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Daisy’s standard
NOW runs on an

Introducing the
Advansys Series” of
high performance
CAE workstations.

Now the electronic design environ-
ment you've dreamed of is here.

Because the most advanced design
tools in the world now run on the
worlds most advanced standard
platform.

The Sun 386z

We call it the Advansys Series.
And it encompasses
some of the most

the demands of real world electronic
design. Everything from design
entry to digital and analog simula-
tion, IC and PCB layout, fault
smmlatlon and test tools.

But with Advansys, your capabil-
ities don’t stop at your desktop.
Because Daisy’s unique network
computing concept lets you create
an affordable team design environ-
ment incorporating a wide range of
powerful network resources.

Like Daisy’s MegaLOGICIAN®*—
the most widely used
simulation accelerator
ever created. Or the

powerful design tools
ever developed. Plus a variety of
affordably priced workstations.
Including the 20 MHz and 25 MHz
Sun 3867, as well as Daisy’s own
LOGICIAN® 386 and the newly
enhanced Personal LOGICIAN™
386. All share a standard system
level environment, featuring UNIX"
advanced X Window System
graphics, Sun’s NES™ distributed file
system and standard TCP/IP
communications.

Now you can get the workstation
performance and flexibility youve
demanded for your desktop. Includ-
ing up to 5 MIPS of processing
power, high resolution graphics
display and an integrated UNIX/
DOS environment.

Even better, all these advanced
workstations run Daisy’s field-
proven Advansys software packages.
Eight turnkey tool sets that meet all

B

brand new GigaLOGICIAN™ with
up to 30 times greater performance.

For complex system simulations,
there’s Daisy’s PMXY' the most popu-
lar physical modeling system in
use today.

You can also link with network
servers like the Sun-4™ based XL
Server for analog simulation or PCB
routing. And Daisy lets you access
all this power simply by opening a
window on your Advansys desktop
workstation. Eliminating file trans-
fers and other time consuming
bottlenecks.

To find out more about the new
Advansys Series, call Daisy today
at 1(800)556-1234, ext. 32. In
California: 1(800) 441-2345, ext. 32.

We’re raising the standard of
excellence for electronic design.

European Headguarters: Paris, France (1) 45 37 00 12.

Regional Offices: England (256) 464061,
West Germany (89) 92-69060; Italy (39) 637251.
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MESFETs, but when O n t e n t) S

they'll be ready is still

the main question
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18 ECL SEA-OF-CELLS ARRAYS COME OF AGE
GEORGE OSTASZEWSKI AND TONY KING, Plessey Semiconductors Ltd.. PHILIP WELSH,
Plessey Semiconductor, AND BRUCE COY AND MIKE HOLLABAUGH, Applied Micro
Circuits Corp.

Novel ECL circuit design and advanced processing techniques
deliver 16,000 gates in a 1.2-GHz sea-of-cells array.
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41 CUSTOM/SEMICUSTOM IC DIRECTORY

VLSI SYSTEMS DESIGN STAFF
A directory of gate array and cell-based IC manufacturers.

[JETHODS
50 CUSTOMIZING IMAGE PROCESSOR CHIPS WITH PLDs

" Division of North American Philips Corp.

BOBBY SAFFARI AND PAUL T. SASAKI, Signetics Co.
's PLDs makes them candidates

The increasing density and performance of today
for customized imaging and graphics applications.

HooLs
60 AN ENGINEERING INFORMATION SYSTEM

DAVID SMITH, Senzor Editor, VLSI Systems Design
The Department of Defense is applying its economic clout towards a standard
environment for integration and management of design automation tools.

JooLs

70 AN IDEAL MIXED-MODE SIMULATOR

GEOFFREY SAMPSON, NCR Maicroelectronics

A advantages and disadvantages of today’s mixed mode simul
a discussion of the requirements for a dream simulator.

ators is discussed

together with

EooLs

80 AUTOMATIC FLOORPLANNING
RONALD AYERS, Mosis Project, University of Southern California
The requirements for a floorplanning tool are review
the MOSIS project is discussed in detail.

ed and the system developed for

EERFORMANCE FRONTIERS

92 HETEROSTRUCTURE FETS

RODERIC BERESFORD, So/id State Editor
HFETs can provide another breakth
capability, but it’s anybody’s guess as to their arrival date.

rough in switching speed and output drive

60
The DoD's Engineering
Information System
holds promise of better

tool integration
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The performance of
today’s mixed-mode
simulators depends
on the analog to

digital circuit mix
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Sea-of-Cells ECL

deliver

higher densities
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story

When it comes to delivery of
high-quality, reliable ASICs, S-MOS
wrote the book.

We did it in collaboration with
our manufacturing affiliate, Seiko
Epson. With 18 years of CMOS
experience, Seiko Epson is one of
the world’s most advanced CMOS
IC manufacturers.

Through Seiko Epson’s high-yield
manufacturing technology, we ship
millions of ASIC units a month, and

with a reject rate of less than .0001%.
That's our quality story.

Now we’ve added a new chap-
ter on design. At our advanced
R&D design facility, engineers from
S-MOS and Seiko Epson are devel-
oping new software to simplify
circuit design, simulation and the
creation of new megacells for our
extensive cell library.

Of course, you can still take
advantage of our established design

tools because S-MOS supports such
workstations as Daisy, Mentor,
Calma and PC-based systems using
FutureNet, OrCAD and ViewLogic.

Our proprietary LADS simulator
will speed up the design process.
The S-MOS engineering team will
support you from concept to
production.

If you are looking for an ASIC
program that can make your designs
best sellers, call us. (408) 922-0200.



CMOS Gate Arrays

Up to 38,550 available gates
« SLA8000 (800 ps)*

1.2 drawn, 1.0 Leff.
= SLA7000 (1.0 ns)?,

1.5 drawn, 1.2 Leff.
« SLA6000 (1.8 ns)*

2.0p drawn, 1.5 Leff.
= SLA700B High Drive

Output
= SLA100L Low Voltage

CMOS Standard Celli

Complexities to 16K gates**
« SSC1000 (1.4 ns)*
1.8 drawn, 1.4 Leff.
= Fully migratable from
S-MOS gate arrays
= RAM and ROM
blocks available

TANCELL is a registered trademark of Tangent Systems.

ypical propagation delay of 2-input NAND gate driving 2 internal loads with 1mm of interconnect

**Maximum gate utilization depends on amount of interconnect used.

Compiled Cell Custom

The Alternative to Full Custom
= 1.8 CMOS process
= Can utilize dissimilar
cell geometries
= 3-button approach
to custom design
= Currently over 300
fully characterized cells
= Fast 14-week
implementation time
= Timing-driven TANCELL®
place-and-route software

CIRCLE NUMBER 2

S-MOS SYSTEMS, INC.
2460 North First Street
San Jose, CA 95131-1002
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With VLSI technology
and foresight, the

impractical can soon

become the practical

VLSI SYSTEMS DESIGN

R oM T HE E DI T OR

VLSI: The Challenge to
Innovate

n article that appeared in our October 1988 issue, A VLSI Join Module, made

me realize how many ideas that were formerly impossible (or more appropri-
ately, impractical) had suddenly become practical as a result of the rapidly growing ability
of VLSI technology to provide massive and complex functions on reasonably sized chips at
relatively low cost.

This particular article described an architecture—implemented in VLSI—for speeding
up searches in large databases. With traditional von Neumann architectures, words in a
database are addressed and brought into a single central ALU, one at a time. The serial
search is time consuming. Of course, performing the comparisons in parallel, would really
accelerate the operation. But this “highly impractical” idea would require a separate ALU
at every bit position in the memory.

Professor Ali Hurson and graduate student Charles Petrie at Pennsylvania State
University took on this challenge. They combined VLSI technology and massive parallel-
ism to provide a new solution to the problem. They've already designed the first chips
(which IBM fabricated) and proved the validity of their circuits and algorithms. An
improved version (to be fabricated by NCR) is also in the works.

Another example happened a few years ago. Howard Sachs of Fairchild Semiconductor
foresaw that VLSI technology would allow him to build chips incorporating a number of
performance boosting supercomputer techniques. The result was a breakthrough in
microprocessor performance—the 5-Mips Clipper, now produced by Intergraph Corp.

There are many other examples of technologists, in all fields of endeavor, who have had
the foresight to leverage a new technology to overcome the roadblocks that rendered a
great idea impossible or impractical. VLSI is one of today’s most challenging technologies.
It challenges the foresighted technologist to dust off and re-examine all those great ideas
that were abandoned for reasons such as “it’s not practical; it would be too big, too slow, or
too costly to implement.” So let’s ignore the roadblocks and accept the challenge of

VLSI—and begin innovating new architectures, new systems, and new products.

ROLAND WITTENBERG

EDITOR-IN-CHIEF

NOVEMBER 1988



Access to the Right Technology

Whatever your application, Raytheon
can open the door to the appropriate
ASIC technology. With over 14 years’
experience in semicustom design,
Raytheon offers you many choices—
CMOS, low power ECL and digital
bipolar, as well as linear arrays.

[1 CMOS arrays: Raytheon’s low-
power CMOS arrays to 20,440 gates
have a 1.0 pum effective channel length
and rad hard capability. Both our
VHSIC-approved and standard families
have the lowest power consumption in
the industry. The 2 wum RL7000 array

is a second source for LSI’s LL7000
series. Standard cell solutions are

also available.

Raytheon offers you choices

[] Low-power ECL arrays: The ECL
products available from Raytheon have
densities comparable to 1.5 pm CMOS
arrays and I/Os compatible with ECL,
TTL (10K or 100K), and CMOS. These
ECL arrays also deliver the industry’s
lowest power dissipation per gate. Their
superior speed/power performance—
<0.1pJ—provides the ASIC designer
with state-of-the-art semicustom
capabilities.

[ Digital bipolar arrays: Our many
years of experience in ISL array
design and production give Raytheon
a solid foundation for expanding
ASIC technology.

[J Linear arrays: Raytheon’s bipolar
macrocell arrays with 8, 12 or 15 gain
blocks and FET input arrays with 4 or
12 gain blocks utilize precision thin-film
resistors. They can be configured into a
variety of analog functions, including
voltage references, switches,
comparators, op amps, and VFCs.

Let Raytheon open the door to a world
of ASIC choices, with our proven track
record in multiple ASIC technologies.

Raytheon Company
Semiconductor Division

350 Ellis Street

Mountain View, CA 94039-7016
(415) 966-7716

Raytheon

CIRCLE NUMBER 3

Where quality starts with fundamentals.



2ND INTERNATIONAL
WORKSHOP
ON VLSI DESIGN

December 15—18
Bangalore, India

his year’s workshop will

be held in Bangalore,
which is also known as the
“Silicon Valley” of India. It
will feature tutorials and panel
discussions, as well as techni-
cal presentations. Topics will
include design rule checking,
layout and routing, testing
and test program generation,
design database, CAE/CAD sys-
tems, workstations, test vector
generation, implementation
algorithms, logic and circuit
simulation, timing analysis
and verification, silicon com-
pilation, expert system appli-
cations, fault modeling, and
fault simulation. Additional
information may be obtained
by contacting Dr. Ravi M.
Apte, Valid Logic Systems
Inc., M/s 01, 2820 Orchard
Pkwy., San Jose, Calif.
95134. (408) 432-9400. m

IEEE INTERNATIONAL
CONFERENCE ON
WAFER-SCALE INTEGRATION

January 3-5, 1989
Fairmont Hotel
San Francisco, Calif.

his conference will present

a balanced program of all
the aspects of monolithic wa-
fer-scale integration, includ-
ing theory, technology, appli-
cations, and products. The
program will feature contrib-
uted papers, poster presenta-

8 VLSI SYSTEMS DESIGN

tions, and panel discussions
and will cover topics such as
wsI reliability, yield model-
ing, wafer-scale CAD systems,
packaging, power/ground dis-
tribution, signal and image
processors, and wafer-scale
memory. For further informa-
tion, contact Patty Patterson,
TRW Defense Systems Group,
1 Space Park (R2/2076), Re-
dondo '‘Beach, Calif. 90278.
(213) 812-0788. |

1989 IEEE VLSI TEST
WORKSHOP

April 11-13, 1989
Bally’s Park Place

Casino Hotel
Atlantic City, N.J.

he purpose of this work-

shop is to discuss and ex-
plore current test concepts and
future trends in VLSI devices
designed as microsystems. Pa-
pers are solicited on topics in-
cluding LSSD, BIT, testability
trade-offs, test equipment,
simulation, knowledge-based
systems, redundancy, logis-
tics, fault tolerance, packag-
ing, analog/digital, and tester
architecture. Authors interest-
ed in making a presentation
should submit, by November
25, 1988, a 100-200-word ab-
stract to Mukund Modi, Pro-
gram Chairman, Naval Air

Engineering Center, ATE Soft-
ware Center, Code: 52514, La-
kehurst, N.J. 08733, (201)
323-2560. Additional infor-
mation about the workshop
may be obtained by contacting
Wesley E. Radcliffe, Chairper-
son, IBM East Fishkill, Dept.
277, Bldg. 321-5E1, Hope-
well Junction, N.Y. 12533.
(914) 894-4346. ®

INTERNATIONAL TEST

CONFERENCE 1989

August 29-31, 1989
The Sheraton Washington Hotel
Washington, D.C.

ponsored by the IEEE's

Computer Society and
Philidelphia Section, the ITC
provides a major forum for the
exchange of information about
the testing of electronic de-
vices, assemblies, and systems.
This year’s conference focuses
on innovative test techniques
and equipment needed to meet
the challenges of the future.
Technical presentation topics
will include built-in-self-test,
computer-aided engineering,
design for testability, design
verification, fault modeling
and simulation, memory de-
vices, microcontrollers and
microprocessors, printed cir-
cuit boards, surface mount as-
semblies, system test, wafer-

alendar

scale assemblies, quality and
reliability, standards, and test
economics. Authors are invit-
ed to submit, by January 16,
1989, a 35-word abstract, and
either a 500-word summary or
a full manuscript to Ray Mer-
cer, Program Chair, Interna-
tional Test Conference, Mill-
brook Plaza, Suite 104D,
P.O. Box 264, Mount Free-
dom, N.J. 07970. For more
details, call Doris Thomas, at
(201) 895-5260. |

INTERNATIONAL CONFERENCE
ON SEMICONDUCTOR

AND INTEGRATED

CIRCUIT TECHNOLOGY

October 22-28, 1989
Beijing, China

D esigned to provide an in-
ternational forum on se-
miconductor and integrated
circuit technology, this con-
ference will cover such topics
as amorphous silicon, bipolar
technology, CAD, CMOS tech-
nology, dielectrics, electrical
characterization, IC design, in-
terconnect technology, multi-
level interconnect, packaging,
process characterization, rapid
thermal processing, and relia-
bility/yeild. By January 9,
1989, interested authors
should submit a 300-word ab-
stract detailing the work to be
presented. To submit abstracts
or to obtain additional infor-
mation contact Linda Reid,
Continuing Education in En-
gineering, University Exten-
sion, University of California,
2223 Fulton St., Berkeley,
Calif. 94720. ]

ILLUSTRATION BY LORRAINE RAYWOOD



GAZELLE'S NEW HIGH-PERFORMANCE LOGIC DEVICES
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Call for an information kit.
Or send your name and
address to Gazelle, Dept. A,
2300 Owen St., Santa Clara,
CA95054.

CIRCLE NUMBER 4

Breakneck Performance at Breakthrough Prices.

Traditionally, the prime obstacle to outrageous perfor-
mance is an outrageous price.

Meet the GA22V10s from Gazelle Microcircuits.

They're the two fastest, high-density, user-configurable
logic chips available. Chips that are up to twice as fast as
their silicon equivalents. Chips that eliminate the high
price of high performance.

Running at 110 MHz with a propagation deiay of just
75 ns, the GA22V10-7 liber-
ates the true performance |-
of your system. It’s fast GAZVIO? e
enough to let 68030s and | GA22v10-10 | 10.0ns
RISC processors like the [
88000 and SPARC™ run at
full speed. Cache control,
bus arbitration and wait
state bottlenecks simply
disappear while worksta-
tions and PCs gain a 33% boost in performance.

Gazelle’s TTL-compatible GaAs is the reason. Our
GA22V10 is 100% pin and function compatible with
slower silicon 22V10s. We created 25 new internal circuit
techniques to deliver this performance at this price.
Which is why you don’t see these specs from any other
manufacturer. In GaAs or silicon.

All it took was a break from tradition.

SPARC is a trademark of Sun Microsystems, Inc. Gazelle is a trademark of Gazelle Microcircuits, Inc. © 1988 Gazelle Microcircuits, Inc. All rights reserved.

PAL22V10
PAL16R8




Lattice Bags AMD PLD Executive

CYRUS TsuI

yrus Tsui has jumped from the Programma-
ble Logic division of Advanced Micro De-
vices Inc. to assume the president and CEO
posts at Lattice Semiconductor (Hillsboro,
Ore.). “Ray bagged me,” says Tsui, refering to
Ray Capice, Lattice’s executive vice president.
Tsui was one of the developers of the PAL
process, and moved up to executive posts at

Monolithic Memories and AMD. Lattice, which emerged from
Chapter 11 this year, is now poised to move from “tens of
millions to hundreds of millions in sales,” according to Capice. ®

DEC Buys into RISC

schewing its homegrown

attempts to join the RISC

movement, Digital Equip-
ment Corporation (Maynard,
Mass.) has signed a technology
exchange agreement with MIPS
Computer Systems Inc.
(Sunnyvale, Calif.) to gain ac-
cess to the MIPS' RISC technol-
ogy and designs.

