [/0 lines as
inputs or outputs or to perform spe-
cial funetions under the control of
the chip’s mode and [/0 registers.
The special functions turn the /0
lines into control signals that allow
various features and flags to indi-
cate several statns conditions. In ad-
dition to the eight 1/0 lines, the cir-
cuit has two 16-bit bidirectional bus-
es that po on and off the chip: One
links with the host; the other is the
upper 16 bits of the address/data
bus. Another 16 lines are dedicated,
user-pregrammable latehed output
lines. These can be changed on & ¢y-
cle-by-cycle basis.

Thanks to all its buses and control
signals, the PAC1000 microeon-
troller operates as either & memory-

sy
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mapped peripheral te & microproces-
sor to offlead the CPU (Fig. 2o} oras
a standalone controller running
from its own internally or externally
stored program (Fig 2b). As a pe-
ripheral, the chip ties into the host
with a straightforward bus inter-
face—a 16-bit data bus and a 6-bit ad-
dress bus to access the internal re-
sources of the PAC1000—and the
standard Chip Select, Read, and
Write control lines. {n the standalone
made, the chip typically runs the ap-
plication program from its internal
memory and uses its 16-bit output
bus and &-bit I70 port to control the
application and communicate to a
host system.

To handle multiple operations in
parallel, the chip internally takes ad-
vantage of a long—64-bit—miero-
code word so that each word ean con-
trol multiple sections of the circuit-
ry. The on-chip microcode storage
area consists of a fast, reprogram-
mable UV EPROM, organized as 1
kword by 64 bits, 3ince the EPROM
i# read only by the on<chip logic, it
doesn’t need high-current output
buffers, which slow down the memo-
ry access. Thus, the EPROM con-
tents can be read very guickly—the
chip’'s 20-MBz version accesses
memory in just 30 ns, wetl within the
CPU’s 50-ns instruction cycle time.
The memory i8 also secure. Users
can program a gecurity bit to prevent
an external system from extracting
the code from the memory array.

Besides its own program memory,
the chip also has a separate address/
data bus that can be programmed for
either 16 or 22 address lines {with 64-
kword or 4-Mword off-chip address-
ing ranges, respeectively). The ad-
dress generator for the bus is sepa-
rate from the sequeneer that ad-
dresses the program memory. The
PACI1G00 can therefore execute a
program while it's using the address
bus to move data from memory into
the on-chip register file or to an ex-
ternally controlled device,

The address bus, in fact, can serve
as @ simple direct-memory-access
controller when used with the on-
chip 22-hit address counter and 16-bit
block counler. This DMA controller
can transfer data frem external
memory tothe on-chip register file or
to an external device.

An eight-word FIFO register lets
a host microprocessor asynchro-
nously load commands or data into
the controller. The 22-bit word
length in the FIFQ register is em-
ployed, so that if data values are to
be loaded into the register file, the
lewer 16 bits of the 22-bit word sent
over the host data bus represent the
data, and the next five bits—the low-
er five bits of the host-interface ad-
dress bus—represent the register lo-
cation into which the data will be
loaded (RO to R31). The sixth bit of
the host-interface address bus signi-
fies whether the word loaded inte the
FIFO register is a command or data

word. I it’'s a command, the Jower 10
bits of the host-databus are usedasa
branch address to one of the 1024
memaory locations in the EPROM.

The 1Mbit sequencer addresses
the 1,024 words of program memory
and has a 15-level stack that permits
multiple subroutine calls to oceur
without forcing the program to go
back to a higher level before ealling
the next subroutine. Besides having
more levels in the stack than Wa-
ferScale’s 5910 microsequencer, the
enhanced sequencer block has a 10-
bit loop counter that cuts overhead in
programs for loops and nested loops,
The application program can load the
counter with a constant or a value
caleulated in the CPU.

Because programming [ast, em-
bedded contrellers can get compli-
cated, the company includes on-chip
programming and test features to
ease system development. For start-
ers, a 10-bit breakpoint register sim-
plifies real-time debugging. It can be
loaded from either of two sources—a
value stored in a CPU register or a
constant value specified in the pro-
gram memory. When the program
memory address matches the regis-
ter contents, the register issues an
interrupt, which a service routine in
memory could then react to,

Test and CASE logic on the ehip
also aids program and hardware
testing. The condition-code logic re-
gponds to 22 different program test
conditions that can be tested for true

PERIPNERAL OR STANDALONE

Addresy Adress
I L Wemary
|
- ] i e
' ' Coniel
b owew | M | togt I t T
: e Conlral { Canleu hfm;r:,o I |_c£"°'_.._t_.. bigh- speed
: ; proCessar, | Status/interrupts | PROCESSN,
| . Stalus/ | fogthms, ete. 1 Tasthus, olc.
L] Paripheral neode inlzrmupls T Standatone mede ™

2. MULTIPLE BUSES, AN ON-CHIP ADDRESS GENERATOR, snd sequetscer blocks let the microcontrofler operate as
s memory-mapped peripheral 1o offload the host microprotessor (2). Or it £an be operated 36 & standalone centrolier (b).
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SAMPLE PROGRAM FOR PAC1000 MICROGONTROLLER

* control memory readwnike based on CCO*/
SATMANt mAmGEN
enmem  egu  hODOZ,
dumem egu QMO
wt equ hOO0Y;
3 equ  h00G,
slan
1FCCO, CANT enmem
FOAG, ACR = RO + Rt OUT wr,
AQR = AQR + 4, 0UTed,
ENDFOR , (HIT wr ,
ELSE, QUT dismem ,
ENDHF,
and,

* utput saningl sonstants !

1+ enable memory

£ stare begn addy in &OA and loop
1% une; addr by 4 ana do rdfer

1* end boop body

S chsable mem i CCO s nal Irus

L, . .4

3. THE HIGH-LEYEL LANGUAGE devetoped by WaferSeale employs C-
language-tike siruciures to let designers easily develop complex configuration microcode.

or not-true results. Up to four condi-
tions can be tested simultaneously.
Tests can check for the state of vari-
ous flags or register contents,

The processor handles two types
of CASE operations: standard and
priority. A CASE group consists of a
combination of four test conditions
thatcan be tested inasingle eycle. In
that same cycle, the PAC1000
branches to any one of 16 locations,
depending on the status of the four
inputs to the CASE group being test-
ed. The priority CASE instruction op-
erates on internal and external inter-
rupt conditions and treats interrupts
as prioritized teatconditions, The pri-
otity encoder generates a branch to
the highest-priority condition.

Thanks to all its on-chip resources,
the PAC1000 is a powerful one-chip
controller, housed in a windowed, 88-
lead pin-grid-array package or an 84-

lead ceramic leaded chip carrier. An -

84-lead plastic leaded chip carrier

package (the ene-time-programma- i

ble version) is also available. Be-

cause the chip employs an EPROM |

to hold the program, revisions to the
code are nomore difficult than repro-

Sy

gramming a standard EPROM. Pro-
totype systems and production prod-
uets can benefit from the ability to
revise the code at the last minute.

To alleviate the complexity of mi-
crocode program development, Wa-
ferSeale has assembled a series of
PC-hosted system-development
tools (PAC-SDT). These make the
PAC1000 as easy to program as any
one-chip microcontroller. A simple
example of a multiple-command ex-
pression in the C-like language lets
designers combine aperations such
as FOR6,AQOR=R0+R1,0UT WR
{lcop for six cycles, add the contents
of registers R0 and R1 and store the
result in the AOR register, output
the value WR} in one word (Fig. 3).

The toolset has a system-entry lan-
guage, a functional simulator, and a
device programmer {MagicPro). The
systemrentry, language software is
the most critical part. The high-level
language uses a structure similar to
(s and practically eliminates writ-
ing routines in machine or assembly
code. But designers who are more
comfortable working on that level
can write machine-code routines.[]
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WSI Launches

The Programmable System Device;

A new class of user-configurable products;
a higher standard in functionality,

integration, and performance.

PSD:™ n Programmable System Device.”™

1) A user-configurabie system-on-a-chip,
integrating high-performance EPROM, SRAM, and
Logic; 2) User configurable with a menu-driven,
familiar "C"-like language and IBM-PC®-hosted
system development tools; 3) A standard product
first launched in 1988 by WSL.

WSI's PSD™ Products: A Major Advance in user-configurability

Level of
Functionality

System Integration

"Glue" Logic Integration

1978 1984 1987 1988

Not just programmable logic, but programmable logic and memory ~programmable systems.

WAFERSCALE INTE

47280 Kato Road

Fremont, California 94538

800/331-1030, extension 234

In California call:

CRATION, INC. #%00/323.3939, extension 134

ﬁ\iﬁ'lmmibk Syt Denge, PSD ‘-JMA.PISG* WNIWM Licgrabmm. Ine
P
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_ NEW INTEL CHIP NUKES THE WORK-STATION MARKET*25
NONVOLATILE TECHNOLOGY TAKES ON A STRATEGIC ROLE/ 80

EHlectroni

MAEHRCH 1539

SEMICONDUCTORS

A ‘DISADVANTAGE’ LEADS
TO A FAST 4-MBI'I' EPROM

tested process that it
used in its earlier 256~
Khit and 1-Mbit de-
Signs.

Actually, WaferSeale
maore ur less had to use
the same provess—un-
likemost ather EPROM
companies, it doesn’t
have tta own fabrica-

: tion facilities, relying
instead on outaide foundries, That could
be aserious disadvantage, but WaferScale
turns it inte a boun, “We do not have the
luxury of playing around with the pro-

y making an advan-

tage out of what a
lot of companies would
coneider a serious
drawback, WaferScale
Integration Ine. has
come up with a 4-Mbit,
erasable programmable
read-only memory in a
die size the same as or
smaller than memories
one fourth its density—and with access
times as fast or faster. Moreover, the
Fremont, Calif., company fabricated the
CMO8 EPROM with the same tried-and-

STAGGERED GATES GIVE GREATER DENSITY

SN
DN

|
WaterScale's slaggered-contact, staggered-gate archilecture snables it to make a 4-Mbal
EPROM with its cdd 1.2-m process technclogy and still achieve 9(0-ns access times.

cess every time we want to improve the
speed, increase the density, or reduce the
die size,” says Boaz Eitan, director of
deviee technology and memory design.
“Instend, working within very precise
limits, we must rely on civeuit and archi-
tecture improvements to get the speed
and density enhancements we want.”

By making those kinds of improve-
ments, WaferScale could wse its 1.2-um
process to build the new EPROM and still
achieve 2 30 to 120-ns read-access time—
as fast as any 1-Mbit EPROM available
and twice as fast as any of the 4-Mbit
EFROMs now being offered as samples.
The average cell size is only 9.5 pm® and
the die area only 320 mil. Competitive 4-
Mbit EPROMs available as samples from
such companies as Intel, NEC, and To-
shiba requive much tighter 0.8- to 1-pm
design rules to achieve die sizes ranging
from 375 to 385 mil,

WaferSrale's initial parts, specified at
100 to 120 ns, will be available in sample
quantities by midyear, with faster
parts—90 na—areiving before the end of
the year,

WaferSeale expects the new part will
find eager users among the manufactur-
ars of high-performance 32-bit proces-
sors, in both reduced- and complex-in-
struetion-set systems, says Dale Proll, di-
reetor of marketing communications.

“Cuyrrently, systems designers have
had to make 2 choice when considering
memaory for program or eode storage:
low-density, suh-256-Kbit, sub-100-ns
EPROMsz with no wait states, or 1-Mbit
designs with access times anywhere from
100 to 160 ns,” he says. “Alternatively, if
both speed and density were required, de-
signers had to sacrifice nonvolatility and
use static random-zocess memoties in
combination with some form of nonvola-
tile memory.”

STAQQRRING. The improvements that
WaferScale made to boost performance,
says Bved Ali, manager of memory de-
sign, wers largely circuit-design enhance-
ments to the company’s proprietary aplit-
gate architecture [Elecfronies, July 9,
1387, p. 65). The enhancements include a
staggered-contact architecture that re-
duces the number of contacts in an array
by almost 25 times, and a staggered-cell
design that forther improves packing
density by alternating the floating gates
and reducing bit-line area, fouer)

ss
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In addition, some tinkering with the
process resulted in a fieldless array that
allows devices to be moved closer togeth-
er while at the same time increasing the
affective channel width, Although the bit-
line capacitance of this design is much
higher due to the longer continuous n+
bit lines, says Eitan, this disadvantage is
offset by the fact that the EPROM cell is
capable of generating read currents of
about 140 to 160 pA at 5V, about twice
what is pessible with current EPROMSs.

To improve the speed of the device, de-
signers can employ & number of tech-
niques. Chief among them are a differen-
tial-halanced amplifier design employing
address-transition detection, along with a
dual-function colemn multiplexer and de-
coder scheme.

The improvements give WaferSeale a
decided advantage, Eitan says. At most
of the companies making EPROMs, cir-
cuit designers are running into a briek
wall as they try to improve density and
speed through scaling, The industry-stan-
dard ground-atray architecture, with one
contaet every two cells, limits the scalabi-
lity of the cell.

WaferScale, by contrast, has eliminat-
ed this limitation with its proprietary
staggered virtual-ground-array architee-
ture combining staggered contacts and
staggered eelle. In effect, says Ali, the ar-
chitecture allows significant reductions in
both cell and array size without pushing
the lithography. —Bernard €. Cole

Reprinted with permission from ELECTRONICS - March 1963 Copynght 1389 YNU Business Publications, inc.
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CMOS PRODUCT SUMMARY

WAFERSCALE INTEGRATION, INC.

PART NO. DESCRIPTION j TEMP | SPEED (ns) PACKAGES
PROM/RPROM Memory Products
WS557C191B 2K x 8 CMOS PROM/RPROM ‘ Cc 35/45 24 Pin CERDIF, 08"
i I 45 28 Pin PLDCC
M 45155 24 Pin Plastic DIP, 0.6”
28 Pad CLLCC
WS57C2¢18 2K x 8 CMOS PROM/RPROM 5 c 35/45 24 Pin Plastic DIF, 0.3"
i | 45 24 Pin CERDIF, 0.3”
l| M 45/55
WS857C438 4K x § CMOS PROM/RPROM E Cc 35/45/55/70 24 Pin CERDIF, 06"
| | 45/55 28 Pin PLDCC
| M 45/55/70 24 Pin Piastic DIF. 0.3”
i 24 Pin CERDIF 0.3”
g 28 Pad CLLCC
WS57C43C 4K x 8 CMOS PROM/RPRCM | - 2530 Advance Information
WS57C45 2K x 8 Registered CMOS c 25/35 24 Pin CERDIF, 0.3"
PRCM/RFRCM M 3545 28 Pad CLLCC
24 Pin Ceramic Flaipack
24 Pin Plastic DIR, 0.3"
WS57C49B BK x 8 CMOS PROM/RFPROM c 35/45/55/70 24 Pin CERDIP, 0.6~
t 45 28 Pin PLDCC
M 45/55/70 24 Pin Plastic DIP, 0.6"
24 Pin CERDIP, 0.3”
28 Pad CLLCC
24 Pin Plastic D!P, 0.3
24 Pin Ceramic Flatpack
WS57C40C 8K x 8 CMCS PROM/RPROM - 25130 Advance Information
WS57C51B 16K x § CMOS PROM/RPROM c 40/45/55f70 28 Pin CERDIP. 06"
M 45/55/70 32 Pin CLDCC
28 Pin CERDIF, 0.3"
32 Pad CLLCC
WSs7CHC 32K x 8 CMOS RPROM Cc 40/45/55 28 Pin CERDIP, 06
M 55 32 Pin CLDCC
28 Pin CERDIP, 0.3"
32 Pad CLLCC
EPROM Memory Products (Bytewide)
WS27C64F Military 8K x B CMOS EPRCM M 90100 32 Pad CLLCC
28 Pin CERDIP, 0.6
WS527C64L 8K x 8 CMOS EPROM c 90N20150/200 | 28 Pin CERDIP, 06~
H 120 28 Pin CERDIP, 0.37
M 120150/200 32 Pin PLDCC
28 Pin Plastic DIP, 0.6"
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CMOS PRODUCT SUMMARY (Cont.)

PART NO. DESCRIPTION | Temp | sPEED (n9) PACKAGES
EPROM Memory Products (Bytewide) (Cont.)
WSS7C64F | 8K x 8 CMOS EPROM ¢ 55/70 28 Pin CERDIP, 06"
i 70 39 Pad CLLCC
M 70 32 Pin PLDGC
WS27C128F | Military 16K x 8 CMOS EPROM M 90 32 Pad CLLCC
28 Pin CERDIP. 0.6”
WS27C128L | 16K x 8 CMOS EPROM C 901120150 28 Pin CERDIP. 0.6
| 120 32 Pin PLDCC
M 120/150/200 | 28 Pin Plastic DIP, 0.6"
28 Pin CERDIP, 0.3"
WSS7C128F | 16K x 8 CMOS EPROM c 55/70 28 Pin CERDIP, 06"
| 70 32 Pad CLLCC
M 70
WS27C256F | 32K x 8 CMOS EPROM C 45/55/70 28 Pin CERDIP, 06"
M 70/90 32 Pad CLLCC
39 Pin CLDCC
WS27C256L | 32K x 8 CMOS EPROM c 90112050 28 Pin CERDIP, 06"
I 120150 28 Pin CERDIP. 0.3"
M 12050/200 | 32 Pad CLLCC
32 Pin PLDCC
32 Pin CLDCC
28 Pin Plastic DIP. 0.6"
WSS7C256F | 32K x 8 CMOS EPROM c 40/55/70/90 | 28 Pin CERDIF, 06"
| 70/90 32 Pad CLLCC
M 55/70/90 32 Pin CLDCC
WS27C512F | 64K x 8 CMOS EPROM c 0 32 Pad CLLCC
M 90M20 28 Pin CERDIP, 06"
WS57C512F 64K x 8 CMCS EPROM — 55/70/90 Advance Information
WS27C512L | 84K x 8 CMOS EPROM c 100201150 | 28 Pin CERDIP, 0.6"
M 150/200 a2 Pin PLDCC
a2 Pad CLLCC
32 Pin CLDCC
WS27C010L | 128K x 8 CMOS EPROM ¢ | 100n20150/200| 32 Pin CERDIP, 08"
| 1201150 32 Pin CLDCC
M | 120130150/200 | 32 Pad CLLCC
22 Pin PLDGC
32 Pin Plastic DIP 06"
WS57CO10M | 128K x 8 CMOS EPROM — 55/70 Advance Information
WS27COI0F | 128K x & CMOS EPROM — 55/70/90/100 | Advance Information
WS27C020L | 256K x 8 CMOS EPROM — | 1201501707200 | Advance Information
WS27C040L | 512K x 8 CMOS EPROM c | t20ns0170r200| 32 Pin CERDIP 06"
M 150170/200 | 32 Pad CLLCC
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CMOS PRODUCT SUMMARY (Cont.)

PART NOQ. DESCRIPTION I TEMPl SPEED (ns) PACKAGES
EPROM Memory Products (Wordwide)
WS57C65 4K x 16 CMOS EPROM C 55/70 44 Pad CLLGC
40 Pin CERDIP, 067
WS57C257 186K x 16 CMOS EPROM c S5/70 40 Pin CERDIP, 0.6"
I 70490 44 Pad CLLCC
M 70/90 44 Pin CLDCC
WS27C210L 64K x 16 CMOS EPROM c 100120150/200 | 40 Pin CERDIP, 06"
[ 1201150200 44 Pin PLDCC
44 Pad CLLCC
44 Pin CLDCC
WSS57C210M 64K = 16 CMOS EPROM Moduls | c 55/70/90 40 Pin Ceramic S/B, 067
| M 70/90
WS27C210F j 64K x 16 CMOS EPROM —_ 55/70/90100 Advance Information
1
WS27C2200L 128K x 16 CMOS EPROM — 120/150/170/200 |  Advance Information
WS27C240L 256K x 16 CMOS EPROM — 1204150170/200 Advance Information
Programmable System Devices
MAP168 User-Configurable Peripheral C 40/45/55 44 Pad CLLCC
with Memory M 45/55 44 Pin PLDCC
44 Pin CLDCC
44 Pin CPGA
PSD301 User-Configurable Peripheral — 120/150/200 Advance Information
with Memory
PACI1000 User-Configurable Microcontroller C 12416/20 MHz 100 Pin Ceramic Quad
i Flatpack, Gull Wing
I 1216 MHz 100 Pin Plastic Quad
Flatpack, Gull Wing
M 12116 MHz 88 Pin CPGA
S5AM448 User-Configurable Microsequencer c 20/25/30 MHz 28 Pin PLDCC
| 20 MHz 28 Pin CLDCC
M 20 MHz 28 Pin Plastic DIP, 0.3
28 Pin CERDIP, 0.3"
CMOS Logic Products
WS5901 CMOS 4-Bit High-Speed | C c/D 40 Pin Plastic DIP, 06"
Microprocessor Slice M C/D 40 Pin CERDIP, 0.6"
WS53016 CMOS 16-Bit High-Spead C C/iD 64 Pin Ceramic S/B, 0.9”
Microprocessor Slice M ciD 68 Pin PLDCC
| 68 Pin CLDCC
WS53032 CMOS 32-Bit High-Speed C DVE 101 Pin CPGA
Microprocessor Slice M D/E
WS5910A/B CMOS Microprogram Controller C 20/30 MHz 40 Pin Plastic DIP, 0.8”
M 20/30 MHz 40 Pin CERDIF, 06"

w7
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CMOS PRODUCT SUMMARY (Cont.)

PART NO. DESCRIPTION | Teme | speep (ng) | PACKAGES
CMOS Loglc Products (Cont.)
WS59510 CMOS 18 x 16 Multiplier c 30/35/40/50 ns | 68 Pin PLDCC
Accumulator M 40/50 ns 68 Pin CPGA
64 Pin Plastic DIP, 0.8"
WS59520/521 CMOS Multilevel Pipeline C 22 ns 24 Pin Plastic DIP, 0.3"
Reqgister M 24 ns 24 Pin CERDIR, 0.3"
WS559820 CMOS Bidirectional Bus c 23 ns 88 Pin PLDCC
Interface Registers M 25 ns 68 Pin CPGA
WS5598208 CMOS Bidirectional Bus c 23 ns 68 Pin PLDCC
Interface Registers M 25 ns 68 Pin CPGA
System Development Tools
Memory-Silver | WSI EPROM/PROM-RPROM/Flash Programming Software, User's Manual, WSI-Support
Memory-Gold Memory-Silver, WS6000 MagicPro Programmer, WS-Support
PAC1000-Silver | PACI1000 Software, Software User's Manual, W5I-Support
PAC1000-Gold | PACT000-Silver, WS6000 MagicPro Programmer, WSI-Support
MAP168-Silver | MAP168 Software, Software User's Manual, WSI-Support
MAP168-Gold MAP168-Silver, WS6000 MagicPro Programmer, WSI-Support
SAM448-Silver | SAM448 Software, Softwars User's Manual, WS!-Support
SAM448-Gold SAM448-Silver, WS8000 MagicPro Programmer, WSI-Support
WSI-Support 12-Month Software Update Service, 24-Hour Bulletin Board, Ap.'plications Hotline
WS6000 Memaory and PSD Programmer
WS6001 MagicPro Adaptor, 28 Pin CLLCC Package, Memory
WS6003 MagicPro Adaptor, 44 Pin PLDCC/CLDCC/CLLCC Package, MAP168
WS6008 MagicPra Adaptor, 28 Pin 03" DIP, SAM448
W56009 MagicPro Adapter, 28 Pin PLDCC/CLDCC/CLLCC Package, SAM448
WS6010 MagicPro Adaptor, 88 Pin PGA Package, PAC1000
WS6011 MagicPro Adaptor, 44 Pin PGA Package, MAP168
WS6012 MagicPro Adaptor, 32 Pin CLDCC Package, Memory
WS6013 MagicPro Adaptor, 100 Pin Quad Flatpack Package, PAC1000
WS6014 MagicPro Adaptor, 44 Pin CLDCC/PLDCC Package, MAP168/PSD301
WS6015 MagicPro Adaptor, 44 Pin PGA Package, MAP168/PSD301
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Es s NUMERICAL PRODUCT LISTING

WAFERSCALE INTEGRATION, INC.

PART NO. DESCRIPTION TEMP SPEED (ns) PACKAGES
MAP168 User-Configurable Peripheral C A0/45{55 44 Pad CLLCC
with Memory M 45/55 44 Pin PLDCC
44 Pin CLDCC
44 Pin CPGA

MAP168-Silver MAP168 Software, Software User's Manual, WSI-Support
MAP168-Gold MAP168-Silver, WS6000 MagicPra Programmer, WSI-Supgort

PSD30 User-Configurable Peripheral —_ 120150200 Advance Information
with Memory
SANMA448 User-Cenfigurable Microsequencer c 20/25/30 MHz | 28 Pin PLDCC
I 20 MHz 28 Pin CLDCC
M 20 MHz 28 Pin Plastic DIP, 0.3"

28 Pin CERDI{F, 0.3"

SAM448-Silver SAM448 Softwars, Software User's Manual, WSI-Support
SAM4a48-Gold SAM448-Silver, WSE000 MagicPro Programmer, WSI-Support
PAC1000 User-Configurable Microcontroller C 12A16/20 MHz 100 Pin Ceramic Quad
Flatpack, Gull Wing
t 1216 MHz 100 Pin Plastic Guad

Flatpack, Gull Wing
M 12/116 MHz 88 Pin CPGA

PAC1000-Silver | PAC1000 Software, Software User's Manual, WSI-Support
PAC1000-Gold PAC1000-Silver, WSB000 MagicPro Programmer, W5I-Support

WE27C64F Military 8K x § CMOS EPROM M 90100 32 Pad CLLCC
28 Pin CERDIF, 0.6”
WS27C841 8K x 8 CMOS EPROM c 90A120150/200 | 28 Pin CERDIF, 06"
| 120 28 Pin CERDIP, 0.3"
M 120/150/200 32 Pin PLDCC
28 Pin Plastic DIF, 0.68"
WS57C438 4K x 8 CMOS PROM/RPROM c 35/45155/70 24 Pin CERDIP, 0.8"
l 45/55 28 Pin PLDCC
M 45/55/70 24 Pin Plastic DIF, 0.3"

24 Pin CERDIP, D.3"
28 Pad CLLCC

WS57C43C 4K x 8 CMOS PROM/RPROM - 25130 Advance Information
WS57C45 2K x 8 Registered CMOS c 25135 24 Pin CERDIP, 0.3"
PROM/RPROM M 35/45 28 Pad CLLCC

24 Pin Ceramic Flatpack
24 Pin Plastic DIP, 0.3"

WS57C49B 8K x 8 CMOS PROM/RPROM c 35/45/55/70 24 Pin CERDIF, 06"
| 45 28 Pin PLDCC
M 45/55/70 24 Pin Plastic DIP, 0.6"

24 Pin CERDIP, 0.3"

28 Pad CLLCC

24 Pin Plastic DIF, 0.3"
24 Pin Ceramic Flatpack

WS57C49C 8 x 8 CMOS PROM/RPROM — 25130 Advance Infermation




Numerical Product Listing

NUMERICAL PRODUCT LISTING {Cont.)

PART NO. DESCRIFTION TEMP SPEED (ns) PACKAGES
W557C51B 168K x 8 CMOS PROM/RPROM C 40/45/55/70 28 Pin CERDIP, 0.6
M 45/55/70 32 Pin CLDCC
28 Pin CERDIP, 0.3"
32 Pad CLLCC
WS57C84F 8K x 8 CMOS EFROM C 55/70 28 Pin CERDIF, 06"
| 70 32 Pad CLLCC
M 70 32 Pin PLDCC
WS57C65 4K x 16 CMOS EFROM c 5570 44 Pad CLLCC
40 Pin CERDIF, 08"
WS57C71C 32K x 8 CMOS RPROM C 40/45/85 28 Pin CERDIP, 08"
M 55 32 Pin CLDCC
28 Pin CERDIF, 0.3
32 Pad CLLCC
WS5901 CMOS 4-Bit High-Speed c ciD 40 Pin Plastic DIP, 0.67
Microprocessor Slice M CiD 40 Pin CERDIF, 06"
WSsHDA/B CMOS Microprogram Controller c 20/30 MHz 40 Pin Plastic DIP, 087
M 2030 MHz 40 Pin CERDIF, 08"
WSE000 Memory and PSD Programmer
WSE6001 MagicPro Adaptor, 28 Pin CLLCC Package, Memory
W38003 MapgicPro Adaptor, 44 Pin PLDCC/CLDCC/CLLCC Package, MAP168
WS6008 MagicPro Adaptor, 28 Pin 0.3" DIP, SAM448
WS6009 MagicPro Adaptor, 28 Pin PLDCC/CLDCC/CLLCC Package, SAM448
WSE6010 MagicPro Adaptor, 88 Pin PGA Package, PAC1000
WS601 MagicPro Adaptor, 44 Pin PGA Package, MAP168
WS6012 MagicPro Adaptor, 32 Pin CLDCC Package, Memory
WSE013 MagicPro Adaptor, 10C Pin Quad Flatpack Package, PAC1000
WS6014 MagicPro Adaptor, 44 Pin CLDCC/PLLDCC Package, MAP168/PSD301
WSE015 MagicPro Adaptor, 44 Pin PGA Package, MAP168/PSD3aMN
WS27C010F 128K % 8§ CMOS EPROM — 55/70/90H100 Advance Information
WS27C0100 128K x § CMOS EPROM c 100A120/150/200 | 32 Pin CERDIP, 0.6
| 1201150 32 Pin CLDCC
M 1201304507200 | 32 Pad CLLCC
32 Pin PLDCC
32 Pin Plastic DIP, 0.6"
WS27C020L 256K x 8 CMOS EPROM - 120150170/200 | Advance Information
WS27C040L 512K x 8 CMOS EPROM c 120450170/200 | 32 Pin CERDIP, 06"
M 150/170/200 32 Pad CLLCC
WS27C128F Military 16K x 8 CMOS EPROM M 90 32 Pad CLLCC
28 Pin CERDIP, 0.6

1-28
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Numerical Product Listing

NUMERICAL PRODUCT LISTING (Cont.}

PART NO. DESCRIPTION TEMP SPEED (ns) PACKAGES
WS27C128L 16K x 8 CMOS EPROM C 90120150 28 Pin CERDIF, 08"
| 120 32 Pin PLDCC
M 120/150/200 28 Pin Plastic DIP, 0.6"
28 Pin CERDIP, 0.3"
WS27C210F 64K x 16 CMOS EPROM — S55/70/90M10C Advance Information
WS27C210L B4K x 16 CMOS EPROM C 100M120A150/200 | 40 Pin CERDIF, 06"
M 120/150/200 44 Pin PLDCC
44 Pag CLLCC
44 Pin CLDCC
WSE270220L 128K x 16 CMOS EPROM — 120M1501170/200 | Advance Information
WS27C2400L 256K x 16 CMOS EPROM -— 120MH50A170/200 | Advance Information
WS27C256F 32K x 8 CMOS EPRCM C 45/55/70 28 Pin CERDIP, 0.6
M 70/90 32 Pad CLLCC
32 Pin CLDCC
WS27C256L 32K x 8 CMOS EPROM C 20120150 28 Pin CERDIP, 0687
| 1201150 28 Pin CERDIP, Q.37
WA 120150/200 32 Pad CLLCGC
32 Pin PLDCC
32 Pin CLDCC
28 Pin Plastic D)P, 0.68”
WS270512F 64K x 8 CMOS EPROM C 90 32 Pad CLLCC
M 90/120 28 Pin CERDIP, 08"
WS27C512L 64K x 8 CMOS EFROM C 1001201150 28 Pin CERDIP, 06"
%] 150/200 32 Pin PLDCC
32 Pad CLLCC
32 Pin CLDCC
WS57C010M 128K x 8 CMOS EPROM Module — 5570 Advance Information
WS57C128F 16K x 8 CMOS EPROM C 5570 28 Pin CERDiIP, 06"
| 70 32 Pad CLLCC
M 70
WS57C191B 2K x 8 CMOQ5 PROM/RPROM C 35/45 24 Pin CERDIP, 06"
| 45 28 Pin PLDCC
M 45/55 24 Pin Plastic DIP, 0.6"
28 Pad CLLCC
WI57C210M 84K x 16 CMOS EPROM Module C B55/70/90 40 Pin Ceramic S/B,
06"
] 70/90
WS57C256F 32K x 8 CMOS EPROM C 40/55/70/90 28 Pin CERDIRE, 08"
[ 70/30 32 Pad CLLCC
M 55/70/90 32 Pin CLDCC

Wi
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Numerical Product Listing

NUMERICAL PRODUCT LISTING (Cont.)

PART NO. DESCRIPTION TEMP I SPEED (ns) PACKAGES
WSE7C257 16K x 16 CMOS EFROM c I 55/70 40 Pin CERDIP. 08"
| 70/90 44 Pad CLLCC
M 70/90 44 Pin CLDCC
WS557C2918 2K x 8 CMOS PROM/RPROCM C 35/45 24 Pin Plastic DIF, 0.3"
f 45 24 Pin CERDIF, 0.3”
M 45/55
WSEh7CE12F 64K x 8 CMOS EPROM — 55/70/90 Advance Information
WS59016 CMOS 16-Bit High-Speed C CIiD 64 Pin Ceramic S/B, 0.97
Microprocessor Slice M C/D 68 Pin PLDCC
68 Pin CLDCC
WES59032 CMOS 32-Bit High-Speed C D/E 101 Pin CPGA
Microprocessor Slice M C/E
WS59510 CMOS 16 x 16 Multiplier C 30/35/40/50 68 Pin PLDCC
Accumulator M 40/40 68 Pin CPGA
64 Pin Piastic DIP, 08"
WS59520/521 CMOS Multi-Level Pipeline Register c 22 24 Pin Plastic DIP, 0.3"
M 24 24 Pin CERDIP, 0.3"
WS59820 CMOS Bidirectional Bus Interface c 23 68 Pin PLDCC
Registers M 25 68 Pin CPGA
W359820B CMOS Bidirectional Bus Interface cC 23 68 Pin PLDCC
Registers M 25 68 Pin CPGA
Memory-Silver | WSI EPROM/PROM-RPROM/Fiash Programming Software, User's Manual, WSi-Support
Memory-Gold Memory-Silver, WS6000 MagicPro Programmer, WSI-Support
WSi-Support 12-Month Software Update Service, 24-Hour Bulletin Board, Applications Hotline

1-30
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N5 5 ORDERING INFORMATION

WAFERSCALE INTEGRATION, INC.

HIGH-PERFORMANCE CMOS PRODUCTS

WS57C——- =35 D ! B
‘ L
Basic Part Number Manufacturing Process:
{Blank) = W3 Standard Manufacturing Flow
B = MIL-STD-883C Manufacturing Flow

—— OQperating Temperature Range:

{Blank) = Commercial: 0° to +70°C

Voo +5V + 5%

Industrial: -40° to +85°C

Veoo: +5V 1 1000

M = Military: ~55° to +125°C
Veoo: +5V £ 10%

—— Package: Window
A = PPGA Plastic Pin Grid Array Mo
B = 03007 Size Brazed Ceramic DIP No
C = CLLCC Ceramic Leadiess Chip Carrier Yes*
D = 0800” CERDIP Yes
F = Ceramic Flatpack Yes*
& = CPGA Ceramic Pin Grid Array No
H = Ceramic Flatpack No*
J = Plastic Leaded Chip Carrier No*
K = 0.300" Thin CERDIP No*
L = CLDCC Ceramic Leaded Chip Carrier Yes*
N = CLDCC Ceramic Leaded Chip Carrier No*
P = 0&00" Plastic DIP No
G = Plastic Quad Flatpack No*
R = Ceramic Side Brazed Yes
S = Q300" Thin Plastic P No
T = {.300" Thin CERDIP Yes
W = Walfle Packed Dice —
X = Ceramic Pin Grid Array Yes
Y = 0.6C0" CERDIP No
Z = CLLCC No
—— Speed:

-35 = 35 ns

-55 = 65 ns

-70 = 70 ns

Etc.

* Surface Mourn
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¥ 7 ¥ PRODUCT CROSS REFERENCE

WAFERSCALE INTEGRATION, INC.

ANALOG DEVICES wsl EXCEL wsl
ADSP1010 WS59510 46C16 WS57C2918
ADSP1010A WS59510
FAIRCHILD wsli
ANMD wsi 29FMN WS5801
AM27C49 WS57C49/49B 29F10 WS59510A/B
AM27C191 WS57C291B 932510 WS57C2918
AMP7C256 WS27C256L,F 93Z5M1 WGS57C191B
AM27C291 WS57C2318 93Z51 WS570291B
AMZ7CI1024 WS27C210L 832512 WS57C291B
AM27PS43 WS57C43/43B 932565 WS57C49/49B
AM27S43 WS57043/43B 932867 WS57C49/498
AM27543A WS57C43/43B
AM27545 WS57C45 FUJITSU wsi
AM27549 WS57C49/498 MBM27C256 WS276256L,F
AM27S51 WS57C51/518 MBM27C512 WS27C512L
AM27S51A WSE7C51/518 MBH38H WS57C191B
AM275191 WS57C191B MBH38-SK W557C291B
AM27010 WS27C010L MB7143 WS57C49/40B
AM27512 WS270512L MB7144E WS57049/498
AM29G101 WS58016 * MB7144H WS57C49/49B
AM29L51 WS5051
AMQQI(;? ° wgggg10 al WSl
AM2S10A WSS910A/B 270256 WS27C256L,F
AM29510 WSE9510 370512 WS27C512L
AM29520 WS59520/21 7C1024 ws270010L
AM29521 WS59520/21 27HGE4 W857C64F
27HCE41 WS57C49/49B
27256 WS27C256L.F
ATMEL wsi ‘
070512 WS27CH12L F RO9256 WS27C256L,F
AT27C256 WSZ27C256L,F GOLDSTAR WS
AT27HC64 WS57C84F GL3620 WS57CB4F
AT27HC256 WS57C256F
AT27HC291 WS57C241B HARRIS wsi
ATZ7HC841/2 WS57C49/498 HM-76161 WS57C491B
HM-76641 WS57C49/49B
CYPRESS wsl| HM-76641A WS57C49/49B
Y2901 WS5901
CY7C245 WS57C45 HITACHI w5l
CYTC245A WS57C45 HN25169 WS57C191B
CY7C251 WSE7C51/518 HN25169 WS57C2918
CY7C253 WS57C51/518 HN27C128 WS527C128L
CY7C254 WS57C51/518 HN27C256 WS27C256L.F
CY7C261 WS57C49/49B HN27C101G WS27C010L
CY7C263 WS57C49/49B HN27C301 WS27CO10L
CY7C264 WS57C49/498 HN27512G WS27C512L
CY7C274 WSE7C256F
CY7C291 WS57C291/8 ICT wSI
CY7C292 WS57C191/B 27CX321 WS57C43/438
CY7C510 WS59510 27CX322 WS57C43/438
CY7C910 WSS5910A/B 27CX641 WS57C49/498
CY7Co101 WS50016 * 27CX642 WS57C49/498
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Product Cross Reference

PRODUCT CROSS REFERENCE (Cont.)

IDT
IDTT4210
15T38C01
IDT39C10
IDT48C401
29FCT521

INTEL
1M28C510
27C128/A
27C256
270
27210
27512

LD
LMAIO10
LMA2010
L29C520
L28C5h21
L429C01

LSl LOGIC
L&64010
L64012

MATRA-HARRIS
MS2010

MITEL
MZ27C256
M27256
MEL27256

MITSUBISHI
M5LE7C128
MEL27256K
M27C512

MMi
5353289
6351681
6331681A
63516814
6353281
631681

MOTOROLA
MCM76
MCM78160
MCM76161

wsl
WS53510
WS5901
WS58510A/B
Wws59016*
WS59520/521

wsi

WS58510
ws27C128L
ws27C2561 . F
WS27C010L
WS27C210L
WS27C512L

wsli
WS59510
WS59510
WS59520/21
WS59520/21
W35901

WSI
WS59510
WS59510

Wsi
WS359510

WSI

WS27C256L,F
WS27C256L,F
WS27C256L,F

WsI
WS27C128L
WS27C256L.F
WSZ7CE120

wst
WEB7C43/43B
WS57C191B
WS57C191B
WS57C201B
WS57C43/43B
WS57C291B

Wsi

WSE7C191B
WS57C281B
WE57C241B

1-24

NATIONAL
278321
9326650
932667C
DM775321
DIMg75281
DMB7S291A
DMB752818
DM87S321
DMSE7SR191
DMB7SR193
NMC27C256
NMC27C512A
NMC27C1023
NMC27C1024
YMZ7C256

NEC

27HCB5
M27C258
nPB42%
uPB429
nPD27C256
uPD27C512D
uPD27C1024

OKI
MSEME7C256
M27512

RAYTHEON
29671
29671A
29681
29681A
296834
39VPBE4

SANYO
LA7620

SEEQ
36C16
36C32
36516
27C258
2ve4
272586

SHARP
LH5749
LHE763
LHE7127
LH57191
LH57256
SH5762

WSl
WSE7C43/43B
WS57C49/49B
WS57C49/498
WE57C43/43B
WE57C291B
WS57C291B
W857C291B
WS57C43/4368
WE57C191B
WS57C1918
WS27C2561.,F
WS27C5h12L
Ws27C010L
WS27C210L
W827C256L.F

W5l
WS57C49/408
WS27C256L F
Wss7C1918
WSE57C291B
WSE7C256F
W527C512L
WS27C210L

WSI
WS27C256L.F
WS27C5121L

WSI
WER7C43/43B
WS57C43/43B
WS57C291B
WS57C291B
WS57C191B
WES7C49/40B

Wsi
WSh7C64F

WSI
WS57C191B
WS557C43/438
WSe7C291B
WS57C256L F
WS57C64F
WS57C256L,F

WslI
WS57C49/498
WSE7C64F
WSE7C51/51B
WSE7C191B
WSE7C256F
WSE7C49/498




Product Cross Reference

PRODUCT CROSS REFERENCE (Cont.)

SIGNETICS wsi T wsl
27C256 WSE7C256L F 385165 WS57C191B
27C512 waz2rCatzL 385165 WS57C291B
27THCE4H WS57C49/49B SMJ27C128 WS27C128L
27THCE42 WS57C49/40B SMJ27C256 WS27C256L ,F
N82HS324 WS57C43/43B SMJ27C512 WS27C512L
NE2HSB41 WS57C49/49B SN74HCTS510 WS559510
N82HS1281 WS557C51/51B TICPAL1O1D WS59510
NB825191 WS57C1918 TMS27C128 WS27C128L
NB25191 WS57C2918 TMS27C256 WS27C256L F
NB251HA WS57C191B TMS27C292 WS857C191B
NB25191A WGE57C201B TMS27C292 WS57C291B
NB2S1HE WSLE7C191B TMS5278C49 WS57C49/49B
NB251918 WSE57C291B
N825641 WS57C49/49B TOSHIBA WSI

TMM27256 WS27C256L,F
SPRAGUE wsi TMM27512D WS27C512L
SCM27C256 WS27C256L,F

TRW wsl
SSI WSI TMC2210 WS59310
551203 WS57C49/49B

WEITEK WSl
THOMSON wsl WTLIC1D WSE9510
JBP385165 WS57C191B WTL2010 WS55510
JBP385165 WS57C291B WTL2245 WS598510
TS27C256 WS27C256L,F

* Funictiongl Equivalent

sy
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ADVANCE INFORMATION/PRELIMINARY/

FINAL DEFINED
ADVANCE INFORMATION:

A WSI product data sheet marked "Advance Information” on its cover page describes a
product that is in the planning stages at WSI at the time this book went to press. Design
parameters and cbjectives are included in the data sheet but are subject to change
before the actual product is formally introduced. Please contact your WSI Sales
Representalive or Distributor for availability status.

PRELIMINARY:

A WSI product data sheet marked “Preliminary” on its cover page describes a product
that requires further characterization testing. Functional parameters are “frozen” but
certain electrical limits may be subject to slight change before the data sheet is “Final.”
Please contact your WSI Sales Repressentative or Distributor for price and availability.

FINAL.:

A WSI product data sheet without either “Advance Information” or "Preliminary™ on the
cover page describes a product that has completed all characterization and reliability
testing. All functional and electrical parameters are *“frozen.” Please contact your WSI
Sales Representative or Distributor for price and availahility.

Wisr
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SECTION INDEX

PROM/RPROM MEMORY PRODUCTS

PROM/RPROM Selection Guide . ........ .. .. .. . . . i, 21
WS57C1218/2918 High Speed 2K x 8 CMOS PROM/RPROM .. ... ... ... ... .......... 23
WS57C43B High Speed 4K x 8 CMOS PROM/RPROM ... .. ... ... ... ... ... .. ...... 2.3
WS57C43C High Speed 4K x 8 CMOS PROM/RPROM . . ... . ... ... ... ..o .o, 215
WS57C45 High Speed 2K x 8 Registered CMOS PROM/RPROM .. ... . ... .. .. ... .. 219
WS57C498 High Speed 8K x 8 CMOS PROM/RPROM . ... ... . .. ... .coiiiiinnen.. 2.27
WS57C48C High Speed 8K x 8 CMOS PROM/RPROM _ . . ... .. ... .. ... ... ..... 2-33
WS57C518 High Speed 18K x 8 CMOS PROM/RPROM . . . ... . ... . ... .. ... ... ... 2-37
WS57C71IC High Speed 32K x 8 CMOS RPROM ... . .. .. .. . . ... ... ... ... ..... 2-43

For additional information,
call 800-TEAM-WSI (800-832-6974).
In California, call 800-562-6363.

uisy



WAFERSCALE INTEGRATION, INC.

PROM/RPROM SELECTION GUIDE

ARCHITECTURE
2K x8 | WS57CTIC
16K % 8 | WS57C518
i 1
8Kx8 WS57C49C I |
BK x 2 ; L WS57C49B
g | WS57C43C | %
| |
4K xR WS57C438 l
2K x 8 ! WE57C45 I
(REGISTERED) |
2K x B WSSTCIHB
2K xe WS57C201B
1 | | | ] ] ] ! L 1
25 0 a5 40 a5 50 55 60 85 ™
ACCESS TIME (ns)

241
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ERSLS 5 WS57C191B8/291B

WAFERSCALE INTEGRATION, INC.

HIGH SPEED 2K x 8 CMOS PROM/RPROM

KEY FEATURES
* Ultra-Fast Access Time + Pin Compatible with AM275191/291
— 35ns and N82S191 Bipolar PROMs

Low Power Consumption
s |[mmune to Latch-Up

Fast Programming — Up to 200 mA
DESC SMD Nos. 5962-87650/5962-88734 ¢ ESD Protection Exceeds 2000V

GENERAL DESCRIPTION

The WS57C131B/291B is an extremely HIGH PERFORMANCE 16K UV Erasable Electrically Re-Programmable Read
Only Memory. 1t 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 WS57C131B/291B over Bipolar PROM devices is the fact that it utilizes a proven EPROM
technology. This allows the entire memeory 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 Bipclar PROM pinout which provides an easy upgrade path for
systems which are currently using Bipolar PROMSs.

MODE SELECTION PIN CONFIGURATION
TOP VIEW
PINS
S5V es2 | cs3 | vec | ouTPUTS
MODE s Chip Carrier CERDIP/Plastic DIP
Read Vi j Vin I Vig | Ve Daur
Quiput . NC
Disable | YW | X [ X [Vec| HighZ L habe dr [Ver he s adr 2 vee
ALy Lar ribdlaid Ao]2 210 &
Qutput . abag ¥ 2N ado 2[1 A,
Disable X | M| X |Vee| HighZ Al ;:pr Al 2 h Ay
- . Ayi]s 20 1 €8iry,
Program [ Vpp | X | X | Veo Diy 2: 5 i §§§ ads Ow Hes2
Program agfo NC A7 18 [0 cs3
Verftfly Vi | Vi { Vin [ Veo [ Dour nef o, Aogs who,
o b 1o, Nuf 6] 0,
Output ) 1213 14151617 18 90w 1500,
Disabl X X | Vie | Ve High Z SR TRIRIEIRES G, 41 14 [0
sable 0,0, | NC 00,0, GND []12 wpo,
GND
PRODUCT SELECTICN GUIDE
PARAMETER WS57C131B/291B-35 WS57C191B/291B-45 WS57C191B/291B-55
Address Access Time (Max) 35 ns 45 ns 55 ns
Cutput Enable Time (Max) 20 ns 20 ns 20 ns




WS57C1918/2918

ABSOLUTE MAXIMUM RATINGS™

Storage Temperature ... . ..... -B5°C to +150°C
Valtage on Any Pin with
Respectto Ground . ............ -06Vte +7V
Vep with Respect to Ground ... . .. -0.6V to +14V
ESD Protection . ....... ..... .......... > 2000V
OPERATING RANGE
RANGE TEMPERATURE Vee
Commercial 0°C to +70°C +5V + 5%
Industrial ~40°C to +85°C +5Y ¢ 10%
Military -55°C to +125°C | +5V + 10%

*Notice: Stresses abave those listed under *Absolute
Maximum Ratings'' may cause permanant 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 eperational 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 Cver Operating Range. (See Above)

SYMBOL PARAMETER TEST CONDITIONS MIN MAX | UNITS
VoL Output Low Voltage lop = 16 mA 04 v
Von Output High Voltage loy = —4 mA 24

Comm'l 30
legs Voo Active Current (CMOS) Notes 1 and 3 —
Military a5
c il a0 mA
omm
| Voo Active Current (TTL Notes 2 and 3
cC2 [ols ve Current (TTL) otes 2 an Military 20
I Input Load Current Vin = 5.8V or Gnd -10 10 WA
Lo Qutput Leakage Current Vaur = 55V or Gnd -10 10
NOTES: 1. CMOE inputs: GND £ 03V or Voo & 03V 4 Add 3 mAMHz for AC power component,
2 TTL inputs; ¥y € 08Y, Yy = 20V
AC READ CHARACTERISTICS Over Operating Range. (See Above)
57C1918/2918-35 | 57C191B/291B-45 | 57C191B{291B-55
PARAMETER SYMBOL UNITS
MIN MAX MIN MAX MIN MAX

Address to Output Delay tace 35 45 55

TS to Qutput Delay toe 20 20 20 ns

Qutput Disable to Output Float toF 20 20 20

Address to Output Hold ton o 0 0

2.4
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Ws57C1918/2918

AC READ TIMING DIAGRAM

ADDRESSES VALID < -
[ e — | ton  [e—
[<:3)
tog e
OUTPUTS €& vaup
—l e o
CAPACITANCE® T, = 25°C, f = 1 MHz
SYMBOL PARAMETER CONDITIONS TYPS MAX UNITS
Cn Input Capacitance Viy = OV 4 B pF
Cour Qutput Capacitance Vour = OV 8 12 pF
Cypp Ypp Capacitance Vpp = OV 18 25 oF
NOTES:
4. This parameter is only sampled and is nol 100% tested.
5 Typical values arg for T, = 25°C and nomunal supply voltages.
TEST LOAL (High Impedance Test Systems) TIMING LEVELS
9802 Input Levels: 0 and 3V

2.00v
Reference Levels: 1.5V
DAY pF
CLUDMNG SCOPE
Ji

0
{IN

| AND JIG
CAPACITANCE)

S
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WS57C1918/2918

PROGRAMMING INFORMATION

DC CHARACTERISTICS (T, = 25 & 5°C, Voo = 550V + 5%, Vpp = 135 + 05V)
PARAMETER SYMBOLS MIN MAX UNIT

Input Leakage Current
(Viy = Voo of Gnd) b -10 1 MA
Vep Supply Current During
Programming Pulse tep 80 mA
Vee Supply Current lee 25 mA
Input Low Leval Vi -0.1 0.8 V
Input High Level ViH 20 Voe + 03 v
Output Low Voltage During Verify
(o, = 16 mA) VoL 0.45 v
Cutput High Voltage During Verify
(o = 4 mA) Vo 24 v

NOTE: & 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 2 30 ns
Data Setup Time tos us
Program Pulse Width (Nota 7) tpw 1 3 10 ms
Data Hold Time o 2 us
Chip Select Delay g 30 ns
Yep Rise and Fall Time tRF 1 ns

NOTE:

PROGRAMMING WAVEFORM

7. For programmers ufilizing & one shot programmeng pulse, 2 10 ms pulse width should be used.

S r—, DATA OUT

Viy
ADDRESSES >< ADDRESS STABLE
Vi
o o

¥in

DATA D_< l DATA IN
Vi

—a] e —h-‘ lps |~— |<7‘Pw~>| 4—tw-i
Vep ‘
le
TS1Vep /
Y tar [ tag
v i
L] 'v’v e N T‘v

vy POV,

tos L
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WS57C1918/2918

PROGRAMMING/ERASURE/PROGRAMMERS

Refer to Section 5.

ORDERING INFORMATION

OPERATING wsl
FART HUMBER Sl:nEinD PA.IE:(:EG E ;;i:ﬁﬁg TEMPERATURE | MANUFACTURING

RANGE PROCEDURE
WS57C191B-350 35 24 Pin CERDIP, 06" D1 Comm’| Standard
WS57C191B-35J 35 28 Pin PLDCC J3 Comm’l Standard
WS57C191B-36P 35 24 Pin Plastic DIP, 0.6" P2 Comm'| Standard
WS57C191B-45CMB 45 28 Pad CLLCC 1 Military MIL-STD-883C
WS57C131B-45D 45 24 Pin CERDIP, 0.6* 8] Comm’} Standard
WS57C191B-45D1 45 24 Pin CERDIP, 06" 8] Industrial Standard
WS57C13B-45DMB 45 24 Pin CERDIP, 06" D1 Military MIL-STD-883C
WS57C131B-45J 45 28 Pin PLDCC J3 Comm” Standard
WS57C1HMB-45P 45 24 Pin Plastic DIF, 06" P2 Comm'l Standard
WS57C191B-55CMB 55 28 Pad CLLCC C1 Military MIL-STD-883C
WSs7C191B-55DMB 55 24 Pin CERDIP, 06" D1 Military MIL-8TD-883C
WS57C291B-355 35 24 Pin Plastic DIP. 0.3" S Comm'l Standard
WS57C2918-35T 35 24 Pin CERDIP, 0.3" T Comm'’l Standard
WSE7C291B-45S 45 24 Pin Plastic DIF, 0.3 S1 Comm'l Standard
WSE7C291B-45T 45 24 Pin CERDIP, 0.3" T Comm'l Standard
WSE7C291B-45T! 45 24 Pin CERDIF 0.3" T Industrial Standard
WSE7C291B-45TMB 45 24 Pin CERDIP, 0.3" T Military MIL-STD-883C
WS587C2918-55T g5 24 Pin CERDIP, 0.3" T1 Comm'l Standard
WS57C291B8-55TMB g5 24 Pin CERDIP, 0.3" T Military MIL-STD-883C

My
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WsS57C438

WAFERSCALE INTEGRATION, INC.

HIGH SPEED 4K x 8 CMOS PROM/RPROM
KEY FEATURES

+ Pin Compatible with AM27543 and
N82S532t Bipolar PROMs

s Immune to Latch-Up
— Up to 200 mA

* Available in 300 Mil Dip

» Ultra-Fast Access Time
— 35 ns

* Low Power Consumption

* Fast Programming

GENERAL DESCRIPTION

The WS57C43B is an extremely HIGH PERFORMANCE 32K UV Erasable Electrically Re-Programmabie Read Only
temary. It is manufactured in an advanced CMOS technclogy 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 currenily using Bipolar PROMSs. It also uses the sarne programming algorithm as its predecessor the
WS57C43.

MODE SELECTION PIN CONFIGURATION
TOP VIEW
PINS; €si/ Chip Carrler CERDIP/Plastic DIP
CS2 | Vg | QUTPUTS
MODE Vee Ne
Read ViL Vi1 Voo Dour As Ag A7 (Voo Ag By Al [ vee
2 [ A,
Cutput . 3 [ A,
Disable Vin X Veo High Z 1 H 2w
Cutput : %isww
u .
Disable X Ve | Vee High Z 7 i cs,
8 [ o,
Program Vep X Vee Dy [ 0,
[ Os
Program o
i v Vin | Veo Dour B !
Verify L AT NN [ o,
GND

PRODUCT SELECTION GUIDE

PARAMETER WS57C43B-35 WS57C43B-45 WS57C43B-55 WS57C43B-70
Address Access Time {Max) 35 ns 45 ns 55 ns 70 ns
QOutput Enable Tims {Max) 20 ns 25 ns 25 ns 25 ns




W857C438

ABSCLUTE MAXIMUM RATINGS*

Storage Temperature ~B5°C to +150°C
VYoltage on Any Pin with

Respect to Ground ... ... ... .. =06V to +7V
Vpp with Respect to Ground . ... ... -06Y to +14V
ESDProtection. ....................... > 2000V
OPERATING RANGE

RANGE TEMPERATURE Vee

Comm'l 0% to +70°C +5V + 5%

Indugtrial -40° to +85°C +5V + 10%

Military -55° to +125°C +5V + 10%

*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 thase 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 refiability.

DC READ CHARACTERISTICS Qver Operaling Range. (See Above)

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
Vou Output Low Voltage loL = 16 mA 0.4 v
Voo Cutput High Voltage lop = —4 mA 24
{ Ve Active C t (CMOS Notes 1 and 3 Comm 30

ctive Curren otes 1 an
cet cc ent (CMOS) Military 35
ma
: Ve Active Current (TTL Notes 2 and 3 Somm 20
CC2 e ive Current { ) ofas 2 an Military 20
iL input Load Current Vin = 55V or Gnd -10 10 A
Lo Output Leakage Current Vaur = 55V or Gnd -10 10
NOTES: 1. CMOS inputs: GND + 03V or Vo + 03V 3. Add 3 mAMHz for AC. powsr componsant,
2 TTL inputs. V,_ < 08V, Vy, 5 20V
AC READ CHARACTERISTICS Over Operating Range. (See Above)
57C43B-35 | 57C43B-45 | 57C43B-55 | 57C43B-70
PARAMETER SYMBOL UNITS
MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX

Address to Output Delay face 35 45 55 70

CS to Output Delay tes 20 25 25 25 N

Qutput Disable to Output Float oF 25 25 25 25

Address to Output Hold tam 0 Q 0 0

2-10

sy




WS57C438

AC READ TIMING DIAGRAM

ADDRESSES D( VALID 14

OUTPUTS Y VALID

CAPACITANCE® T, = 25°C, f = 1 MHz

SYMBOL PARAMETER CONDITIONS TYP® MAX UNITS
Cin Input Capacitance Viy = OV 4 6 oF
Cour Output Capacitance Vour = OV 8 12 pF
Cypp Vpp Capacitance Vpe = OV 18 25 pF

NOTES:

4. Thig paramater is ohly sampled and is not 100% tesied.
5. Typical values are for T, = 25°C and nominal supply voltages,

TEST LOAD (High Impedance Test Systems) TIMING LEVELS
a8q Input Levels: 0 and 3V
201V
Aeference Levels: 1.5V
DT,

30pF
{INCLUDING SCOPE
| AND JIG
—— CAPACITANCE)

sy
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WS57C438

PROGRAMMING INFORMATION

DC CHARACTERISTICS (T, = 25 + 5°C, Voo

= 550V + 5%, Vpp = 135 + 05V)

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current
V|N = VCC ar Gnd ILI -10 10 '-LA
Vpe Supply Current During
Programming Pulse lee 60 mA
Voo Supply Current {Notes 2 and 3} lec 3c mA
Input Low Level ' ViL -0 08 v
Input High Level Viy 20 Ve + 03 vV
Output Low Voltage Curing Verify
flo, = 16 mA) VoL 045 v
Output High Voltage During Verify
oy = —4 MA} Vou 24 v
NOTE: € Wpp must not be greater than 14 volis mcluding overshoo!.
AC CHARACTERISTICS (T, = 25 1 5°C, Voo = 55V 1 5%, Vpp = 135 + 05V)

PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time tas 2 us
Chip Disable Setup Time tor 30 ns
Dala Setup Time Ips 2 us
Program Pulse Width tow 1 3 10 ms
Data Hold Time toH 2 1S
Chip Select Celay tes 30 ns
Vpp Rise and Fall Time trr 1 us

NQTE: A single shot programming algorithm ghould use one 10 ms pulse.

PROGRAMMING WAVEFQRM

LM
ADDRESSES
vlL

ADOCRESS SYABLE

X
——

DATA iN b DATA QUT

TSIV 7
VIL

] 4
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WS57C43B

PROGRAMMING/ERASURE/PROGRAMMERS

Refer to Section 5.

ORDERING INFORMATION

OPERATING WSl
PART NUMBER s?fjn PACKICE P aE. | TEMPERATURE | MANUFACTURING

RANGE PROCEDURE
WS57C43B-35D 35 24 Pin CERDIPR, 0.6¢ D1 Comm’l Standard
WS57C43B8-35J 35 28 Pin PLDCC J3 Comm’l Standard
WS57C43B-355 35 24 Pin Plastic DIP, 0.3" 51 Comm’l Standard
WS57C43B-35T 35 24 Pin CERDIF, 0.3” T Comm’l Standard
WS57C43B-45CMB 45 28 Pad CLLCC C1 Military MIL-STD-883C
WS57C43B-45D 45 24 Pin CERDIP, 06" (03] Comm’) Standard
WS57C43B8-45DI1 45 24 Pin CERDIP, 0.6" 3] Industrial Standard
WS57C43B-450MB 45 24 Pin CERDIP, 0.6" D1 Military MIL-STD-883C
WS57C43B8-45) 45 28 Pin PLDCC J3 Comm'| Standard
WS57C43B-455 45 24 Pin Plastic DIP, 0.3" 81 Comm'| Standard
WS57C43B-45T 45 24 Pin CERDIP, 0.3" ™ Comm'l Standard
WS57C43B-45T) 45 24 Pin CEROIP, 0.3 ™ Industrial Standard
WS57C43B-45TMB 45 24 Pin CERDIP, 0.3" T1 Military MIL-8TD-883C
WSS57C43B-45Y 45 24 Pin CERDIF, D&" ¥3 Comm'l Standard
WS57C43B-55CMB 55 28 Pad CLLCC 1 Military MIL-STD-883C
WS57C43B-55D 55 24 Pin CERDIP, 06" D1 Comm'l Standard
WSE57C43B-55DMB 55 24 Pin CERDIP. 06" D1 Military MIL-8TD-883C
WSE57C43B-55TI 55 24 Pin CERDIP. 0.3" T Industrial Standard
WS57C43B-55TMB 55 24 Pin CERDIF, 0.3" T Military MIL-STD-883C
WS57C43B-55Y 55 24 Pin CERDIF, 08" Y3 Comm'l Standard
WS57C43B-70D 70 24 Pin CERDIF. 06" M Comm'| Standard
WS57C43B-70TMB 70 24 Pin CERDIF, ¢.3” T Military MIL-STD-883C

sy
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==_5 5 WS57C43C
ADVANCE INFORMATION

L

WAFERSCALE INTEGRATION, INC.

HIGH SPEED 4K x 8 CMOS PROM/RPROM

KEY FEATURES
+ Ultra-Fast Access Time ¢ Pin Compatible with AM27543 and
— 25ns N825321 Bipolar PROMs
* Low Power Consumption * Immune to Latch-Up
— Up to 200 mA
s Fast Programming * Available in 300 Mil Dip

GENERAL DESCRIPTION

The WE57C43C is an extremely HIGH PERFORMANCE 32K UV Erasabie 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 WS57CA43C over Bipolar PROM devices is the fact that it utlizes 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 WS57C43C is 100% tested with worst case test patterns both before and
after assembly.

The WS57C43C is configured in the standard Bipolar PROM pinout which provides an easy upgrade path for systems

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

MODE SELECTION PIN CONFIGURATION
TOP VIEW
Chilp Carrier CERDIP/Plastic DHIP
PINS| G571/
€52 | Voo | OUTPUTS
MODE Vee e
Read Vi | Vin | Vee Dourt i I“fl Yoo Pobo :?c T g Voo
Cutput . 4§ ¥Llliasthe ;E 2 22 A
Disable Vi X | Vee High Z P k s A:E: . % ::,
= P s 20 J TS,
Cutput . A //_\ 1w o P
: . : d 1eh
Disable X | Vi | VYec | HighZ A U fes. a7 180 s,
of
Program Vpp X Ve Gy NC [ 19 S:E: :; 3 g"'
Op[lIn o, 4
Program ’ 12 13 1415 16 17 18 * 2:g1s 13 05
Varify Vie | Vin | Vee Dour STEIaTEIatatS 9 n ufo,
0,0, | NG 0,0,0, G iz 1300
GND
PRODUCT SELECTION GUIDE
PARAMETER WS57C43C-25 WS57C43C-30
Address Access Time {Max) 25 ns 30 ns
Output Enable Time {(Max) 15 ng 20 ns

2415



WS57C43C

ABSOLUTE MAXIMUM RATINGS*
Storage Temperature . . ...... ... —-85°C o +150°C

Voltage on Any Pin with

*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 of time
may affect device reliability.

Respectto Ground . ., ........ ... -08V o +7V
Vep with Raspect to Ground .. ... .. =06V to +14V
ESD Protection. . ......................>2000V
COPERATING RANGE

RANGE TEMPERATURE Veo

Comm'l 0° to +70°C +5V + 5%

Industrial -40° to +85°C +5V t 10%

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 Voltags g, = 16 mA 04 v
Vor Cutput High Voltage lopy = -4 mA 24
loos | Voo Active Current (GMOS) | Notes 1 and 3 Comm] 30

Military 35
mA
lees Vg Active Current {TTL) Notes 2 and 3 C?l"nm’l “
Military 40
I Input Load Current Viy = 55V or Gnd -10 10 uA
o Output Leakage Current VouT = 55V or Gnd -10 10
NOTES: 1. CMOS Inpuls: GND # 03V or Ve £ 03V 3. Add 3 mAMMHMz for AC. power component,
2. TTL inputs: ¥y, < DBV, ¥y, = 2.0V
AC READ CHARACTERISTICS Qver Operating Range. {See Above)
PARAMETER SYMBOL WS57043C-25 WS57€43C-30 UNITS
MIN MAX MIN MAX
Address to Qutput Dalay tace 25 30
TS to Output Delay tcs 15 20 ne
Output Disable to Output Float toe 20 25
Address to Output Hold tou Q 0

2-16
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WS57C43C

AC READ TIMING DIAGRAM

ADDRESSES P VALID N

[ — ]
e lage

OUTPUTS <& vaup

CAPACITANCE® T, = 25°C, f = 1 MHz

SYMBOL PARAMETER CONDITIONS TYPE! MAX UNITS
Cin Input Capacitance Viy = 0V 4 [ pF
Court Qutput Capacitance Vour = OV 8 i2 pF
Cyep Vpp Capacitance Vep = OV 18 25 pF

NOTES: 4. Thiz parameter is only sampled and is not 100%6 tested.
5. Typical values are for Ty = 25°C and nominal supply voltages,

TEST LOAD (High Impedance Test Systems) TIMING LEVELS

980 Input Levels: 0 and 3V

20w Reference Levels: 1.5V
DT,

I tINCLU DING SCOPE
— CAPN:IT#NCE]

sy



WS57C43C

PROGRAMMING INFORMATION

DC CHARACTERISTICS (T, = 25 + 5°C, Vgg = 550V & 5%, Vpe = 135 + 05V)
PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current
Vpy = Vo or Gnd I 10 10 nA
Vpe Supply Current During
Programming Pulse lep 60 mA
Ve Supply Currant {Notes 2 and 3) lee 30 mA
input Low Level Vi =01 08 v
|I'Ipl.|t ngh Level V!H 20 Vcc + 03 v
OQutput Low Voltage During Verify
(o, = 16 mA) VoL 045 v
Output High Voltage During Verify
(o = —4 mA) Von 24 v
NOTE: 6. Vpp must rot be grealer than 14 volts including overshoot.
AC CHARACTERISTICS (T, = 25 3 5°C, Voo = 585V £ 5%, Vpp = 135 & 05Y)
PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Tima tas 2 us
Chip Disable Setup Time ipe 30 ng
Data Setup Time ing 2 us
Program Pulse Width tew 1 3 10 ms
Data Hold Time ton 2 us
Chip Select Delay tcs 30 ns
Vpp Rise and Fall Time tre 1

PROGRAMMING WAVEFORM

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

vIH
ADDRESSES X ADDRESS STABLE
Yo
|<. s ->|
Vi
DATA D—< | DATA IN
VIL
—| Ipp —i| pg [—  |a— tew ] re— oy -—l — ] QSL
| |
Voo

s
>—-< DATA OUT
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=S= WS57C45

WAFERSCALE INTEGRATION, INC.

HIGH-SPEED 2K x 8 REGISTERED CMOS PROM/RPROM

KEY FEATURES

+ Ultra-Fast Access Time +* DESC SMD Nos. 5962-88735/5962-87529

— 25 ns Setup Pin Compati

- . . patible with AM27S45 and

12 ns Clock to Qutput CY7C245
¢ Low Power Consumption s Immune to Latch-Up
. — Up to 200 mA

* Fast Programming » ESD Protection Exceeds 2000V
* Programmable Synchronous or * Programmable Asynchronous

Asynchronous Output Enable initialize Register

GENERAL DESCRIPTION

The WS57C45 is an exiremely HIGH PERFORMANCE 16K UV Erasable Registered CMOS RPROM. It is a direct
drop-in replacement for such devices as the AMZ7345 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 gnables a user programmable 2049th word fo 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.
This enables the entire memory array to be tested for switching characteristics and functionality after assembly. Unlike
devices which cannot be erased, every WS57C45 RPROM is 1009 tested with worst case test patterns both before
and after assembly.

PIN CONFIGURATION

TOP VIEW
Chip Carrier CERDIP/Plastic DIP/
NG Flatpack
AgAg Ay |Voc By Ag
V7 saae N B 24H Voo
. o Ag[a 230 A
‘:“ :1 ! :i:: ﬁ“‘_lﬁw n:c 3 221 A:
i e B Llay e A a 2110 A,
:’ o ,-/_ \-, 232: OE/OEs A: s 2ol ﬁivpp
A | ) 22;: CPPGM ade Q,g ) OE/BE.
o \ v 1 s a0z 18] CRiPEM
NC- — 20707 A8 iwho,
o 1910 9 (]e 1[0,
2731418 1617 18 o w=po
o o
9,0; | NC 30,0, GN;E:IZ :; i 33
GND
PRODUCT SELECTION GUIDE
PARAMETER WS57C45-25 WS57C45-35 WS57C45-45
Set Up Time {Max) 25 ns 35 ns 45 ns
Clock to Qutput (Max)} 12 ns 15 ns 25 ns

219




WS57C45

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature ... ... ... .. -65°C to +150°C
Voltage on Any Pin with

*Notice: Strasses above those listed under "Absolute
Maximum Ratings” may cause permansnt damage to
the device. Thig is a stress rating only and functional

Respectto GND . ............... —06V to +7V operation of the device at these or any other conditions
Vps with Respect to GND ..., .. —0EV to +14V above those indicated in the operational sections of this
ESD Protection .. ... S2000V specification is not implied. Exposure to absolute

maximum rating conditi i i
OPERATING RANGE may afect dev?ce rglita?)?l?t;?r Sriended periods of tme

RANGE TEMPERATURE Voo

Comm'l 0° to +70°C +5V + 5%

Industrial —40° to +85°C +5 t 10%

Military ~55° to +125°C +5V + 10%

DC READ CHARACTERISTICS Over Operating Range. (See Above)

SYMBOL PARAMETER TEST CONDITIONS MIN | MAX | UNITS
VoL Qutput Low Voltags lop = 16 mA 04 v
Vou Gutput High Voltage loy = —4 mA 24
lec Voo Active Current (CMOS;) Notes 1 and 3 C(.JI.-nm‘l 20

Military 30 mA
legs Ve Active Current (TTL) Notes 2 and 3 Cc_)fnm'l 23
Military 35
I Input Load Current Viy = 55V or Gnd =10 10 uA
o Qutput Leakage Current Vour = 55V or Gnd 10 10
NOTES: 1. CMOS inputs: GND + 03V ar Vop + 03V 3. Add 2 mA/MHz for AC. power componant,
2. TTL inputs: ¥, £ 08V, V| = 2.0V. 4. Thas parameter is only sampled and 15 not 100% tested,
CAPACITANCE?
PARAMETERS DESCRIPTION TEST CONDITIONS MAX UNITS
Cin Input Capacitance Ty = 25°C, f = 1 MHz 5 .
Cour Qutput Capacitance Vee = 5OV 8 P
AC READ CHARACTERISTICS Over Operating Range. (See Above)
PARAMETER SYMBOL WS57C45-25 | WS57C45-35 | WS57C45-45 UNITS
MIN | MAX | MIN | MAX | MIN | MAX

Address Setup to Clock HIGH tsa 25 35 45

Address Hold From Clock HIGH tha 0 Q G

Clock HIGH to Valid Qutput tco 12 15 25

Clock Puise Width tewic 15 20 20

OE; Setup to Clock HIGH t30Eg 12 15 15

OEjg Hold From Clock HIGH tioeg 5 & 6 s

Delay From INIT to Valid Qutput 1 20 20 35

INIT Recovery to Clock HIGH tay 15 20 20

INIT Pulse Width towyi 15 20 25

Active Cutput From Clock HIGH tize 15 20 30

Inactive O .tput From Clock HIGH tuze 15 20 30

Active Qutput From OE LOW tLz0E 15 20 30

Inactive Output From OE HIGH tuzoc 15 20 30

2:20
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WS57C45

BLOCK DIAGRAM
T >
Ap — -}
by | ]
Ay
o Row | | 64 x 256 J\ ™
7 — DECODEA PROGRAMMABLE 8 x10F32 [
A, —] 1ToFsa ] ARRAY MULTIPLEXER |
Ag ] ] a,
Mkt
m
™ ;2 8-BIT 0,
=w EBGE-
EE ‘TAKGGERED
%4 | REGISTER o,
OF
Ay &z
A3 — COLUMN Q;
A, —| DECODER
A, —| 10F32 o,
AI‘I —
—_— Oy
PROGAAMMABLE cP
[ | MULTIPLEXER
OE/OE, 0 Qa
¢

TEST LOAD (High Impedance Test Systerns)

TIMING LEVELS

G

201
DALT.

iR

30 pF

GNSLI.IDING SCOPE
ND JIG

CAPACITANCE}

Input Levels: 0 and 3V

Reference Levels: 0.8 and 2.0V

AC READ TIMING DIAGRAM

nI'IA-‘AIII

=

*h‘wh‘
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towc™ tonr (= towe
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) € b })-‘——@
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WS57C45

FUNCTIONAL DESCRIPTION

The WS57C45 is an electrically programmable read only memory produced with WSI's patented high-performance
self-aligned split-gate CMOS EPROM technology. It is organized as 2048 x 8 bits and is pin-for-pin compatible with
bipolar TTL fuse link PROMs, The WSE7C45 includes a D-type 8-bit data register on-chip which reduces the complexity
and cost of microprogrammed pipelined systems where PROM data is held tempararily in a register. The circuit features
a programmable synchronous (OEg) or asynchranous (OE) output enable and asynchroneus initialization (INIT).

The programmed state of the enable pin (OEg or OE) will dictate the state of the outputs at power up. If OEg has
been programmed, the outputs will be in the OFF or high impedance state. It OE has been programmed, the
outputs will be QFF or high impedance only if the OE input is HiGH. Data is read by applying the address to
inputs A,;—A; and a LOW to the enable input. The data is retrieved and loaded into the master section of the 8-hit
data register during the address set-up time. The data is transferred to the stave output of the data register at the
next LOW to HIGH clock (CP) transition. Then the output buffers present the data on the outputs (0,-0p).

When using the asynchronous enable (OE), the output buffers may be disabled at any time by switching the enable
input & a logic HIGH. They may be re-enabled by switching the enable to a logic LOW.

When using the synchronous enable {OFg), the outputs revert to a high impedance or OFF state at the next
positive clock edge following the O—ES input transition to a HIGH state. The output will revert to the active state
following a positive clock edge when the O—ES input is at a LOW state. The address and synchronous enable inputs
are free to change following a positive clock edge since the output will not change until the next low to high clock
transiticn. This enables accessing the next data location while previously addressed data is present on the outputs.

To avoid race conditions and simplify system timing, the 8-bit edge triggered data register ¢lock is derived directly
from the system clock.

The WS57C45 has an asynchronous initialize input {INIT). This function can be used during power-up and time-out
periods to implement functions such as a start address or initialized bus control word. The INIT input enables the
contents of a 2048th 8-bit word to be Ioaded directly into the output data register. The INIT input can be used to
load any 8-bit data pattern intc the register since each bit is programmable by the user. When unprogrammed, activating
INIT will result in clearing the register (outputs LOW). When all bits are programmed, activating INIT results in
PRESETting the register {outputs HIGH).

When activated LOW, the INIT input results in an immediate load of the 2049th ward into both the master and slave
sections of the output register. This is independent of any other input including the clock (CP) input. The initialize
data will be present at the outputs after the asynchronous enable (OE) is taken to a LOW state.

Programming Information

Apply power to the WS57C45 for normal read mode operation with GPPGM, OE/OEg and INIT/Vpp at V. Then
take INIT/Vpp 10 Vpp. The part is then in the program inhibit mode operation and the output lines are in a high
impedance state. Refer to figure 5. As shown in figure 5, address, program and verify one byte of data. Repeat this
sequence for each location to be programmed.

When intelligent programming is used, the program pulse width is 3 ms in length. Each address location is programmed
and verified until it verifies correctly up to and including 5 times, After the location verifies, an additional programming
pulse should be applied that is X1 times in duration of the sum of the previous programming pulses before proceeding
on to the next address and repeating the process.

Initiatlization Byte Programming

The WS57C45 has a 2049th byte of data that can be used to initialize the value of the data register. This byte contains
the value “0” when it is shipped from the factory. The user must program the 2045th byte with a value other than
“0" for data register initialization if that value is not desired. Except for the following details, the user may program
the 2049th byte in the same manner as the other 2048 bytes. First, since all 2048 addresses are used up, a super
voltage address feature is used to enable an additional address. The actual address includes Vpp on A, and ¥_on
A, Refer to the Mode Selection table. The programming and verification of the Initial Byte is accomplished
operationally by performing an initialize function,

I/
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WS57C45

Synchronous Enable Programming

Tha WS57C45 contains both a synchronous and asynchronous enable feature. The part is delivered configured in
the asynchronous mode and only requires alteration if the synchronous mode is required. This is accomplished by
programming an on-chip EPROM cell, Similar to the Initial Byte, this function is enabled and addressed by using
a super voltage. Referring to the Made Selection table, Vpp is applied to A, followed by V|4 applied to A,. This pro-
cedure addresses the EPROM cell that programs the synchronous enable feature. The EPROM cell is programmed
with a 10 ms program pulse on CP/PGM. It does not require any data since there is no selection as to how
synchronous enable may be programmed, only if it is to be programmed.

Synchronous Enable Verification

The WSE7C45’s synchrenous enable function is verified operationally. Apply power for read operation with OE/OEg
and INIT/AVpp at V) and take the clock (CP/PGM) from V|, ta V. The output data bus should be in a high impedance
state, Next take OE/OEg to V.. The outputs will remain in the high impedance state. Take the clock {CP/PGM}
from Vy_to V,, and the outputs will now contain the data that is present. Take OE/OEg to V}y. The output shouid
remain driven. Clocking CP/PGM once more from ¥, to V|, should place the outputs again in a high impedance state.

Blank Check

Upon delivery from WaferScale Integraticn, Inc. or after each erasure (see Erasure section), the WS57C45 has all
2048 bytes in the ‘0’ state. “1's" are loaded into the WSS7C45 through the procedure of programming.

MODE SELECTION

PIN FUNCTION
MODE  ""READ OR OUTPUT DISABLE | A; | CP/PGH | (OE/OES)VFY | INIT/Vpp | A, | CUTPUTS
Read!® X X Vi VIH X Data Out
Output Disable X X Vi Viy X High 2
Programi®7 X ViL ViH Vpp X Data In
Program Verify!S-7) X Vin Vi Vpp X Data Out
Prograrm Inhibits7) X Vin Vi Vpp X High Z
Intelligent Program!57) X V)L ViH Ve X Data In
Program Synch Enable™ Vin VL Vin Vep Vep High Z
Program Initial Bytel” Vi Vi Vin Vep Vep Data In
Biank Check X Vep Wiy VL X Zeros

HNOTES:

5 X = Don't care but not o exceed Vap.

& Dunng read operation, the cutput latches are loaded on a *'0" to 1" transition of CP.
7 Dunng programming and venhcation, all unspecihed ping to be al v .

Wiy
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FIGURE 5. PROM PROGRAMMING WAVEFORMS
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WS57C45

PROGRAMMING INFORMATION

DC CHARACTERISTICS (T, = 25 1 5°C, Voo = 550V + 5%, Vpp = 135 £ 05V)

PARAMETER SYMBOLS MIN MAX UNIT

Input Leakage Current

VlN = VCC or Gnd Il‘l 10 10 I.IA

Vee Supply Current During

Programming Pulse lpe 60 mA

Vo Supply Current lee 25 mA

Input Low Level Vi -0 08 Vv

Input High Levet Vin 20 Voo +03 '

Qutput Low Voltage During Verify

(o, = 16 mA) VoL 0.45 v

Output High Voltage During Verify

(o = -4 MA) Vou 24 v

NOTE: 8 Vpp musl not be greater than 14 volts including overshaat
AC CHARACTERISTICS (T, = 25 + 5°C, Voo = 550V + 5%, Vpp = 135 + 05V)

PARAMETER DESCRIPTION MIN MAX UNITS
tpw Programming Pulse Width 01 10 ms
tas Address Setup Time 10 us
tos Data Setup Time 10 us
tan Address Hold Time 10 LS
toh Data Hoid Time 10 us
tr. tF VYpe Rise and Fall Time 1.0 ns
typ Delay to VFY 1.0 us
typ VFY Puise Width 20 us
oy VFY Data Valid 1.0 ns
inz VFY HIGH to High Z 1.0 1s

Wir

F
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WS57C45

PROGRAMMING/ERASURE/PROGRAMMERS

Refer to Section 5.

ORDERING INFORMATION

OPERATING WSt
PART NUMBER SI;E;D PA.E:,(:S E S:Iiﬁvﬁﬁg TEMPERATURE | MANUFACTURING

RANGE PROCEDURE
WS57045-25T 25 24 Pin CERDIP, 0.3" T Comm’ Standard
WS57C45-35CMB 35 28 pad CLLCC C1 Military MIL-STD-883C
WS57C45-35FMB 35 24 Pin Ceramic Flatpack F1 Military MIL-STD-883C
WS57C45-355 35 24 Pin Plastic Dip, 0.3" 51 Comm’l Standard
WS57C45-35T 25 24 Pin CERDIP, 0.3 T Comm'l Standard
WS57C45-35TMB 25 24 Pin CERDIP, 0.3" ™ Military MIL-STD-883C
WS57045-45KMB 45 24 Pin CERDIP, (.3" K1 Military MIL-STD-883C
WS57C45-45TMB 45 24 Pin CERDIR .3" T Military MIL-STD-883C

2-26
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S8 s WS57C498

WAFERSCALE INTEGRATION, INC.

HIGH SPEED 8K x 8 CMOS PROM/RPROM
KEY FEATURES

* Ultra-Fast Access Time s Pin Compatible with AM2754% and
— 35ns MB7144 Bipolar PROMs

+ Low Power Consumption ¢ Immune to Latch-Up

* Fast Programming — Up ta 200 mA

* DESC SMD 5962-87515 * 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 CMQOS techrology which allows it to operate at Bipolar PHOM 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 WS57C498B 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 WS57C498B is configured in the standard Bipolar PROM pinout which provides an easy upgrade path for systems
which are currently using Bipolar PROMs.

MODE SELECTION PIN CONFIGURATION
TOP VIEW
Chip Carrler CERDIP/Plastic DIPf
PINS| Flatpack
Cs1/v Vv OUTPUTS NC

MODE Pp | Voo | OU As Ao By Voo o Ay b v,
'..J:__"._JLJ:LJLJLJ ] A

gejd l YL Veo Dour ks 433 ?:szrzsm: %::
utpur : A o !

Disapble Vin Vee High Z NE 2 : %‘EE%NPP

Ay "
Program Vep Veo Din Byl [ A,
Program NG % 3’

o, [ s

Verify Vie Vee Dour 1213 14151617 18 g 35
0,0, | NC 0,0,0, H 0

GND
PRODUCT SELECTION GUIDE
PARAMETER WS57C49B-35 WS57C49B-45 WS57C49B-55 WS57C49B-70
Address Access Time (Max) 35ns 45 ns 55 ns 70 ns
Qutput Enable Time (Max) 20 ns 25 ns 25 ns 25 ns
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WS57C498

ABSOLUTE MAXIMUM RATINGS™

Storage Temperature . .......... —85°C to +150°C
Voltage on Any Pin with

Respectto Ground ... ........ ... -06Y to +7V
Vpp with Respect to Ground ... . . .. -06V to +14V
ESD Protection. ... ... .. ... . ... .. > 2000V

OPERATING RANGE

RANGE TEMPERATURE Veo

Commm’l 0° to +70°C +5V + 5%
Industrial -40° ta +85°C +5V + 10%
Military -55% to +125°C +5V + 10%

*Notice: Stresses above those listed under “Absoiute
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 of time
may affect device reliability.

DC READ CHARACTERISTICS Over Operating Range. (See Above)

‘SYMBOL PARAMETER TEST CONDITIONS MIN MAX | UNITS
VoL Qutput Low Voltage logp = 16 mA 04 Y
Vor Qutput High Voltage lop = -4 mA 24
lect Ve Active Current (CMOS) Notes 1 and 3 C(_”_-nm'} X

Military 35 mA
lgee Voo Active Current (TTL) Notes 2 and 3 Cf)rnm'! 20
Military 40
I Input Load Current Viy = 55V or Gnd -10 10 A
ILa Qutput Leakage Current Vour = 55V or Gnd -10 10
NOTES: t. CMOS inputs: GND &+ 03V or Vo + 03V 3 Add 3 mA/MHZ for AC. power component.
2. TTL Inputs: V< 08V, Vi = 20V
AC READ CHARACTERISTICS Over Operating Range. (See Above}
PARAMETER SYMBOL 57C49B-35 | 57C498-45 | 57C49B-55 | 57C49B-70 UNITS
MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX

Address to Qutput Delay tace 35 45 55 70

T8 to Output Delay tcs 20 25 25 25 ns

Output Disable to Output Float tor 25 25 25 25

Address to Output Hold toH 0 0 0 a

2-28
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WS57C49B

AC READ TIMING DIAGRAM

ADDRESSES P VALID 4
-——— lagg —————} | ton e
[
—
teg e
CUTPUTS <& wauin | DHH>—
—w] g P
CAPACITANCE® T, = 25°C. f = 1 MHz
SYMBOL PARAMETER CONDITIONS Typls MAX UNITS
Cin Input Capacitance Vi = 0V 4 6 pF
Cout Qutput Capacitance Voutr = OV 8 12 pF
Cypp Vpp Capacitance Vep = OV 18 26 pF
NOTES: 4. This parameler 13 only sampled and is not 100% tested,
5. Typical values are for T, = 25°C and nominal supply voltages.
TEST LOAD (High Impedance Test Systems) TIMING LEVELS
LT Te Input Levels: 0 and 3V
2.01¥
Reference Levels: 15V
oUT.
A pF
{INCLUDING SCOPE
ANMD JIG
—— CAPACITANCE}

wﬁ 2-29



WS57C49B

PROGRAMMING INFORMATION

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

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current
VlN = Vcc or Gnd ILl 10 10 HA
Vpp Supply Current During
Programming Pulse lpr 80 mA
Ven Supply Current lce 35 mA
Input Low Level ViL -0 08 Y
Input High Leve! Vi 24 Voo + 03 v
Output Low Voltage During Verify
(loo = 16 mA) Vou 045 v
Output High Voltage During Verify
oy = -4 MA) Vor 24 v
NOTE: 6 Wee must nol be greater than 14 volts including overshoat.
AC CHARACTERISTICS (T, = 25 + 5°C, Voo = 5BV + 5%, Vpp = 135 1 05Y)

PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time tas 2 ns
Chip Disable Setup Time ior 30 ns
Data Setup Time tns 2 us
Program Pulse Width tow 1 3 10 ms
Data Hold Time toH 2 1S
Chip Select Delay tes 30 ns
Vpp Rise and Fall Time tre 1 us

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

PROGRAMMING WAVEFORM

VIH

ACDRESSES

X

ADDRESS STABLE

1‘1‘5—|—

VIH
DATA D_< I
Vi

DATA IN

—a=| tor —-

Vi —es

tog |wa—

= Ty ]

f— Loy —i tcg}‘—
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WS57C498

PROGRAMMING/ERASURE/PROGRAMMERS

Refer to¢ Section 5.

