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Silicon compiler
customizes
VLSl designs
with turnkey
simplicity

CMOS TECHNOLOGY

Technology Report: CMOS
seeks to dominate the digital
world

Technology Report: Analog
CMOS driven by need for
mixed circuitry

The future of CMOS: Twelve
experts tell how CMOS will
blossom

Six leading-edge CMOS

ICs bring new sparkle
to system design




AMD YOUR CRT.

AMD’s CRT controller family wrings every
last drop of performance out of your video screen.

You get a dazzling, attractive display your
customers will find irresistible.

The Am8052.You'll wonder where
the flicker went.

Thanks to on-board DMA and triple row buf-
fers, you get vertical and horizontal split screens,
with smooth-scrolling windows. All flicker-free.

You even get double-height and double-
width characters, superscripts and subscripts.

The Am8152A /53A. Make your display

look its sparkling best.

You get cleaner, crispier characters with the
100MHz video system controller. And propor-
tional spacing down to two pixels.

No other VLSI chip set gives you as much.

And to top it off, the chips even take over
many of the functions of the CPU. Like linked
list manipulation for easier editing. Your CPU
has better things to do.

We'll put you as far ahead of the
competition as we are.

Controllers. Bipolar and MOS micro-
processors. Communication circuits. Signal proc-
essors. Nobody makes as many peripherals for
as many microprocessors as AMD.

And every single chip meets or exceeds the
International Standard of Quality.

— Y If you want the

e International Standard ol p

Quality guarantees 20.1% AQL onall  110St out of your
electrical parameters, AC and DC,  tube, put the

over the entire opera €. squeeze on
- ﬁﬁ‘—sm ﬁ : AMD. We'll show

you several ways to put the sparkle in your
customer’s smile.
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901 Thompson Place, P.O. Box 3453 Sunnyvale, CA 94088
(408) 749-5000, outside California, call toll-free (800) 538-8450, Ext.5000.
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Led by the R65C02 microprocessor, |}
Rockwell's R65C21, R65C24,
R65C51 and R23C64 are the latest
members of our high-speed, low-
power CMOS family.

500 ns instruction time is our
CMOS microprocessors’ record-
breaking speed—two times faster
than NMOS—with power con-
sumption of only 80mW. And
now Rockwell International offers
peripheral devices such as the
R65C21 (PIA), R65C24 (PIAT) and
the R65C51 (ACIA) for your
system design.

Our low-power, high-speed
combination is not all you get from
Rockwell's CMOS; you also get latch-
up immunity, a bit manipulation and
byte operation instruction set, power
and temperature variance toleration,
low noise generation, high noise im-
munity and a small die size. All these
features combine to save you
design time, lower your
costs and improve
system performance.

Ifall that doesn't
convince you, write on your letterhead
for a free sample of our R65C02 CPU.

§ |

=

1 CMOS

BARRIER.

(It's pin-and bus-compatible with the
popular R6502). Using is believing.

For your high-speed CMOS storage,
we're accepting codes now for our R23C64
CMOS Static ROM. This 64K ROM has an
access time of 150 ns and consumes only
10mW active, 50uW passive. With 24-hour
code approval and competitive lead times,
too, you won't find CMOS any faster.

Find out how our breakthrough CMOS
family can perform for you. Contact your
local Rockwell distributor or sales
representative today.

Rockwell Semiconductor
ProductsDivision
Rockwell International, P.O. Box C,
MS 501-300, Newport Beach,
CA 92660. Call Toll Free
(800) 854-8099. In California,
(800)422-4230.

Rockwell International

..where science gets downto business
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PUT MORE ZIP INTO
YOUR BUYING POWER

Dale’s ZIP' program is
more than a promise. It's a
guarantee that we can save
you time and eliminate many
of the headaches involved
with component specification,
procurement and evaluation.
And, now ZIP is more comprehensive than ever:

GUARANTEED DELIVERY

When we confirm a shipping date for any product you
order under the ZIP program, we guarantee shipment
will be made on or before that date or we will pay
the shipping costs for the delinquent portion.

GUARANTEED QUALITY

ZIP moves the products you need from our produc-
tion line to yours without stopping for receiving

Dale makes your basics better:

DALE ELECTRONICS, INC., 2064 12th Avenue, Columbus, NE 68601

inspection. We guarantee they
will perform as specified with-
out costly in-plant verification.

AT NO EXTRA COST

Dale’s ZIP components are compet-
itively priced and most are available from
comprehensive factory stocking programs. All you
have to do to get these extra advantages is to
specify that you want ZIP products at the time the
order is placed.

COVERING MORE
PRODUCTS THAN EVER

Thick film resistor networks: Molded DIP and SIP
(MSP/MDP), coated SIP (CSC) 01, 03 schematics,
2% tolerance. Phone 915-592-3253, El:Paso, TX.
Thick film chip resistors: CRCW-1206, 1%, 5%
tolerance. Metal film resistors: 1/4 watt commer-
cial (CCF-55); Hybrid chip thermistors (Type “H”).
Phone 402-371-0080, Norfolk, NE.

Wirewound resistors: Commercial/industrial, 3 watt,
(CW-2B, RS-2B); Low value, .005-.1 ohm (LVR-3).
Phone 402-564-3131, Columbus, NE.

CALL FOR ADDITIONAL
INFORMATION

For additional information on products covered by

the ZIP program, contact your Dale representative
or one of the factory locations noted above. ZIP —

it's your assurance of continued Dale leadership in
component quality and service.

-""‘“_‘

DALE,

+» Phone 402-564-3131
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But not lately. Intel’s
256K DRAM in CHMOS
will set new industry
standards. Redefine
high performance. And
change the direction of
VLSI technology:

Our revolutionary new
chip provides four times
the storage capacity, a
high data bandwidth

mode and a drastically
lower power consump-
tion than NMOS DRAM.
It combines the best
benefits of CMOS static
RAMs, low powerand
high bandwidth, with
the traditional high
density and cost effec-
tiveness of DRAMs.
Making the 256K
CHMOS DRAM the
perfect building block £
to a smaller, faster, ;
low-power portable

W w oo ~ & ©

mw ive Update Bandwidth (MHz)

methods of data access.
Both Ripplemode™ and
Static column mode
provide the ability to
randomly read or write
any series of bits
within a single
row at a minimum
cycle time of 65ns.
This incredible
speed makes the
CHMOS DRAM
we family the ideal
solution for
graphics, array

51C256H

system with the same & &t processors and

Intel's CHMOS Di

high performance
as a desktop.

For the first time, you
can design your truly
portable system to run
the most powerful spread-
sheet software on the
market. Without costly
CMOS SRAMs. Even work-
station processing 6
is possible in a
portable.

High speed. High
bandwidth. One-
twentieth the standby
power requirement
of NMOS DRAMs.
Intel offers an entire
family of 256K
and 64K DRAMs in
CHMOS. The break-
through combination of
our own high perform-
ance technology, HMOS,
with the low power
advantages of CMOS.

On the performance
side, high databandwidth
is the result of two new

© 1984 Intel Corporation

w £ W

Data Retention Current (mA)
t

~

NMOS better than two to one.

RAMSs outperform

other high speed
digital signal processing
applications.

In addition, their resist-
ance to soft errors pro-
vides the extremely high
reliability critical to
medical instrumentation,
financial transaction sys-
tems and other fail-
safe applications.

Low power.
High density.
Unbeatable per-
formance. Avail-
able now for your
system design.

Call Intel today;
s Oll-free at (800)

oo e mets 538-1876. 1
st fememiena s California, (800)

672-1833.

Because there have
been innovations as
important. But none as
important to you.

intel



In your system or on the bench...

the latest HP counter delivers all the
right numbers. At the right price.

A new standard for
your system.

The HP 5334A is quickly becoming
the new system standard. And for
good reason: Full HP-IB programma-
bility is included in our low price of
$2,800* That means it’s a natural for
fully automatic systems. Add to that
automatic peak amplitude measurements
and our exclusive auto attenuation for
a real counter breakthrough in this
price range. Plus easy interfacing to
computers, such as the HP Series 200.
And the HP 5334A can even help
boost your overall system performance.
That’s because its internal processor
performs math functions and automatic
measurements, which lower your
system overhead.

Fast and easy measurements
on your bench.

Bench users will like the way this
counter speeds manual measurements.

At the push of a button, you’ll make
waveform measurements such as peak,
pulse width, rise and fall...automatic-
ally and fast. And its ability to store
up to ten front-panel setups in its
non-volatile memory will save you set-
up time and trouble.

Measure for measure, you
get more for less.

You get a lot of performance in this
counter bargain. Single-shot resolution
of 2 ns, 100 MHz frequency opera-
ation is standard or 1.3 GHz C-channel
optional. Fast, unformatted throughput
of 150 measurements/second. There’s
even an optional 4-digit, autoranging,
auto-polarity DVM. And naturally,
it’s fully compatible with the IEEE
Recommended Practice for Code and
Format Conventions of IEEE-728.

Whether you need precise mea-
surements of oscillators, generators,
transmitters, system clocks or other

frequency or time-related applications,
the HP 5334A comes up with the
right numbers.

The quickest way to get
our number.

For more information onthe HP 5334A
Universal Counter or the full range
of solutions to your time interval or
frequency measurement problems,
request our data sheet and our com-
plete counter brochure. Call your local
HP sales office listed in the telephone
directory white pages. Ask for the
electronic instruments department.

*U.S.A. list price only.

DESIGNED FOR HP-I
har

support
SYSTEMS pathto a

O
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BEHIND THE COVER

ut it in writing” could be Stephen Johnson’s

battle cry. For that was exactly what he did

on becoming Silicon Compilers’ new vice
president of engineering a year ago. With the
position came the assignment to produce the
company’s—and the world’s—first commercial
turnkey silicon compilation system.

The massive software project meant distilling the
company’s two years of success in producing fully
laid-out VLSI chips from only their architectural
descriptions. And that entailed being “as
systematic about developing the software as the
system is about designing chips,” says Johnson.

So, before letting designers write a single line of
code, he and others first produced a corporate
specification that set rigid and detailed
programming standards for structuring the
software. And since the software was writtenin C, a
language that, as Johnson puts it, “lets you hang
yourself,” the standards went so far as to outlaw
certain constructs.

Enter vice president Dave Johannson,
silicon-compiler veteran and protégé of VLSI
pioneer Carver Mead (Johannson and Mead were
two of the company’s three founders). He and
Johnson next condensed all the ideas and concepts
of the company’s past two years into a 455-page
functional system specification. It even included a
chapter-and-verse description of how the system
would look to the user. This specification, Johnson
points out, “had a tremendous leveling effect” on
the design team, bringing everyone’s ideas into
harmony. That, however, was only the beginning.

There followed a marathon effort to come up with
a top-down design of the actual system. In a few
weeks, a 3000-page document was produced,
describing every software routine, its role, and its
interfaces. About 2600 separate functions, in all,
had to be coded into routines. Next came the equally
meticulous and exhaustive scheduling sessions and
the bottom line on development time: one year.

Is this any way to develop software? Johnson
thinks so. And he’s not alone: the company met its
schedule to within a week. Exactly what it produced
is the subject of this issue’s three-part cover story
(p.167) written by Stan Mazor and, of course, Ste-
phen Johnson.
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DEPARTMENTS CMOS TECHNOLOGY

3 Behind the Cover 102 Introduction
6 Contents Spotlight

11 On Reflection TeChnOIOQV Report
15 Reader Feedback 104 Before reaching its potential, CMOS faces some
23 U.S. Meetings thorny problems

How well CMOS can strengthen its foothold depends on solutions to

27 Personally Speakin d 3 .
ooy 9 latch-up, device isolation, and limited interconnections.

95 International Meetings
345 Index of Advertisers 121 Analog CMOS marches on, but it steps to the beat

346 Reader Service Card of a different drummer
First because it makes excellent switches and input devices, then
because it allows the easy addition of digital functions, and always
because it dissipates little power, CMOS takes over the analog world.

135 A dozen experts see CMOS in your future

Design Entries

185 Advanced clock controller cuts power needs, size
of static CMOS systems

With a one-chip controller-generator running a static CMOS system
in three minimal-frequency modes, power consumption plummets.

195 Charge-nulled CMOS switch lets op amps tackle

precision analog tasks
A dual DPDT switch aimed at switched-capacitor designs ushers in
new instrumentation amps, analog multipliers, and v-f converters.

209 Image signal processor computes fast enough

for gray-scale video
Handling millions of computations per video frame, a pipelined chip
attains system speeds 1000 times those of 16-bit processors.

217 Multiplier-accumulator derives high performance
from 1-um CMOS
With a 1-um effective channel length, a chip fits in a pin-grid array
with enough pins for nonmultiplexed outputs—an asset for many
digital signal-processing tasks.

TECHNOLOGY NEWS

31 Newspulse 67 Ever more complex, VLSI chips spur testing from
Newsfront within and without
41 32-bit chip set follows 250 instructions, uses 75 ICCD will heat up with gallium arsenide, Al, and
static NMOS circuits supercomputers
44 Computer’s voting architecture protects industrial Viewpoint
process control 81 Digital scopes wiI.I emerge as the standard tools
46 Parallel-processing mainframe welcomes Unix to for hardware designers
a new home 82 Testing and servicing suffer at the hands of
48 Serial bus carries multiple-channel or fast data throwaway design methods
Conference Preview 92 International Newsfront

55 GaAs, superconducting, optical ICs spearhead
government conference
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IN THE NEXT ISSUE

Instruments Technology: an in-
depth examination of emulators

229 With built-in specialties, CMOS microcontrollers

tak_e aim at diverse taSK_s 3 . ... An advanced view of what’s
Designers need not add extra devices to their systems. A microcon- coming at Wescon plus a look at
troller family may well incorporate most of the necessary circuits. products to be introduced at the

conference ... Progress in oscillo-
intensive systems mass-storage devices.
Because slow RAM will not do in graphies and other fast
signal-processing jobs, dense static devices are making a bid to

: x Cover photograph by Steve Eisenbe
replace sluggish dynamic parts. b i H
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making the task a comparative snap.
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259 Multiple display schemes make their mark on
smart graphics stations

With attention paid to command structures and windowing, a series
of workstations affords speed, high-level drawings, and interactivity.

275 Design Solutions

NEW PRODUCTS

Analog Instruments
291 Monolithic T2-bit ADCs need only 5 V and 302 Frequency standard holds drift to 10 "/day, can
convert in 100 us use 2 external references
294 Op amp chips remain stable at a 40-MHz unity- Power
gain bandwidth 306 Switching power supplies occupy 6 in.® yet deliver
296 Sense-and-hold hybrid captures pulse peaks as 7.5 W
narrow as 100 ns 315 Components 327 Product News
318 Packaging & Production 330 Application Notes

Computer Systems by £
298 Compact Lisp machine fits under a desk; 325 Communications 331 New Literature

develops and runs Al programs
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highest figure-of-merit

phase
detctors

110100 MHz
only $18%

IN STOCK...IMMEDIATE DELIVERY

* highest figure-of-merit, 129:
(DC output, mV/RF power, dBm)
1000 mV typ. output, with +7 dBm
input at LR ports

« very low DC offset only 0.2 mV typ.

* hermetically sealed
to MIL-STD 202

¢ MIL-M-28837 performance*

e miniature size,
anly 0.2x0.5x0.25in.

* one-year guarantee

*Units are not QPL listed

MPD-1 SPECIFICATIONS

FREQUENCY RANGE

L and R ports 1-100 MHz

Output ports DC-60 MHz
SCALE FACTOR 8 mV/Degree
IMPEDANCE

L and R ports 50 ohms

| port 500 ohms
L AND R SIGNAL LEVELS +7 dBm
ISOLATION, L-R 40 dB min.
MAXIMUM DC OUTPUT, mV 1000 mV typ
DC OUTPUT POLARITY Negative
DC OUTPUT OFFSET 0.2mVtyp

Call or write for 64-page
RF Designers Guide, or see guide in EEM,
EBG, Gold Book or Microwaves Directory
finding new ways
setting higher stanaard
- - & -

[JMini-Circuits
A Division of Scientific Components Corporation
World's largest manufacturer of Double Balanced Mixers

P.0. Box 166, B'klyn, N.Y. 11235 (718) 934-4500
C101-3REV. ORIG
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CONTENTS SPOTLIGHT

CMOS Technology 102

he impact that CMOS has had on all areas of
I electronics defies quantification. Besides the well-
known advantage of low power consumption, it opens
doors to higher density and performance. Digital CMOS
circuitry, the subject of our first Technology Report
(p. 104), typifies some of the stubborn problems encoun-
tered with the technology—latch-up, inadequate device iso-
lation, limited interconnections. The analog world, too, is
shifting toward CMOS, pushed by the frequent mixing of
digital and analog circuitry on one chip. Naturally, analog
circuits cannot sacrifice quality or speed, forcing designers
to consider extremely different factors, as our second Tech-
nology Report explores (p. 121).

Following the reports, a dozen industry leaders present
their views on CMOS and predict its future (p. 135). Not
surprisingly, all agree that CMOS is quickly becoming the
technology of the 1980s.

Cover: Silicon compiler 167

ust as software language compilers relieve pro-
Jgrammers of the minute details of a computer’s na-

tive instructions, the silicon compiler promises not
only to lift a pile of details from IC designers’ shoulders
but also to turn system designers into VLSI chip makers. A
powerful silicon compiler is the first development tool that
lets designers translate a VLSI block diagram into a chip
and then test the design before committing it to silicon.
Our coverage of the silicon compiler, presented here in
three parts, explores the general principles behind it, the
specifics of the actual system, and a detailed application.

Preview: International Test Conference 67

t today’s extremely high level of integration, device
Atesting becomes a critical matter. The International

Test Conference, to be held later this month in Phil-
adelphia, tackles testability in general, through self-testing
facilities or through sophisticated testers. Even expert
systems are making an entrance, diagnosing the problems
of the testers.
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or 1solate?

doesboth.

22 dB gamn and 40 dB isolation, 10-2000 MHz. .. only $179

Either way, the ZFL-2000 miniature wideband amplifier is an engineer’s problem

solver. Some examples of solutions offered by the ZFL-2000 are

e Boosting signal/sweep/synthesizer outputs to 50 mW.

e Achieving broadband isolation, especially when combining 2 signal generators
for a two-tone intermodulation measurement.

e Increasing the dynamic range of spectrum analyzers.

e Driver for power amplifiers, such as Mini-Circuits' 1 and 2 watt ZHL series.

e Extending the frequency range of signal generators when using a frequency
doubler, filter and then amplifying.

e Creating multiple output ports for one signal generator when amplifying and
then adding a Mini-Circuits power splitter or divider.

These unconditionally stable wideband amplifiers are available with SMA connec-

tors and are housed with an internal heat sink in a rugged 1.25 in. sq. by 0.75 in.

high RFI shielded case.

Meets MIL-STD 202, these units operate from —55°C to +100°C.

One week delivery and a one-year guarantee, of course.

For complete specifications and performance curves refer to
the Goldbook, EEM, EBG, or Mini-Circuits catalog

finding new ways
setting higher standards

[JMini-Circuits

A Division of Scientific Components Corporation
World's largest manufacturer of Double Balanced Mixers

P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500
Domestic and International Telex 125460 International Telex 620156
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ZFL-2000 SPECIFICATIONS

FREQUENCY 10-2000 MHz
GAIN 20 dB

GAIN FLATNESS +1.5 dB
OUTPUT POWER +17 dBm

(1 dB compression)

NOISE FIGURE 7.0 dB
INTERCEPT POINT 25 dBm

(3rd order)

VSWR, 50 OHMS 2:1

DC POWER +15V, 100 mA
volt, current

HEAT SINK Internal
OPERATING TEMP —55°C to +100°C

{ computer-automated
per?orrnonoe data

C98 REV. A
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Everybody talks
CMOS gate arrays.

But only National goes
beyond talk to bring you low power,
one nanosecond gate arrays in

production quantities.
You know how it is. production. Ranging from
Everybody’s eard about 600 to 6000 gates, they all
the benefits of CMOS: High  drive 50 pF loads.
density gate arrays with And we don’t stop there.
Schottky speeds. Low CMOS National offers a fully

power levels with latch-up
immunity and ESD protec-
tion. All in production
quantities.

“Great idea” they say.
“But it can’'t be done’”
Obviously they haven't talked
to National. Because were
doing it!

Using our proven micro-
CMOS process technology,
we've produced the SCX-
Series of high-speed/low-
power dual-layer metal gate
arrays. Look at the benefits:
National’s SCX-Series offers
a full family of gate array
solutions. Including both
3 um/2 ns arrays and the
first 2 um/1 ns internal
tpd CMOS gate array in

integrated CAD system. With
comprehensive training and
logic simulation. Plus fault
grading for design checking
and testing. And 100% auto-
place and route capabilities.

So next time the talk
turns to CMOS gate arrays,
remember National. Were
not just talking about it.
We're doing it.

For a copy of our micro-
CMOS brochure, contact
us at 2900 Semiconductor
Drive, MS 23200, Santa Clara,
California 95051.

National

Semiconductor

We're doing it.
I -
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Clarke's proposed
3-satellite system.

In 1945, Arthur C. Clarke—a British mathematician, wire-
less operator and creative science fiction writer found a
better way to beam communications signals around the
world. He theorized that an artificial satellite, carried by a
rocket to an orbit 22,300 miles above the earth’s equator
and traveling at 6879 mph (the speed at which the earth
rotates on its axis), would appear motionless to an ob-
server on earth. From that height, Clarke reasoned, a radio
relay station could cover one-third of the earth’s surface;
three such satellites, placed in geosynchronous orbit
around the equator could provide worldwide communica-
tions. In 20 years, advances in electronics, miniaturization
and rocketry made Clarke's dream a reality and gave the
world improved communications capability.

finding new ways

The Earth from 22,300 miles in space. (Photo: Courtesy of NASA)

FINDING NEW WAYS...

Likewise, in 1969, Mini-Circuits made its total commitment to
serve the emerging communications market . . . by replacing
expensive, custom RF signal-processing components with
low-cost, catalog units with unparalleled reliability.

Our dream, like Clarke's, has come true. Over 1,000 catalog
items available with such Mini-Circuits innovations as our ex-
clusive HTRB burn-in testing, the world's only 3-year guaran-
teed mixers, computer-automated performance data (CAPD)
to eliminate design guesswork . . . just to name a few.

Mini-Circuits' products have become the industry stan-
dard. We are actively dedicated to the pursuit of further
improvements in product cost/performance, quality and
reliability for more effective worldwide communications.

setting higher standards

= = i S
A Division of Scientific Components Corporation
World's largest manufacturer of Double Balanced Mixers

P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500
Domestic and International Telex 125460 International Telex 620156
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ON REFLECTION

Making the most

of optical disks depends

on accurate retrieval

ne of our dreams is to replace all the
o clutter and paper on our desks and in

our files with a system that easily
stores the information in a compact chassis.
Rather than shuffling through stacks of paper,
we could pull out a page of information merely
with the touch of a key and then display itin a
window on a screen.

With gigabyte optical disks, we at last have
the vast memory we would need to do that. For
instance, one system can practically replace
800 standard filing cabinets. Another optical
disk can hold 1 terabyte—at an amazing 80¢ a
megabyte. Optical disks rely on a laser beam to
burn holes into a tellurium alloy; each hole re-
presents one bit. In that way, the disks can
hold billions of bits of permanent data, none of
which is affected by light, magnetic fields, or
sound.

Having so much memory at hand is an ideal
situation for a system designer. Yet one ques-
tion remains: Has the technological advance
actually preceded practical use? The problem
revolves around organization, not capacity.
Consider how desks and files are organized:
Some filing is alphabetical, some chrono-
logical, some topical; others are arranged by
priority or by guess. In fact, with the fairly
random nature of the typical filing system it is
amiracle that we can find a piece of paper at
all. Nevertheless, we seem able to reach into
the right file or drawer and retrieve the correct
document—if not immediately, then within
one or two tries. Conventional computers can-
not do that.

Perhaps the solution lies in artificial intel-
ligence. Because human beings think through
association, Al machines are programmed to
“think” that way, too. The similarity stops

there, however: Human beings can think in a
disorganized manner, computers do not have
that facility. However, the presence of huge-
capacity optical memories virtually mandates
that computers be able to retrieve randomly
organized information.

A good definition of goals and techniques—
especially in terms of artificial intelligence—
would go a long way toward structuring data
retrieval for the coming generation of optical
disks. Otherwise, those devices may end up col-
lecting reams of paperwork —with no way of
calling up the information easily. Unless we
pay closer attention to ways of organizing in-
formation, we may resort to using a nice icon—
the wastebasket—for all data.

Lotitor

Heather Bryce
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Gould AMI. .. Innovation and Quality in Semiconductors

The double-metal answer
to sluggish gate arrays.




What are you waiting for? Move into the world Gould AMI's growing library of macro cells. Over
of 1 to 3 ns gate delays. 100 popular functions—predefined and pretested—

Gould AMI 3u double-metal HCMOS tech-  allow you to avoid wasting time and money
nology opens up applications once considered  reinventing the wheel.

too fast for CMOS gate arrays. Now, you can Also, Gould AMI's fully integrated CAD soft-

have low cost and power consumption ware places and routes each programmable level

without giving up speed. automatically. More than fast, it can utilize over
98% of available gates!

Fast circuit design and delivery. Gould AMI offers 3u double-metal arrays

These double-metal arrays don’t just work from 1100 to 4000 gates. (Later this year, our 2u

faster—they’re designed faster. One reason is family will provide up to 10,000 gates.) Delivery in
production quantities takes just 5 to 7 weeks from
prototype approval.

Service just as fast and flexible.
We can do everything from design through fabri-
cation—or any part of the job you wish. Gould
AMI CAD software runs on Prime® and VAX™
computers. Our macro cells are available on
major workstations. We can train your designers.
And there’s second sourcing, of course.

You're invited to find out more about the Gould
AMI gate array program. Call us at 408-554-2311,
or return the coupon. Because if the job is making
CMOS gate arrays faster, Gould AMI is right for
the job.

Prime® is a registered trademark of Prime Computer, Inc
VAX™ is a trademark of Digital Equipment Corporation

[ e e

Yes, | want faster gate arrays—fast!
Tell me all about Gould AMI’s:

O Complete gate array O Macrocell libraries.

Hes [ CAD training program.

O Complete standard cell

[ine. [0 Send your enlightening

case history, “Gate
[0 CAD software programs. Arrays—The Hidden
Cost Savings.”

Name

Title

Company M/S
Address

City/State/Zip

( )

Phone No:

Mail to: Gould AMI Semiconductors
Gate Arrays Marketing
3800 Homestead Road
Santa Clara, CA 95051

A1M‘l Semiconductors

ED 10/4/84



Q Whose Magnetic Sensors Are The
Big CompaniesTurning To?
A.Aleph International, That's Who!

Computers Photo Copiers

Equipment Interlocks, Printhead Paper Pass and Presence, Toner
Location and Travel, Paper-Out | Level, Cover Interlock.
Sensing. =

Automotive Communications

\
\

Level and Temperature Sensing Satellite Antenna Position,
of Brake and Transmission Fluids, Telephone Test Equipment and
Coolants, Oils and Electrolite. Off-Hook Sensing.

The top “Fortune 500” companies like IBM, Xerox, AT&T, Toyota, and Honda, just to name-
drop a few, are turning to Aleph International for innovative magnetic sensors in all sizes
and shapes.

And for good reasons. Aleph has packaged a reliable magnetic technology to interface
with the microprocessor world. They offer important advantages over mechanical and
Hall Effect devices.

Our MagneSensors are hermetically sealed for high reliability and long life. They are low
in cost. They can handle a wide range of switching voltages, including low levels. They can
withstand transients without surge protection. They aren't affected by heat. Polarization isn't
necessary. No offset voltages are present. And no power supply is required.

We're set up to respond to your needs quickly. And to produce a high volume of Magne-
Sensors in a short time. Built to your exacting specifications.

Call us today and find out why the big companies are turning to Aleph International for
innovative MagneSensors.

ALEPH

INTERNATIONAL:

ALEPH INTERNATIONAL CORPORATION /1026 Griswold Avenue * San Fernando, California 91340
818/365-9856 « Telex: 472-0532 ALPH UI
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READER

FEDBACK

Where’s the info?

your July 12 cover article,

“Low-Voltage FETs Slash
On-Resistance to Boost Pow-
er Density” [p. 125]. In five
pages the only concrete infor-
mation concerns decreasing
the die size and therefore the
cost of manufacture. At the
least the authors could have
given data on one particular
unit of the series. No one could
design from this article, and
there isn’t even a reference
for further information.

The article should have giv-
en capacitances, which deter-
mine driving current; input
breakdown voltage; input
voltage for minimum forward
resistance; thermal resis-
tance with actual numbers;
and an output family from
which to determine how
closely the devices approach
the ideal pentode curves with
horizontal and vertical output
lines and how sharp the tran-
sition is from vertical to hori-
zontal.

The fact that this informa-
tion is omitted makes me
wonder whether it’s because
it isn’t too good.

Name witheld

I looked forward to reading

Even faster

eader R. E. Pickvance
Ris mistaken in stating

that Texas Instru-
ments’ TMS 320 digital sig-
nal-processing chip requires
1.9 ms for a 64-complex-point
FFT [July 12, p. 15].

Indeed, T1 did list that time
for a radix-2, looped 64-com-
plex-point transform (ELEC-
TRONIC DESIGN, Aug. 19, 1982,
p.154). But it also noted in the
article that an in-line code
version would take 783 us, the
unacceptable penalty being
that 3722 of the 4906 program
memory locations are re-
quired.

However, DSPS Inc. has
been offering a 580-us 64-
complex-point FFT for the
TMS 320 since December
1982. The key to the speed and
the reasonable memory
requirements (2700 locations,
leaving more than twice the
total memory of the com-
peting NEC 7720 for non-
time-critical control) is a
superior algorithm architec-
ture (radix 4). The program
was created through auto-
mated code generation tech-
niques.

DSPS’s latest benchmarks
for standard TMS 320s (with
4 kbytes of ROM) are 535 us,
2.4ms, and 6.2 msfor 64-,128-,
and 256-complex-point FFTs,
respectively —including bit
reversal. The latter two are
program-memory-to-pro-
gram-memory times and al-
low for double buffering. That
is, data is collected into one
buffer while the other is
transformed.

The TMS 320 has a decep-
tively simple architecture and
is capable of some relatively
astonishing results.

L. Robert Morris
President
DSPS Inc.
Ottawa, Canada
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"POWER
OP AMPS:

HIGH
CURRENT
HIGH VOLTAGE

*

L

T
*145V @ 40mA

UNSURPASSED
RELIABILITY

DRIVE:

MOTORS e COILS
ACTUATORS ¢ X-DUCERS

11 OTHER MODELS

SCREENED TO:
MIL-STD 883 METHOD 5008

SEE GOLDBOOK FOR: -
PRODUCT SPECIFICATIONS
SALES REPRESENTATIVES-

APEX MICBOTECHNOLO'GV CORP.
1130 E. Pennsylvania, Tucson, AZ 85714
ORDERS AND INQUIRIES: (602) 746-0849
7-\I_='PLICATIONS HOTLINE: (800) 421-1865

e

IN PURSUIT OF EXCELLENCE

“: WESCON Booth #2248

ELEKTRONIKA Booth #21B41
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Analog Solutions

Lifetoo
unsettled?

AH103/AH104:

160nsec to 0.1% FET op amps

» 160nsec max to 0.1% (AH104)
» 280V/psec min (AH104)

» Internally compensated for unity
gain (AH103)

» 1mV max VOS, 5uV/°C max drift
(CL grades)

» 30ma min out at =10V
» $38.60in 100's

]
® P.O. Box 11140, Tucson, Arizona 85734
Phone 602-624-8358, Telex 910-952-1283

See us at Wescon (Booth 2246) and Electronica (Booth 21-B41)

CIRCLE 8

LONGEST LASTING I.CD

Even in heat, humidity and
stress situations, this liquid
crystal display stays bright
and sharp longer than
other LCDs, longer than
other types of displays.
Literally years longer.
Exceeds JEDEC

Class 4 (automotive and
oquoor] environmental
requirements. Low power,
good readability at any
angle. Inquire about our
long life display. LXD Inc.,
24500 Highpoint Road,
Beachwood, Ohio,

S S 44122.(216) 292-3300,

CIRCLE 9

READER FEEDBACK

Left out

e would like your
Wreaders toknow that
the directory of

manufacturers you published
in your June 28 Focus on
Switching Power Supplies
[p.301]is incomplete. For one,
it omitted our company.
Scotty Wallace
Vice President, Sales
and Marketing
Teapo Electronic Corp.
of America
Norcross, Ga.

Add the smallest
to the list

very interesting Focus on

Subminiature Switches in
the Aug. 23 issue [p. 301].
Since our company was not
mentioned, I feel that your
readers might be interested
to know that Schurter offers
the smallest pushbutton
switch family (alternate and
momentary action) with
built-in LED and mechanical
indicator in the world.

Bruno H. Schurter

President

Schurter Inc.

Petaluma, Calif.

I have just come across your

Correction

he Aug. 23 New Prod-

I ucts story on Western

Digital’s WD2400 chip

set for tape control and for-

matting (p. 283) should have

referred to the SASI through-

out (rather than to the SCSI).

Also, the present schedule

calls for the chip set to be
available early in 1985.
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IBM" PC Personal Computer,
dual disk-drives, printer, software
(word processing, spreadsheet and planner).
A complete system ... a $4,000 VALUE!"

IBM 15 a registered trademark of International Business Machines Corporation
*Value at time of press. All applicable taxes and duties are the sole responsibility of the winner

F 93-A REV. ORIG

enter Mini-Circuits’

D51gn Conte

2-4-6 hr. VHS Videocassette Recorder
3 speed, remote control, timer,

electronic tuning . .. including 6 tapes
.a $500 VALUE!"



Design Contest ¥4

Contest Rules

It’s Easy to Enter

Do you have a clever design idea or applica-
tion involving IF/RF/microwave signal-pro-
cessing components—mixers, power splitter/
combiners, attenuators, RF transformers,
directional couplers, amplifiers or RF
switches? Or perhaps a versatile setup for
testing them or a novel approach to enhance
their performance.

If you have an original idea, enter Mini-
Circuits Design Contest now. Type or legibly
print your submissions. Start with a brief ab-
stract describing the key-point of your idea
(cost saving, improved performance, simpli-
fied testing, etc.). List RF signal processing
components used. Then proceed with the de-
tailed explanation. Make schematics and block
diagrams clear; include values of circuit com-
ponents. Be sure to include performance data
and curves; judges’ scores will be based on
content, multiplicity of products involved and
thoroughness.

1

2,

. Entries will be judged by the

. All entries become the prop-

. Submit as many entries as you 5. Employees of Mini-Circuits

wish. Laboratory, Microwave Journal
and their sales representatives,

Ideas should be original and srenot eligible,

non-proprietary.t

(o)

. Contest void where prohibited

editorial staff of Microwave by law.

Journal and their decisions 7. Make sure to include your

will be final. The top 25 win- business address and phone
ning entries will be published in number. In addition, for non-
Microwave Journal. U.S. entries, indicate AC power

line voltage and frequency.

erty of Mini-Circuits Laboratory 8. Send your entries to:

and must be received by Mini-Circuits’ Design Contest
December 31, 1984. P.O. Box 137

et of gt Brooklyn, NY 11235

Good Luck, and Thanks.

The Mini-Circuits Design Contest, with its competitive excitement
and fabulous prizes, is our way of thanking all of the designers
worldwide whose staunch customer support has been responsible
for our continuing growth.

Free 64-page RF/IF Signal
Processing Components Guide

For an up-to-date review

of Mini-Circuits’ IF /RF /Microwave
product line, refer to EEM, EBG,
Gold Book or Microwaves Directory.
Or call/write our factory or any

of our 45 worldwide sales offices

for our 64-page RF Signal-Processing
Components Guide.

F 93-B REV. ORIG

Free fact-filled Question/ Answer Series
on RF Signal-Processing Components

Since Mini-Circuits is the world’s largest manufacturer
of mixers and RF signal-processing components,

it’s natural for us to receive hundreds of

questions from engineers on these products. How

to test them, how to make the right selection,

how to optimize a circuit design ... questions with
answers not found in textbooks or reference manuals.

So we've put together a series of Q & A
(question/answer) booklets on most-frequently
asked questions on mixers, phase detectors
and power splitter/combiners. They are loaded
with application-oriented tips, ready to solve

a problem you may be facing. The set is free ...
just call or write us or any of our 45

worldwide sales representatives.



EXAMPLE 1:

send your entries to:

Mini-Circuits’ Design Contest
P.O. Box 137,

Brooklyn, New York 11235
Low- cost, high performance Image-Rejection Mixer.

KEY COMPONENTS; mixers, power splitters.

Many telecommunications systems require a mixer arrangement that clelivers the
desired IF and sharply rejects the other image frequency.

An efFective, low- cost solution makes use of Mini-Circuits’ TFM-2 mixers and
it's 2-way, O° PSC-2 and 2-way, 90° PSCQ-2-90 power splitter/ combiners as

Shown in the diagram.

The key to an efFicient image-rejection, such as shown in the block diagram, is the
use of double -balanced mixers with well-matehed amplitude and phase

characteristics and high isolation. However,

r hybrid phase characteristics,

differences in the autput amplifudes of the hybrids and hon-symmetrical external
Circuits will also recluce image-rejection performance. The effects on sideband
Suppression caused by unequal mixer amplitude and phase shift are shown in Tables 1and 2.

