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This is the stuff reputations are
built on.

A cell design with 100,000 gates.
More than 1000 library elements.
2MB of memory. And sub-micron

blocks, including 16 and 32-bit micro-
processor cells and industry-standard
processor and peripheral functions;

the longest list of SSI and MSI func-
tions; and memory compilers to

HCMOS technology. develop exactly the
dﬁlfou cgmt iiarcl’l high RAM or ROM your chip
and low, but there’s requires.
only one place in the And if your applica-
world you can find a chip tion calls for lower
of such staggering densities, that’s covered,
complexity. - too. Because LSI Logic
LSI Logic. has more cost-effective
Designs like this cell-based solutions than
ane %rle(clisely vu\,’hYA\évleére m,ﬁif’;;‘;’;’fiéi’;"%ﬁﬁi’;ﬁ“f:;’ﬁé’fih,-p e imagineh e
su?)plier(;rwr'lf}? rr?ore than s e o of CeﬁZ Ig;litetfirXVS% yo?l
4,000 working cell and array-based build, LSI Logic will deliver a fully-
designs in the field. / tested prototype in as little as 4 weeks.
And why our Modular Design All in the production quantities

Environment (MDE)" software is the
best foundation for building killer
cells.

MDE is the industry’s most
advanced design software for ASICs.
It arms you with the capability to
build today’s most sophisticated cell-
based designs. Easily. And with the
smallest possible die size.

Besides MDE, LSI Logic delivers
more than 400 LSI and VLSI building

you want, thanks to our advanced
worldwide wafer fabrication, assem-
bly, and test facilities.

So find out more about LSI Logic’s
Cell-Based ASICs by calling the sales
office nearest you.

After all, we can help you make
a killing.

|1 . OGIC

LSI Logic Sales Offices and Design Resource Centers: Scottsdale, AZ 602-951-4560, Milpitas, CA 408-433-8000, San Jose, CA 408-248-5100, Irvine, CA 714-553-5600,
Sherman Oaks, CA 818-906-0333, Denver, CO 303-756-8800, Altamonte Springs, FL 305-339-2242, Boca Raton, FL 305-395-6200, Norcross, GA 404-448-4898, Chicago, IL
312-773-0111, Bethesda, MD 301-897-5800, Waltham, MA 617-890-0161, Ann Arbor, MI 313-769-0175, Minneapolis, MN 612-921-8300, Bridgewater, NJ 201-722-7522,
Poughkeepsie, NY 914-454-6593, Raleigh, NC 919-783-8833, Worthington, OH 614-438-2644, Beaverton, OR 503-644-6697, Trevose, PA 215-638-3010, Austin, TX
512-338-2140, Dallas, TX 214-788-2966, Bellevue, WA 206-822-4384, Calgary, Alta 403-262-9292, Paris, France 33-1-46212525, Israel 972-3-403741/6, Milan, Italy
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INTRODUCTION TO THE GUIDE

ith the third annual Semicustom Design Guide,
we continue to provide in-depth technical arti-
cles on the range of semicustom IC technologies
and the CAE tools and methodologies required to exploit

fully those technologies. Backing up the articles are
extensive and detailed listings of semicustom vendors,

products, and design centers.

Leading off the Guide are two articles on state-of-the-
art aspects of gate arrays. Next comes an article that
approaches the question of semicustom from the point
of view of a particular application area—digital signal
processing; it argues that, for now, designers are best
served by a hybrid approach that includes DSP cores,
standard cells, logic synthesis, and silicon compilation
(module generation). Then an update covers the recent
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flurry of developments in programmable logic, including
“user-programmable gate arrays.”

On the tools side, probably nothing has been hotter
this year than logic synthesis and vHDL. Section II starts
with a consideration of logic synthesis technology em-
bedded in a silicon compilation design system (some-
thing that is also touched on in the Dsp design article)
and a description of the use of VHDL for behavioral de-
scription and verification. The following article address-
es the need for more accurate timing models for logic
simulation, and the last one tackles the problem of
developing tests for verifying Asic prototypes.

We conclude with our set of directories and the 1987
subject .index to VLSI Systems Design.

— Mike Robinson
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DO YOU HAVE WHAT
IT TAKES TO MAKE IT
BIG IN ASICS?

Not long ago, designing
ASICs wasn't even
part of your job.
Now its the
part everyones
counting on.

Thats where
Daisy comes in.

Daisy CAE tools
are used by more
ASIC designers than
any other CAE workstations.

Because from schematic
creation through post-layout

Simulation accelerator market share. Source:
Prime Data, 1985 and 1986 unit shipments.

simulation, Daisy has what
it takes to keep ASICs on time
and on budget.

For example, our
MegaLOGICIAN™ simulation

accelerator is seamlessly inte-
grated with the sche-
matic, so you can locate
and correct design

That means faster

debugging and more
time to improve
the quality of your

no other accelerator
is as well supported,

problems interactively.

with more than 170 design
kits supplied by 70 different
vendors. So you can build pro-
ductivity instead of libraries.
Which may explain why
more MegaLOGICIANS are
in use today than all other
accelerators combined.
Speaking of combining, you

© 1988, Daisy Systems Corporation. MegaLOGICIAN is a trademark of Daisy Systems Corporation.
*Based on minimum 10x performance improvement compared to 32-bit workstations. Source for design kit estimates: VLSI Systems Designs Semicustom Design Guide, 1987
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can share a MegaLOGICIAN / DEAD gate designs

with a network of our 386-
based desktop workstations,
for a high-powered low cost
ASIC design environment.

And that’s just the beginning.

With our library of more
than 4,500 system- .
level components,
you can include your ASIC in
complete “real world” system
simulations to ensure that
your designs will be ready for
production, instead of revision.

All of which makes Daisy
today’s choice for no-sweat
ASIC success.

But what about tomorrow?

Gate counts are on the rise.
If your tools run out of steam
at 5,000 gates, so could your
future.

No problem.

Our ASIC design tools
glide through 20,000-

v

without even

breathing hard.
In fact, new design kits
already support arrays of
over 100,000 gates.

So you'll never have
to worry about hitting a
dead-end.

But don't take our
word for it, listen to what

Rockwell and other industry
leaders have to say. For a free
copy of “Making It Big In
ASICs” call Daisy at 1(800)
556-1234, Ext. 32. In California,
1(800) 441-2345, Ext. 32.

European Headquarters:
Paris, France (1) 45 37 00 12.
Regional Offices:

England (256) 464061;

West Germany
(89) 92-69060;
Italy (39) 637251




Harris Guarantees ASICs 10 Specs
After Irradiation!

Thete...
We Put It
In Writing!

& We're hard-liners about reliabil- Harris toolset. Daisy™ and Mentor™ platforms also

| ity in rad-hard ASICs. Including supported; Silicon Compilers due soon.

MIL-STD 883C and to Class S. ® Guaranteed parametrics...Harris can guarantee
Hey...it happens to the best of 'em... your ASICs to specs after irradiation exceeding

1 megarad.
* Packaging options....Select from ceramic DIPs, chip
carriers and pin grid arrays; screenings to Class S

your rad-hard ASIC design’s first pass requires first aid!
For better results, avoid rigid design systems
that lock you into the wrong solution and keep you P
there. Come to Harris; nobody offers you more front- ~ Standards.
end flexibility. So what does it all mean? More ASIC design
e Advanced rad-hard library....Basic gates, 54XX options. Less design risk. For a faster time to market,
equivalents, 80C86 peripherals (cells and macros ~ It'S time to call Harris Semiconductor.
you can intermix to enhance design), proprietary In U.S. phone 1-800-4-HARRIS, Ext. 1910 or (407)
data Communica[ions ﬁlnCtionS. 729-4151. In Canada: 1-800-344-2444, Ext. 1910.
¢ Broad workstation support...Simulations include
both pre- and post-radiation performance models. m HARRIS
Libraries are fully supported on the UNIX-based L) SEMICONDUCTOR SECTOR

Trademarks, Daisy: Daisy Systems Corp. Mentor: Mentor Graphics
©1988, Harris Corporation
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GARNERING THE GATES
IN HIGH-DENSITY ARRAYS

Ernest L. Meyer

Changes in gate array technology have opened up new vistas
for systems designers who seek high performance and high
levels of integration without incurring exorbitant engineer-
ing expenses.

HIGH-SPEED GATE ARRAYS:
CONSIDERING THE OPTIONS

Ron Cates, Vitesse Semiconductor Corp.
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To meet the needs of high-performance systems., semicustom designers now have a choice of
silicon-based ECL and gallium arsenide, and GaAs has stepped up to enhancement/depletion-
mode technology.

A HYBRID APPROACH TO
APPLICATION-SPECIFIC DSP DESIGN

Howard Moscovitz, AT&T Bell Laboratories

Designers of application-specific DSP integrated circuits have a variety of design alternatives
available to them, from traditional schematic capture and standard-cell design to logic
synthesis, module generators, data path compilers, and DSP CPU cores. No single tool
satisfactorily handles all the applications.

PROGRAMMABLE LOGIC UPDATE

Ernest L. Meyer

Recently, a wave of new, improved, and faster programmable logic chips, includer user-
programmable gate arrays, were introduced, promising to expand the usefulness of program-
mable logic technology.

1988 SEMICUSTOM DESIGN GUIDE 7



GARNERING THE GATES
IN HIGH-DENSITY ARRAYS

Ernest L. Meyer, Campbell, Calif.

tionality. Evenagatearraycannow hold 100,000 two-

input NAND gate equivalents—10 times as much inte-
gration as was possible even three years ago—and the
manufacturing and design innovations for high-density
arraysare increasingly counterbalancing the area, perfor-
mance, and cost barriers traditionally associated with
gate array implementation. In addition, those innova-
tions are applicable to all array sizes and are expected to
“trickle down.”

Two particular techniques are especially significant:
theuseoftriple-levelmetal (TLM)and the omission ofempty
wiring channels from the die (channelless, channel-free,
or sea-of-gates arrays). With TLM, wires account for pro-
portionally less area and transistor density increases.
Parasitic delays are not only smaller on average, but also
more predictable. When applied to sea-of-gates array ar-
chitectures, TLM is yielding utilizations of 90 % and high-
er. However, computer-aided design is not coping easily
with these newer technologies. In particular, the in-
creased density and large gate counts intensify the prob-
lems of power distribution and critical path constraints.
New techniques for placement and routing are being tried
out on these very large gate arrays.

T he past decade has seen avirtual implosion of ic func-

TRACKING DOWN THE PROBLEM

Having chosen a semicustom approach, most of the
arguments cited against gate arrays arise from their size.
Wasted silicon area results from the use of one common
base for a number of different functions. Not only might
the die size influence final package cost, but also a larger
chip will slow down the logic. The less dense the chip, the
longer the average wire length. Longer wires add capaci-
tive delays that introduce severe design problems; these
problems center not so much on the longest delay, but
rather on the range of delays. The impact of die size on
performance is particularly strong in gate arrays, where a
computer decides the transistor and wire arrangement
withalgorithms thatsolve the topological wiring problem,
not necessarily the electrical performance problem.

Net lengths display a “right-biased” distribution, with
the average net length exceeding the median. Also, the

averagenetlengthdeviates furtherfromthemedianonthe
high side as fan-out increases. This distribution poses
grim problems for the designer. Simulating with a worst-
case delay is highly unrealistic, as only a small number of
nets have that delay figure. Especially for high fan-outs,
simulating with an average delay may not be much better,
because the distribution is skewed to the right. Using a
median delay will not allow for the worst-case paths—on
one out of ten occasions, approximately, the actual delay
will be more than three times the median delay.
High-density arrays are therefore attractive mostly for
their advantageous wire delay distribution. The transis-
tors may have much the same speed and the average wire
delay may not be much smaller. Even halving the average
wire delay does not typically increase speed by more than
10%. However, if the chips are smaller, there are fewer
critical paths (whether anticipated or not). Because the
longest possible path is now also shorter, there also are
fewer restrictions on gate placement and routing. Layout
software therefore struggles less to complete the design
within the same constraints. In fact, according to manu-
facturers, the computer time required to complete a high-
density array layout is reduced and that reduction more
than offsets the costs incurred by the lower yield ofalarger
die. At the same time, the wiring delays are more predict-
able, making the technology more attractive to users.

Shrinking the fabrication process design rules is the
most obvious way to reduce a chip’s size. However, as
transistors shrink below 1.25 pm, the impact of mini-
mum featuresizeon gatearray densitybecomes muchless
important. More significant are the minimum wire width
andtheisolationdistancebetweenadjacentwires. Adding
these two numbers gives the metal pitch, the minimum
possible distance between the centers of two adjacent
wires. The pitch can never be as small as the minimum
feature size: the transistors and polysilicon wires under
the metal track make the surface too bumpy for an even
deposition of metal on top (Gulett, 1985)

More recent IC processes use planarization to smooth
the surface between each deposited layer. In planarized

8 SEMICUSTOM DESIGN GUIDE 1988




processes, thewafersare heated up between metal deposi-
tions so that the deposited intermetal dielectric flows and
tends to “soften” abrupt steps in the underlying layers,
providing a smoother surface for subsequent layers.

Planarized processes make it possible to forge much
narrower wires, but if the wires are too small, electromi-
gration can fuse out the metal. In metal migration, exces-
sivelyhigh current density causesagraduallyaccelerating
movement of the metal atoms in the direction of the cur-
rent, until the wire wears out.

Metal migration places a lower limit on metal track
width. The dangerous current density for aluminum is
about 2 maA/pm? of the wire's cross-section. Wires cannot
bemore than 0.5 pm thick without making the surface too
irregular. A typical high-speed process, with a 200-MHz
toggle frequencyand a 2.5-pA/MHz gate transient current,
createsa 0.5-madrive. A pure aluminum signal wire thus
cannot be less than 1 pm wide without self-destructing.

~—

FIGURE 1. The quality of the planarization is shown in a cross
section of a Motorola triple-level-metal (TLM) die.

Since it is not possible to compact wires any further in
the horizontal direction, vendors are applying the sky-
scraper principleand goingup. Three-level metal (TLM) has
been used for power distribution in a number of bipolar
processes, inwhich the pitch of the third metallevel has to
be much wider than those of the first two levels, because
the third metal level is deposited on a surface with even
more irregularities.

Fujitsu was the first company to apply the same princi-
pletoacmosgatearrayfamily, usinga4.5-pmpitchonfirst
metaland a 9-pwm pitch on the third metal layer with a 1.5-
pm process. Fujitsu has been shipping TLM cMOS since
1985.

Shortly after, Hughes Aircraft extended its planarized
process to permit the use of 4-pm-wide wires on all three
metal layers. In such planarized processes, the reduced
metal pitch that is possible on the second and third levels
allows even the third level to be used for signal distribu-
tion. At about the same time, Toshiba started shipping
TLMarrays. Recently, NEcstartedshipping TLMarrays, with
maximums of about 40,000 and 75,000 available gates.

Atthe time of writing, Motorola hasTLmarraysatleastin

prototype, and Hitachi and LsI Logic are reported to have
TLMprototypes. All three companies may have production-
quantity TLM arrays by the fourth quarter of this year;
Motorola’s highly planarized TLM process is shown in Fig-
ure 1 . Some other companies, including sGs-Thomson,
Texas Instruments, and vLsI Technology, are likely to fol-
low suit.

CHANNELED ARCHITECTURES

Traditionally, gate array bases have been built with sep-
arate transistor and wiring areas. In these “channeled”
arrays, an empty channel of silicon separates one or two
unwired p-n transistor row pairs. The gatearray macrocell
library then wires up the transistor rows into gates, flip-
flops, and larger functions: first-level metal joins up the
uncommitted transistors in custom metal patterns over
the p-n transistor row diffusion regions. These gates and
multigate functions, called hard macros, are the smallest
building blocks used by the system designer.

On the same metal level used to wire the uncommitted
transistors in the base into hard macros, the hard macros
are wired into functions. With a channeled architecture,
horizontal wires between the gates are run in first-level
metal in the wiring channels between the transistor rows.
Vertical wire tracks then run over the horizontal wire
channels and p-n transistor rows, on second-level metal.
Byadding a third metallayer, it is possible to move some of
thehorizontalwiring tracks from the first metallevel tothe
third, permitting the rows of macros to be moved closer
together and thus achieving higher density.

With two layers of metal, it is not feasible to obtain high
utilization onachanneled array having more than 20,000
gates. The channels must be increased in width so much
that the wire loads become toobig. NEC uses three layers of
metal to obtain 90% utilization with a channeled array of
40,000 equivalent gates.

SEA-OF-GATES ARRAYS

WhereasTLMattacks the problemofincreasing gate den-
sity, channelless or sea-of-gates arrays are employed to
increase absolute gate counts past the 20,000-gate mark.
In these array types, all the wiring channels are removed
fromthearraybase. By covering thearraybase totally with
a“sea”of cellsor transistors, itis possible toobtain utiliza-
tions in excess of 90% for designs with a lot of regular
structures (RAM, ROM, and PLA). Array bases that strive for
these high gate counts and high utilizations, sometimes
called “brick wall”or “puzzle fit”arrays, maybe the wave of
the future. To obtain the highest utilizations with irregu-
lar logic, however, triple-level metal is mandatory.

Forexample, Tangent Systems laid out an experimental
TLM array from Texas Instruments and is reported to have
obtained a 99% utilization—without any manual inter-
vention—ofover 100,000 gates. Vendors now offering TLM
sea-of-gates arrays do not generally quote utilizations as
high as sported by TI's cAD benchmark. Hughes does offer
100% utilization for up to 20,000 gates (Hsu et al., 1986),
bututilization falls steeply forarraysbeyond thislevel, and
in fact Hughes does not sell larger arrays on the commer-
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cial market. Motorola is claiming 75% utilization for a
prototype 100,000-gate array. Other TLM vendors fall be-
low the half-way mark on utilization; Toshiba, for exam-
ple, quotes less than 50% (Sawada et al., 1988).

Ofcourse, itisnot necessary tohaveTLmin order tousea
sea-of-gates architecture. Sea-of-gates arrays were first
introduced in 1982 by California Devices (Lipp, 1983),
using double-level metal (DLM). (California Devices has re-
cently been liquidated.)

DLM sea-of-gates CMOS arrays are now available from
many vendors, including LsI Logic, sGs-Thomson, s-MOS,
and vLsI Technology, as well as from most of the vendors
supplying TLM arrays. Note that DLM sea-of-gates arrays
that were introduced this year are already obtaining utili-
zations as high as those of current rLmchannelless arrays.
For example, sGs-Thomson claims a 60% utilization; vLsI
Technology, about a 45% utilization; and LsiLogic, a40%
utilization (T. Wong et al., 1986).

THE UTILIZATION ISSUE

Utilization is one of the hottest issues in array design
andisespeciallysowithsea-of-gatesarchitectures. Manu-
facturers typically indicate the size ofan array by the num-
ber of two-input NAND gates the array will hold. The size of
all other functions is then measured by the number of
such gates that could fit in the same area.

This metric introduces the first level of confusion. Ma-
crocells from different vendors can have different num-
bers of equivalent gates for the same function. The confu-
sion is compounded by whether the equivalence is based
on the number of used transistors or on the number of
used cells (grouped transistors that are electrically isolat-
ed from their neighbors). Not all the transistors in a cell
may be usable with some functions, and therefore if the
quoted figure is for cell utilization, it will be higher than it
would be for transistor utilization.

Whatever the case, it is rarely possible to use all the
available transistors or cells, even in a channeled array.
Leaving some cells unused will reduce wiring congestion.
Theeffectofso-called“depopulatedregions”onroutability
varies from one array (and the cAD system employed for it )
to the next. With sea-of-gates arrays and double-level met-
al, some transistor sites must be “depopulated” for the
horizontal wiring. Leaving every other row depopulated
willreduce the maximum possible utilization to50%. Ven-
dors quoting a 40%-50% utilization are probably using
this technique. Vendors with 30%—40% utilization are
probably depopulating two rows of gate cells for each ma-
cro row used.

One may wonder, why use a sea-of-gates architecture at
all if macro rows are regularly depopulated anyway? The
answer lies in the use of solid multirow blocks (with no
depopulated rows) for regular functions such as RAM, ROM,
multipliers, and pLAs. Because these functions are very
regular, it is possible to hand-craft building-block mod-
ules so that the signal, power, and control port locations
directlyabut neighboring building blocks. If the constitu-
ent building blocks use all the available active devices in
the sea of transistors over which they lie, then utilization
can be 100% in these areas.

Typical designs usually contain a varying mixture of
regular and random logic functions. With a 40% utiliza-
tion of random logic and a 100% utilization in the regular
structures, the final utilization depends heavily on the
balance between regular and irregular functions in the
specific design.

This discrepancy decreases as more and more rows are
populated withlogic functionality. The developers of more
recent DLM sea-of-gates technologies have concentrated
their efforts on designing base gate cells and developing
CAD tools that can permit higher utilization, rather than
onimproving the process and manufacturing technology.
sGs-Thomson, for example, is moving toward the depopu-
lation of every third cell row only, allowing a peak 67%
utilization for irregular functions. However, this higher
utilizationis obtained byslightlyloosening thecelllayout.

A low utilization now does not mean that the array is
doomed foralltime. Theutilization maybelowbecause the
array and its library have been designed to be shifted to
new processes as they become available. For example, the
recent DLM arrays from sGs-Thomson, s-M0S, and VLSI
Technology cited above all were designed to yield higher
utilization when ported to TLM processes.

Moreover, utilization does not necessarily reflect an ar-
ray’s actual transistor density (number of usable transis-
tors per square mil). Some arrays use base cells that are
more spread out, so that the utilization will be higher but
the number of transistors per square mil is lower.

BASE CELL DESIGN

The number of rows that must be depopulated to permit
routing with the available metal resources depends partly
on the base cell design. Transistors can be arranged in
various ways inside the transistor rows and can vary in
size, isolation technique, shape, and proportion.

Fujitsu, forexample, uses twobig p-type, twobig n-type,
and four small n-type transistors in its base cell (Takaha-
shi et al., 1985), as shown in Figure 2a. With logic func-
tions, the four small n-type transistors are not used at all;
instead, the space over them is used for wiring channels,
yielding a “pseudochanneled” structure with about 13
first-level metal wiring channels between each gate. When
the cell is used for raM, all eight transistors are employed
forasingle memorybit. This approachyields a high densi-
ty for RAM but a lower density for logic functions. Fujitsu
does not quote utilization figures for its arrays, which is
just as well, because any percentage would need to be
qualified by the proportions of RaM and logic considered.

Figure 2b shows a more typical base cell design, with all
transistors exactly the samesize. This particular diagram
shows the proportions used in the Hughes arrays. Figure
2c shows a very similar base array cell structure, this one
fromMotorola, with the transistors wired into aNAND gate.
Both these arrays use a basic isolated cell of eight transis-
tors: four p and four n types.

Higher transistor counts can be obtained by removing
the dielectric isolation between neighboring cells. Tran-
sistorsare then tied to the power railsat both ends (*dead”
transistors) to provide electrical isolation between neigh-
boring functions. This scheme uses up more area than
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“CASE Technology:
CAE Solutions
Planned Right

from the Start”

CASE Technology’s new Vanguard CAE
Design System supports a full range of
industry standard hardware platforms —
DEC VAX (VMS), Sun (UNIX) and PC
(DOS)—and a comprehensive set of elec-
tronic design applications for PCB and ASIC
design. Applications include schematic
capture, digital logic simulation, circuit
simulation and PCB design capabilities.
Since initial product introductions four
years ago, CASE Technology has been setting
trends in the computer-aided engineering

industry. CASE was the first to introduce:
e aPC-based CAE solution in June 1983
¢ an integrated PC to VAX solution in

November 1985
e aPCasan intelligent graphics terminal

for CAE in February 1986
* acomplete Sun Workstation-based CAE

solution in October 1986

In 1986, CASE also announced major
marketing agreements with Digital Equip-
ment Corporation and Sun Microsystems
for the joint promotion of the Vanguard
CAE Design System on the VA Xstation and
Sun-3 series of high performance engineer-
ing workstations.

Over the last three years, CASE
Technology has experienced explosive
growth to the rate of 80 percent per year
and has remained profitable every quarter
since the first product shipped. Today, CASE
has over 3000 installations of the Vanguard
CAE Design System worldwide, in companies
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such as Hughes Aircraft, Honeywell, and
Rockwell International.

Why has CASE Technology been so
successful? It's simple. We listen to our cus-
tomers very carefully. Corporate and engi-
neering managers want solutions that work.
CASE provides electronic design solutions
through a well-conceived, long term plan
for product migration, an open database
philosophy, and data and operating system
independence.

Before you make a decision on CAE, take
the time to see what CASE has to offer.

CASE Technology, Inc., 2141 Landings Drive,
Mountain View, California 94043

Phone (415) 962-1440; Telex 506513

FAX (415) 962-1460.

CASE
TECHNOLOGY

DIVISION OF TERADYNE
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FIGURE 2. Fujitsu’s heterogeneous cell (a): the small transistors are either used for ROM or are not used in logic macros, freeing more
first-levelmetal for horizontalwiring. Also shownare standard straight-transistor dielectrically isolated cells, onefrom Hughes (b)and

one configured as a NAND gate, from Motorola’s library (c).

conventional dielectric isolation for a single gate, but
sinceitprovides flexibilityas towhereisolation mayoccur,
it can save space when used with large functions. Techni-
cally speaking, arrays based on these cell types are true
“sea-of-transistor” arrays—sometimes called “continu-
ous”arrays, because each row has a continuous well diffu-
sion; arrays with dielectric isolation are properly “sea-of-
gates” arrays. However, these terms are used somewhat
loosely. Figure 3 shows a D flip-flop implemented on a
continuous array by vLsi Technology.

Note that some vendors include the transistors used for
isolation as “utilized” transistors, and some do not. With
continuous arrays, therefore, it is worth checking what
any particular utilization number really means.

The continuous array example exhibits two further as-
pects of array cell design: p-n size ratio adjustment and
bent (versus straight) gates. The balance between low-to-
high and high-to-low transitions is controlled by the ratio
of p- to n-transistor sizes. “Transition balancing” is pref-
erable because it makes logic design much simpler.

Bending the gate means that the source, gate, anddrain
contacts for any one transistor all lie in one column. This
innovation by Lipp (1983) facilitates wiring. If the gates
arenotbent, asin thearrays inFigures 2band 2c, the gate
contact is in a different column from the one containing
thesourceand drain. Therefore, halfas many gates can fit
in the same number of columns. On the other hand,
straight-gate columns are narrower than bent-gate ones,
because there is no area wasted in making the wire bend.
Straight gates end up slightly wider and slightly shorter.

Since horizontalwiringis the crucialresource, it makes
sense to use bent gates for sea-of-gates arrays. Bent gates
could be why the DLMarrays fromvLsi Technology and SGs-
Thomson obtain high utilizations compared with the TLM
arrays, which currently all use straight gates.

Mow momomowmar w8 s e

& W W W

FIGURE 3. AD-type latch in stacked logic from VLS| Technology.
Stacked logic and wider base cells permit more horizontal wiring
on first-level metal over populated cell sites.

POWER DISTRIBUTION

Power distribution becomes critical as density in-
creases. More transistors are packed into the same area,
which means that the powerlines may pick up more noise.
Most arrays use a fixed power distribution grid (sGs-
Thomson’s grid is described by Blumberg and Waggoner,
1988). The grid must provide adequate clearance for rout-
ing to the underlying macrocells.

Adequate clearance to a fixed grid can be achieved with
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Stop Wasting Power

New CMOS array features the lowest power dissipation: 8uW/Gate/MHz

Raytheon’s newest CMOS

array family, the RL1000, helps
you achieve optimum power
performance. It offers the lowest
power dissipation available—

at high densities—without
sacrificing speed.

U Lowest Power: Raytheon’s
8uW/gate/MHz CMOS arrays,
with 1.0 micron effective channel
lengths, have available densities
ranging from 5670 to 20,440
gates. With 20 tracks per channel
instead of the standard 16, gate
utilization is typically 90 percent
or better.

Ll High Speed: At 0.3 ns unloaded
inverter delay, this low-power, high-
speed array family is perfect for
portable equipment or where power
sources are limited.

Ul Other features: The RL1000
series, with symmetrical switching
delays, operates at 250 MHz flip-
flop frequency and is TTL/CMOS
compatible.

U Packaging: All packaging options
are available. And Raytheon’s
design support includes an
extensive macrocell library on
major workstations.

[l Also available in CMOS:

= Approved VHSIC PHASE 1
gate array: RVG 1.25 family

m Second source for LSI Logic
Inc.’s LL7000 Series: RL7000

Call Raytheon for access to the
right CMOS technology. Your
success is our first priority.

Raytheon Company
Semiconductor Division

350 Ellis Street

Mountain View, CA 94039-7016
(415) 966-7716
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Build your
gate arrayon

a solid

foundation.

You want to implement your ASIC design

quickly. With technology that meets your require-
ments. You need quality products and dependable
delivery to maintain a competitive edge. In short,

you expect a partnership built on a solid foundation.
One you can count on for future designs as well.

And, that’s precisely what you get with
Mitsubishi. A solid partnership with a technology
base that includes in-house wafer processing,
advanced packaging, demonstrated
production capabilities and long-term
commitment to R&D.

Mitsubishi offers a broad range of gate
array product capabilities, from 200 to 20,000
useable gates. And, continuing development work
at Mitsubishi’s research laboratories is leading to
sub-micron CMOS and even more advanced ASIC
materials and processes. Unique variable track
masterslice (VTM), 1.3um gate arrays provide an
ideal architecture for mixed random logic and
memory designs.

There’s a broad range of packaging options: DIP
and shrink DIP, SOP, PGA, as well as high pin count
quad flat packages (QFP) and plastic leaded chip
carriers (PLCC).

Mitsubishi is committed to supporting your
ASIC needs with CAD/CAE design tools to help
you develop designs fast. For maximum flexibility, you
can design on Mitsubishi’s workstations or your own.
Remote access to Mitsubishi’s proprietary mainframe
CAD system allows design verification on any termi-
nal with telephone access.

Mitsubishi’s design centers, located in Sunny-
vale, CA and Durham, NC, are networked with
Regional Technical Centers and a gate array engi-
neering support staff ready to assist in all phases of
design.

Mitsubishi Electronics America, Inc.

The solid foundation for all your ASIC needs.

PACKAGING:
Mitsubishi offers a broad
range of industry-standard
and proprietary packaging
options. A leadership foun-
dation in high pin count
surface-mount packages
includes quad flat packages
(QFP), now available with
up to 160 leads. For through-
hole technology, Mitsubishi
provides a cost-effective
alternative to ceramic
PGAs by mounting QFPs
on a PC board adaptor
(MPGA).



PROCESS:
Low power, 1.3um, double

MANUFACTURING
COMMITMENT:

DESIGN SUPPORT:

At your workstation or

SERVICE:
Mitsubishi offers design

metal CMOS technology
is available today, with sub-
micron levels on the way.
Mitsubishi’s patented*
gate isolation structure
provides 10% to 20% faster
performance, with a 15% to

Mitsubishi is committed to
continued advancements in
ASIC technology, quality
and production capacity.
Typical time from design

to prototype is three to five
weeks. Prototype approval

Mitsubishi Design Centers,
use industry-standard,
advanced CAE tools

with Mitsubishi’s main-
frame CAD system. Or,

let Mitsubishi integrate
your design.

and applications support
at centers in Sunnyvale, CA;

Durham, NC and Regional

Technical Centers.

25% higher gate density
than conventional oxide

isolation.
#US. Patent No. 4,562,453

to production is eight
to ten weeks.

Quality through commitment.

For further information, call or write Mitsubishi Electronics America, Inc.,
Semiconductor Division, 1050 E. Arques Avenue, Sunnyvale, CA 94086,

(408) 730-5900.

U.S./CANADIAN REGIONAL SALES OFFICES AND TECHNICAL CENTERS:
NW: Sunnyvale, CA (408) 730-5900, SW: Torrance, CA (213) 515-3993, N: Minnetonka, MN
(612) 938-7779, NC: Mt. Prospect, IL (312) 298-9223, SC: Carrollton, TX (214) 484-1919,

NE: Woburn, MA (617) 938-1220, MA: Hackensack, NJ (201) 488-1001, SA: Norcross, GA

(404) 662-0813, SE: Boca Raton, FL (305) 487-7747, Canada: St. Laurent, Quebec (514) 337-6046.

U.S./CANADIAN AUTHORIZED SALES REPS: AL: Beacon Elect. (205) 881-5031,
AR: OM Assoc. (214) 690-6746, AZ: SMS & Assoc. (602) 998. 1, CA: Pathfinder Elect.
(619) 2555, QCI (408) 432-1070, SC Cubed (805) 496-7307, SC Cubed (714) 731-9206,

CO: Simpson Assoc. (303) 794-8381, CT: Comp Rep Assoc. (203) 269-1145, DE: Trinkle Sales
(609) 795-4200, FL: Beacon Elect. (305) 997-5740, (813) 796-2378, (305) 332-1940, GA: Beacon
Elect. (404) 256-9640, Beacon Adv. Comp. (404) 662-8190, 1A: Mid-Tec Assoc. (314) 275-8666,
ID: ES/Chase (503) 292-8840, IL: Phase Il Mktg. (312) 303-5092, IN: Carter, McCormick &
Pierce (317) 244-1685, KS: Mid-Tec Assoc. (913) 541-0505, K'Y: Makin Assoc. (513) 871-2424,
LA: OM Assoc. (214) 690-6746, MA: Comp Rep Assoc. (617) 329-3454, MD: Trinkle Sales

MITSUBISHI
ELECTRONICS

(609) 795-4200, ME: Comp Rep Assoc. (617) 329-3454, MI: Carter, McCormick & Pierce
(313) 477-7700, MN: Gibb Elect. (612) 935-4600, MO: Mid-Tec Assoc. (314) 275-8666,

MT: Simpson Assoc. (801) 566-3691, NC/SC: Beacon Elect. (919) 787-0330, ND/SD: Gibb
Elect, (612) 935-4600, NE: Mid-Tec Assoc. (913) 541-0505, NH: Comp Rep Assoc.

(617) 329-3454, NJ: Trinkle Sales (609) 795-4200, Win-Cor Elect. (516) 627-9474, NM: SMS &
Assoc. (602) 998-0831, NV (Northern & Central): QCI (408) 432-1070, NV (Southern):

SMS & Assac. (602) 998-0831, NY: Win-Cor Elect. (516) 627 5) 637-
OH: Makin & Assoc. (513) 871-2424, (614) 848-5424, (216) ), OK: OM Assoc.
(214) 690-6746, OR: ES/Chase (503) 292-8840, PA: Trinkle Sales (609) 795-4200,
PUERTO RICO: Beacon Elect. (809) 728-5040, RI: Comp Rep Assoc. (617) 329-3454,

TN: Beacon Elect. (404) 256-9640, (205) 881-5031, TX: OM Assoc. (512) 388-1151,

(713) 789-4426, (214) 690-6746, SMS & Assoc. (El Paso) (602) 998-0831, UT: Simpson & Assoc.
(801) 566-3691, VT: Comp Rep Assoc. (617) 329-3454, VA: Trinkle Sales (609) 795-4200,

WA: ES/Chase (206) 823-9535, W1: Gibb Elect. (612) 935-4600, Phase Il Mktg (312) 303-5902,
WYV: Trinkle Sales (609) 795-4200, WY: Simpson Assoc. (801) 566-3691,

CANADA: Tech Rep Elect. (416) 890-2903, (613) 225-9186, (514) 337-6046, (604) 254-2004,
(604) 432-1788
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two methods. Some arrays restrict macro placement so
that the macro wiring ports do not fall under the power
lines, but this approach lowers utilization. Alternatively,
cells can be designed with more than one contactlocation,
called “antennas,” for each signal port in the macro, but
they introduce additional wiring congestion.

Thealternative toboth methodsis tousea flexible power
distribution scheme, as advocated by vLsI Technology.
This approach is desirable, but it presents a far greater
burden on the cAD software, and most current routing
systems are not up to the task.

GLOBAL SIGNALS

Heavily loaded paths (clocks and global signals such as
resets) are handled in various manners. Hughes, for ex-
ample, recommends the use of the output driver in an 1o
buffer todrive suchcritical signals into the chip core. This
approach yields a high fan-out capability, but the signal
source is on the edge of the array, resulting in more clock
skewbetweenonesideofthearrayand theother. Balanced
clock trees are therefore preferable if more than 20,000
gates are used. On the other hand, tree balancing can use
up an appreciable number of gates and is not simple.

LAYOUT

As array size grows beyond about 20,000 gates, further
problems are thus imposed on the layout software by the
increasingly complex power distribution and critical path
constraints. Indeed, as Dan Skilken, product marketing
manager, ASIC strategic marketing, at vLsI Technology,
says, “The array architecture is built around the router,
and not the other way around.”

The routing software used for high-density arrays is
under continual development by all parties involved and
cannot be fairly evaluated by benchmarks. Only three
third-party cAD suppliers (Descartes Automation, Silvar-
Lisco, and Tangent Systems) are supplying solutions for
TLM and channelless arrays.

Descartes Automation is not selling a product but rath-
er advocating a design philosophy and customizing tools
in terms of it. “Treating layout software as a standard
product does not make sense, because each array has its
own characteristics,” says Antek Szepieniec, the com-
pany’s executive vice president. Descartes’s experience is
that flattened designs lay out better than hierarchical de-
signs. “It is not always the case that hierarchy coming
either from the netlist or from min cuts actually groups
critical paths together. On the other hand, logical cluster-
ing or min cut is difficult to outsmart!” Szepieniec says.

To overcome this problem, placement and routing
should take place concurrently. “While performing a
placement using an arbitrary partitioning scheme with
seededcriticalelements, we manipulate the globalrouting
data for wires that cross the partition. This information
helps the evaluation of final performance, and if critical
lengths arelikely tobe exceeded, we canreroute these nets
at the global level,” he explains.

Eachblock, as it and the routing within it are defined at
the globallevel, is then fully placed and routed. The result-

ing postlayout wiring delay data for each completed block
are then used to create more accurate delay estimates for
the remaining design. According to Descartes’ experi-
ence, this incremental process is very efficient.

Silvar-Lisco is selling a product that uses hierarchy for
initial placement. Routing, however, is a back-end pro-
cess, rather than integrated into the early stages of de-
tailed placement; a conventional min-cut algorithm is
used to define the blocks. Critical paths are not confined
withinblockboundaries and soadditional placement pro-
cessing must be performed.

In Silvar-Lisco’s scheme, overlapping partitions are
used tooptimize the placementofcritical gates afterinitial
min-cut partitioning. With overlapping partitions, gates
placed within the overlap can move anywhere intoaneigh-
boring block. Critical gates can therefore move to their
optimal position and are not constrained to the block in
which they are first placed. Silvar-Lisco’s approach can
handle up to about 75,000 utilized gates. sGs-Thomson
and Digital Equipment use the Silvar-Lisco tools.

Tangent Systems aims to provide a totally automatic
solution and 100 % routing completion. Placement can be
flat, or hierarchy can be used, with “fuzzy” blocks result-
ing (block sizeandshapecanbechangedafterinitial place-
ment, and functional density within the block can be
specified by the system to permit more or less through-
block routing as needed). Unlike the case with all other
systems, the routing algorithm is not a channel router;
instead, it sees “obstructions” in the Manhattan path (a
connection with only one corner) and finds the best route
around them. Obstructions may comprise existing or pre-
dicted routing congestion, as well as elements that are
already placed.

The router is also loaded with additional features, such
as smart power routing and automatic clock-tree balanc-
ing. If power grids are used, they can be automatically
altered in type, depending on whether the grid runs over
irregular logic or over a modular function such as RAM or
ROM. Individual power wires can also be widened auto-
matically when there is no signal wire obstruction.

The automatic clock-tree balancing ensures that the
loads are even on each side of the the clock tree by dynami-
cally adding gates during routing.

Tangent’s software is being used by, among others, Mo-
torola, s-M0s, and Toshiba. Its present maximum capacity
is a quarter of a million gates.

STRUCTURED GATE ARRAYS

Beforesea-of-gatesarraysacquired theirviselike gripon
the semicustom market, a number of manufacturers in-
troduced arrays that put a fixed block of memory, a cer-
tain-sized multiplier, orasmall microcontoller core on the
edge of a channelled gate array. This approach, pioneered
by iBM and marketed first by LsI Logic as structured gate
arrays, can yield greater density improvements for the
highly regular functions than sea-of-gates arrays, and the
embedded hard macros can be customized for speed.

However, the user is committed to the actual function
sizesthataresupplied. Ifanythingother than thesupplied
functionsizeisrequired, such arrays actually waste space
for a small performance improvement. As a result, they
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...the maximum performa

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




ce that gives you the edge.

- BIPOLAR

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

MoS

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 CM0OS 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 CM0S 30MHz 4um 3-15V

- BIPOLAR (CDI)

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

Geometry change (utilizing multi-level differential Ingic-DML)‘

CDI FAB lib 2.5um 8um  800ps 0.8pJ 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
family, Plessey manufactures a com- 1500 Green Hills Road
plete line of discrete components in- Scotts Valley, CA 95066
cluding FETS, transistors and diodes U.S.A.
available in SOT-23 and T0-92
packages.

To learn more
on how Plessey can
help you achieve
the maximum per-
formance that
gives you the
Plessey - Over Two Decades edge, send for
Of Quality Commitment our new comp-

For more than 20 years, Plessey rehensive, full

Semiconductors has been commited to color, 72-page
short form

supplying the latest technology, highest o I’
quality, and highest performance brochure, % PLESSEY
o,

Plessey Semiconductors Ltd.
Cheney Manor, Swindon
Wiltshire SN2 2QW

United Kingdom

semiconductor products in the in- or call Plessey

dustry. With our unique combination Semiconductors today. /,ﬁr
of CAD support, major advances in pro- In North America call 1-800-441-5665. &H@B
cess technology, and the most advanc- Outside North America call 44-793-726666.
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have largely fallen out of favor.

However, with the continuing progression in memory
density, structured arrays could be on the way back. An
unusual chip from Toshiba integrates asea-of-gates array
with high-density DRAM (Sawada et al., 1988). The chip
clocks in with about 30,000 gates available for logic and a
whole megabit of 60-nsDbRaM. This capacityis twoorders of
magnitude more memory than offered by any previous
structured array and a lot of gates!

To use this phenomenal fusion of function, not more
than about 5,000 gates and 32 output drivers can switch
atonce. Aslongastheselimitsarenot exceeded, thechipis
reported to be fully hardened against noise disturbance.

The combination of sea-of-gates arrays with various
high-density memory functions mayin factlead tospecial-
ized chips appearing for graphics control, BITBLT process-
ing, cache and memory management, and digital signal
processing.

THE FUTURE?

We can expect further improvements in density and
the adoption of sea-of-gates techniques in other technol-
ogies besides cMOs. LsI Logic has now presented techni-
cal data on the first bicMos sea-of-gates array, which
may be available for prototyping over the next six
months (A. Wong et al., 1988). The array will support up
to 123,000 gates and departs from the fully integrated
bicmos array used by Applied Micro Circuits Corp. (Lin
and Spehn, 1987). Instead, bipolar drivers are lined up
on one edge of the array and used to drive high-fan-out
signals into the pure cmos core. This setup permits
adoption of the buffer clock driver technique advocated
by Hughes, with less clock skew. At the same time, cells
developed for the company’s established sea-of-gates ar-
rays can be directly used in the identical cmos core.