ORDERING INFORMATION

OPERATING WsI
PART NUMBER S';fsfn PACKAGE g‘;iﬂﬁg TEMPERATURE | MANUFACTURING

RANGE PROCEDURE
WS57C49B-35D 35 24 Pin CERDIP, 06" D1 Comm'l Standard
WSE57C498-35.) 35 28 Pin PLDCC J3 Comm’| Standard
WEs7C49B-35P 35 24 Pin Plastic DIF, 08" P2 Comm’l Standard
WS57C48B-35T 35 24 Pin CERDIP, 0.3" T Comm’| Standard
WSE57C49B-45CMB 45 28 Pad CLLCC 1 Military MIL-STD-883C
WSE7C49B-450 45 24 Pin CERDIP. 0.6" D1 Comm’| Standard
WEE57C49B-45D) 45 24 Pin CERDIP, 06" D1 Industrial Standard
WEL7C49B-450MB 45 24 Pin CERDIP, 08" M Military MIL-STD-883C
WS57C49B-45) 45 28 Pin PLDCC J3 Comm1 Standard
WSE7C49B-45P 45 24 Pin Plastic DIF, 0.6” P2 Comm'l Standard
WS57C49B-455 45 24 Pin Plastic DIP, 0.37 81 Comm” Standard
WS57C49B-45T 45 24 Pin CERDIP, 0.3" T Comm'l Standard
WS57C49B6-45T} 45 24 Pin CERDIP, 0.3 T Industrial Standard
WS57C49B-45TMB 45 24 Pin CERDIP, 03" T1 Mititary MIL-STD-883C
WS57C49B-55CMB 55 28 Pad CLLCC c1 Military STO-MIL-883C
WS57C49B-55D 55 24 Pin CERDIR, 08" D1 Comm'l Standard
WS57C49B-55DMB 55 24 Pin CERDIP. 06" M Military MIL-STD-883C
WS57C49B-55FMB 55 24 Pin Ceramic Flaipack F1 Military MIL-STD-883C
WS57C49B-55T B85 24 Pin CERDIF, 0.3" T Comm'l Standard
WS57C49B-55TMB 55 24 Pin CERDIP. 0.3" T Military MIL-STD-883C
WS57C49R-70CMB 70 28 Pad CLLCC Ci Military MIL-STD-883C
WS57C49B-70D 70 24 Pin CERDIF 0.6" (M Comm'l Standard
WS57C49B8-70DMB 70 24 Pin CERDIF. 06" D1 Military MIL-STG-883C
WSE57C498-70T 70 24 Pin CERDIF, 0.3" T1 Comm'l Standard
WS57C49B-70TMB 70 24 Pin CERDIF, 0.37 T Military MIL-STD-883C

s
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Lty wss7C49C
WAFERSCALE INTEGRATION, INC. ADVANCE INFORMATION
HIGH SPEED 8K x 8 CMOS PROM/RPROM
KEY FEATURES
* Ultra-Fast Access Time * Pin Compatible with AM27549 and

— 25ns MB7144 Bipolar PROMs

Low Power Cons ti
onstmption s Immune to Latch-Up

Fast Programming — Up to 200 mA

DESC SMD 5962-87515 + ESD Protection Exceeds 2000V

L]

GENERAL DESCRIPTION

The WS57C49C 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 WS57C49C over Bipolar PROM devices is the fact that it utilizes a proven EPROM technology.
This allows the entire memory array ta be tested for switching characteristics and functionality after assembly. Unlike
devices which cannot be erased, every WS57C48C is 100% tested with worst case test patterns both before and
after assembly.

A unigue feature of the WS57C49C is a designed-in cutput hold from address change. This allows the WS57C48C
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 laiched into external circuitry.

The WS57C49C is configured in the standard Bipolar PROM pinout which provides an easy upgrade path for systems
which are currently using Bipolar PROMs.

MODE SELECTION PIN CONFIGURATION
TOP VIEW
Chip Carrier CERDIP/Plastic DIP/
PINS| __
C81/Vpp Voo | OUTPUTS NG Flatpack
MODE
i Arp v,
Read ViL Vo Dour 3 U i3728 N\ asd2 2 % A
Cutput . bt pii far 3 AsQ3 21 A
. V v High Z - 28 A e 210 Ay
Disable H ce & § 23" 205 20 I ES11v,,
Program Vep Voe Dy i :fE : O:ga % ::;
Program Ay 170 o,
; \Y V D s}
Verify L ce il 1213 14161617 18 O?E 190 :: g g:
SIS ERiNTalistSl o, g1 1ufo,
0,0, | NC0,0,0; GNC 12 13P o,
GND
PRODUCT SELECTION GUIDE
PARAMETER WS57C49C-25 WS57C49C-30
Address Access Time {Max) 25 ns 30 ns
Cutput Enable Time (Max) 15 ns 20 ns




WS57C49C

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature . ........ .. —85°C to +150°C
Yoltage on Any Pin with

Respectto Ground ... ........... -06V to +7V
Vpp with Respect to Ground .. ... .. -0BY to +14V
ESD Pratection. .. ........ ... .. ..., > 2000V

OPERATING RANGE

RANGE TEMPERATURE Voo

Comm'l 0° to +70°C +5V + 5%
Industrial —40° to +85°C +5Y + 10%
Military -55° 1o +125°C +5V + 10%

*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 thoss 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 {ow Voltage log, = 18 mA 0.4 Y
Yor Output High Voltage lon = —4 mA 24
te Ve Active Current (CMOS) Notes 1 and 3 C?Tnm‘l b

Military 35 mA
lace Voo Active Current (TTL) Notes 2 and 3 Cc_ﬂ_ﬂmr] 40
Military 40
M input Load Current Vin = 5.5V or Gnd -10 10 WA
lo Output Leakage Current Vour = 55V or Gnd ~10 10
NOTES: 1. CMOS inputs: GND ¢ 03V or Vog + 03V 3. Add 3 mAMHz for AL power component.
2. TTL inputs: ¥, = 08V, V), = 20V
AC READ CHARACTERISTICS Over Qperating Range. (See Above)
WS57C49C-25 WS57C49C-30
PARAMETER SYMBOL PP, MAX N MAX UNITS
Address to Output Delay tace 25 30
CS to Output Delay tos 15 20 s
Qutput Disable to Output Float tor 20 25
Address to Output Hold ton 0

Vi

I 4
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WS57C4sC

AC READ TIMING DIAGRAM

ADDRESSES b VALID

e Y

e,
CUTPUTS Q6 VALID

CAPACITANCE T, = 25°C, t = 1 MHz

SYMBOL PARAMETER CONDITIONS TYP MAX UNITS
Cin Input Capacitance Viy = OV 4 6 pF
Cout Output Capacitance Vaour = OV 8 12 pF
Cypp Vpp Capacitance Vpp = OV 18 25 nF

NOTES: 4 This parameter 1s only sampled and 15 not 100% lested
5 Typical values are for T, = 25°C and nominal supply voltages.

TEST LOAD (High Impedance Test Systems} TIMING LEVELS

:1:7] Input Levels: 0 and 3V

2.01v
Referance Levels;, 1.5V
DT,

30 pF

(INCLUDING SCOPE
I AND JIG

CAPACITANCE)

s
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WS57C45C

PROGRAMMING INFORMATION

DC CHARACTERISTICS (T, = 25 1 5°C, Voo = 550V + 5%, Vpp = 135 £ 05V)

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current _
VIN = VCC ar Gnd ‘LI 10 10 MA
Vep Supply Current Duting Ipp 0 mA
Programming Pulse
Ve Supply Current lee 35 mA
Input Low Level Wy -01 08 v
Input High Level Vin 20 Vee + 03 v
Qutput Low Voltage During Verify
(o = 16 mA) VoL 045 v
Qutput High Voltage During Verify
(ops = ~4 MA) Vou 24 v
NOTE: & Vpp must not be greater than 14 volis including overshool.
AC CHARACTERISTICS (T, = 25 3 5°C, Voo = 55V 3 5%, Vpp = 135 & 05V)

PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time tas 2 us
Chip Disable Setup Time toF 30 ns
Data Setup Time tos 2 T3
Program Pulse Width tpwy 3 10 ms
Data Hold Time toH 2 Us
Chip Select Delay tos 30 ns
Vep Rise and Fall Time tgr 1 us

PROGRAMMING WAVEFORM

VIH

ADDRESS STABLE

ADDRESSES X
Vi,

/ tre tar

DATA IN

ot Loy i Ly

et DATA OUT

4
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WS57C51B

WAFERSCALE INTEGRATION, INC.

HIGH SPEED 16K x 8 CMOS PROM/RPROM

KEY FEATURES

* Uitra-Fast Access Time * Pin Compatible with AM27S51
— 40 ns
¢ [mmune to Latch-Up
* Low Power Consumption — Up to 200 mA

+ Fast Programming » ESD Protection Exceeds 2000V

GENERAL DESCRIPTION

The WS57C51B is a High Performance 128K UV Erasabie Electrically Re-Programmable Read Only Memory. 1t 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 patierns 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.

MODE SELECTION PIN CONFIGURATION

PINS | 877 | . _
MODE Vo | C52 |CS3 | T84 | Vec | OUTPUTS TOP VIEW
Read Vi [ ViL iVin | Vi [Vec| Dour Chip Carrier CERDIP
Cutput .
. VIH X X X VCC ngh Z Yoo
Disable g Ay Aghy | A Ar ——0,
Qutput . SRR RN IS oo
) X |V X X |V High Z 43 2132330 2 270 A
Disable H ce g achs A e A 3 26 %A:
Output . A flle — 28714, 4 250 &y
h X X |V X |V High 2 L™ i b P 5 24174
Disable L ce 9 A: ot \ 26 " T82 e E 23 %%N”
Output . A [ 25071 cs3 ?sz tsz
) X e r- B 210Cs3
Disable X [ X |Vin | Vec | HighZ ,:c“ L;;L :;[; f,‘:’," s 20 [1T8d
Qy[312 o 0! 0 1o
Program | Vpp | X | X | X [Veo Din a o 2; P a: u ® %g:
Program 14 15 16 171818 20 12 170,
Veri%y Vie | Vie [ Vi | vie Voo Dot R IRIR I 13 1 [10,
Dy NG | ONCE, Q5 END 14 15 [0,
GND
PRODUCT SELECTION GUIDE
PARAMETER WS57C51B-40 WS57C518-45 WS57C518-55 WS57C51B-70
Address Access Time (Max) 40 ns 45 ng 85 ns 70 ns
Cutput Enable Time (Max) 20 ns 20 ns 25 ns 30 ns




WS57C518

ABSOLUTE MAXIMUM RATINGS™

*Notice: Stresses above those listed under “Absolute

Storage Temperature . . .. .. ... . —85°C fo +150°C Maximum Ratings” may cause permanent damage to
Voltage on Any Pin with the device. This is a siress rating only and functional

Respectto Ground ... . .......... —08Y o +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 secticns of this

ESD Protection

OPERATING RANGE

~ D000V specification is not implied, Exposure to absolute

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

RANGE TEMPERATURE Voo

Comm'l 00 to +70°C +5V + 5%
Industrial —40° to +85°C +8V + 10%
Military -55% to +125°C +5V & 10%

DC READ CHARACTERISTICS Cver Operating Range. (Ses Above)

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
VoL Cutput Low Voltage lor = 16 mA 0.4 v
Vou Output High Voltage lon = -4 mA 24

; Comm’l 30
lect Ve Active Current (CMOS) | Notes 1 and 3 = Note
Military 35 3 mA
. Comm'l 40| Note
loez Vee Active Current (TTL) Notes 2 and 3 Military 20] 3
Iy {nput Load Current Wiy = 5.5V or Gnd -10 10 JA
o Output Leakage Current Vour = 55V or Gnd -10 10
MOTES: 1. CMOS inpuls: GNO + 03V or Ve £ 03V 3 Add 3 mA/MHz for AC. power component,
2. TTL inputs: V)| < 08V, Wy, 2 20V
AC READ CHARACTERISTICS Over Operating Range. (See Above)
WS57C51B-40| WS57C51B-45] WS57 - -
PARAMETER SYMBOL 5 57C51B-55 | WS57C51B-70 UNITS
MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX
Address to Output Delay tace 40 45 &5 70
€S to Output Delay teg 20 20 25 30
Output Disable to ns
Qutput Float for 20 <0 25 25
Address to Output Hold ton 0 0 0
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WS57C518

AC READ TIMING DIAGRAM

ADDRESSES pd VALID }(

g lppy =]

yrs,
OUTPUTS <& vaup | p>>—

—] g e
CAPACITANCE™ T, = 25°C, f = 1 MHz
SYMBOL PARAMETER CONDITIONS TYP® MAX UNITS
Cin Input Capacitance Viy = OV 4 6 pF
Cour Qutput Capacitance Vour = OV 8 12 oF
Cypp Vpp Capacitance Vep = OV 18 25 pF
NOTES: 4. This paramster 15 only sampled and is not 100% tested,
5 Typical values arg for T, = 25°C and nominal supply voitages.
TEST LOAD (High Impedance Test Systems) TIMING LEVELS
9air Input Levels: 0 and 3V
2.01¥
Reference Levels: 1.5Y
ouT.
30 pF
{INCLUDING SCOPE
I ANG JIG
CAPACITANCE)

Uil
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Ws57C518

PROGRAMMING INFORMATION
DC CHARACTERISTICS (T, = 25 1 5°C, Voo = 550V + 5%, Vpp = 135 £ 05V

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current
V|N = VCC or Gnd ILI 10 10 LLA
Vpp Supply Current During
Programming Pulse lpe 60 mA
Ve Supply Current lee 25 mA
Input Low Level YL =01 08 v
Input High Level Vin 20 Voo + 03 V'l
Qutput Low Voltage During Verify
(lo, = 16 MA) Voo 045 v
Output High Voltage During Verify
(lOH = -4 ITIA) VOH 24 v
NOTE: & Wpe must not be greater than 14 volts including overshoot,
AC CHARACTERISTICS (T, = 25 & 5°C, Voo = 55V £ 5%, Vpp = 135 + 05V)

PARAMETER SYMBOLS MiN TYP MAX UNIT
Address Setup Time tig 2 us
Chip Disable Setup Time tor 30 ns
Data Setup Time ips 2 us
Program Pulse Width (Note 7) tew 1 3 10 ms
Data Hold Time tpH 2 us
Chip Select Delay tcs 30 ns
Vpp Rise and Fall Time tre 1 us

NOTE: 7. & single shot pragramming algorthm should use one 10 ms pulse.

PROGRAMMING WAVEFORM

¥iy
ADDRESSES >< ADDRESS STABLE
vlIL

~<—I,s+

—| tpr —| tpg le—  |ea— ey e L— 1oy — ]t

CS1¥,, 4
Vi tae trr

Vl"
CATA }< [ DATA (N ) S DATA OUT
vlL

|
3
I
3

sy
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WS57C518

PROGRAMMING/ERASURE/PROGRAMMERS

Refer to Section 5.

OCRDERING INFORMATION

s

OPERATING wsi
PART NUMBER S'(’SD PA%‘,‘:;E ;‘;imﬁg TEMPERATURE | MANUFACTURING

RANGE PROCEDURE
WS57C51B-40D 40 | 28 Pin CERDIP, 06" D2 Comml Standard
WS57C51B-40L 40 | 32 Pin OLDCC L3 Comml Standard
WS57C51B-40T 40 | 28 Pin CERDIP, 03" 2 Comml Standard
WS57C51B-450 45 | 28 Pin GERDIP, 06" D2 Comm Standard
WS57C51B-45DMB | 45 | 28 Pin CERDIP, 06" D2 Military MIL-STD-883C
WEL7C51B-451 45 32 Pin CLDCC L3 Comm’l Standard
WS57C51B-45T 45 | 28 Pin CERDIP, 03" T2 Comm' Standard
WS57C51B-55CMB | 55 | 32 Pad GLLCG co Military MIL-STD-883C
WS57C51B-550 55 | 28 Pin CERDIP, 05 D2 Comm Standard
WS57C51B-55DMB | 55 | 28 Pin CERDIP, 06" D2 Military MIL-STD-883C
WS57C51B-55LMB | 55 | 32 Pin GLDCC L3 Military MIL-STD-883C
WS57C51B-55T 55 | 28 Pin CERDIP, 03" T2 Comm'| Standard
WS57C51B-55TMB | &5 | 28 Pin CERDIP, 0.3” T2 Military MIL-STD-883C
WS57C51B70CMB | 70 | 32 Pad CLLCC c2 Military MIL-STD-883C
WS57C51B-70D 70 | 28 Pin cERDIF, 067 D2 Comm' Standard
WS57C51B70DMB | 70 | 28 Pin CERDIP, 06" D2 Military MIL.STD-883C
WSS7CSIB7OLMB | 70 | 32 Pin CLDCG L3 Military MIL-STD-883C
WS57CS18-70T 70 | 28 Pin CERDIP, 03 2 Comm} Standard

=

2-41




2-42

sz




7y WS57C71C
WAFERSCALE INTEGRATION, INC. PRELIMINARY
HIGH SPEED 32K x 8 CMOS RPROM
KEY FEATURES
s Ultra-Fast Access Time ¢ Immune tc Latch-Up
— 40 ns — Up to 200 mA

* Low Power Consumption

+ ESD Protection Exceeds 2000V
+ Fast Programming

GENERAL DESCRIPTION

The W357C71C is an extremely High-Performance 258K UV erasable electrically Re-Programmable Read Only
Memory (RPROM). It is manufactured in an advanced CMOS technology and utilizes WSI's patented self-aligned
split gate EPROM cell (see WS! Technical Brief 001).

The WS57C71C was developed for High-Performance Embedded Controf applications. Its very high speed enables
it to run at full speed with embedded processors such as the TMS320XX, 80960, M56/98000, etc.

The industry standard RPROM pin configuration of the WSS7C71C provides an easy upgrade path from a 16K x 8
device as well as providing an upgrade path 10 64K x 8 and 128K x 8 devices.

The WS57C71C utilizes WSI's patented split gate EPROM cell. This technology enables WSI to manufacture high
density low power CMOS EPROMSs that operate at the high speed of hipolar PROMSs.

For further information on WSt products, contact the nearest WSI sales office, sales representative, or call WS at
BOOTEAM-WSI (832-6974).

MODE SELECTION PIN CONFIGURATION
TOP VIEW
PINS| gs1/ S Chip Carrler CERDIP
C52| CS3 | Vg | OUTPUTS
MODE Vep
Read V||_ V|H V||__ Vcc DOUT T 1 281 Voo
Output Disable{ Viy | X | X [vee! Highz | , L., i " A Iy
i i A flls 28 ] 250 A
Qutput Disable| X [ v, | X |Vee| HighZ ali? ot s 2 ]A::
Qutput Disablel X X | ¥in |Voe| HighZ Az [la 2610 6 23 Au
A Lo 2570 7 sz [Jc5a
Program Vep | X | Vin |Veo Din a [0 240 5 nfjcsz
- NC [ o 8 20 BTEim,
Program Verify [ V. | Vin | Y |Vee| Dour Qo B s 10 who,
o B - 1 180,
Program Inhibit Vpp X V]L Vcc ngh z L 1314 15 16 $71819 2021 - 12 7 0:
rariraeania 13 16 o,
§2g58dd M Bk
PRODUCT SELECTION GUIDE
PARAMETER WS57C71C-40 WS57C71C-45 WS57CT1C-55
Address Access Time (Max) 40 ns 45 ns 55 ns
Output Enable Time {Max) 20 ns 20 ns 20 ns
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WS57C71C

ABSOLUTE MAXIMUM RATINGS™

Storage Temperature -65°C to +150°C
Voltage on Any Pin with

Respectto Ground . ..... ... ... ~0B8Vio +7V
Vpp with Respect to Ground . ... .. -0.6Vio +14V
ESD Protection ... ...... ... ......... > 2000V
OPERATING RANGE

RANGE TEMPERATURE Vee
Commercial 0°C to +70°C +5V + 5%
Industrial -40°C to +85°C | +5V + 10%
Military —55°C to +125°C | +5V + 10%

*Notice: Stresses above those listed under “Absclute
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 aperational 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 Qutput Low Voltage loL = 16 mA 04 v
Vou OQutput High Voltage loy = -4 mA 24
ViL Input Low Voltage 08 v
Wiy Input High Voltage 20

) Comm’l 30 | Note
A
leo Ve Active Current Note 3 Military 20 3 m
I Input Load Currant Vin = 55V or Gnd -10 10 VA
Lo Qutput Leakage Current Vour = 55V or Gnd =10 10
NOTES: 1. CMOS inputs: GND + 0.3V or Vo £ 03V 3. Add 2 mA/MHz for A.C. power component,
2. TTL inputs: ¥, € 08V, V), = 2.0V
AC READ CHARACTERISTICS Over Operating Range. (See Above)
57C71C-40 57C71C-45 57C7T1C-b5
PARAMETER SYMBOL UNITS
MIN MAX MIN MAX MIN MAX
Address to Quiput Delay tace 40 45 55
TS to Qutput Delay tes 20 20 20
Qutput Disable to ns
Cutput Float tor 20 20 20
Address to Gutput Hold tan 0 o 0
s
f 4

2-44



WS57C71C

AC READ TIMING DIAGRAM

ADDRESSES X

VALID

| —— tace —™

cs A
J tes -
OUTPUTS & o | oo
e T |-q—

CAPACITANCE™ T, = 25°C, f = 1 MHz

SYMBOL PARAMETER CONDITIONS TYPE MAX UNITS

Cin Input Capacitance Vig = OV 4 6 pF

Cour Output Capacitance Vour = OV 8 12 pF

Cvep Ypp Capacitance Vpp = OV 18 25 pF
NOTES:

4. Thig parameter 15 only sampled and 15 not 1002 tested.
5. Tymcal values are for T, = 25°C and nominal supply voltages

TEST LOAD (High Impedance Test Systems)

TIMING LEVELS

980
201
DALT.
30 pF
{(INCLUIDING S5COPE
| AND JIG
CAPACITANCE)

Input Levels: 0 and 3V

Reterence Levels: 1.5V

/11
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WS57C71C

PROGRAMMING INFORMATION
DC CHARACTERISTICS (T, = 25 + 5°C, Voo = 550V + 5%, Vpp = 125 + 05V)

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current _
Vin = Vee or Gnd I 10 10 nA
Vpe Supply Current During
Programming Pulse Ipp 60 mA
Voo Supply Current log 25 mA
Input Low Level ViL -01 08 v
Input High Level ViH 2.0 Voo + 03 '
Output Low Voltage During Verify
(oL = 16 mA) VoL 045 v
Cutput High Voltage During Verify
(lon = ~4 mA) Vou 24 v
NOTE: 6 Wpp must not be greater than 14 volts including overshool,
AC CHARACTERISTICS (T, = 25 + 5°C, Voo = 55V & 5%, Vpp = 125 + 05V)

PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time tas 2 us
Chip Disable Setup Tirme toF 30 ns
Data Setup Time tos 2 us
Program Pulse Width tow 1 3 10 ms
Data Hold Time ton 2 us
Chip Select Delay tcg 30 ns
Vpp Rise and Fall Tima tre 1 s

PROGRAMMING WAVEFORM

Vin
ADDRESSES

TE Ve

Ccs2

X

ADDRESS STABLE

DATA IN

e DOATA OUT

tor e——

]
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WSs57C71C

PROGRAMMING/ERASURE/PROGRAMMERS

Refer ta Section 5.

ORDERING INFORMATION

OPERATING wsli
PART NUMBER Sl(::sE}D PA.:.::.(:EGE g‘:&&:g& TEMPERATURE | MANUFACTURING

RANGE PROCEDURE
WS57CT1C-400* 40 28 Pin CERDIP, 0.8" D2 Comm'l Standard
WS57C71C-40L* a0 32 Pin CLDCC L3 Comm'l Standard
WS57C71C-40T* 44 28 Pin CERDIP, 0.3" T2 Comm'l Standard
WS57C71C-45D 45 28 Pin CERDIF, 08" D2 Comm'l Standard
WSE7C71C-461 45 32 Pin CLDCC L3 Cornm'l Standard
WSS7C71C-45T 45 28 Pin CERDIP, 0.3" T2 Comm'l Standard
WS57C71C-55C0M 55 32 Pad CLLCC c2 Military Standard
WS57C71C-55CMB 55 32 Pad CLLCC c2 Military MIL-STD-883C
WS57C71C-550 55 28 Pin CERDIF, 08" D2 Comm'l Standard
WS57071C-550M b 28 Pin CERDIPR, 08" D2 Military Standard
WS57C71C-55DMB 55 2B Pin CERDIR, 05" Dz Miltary MIL-STD-883C
WSs7C710-85L b5 32 Pin CLDCC L3 Comm'l Standard
WSE7C71C-56LM 55 32 Pin CLOCC L3 Military Standarg
WSS7CT1C-56LMB 55 32 Pin CLDCC L3 Military MIL-STD-883C
WSS7C710-55T 55 28 Pin CERDIP, 0.3 T2 Camm' Standard
WSE7C71C-55TM 55 28 Pin CERDIP, 0.3 T2 Military Standard
WSS7C71C-55TMB 55 28 Pin CERDIR, 0.3" T2 Military MIL-STD-883C

*These products arg Advancs informahan

/1775
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SECTION INDEX

EPROM MEMORY PRODUCTS

64K EPROM Selection Guide ... ... ... . ... . e 341
WS27CB4F Military 8K x 8 CMOS EPROM . ... .. .. 3-3
WS27C64L BKx8CMOS EPROM . o e 39
WS57C64F High Speed BK x B CMOS EPROM . .. ... . ... .. ... . i 315
WS57C65 High Speed 4K x 16 CMOS EPROM .. ... ... ... .. ... i, 3-29
128K EPROM Selection Guide ... ... ... . .. ... 3-27
WS27C128F Military 16K x 8 CMOS EPROM ... ... .. ... e, 3-29
WS27C128L BKxB8CMOS EPROM ... .. . 335
WS57C128F High Speed 16K x 8 CMOS EPROM .. .. ... ... ... . o, 3-41
256K EPROM Selection Guide ... ... ... .. ... 347
WS27C256F High Speed 32K x 8 CMOS EPROM .. ... ... ... .. .o, 3-49
WS27C2561 32K xB OMOS EPROM .. ... o e 3-55
WS57C256F High Speed 32K x 8 CMOS EPROM ... .. .. ... ...... .. ... ..... 361
WS57C257 High Spesd 18K x 16 CMOSEPROM .. .. ... . ... ... i .. 367
512K EPROM Selection Guide ...... ... .. ... . 0 i 373
WS27C512F High Speed 64K x 8 CMOS EPROM. . ... ... ... ... ... i, 375
WS57C512F High Speed 64K x 8 CMOS EPROM ... .. ... ... .. .. ... . ..o, 3-81
WS27C512L 64K x 8 CMOS EPROM . . e e 3-85
1 Meg EPROM Selection Guide ......... ... ... . ... ... ... ... 391
WS27C010L 128K x BCMOS EPROM . e 3-93
WS57C010M 1 Meg (128K x 8) CMOS EPROM Module ............................... 3-99
WS2TCO0F 1 Meg (128K x 8) CMOS EPROM ... ... ... ... .., 3-105
WS27C210L 1 Meg (64K x 18) CMOS EPROM . ... ... i, 3-109
WS57C210M 1 Meg (64K % 16) CMOS EPROM Module .. ... ..., 3115
WS27C210F 1 Meg (64K x 18) CMOS EPROM .. ... ... ... . i, 3-121
2 Meg EPROM Selection Guide . ........ ... .. .. .. . .. . i i i 3128
WS27C020L 2 Meg (256K x 8) CMOS EPROM ... ... .. ..o et 34127
WS27C220L 2 Meg (128K x 168) CMOS EPROM ... ... ... ... .. ... ot . 3133
4 Meg EPROM Selection Guide ....... ... .. ... ... . ... 3-139
WS27C040L 4 Meg (B12Kx By CMOS EPROM ... ... o 314
WS27C240L 4 Meg (256K % 18) CMOS EPROM ... ... .. . ... . i, 3147

For additional information,
call 800-TEAM-WS] (800-832-6974).
In California, call 800-562-6363.
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WAFERSCALE INTEGRATION, INC.

64K EPROM SELECTION GUIDE

ARCHITECTURE

4K 16 WSS7CEs I

| |

] ]

BK x 8 WSEIC64F
8K x 8 I WS27C64L ]
" 1
8K x 8
WS2FCE4F
i |
L3 ] 1 I ] ] L L | i | ! | 1 L
&5 &0 70 BO a0 104 110 120 130 140 150 160 170 180 190 200

ACCESS THME (ns)
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WS27C64F

WAFERSCALE INTEGRATION, INC.

MILITARY 8K x 8 CMOS EPROM
KEY FEATURES

* Fast Access Time
— 90 ng (Military)

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

» Standard EPROM Pinout

+ Industrial/Military Temperature
Operating Range

* Low Power Consumption

+ DESC SMD No. 85102

GENERAL DESCRIPTION

The WS27C64F is & HIGH PERFORMANCE 64K UV Erasabtle Electrically Programmable Read Only Memary. [t is
manufactured in an advanced CMOS technology which enables it to operate at high speeds and very low power over
the full Industrial and Military temperature operating range.

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

The WS270C84F is configured in the standard EPROM pinout which provides an easy upgrade path to the WS27C128F
and WS27C256F.

MODE SELECTION PIN CONFIGURATION

MODE CE | OF | Vep | Vo | OUTPUTS Chip Carrier CERDIP
Read ViL Vi | Vee | Vee | Dour IITE -
- Z> =
Output Disable | X | Viy | Voo | Voo | High Z R 'LJ:LJ
Standby Ve | X [Vec|Veel| High 2 aufs §3 I 4
Program Vi | Vin | Vee | Voo | Din fobi8 2
Program Verify X Wi | Vee | Voo ! Daur A; ;;}8 25[5} ﬁ
Program Innibit] Vi | Vi | Ve | Vec | High 2 2HS { it b
Apflin 231 CE
Signature* ViL [ ViL | Veo | Veo [E)r;::; ded Ncn 1712 22c-]o;
Oy [l1a 21070,
X can ba either Vy_ or V. 1415 16 1716 18 20
*For Sighature, Ay = 1V, Ay 15 loggled, and all other addresses 00 Nc = 0
are at TTL low. Ag = V,_ = MFGR 23H, A, = ¥, = DEVICE ABH 1 EILD 020495
PRODUCT SELECTION GUIDE
FARAMETER WS27C64F-90 WS27C64F-10
Address Access Time (Max) a0 ns 100 ns
Chip Select Time (Max) 80 ns 100 ns
Qutput Enable Time {Max) 30 ns 30 ns
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WS27C64F

ABSOQLUTE MAXIMUM RATINGS™

Storage Tempsrature ... ... .. .. -B65° 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 Veo

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 cperation of the device at these or
any other conditions above those indicated in the
operational sections of this spacification is not implied,
Exposure to absolute maximum rating conditions for
extended periods of time may affect device reliabiiity.

DC READ CHARACTERISTICS Over Operating Range with Vpp = Vee.

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
VoL Cutput Low Voltage lgL = 4 mA 0.4 Y
Vaou Output High Voltage loy = —1 mA 24 v
s Ve Standby Current (CMOS) Note 1 200 LA
lsgs Vo Standby Current {TTL) Note 2 10 mA
Iger Voo Active Current (CMOS) Netes 1 and 3 25 mA
loes Ve Active Current (TTL) Notes 2 and 3 35 maA
lpp Vpp Supply Current Vep = Voo 100 uA
Vop Vpp Read Violtage Voo — 04 Voo v
I Input Load Current Vi = 5.5V or Gnd -10 10 A
o Cutput Leakage Current Vour = 55V or Gnd =10 10 A

NOTES: 1. CMOS inputs: GND + 03V or Vo + 0.3V 3. Add 3 mA/MHz for ALC, power componsnt.
2. TTL Inpuls: Vi € 08V, Wy 3 20V
AC READ CHARACTERISTICS Over Operating Range with Vpp = Veg.
PARAMETER SYMBOL WS27C64F-90 WS27C64F-10 UNITS
MIN MAX MIN MAX
Address to Cutput Delay tace 20 100
CE to Output Delay toe 80 100
OFE to Output Delay toe a0 30 ng
Output Disable to Output Float tor 30 30
Address to Output Hold ton 0 0

3-4

g




WS27C64F

AC READ TIMING DIAGRAM

ADDRESSES P VALID 5

oE —| e -—
tor  [=—
s,
QUTPUTS S VALID
™ tor I'

CAPACITANCE™® T, = 25°C, f = 1 MHz

SYMBOL PARAMETER CONDITIONS TYP® MAX UNITS
Ciy Input Capacitance Vin = OV 4 8 pF
Coaur Qutput Capacitance Vour = OV 8 12 pF
Cypp Vpp Capacitance Yep = OV 18 25 pF

NQTES: 4. This parametar 15 only sampled and 13 not 100% tested,
5. Typical values are for T, = 25°C and nominal supply valiages.

TEST LOAD (High Impedance Test Systems) TIMING LEVELS
3200 Input Levels: .45 and 2.4V
20¥ Reference Levels: .8 and 2.0V
OUT. 100 pF
(INCLUDING SCOPE
I AND JIG
—L— CAPACITANCE)

Wy
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WS27C64F

PROGRAMMING INFORMATION

DC CHARACTERISTICS (T, = 25 + 5°C, Voo = 55V + 5%, Vpp = 135 & 05V)

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current
(Viy = Ve or Gnd) L -10 10 KA
Vep Supply Current During | 80 mA
Programming Pulse (CE = PGM = v} PP
Voo Supply Current (Note 3) icc 50 mA
tnput Low Level VL -0 08 v
Input High Level Viy 20 Voo +03 v
Output Low Voltage During Verify
(lo. = 4 mA) Voo 045 v
Output High Voitage During Verify
oy = —1 mA) Vo 24 v

NOTES: 6 V.. must be apphed enher concidentally or before Vep and removed eilher caincidentally or after Vop

7. Vpp musl not be greater than 14 volls including overshoot. Dunng CE = PGM = Wy . Ve must not ba switched from 5 volts

to 135 volts or vice-versa.

8 During power up the PGM pin must be brought high (V) edher ecincident with or betore power 15 apphed t0 Vea.

AC CHARACTERISTICS (T, = 25 + 5°C, Vpo = 55V + 5%, Vpp = 135 1 05V)

PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time tag 2 us
Chip Enable Setep Time fres 2 us
Qutput Enable Setup Time toEs 2 us
Data Setup Time los 2 us
Address Hold Time tan 0 us
Data Hold Time ton 2 ps
Chig Disable to Output Float Delay the 0 130 ng
Data Valid From Qutput Enable toe 130 ns
Wep Setup Time tyg us
PGM Pulse Width tpwy 3 10 ms

PROGRAMMING WAVEFORM

NOTE: Single pulse programming algorithms should use ane 10 ms PGM pulse per byte,

ADTHESSES X- ADDRESS STABLE
ot 1y -ae -’1 Tay (o—
—{" DATA IN STABLE *>—<"'G" z DATA ouT 2_
DATA ] L VALID
e 105 ] |+ 1oy —= o+ ] or [+
Vep \r
v” _/
Vee bty —nd
le
tE A\
U!L
[ tees
¥y ———— \r
PGM v
[N
tpw P4 —loEs ‘51
Vi F
- 3 7
¥,
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WS27C64F

PROGRAMMING/ERASURE/PROGRAMMERS
Refer to Section 5.

ORDERING INFORMATION

OPERATING wsl
PART NUMBER | SFEED PA%:(::E E‘;ﬁ'&‘?ﬁg TEMPERATURE | MANUFACTURING
(ns}) RANGE PROCEDURE
WS27C64F-90CMB 90 | 32 Pad cLLCC c2 Military MIL-STD-883C
WS27C64F-00DMB 90 | 28 Pin CERDIR, 05" D2 Military MIL-STD-883C
WS27C64F-10CMB 100 | 32 Pad CLLCC c2 Mifitary MIL-STD-883C
WS27CB4F-10DMB 100 | 28 Pin CERDIP, 0.6 D2 Military MIL-STD-883C
i
i
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WS27C64L

WAFERSCALE INTEGRATION, INC.

8K x 8 CMOS EPROM
KEY FEATURES

High Performance CMOS *= EP| Processing
— 90 ns Access Time — Latch-Up Immunity to 200 mA
Fast Programming — ESD Protection Exceeds 2000V

Drop-In Replacement for 27C64 or 2764 * Standard JEDEC EPROM Pinout
300 Mil Dip or Standard 600 Mil Dip + DESC SMD No. 85102

GENERAL DESCRIPTION

The WS27C84L is a HIGH PERFORMANCE 64K UV Erasable Elsctrically 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.

The WS27C64L can directly replace any 8K x 8 EPROM which conforms {0 the JEDEC standard. Examples of this
would be as follows: 2764 or 27C64. It can be easily programmed using standard EPROM programmers or the
MagicPro™ IBM PC compatible engineering programmer offered by WS).

The WS27C64L 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.

The WS27C64L provides microprocessor-based systems storage capacity for 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 B0186, 16-MHz 63020, or 12-MHz 80386. The WS27C64L offers a single chip solution for the code storage
requirements of 100% firmware-based eguipment. Frequently-used software routines are quickly executed from EPROM
storage, greatly enhancing system utility.

The WS27C64L is configured in the standard EPROM pinout which provides an sasy upgrade path for systems which
are currently using standard EPROMs.

The WS27C64L is one member of a high-density EPROM Family which ranges in density from 64K to 4 Megabit.

PRODUCT SELECTION GUIDE

PARAMETER 27C64L-90 27C84L-12 27C64L-15 27C64L-20
Address Access Time (Max} 80 ns 128 ns 150 ns 200 ns
Chip Select Time (Max) 90 ns 120 ns 150 ns 200 ns
Output Enable Time (Max) 30 ns 35 ns 40 ns 40 ns

Uisr

32



WS27CE4L

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature —85°C to +150°C
Voltages on Any Pin with

*"Notice: Stresses above those listed under “Absoclute
Maximum Ratings” may cause permanent damage to
the device. This is & stress rating only and functional

Respect 1o Ground . ... ........ —06V 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 Voitage with ' specification is not implied. Exposure to absolute

cﬁespect o Ground . .. ..o _DEV to +7V maximum rating conditions for extended pericds of time

ESD Protaction . ...................... > 2000V may affect device reliability.
OPERATING RANGE
RANGE TEMPERATURE Ve TOLERANCE

Commercial 0°C to +70°C +5V +5% or +10%

Industrial —40°C to +85°C +5V +10%

Military -55°C to +125°C +5V +10%

DC READ CHARACTERISTICS Over Operating Range with Vep = Vee.

SYMBOL, PARAMETER TEST CONDITIONS MIN MAX UNITS
ViL Input Low Level -05 08 v
Vin Input High Level 20 Vee + 1 v
VoL Output Low Voltage lop = 21 mA 04 v
Vou Output High Voltage loy = —400 pA 35 v
Isg™ | Vgc Standby Current {(CMQS) | CE = Vgg + 0.3V 100 A
lsgz Ve Standby Current CE = Viy 1 mA

e F =5MHz 40
“J i = =
lge Voo Active Current CE=0E =V F - 8MHz 50 mA
lpp Vpp Supply Current Vep = Voo 100 pA
Vep Vpp Read Voltage VCC -0.4 VCC v
I Input Load Current Yy = 55V or Gnd -1 1 LA
o Gutput Leakage Current Vour = 55V or Gnd ~10 10 nA
AC READ CHARACTERISTICS Over Operating Range with Vpp = Vge.
27C64L-90 27C64L12 27C84L-15 27C64L-20
SYMBOL PARAMETER UNITS
MIN MAX MIN MAX MIN MAX MIN MAX
Address to Qutput 200

tace Delay 90 120 150

tee CE to Qutput Dalay 90 120 150 200

tog OE to Output Delay 30 35 40 40

- ns
Qutput Disable to
{2} 40
tor QOutput Float 80 35 40
Qutput Hold From
Addresses, CE or
{2 ol '
ton OE, Whichever 0 0 0 0
Occurred First
MOTES:

1. The supply current is the sum of loc and lpe. The maximum current vatue is with Qutputs Oy to O unloadad,
2. This parameter 15 only sampled and is not 100% tested. Qutput Float is defined as tha point where data is no longer driven—see timing diagram.

3. CMOS inputs: V), = GND % 03V, Viy = Vap + 03V,

3-10
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Ws27C64L

A.C. WAVEFORMS

VIH

A h
ADDRESS
ADDRESSES VALIC

I 1o -

X_
/
- i

" c - Tow— |-<—
ouTPUT Hene / / / / / YALID OUTPUT \ \ HeH 2
Vo AN - /

Lag

CAPACITANCE® T, = 25°C, t = 1 MHz

SYMBOL PARAMETER CONDITIONS TYPS) MAX UNITS
Cin Input Capacitance Wi = 0OV 4 8 pF
Cayr Cutput Capacitance Vour = OV 8 12 pF
Cvpp Vpp Capacitance Vpp = OV 18 25 pF

NOTES:

4. This parameter is only sampled and 15 not 100% tested.
5. Typical values are for T, = 25°C and nominal supply voitages,
6. OE may be delayed up 10 taz-log afler the faling edge of TE without impact on tag.

A.C. TESTING INPUT/OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

2,04y
24
2.0 20
; TEST POINTS < 8206
0.8 0.8 DEVICE
0.4 UNDER
TEST
I C_ = 100 pF
AG. lesting inputs are driven at 2.4V for a Logic “17 and
0.4V for a Logic ~'0)" Timing measurements are made at 2.0V A ) .
for a Logic *1" and 08Y for a Lagic “0." C, includes Jig Capacitance

Wiy
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WS27C64L

MODE SELECTION
The modes of operation of the WS27C64L. are listed in Tabie 1. A single 5V power supply is required in the read mode.

Table 1. Modes Selection

PINS S— — —
PGM CE OE Vep Voo QUTPUTS
MODE
Read X V||_ V||_ 50V 5.0V DOUT
Output Disable X X Wiy 50V 5.0V High Z
Standby X Viy X 50V 50V High Z
Programming Vi Vi Vin Vep 58V Dy
Program Verify ViH VL ViL Vep 58V Dout
Program Inhihit X ViH X Vep 50V High Z
NOTES:
VoK can be V) or V).
DIP PIN CONFIGURATIONS
8 Mbit | 4 mbit | 2 Mbit | 2rcowoL | 2702561 27C256L| 27C010L | 2 Mbit | 4 Mbit | 8 Mbit
Ay AXiWpp | XXiWpp | XXiVap Vee Ver Voo Ve
A Agg Ag Ay ws27Ce4L XX/PGM [ XUPGRM | Ay, Asg
Ats A Ags Ag Vep  i—Ver 2B0Vec— ] Vee xX A A A
Ay Az Ay A Ap  [Aad2 AP Ay A Ay A Ay
A; Az Ay Aq Ay —Ardy BOANC—| Ay Ay A Al Ay
A Ag Ag Ag Ay [—As 2Pa, | Ay " A Ag Ag
Ag A As A A; [ Ads 2#0a, Ay A, A, Ay Aq
Ay Ay Ay Ay Ay —Ads npa,— Ay Ay Ay Aqy Ay
Ay Ay Ay Ay Ay —&07 2Hge——| ©OE OE OE OE OEV e
A A Az Az A, [—A:de 2P A Ay Ay Ay A Ay
Ay Aq Ay Aq Ay A 20pg— | CE/PFGM| CE CE | CE/PGM | CE/PGM
Ag Ay Ag Ao Ay A wpo, [+ [+ 0, [+ M 0,
Q, Oy O Oy Oy [—Celn 18 10, Qg 0% 0, 0. Oy
o, o, O o O 9%dn 17 o, [«B 05 0O; 05 O
0 0, 0, Ty 0 —9%0du ®po, 0, 0, o, 0, 0,
GND GND GND GND GND  |-GNeC] 14 R, Oy 0, Oy 0, 0,
NOTE: 8 Compalibte EFROM pin configurations are shawn in the blacks adiacent to the WS27CE4L pins.
PIN NAMES LCC PIN CONFIGURATION
Ag-Ayz Addresses L A
CE Chip Enable e
OE Qutput Enable ';1 Q Rt
3 1A
Op-07 Outputs 3 Ve
13 ]0;
PGM Program T3 2112},
e SRR EALRLE
XX Don't Care {During Read) o’"ﬂ T NOTE: Leadiess or
SEEITE | aded, Plastc or
TOP Coramic Package

{3
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WS27C64L

PROGRAMMING INFORMATION
DC CHARACTERISTICS (T, = 25 + 5°C, Voo = 58V + 025V, Vpp = 1275 + 0.25V)

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current
{(Vin = Veo of Gnd) h 10 10 BA
Vep Supply Current During
Programming Pulse (GE, PGM = Vi) Iep 60 mA
Voo Supply Current, See lees lec 40 mA
Input Low Level VL ~01 08 i
Input High Level Vin 20 Voo +03 i
Output Low Voltage During Verify
loL = 2.1 mA) VoL 04 v
Gutput High Voltage During Verify
(o = ~400 iA) Vou 35 v

NOTES: 8 V¢p must be applied eithar coincidentally or before Ve and removed either coincidentally or after Vg,
10. Vpp must not be greater than 14 volts including overshoot. During TE, PGM = ¥, Vpe must not be switched from 5 volis to
1275 vallg or vice-versa.
11. Durning power up the PG pin must be brought high {2V} gither coincident with or befare power is applisd to Vep.

AC CHARACTERISTICS (T, = 25 + 5°C, Viog = 58V & 0.25V, Vpp = 12.75 + 0.25V)

PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time tas 2 us
Chip Enable Setup Time tees 2 us
Qutput Enable Setup Time toes 2 us
Data Setup Time tos 2 us
Address Hold Time tan 0 ps
Data Hold Time ton 2 ps
Chip Disable to Cutput Float Delay tpr 0 130 ns
Data Valid From Output Enabie tor 130 ns
Vpp Setup Time tyg 2 us
PGM Pulse Width tow 01 4 ms

PROGRAMMING WAVEFORM

ADDRESSES ! ADDRESS STABLE K
fa- Lpz, - —t{ tag |o—
Fi R HGH Z
DATA ] DATA IN STABLE >—< AT p—
- R RN [ toe = - lor [
Vw
y
Ven ;
¥,
€ po— lyyq, —nd
Vi ——,
CE L
¥ie
[ toes ™
L PA——
PGM v
"
o P loes "1

Uisr

313



Ws27C64L

PROGRAMMING/ERASURE/PROGRAMMERS

Refer to Section 5.

ORDERING INFORMATION

QPERATING Wwsli
PART NUMBER s'(’:;” PA,I‘?\'((::E ;‘:‘iﬁﬁg RANGE MANUFACTURING

TEMPERATURE | Vg PROCEDURE
WS27C64L-90D45 a0 28 Pin CERDIP, 0.6" D2 Comm'l +5040 Standard
WS27C84L-12D 120 28 Pin CERDIP, 06" D2 Comm'l +10% Standard
WS27C64L-12DI 120 28 Pin CERDIF, 08" D2 Industrial +10%% Standard
WS27C64L-12DMB 120 28 Pin CERDIP, 08~ D2 Military +10% MIL-STD-883C
WSs2rCedL-124 120 32 Pin PLDCC Ja Camm’l +10% Standard
WS27C64L-12P 120 28 Pin Plastic DIF, 06" P3 Comnl +10% Standard
WS27C64L-12T 120 | 28 Pin CERDIP, 0.37 T2 Comm'l +10% Standard
WS27C64L-15D 150 28 Pin CERDIF, 06" D2 Comm'l +10% Standard
WS27C64L-15DMB 180 28 Pin CERDIF, 08" b2 Military +10% MIL-STD-883C
WS27C64L-15 150 32 Pin PLDCC J4 Comm’l +10% Standard
WS27Ce4L-200 200 28 Pin CERDIF, 08~ D2 Comm’l +10% Standard
WS27C64L-200MB 200 28 Pin CERDIF. 08" D2 Military +10% MIL-STD-8830C
WS27C64L-20J 200 | 32 Pin PLDCC Ja Comm'l +10% Standard
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F ¥4 §.= £ WS57C64F

WAFERSCALE INTEGRATION, INC.

HIGH SPEED 8K x 8 CMOS EPROM

KEY FEATURES
s Fast Access Time * EPI Processing
— 55 ns — Latch-Up Immunity Up to 200 mA
* Low Power Consumption + Standard EPROM Pinout
¢+ DESC SMD No. 85102 * Bipolar Speeds

GENERAL DESCRIPTION

The WS57CE4F 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 reguire 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 contrallers, and industrial controllers.

The WS57CE4F is configured in the standard EPROM pinout which provides an easy upgrade path to higher
density EPROMSs.

MODE SELECTION PIN CONFIGURATION
TOP VIEW
pns| [ | = i
PGH | TE | BE | Vep | Voo | OUTPUTS Chip Carrier CERDIP
MODE
Read X | v | v lsov|sov] b
s | Vi ouT . vorth 22 hve
utput . . A2 2 LI PGH
Disable X | X[ Vim0V S0V Highz 8,118 1 28018, a3 26 INC
- As[Tl6 — 2872] A A 25 [1A
Standby X [ vin]| X |50v]50v| High2 ol i \ wias s 26 1 A
i . D Ayllle 2611 NC A s 231 An
Programming | Vi | ¥iL | Vin | Ver | 58V N n: e Tl e sy Ozz Hor
Frogram Ao 247 1A a s 21 Ay
Verify Vin | VL | Viut Ve | S8V Dour AL 23t ]gE  Ae nfitE
- NC|.l12 ~— 2207]0; SnE o wLo;
rog X [ vig| X | Vee | 50v] Highz o113 nilo a1 180
Inhibit H i '9 ' 1415 16 171819 20 ¢ Gy E 12 1710,
cITATTTI TN 0013 16]04
X ocan be ¥y or Vi, 0,0; |NC 040,60, GND [ 14 15 ] 0,
GND
PRODUCT SELECTION GUIDE
PARAMETER WS57C64F-55 WS57CE4F-70
Address Access Time {Max) 55ns 70ns
Chip Select Time {Max} 55ns 70ns
Qutput Enable Time {Max) 20ns 25ns




WS57C64F

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature ... ... ...... —65° to +150°C
Voltage on Any Pin with

Respectto GND ................ -06V o +7V
Vep with Respect to GND . ... ... .. -08Y to +14V
ESD Protection . ... .......... ... .. >2000V

OPERATING RANGE

RANGE | TEMPERATURE Vee
Comm’l 0° to +70°C +5V + 500
Industrial —40° to +85°C +5Y + 10%%
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 cperation of the device at these or
any other conditions above those indicated in the opera-
tiohal sections of this specification is not impiied.
Exposure to absolute maximumm rating conditions for
extended periods of time may affect device reliability.

DC READ CHARACTERISTICS Over Operating Range with Vpp = Ve

SYMBOL PARAMETER TEST CONDITIONS MIN MAX | UNITS
VaL Dutput Low Voltage lg = 16 mA 0.4 v
Vou Output High Voltage loy = ~4 mA 24 v
Iy Vee Standby Current (CMOS) CE =Vgo + 03V (Notes 1 & 3} 500 uA
lsgs Voo Standby Current (TTL) CE =V iy (Notes 2 & 3) 15 mA
lecy Ve Active Current (CMOS) Notes 1 and 4 |-omm"! 20 mA

Military 30
lccz Voo Active Current {TTL} Notes 2 and 4 I\CA'I?ITaTyl z: mA
lep Vpe Supply Current Vep = Vo 100 nA
Vep Vpe Read Voltage Voo — 04 Voo v
L input Load Current Viy = 55V or Gnd -10 10 pA
fo Cutput Leakage Current Vour = 55V or Gng -10 10 1A

NOTES: 1. CMOS inputs: GND + 03V or Voo + 03V
2. TTL inputs: ¥y € 08V, Vi = 200

3. Add 1 mA/MHz for A.C. power component.
4. Add 3 mA/MHz for AC. power component.

AC READ CHARACTERISTICS Over Operating Range with Vpp = Vee.

PARAMETER SYMBOL WS87C64F.55 WS87C64FT0 UNITS
MIN MAX MIN MAX
Address to Qutput Delay tace 55 70
CE te Output Delay toe 55 70
OE te Ouiput Delay toe 20 25 ns
Output Disable to Output Float tor 20 25
Address to Qutput Hold toH 10 10

s
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WS57CE4F

AC READ TIMING DIAGRAM

ADDRESSES X VALID Y
€ tace urs toy  [—
CE Yaum
[ fpg —— 0|
— ™ —
OE A
e [
OUTPUTS <& v | P>>—
1 o I"‘_-
CAPACITANCE® T, = 25°C, f = 1 MHz
SYMBOL PARAMETER CONDITIONS TYP® MAX UNITS
Cin Input Capacitance Vi = OV 4 8 oF
Cout Cutput Capacitance Vour = OV 8 12 pF
Cyrp Vpp Capacitance Vpp = OV 18 25 pF
NOTES: 5. This parameter is only sampled and is not 100% tested.
6. Typical values are for T, = 25°C and naminal supply vollages.
TEST LOAD (High Impedance Test Systems) TIMING LEVELS
9861 Input Levels: 0 and 3V
2.04V Reference Levels: 0.8 and 2.0V
D.UT. 0pF
{(INCLIIDING SCOPE
I AND JIG
=L CAPACITANCE}

sy
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WS57C64F

PROGRAMMING INFORMATION
DC CHARACTERISTICS (T, = 25 + 5°C, Voo = 55V t 5%, Vpp = 135 + 05V}

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current
(Vg = Voo O Gnd) i -10 10 nA
Vpp Supply Current During
Programming Pulse (CE = PGM = V) lpe 60 mA
Vcc Supply Current |cc 25 mA
Input Low Levei Vi -0 08 v
Input High Level ViH 20 Voo +0.3 W
Qutput Low Voltage During Verify
(o = 16 mA) VoL 045 v
Qutput High Voltage During Verify
(o = —4 ma) Vou 24 v

NOTES: 7. V- must be applied either coincidentally or betore Vpp and remaoved either coincidentally or after Vpp.
8. Vpp must not be greater than 14 volts including overshoot, Dunng CE = PGM = Wy, Ve must not be swilchsed from 5 volts
1o 135 volts or vice-verss,
4. During powst up the PGM pin must ba brought high {2Y,4) sither coincidant with or before power 13 apphed to Vep.

AC CHARACTERISTICS (T, = 25 £ 5°C, Voo = 55V + 5%, Vpp = 135 & 05V)

PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time tas 2 us
Chip Enable Setup Time fees 2 us
Output Enable Setup Time toes 2 753
Data Setup Time tos 2 [T
Address Hold Time tan 0 us
Data Hold Time ton 2 1s
Chip Disable to Quiput Float Delay tor 0 130 ns
Data Valid From Qutput Enable top 130 ns
Vpp Setup Time tyg 2 113
PGM Pulse Width tpw 1 a 10 ms

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

PROGRAMMING WAVEFORM

ABDRESSES X ADDRESS STABLE 'K
o by -and _"i tan
I | —
DATA _._..-_i DATA IN STARLE | HIGH Z Dﬂ':t lel.lT 5
-
%= Los ot toa —0e Lot 1y or |

¥er

Vir Vcc—/

[ Lyg —
Wity ey
CE L
Vo
[ toes ™

g

lowy 4 loes -’I

, =
/777



WS57C64F

PROGRAMMING/ERASURE/PROGRAMMERS

Refer to Section 5.

ORDERING INFORMATION

OPERATING WS
PART NUMBER S:’::D PA.?",‘F‘?:E Eﬁiﬁﬁg TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS57C64F-55D 56 | 28 Pin CERDIE 06~ D2 Comm| Standard
WS57CB4F-70CMB 70 | 32 Pad cLLCG co Military MIL-STD-883C
WS57C64F.70D 70 | 28 Pin CERDIP, 05" D2 Comml Standard
WS57C64F70Dl 70 | 28 Pin CERDIP. 06" D2 Industrial Standard
WS57C64F70DMB | 70 | 28 Pin CERDIF, 06" D2 Military MIL-STD-883C
WS57GEAF-704 70 | 32 Pin PLDCC i Comml Standard

/g
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ES S = WS57C65

WAFERSCALE INTEGRATION, INC.

HIGH SPEED 4K x 16 WORDWIDE CMOS EPROM
KEY FEATURES
* Fast Access Time s 2 to 1 Package Reduction
— 55 ns
+ Low Power Consumption * 30%+ Space Savings

+ Ideal for 16/32 Bit Processors * Single Chip Solution
~— TMS320, 68000, 80386, etc. + Compatible with JEDEC pinout

GENERAL DESCRIPTION

The WS57C65 is a High Performance EPROM 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
WSE57C65 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 MCE8000 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 & minimum
30% savings in board space.

The pin configuration utilized is upward compatible with the JEDEG standard pinout for word wide EPROMs. 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| == | 5E 1 a0 ¥
MODE CE | OE | Vpp | Voo | OUTPUTS , 8 a%
3 380 NG
Read Vi [ Vi [Vec | Vec| Dour A £ 4 arpbNe
Cutput Disable | X |Vin |Vee | Voo | High Z 0, b7 iy 2 Jree 403 5 aa:ng
Standby Vit | X Voo | Ver | High Z Ony s - 5 SN
O 7 34 NE
Program Vie | Vin | Vep | Ve | Din 0,5 B apa,
Program Verify [ X [ vie | Vee [ Vee| Dour Opn fn O;‘;‘ g :;"
Program Inhibit| Vig | Vit | Ver | Voo | High Z Shee " a0f1 anD
E Op 12 2001 Ay
Signature” Ve | VL [ Ve | Ve thc:ded 05" 13 28D 4,
0557216 30077 1 A
X can be either ¥y o V. 0, ::]1‘31? 202122232425 26 27 28" :: i:g :s
*For Signature, A, = 12V, Aq is toggled, and all other addresses W 28 1 24h A,
TOP u! a:,

PRODUCT SELECTION GUIDE

PARAMETER W357C65-55 WS57C65-70
Address Access Time 55 ns 70 ns
Chip Select Time 55 ns 70 ns
QOutput Enable Time 25 ns 30 ns
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WS57C65

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'| 0° to +70°C +5Y ¢ 5%
{ndustrial —-40° to +85°C +5V + 10%

*Notice: Stresses above those listed here may cause
permangnt 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
Voo Gutput Low Voltage oL = 8 mA 04 vV
Vo Cutput High Veltage loy = -2 mA 24 v
g1 Ve Standby Current (CMOS) Notes 1 and 3 500 WA
lsgs V. Standby Current (TTL} Notes 2 and 3 20 mA
leg Active Current {CMOS) T?;:g 4 ;i(:::r;! j: mA
leca Ve Active Current (TTL) g";tf‘g s mlt";':;' :: ma
Ipp Vpp Supply Current Vep = Voo 100 nA
Vep Vpp Read Voltage Voo - 04 Vee vV
I input Load Current Vi = 5.5V or Gnd -10 10 nA
Lo Cutput Leakage Current Vour = 55V or Gng ~10 10 HA

NOTES: 1. CMOS inputs: GND' + 0.3V or YV + 03V
2. TTL mputs: V) < 08V, Viy = 20V

3. Add 1 mAMHz for AC. power companent.
4. Add 3 mA/MHZ for A C. power component

AC READ CHARACTERISTICS Over Operating Range. (See Above)

PARAMETER SYMBOL WS5TC85 55 WE§7Ce5 70 UNITS
MIN MAX MIN MAX
Address to Qutput Delay tace 55 70
CE 1o Output Delay toe 55 70
OF 1o Output Detay toe 25 30 ns
Output Disable to Qutput Float tor 25 30
Address to Output Hold ton 0 0

322
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WS57C65

AC READ TIMING DIAGRAM

ADDRESSES ot vaLID _"}(

B - b % e
TF —————, —
g —M=|
o ] e =
E ox ,r/
OUTPUTS ({{ wue | y>—
— o,
CAPACITANCE®S} T, = 25°C. f = 1 MHz
SYMBOL PARAMETER CONDITIONS TYP® MAX UNITS
Cin Input Capacitance Viy = OV 4 6 pF
Cour Qutput Capacitance Vour = W 8 12 pF
Cvpp Vep Capacitance Vpp = OV 18 25 pF
NOTES: 5 This parameter i1s only sampled and is not 100% lestad.
8. Tymcal values are for T, = 25°C and nominal supply voltages.
TEST LOAD (High Impedance Test Systams) TIMING LEVELS
600 Input Levels: 0 and 3V
20 Reference Levels: 0.8 and 2.0V
oA a0 pF
{INCLUDING SCOPE
I AND JIG
= CAPACITANCE)
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W357C65

PROGRAMMING INFORMATION
DC CHARACTERISTICS (T, = 25 + 5°C, Voo = 55V + 5%, Vpp = 135 2 05V)

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current
(Vi = Ve of Gnd) i -10 10 nA
Vpe Supply Current During
Programming Pulse (CE = PGM = V,,) lpe =0 mA
Vee Supply Current {Note 4) lee 35 mA
Input Low Level Wi -0.1 08 v
Input High Level ViR 2.0 Voo +0.3 \i
Qutput Low Voltage During Verify
(o, = 8 MA) VoL 045 v
Output High Voltage During Verify
(loy = —2 mA) Vou 24 v

MOTES: 7 VYo must be applied either coincidentally or bafore Wepe and removed sither coincidentally or after Vpp,
8. Vpp must not be greater than 14 volts including overshoot During CE = PGM = V|, Vpr must not be switched from § volts
ta 135 volts or vice-versa
9. During power up the PGM pin must be brought high (V) aither caincident with or before power 18 applied 10 Vep.

AC CHARACTERISTICS (T, = 25 1 5°C, Vo = 55V + 5%, Vep = 135 + 05V)

PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time tas 2 us
Chip Enable Setup Time toes 2 us
Qutput Enable Setup Time toes 2 us
Data Setup Time tog 2 us
Address Hold Time tam 0 ns
Data Hold Time ton 2 us
Chip Disable to Gutput Float Delay tor 0 130 ns
Data Valid From Quiput Enable toe 130 ns
Vpp Setup Time tyg 2 us
PGM Pulss Width tow 1 3 10 ms

MNOTE: Single shot pragramming algonthms should use a single 10 ms pulse.

PROGRAMMING WAVEFORM

ADDHESSES x ADDRESS STABLE ‘K
- Loy -aed —“I tay [—
Fi 1 HIGH 2 OATA OUT
patn —— DATA iN STABLE | i S—
o Lo e -ty —o=] = 1 g p—
¥er 7
Vop 7
Yee P
V&
VIH
CE \
VFL
[* loes ™
Vi —— |
PGM
VH.
by [ toes "‘I

Wil
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WS57C65

PROGRAMMING/ERASURE/PROGRAMMERS

Refer to Section 5.

ORDERING INFORMATION

OPERATING )
PART NUmMBER | SPEED PA.I‘?",(;EGE g‘;iﬂﬁg TEMPERATURE | MANUFACTURING
{ns) RANGE PROCEDURE
WS57C65-55C 55 | 44 Pad CLLGC c3 Comnl Standard
WS57C65-550 55 | 40 Pin CERDIP, 06 03 Comm'l Standard
WS57C65-70D 70 | 40 Pin CERDIP, 06" 03 Comm(l Standard

iy
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WAFERSCALE INTEGRATION, INC.

128K EPROM SELECTION GUIDE

ARCHITECTURE
16K x & u WS27C128F
16K x B WS2rC12aL I
16K x 8 | WSS7C126F |
1 JL 1 ] 1 | 1 | 1 | i | 1 1 H 1 1

5 ° 80 70 80 90 100 0 120 130 140 150 160 170 180 190 200

ACCESS TIME (ns)
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=E S E WS27C128F

WAFERSCALE INTEGRATION, INC.

MILITARY 16K x 8 CMOS EPROM

KEY FEATURES
* Fast Access Time * EPI Processing
— 890 ng (Military) — Latch-Up Immunity Up te 200 mA
* Low Power Consumption » Standard EPROM Pinout
» DESC SMD No. 5962-87661 ¢ Industriat/Military Operating Range

GENERAL DESCRIPTION

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

The WS27C128F was specifically designed to replace standard EPROMSs in industrial and military environments. No
hardware or scliware changes are reguired 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 hit WS27C256F.

MODE SELECTION PIN CONFIGURATION
PINS| — | — TOP VIEW
MODE CE |QE | Vpp | Voo | OUTPUTS
Chip Carrier CERDIP
Read Vi | Vi | Vec | Vec | Dour
Output Disable | X |V [Vee | Vec [ High 2 Vel 28 Pl vee
; A2 27 JPGM
Standby Vin | X |Vec | Voo | High Z Pt O A
Program ViL | Vin | Ve | Voo | Din ::E; i: %:‘;
Program Verify X Vi | Vee | Voo | Dowr :;Eg g: %%
Program Inhibit{ Viy | Vin | Vee | Ve | High 2 AGH 210 Ay
Ae 20 OGE
Signature* Vie IV | Vee | Vee g:f;de{j SGE ‘::' :: %g:l
'] i)
’ 0,2 17 HO,
X can be sither ¥V, or Vg ! 5
“For Signature, A9|L= 12\|."’-,' Ay is toggled, and all other addresses : GNOI;E :: :: %g‘
are at TTL low: A = V). = MFGR 23H, Ay = ¥y = DEVICE ASH. 0,0, [NC 00,0, a
GND
PRODUCT SELECTION GUIDE
PARAMETER WS27C128F-90
Address Access Time (Max) 90 ns
Chip Select Time (Max) 90 ns
Output Enable Time (Max) 30 ns
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We27C128F

ABSOLUTE MAXIMUM RATINGS

Siorage Temperature . . . .... . ..... -65° to +150°C
Voltage on Any Pin with

Respectto GND.............. ... -06Y to +7V
Vep with respect to GND .. .. ..., ,. -06Y to +14V
ESD Protection. . ... ... .............. >2000V

OPERATING RANGE

RANGE TEMPERATURE Voo

Military —55°C 1o +125°C | +5V + 10%

*Notlce: 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 absclute maximum rating conditions for
extended periods of time may affect device reliability,

DC READ CHARACTERISTICS Over Qperating Range with Vpp = Vge.

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
VoL Qutput Low Voltage loo = 4 mA 04 v
Von Cutput High Voltage loh = -1 mA 24 v
Isg1 Vce Standby Current (CMOS) Note 1 200 uA
lgpo Voo Standby Current (TTL) Note 2 10 mA
lce Voo Active Current (CMOS) Notes 1 and 3 25 mA
loea Ve Active Current (TTL) MNotes 2 and 3 35 ma,
lpp Vep Supply Current Vep = Vg 100 uA
Ver Vpp Read Voltage Voo — 04 Ve vV
I Input Load Current Viy = 55Y or Gnd -10 10 pA
Lo Qutput Leakage Current Vour = 55V or Gnd =10 10 uh

NOTES: 1. CMOS inputs: GND £+ O3V of Ve £ 03V 3 Add 3 mAMHzZ for AC, power component,
2, TTL inputs: V. < 08V, ¥y > 20¥
AC READ CHARACTERISTICS Over Operating Range with Vpp = V.
WS27C128F-90
PARAMETER SYMBOL UNITS
MIN MAX

Address to Qutput Delay tace 20

CE to Output Delay tee 90

OE to Qutput Delay toe 30 ns

Output Disable to Cuiput Float tor 30

Address to Output Hold tom 0

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

i




Ws27C128F

AC READ TIMING DIAGRAM

ADDRESSES % VALID ‘§<
- tacc | N - -
fo—"tee ——]
5E — |t lt—
OUTPUTS & vl
—] oty

CAPACITANCE® 1, = 25°C, f = 1 MHz

SYMBOL PARAMETER CONDITIONS TYP®S MAX UNITS
Cin Input Capacitance Vi = OV 4 5] pF
Cout Output Capacitance Vour = OV 8 12 pF
Cupp Vpp Capacitance Vpp = OV 18 25 pF

NOTES: 4, This parameter 1s only sarmpled and 15 not 100% tested.
3. Typical values are for T, = 25°C and nominal supply voltages

TEST LOAD (High Impedance Test Systems) TIMING LEVELS

3200 Input Levels: .45 and 2.4V

My
29 Refarence Levels: .8 ang 2.0V
DAT. 100

(NCLUDING SCOPE

pF
AND JIG
—— CAPACITANCE)

WS
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Ws27C128F

PROGRAMMING INFORMATION

DC CHARACTERISTICS (T, = 25 + 5°C, Voc = B5V + 5%, Vpp = 125 + 05V)

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current
(¥in = Vee or Gnd) b -10 10 hA
Vpp Supply Current During | ap mA
Programming Pulse (CE = PGM = Vy) PP
Voo Supply Current lee 50 mA
Input Low Lavel ViL -1 08 W
Input High Level Vin 20 Ve +03 v
Qutput Low Voltage During Verify
(oL = 4 MA) You 045 \
Output High Voltage During Verify
o = 1 mA) Vou 24 v

NOTES: 6 Vg must be applied enher caincidemally or before Vpp and removed sither coincidentally or afler Vep.

7. VWpp must riot be greater than 14 volis including avershoot. During CE = PGM

to 125 volls or vige-versa.

= V). Vpp must not be swiichad from 5 volts

8. During power up the PG/ pin must be brought high {2¥y} either coincident with or before power is applied 10 Vpp.

AC CHARACTERISTICS (T, = 25 £ 5°C, Voo = 55V 1 5%, Vpp = 125 1 05V}

FPARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time tag 2 ns
Chip Enable Setup Time foes 2 us
Cutput Enable Setup Time toes 2 us
Data Setup Tima g 2 us
Addrass Hold Time tan 0 us
Data Hold Time ton 2 ns
Chip Disable to Output Float Delay toF 0 130 ns
Data Valid From Output Enable tor 130¢ ns
Vpp Setup Time tyg 2 TR
PGM Pulse Width {Ncte 9) tew 1 5 ms
NQTE: 9. For singte pulse programming algorithms, use one 10 ms pulse,
PROGRAMMING WAVEFORM
ADDRESSES ADDRESS STABLE 'K
P -+ A —
DATA —(A DATA IN STABLE *}&4 DATA GuY .E—
=+ tog = b Tan b+ toe = ] tor [+—
Vep Y jl
Vee [ tys o=
Viw
CE v \
S
— Vi ey
PGM v
“ tew [ toes "‘l
L N 7

it




WS27C128F

PROGRAMMING/ERASURE/PROGRAMMERS

Refer to Section 5.

ORDERING INFORMATION

OPERATING wsl
PART NUMBER S;f;" P A%',‘:SE gﬁi’;ﬁﬁg TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS27C128F-90CMB | 90 | 32 Pad CLLGC co Military MIL-STD-883C
WS27C128F-90DMB | 90 | 28 Pin CERDIP 06" D2 Military MIL-STD-883C

g
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1 77~ WS27C128L

WAFERSCALE INTEGRATION, INC.

16K x 8 CMOS EPROM
KEY FEATURES

* High Performance CMOS + 300 Mil Dip or Standard 600 Mil Dip

— 90 ns Access Time .
¢ EPl Processing

* Fast Programming — Latch-Up Immunity to 200 mA
s Drop-In Replacement for 27C128 or 27128 — ESD Protection Exceeds 2000V
* DESC SMD No. 5962-87661 * Standard JEDEC EPROM Pinout

GENERAL DESCRIPTION

The WS27C128L is a HIGH PERFORMANGE 128K 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 W327C128L can directly replace any 16K x 8 EPROM which conforms to the JEDEG standard. Examples of
this would be as follows: 27128 or 27C128. It can be easily programmed using standard EPROM programmetrs or
the MagicPro™ IBM PC compatible engineering programmer offered by WSH.

The WS27C128L 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 1o take advantage of
a 50% reduction in required board space.

The WS27C128L provides microprocessor-based systems storage capacily for pottions 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, 16-MHz 68020, or 12-MHz 80386. The WS27C128L 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 WS27C128L is configured in the standard EPROM pinout which provides an easy upgrade path far systems which
are currently using standard EPROMs.

The WS27C128L is ane member of a high density EPROM Family which ranges in density from 64K to 4 Megabit.

PRODUCT SELECTION GUIDE

PARAMETER 27C128L-90 27C128L-12 27C128L-15 27C128L-20
Address Access Time (Max) 90 ns 120 ns 150 ns 200 ns
Chip Select Time {Max)} 90 ns 120 ns 150 ns 200 ns
Output Enable Time {Max) 30 ns 35ns 40 ns 40 ns
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WS27C128L

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature ~65°C to +150°C
Voltages on Any Pin with

*Notice: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to
the device. This is a stress rating only and functional

Respact to Ground . ... ......... —DEV to +7V operation of the device at these or any other conditions
Vpp with Respect to Ground .. .. ... —08V to +14V above those indicated in the operational sections of this
Ve Supply Voltage with specification is not implied. Exposure to absolute

Respect to Ground ... ........... —36V o +7V maximum rafing conditions for extended periods of time
ESD Protection . ...................... > 2000V may affect device reliability.

OPERATING RANGE
RANGE TEMPERATURE Vee TOLERANCE

Commercial 0°C to +70°C +5V +5% or +£10%

Industrial —40°C to +85°C +5V +10%

Military -65°C to +125°C +5V +10%

DC READ CHARACTERISTICS Over Operating Range with Vpp = Ve
SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
' Input Low Level =05 08 v
Vin Input High Level 20 Voo + 1 v
Vol QOutput Low Voitage lor = 21 mA 04 v
Vou Output High Voltage loy = —400 pA 35 Vv
Isat® | Veoe Standby Current (CMOS) | CE = Vpe + 03V 100 na
[ Voo Standby Current CE = Viy 1 ma
o™ " | Vec Active Current CE - OF = v, ooz 20 mA
o oo Ive Lurren = = V)L F - aMHz 50
Ipp Vep Supply Current Vpp = Voo 100 uA
Vep Vep Read Voltage Yoo —~04 Vee v
I Input Load Current Viy = 55V or Gnd -1 1 uA
o Output Leakage Current Vout = 55V or Gnd -10 10 [Tr:s
AC READ CHARACTERISTICS Over Operating Range with Vep = Vec.
27C128L- 27C128L-12 27C128L-15 27C128L-2
SYMBOL PARAMETER 8190 8 9 UNITS
MIN MAX | MIN MAX | MIN | MAX | MIN MAX
Address to Output
tace Delay 80 120 150 200
tre CE to Qutput Deiay %0 120 150 200
toe OE to Qutput Delay 30 35 40 40
Qutput Disable to ns
(2)
for Qutput Float 30 3 40 40
Output Hold Frem
Addresses, CE or
(2 i, '
ton BOE, Whichever 0 0 0 0
Qccurred First
NOTES:

1. The supply current is the sum of |5o and lpp. The maximum current valus is with Cutputs O lo Oy unloaded.
2. This parameter is only sampled and is not 10004 tested. Output Float is defined as the point where data is no longer driven—ses timing diagram.
3. CMOS mputs: V), = GND 3 03V, Wiy = Ve £ 03V,

s

3-36



Wws27C128L

A.C. WAVEFORMS

" )L ADDRESS JK
ADDRESSES
VALID
v N _7
L8
Vin
/
'N —/
tce{ﬂl -
Viu
OE
Vi L 1
o™ —
Eaa—— Yoo — ™ e
Vin
QUTPUT Heh ///// VALID OUTPUT >&
N ANAANN
CAPACITANCE™® T, = 25°C, 1 = 1 MHz
SYMBOL PARAMETER CONDITIONS TYPS MAX UNITS
Cin Input Capacitance Viy = OV 4 6 pF
CouT Output Capacitance Vour = OV 8 12 pF
Cvpp Vep Capacitance Vpp = OV i8 25 pF
MNOTES:
4, This parameter is only sampled and 1s not 100% tested.
5. Typleal values are for T, = 25°C and nominal supply voltages.
6. OF may be delayed up to tpg-tog after the falling edge of TF without impact on tce.
A.C. TESTING INPUT/OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
2.0
2.4
20 20
X ; TEST POINTS < X % 8204
0.8 [T} DEVICE
03 UNDER
TEST
_l__ C_ = 100 pF
A, testing inputs are driven al 2.4V for a Logic 1" and
04V for a Logic “0" Timing measurements are made at 2.0 . )
for a Logle *“1” and 0.8V for a Logic "0." C includes .Jig Capacitance

sy



WS27C128L

MODE SELECTION
The modes of operation of the WS27C128L are listed in Table 1. A single 5V power supply is required in the read mode.

Table 1. Modes Selection

PINS PGM CE OE Vep Veo OUTPUTS

MODE

Read X Vi Vi 50V 50V Doyt
QOutput Disable X X Vin 50V 5.0V High Z
Standby X WVin X 5.0V 50V High 2
Programming Vi Ve Viy Vep 58V Dy
Program Verify Vi Vi Vi Vep 58V Doyt
Program Inhibit X Vin X Vep 5.0V High Z

NOTES:

7. X can be Vi ar V..

DIP PIN CONFIGURATIONS

8 Mbit ; 4 Mbit | 2 Mbit | 27C0W0L | 27C512L 2TCS12L | 27C010L | 2 Mk 4 Mbit 9 Mbit
Aw | XAV | XAVpp | XXVRe Voo Vee Veo Veo
A Agg L A ws27C126L XX/PGHM [XX/PGM | Ay A
Ags Ais Asg Ags Ais Ve Oy 200 Vee =™ Voo XX Ay Ay Ay
A A Az Ay Ay ApOe ZAOME-T Ay Ay A Ay Ayg
A; Az Az Ay A; A3 AT | Ap Ayq Ay A Aqy
Ag Ag Ag Ag LT ol M = Y A, — Ay Ag Ay Ag Ay
As Ag As Ag Ay |- Ast]s 2408, — | A, Ay Ag A, Ay
A, Ay A, Ay Ay Ade #PRA—] Ay Ay Ay, Ay Ay
Ay Ag A, Ag Ay a0y 22 APE—] OE/NVpp OE 0OE 0E OE/Vep
A, Az Ay A, Ay —aA:dy AP A Ay A Ay Ao Ay
Ay Ay Ay Ay Ay [ Ade 20 gg——| CE/PGM| TCE CE | CE/PGH | CE/PGH
Ag Ay Ap Ay Ay A wvspo, —| O, [» 0, [+ Oy
Qy Oy Og O Oy %On wpho, —1 O Qg 0y (18 Op
0y o &y 0, o, %oz 7RO, | 05 o 0 O 05
Q; 0, Q, 0, O, —0; 43 RO, — Oy Q, o, 0, 0,

GNep | GND | GND | GD | GND  |anod sho,~— 0 O 0y 0, 0,

NOTE: & Compatible EPROM pin configurations are shown in the blocks adjacent o 1he WS27C128L pins.

PIN NAMES LCC PIN CONFIGURATION

Ag-Aqa Addresses -

CE Chip Enable e

OE Output Enable ps

Op-05 Outputs & :2\_'50

PGM Program ‘ S

XX Oon't Care (During Read) NOTE: Leadless or
Leaded, Plastic or
Ceramic Package

sy
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WS27C128L

PROGRAMMING INFORMATION

DC CHARACTERISTICS (T, = 25 & 5°C, Vgo = 58V # 0.25V, Vpp = 1275 & 0.25V)
PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current
(V|N = VCC ar Gnd) IU -10 1a nA
Vep Supply Current Duting I 60 mA
Programming Pulse (CE, PGM = V) PP
Veg Supply Current leg 40 mA
Input Low Level Vi -04 08 v
Input High Level Viy 20 Voo +03 v
Output Low Voltage During Verify
{loy = 2.1 mA) Vo 04 M
Output High Voitage During Verify
“OH = =400 !.I.A) VOH 35 M
NQOTES: 9. Ve must be applied ether comcidentally or before Vg and removed either coincidentally or after Vep.

10. Vpp must not be graater than 14 volls ncluding overshoot. During TE, PGM = V), Vep must not be switched from 5 volts to

12.75 voits or vice-versa.

11, Dunng power up the PGM pin must be brought high (V) either concident with or before power 13 applied to Vep.

AC CHARAGTERISTICS (T, = 25 & 5°C, Voo = 58V & 0.25V, Vpp = 1275 1 0.25V)

PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Sefup Time tas 2 [TES
Chip Enable Setup Time tees 2 [T
Qutput Enable Setup Time toes 2 us
Data Setup Time tog 2 us
Address Hold Time tan Q [TE]
Data Hold Time toH 2 us
Chip Disable to Output Float Delay tor 0 130 ns
Data Valid From Qutput Enable tog 130 ns
Vep Setup Time tys 2 us
PGM Pulse Width tew 0.1 4 ms
PROGRAMMING WAVEFORM
ADDRESSES _X_ ADDRESS STABLE x
- tas = j Tan [+
DATA _( DATA IN STABLE }L{ il h——
pl— Loyp = Loy —a= b Log -1 toe —
Vep , z r“
L
Vee _/-O— by ==
W
CE " —_\
Vi I\
[ lexs
Vi ey
FGu
vll.
H f— toes ‘-'I
Y Y
o Vi :f\‘__/

/175

F
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Ws27C128L

PROGRAMMING/ERASURE/PROGRAMMERS

Refer to Section 5.

ORDERING INFORMATION

OPERATING wsi
PART NUMBER SPEED PACKAGE PACKAGE RANGE MANUFACTURING
{ns) TYPE DRAWING

TEMPERATURE | Voo | PROCEDURE
WS27C128L-90D45 90 | 28 Pin CERDIF 067 D2 Comny'| 15% Standard
WS27C128L12D 120 28 Pin CERDIP, 06" D2 Comm'l +10% Standard
WS27C128L-120I 120 28 Pin CERDIP, 06" D2 Industrial +100h Standard
WS27C128L120MB 120 28 Pin CERDIF, 06" D2 Military +10% MIL-STD-883C
WS27C128L12) 120 | 32 Pin PLDCC J4 Comm'l +10% Standard
WSZ7C128L-12P 120 | 28 Pin Plastic DIP, 08" P3 Comm'i +10% Standard
WS27C128L12T 120 28 Pin CERDIP, 02" T2 Comm'l +10% Standard
WS27C128L-2Ti 120 28 Pin CERDIP, 0.3" T2 Industrial +10% Standard
WS27C128L-12TMB 120 28 Pin CERDIP, 0.3" T2 Military +10% MIL-STD-883C
WS27C128L-15D 150 28 Pin CERDIP, 0.6” D2 Comm'l +10% Standard
w3s27C128L-15DME 150 28 Pin CERDIP, 06" D2 Military +10% MIL-STD-883C
WS2Z/C128L-15TMB 150 28 Pin CERDIP, 0.3" T2 Military +10% MIL-8TD-883C
WS27C128L-200MB 200 28 Pin CERDIP, 06" D2 Military +10% MIL-STD-883C
WSZ27C128L-20TMB 200 28 Pin CERDIP, D.3" T2 Military +10% MIL-STD-883C
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7 ¥ 4 f WS57C128F

WAFERSCALE INTEGRATION, INC.

HIGH SPEED 16K x 8 CMOS EPROM

KEY FEATURES
+ Fast Access Time ¢ EPl Processing
— 55 ns — Latch-Up Immunity Up to 200 mA
¢+ Low Power Consumption s Standard EPROM Pinout
+ DESC SMD No. 5962-87661 * Bipolar Speeds

GENERAL DESCRIPTION

The WSS7C128F 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 80mA,

Two major features of the WSS7C128F are its Low Powser and High Speed. These features make it an ideal
solution for applications which require fast access times, fow power, and non-volatility. Typical applications
include systems which do not utilize mass storage devices and/or are board space limited. Examptes of these
applications are modems, secure telephones, servo controllers, and industrial controtlers.

The WS57C128F 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
TOP VIEW
PNS ) e | o8 | 8 | vep | Vee |oUTPUTS Chip Carrier CERDiP
MODE
Read X | v | v | sov|sov] Doyr iy
1) Ve ] 28 0 Vee
Output X | X |vin|50v|s0v]| Highz 0 \ Aud2 27 lIPGR
Disable 297 Ay A3 26 [ Ay
Standby X | Viu| x [50v|50v| HignZ 1 P M H
Programming | Vi | Vie | Vim | Vep | 58V Dy e 26 ] NC A8 23 [l Ay
Program :’ - Qa 251 OF A7 Ozz [ O
e 2417 a Asls nfa
Verify Vin 1 Vi | V| Vee | 58V | Dour a1 nile A:Ea wheE
NC [7312 22{7]0, Aq 10 1o,
Program X | vinl X | Vee | 50v | High 2z 0, [112 ado,  o,dn who,
Inkibit 1415 16 171819 20 a2 1700
SRR R o.ds who
X can be Y, or V. G0 [N 0,0, 0, GNI;E " 15 30:
GHND
PRODUCT SELECTION GUIDE
PARAMETER WSS7C128F-55 WSS57C128F-70
Address Access Time (Max} 58ns 70ns
Chip Select Time (Max) 55ns 70ns
Qutput Enable Time {Max} 25ns 25ns
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WS57C128F

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature .. ... ... ...

Voltage on Any Pin with

-B65° to +150°C

Respectto GND ............ . ... ~06V o +7V
Vep with Respactte GND ... ... —-06V 1o +14V
ESDProtection ...............c0vvuin.. >2000V
OPERATING RANGE

RANGE TEMPERATURE Ve

Comm'} ° o +70°C +5V + 5%

Industrial —40° to +85°C +5V + 10%

Military -55° to +125°C +5V + 10%%

*Notice: Stresses above those listed hers 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 pericds of time may affect device reliability.

DC READ CHARACTERISTICS Over Operating Range with Vpp = Ve

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
Voo Outgput Low Voltage lo, = 16 mA 04 v
Von Qutput High Voltage loy = -4 mA 24 v
lspy Vee Standby Current {CMOS) Notes 1 and 3 500 pA
lgp2 Voo Standby Current {TTL) Notes 2 and 3 20 mA
loor Active Current ({CMOS) Notes 1 and 4 |—omm! 25 mA

Military 30
looz Vo Active Current (TTL) Noles 2 and 4 |——omm’ 3 mA
Military 40
lpp Vep Supply Current Ver = Voo 100 nA
Vpp Vpp Read Voliage Voo — 04 Veo v
Iy Input Load Current Vin = 55V or Gnd -10 10 nA
Lo Output Leakage Current Vour = 55V or Gnd =10 10 LA
NOTES: 1. CMOS inputs: GND £ 0.3V or Ve £ 03V, 3. Add 1 mAMHz for AC. power component,
2. TT. inpuls: V) < 08V, ¥y 2 20V 4, Add 3 mA/MHz for A.C. powsr component,
AC READ CHARACTERISTICS Over Operating Range with Vep = Voc.
PARAMETER SYMBOL WS57C128F-35 WS57C128F-70 UNITS
MIN MAX MIN MAX
Address to Output Delay tace 55 70
CE to Output Delay tce 55 70
OE to Output Delay tog 25 25 ns
Qutput Disable to Output Float tor 25 0 25
Address ta Output Hold ton 10 10
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WS57C128F

AC READ TIMING DIAGRAM

ADDRESSES >< VALID ><

. T ™ T
TE — —_—
e tCE i
o e f—
N
QUTPUTS <& vaup
™ o f—

CAPACITANCE® T, = 25°C, t = 1 MHz

SYMBOL PARAMETER CONDITIONS TYP® MAX UNITS
Cin Input Capagitance Viy = 0V 4 6 pF
Cour Output Capacitance Vour = OV 8 12 pF
Cypp Vpe Capacitance Vpp = OV 18 25 pF

NOTES: 5. This paramater is only sampled and is not 100% tesled,
€. Typical values are for Ty = 26°C and neminal supply voltages.

TEST LOAD (High Impedance Test Systems} TIMING LEVELS

a750 Input Levels: 0and 3V

2,01V Reference Levels: 0.8 and 2.0V
O.UT. 30p

F
(INCLUDING BCOPE

| AND JIG
—— CAPACITANCE)

WSy
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WS57C128F

PROGRAMMING INFORMATION
DC CHARACTERISTICS (T, = 25 + 5°C, Voo = 55V + 5%, Vpp = 135 1 05V)

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current
(Vi = Voo or Gd) s -10 10 HA
Ve Supply Current During ) 80 A
Programming Pulse (CE = PGM = V)|) PP m
Vee Supply Current lee 30 mA
Input Low Level Vi -04 08 vV
Input High Leve! Vin 20 Ve +0.3 W
Output Low Voltage During Verify
(oL = 16 mA) VoL 045 Y
Qutput High Voltage During Verify
(on = —4 mA) Vou 24 v

MOTES: 7 Yo must be applied eilher comcldentally or before Vep and ramoved eher_comcidantally or after Vap.
8. Vpp must not be greater than 14 volls meluding overshaot. During CE = PGM = V), Vpp must not be switched from 5 volts
to 13.5 volts or vice-versa,
@, During power up the PGM pin must be brought high (>, eilher coinciden! with or befara power is applied to Ve,

AC CHARACTERISTICS (T, = 25 + 5°C, Voo = 55V 2 5%, Vep = 135 + 05V)

PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time tag 2 1s
Chip Enable Setup Time fces 2 LS
Qutput Enable Sstup Time toes 2 1s
Data Setup Time tos 2 I8
Address Hold Time tan 0 Us
Data Hold Time tou 2 1s
Chip Disable to Output Float Delay tor 0 130 ns
Data Valid From Qutput Enable toE 130 ns
Vep Setup Time tus 2 us
PGM Pulse Width trw 1 3 10 ms

NOTE: Single shot programming algonthms should use a single 10 ms pulse.

PROGRAMMING WAVEFORM

ADORESSES _X ADORESS STABLE
- tag -] -{ tay [—
Fd HIGH 2 DATA QUT %,
patA —— DATA N STABLE }-—-—-—{ Sl S

[ 155 o Fot- gy e ot 15 - — lge [e—

Vep ,

Y —/
v
ce rt— tye —ied
Y
e \

Vi |
I loes

vIH *

oy
L9
T P loes ->|
Vin —
® N ]
Vo
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WS57C128F

PROGRAMMING/ERASURE/PROGRAMMERS

Refer to Section 5.

ORDERING INFORMATION

OPERATING WSl
PART NUMBER S'::j“ PACKAGE K e | TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS57C128F 55D 55 | 28 Pin CERDIP, 06" | D2 Comm Standard
WS57C128F70C 70 | 32 Pad CLLCC c2 Industrial Standard
WSS7C128F70CMB | 70 | 32 Pad CLLCC c2 Military MIL-STD-883C
WS57C128F-70D 70 | 28 Pin CERDIP 06” | D2 Comm’ Standard
WS57C128F-70D1 70 | 28 Pin CERDIP 06 | D2 Industrial Standard
WS57C128F-70DMB | 70 | 28 Pin CERDIP 067 | D2 Military MIL-STD-883C

/)
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WAFERSCALE INTEGRATION, INC.

256K EPROM SELECTION GUIDE

ARCHITECTURE

16K x 16 WSSTC2ZET

Ii
|
|

32K x 8 | WS270256F
2K =8 | WS27C256L
|
|
32K x 8 | WS57C256F
] |
I [ | | i | ] ! ! | i | ! 1 i l
40 50 B0 T0 80 L0 100 o 120 1340 140 150 160 170 180 190 200

AGCCESS TIME (ns)
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WS27C256F
PRELIMINARY

WAFERSCALE INTEGRATION, INC.

HIGH SPEED 32K x 8 CMOS EPROM
KEY FEATURES

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

» Standard EPROM Pinout

GENERAL DESCRIPTION

The WS27C256F is a 32K x 8 CMOS EPROM which has been speed-enhanced to 45 ns. It is based upon WaferScale's
patented CMOS Split Gate EPRCM technology.

The 45 ng access time of the WS27C256F is a key parameter. Traditicnaily, 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 States regardless of memory density. WSI's unique memories
can keep pace with the fastest microprocessors. The combination of speed and density availabls in the WS27C256F
enables the use of mere complex and comprehensive algorithms in real time applications.

WSI'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 EFROM 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 mamory supplier,

The WS27C256F is configured in the JEDEC standard EPROM pin configuration. 1t is also easily programmed on
popular EPROM programmers as well as the MagicPre™ IBM PC compatible engineering programmer offered
by WSI.