Table 1 Table 2
Amplitude Unbalance Phase Unpalance
vs. A, dB A, dB
Unbal,d B A, dB Phase Unbal,degree A, clB
0.3 35 3 33
0.9 27 9 22
. 5 22 15 18
2 13 20 15
3 59 30 12
>
RF A I McL ‘
input O— 90°Hybrid [ 7 2 << Sl ot 90° Hybrid O Real
MeL —O2 4 meL IF output
PSCa-2-90 et | dinicer P |Psca-a-90 Image
50 } TFM-2 > 50
T~ Mixer l— ~

JOSEPH CANTORE,
Engineering Dept.,
Alphaomega Corp,

Il Madison Street

Key Biscayne,Florida 33149

F 93-C REV. ORIG

finding new ways
setting higher standards

[ Mini-Circuits

cientific Components Corporation

World's largest manufacturer of Double Balanced Mixers
P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500
Domestic and International Telex 125460 International Telex 620156



send your entries to:

EXAMPLE 2: Mini-Circuits’ Design Contest

P.O. Box 137,
Brooklyn, New York 11235

Improving two-tone, third-order IM measurements.
KEY COMPONENTS; power splitters, attenuators, amplifiers

Two-tone third-order intermodulation (IM) expresses the degree of non-linearity of an amplifier
or mixer. This parameter is generally not included on data sheets because it is dependent upon
operating frequencies, terminating impedance andl input levels; it must be messured uncler
specific design performance conclitions.

Two comman errors in these measurementsare (1) failure to provicle adequate isolation between
Input signal generators and properimpedance metching and (2) insufFicient filtering of the two
Input test signals.

Aproper test setup for measuring two-tone, third order M distortion is shown. Note the use of
two amplifiers and 6dB pads For input generator jsolation and proper 50 ohm matehing- A
practice of simply using & Tee-¢connector between generators developes mismatches, producing
undesired harmanics which dramatically affect accuracy.

Two-tone, third-order IM distortion is only meaningful when the input levels to the
device-under -test are defined.

Examing the spectrum analyzer display for a ZAY- dauble -balanced mixer~. Natice the signiFjcant
difference in twa-tane, third -order component with an input level of ~10dBm for each tone (b)
campared with O dBim jnputlevel For each tone (a).

Also, the amaunt of two-tone, third-order must be specified relative fo either the RF input
or desired |F output; the desired IF output is more meaningFal.

CAT-6
S e
L1 AMPLIFIB
GEN.#{ B ey e o 4
cAT-|0 CAT-6 CAT-3 CcAT-6 CAT-3
todg ede 3dB eIB 3dB
POWER | LP 5 WIDEBAND A B DEVICE| WIDEBAND
COMBINER —3— FILTER—$ Ammcnen—§—0—0—§—1 UNDER +—$— AMPLIFIER
2F5¢-2-1 ZHL-2-9 TEST ZHL-2-%
ey 7] 01 dh
RF WIDEBAND spEctRoM | Cdp° P LO
GEN.#2 — AMPLFIER |3 ANALY2ER 2 FILTER GEN.
ZFL-2000| AT
B T |

GENERAL NOTES

D) All Mini-Circuits products have madel numbers shown. c0dB IE%{B
2) OdBm input, A-B connected as shawn Q) (b)

~10dBm inpat, insert CAT-10, [QdR between A~B

0dBm input power  ~10dBm input power
JOSEPH CANTORE,
Engl.h eering Depf., finding new ways
Alphaomega COFP., settfg hug-herstand:rds .
Il Madison Street m Mini-Circuits
Key BiSC&YHB) Florida 23149 Werld's lafges! manafacturer of Doubie Balancad Mikers

P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500
Domestic and International Telex 125460 International Telex 620156
F 93-D REV. ORIG



James
is the leader

in telecommunication
transformers and
power supplies.

James advanced CAD/CAM designed transformers and power sup-
plies have become the standard for quality and performance in the
telecommunications industry. Here's why James is most often
specified . . .

®m We're a U.S. equipment manufacturer. That means on-time
deliveries without the hassle of letters-of-credit, off-shore
expediting or expensive shipments.

m We know what ‘“‘telephone” quality means. We build it into
every product ... and inspect for it in every shipment.

B Innovative engineering has kept our product lines competitively
priced . . . with performance assured to rigid industry and MIL-
grade QC standards!

James supplies telecommunications transformers for all signal and
power applications. Our power supply line includes plug-in, wall-mount
and floor models . . . both linears and high efficiency switchers in the 2-
100 watt range. They're all designed to meet FCC (Part
68) and UL requirements.

Write for complete technical specifications. You'll find our
engineering consulting services for custom designs very
price-competitive, too!

CIRCLE 10

ELECTRONICS INC.

4050 N Rockwell St . Chicago. IL 60618
Tel (312) 463-6500
TELEX/TWX 910221 5034 JAMES EIEG CGO




When reliability is imperative.

NEW! 3-phase, 400 Hz,
Mil-Spec Linear Power Supply

For demanding airborne applications, such as
acoustic data processing, electronic surveillance and
countermeasures equipment, Abbott’s new WL Series
of compact power supplies deliver:

MORE POWER IN LESS SPACE. WL Models provide %
power densities of up to 3.67 watts per cubic inch, with a

maximum case height of just 2.5 or 2.75 inches, depend-

ing on output power. This permits a space savings of up to

60%, since a balanced ac power distribution system can ”

now be maintained without resorting to three single-phase \>/

supplies or costly custom designs.

ENVIRONMENTAL PERFORMANCE. Ruggedly built WL « Input: 105-125 Vrms, 380-420 Hz, 3-phase
Models are fully encapsulated and hermetically sealed to “delta” std. 3-phase “Wye” input optional

protect against salt spray, high humidity, shock, vibration « Single and dual outputs, 5-28 Vdc

and other applicable environmental conditions defined in * Qutput power 48 to 420 Watts

MIL-STD-810C. « Low ripple of 5 mVrms, peak-to-peak 25 mV
ELECTRICAL PERFORMANCE. The low EMI of these « High 55% efficiency

power supplies ensures compatibility with sophisticated « Load regulation: 0.1% from no-load to full-load
electronics. All units meet applicable requirements of « Operating temperature range —55°C to +100°C

MIL-STD-461B for emissions and susceptibility. They are
also protected against input transients of up to 180 Vrms HIGH RELIABILITY:

for 100 ms, in accordance with MIL-STD-704. MTBF CALCULATED PER MIL-HDBK-217D
ABBOTT RELIABILITY. Design engineers have been Standard ER Version
specifying Abbott power supplies for 23 years...whenever -

reliability is imperative. The consistent performance that Ground benign | 164,406 hours | 883,580 hours
has made the Abbott single-phase Model W the most Air-inhabited 25,633 hours | 94,956 hours

popular 400 Hz power supply in airborne applications is
now available in our new 3-phase WL and WWL Series.
Please contact Abbott Transistor Laboratories, Inc.,
Power Supply Division.

Eastern Office: (201) 461-4411. Southwest Office: (214)
437-0697. Western Office: (213) 936-8185.

Call or send for Specs and Full Line Catalog M"..ITARY POWER SUPPL' ES

CIRCLE 11
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Technology

To Attack Cost, Noise

Per-line cost reduced

National’s TP3155 TSAC takes advan-
tage of microCMOS density to provide
a low-cost, single-chip replacement for
expensive, conventional discrete logic
and software.

One TSAC can be shared over four
COMBO lines in a bidirectional system,
and eight COMBO lines in a unidirec-
tional format. This spreads the already-
low TSAC cost over a large number of
subscriber lines.

In addition to lowering per-line costs,
the TP3155 offers design-in ease and
flexibility, by providing a serial control
interface compatible with the popular
TP3020/2910 codecs. The new circuit
features a 4.096MHz clock rate, inde-
pendent transmit and receive time
slots, and up to 64 time slots per frame.
Noise problems silenced by
TP3054/57)-C COMBOs

Noise, the most important consider-
ation in designing a line card, is effec-
tively reduced by National’s workhorse
TP3054/57]-C COMBOs, which use
microCMOS technology to deliver ex-

Z i

) i

ews From National

New Time-Slot Assignment Circuit Teams Up
With Industry-Standard Codec/Filter COMBO™

and Power Problems

tremely low idle-channel noise, plus
high power-supply rejection ratios and
high stability.

These COMBOs perform the com-
plete range of codec/filter functions,
including those of transmit highpass/
lowpass filters with prefiltering, and
receive lowpass filters with post filter-
ing. This capability further ensures low
noise characteristics and maximum
cost effectiveness.

Low power requirements

With PBX and Central-Office systems
tending to provide higher and higher
line capacities, both the TP3155 TSAC
and TP3054/57J-C fully utilize the ultra-
low power supply current offered by
microCMOS technology.

Specifications in the low ‘milliwatt’
area guarantee minimal line-card and
system current drain, expanding cost
benefits still further.

Lower line costs, less noise, lower
power needs—these features and more
make the team of National’s TSAC/
COMBO a very difficult act to follow.

For complete information, check box
87 on the back page of this Anthem.
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Inside News

CMOS

2-Micron gate array software.

New display drivers handle all technologies -
LED, LCD, VF.

NS32000

The ultimate UNIX machine.

New Products

Serial communications at no extra cost.

Programmable logic analysis software for
Apple-DOS

Hard-disk design gets cost-effective separator,
synchronizer chips.

Advanced FM IF circuits for low-distortion stereo.

5V-Only EEPROM offers fast read access.

New bipolar gate arrays replace low power
Schottky.

National’s 15ns PALS —industry’s fastest!

Tape-and-Reel. National’s new industry standard.

Quality

Ship-to-Stock program reflects customer
confidence.

National
Semiconductor




CMOS

Versatile New Additions

To the ‘First Family’
Of CMOS 2
Display Drivers

For all display technologies -
LED, LCD and VF

National’s broad-based family of popu-
lar display drivers now strengthens its
leadership position by adding its newest
VF and LCD drivers —the MM58241/8,
MM58341/8 and the MM58538/9,
MM58540/8 respectively.
Unrivaled compatibility

Each driver in this comprehensive
22-member family offers function-
similar features—a simple serial data-
input channel, a 31- to 35-bit shift
register, latches, and buffer/drivers for
direct interface to respective LED, LCD
or VF displays. This compatibility
provides users with true design flexi-
bility in selecting display technology.
VF products: direct microprocessor
interface plus full features

High-voltage MM58241/8 (up to 60V)
and MM58341/8 (up to 35V) VF drivers
furnish a direct, simple interface from
microprocessor to display. In addition,
they offer on-chip pull-down resistors,
direct serial data and clock interface,

on-chip brightness and blanking con-
trol, and data-out for easy cascading.
Each is ideal for driving multiplexed
VF displays such as 5 x 7 dot-matrix
character arrays.

Equally important, the new VF
drivers fit a wide scope of customer
applications, from sophisticated instru-
mentation to automotive dashboard
readouts and word-processor text
displays.

With industry-first metal gate CMOS
and full software compatibility,
National’s VF display drivers become
instant favorites with both hardware
and software engineers.

Unique flexibility in multiplexed
32/34-bit LCD drivers

Socket-equivalent to the HLCD0538

series, National’s innovative MM58538
family provides full TTL compatibility
plus alphanumeric, dot-matrix, and bar
graph display capabilities.

Advanced features like these bring
engineers of microprocessor-based
systems the true flexibility necessary to
maintain their competitive edge.
Traditional quality and performance

The new VF and LCD driver family
members are carrying on an all-
important National tradition of high-
performance, first-quality drivers offered
at a reasonable cost—for all popular
display technologies.

Check box 83 on the back page of
this Anthem to receive National’s display
driver family brochure.

Now, 2-Micron Gate Array Software

Semicustom technology on the
move

National continues to set the pace in
semicustom technology with its gate
array workstation support package.

This advanced software permits
development of National’s 2-micron
microCMOS ICs on such leading com-
puter-aided engineering workstations
as Daisy and Mentor.

Now, for the first time, design
engineers can take advantage of
National’s advanced gate array design
tools—plus its industry-leading 2-micron
processing technology—without ever
having to leave their home facility.
Facilitates fast, accurate design

Designers simply breadboard a
circuit on the workstation screen by

For Daisy, Mentor

using the new software package—then
interface with National’s mainframe to
develop semicustom ICs. Circuit
design time is reduced, while design
accuracy and reliability sharply
improve.

Fully supporting Daisy and Mentor,
the software provides the complete
range of semicustom development
functions, including schematic capture,
design verification, and auto-place-and-
route.

Powerful design verification tools—
graphically built in

With the new software, basic and
complex logic building blocks, in
addition to critical timing data, are built
into the workstation and displayed
graphically.

Timing parameters—including worst-
case intrinsic gate delays, wiring capaci-
tance delays, fanout, loading, etc.—let
designers quickly simulate logic func-
tions, and accurately estimate circuit
performance. As a final check, actual
delay calculations can be back-annotated
after placement and routing is
completed.

Complete IC design control

With National’s workstation support
software, users have total start-to-finish
design control—control that dramatic-
ally improves designer productivity
and reduces system costs.

For more information, check box S6
in coupon on the back page of this
month’s Anthem.
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National’s Series 32000 — The Ultimate UNIX Machine

The Best UNIX micro

If your system design calls for UNIX",
industry experts have called the Series
32000™ “the best for UNIX".

National’s GENIX" featuring optimized
Demand Paged Virtual Memory support,
is available today in source form for
OEM adaption. The next generation of
GENIX, with Ethernet™ support, is in test
now. National has also delivered the
Series 32000 version of UNIX System V
(release 2.0) to AT&T for validation.

National’s Series 32000 software cata-
log gives OEMs an opportunity to select
from a wide variety of software, includ-
ing offerings from independent software
vendors.

True 32-bit architecture with
Demand Paged Virtual Memory and
Floating Point support

The word “complete” just took on
new meaning in the world of 32-bit
performance. National’s Series 32000
microprocessor family includes the only
commercially available 32-bit micro-
processors offering it all-Demand Paged
Virtual Memory, fast Floating Point, and
efficient High Level Language support.

The Series 32000 is the only micro-
processor family to offer true two address
architecture. A detail which is a must
when it comes to efficient high level
language support. The Series 32000 is
the most complete family of 32-bit CPUs,

slave processors, peripherals, develop-
ment systems and software on the market.
Second place isn’t even close.

Fast, compact compiler cuts

code costs

National’s CPU instruction set supports
fast, highly compact C compiler code
which, in turn, requires less RAM —
significantly improving performance
and lowering system costs. As the imple-
mentation language for UNIX, efficient
C compiler support directly contributes
to efficient system performance. National’s
C compiler fully supports all the archi-
tectural features of the Series 32000 family.
Powerful NS32082 MMU provides
Demand Paged Virtual Memory

Thanks to National’s advanced Memory
Management Unit (MMU), the NS32082,
Series 32000 micros are the only uPs in
use today offering Demand Paged Virtual
Memory.

This industry first not only brings you
fast on-chip address translation, but full
UNIX operating system support—making
the Series 32000 the perfect choice for
UNIX design environments.

Floating Point Unit heightens
performance

The Floating Point Unit (FPU), the
NS32081, allows operating speed up to
100 times faster than software emulation
only, is easily designed into any 32- or
16-bit system

FPU instructions can be used with any
addressing mode, any operand length —
and use any general purpose register.
In addition, memory-to-memory opera-
tions are performed automatically.
Total Compatibility

Series 32000 CPUs offer total compat-
ibility across the entire line, making it
possible to develop a variety of systems
with all the benefits of 32-bit software
performance.

The same software can be incorporated
in all systems within the family —a unique
and all-important benefit for program-
mers and system designers.

Full 32-bit architecture —a systems
solution approach

An elegant 32-bit architecture is the
cornerstone of the Series 32000, and is
implemented in all Series 32000 CPUs.
This is 32-bit architecture from the top
down.

Collectively, the features of the inno-
vative Series 32000 - fast, space-saving
compiler code, hardware floating point
support, the only Demand Paged Virtual
Memory offered in a microprocessor,
total software compatibility, and im-
mediate availability —assure you the
speed, flexibility and cost-efficient per-
formance you need for your system,
particularly if your work centers around
UNIX.

For more information on Series 32000,
check box R7 in this Anthem’s coupon.



NEW PRODUCTS

National’s 15ns
PAL Devices

Industry’s fastest offer program-
mability at advanced Schottky
speeds

With the introduction of the industry’s
fastest PAL® devices, National now
offers design engineers an economical,

PLAN Software
Now Available
For Apple-DOS

Create disk files for multiple hard-
ware options

PLAN™ (Programmable Logic Analysis
by National) software gives systems
designers using programmable logic
devices a set of powerful interactive
design and development tools.

Available for CP/M®-80, and MS®-DOS
operating systems, PLAN software is
now also available for Apple®-DOS.
Automatic device selection

Three PLAN programs—PLUS, SERV,
and PROG —permit the creation and
editing of disk files to provide a broad
scope of hardware solutions.

PLUS, a Boolean equation entry/
editing program, features algorithmic
programmable device selection that
includes pin-out assignment. The pro-
gram automatically chooses the most

high-performance replacement for
costly Schottky logic.

The set of four high-density chips—
the PAL16L8B with active low output,
and the PAL16R8B, PAL16R6B and
PAL16R4B with registered outputs—are
manufactured with National’s advanced
OXISS™ bipolar process. This process
produces logic devices with ultra-fast
15ns maximum access time.

efficient device—the one with the
fewest fuses and registers.

With PLUS, systems designers can
quickly find the most cost-effective
hardware solutions. All error and time-
waste associated with determining
hardware requirements are eliminated.
Flexible design-in

SERV offers optional device selection
and pin-out editing as well as a docu-
mentation utility. In the edit mode, the
SERV program allows editing of the
pin-out assignment within the limits of
the given equations and the selected
device. In the documentation mode,
SERV permits users to output equations,
pin-out diagrams and fuse maps.

Taking the equation file created by
PLUS and altered by SERV, the PROG
routine generates the formatted pro-

Multiple, customized applications

Full programmability at advanced
Schottky speeds gives systems engi-
neers the design flexibility necessary
for a broad range of customized logic
applications without sacrificing per-
formance. These include address coding,
multiplexing, microprogrammed con-
trol store, arbitration, high-speed
random gating, and many more.
Lower system costs

Complete integration and space-
saving 20-pin ceramic or plastic dual-in-
line packaging permit significant chip-
count reduction and a corresponding
cut in system cost.

Additionally, the new logic devices
feature TRI-STATE™ outputs (which can
be acted upon by input variables), and
typical power dissipation of just 600mw.

No need for additional power com-
bined with programmable design and
the fastest access time available, make
National’s new 15ns PAL devices the
cost-effective choice over any of the
advanced Schottky logic families.

For more information, check box R9
on the back page of this Anthem.

gramming data for the device. The
program directs the formatted data,
including optional user-defined test
vectors, to a data file disk, system
printer port, or CRT.
Broad logic applications

Designed expressly for 64K micro-
computers, PLAN software has wide-
range applications wherever logic is
used —especially in computer process-
ing, control systems and copiers. And
with the new Apple-DOS version of
PLAN software, even more systems
engineers can take advantage of
National’s comprehensive logic design
software.

For more information on PLAN soft-
ware, check box 84 on the back page of
this Anthem.



The DP8460/8450
Data Separator/
Synchronizer ICs:
Low-Cost Solutions
to Disk Controller
Design

With the introduction of the DP8460/
8450 data separator/synchronizer
chips, National continues its tradition
of providing the disk industry with

innovative, cost-effective design
solutions.

synchronization—but produces only
synchronized data and VCO Clock
waveforms derived from the incoming
encoded bit stream.

With a small pin-count of 20 (the
DP8460 has 24), the DP8450 is quite
cost effective. The high performance
and high reliability characteristics, of
course, are the same for both devices.

Applicable to workstations, com-
munications networks and computers
of all sizes, National’s industry-first LS/
VLSI separator/synchronizer chips offer
the disk controller designer an unrivaled
pair of cost-lowering, space-saving
design tools.

For additional information on these
bigh-economy separator/synchronizer

7 nal Semiconductor

designers the tools to ensure high
performance while substantially
reducing system cost.
Multi-feature ICs for quality
receivers

The LM1865/1965 system contains all
active circuitry —from RF tuner output
to stereo decoder input. The LM1865
provides sophisticated stop-detection
circuitry for electronic tuning, while
mechanical tuning is served by the
deviation and signallevel mute
function in the LM1965 version.

A new-design quadrature detector in
both versions compensates for non-
linearity, allowing high performance
with a single-tuned coil. This compen-
sation eliminates production adjust-
ments of double-tuned coils, and
guarantees low distortion.

First to incorporate ultrasonic
noise detection

The LM1865/1965 is the first inte-
grated-circuit implementation of ultra-
sonic noise detection for determining
valid stop (or mute) conditions.

This feature, in conjunction with
signal-strength detection and automatic
fine tuning, means that a receiver will
not stop on a noisy station, or between
two strong adjacent signals.

THD vs. Tuning Quadrature Coil Q=17

+75 kHz Deviation

% THD

43k
| Single Tuned
Quadrature Coil

J

/ (No Correction Circuit)

circuits, check box S5 on the back page
of this Anthem. 1%

Single Tuned
Quadrature Coil
(With Correction)

The advanced LSI/VLSI circuits are
user-programmable, making them

design-appropriate for hard disks and
high-density floppies that employ a
host of codes and data rates.

No more external potentiometers

Performing the read-data synchroni-
zation PLL function, the DP8460 also
features on-chip decoding circuitry for
separating NRZ data and clock from
MFM encoded data.

Additionally, the on-chip design frees
board space for additional disk data
path electronics.

Equally important, the DP8460 Data
Separator offers an improved error rate
by reducing window error and simpli-
fying production testing with fixed
external Rs and Cs.

DP8450 with synchronization only

Like the DP8460, the DP8450 Data
Synchronizer chip performs basic PLL/

Advanced FM IF
System With Low-
Distortion, Single-
Tuned Quadrature
Coil

LM1865/1965

Market pressure for improved FM
performance has paralleled the trend
toward electronic tuning in car and
home stereo systems.

National’s new generation of FM
intermediate frequency (IF) circuits,
the LM1865/1965, gives radio/stereo

5%
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Additionally, the system is the first
FM IF to provide a dual-threshold, auto-
matic gain control (AGC). The AGC
automatically detects the presence or
absence of strong adjacent signals—and
selects a high or low AGC threshold,
allowing the best possible reception in
all conditions.

These versatile FM IF circuits are
appropriate in a broad range of design
applications—from car, home and TV
stereo receivers to satellite sound
systems.

For more information, check box T1
in this Anthem’s coupon.



NEW PRODU

These Bipolar
Gate Arrays
Cut Board
Space, Replace
Low- Power
Schottky

Available now

National’s newest additions to its
bipolar gate array family —the
MCASO00ALS and MCA1300ALS —pro-
vide design engineers with two more
cost-cutting tools for custom LSI and
VLSI circuit development.

Available now, the new macrocell
arrays replace hard-to-find low-power
Schottky while significantly reducing
board space. And smaller boards mean
smaller, less costly systems.

High performance, low power

Both MCAS00ALS and MCA1300ALS
are fabricated with National’s advanced
OXISS™ process. They internally
employ emitter-coupled logic macro-
cell circuit technology and are TTL
compatible to the outside world.
Typical gate delay is 2.5 ns and power
dissipation is approximately 1 watt per
package.

Simple design-in

Producing LSI and VLSI designs with
the new array devices is easy. Designers
simply select the appropriate macro-
functions from the library, then define
how to interconnect these functions to
realize their design. Samples are deliv-
ered six weeks after the design has
been completed. National also offers a
design service converting circuit dia-
grams into fully functioning parts
(turnkey design).

The MCA1300ALS uses the same
macrocell concept as the MCAS00ALS

array. Each macrocell contains 54
transistors and ample resistors to create
the necessary logic functions. The
MCAS500ALS has 77 macrocells equiv-
alent to 533 gates. The MCA1300ALS
offers 140 macrocells equalling 1280
gates.

National’s macro library presently
contains more than 80 logic functions.
Designers can create these arrays on a
workstation, or by accessing National’s
mainframe through user terminals.
Low power consumption, high
reliability

Replacing low-power Schottky
components with bipolar gate arrays
reduces power consumption, allowing
a smaller power supply, smaller system
size and lower system cost.

Gate arrays pack many components
into one piece of silicon, allowing
systems with fewer soldering pins and
less connectors —substantially increasing
system reliability.

Many applications

National’s new MCAS00ALS and
MCA1300ALS have broad-range appli-
cations in minicomputers, instrumen-
tation, test and control equipment, and
telecommunications. Wherever design
engineers need a cost-reducing, high-
performance replacement for low-
power Schottky, National’s new bipolar
gate arrays are ready to fit the bill.

For additional information, check box
88 on the back page of this Anthem.

National’s NMC9817
EEPROM Reacts Fast
For Home Alarm
Systems

National’s high-performance
NMC9817 complements its full line of
EEPROMs. Fast read-access time of 200
ns and fast write time of 10 ms maxi-
mum make these 16k EEPROMs com-
patible with high-performance micro-
processor applications, such as home
security/intrusion and fire alarm
systems.

Dedicated microprocessor
operation eliminated

Complete self-timing and AUTO
ERASE before WRITE allows an efficient
RAM-like write cycle. This frees the
microprocessor to tend to other I/Os.
The READY/BUSY signal on pin 1 noti-
fies the microprocessor when the pro-
gramming cycle is complete. During
the 10-ms ERASE/WRITE operation, the
CPU is freed.

Bus contention eliminated
Two-line control architecture elimi-

nates bus contention in your system

environment.

Parts count reduced

On-chip Vpp generation during
ERASE/WRITE allows 5V-only opera-
tion in all modes, while on-board
addresses and on-board latches com-
pletely eliminate the requirement for
external circuitry.

Easier application design

The NMC9817 offers ease-of-design.
It’s ideal for storage of user-defined
functions, calibration constants, con-
figuration parameters, and accumulated
totals.

For more information, check box P7
on the coupon shown on the last page.



National’s New
NS8050U Microcon-
troller—Now Serial
Communication at
No Extra Cost
Display Driver

NS8050U
Master

National’s new NS8050U micro-
controller offers multiprocessing and
distributed processing capabilities via
MICROWIRE/PLUS™ serial communi-
cations.

MICROWIRE/PLUS is an advanced
three-wire serial communications
protocol that makes it easy to commu-
nicate between two or more CPUs and
to such MICROWIRE™ peripherals as
A/Ds, EEROMs, display drivers,
frequency generators and more.

Saves 1/0 lines

With MICROWIRE/PLUS, the lines
needed by typical eight-bit controllers
for data exchange with other processors
and peripherals, are reduced from eight
to three. This frees up 1/O lines so
designers can add more features and
functions to their systems.

Serial communications reduces
necessary pc board space, and markedly
lowers system cost. Nicest of all, the
NS8050U costs no more than a stand-
ard 8050.

Straightforward design-in

Design-in is simple. The 8050U
utilizes the familiar 8048 instruction
set, plus two new instructions (XCHM
and XCHS) required for serial
communications.

Code generation and device emula-
tion are fast and easy using National’s
MOLE™ development system. And, after

National Semiconductor

NS8050U
Slave

MICROWIRE/PLUS

CMOS Performance at NMOS Prices

By turning off the CPU at noncritical

times, power can be reduced (400mW,+4mW)
with no loss of memory.

developing the appropriate code, de-
signers can use the NS8040U (ROMless
version) controller to substantiate their
design.
Rich feature mix allows multiple
uses

Features like 256 x 8 RAM, program-
mable master/slave functions, and
piggy-back emulation allow the new
controller a diverse range of applica-
tions in such fields as automotive,
telecommunications, home security
systems, and more.

MICROWIRE/PLUS

COP498

NS8050U

MICROWIRE/PLUS
Serial communication between two CPUs
or multiple National MICROWIRE peripherals.

For any applications where eight-bit
microcomputer systems require several
peripherals—or where design engi-
neers wish to upgrade an 8050-based
system at no extra cost—the I/O-effi-
cient 8050U microcontroller outshines
the field.

Check box 89 on the back page of this
Anthem for complete information.

National Sets
Standard For

Surface-Mount
ape-and-Reel

As electronics manufacturers
automate production lines and adopt
surface-mount technology to lower
manufacturing costs, a better way is
needed to handle the high volume of
chips used in surface-mount assembly.

National’s new Surface-Mount Tape-
and-Reel offers the perfect component-
handling complement to these advanced
manufacturing operations.

Less handling, more savings

With Tape-and-Reel, the assembly
process is streamlined. Surface-mount
components are held, during shipment
and machine loading, in cavities of
conductive plastic tape. Pick-and-place
equipment automatically removes the
components in sequence, placing them
on the pc board quickly and accurately.

Because a Tape-and-Reel package
holds 10 to 25 times as many compo-
nents as a rail, the result is simplified
device handling and sharply reduced
labor costs.

Packaging technology of the future

Made from conductive PVC material,
the tape resists static charge buildup,
and each Tape-and-Reel carries a bar-
code label for automated, error-free
inventory management.

National’s Tape-and-Reel is compat-
ible with all surface-mount devices.
These include small-outline transistors,
small-outline ICs, plastic chip carrier
ICs, and (coming soon) ceramic
leadless chip carriers.

In addition, Tape-and-Reel specifica-
tions fully meet proposed EIA standard
RS-481 (Taping of Surface-Mounted
Components for Automatic Placing) to
guarantee compatibility with all sur-
face-mount pick-and-place systems in
use today.

For more information on the indus-
try’s leading Tape-and-Reel packaging,
check box T2 in this Anthem’s coupon.
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Quality/Reliability is a matter of policy

National Semiconductor

National’s Ship-to-Stock Program Reflects Customer Confidence

National is moving ever closer to its
quality goal—a zero defect rate. In the
past six years, the company’s IC rejec-
tions have dropped from 8000 parts
per million to an industry low of just
119 ppm.

That dramatic improvement in
product quality has helped contribute

to the strong success of National’s inno-

vative Ship-to-Stock Program.

Under the program, product is shipped
directly to customer stock, eliminating
the need for further electrical testing at
customer sites. That's quite a vote of
confidence for National’s strict quality
and reliability testing procedures.
Reduced manufacturing costs

The subsequent reduction in test
equipment, inventory space, and labor
hours means major cost savings for the
manufacturer. Under the Ship-to-Stock
Program, all elements are in place to

7 National Semiconductor

help customers improve product
quality —at board, subsystem, and
system levels.

Broad-scale tracking and service
resources

National’s rigorous in-house test and
assembly procedures ensure superior
ICs. Continuous worldwide component
tracking and reporting provide custom-
ers with up-to-the-minute reports on
outgoing ppm levels.

Customer

Finally, National’s Ship-to-Stock Pro-
gram relies on the experienced
engineers of the company’s Quality
Engineering Group to maintain top-line
support—support that strengthens the
quality of each customer’s product line.

With effective, fully implemented
programs like National’s Ship-to-Stock,
more and more customers are dis-
covering the truth to the old adage
“Quality begets quality.”
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Texas Instruments digital signal processor
helps Lear Siegler Inc. make your message
loud and clear...from anywhere.

® TI’s single-chip, high-performance ® TMS320 DSPs from TI support high- ® Complete development support for TI
TMS32010 digital signal processor speed and numeric-intensive applica- digital signal processors includes hard-
(DSP) assures highest quality tele- tions from communications to seismic ware, software, documentation, and
phone transmission (Page 2). processing (Page 3). application workshops (Page 4). P>
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When you're depending on the tele-
phone to get your message through, you
don’t need “singing” on the line. A
standard two-wire circuit “sings” when
signals traveling in opposite directions are
insufficiently isolated in a repeater. To
eliminate this problem, Lear Siegler,
Inc., manufacturer of repeaters used
worldwide, relies on the Texas Instru-
ments TMS32010 digital signal processor
(DSP). And cuts setup time for each
repeater from hours to minutes.

In the unique VFR-7608 repeater, TT's
TMS32010 performs all the functions of
analog equalizers, filters, and amplifiers
(see diagram opposite). It compensates
automatically for line impedance 8,000
times per second. Completely isolates the
opposing signal streams. Puts an end

to “singing.”

TMS32010 eliminates
reflections “by the numbers”
The standard solution to “singing” is an
analog network designed to cancel out
reflected signals on the line. But even
with expensive “precision” hybrids, the
best solution is a compromise that limits
usable bandwidth and gain.

Digital signal processing with the
TMS32010 balances the circuit across
the entire frequency band every 125 ps.
Because the repeater adapts continuously,
the circuit cannot “sing” at any frequency,
and its gain can be fully utilized.
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DSP cuts setup time to minutes
Tuning each analog repeater is an hours-
long, trial-and-error procedure for a
highly skilled technician. Using a com-
prehensive history of each circuit, he
must set 68 switches in an analog
repeater. T1's TMS32010 in Lear Siegler’s
new digital repeater eliminates 65 of
those switches. Ends the need to keep
detailed circuit histories. And the small,
affordable plug-in unit is interchangeable
with older repeaters.

So your message can always come
through—Iloud and clear.
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N

Setup is as simple as 1-2-3 with Lear
Siegler'’s adaptive telephone repeater using
TI's TMS32010 DSP. Whereas manual
adjustment of an analog repeater can take
many hours, only three simple switch settings
are required to assure rock-stable, “sing”-free
performance from the digital repeater.

274973
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signal processor squelches
in unique adaptive repeater.

ADAPTIVE

ADAPTIVE |

Heart of the adaptive repeater is TI's single- chip, 16/32-bit TMS32010 digital signal
processor. All the functions shown are achieved in real time through software operating on
signals digitized by conventional single-chip codecs.

The TMS320 family from Texas Instruments:
“Workhorse of digital signal processing.”

The TMS32010, first member of the
TMS320 DSP family, is TI's trailblazing
contribution to an important new tech-
nology. A Lear Siegler engineer who has
been following the progress of digital
signal processing from its inception says,
“The TMS32010 is the first device that

can reliably do what we need. It’s a real

workhorse: The ‘8080’ of DSP.”

TI’s TMS320 DSPs

excel at high-speed, numeric-
intensive applications
High-performance TMS320-family DSPs
from Texas Instruments will find wide-
spread use in many fields where large
volumes of high-speed computation are
required. In telecommunications, they
can also be used to build high-speed
modems with data-transmission rates up
t0 9,600 baud. They can make speech
recognition, analysis, and synthesis prac-
tical. Speed image processing and pattern
recognition. Facilitate high-speed process
control and instrumentation. Process
radar, sonar, and seismic signals. And
furnish the multiple functions often
required for a single application.

For example, a TMS320 DSP could
enable an industrial robot to synthesize
and recognize speech, sense objects and
their orientation, and perform mechan-
ical operations through digital servo-loop
computations.

High-speed modem functions are effectively
performed by TI's TMS32010, as well as such
expanded functions as auto-dial/answer, dial-
tone verification, busy-signal detection, and
self-test routines.

The TMS320 family, with its exten-
sive development support (see page 4),
can handle all the signal processing for
spectrum analysis: Autocorrelation,
windowing, fast Fourier transforms—
performing a 64-complex-point FFT in
only 550 ps. And for seismic processing
involving very low frequencies which
only a digital system can implement.

Image enhancement, pattern recogni-
tion, and data compression are all
possible with TMS320 processors. They
can extract features and perform template
comparisons for optical character
recognition.

A one-chip alternative

to bit-slice processing

TI’s 16/32-bit TMS320 DSPs offer an
inexpensive alternative to multichip bit-
slice processors. They combine the
flexibility of a high-speed controller with
the numerical capability of an array
processor—on a single chip, in one 40-
pin DIP.

Highly pipelined architecture and a
comprehensive instruction set give the
TMS320 the speed to execute five
million instructions per second with 32-
bit precision: More than fast enough, for
example, to handle the 40 additions and
40 multiplications necessary for realtime
voice-frequency processing within the
125-ps sampling interval. A conven-
tional microprocessor, operating at 8
MHz, would require 900 ws, and quickly
become bogged down in the signal
stream.

Now in three versions

The TMS32010 microprocessor has 288
bytes of on-chip data RAM, and can
address up to 8K bytes of off-chip
memory at full speed.

The TMS320M 10 microcomputer is
identical to the TMS32010, but it also
includes 3K bytes of on-chip mask-
programmed ROM.

The military version, SM]32010]DS, is
processed to the extended temperature

range requirements of MIL-STD-883B.

To learn more about the many
applications and available development
support for TMS320-family DSPs, return

the coupon on the following page.

%

See back page for more information.



In-depth support for the TMS320 family of TI DSPs includes a host-independent development system, an evaluation module, emulator and

analog interface board, as well as assembler/linkers and simulators that can run on a variety of host computers and PCs. Documentation

is extensive and thorough.

Develop your own DSP applications
with comprehensive support from TL

Texas Instruments has assembled an
extensive group of development-support
packages for the TMS320 family of VLSI
digital signal processors (see table). In-
cluded are all the hardware, software,
and documentation you need to utilize
the power and speed of TMS320 DSPs in
your designs. A rapidly growing volume
of third-party support is also available.

Use your own PC as a
TMS320 development station

The latest addition to TI’s development-
support software is the TMS32010
Digital Filter Design Package developed
by Atlanta Signal Processors Inc. It
makes your Texas Instruments Profes-
sional Computer or IBM PC a cost-
effective, easy-to-use, digital-filter design

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

Please send me information about:

PR 22 [] TI's TMS320 family of Digital Signal Processors.
PR 24 [] Third-party support for the TMS320 family.

