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ETHERNET CHIP SET IS HERE.

Now there’s a VLSI Ethernet chip set you
can take on the open road.

The Am7990 LANCE and
Am7992A SIA are ready to roll.
Fasten your seat belts.

Thanks to IMOX" the Am7992A Serial
Interface Adapter has the blinding speed
it needs to meet demanding Ethernet specs.

And the Am7990 is just as hot.

Jointly developed with DEC, this
10MHz LANCE is made to work with
every leading CPU.

Together, the Am7992A and Am7990
torm the first perfectly matched Ethernet
chip set to hit the streets for under $100
anode. And, they're already second-sourced.

You're all alone at the
checkered flag.

The Am7990 family can put you as far
ahead of the competition as we are. And
it’s just one of our VLSI families.

There are controllers, bipolar and MOS
microprocessors, communication circuits,

signal process-
Qua'{l}tlye gmeﬁ&nfosm o ors inn(il more.
electrical parameters, AC and DC, et Spely
over the entire operating range. part m every
INTSTD" tamily meets
or exceeds

the International Standard of Quality.
So grab a phone, ask us for our Ethernet
booklet, and put on your driving gloves.
You're about to blow the doors oft
your competition.

Advanced Micro Devices 1

901 Thompson Place, P.O. Box 3453, Sunnyvale, CA 94088
For direct factory response, call (408) 749-5000, outside California, call toll free (800) 538-8450, ext. 5000.
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SURPRISE!

Now a second source is your first choice
for smart alphanumeric displays.

.

e For pricing and
&) delivery, contact your
4 local Hewlett-Packard
authorized components
distributor. In the
U.S., call Hall-Mark,
Hamilton/Avnet,
or Schweber. In Canada,
call Hamilton/Avnet
or Zentronics, Ltd. For
more information,

If you've been
buying smart alpha-
numeric displays from
Litronix, then here’s
great news. Now you
can get a smart display
from a second source —
Hewlett-Packard. And
your first HP display
is free just for sending us
your old Litronix part.

But a free display call your local HP sales
is only part of the story office listed in the
—HP’s alphanumerics telephone directory

white pages and ask
for the Components
Department.

are a better buy:. First, our
displays have several
product advantages; and
second, they're backed
by our world-wide sales
force and complete
technical support.

Ours are

compatible with

theirs—and better.
HP’s new four-

character HPDL-2416 Alphanumeric ~ ® Wave solderability r————-——————————— e 1
Displays are pin-for-pin compatible  for faster and lower | Yes! I want to trade in and trade up. :
with the other guy’s. So you don't cost assembly. | Yes, please dsje“ﬁ m%a flree SIPDL‘Z‘ll}fLS,ma”, alpha- |
have to redesign anything. But there ~ ® Industry standard | IR AL Bncieisn T e et I
are some notable differences that TTL compeatibility : InthelIS el pawpors. — Name {
we know you'll like. For example, of 2.0 volts. | ‘Comaazigstiaba:  Company |
HP offers: e A wider operating | CA94303.InEurope:  Address [
o A faster IC access time making temperature range, : Nederland BV, Central  City State :
it directly compatible with your —20C degrees to | POl " Zip Phone I
MiCroprocessor. +70C degrees. : PNt =™ Myapplication'is :
e Better ESD protection, featuring Let us prove analerice P el Y I EDE ST e 121384
larger buffer diodes for better our claims by

protection. making HP your first choice for HP: The right choices

smart alphanumeric displays. So for smart alphanumeric
trade in and trade up. Send us one

of your old Litronix displays and displays.
we'll send you one of ours.