¢ Fast Access Time
— 45 ns

+ Low Power Consumption
* DESC SMD No. 5962-86063

MODE SELECTION PIN CONFIGURATION
PINS| CE/ | ==

MODE prssi | OF { Ven | Vec | ouTPUTS chip carrier 0P VEW  ceroip

Read Vi | Vi [Vee [ Vee] Dour

Output Disable X Vin | Voo | Voo | High £

Standby ViH X | Voo | Vec| High 2

Program Vi | Vin | Vee [ Vee| Din

Program Verify | X | VL | Ver | Veo! Dour

Program Inhibit| Vig | Viy | Vee Ve | High 2

Signature* Vie | Vi | Vee | Yeo gz:aoded

X can be eilher V), or V.

“For Slghalure, Ay = 12V, Ag is toggled, and all other addresses are

at TTL low. Ay = V), = MFGR 23H, Ay = Vj, = DEVICE EOH,

PRODUCT SELECTION GUIDE

PARAMETER WS2TC256F-45 WS527C256F-55 WS27C256F-70 WS27C256F-90
Address Access Time {Max} 45 ns 55 ns 70 ns 80 ns
Chip Select Time (Max) 45 ng 55 ns 70 ns 90 ns
Qutput Enable Time {Max) 25 ns 25 ns 30 ns 30 ns
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WS27C256F

ABSOLUTE MAXIMUM RATINGS

Storage Temperature . ............ —-65° fo +150°C
Voltage on Any Pin with
Respectto GND................. -06V to +7V
Vep with respect to GND .. .. ... ... -06V 1o +13V
ESDProtection. . ........ .............. >2000V
OPERATING RANGE
RANGE TEMPERATURE Voo
Comrml 0°C to +70°C +5V + 5%
Military -55°C to +125°C +5V 1 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 abave those indicated in the
operational sections of this specification is not implied.
Expasure to absclute maximum rating conditions for
extended pericds of time may affect device reliability.

DC READ CHARACTERISTICS Over Operating Range with Vpp = Vec.

SYMBOL PARAMETER TEST CONDITIONS MIN MAX | UNITS
VoL Cutput Low Voltage loL = 2.1 mA 04 v
Vou Qutput High Voitage loy = —400 pA 24 v
lsg Voo Standby Current CMOS CE = Vec + 03V {Note 1) 500 pA
lgge Vee Standby Current TTL CE = Vyy (Note 2) 5 mA

! Commercial o mA
lce Voo Active Current —
Military 40 mA
Ipp Vpp Supply Current Vpp = Voo 100 1A
Vep Vep Read Voltagse Voo — 04 Vee v
I Input Load Current Yy = 55V or Gnd -10 10 LA
ho Output Leakage Current Vour = 55V or Gnd -10 10 wA
NOTES: 1. CMOS inputs: GND + 03V or Voo + 03V 3 Add 3 mAMHzZ for AC. power component,
2. TTL inputs: V) < 0BV, Vig = 20V
AC READ CHARACTERISTICS Over Operating Range with Vpp = Ve,
27C256F-45 | 27C256F-55 | 27C256F-70 | 27C256F-90
PARAMETER SYMBOL UNITS
MIN| MAX | MIN! MAX | MIN] MAX | MIN | MAX

Address to Qutput Delay tace 45 55 70 90

CE to Output Delay tee 45 55 70 90

OE to Output Delay tog 25 25 30 30 ns

Output Disable to Output Float ok 25 25 30 30

Address to Output Hold ton G 0 0 0
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WS27C256F

AC READ TIMING DIAGRAM

ADDRESSES Pat VALID }(
I~ tace i toy  [—
f— fpp ———3
s —] g [-—
W
g =
OUTPUTS £ vaun
™t I“_
CAPACITANCE® T, = 25°C, f = 1 MHz
SYMBOL PARAMETER CONDITIONS TYP® MAX UNITS

Cin Input Capacitance Vi = OV 4 6 pF

Cout Qutput Capacitance Voutr = OV 8 12 pF

Cvrp Vpp Capacitance Vep = OV 13 25 pF
NOTES: 4. This parameter |3 only sampled and is not 100% tasted,

5. Typical values are for T, = 26°C and nominal supply voltages.
TEST LOAD (High Impedance Test Systems) TIMING LEVELS
260 Input Levels: 045 and 24V
20V Reference Levels: 08 and 20V
DUT. 100 pF
[INCLUDHNG SCOPE
AND JIG
—— CAPACITANCE)

Ui/
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WS27C256F

PROGRAMMING INFORMATION

DC CHARACTERISTICS (T, = 25 + 5°C, Voo = 55V 4 5%, Vpp = 125 + 05V)

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current
(Viy = Voo of Gnd) I =10 10 bA
Vee Supply Current During I 80 A
Programming Pulse (CE/PGM = V) ce m
Voo Supply Current lee 35 maA
Input Low Level VL -01 o8 v
Input High Level Wik 20 Voo +03 v
Cutput Low Voltags During Verify
oy = 16 mA) Vo 045 v
Output High Voltage During Verify
(o = —4 mA) Vou 2.4 v

NOTES: 6. ¥ g must be applied either coincidentally or before ¥ and removed sither coincidentally or afler Vpp.
7. Vep mUst ot be greater than 14 valts Including avershoot, During CE/PGM = V|, Vpe must not be switched fram 5 volls

10 12,5 voits ar vice-versa,

8. During power up the CEPGM pin must be brought high =Wy} either coincident with or before power is applisd 1o Vpe.

AC CHARACTERISTICS (T, = 25 + 5, Ve = 55V + 5%, Vpp = 125 2 05V)

PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time tag 2 us
CE High to OE High teoH 2 s
Qutput Enable Setup Time foes 2 TE:]
Data Setup Time tos 2 Ls
Address Hold Time tan 0 Te:]
Data Held Time tom 2 us
Chip Disable to Quiput Float Delay for 0 130 ns
Data Valid From Output Enable toe 130 ns
Vpp Setup Time/CE Setup Tims tysftees 2 us
PGM Pulse Width tow 1 3 10 ms
OE Low to CE “Don't Care” toex 2 s

NOTE: Thess values are for standard programming — actual programming algorithm may use different fimilations.

PROGRAMMING WAVEFORM

ADDRESSES ADDRESS STABLE ’K_
P Tag —-i Ly P
i L !
DATA —g DATA IN STABLE HIGH Z AT B
P
o Lot £y =] e Lop —= tor [m—
Ve
r
Vep ]
Veo o by e
F* tees tocx —*"I =t tcon
VP
CE/PGM i
Vi,
1w r— toes -D-I
Vin r
ot N
vIL

iss
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WS27C256F

PROGRAMMING/ERASURE/PROGRAMMERS

Refer to Section 5.

ORDERING INFORMATION

OPERATING wsi
PART NUMBER Sf'fsE)D PA.‘r:\flf‘gE ;‘;ﬁ'&,‘?ﬁg TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS27C256F-450* 45 | 28 Pin CERDIP 06" D2 Comml Standard
WS27C256F-55D 55 | 28 Pin CERDIF 08" D2 CommT Standard
WS27C256F-70D 70 | 28 Pin CERDIP, 06" D2 Comm| Standard
WS27C256F-700MB | 70 | 28 Pin CERDIP, 06" D2 Military MIL-STD-883C
WS27C256E-90CMB | 90 | 32 Pad CLLCC co Military MIL-STD-883C
WS27C256F-00DMB | 90 | 28 Pin GERDIP. 06" D2 Military MIL-STD-883C
WS27C256F-90LMB | 90 | 32 Pin CLDCC L3 Military MIL-STD-883C
*This product is Advance Infermation.
Sy
7

353
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s F WS27C256L
WAFERSCALE INTEGRATION, INC.
32K x 8 CMOS EPROM
KEY FEATURES
+ High Performance CMQOS + 300 Mil Dip or Standard 600 Mil Dip

— 90 ns Access Time

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

* Fast Programming
* Drop-In Replacement for 27C256 or 27256

s+ DESC SMD No. 5862-86063 + Standard JEDEC EPROM Pinout

GENERAL DESCRIPTION

The WS27C256L is a HIGH PERFORMANCE 256K UV Erasable Electrically Programmable Read Only Memaory. 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 JEDEGC standard. Examples of

this would be as follows: 27256, 27C2586, or 27C256F. It can be easily programmed using standard EPROM programmers
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 algerithms are unchanged. This allows for a simple PCB layout change to take advantage of
a 50% reduction in reguired board space. An upgrade path to a 512K product (WS27C512L) is provided.

The WS2702561. provides microprocessor-based systems 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, 16-MHz 88020, or 12-MHz 803886, The WS27C256L offers a singie chip soluticn for the
code storage requirements of 100% firmware-based squipment, Frequently-used software routines are quickly executed
from EPROM storage, greatly enhancing system utility.

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

The WS27C256L is one member of a high-density EPROM Family which ranges in density from 64K to 4 Megabit.

PRODUCT SELECTION GUIDE

PARAMETER 27C256L-90 27C2561L-12 27C256L-15 27C256L-20
Address Access Time (Max) 90 ns 120 ns 150 ns 200 ns
Chip Select Time {Max) S0 ns 120 ns 150 ns 200 ns
Qutput Enable Time (Max) 30 ns 35 ns 40 ns 40 ns
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WS27C256L

ABSOLUTE MAXIMUM RATINGS*
-86°C to +150°C

Storage Temperature
Voltages on Any Pin with

*Notice: Stresses above those listed under “Absclute
Maximum Ratings” may cause permanent damage ta
the device. This is a stress rating only and functicnal

Respect to Ground . ... .......... ~0BV to +7V operation of the device at these or any cther conditions
Vpe with Respect to Ground . .. . . .. —06Y 1o +14V above those indicated in the operational sections of this
Ve Supply Voltage with specification is not implied. Exposure to absolute

clgespect o Ground ... ... —08V to +7V maximum rating conditions for extended periods of time

R > 2000V may afiect device reliability.
OPERATING RANGE
RANGE TEMPERATURE Vee TOLERANCE

Commercial 0°C ta +70°C +8V +5% or +10%

Industrial -40°C to +85°C +5V +10%

Military -55°C to +125°C +5V +10%

DC READ CHARACTERISTICS Cver Operating Range with Vpp = Vec.

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
Vi input Low Levsl -05 08 v
Vil Input High Level 20 VCC + 1 v
Vo Output Low Voltage loL = 21 mA 04 v
Vou Output High Voltage loy = —400 pA 35 v
Isg1™ | Voo Standby Current (CMOS) | CE = Voo + 03V 100 pA
isp2 Voo Standby Current CE = Vi 1 mA

— F =5MHz 40

3} i = =
o Voo Active Current CE=0E =V F = 8MHz 50 mA
iep Vpp Supply Current Vpe = Voo 100 BA
Vpp Vep Aead Voltage Voo —04 Veo V
I Input Load Current Viy = 55V or Gnd -1 1 pA
o QOutput Leakage Current Vour = 55V or Gnd =10 10 17
AC READ CHARACTERISTICS Over Operating Range with Vpp = Vgg.

- 27C256L-12 27C256L-15 27C256L-20

SYMBOL PARAMETER 27C2561.80 > UNITS

MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX
Addrass to Qutput

tace Delay 90 120 150 200

tes CE to Ouiput Delay g0 120 150 200

toe OFE to Output Delay 30 35 40 40

Output Disable 1o ns
(2)
tor Output Float 30 35 40 40
Qutput Hold From
Addresses, CE or
2) iy '
tor OE, Whichever ¢ 0 0 0
Occurred First
NOTES:

1. The supply current is the sum of | and lpe. The maximum current valug 1s with Oulputs Op to O unloaded.
2 This parametar is only sampled and Is not 100% tested. Oulpul Float is defined &s the point where data is no longer driven—see timing diagram.

3. CMOS inputs. V| = GND # G3V, v||-| = VCC + 03
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Ws27C256L

A.C. WAVEFORMS

A b
ADDRESSES ““”:EIEDSS
v - ¥,
L

tep!S) —— ]

W}

fAJ\—’\)ﬂ

— ‘or

; HIGH Z

6|
tOE' L

tace ton

¥in

OuTPUT o //// VALIC CUTPUT
ANAANN

INZH]

Vi

CAPACITANCE® T, = 25°C, f = 1 MHz

SYMBOL PARAMETER CONDITIONS TYP®) MAX UNITS
Cin Input Capacitance Viy = OV 4 6 pF
Cour Output Capacitance Vour = OV 8 12 pF
Cvpr Vep Capacitance Vep = OV 18 25 pF

NOTES:

4 This parameter 13 only sampled and 1s not 100% tested.
5 Tlpicai values are for T, = 25°C and nominal supply voltages
8 OE may be delayed up to tre—tye after the failling edge of TE without impact on toe.

A.C. TESTING INPUT/QUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

24
0 240
> TEST POINTS <
0.8 a.8 DEYICE
&4 UNDER

TEST

2.01¥

8200

C, = 108 pF

o

A.C. testing inpuis are driven at 2.4V for a Logic *1” and
04V for a Logic "0 Timing measurements are made at 2 0V )
for a Logic 1" and 08V lor a Logic "0 C, n¢ludes Jig Capaciance

L
sy ppe




W527C256L

MODE SELECTION

The modes of operation of the WS27C256L are listed in Table 1. A single 5V power supply is required in the read
mode. All inputs are TTL levels except for Vep and Ag for device signature.

Table 1. Modes Selection

PINS | CEram | OF Ay Ay Vep Vec | OUTPUTS
MODE
Read Vi VL X X Voo 50V Doyt
QOutput Disable X Vi X X Vec 50V High Z
Standby VlH X X X Vcc 5.0V ngh Z
Programming Vil Vi X X Vppl® 58V Dy
Program Verify X Vi X X Vpp® 58V Doyt
Program Inhibit Vi Vi X X vep® | 50V High Z
) Manufacturer'® ¥ v vy V) v 50V 23 H
Signature IL i H L cC
Devicefg) V||_ V||__ VHIB) V||.| Vcc 50V CoOH
NOTES:
7. X can be Vy_or V. 9. Ai—Ag ARy = V.
8 Vi = Vep = 1275 + 025V
DIP PIN CONFIGURATIONS
8 Mbil | 4 Mbit 2 Mblt | 27C040L | 27C5121L 27CS12L | 27CO0L | 2 Mbit 4 Mblt § Mbit
A XXVpp | XXiVpp | XXiVep Ve Veo VYoo Voo
A Asg Aw Aw ws27c256L XX/PGM |XX/PGM | Ap A
A Agg A Ass A Vel 280V —| Ve XX Ay Ay Az
Az Az A Az An  [Aed: 0OM | An Ay Ay o A
As Az Ay Ay A A ) 2604, | Ay A Ay A A
Ag Ag Ay Ag Ag a4 asha — A, Ay Ay Ag Ay
Ag Ag Ay Ag As E Ay s 2408, — A F Ay Ay Ay
A, Ag Ay A, A AdOs 23pa,— Ay Ay Ay Ay F
Ay Ay Ay Ay Ay t A&7 22O03E—] OBV | OF OE OE | OBV
Ay A, A, A, Ay A3 NOA™F Ay Ay Ay Ay Ay
Ay Ay Ay Ay Ay Ay 20 [1CE/FGW | CE/PGM CE CE CE/PGH | CE/PGRE
Ag Ay Ay Ay Ag A ] 10 wpo, — 0 0, 0, 0, 0,
9 Oy Oy Qy O Gy wHo, —1 O Oy O, Oy Oy
o, 0, 0, 9, 0 Forde who,—] o 04 0 0, 0,
0, 0 0, 0, 0, —00n who,— 0, o, 0, o, 0,
GND | anp § anD | enp | GND  tenpC] s A0 —] 0O, 0, 04 0, Q,
MNOTE: 10. Compatible EPROM pin configurations are shown in the blocks adjacent to the WS27C256L pins.
PIN NAMES LCC PIN CONFIGURATION
AgA1a Addresses Ayl 28771 Ay
CE Chip Enable N E idtiing
— Agl 26!11NC
OE Output Enable A Far
AL 24] A,
00+ Cutputs Ay P
. Lo ] 22710,
PGM Program Oal i 13 e,
M5 1817 1819 20
XX Don't Care {During Read) T NOTE: Leadiass or
S5gesds Leaded, Plastic or
TOP Coramic Package
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WS27C256L

PROGRAMMING INFORMATION
DC CHARACTERISTICS (T, = 25 & 5°C, Voo = 58V 3 025V, Vpp = 1275 + 0.25V)

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current
Vi = Ve of Gnd) gt -10 10 HA
Vee Supply Current Duting
Programming Pulse (CE/PGM = Vy) lep 60 mA
Ve Supply Current lo 40 mA,
input Low Level Vi -1 08 v
Input High Level Viu 20 Vee+0.3 v
Output Low Voltage During Verify
(o, = 21 mA) VoL 04 v
Output High Voltage During Verify
(on = =400 uA) Von 35 v

NOTES: 11, Vi must be applied sither coincidentally or before Vap and removed either coincidemally of after Voo,
2. Vpp musl not be greater than 14 volts including ovarshoot, During CE/PGM = V||, Vpp must not be switchad from 5 volts
10 12.75 volts or vice-versa.
13. During powsr up the CE/PGM pin must be brought high (V) sither coincident wiih or befora pawer |s applied 10 Vpp.

AC CHARACTERISTICS (T, = 25 + 5°C, Voo = 58V + 0.25V, Vpp = 1275 + 0.25V)

PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Set£ Time tas 2 us
CE High to OE High tcou 2 us
Output Enable Setup Time toes 2 us
Data Setup Time tog 2 [IE:3
Address Held Time tAH o us
Data Hold Time ton 2 us
Chip Disable to Output Float Delay tor a 55 ns
Data Valid From Output Enable tog 55 ns
| Vpe Setup Time tys 2 us
PGM Pulse Width Pw 01 4 ms
DE Low to CE "Don't Carg” tocx 2 us

PROGRAMMING WAVEFORM

ADDRESSES ADDRESS STABLE
bt Lo -] -—I tan [
- b g N
DaTA DATA IN STABLE HIGH 2 Ao h——
it Hgyq —e] - by —d [ 1o = —w| tpe pe—
Ver

" e —
Ve

e e

[ toms ™ oy - oo

CE/FGM
Y
L [ toes "‘I

Wi s
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WS27C256L

PROGRAMMING/ERASURE/PROGRAMMERS

Refer to Section 5,

ORDERING INFORMATION

3-60

OPERATING ws
PART NUMBER | SPEED PACKAGE PACKAGE RANGE MANUFACTURING
(ns) TYPE DRAWING

TEMPERATURE | Ve PROCEDURE
WS27C256L-90D/5 | 90 | 28 Pin CERDIP 06" D2 Comml £5% Standard
WS27C256L-90T/5 90 | 28 Pin CERDIP 03" T2 Comny| £5% Standard
WS27C256L-12CI1 120 32 Pad CLLCC c2 industrial +10% Standard
WS27C256L12CMB | 120 | 32 Pad GLLGC co Military 110% |  MIL-STD-883C
WS27C256L-12D 120 | 28 Pin CERDIP. 06" D2 Comml £10% Standard
WS27C256L-12DI 120 | 28 Pin CERDIP, 06 D2 Industrial | £10% Standard
WS27C256L12DM | 120 | 28 Pin CERDIP, 06 D2 Military 110% Standard
WS27C256L12DMB | 120 | 28 Pin CERDIP, 067 D2 Military $10% |  MIL-STD-883C
WS27C256L-12) 120 | 32 Pin PLDCC 4 Comml £10% Standard
WS27C256L-12L 120 | 32 pin cLDCC L3 Comml +10% Standard
WS27C256L12UMB | 120 | 32 Pin CLDCC L3 Military +10% |  MIL-STD-883C
WS27C256L-12P 120 | 28 Pin Plastic DIP 067 | P3 Comml +10% Standard
WS27C256L-12T 120 | 28 Pin CERDIP, 03" T2 Comml +10% Standard
WS27C256L-12T] 120 | 28 Pin CERDIF, 03" 2 Industrial | £10% Standard
WS27C256L12TMB | 120 | 26 Pin CERDIP 03" ™ Military £10% |  MIL-STD-883C
WS27C256L15C! 150 | 32 Pad CLLCC co Industrial | £10% Standard
WS27C256L15CMB | 150 | 32 Pad CLLGC c2 Military 110% | MIL-STD-883C
WS27C256L-15D 150 | 28 Pin CERDIP, 06" D2 Comml L10% Standard
WS27C256L-15DMB | 150 | 28 Pin CERDIP, 06" D2 Military 110% |  MIL-STD-883C
WS27C256L-15) 150 | 32 Pin PLDCC " Comml £10% Standard
WS27C256L-15L 150 | 32 Pin CLDCC L3 Comml +10% Standard
WS27C256L-15L1 150 | 32 Pin CLDCC L3 Industrial | +10% Standard
WS27C256L15LMB | 150 | 32 Pin CLDCC L3 Military £10% |  MIL-STD-883C
WS27C256L-15P 150 | 28 Pin Plastic Dip, 06" | P3 Cornm] £10% Standard
WS27C256L-20CMB | 200 | 32 Pad CLLCC c2 Military £10% |  MIL-STD-883C
WS27C256L-20DMB | 200 | 28 Pin CERDIR, 06" D2 Military £10% |  MIL-STD-883C
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S L s WS57C256F
PRELIMINARY

WAFERSCALE INTEGRATION, INC.

HIGH SPEED 32K x 8 CMOS EPROM
KEY FEATURES

* Fast Access Time
— 4G ns

+ EPI Processing
— Latch-Up immunity Up to 200 mA

+ Standard EPROM Pinout
» Bipolar Speeds

» Low Power Consumption
* DESC SMD No. 5962-86063

GENERAL DESCRIPTION

The WS57C256F is a HIGH PERFORMANCE 256K UV Erasable Electrically Programmable Read Only Memary. It
is manufactured in an advanced CMOS technology which allows it to operate at speeds as fast as 40 ns Access Tims.

Two major features of the WS57C256F are its Low Power and High Speed. While operating in a TTL environment
it consumes only 110 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 500 pA in a CMOS environment.

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

The W357C256F is configured in the standard EFROM pinout which provides an easy upgrade path for systemns
which are currantly using standard EPROMs.

MODE SELECTION PIN CONFIGURATION

PINS
ome =[O [ A | 80 | Voo | Vee |ouTPUTS TOP VIEW
Read Vie [Vie| X | X JVeejSOV| Dour Chip Carrier CERDIP
Output .
) X (V| X | X | Vo] 50V| High Z NC Voo
Dlsable ATAIEVPP| nh‘l“lﬂ
Standby vin | X | x | x {vee|50v| Highz
Programming| Vi [Viu| X | X iVep?{58V| D Aol ¥ w:]a,
As g 28.7] A
Come™ L x v | x | X [vee?| 58| Dour | | wifii7 270 A
Ay 18 26 (7] NC
Frogram . LTy ] 25071 OE
Inhibit VlH VIH X X VPPZ 5.0V ngh z a [0 2477 Ay
on 23.7] CE/PGM
Signature® Vi | Vic | Ve | Vi | Voo | SOV] 28 H* :(: [+ 12 2207 gf‘r P
2 5 Dp[l13 217] o,
Vi 1V [VH [ Vin | Voo | SOV A H " Teis 18171819 20 ¢
NOTES: TICTIINERA0T
1. X can be V,_or Vi, 4. Manufaciurer 0,0, |NC0,0,0;
2 Vy = Vpp = 1275 & 025V 5. Device GHD
3. Al_Aa, AID_AM = Vi
PRODUCT SELECTION GUIDE
PARAMETER 57C256F-40 57C256F-45 K7C256F-55 57C256F-70 57C256F-90
Address Access Time (Max) 40 ns 45 ns 55 ns 70 ns 90 ns
Chip Select Time {Max} 40 ns 45 ns 55 ns 70 ns 90 ns
Quitput Enable Time (Max) 20 ns 20 ns 25 ns 30 ns 30 ns
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WS57C256F

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

Respectto GND . ............... -08V 1o +7V only and functional opsration of the device at these or
Vpp with respect to GND . ... ... .. -08V to +13V any other conditions above those indicated in the
ESD Protection . ....................... 2000V operational sections of this specification is not implied.,

OPERATING RANGE

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

RANGE TEMPERATURE Voo

Comm’l 0° to +70°C +5V + 5%
industriat -40° to +85°C +5V + 109
Military -55% to +125°C +5V 1+ 109

DC READ CHARACTERISTICS Over Operating Range with Vpp = Vec.

SYMBOL PARAMETER TEST CONDITIONS MIN MAX | UNITS
Voo Qutput Low Voltage lgp = 16 mA 0.4 W
Von Qutput High Voltage loy = —4 mA 24 W
lsgn Ve Standby Currant CMOS CE = V¢ + 03V (Notes 1 and 3) 500 uA
lsga Vo Standby Current TTL CE = Vy (Notes 2 and 3) 15 mA
log Voo Active Current (CMOS) Notes 1 and 4 C?l.'nm'f 30 mA

Military 40
lecs Veo Active Current (TTL) Notes 2 and 4 C?Tnm,l 8 mA
Military 45
lpp Vpp Supply Current Vpp = Voo 100 1A
Vpp Vpp Read Voltage Vee — 041 Vg v
Iy Input Load Current Viy = 55V or Gnd —10 10 uh
Lo Output Leakage Current Vour = 55V or Gnd -10 10 pA
NOTES: 1. CMOS inputs: GND ¥ 03V ar Ve + 03 3. Add 1 mAMHz for AC. power companant.

2. TTL inpuis: Vi € 08V, Vy = 20V

4, Add 3 mA/MHz for AC, power component.

AC READ CHARACTERISTICS Over Operating Range with Vep = Vee,

-40 -45 -55 =70 =90
PARAMETER SYMBOL UNITS

MIN | MAX § MIN | MAX | MIN [ MAX | MIN | MAX | MIN | MAX
Addrass to Qutput Delay tace 40 45 55 70 a0
CE to Output Delay tee 40 45 55 70 90
OE to Output Delay toe 20 20 285 30 30 [ "8
Cutput Disabls to Output Float toF 20 20 25 30 30
Address to Output Hold tou 0 0 0 ¢ 0
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AC READ TIMING DIAGRAM

ADDRESSES :>< VALID b

- tppe ——————]

- o M7

[ tgg

3
jtoe“_

] }%_
OuUTPUTS & VALID

™ g }"_
CAPACITANGE® T, = 25°C, f = 1 MHz
SYMBOL PARAMETER CONDITIONS TYR® MAX UNITS

Cn Input Capacitance Viy = 0V 4 [¢] pF

Cout Qutput Capacitance Vour = OV 8 12 pF

Cvep Vpp Capacitance Vep = OV 18 25 oF
NOTES: 5§ This parameter 1s only sampled and | nat 100% 1ested.

6 Typlcal values are for T, = 25°C and nominal supply voltages.
TEST LOAD (High Impedance Test Systems) TIMING LEVELS
980 Input Levels: O and 3V

2.01v Reference Levels: 0.8 and 2.0V
LT, F

20 pl
(INCALDING SCOPE
I AND JIG
= CAPACITANCE)

s
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PROGRAMMING INFORMATION

DC CHARACTERISTICS (T, = 25 1 5°C, Vo = 550V + 5%, Vpp = 125 1 05V)

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current
(Vin = Voo of Gnd) I —10 10 HA
Voo Supply Current During
Programming Pulse (CE/PGM = V) fec 60 mA
Voo Supply Current (Note 4) lee 35 mA
Input Low Level ' -0.1 08 v
Input High Level Vi 20 Voo +03 Vv
Output Low Voltage During Verify
(op = 16 mA) VoL 045
Qutput High Voltage During Verify
(o = —4 mA) Vaou 24 v

NOTES: 7 Vg Mmust be applied sither coincidentally or before Ve and remaoved either coincldentalty or after Vpn.
8. Vpp must not ba greater than 14 volts including overshoot. During CE/PGM = V), Ve must not be switched from 5 volis

ta 125 volts or vice-versa,

& During power up Ihe FGM pin must be brought high (V)] either coincident with or before power is applled 10 Ve,

AC CHARACTERISTICS (T, = 25 + 5°C, Voo = 550V & 5%, Vpp = 125 £ 08V)
PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time tas 2 us
CE High to OE High teou 2 us
Output Enable Setup Time toes 2 us
Data Setup Time tog 2 us
Address Hold Time tan 0 us
Data Hold Time ton 2 ps
Chip Disable to Qutput Float Detay tor 0 130 ns
Data Valid From Qutput Enable toe 130 ns
Ve Setup Time/CE Setup Time tysfters 2 us
PGM Pulse Width tpwy 1 3 10 ms
OE Low to CE “Don't Care” tocx 2 us
NOTE: A single shot programming algarithm should use one 10 ms pulse.
PROGRAMMING WAVEFORM
ADDRESSES X ADDRESS STABLE JK
b 1y —vi Tay [+—
DATA _{.;— DATA IN STABLE *}Lmﬂ_ DATA OUT b
[ 155 ] st $rq =0 = 1o —=] —a lpe |w—
Yep r
Ve F
g—
[ 1yg —ie
- 1y tocx tean
VIH —_— N E
EERGN S‘ rr \ Y
VL 1
tow r—toes
| I
o N
UIL
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WSS7C256F

PROGRAMMING/ERASURE/PROGRAMMERS
Refer to Section 5.

ORDERING INFORMATION

OPERATING Wwsi
PART Numeger | SPEED PACKAGE PACKAGE | repeRaATURE | MANUFACTURING

(ns) TYPE DRAWING | * 2 AngE PROCEDURE
WS57C256F-40D* 40 28 Pin CERDIP. 06" D2 Comm'l Standard
WS57C256F-45D* 45 28 Pin CERDIR, 08" D2 Comim| Standard
WSE57C256F-550MB * 55 32 Pad CLLCC c2 Military MIL-STD-883C
WSS57C256F-55D 55 28 Pin CERDIPR, D&" D2 Comm’l Standard
WS57C256F-5501* 55 28 Pin CERDIP, 0.6 D2 Industrial Standard
WSE7C256F-550MB ™ 55 28 Pin CERDIF, 0.67 D2 Military MIL-STD-883C
WS57C256F-5511* 55 32 Pin CLDCC L3 Industrial Standard
WS57C256F-55LMB* 55 32 Pin CLDCC L3 Military MIL-STD-883C
WS57C256F-70C) 70 32 Pad CLLCC c2 Industrial Standard
WS57C256F-Y0CMB 70 32 Pad CLLCC c2 Military MIL-STD-883C
WSE7C256F-70D 70 28 Pin CERDIF 06~ o2 Comm’l Standard
WS57C256F-70DMB 70 28 Pin CERDIF 0867 D2 Military MIL-STD-883C
WSE57C256F-70LMB 70 32 Pin CLDCC L3 Military MIL-STD-883C
W557C256F-90CI 90 32 Pad CLLCC c2 industrial Standard
WS57C256F-90CM 50 32 Pad CLLCC cz MHitary Standard
WS557C256F-90CMB 90 32 Pad CLLCC cz Military MIL-STD-883C
WS57C256F-90D 90 28 Pin CERDIF, 06" D2 Comm'l Standard
WS57C256F-90DI 90 28 Pin CERDIP, 06" D2 Industrial Standard
WS57C256F-90DM a0 28 Pin CERDIP, 06" D2 Military Standard
W557C256F-90DMB 80 28 Pin CERDIP, 0.6" D2 Military MIL-STD-883C

*These products are Advance Information,

Wy
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FES £ = WS57C257

WAFERSCALE INTEGRATION, INC.

HIGH SPEED 16K x 16 CMOS EPROM

KEY FEATURES
* Fast Access Time + 16-Bit Data Bus

- S5 ¢ Simplifies Board Routing
+ Low Power Consumption .
+ Single Chip Solution

+ ldeal for 16/32 Bit Processors
— TMS320, 68000, 80386, efc. * Compatible with JEDEC Pinout

GENERAL DESCRIPTION

The WS5YC257 is an extremsly High Performance EPROM based memory with a 16K x 16 architecture. It is
manufactured in an advanced CMQS 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
WS57C267 an idea! 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 processars as well as high performance general purpose
processors such as the MCG8000 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 minimurm
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 WS57C85. No board changes or jumper wires
are required to complete the upgrade.

MODE SELECTION PIN CONFIGURATION
PINS CE | OF T RY kL OUTPUTS
[ ce Vep Q1 400 Voo
MOBE P ceEq2 390 PGN
Read Vi, Vi X Veeo | Voo | Dour Oﬂ O! d‘g |“‘_’J }E g ;':" a g g 2 003 A NG
Output . T, onge pne
Disabla | < | Yw| X }Vee [ Vec|High2Z Ops i3 W a7 aan i an > )a, S0P ol iy
- 0y3.08 1 ISLA 208 35D Ay
Standby Vig | X X | Veo | Voo | High 2 P 37f'." ‘“ On7 MDA,
- b A
Program | Vi, | Vin | Vi | Vee | Voo | Din P 26 da, 0" 380 A
= 057010 R L 320 Ay
M 1 x L v | X | Ve | Voc | Dour GND 2 ) a4 Zenp JsH10 3D A,
Verify NC 71013 3TN G';DE n 0 2“0
. ;7 1 o= 7T 32 2600 Ay
ﬁrlz?::tam Vin | Vin [ Vin [ Vep | Vec | High Z e P i
- 0,014 270 A,
. " Encoded 0,015 250 A
Signature” [ Vi ¢ Vi | X [Vec | Voo [ paa o,q 250 4,
0,07 2401 A,
X can bs Vi of Vi, 0,18 230 A,
“Far signature, Az = 12V, & is toggled, and all other addnasses are Qy 019 220 A,
at TTL Iow. &y = V. = MFGR 0023H. Ay = V), = DEVICE 00B2ZH. TOP DEC20 2ipa,
PRODUCT SELECTION GUIDE
PARAMETER WS857C257-55 WS57C257-70 WS57C257-90
Address Access Time 85 ns 70 ns 9¢ ns
Chip Select Time 85 ns 70 ns 90 ns
Cutput Enable Time 25 ns 30 ns 30 ns

s
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WS57C257

ABSOLUTE MAXIMUM RATINGS™

Storage Temperature . ..., ...... -65° to +150°C
Voltage on Any Pin with

Respectto GND .. .............. =06V to +7V
Vep with respect to GND .. ..., .. .. —06V to +14V
ESD Protection . ....................... >2000V

OPERATING RANGE

RANGE TEMPERATURE Yoo

Comm’t 0° to +70°C +5V + 5%
Industrial -40° o +858°C +5V 1+ 10%
Military =-55°C to +125°C +5Y + 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
operationat sections of this specification is not implied.
Exposure to absolute maximum rating conditions for
extended pericds of time may affect device reliability.

DC READ CHARACTERISTICS Over Qperating Range with Vep = Vec.

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
VoL QOutput Low Voltage loy = 8 mA 0.4 v
Vou Qutput High Voltage loy = -2 mA 24 v
lgpy Voo Standby Current (CMOS) Notes 1 and 3 500 nA
lsgo Ve Standby Current (TTL) Notes 2 and 3 20 mA

. Notes Comm’l 40
legt Active Current (CMOS) 1 and 4 Miltary - mA
lees Voo Active Current (TTL) ;Jc::g a ;3;::;' Zg mA
lpp Vpp Supply Current Vep = Voo 100 uA
Vpp Vpp Read Voltage Voo — 04 Vee v
I Input Load Current Viy = 55V or Gnd -10 10 uA
Lo Qutput Leakage Current Vour = 55V or Gnd -10 10 nA
MOTES: 1. CMOS inputs: GND + 03Y or Voo + 03V 3. Add 1 mAMHz for A.C power component.
2. TTL inputs. Vy < 08V, Vi > 20V 4. Add 3 mAMHz for AC. power compenent.
AC READ CHARACTERISTICS Over Operating Range with Vpp = Vee.
PARAMETER SYMBOL WS57C257-656 | WS57C2567-70 | WS57C257-90 UNITS
MIN MAX MIN MAX MIN MAX
Address to Output Delay tace 55 70 90
[ CE to Output Delay to 55 70 30

OE to Output Delay toe 25 30 30 ns

Qutput Disable to Output Fleat toF 25 30 30

Address to Output Hold toH g 0 G

Uiss
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AC READ TIMING DIAGRAM

ADDRESSES b YALID

B g fame —-F-l- ton
M lep
5E — -—
j toe [*—
il
OUTPUTS << VALID
— g ]_-_

CAPACITANCE® T, = 25°C, f = 1 MHz

SYMBOL PARAMETER CONDITIONS TYP® MAX UNITS
Cin Input Capacitance Vin = OV 4 6 pF
Cout Output Capacitance Your = OV 8 12 pF
Cupp Vep Capacitance Vep = OV 18 25 pF

NOTES: 5 This parameter is only sampled and is nol 100% tested.
6. Typical values are for T, = 25°C and nominal supply volages.

TEST LOAD (High Impedance Test Systems) TIMING LEVELS

— input Levels: ¢ and 3V

201y Reference Levels: 0.8 and 20V
DALY,

I (INCLUDING SCOPE
= cnmrrmcn

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

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current
(Vi = Ve or Gnd) hu =10 10 nA
Vep Supply Current During | 60 A
Programming Pulse (CE = PGM = V) PP m
Veo Supply Current lag 35 mA,
Input Low Levet Vi -01 08 v
Input High Level Vin 20 Ve +03 v
Qutput Low Voltage During Verity
(oL = 16 MA) Vou 045 v
Qutput High Voltage During Verify
gy = =4 mA) Von 24 v

NOTES: 7. Voo must be applied sither concidentally or before Ve and removed either coincidenally or after Vpp.
8. Vpp must rot be greater than 14 volts including overshoot. During CE = PGM = W, Vpp musl not be switched from 5 voits
to 125 volts or vice-versa.
9. During power up the PGM pin must be brooght high (V) either ¢oincident with or betore power is applied to Vpp.

AC CHARACTERISTICS (T, = 25 + 5°C, Voo = 55V 1 5%, Vpp = 125 2 05V)

PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time tag 2 ns
Chip Enable Setup Time fees 2 us
Output Enable Setup Time toes 2 us
Data Setup Time tos 2 us
Address Hold Time tam 0 1s
Data Hold Time ton 2 us
Chip Disable to Output Float Defay tor 0 130 ns
Data Valid From Output Enable toe 130 ns
Vep Setup Time tys 2 nus
PGM Puise Width trw 1 3 10 ms

NOTE: Single shot programming algotithms should use ona 10 ms pulse per word,

PROGRAMMING WAVEFORM

ADDRESSES x ADDRESS STABLE K
b Las -—v-! tay
F i R HIGH b
et —— | DATA IN STABLE ?_Gz_< D“J:L?DU‘
v b 1o = 1y —oe] P Lo~ — b l-l—
FFP
¥
VPP
Veg e |
oty ==
V'IH
tE A\
vIL
b 105 o
VIH *_ 'y
PGM
Vi
L [ toes
Vin _,'&  ———
QE ?
vl|l.

Wi
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WS57C257

PROGRAMMING/ERASURE/PROGRAMMERS

Refer to Section 5.

ORDERING INFORMATION

OPERATING wsi
PART NUMBER | SPEED PACKAGE PACKAGE | ypypEnaTURE | MANUFACTURING
(ns) TYPE DRAWING RANGE PROCEDURE
WS57C257.55D 55 | 40 Pin CERDIP, 06" D3 Comm) Standard
WS57C257-70C] 70 | 44 Pag CLLCC c3 Industrial Standard
WS57C257-70CMB 70 | 44 Pad CLLCC ca Military MIL-STD-883C
WS57C257-70D 70 | 40 Pin CERDIP, 05" D3 Comm'l Standard
WS57C257-70DI 70 | 40 Pin CERDIE, 06" D3 Industrial Standard
WS57C257-70DMB 70 | 40 Pin CERDIP, 06" D3 Military MIL-STD-883C
WSE7C257.70LMB 70 | 44 pin cLOCC {a Military MIL-STD-883C
WS57C257.90CMB 90 | 44 Pad CLLGC ca Military MIL-STD-883C
WS57C257-90DI 90 | 40 Pin CERDIE 05" D3 Industrizl Standard
\WS57C257-90DMB 90 | 40 Pin CERDIP 06 D3 Military MIL-STD-883C

E
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WAFERSCALE INTEGRATION, INC.

512K EPROM SELECTION GUIDE

ARCHITECTURE

64K x & WS27CH12F

64K x 8 | WSS7C512F
‘ \
i |

64K x 8 ‘ Ws27Cs12L —I
| ]

i

1

Y A1 1 | L ] | N I B L 1 |
70 80 80 100 w0 120 130 140 1650 160 170 180 190 200

ACCESS TIME (ns)
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WS27C512F

WAFERSCALE INTEGRATION, INC.

HIGH SPEED 64K x 8 CMOS EPROM

KEY FEATURES
¢ Low Power Consumption

+ Standard EPROM Pinout
+ Bipolar Speeds

» Fast Access Time
— 90 ns

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

GENERAL DESCRIPTION

The WS27C512F is a High Performance 512K LV Erasable Electrically Programmable Read Only Memary. It is manufac-
tured in an advanced CMOS technology which enables it to operate at speeds as fast as 90 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 64 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 has exceptional output drive capability. It can source 1 mA and sink 4 mA per output.

The W327C512F is configured in the standard EPROM pinout which provides an easy upgrade path for systems which
are currently using standard EPROMs,

3

MODE SELECTION PIN CONFIGURATION
PINS | €&/ | OF
MODE PN | Vop | Mo | B0 | Voc | OUTPUTS TOP VIEW
Read Vi | Vu | X | X ] SOV] Bour Chip Carrier CERDIP
Quiput )
Disable X VlH X X 5.0V ngh Zz NG Ve
Standby vir ! X [ x [ x [50v] Highz Aah| |Ahs
Programming V“_ \l"lpl';:2 b4 X 58V D|N
Program i Wl
Veﬂ?y vie | vie | X | % 158v| Dour t =k 2
By [n 26 ]

Program 2 . A g 2571
nhior Vi | Ves2] X | % Jsov| Highz = 2L

. v Vi | Y2l Vi | Bov]| 23 He Aton 2307
Signature? L]l L H ke Ne [ z2207]
| Vie | Vie [ V2] Vin | 50V]| AA HS o,f113 21771
wores urEmn
1. X can be V| or Wy, 4. Manufacturer 0, 0; |NC 0,0,
2.V, = Vpp = 12,75 + 0.25V 5. Device GNo
3. A-Ag, AyAyg = Vi

PRODUCT SELECTION GUIDE

PARAMETER WS27C512F-90 WS27C512F-12
Address Access Time (Max) 90 ns 120 ns
Chip Select Time (Max) 90 ns 120 ns
Output Enable Time (Max} aons 30 ns
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WS27C512F

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature .. ... ......, -B5° to +150°C
Voltage on Any Pin with

Respsctto GND ............. ... -06V to +7V
Vep with respect to GND ... . ... ... -08Y to +13V
ESO Protection . ....................... >2000V

OPERATING RANGE

RANGE TEMPERATURE Veeo
Comm't Q¢ to +70°C +5V + 5%
Military -55° to +1258°C +5V £ 10%

*Notlce: 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 Vep = Ve

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
VoL Output Low Voltage lop = 16 mA 04 v
Vou Output High Voltage lon -4 mA 24 W
Isg; Vg Standby Current (CMOS) CE = Vgo & 0.3V (Note 1) 200 nA
lspz Vee Standby Current (TTL) CE = Vy {Note 2} 2 mai
lecr | Ve Active Current (CMOS) Notes 1and 3 p—oomm! S

Military 40
locz | Vo Active Current (TTL) Notes 2 and 3 |t B 1 e
Mititary 45
lpp Vpp Supply Current Vep = Veo 100 LA
Vep Vpe Read Voltage Vee - 04 Vee W
I Input Load Current Vi = 55V or Gnd -10 10 TE
o Qutput Leakage Current Yout = 55V or Gnd -10 10 [T
NOTES: 1. CMOS inputs: GND + 03V or Vo + 03V 3. Ado 3 mAMHZ for AC power component.
2. TTL inputs: V. < G8Y, ¥y > 20V,
AC READ CHARACTERISTICS Over Operating Range with Vpp = Veo.
PARAMETER SYMBOL WS27C5127-90 WS27C512F12 UNITS
MIN MAX MIN MAX
Address to Output Delay tace 30 120
CE to Qutput Delay tee 90 120
OE to Output Delay tor 30 30 ns
Output Gisable to Qutput Float toF 30 30
Address to Qutput Hold ton 0 0

3-78

ey




Ws27C512F

AC READ TIMING DIAGRAM

l—
ACDRESSES > VALID

OUTPUTS €] vauo
— 1y }.._
CAPACITANCE¥ T, = 25°C, f = 1 MHz
SYMBOL PARAMETER CONDITIONS TYP® MAX UNITS
Ci input Capacitance Vig = 0V 4 6 pF
Cout Cutput Capacitance Vour = OV a8 12 oF
Cyps Vep Capacitance Vep = OV 18 ] pF
NOTES: 4. This paramster is only sampled and is not 100% tested.
5 Typical values are for T, = 25°C and nominal supply voltages
TEST LOAD (High Impedance Test Systems) TIMING LEVELS
580 Input Levels: 0.4 and 2.4V
2o Reference Levels: 0.8 and 2.0V
a.ur,zg 30 pF
(INCLUDING SCOPE
AND JtG
_L_ GAPACITANCE)

r =
Uisi



WS27C512F

PROGRAMMING INFORMATION

DC CHARACTERISTICS (T, = 25 + 5°C, Vg = 55V £ 5%, Vpp = 125 + 05V)

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current
(Vi = Ve or Gnd) lu 10 10 RA
Vee Supply Current During
Programming Pulse (CE/PGM = V) lec 60 mA
Vee Supply Current lee 25 mA,
Input Low Level VL -01 08 vV
Input High Level Vi 2.0 Voo +03 v
Output Low Voltage During Verify
(lo. = 16 MA) VoL 045 v
Cutput High Voltage During Verify
Oon = —4 mA) Vo 24 v

NOTES: £ Voo must be applied either coincrdentally or before Vpp and removed sither coincidentally or after Vpp.
7. VWpp must not be greater than 14 volts including overshoot, Dunng CE/FGM = Wy, Vpp must not be switched from 5 volts

to 12.5 volts or vice-versa.

8. During pawer up the CE/FGM pin must be brought hagh (=¥} sither coincident with or before power is applied to Yie.

AC CHARACTERISTICS (T, = 25 4+ B°C, Vg = 58V % 5%, Vpp = 125 1 05V)
PARAMETER SYMeOL MIN TYP MAX UNIT
Address Setup Time tag 2 us
Vep Hold Time tyn 2 us
Data Setup Time tos 2 us
Address Hold Time tan 0 us
Data Hold Time ton 2 ns
Chip Disable to Output Float Delay tor ¢ 70 ns
Data Valid From Chip Enable teE 70 ns
Vep Setup Time tug 2 us
PGM Pulse Width tow 1 10 ms

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

PROGRAMMING WAVEFORM

ADDRESSES X ADDRESS STABLE 1@(
e 155 - -——I lay [—
F e * HIGH
oata. ——— DATAIN STABLE oL DATMOUT K
[ tog = L Eogy - F+ 1oz —w| g [—
Yy
O Ve ¥
L
Ft - Lypg —im] ol by g - LT e
Yy ———— ] | —
CEPGH s A
U|I.
tow
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WS27C512F

PROGRAMMING/ERASURE/PROGRAMMERS
Refer to Section 5.

ORDERING INFORMATION

OPERATING wsl
PART NUMBER SP:sED PA;:\',‘:SE S;iﬁﬁé TEMPERATURE | MANUFACTURING

(ns} RANGE PROCEDURE

WS27C512F-90CMB | 90 | 32 Pad CLLCC c2 Military MIL-STD-883C

WS27C512F-90D 90 | 28 Pin CERDIP, 06" D2 Commil Standard

WS27C512F-00DMB | 90 | 28 Pin CERDIP 06 D2 Military MIL-STD-883C

WS27C512F-12CMB | 120 | 32 Pad GLLCC co Miltary MIL-STD-883C

WS27C512F-12DMB | 120 | 28 Pin CERDIP, 067 D2 Military MIL-STD-883C

LI Fy7
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E£ 5= WS57C512F
WAFERSCALE INTEGRATION, INC. ADVANCE INFORMATION
HIGH SPEED 64K x 8 CMQOS EPROM
KEY FEATURES

. F335t5 Access Time + Standard EPROM Pinout

+ Bipolar Speeds

» EP! Processing
— Lateh-Up Immunity Up to 200 mA + Low Power Consumption

GENERAL DESCRIPTION

The WS57C512F is a HIGH PERFORMANCE 512K UV Erasable Electrically Programmable Read Only Memory. It
is manufactured in an advanced CMOS technology which enables it to operate at speeds as fast as 55 ns Access Time.

Two major features of the WSSTC512F are its Low Power and High Speed. While operating in a TTL environment
it consumes only 80 mA while cycling at full speed. Additicnally, the WS57C512F can be placed in a standby mode
which drops operating current below 2 mA in a TTL environment and 500 pA in & CMOS environment.

The WS57C512F also has exceptional output drive capability. It can source 4 mA and sink 16 mA per output.

The WS57C512F is configured in the standard EPROM pinout which provides an easy upgrade path for systems which
are currently using standard EPRGMs.

MODE SELECTION PIN CONFIGURATION
HMODE PINS CE 3EI Vec | QUTPUTS TOP VIEW
PP Chip Carrier CEROIP
Read ViL V|L VCC DOUT NC Vee
Output Disable| X | Vi |Vec| High Z Arhghis| |Auhn
Standby Vin | X [Vec| Highz P SsTE T
a;[ls ! 2007 Ag
Program V”_ Vpp VCC DIN Ag '_:] & a8 :; Ay
Program Verify [ Vi | Vi |Vec| Dour N e o= o
Program Inhibit| Viy { Vi | Voo | High 2 Al 251 GE/vee
Encoded A lTT0 2471Ay,
. . Bl 231"] CE/PGM
Signature Vit ViL (Voo | "o Ne a2 2.0,
X can be either ¥ or V. b #e-) %%

14 1% 16 171818 20

“For Signaturs, Ag = 12V, Ag i5 loggled, and all other HaIa I
addresses are at TTL low. Ay = Wy, = MFGR 23H, 0,0, |NC0,0,04
Ay = ¥y = DEVICE AAH. GND

PRODUCT SELECTION GUIDE

PARAMETER WS57C512F-55 WE57C512F-70 WS57C512F-90
Address Access Time {Max) 55 ns 70 ns 90 ns
Chip Select Time (Max) 55 ns 70 ns 90 ns
Qutput Enable Time (Max) 25 ns 30 ns 30 ns
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WS57C512F

ABSOLUTE MAXIMUM RATINGS®

“Notice: Stresses above those listed under “Absolute

Maximum Ratings” may cause permanent damage to
&%?Q:S?:Rf‘ra‘giﬁ WAL —65°C to +150°C the device. This is a stress rating only and functional
R eg oct to G)r!oun d 06V 16 +7V operation of the device at these or any other conditions
v wi?h Respect to G'r.o. nd ““““ '0 BV N 0 Jf‘ v above those indicated in the operational sections of this
0D Prote ctic?: ungd.... —0 >02$00V spacification is not implied. Exposure to absolute
"""""""""""" maximum rating conditions for extendad pericds of time
may affect device reliability.
OPERATING RANGE
RANGE TEMPERATURE Vee
Comm'| 0° to +70°C +5V + 5%
Industrial —40% to +85°C +5V + 10%
Mititary -55% to +125°C +5V + 10%
DC READ CHARACTERISTICS Over Operaling Range with Vpp = Vg
SYMBOL PARAMETER TEST CONDITIONS MIN MAX | UNITS
VoL Output Low Voltage loe = 16 mA 04 v
Vou Qutput High Voltage foq = -4 mA 24 v
sz Voo Standby Currant {CMOS) CE = Voo + 03V {Note 1) 500 pA
lege Vee Standby Current {TTL) CE = V4 {Note 2) 2 mA
locr Ve Active Current (CMOS) Notes 1 and 3 ?v:’"'::‘r; 433 mA
) Comm't 35
leos Voo Active Current {TTL) Notes 2 and 3 Military 2 mA
lzp Vep Supply Current Vpp = Vee 100 ].I.A
Vpp Vpp Read Voltage VCC - 04 VCC V
It Input Load Current Viy = 55V or Gnd -10 10 WA
to Output Leakage Current Vour = 55V or Gnd -10 10 LA
NOTES: 1. CMOS Inputer GND + 03V or Ve + O3 3 Add 3 mA/MHZ for AC. power component.
2. TTL inputs: V) < D8, Vi = 200
AC READ CHARACTERISTICS Over Operating Range with Vpp = Vee.
WS57C512F-55 WS57C512F-70 WS57C512F-90
UNITS
PARAMETER SyMeoL MIN MAX MIN MaX MIN MAX
Address to Output Delay tace 55 70 90
CE to Output Delay tce 5 70 86
OE to Output Delay toe 25 30 30 hs
Output Disable o
Cutput Float tor 25 30 30
Address to Gutput Hold ton 4] 0 0
{3
77
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WS57C512F

AC READ TIMING DIAGRAM

ADDRESSES P vALID ¢
* K iy fon fe—
CE —mMM—, —
[ lgg ——
oF —=1 lnp
_._._/
tor [
OUTPUTS € wup | pro>——
CAPACITANCE(¥ T, = 25°C, f = 1 MHz
SYMBOL PARAMETER CONDITIONS TYP® MAX UNITS

Cin \nput Capacitance Vi = 0V 4 6 pF

Cour Output Capacitance Vour = OV 8 12 pF

Cvpe Vpe Capacitance Vpp = OV 18 25 pF
HOTES: 4. This parameter is only sampled and 15 not 10024 lested.

5 Typical values are for T, = 25°C and nominal supply voitages.
TEST LOAD (High Impedance Test Systems) TIMING LEVELS
880 Input Levels: O and 3V
20 Reference Levels: 08 and 2.0V
D.UT. 30 pF
{INCLUDING SCOPE
AND NG
L CAPACITANCE

sy
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WS57C512F

PROGRAMMING INFORMATION

DC CHARACTERISTICS (T, = 25 + 5°C, Voo = 55Y + 5%, Vpp = 125 + 05V)

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current _
(Vay = Vog of Gnd) 5 10 10 hA
Ve Supply Current During
Programming Pulse (CE/PGM = V) ler 6c mA
Ve Supply Current loc 25 mA
Input Low Level Vie -0.1 08 v
Input High Levet Viy 20 Voo +03 v
Output Low Voltage During Verify
lo, = 16 mA) Vou 045 Y
Qutpuit High Voltage During Verify
(o = -4 mA) Von 24 Y

NOTES: 6 Voo must be apphed either coincidentally or before Vpp and removed either coincidentally or after Vpp.
7. Vpp must nat be greater than 14 volts including overshoot, During CE/PGM = Wy, Vep must not be switched from 5 volts

10 123 volts or vice-versa.

8. During powet up the CE/PGM pin must be brought high {2V, either conciden! with or before power is applled 10 Vep.

AC CHARACTERISTICS (T, = 25 + 5°C, Vo = 55V + 5%, Vpp = 125 £ 05V)
PARAMETER SYMBOL MIN TYP MAX UNIT
Address Setup Time tag 2 us
Vpp Hold Time tyn 2 us
Data Setup Time g 2 us
Address Hold Time tan 0 us
Data Hold Time toH 2 LS
Chip Disable to Output Float Delay toF 0 70 ns
Data Valid From Chip Enable toe 70 ns
Vep Setup Time tye 2 us
PGM Pulse Width tpy 1 10 ms

PROGRAMMING WAVEFORM

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

tew

ADDRESSES X ADDRESS STABLE K_
[ g -t -—l oy P—
¥ X HIGH Z DATA OUT
DATA ————{ DATA IN STABLE ’>__—_< i 5—_
b 155 ] o ton -] [+ toe ] — tgp [—
Y
BEVer £
L
ot - 1,0~ [ty g F—iyyy
Vg ——————— ] /..__
CE/PGM \ /
vll.
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WS27C512L

WAFERSCALE INTEGRATION, INC.

64K x 8 CMOS EPROM
KEY FEATURES

¢ High Performance CMOS
— 100 ns Access Time

* Fast Programming
* Drop-In Replacement for 27C512 or 27512
+« DESC SMD #5962-87648

= 300 Mil Dip or Standard 600 Mil Dip

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

s Standard JEDEC EPROM Pinout

GENERAL DESCRIPTION

The WS27C512L is a HIGH PERFORMANCE 512K 1jV Erasable Electrically Programmable Aead Only Memory. It
is manufactured in WSI's latest CMOS EPROM technology which enables it to operate at speeds as fast as 100 ns
access time over the full operating range.

The WS27C512L can directly replace any 64K x 8 EPROM which conforms fo the JEDEC standard. Examples of
this would be as follows: 27512, 27C512, or 27C512F. It can be easily programmed using standard EPROM programmers
or the MagicPro™ IBM PC compatible engineering programmer offered by WSI.

The WS27C512L 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 enables a simple PCB layout ¢change to take advantage of
a 50% reduction in required board space.

The WS27C512L provides microprocessor-based systems storage capacity for portions of operating system and
application software. lis 100-ns access time provides no-wait-state operation with high-performance CPUs such as
the 16-MHz 80186, 16-MHz 68020, or 12-MHz 80386. The WS27C512L offers a single chip solution for the code storage
requirements of 100% firmware-based equipment. Frequently-used software routines are quickly axecuted from EPROM
storage, greatly enhancing system utility.

The WS27C512L is configured in the standard JEDEC EPROM pinout which provides an easy upgrade path for systems
which are currently using standard EFROMs,

The WS27C512L is one member of a high density EPROM Family which ranges in density from 64K to 4 Megabit.

PRODUCT SELECTION GUIDE

PARAMETER WS27C512L-10 WS527C512L-12 W527C512L-15 WS27C512L-20
Address Access Time (Max} 100 ns 120 ns 150 ns 200 ns
Chip Select Time {Max) 100 ns 120 ns 150 ns 200 ns
Cutput Enable Time (Max) 30 ns 35 ns 40 ns 40 ns
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WSs27C512L

ABSOLUTE MAXIMUM RATINGS* *Notlce: Stresses above those listed under “Absolute
Starage Temperature . .. ... ... .. —65°C 10 +150°C Maximum Ratings’™ may cause permanent damage to
Violtages on Any Pin with the device. This is a stress rating only and functional

Respect to Ground . . . .......... 06V to +7V operation of the device at these or any cther conditions
Vep with Respect to Ground ... ... 06V to +iav above those indicated in the operaticnal sections of this
Ve Supply Voltage with specification is not implied. Exposure to absoiute

Respect to Ground . .. ...... .. .. _08V to +7V maximum rating conditions for extended periods of tima
ESD Protection ........ ... el > 2000V may affect device reliability.

OPERATING RANGE

RANGE TEMPERATURE Voo TOLERANCE

Commercial 0°C to +70°C +5V +5% or +10%

Military -55°C to +125°C +5V +10%

DC READ CHARACTERISTICS Over Operating Range with Vpp = Vg,

SYMBOL PARAMETER TEST CONDITIONS MIN MaX UNITS
VL Input Low Level ~05 08 v
ViH Input High Level 20 Voo + 1 v
VoL Cutput Low Voltage lo. = 2.1 mA 04 v
Van Output High Voltage loy = ~400 pA 35 '
Iss:®™ | Ve Standby Current (CMOS) | CE = Vg £ 0.8V 100 BA
lsgs Voo Standby Current CE = Viy 1 mA

. — = F = 5 MHz 40
Igci? Voo Active Current CE=0E=V, = BMHZ 50 mA
lpp Vpe Supply Current Vep = Voo 100 A
Vpp Vpr Read Voltage Voo —04 Voo v
Iy Input Load Current Vin = 55V or Gnd -1 1 WA
ho Output Leakage Currant Vayt = 5.5V or Gnd -10 10 pA

AC READ CHARACTERISTICS COver Operating Range with Vpp = Ve

27C512L10 27C512L12 27C512L-15 27C512L-20
SYMBOL PARAMETER UNITS
MIN MAX MIN MAX | MIN MAX | MIN MAX
Address to Qutput
tace Delay 100 120 150 200
tce CE to Qutput Dalay 100 120 150 200
tor OE to Qutput Delay 30 35 40 40
; ns
tor? ot et 30 35 40 40
Output Hold From
Addresses, CE or
2] At '
fox O, Whichever 0 0 0 0
Occurred First
NOTES:

1. The supply current is the sum of lpe and ipp. The maximum current value 15 with Cutputs Oy to Oy 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—sae liming diagram,
3 CMOS inputs: V). = GND + 03V, Viy = Voo + 0.3V

sy
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Ws27C512L

A.C. WAVEFORMS

Vi - X
ADDRESSES ADnEes K
v )gt 7
[N
VIH
E /
L /
1o’ ———
VIH
i J
Yo -
tog™ —m
- tace o= Lo —te=]
¥in
OUTPUT Honz <<<<< VALID QUTPUT > Henz
vIL
CAPACITANCE™ T, = 25°C, { = 1 MHz
SYMBOL PARAMETER CONDITIONS TYPE MAX UNITS
Cin Input Capacitance Viy = 0V 4 6 pF
Cout Cutput Capacitance Vour = OV 8 12 pF
Cypp Vpp Capacitance Vep = OV 18 25 pF
NOTES:
4. This parameter is only sampled and is nat 100% lested.
5 Typical values are for T, = 25°C and nominal supply voltages
6. OF may be delayed up 10 tge-tog after the faling edgs of CE without impact on tog.
A.C. TESTING INPUT/QUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
2.01¥
24
20 2.0
> TEST POINTS < 8202
[ 1) 0.8 DEVICE
04 UNBER
TEST
I C, = 100 pF
AC. testing inputs are driven at 2.4V for a Logic “1" and
0.4V for a Logic ""0." Timing measuremants arg made at 2.0V . . )
for a Logic *1" and 0.8V for a Logic "0 C, includes Jig Capacitance

g
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Ws27Cs12L

MODE SELECTION

Tha mades of oparation of the WS27C512L are iisted in Table 1. A single 5V power supply is required in the read
mode. All inputs are TTL levels except for Vpp and Ag for device signature.

Table 1. Modes Selection

PINS CE/PGM OENVge Aq Ay Veo OUTPUTS
MODE
Read V||_ V"_ X X 50V DOUT
Qutput Disable X Vin X X 5.0V High Z
Standby Vi X X X 5OV High Z
Programming Vi Vppl® X X 58V Dy
Program Verify Vi ViL X X 58V Doyt
Program Inhibit ViH Vppl® X X 5.0V High Z
) (8) OV
Signature Manufacturert ViL Vi Vi Vi 50 23 H
Device! ViL YiL VH(B) Vi 50V CaH
HOTES:
7. X can be V)| of V. 9. A;-Ag, Apg=hyz = Vi
B Vy = Vpp = 1275 + D25V,
DIP PIN CONFIGURATIONS
IB Mbit 4 Mbit 2 Mbit | 27Co10L | 27C256L 27CG256L | 27C010L | 2 Mbit 4 Mbit B Mbit
A | XXNpp | XXVpp | XX/Vpp Veo Vee Vee Vee
A A Ay Agg ws27Cs12L XX/PGM |XX/PGM | Ay Aqg
Ay Ay Ags Ags Vep —AsCy BVee—] Voo XX A Ay Agz
Ay, Ay Ay Az A Agi]z A Ay Ay A Arg Ass
Ay A; A A A; 1—A; s BEA,——] Ay Az A A Ay
Ag Ag Ag Ag Ay —AOa wsha—— A Ag Ag Ay '
Ag Ag As Ag A; —4Ads wupa,— A Ay Ay Ay Ay
Ay Ay A, Ay Ay HAde 2P A Ay Ay Ay Aq,y Agy
Ay Ay A, A, A MOy 22[10EVe—| OF CE ¢ [+1 OEVpp
Ay Ay Ay Ay A, A 20 Ay, Ay A Ay A | A
Ay A, A Ay Ay Ay weerom-| CEFGH | CE CE | CE/PGM | CE/PGI
Ag Ag Ay A Ay Ao =[N 0 o Oy 0, 0,
Oy Oy Oy Oy G [—%dn wpoo— O Oy Oy [+ O
o Oy o, o o 01 12 17 10, g Qg Qg Oy Oy
O, ©y Q, [+ 0, — 02013 %00, 0, Oy 0y o, 0,
GND GND GND GND GND  |-GND]1a BP0, 0, 0, 0, 04 0,
NOTE: {0 Compatitde EFROM pin configurations are shown in the blocks adjacent to the WS27C51ZL pins.
PIN NAMES LCC PIN CONFIGURATION
Ag-As Addresses TN
€E Chip Enable End
p— T-]NC
CE Output Enable | PR
2417 Aw
Cp—05 Qutputs i ?Fﬁ
PGM Program 21140
XX Don't Care {During Read) NOTE: Leadless or
Lazaded, Plastc or
Ceramic Package
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WSs27C512L

PROGRAMMING INFORMATION
DC CHARACTERISTICS (T, =

25 + 5°C, Voo = 58V £ 0.25V, Vpp = 1275 + 0.25Y)

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current
(Vi = Ve or Gnd) y -10 10 WA
Vep Supply Current During
Programming Pulse (CE/PGM = Vi) lpe 60 mA
Ve Supply Current, See loes lee 40 mA
Input Low Level Vi ~0.1 08 Y
Input High Leval Vin 20 Vee+03 v
Output Low Voltage During Verify
(oL = 24 mA) VoL 04 v
Output High Voltage During Verify
flon = —400 W) Vor 35 v

NOTES: 11. ¥ must be applied ether coincidentally or before ¥ep and removed sither coincidentally or after Vepe,

12. Vpp must not be greater than 14 volts including overshoot Dunng CE/FGM = V|, Vpp must not be switched from 5 volts

1o 12.75 volts or vice-versa.

13. During power up the CE/PGM pin must bg brought high (V) gither coincident with or before power 15 applied 1o Vpg.

AC CHARACTERISTICS (T, = 25 + 5°C, Voo = 58V & 0.25V, Vpe = 1275 & 0.25%)
PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time ths 2 ns
Vpp Hold Time tyn 2 LS
Data Setup Time tos 2 us
Address Hold Time tay 4] us
Data Hold Time ton 2 B
Chip Disable to Qutput Float Delay tor 0 55 ns
Data Valid From Chip Enable tce a5 ns
Vpp Setup Time tyg 2 ns
PGM Pulse Width tew 041 4 ms

PROGRAMMING WAVEFORM

ADDRESSES X ADDRESS STABLE K
b o ..-I ——l tan —
i R HIGH Z DATA QUT %
pata —— DATA IN STABLE )————{ TAouT h———
b g~ b by —e] f'tci"" —a gy re—
Vee
TEN e ¥
Vi i
fo— 1y~ -ty bys =] —
7V — I
TE/PGR N /{
VIL
Tpw

v
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Ws27C572L

PROGRAMMING/ERASURE/PROGRAMMERS
Refer to Section 5.

ORDERING INFORMATION

OPERATING wsl
PART NUMBER si’fjo P"‘T":,‘:SE ;‘;ﬁ"f,ﬁﬁg RANGE MANUFACTURING
TEMPERATURE | Voo | PROCEDURE
WS27C512L-100/5 | 100 | 28 Pin CERDIF, 06 D2 Comml 5% Standard
WS270512L92D 120 { 28 Pin CERDIP, 06” D2 Comml | £10% Standard
WS270512L-12) 120 | 32 Pin PLDCC m Comml | £10% Standard
WS27C512L15CMB | 150 | 32 Pad CLLCC c2 Miitary | £10%| MIL-STD-883C
WS270512L-150 150 | 28 Pin CERDIP, 06" D2 Comml | £10% Standard
WS27C512L15DMB | 150 | 28 Pin CERDIP 06" D2 Miitary | +10% | MIL-STD-883C
WS27C51215) 150 | 32 Pin PLDGC m Comml | +10% Standard
WS27C512L15LMB | 150 | 32 Pin CLDCC L3 Military £10% |  MIL-STD-883C
WS27C512L-20CMB | 200 | 32 Pad GLLGG c2 Military £10% |  MIL-STD-883C
WS27C512L-200MB | 200 | 28 Pin CERDIP, 06" D2 Military £10%]  MIL-STD-883C

Sy
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WAFERSCALE INTEGRATION, INC.

1 MEG EPROM SELECTION GUIDE

ARCHITECTURE
654K x 16 WSITC210F
adK x 16 WssTCz10M I
]
64K % 16 ]7 WE2TCZI0L
128K = B WSZrCO10F
128K = 8 WSS7CHM
128K x 3 | Wws2rcooL
A1 ,&L Y i ] L. Il 1 | i 1 il L y 1
55 40 T 80 90 100 110 120 130 140 10 160 FFD 190 1) 200

ACCESS TIME (ns)

31
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wS27C010L

_—_— e
WAFERSCALE INTEGRATION, INC.

128K x 8 CMOS EPROM
KEY FEATURES

High Performance CMOS + Simplified Upgrade Path
— 100 ns Access Time — Vpp and PGM Are “Don't Care” During
Normal Read Operation

s Compatible with JEDEC 27010 and

Fast Pragramming

* EP! Processing 27C010 EPROMs .
— Latch-Up Immunity to 206 mA
— ESD Protection Exceeds 2000 Volts * JEDEC Standard Pin Configuration
— 32 Pin Dip Package
* DESC SMD No. 5962-89614 — 32 Pin Chip Carrier

GENERAL DESCRIPTION

The WS27C010L is a high performance, 1,048,576-bit Electrically Programmable UV Erasable Read Only Memory.
ttis organized as 128 K-words of 8 bits each. Its pin-compatibility with byte-wide JEDEC EPROMSs enables upgrades
through & Mbit EPROMs. The “Don't Care” feature during read operations allows memery expansions from 1M to
8M bits with no printed circuit board changes.

The WS27C010L can directly replace lower density 28-pin EPROMs by adding an A4g addrass line and Ve jumper.
During the normal read operation PGM and Vep are in a “don't care” state which allows higher order addresses,
such as A7, Aqg, and A,y to be connected without affecting the normal read operation. This allows memeory upgrades
to BM bits without hardware changes. The WS27C010L will also be offerad in a 32-pin plastic Dip with the same upgrade
path.

The WS27C010L provides microprocessor-based systems extensive storage capacity for {arge portions of operating
system and application software, Its 100-ns access time provides no-wait-state operation with high-performance CFUs
such as the 16-MHz 80188, 16-MHz 68020, or 12-MHz 80386. The WS27CO10L 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 an eight product megabit EPROM family. Other byte-wide family members are the faster
WS27CG10F, the faster WSSTCO10F with high bus drive and the WS57C010M EPROM module. Word-wide (64K x 16)
family members are the WS27C210L, the faster WS27C21CF, the faster WS57C210F with high bus drive and the
WSE57C210M EPROM module.

The WS27C0M0L is manufactured using WSI's advanced CMOS tachnology.
The W527C010L is one member of a high density EPROM Family which ranges in density from 84K to 4 Megabit.

PRODUCT SELECTION GUIDE

PARAMETER 27C010L-10 27C010L-12 27C010L-13 27C010L-15 27C010L-20
Address Access Time (Max) 100 ns 120 ns 130 ns 150 ns 200 ns
Chip Select Time {Max} 100 ns 120 ns 130 ns 150 ns 200 ns
Qutput Enable Time (Max) 30 ns 35 ns 35 ns 40 ns 40 ns
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WS27C010L

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature -B65°C to +125°C
Voltages on Any PFin with

*Motice: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage 1o
the device. This is a stress rating only and functional

Respect to Ground .. ............ —06V to +7V operation of the davice at these or any other conditions
Vpe with Respact to Ground . . .. . . —08V to +14V above those indicated in the operational sections of this
Ve Supply Voltage with specification is not implied. Exposure to absolute

Respect to Ground . . .. ... ....... —0EV io +7V maximum rating conditions for extended periods of time
ESD Protection . ...................... > 2000V may affect device reliability.

OPERATING RANGE
RANGE TEMPERATURE Vee TOLERANCE

Commaearcial 0°C to +70°C +5V +5% or +10%

Industrial —40°C to +85°C +5V +10%

Military -55°C to +125°C +5V +10%

DC READ CHARACTERISTICS Over Operating Range with Vpp = Ve,

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
VL Input Low Level -05 048 v
Vin Input High Level 20 Voo + 1 v
VoL Qutput Low Voltage lor = 21 mA 04 '
Vou Qutput High Voltage loy = —400 pA 35 V'
lss1™® | Ve Standby Current (CMOS)| CE = Vg + 03V 100 nA
[ Voc Standby Current CE = Viu 1 mA

— F =5MHz 50

i1} i = =
leg Voo Active Current CE = QE = V¥, F = BMHzZ 80 mA
lpp Vep Supply Current Vep = Voo 100 pA
Vpp Vpp Read VO"agB Vcc -04 VCC W
I Input Load Current Vi = 55V or Gnd -1 Ll uA
o Output Leakage Current Vour = 55V or Gnd -10 10 LA
AC READ CHARACTERISTICS Over Qperating Range with Vepp = V.
-10 -12 -13 -1 -2
SYMBOL PARAMETER 3 0 UNITS
MIN | MAX | MIN | MAX [ MIN | MAX | MIN | MAX [ MIN | MAX
Address to Cutput

tacc Delay 100 120 130 150 200

tcE CE to Qutput Delay 100 120 130 150 200

top OE to Qutput Delay 30 35 35 40 40

- ns
@ Qutput Disable to
toe Output Float 30 35 35 40 40
Output Hold From
@ Addresses, CE or
ton OE, Whichever 0 © © 0 0
Qccurred First
NOTES:

1. The supply current is the sum of |o; and {pe. The maximum current value is with Outputs Gyp to O unloaded.

2. This parameler is anly sampled and |s not 100% lested. Output Fisatis defined as the point where dala is no longer driven—see timing dlagram.

8. CMOS inpuis: ¥, = GND + 03Y, ¥y = Voo

+ 0.3
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WS27CoT10L

A.C. WAVEFORMS

Yin s -
ADDHESSES X ADDRESS

VALID
Vi

. teet® »

VIH
OE
Vi / L

10![5) — ]
c - Lon— |——
OUTPUI: flnz ///// VALID OUTPUT \ \ HIGH 2
" ANAANN /

tar

CAPACITANCE® T, = 25°C, f = 1 MHz

SYMBOL PARAMETER CONDITIONS TYPS) MAX UNITS
Ciy Input Capacitance Viy = 0V 4 6 pF
Cout Output Capacitance Vour = OV 8 12 pF
Cvep Vep Capacitance Vep = OV 18 25 pF

NOTES:

4, This parameter is only sampled and is not 100% sted,
5. Typical values are for T, = 25°C and nominal supply vallages.
6. OF may be delayed up to tog-toe after the falling edge of CE without impact on 1.

A.C. TESTING INPUT/QUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

2.01¥
24
.0 2.0
> TEST PQINTS < a205
0.8 0.8 DEVICE
04 UNDER
TEST
I € = 100 pF
AC. tasting nputs are driven at 2.4V for a Logic 1" and
0.4¥ for a Logic "0 Timing measurements are made at 2.0V )
for a Logic "1 ang 0.8V for a Logic "0 Gy includes Jig Capacitance
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WS27C010L

MODE SELECTION

The modes of operation of the WS27C010L are listed in Table 1. A single 5V power supply is reguired in the read
mode. All inputs are TTL levels except for Vep and Ay for device signature.

Table 1. Modes Selection

PINS | — | == | ==
MODE CE OE PGM Ag Ay Vep Vee CUTPUTS
Read vie | v Xt X X X 50V Bour
Output Disable X ViH X X X X 5.0V High Z
Standby Vin X X X X X 5.0V High Z
Programming ViL Viy A" X X vep® | B0V Dy
Program Verify Vi Vi Vin X X vepl® | 60V Dout
Program Inhibit Vig X X X X Vept® | 5OV High Z
Signature Manufacturer’® Vi Vi X vy'® Vi X 50V 23 H

Device!® Vil Vi X V' Vi X 50V CiH
NOTES:
7. X can be Vi or Viy 9 Ay ApA = V)

8 Vy = Vpp = 1275 + 0.25V.

DIP PIN CONFIGURATIONS

8 Mbit| 4 Mbit | 2 Mhbit | 27C512L | 27C256L ws27cotoL 2702561 | 27C512L § 2 Mbix | 4 Mbit | 8 Mbit
A | XOWVpp | XNVR - X Ven 1] 8 R PIV — Veo Veo Ve
Ay Ayg A —Aw ]2 39 [ X3/PGM XXPGM| Ay A
A Ay Ay Ayg Vee |23 WEAAK ] Voo Vee Ay Az Az
Ap Agy Ay A A Ap 4 BOA—] Ay A Agy Ay Asq
A; Ay Ay Ay Ay [—#Qgs WA, Agp Ay Ay Ay Ay
Ay Ag Ay Ag Ay |— A s aha,—] A Ay Ay Ay Ag
Ag Ag Ag Ag Ag A7 wha, — A Ag Ay Ag Ay
Ay A, Ay Ay A, [— Ads O 2514y, Ay An Ay Ap Ay
Ay Ay Ay Ay Ay |— &]e 24 D€ OE | DEtvpe | OF OE DENpp
Ay Ay A, Ay Ay — A 10 23 Ay Ay Ay Ao A A
A, Ay A, Ay Ay |— Ar]n 22 ATE —|CE/PGM| CE/PGM | TE | CE/PGM |CE/PGM
Ay Ay Ay Ag A %O 210, % 0, 0; 0 0,
Oy Op Oy O, 0, Oy 13 20 [0, o 0 0; O O
0, 0, O, o, 0, — o 1310, O Oy Oy Oy O;
0, 0, o, 0, 0, E 015 1 po, 0, 0, 0, o, 0,

GND | GND | GND | GND | GnD GND [ 16 wRo— O 0y Oz 03 Oy

NOTE: 9. Compatible EPROM pin configurations are shown in the blocks adjacent to the WS27C010L pins.

PIN NAMES LCC PIN CONFIGURATION

Ag-Aqg Addresses

CE Chip Enable A

OE Qutput Enable 3.;

0g-05 Outputs Ero

PGM Program io;

XX Don’t Care {During Read) NOTE: Leadless or
Leaded, Plastic or
Ceramic Package

s
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WS527CO10L |

PROGRAMMING INFORMATION
DC CHARACTERISTICS (T, = 25 1 5°C, Voo = 6OV + 0.25V, Vgp = 1275 + 0.25V)

PARAMETER SYMBOLS MIN MAX UNIT
tnput Leakage Current
Vg = Voc of Gnd) lui -0 10 MA
Vep Supply Current During | &0 A
Programming Pulse (CE = PGM = V| } pF m.
Voo Supply Current lee 50 mA
Input Low Level im -01 08 v
Input High Level Vi 2.0 Voo +03 v
Qutput Low Voltage During Verify
(oL = 2.1 mA) Vou 04 v
Output High Voltage During Verify
(low = —400 pA) Vor 35 v

NOTES: 10. VW must be applied eilher coincidenally or before Ve and removed either coincidentally or after Yo,
11 Vpp must not be greater than 14 valts including overshool During CE = PGM = V), Vpp must not be switched from 5 volts
to 12,75 volts or vice-versa.
12, Duning power up the PGM pin must be brought high (3¥4) aither cancident with or belore power 15 applied to Vpg.

AC CHARACTERISTICS (T, = 25 & 5°C, Voo = BOV + 0.25V, Vpp = 1275 1 0.25V)

PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Tima tas 2 7%}
Output Enable Setup Time toes 2 us
Data Setup Time tos 2 us
Address Hold Time tan 0 us
Data Hold Time ton 2 LS
Chip Disable to Output Float Delay tor Q 55 ns
Data Valid From Cutput Enable toe 55 ns
Vpp Setup Time/CE Setup Time tysflces 2 us
PGM Pulse Width tow 0.1 4 ms

PROGRAMMING WAYEFORM

ADDRESSES ADDRESS STABLE

[ bas o] ‘.-i tan
" | -
patA —— DATA IN STABLE }L{ DA T

N

F— kg~ |--Io,..-- - e —
Vee
¥ s
P /1
Veo
Vi P tyg e
cE Y
¥y i
™ Loes |
P

PEN o
Yo
H r—loes "I
L

/s
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PROGRAMMING/ERASURE/PROGRAMMERS

Refer to Section 5.

ORDERING INFORMATION

OPERATING Wsi
PART NUMBER s'{’:s'ip PA%'{(::E ;‘:‘i’(w‘l‘ﬁg RANGE MANUFACTURING

TEMPERATURE| V., | PROCEDURE
WS27C010L-10D/5 100 | 32 Pin CERDIP, 06" D4 Comm'l +5% Standard
WSZ7CO10L-10L/5 100 | 32 Pin CLDCC L3 Comm'l +5% Standard
WS27Co0L12C 120 | 32 Pad CLLCC cz Comm'l +10% Standard
WS27C010L-12CMB* | 120 | 32 Pad CLLCC cz2 Military +10% | MIL-STD-883C
WS27C010L-12D 120 | 32 Pin CERDIP, 06" D4 Comm'l +10% Standard
WS27CO10L-12DI 120 | 32 Pin CERDIP, 06* D4 Industrial +108% Standard
WS27C010L-12DMB * 120 | 32 Pin CERDIP, 086" D4 Military +10% | MIL-STD-883C
WS27C010L-12J 120 | 32 Pin PLDCC J4 Comm'l +10% Standard
WS27CO10L-121L 120 | 32 Pin CLDCC L3 Comm'l +10% Standard
W327CO10L-12P 120 | 32 Pin Plastic Dip, 06* P5 Comm’l +10% Standard
WS27C010L-13CMB* | 130 | 32 Pad CLLCC ce Military +10% | MIL-STD-883C
WS27C010L-13DMB* | 130 | 32 Pin CERDIP, 08~ D4 Military +10% | MIL-STD-883C
WS27Co10L-15CI 150 | 32 Pad CLLCC c2 Industrial +1094% Standard
WS27C0O10L-15CMB 150 | 32 Pad CLLCC c2 Military +10% | MIL-STD-883C
WS27C010L-15D 15G¢ | 32 Pin CERDIF, 06" D4 Comm'l +10% Standard
WS27CO10L-15DI 185G | 32 Pin CERDIP, 06" D4 Industrial +10% Standard
WS27CO10L-15SDMB 150 | 32 Pin CERDIP, 06" b4 Military +10% | MIL-STD-883C
WS27C0t0L-15J 150 | 32 Pin PLDCC J4 Comm’l +10%% Standard
WS27COt0L-15LMB 150 | 32 Pin CLRCC L3 Military +10% | MIL-STD-883C
WS27C0t0L-15P 150 | 32 Pin Plastic Dip, 06* P& Comm’l +10% Standard
WS27C00L-20C 200 | 32 Pad CLLCG c2 Comm'l +10% Standard
WS27CM0L-20CMB 200 | 32 Pad CLLCC c2 Military +10% | MIL-STD-883C
WS27C010L-20D 200 | 32 Pin CERDIP, 08" D4 Comm't +10% Standard
WS27C010L-200MB 200 } 32 Pin CERDIP, 08" Da Military +10% | MIL-STD-883C
WS27C0M0L-20J 200 1§32 Pin PLDCC Jd4 Comm’l +10% Standard
WS27C010L-20P 200 | 32 Pin Plastic Bip, 06" Ps Comm’! +10% Standard

*These products are Advance information.
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FEE =5
=== WS57C010M
WAFERSCALE INTEGRATION, INC. ADVANCE INFORMATION
1 Meg (128K x 8) EPROM MODULE
KEY FEATURES

+ High-Density 1024K-bit CMOS + Fast Programming

EPROM Module — 30 Seconds Typical
* Utilizes Four WS57C256F High-Speed + EPI Processin

g

CMOS EPROMs — Lateh-Up Immunity to 200 mA
+ Ultra-High Speed Access Time — ESD Protection Exceeds 2000 Volis

~- 55 ns

. * JEDEC Standard Pin Configuration
* Simplified Upgrade Path From — 32 Pin Ceramic Side-Brazed Dip Package
— 256K EPROM (32K x 8)
— 512K EPROM (64K x 8)

GENERAL DESCRIPTION

The WS57C010M is a high performance, 1,048,576-bit Electrically Programmable UV Erasable Read Only Memory.
It is organized as 128 K-words of 8 bits each. The WS57C010M is constructed using four high-performance WS57C256F
EPROMSs in a 32-pin side-brazed multi-layer co-fired package. The WS57C256F is manufactured using WSI's advanced
CMOS split-gate EPROM technology. The 55 ns access time of the WS57CMMOM enables it to operate in high
performance systems,

High perfermance microprocessors such as the 80386 and 68020 require sub-70 ns memory access times to operate
at ar near full speed. The WS57C010M enables such systems to incorporate operating systerns and/or applications
software into EPROM. This in turn enhances system utility by freging up valuable BAM space for data or other program
store and eliminating disk accesses for the EPROM resident routines,

The WS57C010M pin configuration was established to enable memory upgrades from 256K and 512K EPROMS. Vpp
is "don't care” and PGM is held low during normal read operation.

The WS57C010M is part of a three produgt megabit EPROM module family. Qther family members are the WS57C210M
{64K x 18) and the WS527C240M (256K x 18).

PRODUCT SELECTION GUIDE

PARAMETER WS57C010M-55 WS57C010M-70
Address Access Time {Max) 55 ns 70 ns
Chip Select Time {Max) 55 ns 70 ns
Cutput Enable Time {(Max) 35 ns 40 ns
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WSs7C01OM

PIN NAMES DIP PIN CONFIGURATIONS
WS57C0I0M
AU_A1E Addrassas 270512 (270256 L 27C256 | 27C512
— - Ve O 1 32 Voo
C_E Chip Enable s 2 o |7 e

OE Quiput Enahle A Ver Ag ] 30 1 xx Vee Vo
0p~07 | Outputs Ay Aqz e a S Ay A
PGM Program Control Ay A = 28 Aw A A
B " Ag Ag % Qe 27 E 4 Ag Ay
XX Don't Care (During Read) A A A7 26 [ a, A A
Ay Ay s 25 H Ay Ay An

Ay A AOe 2415 OE | BEven
Ay A, ACOw 23] Ay, Ay A
A, A, AN 200 CE CE CE
A Ay Ay ()12 2100, o, o,
Oy [+ g m Bk 200, 0, O,
0, 0, 9, 1930, 05 Q;
0, 0, e s wlo, 0, Q,
GhND | @Np GND [ 16 wpEo, | 04 04

MOTE: Compatible EPROM pin configurabions are shown in the blocks adjacent to the

MODE SELECTION

WSESFCOOM pins.

PINS JE—— o —_—
PGM CE OE v v QUTPUTS

MODE PP cc

Read ViL Vi Vi X Voo Dourt

Qutput Disable ViL X Yy X Veo High 2

Standby Vi Vin X X Voo High Z

Program Vi Vi Vin Ve Ve Din

Program Verify VlH X V||_ Vep VCC DOUT

Program Inhibit VIH VEH V|H Vep VCC ngh r4

MOTE: X can be eithar ¥ ar V.
FUNCTIONAL BLOCK DIAGRAM
Aote Yis 15 15 Pl
Vee ——a /2 Ap—Pg Ag-Aq Ag=huyy L
Vg i
Vpp —=
WS57C256F WSSTC256F WS57C256F WSsTC256F
CE
PGEM DECODER EIP'GM
OE °E 1o, 11057 110y 110
{a
0y
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WS57C0O10M

ABSOLUTE MAXIMUM RATINGS*

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

*Notice: Siresses above those listed under *‘Absolute
Maximum Ratings'™ may cause permanent damage to
the device. This is a stress rating only and functicnal
operation of the device at these or any other conditions

szeiﬁﬁc;?s;gﬂgdérgu‘n'd _____________ . B%%Vtéo :;:g above those indicated in the operational sections of this
Ve Supply Voltage with specification is not ‘|rnplled‘ Exposure tp absol_ute

Respectto Ground .. ............ -06V to +7V maximum rating conditions for extended periods of time
ESD Protection . .. .. ..v.vovr v >2000V may affect device reliability.

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

OPERATING RANGE

RANGE TEMPERATURE Vee
Comm’l 0° to +70°C +5V 4+ 5%
Military 552 to +125°C +5V + 10%

READ OPERATION
DC CHARACTERISTICS Over Operating Range (See Above)

SYMBOL PARAMETER CONDITIONS MIN MAX UNITS
Iy Input Load Current Viy = BAY 10 1A,
o Qutput Laakage Current Your = 55V 10 wA
lppt Vpp Load Current Vpp € Voo 10 1A
Igg (TTL) Vcc Current Standby CE = V|4 20 mA
Isg {CMOS) Ve Current Standby CE = V4 5 mA
loc (TTL) Voo Current Active CE = OE = Vi 200 mA
VL Input Low Voltage =01 +08 v
Vin Input High Voltage 20 Voo +1 vV
VoL Cutput Low Veltage lg, = 18 mA 04 v
Vou Cutput High Voltage lgy = -4 MA 24 1
Vpp Vpe Read Voltage =01 Voo +1 v

AC CHARACTERISTICS Over Operating Range (See Above)
SYMBOL |  CHARACTERISTICS TESY STCOTOMSS | STOMOM™ | unirs
CONDITIONS MIN MAX MIN MAX

tace Address to Output Delay CE=0OE=v, 55 70 ns
tce CE to Output Delay OF = v 65 70 ns
toe OE to Output Delay CE = v 35 40 ns
toe OF High o Output Float CE = v, 0 a5 ] 40 ns

Output Hold from o
toH Addresses CE or OE E = OE = V_ 0 0 ns
Whichever Occurred First
NOTE: 1. This parameter is anly sampled and is not 100% tested. Qutput Fioat is defined as the point where data is no longer driven—see

timing diagram.

sy
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WSs57Co10M

AC READ TIMING DIAGRAM

vIH
ADDRESSES

Vi

Vin

OuTPUT

8 ADDRESS BK
- VALID v
"4
tog™® ——
/ — toe®?
T p—
= tace »- ToH vt}
HIGH Z ///// \ HIGH Z

VALID QUTPUT

NOTES:

2. This parameter iz only sampled and is nol 10095 tested.

3 OF may be defayed up to ioe—lgge after the falling edge of TF without impact on tgg.

CAPACITANCE
SYMBOL PARAMETER CONDITIONS TYpPZ4 MAX UNITS
Cin Input Capacitance Vin = OV 20 30 pF
Cour Qutput Capacitance Vour = OV 24 32 pF
Curp Vpp Capacitance Vpe = OV 54 75 pF
NOTE: 4. Typical values are for T, = 25°C and nominal supply voitages, t = 1 MHz.
AC TESTING INPUT/OUTPUT WAVEFORM AC TESTING LOAD CIRCUIT
2.0V
LT
20 2.n> :
[:1:2e
> TEST POINTS <
Xo,s 08 DEVICE
o UNDER ouT
TEST
C, = 30 pF

AC. testing inputs are grivan at 30V {or a Logic "1 and
O for a Logle “0" Timing measurements are made at 2.0V
for a Logic "1" and 0.8v for a Logic "0

Cp includes Jig Capacitance

L
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WS57C010M

PROGRAMMING INFORMATION(567)
26 + 5°C, Voo = 55V + 5%, Vpp = 125 + 05V)

DC CHARACTERISTICS (T, =

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current
(Vi = Ve or Gnd) i -0 10 WA
Vpe Supply Current During I 80 mA
Programming Pulse (CE = PGM = V() PE
Vee Supply Current lee a0 mA
Input Low Level Vi -0.1 0.8 vV
Input High Level . Vi 2.0 Voo +0.3 V
Output Low Voltage During Verify
(o, = 16 MA} Voo 045 v
Output High Voltage During Verify
oy = —4 mA) Vo 24 v

NOTES: 5 Voo must be applied either coincidentally or before Vpp and remaved either coincidentally or atter Vpg.
&, Wpp must not be greater than 14 volts including overshoot. During CE = PGM = V), Ve must not be switchad from & volts

to 12.5 voits or vice-versa.