BicMmos is an important step in part because it permits
the integration of analog circuitry with sea-of-gates ar-
chitectures. Analog circuitry could be used for on-chip
power regulation to reduce the switching noise problem.
As a result, the arrays could use a lower power supply
(perhaps 2.5 or 3 v), which would lower the current
density in the metal interconnections, reduce migration
effects, and permit the use of submicron-wide wires in
planarized DLM processes.

amcc, which introduced bicMos channeled arrays last
year, is now developing the first sea-of-gates bipolar
array (Coy, Mai, and Yuen, 1988). The chip is being
produced using Plessey’s HE1 process. Bipolar transis-
tors are more difficult to embed in a sea-of-gates archi-
tecture, particularly because of the larger amount of
wiring space that must be used to distribute power.
Furthermore, the reduction in chip size made possible
with sea-of-gates architectures has less impact on per-
formance and predictability for bipolar than for cmMos
technology, because wire lengths are less critical. Thus
AMCC’s movement to a sea of gates for bipolar arrays may
be an indication that layout techniques for these chips
are generally superior to those offered for traditional
channeled approaches, even if only for the savings in
chip real estate.

CONCLUSIONS

Theadvent of high-density arrays heralds the increased
feasibility of gate arrays in many applications where be-
fore only hand-crafted or standard-cell designs were via-
ble. Of course, triple-level metal and sea-of-gates layout
willbeforelongbeapplied tocell-based design; theimplica-
tions of those developments are left to future articles. []
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HIGH-SPEED GATE ARRAYS:
CONSIDERING THE OPTIONS

Ron Cates, Vitesse Semiconductor Corp., Camarillo, Calif.

and parcel of every fast-clocking system, and in

many cases it sets the upper bound on the practical
densityofanintegratedcircuit. Forics clockedatless than
50MHz, cMOs isthe obvious choice. It offers an unparalleled
combination of circuit complexity and low power dissipa-
tion. Digital circuits that operate beyond 50 MHz, however,
are needed for many applications—high-performance
workstations and computers, telecommunications, and
automated test equipment, to name a few. cMOs just does
not have the performance for such settings.

Typically, designers turn to bipolar ECL circuits when
higher performance is essential. Recently, though, sys-
temdesignershavebeengivenaviablealternative technol-
ogy for high-speed digital circuits—enhancement/deple-
tion-mode gallium aresenide, or E/D GaAs.

Gatearrays havebecomeadominantapproach toimple-
menting high-performance systems. They offer an oppor-
tunity tocreate a custom component that can meet perfor-
mance criteria and that involves a minimum of design
time and risk. Advanced software tools, usually running
onengineering workstations, make it possible toenter the
schematicandaccuratelysimulatelogicand timingbefore
committing to silicon.

H igh power dissipation has traditionally been part

DIFFERENT TOPOLOGIES

To understand the differences between EcCL silicon and
E/DGaAs, itisusefultoreview thebasiccircuit topologies of
each. Central to the operation of a typical ECL NOR gate
(Figure 1) is the main differential pair (Q, and Q,). Vggpa iS
setatavoltage halfwaybetween avalidlogic high andlogic
low. When digital signals arrive at the base of @, or Q,, the
active device in the differential pair switches state, result-
ing in a change of voltage across the load resistor (R).
Emitter-follower Q, shifts the level of that voltage change
and buffers it. @, and Qy, along with their corresponding
resistors, act as active current sinks.

The majority of the current consumed by an ECL gate
passes through the emitter-follower to drive the intercon-
nect capacitance. To reduce power consumption, ad-
vancedECLgatearrays useaspecial power supply tosupply
power to the emitter-followers. Since V. is typically set at
—3.3vV, this approach saves power when compared with

gate arrays that tie the emitter-followers to V., which is
setat —5.2v.

The simple ECL NOR gate requires six transistors and
threeresistors, aswellasseveralvoltagereferences thatset
currentsor provide thereferencevoltage to the differential
pair. Typically, these reference generators are shared
among several gates. Unfortunately, the metal buses that
distribute the reference voltages can increase the size of

[% B

‘ . GND

v
Touput

=1

Vee

EF .

FIGURE 1. A typical two-input ECL NOR gate requires six transis-
tors, three resistors, and several voltage references.
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FIGURE 2. Adding “clocking pair” (Q; and Q) and a “latching pair” (Q, and Q,) to the circuit shown in Figure 1 creates a data latch.
Cascading two of these structures results in a D-type edge-triggered flip-flop.

the gate and consume routing resources.

Although the ECL gate looks complex, slight modifica-
tions to the basic structure make it configurable to a vari-
ety oflogic primitives. A datalatch is created (Figure 2) by
addinga clocking differential pair (Q; and Q;) and aregen-
erative pair (Q, and Q,). When the clock is high, the input
transistor pair amplifies the data input; when the clock is
low, the regenerative pair is active, latching the data
through feedback from the outputs. Otherstructures that
are similar to this latch use the regenerative transistor
pair for logic inputs and capitalize on the vertical gating
structure to implement such functions as a 2:1 multi-
plexer or an exclusive-OR gate. Cascading two latches and
cross-wiring the clock inputs creates an edge-triggered D
flip-flop.

When compared with the ECL structure, the E/D GaAs
gate is very simple. A two-input NOR gate (Figure 3) uses
only three transistors and needs no resistors. It uses a
depletion-type MESFET (Q,) as an active-load pull-up device
and two enhancement-type MESFETS (Q, and Q,) as pull-
down switches. The GaAs gate operates identically to
equivalent silicon NMOs structures. Q, and Q, are large
enough so that if one or the other is on, or ifboth are on, it
or they can sink all of the current from Q, and provide a
smallV, . foralogic-low output. Whenboth enhancement
transistors are off, the pull-up current is forced into the
forward-biased gate-source junction of the driven gate,
providing a logic high.

In the E/D GaAs configuration presented here, the power

dissipationofthegateisindependentofthelogicstatethat
it is in. Because the current on the power supply buses is
constant, self-generated noise on the signal and internal

FIGURE 3. A simple two-input E/D GaAs NOR gate uses only three
transistors and needs no resistors and no voltage references; it
requires a single —2-V power supply.
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power buses is virtually eliminated, reducing the need for
artificiallylarge noise margins. Reduced voltage swings—
such as the 500 mv for E/D GaAs—also simplifyhigh-speed
switching and reduce current-drive requirements.

DRIVING CAPACITANCE

Regardless of the material from which they are made,
bipolar transistors have a higher transconductance than
FETs. As a result, ECL circuits drive long capacitive lines
fairly well, exhibiting 50 to 60 ps of delay for every millime-
ter of interconnect. Driving long capacitive lines with

FIGURE 4. An E/D buffer with a push-pull stage (a) can drive a
millimeter of wire in 50 ps. Adding a set of pull-down devices
converts the buffer into a NOR gate (b).

some E/D Gaas circuits, however, is inefficient because the
pull-down transistors grow in proportion to the size of the
pull-updriverand, therefore, maynotprovideanadequate
capacitive buffering ratio (the ratio of the capacitance of
the driven load to the input capacitance of the buffer). If
the ratio is too low, the buffer itself introduces excessive
capacitance on the input signal.

Abufferskirts thislimitation (Figure 4a). The push-pull
operation of its output stage enhances its ability to drive
capacitiveloads byplacingapositivebiason the gateofthe
output pull-up transistor. The pull-down transistor
doesn’t have to be made larger in order to sink the extra
currentofthepull-up transistor, because the pull-up tran-
sistor’s current isenhanced only when the input voltage is
low. When theinputishigh, thegateandsourceofQ,areat
the same potential, so that the transistor has a lower cur-
rent drive. The buffer is capable of driving a millimeter of
metal in 50 ps. Logic operations can be incorporated into
the buffer by providing additional sets of pull-down de-
vices (Figure 4b).

E/D GaAs is similar to NMOs in that flip-flop circuits are
created with NOR gates. Consider two posssible D flip-flops
(Figure 5): one would be a typical edge-triggered version;
the second uses differential clocks to reduce both set-up
and propagation-delay times. Both rely on cross-coupled
NOR gates to achieve the basic latching function.

In general, simple digital functions such as logic gates,
registers, and multiplexers can be implemented in ED
GaAs with fewer transistors than they would need in ECL.
As shown, a flip-flop requires 19 transistors in E/D GaAs
but 22 transistors and 10 resistors in an ECL implementa-
tion. Asaresult, muchlessreal estate is required to imple-
mentagiven functioninkE/bGaAs. Since theydon’trequire
area-consuming resistors, E/D GaAs circuits can achieve
densities equivalent to NMOS circuits. A two-input NOR
gate, for example, occupies only 100 pm?.

This density has strong implications for gate arrays. E/D
GaAsarrays occupy about one half the area of EcLarrays of
equivalent compexity. Metal routes, therefore, are shorter
for E/D gate arrays: statistical analysis on automatically
routedarrays showsanaverageroutelength of0.3 mmper
fan-out load in an E/D GaAs array (from Vitesse’s design
manual), much shorter than the 0.8 mm per fan-out load
in an ECL device (according to Raytheon's ECL Family
Design Manual).

POWER CONCERNS

No discussion of high-performance circuits would be
complete without a careful consideration of power dissi-
pation. High power dissipation has traditionally been as-
sociated with every fast-clocking system and, in many
cases, it limits the density of an integrated circuit.

ECLcircuits have dramatically improved their power dis-
sipation for a given function over the levels of early ssI
devices. Today, typicalEcLgate power fallsbetween 1 and 4
mW, depending on the speed option that the designer se-
lects. Even at such low values, new 10,000- and 12,000-
gate ECL arrays can dissipate as much as 30 w when their
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good reasons. As CMOS gate arrays become larger and
faster, designers can't meet their critical paths due to fanout
and interconnect delay. As Bipolar arrays become larger
and faster, power consumption becomes unmanageable. So
AMCC designed a BiCMOS logic array family that merges
the advantages of CMOS's low power and higher densities
with the high speed and drive capability of advanced Bipolar
technology. Without the disadvantages of either.

Our new Q14000 BICMOS arrays fill the speed/power/

180 MHz with low POWEr.  density gap between Bipolar and CMOS arrays. With high
It's cause for celebration. AMCC extends  speed. Low power dissipation. And, mixed ECL/TTL I/O
its lead as the high performance/low power semi-  compatibility, (something CMOS arrays can't offer].

custom leader with three exciting, new BiCMOS logic For more information on our new BiCMOS logic

arrays that optimize 014000 SERIES arrays, in the U.S,, call toll free (800) 262-8830. In Europe,
performance where Q21008 Q01008 Qi400087 | cal] AMCC (UK. 44-256-468186. Or,
today's designsneed ~ [Fumextas 2% PP\ contact us about obtaining one
it most. In throughput | Maimmio 07 10 10 of our useful evaluation
(uptothree times faster | M — kits. Applied
than 1.54 CMOS). e e T g MicroCircuits

Today, system ol Corporation, 6195
designers look at speed, Bmpetue—— COM.— COM.—— COM Lusk Blvd., San Diego,

power and density. For

*(2 loads, 2 mm of metal|

CA 92121. (619) 450-9333.

tAvailable soon

A Better BICMOS Array is Here.
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resources are fully used. Some ECL arrays have low-power
options that drop the total power ofa 10,000-gatedevice to
less than 10 w by reducing performance. The designer
must be careful to ensure that these devices still meet
speed requirements.

The primary improvement that /b GaAs technology
brings to the high-performance market is reduced power
dissipation. By operating from a single — 2-v power sup-
ply. E/D GaAs can offer performance comparable to that of
ECL circuits while consuming one fourth the power. For
example, the VSC4500 gate array from Vitesse Semicon-
ductor (Figure 6) can integrate as many as 4,000NOR gates
and has a typical power dissipation of only 1.5 w.

E/D GaAs and ECLsilicon circuits have very similar speed
parameters. Typical gate delays for both technologies are

on the order of 200 ps, and flip-flop delays, from clock
input to data output, are approximately 700 ps for lightly
loaded outputs. Exercising high-power options on an ECL
array canresult in higher performance than that possible
with an E/D GaAs array, but these options can increase
power consumption to the point where the devicebecomes
unsuitable for air- or conduction-cooled systems. GaAs
has an analogous technology—D-mode MESFET—that
trades low power consumption for operating frequencies
in excess of 3 GHz.

E/D GaAs has aslight edge over EcLsilicon in terms of the
bandwidth of vobuffers. Tgrpica] EcLdevices have/oband-
widths of approximately 600 MHz, whereas E/D GaAs de-
vices can reach 1 GHz. This bandwidth is achievable de-
spite the fact that the E/D GaAs devices use non-ECL logic

FIGURE 5. Similar to NMOS, E/D GaAs technology uses cross-coupled NOR gates to create a D-type edge-triggered flip-flop (a). A
version that uses a differential clock signal (b) has better setup and delay propagation characteristics.
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levels internally that must be translated into ECL levels
(andvice versa) at the vo circuits. Higher bandwidths are
possible for GaAs if those internal logic levels could be
extended between GaAs devices. No standards have been
set for GaAs logic levels, however, so that E/D GaAs arrays
are built tobe compatible with ECL signal levels. The avail-
ability of E/D GaAs devices that communicate with GaAs
logic levels is likely to occur within a year.

PACKAGING

Packaging technology has evolved to keep up with the
requirements of high-performance gate arrays. The typi-
cal package, whether it houses a GaAs or an ECL device, is
usually a multilayer ceramic package with transmission
line interconnects and ground and power planes. The
transmissionlines serve to maintain an environment free
of discontinuities from the chip pads to the package pins.
Thegroundand power planes in the package minimize the
inductance of the power distribution system and reduce
transients that are caused by switching outputs. The
packages are usually available in either a pin-grid array
(PGA) or leaded chip carrier (LDCC).

Heat removal is critical to the proper operation of ECL
devices. Package thermal resistance ranges between 1°c
and 5°c per watt dissipated by the device. For chips dissi-
pating in excess of 20 w, liquid cooling may be needed to
maintain junction temperatures in operational ranges.
For devices dissipating less power, a heat sink with hun-
dreds of linear feet per minute of air cooling is adequate.

E/D GaAs devices require less severe cooling measures
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FIGURE 6. The low power and small cell size of E/D GaAs makes
possible this 4,000-gate array, Vitesse’s VSC4500.

because they dissipate much less power. A typical 4,000-
gate chip can usually operate without a heat sink if it
resides in a ceramic package with a built-in copper heat
spreader.

In terms of cost, E/D GaAs arrays compete head to head
with ECL devices. Although GaAs wafers are more expen-
sive than silicon ones, MESFET technology requires sub-
stantially fewer fabrication steps thanbipolarecL technol-
ogy, primarily because MESFETs are planar devices
whereas ECLuses more complexvertical device structures.
The E/D GaAs process contains only nine masks, even
though both enhancement and depletion transistors are
produced; one industry-standard ECL process uses 24
mask steps. Because most major processing steps and
materials are identical to those used in silicon MOS pro-
cessing, fabrication errors should not be a substantial
source of yield limitations. GaAs wafer defect density still
lagsbehind that of silicon, but excellent progress hasbeen
made in the past year. As demonstrated by existing prod-
ucts chips with between 4,000 and 6,000 gates can be
fabricated with acceptable yields. We project that in two
years chips with between 10,000 and 20,000 gates will be
commercially viable.

DESIGN GUIDELINES

Inthedesign of agatearray for high-speed synchronous
systems, clock distribution is particularly critical. The
designer must ensure that all clock signals arrive within
specified limits; designs with intentional race conditions
are discouraged. The designer should also examine back-
annotatedlayout parasitics todetermine the actual differ-
ences in clock route lengths and corresponding signal
delays.

Maintaining clock duty cycles is particulary important
in E/D GaAs arrays because their logic structures produce
signalrise times that are slower than the fall times. “Pulse
swallowing™ can become a concern for high-speed clock
signals that have short high-level or low-level durations.
Alternatinginvertingbuffers canhelp tocancel the magni-
tude of pulse distortion effects. Pulse distortion is also a
concern within ECL arrays, although rise and fall time dif-
ferences are less pronounced in those devices.

Manual placement of logic macros is recommended for
all critical paths in a high-speed device. Hand placement
seems to have a more pronounced effect on performance
than hand routing. Several EcL and GaAs vendors provide
their customers with software that allows them to place a
portion of an array manually and thereby minimize inter-
connect parasitics in critical paths. O
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Howard Moscovitz, AT&T Bell Laboratories, Allentown, Pa.

for digital signal processing have a variety of design

alternativesavailable to them, fromtraditionalsche-
matic capture and standard-cell design tologic synthesis,
module generators, data path compilers, and DSP CPU
cores. At present, however, no individual methodology
provides an optimal solution for a wide range of DSp appli-
cations. Consequently, rather thanrelying on asingle tool
tohandleall of theirapplications, whatdesignersneedisa
hybrid methodology that enables them to take advantage
of multiple design approaches.

Withsuchasystem (Figure 1), designers can partition
their Dsp Asic designs and apply the most appropriate
methodology for each subsystem or module. The system-
level interaction of each subsystem can later be verified
through mixed-mode simulation and a multifaceted test
strategy. Byautomating these processesas muchas possi-
ble, a hybrid system enables the designer to both maxi-
mize performance and minimize design time.

D esigners of application-specific integrated circuits

PROGRAMMABLE DSPs

One design methodology that is rapidly gaining popu-
larity is the use of programmable DSP cores in conjunction
with customized peripheral and vo functions. Using this
approach, the designer combines the core cpu with such
functions as additional arithmetic units, memories, V0
ports, registers, data conversion circuits, and other com-
binatorial logic.

Traditionally, because DsP applications have been per-
formance-bound, designers of special-purpose DSP cir-

A HYBRID APPROACH

TO APPLICATION-SPECIFIC

cuits have relied primarily on hard-wired implementa-
tions. In most cases, designers simply could not shoehorn
complexapplications intoconventional single-multiplier,
general-purpose programmable DSPs.

Recently, however, innovations in cM0S process tech-
nology have enabled semiconductor vendors to achieve
dramatic improvements in performance and integration.
As aresult, programmable DSPs can now provide real-time
execution for a variety of computationally intensive appli-
cations that previously required expensive hard-wired
designs.

Basing a design on a programmable DSP core provides a
number of advantages when compared with hard-wired
designs. One advantage that DSp cores provide is higher
flexibility. Designers can change the function by simply
changing the program that'’s stored in ROM (as they can
with standard DsP chips); they can also select the exact
amount of on-chip memory that is needed for the applica-
tion.

Another advantage is that the applications are easier
tosimulate, test,anddebug, sincehigh-levelsimulation
models and development systems are available for Dsp
cores. Furthermore, because semiconductor vendors typ-
ically build testability into their cores, the task of develop-
ing complex test programs is simplified. Designers ean
even build hardware breadboard prototypes, using a
stand-alone version of the off-the-shelf DSPin conjunction
with the appropriate memory and logic elements.

Probably the chief advantage of using a programmable
DSP is the ease of software development. In addition to
providing a standard assembler, many vendors are offer-
ingadvanced software tools, such as applicationlibraries,
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FIGURE 1. Hybrid system for DSP design.

debuggers, and compilers. With at&T’s DSP32C, Texas
Instruments’ 320, and Motorola’s 56000, for example, de-
signers can use combinations of c and assembler, coding
the bulk of their programs in c and the speed-critical por-
tions in assembler. Third-party vendors also are contrib-
uting, providing menu-drivendevelopment packages that
enable non-Dsp experts to experiment with Dsp functions
and construct programs without requiring an under-
standing of DSP architectures or conventional program-
ming languages.

HIGH PERFORMANCE DEMANDS DESIGN DIVERSITY

With the speed of atleast one Dspcore (the DSP16A) now
exceeding 30MHz, designing peripherallogic thatcankeep
upwith thecpucoreisbecoming moredifficult. Althougha
standard-cell methodology provides sufficient speed for
manyapplications, insome casesstandardlibrary compo-
nents may not prove sufficiently fast.

Here, ahybrid design system provides an excellent alter-
native. With it, designers implement each section of their
circuit using the most productive design methodology
that meets the system’s minimum performance require-
ments. Once designers have partitioned their circuits,
they select the appropriate method for each module and
obtain an optimized netlist for the entire chip. Preferably,
asneeded, theywouldbeable to further optimize the speed
or power consumption of individual modules by taking
advantage of an automated full-custom layout capability
with automatic transistor sizing.

DATA PATH COMPILERS

Certain portions of a special-purpose Dsp lend them-
selves better to different approaches. For the critical data
path elements of such circuits as sequencers, address

Hierarchical
netlist

Logic
synthesizer

Automatic
full-custom
design

Data path DSP
compiler compiler

generators and arithmetic units, a bit-slice approach is
oftenemployed, withschematic capture generally used for
design entry. With a data path compiler, the designer can
obtain an automatic custom layout for the data path by
specifying the componentsin the data path and theirrela-
tive locations.

For regular structures, such as RAMs, ROMs, PLAS, multi-
pliers, and register files, designers can invoke a library of
module generators (also known as layout compilers).
These generators produce a custom design for such com-
ponents based on user-supplied parameters like the mul-
tiplier precision or RAM word length. Often, a number of
generators are available for a particular function to opti-
mize it for a specific applications (such as Wallace tree,
parallel array, and shift-add for multipliers).

LOGIC SYNTHESIS FROM C

Forless common DsPfunctions or for randomlogic func-
tions that don’t map well to the DSP generators, designers
can take advantage of general-purpose logic synthesis
tools, which produce a netlist based on a Boolean or other
functional description. With At&T’s logic synthesis tool,
known as Cones, designers describe their logic usingac
language functional description that specifies the cir-
cuit’s state transitions at the bit or register level.

Cones uses a three-step process to generate a netlist.
First, it takes a c description and generates a Boolean
equation (sum of products) for each bit in the circuit (out-
put or flip-flop) description. Next, it generates a netlist. If
the target design is anic, Cones develops the netlist using
anoptimal combination of thelogic elements containedin
the standard-cell library. If the target is one or more PLDs
(which might be used for prototype development), Cones
partitions the design and generates a netlist using an
optimal combination of PLDs.

Inthefinalstage, whetherthetargetdeviceisanicorone
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We've mixed analog
with digital to help you
make it small in ASIC.

NATIONAL INTRODUCES
OP AMP, COMPARATOR,
ANALOG SWITCH,AND

BAND GAP REFERENCE CELLS
DESIGNED TO CUT YOUR
ANALOG REAL ESTATE
DOWN TO SIZE

Now you can bring the finest in
analog performance rightinto the
heart of your digital cell-based
design.

Because now, the people who
wrote the book on linear offer you
industry-standard functions in
analog cells.

With all the quality and reliability

you've come to expect from National.

Plus all the design and high-yield
manufacturing expertise it takes to
ensure you get the cells you need
when you need them.

EIGHT CELLS YOU CAN
BUILD ON

Our cell library now includes
three general-purpose op amp cells,
based on our popular LM324, with
gain bandwidths ranging from.75
MHz to 3 MHz.

We've also developed the A021
and A022 Comparators, which fea-
ture two different input common
mode ranges. Both cells are similar
in performance to our industry-
standard LM339.

OurA241 Analog Switch is
designed to handle signal voltages
equal to, or less than, VDD while
exhibiting a lower on-resistance than

© 1988 National Semiconductor Corporation

NATIONAL'S CELL LIBRARY
INCLUDES:
Op Amps

¢ Wide input common mode (0.3Vto
VDD —1.5V)

e Up to 3 MHz gain bandwidth product

Analog Comparators

¢ High input common mode range (1.5V
toVDD — 0.5V)

e Low input common mode range (0.3V
toVDD —1.5V)

e Less than 70nS response time

Voltage Reference

* 2.5V Band Gap Reference

® Tempco under 100 ppm/°C

Analog Switch

¢ Analog signal range OV tovVDD

¢ Low on-resistance 100 ohms

All are available in military, commercial,

and industrial temperature ranges and

in a variety of high-density surface-

mount packages.

most switches in our AH50XX, LM,
or LF families.

Asyou'd expect,we've also added
a 2.5V Voltage Reference, plus resis-
tors. And all our analog cells oper-
ate at the standard 5V.

PROVEN CELLS YOU CAN
WORK WITH

We're already working with digital
ASIC designers who need basic
analog functions without making
basic analog trade-offs in size, weight
and performance.

One major automotive sub-
system manufacturer, for example,
is currently testing our op amp and
comparator cells in a revolutionary
anti-skid braking system under
severe environmental conditions.

CIRCLE NUMBER 9

Wherever there’s a need for mixed
digital and analog solutions that
improve efficiency and reliability by
eliminating bulky, power-hungry
multi-chip configurations, there’s a
need for analog cells from National.

FUTURE CELLS YOU CAN
COUNT ON

All our analog cells are fabricated
in our proprietary M2CMOS process.
Which guarantees you three impor-
tant competitive advantages: out-
standing low-power performance,
noncopyable functional imple-
mentation, and a steady stream of
other proven National analog prod-
ucts into our cell library.

The result? Your decision to go
with National’s analog solutions will
continue to pay offlong after the
decision is made.

CELL EXPERTS YOU CAN
TALK TO

We can show you how a little
analog functionality can make abig
difference in your digital ASIC
design. For details, call our Applica-
tions Hotline at (408) 721-6247,
or write:

National Semiconductor
ASIC Solutions

M/S 23-200

PO.Box 58090

Santa Clara, CA 95052-8090
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or more PLDs, Cones looks for common circuitry, forms a
single occurrence of this circuitry, and updates the net-
list. (For example, each bitinaregister may have decoding
and chip select circuitry in common).

Limitations of the logic synthesis approach

In most cases, Cones can generate a netlist whose effi-
ciency is comparable to that which can be obtained in a
hand design. Still, logic synthesizers, Cones included,
have many limitations, particularly for implementing
critical arithmetic and data path elements. Multipliers
are a case in point. When a logic synthesis tool encoun-
ters the expression A = B X C, it may not recognize that
specialized generators are available to implement that
function. As a result, it may try to implement it using
standard combinatorial and sequential logic.

Although this approach is generally efficient for han-
dlingrandomlogic, itcan't matchthecustomdesignthata
multiplier generator provides. Furthermore, logicsynthe-
sis tools can’t yet select appropriate DSp architectures,
such as bit-serial, bit-parallel, or serial-parallel.

Anotherlimitationisalack of support for design modifi-
cations. Because the compiler handles the entire design,
the designer will be unfamiliar with the circuit topology.
Consequently, if the resulting circuit doesn’t meet all the
designspecifications, itisdifficultfor thedesignertoiden-
tify the problem and effect a change.

In addition, logic synthesis tools sometimes don’t ade-
quately address the design-for-test issue. Some vendors
approach the problem by applying a single test method,
like scan path design. However, a practical system must
applyatest methodology or combination of methodologies
that match the particular function. Scan methodologies,
for example, prove ineffective for circuits with large num-
bers of registers or large amounts of memory. In both
cases, because the registerand memory elements must be
configuredasaserialshiftchain, the timerequired toshift
data in and out of the chain proves prohibitive. Built-in
self-testing provides an effective alternative in many
cases. However, this capability is more difficult to provide,
as it must be incorporated into the generator or compiler
andmustbecustomized foreverycircuitthatisdeveloped.

DSP-SPECIFIC SILICON COMPILERS

A high-performance alternative to general-purpose log-
ic synthesis tools is Dsp-specific compilers, which are ac-
tually an extension of the generator technology used to
implement components such as multipliers. These new
tools—for example, Cathedral from Imec in Belgium and
Lager, developed at the university of California at Berke-
ley—design entire bsp modules by converting a program-
ming language or other high-level specification of a Dsp
algorithm into a series of calls to special, architecture-
specificlayout generators. The circuits produced by these
generators are wired together to form the desired function
(Figure 1).

Generator
2

Generator Generator
1 3

Placement
and
routing tool

Customized
multiprocessor
DSP

FIGURE 2. Generator-based DSP compiler.

AT&T has designed such a generator system, for internal
use, forimplementing nthorder, m-bitrir(finite-impulse-
response) filters. The system uses a library of parameter-
ized, hierarchical layout generators. It selects and confi-
gures these generators based on user-specified
parameters like filter length, window type (rectangular,
Kaiser, etc.), filter type (low-pass, bandpass, etc.), and
filter cut-off frequency.

An FIR filter calculates the sum of products for pairs of
data—one corresponding toasignal, x(n), and the other to
a coefficient, h(i)—according to the following equation:

n
yn) = 3, h(i)x(n—1)
i=0

This equation is implemented by multiplexing a single
shift/add multiplier-accumulator.

The FIR generator system calculates the filter coeffi-
cientsbasedontheuser’sinputs. It then passes the follow-
ing parameters down for layout synthesis: the order, n, of
the filter; the number of bits, m, of precision; the filter
coefficients; the number of vertical buses (used as feed-
throughs at higher levels of the hierarchy); the transfer
protocol for serial data output; and the output drive re-
quirements. The FIR filter consists of the following subb-
locks: aninputserial-to-parallelbuffer, an output parallel-
to-serial buffer, signal and coefficient registers, a
multiplier, and an accumulator (Figure 3).

The subblocks are created hierarchically (Figure 4). A
separate generator implements each of the subblocks
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FIGURE 3. Functional blocks of an FIR filter.

based on the compiled parameters and technology infor-
mation that it cbtains from a technology base. Each sub-
block generator makes calls toanumberofsubgenerators.
At the lowest level in the hierarchy, leaf cell generators
handleelectrical, physical, andbehavioral properties. The
hierarchical symbolic layout is then assembled into a
fixed-grid layout by a module assembler tool called Panda
(which is for internal use).

LIMITED FLEXIBILITY

Dsp-specific compilers offer considerable promise forim-
plementingawiderangeofpspfunctions. At present, how-
ever, their chief limitation is inflexibility. The generator
methodology works satisfactorily only when a given appli-
cation maps well to the supported architecture; these
compilers may be completely ineffective or unusable for
nontargeted applications.

Another problem is the large amount of support soft-
ware (such as simulation models, fault models, and test
vectors) that must be developed to support these gener-
ators. Unless there is a significant opportunity to reuse
these generators, they may not be cost-effective.

A HYBRID APPROACH

Although advanced tools such as compilers and logic
synthesizers greatly simplify the development of high-per-
formanceDspasICs, designers must recognize theirlimita-
tions. By adopting a hybrid design methodology, design-
ers can take advantages of the relative strengths of a
variety of tools.

AT&T Bell Laboratories uses such a hybrid system to de-
sign many of its application-specific DSP circuits (Figure
5). The entry point to the system, which consists of tools
designed for internal use, is a hierarchical netlist that can
bederived fromavariety sources. These include Dsp cores,
netlist generators (programmable macrocells), transis-
tor- and logic-level schematics, and the Cones logic syn-
thesizer.

One of the advantages of using an open hybrid method-
ology is the ability to take advantage of new developments
in automatic full-custom layout capabilities, which are
invaluable in the performance-driven bsparena. Whereas
conventional standard-cell methodologies use macrocells
with fixed cell layouts, a custom-layout approach enables
designers to maximize speed/power by optimizing tran-
sistor sizing.

AUTOMATED OPTIMIZATION OF TRANSISTOR SIZES

AT&T simplifies the design of full-custom circuits
through automation. Once designers have obtained a
transistornetlist (throughlogicsynthesis, astandard-cell
approach, or custom design), they can invoke another
internal tool, Tilos, which uses iterative static timing
analysistooptimizeallcriticalcircuit pathsbased on user-
supplied timingrequirementsand estimated circuit para-
sitics.

Tilos doesn’t simply choose cells from a library; it opti-
mizes each transistor in each cell. By sizing transistors
with Tilos, designers can often develop circuits that oper-
ate at twice the frequency of an equivalent standard-cell
design using the same technology. Moreover, Tilos en-
ables designers to optimize either performance or power
dissipation by providing a set of control parameters. In
contrast, a standard-cell approach typically provides a
limited set of performance options. Thus designers don’t
haveasmuchfreedomtooptimizetheircircuitsbymaking
performance/power trade-offs.

AUTOMATIC FULL-CUSTOM LAYOUT

Once an optimized hierarchical netlist is generated by
Tilos, it is passed to alayout supervisor tool called Impala,
which creates a customized, hierarchical, row-oriented
symbolic layout. To do so, Impala calls a cMOS symbolic
layout cell compiler (known as SC2) for each cell in the
module. SC2 can create symbolic layouts for any cMos
circuit form: conventional complementary static, dynam-
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FIGURE 4. Layout generator hierarchy for FIR filters.

ic,domino, zipper, andsoon. Since most cellcompilersare
effective for cells containing only about 200 transistors,
Impala creates hierarchical modules that contain many
compiled cells.

The resulting symbolic layout is converted into a tech-
nology-specific manufacturable mask by a hierarchical
module assembler program called Panda. The entire tran-
sistor sizing and layoutloop can be repeated by extracting
more accurate parasitics and supplying them to Tilos.
However, since the automatic layout process is very con-
sistent and predictable, a prelayout parasitic estimator
(appropriately called Paranoid) has been developed to
minimize the need for additional iterations. Once all the
chip’s modules have been designed, they are connected to
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generator
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generator

Router
generator

Multiplier PLA
generator generator

Multiplexing
register
generator

Adder
generator

f Adder cell
generator

Multiplexer
cell generator

Register cell
generator
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the chip’s V0 pads using a standard-cell placement and
routing tool known as LTX2.

SYMBOLIC LAYOUT PROVIDES DESIGN UPDATABILITY

Because all the programs in the tool set employ symbolic
layout, designs are, to a great extent, independent of de-
sign rules. With symbolic layout, transistors, wires, con-
tacts, and cells are placed on avirtual grid in terms of their
relative location. Once the the layout is complete, a user-
supplied technology file is referred to adapt, or bind, the
design to a specific fabrication process.

Byemploying symboliclayout, AT&T is able to more easily
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migrate to new technologies. At the same time, because
designersdon’thave tobe concerned with the designrules
of a particular process, the design of new generators is
greatly simplified, thus improving productivity. Design-
ers can concentrate on the design of new generators, rath-
er than on updating existing ones for new technologies.

FULLY AUTOMATIC DESIGN—STILL IN THE FUTURE

The ultimate goal in CAE/CAD development is to produce
a decision-making system that can automatically parti-
tion a circuit and apply the best methodology for each
module. Such a tool will also have to provide mixed-mode
simulationand apply the most effective test methodology.

At this point, however, the individual capabilities of
each methodology are evolving so fast that updating the
decision-making software is a formidable task. For the

(Panda) .
Mask

FIGURE 5. The hybrid automatic full-custom DSP design system at AT&T.

C program

Core DSP

Logic
synthesizer
(Cones)

Data path
compiler

Physical
constraints

Parasitic
extractor

foreseeable future, therefore, designers will have to as-
sume this task themselves. With a versatile enough tool
kit, however, theycansignificantlyreduce thedesigncycle
for application-specific Dsps without compromising cir-
cuit performance.
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The choice is really quite simple.
Dozens of different PLDs expen-
sively stocked to meet every need.
Or the generic GAL® family of pro-
grammable high-performance logic
devices.

Reprogrammable CMOS.

Behind this family is our Generic
Array Logic (GAL) architecture. First
developed and produced by Lattice,
this architecture lets one GAL device
replace all common 20 or 24 pin
PAL® devices.

Fabricated with Lattice’s proprie-
tary EECMOS™ technology, GAL
devices give you bipolar speed and
lower power. Half-power parts are
available with maximum gate delays
of 15ns. Quarter-power delays are
25ns. Both reduce heat without loss
of performance.

Gone are discarded fuse-link
parts caused by misprogramming.
Gone is the need for expensive
window packaging. Gone are long
UVerase cycles. Instead, you simply
plug your GAL device back into the
programmer and erase and repro-

gram in less than a second. Design
changes are simple and easy, too.

Inventory reductions.

From a manufacturing and man-
agement perspective, the GAL
family offers even more. Now PAL
and other PLD inventories can be
dramatically reduced. At the same
time, design alternatives multiply.

Because GAL devices are repro-
grammable, they are also reuseable.
And last-minute design changes
mean simple reprogramming rather
than costly replacement.

100% tested.

Unlike other PLDs, GAL devices
are 100% tested for optimum system
quality. There is simply no need to
overstock in anticipation of a high
failure rate.

So forget about that pile of
“Eithers” And learn more about the
Lattice “Or” To find out how GAL
devices fit all of your PLD needs, ask
for a free copy of the Lattice GAL
Data Book today.

E2CMOS is a trademark of Lattice Semiconductor.
GAL is a registered trademark of Lattice Semiconductor.
PAL is a registered trademark of Monolithic Memories, Inc.
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5555 N.E. Moore Ct. » Hillsboro, OR. 97124
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PROGRAMMABLE LOGIC
UPDATE

Ernest L. Meyer, Campbell, Calif.

were evolving in three essentially different direc-

tions: some chips were replacing the AND/OR plane
with unorthodox programmable structures; some were
combining programmable structures with standard-part
functions; and some were enhancing conventional struc-
tures with more advanced macrocell capabilities. Recent-
ly, a fourth trend has rapidly emerged: some PLDs are just
getting faster.

last year, programmable logic device architectures

DEVELOPMENT SYSTEMS

At first blush, programmable chip architectures might
seem irrelevant to the current-day system designer. With
the actual advent of “universal” programming systems,
designers could define a circuit at an abstract functional
level and then hit the “compile” button for different pLDs
untilthecircuitfitintoone. Unfortunately, device support
by universal programming systems typically follows a
chip’s introduction by about six to nine months. In the
interim, designers must use device-specific development
systems from the component manufacturers.

Sinceacompetitiveedge canbe gainedbyimplementing
a PLD before its support by universal programming sys-
tems arrives, it may seem attractive tojump for anew part
and get the development system for it. However, it is more
time-consuming to evaluate alternative implementations
with device-specific development systems: the design
must be entered on each system separately. Performance
comparisonsarenotsimple, andsodesigners mayinstead
opt to choose a part before schematic capture and simula-
tion. It is therefore advantageous to understand the avail-
able architectures, to know what the best chip is for a
particular requirement.

Universal programming systems continue to be useful
in this process, since established pPLDs are often the best
choiceanyway. At this stage, many of the devices that were
reported on last October (Meyer, 1987) are now supported
by the leading universal programming system, from Data
0. For example, the company now supports the Xilinx
family (forschematic capture and simulation, anyway), as
wellas the PLX448, the29M16, the 5C032, the GAL39V18
(now renamed the GAL6001), and the EP1800.

Data 1o is also now distributing the ABEL and PLDtest

design software on additional platforms besides the IBM
PC: on Intergraph’s Clipper and the Sun-3 hardware, as
wellas on hardware running under the vMs and Unix oper-
ating systems.

ARCHITECTURAL VARIATIONS

Choosing the right part for a particular application is
becoming an increasingly complex problem. There are
now hundreds of pLD parts in thousands of versions. As
was stated earlier, the more innovative LD architectures
are evolving in three essentially different directions.
Orthodox pLD structures have been entirely abandoned in
some chip families, to be supplanted by radically different
interconnection strategies. Other chips have melded con-
ventional PLD architectures with standard-part functions
into programmable “integrated subsystems.” Then, too,
some chips have supplemented the traditional architec-
tures with grander macrocell capabilities.

ESOTERIC ARCHITECTURES

In the first of these categories, we noted previously two
chip families that represent a distinct departure from tra-
ditionalpLDarchitectures: the Erasic family from Exeland
the LcA devices, or “programmable gate arrays,” from Xi-
linx. Both have been very successful.

Exel's Erasic family forsakes the traditional AND-OR plane
architecture in favor of a single folded programmable NOR
array. The XL78C800 offers two combinatorial inputs,
twosetsoffourlatched inputs, and 10 registered outputs.

Folded NOR architectures lend themselves to multilevel
logic: the XL78C800 can contain a phenomenal 42 logic
levels, with 32 buried NOR product terms that can be cas-
caded combinatoriallyor combined toformadditionalreg-
isters. Acommercial 25-nsversion isnowavailable for$14
per hundred, with a 45-ns version for $7.25. Mil-spec parts
are $92 and $75 for the respective speed grades.

Exel is currently porting the Erasic family toa 1.2-pm
processandwillshortlybeoffering 15-ns partsincommer-
cial grades. The company is also readying its next-genera-
tion part, the XL78C1800, which boasts 1,800 gate equiv-
alents in a 40-pin DIP and a 44-pin PLCC.
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TheErasic’sNOorarchitecture permits somewhat higher
performance for many functions but cannot be designed
with a standard programming system alone. Exel offers a
transparent preprocessor for Data/o’s ABELsystemso that
designers can work with a familiar design system. The
fuse map preprocessor, simulator preprocessor, and TTL
library are under $400.

Xilinx is even more radical. In the XC3020, it embeds 64
macrocells in a grid of dynamically reprogrammable
(SRAM) interconnections. Each macrocell contains two
flip-flops; in addition, each macrocell may be used for ei-
ther two four-input or one five-input combinatorial func-
tion. The XC3020 also contains 64 /0 macrocells on the
periphery, each of which contains two more flip-flops that
may be used for a registered input and output or within a
counter chain. Thus the chip contains 128 macrocells in
total, with 256 flip-flops.

Since this time last year, Xilinx has also introduced the
XC3090. This programmable Hercules contains 320 in-
ternal macrocells and 144 10, yielding an estimated 9,000
equivalent gates and 928 flip-flops. At present, this device
is the only programmable logic chip that is conceivably
large enough for a full 16-bit microprocessor.

Military-grade versions in 175-pin ceramic PGAS are
available in 50-MHz speeds for $346.50 in 100-piece quan-
tities. The XC3020 has dropped to $51.65 for 70 MHz; the
old 2064 (with 256 flip-flops) is now a bargain at $32.50.
Thecompanywillbereleasing intermediate partsbetween
the 3020 and 3090 in 84-pin PLCcCs and ceramic quad flat
packs over the coming year.

Xilinx has expanded its front-end design system line to
include design and simulation tool support for almost two
dozen vendors, including Data rvo, Mentor, Daisy, Valid,
Case Technology, Viewlogic, and Omation. Actual wire
delays can be back-annotated from the Xilinx layout soft-
ware into these systems for postlayout simulation.

An additional vendor has entered into the “esoteric”
category: Actel Corp. has introduced a user-programma-
ble gate array that employs antifuse technology for densi-
ties up to 6,000 estimated gate equivalents with a 1.2-pm
process (Mohsen, 1988). The architecture closely resem-
bles an actual gate array rather than any current form of
PLD. Actel’s Actl family may prelude a new generation of
design capabilities, with 70-MHz toggle frequencies for any
combination of sequential and combinatorial functiona-
lity. The first chip contains almost 200,000 antifuses,
providing sufficient interconnections to simulate fully a
gate array architecture, but increasing the programming
time (and, presumably, the fallout) compared with a con-
ventional fuse-link PLD.

Asanalternative togatearrays, the Act1 part is certainly
attractive, especially since NREs are practically nonexis-
tent, there is no wait for wafer turnaround, and revisions
are pretty much instantaneous.

Programming is one distinction between the two fam-
ilies. TheAct1 chiprequiresabout 10 minutes toprogram.
On the other hand, the Xilinx parts canbe programmed in
milliseconds, although they must be reprogrammed from
PROMeach time the system is turned on. Xilinxsupplies an
8-pin skinnypip PROM with enough internal space—64 Kki-
lobits—to program itslargest array, if noother PROMspace
is available on board. Some have cited the extra chip and
boot timeas adisadvantage, but Xilinx points out that the

boot time is only milliseconds long and that their skinny-
DIP, if it is necessary, is smaller than a fingernail.

"HYBRID’ ARCHITECTURES

“Hybridization” of standard-part functions with pro-
grammableAND/OR planes canyield higher equivalent-gate
counts in smaller chips.

Recently, Atmel has announced the first line of pro-
grammable analog/digital devices (PADDs). These devices
combine standard analog functions with programmable
function controland memory. They will include program-
mable delay lines, programmable filters, and video DACs,
employing nonvolatile memory to store delay-line control
codes, filter settings, and color look-up tables.

On the strictly digital front, hybrid architectures cur-
rently fall into two categories: programmable sequencers
and programmable bus interfaces.