TMS32010 Software and Hardware Support

Host Operating Part
Computer System Number

Macro Assembler/Linkers

TI990 DX10 TMDS3240120-08
DEC VAX VMS TMDS3240210-08
DEC VAX Berkeley UNIX 4.1 TMDS3240220-08
DEC VAX Berkeley UNIX 4.2 TMDS3240230-08
BM MVS TMDS3240310-08
IBM CMS TMDS3240320-08
TI/IBM PC MS-DOS TMDS3240810-02
Simulators
DEC VAX VMS TMDS3240211-08
TI/BM PC MS-DOS TMDS3240811-02
Hardware
Evaluation Module (EVM) RTC/EVM320A-03
Analog Interface Board (AIB) RTC/EVM320B-06
Emulator TMDS3262210
_________________________ -

SPRO63E1400C

NAME

TITLE

COMPANY

ADDRESS

CITY

STATE ZIP

AREA CODE TELEPHONE

EXT.

station. With it you can produce the
TMS32010 source module. Then you
can assemble the code and simulate it in
software on the PC. Later you can
download the code into the hardware-
development system for realtime
emulation.

Two versions are now available:
DFDP-TI001 for the Texas Instruments
Professional Computer, and DFDP-
IBMOO1 for the IBM PC.

Learn in TI workshops

Texas Instruments supplies comprehensive
documentation with each device. A
growing library of application reports will
also assist you in the design of digital
signal processing circuits using TI’s
TMS320 DSPs.

Three-day DSP workshops, including
extensive hands-on experience, are con-
ducted periodically at Texas Instruments
Regional Technology Centers. For reg-
istration information, call the Regional
Technology Center nearest you:

Atlanta, (404) 452-4686; Boston, (617)
890-4271; Chicago, (312) 228-6008;
Dallas, (214) 680-5096; Northern Califor-
nia, (408) 980-0305; Southern California,
(714) 660-8164.

j
TeExAas “’
INSTRUMENTS

Creating useful products
and services for you.



U.S. MEETINGS

IEEE International Conference on
Computer Design (ICCD 84), Oct.
7-11. Rye Town Hilton, Port Chester,
N.Y. Harry Hayman, IEEE Computer
Society, PO Box 639, Silver Spring, Md.
20901; (301) 589-8142.

1984 ACM Annual Conference, Oct.
8-10. Hilton Hotel, San Francisco, Cal-
if. Alexander Roth, 9900 Main St., Suite
303, Fairfax, Va. 22031; (703) 385-0211.

Electronics Manufacturing Techno-
logies & Systems 84 (EMTAS 84), Oct.
9-11. North Carolina State University,
Raleigh, N.C. Gerri Andrews, Society of
Manufacturing Engineers, 1 SME
Drive, PO Box 930, Dearborn, Mich.
48121; (313) 271-1500.

Circuit Expo '84, Oct. 16-18. Centrum,
Worcester, Mass., Worldwide Conven-
tion Management Co., Box 159, Liber-
tyville, I1l. 60048; (312) 362-8711.

Fifth Annual Assembly Technology
Expo, Oct. 16-18. O’Hare Expo Center,
Rosemont, I1l. Richard Lewis, Assembly
Technology Expo, 2400 East Devon
Ave., Suite 205, Des Plaines, Ill. 60018;
(312) 299-3131.

Maecon/84, Oct. 16-18. Cervantes
Convention Center, St. Louis, Mo.
Ohmecom/Maecon, PO Box 699, Utica,
Miss. 48087; (313) 731-4551.

Nepcon Northwest, Oct. 16-18. San
Mateo Exposition Center, San Mateo,
Calif. Jerry Carter, Cahners Exposition
Group, Cahners Plaza, 1350 E. Touhy
Ave., PO Box 5060, Des Plaines, Ill.
60018; (312) 299-9311.

International Test Conference 1984,
Oct. 16-19. Franklin Plaza Hotel, Phil-
adelphia, Pa. Harry Hayman, PO Box
639, Silver Spring, Md. 20901; (301)
589-8142.

Unix Expo, Oct. 16-18. Sheraton Cen-
tre Hotel, New York, N.Y. National Ex-
positions Co., Inc., 14 West 40th St.,
New York, N.Y. 10018; (212) 391-9111.

1984 Conference on Electrical Insu-
lation and Dielectric Phenomena,
Oct. 21-24. Wilmington Hilton Hotel,
Calyton, Del. Steven Boggs, Ontario
Hydro Research, 800 Kipling Ave.,
Toronto, Canada M8Z 665; (416)
231-4111, ext. 6735.

Convergence 84, Oct. 22-24. Hyatt
Regency Hotel, Dearborn, Mich. Bruce
McCristal, General Motors Corp.,
10-263 General Motors Bldg., Detroit,
Mich. 48202; (313) 556-2025.

International Symposium for Testing
and Failure Analysis (ISTFA), Oct.
22-26. Los Angeles Airport Hilton, Los
Angeles, Calif. Doug McCormac, IS-
TFA, PO Box 4110, Torrance, Calif.
95010; (213) 217-4310.

ISA ’84, Oct. 22-25. Houston Astrohall,
Houston, Texas. Elinor Munsch, 67
Alexander Drive, PO Box 12277, Re-
search Triangle Park, N.C. 27709; (919)
549-8411.

The International Telemetering
Conference (ITC), Oct. 22-25. Riviera
Hotel, Las Vegas, Nev. Michael D.
Lloyd, The Judith-Michaels Agency,
1108 Celis St., San Fernando, Calif.
91340; (818) 365-6986.

Indycon ’84, Oct. 23-24. Indiana Con-
vention Center and Hoosier Dome, Indi-
anapolis, Ind. Elise Ogden, H. V.
“Hank” Oakwood, 5160 E. 65th St., Suite
A, Indianapolis, Ind. 46220; (317)
842-3024.

Fourth Annual International Elec-
tronics Packaging Conference, Oct.
29-31. Omni International Hotel, Bal-
timore, Md. Evelyn Ashman, IEPS, PO
Box 333, Glen Ellyn, Ill. 60137; (312)
260-1044.

The Third Annual Pacific Northwest
Computer Graphics Conference, Oct.
29-30. Hult Center for the Performing
Arts and Eugene Conference Center,
Hilton Hotel, Eugene, Ore. Third Annu-
al Pacific Northwest Computer Graph-
ics Conference, Continuation Center,
333 Oregon Hall, University of Oregon,
Eugene, Ore. 97403; (503) 686-4231.

Wescon ’84, Oct. 30-Nov. 2. Anaheim
Convention Center, Anaheim, Calif.
Electronics Conventions Management,
8110 Airport Blvd., Los Angeles, Calif.
90045; (213) 772-2965.

(continued on p. 25)
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Best
switch
on earth
and beyond!

Shooting for the moon?

Our rotary switches have been there
and back. And on almost every NASA
project since the space program began.

We make everything from micro-
miniature rotary selector switches to
totally enclosed explosion-proof
power selector switches, for major
airframe and aerospace contractors all
over the globe.

And, if we don’t have what you need,
we can design and custom build a
switch to your exact specifications.

Even if they're out of this world.

Janco
An ESOP Corp.

P.0. Box 3038, 3111 Winona Avenue
Burbank, CA 91504 Phone (213) 846-1800
TWX 910-498-2701

CIRCLE 12



CMOS is a Solid State of mind

Whatever you’re building can now be

smaller, faster, and more powerful...
if you use our new 75 ns 256K CMOS ROM

With our new 23C256—the fastest 256K in the world—
you'll get those great design ideas of yours off the
drawing board and into production. You'll also get fast
delivery. With our late mask programming, you’ll get
prototypes in just 3 weeks, production orders in 7.

You'll be getting world-class speed too—with
access times as fast as 75 ns under typical operating
conditions. Over the commercial temperature range,
you can get parts with worst case access times of 100
and 120 ns. Or industrial and military temperature
range devices with 150 ns worst case. All this speed and
low power too—100 pW typical standby power and
35 mW typical operating power.

Improve your computer designs
computers to cut size and weight . . . increase the
number of applications programs in resident firmware
... or reduce system software development time by
writing your programs in high level languages. You'll
keep your system design simple and flexible too,
because the 23C256 has a 28 pin JEDEC
approved pinout.

Design the car of the future
The 23C256 will let you improve and expand your
engine control capabilities . . . and build in a whole new
range of dashboard convenience features.

Enhance your
telecommunications equipment
Drop the 23C256 into mobile cellular radios . . . call
processing systems . . . and voice/data PBX switching
systems . . . to boost both speed and capability without
increasing board size.

Add military might
Use military temperature versions of our 23C256 (150
ns worst case) in critical avionics systems . . . torpedo
guidance systems . . .“smart” missiles . . . field portable
communications equipment . . . and build in a whole
new range of high speed processing capabilities.

Get a fast head start
Don’t wait for your competitors to force your hand.
Call 215-657-8400 now. Solid State Scientific Inc.
3900 Welsh Road, Willow Grove, PA 19090

‘‘See us at Booth #3480 at WESCON"”

% Solid State Scientific

CMOS ResponsAbility ™

CIRCLE 13



(continued from p. 23)

Intellec ’84, Nov. 4-7. New Orleans
Hilton Hotel, New Orleans, La. R. R.
Garreau, AT&T Technology Systems,
Gateway II, Room 1806, Newark, N.J.
07102; (201) 468-5493.

Lasers in Graphics, Nov. 4-8. Hyatt
Regency, New Orleans, La. Dunn Tech-
nology Inc.,, 749 E. Vista Way, Vista,
Calif. 92083; (619) 758-9460.

The Second International Congress
on Advances in Non-Impact Printing
Technologies, Nov. 4-8. Stouffer’s
Concourse Hotel, Arlington, Va. Robert
H. Wood, SPSE, 7003 Kilworth Lane,
Springield, Va. 22151.

Autotestcon ’84, Nov. 5-7. Washing-
ton, D.C. Autotestcon, 1725 Jefferson
Davis Highway, Suite 704, Arlington,
Va. 22202.

Federal Office Automation Confer-
ence, Nov. 6-8. Washington Con-
vention Center, Washington, D.C. Fed-
eral Office Automation Conference, PO
Box 322, Wayland, Mass. 01788; (617)
358-5301.

Government Microcircuit Applica-
tions Conference (GOMAC ’84), Nov.
6-8. Riviera Hotel, Las Vegas, Nev.
John Bart, Rome Air Development
Center/RB, Griffiss AFB, N.Y. 13441;
(315) 330-3064.

International Conference on Com-
puter-Aided Design (ICCAD ’84),
Nov. 12-15. Santa Clara, Calif. John
Domiter, AT&T, Room 4K523, Holmdel,
N.J. 07733; (201) 949-6675.

Automation ’84, Nov. 13-14. Stanford
Holiday Inn, Palo Alto, Calif. Lori
Savate, Semi, 625 Ellis St., Suite 212,
Mountain View, Calif. 94043; (415)
964-5111.

Interface I, Nov. 13-15. Conrad Hilton
Hotel, Chicago, I1l. Marie Curcio, Amer-
ican Production and Inventory Control
Society, 500 W. Annandale Road, Falls
Church, Va. 22046; (703) 237-8344.

Power Conversion Products Council
International (PCPCI), Nov. 13-14.
Sheraton International, O’'Hare, Rose-
mont, I1l. Betsy Bevington, PCPCI, Box
637, Libertyville, I11 60048; (312)
362-3201.

Fallcon ’84, Nov. 14-15. Stouffer’s Five
Seasons Hotel, Cedar Rapids, lowa. H.
L. Jim Hanson, IEEE, Cedar Rapids
Section, PO Box 451, Marion, Iowa
52302; (319) 395-3505.

Comdex/Fall, Nov. 14-18. Las Vegas,
Nev. Peter Young, The Interface Group
Inc., 300 First Ave., Needham, Mass.
02194; (617) 449-6600.
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Electronic Design Editorial Reprints can help
you spot the trends all year long.

(] 101. Designing LSI-based telecommunications systems. A six-part series of
design engineering articles. (32 pages) $4.00

[J 102. LSI for telecommunications design. A two-part series on the wide range of
new LS| devices emerging as the basis for new telecomm systems. (28 pages) $4.00

(] 103. Designing data-communications systems. A five-part series of design
engineering articles. (40 pages) $4.00

[ 104. The bubble-memory design challenge. A four-part series of design engineer-
ing articles covering devices from Texas Instruments and Rockwell, as well as
magnetic-bubble system test techniques. (20 pages) $4.00

[J 10s. Designing bubble-memory systems. A five-part series of design engineering
articles covering devices from Texas Instruments, National, Fairchild, Intel and
Rockwell. (28 pages) $4.00

J 10s. Designing 16-bit microcomputer systems with the MC 68000. A four-part
series of design engineering articles. (20 pages) $4.00

] 107. Programming in Pascal. A six-part series of design engineering articles.
(36 pages) $4.00

[J 108. Fiber optics—Assessing a new technology. A five-part series on new com-
ponents, cables, and systems applications. (20 pages) $4.00

[J 109. Fiber optics —Designing with a new technology. A five-part series of design
engineering articles on coding, analog transmission, connectors, emitters and ter-
minations. (24 pages) $4.00

J 110. Switching power supplies—Components, configurations and models. Seven
design articles, including a four-part series on moving from 20-kHz to more than
200-kHz operation. (44 pages) $4.00

i Microcomputer Operating Systems wall chart. A 20 x 30-in. chart listing the
features of more than 100 operating systems for microcomputers. $2.00

[] DR-1: Designer's Reference to semiconductor memories: PROMs and RAMs.
Thirty-tive pages of design data, including performance summaries and pinout
sketches. $6.00

Name Title = e
Company Address =
City State = Zip

Send to: Electronic Design Reprints, 10 Mulholland Dr., Hasbrouck Heights, NJ 07604
Please enclose payment with your order. (New Jersey residents add 6% sales tax.)

o ]

Simulator/Debugger for IBM-PC
for 8048 - 8051 - 7000 uCs

[rum oN
ron |
8815 outl P1,a ResetLoop
8816 anl p2,Blatch
8818 orl pZ,inot latch Init state
B81A jf1 VoltsOK —

" IncUolts zeroDAC
BB1C add a,814
BBIE jfB pastSwitch DAC ¢ B
8828 call incB15S .
8822 inc r5 doLoop
8823 jnt8 turnOMmotor

8814 inc rl
doLoop

- - Main Loop
R8 88 R4-8F AC-BB FB-8 F1-8 PC-881C
R1-83 RS-82 PS-88 T@=1 T1:1 CC-01F1
R2-8@ Ro-B1 CT-B2 BS:=8 CY:8 P1-88 no

{Volt:Max)— yes
R3 88 R7-80 PA-BO TF-8 IN-1 P2-FF

IncVolts VoltsoK

IU—\IOGU
—

ds:RB - 88 B3 86 B8 BF B2 A1 A

input Breakpoint Address: 55

Execute and debug code for popular single chip micro-
computers on your IBM PC. Dynamic display with windows
for source code, control flow, registers, flags, memory,
commands, and more! Set breakpoints, traps, etc. Cross-
assembler & EPROM programmers, too.

8048 8051 7000 Z8 Demo, disk
X-Assembler | V| V| V| V| $195 and manual
EPROM Prog VI iv]iv]v] $245 for simulator
Simulator vVivi v $395] only $39.50

Cybernetic Micro Systems

Box 3000 ® San Gregorio. California 94074 U S A
(415) 726-3000 ® Telex 171-135 Attn: Cybemetics
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sformers

3 KHz-800 MHz
over 50 off-the-shelf models

from $295

Choose impedance ratios from 1:1 up to 36:1,

connector or pin versions (plastic or metal case built

to meet MIL-T-21038 and MIL-T-55831 requirements*).
Fast risetime and low droop for pulse applications;

up to 1000 M ohms (insulation resistance) and up to 1000V
(dielectric withstanding voltage). Available for

immediate delivery with one-year guarantee.

Call or write for 64-page catalog or see our catalog in
EBG, EEM, Gold Book or Microwaves Directory.

now ,
(Sompbray Mini-Circuit
computer-automated INI-GIFCUITS
m A Divis f Scientific C ts C t
m Once dmu World'’s largest maéﬁ?laoc"&rerméyl‘ bgutylgigglearﬁ:eg 3\%3;;

P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500
Domestic and International Telex 125460 International Telex 620156
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PERSONALLY SPEAKING

32-bit systems take on

a host of functions,

playing catch the VAX

the attention of system designers,

another battle is shaping up, this time
among the new systems being designed with
the latest off-the-shelf processors. Although
they may differ widely in looks and in
applications, they have one common goal —to
approach the performance of the popular VAX
family. Thus engineering workstations,
sophisticated CAD tools, and some personal
computers are all incorporating features with
that end in mind.

Systems designed with 32-bit chips such as
the 32032 and the 68020 are able to handle
multiple users or multiprocessing,
consequently adding traditional minicomputer
functions like memory management and
protection. Their operating systems are
protected as well, reducing the possibility of
the systems going down. One shining example
is the recently introduced 32-bit computer
from Sequent Computer Systems Inc.
(Portland, Ore.). It shares its load among up to
12 architecturally identical processors.

In another area, the new processor chips are
making fault-tolerant computers much more
prevalent. Further, although the ability to
execute floating-point arithmetic was
available at 16 bits, its true value will become
apparent with the wider data buses—and
faster data transfers—of 32-bit CPUs. Equally
important, virtual memory—already available
for 16-bit processors—will become absolutely
necessary for 32-bit systems to handle their
inherently larger programs.

Another reason behind the move to systems
built with standard processors is that such
chips can be produced at dramatically lower

E ven as 32-bit chip families compete for

costs than many of the older minicomputers.
Those still rely on bit-slice processors, custom
chips, or multiple boards to accomplish
floating-point processing and memory
management. The difference in cost could
widen further as the semiconductor
manufacturers go into large-volume
production on their processor families.
Unbelievably, some estimates see 32-bit
engineering workstations sporting
bargain-basement price tags of between $3000
and $12,000. In comparison, minicomputers go
for $100,000 or more. To force costs even lower,
semiconductor manufacturers are gearing up
to offer board-level subsystems.

The plunging price of VAX-like machines is
only part of the story: Incredibly, system
designers are now asking for more advanced
32-bit processors. These devices are already on
the drawing boards and will boast higher
processing speeds, increased integration,
and—with CMOS’s help—lower power
consumption than their predecessors.

The ultimate aim remains unchanged:
Create a multiprocessor system by 1987 that
matches the performance of the recently
introduced VAX 11/785. To keep things
interesting, Digital Equipment is already
working on more powerful versions of its VAX
based on proprietary 32-bit chips. To catch up,
system designers will have to be pretty fast on
their feet—they’re chasing a moving target.

Mot Ho0

Martin Gold
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NEED AN
ULIRA HIGH
EFFICIENCY

LINEAR
REGULATOR?

THE GENERAL
DELIVERS.



Even at 18 amperes,
our regulators can deliver
5 to 24 volts with less than
1 volt dropout.

Honest.

¢ PM-1
" low dropout
regulators are
available in

3,6,12, and 18A.

We said “honest” because this kind of perfor-
mance is nothing short of incredible.

Without this accompanying chart, you
might not even believe it.

Our PM-1 family of ultra-low dropout linear
regulators allows an engineer to design a high current
output using a regulator with very low noise and
fast line and load transient response.

Think what that means.

You can kiss those large heat sinks good-by.
Ditto the fans, expensive transformers, and big,
bulky packages.

Our 18A module is only 1.5"%2.0" and
0.5" high. Lower current versions are even smaller.

And don't forget the added reliability that

comes from reduced parts count.

You've waited a long time for this product.
Thanks to a proprietary custom-control chip
and some innovative technology, we've come through
with one of the most wished-for products in power
supply design.
Imagine getting 5V of clean power from
a regulator that requires only 5.2 to 6.0V input.
That approaches the theoretical.
Such high performance makes these products
ideally suited for any high rel, low noise application;

for example, instrumentation, telecommunications,
mass memory, portable battery-operated equipment,
analog I/O and microprocessor/interface applications.

An entire product family.
Our PM-1 regulator family covers a fairly
broad range of standard currents and voltages.
Products are available in 3, 6,12, and 18A.
And in standard voltages of 5, 12, 15, 18, and 24V.
Thats 20 standard products right there.
We also do customs and specials. We'll design
you a product from 1A to 18A and with voltage
ratings between 1.2 and 24V.

A few more interesting specs.

These regulators come with three stan-
dard terminals, plus two additional pins used for
remote sensing

The thermally efficient modular package

emrose 15 designed to bolt
L 1/ directly onto the user’s
ZL | heatsink or PC board.
Its completely self-
contained and includes
an output power stage,
built in current limit-
oM ing and associated
= control electronics.
: For more
than 10 years Silicon
General has been the
innovator in power
control IC design.
We've made our mark with supervisory circuits,
motor drives, PWMs5, linear voltage regulators and
power op amps. As you can see, with our new fam-
ily of ultra-high-efficiency regulators we still haven't
lost our touch.

For details, send in the bingo. For specific
questions, call Dan Loyer at Silicon General, Power
Products Group, 940 Detroit Avenue, Concord, CA
94518. (415) 686-6660. TWX: 910-481-9477.

SILICON
GENERAL

Solutions for Data Conversion and Power Management
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Tough systems terrifory.
Gate array performance.

On military turf, where performance

in heat, cold, and radiation is the name of
the game, you’d better be in shape. With
total military performance gate arrays.
By design.

O Raytheon Semiconductor Division designs
for military performance: Refined bipolar
technology designed from scratch expressly for
high speed, low power and radiation tolerance over
the full military operating temperature range.
Double the speed and half the power of LS.
Documented radiation hardness.

O Service and support: Complete in-house inte-
gration of design and manufacturing. Fully auto-
mated CAD (including conversion from logic
simulation to placement and routing, linkage
between logic simulator and tester).

O Credentials: Trident Il, Milstar, F-111, F-15,
F-16, F-18, B-1, SICBM, JTIDS, AIM-7M, Patriot,
ALQ 135 and other programs.

RAYTHEON

Semiconductor Division

O Advanced technology: Five array densities
from 800 to 2400 gates. Efficient Integrated
Schottky Logic (ISL) bipolar technology. 2.3nS,
350uW (typ) gate performance . . . for 0.8pJ
speed-power product. Selective enhancement to
1.8nS.

[0 Call Raytheon Semiconductor

Division: Specifications, application notes,
technical and cost proposal for your application.
415/966-7716.

Advanced Analog and Digital VLSI Products for
Commercial and Military Applications

Access to the Right Technology
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TECHNOLOGY NEWS

NEWSPULSE

Accelerator and workstation break simulation record

test that simulated the equivalent of 292,000 two-input NAND gates proved
A tobe the largest benchmark test ever run on a workstation, with that machine

capturing the schematic and uploading the resulting net list. The entire test
took just 10 minutes, with a hardware accelerator spending only 17 seconds of that
actually simulating the circuitry. Conducted at Westinghouse Co.’s Defense Electronic
Center (Baltimore, Md.), the test teamed up the Model 2000 workstation from CAE
Systems Inc. (Sunnyvale, Calif.) with the LE 1008 data-flow hardware accelerator
from Zycad Corp. (Arden Hills, Minn.). Aside from the 17 seconds, the remaining
time was given to uploading the net list to the accelerator and downloading the
simulation results to the workstation.

SPICE models MOSFETs, minimizing breadboard testing

recise SPICE models of power MOSFETSs will simplify the design of
P switching-power supplies and power-control circuits containing these high-
speed transistors, thereby shortening the prototyping cycle. In the past, the
models could only emulate low-power units (up to 1 or 2 W). The new models, developed
by RCA Corp.’s Solid State Division (Mountain Top, Pa.), will handle units of any size
or power rating. To represent the MOSFETS in a circuit, a designer will only have
to enter data-sheet specifications or a few simple measurements into the model.

Connectorless tapping cuts fiber-optic bus losses

T apping an optical-fiber bus directly rather than through connectors and couplers
reduces excess losses from about 3 dB to less than 0.2 dB. Direct tapping was
accomplished by chemically stripping two plastic-clad silica fibers with
200-pm diameter cores and twisting the fibers together. To ensure maximum coupling,
the optical power output of the fibers was monitored while the fibers were being
twisted. Afterward, the fibers were reclad and joined with epoxy. Scientists at Bell
Communications Research Inc. (Murray Hill, N.J.) developed the technique,

successfully testing it on a multimode fiber with 5 dB/km of attenuation and a bandwidth
of 20 MHz-km.

IBM tips scales in favor of Virtual Device Interface

DI, which is currently being considered by ANSI as an industry standard for
v personal computer graphics software, got a big boost when IBM Corp.

(Armonk, N.Y.) endorsed its use for personal computers with medium- and
high-resolution screens. A standard driver would simplify the job of application
program developers, who would no longer have to produce different versions of their
products for each kind of computer and CRT. The Virtual Device Interface, developed
by Graphic Software Systems Inc. (Wilsonville, Ore.) is a simplified version of the
powerful Graphical Kernel System (GKS) and works like an operating system for
graphics. Already widely used, it is one step closer to being the de facto industry
standard as a result of IBM’s support.
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TECHNOLOGY NEWS

212A modem chip packs more funtions on board

ne of the most complete 212A modem chips has a switched-capacitor modulator
and a digital coherent demodulator, as well as switched-capacitor filters. The
on-chip filters isolate channels, shape spectrums, and equalize the signals in
high- and low-speed modes. Additionally, the receiver filter can operate as the front
end for a smart dialer. Now in the final stages of development at the Linear Division
of Fairchild Corp. (Mountain View, Calif.), the modem operates at a full 1200 or 300
bits/s, as set by the Bell 212A standard. The modem needs only a microcontroller and
aline interface circuit. The CMOS modem will draw just 75mW when powered by + 5V.

Software package tracks pc boards’ service history

anufacturers of printed circuit boards have long been plagued by hidden
Minventories that loop endlessly between testing and repair stations.

Fortunately, forthcoming software promises to keep track of those boards,
linking repair data to a relational data base that records a board’s chronological failure
and repair history. In fact, the package, created by Zehntel Inc. (Walnut Creek,
Calif.), compares tester-generated diagnostic information with the action taken at the
repair station, alerting service personnel to discrepancies between the test and the
remedy. Dubbed IRIS, for Integrated Rework Information System, the software will
be unveiled at the International Test Conference, Oct. 16-19 in Philadelphia.

MAP controllers link wide uwP buses

actory networking takes another step toward reality with the announcement

of the first token-passing bus controller chips to conform to the Manufacturing

Automation Protocol, conceived by General Motors Corp. (Detroit). The chips,
which are expected to be sampled sometime next year, will allow all popular 8- and
16-bit microprocessor buses to communicate. Further, they will be able to handle both
MSB- and LSB-first transmissions. The controllers are the work of Motorola
Semiconductor Products Inc. (Phoenix, Ariz.) and Concord Data Systems Inc.
(Waltham, Mass.). Motorola’s version is also being designed to work with its 32-bit
microprocessor, the 68020.

Alternative-source pact leads to standard-cell library

ystem designers will soon be able to draw on a broad CMOS standard-cell

library of 3-wm—and eventually 2.3-pm—SSI and MSI chips, following a recent

alternative-source agreement among Texas Insturments Ine. (Dallas),
Philips Export BV (Eindhoven, the Netherlands), and Signetics Corp. (Sunnyvale,
Calif.). According to the pact, TI will contribute 150 SSI, MSI, and I/0 cells, whereas
Signetics and its parent Philips will contribute 40 complex MSI cells. At the 2.3-um
level, Philips and Signetics will prepare an additional 80 MSI cells. The library’s cells
will be compatible with design-automation systems from Daisy, Mentor, FutureNet,
P-CAD and Valid Logic.
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Harris CMOS Precision
Analog Switches:

the dielectric difference.

Astute specifiers of the precision 30X/38X Harris 30X/38X Product Summary

switch series—the industry standard —are R
: . (@) | Ip(orF)(NA) | toN)(NS) | t(oFF)(NS) | pp(mw)

turning on to the advantages of Harris CMOS e g
Analog 30X/38X Switches. FUNCTION | DEVICE | (TYP) (TYP) (TYP) (TYP) (TYP)
They know that only Harris CMOS Analog 2 x SPST HI-300 35 0.04 210 160 1
Switches are fabricated by the exclusive Harris HI-304 | 35 0.04 210 160 0.3
D_ielectric Isolation (DI) process that results in HI-381 | 35 0.04 210 160 1
highest performance: SPDT HI-301 | 35 0.04 210 160 1
. $§e %owest lel?ar}{age current: 40 pA HI-305 | 35 0.04 210 160 0.3
* The lowest charge injection: 3 mV HI-387 | 35 0.04 210 160 1
¢ The lowest ON resistance: 35 ohms o 94 e 5 e 360 3
e A standard maximum power supply voltage A :

of44V HI-307 35 0.04 210 160 0.3
Harris 30X/38X Analog Switches are available Hi:3%0 | 8 0.04 Al 100 L
in 12 pin-compatible models to replace 2 x DPST HI-302 | 35 0.04 210 160 1
whatever precision to general-purpose device HI-306 | 35 0.04 210 160 0.3
you're now using in your military and in- HI-384 | 35 0.04 210 160 1
%‘lllsmati?hiamns' ior Harris CMOS For your information, our name is Harris.
tec(lauslwll 1550 SUPET IO S atTS For more information, write: Harris Semiconductor Analog

nology. Products Division, P. O. Box 883, MS 53-035,

Get it on! CIRCLE 19 Melbourne, Florida 32902-0883.

Harris Semiconductor Sector: Analog ¢ Bipolar Digital « CMOS Digital e Gallium Arsenide  Semicustom ¢ Custom

Harris Technology
... Your Competitive Edge % HARRIS



. Afamilyof
devices for

®
[

designers who
.- think beyond.

GTE Microcircuits lets you create the CMOS designs
of tomorrow, today. That's because we offer you a
complete family of leading edge CMOS devices...

a family developed with a total systems strategy in
mind. So you can get CMOS logic, memory, and
communications devices—semi-custom as well as
standard—from the same company. And know you're
getting the very best of new CMOS. It's what our
advanced silicon gate CMOS process is all about!

The center of our CMOS universe.
Our G65SCO00 series CMOS microprocessors have
risen rapidly as luminaries of the 8-bit world. And no

* wonder! They're easy on the power and fast as

shooting stars...with performance approaching low-
power Schottky and TTL bipolar processes.

The support you need.

We offer you full system support in CMOS—with
ROMSs, buffers, serial and parallel peripherals, RAM
1’0 timers, and more. In the communications area, we
support you with a number of CMOS VLSI innovations.
Like our G8870A integrated DTMF receiver, a single-
chip combination of our DTMF decoder and filter



.

devices. Or our G65SC150 communications terminal Launch your all-CMOS design today! - .
unit: an 8-bit CPU, ROM, RAM, timer, |/O and sine For complete information about our advanced CMOS -
wave generator...all on a single chip! family, write us on your letterhead. If you can't wait

- b i to blast off, call us right away. GTE Microcircuits,
Out-of-this-world semi-custom, too. . Marketing Services, 2000 West 14th Street, Tempe, :
Want to personalize your design with semi-custom? AZ 85281, Tel: (602) 968-4431, TWX: 910-951-1383.
No problem. Our G50000 series gate arrays let you For the name of your nearest GTE Microcircuits
convert the most complex SSI/MSI logic into a single distributor, call: WEST—(714) 855-9901; CENTRAL—
IC with up to 2,500 gate-equivalent functions. And, i (312)259-1112; EAST—(516) 724-8300; EUROPE
thanks to our state-of-the-art Automated Logic . (Munich, W. Germany)—Tel: 089/1 78 20 31,
Integration System (ALIS), you'll get super fast . TLX 528452 GTEMC D. .
turnaround on our semi-custom devices. They're all .
implemented in our leading edge silicon gate CMOS : ]
process——a process also available to you through our . . s
customer-furnished tooling program. o o’ ; <

Your CMOS master source. 4 . " :

We're already galaxies ahead in CMOS. And it's only GTE MICI’OCIrCl._IltS .

the start. In the future we'll be announcing several 2
new CMOS products.. like a 16-bit microprocessor,

LAN controller, Codec combo, and more. As a major

force in advanced CMOS, we've established outselves ™
among the ranks of the major semiconductor companies

- In the marketplace.. with a full commitment to meeting . X
your present and future needs for leading edge products ‘ ¢ 1983

"
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DISPELLING THE MYTH ABOUT
SINGLE CHIP MICROCOMPUTERS.

-

Single chip microcomputers are marvels of
advanced electronic technology. Going beyond
even the tiny architectures of today’s general-pur-
pose microprocessors, they combine the functions
of multiple chips to form a single-device solution.
Indeed, they are awesome machines.

But after their introduction, myths grew up
around MCU's. Designers believed that they were
difficult to design with; that there wasn't sufficient
hardware and software support for them; that those
who selected them would get a Sisyphus Complex.
Sisyphus, you remember, is the character in ancient
Greek mythology who was condemned forever
to push a rock up a hill. Just as the rock reached
the top, it escaped Sisyphus and rolled back to
the bottom.

Some MCU's, no doubt, deserve the stigma
of this myth. But one definitely does not. Zilog's 78"
MCU Family. For there is more than enough evi-
dence to prove that the Z8 chip is not only the fastest
MCU around, but it's the easiest to work with, too.

In fact, it should be the chip of choice for any dedi-
cated control applications that must get to market

This is the first in a series of technical papers from Zilog, designed
to give engineers new insights into Zilog microprocessors—what
advantages they provide for particular products and why they are
the choice among engineers who need optimum performance.

on time —even if you need large quantities of them
to fill your needs. Because the Z8 device is available
now for off-the-shelf delivery.

But what does ease of design mean to you?
What do you look for when you select a chip? What
do you need to make your job easier? Whatever
itis, you'll find Zilog provides everything you need,
and more:

» Hardware and software development tools
» An existing software base

» Factory and field sales support

* Preproduction parts supplies

Z-SCAN™ 8 PROVIDES REAL-TIME
EMULATION CAPABILITIES.

Zilog's Z-SCAN 8 is an in-circuit Emulator with
a combination of hardware and sophisticated
software that gives you efficient, interactive emula-
tion of the entire family of Z8 microcomputers. By
the simple exchange of target devices, the selected
Z8 MCU can be emulated in a real-time mode
that gives you the ability to inspect and control the




tested environment. It also gives you real-time
trace speed up to 12 MHz, two breakpoints, single-
step capability and extensive mappable memory.
All to ensure that you get an accurate simulation of
your Z8 operating environment.

The Z-SCAN 8 Emulator is a combination of hardware and firm-
ware that allows efficient, interactive emulation of the Z8 MCU.
When hooked to an IBM PC software host, Z-SCAN 8 provides real-
time, in-circuit development system capabilities. The Z-SCAN

8 will connect easily to other PC's making it a highly versatile unit.

The Z-SCAN 8 operates with both Zilog systems
and other 8-bit development systems running
CP/M" and/or other operating systems. Its standard
RS-232 serial link makes it particularly useful with
the IBM PC and other CRT terminals. Hardware and
software debugging is fast and convenient. Two
screens display the status of the Z-SCAN 8 monitor
and Z8 MCU target resources. Target memory
can be displayed and modified in a scrollable
window. Moreover, the Z-SCAN 8 is interactive and
easy to use. Commands are selected from menus
and command arguments are self-prompting.

The set-up procedure and initialization for
the Z-SCAN 8 is done for you—a unique feature in
itself. The Z-SCAN 8 is designed to reduce design
time. But it's not the only time-saving device Zilog
provides for the Z8 MCU.

THE Z8 MCU DEVELOPMENT
MODULE CUTS HARDWARE
AND SOFTWARE DEVELOPMENT TIME.

The 78 Development Module (DM) features
two 4K Z8 devices on a single-board microcomputer.
It's designed to assist you in the development and
evaluation of hardware and software designs based
on the Z8 MCU. With it, you can easily build a pro-
totype using the Z8 prototyping device, and then
develop code that will eventually be mask-
programmed onto the Z8 on-chip ROM.

The Z8 Development Module allows you to build a prototype
using the Z8 prototyping device, thereby developing code that
will eventually be mask-programmed into the Z8 on-chip ROM.
The Module is a single-board microcomputer system designed
to develop and evaluate hardware and software designs based
on the Z8 family.

The Development Module connects to the CRT
terminal and host system through two on-board
RS-232 serial ports. So the DM fits between the CRT
and host. A simple command makes the DM
transparent in the serial path, which allows software

to be developed on the host-resident assembler
without disconnecting the DM from the CRT and host.
The DM has a range of features to make Z8
designs easier than you ever thought possible: * 4096
bytes of static RAM for convenient creation and
debugging of user code; * an on-board socket that
tests user code in a 2716 or 2732 EPROM; « up to
4096 hardware breakpoints on address compare
that can cover the entire internal ROM space;
* a wire wrapped area for prototyping; and
much more.

Z8 MCU DEVELOPMENT SOFTWARE
SPEEDS UP DESIGN TIME.

Zilog also provides you with a growing library
of sample programs and convenient assembler
packages to help you get started testing your Z8 MCU
designs. In our Subroutine Library, for example,
there's our arithmetic subroutine, an I/O subroutine
and a general control subroutine. What's more,
there are several versions of the Z8 device: a 2K and
4K ROM version; a ROMless version; and a Protopak
for prototyping. Each offers different memory
addressing structures. Zilog is developing more
all the time. Plus, there's an existing software
base for all the Z8 MCU's. We can provide you with
samples of designs currently in use.

duction of mask-programmed applications. The Protopack is
a ROMless version of the standard Z8611, housed in a pin-compat-
ible 40-pin package.