[/ 5nckaro
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1watt 07 to 4.2 GHz amplifiers...only $895

Now is the time to rethink your design decisions— ZHL-42 SPECIFICATIONS
if you require up to 1 watt output for low-distortion intermmodulation Frequency 7t0 42 GHz
testing ... broadband isolation. .. flat gain over wide bandwidth—or if you P o 300BMin.
need much higher output level from your signal/sweep generator e
or frequency synthesizer — you can now specify Mini-Circuits’ Power Out @ 1dB CP +204Bm Min.
new ZHL-42 power amplifier .. . for only $895. VSWR In/Out. . . . 204Max.
Using ultra-linear Class A design, this state-of-the-art four-stage Noise Figure
amplifier provides 30dB gain, flat (+1.0dB) over the 700 to 4200 MHz SUOBI o b A rrs e K . +15V @ 690mA
range, is unconditionally stable, includes overvoltage protection, and can Third Order Intercept. . . .. ...... 38dBm Min.
be connected to any load impedance without amplifier damage or oscillation. Second Order Infercept. . ...... 48 dBmMin.
One week delivery ... and, of course, one-year guarantee. i 7" x 34" x W'h

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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BEHIND THE COVER

n an industry dominated by the notion that

faster is better, Robert Galin talks proudly about

a slower local-area network controller. “This is
one case when the reverse is true,” he says, “since
lower speed means lower cost.” Galin, who works in
strategic planning at Intel, is not making an empty
assertion: He helped devise the specifications for
the 82588 LAN controller featured in our cover
story (p. 141).

The idea behind the chip was born in 1981, out of
the conviction that the telecommunications world
would need more economical networks than
Ethernet. Back then, Galin felt that Ethernet’s
CSMA /CD would be vital to such systems, but at
more modest bit rates. He also predicted that both
baseband and broadband transmissions would be
successful.

Out of these beliefs, Galin helped design a highly
versatile, low-cost single-chip controller—one that
could be tailored to the networks he envisioned. The
1- and 2-Mbit/s 82588 does follow in the footsteps of
an earlier Ethernet coprocessor, but its lower bit
rate allows Manchester encoding to be done on chip.
It also makes for an economical logic-based method
for detecting collisions on the network, rather than
the more costly analog-based scheme used in
Ethernet.

Despite these differences, it proved possible to lift
about 60% of the 82588 out of the coprocessor.
Specifically, both chips’ serial sections (which
include parallel-to-serial conversion, framing, error
checking, and the CSMA/CD mechanism) use
identical masks. Modular design, Galin emphasizes,
cut development time by at least a year.

Galin is rightfully proud of his role in helping his
predictions come true. Two new systems—IBM’s
2-Mbit/s broadband PC Network and AT&T’s
1-Mbit/s baseband Starlan —aim squarely at
low-cost personal computers. The 82588 suits both
toa'.
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+1 to +15dBm input

110 1000 MHz
only $21% 524

AVAILABLE IN STOCK FOR
IMMEDIATE DELIVERY

e micro-miniature, 0.5 x 0.23 in.
pc board area

* flat pack or plug-in mounting

* high rejection of
odd order harmonics, 40 dB

e low conversion loss, 13 dB
* hermetically sealed

* ruggedly constructed
MIL-M-28837 performance*

*Units are not QPL listed

SK-2 SPECIFICATIONS
FREQUENCY RANGE, (MHz)

INPUT 1-500
QUTPUT 2-1000
CONVERSION LOSS, dB TYP. MAX.
1-100 MHZ 13 15
100-300 MHz 13:5 1545
300-500 MHz 140 165
Spurious Harmonic Output, dB  TYP.  MIN.
2-200 MHz F1 -40 -30
F3 -50 —40
200-600 MHz F1 =25 =20
F3 =40 =30
600-1000 MHz F1 =20, =15
F3 =30 =25

For complete specifications and performance
curves refer to the 1980-1981 Microwaves Product
Data Directory, the Goldbook or EEM.

finding new ways
setting higher standards

[JMini-Circuits

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

2625 E. 14th St. B'klyn, N.Y. 11235 (718) 769-0200
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CONTENTS SPOTLIGHT

Technology Report: CAE tools 118

before and during IC simulation, but they rarely

spend the same time on the steps that follow simula-
tion. In fact, the decisions of how to translate the simu-
lated circuit into silicon are perhaps the most critical, since
they must balance cost, silicon use, and turnaround. As
part two of our Technology Report details, a wealth of CAE
software tools is emerging—many integrated into
workstations—to steer designers to the optimum methods
for layout and routing, verification, and circuit extraction.