Programmable Sequencers

PROSE and saM were the first two families of programma-
ble sequencers, both of which combine branch control
logic (in aPAL form) with an EPROM- or PROM-based microse-
quencer and an output register. To these we can now add
the TIBPSG507 from Texas Instruments and two parts
from Cypress Semiconductor.

saM, from Altera, contains 768 product terms in a pro-
grammable AND plane with eight true and complemented
inputs from input pins and eight inputs carrying the mi-
cro-address; a 448 X 36-bit EPROM, of which 8 lines feed
back to the AND plane; a 15-byte stack; an 8-bit loop
counter; and a 32-bit register that pipes into 16 outputs
horizontallyorvertically. Adesign systemisavailable from
Altera for about $2,000, which includes a microcode as-
sembler, a functional simulator with graphical output,
and a programmer. Commercial-grade 20-MHz SAMS are
$25 to $30, and a 30-MHz version is being readied.

PROSE, from Advanced Micro Devices, contains up to 16
product terms in a programmable AND array with 14 com-
plementary inputs and 2 outputs; 128 product terms ina
128 x 21-bit PrROM and with 8 bit lines connected to regis-
tered outputs, 5bitlines folded back into the PROMarray, 2
bitlinesxored with the inputs from the pALarray, and 6 bit
lines for condition selection (feeding into the PAL array).
Design support is supplied by pALASM 2, and Data 1/0 sup-
ports PROSE programming. PROSE devices are available
from stock for $15.

Designers may wonder why these particular dimen-
sions have been chosen for these single-chip sequencers
and when a programmable sequencer is preferable to a
standard-part implementation. According to Altera, SAM
reduces unit cost by about $15, between the component
cost, board area savings, and system-level savings over an
equivalent 20-MHz system implemented with discrete de-
vices. As for PROSE, Monolithic Memories says that the
architecture was established by customer demand.

Texas Instruments’ TIBPSG507 is less complicated
than PROSE and sAM (despite its longer name). It is in fact
similar to the familiar 82S105 from Signetics. However,
whereas Signetics’'s FPLS (field-programmable logic se-
quencer) contains 16 straight inputs, 8 nonbidirectional
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latched outputs, and 6 buried latches, the TIBPSG507
contains 12 straight inputs, 8 bypassable nonbidirec-
tional latched outputs, and 8 buried registers.

Moreover, the TIBPSG507 includes a 6-bit counter as
well. The counter can be programmed to stop and start
again with product terms, and the clear function can be
programmed also. Counter hold and clear functions may
be registered or combinational, permitting both external
and internal complex count function control. By appear-
ance, then, the TIBPSG507 issimpler tousebutlessversa-
tile than PROSE and sAM.

Data 1/0 supports programming for the chip. In 1,000-
piece quantities, it costs $15.89 ina 24-pin plastic bipand
$16.24 in a 28-pin PLCC.

Cypress Semiconductor also based its state machine
partsonstandard pLDarchitectures. Although these parts
do not actually contain counters or sequencers, they are
specially designed for state machine applications.

There are two parts, one for synchronous and one for
asynchronous machines. The CY7C330 is the synchro-
nousstatemachinepLD. Itcontainsbothinputandoutput
registers, and runs at 50 MHz. There are 11 registered
inputs, which canbe programmed to clock on either of two
input clocks, allowing two-phase or customized pulse re-
sponse. Therearealso 12 outputregistersand 4 dedicated
buried registers, controlled by a separate output “state
clock.”The user can bury up to 6 output registers without
sacrificing input pins, yielding up to 10 buried registers.
The device comes in 50-MHz and 33-MHz versions, in win-
dowed ceramic 28-pin slimpips for $30.60 and $23.55,
respectively, in 100-piece quantities. Plastic windowless
packages will soon be available for $24.70 and $19.40.

The CY7C331 is a registered pLD specially tailored for
asynchronous state functions. It contains 12 registered
bidirectional macrocells and 13 nonregistered inputs.
The macrocells can provide registered, transparent, or
combinationial input or output: and the set, reset, and
clockallare controlled by product terms. The partcomesin
a28-pinwindowed ceramic package and costs $21.40and
$16.45 for 25-ns and 35-ns versions, respectively.

Cypressisworking onanewstate machinearchitecture
with 125-MHz speed, destined foravailability in the second
quarter of 1989. This part will use both rising and falling
clock edges to double synchronous throughput and will
probablyuse thesame 0.8-pmdrawn-feature design rules
(0.65 pmleffective)as currentlyused for the '331 and’332.
Incidentally, Cypress currently has the smallest feature
sizes of all LD vendors. Cypress is also a technology part-
ner in the forthcoming MaX chip from Altera (described
below) and will be shipping the part 90 days after Altera’s
introduction of the part.

Programmable Bus Interfaces

Harris, which invented the fuse in the first place, was
the first company to combine standard-part functions
andfuses. The82C339, whichhasbeenavailable forabout
four years, contains an octal multiplexed input for inter-
facing with 8088-type buses and a programmable compa-
rator to generate up to four control signals at user-pro-
grammed addresses, making the device ideal for direct
memory-mapped applications.

Last year, three further bus-oriented devices emerged:

the BIC, the Buster, and the PLX448.

The BIC, from Intel, combines three octal latched trans-
ceivers with a standard pAL architecture. The transceivers
can be clocked in any one of eight modes, with a special
macrocell dedicated to each 1o pin. A further four buried
macrocells are included. BICs are shipping for $17.50.

The Buster, from Altera, contains one transceiver, with
a 24-madrive capability, which makes it compatible with
1BM's Micro Channel bus. Also, there are two registered
inputs, 7 buried macrocells, and 20 yo macrocells. Buster
isnowbeingsampled incommercial 25-MHz grades forjust
under $25. A development system with programmer goes
for some $2,500.

pLX Technology is now shipping the PLX448. This part
contains a standard internal pPAL architecture with 10 in-
puts and 8 doubly folded bidirectional outputs. However,
the vo macrocells meet the IEEE-448 standard, with 4 out-
puts driving 48-ma loads and 4 outputs driving 24-ma
loads on a separate clock.

pLX Technology is now also offering preprogrammed ver-
sions of the PLX448 for standard bus interface functions.
These preprogrammed devices perform common VMEbus,
VSB (VME subsystem bus), and Micro Channel protocol
functions. vsB masters and slaves are $24 to $26; vMEbus
mastersandslaves costs $28 to $52; and vMEbus interrupt
generators, $26. A Micro Channel master is currently be-
ing sampled for $26.

IMPROVING ON THE STANDARD ARCHITECTURE

Most parts that provide embellishments on standard
pLD architectures do so by supplying enhanced macrocell
capabilities. Macrocells can restrict the actual usefulness
of a device if they are not flexible enough. On the other
hand, anovercomplex macrocell canbewastefulwhenjust
a simple macrocell will do.

Features to check for in “fully featured” macrocells in-
clude varying sum-of-product-term distributions; pro-
grammableregister bypass, feedback, and preloading: in-
dividually programmable clock and output three-stating;
programmable polarity; sequential diagnostic capability:
bidirectional v0; configurability as a D or JK flip-flop or
latch; and an additional feedback path so that the macro-
cell pin can be used as an input at the same time as the
register is buried (“dual foldback”).

Four part families sport major variations on the stan-
dard architecture. Announced some time ago are the
29M16 and the 29MA 16, a planned family from Advanced
Micro Devices. In this family, a whole 16 fully featured 1o
macrocells are crammed into a 24-pin chip. How? Simply
enough, by replacing dedicated inputs by V0 macrocells.
These parts lead one to wonder why pLD vendors hadn'’t
dreamedupreplacingall thededicated inputs by program-
mable /0 macrocells before this.

The 29M16 and 29MA 16 differ essentially in their prod-
uct-term distribution. Between 4 and 12 product terms
are assigned to each macrocell, with the distribution dif-
ferent for different groups of pins in the two parts (a trick
pioneered by Cypress Semiconductor). Advanced Micro
Devices maysample the 29M 16 toward the end of the year.

The 5AC312 EpLD, from Intel, contains 8 registered in-
puts and 12 fully featured vo macrocells. Of particular
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FIGURE 1. In Atmel’s “Jumbo Logic Array, each I/O macrocell, registered (a) and combinatorial (b), contains two flip-flops, both of
which may be buried.

note: product-term allocation between adjacent macro-
cells is user-programmable. Each macrocell is normally
fed by 8 ored product terms; however, 4 additional prod-
ucttermsmaybereassigned toeach macrocell from each of
the two adjacent macrocells by programming the appro-
priateinterconnections. Thusamacrocell canbe fedby 12
product terms, andoneofitsneighborsby4; oramacrocell
may be fed by 16 product terms, and each of both of its
neighborsby4. This flexibility makes the part particularly
suitable for medium-scale irregular decoding functions.

Now reduced in price to $17.50, the '312 has met with
good favor, and Intel will be introducing an additional
member for the family by the end of the year. The new part
will have twice the density of the ‘312 and the same fea-
tures. Intel willalso introduce software and programming
hardware at the same time, as well as simulation support
for the whole family. The new software and hardware will
allow engineers to use state machine, schematic design,
or netlist entry, as well as detailed timing simulation. The
design system for all Intel products willbe $3,450. Datavo
already supports the existing parts.

The 30-ns GAL6001 (as noted, previously designated
the GAL39V18), from Lattice Semiconductor, has 10 reg-
istered inputs and 10 fully featured vo macrocells. The
inputs for the vO0 macrocells have separate registers, per-

mitting theyvomacrocellstobeburiedand theinputsregis-
tered simultaneously. The chip also contains 8 buried
registers. Supported bya proprietarydevelopment system
costing less than $800, it is second-sourced by National
Semiconductor and sGs Semiconductor.

Also on the density front, consider the “Jumbo” from
Atmel and Altera’s MAX. Atmel’s so-called “Jumbo Logic
Array,” the ATV2500, contains 14 standard inputs and 24
10 macrocells in a 40-pin pLcc. Unlike any other part, it
contains two doubly folded registers in each /0 macrocell
(Figure 1), making it possible to bury 48 registers. Note
that the register clocks are driven by product terms, mak-
ing the part suitable for asynchronous state machines.
The macrocells also contain three sum terms that may be
allocated to the flip-flops or toa combinational outputina
flexible manner (the part can thus emulate Intel’s flexible
product term allocation).

The MAX is the next offering from Altera and will start
shipping next quarter. It uses hierarchical AND planes to
reduce the number of fuses and increase the equivalent
gatecount. Truesystem clock rates of 40 MHz are promised
for the family, which will offer 16 to 128 macrocells. The
macrocells are arranged in a hierarchical manner, with
global programmable interconnections between two col-
umns of logic array blocks, or LaABs (Figure 2). Each LAB
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FIGURE 2. The MAX, from Altera, uses a novel structure containing two columns of logic array blocks (LABs), each containing its own
product-term matrix, to expand the globally available signals into a larger submatrix.

contains its own product-term matrix to expand the glo-
ballyavailable signalsintoalarger submatrix, aswellas 16
to32romacrocells. TheMaxwillbe supported by its ownpc
AT-based development system; pricing is not yet an-
nounced. As previously mentioned, Cypress is a technol-
ogy partner and will second-source the part next year:
TexasInstruments, Intel, and WaferScale Integration also
second-source Altera EPLDs and so will probably be second
sources later on.

GETTING FASTER AND FASTER

Onthespeedfront,anumberofvendorsareclosinginon
the sub-10-nsregion. At the time of writing, Texas Instru-
ments is leading the TTL fray with a specially designed
programmable address decoder (PAD). The device movesin
theoppositedirectionfromallthe architectures described

above, focusing on simplicity (Figure 3). The architecture
is optimized for decoding: there is only one product sum
foreach output, but instead of one common output enable
line, there is a separate high-impedance control for each
pin. ThepraD rushes along with a 7-ns maximum delay and
a conservative current drain of 180 maA. PADs are available
immediately for $9.39 per 1,000 pieces. Data o and Digi-
tal Media both support PAD programming.

Tl is also offering a 6-ns ECL PAL in a ceramic DIP for less
than $20. The TIEPAL10H16P8 conforms to the 10KH
logic levels and is said to demonstrate 99% yields.

AMD is hot on TI's heels with “standard” TTL PALs rather
than new architectures. AMD's 16R8, 16R6, 16L8, and
16R4 are now available in 7.5-ns versions, a mere 0.5 ns
slower than the pAD. The parts draw 180 mA maximum
(140to 150 mAtypical)andarebeingdistributedat$10.45
per 100. It is worth noting that these parts are the com-
monest programmabledevices inuseandsoarelikely tobe
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FIGURE 3. Opting for simplicity, Texas Instruments’ programmable address decoder (PAD) achieves a maximum delay of 7 ns.

preferred by many. AMD is also offering the 22V10ina 15-
ns grade at $16.45 per 100.

Lattice Semiconductor is selling the fastest EEPLDs at
present, clocking in with a 12-ns maximum delay. The
GAL16V8A-12 and GAL20V8A-12 are priced at $8.32 and
$9.51 each, respectively, for 100 units in plastic Dips. Lat-
tice is not currently offering a high-speed-grade version of
the 22V10.

Gazelle Microcircuits has shaved 5 ns off AMD’s high-
speed 22V 10 version by casting the chip in gallium arsen-
ide. However, its 10-ns GA22V10is about $50 and must be
laser-programmed by the manufacturer. The chip has
nevertheless already achieved popularity in the high-end
pC market, where it is being used in 25-MHz 80386 ma-
chines for cache control.

Gazelle's speed advantage will be difficult to maintain.
For smaller functions, chips in TTL are already available
thatare faster than thatoffered by Gazellein GaAs. Howev-
er, GaAs performance is more stable with temperature
variations, and power dissipation is lower.

In fact, the war over power dissipation is just starting.
Over the next year, we may well see a narrowing in the
speed margins between the different product offerings
and, atthesametime, agreater focus on powerdissipation
per gate equivalent.
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Il DESIGN TOOLS &
METHODOLOGIES

56 THE ROLE OF LOGIC SYNTHESIS
IN SILICON COMPILATION

Misha R. Burich, Silicon Compiler Systems Corp.

Logic synthesis’s key role will be as a consistent piece of a
design environment that includes design capture, simula-
tion, logical design analysis, and manufacturing support,
the author maintains.

64 VHDL FOR ASIC DESIGN AND VERIFICATION

Rick Sullivan and Lisa R. Asher, Viewlogic Systems Inc.
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Starting in October 1988, all ASIC designs submitted to the Department of Defense must be
accompanied by behavioral and structural descriptions written in VHDL. The authors present
a top-down design verification methodology for large ASICs, using the appropriate subset of
VHDL.

74 ADVANCED MODELING TECHNOLOGIES
FOR LOGIC SIMULATION

William B. Fazakerly and Robert P. Smith, Ikos Systems Inc.

Smaller device geometries increase the need for more accurate timing models for logic
simulation. Table look-ups and linear interpolation techniques deliver a high degree of
accuracy.

86 LINKING DESIGN AND TEST FOR
ASIC PROTOTYPE TEST DEVELOPMENT

Eric Archambeau, Teresa Butzerin, and Dave Roth, VLS| Technology Inc.

Developing test programs for ASIC prototypes is still a major bottleneck in the semicustom
development cycle. The test vector generation methodology descibed guarantees that test
vectors will always convert to the cycle-based world of testers, while guarding against race
conditions and other hazards.
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THE ROLE OF LOGIC

SYNTHESIS IN
COMPILATION

SILICON

Misha R. Burich, Silicon Compiler Systems Corp., San Jose, Calif.

ogic synthesis converts register- and logic-level de-

sign descriptions into detailed logic implementa-

tions. Inso doing, it frees designers of both applica-
tion-specific ics and standard ics from dependence on a
specific technology. At the same time, it delivers a high-
level design paradigm and makes possible global optimi-
zationsof designs thatare too complex tobe done by hand.
Because silicon compilation delivers some of the same
benefits, logic synthesis hasbecome part of silicon compi-
lation products, and it will play an even more important
role in future products.

Logic synthesis software attempts to create an imple-
mentationthatisefficientwhetherthedesignisrealized
as a gate array, a standard-cell Iic, or a custom, compiled
chip. To meet that goal, it must be integrated with design
capture, analysis, verification, and test gen-
eration tools. Thus at some companies, in-
cluding Silicon Compiler Systems (scs), logic
synthesis is seen as part of a design environ-
ment that includes simulation, logical analy-
sis, and manufacturing support (for example,
test vectors and netlist database).

SILICON COMPILATION IN IC DESIGN

Asic and Ic design automation is helping en-
gineers construct increasingly complex ICs.
Today, chip designs with tens of thousands of
gatesarebecomingvery common, andsizeand
complexity will continue to grow. Further-
more, IC process technology can handle hun-
dreds of thousands of gates. Consequently,
the design automation tools—for both the
frontand back ends—must keep pace with the
capabilities of process technology.

The front end of the design process com-
prises design capture and verification of the
architecture, detailed logic implementation
of the architectural components, and simu-
lation and timing verification of the logic im-

plementation. Logic synthesis plays a role in automat-
ing the logic implementation of some or all of the
architectural components.

The back end of the design process completes the
physicallayout, verifies functionality and performance,
and checks for design rule violations. Further, the li-
braries of models used in the design are as critical as the
verification tools because they tie the front and back
ends together, allowing the entire process to be opti-
mized. Silicon compilation can supply all the requisite
elements of both ends of design (Figure 1).

Silicon compilation has become a leading IC design
automationdisciplinebecauseitsrapiditerations makeit
the most productive methodology for both cell-based Asics
and standard parts. To get an idea of its range, note that

FIGURE 1. The design flow of a silicon compilation system includes logic
synthesis to generate unstructured blocks of logic that are not efficiently de-
signed with logic modules.
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silicon compilation was used to design the cpu chip set for
Tandem's cLxworkstation as custom asics and the Motor-
ola 88000 risc chip set as standard parts. Indeed, silicon
compilationisespeciallysuited for complexasics and mul-
tichip designs ranging in density from 10,000 to over
200,000 gates.

Silicon compilationyields rapiditerations atanylevel
of the design process, a capability essential for building
complex systems. It improves productivity by integrat-
ing into a unified environment some key technologies:
design capture, logic synthesis, mixed-mode simula-
tion, timing analysis, test vector generation, cell and
module compilation, and placement and routing. Relat-
ed technologies like computer graphics, high-level lan-
guages, and design database management complete the
environment.

LOGIC SYNTHESIS JOINS COMPILATION

Logic synthesis is one of the latest additions to the set
of silicon compilation tools. In our view, logic synthesis
isasubsetofhigh-levelbehavioralsynthesis. Behavioral
synthesis itselfbegins with a functional description ofa
system—simplyput, what thesystemdoes. Itresultsina
structural description of the design, consisting of high-
level logic elements, like registers and memories. These
specifications can take several forms: logic equations,
state machine descriptions, truth tables, or descrip-

FIGURE 2. The flow of logic synthesis includes several tools and
representations of the design.

tions in a structural language.

Logic synthesis converts such high-level logic speci-
fications into detailed logic descriptions. These final
descriptions contain the primitives in a particular cell-
basedtechnology. Inthecaseofgatearraysandstandard
cells, the library of primitives consists of specific gates,
such as AND gates and flip-flops. More advanced libraries,
as found in silicon compilation systems, include higher-
level components like adders, ALUs, multipliers, RAM, ROM,
and pLAS.

Logic synthesis systems run through a series of steps
that include language parsing of the design input, logic
module generation, logic optimization, power con-
sumption optimization, and technology mapping (Fig-
ure2). Theelement firstenteredintoasystemisthelogic
specification (which, as noted above, may take several
forms). The input is processed by a parser, which con-
structsan intermediate representation that can be ana-
lyzed by the software tools, which convert it into an ab-
stract logic network.

A logic network can also be arrived at through sche-
matic capture and then entered into a logic synthesis
system. One of the benefits of silicon compilation is that
it allows a user to capture designs that contain high-
level, parameterizablecells (Figure 3). Theresultant net-
work consists of generalized logic functions, arithmetic
functions, and memory elements.

Synthesis thenproceeds togenerate thelogic modules
for all of the higher-level functions. (Logic module gen-
eration is a very important aspect of synthesis and is
discussed later in more detail.)

At this point, the logic synthesis tool optimizes the
logic, performance, and power consumption. This im-
portantstep createsaschematicofthesynthesizedlogic
that minimizes the composite-cost function while at-
tempting to satisfy the performance constraints speci-
fied by the user. (Figure 4 shows a portion of an auto-
matically generated schematic of the logic that was
synthesized from the input in Figure 3.)

The final step is the technology mapping. This proce-
dure begins with the derived logic network and updates
it with components from the chosen implementation
technology—bipolar or cMOs gate arrays, standard cells,
or compiled-cell libraries. Some logic synthesizers com-
bine optimization and technology mapping in a single
step.

PARSERS AND GENERATORS

The input for logic synthesis systems contains regis-
ter-transfer-level (RTL) languages and finite state ma-
chine descriptions. Boolean equations are a subset of
thesedescriptions. VHDL is one of the many languages that
fall into this category; in fact, it is emerging as a standard
language forsynthesis, inadditiontoitsroleasabehavior-
almodelinglanguage. The inputlanguages describe howa
circuit functions. A parameterized ALU description in the
scs logic description language, for instance, would show
several aspects of a specification. For example, the func-
tional description could take the form of a list of param-
eters, say, the width of the ALU (Figure 5). Therefore, this
functional description can be used for ALus with any num-
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FIGURE 3. Schematic capture within the compilation system combines logic gates with parameterized cells.

ber of bits.

Inadditiontothedatatypes(“int,”“struct,”and"“list”)
traditionally found in programming languages, a logic
description language supports the data types for exter-
nally visible signals (“ports”) and internal signals
(“sig”). In this example, the op-code signal “op” controls
the function of the ALu. The add op code is O; the subtract
opcodesare 1 and 2. Theresult islatched into an outputb
latch on CLK.

Suchlogicdescriptionsare processedbyaparser, which
constructs the intermediate parse-tree description that
unlike the language description, can be read by the logic
synthesis tools. These tools analyze the parse tree and
create a network of abstract gates, latches, adders, shift-
ers, and other arithmetic functions. Logic synthesis then

continues, generating the logic modules.

A logic module generator (also known as a module or
block compiler) is a program that takes a high-level de-
scription and from it generates all necessary views of the
module for the designer: layout view, simulation view,
timing analysis view, and a schematic symbol view for
design capture. Module generators can be constructed to
produce logic netlists as well.

Logic module generators are very important for logic
synthesis. They can represent very-high-level functions
and contain user-specified parameters. These generators
are developed by experticand logic designers whose prow-
ess they capture. AsiC designers then leverage this exper-
tise when capturing the design.

The following example of a multiplier logic-module gen-
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FIGURE 4. The logic synthesizer created this logic from the schematic input in Figure 3. Only a portion is shown.

erator incorporates several user-specified parameters:

Func Multiplier (n_bits, m_bits, accumulator)
int n_bits; /* number of bits for multiplier */
int m_bits: /* number of bits for multiplicand */
int accumulator; /* optional accumulator*/

This generator creates n x m-bit multipliers with op-
tional accumulators for summing up. It produces a gate-
level description of a multiplier with any specific set of
parameters, which may range from 2 bits to 64 bits.

Module generator libraries contain parameterized sys-
tem components like logic gates, adders, counters, data
paths, RAM, ROM, PLAs, multipliers, and core microproces-
sors. The tools for developing module generators consist of
interactive graphicseditors, specializedlanguages, simu-

lation and characterization programs, and behavioral-
and functional-modeling tools. In particular, logic module
generators are best developed by Asic cAD departments, in
a structural modeling language. Such a language has to
support all traditional language constructs but must also
support logic parameterization and netlist connectivity.

OPTIMIZATION AND MAPPING

Logic and performance optimization takes place once
the logic network is constructed from the language pars-
ing and logic module generated. Most optimization tech-
niques are based on algebraic or rule-based methods.
Some of them combine the two. The traditional optimi-
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FIGURES5. The language specification foran ALU shows the use of
parameters (width) and data types for I/O signals (“ports’”) and
internal signals (*‘sig”).

zation algorithms, used primarily for PLA and PLD optimi-
zation, operate only on two-levellogic networks. Multilevel
optimization methods are more useful because they can
improve sequential circuitsaswellas combinatorialones.

Performanceoptimizationis essentialforalogicsynthe-
sis system. The user wants to specify critical paths to be
optimized, timing constraints among signals, and clock
cycle duration. To do so, the logic synthesis system must
contain a built-in critical-path analyzer that evaluates
possible approaches.

Technology mapping produces the final implementa-
tion of the desired function in the form of a network of
specific library components. For example, the design can
be mapped into a bipolar or cMOs gate array, standard
cells, oracompiled-celllibrary. Each of theselibraries may
contain different logic and memory primitives. Between
the libraries, the primitives may have different timing
delays, loading constraints, and interconnect con-
straints. For this reason, a logic synthesis system should
combine logic and performance optimization with the
technology-mapping information and rules.

SYNTHESIZING LAYOUT

Logic synthesis is a technology for transforming and
optimizing a high-level description of a complex function
into a netlist of primitive logic gates. Logic synthesis has
become important to silicon compilation because it pro-
videsanadditionalmechanism for synthesizinglayout for
parts of a chip or for an entire chip. This mechanism

applies standard-cell placement and routing software to
the optimized gate-level netlist. By combining logic syn-
thesis andlayout tools in one environment, silicon compi-
lation tools provide a tighter link to layout and allow the
designer to leverage the logic optimization in the layout
and vice versa.

One example of a combined logic synthesis and stan-
dard-celllayoutsystemisscs’s LogicCompiler, arule-driv-
en system combined with parameterized, standard-cell
layout.

Mn
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FIGURE 6. This 100,000-transistor RISC processor contains 16
major blocks, 6 built from logic synthesis tools and 10 created by
module generators.

Thecompileracceptsinputdescriptions inmany forms:
logic equations, state equations, schematic diagrams,
netlists, structural descriptions, and module-generator
parameters. Its primary application is those parts of a
design thatare notinherently highly structured. Random
logic, control logic, andsmallerarrays canoftenbesignifi-
cantly reduced in size by efficient optimization.

An illustration of the power of logic synthesis within
silicon compilation can be seen in a design that was run
through LogicCompiler (Figure 6). Six of the 16 major
blocks were prepared with the compiler. The others were
designed using specific module generators. This custom
RISC processor has about 100,000 transistors. (]
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VHDL FOR ASIC DESIGN
AND VERIFICATION

Rick Sullivan and Lisa R. Asher, Viewlogic Systems Inc., Marlboro, Mass.

dard 1076-1987, viDL (VHsIC Hardware Description

Language) is rapidly gaining momentum as an in-
dustry-standard hardware description language. Its us-
agewillbe furtheraccelerated by the recent Department of
Defense mandate that all Asic designs submitted under
contract mustbeaccompanied by vHDL models. This man-
dateis encompassed within Military Standard 454. which
statesthat“asicsdesignedafter September30, 1988, shall
be documented by means of structural and behavioral
VHDL descriptions.”

Thisarticledescribesarigorous top-down design meth-
odology for Asics, employing a behavioral subset of VHDL.
The goal of this methodology is to enable the production of
higher-quality chips with fewer postfabrication design
changes. As a by-product, it will produce the behavioral
and structural vibDL modules required by Mil-Std-454.

The main benefits of the method are:

o wing in part to its recent ratification as IEEE Stan-

e Simplified project planning, achieved by splitting the
problem into smaller, independent problems

® Thecreationofrigorousdesign specs (vHDLbehavioral
models), prior to implementation, which can clarify
design requirements and lead to cleaner designs

® [dentification of design flaws early in the design cycle,
when the cost to fix problems is minimal

® The creation of vHDL behavioral models that can be
used in system simulations before the Asic has been
designed.

Certain CAE tools are required for this design method.
These tools are collectively referred to as the “host CAE
system.” A good schematic editor is assumed. Other fea-
tures specific to this design method are highlighted and
discussed below; particularly important is the ability to
simulate behavioral viHDL models within the AsIC design
cycle, as opposed to once at the end of the design.

Asanillustration, wewilluseacircuit thatimplementsa
parallel hardware sorting algorithm. This circuit would
occupyabout 11,000 gates in a typical gate array. Its basic
function is to shift in a stream of up to 256 sixteen-bit
unsigned integers and shift them out in ascending order.

VHDL SUBSET FOR BEHAVIORAL MODELING

VHDL includes constructs that support diverse design
styles (Lipsett, Marschner, and Shahdad, 1986; Barton,
1988 and June 1988), allowing designers to specify struc-
tural, data-flow, and behavioral models. This broad cover-
age of methodologies is necessary because VHDL models
must serve as self-contained specifications for design
transfer. However, whenusingvHpLas adesign tool, users
find that a particular design style employs only a subset of
VHDL's features. In fact, when required by contract or de-
sign methodology to produce models at a specific level,
users must restrict themselves to a defined subset of the
language. The vHDL subset described here applies to be-
havioral modeling. Tools that implement this subset ade-
quately support modeling at the behavioral level, and us-
ers who adhere to this subset can be confident that their
models lie within the behavioral domain of VHDL.

Ingeneral, aviDLmodel has two parts: an entity declara-
tion and one or more alternative architecture bodies. The
entity declaration defines a device’s external interface,
and each architecture body describes one implementa-
tion of the entity. An architecture body can include in-
stancesofothercomponents anddefine theirlogical inter-
connections, specifying the internal structure of the enti-
ty: or it can contain behavioral process statements,
defining an algorithm that produces new values for the
entity’s outputs. Architecture bodies can also contain
concurrent signal assignments, which are data-flow con-
structs that specify new values of output signalsas a func-
tion of input signal values. These statements, as well as
two other kinds of concurrent statements, concurrent as-
sertionstatementsandconcurrent procedurecalls, canbe
represented as semantically equivalent process state-
ments (IEEE, 1988).

Anarchitecturebody may contain these three construct
types in any combination. However, a purely behavioral
architecture body specifies none of the internal structure
ofadevice; instead, it captures the device’s externally visi-
ble function, or behavior, at its top level (IEEE, 1988; Bar-
ton, June 1988). Since IEEE-1076 stipulates that abehav-
ioral architecture body does not instantiate lower-level
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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 integrared cir-
cuit 30 years ago, Texas Instruments in-
troduced a commercially available logic
function, an RS flip-flop. With that
beginning, T1 established a tradition of
development and innovation in logic
that encompasses the industry-standard

SN54/74 Series TTL and the new

families 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.

TI'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 Tl 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
Qur 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, T1
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 TT's range of
logic options:
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et high speed, low

power, and low noise with

TT’s 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
TIs 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.



ut power, not
speed or drive, with TT’s
BiCMOS bus-interface ICs.

This new family is a simple, effective
means to reduce system power consump-
tion without compromising advanced
performance.

As the BICMOS name implies, T1
combines bipolar IMPACT and CMOS
processing to achieve switching speeds
comparable to advanced bipolar products
and provide the 48/64-mA drive current
needed for high-capacitive loads and
ckplanes. In particular, family mem-

t the drive requirements of

industry-standard buses such as
Multibus® and VMEbus™

In addition, TI's BICMOS devices can
reduce disabled currents by 95% and
active currents by 50%-80% compared
to bipolar equivalents. Result: System
IC power savings can be more than 25%.

There are more than 60 functions com-
prising TT's BICMOS bus-interface fami-
ly. Included are 8-, 9-, and 10-bit latches,
buffers, drivers, and transceivers—a wide
choice that means you can easily find
what you need to implement high-
performance bus-interface designs.

Advanced CMOS Logic and BiCMOS bus-
interface devices (suspeng

helped new Multibus single-board computer
achieve substantial power reductions.

High-performancé, low-power EPIC
ed above the board)

EREAIERIEAIEN
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SYSTEM BUS |

FET

An innovative circuit design in TI’s BICMOS
bus-interface logic helps lower disabled
currents. This is key to overall power savings
because in a typical bus networi:only one
device is enabled at a time.
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logic. TT offers advanced logic families

Major logic consolidation, the equivalent of
252 IMSI and LSI devices, was possible using the

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 TI's 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-

bove 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
ASICs are versions of the one-micron
TGCI100 Series gate arrays discussed at
left, as well as two-micron standard cells.

TT’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).

T
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1958 1988
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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)

o First integrated circuit (1958)

e First integrated-circuit computer (1961)

o First-hand-held calculator (1967)

® First single-chip microprocessor (1970)

o First single-chip microcomputer (1970)

® First single-chip speech synthesizer (1978)

o First advanced single-chip digital signal
processor (1982)

® First video RAM (1984)

® First fully integrated trench memory cell
(1985)

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

o First single-chip Artificial Intelligence

microprocessor (1987)
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Comprehensive support from T1 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, TI 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 TI's BICMOS bus-interface family.
ASICs: The TGCI100 Series Design
Kit gives you the tools needed to success-

fully complete a gate-array design: A

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

Yes, please send me the following:

Qualification

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-

RYQ1 ASIC Information Packet

DZP1 Programmable Logic Device Data Book

CAQ1 ACL/BICMOS Information Packet

CB01 BiCMOS Data Sheet Packet
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ing with the TGC100 Series; a two-
volume data manual providing detailed
specifications for each macro in the
TGC100 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
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components but is composed of process statements and
concurrent statements with equivalent process state-
ments, a VHDL subset that applies to behavioral modeling
includes process statements to capture component be-
havior, architecturebodies toenclose processstatements,
and entity declarations to define interfaces between be-
havioral models and the surrounding structure.

Entity declaration Package declaration
Architecture body Package body
Block statement

Process statement
Subprograms

Variables and constants
Sequential statements

Sensitivity lists,
waveforms,
expressions

"Equivalent”
process
statements

FIGURE 1. Grammar tree for the behavioral subset of VHDL.

The subset presented here is derived from the vHDL
grammar (IEEE, 1988)byextracting the process statement
and its components, plus all enclosing constructs neces-
sary to build a complete design entity description (Figure
1.) Traversing the grammar tree down from the process
statement to its leaves, we include sequential statements
and constant and variable declarations. Traversing the
tree up from the process statement to the root, we extract
architecture bodies and entity declarations. Signal decla-
rationsareincluded toallowcommunicationbetweenpro-
cesses and between behavioral models and enclosing
structure. For convenient packaging of commonly used
algorithms, subprograms and packages also are added.

Within this subset, a behavioral model consists of an
entity declaration and one behavioral architecture body.

For the sorting chip, the entity declaration declares the
model’'s name, “sorter,” and its input and output pins, or
ports (Figure 2). This model has two 16-bit data buses,
“din” and “dout”; two clock lines, “phil” and “phi2”; and
four control lines.

The architecture body of such a behavioral model con-
sists of a set of one or more process statements. These

FIGURE 2. Entity declaration for the sorter ASIC.

processes execute concurrently, suspending and resum-
ing execution in response to events on signals and condi-
tions within the simulation.

Each process statement defines a sequential algorithm
that calculates new values of its output signals as a func-
tion of the values of its input signals over time. This algo-
rithm is represented by a series of executable statements,
including wait statements; if, case, and loop statements;
procedure calls; assertion statements; and variable and
signal assignments.

The architecture body for the sorter AsiC contains two
concurrent statements (Figure 3). The first, labeled
“check,” is a concurrent assertion statement that moni-
tors the controlsignal “newword” and flags any attempt to
use a feature that has not yet been implemented. This

FIGURE 3. Behavioral architecture body for the sorter ASIC.
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concurrentstatementisequivalent toaprocessstatement
consisting of one sequential assertion statement; it be-
comes active whenever the signal “double” changes and
then suspends until another change occurs. The second
concurrent statement, labeled “main,” is a process state-
ment that implements the AsIC’s sorting function. In re-
sponse to events on the model’s input control signals, this
process loads data words from the input data bus and
returns the numbers in sorted order on request.

The sorter chip requires a rising edge on its “newword”
signal, followed by one clock cycle for each bit of its data
lines, toload or emit one dataword; this scheme allows the
data to be converted internally into a serial bit stream.
Since a behavioral model of this chip need not mimic its
internal operation, it can handle data bits in parallel.

The main process watches the clock and “newword”
signals, waiting for the final clock period following the
rising edge of “newword.” At this point, it emits the least
number in its “data” array. Then, if a reset has been re-
quested, it initializes its data array and input and output
indices. Otherwise, if the “read”line is high, it inserts the
number on its data input line, in sorted order, into the
“data” array; if the “read” line is low, the process incre-
ments its current output index to address the next-great-
est data word.

As the design evolves, more accurate timing informa-
tion maybe added to the model, as well as checks for input
timing and data errors.

Process statements may invoke subprograms, which
maybedeclared within packages andsharedbybehavioral
models. Subprograms contain the same sequential state-
ments as are allowed within processes. The behavioral
model“sorter”callsaprocedurenamed“insert” (Figure4),
to insert a number into its data array.

This model of the sorter Asic accurately captures its be-
havior without specifying its structural implementation.
The use of high-level programming constructs todescribe
its operation allows a brief and straightforward specifica-
tion of its function.

Although debugging a behavioral model of a complex
ASIC is not a trivial task, it is easier than verifing an equiv-

FIGURE 4. Insert procedure for the behavioral model of the
sorter ASIC.

alent structural model. Designers can detect and correct
functionaldesign flaws at thisstage, before expending the
considerable effort required to specify a full structural
implementation. To facilitate verification of behavioral
models, a VHDL simulator should provide an accessible
debugging environment, in which users can interactively
control simulation, set breakpoints, display and modify
variables and signals within models, and so on.

After verification, a behavioral vHDL model can be used
asastandardtoverifysubsequentstructuralimplementa-
tionscreated during the processof top-downdesign. Itcan
alsobe used as a high-performance library component for
board- and system-level designs that include an Asic even
before the chip is completely designed. Finally, since it is
written in VHDL, it serves as a portable simulation model
and functional specification of the Asic.

VHDL TEST BED

After the top-level behavioral model is written and de-
bugged, the next step is to create a test bed—essentially a
set of input patterns and expected output responses. Test
beds are usually written in the stimulus language of the
simulator; the pop, however, will probably require that
they be written in vHDL (U.S. Government, 1998).

Besides inherent portability, there is another benefit of
coding test patterns in VHDL: it is a powerful language for
generating and interpreting timed data. For example, few
simulators allow the conditional application of input
stimuli based on current or previous output values. This
capability to perform “handshaking” with the circuit un-
der test is easily implemented in vHDL and is important for
tests that drive asynchronous devices—for instance, bus
or peripheral controllers.

Another illustration of the flexibility of VHDL as a test
language is its ability to represent timing relationships
parametrically. An example of this is illustrated by the
sorter chip timing diagram (Figure 5). The two nonover-
lapping clocks, “phil” and “phi2,” are characterized by
the period, “p,” and the positive-going pulse width,
“PHLPW.” The phase relationship between the pulses,
“PHASE, " is specified as a fraction of the period. A third
nonoverlapping pulse, “NEWWORD,” appears at the begin-
ning of every sixteenth period and marks the start of a
shift-in or shift-out operation. This pulse is characterized
byitsdelay from the start of the period “NEWWORD_DLY " and
by its pulse width, “NEWWORD_PW. " The period of the “NEW-
WORD" pulse is a function of the clock period, “p.”

These timing relationships are defined in the VHDL test
bed for the sorter circuit (Figure 6). The independent tim-
ing variables “p,” “PHL_PW,” and “NEWWORD_PW" are defined
as constants of type “time.” The concurrent statements in
the“timing”block generate the signals shown inFigure 5.

The exact timing of the waveforms can be changed by
modifying the constants without changing the expressed
relationships. For example, the frequency can be changed
easily without affecting the phase relationship between
“phil,” “phi2,” and “newword.”

Theremainder of thesorter testbed is coded in the “test”
process of Figure 6. The three steps are initializing the
circuit, shifting in the words tobe sorted, and shifting out
and checking the sorted data.
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FIGURE 5. Timing diagram for the sorter’s clocking sceme.

Initialization consists of asserting the “reset” and
“read” lines and waiting for 16 cycles (“NBITS™ * “P"). This
procedure sets all internal register values to hexadecimal
FFFF (see Figure 2 again).

During the shift-in operation, words are presented to
the sorter at the start of every sixteenth cycle. This cycle is
marked by the “newword” pulse, which indicates that a
new word is available for shifting in. The for loop iterates
through the 256 words (“NWORDS ") to be sorted. Each word
is retrieved by the “getval” procedure and applied to the
“din” data inputs. The wait within the loop ensures that
each word is presented on a 16-cycle boundary.

The “getval” procedure can be implemented in a variety
of different ways. One obvious approach is to read data
values from a file.

To enter the shift-out mode, the “read”line is reset and
another for loop is entered. Each iteration of the for loop
waits 16 cycles for a full word to be shifted out. It then calls
the “checkval” routine to compare the sorter output,
“dout,” with the expected output. If a discrepancy is
found, an error message is printed.

Theexistence ofa good test bed greatly simplifies subse-
quent design iterations, because each major refinement
can be tested against the original test bed. If errors are
introduced, the test bed will automatically flag them.

There are several steps remaining in the top-down de-
sign methodology (Figure 7). The first design refinement
consists of drawing a block-level schematic. This block
diagram identifies major components or subsections of
the design and interconnections. Design teams can now
be formed to work independently on various subsections.

To avoid unintended departures from the original de-
sign spec (that is, the top-level behavioral viDL model),
each design team must regularly simulate design refine-
ments against the test bed. Furthermore, design teams
must be able to do so without interfering with each other.
For example, if design team 1 introduces a major bug into
its portion of the design, design team 2 should not be
prevented from simulating its own design refinements
against the test bed.

To achieve this degree of independence, each design
team must write a behavioral viDL model for its own por-
tion of the asic. These models are tied together with the
block-level schematic and simulated against the test bed.
If the test bed detects discrepancies, the bugs must be
isolated and fixed. To do that quickly, the host CAE system
should support a good interactive debugging environ-

FIGURE 6. Test bed for the sorter ASIC.
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FIGURE 7. Top-down design verification flow.

ment with graphical presentation of the output data.

Once each design team has working behavioral models
inplace, it can begin torefine its portion of the design into
a more detailed structure without affecting other design
teams. Each team simulates its own design refinements
within the context of the test bed and the verified vHDL
models produced by the other teams. Thus each team
simulates its own design at a detailed level, while the re-
mainder of the design is simulated behaviorally.

Each team produces a schematic depicting a full struc-
tural implementation of the design in terms of the target
foundry’s asic cell library. If the design team has followed
the methodology, the schematicis guaranteed tosimulate
correctly within the context of the test bed and the validat-
ed vHDL models from other teams.

STRUCTURAL SIMULATION

The next step is to integrate the structural models and
simulate the entire chip at the foundry-cell level. To sup-
port this step, the host CAE system must be capable of
substituting structural models for the viDL models in the
top-level schematic (see Figure 5 again). Substitution
should be a simple matter of changing an attribute or
property on the schematic.

At this point, a full structural simulation of the asic
shouldnotrevealanygrossdesignerrors, since theywould
havebeendetectedearlier (assumingathorough testbed).
Timing errors will be the most common type of problem.
Many timing problems will not be detected during behav-
ioral simulations unless the behavioral viDL models con-
tain accurate checks for timing constraint violations.
Such checks are difficult to code in advance, since timing

constraints depend heavily on the topology of the final
implementationandlayout, and neither of those is known
when the model is first written. Estimated timing can be
used, but final implementation may deviate significantly
from the estimate, resulting in errors.

To effectively flush out these timing problems, the host
CAE system must be capable of back-annotating accurate
prelayoutand postlayout delays. Thesedelays should then
be reflected back into the top-level behavioral model for
later use in board-level simulations. One way to facilitate
back annotation of delays to the top-level model is to code
the behavioral viDL model in such a way that all delays are
retrieved through function calls. These functions can
then be defined in a ViDL package, which can be modified
for different delay values.

When structural simulations have been completed, net-
list, schematic, and test pattern data can be sent to the
foundry to manufacture the part.