SERVICE AND SUPPORT AT EVERY

LEVEL FOR YOUR Z8 MCU DESIGNS

From the factory to the field, Zilog provides
support at every level. A worldwide field sales net-
work stands ready to help you with both hardware
and software support. And you can get all the Z8
MCU's you need right now. Yields for the device are
up 40%, and price reductions reflect our new sup-
plies. What's more the upcoming Z8 Super 8" promises
a smooth migration path for today’s Z8 MCU family.

Zilog's Z8 single chip microcomputer. Believe
the myths. Or get the facts. If bringing your pro-
duct to market is important to your business, then
design with the part that does more for success
than any other. The Z8 MCU makes getting over the
design hill and into production a lot easier than
you might think.

For more on the Z8 MCU, send for our complete
overview or call our Literature Hot Line at 800-
272-6560. For seminar dates and locations, or
information on Zilog training, call (408) 370-8091.
Or write: Zilog, Inc., Technical Publications, 1315
Dell Avenue, MS C2-6, Campbell, CA 95008.

CP/M is a registered trademark of Digital Research Inc. All other products
mentioned are either registered trademarks or trademarks of Zilog, Inc.

]
leog Pioneering the Microworld

an affiliate of “See us at Wescon, Booth #3669 and
EXXOoN Corporation at Electronica '84, Stand 18, D60, 18"
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Who solves the
misconvergence problems no
one else will talk about?

nted AutoCon-
plished by
parallel indexing
angles and
r of the CRT

mask, detail at left




Tektronix.

he higher the
visual resolution
of a color display,

the more difficult it
becomes to converge
the color beams at a
precise point.

Yet, without precise
control of convergence,
productivity gains
promised by high reso-
lution graphics simply
can't be realized.

That's why Tek
designed the 4115B
with AutoConvergence
as our engineering
prerequisite.

The engineering work
environment is tough on
high resolution displays.
A shift in display angle
for better viewing. Mild
vibration from a stray
elbow. Minor tempera-

Tube aging. The earth’s
magnetic field.

ture change. Circuit drift.

They all can cause
the color line blurring
effects commonly
called misconvergence.

Loss of detailed infor-
mation, especially in
corners. Fuzzy, fringed
colors. And visual ambi-
guity. All of which can
lead to user fatigue,
error and loss of
productivity.

Until the 4115B, man-
ual reconvergence was
typically up to an hour-
long task for a service
technician—resulting
in even more lost time.

No wonder most
display manufacturers
won't talk about the
problem. But Tek will.
Because we solved it
with our exclusive
AutoConvergence.

Push one button on
the 4115B and all three
electron guns are con-
verged automatically.
In 20 seconds. Not
justin the screen
center but from corner
to corner.

Convergence accu-
racy is within .25mm,
as compared to the
0.3mm to 1.0mm
achievable by man-
ual or other techniques.
There's no interruption
to work, so there's no
loss of productivity.

The 4115B's high per-
formance doesn't stop
with AutoConvergence.
It just begins there. You
can apply its 60 Hz non-
interlaced, 1280 x 1024
display, 50,000 vector/
second redraw speed
and user selectable 32-
bit coordinate space to
optimize productivity on
any application.

Large area fills
are accomplished at 125
million pixels per sec-
ond. Standard host
communications is

19.2K baud.

So if you want to start
with the highest resolu-
tion and work at your
best all day, every day,
call your Tek Sales
Engineer. For literature
or the location of your
local Tek sales office,
call toll-free:
1-800-547-1512.

In Oregon,
1-800-452-1877.

Call Tek
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B,CAROLTED &ALICE

How Four Innovative Des%gn Engineer
Using The New DASH-1*

ers Found
Schematic Design

Happiness
Sys?em.

BOB: “DASH-1 keeps me under
budget and ahead of schedule..”

“DASH-1 has freed my designers
fromthe drudgery of manual schematic
design and documentation. Now, we
can knock out complex designs in a
fraction of the time it used to take.
Using the huge DASH-1 parts library
(on disk) we can instantly call up any
symbols we need — all with pinouts
and pin functions. With DASH-1's
amazing options, we can generate Net
Lists, Lists of Materials, Design Check
Reports and other critical documents.
I'm a hero in my company now, with
productivity at an all-time high”
CAROL.:“DASH-1 helped save
our CAD Systems..”

“My company has a big investment in
large CAD systems. But for along time |
noticed our engineers were frustrated.
They'd send in schematic sketches
FutureNet, DASH-1and STRIDES are trademarks of FutureNet

Corporation. IBM is a registered trademark of the IBM
Corporation. CADAT is a trademark of HHB Softron, Inc
DASH-1CAD Translators (Partial List): APPLICON, CADAM
CADAT, CALAY, CALMA, CBDS, COMPUTERVISION
GERBER, RACAL-REDAC, SCICARDS, TEGAS

only to get back drawings and docu-
ments that were completely different.
The poor engineers would spend hours
checking, changing and red-lining.
DASH-1's family of CAD translators,

to front-end all of our large systems,
has changed all this. And back annota-
tion is easy. DASH-1 has provided our
engineers easy access to those previ-
ously difficult-to-use and inaccessible
CAD tools”

TED:“Imagine! Simulation right
at my desk..”

“I'm even more sold on my DASH-1
with its new simulator. After | complete
my schematic, | have a closely coupled
logic and fault simulator that | can run
at my desk. | can analyze my designs
much faster — and put them into pro-
duction without delay. FutureNet calls it
the DASH-1 CADAT.™ | call it a miracle
because | can handle designs as large

FutureNer

as 10,000 \gm®gates right at my
desk, and up to 100,000 gates using
a FutureNet CAD translator. Thanks
to DASH-1, simulating is stimulating!”

ALICE: “DASH-1 keeps growing —
aswedo..”

“Ours was a start-up company —
but it's growing fast. One of our first
investments was a DASH-1 (about
the price of an IBM PC or XT system)
to speed up schematic design and
documentation. Since then, FutureNet
has added all kinds of low-cost en-
hancements. Things like CAD trans-
lators; direct-connections to most
computers; the STRIDES hierarchical
package with 99 levels of structured
design nesting; the powerful CADAT
simulator, pen plotter options, and
hot new features, like Rubber Banding,
Tag and Drag, and Snap. We're with
FutureNet... for now and the future”

FutureNet Corporation e 6709 Independence Avenue
Canoga Park, CA 91303-2997 e TWX: 910-494-2681

(818) 700-0691
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32-bit chip set follows
250 instructions,
uses static NMOS circuits

Working with NMOS static circuitry lets
the instructions of a 32-bit microprocessor
be stepped through individually for testing.

he latest 32-bit micro-
I processor chip set is
marked by an impres-

sive quartet of firsts. At 250
members, its instruction set

Gary Elinoff

overshadows the 100 to 125 in-
structions typically run by
most of its counterparts. Fur-
ther, it is the first 32-bit de-
vice to go with fully static
NMOS circuitry, which en-
ables its clock to operate from

de to 8 MHz and its instruc-
tions to be tested.

The set also carries its deci-
mal, binary, and arithmetic
logic units on chip. Finally,
the microprocessor boasts 64
working-register files, each
able to store 32 bits.

The chip pair comprises a
CPU and a virtual memory
management unit. Their ar-
chitecture is specifically ori-
ented for multiple users.

Putting it together

In assembling the micro-
processor set, the Small Sys-
tems and Terminal Division
of Honeywell Information
Systems Inc. (Billerica,
Mass.) elected not to include

Data In
Data
1/0 o
32-bit
| register
2 files
Firmware ——
Control a T
b Branch
Firmware k Next- Firrrmare
Status In Decimal Prefetch »| address
4——Et—> unit unit generator Address
Out
l 3 Firmware
% In
Parity : F
——tin_y__l e Multiplexer
i Decimal
> i In
supply Bl';:ﬁ{ y Stack [
——_‘GND < l Adcilress
n
|
Lo Gloek sl SR Indicators
Scientific > Incrementer b— Integrity  |———
unit check
Trap
condition Internal
bus T
Exponent o
X| Trap Out
Quad i i e
Logle register file In condition Status
Test Out

1. Honeywell’s 32-bit microprocessor includes a CPU with separate decimal, binary, scientific, and ex-
ponential logic units, all working in conjunction with an on-chip multiplexer. Parity checking is done both
for transfers between internal registers and for transfers off chip.
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control ROM on chip. (Typi-
cally, firmware can occupy as
much as 85% of a die.) In-
stead, it used the freed-up
real estate to enlarge the in-
struction set, which includes
both diagnostics and Fortran
and Cobol instructions that
eliminate the need for exter-
nal compilers.

The chips are fabricated
with 2-um NMOS using
arrays of cross-coupled tran-
sistors for the logic circuitry,
making all of the logic and the
registers static. That permits
the set to operate from de up
to its maximum clock speed
and also allows instructions
to be stepped through one at

Physical
____ Address -
Physical
b address
ysica arit
Address ward
Parity |
> Virtual Page
o »| address |—» logic
Data = register
bus =1 -
< 8 ]
5 ¥
5 Static
E Imbernal translation
us address
[} i y Segment
Data £ parity register |ggic
Bus g
Parity = ] P
o
s
z Adder
Interrupts 2 Bty ARt
5 \___
g |
£
a
Voo =
PR oty
2 Size
logic
VSS
Clocks Access
logic
ROM
Data
o > Timer

2. The virtual memory management unit incorporates circuitry to ad-
dress up to 1 Gbyte of memory and—when necessary—can handle an
almost unlimited memory. Parity checking is supplied for both ad-

dress and data information.
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a time for testing and de-
bugging.

Arithmetic instructions
are speeded by an on-board
hardware-based 64-bit shift
register. Also contributing to
speed are logic units that han-
dle binary and decimal arith-
metic, a scientific unit that
performs trigonometric and
scientific calculations, and an
exponent register file (Fig. 1).
All are managed by an on-
chip multiplexer.

Checking in

In the I/0 portion of the
CPU, parity checking is used
for transfers within registers
on the chip as well as trans-
ferstoand from other devices.
Of the device’s 64 dual-port
working registers, over 40 are
accessible through software.

The virtual memory man-
agement half of the pair maps
user memory into physical
memory and protects both the
memory and the operating
system from intrusions. Like
the CPU, it furnishes parity
checks for both data and ad-
dresses (Fig. 2). Though the
management unit can ad-
dress up to 1 Gword of direct
memory, the total can be ex-
panded if necessary.

Optionally, the CPU’s ar-
chitecture allows both chips
to run in parallel in what the
company calls the shadow
mode. In this configuration,
the operating system is made
aware of any pessible system
errors and takes steps to re-
solve them —thus supply dy-
namic error checking.

To handle the large I/0 de-
mands of each chip Honey-
well houses them in 132-pin
grid arrays.



DON'T WASTE YOUR TIME
ON SEMICUSTOM.

Let’s face it. Your logic diagram is just one big doodle
if your semicustom vendor can’t take it and turn it into
silicon fast.

With Mostek, you won’t have time to waste. We have the
design tools, technical assistance, and manufacturing mus-
cle needed to quickly take you from concept to completion.

For example, our Semicustom Design Centers give you
access to extensive libraries of gate arrays and standard cells.
And our Highland 2* design automation system is easy to
learn and use.

You can select gate arrays up to 10,000 gates. Standard
cell libraries at your disposal will include analog, RAM,
ROM, and PLA%. All implemented in double level metal
CMOS with performance down to 1.5 ns per gate.

Before you know it, you'll be creating system level designs
from our precharacterized macrocells with the confidence
that comes from guaranteed performance. And you can
count on Mostek performance as well.

During your design phase, our staff is available to answer
any questions you have regarding Highland 2, the cell
libraries, testing or packaging. Then Mostek’s extensive
production facilities will take you and your design smoothly
through prototyping and manufacturing.

We have a comprehensive second source agreement with
Gould/AMI, so you can be confident of support at every
stage of the process.

The final result? You save time, trouble, and can lower
the cost of new product development. Stop wasting your
time. Contact Mostek Corporation, 1215 W. Crosby Road,
MS2205, Carrollton, Texas 75006, or call (214) 466-6000.
In Europe, call (32) 02/762.18.80. In Japan, 03/496-4221.
In the Far East (Hong Kong), 5-681157.

Highland 2 is a service mark of Mostek Corporation.

X2 UNITED
<4 TECHNOLOGIES
MOSTEK
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Voting architecture protects
industrial process control

voting architecture for
Aa fault-tolerant com-

puter designed for in-
dustrial process control does
more than traditional hard-
ware redundancy schemes to
ensure the accuracy of control
outputs. In the architecture,
several independent micro-
processors handle identical
inputs and compare their re-
sults before giving the go-
ahead for a control action.

For environments where
precision is critical, such as
nuclear power, chemical, or
gasoline plants, the system
can be programmed to shut
down unless the outputs of all
the processors agree. Alter-
natively, agreement among
the majority of the system’s
processors can trigger a con-
trol output, potentially reduc-
ing the system’s accuracy but
increasing its on-line time.

Three identical computers

Sensor

Actuator

Termination
module

-l _I
: Ly _l l
| ]
- A\ T 3
Calculate the
control algorithm
and \{erify r?sults
—-| Vote
Control
computer
Process modules
interface
module

1. In a redundancy scheme developed by August
Systems, three independent process-control comput-
ers analyze input data, compare their results, and vote
on an outcome. No action is triggered unless two out
of three or (with different code) three out of three
computers have matching results.

Power Power Power
+ o G
Signal
inputs BJ—M—< l—m—e
[¢] -
"~ Load

2. In a simplified voting circuit, transistor switches
control the circuit paths between the power and the
load. At least two of the signal inputs must be valid
(two sets of switches must be on) to make one com-

plete signal path.
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System 30, from August
Systems Inc. (Tigard, Ore.),
allows data to be voted on
while it is being entered, dur-
ing computation, and at the
end of processing (Fig. 1).
Called triple modular redun-
dancy, the architecture is im-
plemented with three identi-
cal microcomputers.

Triple modular redundancy
is avariation on the hardware
redundancy approach taken
by manufacturers like Stra-
tus Computer Inc. (ELEC-
TRONIC DESIGN, July 12, p. 62).
In the latter scheme, two or
more independent processors
check one another’s results
and offload one another in the
event that one goes down.
Hardware redundancy is of-
ten used in transaction pro-
cessors, such as airline and
banking input terminals—
machines that should be on
line all of the time. The voting
architecture is for applica-
tions that do not have to be on
line continuously, but must
be exact.

Depending on the applica-
tion software, System 30
responds to two types of algo-
rithms: One that shuts the
system down when even one
of the processors disagrees,
and another that implements
a control function in case of a
two-out-of-three vote. In the
latter, repeated discrepancies
are reported to the operator
as a need for maintenance.
Though the voting process
may slow the system’s re-
sponse to specific sensor in-
put conditions, it ensures that
the response is correct. A
similar type of voting archi-
tecture, involving five micro-
processors, is used on the
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space shuttle.

The majority voting mech-
anismis analogous to a
switching circuit in which two
out of three switches must be
on to make a complete path,
although it may not matter
which two switches (Fig. 2).

Like the straightforward
hardware redundancy ap-
proach, a two-out-of-three
voting architecture will make
sure the system is usually
running. Unlike the hardware
redundancy approach, voting
algorithms give double or tri-
ple protection against errors.

The System 30 chassis
includes a motherboard with
3 redundant power supplies,
4 serial ports for communi-
cating with other computers,
up to 14 I/0 process monitor
boards, and 3 separate com-
puter boards—each residing
on its own bus. Each control
computer board contains an
8086-2 microprocessor and an
8087-2 math processor.

Stephan Ohr

Parallel-processing
mainframe gives
Unix a new home

new day has dawned
Afor Unix: The popular
operating system can
run in real time on a parallel-
processing mainframe, thus
gaining speed and minimizing
context switching to trim
overhead. The OS is a version
of Unix System III, devised by
Denelcor Inc. (Aurora, Colo.)
for use with its heterogeneous
element processor (HEP).
HEP Unix, as the operating
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system is known, was com-
pletely rewritten from C into
the native machine code of its
associated mainframe. A
third layer was added be-
tween the kernel and the shell
that make up most Unix sys-
tems. Dubbed the supervisor,
it links the other two layers
and puts unneeded portions of
the kernel to rest, picking
them up when they are called
into play by the user. Since
the operating system and the
application packages are
stored in different memory
locations, temporarily drop-
ping a portion of the OS does
not interfere with processing.

Helping out the boss

The supervisor also works
in conjunction with sched-
uling hardware to speed
throughput. When a task
must be stopped to wait for
data—say, an I/0 search to a
disk—the interrupted in-
structions are transferred to
a passive interface. Other
tasks are then transferred to
the available processor, keep-
ing the processing rate at
HEP’s full 10 million in-
structions/s. When the data
becomes available, the super-
visor and the scheduling mod-
ule shift the instruction back
into the processing cycle.

Further, the revision in-
corporates the file-sharing
portion of the Berkeley 4.2
version of Unix. Despite that
addition, the operating sys-
tem remains compatible with
most application packages
written for Unix System III.

Since HEP processors al-
ways operate at full speed, the
system’s throughput is much
higher than traditional com-
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puters with similar operating
speeds. Also, the mainframe’s
parallel structure, which pro-
cesses up to 50 instructions at
once, eliminates much of the
software overhead required
in von Neumann machines.
Because tasks are carried
out in parallel, the code for
handling interrupts as single-
element processors switch
between jobs is minimized, as
is the time needed to perform
these tasks. In fact, rather
than the 35% to 40% over-
head required for most Unix
operating systems, HEP Unix
only ties up about 5% of the
processor’s time and power.
The context switching
normally required during
changeovers from user to
user is performed in parallel
with the processing of the
data, so throughput is not
hampered. The amount of
switching also drops, since
several tasks can be tackled
at once. Finally, the 50 data
paths of any processor can be
divided among seven assign-
ments. Terry Costlow

Serial bus carries
multiple-channel
or high-speed data

ne of the first serial
buses that allows a
user to choose between

more channels and higher
bandwidths also conforms to
the proposed Integrated Ser-
vices Digital Network (ISDN)
standard. The twisted-pair
ST-Bus, from Mitel Corp.
(Kanata, Ont., Canada), con-
nects voice-data components,
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microprocessors, and periph-
erals and gives a system de-
signer much more flexibility
than do traditional buses
with fixed numbers of chan-
nels and predetermined data
rates.

The ST-Bus ties together
the company’s family of tele-
communications chips (ELEC-
TRONIC DESIGN, Aug. 23, p.
303), which meet the specifi-
cations of the International
Consultative Committee on
Telegraphy and Telephony
(CCITT). Working with the
system, the bus can transmit
over as many as 32 multi-
plexed channels, each oper-
ating at 300 bits/s to 64
kbits/s. Each channel carries
digital data integrated with
toll-grade pulse-code-
modulated voice signals.

For high-speed communi-
cations, the bus operates over
a single channel at 2.048
Mbits/s; alternatively, the
system designer can set com-
binationsin between. Regard-
less of their configuration,
the 8-bit-wide channels are
governed by a 125-us clock cy-
cle.

When used in general data
and control applications, the
bus is even more versatile—it
can be divided into as many as
256 channels, each operating
at 8 kbits/s. Higher band-
widths can be reached by
arranging several buses in
parallel.

Because the bus itself
transmits data serially rath-
er than in parallel, it needs
few circuit pins. Asaresult, it
considerably reduces pc
board, backplane and packag-
ing complexities.

Roger Allan



New Buss International Fuseholder fér PCBs

stands up to the waves of automatic soldering.

Buss’ new PCB - mountable International
Fuseholder is making waves in the fuse
business; it's the first to stand up against
the rigors of high-speed production.
Here’s the up-to-the-minute answer for
designers opting for the advantages of
printed circuit boards. The Buss
International Fuseholder meets both
domestic and overseas. requirements; it
accepts both 5x20mm and 1/4 in.x1-1/4
in. fuses. Available in vertical
and horizontal configurations.

wave -soldering. The vertical version
provides additional stability pins to secure
it tightly during soldering. This Buss design
is sensitive to all the exigencies of your
manufacturing procedure. For example,
an exclusive Buss feature prevents flux
wicking. The Buss International Fusehold-
er for PCBs is designed to meet UL, CSA,
VDE and SEMKO standards. For com-
plete specifications phone yourlocalBuss
distributor today. Or call Buss-
mann Division, McGraw-Edison-

A kicked-leg design holds both
types firmly to the board. They
can't be vibrated off during

Company, PO. Box 14460,
St. Louis, MO.63178.Phone (314)
527-3877 for Order Service.
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the M68000 Family
high-performance system.

Make the systems connection and
maximize the often-documented
advantages of an M68000 Family
microprocessor for your next high-
performance system.

Any MPU standing alone, even the
MC68000, is no more than potential to
be exploited. The rest of the M68000
Family is devoted to that specific purpose.

This extensive family of compatible,
easy-to-use MPU-peripheral devices is
available from Motorola and the industry’s
most comprehensive complement of
contractual alternate sources.

Data Comm, DMA Control, Local Area
Network Control, Parallel, Serial and
General Purpose I/0, Memory Manage-
ment, Bus Control: all are there and
more, to raise your systems above the
competition in a hotly-competitive
marketplace.

Critical for high-performance
systems-DMA.

Moving data around fast, with
minimal intervention from the processor
is the responsibility of the 68440 Dual
DMA and the 68450 DMA Controller.
The 68440 is a two-channel high-speed
solution, capable of a 5 Mbyte/sec
transfer. The 68450 offers four indepen-
dent DMA channels and extensive
support for the movement of complex
data structures.

Link your system to the outside world.

Whether to a terminal, a transmission
line or another system, M68000 Family
data communication devices link up
your system efficiency and free the
processor for more important work. The
family offers one of the most popular
data comm parts available — the 68661
Enhanced Programmable Communica-
tions Interface. It's a universal
synchronous/asynchronous comm chip
that interfaces easily to M68000 MPUs
and directly to most 8-bit MPUs.

The 68681 Dual UART is another
important available family peripheral. It
provides two completely independent
full duplex receiver/ transmitter channels
in a single package.

A Multi-Protocol Communications
Controller, the 68652, contributes
extensive flexibility, and basic micro-
computer functions are provided by the
68901 Multi-Function Peripheral.

Still other aspects of M68000 Family
data comm functionality available from
Motorola include a Polynomial Generator
Checker, a Parallel Interface/Timer, and
two Intelligent Peripheral Controllers.

Additional 68000-compatible data
communication parts are available and
under development by otherleading VLSI
manufacturers.

Network and bus control.

Network and bus control require-
ments expand as multiple-processor
operations increase and networking
grows in popularity. The M68000 Family
grows to meet these requirements
with circuits like the 68590, scheduled
for introduction this year. It's designed
to meet all IEEE Ethernet™ specifica-
tions for M68000 systems. And, with the
VMEDbus becoming a standard, a new
VME Controller will be added to the family
as well,

Disk control and memory management.

Management of data storage devices is
the domain of the 68454 Intelligent
Multiple Disk Controller. The extremely
flexible IMDC can control any combina-
tion of up to four single- or dual-density
floppy and hard disks of various formats,

Our 68451 is now seasoned by years of
experience with multi-user, multi-task
systems, because memory management
was one of the first peripheral functions
identified in processor systems. UNIX™
System V/68™ fully supports operation
of the 68451 MMU. Now;, the require-
ments of 32-bit demand-paged virtual
environments are immediately satis-
fied by the MC68461 Memory Manage-
ment Controller.

Floating point.

The Motorola 68881 Floating Point
Coprocessor is a companion processor
to the 68020 scheduled for sampling
within the next few months. It's de-
signed to provide support for the latest
revision of the IEEE specification for
floating point high-level calculations,
and also can be used as a peripheral
with the 16-bit M68000 Family
processors.

200ED100484
Name

For additional information on the
entire M68000 Family, write or fill out the
coupon, and send it to Motorola Semi-
conductor Products, Inc., PO. Box 20912,
Phoenix, Arizona 85036. Do it today.

Ethernet™ is a trademark of Xerox Corporation.
UNIX is a trademark of AT&T Bell Laboratories.
System V/68 is a trademark of Motorola Inc.

M68000 FAMILY
Function Designation | Device No.

16-bit Microprocessor MPU 68000
8-bit Microprocessor MPU 68008
16-bit Virtual Memory

Microprocessor MPU 68010
16-bit Expanded

Virtual Memory

Microprocessor MPU 68012
32-bit Virtual Memory

Microprocessor MPU 68020
Floating Point

Coprocessor FPC-P | 68881
Dual Direct Memory

Access DDMA | 68440
Direct Memory Access

Controller DMAE | 68450

Multi-Protocol Commu-
nications Controller MPCC-2| 68561+

Dual Universal Serial

Communications ;

Controller DUSCC | 68562
Serial /O SIO 68564+

Multi-Protocol Commu-
nications Controller MPCC | 68652
Polynomial Generator

Checker PGC 68653
Enhanced Program-

mable Communica-

tions Interface EPCI 68661
Dual Universal Asyn-

chronous Receiver

Transmitter DUART | 68681
Intelligent Multiple Disk

Controller IMDC 68454
Disk Phase Lock Loop DPLL 68459+
Memory Management

Unit MMU 68451
Memory Management

Controller MMC 68461
Intelligent Peripheral

Controllers IPC 68120/121

Parallel Interface/Timer | PI/T 68230
Multi-Function

Peripheral MFP 68901
Local Area Network

Controller—Ethernet LANCE | 68590
Bus Interrupter Module BIM 68452
|Bus Arbitration Module | BAM 68153

tAlternate source available only

@ MOTOROLA

TO: Motorola Semiconductor Products Inc., P.O. Box 20912, Phoenix, AZ 85036.
Please send me more information on the entire M68000 Family.

Title

Call me: (
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State ZIP
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“Standard cells have
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many advantages,
justify the cost.”

With Texas Instruments, you can.

At a very early stage, you'll know what
your standard-cell ICs from TI will
cost. And you can depend on that
estimate because TI commits to it.

TI's Standard-cell Design System is
TTL based. That means we can
quickly, easily, and accurately translate
your TTL logic requirements into
equivalent standard-cell functions to
arrive at reliable cost figures.

In so doing, we will determine the
chip size and the number of I/Os—
major factors affecting costs. We will
evaluate the advantages of various
partitioning schemes and take into
consideration packaging options.

TI will detail nonrecurring engineer-
ing costs—what it will take to get you
prototypes—as well as recurring, or
production, costs. We will tell you
where these costs will occur and why
they will occur. We will also suggest
ways to keep them to a minimum. The
result: No surprises along the line.

And in assessing the feasibility of
TI's 3-pm CMOS standard-cell tech-
nology for your logic, we may recom-
mend TI's comprehensive gate-array
family as the most economical alterna-
tive for you.

Count on

significant system savings

Major improvements in system perfor-
mance, reliability, and power consump-
tion alone often justify the cost of
standard-cell ICs.

In addition, there are more tangible
system savings you can count on. One
standard-cell IC can replace hundreds
of individually packaged chips. Your
system parts count is dramatically
reduced. Printed-wiring boards can be
fewer and smaller. Inventory and assem-
bly costs are cut.

TTL design rules save time
Familiar TTL design techniques are
used in the design of your TI standard-
cell ICs. Actually, the process is very
similar to breadboarding with standard
TTL logic packages. Which means you
27-4981

©1984 Tl

don’t have to invest time and effort in
learning new rules.

TTI’s standard-cell library contains all
the popular SN54/74 functions you've
worked with over the years. Plus RAM,
ROM, PLA, ALU, and linear func-
tions. As well as design-for-test cells
that ensure thorough design testability.

You can draw your schematic or
generate it via an engineering work
station. TI’s standard-cell library is
supported on such third-party work
stations as Mentor, Daisy, and Valid
and on several PC systems. TI will
provide the translation software for
automatic generation of the TI design-
description language.

TI Regional Technology Centers

can add to your savings

You can hold costs down by performing
much of the initial design work
yourself. For example: Schematic cap-
ture, simulation, testability analysis,
test-pattern generation, and the test-
pattern grading required to finalize your
standard-cell design. You can also per-

form the chip layout, or leave that to us.

You'll find these steps progressively
easier as you execute subsequent stan-

Breadboard on a chip: All the logic
packages you might ordinarily put on
a printed-wiring board could be
functionally contained in a single
standard-cell IC to achieve dramatic
system cost savings.
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dard-cell designs, but the first time you
will probably need assistance.

That’s where TI's convenient Re-
gional Technology Centers come in.
Strategically located throughout the
country, they are staffed with standard-
cell specialists who will provide what-
ever advice and counsel you need. Each
Center has engineering work stations
for your use plus the software tools and
the computers necessary to complete
your logic design. In short, the Centers
are a reliable time- and money-saving
design resource.

Our results pay off

A number of simulation and testability
steps are built into TI's standard-cell
design flow. These checks and double-
checks are vital to fulfilling our
commitment to deliver prototypes that
perform to your specifications. They
help us achieve our goal of first-pass
success, so you are spared any second-
pass expenses.

Typically within 8 to 12 weeks after
the initial design, you will receive
prototypes for your in-system evalua-
tion. You give us your okay; we produce
and deliver in quantity.

Call 1-800-232-3200, Ext. 119

To find out more about the perfor-
mance improvements and the economies
that justify TI’s standard-cell ICs, get

our brochure, pocket selection guide,
sample data sheets, and a more detailed
description of the design process. Call
the telephone number given above or
circle the Reader Service Card number.
Or write Texas Instruments Incorporated,
Dept. SRSO33E1, P.O. Box 809066,
Dallas, Texas 75380-9066.

j
TEXAS b
INSTRUMENTS

Creating useful products
and services for you.
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50 ps| No matter how you measure speed PART PART

5 o . . o) NAME NUMBER SPEED NAME NUMBER SPEED
P plCOSCCOHdS or glgablts per second GlgaBlt 8 Quad NOR Gate 10G000 75 ps Variable Modulus

ultra-high speed gallium-arsenide FastGaas™ Series, Fanout Buffer 10011 3GHz Divider 106070 2 GHa
. . . . -1: “omparator/ tage Divider 11GS 4
including PicoLogic and NanoRam™ families, sets Driver 10G012 3GHz  Diode Array  16G010 500 GHz
Precision D Diode Array 16G0O11 675 GHz
new benchmarks. . 2 ey Flip Flop 10G021 3GHz  FET Array 16G020 15 GHz
In its plCOLOglC famlly’ GlgaB][ uses CDFIL* 2 Stage Divider  10G060 3 GHz Dual Gate
3 5 4 : . B 7 Stage Counter 10G065 3 GHz FET Array 16G021 15 GHz
(Capacitor Diode FET Logic) circuits fabricated Evaluation Board 10GEVA 3 GHz

with GigaBit's FastFet™ process to achieve next
generation performance. GigaBit's PicoLogic
and NanoRam families take your products
to market...faster.

How fast? With less than 50 pico-
seconds skew between its eight
outputs, GigaBit's fanout clock
buffer shaves precious nano-
seconds from cycle times W
speeding up your entire 3
system. GigaBit's NOR
gate, with a propa-
gation delay of only
775 picoseconds, allows
gating of multi GHz
signals in instrumen-
tation and other
applications with un-
precedented precision.

Or, in fiber optic
communication
applications, GigaBit's
3 GHz precision D
flip flop regenerates and
retransmits more bits per
second; more channels of
communications per fiber

..so many that every

household in Miami could |
phone every household in
San Francisco over a single
fiber optic cable.

Our PicoLogic family is
available... now. An evaluation \‘
board, too.

Order now...be the first...
and join the next generation.
GigaBit Logic, 1908 Oak Terrace Lane,
S Newbury Park, CA 91320. Telephone
§  (800) GAAS-ICS (422-7427). In CA,
(805) 498-9664. Telex 194449.

*Patent Pending

GigaBit Logic
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GaAs, superconducting,
and optical ICs spearhead
government conference

High-speed communications circuitry,
VHSIC progress, and analog microwave
systems are draws at conference.

igital ICs made from
Dgallium arsenide,

superconducting and
optically coupled analog-to-
digital converters, and other
new semiconductors for so-
phisticated tactical commu-
nications systems will be the
hot topics at the Government
Microcircuit Applications
Conference (GOMAC), to be
held Nov. 6-8 in Las Vegas.
Also under review will be the
VHSIC program; in particu-
lar, progress in fabricating
high-speed, high-density
CMOS circuits for signal pro-
cessing. In conventional ana-
log communications, mono-
lithic ICs for microwave work
will be examined in detail.

Cooking with GaAs

Gallium arsenide technol-
ogy is making the jump into
digital applications. No won-
der, since the 1-um geome-
tries now developing give
these digital chips speed and
power advantages, radiation
hardness, and an operating
temperature range that rivals

Vincent Biancomano

competing technologies. The
material’s ultimate impact
on military systems will be
significant, to be seen first,
perhaps, in higher-speed rad-
ars and more precise early-
warning systems.

Improvements in a-d and
d-a converters, perhaps the
most important part of digi-
tal processing systems, will
extend their reach to the uhf
region. Shift registers, di-
viders, and gate arrays that
can handle signalsup to 5
GHz also show progress.

Most of that circuitry is
employed in one of the first
digital rf memory subsys-
tems. A hybrid from Rockwell
International Corp. (Ana-
heim, Calif.) uses a mono-
lithic GaAs sample-and-hold
input stage and a following
a-d converter to sample in-
coming data at rates of up to
1 GHz. Its digital output re-
solves to 4 bits.

After passing through
several shift registers on the
same chip, the data moves in-
to a four-page (8 bits/page)
static RAM that contains all
the control circuitry to link

the system to a micropro-
cessor. The third stage has
ECL parallel-to-serial con-
verters and a latched d-a con-
verter that recover the stored
data. The GaAs components
directly drive the ECL devices
and vice versa; no logic-level
translators are required.
Rockwell hopes to produce an
all-GaAs digital memory
module in the not-too-distant
future.

Indeed, work on GaAs-
based memories is proceeding
on several fronts. Texas In-
struments Inc. (Dallas) will
shortly fabricate a 1-kbit
RAM. The company also uses
enhancement-mode MES-
FETs in a 64-bit device that
has an access time of 1.5 ns.

TI selectively dopes hetero-
junction transistors with
GaAs/GaAlAs on silicon to
build pn junctions with high-
er mobility. The company
should thus get faster func-
tions on large, 1000-gate
arrays.

These selectively doped
transistors go into frequency
dividers made from single-
gate FETs that can toggle at
5.5 GHz at room temperature.
Developed by AT&T Bell Lab-
oratories (Murray Hill, N.J.)
the dividers reach a record
operating frequency—10.1
GHz at 7T7K.

Superconducting devices
represent the next wave of
high-speed conversion, be-
cause they promise high reso-
lution, sensitivity, and linear-
ity and extremely low power
dissipation. Already at hand
is a 6-bit a-d converter from
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the National Bureau of Stan-
dards (Boulder, Colo.) that
works at up to 4 Gsamples/s
and a 1-bit unit from TRW
Inc. (Redondo Beach, Calif.).
Crucial to NBS’s device are
six comparators made from
superconducting quantum-
interference device (Squid)
structures. These use a mag-
netically controlled, lead-
alloy technology and consume
only 1 mW. As for TRW, it
estimates that it will shortly
be able to build a 12-bit, 10-
Msample/s converter that

draws only 10 uW.

Other promising methods
for processing data at high
speeds include so-called
guided-wave a-d converters.
A 4-bit device (Fig. 1a) under
development at Massachu-
setts Institute of Technol-
ogy’s Lincoln Laboratory
(Lexington, Mass.) uses an
interferometer-laser system
to sample data at 1 GHz. This
optical technique could build
multiple-bit converters that
have rates equaling or exceed-
ing those of most technologies
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1. A 4-bit electro-optical a-d converter (a) from Lincoln Laboratory
uses a guided-wave interferometer to analyze input amplitudes. The
bit-sampling rate attainable (b) with this technique depends on input
drive power and, at the higher rates, the laser’s pulse width.
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(Fig. 1b).

The growing role of optics
in signal processing is also
demonstrated by an adaptive
system for canceling multi-
path distortion from laser-
type radars (Fig. 2). Devel-
oped by General Electric Co.’s
Military Electronics System
(Syracuse, N.Y.), such a cir-
cuit provides weighting for
both the spatial and the tem-
poral domain without the
large antenna arrays re-
quired by the former systems
or delay lines of the latter.

Efforts are continuing to
equip weapon systems with
high-performance data pro-
cessing, radar, and communi-
cations circuits within the
VHSIC timetable. Among the
military program’s most ex-
citing developments is a
radiation-hardened, Schott-
ky ROM. The 73-kbit device
from Honeywell Inc.’s Sys-
tems and Research Center
(Minneapolis, Minn.) is ar-
ranged as 192 words by 96
bits. It has an access time of
only 15 ns and a power drain
of 5mW.

A latedevelopment in
memories for VHSIC comes
from Motorola Inc. (Phoenix,
Ariz.), which uses 0.5-um
technology to produce the
largest CMOS static RAM to
date— 1 kbit.

CMOS’s operating fre-
quency range is also being ex-
tended in a programmable
divider chip for a 250-MHz
frequency synthesizer. It
draws as little as 35 mW. The
device, from GTE Communi-
cations Systems Division
(Needham Heights, Mass.),
operates in 400-MHz systems
with prescaling circuits. Its



From the innovative leader in
high speed operational amplifiers...

Three more revolutionary op amps that give you
maximum performance with minimum design effort.