Circuit designers generally expend the most energy

Cover: PC network controller 141

puters into local networks, the systems themselves

are usually geared more for minicomputers than for
micros. Now a controller solves that problem in one chip:
Designed specifically for personal computer-based net-
works, it slashes board count, board space, and de-
velopment time. Moreover, its transfer rate—1 or 2
Mbits/s—is well suited to inexpensive twisted-pair cable.

Though system designers frequently tie personal com-

Focus on board-level modems 251

and the need for trimmer yet more powerful mod-

em boards becomes inevitable. While shrinking the
board circuitry, manufacturers are raising the transmission
rate to a new high of 14.4 kbits/s and packing more fea-
tures into their cards.

Mix small computers with the ubiquitous phone lines,

Conference Preview: ISSCC 61

flected when the International Solid-State Circuits

Conference opens its doors next February. Naturally,
memories and processors will grab the most attention, but
traditional chips and analog circuits—including a 500-MHz
digital-to-analog converter—will hold a place as well.

Today’s interest in application-specific ICs will be re-

6 Electronic Design « December 13, 1984
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Need a stroke of an inch-and-a-half... * BOX-FRAME SOLENOIDS with Uni-Guard*
or just one thirty-secondth? Need pull ; B II molded bobbin and coil covers...mechan-

of 50 pounds...or just a fraction of an ounce? L ical life measured in millions of cycles.
AC or DC? Intermittent or continuous duty? Pull A

ar push ¢ Bow-frame, Usirame, larinaied of ’ ‘ : U-FRAME SOLENOIDS for minimum cost

tubular? Recognition under the component pro-

gram of Underwriters’ Laboratories, Inc.? with high reliability...most with Uni-

Guard® Il molded bobbin and coil covers.

Guardian’s got ’em all. And each features <
meticulous craftsmanship . . . true engineering LAMINATED SOLENOIDS in AC only for

genius. (Inspired, of course, by your very own miore pull over a lotger strolke fhan DC

2l Ange\}g.) solenoids of the same size...many with
Uni-Guard® molded polyester coil covers.

TUBULAR SOLENOIDS in your choice of

premium quality long life of up to 100

SEND FOR CATALOG. million operations or more...or traditional
tubulars with an expected life of a million

/ operations plus.

® -
® SOLENOIDS IN MORE TYPES...WITH
G l ARD IAN MORE INSPIRED DESIGN... THAN
ANYONE ELSE IN THE WORLD.

GUARDIAN ELECTRIC MANUFACTURING COMPANY e 1550 West Carroll Ave., Chicago, lllinois 60607 e 312/243-1100
CIRCLE 5



Mike Dohler,
Director of CAD/CAM
Mitel Corporation

®Mitel - Registered Trademark of Mitel Corporation.
™SX-2000 - Trademark of Mitel Corporation.
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HOW THE ZYCAD
LOGIC

EVALUATOR®
HELPED MITEL*
DESIGN ENGINEERS
REDUCE THE
MANUFACTURING
COSTS OF A
COMPLEX CMOS
DIGITAL SWITCH.

Mitel Corporation of
Kanata, Ontario, is one
of the world’s leading
suppliers of
sophisticated
communications
systems. They
manufacture the SX-
2000™ Integrated
Communications
System, a large PABX
unit that is capable
of handling from 150
to more than 10,000
phone lines.

REDUCED COSTS
THROUGH DESIGN
ENGINEERING.

An SX-2000 unit
may contain up to 400
dynamic digital
crosspoint switches
(DDX’s) — complex
chips that can switch
up to 256 lines each.

Mitel’s IC design
group was assigned the
task of integrating new
technology into the
manufacture of the
DDX chips. Objective:
maintain quality and
function while making
significant cost
reductions.

“COMPLEXITY
CREATES THE NEED
FOR INCREASED
CAPACITY.”

~Duncan Klett, Manager,
Work Stations & CAE

“We wanted to
integrate dynamic RAM
and the new silicon
technology into the
DDX design,” said
Duncan Klett. “The
problem was the
complexity of the
circuit design. As you
get more complex, your
simulation needs
increase geometrically.
Our existing
capabilities let us test
pages and blocks of the
design, but we couldn’t
simulate the chip as a
whole. We tried to
verify the total design
using software
simulation. After 30
CPU hours there were
still no results,
and we couldn’t justify
tying up the computer
any longer.”