7. During power up the PGM pin must be brought high (VY 4) either coincident with or before power is applied to Vpp.

AC CHARACTERISTICS (T, = 25 + 5°C, Voo = 55V + 5%, Vpp = 125 + 05V}
PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time tag 2 T3]
Chip Enable Setup Time fcEs 2 us
Qutput Enable Setup Time foEs 2 us
Data Setup Time tos 2 ps
Address Hold Time tan 0 Bs
Data Hold Tirmne ton 2 us
Chip Disable to Output Float Delay toF 0 130 ns
Data Valid From Output Enable toe 130 ns
Vpp Setup Time tys 2 T3
PGM Pulse Width ey o1 0.2 4 ms
NOTE: Single shot programming algorithms should use a single 4 ms pulse.
PROGRAMMING WAVEFORM
ADORESSES _X_ ADDRESS STABLE
B - —b+ tayy  p—
DATA —(4 DATA IN STABLE }L{ DATA OUT '}—
o 15 = b 154y —0e] b 15 = — g r-——-
Yep r
v 4
PR Vee _/‘_ - _-1
vll‘l
LE k
vIL i
M tces *
¥in
]
Vi
H p—
Y —
0% L J&t__/

/i
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&S S = WS27C010F
ADVANCE INFORMATION

WAFERSCALE INTEGRATION, INC.

1 Meg (128K x 8) CMOS EPROM

KEY FEATURES

« High Performance + EPI Processing
— B5ns — Latch-Up Immunity to 200 mA

« Simplified Upgrade Path ESD Protection Exceeds 2000 Volts
— Vpp and PGM Are “'Don't Care” During
Normal Read Operation
- Expandabte to 8M Bits

* Pin Compatible with WS27C010L

* JEDEC Standard Pin Configuration
— 32 Pin Dip Package

GENERAL DESCRIPTION

The WS27C010F is a high performance, 1,048,576-bit Elecirically Programmable UV Erasable Read Only Memory.
It is organized as 128 K-words of B bits each. The 55 ns access time of the WS27C0O10F enables it to operate in high
performance systems. The “Don't Care” feature during read operations enables memory expansions up to 8M bits
with no printed circuit board changes,

High performance microprocessors such as the 80386 and 68020 require 55 ns memory access times to operate
at or near full speed. The WS27C010F enables such systems to incorporate operating systems andfor 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 W527C010F pin configuration was established to enable memory upgrades to BM bits without hardware changes
to the printed circuit board. Pins 1 and 31 are “'don’t carg” during normal read operation. This enables higher order
addresses to be connected to these pins (see DIP Pin Configurations). When higher density memories are required,
the printed circuit board is ready to accept the higher density device with no hardware changes,

The WS27C010F is part of an eight product megabit EPROM family. Byte-wide family members (128K x 8) are the
WS27C010L, WS27C010F (described herein) and WS57C010F as the high-speed version. Word-wide (64K x 16) family
members are the WS27C210L, WS27C210F and the high-speed WS57C210F. The WS57COM and WS57C210M are
high speed, high bus drive EPROM moduies.

The WS27C0M0F is manufactured using WSl's advanced CMOS technology.

PRODUCT SELECTION GUIDE

PARAMETER WS27C010F-55 WS27C0O10F-70 WS27C010F-90 WS27C010F-10
Address Access Time (Max) 55 ns 70 ns 90 ns 100 ns
Chip Select Time {Max) 55 ns 70 ns 90 ns 100 ng
Output Enable Tima (Max) 25 ns 25 ns 30 ns 30 ns
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WS27C010F

ABSOLUTE MAXIMUM RATINGS*

Storage Temperature —65°C to +125°C
Voltage on Any Pin with

*Notlce: Stresses above those listed under “Absclute
Maximum Ratings” may cause permanent darnage fo
the device. This is a stress rating only and functional

Respect to Ground .............. _0BV to +7V operation of the device at these or any other conditions
Vpp with Respect to Ground ... .. .. —06V to +14V abovg}ho;.e infjicated ‘in the operational sections of this
Ve Supply Voltage with sper,jrflcatlon Is not implied. Exposure to absolute

Rospect to Ground .. .. .......... —0BV to +7V maximum rating conditions for extended periods may
ESD PIOWGtION . .. ... ... ..t >2000V affect device reliability.

MNOTICE: Specifications contained within the following tables are subject to change.
OPERATING RANGE

RANGE TEMPERATURE Vee

Comm’l 0° to +70°C +5V + 5%
Industrial -40° to +85°C +5V 1 10%
Military -55° to +125°C +5V + 10%

READ OPERATION
DC CHARACTERISTICS 0°C < T4 € +70°C; Vg (Comm'liMilitary) = +5Y + 10%.

LIMITS
SYMBOL PARAMETER CONDITIONS MIN MAX UNITS
M Input Load Current Viny = 58V 10 pA
o Qutput Leakage Current Vour = 58Y 10 BA
Ippih Vpp Load Current Vep € Vee 10 LA
lsg TTL Voo Current Standby CE = V) 2 mA
lgg CMOS Ve Current Standby CE = Viy 500 A
lect) Ve Current Active CE = OE = V|| 40 mA
ViL Input Low Voltage =01 +08 v
Vin Input High Voltage 20 Ve +1 v
Vo Qutput Low Voltage loL = 21 mA 04 v
Vou Qutput High Voltage loy = —400 uA 24 vV
Viepth Vpp Read Voltage Voo = 50V £ 0.25 -01 Ve +1 vV
AC CHARACTERISTICS 0°C < T4 € +70°C
SYMBOL | CHARACTERISTICS TEST = i 20 SN
CONDITIONS | MmN [ MAX | MIN | MAX | MIN | MAX | MIN | MAX
tace Address to Qutput Delay | CE = OE = V|, 55 70 90 100
tce CE to Qutput Delay OE = v 55 70 90 100
toe OE to Qutput Delay CE = V), 25 25 30 30 | s
toe@  |OE High to Output Float CE = v, 0|2s| oy2s| 0|30 30
Output Hold From L
ton Addresses CE or OE E=0E=V| 0 a 0 0]
Whichever Oceurred First
NOTES:

1. Vpp should be at a TTL levet except during programming. The supply current would then be the sum of Iz and lpp, The maximum current

value is with Qutputs Oy to 07 unloaded.
2. This pararneter is only sampled and is not 100% tested. Qutput Float is defined as the point where data is no longer driven—ses timing diagram.
3. Add 2 mAMHZ for AC, power component,
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WS27C010F

AC READ TIMING DIAGRAM

Yin T
ADDRESSES X A
y -
[
Vi
[
Vi
|t tCE(a) -
¥y
OF
Vi L 1
top'®! —e
- tace - ton
Vin
QUTPUT HiGH 2 ///// VALID CUTPUT \ HiGH 2
ANAANN %
CAPACITANCE® T, = 25°C, f = 1 MHz
SYMBOL PARAMETER CONDITIONS TYP® Max UNITS
Cin Input Capacitance Vin = OV 4 ] pF
Cout Output Capacitance Vour = OV 8 12 pF
Cvpp Vpp Capacitance Vpp = OV 18 25 pF
MOTES:
4. This parameter 13 only sampled and is not 100% tested.
5. Typical values are for T, = 25°C and nominal supply voltages.
6. OF may be delayed up to tee-tag after the falling edge of CE without impact on te.
A.C. TESTING INPUT/OUTPUT WAVEFORM ALC. TESTING LOAD CIRCUIT
2.04¥
24
2.0 24
X > TEST POINTS < -x 82002
045 > > BEI‘SECIE out
TEST
€, = 100 pF

A G, testing inputs ara driven at 2.4V for a Logie 1" and

for a Logle "1"" and 0BY for a Logic 0"

045V for a Lagic "0 Timmg measuremants are made at 2.0V

C ncludes Jig Capacitance

I

Uiy
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WS27C010F

DIP PIN CONFIGURATIONS

8 Mbit | 4 Mbit | 2 Mbit | 27512 | 27256 WS27Co10F 27256 | 27512 | 2 Mbit | 4 Mbit | 8 Mbit
Aig | X0UVpp | XXiVpp X¥XVpe O] 1 32 [ Ves — ] Vee | Voo | Veo
Aqg Ay A Awr]2 31 1 X00PaR XX/PGW Ayg [
Aqg A5 A5 A5 Vep A ] 3 30 7301 Yee | Vee Ay Az Az
Az Ay A Aqgp Ap F—Au]a 20004, —1 Ay Ay Ay Aqg Ag
Az Az A7 Az Az Args 204, Az Aqgy Aqg A Ayy
A Ag Ag Ag Ag Ag 38 27 04, Ag Ag Ag Ag Ag
ﬁs ﬁs .ﬂs ﬂs .ﬁs A} 7 WHA, ﬁs Ag ﬁs ﬂg Ag
Ay Ay Ay Ay Ay A e O 25 1A, Ay | An Ay Ap Ay
Ay Ay Ay Az Ay L =] HpPoE QE OE/NVpp OF OE aEr'\fpp
Az Ay Ay Ay Az A 10 2314y Ao Ao Aqgp Ao A
A, Aq Ay A, Ay Adn npE — SE €E CE cE CE
Ap Ay Ap Ag Ap Ay 12 2170, Q5 Oy Dy Q7 O
O Qy [+ 1 Og [+ 1 Oy 13 who,—1 O3 Og Dg Qg Qg
04 [+ 8 [+ 1 o4 oy oy 14 1B A0 Qg [+ 71 Qg Qg 05
Oy Oz Oz 02 0z 0,15 1o, O 0y Oy 04 Oy
GND | GND | GND | GND | GND }——oGNDI]1s 7po, O3 Oy 03 O3 O3

NOTE: Compatible EFROM pin configurations are shawn in the blocks adjacent to the WS2RC0I0F pins,

PIN NAMES
Ag-As Addresses
CE Chip Enable
OE Qutput Enable
Cp-07 Qutputs
PGM Program
XX Don't Care (During Read}
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S s £ WS27C210L
PRELIMINARY

WAFERSCALE INTEGRATION, INC,

1 Meg (64K x 16) CMOS EPROM
KEY FEATURES

* Ultra-High Performance
— 100 ns

+ Simplified Upgrade Path
— Vpp and PGM Are “Don’t Care” During
Normal Read Operation
— Expandable to 8M Bits

= EPI Processing
— Latch-Up Immunity to 200 mA
— ESD Protection Exceeds 2000 Volts

* JEDEC Standard Pin Configuration
— 40 Pin Dip Package
— 44 Pin Chip Carrier

GENERAL DESCRIPTION

The WS27C210L is an ulira-high performance, 1,048576-bit Electrically Programmable UV Erasable Read Only Memory.
it is organized as 64 K-words of 16 bits each. The 100 ns access time of the WS527C210L enables i to operate in
high performance systems. The “Don’t Care” feature during read operations enables memory expansions up to 8M
bits with no printed circuit board changes.

High performance microprocessors such as the 80386 and 68020 require sub-120 ns memory access times to operate
at or near full speed. The WS27C210L snables such systems 1o incorporate operating systems and/or appfications
software into EPROM. This in turn enhances systern utility by freeing up vaiuable RAM space for daia or other program
store and eliminating disk accesses for the EPROM resident routines.

The WS27C210L pin coenfiguration 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 crder
addresses to be connected to these pins. When higher density memories are required, the printed circuit board is
ready to accept the higher density device with no hardware changes.

The WS27C210L is part of a high density EPROM family which spans densities from 84K to 4 Meg.
The WS27C210L is manufactured using WSI's advanced CMOS technology.

PRODUCT SELECTION GUIDE

PARAMETER 27C210L-10 27C210L12 27C210L15 27C210L-20
Address Access Time (Max) 10 ns 120 ns 150 ns 200 ns
Chip Select Time (Max) 100 ns 120 ns 180 ns 200 ns
Qutput Enable Time (Max} 30 ns 35 ns 40 ns 40 ns
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ws27Ccz10L

ABSOLUTE MAXIMUM RATINGS™
-65°C to +125°C

Storage Temperature
Voltages an Any Pin with

*Notice: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to
the device. This is a stress rating only and functional

Respectto Ground . . ... ... .. . 08V to +7V operation of the device at these or any other conditions
Vpp with Respect to Ground . . . . . .. —06V 1o +14V above those indicated in the operational sections of this
Vee Supply Voltage with specification is not implied. Exposure to absolute

Respect to Ground . ............. _06V to +7V maximum rating conditions for extended periods may
ESD Protection ... .................. > 2000V affect device reliabiity.

QOPERATING RANGE
RANGE TEMPERATURE Vee TOLERANCE
Commercial 0°C to +70°C +5V +50% or +10%
Military -55°C to +125°C +5V +10%
DC READ CHARACTERISTICS Over Operating Range with Vpp = Vec.

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
ViL Input Low Level -05 08 v
Vi Input High Level 20 Voo + 1 v
Vou Output Low Voltage lor = 21 mA 04 vV
Vou Output High Voitage loy = =400 pA 35 v
lse1® | Voo Standby Current (CMOS) | CE = Ve + 03V 100 A
[ Ve Standby Current CE = Vjy 1 mA
lee® | Vee Active Current CE=DE = v, Tz 9 A
fole] oo Ive urren = =¥ F = 8MHz 70 m
ep WVpe Supply Current Vep = Ve 100 uh
Vpp Vpe Read Voltage VYoo —04 VCC v
Ly Input Load Current Viy = 55V or Gnd -1 1 pA
‘Lo Cutput Leakags Current Vour = 5.5V or Gnd =10 10 uA

AC READ CHARACTERISTICS Over Operating Range with Vps = Vgg.
R 12 . -
SYMBOL PARAMETER 10 1 18 20 UNITS
MIN | MAX | MmN | MAX | MmN | maxX | MIN | max
Address to Qutput

tacc Delay 100 120 150 200

toe CE to Qutput Delay 100 120 150 200

top OE to Qutput Delay 30 35 40 40

Qutput Disable to ns
12
toF Qutput Float 30 % 40 40
Output Hold From
Addresses, CE or
(2) iy '
for OE, Whichever 0 0 0 0
Ocgurred First
NCTES:

1. The supply currerd 15 the sum of |- and Ipp. The maximum current value is with Qutputs O o O unloaded.
2. This parameter is only sampled and 15 not 100% tested. Output Float is defined as the point where data is no longer drlver—sae timing diagram.

3 CMOS inputs: V). = GND £ 03V, Vi = Voo + 03V

310
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wsa2rczioL

AC READ TIMING DIAGRAM

Yiu /
ADDRESS
ADDRESSES ‘X VALID
Vi K
Vi
CE
VIL
[P
¥iy
513
Vi -
toel® —a]
i tace - Tam
Yin
QUTPUT HiGH2 <<<<< VALID QUTPUT \ Hien z
Vi /
NOTES:
4, This parameter 1s only sampled and is not 100% tested.
5. Typical values are for T, = 25°C and nominal supply voltages.
6. DE may e delaysd Up 10 tag ~toe afler the falllng edge of CE without impact on tee
CAPACITANCE® 1, = 25°C, f = 1 MHz
SYMBOL FARAMETER CONDITIONS TYR(® MAX UNITS
Cin Input Capacitance Vi = OV 4 6 pF
Cout Output Capacitance Vour = OV 8 12 pF
Cypp Vpp Capacitance Vep = OV 18 25 pF
AC. TESTING INPUT/OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
204
24
240 20
> TEST POINTS < 6200
0.3 L] DEVICE
0.4 UNDER
TEST
I C, = 100 pF
A C. testing inputs are driven at 2.4V for a Logic 17 and
0.4V for a Logic 0" Timing measurements are made al 2 0V C = 100 pF
for a Logic *1" and 08V for a Logic "0 C, ncludes Jig Capacitance

sy
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ws2z7cziot.

DIP PIN CONFIGURATIONS

B Mbit | 4 Mbit | 2 Miit | 512K | 57C257| 57065 wsarcziol S7CE5 | 5TC257| 512K | 2 Mbit | 4 Mbit| 5 Mbit
Ay | X0vpp | X30Vpp| KV | Xkivpp | XXV |- XXV [ 1 a0 [ v vee | vee | Vee | vee | Vee | vee

CEFGM | CEFGM| TE CE CE CE [—cEO:2 38 [ 00PEM—| XX/PGM | XX/BGER| XX/FEM xxm'ﬁn“ Ay | A
O | 0 | o5 | o5 | 05 | O M £ 3 NC——F NC NC NG | A | By | Ay
Ou | O [ O | On | O | O [—9uC]4 7 A NC Ne NC Ag | A | A
Op | Oy | O | O3 | O | 043 9036 ] 4a,——| NC HC [ Ay | A | A
O | Oz | P | O | On | O [—0ul]s 350 A NC Agg Ayy Ap | Au | An
Oy | Oy | O | O | On | On [—OO7 MOa,—F NC Arz Ar A | Az | Ae
O } Ow | G0 | Ow | Q0 On [—Pul]s 33 A, Ay An An Ap Ay | Ay
Qg Cy 0y Oy Oy 0 2O 32 [ Ay A Aqip A Ag | Aw | A
O3 [ O { O | 95 | 05 [ 0 0] sta,— A | A | A | Ay | | A
GHO GHD GHD GHO GND GNe —oaoup T 11 30 1 GND— GND GND GHND GND GND | GND
97 Or Oy Oy 07 oy |—0:J2 2974, Ay Ay Ag Ay Ag | Asg
Og Og 0g R Oy Cs 0 [] 13 28 [ &, Ay Ay Ay Ay Az | Ay
O O 05 05 Og O my A A Ag Ag Ag A | As
o, | oo [ 0o | 0o | 00 | o4 0,75 wMa— 4 As 25 as | as | As
0y oy [+ N 0y [+N 0, 03 [ 18 25 a, Ay Ay Aq Ay Ay | Ag
[« X 0, 0, 0y 0, 0, G ) 1?7 2404, Ay Ay Ag Ay Ay | Az
[+ 3 0, 0, 0, 0y 0 o] z[a—1 % Ay A, Ay A | A,
o | 0, [ 0, | 65 | 05 | oy 0, J1e 2874, a, a, Aq a | oA | A

OEvpp| OE | OE | OE | O | O F—O0E 20 12— A Ay Ag Ag | Ag [ A

MOTE: Compalible EPRCM pin configuralions are shown in the blocks adjacent to the WS27C210L pins.

PIN NAMES
Ag—Ais Addresses
CE Chip Enable
OE Quiput Enable
050145 Cutputs
NC No Connection
XX Don't Care (During Read)
PGM Program
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Ws27C210L

PROGRAMMING INFORMATION

DC CHARACTERISTICS (T, = 25 & 5°C, Voo = 6.2V & 025V Vpp = 1275 + 0.25V)

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current
(Viy = Vee or Gnd) i 10 10 wA
Vpp Supply Current During_
Programming Pulse (CE = PGM = V) lpe &0 mA
Veop Supply Current lec 50 mA
Input Low Level Vi -0.1 08 v
Input High Level ViH 20 Voo +03 v
Output Low Voltage During Verify
(o = 21 MA) VoL 04 M
Output High Voltage During Verify Y 35 v
(lgy = —400 pA) OH "

NOTES: 7 Vc; must be applied either caincidenlally or biglore Ve and remaved either comaidentally or after Vpp.
8. Ve must not be greater than 14 volls including overshaot During CE = PGM = V|, Vep Must nel be switched from 5 volts

to 1275 volts or vice-versa.

9. Duning power up the PGM pin must be brought high {3V, either coincider with or before power 15 apphed 10 Vep.

AC CHARACTERISTICS (T, = 25 £ 5°C, Voo = 8.2V + 0.25V, Vpp = 1275 + 0.25V)
PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Sstup Time tas 2 us
Output Enable Setup Time toes 2 us
Data Sstup Time tog 2 ns
Address Hold Time tan 0 us
Data Hold Tims ton 2 us
Chip Disable to Qutput Float Delay toE 0 55 nsg
Data Valid From QOutput Enable toe 55 ns
Vpp Setup Time/CE Setup Time tysfloes 2 us
PGM Puise Width trwy 0.1 4 ms
PROGRAMMING WAVEFORM
ADDRESSES X ADDAESS STABLE K
b= 1ag - —ﬁ tan —
DATA ——( DATA IN STABLE HigH 2 DAJ:L%UT *5——-——
[ 1gg —= bt By — ] [ tog A= —= ipe —
Yor (
¥
* v _/
- “:m —--—-—\\-— tys —
L -
Vin e Fa
PGH
VIL
low l‘—‘ozs "|
Yin P
o N /

W
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wsa27c210L

MODE SELECTION

The modes of opsration of the WS27C210L. are listed in Table 1. A single 5V power supply is required in the read
mode. All inputs are TTL levels except for Vpr and on Aq for device signature,

Table 1. Modes Selection

PINS | — | = | ==
MODE CE CE PGM Ay Ag Vep Vec QUTPUTS
Read V||_ V||_ X010 X X X 5.0v DOUT
Cutput Disable X Vin X X X X 5.0V High Z
Standby Viy X X X X X 50V High 2
Programming Vi ViH Vi X X Vep 6.2V DIN
Program Verify YL VL Vi X X Vep 6.2V Oyt
Program Inhibit Wi X X X X Vep 6.2V High Z
02} iy
Signature Manufacturar VL Vi X Vi Vi X 5.0V 23 H
Devicel? Vi VL X vy Vin X 5.0V CoH
NOTES: 10 X can be ¥y, or Vi VY = Vee 12, Ay-Ag, Aghgs = W,
PROGRAMMING/ERASURE/PROGRAMMERS
Refer to Section 5.
ORDERING INFORMATION
OPERATING WS
pART Numper | SPEED PACKAGE PACKAGE RANGE MANUFACTURING
{ns) TYPE DRAWING PROCEDURE
TEMPERATURE | V¢
WS27C210L10D/5 * 100 40 Pin CERDIP, 0.6” D3 Comm'l +5040 Standard
WS27C210L10Ji5* 1006 44 Pin PLDCC J2 Comm'l +50% Standard
WS27C210L12CME™ 120 44 Pad CLLCC C3 Military +10%% MIL-STD-883C
Ws27C210L120 120 40 Pin CERDIP, 06" D3 Comm’y +10% Standard
WS27C210L-120MB ¥ 120 40 Pin CERDIP, 06" D3 Military +10% MIL-STD-883C
ws2rC210L124 120 44 Pin PLDCC J2 Comm'l +10% Standard
WS27C210L-120L 120 44 Pin CLDCC L4 Comm'l +10% Standard
WS27C210L12LMB™* 120 44 Rin CLDCC L4 Military +10% MIL-STD-883C
WS27C210L-15CMB 150 44 Pad CLLCC C3 Military +10% MIL-8TD-883C
WS27C210L15D 150 40 Pin CERDIP, 0.6 b3 Comm'l +10% Standard
WS27C210L-150MB 150 40 Pin CERDIP, 0.6 D3 Military +10% MIL-STD-883C
WS27C210L154 150 44 Pin PLDCC J2 Comm’| +10% Standard
WS27C210L-15L 150 44 Pin CLDCC L4 Comm't +10% Standard
WS27C210L-151.MB 150 44 Pin CLDCC L4 Military +10% | MIL-STD-883C
WS27C210L-26CMB 200 44 Pad CLL.CC ca Mititary +10% | MIL-STD-883C
WS27C210L-200 200 40 Pin CERDIP, 06" D3 Comm'| +10% Standard
WS27C210L-20DMB 200 40 Pin CERDIP, D&" D3 Military +100%% MIL-STD-883C
WS27C210L-20J 200 44 Pin PLDCC J2 Comm'l +10%h Standard
WS27C210L-20L 200 44 Pin CLDCC L4 Comm’l +10% Standard
WS27C210L-20LMB 200 44 Pin CLDCC L4 Military +10%h MIL-STD-883C

* These producis are Advance Infarmation,
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=SS = WS57C210M
PRELIMINARY

WAFERSCALE INTEGRATION, INC.

1 Meg (64K x 16) EPROM MODULE
KEY FEATURES

High-Density 64K x 16 CMOS
EPROM Module

Utilizes Four WS57C256F High-Speed
CMOS EPROMs

Ultra-High Speed Access Time
— 55 ns

* Fast Programming
— 15 Seconds Typical

* EPI Processing
— Latch-Up Immunity to 200 mA
— ESO Protaction Exceeds 2000 Volts

L]

s JEDEC Standard Pin Configuration
— 40 Pin Ceramic Side-Brazed Dip Package

Simplified Upgrade Path From
— WS57C65 (4K x 16 EPROM)
— WSE7C257 (16K x 16 EPROM)

GENERAL DESCRIPTION

The WS57C210M is a high performance, 1,048,576-bit Electrically Programmable UV Erasable Read Cnly Memory.
It is organized as 64 K-words of 16 bits each. The WSE7C210M is constructed using four high-performance WS57C256F
EPROMs in a 40-pin side-brazed multi-layer co-fired package. The WS57C256F is manufactured using WSl's advanced
CMOS split-gate EPROM technelogy. The 55 ns access time of the WS57C210M enables it to operate in high
performance systems.

High performance microprocessors such as the 80386 and 68020 require sub-70 ns memory access times to operate
at or near full speed. The WS57C210M enables such systems to incorporate operating systems and/or applications
software into EPROM. This in turn enhances systemn utility by freeing up valuable RAM space for data or other program
store and eliminating disk accesses for the EPROM resident routines.

The WS57C210M pin configuration was established te enable memeory upgrades from WSE7C85 or WS57C257. Vep
is “"don’t care” and PGM is held low during normal read operation.

The WS57C210M is part of a three product EFROM module family. Other family members are the WS57C010M
(128K x 8) and the W327C240M (256K x 18}

PRODUCT SELECTION GUIDE

PARAMETER WS57C210M-55 WS57C210M-70 WS57C210M-90
Address Access Time {Max} 55 ns 70 ns 90 ns
Chip Select Tims (Max) 55 ns 70 ns 30 ns
Gutput Enable Time (Max) 35 ns 40 ns 40 ns
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Wws57C210M

PIN NAMES DIP PIN CONFIGURATIONS
WSS57C210M
Ag—Ais Addresses WESTC257( WS57CES s WS5TCE5 | wa57C257
CE Chip Enable XXNVpp | XKiVpp —"IE ! 40 3;:_— Voo | Veo
p— cE te |-cELq? 9 M_1 xx/PGM | xx/PGR
ot Qutput Enable O 0 |-0sfs sefINe_§ o NG
Cp-045 Outputs Oy 0, |94 A ne Ne
FGM Program Control O op |4 WEA] ne NC
. o o N BsOA—] wne A
NC No Connection L w
: - Oy Oy [O" - A, | NG Az
XX Don't Care (During Read) 0y 0, |-OwrC]e a1t a, An
04 o, %4> 2P A a4y s
' 0, |—0]mw Hida— 4, Aqg
GND GNp |-GND EJ 1 3¢ [JaNo.] gup GND
Oy O, | 9] 12 2000 4, | Ag Ag
a5 og |—% K WH A, —] A, Az
05 o, |90 a1 ag Ag
o, o, o 200a | & Ag
0, o, |—%Cs A | 4, A,
o, o, |4 2[4 4 Ay
o, 0, |—%[s Ba— a, A,
0, o, |—0C[]1 200a— & a,
oz o [—OEl2 e Ay
NOTE: Compatible EPROM pin configurations are shown in the blocks
MODE SELECTION atjacent 10 the WS57C210M pins.
PINS PGM CE OE v v, OUTPUTS
MQODE g cc
Read Vi Vi ViL X Vce Doyr
Qutput Disable ViL X Vi X Voo High Z
Standby Vi Vin X X Voo High Z
Program Vi Vi Vin Vep Vee Dy
Program Verify Vin X ViL Vep Voo DOUT
Program Inhibit Vin Vin Vin Vep Voo High Z
MOTE: X can ba sither ¥, or V.
FUNCTIONAL BLOCK DIAGRAM
S
Asts 15 Y15 ot 15
Vo - 14
Vee — Ag-hu Ag-As, Py Ag-Asq
Vop ——
= WSS7C256F WS57C256F WS57C256F WS57C256F
BN DECODER E_E‘rm
oF % o 11057 10,5 1105

WQy_;

V045
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WS57C270M

ABSOLUTE MAXIMUM RATINGS"

Storage Temperature . .. ........ —65°C to +125°C
Voitages on Any Pin with

Respect to Ground ... ...... ... .. -06Y to +7V
Vpp with Respect to Ground .. ... .. -06V to +1aV
Voo Supply Voliage with

Raspectto Ground .. . ........... 08V 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 thase indicated in the operational sections of this
specification is not implied. Exposure to absolute
maximurn rating conditions for extended periods of tima
may affect device reliability,

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

OPERATING RANGE

RANGE TEMPERATURE Vee
Comm't 0° to +70°C +5Y + 5%
Military -55% to +125°C +5V + 10%

READ OPERATION
DC CHARACTERISTICS Over Operating Range (See Above)

SYMBOL PARAMETER CONDITIONS MIN MAX UNITS
Iy Inpui Load Current Vin = 55V 10 LA
Lo Output Leakage Current Vour = 55V 10 1A
lppy Vep Load Current Vpe € Ve 10 LA
Isg (TTL) Ve Current Standby CE = V|y 20 mA
Ige (CMOS) Vee Current Standby CE = Viy 5 mA
log (TTL) V¢ Current Active CE = OE = v_ 200 mA
ViL Input Low Voltage =01 +08 Y
Vin Input High Voltage 20 Ve +1 v
Voo Qutput Low Voltage lop = 8 mA 04 v
Vor Qutput High Voliage loy = -2 mA 24 v
Vep Vpp Read Voltage =01 Voo +1 v

AC CHARACTERISTICS Over Operating Range (See Above)
svmBoL | CHARACTERISTICS TEST 57C210M-56 | 57C210M70 | 57C210M-90 |
CONDITIONS | MIN | MAX | MIN | MAX | MIN | MAX

tace Address to Output Delay | CE = OE = v, 55 70 g0 ns
tce CE to Cutput Delay 0E = Vil 55 70 o0 ns
toe OE to Output Delay CE = V), 35 40 40 ns
toel? OE High to Output Float CE = vV ] a5 ] 40 0 40 ns

Output Hold from o
taH Addresses CE or OE E = OE = V_ 0 0 4] ns
Whichever Occurred First

NOTE: 1. This parameter is only sampled and is not 100% tesled. Output Float 15 definad as the pont where dala 15 no longer driven—see

timing dlagram.
Uiy
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WS57C210M

AC READ TIMING DIAGRAM

Vi Y
ADDRESSES X ARDRESS K
¥ N 7
18
Vi
o /
VlL 7
b —————in
Vin
CE
ViL / .
tOEi‘I ]
T e —— ton —pf
Vin
ouTPUT ez <<<<< VALID OUTPUT >ﬂ_
VII.
POM o LOW
CAPACITANCE(®)
SYMBOL PARAMETER CONDITIONS TYP MAX UNITS
Cin Input Capacitance Viy = 0V 20 30 pF
Cout Qutput Capacitance Vour = OV 20 30 pF
Cyrp Vep Capacitance Vep = OV 54 75 pF
NOTES: 2. This parameter 15 only sampled and is not 100% tested.
3, Typical values are for T, = 25°C and nominal supply vollages, T = 1 MHz.
4. OF may be delayed up 10 gl after (he falling edge of CE without impact on 1.
AC TESTING INPUT/OUTPUT WAVEFORM AC TESTING LOAD CIRCUIT
20
3.0
2.0 20
x ; TEST POINTS < x 1608
08 0.8 DEVICE
o UNDER out
TEST

AC. testing inputs are driven at 30V for a Logic 1" and
OV for a Logic “{."” Timing measurements are mada at 2.0V
for a Logic “1” and 0.8V for a Logic “0

IcLﬂw

C includes Jig Capacitance
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WS57C210M

PROGRAMMING INFORMATION(5.7)

DC CHARACTERISTICS (T, = 25 & 5°C, Voo = 55V + 5%, Vpp = 125 1 05V)

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current
M = Yoo or Gnd) 5 -1 10 hA
Vep Supply Current During
Programming Pulse (CE = PGM = V) lep 120 mA
Voo Supply Currant lee 60 mA,
Input Low Level ViL -01 08 vV
Input High Level Vin 20 Veg +03 v
Output Low Voltage During Verify
(o, = 16 MA} Vou 045 M
Cutput High Voltage Buring Verify
loy = —4 mA) Von 24 v 3

NOTES: 5. Ve must be applied either coincidentally or belore Vpp and removed aither coincidentally or after Ypp.
8. Vpe must not be greater than 14 voits inciuding avershool. During CE = PGM = V., Ve must not be switched from 5 valls

1o 125 volts oF vice-versa.

¥. During power up the PGM pin must be brought high (V) sither coincident with or before power 15 applied to Vap.

AC CHARACTERISTICS (T, = 25 + 5°C, Voc = 55V 1 5%, Vpp = 125 + 05V)
PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time tag 2 us
Chip Enable Setup Time tor 2 s
Qutput Enable Setup Time toes 2 T
Data Setup Time tos 2 ns
Address Hold Time tay 0 us
Data Hold Time oH 2 us
Chip Disable to Qutput Float Delay tor 0 130 ns
Data Valid From Quiput Enable toe 130 ns
Vpp Setup Time tyg 2 us
PGM Pulse Width tew 0.1 0.2 4 ms
NOTE: Single shot programming algorithms should use a single 4 ms pulse.
PROGRAMMING WAVEFORM
ADDRESSES X_ ADDRESS STABLE K
P iyx i -o-{ ta  [—
oan —— DATA IN STABLE ‘}—L< D‘J:L?TE._
v [ tos ™ [ Tow —e= fotog >  —" lop [e—
Voo o i
Voo ._—/-— tyg —el
@ :'" T\
* [ 1oeg =
Vi — |
[7T]
Vi
tew r+—lokg "1
o L™ —
= N/

s
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Ws57C210M

PROGRAMMING/ERASURE/PROGRAMMERS

Refer to Section 5.

ORDERING INFORMATION

3-120

OPERATING wsi
parT NumBer | SPEED PACKAGE PACKAGE | ¢p\peRATURE | MANUFACTURING
{ns) TYPE DRAWING RANGE PROCEDURE
WS857C210M-55R 55 40 Pin Ceramic S/B, 06” R1 Comm'l Standard
WS57C210M-70R 70 40 Pin Ceramic S/B, 0.6 Ri Comm'l Standard
WS57C210M-70RM 70 40 Pin Ceramic &/8, 0.6” 21 Military Standard
WS57C210M-70RMB 70 40 Pin Ceramic S/B, 0.6" R1 Military MIL-STD-883C
WS57C210M-90R 90 4D Pin Ceramic 5/B, 0.6" R1 Comm’l Standarg
WS57C210M-20RM 90 40 Pin Ceramic S/B, 06" R1 Military Standard
WS57C210M-90RMB g0 43 Pin Ceramic S/B, 06" Ri Military MIL-5TD-883C
. 3
s




SS S = WS27C210F
ADVANCE INFORMATION

WAFERSCALE INTEGRATION, INC.

1 Meg (64K x 16) CMOS EPROM
KEY FEATURES

* High Performance + EPI Processing
— 55 ns — Latch-Up Immunity to 200 mA

« Simplified Upgrade Path ESD Protaction Exceads 2000 Volts
— Vpp and PGM Are “Don't Care™ During
Normal Read Operation
— Expandable to 8M Bits

+ JEDEC Standard Pin Configuration
— 40 Pin Dip Package

GENERAL DESCRIPTION

The WS27C210F is a high performance, 1,048,576-bit Electricalty Programmable UV Erasable Read Only Memory.
It is organized as 64 K-words of 18 bits each. The 55 ns access time of the WS27C210F enables it to operate in high
petfarmance systems. The “Don't Care” feature during read operations enables memory expansions up to 8M bits
with no printed circuit board changes.

High performance microprocessors such as the 83386 and 68020 require 55 ns mamory access times to operate
at or near full speed. The WS27C210F enables such systems to incorperate operating systems and/or applications
software into EPROM. Thig 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 WS27C210F pin configuration was established to enable memory upgrades to 8M bits without hardware changes
to the printed circuit board. Pins 1 and 39 are “don't care” during normal read operaticn. This enables higher order
addresses to be connected to these pins {see DIP Pin Configurations). When higher density memaries are required,
the printed circuit board is ready to accept the highser density device with no hardware changes.

The WS27C210F is part of an sight preduct megabit EPROM family. Byte-wide family members are; WS27C010L,
WS27C010F and WSS57CO10F. These three are 128K x 8 EPROMSs with the WS57C010F as the highest speed member.
The 64K x 16 EPROMSs are the WS27C210L, WS27C210F {described herein) and the highest speed version WS57C210F.
The WSE7C010M and W557C210M are high speed, high bus drive megabit EPROM modules,

The WS2?7C210F is manufactured using WSI's advanced CMOS technology.

PRODUCT SELECTION GUIDE

PARAMETER WS27C210F-55 WS27C210F-70 WS27C210F-90 WS27C210F-10
Address Access Time (Max) 55 ns 70 ns 90 ns 100 ns
Chip Sslect Time (Max) 55 ns 70 ns 90 ns 100 ns
Output Enable Time (Max) 25 ns 25 ns 30 ns 30 ns
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WS27C210F

ABSOLUTE MAXIMUM RATINGS*

*Notice: Stresses above those listed under “Absolute

Storage Temperature . . .. .... ... _BE°C to +125°C Maximum Ratings” may cause permanent damage to
Voltages on Any Pin with the device. This is a stress rating only and functional
Respectto Ground . . ............ -08V to +7V aperation of the device at these or any other conditions

Vpp with Respect to Ground . . . . . .. _0BV to +14V abov_e_tho_se in_dicated _in th_e operational sections of this
Voo Supply Voltage with specification is not |ﬁ1pl|ed. Exposure to absolute

Respect to Ground . ... .......... —06V to +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.

OPERATING RANGE

RANGE TEMPERATURE Voo

Comm’l 0% to +70°C +5V + 5%
Industrial —40° to +85°C +5V + 10%
Military -55° to +125°C +5V + 10%

READ OPERATION

DC CHARACTERISTICS 0°C < Ta € +70°C; Ve (CommiliMilitary) = +5V £ 10%.

LIMITS
SYMBOL PARAMETER CONDITIONS MIN MAX URITS
Iy Input Load Current Vi = 55V 10 1A
o Output Leakage Currant Vour = 54V 10 nA
Ipplt Vep Load Current Vep € Ve 10 A
Igg TTL Voc Current Standby CE = Vi 2 mA
lgg CMOS Ve Current Standby CE = Vv, 500 MA
leci? Vee Current Active CE = OF = v 5013 mA
ViL Input Low Voltage -0.3 +0.8 v
Vi Input High Voltage 20 Voo +1 A
VoL Cutput Low Voltage oL = 21 mA 04 \
You Output High Voltage loy = —400 pA 24 'l
Vpplll Vpr Read Voltage Voo = 50V + 025 -0.1 Voo +1 v
AC CHARACTERISTICS 0°C < T, £ +70°C
SYMBOL | CHARACTERISTICS TEST > = 20 22 lunis
CONDITIONS | miN | MmaX | BN | MAX | MIN | MAX | MIN | MAX
tacc |Address to Qutput Delay [ CE = OFE = V. 55 70 90 100
tcz  |CE to Output Delay OF = Vy 55 70 90 100
toe OF to Output Delay CE = v 25 25 30 30 | o
tprf?  |OE High to Output Float CE = V), o|25] 0o|25| 0|3 |0] 30
Qutput Hold From _
toH Addresses CE or OE CE=0QE=VY_| 0 0 0 0
Whichever Occurred First
NOTES:

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

value is with Qutputs Oy to Oy unloaded.

2. Thig parameter is only sampled and is not 1002 tested. Output Flnat s defined as the point whare data is no longar driven—see 1iming diagram.

3. Add 3 mAMHzZ for AC. power component.
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WS27C216F

AC READ TIMING DIAGRAM

Vi
L 3
aoDRESSES )] ADORESS j(
Vi N 7
Vin
. /
Vo 7
I tCE'm 2
Vi
DE
i / —
tDE[a] __-I
- tace 10H —aef
Vin
z 2 ?
CUTPUT HeH <<\\< VALID QUTPUT >_L
Vie
CAPACITANCE™ T, = 25°C, f = 1 MHz
SYMBOL PARAMETER CONDITIONS TYP® MAX UNITS
Cin Input Capacitance Vin = OV 4 & pF
Caout Qutput Capacitance Vour = OV 8 12 pF
Cupp Vpp Capacitance Vep = OV 18 25 oF
NOTES:
4. This parameler is anly sampled and 1s not 100% tested.
5. Typical values are for T, = 25°C and nominal supply vollages.
6. OE may be delayed up o Ipg - tgg after Ihe faling edge of CE without impact on tge.
AC. TESTING INPUT/OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
2.04¥
24
20 20
X > TEST POINTS <4x az00
DEVICE
0.45 e 28 UNDER ouT
TEST
£, = 100 pF

A.C. testing inputs are driven a1 2.4V for a Logic "1 and
645 for a Logic 0" Timing measurements ara made at 2.0V
for a Logic 1" and 0.8Y for a Logic “0.”

C, includes Jig Capacitance

<

S
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WS27C210F

DIP PIN CONFIGURATIONS

B Mbit| 4 Mbit] 2 Mbit| 512K | WSSPC257] WESTCES WS27C210F WESTCES| WSSTC257] 512K | 2 Mbic |4 Mblt |8 Misit
A | XXVppf XXVpp| X¥Rp| XHVpp | XMVpp [—Ver d 1 WO Vee- Voo Veo Voo | Voo | Yoo | Veo
CEvpp| TE | TE | TE cE T |-cEd: 39 ) PGM—] XX/PGM | XUPGN |XXPEM|XXPER| Ay | Ay
Gys | Ois | Ois | Ous Oy o0 [F9=C]2 -3apINc— N NG nC Ag | A | A
O | Q| O | 9 O14 Ou |~our]s ¥ a,—] we NC HC Ais [ Ag | Ass
Qa | O | Oag | Oy O3 oy %S LA, —] NC HC A | A | Ay ) Ay
Oz | 92 02 | O Ty 0 FO:[]s Ba,—] NC Ay Ayz | Ay | Ay
On | 9 ( On | On O o —9O7 “Mpa,—] wc Az Az Az | Az ] A
Oqa Oy 04 O Oy Qi —Oyp s a0 Ay —]| An Ay Ay An An An
Oy Y Oy Og Oy 0y [~ e 200, —] A0 Aqg Aqp A | Aw [ Aw
Op | O | 9% Oy Oy Oy [—9 ] O A —] A Ag ] Ay Ay | Ay
GND | GND | GND | GND GND GNP FGND 11 30 {1 GND—] GND GND GHD GND | GND | GND
[ 0 0y Oy 0y 0y [—9% ]2 2000a—] 4 ag Ay Ag Ay | A
Op Og Op Og Og 0, H%[]n 20— A Ay Az Az Ay | Ar
o, | o5 | o5 | o5 | o5 [ =N 27 0a,—] 2 Ag Ay Ay | Ag | Ag
0, 0, Oy 04 04 0, o 26T a1 As Ay As As Ay | As
O3 | 95 | 95 | @ 0, o [—%0Os=s B00A— Ay Ay Ay Ao | AL | A
0| 0!l o | 0 0, o, o 24P1a,— A Ay ay by | ag | g
o o o ) O o 9w 208~ 4 Az Ay Az Ay | A
% | % | % 0y 0Oy % [—%lw 208, —F A A, A Ay L
OF oF OF QE OE OE —OE=0 AP a—F A Ag Ag Ay A | A

NQTE: Compatible EPROM pin configurations are shown in the blocks adjacent to the WS27C210F pins,

PIN NAMES
Ap=Ays Addresses
CE Chip Enabig
OE Output Enable
0p-0O45 QOutputs
NC No Connection
XX Don't Care (During Read)
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WAFERSCALE INTEGRATION, INC.

2 MEG EPROM SELECTION GUIDE

ARCHITECTURE
128K x 16 WS2TC220L
256K x B WS27C024L,
I
I ] | | ] ] ] ] ] | | [ L L i | 1

a0 50 60 70 80 o) 00 110 120 130 40 150 160 170 180 150 200

ACCESS TIME {ns|
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T=a ===
SS 5= WS27C020L
WAFERSCALE INTEGRATION, INC. ADVANCE INFORMATION
2 Meg (256K x 8) CMOS EPROM
KEY FEATURES

+ High Performance CMQS ¢ Compatible with JEDEC 27020 and

— 120 ns Access Time 27C020 EPROMs
+ EPI Processing

— Latch-Up Immunity to 200 mA + JEDEC Standard Pin Configuration

— ESD Protection Exceeds 2000 Volts — 32 Pin Dip Package
« Simplified Upgrade Path — 32 Pin Chip Carrier

— Vpp and PGM Are “Don’t Care” During
Normal Read Qperation

GENERAL DESCRIPTION

The WS27C020L is a high performance, 2,097,152-bit Electrically Programmable UV Erasable Read Only Memory.
It is organized as 256 K-words of 8 bits each. its pin-compatibility with byte-wide JEDEC EPROMs enables upgrades
through 8 Mbit EPROMSs. The “Don’t Care” feature during read operations enables memory expansions up 1o 8M bits
with no printed circuit board changes.

The WS27C020L can directly replace lower density 28-pin EPROMs by adding an A7 address line and Ve jumper.
During the normal read operation PGM and Vpp are in a “don't care” state which allows higher order addresses,
such as Aqg and Ayg to be connected without affecting the normal read operation. This allows memory upgrades to
8M bits without hardware changes. The WSZ7C020L will also be offered in a 32-pin plastic Dip with the same upgrade
path.

The WS27C020L provides microprocessor-based systerns extensive storage capacity for large portions of operating
system and application software. Ilts 120-ns access time provides no-wait-state operation with high-performance CPUs
such as the 16-MHz 80186, 16-MHz 68020, or 12-MHz 80386. The WS27C020L offers a single chip solution for the
code storage requirements of 100% firmware-based equipment. Frequently-used software routings are quickly executed
from EPRAOM storage, greatly enhancing system utility.

The WS27C020L is manufactured using WSI's advanced CMOS technotogy.
The WSZ27C020L is one member of a high density WSI EPROM series which ranges in density from 64K to 4 Megabit.

PRODUCT SELECTION GUIDE

PARAMETER 27C020L.12 27C020L-15 27C020L-17 27C020L-20
Address Access Time (Max} 120 ns- 150 ns 170 ns 200 ns
Chip Select Time {Max) 120 ns 150 ns 178 ns 200 ns
Qutput Enable Time {Max) 35 ns 40 ns 40 ns 40 ns
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Wws27C020L

ABSOLUTE MAXIMUM RATINGS*

*Notlce: Stresses above those listed under “*Absolute
Maximum Ratings™ may cause permanent damage to

—~B5% o)
sé?tfgzsfrzi;ag? wnth """" B5°C 1o +125°C the de‘viceA This is a stress rating only and functional
Respect to Ground . . .. .......... —06V to +7V operation of ghe‘devlce! at these or any other conditions
Vep with Respect to Ground . . .. . . 0BV to +14V abovg_tho§e |n_d|catad in th_e operaticnal sections of this
Ve Supply Voltage with speqlflcatlon_ is not _|!-nplled. Exposure to absolute
Respect to Ground . ............. 06V to +7V mnaximurm rating conditions for extended periods of time
ESD Protection ....................... > 2000V may affect device reliability.

OPERATING RANGE

RANGE TEMPERATURE Veo TOLERANCE
Comml 0% 10 +70°C +5V +5% or +10%
Military —55° to +125°C +5V +10%

DC READ CHARACTERISTICS Over Operating Range with Vpp = Ve

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
Vi Input Low Level -05 08 v
ViH Input High Level 20 Voo + 1 v
VoL Output Low Voltage lor = 2.1 mA 04 v
Von Output High Voltage lop = —400 pA 35 v
lgpi® | Ve Standby Current (CMOS) [ CE = Ve + 03V 100 A
lspz Ve Standby Current CE = Viy 1 mA
lect? Vee Active Current CE=0E=V, lF:: zm:; 22 mA
lpp Vep Supply Current Vep = Ve 100 A
Vpp Vpp Read Voltage Vcc -04 VGC v
i _Input Load Current Vin = 55V or Gnd -1 1 uA
o Output Leakage Current Vour = 55V or Gnd -10 10 pA

AC READ CHARACTERISTICS Over Operating Range with Vep = Vec.
SYMBOI. PARAMETER 12 18 7 20 UNITS
MIN MAX MIN MAX MIN MAX MIN MAX
tace Address to Qutput Delay 120 150 170 200
tce CE to Qutput Delay 120 150 170 200
toE GE to Output Delay 35 40 40 40
top'? gﬂiﬁﬂi pieaple o 35 40 40 w | ™
Output Hold From
o | it | : : :
Ocecurred First
NOTES:

1. The supply current is 1he sum of lge and lpp. The maximum curreént value is with Ouiputs Oy to O unloaded.
2. This parameter is only sampled and is not 100% tested. Oulpul Fioat 1s defined as the point where data is no longer driven—sea timing diagram,

3. CMOS inputs: ¥y, = GND £ O3V, Wiy = Vpo + 03V,
F, i3
sy
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wsa7co20L

AC READ TIMING DIAGRAM

le E
ADDRESSES y ADDRESS
Vi N
Yin
CE
vIL
teg™ st
vIH
3
Ve -
1o’ —o]
i tace - tom
¥iu
QUTPUT MeHz <<<_</ VALID QUTPUT > Hisnz
VIL
CAPACITANCE) T, = 25°C, f = 1 MHz
SYMBOL PARAMETER CONDITIONS TYP® MAX UNITS
Ciy Input Capacitance Viy = 0V 4 8 eF
Cout Output Capacitance Vour = OV 8 12 pF
Cypr Vpp Capacitance Vep = OV 18 25 pF
NOTES:
4. This parameter 15 only sampled and is not 100% tested.
5. Typical values are for T, = 25°C and nominal supply voltages.
6 OE may be delayed up 10 tge —tog after Ihe falling edge of TE without umpact on tep
A.C. TESTING INPUT/OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
2.04%
2.4
24 2.0
X > TEST FOINTS < -x 8200
0.8 0.8 DEVICE
04 UNDER
TEST
I €_ = 100 pF
AC. testing inputs are driven at 2.4V for a Logle 1" and
04V for a Logic “0." Timing measuremanis are made at 2.0¢ C, = 100 pF
tor a Logic "1™ and 0.8% for a Logic 0" G, includes Jig Capacilance

Wir
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Ws27Co20L

MODE SELECTION

The modes of operation of the WS27C020L are listed in Table 1. A single 5Y power supply is required in the read
mode. All inputs are TTL levels except for Vep and on Ag for device signature.

Table 1. Modes Selection

PINS | == | w= | 5=
MODE CE | OF | PGM Ay ' Ve Voo | OUTPUTS
Fead Vi | v XM X X X 50V Doyt
Output Disable X Vin X X X X 50V High Z
Standby Vin X X X X X 50V High Z
Programming Vie | Vi Vi X X Vppl® | 6.2v Din
Program Verify Vi Vi Vi X X Vepl® | 6.2V Dout
Program Inhibit ViH X X X X vepl® | 6.2V High Z

Manufacturer!® ¥, \% X V'S v X 50V 23 H
Signature s L s H % L
Device'® ViL VL X V8 Viy X 5.0V C1H
NOTES: 7 X can be V, or ¥ B Wy = Vep = 1275 + 025V 9. A—hg, Ayg-Agr = V)L
DIP PiN CONFIGURATIONS
B Mbit | 4 Mbit | 1 mbit | 27C812L | 27c2s6L ws27C020L 27C2s6L| 27C512L | 1 Mbit § 4 Mbit | & Mbit

Ay | XXVpp | XXV - *XVep L] 1 32 P ¥ee— Voo Veo Veo
As Ag [T —Ae ]2 3t X/PEM XXPGH| A F
Ais Ayg Ay Ay Vep [—AsO3 WP A Ve Vee X Ay Ay
A Ay Ay Ay Ay A4 V0 A—] Ay Ay A A, A,
Ay A; Az Az A&, [—4#4Os 281 Ay A Ay Ay A Az
Ay Ag Ag Ag A  [—ade 774, Ag Ay Ag Ay Aq
Ag Ag Ag Ag As — A7 2008, —1 A, Ay Ay Ay Ay
A, Ay Ay Ay Ay |—Ade 2BPRA—| Ay Ay Ay Ay Ay
A, Ay Ay Ay A, Al #DoE— OF | OBV | TE OE OEtVee
A, Ay Ay Az Ay 2w DA, ] Ay Pyy Ay Asp L
A, Ay Ay A Ay —4&-dn 20T —|CEFGM | TE/FGH | CTE | CE/PGN |CE/PGH
Ay Ay Ag Ay Ay Rz anpo,— @, 0 0; 0 0
[+ Qy [+ Qp O, —%-dn 2P0, —1 0 0 [+ Oy 0y
o, Qy 4} 0, o, o u who,— o o, 0, O Oy
0, Q, 0, O, Dy — 0. 15 spo,— o, 0, o, 0, o,

GND | GND GND GND GND |—oMDg e 1700, 0, o, Oy 0, 0,

NOYE: Compatible EFROM pin configurations are shown in the blocks adjacent to the W3ZRC020L pins.

PIN NAMES LCC PIN CONFIGURATION

Ag—faz Addresses

CE Chip Enable

OE Output Enable

Op-07 Cutputs

PGM Program

XX Don't Care (During Read)

NOTE: Lesadless aor
Leaded, Plastlc or
Ceramic Package
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ws27C020L

PROGRAMMING INFORMATION
DC CHARACTERISTICS (Ts = 25 1 5°C, Vee = 82V £ 025V, Vpp = 1275 + 0.25V)

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current
{Vin = Vg or Gnd) i -1e 10 wA
Vpp Supply Current During
Programming Puise (CE = PGM = V) lee 60 mA
Voo Supply Current log 50 mA
input Low Level Vi -0 08 v
Input High Level Vi 20 Voo +0.3 v
QOutput Low Voltage During Verify v 04
{lo. = 2.1 mA} oL )
Output High Voltage During Verify
oy = —400 uA) Vou 3s v

NOTES: 10. Voo must be applied sither coincidentally or betore Vpp and removed either coincidentally or after Vpp,
11. Vpp must not be greater than 14 volts including overshoot, During CE = PGM = V), Vpp must not be switched from 5 volts
to 12.75 volts or vice-versa.
12, During power up the PGM pin must be brought high {=V),) either coincident with or before power is applled 10 Vg,

AC CHARACTERISTICS (T, = 25 + 5°C, Ve = 62V + 025V, Vpp = 1275 + 0.25V)

PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time tag 2 us
Qutput Enable Setup Time to;s 2 us
Data Setup Tims ins 2 us
Address Hold Time tan 4] ns
Data Hold Time ton 2 TE:S
Chip Disable ta Qutput Float Delay tor 0 55 ns
Data Valid From Qutput Enable tnE 55 ns
Vpp Setup Time/CE Setup Time tysfces 2 s
PGM Pulse Width tpw 0.1 4 ms

PROGRAMMING WAVEFORM

ADDRESSES X ADDRESS STABLE 'K
o 1ag e -—] Tay to—
v b HIGH 2 DATA OUT )
oara ——— DATA (N STABLE }—g T BT
[ Yo~ o= 103 ] ton ™ — fge (w—

. Fo— by —el
CE v h
18 ur——
PGM v
L
[~ P lgpy -—I

sy

|
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¥y WS27C220L
WAFERSCALE INTEGRATION, INC. ADVANCE INFORMATION
2 Meg (128K x 16) CMOS EPROM
KEY FEATURES
+ Ultra-High Performance + EPI Processing
— 120 ns — Latch-Up Immunity to 200 mA

. Slmplified Upgrade Path — ESD Protection Exceeds 2000 Volts

— Vpp and PGM Are "“Don’t Care”" During + JEDEC Standard Pin Configuration
Narmal Read Operation — 40 Pin Dip Package
- Expandable to 8M Bits — 44 Pin Chip Carrier

GENERAL DESCRIPTION

The WS27C220L is an ultra-high performance, 2,097,152-bit Electrically Programmable UV Erasable Read Only Memory.
It is organized as 128K-words of 16 bits each. The 120 ns access time of the WS527C220L enables it to operate in
high performance systems. The “Don't Care™ feature during read operations enables memory expansions ug to 8M
bits with no printed circuit board changes.

High performance microprocessors such as the 12 MHz 80386 and 16 MHz 68020 require 120 ns memory access
times to operate at or near full spead. The WS27C220L enables such systerns 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 WS27C220L pin configuration was established to allow memory upgrades to 8M bits without hardware changes
to the printed circuit beard, Pins 1 and 39 are “don't cars” during normal read operation. This enables higher order
addresses to be connected to thess pins {(see DIP Pin Configurations). When higher density memories are required,
the printed circuit board is ready to accept the higher density device with no hardware changes.

The WS27C220L is part of a high density EPROM family which spans densities from 64K to 4 Meg.

The WE27C220L is manufactured using WSI's advanced CMOS technology.

PRODUCT SELECTION GUIDE

PARAMETER 27C220L-12 27C220L-15 27C220L17 27C220L-20
Address Access Time {Max) 120 ns 150 ns 170 ns 200 ns
Chip Select Time (Max) 120 ns 150 ns 170 ns 200 ns
Output Enable Time (Max) 35 ns 40 ns 40 ns 40 ns
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Ws27C220L

ABSOLUTE MAXIMUM RATINGS*

*Notice: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to

Storage Temperature .. .. ... . ... -65°C to +125°C . L . :
Voltages on Any Pin with the de_wce. This is a stress rating only and funct_upnal
Respect to Ground . . ............ _06V to +7V operation of the device at these or any other conditions
Vpp with Respect to Ground ... . ... _06V to 114V abovg‘tho;,e inpicated }n th}e operational sections of this
Ve Supply Voltage with specification is not _|{npl|9d. Expasure t_o absolute
Respect to Ground .. . ........... —06Y to +7V maximum rating conditions for extended periods of time
ESD Protoction ....................... > 2000V may affect device reliability.

OPERATING RANGE

RANGE TEMPERATURE Voo TOLERANCE
Comm’l 0° to +70°C +5V +5% or +10%
Military —55° to +125°C +5v +10%

DC READ CHARACTERISTICS Over Operating Range with Vpp = Veg.

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
Vi Input Low Level -05 08 v
Vin Input High Level 2.0 Voo + 1 v
VoL Output Low Voltage to, = 2.1 mA 04 v
You Output High Voitage loy = —400 pA 35 v
Ise™ | Vg Standby Current (CMOS) | CE = Vg + 0.3V 100 HA
lsgz Vee Standby Current CE = V4 1 ma

[ F=5MHz 80
et \Y i t = =
cc oo Active Current CE=0E =V F - 8MHz 20 mA
lpp Vep Supply Current Vep = Veo 100 pA
Vpp Ver Read Vol{age VCC -04 VCC v
Iy input Load Current Viy = 55V or Gnd -1 t HA
Lo Cutput Leakage Current Vour = 55V or Gnd —10 10 KA
AC READ CHARACTERISTICS Over Operating Range with Vpp = Ve,
-12 -15 17 -20
SYMEOL PARAMETER UNITS
MiN MaX MIN MAX MIN MAaX MIN MAX
face Address to Output Delay 120 150 170 200
tee CE to Output Delay 120 150 170 200
toe OE to Qutput Delay 35 40 40 40
Qutput Disable to ns
2
lor Qutput Float 35 40 40 40
Qutput Hold From
Addresses, CE or
2 it "
lox OE, Whichever 0 0 ¢ 0
Qccurred First
NOTES:

1. The supply current is the sum of I;; and lpp. The maximum currsnt value is with Outputs Oy to O7 unloaded.
2. Fhig parameter is only sampled and is not 10084 tested. Cutput Ploat s defined as the paint whera data is no longer driven—see tming diagram.

3. CMOS inputs. V)| = GND * 03V, Viy = Vo + 03V
i3
sy
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ws27c220L

AC READ TIMING DIAGRAM

vIH c
ADDRESSES X AODRESS K
vIL c B 7
le .
/
vIL j
| tee® -~
VIH
o8
Vi j L 'DF"I
top®™ —
- taen l loy—te]  [—
Vin
Ny
ouTPUY flanz / / / / / VALID OUTPUT \\ \ Hieh
AN V1)
¥
[18
CAPACITANCE® T, = 25°C, 1 = 1 MHz
SYMBOL PARAMETER CONDITIONS TYP®) MAX UNITS
Cin Input Capacitance Vig = OV 4 6 pF
Cout QOutput Capacitance Vour = OV 8 12 pF
Cypp Vpp Capacitance Vpp = OV 18 25 pF
NOTES:
4. This parameter is only sampled and is not 100% tested.
5. Typical values are for T, = 25°C and nominal supply voltages.
& OF may be delayed up to i —tqe after the faling edge of TE without impact on teg
A.C. TESTING INPUT/OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
2.04¢
24
249 20
X > TEST POINTS < X B20ék
048 0.8 DEVICE
0.4 UNDER
TEST
I C, = 100 pF
AC. testing inpuis are driven at 2.4V for a Logic *“1” and
0.4Y for a Logic “0." Timing measurements are made at 2.0V G, = 100 pF
far a Logic 1" and Q.8Y for & Logic “0 C_ includes Jig Capacitance

sy
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Wws27C220L

DIP PIN CONFIGURATIONS

A Mbit | 4 Mbit | 1 Mbit | 512K | 57C257| 57C66 ws27c220L STC65 | GTC257 ) 512K 1 MEit 14 Mbit| 8 Mbit
Arg | XVpp | XXVpp| Kxrvpe | Xiivpp | XaiVRp [xXVR T 1 WP Vee—] Vec ] Vee | Veo | Yee ! Voo | Vee
CE/PGNi | TEFGHM | CE CE CE TE —CcEOz2 39 [ XXPCH | Xx/PGM | XX/PGM | XX/PCH| XX/PGM | A | Ayr
O | 05 | 05 | O | O | ©Ous O ] 3 38 1 Aug NC NG NC NG | A | B
044 [ 044 Oy [ O %4 [ a,——] NC NC NC Ay A | s
Qs | O3 | Oy | O3 | Onp On]s 35 7 Ay NC NG A Agg | A | A
Op | Op Op | O | O | O [—%=0C]e aspa,—— NC A A A | A | A
Oy Oy On On On 04y on]7 4 a,— nc Az Aaa A | Ag | A
On | O | O | On | Ow | Bw [—O0e 3 A, An Arr A Ay | An | An
O Oy Qq Oq Oy Oy %Oe 200A—] An | A | Re Ap | Ao | A
0y Op Oy [+ M 0, Og O ] 10 A, — A Ag Ag Ag Ag Ag
QAND GHKD GND GHD GND GND |—aND [ 1t 30 [J gNp—— GND GND GND GND GND | GND
0; 0 o, Oy o O 9O 25 ] A, Ay Ag Ag Ag Ay | Ag
Qg Og Og Dg Dy [s 8 O] 28 [ A, Ay Ay Ay Ay Az Ay
Og Oy O Oy 0Oy 05 9] 27 [ a, Ag Ag Ag Ag As | Ag
0, 0 Oy Oy 0y 0, s 261 a, As Ag As Ag Ag | Ag
0, 0z Oy Qg Q3 Q3 ——0s ] 18 25 ] I Ay Ay Ay By Ay Ay
0z 02 0 o, 0, 02 017 2404, Aqg Ay Ay Ay Ay | Ay
0y a4 o, 04 0, o, p——09:[]1. 204, Ay Ay Ay Ay hy Ay
Qg Qg Og Oy Oy Qa 0 [ 12 20 Ay Ay Ay Ay Ay Ay Ay
GEwvpp| OF OE OE OE PpE |—OEL]20 20 a— M Ay Ag Ag Ag Ag

NOTE: Compatibie EPROM pin configurations are shown (n tha blocks adjacent to the WS27C220L pins.

PIN NAMES
Ag=Aqg Addresses
CE Chip Enable
OE Qutput Enable
0y-045 Outputs
NC No Connection
XX Don't Care (During Read)
PGM Program
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ws27c220L

PROGRAMMING INFORMATION

DC CHARACTERISTICS (T, = 25 + 5°C, Voo = B.2V & 0.25V, Vpa = 12.75 1 0.25V)

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current
(Vi = Voo o Gnd) L -10 10 HA
Vpp Supply Current During
Programming Pulse (CF = PGM = Vi) lee &0 mA
Vee Supply Current lec 50 mA
Input Low Level Vi =01 08 v
Input High Level Vig 20 Vep +0.3 v
Qutput Low Voltage During Verify
(o = 21 mA) VoL 04 v
Output High Voltage During Verify
(lon = —400 pA) Vou 35 Vv

NOTES: 7. Vg must be applied sither comcidentally or betore Vpp and removed either concidentally ar after Ve,
8. Wpp must not be greater than 14 velis including overshoot, Duning CE = PGM = W, , Vop must ndl be swilched from 5 vollg

to 12,75 volts or vice-versa.

4. During power up the FGM pin musl be brought high {2V} either coincident with o before power 15 applied 10 Ve,

AC CHARACTERISTICS (T, = 25 £ 5°C, Vep = 6.2V 1 0.25Y, Vpp = 1275 £ 0.25Y)
PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time tas 2 us
Cutput Enable Setup Time loes 2 us
Data Setup Time tos 2 us
Address Hold Time taH 0 ns
Data Hold Time tou 2 1S
Chip Disable to Output Float Delay toF 0 55 ns
Data Valid From Output Enable foe 55 ns
Vpp Setup Tims/CE Setup Time tyafloes 2 us
PGM Pulse Width tow 0.1 4 ms

PROGRAMMING WAVEFORM

ADDRESS S5TABLE

DATA N STABLE HIGH 2

r- Ty —med

-]

DATA CUT
VALID

[+ toe —e-

=
=

ot — ke, --I

ADDRESSES
- bz e
'
DATA —g
ht— g =
Wee
Vor i
Vee
_ ¥y = by
CE
¥
* P toes |
W PE—
PGM
¥a
Vi
[
Wi

sy
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Ws27C220L

MODE SELECTION

The medes of aperation of the WS27C220L 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 on Ag for device signature.

Table 1. Modes Selection

MODE PINS | &€ | oE | Pam Ay Ao | Ver | Voo | OUTPUTS
Read Vi ViL X090 X X X 5.0V Dout
Cutput Disable X Vin X X X X 5.0V High Z
Standby Vin X X X X X 50V High Z
Programming ViL Vin ViL X X Vpp 6.V D
Program Verify ViL Vi Vin X X Vpp 6.2V Dout
Program Inhibit Vin X X b4 X Vpp 8.2v High Z
Signature Manufacturer | vy Vi X v Vi X 50V 23 H

Device!? Vi Vi X vy Vin X 5.0v Co H

NOTES: 10. X can be ¥, or Viy " Vy = Vep 12, Aj-Ag, AygRis = Vi

i
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WAFERSCALE INTEGRATION, INC.

4 MEG EPROM SELECTION GUIDE

ARCHITECTURE
256K x 16 | WS27Ca0L
]
512K« 8 l WS27C0a0L
1 1 1 ] [ | 1 1 ! 1 L ll 1 1 | ! ]

44 50 &0 70 80 o 00 e 120 130
ACCESS TIME (ns}

140

ts0 1860 170

80

190

240

3138




3-140

iy




T E LS =
s = WS27C040L
WAFERSCALE INTEGRATION, INC. PRELIMINARY
512K x 8 CMOS EPROM
KEY FEATURES
s High Performance CMOS * Simplified Upgrade Path
— 120 ns Access Time — Vpp is & "Don't Care” During Normal

Read Operation

* Upward Compatible with JEDEC
» EP! Processing EPROM Configurations

— Latch-Up Immunity to 260 mA » JEDEC Standard Pin Configuration
— ESD Protection Exceeds 2000 Volis — 32 Pin Dip Package

* Fast Programming

GENERAL DESCRIPTION

The WS27C040L is a high parformance, 4,194,204-bit Electrically Programmable LWV Erasable Read Only Memory.
It is organized as 512 K-words of 8 bits each. Its pin-compatibility with tyte-wide JEDEC EPROMSs enables upgrades
through 8 Mbit EFROMs. The “Don't Care” feature on Vpp during read operations allows memory expansions from
1M to 8M bits with no printed circuit board changes.

The WS27C040L can directly replace lower density 28-pin EPROMs by adding an Ayg address line and V¢ jumper.
During the normal read operation Vpp is in a “don’t care” state which aflows a higher order address, such as A,
to be connected without affecting the nermal read operation. This allows memory upgrade to 8M bits without hardware
changes. The WS27C040L will also be offered in a 32-pin plastic Dip with the same upgrade path.

The W327C040L provides microprocessor-based systems extensive storage capacity for large portions of operating
system and application software. lts 120-ns access time provides no-wait-siate operation with high-performance CPUs
such as the 16-MHz 80186, 16-MHz 68020, or 12-MHz 80386. The WS27C040L offers a single chip sotution for the
code storage reguirements of 100% firmware-based sgquipment. Frequently-used software routines are quickly ex-
ecuted from EPROM storage, greatly enhancing system utility.

The WS27C040L is manufactured using WSI's advanced CMOS split gate EPROM technology.

PRODUCT SELECTION GUIDE

PARAMETER WS27C040L-12 WS27C040L-15 WS27C040L-17 WS27C040L-20
Address Access Time (Max) 120 ns 150 ns 170 ns 200 ns
Chip Select Time (Max) 120 ns 150 ns 170 ns 200 ns
Output Enable Time (Max)} 35 ns 40 ns 40 ns 40 ns
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WS27C040L

ABSOLUTE MAXIMUM RATINGS*

*Notice: Stresses above those listed under “Absolute

Storage Temperature . ....... ... -65°C to +125°C Maximum Ratings™ may causs permanent damage to
Violtages on Any Pin with the device. This is a stress rating only and functional
Respect to Ground . .. ........... -06V to +7V operation of the device at these or any other conditions
Vpp with Respect to Ground . ... ... —06V to +14V abovs thass indicated in the operational sections of this
Voo Supply Voltage with specification is not implied. Exposure toc absolute
Respect to Ground . . . ... . ...... —06V to +7V maximum rating conditions for extended periods of time .
ESD Protection .. ..................... > 2000V may affect device reliability.

OPERATING RANGE

RANGE TEMPERATURE Vee TOLERANCE
Commercial 0°C to +70°C +5V +50 or +10%
Military -55°C to +125°C +5V +10%

DC READ CHARACTERISTICS Over Operating Range with Vpp = V.

SYMBOL PARAMETER TEST CONDITIONS MIN Max UNITS
WV Input Low Leval -05 08 v
Vin Input High Level 20 Voo + 1 v
VaL Output Low Voltage lop = 2.1 mA 0.4 Y
VoH Cutput High Voltage loy = —400 pA 35 v
lsg™® | Voo Standby Current {CMOS) ! CE = Ve + 03V 100 Ty
lags Voo Standby Current CE = Viy 1 mA
leeih Vec Active Current CE=DE=V F =5 MHz 20 mA

F=8MHz 60
ipp Vep Supply Current Vep = Voo 100 wh
Vpp Vep Read Voltage VCC -04 VCC v
I, Input Load Current Wiy = 5.5V or Gnd -1 1 uA
Lo Output Leakage Current Vour = 55V or Gnd -10 10 .

AC READ CHARACTERISTICS Over Operating Range with Vpp = V.

27C040L-12 | 27C040L-15 | 27C040L-17 | 27C040L-20
SYMBOL CHARACTERISTICS UNITS
MIN | MAX | MIN | MAX | MIN | MAX | MIN | MAX
tace Address to Output Delay 120 150 170 200
tee GE to Output Delay 120 150 170 200
toe OE to QOutput Delay 35 40 40 40 ns
tpe@ OE High to Qutput Float 35 40 40 40
tont® Qutput Hold from
Addresses, CE or OE, 0 Y 0 0
Whichever Oceurred First
NOTES:

1. The supply current is the sum of 1o and |pp. The maximum curtent valug is with Cutpuls Oy 0 07 unloaded.
2. This parameter is only sampled and is not 100% tested. Cutput Float is defined as the point where data is no longer driven—ses timing diagram,
3. CMOS inputs: V). = GND & 03V, My = Vgo £ 03V

i
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A.C. WAVEFORMS

Y )f p
ADCRESSES ADDRESS K
VALID
Wi . 7
Vi
CE /
Vi 7
L p——
vII'I
OE
Y 7 ————
tog'®! -—m]
- tace - Lo e
VIH
QUTPUT ez <<<<< VALIC OLTPUT > Qenz
VIL
CAPACITANCE® T, = 25°C, f = 1 MHz
SYMBOL PARAMETER CONDITIONS TYPS MAX UNITS
Cin Input Capacitance Vi = 0OV 4 6 pF
Cout Cutput Capacitance Vour = OV 8 12 pF
Cypp Vpp Capacitance Vpp = OV 18 25 pF
NOTES: )
4. This paremeler 1s only sampled and is not 100% tested.
5 Typical values are for T, = 25°C and nominal supply voltages.
8. OFE may be delayed up to tge-toe after the faling adge of CE without impact on 1-¢
A.C. TESTING INPUT/OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
2.0V
24
20 20
X } TEST POITS < % 52000
ol ng DEVICE
0.4 UNDER
TEST
I €, = 100 pF
A.C. 1esting inputs are driven at 2.4V for a Logic *1" and
04V for a Legic "0 Timing measurements are made at 2.0V
for a Logic 1" and 08Y for a Lagic "0." C, ncludes Jig Capacitance
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MODE SELECTION

The modes of operation of the WS27C040L are’listed in Table 1. A single 5V power supply is required in the read
moade. All inputs are TTL levels axcept for Vpp and Ay for device signature.

Table 1. Modes Seleclion

PINS | —— | —
CE/PGM OE Ag Ay Vpp Voo CUTPUTS
MODE
Read Vi Vie X X X 50v DOUT
Output Disable X Viy X X X 5.0V High 2
Standby Viy X X X X 5.0V High Z
Programming Vi ViH X X Vep® | B2V Diy
Program Verify X Vil X X '\r’pq;v(s:r 6.2v Doyt
Program Inhibit Viy ViH X X Vp|:|(BJ 5.0V High Z
{9 (8}
Signature Manufacturer YL Vie VH Vi X 50V 23 H
Device!® \ Vi V(8 Vi X 5.0v Do H
NOTES:
7. X can be Vi or Vjy 9 AiAg Ay = VL
8 Vy = Vpp = 1275 £ 025V
DIP PIN CONFIGURATIONS
8 Mbit 2 Mbit 27C010L ws27C040L 27C010L 2 Mbli 8 Mbit
A KX/ Vpp XiVpp X%V 1 32 [Ivge — Veo Veo Voo
Ay A A A O] 2 NAy A XX/PGM XX/PGM A
A Asg Aas Ais O3 WPA,; — XX Ay Agy
Aqgp A Aqa Apla 20 A, Ay Ay Ay
Az A Az A 5 w/OA,,— Ay Ay Ayg
Ag I Bg -— a8 wha, — Ag Aq Ag
As Ay As — A7 26004, — Ay Ay Ag
A, A,y Ay — A O 250/, — Ay Ay Ay
Ag Ay Ay — &9 UO0E | 0OE OE OE/Vpp
Ay Ay Az — 410 2 [JA ] Ay A Ay
Ay A, Ay — A dn 22 O EE/PGH | CE CE CEPGMW
Ay Ag Ag — A 12 21110, [+ 0, 0,
Qy Oy Oy 0,13 2000, O, O, Og
0, o, [+ N [— 0. 14 190 05 05 Oy
0, o, 0., — 0,15 who, 0, 0, 0,
GND GHND GND —aND O 18 1700, Q, [« 0,

NOTE: 10. Compatible EPROM pin configurations are shown in the blocks adjacent to the WS27C040L pin.

PIN NAMES
Ap-Aig Addresses
CE Chip Enable
OE Qutput Enable
Og-0+ Qutputs
PGM Program
XX Don't Care (During Read}

Uil
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PROGRAMMING INFORMATION
DC CHARACTERISTICS (T, =

25 + 5°C, Voo = 6.25V £ 0.25V, Vpp =

1275 + 0.25V)

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current
Vi = Ve o Gnd) lu -10 10 nA
Vop Supply Current During
Programming Puise {(CE/PGM = V) lop 60 mA
Voc Supply Current lee 50 mA
Input Low Level Vi =01 0.8 v
Input High Level Vi 20 Voo +03 vV
Output Low Voltage During Verify
(o = 21 mAY VoL 04 v
Qutput High Voltage During Verify
flon = =400 uA) Vou % Y

HOTES: 1. Vg must be applied sither coincidentally or before Vo and removed gither coincidentally or atter Veap.

12, Vpp must not ba greater than 14 volls including overshoot. Dunng CE/PGM = V)|, Ve must not be switched from 5 volts

te 125 volts or wice-varsa.

AC CHARACTERISTICS (T, = 25 & 5°C, Voo = 6.25V + 025V, Vpp =

1275 + 0.25V)

PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time tas 2 us
CE High to OE High tooH 2 ns
Output Enable Setup Time foEs 2 us
Cata Setup Time tos 2 T3
Address Hold Time tan 4] Ls
Data Hold Time tan 2 1S
Chip Disable to Qutput Float Delay tor 0 55 ns
Data Valid From Qutput Enable tog 55 ns
Vpp Setup Time!CE Setup Time tysitees 2 ns
PGM Pulse Width tpwy 0.05 4 ms
OE Low to CE "Don't Care” tocx 2 us
PROGRAMMING WAVEFORM
[l 1
ADCRESSES _X-_ ADLDRESS STABLE
ot 1, ] —.1 tay p—
¥+ HIGH Z 3
oara ~——q_ DATA IN STABLE b 4 “Tnp p—
o 1y =] |-t 14y =] [+ Log = — Iy (—
Ve
&
Vep
Voo —""/4-:\,5-—1
o g, =] gy — — =] koo
Yy =
CE/FGM X 4
tow [ loes
Vi _-[ 4
oE _'S /
Vi

i

3-145




WS27C040L

PROGRAMMING/ERASURE/PROGRAMMERS

Refer to Section 5.

ORDERING INFORMATION

OPERATING wsl
PART NUMBER S'(’SD P“.‘r:ﬁ;‘:EGE ;‘;iﬁﬁg RANGE MANUFACTURING
TEMPERATURE| Voo | PROCEDURE
WS27C040L12D/5* | 120 | 32 Pin CERDIR, 06” D4 Gomml +5% Standard
WS27C040L-150 150 | 32 Pad cLLCC c2 Comm|  |£10%]  Standard
WS27C040L15CM™ | 150 | 32 Pad CLLCC Cco Miltary | £10%|  Standard
WS27C040L-15CMB* | 150 | 32 Pad CLLCC c2 Military | £10%| MIL-STD-883C
WS27C040L-150 150 | 32 Pin CERDIF, 05" D4 Comml  |+10%]  Standard
WS27C040L-15DMB*| 150 | 32 Pin CERDIP, 08" D4 Miltary | £10%| MIL-STD-883C
WS27C040L17C 170 | 32 Pad CLLCC c2 Comml  |+10%|  Standard
WS27C040L-17CM 170 | 32 Pad CLLCC ca Military | +10%|  Standard
WS27C040L17CMB | 170 | 32 Pad CLLCC c2 Military | +10%| MIL-STD-883C
WS27C040L-170 170 | 32 Pin CERDIP. 06" D4 Comml  |+10%|  Standard
WS27C040L17DMB | 170 | 32 Pin CERDIP, 06" D4 Military | £10%| MIL-STD-883C
WS27C040L-20C 200 | 32 Pad CLLCC c2 Commi  |+10%|  Standard
WS27C040L-20CM | 200 | 32 Pad CLLCC c2 Military | +10%|  Standard
WS27C040L-20CMB | 200 | 32 Pad CLLCC c2 Miltary | +10%| MIL-STD-883C
WS27C040L-20D 200 | 32 Pin CERDIP, 06" D4 Commi  |«10%|  Standard
WS27C040L-20DMB | 200 | 32 Pin CERDIP, 06" D4 Military | +10%| MIL-STD-883C

*These products are Advance Informatlon.
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WS27C240L
ADVANCE INFORMATION

WAFERSCALE INTEGRATION, INC.

4 Meg (256K x 16) CMOS EPROM
KEY FEATURES

* Ultra-High Performance
— 120 ns

» Simplified Upgrade Path
— Vpp is a “Don’t Care” During Normal
Read Operation
— Expandable to 8M Bits

+ EP! Processing
— Latch-Up Immunity to 200 mA
— ESD Protection Exceeds 2000 Volts

+ JEDEC Standard Pin Configuration
— 40 Pin Dip Package
— 44 Pin Chip Carrier

GENERAL DESCRIPTION

The WS27C240L is an ultra-high performance, 4,184,304-bit Electrically Programmable UV Erasable Read Only Memory.
It is organized as 256K-words of 16 bits each. The 120 ns access time of the WS27C240L enables it to operate in
high performance systems. The “Don't Care’ feature during read aperations enables memory expansions up to 8M
hits with no printed circuit board changes,

High performance micropracessors such as the 80386 and 68020 require sub-120 ns memaory access times to operate
at or near full speed. The WS27C240L 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 EPAOM resident routines.

The WS27C240L pin configuration was established to enable memory upgrades to 8M bits without hardware changes
to the printed circuit board. Pin 1 is a “‘don’t care” during normal read operation. This enables higher order addresses
to be connected to this pin (see DIP Pin Configurations). When higher density memories are required, the printed
circuit board is ready to accept the higher density device with no hardware changes.

The WS27C240L is part of a high density EPROM family which spans densities from 84K to 4 Meg.
The WS27C240L. is manufactured using WS1's advanced CMOS technology.

PRODUCT SELECTION GUIDE

PARAMETER 27C240L-12 27C240L-15 27C240L17 27C240L-20
Address Access Time (Max) 120 ns 150 ns 170 ns 200 ns
Chip Select Time (Max} 120 ns 150 ns 170 ns 200 ns
Output Enable Time (Max) 35 ns a0 ns 40 ns 40 ns
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ABSOLUTE MAXIMUM RATINGS* *Notice: Stresses above those listed under “Absolute
Storage Temparature . . . ........ —65°C to +125°C Maximum Ratings™ may cause permanent damage to
Voltages on Any Pin with the device. This is a stress rating only and functional

Respect to Ground . .. ..., ....... _0BV 1D 47V 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
Voo Supply Veltage with specification is not implied. Exposure to absolute

Respect to Ground . ... .......... —0BV 1o +7V maximum rating conditions for extended periods of time
ESD Protection . ............ ... ...... > 2000V may affect device refiability.
OPERATING RANGE

RANGE TEMPERATURE Yoo TOLERANCE

Comm’l 0° o +70°C +5V +5% or +10%

Industrial -40° to +85°C +5V +10%

Military -55° to +125°C +5V +10%

DC READ CHARACTERISTICS Over Operating Range with Vpp = Vcc.

SYMBOL PARAMETER TEST CONDITIONS MIN MAX UNITS
ViL Input Low Level -05 08 v
Viy Input High Level 20 Voo + 1 v
Var Qutput Low Voltaga lo. = 21 mA 0.4 W
You Output High Voltage loy = —400 pA 35 Vv
tag @ Vec Standby Current (CMOS) CE = Ve + 03V 100 nA
Jgpa Veoc Standby Current CE = Vn i mA
ieclt Vee Active Current CE=DE =V '; ; Z m:i gg mA
lpp Vep Supply Current Vep = Voo 100 nA
Vpp Vep Read Voltage Ve —04 Veo v
fy) Input Load Current Vi = 558V or Gnd -1 1 A
Lo QOutput Leakage Current Your = 55V or Gnd -10 10 [T

AC READ CHARACTERISTICS Over Opsrating Range with Vpp = Vg,

- 27 L- 7 L17 27C240L-2
SYMBOL PARAMETER 27C240L12 C240L-15 27C240 40L-20 UNITS
MIN MAX MIN MAX MIN MAX MIN MAX
Addrass to Output
tace Delay 120 150 170 200
tce CE to Output Delay 120 150 170 200
toe OE to Output Delay a5 40 40 40
Output Disable to ne
12
lor Output Float 35 40 40 40
Output Hold From
Addresses, CE or
(2} Ade 1
fou OE, Whichever 0 0 0 0
Occurred First'®
NOTES:

1. The supply current is the sum of lgg and lpp. The maximum current value is with Outputs Oy to Oy unloaded.
2, Thrs parameter is only sampled and 15 nol 100% tested. Output Float is defined as the point where data 1s no Yonger driven—see timing diagram.

3 CMOS inputs: V| = GND + 0.3V, \c"“.' = VCC + 0.3

3148



WS27C240L

AC READ TIMING DIAGRAM

vIH C
ADDRESSES X “%‘:EIEDSS
v A 7
[N

| tee® »

¥in
OE
Vi 7 e

tosiﬁi_-_
e tagg T L
VIH
OUTRUT fenz <<<<< VALID OUTPUT HIGH 2
VIL I
CAPACITANCE®@ 7, = 25°C, f = 1 MHz
SYMBOL PARAMETER CONDITIONS TYP® MAX UNITS
Cin Input Capacitance Viy = OV 4 & pF
Cout Output Capacitance Vour = OV 8 12 pF
Cypp Vpp Capacitance Vep = OV 18 25 pF
NOTES:

4, This parameter is only sampied and 15 not 100% lested

5. Typical values are for T, = 25°C and nominal supply voltages.
& OF may be delayed up to Iy —tge afler the lalling edge of GE without impact on tee.

A.C. TESTING INPUT/OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

24
20 240
> TEST POINTS <
0.8 [}
04

AC. testing inputs are driven at 2.4V for a Logic 1" and
04% for & Logic “0. Timing measurements are made at 2.0V G, = 100 pF
for & Logic “1" and 08Y for & Logic "0

DEVICE
UNDER
TEST

2.04¢
% 8200
€, = 100 pF

G, includes Jig Capacitance

Wi
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DIP PIN CONFIGURATIONS

& Mbit | 2 Mbit | T Mbit | 512K |57C257 | 57CE5

Ag  |XXNpp FXXVpp| XXV pp | XXpp | Xx¥op
CEPGM| CE [ CE CE CE

GND | GND | GNO | GND | GND | GND
a7 s 73 Qs Q7 05 Q7
Og Og Qg Op O Qg
Oy Oy Qg Qg Og Qg
[+ 0y = 1} 0y Oy Qy
Oy 0, 0y 0y Oy 0
[+ =7 2 74 0z 0, 0,
Oy o, oy Q4 oy [«
Ty Op [+ 7% [+ 7% Cq Oy

OBpp | OF OE OE OF OE

WS27¢240L 57Ca5 | 57c257| 5126 | 1 Mibit | 2 Mbis | 8 Mbit
—— XXV [ 1 WO Vee™ Voo | Voo [ VYee | Yee | Yoo | Veo
|- CE/FGM ] 2 3 Ar XXPGH | 0PN | XXPGR | PR | OUFEM | Ayy
— 03 38 [ Ayg NG | NC NG NC A | A
% g 4 YA NC | NG NC | A | A | Ags
s s wPa, NC NC [ Ay A | Ava
036 35 0 Ay MC | A | A | A | As | A
——0on 37 M A, HE | Ap | Ap | A ba | A
] = £ BLI A, Ay | Ay Ay | Ay Ay | An
—C o 92 [ Ay A | A | Aw Ag Ag | Ao
0w na, Ag Ag Ay Ag Ay Ag
GND ] 11 30 GND—| GND | GND | GND | GND | GND | GND

——0: ] 12 28 ] A, I Ag Ay ag Ag Ag
%1 28 A, Ay Ay Ar Az Ay Ay
F———0s | 14 [ 0a, Ag Ay hg Ay Ag Ag
0. ] 26 [1a, As As A Ag Ag Ag

— %18 254, Ay | By Ay Ay A, | oAy
———%0: ] 17 241 4, Aq Aa As Ay Ay Ag
0. 1 23[1 A, I Aa &y Ag Az A

0. 19 22 ] a, Aq Ay A Ay Ay Ay

—0E [ 20 213 Ay Ay | A Ay Ay Ay | B

MOTE: Compatible EPROM pin configurations are shown in the blocks adjacent to the WS2FC240L pins.