For designs that require high
speed operational amplifier perform-
ance, the Comlinear 200 Series is
your one-step solution.

The CLC200. Exceptional
settling time. Superior thermal
tail characteristics.

Consider first the new CLC200.
Its DC to 100MHz —3dB bandwidth
remains virtually unchanged over
inverting and non-inverting gain set-
tings of 1 to 50. Add to that a rise
time of 3.6nsec and a settling time of
25nsec to 0.02% with <1mV ther-
mal tail, and you can see why the
CLC200 is the natural choice for any
application involving high-speed é)ulsed
information. Not only is the CLC200

fast, but it also has ample drive cap-

ability (£12V, £100mA) to remain

oscillation-free even when looking into
the high and widely varying capaci-
tance of a flash A to D converter.

The CLC210. 60Vpp output.

If you're designing high-resolution
displays you're probably resigned to
designing your own custom driver
amps as well. Not any more. The
CLC210 is the second member of our
new family. It features DC to 50MHz
bandwidth, greater than 5MHz full-
power bandwidth (at 60Vpp) and a
powerful +30V, +=50mA drive capa-
bility. Comlinear’s drop-in ease-of-use
lets you forget about re-inventing the
amplifier, and concentrate instead on
improving display technology. The
CLC210’s unparalleled full power
bandwidth and high output voltage
also make it an excellent choice for
directly driving varactors in VCO con-
trol loops and phase-correction loops.
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The CLC220. Speed and
bandwidth redefines the state
of the art.

For DC to 200 MHz, rely on the
CLC220. With exceptional speed char-
acteristics of 1.6nsec rise/fall times,
8000V/usec slew rate, and 12nsec
settling time to 0.02% (with <1mV
thermal tail), the CLC220 defines the
state of the art in high-speed opera-
tional amplifiers. Use it with ease and
confidence in applications from data
conversion, fiber optics, and more.

Look into the Comlinear 200 Series
high performance operational ampli-
fiers. All are priced below $100 in
100-piece guantities. For the full story,
call or write us today. Comlinear
Corporation, 2468 East 9th Street,
Loveland, CO 80537 (303) 669-9433.
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power dissipation comes to
about 120 mW.

CMOS technology has
found yet another application
in spread-spectrum systems,
in a 25-MHz VLSI encoder-
decoder. From Sperry Corp.
(Salt Lake City, Utah), the
16-bit device can handle 2.5
Mbits/s or multiples thereof
by adding suitable multi-
plexing or demultiplexing
circuitry.

A new programmable filter
from Hazeltine Corp. (Green-
lawn, N.Y.) combines bipolar
and SAW technologies, set-
ting a new standard in high-
frequency, low-cost spread-
spectrum systems. As a
matched, narrowband filter
operating at up to 300 MHz, it
can, for example, provide the
correlated output of a 256-bit,
64-Mbit/s input signal. As a
96-tap transversal filter, it
can supply a 6- to 60-dB shape
factor of 1.5 and a center fre-
quency that is programmable

from 55 to 65 MHz.

Analog microwave sys-
tems continue to attract in-
terest. Among the most ex-
citing examples of work in
that field is a piezoelectric
bulk film resonator. Oper-
ating at 200 MHz to 1 GHz, it
may make possible the large-
scale integration of UHF and
microwave circuits. Its devel-
oper, Westinghouse Co.’s Re-
search and Development Cen-
ter (Pittsburgh, Pa.), has
built resonators with very
high (several thousand) un-
loaded Q for a 500-MHz os-
cillator. In the company’s
technique, the piezoelectric
element (zinc oxide or alumi-
num nitride) is deposited over
a substrate of silicon or gal-
lium arsenide.

Motorola’s Government
Electronics Group (Gilbert,
Ariz.) is already developing
amplifiers, voltage-con-
trolled oscillators, and mul-
tipliers in GaAs for future in-

tegration in more complex
monolithic circuits.

Other advances come from
TI, which integrated a low-
power amplifier, a three-
stage low-noise amplifier,
and two transmitter-receiver
switches for X-band oper-
ation. The stable GaAs-based
module has a transmitter
gain of 25 dB (with a typical
output power of 350 mW). The
receiver path has a gain of
21 dB and a noise figure of
4.3 dB. TI will also show a
low-noise FET amplifier that
can go down to 2.6 dB.

The practical upper limits
of the radio frequency spec-
trum—only a few glgahertz a
decade or so ago—is expan-
ding by leaps and bounds.
Some of the more remarkable
developments include a solid-
state amplifier that can work
at 44 GHz. The three-stage
cavity-type device from Ray-
theon Co.’s Research Division
(Lexington, Mass.) uses seven

I
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2. An optical adapter processor from General Electric cancels sidelobes in laser-type radars. Special op-
toacoustical delay lines cross-correlate (modulate) radar signal m(t) with interfering samples contained in
a(t) and provide suitable spatial and temporal weighting functions so that offending signals can be elimi-

nated at the output.
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Our direct order line gets
you the industry’s leading
price/performance portables...
and fast answers from experts!
The 60 MHz single time base delay
2213A, the 60 MHz dual time base
2215A and the 100 MHz dual time
base 2235 offer unprecedented
reliability and affordability, plus the
industry’s first 3-year warranty”

on labor and parts, CRT included.

The cost: just $1200 for the
2213A, $1450 for the 2215A,
$1650 for the 2235.1 Even at
these low prices, there's no
scrimping on performance. You

Copyright © 1984, Tektronix, Inc. All rights reserved  #TTA-439-1

have the bandwidth for digital
and analog circuits. The sensitivity
for low signal measurements. The
sweep speeds for fast logic fami-
lies. And delayed sweep for fast,
accurate timing measurements.
All scopes are UL Listed and CSA
approved.
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literature, through the Tek
National Marketing Center. Tech-
nical personnel, expert in scope
applications, will answer your
questions and expedite delivery.
Direct orders include comprehen-
sive 3-year warranty*, operator's

tPrice F.O.B. Beaverton, OR
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P.O. Box 500, Delivery Station Y6-088
Beaverton, OR 97077

Tektronix
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of the company’s 2-W GaAs
Impatt diodes to generate
5W (Fig.3). The amplifier has
175 a nominal gain of 16 dB and a
bandwidth of 1.6 GHz.

At the receiving end, Lin-
coln Laboratory has already
P started to integrate various
circuits on monolithic struc-
: tures. They have thus far
sl il ene)| Dindes St 140 combined balanced mixers

. and i-f amplifiers using GaAs
2 planar-diode technology for a
i 32-GHz receiver. They have
i also fabricated antennas

B 10 M monolithically on the same

1 | 1 | > 2
i i o s = GaAs wafer to eliminate the

Frequency (GHz) high-precision wave-guide

] circuits that are otherwise re-
3. A three-stage amplifier using Impatt diodes generates 5 W at 44 cultsihaareothe SaLa

GHz. The cavity-type amplifier has a nominal gain of 16 dB and a quired at the receivers front
bandwidth of 1.6 GHz. end. Conversion losses of

these input networks can be
held to below 4 dB.o
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voltage:3.9V
drain rates
energy density
quality & safety
reliability
shelf-life

: Electrochem’s quality and performance are un-

Call (716) 759-6901 or write today to matched. You can design for a compact, high energy

power source without the usual worries about

Electrochem Industries safety or reliability. We’ll show you how — with

‘ A Division of Wilson Greatbatch Ltd. Electrochem’s lithium batteries. Get our free en-

10,000 Wehrle Drive gineer’s design manual “Power for Today’s Emerg-
Clarence, New York 14031 ing Technologies.”
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That’s all it takes

o put your system
on a chip.

With MegaPPAL arrays.

One of these engineers built a system this morning,

A system on a chip.

A VLSI chip with 5,000 gates of programmable logic.

A chip called a MegaPAL array.

What’s a MegaPAL array?

Glad you asked.

MegaPAL arrays are simply the newest members of
our Programmable Array Logic (PAL") family.

Today, they offer from 1,500 to 5,000 gates. And even
greater complexity is on the way.

Using our enhanced PALASM™ CAD software, you can
design, test and program a MegaPAL array in just hours.

And you can build a prototype in seconds.

Then, when your design is stable you can build as many
MegaPAL arrays as you need. Or convert your design
to our mask-programmed MegaHAL" arrays.

As you can see, MegaPAL and MegaHAL arrays offer
some very real and distinct advantages.

And we think they’re going to change the way you
think about logic design. For a long time to come.

Which brings us back to the picture.

The engineer who built his system on a MegaPAL
array is on his way to lunch with the boss.

And the other engineers are going back to their offices
to think about that.

Call your local Monolithic Memories representative or
franchised distributor for more information and a copy
of our MegaPAL brochure.

Or write Monolithic Memories, 2175 Mission College
Blvd., Mail Stop 9-14, Santa Clara, CA 95054.

MegaPAL, MegaHAL and PALASM are trademarks and PAL is a registered trademark of Monolithic
Memories, Inc. © 1984 Monolithic Memories, Inc.

Monolithic
Memories
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Shielded mass termination
versions available for EMI/RFI
compliance.

Why the most popular
interconnect system
in the world
got that way.

People choose the AMPMODU modular connector
system for its tremendous flexibility.

Modular design and construction give you the ver-
satility you need to connect just about anything to any-
thing. Board-to-board, wire-to-board, wire-to-wire.

Example: 4000 part numbers on headers alone.

People also choose AMPMODU connectors for their
big list of options and value-added features. Accu-plate
gold plating. Solderless compliant pins. Mass-termination
versions, too, with shielded designs for EMC.

And everyone who chooses AMPMODU connectors gets
AMP quality, AMP reliability. Our dual-cantilever beam design
has proven itself dependable in over sixteen years of use.

Proven technology. Proven flexibility. Proven savings,
from AMP.

CIRCLE
NUMBER

50

For more information, contact the AMPMODU Connector Desk
at (717) 780-4400. AMP Incorporated, Harrisburg, PA 17105.

A NP means productivity.
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{
U

Standard, shrouded, and break-
away headers for board-to-board
mating. Compliant-pin versions
for solderless insertion.

AMPMODU MT connectors use
reliable insulation-displacement
technology, to mass terminate
discrete wire, twisted pair,
jacketed or ribbon cable.

Crimp-snap technology for com-
plete flexibility in wire-to-board,
wire-to-wire applications.

AMP and AMPMODU are trademarks of AMP Incorporated.
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Ever more complex,
VLSI chips spur testing
from within and without

Testability stands out as key design issue,
and Al, visual, and thermographic methods
earn high marks at test conference.

he testing of VLSI de-
I vices and the systems
they operate in has not
kept pace with the industry’s
ability to design and fabricate
them. Building circuits that
are testable, as well as ones
that are self-testing, are two
solutions to this problem.
Creating sophisticated test-
ersisanother.

Ironically, as VLSI testers
become more complex, their
own failures are being diag-
nosed by expert systems.
Along with these systems,
advanced techniques like
automatic visual scanning
and high-sensitivity ther-
mography will be examined
atthe International Test Con-
ference, to be held Oct. 16-19
in Philadelphia, Pa.

Geared toward making de-
signing for testability sim-
pler, a circuit proposed by
Logical Solutions Inc. (Camp-
bell, Calif.) links the control
and visibility points of a unit
under test to a standard bus
called the Testability Bus.
Dubbed TORINO (totally-
universal reset, initialization,
and nodal observation), the
circuit is easily incorporated

as a standard cell in VLSI de-
vices, as a gate array, or using
standard MSI components.

One of the circuit’s advan-
tages is that with only a few
hundred gates it can access up
to 32 visibility and control
points. Gate count for the cir-
cuit goes up only linearly as
the number of access points
increases, keeping the total
area of the chip down.

One result of the growth in
VLSI technology has been the

integration of both logic cir-
cuits and memories on the
same chip, creating special
problems for testing. For in-
stance, single-chip microcom-
puters often do not connect
the address, data, and read/
write control lines of their on-
board RAM to the I/0 pins.
Checking these so-called em-
bedded RAMs by feeding test
patterns directly to the I/0
pins is difficult.

To get around the problem,
embedded RAMs can be
checked through a combina-
tion of self-testing and scan-
ning. The technique, from
Stanford University (Calif.),
requires that the address, in-
put and output data, and
read/write control registers
associated with the memory
be modified, and an on-board
comparator and control flip-
flops be added (Fig. 1). Two
control lines, B, and B,, select
from among the memory’s

R/W control Datain Scan in
Modified |e—{ Modified foat
R/W input data Timing
¢ : control
register register

By, Bs I

Modified
address |—]
register

Embedded
memory

Address
in

Comp-

ral

Modified

output data

Control
flip-flops

register

1

Data out

Bob Milne

Scan out

1. In a scheme developed by Stanford University,
an embedded memory operates in four modes:
normal, scanning, self-testing and single step-
ping. Made up of modified registers, a scan path
shifts in test patterns and out test results. During
self-testing, the address, input data, and
read/write control generate a march test pattern.
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four operating modes: nor-
mal, scanning, self-testing,
and single stepping.

Under normal conditions,
the memory functions as a
regular RAM. Alternatively,
its registers and flip-flops
make up a scan path to shift
test patterns in and test re-
sults out. Scanning detects
failures like bridging faults
between data lines and stuck-
at faults in the memory.

March through memory

In the self-testing mode,
the circuit’s address, input
data, and read/write control
registers generate a simple
march test pattern to check
the memory. An engineer can

interrupt self-testing to in-
spect, scan out, and analyze
anintermediate result by
single-stepping the memory.

Self-testing is also being
implemented in CMOS logic
through two hardware test-
generation techniques. De-
veloped at the University of
Hannover (West Germany),
one is for a sequential circuit,
the other for a combinatorial
one.

In the first, a multiple-
input signature register
evaluates test information; a
test-sequence generator can
be controlled by the circuit it-
self or in conjunction with the
signature register (Fig. 2a).
Compared with designs in

P_rimary|"‘ S e T T e e e AR e e |
_ \mfut | | :
| State logic Output | Primary
logic output
| |Secondary Secondary| > 9! | i
| input output |
Test-sequence
generator | |
I |
A | I
| | .
| | Flip-flops |
|
| | Circuit I
1 | under I
| | . test |
| === = = j ________ 79,
el | Multiple-input
signature register
(a)
Feedback function ] 0 0 1 o | Initializing
@ B £ i J R
1 ] 2 l 3 I 4 [ l K-1 lK]K =2n 0 1 1 0 Fault-revealing
1 l pattern
1 B L bes vugiand N Outputs 0]0'1 [ol 1 l1 I OIOIShm register
(b)
Outputs (c)

2. A sequential CMOS circuit, designed by West Germany’s University
of Hannover, controls a test-sequence generator and has a multiple-
input signature register to evaluate the test results (a). For testing a
combinatorial CMOS circuit, a nonlinear feedback shift register (b) al-
ternately shifts in bits from initializing and fault-revealing patterns (c),

forming a single-state vector.
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which the test generator
works independently, this
technique reduces the num-
ber of generator flip-flops and
the amount of state logic.

For combinatorial CMOS
circuits, which become se-
quential in the presence of
stuck-at-open faults, a second
test-sequence generator has
been developed. Here, a pair
of patterns tests each fault.
The first pattern initializes
the circuit to a known state,
and the second pattern re-
veals the fault to the circuit
outputs. Test patterns are
generated with a nonlinear
feedback shift register —a
technique often employed in
checking combinatorial cir-
cuits. The difference is that in
this case the shift register is
twice as long as the number of
outputs (Fig. 2b).

Both the initializing pat-
tern and the fault-revealing
pattern are merged into a
single-state vector by alter-
nately shifting in bits from
each (Fig. 2¢). After the shift
is complete, the initializing
pattern appears at the reg-
ister outputs. One more shift
generates the fault-revealing
pattern.

Get an expert

As VLSI devices get more
complex, the systems that
test them have to follow suit.
Consequently, artificial-
intelligence systems are sur-
facing as diagnostic aids to
service personnel.

One such system that de-
tects and diagnoses faults
within VLSI testers is made
up of six elements: a test en-
gine, system hardware, a test
knowledge data base, a diag-
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ILC Data Device Corporation
(DDC) is proud and pleased to an-
nounce that it is the very first com-
pany to have its facilities fully cer-
tified under the new MIL-STD-
1772. Official certification was
issued by the Defense Electronics
Supply Center (DESC) on Septem-
ber 14th. This new standard, which
effectively complements and ex-
tends MIL-M-38510 and MIL-
STD-883, will have a profound
impact on the way military hybrid
microcircuits are manufactured
and procured. Under the new re-
quirements, hybrid manufacturing
lines and process qualification
methods will now be audited ac-
cording to a uniform code of pro-
cedures. A hybrid manufacturer
must now have a MIL-STD-1772
certified facility to be able to claim
or mark its hybrids as being pro-
cessed to MIL-STD-883.

In the past, some problems oc-
curred when variations in hybrid
quality were allowed to enter the
military procurement system. Con-
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sequently, Rome Air Development
Center (RADC) and the Joint Elec-
tron Device Engineering Council
(JEDEC) sought to relieve the
problem by issuing MIL-STD-1772
on May 15, 1984.

Briefly stated, MIL-M-38510,
Appendix G, will now require hy-
brid manufacturers to have their
facility certified by DESC. MIL-
STD-1772 is the governing docu-
ment and accordingly, defines the
quality assurance provisions that
must be adhered to. Certification
requires extensive preparation in
the form of test and evaluation of
manufacturing processes with strict
process control—(i.e., no changes
to process or material without re-
audit, certification and/or ap-
proval). In addition, a detailed
MIL-M-38510 Product Assurance
Appendix A Program Plan must be
submitted to DESC for approval
prior to the actual audit.

Two special teams from DESC
conducted an in-depth audit at
DDC in recent months. This en-

DID|C

tailed checking the Company’s
facility, equipment, work instruc-
tions, documentation, revision
control systems and the qualifi-
cations of its personnel. The
favorable results and subsequent
certification are a tribute to DDC’s
long-standing commitment to
quality and customer satisfaction.

DDC supports the new standard
in the belief that it can only result in
a major upgrade of manufacturing
discipline in the military hybrid
world. Benefits to the user will be in
the form of more reliable products
and to the manufacturers, more
equitable competition in the
marketplace. DDC will remain the
leader. First in MIL-STD-1772,
First in Quality and First in Mil-
Spec Hybrids!

If your program requirements in-
clude MIL-STD-883, Revision C,
and MIL-M-38510F, Appendix G,
please call DDC at one of the
telephone numbers below for a
quotation on your hybrid com-
ponents or sub assemblies. [
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nostic rule data base, causal
maps, and an inference
engine. From Teradyne Inc.
(Woodland Hills, Calif.), the
machine for intelligent
diagnosis, or MIND, is
“taught” by an experienced
human troubleshooter.
Initially, the instructor’s
experience in test-system re-
pair is translated for the
system. Next, as failures are
simulated, the instructor crit-
iques the diagnostic paths
taken by the system. This
feedback allows MIND to
learn from the instructor.

Look at the birdie

Printed-circuit board test-
ing also is benefiting from
automation. After a board is

assembled, one of the first
checks it usually gets is a per-
son looking it over. A compar-
ative study by the Cognex
Corp. (Needham, Mass.)
makes a strong case for hav-
ing a camera capture the
board’s image and transmit it
to a computer.

The computer checks the
board for visible assembly
defects. Thanks to advanced
pattern-recognition tech-
niques, the computer detects
99% of such defects, and when
used with a shorts tester,
eliminates the need for in-
circuit testing.

A different approach to
checking pc boards, high-
sensitivity thermography,
has been analyzed by the UTI

Instruments Co. (Sunnyvale,
Calif.). Because the system
does not require any thermal
connections to the device
under test, a designer can get
a true thermal profile of the
die components and inter-
connections of VLSI and hy-
brid circuits.

Wed to bed-of-nails testing,
thermography enhances
diagnostic power. For in-
stance, the tester may detect a
short between two nodes on a
printed-circuit board, but it
will not tell the operator the
exact location of the short.
If power is applied to the
shorted nodes, however, ther-
mography will pinpoint the
location of the short as a hot
spot on the thermogram.o
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Ride 11-3 Shock Absorbing Caster, which provides @ SINGLE AND 3PHASEEMI  available, call or write:

: FILTERS with current ratings FILTER CONCEPTS INC.
smooth shock absorption without **hitting bottom."
| up to 100 amps 2624 S. Rousselle St.
Don't take chances—get the DARNELL Difference! ‘ Santa Ana, CA 92707
@ PERFORMANCE PROVEN 7
. (714) 545-7003
with OEM and CUSTOM
DARNELL
supplies
CASTERS AND WHEELS
12000 Woodruff Avenue, Downey.é())/(—\) 90224;525 E FIJ'ER
(213) 923-9373 * OUTSIDE CALIFORNIA ( ) 421-
Branch Warehouse IR MEPTS INC.
1962 University Lane, Lisle, IL 60532 —_—
(312) 964-1500 * OUTSIDE ILLINOIS (800) 323-1095
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RCA has true low-power
drop-in replacements for LSTTL.

97 High speed CMOS types:

HC/HCT10  Triple3-InputNAND Gate

" HC/HCT366"  Hex Buffer/Line Driver; 3-State; Inverting

HCT533*  Octal Transparent Latch; 3-State; Inverting

QMOS blasts LSTTL. Shipping in volume, now.

If you're an LSTTL user, your quickest route to Most suppliers who have announced HCT products
CMOS power savings at LSTTL speeds is switching to have yetto ship in volume. RCA, onthe other hand, is
HCT types of high speed CMOS logic. shipping production quantities and we've increased our

HCT types are drop-in replacements for LSTTL. You QMOS capacity by 100% in the past six months!
get big power savings and better noise immunity, with- High-Rel QMOS, too.
out redesigning. RCA will soon introduce High-Rel QMOS devices to

True low-power LSTTL replacements. MIL Spec 883 Class B.

Only RCA's unique input circuitry produces TTL
compatibility without resorting to the use of a pull-up res-
istor. And pull-up resistors increase power consumption.

Philips N.V.is an alternate source for RCA QMOS
Call: Hamburg, 49-4106-6130; London, 44-03-2785511; Paris, 33-3-946-5656; Hong Kong, 8-52-3-723-6339; Sao Paulo, 55-11-210-4033.



And we’re shipping them now.

Available now from RCA.

HC/HCT40104* 4-Bit Bidirectional Universal Shift Register; 3-State

© HC4024 7-Stage Binary Ripple Counter

H1 Qad2-|nputMultipexer; Inverting
HC/HCT251 TR

HC/HCT54 4- to-16-Lme Decoder/DemuItlplexerwnth Input Latches

HC/HCT4515  4-to- tip Input Latches

*Types with a bus driver output stage.

Let’s form a true-CMOS relationship.

Don't settle for high speed CMOS HCT without true-
CMOS advantages. And when you're ready to redesign,
or if you have an all-CMOS system now, RCA can intro-
duce you to our broad line of HC high-speed CMOS
components.

Don’t wait to redesign. Drop-in HCT today.

Let QMOS drop-in replacements for LSTTL help
you blast your competition, too.

Callyour local RCA sales office or your RCA distrib-
utor today.

Or call toll-free (800) 526-2177.

Changing to serve you better.
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Photo by Pete Turner, NYC

Mail to: RCA Solid State, Box 2900, Somerville, NJ 08876
0 Please send me the following samples (maximum 2):

O Please send me data sheets on the following RCA QMOS types:

Application

Estimated annual usage
Name Title
Company
Address
City/State/Zip




Finally, a cure for
data acquisition and control problems

forVAX and PDP11. . S

We're pleased
to offer a real break-
through.

Data Transla-
tion’s single board
UNIBUS™ analog I/0
products have arrived.

With a bit-slice proces-

sor and FIFO memory
they operate on DEC’s
VAX and PDP-11 series
and can replace the DEC™
LPA-11IK.™

This new UNIBUS series offers the software tools
for data acquisition that you've been waiting for. UNIX,
VMS and RSX libraries support all the analog and digital
functions on-board. Like 250 kHz A/D, D/A, digital I/0 and
areal time clock.

The DT1771 Series also includes microcoded features
like histogramming, signal averaging, and pre- and post-
gate sampling. All of which have never been available in
board level products before.

So whether you're working in labo-
ratory research or industrial control,
call us.

We'll cure your problems and
have you up and running in no time.

Call (617) 481-3700

See our new 576 pg.
catalog/handbook in Gold Book /
1985. Or call for your personal

copy today. & N o s/ s é‘? g &
) > S & S S~ S .§\Q s
N N & &
DT 8Dl 4 Programmable Gain, 12 bit 250 Yes 16 Yes

Signal Averaging,
Histogramming,
pre/post gate sampling

DT1777 4DI 4 Signal Averaging, 16 bit 100 Yes 16 Yes
Histogramming, pre/
post gate sampling

DT1778 4SE 4 | Simultaneous 12 bit 100 Yes 16 Yes
measurements, Signal
Averaging, Histogramming,
pre/post gate sampling

DATA TRANSLATION

World Headquarters: Data Translation, Inc., 100 Locke Dr., Marlboro, MA 01752 (617) 481-3700 Tix 951 646.
European Headquarters: Data Translation, Ltd., 430 Bath Rd., Slough, Berkshire SLI 6BB England (06286) 3412 Tix 849 862

In Canada: (416) 625-1907. VAX, PDP-11, UNIBUS, DEC, and LPA-11K are registered trademarks of Digital Equipment Corp.
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CONFERENCE PREVIEW

ICCD will heat up
with gallium arsenide,
Al, and supercomputers

The International Conference on Computer
Design will take a close look at the crucial
issues affecting VLS| in computers.

allium arsenide de-
vices may hold out the
promise of blazing

speed and extremely low pow-
er consumption, but they still
have a long road to travel be-
fore they pose any threat to
silicon as the primary VLSI
technology. That is just one of
the beliefs revealed at this
year’s International Confer-
ence on Computer Design.

The gathering, whose
theme is VLSI in computers,
will examine many of the crit-
ical aspects related to that
subject. The move to artificial
intelligence to simplify CAD
will also be of great concern,
as will the fifth-generation
supercomputers that are
achieving breathtaking
speeds by working with
specialized vector-processing
architectures. The meeting
will be held in Rye, N.Y., on
Oct. 8-12.

GaAsisemerging as a
high-speed, low-power mate-
rial that may eventually over-
take silicon. At its present
stage of development, though,
it is not ready to step into its
predecessor’s shoes.

One of the chief obstacles in

Mark Brownstein

gallium arsenide’s path is the
difficulty involved in de-
signing large-scale arrays
that are of comparable com-
plexity to those built with sili-
con. The largest integration
thus far reported is a 4-kbit
static RAM that employs
about 25,000 active devices.
Production problems have
also blocked progressin GaAs
technology. Interestingly, im-
proving production controls
yields little increase in the
percentage of good chipsin
any run. As the Defense Ad-
vanced Research Projects

Agency notes, random defects
are a major stumbling block
in GaAsfabrication.

According to DARPA, the
reason for the shortfall is that
GaAs manufacturing facili-
ties are not operated at the
level of their silicon counter-
parts. Once equally tight con-
trols over factors such as
particle contamination are in
place and rigorous schedules
and substantial throughput
are instituted, yields should
begin to improve. Further, it
is hypothesized that once
these steps are taken, a
learning curve—similar to
that of silicon will be seen
with GaAs.

Although companies are
pushing for GaAs integration
on a scale comparable with
that of silicon, it may be more
fruitful to treat GaAs chips as
a separate class of processors
rather than as a potential re-
placement for silicon. Over
the short term, GaAs devices
will not approach the com-
plexity of silicon, so more ICs

Unrepeated operation

|

Repeated operation

Unvectorizable code

L
il a4
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Processing time
required by general-
purpose processor

Processing time
required by T—Tx :I
vector processor

Scalar processing
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-
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Vector processing

Vector processing—as implemented in the
Japanese supercomputers—dramatically reduces
the time needed to handle vectorized variables. T
represents the time required for program imple-
mentation by a scalar processor; Ty the time for
execution of the vectorized calculation. As can be
seen, no advantage is realized in the time re-

quired for scalar processing.
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will have todo the job handled
by a silicon processor.

GaAs shines in settings
where speed is the primary
concern, like video pro-
cessing, data encryption, and
biomedical applications
requiring transient event
detection. It is even more
valuable when high speed
must hook up with low power
consumption.

As is evident at ICCD ‘84,
CAD will be among the pri-
mary tools for future VLSI
circuitry. With the increasing
intricacy of circuits, plus the
complexity of design tools, de-
sign data itself will become
increasingly complicated.
Hence, a language will be
needed to simplify specifying
component features and chip
performance.

Speak my language

One approach to the issue
of languages breaks them into
two areas: a design language
that permits an engineer to
communicate with design
tools and a description lan-
guage that allows efficient ex-
changestobe made among de-
sign centers—located in the
same company or at different
ones. That tack led IBM Corp.
(Manassas, Va.) to help form
a subcommittee of the IEEE
Design Automation Tech-
nical Committee. Its charter
is todevelop requirements for
industry-standard design-
automation languages.

The problem of standardiz-
ing design languages is
thrown into sharp relief as
various languages emerge.
One, jointly developed by Tek-
tronix Ine. (Beaverton, Ore.)
and National Semiconductor

76 Electronic Design « October 4, 1984

Corp. (Santa Clara, Calif.), is
known as the Electronic
Design Interface Format.
EDIF targets gate-array and
semicustom ICs. It derives
from a number of earlier lan-
guages, including the Com-
mon Interchange Description
Format and the Gate Array
Interface Language. EDIF al-
ready has the backing of
many of the major design and
silicon manufacturing com-
panies, including Daisy
Systems Inc., Motorola Inc.,
and Texas Instruments Inc.
With that kind of support, the
industry may ultimately see
the evolution of more than
one “standard.”

Nothing artificial about it

Artificial intelligence is
emerging as a key concern in
CAD. Its immediate goals are
to furnish a user-friendly in-
terface, on-line tutorials, and
help facilities. Ultimately, Al
may be able to produce a cir-
cuit design once a user feeds
all the needed specifications
into a system.

One aspect of artificial in-
telligence is the creation of
knowledge-based systems.
Work is currently under way
at Southern Methodist Uni-
versity (Dallas) on a knowl-
edge-based expert system,
dubbed KBES, that will serve
three roles—floor planner,
cell librarian, and cell compo-
sition architect.

Based on design parame-
ters, the first tool develops a
high-level plan of a chip lay-
out. The system breaks a chip
into a number of design re-
gions, or functional blocks,
that can be integrated into
the larger design.

The cell librarian serves as
a data base containing VLSI
design cells. The library is
functionally independent and
free to carry out certain log-
ical operations. Once devel-
oped, a floor plan can be filled
in by cells stored in the li-
brary that most closely match
particular requirements.

On the eastern front

A great deal of attention
has been given to Japan’s so-
called supercomputers. These
machines are aiming at a per-
formance of about 10 billion
floating-point operations/s.
Currently, the fastest com-
puter is the S-810, from Hi-
tachi Ltd. (Kokubunji), which
is capable of performing 630
million floating-point opera-
tions/s. Another entry, the
SX-2is expected sometime
soon, from NEC Corp.
(Tokyo), and will run at
roughly 1.3 billion floating-
point operations/s.

Such speeds are obtained
by using sophisticated archi-
tectures that primarily en-
hance a computer’s ability to
process vectors (see the fig-
ure). In general, high vector
performance is achieved by
using a number of pipelined
ALUs operating in parallel.
In addition, the effective ap-
plication of main storage and
buffers ensures the rapid
transfer of data.

Additionally, ICCD ’84 will
explore other areas of inter-
est, including logic simula-
tion, systolic arrays, gate-
array layouts, and machine
architecure. Finally, empha-
sis will be placed on wafer-
scale technology and parallel
processing.00



New high-speed CMOS
multiplier/accumulators
(Bipolar speed at %o the power).

You've been asking for them, but only
TRW, the world leader in high-speed
multiplier/accumulators delivers what
you want at a reasonable price. Using our
2-micron state-of-the-art CMOS process,
we’ve produced the first commercially-
available CMOS 16-bit, 12-bit and 8-bit
MAC:s with the same speeds at less than
one-tenth the power of our industry standard
Bipolar equivalents. Look at the chart
below and check the guaranteed perfor-
mance specifications!

And they're pin-compatible with

TRW industry standard Bipolar MACs.

These new high-speed, low-power CMOS
MAC:s are pin-and-function replacements

for equivalent Bipolar devices—just plug
them into existing sockets and the only
difference you’ll notice is the saving

in power!

Use the new CMOS MAC: for all those
new applications where low power is
important—like portable, handheld and
airborne military equipment as well as
video, array, FFT or radar signal proces-

Guaranteed Performance (0—70 °C)

MULTIPLY-

PIN-

ACCUMULATE POWER COMPATIBLE
PART NO. RESOLUTION ACCUMULATION TIME DISSIPATION BIPOLAR PART PACKAGING*
TMC2010 16-bit 35-bit 160 ns See footnote |1 TDC1010 64-lead DIP or 68-pin contact
or leaded chip carriers
TMC2009 12-bit 27-bit 135 ns See footnote 1" TDC1009 64-lead DIP or 68-pin contact
or leaded chip carriers
TMC2008 8-bit 19-bit 100 ns See footnote 1! TDC1008 48-lead DIP or 68-pin contact

or leaded chip carriers

111 Worst case: Static dissipation 50 mW; dissipation changes approx. 50 mW/MHz.

“Visit us at WESCON #2400-2405 . . .”
CIRCLE 38

*All packages are pin-compatible with Bipolar equivalent.

sors, or micro/minicomputer arithmetic
accelerators.

TRW'’s new family of CMOS MACs carries
suprisingly low price tags, too.The U.S.
price in 1000s for the 16-bit TMC2010 is
just $166, with prices for the 12-bit and
8-bit versions in equally low multiples.

The new TMC2010 is available now
from Arrow Electronics, Hall Mark or
Hamilton/Avnet. (TMC2008, TMC2009
will be available shortly.)

For data sheets on our new family of
CMOS MAC:s, circle reader service card.
Or, for superfast information, call or write
our Literature Service Department:

LSI Products Division,

TRW Electronic Components Group,
P.O. Box 2472, La Jolla, CA 92038.
619.457.1000

In Europe, call or write:

TRW LSI Products,
Konrad-Celtis-Strasse 81,

8000 Muenchen 70,W. Germany,
089.7103.115

In the Orient, phone:
Hong Kong, 3.856199;
Tokyo, 03.461.5121; Taipei, 751.2062

©TRW Inc. 1984—TRS-4106

_?I -y
LSI Products Division
TRW Electronic Components Group
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Your Mentor now makes
design engineering
four steps faster.

The concept of Computer-Aided
Engineering has now reached its
logical and highly productive
conclusion:

A non-stop path from schematic
entry to debugged prototype hardware.
One that anticipates all your engineer-
ing needs and has the right tools
waiting every step of the way.

The Mentor Graphics IDEA 1000.

Capture schematics and

creativity as well.

With Mentor’s powerful graphics-
driven interface, the transition from
concept to symbolic circuitry has
never been faster.

And in addition to “flat”
schematics, the IDEA 1000 lets you
create an entire hierarchy of design
data. From function diagrams down
to transistors, you have a better
conceptual grasp of your design.

Save time and money
through simulation.

Mentor’s digital and analog circuit
simulators let you bypass much of

the expense and labor associated
with breadboard prototype circuitry.

These simulator tools simply access
the software version of your design
which resides in the IDEA 1000
system database. You head off most
hardware problems before they're
even physically realized.

Automate physical
layout tasks.

When you’re ready to take your
design to physical layout, Mentor’s
integrated tool set tracks right along
with you.

Our CADISYS gate array layout
tools deliver true state-of-the-art
performance. The entire gate array
layout process can be completely
automated from start to finish.

Use integrated
logic analysis.

Mentor Graphics completes the hard-
ware design cycle through MIDAS 7000,
a fully integrated logic analysis system.

The same Mentor workstation that
helped you produce your hardware

will now help you verify its function-
ality. You can even compare real-time
data acquisitions with earlier
simulation runs.

Your Mentor puts

it all together.

The IDEA 1000’s computerized and
integrated design environment is the
key to faster, better electronic
engineering. Contact us and we’ll
show you why.

CIRCLE 39

Menior

Mentor Graphics Corporation
8500 S.W. Creekside Place

Beaverton, OR 97005
(503) 626-7000

Mentor Graphics (U.K.) Ltd.

Phone: 0734-884888

Mentor Graphics (Deutschland) GmbH
Phone: 089/319-1003

Mentor Graphics Japan Co., Ltd.
Phone: (03) 989-7950




i’ Sprague Thick-Film Resistor Networks are being shipped with electrical defect levels
4 consistently below 100 parts per million (100 PPM AOQL¥*). Sprague was first to

. W \ B W/ 4 A & make resistor networks in single in-line and dual in-line
A ! ‘ )R A S ( | ( ) packages . . . and offers quallty unmatched by anyone in the
N ' industry. The bottom line of the 100 PPM story is dollars . . .
! % g [ k ]‘ " ) Pl,) W l and Sprague saves you a lot of them . For the full story, call
& c W 4 ! ® Gary Nielsen in Breakthrough Country at
603/883-5544. Write for Engineering Bulletins 7041D (SIPs) and 7042B (DIPs) to Technical Literature SPRAGUE
Service, Sprague Electric Company, 347 Marshall St., North Adams, Mass. 01247. UL 2 el

{

a Penn Central unit

*4verage Outgoing Quality Level CIRCLE 40
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Digital scopes will emerge
as the standard tools
for hardware designers

William G. Parzybok Jr.
Vice President and

General Manager
Design Systems Group
Hewlett-Packard Co.
Fort Collins, Colo.

scilloscope technology
has always been
driven by the mea-

surement needs of the user.
As William G. Parzybok Jr.
predicts, “If you could step
forward to the end of the de-
cade and look at a digital de-
signer’s bench, chances are
you're not going to see a
100-MHz analog oscilloscope.
In its place will be a sophisti-
cated digital scope.”