Thetestbedand the top-levelbehavioralmodelare coded
directlybyasicdesigners. ThestructuralvipL model of the
Asic must be generated from the hierarchical schematics.
To handle this step automatically, the host CAE system
mustbe capable of converting schematics intoa structur-
al vHDL model. U
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ADVANCED MODELING
TECHNIQUES FOR
LOGIC SIMULATION

William B. Fazakerly and Robert P. Smith, Ikos Systems Inc., Sunnyvale, Calif.

specificicdesignsstarted eachyear has increased by

wellover fourfold. Thishugejumpinasicusageis the
result of the shift from full-custom designs, implemented
by skilled ic designers, to gate array and standard-cell de-
signs implemented by system design engineers.

Full-custom AsIc design allows the designer to achieve
the optimum cost/performance for a given integrated cir-
cuit process technology. However, it requires transistor-
circuitsimulation (for example, SPICE) to predict the circuit
behavior, before masks are made and prototypes fabricat-
ed. Unfortunately, suchsimulationisextremely costlyand
time-consuming. In fact, itisvirtually impossible tosimu-
late a complete asic with SPICE-type simulators.

Gate array and standard-cell design approaches ad-
dress this problem through the creation of a library of
precharacterized logic building blocks (macrocells). By
carefully precharacterizing the logical and timing behav-
iorofeach macrocell, itis possible toeliminate the need for
SPICE simulation of the complete Asic design. The system
design engineer can use the precharacterized macrocell
models together with alogic simulator to predict the exact
functionaland timing behavior of the circuit. In addition,
basedon theresultsofthelogicsimulation, theasicvendor
can guarantee the performance of the proposed design
before mask making and prototype fabrication.

Precharacterization is the process of developing a com-
putationally simple timing model that approximates the
actual voltage-versus-time behavior of the macrocell. The
simple timing model must accurately map the detailed
transistor-level behavior to O-to-1 and 1-to-O propagation
delay times. The input-to-output propagation delays are
based on extensive SpPICE simulations of each macrocell,
performed over a wide range of possible operating condi-
tions (voltage, temperature, input waveform, and load ca-
pacitance). Obviously, the success of the design approach
depends on the accuracy of the simple timing model used
to predict the behavior of each macrocell: Overoptimistic
modeling can result in prototype circuits that donot work
inthe target system. Excessive conservatism, on theother

o ver thelastfiveyears, thenumberofnewapplication-

hand, prevents the system design engineer from exploit-
ing the full potential of the IC process technology and may
render his system design uncompetitive.

LINEAR DELAY PREDICTION

To explore how simple macrocell timing models are de-
veloped, consider the transistor-level schematic of a sim-
ple two-input NAND gate implemented in cMOS technology
(Figure 1). The effects of multiple macrocell loads are re-
presented by a lumped capacitance, C, . For our first ap-
proximation, wewillmodel thebehavior ofthemMos transis-
tors as switched resistors. If the A input is high and we
applyastep-functioninput totheBinput, the outputofthe
NAND gate will transition from 1 to O.

Theoutputtransitioncanbebroken intotwophases. rst
phase is the time required to turn off the p-channel transis-
tor and turn on the n-channel transistor connected to B.
During this time, the output voltage of the NAND gate will not
change. This time is not dependent on the output load
capacitance, C, . Once the n-channel pull-down device has
turnedon, theC, willbedischarged toground through two
n-channel transistors in series. The time required for the
output voltage of the NAND gate to reach 50% of the supply
voltage will be proportional to the value of C, .

From this simple analysis, we can derive a straightfor-
ward slope-intercept timing model for the behavior of the
NAND gate (Pilling, Ordnung, and Heald, 1972). The rising
and falling delay times for the NAND gate can be approxi-
mated with the following formulas:

T Lh it (th X Cl,)
T,(fall) = Th, + (K, % C,)

Besides C, in picofarads, the parameters required for the
model are:

Ty the fixed O-to-1 delay (ns)
T,n: the fixed 1-to-0 delay (ns)
K;: theO-to-1load-dependentoutputslewrate (ns/pF)

K;;: thel-to-Oload-dependentoutputslewrate (ns/pF)

i (risei=
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FIGURE 1. Derivation of a simple timing model for a two-input CMOS NAND gate macrocell.

Theexactvalues opr,h, T, Ky andK, are determined
from multiple spICE simulations of the NAND gate under
various output loading conditions. The value of C, is cal-
culated by summing the input capacitances of all the ma-
crocells driven by the NAND gate together with the parasitic
interconnection capacitance.

Unfortunately, the simple slope-intercept timing model
has several basic flaws which canlead to substantial inac-
curacies in the predicted macrocell delay times (Chang,
Chen, and Subramaniam, 1988). These flaws are exacer-
bated by the rapid improvements in IC processing that
allow smaller and smaller device geometries.

One major inaccuracy in the simple slope-intercept tim-
ing model is caused by the assumption of a step-function
input to the macrocell. Of course, in the actual circuit, the
inputwaveformis far fromastep function. Aslowly chang-
inginputsignal causesadditionaldelay, since the transis-
tors in the macrocell will not turn on or off as quickly as if
the input were a step function. The effect of noninfinite
input signal slew rates is to add delay to each input of the
macrocell. This additional delay is a complex function of
the input slew rate and the output drive characteristics of
themacrocell. Theimportance of inputslewrate increases
as the device geometries get smaller.

Figure 2 shows the ratio of load-dependent (slew rate)
delaytototalgatedelayforincreasing fan-outloading(two-
input NAND gate equivalent loads). The data is based on
published data book information for both 2-pm and 1.5-

pm gate array technology from a major semicustom ven-
dor and is normalized for a 6,000-gate array. The ratio of
slew rate delay to total delay is much greater for the newer
1.5-pm process,so that the simple slope-intercept timing
model will be less so accurate.
Asecondinaccuracyinthesimpleslope-intercept model
is caused by using V./2 to measure the load-dependent

09 L

0.8
0.7

Load-dependent delay/total delay
o
D

1 3 Fanout ° 7

FIGURE 2. Effect of geometry on the input slew rate (for a two-
input NAND gate).
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delay time. Of course, if the input signal transitions are
step functions, it doesn’t matter what voltage threshold
we use to measure the load-dependent delay. But if the
inputsarenotstep functions, thecorrect way todetermine
theload-dependent delay is to measure from the end of the
fixed delay to the time the output voltage crosses the input
thresholdvoltage of thereceiving macrocell, defined as the
voltage for which the static voltage at the input of the
macrocell equals the static voltage at the output of the
macrocell (unity-gain voltage). Unfortunately, in practice
itisverydifficult todesignallmacrocellsso that theirinput
threshold is equal to V./2. Figure 3 shows how input
thresholds other than V./2 can result in vastly different
measurements of the load-dependent delay times. There-
fore, to account for different input thresholds, an addi-
tional delay factor mustbeadded to the simple slope-inter-
ceptmodelwhichisafunctionoftheinputsignalslewrate.

A third factor which can cause inaccuracies in the pre-
dictions of the simple slope-intercept model is parasitic
interconnection capacitance. It is relatively easy to calcu-
late and sum the input capacitances of all the driven ma-
crocells. It is more difficult to calculate the parasitic inter-
connection capacitance; particularly prior to circuit
layout and, as process geometries shrink, parasitic inter-
connect capacitance becomes a greater proportion of the
totalcapacitanceload. Forexample, published datafroma
major semicustom vendor shows that for a 2-pm 6,000-
gate array, the estimated interconnect capacitance is
equal to approximately 50% of the total capacitive load. In
contrast, the estimated interconnect capacitance for the
samevendor’s 1.5-pm6,000-gatearrayisabout 60 % of the
total capacitive load.

Furthermore, parasitic interconnection capacitance
grows as semicustom circuits incorporate more gates (the
chip size increases and therefore interconnecting wires
arelonger). Also, as the interconnecting wires onsemicus-
tom circuits get narrower, the parasitic interconnection
delays can nolonger be modeled by asinglelumped capaci-
tor. Narrower wires mean higherresistance and distribut-
ed RC delays become significant.

Nearly every vendor of semicustom macrocell libraries
starts with the simple slope-intercept model, and many
have made modifications to account for one or more of its
inherent inaccuracies. Once the vendor has settled on a
specific macrocell timing model that he believes is suffi-
ciently accurate, he must implement that model on the
logic simulator the customer will use to design the semi-
custom circuit.

EXISTING LOGIC SIMULATORS

Allexistinglogicsimulation programs operatewithaset
of “primitive”logic modeling elements. Every circuit to be
simulated must be described in terms of these primitive
elements. A typical set of primitive logic modeling ele-
ments includes multiple-input AND, OR, NOR, and NAND
gates, inverters and buffers, three-state inverters and
buffers, bidirectional switches, and the like. To create a
macrocell simulation model, one or more primitives sup-
ported by the target simulator must be interconnected to
implement the logic function of the macrocell. Thus the
simulation model for a two-input NAND gate macrocell usu-

FIGURE 3. Effect of nonsymmetrical threshold voltage on slew rate delay.
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ally requires only one two-input NAND primitive modeling
element, whereas a counter macrocell requires the inter-
connection of many primitive elements.

Most existing logic simulation programs sold by third-
party CAE software vendors allow the user to assign a
unique rise and fall delay for every primitive modeling
element used in the simulation. The developer of a macro-
cell simulation library must therefore use the appropriate
macrocell timing model to calculate the input-to-output
macrocell delays and distribute these delays properly
among the primitive elements that make up the simula-
tion model. Traditionally, this work has been done by the
semicustom vendor.

Unfortunately, this is a relatively inefficient way to de-
velop macrocell simulation libraries, since the intercon-
nectivity of the macrocells must usually be determined
twice—once in building the database of primitives and
again in distributing delay values among the primitives.
First, the logic simulation software must use the macro-
cell netlist to determine the interconnectivity of macro-
cells, substitute the appropriate primitive element simu-
lation model, and createasimulation database consisting
only of primitive elements. Then, the semicustom vendor
must write a program that redetermines the macrocell
interconnectivity and calculates the input-to-output de-
lays based on the fan-out loading for each macrocell. The
program must also correctly assign these delays to each
primitive modeling element in the simulation database.
Thus carefully predicting macrocell time delays generally
involves significant additional circuit compilation over-
head. Since each new simulation library requires writing
anew timing prediction and primitive delay assignment
program, semicustom vendors are reluctant to support
multiple logic simulation programs.

Another disadvantage of the rise/fall-delay-per-primitive
approach is the difficulty of implementing macrocell timing
modeling that goes beyond the simple slope-intercept pre-
diction. Inrecognition of this difficulty, several semicustom
vendors have written their own logic simulation programs
(Schaefer, 1985; Chawla, Gummel, and Kozak, 1975).
These programs implement more complex, and therefore
more accurate, macrocell timing models and free the semi-
custom vendor from supporting multiple simulators. How-
ever, vendor-specific logic simulation programs require the
user to either commit himself to buying circuits from a
single vendor or pay for and learn to use logic simulation
programs supplied by multiple vendors.

An alternative approach is to develop a logic simulation
system that can accurately model macrocelllibraries from
manydifferentsemicustomvendors. Suchasystemneeds
tobe flexible enough to be able to support differing model-
ingrequirements fromdifferent vendorsanditneeds tobe
powerful enough to provide a high degree of modeling
accuracy.

NONLINEAR DEPENDENCE OF OUTPUT DELAY
ON CAPACITIVE LOAD

As discussed earlier, the simple slope-intercept model
does not provide the accuracy needed to model input slew

rate effectson device delays. As the total outputloading on
a gate increases, the slope (1/slew rate) of any transitions
ontheoutputdecreases. Dependingontheslope, thereisa
measurable time between the time that the gate output
voltage reaches the threshold voltage, V., and the time it
reaches V. (see Figure 3 again). The gate inputs that see
thistransitionincuradditionaldelaybecauseofthetimeit
takes the input voltage to rise from V. to V...
Oneapproachtomodeling theeffectofinputslewrateon
macrocell inputs is to assume that all macrocells will be
affected equally by a given input slew rate. With this as-
sumptionitis possible tolump together the effect of input
slew rate on each driven macrocell add an incremental
delay to the output of the driving macrocell. The incre-
mental delay is a function of the output slew rate of the
driving macrocell. Since the output slew rate is a function
ofthecapacitiveloadontheoutputofthemacrocell, C, , the
input-to-output delays for a macrocell can be modeled
with the following equations:
T,(rise) = T, + (K,, X C;) + f,(C)
Ty(fall) = T, + (K, x Cp) +£(C))

where f and f, are functions (generally nonlinear and dif-
ferent for rising and falling transitions) that model the
effect of input slew rate on macrocell delay. This approach
thereforeyields anonlinear dependence of macrocell delay
on the output capacitive load.

Aflexibleyet powerfulwaytoimplement theseequations
inalogicsimulatoristouseatable-drivenlook-upscheme.
In this type of approach, any function can be approximat-
ed by a piecewise linear model; the breakpoints and slope
multipliers for each portion of the model are stored in a
table and used to calculate the delay for different total
output load capacitances. The advantage of this table-
driven approach is that it is fast and flexible; any arbitrary
curve can be easily modeled.

Figure 4 shows a typical curve of delay versus total out-
put capacitance and how the Ikos simulator models it
using piecewise linear approximation. (The simulator al-
lows thedefinition of up tofive piecewiselinearsegments.)
The curve is determined by specifying RBK, the nonlinear
load breakpoint, the load multipliers (constants X0-X4),
and a slope multiplier for each segment. Tables for gener-
ating both rising and falling nonlinear load-dependent
delay times are provided.

For some macrocells, it is necessary to specify different
output load-dependent delays for different input paths to
the same output. Consider, for example, a three-input
AND-OR-INVERT macrocell, consisting of a two-input AND
gatewhose outputdrives one input ofa two-input NOR gate
andathirdinput tied directly totheremaininginputofthe
two-inputNORgate (Figure5). Ifboth inputs to the AND gate
arehigh, theoutputis pulledlowbytwon-channel transis-
torsinseries. However, ifthe direct input to the NOR gate is
high, the output is pulled low by a single n-channel tran-
sistor. Obviously, for a given capacitive load, the falling
slewdelay from either ANDinput to the output willbelonger
than from the direct NOR input to the output. In this case,
the simulator allows different tables to be specified, de-
pendingonwhichinputisbeingevaluated. Thisapproach
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FIGURE 4. Piecewise linear delay curves.

allows for more accurate timing modeling than simply
assumingthat theoutputdelayequations arethesame for
all paths to the same output.

Oneadvantage of this simple approach to modeling slew
rate effects is that timing problems can be more easily
debugged. Excessive signal delay can easily be traced back
to the “slow” gate. If the signal delay is due to output
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loading, theoutputdriveofthegate canbeincreased (oran
outputbufferadded). If the simulatoradds the delay to the
input of the driven gate, it might lead the designer to
conclude that the problem was caused by excessiveload on
thedriven gaterather than fromthedrivinggate. Hewould
then erroneously beef up the drive capability of the driven
gate, which would not mitigate the problem.
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FIGURE 5. AND-OR-INVERT macrocell: logic diagram (a) and
schematic (b).

SLEW RATE MODELING

The nonlinear load-dependent delay model assumes
that all gates are affected in the same way by a given input
slew rate. In practice, this assumption leads to reduced
accuracy, particularly for small-geometry devices, where
slew rate effects can be substantial.

Itispossible tomodelslewrateeffectsmoreaccuratelyby
adding a separate slew-rate-dependent delay to the input
of every macrocell model. Studies have shown that the
additional input delay must be a function of both the slew
rate of the transitioning input and the slew rate of the
transitioningoutput(or, equivalently, the capacitiveload-
ingontheoutput)(Matson, 1985). With thisapproach, the
input-to-output delay equations for a macrocell become:

T (nise )= el STBEICr ) - Tp,h + Ky, X C,
T, (fall) =fj(STx, C)+ Ty + KyxCy

where ST istheinputslew timeoftheappropriate polarity
(for instance, rising transition on input leads to rising
transition on output). Note that ST is givenbytheK XC,
product of the driving macrocell.

Since these delay terms are a function of two variables
(inputslewrate and outputload) a tablelook-up scheme is
again the most flexible and practical way to model these
curves. In the Ikos simulation system, a 5 X5 matrix is
used, allowing the specification of an input delay for up to
25 combinations of input slew rate and output capaci-
tance. Thediscreteslew rateand outputload points define
apiecewiselinearsurfacein three-dimensionalspace(Fig-
ure 6). Two-dimensional interpolation is used to locate
points on the surface that are not defined by the discrete
points in the 5 X 5 matrix. The interpolated delay is then
added as an input delay to the driven gate.

The Ikos simulation system allows the entry of up to 16
different three-dimensional tables for each macrocell.
With this capability, it is possible to model input slew rate
effects differently for each macrocell input pin. The use of
multiple input slew rate tables also allows the input slew
rate model to be different for rising and falling input tran-
sitions. It is therefore possible to employ the input slew
rate tables to model the asymmetrical effect of macrocell
threshold voltages that are not equal to V /2.

INPUT DELAY MODELING

The Ikos simulation system supports separate rise and
fall delays from each simulation primitive input pin to the
outputofthesimulationprimitive. Inputdelays generated
from three-dimensional slew rate tables can therefore be
added into the path delayof appropriate simulation primi-
tive. There is an inherent problem with this scheme, how-
ever, that is common to all event-driven simulation algo-
rithms. InthesimplecaseshowninFigure 7,a 10-nsinput
delayhasbeenadded toinputAanda2-nsdelaytoinputB,
and the gate hasafalling delay (input to falling output) of 2
ns. Now, assume that input A transitions high and that 1
ns later input B transitions high. What happens?

When input A transitions, a gate evaluation is per-
formed. Since input B is still low, no event is scheduled.
One nanosecond later, input B transitions high and an-
other gate evaluation is performed. This time an event is
scheduled, since both A and B are now high. The output
will be scheduled to transition low 4 ns after input B goes
high (2 ns input delay + 2 ns gate delay).

This is obviously not correct. The output should not
transition low until 12 ns after input A goes high (10 ns
input delay + 2 ns gate delay). Because the transition on
input A preceded the transition on input B, an output
event was not scheduled, and the input delay on input A is
effectively ignored.

Fortunately, there is a way to overcome this problem.
Figure 7 shows the addition of buffers to the gate inputs.
Theinputdelays areadded to the buffers; since any transi-
tionon theinput to the buffer will cause an output event to
be scheduled, the correct delays are presented to the NAND
gate inputs. The only drawback to this approach is that it
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FIGURE 6. Piecewise linear surface model of slew rate delay.

requires the consumption of more primitives and in-
creases the complexity and time required by the netlist
processing step prior to simulation.

Wehave taken anovelapproach toovercome these draw-
backs. Inthelkossimulator, adifferential threshold is set.
If the difference between the input delays is less than the
threshold, the input delays are added directly to the cell
inputs. If the difference exceeds the threshold, input buff-
ersareaddedtothegateinputsandthedelaysareassigned
to the buffer inputs. This technique is applied to the slew
rate table-driven delays. It is also used to back-annotate
RC wiring delays derived from the actual layout. This ap-
proach produces an optimal balance between accuracy,
efficient primitive utilization, and processing speed.

ESTIMATING HIERARCHICAL WIRE CAPACITANCE

As noted earlier, parasitic interconnection capacitance
becomes ofrelatively greater importance as device geome-
triesshrink. Estimating the parasitic interconnection ca-
pacitance before devicelayout is therefore becoming more

and more critical to accurate macrocell timing modeling.
One way to improve interconnect capacitance estimation
is to take advantage of hierarchy in the macrocell netlist
description. This technique assumes that hierarchical
nodes in the netlist will ultimately be placed and routed as
“blocks. " Interconnections between these blocks will then
be made globally across the chip.

Figure 8 shows four levels of hierarchy that make up a
design. The wire interconnects within blocks likely to be
much shorter than the wires that connect the blocks to-
gether at the next higher level. In this case, the simulator
should assign a smaller estimated wire capacitance value
to interconnects within a certain level and a higher esti-
mated value to the interconnects running between levels.
Since the physical placement and routing of the chip is
also derived from the hierarchy, this technique yields a
close approximation to the actual wiring capacitances.

In practice, a table-driven approach is again the most
efficient way to develop the wiring interconnect models.
The Ikos system supports up to 256 tables of estimated
wire capacitance perasiclibrary. Each tablehas 32 entries
ofwire capacitance thatare ordered by fan-out number. In
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FIGURE 7. The use of input buffers to ensure correct delay as-
signment: logic diagram (a) and timing diagram (b).

use, the fan-out number is derived by totaling the number
of celland block inputs and outputson the netataparticu-
lar level in the design hierarchy (with the exclusion of the
output of the driving element).

The 256 tables are assigned to different Asics within a
familyand todifferentlevels of the design hierarchy. With-
in a given Asic family, there are usually a number of differ-
ent parts differentiated by gate count. Each unique part
number is assigned its own set of wiring tables. These
tables are subdivided into unique tables for each level of
the design hierarchy. In the Ikos system, tables are desig-
nated for main levels and subsidiary levels.

Main tables are used for estimating wiring capacitance
between cells and subblocks at the highest level of a par-
ticular net’s routing path. The subsidiary tables are used

s e L Lo e e

FIGURE 8. Interconnectivity in a hierarchical design.

forestimating capacitance for cellsand subblocks at levels
lower than the particular net'’s top level. In the case of
either table, linear interpolation is used to select the cor-
rect wiring capacitance value based on the fan-out num-
ber. This approach makes possible to estimate very accu-
rately the prelayout interconnect capacitance.

SUMMARY

Accurate simulation of today’s small-geometry AsICs
puts added requirements on simulators. Since each AsIC
vendor develops its own unique specifications, simula-
tionvendorsarefaced with the task of having toaccommo-
date complex modeling schemes yet retain flexibility so
that many different Asic libraries may be supported. The
table-driven approach to approximating complex func-
tions provides this flexibility. With table look-ups and lin-
ear interpolation techniques, complex functions and
curves can easily be represented with a high degree of
accuracy. Not only is table look-up fast, but also changes
and updates can be made quickly and easily, easing the
development of accurate AsiC simulation libraries. O
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LINKING DESIGN AND TEST
FOR ASIC PROTOTYPE TEST

DEVELOPMENT

Eric Archambeau, Teresa Butzerin, and Dave Roth, VLSI Technology Inc., San Jose, Calif.

turnaround for application-specific 1cs. Computer-

aided tools and advanced processing equipment are
now available to perform quick, error-free design and fast
manufacturing of Asic prototypes. However, developing
test programs for delivering tested AsIC prototypes is stilla
major bottleneck. A prototype device may fail the test pro-
gram even if the device passes the customer’s “incoming
inspection,” which often consists of plugging the device
into his system. This paper describes an integrated test
vector development environment for the fast and reliable
generation of ASIC prototype test programs.

T esting is often the major obstacle to achieving a fast

PROTOTYPE TEST ISSUES

The alternative to AsiC prototype testing is called “cut-
and-go”: no functional test is performed. This technique
is clearly inferior in terms of costs and quality for both the
manufacturer and the customer. However, since the time
required to debug functional test vectors can be as long as
several weeks, AsIC customers are usually willing to accept
cut-and-go as a trade-off for fast-turnaround prototypes.

The principal cause for prototype test difficulties comes
from the way design data is transferred to the test floor.
Typically, Asic prototype tests are derived from the simula-
tionrunsdoneduring thedesignverification phase; these
simulation vectors are then converted into a given tester
language. If the test fails to perform correctly, the burden
of correcting the problems is passed on to a test engineer.
Butsince the test engineer has verylittle knowledge about
the design, he must resort either to reviewing the original
schematics and simulations himselfor to consulting with
the designer. In either case, correction is a very time-con-
suming and tedious process that also results in a loss of
valuable tester time to debugging procedures.

There are many reasons why a test program might not
work (that is, not match the silicon behavior), even if the
silicon works in the customer’s-application. For example
there might be race conditions, either internal or pattern-
induced; uninitializable circuitry; noise due to simulta-

neously switching outputs (ssos); bus contention on bi-
directional pins; or defective silicon. Most of these
problems, however, are not detected by programs that
convert simulation vectors into test programs. For that
reason, many software products that purport to bridge
designverification and testing in reality only guarantee to
generate a compilable test program, not necessarily a
working test program.

THE ‘TEST HOSPITAL’ EXPERIMENT

The problem of automatically developing prototype test
programs is particularly critical for vLsi Technology Inc.,
sinceasic foundryservice, including prototyping, isavery
important part of our business. Moreover, whereas the
design and fabrication turnaround time for gate arrays
and cell-based designs has been decreasing over the last
fewyears, testdevelopment time has not followed the same
path. Additionally, the number of prototypes to be pro-
cessed has been going up, thus increasing the burden on
test engineering.

The search for a solution to this problem was given to a
special task force, whose charter was to debug test pro-
grams for Asics, systematically research test program
problems, and make recommendations inallareas related
to test. Staffed with a mix of designers, software engi-
neers, and test engineers, the organization was called the
“test hospital,” since “sick” test programs were admitted
tobe “diagnosed” and treated. The test hospital was sup-
plied with an STs 120 tester (Sentry 20-compatible) in an
environmentisolated from thetestfloorbutlinkeddirectly
to the workstation-based design network.

Whenever a test program failed to work immediately on
the tester, the precise cause of the problem was analyzed.
Asof this writing, over 90 designs have been submitted to
the test hospital—only a fraction of the company's Asic
designs. Of these, 41 required some analysis and debug-
ging other than simple test program recompilation. Sili-
con fabrication failures represented only a negligible per-
centage of the cases (see the table).
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Conversion software errors Internal race conditions

Dubious simulation practices Initialization problems
External race conditions Dubious design practices

Test hardware problems Simultaneously switching outputs

and other noise sources

Test program failure mechanisms.

The information collected enabled us to design a test
vector generation environment that guarantees that test
vectors will always convert to the cycle-based world of test-
ers while guarding against race conditions and other haz-
ards. By developing simulation guidelines, improving
model and vector conversion software, establishing stan-
dard test procedures, and providing a reliable automatic
test program generation procedure, we have been able to
dramaticallyreduce theaverage timerequired todevelopa
prototype test. Although this experiment was originally
run on gate array designs, it has been extended to cell-
based devices.

As this prototype test program development environ-
ment was installed, the percentage of test programs that
worked successfully on first try increased by a factor of 12.
Meanwhile, the average number of man-hours per test
program debugging decreased by a factor of 7. Since the
latter number is directly related to the time spent by the
average AsIC designer to develop his or her own prototype
test in the same test generation environment, it affects all
AsIC designers.

A NEW APPROACH TO PROTOTYPE TESTING

Lessons learned from the test hospital experiment have
helped us formulate a new approach to prototype testing.
Users of Asics need torealize that the link between simula-
tion, testers, and silicon is not automatic and that they
should require that their Asic vendors provide them with
toolsandguidelines tobridge the gapsbetween these three
worlds of ic testing (Figure 1).

Supersynchronous

simulation guidelines
Modeling and Fault simulation Test and
simulation - manufacturing

Decouple
functional

Accurate models and timing tests

System

: Design-for-testability
environment

guidelines

FIGURE 1. Linking the three worlds of testing.

—

Although these threeenvironments havelarge overlaps.
there are of missing bridges between them. For example:

® Simulationcandisplaythebehaviorofinternalnodes,
but testers can only probe 1/0 pins.

® Millions of vectors can be used to simulate a circuit in
the intended system, but such large numbers of vec-
tors are not practical for testers.

® Two-micron gates can switch at 40 MHz in a system,
butmanytesterscanonlytestatspeedsofupto20mHz.

® Noninitialized counters may work in a system but
cause unknown states in the simulation and become
untestable because of unpredictable output values.

® A single simulation cannot verify the timing for both
the best and worst cases that may exist in an actual
system.

The problem of creating “working” test programs auto-
matically needs to be solved in several realms. To address
all aspects of the test generation problem, the methodolo-
gy we adopted is based on five important principles:

1. Provide design-for-testability guidelines during the
logic definition phase
2. Decouple the functional and timing elements of test
programs
. Require “test-orientated” simulation
. Provide extremely accurate modeling and simulation
. Provide fault simulation

QL W

DESIGN FOR TESTABILITY

Because prototype tests must be able to weed out any
defectivesilicon, prototype test programs must guarantee
adequate fault coverage. Since typical testers impose lim-
its on test length, high fault coverage must be accom-
plished with relatively few patterns. That can be achieved
only if a high level of controllability and observability is
provided for imbedded functional blocks. Design-for-tes-
tability (DFT) techniques (Williams, 1983) must be applied
from the beginning of the design cycle to achieve these
results. Evenifhigh fault coverage is perceived as an issue
only for production testing, DFT features should already by
incorporatedat the prototypelevelso that bFrwillimposea
minimum overhead on the overall design cycle time.

The testability of a circuit can be measured early in the
design cycle (Archambeau, 1985) to detect areas of poor
controllability and observability before committing the
design to silicon. The use of testability features might
imply an area penalty, design constraints, and even per-
formancedeterioration. On theotherhand, increased tes-
tability usually reduces simulation, test vector genera-
tion, and actual test time, as well as overall testing costs.
The testability trade-offs must therefore be fully evaluated
before committing a design to silicon.

Our experience with the test hospital confirmed the
well-known fact that some of the worst problems with
failing test programs are a result of design problems. In
some cases in which a test program fails because of illegal
initialization or “internal”race conditions, the problemis
virtually impossible to solve without redesigning the cir-
cuit. Remember, though, that a device can function per-
fectly in its intended system and still be virtually untesta-
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are boring;

Theyte easy to design.Theyre 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 1.5 (.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
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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, PLAs 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 1.2u 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 Solid State
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FIGURE 2. Internal race condition: circuit(a) and waveforms (b).

ble, because it was not designed with testability consider-
ations in mind.

Illegal initialization. It is critical that all latches and
storage elements in a circuit be designed such that they
can be initialized to a known state during system initiali-
zation. Ifacircuitcannotbeinitialized easily, generatinga
reliable test program can be extremely difficult. Most test-
ershavea“match” mode that can be used to clock a circuit
until it proceeds to a recognized state, but it is often very
difficult (and sometimes impossible) to ascertain an iden-
tifiable sequence.

Internalraceconditions. Aninternalraceconditioncan
occurwhen inputs toalatch transition asadirect result of
acommon internal transition. Figure 2 shows an example
of a race condition between a flip-flop’s Clock and Clear
pins, resulting from a common signal transition. Even
whensucharaceconditiondoes notaffect the final system
operation, it might result in test problems. For example, if
alatch’s data is sampled asynchronously, even if it does
not matter which clock edge catches the data for system
operation, the tester, which expects completely predict-
able behavior, might fail good devices.

Internal race conditions are much more serious than
external (pattern-induced) race conditions because they
cannot be corrected by modifying the vector timing.

DECOUPLING TEST ISSUES

As a first step toward simplifying the test problem for
prototype test programs, we propose here to decouple the
differentaspectsoftests, which previously have been bun-
dled together:

1. Parametrics test. A parametrics test checks for over-

all process variations and validates the modeling hy-
pothesis used during design verification simulation
runs.

2. Functional test. The test frequency can be different
from thesystemoperation frequency, since function-
altest vectors should be used not as additional simu-
lation vectors, but rather to validate further the de-
sign verification hypothesis and to check for silicon
faults.

3. Speed test. Speed specifications are checked for by
measuring critical paths, a sufficient test for race-
free designs.

At-speed testingofall partsisnolongernecessary when:

® Simulation takes into account frequency-related phe-
nomena (for example, heat dissipation due to high-
frequency operation and setup and hold time tem-
perature variations)

® High-fault-coverage, low-speed test vectors check for
process defects (localized manufacturing flaws) while
validating functional simulation results

® Parametric tests check for global manufacturing devi-
ations and thus validate the accuracy of the system
timing verification

® Actual chip maximum utilization frequency is mea-
sured by user-specified critical path checks

Decoupling of speed and functional checking permits
theuseofthe normaloperation zone of any target tester for
prototype testing without trying to push the test equip-
ment to its limits. That reduces the need for an experi-
enced test engineer’s time.

The first implication of this decoupling is that the de-
signer must develop a test-oriented simulation distinct
from his system simulation—a reasonable expectation,
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sinceitisnotalways possible toexactlyreplicate theactual
operating conditions of a circuit on a tester. vLsi Technol-
ogy's “supersynchronous”simulation guidelines are test-
er-independentandtest-orientedand facilitate this“new”
design step.

SUPERSYNCHRONOUS SIMULATION GUIDELINES

Supersynchronous guidelines were established to max-
imize the probability that the test generation simulation
canbeconvertedintoaworking test program. Theyare not
intended to provide the designer with maximum design
verification flexibility or toaddress the problem of develop-
ing high-speed, customized test programs. They are in-
tended to decrease the test development time and shorten
the prototypingcycle. InvLsiTechnology’s design environ-
ment, adherence to the guidelines is checked by a vector
screener. Customers normally submit a set of “super-
synchronous™ simulation vectors along with their netlist
to one of vLsI's design centers. Customers requiring more
flexibility can use the company’s Special Test Services at
additional cost and with longer development time.

Some of the major aspects of these simulation guide-
lines follow:

® Simulation timing must be tester-compatible. All in-
put timing in a test-oriented simulation must adhere to
the synchronous, cycle-oriented timing constraints of a
tester. The simulation must be “cycle-based,” with all in-
puts changing at regular edge times relative to the begin-
ning of a cycle. Inputs must be assigned one of the stan-
dard tester input formats: NRZ (non—return to zero—one
edge time), RTZ (return to zero—two ed'ge times), or RTO
(return to one—two edge times). All input transitions
mustoccurat the prescribedinputedge time, and the edge
time assignments must remain constant throughout the

test (Figure 3). Multiple edge time definitions are permit-
tedbecauserestrictingallinputs tochangeatasingle edge
time can introduce “artificial” pattern-induced race con-
ditions—that is, race conditions occurring only at test
time, not during normal systems operation.

RTZ 1 cycle

44 Lri |

mobl Tt |

e
ke
S

vt ol

FIGURE 3. Supersynchronous input rules.

® Test generation simulation need not be at system
speed. The purpose of the test generation simulation is to
generate functional test patterns, not to verify the system
timing constraints. Outputs may be strobed only once per
cycle, and they should be strobed only when the circuit is
entirelystable, sothat thespeedatwhich the test-oriented
simulation may be done is limited by the maximum delay
of the longest internal path.

® Assign input edge times to avoid race conditions.
Input timing generators should be assigned to avoid pat-
tern-induced, or external, race conditions. An external
race condition can occur when inputs toalatch transition
asadirectresultofyoinput transitions. An example would
be a flip-lop with both data and clock driven from ros and
assigned to the same edge time (Figure 4).

]

(a)

Q Hold violation
= cp |
. A
CP el QN Race condition can be corrected
& > by moving the clock
CDN relative to the data edge time

o P

FIGURE 4. External race condition: circuit(a) and waveforms(b).
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At one workstation, push a button
and you're doing electronic design.
Push again and you're designing
the enclosure...creating the docu-
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manufacturing...or sharing infor-
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development and revision process
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faster.
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For this reason, supersynchronous guidelines require
thatedge times be separated by Nnanoseconds, where N is
greater than the longest possible delay in the circuit. De-
fining large delays between edge times helps prevent pat-
tern-induced race conditions: Providing for discrete time
intervals in which signals can settle precludes the tester’s
timing generators from triggering simultaneous transi-
tions from different edge times.

® Two timing generators cannot be assigned the same
edge time. The tester might skew two different timing
generators by a few nanoseconds relative to each other,
and theskew could possiblylead torace conditionsoryield
problems, dependingon the particular circuitand simula-
tion conditions (Figure 5). Consequently, this veryimpor-
tant rule prevents unreproduceable race conditions
caused by timing generator skews from happening.

Note that the supersynchronous rules prevent tester-
induced and pattern-induced race conditions from occur-
ring: the remaining internal race conditions between
transitions triggered by the same timing generator are
detected by the models during simulation or timing verifi-
cation, or both.

If a bidirectional pin is driven as an input by the tester
while the circuit is driving the node as an output, current
spikes canappearonthe powerorgroundlines. Thesuper-
synchronous guidelines (see Figure 6) prevent this haz-
ardous situation, which could cause permanent circuit
damage.

Good output
transition

Good input
transition

/ Input

TGEN 1_| |

Separate edge

times by N
TGEN2 |
g 7
Do not assign the same edge time to
two timing generators
TGEN 3 I

FIGURE 5. Supersynchronous rules for edge time definition.

® Bidirectional contention must be avoided. Super-
synchronous bidirectional rules require that the control
signal of every bidirectional circuit be “watched” in the
trace file. The bidirectional control signal determines
whether a bidirectional pin is driven or sensed during a
particular cycle. The following supersychronous guide-
lines refer to bidirectional circuits:

® There should be only one transition per period on
any bidirectional node.

® There should be only one transition per period on
any control signal (bidirectional or three-state).

® [fa transition occurs on both the bidirectional node
anditscontrolinacycle, the control transition must
occur before the node transitions.

Input \ Output
I
()
Input not driven Contention
by tester %
Input '\ Output / Input
|

(b)

FIGURE 6. Supersynchronous bidirectional guideline: good (a)
and bad (b) control.

® Test modes must be specified. Test mode initializa-
tion sequences must be provided for cell-based designs;
for circuits incorporating megacells or compiled cells, the
designer must provide and specify test modes during
which supersynchronous predefined vectors can be ap-
plied to each functional block.

MODELING AND SIMULATION ISSUES

Prototype test programs must be generated directly
fromsimulation trace files, and they therefore rely on very
accuratelogicand timingsimulation. Despite continuous
progress in simulation accuracy, many effects, like those
of current switching, and input level problems cannot be
handled by most logic simulators. Capacitive loading ef-
fects for complicated models like unbuffered flip-flops
(where the capacitiveload on @may effect the timing on Q)
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are likewise nearly impossible to model completely accu-
rately. Finally, “error conditions,” such as setup and hold
violations, clock violations, and minimum pulse width
violations, are often difficult to characterize.

Our experience with the test hospital was instrumental
in identifying certain modeling problems and under-
standing model limitations. Here are a few things users
need tounderstand abouticmodels, especially inregard to
test program generation:

® Models must initialize “conservatively.” Models
must be as conservative as necessary in handling un-
known nodes, to ensure that model outputs become as-
serted only when a circuit is correctly initialized. This
requirement may call for the designer to add some extra
circuitry or extra vectors to rigorously initialize the
circuit.

® Models must report all timing violations. All timing
relationships in logic blocks must be characterized, and
error messages must be heeded by the user. Setup and
holdviolations on Clear and Set inputs, clock skew errors,
or minimum pulse violations all can cause serious logic
ambiguities. In all cases, the user must be notified by the
model. Model violations cannot be tolerated during test-
oriented simulation because even if the designer is aware
of a model timing error and is sure it does not affect the
system performance, it could very likely affect the test
program.

® A single simulation cannot represent best- and
worst-casetiming. Asingle simulation run can verify tim-
ing at only one point in the performance spectrum (best-
case, typical, worst-case). Since process performance
scales linearly, this limitation is usually not too serious.
Very difficult critical paths or possible race conditions,
however, should be analyzed at both ends of the perfor-
mance spectrum.

® Noise and current effects cannot be simulated. Since
the simulator cannot consider noise, the designer must
subscribe to design and simulation guidelines to avoid
noise problems (for example, the maximum number of
simultaneously switching outputs per power pair, the
maximum number of outputs between grounds pads, no
ground at corner of Dips). vLsI Technology provides a com-
prehensivelistoftheserequirementsinitsdesignand test
guidelines.

FAULT SIMULATION ISSUES

Given the considerations above, prototype test vectors
should be fault-graded. Several fault simulation tech-
niquesare available to perform the task (Goeland Moorby,
1984). For prototype test programs, probabilistic fault

simulation can be used to obtain good estimates of their
efficiency (Agrawal and Jain, 1985) at minimal cost, as
test-oriented fault-free simulations are required any-
way. A benefit of high-quality prototype tests is that
production tests having very high fault coverage can be
derived quickly from the existing prototype tests. Recip-
rocally, one does not need to wait until high production
volumes to ensure high-quality shipments.
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At 100 MHz, the IMS Logic Master XL
creates a new world standard

for ASIC verification.

But speed isn't everything.

You might think it sufficient that
we're introducing the highest perfor-
mance ASIC verification system
available anywhere.

And that our new Logic Master

XL is the first system with data rates of

100 MHz.

But we didn’t think that was
enough.

Instead, we concentrated on the
kind of features that turn superior
performance into superb productivity.

Like advanced driver electronics
which produce symmetrical waveform
edges for measurement accuracy.

And complete per-pin control. So
you can handle complex timing
configurations with ease. And mixed
technology devices.
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Plus automatic wiring for rapid,
error-free setup. and superb system
skew for greater measurement
confidence.

Best of all, the Logic Master XL
comes from Integrated Measurement
Systems, the international leader in
ASIC verification.

Contact us for more information.

Integrated Measurement Systems, Inc.
Corporate Headquarters

9525 S.W. Gemini Drive

Beaverton, Oregon 97005

TEL 503 626-7117
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GUIDE TO THE DIRECTORIES

library and pLD vendors and product lines and re-

gional design centers. “Gate Array and Cell Library
Vendor Profiles” gives customer interface (design data
media), CAD system access, and price and deliveries. For
the five media format choices, a bullet (®) shows com-
pany preference, an open bullet (0) means the company
allows it, and a dash means the format is unacceptable.

A functional specification defines an architecture in
terms of major function blocks, primary vos, and expect-
ed behavior. If the design is expressed with standard
logic primitives, a generic logic schematic can be sub-
mitted. Working from a vendor’s known library of ma-
cros can result in a converted logic schematic. If the
vendor allows access to its CAD system or supports its
libraries, a verified netlist can be submitted. Further,
with access to the layout outlines of the library elements,
graphical editing tools, and layout analysis programs,
the design may be done by the customer, who hands
over a verified layout.

The columns on cAD systems show the host computers
on which the system runs. Whether customers can use
the tools at the company (on-site), from remote termi-
nals (remote), or on their own machines (off-site) is
indicated with a bullet. A dash means access is not
available. The final column lists the workstations, simu-
lators, and layout systems the vendor supports.

In the NRE category, approximate development costs
for a 3,000-gate digital ic are given. Vendors of GaAs,
linear, and certain special ICs list cost estimates of typi-
cal devices. Turnaround time is measured from submis-
sion of a verified netlist to delivery of packaged tested

T his section of the Guide is a listing of gate array, cell

prototypes. (Note: “n/s” means “not specified.")

In the “Directory of Gate Arrays,” the number of array
types (sizes) for each family is shown in parentheses
next to the series name. Below the family name is the
technology and the line width of this process. The col-
umn programmable layers lists the poly (“P”) and metal
(“M") layers available for customization, followed by the
pitch of the wiring, where available. The “Directory of
Cell Libraries” follow a similar format.

For arrays, we list the numbers of components avail-
able (spanning the smallest to the largest product in the
family). The number of gates is for digital arrays or
combined analog-digital arrays, and the number of ac-
tive components is for linear arrays or array portions. We
also list both digital vos and dedicated analog 1/0s .

The listings in the “Directory of Programmable Logic
Devices” are self-explanatory.

A separate listing, “Asic Vendor Contacts,” contains,
for gate array and cell library vendors, the names, ad-
dresses, and phone numbers of all the companies and,
in almost every case, a contact person for obtaining
more information. In “Directory of Asic Design Centers,”
vendor-owned and third-party design centers are listed
by location under the manufacturer's contact informa-
tion. Distributor contacts, on the other hand, are
grouped at the end of the section.

Missing this year from the directories are Harris Semi-
conductor, Hitachi America, Interconics, McDonnell
Douglas, sGs-Thompson, Supertex, Telmos, and Univer-
sal Semiconductor. Unfortunatley, these companies
were unable to supply the necessary information in time
for inclusion. Also not included is K-MOs Systems.