THE ZYCAD LOGIC
EVALUATOR.

Mitel’s Logic
Evaluator (Model LE
1001) has a capacity of
50,000 gates and a
speed of 500,000 events
per second. It is a
dedicated hardware
processor designed for
complex logic
simulation.

“THE LE GAVE US
SIMULATION
RESULTS WE
COULDN'T GETANY
OTHER WAY.”

Duncan Klett: “The
Logic Evaluator was
the perfect tool for this
project. We found we
could simulate the
whole design quickly.
As a matter of fact, we
ran the DDX
simulation over 100
times in a four month
period and identified
problems relating to
interfaces and timing
that wouldn’t have
shown up with partial
simulation.”

FIRST SILICON-
RIGHT THE FIRST
TIME.

In a project this
complex, it is usual to
go to a silicon prototype
two, three or even more
times. If the circuit
design can be simulated
and debugged perfectly
before the first
prototype, there are
considerable savings in
cost and the time it
takes to get a new
design to production.

Mike Dohler: “We
found we could run a
simulation of the
complete DDX design
in one hour and
seventeen minutes on
the LE. With that kind
of capability, you can
get all the information
you need as fast as you
can use it. That's a
revolutionary shift for
electronics designers.”

THE BEST TOOLS
AVAILABLE FOR
SOLVING CRITICAL
DESIGN PROBLEMS.

The Zycad Logic
Evaluator works for
Mitel. The Logic
Evaluator can also be
used for fault
simulation and
development of
diagnostic and system
software.

For more
information, call
us or write:

Zycad Corporation

1315 Red Fox Road
St. Paul, MN 55112
(612) 631-3175

—
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advantages of twenty years of
TO-5 leadership: a dependable,
low power DPDT relay that has
excellent RF characteristics up
through UHE and the proven
performance and reliability of

subassemblies while they are being
produced, cutting down on
human error and insuring built-in
reliability.

The 172 gives you all the
popular Centigrid physical

Now you can have your cake and

eat it too! The quality and
performance —in fact, the same
mechanism as a military TO-5/
Centigrid relay at prices you can
afford for your commercial designs.

The secret is automation. It
permits us to cut costs without
cheapening the design. We've
designed and built our unique
equipment which not only speeds
production, but insures quality.
For example, our microproces-
sor-controlled header assembly
system automatically tests the

CIRCLE 7

advantages: the rugged uniframe
construction; the miniscule .14
sq. in. footprint; the .100 grid
lead spacing for direct pc board
plug-in without spreader pad,
which retains the low .375 in.
total profile.

But perhaps even more impor-

tant, you get all the technical

TO-5 technology.

If you'd like to know more
about how to get military type
performance without paying for
the uniform, call or write today.

‘¥ TELEDYNE RELAYS

Innovations In Switching Technology

12525 Daphne Ave., Hawthorne, California 90250 & (213) 777-0077
U.K. Sales Office: Heathrow House, Bath Rd., Cranford, Hounslow, Middlesex, England TW5 9QQ ¢ 01-897-2501
European Hqtrs.: Abraham Lincoln Strasse, 38-42 ¢ 6200 Wiesbaden, W. Germany 06121-7680
Japan Sales Office: Nihon, Seimei Akasaka Building ® 8-1-19 Akasaka, Minato-Ku, Tokyo, 107 Japan (03) 403-8140
France Sales Office: 85-87 Rue Anatole-France ¢ 92300 Levallois-Perret, France ¢ 758-71-60




ON REFLECTION

Be it design or test,
cooperation is
everyone’s business

in the way of higher productivity and

shorter turnaround is the traditional
separation between design and test engi-
neers. As a former board test engineer, I
have experienced the frustration of having
boards handed to me, fait accompli, with no
thought of their testability or ease of manu-
facture. Unfortunately, the design engineer
is rarely graded on his performance in those
two areas. For that reason, he generally
hands the test enginer a prototype board
(replete with many jumpers) and a schemat-
ic that may or may not be current and
simply says, “Here.”