When working with high-
speed logic, for instance, an
engineer is concerned with
the very small differences in
time intervals between
signals that significantly af-
fect a circuit’s performance.
Because a digital scope uses a
crystal oscillator for its time
base, notes Parzybok, these
intervals can be measured
very accurately.

Another advantage that
digital instruments offer is
their ability to work with
what is known as negative
time. Parzybok explains: “In

Bob Milne

the digital world, if you're go-
ing to measure a signal, it’s
very important to know what
preceded it. If there’s a glitch
in the system, the designer
needs to look back in time and
see what happened.

“Besides that, narrow
pulses with low repetition
rates are pretty hard to catch
with an analog scope. With a
digital instrument the meas-
urement is easily made.”

This comparison, Parzybok

In his 16 years with HP, William
G. Parzybok Jr. held a host of
positions before being appointed
general manager of the com-
pany’s Electric Measurements
Group. That section’s 11 di-
visions account for roughly two-
thirds of HP’s instrument busi-
ness. He was promoted to his
current position earlier this year.

points out, illustrates a basic
difference between analog
and digital scopes. “In an ana-
log scope, the CRT itself is di-
rectly involved in the mea-
surement process. The CRT
on a digital oscilloscope, in
contrast, is simply a comput-
er graphics display.” Con-
sequently, the emphasis in
digital scopes has shifted
from the CRT tu front-end
technology.

“In the digital realm,” he
continues, “the pushison
for faster analog-to-digital
converters and speedier
memories.” Right now, in
fact, the a-d converter is one
of the limiting factors in the
performance of digital scopes.

Parzybok foresees break-
throughs that will affect the
front ends of digital instru-
ments. “A lot of work is being
done around the world in mi-
crowave semiconductors.”

Parzybok brings up an in-
teresting point concerning
digital scope profiles. “I think
it will be important to the de-
signer to access a large num-
ber of points easily without
moving probes all over the
place. In other words —
multiplexed probes.”

One question that always
comes up concerning digital
scopes is whether they will

Electronic Design - October 4, 1984 81



TECHNOLOGY NEWS

become part of a “universal”
instrument. Parzybok does
not think so, even though
their architecture (a-d con-
verter, memory, and display)
resembles that of spectrum
analyzers and data acquisi-
tion systems. “I think we're a

long way from realizing a uni-
versal instrument. You have
to optimize a piece of equip-
ment around what the user is
doing with it—for instance,
a-d performance and memory
speed. In the case of the scope,
it has to be tailored to digital

hardware design. “Equally
important,” he concludes,
“the trend is toward scopes
that work in harmony with
other instruments, like logic
analyzers, to form what will
be known as the complete
electronic workbench.”

Testing and servicing
suffer at the hands
of throwaway design methods

John Harnett

Director of Planning and
Development

TRW Inc.

Customer Service Division

Fairfield, N.J.

esigners and manu-
Dfacturers of high-tech-

nology products are
leaning toward the same
“throwaway” mentality as
consumer electronics manu-
facturers, who churn out
ever-new gadgetry to titillate
a fickle consumer. “Manu-
facturing is being driven to
least-cost design by the forces
of competition,” says John
Harnett. “Test and repair be-
yond the requirements of the
manufacturing line are often
omitted from designs—usual-
ly for cost reasons.”

There is a general move-
ment toward surface-mount-
ing techniques at the expense
of field engineering. OEMs

Carole Patton
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who integrate assemblies,
printed circuit boards, and
similar devices may be more
aware of servicing demands

John Harnett has come up with
some novel solutions to the
problem of repairing high-
technology devices. Before join-
ing TRW, he held a management
position with Singer. A graduate
of St. Peter’s College in New Jer-
sey, he also holds an MBA from
the University of Pennsylvania’s
Wharton School of Business.

than someone who walks into
his corner Computerland to
buy a personal computer —
but they have been unable to
influence manufacturers on
consumers’ behalf.

On the one hand, Harnett
notes, there have been some
great advances in both the
circuit density and reliability
of devices. Statistically, this
presents a strong case for
minimizing rarely used test
points, saving that space for
new features that appeal to
designers and users.

“But until the day arrives
when all the elements of a
computer are really manu-
factured at throwaway
prices,” he warns, “ignoring
these same test points and
sockets will take its toll in
user satisfaction.”

“Statistics don’t mean a lot
when the device that you own
fails,” he points out. “No mat-
ter how good the quality con-
trol,1in 10 systems manu-
factured this year will need



/ ’ll source any package you draw
ound our opto interrupter palrs.

MULTIPLES UNIDIRECTIONAL

FLANGED

REFLECTIVE ROTAVED

. FORMED LEADS

Standard Opto Interrupters/Slotted Couplers

Any slotted coupler shape you
visualize, we mold. If you can draw it,
we can source it.

Right around any combination of
the most compact, versatile IREDs and
photodetectors available today: the
MLED71 and MRD700 series.

Unique form, unequalled function.

Areal revolution in discrete motion-
sensing devices.

These low-profile, miniature, easy-
to-handle LEDs and detectors are side-
looking units with the lens molded
into the package affording a precise,
directional beam. The leads have built-
in standoffs for accurate, repeatable
positioning. With a simple, 90° bend,
they become top-looking devices. Or
leads can be bent and clipped to
virtually any configuration, including
pigtail additions. for specific needs.

* LED MLED71
o FFast PIN diode MRD721
e Standard transistor MRD701
e High gain Darlington MRD711
© 400V Triac driver MRD730
*200V SCR MRD740
e Schmitt trigger * MRD750

As discretes, MLED71/MRD700
units are ideal where space is too small
for a molded module, where volume
is too low to merit molding invest-
ments or where distance spacing
becomes the governing factor. They
can be spaced from zero to 20 milli-
meters apart —nearly one inch —for
wide flexibility of separation.

But where they really shine is as
non-contacting, no-arc, no-bounce
opto switches inside the custom mold
we do for you.

Flanged
OUTPUT FUNCTION T l I
TRANSISTOR MOC70T1
DARLINGTON MOC71TI
SCR MOC74T1
SCHMITT TRIGGER * MOC75T1

Because they fulfill more functions
than any other source, for applications
from tape drives and keyboards to
robotics and vending machines, in
exactly the package style, size and
shape you want. no matter what it is.

Plus, they're manufactured and
tested on high-speed, highly auto-
mated lines so you don’t have to worry
about slowdown or stoppage of your
production line once you've got it going.

Standards for lowest cost.
Off-the-shelf interrupters are also
available in standard, molded shapes:

Here's my custom package size and
application. Get moving, Motorola.

Unflanged Low-Profile Dual *
| B T "
MOC70U1 MOC70K1 MOC70W1
MOC71U1 MOC71W1
MOC74U1 MOC74W1
MOC75U1 MOC75K1 MOC75W1

At standard prices, ready-to-go into
a wide variety of motion-sensing
applications.

Plus the industry standard H21A1,2,3
and H22A1,2.3 series; and adaptations
of our highly-popular SCRs, newly-
designed Schmitt triggers, resistor
Darlingtons.

Draw on us for anything.

Draw us a picture. Then drop us
a line: Motorola Semiconductor
Products, Inc., P.O. Box 20912, Phoenix.
AZ 85035.

You get the idea and you get the idea.

@ MOTOROLA INC.

r-----------------1

TO: Motorola Semiconductor Products Inc., P.O. Box 20912, Phoenix, AZ 85036.

202ED100384

Title
Call me: (

ACTUAL SIZE
Address

City

Please send me information on Opto Interrupters.

Name

Company

= State ZIPs
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repair.” A system is also vul-
nerable in the field. “Any-
thing a user can get fingers
into or spill coffee on is sub-
ject to Murphy’s law.”
Repair time can be min-
imized by conscientious de-
sign. One example is the in-
clusion of self-test features
like diagnostic software. An-
other is inserting special indi-
cators to identify and isolate
hardware faults. Users are
much more likely to take
downtimein strideifitis min-
imal and quickly traced.
Designers must realize
that equipment needs to be
cleaned and serviced. To
speed repair time, service
points should be identified
and easily accessible. Stan-
dard quick-release and cap-

tive fasteners should be used
wherever possible and cables
should be specified in re-
movable sections.

“Many internal problems
would be avoided altogether if
cables were rerouted to
prevent pinching or sharp
bends,” Harnett says. All
parts should be designed for
maximum interchangeabili-
ty. Connectors should be
keyed to prevent improper
hookup, and a list of recom-
mended field spares—by
model —should be available
from the manufacturer.

Documentation should be
provided to help users load
and run diagnostic programs.
The user should also be told
what percentage of any
system is actually being

checked in that test. Piece
parts should be listed as well,
with unique or foreign-made
parts identified. The field
engineer must be told if a pro-
gram is standard or custom-
ized, he adds, and where and
how master programs are
stored.

“Even when available, doc-
umentation may not be in a
language that the U.S. manu-
facturer can understand, and
parts are often sourced near
the foreign plant for a partic-
ular manufacturing run.”

In the case of some mag-
netic devices, foreign sub-
assembly sourcing can make
finished devices literally
irreparable in the U.S. “It’s
a long way to Singapore for
components,” says Harnett.o

metallized

ETAL CASES)

STYLE CFR12
STYLE CFRO6
STYLE CFRO5
STYLE CFR02

WRITE FOR DATA

Q Box 627, Eatontown, N.J. 07724 = (201) 542-7880

polycarbonate

capacitors
OPL o MILC-55514

ESTABLISHED RELIABILITY SPEC FOR FIXED, PLASTIC, DIELECTHIC NON-

@electronic.
concepts, InC..

Low-priced printers

now with hardware clock

W 21 & 32 column dot matrix printers.

m Easy interface — 6 buffered input types.

® Optional clock prints time/date headers.

® Quiet thermal & electrosensitive models.
B Compact —just 3x7x6.

®m Affordable. OEM quantity discounts.
Send for complete specifications.

Digitec Corporation, 918 Woodley Road,
P.O. Box 458, Dayton, Ohio 45401-0458.

1-800-831-8722 (in Ohio 513-254-6251).
Telex: 310-687-4219.
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“Fine Line” Circuitry:
When You Need Conductors
Finer Than A Human Hair.

Miniaturization marches on. When round wire
became too heavy and bulky, flat cable and flex
circuitry were developed. Now, density requirements
can be too tough even for conventional flex cir-
cuitry. So that's where “Fine Line” takes over.

What it is. Circuitry, as shown above, with lines
and spaces of less than .010. Our current production
capabilities range down to .003. That's “Fine Line!’

Where it’s used. Satellite circuits, high-speed
computer interconnects, cryogenic infra-red detec-
tors, thermal imaging sights, mother board/daughter

board interconnects, test equipment, and much more.

We're ready to work with you. Call your nearest
Hughes rep, or phone us in Irvine. Our R&D people
are at your service. Our circuitry is as fine as it comes.
Today. The future? How about invisible conductors?

For more information phone Tony Piraino, 714-
660-5788. Or write Hughes Aircraft Company,
Connecting Devices Division, 17150 Von Karman
Avenue, Irvine, CA 92714. In Europe, Hughes
Microelectronics, Ltd., Clive House, 12-18 Queens
Road, Weybridge, Surrey KT13 9XD, England.

AIRCRAFT COMPANY

CONNECTING DEVICES DIVISION
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you know.. .=s

that you can build a portable, battery-operated computer
with built-in MODEM and LCD display that synthesizes speech
tells time, reads temperature, voltage, or MPH, drives your
printer, relay, or robot’s arm, times events, “sleeps” when it's
not in use, and, lives in your briefcase!

’

And you can get all the ICs from Hitachi.

« CMOS 4, 8, 16-Bit Microprocessors * CMOS Real Time Clock » CMOS Speech Synthesizers
* CMOS RAMs e CMOS Programmable Timers * CMOS Gate Arrays

* CMOS ROMs e CMOS Peripheral Interface ICs e CMOS A/D Converters

* CMOS EPROMs e CMOS LCD Drivers * CMOS Logic

* LCD Displays

If you're planning some new “dream” product design
(perhaps a computer that fits in a matchbox), give us a call.
We've been doing the “impossible” in CMOS for some time.

For more information about the CMOS Family, contact your
local Hitachi Representative or Distributor Sales Office.

FAST ACTION

To obtain product literature immediately,

CALL TOLL FREE
1-800-842-9000, Ext. 6809.
Ask for literature number 703.

HITACHI

A World Leader in Technology

Hitachi America, Ltd.

Semiconductor and IC Sales and Service Division
2210 O'Toole Avenue

San Jose, CA 95131

1-408/942-1500




INTERNATIONAL NEWSFRONT

Holographic ‘backplane’
aims to swell throughput
of multiprocessors

Replacing masses of switches with spatial
holograms may permit processors to
communicate at over 10'* bits/s.

urrently limited by
poor interconnection
schemes, multipro-

cessing promises to take off
with a holographic system
that will employ light beams
to transmit more than 10°
channels at 10°® bits/s. That
throughput far exceeds the
rates possible with massive
crossbar switches or hi-
erarchical architectures.

At Fraunhofer Gesell-
schaft (Karlsruhe, West Ger-
many ), Europe’s largest non-
profit organization for
applied research, scientists
want to connect all of a com-
puter’s processors and nodes
together with a holographic
system, dubbed Hololink.

Let there be light

In Hololink, spatial holo-
grams serve as a kind of back-
plane wiring system that re-
mains constant as long as the
computer configuration does
not change. Consequently, al-
though it is based on the con-
cept of holographic memo-
ries, Hololink does not depend

Max Schindler

92 Electronic Design + October 4, 1984

on the still unrealized ability
torewrite a spatial hologram.

In operation, signals origi-
nating in M data sources (e.g.,
processors) are sent to N data
sinks (e.g., nodes) over M XN
light-emitting diodes (see the
figure). The holographic coor-
dinator routes the light
beams to the same number of

photosensitive diodes distrib-
uted over the input devices.
Thanks to the high angular
resolution of spatial, or vol-
ume, holograms, more than
10° channels can be trans-
mitted, collision free, at 10®
bits/s. The resultant 10'*
bits/s far exceeds the band-
width of any electrical linking
system.

Although the bit streams
do not interfere, several
transmitters may wish to
simultaneously address the
same receiving node. The
researchers propose inserting
a communications processor
before each node to manage
input queues. Non-von-Neu-
mann architectures, opti-
mized for a Hololink network,
should eventually lead to still
higher efficiency.

Holographic
memory
with M X N
holograms

by —— 4
I
1

M X N
transmitting
diodes

M data sources

M X N receiving diodes

N data
sinks

(ORI RO OIAREROE RN 10

Spatial holograms will be used in a high-speed ‘back-
plane’, dubbed Hololink. They direct the beams from an
array of transmitting diodes, so they are routed to the

proper receivers.



TREASURES OF
THEDEAP

Discover the riches of Fujitsu Bipolar PROMs.

Many rewards come to those who explore the mysteries
of the DEAP.

Fujitsu's Diffused Eutectic Aluminum Process. Our exclu-
sive programming technology that produces bipolar PROMs
of outstanding reliability,access times and programming yields.

The secret of the DEAP lies beneath the surface. The die
surface. There below is where we program a Fujitsu PROM cell.

First, by applying a reverse current to the cell and heating the
appropriate junction to form an aluminum:-silicon eutectic. Which, in
turn, diffuses through the surface and shorts the junction.

It's simple. And much cleaner than blowing fuses on the die
surface like ordinary PROMs. Which not only contaminates the
passivation layer, but leads to “grow-back’’ Where blown fuses actually
reconnect and scuttle the entire circuit.

That's a danger you'll never encounter with Fujitsu PROMs. F UJ I TS U
They're reliable. With an average 97% programming yield. MICROELECTRONICS. INC.

And because DEAP lets us produce PROMs of greater density,
you enjoy the fastest access times around. For example, our 64K Technology that works.

PROM at 55 nanoseconds is the fastest in the industry: 3320 Scott Boulevard, Santa Clara, CA 95051 - 408/7271700

But one of the nicest discoveries about our bipolar PROMs is that
they're available in quantity. In densities from 2K to 64K.And in a
o e kages. ; FMI Sales Offices. Atlanta 404/449-8539. Austin 512/343-0320. Boston 617/964-7080

So don't wait. Call the nearest FMI sales office listed below. Chicago 312/885-1500. Dallas 214/669-1616. Houston 713/784-7111. Minneapolis
And say you're ready to take the plunge. 612/454-0323. New York 516/361-6565. No. Calif. 408/866-5600. S. Calif. 714/720-9688.

©1984 Fujitsu Microelectronics, Inc. DEAP is a trademark of Fujitsu.
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More Competitive

than Ever.

Our New Line of

Linear Power Su

pplies

Offers both Additional

international Features
and Additional Savings.

The Worldwide Series

f CRASSIC
| BESIGN

TN A | ibe\ 8

(VALUED STAMDARD))

We realize that sometimes you
need to spec power supplies for
products sold throughout the
world. And that other times
your spec calls out supplies for
domestic markets only.
Wouldn't it be nice if you
could specify the same quality
you've come to expect from
Standard Power linear supplies
to meet both domestic and inter-
national applications—and save
money in the bargain, too?
That's exactly what Standard
Power lets you do with our
SPW Series Worldwide linear
power supplies. We redesigned
our SLS Series supplies to meet

the safety standards you need
regardless of where your product
will be marketed. These standards
include VDE, UL, CSA, IEC and
those of other major agencies
around the world.

What's more, because of the
redesign, we reduced our com-
ponent and manufacturing costs
and passed these savings along
to you. So the SPW equivalent
of our original SLS Series power
supply costs you less and offers
you more.

Valuable features of our
SPW Series include worldwide
AC input capabilities of

100/120/220/230/240 volts,

line and load regulation of + .05
percent each, output ripple of
five millivolts peak-to-peak,
remote voltage sensing, over-
voltage protection on five-volt
outputs and inherently low
EMI/RFI noise levels.

Now you can spec Standard
Power linear supplies for ap-
plications worldwide and buy
them off-the-shelf from your
local distributor.

Send now for our latest power
supply catalog. Circle the reader
service number or write to us on
your letterhead.

STANDARD POWER Inc.

A SUBSIDIARY OF
Acme Electric Corporation

1400 So. Village Way ¢ P.0. Box 15447
Santa Ana, California 92705
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INTERNATIONA

L MEETINGS

Taiwan Electronics Show, Oct. 5-11.
Taipei Sungshan Airport, Taiwan. Chi-
na External Trade Development Coun-
cil, Taipei Sungshan Airport, Taiwan.

Computer Graphics ’84, Oct. 9-11.
Conference and Exhibition, London,
England. Online Conferences Ltd., Pin-
ner Green House, Ash Hill Drive, Pin-
ner, Middlesex HA5 2AE; (01) 868-4466.

Machine Intelligence ’84, Oct. 9-10.
Novotel London Hotel, Hammersmith,
England. Bob Tracy, Industrial & Trade
Fairs, Ltd., Radcliffe House, Blenheim
Court, Solihull, West Midlands B91
2BG; (01) 940-6065.

1984 APL users Meeting, Oct. 15-17.
Westin Hotel, Toronto, Canada.
Rosanne Wild, I. P. Sharp Associates
Ltd., 2 First Canadian Place, Suite 1900,
Toronto, Ont., Canada M5X 1E3; (416)
364-5361.

International Symposium on Elec-
tromagnetic Compatibility (EMC
’84), Oct. 16-18. Hotel Pacific, Tokyo,
Japan. Prof. Takagi, EMC ’84/Tokyo,
Tohoku University, Department of
Commerce, Sendai, Japan; 0222-22-1800,
ext. 4266.

Internepcon ’84, Oct. 16-18. Metropole
Exhibition Centre and Brighton Centre,
Brighton, England. Cahners Ex-
hibitions Ltd., Chatsworth House, 59
London Road, Twickenham, London
TW1 3SZ, England; (01) 891-5051.

Software Productivity, Oct. 22-24.
Kurhaus Hotel, Scheveningen, the
Netherlands. CAM-1, Newfoundland
House, Poole Quay, Poole, Dorset BH15
1HJ, England; (0202) 670717.

Orgatechnik Cologne, Oct. 25-30.
Cologne, West Germany. Messe- und
Ausstellungs-Ges.m.b.H, Koln, Post-
fach 21 07 60, 5000 Koln 21 (Deutz)
(0221) 821-2574.

Comdex/Europe, Oct. 29-Nov. 1. RAI
Congress and Exhibition Centre, Am-
sterdam, the Netherlands. The Inter-
face Group, 300 First Ave., Needham,
Mass. 02194; (617) 449-6600 or
Riverstaete, Amsteldijk 166, PO Box
7000,1007 MA, Amsterdam, the Nether-
lands; (31) 20 460201.

Fairex ’84, Oct. 29-Nov. 2. RAI Ex-
hibition Centre, Amsterdam, the Ne-
therlands. RAI Gebouw bv., Euro-
paplein, 1078 GZ Amsterdam, the Neth-
erlands; (0) 20-5411 411.

International Conference on com-
puter Communication, Oct. 30-Nov.
2. Sidney, Australia. P. Davidson, ICCC
'84, GPO Box 2367, Sydney, NSW 1001,
Australia.

International Test and Measurement
Exhibition and Conference ’84
(ITAME), Oct. 30-Nov. 1. Olympia 2,
London, England. Network Events Ltd.,
Printer Mews, Market Hill, Buck-
ingham MDI18 1JX, England; (0280)
815226.

London Sensors ’84, Oct. 30-Nov. 1.
Wembley Conference Centre, London,
England. Trident International Ex-
hibitions Ltd., 21 Plymouth Road,
Tavistock, Devon PL19 8AU; 0822 4671.

Custom Electronics and Design
Techniques Show, Nov. 6-8. Heath-
row Penta Hotel, London, England.
Prodex Ltd., 79 High St., Turnbridge
Wells, Kent, England TN1 1XZ; (0892)
39664.

DAK/DAP ’84, Nov. 6-9. Info-Rama
Centre, Sandvika, Norway. Tor Rustad,
Messebyraet AS. Sandviksvn. 184, Info-
Rama. Postboks 530, N-1301 Sandvika;
02-39 27 04.

Ergodesign ’84, Nov. 6-9. Montreaux,
Switzerland. Ergodesign '84, PO Box
122, CH-1820 Montreaux, Switzerland.
(021) 63 48 48.

5th Generation Computer Systems,
Nov. 6-9. Tokyo, Japan. FGCS 84, In-
stitute for New Generation Computer
Technology, Mita Kokusai Bldg., 21F,
1-4-28 Mita, Minato-ku, Tokyo 108
Japan; 03-456-3195.

Computer Peripheral and Small
Computer Systems (Compec), Nov.
13-16. Olympia, London, England. Reed
Exhibitions, Surrey House, 1 Throwley
Way, Sutton, Surrey, England; (01)
643-8040.
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widebana

spst, spdt
switches

1010 2500 MHz
only $299 (.24

IN STOCK...IMMEDIATE DELIVERY

* rugged construction;
pin-diode chips
on thick-film substrate

e only 5v control signal for 1w sec
switching

¢ 50 ohm matched in “open” state,
SPST only

e low insertion loss, <2 dB typ.
* highisolation, >30 dB typ.

* hermetically-sealed to meet
MIL-STD-202

e one-year guarantee

SPECIFICATIONS FOR
PSW-1111 (SPST)and PSW-1211 (SPDT)

FREQUENCY RANGE 10-2500 MHz
INSERTION LOSS
10-2000 MHz 1.7 dB max.
2000-2500 MHz 2.7 dB max.
ISOLATION
10-500 MHz 40 dB min.
500-1000 MHz 30 dB min.
1000-2000 MHz 25 dB min.
2000-2500 MHz 22 dB min.
SWR 1.5 max. (‘on" state)
SWITCHING SPEED 1w sec. (max.)
MAXIMUM RF INPUT +20 dBm
CONTROL +5V (5 mA max.)

OPERATING TEMPERATURE —-54°C to +100°C
STORAGE TEMPERATURE  —54°C to +100°C

PRICE (6-24)
PSW1111  $29.95
PSW1211  $29.95

Call or write for free 64-pg. catalog

s = = -
L JMini-Circuits
A Division of Scientific Components Corporation

World's largest manufacturer of Double Balanced Mixers

P.0. Box 166, B'klyn, N.Y. 11235 (718) 934-4500

C102-3REV. ORIG
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We just tripled ours

Each is a superb systems designer.
With a head full of up-to-date informa-
tion and a pair of hands full of detailed
documentation on all the emerging
semiconductor technologies used in
our latest product introductions.

They join what was already the
industry’s largest design-skilled semi-
conductor field force.

To serve you better. Faster. With the
innovative silicon solutions for your
unique systems products.
All-technology specialists.

Their combined expertise covers the
broadest spectrum of advanced inte-
grated circuit and discrete semicon-
ductor technologies. From advanced
HCMOS 32-bit microprocessors to
single-chip integrated-circuit logic/
discrete-power devices.

And everything in between.

Not just high technology, but all
technology, combined with years of
shirtsleeves experience in advising
designers on its application.

OIC

aft of semi

Offering local, face-to-face

technical assistance.

They'll come right to you, talking
engineer to engineer, to discuss state-
of-the-art technologies. The advanced
building-block, semiconductor tech-
nologies which could vault your
next systems design into the next-
generation category.

And possibly, with your special
touch, positioned well ahead of your
competitors’ products.



Call us on it.

Pick up your phone between 9 AM
East Coast and 5 PM West Coast time.
Dial 1-800-521-6274, toll free. Talk to
our specialists. They'll discuss your

1-800-521-6274

applications and get you in touch with
the best qualified individual in the
semiconductor technologies and prod-
ucts that meet your design’s price/
performance requirements.

Then, we’ll unleash one or more of
our in-the-field design experts to con-

conductor FAEs. Ones near you.

*Field Applications Engineers

tinue the discussion of your product-
development opportunities in depth.

In person.

Wait'll you hear what we have in
store for your new design. Be it in
voice/data communication, office or
factory automation, entertainment
equipment or any electronics-driven
product, we’ll work with you at any
level of chip, board or box integration
through the industry’s premier techni-
cal field organization.

A Motorola semiconductor field
applications engineer is in the right
location with the right expertise to
help you.

Call us on it. One call. One source.
For all your semi-
conductor needs. '\ ,
Motorola V\% re
Semiconductor
Products Inc.
P.O. Box 20912
Phoenix, AZ
85036.

@ MOTOROLA



We can give you at least five
good reasons to talk to us

about sensors.

Five of the best reasons to talk to us
about sensors are the different functional types we
offer. That means you can work with one company
for all your needs whether it’s a product to sense
the position of an object, or to measure pressure,
temperature, current or airflow.

We can talk to you about the industry’s
widest variety of electromechanical and solid state
position sensors— from industry standard basics
and limit switches to photoelectric, proximity and
Hall effect sensors.

We can supply pressure sensors in abso-
lute, differential and gage measurement types, with
custom packaging available. Or, there are low-cost
temperature sensors that deliver high performance

while measuring air, liquid or surface temperature.
We have current sensors offering both digital and
linear output, all with through-hole design to
provide input/output isolation. And, new air flow
sensors to deliver consistent, accurate perform-
ance with fast response.

With so many options within each type,
you can be assured of getting the best sensor for the
job—at the right price. You pay only for the features
you need. You'll find there’sa MICRO SWITCH
sensor for use almost anywhere you can imagine,
from the outer reaches of space to the inner
workings of an artificial heart.

All important reasons to talk to us about
sensors. But they aren’t the only ones.

You see, if we can’t provide the sensor
you need off the shelf, chances are we can make it.
And we will. Our customization capabilities are



nearly infinite, with our extensive in-house test
lab and production capabilities. Plus access to
Honeywell’s technological resources.

We can help you put these products to
work with our in-depth application experience.
You get our national network of factory-trained
field engineers and Authorized Distributors. There
aren’t many questions they haven’t been asked.
And answered. That’s why we're known as the
Sensor Consultants.

Then there’s the added value of
MICRO SWITCH distribution. It’s virtually world-
wide, with over 350 Authorized Distributors in the
United States alone.

And finally, there’s the level of quality
that’s made MICRO SWITCH products the
industry standards for over 50 years. It’s the kind of
tradition that’s inherent and evident in everything

we make, in every solution we help provide.

So if the five different functional types
of sensors we offer aren’t quite enough to convince
you to talk to us, just ask for more. Our list of
innovations is growing all the time.

For more information on any of our
sensors, or how we can work with you to answer a
specific application question, contact the Sensor
Consultants at MICRO SWITCH. For the location
of a sales office or Authorized Distributor near
you, call us at 815-235-6600. Or write MICRO
SWITCH, Freeport, IL 61032.
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iMore bang
for your bus.

Leave it to Plessey Microsystems to
help you stretch the capabilities and
reliability of the VERSAbus* System.
You can do it two ways. With our
new PSM 1VA dynamic 1 Mbyte EDC
RAM. Or with our even newer PSM
1VP 1 Mbyte Parity RAM. Either way,
here’s what you get:

¢ | Mbyte on a single card to save
you slots in your system

32-bit structure

512K or 256K versions

low operating power requirements
error status reporting

user definable mode response
single bit error detection

e fast access time

® bus parity support

e |2 month warranty

® and more...

PSM 1VA dynamic EDC

1024K x 8-bit VERSAbus Memory.

By meeting the full requirements of
VERSAbus Spec M68KVBS(D4),
these new Plessey memories support
data transfers of byte, word and
longword width, assuring full com-
patibility with the future 32-bit
version of the MC68000.

High immunity from system failures is
assured by support of the bus parity
function, in which address and data
parity is checked and data parity is
generated, if requested.

With our supersmart PSM 1VA EDC
Memory you also get single bit error
correction and detection to assure
complete data integrity, as well as
multi-bit error detection. Error detec-
tion and correction are performed on
the full 32-bit word (7 check bits are
appended internally). A variety of
options lets you make use of the

interrupt system the way you want
to in the event of an EDC circuit
correction operation.

If you've chosen the VERSADus for its
high reliability features, you now
have two high reliability memories to
support those features. The Plessey
PSM 1VA dynamic EDC and PSM 1VP
dynamic Parity RAMs. Both double
sourced here and in Europe by the
leader in large scale memories for
16-bit super micros. For details and
specs, call toll-free or write today ...
and get a lot more bang for your bus.
Plessey Microsystems, Inc.,

451 Hungerford Drive, Rockville, MD
20850. (301) 279-2892 or

(800) 368-2738.

* ™ Motorola.

PSM TVP dynamic Parity
1024K x 8-bit VERSAbus Memory.

PLESSEY

. MICROSYSTEMS
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THE PLOY IS BACK! A price deal

so good you have to call for details.

R



Draw Your Way to the Top

PC-Draw Will Increase Your Olffice Productivity.
And Upward Mobility.

magine. You now have the capability to graphically

depict your best ideas, plans, designs and proposals. In
color or black & white. Accurately. Completely. Dramati-
cally. Concepts presented so forcefully—yet so simply —

that you leave that critical meeting
with upper management.. . totally
confident of success.

And you win. Your secret 10 DAY
weapon? PC-Draw. A powerful in- TRIAL
teractive graphics program for the PERIOD
IBM PC or XT™ —unlike anything
else on the market. Using PC-Draw
you create virtually anything that can
be drawn with pencil and paper. Quick-
ly. Easily. With far greater detail.

PC-Draw is ideal for presentation graphics, proposals,

systems design, forms, diagrams...and an endless variety
of charts, graphs and illustrations. PC-Draw allows you to
produce drawings up to 99 pages long. Several templates
come with PC-Draw including Flowcharting, Electrical
Design, Office Layout, and Alternate Text. In addition
you create and store your own unlimited supply of user
defined symbols.

PC-Draw includes an easy-to-follow interactive tuto-
rial. Requires IBM PC or XT™ or compatible, graphics
adapter and graphics monitor. Version for PCjr available.
Graphic boards, plotters at competitive prices.

Shhh! Don’t tell your office competition about PC-Draw.
They’ll catch on soon enough. For free brochure or to
order call 800/2PC-DRAW. In Texas or for customer
service call 214/234-1769. Micrografx, Inc., 1701 N.
Greenville Ave., Suite 305, Richardson, Texas 7508]1.

MICROGRAFX

(Most popular plotters and printers supported.)

The Picture of Success.
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The great takeover:

CMOS catches NMOS,
prepares fo move on

Thanks fo its low power
consumption, CMOS

has come of age —
realizing circuit densities
too hot for the others

to handle. The fechnology
may also prove faster
than NMOS because of
ifs density.

Mike Riezenman




CMOS is taking over. Exactly when and
exactly how the use of complementary
pairs of NMOS and PMOS fransistors will
become the dominant IC technology is
tough to say, but there is no doubt that the
mainstream approach for both analog and
digital infegrated circuits over the short-
and medium-term is CMOS.

Although much has been wriften about
why CMOS will take over, it all boils down to
one main fact: CMOS uses very little power.
In fact, it is almost true that digital CMOS
circuitry uses no power at all except when
changing states. The imporfance of low
power consumption is obvious in the de-
sign of battery-operated portable equip-
ment. It is just as meaningful, although not
quite as apparent, in the design of almost
everything else.

Briefly, IC fabrication techniques have
reached the point where it is possible to
squeeze several hundred thousand fran-
sistors onto a chip. Bipolar and NMOS
chips with that many active devices dissi-

pate several watts of power, which rules out
housing them in inexpensive plastic pack-
ages and necessitates going with expen-
sive ceramics (see the figure). CMOS chips
of equivalent complexity, though, may only
consume 500 mW — a comfortable level
for many low-cost packages. Moreover, as
chip complexity contfinues to rise, even
standard ceramic packages will prove in-
adequate, leaving CMOS as the only eco-
nomically sensible alternative.

Actually, at least for digital CMOS, power
consumption depends on the frequency af
which the circuit operates — the lower the
frequency, the lower the power.

As a result of the relationship between
power consumption and frequency, manu-
facturers tend fo minimize operating fre-
quencies whenever they can. In a real-time
clock, forexample, a time base of about 32
kHz is offen used to keep the active power
consumption fo just a few microwatts.

Even a complex circuit like a micropro-
cessor with a multimegahertz oscillafor is



greatly helped by the power-frequency rela-
tionship of CMOS. Typically, only 10% fo
20% of the circuitry switches at the max-
imum rate. The rest operates much more
slowly and therefore consumes much less
power than its NMOS counterpart.

On the face of it, CMOS circuits seem to
have no speed advantage over NMOS de-
vices. On the contrary, they would seem to
be slower. That is frue, however, if only the
individual delays of each CMOS device are
considered. From a system’s viewpoint,
though, the fact that more circuitry can be
crammed onto a single chip is more impor-
tant. Why? Fewer signals have to leave one
chip for another, thus eliminating delays due
to signal buffering and propagation along
many feet of board and system wiring.

To kick off our celebration of CMOS, this
special issue begins with a pair of Tech-
nology Reports, one on digital circuitry, the
other on analog. These reports focus in on
the fechnological barriers that are keeping
CMOS from reaching its potential and dis-
cuss what various manufacturers around
the world are doing to overcome them.

Twin-well processes, which allow the in-
dividual p- and n-channel devices to be
optimized independently of each other, are
a major trend, as is the use of refractory-
metal gates. These are made of such met-
als as fungsten and molybdenum and
combine the advanfages of conventional
aluminum-gate fechnology with that of sil-
icon gates — namely, low resistance and
the ability to withstand high-temperature
processing. The result: self-aligned metal-
gate structures with the unique combina-
tion of low resistance, high density, and
low parasitic capacitance.

To get a personal perspective on the fu-




ture of CMOS and of CMOS-based products,
our fechnology package includes inter-
views with a dozen movers and shakers in
the world of CMOS, some of whom have
been there since the early days. Although
these people all agree on the great impor-
tance of CMOS technology, their beliefs are
not based on identical reasoning. Some em-
phasize its low power consumption, some
Its excellent noise immunity, and others its
ability fo easily integrate analog and digital
functions on one chip. Some talk about its
applicability fo memories, some to data
converters, and some fo the booming area
of telecommunications. They do hold one
thing in common, however: important as it
already is, CMOS will be even more impor-
tant just a short way down the road.
Rounding out our CMOS special is a
collection of six Design Entries, each of
which introduces a new CMOS product.
These include both analog and digital de-
vices and both mixed and straight CMOS

As circuit complexity increases, NMOS power
consumption rises to levels that will eventually
prevent further growth. In contrast, CMOS power
consumption increases only slightly as chip size
increases.

circuits. They range from a clock controller
to a digital signal processor and from an
analog switch to a stafic RAM.

The controller enhances the attrac-
tiveness of static CMOS systems by supply-
ing three operating modes: slow, stop
clock, and stop oscillator and clock. These
allow system designers to fake advantage
of CMOS's power-frequency relationship to
save power by either slowing down or shut-
ting down selected portions of their cir-
cuitry. The fechnique is, of course, only
applicable to static circuitry, which can op-
erate down to dc without losing data.

The second article describes a dual dou-
ble-pole, double-throw analog switch that
cdan be employed fo implement switched-
capacitor circuits. Combined with an ap-
propriate pair of capacitors, it can convert
an ordinary op amp info a precision instru-
mentation amplifier.