Gate Array and Cell Library Vendor Profiles

Company Products Customer interface CAD system access Nonrecurring Turnaround Minimum
P (8K) (weeks) production
contract
GA sC GA SC
CAD Work-
. system stations,
[} B hardware sim-
S L b - s 8 @ | ulators,
8 ¥ F K LR 5| 2| % |and
S | ® &
e 8|32 |3 5| & | & | layout
supported
ABB HAFO CMOS cell ° MicroVAX . L] . Daisy n's 40+ n's 12-16 None
library VAX Mentor
P-CAD
Tektronix
|Actel CMOS gate — — — — — IBM PC - — . PC-386 n/s n/a 2 n/a None
arrays 386 Viewsim hours
|Adams GaAs D- . - — - . VAX/Micro- . — . None n/a 35-40 n/a 8-10 4-wafer lot
Russell MESFET cell VAX/IBM
Semiconductor library
Advanced Bipolar . . ] . o IBM, VAX, . L] L] Mentor Varies n/s 8-9 n/s None
Micro Devices gate arrays Apolio
Applied Micro Bipolar and L] L] L] Apollo . L] L] Daisy 25-95 n/s 7-12 n/s None
Circuits BiCMOS gate MicroVAX Mentor
arrays and VAX Valid
cell libraries Sun Lasar 6
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Gate Array and Cell Library Vendor Profiles (continued)

Company Product: Customer interface CAD system access Nonrecurring T ound Mini
P (8K) (weeks) pr
contract
GA SC GA SC
CAD Work-
- system stations,
s 5 hardware sim-
o 2 T o 2 @ | ulators,
EINIERY LS 4 g | and
3 layout
2l (338 o 5 bR
Arrow CMOS gate o . . o o VAX . . . Daisy n/s n/s 4-8 6-12 None
Electronics arrays and Apollo Mentor
cell libraries
AT&T CMOS cell o o o . - Apollo . . . Daisy 45 =50 8 8-12 None
Technologies libraries; AT&T Mentor
digital bipolar IBM Valid
gate arrays MicroVAX
VAX
Sun
Barvon BiCMOS gate o . L] L] o Apollo L] — . Mentor n/s n/'s n/s n's None
BiCMOS array; CMOS VAX Silvar-
Technology and BICMOS MicroVAX Lisco
cell libraries
California CMOS gate o . . ° o MicroVAX . — . Daisy 10-25 40-50 4-6 6-8 None
Micro Devices arrays and VAX Mentor
cell libraries Viewlogic
Tektronix
Cherry Bipolar gate o o . o o IBM PC . — — Applicon 27 — 12 — None

Semiconductor arrays

Control Data CMOS gate — _ . . — Cyber 800 . L] . Daisy 38 80 12 12 $100k/year
array; and cell Apollo Mentor (SC)
libraries

Custom Arrays Linear bipolar . . . . . IBM PC L] . . Analog 5-50 20-70 3 12-28 None
gate arrays Design
and cell Tools
library PC AT

PC-386

Custom Silicon CMOS and 3 o o o — MicroVAX . . . Mentor 12 25 3 5-7 None
bipolar gate IBM PC Daisy
arrays; CMOS Apollo FutureNet
cell libraries Sun Viewlogic

Data Linear Bipolar analog o — . . ° IBM PC . . L] Daisy 25-30 25-50 6-8 10-12 500
arrays, and MicroVAX Mentor 15-20 units/year
cell library VAX Valid analog

ADT array
Via

Design Devices CMOS gate . o o o — MicroVAX . . — Mentor 26 39 9-11 1417 None
array and cell IBM PC Valid
library Apollo

Electronic CMOS gate . . o o o VAX — - — Daisy 15 25 12 16 None

Technology arrays; bipolar SCS-40 Via
linear arrays;

CMOS cell
libraries

Exar Bipolar linear o L] L] . o VAX . . L] Mentor n/s 30 n/s 13 None
arrays and IBM PC
cell library; (Linear)

CMOS gate Apollo
arrays and (digital)
cell library

Ford Micro- GaAs E/D o (6] o — L] VAX . — L] Daisy Ap- Not 13 n/s 5 wafer

electronics MESFET gate 11/78X or prox- yet units/year
array 8600 imate- avail- (GA)

ly 75 able

Fujitsu Micro- CMOS, — . . o VAX ] . . Daisy 20 40 4 8 None

electronics BiCMOS, and MicroVAX HP
bipolar gate IBM PC Mentor
arrays; CMOS Apollo Valid
cell libraries Sun Tektronix

Fujitsu
Amdahl
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Gate Array and Cell Library Vendor Profiles (continued)

Company Products Customer interface CAD system access Nonrecurring Tur d Mini
P ($K) ( ) producti
GA sC GA sC
CAD Work-
L system stations,
o 3 hardware sim-
. 215 ol = i 2 | 2 | ulators,
§ 21 205 2 E 9 | and
H gl 28 & | layout
supported
Gain GaAs E/D ) . . — IBM PC . — . Mentor 55 n/s 14 n/s n/s
Electronics MESFET gate Apollo Viewlogic
array
GE Micro- Si-gate CMOS — . VAX . . . Valid 35 50 o 9 None
electronics gate array 11/78X or Mentor
Center and cell 8600 FutureNet
library MicroVAX
(CMOS/SOS Apollo
gate array Sun
and cell
library also
available)
Genesis CMOS gate [o] . — IBM 30XX . . . Mentor n/s De- 6 10 n/s
Microchip array and cell or 43XX FutureNet pends
library IBM PC Daisy on
Apollo con-
Sun tent
Gennum Bipolar and . . IBM PC - — . Computer- 6.9-40 n/a 8-12 n/a None
digital linear Vision
arrays
GE Solid State CMOS and o . . MicroVAX . . . Daisy 15-75 25- 5 8 None
SOS gate VAX FutureNet 125
arrays and Sun Mentor
cell libraries PCAD
Valid
GigaBit Logic GaAs cell . VAX . — ° Daisy = 75 — 16 None
library MicroVAX Mentor
IBM PC
Gould CMOS gate . . . . Apollo . . . Daisy 14-19 21-26 6 8 Negotiable
Semiconductor arrays and IBM PC FutureNet
cell library Prime Mentor
Symbolics P-CAD
VAX
Hamilton/Avnet CMOS, — . . . MicroVAX . . . FutureNet 30 40-60 8-12 10-16 None
bipolar, IBM PC Faircad
BiMOS, ECL, Sun LDS Il
and SOS gate lkos
arrays; CMOS MDE
cell libraries.
Holt Integrated CMOS analog L] . . L] VAX L] . . Calma —_ 35-45 == 12-16 Negotiable
Circuits and combo
array; CMOS
cell library
Honeywell CMOS, . L] Apollo . . . Daisy 30-100 — 4-6 — None
Solid State bipolar, and Elxsi Mentor
Electronics rad-hard gate Daisy
Division arrays
Hughes CMOS gate . . . VAX L] — - Daisy 30-50 40-75 4-6 8-10 100
Aircraft arrays and Apollo Mentor units/year
cell libraries (GA);
1,000
units/year
(SC)
ICI Array CMOS gate . . — Apollo . — = Mentor 15 30 6-10 12-16 None
Technology array and cell
library; bipolar
ECL
Integrated CMOS gate (] ) Apollo . . ] Daisy 23 39 6 10 500k units
Circuit arrays and IBM PC Mentor and
Systems cell libraries; VAX Calma $12k/year
GaAs cell (GA);
libraries 1k units
and
$25k/year
(SC)

102 SEMICUSTOM DESIGN GUIDE 1988




Company Products Customer interface CAD system access N ing T d Minimum
p ($K) ( ) producti
g CAD system Work- GA sc GA sC
2 2 - hardware 2| & | 2 |statons,
E Bl 1051 =
2| 8|8|3|3 §| &| & |andiayout
supported
Integrated Logic | CMOS gate o . . . - VAX . — . Daisy 10-50 — 8-12 = None
Systems arrays and cell OorCAD
libraries Mentor
Intel CMOS cell o o o . — MicroVAX . — . Daisy —_ Nego- - 8-12 Negotiable
library VAX Mentor tiable
International CMOS gate — . . . o Apolio L] = . Daisy 16.8 448 6 16 None
Microcircuits arrays and cell VAX Mentor
libraries
International CMOS o . ° . . IBM PC . . . SST n/a 30-50 n/a 12 None
Microelectronic standard cells MicroVAX SCS
Products Sun Viewlogic
Mentor
LSl Logic CMOS/BiCMOS | — o o . — Apollo . . . Daisy nis nis 2 6 None
gate arrays and IBM Mentor
cell libraries MicroVAX Valid
Sun-3
Sun-4
VAX
Marconi CMOS and o o o . o Apolio . . . Daisy — = = — None
Electronic SOS gate VAX Mentor
Devices arrays; CMOS MicroVAX
and SOS cell
libraries
Matra Design CMOS gate o . . . — IBM PC . ° o Daisy 5-40 = 3-6 — None
Semiconductor arrays MicroVAX Mentor
VAX Valid
HP
MCE CMOS and o o . . . IBM PC . — . Calma 5 10 57 6-10 None
Semiconductor bipolar gate
arrays and cell
libraries
Micro Linear Bipolar linear L] . . . . IBM PC L] . L] ADT 15-30 — 10-16 = Negotiable
arrays Sun Calma
Daisy
Viewlogic
Micro LSI CMOS gate . . o o o Prime . = = Daisy 15-25 35-45 10 14 n/s
array and cell
library
Micro-Rel CMOS and . o o . . Data — — —_ Calma — n/s — 13 $100k/year
bipolar cell General/MV Daisy (SC)
library Apollo Mentor
Mietec CMOS and o o o ° . VAX [ [ . Daisy —_ 40 — 6 30k units per
bipolar gate MicroVAX Valid year and
arrays and cell $100k/year
libraries (SC)
Mitsubishi CMOS gate - o ° 3 o IBM . . . Valid 10-30 30-60 4 10 $100K/year
Electronics arrays and cell IBM PC Mentor (SC)
America library Apollo Daisy
Sun Intergraph
HP
lkos
Orchard
FutureNet
Motorola CMOS, BiMOS | — o L] L] o IBM L] . L] Daisy 20 25-30 5 = Negotiable
and bipolar VAX FutureNet
gate arrays Apollo Mentor
Sun Valid
MicroVAX
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Gate Array and Cell Library Vendor Profiles (continued)

Company Products Customer interface CAD system access Nonrecurring Minimum
expense ($K) (weeks) production
CAD system Work- GA sc GA sc
hardware stations,
§ 58 i § £ |simuiators,
= and layout
National CMOS and — o . o IBM L] . . Daisy Negoti- | Negoti- 3-4 7-9 None
Semiconductor ECL gate VAX FutureNet able able
arrays; CMOS MicroVAX Mentor
and ECL cell Valid
libraries Sun
NCM CMOS gate o o o o Silicon — — — GEM 8-16 25-30 4 10 None
arrays and cell Graphics
libraries
NCR CMOS gate o o o o VAX L] . . Cadnetix 12-20 30-50 3-5 8-10 None
Microelectronics | arrays and cell Daisy
libraries Mentor
Valid
FutureNet
NEC Electronics | CMOS, o o . o NEC-Acos . L] . Cadnetix Negoti- | Negoti- 4-7 7-10 Negotiable
IBiCMOS, and VAX Daisy able able
bipolar gate Sun FutureNet
arrays; CMOS HP
cell library Mentor
Valid
Oki CMOS gate — . . . I1BM . . . Daisy 20-22 35 4 8 10 units-
Semiconductor arrays, and cell Amdahl Mentor 100'units
libraries VAX Valid
Sun
FutureNet
Panasonic CMOS gate == o . — VAX . - . Daisy 18 35 3-4 6-10 None
arrays and cell MicroVAX Mentor
libraries Fujitsu
Plessey Bipolar and o . . . Apollo . . é ADT 5-50 25-80 6-10 8-16 $50K per
Semiconductor CMOS linear IBM PC Daisy year (GA);
arrays, gate Sun Mentor $80K per
arrays, and cell VAX Valid year (SC)
libraries MicroVAX FutureNet
Polycore Bipolar linear . L . . IBM PC == = — IBM PC- 5 — 6 = None
Electronics arrays ICED
Raytheon Bipolar and L] o . . VAX . . L] Daisy 15-75 — 8-12 = Program-
Semiconductor CMOS gate Amdahl Mentor dependent
arrays Valid
Seattle Silicon CMOS cell o o . o Apollo . — . Mentor n/a 35 n/a 8 None
Corp. libraries
Sierra CMOS cell o (o} . L] Apollo . - . Daisy — 30 — 12 None
Semiconductor library Elxsi Mentor
VAX
Sun
Signetics/Philips | CMOS cell . o o o Apollo . . . Mentor — 30-50 — 10-14  [$100k per
libraries VAX OrCAD year
IBM PC Daisy
Valid
Siliconix CMOS gate o o o — IBM . — . Case 10 — 6 — None
arrays IBM PC Daisy
VAX FutureNet
Mentor
Silicon Systems | Bipolar gate L . o o Apollo — —_ . — 20-40 35-75 6-10 8-12 1k units/year
arrays; bipolar VAX or $50k/year
and CMOS MicroVAX (GA); 10k
linear arrays; units/year or
CMOS cell $100k/year
libraries (SC)
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Company Products Customer interface CAD system access Nonre: ] T d Mini
expense ($K) (weeks) production
GA sc GA sc
CAD Work-
. system stations,
E 1 nhardware sim-
ﬁ 5 =o 5] % ulators,
ik AR
S
o s | (o] g rtod
Silicon West CMOS gate . . o o — Apolio = = = Mentor 30 40 6-8 8-10 None
arrays and VAX
cell library
S-MOS CMOS gate — o . . . MicroVAX . — . Daisy 18 36 5-7 11-14 5k
Systems arrays and IBM Mentor units/year
cell library IBM PC FutureNet (GA);
Apollo OrCAD 10k
Sun Viewlogic units/year
(SC)
Standard CMOS cell o . . . . Apollo . — L] Daisy — 15-35 — 6-10 $50k/year
Microsystems libraries IBM PC Mentor (SC)
MicroVAX Metheus-
VAX Ccv
Valid
Viewlogic
Tachonics GaAs D- — (o} o . . Apolio . — . VLSI — 75 — 10 None
MESFET cell Technology
library Mentor
Tektronix Bipolar linear o o . o o MicroVAX . — . Tektronix 60 — 6 — None
and digital VAX
arrays
Texas CMOS gate . . . . 0 Apollo . . . Daisy 15-25 30-40 2-3 3-6 None
Instruments arrays and IBM Mentor
cell libraries Valid
TLSI CMOS gate . . . o . IBM PC . — — Calma 20 35 8 12 None
arrays; CMOS MicroVAX Daisy
and nMOS
cell libraries
Toshiba CMOS gate 3 . o o o IBM/VAX . L] L] Daisy 9-90 15-50 254 7-12 None
America arrays and FutureNet
cell libraries Mentor
Valid
Viewlogic
HP
Aida
P-CAD
TriQuint GaAs D- o o o . L] Daisy . — = Daisy 45-60 60- 10 14 None
Semiconductor MESFET Logician Mentor 120
standard cell, Apollo
E/D-MESFET VAX
gate arrays MicroVAX
and cell
libraries
Unicorn Micro- CMOS gate ° L L4 . . MicroVAX . . L3 Daisy 5-20 25-45 4-8 12-16 None
electronics arrays and VAX
cell library
United Silicon CMOS cell o o o o . VAX L] — . Sun-3 n/a 15 n/a 6 One
Structures library 11/78X or Apollo unit/year
(Us2) 8600 DN3000, (SC)
MicroVAX DN4000
IBM PC DEC VAX
Apollo station
Sun
United CMOS and o o o L] . MicroVAX . . . Daisy 30 50 6-8 8-12 None
Technologies rad-hard VAX Mentor
Micro- CMOS gate Valid
electronics arrays and
Center cell libraries
Vitesse GaAs E/D- o o o . o VAX . L] . Daisy Con- Con- 8-10 n's Contact
Semiconductor MESFET gate 11/78X or Mentor tact tact factory
arrays and 8600 Merlyn-G factory factory
cell library; MicroVAX VLSI Tools
mixed D and Apollo, Sun
E/D-MESFET Daisy
gate arrays
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VLSI Technology | CMOS gate o o . . . Apolio . . . HP 16-150 n/s 3 5-6 Contact
arrays and cell Elxsi Daisy sales
libraries HP Mentor

MicroVAX FutureNet
Sun
VAX

vTC CMOS and (e} o . L o Apollo . . - Mentor 25 50 6 12 None
bipolar gate IBM PC Daisy
arrays and cell
libraries

WaferScale CMOS cell . . . . o VAX . . . Daisy — 60 - 16 Contact

Integration library Intergraph sales

Xerox CMOS and . . o o — VAX-11/78x . . — Xerox 6085 20-35 40-55 4-10 6-12 None

Microelectronics | ECL gate or 8600

Center arrays; CMOS (some
and ECL cell software),
libraries Xerox 6085

workstations
Xilinx CMOS gate [¢] . . na |na |IBMPC na |na |[n/a | Daisy = n/a ¥ n/s None
arrays Apollo Mentor
Sun IDEA
Daisy Valid
PC

Zymos CMOS cell (¢} . . . — IBM PC ° . . Case na Contact n/a Varies | Contact

libraries Prime sales sales

Directory of Gate Arrays

1. Flip-flop toggle rate. 2. Gate power at frequency. 3. 2-in NAND delay, FO=2, 1 mm wire. 4. C=CMOS, T=TTL. 5. C=commercial, | =industrial, M= military.
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Directory of Gate Arrays (continued)

Company Product Program- Typical Parameters Components Inlerhfo Temp. Second
Technology mable levels ranges® | Sources
Line width Layers MHz1 mw2 ns3 Gates 1/0s
. e 1T Ll C 1M
Applied Micro | Q5000 (5) M1 5.6 pm 800 0.9 0.35 1300-5000 76-160 . 10K, | ® e e sig-
Circuits Bipolar OI (TTL, M2 8.0 pm 100K netics/-
STIL ECL) M3 (only on Philips
2 pm Q5000T)
Q14000 (4) M1 4.5 um 240 0.02 0.67 2100— 80226 | e 10K | e e | SMOS
Si-gate CMOS and | M2 4.5 um 14,000 100K
bipolar Ol (TTL, M3 6 pm
ECL)
1.5 pum
Q20000 (3) M1 4 pm 1.5 GHz 0.5 0.09 2000-16,000 244 . e| e e o Plessey
Bipolar trench M2 5 pm
isolation M3 7 pm
1pm
AT&T Micro- ALA-200 M1 5 pm 45GHz | na n/a 111-222 36-48 . e| o e e None
electronics Bipolar JI (11V) M2 10 pm active
1.5 pm 501-998
passive
ALA-300 M1 10 pm 250 n/a n/a 29-116 active | 30-32 L e| o e o] None
Bipolar JI (90V) M2 10 pm 111-444
8 pm passive
ALA-400 M1 8 pm 250 n/a n/a 122-208 38-42 . . el e e o | None
Bipolar JI (30 V) M2 8 pm active
4 um 417-670
passive
DBIC gate array M1 5 pm 600 1.25 0.2 2000-6000 72-120 10K n/s
(TTL, ECL) M2 5 pm
Barvon BC9000 (1) M1 100 n/s 1.5 2000 gates 68 total L] ° e e o None
BiCMOS BiCMOS (bipolar M2 18 analog
Technology and Si-gate 900 passive
CMOS)
2 pm
California C3000 (4) P17 um 1% 0.44 2.1 500-2000 40-80 L] L] 4 & ° "ﬁone
Micro Devices | Si-gate CMOS M1 7 pm
3.5 um
C2000 (8) M1 4.5 um 30 0.8 1.2 1500— 72-250 L] (] e o o/ None
Si-gate CMOS M2 5.5 um 10,000
2 pm
Cherry Semi- 1200, 1300, 1400 M1 16 pm 3 0.7 50 192-288 24-28 (] . o e ° Exar
conductor Bipolar JI (12L) gates 2-6
4 pm 50-106 active | analog
Genesis (4) M1 16 pm 3 0.4 50 64-256 gates | 10—18 ° L] e o o Exar
Bipolar JI (I°L) 143-69 active | 16-22
4 pum 345-200 analog
passive
Commodore 4100 Series M1 5 pm 80 1 1.2 500-6000 40-152 L] L L4 None
Semi- Si-gate CMOS M2 7 pm
conductor 2 pm
Control Data VLSI-6200 M1 5.5 pm 40 0.24 0.85 8500 154 L . e e o National,
Si-gate CMOS M2 7 pm VvTC
2 pm
VLSI-6100 M1 3.5 pm 40 0.2 0.8 8500 154 ° . e e e | National,
Si-gate CMOS M2 4.5 um viC
1.25 pm
VLSI-7000 M1 2.5 um 15 0.2 0.5 20,000 238 (] . e o o Honey-
Si-gate CMOS M2 2.5 pm well
1.25 pm Digital
Products
Custom Arrays | MM 20 V bipolar M1 n's n/s n/s 45-280 active | 14-46 . e| e e o] Ferrant
9) 100-1150 Inter-
Bipolar JI passive design
6 pm
MV 40 V bipolar M1 n/s n/s n/s 68-340 active | 20-44 . e| o e e Ferranti
(5) 360-1400 Inter-
Bipolar JI passive design
6 pm

1. Flip-flop toggle rate. 2. Gate power at frequency. 3. 2-in NAND delay, FO=2, 1 mm wire. 4. C=CMOS, T=TTL. 5. C=commercial, | =industrial,
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Directory of Gate Arrays (continued)

1. Flip-flop toggle rate. 2. Gate power at frequency. 3. 2-in NAND delay, FO=2, 1 mm wire. 4. C=CMOS, T=TTL. 5. C =commercial, | =industrial,
M =military. 6. f.
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1. Flip-flop toggle rate. 2. Gate power at frequency. 3. 2-in NAND delay, FO=2, 1 mm wire. 4. C=CMOS, T=TTL. 5. C=commercial, | =industrial,
M = military.
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Directory of Gate Arrays (continued)

1. Flip-flop toggle rate. 2. Gate power at frequency. 3. 2-in NAND delay, FO=2, 1 mm wire. 4. C=CMOS, T=TTL. 5. C=commercial, | = industrial,
M = military.
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I1M. Flip-flop toggle rate. 2. Gate power at frequency. 3. 2-in NAND delay, FO=2, 1 mm wire. 4. C=CMOS, T=TTL. 5. C=commercial, | =industrial,
= military.

1988 SEMICUSTOM DESIGN GUIDE 111




Directory of Gate Arrays (continued)

1. Flip-flop toggle rate. 2. Gate power at frequency. 3. 2-in NAND delay, FO=2, 1 mm wire. 4. C=CMOS, T=TTL. 5. C=commercial, | - industrial,
M= military.
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1. Flip-flop toggle rate. 2. Gate power at frequency. 3. 2-in NAND delay, FO=2, 1 mm wire. 4. C=CMOS, T=TTL. 5. C=commercial, | = industrial,
M = military.
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Directory of Gate Arrays (continued)

flop toggle rate. 2. Gate power at frequency. 3. 2-in NAND delay, FO=2, 1 mm wire. 4. C=CMOS, T=TTL. 5. C=commercial, | =industrial,
M = military.

1. Flip-
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1. Flip-flop toggle rate. 2. Gate power at frequency. 3. 2-in NAND delay, FO=2, 1 mm wire. 4. C=CMOS, T=TTL. 5. C=commercial, | =industrial,
M = military.
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Directory of Gate Arrays (continued)

1. Flip-flop toggle rate. 2. Gate power at frequency. 3. 2-in NAND delay, FO=2, 1 mm wire. 4. C=CMOS, T=TTL. 5. C=commercial, | =industrial,
M = military.
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1. Flip-flop toggle rate. 2. Gate power at frequency. 3. 2-in NAND delay, FO=2, 1 mm wire. 4. C=CMOS, T=TTL. 5. C=commercial, | =industrial,

M= military. 6. For a 2-in NOR gate.

Directory of Cell Libraries

MEG 6
Me-gate CMOS
5 um

S083
Si-gate SOS
4 pm

55 gates
10 MSI

15 analog
20110

55 gates
10 MSI
10 1/0

RAM, ROM, PLA

RAM, ROM, PLA

1. Flip-flop toggle rate. 2. Gate power at frequency. 3. 2-in NAND delay, FO =2, 1-mm wire. 4. C=CMOS, T=TTL. 5. C=commercial, |=industrial, M= military.
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Directory of Cell Libraries (continued)

ABB HAFO SOs4 < 55 gates RAM, ROM, PLA
Si-gate SOS M1 6 pm 10 MSI
2 um M2 9 um 10 110
SIGI P16 pm 35 n/s 3 55 gates RAM, ROM, PLA, . L] L] . e | GE
Si-gate CMOS M1 6 um 10 MSI multiplier
3 um 10 analog
10 11O
SIG2 P145 um 110 nis 2 55 gates RAM, ROM, PLA . . . . e | GE
Si-gate CMOS M1 6 um 10 MSI
2 pm M2 7 um 10 analog
10 /O
Adams Russell GaAs D-MESFET n/s n/s n/s n/'s =50 analog Interpolation of cells n/s . 3 e | None
1 and 0.5 pm in the library
AT&T 1.25 pm library P125 um 170 1.9 0.8 165 gates RAM, ROM, PLA cell | ® L] . ° o | None
Technologies Si-gate CMOS M1 3.5 um =70 MSI compiler, function
1 pum M2 4.5 um 14 analog compiler
55 10
GaAs high-voltage M1 2 um n/s 0.5 0.1 30 10 n/s . . e | None
E/D-FET M2 2 um
1 pm
Barvon BiCMOS | Si-gate CMOS and M1 75 nis 3 >350 MSI RAM, ROM; 10-bit . L] . L] ® | None
Technology biCMOS M2 80 analog DAC and ADC; AGC,
25 um 14 1/0 ALU, filters
Si-gate CMOS M1 150 n/s 12 as above as above . . . . e | None
2 pm M2
Si-gate CMOS M1 200 n's 0.9 as above as above . . . . e | None
1.5 um M2
BC1000 M1 100 n/s 15 150 MSI RAM, ROM; ADC, . . ° . o | None
BiCMOS M2 30 analog DAC, bandgap
2 um 15 110 reference,
differentiator, peak
detector, filters
BC4000 M1 150 n/s 1.3 150 MSI as above L] . . 3 e | None
Si-gate CMOS M2 30 analog
2 um 15 110
California Micro Si-gate CMOS M1 4.5 um 150 3 0.7 70 gates RAM, ROM, PLA L] o . . e | None
Devices 1.5 um M2 5 um 40 MSI
30 IO
Commodore 4500 series P14 pm 80 0.5 1 50 gates RAM, ROM, PLA; . ° o None
Semiconductor Si-gate CMOS M1 4.5 um 15 MSI 65C02
2 um M2 5.5 um 15 110
Control Data VL 5000 M1 3.3 um 166 0.9 0.58 86 MSI Register file, 2901, . ) . . e | VTIC
Si-gate CMOS M2 3.6 pm stackable register and
1.2 pm multiplexer cells
Custom Arrays MM macrocells M1 n/s nis n/s 30 analog Op amps, voltage L] . oo o e | Ferranti
Bipolar JI regulators, oscillators, Inter-
6 um band-gap references, design
comparators
MV macrocells M1 n/s n/s n/s 30 analog Op amps, voltage . o o e e | Ferranti
Bipolar JI regulators, oscillators, Inter-
6 pm bandgap references, design
comparators
Custom Silicon VS 3000 P12.7 pm 50 0.25 1.8 50 gates RAM, ROM, ALU, . ° . . e | NCR,
Si-gate CMOS M1 22 um 20 MSI multiplexers, 275 Motorola
3 um M2 4.95 20 analog MicroBlocks, 29xx bit-
30 110 slice processors,
65CX02, multiport
RAMS
VS 2000 M1 3.75 pm 85 0.28 1.1 58 gates RAM, ROM, PLA, . . 3 ] o [ NCR,
Si-gate CMOS M2 4.25 pm 103 MSI EEPROM; SRAM, D- Motorola
2 um 6 analog RAM, 275
34 1/0 MicroBlocks, 29xx bit-
slice processors,
65CX02, SCSI, and
CRT controller,
68C05, multiports
RAMS
V8-1500 M1 3 um 110 0.14 0.5 57 gates RAM, ROM, ALU, L] . . 3 e | NCR
Si-gate CMOS M2 105 MSI MUX, 275
1.5 pm 20 analog MicroBlocks, 29xx bit-
34 110 slice processors,
65CX02, SCSI, and
CRT controllers,
68C05, multiport
RAMS
Data Linear DL-104/187/357/ M1 15 um 0.5-1 n/s 2 13 analog Any arrangement of . 10K, | @ e e | None
650 GHz6 simple cells 100K
Bipolar DI (analog)
5 um
SP1204 M1 7 pm 1 GHz6'| n/a n/a Many simple 10 basic macrocells . . e[ e e e None
Bipolar DI (20, 35 V) M2 15 pm analog and
(analog and interface logic interfacing
cells cells

1. Flip-flop toggle rate. 2. Gate power at frequency. 3. 2-in NAND delay, FO =2, 1-mm wire. 4. C=CMOS, T=TTL 5. C=commercial, | =industrial, M= military 6. f;
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i

i i . L i i L i D b
Design Devices Si-gate CMOS M1 6 um 50 1.5 1.75 54 MSI RAM, ROM, 2901 L] L] o . e | None

2 um M2 9 um 40 110 family
Si-gate CMOS M1 5.6 um 150 18 1 115 gates RAM, ROM, PLA, L] L] e e o None
1.5 pm M2 6 um 45 MSI 74xx logic, mulipliers
20 110
Electronic ETC P1orM175 50 0.65 215 52 gates RAM, ROM; 65CX02 | @ L] e e o Gould,
Technology Si-gate CMOS pm 7 MSI Motorola,
2 and 3 um 14 analog NCR
15110
STDC M1 40 0.35 1.7 25 gates RAM, ROM, U] . . Motorola,
Si-gate CMOS M2 2 MSI CPURimer; 65Cx02, NCR, Gould
3 pm 6 analog 6512 x 8 RAM,
16 110 62H x 8 ROM
STDC M1 75 0.35 1.1 46 gates RAM, ROM, 65HC05 | e ] e e e NCR,
Si-gate CMOS M2 14 MSI Motorola,
2 pm 26 110 Gould
Exar P3000 M1 6 um 35 0.19 2-3 50 gates Analog cells can be . L] ° ° e | Rohm
Si-gate CMOS M2 7 pm 15 analog parameterized based
3 um 10 VO on operating
conditions
N2000 M1 7 pm 100 0.19 1 50 gates RAM, ROM, . . e e o Rohm
Si-gate CMOS M2 8 pm 75 MSI EEPROM,; analog and
2 um 25 analog switched- capacitor
32 /0 filters
Fujitsu Micro- AV-OEBB P16 pm 100 n/s 1.2 140 digital RAM, ROM, PLA, L] L4 . L] e | None
electronics Si-gate CMOS M1 7 pm multipliers, ALU
1.8 um M2 9 pm
AU-AEBB P13 pum 120 n/s 0.85 100 gates RAM, ROM, PLA; L] . e e o None
Si-gate CMOS M1 4.5 pm 28 MSI multipliers, ALU;
12 pm M2 6 pm 40 /0 8200-type logic
M3 9 um
GE Micro- GECELL M13 pm 40 0.32 0.7 100 gates None L] . ® | None
electronics Si-gate CMOS M2 4 um 50 MSI
Center (CMOS/SOs 70 /O
available)
1.2 um
Genesis M2 CMOS M1 85 n/s 09 100 gates RAM, ROM, . . e e o] Natonal
Microchip Si-gate CMOS M2 104 MSI EEPROM, COP888,
2 pm 12 analog HPC 16- bit controller,
78 /O SM8250, 2901
GE Solid State SC2500 M1 9 pm 15 03 25 63 MSI RAM, ROM, PLA, . ) e e e None
Si-gate CMOS M2 11 pm 810 compilable cells as
3 pm hard macros
SC2000 P1 11 pm 10 0.2 25 63 MSI Compilable cells as o . ° . o [ Silicon
Si-gate CMOS M1 9 um 810 hard macros Systems
3 pm
SC2800 P16 pm 15 0.2 15 45 MSI Compilable cells as . . e e e None
Si-gate SOS M1 10 pm 1110 hard macros
3 um
SC3000 M1 6 pm 20 0.3 1.8 63 MSI RAM, ROM, PLA, . ° e e o VLSI
Si-gate CMOS M2 8 um 810 compilable cells as Tech-
2 um hard macros nology
SC4000 (Advancell) M1 3.5 um 100 0.5 0.8 167 gates RAM, ROM, PLA, L ° .o . e [ Toshiba,
Si-gate CMOS M2 4.8 um 10 MSI 2900 family bit slice Siemens
1.5um 5 analog
84 110
SC3500 M1 4.8 um 26 03 1.5 63 MSI RAM, ROM, PLA, L] ° ° [ e | VLSI
Si-gate CMOS M2 6.4 um 13 /10 compilable cells as
1.6 pm hard macros
SC2500E M19 um 15 03 2.5 63 MSI RAM, ROM, PLA, . . ° . o | None
Si-gate CMOS (12 V) | M2 11 pm 13 110 compilable cells as
3 pm hard macros
GigaBit Logic SC5000 M1 4 um 2300 24 0.18 15 gates None L] . 10K, | @ e e | Tachonics
GaAs D-MESFET M2 4 um 13 MSI 100K
(CDFL) 710
0.8 pm
SC10000 ‘M1 4 um 3000 15 0.15 12 gates RAM, ROM L] . 10K, | ® . o [ None
GaAs E/D-MESFET M2 4 pm 13 MSI 100K
(CDFL/SCFL) M3 4 pm 6 1/0
0.8 um
Gould Semi- Si-gate CMOS M1 5 pm 100 24 0.6 516 gates RAM, ROM, PLA; ns |« e e Contact
conductor 2 um M2 7 um 200 MSI multipliers, 2901 company
24 /0 family; barrel, pipeline
shifters
Si-gate CMOS M1 50 n/s 25 212 gates ADC, DAC, filters, op ns |[e e o [ Contact
3 um M2 200 MSI amps, analog, company
24 1/0 megacells

1. Flip-flop toggle rate. 2. Gate power at frequency. 3. 2-in NAND delay, FO=2, 1-mm wire. 4. C=CMOS, T=TTL. 5. C=commercial, | =industrial, M= military.
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continued)

Directory of Cell Libraries (

T —
Holt Integrated 'Si-gate” CMOS P17 pm 40 gates RAM, ROM; ADC,
Circuits 3 um M1 8 um 10 MSI DAC, display drivers,
20 analog controllers
25 1/0
Si-gate CMOS P17 pm 15 0.2 6 40 gates RAM, ROM, AD,D/A | ® . . . e [ None
3 pm P2 8 pm 10 MSI display drivers,
M1 8 um 25 analog controllers
25110
Hughes Aircraft | Si-gate CMOS P110 pm 30 0.45 2 100 gates n/s . . e e e None
3 um M1 9 um 15 MSI
25 analog
10 /O
U series P12 pm 30- 0.8 115 50 gates RAM, ROM, PLA, . . . . e | None
Si-gate CMOS P22 pm 50 20 MSI EEPROM, 2903, 2910
2 um M1 5 um 100 110
M2 5 pm
Integrated Si-gate CMOS P16 pm 80 002 | 12 65 gates RAM, ROM, PLA, L] . * o e | NCR,
Circuit Systems 3 um M1 9 um 35 MSI PLL, VCO VTI,
20 analog Motorola
18 /10
Si-gate CMOS M1 80 .014 12 36 gates RAM, ROM, PLA, . . . . e | NCR,
2 pm M2 18 MSI 65C02 VLSI
18 analog Tech-
12 110 nology,
Motorola,
NSC
\"all M1 80 015 1.2 44 gates RAM, ROM, PLA, . . e e e None
Si-gate CMOS M2 16 MSI Intel peripheral chips
2 pm 12 110
Intel Si-gate CMOS M1 3.84 pm 65 0.02 0.7 41 gates RAM, ROM, PLA, . ° . None
1.5 um M2 5.12 pm 47 MSI 80C51, 8086
24 1/0 peripherals,
counters, adders,
analog
International G4000 M1 2 0.01 70 n/'s n/s . L] . L] e | S-MOS
Microcircuits Me-gate CMOS
8 um
G70000 P1 42 0.42 33 24 gates n/s . . e o e | S-MOS
Si-gate CMOS M1 9 MSI
3.5 um 8 1/0
IMI6000 Pq 60 0.6 1.4 101 gates n/s . L] . . ® | S-MOS
Si-gate CMOS M1 50 MSI
2 pm M2 18 110
IMI 7000 P1 100 n/s 0.75 1632- 70-170 L4 L] ° L4 e | S-MOS
Si-gate CMOS M1 8000
1.5 pm M2
International ACL3/DCL3 P18 pm 50 0.15 3 45 gates RAM, ROM L] ° . Contact
Microelectronic Si-gate CMOS M1 8 um 35 analog company
Products 3 pm 21110
ACL2/DCL2 M1 6 um 80 0.3 1 45 gates RAM, ROM . . ° Contact
Si-gate CMOS M2 8 um 10 analog company
2 um 21 1/0
DCL1.2 n/s n/s n/s n/s 45 gates n/s n/s n/s | n/s
Si-gate CMOS 21110
1.2 pm
LSI Logic LST20/LSC20 P1 n/s 0.02/ 1.4 >400 gates Mutipliers, barrel . L] L] . e | Contact
Si-gate CMOS M1 MHz >300 MSI shifters, 6845, 8251, company
2 um M2 >100 110 2901 family, RAM,
ROM, PLA (LSC20)
LCB 15 P n/s 0.01/ | 05 =400 gates RAM, ROM, PLA, . . 10K, ® e e Contact
Si-gate CMOS M1 MHz >300 MSI EPROM, multiport 100K company
1.5 pm M2 >200 /0 RAM, FIFO, LIFO,
CAM; 29xx, 82xx,
6845
Marconi CELLMOS P110 pm 20 0.1 8 55 gates RAM, ROM, . L] e e e None
Electronic Si-gate CMOS M1 10 pm 6 MSI “stretchable” buffer
Devices 5 um 9 analog
6 1/0
CELLMOS P16 pm 40 0.12 3 55 gates RAM, ROM, ] . . ° e | None
Si-gate CMOS M1 6 um 6 MSI “stretchable” buffer
3 um 9 analog
6 1/0
CELLSOS P110 pm 25 0.08 5 56 gates RAM, ROM, L] . e e o) None
Si-gate SOS M1 10 um 11 1/0 “stretchable” buffer
5 pm
MacroSOS1 M1 6 um 70 0.003 12 38 gates RAM, ROM, counters, | ® . ° ° e nis
Si-gate CMOS/SOS M2 6 um 22 MSI adders, shift registers
2.5 pm 21 110
MacroMOS1 P18 pm 60 0.6 16 42 gates RAM, ROM, counters, | ® o L] . e n/s
Si-gate CMOS P2 8 um 38 MSI adders, shift registers,
3 pm M1 8 pm 27 analog ADC, DAC
M2 8 pm 26 /0

1. Flip-fiop toggle rate. 2. Gate power at frequency. 3. 2-in NAND delay, FO =2, 1-mm wire. 4. C=CMOS, T=TTL. 5. C =commercial, | =industrial, M= military.
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GATELIB/MA P16.5 um 86 gates
Si-gate CMOS M1 10 um MHz 25 MSI
2.5 pm 1 analog
40 /O
GATELIB/MB P14 um 45 0.02/ 1 70 gates RAM, multipliers, . . e e o Plessey
Si-gate CMOS M1 6 pm MHz 20 MSI ALU, UART, 2901
1.5 pm M2 9 um 3 analog family
33 1/0
MCE Semi- MCE Unicell M1 50 20 7 10 /10 Op amps, . . ol o o e | None
conductors Bipolar Ji comparators,
5 pm references
MCE MGA M1 10 um 5 3 10 21 gates Bias generator, . . . L] e | None
Me-gate CMOS 38 MSI comparator, op amp
5 pm 11 analog
43 110
MCE SGA P18 um 10 1 5 15 gates Comparator, opamp | ® None
Si-gate CMOS M1 8 pm 13 MSI bias generator
4 pm 11 analog
21110
Micro LSI wCell library Pl 90 L 35 70 gates RAM, ROM . . . . None
Si-gate CMOS M1 10 MSI
2 and 3 pm 10 11O
ULSI 20 M1 6 um 90 3.5 11 70 gates RAM, ROM L . L4 L None
Si-gate CMOS M2 8 pm 25 MsI
2 um 16 110
Micro-Rel D5 library P110 pm 1 0.12 1.0 108 gates RAM, ROM . . . . e | None
Si-gate CMOS M1 10 um 28 analog
5 um 17 10
D3 library P16 pm 25 1 B n/s RAM, ROM . . . . e | None
Si-gate CMOS M1 7 um
3 pm M2 10 um
Si-gate CMOS P13.5 um n/s n/s n/s 85 gates Op amp, . . e e o None
3.5 um M1 3.5 um 25 analog comparators,
reference, bias
generator, oscillator
Bipolar JI, Ol, DI P18 pm n/s n/s n/s 10 gates — L . L] e | None
(TTL) M1 8 pm 20 analog
8 um
BiMOS P13 pm 25 1 5 85 gates Op amps, . ] ° . e | None
3 um 25 analog comparators,
reference bias
generator, OSC
Mietec CMOS 2.4 um P1438 um 60 0.2 2 34 gates RAM, ROM, PLA; e ° ° . e | None
Si-gate CMOS P2 4.8 um 32 MSI switched- capacitor
2.4 pm M1 5.6 pm 42 analog filter compiler
M2 7.2 um 4810
Bipolar JI and Si- P17 pm 40 0.2 45 20 gates RAM, ROM, PLA; . . . . e | None
gate CMOS M1 8 pm 10 MSI switched- capacitor
3 um M2 9 um 20 analog filter compiler
210
Mitsubishi Si-gate CMOS n/s 100 0.015 | 0.9 85 cells Configurable RAM, . . . . None
Electronics 2 pm 175 functions ROM
America 9110
National Semi- Micro CMOS M1 4.75 um 110 275 1 90 gates RAM, ROM, PLA, . . e o o IMP
conductor Si-gate CMOS M2 6.25 pm 98 MSI EEPROM, UARTSs,
2 um 10 analog 2901, 2911; 16-bit
170 110 controller;
comparators, opamps,
voltage reference,
analog switch, ADC
configurable I/0
drivers
NCM 20 series M1 13 um 5 n/s 16 20 gates PLA, ROM L] . L L e | None
Me-gate CMOS 18 MSI
7 pm 8 analog
6 /0
9000 series P110 pm 18 n/'s 3 40 gates ROM, PLA . . e e o None
Si-gate CMOS M1 12 um 7 MSI
3 pm 3 analog
9110
NCR Micro- VS2000 M1 85 0.28 1.1 58 gates RAM, ROM, dual-port | ® . e e e Motorola
electronics Si-gate CMOS M2 38 MSI RAM, PLASCSI
2 pm >20 analog controller CRT 45;
3410 68C05, ALU, 8200
series; shift register,
multiplexers, 65Cx02,
SRAM, EEPROM
VS§1500 M1 120 0.28 0.8 76 gates RAM, ROM, . . . . e | None
Si-gate CMOS M2 38 MSI multipliers (8 x 8,
1.5 um >20 analog 16 x 16), dual-port
39 /0 RAM, ALU, counter,
14 special shift register, and
functions multiplexer generators
7400 series, 8200
series, SRAM

1. Flip-flop toggle rate. 2. Gate power at frequency. 3. 2-in NAND delay,

FO=2, 1-mm wire. 4. C=CMOS, T=TTL. 5. C=commercial, | =industrial, M= military.
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Directory of Cell Libraries (continued)