PIN NAMES
Ag-Aur Addresses
CE Chip Enable
OE Qutput Enable
0p-045 Qutputs
NC No Connection
XX Don't Care (During Read)
PGM Program
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PROGRAMMING INFORMATION

DC CHARACTERISTICS (T, = 25 + 5°C, Vog =

6.2V t 0.25V, Vpp = 1275 & 0.25V)

PARAMETER SYMBOLS MIN MAX UNIT
Input Leakage Current _
{V|N = VCC or Gnd) II" 0 1 uA
Vep Supply Current During
Programming Pulse (CE/PGM = Vi) lee 60 mA
Vee Supply Current lee 50 mA
Input Low Level VL =01 08 v
Input High Level Vi 240 Vee+0.3 v
Qutput Low Voltage During Verify
o = 21 mA) VoL 0.4 Y
Output High Voltage During Verify
(on = ~400 pA) VoH 35 v

MNOTES: 7. Vg must be applied either eomeidentally or bafore Ve and removed either coincidertally or afier Vi,
8. Vpr must not be greater than 14 volts including overshoot, During CEPGM = V. Vee must not be switched from 5 volls

1o 12,75 volts or vice-versa,

AC CHARACTERISTICS (T, = 25 & 5°C, Voo = 8.2V 2 0.25V, Vpp =

12.75 + 0.25V)

PARAMETER SYMBOLS MIN TYP MAX UNIT
Address Setup Time tag 2 us
CE High to OE High teom 2 us
Qutput Enable Setup Time toes 2 us
Data Setup Time tos 2 us
Address Hold Time tan 0 us
Data Hold Time ton 2 18
Chip Disable to Ouiput Float Delay tor 0 55 ns
Data Valid From Qutput Enable toe 55 ns
Vpp Setup Time/CE Setup Time tvaftoes 2 LS
PGM Pulse Width tew 005 4 ms
OE Low to CE “Don't Care” tocx 2 s
PROGRAMMING WAVEFORM
P!
ADDHRESSES X ADDRESS STABLE
el T2 tay r—
DATA ——g"L DATA IN STABLE fp—iaR £ J PAAOUT he
o c k VALID
e e [ by =~ |"I-lg€-l‘- — e —
Vep
i
Veu 7
Voo [t s
- icEs Togm — = = [r-—leon
W
cEiPaH V'" NRQEY
[N
tew “"“*OES"‘
oF ¥in w T —

Yirs
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MODE SELECTION
The modes of operation of the WS27C240L are listed in Table 1. A single 5¥ power supply is required in the read
mode. All inputs are TTL levels except for Vpp and on Ag for device signature.

Table 1. Modes Selection

MODE PINS | Zemem | O Ag Ag Vpp Vee | OUTPUTS
Read ViL Vi X X X 50V Doyt
Qutput Disable X Wiy X X X 50v High Z
Standby Vin X X X X 5.0V High Z
Programming Vi ViH X X Vep 6.2V D
Program Verify X Vil X X Vep 6.0V Dout
Program Inhibit VN Vin X X Vep 8.2v High 2
Signature Manufacturer!™ Vi V)L v Vi X 5.0V 23 H

Device!! Vi Vi Yo Vin X 50V CoH

NOTES: 49 X canbe V) or¥ 10 ¥y = Wpp M. Ay=Bg, AggAys = V)

Uisi
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PROGRAMMABLE SYSTEM™ DEVICES (PSD)

introduction to Programmable System Devices ... ........ ..... ... ... ... ... . ... 41
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MAP166 User-Configurable Peripheral with Memory . ... .............. ... oo L. 4-7
P3D301 User-Configurable Peripheral with Memory . ....... ... . ... ... ... oL 4-25
PAC1000 Introduction  User-Configurable Microcontroller ... ... ... ... ... . .. . i, 4-29
PAC1000 User-Configurable Microcontroller .. ... .. ... .. . . . ... . . ... s 4-31
SAM448 Introduction  User-Configurable Microsequencer .. ... ... .. ... i i e 479
SAM448 User-Configurable Microseguencer . ... .. ... ... ... .. i i 4-81
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For additional information,
call 800-TEAM-WSI (800-832-6974).
In California, call 800-562-6363.
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FESE &5 Introduction to Programmable
— ¥ System™ Devices (PSD)

WAFERSCALE INTEGRATION, INC.

Programmable System Devices, or PSDs,
are user-configurable system level building
blocks on-a-chip enabling quick
implementation of application specific
controllers and peripherals.

WSI PSDs are ideal for designers who
require fast time-to-market, low risk,
greater system integration and lower power
consumption. PSOs enable designers to
configure their microcontroller/peripheral to
meet exact design requirements. WSI's
PSDs are unigue in that they are the only
VLS1 devices available today that provides
a user-configurable off-the-shelf solution at
the system level,

The user-configurability of PSDs enables
them to be used in many different
applications, including:

I Computers (Workstations and PCs) —
Fixed Disk Control, Modem, Imaging,
Laser Printer Control

O Telacommunications — Modem,
Cellular Phone, Digital PBX, Digital
Speech, FAX, Digital Signal Processing

W Industrial -~ Robotics, Power Line
Access, Power Line Monitor

& Medical Instrumentation — Hearing
Aids, Monitoring Equipment, Diagnostic
Tools

3 Military — Missile Guidance, Radar,
Sonar, Secure Communications, RF
Modems

PSDs are available in 2 varisty of space
saving surface mount and through-hole
package configurations for commercial,
industrial, and military applications. WSl
offers windowed package options for
prototyping and low cost OTP {one-time
programmable) packages for high volume
applications. PSDs utilize WSI's proprietary
split-gate CMOS EPROM technology for
low power consumption.

There are currently four PSD family
devices in production, These include the
PAC1000, MAP168, PSD301, and SAM448.

[ The PAC1000 is a user-configurable
microcontroller. It may be used as a
stand-alone microcontroller or as a
peripheral to microprocessors. It is ideal
for embedded control applications,
including graphics, local area network,
and disk drive control in both military
and commercial applications.

U The MAP168 is a user-configurable
peripheral. It is used in DSP applications
including modems, motor control and
medical instrumentation. The MAP168
is ideal for DSP based applications
where fast time-to-market, small form
factor and low power consumption are
essential. When combined together in
an 8- or 18-bit system, virtually any
DSP chip (TMS320 series, etc.) and
the MAP168 work together fo create a
very powerful 2-piece chip-set. This
combination provides essentially all of
the required control and peripheral
element of a DSP systern.

0 The PSD30G1 is a user-configurable
peripheral for microcontroler applications
including disk drives, low cost modems,
and mobile phones. The PSD301 is ideal
for microcontroller based applications
where fast time-to-market, small form
factor and low power consumption are
essential. When combined together in
an 8- or 18-hit system, virtually any
microcontroller (8051, 8098, 16000, etc.)
and the PSD30 work together to create
a very powerful 2-piece chip-set. Thig
implementation provides the reguired
contral and peripheral element of a
microcontroller based system peripheral
with no externat “glug” logic required.

d The SAM448 is a user-configurable
sequencer for state machine and bus
interface applications, lts flexible YO
and architecture make it ideai for use
in interfacing to both existing bus
architecturas (AT, VME, MCA-bus}, and
svolving bus standards (EISA, NuBUS).
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Programmable System™ Devices (PSD}

Application specific featuras can be easily
programmed into the PSD EPROM array
for quick design implementation. Unlike
the current generation of programmable
gate arrays, which require the use of
unprediciable, and often time unavailable
routing rasources, all PSD logic is fully
connected interpally, This means that all
timing is predictable ahead of design
implementation, and routing is assured.
This greatly simplifies and reduces the
design implementation and simuiation
process, and provides designers with a
significantly more reliable, lower risk path
to market, WSI PS8Ds also eliminate the
NRE, turn-around-time, and risks asscciated
with gate arrays and other ASIC solutions.

As product life cycles continue to shrink,
designers can win the racs from idea to
marketable product with WSl PSDs. PSDs
are quickly configured and programmed by
the designer by using low cost, easy-to-
use WS| PC-based development tools. The
user-friendly menu-driven software includes
high lavel dasign entry, simulation and
programming packages for rapid system
development.

WS supports its PSD product famify with
an applications hotiing and bullstin board,
as well as highly trained, technical Field
Applications Engineers. As standard
products, W3I PSDs are available from
WSI's franchised world-wide distribution
network.
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Programmable System™Device

MAP168/PSD301 Introduction————

User-Configurable
Peripheral with Memory

Overview

In 1988 WSI introduced a new concept in
programmatle VLSI: the Programmable
System™ Device (PSD). The PSD is
defined as a family of User-configurable
systern fevel buitding blocks on-a-chip
enabling quick implementation of application
specific controflers and peripheralfs. The
first generation PSD series includes the
MAP168, a User-Configurable Perigheral
with Memory; the SAM448, a User-
Coenfigurable Microssquencer; and the
PAC1000, a User-Configurable
Microcontroller.

Tha MAP168 is a high-performance, user-
configurable peripheral with memory, It is
used in DSP applications including
modems, motor control and medical
instrumentation. The MAP168 is ideal for
DSP based applications where fast time-to-
market, small form factor and {ow power
consumption are essential. When combined
together in an 8- or 16-bit system, virtualiy
any DSP chip (TMS320 series, etc.) and
the MAP168 work together to create a

very powerful 2-piece chip-set. This
implementation provides the core of the
required control and peripheral stements
of a DSP system.

Tha MAP168 contains three elements
normally associated with discrete sclutions
o system memory regquiremants, it
incorporates EPROM and SRAM plus a
Programmable Address Decoder (PAD), all
on the same die. The MAP168 is ideal for
the systems designer who wishes to
reduce the board space of his finai design.
By using the MAP168 in a system, five or
six EPROM, SRAM and decode logic
chips may be reduced into a single 44 pin
PLDCC, CLDCC or PGA package.

The second generation PSD301 is a user-
configurable peripheral for microcontroller
applications including disk drives, low cost
modems, and mobile phones. The PSD3(1
is ideal for microcontroller based
applications where fast time-to-market,
small form factor and low power
consumption are essential. When
combined together in an 8- or 16-bit
system, virtually any microcontroller (8051,
8096, 16000, etc.} and the PSD301 work
togsther to create a very powerful 2-piece
chip-set. Together, this implementation
provides all the required control and
peripheral elements of a microcontroller
based system peripheral with no external
“glue” iogic required.

Architecture

The MAP168 and PSD301 products
incorporate the flexibility of using discrete
memory addressing and decoding. With
the support of WSI's user friendly PSD
software called MAPLE, designers may
configure their MAP168/PSD301 subsystems
for 8 or 16 bit data paths. If the host
systam uses an 8051 microcontroller, the
MAP168/P3D301 can be programmed with
an eight bit data path. A sixteen bit data
path can be prograrmmed for
microcontroliers like Intel's B0198, The
depth of the memory organization will be
modified accordingly to accept the different
data path widths. The low cost MAPLE
software package wilf handle the data path
width adjustment automnatically. The user
can select either 16K bytes of EPROM and
4K bytes of SRAM or BK words of EPROM

and 2K words of SBRAM. Tha flexibility of
the MAP168/PSDAD1 products enables two
devices tc be cascaded in width. [t is
possible to double the memory size of a
sixteen bit system by using two MAF168
products in parallel but programmed in a
byte-wide configuration, For example, with
two MAP168 devices, 16K words of EPROM
and 4K words of SRAM may be organized
as upper and lower data bytes of a 16 bit
word. Alternately, two MAP168 chips may
expand the system memeory vertically as
two word organized memory devices, A
bfock diagram of the MAP168 is shown in
Figure 1.

An important feature of the MAP168/PSD301
products is their ability to incorporate the
memory address decoding on-chip. One
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Architecture
{Cont.)

MAP168 memory peripheral can reside
with other MAP168 devices in the same
memory addressing scheme, with the on-
chip decoder aliocating the memory blocks
to different non-conflicting segments of the
entire memory area. The decoding function
is achievad by an on-chip feature called a
Programmable Address Decoder (PAD),
which is similar to a single fuse array
programmable logic device supporting cne
product term (AND gate} per output in the
MAP168 and four product terms per output
in the PSD301,

in the MAP168, eighteen standard chip
select outputs from the PAD are available
with one fast chip select output generally
used to select other external high speed

memory devices. The chip select lines
may be subdivided into ES0-ES?, active
low internal EPROM chip selects, and two
internal RAM chip selects RS0 and RS1.
In byte-wide applications, eight chip select
outputs drive external pins C50-CS57.
These can be used as external chip
selects for other MAP168 devices or
system memory. These gutpuis are

not available for word-wide MAP168
configurations because the CS0-CS7 output
pins carry the higher order data byte. Only
FCS0 is available for external chip selection.

Figure t shows the organization of the
EPROM and SRAM in relation to the PAD,
for the MAP168 device.

Figure 1,

MAP168 Memory

Architecture

EPAOK
2K % 8 OR 1K x 16 s
EPRDOM DATA BUS [A:15]
2K % B OB 1K X 16 o DATA BUS [0:7}
EPROM
N 2K x 8 OR 1K x 16
{Ag-Asy BHE) ot
BUS I
ADDRESS BU P —
2K % B OR 1K % 16 foam
PAD
EPRCM
__ w| 2K x B OR 1K x 18
50 | * *® -
EST
ESo EFRCM
ES2 2K % BOR TK X 16 fanee
i ES3
E EPROM
ESH ] KX OR K x 18 |
ESE —[
EPFAOM e
WENVpp ES? ] 2K 2 B OH 1K % 16 [ § HIGH
e b= DATA
CE0{0:7] & el
BE T50[0:7] =
et B DR
RS0 )
i RSD 2
RS1 T
= RS EPROM £ 10:7]
] 2K
Fcso 2K % 8 OR 1K x 16 jusmmy
EPROM
2K » 8 OR 1K x 16 LOW DATA BYTE
Important Features:

-

40 ns EPROM/SRAM Access Time.

LR B

Byte or Word Operation, Mappabie intc 1M Word or 2M Byte Address Space
22 ns Chip-Select 8 Outputs, 17 ns Fast Chip Select Cutput.
128K EPROM Bits, 32K SRAM Bits, On-Chip Programmable Decoder, Security Bit.
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Flgure 2.
Architecture
1ZRKIZE6K/512K EPAOM?
CONFIGURATION
v AEGISTEAS
e ————— 8 BLOCKS OF
GND —————» EPROM
Ap
WRIVpe
BHE/PSEN CGONTROL - FORT®
RESET
A pfCSH —l D
ADg-AD B | Ap-A CSEPR 4 see |, o7,
d 1" LATCH | —_ % SEPROM TABLE
p £8,-CS;
e PAD
D,-D.
L) 15 PORT A
& Dy-Dy/AD-AD;
AD,-AD; Ag-h; CSRAM
LATCH P,
¥ A see |, Phor |
™| TABLE
F
- D,-D, 2K x 8 OR 1K x 16
L [> Do
Dy-D/ADG-AD; 16K BIT SHAM
. PORT C
PC,
T SEE -2
MUX OR NON-MUX TABLE
CONTROLZ

By 8 Configuration By 16 Configuration

Port A Port B Port A Port B Port
Non-MUX Address Data® | Dy-D, ng'(_)l:,sé " Dg-D4 | Dg-Dys
— o rere. C8-C81f
atd o d =7 _ Aqg-Ag
MUX Address Data PAg—PA; CF:,%U _?,%7 PAs-PA; gg"_gg’ i
ADg-AD; 0T | ADg-ADy e

NOTES:

1. Three MAP3I00 EFROM densiles.

2. Internal signal can be set dunng programming,

3. Laich B can be set to be ransparent {not dependent on ALE)

4, Each WO pin can be individually se to perform ane of the two functions.

5 Tha non-MUX configuration is compabble o MAP168 pinout

6 Port C is independent of any configuration and can be chip select out or address in.

Software Supporf  The object code generated for the support ~ EPROM and SRAM memory blocks. This
microprocessar/imicrocontroller is generated  mapping is achieved by the designer in

by an assembier. This code, when the MAPLE environment. The software
genearated as an Intel MCS file, may be provides a safeguard that prevents the
easily programmed into the EPRCOM designer from inadvertently overlapping
section of the MAP168/PSD301 devica the address selection. After selecting the
because the MAPLE software has been memory block assignments, the
designed to accept this standard format. MAP168/PSD301 device may ha

programmed by the WSI MagicPro™

The programmable address decoder is
prog ; memory and PSD programmar.

used to define the mapping of the varicus
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Programmahle System™ Device

MAP168.

User-Configurable

Peripheral with Memory
Features [ First-generation Programmable System 1  Programmable Security
Device (PSD} Protects memary map
User-Configurable Peripheral with Protects program code
Memory Q Programming Support Teols
16Kx8 EFROM PSD integrated software environment
4Kx8 SRAM PC-XT/AT/PS2 platform support
Programmable address decoder MAPLE location entry Software
Q  Byte or Word Memory Configurations MAPPRO device programming Software
16Kx8 or 8Kx16 EPROM MagicPro device programmer {PC-XT,
4Kx8 or 2Kx16 SRAM AT)
2Mbyte or 1 Mword address range 2 Military ang Commercial Specifications
< High-Speed Operation 44-pin Geramic Leaded Chip Carrier
40-nsec MemGry access package
17-nsec fast chip satect output 44-[;in Plastic Leaded Chip Carrier
. package
- Extemal Ch"? Select Outputs 44-pad Ceramic Leadless Chip Carrier
external chip selects package
1 fast chip-select output 44-pin Ceramic Pin Grid Array package
General In 1988 WSI introduced a new concept in cantly reduces the board space and power
Bescription pregrammable VLSI, Programmable System necessary to implement memory subsys-

Devices (PSD}. The PSD family consists of
user-configurable system-level building
blocks on-a-chip, enabling quick implementa-
tion of application-specific controllers and
peripherals. The first generation PSD series
includes the MAP188 User-Configurable
Peripheral with Memary; the SAM448, a
Usar-Configurable Microsequencer; and the
PAC1000, a User-Configurable Microcon-
troller.

The MAP168 is the first of WSI's Program-
mable System Devices (PSD) product line.
The device integrates high performance,
user-configurable blocks of EPROM, SRAM,
and logic in a single circuit. The major
functional blacks include a Programmable
Address Decoder (PAD}, 16K bytes of high
speed EPROM, and 4K bytes of high speed
SRAM. A block diagram is given in Figure 1,

The MAP168 device is a complete memory
subsystem that can be mapped anywhers in
a 2M-byte address space of a microproces-
sor or migrecontroller system. The EPROM
and SRAM memary blocks can be user-
configured in either byte-wide or word-wide
organizations. The MAP 168 device signifi-

tems, increases system performance, and
provides for secure data or program storage.

The device's high level of integration and
flexibility make it ideal for high-speed micro-
processors, microcontrollers, and Digital
Signal Processors like the TMS320XX family.
The EPROM can be configured either as
16Kx8 or 8Kx16. The SRAM can be config-
ured either as 4Kx8 or 2Kx16. Individual
memory blocks of 2Kx8 or 1Kx16 can be
selectively mapped anywherg in the address
space. Since the Chip Select input (CSI) can
pe programmed as A20, the highest-order
address bit, the device's address range can
extend from 1M byte with C51 to 2M byte
without TSI

For 16-hit microprocessors capable of byte
operations, the MAP168 device provides a
Byte High Enable input for accessing bytes
on any address boundary.

Pinout is compatible with the JEDEG
WS27C257 256K high-speed EPROM. This
pinout provides for memory expansion with
future WSI EPROM and PSD products.

The device's PAD and EPROM memory are

WAFERSCALE INTEGRATION, INC.
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F!gure 1.
Block Diagram MAP168
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= . OEL
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OEH MUX tuX
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- A | L
\/? £ \/? 3
10, 45 OR €80y WG o o
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General
Description
{Con’t)

programmed using the same WS MagicPro
programmer used to program other WSI
devices. Two software packages, MAPLE
Lecation Eniry and MAPPRO Device Pro-
gramming Software are available in the
menu-driven WISPER software environment
on an IBM® PC XT/AT or 100% compatible
platform.

For additional information on the MAP168
davice, refer to Application Note No. 002,
Introduction to the MAP168 User-Configur-
able Peripheral with Memory. For additional
information on development and program-
ming software for the MAP168 device, refer
to the MAP168 User-Configurable Peripheral
with Memory Software User's Manual.

Functional
Description

The user-configurable architecture of the
MAP168 consists of an EPROM memaory
block, an SRAM memory block, and a fast
Programmable Address Decoder {PAD) that
can be configured to select 2K-byte memary
blocks anywhere in a 2M-byte address

range. The device can be programmed to
eperate with memary configured either in a
byte or word organization (bytes can be
addressed in word mode). A pregrammable
security bit preveris access to the PAD
address-decode configuration table.

Table 1.
Pin Description

Signal 0

AD—IB l
FCSO 0

E t

ur]

o, VO
10, 5 TS0, , Vo

Description
Address Lines. For access to EPROM or SRAM.

Fast Chip-Select Ouiput {active low). Used by the Pro-
grammable Addrass Decoder (PAD}.

Byte High Enable (active low). Selects the high-order
byte when writing to SRAM.

Write Enable (active low) or Programming Voltage. In
normmal mode, this pin causes data on the 11O pins tc be
written into SRAM. In programming mode, the pin
supplies the programming voltage, V.

Output Enable {active fow). Enable the #O pins ta drive
the external bus.

Chip Sefect Input (active fow) or High-Ordar Address.
This pin ¢can be programmed as the bus-access chip
selact or as an additional high-order address bit (A,,}.
Low-Order Byte of EPROM or SRAM.

High-Order Byte or Chip-Select Outputs. in word made,
thess pins serve as the high-order byte (110, ) of
EPROM or SRAM. In byte mode, the bits serve as Chip-
Selact Out signals (CSO,_,) for the Programmabie
Addrass Dacoder (PAD).

WAFERSCALE INTEGRATION, INC. 4-9
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Programmable
Address Decoder

The MAP168 device has a minimum of 20
address inputs A,—A,, allowing the EPROM
and SRAM memary blocks to reside any-
where in a 1M-byte address space. If the
C8I/A,, input is user-configured as an ad-
dress line, the maximum addressable space
increases to 2M bytes, as shown in the
Configurations table.

The 18K bytes of EPROM and 4K bytes of
SRAM, can be configured inte sight inde-
pendent 2K-byte blocks and two 2K-byte
blocks respectively, as shown in the Memory
Architecture figure. The PAD is a user-
configurable address decoder that compares
input addresses to the 2K-byte address
range selected for each of the eight EPROM
blacks and twoe SRAM blocks. When the
input address A -A,, is detected to be within
one of the EFRCM or SRAM address
ranges, the PAD enables an internal chip
select (ES -ES, or RS,-RS,} to the selected
black. lf no block is selected, both the
EPRCM and SRAM memories remain in a
power-down mode and the outputs are
disabled allowing other devices to drive the

data bus. The SRAM retains its data in the
power-down mode. The 2K-byte address
ranges for any of the eight EPROM or two
SRAM blocks may not overiap.

The PAD can alsc be user-configured to
generate up to sight external chip selects,
CS,-CS,. These outputs can be used to
decode the input address lines A -A, and to
select other devices in the system. The
outputs C5,-CS, are available on the eight
higher-order 1/0,-1/0,; lines but only when
the MAP168 device is configured in the byte
mode; the lines are not available as chip-
select outputs when the device is configured
in the word mode.

The TSI/A,, input is user-configurable as the
mast-significant address line or as an active-
low chip enable. Its function is programmed
as part of the PAD programming cycle.

The PAD also provides FSCD, a single, fast
chip-select output configurable by the user for
any address. It can overlap with any of the
internal EPROM, SRAM or external C50
addresses.

Memory
Subsystem
EPROM Memory

The memory configuration of the MAP168
device includes 128K bits of WSI's patented
high-speed, split-gate, UV-erasable EPROM.
The EPROM is configured in byte mode as
16Kx8 and in word mode as 8Kx18&. The
memory is organized as eight 2Kx8 or 1Kx18
blocks, as shown in the Block Diagram
figure. Each block has a separate and
indepsndent address range that cannot
overlap. Each block is individually selected
by cne of the ES ~ES, internal chip sslects
generated by the PAD whan an input ad-
dress is detected within its designated
address range, as shown in the Mamory
Architecture figure. If not selected, each
block of EPROM remains in a powar-down
mode.

For programming, the EFROM memory
requires the WE/V_. input to maintain the
programming voltage V,,..

SRAM Memory

The device also includes 32K bits of high-
speed SRAM. The SRAM is configured in
byte mode as 4Kx8 and in word mode as
2Kx16. The memory is organized as two
2Kx8 or one 2Kx16 block{s), each with a
separate and independent address range that
cannot overlap. Each SRAM biock is individy-
ally selectsd by one of the RS,—-RS,, shown
in the Memary Architecture figure, when an
input address is detected by the PAD within
its designated address range. When not
selected, each of the SRAM memory blocks
remains in a power down mode but does
retain all data stored.

Data can be written intc the SRAM only when
the WE/V, input is active low.

419
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Memory
Subsystom
EPROM Memory
{Con't)

Byte/Word Mode

The PAD can be programmed to configure
the MAP168 device for either a byte or word
memory architecture. This allows the device
to be used conveniently with either 8-bit or
16-bit microcontrollers, microprocessors or
digital signal processor (DSP) systems. See
the Configurations table,

In byte made, the EPROM is organized as
16Kx8 and the SRAM as 4Kx8. The outputs
of both are tied to the eight low-order input/
output lines I/C~I/C, and enabled onto the
output bus when the OE input is low.

Cnly when configured in byte mode are the
eight external chip selects provided by the

PAE available on the eight high-order input/
output lines /C—~1O  and enabled onto the
output bus when the 6}5 input is low.

In word mode, the EPROM is grganized as
BKx18 and the SRAM as 2Kx16. The outputs
of bath ara tied to the 16 input/output lines
1/0,1/Q,, and enabled onte the bus when OE
is low.

In word made, the BHE input along with
address input A0 allows the eight bits of any
16-bit word on an even or odd boundary to
be selected as shown in the High-Low Byte
Selection table. This is a useful feature for
18-hit processors that are not restricted to
reading or writing memory anly on even-word
address boundaries.

Mode Selection

The device's operational mede is controlled
by three inputs, TSI, OE, and WE/V,,.. There

are ten separate modes of operation, all of
which are shown the Mode Selection table.

Tabie 2.
Configurations

x8 Configuration x16 Configuration
A, st A,

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
EPRCM Blacks 8 B 8 8
SRAM Blocks 2 2 2 2
Chip-Select Outputs g 9 i 1
EPRCM Configuration 16Kx8 16Kx8 8Kx16 8Kx16
SRAM Configuration 4Kx8 4Kx8 2Kx16 2Kx16
1/Q Pins ) 8 18 16
Low-power Standby yes no yes no
Protected Mode yes yes yes yes
Byte Operations yes yes yes yss

WHAFERSCALE INTEGRATION, INC.
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Tahie 3.
Mode Selection Mode/Pin 81 DF Wew, Address X640, ,)  x16(FCSG)
xB{0,,) xBFLS0,TSO,,
Read EPROM/SRAM V,_ V., V EPROM/SRAM Doy CSqyr
Selected
Read External V. V. vy, EPROM/SRAM High Z CS,ur
Not Selected
Output Disable X v, X X High Z CSyr
Stand-By v, X X X High Z CS,,;
Write SRAM v, XV, SRAM Selected D, CS,r
Write External v, X v, Mo SRAM X CS,,
Selected
Program EPROM V, V,, V., EPROM 0, D,,
Program Address
Pragram Verify V., V. ¥, EPRCM Dyyr CSaur
EPRCM Program Address
Program PAD V., V. ¥,  PADProgram Dy Dy
Address
Program Verify PAD  V, V, V, PAD Program Doyt CSqyr
Address
Tahie 4.
HNigh/Low Byle x16 Configuration Only
Selection BHE (Pin 1) A, Write Operation Read Operation
4] 0 Whole word Whole word
0 1 Upper byte from/to Upper byte = Data Out
odd address Lower byte = ‘FF'
1 0 Lower byte from/to Whole word
even address
1 1 None Upper byte = Data Out
Lower byte = ‘FF’
WH and BHE are used for SRAM functions
Table §. Product
Selection Guide Parameter MAP168-40 MAFP168-45 MAP166-55 Unils
Address Access Time (max) 40 45 55 ns
Chip-Select Access Time (max) 40 45 55 ns
Quiput Enable Time {max} 18 21 23 ns
Chip-Select Output Time 22 25 27 ns
Fast Chip-Select Output Time {max} 17 20 22 ns
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Tahle 6. DG

Characteristics Parameler Symbol Tesi Conditlons  Min Max Units
Qutput Low Voltage Vo I =8 MA 05 vV
Qutput High Voltage Vi lgy=—2 MA 24 vV
CMOS Standby
Current sy notes 1,3
—Commercial 20 mA
—Military 30 mA
TTL Standby
Current lsg notes 2, 3
—Commercial 30 mA
—Military 40 mA,
CMOS Active Current
No Blocks Selected loe 1A notes 1, 4
—~Commercial 20 mA
—Military 30 mA
CMQOS Active Current
EPROM Block Selscied loe 1B notes 1, 4
—Commercial 35 mA
—Military 45 mA
CMOS Active Current
SRAM Block Selected leo 1C notes 1, 4
—Commerciat 55 mA
—Military 65 mA,
TTL Active Current
No Blocks Selected lec 2A notes 2, 4
—Commaercial ' 30 mA
—Military 40 mA
TTL Active Current
EPROM Block Selected loc 2B notes 2, 4
—Commercial 40 mA
—Military 50 mA
TTL Active Current
SRAM Block Selected e 2C notes 2, 4
—Commercial 65 mA
—Military 75 mA
Input Load Current I, V=55V -10 10 LA

or GND
Output Leakage Current lo Vor=5-5V -10 10 HA
or GND

Notes:
1. CMOS inputs: GND + 0.3V or VCC + 0.3V,
2. TilLinputs: V| <Q.8V,V 220V,
3. Add 1.5 mA/MHz for AC power component.
4. Add 3.5 mA/MHz for AC power companent.

WAFERSCALE INTEGRATION, INC. 413



MAPIGE

Table 7. AC
Characteristics Paracvator Symbol MAP168-48 MAP168-45 MAP168-55 Units
Min Max Min Max Min Max

Read Cycle Time tac 40 45 55 ns
Address to Output Delay tice 40 45 5 ns
TSl to Qutput Delay loe 40 45 55 ns
OF to Qutput Delay toe 18 21 23 ns
Output Disable 1o Output Float Lo 15 8 20 ns
Chip Disable to Output Float tesr 15 18 20 ns
Address to Qutput Hold ton 10 1G 10 ns
Address to CSG, , True toso 22 25 2?7 ns
Address to FCS0 True tecso 17 20 22 ns
SRAM Write Cycie Time by 40 45 55 ns
Chip Enable to Write Eng teosw 40 45 55 ns
Address Setup Time ts 0 0 0 ns
Address Hold Time Lo 0 0 0 ns
Address Valid to Write End taw 40 45 55 ns
SRAM Write Enable Pulse Width 1, 25 30 35 ns
Data Setup Time tos 20 20 30 ns
Data Hoid Time tow 0 0 a ns
Write Enable to Data Float ter 18 21 23 ns
Write Disable to Data Low Z twerz 3 3 3 ns
BHE Setup Time toes O 0 Q ns
BHE Hold Time toew 10 10 10 ns

Tabie 8. Data

Relention Parametar Symhbol Tes! Conditions Min  Max Units

Characteristics Minimum V.. for Data Retention Von Vo=2.0V, 2.0 v
Current in Data Retention Mode locon C8lav 02V, 1 mA
Chip Deselect to Data Retention | P V2 V02V ¢ ns
Recovery Time from Data Retention toon orV, <02V tee ns
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Absolute

Storags Temperature ..........—85°C to +150°C  stress rating only and functional operation of
Maximum Ratings Voltage to any pin with the device at these or any other conditions
respectto GND ... 0BV 1O 4TV above those indicated in the operational
- sections of this specification is not implied.
Ve with respect to GND ......-0.6 Vte +14.0V Exposure to absolute maximum rating
ESD Protection ........co.coceevevcrenr e 2000V conditions for extended periods of time may
Stresses above those listed here may cause affect device reliability.
permanent damage to the device. This is a
;:Me 9. Operating Aange Temperature V.
nge Commercial 0'to +70°C +5V £ 5%
Military -55" to +125°C +HV +10%
Figure 3.
Read Cycle - thc
Timing Diagram

ADDRESSES

T”T
Mfi\

Doyr

DATA VALID [

toEF —# ha—

[yl
g
&

troso

— logn —— -

1737 0@
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Figure 4.
Test Loadt seq
2y
{INCLUDING
SCOPE AND JIG
= GAPACITAMCE}
High-impedance tast systems S
Tabie 10.
Timing Lovels Level Voitage
Input 0 and 3V
Reference 1.8V
Flgure 5.
Write Gycle . tuic
Timing Diagram
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Figure 5.
Memory
Architecture
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Table 11. MAP168
Pin Assignments

44-pin CLDGE Packags
44-pin PLBCC Package
44-pad OLLCC Package
Pin No. x8

1 GND
2 WEN,,
3 CSIA,,
4 Cs0,
5 T30,
8 C80,
7 C80,
8 G530,
9 Cs0,
10 TS0,
" €50,
12 GND
13 FCSO
14 110,
15 110,
16 11O
17 1o,
18 10,
19 1o,
20 Ic,
21 Vo,
22 OE
23 A,

24 A,

25 A,

26 A,

27 A,

28 A,

29 A,

30 A,

31 A,

32 A,

33 A,
34 GND
35 A,

36 A,
37 A,
38 A,
39 A,
40 A16

41 A
42 A,
43 A,
44 v,

oo

Xr I X X T b P I
=St e W W — 3

&

Za
[w]

T @ N & m R OB oM

< P P X 3 P X I o I [ I

o
Lol

WE and BHE are for SRAM functions.
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Figure 7.
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Upon delivery from WSI or after each Information for programrming the device is
erasure (see Erasure section), the MAP168 available directly from WSI. Please contact
device has all bits in the PAD and EPROM in  your local salaes representative.
the “one” or high state. Zeros are loaded
through the procedure of prograrmming.

Erasure To clear ali locations of their programmed The MAP168 device and similar devices will
contents, expose the device to an ultra-violet  erase with light sources having wavelengths
iight source. A dosage of 15W-secondichnis  sharter than 4000A. Although erasure times
required. This dosage can be abtained with will be mueh longer than with UV sources at
exposure to a wavelength of 25374 and 2537A, the exposure to fluorescent light and
intensity of 1200uW/cm: for 15 to 20 minutes,  sunlight will eventually erase the device; for
The device should be about one inch from maximum system reliability, these sources
the source and all filters should be removed shouid be avoided. If used in such an envi-
from the UV light source prior to erasure. ronment, the package windows should be

coverad by an opaque latsl or substance.

Sysiem MAP168 System Development Tools are a ment. The tools run on an IBM-XT, AT, or

Pevelopment compilete set of PC-based development compatible computer running MS-DOS

Tools tools. Installed on an IBM PC or compatible version 3.1 or fater. The system must be

computer, these tools provide an integrated,
easy-to-use software ana hardware environ-
ment to support MAP 168 device develop-

equipped with 640K bytes of RAM and a hard
disk.
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System Hardware Softwara
Development The MAP168 System Programming Hard- The MAP168 System Development Software
Tools (Con’t) ware consists of- consists of the following:
Q  WSB000 MagicPro Memary and PSO L WISPER Software—PSD Software
Programmer Environment
Q2 WS6003 44-pin LCC Package Adaptor ] MAPLE Software—MAP 188 Location
(for 44-pin CLLCC, GLDCC, and PLDCC Editor
packages) A MAPPRO Software—Device Program-
T WSB011 44-pin CPGA Package Adaptor ming Software
- i The configuration of the MAP168 device is
The MagicPro Programmer is the common -
hardware platform for programming all WS entered using MAPLE software. MAPRO
programmable products. It consists of the software configures MAP168 devices by
IBM-PC plug-in Programmer Board and the ~ YSing the MagicPro programmer and the
Remote Socket Adaptor Unit. socket adaptor. The programmed MAP168 is
then ready to be used. The development
cycle is depicted in Figure 8.
Figure 8. MAP168
Development
Cycle \ MG PLATFORM _
| |
| |
S
' |
| |
. ! :
I |
Menu Sabsction || WISPER II
| |
1 b
] I |
1 1
Configuration Data ! MAPLE !
1 I
1 L
1 I 1
! ' DISK
| Programming Data || yysppo :
1 ]
' _L ___
Hex File
Format
O

MagcPro Hardware
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System Support Training
Development WS provides a complete set of quality WS provides in-depth, hands-on warkshops
Tools (Con't) support services to registered System for the MAP168 device and System Develop-
Development Tools owners. These support ment Tools. Workshop participants learn how
services include the following: to program their own high-psrformance, user-
Q. 2o St Uit o e ol ey
O Hotline to WS Application Experts— Framont, Califomia.
For direct design assistance.
Qd  24-Hour Electronic Bulletin Board—
For design assistance via dial-up
modam.
Ordering
Information MAP158 Speed Package Package Operating Manufacturing
Part Number fns) Type Drawing Temperature Proceilure
MAP188-40C* 40 44-pad CLLCC C3 Commercial  Standard
MAP168-40J* 40  44-pin PLDCC Jz Commercial  Standard
MAP188-40L" 40  44-pin CLDCC L4 Commercial  Standard
MAP168-45C 45  44-pad CLLCC C3 Commercial  Standard
MAP168-45CM* 45  44-pad CLLCC c3 Military Standard
MAP168-45CMB* 45  44-pad CLLCC C3 Military MIL-STD-883C
MAP168-45. 45  44-pin PLDCC J2 Commercial  Standard
MAP168-45L 45 44-pin CLDCC L4 Commercial Standard
MAP168-45I.M* 45  44-pad CLDCC L4 Military Standard
MAP168-45LMB* 45 44-pad CLDCC L4 Military MIL-STD-883C
MAP168-45X 45  44-pin CPGA X2 Commercial  Standard
MAP168-45XM* 45 44-pin CPGA X2 Military Standard
MAP168-45XMB* 45  44-pin CPGA X2 Military MIL-STD-883C
MAP168-55C 55  d4-pad CLLCC C3 Commercial  Standard
MAP188-55CM 55  44-pad CLLCC C3 Military Standard
MAP168-55CMB 55  44-pad CLLCC c3 Military MIL-STD-883C
tAP168-550 55  44-pin PLDCC Jz2 Commercial  Standard
MAP168-55L 55  44-pin CLDCC L4 Commercial  Standard
MAP168-55LM 55  44-pin CLDCC L4 Military Standard
MAP168-55LMB 55  44-pin CLDCC L4 Military MIL-STD-883C
MAP168-55X 55  44-pin CPGA X2 Commercial  Standard
MAP168-55XM 55  44-pin CPGA X2 Mititary Standard
MAP168-55XMB 55 44-pin CPGA X2 Military MIL-STD-883C

*These products are advanced information.
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Ordering
information

System Development Tools

Part Number
MAP168-GOLD

MAP168-SILVER

WS6000

WS6003

WS6B011

WSI-SUPPORT

WSI-TRAINING

Contants

WISPER Software

MAPLE Software

User's Manual

WSI-SUPPORT

WS6000 MagicPro Programmer

WISPER Software
MAPILE Softwara
User's Manuat
WSI-SUPPORT

MagicPro Programmar
IBM PC plug-in Adaptor Card
Remote Socket Adaptor

44-pin LCC Package Adaptor for
44-pin CLLCC, CLDCC, and PLDCC Packages.

Used with the W56000 MagicPro Programmer. 4
44-pin CPGA Package Adaptor.
Used with the W56000 MagicPro Programmer,

Support Services including:

QO  12-month Software Update Service

1 Hotline to WSl Application Experts

0O 24-hour access 1o WSI Electronic Bulletin Board

Workshops at WSI, Fremont, CA.
For details and scheduling, call PSD Marketing, (415} 6§56-5400.
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Programmable System™Device

PSD301

User-Configurable

Preliminary Peripheral with Memory
Key Features W Second Generation Programmable — Multiplexed or Non-Multiplexed
System Davice Address/Data Buses
— Selectable 8 or 16-Bit Bus Width
A User-Configurable Peripheral for © o fBus
Microcontroller Based Applications — — Power-Down
Enablgs rapid design implementation and -— Address Inputs Can Be Latched or
fast time fo market Transparent
O . . . — Latched Low-Order Address Byte
Avaitable in space saving surface mount Available as Qutput
and through-hole packages
High-Density UV EPROM
U Windowed package option for prototyping ' _y .
— 256K Bits Configurable as 32K x 8 or
Q Low cost OTP {one-time programmable) as 16K x 18
package for high volume applications — Divided Into Eight Equal Mappable
Blocks
0 CMOS for low power consumption — EPROM Block Resoalution of 4K Bytes
ot 2K Words
@ User-Configurable to Interface with Any ]
8 or 16-Bit Microcontroller — EPROM; Up to 120 ns Access Time
{In¢cluding PFAD Decoding Time)
— Programmable Address Decoder (PAD)
— Programmable Control Signals Static RAM
-— Programmable Polarity — 16K Bits Configurable as 2K x § or
— Builidn Address Lalches as Kx 6
— SRAM: Up to 120 ns Access Time
W Port Expansion/Reconstruction of Up fo {Including PAD Decoding Time)
16 1/0 Lines
— Individually Configurable as Cutput Addressabie Range
or Input — 1 MByte or 0.5 MWords
W Highly Configurable, Many Oparational Low Power TTL-Compatible CMOS Device
Modes
Applications Q Computers (Workstations and PCs) — Medical Instrumentation — Hearing Aids,
Fixed Disk Control, Modem, Imaging, Monitoring Equipment, Diagnostic Tools
Lasar Printer Control
Military — Missile Guidance, Radar, Sonar,
@ Telecommunications — Modem, Secure Communications, RF Modems
Cellular Phone, Digital PBX, Digital
Speech, FAX, Digital Signal Processing
& Industrial — Robotics, Power Line

Access, Power Line Monitor
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Product
Description

In 1388 WSI introduced a new concept in
programmable VLS!, Pregrammable System
Devices. The PSD family consists of user-
configurable system-level building blocks
on-a-chip, enabling quick implementation
of application-specific controllers and
petipherals. The first generation PSD
serigs includes the MAP168, a User-
Configurable Peripheral, which is ideal for
DSP applications; the SAM448, a User-
Configurable Microsequencer for control
and interface applications, and the PAC1000,
a User-Configurable Microcontroller.

The PSD301 is 2 second generation PSD.
The PSD301 is ideal for microcontroller
based applications where fast time-to-
market, small form factor and low power
consumption are essential. When combined
togsther in an 8- or 16-bit system, virtually
any microcontroller (8051, 8096, 16000,
etc.) and the PSD301 work together to
create a very powerful 2-piece chip-set.
This implementation provides all the
required control and peripheral elemsnts
of a microcontroller based system peripheral
with no external “glue” logic required.

The PSD301 integrates high performance
user-configurable blocks of EPROM,
SRAM, and logic in a single circuit. The
major functiona! blocks include a
Programmable Address Decoder (PAD),
256K bits of high speed EPROM, 16K bits
of high speed SRAM, input latches, and
output ports. The PSD301 is ideal for
applications requiring high performance,
low power, and very small form factors.
These includs fixed disk control, modem,
callular telephone, instrumentation,
computer peripherals, military and similar
applications.

The PSD301 is an optimal solution for
microcantrollers that need:

W 11O reconstruction {microcontrollers lose
at least two /O ports when accessing
extarnal resources).

d More EPROM and SRAM than the
microcontroller’s internal memory.

d Chip-select, control, or latched address
lines that are otherwise implemented
discretely.

W An interface to shared external resources.

The PSD301 (shown in Figure 1) can
efficiently interface with, and enhance, any
8- or 16-bit microcontroller system. No
other solution provides microcontrollars
with port expansion, latched addresses, a
programmable address decoder {PAD), an
interface to shared resourcas, 256 kbit
EPROM, and 16 kbit SRAM on a singie
chip. The PSD301 does not require glue
logic for interfacing to any 8- or 16-bit
microcontrollers.

The 8051 microcontroller family can take
full advantage of the PSD301's separate
program and address spaces. Users of the
68HCXX family of microcontroflers can
change the functionality of the control
signals and directly connect the R/W and
E signals. Users of 16-bit microcontrollers
{including the BO186, 8096, 801986, 16XXX)
can use the PSD301 in & 16-bit
configuration. Address and data buses
can be configured to be separated or
multiplexed, whichever is reguired by the
host processor.

The flexibility of the PSD3X IO ports
permit interfacing to shared resources. The
user can assign the following functions to
these ports: standard /O pins, chip select
outputs from the PAD, laiched address or
multiplexed low-order address/data byte.
This enables users to design add-on
systems such as disk drives, modems,
stc., that easily interface to the host bus
{e.g.. IBM PC, SCSI).

The PSD301's on-chip programmable
address decoder (PAD) enables the user
to map the IO ports, eight segments of
EPROM (as 4K x 8, aor as 2K x 16}, SRAM
{as 2K x 8 or as 1K x 18), and chip select
outputs anywhere in the address space of
the microcontroller. The PAD can implement
up to 4 sum-of-product expressions based
on address inputs and control signals. This
further facilitates the interface to
microcontrallers with different boot-up
locations and /O address mappings, e.g.,
the 8051 and 8096 microcontrollers have
the boot-up addresses in the lower half of
their memory maps; the 80186 and
68HCXX use high memory boot-up
addresses.
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Figure 1.
Architecture
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Figure 2.
PSD381 Port
Configurations
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P3D301 coanfigured for multiplexed
16-bit address/data bus

Dy-D;

DI-D!.'I
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o —

PSD301 configured for non-
multiplexed 18-bit address/data bus.

Figure 2 shows the PSD301’s IO port configurations.
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P8D301 configured for multiplexed
8-bit address/data bus.
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PSD301 configured for non-
multiplexed 8-bit address/data bus.

Legend:

ADgy-AD; = addresses Ag-A; multiplexed with data lines Dg-Ds.
ADg-ADy; = addresses Ag-Ays multiplexed with data lines Da—Dg.
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Programmable System™Device

PAC1000 Introduction

User-Configurable
Microcontrolier

In 1988 WSI introduced a new concept in
programmable VLSE the Programmable
System™ Devices (PSD). The PSD is
defined as a family of User-configurable
systemn lovel building blocks on-a-chip
enabling quick implementation of application
specific controlfers and peripherals. The
first generation PSD series includes the
MAP168, a User-Configurable Peripheral
with Memory, the SAM448, a User-
Configurable Microsequencer; and the
PAC1000, a User-Configurable
Micracontroller.

The PAC1000 user-configurable high-
performance microcontroller is the first of
a generation of products intended for
applications in high-end embedded control
where high-speed data processing, interface
or control is needed. The PAC1000 replaces
a board full of discrete components such
as standard logic, FIFQ, EPROM for
micrccode store, ALU, SEQUENCER,
register files and PAL/PLD/PGA. To shorten
the time-to-market for the system designer,
a high-level software development language
is used. This contrasts with the myriad
state-machine entry, schematic entry, and
place and route tools that would be
needed for a discrete design using PAL,
PLD, PGA or gate arrays.

The PAC1000 architecture is flexible and
enables the system designer to customize
the PAC1000 to optimize application
performance. The PAC100Q is composed
of three basic sections: a CPU for data
processing, a programmabla instruction
control unit that determines the next
address to the microcode store through
polling condition codes or responding to
interrupts, and a host interface to
asynchronously load data from the host.
Registered inputfoutputs are used to
synchronize with the system.

As a result of integrating logic and EPROM
memaory into the PAC1000 and dsfining a
high-level language for programming both,
time-to-market and beard space is reduced
and reliability increased. The PAC1000 is
currently used in applications such as
Intelligent DMA controller, FDDI buffer
controller, Frame buffer controller, LAN
communications controller, disk controller,
and /O controller. For further details on
the PAC1000 see Application Note 10,
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Programmable System™Device

WAFERSCALE INTEGRATION, INC. PAC’m
User-Configurable
Microcontroller
Features First Generation Programmable System Q Address Generation—Up To 4 Mbytes

Device (PSD)

High-Performance User-Configurable a2
Micracontroller—20 MHz Instruction Exe-
cution, Cutput Poit, and Address Bus
Single-Cycle Control Architecture—One Q
Cycle Per instruction

16-hit CPU—Arithmetic Operations, a
Logic Operations, 33 General-Purpose

Registers

Address Space

High-Level Development Tools—System
Entry Language, Functional Simulator,
and Device Programmer

Re-Programmabie Program Store—
On-Board 1Kx64-Bit EPROM

Two Operating Modes—Host Processor
Peripheral or Stand-alone Controller

Security—For ERROM Program Memary

Figurs 1.
PAG1000 Block
Diagram
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General
Bescriplion

In 1988 WS introduced a new concept in
programmable VLS|, Programmable System
Devices (PSD). The PSD family consists of
user-configurable systemn-level building
blocks on-a-chip, enabling quick implementa-
tion of application-specific controllers and
peripherals. The first generation PSD series
includes the MAP168, a User-Configurable
Peripheral with Memory; the SAM448, a
User-Configurable Microsequencer; and the
PAC1000, a User-Configurable Microcon-
froller.

The PAC1000 User-Configurable Microcon-
trolier is based upon an architecture that
enables it to execute complex instructions in
a single clock cycle. Each PAC1000 instruc-
tion can perform three simultaneous cpera-
tions: Program Control, CPU functions, and
Qutput Control, as shown in Figure 2. The
PAC1000 can also perform address genera-
tion or event counting simultanecusly with in-
struction execution. The PAC1000 is also
capabls of performing & conditional test on

up to four separate conditions and multi-way
branching in a single cycle.

The PAC1000, with its System Development
Tools, matches the development cycle and
ease of use of any standard microcontroller.
The high performance and flexibility of the
PAC1000 were previously available only to
designers who could afford the long develop-
ment cycle, high cost, high power, and large
board space requirements of a building-block
solution (i.e., Sequencer, Microcode Memary,
ALU, Register Fils, PALs, etc.}

The unigue capabilities of PAC1000 are
easily utilized with System development
tools, which include a PAGSEL C-like System
Entry Language, a PACSIM Functional
Simulator, and a MagicPro™ Deavice Pro-
grammer. All System Development Tools are
PC-based and will operate on an IBM-XT,
AT, PS2 or compatible machine. For more in-
formation, contact your nearest WSl sales
office or representative.

Flgure 2. Single-

Cycle Control
Architecture
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PAC1000

Tahle 1. Pin
Description

Signai
HD[15:0]

HAD[5:0]

@

CK
CCl70]

(NT(3:0]

RESET

QUTCNTL[15:0]

ADD[15:0]

14O[7:0]

o
[{0]

f{a]

e

Vo

Description

Host Data. PAC1000 Data YO Port via the Host Inter-
face, Can also be configurad to generate 16-bit ad-
dress or status. Can serve as a general-purpose Data
11Q Port.

Host Address. Can be configured to cutput the lower
six bits of the 22-bit Address Counter; can be used as a
Host Interface function addrass, or as a general-
purpose 16-hit port.

Chip Select (active low). Used with FID and WH to
access the device via the Host Interface.

Read Enabile (active low). Used with TS to output Pro-
gram Counter, Status Register, or Data Quiput Regis-
ter to HO[15:0] bus fines.

Write Enable (active low). Used with T35 to write HD
Bus data via the Host Interface into the PAC1000
FIFQ.

Clock.

Condition Codes. Condition-code inputs for use with
Call, Jump, and Case instructions.

interrupts. General-purpose, positive-edge-triggered
interrupt inputs.

Asynchronous Reset {active fow). Resets Input/Cutput
registers and counters, tri-states all I/O, and sets the
Program Counter to 0.

Output Controf. User-defined Output Port. May be pro-
grammed to change value every cycte.

Address Port. Qutputs data from Address Counter or
Address Cutput Regisier when configured as an
output. When configured as an input, reads data to
Address nput Register.

Input or Cuiput Port. Individually configurable bidirec-
tional bus. As simple |/C, outputs come from the /0
Output Register, and inputs appear in the 10 Input
Register. As special 110 functions, proviges status,
handshaking, and serial ¥O. Alternatively, these signals
can be used to extend the OUTCNTL or ADD lines.
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PAC1000

Architectural
Overview

The PAC1000 is a user-configurable micro-
controller optimized for high-pserformance
control systems. The primary architectural
elements, shown in Figure 3, are the Control
Section, 16-hit CPU, Host Interface, 16-bit
Addrass Port, 18-bit Qutput Control, 8-bit YO
Port, and Configuration Registars.

The PAC1000 can be used as a stand-alone
microcontroller or as a peripberal to a host. In
the iatter case, the Host Data {(HD) and Host
Address (HAD) buses, together with the TS,
RD, and WR pins allow for direct connaction
te a host bus. User-dsfined commands to the
Control Section or data to the CPU can be
loaded through the Host Interface.

In the stand-alone mode, the Host Interface
ports can be used as additional address, data
or 170 ports using the Data Cutput Register
{DOR) and Data Input Register (DIR}. The
ADD port can be used to generate addresses
through the Address Output Register (ACR)
or the Address Gounter. A DMA channel can
be formed on the Host Interface using these
and the Block Counter (BC) register. In
addition, the ADD port can be used as a data
bus or an /0 port, depending on how the
chip is configured. Each pinin the 11O port
can be configured individually as input,
output, or special function. The special
functions allow the control of internal
PAC1000 slements (counters, /0 buffers} by
other board elements.

The 16-hit CPU is highly parallel and can
operate on operands from the 32x16-bit

register fils, miscellansous registar {AOR,
AlR, DOR, DIR, Q, efc.), or constants loaded
from the internal program-store EPROM.

The internal and external operations of the
PAC1000 are controlled by the Contral
Section. The 16 Qutput Control (OC) lines
are general-purpose outputs. Each of them
can be changed independently every clock
cycle. They provide a very fast means to
control various processes ouiside the chip.

In every clock cycle, one instruction is
executed. Each instruction consists of up to
three operations in parallel:

a Instruction Fetch—the next instruction is
fetched from the 1Kx64 EPROM by the
Program Control.

1  Execution—the CPU executes an instrug-
ticn.

d  Output—placed on the Output Control
{OC} lines.

Program flow can be changed through the
condition-code inputs in one clock cycle or
through the interrupt inputs after two clock
cycles. Single-cycls 16-way branches can be
done using the Case instruction, which
samples four condition codes per cycle.
Nested loops and subroutines can be carried
out with the 15-level stack and the loop
counter. The chip configuration can be
changed in any cycle by loading the Contigu-
ration Register using the Program Centrol
instruction portion.
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Operational The two basic modes of aperation for the in the peripheral mode, the host processor
Modes PAC1000 are either as a memory-mapped can asynchronously interface with the
petipheral (Figure 4) or as a stand-alone PAG1000.

controlier (Figure 5).

Figure 4.
Peripheral Mode
Address -~
& -
Host Processar Mem
_ Data ¥
Fy
TR ~*r--===---= r - -I
1! F ¢ PACT000 ! ¥
5 1 1
" gy —
: CPU : Data Path
' Host ' Element,
RD 1 Intarface 1 Control High Speed
I | v ] Process,
' Control ' Fast Bus, Etc.
— 1! 1
R, : F :
v v Status!Interrupts
[]
P i
1738 04
Figure 5.
Stand-alone Mode
Address . Memory
Voo
' PACT100 '
S . ! 'y
— " chy ,
., Host and _ ' Daia
0O >’ Data [+ T L
: Gontrol Interface '
— onirol . L
WR : :
' '] :
[ S ) Data Path
Element,
Control _{ High Speed
bl Process,
Fast Bus, Ete.
Status/interrupts
1738 05
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Host Interface The Host Interface section of the PAC1000,  Bit five of the HAD bus specifies whether the
shown in Figure 6, includes the Input Com- input to the FIFO is command {HAD5=1) or
mand/Data FIFO, Input/Output Data Regis- data (HAD5=0). HADS is connected to the
ters, and the Status Register. FICD internal Condition Code that can be
FIFQ samplad by the Control Section, If a com-

) mand is written, then the lower 10 bits of the
When the PAC1000 serves as a peripheral 10 iy b e are used as the branch addrass for
a host, the FIFQ is used to asynchronously one of the 1024 locations in the Program
faad commands or data into the PAC1000. IR 0 0 EPROM. At that location a user
';:S:{ t:';:g'!t:‘;nt? I:ri];h':tlrzgs'itci:;:nghvgﬂ defined command or subroutine should exist
. ) o . o which executes the needed operation. If the
g“?;minsog‘w“tter? Intoéhte ';:FO Egpecgles information is data, then the lower 5 bits of

y the 16-bit Interface Data bus (HD) and the o YA hus specify which CPU register is to
6-bit Host Address bus (HAD} Slnce the be loaded from the HD bus
FIFQ is used only to buffer data and com- ) S
mands from a host, it is inoperative when the ~ This method of operation allows the host to
PAC1000 is in stand-alone mode. access the PAC1000 as a memary-mapped
peripheral.

Figure 6.

Host interface % @ W HD{ 15] HADIO 5]

Architecture l l l { " % 6

Host
2 | o=V A| =V A
3
NN o
Docoded Signals
r 16
[
16 16 16
iR 4 DOR SR FIFQ F
| D
i v
A e A
B . H” T i Hl Fil L i ] 1mcn
Intamal Flags
¥ k
tnlernal Bus To Register File
1738 O
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Host Interface
{Con’l)

An example of FIFO usage is shown in
Figure 7, When command or data information
is available in the FIFQ, the FIFO Output
Ready (FIOR) interrupt (interrupt 5) triggers.
It the FIOR interrupt is masked, then the
FIOR status may be polled under program
conirol. If HADS equals 1, the branch ad-
dress location specified by MOVE is the
Program Memory Address which contains the
user specified instruction or sub-routine
which executes the command. A JUMP or
CALL FIFQ control instruction performs a
jump of call to the location specified by
MOVE. if HADS equals 0, an RDFIFC
instruction can transfer the FIFO contents
inte the register specified by HAD[4:0].

For further explanation, refer 1o the diagram
below. Beginning at the location specified by
MOVE, a user defined program exists which
is going to load data into CPU registers 0,1,2,

and 3 in four consecutive cycles from the
next four FIFQ locations. i one of the four
FIFO locations containg a command
(FICD=1), interrupt level 7 accurs (highest
level}. Loading a command into a CPU or
other data register is not allowed. If this
occurs, FIXP (FIFO exception} will be gener-
ated.

Foliowing the execution of this rautine, the
Controt Section is ready for its next instruc-
tion.

The FIFC drives three internal flags which
can atso be programmed to interrupt the
PAC1000. They are:

a FIR (FIFQC fully and FIXP (FIFO excep-
tion), which drive INT7.

id  FIOR (FIFO output ready), which drives
INTS.

Table 2.
Host imterface
Functions

HADS HAD4:8]
0 Register
Address
X

00100
00011
00010
oo
00000

i3 FRD
o0 1

°§

o o o o oo
L= = = T = e
I
o o Q=

HD[15:01 Function

Data Write data to FIFO
Command Write command to FIFO
X Reset FIFO

X Reset status register
Data Read program counter
Data Read status register
Data Read data output register
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Host Interface Data /0 Registers the Program Memory address bus. it can also
{Con’t) Input and Qutput Data Registers are usedto  be used to drive external memory devices for
communicate with the Host Data (HD) bus. expansion of the Contral Port.
CPU Registers may be loaded directly from Status Reglistor
the Data Input Register (DIR) without passing g siatus Regi i Ei
2= egister (SR), shown in Figure 8,
through the FIFO. Similarly, the PAC1000 monitors all internal status. Status bits can be
nBaOyFll)e read via the Data Output Register set only by program axecution. The SR can
( 2 be read or cleared as specified in the Host
Program Counter Intertaca Functions table.
The Program Gounter may be read via the All SR flags are active high (1} and are
Host Data bus. This aliows a host to monitar latched at the rising edge of the clock.
Figure 7.
Example of
FiF0 Block Host Inerface
Diagram and
Usage {}
HAD5  HAD[4:0]  HD[15:10j HD{S:0]
X X X X
x x X X
P =N
Write Pointer X X X X
/]
0 Ra Address Data to GPU
0 R2 Address Data to CPU
¢} A1 Address| Dataio CPU
0 |RcAddress| Datato CPU
FICD 1o 1 X X MOVE <: Reat Pointer
Condition Code
Multiplexer J
Command to HD[@:0] IHD[15:0] Datato CPU
Caontral Section ! when FICD ="
when FICD = "1"
IHAD[4:0] > Register Address
o CPU Register
FICD = 1 Command {actually a branch) 1o the Control Section
FICD = 0 Data to GPU Register 738 07
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Host Interface STAT11—{DBB} Security Bit, set when STAT4—(S) Sign Bit, set when the most
{Coni} security is active: significant bit of the result of the previous
1= Security active. CPU operation is negative:
0= No security. 1= Result is negative.
STAT10—WS! Reserved. 0= Resultis pDSiﬁVe.
STATO—(FIXP) FIFO Exception, setwhen ~ STAT3—(STKF) Stack Fiag, set when the
the CPU receives a command or Control stack is fult:
Section receives data: 1= Stack s full.
1= Command or data received. 0= Stack is not full.
0= No exception occurred. STAT2—(BRKPNT) Breakpoint Fiag, set
STAT8—(FIIR) FIFO-input Ready, set when when the addvess in the breakpoint
there is at least one vacant location in the register is squal to the EPROM address:
FIFO: 1= Breakpaoint occurred.
1= FIFC ready for input. 0= No breakpoint cceurred.
0= FIFC not ready for input. STAT1—(BCZ) Block Counter Zero, sst
STAT7—(CY) Carry Flag, set when & carry when the counter decrements to all Os:
{addition) or borrow (subtraction) occurs 1= Block Counter reached zero.
(n CPU operations: D= Block Counter is not zero.
1= Carry occurred. STATO—(ACO) Address Counter Ones, set
0= No carry occurred. when the counter increments to all 1s:
STAT6—(Z) Zero Flag, set when the result of 1= Address Counter reached all ones.
a CPU aperation is zero: 0= Address Counter is not all ones.
1= Zero occurrsd.
0= No zero occurred.
STATS—(0) Overflow Flag, set when an
overflow occurs during a two's comple-
ment operation:
1= Overflow occurred.
0= No overflow occurred.
Figure 8.
Status Register MSB LSE
l ) L, L i L L L | 1 1 L 1 1 1 1
0 — L— stato
o} Stat1
Reserved Stat2
Reserved Stat3
Stat11 Stat4
Reserved Stats
Stat3 Staté
Stat8 Stat7
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Control Section The contral section, shown in Figure 9, Q Case Logic
consists of a number of blocks which are O Interrupt Logic
concemed with the sequencing of the control
programs in the PAC1000. These are: Q  Qutput Control
O Program Memory Each block is described in detail below.
O Security Parallsi Operations
O 15-Level Stack The PAC‘IQOD can ;_Jerfor_rn thrge smu]tane—
ous operations within a single instruction
' Program Counter cycle, as shown in Figure 10. The ability to
A Loop Counter tetch an instruction from the Program Mem-
O Br int Register ory, execute it, and cutput a result within 50
eak;?o t Registe nsec is due to a highly parallel structure.
3 Condition Codes
Figure 9.
Control internal Bus
Archifecture {
16
Counler
g . Case
CLJ
Stack
—
|- Condiition oo .
{lrom ALU} Logic [, Conimol
. Signalg
Extemat 4 Braakpoint '
'"w'm Intarrupt —
Inlernal 4 Logic
Interrupts
Frogram
Memary
1K x 64 EFROM
Cutput
Control
16
¢ OC[0 15) 1738 06
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Control Section
{Con't)

Program Memory

The Program Memory is a 1Kx64 high-speed
EPROM. This on-board-memory allows the
PAC1000 to operate in embedded control
applications and eliminates the need for
external memory components. Using an
erasable memory allows program code to be
maodified for debug and/or field upgrades.
The Program Memory is easily programmed
using the WSI MagicPro™ (Memory and
PSD™ Programmer).

Only sixteen Program Memory locations are
reserved. The rest of the 1024 locations are
available for applications.

Program memory is segmented as follows:

Address Function

00CH Resat pointer program
to here

000H-007H User Defined
Initialization Routine

008H-00FH Interrupt Vectar
Locations

010H-3FFH User-Dafined

Application Programs

Upon receiving a reset, the Program Courder
is forced to address 000H. This location may
contain a jump or call which branches to an
initialization routine. Afternatively, the first
aight locations of memary may be used as an
initialization/configuration routine.

Sacurity

User programs may be protected by setting a
security bit during EPROM programming.

Thereafter, the EPROM contents cannot be
read externally. When the EPRCM is erased,
the security bit is cleared.

15-Lavel Stack

The 15-level Stack stores the return address
following subroutine calls, interrupt service
routines and the contents of the Loop
Counter inside nested loops. When the stack
is full, the STKF condition becomes true, and
an interrupt {INT7) will accur. The interrupt
service rautine will overwrite the top of the
stack.

Popping from an empty stack produces the
previous top of stack value; pushing on a full
stack overwrites the top of the stack.

Program Countar

The 10-bit Program Counter (PC} generates
sequential addressing to the 1K word Pro-
gram Memory. Upon reset the PC is lbaded
with a 000H. From this point the value of the
Program Counter is determined by program
execution or interrupts.

Any JUMP or Case instruction thai is exe-
cuted loads the Program Counter with the
destination address. CALL instructions or
interrupts cause PC + 1 to be pushed onto
the stack. The RETURN instruction loads the
Program Counter from the stack with the
value of the return address. This vaiue may
have previously been ptaced an the stack by
a CALL or interrupt.

The PC can alsc be loaded from the Com-
mand/Data FIFO causing program execution
to commence at an address provided by the
hast.

Flgure 10.
Parallel
Operations

Part of Cantrol Sactgn

Frogram
Counter

Program
Memory

1K x 64K
EFROM

20

64

Instructign
Fetch

Cutput
Canirol

CPY
Imstruction

L

1738 10
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Control Section

{Con’t)

Loop Counter
The Logp Counter {LC} has twe functions:

d  10-bit down counter that supports the
LOCP instruction.

0 Branch Register that can be loaded from
the CPU Register File or Program
Memory and used as an additional
source of branching to Program Memory.

The LC can be loaded with values up to
1023. Loop initialization code places a value
in LC. Loop termination code tests the
counter for a zero value and then decrements
LC. The loop count can be a constant, or it
can he computed at execution time and
toaded into LC from the CPU. The LC
register can also be used as a CALL or
JUMP execution vector. The content of the
LC is automatically saved on {or retrieved
from) the Stack when the program enters {or
leaves) a nested loop.

A loop count will be loaded into the LC when
a FOR instruction is encountered. This count
can be a fixed value or it can be calculated
and loaded from the CPLU. The ENDFOR
instruction will test the Loop Counter for a
zerg value. If this conditicn is not met, then
the LC will be decremented by one. The
program loop will continue until the count
value eguals zero. In a nested loop, the FOR
instruction will load a new value to the LC
and push the previous value to the stack.

Debug Capabilities

The PAC1000 provides breakpoint and single
step capabilities for debugging application
pragrams.

Breakpoint Register

The Breakpoint Register (BR} is a 10-bit
register used for raal time debug of the
PAC1000 application program.

The Breakpoint Register can be loaded from
one of two sources, either a constant value
specified in the Program Memory or a calcu-
lated value loaded from the CPU. When the
Pragram Memory address matches the con-
tents of the Breakpoint Register an interrupt
{INT &) occurs. A service routing should exist
in Program Memory which then performs the
required procedure.

Single Step

Single step is a debugging mode in which the
currently-executing program is interrupted by
interrupt 6 after the execution of every
instruction. The interrupt & service routine
should reside in Program Memory.

Bit 8 in the Mask Register determinas
whether the PAC1000 is in a breakpoint
moda {mask-bit 8 equals Q) or in a single step
mode (mask-bit 8 equals 1).

Both breakpoint and single step use interrupt
6. The interrupt & service routine will typically
dumg the contents of the PAC1000 internai
registers into external SRAM devices for ex-
amination by the user.

Condition Codes

The Congition Code {CC) logic operates on
21 individual program test conditions. Each
condition can be tested for true or not trus.
The PAC1000 can also test up 1o four
conditions simultaneously. For this feature
refer to the section titled Case Logic.

WAFERSCALE INTEGRATION, INC.

4-43



PACIO00

Gontrol Section
{Con’t)

Usar-Specified Conditions

User-Specified Conditions are treated in the
same manner as internally generated test
conditions. CCG—CC7 should be connected
directly to the corresponding PAC1000 input
pins. These signals must satisfy the required
setup time to be serviced in the next cycle.

CPU Flags

CPU flags are internally generated. They
reflect the status of the previous CPU arith-
metic operation. These signals are intarnally
latched and are vaiid only for one instruction
{the instruction following their generation).
The flags for arithmetic operations are
defined as follows:

Zero (Z}—The result of the previous CPU
operation is zero (Z=1).

Carry {CY)—The result of the previous CPU
operation generated a carry {addition} or
barrow {subtraction) (CY=1).

Overflow (O)—The previous two's comple-
ment CPL operation generated an
overfiow {O=1).

Sign {8)-The most significant bit of the
result of the previous CPL operation is
negafive (S=1}.

FIFQ Flags

FIFC flags aliow the user to synchronize and
monitor the operations that are performed on
the FIFO by the host or by user's program.

Upan reset the FIFQ flags are cleared,
signifying an empty state. The meaning of the
flags are as follows:

FIFQ Output Ready {FIOR}—There is at least
one word in the FIFO (FIOCR=1).

FIFC Input Ready (FIIR}—FIFC is not full
{FIIR=1). This fiag can also be connected
to the host through 1707

FIFC Command/Data {(FICD}—This flag
indicates if the contents of the FIFQ is a
command or a data. This flag is gener-
ated directly from HADS (FICD=1 com-
mand, FICD=0 data).

FIFG Exception {FIXP)—This flag indicates
that one of two events occurred: {a) FIFO
data has been read as a command, or
{t} a command has been read as data.

Stack-Fult Flag

STACK FULL flag {(STKF=1} indicates that
the stack is 15 levels full. This condition wilt
also generate an interrupt (INT7) if not
masked.

tnterrupt Hag

INTERRUPT flag (INTR =1} indicates that
there is a masked interrupt pending. This flag
is cleared when the interrupt is cleared.

Data Register Read Flag

DATA REGISTER READ flag (DCR) is a
handshake flag between the host and the
PAC1000, accessible enly to the PAC1000.
The flag is reset (DOR=0) when the
PAC1000 writes into the Data Output Regis-
ter. The flag is set (DOR=1} after the host
has performed a read on the Data Qutput
Register.

Counter Flag

Counter flags reflect the status of their
respective counters. The PAC1000 utilizes
two counters; the Address (A) counteris a
16/22-bit auto-incrementing up counter, the

Table 3.
Condition-Code
Logic

Tesi Group Source
User-Specified External

CPU Internal

FIFO Internal
Counters Internal

Stack Internal
{nterrupt External/internai
Data register read Internal

Londitions and Flags
CCo-CC7

Carry (CY), Zero (Z), Qverfiow (Q),
Sign (S)

FIFQ Command/Data (FICD}, FIFO Output
Ready (FIOR), FIFG Input Ready {FIIR),
FIFC Exception {FIXP}

Address Counter COnes {ACO), Block
Counter Zero (BCZ)

Stack Full (STKF)
Interrupt {INTR) is pending
Data Qutput Register{DOR) has been read
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Control Section Block {B) counter is an auto-decrementing Case Group 3 (CG3):
{Con’t) 16-bit down counter, The counters’ clock INTR—Interrupt
ook Sgnal. Eaon countar can be indnidualy  SUZ. 500U Zoro
. 1] |
enabled or disabled. When disabled, the FIOR—FIFQ output Ready
output retains the last count. The counter FICD—FIFO Command/Data
flags are defined as follows: (The FIXP, ACO, STKF, FIIR, and DOR
ACO—A Counter Ones. set when the A condition codes do not fall into any of the four
counter has reached the value FFFFH, in ~ £25€ groups.)
the 18-bit mede, or the value 3FFFFFH Priprity Case Instructions
in the 22-bit mode. Priority Case instructions operate on the four
BCZ—B Counter Zero, set when the B internal and the four external interrupt inputs.
counter has reached the value OO00H. In this mode of operation, interrupts are
treated as prioritized test conditions and the
La. i
se Log ) priority encader is used to generate a branch
THE PAC1000 hardware mplements two to the highest priority condition. The branch
basic types of Case instructions: Case and address is located in one of the nine memory
Priority Case. locations following the Priority Case instruc-
Case Instructions tion. Priorities in this mode of operation are
Case instructions operate on any one of four ~ the same as in the Interrupt mode of opera-
different Case groups. Each Caze groUp tion. Once a P"Onty Case InStrl{Cllon Is o
consists of a combination of four test condi- ~ @xecuted, the accurrence of a higher priority
tions which can be tested in a single cycle. In ~ condition will not atfect program execution
that same cycle the PAC 1000 will branch to until another Prlont_y Qase instruction is
one of the addressas contained in the sixteen  ©xecuted. For a Priority Case instruction to
mamory locations fellowing the instruction, be executed, MODED of the Mask Register
depending on the status of the four inputs ta~ Must be equal to zero (MODEO=0).
the Case group being tested. Interrupt Logic
There are four Case Groups (sets of Case The Interrupt Logic accepts eight inputs, four
Conditions): of them are generated externally and four are
Case Group 0 {CGO): CCO-CC3. dedicated for internal conditions. The four
. external, user defined, inputs {INTO-INT3)
Case Group 1 (CG1): CC4-CC7. are connected to pins INTO, INT1, INT2, and
Case Group 2 (CG2): INT3. These are positive, rising-edge-
Z—Zero triggered signals that have a maximurm
O—Overflow latency of twe cycles. Each interrupt has a
S—Sian reserved area in memory that shouid contain
9 a branch to an interrupt service routine.
CY—Carry
Table 4.
Interrupt Interrupt  Priority Effect Trigger Condition Resorved Address
Assignments INT? Highest Internal FIXP+ACC+STKF+FIIR 00FH
INT8 Intarnal BRKPT 00EH
INTS internal FIOR 00CH
INT4 Internal Software Interrupt (SWI) 00CH
INT3 External INT3 00BH
INT2 External INT2 Q0AH
INT1 Externai INT1 Q09H
INTO Lowest External INTO 0G8H
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Controf Section Clearing a serviced interrupt is performed When the PAC1000 is reset,the Mask Regis-
{Coi’t) automatically. When the interrupt is serviced,  ter will mask all interrupts and the Mode
the internally generated vector is decoded to Register will select the non-interrupt mode.
clear the serviced interrupt. In addition, the To select the interrupt mode the MCDED bit
user can clear any pending interrupt by using  (see Configuration Register section in this
the Clear Interrupt Instruction {CLI). document) should be set to 1 (MODED=1}.
interrupt Mask Reqister Mask8 is used to selact INT6 to be either a
The Interrupt Mask Register, shown in Figure  Single-step interrupt (when Mask8=1) or a
11, allows individual interrupts 1o be masked.  breakpoint interrupt (when Mask8=0) .See
associated interrupt. To unmask an interrupt,  details.
the appropriate Mask Register bit must be
reset to 0.
Tahie 5.
interrupt Interrupt  Triggered By
Detinitions INT7'  FIFO Exception {FIXP}
Address Counter contains all Ones {ACQ)
Stack Full {STKF}
FIFO Full {Not FIFO Input Ready, FIIR)
INTE? Breakpaint or Single Step accurrence
INTS FIFO Output Ready (FIOR})
INT4 Always pending; triggers when unmasked by program execution
INT3 User-defined
INT2 User-defined
INT1 User-defined
INTO User-defined
Notes:
1. The INT7 interrupt handler checks the source of the interrupt by testing the condition code.
2. See Interrupt Mask Register, Maska,
Figure 11.
interrupt Mask MSB LSB
Register
Mask8 — L Mask0
Mask? Mask1
Maske Mask2
Mask3 Mask3
Maskd
Status After Reset
l A 1 ] | | 1 i 1 J
0 —
1 — L
1 1
i 1
1 1730 11
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Control Section Output Conirot OUTCNTL Operation places this value on the
{Con't} The Output Control bus (OUTCNTL) consists ~ Qutput Control bus. The OUTCNTL Opera-
of 16 latched Output Control signals. These  tion can be performed in parallel with any
sighals can be changed on a clock to clock other PAC1000 instructions.
basis. For every Program Memory location The OUTGNTL bus can be used te control
there is a dedicated field which specifies the external events on a clock to clock basis.
value of the Output Control bus, The
Counters The PAC1000 contains a 16 or 22-hit Ad- until the counter is loaded with a new value.
dress Counter and a 16-bit Block Counter, The counter will continue to count until
Each of these counters can change counton  disabled. ACO is a condition code and a
a clock to clock basis or can be internally or membxer of a Case Group,; see the Control
externally enabled or disabled on a clock to Section description for more details. ACO can
clock basis. These counters are in addition to  also generate an internal interrupt 7, if
the Loop and Program Counters of the enabled.
Control Section. In the 16-bit mode, the counter outputs (ACH)
Address Couter are available through the ADD bus. The
The Address Counter (AC), shown in Figure ~ Sount is gated to the ADD bus by sefting the
12, is a 16- or 22-bit ascending counter that ASEL bit (CTRLE) of the Control Register.
can be loaded or read by the CPU and In the 22-bit mode, the higher 16 bits (AGH}
enabled/disabled with the ACEN bit of the are available through the ADD bus and the
Caontrel Register. {This control is also avail- six low order bits (AGL) are available through
able externally through the I/01 pin; see VO the Host Address (HAD) bus. These low
and Special Functions). While enabled., the order bits are multiplexed with the host
counter will increment by one every rising address lines. The address lines from the
edge of the clock. host which drives the HAD bus must be
The ACO flag indicates that the value of the  Placed in the high impedance state before the
can be read.
Flgure 12,
A d d an d Internz:l Bus
Block Counter
16 16 16 16 16 1
BC AGH ACL
LS Conter Swap IACEN | Address § Address | acgos
——w  Counl Count -—
High Low
1 ADR
AIR
Address &
adress || Cglier
Repister to HAD in
- Host Interface
AIREN 41
MUX -—
ASEL
v A IADOE
Jo 1ADOE
%5
ADD|O 5] 1738 12
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Counters
{Con’t)

Selscting the 16- or 22-bit count mode is-
performed by setting or resetting the ACS22
bit in the I/Q Corfiguration Register.

The address Output Register is an alternate
source of address outputs; it is selected by
resetting the ASEL bit of the Control Regis-
ter. In this mode the CPU can be used to
provide address generation and the Address
Counter can be used as an event counter.

Biack Coanter

The Block Counter (BC) is a 18-bit down

counter. 1t is enabled by the BCEN bit of the
Control Register. It is useful as a counter for
DMA transfers. The BCEN signal is {option-

ally) available externally through the 1/00 bit
{see 1’0 and Special Functions). While
enabled, the counter will decrement by one
every rising edge of the clock. The BCZ flag
indicates that the counter reached the zero
value. After the occurrence of an all 0s
condition the Block Counter will continue
down counting until disabled, The flag is
latched and can be cleared by loading a new
value into the Block Counter, BCZ is a
condition code and a member of a Case
Group; see the Control Section description
for more dstails.

Bath counters may be read without disabling
the count operation and loaded via the CPU.

Central
Processing Unit

The CPU, shown in Figure 13, performs
16-bit operations in a single clock cycle. It
contains 33 general purpose registers
{R0...R31, and Q). The Q register can be
used in conjunction with any of the R0...R31
registers to perform double precision shift

operations. The main building blocks are the
register bank (R0...R31), Q register, ALU,
Y-bus devices, and D-bus devices. The
register bank supplies up to two 16-bit
registers, one of which is always the destina-
tion register.
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Central The ALU eperates on up to two external latched carry-out {adequate for multiple
Processing Unit operands that are selected by its input MUX.  precision aperations).
Con't) In every instrugtion, 1 of the 10 D-bus de- The ALU's output or a selected register can
vices (AOR, SWAP, ACL, ACH, BC, FIFO, be loaded into one of the saver Y-bus
DIR, AlR, IR, and Program Store) or a devices (JOR, AOR, LC, DOR, ACL, ACH, or
member of the register bank or the Q register  pe) every instruction cycle. This can happen
outputs, can be selected as an operand in parallel with the feedback path from the
source to the ALU. The possibilities are ALU’s output that is directed either to the Q
shown in Figure 14. During ALU operations, register or to the destination register of the
three options can be selected to provide the register bank.
carry-in {Cin} input: 0, 1, or the previous
Figure 14.
CPU Sources and Soures Only Source or Destination Destination Only
inati L
Destinations o e 1, DOR
uu RO thru R
CIR Le
Q
AIR
BC
SWPY
AOR IOR
<constant=
ACH
IR
ACL
1736 14
Tahle 6.
CPU Operand Mnemonic Description
Mnemonics ACH or ACH/ACL 16- or 22-bit Auto-incrementing Counter, or General Purpose
Registers
AlR Address Input Register
AOR Address Output Register
BC Block Counter {16-bit auto-decrementing), or General Purpose
Register
<gonstant» Constant values in Program Storage
DIR Data Input Register
DOR Data Output Register
FIFO Input Data from FIFQO
IIR YO Input Register
IOR iO QOutput Register
LC Pragram Loop Counter
Q 16-bit CPU Register
R0O-R31 18-bit CPU Registers
SWPY Byte Swap version of AQR
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Central . CPU operations can be performed on one, either left or right.
Processing Unit two or three operands. Each cperation is per-  ype CRY can perform the following shift
{Con’t) formed in a single clock cycle. In two- or operations:
three-operand instructions, one of the oper- N ) -
ands must be a CPU internal register I Single-precision, Ieftlor right, within a
{R0...R31, or Q). ger(‘n;ra%purpose register (RD...R31,
or Q}.
CPU operations are performed independently L ]
of aperations in the counters, Host Interface, = Double-precision, left or nght, between
Output Control, and Program Conirol. an RO...R31 register and the Q register.
Arithmetic Opsrations The:- LSB and MSB of the gengral-purpose
, . registers are each fed by an eight-to-cne
The CPU can perform the following arithme- multiplexer
tic operations: ’
0 Addit The sources and destinations for shift opera-
on tion are given below:
3  Subtraction Shift Right
O Increment Zero Flag (2)
3 Decrement Carry Flag {CY)
0 Compare Sign Flag (S)
Lagic Operations Binary 0 (0)
The CPU can perform the following logic Binary 1 (1)
operations:
Dp AND Least-significant bit of this register (RLSB}
0 OR Least-significant bit of the Q register (QLSB)
O Invert iz_nal 1/O port {SDATM)
3 Exclusive CR Ze‘:'f:)L:Ifar @
3 Exclusive NOR Car Flag v
Shift Operations s ryFl g 3
Single shift operations, shown in Figure 15, TQn 49 (5)
can oceur either to the left or to the right, with  Binary 0 (0)
or without the Q register. Shift instructions Binary 1 (1)
specify the sources that are shifted into the Most-significant bit of this register (RMSB)
corresponding registers. M ianificant bit of the Q register (QMSE
Ali shift cperations can be executed in the ogt—agnl icant bit of the Q register { )
same clock cycle as an arithmetic or logic op-  Sefial VO port {SDATL)
eration. The arithmetic or logic operation is
executed first; the result is shifted and then
stored in tha register file. The shift can be
Figure 15.
Shift Operations

8= t 1 x| 8
= =
E pia ML e =

8= 1 1, |=| 8
=2 =
gl o R

Shift Single Precision LeftRight

;|
o
=

Shuft Double Precision Left'Right

Shift Dowble Precision Lefi/Big
1738 15
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Central
Processing Unit
{Con’t)

Rotate Gperations

The CPU can perform the following rotate op-

erations, as shown in Figure 16:

O Single-precigion, left or right, within a
general-purpose register {R0...R31,
ot Q).

1 Double-precision, left or right, between
an RO...R31 register and the Q register.

Muitiple Precision Dperations

The carry-out in each ingtruction can be used
in the next instruction for muliple precision
operations (e.g., ADDC). This feature en-
ables the user to implement comgplex arith-
metic operations such as division or multipli-
cation in several clock cycles.

Figure 16.
Rotate Qperations

R

Single Precision Rotate Right/Leb

Doubde Precision Rotale Right/Laft
1738 16

{/0 and Special
Functions

The 1/0 bus, shown in Figure 17, consists of
eight lines which can be individually pro-
grammed as inputs or cutputs. These linas
can also be programmed to perform Special
Functions. The functions of these pins are
defined by the Mode Register and /O Con-
figuration Register (see Canfiguration Regis-
ter Section). The /O and Special Functions
map according to the 1able. The I/C lines
must first be configured as inputs or outputs
via the I/C Configuration Register; the
Special Function option can then be enabled
via the Mode Register. Individual special

function control is shown in the accompany-
ing table.

Once a Special Function has been enabled,
the corresponding internal control function is
automatically disabled. Conversely, when a
Special Function is disabied, control of the
corresponding internal conirof function is
returned to the Control Register (see Con-
figuration Register). Because the Inputs in
the O Register are clocked on each cycle,
the status of the special function can also be
read to the CPU.

4-62
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Figure 17.
/0 and Special MODE 8
Function Bus
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Configuration The Configuration Registers allow the user to  Control Register
Registers control and configure different operating The Control Register, shown in Figure 18,
modes of the PAC1000. The three 10-bit provides for internal control of key functions
Configuration Registers are the Control within the PAG1000 . Several of these
Register, /O Configuration Register,and  fynctions can alternatively be controlled
Mode Register. Each register has an associ-  externally through the 10 bus (see /O and
ated instruction which allows indvidual Special Functions). The Control Register is
register bits to be modified. modified on the talling edge of the clock.
Table 7.
/0 Pins and Pin Special Function  Direction Deseription
Special Functions o7 FIR output FIFO tnput Ready. FIFQ not fult.
1’08 ADOE input Address Qutput Enable
Vo5 HADOE input Host Address Qutput Enable
1104 HDOE input Host Data Output Enabie
/03 QMSB bidirectional () Register MSB
o2 QLSB bidirectional Q Register LSB
[Fe) ACEN input Address Counter Enable
e BCEMN input Block Counter Enable
Table 8.
Special-Function Special Function  Pin Name 10 Configuration Maode
Control FIIR o7 IOCG7=1 {output) MODES=1
ADOE HO6 IOCGB=0 {input) MODE7=1
HADOE 1105 IOCG5=0 (input) MODEB=1
HDOE 1704 10CG4=0 (input) MODES=1
QMsB 103 (OCG3=1 {output)
I0CG3=0 {input) MODE4=1
QLSB 102 1OCG2=1 (output)
10CG2=0 {input) MODE4=1
ACEN (o) IQCG1=0 (input) MOBE3 =1
BCEN 1100 I3CGO=0 {input} MODE2 =1
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Configuration ASEL (CTRLO)—Addrass Selact. Selects the  ADOE (CTRL4}—Address Output Enable.
Registers source that will write to the Address bus: Selects direction of Address bus (ADD)
(Gon't] 1= Address Counter. for next clock cycle:
0= Address Output Register (AOR). 1= Quiput {see ASEL}).
AIREN (CTRL8)—Address input Register 0= Input (see AIREN).
Enabls. Enables and disables writing to HAGOE (CTRL3)—Host Address Output
the Address Input Register from the ADD Enable. Selects direction of Host Address
Port: {HAD} bus for next clock cycle:
1= Enable writing to Address Input 1= Quiput {driven from ACIL Register).
Register (AMR). 0= Input (into the FIFO).
0= Disable writing to Address Input HDOE (CTRL2j—Host Data Output Enable.
Register {AIR). Selects Direction of Host Data (HD) bus
DIREN (CTRL7)—Data input Register for naxt clock cycle:
Enable. Enables and disables writing o 1= Qutout {See HDSELO and HDSEL1).
the Data Input Register (DIR) from the tput{ )
HE Port: 0= Input {See DIREN).
1= Enable writing to Data Input Register ~ BCEN (CTRL1)—8lock Counter Enable.
(DIR). Enables ang disables Block Counter:
0= Disable writing to Data Input Register 1= Enable Counting on next rising clock
{DIR). adge.
HDSEL1 (CTRL6) and HDSELO (CTHL5}—- 0= Disable Counting on next rising edge.
Host Data Select. Select the source tobe  ACEN (CTRLOY—Address Counter Enabla.
connected o Host Data (HD} bus: Enables and disables Address Counter:
HDSELY  HDSELD Selection 1= Enable Counting on next rising clock
(CTRLE}) {(CTRLS) edge.
0 0 FIFO— 0= Disable Counting on next rising clock
Peripheral edge.
Mode
0 1 Data Cutput
Register
1 0 Status
Register
1 1 Program
Counter
Figure 18.
Control Register MSB LSB
CTRLS  (ASEL) — L— CTRLO (AGEN)
CTRL8 (AIREN) CTRL1 (BCEN}
CTRL? (DIREN) CTRL2 (HDOE)

CTRLE {HOSEL1)

CTRL3 {HADOE)

CTRL: (HOSELO}

Note: After Reset, All Bits Are Cleared 10 Zero.