Digital’s MicrovAX work-

stations have been hard pressed
to match the integer-process-
ing specifications of compet-
ing RISC platforms. “We in-
tend to develop high-
performance systems, for the
desktop and upwards, which
utilize RISC,” explains Robert
Palmer, Digital’s vice presi-
dent and group manager of Se-
miconductor Operations. H

tream

Desktop 3D Graphics for $16,000

ilicon Graphics Inc.

(Mountain View, Calif.)

has wrapped a 10-MIPS
RISC microprocessor, 8-Mbytes
of memory, eight color bit-
planes, a 19-inch color moni-
tor and its Geometry Engines
into a workstation priced at
$15,990. The Personal IRIS
comes with a new user inter-
face called IRIS WorkSpace,
supports the Network Filing

Systems, and runs all software
written for IRIS workstations.
Silicon Graphics has also ex-
panded upward, introducing a
line of multiprocessor systems
that also run IRIS software.
Called the POWER Series, they
use as many as four 32-bit
R3000 processors from MIPS
Computer Systems, offering
up to 80 Mips and 16 Mflops

of computing resources. |

10 VLSI SYSTEMS DESIGN
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3D Systems Spring Up

4y allas Semiconductor (Dallas, Tex.) plans to
~ stand board designs on their ends. Using new
" edge connectors developed by Amp Inc., Dal-
las has produced a series of plug-in subassemblies
called SipStiks that extend board-level systems
vertically. Like single in-line memory modules
(SIMMs), SipStiks improve packing density by
extending boards vertically from the system
motherboard. Five SipStiks are now avail-

able: a nonvolatile 1-Mbit SRAM; a 16K X 9

two microcontrollers with non-
volatile memory; and an ADPCM speech
compression SipStik. Future releases
include a modem, instrumentation,
and a T1 line interface. SipSticks
range from 2.5 to 3.5 inches long and
are limited to a maximum height of 0.85
inches. They use CMOS integrated cir-
cuits to limit power dissipation. Dallas also

offers a prototype mother board conforming to the
Eurocard single-height standard. &

NOVEMBER 1988




A New Star Performs at 100 Mflops

tar Technologies Inc.

(Sterling, Va.) unveiled its

new family of vector pro
cessors, the VP-1 and VP-2, that
deliver 50 and 100 Mflop per-
formance respectively. The
new 32-bit CMOS processors,
which were first
shown at last
month’s Elec-
tronic Imaging-
‘88 conference,
were designed to
connect with a
wide selection of
host computers
including those j
manufactured by IBM, Digital
Equipment Corp., Concur-
rent, Gould, Sun Microsys-
tems, and Alliant Computer
Systems. Both the vP-1and vp-
2 can be simultaneously at-
tached to up to three dissimilar
host computers as shared com-

puting resources.

The new Vector Processors,
when attached to a host CPU,
are ideal for realtime, com-
pute-intensive applications
such as radar and sonar pro-
cessing, satellite imaging, and

seismic  data
processing.
The VP-1 pro-

cessor incorpo-
rates a single
compute head,
and is field-up-
gradeable to the
dual-headed vP-2
- with the addition
of a second compute head. For
those applications requiring
even more power, up to three
VP-2 systems can be stacked
and directly interconnected to
deliver up to 300 Mflops of
computing power in a single
19 x 72 inch EIA rack. @

Interactive Chip Debugging

ebugging the results from

design-rule-check (DRC)

software typically means
wading through lists of design
errors with cryptic location
identifiers. Mentor Graphics
Corp. (Beaverton, Ore.) has
updated its IC layout tools to
make this process graphical
and interactive. Mentor’s RE-
MEDI software works within its
ChipGraph system to perform
dimensional checks on one or

NOVEMBER 1988

two mask layers interactively.
The software can be directed to
check only certain cells or a
specific geometric section of
the layout. It can check all
geometric angles of the layout
objects and can verify CMOS,
BiMOS, Bipolar and GaAs fabri-
cation technologies.
Violations are highlighted
and can be corrected without
leaving the layout environ-
ment. Also, multiple design
rules can be applied in any
single pass on the design. This
debugging capability is en-
hanced by a two times im-
provement in the graphics per-
formance of the ChipGraph
layout editor. The REMEDI
software package is priced at
$14,900 through December.m

No Waiting for VME Board’s 1-Megabyte Memory

eneral Micro Systems Inc.’s (Montclair, Calif.) latest entry in

the 32-bit VMEbus CPU board arena is its 68030-based

GMSV17 that provides up to 1-Mbyte of on-board zero-wait-
state, dual-ported SRAM. The new board uses Motorola’s 33
MHz microprocessor together with the MMU and a 68882
floating point coprocessor. Also available are “‘mezzanine” mod-
ules that can provide an additional 1-Mbyte of dual-ported SRAM
or four to 16 Mbytes of dual-ported DRAM on a local bus. This
expanded-memory module still requires only a single VME slot.
The GMSV17 is priced from $2,096 in 100 piece quantities.l

Spectrum Speeds Analog Analysis

third generation personal

computer based software

package for the analysis of
analog circuits was recently
rolled out by Spectrum Soft-
ware (Sunnyvale, Calif.). Mi-
cro-Cap III is a window-based,
interactive design and analysis
system that features an inte-
grated schematic editor and
Spice-like analysis routines.

Micro-Cap III can perform AC,

DC, Fourier, and transient
analysis on analog circuits di-
rectly from the schematic.
The new package performs
both linear and non-linear
analysis of components such as
resistors, capacitors, induc-
tors, bipolar and MOS transis-
tors, and op amps. Mixed-
mode simulation is also
possible with the integrated
switch models and macros. B



dds are 50-50

your perfect ASICis a
perfect dud the first time
you plug it in.




ThatSwhy
Mentor Giraphics
lets you combine
ASIC and board
circuitryina
single simulation.

Trouble in ASIC paradise.

The big day has arrived.

Your first gate array is back from the foundry.
With high expectations, you plug it into your
board and power up.

It doesn’t work.

Don’t feel alone. Over 50% of ASICs aren’t
operational when first installed in their target
system. Even though 95% pass their foundry
tests with flying colors.

An immediate solution.

Mentor Graphics shifts these even odds
heavily in your favor with our QuickSim™ logic
simulator, which lets you simulate both your
ASIC and board circuitry in a single run.

With QuickSim, you not only track
the internal operations of your ASIC
circuitry, but also its transactions
with the system at large. If there’s a
problem, you see precisely where it’s
located, either inside or outside
your ASIC. All in a single, interac-
tive simulation environment,
where you can view and graphi-
cally “probe” the circuitry created
by our NETED™ schematic editor.

Check out our libraries.
Library support is an ideal
benchmark to gauge the true
worth of an electronic
design automation system.
The more diverse and plenti-

Sl

ful the component modeling libraries, the
greater the design capability. It’s as simple as
that.

By this simple, yet decisive measure, Mentor
Graphics brings you unequaled design capabil-
ity. While other EDA vendors scurry to produce
their own ASIC libraries (with little guarantee of
accuracy), more ASIC vendors put their libraries
on Mentor Graphics workstations than any
other. And in most cases, we're the first work-
station supported, which means you have the
first shot at exploiting new chip technologies.

With Mentor Graphics, you get a breadth of
LSI and VLSI component models, both hardware
and software based. All of which can be mixed
with ASICs in a single simulation that cuts your
run time to an absolute minimum.

To be continued.

So much for the present. We're already devel-
oping new systems EDA tools that will extend to
every dimension of electronic product develop-
ment. From high-level systems descriptions to
CASE. It’s what our customers expect. It’s what
we'll deliver.

It’s all part of a vision unique to Mentor Graphics,
the leader in electronic design automation. Let
us show you where this vision can take you.

Call us toll-free for an overview brochure and
the number of your nearest sales office.

Phone 1-800-547-7390
(in Oregon call 284-7357).

Sydney, Australia; Phone
612-959-5488 Mississauga,
Ontario; Phone 416-279-9060
Nepean, Ontario; Phone
613-828-7527 Paris, France; Phone
33-1-39-46-9604 Munich, West
Germany; Phone 49-57096-0
Neu-Isenburg, West Germany;
Phone 49-6102-25092-94 Hong
Kong; Phone 852-566-5113
Givatayim 53583, Israel; Phone
972-777-719 Milan, Italy; Phone
39-824-4161 Asia-Pacific
Headquarters, Tokyo, Japan; Phone
813-505-4800 Tokyo, Japan; Phone
813-589-2820 Osaka, Japan; Phone
816-308-3731 Seoul, Korea; Phone
822-548-6333 Spanga, Sweden;
Phone 468-750-5540 Zurich,
Switzerland; Phone 411-302-64-00
Taipei, Taiwan; Phone
886-2-776-2032 Halfweg,
Netherlands; Phone 31-2907-7115
Singapore; Phone 65-779-1111
Bracknell, England; Phone
44-344-482848 Livingston
Scotland; Phone 44-506-412222
Middle East, Far East, Asia, South
America; Phone 503-626-7000
Helsinki, Finland; Phone
358-0-45571 Madrid, Spain; Phone
34-1-754-3001




A seventeen year
partnership that

changed simulation

utz Henckels, presi-
dent, CEO, and co-founder of
HHB Systems Inc. (Mahwah,
NJ), was born in Germany during
World War 1II, and grew up in
Solingen, a city on the Wupper
River, east of Dusseldorf. Solin-
gen gained fame when the craft of
sword making was introduced
there during the Middle Ages.
But it also is well known for its
worldwide reputation as a fine cut-
lery center, and as anyone know-
ledgable of fine cutlery might have
guessed, the Henckels’ family was
heavily involved in cutlery. For
over 250 years, they operated an
internationally respected cutlery
manufacturing business, J.A.
Henckels Twin Works.

Lutz decided at an early age that
he wanted to make his own mark
in the world; he wanted to be at
the cutting edge of technology.
He did just that. He was one of
the architects of the first commer-
cially available digital simulator,
CAPS, which was developed at
GenRad Inc. (Concord, Mass.).
CAPS was a cutting edge product
targeted at the tester market. It
brought a lot of attention to Gen-
Rad. “The product was enormous-
ly successful; we sold thousands of
them,” Henckels remarked.

He also remembers his first year
in a university/industry cooperat-
ive engineering program in Ber-
lin, when he had an opportunity
to work for a few months at
EG&G in Massachusetts. It was
there that he heard about the great
reputation that Massachusetts In-
stitute of Technology enjoyed,
particularly in the United States.
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HHB’s Henckels Likes To
Be On The Cutting Edde
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This prompted him to visit the [}
school, where he applied for and THE GREAT
was accepted in the electrical engi-
neering program. “When I came | SUCCESS OF CAPS
here I only planned to stay for six
months, but I ended up staying GAVE US THE

permanently,” he added.

His years at MIT were very
fruitful. He worked part time at
GenRad while earning a BS and
MS in Electrical Engineering and a
Ph.D. in Computer Science. He
also met his future partners, Rene

"Haas and Kenneth Brown, who

were also attending MIT and
working at GenRad on the CAPS
simulator.

Since they first got together in
1971, Henckels, Haas and
Brown, aka HHB, have been like
the three musketeers. The great
success of CAPS “gave us the con-
fidence to leave GenRad and start
our own business,” said Henckels.
However, as a result of the cover-
age that they received in the trade
press when they left GenRad, they
were swamped with job offers,
some with equity benefits. “We
were very young at that time and
accepted an offer from Instrumen-
tation Engineering in New Jersey
that included two percent equity
in the company. But, we soon
realized that we wouldn’t be able
to accomplish our goals there.

CONFIDENCE TO
START OUR OWN
BUSINESS’

However, we did stay two years
until we finished a new simulator,
called MicroSim. We left in 1977
to found HHB, and we've been
here ever since,” he added.

For the first five years, HHB
was an profitable engineering ser-
vices company developing simula-
tors and automatic test program
generation tools. But, after Haas
and Henckels took the OMP
course at Harvard University's
Business School, they decided to
become a product oriented com-
pany. The transition from a service
oriented company to a product ori-
ented one took two years, and of
course, the first product out of the
“new’’ organization was CADAT,
an extremely successful simulator.
Even today, the CADAT simula-
tor together with the company’s
CATS hardware modeler accounts
for more than half of HHB’s busi-
ness. Accelerators and automatic
test generators also play a promi-
nent part in the company’s future.
Recently, HHB'’s plans to broaden
its base in the design automation
arena have linked the company
with several other design automa-
tion players.

When asked about the success-
ful 17 year relationship that he has
enjoyed with his two partners,
Henckels comments, “We work
together very hard, but when
we're not working, we each go our
own way.” When he’s not hard at
work at HHB, where he devotes
most of his time, Lutz Henckels
likes to play hard. “I have the
capacity to really switch off work
and get involved with my family.
Twice a year I take a vacation with
my wife and three sons, and go to
places like Chile, Ecuador, or the
Galapagos Islands.

—Roland Wittenberg.
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FutureNet® DASH™ Schematic
Designer gives you options no

other schematic capture package
can. With more than one hundred
DASH-Partners providing a broad
range of complementary products
and services, DASH's industry-
standard format is accepted virtually
everywhere. So you won't end up
with just a schematic. WWhen you
design with DASH, you'll have more
choices in technologies, CAE sys-
tems, foundries, and service bureaus.
DASH is a universal front end design
tool that has already opened doors for
thousands of users worldwide.

AN OPEN DOOR TO ASIC VENDORS.
DASH has won the support of dozens
of ASIC vendors, including National
Semiconductor, Mitsubishi, Motorola,
LSI Logic, MM, Hitachi, and Xilinx.
They provide vendor-specific symbol
libraries and/or accept DASH net lists
for simulation so you can design

Data |I/0 Corporatio
Data |/0 Canada
Data |/0 Europe
Data |/0 Japan S

©1988 Data /0 Corporation

DASH OPENS DOORS TO MORE
VENDORS, SERVICES, AND SYSTEMS.

DASH runs on 80386 and 80286 machines, IBM®

personal computers, and the Sun-3 Series.

ASICs in DASH. Whatever your
choice of vendor or technology—
PLDs, LCAs, gate arrays, or other
semicustom devices—DASH is the

schematic entry software of choice.

AN OPEN DOOR TO CAD SYSTEMS.

Translators to a wide variety of PCB
and simulation systems are available

from FutureNet and our DASH-
Partners. DASH is the only design

CIRCLE NUMBER 5

entry tool that can be used through-
out your company, in multiple CAD
environments, regardless of the mix
of vendors.

AN OPEN DOOR TO SERVICE BUREAUS.
When you don‘t want to do it all
yourself, DASH gives you access to
outside services. Service bureaus
throughout the world accept the
DASH net list as standard input for
their design, wire wrap, and PCB
manufacturing services.

FREE DASH EVALUATION PACKAGE.
Take the first step. Call us today to
qualify for your free DASH Evaluation
Package, which includes evaluation
software and documentation. Dis-
cover how DASH can open doors

for you.

1-800-247-5700
Ext. 269

DATA 1/0
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The predictions of

five years ago have

not been fulfilled

Y wife Celia is a
physician. When considering a
problem she frames it in terms of
what zs not said, as well as what s
said. She’s often more interested in
how things are perceived and pre-
sented than in what is stated.

This approach produces some
well chosen questions. She has
confidence in her own abilities but
doesn’t confuse this with the cru-
cial issue of getting the problem
straight before operating on it.

There lesson here that
might help us understand why lin-
ear ASICs have been such a disap-
pointment. Disappointment? Yes.
The technical and economic pre-
dictions of five years ago have not
been fulfilled. Linear ASICs are a
tiny portion of the linear market-
place. At least two companies that
started to bring linear ASICs to
market currently building
standard linear products. No lin-
ear ASIC effort has achieved any-
thing near the growth rate, profit-
ability or size of comparable age
standard  product
companies.

What's wrong? The computer
tools and models necessary to
build successful linear ASICs are
still crude and incomplete. Meth-

15

are

linear

ods for selection, characterization
and control of conStruction tech-
nologies for linear ASICs are still
elusive. These and related prob-
lems are real issues and need fixing
before linear ASICs can provide
the desired performance and profit
advantages.

Even if these problems go away,
linear ASICs have a more serious
issue. Most silicon scribes don’t
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A Prescription for Linear
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know beans about systems, and
systems is what linear ASICs are
all about. Few IC people have in-
strumented a pharmaceutical
plant, or shepherded a box level
product through to production.
Not many have worked with an
interdisciplinary team to produce
a medical instrument that really
does what is required. IC hackers
have not considered the practical
realities of transducer fed measure-
ment in an industrial environ-
ment, in an airplane, the human
body, or on an oil rig.

This ignorance of systems
makes listening difficult. It’s hard
to know when to question or what
to ask when vyou're ignorant.
Worse, our human nature often
steers us to cling to what is famil-
iar, producing false confidence,
even arrogance.

This ignorance can cause criti-
cal flaws in problem definition and
communication between customer
and vendor. No matter how high-
ly developed linear ASIC technol-
ogy is, it's useless if these issues
are not dealt with. This point is
well illustrated by the experience
of standard product linear houses.
Customers keep vendors on the
phone with questions about "sim-
ple” linear products that they've

been using for ten years. Regard-

‘
THE IGNORANCE
OF MOST SILICON

SCRIBES ABOUT

SYSTEMS MAKES
LISTENING
DIFFICULT

TEE NG G5y

less of how well written the data
sheet 1s, no matter how much
characterization or information is
available, issues come up—real is-
sues, that can sink the customer.
Sometimes it takes 45 minutes
just to understand what the cus-
tomer is talking about, let alone
arrive at a satisfactory solution.
Sometimes the customer doesn’t
really understand what the prob-
lem is, even when they think they
do. Other times you don’t under-
stand, even though you're sure you
do.

I can’t imagine the calamity of
supporting somebody who wants
50,000 pieces of some linear
ASIC. He (and I) may not know
it, but he’s the one providing the
characterization and writing the
data sheet. He expects to ship
product, and I expect to make
money.