NEC Electronics | SC5; upD92xxx M1 3.6 um 250 3 0.52 74 gates RAM, ROM, 8200 . ] ) . None
Si-gate CMOS M2 4.6 pm 70 MSI peripherials, analog
1.2 pm M3 7.2 pm 150 11O cells, ALU, etc.
91 74LS
SC4 ppD91xxx M1 54 um 140 241 0.9 50 gates RAM, ROM, 8200 . . . ° None
Si-gate CMOS M2 7 pm 70 MSI peripherals, analog
1.5 pm 40 1/0 cells, ALU, etc.
84 74LS
Oki Semi- MSM91H000 2 40 8 1.8 150 300, plus . ° . . None
conductor CMOS 80C51, RAM, ROM,
2 pm drawn PLA
MSM91V000 2 50 5 1.0 150 300, plus ° o ) ° None
CMOS 80C51, RAM, ROM,
1.5 pm drawn PLA
MSM91U000 2 80 4 0.6 150 300, plus . . L] . None
CMOS 32K RAM, ROM, PLA
1.2 pm drawn
Panasonic MN71000 series P1 n/s n/s 19 200 gates RAM, ROM, PLA L] L] ° L] None
Si-gate CMOS M1 32110
25 pm M2
MN72000 M1 3 pm 160 0.02 14 182 gates RAM, ROM, PLA ° . . . None
Si-gate CMOS M2 3 pm 18 110
2 pm
MN73000 M12.3 um 200 0.02 1 182 gates RAM, ROM, PLA . ) . . None
Si-gate CMOS M2 2.3 um 18110
1.5 pm
Plessey Semi- MVA 5000 M1 6 pm 100 0.35 1.2 86 gates RAM, ROM, PLA, . . e e | Matra-
conductor Si-gate CMOS M2 6 pm 65 MSI barrel shifters, (user- Harris
2 pm 10 analog defined paracells)
22110
Macrochip (MM, MV, | n/s n/s n/s n/s 45 analog Cells can be L] . Al |e e | Custom
MF) redefined by the user Arrays
Bipolar JI
MH P1 20 0.3 8 50 MSI RAM, ROM L] . Al |e e | None
Si-gate CMOS M1 5-10 analog
4 um 20 /0
Compiled ASIC M1 6 pm 250 0.42 1 48 gates RAM, ROM, 16- bit ‘. . 10K, | ® . None
FABIII M2 6 pm 51 MSI multipliers, SCSI 100K
Bipolar JI (CML) 18 analog controller; ADC, VCO,
1.5 pm 21110 user-definable analog
Seattle Silicon ChipCrafter M1 3.1 pm 400 2 0.6 24 gates (6 RAM, ROM, PLA, L] . . . None
Si-gate CMOS M2 3.9 pm drive options) FIFO, multiplier-all
1.2 pm 12 MSI (plus cells are
user- definable) | parameterized
6 analog
12 I/O (variable
drive)
ChipCrafter M1 4 um 350 7 0.75 24 gates (6 RAM, ROM, PLA, . . . . None
Si-gate CMOS M2 4.5 pm drive options) FIFO, multiplier-all
1.5 pm 12 MSI (many cells are
user- definabl p ized
options)
6 an
12 1/O (variable
drive)
ChipCrafter M1 495 um 210 1 1.2 24 gates (6 RAM, ROM, PLA, ° ° [ . None
Si-gate CMOS M2 5.5 um drive options) FIFO, multiplier-all
2 pm 12 MSI (many cells are
options) 6 parameterized
analog
12 I/O (variable
drive)
Sierra Semi- Si-gate CMOS P14 um 70 0.2 15 70 gates RAM, ROM, PLA, . . e e eo|VLSI
conductor 2 pm M1 5 pm 150 MSI EEPROM, pP, ADC, Tech-
M2 7 pm 50 analog DAC, compiled cells, nology
40 /O megacells
Si-gate CMOS P13 pm 120 0.5 1 70 gates RAM, ROM, PLA, ° . e e e | VLSI
1.5 pm M14 um 150 MSI EEPROM, pP, ADC, Tech-
M2 5.5 um 50 analog DAC, compiled cells, nology
40 /0 megacells
Signetics/ SystemCell P19 pm 25 n/s 4 250 gates n/s . . ® e e | Texas
Philips Si-gate CMOS M19 pm 53 MSI Instruments
3 pm 62 110
SystemCell P13 pm 60 n/s 14 250 gates RAM, ROM, PLA, . . e o e | Texas
Si-gate CMOS M1 8 um 53 MSI 2900 family, SCSI Instruments
2 pm M2 8 pm 62 110 bus initiator
SystemCell Il 21 60 n/s 1.3 131 gates Data-path elements, . . e e e | Philips
Si-gate CMOS M1 6.4 pm max 46 MSI RAM, ROM, PLA,
1.5 pm M2 6.4 um 38 /0 parametric blocks,
5 oscillators megacells

1. Flip-flop toggle rate. 2. Gate power at frequency. 3. 2-in NAND delay, FO=2, 1-mm wire. 4. C=CMOS, T=TTL. 5. C=commercial, | =industrial, M = military.
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Silicon Systems | CC P1 25 n/s 3 40 gates RAM, ROM, PLA . (] . (] RCA
Si-gate CMOS M1 10 MSI
3 pm 20 analog
23 110
SSi 6600 M1 12 um 25+ n/s <5 40 gates RAM, ROM, PLA . . @ . e | None
Si-gate CMOS 10 MSI
3 pm 20 analog
23 1/0
Silicon West SWI 1000 M1 100 0.6 1i2 50 gates RAM, ROM, PLA . . . . LSI Logic
Si-gate CMOS M2 B 25 MSI VLSI
2 um 810 Tech-
nology
SWI 2000 P14 pm 100 0.6 e 50 gates RAM, ROM, PLA ° . o . None
Si-gate CMOS M1 6 um 25 MSI
2 pm M2 8 um 2 analog
8 1/0
S-MOS Systems | SSC 1000 M1 7 um 70 1.2 0.9 131 MSI RAM, ROM, PLA . . . None
Si-gate CMOS M2 10 pm 192 110
1.8 pm
Standard Micro- | Customation Il P16.3 um 24 0.25 1.8 71 gates RAM, ROM, PLA; (] . e e o |NCR
systems Si-gate CMOS M1 8.1 um 87 MSI UARTSs, ADC, DAC,
3 pm 26 analog DTMF, 555, 8250,
2110 Manchester encoder-
decoder, data
separator,
SCSI, 65CX02, timer,
VvCO
Customation Il M1 5.5 um 60 0.28 i | 71 gates RAM, ROM, PLA; o . . . e [ NCR
Si-gate CMOS M2 7.5 um 87 MSI UARTSs, Manchester
1.6 um 26 analog encoder-decoder,
23 110 data separator, SCSI,
8259, ADC, timer,
CRT controller
Tachonics TCPM M1 6 um 1500 5 0.09 20 gates Designed to be . . 10KH | e . ® | None
GaAs D-MESFET M2 8 um 6 MSI integrated with
(SCFL) 1 analog MMIC functions
1 pm 41/0
SC5000 GaAs D- M1 4 um 2300 24 0.18 12 gates 10 analog and MMIC | e . 10K, | @ . e | GigaBit
MESFET M2 4 um 13 MSI cells 100K Logic
(CDFL) 6 1/0
0.8 um
Texas SystemCell M1 7.2 um 66 0.03/ 1.2 114 gates 13 special functions, . . . ® | Signetics/
Instruments Si-gate CMOS M2 5.4 um MHz 95 MSI SRAM, ROM, PLA, Philips
2 pm 55 analog pipeline test register
TSC500 series M1 4.8 pm 150 0.014 (05 160 gates 22 special functions, . . . ® | None
Si-gate CMOS M2 4.8 um MHz 77 MSI SRAM, ROM, PLA,
1 pm 166 110 register files, FIFOs,
2901/02/04/10
TLSI Si-gate CMOS P110 pm 10 0.35 6 5 gates RAM, ROM; . . e e e |Gould,
5 wm P2 12 pm 60 MSI bi-quads, PLL, V ref GTE,
M1 10 um 36 analog Mitel,
15110 IMP
Si-gate CMOS P17 pm 35 n/s 2.5 5 gates RAM, ROM; . . . = e | Gould,
3 um M1 7 um 60 MSI amplifiers, PLL IMP,
M2 8 um 25 analog bi-quads, V ref Micrel
15110
Si-gate nMOS P19 pm 8 n/s 8 5 gates RAM, ROM . . ° . e | Gould,
4 pum M1 9 um 24 MSI Micro-
5 analog Rel,
12 110 Citel
Toshiba America | TC22SC M1 5 um 100 n/s L 100 gates RAM, ROM, PLA; 3 . W ° None
Si-gate CMOS M2 6 um 78 MSI MSI functions are
2 um soft macros only
TC23SC M1 5.6 um 150 1.8 1 115 gates RAM, ROM, PLA, . . . . GE, and
Si-gate CMOS M2 6 um 45 MSI 74XX logic, Siemens
1.5 pm 412 1/0 multipliers

1. Flip-flop toggle rate. 2. Gate power at frequency. 3. 2-in NAND delay, FO=2, 1-mm wire. 4. C=CMOS, T=TTL. 5. C=commercial, | =industrial, M = military.
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Directory of Cell Libraries (continued)

 Product Wiring |  Typical parameters . Cells | Interfage Temp. _ | Second
TJechnology | . : . . : = . . levels? ms sources
o MHz' | mWe| ns € T EC|lC I M
TriQuint Semi- Q-LOGIC M1 3 um 2500 4, 1 70 gates nis L] L] Al| « e e]| None
conductor GaAs D-MESFET M2 4 um 1, 0.3 130 MSI
1 pm 45 0.08 15 1/0
QLsi M1 2 pm 3000 2,5,810:18, 19 gates Custom digital/analog | e . Al| ®« e @] None
GaAs E/D- MESFET | M2 3 um 0.12 30 MSI
1 um 13 110
Unicorn Micro- Compile M1 4.0 um 60 0.1 0.75 100 gates RAM, ROM, PLA; . L] L] . Seiko,
electronics Si-gate CMOS M2 4.4 um 50 MSI datapath blocks, United
1.5 pm 20 1/0 FIFO Micro-
electronics
United Silicon US2 Solo library P145 um 130 .56 .85 51 gates RAM, 4OM, PLA, . . 3 ® | European
Structures Si-gate CMOS M1 6 um 51 MSI 2901, multiplier; any Silicon
15 pm M2 6.5 um 27 analog user-defined cell is Struc-
58 110 available through tures
hardware description
language
United uUTBS M1 7.5 um 190 225 1.54 49 gates RAM, ROM; 1553 . L] ® | None
Technologies Si-gate CMOS M2 7.5 um 29 MSI bus controllers,
Microelectronics | 3 um 12 1/0 1750 processors
Center
uTDS M1 6 um 345 8 0.65 49 gates RAM, ROM; 1553 L] . ® [ None
Si-gate CMOS M2 6 pm 29 MSI bus controllers;
1.5 pm 12110 1750 processors
Vitesse Semi- PGUSC-100 M1 6 um 2500 0.4 0.2 30 gates RAM, PLA, 2900 bit- . ol o e | Ford
conductor GaAs E/D-MESFET M2 6 pm 25 MSI slice family in GaAs Micro-
(DCFL, SCFL) M3 15 pm 10 /1O electronics
1.2 pm (power only)
VLSI Technology | VSC10 M1 5 um 130 1.2 0.93 65 gates RAM, ROM, PLA, (] . e e o] Rockwell
Si-gate CMOS M2 7 pm 110 MSI multiplier; 82CXX
2 pm 85 110 peripherals; 68C45

CRT controller, Z80
CPU plus peripherals;
85C30; datapath
compiler, logic
synthesizer, high

speed RAM
VSC100 M1 3.2 um 180 1.2 0.74 As above As above . . . L] ® | Rockwell
Si-gate CMOS M2 4.5 um
1.5 pm
vTC VL1000 M1 8 pm 50 225 2 9 SSI gates RAM, ROM, . 10K| ® e e None
Bipolar JI M2 12 um 15 MSI data converters,
3 pm 64 analog amplifiers
91/0
VL2000/3000 M1 8 um 250 2.25 0.42 22 S8l gates RAM, ALU, PLL, L] 10K, [ e . e [ None
Bipolar Ol M2 12 um 38 MSI DAC 10KH
2 pm 16 110
VL5000 M1 200 n/s 0.5 50 gates RAM, ROM, PLA; L] . L e e | None
Si-gate CMOS M2 20 MSI 2901, 2910,
1 pm 10 110 multiplier
WaferScale Modular Cell P1 3.4 um 180 1525 0.55 15 gates RAM, ROM, PLA, L] . e o e | GE
Integration Si-gate CMOS P2 2.6 pm 45 MSI EPROM, bit slice,
0.8 um M14.2 um 20 110 multipliers, FIFOs,
M2 4.8 um barrel shifters
Xerox Micro- Micro CMOS M1 4.75 um 110 2.75 1 90 gates RAM, ROM, PLA, L] L] . L] | IMP
electronics Si-gate CMOS M2 6.25 pm 98 MSI EEPROM; UARTSs,
Center 2 pm 10 analog 2901, 2911; 16-bit
170 /0 controller;
comparators, opamps,
voltage reference,
analog switch, ADC
configurable 1/0
drivers
Zymos Zy60000 M1 6 um 100 n/s 0.9 170 gates RAM, ROM, PLA; L4 L L] . None
Si-gate CMOS M2 6 pm 205 MSI Z2901 bit slice; Intel
1.8 pm 40 110 family peripherals

(Z80C49, 78237,
78259, 78254,
28284, 782284,
782288); 26818,
274612

1. Flip-flop toggle rate. 2. Gate power at frequency. 3. 2-in NAND delay, FO=2, 1-mm wire. 4. C=CMOS, T=TTL. 5. C =commercial, | =industrial, M = military.
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Directory of Programmable Logic Products

NSC, Signetics

ISDATA Logic, Minc
PLD Designer,
CUPL, Cypress PLD
Tool Kit; Cypress
QuickPro

Company Product or product Technology M gl Second sources Design tools and Package types
and contact family current nonregistered programmers
ption (mA) p delay
(ns)
Advanced Micro Devices Inc./ Am2064 CMOS (R) 115, 10 6-122/10-20° Xilinx XACT, OrCAD, DIP, PLCC, PGA
Monolithic Memories Am2018 CMOS (R) 115, 10 6-122/10-20° Xilinx Daisy, FutureNet,
901 Thompson P. Am3020 CMOS (R) 111,10 5-82/9-143 Xilinx Mentor
PO Box 3453 Am3030 CMOS (R) 11,10 5-82/9-143 Xilinx
Sunnyvale, CA 94088-3453 Am3042 CMOS (R) 11, 10 5-82/9-143 Xilinx
(800) 538-8450 Am3064 CMOS (R) 11,10 5-82/9-143 Xilinx
Am3090 CMOS (R) 11, 10 5-82/9-143 Xilinx
Andy Robin AmHCLA CMOS 1 5-82/9-143 Xilinx
Director of Marketing, Programmable
Logic
PALC20RA10Z CMOS (EE) 90/0.15 40,45/40,45 Seeq PALASM 2 (AMD), Windowed ceramic
PALC29M16H CMOS (EE) 120 15/25 PLPL (AMD), ABEL DIP, ceramic and
PALC29MA16H CMOS (EE) 120 15/25 (Data 1/0), CUPL plastic DIP, PLCC,
PALC16L8Z CMOS (E) 90/0.1 —/35 (Logical Devices), LcC
16R4,6,8Z CMOS (E) 90/0.1 15/35 PLDesigner (Minc)
PALC20L8Z CMOS (E) 70/0.1 —/40, 45
20R4,6,8Z CMOS (E) 70/0.1 20, 25/40, 45
PALC18UBQ CMOS (E) 55 15, 25/26,35
PALC16L8Q CMOS (E) 45 —i/25 Cypress
16R4,6,8Q CMOS (E) 45 15/25 Cypress
PALC22V10H CMOS (E) 90 15, 25/25, 35 Cypress
PAL10H20EV8 ECL 220, 280 3.5/6
PAL10H20EGS ECL 220,280 3.5/6
PAL16L8-7 Il 180 —15
16R4,6,8-7 TTL 180 6.5/7.5
PAL16L8H TTL 90 —/15
16R4,6,8H TTL 90 12/15
PAL16L8 TTL 55-180 —/10-35 NSC, TI
16R4,6,8 R 55-180 7-25/10-35 NSC, Ti
PAL20L8-10 TTL 210 10
20R4,6,8-10 TTL 210 8/10
PAL20L8 T 105-210 15-35 NSC, Tl
20R4,6,8 TTL 105-210 12-25/15-35 NSC, Tl
PAL22V10-15 TTL 180 10/15
PAL22V10 TTL 180 15, 25/25, 35 Tl
PAL22IP6 Tk 210 35/35
PAL20RA10 TTL 200 20, 30/20, 30 NSC
PAL16RA8 TIL. 170 30/30 NSC
PAL18P8 TTL 90-180 —/16-35
PAL22P10 TIL 105, 210 —/15, 25
PAL6L16/8L14 TTL 90 —/40
PAL20L10 TTL 105-210 —/15-30 NSC
20X4,8,10 TTL 180 15/30 NSC
PAL20S10 TIL 240 —/35
20RS4,8,10 TTL 240 17/35
PAL32R16 TTL 280 25/40
PAL32VX10 TTL 180 15/25, 30
PAL23S8 LIL, 210 13, 15/20, 25
PMS14R21 Al 210 12, 20/—
PLS105 TTL 200 10/—
PLS167 Tk 160 13/—
PLS168 TTL 160 (T
Am29CPL141 CMOS (E) 105 13, 165/— ASM14X, SIM14X Windowed ceramic
Am29PL141 TTL 450 15/— (AMD) DIP, ceramic and
Am29LPL141 TTL 315 25/— plastic DIP, PLCC,
Am29PL142 TTL 500 20/— LCC
Am2971 TTL 310, 425 22, 23/— PEGPDS (AMD) Ceramic DIP,
flatpack, LCC
Altera Corp. EP 310 CMOS (E) 40115 15-35/25-75 Intel, Cypress, TI, PLDS2, PLCAD4 Ceramic DIP,
3525 Monroe St. EP 320 CMOS (E) 20/0.01 15-35/25-75 WSI (Altera), PCCAD- ceramic LCC,
Santa Clara, CA 95051 EP 600 CMOS (E) 15/0.01 15-35/25-75 Supreme, PLDS- windowed PGA,
(408) 984-2800 EP 900 CMOS (E) 30/0.01 15-35/25-75 SAM; many third- plastic LCC, plastic
EP 1210 CMOS (E) 2513 15-35/25-75 party programmers, DIP (one-time
David Laws EP 1800 CMOS (E) 60/0.01 15-35/25-75 including Data 110 programmable)
Vice President, Marketing EPB 1400 CMOS (E) 100/60 40 and Stag, PLDs—
EPS 448 CMOS (E) 100/60 50/33 McMAP, PLDs—
EPB 2001 CMOS (E) MAX
EPB 2002 CMOS (E)
EPM 5016 CMOS (E)
EPM 5024 CMOS (E)
EPM 5032 CMOS (E)
EPM 5064 CMOS (E)
EPM 5127 CMOS (E)
EPM 5128 CMOS (E)
Atmel Corp. AT-22V10 CMOS (E) 100/100 15-25/25-40 Many for 22V10 ABEL (Data 1/0); DIP, JLCC—plastic
2095 Ringwood Dr. AT-22V10L CMOS (E) 15112 15-25/25-40 CUPL (P-CAD); and ceramic
San Jose, CA 95131 AT-V750 CMOS (E) 120/1120 25-35/30-40 Log/ic (ISDATA)
(408) 434-9201 AT-V2500 CMOS (E) 15/5 35-45/35-45
Jack Peckham
Vice President of Sales
Cypress Semiconductor PALC20 series CMOS (E) 70 mA, commercial; 15-25/20-40 AMD, TI, NSC, Data I/0 ABEL, 20 pins: windowed
3901 North First St. 70 mA, military Lattice ISDATA Logic, Minc DIP, ceramic DIP,
San Jose, CA 95134 PLDesigner, CUPL, plastic DIP, plastic
(408) 943-2600 Cypress PLD Tool S0J, ceramic LCC
Kit; Data /O, Stag,
Al Graff Kontron, Logical
Programmable Logic Product Devices, Digelec,
Manager Cypress QuickPro
PLDC18G8 CMOS (E) 80 10-15/12-20 Lattice, AMD, TI, Data I/0 ABEL, 20 pins: windowed

DIP, ceramic DIP,
plastic DIP, plastic
SOJ, PLCC, ceramic
LCC

1. The maximum is a function of density and frequency. 2. Internal register setup time. 3. Internal logic delay block.

1988 SEMICUSTOM DESIGN GUIDE 125




Directory of Programmable Logic Products (continued)

Company Product or p! Te logy M Y gl Second sources Design tools and Package types
and contact family current nonregistered programmers
consumption (mA) propagation delay
(ns)
Cypress Semiconductor Corp. PLDC20G10 CMOS (E) 70, commercial 10-25/15-40 AMD, TI, NSC, Data I/0O ABEL, 24pins: windowed
3901 North First St. 100, military Lattice ISDATA Logic, Minc DIP, ceramic DIP,
San Jose, CA 95134 PLD Designer, plastic DIP, ceramic
(408) 943-2600 CUPL, Cypress PLD LCC; 28-pin PLCC
Tool Kit; Data /0,
Al Graff Cypress QuickPro
Programmable Logic Product
Manager
PALC22V10 CMOS (E) 90 mA, commercial 10-25/15-40 AMD, TI Data 10 ABEL, 24 pins: windowed
120 mA, military ISDATA Logic, Minc DIP, ceramic DIP,
PLD Designer, plastic DIP, ceramic
CUPL, Cypress PLD LCC; 28 pins:
Tool Kit; Data 1/0, windowed LCC,
Stag, Kontron, PLCC
Logical Devices,
Digelec, Cypress
QuickPro
PLDC20RA10 CMOS (E) 80 mA, commercial 20-35/20-35 AMD Data I/O ABEL, 24 pins: windowed
100 mA, military ISDATA Logic, Minc DIP, ceramic DIP,
PLD Designer, plastic DIP, ceramic
CUPL, Cypress PLD LCC; 28 pins:
Tool Kit; Cypress windowed LCC,
QuickPro PLCC
CY7C330 CMOS (E) 120 mA, commercial 15-25/n/a — Data I/0 ABEL, 28 pins: PLCC,
150 mA, military 50 MHz Cypress PLD Tool windowed DIP,
max,commercial; 40 Kit; Data 1/O, ceramic DIP, plastic
MHz, military Cypress QuickPro DIP, ceramic LCC
CY7C331 CMOS (E) 120 mA, commercial 25-40/25-40 —_ Data I/O ABEL, 28 pins: windowed
150 mA, military Cypress PLD Tool DIP, ceramic DIP,
Kit; Data 1’0, plastic DIP, PLCC,
Cypress QuickPro ceramic LCC
CY7C332 CMOS (E) 120 mA, commercial 20-35/20-35 - Data I/O ABEL, 28 pins: windowed
150 mA, military Cypress PLD Tool DIP, ceramic DIP,
Kit; Data /O, plastic DIP, PLCC,
Cypress QuickPro ceramic LCC
Exel Microelectronics Inc. XL78C800-25 CMOS (EE) 3517 25/25 — ABEL (Data I/0); Skinny plastic DIP or
2150 Commerce Dr. XL78C800-35 CMOS (EE) 30/15 35/35 Multimap and ceramic DIP, LCC,
San Jose, CA 95131 Multisim (in-house PLCC
(408) 432-0500 enhancements to
ABEL); Data I/0;
Patrick Frain Stag Microsystems;
Product Marketing Manager Inlab; SMS; Logical
Devices
Gazelle Microcircuits Inc. GA22V10-10 GaAs 2107210 7.5/10 n's All of Gazelle's Ceramic side-brazed
2300 Owen St. GA22V10-7 220/220 6/7.5 devices are laser- DIP
Santa Clara, CA 95054 GA22VP10-7 programmed at the
(408) 982-0900 factory
Robert Gunn
Product Marketing Manager
Gould Inc. PEEL 18CV8 CMOS (EE) 25, 35/15, 25 18/25 International CMOS Data I/O, Structured Plastic DIP, ceramic
Semiconductor Division PEEL 153 CMOS (EE) 45 30 Technology Design, Stag, Valley DIP, CerDIP
2300 Buckskin Rd. PEEL 173 CMOS (EE) 45 30 Data Sciences,
Pocatello, ID 83201 PEEL 253 CMOS (EE) 45 30 Varix, P-CAD
(208) 233-4690 PEEL 273 CMOS (EE) 45 30 Systems
Jerry Homstad
Vice President, Engineering
Intel Corp. 5C031,32 CMOS (E) 40,25/30,0.1 30,15/40,30 Altera iPLDs Il, Schema II, Plastic DIP (5C032,
1900 Prairie City Rd. 5C060 CMOS (E) 30/0.1 20/45 iState state 060, 090); CerDIP
FM 1-76 5C090 CMOS (E) 35/0.1 20/50 machines (Intel); window (031, 032,
Folsom, CA 95630 5C121 CMOS (E) 100/30 35/65 interfaces to 060, 090, 121),
(916) 351-6290 5C180 CMOS (E) 50/0.15 30/70 FutureNet, P-CAD PLCC (060, 090,
5CBIC CMOS (E) 110/0.1 30/70 180, CBIC)
Karl H. Weigl
Product Line Manager
International CMOS Technology PEEL153, 173 CMOS (EE) 35 + 1/MHz —1/40,35,30 Gould APEEL Logic Plastic DIP, ceramic
Inc. PEEL253, 273 CMOS (EE) 35 + 1/MHz —/40,35,30 Semiconductor Assembler (ICT), DIP, PLCC
2125 Lundy Ave. PEEL18CV8 CMOS (EE) 20 + 0.7/MHz 20-12/35-15 PDS-1 PEEL
San Jose, CA 95131 PEEL20CG10 CMOS (EE) 45 + 0.5/MHz/45 20,15/35,25 Development System
(408) 434-0678 PEEL22CV10 CMOS (EE) 45 + 0.5/MHz/45 20,15/35,25 (ICT), ABEL (Data
PEEL22CV10Z CMOS (EE) 45 + 0.5/MHz/.1 20,15/35,25 1/0), CUPL (P-CAD),
Greg Lara Data /O, Digelec,
Product Marketing Engineer Kontron, Logical
Devices, Stag
Microsystems, Advin
Systems, BP
Microsystems,
Adams-MacDonald,
and others
Lattice GAL16V8A CMOS (EE) 115/75 10/12 NSC, SGS-Thomson Software: ABEL Ceramic DIP, plastic
Semiconductor Corp. GAL16V8 CMOS (EE) 45/35, 90/70 1215 (Data 1/0); CUPL DIP, PLCC, LCC,
PO Box 2500 GAL20V8A CMOS (EE) 115/75 10112 (Logical Devices); ceramic side-brazed
Portland, OR 97208 GAL20vs CMOS (EE) 45/35, 90/70 12/15 PLDesigner (MINC); DIP
(503) 681-0118 GAL6001 CMOS (EE) 150/90 15/30 Programmable Logic
ispGAL16Z8 CMOS (EE) 90/70 15/25 Technology; Qwerty
Bill Wiley Smith Inc.; Hardware: Data
Director of Marketing /O; Stag; Logical
Devices;
Programmable Logic
Technology; Qwerty
Inc.; One-D; Advin
Systes; and other
programmers
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Company Product or product Technology M. R tools and
i Design Package types
(mA) delay
(ns)
National Semiconductor Corp. PAL1016P8 ECL 240 —/8 s PLAN (NSC), ABEL Ceramic DIP, quad
2900 Semiconductor Dr. 10016P8 ECL 240 —/8 (Data VO) cerpack
Santa Clara, CA 95051 1016RD8 ECL 280 36 CUPL (P-CAD),
(408) 721-6053 10016RD8 ECL 280 36 Unisite (Data /O),
1016P4A ECL 220 —4 1Q-180/280 (Digital
Bien Irace 10016P4A ECL 220 —/4 Media), ECL-1 and
Product Marketing 1012C4A ECL 220 —/4 ECL-2 (IMS),
10012C4A ECL 220 —/4 Pallprox (Logical
1016RM4A ECL 240 23 Devices)
10016RM4A ECL 240 23
GAL16VS CMOS (EE) 45-90/35-70 25-12/35-15 Lattice PLAN (NSC), ABEL Plastic DIP, ceramic
20vs CMOS (EE) 45-90/35-70 25-12/35-15 Lattice (Data VO), GOA, DIP, PLCC
Unisite (Data 1/0),
Logic Lab, Owerty
PAL10H8 TTL 45-90 —/35-25 AMD PLAN (NSC), ABEL Plastic DIP, ceramic
12H6 T 45-90 —/35-25 AMD (Data V0), CUPL (P- DIP, PLCC
14H4 TTL 45-90 —/35-25 AMD CAD), PALASM
16H2 T 45-90 —/35-25 AMD (AMD), 303A-011
10L8 T 45-90 —/35-25 AMD and 60A, Unisite
12L6 TTL 45-90 —135-25 AMD (Data VO), Allpno
14L4 TTL 45-90 —35-25 AMD (Logical Devices)
16L2 TTL 45-90 —/35-25 AMD Stag ZL30A
16C1 TTL 45-90 —/35-25 AMD
PAL16LS 3G 90-180 —/35-10 AMD, TI FAIM, Unisite (Data ns
16R4 TTL 90-180 15-8/25-10 — 1/0), Digelec 803,
16R6 T 90-180 15-8/25-10 AMD, TI Stag 30A800
16R8 TIL 90-180 15-8/25-10 AMD, TI
PAL12L10 TTL 100 —/40 AMD
1418 TTL 100 —/40 AMD
16L6 T 100 —/40 AMD
18L4 TTL 100 —/40 AMD
20L2 TTL 100 —/40 AMD
20C1 TTL 100 —/40 AMD
PAL20LS TTL 210 —/25-15 AMD, TI
20R4 TTL 210 15-12/25-15 AMD, TI
20R6 TTL 210 15-12/25-15 AMD, TI
20R8 TTL 210 15-12/25-15 AMD, TI
PAL20L10 TTL 165 —/50-30 AMD, TI
20X4 T 180 30-15/50-30 AMD, TI
20X6 T 180 30-15/50-30 AMD, TI
20X8 T 180 30-15/50-30 AMD, TI
PAL20P8 TTL 210 —/15 AMD
20RP4 TTL 210 12,15 AMD
20RP6 T 210 12115 AMD
20RP8 TTL 210 12/15 AMD
PAL16RA8 TTL 170 30/35 AMD
PAL20RA10 TTL 200 30/35 AMD
PLX Technology Inc. PLX448 CMOS (E) 80/80 25/35 ns ABEL version 3.0 Plastic DIP,
625 Clyde Ave. (Data 1/0), CUPL (P- windowed ceramic
Mountain View, CA 94043 CAD), PET100 DIP, LCC
(415) 960-0448 (PistoHI Tools), Data
10, Digelec, Logical
Don Etzbach Devices, OAE;
Sales Manager PistoHI Tools, Stag
Micr osyﬂell\s.
Sunrise
Samsung Semiconductor Inc. CPL (CMOS CMOS (E) 80/45, 105/70 15, 25/25, 35 Cypress, AMD Data /O, Digelec, Plastic DIP, ceramic
3725 North First St. Digital Media, windowed DIP
San Jose, CA 95134 Logic) Kontron, Oliver
(408) 434-5561 16R8 Advanced
16R6 Engineering, Stag,
16R4 Varix
16L8
20R8
20R6
20R4
20L8
20L10
22v1i0
16v8
Signetics Corp. PLS100 TTL 170 —/50 NSC, International Amaze (Signetics), Commercial: plastic
811 E. Arques Ave. PLC153 CMOS (E) and 60 —/45 CMOS Technology ABEL (Data 10), and ceramic DIP,
Sunnyvale, CA 94086 TTL CUPL (P-CAD); Data windowed ceramic
(408) 991-5390 PLS153 TIL 155 —/40 —_— /O model 298, 60, DIP, plastic PLCC.
PLS153A TTL 155 —/30 — Unisite 40; Stag Military: ceramic DIP,
Joel PLHS153 T 155 —/20 - model ZL30/30A, windowed ceramic
PLD Marketing Manager PLUS153B TTL 200 —15 - PPZ2200 DIP, flat pack, LCC
PLUS153D TTL 200 —12 =
PLS173 T 170 —/30 —
PLUS173B TTL 200 —15 -
PLUS173D TTL 200 —12 _—
PLC473-60 CMOS (E) and 45, 60 —/60 -
TTL
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Directory of Programmable Logic

Products (continued)

Company Product or product Technology M: gl Second sources Design tools and Package types
and contact family current nonregistered programmers
consumption (mA) delay
(ns)
Signetics Corp. PLHS473 TTL 155 —i22 = See previous page See previous page
811 E. Arques Ave. PLHS18P8A TTL 155 —/20 AMD
Sunnyvale, CA 94086 PLHS18P8B TTL 155 —/15 AMD
(408) 991-5390 PLHS16L8A TTL 155 —/20 AMD, TI, NSC
PLHS16L8B TTL 155 —/15 AMD, TI, NSC
Joel Rosenberg PLUS16L8D TTL 180 —/10 AMD, TI
PLD Marketing Manager PLUS16R8D TTL 180 18/10 AMD, TI
PLUS16R6D TTL 180 18/10 AMD, TI
PLUS16R4D TTL 180 18/10 AMD, TI
PLUS20L8D 515 210 —/10 AMD
PLUS20R8D TTL 210 18/10 AMD
PLUS20R6D TTL 210 18/10 AMD
PLUS20R4D TTL 210 18/10 AMD
PLC16V8 CMOS (E) and 50, 90 55/35 Lattice, NSC
TTL
PLC20V8 CMOS (E) and 50, 90 55/35 Lattice, NSC
TTL
PLS105 TIL 180 72— AMD, TI
PLS105A TTL 180 50/— AMD, TI
PLUS405 TTL 225 30/— -
PLS155 TTL 190 70/50 -
PLS157 TTL 190 70/50 —
PLS159A TTL 190 55/35 =
PLS167 TTL 180 72— AMD, TI
PLS167A TTL 180 SO— AMD, TI
PLS168 TTL 180 T AMD, TI
PLS168A TTL 180 50/— AMD, TI
PLS179 TTL 210 55/35 ==
PLHS501 TTL 295 =22 —
PLHS502 TTL 370 —/20 —
Texas Instruments Inc. TIBPAL16L8 TTL 100,180,200 25,15,10,7.512 MMI, AMD, NSC ABEL (Data 1/O); Commercial: plastic
P.O. Box 655012 16R4,6,8 TTL 100,180,200 25,15,10,7.5,12 Digital Media; CUPL DIP, SMD. Military
Dallas, TX 75265 PAL16L8A/A-2 TTL 90,180 35,25 MMI, AMD, NSC (Personal CAD ceramic DIP, LCC
(800) 232-3200 16R4,6,8A/A-2 L 90,180 35,25 MMI, AMD, NSC Systems)
TIBPAD16N8 TTL 180 7 —
Tim Schnettler TIBPAL20LS TTL 105,180 25,15 MMI
Strategic Marketing Manager, 20R4,6,8 TTL 105,180 25,15 MMI
Programmable Logic Products PAL20LBA TTL 210 25 MMI, AMD, NSC
20R4,6,8A TTL 210 25 MMI, AMD, NSC
TIBPALT19L8 TTL 210 25 =
T19R4,6,8 TTL 210 25 —
R19L8 TTL 210 25 —
R19R4,6,8 T 210 25 —
20L10 T 165 20,30 MMI, NSC
20X4,8,10 TTL 165 20,30 MMI, NSC
TIB82S105B TTL 180 15 Signetics
82S167B TTL 160 15 Signetics
TIBPAL22V10A TTL 180 25 AMD
22VP10 TTL 210 20 =
TIFPLA839 TTL 180 20 =
840 TTL 180 25 —
TICHAL16L8 CMOS 0.1 35 —
16R4,6,8 CMOS 0.1 35 —
TICPAL16L8 CMOS 0.1 55 -
16R4,R6, R8 CMOS 0.1 55 —
TICPAL18VS8Z CMOS 01 25 IDT
TICPAL22V10Z CMOS 01 35 AMD, MMI, Cypress
NSC
TIEPAL10H16P8 ECL 240 6 NSC
TIEPAL10016P8 ECL 240 6
Xilinx Inc. XC2064 CMOS 25-50 max 17/10! AMD PC-based: Schema, Plastic DIP, PLCC,
2069 Hamilton Ave. Xc2018 CMOS 50-75 max 17/10! FutureNet, OrCAD, PGA, CQFP
San Jose, CA 95125 XC3020 CMOS 50-75 max 16/9! P-CAD, Case,
(408) 559-7778 XC3030 CMOS 75-100 max 16/9! Viewlogic.
XC3042 CMOS 100-150 max 16/9" Workstation: Daisy,
XC3064 CMOS 175-250 max 16/9' Mentor, Valid, Xilinx
XC3090 CMOS 250-350 max 16/9" Xact
1. Internal timings.
ABB HAFO Inc. Advanced Micro Melville, NY 11747 (408) 262-8368 Coherent Design Custom Arrays Corp.
11501 Rancho Bernardo Rd. Devices Inc. (516) 391-1300 Ron Morosco 275 Saratoga, Ste. 200 525 Del Rey Ave.
Suite 200 5900 E. Ben White Bivd. Tony Winger Vice President, Marketing Santa Clara, CA 95050 Sunnyvale, CA 94086
San Diego, CA 92127 WS 538 Vice President, Industrial and Sales (408) 296-3710 (408) 749-1166
(619) 485-8200 Austin, TX 78741 Computer Products Roger Biros George N. Krautner
Kay Baird (512) 462-5667 President Executive Vice President
Marketing Administrator Bruce Smith ASIC Northwest Inc. California Micro
Product Marketing 405 114th Ave. SE., #205 e S Commodore
Actel Corp. Manager Bellevue, WA 98004 Aﬁg gl Semiconductor Custom Silicon Inc.
955 E. Arques Ave. (206) 451-9335 Tom ' AZ 8528" 950 Rittenhouse Rd. 600 Suffolk St.
Sunnyvale, CA 94086 Applied Micro John L. Bamey 602”9’21—4541 Norristown, PA 19403 Lowell, MA 01854
(408) 739-1010 o President (602) (215) 666-2585 (508) 454-4600
o rcuits Corp. Matt Townsend Ben Rappaport David W. Guinther
. 3 3 , 6195 Lusk Bivd. " Marketing Mana
Senior Marketing Engineer San Di AT&T Technologies Inc. "9 \ Manager of New Product Vice President
Dieg, CA 5212 555 Union Bivd Tech
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Adams Russell Bon Allentown, PA 18103 Cherry Semiconductor
Semiconductor Center NM'F 3 (800) 372-2447 Corp. Control Data Corp. Data Linear Corp.
80 Cambridge St. M: 9 2000 S. County Trail 8100 34th Ave. South 491 Fairview Way
Burlington, MA 01803 Barvon BiCMOS East Greenwich, Rl 02818 Minneapolis, MN 55440 Milpitas, CA 95035
(617) 273-5830 Technology Inc. (401) 885-3600 (612) 853-3117 (408) 945-9080
David Strand Arrow Electronics Inc. 1992 Tarob Ct. Bob Maigret Robert L. Biggs Valentino Liva
Marketing Administrator 25 Hub Dr. Milpitas, CA 95035 Semicustom Manager Marketing Manager ASIC Marketing and
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ASIC Vendor Contacts (continued)

Applications

Design Devices

20301 Century Bivd.
M/S A-23

Germantown, MD 20874
(301) 428-6660

Steve Becraft
Department Manager

Design Engineering
Inc. (DEI)

1900 13th St.

Suite 304

Boulder, CO 80302
(303) 440-7997
Stephen L. Davis
President

Electronic Technology
Corp.

ISU Research Park
525 East Second St.
Ames, IA 50010

(515) 233-6360

Doug Birlingmair
Applications Engineer,
ASICs

Lowell Simplot

Product Manager, Replacement
ICs

Exar Corp.

2222 Qume Dr.

San Jose, CA 95131
(408) 434-6400

Shyam Dujari

Advanced CMOS Custom
Products Manager

Ford Microelectronics Inc.
10340 State Highway 83 North
Colorado Springs, CO 80918
(719) 528-7660

(800) 777-FORD

Charlotte Diener

Marketing Manager

Fujitsu Microelectronics
Inc.

3545 North First St.

San Jose, CA 95134-1804
(408) 922-9000

Gain Electronics Corp.
22 Chubb Way
Somerville, NJ 08876
(201) 526-7111

Charles Lee

Vice President of
Engineering

GE Microelectronics
Center

One Micron Dr.

P.O. Box 13049
RTP, NC 27709
(919) 549-3100

D.J. Blackley
Manager, Program
Acquisition

Genesis Microchip Inc.
2900 John St.
Markham, Ontario
Canada L3R 5G3

(416) 470-2742

Bill White

Vice President, Sales

Gennum Corp.

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

(416) 632-2996

(800) 263-9353

Paula Reiland

Sales Coordinator

GE Solid State

724 Route 202

P.O. Box 591

Somerville, NJ 08876
(201) 685-6585

Phyllis Orlando

Marketing Communications

GigaBit Logic Inc.

1908 Oak Terrace Lane
Newbury Park, CA 91320
(805) 499-0610

(800) GAAS ICS (outside CA)
Anthony Conoscenti

Product Marketing Engineer

Gould Inc.

Semiconductor Division
2300 Buckskin Rd.
Pocatello, ID 83201

(208) 233-4690

Jerry Homstad

Vice President, Engineering

Hall-Mark Electronics

11333 Pagemill Rd.
Dallas, TX 75243
(214) 343-5923
Wayne Howse
ASIC/USIC Program
Manager

Hamilton/Avnet

1175 Bordeaux Dr.
Sunnyvale, CA 94089
(408) 743-3001

(800) 426-2742

Robert M. Gardner
Vice President/General
Manager

Holt Integrated Circuits Inc.
9351 Jeronimo Rd.

Irvine, CA 92718

(714) 859-8800

Roger Smith

Sales Manager

Honeywell Inc.
Digital Technologies

1150 E. Cheyenne Mountain
Bivd.

Colorado Springs, CO

80906

(719) 540-3820
Lucien DeBacker
Director of Military Products

Hughes Aircraft Co.
Hughes Microelectronics
Center

500 Superior Ave.
Newport Beach, CA 92658
(714) 759-2727

Mike Friedman
Applications Manager

ICI Array Technology Inc.
1297 Parkmoor Ave.

San Jose, CA 95126

(408) 297-3333

Frank Stempski

Marketing Manager

Integrated Circuit
Systems Inc.

2626 Van Buren Ave.

P.O. Box 968

Valley Forge, PA 19482
(215) 666-1900

Faye Jeffries-Cirino
Sales/Marketing Coordinator

Integrated Circuit
Technology Inc.

22691 Lambert St.

Suite 514

El Toro, CA 92630

(714) 581-7195

Akhtar Ali

Vice President, Engineering

Integrated Logic
Systems Inc.

4445 Northpark Dr.
Colorado Springs, CO
80907

(719) 590-1588

Mark Jander
Applications Engineer

Intel Corp.
6501 West Chandler Blvd.
Chandler, AZ 85226
(602) 961-2801

Susan Petrizzo

Director of Marketing

International

Microcircuits Inc.

3350 Scott Blvd., Bldg. #36
Santa Clara, CA 95054
(408) 727-2280

Nasser Abdollahi

Product Marketing

International
Microelectronic
Products Inc.
2830 N. First St.