CTRL4 {ADOE)

1738 18
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Configuration 1/0 Contiguration Register /05 (IOCGS)—Selects direction of /05 pin:
Registers The /0 Configuration Register, shawn in 1= Output.
Con't) Figure 19, controls the direction of the 0= Inout
individual lines of the KO bus as well as con- = nput
figuring the Address Counter. Each /0 pin 1704 (I0CG4)—Selects direction of 104 pin:
can be configured independently to be a 1= Output.
general purpose input or output, or each can 0= Input
serva a special function (see /0 and Special = Input. )
Function). The /0 Configuration Registeris VO3 (I0GG3)—Selects direction of 103 pin:
also used to configure the Address Counter 1= Qutput.
as a 16-bit counter with a maximum count of 0= Input
FFFFH or as a 22-bit counter with a maxi- = pu. i
mum count of 3FFFFFH. The IO Configura- 1102 (t0CG2)—Selects direction of 1102 pin:
tion Register is modified on the falling edge 1= Output.
of the clock.
ACS22 (0CGI)—Configures Add 0= Input.
—Configures Address N .
Counter as a 22 or 16-bit counter: 1101 (I0CG1)—Selects direction of 1101 pin:
1= 22-bit counter. 1= Output.
0= 16-bit counter. 0= Input. o _
V07 (10CG7)—Selects direction of /07 pin: Q0 {I0CGO)—Selects direction of 100 pin;
1= Output. 1= Output.
0= Input. 0= Input.
1106 ({OCG6)—Sslacts direction of 1108 pin:
1= Output.
0= Input.
Figure 19.
1/0 Contlguration MSB LsB
Reogister |
I0CGY  (ACS22) —* J L— 10cG0 (voo)
[0CGE (Reserved) —— OCGT (KFO1)
I0CG? o7 —— 10CG2 {F02)
I0CGE (106} 0CGE (103)
I0CGS (1/05) I0CG4 (1/04)
Note: After Reset, All Bits Are Cleared to Zero.
1738 18
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Configuration Mode Register 1= 1/06 becomes input for the Address
Registers The Mode Register, show in Figure 20, Output Enable (ACE).
{Con’t) allows the user to externally control and 0= VOB becomes general purpose 10
monitor key elements within the PAC1000 {1086).
which would {alternatively} be controlled
internally through the Control Register. HADST E é:u'lF)DEB)-—Hosr Address Output
Enabling a Special Function in the Mode anle. )
Register disables the comrespending function 1= /05 becomes input for Host Address
in the Control Register. The Special Function Cutput Enable (HADOE).
iI'IDUt pins are shared with the general 0= I/O5 becomeas generaj purpose He]
purpose ¥C pins. The direction of the appro- (108),
priate pin must ba set in the /O Configuration - .
Register prior to programming the Mode HDOE (MODES)—Host Data Output Enable:
Register. 1= KO4 becomes input for Host Data
The Mode Register can also be used to raset bus Quiput Enable HDOE).
the FIFQ as well as program the interrupt 0= 1/O4 becomes general purpose /0
controller to generate either interrupts or (104).
Priority T_est Cond'!tions. See the discussion SIOEN (MODE4)—Serial /O Enable:
o oty Case” in the Condiion Code 1= VO3 and /02 become MSB and LSB
' ' {respectively) of the CPU's Q register
After Reset, all Mode Register bits equal (SI0).
pihe T;’: g"g?fhz‘i?éifr is modified on the 0= 103 and 102 become general
" 9 gf e Mo i 416 purpose /0 ACEN(MODES).
e use of the Mode Register an .
Configuration register for Special Functions ACEN (MODES)-—Address Counter Enable:
is shown in the Special Function Settings 1= /01 becomes input for Address
table. Counter Enable {ACEN}.
FIRST (MODES)—FIFQ Reset. (If hetd high, 0= /01 becomes general purpose 1/0.
FIFQ cannot receive information); BCEN (MODE2)—Biock Couriter Enable:
1= Initiate FIFC Reset (FIRST). 1= )/O0 becomes input for Block Counter
0= Complete FIFC Reset (FINRST). Enable (BCEN).
FUR (MODES)—FIFQ input Ready: 0= V00 becomes general purpose I/O.
1= /07 becomes output for the FIFO Reserved (MODE1)
Input Ready (FIIR) flag. INTR (MODEQ}— Intarrupt/Priority-Case
0= 1/O7 bacomes general purpose ¥ Mode:
(107). 1= Select Interrupt mode (INTR).
ADOE (MODE7)—Address Output Enable: 0= Selects Priority Case mode {PCC).
Figure 20.
Made Register MSB LSB

L L 1 |

L 1 1 1

MODES (FIRST) —
MODES  (FIR}
MODE? (ADOE)
MODES (HADOE)

L MODEO (INTR)
MODE1 (Reserved)
MODE2 (BCEN)
MODE3 {ACEN)

MODES (HDOE)

MNote: Aftar Rasat, All Bits Are Cleared to Zero.

MODE4 (SIOEN)

t738 20
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State Following Whenever the PAC1000 RESET input is tables describe the PAC1000 signal and
Reset driven low for at least two processor clocks, internal register states following reset.
the chip goes through reset. The next two
Table 8.
Special Function Mode Bit 10 Configuration Bit Funcilon
Settings MODES=1 I0CG7=1 FIIR flag output on ¥O7
MODE7=1 I0CG6=0 ADQE provided by /06
MODE6=1 ICCG5=C HADOE provided by VOS5
MODES=t? I0CG4=0 HDOGE provided by 04
MODE4=1 K3CG3=1 MSB of Q register output on ¥O3
MODE4=1 OCG3=0 1703 can be shifted into MSB of Q register
or destination register
MODE4=1 I0CG2=1 LSB of Q register output on /02
MODE4=1 10CG2=0 1f02 can be shifted into LSB of Q register
or destination register
MODE3=1 I0CG1=0 ACEN provided by /01
L MODE2=1 K0CGo=0 BCEN provided by /00
Table 10.
Signal Siates Signal Condition
Following Reset HAD(5:0] Input
HD[15:0] Input
10[7:0) Inpt
ADD[15:0] Input
0OC[15:0} 0000H
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Table 11.
Internal States
Following Reset

Component

ACH Register

ACL Register

ADOR Register

AlR Register

DOR Register

DIR Register

IOR Register

IR Register
STATUS Register
17O Configuration Register
CONTROL Register
Breakpoint Register
Mode Register

PC Register (Program Counter)
MASK Register

BC Register
R31-R0 Registers
Q Register

LC Register

FIFO Locations
FIFO Flags

Contents

o o0 0O O 0o o0 O o o oo o o

0111111118
FFFFH
Unknown
Unknown
Unknown
Unknown
Empty
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Electrical and Timing

Specifications

Tahle 12.

Absolute Storage Temperature —85°C to +150°C

Maximum Ratings Valtage o any pin with respect to GND -0.6Y to +7V
V.. with respect to GND -0.6 Vio+14.0V
ESD Protection >2000V

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 thase indicated in the operational

sections of this specification is not implisd.
Exposure to absolute maximum rating
conditions for extended periods of time may
affect device reliability.

Table 13,
Operating Range Range Tompsrature v,
Commetrcial 0°Cto +70°C +5V £ 5%
Industriai —40°C to +85°C +5V £ 10%
Mititary -55'Cto+125°C +5V £ 10%
Table 14.
BeC Paramater Symbai Test Conditions Min Max Units
Characteristics Output Low Voltage ' [, =8 MA 04 Vv
m f‘_’:‘“ range Output High Voltage v, I, =4 MA 24 v
e V.. Standby
Current CMOS logy note 1 65 mA
V.. Standby
Current TTL lygs note 2 85 mA
Active Current (CMOS) Lot notes 1, 3
—Commercial 80 mA
—Military 90 mA
Active Current [F notes 2, 3
—GCommercial 110 mA
—Military 120 mA
Ve Supply Current I Vo=V 100 pA
V... Read Voltage Vep notes 1, 2 V0.4 V. V
Input Load Current I, V. =5.5V
of GND —10 10 pA
Cutput Leakage Current Lo V=55V
or GND -10 10 HA
Notes:
1. CMOS inputs: GND £ 0.3V or V. £ 0.3V,
2. TTL inputs: V,_= 0.8V, V2 2.0V,
3. Active current is an AGC test and uses AC timing levels.
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Table 15.
AC Timing Levels Inputs: 0 to 3V Reference 1.5V
Qutputs: 0.4 1o 2.4Y
Table 16. r
AG Paramster Symbol 12MHz ! 16MHz ' 20MHz?
Characleristics Min  Max Min  Max Min  Max
CLOCK CYCLE
Cycle Time tew 84 62.5 50
Clock Pulse Width High o 26 24 21
Clock Pulse Width Low fon 26 24 21
HOST READ CYCLE
Read Cycle Time tac 50 40 30
Address to Data Valid tace 45 a5 30
CS to Data Valid tes 45 35 30
TS to tristate tesr 0 45 0 35 0 30
HOST WRITE CYCLE
Pulse width of CS and
WR LOW o 20 15 15
Pulse width of C5 and
WHR High Yo 15 10 1Q
Data setup to WR tep 10 10
Data hold to WR 1o 10 10 5
RESETCYLLE
RESET setup ten 10 10 5
RESET to tristate of
ADD, HAD, HD, IO the 25 25 20
RESET clocked to
QUTCNTL low tac. 30 30 25
ADDRESS TIMING
Address/Data setup tsaop 10 10 10
Address/Data hold 00 8 8 5
Clocked Counter to
Address output teann 43 35 30
Clocked Addrass Register
to Address taaon 43 35 30
ADOE snable to data valid ., 50 40 30
HADOE enable ta
data valid tapce 50 40 30
Address output disable | 0 25 20 ¢] 16
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Tabie 15.

AC
Characteristics
{Con't)

Parameter Symbol 12MH:z " 16MHz " 20MHz*
Min  Max Min  Max Min  Max

DATA AND 1/0 TIMING

Clock to I/O Qutput Valid 1, 35 30 30

Clock to HD Output ton 35 30 30

10 data setup tso 10 10 10

IO data hold tho 8 8 5

HD data setup o 10 10 10

HD data hold tvo 8 8 5

HDOE enable to data valid 1, 50 40 30

Bus Output Disable o 0 25 o 20 0 16

TEST AND INTERRUPT TIMING

Condition Code setup Yoo 60 50 40

Condition Code hold e 0 0 0

Clock to OUTCNTL Valid  t,,, 33 33 25

Minimum interrupt pulse

for acceptance tows, 15 10 10

SPECIAL FUNCTION TIMING (1/0 Bus)

SQ15 setup tssons 15 10 10

S5 hold S 0 0 ¢

SQ0 setup tasoo 15 10 10

SQ0 hold tusao 0 0 it

Clock to Q0 output terao 35 30 ao

Clock to Q15 output toxars 35 30 30

Address Counter

enable setup toncen 20 15 10

Address Countsr

enabile hold thacen 10 5 5

Block Counter enable setup g, 20 15 10

Block Counter enable hold .., 10 5 5

External output enable to

data valid temy 30 25 20

External cutput enabie to

high impedance - 30 25 20
Notes:

1. Operating temperature range: Commercial, Industrial, Military
2. Operating temperature range: Commercial
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Figure 21,
Clock Cycle e tox —
Timing oK | I I | I I
Pa-topy - Ly
1738 21
Flgure 22,
Host Read Cycle - Inc .
nm.iﬂﬂ HAD )\ Address Valid *
— taoe ——
s\ /
- tog — FEE—
m N\ 2
HG ( Crata Vald %—-
Note: trg is referenced from AD=0 and G&=0.
1738 22
Figure 23.
Host Write FIFG Isp —+ thp
Cycle Timing HAD * -xr
[ \ / \ /
towL t- | pipny —i
NN
1738 23
Figure 24,
Reset Cycle GLOCK | | ] | | | | l | |
Timing o+ .
RESET *I /
ADD e tﬂzl
® O D——C
- AL
OUTGNTL X X { /_
' 1738 24
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Figure 25.
Daia and I/0 Switeh bus from Mew Data ar Naxt Data Output 1o High
- a Inpur to Cutput Couner Qutput ar Count Value Impeadance
'.":mmy iMote 1) {Mote 7
clock I T Y R
It —
teip f— i toxio |~—Tcxz
L Inpur 1O Cutput X 10 Qutpat X 10 Datpral
tsHp r— — | kD btz
HD ) Host Dala Host Data Host Data
nput Cutpul Cutput Qutput
M= tHHD
thpoe
Notes™ 1. & bug directional change (Input-to-output or guiput-to-inputy
lakes place on Ihe falling edge of 1he clock
2. New data or count value is latchad on tha nising edgs ol the ciock 1780 25
Figure 26.
Address ﬂm’ﬂg Switch bus from New Data or Next Data Outpul to High
Input o Culput Counter Ourput or Count Valug Impadance
(Mote 2 & 3) {Nele 4)
woe [ ] [ LT L] ]
tanee -
tzanp t— —-bl teant . | pant be—texcz
Fegister ar Ragister ar Register or
ADD Input Counter Output X Counter Output Countar Quiput
—  thapo
HAD Counter Counter Counter
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Notes: 1 The Host Address (HAD) bus is used to output he lower six bits of tha 22-bit counter

2.4 bus directional change takee piace on the faling edge of the clock (input-to-output or output-la-input)

3.Salsction of the spurce to be aulput on a bus occurs on tha falling edge
of the clock (Le , counter or address register)

4. Mew data or coun value is latched on the rising edge of the clock.

1738 26

4-64 WAFERSCALE INTEGRATION, INC.




PACTO00

Figure 27.

Test and interrupt cLook
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prior to being testad.
1739 27
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Pin Assignments

Figure 29,
88-Pin Ceramic
PGA Pin
Assignments
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Tabie 17.
P&A Pin Name Pin Nams Pin Name Pin
Assignments ts F2 GND H2 1100 F1
RD H1 GND L1 1101 E1
ESET B6 GND A3 1’02 E2
WR G GND F12 1103 1
ADDO K12 GND N3 1104 D2
ADD1 N13 GND N11 1105 Al
ADD10 E13 HADO M10 1106 c2
ADD11 E12 HAD1 M1 1107 81
ADD12 D13 HAD2 N12 INTO B9
ADD13 D12 HAD3 M12 INTH A9
ADD14 C13 HAD4 M13 INT2 B8
ADD15 c12 HADS L12 INT3 AB
ADD2 Ki3 HDO N1 oCo B7
ADD3 Ji2 HDA N2 OcH A7
ADD4 J13 HD10 M7 QC10 L2
ADDS5 H12 HO1 N7 oc1 M2
ADDB H13 HD12 N8 oc12 Ki
ADD7 Gi2 HD13 N9 OCc13 K2
ADDS8 Gi3 HD14 M3 OCi4 J2
ADD9 F13 HD15 N10 0C15 J1
CcCo B13 HD2 M3 oc2 AB
CCA B12 HD3 C1 oCa A5
cC2 B2 HD4 M4 oc4 BS
CcC3 A13 HDB5 N4 OC5H Ad
cc4 Al2 HDs M5 oCce B4
CCh B11 MD?7 N5 oC? B3
CCs B10 HD8 M8 ocs A2
CC7 A10 HDa NG 0oCc9 M1
CK G2 VGO A1
VCC L13
vCC Mg
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Tabie 18.

Plastic or Pin  Name Pin  Name Pin  Name Pin  Name

Ceramic Quad 1 HD 26 HD1Y 51 ADD7 76 OC1

g:?":z; ) Pin 2 GND 27  HD12 52 ADDS 77 0OC2

Asslgnments 3 GND 28 VCC 53 ADD9 78 RESET
4 OCi5 29 VCC 54 GND 79 NT
5 0C14 30 HDi3 55  GND 80 0C3
6 Oci2 31  HD14 56  ADD10 81  OC4
7 0013 32  HD15 57 ADD11 82  OC5
8 GND 33 HADO 58 ADD12 83 0C6
g GND 34 GND 59 ADD13 84 GND
10 0C10 35  GND 60 ADD14 85 GND
1 0OC9 36 HAD1 61 ADD15 86 0OC7
12 0Ci1 37 HAD2 62 CCO 87 OCs
13 NC 38 NIC 63 CCt 88  CC2
14 HDO 39  HAD3 64 CC3 89 105
15  HD1 40  ADD? 65 CC4 80 107
16 HD2 41  HAD4 66 CC5 91 106
17 GND 42 HAD5 67 VCC 92 HD3
18 GND 43 VCC 68 VCC 93 104
19 HD4 44 VCC 69 CC8 94 103
20 HD5 45 ADDC 70 CC7 95 102
21 HDS 46 ADD2 71 INTO 96 101
22  HD? 47 ADD3 72 INT1 97 TS
23 HD8 48  ADD4 73 INT2 98 100
24 HDS 49 ADDS 74 INT3 99 CK
25  HD10 50 ADDS 75 0CO 100 WR
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Instruction Set
Overview

The PAC1000 architecture can perform three
operations simultaneously in each instruction
cycle. The operations are specified in the
System Entry Languags (PACSEL) using a
single statement, PACSEL instructions can
perform thres operations:

2 Program Control (PROGCNTL)
a CPU
O Output Control (OUTCNTL)

Each instruction is executed in a single cycle;
the three operations are executed in paraliel.

The syntax of a PACSEL statement has a
label and three components;

[lakel:] PROGCNTL, CPU,
OUTCNTL;

The PROGCNTL component determines
program flow and determines the next
statement to be executed; the CPU compo-
nent determines which operation is to be
performed by the CPU; the OUTCNTL
component determines the state of the
control cutputs.

A comma { , ) is used to separate the instruc-
tions and a semi-colon marks the end of a
statement. In general, sach statement is
axecuted in a single cycle.

In PACSEL statements, the PROGCNTL,
CPU, OUTCNTL compenents can come in
any order ar any combination of Macro or
Assembler operators. That is, you may mix
Assembler operators among Macro opera-
tors. Tables at the end of this section sum-
marize the Macro and Assembler operators.,

In some cases, the same mnemonic is used
to specify identical operations in both Macro
and Assembler ieval.

You may:

0O  Specify all the components in the same
staterment in order to perform the opera-
tions in parallel:

PROGCNTL, CPU, QUTCHTL;

d Specify components one at a time:
CFU;

PROGCNTL;
CUTCNTL;

J  Use components in any combination:
PROGCNTL, CPU;

PROGCHNTL, QUTCNTL;
CPU, QUTCHTL;

WS recommends that, in general, you

mainiain a consistent ordering of these

components and consistent groupings of

Assembler-level and Macro operators, e.9. in

separate files. This manual uses the

PROGCNTL, CPU, OUTCNTL ordering.

When PROGCNTL is omitted, the implisd

instruction is CONTinus, that is, proceed o

the next control instruction. When CPU is

omitted, the implied instruction is NOP. When

OUTCNTL is omiited, the implied instruction

is MAINTain, that is, maintain the most

recent QUTCTL, in Assembler order.

A summary of PACSEL Assembler and
Macro statements follows.

470 WAFERSCALE INTEGRATION, INC.



PAC1000

Table 19.
PACSEL
Assembier
Language
Summary

Mnemonic Arguments

The PROGCNTL Dperators

ACSIZE <16/22>

CALL <LABEL | LCPTR | FIFO=
CALLC <COND> <LABEL | FIFO>
CALLNC <COND= <LABEL | FIFO=
CCASE <CG> <VALUE=

Ccu <MASK>

CONT(D)

CPI <VALLUE>

Di <MASK:>

DSS

El <MASK>

ESS

JCass <CG> <VALUE:=

JMP <LABEL | LCPTR | FIFO-=
JMPC <COND=> <LABEL | FIFQO:»
JMPNC <COND> <LABEL { FIFQ:=
JPI <VALUE>

LDBP <VALUE>

LDBPD

LDLC <VALUE=>

LDLCD

LOOPNZ <LABEL>

PLDLC <VALUE>

PLDLCD

PCF

POPLC

PUSHLC

RESTART

RET

RC <COND>

RNC <COND>

RSTCON <MASK>

RSTIO <MASK>

RSTMODE <MASK>

SETCCON <MASK:

SETIO <MASK=

SETMODE <MASK:>

Meaning

SET A COUNTER SIZE
UNCOND BRANCH SUBRTN
COND BRANCH SUBRTN
INV COND BRANCH SUBRTN
BRANCH SUBRTN CASEBLK
CLEAR INTERRUPT
CONTINUE

PRIORITIZED SUB RTN
DISABLE INTERRUPT
DISABLE SINGLE STEP MODE
ENABLE INTERRUPT
ENABLE SINGLE STEP MCODE
UNCOND BRANCH CaseBLK
UNCONDITICNAL BRANCH
CONDHTIONAL BRANCH
INVERT COND BRANCH
PRICRITIZED BRANCH
LCAD BP REG

LOAD BP COMP VALUE
LOAD COUNTER

LOAD CTR COMPUTED VAL
REPEAT BRANCH,CNTRNZ
PUSH VALUE & LDCTR
PUSH VAL&LOCTR CM VL
POP STACK

POP STACK TO CNTR

PUSH CNTR

BRANCHTOC 0

RETURN

CONDITIONAL RETURN

INV COND RETURN

RESET CONTROL REG
RESET /0 CONFIG REG
RESET MODE REG

SET CONTROL REG

SET /O CONFIG REG

SET MODE REG
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Table 19.
PACSEL
Assembyler
Language
Summary (Con’t}

Mnemaonic Arguments

The CPU Operators

ADC <ARG1> <ARG2> [<ARG3=>]
ADD <ARG1> <ARG2> [<ARG3=>]
AND <ARG1> <ARG2> [«<ARG3>]
CMP <ARG1> <ARG2>

DEC <ARG 1> [<ARG2>]

INC <ARG1> [<ARG25]

INV <ARG1> [<ARG2>]

MOV <DEST> <SRC>

NOP{D}

OR <ARG1> <ARG2> [<ARG3>]
RDFIFO

SBC <ARG1> <ARG2> [<ARG3>]
SHLRQ <REG> <RARG> <QARG>
SHLR <REG> «RARG>

SHRRQ <REG> <RARG> <QARG:>
SHRR <REG> <RARG>

sue <ARG1> <ARG2> [<ARG3>]
XOR <ARG1> <ARGZ: [<ARG3>]
XNOR <ARG1> <ARG2> [<ARG3=]
The MACRO Dperators

DIv <ARG1> <ARG2> <ARG3>
MUL <ARG1> <ARG2> <ARG3>
The OUTCNTL Operators

MAINT(D)

ouTt <VALUE>

Meaning

ADD WITH CARRY
ADD

BITWISE AND
COMPARE
DECREMENT
INCREMENT

INVERT

MOVE SRC TODEST
NO OPERATION
BITWISE OR

READ FIFO DATA TO REG
SUB WITH CARRY
SHIFT LEFTREG & 3
SHIFT LEFT REG
SHIFT RIGHT REG & G
SHIFT RIGHT REG
SUBTRACT
EXCLUSIVE OR
EXCLUSIVE NOR

DIVISION
2'S COMP MULTIPLY

MAINTAIN PREY VALUE
OUTPUT
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Table 2.
PACSEL Macro The PROGCNTL Operators
Langvage BCSIZE <16/22>
Summary CALL <lakel | LCPTR | FIFC> [ON] [NOT) (<cond>]
CASE n, PROGCNTL, CPU, OQUTCNTL;
CLEAR <int level> [...<int level®]
CONFIGURE <pml> [<pmZ>...<pml0>]
CONT

DISABLE <int level> [<int level>...<int level>]
ELSE

EMABELE <int lewvel> [<int level>.,.<int level=x]
ENDFOR

ENDTE

ENDPSWITCH

ENDSWITCH

ENDWHILE

FOR <value>

G0OTA «label | LCPTR | FIFOw [ON] [MNOT] [<cond>]
IF [MOT] <cond>

INPUT <i/o pin> {<ifo pin=...<ifo pin=z]
LOADBE <wvalue>

CQUTEUT <i/o pin> [<i/o pinz...<i/o pin=]
PRIORITY m, FROGCNTL, CPU, OQUTCNTL;
PSWITCH

RESET <pl» [<p2»...<pl0x!

RETURN [ON] [WOT] [<cond=}

SET <pl» [<p2>...<pll=]

SWITCH <case group>

WHILE (NOT] <cond=
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Table 20,

PACSEL Macro The CPU-Dperator Assignment
Language move

Summary (Con't)

<dest®> ;= <src>
arithmetic expression
<dest> = <argir <+/-> <arg2> <+/-> <arg3>
logical expression
<dest> 1= <argl> <logical operator> <argi3>
increment, decrement, invert, unary minus
<dest> 1= <opr» <src>
macrc expression
<dest> 1= <argl> (* | /] <arg2:=»
zhift RAM
<Rx» = Ex <shft opr> <shft arg>
shift RAM and g
<QRuxr» = ¢ <shft opr> <shft arg> Rx <szshft opr>» <shft arg>

The QUTCNTL Operator
OUT <argl> [<argl»...<arglé>]
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System
Development
Tools

PAC1000 System Development Tools are &
complete set of PC-based development
tools. They provide an integraied easy-to-use
software and hardware environment to
support PAC1300 development and pro-
gramming.

The tools run on an IBM-XT, AT, PS2 or
compatible computer running MS-DOS
version 3.1 or later. The system must be
equipped with 640 Kbytes of RAM and a hard
disk.

Hardware

The PAC1000 System Programming Hard-

ware consists of:

3 WS6000 MagicPro Memory and PSG
Programmer (XT, AT only)

1 Package Adaptors (88-Pin Ceramic Pin-
Grid Array and 100-Pin Ceramic Quad
Flatpack—Gullwing) for the MagicPro
Remote Socket Adaptor Unit

The MagicPro Praogrammer is the common

hardware platform for programming all WS

programmable products. It consists of the

IBM-PC plug-in Programmer Board and the

Remote Socket Adaptor Unit.

Software
The PAC1000 System Development Soft-
ware consists of the following:

D WISPER Software—PSD Software Inter-
face

0O IMPACT Scftwars—Interface Manager
for PAG1Q00

O PACSEL Software—System Entry
Language

11 PACSIM Software—Functional Simulator

1 PACPRQ Software--Davice Program-
ming Software

WISPER and IMPACT software provide a
menu-driven user interface enabling other

tools to be easily invoked by the user,

The system design is entered into PACSEL
source program files using an editor chosen
by the user, PACSEL supportis assembly-
level and high-level Macro programming.

The PACSEL Assembler produces object
code format in single or multiple modules,
which are then linked by the PACSEL Linker
into a single load file with a format suitable for
PACSIM and PACPRO.

The PACSIM functional simulator enables the
user to test and debug proegrams by examin-
ing the state of PAC1000 internal registers
before and during a complete functional
simulation of the davice.

PACPRO software programs PAC1000
devices by using the MagicPro hardware and
the socket adapter.

The programmed PAC1000 is then ready to
be used.

Suppart

WSl provides a complete set of quality
support services to registered owners. These
support services include the following:

O 12-month Software Updates.

O Hotline to WSI Application Experts—For
direct design assistance.

O 24-Hour Electronic Bulletin Board—For
design assistance via dial-up modem.

Training

WS provides in-depth, hands-on workshops
for the PAC1000 and the System Develop-
ment Tools. Workshop participants will learn
how to develop and program their own high-
performance microcontrollers. Workshops are
held at the WSI facility in Fremont, California.
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Ordering
Information—
PAC 1000

Part Number

PAC1000-12F"

PAC10Q0-12FI*

PAC1000-12FM*

FPACA000-12FMB"

PAC1000-120°

PAC1000-12X
PAC1000-12XI
PAC1000-12XM
PACT000-12XMB

PACI000-16F*

PAC1000-t6F"

PAC1000-16FM"

PAC1000-16FMB*

PAC1000-16Q"

PAG1000-16X

PAC1000-16XI°

PAC1000-16XM*

PAC1000-16XMB*

PAC10Q0-20F"

PAC1000-20X"

PAC1000-200"

Spesd
{MHz)

12

16

16

16

18
18
16
16

20

20

20

Package
Type

10Q-Pin Ceramic
Quad Flatpack,
Gullwing
100-Pin Ceramic
Quad Fiatpack,
Gullwing
100-Fin Ceramic
Quad Fiatpack,
Gullwing
100-Pin Ceramic
Quad Flatpack,
Gullwing
100-Fin Plastic
CQuad Flatpack,
Gullwing
88-Pin Ceramic
Pin-Grid Array
88-Pin Ceramic
Pin-Grid Array
88-Pin Ceramic
Pin-Grid Array
88-Pin Ceramic
Pin-Grid Atray
100-Pin Ceramic
Quad Flatpack,
Guliwing
100-Pirt Ceramic
Quad Flatpack,
Gullwing
100-Pin Ceramic
Quad Flatpack,
Gullwing
100-Fin Ceramic
Quad Flatpack,
Gullwing
100-Fin Plastic
Quad Flatpack,
Gullwing
88-Pin Ceramic
Pin-Grid Array
88-Pin Ceramic
Pin-Grid Array
88-Pin Ceramic
Pin-Grid Array
88-Pin Ceramic
Pin-Grid Array
100-Pin Ceramic
Quad Flatpack,
Gullwing
88-Pin Caramic
Pin-Grid Array
100-Pin Plastic
Quad Flatpack,
Gullwing

Package
Drawing

F3

F3

F3

F3

)]

X1
X1
X1
X1

F3

Fi

F3

F3

el

X1
X1
X1
X1

F3

X1

Q1

Operating
Temperatire
Commercial

Industrial

Military

Military

Commaercial

Commercial
Industrial
Military
Military

Commercial

Industrial

Military

Military

Commercial

Commercial
Industrial
Military
Military

Commercial

Cammerciai

Commercial

Manuiacturing
Procedure

Standard

Standard

Standard

MIL-STD-B83C

Standzard

Standard
Standard
Standard
MiL-STD-8830C

Standarng

Standard

Standard

MIL-STD-883C

Standard

Standard
Standard
Standard
MIL-STD-883C

Standard

Standard

Standard

LN

These products are advanced infarmation.
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Ordering
Information— Part Number Contents
PAC1000-GOLD WISPER Software
Development IMPAGCT Software
Tools
PACSEL Software
PACSIM Software
PACPRO Software
User's Manuai
WSI-Support

WSB000 MagicPro Programmer

PAC1000-SILVER WISPER Scftware
IMPACT Software
PACSEL Software
PACSIM Software
PACPRQ Software
User's Manual
WSI-Support

WS6000 MagicPro Programmer
1BM PC plug-in Adaptor Card
Remote Socket Adaptor

W36010 88-Pin CPGA Adaptor
Used with the WS6000 MagicPro Programmer

WS6012 100-Pin Ceramic Quad Flatpack (Gullwing} Adapter
Used with the WS6000 MagicPro Programmer

WSI-Support Suppert Services, including:
Q3 12-month Software Update Service
L Hotline to WSI Application Experts
= 24-hour access to WSI Electronic Bulletin Beard

WSI-Training Workshops at WSI, Frement, CA
For details and scheduling, call PSD Marksting, (415} 656-5400
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WAFERSCALE INTEGRATION, INC. SAM448 Introduction
User-Configurable Microsequencer
Overview In 1888 WSI introduced a new concept in blanking output controls for both line and
programmable VLS): the Programmable frame flyback. The device could also
System™ Device (PSD). The P5D is control the lgad and shift activity in the
defined as a family of User-configurable video output registers and suparvisa the
systern fovel buiding blocks on-a-chip video memory address counters. All these
enabling quick implementation of application  activities are sequential in nature so
specific controflers and peripherals. The microcode could be developed for the
first generation PSD series includes the SAM device and programmed into the
MAP168, a User-Configurable Peripheral device’s on-chip EPROM.
with M emary, the SAM448, a User- Prior to the development of the SAM448
Configurable Mlcroseqluencer; and the Microsequencer, a designer would most
PAC1000, a User-Configurable likely develop a system from discrate
Microcontrolier. EPROM or ROM plus 74LS TTL. logic with
The SAM448 is a microseguencer dedicated LIFOC and registers. The actual
intended for use in digital systems that development of such a design would
require events to be controlied at high escalate in chip count to eventually cover
speed. A microsequencer is basically an an entire printed circuit card. With the
instruction oriented device executing one advent of Programmable Logic
internal instruction on each system cycle. Devices {PLDs}, the development of a
This ¢can be done in a linear flow or the microsequencing circuit became simpler.
sequencer can test the state of lagic However, a typical systemn still required five
inputs or internal events and respond to to six PLDs. In addition, and EPROM was
program branching on & resuit. In addition,  nesded to hold the microcode. Because
it has the capability of driving output migrocode is usually rather wide, a
signals on a cycle by cycle basis. number of EPROMs were needed.
The SAM448 can cperate at a high clock The SAM448 provides the optimum solution
speed (30 MHz) so sequential operations when implementing a microsequencer of
can be performed much faster than with medium complexity. It has been designed
lower end microcontrollers. A classic to be cascadable in width and depth so
application of the SAM448 would be in the more complex microsequencer designs
generation of pulse waveforms for video may be achieved.
ling and frame synchronization with
Microcode The core of the SAM448 is a microcode inta one 8-bit Q field which generaily
EPROM EPROM organized as a 448 locations dirscts processing to the next address of
Architecture deep and 36 bits wide. On each clock the EPROM. The 8-bit [ field can he used

cycle, the current 32 bit wide instruction is
ciocked into the pipeline register. The 32
bit word is split inte a number of fields.
The F figld consists of 16 bits and drives
the cutput lines as user defined output
pins. The remaining 20 bits are subdivided

to hold a constant or direct value but it
¢an also be used for next address
gensration. The OP field is three bits in
width and contains the current instruction
to be executed. The remaining field is the




SAM448 Introduction

Microcode
EPROM
Architecture
{Cont.)

E field and performs a 3-State control
function on the pipetine register. When
HIGH, the output pins are enabled and
when LOW the outputs are in a high
impedance state. This feature enables one
SAM448 device to share the same outputs
with a second for vertical cascading.

The EPACM locations are connscted such
that the first 192 locations (0 to 191} are in

g linear sequence. The remaining locations
are organized in four rows of 192 to 255.
Thig permits a one of four branch control.
The internal branch control logic will make
the decision as to which branch to take
depending on the state of the user defined
inputs and the value of the next state
address.

Branch
Control Logic

The branch control logic determines the
location from where the next instruction
will be fetched. The next addrass can
come from the Q or D field of the instruction
currently in the pipeline register, the top of

the stack or LIFC or the Branch Selact
EPLD. The Branch Select EPLD can be
programmed to view inputs or the logical
combination of inputs to invoke a branch
when a logic state becomes true.

The stack or Last In First Out (LIFG}
memory is 15 locations deep and 8 bits
wide and can be used to hoid the value of
a return address so successful CALL to
and RETURN from subroutines may be
invoked. A loop counter is included in the

5AM448 architecture and the stack can be
used to hold the contents of this loop
counter when nested loops are invoked.
The eight input lines may also be pushed
onto the stack to externally load the counter.

Loop Counter

To make provision for a number of
operations to be repeated a defined
number of times, a loop counter called
CREG has been included in the design.
Thig eight bit counter is loaded from the D

field by a dedicated instruction LOADC or
from the stack in the case of nested lcops.
The counter decrements 1o zero and then
holds at zero. So repetitive routines may
be achieved by a LOOPNZ instruction.

Instruction Set

The instruction set for the SAM448 consists
of 12 instructions to handls multiway
branching, subroutines, nested for-next
loops and dispatch functions. With only 12
instructions a designer can beacome familiar

with creating SAM448 designs very quickly.
The WSI State Machine Input Language
{ASMILE) support software enables designs
to be generated quickly and efficiantly.

4-80
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WAFERSCALE INTEGRATION, INC.

User-Configurable Microsequencer
Features Q First Generation Programmable System QO Cascadable to Expand Cutputs or States
Device O Low-Power CMOS Technalogy
9 UserProgrammable Microsoduancer 1" Q1 Footprint Effcient 28 Pin 300 Mil Dip or
itk i 28 Lead CLDCC/PLDCC Package
O On-Chip Reprogrammable EPROM 30 MHz Minimum Clock Frequency
Microcode Memory Up to 448 QO High Level PC-XT/AT, P52 or Compatible
Words Deep Design Support Software (SAM+PLUS):
0 15 % 8 Stack — W8I PSD Integrated Software
Environment
- LOOp. F‘;ounter — State Machine Input Language
W Prioritized, MultivWay Control Branching — Microcode Assembler
Q 8 General-Purpose Branch Control inputs — Functional Simulator
J 16 General-Purpose Control Qutputs
Description In 1988 WS introduced a new concept in words} is integrated with Branch Control
programmable VLSI, Programmable Logic, Pipeline Register, Stack, and Loop
System™ Devices (PSD). The PSD is Counter. This generic microcoded architecturs
defined as a family of User-configurable provides an efficient vehicle for implementing
'“’ systemn level buiiding blocks on-a-chip a broad range of high performance controllers
enabling quick implementation of application spanning the spectrum from basic state
specific controflers and peripherals. The first machines to traditional bit-slice controller
generation PSD series includes the appiications.
MAP168, a User-Configurable Peripheral )
with Memory, the SAM448, a User- The SA_M443 has eight general purpose
Configurable Microsequencer; and the input pins, a clock pin and a reset pin,
PAC1000, a User-Configurable it has 16 user-definable outputs packaged in
Microcontroiler. a 28-pin 300 mil Dip or 28 Lead CLDCCY
. ) ) PLDCC package. OneTime-Programmable
The SAM448 is a first generation PSD plastic versions are avaitable to minimize
aqd is WSI's first user programmable volume production costs.
microsequencet. On-chip EPROM (up fo 448
Pin Configuration
{Top View) Dual-in-Line Leaded Chip Carrier
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SAM448

Description
{Cont.)

Programming the SAM448 device is
accomplished on a standard WSI PSD
WISPER development system installed
with the optional SAM+PLUS software
package and device adapters. New users
can purchase a separate WISPER-SAM
development system with programming
hardware included. SAM+PLUS allows
designs to be entered in either state
machine or microcoded formats.
SAM+PLUS automatically performs logic
minimization and design fitting for the
device. The design may then be simulated
or programmed directly to achisve
customized working silicon within minutes.

Using WSI's proprietary high performance
CMOS EPROM technology allows SAM448
to operate at & 25-MHz typical clock
frequency while still enjoying the benefits
of low CMOS power consumption. This
technology also facilitates 100% generic
testability which eliminates the need for
post-pragramming testing.

Ideal application areas for SAM448 include
programmable sequence generators (state
machines}, bus and mermory contro!
functions, graphics and DSP algorithm
controllers, and other complex, high
parformance machines. The devices may
be cascaded easily to obtain greater
output requirements (horizontal cascade)
or greater microcode memory depth
(vertical cascade) or hoth.

SAM as a Stafe Maching

The SAM448 architecture allows easy
implementation of synchronous state

machines. 3AM’s internal EPROM mermory
together with its Pipeline Register allows
storage of up o 448 unique states, SAM's
Branch Control Logic allows single clock,
multi-way branching in response to the
eight inputs, currant device state, and
user-defined transition conditions. Design
entry is simplified with WSI's State Machine
Input Language (ASMILE) supported by
the SAM+PLUS development systern. This
high level language uses IFTHEN-ELSE
statements o define state transitions and a
truth table to defing or tri-state the outputs
on a state-by-state basis.

SAM as a Microcoded Sequencer

SAM's architecture has several advanced
features that enable it to be used as a
sophisticated microcaded sequencer.
SAM’s on-chip EPROM (448 words) is
integrated with a microcoded seguencer
consisting of Branch Control Logic, Stack,
and Loup Counter. The eight general-
purpose inputs, the Counter, the Stack,
and the Pipeline Register feed the Branch
Control Logic. The Branch Gontrol Logic
gives flexible multi-way microcode branch
capability in a single clock, enhancing
throughput beyond that of conventional
controllers ar sequencers.

SAM+PLUS development software offers
high leve! microcode entry featuring a
compact assortmant of powerful instructions
{OP-codes) allowing easy implementation
of conditional branches, subroutine calls,
multiple level for-next loops, and dispatch
functions (branching to an externally
specified address).

Functional
Description

The SAM architecture is shown in Figure 1.

The primary elements are the Microcode
EPROM, 36-bit Pipeline Register, Branch
Control Logic, 15 x 8-bit Stack, and 8-bit
L.oop Counter.

The Branch Control Logic generates the
address of the next state and applies this
address to the Microcode Memary. The
outputs of the Microcode Memary
represent the user-defined outputs and
internal control values associated with the
next state. On the leading edge of the
clock these new values are clocked inio
the Pipeline Register and become the
current state. The new values in the
Pipeline Register—along with the Counter,
Stack and Inputs—are used by the Branch

Control Logic to generate the new next-
state address.

Microcode EPROM anil Pipeline Register

The Microcode EPROM is organized into
448, 36-bit words or locations, each of
which can be viewed as a single state. 16
of thase hits (the Field) are available at
device pins as user-defined outputs.

The other 20 bits are internal controf
signals that are divided into 4 fields: the
8-bit Q-fisld normally provides the next-
state address; the 8-bit D-field is a general
purpose field used either as a constant or
as an alternative next-state address; the
QP-ield contains the instruction; and, the
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Functional E-field contains a single bit which enables  Addresses 192-255, on the other hand,
Description or tri-states the device outputs. access four unique 38-bit words which
(com' ) As shown in Figure 2, the Microcode correspand }o four possible next states.
Memory is organized as 256 rows or (The extension .0, .1, .2, and .3 are used to
addresses. Addresses O through 191 distinguish those four states.) These 64
contain a single 36-bit word which is addresses are known as Multi-Way Branch
associated with the desired next-state. This  l0cations and are used to perform single
state information will be clocked into the clack 4-way branches. Whenever the next-
Pipsline Register on the next rising sdge state address falls within the Mufti-Way
of the clock and the cutputs will become Branch lacations, the Branch Control Logic
valid one T,g {clock to output delay) later. Wil make the necessary 1-0f-4 selection
based on the next-state address and user-
defined input conditions.
Figure 1.
SAMA48 Block neeser | weRocoDE
BRANCH
Diagram NPUTS ConRoL EPROM
@) LOGIC
1 w1 448 = 36
BITS
ERiucr T
766 PROD
TEAMS - v
]
REGISTER CLK
OUTPUTS {16}
Figure 2.
SAM Microcode ADDRESS
Memory
4
:g’;‘;gggﬁwu MULTIWAY BRANCH LOCATIONS
BRANCH 23
CONTROL 8 Wiz
T T —
2533 i
2543
1 OF 4 BRANGH 2553
SELECT FROM 4 4L 4 <
BRancH %] 3 70 1 MULTWPLEXER ]
SYSTENM PIPELINE REGISTER J\sﬂ
CLOCK ptor] o | e |E] F-F,outPuts ]
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Figure 3,
SAM Branch
Control Logic
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ZERQ
FLAG OPCODE

|

O-FIELE> BHANCH SELECT
EPLD
D-FJELE:> ADDRESS NEXTSTATE  INPUTS 4, LOR4
MULTIPLEXER ADORESS fig-1r) SRANCH
TOP OF 5 > 768
STACK . PRODUCT TERMS
Brapch Control Logic Bleck The conditions are prioritized so that if the

At the heart of the high-performance
sequencing abllity of the SAM family is the
Branch Control Logic, This block determines
the next-state to be clocked into the Pipeline
Register based on the current status of the
Pipeline Register, the Counter, the Stack,
and the eight input pins.

The Branch Control Logic is divided into
two segments: the Address Multiplexer and
the Branch Selact EPLD.

The Address Multiptexer provides the next-
state address to the Microcoded Memory.
The next-state address can come from the
Q-field, the D-field, or the Top-of-Stack.
The seiection between these three
resources is based on the instruction in
the Pipeline Register and the condition of
the Zero Flag from the Counter.

The Branch Select EPLD is used to
perform up to a 4-way branch based on
user-defined input conditions. This black is
a 768 productterm programmable logic
device with 16 inputs and four outputs.
When the nexti-state address falls within
the multi-way branch biock of memory (any
address greater than 191) tha Branch
Select EPLD performs the necessary 1-of-4
selection. When the next-state address is
Jess than 192, the Branch Select EPLD is
turned off since no selecticn is required.

The conditions contralling the multi-way
branch are defined by the user with a
simple IF, THEN, ELSE format like the
foliowing:

IF {zond3) THEN select 201.3
ELSEIF (cond2} THEN sslect 201.2
ELSEIF {condl) THEN select 201.1
ELSE selact 201.0

first condition is not met {cond3), then
microword 201.3 will be selected and
clocked into the Pipeline Register regardless
of the results of cond2 and cond?. If none
of the three conditions are met, then the
microword 2(1.0 will be clocked into the
Pipeling Register.

The three conditional expressions are user
defined and may contain any logical
equation based on the inputs that can be
reduced to four product-terms. For
example, the expression

a2 * 14
+3* N4 N5 et AT
+10
+12 * fla * /15

contains four product-terms and is a valid
¢ondition. There is a unique set of 12
product-terms for gach of the 64 multi-way
branch locations for a total of 768 product-
terms. (See Figure 4.)

The SAM448 has been designsd so that
the number of available product-terms
should never be the limiting factor on a
design, Prioritization provides an effective
product-term count of more than 12 per
location. A trade-off between number of
praductterms and number of possible
branches can be made by simply placing
identical state information in two locations
as shown in Figure 5.
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Figure 4.
fg:;ca;:r ﬂch PROGE;;QABLE EF‘:::%T::Z:
Address 192
Through 255 SELECT 3
SELECT 2
SELECT 1
a?.\ d?i ANANA ;?L An SELECT 0
0 1 12 13 14 15 16 177
INPUTS
Flgure 5,
Multi-Way
Branching

3-WAY BRANCH

WAFERSCALE INTEGRATION, INC.

485




SAM448

Functional
Desctiption
{Cont.)

Stack

The Stack of the SAM448 is a Last In First
Out (LIFQ) arrangement censisting of 15
8-bit words. The Top-of-Stack may be used
as the next-state address or popped into
the Countar. Values may be pushed onto
the stack either from the D-field in the
Pipeline Register or from the Counter
enabling afficient implementation of
subroutines, nested loops, and other
iterative structures. The eight input lines
may also be pushed onto the stack to
allow external address specification in a
dispatch function or to externally load the
counter.

The PUSHing or POPing of the stack
occurs on the leading edge of the clock.
The stack is “zero filled” so that a POP
from an empty stack will ratum ali eight
bits set to zero. On the other hand, a push
to an already full stack will write over the
Top-of-Stack leaving the other 14 values
unchanged.

Loap Counier

The SAM448 containg an 8-bit Loop
Counter, referred o0 as the Count Register
{(CREG), which is useful for controlling
timing loops and affecting a variety of
branch operations. The CREG is a down
counter and may be loaded directly from
the D-field of the Fipeline Register or from
the Top-of-Stack. The value of the CREG
may be saved and restored by pushing
and popping it to and from the Stack.

The CREG is loaded or decremented on
the feading edge of the clock. It is
designed so that it will not decrement
once it reaches zero to prevent roll-over. A
Zero Flag indicates when the counter has
reached zero and is used with the
LOOPNZ command to controi program
flow (see Instruction Set Description).
Single instruction delay loops are easily
constructed and, in combination with the
Stack, nested loops or delays of arbitrary
length may be generated.

Instruction Set

The instruction set of the SAM448 consists
of a compact assortment of powerful
commands. Assembly language constructs
allow efficient implementation of multi-way
branching, subroutines, nested for-next
loops, and dispatch functions. The complete

instruction set is described at the end of
this data sheet. These instructions are
only used with assembly language design
entry and are automatically supplied when
using the WS State Machine Input
Language {ASMILE).

Output Enabie
Control

Each microcode word contains an OE bit
(the E-field) which enables the outputs
when E = 1 and causes a high-impedance
when E = (. These bits are accessible

through high-level constructs in the WSI
Development Software. This capability
allows the vertical cascading of SAM448
devices to increase the number of states.

RRESET Pin

The nRESET pin acts as a master reset
for the SAM448 causing it to empty the
Stack, clear the Counter, and load the
microword found at address 0 into the
Pipeline Register. The nRESET signal is
useful for system reset or for synchronizing
several SAMs that are cascaded vertically
or horizontally.

The nRESET signal must be held low for
at least three clock rising edges to perform

a valid clear. A nRESET of ona c¢lock
rising edge causes the 5AM448 to anter
into a supervisor mode and a nRESET of
two clock edges results in an undefined
state.

The outputs of the boot address (00 Hex)
will appear at the pins from the fourth
clock edge afier nRESET goes low, until
the third clock edge after nRESET returns
to high,

Norizontal and
Vertical
Cascaiing

Just as with memory and bit slice devices,
the SAM devices can be cascaded to
provide greater functionality. If an application
requires more output lines, two or more
SAMs can be cascaded horizontally.
Likewise, if an application requires more

states, two or more SAMs can be cascaded
vertically. In either case, no speed penaity’
is incurred. Designs utilizing horizontal
cascading are fully supported by the
SAM+PLUS development software. Vertical
cascading requires the designer to make
certain tradeofts to split the dasign,
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Figure b.
Mﬂm INPUTS INPUTS
Cascading | | — CLOCK
SAM4498 SAMaae
Nl . In
CONTROL OUTPUTS (2N
HORIZONTAL CASCADE
INPUTS p
SAMAAE N
CONTROL
N_ > OUTPUTS
N
CLOCK
SAM498 N
INPUTS ),
VERTICAL CASCADE
Functional The SAM448 is fully functionally tested facility to use application-independent,
Esﬂng and guaranteed through complete_ testing general purpose tests is called generic
of each programmable EPROM bit and alt  teqiing and is unique among user-defined
internal logic elements thus ensuring LS logic devices. The devices also
100% programming yield. contain on board test circuitry to allow
The erasable nature of the SAMa48 allows  verification of function and AC specification
test programs to be used and then erased once encapsulated in non-windowed
during early stages of production flow. This  packages.
Recommended -
Operating Symbol Parameter Conditions Min Max iinit
Conditions Vee Supply Voltage Note & 4.75 (4.5) | 525 (55) v
V| Input Voltage ¢ Voo Vv
Vo Output Voltage o Veo v
Tg Input Rise Time (Mote 6) 500 {100} ns
Te Input Fall Time (Note 6) 500 (100} ns
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DC Operating Voo
Characteristics Voo

8V 1+ 58b, 0°C to +70°C for Commercial
5V + 10%, -40°C to +85°C for Industrial

oW

Voo = 5V + 109, -55°C to +125°C for Military
Symbol Parameler Conditions Min | p| Max | Unit
Vi High Levs| Input Voltage 20 Voo +03| ¥
Vi Low Level Input Voltage =03 08 v
Vou | High Level TTL Output _
Voltage oy = ~-8MADC | 24 Vv
Vou High Level CMOQS _
Qutput Voltage low = -4 mA DC 384 v
Vo t.ow Level TTL Output N
Voltage lo, = 8 mA (4 mA) DG 045 b
I input Leakage Current V| = Vo or GND +10 nA
| 3-State Output Off-State
S M Vo = Ve or GND +10 | pA
Vee Supply Curent Vy = Ve or GND
loct [ (Standby) (Nots 6) - lp = 0 OLK = Veg 30 | 65(30) | mA
Vee Supply Current No Load 50% CLK
lcoz | (active) (Note 6) i = 20 MHz 55 [120(170) | mA
:mgfm Symbol Parameter Conditions Min | Max | Unit
Ratl Vee Supply Voltage -20 70 v
aungs - with Respect to GND
(See Design Vep Programming Supply Voitage (Note 2) -20 | 140 v
Recommendations) v, DC Input Voltage -20 | 70 v
ICCMAX DCc Vcc or GND Current —-250 250 mA
lout DC Qutput Current, per Pin -25 25 mA
Pp Power Dissipation 1200 | mw
Tsma Storage Temperature No Bias -65 150 °C
Tama Ambient Temperature Under Bias -10 85 °C
Capacitance Symbol Parameter Conditions T | it
{Note 3}
Cin Input Capacitance ; \L'N.I; 3}:2 10 pF
, Vour = OV
Cour Quiput Capacitance f = 10 MHz 15 pF
. . Viy = 0V
CoLk . Clock Pin Capacitance ; z'”1_0 MHz 10 pF
Crar nRESET Pin Capacitance 75 pF
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AC Voo = BY & 5%, 0°C to +70°C for Commercial
Characteristics Voo = 5V & 10%, —40°C to +B5°C for Industrial
Veop = BV + 10%, —-55°C fo +125°C for Military (Note 7)
SAM448-30 | SAM448-25 | SAM448-20
Symboi Parameter Conditions init
Min | Max | Min | Max | Min | Max

f Maximum Frequenc 30 25 20 MHz

ore | Max ueney | ¢, = 35 pF

tave Minimum Clock Cycle 333 40 50 | ns

tey Input Setup Time 165 20 22 ns

ty Input Hotd Time 0 0 a ns

teo Clock to Output Delay| C; = 35 pF 165 20 22 | ns
Clock to Quiput

tez Disable or Enable 165 20 2 | ns
Minimum Clock

teL Low Time 1 12 15 ns
Minimum Clock

ten High Time 13 12 15 ns

teun  |MRESET Setup Time 165 18 18 ns

thr nRESET Hold Time 5 5 5 ns

NOTES: 1. Typical values are for T, = 25°C, Vg = 5V

2. Minltoum DC input |5 —0.3V. During transitions, the inputs may undarshoot to —2.0V for periods
less than 20 ns,

3. Capacitance measured at 25°C. Sample testad only.

4, If the nRESET is held low for more than 3 clock adges, then the outputs associated with the boot
address (00 Hex) will ramain & the pins until the 1hird clock edge after nRESET goes high.

5. For 1.0 <V, < 38, the nAESET pin will source up to 200 yA.

6. Figures in { ) pertain 10 military and industrial temperature versions,

7. The specifications noted above apply to military operating range devices. MIL-STD-883 compliant
product specifications are provided in military product drawings available on reguest from WSH
marketing at Ted. 415-656-5400. Thesa military product drawings shou!d be used for the preparation
of source control drawings.

Figure 7,
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Figure 8.
Reset Timing
Waveforms

CLOCK —l

-

’.‘

e vore s

o [

fgo —

ou(?;lilsT} X INVALID: QUTPUT X F (00) %—’ NOTE 4
L COUNTER AND
STACK CLEARED
Besrgn Security The SAM448 contains a programmable This enables a high tevel of design control
design security feature that controls the to be obtained since programmed data
access to the data programmed into the within EPROM cells in invisible. The bit
device. If this programmable feature is that controls this function, along with all
used, a proprietary design implemented in  other program data, may be reset simply
the device cannot be copied nor retrieved. by erasing the device.
Design Operation of the SAM448 with conditions be constrained to the range GND < (Vy or
Recommentlatipns above those listed under “Absclute Vour) € Veg. Unused inputs must always
Maximum Ratings"” may cause permanent be tied to an appropriate logic level {e.g.,
damage to the device. This is a stress gither Vo or GND). A powet supply
rating only, and functional operation of the  decoupling capacitor of at least 0.1 uF
device at these or any other conditions must be connected directly between the
above thosae indicated in the operational Vee pin and GND.
seclions of this data sheet_ is not implied. When operating in noisy environments it is
Exposure 1o absolute maximum rating possible that a glitch on the nRESET pin
conditions for extended periods may affect 0 Tsur befors the clock edge could
device reliability. These devices contain initiate a supervisor mode. To prevent this
clrcultry to protect the input against possibility, it is recommanded to connect a
damage to high static voltages or electric capacitor of at least 0.1 uF from the
fialds; however, it is advised that normal nRESET input to ground.
racautions be taken to avoid application ]
gt any voltage higher than maximum rated Al 9eneral purpose inputs to the SAM448
voltages to this high-impedance circuit. should be synchromzed to be guaranteed
A to mest the setup time. Input fransitions
For proper operation, it is recommended which occur less than one Tgy, before the
that opague labels be placed over the leading clock edge can cause the SAM448
device window. Input and output pins must 4 gnter an undefined siate.
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Figure 8. Output
Drive Carrent
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Instruction Set
Description

Following is a description of the instruction
set available with the SAM448. These
instructions can be used in conjunction
with the Assembly Language entry to

access the various features of the SAM448.

They are automatically supplied when
using the WSI State Machine Input
Languags (ASMILE}.

In the following description labell and
label2 indicate arbitrary labeis located in
the assembly (.ASM) file. These labels will
be converted by the software into the 8-bit
address of that jatel, The parameter
constant is any 8-bit number {(0-255
Decimal, 0-FF Hex) reprasenting an
address, a mask, or a constant.

The instructions influence the contral of
the Stack, the Counter, and the Address

Multiplexer. These effects are summarized
in the Instruction Table. Throughout the
examples it is assumed for simplicity that
the destination labels do not lie within the
Multi-Way Branch Block of memory so that
branching based on inputs is not
performed. It is valid, however, for any of
these labels to lie within the Multi-Way
Branch Block so that 4.way branching
based on the inputs can be performed.
See the MULTI-WAY BRANCH section at
the end of this data sheet for more details.

The SAM+PLLUS development system
allows the designar to use the high level
Assembly Language without worrying
aboui the actual values that are placed in
the various fields.

CONTINUE simply causes execution
to continue with the next sequential
instruction found in the Assembly
Language file {.ASM).

CONTINUE

s HsHEHzH3]
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Instruction Set The JUMP instruction causes execution to

Description branch to the indicated location. If address
(Cont.) 44 contains the instruction J'UMP labelt; JUMP labeif
than the next state will come from labell
which in this case is located at address 73. m
43 |
44 | [ 73 |
[ 74 |

The CALL/RETURNTO instruction is
typically used to call a subroutine. In
general it will push the address of label2
onto the Stack and cause labelt to be the
next-state address. Leaving the RETURNTO
designation off will cause labsl2 o default
to the next instruction in the .ASM file. In
the example, address 44 contains the
command ‘CALL label’ where labelt is
located at address 73. This causes the
address of the following instruction, in this
case 45, to be pushed onto the Stack, and
the next state to come from address 73.
The RETURN command at address 75
returns the execution to address 45. 47

CALL fabelt RETURNTO label2

45 -——O STACK {PUSH)

The RETURN command is used to return
from a subroutine cail or in general to
cause the next-state address to come from
the top of the Stack. In the example, the
command at address 44 CALLed the
subroutine at address 73 and PUSHed the
vaiue 45 onto the Stack. The RETURN
command at address 75 will transfer
axecution to address 45 and POP that
value off the Stack.

RETURN

,_@ STACK (POP}

-
N
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Instruction Set
Description
{Cont.}

The LOAD Counter cormmand loads the
Counter with the value specified and
transfers execution to labell. The LOADC
command is typically used to initialize the
Counter for a repetitive loop. In the
example, address 44 has the command
‘LOADC 73D GOTO labelt” which causes
the decimal value 73 to be loaded into the
Counter and the next state to come from
labsel. In this case labell is located at
address 73. If the GOTO designation is left
off label will default to the next instruction
in the .ASM file.

LOADC constant GOTO labeil

CONST —-O CREG (LOAD)

The LCOP on Non-Zero/ON ZERO goto
command jumps {0 one of two addresses
based on the value of the Zerc Flag and
decrements the Counter if not zere. This
instruction is typically used to implemant
for-next loops. In the example, address 44
has the command ‘LOCPNZ labell
ONZERO label2" where labell is located
at address 42 and label2 is located at
address 73, if the Counter is not at zerc
than the next state will come from address

42 and the Counter will be decremented. If

the Counter is already at zero then the
instruction at address 73 will be executed
and the Counter will stay at zero. If the
ONZERO designation is left off, the default
for label2 will be the next instruction in the
ASM file,

LOOPNZ labelt ONZERQ label2

N-1 -——@ CREG [PEC)

The DEcrement Counter on Non-Zero
GOTO command will decrement the
Counter if it is non-zero and jump to
label. In the example, address 44 has the
command ‘DECNZ GOTO labelt’ where
labsll is located at address 73. The
Counter is decremented and the next
instruction comes from address 73. The
default for labell is the next instruction in
the .ASM file.

DECNZ GOTO labelt

M-t —~® EREG (DEC)
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Instruction Set
Description
{Cont.)

The PUSH Counter LOAD Counter
command will push the currant value of
the Counter onto the Stack, load a
constant into the Counter, and jump to
{abell. This instruction is useful for
implementing nested for-next laops. In the
example, the instruction at address 44 is
‘PUSHLCADC 153D GOTO labell’ where
labelt is located at address 73, The value
in the Counter will be pushed onto the
Stack, the decimal value 153 will be
loaded into the Counter, and the next
instruction will come from address 73. The
default for labell is the next instruction in
the .ASM file.

PUSHLOADC constant GOTO labell

CREG (LOAD)

STACK {(FUSH)

The POP Stack to Counter GOTO
command will pop the top of Stack into
the Counter and jump to labetl. This
command is typically used in conjunction
with the PUSHLOADC to impiemeant
nested for-next loops. In the example,
address 44 has the command ‘POPC
GOTO iabell” where labell is located at
address 73. The default for labelt is the
next instruction in the .ASM file.

POPC GOTO labell

STACK (POP)

CREG (LOAD)

The PUSH constant to Stack GOTC
command will push the value constant
onto the Stack and jump to laball. In the
example, address 44 has the command
‘PUSH 34D GOTQ labell’ where labsll is
located at address 73. The decimal value
34 is pushed onto the Stack and the next
state comes from address 73. The default
for labelt is the next instruction in the
ASM file.

PUSH constant GOTO labeli

oousr—»Osmcx(Pusm

4-94 WAFERSCALE INTEGRATION, INC.



SAM448

Instruction Set
Description
{Cont.}

The PUSH Input GOTO command will push
the eight inputs {I7-10) onto the Stack. In
the example address 44 has the instruction
‘PUSHI GOTO label1” where labeh is located
at address 73. At the leading edge of the
clock the eight inpuis are pushed onto the
Stack. In a typical example, address 73
would have a RETURN instruction which
would cause execution to jump to the
address represented by the recently
PUSHed input pins. This implements a
dispatch function. The default for labet
will be the next instruction in the .ASM file.
This instruction can also be used to load
the Counter with an externally specified
variable. In this case address 73 would
have a POPC instruction.

|
PUSH! GOTO labell

INPUT
8) STACK {PUSH) |

The AND PUSH Input GOTO command is
identical to the PUSHI command except
the inputs are first bit-wise ANDed with a
constant. This allows the masking of
irrelevant inputs before PUSHing an
address for a dispatch routine.

ANDPUSHI constant GOTO labelt

STACK {PUSH}

The POP and XOR Stack to Counter
GOTO command will pop the top of Stack,
bitwise XOR it with a constant, load the
result into the Counter, and jump to labeH.
In the example, address 44 has the
cammand ‘POPXORC 25D GOTO labelt’
where labell is located at address 73. The
top of Stack is POPed off the Stack,
XORed with the decimal number 25, and
loaded into the Counter. The next state
comes from address 73. Since a XOR
function does a comparison, this
command can be used to compare the
input to a constant and then branch based
on the result with a LOOPNZ command. If
the GOTO designation is left off the default
for label1 will be the next instruction in the
ASM file.

POPXORC constant GOTO labell

CREG (LOAD)

WAFERSCALE INTEGRATION, INC. 4-95
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Figure 10.
Instraction Set Instruction Defintion Merrstate | stack | Counter
s"mmry CONTINUE Continue with Next Instruction labell None HOLD
JUMP Jump to a Labet labelt None HOLD
CALL Call Subrouting labell label2 HOLD
RETURN Return Frem Subroutine STACK POP HOLD
LOADC Load CREG ELL) None Constant
LOOPNZ Loop/Dec. on Non-Zero label 1 or 2 None DECREMENT
DECNZ Decrement CREG on Non-Zero labeli None DECREMENT
Push CREG te Stack and
PUSHLOADC Load CREG label CREG Constant
POPC Pop Stack to CREG labalt POP STACK
PUSH Push Constant to Stack labelt Constant HOLD
PUSHI Push Inputs to Stack labelt INPUTS HOLD
ANDPUSHI Push Masked Inputs to Stack labelt INP * const HOLD
XOR Stack with Constant STACK ®
POPXORC and Send Result to CREG labeli POP Constant
MOTE: The value laball is placed in the Q-fiedd. The values label2 and constant are placed in the D-field.
Mu!ﬂ-lhy The multi-way branching capability can be multi-way branch capability can enhance
Branching super imposed upon the instruction set each instruction. If location 44 was a CALL
providing another dimension of capability. to a subroutine, then address 201 could
Figure 11 shows how this translates into contain the starting instruction for 4 unigue
the flow diagrams. If location 44 had the subroutings. The actual routine executed
instruction YJUMP label1’ where labell is would depend on the condition of the
located at address 201, then the next-state inputs as defined by the user.
would come from address 201. But address e aetyal Assembly Language code
201 is within the Multi-Way Branch Block required o implement this example is as
so the Branch Select EPLD must decide follows:
which of the four weords to send to the
pipsiine register. This selection is based 44D: {Output Spec] CALL labelt;
on userdefined functions of the inputs. 201D: IF condt THEN [out 1] JUMP 1020;
o . ; ELSEIF cond2 THEN [out 2] JUMP 730,
Simitarly, locaticn 44 could contain any of
; ELSEIF cond3 THEN [out 3] JUMP 53D;
hat th:
the 13 available commands so that the ELSE [out 4] JUMP 34D;
Figure 11.
Jump to a
Mﬂ!ﬂ'way 1 2043 02
Branch Address 2012 P
2014 [ 53 | 103 |
v |-—] ]
[ 54 104
E3 75|
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Figure 12.
AC Test o
Conditions
$ azma
DEVICE TO TEST
OQUTPUT SYSTEM
2 o0 = ¢, INCLUDES JIG
1 CAPACITANCE)
DEVICE INPUT _]_
RISE AND FALL i
TIMES <6 ns =
Power supply transients can affect AC measurements; simultaneous transitions of multiple
cutputs should be avoided for accurate measurement. Do not attempt to perform
threshold tests under AC conditions. Large amplitude, {ast ground current transients
normally occur as the device outputs discharge the ioad capacitances. These fransients
flowing through the parasitic inductance between the device ground pin and the test
system ground can create significant reductions in cbservable input noise immunity.
Figure 13.
lec vs. Fyax %
9
e
T
E
&
8
% 50 [~
1M
a0 ] | H | 1
100 1k 10k 100k 1M 30 M
MAXIMUM FHEQUENCY (Hz)
Product Grades Apghication Temperature Range Warking Designator
Commercial °C to +70°C
Industrial -40°C to +85°C |
Mifitary -55°C fo +126°C M
MIL-STD-883C, Class B -55°C to +125°C MB
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WAFERSCALE INTEGRATION, INC.

System
Development Tools

SAM system development tools are a
compiete set of PC-based development
tools for the SAM448. Installed on an IBM-
XT, AT or compatible computer, these tools
provide an integrated easy-to-use softwara
and hardware environment to support
SAMA448 development. These tools may be

purchased as a complets development
system or as individual software and
hardware products. SAM system
development tools contain aff necessary
programming hardware and software
reguired to build high-performance state
machings.

Host The host system requirements for installing  computer running MS-DOS version 3.1 or
Requirements and using the SAM446 system development  later. The system must be equipped with
tools are an IBM-XT, AT, or compatible 840 Kbytes of RAM and a hard disk.
Hardware The SAM448 system programming The MagicPro Programmer is the common
hardware consists of the following: hardware platform for programming all WS
« MagicPro — Memory and System programmable products. It consists of the
Programmer IBM-PC® plug-in Programmer Board and
. the Remote Socket Adaptor Unit.
» WS6008 — 28 Pin Dip Socket Adaptor for © ockel Adaptor Lnt
MagicPro Remote Socket Adaptor Unit
* WS6009 — 28 Pin LCC Socket Adaptor
for MagicPro Remote Socket Adaptor
Unit
Software The SAM448 System Development The system design is entered intc ASMILE

Software consists of the following:

* WISPER Software — WSI Integrated
Software and Programming Environment

* SAMPLUS Software — interface
Manager for SAM Tools

* ASMILE Software — System Entry
Language

* SAMSIM Software — Functional Simulator

+ SAMPRO Software — Device
Programming Software

The complete SAM448 development cycle

is illustrated in Figure 1.

WISPER and SAMPLUS software provide
a menu-driven user interface enabling cother
toels to be easily invoked by the user.

{WSI State Machine Input Language)
source program files using an editor
chosen by the user. ASMILE supports
Microcode sntry and State Machine entry.

The ASMILE produces object code format
which can be loaded to SAMSIM and
SAMPRO

The SAMSIM functional simulater enables
the user to test and debug programs by
examining the state of SAM448 internal
states before and during a complste
functional simulation of the device.

SAMPRO software programs SAM448
devices by using the MagicPro hardware
and the socket adaptor.

The programmed SAM448 is then ready to
be used.
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Figure 1. SAM

Development H
Cycle i ,l Asw i
4
———— e
Y P |
| macro | | eooLean FTTE |
T “Fareen. nawizer | | ASseMBLER 1T
| |
\ ___ SAM DESIGN FROCESSOR N
' L Y
UTILIZATION
REPORAT
L
SAMPRO
FUNCTIONAL
SIMULATION

Documentation SAM448 Software User's Manual.

WSi-Support WS provides a complete set of quality « 12-Month Software update service — Up-
support services (WSI-Support) to to-date software maintenance, access io
registered system development tools latest software and product information.
owners. These services include the » Hotiine to WSI Application Experts — Direct
following: system devslopment assistance

» 24-Hour Electrenic Bulletin Board Service
— Design assistance via our auto-answer
dial-up modem service.

Raining WSl provides “Do-ltYourself Systems™ Workshop [:;articipants will learn how to

Worksﬂgps Technical Training Workshops that provide  build their own high-performance state
an in-depth tutorial on SAM448 and SAM machine using the SAM448, SAM
system development toals, Development Training Workshops are

held at the WSI Fremont facility.
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Ordering SAM446-Gold packags consists of the Adaptors
Information —  following: + WS008 28 Pin Dip Socket Adaptor
System * Software « W56009 28 Pin CLLCC/CLDCC/PLDCC
Development — WISPER Software Socket Adaptor
Tools — SAMPLUS Software
— ASMILE Software WSI-Support
— SAMSIM Software * Includes 12-month Software Update
— SAMPRO Software Servige to registered system owners
— User’s Manual i o
— WSI-Support * Includes Hotline to WSI Application
experts
* Hardware \
— WS6000 MagicPro Programmer * Includes 24-hour access to WSI's
Electronic Bulletin Board Service
SAM448-Silver package consists of the .,
following: packag SAM Training Workshops
e Software * Includes SAM448 Training Workshops at
— WISPER Software the WSI Fremont facility. For details and
— SAMPLUS Software scheduling, contact PSD Marketing at
— ASMILE Software (415) 656-5400.
— SAMSIM Software
— SAMPRO Software
— User's Manual
— WSI-Support
WS5000 MagicPro™ Memory and PSD
Programmer
* Includes IBM PC plug-in adaptor card
and Remote Socket Adaptor
Ordering p—
. valing WSt
Information Part Wumber | ¥ Package Package | rorporsture | Manufacturing
{MHz) Tipe Drawing Range Procedure
SAMa48-20J 20 }28 Pin PLDCC J3 Comm'l Standard
SAMa48-20L 20 |28 Pin CLDCC L2 Comm'| Standard
SAM448-20LI 20 |28 Pin CLDCC L2 Industrial Standard
SAM448-20LM 20 |28 Pin CLDCC L2 Mititary Standard
SAM448-20LMB 20 |28 Pin CLDCC L2 Military MIL-STD-883C
S5AM448-208 20 |28 Pin Plastic Dip, 0.3" s2 Comm'l Standard
SAM448-20T 20 |28 Pin CERDIP 03" T2 Comm'i Standard
SAM448-20T) 20 |28 Pin CERDIF, 0.3" T2 Industrial Standard
SAMA48-20TM 20 |28 Pin CERDIF, 0.3" T Military Standard
SAM448-20TMB 20 | 28 Pin CERDIP, 0.3" T2 Military MIL-STD-883C
SAM448-25J 25 28 Pin PLDCC Ja Comm’l Standard
SAM448 25L 25 28 Pin CLDCC L2 Comm'l Standard
SAM448-258 25 |28 Pin Plastic Dip, 0.3" 82 Comm'l Standard
SAM448-25T 25 |28 Pin CERDIP 0.3" T2 Comm'l Standard
SAM448-30. a5 |28 Pin PLDCC J3 Comm'l Standard
SAM448-30L 30 |28 Pin CLDCC L2 Comm'l Standard
SAM448-305 30 | 28 Pin Plastic Dip, 0.3" 82 Comm'( Standard
SAM448-30T 30 |28 Pin CERDIP 0.3~ T2 Comm'l Standard

WAFERSCALE INTEGRATION, INC.
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WAFERSCALE INTEGRATION, INC.

Electronic Bulletin Board

Bulletin WSI provides a 24-hour elsctronic bulletin The following hardware is requited to use
Board board systemn that provides the user with the WSI bulletin board:
the latest information on ‘soh'ware upc!ates, O Computer Terminal
enhancements, and applications relating to
WSI products. In addition, users U 300, 1200, 2400 Baud Modem
developing applications software for WSI U 8 Data Bits
products can send portions of their code Q No Parit
to WSt for application’s consultation If desired. o Farty
3 1 Stop Bit
Access Line To aceess the bulletin board, dial followed by soma other messages, after
which you wilf be asked for your name,
{415) 498-1002 and a passward. Upan initial use, follow
the on-screen prompts for establishing
and wait for the modem tone. When your your password.
madem establishes & connection, enter Now that you have entered the bulletin
<return> <return> to signal the bulletin board service, you will be given a ¢hoice
board software. The board should respond:  of “MAIN" commands:
WSI Customer Engineering Support
Electronic Bulletin Board Service
Main Commands  Mjsg-Section L)ist-Callers
Chooss this option to leave messages. Choose this option to see who else is
ﬂﬂe-s.ecﬁon using the board at this moment.

Choose this option to download or upload
data files andfor utility programs

Blulietins

A)ns-Questionnaire
Choose this eption to answer a user
profile questionnaire.

Choose this option to see the latest V)ersion
impertant news such as software versions Describas the board software version.
and programming tips for WS Memory Gloodbye

and PSD products.

S)tatistics

This option describes the current bulletin
board statistics

Clhange

Choose this option to change operational
settings that the bulletin board maintains
for your user nams,

P)age-Operator

Choose this to page the operator for
assistance. It is not likely that the operator
will be available during West Coast U.S.
non-business hours.

Choose this to leave the bulletin board.

See the individual software manuals for
more detailed explanation and usage of
the bulletin board.
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SECTION INDEX

MEMORY PROGRAMMING AND PSD DEVELOPMENT SYSTEMS

intreduction

............................................................................ 51
Data O Programming QU pOmt . . ... it it e i e e e e e e 5.3
Memory Programming Syslem . ... e e e e 5-5
PACI1000 — PSD Development Syslems .. ... .. e e e 5-9
MAP168 — PSD Development Systoms . ... .. .. . e e 513
SAM448 — PSD Development SYSIBIMIS . . . ... ... e 517
WSB000 MagicPro™ Programmer and Package ADaptors . ... ... ..o 5-21

For additional information,
call 800-TEAM-WSI (800-832-6974).
In California, call 800-562-6363.
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WAFERSCALE INTEGRATION, INC.

Memory Programming
and PSD Development Systems

Introduction

WSI is a company built upcon user-
programmable products. Customer
SUCCESS N programming our memory
and Programmable System Devices is
paramount to our continued growth and
success. Consequently, WSI places a
high priority on programming support and
customer ease of programming of our
products,

The WSI MagicPra™ Memary and PSD
Programmer helps system designers as
they develop end products that include
WSI's memories or Programmable System
Devices. MagicPro Programming software
is immediataly available for any new WSI

memary or PSD product as scon as the
product becomes available for sampling.
The MagicPro enablas newly developed
software to be programimed into a WSI
product and tried immediately in a
profotype systemn. It is used with an IBM-
PC or compatible computer and accepts a
variety of socket adaptors for virtually any
WSl package.

Several manufacturers of EPRCM
programmers support WSI products. For
information on Data /O, refer to Data IO
Programming Support in this section.
Programmer manufacturers ara listed balow:

UsA Felephone
Data I¥O 1-800-247-5400, Ext. 460
Logical Devices 1-800-EEI-PROM
Stag 408-988-1118
Bytek 407-994-3520
Digelec 818-887-3755
Link 201-994-6669
Eian 415-932-0882
Oliver Advanced Engineering  818-240-0080
Kontron 800-227-8834
BP Microsystems 800-225-2102
Europe

Micropross (France)

SprintfSMS (W. Germany)

Kentron Messtechnik Gmbh
(W. Germany)

Asia

{16) 20.47.90.40
32-2.687-4154
{08165) 77-0

Ando Electric Co., Lid 03-733-1151
Advantest Corgoration 03-342-7500
Minato Electronics lnc. 045-591-5611
Avai Data Corporation 03-344-201
Data 1O Japan Co. Ltd. 03-432-6991

Japan Macnics Corporation  044-711-0330

Promac

Please contact your tocal WSI sales office for
information relating to commercially avaitable
programmers that support WSI products.

The PSD Development Systems are
complete hardware/software or software
development packages for any of the PSD
products. The Gold package includes the
MagicPro Memory and PSD Programmer,
development and/or programming software
and a comprehensive user manual, The
Silver package contains the same items ag
the Gold package with the exception of the
MagicPro Programmer.
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Data 1/0 Programming Support

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 production requirements.

The table below covers that porticn of Data 1/0's product line which supports WSI's programmable products, For more

information regarding programming support for WSI products call toil-free BO0TEAM WSI (800-832-6874) or 800-451-5970 (CA).

Pkg |Family/Pincut | Unipak | Unipak | Unipak 2B | Series 81000 N UniSite . 288 212
Product | e Cade 2 28 | Cartridge | 22 | S0 [ “pay | YNSHe | gyogye | SetSite | SangPak | 268 | o ie | 22 [ modute

WS57C191 DIP TB21 vz iz - _ V12 Sk 28 Va2 SITE 40/48 vao Vo7 — — Vi1 MOD-EPROM
WS57C191B op 721 ViF W17 — — — — V25 SITE 40/48 — — V2o MOD 32 —_ —_
WS57C1B  PLCC 7B/8B _ Vg 3518093 - - - V2.5 CHIPSITE —_ _ - — — _
WSHTC191C oip 124024 V18 Y8 — — — — Va5 SITE 40/48 — — — —_— — —
WS57C281 P TB21 Vg Vi2 - - - - V25 SITE 40448 - voa V20 MOD 32 Vil MOD-EPROM
WSE7C291B P TB{2t Wi7 V17 — - — — V25 SITE 4048 — — — — — —
WS5TC29C DIP 1207021 vig V18 — — — — V2.5 SITE 40/48 — —_ — — _ —_
WS67C45 op 122/0B0 Vi7 W17 — — — — — — — — _ _ _ _
WSSTC43 DiP 7B/63 vie Vi2 - - w12 SR 28 V20 SITE 40/48 vao VOT - - - -
WS5TCA38 DIP TB/E3 V17 W17 — — — — V25 SITE 40448 V2.0 — Vag MDD 32 — —_
WS57C438 PLCC TB/BE - wig 3318093 — — — V25 CHIPSITE V2.5 — _ —_ —_ -
WS57C430 P 1204063 V18 wig — — — — V25 SITE 4048 — — — — — —
W357C49 oiP 7667 _ - - - - - Vw20 SITE 40448 Vauo -_ - - - -—
WE27C64F DIF 50132 - - — — — — — — — VOB — — — _
WEZ7C64F P AC/33 iz Wiz 3518086 _ woz7 Sk 28 w20 SITE 40/48 veo _ VY20 wWOD 32 w1 MOD-EPROM
W357CE5 o] 2CIET — — - _ - - van SITE 40448 —_ —_ - — _ _
WSETCAG DIP 3cCiET w2 W12 — W0o — — — — — V7 — — —_ _
W357C49 DIP FAC/O6T _ - - - Wi2 SR 28 - —_ —_ —_ —_ _ . _
WSHETCAG DiP 7867 — — — — — — V2.0 SITE 40/48 V2.0 — — — W1 MOD-EPROM
W3S57C49 LCC TBIOA — — _ _ - - V2.5 CHIPSITE —_ _ —_ —_ — —_
WE57C408 DIF 3067 W7 V17 — — — — — — — — — — _ _
WS57C49B DIP 7B/67 _ - - _ - - V25 SITE 40448 - - vag MOD 32 — —
WS57C408 Lcc 7694 — — — — — — V25 CHIPSITE — _ _ _ — _
W357C49B PLCC 3C/8A — V18 3518093 _ - - - —_ —_ _ — - _ _
WS57C498 PLCC TEDA _ - — — — — V2.5 CHIPSITE — — — _ _ _
WSSTC48E oiP 7B/87 - - — — — — V25 SITE 40448 — — _ —_ — —
WS57C48C P 12D4067 V18 V18 — — — — V25 SITE 40/48 m - — — — —
W35TCE4F DIF 303 viz Viz 351B086 VO3 Vo1 SR 28 V2.0 SITE 4l¥48 V2o VT v20 MO0 32 Wi MOD-EPROM
WS57C64F LcC 3G — V17 3518099 _ - - V2.4 CHIPSITE —_ —_ —_ _ — —
WS27CB4L DIP 11D/033* — vI7 — — V12 — Va5 — — — — — — —
WSSTCES DIP 2C/ET - V12 3518095 — Vs SR 40 V20 SITE 40448 — — V20 MOD40 Vi1 MOD-EFROM
WSE7CE5 LeG Q2CH24 — — — - - — V25 CHIPSITE —_ _ — — — _
WS27C128F o 3C151 Vi iz 3318026 - Vo7 SR 28 V24 SITE 40/48 v2.0 Vo7 V20 MOD 32 Vi1 MOD-EPROM
WSH2TC128F LCC acic2 — V17 3518099 — — — V2.4 CHIPSITE — — — — — —
WRETC126F oiP 3C51 Wiz Vi2 3518086 Vo5 ol SH 28 V25 SITE 4048 - _ vag MOD 32 Vi1 MOO-EPROM
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Data 1/0 Programming Support (Cont.)

Pkg |Famlly/Pinout | Unipak | Unlpak | Unlpak 2B | Seties $1000 UniSite 288 212
Product Type Code 2 2B Cartridge 22 Sw00 Rait UniSite Module SetSlte | GangPak | 260 Module a2 Module

WSs7C128F  LCC ICC2 - W17 3518099 - - - VZd CHIFSITE — - — - — _
WS27C128L DiP 1MD/051* - W17 —_ —_ V12 - Va5 - - — — — _ -
wgarciasL PLCC 1ovoGC2 — Vig — — — — — — — — —_ - —_ _
WS57C51 DIP TBf78 - Vi3 3518101 - - - V2o SITE 40/48 w20 — — — V11 MOD-EPROM
WESF05 DIF FrBARE — — — — W12 SR 28 — - — - — — —_
WS57C518 P VBf75 - Wi7 3516810t — — - vas SITE 40148 V25 - V30 MOD32 — -
WSs7C51B Koo UFBN23 — — — — — — V25 CHIPSITE — - — — _— —_
WEZFC256F DIP 124032 V17 V17 3518086 —_ — — V24 SITE 40148 - — —_ — — —_
WS527C2586F all g 3132 - — - - - - - — — o8 v2g Mopa32 — —
WS27G256F  LCC 1241003 — V17 3518099 - — — V2.4 CHIFSITE —_ - - — — _
WS270256L e 124032 V17 w7 3518086 — — — V24 SITE 40448 - —_ - — — —_—
WS27C2a56L DIP 11Dz - - — - vi2 BR28 - — — — — — - —_
WS27C25868,  LCC 1241003 — W17 3516099 — — — W2.4 CHIFSITE —_ - - — — —_
WSZrC256L PLCC 124/0C3 — Wwig 35168099 — - — V2.5 CHIPSITE — —_ - — — —_
W8s7C256F DIP 1244032 VT w7 3518086 - - - W24 SITE 40/48 - — — _ — —
WEE7C256F DIP 3Craz - - - - - - - - — — V20 MOD32 — -
WSSTC256F  LCC 124033 — Lard 351B099 — — — V4 CHIPSITE — - —_ — — —
WShTC257 DiP 1FE1 — Vid4 3518095 — Y09 SR 40 — — — — —_ _- -— —_
WS570257 DiP 2C/El - - - - - — Va4 SITE 40/48 - — V20 MOD 30 — -—
WSSFC257 LGCC O1FH13 — V17 351B095P — — — V2.4 CHIPSITE — - — — — _
WS57C257 PLCC F13 — V18 3518095P — — — Vas CHIPSITE — - — — — —
WS27CH12F DiP 1256/044 WI7 V17 351B086 —_ - - ves SITE 40/48 — — — - —_ _
WS27C512L DiP 125084 vI7 V7 3518026 — viz SR2g V24 SITE 40148 - - - — — _
WS27CH2L  PLCC 1HERCH - Vig 3518094 - - - v2s CHIPSITE — — — - _ —
WS27C010L bIF 10%0CH — V17 3518104 — V12 SR 40 V24 SITE 4048 — - — _ — —_
WS27C010L LcC 11RIQDE — V17 351B104F — — — W2.4 CHIPSITE —_ - - — — —
WS27COOL  PLCC 11B/GDE - - - — —_ - V25 CHIFSITE — — —_ - _ —_
WS2rCMoL. PLCC 11B/ODE — V13 351B104P — — — — — — —_ —_ _ —_ —
WE27CO10R il HBAOCC - Vig 2518104 — — —_ V25 CHIPSITE -_ — — — — —
SAM448 DIP FrizF — — - — - — V256 SITE 40148 — — _ —_ —_ _
SAMa4g LOCC OF772F — = — — —_ — V26 CHIFSITE — — — — — —
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WAFERSCALE INTEGRATION, INC.,

Memory

System

Description Memory-GOLD/Memory-SILVER is a Q Fast EPROMs (64 Kbit-256 Kbit)
complete set of IBM-PC-based development L-Family EPROMSs (64 Kbit-4 Mbit)
tools. They pravide the integrated easy-to-
use environment to support programming
of all WSI Memory products. The tools run on an IBM-PC XT, AT or
WSI Memory devices include the following: compatlil? cognfuter running MS-DOS

version or later.
Q RPROMs (2 Kbit-256 Kbit}

Memnry The Memory Programming Software is the (1 Write RAM to FILE
g;of?rammmg i‘;t';e;fraace zohw:]re thdat E?nab|est rt‘ha- v\l;;gg ct}g O Display device data
ware m a memory device on the .

MagicPro™ programmer. The software () Blank test device
enables the user to load the program into W Verify device
the programmer and to execute the Q Program device
following operations: ) .
Q Help @ Configuration
3 Quit
Q Upload RAM from device Y
QO Load RAM from disk

Ws6000 The WS6000 MagicPro Programmer is an  board and a Remote Socket Adaptor

Magjcpmm engineering development tool designed to (RSA). It oceupies a short expansion slot

ngmmmer program all W5| programmabie products in the PC. The RSA has two ZIF-DIP
{EPAOMs, RPROMs, PAC1000, MAP16S, sockets that will support WSI's 24, 28, 32
PSD301 and SAM448B). It is used within and 40 pin standard 6030 mil or slim 300
the IBM-PC and compatible environment. mil DIP packages without adaptors. Other
The MagicPro consists of a short plug-in packages are supported using adaptors.

WSI-Support WS provides on-going support for users of  user may purchase the WSH-Support
Memory-GOLD/Memory-SILVER. For the agreement to continue fo receive the latest
first year, software and programmer updates  software releases.
are included at no charge. After that, the

Ordering Product Description

Information

Memory-SILVER

W51 EPROM/RPROM Programming Software, User’s
Manual, WSI-Support.

Memory-GOLD Contains Memory-SILVER, WS6000 MagicPro
Prograrmmer, W5|-Support.
WSI-Support 12-Month Software Update Service, Access to WSI's

24-Hour Electronic Bulletin Board, and Hotline to WSI
System Application Experts.
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Mamory

Memory-
GOLD

Contents O Memory Programming Software
W Programmer user's manual
O WSI-SUPPORT agreement.
W WS6000 MagicPro™ Programmer.

5-6 WAFERSCALE INTEGRATION, INC.



Mamary

Memory-
SHVER

Contents @ Memory Programming Software
i Programmer user's manual
O WSI-SUPPORT agreement.
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Programmable System™ Device

PAC1000

WAFERSCALE INTEGRATION, INC.

PSD Development System
Description PAC1000-GOLD/PAC1000-5ILVER is a The tools run on an IBM-PC XT, AT or
complete set of IBM-PC-based development  compatible computer running MS-DOS
tools. They provide the integrated easy-to- version 3.1 or later.
use environment to support the PAC1000
program development and device
programming.
PACSEL PACSEL is the PAC1000 system entry @ Enables mixing of three source
language. It has the following features; language types in one instruction:
0 Enables specification of up to three — High Level Language
parallel operations: — Assembler
— Program control operation — Microcode
— CPU operation 3 Specific instructions support unigue
— Out Control operation PAC1000 architecture features available
General Syntax: in all three source language types.
Label: Program Control, CPU, Out Control; & Links unlimited amounts of modules.
PACSIM PACSIM is a functional simulator and L Provides breakpoint capabilities on any
software debugger. It has the following internal state of the PAC1000.
features: O Supports batch mode simitlation.
3 Clock driven functional simulator. Q Provides waveform analysis.
A Provides trace capabilities on internal Q Ondi :

. \ -l HELP labl .
states {Registers, Flags, Pins and niine avallable at any level
more).

PACPRO PACPRO is the interface software that Q write RAM to FILE
enables the user o program a PAC1000 Q Display PAC data
microcontroller on the WSB000 MagicPro™ Pay
pragrammer. The PACPRO enables the O Blank test PAC
user to load the program into the 1 Verify PAG
programmer and fo execute the following O Program PAC
operations: ) .

3 Help d Configuration
A Quit
W Upload RAM from PAC
(1 Load RAM fram disk
IMPACT {MPACT is the interface manager to the without extension enabling the user to use

PAC1000 toois. IMPACT enables the user
to access PACSEL, PACSIM, PACPRO,
DOS and an editor with a menu driven
interface. File specification can be done

the same name throughout the design. A
HELP window is available on-line giving
information on all the needed steps at
gach level.

5-9



PACTODR

Ws6000 MagicPro is an engineering development Remote Socket Adaptor (RSA). It occupies

Magjgpmf“ too! designed to program all WSI a short expansion slot in the PC. The RSA

Programmer pregrammable products (EPROMS, has two ZIF-DIP sockets that will support
RPROCMs, PAC1000, MAP168, PSD301 and WSI's 24, 28, 32 and 40 pin standard
SAM448). It is used within the IBM-PC and 600 mil or slim 300 mil 8IP packages
compatible environmant. The MagicPro without adaptors. Other packages are
consists of a short plug-in board and a supported using adaptors,

Wssoie The WSB010 is a socket adaptor that the PACIO0D in an B8-pin CPGA package

Socket Adaptor mounts on the MagicPro RSA and adapts to the programmer.

Ws6013 The WSB013 is a socket adaptor that the PAC1000 in a 100-pin QFP package to

Socket Adaptor mounts on the MagicPro RSA and adapts the programmer.

WSI-Supporf WSI provides on-going support for users of  user may purchase the WSI-Support
PAC1000-GOLD/PAC1000-5ILVER. For the agreement 1o continue to receive the latest
first year, software and programmer updates  software releases.
are included at no charge. After that, the

Ordering . Product Description

Information

PAC1000-SILVER

Contains PAC1000 Software (PACSEL, PACSIM,
PACPRO, and IMPACT}, Software User's Manual,

WSI-Support.

PAC1000-GOLD Contains PAC1000-SILVER, WS6000 MagicPro
Programmer, WSi-Support.

WSI-Support 12-Month Software Update Service, Access to WSI's

24-Hour Electronic Bulletin Board, and Hotline to WSI
System Apgplication Experts.

510 WAFERSCALE INTEGRATION, INC.




PAC1000-
GoLp

Conients O PACSEL

System design entry ianguage and
program linker.

0 PACSIM
Functicnal simulator and scftware
debugger.

0 PACPRO
Interface software to PAC1000 device
programmer (MagicPro™).

O IMPACT
Interface manager for PAC1000
micrecontroller development tools,

O Software user's manual.
O WSI-SUPPORT agreement.
W WS6000 MagicFro Programmet.
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PAC1000

PAC1000-
SHVER

Contents O PACSEL

Systern design entry language and
program linker.