The customer-vendor relation-
ship is as crucial as the technology
in attempts to build linear ASICs.
For people making the ICs, this
means learning a lot more about
what their customers are doing
than they may be used to. It also
means learning how to observe and
listen before saying, or even think-
ing, anything.

If linear ASIC is to make a
significant contribution the fast
talking must be replaced with
some slow listening. £l
JIM WILLIAMS is a staff scientist
at Linear Technology Corporation,
Milpitas, Calif., responsible for prod-
wuct definition, customer support and
circuit  design. Prior to LTC he
worked at National Semiconductor
and taught at M.1.T. for ten years.
He has consulted for U.S. and foreign
companies and governments and pub-
lished over 100 articles covering ana-
log circuit design.
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For High Speed with Low Power.

AMCC has the chips worth cheering about. When you need
the versatility of high speed with low power in a bipolar array,
our Q5000 Series Logic Arrays are the answer. They're designed
for logic applications requiring speed/power efficiency.

And they deliver.

Today's hi-rel commercial and military semicustom applica-
tions need high performance and proven reliability. And, our
Q5000 Series gives you both—without paying the power penalty.

Our newest bipolar series is comprised of five arrays. All
feature 4 levels of speed/power programmable macros and
over 600 MHz I/O capability. One comes with 1280 bits of
configurable RAM.

05000 Series Key Features AMCC Blpglar Log}c Arrays

- : have been designed with other
E?.u;;flen; e Zégj&s}gs flexible performance features in
Power bor Gae. | imw| mind, too. Mixed ECLITTL /O
Speed/Power Product: 0.5pj| compatibility. Your choice of
Equivalent Gates: 1300-5000| packaging. Full military screen-
1/0 Pads: 76-160( ing. AMCC's MacroMatrix®
Operating —55°Cto| design tools. And, unrivaled

Temperature Range: +125°C customer Support.

CIRCLE NUMBER 6

Chi
Arra

in,

y!

To talk with an applications engineer about
your specific needs, in the U.S., call toll free
(800) 262-8830. In Europe, call AMCC
(U.K.) 44-256-468186. Or write, Applied
MicroCircuits Corporation, 6195
Lusk Blvd., San Diego, CA 92121.

(619) 450-9333.

ABetter Bipolar Array is Here.
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GEORGE OSTASZEWSKI,

ToNYy KING BRUCE COY AND
AND PHILIP WELSH, PLESSEY - ~ MIKE HOLLABAUGH,
SEMICONDUCTORS, SWINDON, U.K., A PP E DEADIMACIRI O C TRSGIE NS HE O IRIR s
AND SCOTTS VALLEY, CALLE. SAN DIEGO, CALIF.

.. he sea-of-gates architectures has yielded
density and performance improvements in CMOS technology. In the past, however, the high
power dissipation of emitter-coupled logic (ECL) has rendered it impossible to make bipolar sea-
of-gates arrays. Now, circuit design and fabrication process advances permit the hitherto
impossible: 16,000-gate sea-of-gates arrays, with 95 percent utilization, a 1.2 GHz clock
frequency, and power dissipation of less than 16 W.

This article presents the first bipolar sea-of-gates array capable of such performance. Avail-
able both as the ELASOK series from Plessey Semiconductors and as the Q20K Novel
series from Applied Micro Circuits Corp. (AMCC ), the family offers up to

Circuit and

some 15,000 usable gates and 256 1/Os on one chip. The arrays were jointly

Processing
developed by Plessey and AMCC in a technology partnership, with both
) =y, ) ) Methods
companies providing process and architecture expertise.
In the resulting bipolar sea-of-gates array family, innovative circuit design Ruwat
techniques have achieved symmetrical 130-ps gate delays with reduced static Density
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The traditional
approach toIC design.
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How you play the game
determines if you win or lose.

And there’s plenty at stake.
Your design. Your product.
Maybe even your company.

Traditional IC design is full of
pitfalls and blind alleys. While there
are plenty of good tools available,
none of them really work well
together.

There is a better approach.

Design Framework™ architecture

from Cadence. The first integrated
design environment to support the
entire IC design process. A system
that lets you go from start to finish
in one smooth, direct path.

Not a “shell; Design Framework
architecture is a unified environment

where all design tools share the same |

user interface and design database.
So important details never get lost in
transit. Or garbled in translation.
But Design Framework tools don’t
just passively coexist. They actively
cooperate. As your design rolls along,
you see the impact of every change.
In real time. Catching and correcting
errors as they’re made. Eliminating
the need to go back and start over.
The bottom line—you finish
designs faster and more economically.
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You get to market sooner. And put
greater distance between you and
your competition.

In fact, Design Framework
architecture can boost your design
productivity five times or more
over the traditional approach.

Design Framework architecture
also fits easily into your existing
design environment. You can even
couple tools you developed or bought
from other vendors.

And it’s all brought to you by
Cadence. The IC design automation
software tool leader. We'll be happy

to tell you more. Write or call

for a copy of our IC Design Game

Plan: Cadence Design Systems,

Inc., 555 River Oaks Parkway,

San Jose, CA 95134, inside
California: 1-800-672-3470, ext. 866,
outside California: 1-800-538-8157,
ext. 866.

Because in today’s competitive
environment playing by the old rules
is a losing game.

=7/ CADENCE

Leadership by Design
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power requirements. Since the
array uses bipolar rather than
CMOS process technology, gate
delays are not adversely affect-
ed by capacitive loading. Sea-
of-gates architectures and tri-
ple-level metal also make the
arrays more compact, reducing
wiring delays.

B TECHNOLOGY

The array is manufactured
on a silicon bipolar process in-
corporating two polysilicon
contact layers (base and emit-
ter) and trench isolation. Fig-
ure 1A shows a cross-section of
the transistor structure.

The 1-pm wide trench de-
couples the active device from
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the rest of the die, reducing
the collector substrate capaci-
tance by more than half.
Trench isolation is also more
compact than conventional ox-
ide isolation, doubling the
possible packing density.
The minimum emitter fea-
ture size as drawn is 1 um X 2
pm (0.6 pm X 1.6 pm effec-
tive). Combined with the low
capacitance of the double-po-
lysilicon trench-isolated pro-
cess, the small feature size per-
mits a cutoff frequency of 13.5
GHz. Figure 1B shows a photo-
graph of a fabricated transistor
witha 1 pm X 5 wm emitter.
There are two levels of poly-
silicon and three levels of met-

FIGURE 1. Cross-section (a) and photomicrograph (b) of the transistor structure, showing the trench isolation and polysilicon

al interconnect in the process,
resulting in extremely high
routing density. The mini-
mum wiring pitches are 4 jum,
S pm, and 7 pm on the three
metal levels.

Vias can be placed on any
metal level without “yoking”
(widening the metal tracks
around the edge of the via). In
processes that require yoking,
vias cannot be placed adjacent
to each other, as the widened
metal tracks around each via
would cause a metal short. As
a result, yoking introduces re-
strictions on CAD tools and re-
duces the available routing
area. The absence of restric-
tions on via placement in this

array's process therefore facili-
tates automatic layout and in-
creases the routing density.

B TWO OBSTACLES TO"
HIGH-DENSITY ECL

[t is the unique circuit de-
sign which, coupled with the
advanced process, permits
densities approaching those of
CMOS in a bipolar array with-
out sacrificing ECL's speed
performance.

The new circuit structure is
best understood by comparison
with existing ECL. A- conven-
tional ECL output stage uses an
emitter follower buffer stage to
drive the load. However, in
orthodox ECL technology, the
emitter follower is biased by a
static current source—a resis-
tor. When the driving signal
swings from low to high, the
emitter follower pulls the out-
put high at a speed commen-
surate with the high current
available through the transis-
tor. However, when there is a
logic transition in the opposite
direction, from high to low,
the output is not actively
pulled low; instead, the static
current source sinks the re-
quired current.

The passive pull-down in
conventional ECL has two dis-
advantages. First, the gates
consume a great deal of power
even when the outputs are stat-
ic. In fact, the static current
drain results in a power con-
sumption on the order of 30 W
for a 10,000-gate ECL chip.
Power dissipation in excess of
15 W necessitates very expen-
sive packaging with large heat
sinks and at least forced-air
cooling. And high current de-
mands complicate system de-
sign and require expensive
power supplies. Large power
supplies increase the overall
system size, further increasing
system Cost.

Secondly, the passive pull-
down complicates logic de-
sign. Static current sources in-
herently introduce a difference
in the transition times of the
rising and falling edges, a
skew that increases with inter-
connect loading. The presence
of skew increases the likeli-
hood of hazards and glitches.
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Trying to design tomorrow’s
ASICs with yesterday’s tools?
ow there’s Chi
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ChipCirafter™ is the integrated design timing analysis at your Mentor Graphics™
tool that takes your complex CMOS ASIC workstation makes them easy, and as dense
design out of the stone-age and into the as hand-packed.
future. FREE. ASIC Estimating Kit.

High-lCVCl Compiler S, Conﬁgurable librar- What will it take to do your design with our cutting-edge design

. . d d d ls6i tool? Our free ASIC Estimating Kit lets you analyze design trade-offs,
1€S, process mnaependence, and logic syn- including performance and cost implications, in a variety of processes.

theSiS make ChipCrafter designs efﬁcient Find out how ChipCrafter and Seattle Silicon chip away at design
’ restrictions to deliver the next generation of ASICs.

Automatic place and route, buffer sizing, and  call for your free kit:1-800-FOR-VLSI ext. 500.

SEATTLESILIC®N

Launching the next generation of ASICs.

3075-112th Ave N.E., Bellevue, WA 98004, (206) 828-4422.

Copyright 1988, Seattle Silicon. ChipCrafter is a trademark of Seattle Silicon Corp.
Mentor Graphics is a trademark of Mentor Graphics Corporation.
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TABLE 1. 1/0 DRIVER COMPARISON
TURBO VITESSE RAYTHEON
FAMILY VSC4500 CGATOE18
(TYP/MAX) (TYP/MAX) (TYP/MAX)

ECL 10KH INPUT
Tpd+ + (ps) 200/250 514/935 430/624
Tpd= —~(p9) 200/250 127/231 400/580
POWER (mW) 2.5/3.0 3.5/4.1 2.3/3.7
TTL INPUT
Tpd+ +(ps) 270/338 820/1,492 1,380/2,001
Tpd— —(ps) 100/125 1,046/1,904 530/769
POWER (mW) 1.0/1.3 6.6/7.3 3:3(0.3
ECL 10KH OUTPUT
Tpd + + (ps) 270/338 820/1,492 830/1,204
| Tpd — — (ps) 202/253 725/1,320 1,280/1,856
POWER (mW) 40.0/52.0 4.8/7.2 23.3/37.3
'NOTE 1. ALL VALUES ARE FOR THE FULL MILITARY TEMPERATURE
AND VOLTAGE RANGE.
NOTE 2. TURBO VALUES FOR TTL INPUT ARE BASED ON
SIMULATION RESULTS. OTHER TURBO VALUES ARE ESTIMATES.
NOTE 3. VITESSE AND RAYTHEON INFORMATION FROM COMPANY
DATA BOOK FIGURES.

In the worst case, a circuit will
not work; at best, it must run
more slowly.

B THE DYNAMIC
DISCHARGE CIRCUIT

The Turbo dynamic dis-
charge circuit overcomes the
parallel problems of power dis-
sipation and signal skew. Fig-
ure 2 shows an example Turbo
circuit for an inverter. As in
conventional ECL, an emitter
follower provides an active
pull-up of the load. However,
this circuit supplements the
conventional ECL structure
with a capacitively coupled ac-
tive pull-down arrangement.
The circuit area is increased
slightly by the additional ca-
pacitor and transistor. Howev-
er, circuit area is not the limi-
tation on ECL chip density;
power consumption limits
density much more than cir-
cuit size does. The dynamic
discharge circuit yields such
savings in power that chip
density improves markedly de-
spite the additional circuitry.

With the dynamic
charge circuit, an output is
pulled from low to high in the
same way as with conventional
ECL, that is, with transistor Q,
conducting the differential-
pair current and the emitter
follower strongly turned on.
When the differential pair

dis-
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switches, the base of is charged
up through C, turning on the
active pull-down transistor.
The output is then pulled from
high to low through the collec-
tor of Q;.

Since the output signal is
actively pulled both up and
down, rise and fall times are
symmetrical. As with conven-
tional ECL, the delays through
the circuit are the same on
high-going and low-going
transitions; thus, the output
response is completely bal-
anced. Figure 3 shows the
propagation delay for the ac-
tive pull-down circuit, com-
pared to a conventional ECL
circuit in the same process
technology. As can be seen,
the passive pull-down delay
increases by 90 ps per pF of
loading, compared to about 20
ps/pF for the active pull-down.

® [/O CELL DESIGN

Active pull-downs can be
employed in gate array I/O
cells for similar advantages.
Differential 1/0O drivers typi-
cally differ in delay behavior
with low-to-high and high-to-
low transitions. With active
pull-downs, the transitions are
much more evenly balanced.
Off-chip skews of signals at
both 10KH and 100K logic
levels have been demonstrated
to show similar characteristics

_GND_

~~GND ,
- DISCHARGE
<+—— CURRENT

to those in Figure 3 over a
range of typical loads. Table 1
compares [/O driver perfor-
mance expected from the
Turbo array technology with
data sheet specifications of
available ECL gate arrays from
Raytheon and gallium arsenide
arrays from Vitesse.

If a +5 V supply is avail-
able, the I/O cell can include a
Darlington output as well as a
Turbo dynamic discharge cir-
cuit. The current requirements
for this +5 V supply are less
than 50 mA for the entire
chip.

With the Darlington out-
put option, a single I/O cell
can drive a 25-{) parallel ter-
minated line with significantly
less current than required in
using two parallel 50-) driver
outputs, thereby reducing IC
power dissipation even
further.

B ARRAY
ARCHITECTURE

The reduced power dissipa-
tion makes it possible, for the
first time, to use a sea-of-
gates, or more appropriately, a
“sea-of-cells” architecture in a
bipolar array. Sea-of-cells ar-
chitectures obviate the need
for dedicated routing channels
between core cells, yielding a
40 percent reduction in die
size for a given number of
cells. It is this large reduction
in die size that makes the addi-
tional Turbo circuit compo-
nents insignificant.

To achieve high cell utiliza-
tion along with reduced die
size, the array’s core cells must
be carefully designed for the

FIGURE 2. An inverter circuit in the ECL Turbo technology.

maximum possible functional
packing density. Since a bipo-
lar gate tends to contain more
components than a CMOS
gate, it makes sense to use core
cells that contain more compo-
nents than typically found in
CMOS sea-of-gates arrays.

In the Turbo array series,
the core cells contain 18 active
components, 10 resistors, and
one capacitor (see Figure 4).
The cell is thus large enough
for a complete latch or a 6-
input OR/NOR gate. Additional
components may be shared
with neighboring cells if only a
small number of devices are
needed for a function in any
particular macro.

The array family contains
three members offering up to
16,000 usable gates. The larg-
est array contains 4290 core
cells, arranged in 39 rows of
110 cells. These cell counts do
not include three additional
cell columns that are dedicated
to provide the threshold and
clamp generators required in
ECL circuits (see Figure 2
again).

The sea-of-cells architecture
uses all three levels of metal for
signal distribution. The lowest
metal level is used almost ex-
clusively to wire the transistors
into SSI, MSI and LSI macros
such as NOR gates, multi-
plexers, latches, and counters.

The power grid for the array
core is fixed and resides on the
two upper metal layers, with
horizontal power buses on the
second level and vertical power
buses on the third level. The
matrix of second- and third-
level metal power buses dis-
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Previously, the best CAE tools were available on only one platform.

From the leader in desktop CAE solutions comes a new concept in electronic design: you pick
the platform.

Viewlogic® was the first to deliver a premium CAE solution on 286/386 PCs through “native mode”
technology. Now we’ve ported the entire Workview® suite of CAE solutions—including VHDL simulation, a
mixed analog/digital simulator, and ASIC vendor kits—to Sun and VAX™ workstations. For example, you can
run a VHDL circuit simulation of 50,000 gates in minutes on a 386/PC, Sun Workstation® or VAXstation.
Standardize on one, or pick a combination and design complex ICs, ASICs, and systems in
a multiple platform environment—and retain a common user interface and shared database. 5

With Workview, you have access to superior CAE solutions on

today’s three most popular workstations in electronic design. For more ey
information, call: 1-800-CAE-VIEW; in Massachusetts, 1-508-480-0881. VIEW lOglC

desktop CAE and beyond

80386 PC

VHDL Simulation

50,000 gates/4,000 vectors
15 min 14 sec

Sun 3/60

VHDL Simulation e = VA Xstation 3000
s : | VHDL Simulation
50,000 gates/4,000 vectors

15 min 31 sec

50,000 gates/4,000 vectors
15 min 22 sec

/gg S \

i\

== | RS T £

Now, take your pick.

Viewlogic Systems Inc., 313 Boston Post Road West, Marlboro, MA 01752

Viewlogic and Workview are registered trademarks of Viewlogic Systems Inc., VAX and VMS are trademarks of Digital Equipment Corp., Sun Workstation is a registered

trademark of Sun Microsystems Inc.
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A 4 billion x 4 billion point database;

A Power:

fast, crisp graphics; intuitive and flexible data
entry; GDSII and/or Gerber compatibility.

A Productivity:

inexpensive desktop workstations without the

performance degradation of multi-user
systems.

A Economy:

inexpensive to purchase without the overheads

(installation, maintenance, training) of either
mainframes or equivalent workstations.

A Ease of use:

user-friendly Macintosh II™ implementation

of industry standard commands minimizes
your ‘learning curve’.