Next comes a very fast digital signal
processor aimed at robotics. If is speedy
enough to enhance images and recognize
objects in real fime.

Our fourth entry is a 16-bit multiplier-
accumulator built using 1.25-pm design
rules. The 100-ns device consumes just
400 mW.

Following the multiplier is a microcon-
troller with three timers, a serial /0 port,
and numerous parallel ports. The part
demonstrates that no bells and whistles
must be given up in order fo reap the bene-
fits of CMOS.

Finally, the mixed-technology 64-k static
RAM uses NMOS memory cells along with
CMOS peripheral circuitry to cut power con-
sumption without giving up speed. Orga-
nized as 16k-by-4 bits, the RAM boasts a
35-ns access time and a 55-ns cycle fime.
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- Before reaching its
potential, CMOS faces
some thorny problems

None can deny the impact
that CMOS technology
has had on digital
designs. But how well

it can strengthen

its foothold depends on
solutions to latch-up,
device isolation, and
limited interconnections.

Dave Bursky




Over the past years digital CMOS technologies
have emerged that now rival the perform-
ance and density of NMOS-only fabrication
processes. But while NMOS now faces a heat-
dissipation barrier that may limit its future den-
sity growth, CMOS jumps right over that obsta-
cle — thanks to its low power consumption. As
a result, CMOS circuits like 256-kbit dynamic
and static RAMs, 16- and some 32-bit micro-
processors, and random logic circuits with
10,000 gates are making their debut.

So confident are manufacturers that the tech-
nology will dominate the digital logic arena that
many have stated for the record that they
plan no more NMOS-only circuits. Future de-
signs will be either all-CMOS or mixed-MOS, in
which CMOS circuits are sprinkled strategically
(in the higher-power portions of the circuitry)
throughout a mostly NMOS design.

Yet, even in the bright land of CMOS, all is not
perfect. Some problems remain to be solved.
« The fundamental nature of CMOS circuitry —
a combination of n- and p-channel transistors
— means that the manufacturing process is

less than optimum for one of those device
types.

« Latch-up, the unwanted triggering of intrinsic
pnpn structures, must be dealt with.

* Inadequate isolation of adjacent devices
threatens fo worsen as densities climb.

« The output current-drive capability of a CMOS
circuit is often insufficient when compared with
that of NMOS and especially bipolar devices.
« Higher densities demand greater numbers of
interconnections. The ability fo wire together
the devices on a chip will supplant the concern
with fitting all the devices onto the chip.

Of course, these difficulties must be sur-
mounted if CMOS is to fulfill its promise of being
the mainstream digital technology of the late
1980s. Already, many laboratories around the
world are addressing those problems, with
twin-well designs responding to fransistor op-
timization and with epitaxial layers on wafers
and retrograde well structures tackling the
issue of latch-up. Various forms of silicon-
on-insulafor and trench isolation — teamed with
a finer-line lithography — are cracking the
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problem of adjacent device isolation while el-
evating circuit density. The mixing of bipolar
and CMOS devices on one chip might well con-
quer the current-drive problem, and multiple
layers of metal seem to hold the key to inter-
connection limitations. Of course, all of the fab-
rication techniques developed for other elec-
tronic circuitry —step-and-repeat lithography,
electron-beam-generated masks, dry plasma
processing, and ion implantation—will find
new work as well.

Optimizing the process

The very definition of CMOS brings with it
the issue of fabricating both p- and n-channel
devices in the same substrate. Many CMOS pro-
cesses attempt to solve the attendant problems,
racking up both benefits and drawbacks, as
Aerospace Corp. (El Segundo, Calif.) discovered
when it evaluated most major structures (see
the table, below).

The oldest structure, referred to as bulk

CMOS Analog Technology

- How CMOS technologies stack up
Pr Radiation hardness
Circuit| simpli- Latch-| Tran-| Soft | Total

Generic features (density| city |Speed| up |sient |error|dose
Bulk

P well, metal

gate 1 3 2 1 1 1 3
P well, polysilicon

gate 2 2 1 1 1 2 1
P well, polysilicon

gate, oxide

isolated 3 2 2 1 1 2 1
N well, polysilicon

gate* 2 2 i 1 2 2 2
Twin-well,

polysilicon gate,

epitaxial* 1 1 2 2 3 3 2
Thin film
Silicon on

sapphire 3 3 3 3 3 3 2
Silicon on

insulator** 3 2 3 3 3 3 2

Approximate relative merit, 3 = high, 1 = low. Special designs strongly affect
merit values, particularly with regards to radiation hardness.

* Only one variant each of n-well and twin-well technologies is categorized; other
variants are similar to p-well variants.

** Still experimental; scores represent expectation.
Source: Aerospace Corp.
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CMOS (or p-well CMOS), consists of metal-gate
NMOS transistors, fabricated in p-doped wells,
along with matching metal-gate PMOS tran-
sistors created in the n-type substrate (Fig. la).

Since the late 1970s, though, for digital cir-
cuitry, silicon-gate processes have all but re-
placed the metal-gate CMOS structures, which
nevertheless are enjoying a rebirth of sorts (see
“Metal Gates Make a Comeback,” p. 108). Gen-
erally built with a self-aligned process, they are
scaled more easily than metal gates (Fig. 1b).
Whether using metal or silicon gates, p-well
CMOS circuits now dominate, enjoying the fa-
vor of more than a decade of designs.

Flipping the structures around, many com-
panies go with an n-well CMOS process, placing
NMOS transistors and n-doped wells into a p-
type substrate; within the wells lie PMOS de-
vices (Fig. 2a). The technique boasts high com-
patibility with most existing NMOS processes:
Since it requires just a couple of extra masking
steps, CMOS circuits can share most of the
NMOS fabrication line, as well as a good deal of
the processing advances applied to NMOS
structures.

Two tubs are better than one

In either the p- or the n-well CMOS process,
one transistor type is less than optimum be-
cause of tradeoffs made during fabrication. A
third method —called twin tub, twin well, or
dual well —optimizes both transistor types,
since it embeds precisely doped p and n wells in
an n-type substrate and then implants ions to
create the best doping for the drain and source
(Fig.2b). Twin-well processing is more complex
than the p- and n-well processes but pays off in
its greater immunity to alpha particles and its
better noise margins.

The strong immunity to alpha particle
strikes comes about because each transistor
sits in its own well, protected against electrons
that are being scattered by alpha hits elsewhere
on the chip. Similarly, having each device sit-
ting in its own well isolates the devices from
substrate noise.

Twin-well and n-well CMOS structures will
prevail for the next few years. Both structures
will benefit from their compatibility with exist-
ing, highly refined NMOS processes. Not only
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will they be dense as a result, they will be fast
too, lending themselves to building logic devices
and microprocessors with on-chip memory. The
twin-well structure, in particular, promises
extremely high packing densities, as it elimi-
nates the need for the oversized p-channel
devices that normally compensate for less-
than-optimum doping.

Many industry experts expect that the sep-
arate twin-well and n-well processes will merge
by the late 1980s. However, neither structure is
invulnerable to the failings of the older pro-
cesses—latch-up and device isolation remain
concerns.

Catching up with latch-up

With structures plunging below 2-um and de-
vices being squeezed closer together, the gain of
the incidental, between-the-well pnpn struc-
tures increases. Noise or unexpected voltage
transients can cause the pnpn structures to
turn on and stay on (latch), enabling large cur-
rents to flow and possibly burn out the circuit.

Minimizing the number and the gain of the
incidental devices can avoid latch-up. But it
may not be enough, especially when high volt-
ages are present on a chip’s I/0 lines or are
being generated on chip for programming
purposes, as in the case of EPROMs and
EEPROMs.

Several alternatives reduce the likelihood of
latch-up. One in particular forms retrograde
well structures using deep boron implants. In
the technique, developed by TRW Inc.’s LSI
Products Division (La Jolla, Calif.), boron
defines the regions for the n-channel transist-
ors and also serves as a field-isolation guard
band that minimizes leakage between tran-
sistors (ELECTRONIC DESIGN, Sept. 6,1984, p. 37).
Furthermore, the process cuts the current gain
of the pnpn structures by a factor of 10 com-
pared with conventional p-well processes.

Strong showing for epitaxial layers

As the strongest remedy for latch-up head-
aches, almost every company hedges its bets by
preparing a process that builds wells in an epi-
taxial silicon layer on the wafer (Fig. 3). Since
the epitaxial layer is of very high purity, its re-
sistivity is high, lowering the gain of the pnpn

O
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structures. Moreover, that high resistivity per-
mits a low resistivity substrate material to
pave a good path to ground for noise. The pow-
erful duo—low gain and good grounding —
prevents anything but extraordinarily high
voltages from triggering latch-up in pnpn
structures.

Improved hardness to radiation is another
benefit of the use of epitaxy. In a technology de-
velopment program Sandia Laboratories (Al-
buquerque, N.M.), developed a radiation-hard
epi-based CMOS process, and recently trans-
ferred it to the Semiconductor Group of Harris
Corp. (Melbourne, Fla.). Along with the pro-
cess, Sandia developed a CMOS version of the
Intel 8085 and its set of peripheral support
chips (ELECTRONIC DESIGN, Aug. 9, 1984, p. 46).
The parts can withstand radiation dose levels of
up to 10° rads.

Once a manufacturer goes with epitaxy to
avoid latch-up, a natural next step might be to
exploit the epitaxial layer for better adjacent-
device isolation. How? By growing the layer
over selected portions of the wafer instead of

Overlap region

Overl i
Aluminum rlap region

Source-drain

Sou.g&eé%'ain NMOS
[ 7
\ ) 4
Channel stops
(a)

Aluminum interconnection

Silicon gate
W Wy A L2 027

| iy — L e |
\e X A/ \n/\e/\n/X A/

p No gate overlap

No gate overlap
n  Silicon

(b)

1. The oldest CMOS structure, the p-well aluminum
gate process places aluminum over the channel ox-
ide to form the transistor gate (a). However, the
metal cannot be easily aligned with the channel
when dimensions shrink. Most manufacturers have
since substituted polysilicon, which can be depos-
ited using a self-aligned process to create extremely
small features (b).
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over the entire surface. The process is
extremely difficult, however, since it often
requires high temperatures to form the epi-
taxial layer, and no epi layer should grow atop
the oxide-protected regions. To deal with these
problems, RCA Corp.’s Solid-State Division
(Somerville, N.J.) is now looking at multiple
growth and partial etch-back cycles to create
isolated epitaxial silicon islands. The process is
in the early experimental stages and will not
likely become commercially viable until the
early 1990s.

CMOS Analog Technology

=

Another technique, which bears some re-
semblance to what RCA is doing, sequentially
deposits silicon dioxide on a wafer, opens win-
dows in the oxide, caps the wafer with silicon ni-
tride, and re-etches the window regions, thus
leaving regions of silicon dioxide protected by
silicon nitride sidewalls. Epitaxial silicon can
grow in the areas between the protected re-
gions, which isolate the epitaxial islands. NEC
Corp. (Kanagawa, Japan) has applied the pro-
cess to some simple CMOS gate structures in
which the epitaxial layer houses not only an n-

Metal gates make a comeback

New digital designs rarely opt
for the original form of metal-
gate CMOS. The process has giv-
en way to a higher-performance
but higher-resistance technique
that uses silicon gates. Never-
theless, new forms of metal
gates are appearing, including
refractory metals and refrac-
tory-metal silicides, as well as
low-temperature aluminum-
based processes.

Early aluminum metal-gate
processes have been bypassed
for several reasons: They do not
lend themselves to the fabri-
cation of self-aligned structures
and thus necessitate a critical
alignment step during the defi-
nition of the metal. Moreover, if
the alignment is not perfect, the
metal extending over the edges
of the channel causes parasitic
capacitances that slow the tran-
sistors. Finally, with its low
melting point—under 500°C—
aluminum usually cannot be
applied before such high-tem-
perature processing steps as an-
nealing and oxide growth. Tem-
perature restricts the standard
aluminum gates to circuits with
one layer of metal intercon-
nections and thus limits its use

to relatively low-density cir-
cuits.

To solve part of the problem,
one company—Zytrex Corp.
(Sunnyvale, Calif.)—combines a
proprietary two-level alumi-
num-based process with low
temperatures and 2-um feature
sizes. The technique builds
CMOS logic circuits that have
I/0 delays rivaling those of
low-power Schottky bipolar cir-
cuits, but at a fraction of the
power consumption.

Most companies, however, are
attacking the limitations of tra-
ditional aluminum-gate struec-
tures with refractory metals or
polycides (polysilicon with an
overcoating of a refractory-
metal silicide). These materials
combine the advantages of sili-
con gates with the low resistance
of metal.

The importance of low-
resistance interconnections
comes into play with the VLSI
chips that boast tens of thou-
sands of gates and long inter-
connection paths. The RC time
constant of the path causes prop-
agation delays that limit the cir-
cuit speed more than does the
actual switching speed of the

transistors.

Because of their high melting
points, refractory metals can
survive subsequent processing
steps that bring temperatures
up to 700°C. Steps for self-align-
ment and silicon-on-insulator
structures can now be readily
added to the manufacturing pro-
cess.

The metal silicides and pure
metals are being put to work as
contact barriers for the shrink-
ing source and drain regions of
VLSI circuits. A barrier serves
two purposes: First, it lowers the
contact resistance of the shallow
junction; second, it protects
against aluminum spikes, which
might diffuse through the junc-
tion and short-circuit the over-
lying aluminum interconnection
to the substrate. In addition, new
designs of silicide or pure metal-
gate structures are now lowering
the gate contact resistance.

Which of these metal or sili-
cide combinations will be the
winner is anyone’s guess. Most of
the materials are all good candi-
dates. The choice depends on
which one will be most compati-
ble with a manufacturer’s fabri-
cation process.
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channel device but also a p-channel device rest-
ing in an n-well.

Perhaps the best news of all about epi layers
comes from Fujitsu Laboratories Ltd. (Atsugi,
Japan), which is growing epitaxial silicon at
630°C—a relatively low temperature compared
with the 1000°C now commonly needed. The
technique combines disilane gas (Si;Hs) and
high-power ultraviolet light, but the layer now
grows far too slowly (0.001 um/minute ) to be of
commercial interest.

SOS to the rescue

For more than a dozen years, epi layers on
sapphire substrates have been protecting
against latch-up and providing adjacent-device
isolation (Fig. 4). However, the high cost of pro-
ducing the sapphire substrates and manufac-
turing losses have kept volume relatively low.
Generally speaking, an insulating substrate
like sapphire helps reduce transistor and cir-
cuit parasitic capacitances and raises the level
of radiation hardness (to more than 10" rads).
That combination renders silicon on sapphire
(SOS) suitable for extremely fast military and
aerospace system applications.

Toimprove the silicon-sapphire interface, in-
crease electron mobility, and cut back reverse
leakage currents, Hughes Aircraft Co. (New-
port Beach, Calif.) is battling lattice mismatch-
ing with recrystallization. In a customary SOS
structure, the lattice between the silicon and
the sapphire is mismatched, a fact that di-
minishes electron mobility and hikes leakage
current.

Hughes first grows a thin epitaxial layer of
silicon on the sapphire, then converts the mono-
crystalline silicon into amorphous form by im-
planting silicon ions in it. Afterward it culti-
vates a second epitaxial layer on the amorphous
silicon. As the new epi layer grows, the amor-
phous silicon is annealed. Hughes finds that it
can match lattices almost perfectly and raise
mobilities to within 10% of those achieved with
bulk silicon. Moreover, the lattice matching
slashes reverse leakage currents by 50% to
100% over previous SOS endeavors. Still ex-
perimental, Hughes hopes to transform the
technique into a production-viable process for
the Department of Defense’s VHSIC project.
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The continued refinement of SOS technology
not withstanding, many experiments are pro-
ducing active devices in silicon layers that are
subsequently deposited atop other insulating
materials—spinel or silicon dioxide, for in-
stance. Other techniques either place an insu-
lating layer below the surface layer of the sili-
con or create device-quality silicon above an
insulator. With the same benefits as SOS, these
oxide techniques offer the potential of a much
lower chip cost—if the production problems can
be licked.

Japan accounts for some of the most notable
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2. By reversing the early p-well CMOS structure, an
n-well CMOS structure can be created (a) that
shares many process steps with standard NMOS cir-
cuits. Thus designers can selectively add CMOS
sections to NMOS circuits or vice versa. A dual-well
structure, which blends n- and p-well concepts on
one chip (b), can optimize both transistor types and
thus raise the circuit performance.
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work. At NEC Corp. Researchers have grown a
double hetero-epitaxial structure in which
spinel grows on a silicon wafer, then silicon
atop the spinel. Hitachi Ltd. (Kokubunji),
Fujitsu Laboratories Ltd. (Atsugi), and Nippon
Telegraph and Telephone Public Corp. (Atsugi)
have developed processes that form insulating
silicon-dioxide layers beneath the transistor
regions.

NEC’s approach indicates that for 3-um-
thick silicon layers, the spinel insulator pro-

P device N device  Floating gate

P~ epitaxial layer

P* substrate
Iy,

3. An epitaxial silicon layer added to the substrate

reduces the gain of incidental pnpn structures, and

the low-resistivity substrate provides a good path to

ground for noise. The combination practically elimi-

nates the chance of latch-up. Already the approach

been applied by Seeq Technology Inc. (Milpitas,
Calif.) to a 256-kbit EPROM.

Aluminum
interconnection

Aluminum
interconnection

Silicon

Sapphire

\—Channel oxide—/

4. Covering a sapphire substrate with an epitaxial
silicon layer eliminates many of the parasitic capaci-
tances found in CMOS circuits. The structure, pio-
neered by RCA, consumes very little operating
power and affords good hardness to radiation—two
desirable features for military and aerospace appli-
cations.

112 Electronic Design - October 4, 1984

CMOS Digital Technology

duces higher-mobility channel electrons than
possible through SOS. In addition, better
matching of the crystal structures puts little if
any stress on the epitaxial silicon layer. By the
time the process makes it out of the lab—sev-
eral years at least—the processing must be suf-
ficiently streamlined to deposit the spinel,
oxidize the silicon through it, and then grow the
layer of epitaxial silicon in an acceptably short
length of time.

Fujitsu’s process depends on the high power-
ed implantation of oxygen ions in the substrate,
followed by an annealing cycle that permits the
ions to combine with the silicon, thus forming a
silicon-dioxide layer beneath the transistor re-
gion. The scheme is now limited by the lack of
high-power machines that can shoot the oxygen
ions into the silicon.

Texas Instruments (Dallas) has a similar
process (Fig. 5) with which it has developed an
experimental 4-kbit static RAM. The memory,
built with 2.5-um design rules, can access data
in just 55 ns.

Oxygen gives fast results

The route taken by NTT differs somewhat.
The company chemically alters selected areas
on the silicon’s surface layer, turning them into
porous regions that are subsequently exposed
tooxygen, which is absorbed easily. The materi-
al surfaceis then treated to remove its porosity,
thereby trapping the oxygen under the surface.
The oxygen blends with the silicon to form sili-
con dioxide; thus, devices fabricated in the sur-
face regions are isolated from the substrate.

The process, dubbed Simox (for separation by
implanted oxygen), has built a 1-kbit static
RAM that boasts a 12-ns chip-selection time
and consumes just 45 mW. Both features can be
attributed to the high-quality silicon placed
above the buried oxygen layer and the reduced
parasitic capacitance of the pn junction. The
process also proves valuable for high isolation
voltages: It has produced an analog CMOS chip
that can handle as much as60 V.

Lasers are favored

Of the experimental thermal techniques for
producing silicon-on-insulator circuits, laser
annealing has been the most thoroughly
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5. If oxygen atoms are propelled with sufficient force
into a silicon substrate, they can form a submerged
layer of silicon dioxide after annealing. The formed
layer separates the surface from the rest of the sub-
strate, so that transistors can be built in an isolated
region.
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6. Three-dimensional ICs are coming closer to real-
ity. Mitsubishi puts one layer of transistors in the
substrate, then covers the devices with silicon di-
oxide and polysilicon (a). The polysilicon is then
laser-annealed and another layer of active devices
created in the annealed silicon. Using a different ap-
proach, Fujitsu first coats the substrate with silicon
dioxide to isolate the next, polysilicon layer (b). Af-
ter annealing, transistors are fabricated, and the
process repeats to form a second layer of active ele-
ments.
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studied andis the most widely used. Some laser-
annealed circuits could well work twice as fast
as similar ones made with standard processes.

In an advanced experiment, researchers at
Mitsubishi Electric Co. Litd. (Itami, Japan),
have created a silicon-on-insulator structure
with two independent stacked layers (F'ig. 6a).
The first layer of active devices holds n-channel
transistors, which are fabricated in the sub-
strate and then interconnected with phos-
phorous-doped polysilicon instead of aluminum
so that they can withstand the heating when
the next layer is annealed. After the polysilicon
layer is laid down, silicon dioxide, polysilicon,
and silicon nitride are sequentially deposited,;
the nitride is then etched into long stripes.
Those stripes create a coating that controls the
thermal profile while the underlying poly-
silicon is laser-annealed into single-chrystal
form in 15-um-wide stripes. In the single-
crystal regions, n- and p-channel transistors
can then be created.

Preliminary results reveal that the crystal
quality of the silicon-on-insulator is the same
as that of the substrate, and even more im-
portant, that the performance of the lower-
layer transistors does not degrade during
processing. To check the performance, a com-
parison of a 31-stage NMOS ring oscillator in
the substrate with a CMOS equivalent in the
silicon-on-insulator was carried out. The CMOS
inverters yielded propagation delays of about
500 ps and dissipated about 1 mW; the NMOS
units were about 200 ps slower and consumed
about five times the power.

Entering another dimension

Similar work—with a twist—is under way on
three-dimensional gate arrays. Fujitsu Ltd.
(Kawasaki, Japan) lays down oxide and poly-
silicon on the bare substrate, recrystallizes the
polysilicon with a laser, and afterward creates
standard CMOS structures in the annealed
single-crystal material. Following that, it de-
posits another layer of oxide and polysilicon,
anneals it again, and creates a second set of de-
vices with independent gates (Fig. 6b).

The annealing conditions for the lower and
upper layers are quite different—the lower lay-
er uses an 11- to 12-W continuous-beam argon
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laser and a 450°C substrate temperature, giv-
ing a melt width of 60 to 80 um. The upper layer
works with lower power levels—just 5 to 6 W—
to reduce thermal stress on the buried CMOS
circuits and a 300°C substrate temperature,
yielding a melt width of 30 to 60 um. To demon-
strate the technique’s effectiveness, a ring
oscillator built with two-input NAND cells and
2-um minimum features exhibited propagation
delays of only 420 ps per stage.

To date, the largest circuit yet fabricated in
stacked CMOS is a 64-kbit static RAM from
Texas Instruments. The memory uses active
loads, which reduces its susceptibility to soft
errors. Fabricated with 2-um features, it can be
accessed in just 85 ns and consumes a low 350
mW.

The memory’s p-channel load transistors
were fabricated in polysilicon above the n-
channel transistors, resulting in a non-self-
aligned structure with a cell size of 307
pum®—comparable to that of cells fabricated
with polysilicon loads. Moreover, the memory
performance comes close to that of units built

CMOS Digital Technology

with standard active-load structures.

Reducing the feature size from 2 to 1.5 um
would reduce access time because of the excess
capacitance of the non-self-aligned gates. To
counter that problem, TI has developed a self-
aligned stacked transistor pair in which the p-
channel load devices are fabricated on the side-
wall of the self-aligned transistors.

Despite this work on stacked structures and
other means for increasing packing density, the
problem remains of what to do when signals
must go off the chip. CMOS’s low-power nature
means that high-capacitance loads cannot be
switched rapidly. There are several solutions,
with the two most popular ones using either
large CMOS drivers or smaller bipolar tran-
sistors. The first technique avoids mixing of
technologies, whereas the second mixes tech-
nologies but does not need a very large buffer.
The first approach is used by LSI Logic Corp.
(Milpitas, Calif.) in a recently released family
of gate arrays. The I/0 buffers can handle 10
mA and have propagation delays of 11 to 16
ns—approximately the same as TTL-

Npn bipolar
transistor

- ,///,/,//////”"“!'A .

Lateral pnp
bipolar transistor

Vertical pnp
bipolar transistor
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_______ - T e 2 Sy
== ‘ T ’ =\ n+ , = n ' = | =
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7. In response to the high output-current drive needed in circuits that combine logic and power, Ricoh cre-
ated a structure that mixes CMOS with vertical npn transistors, as well as with lateral and vertical pnp de-
vices, thus permitting the designer to pick the best circuit approach. Ricoh uses the bipolar-CMOS technique

to drive thermal print heads.
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compatible bipolar drivers.

Taking the second approach, Ricoh Co. Ltd.
(Osaka, Japan) combines lots of logic with some
high-power transistors for driving the ele-
ments of a thermal print head. The technique
merges an epitaxial-based p-well structure for
the logic with isolated vertical npn and both lat-
eral and vertical pnp transistors, which with-
stand the high currents and voltages—20 to 40
mA at between 15 and 20 V—that heat up the
printing elements (Fig. 7). N buried layers im-
prove the characteristics of both the n-channel
MOS transistor and the vertical npn and the
lateral pnp transistors.

A good mix

From another angle comes Motorola Inc.
(Mesa, Ariz.), which combines bipolar and
CMOS circuitry but without an epitaxial layer.
Workers at the company’s Research Labs take
advantage of an n-well double-metal CMOS
process and 2-um feature sizes (Fig. 8). The bi-
polar device incorporates a walled-emitter
structure with polysilicon emitters and very
shallow base and emitter junctions.

Mixing the bipolar transistors with CMOS
logic structures shortens propagation delays
considerably and permits internal functions to
have higher fan-outs without slowing down.

CMOS Digital Technology

For contrast, consider that the propagation de-
lay of a CMOS inverter degrades about 1.3 ns
per picofarad of load whereas that of the
bipolar-CMOS inverter degrades just 0.35 ns.

Mixed cells cut power

Yet a third bipolar-CMOS process, this one
from Hitachi, aims at high-speed static memo-
ries, producing a low-power memory cell and a
high-speed driver circuit (Fig. 9). The memory
cell combines cross-coupled p- and n-channel
FETSs with emitter-follower npn transistors; it
dissipates only 1 nW and accesses data in 50 ns.
Read current flows only through the selected
cell—that is, the one connected to both the se-
lected word line and the selected digit line. In
most standard CMOS RAMs, read current
flows through all the cells connected to the se-
lected word line. Thus the operating power of
the bipolar-CMOS array is significantly lower
than that of a CMOS array.

When maximum speed is the issue, however,
the CMOS RAM to look at is a 1024-bit unit
from Cypress Semiconductor Corp. (San Jose,
Calif.). Built with an n-well process and 1.2-um
features, the RAM has an access time of 15 ns
and a power consumption of 400 mW.

Valuable asit is for static memories, CMOS is
ready to become the technology of choice for dy-
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8. Internal loading of CMOS gates can slow down a circuit. A mixed bipolar CMOS pro-
cess comes to the rescue. In Motorola’s structure, bipolar transistors merge with gate

logic to handle large internal fan-outs.
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namic RAMs beyond 256 kbits. The reason is
clear: As cell sizes shrink, they need greater
protection from alpha particle strikes—protec-
tion afforded by twin-well CMOS technology.

This technology also permits building high-
voltage structures, so that charge-boosting
techniques can be used to boost the number of
electrons stored in the capacitor—a critical
problem as scaling reduces the capacitor size.

In its 64- and 256-kbit dynamic RAMs, Intel
Corp., Memory Products Div. (Aloha, Ore.), put
CMOS structures to work in the support cir-
cuits that surround the memory array. As com-
pared with standard NMOS dynamic RAMs,
the new devices use 65% fewer clock generators
and 30% fewer transistors. Additionally, the
CMOS structure permits the easy inclusion of
new addressing modes that provide about a

CMOS Digital Technology

9. With its bipolar CMOS process, Hitachi has pro-
duced a memory cell (a) and a word driver (b) for
high-speed static RAMs. The memory cell has an
area of about 450 m? and consumes about 1 nW at
5 V and 20 MHz. The word driver occupies about
3000 um? and consumes about 3 mW under the
same conditions.
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four-time improvement in the speed with which
datacanberead from or written to the memory.

RAMs, becuase of their regular structure, do
not pose a critical interconnection problem.
Random-logic circuits such as microprocessors
and gate arrays, however, are often intercon-
nection-, rather than density-limited. The
problem, which already faces semicustom IC
designers using a single metal layer for inter-
connections, will likely become less critical as
multiple layers of metal wiring move into the
mainstream.

The layered look

Although n"-doped polysilicon pervades
most NMOS processes as a first-level intercon-
nection material, it cannot be used throughout
a CMOS structure, because it forms diode junc-
tions when it contacts the p-doped regions.
Mixed-MOS designs go with polysilicon for the
n-channel array, but use metal between the p-
and n-channel transistors in the surrounding
circuitry. That limitation on the use of poly-
silicon is one reason CMOS circuits need a sec-
ond metal layer as part of the strategy for
achieving high density.

Despite that, polysilicon remains a viable in-
terconnection material. One or two layers are
found in various memory and logic products,
and an 8-bit CMOS processor family, the
NSC800, is fairly typical of how polysilicon and
metal cooperate. The chips, developed by
National Semiconductor Corp. (Santa Clara,
Calif.), employ two polysilicon and one metal
layer. The extra polysilicon layer is used to
form high-resistance load elements, and the
others serve as interconnections. National
Semiconductor does not expect double poly-
silicon to be a panacea and has developed a two-
layer metal process for a family of high-density
gate arrays.

More recently, advanced CMOS processors
have started to appear. The only commercially
available one at the 32-bit level is Motorola’s
MC68020, which is not a fully CMOS design.
Instead it uses a mixed-MOS approach: about
80% of the chip is made up of n-channel
transistors, while the remaining 20% uses
CMOS logic to do what it does best: keep power
consumption down.o
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Andlog CMOS marches on,
but it steps to the beat
of a different drummer

First because it makes
excellent switches and
input devices, then
because it allows the
easy addition of digital
functions, but always
because it dissipates
little power, CMOS
takes over the analog
world as well.

Frank Goodenough




Like digital ICs, analog circuits have been mov-
ing from bipolar to CMOS construction at an
ever-increasing pace in recent years. Until re-
cently, the move was in response to forces
completely independent of those driving the
digital world. Latfely, however, the need to mix
analog and digital circuitry on the same chip
has been a major motivating factor behind the
move to analog CMOS.

At first, analog functions moved to CMOS for
two major reasons: CMOS builds nearly perfect
switches for handling analog signals without
distortion and it creates pairs of fransistors with
very high input impedances. The switches
made it possible to build precise converters,
and the fransistors allowed precise op amps fo
be fabricated.

Today, as manufacturers seek fo increase
the number of functions of their devices, it is
offen necessary to add significant amounts of
analog circuitry fo digital chips, and vice versa.
Of course, the analog functions are expected to
be of ever-increasing quality — high resolu-
tion, good linearity, and low noise — and both

ki
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the digital and the analog circuitry is meant to
be fast.

How do the designers of analog CMOS ICs
meet these sometimes contradictory goals?
The way they always have, by making trade-
offs. Specifically they have fo decide whether to
use:

e Metal-gate or silicon-gafe transistors

e P-well or n-well construction

e Double or single layers of polysilicon or
metal

e |on-implanted, diffused, or thin-film resistors
e Metal or polysilicon (or both) for capacitor
electrodes

Of course, they are forced to make a major
trade-off between speed and accuracy in defer-
mining the IC’s minimum feature size. (The
smaller the feature, the faster the circuit. At the
same fime, small features lower the voltage
rating and therefore degrade the ability fo accu-
rately handle signals with wide dynamic
ranges.)

Finally, in many cases designers find it nec-
essary to combine CMOS and bipolar circuitry
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on the same chip. Deciding how to partition the
functions on the chip is often the most difficult
decision of all.

Metal vs silicon gates

Early MOS devices of all kinds, CMOS includ-
ed, were fabricated with metal-gate technol-
ogy, which was used for both analog and digital
circuitry. Digital chips soon moved almost ex-
clusively to self-aligned silicon-gate processes
to achieve greater packing density and speed.
These improvements resulted from eliminating
the overlap between the gate, on the one hand,
and the source and drain, on the other (see
“Metal Gates Make a Comeback,” p. 108).

Until recently, though, analog chips stayed
with metal-gate processes. Unfortunately,
metal-gate MOS transistors are not ideal for
building comparators, timers, or op amps with
stable threshold voltages. Thus while metal
gates are more than adequate for logic circuit-
ry, they are totally unacceptable, say, in the
input circuitry of a high-gain operational am-
plifier.

Analog designers have dealt with this prob-
lem by ensuring that they create almost all of
their threshold-sensitive circuitry with bipolar
technology. Recently, however, the introduc-

CMOS Analog Technology

tion of switched-capacitor auto-zero circuits
has changed that picture. These circuits are
now employed in such standard integrating
analog-to-digital converters as the 7106 and
7109, both of which are built with metal-gate
processes. They also are used in some op amps
(ELECTRONIC DESIGN, Sept. 6,1984, p. 104).

The trouble with switched-capacitor auto-
zero circuits is that they introduce switching
noise. Therefore, the search goes on for other
ways to reduce drift in metal-gate FETs. Re-
searchers at Micro Power Systems (Santa
Clara, Calif.) have found that the initial offset,
caused by imperfections in transistor match-
ing, as well as the metal-gate FET’s change
with time, temperature, and voltage stress, are
directly related to oxide thickness, passivation,
and control of surface-state charge density.

In the company’s p-well process (Fig. 1) the
transistors are built with a very thin, well-
annealed oxide, capped with a similar annealed
silicon-nitride layer. In addition, the same thin
oxide and silicon-nitride sealer also minimizes
the typical metal-gate noise problem caused by
surface trapping sites and high charge density
in the gate dielectric. The resulting transistors
are said to be almost as quiet as JFETs.

Of course, the most popular way of dealing

Contact to
P%lmm i um
et
‘Source Drlin Bodyp

or gates

I Thin-fim resistor Molybdenum
&g 700" silicon nitride [l 900" silicon nitride

1. A metal-gate, CMOS p-well process from Micro Power Systems can
achieve the threshold voltage stability and density of silicon gate processes
because molybdenum is used for the gate material.
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with the shortcomings of metal-gate devices
has been to substitute silicon for the metal. The
big problem with standard silicon-gate MOS,
however, is that silicon has higher resistivity
than metal. The main remedy, for analog CMOS
as for digital, has been to add a layer of refrac-
tory-metal silicide to the silicon gate to lower
its resistivity.

Disagreement over wells

As for the question of wells, there appears to
be little agreement as to which is best—p or n.

At present, p-well predominates for analog
CMOS processes, perhaps because it has been
around longer. Moreover, several new p-well
processes have recently become available for
analog circuits.

One major advantage of p-well technology is
that the p- and n-channel transistors made
with it will, if the transistors are of the same
size, have similar speed and transconductance.
Threshold voltages of transistor pairs there-
fore can be closely matched to minimize the off-
set voltage of op amps and comparators. For
this reason, Linear Technology Corp. (Milpitas,
Calif.) chose p-well for its analog CMOS process
(Fig. 2). Its analog switch with low offset
voltage (see the Design Entry, p. 195) is built

with it. Like most analog p-well processes, it
also makes use of the substrate npn transistor
in op amps and band-gap references.

The manufacturers of a second new analog
CMOS structure (Fig. 3) have also chosen p-well
construction for superior transistor matching.
The chip, from precision Monolithics Inc.
(Santa Clara, Calif.), uses oxide isolation to re-
duce parasitic capacitance. It was first used to
build a 6-us, 10-bit a-to-d-converter (ELEC-
TRONIC DESIGN, Sept. 6,1984, p. 191).

A second advantage of p-well, according to
American Microsystems Inc., (Santa Clara,
Calif.), is lower susceptibility to power supply
noise in the substrate. For example, in most
high-gain amplifiers, the n-channel device in
the p-well is used for the input gain stage. It is
shielded from the substrate noise by the p ma-
terial in the well.

On the other hand, Texas Instruments Inc.
(Dallas) believes n-well is better for analog cir-
cuits. TI has developed a family of analog
CMOS processes and has used them to build op
amps, comparators, a-to-d converters and a
variety of telecommunications chips. It chose n-
well primarily because of the superior mobility
of n-type silicon devices. (ELECTRONIC DESIGN,
Sept. 1, 1983, p. 134). However, it used this mo-
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2. A p-well silicon gate process from Linear Technology puts its voltage-insensitive
capacitors between a layer of polysilicon and a p™ diffusion in the well. P-well is
used to permit well-matched n and p channel transistors.
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bility to build very small n-channel transistors
in the p substrate.

For example, an n-channel device of a given
size will have three to four times the gain of a p-
channel transistor the same size. With max-
imum use of these tiny NMOS transistors, very
small, high-gain op amps are built. The mobili-
ty of n-type devices can also be used to build
faster circuits. In fact, an upcoming compara-
tor from T1 is both fast and precise. Its response
time for a 100-mV step with 5-mV overdrive is
just 0.65 us. The offset driftislessthan1 uV/°C.
These are better than bipolar specifications,
and the bias current is 1000 times lower.

A second reason for using n-well is its simi-
larity to digital NMOS processes. As a result,
the logic designs in converter, telecom, and oth-
er mixed-function chips can be easily trans-
ferred from NMOS to CMOS. TI, for example,
has chosen p-well for its digital chips to obtain
well matched transistors. Most other manu-
facturers use p-well for logic to get the opti-
mized, mobile n-type devices.