I PACSIM
Functicnal simulator and software
debugger.

Q PACPRO
Interface software to PAC1000 device
programmer (MagicPro™).

Q IMPACT
Interface manager for PAC1000
microcontroller development tools.

QO Software user's manual.
W WSI-SUPPORT agreement.
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Programmable System™ Device

MAP168

WAFERSCALE INTEGRATION, INC.

PSD Development System
Description MAP168-GOLD/MAP168-SILVER is a The tools run on an IBM-PC XT, AT or
complete set of IBM-PC-based development  compatible computer running M5-DOS
tools. They provide the integrated easy-to- versicn 3.1 or later.
use environment to support the MAP168
program devalopment and device
programming.
MAPLE MAPLE is the MAP168 Locator Editor. It [ Generating the PAD programming data
has the following features: that maps the 8 segments of EPROM,
Q Simple Menu Driven Commands for two segments of SRAM and eight Chip
selecting different configurations of the Selects Outputs to the user’s address
MAP168: space.
— Byte wide or word wide operation. Jd Combining all the different files ta be
— Address or Chip Select Input {CSI) programmed into the EPROM
Mode. segments.
— PAD security option.
MAPPRG MAPPRO is the interface software that d Write RAM to FILE
enables the user to program a MAP168 O Display MAP data
device on the WS6000 MagicPro™ pay
programmer. The MAPPRO enables the Q Blank test MAP
user to load the program into the [ Verify MAP
programmer and to execute the following O Program MAP
operations: 1 Configuration
on
O Help 3 ot 9
Q Upload RAM from MAP o
O Load RAM from disk
WS6000 The WS6000 MagicPro Programmer is an  board and a Remote Socket Adaptor
Magicpm”‘ anginesring development tool designed to {RSA). It occupies a short expansion slot
Prayrammer program ali WSI programmable praducts in the PC. The RSA has two ZIF-DIP
{EFPROMs, RPROMs, PAC100C, MAP168, sockets that will support WSl's 24, 28, 32
PSD301 and SAM448). It is used within and 40 pin standard 800 mil or slim 300
the 1IBM-PC and compatible environment. mil DIP packages without adaptors. Other
The MagicPro consists of a short plug-in packages are supported using adaptors.
Ws6003 The WSE003 is a socket adaptor that the MAP168 in 44-pin CLDCC, PLDCC or
Socket Adaptg; mounts on the MagicPro RSA and adapts CLLCC packages to the programmer.




MAP16E

Ws6011 The WSB011 is a socket adaptor that the MAP188 in a 44-pin PGA package to

Sockef Mapfar mounts on the MagicPro RSA and adapts the programmer.

WSi-Support WS provides on-going support for users of  user may purchase the WSI-Support
MAP168-GOLD/MAP168-SILVER. For the agreement to continue to receive the latest
first year, software and programmer updates software releases,
are included at no charge. After that, the

Ordering Product Description

Information

MAP168-SILVER

Contains MAP168 Software (MAPLE-MAP and MAPPRO),
Software User's Manual, WSI-Support.

MAP168-GOLD Contains MAP168-SILVER, WS6000 MagicPro
Programmer, WSI-Support.
WSI-Support 12-Month Software Update Service, Access to WSl's

24-Hour Electronic Bullstin Board, and Hotling to WS
System Application Experts.
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MAP168

MAP168-
GoLD
Contents O MAPLE-MAP Locator editor. [ Software user's manual.
& MAPPRO O WSI-SUPPORT agreement.
Interface software to MAP168 device O WSB000 MagicPro Programmer.

programmer (MagicPro™).
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MAP168-
SILVER

Contents J MAPLE-MAP Locator editor.

2 MAPPRO
Interface software to MAP168 device
programmer {MagicPro™).

& Software user's manual.
J WSI-SUPPORT agreement.
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FESEF=E Programmable System™Device
= SAM448

WAFERSCALE INTEGRATION, INC.

PSD Development System
Description SAM448-GOLD/SAM448-SILVER is a The tools run on an 1BM-PC XT, AT or
complete set of IBM-PC-based development  compatible computer running MS-DOS
tocls. They provide the integrated easy-to- varsion 3.1 or later.

use environment to support the SAk448

program development and device

programming.

ASMILE ASMILE is the SAM448 system entry O Assembly Design Entry Language.
language. it has the following features: 0 User Definable Macros

W State Machine Design Entry.

SAMSIM SAMSIM is an interactive functional @ Displays input and output waveforms
simulator with Virtual Logic Analyzer interactively providing such features as

Interface: multiple zoom levels, split screens and

@ Clock driven functional simulator, differential time display.

Q Provides trace capabilities on internal Q Line disassembler converis the actual
states (Registers, Flags, Pins and code back into the original Assembly
more}. source code.

Q On-line HELP available at any level.
soP The SAM Design Processor (SDP) takes listing any syntax or correction errors in an
an assembly file and creates an optimized Error Log file. Next it minimizes the Beolean

JEDEC file for the SAM448. The SDP first expressions that define the transition

expands macros that have been defined conditions. Finally, it fits the design into

by the user. It then parses the design, the SAM448, generating a JEDEC file.
SAMPRO SAMPRO s the interface software that O Load RAM from disk

enables the user to program a SAM448 QO Write RAM to FILE

device on the WSB000 MagicPro™ _n

programmer. The SAMPRO enables the O Display SAM data

user to load the program into the Q Blank test SAM

progra}'nmtfr and to execute the following O Verify SAM

operations:

2 Program SAM
2 Help O Configurati
onfiguration
0 Upload RAM from SAM "
I Quit
SAMPLUS SAMPLUS is tha interface manager to the done without extension enabling the user

SAM448 software tools. SAMPLUS enables
the user to access ASMILE, SAMSIM, SOP,
SAMPRO, DOS and an editor with a menu
driven interface. File specification can be

to use the same name throughout the
design. A HELP window is available on-
ling giving information on all the needed
steps at each level.




SAM448

w5000
MagicPro™
Programmer

MagicPro is an enginesring development
tool designed to program all WSI
programmable products {(EPROMs,
RPROMSs, PAC1000, MAP168, PSD301 and
SAM448). It is used within the IBM-PC and
compatible gnvircnment. The MagicPro
consists of a short plug-in board and a

Remote Socket Adaptor (RSA). It ocoupies
a short expansion slot in the PC. The RSA
has two ZIF-DIP sockets that will support
WSI's 24, 28, 32 and 40 pin standard 600
mil or slim 300 mil DIP packages without
adaptors. Other packages are supported
using adaptors.

WS6008
Socket Adaptor

The WSE008 is a socket adaptor that
mounts on the MagicPro RSA and adapts

the SAM448 in a 28 pin DIP package 1o
the programmer.

Ws6009
Socket Adaptor

The WS6009 is a socket adaptor that
moeunts on the MagicPro RSA and adapts

the SAM448 in a 28-pin PLDCC/CLDCC!
CLLCC package to the programmer.

WSi-Support

WS provides en-going support for users of
SAM448-GOLD/SAM448-SILVER. For the
first year, software and programmer updates
are included at no charge. After that, the

user may purchase the WSI-Support
agreement io continue to receive the latest
software releases.

Ordering
Information

Product Description

SAM448-SILVER Contains SAM448 Software (ASMILE, SAMSIM, SDP.
SAMPRO and SAMPLUS), Software User's Manual,
WSI-Support.

SAM448-GOLD Contains SAM448-SILVER, WS6000 MagicPro
Programmer, WSI-Support.

WSI-Support 12-Month Software Update Service, Access to WSI's
24-Hour Electronic Bulletin Board, and Hotline to WSI
System Application Experts.
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SAM448

SAM448-
GoLD
Conients U ASMILE Q@ SAMPRO
SAM design entry language. Interface software to SAM448 device
O SAMSIM programmer {MagicPro™).
Interactive Functional simulator with Q SAMPLUS
Virtual Logic Analyzer user interface. Interface manager to SAM448
J SDP developmant tools.

SAM Design Processor Compiles the
User’s program to fit into the SAM448
Device.

Software user's manual.
WSI-SUPPORT agreement.
WS6000 MagicPre Programmer.

oo
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SAM448

SAM448-
SILVER
Contents O ASMILE Q@ SAMPRO
SAM dssign entry language. Interface software to SAM448 device
O SAMSIM programmer {MagicPro).
Interactive Functional simulator with W SAMPLUS
Virtual Logic Analyzer user interface. Interface manager 1o SAM448
O sppP development tools
SAM Design Processor Compiles the (A Software user’s manual,
Use‘r's pregram to fit into the SAM448 Q@ WSI-SUPPORT agreement.
Device,
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LSS & WS6000

WAFERSCALE INTEGRATION, INC.

MaGICPrRO™ MEMORY AND PSD

PROGRAMMER
KEY FEATURES

+ Programs All WSI CMOS Memory + Programe LCC, PGA and QFP Packaged
and PSD Products and All Future Product by Using Adaptors
Programmable Products  Easy-to-Use Menu-Driven Software

* Programs 24, 28, 32 and 40 Pin + Compatible with IBM PC/XT/AT
Standard 600 Mil or Slim 300 Mil Dip Family of Cor_nputers (and True
Packages Without Adaptors Plug-Compatible)

GENERAL DESCRIPTION

MacGicPro™ is an engineering development tocl designed to program existing WS|I EPROMs, RPRCMSs,
Programmable Systemn Devices, and future WSI programmable products. It is used within the IBM-PC® and compatible
computers. The MACICPRO™ is meant to bridge the gap between the introduction of a nhew WSI programmable
product and the availability of programming support from programmer manufacturers (e.g., Data /O, etc.). The
MaGICPRO™ programmer and accompanying software enable guick programming of newly released WSI
programmable products, thus accelerating the system design process.

The MaGicPrO™ plug-in board is integrated easily into the IBM-PC2. 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 24, 28, 32 and 4¢ pin standard 600 mil or slim 300 mil Dip packages without adaptors. LCC, PGA
and QFF packages are supported usging adaptors.




Ws6000

Many featuras 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)
— 186 data IfO lines

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

MacicPro™ COMMANDS WSI PRODUCTS
— Help WS57C191/191B/291/291B 2K x 8 RPROM
— Upload RAM from device WSA7C43/438 4K % 8 RPROM
— lLoad RAM from disk WSA57C49/408 8K x 8 RPROM
— Write RAM to disk WSA57C51/51B 16K x 8 RPROM
— Display RAM data WS27C64FIL 8K x 8 EPROM
— Edit RAM WS57C84F 8K x 8 EPROM
— Move/copy RAM WS57C85 4K x 18 EPROM
— Fill RAM WS57C66 4K x 16  EPROM
— Blank test device {Mux 10, 28 Pin DIP)
— Verify device WS27C128F/L 18K x 8 EPROM
— Program device WSA57C128F 18K x 8 EFROM
— Select device WS527C256F/L 32K x 8 EPROM
— Configuration WS57C256F 32K x 8 EPROM
— Quit MagicPro™ WSS7C257F 16K x 16 EPROM

WS27CH512F/L 64K x 8 EPROM

WS27C010L 128K x 8 EPROM

MAP168

PAC1000

SAM448

PS03

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.)

* System Memory Requirements: 256K bytes of RAM
* Power: +5 Volis, 0.03 Amp.; +12 Volts, 0.04 Amp.

* 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, PGA and QFP packages.

s
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ORDERING INFORMATION

The WS6000 MacicPRO™ System contains:

o MaGICPrO™ IBM-PCE plug-in
programmer board

* MaAGICPRO™ Remote Socket Adaptor
and cable

s MaGIcPrRO™ Operating System Floppy Disk
and Operating Manual

IBM-PC? s a registered tradernark of IBM Corporation.

MAGICPRO™ Adaptors include:
WS600% 28 Pin CLLCC Package adaptor for memory.

sy

WGSE003 44
for MAP168.

WS56008 28

WS6009 28
for SAM448.

Pin PLBCC/CLDCCICLLCC package adaptor

Pin 0.3" wide DIP adaptor for SAM448,
Pin PLDCC/CLDCC/CLLCC package adaptar

WS600 88 Pin PGA package adaptor for PAC1000.
WS6011 44 Pin PGA package adaptor for MAP168.
WS6012 32 Pin CLDCC package adaptor for memory.
WS6013 100 Pin QFP package adaptor for PAC1000.

WS6014 44 Pin CLDCC/PLDCC package adaptor for
MAP168 and PSD301.

WS6015 44 Pin PGA package adaptor for MAP168 and

P5SD301.

MacicPro™ is a trademark of WaferScale Integration, inc,
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SECTION INDEX

CMQS LOGIC PRODUCTS

WS55801
WS58016
WS559032
WS5910A/B
WS58510
W559520/521
WS59820/8208

CMOS 4-8it High-Speed Microprocessor Slice . ... ... ... ... . ... ... &1
CMOS 16-Bit High-Speed Microprogessor Slice ... ........................6N
CMOS 32-Bit High-Speed Microprocessor Slice. . ... ......... ... ... ... .. 6-23
CMOS Microprogram Centrofler. ... ... ... ... ... i 6-35
Multilevel Pipeline Register .. ........ ... ... .. .. . . §-45
Multilevel Pipeline Register .. .. .. . . e 6-53
Bi-Directional Bus interface Registers .. .. ... ... .. ... oo &-57

For additional information,
call 800-TEAM-WSI {800-832-6974).
In California, call 800-562-6363.

isr




EE S = WS5901

WAFERSCALE INTEGRATION, INC.

CMOS 4-BIT HIGH-SPEED MICROPROCESSOR SLICE

KEY FEATURES
» 2901 Architecture in CMOS » High Speed
— Maximum Clock Frequsncy of 43 MHz (23 ns)
* Drop-In Replacement for 2901C o Very Low Power

— 30 mA Maximum {Commercial Temperature)

= EPI Processing
DESC SMD No. 5962-88535 01QA — Latch-Up Immunity Cver 200 mA

Expandable in 4-Bit Increments

GENERAL DESCRIPTION
The WS5901 is a 4-bit high-speed microprocessor which containg the logic of a Bipolar 2801 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 5301 is manufactured, provides significant performance improvements
aver ils counterpart. While operating as fast as a 2001C based systemn, 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 WSE901 is also a macro cell in the WaferScale cell library. As such it can be combined with other cells 1o build
High Performance CMOS Application Specific Integrated Circuits.

FUNCTIONAL BLOCK DIAGRAM
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PIN DESCRIPTION

Signal Name [Fin] Description

AQ-3 | Addrasses which select the word of on board RAM which 1 to be displayed through the A port.

Bo-3 | Addresses which select the word of on hoard RAM which s to be displayad through the B port and mio which
data is written when tha clock 13 low,

-8 I Block of three instruciion groups which are to select 1) which data sources will be applied to the ALU {101 2), 2}
what funchion the ALY will parform (1345), and 3} what data is to be wrliten inlo the G register or on board
RAM{IETE).

Q3 , RAM3 [Fis] Signal paths ai the MSB of the on-board RAM and the G-register which are used for shifting data Whan the
deslination code on 1678 indicates an up shitt {Octal 6 or 7} the thres state gutpuls are enabled and the|
MSE of tha ALU output is available on the RAM 3 pin and the MSE of the Q-register 1s available on the Q3
pin, Ctherwise, the pins appear as inputs When Lhe destination code calls for a down shlift, the pins are
used as the data inputs to the MSB of RAM {ociail 4 and 5) and the Q regisier (octal 4),

Qo, RAMo 140 Shift nes similar to 43 and RAM3. However the description is applied to the LSB of RAM and the O-
register,

0o-D3 | Thesea four direct data mputs can be selactad as a data aource for the ALL. DO i3 Lhe LSBE.

YO-¥3 Q These four three stale outpuis, when enabled, display either the data on the A-port of the register stack or
the cutputs of the ALU as determined by the destination code 1678

i | When tugh, the ¥ outputs are n the high impedance state Whan low, eithar the contenis of the A-register or
the cutputs ol the ALU are displayed on Y0-¥3 | as datermined by 1678,

GP 0 The carry generate and propagate oulpuls of the ALU.

OvR o This signal indicales thal an overllow into the sign bii has cccurred as a result of a two's complemeant operation,

F=0 o] This guiput, when high, indicates the result of an AL pperation is zero.

F3 Q The most significant ALL output bil,

Cn ] The carry-in te the ALLL

Cn+a 0 The carry-out of the ALLL

CP ) This cleck signal 15 applied to the A and B-port latches, RAM, and Q-register. The clock low hme is the writs
enable to the on-board 18 x 4 RAM, including set-up bime for the A and B port registers, The A and B port
and Creglster outputs change on the clock low-to-high irangition.

PIN DESIGNATOR

Dual-In-Line Package
A0 e a0 ] OE
A2 29y,
A 02 20,
Ao ] 4 FAY,
55 w1,
;06 asF
17 4[] ovR
ram, )3 B¢,
Ram, ]9 213
v O] 1o H[JF,
F=0[]n 30 GND
1, ] 12 23cC,
L 2873,
1, 14 HimIN
ce]1s 267,
a, . 250,
B, 17 4o,
B,}18 3o,
g, {19 20b,
B[] 20 1o,
TOP
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ABSOLUTE MAXIMUM RATINGS* *Notice: Stresses above those listed here may cause
Operating Temp (Comm'ly .... . ... 0°C to +70°C permanent damage to the device. This is a stress rating
LY 1) S ~55°C to +125°C only and functional operation of the device at th:ease or
Storage Temp. (No Bias}. .. ... —B5°C to +150°C any other conditions above those indicated in ’1he
Voltage on Any Pin with operational sections of this specification is not !mplled.
Respectto GND . ............. 06V to +7V Exposure to absolute maximum rating conditions for
Latch-Up Protection . ................ S200 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
. Voo = Min
V, Cutput High Voltage |, All Qutputs|lgy = -34 mA 24
OH p q 9 Vin = Vin oF Vi, P OH
Ve = Min Yo-Y3 lgL = 20 mA Comm’l
Vv Output Low Voltage cc 0.4 v
o P g Vin = VigorViL | All Others |lg, = 16 mA Mil
Viy Input High Voltage Guarantesd Input High Voltage 20
ViL Input Low Voltage Guaranteed Input Low Voltage 08
Ik Input Load Current | Voo = Max, Viy = Gnd or Vg -] 10
High impedance _ - - nA
IOZ Output Current VCC = Max, VO = Gnd or VCC 40 40
lee Power Supply Current] Voo = Max {Note 2) l Comm’l (0°C to +70°C) 30 mA
NOTES: 1) Commercial: Vo = +5V + 50, T, = 0°C o 70°C. 21100 ns Systern Cycle
LOGIC FUNCTIONSFORG,P,C,, 4,and OVR
The four signals, G, P, C,, , , and OVR are designed Definitions {(+=OR)
to indicate carry and overflow conditions when the Py = R+ Sg Go = RgSq
WS5901 is in the add or subtract mode. The table P, =R, + S, @1 = RS,
below indicates the logic equations for these four P2 = Rz + 83 Go = R3Sz
signals for each of the eight ALU functions. The R Pz =Rz+ S3 Gz = R3Ss
and S inputs are the two inputs selected according C4=Ggz+ P3G+ P3PaGy + PyPoGo + P3P Py P Cy
to Table 1. C3=Gz+ PaGy + PP Go + PP Ry Cy
Isaz | Function P G Cn.a OVR
0 R+ S Py PaP Py | Gat PoG, + P3PoG, + P4 PoP, Go Ca Ca¥ Cy
1 S5-R +————Same as R+ § equations, but substitute R, for R, in definitions ——————»
2 E-8 «+————Same as R + 3 eguations, but substitute 3, for S, in definitions ———————=
3 RVS LOW P3P;P Py P3PaP Py +Chq PyPyP Py +Cp
4 RAS LOW GS+ Gg+ Gy + GQ G3+G2+G1+GD+Cn G3+GQ+G|+GO+C"
5 RAS LOW -—— Same as R A S equations, but substitute ﬁ, for R, in definitions .—e
8 R%S +——— Same as R ¥ S equations, but substitute R, for R, in definitions ———— =
— Gy + Gz Gt P3Gy +PaP,G
7 R¥S 8 P,G: +P3P;Gy+ P3PaPyGo s s e See note 1
+ G+ Go +P3P3P, Py (Gg+Cn!

NOTES: 1) (P + GoRy + G5, Py + Gy GgCr) ¥ (P + BPs + G308, + GaGa04F, + G36261G¢Cn)

2) +=0R
Uisy
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FUNCTIONAL TABLES

MICRO CODE RETARRCE MICRO CODE
Mnemanic Mnemonic ALU SYMBOL
L b Qctal | I Octal| Function
2|1 [lo|Eode R S 5|1a}'3[Code
AG LiLfL| © A Q ADD LiL|L] © [RPluss R+ 5
AB LIL|H 1 A B SUBR L{L|H 1 5 Minus R 5-R
za |c|H|L] 2 0 Q suBs [L|MH|L| 2 |RMinusS R-S
2B LIH|H] 3 0 B OR L{H|H|] 3 |RORS RvS
ZA HiL|L| 4 ¢ A AND HfLiL| 4 JRANDS RAS
DA HiL|H|] 5 D A NCOTRS |H|L|H 5 R ANO § Rar5
s la] H|H]|L] & D Q EXOR H|H}IL 6 R EXQR RvS
pz |[H|H|H]| 7 D 0 EXNOR [H[H[AH| 7 |RrEX-NORS]l R¥S
Table 1: ALU Source Oparand Control, Table 2. ALU Function Control,
RAM Q-REG. RAM
wanemonic LTGRO CODE | pyNcTION | FUNCTION v OUTPUT | SHIFTER Q SHIFTER
15[171g gg};ﬂ SHIFT | LOAD | SHIFT | LoAD RAMg [RAM: | Q¢ | Qs
QREG L|L]|L] o X NONE | NONE | F=Q F X X X X
NOP L|LjH 1 X NONE X NONE F X X X X
RAMA LIHJL 2 NOMNE F--B x NONE A X X X X
RAMF L|HIH 3 NONE F-B X NOMNE F X X X X
RAMQD [H|L|L| 4 DOWN |F/2—B | DOWN 1Q/2—-0 F Fo iN 3 Qo IN g
RAMD H|L|H 5 DOWN |F/2—B X NONE F Fo IN3 Qo X
RAMOU |H|H|L]| & Up 2F—-B up {2G-0Q F INg Fg INg Qg
RAMU H|H|H]| 7 up 2F—-B X NONE F Ny Fa X Qg
X = Don't care.
B = Register Addressed by B inputs,
DOWN s toward LSB.  UP 15 toward MSB.
Table 3. ALU Destination Control.
lzy0 {Octal Code)
o | 1+ 2 T 3 | a | s ] e | 7
1543 ALY ALL Source (R, $}
{Octal Cade}] Function A O A, B 0,0 0,8 O, A D, A DG D, O
Co=L A+Q | a+B Q B A D+ A D+@Q D
Q R Plus 8
Chn=H A+ Q+1lA+FB+ 1| G+ 1 B+ 1 A1 D+ A+1|D+Q+ 1] D+ 1
Ch=1L Q-A-1|B-A-1 Q-1 B-1 A-1 A-D-1|Q-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-11D~-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 AvEB Q B A DvA DvQ o
4 R AND S AaQ ArB 0 0 0 O aA DaQ 4]
5 RAND S ArC AnB Q B A DaA [EEXe; 0
6 R EX-OR S AvQ AVTB Q B A DvA DvQ ]
7 REX-NORS | A¥Q A¥B ¢] B A ovA DvQ D
+ = Plus;, — = Minus, v = OR, a = AND, ¥ = EX-OR.

Table 4, Sourca 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 12 instruction
inputs. The ALU performs eight functions; three arithmetic and five logic. This function selection is
controlled by the 13, ¥4, and 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 10 through 15 are viewed together, Table 5 defines the logic
operations which the WS85301 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
lsaa. l210 Group Function ?:::' Co=1L Ch=H
40 AaQ 210 Group Function | Group Function
41 AaB
45 AND DA A 00 A+ Q A+Q+1
46 DaQd 01 1ADD A+ B ACDDplus | A+ B+ 1
o5 D+ A ane D+ A+ 1
g? i“'g 06 D+Q D+ Q+ 1
35 OR A 02 Q a+ 1
16 DvQ 03 |PASS B Increment B+1
50 a4 A A+t
ATQ o7 D D+ 1
z; EX-OR AvE T2 Q-1 Q
o
66 D vA 13 |Decrement] B-1 PASS 8
_vg 14 A-1 A
70 AvG 27 D-1 o
?{15 EX-NOR AeB 55 Q-1 —Q
76 % 23 |W'sComp. | -B-1 2's Comp. -B
72 — 24 -A-1 (Negate) —A
Q 17 -D-1 -D
> INVERT z 7o a-a-1 a-A
3 - A- -
77 [} 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-0
62 PASS A 20 A-Q-1 A-Q
67 D 21 A-B-1 A-B
33 25 D-A-1 D-A
a2 CBJ 28 D-Q-1 D-Q
34 PASS A Table 6. ALU Arithmetic Mode Functions.
37 D
42 0
43 “ZERO" 0
44 Is}
47 0
50 AaQ
51 MASK AsB
55 Da A
56 DaQ

Table 5. ALU Logic Mode Functions.

Udsr
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Wws5901C CYCLE TIME AND CLOCK
COMMERCIAL RANGE AC CHARACTERISTICS
CHARACTERISTICS READ-MODIFYWRITE (from select | _

The tables shown here specify the guaranteed of A, B registers to end of cycle)
performance of the WS5331C over the Commercial Maximum Clock Frequency to Shift
operating temperature range of 0°C to +70°C and a Q (50% duty cycle, | = 432 or 632) 32 MHz
power supply range of 5V + 5%. Inputs are switching Minimum Clock Low Time 5 ns
betwean 0 and 3V with rise and fall times of 1 V/ns and — - -
measurements made at 1.5V, All cutputs have maximum Minimum Clock High Time 15 ns
DC load. Minimum Clock Period 31 ns

QUTPUT 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 23 ns
From OF High to output disable 23 ns
COMBINATIONAL PROPAGATION DELAYS (C_ = 50 pF)
TO
oW QU |y | F3 | Coe | GP | F=0 | OVA e | 2% ) unis
A, B ADDRESS 40 40 a0 37 40 40 40 -
Dy—Ds 30 30 30 a0 ag 30 30 —
C, 22 | 22 20 — 25 22 25 —
lo1 36 | 35 35 a7 37 a5 35 — o
laas 35 | a5 a5 35 38 35 a5 —
le7s 2% | — — — — — 26 26
A BYPASS ALU 3 | — _ _ - — - —
(I = 2XX)
CLOCK 35 35 35 35 a5 35 25 28

SET-UP AND HOLD TIMES RELATIVE TO CLOCK {CP) INPUT

oo~ Set Up before H— L | Hold after H— L | Set Up before L — H | Hold after L~ H | UNITS
A, B Source

e 15 1 (Note 8) 30 (Note 4) 1

B Destination

el 15 DO NOT CHANGE (Note 2) 1

Dy-Ds il — 25 o

Ch — — 20 o ne
losz — — 30 0

T4 — — 30 o

la7s 10 DO NOT CHANGE (Note 2) o

RAMO, 3 and

0 3 — — 12 0

NOTES: 1) Dashes indicate that a set-up lime constraint or a propagaticn delay path deses not exist.
2} The phrase “DO NOT CHANGE" indicates that certain signals must remain low for the duration of the clock Low time. Otherwise,
srroneous operation may be the result,
3} Prior to clock H>L transition, source addresses must be stable ko allow time lor the source data 1o be set up before the latch closes,
After this transition the A address may be changed. If it is not beang useéd as a destination, the B addréss may also be changed. If it
is being used as a destination, the B address must remain stable durlng the clock Low period.

4} SBi-LIP time hefore H»L inctuded here.
’
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WS5901CYM CYCLE TIME AND CLOCK
MILITARY RANGE AC CHARACTERISTICS
CHARACTERISTICS READ-MODIFYWRITE (from select | .
The tables shown here specify the guaranteed of A, B registers to end of cycle)
performance of the WS5301C over the Military operating Maximurn Clock Frequency to Shift
temperature range of -55°C to +125°C and a power Q (50% duty cycle, | = 432 or §32) 31 MHz
supply range of 5V +10%. Inputs are switching Minimum Clock Low Time 17 ns
between 0 and 3V with rise and fall times of 1 V/ns and Mini Clock High Ti
measurements made at 1.5V, All cutputs have maximum (Nimum *,.0cx Tigh "Ime 15 ns
DC load. Minimum Clock Period 32 ns
QUTPUT ENABLE/DISABLE TIME
Disable tests performed with &, = 5 pF and
measured to 05V change of output voltage.
From OE Low 1o Y output enable 25 ns
From OE High to output disable 25 ns
COMBINATIONAL PROPAGATION DELAYS (C_ = 50 pF)
T
QUTPUT =B _ RAMO, Qo,
FROM Y F3 Chis G, F F=0 OVR RAM3 aa UNITS
A, B ADDRESS 48 43 48 44 48 48 48 —
Dg-Ds 37 a7 a7 34 40 37 37 —
Cn 25 25 4 — 28 25 28 —
lg12 40 40 40 44 44 40 40 — ns
baas 40 40 40 40 40 40 40 —
lg7s 29 — — — — — 29 29
A BYPASS ALU 40 _ L . _ _ _ _
I = 2X%)
CLOCK 40 40 40 40 40 40 40 33
SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP) INPUT
o | Set Up before H — L | Hold after H — L | Set Up before L — H | Hold after L~ H | UNITS
A, B Source
Addross 15 1 {Note 3) 32 (Note 4} 2
8 Destination
Address 15 DO NOT CHANGE {Note 2) 2
Do-Ds — — 25 0
GCa — — 20 0 ns
[ — — 30 0
I35 — — 30 0
lgrg 10 DG NOT CHANGE (Note 2) 0
RAMO, 3 and _
Qo, 3 — 12 ]

NOTES: 1) Dashes ncdicate that a sebup 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. Otherwiss,
erronsous operation may be Ihe result,
) Prigr to clock H>L transition, source addregses must be stable 1o allow time for the source data to be set up before the latch closes.
After this transition the A address may be changed. \f it is not being used as a destnation, 1he B address may alsc be changed. If il
is being used as & destination, the B address musl remain stable during the clock Low period.

4) Sat-up time betore H>L included here.
uiss
F
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WS5901D CYCLE TIME AND CLOCK
COMMERCIAL RANGE AC CHARACTERISTICS

CHARACTERISTICS READ-MODIFYWRITE (from selact 23 s
The tables shown here specify the guaranteed of A, B registers to end of cycle)
performance of the WS5801D over the Commercial Maximum Clock Frequency to Shift 43 MH
operating temperature range of 0°C to +70°C and a G (50% duty cycle, 1 = 432 or 632} z
power supply range of 5V + 5%. Inputs are switching Minimurn Clock Low Tima 1 ns
between 0 and 3V with rise and fall times of 1 Vins and Minimum Clock High Time s
measurements made at t.5V. Al outputs have maximum g
DC load. Minimum Clack Period 23 ns

QUTPUT ENABLE/DISABLE TIME

Disabie tests performed with C, = 5 pF and
measured to 0.5V change of output voltage.

From OE Low to Y output enable 14 ns
From OF High 1o output disable 16 ns
COMBINATIONAL PROPAGATION DELAYS (C_ = 50 pF)
™
= = RAMO. Qo
QUTPUT d - 1 ]
m ¥ F3 Cheg G, P F=0 OVR RAM3 a3 UNITS
A, B ADDRESS 30 30 30 28 30 30 30 —_
Dg-D3 21 20 20 20 24 21 22 —
G 17 17 14 —_ 19 16 18 —
lovz 26 | 25 24 24 25 24 25 - o
laas 26 24 24 24 26 24 26 —_
le7a 16 —_ —_ —_ — — 21 2
ABYPASSALU | L, | _ _ _ _ _ _ _
(I = 2XX}
CLOCK 24 23 23 23 24 24 24 19

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 10 0 {Note 3} 21 {Note 4) 1

B Destination

Address 1G DO NCT CHANGE {Noate 2} 1

Dy-D4 — —_ 16 o]

C, —_ —_ 13 0 ns
lo1z - — 19 0

lg7a 7 DO NOT CHANGE (Note 2) ¥]

RAMO, 3 and

Qo 3 — — 9 1

NOTES: 1} Dashes indicate that a set-up time constraint or a propagation delay path does not exisl.
2) The phrase "DO NOT CHANGE” indicates thal certaln signals must remain low for the duretion of the clock Low lime. Otherwise,
amoneous operation may be the rasult.
3 Prior to clock H>>L transition, source addresses must be stable 1o allew time for the source data to be g8t up before the latch closes.
Afigr this transition the A address may ba changed. If il is not being used as & destination, the B address may also be changed. I 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 hears.
Uiss
F
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WS5901DYM CYCLE TIME AND CLOCK
MILITARY RANGE AC CHARACTERISTICS
CHARACTERISTICS READ-MODIFYWRITE (from select |,
The tables shown here specity the guaranteed of A, B registers to end of cycle)
performance of the WS5901D over the Military operating Maximum Clock Frequency to Shift 27 MH
temperature range of —-55°C to +125°C and a power Q {50% duty cycle, | = 432 or 632) 2
supply range of 5V + 10%. Inputs are switching betwean Minimum Clock Low Time 15 ns
0 and 3V with rise and fall times of 1 Vns and — - -
measurements made at 1.5V, All outputs have maximum M!nllmum Clock H|g.h Time 12 ns
oG load. Minimum Clock Period 27 ns
OUTPUT ENABLE/DISABLE TIME
Disable tests performed with & = 5 pF and
measured to 05V change of output voltage.
From OE Low to Y output enable 16 ns
Fram OE High to cutput disable 18 ns
COMBINATIONAL PROPAGATION DELAYS (C_ = 50 pF)
o
OUTPUT = 5 _ RAMO, Qo,
;.Rp%n# Y F3 Chig G, P F=20 OVR RAM3 Q3 UNITS
A, B ADDRESS 33 33 33 33 ) 33 23 _
Dy-D4 24 23 23 21 25 24 25 —_
Ch 18 17 14 — 19 17 19 —_
[ 28 27 26 28 29 27 27 — s
345 27 27 26 26 27 28 27 —
lgzs 18 — — —_ — — 21 21
ABYPASS ALU | o | _ _ _ _ _ _ _
I = 2XX)
CLOCK 27 26 26 25 27 26 27 20
SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP) INPUT
w7 | set Up before H — L | Hold after H— L | Set Up before L ~ H | Hold after L~ H | UNITS
A, B Source
Address 12 0 (Note 3) 25 {Note 4) 2
B Destination
Address 12 DO NOT CHANGE (Note 2) 2
Dy-Dj — — 16 0
Cn — — 13 0 ns
lo12 — — 19 0
laas — — 19 0
[ 9 DO NOT CHANGE (Note 2) 0
RAMQ, 3 and
Qo, 3 - - o 0

NQTES: 1} Dashes indicate that a set-up time constraint of a propagation delay path does not est,
2) The phrase “DO NOT CHANGE™ indicates thal certain signals must remain low for the duration of ihe clock Low time. Otherwise,

arroneous aperalion 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 laich cloges.
Adter s transition the A address may be changed. If it s not being used as a destination, the B address may also be changed. It it
18 being used as a destination, the B address must remain stable during the clock Low perod.

4) Sstup tme before H:L included here.

sy
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ORDERING INFORMATION

OPERATING WS
PART NUMBER | SPEED PA.E\',‘F‘,‘SE Eﬁiﬁﬁé TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WSE801CP C 40 Pin Plastic DIP, 0.8" P1 Camm'l Standard
WS5901CYM ¢ | 40 Pin cERDIP 08" Y1 Military Standard
WS5901CYMB ¢ | 40 Pin CERDIP, 05" Y1 Military MIL-STD-883C
WS5901DP D 40 Pin Plastic DIP, 0.6" P1 Camm'l Standard
WS5901DYM D | 40 Pin CERDIP, 08" Y1 Military Standard
WS5901DYMB D | 40 Pin CERDIP, 06" yi Military MIL-STD-883C
{3
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e =S WS59016

WAFERSCALE INTEGRATION, INC.

CMOS 16-BIT HIGH-SPEED MICROPROCESSOR SLICE

KEY FEATURES
* 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
s Low CMOS Power 2901s and One 2902A
— 225 mW

GENERAL DESCRIPTION

Thea WS59016 is a 16-bit high-speed microprocessor which combines the functions of four 2801 4-bit slice processors
and distributed look-ahead carry generation on a single High Performance CMOS device.

This microprogrammable circuit has the fiexibility 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 WS59018 is manufactured, provides significant perfermance
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 Iniegrated Circuits.

FUNCTIONAL BLOCK DIAGRAM

° P *qwe e

| N ]

1 ALU “ IRE“’):> 1816 2 Port wjcp QO |
SOURCE RRAM F

|| g

2

w e LOGIC Q REGISTER
] (READMFIITE] om ouT “p
8 ADDRESS  — ¥ == T
g w
[=]
2 s 2 IR AR
- " =3 ] [+) (7]
[ A -D. ALU SOURCE MUX
T § | Funcrion g Co-Dss
= T ™1
s ‘Eﬂ |- P
g =G _
l———" =
3] . . [
H Cu - 8-FUNCTION 16-BIT ALY Fug ovR
DESTINATION F = Gty

8
7| contROL

s :

—+[ A OUTPUT DATA MUX F ]

Yl'l‘Y 16

]
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Slignal Name Lo Dascription

AD-3 | Addresses which select the word of on board RAM which s to be displaysd through the A port,

BO-3 | Addressgs which select Lhe word ol on board RAM which is 1o be dispfayed through the B por and Inta which
data s written when the clock 15 low

0-8 I Block of three matruction groups which are to select 1} which data sources will he apphed to tha ALLI 012}, 2)
what function the ALU will perform {13458}, and 3) what data 15 1o be wrlllen into the Q register or on board
RAM{IE7E)

Q15, RAM15 i) Signal paths at the MSBE of the on-board RAM and the O-reqister which are used for shifting data. When the
destination code on 1678 indicates an up shit [(Octal § or 7) the three stale outputs are enabled and the
MSB of the ALL gutput 1s availakie on the RAM 15 pin and the MSE of the O-register s available on the (N5
pin. Otherwise, the pins appear as inputs,  When the destination code calls for a down shift, the pins are
uzed as the data inpuls to the MSE of RAM {(octal 4 and 5} and the Q reguster [octal 4],

Qo, Ralo 140 Shift lines simalar to Q15 and RAM1S, however the desenption 15 apphied to the LBB of RAM and the Q-
register

Do-01s | These sixteen direct data mputs can be selected as a data source for the ALU, DO is the LSB.

¥0-¥15 o] Thess sixteen thres state outputs, when enabled, display erther the data dn the A-port of the register stack or
the outputs of the ALU as determined by the destinahon code (678

OE Wtien hugh, the Y outputs are in the figh impedance state When low, either the contents of the A-remister o
the outputs of the ALU are displayed on Y0-Y15, as determined by 1675,

é, F o] The carry generate and propagate cutputs of the AL

VR ] This signal indicates that an overflow into the sign b has occurred as a result of & two's complement operation.

F=10 o This output, when hugh, indicates the result of an ALU operahion 1s zera.

Fi5 O The moat sigmficant ALY output bil

Cn 1 The carry-in to the ALL,

TR+ 16 o] The carry-out of the AU

CP I Thisclocksignalisapphed to the A and B-pod latches, RAM, and C-register Tha clock low time s the wnte enabie

to the on-board dual port RAM, including sal-up bime for the A and B-port reguaters The A and B-port gutputs
change while Lhe clock s high The G-reqister 1s latchad on the clock low-to-high transition.

PIN ORIENTATION

Chip Carrier Dip
st daasdqdsdESS 54 3
@ULJLJLIULII_ILIU[_IULIUUI_]LII_IEE 3
D, 98?554321686?586554635261EGND 3
0:[Jn 5o D, :
B, 12 58] Dy 7
0,13 57 RAM,; :
Dg [ ]14 58] Qs
0, [J15 s5C|G
RAM, []16 sS4 P
Q[ 117 ss(|cp
s [ 8 52k
1,319 sC,
Iy [2e sa(
1, [ 2t 48[_]Fys
1,22 48 jOvR
Ih[Jza a7 ¥ s
Yol J24 48] ¥1y
Yi[25 45 Cavie
C"Eza'ﬂ 28 20 30 31 32 33 34 35 36 37 I8 33 40 M 42 43 45,, NG
B TAF AL ST O FFF S
TOP
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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)
Sterage 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 . . ............ —0BV 10 +7V Exposure to absolute maximurm rating conditions for
Latch-Up Protection . ................ =200 mA extended periods of time may affect device reliability.
ESD Protection . ................... > £ 2000V
DC READ CHARACTERISTICS Over Operating Tomperature Range (Note 1)

SYMBOL PARAMETER TEST CONDITIONS MIN | MAX | UNITS
. Vee = Min
v Qutput High Voltage | ,,°C Al Outputs| lgy = —34 mA 24
OH put Rig g Vi = Vi OF V)L p OH
Voo = Min oL = 12 mA Comm’!
\ Output Low Voltage e All Outputs 05 \
ot P J ViN = Vi or Vy P bor = 8 mA Mil
Vin Input High Voltage Guaranteed Input High Vollage 290
Vi Input Low Voltage Guaranteed Input Low Voltage 0.8
lx Input Load Current Voo = Max, Vyy = Gnd or Vo ~10( 10
High Impedance _ nA
IOZ Output Current VCC = Max, VO = Gnd or VCC =50 80
Comm’l (0°C to +70°C) 45
I Power Supply Current| Voe = Ma A
ce i cc = Max Mil (-55°C to +125°C) 60 |
NOTES: 1} Commercial: Vae = +5Y t 6%, T, = 0°C to 70°C. 2) Military: Voo = +5Y 1 10%, T, = —55°C to +125°C,

LOGIC FUNCTIONS FOR G, P, C.. s, and OVR

The four signals G. P, Cn%s, and OVR are
deslgred 1o indicate carry and overflow condi-
tighs when the WS59018 is in the add or subtract
mede. The table below indicates the logic
eguations for these four signals for sach of the
gight ALU functions, The B and S inputs are the
twa inputs selected according to Table 1

Definltions
P, =R +5
G, =R,-8,

Poa= Po-Pi-P2-Ps
P.q.',r - P4 'Pg‘ ps‘ Py
Pg.i1 = Pg-Pa-Pyp-Pyy
Pig.15 = Piz'P13Pra-Pis

Gpa= Ga+ Pa-Ga+ Py-FPa- Gy + Ps-Pp-Fy-Gy

Gar= Gr+ Pr-Ge+ Pr-Pe-Gs + Pr-Pg-P5 Gy

Gpor =G+ PGy + P PiogGe+ Pyy-Pig Py Ge
Gf2-|5= G‘E + p15.G‘4 + P‘E'PI“G‘S + Pls'p14‘p|3'G|2

Crns1s = Grava+ PizaaGer + PraaaPaarGar + PrzaaPeirPar Gos

Fizaa = PizPyaPag

Giona= Gy + Py Giy + PgPiy- Gy

Isea [Function P e} Chnsis OVR
Gvaqs + P:?-la'Ga-n + F‘\z-ls' pu-n' G,
0 R+ S PogPaz Pgrr Prats TP Pan P G PCnt+ G N T
1 S-R |«————sSame as R+ $ Equations except substitute |, for R, in definitions
2 R-8 |%—— Sameas R+ S Equations except substitute § for S in definitions
3 RVS LOW HIGH LOW LOW
4 RAS LOW Bizast Gant Gar + Goa HIGH LOW
= Same as R A 5 except substitute
5 | RAS Low R for R in definition HIGH LOW
6 [ R@S Foa P Pam Prams HIGH LOW LOW
— same as REDS except
7 | R@®Ss Substitute B for R in HIGH LOW Low
Detinitions
Note: 1) + = OR

sy
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FUNCTIONAL TABLES

MICRO CODE OPETARRCE MICRO CODE
Mnemonic Mnemonic ALU SYMBOL

LI Octal R s il Octal| Function

2111 olCode 51'41"'3 | Code
aa  |cfcfe] o A aQ aop  |L|L[L] o [rPwss R+ S
A |L|c|al 1 A 8 susR |L|L|H| 1 |sMirusr | s-R
za |C|H[L]| 2 0 Q suBs |L|H|L| 2 |RMinuss | R-s
z8 |L|u|n| 3 0 B OR L|H|H| 2 |RoORS RvS
za  [H|L|L] 4 0 A aND  |H|L|[L| 4 |rRanDs RAS
DA |H|L|H] s D A noTrs |H|L|H| 5 |RAND S RS
pa |H|H|L| & D Q exorR |H|H|L| & |rEXORS | Rvs
pz |H|H|H| 7 D 0 ExNoR |H|H|A| 7 |REx-NORS| RTE

Table 1: ALU Source Operand Control.

Table 2. ALU Function Control,

RAM Q-REG. RAM
MICRO CODE Q SHIFTER
Mnemonic : FUNCTION FUNCTION | o o vpyr SHIFTER
|tz [1e| Q5% | suiFT | Loap | swieT | LoD RAM, |RAM(s| Qo | Qus
QREG LjLiL] o X NONE | NONE| F—0Q F X X X X
NOP LiLiH]| X NONE X NONE F X X X X
RAMA LIHIL| 2 NONE | F—B X NONE A X X X X
RAMF LIH|H| 3 NONE F—B X NONE F X b4 X X
RAMQD |H|L{L| 4 DOWN |F/2-B|DOWN |Q/2-Q F Fa IN1s Qo INqyg
RAMD H|L {H 5 DOWN |F/2—B X NONE F Fg INys Qg X
RAMQU |H|H|L]| & UupP 2F-B8 uP |20-G F INg Fis INg Qs
RAMU |H|H|H]| 7 up 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. ALV Destination Control.
la3g0 (Octal Code)
o | 1 ] =2 | s | a4 | s | & | 7
V543 ALU ALU Source (R, S)
{Octat Cade)l Functlon A, Q A, B 0,0 C, B 0, A D, A D,Q D, O
Cn=1t A+Q | A+ B Q e A D+A | D+Q D
] R Plus S
Ch=H A+ Q+ {[A+B+1] Q+1 B+ 1 A+ D+ A+1D+Q+1] D+
Ch=1L Q-A-1|B-A-1 Q-1 B-1 A-1 A-D-1]|Q-D-1|-D-1
1 S Minus R
Ch=H Q-A B-A Q B A A-D Q-0 -D
Ch=1L A-Q-1]|A-8-11 -Q-1 -B-1 -A-1 D-A-1|D-0-1 D-1
2 R Minus S
Ch=H A=-Q A-B -Q -B - A D-A D-Q D
3 RORS AvQ AvEB Q B A DvaA DvQ D
4 R AND & AaQ AnB 0 0 0 Dah DaQ 0
5 RAND S ArQ AnB Q B A DaA Dagy 0
6 REX-OR S AvQ AvB Q B A DvA DvQ D
7 REX-NORS { AVQ AvB o B A DVvE DvQ ]
+ = Plus; - = Minus; v = OR; & = AND; v = EX-OR.

Table 4. Source Operand and ALU Function Matrix.
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SQURCE OPERANDS AND ALU FUNCTIONS

Eight source operand pairs are available to the ALU as determined by the (0, 11 and t2instruction inputs. The ALU
performs eight functions; three arithmetic and five logic. This functicn selection is controlled by the 13, 14and IS
instruction inputs. When in the arithmetic mode, the ALU results are also affected by the carry, Cn. Inthe logic
mede, the Cn input has no effect,

The matrix of Table 4 results when Cn and |0through 15 are viewed together. Table 5 defines the logic operations
which the WS590186 can perform and Table 6shows the arithmetic operations of the device. Both carry-in HIGH
{Cn = 1) and carry-in LOW {CN = 0} are defined in these operations.

Octal
Isaa, ba1o Group Function Octal C.=L Cn=H
I543:
40 AaQ 210 Group Function] Group Function
41 ArB
45 AND oA 00 At Q AtQ+T
46 DaQ 01 |ADD A+B [ADDplus | A+ B+ 1
2v0 05 D+ A oneg D+ A+
g? A: B 06 D+Q D+Q+1
35 OR Dy A 02 Q Q+1
36 DvQ 03 |PASS B8 Increment B+ 1
04 A A+ 1
g? ivg 07 D D+ 1
65 EXOR DA 12 Q-1 Q
66 DvQ 13 |Decrement] B-1 PASS B
—r— 14 A-1 A
;? AvQ 27 D-1 )
s EX-NOR g%lz 27 -1 -
23 |1'sComp. | -B-1 2's Comp. -B
e bvG 24 -A-1 | (Negate) -A
;; g 17 -D-1 -D
INVERT
74 A 10 Q-A-1 Q-A
77 (] 11 |Subtract | B-A-1| Subtract B-A
62 Q 15 [{1’s Comp.)f A-D-1|(2's Comp.} A-D
63 B 186 Q-D-1 Q-0
&4 PASS A 20 A-Q-1 A-Q
67 D 21 A-B-1 A-B
55 o 25 D-A-1 D-A
26 D-Q-1 D-a
a3 PASS B
34 A Table 6. ALU Arithmetic Mode Functions.
37 D
42 0
4 3 “ZEHO” ]
44 0
47 0
50 AaQ
51 MASK Eng
55 Daa
58 Caey

Table 5. ALU Logic Mode Functions.

Wy
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COMPETITIVE TIMING ANALYSIS

The following analysis compares the critical timing paths of a WS59016D vs. the equivalent Bipolar circuit
implementation using four 2901C’s and one 28024,

As can be seen from this comparisen, the WS59016 operates faster than even the theoretically achievable values
of the Bipolar implementation. The actual values for the Bipofar circuit will be lengthened by the layout
dependent interconnect delays between the individual devices. When these delays are taken into account, the
W858016 speed advantage becomes even greater.

TIMING COMPARISON
WS59016D vs 2901C w/2902A (Comm’l)

DATA PATH CONTRQL PATH
2901C w/ 2902A 2901C w/ 2902A
A, B Address ————=P or G = 37ns lo12 = PorG=37ns
PorG C= 9ns PorG C= 9ns
C ————=F=0, RAMgy 15 = 25ns C———————= F =0, RAMg 5 = 25ns8
interconnect delay ———— = = Xns interconnect delay = Xns
Total Delay > 71ns Total Delay - > 71ns
530160 59016D
A, B Address—=F = 0, RAMg 15 = 46ng lg1g ————— F =0, RAMy 15 = 41ns
interconnect delay = {ns interconnect delay = 0ns
Total Delay = 46ns Total Delay —= < 41NS
TIMING COMPARISON
WS59016D vs 2901C w/2902A (Military)
DATA PATH CONTROL PATH
2901C w/ 2002A 2801C w/ 2002A
A, B Address ———— P or G = 44ns lg12 PorG = 44ns
PorG +~C = 11.5ns PorG » C=11.5ns
C—F=0, RAM0_15= 28ns C—— = F=10, RAMg 5= 28ns
interconnect delay ——— = = Xns interconnect delay ———— = Xns
Total Delay > 83.5n8 Total Deiay = > 83.6n8
59016D 59016D
A, B Address—= F15, RAMg 15— 56ns lojg—————— F15, RAMg ;5 = 49ns
interconnect delay = 0ns interconnect delay = Ons
Total Delay < 56ns Total Delay < 49ns

NOTE: Thrs competrtive analysis hodds true for any 16 bit system which perlorms anthmetic operations 1f arithmetic operations are
not used, the Brpolar circurt can run faster than noted above

s
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COMMERCIAL RANGE AC CYCLE TIME AND CLOCK
CHARACTERISTICS CHARACTERISTICS
{WS559016C) BEAD-MODIFY-WRITE (fram select

: 67ns
. of A, B registers to end of cycle)

The tables shown here specify the guarantef:d Maximum Clock Frequency 1o Shil
performance of the WS59016C over the Commercial Q (50% duty cycle, | = 432 or 832) 16MHz

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 Minimum Clock Period &7ns

of 1 Vs and measuremsants made at 1.5V. All
outputs have maximum DC loag.

QUTPUT ENABLE/DISABLE TIME
Disable tests performed with C, = 5pF and
measurad to 0.5V change of output voitage.

From C_)_E Low to Y cutput enable 25ns
From OF High to output disable 25ns

COMBINATIONAL PROPAGATION DELAYS (CL= 50FF)

T0
- - RAMO Qo
QUTRUT [ )
P = VR UNITS

From - Y FI5 | Cnvia | G, F=0 0 RAM15 | Q15
A, B ADDRESS 59 69 [=14] =] 71 89 71 -
DO-D185 55 a5 45 a0 55 55 55 -
Cn 38 38 27 - 42 38 42 -
g1z 60 B0 55 55 60 80 80 - ns
laa5 60 60 55 55 60 [} 80 -
lg7s a0 - - - - - 27 26
ABYPASS ALU[ _ _ _ i _
(= 2X%) - -
CLOCK 65 &5 65 65 55 €5 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
darass 15 2 (Note 3) 65 {Note 4) 3
B Destination
A 15 DO NOT CHANGE (Note 2) 1
DO-D15 - - 50 0
Cn - - 34 0 ns
lgy2 - - 55 o)
l3as - - 55 0
lg7a 15 0O NOT CHANGE {Note 2} 0
BAMOQ, 15 and
0o, 15 - - 20 4

MNOTES: 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 musl remain low for the duration of the clock Low lime
Otherwise, arroneous 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 lateh closes. After this transition the A address may be changed. f it |s not belng used as a destinatlon, the B
address may also be changed. If it is being used as a destination, the B address must remain stable durtng the clock
Low period.

4) Set-up time before H> L included hare,

sy
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W559016

MILITARY RANGE AC CYCLE TIME AND CLOCK
CHARACTERISTICS CHARACTERISTICS
(WS59016C) READ-MODIFY-WRITE (from select
i of A, B registers to end of cycle) 80ns
The tables shown here specify the guaranteed Maximum Clock Frequency ta Shift
performance of the WS559016C over the Military Q (50% duty cycls, | = 432 or 632) 12.5MHz
operating temperature range of —55°C fo +125°C Minimum Clock Low Time 39ns
and a power supply range of 5V + 10%. Inputs are Minimuom Glock High Time 39ns
switching between 0 and 3V with rise and fafl times Minimum Clock Period 80ns
of 1 Vins and measurements made at 15V, All
outputs have maximum DC load.
QUTPUT ENABLE/DISABLE TIME
Disable tests performed with G| = 5pF and
measured to 0.5V change of cutput voltage.
From OE Low to Y output enable 30ns
From OE High to output disable 30ns
COMBINATIONAL PROPAGATION DELAYS (CL= 50FPF)
: TC
10 Uy - RAMO, | @O,
zﬁ?:‘UT Y F15 Cn + 16 G, P F=0 QVR RAM1S o115 UNITS
A, B ADDRESS 83 83 72 82 83 83 83 -
DO-D15 66 66 5a 60 66 66 66 -
Cn 46 46 33 - 53 46 53 -
lgqz 72 72 86 86 72 72 72 - ns
l3as 72 72 66 66 72 72 72 -
ls7a 36 - - - - - 3 a1
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 P | Set Up before H —~ L | Hold after H~ L | Set Up before L~H |Hold atter L—~H | UNITS
B Source 20 2 {Note 3) 78 (Note 4) 2
[ B Destination
Address 20 DO NOT CHANGE (Note 2) 2
Do-D15 - - &0 0
Cn - - 41 0 ns
loy2 - - 66 0
1345 - - 66 0
lezsn 20 DO NOT CHANGE (Note 2) 0
RAMQ, 15 and
Q0,15 o - - 25 5
NOTES: 1) Dashes indigate that a set-up time constraint or a propagation delay path does not exist.

2) The phrase 00O NOT CRANGE" ingicates 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 aliow time forthe source data to be set up before the
latch closes. After this transition the & address may be changed. If it is not belng used as a destination, the B address
may also be changed, Ifit iz being used as a destination, the B address must remain stable during the clock Low period.

4) Set-up bme betore H> | included here,
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COMMERCIAL RANGE AC CYCLE TIME AND CLOCK
CHARACTERISTICS CHARACTERISTICS

(WS559016D) READ-MODIFY-WRITE (from select) 31 ns

The tables shown here specify the guaranteed of A, B registers to end of cyole)

performance of the WS59016D over the Commaercial Maximum Clock Frequency to Shift 22 MHz

operating temperature range of 0°C to +70°C and Q (50% duty cycle, 1= 432 or 632)

a power supply range of 5V 4 5%. Inputs are Minimum Clock Low Time 14 ns

switching between 0 and 3V with rise and fall times Mini Clock High Ti

of 1 Vins and measurements made at 15V, All fnimum Liock Migh Time 14 ns

outputs have maximum DC load. Minimum Clock Periaod 40 ns

OUTPUT ENABLE/DISABLE TIME

Disable tests performed with Cp = 5pF and
measdred to 0.5V change of output voltage.

From OE Low 1o Y output enable 24 ns
From OE High to output disable 22 ns
COMBINATION PROPAGATION DELAYS (C_=50PF)
TO
— RAMO Qo

FROM - QUTPUT -y FI5 | Cnss | G,P | F=0 | OVR | pamis | qis | UNITS
A, B ADDRESS | 46 46 44 43 46 46 44 —

DO-D15 36 a2 34 32 36 24 3% —

Cn 32 29 24 — 32 28 a2 —

lp1z 39 39 37 a8 39 as 41 — ns

345 39 38 37 a7 39 38 4 —

ls78 28 — - - - — 34 34
ABYPASSALU | ,, _ _ _ _ — _ _

I = 2XX)

CLOCK 38 a7 38 34 38 a8 a8 38
SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP) INPUT

INPUT CP | Set Up betors H— L. | Hold after H—L | Set Up before L —H |Hold after L—H | UNITS
A B, Source 12 0 (Note 3) 23 (Note 4) 1
B Destination 12 DO NOT CHANGE (Note 2) 1

DO-D15 — — 19 0
Cn — — 16 0 ns
lo1z — - 22 0
laag — —_ 22 0
V78 12 DO NOT CHANGE (Note 2) 0
RAMO, 15 and
Q0. 12 — — 17 3

NOTES: 1} Dashes indicate that a set-up time constraint or a propagation delay path does not exist.

2} The phrase “DC NOT CHANGE" Indicates that certaln signals must remain low for the duration of the clock Low time,
Otherwise, erronecus 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 aisa be changad. If it is being used as a dastination, the B address must remain stable duting the clock
Low perigd.

4) Set-up time bafere H> L included here,

sy
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MILITARY RANGE AC CYCLE TIME AND CLOCK
CHARACTERISTICS CHARACTERISTICS
(WS59016D) FIEAD-MOI?PFY-WRITE {from select} 36 ns
The tables shown here specify the guaranteed of A, B registers to end of cycle)
performance of the WS590160 over the Military Maximum Clock Frequengy 1o Shift
operating temperature range of —55°C to +125°C Q (50% duty cycle, 1 =432 or 632) | 27 MHz
and a power supply range of 5V + 10%. Inputs are . Clock ; B =
switching between 0 and 3V with rise and fait times Minimurm Clock Low Time 17 ns
of 1 Vins and measurements made at 1.5V All Minimum Ciock High Time 17 ns
outputs have maximum DC load. Minimum Clock Pericd 47 ns
QUTPUT ENABLE/DISABLE TIME
Disable tests performed with G, = 5pF ang
measured to 0.5V change of cutput voltage.
From OE Low to Y output enable 30 ns |
From OE High to output disable ] 27 ns
COMBINATION PROPAGATION DELAYS (C_=50FF)
FROM L?JTPUT ¥ FI5 | € G P F=0 OVR A o UNITS
OUTPUT n+16 ! = RAM15 5
A, B ADDRESS 56 56 53 52 56 i 56 53 -
DO-D15 43 39 42 39 43 42 43 —
Ca 39 36 30 — 38 34 39 — |
lorz 48 48 46 47 | 48 47 49 - ns
l3as 48 47 48 48 48 47 49 —
ls7a a4 — — — — — 4z 42
A BYPASS ALU a2 o . _ — _ _ _
(I =2X%)
CLOCK 47 46 47 42 47 47 47 47
SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP) INPUT
INPUT CP | SetUp before H—L | Hold atter H— L | Set Up before L~ H|Hold after L—-H; UNITS
e Source 16 0 (Note 3) 29 (Note 4} 2
B Destination 16 DO NOT CHANGE (Note 2) 2
DO-D15 — 1= 23 0
Ch - _ 20 0 ns
1[}12 —_— —_ 27 | 0
l345 — — 27 0
le7s 16 DO NOT CHANGE (Note 2) 0
RAMU, 15 and
Qo, 15 - — 21 4
NAOTES: 1) Dashes indicate that a set-up time conslrainl or a propagation delay path does not exist.

2) The phrase “DO NOT CHANGE™ indicates Ihat certain signals must remain tow far the duration of the clock Low time
Ctherwise, errpnesus operation may be the result

31 Prigr to cigek H = L transilion. source addresses must be stable to aliow time for the source data to be set up before

the latch closes After this lransition the A address may be changed |11t 15 not being used as a destination, the B
address may also be changed If 1t 15 being used as a destination, the B address must remain stable during the clock
Low perod,

4] Set-up time before Hx> L included here
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ORDERING INFORMATION

OPERATING WSs|
PART NUMBER | SPEED PACKAGE PACKINGE | TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS58016CB c 64 Pin Ceramic Sidebrazed B1 Comm'i Standard
DIP, G.9”
WS52016CBMB c 64 Pin Ceramic Sidebrazed B1 Military MIL-STD-883C
DIP, 0.9"
WSS53016CJ cC 68 Pin PLDCC J Comm'l Standard
WS59016CL c 68 Pin CLDCC N1 Comm'| Standard
WS59016CLMB C 68 Pin CLDCC N1 Mititary MIL-STD-883C
WSE9016DB D B84 Pin Ceramic Sidebrazed B1 Comm'l Standard
DIP, .97
WS590160BMB D €4 Pin Ceramic Sidebrazed B1 Military MIL-STD-883C
DIP, 0.9
WS59016DJ D 68 Pin PLDCC N Comm'l Standard

isr
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£S5 5= WS59032

WAFERSCALE INTEGRATION, INC.

CMOS 32-BIT HIGH-SPEED MICROPROCESSOR SLICE

KEY FEATURES
¢ Eight CMOS 2901 Type Devices in a * High Speed Operation
Single Package — 23 MHz Read-Modify-Write Cycle
¢ 32 x 32 Dual Port RAM * Fully Firmware Compatible
* Low CMOS Power with the 2901
— 350 mW * On Board Carry Look-Ahead

GENERAIL DESCRIPTION
The WS59032 is a 32-bit High-Speed microprocessor which combines the functions of eight 2301 4-bit slice pro-
cessors and distributed iook-ahead carry generation on a single High Performance CMOS device. The WS58032 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, programmabte 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 2001C 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
celis to build Application Specific Integrated Circuits.

FUNCTIONAL BLOCK DIAGRAM

RAM, SRH1;‘T FAM,
g, QSHIFT g
0 cp __g WE B |
- N ]
ALY “A'" (READ) 32 x 32 2 PORT w»{cp @
| sovmee ADDRESS AAM FK
- cogrr g e LOGIC Q REGISTER ]
2 & {READ/WRITE} QUT __ OUT g
8 ADDRESS T
[=]
(=] a z
&L, AL g A ] 5] Q
lo-lg -
ols 1,5-, 4] o E D4-Dyy ALU SOURCE MUX
2
| | g 2 Vi
B g
F=0D
& % n §-FUNCTION 32-BIT ALU —y
- Cin o | O ——
7 [pESTINATION F H T
CONTROL —
8 { } Z
ﬁ—»{ A OUTPUT DATA MUX F I
LA
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PIN DESCRIPTION
Signal Nama 1o Description
AD=4 | Addrasses which select the word of on board RAM which is to be displayed through the A port
BC=-4 | Addresses which sslect the word of on board RAM which is to be displaysd through the B port and inlo which
data iz wntten whan the clock 15 low
i0=8 Block of three instruction groups which are to select 1) which data sources will be apphed to the ALU{I312), 2)
what function the ALU wil perform {13451, and 3) what data 1s lo be wotten into the G reqister or on board
AAMIIBTE)
Q31, RAMI 1/ Signal paths ar the MSB of the on-board RAM and the G-reqister which are used for shifting data When the
deshnation code on 1678 mdicates an up shift (Octal & or 7} the three state outputs are enabled and the
MSB of the ALU oulpul s available on the RAM 31 pin and the MSE of the G-register 15 avallable on the G 31
pin Otherwise, the pins appear as nputs When the destinalion code calls for a down shift, the pns are
used as the dara inputs o the M5B of RAM (octal 4 and 5] and the O reusier (octal 4y
Q0, RAMO 11 Shift ines similar to 31 and RAM3Y, however the descnplion 1S apphad to the LSB of RAM and the Q-
registar
Do -D31 | These thirty twe direct data inpuls can be selected as a data source for the ALU. DOHs the LSE
YO-¥3l [8] These thirty two three state autputs. when enahbiled, display either the data on the A-port of the registar stack
or the oulputs of the ALY as determined by the destination cade 1675
C_)E 1 When high, the ¥ outputs are in the high impadance state When low. either the contents of the A-reguater or
the cutputs of the AU are displayed on ¥D-¥31, as determingd by (676
OVR o] This signal indicates thatan overflow nto the Bign bit has occurred as a result of a two's complemant aperation.
F=0 O This gutput, when high, indicates the rasult ol an ALU operaton s zero
Fa o] The mosl sigruficant ALD gutpet it
Cn ] The carry—in to the ALU
Cn+ 32 (=] Tha carry-out of the ALL
cp | This glock signal s agpliad ta the A and B-port latches, RAM, and G-register The clocklowtima isthewnte anable
to the on-beard dual port RAM, including sef-up bime for the A and B-port ragistars The A and B-port outputs
change while the cleck 15 ligh The Qe-register 15 latched an the clock iow-to-high transiion
PIN DESIGNATOR
PIN PGA PIN PGA FIN PGA PIN PGA
NAME GRID # NAME GRID # NAME GRID # NAME GRID #
VCC N B3 N2 D23 B1 Y7 K12
vCoC A1 B4 M3 D24 B2 Y§ K13
GMND N7 D0 NG Dz2s B3 Yg Nz
GND G13 o1 MG B25 A2 Y10 13
GMND Al12 D2 L6 D27 A3 Y11 H11
GND 6 D3 NS5 D28 B4 Y12 H12
RAKO M7 D4 5 D29 Ad Y13 Hi3
RAM3I1 B6 D& M4 Do B3 Y14 G12
Qo L7 D& A4 D31 AL ¥i5 G11
Q31 A D7 N3 I} N8 Y16 F13
CLK AT 8 H3 il M8 Y17 Fi2
CIN N13 D3 H2 12 & Y18 Fit
CM+32 AD D10 H1 13 NG Y19 E13
QVR 8 D11 G1 14 M3 Y20 £12
F=0 C13 D12 G3 15 N10 Y21 013
F31 B85 013 G2 16 A Y22 0z
QEN M12 D14 F1 I7 By ¥23 B12
AQ J1 o5 F2 18 c7 24 12
A1 J2 & F3 Y0 M10 Y25 A13
AZ K1 D17 E1 Y1 M11 Y26 B2
AZ W2 D18 E2 Ya N12 Yaz7 B11
Ad Lt D19 D1 Y3 M11 Y28 Al
=30 M1 D20 02 ¥4 M13 Y29 B10
B1 L2 021 1 Y5 112 Y30 A10
B2 w2 022 Cc2 (3 L3 ¥ B2
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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

{M"}_ """ _550 Cto+1 2560 device at these or any other conditions above those
Storage Temp. (No bias) ...-65°C to +150°C indicated in the operaticnal sections of this
Voltage on any pin with specification is not implied. Exposure to absclute
respect to GND ............... -Q.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 | Yoo = Min. All outputs loh = -1.6mA 2.4
Vin = Vih or Vil
o . ley=12m#A Com'l
Vol | Output Low Voltage $_CC=‘ V’*f"”or v 0-¥31 Toi= 9mA Mil 0.5 v
in = Vih O Vil Ta 1 others To1= BMA
Vih Input High Voltage Guaranteed Input High Voltage 2,0
Vit Input Low Yoltage Guaranteed Input Low Voltage 0.8
l'ix Input Load Current Voo = Max, Vip = Gnd or V¢ -10 10
High Impedance Voo = Max, Vo = Gnd or V¢ 2
loz QOutput Current -50 50
Comm’l (0°C to +70°C) 70
lee Power Supply Current | Ve = Max mA
Mil {(-55°C to +125°C) 85

NOTES: 1) Commercial: Voo = +5Y 1 5%, T, = 0°C to 70°C.
2) Military: Ve = +5V 1 10%, Ty = -55°C to +125°C.

PACKAGE ORIENTATION
101 PIN PGA PACKAGE
N M L KJ H GFEDCE A A B CDE F GHUJIKILMHM
1 + 4 + + + ++ 4+ + ++ + + |1 1l + 4+ + 4+ ++ %+ +++++ |
2l + + + F 4+ 4+ ++F A+ + o+ | 2 +# + + F + + ++ + +++ + |2
3] + + + + 4 + + + |3 al + + + + + + + + |3
] + + + + |a sl + + + + |4
s|] + + + + |s 51 + + + + |5
6] + + + + + + |s 6] + + + + + + |6
il + + + + + + |7 7l + + + + + + |7
s + + + + + + |s sl + + + + + + Ju
] + + + + |o af + + + + |
10 + + + + Ju 0 + + + + 10
nf + + + 4+ + + + In | + + + + + + + [n
2 + + + + + + + + F + + + + |12 2] + + 4+ + + + + + 4+ + 4+ + + |12
Bl + + ++ + 4+ A+ ++ |u Bl + 4+ + 4+ + b+ 4+ |
N ML KJ HGTFETDTCTDB A A B C DEFGHUJKLMN
TOP VIEW BOTTOM VIEW
(THROUGH PACKAGE VIEW)

Sy
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FUNCTIONAL TABLES

MICRO CODE ALY SQURCE MICRO CODE
M . QOPERANDS M . ALY
nemonic SYMBOL
Lhih Octal R s Ll Qctal| Function
2]'1|'0|Code 5|'4|'31Code
AQ LiL]|L 0 A Q ADD {|L]|L 0 R Plus § R+ 5
AB LJLIH 1 A B SUBR {|L|H 1 S Minus R 5-R
za |c|r]|L] 2 0 Q SUBS |L[H|L| 2 |RMinuss R-3
B LIH]JH]| 3 o] B OCR L|H|H} 3 |RORS RvS
ZA HFL|L] 4 o A AND HIL|L 4 |RANDS Ra8
DA HILJH] 5 [ A NGTRS fH|L|H 5 R AND S SR
DQ |H[H[L]| B D Q EXOR |H[H|L|[ & |RExoms RYS
Dz HIHIH] 7 D o] EXNOAR |H|HIH| 7 REX-NORS R¥S
Table 1: ALU Source Operand Control. Table 2, ALU Function Control.
RAM O-REG, RAM
Mnemonic | HCRO CODE | pyncTION | FUNCTION vouTpur |SHIFTER | GSHIFTER
Ig|17 Vs gg:,ae' SHIFT | LOAD | SHIFT [ LOAD RAMg [ RAM 5| Qg Qs
QREG L|IL|L 8} X NCNE { NONE| F—Q F X X X X
NOQP LIL|H 1 X NOMNE X NONE F X X x X
RAMA LI{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
ramaD [H|L[L] ¢ [pownTrz--e|DOowWN]|orz-0 F Fo INis | Qo | INyg
RAMD HI|L|H} & DOWN |F/2—B X NONE F Fo IN1s Qg X
rRaMau |R|H|L| & up |z2Fr—B| uP |20-0Q F INg Fis INg | Qs
gamy [H[H]H] 7 upr [2r—Bl x | NONE F INg Fis X Qs
¥ = Don't care,
B = Reqgister Addressed by B inputs
DOWN 15 loward LSB  UP 13 toward MSB
Table 3. ALU Destinatlon Control,
lz1g 1Octal Code)
o | 1+ ] =2 | 3 | a | s | s 7
Is43 ALU ALU Source (R, S}
{Octal Code)] Function A Q A B 0 Q 0.8B O A D, A D Q D. O
Ch=1L A+ Q A+ B Q B A D+ A oD+ Q D
0 R Plus S
Cn=H A+ G+ 1A+ B+ QO+ 1 B+ 1 A+1 |D+A+ID+Q+ 1| D41
Chn=1L Q-A-1]|B-4A-1 Q-1 B-1 A-1 A-D-1]1Q-0D-1|-D~-1
1 S Minus R
Crhn=H Q-A B-A Q B A A-D Q-D -D
Ga=1L A-Q-1|A-B-1| -a-1 | -B-1 | -A-1 IlD-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 ¢} B A DvA DvQ D
4 R AND S AnQ ArB o [¢] 0 DaA DaQ Y
5 R AND 8 AAQ AaB Q B A DaaA DaQ (¢}
6 REX-OR S AVQ ATB Q B A DvA DvQ D
7 REX-NORS | AwQ AvB G 8 A DvA Dv{ 5]
+ = Flug, - = Minus. v ~ OR, & — AND; ¥ = EX-COR.

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 |2 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 10 through 15 are viewed together. Table 5 defines the logic
operations which the WS59032 can perform and Table & 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, V210 Group Fungtion lsas, C,=L Ca=H
40 AnG 210 Group Function | Group Function
41 AnB
a5 AND DA A 0o A+ Q ArQ+i
46 DaQ 01 [ADD At B |ADDDplus | A+ B+ 1
g5 D+ A one D+ A+ 1
30 AvQ 06 D+Q D+ Q-+ 1
31 OR AvE oo a o1 1
35 Dv A
36 DvQ 03 |PASS B Increment B+ 1
4 A A+
60 AvG 07 D D+ 1
2.15 EX-OR AvS 12 Q-1 Q
TA
66 g 13 |Decrement; B-1 FASS B
¥Q 14 A-1 A
7o ATQ 27 D-1 D
m EX-NOR ATE 22 —0-1 -Q
; 2 [% 23 |M'sComp. | -B-1 2's Comp. -B
— 24 =A -1 {Negate} -A
re Q 17 -D-1 -0
;3 INVERT 9 10 Q-A-1 Q-A
A -A- -
77 i} 11 |Subtract B-4-1§f Subtract B-A
62 Q 15 |(1's Comp)| A-D-1|(2's Comp.} A-D
63 8 16 Q-D-1 Q-D
64 PASS A 20 A-0-1 A-0
67 o 21 A-B-1 A-B
25 D-A-1 D-A
gg Q 26 D-G-1 D-
B
34 PASS A Table 6. ALU Arithmetic Mode Functions.
37 D
42 o}
43 “ZERQ" 0
44 0
47 ]
50 A NG
51 MASK AaB
55 Daa
56 DrQ

Table 5. ALU Logic Mode Functions.

s

627



W559032

WS59032D

COMMERCIAL RANGE AC

CYCLE TIME AND CLOCK
CHARACTERISTICS

CHARACTERISTICS " READ OOV RRTE T
: . - E rom select
The tables shown here specify the guaranteed per of A_ B registers to end of oycle) 51ns
formance of the WS58032D over the Commercial Maximum Clock Frequency 1o Shift
operating temperature range of 0°C to +70°C and Q (50% duty cycle.e?= 432"°r 632) 26.4 MHz
a power supply range of 5V + 5%. Inputs are Minimum Clock Low Time 22ns
switching between 0 and 3V with rise and fall times Minimum Clack High 26ns
of 1 Vins and measuraments made at 1.5V. All out- Minimum Clock Period 28
puts haye maximum DC load. g
OQUTPUT ENABLE/DISABLE TIME
Disable tests performed with & = 5pF and
measured to 0.5V change of output voltage.
From OE Low to Y cutput enable 30ns
From OE High to output disable 25ns
COMBINATIONAL PROPAGATION DELAYS (CL = 50PF)
- -
QUTPUT RAMO, Qo,
:‘m Y F31 Cnais2 F=0 ovn. RAM31 a3t UNITS
A, B ADDRESS 66 66 58 68 62 75 —
D0-D31 45 a5 35 45 35 48 -
Cn 6 35 18 36 32 42 —
[F 46 46 35 46 41 58 e ns
I345 51 51 1M1 51 46 53 —
lg7e 22 -_ — — _ 22 20
A BYPASS ALU 6
{1 = 2XX) — — — — — —
CLOCK 51 51 42 51 46 59 22

SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP} INPUT

WPUT | set Up before H L Hold after H L Set Up befare L H Hold atter L. H UNITS
~d ess"s"'“’e 20 1 (Note 3) 53 (Note 4) o
B oestination 10 DO NOT CHANGE (Note 2) 0
P0-D31 — — 20 0
Cn — — 22 0 n$
lpi2 — — 28 4]
I345 — — 30 0
le7s 7 DO NOT CHANGE {Note 2) 0
RAMO, 21 and _ _ 7 a
| QO, 31
NOQTES: 1) Dashes indicate that a set-up time constraint or a propagation delay path does not axist.

2} The phrase " DO NOT CHANGE" indicatas that certain signals must remain low for the duration of the clock Low time.

Otherwise, arroneous 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 s being used as a destination, the B address must remain stable during the ciock Low period,

4) Set-up time before H>L included here.
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wWsS59032D CYCLE TIME AND CLOCK
MILITARY RANGE AC CHARACTERISTICS
CHARACTERISTICS READ-MODIFY-WRITE (from selact 60ns
The tables shown here specify the guaranteed per- of A, B registers 10 and of cycle}
formance of the WS59032D over the Military Maximum Clock Frequency to Shift 23 & MHz
operating tempsrature range of —55°C to +125°C Q (50% duty cycla, | =432 or 632)
and a power supply range of 5V + 10%. Inputs are Minimum Clock Low Time 28ns
switching between 0 and 3V with rise and fall times Minimum Clock High 30ns
of 1 Vins and measurements made at 1.5V, Alf out- Minimum Clock Pericd 60ns

puts have maximum DC load.

OQUTPUT ENABLE/DISABLE TIME
Disable tests performed with C, = 5pF and
measured to 0.5V change of output voltage.

From OF Low to Y output enable 36ns
From OE High to output disable 30ns

COMBINATIONAL PROPAGATION DELAYS (CL= 50PF)

T
RAMO Qo
ouTRUT = ’ s
r::u" Y F31 Criga F=0 OVR RAM31 a1 UNITS
A, B ADDRESS 72 72 63 69 69 51 —_
Do-D3 51 51 40 52 42 52 —_
Cn 41 41 21 39 36 36 -
Y012 43 48 40 48 44 63 — ns
I345 54 54 46 56 51 57 —
lg7e 27 — — -— —_ 21 20
A BYPASS ALY 51 . i _ _ _ _
(1= 2XX)
CLOCK 58 58 50 58 53 66 29

SET-UP AND HOLD TIMES RELATIVE TO CLOCK {CP} INPUT

NPT | SetUpbeforeH L | HoldafterH L Set Up before L_H Hold atter L H | UNITS
A, B Source

Address 25 1 {Note 3) 63 {Note 4) 1

B Dostination 26 DO NOT CHANGE (Note 2) 1

00-D31 — — 30 0

Cn — — 30 0 ns
lp12 — — 36 0

I3ds — — 42 0

ls7a 13 DO NOT CHANGE (Note 2) 0

RAMO, 3t and

_Qg_ 31 — —_ 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, erronecus opearation may be the result,
3} Priortoclock H> L transition, source addresses must be stable to allow hime for the source data to be set up before the
latch closes, After this transibion the A address may be changed. If it is not being used as & destination, the B address
may also be changed. Ifitisbeing used as adestination, the B address must remain stable during the clock Low period.

4) Set'up time before H> L included here.
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WSS59032E CYCLE TIME AND CLOCK
COMMERCIAL RANGE AC CHARACTERISTICS
CHARACTERISTICS READ-MODIFY-WRITE {irom select a2
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 ta +70°C and Q) (50% duty cycle, | =432 of 632)
a power supply range of 5V + 5%. Inputs are Minimumh Glock Low Time 180s
switching between 0 and 3V with rise and fall times Minimurm Clock High Zins
of 1 Vins and measurements made at 1.5V, All out- Minimum Clack Period 40ns
puts have maximum DC foad.
QUTPUT ENABLE/DISABLE TIME
Disable tests performed with C| = 5pF and
measured to 0.5V change of output voltage.
From OE Low 10 Y output snable 25ns
From OE High to output disable 20ns
COMBINATIONAL PROPAGATION DELAYS (CL= 50FF)
To
OCAITPUT _ RAMOD, Qo,
r:::.: Y F31 Ch+a2 F=0 OVR RAM31 a3 UNITS
A, B ADDRESS 55 55 48 55 51 62 —
Do-D31 37 37 29 a7 23 40 —_
Cn 30 30 15 30 26 35 —
lorz 38 38 29 38 34 48 - ns
lass 42 42 34 42 38 44 —
leza 18 — - — - 18 16
A BYPASS ALU 28
{1=2XX) — — — — — —
CLOCK 42 42 35 42 38 49 18
SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP) INPUT
HPUT " | sSetupbetoreH L Hold after H L Set Up befora L _H Hold after L _H UNITS
A, B Source
Address 20 0 (Note 3) 44 {Note 4) 0
B Destination 10 DO NOT CHANGE (Note 2) 0
DO-DA — — 18 0
Cn — — 20 0 ns
lg1z — — 26 0
laas — — 25 a
ls7e 5 DO NOT CHANGE (Note 2) 0
RAMOD, 31 and
Qo, 31 — - 5 3
NOTES: 1) Dashes indicate that a set-up time constraint or a propagation delay path does not exist.

2) The phrass DO NOT CHANGE" indicates that certaln signals must remain low for the duration of 1he clock Low time.

Otherwise, erronecus operation may be the result.

3) Priorto clock Hx 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 changad. If if 1s not being usad as a destination, the B address
may also ba changed. I itis being used as a destination, the B address must remain stable during the clock Low peried,

4) Set-up time bafore H>» L included here.

Usss
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WS59032E CYCLE TIME AND CLOCK
MILITARY RANGE AC CHARACTERISTICS

CHARACTERISTICS [ READ-MODIFY-WRITE {irom select o
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, | =452 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 Peried 50ns

puts have maximum BC 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 GF High to output disable 30ns

COMBINATIONAL PROPAGATION DELAYS (CL= 50PF)

0
RAMO Qo

QUTPUT _ ) ]
Irm ¥ F31 Chrm F=0 OVR RAM31 a3t UNITS
A, B ADDRESS 60 80 52 57 57 67 —
DO0-D3t 42 43 33 43 35 43 —
Cn 34 34 17 3z 30 30 —
intz 40 49 33 40 36 52 — ns
1345 45 45 38 46 42 a7 —
Iz 22 — - — — 17 16
A BYPASS ALV 40 _ _ _ _ N _
(1 =2XX)
CLOCK 48 48 41 48 44 556 24

SET-UP AND HOLD TIMES RELATIVE TO CLOCK (CP) INPUT

INPUT | SetUpbeforeH L | HoldafterH L Set Up before L_H Hold after L H | UNITS
A, B Source

Address 23  (Note 3) 52 (Note 4) i

B Destination

At 23 DO NOT CHANGE (Note 2) 1

DO-D31 - - 25 o

Cn — — 25 0 ns
lpa1z —_ — 30 H

I345 — — 35 o]

lo7s 10 0O NOT CHANGE (Note 2) 0

RAMO, 31 and

Qu, 31 — — 7 5

NOTES:

1) Dashes indicate that a set-up hme constraint or a propagabion delay path does not exst.

2) The phraze "0O NOT CHANGE" indicates that certain signals must remain low for the duration of the clock Low time
Otherwise, erroneous cparation may be tha rasult.

3} Prior to clock H> L transition, source addresses must be stable to allow time for the source data to be set up belore the
latch closes. After this transition the A addrass may be changed Wit is not being used as a destination, the B address
may also be changed. ifitis being used as adestination, the B address must remain stable dunng the clock Low period,

4} Set-up hime before H> L included here
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COMPETITIVE TIMING ANALYSIS

The following analysis compares the critical timing paths of a WS58(32E vs. the equivalent Bipolar circuit
implementation using eight 2801 C's, two 2802A’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 functionat equivalent circuit. Additionally, the Control Path of the WS59032E is 50% faster
than the Bipolar/ECL implementation. The actual values for the BipolarfECL circuit will be lengthened by the
layout dependeant interconnect delays between the individuat 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 =@ =55ng 1012 - F =§f =.48ns
interconnect delay = @ns interconnect delay = Pns
Total Delay = 55ns Totat Delay =.48ns
DISCRETE iMPLEMENTATION (See Figure) DISCRETE IMPLEMENTATION (See Figure)
AB- =P3,53=37ns to12 = F=¢ =37ns
F3Ga =P G=11ns | FaGs »P.G=1Ins
P.G *»C 16 = 10ns PG = 16 = 10ns
C1s »C 281= 14ns C1e = Cz28 = 14ns
Czs = F =g =25ns Cos = F = =28ns
interconnect delay = Xns interconnect delay = Xns
Total Delay >97ns Total Delay > 97ns
Look-Ahead Carry Using Discrete Components
- Four 29(HCs Four 2901Cs
Fos f Foe )
. Canz &, Coo, 24,20
¥ _ L §
G
Gy~ 20024 B — Cig i 2002A

s
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ORDERING INFORMATION

OPERATING Wsi
PART NUmMBer | SPEED PACKAGE PACKAGE | +eMpERATURE | MANUFACTURING
(ns) TYPE DRAWING RANGE PROCEDURE
WS59032DG 3] 101 Pin Ceramic PGA G2 Camm’l Standard
WS59032DGMB D 101 Pin Ceramic PGA G2 Military MIL-STD-883C
WS59032EG E 101 Pin Ceramic PGA G2 Camm’l Standard
WS59032EGMB E 101 Pin Ceramic PGA G2 Military MIL-STD-883C
sy
77
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ESF = WS5910A/B
WAFERSCALE INTEGRATION, INC.

CMOS MICROPROGRAM CONTROLLER

KEY FEATURES
= High Speed Operation * Bipolar Replacement
— 50% Faster Than Bipolar — Fully Compatible with AM2910A
+ Low Power * Immune to Latch-Up
— 225 mW — Qver 260 mA
+ On-Board Stack * ESD Protection
— 9 Words Deep — Exceeds 2000 Volts

DESC SMD No. 5962-87708
GENERAL DESCRIPTION

The WS5910A/B microprogram controller is an address sequencer which provides addresses to a control store memary.
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 Inpwt. The address source selected is dependent upon
the instruction applied to the WS53H0A/B.

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
coniral with a count capacity of 4096.

The CMOS WSE910A/B is a form, fit and function replacement for the bipelar/ECL AM2910A, A.C. performance and
output drive capability, meet or exceed the specifications of its bipolar counterpart. The WS530A/B is also available
as a macro cell in the WSI cell library.

FUNCTIONAL BLOCK DIAGRAM

o U cP
12
——— L
RLD — REGISTER, | > STACK FuLL
COUNTER { - POINTER
-zeno
DETECTOR ={9 WORD = 12 BIT
Reo STACK
- [>
oV F
Ea s:l.sml { l [) |
5§ N
&3 D R F uPC >M|°c389"_?ggmu
(4 —
Ed MULTIPLEXER i
. E:: wPC
Tt PUSH/POR!
. HOLD/CLEAR
=1 8,
CCEN B§ CLEARICOUNT Jci
w
I En
D—;% =
66 6 7 <18
12
£33 .
z3
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WS5810A/B

PIN DESCRIPTION
SIGNAL NAME | 110 DESCRIPTION
Di 1 Direct Input to RegisterfCounter and Multiplexer. Dy, is LSB.
li | Instruction Inputs to the WS5910A/8
[ I Condition Code Input. Pass Test is a LOW on CC.
CCEN I | When HIGH, €€ Input is Ignored and Internalty Forced LOW
Cl | Carry Input fo the LSB of the Microprogram Counter
RLD | When LOW, RegisterfCounter is Loaded Regardless of Instruction or Condition
OE I | Three State Control of Yi Qutputs
Yi O Address to Microprogram Memory, Y, is LSB.
CP | All Internal States Change at LOW-to-HIGH Edge
FULL O | Stack Full Indicator. (Stack is Nine Levels Deep.)
PL e} Active LOW Signal Used to Select the Pipeline Register as the Direct Input Source
MAP O | Active LOW Signal Usad to Select the Mapping PROM (or PLA) as the Direct
Input Source
VECT O Active LOW Signal Used to Salect the Interrupt Vector as the Direct Input Source

PIN CONFIGURATION

\'4[:1 ~7 40'30;
Dy 2 )%
\'553 H:Da
o [1a w[
veer [ s a6 ] 0
s as [ ]V,
war []7 a[]o,
'aEﬂ 33:"'0
L] e 2o
Voo [] 10 s Jor
I R s | ] eno
w[] e 20 [ | oE
oEn [ = 28 [ ] ¥u
T 1 27 [ ] oy
a [ s 2 [ ] Ve
mEm 253910
O‘E 17 24 jv._,
Yo [] e 23 ] o,
D?Ei! 22 jYa
v:J 20 2] o,
TOP
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WS5910A/B

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 (Dg-Dyp), 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 Y'Yy,
three state output buffers.

External Inputs: Dp-D,,

The external inputs can be used to supply the jump address for conditional branch types of instructions. They can
also be used to lcad the register counter.

Regisier 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, BLD, is LOW. The output of RC
is referred 10 as A 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 micrainstructions
fo be repeated up to 4096 times,

THE STACK AND STACK POINTER

The last-infirst-out stack, which is 9 levels deep by 12-bits wide, provides return addresses from micre-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 POF operation.

There are five microinstructions during which a POP operation may occur (8, 10, 1, 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 cccur (1, 3, and 5). A PUSH increments the stack
painter and the refurn linkage is then written into the stack at the location pointed to by the just incremented stack
peointer. RESET {instruction 0) forces the stack pointer ta 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 ninej but the
stack pointer remains unchanged. The operation will usually destroy useful information and is normally avoided.