Macintosh™ is a licensed trademark of Apple Computer Inc. dw-2000™ is a trademark of Design Workshop.
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FIGURE 3. Propagation delay versus loading for conventional ECL (emitter follower)
and for ECL Turbo (active) NOR gates.

tributes current evenly
through the chip and mini-
mizes bus drops.

The lower power dissipation
with the active pull-down cir-
cuit design means that power
buses can be narrower com-
pared to conventional ECL and
less of the metal levels are tak-
en up by wide power lines. As
a result, there is ample room
for all the inter-macro signal
routing on the second and
third levels of metal, in the
spaces between the power
tracks. For example, in the
16,000-gate array, there are
702 horizontal and 660 verti-
cal wiring channels for global
interconnect. These channels
are arranged with 18 running
horizontally between each
power bus on metal two, and 6
running vertically between
each power bus on metal three.

The macros are wired up on
the first metal level using a 4-
pm  pitch. The horizontal
routing, however, has a 5-pm
pitch, and vertical wiring has a
7-pm pitch. Because a sub-
stantial portion of the wiring is
accomplished on metal level
one, the larger pitches on
higher metal levels do not im-
pede routability. However,

28 VLSI SYSTEMS DESIGN

there is no direct correspon-
dence between the grids on
each metal level. Therefore, to
facilitate global routing, the
macros are handcrafted to offer
multiple “hit points,” where
vias can be dropped from the
global routing tracks onto the
individual macros.

Obviously, hit points can-
not occur in the same place as
the power grid, else they
would merely tie the signal to
a power rail. Because the pow-
er grid occupies fixed locations
every 19 horizontal channels
and 7 vertical channels, macro
wiring can “slide around” on
the seca-of-cells array only
within one such sector of the
power grid.

With ECL, the number of
transistors in a standard gate is
relatively large compared to
CMOS. There is also a larger
variety of components needed
for each gate. The cells in ECL
sea-of-cells arrays are therefore
larger. The power rail is fixed
to fall on the cell boundary.
The cells are 7 terminals wide
and 16 terminals high. The
horizontal power buses then
fall over the resistors at the top
and bottom of the cell, which
tie to the power rails anyway,

[

i

H{

FIGURE 4. Component layout in the Turbo array constituent cells.

so no hit points are obstructed.
The vertical rail falls over the
leftmost  column of compo-
nents, all of which are internal
gate components (biasing tran-
sistors and the coupling ca-
pacitor). There are therefore no
problems with hit-point ob-
struction, even though a fixed
power grid is employed.

B FRONT-END DESIGN
SUPPORT

Both Plessey and AMCC

support front-end design on
the Macro-Matrix design envi-
ronment, which is integrated
with Daisy, Mentor, and Valid
engineering workstations.
These systems assist the de-
signer in all phases of the de-
sign cycle. During initial
specification, the designer can
capture schematics and run
product-dependent engineer-
ing rules checks. During de-
sign analysis, he can perform
logic simulation and check
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Great code compatibility.
Terrific performance. Superintegration.

Full software compatibility.

You'll be up and running with the Z180 immediately.
Because it's 100% object code compatible with Z80/8080." You
probably already know the code, so you can port right onto

Zilog's Z80180™ is the CMOS general purpose controller
with the high performance and the on-board peripherals
that make it clearly the cost-effective, space-saving choice.
Whether you're upgrading a Z80 application or designing a

totally new system.
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m);fli;;g lg:bod is better qualified 10

eliver—Superintegration parts

Profesionales (5) 536-1312

the Z180. Not only that, since Zilog originally developed the
part jointly with Hitachi, the Z180 is directly compatible with
Hitachi’s version, the HD64180Z."

Enhanced performance.

0Of course, the Z180's CPU core gives you more power and
speed than discrete CPUs. Besides that, there are several new
instructions. You also get operating frequencies to 10 MHz. And
you have the overall performance advantages of CMOS and
Superintegration.

The important peripherals are on board.

The Z180’s high integration results in impressive savings
in costs and real estate. The MMU gives you one Mbyte of
addressing space. You have 2 DMA channels, 2 UART channels,
and 2 16-bit programmable counter-timers. Plus wait-state
generators, an interrupt controller, a clock oscillator/generator,
and a clocked serial 1/0 port. All integrated on the Z180 chip.

If this isn’t enough to convince you to take a look at what
the Z180 can do for your design project, here’s a little more to
consider. The full complement of development support tools are
readily available from industry leaders. And the Z180 comes to
you off-the-shelf, backed by Zilog’s proven quality and relia-
bility. Find out more about the Z180 or any of Zilog’s growing
family of Superintegration products. Contact your local Zilog
sales office or your authorized distributor today. Zilog, Inc.,
210 Hacienda Ave., Campbell, CA 95008, (408) 370-8000

Right product. Right price. Right away Zilog

ZILOG SALES OFFICES: CA (408) 370-8120, (714) 838-7800, (818) 707-2160, CO (303) 494-2905, FL (813) 585-2533, GA (404)923-8500, IL (312) 517-8080, MA (617) 273-4222, MN (612) 831-7611,
NJ (201) 288-3737, OH (216) 447 HK() PA (215) 653-0230, TX (214) 987-9987, CANADA Toronto (416) 673-0634, ENGLAND Maidenhead (44) (628) 39200, W. GERMANY Munich (49) (89) 612-6046,

JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon (852) (3) 723-8979. TAIWAN (886) (2) 741-3125, SINGAPORE 05-235 7155, DISTRIBUTORS: U.S. Anthem Electric, Bell Indus., Hall-Mark Elec.,

JAN Devices, Inc., Lionex Corp., Schweber Elec., Western Microtech. CANADA Future Elec., SEMAD, LATIN AMERICA Argentina—Yel -(1) 46-2211, Brazil—Digibyte (011) 241-3611, Mexico—Semiconductores
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at wont play
pop goes the circuit.

Our sockets are designed to get solidly The contacts are High Pressure Tin, an
into contact and stay in contact. No matter ~~ AMP proprietary design which creates
. What the outside influences. Pop-out is very high normal forces—a minimum of

simply not a problem. 200 grams per contact—for maximum
retention and reliable interconnection.
Controlled contact Short-signal-path contacts float in the
interface angle -
in AMP HPT sockets housmg to accommodate thermal
ensures positive €xpansion.
| NP CRITSE IRIRION. Two basic styles of sockets are avail-
Our exclusive removable e
housing allows direct able: square or 32-position rectangular
inspection of solder EPROM and SO-J. Both come in solder

joints, and fast
repair/replacement
\/ U of contacts.

AMP is a trademark of AMP Incorporated.



-

tail or surface mount versions and feature
all the important details. Tin-over-nickel
plating is applied after the contacts are
formed, to assure full plating. We've
built in visual indicators for locating pin
1, and polarizing to aid correct insertion.

Orientation holes in the 94V-0 housing
floor make registration to the

‘ Seven socket

S Ll sizes are available,
with carrier extraction
tools provided for each size.

->

- S

pc board both fast and simple, ideal for Call the AMP Information Center
hand or tube-loaded robotic insertion. at 1-800-522-6752 for literature on HPT
And the high pin counts make very PLCC Sockets. AMP Incorporated,
effective use of real estate. Harrisburg, PA 17105-3608.

V- N\ | =4 Interconnecting ideas
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AND VOLTAGE RANGE.
SIMULATION RESULTS.

BOOK FIGURES.

NOTE |I. ALL VALUES ARE FOR THE FULL MILITARY TEMPERATURE
NOTE 2. TURBO VALUES ARE BASED ON CIRCUIT AND PROCESS .

VITESSE AND, RAYTHEON INFORMATION FROM COMPANY DATA

critical paths via static timing
analysis under a range of oper-
ating conditions. In test gen-
eration, the engineer can verify
test vector formatting and de-
termine the vector set’s fault
coverage.

AMCC also offers a version
of the MacroMatrix system
that allows array users to per-
form their own placement and
routing. The CAD tools, dis-
cussed below, incorporate a
rule-based expert system that
accepts user parameters and
then generates a layout
automatically.

MacroMatrix support also
includes software that auto-
mates design submission to
Plesscy and AMCC, facilitat-
ing the otherwise onerous task
of interfacing with the vendor.

Plessey also supports the
mainframe-based CAE system
PDSII. PDSII runs on all VAX
VMS systems and offers all the
same features as the engineer-
ing workstations. PDSII also
supports all of Plessey’'s CMOS
gate array and cell-based ASIC
products and is furnished with
a multiple-window interactive
design layout
environment.

and

B PLACEMENT AND
ROUTING

Sea-of-gates arrays present
unique challenges to layout
tools because of the restricted
routing space. Typical sea-of-
gates offerings do not support
utilizations much higher than

32 VLSI SYSTEMS DESIGN

about 45 percent (Meyer,
1988). However, due to the
use of triple-level metal, an
optimized power grid, and
larger cells than found in CMOS
arrays, the utilization of the
bipolar sea-of-cells architec-
ture in the Turbo arrays is
than twice as high.
Moreover, because each cell is
larger and contains more
equivalent gates than CMOS
sea-of-gates array cells, there is
less global routing over a larg-
er area, which makes layout a
simpler task.

more

Currently available for auto-
matic placement, AMCC’s AMC-
CAD layout system uses an en-
hanced version of the least-
squares algorithm found in In
least-squares placement, the
flattened netlist is projected
onto an N-dimensional space
internodal distance de-
pendent on user-defined
weights. The N-dimensional
representation is then flattened
into a planar mesh.

Plessey is readying an auto-
matic floorplanning and layout
system that will be offered as
part of PDSII. The floorplanner
will use the hierarchy defined
by the designer for an initial
constructive placement. The
placement within each block
will then be optimized with a
rule-based system. The opti-
mization works from the logic
structure, minimizing clock
distribution and busing
problems.

Because global routing oc-

with

curs on only two of the three
metal layers (with one layer
dedicated to macro routing), a
conventional two-level router
can be employed for global sig-
nal routing.

Plessey’s PDSII and AMCC's
AMCCAD both offer N-level
routers. These layout tools al-
interactive
critical paths as well as com-
pletely automatic routing in
accordance with user-specified
net priorities.

As a result of the technology
agreement between the two
companies, designers can now
not only design in the highest-
performance arrays currently
available, but also are fur-
nished with a complete alter-
nate-source capability on all
aspects of the CAE and CAD
process. The design engineers
can use either Plessey’s or
AMCC's CAE system; either
Plessey or AMCC will perform
automatic placement and rout-
ing; and whichever CAE and
CAD path is chosen, either pro-
totypes or production quanti-
ties may be obtained from the
other vendor if desired.

B PERFORMANCE
CONCLUSIONS

low

An advanced 1-pum bipolar
process enabled the design of a
16,000-gate ECL array that can
operate in the region of 1.5
GHz. By using the Turbo dy-
namic discharge circuitry in
the core macros, static current
consumption is dramatically
reduced compared to conven-
tional ECL. In addition, the
dynamic discharge circuit
yields symmetrical rise and fall

delays over the full range of

loading conditions.

The dynamic discharge cir-
cuit has for the first time made
it possible to use a sea-of-cells
architecture for a bipolar logic
array. Removing routing
channels increases circuit den-
sity and therefore reduces both
chip size and wire delays. CAD
support and careful array de-
sign make it possible to obtain
95 percent utilization of a
16,000-gate array.

Table 2 compares the per-
formance parameters of the
sea-of-cells array devices with

routing  of

those for existing channeled
ECL (Raytheon) and gallium ar-
senide (Vitesse) arrays. The
sea-of-cells Turbo architecture
clearly will yield higher per-
formance. The Turbo array
also offers an order of magni-
tude higher gate density than
GaAs arrays.

The speed and density of the
array family makes it suitable
for applictaions such as super-
computers, mainframes, mili-
tary systems, optical data net-
work support, and
instrumentation. ]
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Systems logic in the Era of MegaChip Technologies:

No system should ever be limited by its
to help your design perform at its best.

Up to 65% of the components in today’s systems are logic.
Such a large proportion demands that your logic devices
perform on a par with other advanced building blocks—
and be chosen with equal care. Systems logic
alternatives from Texas Instruments can

help you better realize the

performance potential of

your system design.

ithin months after
demonstrating the first
working integrated cir-

cuit 30 years ago, Texas Instruments in-
troduced a commercially available logic
function, an RS flip-flop. With that
beginning, TI established a tradition of
development and innovation in logic
that encompasses the industry-standard
SN54/74 Series TTL and the new
tamilies of advanced logic described here
that can add significantly to the value
and performance of your overall system.

For example, for systems that require
off-the-shelf flexibility with a degree of
customization, TI’s Programmable Logic
Devices (PLDs) include popular 10-ns
PAIZICs available in high volume. And,
to keep pace with today’s high-speed
microprocessors, T1 plans to continue to
drive PLD performance to sub-10-ns
speeds.

TTI's Advanced CMOS Logic (ACL)
supports the design goal of high perfor-

ON THE COVER: Suspended above the
board, provided by Rockwell International,
Missile Systems Division, are military versions
of TI advanced logic devices.

mance combined with low-power opera-
tion, while TI's new BICMOS bus-inter-
face family delivers very high drive cur-
rent at very low power compared to
bipolar circuits.

TT’s MegaChip Technologies
Our emphasis on high-density

| memories is the catalyst for ongoing ad-
vances in how we design, process, and
manufacture semiconductors and in
how we serve our customers. These are
our MegaChip™ Technologies, and
they are the means by which we can

| help you and your company get to
market faster with better products.

For systems requiring moderate den-
sities and fast prototype cycle times, T
offers a new series of one-micron CMOS
gate arrays. When you need higher levels
of integration plus increased design
flexibility, TI's one-micron CMOS stan-
dard cells provide the means for system
consolidation.

And for military applications, TI offers
a wide choice of high-reliability logic
functions.

On the following pages are details of
what you can expect from TI's range of
logic options:



peed your system to
market with TI’s superfast
PLDs.

PLD:s are a functional altemative to
standard logic ICs and gate arrays or
standard cells.

Because TI's PLDs are off-the-shelf
items you program yourself, you avoid
the longer design cycle times of custom
ICs and move on to market faster. These
PLDs offer very attractive performance
advantages. Consider these:

* TIBPAL16XX-10 PAL ICs from TI
deliver a 10-ns propagation delay and
are available in quantity. Clock-to-Q
time is 8 ns, and output-registered
toggle frequency is 62.5 MHz.
IMPACT-X" technology gives these
PAL IC:s their superior speed; they are
well suited for use with high-speed
processors such as the Motorola 68030,
the Intel 80386, and RISC-based ar-
chitectures. The 10-ns performance
brings a higher level of integration to
speed-critical paths.

200
] TIBPAL16XX-10

Conmbutmg significantly to fast address
decoding in speed-critical paths of the

*TI’s TIEPAL10H16P8-6 IMPACT™

ECL PAL circuit delivers even faster
operation: 6-ns propagation delay max.
You can now streamline conventional
ECL designs by consolidating several
discrete components into a single cus-
tom function.

* TI’s new 7-ns Programmable Address
Decoder is intended to help you
squeeze more performance out of

memory interface systems. By perform-

ing address decoding much faster than
conventional PAL architectures—in

7 ns—the TIBPAD16NS8-7 allows you
to take advantage of the new processors

FUTURE SUB-10-NS PAL IC

® -
® S~—TIBPAL16XX-15

Iee max

TIBPAL16XX-12

5 10 15 20 25
PROPAGATION DELAY (tpd)

TI’s PAL IC road map shows consistent power

~ and consistently higher speeds, with even faster

versions on the way.

l

COMPAQ DESKPRO 386/20™ personal computer
processor board are two TIBPAL16L8-10 PAL circuits
from TI (pictured above a segment of the board).

to increase overall system performance.
TI’s 50-MHz Programmable State
Machines (PSMs), TIB8255105B (16
x48 x 8) and '167B (14 x 48 x 6), are
ideal for use in high-performance com-
puting, memory interface, telecom-
munications, and graphics. These
PSMs may be used to implement cus-
tom sequential logic designs such as
peripheral I/O controllers and v:c]eo—
blanking controllers. ‘

® The TIBPAL22VP10-20, with a
20-ns delay, is 20% faster than the
competition’s “A” version and much
more flexible. A programmable output
macrocell allows two extra, exclusive
output configurations, for a total of six.

¢ TI’s TICPAL16XX Series 20-pin
CMOS PAL ICs are the cure for
power problems. They operate at vir-
tually zero standby power and are reli-
able, high-performance replacements
for conventional TTL and HCMOS
logic. The devices can be erased and
reprogrammed repeatedly.

Tum pagé for more information




et high speed, low
power, and low noise with

TIs broad ACL family.

It’s an extensive family that includes
gates, flip-flops, latches, registers, drivers,
and transceivers. It’s a readily available
family in DIP and SOIC packages. It’s
TI’s high-performance EPIC™ ACL
family, bringing with it an important
bonus—major reductions in noise.
Family speed is comparable to ad-
vanced bipolar 54/74F; 24 mA of

~ When every nanosecond counts, TI's new
high-performance ACL family can help you
significantly improve system speed.

sink/source current will drive 50-ohm

transmission lines; and low power is
characteristic of TI's EPIC technology.
All this with “ground bounce” substan-
tially reduced compared with end-pin
ACL. The reasons are innovative pack-
aging and a circuit-design technique
called OEC™ (Output Edge Control)
which softens the transition states that
cause simultaneous switching noise. In
fact, EPIC ACL noise levels are typically
10% less than those of bipolar devices.

The rapidly increasing customer accep-
tance of TI's ACL family confirms its
noise-reduction advantages and its ease
of use.

System design advantages
A unique “flow-through architecture”
simplifies board design, layout, and
troubleshooting. Inputs surround power
pins on one side, outputs on the other,
and control pins are strategically located
at the package ends.