Twins that get along

In adjacent wells on the same chip, p- and n-
channel devices work well together. At present
this twin-well process under development by

CMOS Analog Technology

NCR (Fort Collins, Colo.) is little used for ana-
log functions, except by AT&T Bell Laborato-
ries (ELECTRONIC DESIGN, June 14, 1984, p. 158).
However, this trend may change; many semi-
conductor makers are studying the process.

In a twin-well process under development by
NCR (Fort Collins, Colo.) (Fig. 4), a p-substrate,
with or without a p-epitaxial layer, contains
pairs of ion-implanted wells, one p and one n.
Each well contains its respective n- or p-chan-
nel MOSFET. This structure permits precise
control of individual transistor characteristics.
Both wells can be optimized for resistivity and
their transistors for threshold voltage, match-
ing, gain and minimum parasitic capacitance.

There is virtual unanimity in the semicon-
ductor industry that twin-well structures are
mandatory when feature sizes get much below
2 um.

A vicious circle

The designer striving for process improve-
ments to increase the speed or bandwidth of
analog chips—particularly in CMOS—finds
himself in the same predicament as a dog chas-
ing its tail. To increase speed, feature size must
be reduced. If feature size is reduced, the supply
voltage must be lowered to prevent both break-

N-channel
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3. A p-well process by Precision Monolithic uses oxide isolation to reduce parasitic
capacitance and thus increase speed. It has been used to build a 10-bit, 6-us a-d con-

verter.
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down and latch-up from parasitic bipolar de-
vices. If supply voltage is lowered, maximum
signal voltage must be reduced, even though
CMOS handles signals almost to the rails. How-
ever, input signals do not decrease and if any-
thing, the smaller transistors are noisier. To
top it off, unlike transistors for digital circuits,
MOS transistors for analog circuits do not
scale. As a result, accuracy and dynamic range
drop.

For example, as the feature size shrinks be-
low 2 um, the usual sharp breakdown of MOS
transistors becomes soft and leakage current
rises. Likewise, the transistors no longer turn
on and off sharply. While both of these prob-
lems can be handled in logic circuits by careful
design (although noise immunity may drop),
linear performance is degraded significantly.
In addition, because drain and source are closer
together, punch-through can occur and para-
sitic capacitance is greater. Moreover, these
smaller transistors make poor current sources,
and threshold voltages and capacitors are hard
to match. Finally, because of channel-length
modulation, the gain drops.

Process engineers and chip designers are
hard at work on a bag of tricks to overcome
these problems (see the table, p. 126). In partic-
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ular, major efforts are aimed at averting latch-
up. They include the placing of an epitaxial lay-
er between the substrate and wells, new design
rules, and the use of twin wells.

One circuit trick for solving the problem of
reduced dynamic range is the use of switched-
capacitor techniques to convert input signals to
differential form, thereby essentially doubling
the dynamic range. This approach with a 2-um,
p-well process has been used to build a
switched-capacitor filter operating on NTSC
and PAL video signals. This first-order filter,
from Hitachi Ltd. (Tokyo), operates at a clock
rate of over 14 MHz. The signal-to-noise ratio
for a de-to-5-MHz bandwidth is 70 dB, and the
differential output signal is 6 V pk-pk. (Fig. 5).

Supply voltages to climb, too

But analog CMOS cannot count on a future of
ever higher speed, lower voltages, and poten-
tially limited accuracy. Researchers are obtain-
ing higher voltages by trading off some of the
speed. If the high speed is not needed, a 40-V
process cannot be beat for accuracy. As a result,
at least four companies have such processes
under development, and several others are con-
sidering it.

One objective will be to replace bipolar de-
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4. Twin-well processes such as this 2-um design from NCR optimize the character-
istics of both n- and p-channel transistors. The capacitor is built with the oxide
dielectric between polysilicon and an n™ diffusion in the p-well.
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vices across the board. Such a process could
build an op amp that would be priced like a 741
and have the input impedance, low bias current
and speed of a biFET.

The choice of n- or p-well will probably be
along the lines already established, so both will
probably be used. The new chips will have fea-
ture sizes in the 3-to-4-um range, some will use
epitaxy, all will provide switched-capacitor ca-
pability, and some will have thin-film resistors.
One contender, Telmos Inc. (Sunnyvale, Calif.),
may scale down its 200-V linear DMOS-CMOS
process to handle the breakdown problems and
incidentally provide high output current.

Learn your R’s and C’s

The interface between the real and the digital
world requires a d-to-a and a-to-d converters.
To build these, not only are op amps, compara-
tors and switches needed, but also precise,

CMOS Digital Technology

stable resistors and capacitors. Thus, a good
analog CMOS process must build one or both
of these latter components. Diffused and ion-
implanted resistors are easily capable of 6-bit
accuracy and, with care, 8 or 10. However, for
real precision, thin-film nichrome or sichrome
resistors must be used, and many of the present
processes have them. They are usually fabri-
cated just prior to passivation.

Switched-capacitor circuits, of course, re-
quire precise, stable, voltage-insensitive capac-
itors. And it might well be said that if silicon
dioxide did not make a good capacitor dielectric,
there would be no switched-capacitor circuits —
on-chip or off. Moreover, even bipolar ICs would
not be as advanced, because these oxide capaci-
tors stabilize them.

Although only one dielectric material is
available, the choice of what kind of electrodes
it is sandwiched between varies widely from

Analog CMOS processes feature size vs voltage rating
Status
Feature Voltage
Company size (um) rating (V) Now Future Comments
American Microsystems Inc. 3 10 X
11/a 5 X Epitaxial layer
Analog Devices Inc. 4-5 30 X Merged
6 10 X
ATA&T Bell Laboratories 312 10 X Twin well
2 5 X Twin well
Harris Semiconductor Group 5-7 30 X
3-4 10 X
2-21/2 5 X Epitaxial layer
Motorola Inc. 2 5 X Merged
3 30-40 X
NCR Corp. 10 4 X
2 5-10 X Twin well
and epitaxial
layer
National Semiconductor Corp. 4-5 8 X
4 40 X
Precision Monolithic Inc. 9 16 X
8 H X
3 5 X
RCA Corp. 7 20 X
3 10 X
Silicon Systems Inc. 4 12
3 5 X
2 5 X Twin well
Telmos Inc. 4-6 30 X
3 10 X
N.a. 40 X
Texas Instruments Inc. 6-9 20 X
3-5 10 X
2-3 5 X
N.a. 40 X
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VAX/VMS and
IBM VM/CMS.
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process to process. If NCR puts a layer of thin
oxide below a layer of polysilicon and above a
heavily doped n* ion-implanted phosphorous
diffusion in the p-well (ELECTRONIC DESIGN,
Dec. 8,1983, p. 108). This same type of capacitor
is used by Linear Technology in its p-well pro-
cess made with a single polysilicon layer. A pro-
cess with two layers of polysilicon, one for gates
and one for interconnections, can place the ox-
ide between the two, eliminating the need for
then™ diffusion.Other approaches place the ox-
ide between polysilicon and a metal layer or be-
tween two layers of metal.

Nitride won’t do

Precision Monolithics discovered almost by
accident just how good a capacitor made of sili-
con dioxide is. Unlike most makers of mono-
lithic op amps, it uses silicon-nitride capacitors
rather than oxide to stabilize its op amps. Its di-
electric constant, k, is three times larger than
that of oxide, so it needs only one-third as much
silicon. However, when the silicon-nitride was
tried in switched capacitor circuits, it suffered
from dielectric adsorption, or memory, just as
paper and Mylar capacitors do. (This effect may
be caused by charge trapping rather than di-
electric adsorption—a polarizing phenome-
non.) This problem does not occur with oxide.
Thus the company’s CMOS process, like all oth-
ers, must use oxide for its precise, voltage-
insensitive capacitors.

I[f CMOSissogreat for analog and digital cir-

|
|
|
| External

|i-V Converter

5. This video-bandwidth, switched-capacitor filter

operates on both NTSC and PAL video signals. It is

built with a 2 um, p-well process. By using a differ-

ential signal, dynamic range is doubled, permitting a
-V p*-p* output signal.
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cuits, why the move to merged bipolar/CMOS
processes? Because for a number of circuit jobs,
while CMOS transistors are adequate, bipolar
devices are better. For example, a simple oper-
ation like getting a fast digital signal off a chip
and down a line requires 10 to 30 times more
silicon with CMOS transistors than with
bipolar devices to obtain similar low output
impedances from a line-driving stage. As a re-
sult, even most high-speed digital CMOS chips
use the parasitic, or substrate, transistor as an
emitter follower for line driving and similar
functions.

However, the real weakness of CMOS for
analog functions is the large amount of silicon
needed to build matched input transistor pairs
with low noise for op amps. Probably the best to
be expected in the near future is 741-type per-
formance, not CMOS OP-27. On the other hand,
some designers predict that by taking advan-
tage of the switched-capacitor auto-zero cir-
cuits, manufacturers will build CMOS op amps
that have noise and offset voltage character-
istics as good as those in bipolar units —and
that are more stable. That would be a race to
watch. Other designers believe that process
refinements alone will lead to CMOS op amps
that are as good as bipolars.

An additional problem with basic CMOS pro-
cesses is that they do not lend themselves easily
to building references. Without a buried layer,
making buried zeners is difficult (although Tel-
mos has put them in the p-wells of its silicon
gate process). Band-gap references can be built,
but for best performance, even they should use
the substrate transistor. The best band-gap
references in CMOS have been built with
switched-capacitor techniques.

The ultimate advantage of merged processes
is access to highly mobile, high-transconduct-
ance, isolated npn transistors. When maximum
speed and gain are needed, a good npn tran-
sistor beats an n-channel transistor hands
down. Other devices available from various
merged processes include JFETs, lateral pnp
transistors, and even fast, high-gain vertical
pnp devices.

The first and most successful merged process
is RCA’s metal-gate, p-well BIMOS technique
introduced over 10 years ago. Since then it has

B
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Now a single switching
system will meet virtually all
of your signal handling
requirements: Wavetek's
System 600.

It's completely modular—
just plug in the switching
capabilities you need. You can
switch pulses, analog signals,
general-purpose digital signals,
microwaves, high-voltage
AC power, and sensitive
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(less than 1 uV thermal offset)
allin the same system. Total
capacity with the expansion
chassis is in excess of 100
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The system can be
programmed from the
detachable front panel or you
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interface.

Special-purpose modules
include a programmable
attenuator, a four-by-four RF
matrix, and a breadboard with
drivers and space for 16
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If your needs are simpler,
there is a simple solution—the
Model 604 stand-alone
switcher. It switches 8
channels of 200 MHz RF, and
can be operated from the front
panel or under GPIB control.
This compact unit costs just
$B685.*

So whether you're building an
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been used in a broad line of popular op amps.
The MOS transistors have provided high input
impedance, as well as low bias current in all
stages, for current sources and loads, and they
have been used in output stages that can swing
to the rails. In each op amp design, MOS tran-
sistors are mixed with bipolar, with each doing
what it does best. For example, for lowest offset
voltage and noise, bipolar transistors are used
in the input stage.

CMOS Digital Technology

But if the tradeoffs needed to develop a
high-performance analog CMOS process are
great, they are virtually infinite for a merged
process. Here the wide selection of bipolar pro-
cesses must be multiplied by the processes used
for CMOS. An indication of this structural di-
versity is shown in four recently developed bi-
polar/CMOS processes. Two use metal gates
(Fig.6a, b) and two silicon gates (F'ig. 6¢, Fig. 7).
The first process is n-well, the second and third

6. Merged bipolar/CMOS

<——— Npn transistor |

processes such as these
three make possible fast
or precision devices.
Analog Devices uses n-
well in order to build the
best possible npn tran-
sistors (a). Micro Power
Systems uses a p-well
and get good npns by
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of an n-type epitaxial
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p-well, and the fourth n-well.

Although the first process was only recently
incorporated in a product, a 16-bit one-chip d-
to-a converter (ELECTRONIC DESIGN, June 14,
1984, p. 173), the developer, Analog Devices
(Norwood, Mass.), is already converting the
process from metal-to silicon-gate.

The second process is not a plain metal gate
either, but rather a merged version of Micro
Power System’s moly-gate process. While not
yet used to build any standard products, it has
turned up in a number of custom chips, particu-
larly in the medical field. Pacemakers, for ex-
ample, are taking advantage of the minimum
power needs of CMOS.

Analog Devices chose n-well to gain access to
a high-gain, fast, isolated npn transistor. The
basic bipolar process is triple-diffused and
similar to a process used by TRW (La Jolla, Cal-
if.) for years to build flash a-to-d converters.
With neither an epitaxial nor a buried layer,
this 4-to-5-um process builds npn transistors
with betas of more than 100, f.’s to 400 MHz and
breakdown voltages of 20 V. The MOS tran-
sistors have gate delays of 1 to 2 ns and break-
down voltages of 30 V. If the feature size of the
bipolar devices is dropped to 2 um and the pro-
cess is merged with Analog Devices’ 1.5- to
2.5-um digital CMOS process (also n-well), ICs
with transistor capability in the gigahertz re-
gion may become feasible.

The moly-gate structure from Micro Power
Systems builds both vertical npn and pnp tran-
sistors and also p-channel devices in an n™ epi-
taxial layer. A buried layer is added to the npn
section to achieve minimum on-resistance. The
n-channel devices are made in diffused p-wells,

CMOS Digital Technology

and similar material is used for isolation. This
process, like the previous one, also builds pre-
cision thin-film resistors.

The third structure is a silicon-gate circuit,
but its npn transistors are fabricated some-
what the same way as in the second process: The
transistors are made in an n-type epitaxial
layer, and they have a buried n" layer. The
p-channel transistors are in the epitaxial layer
and the n-channel in a p-well.

However, this 5-um process by Hitachi
(Takasaki, Japan) does not make pnp tran-
sistors. The breakdown voltage of the bipolar
transistor is 21 V, the beta 100, and the f, is 400
MHz. The transistor has been used in ICs for
video cassette recorders (including an FM audio
filter), a switching power supply, and a white
balancer.

The fourth merged structure under devel-
opment is for high-speed CMOS logic, and itisa
true glimpse of the future. Up to now, the de-
signers of high-speed CMOS have for the most
part been content to use the substrate npn tran-
sistors solely for output drivers. But the process
being developed by Motorola (Phoenix, Ariz.) is
used to build isolated npn transistors for on-
chip circuits. The circuits are at the output of
gates or inverters to provide large fan-outs. The
2-um process can be used just as well to build
analog circuits, and the npn transistors have an
f.of 2 GHz.

An n-well process, it uses all the latest high-
speed process techniques, such as metal silicide
contacts, oxide isolation, and polysilicon walled
emitters. The next generation of the process
will have an epitaxial layer to reduce latch-up,
Motorola says.O

Npn transistor

P-substrate

{ Polysilicon -Sﬂlclde

7. A hint at the future of merged processes is this n-well process from Motorola. It is
now under development for on-chip use as the output of CMOS digital circuits.
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YOUR INTELLIGENCE.

Here’s a chilling thought:

What if all the computer-
stored intelligence you're
responsible for suddenly
disappeared?

It could happen with a
severe drop in temperature.

Which is why Singer’s
Librascope Division designed
their new battlefield C3
equipment with the most reli-
able bubble memory sub-
system available.

Intel’s BPK-70-5.

The only bubble that won't
leave you out in the cold.
Because it’s already
converted to the
lowest cold thresh-
old in the indus-
try. And already
fortified to take
the blistering heat
of battle.

Along with the
dirt, shock and
vibration of a
hostile environ-
ment.

It’s also the
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Librascopes Communications
Terminal uses a fully militarized
Intel bubble memory subsystem.

¥

only bubble that comes
with a full array of the
most sophisticated, wide
temperature range
VLSI support
chips. So it’s
much easier
to design into
custom con-
figurations.
And once it’s in service,
you can count on us to keep
the supply line open. In fact,
we've already expanded pro-
duction to meet future needs.
You can count on our
tactical engineer-
ing support as well.
For Librascope,
we supported the
use of Intel’'s bub-
ble memory in
their Tactical Com-
puter System (TCS)
and Communica-
tions Control
System (CCS).
And a fully mili-
tarized Intel
bubble cassette

256K byte of Intel bubble memory
fits into each compact, removable cassette.

was tested and
approved
for use

in their

Communica-

tions Terminal AN/

UGC-137.

Which brings
us to another cold
fact: Intel sup-

plies the military with more
extended temperature
bubbles than any other
manufacturer.

Another good reason to
make Intel your ally. Call toll
free for more information
on bubbles: (800) 538-1876.
In California (800) 672-
1833. Or write Intel Corpora-
tion, Lit. Dept. Y9, 3065
Bowers Ave., Santa Clara,
CA 95051.

You'll be making an intel-
ligent move.
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A DOZEN
EXPERTS SEE

CMOSIN
YOUR FUTURE

emiconductor industry executives are
unanimous in the opinion that the
_ penetration of CMOS—which began
more than a decade ago in hand-held
calculators and digital timepieces—
is on the roll. It is rapidly becoming the
favored process from discrete logic, micro-
processors, and memories to data converters
and dedicated tele-
communications ICs.
If the predictions
made by a dozen
industry experts
come true, the well-
established NMOS
and bipolar technol-
ogies will be forced to
take a back seat vir-
tually across the
board.
At the core of this
optimism is the be-
lief that only CMOS
will make it possible
to move up to the
next generation of
crucial circuits. The power barriers now fac-
ing alternative semiconductor processes indi-
cate that only CMOS will allow chip makers to
capitalize on the density that can be achieved
with gate arrays and standard cells. The same
holds true for digital signal processors and mi-
croprocessors in general.
Nevertheless, many technical hurdles still
must be cleared. In data converters, for in-

stance, CMOS by itself has neither the speed
nor the resolution demanded by 16-bit analog-
to-digital circuits. CMOS is thus being mar-
ried to bipolar linear processes, offering a
blend of digital and analog circuitry on the
same chip—an essential feature for the com-
ing telecommunications ICs.

Additionally, a CMOS design cannot yet
match the execution
time of some special-
ized bipolar chips,
say, a 45-ns multipli-
er.In fact, a 16-by-
16-bit CMOS multi-
plier built with 2-um
design rules works
roughly half as fast
as similarly designed
bipolar chips.

In terms of speed,

CMOS discrete logic

is not nearly as fast

as the advanced

forms of bipolar log-

ic. That gap will be

closing over the next

two years, as line widths continue to shrink
from 3 to 2 um.

Once, maybe twice a decade the electronics
industry encounters a force that affects not
only the way circuits are physically designed
but also the way the industry thinks. CMOS is
just such a force. It has opened doors to new
processes, but moreimportantly, it has opened
the mind to new possibilities.
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ne of the most interesting as-
pects of CMOS is that it answers
different needs in various appli-
cations. Every device, be it a mi-
croprocessor, memory, or dedi-
cated telecommunications chip, is affected
differently by the use of the process, and en-
hancements will likewise influence specific
areas differently. The technology’s back-
ground illustrates that
fact.

The pioneers in
CMOS —working in 1969
—concentrated on appli-
cations such as time-
pieces, where tiny bat-
teries made low power
consumption an obvious
requirement. [ felt then
that CMOS had much
greater potential for the
future, and my feelings
proved right during the
1970s, when a lot of refine-
ments in geometries and
processing equipment opened the frontier for
CMOS.

NMOS was still necessary largely because
of the density and cost advantages it held.
Even so, CMOS was likely to come into its own
sooner or later because of its lower power dis-
sipation and its speed.

Through the years, CMOS came into use
more and more, reaching out to battery-
backed microcomputers and certain telecom-

munications devices. I wondered when micro-
processors would have to take that step.

My concern was unfounded, because as it
turned out, the decision was made for me.
CMOS happened to microprocessors because
there was no other choice. It wasn’t a matter of
cost or performance tradeoff. If we had not
implemented present-generation micro-
processors in CMOS, we couldn’t have gotten
the power out of the chips
with reasonable packag-
ing techniques.

Within the micropro-
cessor area, there are two
separate classes that re-
quire CMOS. One is char-
acterized by great chip
complexity and high per-
formance. Dissipating 5
to6 Win NMOS and only 1
W in CMOS, these chips
must be built in the sec-
ond to operate at all. On
the other side are the
single-chip microcompu-
ters, often used as controllers. Running in the
milliwatt range in CMOS, they are ideal for
battery applications.

Of those two classes, one has to be built with
CMOS or heat dissipation will burn up its cir-
cuitry. The simpler, battery-powered chip
needs CMOS for its low power. The whole
range of processors benefit, and in fact depend
on the process.

Memories, though, need CMOS for com-
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pletely different reasons. Heat is not a prob-
lem here. We never run our memories up to the
1-W range, because clocks are internally gen-
erated upon an address transition. Also, a lot
of dynamic circuitry prevents the entire de-
vice from being on at once, so it runs cooler.

The best argument for CMOS memories is
the process’s lower power dissipation, crucial
for system reliability. At static RAM densi-
ties, HMOS memories pull 120 mA active cur-
rent; the same chipin CMOS draws 50 mA. The
system implications for memories are phe-
nomenal when you realize that there may be
thousands of memory ICsin a system.

The rapidly moving telecommunications
area hasanother clear and continuing need for
CMOS. The standard phone of the future will
be digital, and its power source comes from a
twisted-pair loop. Power considerations are
paramount here, since the entire system must
run at under 1 W. As they continue to offer
more and more features, the complex chips
that perform those operations will continue to
be built with CMOS.

nalog devices pose another

challenge—altogether greater

and greater voltage swings. Bi-

polar still wins on that, but for

applications that depend on
CMOS, this specification must still be met.
Even though there have been great strides
made in CMOS to supply analog functions, the
best solution here may be combining of tech-
nologies on one chip.

The structure of CMOS itself will see some

changes over the next few years; the most ob-
vious will of course be device size. We are pres-
ently at 2 um. The step to 1.5 um will be made
easily in the next few years.

As device geometries shrink, however, volt-
age breakdown becomes a concern. So power
supply requirements will probably drift away
from the present 5-V to 3-V supplies.

At the transistor level, we're now at the
200,000-plus mark. We expect half a million
transistors on silicon by 1987.

MOS must also become more

rugged. All CMOS devices have an

inherent SCR built in to them —in

other words, a pnpn junction. If the

voltage on one of the output pins
gets too high, the pin latches up. This problem
is continually being worked on.

One possible cure may be to coat the bare
wafer with an epitaxial layer of a lower-
resistivity silicon. In that way, rather than
trying to grow low resistivity, we add a coat of
it. But this method could catch on in the fu-
ture. We presently don’t use it on all products
because it adds about a dollar per square inch
to the cost of the wafer.

I would add, though, that CMOS will not re-
place other processes overnight. For very cost-
sensitive applications, the job—at least over
the next five years—can still be done quite ef-
fectively with NMOS. NMOS suffices wonder-
fully today for moderately complex micro-
processors. I definitely believe, however, that
in the next fifteen to twenty years, everything
will be in CMOS.
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esigners building dynamic RAMs
with CMOS technology are now
discovering that this approach—
rather than NMOS—will enable
them to store more data, access
that information in much less time, and pro-
tect it from soft errors.

Two reasons to turn to CMOS is to solve the
problem of punch through and to eliminate
the hot-electron effect.
Both result directly from
reducing the device geom-
etries of the transistors
used in dynamic RAMs.
As these transistors are
made smaller —with the
hope of achieving greater
densities—their source-
to-drain spacings shrink
as well. In turn, the mate-
rials separating each will
not be able to withstand
the electric field that can
lead to a short from the
source to the drain—a dif-
ficulty which is known as punch through.

Even if that does not occur, there is still the
possibility of the strong electric field gener-
ating spurious electrons, dubbed the hot-
electron effect, that can cause a shift in the
threshold voltage and may ultimately lead to
the circuit malfunctioning.

The pair of difficulties, though, are much
less severe at lower supply voltages. In fact,
lowering the voltage down to 3.3 V will suffi-

SUNLIN

CHOU

Director, Portland Memory
Technology Group Intel Corp.

ciently reduce the electric field so that geom-
etries can be shrunk for another decade before
these problems arise again. CMOS can easily
operate at such low voltages, but the complex-
ity of the design needed to make NMOS work
at these levels might prove prohibitive.

In addition to being the technology of choice
for increasing the density of dynamic RAMs,
CMOS will also improve the access time of
such memories. Today,
the access times for both
NMOS and CMOS devices
come in around 100 ns.

CMOS does offer a way
to cut that time by em-
ploying static-column
decoding. Typically, data
inadynamic RAM is
stored in a two-dimen-
sional array. An individu-
al bitis accessed by select-
ing a particular column
and row, and access delay
is a function of the time it
takes to do so.

Static-column decoding, on the other hand,
can shorten the time involved in this process
by allewing one column to remain selected as
each bit located in it is randomly accessed by
applying the appropriate row address.

This technique, however, demands static
random logic, and implementing such a struc-
ture in NMOS would yield a circuit that would
draw an enormous amount of power. CMOS is
perfect for static columns, since it lends itself
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readily to static random logic.

Dynamic RAMs built with CMOS static col-
umns have access times in the neighborhood
of 55 ns, which translates into a data rate of
about 20 MHz. Further, the shrinking ge-
ometries expected over the next three years
will drop access times to 30 ns. Static-column
decoding will considerably enhance the
performance of, say, graphics systems, which
will require higher data rates in order to write
screens more rapidly.

The lower refresh rate of CMOS —compared
with that of NMOS—may prove to be critical
to building dynamic RAMs with densities
greater than 8 Mbits—a development that
may be seen in the next five years. At such lev-
els, data that was formerly stored on several
chips will be contained on one, in turn mean-
ing more accesses to that particular IC. The
chance of one of those accesses colliding with a
refresh access would be very high with an
NMOS device, slowing down the effective read
and write access times. A CMOS design, with
its lower refresh rate, would yield fewer col-
lisions and thus speed up the access.

s designers miniaturize dynamic
memories, alpha particle strikes
will interfere to a greater degree
with a circuit’s operation. In-
deed, soft errors cause 64-kbit
NMOS dynamic memories to lose a single bit
every million hours. CMOS circuits, on the
other hand, are 10 to 100 times more resistant
than their NMOS counterparts, since their
capacitors are sunk into n wells and are thus

protected from alpha particle bombardment.

Soft errors become even more severe as den-
sity increases: any 256-kbit dynamic RAMs
that are designed using NMOS will require ex-
pensive die coatings or larger capacitors, in
turn making for a larger die. At 1 Mbit and be-
yond, CMOS may be the only way to design
chips with tolerable alpha-particle failure
rates.

ntil now, there have been two

major problems that have

blocked the widespread accept-

ance of CMOS, but they are both

being solved. The first, latch-up,
is being done away with through carefully se-
lected substrate resistances and adherence to
design rules.

The second difficulty with CMOS was that
its complexity demanded up to 14 masking
steps. NMOS designs, however, have grown
more complicated over the years and now
require u~ to 12 masking steps. Thus the dif-
ference i1. cost between CMOS and NMOS is
much smaller.

The advantages of CMOS far outweigh any
of its problems, though. Consequently, many
of the 256-kbit dynamic RAMs just being in-
troduced are built with it. Indeed, some manu-
facturers have elected to build all their future
dynamic memories using CMOS. Others will
find CMOS the easiest way to create the
1-Mbit dynamic RAMs that are expected in
1986. Further, 90% of the 4-Mbit dynamic
RAMs that should be introduced by 1990 will
probably be fabricated with CMOS.
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he use of digital signal processors

is growing at an explosive rate,

thanks largely to CMOS. Without

it, such processors would run into a

power barrier that would severely
limit the complexity of future chips.

CMOS puts a feast on the digital signal-
processing table. Its circuit speeds approach
bipolar’s, and its circuit densities make possi-
ble a big jump in the integration of signal-
processing functions.
Since CMOS evolved in

Today, we could theoretically fit four of these
circuits on one chip, but we could not come
close to handling the resultant 16 W. CMOS,
on the other hand, delivers not only the neces-
sary circuit densities but does so at a far lower
power draw, as well. The equivalent CMOS
multiplier would consume only tenths of a
watt.

The CMOS design cannot match the 45-ns
execution time of the bipolar multiplier. Using
the 16-by-16-bit design as
a starting point, 2-um

high-capacity memories,
it can simplify adding fast
memories to specialized
chips. Not only that, it re-
mains stable over a range
of temperatures and to-
lerates fluctuations in
supply voltages.

Digital signal process-
ing requires extremely
high speeds—in the area

“With CMOS, we can
create digital
signal processors
more powerful than
anything around.”

CMOS can crack 100 ns
but not 50. Typically,
CMOS trails bipolar digi-
tal signal processors, per-
forming about half as fast
as a bipolar chip using the
same design rules. I ex-
pect that CMOS will reach
the 50-ns mark when de-
sign rules fall to 1 um,
Plastic packages will

of subnanosecond gate de-
lays. Pushed by 2-um design rules, CMOS
chips will reach that speed before the end of
next year. I predict that the industry will be
working at rules nearing 1 um in a few years.
Today’s geometries fall in the 2- to 3-um
range.

For the immediate future, bipolar will lead
CMOS in raw speed; however, it is already
straining the power limits of packaging. For
instance, a bipolar 16-by-16-bit multiplier can
carry out its job in 45 ns, but it dissipates 4 W.

reduce the cost of many
CMOS digital signal processors. Packaging, in
fact, now makes up one-third a unit’s cost. Bi-
polar usually consumes too much power for
plastic packages, which are one-tenth as ex-
pensive as ceramic packages. A high-power bi-
polar chip housed in a ceramic package could
cost about $10 in parts alone; its plastic CMOS
counterpart, less than a dollar.

Faced with CMOS’s advantages in power
densities and packaging, bipolar will be rele-
gated to high speeds, medium-complexity dig-
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ital circuits, and fast converters. Everything
else will fall to CMOS.

With that technology, we can add a greater
number of functions to chips, creating proces-
sors that are far more powerful than anything
currently around. We’ll see more specialized
chips, like floating-point and FF'T processors,
special multipliers and arithmetic processors,
sample-and-hold circuits, digital correlators,
sequencers, and accelerators. Beyond those
will be general-purpose digital signal pro-
cessors, as well as bit- or word-slice devices.

evertheless, the processis not the

best choice for all functions or

applications. Take analog-to-

digital and digital-to-analog

converters. Bipolar remains king
of the hill for video-speed flash converters
simply because its inherent accuracy towers
far above that of CMOS. I don’t see CMOS
changing that in the next two or three years.
It’s adequate for successive-approximation
converters and lower-end flash converters,
but high-performance flash converters de-
mand a number of different but precise volt-
ages—a level of precision that cannot easily be
implemented in CMOS.

Several problems continue to plague the
technology. For instance, I doubt that we’ll get
much standardization in the next generation
of digital signal processors. True, several low-
level functions have already been agreed upon,
but the high-level functions and processors
will initally be customized, typically through
custom or semicustom arrangements.

ne requirement for viable cus-
tom or semicustom IC designis a
technology base that can be al-
ternatively sourced. Bipolar dig-
ital signal processor technology
is so specialized and varies so greatly in tech-
nique that other sources can rarely be found.
CMOS, being far more universal, lends itself
to second sources.

I think that digital signal processors will
follow the example set by telecommunications
chips. Individual customers will want an in-
house advantage, prompting more specialized
chips to be designed into their systems. Fur-
thermore, the complexity of future chips—
functional integration, that is—will demand
cooperation between the manufacturer and
the end user. I expect to see a lot of custom and
semicustom relationships being forged to de-
velop complex processing functions in CMOS.

Radiation hardening poses another prob-
lem for CMOS. Exposure to high radiation
bursts can cause the CMOS circuits to latch
up, so that only a power-down releases them.
Latch-up in general is a less critical problem
for normal CMOS usage. We've solved it by
taking certain precautions in our CMOS cir-
cuit design and processes. We use a retro-
grade p-well structure and an ion implant,
which consumes about 10% more area.

In the next few years, CMOS will serve even
video-speed converters. The thing to remem-
ber is that digital signal processing is just
now getting started—a lot of analog signal
processing has yet to be digitized.
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sthe data communications

speeds increase, standard and

popular processes like NMOS

and HMOS will give way to

CMOS, even though for a given
function, the CMOS IC will likely take up
slightly more space.

NMOS and HMOS processes present the de-
signer with an upper constraint—power dissi-
pation. He or she must work backwards from
this barrier, limiting gate
dimensions and hence

that only a few of a CMOS transistors’ gates
are toggling at the chip’s maximum data rate)
ensures that power dissipation levels of less
than 1 W can be maintained at rates as high as
50 Mbits/s.

Even complex data communications chips
like high-speed disk controllers dissipate no
more than 1 W and less than 1 mW in the
chip’s quiescent state. And because of the
nature of such communication—short bursts

of packets—1 W would

chip speeds for a given
number of gates per chip.

No such restrictions
exist with the CMOS pro-
cess. Transistor gate di-
mensions can be tailored
to the task at hand. In
parallel data communi-
cations networks that
transmit single-byte or
multibyte digital infor-

“Power dissipation
levels under 1 W
can be maintained
at rates as high
as b0 Mbits/s.”

not prove intolerable for
short intervals.

We can expect CMOS to
be the process of choice in
future monolithic con-
troller chips for high-
speed networks handling
: data transfers of tens of
Mbits/s.

CMOS ICs are under
consideration for the con-
troller and buffer-man-

|

mation, CMOS chips have
been shown to operate effectively at relatively
high date rates of up to 25 to 30 Mbits/s.

One can certainly achieve data rates of
50 Mbits/s and higher quite easily with bi-
polar ICs. But at such speeds, power dissipa-
tion and thermal management problems force
a multichip solution, which is economically
very unattractive. For a given data rate, a
CMOS IC will dissipate about one tenth the
power of its bipolar counterpart.

The inherent nature of CMOS (i.e., the fact

agement functions of the
FDDI (fiber-distributed data interface), for
example. This proposed token-passing ring-
topology network standard from ANSI
(American National Standard Institute) is de-
signed to handle very high-speed data
transfers of up to 100 Mbits/s.

Though that speed may not be reached by
the end of this decade, we can expect CMOS to
reach the 50-Mbit/s mark, and possibly a little
higher, within the next few years.

CMOS ICs will also play an important role
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in the controllers of parallel communications
systems like local high-speed computer buses.
Bipolar devices will still be necessary for high-
speed serial communications functions, like
those performed by codecs and serial interface
adapters.

Eventually, mixed process improvements
will lead to single-chip solutions that include
both CMOS and bipolar transistors. This
trend is certainly starting with lower-speed
devices like line drivers and receivers, and can
be expected to continue to more complex
monolithic functions over the next few years.
It is only a matter of time before experiences
gained with processing will permit us to have
single-chip devices made of both CMOS and
bipolar processes.

As data rates rise to the tens-of-Mbit/s
range, the advantages of low power consump-
tion begin to take on system-level impli-
cations. For one thing, CMOS with its single-
supply and low-power-dissipation operating
characteristics will allow an overall reduction
in the size of the required power supply, saving
significant space and energy when compared
to NMOS or HMOS devices. For another, heat-
management problems on the PC board are
considerably simplified.

hat simplification means that a
greater number of small-outline
CMOS packages will be surface-
mounted on high-density PC
boards. Because of their small
size such packages are popular for surface
mounting, but they cannot withstand as

much heat as conventional dual in-line pack-
ages. But with less power dissipation to con-
tend with, thermal-management problems
are considerably simplified.
f course, for truly low power
dissipation at very high data
rates, gallium-arsenide technol-
ogy may eventually overtake
CMOS. But despite its impres-
sive performance, GaAs technology is far
from maturity, and cannot soon be expected
to compete with CMOS and bipolar ICs in the
high-speed data communications’ arena.

The low power dissipation of CMOS ICs will
also propel the development of a multitude of
remote data communications applications
and will enhance the use of portable equip-
ment in the field. CMOS circuits operating
from small batteries will become possible.

CMOS modem chips are one reason for this
optimism. We're already witnessing 300-baud
CMOS modem chips in remote telemetry and
dial-up metering applications, and can expect
higher speeds, possibly up to 9600 baud by the
end of this decade. More functions will be
added onto single-chip CMOS modem chips.
Incidentally, the switched-capacitor filter cir-
cuits of these modem chips are best made with
the CMOS process.

We're also using 300-baud modem chips for
remote readings of gas, electric, and water me-
ters. Because these chips are made in CMOS,
they can be powered directly from the tele-
phone line, without any concern for the ac
powerline.
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he next generation of telecommu-
nication ICs will demand the inte-
gration on one CMOS chip of ever
more complex digital circuits and
simple but elegant analog func-
tions. The trend toward mixing technologies
began just a few years ago with codecs and
dual-tone multifrequency receivers and now
continues in the digital line interfaces emerg-
ing for the Integrated Ser-
vices Digital Network
(ISDN), a standard for
end-to-end digital tele-
communications at 144
kbits/s issued by the
International Telecom-
munications Union’s
CCITT (International
Consultative Committee
on Telegraphy and Tele-
phony). These chips,
which link the subscrib-
er’s telephone to the cen-
tral office over twisted-
pair wiring, contain an
ever larger number of functions, including
analog switched-capacitor transmitting and
receiving filters, a digital-to-analog conver-
ter, a phase-locked loop, and line drivers and
receivers. Accompanying those circuits are
digital signal processors for adaptive echo
cancellation.
For some telecommunication circuits —
such as those that incorporate battery feed-
ing, overvoltage protection, ringing, supervi-
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