San Jose, CA 95134
(408) 434-1362
Thomas Flageollet
Marketing Manager

LSI Logic Corp.

1551 McCarthy Blivd.

M/S D102

Milpitas, CA 95035

(408) 433-8000

Susan Josephson
Marketing Communications

Marconi  Electronic Devices
Inc.

45 Davids Dr.

Hauppauge, NY 11788

(516) 231-7710

Dale R. Wilson

Vice President of Sales and
Marketing

Matra Design

Semiconductor

2840-100 San Tomas

Expwy.

Santa Clara, CA 95051

(408) 986-9000

Pradip Madan

Vice President of Marketing and
Sales

MCE Semiconductor
Inc.

1111 Fairfield Dr.
West Palm Beach, FL
33407

(407) 845-2837
Richard McCargar
Vice President

Micro Linear Corp.
2092 Concourse Dr.
San Jose, CA 95131
(408) 433-5200
Stephen Soto
Product Marketing
Manager

Micro LSI Corp.

2065 Martin Ave.

Suite 101

Santa Clara, CA 95050
(408) 727-7987

Dusty Duistermars
Chief Engineer

Micro-Rel

2343 W. 10th PI.
Tempe, AZ 85281

(602) 968-6411

Dave Rigg

National Sales Manager

Mietec

Westerring 15

9700 Oudenaarde
Belgium

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

Mitsubishi

Electronics America Inc.
1050 E. Arques Ave.
Sunnyvale, CA 94086
(408) 730-5900

Thomas Liao

Product Manager

Motorola Inc.

ASIC Division

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

Chandler, AZ 85224
(602) 821-4219

Michael Ponzo

Manager, Marketing

National Semiconductor
Corp.

2900 Semiconductor Dr.
Santa Clara, CA 95052
(408) 721-5884

Thomas Wong

Strategic Marketing Manager

NCM Corp.

1500 Wyatt Dr.

Santa Clara, CA 95054
(408) 496-0290

NCR Microelectronics

Corp.
2001 Danfield Ct.

Fort Collins, CO 80525
(303) 226-9500
(800) 334-5454
Lyle Wallis
Commercial ASICs
Earl Reinkensmeyer
Software Products
(719) 596-5795
(800) 525-2252

Ted Lunacek
Military ASICs
Michael Moursi
Automotive ASICs

Nebula Corp.

33 Lyman St.
Westboro, MA 01581
(508) 366-6558

Jim Gobes

Vice President of Sales

NEC Electronics Inc.

401 Ellis St.

P.O. 7241

Mountain View, CA 94039
(415) 965-6333

Grant Hulse

Strategic Marketing Manager

Oki Semiconductor Inc.
785 North Mary Ave.
Sunnyvale, CA 94086
(408) 720-1900

Clifford Vaughan

ASIC Marketing Manager

Ontario Research
Foundation
Microelectronics
Development Centre
Systems Engineering
2395 Speakman Dr.
Mississauga, Ontario
Canada L5K 1B3
(416) 822-4111

John Paterson
Marketing Manager

Panasonic Industrial Co.
1610 McCandless Dr.
Milpitas, CA 95035

(408) 946-4311

Terry Toyooka

Resident Engineer

Pioneer Technologies
Group

9100 Gaither Rd.
Gaithersburg, MD 20877
(301) 921-0660

R.F. Hammett

Vice President, Systems
Marketing

Semiconductor
1500 Green Hills Rd.
Scotts Valley, CA 95066
(408) 438-2900
Phillip Pollok
Director of Marketing

Polycore Electronics
1107 Tourmaline Dr.
Newbury Park, CA 91320

Semiconductor
Specialists

195 W. Spangler Ave.
Elmhurst Industrial Park
Elmhurst, IL 60126
(312) 279-1000

P. Jeffrey Carroll
Director of Marketing

Sierra

Sunnyvale, CA 94086
(408) 733-3223

Allan Cox

Director of Marketing
Semicustom Products
MOS IC Division

TriQuint Semiconductor
P.O. Box 4935, Group 700

2075 N. Capitol Ave.
San Jose, CA 95132
(408) 263-9300

Don MaclLennan
Director, Custom
Marketing

Signetics Corp. / Philips
811 E. Arques Ave.

M/S 25

Sunnyvale, CA 94086
(408) 991-5401

Don Schare

Marketing Manager, CMOS
Semicustom

Siliconix Inc.

2201 Laurelwood Rd.
M/S 44

Santa Clara, CA 95054
(800) 554-5565 x1900
Joe Baranowski

IC Marketing Manager

Silicon Systems Inc.
14351 Myford Rd.
Tustin, CA 92680
(714) 731-7110

Peter Putnam

Product Sales Manager

Silicon West Inc.
5470 Anaheim Rd.
Long Beach, CA 90815
(213) 494-4588
Edward Evans
President

SIS Microelectronics Inc.
1500 Kansas Ave., Bldg. 1D
P.O. Box 1432

Longmont, CO 80502

(303) 776-1667

William D. Burkard
President

S-MOS Systems Inc.
2460 N. First St.

San Jose, CA 95131
(408) 922-0200

Joel Silverman
Director of Marketing

Standard Microsystems
Corp.

35 Marcus Bivd.
Hauppauge, NY 11788
(516) 273-3100

Brian Cayton

Director of Marketing

Tachonics Corp.
107 Morgan Lane
Plainsboro, NJ 08536

(805) 499-6777 (609) 275-2504
S.K. Leong Michael Zyla

Vice President Marketing Manager
350 Ellis St Integrated Circuits

Mountain View, CA 94039
(415) 968-9211

(415) 966-7734

Jack Van Den Heuvel
Marketing Manager for ECL
Products

(415) 966-7628

Pete Goshgarian

Marketing Manager for

CMOS Products

Schweber Electronics
CB 1032 Jericho Tpke.
Westbury, NY 11590
(516) 334-7555

Mimi Shokraie
Technical Marketing
Business Manager

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

Dick Ahiquist

ASIC Marketing Manager

Operation

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

Texas Instruments Inc.
8390 LBJ Expwy.

P.O. Box 655303

M/S 3670

Dallas, TX 75265

(214) 997-2031

, OR 97075
(503) 644-3535

Louis Pengue

Product Marketing Manager

Unicorn Microelectronics

99 Tasman Dr.

San Jose, CA 95134
(408) 433-3388

H.Y. Liu

Sales Manager

United Silicon Structures
(Us2)

1971 Concourse Dr.

San Jose, CA 95131

(408) 435-1366

Steven Eliscu

Product Marketing

United Technologies
Microelectronics Center
1575 Garden of the Gods Rd.
Colorado Springs, CO

80907

(719) 594-8124

Ronald Hehr

Manager, Semicustom
Products

Vitesse Semiconductor
741 Calle Plano
Camarillo, CA 93010
(805) 388-3700

Joe Welsh

ASIC Product Marketing
Manager

VLSI Technology Inc.
1109 McKay Dr.

San Jose, CA 95131

(408) 434-3100

Bill Murray

Tactical Marketing Manager

VTC Inc.

2401 E. 86th St.
Bloomington, MN 55425
(612) 851-5200

John S. Monson

ASIC Product Marketing
Engineer

WaferScale Integration
Inc.

47280 Kato Rd.
Fremont, CA 94538
(415) 656-5400

Rich Talburt

Manager, CSD Design

Wyle Laboratories
Electronics Marketing
Group

18910 Teller Ave.
Irvine, CA 92715

(714) 851-9953

(408) 727-2500

Rick Timmins

Vice President of
Semicustom ICs

Xerox Microelectronics
Center

701 S. Aviation Blvd.

El Segundo, CA 90245

(213) 333-7701

Gary Petrov

Manager, Regional Design Sup-
port Centers

Jerry Koontz Xilinx Inc.

ASIC Marketing Communica- 2069 Hamilton Ave.

tions Manager San Jose, CA 95125
(408) 559-7778

TLSI Inc. Lee Farrell

790 Park Ave. Product Marketing Director

Huntington, NY 11743

(516) 549-6300 ZyMOS Corp.

Frank Nartowicz 477 N. Mathilda Ave.

Director of { Sunnyvale, CA 94088

Toshiba America Inc.
1220 Midas Way

(408) 730-5400
Vic Pasini
Tactical Marketing Director
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Directory of ASIC Design Centers

ABB HAFO Inc.
11501 Rancho Bernardo Rd., Suite 200 Marketing Administrator
San Diego, CA 92127 (619) 485-8200

San Diego, CA: 5 engineers; 1 VAX-11/780; Tektronix graphic termi-
nals; Racal-Redac system
Stockholm, Sweden: 30 engineers; 2 VAX 8530s ; 4 VAX-11/780s;
Tektronix graphics terminals; Racal-Redac systems; ZyCAD logic
evaluator; Daisy, Mentor, Tektronix, and P-CAD workstations.

Kay Baird

Communications are available via 1,200-baud dial-up modems and dedi-
cated-line X.25 networks. Customized training classes are offered at the
company’s or the customer’s facilities.

Bruce Smith
Product Marketing Manager
(512) 462-5667

Advanced Micro Devices Inc.
5900 E. Ben White Blvd., M/S 538
Austin, TX 78741

Boston, MA: 1 engineer; 1 workstation
Sunnyvale, CA: 1 engineer; 1 workstation

Communications at 9,600 bps; one-on-one training.

Allyn Pon
Product Marketing Manager
(619) 450-9333

Applied Micro Circuits Corp.
6195 Lusk Blvd.
San Diego, CA 92121

San Diego, CA: 10 engineers; 7 computers/workstations

Milan, Italy (ACSIS): 6 engineers; 1 computer/workstation

Tokyo, Japan (Teksel Co. Ltd.): 2 engineers; 1 computer/workstation

Stockholm, Sweden (Sattco): 4 engineers; 1 computer/workstation

Cambridge, UK (Hi-Tek Distribution): 3 engineers; 3
computers/workstations

Breisach, West Germany (Bacher GmbH): 2 engineers; 1
computer/workstation

Training offered includes a two-part class: 3 days on design methodology
followed by 1.5 lab days on engineering workstations; full documentation
including note set and design manual; 1 instructor per 14 (maximum class
size); 1-2 students per EWS.

Arrow Electronics Mel Kutzin
25 Hub Dr. Semicustom Design Services

Melville, NY 11747 (516) 391-1300

Sunnyvale, CA: 4 engineers; Daisy Megal.ogician, 1 Mentor (Apollo
DN3000)

Baltimore, MD: 5 engineers; 1 Mentor (DN3000), Daisy Personal Lo-
gician; 2 terminals

Design centers for National Semiconductor, Texas Instruments, and VLSI
Technology products. Dial-up modems at 1,200/2,400 baud; dedicated lines,
East Coast, at 9,600 baud; Ethernet; direct access to Arrow mainframes,
hardware accelerators, and workstations; tie-in to TI regional design centers.
Hands-on one-day courses in schematic capture and simulation at the
workstations. IC and workstation vendor training manuals and data books
available. One instructor for 3—5 students; 12 students per workstation. Buy
or lease CAD tools from Arrow. (Mil-Std-883 screening available for ASIC
products.)

ASIC Northwest Inc.
405 114th Ave. SE #205
Bellevue, WA 98004

Bellevue, WA: | engineer; 1 Mentor (DN3000)

Dial-up communication available at 2,400 baud. Customer and turnkey
designs for NCR standard cells and gate arrays, US2 standard cells, and
KMOS Semicustom Designs mixed analog/digital arrays.

John L. Barney
President
(206) 451-9335

AT&T Technologies Inc.
1 Oak Way
Berkeley Heights, NJ 07922

Sunnyvale, CA: 14 engineers; 1 VAX-11/785; 2 Daisy, 2 Mentor, 4

(800) 372-2447

130 SEMICUSTOM DESIGN GUIDE 1988

AT&T workstations; 10 terminals

London, England: 5 engineers; 2 MicroVAXes, 1 Mentor; 5 terminals

Madrid, Spain: 5 engineers; 1 VAX-11/785, 1 MicroVAX, 1 AT&T

3B2/400, 7 AT&T workstations; 12 terminals.

Munich, West Germany: 15 engineers; 1 VAX-11/785; 2 Daisy, 2

Mentor, 2 Valid, 4 AT&T workstations; 15 terminals

Singapore: 7 engineers; 1 VAX-11/785; 12 terminals.

Dedicated 56-kilobaud data links hook up to an IBM 3081, located in
AT&T’s research center in Allentown, PA. In Allentown, courses on design
techniques and AT&T CAD tools are given every two months; at the design
centers, they occur on an as-needed basis. There is one student per terminal;
the ratio of students to instructors is 5:1.

Barvon BiCMOS Technology Inc.
1992 Tarob Ct.
Milpitas, CA 95035

Milpitas, CA: 7 engineers; 1 Mentor, 1 Apollo, 1 P-CAD; S terminals

Sales Department
(408) 262-8368

Barvon offers several classes in design methodology, electrical design,
placement/routing and simulation for digital, mixed analog and digital, and
analog designs using gate arrays and standard cells. Training is available
from established outlines or tailored to satisfy individual needs.

Matt Townsend
Marketing Manager
(602) 921-4641

California Micro Devices
215 Topaz St.
Milpitas, CA 95035

Cherry Semiconductor Corp.
2000 S. County Trail
East Greenwich, RI 02818

Bob Maigret
Manager of Semicustom Products
(401) 885-3600

Coherent Design
275 Saratoga, Suite 200
Santa Clara, CA 95050

Roger Biros
President
(408) 296-3710

Santa Clara, CA: 7 engineers, 2 support

Coherent Design serves as a turnkey, systems level design team, working
from customer specifications to produce schematics, netlist and test vectors
for CMOS gate arrays and cell libraries. Coherent design provides quick-turn
prototypes (Xilinx) and fix-mode ASICs from a common database. All
designs are vendor independent. ASIC vendors supported include National
Semiconductor, LSI Logic, VLSI Technology, Sanyo Semiconductor, S-
MOS Systems, Xilinx, and Plessey Semiconductors. Complete simulation
and test facilities available.

Control Data Corp.
8100 34th Ave. South
Minneapolis, MN 55440

Plymouth, MN: 12 engineers; 5 Mentor, 1 Daisy

Communications are via HASP 4,800 baud; X.25, 4,800 baud; Kermit
9,600 baud; and dial-up modems with support for workstations. A one-week
design class includes a complete set of manuals and covers workstation
usage, design verification, and testability analysis. There are 5—10 students
per class; 1-2 students per Mentor workstation. Additional services include
multichip, multiboard system simulation, IC characterization, and PCB
manufacturing/assembly facilities.

Robert L. Biggs
Marketing Manager
(612) 853-3117

Custom Arrays Corp.
525 Del Rey Ave.
Sunnyvale, CA 94086

George N. Krautner
Vice President, Marketing
(408) 749-1166

Complete CAE/CAD design methodology using PC AT or PC386 plat-
form. Liberty proprietary software addresses schematic capture; SPICE
simulation; symbolic layout; and layout verification, consisting of design



rule checking, electrical rule checking, layout vs. schematic, postlayout
SPICE netlist extraction, and schematic back annotation. Half-day training
on PC AT-based workstation is usually sufficient, and all manuals are
included. Students each have their own workstation. Additional services
include full-custom design of linear circuits, and mixed analog and digital
design using bipolar and CMOS technology.

Custom Silicon Inc.
600 Suffolk St. Vice President
Lowell, MA 01854 (508) 454-4600

Lowell, MA: 8 engineers; 4 Apollo, 4 Viewlogic, 2 FutureNet, 1
Daisy; 11 terminals

David W. Guinther

Communications exist via 1,200- and 4,800-baud modem connections.
Design manuals and data books are included with all classes. Classes are
structured with one instructor and workstation to no more than two students.
CSI offers full turnkey, joint development, and customer-designed IC pro-
grams for NCR standard cells, Motorola gate arrays, and Plessey bipolar
linear arrays. CSI software products include generic libraries and design kits
for Viewlogic and Mentor workstations.

Design Devices
20301 Century Blvd., MS A-23 Department Manager
Germantown, MD 20874 (301) 428-6660

Germantown, MD: 3 engineers; Mentor, Valid, MicroVAX II, PC AT;
2 terminals, 1 hardware accelerator

Steve Becraft

Dial-up communications are available at 2,400 baud. Introduction to ASIC
Design is the training class offered, and it includes class notes and vendor-
specific literature. One instructor is provided for every four students and one
workstation for every two students.

Design Engineering Inc.
1900 13th St., Suite 304
Boulder, CO 80302

Saratoga, CA: 1 engineer; 1 Cadnetix
Boulder, CO: 4 engineers; 3 Daisy, 1 Mentor
Roswell, GA: 2 engineers; 2 Mentor

Plano, TX: 2 engineers; 2 Mentor

Stephen L. Davis
President
(303) 440-7997

Dial-up 2,400-baud communications at each site. Sale of ASIC designer
productivity enhancement tools: Sim-P/L, simulation pattern generation
language compiler; ORCMNT, OrCAD-to-Mentor schematic translator.

Exar Corp. Shyam Dujari
2222 Qume Dr. Digital Products Marketing Manager

San Jose, CA 95131 (408) 434-6400
San Jose, CA: 12 engineers; Mentor systems, VAX 8600

Dial-up communications at 1,200 baud. Training on the N2000 standard-
cell library and design manuals on Exar’s technologies are offered. Worksta-
tions available for customer design use. Full-custom analog cell development
available.

Fujitsu Microelectronics Inc. (408) 922-9000
3545 North First St.

San Jose, CA 95134

San Jose, CA: 15 engineers; Fujitsu, Amdahl, Sun, Apollo, Valid,
Daisy; Ikos hardware accelerator

Atlanta, GA: 5 engineers; Sun, Daisy

Chicago, IL: 4 engineers; Sun, Valid

Boston, MA: 8 engineers; Sun, Daisy, Valid

Dallas, TX: 6 engineers; Sun, Daisy, Valid

Design systems at these centers include LCAD, ViewCAD, Daisy, Men-
tor, Valid. Fujitsu has dial-up and dedicated lines available; dedicated lines
run at 19 kbps to San Jose host.

GE Microelectronics Center
1 Micron Dr.

PO Box 13049

RTP, NC 27709

Research Triangle Park, NC

Dial-up communications at 9,600 baud. Equipment and services include
Mentor, Valid, FutureNet systems; VAX/VMS-based Lasar; engineering
design assistance; application engineering assistance (at RTP only).

D.J. Blackley
Manager, Program Acquisition
(919) 549-3100

Genesis Microchip Inc.
2900 John St.
Markham, Ontario L3R 5G3

Bill White
Vice President of Sales
(416) 470-2742

Logic simulation accelerator

Gennum Corp.

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

Adrian Gheron
Senior Applications Engineer
(416) 632-2996
(800) 263-9353

Yardley, PA (Carpenter Electronic Associates Inc.)

Burlington, Ontario: 14 engineers; Computervision, PC AT, Com-
paq/386, VAX

Tokyo, Japan (Gennum Corp)

Chateaubourg, France (Sorep)

Delft, the Netherlands (Catena Microelectronics BV)

Tucson, AZ (Production Services Inc.)

Customers who have commitments to Gennum are invited to join the staff
of the design centers for a seminar on linear design. The company also offers
a one-day seminar on an as-needed basis at the customer’s location. It uses a
semicustom design manual and sells a $99 kit that has a CAD tape of the six
Gennum chips for routing. Gennum offers a range of services from prototyp-
ing based on the customer’s design to design from customer application
information.

GE Solid State

724 Route 202

P.O. Box 591
Somerville, NJ 08876

Brussels, Belgium (SDM) :

Brussels, Belgium: 6 engineers; VAX 6220, MicroVAX, 3 Daisy

San Jose, CA: 5 engineers; VAX 8600, 4 Daisy, 1 Mentor, 1 silicon
compiler

Boulder, CO (Integrated Silicon Systems): 1 engineer; 1 Mentor

Paris, France: 2 engineers; 2 Daisy

Hamburg, West Germany: | engineer; 1 Daisy

Munich, West Germany: 1 engineer; 1 Daisy

Hong Kong: 1 engineer; VAX-11/750, 1 Daisy, 1 P-CAD

Tel Aviv, Israel (Aviv)

Ancona, Italy (Iselqui)

Boston, MA: 1 engineer; 1 Daisy, 1 P-CAD

Somerville, NJ: 5 engineers; VAX 8800, VAX 8830, 1 MicroVAX, 8
Daisy, 1 Mentor, 1 Valid, | P-CAD, 1 FutureNet, 1 silicon compiler

Durham, NC: 5 engineers; 1 MicroVAX, 3 Daisy, 1 Sun

Research Triangle Park, NC (Integrated Silicon Systems): 12 engi-
neers; 1 Daisy, 2 Mentor, 2 P-CAD, 2 FutureNet, 4 LTL100 layout
systems

Oslo, Norway (Nordic)

Singapore (NTI)

Madrid, Spain (Lober): 1 MicroVAX

Dallas, TX: 2 engineers; 2 Daisy, 1 P-CAD

Camberley, UK: 1 engineer; 1 Daisy

Phyllis Orlando
Marketing Communications
(201) 685-6585

GE Solid State has customer dial-up service at 2,400 baud, and ISS has
1,200-baud modems. GE offers a three-day training course in Somerville,
San Jose, and Brussels, with one engineer at a workstation. The course is
designed to teach an engineer to design semicustom circuits with standard
cell and gate arrays using GE’s Fastrack ASIC Design Management System.
All data books and training manuals are included.
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Directory of ASIC Design Centers (continued)

GigaBit Logic Inc. Anthony Conoscenti
1908 Oak Terrace La. Product Marketing Engineer

Newbury Park, CA 91320 (805) 499-0610

Los Angeles, CA: 10 engineers; 3 Daisy, 3 VAX, 2 Calma, | Mentor,
1 Sun; 2 Tektronix layout terminals

Woodland Hills, CA (Navasys): 4 engineers; 2 Daisy

S. Portland, ME (QSI Corp.): 10 engineers; 5 Computervision, 1 Sun;
1 terminal

A custom IC training seminar that runs 1—6 days is offered at GigaBit, 4-
and 1-day standard-cell training seminars are offered at customers’ loca-
tions. Each seminar is taught to a single customer at a time and includes
design manuals. Additionally, SPICE simulation, DRC, ERC, and LVS are
available. In Japan, the distributor Tel (Tokyo) supports GigaBit products
with design centers in Yokohama, Yamanashi, Kyushu, Tohoku, and Osaka.

Gould Inc.
Semiconductor Division
2300 Buckskin Rd.
Pocatello, Idaho 83201

Jerry Homstad
Vice President, Engineering
(208) 233-4690

Cupertino, CA: 2 engineers; Mentor, IBM PCs

Altamonte Springs, FL: 1 engineer; Mentor, Daisy, IBM PC
Jericho, NY: 1 engineer; Mentor, Daisy, IBM PC

Edina, MN: | engineer; IBM PC

Two-day gate array and standard-cell design training, provided by field
application engineers, includes a user’s guide to workstations. The student-
to-instructor ratio is 1:4, and the student-to-workstation ratio is 1:1 or 2:1.
Gate array and standard-cell design manuals are given out; subscribers
automatically receive updated library sheets from Gould.

Hall-Mark Electronics Corp.
11333 Pagemill Rd. ASIC/USIC Program Manager
Dallas, TX 75243 (214) 343-5923

Tampa/St. Petersburg, FL: | engineer; Sun-3/160C, PC AT

Atlanta, GA (Norcross): 1 engineer; Sun-3/160C, PC AT

Boston, MA: 1 engineer; Sun 3/160C, PC AT

Baltimore, MD: 2 engineers; Daisy Megal.ogician, Personal Logicians
(4 workstations, 1 PC AT, 6 terminals; Sun-3/160C); Sun-3/260

Austin, TX: 1 ¢-zineer; Daisy Personal Logician

Wayne Howse

The design center; offer LSI Logic and Motorola products. Baltimore has
dedicated and dial-u > lines for remote communications; Austin, Atlanta, and
Tampa/St. Pete have dial-up only. A 5-day class offers 3 days of lecture and
lab plus 2 days of design. Macrocell library and design manuals are provided.
One instructor trains 10 students; pairs of students share a terminal.

Hamilton/Avnet Electronics
1175 Bordeaux Dr.
Sunnyvale, CA 94089

Chandler, AZ: 4 engineers
Chatsworth, CA: 3 engineers
Costa Mesa, CA: 3 engineer
Gardena, CA: | engineers
Sunnyvale, CA: 5 engineers
Boston, MA: 4 engineers
Baltimore, MD: | engineer

Robert M. Gardner
Vice President/General Manager
(408) 743-3001

Hamilton/Avnet has dial-up communications and offers training courses
for its customers. Additional equipment includes Ikos hardware accelerator.

Honeywell Inc.
1150 E. Cheyenne Mountain Blvd.
Colorado Springs, CO 80906

David Wick
ASIC Product Line Manager
(719) 540-3580

Colorado Springs, CO: 10 engineers; Elxsi 6400, 5 Mentor, 4 Daisy; 5
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terminals
Minneapolis, MN: 9 engineers; VAX-11/78x, 2 Mentor, | Daisy; 3 ter-
minals

Communications available include dial-up at 1,200 baud and dedicated at
9,600 baud. There is a five-day training course for designing CMOS, bipolar,
and rad-hard arrays. The course examines Honeywell’s array technology and
macro library, as well as the full gate array development sequence from
system feasibility and partitioning through physical layout and test program
generation. A design manual and course materials are included. There is one
instructor per four students and one workstation per two students. Honeywell
also has Teradyne’s Lasar 6 simulation provided on a VAX, Merlyn-G layout
tools on Elxsi, MSPICE on VAX and Apollo, and applications engineering
support.

Hughes Aircraft Co.
Microelectronics Center

500 Superior Ave.

Newport Beach, CA 92658-8903

Mike Friedman
Applications Manager
(714) 759-2727

Communications are linked via telephone to Hughes's VAX. Training
available includes a 2-day course on using library and timing analysis tools
on a workstation.

Integrated Circuit Systems Inc.
2626 Van Buren Ave.

PO Box 968 Sales/Marketing Coordinator
Valley Forge, PA 19482-0968 (215) 666-1900

King of Prussia, PA: 18 engineers; 2 Daisy, 2 Mentor, | VAX-11/780,
2 Calma GDS II; 24 terminals

Faye Jeffries-Cirino

Dial-up communications at 1,200 and 9,600 baud are available. Training
is tailored to the customer, usually with a ratio of one instructor to two or
three students. Instruction may use Mentor, Daisy, PC, or VAX systems,
depending on the customer’s needs. Full-custom layout for minimum produc-
tion cost, maximum performance, or unique function also is available.

Integrated Circuit Technology Inc.
22691 Lambert St.

Suite 514 Vice President, Engineering
El Toro, CA 92630 (714) 581-7195

El Toro, CA: 2 engineer assistants, 3 enginee:s; 2 Apollo (DN4000,
DN3000); HP plotter

Akhtar Ali

ICT has developed an efficient automatic custom layout methodology that
reduces the time spent on custom IC designs by about 50%. The company
provides .low-cost design services and, besides its own software, has a
complete set of design tools, including schematic capture, logic and circuit
simulators, and back-end verification, resident on a network of Apollo
workstations (DN4000/3000).

Intel Corp.
3065 Bowers Ave.
Santa Clara, CA 95051

Santa Clara, CA
Swindon, England
Paris, France
Tsukuba, Japan
Boston, MA

Mike Fister
Design Center Operations Mznager
(602) 961-8172

Communications are via a 9,600-baud dedicated line. Customer education
consists of a set of modular courses (including manuals) for teaching gate
array, standard-cell, and microprocessor/peripheral core classes. One in-
structor teaches a maximum of 8 students; 2 students share a workstation.
Workstations are Daisy, Mentor, and MicroVAX II. Design assistance,
turnkey services, and hot-line support also are available through the the
design centers.



International Microcircuits Inc.
3350 Scott Blvd.
Santa Clara, CA 95054

Nasser Abdollahi
Product Marketing
(408) 727-2280
Santa Clara, CA: 19 engineers
Basingstoke, England (IMI UK Ltd.): 4 engineers; 2 Daisy, 2 Mentor
Paris, France (Sagem): 12 engineers; 6 Mentor
Herzelia, Israel (AST): 2 engineers; 1 Daisy, 1 Mentor

Dial-up communications are available. IMI offers an Easygate user’s
training course in which students bring in their circuit and test requirements.
Easygate is customer interface software that uses production test vectors to
generate the stimuli for design simulation to guarantee design testability.
Instruction is one on one, with one workstation per student.

International Microelectronic Products Inc.
2830 N. First St. Marketing Manager
San Jose, CA 95134 (408) 434-1362

San Jose, CA: 50 engineers; 2 Prime 9950s, 2 VAX 750s, 4 Sun-
3/280s, 6 Sun 3/160s; 60 terminals
Swindon, England: 3 engineers; Mentor, Sun

Thomas Flageollet

Communications exist via dial-up 2,400-baud modems and X.25 Telenet
service. Training is tailored to individual customers’ needs with reference to
schematic capture, logic simulation, and design verification. IMP provides
automatic translation of foreign netlists with its universal netlist translator
software.

LSI Logic Corp.
1551 McCarthy Blvd., MS D102
Milpitas, CA 95035

Milpitas, CA
Boca Raton, FL
Waltham, MA
Dallas, TX
Calgary, Canada
Kanata, Canada
Paris, France
Tokyo, Japan
Seoul, Korea
Biel, Switzerland
Dusseldorf, West

Susan Josephson
Marketing Communications
(408) 433-8000

Sherman Oaks, CA
Bethesda, MD
Edison, NJ

Vienna, Austria
Edmonton, Canada Burnaby, Canada
Toronto, Canada Pointe Claire, Canada
Ramat Hasharon, Israel Milan, Italy

Tsukuba, Japan Osaka, Japan

Oss, the Netherlands Livingstone, Scotland
Bracknell, England Berlin, West Germany
Stuttgart, West Ger- Munich, West

Irvine, CA
Itasca, IL
Minneapolis, MN
Bellevue, WA

Germany many Germany
Isernhagen, West  Luebeck, West Germany
Germany

(See also distributors Wyle Electronics Laboratories, Hamilton/Av-
net, and Hall-Mark Electronics)

Two to 30 applications engineers per LSI Logic design resource center are
available to assist with designs. Main computer centers are located at
Milpitas, Waltham, Bracknell, Munich, Paris, and Tokyo. All others are tied
in through direct 9,600-baud lines. All design centers offer training classes
on the company’s Modular Design Environment (MDE) ASIC software tools
(including advanced simulation, schematic capture, and floorplanning),
workstations, and array and cell-based design.

Dale Wilson
Vice President of Sales and Marketing
(516) 231-7710

Marconi Electronic Devices Inc.
45 Davids Dr.
Hauppauge, NY 11788

Hauppauge, NY: Daisy and Mentor workstations available for customer
usage

Wembley, England: 18 engineers; 2 VAX 7850, 4 Mentor, 2 Applicon

Lincoln, England: 18 engineers; 2 Daisy, 7 Mentor, 2 VAX 7850

Communications via dial-up or leased line up to 9,600 baud. Training
courses in Hilo. Marconi trains engineers in digital design, simulation, test
generation, layout, and other design skills. Manuals are provided. Typically,
there is a 6:1 ratio of students to instructors and a 2:1 ratio of students to

workstations. One-on-one as well as group (three students) training can be
arranged. Training classes at Wembley, England.

Matra Design Semiconductor
2840-100 San Tomas Expwy. Vice President, Marketing and Sales
Santa Clara, CA 95051 (408) 986-9000

Santa Clara, CA: 10 engineers; IBM PCs, VAX: IBM PC terminals

Paris, France: 12 engineers; MicroVAX, VAX, Daisy, Mentor, IBM
PCs: Tektronix and IBM PC terminals

Munich, West Germany: 5 engineers; Tektronix and IBM PC
terminals

Milan, Italy: | engineer; Tektronix and IBM PC terminals

Stockholm, Sweden: | engineer; Tektronix and IBM PC terminals

Bracknell, UK: 2 engineers; Tektronix and IBM PC terminals

Pradip Madan

Communications are via a 4,800- and 9,600-baud dedicated line. Training
courses are offered on the average of one per week or as needed. with one
instructor for every 3—6 students and one workstation for every -2 students.
The training at the design center focuses on gate array design guidelines,
using MDS design tools, integrating PALs efficiently into gate arrays,
implementing RAM on the MB series, packaging options, and testability
issues. Design manuals, users’ software manuals, and cell library informa-
tion are provided. Design software is available on a PC that provides
complete support for the customer for remote designs, from schematic
capture through simulated netlist transfer for layout.

MCE Semiconductor Inc.
1111 Fairfield Dr.
West Palm Beach, FL 33407

Richard McCargar
Vice President
(407) 845-2837

Prototype and evaluation capability using the MCE UniDES System.
MCE’s design aids and tools include layout worksheets, instructions on how
to interconnect the components by specifing the final interconnecting pattern
metal mask, kit parts, and data sheets.

Micro LSI
2065 Martin Ave., Suite 101
Santa Clara, CA 95050

Santa Clara, CA: 2 engineers; 2 Daisy

Dusty Duistermars
Chief Engineer
(408) 727-7987

Dial-up modem lines at 1,200 baud are available for file transfer. One-on-
one instruction of 2 students per instructor and per workstation is provided.

Mietec
Westerring 15
9700 Oudenaarde
Belgium

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

Paris, France: | engineer; MicroVAX; 2 terminals
Bracknell, UK: 1 engineer; MicroVAX; 2 terminals
Munich, West Germany: | engineer; MicroVAX; 2 terminals

Communications via dedicated line 19.2 kbaud. Training classes are
offered for each point of the company’s CAD system, MADE (Mietec
Analog and Digital Engineering system). Private customer offices are avail-
able 24 hours a day, 7 days a week. Full plotting services, telefax, telex, and
telephone facilities are provided for customer services.

Thomas Liao
Product Manager
(408) 730-5900

Mitsubishi Electronics America Inc.
1050 E. Arques Ave.
Sunnyvale, CA 94086

Sunnyvale, CA: 8 engineers; 2 Mentor, 2 FutureNet, | Daisy, 2 Valid,
1 Intergraph; 1 Ikos

Durham, NC: 12 engineers; 2 Daisy, 3 FutureNet, 2 Valid, 4 Mentor,
IBM 4381/3270

Communications are available via dial-up lines at 1,200/2,400 baud and a
dedicated line at 9,600 baud; remote access is also available via IBM-net.
Classes can be scheduled at customers’ locations for five or more students.
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Directory of ASIC Design Centers (continued)

Michael Ponzo
Tactical Marketing
(602) 821-4219

Motorola Inc.
1300 N. Alma School Rd., CH-180
Chandler, AZ 85224

All centers listed below have similar staff and equipment: 1-3 engi-
neers; Daisy or Mentor workstations for CAE tools.

Los Angeles, CA San Jose, CA Washington, DC

Orlando, FL Chicago, IL Boston, MA
Dallas, TX Sydney, Australia Toronto, Canada
Aylesburry, England  Taipei, Taiwan Hong Kong

Tel Aviv, Israel
Singapore

Tokyo, Japan
Solna, Sweden

Seoul, South Korea
Munich, West
Germany

Independent Design Centers:

Lowell, MA (Custom Silicon Inc.)

Research Triangle Park, NC (Integrated Silicon Systems)

(See also the distributors Hamilton/Avnet, Schweber Electronics,
Hall-Mark Electronics, and Wyle Laboratories)

All centers have dial-up communications at up to 10 kbps or datacomm
network at up to 2,400 bps. Design centers offer Daisy or Mentor worksta-
fions plus a high-speed link to Motorola’s mainframe computer for verifica-
tion and release.

National Semiconductor Corp.
2900 Semiconductor Dr.
Santa Clara, CA 95052

Tom Wong
Strategic Marketing Manager
(408) 721-5884

Hong Kong, BCC: 2 engineers; Daisy, FutureNet; IBM terminal

Santa Clara, CA: 14 engineers; 3 VAX-11/780s, Daisy, Mentor, Fu-
tureNet; IBM terminal; 1 Tektronix graphics terminal

Tustin, CA: 3 engineers; MicroVAX, Daisy, FutureNet; 5 IBM
terminals

London, England: 2 engineers; Daisy, FutureNet; IBM terminal

Reading, England: 5 enginers; VAX-11/780, 8600; 6 terminals

Paris, France: 2 engineers; Daisy, FutureNet; IBM terminal

Munich, West Germany: 6 engineers; Daisy, Valid, FutureNet; IBM
terminal

Milan, Italy: 1 engineer; Daisy; IBM terminal

Tokyo, Japan: 4 engineers; VAX-11/785; 6 terminals

Boston, MA: 4 engineers; Daisy, FutureNet; IBM terminal

Bloomington, MN: 3 engineers; MicroVAX II; 5 terminals

Stockholm, Sweden: 1 engineer; Daisy; IBM terminal

Richardson, TX: 3 engineers; MicroVAX II; 4 terminals

Taiwan and South Korea (third party)

(See also the distributor Hamilton/Avnet)

Communications exist via a dedicated SNA network at 14.4 kbaud. Three-
to five-day workstation-based training is tailored to the user’s experience,
with several instructors for up to six students per session. Training manuals
and free use of an individual workstation and mainframe are included.
National offers extensive consulting for customers doing joint design and
accepts turnkey designs (circuit schematic as input). It holds a one-week
course on the DA4 (VMS/Unix) design automation system, a one-day class
on Aspect gate arrays, and a two-day ECL hardware design course, with
complete documentation.

NCM Corp.
1500 Wyatt Dr.
Santa Clara, CA 95054

Santa Clara, CA: 3 engineers; Silicon Graphics 3030; Silicon Graphics
and Televideo terminals

(408) 496-0290

NCR Microelectronics
2001 Danfield Ct.
Fort Collins, CO 80525

Lyle Wallis
Commercial ASICs
Earl Reinkensmeyer

Software Products
(303) 226-9500
(800) 334-5454

NCR Microelectronics
1635 Aeroplaza Dr.
Colorado Springs, CO 80916

Ted Lunacek
Military ASICs
Michael Moursi
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Automotive ASICs
(719) 596-5795
(800) 525-2252

Arcadia, CA (NAVAsys ASIC Design Services): 3 engineers; 3 Daisy

Calabas, CA (Guidon, McLean and Easton): 3 engineers; 2 Daisy

Laguna Hills, CA (Micronix): 5 engineers; 4 Mentor Graphics

Santa Clara, CA (NCR) 2 engineers; 2 Mentor, 2 Daisy

Boulder, CO (Design Engineering Inc.): 4 engineers; 3 Daisy, 1
Mentor

Breckinridge, CO (VLSI Microsystems Inc.): 4 engineers; 2 Daisy

Colorado Springs, CO (NCR): 7 engineers; 10 Mentor, 4 Daisy, |
VAX 8700, 1 VAX 785

Orlando, FL (Micro Devices): 4 engineers; 3 Mentor

Roswell, GA (Design Engineering Inc.): 2 engineers; 2 Mentor

Munich, West Germany (NCR): 2 engineers; 2 Mentor

Kawasaki City, Japan (Japan Macnics Corp.): 2 engineers; 1
Mentor

Lowell, MA (Custom Silicon Inc.): 11 engineers; 5 Viewlogic, 4 Men-
tor, 2 FutureNet, 1 Daisy

Woburn, MA (NCR): 3 engineers; 2 Mentor

Farmington Hills, MI (Automotive Systems Laboratory Inc.): 4 en-
gineers; 1 Mentor

Research Triangle Park, NC (Integrated Silicon Systems Inc.): 12
engineers; 3 Mentor, 2 FutureNet, 1 Daisy

Rochester, NY (RIT Research Corp.): 1 engineer; 1 Daisy

West Chester, PA (ASIC Designs Inc.): 1 engineer; 2 Daisy

El Paso, TX (Sherwood Design Center): 2 engineers; 1 Daisy

Plano, TX (Design Engineering Inc.): 2 engineers; 2 Mentor

Berkshire, UK (Manhattan Skyline): 2 engineers; 1 Daisy, 1 Mentor

Salt Lake City, UT (Systronix Inc.): 2 engineers; 1 Daisy

Bellevue, WA (ASIC Northwest): 1 engineer; Mentor

All NCR-affiliated design centers will perform turnkey design or support
customers’ designers in the design center. Some design centers will go into
the customer’s facility to assist with design; some will do system-level as
well as device design. All regional NCR offices have FAEs available to assist
customers with design planning and design support. Every month, NCR
holds a three-day semicustom design training session at one of its facilities
for customers who are new users. In addition, training on NCR software tools
is available. Training will be scheduled off site if requested. For more
information, call (303) 226-9500.

Nebula Corp.
33 Lyman St. Vice President, Sales
Westboro, MA 01581 (508) 366-6558

Westboro, MA: 7 engineers; 1 MicroVAX, 1 Daisy, 4 PC ATs; fault
simulation engine

Jim Gobes

Nebula is an independent design center that provides system-level semi-
custom design services using commercially available CAE tools. Its engi-
neers can work at the customer’s site or can provide full turnkey solutions,
working with and producing designs for the ASIC vendor of the customer’s
choice. Nebula offers a free ‘‘solution evaluation’’ of customer systems that
includes system partitioning; CAE tool strategy; and selection of vendors that
meet the technology, packaging, and cost criteria. Customization of custom-
er-owned CAE tools and fault grading services for any design also are
provided.

NEC Electronics

401 Ellis St.

P.O. Box 7241

Mountain View, CA 94039

Santa Ana, CA Mountain View, CA
Natick, MA Raleigh, NC
Portland, OR Dallas, TX
Chicago, IL

Grant Hulse
Strategic Marketing Manager
(415) 965-6333

All of the locations above have major engineering workstations and VAX
machines networked with the Mountain View, CA, NEC computer center via
9.6- to 48-kbps communications . Design training is available as requested by
the customer, with one instructor per student and one student per worksta-
tion. Workstation manuals, data sheets, design manuals, block library, and
EWS design kits are included with the hands-on training. Additionally, NEC
provides seminars and technical presentations.



Oki Semiconductor Inc.
785 North Mary Ave., ASIC Marketing Manager
Sunnyvale, CA 94086 (408) 720-1900

Sunnyvale, CA: 30 engineers; 5 Daisy, 2 Mentor, Valid, FutureNet,
Sun, VAX, IBM, Amdahl; 20 terminals networked to mainframe
Stoneham, MA: 3 engineers; Daisy, Mentor, Sun, VAX; 2 terminals

networked to mainframe in Sunnyvale

Clifford Vaughan

Dial-up link at 9,600 baud. Direct satelite link between design centers and
manufacturing sites. Design training and hands-on workstation instruction
available at all design centers.

Ontario Research Foundation
Microelectronics Development Centre
Systems Engineering

2395 Speakman Dr.

Mississauga, Ontario Marketing Manager
Canada L5K 1B3 (416) 822-4111

Toronto, Ontario: 5 engineers; 5 Mentor, 1 PC AT; 2 terminals

Dial-up lines are available at 300, 1,200, and 2,400 baud. Training is
provided on a one-to-one basis to client engineers, with one workstation for
the client. Group sessions also are provided to a group of six or eight
engineers, with two instructors for the group and two engineers to a
workstation. The center offers turnkey design services or facility rental. It
supports more than a dozen foundries and maintains a generic cell library that
is convertible to foundry specifications. Digital, analog, and analog/digital
ICs are supported.

John Paterson

Panasonic Industrial Co.
1610 McCandless Dr. Resident Engineer
Milpitas, CA 95035 (408) 946-4311

San Jose, CA: 3 engineers; 2 Daisy Logicians, 2 Mentor Idea 1000s, 1
VAX

Terry Toyooka

R. F. Hammett
Vice President, Systems Marketing
(301) 921-0660

Pioneer Technologies Group
9100 Gaither Rd.
Gaithersburg, MD 20877

Gaithersburg, MD: 2 engineers; | VAX, 1 Mentor

Design center for Plessey and National Semiconductor product lines.