From a systems perspective, TI's
arrangement offers the lowest-cost design
when compared to end-pin ACL.

Because in circumventing noise
problems, end-pin designs can require
additional components that take up to
32% more board area and slow system
performance.

There are 146 functions, in both AC
and ACT versions, currently announced
in TI's ACL family, including such inno-
vative, highly complex functions as ad-
vanced transceivers, line drivers, latches,
feedback registers, multiplexers, and
counters.

This ACL family, developed in
cooperation with and supported by
Philips/Signetics, fully meets JEDEC in-
dustry-standard No. 20 specifications for
Advanced CMOS Logic.




, combmes bxpelar IMI’ACT and CMOS

processing to achieve switching speeds
‘comparable to advanced bipolar products V] , nent |
and provide the 48/64-mA drive current , ormance bmvmtﬂface des&gn .
~ needed for high-capacitive loadsand =~ ,
~ backplanes. In particular, family mem-
bers meet the drive requirements of

SYSTEM BUS




chieve lugher
mtegratlon more confldently
with TI’s new one-micron

'ASIC family.

Now, you can integrate more of your sys-
tems logic using TT's new one-micron
CMOS ASIC (application-specific in-
tegrated circuit) family—the TGC100
Series gate arrays and the TSC500 Series
standard cells. Each offers different

- degrees of design flexibility and system in-

tegration. The result is significantly
reduced component count which cuts
board size and system cost while improv-
ing reliability and performance.

And TT is supporting the family with
comprehensive kits that help minimize
design cost, risk, and time by providing a
- comfortable, easy-to-use desngn environ-
ment.

Efficient logic consolidation
~ Using TI's new TGC100 Series gate ar-
rays, you can sweep major chunks of “glue

10g1c intoa

single device

while realizing fast
design and prototype
cycle times. Array densities currently

range to more than 8K usable gates and
142 bond pads; the Series will be ex-

tended to more than 16K usable gates
‘and 216 bond pads in a major production

release planned for late 1988. Prototype
delivery is typically two to three weeks
from approval of postlayout simulation
results.

The TGC100 Series Design Kit gives
you complete autonomy and control
over the design process. It is a com-
prehensive set of the tools required for
successful gate-array design and valida-
tion (see last page for detals).

Standard packages for the TGC100
Series range from 28-pin DIPs to 84-pin
PLCCs, with optional packages up to
144 pins.

System consolidation on a chip
For applications requiring maximum
design flexibility and higher levels of in-
tegration, T1 has disclosed its third-
generation standard-cell family, the
TSC500 Series.

Complex system designs can be imple-
mented using a growing core of basic
SSI/MSI functions, as well as scan cells
for testability and MegaModule™ build-
ing blocks such as register files. FIFOs,
bit-slice family functions, RAM, and
ROM are other aids to implementation.
Qutpur cells with drive capability up to
64 mA are available.

Package options include conventional
through-hole DIPs, surface-mount
PLCCs, and plastic quad flatpacks
(QFPs) in both JEDEC and EIA] stan-
dards, as well as high-pin-count plastic
pin-grid arrays.

Both the TGC100 and TSC500 Series
have a typical propagation gate delay of



logic. T offers advanced logic families

Major logic consolidation, the equivalent of
252 MSI and LSI devices, was possible using the
SIC sh .

480 ps for a two-input NAND gate with
a fanout of three; flip-flop toggle rates
range up to 208 MHz. Both series offer
output and bidirectional buffers with
variable slew-rate control. And both
series are fabricated in TIs high-perfor-
mance EPIC process.

pply TI’s advanced
logic to improve the perfor-
mance of military systems.

Among TT’s broad selection of logic
devices produced to military requirements
is a large PAL family. Propagation delays

as fast as 15 ns are available over the
military temperature range. The introduc-

own above the

tion of a 12-ns, 20-pin PAL circuit is
planned, as well as military versions of the
TIB825S105B and '167B Programmable
State Machines.

Tl is offering military counterparts
selected from its ACL family, as well
as 54F functions. Soon to come will
be the BICMOS family of bus-interface
functions.

Included among TT's lineup of military
ASIC:s are versions of the one-micron
TGC100 Series gate arrays discussed at
left, as well as two-micron standard cells.

TI’s logic devices are among the more
than 800 military functions offered com-
pliant to MIL-STD-883C, Class B. Of
this total, TI provides more than 200 to
DESC-standard military drawings and is
qualified to supply 285 JM38510 Class B
devices (QPL 75).

THERTLIET H
ANNIVERSARY

1958 1988

INY ENTITON OF

INTEGRATED
CIRCULT

Milestones in Innovation
| TI's tradition for milestone innovations
| extends from the infancy of semiconductor
| technology into the MegaChip Era.
| Among the major highlights:
® First commercial silicon transistor (1954)
¢ First commercially produced transistor
radio (1954)
e First integrated circuit (1958)
o First integrated-circuit computer (1961)
¢ First-hand-held calculator (1967)
o First single-chip microprocessor (1970)
o First single-chip microcomputer (1970)
® First single-chip speech synthesizer (1978)
® First advanced single-chip digital signal
processor (1982)
® First video RAM (1984)
® First fully integrated trench memory cell

(1985)

® First gallium arsenide (GaAs) LSI on
silicon substrate (1986)

o First single-chip Artificial Intelligence
microprocessor (1987) |

T page for more information.



omprehensive support from TT helps
you improve your design performance
as you improve system performance.

To enable you to excel in designing the
logic portion of your system for maximum
performance, T has compiled or is
making available a wide range of design
tools and aids:

PLDs: The TI PLD data book (472
pages) contains design and specification
data for 78 device types. Four application
notes are incorporated as a reference
tool. A qualification book is available,
and a state-machine design kit is
forthcoming.

ACL and BiCMOS Bus Interface:
TTI's ACL data book (348 pages) con-
tains detailed specifications and applica-
tions information on the members of the
one-micron ACL family. The ACL
designer’s handbook (299 pages) spells
out the technical issues confronting
advanced-logic design engineers and
describes methods for handling the is-
sues. A qualification book (358 pages)
features extensive reliability and charac-
terization data, die photos, and applica-
tion derating factors. Customer evalua-
tion capability is enhanced by TI's
system evaluation board (available for
demonstration through TI field sales
offices) and third-party characterization
boards.

Data sheets are available on each mem-
ber of TT's BICMOS bus-interface family.

ASICs: The TGC100 Series Design
Kit gives you the tools needed to success-
fully complete a gate-array design: A

Texas Instruments Incorporated
P.O. Box 809066
Dallas , Texas 75380-9066

Yes, please send me the following:

Extensive design support available for TI's systems logic families includes that for the new TGC100
Series gate arrays (at top) , Programmable Logic Devices (at left), and Advanced CMOS Logic.

macro library for Daisy or Mentor en-
gineering workstations containing the
graphic symbol and functional and
simulation models for each macro; a
software library of Tl-specific software
tools that streamline and simplify the
design process; a design manual that
answers “how to” questions about design-

SDHVQ83IVDSPQC

RYP1 ASIC Information Packet

DZ01 Programmable Logic Device Data Book

CAQ1 ACL/BiICMOS Information Packet

CBQ1 BiCMOS Data Sheet Packet

NAME R

TITLE - o

COMPANY

ADDRESS a

CITY - STATE  ZIP

AREACODE ~ TELEPHONE EXT. . * .

ing with the TGC100 Series; a two-
volume data manual providing detailed
specifications for each macro in the
TGCI100 Series software library; and a
software user’s manual.

An equally comprehensive design kit
for the TSC500 Series is currently in
development.

For more information on TI’s ad-
vanced systems logic ICs and their sup-
port tools, complete and return the
coupon today. Or write:

Texas Instruments Incorporated

P.O. Box 809066

Dallas, Texas 75380-9066

"MegaChip, IMPACT (Implanted Advanced
Composed Technology), IMPACT-X, EPIC
(Enhanced Performance Implanted CMOS), OEC,
MegaModule, and microExplorer are trademarks of
Texas Instruments Incorporated. COMPAQ
DESKPRO 386/20 is a trademark of Compag
Computer Corporation. VMEbus is a trademark of
Motorola, Inc.

PAL is a registered trademark of Monolithic
Memories Inc. Multibus is a registered trademark of
Intel Corporation. Macintosh I1 is a registered

trademark of Apple Computer, Inc.

© 1988 Tl SDVRQ 75

08-8055

TEXAs
INSTRUMENTS



technologies. If a vendor offers a particular technology, there will be a two number entry under this category. For example, if 240/ 14k

CUSTOM/SEMICUSTOM IC VENDORS

This short form directory lists vendors offering custom and semicustom gate array and cell-based ICs in a variety of fabrication

is listed under “CMOS(SI-GATE, ME-GATE)" in the Gate Array Fabrication Technologies directory, the vendor’s fabrication facility can
deliver silicon- or metal-gate CMOS arrays with flip-flop toggle rates up to 240 MHz, and gate densities to 14,000. If 25/110 is listed
under the “BIMOS” category for Cell Library Fabrication Technologies, the vendor can supply BiMOS chips with toggle rates to 25 MHz,
and has 110 standard cells in this library. For more details see VLSI Systems Design’s 1988 Semicustom Design Guide.
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ACTEL 70/2k
AMD 650/ 560/
4988 5228
APP. MICRO CIRC. * 800/5k 800/5k 240/14k
AT&T 250/670 | 600/6k 600/6k
BARVON 100/2k 100/2k
CALIFORNIA MICRO 30/10k
CHERRY SEMI. 3/288
COMMODORE 80/6k
CONTROL DATA 75/20k
CUSTOM ARRAYS n/s/ 1.4k
CUSTOM SILICON 350'/369 175/
104,832
DATA LINEAR 0.5-1
GHz!/
347
DESIGN DEVICES 150/
129k
ELECTRONIC TECH. /s/n/s 1/298 65/5k
EXAR 1 GHz!/
800
FORD 1 GHz/
3k
FUNITSU 250/ 180/ 1k/9856 150/ 180/
11,968 3240 3162 3240
GAIN 1k/7k
GE MICRO. 40/13.5k
GENESIS 100/15k
GENNUM 200/280
GE SOLID STATE 250/54k | 10/1.2k
GOULD 100/ 14k
HITACHI 100/ 100/
2550 2550
HOLT 20/255
HONEYWELL 600/12k 50/40k
HUGHES AIRCRAFT 200/4 1k
IC1 ARRAY 40/2650
INTEGRATED CIRC. 85/66k
INTEGRATED CMOS 50/
30,380
INTEGRATED LOGIC 150/
100,512
INT. MICROCIRCUITS 100/8k
IMP 40/15k
LSI LOGIC n/s/43.5k n/s/ 100k
MARCONI 100/ 60/4048
10,044
MATRA DESIGN 45/7.5k
MCE 50/592 5/984
MICREL 40/200 40/200
MICRO LINEAR 100/
1816
| MICRO LSI 90/3.5k
MIETEC 40/n/s 60/n/s
MITSUBISHI 175/20k
MOTOROLA >1k/ >150/ >150/
10,332 2860 104,832

* Bipolar, Trench Isolation; 1 f
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2000 RANDOM GATES
COUNTER TIMER
PARALLEL I/O CONTROLLER

CLOCK GENERATOR

Z80® CPU

PACKAGE: 100 PFP, 32 MIL CENTERS*

Now 1.5 Hard
Megacell ASICs.

Nobody packs as much function into a
megacell custom circuit as Toshiba because we've

got the broadest library of 1.5 CMOS megacells.

We're Leader of the Packed.

We've been successtully producing complex
megacell customs for over four years now. And
we've shipped millions of them. So while others
are just beginning their megacell efforts, we stand
alone in experience and production.

®Z80 is a trademark of Zilog Inc.

Our megacells are exact mask duplicates of
our standard LSI discretes. Each megacell is tested
to our standard data sheet specifications. New
layout is only required for the random logic section,
and total circuit testability is always assured. We
offer your application the highest complexity at
the lowest risk.

780 FAMILY MEGACELLS

Z80. PIO. SIO. CTC. DMA. We have them
all. And you can mix and match components
with random logic to create integrated solutions
for your most complex applications. Like the
solutions we've already provided for modems,
printers, hand terminals and industrial controls.
To name just a few.

AREA SALES OFFICES: CENTRAL AREA, Toshiba America, Inc., (312) 945-1500; EASTERN AREA, Toshiba America, Inc., (617& 272-4352; NORTHWESTERN AREA, Toshiba America, Inc., [4083 737-9844, (503) 629-0818;

SOUTHWESTERN REGION, Toshiba America, Inc., [714 455-2000; SOUTH CENTRAL REGION, Toshiba America, Inc‘,6214) 4

914) 896-6500; BOCA RATON, FLORIDA, Toshiba America, Inc., (3
ARIZONA, Summit Sales, (602) 998-4850; ARKANSAS, MIL-REP Associates, (512) 346-6331; CALIFORNIA (Northern) Elrepco, Inc., g415] 962-0660; CALIFORNIA (L.A. & Orange County) Ba?.er Electronics, Inc., (81
714) 957-3367, (San Diego County) Eagle Technical Sales, (619) 743-6550; COLORADO, Straube Associates Mountain States, Inc., (303) 4.

OFFICE, Fishkill, New York, Toshiba America, Inc.,

0-0470; SOUTHEASTERN REGION, Toshiba America, Inc., (404) 368-0203; MAJOR ACCOUNT
5) 394-3004. REPRESENTATIVE OFFICES: ALABAMA, Montgomery Marketing, Inc., (205&)8%%—%‘62?.

6-0890; CONNECTICUT, Datcom, Inc., (203) 288-7005; FLORIDA, Sales Engineering Concepts,

813) 823-6221, (305) 426-4601, (305) 682-4800; GEORGIA, Montgomery Marketing, Inc., (404) 447-6124; IDAHO, Components West, (509) 922-2412; ILLINOIS, Carlson Electronic Sales, (312) 956-8240, R.W. Kunz,

314) 966-4977; INDIANA, Leslie M. DeVoe Company, (317) 842-3245; IOWA, Carlson Electronics, (319
LOUISIANA, MIL-REP Associates, (713) 444-2557; MAINE, Datcom, Inc., (617) 891-4600; MASSACHUS

377-6341; KANSAS, D.L.E. Electronics, (316) 744-1229; KENTUCKY, Leslie M. DeVoe Company,éaw& 842-3245;
TTS, Datcom, Inc., (617) 891-4600; MICHIGAN, Action Components Sales, ES

13) 349-3940; MIN TA, Electric

3
Component Sales, (612) 933-2594; MISSISSIPPI, Montgomery Marketing, Inc., (205) 830-0498; MISSOURI, D.L.E. Electronics, (316) 744-1229, R.W. Kunz, (314) 966-4977, MDNTANS\. Components West, (206) 885-5880;



1800 RANDOM GATES
DISK CONTROLLER BUS CONTROLLER
DMA CONTROLLER INTERVAL TIMER
CLOCK GENERATOR

INTERRUPT CONTROLLER

PACKAGE: 144 PFP, 25 MIL CENTERS*

*Die shown larger than actual size.

82Cxx PERIPHERAL MEGACELLS one Toshiba Megacell ASIC. And take over as
We can supply all the necessary peripherals leader of your pack. For complete details contact
you need for PC and compatible environments. Toshiba today. Call your Custom IC Product
To communicate. To control disks. To access Manager at (714) 832-6300 or a Toshiba Regional
memory. 10 drive buses. To manage interrupts. Sales Office: NORTHWESTERN: San Jose,
They're all in our library. CA (408) 244-4070. SOUTHWESTERN:
SPECIAL PURPOSE MEGACELLS Newport Beach, CA (714) 259-0368. NORTH

CRT controllers. LCD drivers. UARTs and CETRAL: Chicago, IL (312) 945-1500.
analog circuits. And RAM and ROM. Our - SOUTH CENTRAL: Dallas, TX (214)

special purpose megaqells offer these kinds of 4§S£S§;SonNhO/I§r(IgEI)A&ZS%%§Z
solutions for your special needs. Solutions not SOUTHEASTERN: A

available in other ASIC offerings.

GET A PACKAGE OF INFORMATION i fﬁ (‘ﬁ) 3168%?3".['11 e
Stop fighting the battle of packing more onto oshiba. Leader e Packed.

a PC board. Integrate the entire board into TOSHIBA AMERICA, INC.