Wy
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WS59104/B

TABLE OF INSTRUCTIONS

REG/ RESULT
13-y | MNEMONIC NAME CNTR1 _  FaL [ ___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 Hald Haold PL
a RECT Repeat Loop, = 0 F Hold F Hold Dec PL
CNTR = 0 =0 PC Pop PC Pop Hold PL
9 RPCT Repeat PL, % 0 D 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 Held PC Hold Hold PL
# 0 F Hold PC Pop Dec PL
15 TWEB Three-Way B h
ree-¥vay Branc -0 | o Pop PC Pop | Hod | PL
NOTE: 1) If ECEN = L and TC = 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. (Comml) .. ...... 0°C to +70°C permanent damage to the device. This is a stress rating
My ... . ~§59%C to +125°C only and functional operation of the device at these or
Storage Temp. (Mo Bias}....... —65°C 1o +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 . .............. -08V 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 Qperating Temperature Range (See Note 1)

SYMBOL PARAMETER TEST CONDITIONS MIN | MAX | UNITS
. Voo = Min.
Y Output High Voltage oC All Outputs | 19y = -34mA | 24
OH put Fig g Vg = Vi OF V)L p OH
Vo | Output Low Voltage | Yoo = Min- All Outputs | 1o, = 12 mA 05 | v
Vin = Vigor vy
Vil Input High Voltage Guaranteed Input High Voltage 20
ViL Input Low Voltage Guaranteed Input Low Voltage 08
lge Input Load Current Voo = Max, Viy = GND or Vg 10| 10
High Impedance pA
loz Output Current Vec = Max, Vg = GND or Vge -501 50
0°C to +70°C (Comm'l) 45
lee Power Supply Current | Vo = Max Z55°C 1o +125°C (Ml =0 mA

NOTES: 1} Commergial: Voo = +5Y + 504, T, = 0°C to 70°C.

6-38
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WS59104A/B

WS5910A
COMMERCIAL RANGE
AC CHARACTERISTICS
The tables shown here specify the guaranteed performance of the WS55910A over the commercial operating range
of O°C te +70°C and a power supply range of 5V + 59%.

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-Day 20 — —

R 35 30 —

cC 30 — - ns
CCEN 30 — —

cP 40 — 31

OUTPUT ENABLE/DISABLE TIME
Disable tests performed with C, = 5 pF and measured to 05V change of gutput voltage.

From QE LOW to Y Qutput Enable 25
From OE HIGH to ¥ Qutput Disable 27

ns

SET UP AND HOLD TIMES

INPUT tg ty UNITS
Di — R 16 0
Di — PG 30 0
lorls 35 0

cc 24 0 ns

CCEN 24 0
cl 18 0
RLD 19 0

s
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WS5910A/B

WS5910A
MILITARY RANGE
AC CHARACTERISTICS

The tables shown here specify the guaranteed performance of the WS5310A over the military operating range of -55°C
to +125°C and a power supply range of 8V + 10%.

Inputs are switching between 0 and 3V with rise and falt times of 1 Vins and measurements made at 1.5V, All outputs
have maximum DC load,

CYCILE TIME AND CLOCK CHARACTERISTICS

Minimum Clock LOW Time 26

Minimum Clock HIGH Time 25 ns
Minimum Clock Period 51

Maximum Clock Frequency 19.6 MHz

COMBINATIONAL PROPAGATION DELAYS (C, = 50 pF)

INPUT Y PL, VECT, MAP FULL UNITS
DyDyy 26 - —

to-ls 40 35 -

cC 36 — e ns
CCEN 36 - -

CP 46 — 35

OUTPUT ENABLE/DISABLE TIME :
Disable tests performed with G = 5 pF and measured to 0.5V change of output voltage.

From DE LOW to Y Output Enabte 25
From OE HIGH to ¥ Output Disable 30

ns

SET UP AND HOLD TIMES

INPUT ts ty UNITS
Di - R 16 0
Di —~ PC 30 0

ot 38 0

cC 35 1] ns
CCEN 35 0

Cl 18 0

RLD 20 0

s
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ws59108
COMMERCIAL RANGE
AC CHARACTERISTICS

The tables shown here specify the guaranteed performance of the WS53108 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 Wns and measurements made at 1.5V, All outputs
have maximum DC load.

CYCLE TIME AND CLOCK CHARACTERISTICS

Minimum Clock LOW Time 13

Minimum Cleck HIGH Time 13 ns
Minimum Clock Peried 33

Maximum Clock Frequency a0 MHz

COMBINATIONAL PROPAGATION DELAYS (C, = 50 pF)

INPUT Y PL, VECT, MAP FULL UNITS
Dg-Dyy 18 — —

lgta 24 —_ _—

CC 29 — — ns
CCEN 21 — —

cP 27 — 20

OQUTPUT ENABLE/DISABLE TIME
Disable tests performed with & = 5 pF and measured to 0.5V change of output voltage.

From OE LOW to ¥ Output Enable 21
From OE HIGH to Y Qutput Disable 22 i
SET UP AND HOLD TIMES
INPUT tg 1y UNITS
Di—-R n 0
Dj - PC 20 0
lorly 23 0
CC 16 0 ns
CCEN 16 0
Cl 12 0
RLD 12 0

s
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wss9108
MILITARY RANGE
AC CHARACTERISTICS

The tabtes 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 1 10%.

Inputs are switching between 0 and 3V with rise and fall times of 1 Vins and measuraments made at 1.5V. All outputs
have maximum DC load.

CYCLE TIME AND CLOCK CHARACTERISTICS

Minimum Ciock LOW Time 17

Minimum Clock HIGH Time 17 ns
Minimum Clock Period 35

Maximum Cleck Frequency 29 MHz

COMBINATIONAL PROPAGATION DELAYS (C; = 50 pF)

INPUT Y PL, VECT, MAP FULL UNITS
Dg-Dyy 22 — —

Iyl 26 23 —

CcC 24 — — ns
CCEN 24 — —

CP 30 — 24

QUTPUT ENABLE/DISABLE TIME
Disable tests performed with C; = 5 pF and measured to 0.5V change of output voltage.

From OE LOW to ¥ Output Enable 24
From QE HIGH to Y Output Disable 25

ns

SET UP AND HOLD TIMES

INPUT tg ty UNITS
Di—- R 1 0
Di - PC 20 4]

lo-l 25 0

cc 23 o ns
CCEN 23 0

Cl 12 0

RLD 13 0

sy
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WS5310A/B

SWITCHING WAVEFORMS

v | 1
INPUTS
w
av
CLOCK
ov
-~
QUTPUTS
ORDERING INFORMATION
OPERATING wsi
PART NUMBER | SPEED pA.f\'r(:EG'E ::i':ﬁﬁg TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS5310AP 20 MHz | 40 Pin Plastic DIP, 06" P1 Comm'l Standard
WS5310AYMB 20 MHz | 40 Pin CERDIF, 0.6” Y1 Military MIL-STD-883C
W5S5910BP 30 MHz | 40 Pin Plastic DIP, 0.6" P1 Comm’l Standard
WS5910BYMB 30 MHz | 40 Pin CERDIP, 0.6% Y1 Military MIL-STD-883C

sy
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SS=F ws59510
WAFERSCALE INTEGRATION, INC.

CMOS 16 x 16 MULTIPLIER ACCUMULATOR

KEY FEATURES
* 16 x 16 BIt Parallel Multiplication + Two's Complement or Unsigned
with Accumulation to 35-Bit Result Magnitude Operation
¢ Fast ¢ Immune to Latch-Up
— 30 ns Multiply Accumulate Time — Qver 200 mA
* Low Power * Pin Compatible and Functionally
— lec = 30 mA {10 MHz) Equivalent to Am29510 and TDC1010

* DESC SMD No. 5962-88733

FUNCTIONAL DESCRIPTION

The WS59510 is & 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 gither two's
complement or unsigned magnitude 16-bit numbers. The accumulator functions include loading the
accumuiator with the current product, adding or subtracting the accumulator contents and the current product,
or preloading the accumulator from the external world.

Allinputs {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-hit 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

xns-o ¥i5-0/P45.0

CLKY
116 16
|_‘TC 16 x 16 ASYNCHRQNOUS
AND

4 MULTIPLIER ARRAY
TC >
AND >—» BT 32
ACC >—» ACC
SUB >« su8 ADD/SUBTRACTIPASS I a5

B 1. &

CLKP > xTp Msp LSP
PREL —» REG REGISTER [ REGISTER

"a * 18
—_—]
OEX y;ifom HT OEL
Py sz L TRY .._.J
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WS58510

PRODUCT SELECTION GUIDE

PARAMETER 59510-30 | 59510-35 | 59510-40 | 59510-50
. . ] Commercial 30 35 40 —
Maximum Multiply-Accumulate Time (ns)
Miiitary —_ — a0 50
PIN CONFIGURATIONS
TOP
@ @ @ @ @ @ @ {Through Package View)
51 50 43 46 44 42 40 35 28
&) € = &9
49 a7 45 43 Ll 39 37 35 34
@) G2
55 54 32 33
(o)
57 56 30 3
© & wd: 7 ok
X O 3 62 [ X
&6 ool il IE:
2 B 60 Xy
@ P = 59 |1 Xy
% L7 58 [ X5
TR 20 2 Yh, I} 8 57 [ X
cbovoosesosl Wil LB
200800066 ek ] p
F Fy € g 10 12 13 5 37 viPy I 1 54 [1 muo
v.py O 12 53 [ sue
r & ¢ s 2 P nw—=>Z; Y"PSE“S SZJA-CC
= B R I A A S VR Py Vmpa:" 51 [ cLex
68 67 &6 65 64 63 62 81 YrPr [ 15 sa [ ciky
aNp [ 18 a3 [ Ve
YoPy O 17 aa [ ¢
¥y.Pe [ 18 ar [J GEX
YoPy ] 12 46 |3 PREL
Y1 E 20 45 : OEW
¥i2.Pyz E 21 44 : CLKP
YoPa O 22 13 [ Py
YuoPu O 23 a4z P
YissPrs [ 24 a [ Pa
Ps O 25 40 [ Py
Py [ 26 30 | Pa
Pa O 27 38 [ Py
P O} 29 37 [ Pu
Pe [ 28 s [Py
P [ 30 as [ Pue
Pu O m a4 O Py
Ppy E az a3 :I Pay
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Ws59510

PIN DESCRIPTION

*Pin No.| Name 1/0 | Description

54 RND b Raund
When AND is High. a bit with a weight of Pas is added to the multiplier product
RMND s loaded an the rising edge of CLKX or CLKy

48 TC i Twao's Compigment
When High, the X and Y inputs are defined as two's complement data, or as ungigned data when Low,
The TG comrol 15 Ipaded on the rising edge of CLKx or CLKy

46 PREL | Preload
When High, data is preloaded nto the specific output register when its respective Load Enable s High
When Low, the accumulator register 15 availatle at the P-port when the Qutpul Enabiles are Low

47 LEx/OEx | Load Enable Extended/Cutput Enable Extended
Achive High Load Enable for the XTP port dunng preloading Active Low three-state control for the
XTP port during normal operation (see Preload Function) (TSX)*"

45 LEmfQEm Load Enable Most/Output Enable Most
Acbive High Load Enable for the MSP port dunng preloading Active Low three-stale
cantrol for the MSP port during normal operation (see Preload Funchon) {TSM}™

55 LEL/TEL I | Load Enable Least/Output Enable Least
Active High Load Enable for the LSP port during preloading Active Low three-state
cantrol for the LSP port dunng normal operation (22 Preload Funchon) (TSL)™*

51,50 CLiCx, CLKy | CLOCKS
Load X and Y data respectively and TC. RND, ACC and SUB/ADD on the rnising edge

44 CLKp 1 CLOCK
Loads data inte the XTP, MSP and LSP registers on 1he nizing adge

1-7, X15-Xp 1 Multipher Data Input

56-64 Data 1s lpaded inte the X register on the nsing edge of CLK«

8-15, Ya5-Y0 I3 | Bidirectional Paort

17-24 P1s-Po Data is loaded into the Y register on the rising edge of CLKy Product output for least Sigmificant
Product {LSF) and input to preload LSP register

41-43 Psa-Faz /0 | Bidirectignal Port
Product output for extended Product (XTP} and imput to preload XTP register

25-40 Fa1-F1g 1¥0 | Bidirectional Port
Froduct cutput for the Most Significant Froduct {(M3P) and input to preload MSP register

52 ACC | Accumulate
When High, the multipher product rs accumulated in the accumolator When Low, the multipher
product 15 wiitten into the accumulator {see Accumulatar Function Tablel The ACC control

| 15 loaded an the nsing edge of CLKx or CLKy

53 SUB/ADD | Subtraction/Additicm
When Migh, the accumolator contents are subtracted fram the multiplier product and the result
wnittén back nto the accumulator When Low, the multipler product 1s added into the
accumulator (see Accomulator Funchon Tabie) The SUB/ADD control is loaded on the
nsing edge of CLKx or CLKy

*DIP Conhguration
STRW TOC101) Pin Designation

s
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WS59510

ABSOLUTE MAXIMUM RATINGS*

*Notice: Stresses above those listed here may

Operating Temp (Cormm‘l} ... ... .. 0°C to +70°C cause permanent damage tg the device,‘ This is a

M L 55°C to +125°C stress rating only and functional operation of the
Storage Temp. (No bias) . ...... B5°C to +150°C device at these or any other conditions above thos_e
Voltage on any pin with indic_ated in the operational sections of this
respect to GND........ovvvenen.. 0.6V to +7V specification is not implied. Exposure to al:!solute
Latch Up Protection ................... 200 mA maximum rating conditions for extended periods of
ESD Protection ........... oo = 2000V time may affect device reliability.

DC CHARACTERISTICS Over Operating Temperature Range (Note 1)

SYMBOL PARAMETER TEST CONDITIONS MIN | MAX | UNITS
. Vcc = Min _
Vou Cutput High Voitage Vig = Vi or Y, All Qutputs | loy = -16 mA 2.4
v M vooy lor = 12 ma {Comm’ly
cc = Min 0-Y31 - o
VoL Cutput Low Voltage Viy = Vi or Vi | All Others loL = @ mA (Military) 05 v
|0|_ = 8 mA

ViH input High Voltage Guaranteed Input High Voltage 20
Vi input Low Voltage Guarantesd Input Low Voltage 08
Ix Input Load Current Voo = Max, Viy = Gnd or Voo -10¢ 10

High Impedance _ _ - KA
loz Output Current Vee = Max, Vg = Gnd or Vee 50} 50
i Power SUbply C o v M 0°C to +70°C (Comm'l} 30 mA

wer Su urren = Max

e POl ce _55°C to +125°C (Military) 50

MOTES:
1. Commercial: Yo = +5V 1 5%, T4 = 0°C 1o +70°C.
2. Military: Vog = +5V & 10%, Ty = -55°C to +125°C.

DETAILED DESCRIPTION

The W358510 is a high-speed 16 x 16-bit multiplier accumulator {MAC). It comprises a 16-bit parailei multiplier
followed by a 35-bit accumulator. All inputs {data and instructions) and outputs are registered. The WS58510is
divided into four sections: the input section, the 16 x 16 asynchronous muttiplier array, the accumulator, and the
cutput/preload section.

The input section has two 18-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 unsigrned 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 pumber 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 accumulatar/output register and the bidiractional ports. This section 1s
controlled by the signals PREL, OEX, DEM, 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 wiil be
preloaded into the appropriate accumulator register at the rising edge of CLKP. When PREL iz LOW, the signals
OEX, OEM, and CEL are enable controls for their respective three-state output ports.

Wi
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WS59510
Inpul Formats

Fractlonal Two's Complement Input

Xy

Yin

[15 14 13 12 11 10 5 8 7 6 6 4 a3 2 1 0]

{15 14 13 12 11 10 ¢ 8 7T 6 5 4 2 2 1 0]

220 221 2.2 223 a4 2.5 2.6 2.7 DaB 2.8 2410 211 212 2-13 D14 215
(Signy

Two's C

202 2T A D425 26272829210 23-11 212 213214 215
8ign)

t Input

Xin

Yin

15 14 13 12 11 10 8 8 7 6 5 4 3 2 1 0

SME B4 203 12 11 200 29 28 2T 26 25 24 23 22 oM oon
[Sign}

[15 14 13 12 11 10 8 8 7 6 5 4 3 2 1 0]
S5 A 213 21 1 210 29 2B 9T 26 25 24 23 22 2% 20
{Sign}

Unsigned Fractional Input

XN

YN

['5 14 v3 12 11 10 8 8 7 6 5 432 1 9

[15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0]

DT QD324 2,526 2.7 28 28 210 211 2212 213 2.14 215216

212223242526 272829210211 212 213 214 215218

Unsigned Integer Input

XN

Yin

[15 14 13 12 11 10 9 8 7 65 4321 0

15 14 13 12 11 10 8 8 7 & 5 432 10

216 Fa 213 212 211 214 20 28 2F 26 2% P4 23 pF o220

215 214 213 P12 211 210 23 08 D7 MG 25 P4 D3 22 M 9O

WS59510
QOutput Formats

Two's Complement Fractional Qutput

XTP MsP

LSP

134 3332) [31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16|

[15 14 13 12 11

M 9 87 685 43 2140

a2 P PPN 2EPADAPS BT PRGN 222214 215216217 2-182-180-200 212222230243 253 262272282202 30
{Sigr}
Two's Complement IMeger Outpul

XTP Mmsp LSP
[a423332] |;vapgoos 272625242322 2019181716) [15 14 13 12 11 10 9 B 7 6 5 4 3 2 1 0
-DIAPIEPEZ ABIPGODERPRAPIT ARG Q4RI RN21BN TG 215 219 N3 o}z 211 210 99 28 27 28 25 24 23 22 21 00
{Sign}

Unsigned Fractional Output
XTe Msp LSP

|343332] |31 30 20 28 27 26 25 24 23 22 21 20 19 18 17 18 |

(15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0]

NN 1220324263 62 72.82-00-105-110-120-130149_15916

B-170-182-192.202-212-223.207 243 252 263.270-282-202-302-312 32

Unsigned Integer Output

xTP MSP

LSP

34 33 32

[ 31 30 20 28 27 26 25 24 23 22 21 20 19 18 17 18]

[15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0]

234233232

231230220328 727 2025242230222 213201921B217 216 215 214 13 212 2

210 29 28 27 26 25 24 23 ;@ 21 20

/1
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WS59510

SWITCHING CHARACTERISTICS Over Operating Range

=30 =35 -40 =50
PARAMETER SYMBOL UNITS
MIN | MAX | MIN | MAX [ MiN | MAX | MIN | MAX
Multiply Accumulate Time ta 30 35 40 a0 ns
Setup Time (XY, RNDTC, ACC, 5UB) tgy 5 5 5 5 ns
Setup Time (PREL,OEX,0EM,0EL) tgn 15 15 15 15 ns
Hold time th 2 2 2 2 ns
Clock Pulse Width tpw 10 10 10 15 ns
OUtpUt Clock to P trpp 20 20 25 30 ns
QOutput Clock to Y teoy 20 20 25 30 ns
QEX, OEM to P High to Z Yz 20 20 25 30 ns
QEL to Y (Disable Time) Low to Z tpLz 20 20 25 30 ns
OEX, OEM to P; Z to High tpzy 20 20 25 3o ns
OEL to Y {Enable Time) Z to Low tpzL 20 20 25 30 ns
Relative Hold Time thoL o 0 0 0 ns
NOTE: Inpuls are swilching between 0 and 3V with rise and fall times of 1 Wns and measurements made at 1.5V. All inputs have maximum
DC load.
TEST WAVEFORMS
Test Wy QUTPUT WAVEFORM - MEASUREMENT LEVEL
VoM
All tep's Veo * 1.5V
VoL
Von -k
tPHZ 0.0V 0.5
0.0V
2.6V
trLz 2.8V 0.5V
VoL
VoH
trzr 0.0v 1.5V
0.0V
28V
tezL 28Y 1.5V
VoL
Setup and Hold Time Pulse Width
W
DATA LOW-HIGH-LOW
WNPUT _ 1.6V PULSE — 1.5¥
av
L tpw
v
TIMING ————————— — ———————————— 15¥
INPUT
av
Notes:

1 Dhagram shown for HIGH data only Output transthon may be
oppasite sense
2 Cross hatched area is don't care condition

= s




Ws59510

WS59510 TIMING DIAGRAM

CLKP / teoe

OQUTPUT
R

v XXARXXXXXXXX XXX XXX XX XAX XX XXX XXX XXX

PRELOAD TIMING DIAGRAM

QXXX XXX XXX XXX XX XXX XXX

THREE-STATE TIMING DIAGRAM

¥,
3-STATE - on
CONTROL N 1.5V
’ j— tenz Vo
{DISABLE) o ey .
ENABLE oH
(HIGH LEVEL) ——— Yy, -0V { ) -]
3?1?:55 {HIGH IRPEDANCE}
Vo +0.5V "'( —— 15V
Vo
{LOW LEVEL) | I ———
{DISABLE} {ENABLE}

/g
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W559510

ACCUMULATOR FUNCTION

TABLE
Su8/
PREL|ACC | ADD { P | OPERATION
L L X Q Load
L H L Q Add
L H H Q Subtract
H X X PL Preload

PRELOAD FUNCTION
LEx/ LEwm? LEL: Cutpul Aegister
PREL OEx D TEL ATF MIP LSP

0 i 0] 0 a Q &
i) ol o] 1 Q Q Z
a ) 1 1] Q Z a
4] QO 1 1 o 2z z
1} 1 o u 2 Q o]
o] 1 o 1 2 o] z
4] 1 1 ol F 4 o
o] 1 1 1 z 2 2
1 L+ 0 0 Z Z Z
1 g 1] 1 2 2 PL
1 [t 1 0 Z PL Z
1 ) 1 1 z PL PL
1 1 g L) PL F Z
1 1 o 1 FL 2 FL
1 1 1 a PL FL 2
1 1 1 1 PL PL PL

Z = output buffers at High impedance {disabled).

Q = oulpul bufers al Low impadancs. Contents of output

register avadabie through output porls

PL = oulpul dhsabled Preload data supplied 10 the output
pins will be loaded mto the output register al the nsing
edge ot CLKp.

ORDERING INFORMATION
OPERATING wsl
PART NUMBER | STEED PACKAGE PACKAGE | rpypERATURE | MANUFACTURING

(ns) TYPE DRAWING RANGE PROCEDURE
WS59510-30J 30 68 Pin PLDCC N Comm’| Standard
WS59510-35G 35 68 Pin Ceramic PGA G Comm’) 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 J Comm’l Standard
WS59510-40P 40 64 Pin Plastic DIP, 08" P4 Comm’} Standard
WS59510-50G 50 68 Pin Ceramic PGA G1 Comm’l Standard
WS59510-50GMB 50 68 Pin Ceramic PGA G Military MIL-STD-883C
W559510-50J 50 68 Pin PLDCC J1 Comm’l Standard
WS53510-50P 50 64 Pin Plastic DiP, 0.8" P4 Cormnrry’l Standard

6-52
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§|= = WS59520/WS59521

WAFERSCALE INTEGRATION, INC.

MULTILEVEL PIPELINE REGISTER
KEY FEATURES

¢ Four 8-Bit Registers * Dual Two Stage or Single Four Stage

Push Oni i
* Contents of Each Register Available ush Only Stack Operation

at Output * Hold, Transfer and Load Instructions
+ 24-Pin 300 Mil Package + High Performance CMOS
* 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 speads 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 (l; 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 WS52521 differ only in the dual two level stack mode of operation.

FUNCTIONAL BLOCK DIAGRAM

T

Dp-D;
4

— r
MUX
b - REGISTER A1 ] REGISTER B1
(RPN
ol
Hi=
=
28 [
CLOCK ] - HEGISTER A2 REGISTER B2
3 r

Sp wvie
S, =it

+:

Y7
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W559520/521

ABSOLUTE MAXIMUM RATINGS™

* Notice: Stresses above those listed here may

Operating Temp (Comm™) . . ... .. 0°Cio +70°C cause permanent damage to the device. This is a
(Mil) _55°Cto + 125°C stress rating only and functional operation of the
"""" device at these or any other conditions above

Storage Temp. (No bias) . . . .

Voltage on any pin with

65°Cto +150°C those indicated in the operational section of this
specification is not implied. Exposure tc absolute

respecttoGND .. ............. —06Vto +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/¢ DESCRIPTION
Dy-D+ | | Data input port
Yo7 0 | Data cutput port
CLK | | Data Latches on Low-to-High Transition
lo—h I | Instruction inputs. Refer to Instfuction Control Tables.
Sy, §4 I | Selscts one of four registers to be read at the output port.
CE | | Active Low, output enable. A high signal disables the output port.
PIN CONFIGURATION INSTRUCTION CONTROL
anstRueTion 1,y 24| JVec H WS559520 WS59521
(NSTRUCTION) 3, (]2 23[]5, (Mux SEL) ¥ — ¥
CH zz2[ s, {MUX SEL) | Al —| [ Bt I | Al j B1
D, [Ia 21[ ¥, LU i
0 [s 20[]v, [ A2} B2 | [Az] [B2]
D, s wsses2o 18 Jv, H H
D.(é 7 wsses2n o[ J¥a t 4
Ds[_In 17, 1 3
oo s “Ev, R I_ET_J [a] LB ]
o T LA
ek 1n w[ ] [ A2 ] | B2J I_AE l I B2 I
anp{_|12 1| _15E
REGISTER SELECT | Al | e Al [B1]
§1 S0 WS59520 or W559521 10 i
0 0 a2 [ B2 | [ A2 | [ B2 |
] 1 B1
1 0 A2 11 |ALL REGISTERS HOLD | ALL REGISTERS HOLD
1 1 Al
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W559520/521

DC CHARACTERISTICS Over Operating Range {See Notes)

SYMBOL PARAMETER TEST CONDITIONS MIN | MAX | UNITS
. Voo = Min
V Output High Voltage | ,°© loy = —65 mA 24
OH utpu 19 d VIN - V!H or VIL OH
Voo = Min lay = 20 mA (Comm™)
A Cutput Low Volt 05 v
o HIPULToW YOT83® | vy = vimor vy loL = 16 mA (Military)
Vin Input High Voltage Guaranteed Input High Voltage 20
Vi Input Low Voltage Guaranteed Input Low Voltage 08
Iix Input Load Current Voo = Max, Viy = Gnd or Vo —10 10
High Impedance HA
loz O'Etput ot Voo = Max, Vo = Gnd or Vgg -50 | 50
Dynaric Pawer 0° to +70°C {Comm’l) 12
| ¥ =M mA,
ce Supply Current cc = Max _55° to +125°C (Military) 15
Static Power 0° to +70°C (Comm’l) 100
| Vee = Ma
ce Supply Current ce X ~55° to +125°C (Military) 200 KA

NOTES: 1. Commercial Voo = +5V & 5%, T, = 0% to +70°C.
2. Military: Vrn = +5Y + 0%, T, = -55°C to +125°C.
3. €, = 50 pF except tor top where G = & pF.

SWITCHING CHARACTERISTICS Over Operating Range {See Notes)

WS59520/W559521
PARAMETER DESCRIPTION COMMERCIAL MILITARY UNITS
MIN MAX MIN MAX
trp Clock to Data Out 22 24
tseL Mux Select to Data Qut 20 22
ts Input {Data/instr) Set Up 10 10
ty Input {Data/lnstr.} Hoid ) 3 ns
toe Qutput Disable 15 16
tog Output Enable 21 2z
tewH Clock Pulse Width High 10 10
tewL Clock Pulse Width Low 10 10
TIMING DIAGRAM QUTPUT TIMING DIAGRAM
lewn
o e
INSTR VALID ) 4
N T
DATA 1N ! w\u::ﬂ X ouTeUT ¢ e
MU SEL :)l( VALID )4 [p— }., _— |_7,m
DATA OUT J' m)(_ VALID

Inputs are switching between { and 3V with rise and fall times of 1 Vins and measurements made at 1.5V. All gutputs

have maximum DC load.
3
s
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WS59520/521

ORDERING INFORMATION

8-56

OPERATING wsl
PART NUMBER s'(:"i'io PA?:,‘;‘SE I';‘;imsg TEMPERATURE | MANUFACTURING
RANGE PROCEDURE
WS535208 22 24 Pin Plastic DIP, 0.3" 51 Comm’'l Standard
WS59520K 22 | 24 Pin CERDIP, 03" K1 Comml Standard
WS59520KMB 24 | 24 Pin CERDIP 03" K1 Military MIL-STD-883C
WS595215 22 | 24 Pin Plastic DIP. 0.3" s Comm Standard
WS59521K 22 | 24 Pin CERDIP 03" K1 Comml Standard
WS59521KMB 24 | 24 Pin CERDIP 03" K1 Military MIL-STD-883C
£ 3
Sy




TSE£ S = WS59820/WS598208

WAFERSCALE INTEGRATION, INC.

CMOS/BI-DIRECTIONAL BUS INTERFACE REGISTERS
KEY FEATURES

» Two Banks of 8 x 16 Registers s Bi-Directional Buses Interface — Dual
4-Deep or 8-Deep Registers in Each
+ Contents of Each Register Available Direction
at Output +» Separate Control for Each Register Bank

* Provides Temporary Address or Data * Direct Processor Bus-to-Bus Interface

Storage Between Two Processor Ports * TTL Compatible
or Buses « Replaces Eight WS59520’s

GENERAL DESCRIPTION

The WS59820/W3559820B consists of two banks of registers, sight registers in each bank, each register 18 bits wide,
A single bank can be configured as an eight level pipeline or two each four level pipelines. The architectura! configuration
is determined by the instruction inputs (1G and 11} for each register bank.

Each of the eight registers in each bank is available at the multiplex output. The ocutput register is determined by
the control inputs (S0, S1, and S2) for each register bank. The multiplexed cutput is 18 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.

The WS59820 and WS59820B differ only in pin assignments. The WS59820B has additional Vg and ground pin
assignments and is recommended for new designs.

BLOCK DIAGRAM

Wy, —wd A-REGISTER OERE
LT P— CONTROL

| | MUX }&mmss
1 F T

| 41 Mux
EREEEEE
A
REGISTERS
EIGHT CLKR
B
REGISTERS

—'{ 41 Mux l | T
BYPASS —-—I; MUux j |

A ——O B-REGISTER 1By,
ENA CONTROL oa—— 55;, 2

!
DEYA
{15:0)
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WS59820/WS598208

DAYB {15:0}
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WS59a2(/WS588208

SELECTION TABLE FOR REGISTER SHIFT OPTIONS FOR
REGISTER A OR B REGISTERS AOR B
sX2 sX1 SXo sHEEfE'gII-'Eg = ::r: D m;:; : 'x”';:: - ——
o o o | RE@o 4 = 1 5
0 0 1 REG 1
0 1 0 REG 2 s | Cs
0 1 t REG 3
1 0 0 REG 4 Ls 1 = = "o Loso
:II (1) :) ggg g ] (| ] SHIPTING
1 1 1 REG 7 = | =]
X = Register A or B. Ej |_f_| ]
;
L | | o]
5 ld o
sLEVEL ity
X = Reglstar A or B.
MULTIPLEX CONTROL
OENA OENB BYPASS OPERATION
0 0 1 Pass Qutput of 8:1 Muxes to Outputs
0 0 Q Not Allowed (Input is Preferred)
0 1 0 Pass Input From DAYB (15:0) to Qutput DBYA (15:0)
0 1 1 Pass QOutput From 8:1 Mux to Outputs DBYA (15:0)
1 0 0 Pass Input From DBYA (15:0) to Qutput DAYB {15:0)
1 0 1 Pass Output From 8:1 Mux to Outputs DAYB {15:0)
1 t X Inhibit Outputs {High Impedance}
PIN DESCRIPTION
SIGNAL NAME o DESCRIPTION
1Aq, 1A, t Instruction Inputs for Register Bank A
1B, 1B, t Instruction Inputs for Register Bank B
SA;SA; | Multiplex Seiect for Register Bank A
5B,-SB, | Multiplex Select for Register Bank B
OENA i Qutput Enable for Output Port DBYA
OENB I Output Enable for Output Port DAYB
CLKA | Clock Input for Register Bank A
CLKB I Clock Input for Register Bank B
DBYA 15:0 1o Register Bank 8 tnput Port, Register Bank A Output Port
DAYB 15:0 o Register Bank A Input Port, Register Bank B Output Port
BYPASS | BYPASS Control (Active Low). See Table on Qutput Control
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WS59820/W5598208

PACKAGE ORIENTATION (W359820)

68 PIN CPGA
{Top Through Package View)
1 2 3 £ 5 L] 7 B 9 10 1
ol e b b b de e e b ede
] RS S P S U B e s e
(] R
1 L} L} i
D] -4- - - -1
El 4. o4 4 -+
ol -+ -+
of -+ -+
) Y e i
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I e T e e i
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68 PIN PLDCC
(Top Through Package View)
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NG, 7T NC
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DEYAg | - '15 DAYE,,
DBYA, [ 116 DAYB.,
DBYAy ™7 17 DAYB.,
DBEYA; |2 !18 DAYB,
OBYA, 7 M8 DAYE,
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DBYA, |77 23 DAYB,
DBEVA [~ 124 DAYE,
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WS59820/W55698208

WS59820/WS598208B THREE STATE TIMING

3-5TATE A . S S f_\;v
contROL — A~ [ ov
¢ isbLe) EnESLE) v

L\_ — Vou-05V —/£ '

3-STATE

OUTRUT
PORT 7/_ — Vo 405V At — 15v
| S —rg— R PR Vou

(DISABLE)

W559820/WS598208 TIMING DIAGRAM

L -
|~
cLOTK 1 \1‘
s ! F——— tewn,
INSTR VALID
r———— ‘5 b b
DATA It p AT
tove -
-t o =
MuX SEL X vaup X
Top ot
DATA GUT M vAUD
- 1s_ﬂ_ A=
BYPASS )
- e -

68 PIN CPGA PIN DESIGNATOR (WS59820)

PIN SIGNAL PIN SIGNAL PIN SIGNAL PIN SIGNAL
NAME NAME NAME NAME NAME NAME NAME NAME
Ag A, Bg BYPASS Ag OENA Bs DBYA,
A, DEYA, B, DBYA, Ay GND By Not Used
As Not Used By Mot Used B, Not Used C, DBYA,
C, DBYA, D, DBYA; D, DBYA, E, DBYA;
E, DBYAg Fi DBYAg Fs DBYA G, DBYA;
G, DEYA;, H, DBYA Ha DBYA,, Jy DBYA5
Jz Not Used K, Not Used L, Not Used K, Not Used
Ly Voo Ka CLKB Ly 5B, K, S8,
Ly S8, Ks 1By Lg 1B, Kg GND
Ly OENB K; DAYR, Ly DAYE, Kg DAYB,
Ly GND Ko Not Used Lig Not Used Ky Not Usaed
Kyg Not Used Jiy DAYB, Jio DAYB, Hyy DAYB,
Hyg DAYB, G DAYB, Gy DAYBy Fi1 DAYB,
Fio DAYB,o Ey DAYBy Eyp DAYB,; Dy DAYB.3
Do DAYB,s Cy DAYB,g Cyo Not Used By Not Used
A Not Used By Not Used Ay Voo 8y CLKA
Ag Shy By 84, Ay SA; B, tAg

Wy
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ABSOLUTE MAXIMUM RATINGS"

QOperating Temp. (Comm'ly....... . 0°C o +70°C

{Mit) —55°C to +125°C
Storage Temp. (No Bias)..... .. —65°C to +150°C
Voltage on any pin with

respecttc GND .. ... ... .. .. .. -06V o +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 cperaticn of the device at these or
any other conditions above those indicated in the
operational sections of this specification is not impfied.,
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
Vo Qutput High Vottage gﬁ‘c N Vh:inc.)r Vi oy = —65mA 2.4 y
VoL | Output Low Vottage glf;‘qc = V"::“(')r Vi :gt = fg ,:,1: ﬁ:mm" 05
Viy Input High Voltage Guaranteed Input High Voltage 20 v
Vi Input Low Voltage Guaranteed Input Low Voltage 08

lix Input Load Current Vee = Max, ¥y = GND or Ve -10 10
oz gﬁgd?’gﬁﬁ’;‘:‘fe Ve = Max, Vo = GND o Veg 50 | 50 WA
Ig Power Supply Current | Voo = Max Tssitzoﬁz(;%nmig :E mA
NOTES: 1) Commercial: Vo = +5¥ + 5%, T, = 0°C to 70°C. 3) C_ = 50 pF except for tpg where G, = 5 pF.
2) Military: Voo = +5V £ 10%, T, = -55°C 1o +125°C.
SWITCHING CHARACTERISTICS Over Operating Range (See Notes)
WS59820/WS5958208
PARAMETER DESCRIPTION COMMERCIAL MILITARY UNITS
MIN MAX MIN MAX
tep Clock to Data Out 20 P
tseL Mux Select to Data Cut 20 22
te Input (Data/Instr.) Set Up 6 6
ty Input {Data/lnstr.) Hold 5
tor Output Disable 7 15 16 ns
toe Output Enable 7 18 22
tewh Clock Pulse Width High 10 12
TewL Clock Pulse Width Low 1 12
tavp Bypass fo Data Out 17 20
Data Via BYPASS
tove {Data In to Data Qut When 13 16
BYPASS is Active Low)

NOTE: Inputs are switching between 0 and 3V with rise and fall imes of 1 Vins and measurements made at 1.5V, All oulputs have
maximum DC ipad.
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WS59820/WS598208

68 PIN CPGA PIN DESIGNATOR (WS598208)

PIN SIGNAL PIN SIGNAL PIN SIGNAL PIN SIGNAL
NAME NAME NAME NAME NAME NAME NAME NAME
Ag 1A, Be BYPASS As OENA Bs DBYA,
Aq DBYA, B, DBYA, As GND B, GND
Ay Not Used B, GND B, GND C, DBYA,
C, DBYA, D, DBYA, D, DBYA, E, DBYA,
E, DBYA, F, DBYAg Fy DBYAq Gy DBYA
G, DBYA,, H, DBYA; H, DBYA,, Jy DBYA 5
Jy Voo K, Voo Lo Not Used K, Voo
Ly Vee Ky CLKB Ly SB, Kq S8,
L SB, Ks 1B, L By Ke GND
L, DENB K; DAYEB, ke DAYE, Kg DAYB,
Ly GND Ke GND Lo Not Used Ky GND
Kso GND Ju DAYB, dio DAYB, Hyy DAYB;
Hy DAYBq Gy, DAYB, Gy DAYB, Fy DAYB,
Fio DAYB,, Eq DAYB,, Eqg DAYB, Dy DAYB
Dyo DAYB14 Cyy DAYB,5 Cip Vee By Veo
A Not Used By Vee A Veo By CLKA
Ag SA, By SA, Ay 84, B, ™

s
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Ws59320/WS598208

PACKAGE ORIENTATION (WS598208)

68 PIN CPGA
(Top Through Package View)
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WSs59820/WS598208

ORDERING INFORMATION

OPERATING W51
PART NUMEER S?:sED PACKAGE PRCKAGE | TEMPERATURE | MANUFACTURING

RANGE PROCEDURE
wWSshs9a820.) 23 68 Pin PLDCC J1 Comm'l Standard
WS59820G 23 68 Pin Ceramic PGA Gl Comm'l Standard
WS59820GMB 25 68 Pin Ceramic PGA G1 Military MIL-STD-883C
WS598208.) 23 88 Pin PLDCC J1 Comm'l Standarg
WS59820BG 23 68 Pin Ceramic PGA G Comm'l Standard
W559820GMB 25 68 Pin Ceramic PGA G1 Military MIL-8TD-883C

Ui
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MILITARY PRODUCTS

SECTION INDEX

For additional information,
call 800-TEAM-WSI (800-832-6974).
In California, call 800-562-6363.
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MILITARY PRODUCTS

WAFERSCALE INTEGRATION, INC.

Waferscale Integration, Inc. (WS} is committed to supplying products that meet the demands of the Military/Hi-Reliability
marketplace. WS!'s very high performance CMQOS 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 enhancecd
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 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 exiensively throughout Design, Wafer Fabrication, Assembly,
Screening and Testing (Method 5004), and Quality Conformance Inspections (Methed 5005) to produce the highest
yields possible with their asscciated reliability enhancement.

The tables below describe the program in detail. Worthy of notation is the fact that WSI UV EPROMs are subjected

to a 100% data retention test in wafer form (72 hours at 225°C). This wafer data retention test, with its high activation
temperature, assures that data retention problems are reduced and virtually eliminated.

TABLE 1. 100% SCREENING TO METHOD 5004
All product is subjacted to the following 100% screening flow. Screening test methods are in
accordance with MiL-STD-883, Methad 5004. (Latest issues in effect.)

QUALITY
SCREEN TEST METHOD/CONDITION LEVEL
Data Retention (EPROMs Only) 72 Hours at 225°C 100%
Visual and Mechanical 5004
Internal Visual 2010/Condition B 100%
Temperature Cycle 1010/Condition C 100%
Constant Acceleration 2001/Condition D or E (Y, Axis) 10G%
Hermeticity 1014
Fine Condition A or B 100%
Gross Condition C 100%
External Visual 2009 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 351
Quality Conformarnce Inspection 5005
Sample Selection Ses Tables Il Through V Sample
External Visual 2009 100%

NOTE: 1. Per applicable WS) device specification or Military Drawing.




Mifitary Products

TABLE lI. GROUP A QUALITY CONFORMANCE INSPECTION

Group A Inspection is performed on each inspection lot per MIL-STD-883, Method 5005, Table 1.

MAXIMUM
TEST (See Note 1) LTPD | $SAMPLE | ACCEPT
SIZE NUMBER
Subgroup 1
Static Tests at T, = +25°C 2 118 0
Subgroup 2
Static Tests at Maximum Rated Operating Temperature 2 116 0
Subgroup 3
Static Tests at Minimum Rated Operating Temperature 2 16 0
Subgroup 4 (See Note 2)
Dynamic Tests at T, = +25°C 2 116 0
Subgroup 5 (See Note 2)
Dynamic Tests at Maximum Rated Operating Temperature 2 116 4]
Subgroup 6 {See Note 2)
Dynamic Tests at Minimum Rated Operating Temperature 2 18 0
Subgroup 7
Functional Tests at T, = +25°C 2 116 G
Subgroup 8
Functional Tests at Maximum and Minimum Rated Operating Temperatures 2 116 Y
Subgroup 9
Switching Tests at Ty, = +25°C 2 116 ]
Subgroup 10
Switching Tests at Maximum Rated Operating Temperature 2 116 0
Subgroup 11
Switching Tests at Minimum Rated Operating Temperature 2 118 0

NOTES: 1. Per applicable WSI device specification or Military Drawing.
2. Subgroups 4, 5, and 6 are not applicabla to WSI products.
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Military Products

TABLE Ii. GROUP B QUALITY CONFORMANCE INSPECTION
Group B quality conformance tests are performed on gach inspaction lot in accordance with
MIL-STD-883, Method 5005, Table Hb.

QUALITY LEVEL/

Sensitivity Classification

TEST oD TEST CONDITIONS MAXIMUM ACCEPT
NUMBER
Subgroup 2
Resistance to Solvents 2015 4 Chemical Sclutions 4 Devices (No
Failures)
Subgroup 3
Solderability 2403 Soldering Temperature of LTPD t0/Accept = 2
+245°C + 5°C 38 lLeads From 3
Devices Minimum
Subgroup 5
Bond Strength 201 Condition C or D LTPD 15/Accept = 1
Ultrasonic or Wedge 34 Bonds From 4
Devices Minimum
Subgroup 8
Electrostatic Discharge 3015 Uniess Otherwise Specified, This Test LTPD 15/Accept =0

Will be Performed for Initial Qualifi-
cation of New Product or Redesign.

TABLE IV. GROUP C QUALITY CONFORMANCE INSPECTION
Group C quality confarmance tests are performed on inspection lots every 52 weeks in accordance
with MIL-STD-883, Method 5605, Table Il

QUALITY LEVEL/

End-Point Electrical

TEST ME‘EﬁI)D TEST CONDITIONS MAXIMUM ACCEPT
NUMBER
Subgroup 1
Steady-State Life Test 1005 Condition D, 1000 Hours at T, = 125°C LTPD SiAccept = 2

or Equivalent

Per WSI Specification or Military Drawing

sy
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Milltary Producis

TABLE V. GROUP D QUALITY CONFORMANCE INSPECTION
Group D quaiity conformance tests are performed on inspection lols 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 Qutline 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
Hermaticity, Fine and Gross 1014 Condition A or B and C
Subgroup 3
Thermal Shock 11 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
Crawing
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
Brawing
Subgroup 5
Salt Atmosphere 1009 Condition A Minimum
Hermaticity, Fine and Gross 1014 Condition Aor Band C LTPD 15/Accept = 2
Visual Examination 1009
Subgroup 6 .
Internal Water Vapor 1018 5000 ppm Maximum Water Content 3 Devices, 0 Failures
at 100°C or 5 Devices, 1 Failure
Subgroup 7
Adhesion of Lead Finish 2025 LTPD 15tAccept =2
Subgroup 8
Lid Torque 2024 As Applicable to Glass-Frit Packages LTPD 15/Accept =0

74
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Mititary Products

WSsI's SMD PRODUCTS

WSI supports the Standardized Military Drawings (SMD) program spensored by the Defense Electronics Supply Center
(DESC), Dayton, Ohio 45444-5277, and has submitted Certificates of Compliance for the following products:

ESTIMATED DESC
SMD NO. WSI PART NO. PUBLICATICN DATE
85102 WS27C6ARWS27C64 LIWSS7CB4F Available Now
5962-36062 WS2TC 25B8FWS27C256LMWSS57C256F Available Now
58962-87515 WS57C49B Available Now
5962-87529 WS57C45 Available Now
5gBg2-87614 WS27CO10L Available Now
5962-87648 WS27C512L Available Now
5262-87650 WSS57C191B/WS57C2918 Available Now
5962-87661 WS27C128F/WS27C128LIWSE7C128F Available Now
5962-87708 WS5910 Available Now
5962-88733 WS58510 Available Now
5962-88734 WSs7C191B/WS57C291B OTP Available Now
5962.87735 WSH7Ca5 OTP Avaifable Now
5262-88736 WS59520 Q4, 1989
5962-88535 WS5801 Available Now
5962-B9538 WSs7C51B Q4, 1989
5862-86805 WS27C2100L Q4, 1989

Copies of the SMD may be obtained by calling DESC at Tel. 513-286-6045, Any of the above products can also be

ohtained compliant to MIL-STD-883C,

WSI'S MIL-STD-883C COMPLIANT PRODUCTS

When Standardized Military Drawings are not yet available for new products offered by WSI, military versions of these
products may be obtained compliant to MIL-STD-883C:

FASTEST
MILITARY SPEED

WS27C010L
WS27C040L
WS27C210L
WS27C512F
WS57C43B
WSh7C51B
WS57C65
WSH7C256F
WS8570257
WS559016
WS59032
WS559520/21
WS53820
MAP168
PAC1000
SAM448

128K x & CMOS EPROM

512K x 8 CMQS EPROM

64K x 16 CMOS EPROM

64K x 8 CMOS EPROM

4K x § CMOS PROM/RPROM

16K x 8 CMOS PROM/RPROM

4K x 16 CMOS EPROM

32K x 8 CMOS EPROM

16K x 16 CMOS EPROM

16-Bit CMOS Bit Slice Processor

32-Bit CMOS Bit Slice Processor
CMOS Pipsline Register

CMOS Bi-Directional Register
User-Configurable Peripheral with Memory
User-Configurable 16-Bit Microcontroller
User-Configurable Microsegqueancer

150 ns
180 ns
120 ns
90 ns
30 ns
35 ns
70 ns
55 ns
55 ns
27 MHz
29 MHz
24 ns
22 ns
45 ns
16 MHz
20 MHz

sy
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QUALITY AND RELIABILITY

SECTION INDEX

For additional information,
call 800-TEAM-WSI (800-832-6974).
In California, call 800-562-6363.
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QUALITY STATEMENT

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

The management of WaferScale Integration,
Inc. pledges this to you . . . our CUSTOMER.
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S== = QUALITY AND RELIABILITY

WAFERSCALE INTEGRATION, INC.

QUALITY & RELIABILITY PROGRAM

INTRODUCTION

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

The task of the & & R Program is to assure that all delivered products conform to the requirements of each ardar
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 Controf (QC) — The main functions of QC are:
1.1 QC Engineering — To provide the Quality Control function and the manutacturing function with technical
support.
1.2 Materials Quality Control — Assures that all raw materials used in the manufacture of the final product
meet WSt specified requirements.

1.3 Process Quality Control — Assures that all WS| 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, andfor other contractual requirements.

2.3 Calibration — To provide a function that assures all equipment used to test or accept product is properly
caiibrated 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 Reliabitity Test Lab — To provide suitabie step/stress facilities in-hause, or at an appropriate vendor, for
the purpose of conducting qualifications or quality conformance inspections.

33 Failure Analysis Lab — To provide and maintain a Failure Analysis function in-house, or at an approptiate
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, systermnatic function for originating, changing and distributing
internal specifications and drawings; o provide for the prompt notification of changes to customers with
Change Notification Requirements.

4.2 Audits — To provide a system for periedically 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-
varting those requirements to in-house requiraments.

5.0 For detailed coverage of WSI's total Q & R System, write or call for our “"Quality &
Reliability Policy Manual.”




Quality and Reliability

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 simpiest and to-the-point.
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.
Product Flows
WS offers five standard product fiows which are shown below:

883 N
1.0 Flows Class B Mil-Ternp Standard Standard | Standard
20 Packages Hermetic | Hermetic Hermetic Hermetic | Plastic
. Military Industriai Commerciaf
S0 Operating Temperature Range ~55°C 10 +125°C |—40°Cto +85°C|  0°Cto +70°C
SCREEMNS & | MIL-STD-883 METHOD/CONDITION
INSPECTIONS OR WSI REGUIREMENT 883 MIL-TEMP STANDARD STANDARD | STANDARD
40 | Preseal M2010/Condition B 100% NA N/A N/A N/A
" { Inspection WSI Requirsment NiA 100% 100% 100% 100%
Temperature M1G10/Condition C 0
80 cyole 10 Gycles, —65°C to +150°C | 100% NiA NiA NiA N/A
Constant M2001/Condition Dor E o
70 Acceleration ¥1.20K Gs or 30K Gs 100% N/A NiA N/A NiA
8.0 | Hermeticity
8.1 | Fine Leak M1014/Condition Aor B 100% 100% 100% 100% N/A
8.2 | Gross Leak M10i4/Condition C 100%0 100% 100% 100% N/A
Data Retention _ o 0 Y ) 0
a0 (EPROMs only) Wafars — 72 Hours at 225°C 100% 100% 100% 100% 100%
10g) FreBurmn 4 o Applicable Data Sheet 100% | 100% 100% 100% N/A
Elactricals
M1015/Condition A or D
11.0§ Burn-ln 180 Hours at +125°C or 100% Note 1 Note 1 Note 1 N/A
Equivaient
10| PostBum-n | o A pplicable Data Sheet 100% | 100% 1009 100% NA
O} Electricals pplicable Data Shee o @ ]
% Defective
130 Allowable ME004, Paragraph 35.1 5% N/A N/A NIA NA
14,0 Final Per Applicable Data Sheet 100% | 100% 100% 100% 100%
Electricals
150 Quality QCI par M5005/Group A Sampie | Sample Sample Sample Sample
~ | Conformance
160 External * M2009 100% N/A N/A N/A NiA
"~} Visual WS Requirement N/A 100% 100% 100%% 100%
Quality QCI per M5005/
170 Confermance | Group B, C and D Sampie NiA NiA NiA NiA
Shipping ; o o ' o
18.0 Inspection Every Shipment 1009% 100% 100% 100% 100%
* s ships visual and mechanical critena to a 0.1% AQL. Nole: 1. 6-21 hours at 150°C depending on product family.

Consult lactory for details,

/7
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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 better in
both 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 normally
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
fepresents 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%
* |ntrinsic Failure 300 Hours— <100 FITs
Rate 20 Years

» Wear Qut 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 demonsirated 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 1o production,

RELIABILITY PREDICTION

The life expectancy of an integrated circuit can be ac-
celerated hy both temperature and voltage. At WS, 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 fad. 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 1o be exponential. The acceleration
factor between two temperatures can be calculated by
using the Arrhenius eguation:

A= Exp 5 i — i
T, = Application Junction Temperature
T; = Accelerated Stress Junction Temperature
k = 8862 x 105 eVi°K
E, = Tharmal Activation Energy

Each fallure 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 &V
Assembly Defacts 05 eV

Bulk Silicon Defects 05 oV
Electromigration 05-09 eV
Charge Loss 06 &V
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 far oxide
defects during 2 lifetest, the supply voltage is increased
by 65 volts when possible. By increasing the supply
voltage, an additional acceleration of 55x is obtained for
oxide defects.

a8-5




Quality and Reliability

FAILURE RATE CALCULATIONS

Failure rate calculations are based on a summary of the
life test results, Typicaily, the failure rate is calculated for
a family of devices manufactured on a given process. To
cafculate a failure rate, the acceleration factor for each
activation energy must be calculated between the
accelerated stress temperature and the application
ternperature. 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 thesmal
resistance of the package and is then added to the
ambient temperature.

Ty = Ty + {8),HP); where P = {loc)(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 multiptied by the
hours of the lifetest. The equivaient device hours for each
activation energy is calculated by multiplying the davice
hours by the acceleration factor. The failure rate for sach
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)
A(E,, Ty, To) x D

F(E,, 60% UCL) = 1.049 (Failures with same E,) + 10305
A(E,, Ty, Tp) = Acceleration Factor
O = Device Hours

RELIABILITY DATA SUMMARY

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

Current iife test results show a failure rate of 63 FITs at
55°C on EPROMSs with a density of 64K and higher. This
data was computed from approximately 8 million device
hours. The failure rate for Bit Slice products was approx-
imately 106 FITs after 2 million device haurs.

PRODUCT RELIABILITY
ElectroStatic Discharge Sensitivity (ESDS)

WSI products are tested for ESDS in accordance with
Method 3015 of MIL-STD-883, Typical inputs fail around
5,000 volts and outputs fail in the range of 3,000 to 5000

Failure Rate = Z x 10° FITs

volts. Testing is performed on new products 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 cccurs due to excessive cur-
rent (spikes) in the circuit periphery and creates a large
patential that triggers a parasitic SCR inherant to all
CMOS processes. Latch-up can be destructive to the
device. To reduce latch-up, WSt employs an epitaxial
layer above a low resistivity substrate, This diveris the
currant to the substrate, away from the active circuitry,
reducing the lateral potential which triggers the latch-up.
WS 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

Aill 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 fife
test at 125°C. EPROMs are stressed dynamically at
150°C with an overveltage condition of 65 volts. (The
overvoltage accelerates oxide defects an additional 55x.)
Qualifications place heavy emphasis on the first 48 hours
{infant mortality) of the life 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 siresses in order to
eliminate any unrelated failures.

Logic and EPROM products run on the same fab pro-
cess with the Logic products lacking the steps for the
EPROM products. The peripheral circuitry of the
EPROM, decoders, If0s, efc., have the identical design
rules as the Logic products. Every reliability evaluation
on an EPRCM product also evaluates the Logic product
ling. 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 subjectad to special gualification re-
quirements to study the data retention characteristics of
the EPROM ceil. 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 WS reliability goals have been met.

Other tests include Temperature Cycle from —85°C to
+150°C for 1000 cycles. In addition, plastic packaged
products must pass 1000 hours of Temperature Humidity
Bias at 85°C and 85% relative humidity or 100 hours of
HAST {High Accelerated Stress Test} at 120°C and 85%
reiative humidity, and 168 hours of Pressurs Fot at 15
PSIG.

Yili
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EPROMs

Because of the floating gate storage ¢ell, EPROMSs have
unique reliability considerations. Data retention is related
ta the ability to stere a charge on the floating gate of the
EPROM cell. Charge loss can shift the threshold of the
EPROM cell from a programmed state o 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 ocour during water 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 cut with a high
temperaturs 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 72 hours at 225°C. After the bake, the 100%
pattern is verified. This screen is equivalent to 11,5 years
of continupus operation at 55°C,

Charge can also flow electrically to the floating gate.
Charge gain is charge transfer from sither 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 io the word line. DC
Erase is the result of defects in the oxide betwsen the
floating gate and the word line above. Like Program
Disturb, DC Erase occurs during programming when an
already programmed cell josses charge as adjacent cells
on the same word line are prograrmmed.,

The WS split gate EPROM has maturead to the point that
programmability by the customer can be >89.9%.
Product Assurance data collected on over 5000 units
showed programmability to be 92.98%. Tha most recent
Program/Erase cycling data had na fails out to 100 cycles.
By focusing con eliminating Program Disturb and DC
Erase, the threshold of a programmed EPROM cell is
consistently well above 7.0 volts and typically above
80 volts. This provides additional operating margin
and reliabiiity.

Spiit Gate vs. Traditional EPROMs

The patented WSI split gate EPROM {Patent Numbers
4,328565; 4,361,847; 4,409,723, 4,639893; 4,795719;
4,649,520; 4,758869) 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 traditicnal stacked
gate EPRCM, a self-aligning process is used to define
the floating gate. That is, a layer of poly is first deposited
for the tioating gate, followed by an oxide layer, and finally
ancther poly layer for the control gate. To define and etch
the floating gate, the control gate pely and poly-poly oxide
arg 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 W3l split gate EPRCM, 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.

This leads to another advantage for the WSI split gate
EPROM. Because of the critical eiching 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 1o make the WSI split gate EPROM does allow
for the successful use of silicide and is used on many
products.

% L
enae PoKDE |
OXIDE / / / /

GATE OXIDE

TRADITIONAL STACKED GATE EFROM

/ %//7 oz

V /A POL¥POLY OXIDE

GATE OXIDE

WS| SPLIT GATE EPROM
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Another advantage lies in the quality of the oxide sur-
rounding the floating gate. Following the floating gate
etch onthe stacked gate EPROM, a third oxide is grown
which contacts the adge 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 WSl split gate EPROM has a
homogeneous poly-poly oxide which cortacts 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 handiing 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 doubie layer metai 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 assembiy 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
APROM vs a Bipolar PROM and applying it to reliability.

Far 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:

CMOS RPROM | CMOS RPROM B4R oalar
{Standby) (18 MHz)

lec = B MA | ige = 50 MA | lge = 150 mA
P =75mwW P = 250 mW P = 750 mw
T = 5°C Tg = 16°C Tg = 47°C
T, = 60°C T, = 71°C T, = 102°C

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

The following tables show reliability results obtained on varicus W3l products.

TABLE 1. EPROM RELIABILITY DATA
DYNAMIC HIGH TEMPERATURE LIFE TEST

CONDITIONS | 48 HOURS | 168 HOURS | 500 HOURS | 1000 HOURS | 1500 HOURS | 2000 HOURS
125°CI6.5V {/450 0/450 0/450 0/450
150°C/65V 13/15,479 5/9385 13/8344 18/7923 0/486 0/486
Total Device Hours: 9,088,228 @ 150°C
450,000 @ 125°C
Junction Temperature Above Ambient: +5°C
Ea Accelerated Device Hours # Fatlures Fallure Rate
03 eV x 55 511 x 10 E9 1 0.4 FiTs
05 eV 443 x 10 EB 7 19 FITs
06 eV 958 x 10 EB 39 43 FITs
10 eV 209 x 10 E10 2 0.2 FITs

Total Failure Rate: 62.6 FITs {55°C; 60%% Confidence Level)

Wss
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TABLE 1. EPROM RELIABILITY DATA (Cont.}

HIGH TEMPERATURE STORAGE LIFE TEST

CONDITIONS | 48 HOURS | 72 HOURS | 168 HOURS | 500 HOURS | 1000 HOURS
150°C Q01375 01375 0/375 01375
170°C 0144 0144 11144 1143
200°C 111530 91629 111620 121602
225°C 0416 5/416 9/411 9/402

Product Types: WS27C64F, WS57CB4F, WS57C49, WS27C128F, WS27C256F, WS27C256L,
WS57C43B, WS57C49B, WS57C256F.

TABLE 2. OTP EPROM RELIABILITY DATA

DYNAMIC HIGH TEMPERATURE LIFE TEST

DHTL 150°C 48 Hours 168 Hours 500 Hours 1000 Hours
6.5 Volts 443495 01252 0/1183 61175
TEMPERATURE/HUMIDITY WITH BIAS
THE 168 Hours 500 Hours 1000 Hours
85°C/85% RH
5.0 Volls 0/287 01287 0/287
HIGHLY ACCELERATED STRESS TEST (HAST)
CONDITIONS 100 HOURS 200 HOURS
120°0/85% RH 0/351 0139
PRESSURE POT
PPOT 96 Hours 168 Hours 240 Hours
15 PSIGH21°C 1734 1/733 8/732
TEMPERATURE CYCLE
TC 100 Cycles 500 Cycles 1000 Cycles
—55°C{+150°C 0/572 3/572 12/569

Products: WS57C84F, WS27C256L, WS57C49B, WS27C64F, WS27C256F, WS57C49,

WS57C256F

/I
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TABLE 3. BIT SLICE RELIABILITY DATA

DYNAMIC HIGH TEMPERATURE LIFE TEST

CONDITIONS | 48 HOURS | 168 HOURS | 500 HOURS | 1000 HOURS | 1500 HOURS | 2000 HOURS
125°C/6.5V 11550 011382 11246 0/848 0A20 0120
150°Ci6.5V 141842 111170 2/642 0/839

Faillure Rate
Product Hours Fallures Act. Eng. 60% Conf at 55°C
1,197,912 at 125°C 1 10 eV 08 FiTs
761,460 at 150°C 5 05 &V 105 FTs
Combined Failure Rate: 105.9 FITs
HIGH TEMPERATURE STORAGE LIFE
CONDITIONS | 168 HOURS | 336 HOURS | 500 HOURS | 1000 HOURS
150°C 0145 0145 0145 01145
200°C 1180 0178 14179
TEMPERATURE HUMIDITY BIAS
CONDITIONS | PACKAGE | 168 HOURS | 500 HOURS | 1000 HOURS
85°C{85% RH PLASTIC 1/473 0473 4/473
PRESSURE POT
CONDITIONS | PACKAGE 96 HOURS | 168 HOURS | 240 HOURS
121°CHE PSIG PLASTIC 2/609 0/607 0182
121°CHS PSIG PPGA 0/52 0/52
TEMPERATURE CYCLE {(AIR TO AIR)
CONDITIONS | PACKAGE 100 CYCL 500 CYCL 1000 CYCL
—656°C/+150°C CERDIP 0/78 0/78 0178
—66°C{+160°C PLASTIC 0/572 2/572 3/570

Products: WS5901, WS59016, WS5910A, WS59520, ASIC1004

s
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WAFERSCALE INTEGRATION, INC.

WS offers its integrated circuit products in a wide variety of package styles. Hermetic,
plastic, through-board, surface mount, windowed and windowless package types are all
available.

Hermetic: Side Brazed Ceramic DIP, 0.6"/0.9”
CERDIP, 0.3"/06"
Ceramic Flatpack
Ceramic Quad Flatpack, Gullwing
Ceramic PGA
Ceramic Leaded Chip Carrier
Ceramic Leadless Chip Carrier

Plastic: Plastic Leaded Chip Carrier
Plastic DIP, 0.3"/06"/0.9"
Plastic Quad Flatpack, Gullwing

Surface Mount: Ceramic Leadless Chip Carrier
Ceramic Leaded Chip Carrier
Ceramic Quad Flatpack, Gullwing
Plastic Quad Flatpack, Gullwing
Plastic Leaded Chip Carrier
Ceramic Flatpack

For information congerning packages available for a particular product, please consult
the Ordering Information chart included on each Preliminary and Final product data sheet.

o1



PACKAGE INFORMATION
(By Drawing Numbet)

Pins Package Window Package Type Drawing
64 Side Brazed Ceramic DIP, 09" No B B1
(28) Ceramic Leadless Chip Carrier Yes C C1
(32) Ceramic Leadless Chip Carrier Yes c c2
{44 Ceramic Leadless Chip Carrier Yes C C3
24 CERDIF, 06" Yes D (0]
28 CERDIP, 08" Yes D D2
40 CERDIP, 08" Yos D D3
a2 CERDIF, 06" Yos D D4
24 Ceramic Flatpack Yes F F1
28 Ceramic Flatpack Yeg F F2
100 Ceramic Quad Flatpack, Gullwing Yes F F3
68 Ceramic PGA No G G1
101 Ceramic PGA No G G2
24 Ceramic Flatpack No H H1
28 Ceramic Flatpack No H H2
100 Ceramic Quad Fiatpack, Gullwing No H H3
68 Plastic Leaded Chip Carrier No J J
44 Plastic Leaded Chip Carrier No J J2
28 Plastic Leaded Chip Carrier No J J3
32 Plastic Leaded Chip Carrier No J J4
24 CERDIF, 0.3* No K K1
28 Ceramic Leaded Chip Carrier Yos L L2
32 Ceramic Leaded Chip Carrier Yes L 1.3
44 Ceramic Leaded Chip Carrier Yes L L4
68 Ceramic Leaded Chip Carrier No N N1
3z Ceramic Leaded Chip Carrier No N N2
aG Plastic DIF, 067 No P P
24 Plastic DIF, 0.6 Na P pz
28 Plastic DIR, 0.6% No P P3
64 Plastic DIF, 0.97 No P P4
32 Plastic DIF, 08" No P Ps
100 Plastic Quad Flatpack, Gullwing No Q &)
a0 Side Brazed Ceramic DIP, 06" Yes (2) R R* (Maodule)
32 Side Brazed Ceramic DIP, 0.6" Yes (2) R R2 (Module)
24 Plastic DIP, 0.3 No s 51
28 Plastic DIP, 0.3” No S 52
24 CERDIP, 0.3” Yos T Ti
28 CERDIP, D.3" Yes T T2
113 Ceramic PGA Yes X X1
44 Ceramic PGA Yes X X2
40 CERDIPR, 06" No Y ¥1
32 CERDIP, 08" No Y Y2
24 CERDIP, 06" No Y Y3
{68) Ceramic Leadless Chip Carrier No Z Fal
{28} Ceramic Leadless Chip Carrier Ne Z z2

82

Uiss




PACKAGE INFORMATION

(By Pin Count)

Pins Package Window Package Type Drawing
24 CERDIP, 0.3" No K Ki
24 Plastic DIF, 0.3 No S 1
24 CERDIR, 06" Yes D (8]
24 CERDIP, 06" No Y Y3
24 Ceramic Flatpack Yes F F1
24 Ceramic Flatpack No H H1
24 CERDIF, 0.3% Yes T Ti
24 Pilastic DIF, 06" No P P2
28 Plastic DIP, 03" No S S2
28 Plastic DIR, 06" No P P3
(28) Ceramic Leadless Chip Carrier Yes C C1
(28) Ceramic Leadless Chip Carrier MNo z z2
28 CERDIP, 08" Yes D D2
28 Plastic Leaded Chip Carrier No J J3
28 Ceramic Leaded Chip Carrier Yes L L2
28 CERDIP, 0.3" Yes T T2
28 Ceramic Flatpack Yes F F2
28 Caramic Flatpack No H Hz2
@2 Ceramic Leadless Chip Carrier Yes c cz2
az CERDIF, 06" Yes D D4
3z CERDIP, 08" No Y Y2
az Plastic Leaded Chip Carrier Na J J4
32 Ceramic Leaded Chip Carrier Yos L L3
32 Ceramic Leaded Chip Carrier No N N2
32 Plastic BHP. 0.6™ No P P5
32 Side Brazed Ceramic DIF, 06" Yes (2) R RZ (Module)
40 CERDIP, 0.6 No Y Y1
40 Plastic DIP, 06" No P P1
40 CERDIP, 0.6 Yes D D3
40 Side Brazed Ceramic DIF, 0.6" Yes (2) R R1 {Module)
44 Ceramic PGA Yes X X2
{44) Ceramic Leadless Chip Carrier Yas C C3
44 Plastic Leaded Chip Carrier No J J2
44 Ceramic Leaded Chip Carrier Yes L L4
64 Side Brazed Ceramic DIF, 0.9" No B B1
B84 Plastic DIP, 097 No P P4
68 Ceramic PGA, No G G1
(B8) Ceramic Leadless Chip Carrier No Z 21
68 Plastic Leaded Chip Carrier No J J1
68 Ceramic Leaded Chip Carrier No N N1
a8 Ceramic PGA Yes X X1
100 Ceramic Quad Fiatpack, Gullwing Yes F F3
100 Ceramic Quad Flatpack, Gullwing No H H3
100 Plastic Quad Flatpack, Gullwing Na Q o1
™ Ceramic PGA No G G2

sy
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iS& 5= PACKAGE DRAWINGS

WAFERSCALE INTEGRATION, INC.

DRAWING B1 s4 Pin Side Brazed Cetamic Dip (Package Type B)
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DRAWING C1 28 Pad Ceramic Leadless Chip Carrier (CLLCC) (Package Type C)
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Package Drawings

DRAWING C2 32 Pad Ceramic Leadless Chip Cartler (CLLCC) (Package Type €)
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Package Drawings

DRAWING D1 24 pin CERDIP (Package Type D)

— 0.620 MAX 0.008
04 0280DIA 14 I oo
T =2 _f
) 0.505
0.550
| PO S Y
] 12 -
1.240 . 7
1240 15° MAX
0.045
SEALING GLASS 0.065 0.230 MAX
0.020
3 0.060

- [ 0.125 MIN
MJL— °-1E-J L« 0.100 MAX
0.020 BOTH ENDS

DRAWING D2 28 pin CERDIP (Package Type D)
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DRAWING D3 40 Pin CERDIP (Package Type D}
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Package Drawings

DRAWING F1 24 PIn Ceramic Flatpack {Package Type F)
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Package Drawings

DRAWING F3 100 Pin Ceramic Quad Flatpack (with window), Gullwing, Fine Pitch (Package Type F)
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Package Drawings

DRAWING G1 68 Pin Ceramic PGA (Package Type G)
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Package Drawings

DRAWING G2 101 Pin Ceramic PGA {Package Type G)
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Package Drawings

DRAWING H?1 28 Pin Ceramic Flatpack (Package Type H)
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Package Drawings

DRAWING H3 100 Pin Ceramic Quad Flatpack, Gullwing, Fine Pitch (Package Type H)
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Package Drawings

DRAWING J2 a4 Pin Plastic Leaded Chip Carrier (PLDCC) (Package Type J)
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Package Drawings

DRAWING J4 32 Pin Plastic Leaded Chip Carrier (PLDCC) (Package Type J)
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Package Drawings

DRAWING L2 28 Pin Ceramic Leaded Chip Cartier {CLDCC) with Window (Package Type L)
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Pachkage Drawings

DRAWING L4 44 Pin Ceramic Leaded Chip Carrier (CLOCC) with Window (Package Type L)
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Package Drawings

DRAWING N2 32 Pin Cetamic Leaded Chlp Carrier (CLDCC) (Package Type N)
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Package Drawings

DRAWING P2 24 Pin Plastic DIP (Package Type P)
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Package Drawings

DRAWING P4 54 Pin Plastic DIP (Package Type P)
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Package Drawings

DRAWING Q17 100 Pin Plastic Quad Flatpack (PQFP), Gullwing, Fine Pitch (Package Type Q)
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Package Drawings

DRAWING R1 40 Pin Side Brazed Ceramic DIP {(Package Type R)
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Package Drawings

DRAWING 81 24 Pin Piastic .300 DIP (Package Type $)

24 13 l
.0 Mnr
! 0.250
0.570
o
: 12 }
’ 1.245
1255
0055 ...
0.065
0.060 1 ~0.130 — 0,170 MAX

DRAWING S2 28 Pin Plastic .300 DIP (Package Type S)

i f
D a2 a ; I O‘Too
1 14 T \ T
7° TYP 7
15° MAX
1.345
1.355 0.055
0.045
0.055

0.065
4’ "- —0.130 — 0.170 MAX
| |

9-24 WIIE




Package Drawings

DRAWING T1 24 Pin CERDIP {Package Type T}
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Package Drawings

DRAWING X1 88 Pin Ceramic PGA (Package Type X)
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Package Drawings

DRAWING Y1 40 pin CERDIP (Package Type Y)
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Package Drawings

DRAWING Y3 24 Pin CERDIP {Package Type Y)
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DRAWING Z1 63 Pad Ceramic Leadiess Chip Carrier (CLLCC) {Package Type 2Z)
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Package Drawings

DRAWING Z2 23 Pad Ceramic Leadless Chip Carrier (CLLCC) (Package Type 2)
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WAFERSCALE INTEGRATION, INC.

SALES REPRESENTATIVES AND DISTRIBUTORS




SECTION INDEX
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For additional information,
call 800-TEAM-WSI (800-832-6974).
In California, call 800-562-6363.
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Sales Representatives and Distributors

WAFERSCALE INTEGRATION, INC,

Domestic
Representatives

ALABAMA

Southern Tech. Sales
Hunisyilie

Tel: (205) 535-4789
Fax: (205) 5397449

ARIZONA

Summit Sales
Scollsdale

Tel: (602) 988-4850
Fax: {602) 598-5274

CALIFORNIA

Bager Electronics Ing.
Founlain Valley

Tel: {714) 957-3367
Fax: (714) 546-2654

Bager Elegronics Inc.
Woodland Hills

Tel: (818) 712-0011
Fax: {818) 712-160

Earle Assoc. Ing.
San Disgo

Tel: (619) 278-5441
Fax: {619) 278-5443

Critgrion

Santa Clara

Tol: (408) 988-8300
Fax: (408} 986-9030

Technology Sales
Kentfield

Tel: (415) 458-2661
Fax: {415) 458-3341

CANADA

HarTach Electronics, Lid.
Toronto

Tel: (416} 665-7773

Fax: {416) 665-7290

HarTech Electronics, Ltd.
Montreal

Tel: {514) 694-6110

Telex: 05-B22679

Fax: (514) 694-8501

HarTech Elsctrames, Ltd.
Cttawa

Tel: {613) 726-9410

Fax: (613) 726-8834

COLORADO

Waugaman Associates, Inc
Wheat Ridge

Tel: {303) 4231020

Fax: {303} 467-3095

CONNECTICUT
Advanced Tech Sales
Wallingtord

Tel: {(203) 284-0838
Fax: (203) 284-8232

FLORIDA

Sales Enginesring
Concepts, Inc.

Fort Lauderdale

Tel: (305) 428-4601

Fax: (305) 427-7338

Sales Engineering
Concepts, Ing,
Altamante Springs
Tel: (407) £82-4800
Fax: (407) 682-6491

Sales Engineeting
Concepts, Inc.

Tampa

Tel: (407) BB2-4800

Fax: {407} 854-3127

ILLINOIS

Sieger Associates
Schaumburg

Tal: (708) 310-8844
Telex: 206248

Fax: (708) 310-9530

INDIANA

Giesting & Associgtes
Carmel

Tel: (317) 844-5222
Fax: (317) B44-5861

1OWA

Gasgsner & Clark Co.
Cedar Rapids

Tel: (319) 393-5762
Twx: 62050087

Fax: (319) 393-5799

KANSAS

C. Logsdon & Asspc.
Prairie Village

Tel: {913) 381-3833
Fax: (913) 381-9774

MARYLAND

Logical Technaiogy, Inc.
Glen Burnig

Tel: (301) 7667444

Fax: (301) 760-2054

MASSACHUSETTS

Advanced Tech Salas, Inc.

Morth Reading
Tel: (508) 664-0888
Fax: (508) 664-5503

MICHIGAN

Giesling & Associatss
Livania

Tel: (313} 478-8106
Fax: (313) 4778908

Giesting & Associates
Coloma

Tol: (616) 468-4200
Fax: (616) 468-6511

MINNESOTA

HMR

Minneapolis

Tal; (812) 988-2122
Fax: (612) 584-4768

MISSOURL

John G. Macke Company
St. Louis

Tel: (314} 432-2830

Fax: {314) 4321456

NEW JERSEY
Strategic Sales, Inc.
Teanack

Tel: (201) 833-0099
Fax: {201} 833-0061

S.J. Associates, (nc.
M1 Laurel, NJ 08084
Tel: (809) 8661234
Fax: {809) 866-8627

NEW MEXICO

g & § Technologies
Albuguerque

Tel: (505) 2565630
Fax: {505) 255-5944

NEW YORK

Tri-Tech Electronics, Inc.
East Rochester

Tel: (T18) 385-6500
Twx: 62934983

Fax: (716) 385-7855

TtH-Tech Electronics Inc.
Endwell

Tel: (BO7) 754-1004
Twx: 5102520881

Fax: (607) 785-4557

TriTech Electronics Inc.
Fayetteville

Tel: {315) 446-2881
Twx: 7105410604

Fax: {315) 446-3047

Tri-Tech Electronics Inc,
Fishkill

Tel: (914) 897-5611
Twyx: 52906505

Fax: {914) 897-5611

NOARTH CARQLINA
Rep, Inc.
Morrisvilie

Tel: {919) 469-9997
Tax: 821765

Fax: {919) 481-3879

Rep. Inc.

Charlotte

Tel: (704) 563-5654
Twx: B21785

Fax: {704) 535-7507

OHIO

Giesting & Associates
Cincinnati

Tel: {513) 3851105
Fax. (513) 385-5069

Giesling & Associates
Cleveland

Tel: (216) 261-9705
Fax: (216) 261-5624

DREGON

Thorsen Company
MNarthwest

Beaverion

Tel. (503) 644-5900

Telex: 294835

Fax: (S03) §44-5919

PENNSYLVANIA

Gissling & Associates
Pittsburgh

Tel: (412) 828-3552
Fax: (412) 828-5861

PUERTO RICO

G & A Associates
Milaville, Rio Piedras
Tel: {09} 758-7001
Fax: B09-754-0421

TEXAS

Southwestern
Technical Sales

Dallas

Tel: (214} 3608-0577

Fax: {214) 369-2903

Southwastern
Technical Sales

Austin

Tel; {512} 440-0499

Southwestern
Technical Sales

Houston

Tel: {713) 440-8200

UTAR

Butterworth Marksting
West Yalley

Tel: (BO1) 972-5566
Fax: (801) 972-5573

WASHINGTON

Therson Company
Northwest

Bellevus

Tel (206} 455-050

Twx: 9104432300

Fax: (204) 455-9185
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Sales Representalives and Distributors

Domestic
Distributors

ALABAMA

Schwebsr Elactromes
Huntswille

Tel: (205) B25-0480

ARIZONA

Schweaber Elactronics
Tempe

Tel: (602) 431-0030

Time Electronics
Tempe
Tel: (602) 967-2000

Wyle Laboratories
Phoenix
Tel: (802) 431-0030

CALIFORNIA
Schwsber Electronics
Calabasas

Tel: (B1%) 8B0-8686

Schweber Elactronics
Irvine
Tel: (714) 863-0200

Schweber Electronics
Sacramento
Tel. (916) 384-0222

Schweber Electronics
San Dego
Tel: (619) 495-0015

Schweber Electronlcs
San Jose
Tel: (408) 432-7171

Time Elgctronics
Torrance
Tel- (213} 320-0880

Time Electronics
Sunnyvale
Tel: {408} 734-9888

Time Electronics
Chatsworth
Tel: (818) 9987200

Time Electronics
San Diego
Tel: (619) 5861331

Time Electronics
Anaheim
Tel: {714) 937-0911

Wyle Laboratories
Santa Clara
Tel: (408} 727-2500

Wyle Laboratories
Rancho Cordova
Tel (916) 638-5282

Wyle Laboratories
Irvine
Tel: (714) 663-9953

Wyle Laboratories
Irving
Tel: (714) 851-9053

Wyle Laboratories
Calabasas
Tel. (818) 850-900

Wyla Laborataries
San Diego
Tel: (818} 5859171

caNapa
Time Electronlcs

2798 Thamasgale Drive, #5

Mississauga,
Ortario L4T 4E8
Tel: (416) &72-5300

COLORADO
Schweber Elecironics
Englewood

Tel: (303) 799-0258

Time Elsclronics
Englewood
Tel: (303) 799-8851

Wyle Laboratorles
Thornton
Tel: (303) 4579953

CONNECTICUT
Schwebet Eleciramics
Oxford

Tel: (203) 264-4700

FLORIDA

Schweber Elactronics
Altamonte Springs
Tel: (305} 331-7555

Schweber Electronics
Largo
Tol: (813} 541-5100

Schweber Elgctronics
Morth Pompanoe Beach
Tel: (305) 9977511

Time Electronics
Fr. Lauderdale
Tel: (305) 974-4800

Time Electronics
Orlando
Tel: {(305) 841-6565

GEORGIA

Schweber Electronics
MNoreross

Tel: (404) 4459170

Time Electronics
Naorcross
Tel: {404) 448-4448

KANSAS

Schweber Elacironhics
Overland Park

Tel: (913) 4822922

ILLINOIS

Schweber Electronics
Elk Grove Village
Tel: {708} 364-3750
Time Electronics

Wooddale
Tel: {708) 350-0610

INDIANA
Schweber Electronics
Indianapolis

Tel: (317) 843-1050

owa

Schweber Electronics
Cedar Rapids

Tel: (319) 373147

MARYLAND
Schwaber Elactromcs
Columbia

Tel: {307) 596-7800

Time Laboratories
Columbia
Tel: (301) 964-3090

Vantage Components
Colurmbia

Tel, (301) 720-5100
fel: {301) 621-8555

MASSACHUSSETTS
Schweber Elactronics
Bedford

Tel: (B17) 279-5100

Time Electronics
FPeabody
Tel: (508) 532-9%00

Wyla Laboratories
Burlington
Tol: (617) 272.7300

MICHIGAN
Schweber Electronics
Livonia

Tel: (313) 526-B100

MINNESOTA
Schweber Elecironics
Edina

Tel: (612) 941-5280

Time Electronics
Edina
Tel: {612) 835-1250

MISSOURI
Schweber Elecironics
Earth City

Tel: (314) 739-0526

Time Electronics
5t Louis
Tek: (314) 301-8444

NEW HAMPSHIRE
Schweber Electronics
Mznchester

Tel: (603) 625-2250

NEW JERSEY
Schweber Elecironics
Pinebrook

Tek: {(201) 2277680

Tirme Electronles
Pinsbrook
Tel: {201) 882-4611

Vantage Components
Cliftan
Tel: {201) 777-4100

NEW YORK
Sctiwabar Elacironics

Rochester
Tel: (716) 424-2222

Schweber Elactronics
Hauppauge
Tel: (516} 231-2500

Schweber Electronics
Wastbury
Tol: (516) 334-7555

Timg Electronics
Hauppauge
Tel: (518) 273-0100

Time Electronics
Fairport

Tel: (716) 383-8853
Fax: {716) 383-B863

Tima Electronics
East Syracuse
Tel: {315) 432-0355

Vaniage Components
Smithkown
Tel: (516} 543-2000

NORTH CAROLINA
Schweber Electronics
Haleigh

Tel: (19} 878-0000

Time Elactronics
Charlotie
Tai: (704} 522-7600

OHIO

Schweber Electronics
Beachwood
Tel: (218) 464-2970

Schweber Electronics
Dayton
Tel: (513) 439-1800

Time Elecironics
Dublin
Tel: (614) 761-110D

OKLAHOMA
Schweber Electronics
Tulsa

Tel (918) 622-8000

OREGON

Time Electronics
Portland

Tel: {503) 684-3780

PENNSYLVAMNIA
Schweher Electronics
Horaham

Tel: (215} 4410600

Schweher Elactronics
Pittsburgh
Tel: (412 963-6804

Tima Electronics
King of Prussia
Tel: (215} 3370900

TEXAS

Schweber Elecironics
Austin

Tal: {(512) 339-0088

Schweber Electronics
Dailas
Tet: (214} 247-6300
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Sales Represeniatives and Distributors

Domestic TEXAS Wyle Laboratories Wyle Laboratories Wyle Laboratories
mm Schwabar Elactronics Houston Wast Valley Redmond
i cam) Houston Tol: (713) 676-0953 Tol: (801) §74-0053 Tel: (208) 881-1450
Tel: {713} 784-3600 .
" (713) 784 W'}’s'gnum’a“’"es WASHINGTON WISCONSIN
gma lﬁlemrunlcs Tol: (512) 834-9957 Time Electronics Schweber Electronics
Teal'm:’-.“lgnZM 7441 : Radmond MWew Berlin
s 24 UTaH Tel: (206) 8821600 Tol: (414) 784-9020
Wyle Laboratorias . .
Richardson e 5;?{;;“’"'“
Tel: (214) 235-9953 Tel: (807) S753.5181
International AUSTRALIA GERMANY ISRAEL NORWAY
Distributors Energy Control Topas Elecironic GmbH Vacironics OTE &S
Brisbane 3000 Hannowver 1 60 Madinat Hayshudim St N-0817 Oslo 6
Tal: 61-7-376-2055 Tel: (0511) 13 12 17 PO. Box 2024 Tol: 47 2 306600
Fax: 64-7-376-3286 Tix: 9218176 Hsrzlla B 46120, Israsl Tix: 85678955
Tix: 43778 Fax: (0511) 13 12 16 Tol: 972 52 558070 Fax: 47 2 321360
Tix: 92234257
BELGIUM g‘_’gg‘gfafe’;g” Fax: 972 52 556508 SPAIN
Inelco Tal- (089} 859-8021 Unitronics, S.A.
Brussels T ITALY 28008 Madrid
Tel: 32 2 218 060 Fax: (0B9) 857-6574 Silverstar Tel: 34 1 542 5204
Tix: 84-22090 20146 Milano The B3122596
Fax: 32 2 2164606 HOLLAND Tel: 39 2 661251 Fax: 34 1 248 4298
Mo :‘“ | Tix: 843332189
DENMARK S:\faﬁ"a:we 60 Fax: 29-2-66101359 SWEDEN
Distributoren Intereiko, A5 ae42 A UTREGHT Traco AB
DK-2690 Karlslunds Tel: (31} 30-420340 JAPAN §-123 22 Farsta
Tol: 45-53-140700 Fax: (31) 30-422440 Nlppon Imex COI‘POI’a.TiOI'I Tel: 468 930011
Tix: 85543607 Setagaya-ku, Tokyo Tix: 85410689
Fax: 45-53-146805 HONG KONG Tol: 321 4415 Fax: 488 947732
Components Agent Lid Tix: 781 23444
ENGLAND Hom F’Tem.m e\ : Fax: 81 3 325 0021 SWITZERLAND
Micro Call Ltd. Tel: 0-499-2668 Kyocera Corporation Laser & Elactronic
Thame, Oxon 0X9 3XD The: 78030398 Selagaya-ku, Tokyo Equipment
Tol: 44 84 426 1939 Fax: 852 0-4136080 Tel: 3-708-3111 8053 Zifrich
Fax: 44 84 426 1678 Tix: 7812466091 Tel: 41 {1} 55 3330
INDIA Fax: B1-3-706-3864 Thx: 816801
FINLAND : ) Fax: 41 (1) 55 3458
Pamir Electronics Corp.
Oy Comdax AB 400 Wasl Lancaster KOREA TAIWAN
SF-00210 Helsingfors Suite 202 Eastern Electronics, Ing. )
Tel: 358 067 02 77 Devon, PA 19333 USA Sungdong-Ku, Seoul Sertek International, Inc.
Thu: 857125876 Tol: 2%5-688-5299 Tol: 82 2 463-2266 Taipei, 10479, Taiwan
Fax: 358 06922326 Fax: 215-688-5382 Tix: 78727381 Tel: 2-5041-0019
. : . . Tix: 78523756
FRANCE The: 210666 Pamir UR Fax: 82 2 465-2607
MICROEL
Imeuble MICAO
Cedex
Tol: 33 (1) 69.07.08.24
Tix; 692493F
Fax: 33 (1) 69.07.17.23
WS/ Direct REGIONAL SALES EUROPE SALES
Sales Offices Northeast Southwest Southeast Excalsiorlaan 53
Morth Andover, MA Humington Baach, CA Huntsville, AL 1330 Zaventem

Tel: (508) 685-6101
Fax: 508/685-6105

Midwast

Haffrman Estates, IL
Tal: (708) 490-5318
Fax: 708/882-1881

Tal: (714) B48-6968
Fax: T14/848-5648

Mid-AHantic
Trevose, PA
Tel: (215) 638-9617
Fax: 25/638-7326

Tel: (205) 539-7406
Fax: 205/539-744%

Northwast
Fremont, GA

Tel: (415} 656-5400
Telex: 209255
Fax: 415/657-5916

For additional (nformation or assistance, call 800-TEAM-WSI (800-832-6974). In California, call B00-562-6363.

115/8% Rev. 1.22

s

Belgium
Tel: 32-2-725-0546
Fax; 32-2-725-1145
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LIFE SUPPORT POLICY:
WaferScals Intagration, Inc. (W51} producis are nol 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 dewices or systems are devices or systems which 1) are inlended for surgical implant Into the body, or 2) support or sustain life
and whase failure to perform when properly used in accordance with instructions for use provided in the labeling can be reasonably expected
to result in & significant injury or death to the user,

B} A critical component is any companent in & lite support device or system whose failure ta perform can be reascnably expected to cause the
failure of the life support device o system or 1o affect its safaly or effectiveness.

Information furnished hergin by WaferScale Integration, Inc. (WS} is believed to be accurale and reliable. However, no responsibility is assumed
for its use. WSl makes no representation that the use of its products or the inlerconnaction of its tircuits, as described herein, will not infringe
on existing patent rights, No patent llability shall be incurred by WS! for use of the circunts 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 WS! reserves the right without
commitment, at any time without notice, o changs said circuitry or spegifications. The performance characterigtics listed in this book result from
specific kests, correlated tesling, guard banding, design and other practices common to the industry. Information contained herein suparsedes
previcusly published specifications. Contact your WS5I sales representative for specific testing detalls or latest information,

Products in this book may be covered by ona or more of the following patems. Additional palents are pending.

USA: 4328565, 4,361847; 4,409,723, 4,639,893; 4,640520; 4,795719; 4,763,184, 4,758,869
West Germany: 3,103,160

Japan: 1,279,100

England: 2073484, 2 073487

PAL is a regisiered trademark of Monolithic Memeories, Ing.

SaM and SAM+PLUS are trademarks of Altera Corporation,

MagicPro™ and Frogrammable System™ Devices are trademarks of WaferScale Integration, Inc.

ASMILE, SAMSIM and SAMPLUS are trademarks of WaferScale integration, inc. and Allera Corporation.
MS-DOS is a trademark of Microsoft Corporation,

IBM and IBM Personal Computer is a registered trademark of International Business Machines Corporation,

Copyright £ 1989 WalerScale Integration, Inc. All Rights Reserved.
Palents Pending Rev. 13
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WAFERSCALE INTEGRATION, INC.

47280 Kato Road, Fremont, CA 94538-7333
415-656-5400 FAX: 415-657-5916 TELEX: 289255
800-TEAM-WSI (800-832-6974)

IN CALIFORNIA 800-562-6363

Printed in U S.A.