Plessey Semiconductor
1500 Green Hills Rd. Director of Marketing
Scotts Valley, CA 95066 (408) 438-2900

Santa Clara, CA: 2 engineers; 1 MicroVAX II; 6 terminals

Scotts Valley, CA: 25 engineers; 1 VAX-11/780, 1 VAX-11/730, 30
terminals; 2 MicroVAX IIs, 10 terminals; 2 Emerald VLSI Design
Stations, 3 Mentor, 1 Calma GDS II system, 2 Analog Design Tool
Stations (Sun), 4 IBM PC ATs

Encinitas, CA (Analog Solutions): 1 engineer; 1 IBM PC XT

Ottawa, Ontario (Ontario Centre for Microelectronics): 10 engi-
neers; 3 Mentor, 8 Valid, 10 IBM PC ATs

Toronto, Ontario (Microelectronics Development Centre): 4 engi-
neers; 4 Mentors, 1 PC AT;

Boulder, CO (Analog Solutions): 1 engineer; | PC AT

North Palm Beach, FL (Silicon Beach Enterprises): 2 engineers; 3
PC ATs

Boston, MA: 2 engineers; 1 MicroVAX II; 6 terminals

Timonium, MD (Microcom): 7 engineers; 7 PC ATs

Marlton, NJ: 2 engineers; 1 MicroVAX II; 6 terminals

Dallas, TX: 2 engineers; 1 MicroVAX II; 6 terminals

(See also the distributor Pioneer)

Phillip Pollok

Communications are provided via a 1,200-baud Tymnet connection for all
technology centers. All Plessey technology centers offer 2- to 5-day hands-on
training courses tailored to the experience level of the students. The courses
cover gate array and cell-based design methodologies using PDS2 and

Megacell layout editor software. CLAS000 and Megacell design manuals are
included. Ratios are six students for one instructor and one student per
terminal. Additional services include feasibility studies, product definition,
design engineering support, packaging, and test and evaluation support.
Workstation support is offered for MicroVAX, Daisy, Mentor, Valid,
FutureNet and Tektronix CAE. Full training is offered at Scotts Valley.
There are also full CAD and design manuals available for training.

Mimi Shokraie
Technical Marketing Business Manager
(516) 334-7555

Schweber Electronics Corp.
CB 1032 Jericho Tpk.
Westbury, NY 11590

Irvine, CA
Norcross, GA

San Jose, CA
Bedford, MA

Schweber has over 50 man-years of semicustom design experience. It
offers leading logic consolidation products and services supporting VLSI
Technology, Motorola, Altera, AMD/MMI, TI, and Signetics. Centers are
equipped with Mentor Graphics (DN3000/DN4000) and Sun-3/260 worksta-
tions. The company specializes in design consulting, equipment leasing, and
24-hour design center accessibility.

Semiconductor Specialists Inc.
195 Spangler Ave. Director of Marketing
Elmhurst, IL 60126 (312) 279-1000

West Drayton, UK (Semiconductor Specialists [UK] Ltd.): 2
engineers

P. Jeffrey Carroll

The London-area design center handles the ASIC product lines of Plessey
Semiconductor, Siliconix, Raytheon Semiconductor, and Ferranti.

Sierra Semiconductor Corp. Don MacLennan
2075 N. Capitol Ave. Director, Custom Marketing

San Jose, CA 95132 (408) 263-9300

San Jose, CA: 21 engineers; 2 Valid, 10 Apollos, 1 Daisy, 3 Mentor;
22 AED terminals connected to Elxsi, 2 Sun terminals

Burlington, MA: | engineer; 1 Apollo

Oakbrook, IL: 1 engineer; 1 Apollo

’s-Hertogenbosch, the Netherlands: 7 engineers; | Mentor, 1 Daisy; 4
AED terminals connected to a VAX 8650

Communications are via 1,200-baud dial-up lines. Individual training is
available at all design centers. Each student has a workstation for his
exclusive use during design training. Sierra offers custom cell design, custom
consulting, and system consulting, particularly in analog and EEPROM
design.

Joe Baranowski
2201 Laurelwood Rd. IC Marketing Manager
Santa Clara, CA 95054 (800) 554-5565 x1900

Santa Clara, CA: 10 engineers; 1 VAX-11/780, 5 Daisy, 3 Mentor, 5
FutureNet; 15 terminals

Boston, MA: 2 engineers; 1 FutureNet, 1 Daisy Personal Logician

Swansea, Wales: 8 engineers; 1 VAX-11/780, IBM, FutureNet, 2
Daisy; 7 terminals

Hong Kong: 2 engineers; 4 Daisy; 4 terminals

Munich, West Germany: 2 engineers; FutureNet, Daisy; 3 terminals

(See also the distributor Pioneer)

Siliconix Inc.

Communications are available via 1,200-baud modem links. Training is
given one on one for customers, who also are allowed free use of the
facilities. Manuals on cell libraries, design, and workstations are provided.
Software, now available on a time-shared basis, uses the GE network.

Silicon West Inc. Edward Evans
5470 Anaheim Rd. President

Long Beach, CA 90815 (213) 494-4588
Signal Hill, CA: 6 engineers; 1 VAX, 2 Apollos, 2 PC/XTs

Communications are via a 1,200-baud modem. Special training classes are
available only by customer request. Special custom cells will be designed at
the customer’s request.
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Sipex Corp.

Data Linear Division
491 Fariview Way ASIC Marketing and Applications
Milpitas, CA 95035 (408) 945-9080

Milpitas, CA: 11 engineers; VAX, MicroVAX, IBM PCs, complete
Daisy CAE/CAD systems (Chipmasters and Personal Logicians for
schematic capture)

Paris, France: 1 engineer; 1 Daisy, ADT

Valentino Liva

Dial-up communications are available at 2,400 baud. One-on-one instruc-
tion is used for semicustom analog training in dielectric isolation technology.
Design manuals are available. The company provides one workstation per
student.

SIS Microelectronics Inc.

1500 Kansas Ave., Bldg. 1D
PO Box 1432 President
Longmont, CO 80502 (303) 776-1667

Longmont, CO: 2 DN570 Turbos (one with Mentor software), 1
DN4000, 1 DN3500, 3 DN3000, 1 DN660 (with Mentor software);
Ikos simulation system; complete VLSI Technology Inc. design sys-
tem, FutureNet design system, Mentor; 7 IBM PC data entry stations

William D. Burkard

SIS is a VLSI Technology authorized design center (ADC), with training
provided by VLSI Technology. SIS specializes in system-level design
support that includes multichip and mixed-technology implementations. In
addition to the VLSI Technology design system, SIS has developed propri-
etary software interfaces to FutureNet and Mentor TTL libraries, as well as
PALASM and ABEL translators for PAL equations.

S-MOS Systems Inc.
2460 N. First St. Director of Marketing
San Jose, CA 95131 (408) 922-0200

San Jose, CA: 15 engineers; IBM PC, Mentor, Daisy, IBM and VAX
mainframes; 6 terminals

Boston, MA: 1 engineer; PC AT

Baltimore, MD (Dibec)

Types of communications available are dial-up and dedicated lines with
SNA, RIE, and asynchronous protocols at 1,200 to 9,600 baud. Classes are
three days for inexperienced users; otherwise, training is done by students on
their own workstations under the guidance of one instructor per student.
Training also includes user’s guides. Each design center has provision for
secure areas.

Joel Silverman

Standard Microsystems Corp.
35 Marcus Blvd. Director of Marketing
Hauppauge, NY 11788 (516) 273-3100

Campbell, CA (VLSI Design Associates): 11 engineers; 2 Mentor, 3
Calma, 1 VAX; 6 terminals

Irvine, CA (Turk Enterprises): 2 engineers; 2 Viewlogic (IBM PC)

Nashua, NH: 2 engineers; 2 Viewlogic (IBM PC)

Hauppauge, NY: 27 engineers; 3 Mentor, 3 Daisy, 2 Valid, 11 Meth-
eus-CV, 4 VAX-11/78Ss, 18 Viewlogic (IBM PC); 25 terminals

Lewisville, TX (Mike McConnell & Assoc.): 2 engineers; 2 Viewlogic
(IBM PC)

Paris, France (Maxcell): 7 engineers; 2 Daisy Megalogician, 3 Person-
al Logicians

Munich, West Germany: 2 engineers; 2 Viewlogic (IBM PC)

Solna, Sweden (Naxab): 3 engineers; Daisy

Brian Cayton

SMC offers both 3- and 5-day training courses that cover the use of the
library, software tools, and supercells. The courses are available on an as-
needed basis, and manuals following the course work and giving details on
all tools, hardware, and cell performance are provided. Typically, there is
one instructor and one workstation for each two students.

Tachonics Corp.
107 Morgan Lane
Plainsboro, NJ 08536

Michael Zyla
Marketing Manager
(609) 275-2504

Plainsboro, NJ: 6 engineers; 3 Mentor, 3 VLSI Technology
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The company offers a one- and a two-day seminar on the use of standard-
cell libraries at customers’ locations and at Tachonics’ headquarters. The
course includes design manuals. Extensive consultation with MMIC, analog,
and digital designers is available, which is especially important for designs
based on the company’s mixed-mode analog and digital cell libraries. Circuit
design and logic design capability is offered, in addition to basic standard-
cell placement, routing, and fabrication.

Texas Instruments Inc.

8390 LBJ Expwy. Jerry Koontz
P.O. Box 655303, M/S 3670 ASIC Marketing Communications Manager
Dallas, TX 75265 (214) 997-2031

All design centers have Daisy and Mentor workstations and IBM 3279s.
Santa Clara, CA Irvine, CA Atlanta, GA
Chicago, IL Boston, MA Dallas, TX

Ottawa, Ontario Bedford, England Paris, France
Hanover, West Ger-

many Milan, Italy
Stockholm, Sweden Tokyo, Japan
(See also the distributors Arrow and Wyle)

Rieti, Italy
Hong Kong

TI provides both evaluation and design assistance to its customers. A one-
day workshop for designers familiar with basic workstation operation is
offered and focuses on such aspects of design as partitioning, designing for
testability, optimizing performance, analyzing power/ground pin require-
ments, and guidelines for simulation and test pattern generation. The course
can be modified for special customer needs on site. The design staff is
available for project-oriented consultation on topics like library installation,
design partitioning, and project planning. TI provides a hot line and on-
location help for work on in-house CAE equipment. The staff also performs
turnkey and special design projects, such as design translations, schematic
capture, test pattern generation, and fault grading. Selected centers provide
clients who lack workstations secure use of either Daisy Megalogician or
Apollo DN660 workstations. These centers offer advanced capabilities that
include local design layout and preparation of postlayout delay and back
annotation data files.

Toshiba America Inc.
1220 Midas Way
Sunnyvale, CA 94086

Allan Cox

Director Marketing

Semicustom Products, MOS IC Division
(408) 733-3223

Redhill, CA: 2-5 engineers; FutureNet, Viewlogic; 4 terminals

Sunnyvale, CA: 16 engineers; Daisy, Mentor, FutureNet, Aida, HP,
Valid, Viewlogic; 18 terminals

Atlanta, GA: 2-5 engineers; FutureNet, Viewlogic; 6 terminals

Boston, MA: 9 engineers; Daisy, Mentor, Valid, FutureNet, Viewlogic;
12 terminals and a mainframe

Dallas, TX: 4 engineers; Daisy, FutureNet, Mentor, Viewlogic; Ikos; 6
terminals

Communications are via high-speed dedicated lines. Training is included
with the design contract on a one-to-one basis. Design manuals and cell
library are provided. Services range from specification, netlist extraction,
and simulation to design libraries.

TriQuint Semiconductor Inc.
PO 4935, Group 700
Beaverton, OR 97075

Louis Pengue
Product Marketing Manager
(503) 644-3535

Beaverton, OR: 15 engineers; Daisy, Mentor; MicroVAX engineering
design network

The company offers one-on-one instruction for designing GaAs gate arrays
and standard-cell devices. Custom and semicustom design classes with actual
fabrication of customers’ designs are available. Also avaialble are evaluation
kits for prototype development, using TriQuint standard components and
semicustom or full-custom devices.

el
Sales Manager
(408) 433-3388

Unicorn Microelectronics Corp.
99 Tasman Dr.
San Jose, CA 95134



United Silicon Structures (US2)
1971 Concourse Dr. Product Marketing
San Jose, CA 95131 (408) 435-1366

San Jose, CA: 5 engineers; Sun, Apollo, DEC, PC; 10 terminals
San Jose, CA (ATS)

San Jose, CA (CIT)

Los Angeles, CA (SDC)

Seattle, WA (ANW)

Steven Eliscu

Courses are offered in Solo design, design methodology, and design for
testability. A set of manuals is provided with each course. The ratio of
instructors to students is 1:4, and the ratio of workstations to students is 1:1.
US2 can create fully customized cells to meet specific requirements and can
provide turnkey design services.

United Technologies
Microelectronics Center
1575 Garden of the Gods Rd.
Colorado Springs, CO 80907

Ronald Hehr

Manager, Semicustom Products
(719) 594-8124

(800) MIL-UTMC x8124

Laguna Hills, CA: 2 engineers; 1 MicroVAX, 3 IBM PCs running Val-
id; 5 terminals

Waltham, MA: 2 engineers; | MicroVAX, 3 IBM PCs running Valid;
5 terminals

UTMC has dial-up lines and a 9600-baud dedicated line to its factory.
Training is given on an individual basis at the design centers. Access to a
Zycad simulation accelerator is provided through a dedicated line to the
factory.

Joe Welsh
ASIC Product Marketing Manager
(805) 388-3700

Vitesse Semiconductor Corp.
741 Calle Plano
Camarillo, CA 93010

Greenbelt, MD (Atlantic)
For information, contact Atlantic, (301) 220-1501.

VLSI Technology Inc.
1109 McKay Dr.
San Jose, CA 95131

Peter Bagnall
Vice President, ASIC Marketing
(408) 434-3000

Santa Ana, CA: 2 engineers; 5 computers/workstations
San Jose, CA: 26 engineers; 46 computers/workstations
Canada (Microtel Pacific Research)

Longmont, CO (SIS)

Ft. Lauderdale, FL: 2 engineers; 5 computers/workstations
Chicago, IL: 2 engineers; 5 computers/workstations
Boston, MA: 12 engineers; 18 computers/workstations
South Portland, ME (Qadic Systems Inc.)

Princeton, NJ: 4 engineers; 8 computers/workstations
Dallas, TX: 5 engineers; 9 computers/workstations

King of Prussia, PA (Integrated Circuit Systems Inc.)
London, England: 2 engineers; 4 computers/ workstations
Paris, France: 3 engineers; 6 computers/workstations

High Wycombe Bucks, Ireland (Axiom Electronics Ltd.)
Tokyo, Japan: 6 engineers; 9 computers/workstations
Soina, Sweden (Nordisk Arraytekuik AB)

Munich, West Germany: 10 engineers; 18 computers/workstations

Communications is via dedicated lines at 9,600 baud for small centers
(fewer than 6 engineers) and satellilte links at 50 kbaud for large centers (6
engineers or more). For the training, there are 10 students per instructor and
one workstation per student; courses on VLSI design methodology and the
use of the company’s tool set are offered. Additionally, computing resources,
physical design, and system partitioning are available.

VTC Inc.
2401 E. 86 St.
Bloomington, MN 55425

Gary Heyes
ASIC Product Manager
(800) VTC-ASIC

Phoenix, AZ (Circuit Design Group)

Laguna Hills, CA (Micronix): 5 engineers; 3 Mentor, 3 PC/XTs; 5
terminals

South Portland, ME (Quadic Systems): 6 engineers; 3 Metheus-CV
3721E, 2 PC-based systems

Kanata, Ontario (Calmos Systems): 10 engineers; 3 Valid; 6 terminals

Calmos trains on an individual basis with the charge built into the cost of
the design; otherwise, the fee is $500 per day for consulting. Quadic has the
manuals for the standard-cell package data sheets; it costs about $200 for the
digital standard-cell library.

Wyle Laboratories
Electronics Marketing Group
18910 Teller Ave.

Irvine, CA 92715

Rick Timmins
Vice President of Semicustom ICs
(714) 851-9953 or (408) 727-2500

Calabassas, CA: | engineer; Daisy Personal Logician, MicroVAX, Fu-
tureNet, Altera

Irvine, CA: 5 engineers; Daisy Megalogician, 3 Personal Logicians,
MicroVAX, FutureNet, Altera; Ikos

San Diego, CA: 1 engineer; Daisy Personal Logician, MicroVAX, Fu-
tureNet, Altera

Santa Clara, CA: 5 engineers; Daisy Megalogician, 3 Personal Logi-
cians, MicroVAX, FutureNet, Altera; Ikos

Denver, CO: 3 engineers; Daisy Megalogician, 3 Personal Logicians,
MicroVAX, FutureNet, Altera

Portland, OR: 1 engineer; Daisy Logician, MicroVAX, FutureNet,
Altera

Dallas, TX: 1 engineer; Daisy Personal Logicians, MicroVAX, Future-
Net, Altera

All 13 Wyle locations have direct lines to LSI Logic’s mainframe. Wyle
also handles the ASIC products of Texas Instruments, LSI Logic, and
Motorola as well as the programmable logic families of Altera, Intel,
Signetics/Philips, Advanced Micro Devices, and TI. The Irvine, Santa
Clara, and Denver facilities include PLD design, programming, and text
centers. Wyle provides the LSI Logic, Motorola, and Texas Instruments
libraries and design software and has franchises for Daisy, FutureNet, and
Ikos design systems. All of the centers except for Santa Clara and San
Fernando (Calabasas) have 24-hour customer access.

Xerox Microelectronics Center
701 S. Aviation Blvd.
El Segundo, CA 90245

Gary Petrov
Manager, Regional Design Support Centers
(213) 333-7701

El Segundo, CA: 3 engineers; 5 Xerox 6085s, 1 Sun; Ikos

Santa Clara, CA: 2 engineers; 5 Xerox 6085s, 1 Sun; Ikos
Webster, NY: 3 engineers; 5 Xerox 6085s, 1 Sun; Ikos

Dallas, TX: 2 engineers; 5 Xerox 6085s, 1 Sun

Welwyn Garden City, UK: 1 engineer; 5 Xerox 6085s, 1 Sun; Ikos

Dial-up and Ethernet communications are available at 9,600 baud. Two-
day semicustom design course are available, with design and CAD manuals.
The ratio of instructors to students is 1:4, and the ratio of workstations to
students is 1:2. Additional services include fault grading, design assess-
ments, design services from block diagrams, access to the mainframe in
California, and fabrication support.

ZyMOS Corp.
477 N. Mathilda Ave.
Sunnyvale, CA 94088

Vic Pasini
Tactical Marketing Director
(408) 730-5400

ZyMOS is concentrating on higher levels of microprocessor peripheral
integration targeting the 80X86 series of peripheral circuits.
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VLS| SYSTEMS DESIGN
1987 SUBJECT INDEX

Analog modeling

*“‘GaAs MESFET Model for Precision Analog IC Design,”’ Ra-
vender Goyal and Norman Scheinberg, May 4, p. 52.

Analog MOS design

‘“Analog Macrocell Assembler,’” Greg Winner, Tuan A. Nguyen,
and Carroll Slemaker, May 4, p. 68.

‘“‘Analog Module Generators for Silicon Compilation,”” Jay
Kuhn, May 4, p. 74.

*‘Survey of Analog Semicustom ICs,’’ VLSI Systems Design staff,
May 4, p. 89.

““A Switched-Capacitor Filter Compiler,”” Y. Therasse, L.
Reynders, R. Lannoo, and B. Dupont, September, p. 85.

See also Automatic IC layout

Automatic IC layout

‘“An Automatic Layout System for Linear Arrays,”” M.A.K.
Moussa, April, p. 60.

“‘Survey of Automatic Layout Software,”” April, p. 78.

See also Floorplanning

Behavioral simulation

‘‘Board-Level Simulation using Models with X-State Handling,”’
William D. Billowitch, February, p. 56.

Bipolar technology

‘“‘Handling the Power Dissipation of ECL Gate Arrays,’’ Biswa
Banerjee, January, p. 40.

‘“‘Semicustom ECL Array Becomes Custom Analog Pin Driver,”’
Jim Graydon and Nghiem Phan, May 20, p. 80.

See also Automatic IC layout, High-speed logic, Programmable
logic

Built-in self-test

““A CMOS Cell Library Design for Testability,”” Dick L. Liu and

Edward J. McCluskey, May 4, p. 58.

‘‘Signature Analysis Testing in Large Standard-Cell ASICs,”
Eric L. Smitt, May 20, p. 46.

See also Computer and system design

C

Capacitor layout. See Analog MOS design

Cell compilers i

““On Module Generation,”’ Ernest L. Meyer, March, p. 48.

“‘Structured Design with Module Generators,”’ Dar-Sun Tsien,
March, p. 40.

See also Analog MOS design

Cell-based design

“‘Super Integration: Using Standard Products as Megacells,”
Jerry G. Goetsch, June, p. 106.

“‘Survey of Gate Arrays and Cell Libraries,”” VLSI Systems
Design staff, November, p. 76.

““Using Redefinable IC Technology to Develop a VGA Chip
Set,”” Dean Hays and Bill Knapp, November, p. 68.

“Why a Test Chip?’’ Susana Stoica, May 20, p. 36.

See also Built-in self-test, Cell compilers, Computer and system
design, Core processors, High-speed logic

Circuit simulation

“‘Circuit Simulators at a Glance,”” Roderic Beresford and Joe
Domitrowich, August, p. 76.

““‘Interactive Control of Analog System Simulation,”” David W.
Smith, Scott A. Majdecki, and Doug Johnson, July, p. 46.

‘‘Mixed-Domain Analysis for Circuit Simulation,’’ Kevin Walsh
and Bruce Wolfe, August, p. 44.

*‘On Parallel Circuit Simulation,”” P.J. Waterman, July, p. 56.

“‘Selecting a Personal Computer for Circuit Simulation,”” J.
Richard Hines, March, p. 66.

“‘Survey of Circuit Simulators,”” Roderic Beresford and Joe
Domitrowich, July, p. 70.

See also Analog modeling

1988 SEMICUSTOM DESIGN GUIDE 139



(Continued from page 139) c

Computer and system design

“‘Customize an IBM PC/AT—Compatible Chip Set,”’ Bill Hilton,
September, p. 36.

“ECL PALs in a Cray-Compatible Minisupercomputer,”” David
L. Isaman, Jay P. Kamdar, and William B. Thompson, April, p. 92.

““An 80386-Based PC AT Chip Set and Microcomputer,’” Robert
Catlin and David R. Lunsford, May 20, p. 72.

““A Programmable Logic Mailbox for 80C31 Microcontrollers,’’
Karlheinz Weigl and Jim Donnell, January, p. 76.

See also Cell-based design, Gate arrays, Memory design, Micro-
processors, Parallel processing, RISC technology, Supercomputers

Conferences

“‘Conference Preview: ICCAD-87,”" VLSI Systems Design staff,
October, p. 81.

““The Design Automation Conference,”” May 4, p. 26.

““The International Conference on Computer Design,’’ VLSI Sys-
tems Design staff, September, p. 20.

“The 1987 Custom Integrated Circuits Conference,”” Roderic
Beresford, April, p. 36.

Core processors

““FORTH Processor Core for Integrated 16-Bit Systems,”” Peter
S. Danile and Chris W. Malinowski, June, p. 98.

“‘Getting to the Core,”” David Smith, June, p. 90.

CAD systems. See Automatic IC layout, IC layout systems,
Printed circuit board design

CAE systems

“‘Survey of CAE Systems,’’ VLSI Systems Design staff, June, p.
SilL

See also Design system integration

CMOS technology. See Silicon on insulator, Supercomputers

Current-mode logic. See Cell-based design

Custom ICs. See Gallium arsenide, Market forecasts

Database management. See Design system integration

Design centers

‘‘Directory of ASIC Design Centers,’’ VLSI Systems Design staff,
January, p. 60.

Design for testability. See Built-in self-test, Testability

Design system integration

‘“‘An Engineering Design Management System,’” Mark Mayotte,
January, p. 30.

““‘Integrating the Electronic Design Process,’” Jean Brouwers and
Moshe Gray, June, p. 38.

Emitter-coupled logic. See Bipolar technology, High-speed logic
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Emulation. See Prototyping

Encryption

““Using Programmable Logic Cell Arrays in a Satellite Earthsta-
tion,”” April, p. 26.

Fault simulation

“‘Finding Fault: An Update on Fault Simulation,”” David Smith,
October, p. 28.

Fault tolerance. See Memory design

Floorplanning

*“‘Graphical Floorplan Design of Cell-Based VLSI Circuits,’”
Edmond Macaluso, April, p. 50.

““An Automatic Floorplanner for Up to 100,000 Gates,”” H.
Modarres and A. Kelapure, December, p. 38.

Foundries

“*Economics of Fast-Turn Wafer Production,’’ James A. Schoeffel
and Michael L. Rieger, February, p. 22.

*‘Survey of Semiconductor Foundries,”” VLSI Systems Design
staff, August, p. 60.

Gallium arsenide

““A Custom 300-Gate GaAs Circuit for Frequency Encoding,
Designed on a Personal Computer,”’ Charles G. Ekroot, November,
p. 19:

“‘Gallium Arsenide on Silicon,’” John C.C. Fan, December, p.
80.

‘A High-Performance Low-Power GaAs Gate Array Family,”’
GaryM. Lee, Charles M. Lee, Rick A. Eesley, Hector F. Lai, and Al
G. Schmidt, July, p. 24.

“‘A Knowledge-Based GaAs Design System,”’ George Janac,
Carlos Garcia, and Richard Davis, April, p. 68.

“‘Survey of Gate Arrays and Cell Libraries,”
Design staff, November, p.76.

See also Analog modeling, Circuit simulation

Gate arrays

‘‘Embedded RAM in Gate Arrays: Configurability and Testabi-
lity,”” P. Simon Bennett, Robert P. Dixon, and Kent C. Oertle,
November, p. 60.

““‘An IBM-Compatible Mainframe in 20,000-Gate CMOS Ar-
rays,”” Mark Golkar and Jacques Losq, May 20, p. 64.

*“A PC/XT Integration Chip on a Single 10K Gate Array,”’ Kevin
Lee, Charles Chi, and Raymond Chan, June, p. 28.

“‘Survey of Gate Arrays and Cell Libraries,”” VLSI Systems
Design staff, November, p. 76.

*“The Tortuous Route to High-Volume Production of a Hard-Disk

VLSI Systems



Controller,”” David Baughman, January, p. 22.

““Why a Test Chip?’’ Susana Stoica, May 20, p. 36.

See also Computer design, Gallium arsenide, High-speed logic,
Supercomputers

Graphics processing. See Cell-based design, Signal processing

Hardware acceleration

‘‘Hardware Simulator Models for Logic Devices,’” William Faza-
kerly, November, p. 30.

“‘Mixed-Level Simulation Acceleration,”” Stephen Evanczuk,
February, p. 62.

High-speed logic

‘‘Champion ASIC Technologies,’’ Ernest L. Meyer, July, p. 18.

‘A High-Performance Bipolar Cell Library,”” John S. Shier,
Jeffrey M. Wisted, and Zdeneck E. Skokan, July, p. 32.

*‘Solving Problems in High-Speed ASIC Design,”” Donald C.
Kirkpatrick, March, p. 26.

See also Bipolar technology, Gallium arsenide

IC layout design systems

““‘Beyond GDS II: Combining Flexibility and Automation in Full-
Custom IC Design,’” Dave Hightower, Deanna McCusker, Kazuya
Shinozuka, and Helge Szwerinski, October, p. 38.

““Survey of IC Layout Systems,”” VLSI Systems Design staff,
December, p. 63.

See also Automatic IC layout, Floorplanning, Gallium arsenide
ISDN

“‘Integrating the ISDN Basic-Rate Functions,’’ Dale Gulick,
September, p. 24.

L

Layout. See Automatic IC layout, IC layout systems, Printed
circuit board design

Libraries. See Cell-based design, Logic simulation

Logic simulation

‘“Automatic Translation of Logic Models for Workstation Librar-
ies,”” Mehdi Amani, Gary Griffin, and Scott Hamm, December,
ol alek

‘1987 Survey of Logic Simulators,”” VLSI Systems Design staff,
February, p. 70.

““The Quick Simulator Benchmark,’” David L. Greer, November,

. 40.
3 ““Transferring Simulation Models in EDIF,”” Wayne Angevine,
May 4, p. 32.

“Your Logic Simulation Is Only as Good as Your Board Lay-
out,”” Robert Cutler, July, p. 40.

See also Hardware acceleration

Logic synthesis

‘“ Automatic Partitioning of Programmable Logic Devices,”” Ron-
ald R. Munoz and Charles E. Stroud, October, p. 74.

Market forecasts

“‘Employing Semicustom: A Study of Users and Potential Us-
ers,”’ Victoria L. Hinder and Andrew S. Rappaport, May 20, p. 6.

““Vendors’ Views: Semicustom Today and Tomorrow,’’ May 20,
pi:28:

Memory design

““A Memory Interface Chip Designed for Fault Tolerance,”” Karl
E. Grosspietsch, Lothar Muhlack, Karl L. Paap, and Guenther
Wagner, June, p. 112.

See also Gate arrays, Microprocessors, Supercomputers

Microprocessors

‘“Memory Management in the 68030 Microprocessor,”” Kirk
Holden, David Mothersole, and Raju Vegesna, February,
p- 88.

““Microprocessor Cache Coherency,”” David Schanin, August,
p- 40.

See also Parallel processing, RISC technology

Military VLSI technology

“‘Qualifying the Military ASIC Vendor,”’ Shelly Mattson, Don
Howland, and Walt Buchanan, December, p. 32.

See also Gallium arsenide, Silicon on insulator

Module generation. See Cell compilers

Multiprocessing. See Parallel processing

Parallel processing

‘A Balanced Scalable Parallel Processor,’” Shaiy Pilpel, March,
p. 80.

“‘Design Methodology for a VLSI Multiprocessor Workstation,’
Shing Kong, David Wood, Garth Gibson, Randy Katz, and David
Patterson, February, p. 46.

“‘Floating-Point Acceleration in Programmable Logic,”” Don
Faria and Bob Duncan, April, p. 102.
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Parameter extraction

““Choosing Parameter Extraction Software,”” Joe Domitrowich,
July, p. 64.

Peripheral hardware. See Cell-based design, Computer and
system design, Gate arrays

Placement. See Automatic IC layout, Floorplanning, Printed
circuit board design

Programmable logic

‘“ Automatic Partitioning of Programmable Logic Devices,”’ Ron-
ald R. Munoz and Charles E. Stroud, October, p. 74.

‘A Pilgrim’s Progress through Programmable Logic Land,”’ Rob
W. Hartwig and Chuck Hastings, October, p. 46.

“‘Programmable Logic Overview,”’ Ernest Meyer, October,
p. 62.

See also Computer and system design, Encryption

Printed circuit board design

‘‘Routing Algorithms and Grids for Advanced Board Design,”’ R.
Anastasi, September, p. 54.

‘‘Strategies for Complete PCB Autorouting,”” Pat Meyer and
Robert Lewis, September, p. 60.

“‘Survey of PCB Layout CAD Systems,’” VLSI Systems Design
staff, September, p. 64.

See also Logic simulation

Prototyping

‘‘Emulation of VLSI Devices using LCAs,”” Nick Schmitz, May
20, p. 54.

“‘PLD Breadboarding of Gate Array Designs,”” Michael D.
McClure, February, p. 36.

See also Foundries

RISC technology

“‘Putting RISC Efficiency to Work in CISC Architectures,”
Ronald D. Bernal and Joseph C. Circello, September, p. 46.

Routing. See Automatic IC layout, Printed circuit board design

Semicustom ICs. See Cell-based design, Gate arrays, Market
forecasts, Silicon compilers

Signal processing

‘‘High-Performance Graphics via Silicon Compilation,”” Michael
Jones and Michael Bailey, March, p. 30.

““The Use of Silicon Compilation in the Design of a Gaussian
Filter and a Template Matching Processor,”’ Mira Majewski and
Srinavasan Pichumani, October, p. 20.
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Silicon compilers

“‘Intelligent Compilation,’’ David L. Johannsen, Ken McElvain,
and Steve K. Tsubota, April, p. 40.

See also Analog MOS design, Cell compilers, Signal processing

Silicon on insulator

““‘Silicon on Insulator: Substrates for Tomorrow’s VLSI?"* Wade
Krull and Ken Ports, December, p. 22.

Simulation. See Behavioral simulation, Circuit simulation, Fault
simulation, Hardware acceleration, Logic simulation

Standard cells. See Cell-based design

Supercomputers

‘A Cryogenically Cooled CMOS VLSI Supercomputer,”” Tony
Vacca, David Resnick, David Frankel, Randall Bach, James Krei-
lich, and Douglas Carlson, June, p. 80.

‘A Multiport Register-File Chip for the CHoPP Supercomputer,’’
Gary R. Burke, August, p. 19.

T

Testability. See Built-in self-test, Gate arrays

Testing
‘‘E-Beam Probing for VLSI Circuit Debug,’’ Neil Richardson,
August, p. 24.

““A Mixed-Signal Test Program Development Environment,’’
Mogens Ravn, August, p. 32.

‘‘Systematic and Structured Methods for Digital Board Testing,””
F.P.M. Beenker, January, p. 50.

Timing analysis

‘A Mixed-Level Timing Verifier for Digital Systems,”’ Zhong
Mo, Yen-Jen Oyang, and Sang S. Wang, March, p. 74.

““Timing Analysis of MOS VLSI Circuits,”’ You-Pang Wei, Cliff
Lyons, and Shawn Hailey, August, p. 52.

“Timing Verification for System-Level Designs,”” Michael
Chiang and Michael Bloom, December, p. 46.
See also Tracing

Tracing

‘“A Real-Time Performance Analyzer,”” Max Baron and Sorin

lacobovici, May 4, p. 44.

Verification. See Behavioral simulation, Circuit simulation,
Fault simulation, Hardware acceleration, IC layout systems, Logic
simulation, Timing analysis

VHSIC. See Military VLSI technology

Workstations. See Automatic IC layout, IC layout systems,
Printed circuit board design
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PRELIMINARY

DEVICE SPECIFICATION

ANMEE

Q14000 SERIES BiCMOS LOGIC ARRAYS

DESCRIPTION

The AMCC Q14000 Series of BICMOS logic arrays is
presently comprised of two products with densities of
2160 and 9072 equivalent gates, respectively. The
series is optimized to provide CMOS densities with
bipolar performance for today’'s sophisticated
semicustom applications.

The Q14000 Series combines 1.5-micron CMOS fea-
tures with an advanced 1.5-micron oxide-isolated bipo-
lar process on a single silicon chip. The BiICMOS pro-
cess uses an N-type epitaxial layer as the foundation
for both the NPN bipolar and CMOS devices. The
CMOS transistors are used for logic implementation
only and therefore utilize devices sized smaller than
those required for a pure CMOS array. Because there
are no large metal interconnects to drive, the high intrin-
sic speed and low power advantages of CMOS are pre-
served even as the densities are increased.

Bipolar totem-pole device pairs are used to provide the
needed drive capability between logic cells. In addi-
tion, bipolar 1/0 cells provide an interface to ECL 10K,
ECL 100K, TTL or mixed ECL/TTL systems.
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An extensive library of SSI and MSI logic macros is

PERFORMANCE SUMMARY } . ‘ : : - i
PARAMETER VALUE available in conjunction with AMCC's MacroMatrix®
design kit. MacroMatrix is available for use in conjunc-
Typical internal gate delay tion with most popular engineering workstations (EWS).
1load, no metal 61ns
2 loads, 2mm of metal .70ns
Typicalinternal F/F toggle frequency 240MHz FEATURES
Typical input delay
ECL- 2.2ns : . ;
. A5 ® 1.5-Micron Mixed Bipolar/CMOS Technology
Typical output delay ® 2160 and 9072 Equivalent Gates
ECL- 1.2ns
TTL—(15pf) 4.0ns ® Speed/Power Programmable I/0O Macros
ECL compatible output drive 25,50 Q .
TTL compatible output drive 20mA ® ECL, TTL, or Mixed ECL/TTL
Average cell utilization 95% e Full Military Screening Available
TABLE 1 ® Operate over —55°C Ambient to +125°C Case
PRODUCT SUMMARY
DESCRIPTION Q2100B Q91008
Equivalent gates 2160 9072
Internal logic cells 540 2268
I/0 pads 80 160
Fixed power/ground pads 28 56
Total pads 108 216
Typical power' 1.8W 40W
TABLE 2

NOTES:

1 4.5Volts supply @ 25°C, 50% inputs/50% outputs; 40 MHz with 20% of internal gates switching.

Applied MicroCircuits Corporation ® 6195 Lusk Boulevard ® San Diego, California 92121 e (619) 450-9333
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Q14000 SERIES ARRAY ORGANIZATION

BICMOS PROCESS CROSS SECTION

N+

P+ Base Emitter
—— Poly Gat Poly Gate N Collector
77772 8 Sloy S w77 Si0, 77X sio, AI7I7Z
), \ G 5T, \““/_(L) N 0 PR

N—epi / P-Well \ N g
< } \ 4 /Q
N+ N+
FIGURE 1
ARRAY ARCHITECTURE head circuitry is predefined by AMCC, I/0 and logic

The Q14000 Series logic arrays are comprised of
repeated structures, or logic cells, containing bipolar
and CMOS transistors and resistors. Macros, which
serve as the basic elements for logic design, are built
by the interconnection of the components contained in
one or more cells.

The Q14000 Series arrays employ two types of cells —
logic and I/0, along with overhead circuitry such as vol-
tage references and voltage regulators. While the over-

functions which can be assigned to uncommitted cells
are found in the Q14000 Series macro library.

I/0 cells are located around the perimeter of each
array. On three sides of the array, the 1/0 cells can be
used to implement unidirectional input or output inter-
faces. |/0 cells, found on the remaining side of the die,
can perform bidirectional or unidirectional I/O func-
tions. All I/O cells can implement ECL 10K, ECL 100K or
TTL interfaces.

BiCMOS 2-INPUT NAND Q9100B DIE LAYOUT
Internal Internal 1/0 Internal Internal
1/0 Vee et Vec Ground I/OVee  Vee Vee /0 Vee
1/0 Ground \ A : ATIT -r 1/0 Ground
H =
%
I
Internal Internal
cc 7 VEE
? Internal =3 — Internal
EE | Vee
Out 1l
A 1/0Vge __| I /0 Ground
1/0 Ground £ 11 ——W— /0 Voo
B ‘ s
Internal ! Internal
Vee [ EE
Internal =] _N=Internal
Vee Vee
8l [TL1
I11 [T
T
110 Ground/ 7777 = 1/0 Ground
1/0Vee Internal Internal 1/0 Vge 1/0 Internal Internal 1/0 Ve
EE Vee Ground  Vce Vee
FIGURE 2 FIGURE 3
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AMCEES

COMPLEX CELL

POWER/PACKAGING

BICMOS CELL STRUCTURE

The Q14000 Series basic cell utilizes both CMOS and
bipolar devices. The CMOS devices are used for logic
implementation while the bipolar devices provide the
necessary drive capability. The performance of an
internal macro is directly related to the drive, or K-fac-
tor, associated with the macro. Since the bipolar tran-
sistors used in the Q14000 Series basic cell yield K-
factors 5 to 10 times lower than those of comparable
CMOS transistors, BICMOS macros experience
minimum performance degradation as fanout loads are
increased.

FANOUT DEGRADATION COMPARISON

72<Prmo vOIU

=

w Bipolar

Load Units
5 10 15 20 25

Typical Delay of 2-input NOR Gate as Function of Loading

FIGURE 4

POWER CONSIDERATIONS

AMCC'’s Q14000 Series arrays have the optimum com-
bination for high performance while maintaining low
power dissipation. The power consumption of the inter-
nal core of a BICMOS array is directly proportional to
the number of gates switching simultaneously during a
clock cycle and the operating frequency. Internal
power consumption for Q14000 Series BICMOS arrays
is approximately 20 wW/gate-MHz for active gates
switching during the clock cycle. The core area con-
sumes no DC power. Figure 5 plots internal power ver-
sus the percentage of simultaneously switching gates.

I/0O cell power is determined by the interface mode
selected and the particular macro selected. Power con-
sumption for representative 1/0 macros is defined in
the ECL and TTL Interface sections of this data sheet.

The total power dissipation for a Q14000 Series array is
given by: Total Power = core power + 1/O power +
overhead power where the overhead power is
associated with the internal reference voltage
generators and is specified in the Q14000 Series
Design Manual.

TYPICAL CORE POWER DISSIPATION AT 50 MHZ

)
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Logic Gate Density
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Internal Power as Functions of Logic Gate Density and Percentage
of Simultaneously Switching Gates
(Clock Freq. = 50 MHz)

FIGURE 5

PACKAGING

The Q14000 Series logic arrays are available in arange
of standard packages including surface-mountable
chip carriers and pin grid arrays. For complete details
consult the AMCC Packaging Guide.

PACKAGE Q2100B Q9100B

68 pin PGA ®

84 pin LDFP

84 pin PGA
100 pinLDCC
100 pin PGA
132 pinLDCC ®
196 pin LDCC
224 pin PGA ®

TABLE 3

LDCC - Leaded Chip Carrier

LDFP — Leaded Flat Pack
PGA — Pin Grid Array

1988 SEMICUSTOM DESIGN GUIDE 147



ANMGE

MACRO FLEXIBILITY

DESIGN SUPPORT

HIGH SPEED/LOW POWER MACROS

The Q14000 Series macro library offers maximum flexi-
bility in the optimization of circuit performance and
power consumption. I/O macros are offered with stan-
dard and high-speed options. The high speed options
require somewhat more power than standard, but pro-
vide a significant improvement in performance.

Table 4 illustrates the effects of speed/power selections
on I/O pair delays. As the table indicates the overall
macro performance versus power consumption can be
varied significantly depending upon the option
selected.

MACROS SPEED/POWER OPTIONS
HIGH
SPEED STANDARD
|/O Pair Delay
TTL(ns) 8.0 10.0
ECL (ns) 34 39
TABLE 4

The circuit designer can make the selection of speed/
power options at the time of schematic capture on a
supported engineering workstation. Through simula-
tion, the designer can fine-tune the circuit to provide the
required mix of performance and power savings.

The interface macro sections of this data sheet provide
additional information on speed/power trade-offs.

FLEXIBLE I/0 STRUCTURE

The Q14000 Series I/O cells are configurable to pro-
vide a wide range of interface options.

INPUT BI-DIRECTIONAL OUTPUT
e TTL transceiver TTL totem pole
ECL10K ECL 10K transceiver TTL 3-state
ECL 100K ECL 100K transceiver | TTL open collector
ECL10K
ECL 100K

TABLE 5

The Q14000 Series arrays also offer the following spe-
cial options to support unique interface requirements
such as high speed and +5V, single-supply ECL and
TTL1/O (see Table 4).

The mixed ECL/TTL capabilities allow the interface to
both technologies on a single chip without the use of
external translators.

The +5V single supply ECL allows a high-speed TTL
system to be partitioned using multiple AMCC devices
which provide ECL 1/0 speeds with TTL system com-
patibility.
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DESIGN INTERFACE

AMCC has structured its circuit design interface to pro-
vide maximum flexibility without compromising design
correctness. For implementations using an engineer-
ing workstation, AMCC provides MacroMatrix software.
MacroMatrix works in conjunction with the popular,
commercial workstations to provide the following
capabilities:

Schematic Capture

Logic Simulation

Pre-Layout Delay Estimation

Array and Technology-Specific Rules Checks
Estimated Power Computation

Layout Netlist Generation

Post-Layout Timing Verification

Upon submiss<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>