NEVADA, Elrepco, Inc., (415) 962-0660; NEBRASKA, D.L.E. Electronics, (316) 744-1229; NEW ENGLAND, Datcom, Inc., (617) 891-4600; NEW HAMPSHIRE, Datcom, Inc., (617) 891-4600; NEW JERSEY, Nexus-Technology,
“201)9474)151; NEW MEXICO, Summit Sales, (602) 998-4850; NEW YORK, Nexus Technology, (201) 947-0151; Pi-tronics, (315) 455-7346; NORTH CAROLINA/SOUTH CAROLINA, Montgomery Marketing, Inc., (919) 467-6319;

ORTH DAKOTA/SOUTH DAKOTA, Electric Component Sales, (612) 933-2594; OHIO, Steffen & Associates, (216) 461-8333; (419) 884-2313, (513) 293-3145; OKLAHOMA, MIL-REP Associates, (214) 644-6731; OREGON,
Components West, (503) 684-1671; PENNSYLVANIA, Nexus Technology, (215) 675-9600, Steffen & Associates, (412) 276-7366; RHODE ISLAND, Datcom, Inc., (617) 891-4600; TENNESSEE, Montgomery Marketing, Inc.,
(205) 830-0498; TEXAS, MIL-REP Associates, (512) 346-6331, (713) 444-2557, (214) 644-6731; UTAH, Straube Associates Mountain States, Inc., (801) 263-2640; VERMONT, Datcom, Inc., (617) 891-4600; WEST VIRGINIA,
Steffen & Associates, (419) 884-2313; WASHINGTON, Components West, (206) 885-5880, (509) 922-2412; WISCONSIN, Carlson Electronics, (414) 476-2790, Electric Component Sales, (612) 933-2594; WYOMING, Straube
Associates Mountain States, Inc., (303) 426-0890; CANADA, BRITISH COLUMBIA, Components West, (206) 885-5880; ONTARIO, Electro Source, Inc., (416) 675-4490, (613) 592-3214; QUEBEC, Electro Source, Inc.,

(514) 630-7486. MAS-88-001

CIRCLE NUMBER 12



DIRECTORY OF GATE ARRAY FABRICATION TECHNOLOGIES (continued)
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NCR 85/8.5k
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: : : 4.4k :
1] {] 80/
30,384
PANASONIC i 200/
e i ' 20,064
PLESSEY 250/10k | 2k/4.5k | n/s/213 100/
10,044
POLYCORE . : n/s/280
RAYTHEON 150/5k | 1k/12.8k 25/300 40/ 250/
10,013 5670
SILICONIX f . ; 10/2.4k
SILICON SYSTEMS | 25/712 >100/1681 >100/n/s| 25/712
_SILICON WEST : o ; : 100/10k
S-MOS SYSTEMS 120/
’ 38,550
TEKTRONIX L . ' 500/300 .
TEXAS INSTRUMENTS 150/
_ 18,620
nsi: ’ ; 4014012
TOSHIBA 200/
129,042
TRIQUINT 1k/4.2k
UNICORN 30/3060
UTMC. . 250/11k
VITESSE 2k/1.5k 2k/1.5k
VLS| TECHNOLOGY “ : 250/54k
MEGd oo 250/572 200/6k
XEROX , e 1.8k/15k 200/10k
XILINX 70/9k
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ABB HAFO 10/100 110/85 150/75
ADAMS RUSSELL . a/s/>50
AT&T ’ 170/304 n/s/30
BARVON 100/195 sl 200/444
CALIFORNIA MICRO 150/140
COMMODORE ' : 80/80
CONTROL DATA 166/86
CUSTOM ARRAYS : 0/s/30
CUSTOM SILICON 110/216
DATA LINEAR 1 GHz'
i . . Many
DESIGN DEVICES 150/180
ELECTRONIC TECH. e 75/86
EXAR 100/182
FUNITSU o 120/168
GE MICRO. 40/220
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We're eliminating
the competition
with something

everyone else seems
to have forgotten
you need...



Plessey - Unsurpassed
Process Technology

As system design becomes more and
more challenging, and product life
cycles become increasingly shorter,
design flexibility and getting it right the
first time have become critical factors
in gaining and maintaining that max-
imum performance edge you've been
looking for.

Plessey’s investment in advanced
process technology is unequaled in the
industry. Successive reductions in
feature size and continued improve-
ment in process techniques are at the
heart of leading-edge Plessey products.

PLESSEY and the Plessey symbol are trademarks of the Plessey Com-
pany, PLC.

Plessey - The Ultimate in
ASIC Technology

Our broad range of ASIC products
has grown to the point where we are
now able to meet all the needs of ASIC
users. We offer a full ASIC product
range with a variety of options for
digital, analog and mixed analog/digital
applications, in gate arrays, standard
cells, and full-custom. Advanced, state-
of-the-art processes in fine geometry,
high-density CMOS, bipolar and ECL
technologies give you the highest levels
of performance and system integration
available today.

Plessey - Unparalleled
CAD Support

The Plessey Design System (PDS) is a
comprehensive suite of software em-

bracing the design, simulation and im-
plementation of gate arrays, standard
cell and compiled ASICs in CMOS and
bipolar technologies.

Customers who want to use their
own CAD workstations or simulators
are accommodated by flexible design in-
terfaces at various stages into PDS.

Plessey - Standard Products
And Discrete Components

Plessey’s standard product family of-
fers the highest performance product
range available in the world today.
Capabilities range from CMOS DSP
devices operating in excess of 20MHz to
the world’s most advanced 1.3GHz
monolithic log amplifier.

High performance solutions are also
offered in radio communications, digital




1ce that gives you the edge.

BIPOLAR

DESCRIPTION Ft EMITTER METAL
WIDTH LAYERS
Industry standard 400MHz 14um 1
High voltage 400MHz 20um 1
High speed linear 4.5GHz 4um 2
High speed digital 6GHz 3um 2
Ultra-high speed 14GHz 0.6um 3

PROCESS FAMILY fCLOCK ~ MINIMUM  VSUPPLY
FEATURE
KC Industry standard CMOS 20MHz 4um 3-10v
JG Double SiGate NMOS 10MHz 6um 9-18V
VB High speed CMOS 40MHz 2um 3-5v
VJ Very fast CMOS 50MHz 1.5um 3-5v
VQ Ultra fast CMOS 75MHz 1.2um 3-5v
MH/MA SiGate CMOS 30MHz 4um 3-15V

BIPOLAR (CDI)

EMITTER
PROCESS WIDTH/ GRID MAX. MAX.  MIN.
FEATURE SIZE PITCH SPEED POWER POWER
ORIGINAL CDI 5um
CDI FAB | 3.75um  11.5um  10ns  2.4pJ  1.5pJ
CDI FAB lla 2.5um 8um  4ns  1.2pJ  0.8p)

Geometry change (utilizing muiti-level differential loglc-DML)'

CDI FAB IIb 2.5um 8um  800ps 0.8p) 0.54pJ
CDI FAB Il 1.5um 6um  400ps  0.4pJ 0.27pJ
CDI FAB IV 1.2um 4.5um  200ps  0.2pJ  0.14pJ

frequency synthesis, data conversion, ed research facility in the world, For further information you can write
telecommunications, data communica- Plessey Semiconductors is, today, a to us at one of the following addresses:
tions and consumer products. totally commited leader in the industry.

Complementing the standard IC Plessey Semiconductors

1500 Green Hills Road
Scotts Valley, CA 95066
WSS AL

family, Plessey manufactures a com-
plete line of discrete components in-
cluding FETSs, transistors and diodes
available in SOT-23 and TO-92
packages.

To learn more
on how Plessey can

help you achieve By

¢ ’ If [
;gfmrx)c(::mtﬁi pet . {I.',’,/"Q,mﬂ GV Plessey Semiconductors Ltd.

i :
gives you the ’ Cheney Manor, Swindon

Plessey - Over Two Decades edge, send for yilttszif;i SNdZ 2QW
Of Quality Commitment our new comp- Ui
For more than 20 years, Plessey rehensive, full
Semiconductors has been commited to cglort ' f7ir-lll)age ‘ :
supplying the latest technology, highest ~ S1OT' 0
quality, and highest performance brochure, pLESSEv
semiconductor products in the in- or call Plessey

dustry. With our unique combination Semiconductors today. /W
of CAD support, major advances in pro- In North America call 1-800-441-5665. -

cess technology, and the most advanc- Outside North America call 44-793-726666.

CIRCLE NUMBER 13




DIRECTORY OF CELL LIBRARY FABRICATION TECHNOLOGIES (continued)
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GENESIS 85/294
GE SOLID STATE : ; . , b S ol obrekelu ilsEe b L
GIGABIT LOGIC 2300/35 | 3000/31
goun . , i | 1001740 . T e
HARRIS 150/188
HOLT S : ~ 15/100
HUGHES AIRCRAFT 50/170
INTEGRATED CIRC. - ' 80/138
INTEGRATED CMOS 50/127
INTEL 2 i : ~ ; 65112
INT. MICROCIRCUITS 2nls 100/

8000

e : wa : ' 80/76
LSI LOGIC o/s/>900
MARCON| : : ‘ ~ 60/133 | 70/81
MATRA DESIGN 45/126
MCE - : 50/10 5/113 10/60
MICREL 40/64 40/64
MICRO LSI . : 90/111
MICRO-REL 25/110 | n/s/30 25/n/s
WEge, ‘ e 40/52 1 6ons6
MITSUBISHI 100/269
NATIONAL SEMI. e e ] , S e e
NCM 5/52 18/59
NCR : ol L , " | 1200187
NEC ELECTRONICS 250/385
e 5 ; . 80/150 :
PANASONIC 200/200
PLESSEY g | 250138 , ‘ 100/183
SEATTLE SILICON 400/54
SIERRA' : : S - o lohie
SIGNETICS/PHILIPS 60/365
SILICON SYSTEMS ~ o e R N | 254193
SILICON WEST 100/85
$-MOS SYSTEMS i ST e ‘ 1 70323
STANDARD MICRO. 60/207
memowes . ] : TRERT : Y oyaeay |2
TEXAS INSTRUMENTS 150/403
o : 35/105 N
TOSHIBA AMERICA 150/572
TRIQUINT : : ' o b : ~o | 25000 | 3000062 |
UNICORN 60/170
Us2 : ; ‘ 130/187
UTMC 345/90
VITESSE : ~ : 2500065 |
VLSI TECHNOLOGY 180/260
VIiC &L s06 , | 20080
WAFERSCALE 180/80
XEROX ~ ‘ , - 110/368
2YMOS 100/415
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FABRICATION TECHNOLOGIES VENDOR CONTACTS

ABB HAFO INC.

11501 Rancho Bernardo Ri.
Surre 200

San Diego. Calif, 92127
Kay Baird

Marketing Administrator
(619) 485-8200

ACTEL CORP.

955 E. Arques Ave.
Sunnyvale, Calif. 94086
Jim Horton

Senior Marketing Engineer
(408) 739-1010

ADAMS RUSSELL
SEMICONDUCTOR CENTER
80 Cambridge St.
Burlington. Mass. 01803
David Strand

Marketing Administrator
(6G17) 273-5830

ADVANCED MICRO
DEVICES INC.

5900 E. Ben White Blvd.
MIS 538

Austin, Tex. 78741
Bruce Smith

Product Marketing
Manager

(512) 462-5667

APPLIED MICRO
CIRCUITS CORP.

6195 Lusk Blvd.

San Diego. Calif. 92121
Allyn Pon

Product Marketing
Manager

(619) 450-9333

ATET TECHNOLOGIES INC.
555 Union Blvd.
Allentoun, Pa. 18103
(800) 372-2447

BARVON BICMOS
TECHNOLOGY INC.

1992 Tarob Ct.

Maulpitas. Calif. 95035
Ron Morosco

Vice President, Marketing
and Sales

(408) 262-8368

CALIFORNIA MICRO
DEVICES CORP.

ASIC Division

2000 W. 141th St.

Tempe, Ariz. 85281

Mact TownsendMarkering
Manager

(602) 921-4541

CHERRY SEMICONDUCTOR
CORP.

2000 S. County Trail

East Greenwich, R.1. 02818
Bob Maigrer

Semicustom Manager
(401) 885-3600

COMMODORE
SEMICONDUCTOR

950 Rittenhouse Rd.
Norristown, Pa. 19403
Ben Rappaport

Manager of New Product
Technology

(215) 666-2585

CONTROL DATA CORP.
8100 34th Ave. South
Minneapolis. Minn. 55440
Robert L. Biggs
Marketing Manager
(612) 853-3117

CUSTOM ARRAYS CORP.
525 Del Rey Ave.
Sunnyvale, Calif. 94086
George N. Krautner
Executive Vice President
(408) 749-1166

CUSTOM SILICON INC.
600 Suffolk St.
Lowell. Mass. 01854
David W. Guinther
Vice President
(508) 454-4600

DATA LINEAR CORP.
491 Fairview Way
Milputas, Calif. 95035
Valentino Liva

ASIC Marketing and
Applications

(408) 945-9080

DESIGN DEVICES

20301 Century Blvd.
MIS A-23

Germantown. Md. 20874
Steve Becraft
Department Manager
(301) 428-6660

ELECTRONIC TECHNOLOGY
CORP.

ISU Research Park

525 East Second St.

Ames, la. 50010

Doug Birlingmair
Applications Engineer,
ASICs

Lowell Simplot

Product Manager, Replace-
ment 1Cs

(515) 233-6360

EXAR CORP.

2222 Qume Dr.

San Jose, Calif. 95131
Shyam Dujari

Advanced CMOS Custom
Products Manager

(408) 434-6400

FORD MICROELECTRONICS INC.
10340 State Highway 83 North
Colorado Springs, Colo. 80918
Charlotte Diener

Marketing Manager

(719) 528-7660

(800) 777-FORD

'F':I(I:I'ISU MICROELECTRONICS

3545 North First St.
San Jose. Calif. 95134
(408) 922-9000

GAIN ELECTRONICS CORP.
22 Chubb Way
Somerville, N.J. 08§76
Charles Lee

Vice President of
Engineering

(201) 526-7111

GE MICROELECTRONICS
CENTER

One Micron Dr,
P.0. Box 13049
RTP, N.C. 27709
D.J. Blackley
Manager, Program
Acquisition

(919) 549-3100

GENESIS MICROCHIP INC.
2900 Jobn St.

Markbam, Ontario
Canada L3R 5G3

Bill White

Vice President, Sales
(416) 470-2742

GENNUM CORP.

P.0. Box 489, Station A
Burlington. Ontario
Canada L7R 3Y3

Paula Reiland

Sales Coordinator

(416) 632-2996

(800) 263-9353

GE SOLID STATE

724 Route 202

P.0. Box 591

Somerville, N.J. 08876
Phyllis Orlando

Marketing Communications

- (201) 685-6585

GIGABIT LOGIC INC.

1908 Oak Terrace Lane
Newbury Park, Calif. 91320
Anthony Conoscenti

Product Marketing Engineer
(805) 499-0610

(800) GAAS ICS (outside CA)

GOULD INC.

Semiconductor Division

2300 Buckikin Rd.

Pocatelly, lda. 83201

Jerry Homstad

Vice President, Enginecring
(208) 233-4690

HARRIS SEMICONDUCTOR
P.0. Box 883

Melbourne, Fla. 32901

John Reeser

Manager, Business Develop-
ment

(407) 729-5390

HITACHI AMERICA LTD.
2210 O'Toole Ave.
San Jose, Calif. 95131

Mo Ibrahim
Product Manager, ASICs
(408) 435-2062

mlé.T INTEGRATED CIRCUITS

9351 Jerontmo Rd.
Irvine, Calif. 92718
Roger Smith

Sales Manager
(714) 859-8800

HONEYWELL INC.

Digital Technologies

1150 E. Cheyenne Mountain
Blvd. :
Colorado Springs, Colo.

80906

Lucien DeBacker

Direcror of Military Products
(719) 540-3820

HUGHES AIRCRAFT CO.
Hughes Micraelectrontes

Center

500 Superior Ave.

Newport Beach, Calif. 92658
Mike Friedman
Applications Manager
(714) 759-2727

IC1 ARRAY TECHNOLOGY INC.
1297 Parkmoor Ave.

San Jose, Calif. 95126
Frank Stempski

Marketing Manager

(408) 297-3333

INTEGRATED CIRCUIT
SYSTEMS INC.

2626 Van Buren Ave.

P.0. Box 968

Valley Forge, Pa. 19482
Faye Jeffries-Cirino
Sales/Markering Coordinator
(215) 666-1900

INTEGRATED CMOS SYSTEMS
440 Oakmead Pkway.
Sunnyvale, Calif. 94086

Mike Newman

Technical Marketing Manager
(408) 735-1550

INTEGRATED LOGIC
SYSTEMS INC.

4445 Northpark Dr.
Colorado Springs. Colo.
80907

Mark Jander

Applications Engineer
(719) 590-1588

INTEL CORP.

6501 West Chandler Blvd.
Chandler, Ariz. 85226
Susan Petrizzo

Director of Marketing
(602) 961-2801

INTERNATIONAL
MICROCIRCUITS INC.

3350 Scort Blvd., Bldg. #36
Santa Clara, Calif. 95054
Nasser Abdollahi

Product Marketing

(408) 727-2280

INTERNATIONAL
MICROELECTRONIC
PRODUCTS INC.

2830 N. Firs S,

San Jose, Calif. 95134
Thomas Flageollet

Marketing Manager
(408) 434-1362

LSI LOGIC CORP.

1551 McCarthy Blvd.

MIS D102

Milpitas, Calif. 95035
Susan Josephson

Marketing Communications
(408) 433-8000

mﬂtﬂll ELECTRONIC DEVICES

45 Davids Dr.

Hauppauge, N.Y. 11788
Dale R. Wilson

Vice President of Sales and
Marketing

(516) 231-7710

MATRA DESIGN
SEMICONDUCTOR

2840-100 San Tomas

Santa Clara, Calif 95051
Pradip Madan

Vice President of Marketing
and Sales

(408) 986-9000
MCE SEMICONDUCTOR
INC

1111 Fairfreld Dr.
West Palm Beach, Fla.
33407

Richard McCargar
Vice President

(407) 845-2837

MICREL SEMICONDUCTOR
560 Oakmead Pkway.
Sunnyvale, Calif. 94086
Marvin Vander Kooi
Director CMOS/DMOS
(408) 245-2500

MICRO LINEAR CORP.
2092 Concourse Dr.
San Jose, Calif. 95131
Stephen Soto

Product Marketing
Manager

(408) 433-5200

MICRO LSI CORP.

2065 Martin Ave.

Sute 101

Santa Clara, Calif. 95050
Dusty Duistermars

Chief Engineer

(408) 727-7987

MICRO-REL

2343 W. 10th PL.
Tempe, Ariz. 85281
Dave Rigg

National Sales Manager
(602) 968-6411

MIETEC

Westerring 15

9700 Oudenaarde

Belgium

J.Y. Peigne
Communications Director
Phone: 055-33-22-11

MITSUBISHI

ELECTRONICS AMERICA INC.
1050 E. Arques Ave,
Sunnyvale, Calif. 94086
Thomas Liao

Product Manager

(408) 730-5900

MOTOROLA INC.

ASIC Drvision

1300 N. Alma School Rd.
M/S CH-180

Chandler, Ariz. 85224
Michael Ponzo

Manager, Marketing
(602) 821-4219

NATIONAL SEMICONDUCTOR
CORP.

2900 Semiconductor Dr.

Santa Clara, Calif. 95052
Thomas Wong

Strategic Marketing Manager
(408) 721-5884

NCM CORP.

1500 Wyatt Dr.

Santa Clara, Calif. 95054
(408) 496-0290

NCR MICROELECTRONICS
CORP.

2001 Danfreld Cs.
Fort Collins. Colo. 80525
Lyle Wallis
Commercial ASICs
Earl Reinkensmeyer
Software Products
(303) 226-9500
(800) 334-5454
Ted Lunacck
Military ASICs
Michael Moursi
Automotive ASICs
(719) 596-5795
(800) 525-2252

NEC ELECTRONICS INC.

401 Ellis §t.

P.0. 7241

Mountain View, Calif. 94039
Grant Hulse

Scrategic Marketing Manager
(415) 965-6333

OKI SEMICONDUCTOR INC.
785 North Mary Ave.
Sunnyvale, Calif. 94086
Clifford Vaughan

ASIC Marketing Manager
(408) 720-1900

PANASONIC INDUSTRIAL CO.

1610 McCandless Dr.
Milpitas. Calif. 95035
Terry Toyooka
Resident Engineer
(408) 946-4311

PLESSEY SEMICONDUCTOR
1500 Green Hills Rd.
Seotts Valley, Calif. 95066
Phillip Pollok

Director of Marketing
(408) 438-2900

POLYCORE ELECTRONICS
1107 Tourmaline Dr,
Newbnry Park, Calif. 91320
S.K. Leong

Vice President

(805) 499-6777

RAYTHEON SEMICONDUCTOR
350 Ellis St.

Mountain View, Calif. 94039
Jack Van Den Heuvel
Marketing Manager for ECL
Products

(415) 968-9211

(415) 966-7734

Pete Goshgarian

Marketing Manager for
CMOS Products

(415) 966-7628

SEATTLE SILICON CORP.
3075 112th Ave. N.E.
Bellevue. Wash. 98004
Dick Ahlquist

ASIC Markering Manager
(206) 828-4422

SIERRA SEMICONDUCTOR
2075 N. Capitol Ave.
San Jose, Calif. 95132
Don MacLennan
Director, Custom
Marketing

(408) 263-9300

SIGNETICS CORP. / PHILIPS
811 E. Arques Ave.

MIS 25

Sunnyvale, Calif. 94086
Don Schare

Marketing Manager, CMOS
Semicustom

(408) 991-5401

SILICONIX INC.

2201 Laurelwood Rd.

MIS 44

Santa Clara, Calif. 95054
Joe Baranowski

IC Marketing Manager
(800) 554-5565 x1900

SILICON SYSTEMS INC.
14351 Myford Rd.
Tustin, Calif. 92680
Peter Putnam

Product Sales Manager
(714) 731-7110

SILICON WEST INC.

5470 Anaherm Rd.

Laong Beach, Calif. 90815
Edward Evans

President

(213) 494-4588

S-MOS SYSTEMS INC.
2460 N. First St.

San Jose, Calif. 95131
Joel Silverman
Director of Marketing
(408) 922-0200

STANDARD MICROSYSTEMS
CORP.

35 Marcus Blvd.
Hauppange, N.Y. 11788
Brian Cayton

Director of Marketing
(516) 273-3100

TACHONICS CORP.

107 Morgan Lane
Plainshoro, N.J. 08536
Michael Zyla
Marketing Manager
(609) 275-2504

TEKTRONIX

Integrated Circuits
Operation

P.0. Box 14928
Portland, Ore. 97214
Customer Inquiries
(800) 835-9433 x100

TEXAS INSTRUMENTS INC.
8390 LBJ Expwy.
P.0. Box 655303

MIS 3670

Dallas. Tex. 75265

Jerry Koontz

ASIC Marketing Communica-
tions Manager

(214) 997-2031

TLSI INC.

790 Park Ave.
Huntington, N.Y. 11743
Frank Nartowicz
Director of Marketing
(5 16) 549-6300

TOSHIBA AMERICA INC.
1220 Midas Way
Sunnyvale, Calif. 94086
Allan Cox

Director of Marketing
Semicustom Products
MOS IC Division
(408) 733-3223

TRIQUINT SEMICONDUCTOR
P.0. Box 4935. Group 700
Beaverton. Ore. 97075

Louis Pengue

Product Marketing Manager
(503) 644-3535

UNICORN MICROELECTRONICS
CORP.

99 Tasman Dr.

San Jose. Calif. 95134
H.Y. Liu

Sales Manager

(408) 433-3388

UNITED SILICON STRUCTURES
(Us2)

1971 Concourse Dr.
San Jose. Calif. 95131
Steven Eliscu

Product Marketing
(408) 435- 1366

UNITED TECHNOLOGIES
MICROELECTRONICS CENTER
1575 Garden of the Gods Rd.
Colovado Springs. Colo.
80907

Ronald Hehr

Manager, Semicustom
Products

(719) 594-8124

VITESSE SEMICONDUCTOR
741 Calle Plano
Camarillo, Calif. 93010
Joe Welsh

ASIC Product Marketing
Manager

(805) 388-3700

VLSI TECHNOLOGY INC.

1109 McKay Dr.

San Jose, Calif. 95131

Bill Murray

Tactical Marketing Manager
(408) 434-3100

VIC INC.

2401 E. 80th St.
Bloomington, Minn. 55425
John S. Monson

ASIC Product Marketing
Enginecer

(612) 851-5200

I\:&FERSCILE INTEGRATION

47280 Kato Rd.
Eremont, Calif. 94538
Rich Talburt
Manager, CSD Design
(415) 656-5400

XEROX MICROELECTRONICS
CENTER

701 8. Aviation Blvd.

El Segundo, Calif. 90245
Gary Petrov

Manager, Regional Design
Support Centers

(213) 333-7701

XILINX INC.

2069 Hamilton Ave.

San Jose, Calif. 95125

Lee Farrell

Product Marketing Director
(408) 559-7778

ZYMOS CORP.

477 N. Mathilda Ave.
Sunnyvale, Calif. 94088
Vic Pasini

Tactical Marketing Director
(408) 730-5400
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IN THE AREAS of image processing and graphics, intens-

ive software and hardware design efforts have become neces-

sary to satisfy increasing demands for performance. These

demands have forced designers to use either specialized parts

or user-designed (i.e., semicustom) ICs. Each method has

its advantages and disadvantages.

Specialized graphics ICs provide hardware specifically

geared to the designer’s class of application. This solution

generally involves the use of a pro-
grammable processor coupled
with surrounding chips. The de-
signer tailors the device to his sys-
tem requirements by writing algo-
rithms or graphics primitives (or
both) in software for the processor.
A programmable processor gives
the designer the freedom to
change his design during the later
stages of his design cycle. With
this approach, however, the de-
signer must be extremely careful
in the selection of devices to main-
tain a high level of throughput.
Also, the code must be carefully
written to guarantee the required
performance.

These disadvantages could be
circumvented by using a semicus-
tom solution. This approach,

VLSI SYSTEMS DESIGN

however, entails an NRE charge
and the possibility of a relatively
long design cycle. These problems
could be compounded if a designer
is forced to start his design with-
out having fully determined his
design requirements just to avoid
a late entry into the marketplace.
Fortunately, another user-de-
signed alternative—programma-
ble logic—has achieved levels of
density and performance sufficient
for graphics and imaging
functions.

Until recently, most PLD archi-
tecture had usable gate counts of
under 600. They were excellent at
consolidating random logic but
could not implement whole func-
tions, as gate arrays could. Smaller
PLDs have been fast enough to

SUNNYVALE,

SIASAKI SIGNETIESICO.,

CALITF.

meet the necessary requirements
of graphics and image processing
systems, but too many PLDswere
called into play, consuming both
board space and power. Those PLDs
that had sufficient density to inte-
grate complete functions were
generally too slow.

The introduction of dense,
high-speed PLDs finally makes pro-
grammable logic appropriate for
graphics and image-processing
functions. To demonstrate the use
of such large PLDs in graphics and
imaging systems, a member of the
Signetics Programmable Macro
Logic family—the PLHS502 (see
sidebar)—is used to implement
two specific functions: sort pro-
cessing and morphology process-
ing. The second function, in fact,
has been implemented and placed
on a frame-buffer board. Using
Optivision image-processing soft-
ware from Automated Visual In-
spection, a specimen—an image
called a Chinese hamster—was
used to demonstrate its operation
(Figure 1).

B SORT PROCESSOR

The first function, the sort proces-
sor, is used primarily to search
large databases. Sort processors are
useful in graphics and imaging
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Figure 1. Morphology operations, a subset of image processing, submit a video image (a ahove) to a structuring element that processes it according to its shape, resulting in

new forms for the image (b below).

when items in a database represent
such data as color, intensity, or
the shape of an object. Graphics
systems display the data as images
for the purpose of human interac-
tion. Image processing, on the
other hand, extracts facts about an
object and analyzes them based on
some type of criteria. Even though
image processing and graphics
sound distinct, they share many
similarities. Both operate on pic-
ture elements (pixels) and both use
the same basic hardware architec-
ture. A dedicated graphics chip,
such as a sort processor, can there-
fore be applied to some areas of
image processing.

This sort processor example
provides the minimum and maxi-
mum of a set of data inputs. This
type of function is very useful for
enhancement and analysis routines
in image-processing systems and
for special effects in graphics sys-
tems. As an example of image
enhancement, median filtering is
a process in which scattered ran-
dom noise throughout the image
is removed or reduced by statisti-
cally comparing each pixel with its
closest neighbor. This operation

NOVEMBER 1988

“cleans up” an image without
blurring the sharp edges. The sort
routine would be used to rank the
pixels, then another routine could
examine each value to see which
ones were in the neighborhood.
Since the values would be ordered,
only the extremes of the set would
have to be examined.

Image analysis, such as edge
detection, constitutes another
group of image processing rou-
tines that could benefit from dedi-
cated sort-hardware. Edges are
normally associated with the high

frequency components of signals
present in an image. In edge de-
tection, the original image is typi-
cally convoluted with a template
whose coefficients suppress the
low frequency component of the
signal. The maximum edge mag-
nitude generated by these oper-
ations would be selected to indi-
cate the presence of the best edge.
Sort operations could examine the
edge magnitudes generated by dif-
ferent convolutions and select the
maximum magnitude for that
pixel location.

USING

PROGRAMMABLE
DEVICES
REDUCES THE
PENALTY OF
CHANGES LATE IN
THE DESIGN CYCLE
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are boring;

Theyre easy to design.Theytre ready on time.
And first-time success is virtually 100 %.

You've heard all about the excitement of
ASICs.

They improve performance, lower costs
and make many new designs possible.

But, unfortunately, youve probably also
heard about one big potential problem: while
many ASICs pass the tests specified by the
designer, they don’t always work in the real
world. And that causes excitement you can do
without.

How to get first-time success.

It starts with our Design Simulation Software.
It’s been rated the best in the industry by the
people who should know—designers who
have used it. Within three days, you can be up
to speed, working at any of the major worksta-
tions in the industry, creating and revising
your ASIC with ease.

The standard cell advantage.

You'll really appreciate the power of our
standard cells, which allow you to integrate a
whole system, including macros, memories,
logic and peripherals, onto a single chip.

We have cells with effective gate length as
small as 1.5u (.9U coming soon). And double-
level metal for higher-density chips that can
handle higher clock speeds.

You can choose from a wide range of
Supercells, including the leading-edge
RS20C51 core micro, RAMs, analog functions,
bit-slice processors, HC/HCT logic, Advanced
CMOS Logic, and high-voltage cells.

If they aren’t enough, we can even generate

Supercells to your specs.

And we're also in the forefront of silicon
compiler technology. So we can offer you the
ability to create designs that are heavily BUS-
structured, with your ROMs, RAMs, PLLAs and
ALUs compiled right into the design.

We also bring you the resources of some
very powerful partners, thanks to our alternate-
source agreements with VLSI on standard
cells; WSI on macrocells and EPROMs; and a
joint-development agreement with Siemens
and Toshiba on the Advancell® library of
small-geometry cells.

Gate arrays, too.

If gate arrays are better for your design,
you'll be able to choose from our full line up
to 50,000 gates, with effective gate length as
small as 1.2 and sub 1 ns gate delays.

These gate arrays use “continuous gate”
technology for up to 75% utilization. They
are an alternate source to VLSI Technology
arrays.

We also alternate source the LSI Logic 5000
series.

And we have a unique capability in high-rel
ASICs, including SOS. Our outstanding pro-
duction facilities here in the U.S. produce
high-quality ASICs in high volume at very low
Costs.

It almost sounds exciting for something so
boring, doesn’t it?

For more information, call toll-free today
800-443-7364, ext. 25. Or contact your local
GE Solid State sales office or distributor.

In Europe, call: Brussels, (02) 246-21-11; Paris, (1) 39-46-57-99; London, (276) 68-59-11; Milano, (2) 82-291; Munich, (089) 63813-0; Stockholm (08) 793-9500.

GE/RCA/INTERSIL

SEMICONDUCTORS

GE/RCA/Intersil Semiconductors
Three great brands. One leading-edge company.
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Figure 3. The sort cell uses a gated magnitude comparator to compare two pieces of data and a crosshar switch to
direct the data to the appropriate outputs, based on their magnitudes.

Sort operations also have many uses in
graphics applications. Pixel manipula-
tions, for example, can use the sort routine
to find the minimum or maximum values
for a group of pixels. Consider a yellow
circle that could be placed on a red trian-
gle with a blue background. These objects
can be ordered so that some appear in the
54 VLSI
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front while the others appear behind. If

two bright objects overlap each other and
they are color coded, they could create a
“hot spot,” or saturation point, as the
color values are added. As a result, the
objects become indistinguishable. A sort
processor can select objects for the back-
ground or foreground, thus allowing ob-

Figure 2. The PLHS502-based sort processor uses multi-level pipelining and parallelism to implement a binary “compare and exchange” concept know as a bubble sort.

jects to be smoothly combined.
B PARALLEL PIPELINES

The PLHSS502-based sort processor uses
multilevel pipelining and parallelism to
achieve a high computational throughput
(Figure 2). It can be considered to have a
SIMD (Single Instruction Multiple Data)
architecture. The processor sorts any four
serial random numbers that are shifted
into the device from their most significant
bits (MSB) to their least significant bits
(LSB). By feeding results back into inputs,
cascading this design creates a processor
with no restrictions on the word size.

The algorithm used for the logic imple-
mentation of this device is based on a
binary “compare and exchange” concept
know as a bubble sort. The total function
can be divided into smaller identical mod-
ules called cells to form a systolic array.
Four serial bits of data enter through the
input ports A—IN, B—IN, C—IN and D—
IN. The clock CLK—PHASE{0:2] and control
lines CNTRL{0:3] dictate the operation of
each cell. Sorting takes place “bit serially”
and is pipelined at the bit level.

Each sort cell consists of a gated magni-
tude comparator and a cross-bar switch
(Figure 3). Once two serial pieces of data
enter the sort cell (through C—IN and D—
IN), it compares them and directs the
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DIGITIZED SORT FILTERED IMAGE DECISION
VIDEO PROCESSOR [TyipEo | PROCESSOR [“ClRCLE"

Figure 4. In a typical graphics application -- image recognition and scene analysis for robotics -- the sort processor
can be used as a high pass filter to perform edge extraction, simplifying the task of the image processor.

SER2D

ck [} CLK
RESET [ |+—={RESET

VIDEO C I'——.‘ TARLC

VIDEO A [ J—=fTAP_ASGI0:8] 9
VIDEO B[ —*{TAP_B —=45G(0:8]

NLU DATASEL
CLK
MUX__OUT —-i MU ouT
SHRINK SHRINK r
EXPAND EXPAND
MATCH__STICK M__STICK
JOINT__STICK J_STICK

LE [ }—~LE 2

FUNC_s{0:11[} e

MSKLATCH MASK[0:8] \ s
CHAIN__CDJ0:7) 7 Cl 25
MASK{0:81 }—={ D{0:8]  QI0:8] I 2 RG{0:2] "QD CHN{0:2]

I—-‘S{O:I]

Figure 5. The morphology processor generates 9-bit neighborhood information (in block SER2D) and performs
morphology functions in the NLU based on the structuring element help in the mask latch (MSKLATCH). A data
selector module (DATASEL) routes the completed data to the image processor.

larger number to the upper output chan-
nel (high) and the smaller number to the
lower channel (low). The CLKO input con-
trols the timing of the sort modules. The
supporting PLD design software called
SNAP (see sidebar) allows a designer to
implement these functions by either sche-
matic entry or Boolean equations.

The logic necessary for the main sort
module and cross-bar switch is ideally
implemented in the foldback gates. Since
everything is buried, a high level of
speed—clock speeds of up to 50 MHz—
can be obtained. To reduce the number of
delay flip-flops required for synchronous
operation, a multiphase clock scheme is
used to generate the proper timing for
sampling the data at the appropriate time
intervals.

B ADDING TESTABILITY
FEATURES

The other inputs, such as SCAN—IN
(Figure 2), are used for testing purposes.
Testability features were also added that
would bypass the normal system clock and
provide a scan path to test the logic. The
testing circuitry enables the sort cells, and
can load data either in parallel or serial. A
test clock is then used to clock the data
out. This circuitry is shown in the figures
but for the sake of brevity is not discussed
in detail.

Timing and control logic compromises
a companion module necessary for the sort
processor. The 502 PLD's combination of D
and RS flip-flops make it very easy to
implement not only the counters but the
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synchronization and arbitration logic.
Since a pipelining feature is used, the
timing generator separates the master
clock (MSTR—CLK) into four clock signals,
and controls whether the master clock or
test clock (TEST—CLK) is used.

Figure 4 shows how the sort processor
could fit into a typical graphics applica-
tion—image recognition and scene analy-
sis for robotics. This application can be
used by a robot to either sort parts by type
or remove defective parts in an inspection
system. The camera of the robotics system
looks at the image of the parts. The digi-
tized data would then normally be pro-
cessed by the image processor to deter-
mine the type of object. The sort processor
can be used as a high pass filter to perform

edge extraction, simplifying the task of

the image processor. The sort processor
off-loads the image processor and speeds
up the overall response of the system.

B MORPHOLOGY PROCESSOR

The binary morphology processor is an-
other custom processor useful for high-
speed image-processing systems. This ex-
ample of such a processor, based on the
PLHS502, performs morphology oper-
ations such as dilation, expansion, and
chain coding. To understand the design, a
brief discussion of morphology is
appropriate.

Mathematical morphology, or shape
analysis, provides a method of processing
digital images based on their sizes and
shapes. It’s particularly suited for tackling
problems in machine vision applications
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LINE DELAY

LINE DELAY

Figure 6. Module SER2D accepts three video signals, two of them delayed versions of the original, that forma 3 X 3
array of pixels called the neighborhood. The neighborhood is passed in a parallel fashion to another module as input

for the morphology operations.

such as parts inspection and medical im-
age enhancement. In morphology, the ba-
sic tool is to use elementary patterns called
structuring elements. The structuring ele-
ment is usually stored within the system
as the set of coordinates of its points.
For the purposes of explanation, we will
focus on dyadic operations which combine
two images into one. For two images,
possible logical combinations include the
union, the intersection, and the difference
of their areas. In simpler terms, these are
equivalent to the logical operations of OR,
AND, and XOR. Results of dyadic mor-
presented here are

phology functions

shown in Figure 1.
B DILATION AND EROSION

The first two dyadic operations are dila-
tion and erosion. Dilation is defined as the
union (OR operation) of all the compari-
sons of the area of interest by the structur-
ing element. Erosion can be defined as the
set of points in which the structuring
element fits into the area of interest. In
simpler terms, dilation can be considered
as expansion and erosion as shrinking.

The combination of erosion and dilation
leads to two other functions in morphol-
ogy called opening and closing. Opening
is an erosion followed by dilation, while
closing is a dilation followed by erosion.
Opening is often referred to as a sizing
operation. In essence it’s a filtering oper-
ation that removes from the image those
regions in which we cannot fit the given
structuring element and leaves those that
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do fit. In contrast, closing is a filtering
operation where an enlarged image is ob-
tained. These operations are used for fil-
tering the undesirable portion of an image
without impacting the overall shape of the
object, making them highly useful in the
field of image processing.

Chain coding is another useful function
in image-processing applications. An im-
age that is represented as an array of
picture elements (pixels) takes enormous
amounts of storage. In robotic applica-
tions involving image recognition, the
system can spend large amounts of time
moving data between main memory and
secondary storage devices. Chain coding
mitigates this problem by representing
the image only by its outline. It partitions
the image into regions and uses a single
entry to store the location of a first entry—
the origin. Subsequent entries are num-
bers giving the direction between cach
point in the outline and its neighbor.

The binary morphology processor could
fic into the same system as the sort proces-
sor. In Figure 4, the video camera sends a
digitized video signal to the image proces-
sor, where a decision is made based on the
results. The morphology processor can be
used to take the filtered video image from
the sort processor, further refine the filter-
ing with a 3 X 3 pixel array structuring
element, and then produce a chain code of
the image. The image processor could
compare this representation, which is
much smaller than the original pixel re-
presentation, to reach a decision about the
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video object. The morphology processor
that is implemented also has the ability to
use other 3 X 3 pixel structuring ecle-
ments to perform comparisons on the vid-
€0 image.

The hardware implementation of these
functions can substantially improve the
speed and performance of any system. Un-
like standard signal processing routines,
these functions do not require a multiplier
or an accumulator, Instead, they are logic
intensive and use many logic gates such as
AND, NAND, OR, and NOT. Because of its
many “foldback” gates, the 502 casily
implements these functions.

B NEIGHBORHOOD WATCH

The morphology processor was designed
using a modular hierarchical approach.
The first of the four modules in the system
(Figure 5) generates the 9-bit neighbor-
hood information (SER2D). Another holds
the mask information that represents the
structuring element in a 9-bit latch
(MSKLATCH). The third is a logic unit
(NLU) used to generate the morphology
operations and chain codes, and the last, a
data selector module (DATASEL), routes the
completed data to the image processor.

SER2D accepts three video signals, two of

them delayed versions of the original (Fig-
ure 6). Shifted in serially, they forma 3 X
3 array of pixels (the “neighborhood™).
The middle bit (SG—4) is the one of inter-
est. The 3 X 3 pixel array then passes in a
parallel fashion into the neighborhood
logic unit (NLU). Both SER2D
MSKLATCH were designed with schematic
capture, using flip-flop macro functions
provided in the SNAP software.

The NLU performs transformations on

and

the center pixel based on the values of the
center and its eight neighbors. The mor-
phological operations will filter the origi-
nal video image. A chain code is then

Using PML 1s a SNAP

The PLHS502 (Figure A), like its predecessor, the
PLHS501, combines buried logic with an interconnect
array that allows complete freedom in connectivity. High-
speed shifter circuits can be implemented in the chip’s cight
D-type and eight RS-type flip-flops that can toggle at rates up
to 50 MHz. The PLHS502’s 64 foldback NAND gates and the
interconnect NAND array can readily be used to implement
logic-intensive designs. These same gates can also be used to
create latches or flip-flops at the inputs, or they can be
“buried” inside the inner core. The clock NAND array, which
accepts the outputs from cach flip-flop as inputs, offers a
choice of clocking strategies. Because the circuits are all
buried and signal paths can remain on chip, the resulting

To fully utilize the complexity of PML, the SNAP (Synthesis
Netlist, Analysis and Programming) software uses a design
flow similar to that of gate arrays. Capable of running on a
standard PC, the software can take a designer from basic
schematic entry to programming the finished devices. The
software provides a choice of entry formats: standard sche-
matic entry, Boolean equations, state equations, or any
combination of the three. Counters for timing control are
best implemented by schematic entry. Multiplexers or decod-
ers are easier to implement with equations than with sche-
matic entry. The software will combine these methods to
create a complete system. Also, SNAP includes a logic simula-
tor with timing analysis, fault simulation, and an automatic

performance is enhanced.

test pattern gencrator.
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Figure A. The PLHS502 combines 50-MHz D- and RS-type flip flops with an interconnect NAND array that provides 64 feedback lines for multi-level logic.
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Figure 7. The morphology operations are easily implemented in Boolean equations. For example, EXPAND is nothing more than “ANDing” each individual pixel in the
neighborhood with its corresponding MASK bit and combining the results with an OR operation.

created for the purpose of comparison to
stored images. The results are then fed to
the central processor for decision making.

The inputs to the NLU are the nine pixel
bits from the video (SG{0:8}) and the nine
bits from the masking image (MASK[0:8}).
The data from each row of pixels from the
digitized image are also used as inputs.
The SHRINK and EXPAND outputs are the
results of erosion and dilation operations,
respectively. MATCH—STICK indicates the
end-points of the skeleton (outline) of the
image, and JOINT—STICK indicates where
the images lineand the structuring ele-
ments Cross.

B BOOLEAN EQUATION
IMPLEMENTATION

Because the module is logic intensive,
it is very natural to implement this section
from the Boolean equations (Figure 7). To
understand why Boolean equations are
used, one should consider the transforma-
tion referred to as expansion (dilation).
Since this is in essence an OR function
between the image of interest and the
structuring  element  (mask), entering
Boolean equations can be much easier than
drawing an array of gates. EXPAND is
nothing more than taking cach individual
pixel in the neighborhood and “ANDing”
it with its corresponding MASK bit. The
results are combined together (ORed) to
form the final transformation. The NLU
also generates the chain code which the
last module, DATASEL, will convert into
the directional values between 0 and 7.

The last module, DATASEL, is imple-
mented using a mixture of schematic cap-
ture and Boolean equations. Figure 8
shows the block diagram of the module.
The inputs, as discussed carlier, are the
results of the chain coding and morphol-
ogy operations. Control signals s0 and S1
are used to route the appropriate result of
the morphology section to the image pro-
cessor. This module also uses an 8-bit
encoder to convert the chain code into the
necessary directional coordinates and send
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Figure 8. The DATASEL module routes the results of the chain coding and morphology operations under the direction
of control signals SO and S1. An 8-hit encoder converts the chain code into the necessary directional coordinates.

them to the image processor.

The SNAP software allows cach section
to be designed and individually tested for
timing and logic functionality. When all
modules are completed, the final oper-
ation is to merge all the sections together
to complete the final design. Now a final
logic simulation can be performed and the
final results can be implemented in the
PLHS502-—which is now ready for inser-
tion into a system. n
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AN ENGINEERING
INFORMATION SYSTEM

A DOD Standard for Integrating Design Automation Systems

DAVID SMITH, SENIOR EDITOR, VLSI SYSTEMS DESIGN

IMPLEMENTING
EIS BOGGLES
THE MIND

this decade, the United States Department of Defense

_/ (DOD) has exercised its economic clout to develop some
standard engineering practices. For example, it set a standard for IC processing technology
through its very-high-speed integrated circuit program (VHSIC). While in the process of
establishing VHDL as the defacto language standard for describing electronic hardware, the DOD

is also applying its muscle to the problem of incompatible design-automation software. The

results of these efforts, which will create a
candidate standard for design-automation
integration and management, is called the
engineering information system, or EIS.

The EIS is a set of proposed standards for
integrating engineering tools and manag-
ing design data; it is not a single imple-
mentation of a specific CAD system. The
EIS framework consists of a set of funda-
mental services and a series of specifica-
tions, forming a baseline for communica-
tion and implementation. It addresses
incompatibilities between engineering de-
sign tools and systems as well as the dearth
of database management functions for en-
gineering information. EIS aims to provide
a framework for tool integration based on
information sharing without compromis-
ing proprietary tools or corporate internal
business practices.

The EIS is not used to design an elec-
tronic system. Rather, it is a complimen-
tary information management environ-
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ment in which CAD systems can function.
It is a database program that addresses the
incompatibilities of engineering design
tools by allowing them to exchange data.
However, it does not supply specific data-
base manipulation functions; it relies on a
local database management system (DBMS)
to access the database.

The EIS may eventually be implemented
in several different ways by many of the
vendors of design automation programs.
Any environment that contains all the
pieces should be able to use any EIS-com-
patible tool or data source. Some commer-
cial vendors are involved in special interest
groups to influence the standard according
to their experience. However, EIS de-
scribes the particular system that has its
concepts and requirements defined in DOD
documentation (Linn and Winner, 1986).
It should not be used generically to de-
scribe any system with DOD-specified
goals.

®m EIS HISTORY

In 1985 and 1986, the Defense Depart-
ment developed the EIS requirements in
response to the growing problem of engi-
neering information management within
its programs. However, since the EIS con-
cepts had considerable potential for bene-
fiting industry and academia as well, these
groups were invited to help in its creation.

In July 1987, the DOD commissioned a
three-year program to develop EIS specifi-
cations and to build and demonstrate a
prototype. The EIS program is managed by
the U.S. Air Force VHSIC program office at
Wright-Patterson Air Force Base. Hon-
eywell Inc., the prime contractor, is lead-
ing the development of the specifications,
design and production of a prototype sys-
tem, insertion of EIS technology and co-
ordination with industry and the academic
community. The present schedule calls for
a definition of a specification this year,
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reviews of the prototyp¢ design in 1989,
and an EIS prototype demonstration at the
beginning of 1990.

m THE EIS T

‘AM
Responsibilities are divided among EIS
team members (Table 1

). The Computer
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adapters. McDonnell Douglas Astronau-

tics Co. will aid demonstration efforts and

insertion. Finally, Arizona
State University will provide workshop
and will be available
to house the active prototy

assist 1n EIS

and training facilities

pe demonstra-
tion system.

To encourage Cooperation with industry

and academia, the EIS program hosted the
first workshops at Arizona State

Universi-
ty for more than

9() representatives of
industry, government and academia. Five
special interest groups were formed to
provide input and review for following
topics: the engineering information mod-
¢l. the object management system,
user interface system, adapters,
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TABLE 1. EIS PARTICIPANTS

CONTRACTORS
Honeywell Inc.

academia.
Computer Corp. of America

TRW Electronic Components Group

stration efforts.

CAD Language Systems Inc.

Provides data exchange adapters.

McDonnell Douglas Astronautics Corp.

Arizona State University
demonstration system.

SPECIAL INTEREST GROUPS (SIGs)
EIM SIG

OMS SIG
UIMS SIG
Focuses on how users view a system.

Scenario SIG

Adapter SIG

workstation developers.

Prime contractor, leads the development of specifications, design and development of a
prototype system, insertion of EIS technology and coordination with industry and

Has responsibility for object management and access.

Leads prototype acceptance testing, engineering information modeling tasks, and demon-

Will aid demonstration efforts and assist in EIS insertion.

Will provide workshop and training facilities and will be available to house the prototype

Reviews syntax, semantics and draft model of EIM.

Reviews the OMS and proposes candidate standard object models.

Devise EIS usage scenarios for EIS test and evaluation.

Evaluates EIM in regards to tools and workstations.

In addition, there are four working groups for four perspectives: the Department of Defense,
design and engineering users, management and administrative users, and tool and

life scenarios. The representatives were
also organized into working groups repre-
senting different viewpoints: DOD person-
nel; management and administrative us-
ers; tool and workstation developers; and
design and engineering users.

By 1990, the EIS program will develop a
prototype software system to demonstrate
the merit of the recommended guidelines
for the way engineering data is created,
displayed, maintained, stored, and com-
municated. The prototype EIS will consist
of a network of different host systems,
operating systems, DBMSs, and CAD tools.
All will be made compatible and inter-
operable through the EIS software.

B EIS OBJECTIVES

According to Katie Rotzell, a Hewlett
Packard Co. software development engi-
neer who serves as the chairperson for the
Object Management System Special Inter-
est Group (OMS SIG), EIS differs from some
commercial efforts at tool integration be-
cause it provides an “illusion of tool inter-
operability.” Other tool-integration ef-
forts, such as the CAD framework
initiative, provide a specific framework
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and database that tools plug into. The EIS
also contains longer-term requirements
that extend beyond inter-operability, such
as allowing execution of a tool to be sus-
pended and restarted.

EIS will create a system that promotes
compatibility and inter-operability be-
tween CAD tools, the data they generate,
and the systems or methods used to store
and group data. In addition to improving
integration and portability, EIS seeks to
encourage design-environment uniform-
ity, simplify the exchange of information,
and improve design management.

B EIS TO ENCOURAGE
INTEGRATION AND PORTABILITY

While it will not be a self-contained
design automation system, EIS serves as a
foundation for the integration of cost-
effective, efficient design tools, both new
and existing. In addition, it will encour-
age the portability of tools by providing
cost-saving services and specifications.
Portable tools should also enhance the
portability of design databases because de-
sign data will exist independently of the
tools. Independence of data from tools

allows users to plug tools into a CAE
system, which can immediately work with
the data at hand. Tool developers will find
that they won't have to support as many
versions of a tool. And, more tools will be
available for selection when they can be
easily moved without changing them.

EIS should facilitate design information
exchange. Its model for engineering data,
data functions, and operations for access-
ing and storing data lets a variety of tools
work from the same database. Any tool
designed to work with the EIS specifica-
tions can access an EIS environment.

In defining an EIS environment, the
issues to be considered include inter-tool
interfaces, network and operating system
interfaces, consistent user interfaces, stan-
dardization efforts and policies, and the
migration of existing tools into an inte-
grated EIS environment. Interfaces be-
tween the tools, database, and the under-
lying hardware and operating system are
provided, so the same software can run
anywhere. Standards for developing inter-
faces also allow the same “look and feel”
with different
combinations.

The implementation of these policies
and a database methodology support de-
sign management and the reuse of pre-
vious designs. The EIS allows controlled
sharing of preliminary design data, pro-
tection of released design information,
reuse of past designs, and monitoring of
in-progress design methods. Implementa-
tion and enforcement of local policies al-
low companies to control designs however
they choose.

EIS will provide information manage-
ment for control of data and versions of
designs, for example. The system’s admin-
istration functions provide the tools and
specifications for managing the data dic-
tionary, tools, workstations, user profiles,
and control rules.

B PROPOSED FEATURES FOR EIS

software and hardware

To meet all these goals, the proposed
EIS will have to have the following
features:
® [nter-operability—the means for the
interchange and reuse of product-related
information;
® External interface support—communi-
cation through standard facilities with the
various interfaces required in the design
process;
® A tools interface—generic facilities for
input and output, translations, routing,
and dialog manager services;
® Multiple host support—the ability to
run on one or more diverse computers and
operating systems;
® An engineering information model

a
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Can you solve this problem
with a one-clock telecom tester?
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This ISDN transceiver rcquires
synchronized transmit/receive
data at 15.36 MHz and a bus
interface pattern at 20 MHz.
Given the tester’s single master
clock, what frequency do you
program? What integer ratios do
the dividers need?
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If you settle for anything less than Synchromaster, the new
resource-per-pin mixed-signal
test system from LTX, you're
going to wind up one clock
short. In order to produce test
frequencies of 15.36 MHz and
20 MHz with a single-clock test
system, you would have to
choose integer ratios of 125 and
96 and set the pattern generator
at 1.92 GHz — well beyond the
typical 100-200 MHz range.

synchromast