My former colleagues in chip testing en-
counter similar situations. Here too, design
and testing are separate and often hostile
groups. In most cases, the test engineer has
no input into the early stages of the design
process. If he did, his trained eye would no
doubt detect problems in testability. Minor
changes made at that point could save mil-
lions of dollars during test generation and
manufacture.

Make no mistake about the amount of
money —not to mention time—involved here.
High-level engineering talent may spend
several man-years generating test programs
for modern VLSI chips. Worse still, chips
designed with little thought of testability
demand test programs of inordinate com-
plexity. Extremely costly to produce, those
chips may also cause more than their share
of difficulties on the manufacturing floor.

Spurred on by designers’ need to verify
performance before making the costly com-
mitment to silicon, the industry is begin-
ning to right its wasteful ways. With the

Perhaps the biggest obstacle standing

help of the ATE segment, design and testing
are undergoing substantial changes. For in-

stance, a new generation of powerful digital

simulators is proving a boon not only to de-

signers but also to test engineers, who apply
them to test program generation.

As worthwhile as such tools may be, in
the end communication is even more valua-
ble. With today’s local networks, there is no
reason why critical information culled dur-
ing the design stage and stored in a data
base cannot be accessed by test engineers.
Adding the appropriate security measures
ensures that the design stands no danger of
unauthorized access or modification.

Just think of the ramifications: Instead of
discovering problems literally after “the die
has been cast,” test engineers can diagnose
troublespots early, while they can still be
easily—and inexpensively—rectified. With
the test engineer involved in the design
stages, the test program can be debugged
and prepared months before it is now. That
shorter turnaround time is something that
everyone agrees with—designer, test engi-
neer, and manager.

Gary Elinoff
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“ATE is important tous.
The company behind ATE is more important.
That's why we chose Teradyne?” %2
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“With the costs involved in getting new products to market
today, we couldn’t afford to buy ATE the way we used to.

“We couldn't just settle for a good piece of test gear. We
had to find an ATE company that would work with us, partner
to partner, to solve our toughest testing problems.

“A company like Teradyne.”

Bob Dances of Xerox under-
stands that vendor-customer rela-
tionships are important in ATE.
So do we. That’s why we created
our Test Assistance Group (TAG),
a worldwide organization with a
single charter: helping customers
realize the full potential of their
Teradyne systems.

TAG engineers will work
with you to get your systems up
and running fast. And when you
hit the rough spots, they’ll be there
to help you through them.

They can also deliver special
hardware and software for specific
applications, including turnkey
packages.

In the age of VLSI, testing is
often a do-or-die proposition, with
the success of a product line or
even a company hanging in the
balance. We can respond to this
challenge because we've made
production-line testing our busi-

- ness for almost a quarter century.
Whatever it takes to keep your test systems running pro-
ductively, we're ready to deliver, through a team of dedicated
professionals only a phone call away.

When Xerox says ATE partnerships are important, it’s a
thought worth copying.

‘li”A!.“‘.\la

We measure quality.

CIRCLE 8 Electronic Design + December 13, 1984 13



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.
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Corrections

An extra zero in our Oct. 31
New Product story on Ver-
bex’s Series 4,000 speech rec-
ognizer (p. 447) raised the
price of the development soft-
ware an order of magnitude.
The correct price is $500.

The Nov. 15 NewsPulse
item on the C-1 supercom-
puter (p. 37) omitted the name
of the manufacturer: Convex
Computer Corp. (Richardson,
Texas).

Filling in
a major omission

Your Product Report, “Fo-
cus on Monolithic Pre-
cision Op Amps,” in the Oct.
31 issue [p. 337] is interesting
but somewhat incomplete and
not quite up to date: It over-
looks the best monolithic FET
operational amplifier on the
market, Burr-Brown’s model
OPA111, which was featured
as the cover article of your
Feb.9,1984, issue [p. 97].

The OPA111, a DIFET
(dielectrically isolated FET)
amplifier, achieves an offset
voltage of +250 uV maxi-
mum, drift of +1 uV max-
imum, an open-loop gain of
120 dB minimum, and com-
mon-mode and power supply
rejection ratios of 100 dB min-
imum. What’s more, noise is
100% tested and guaranteed
(not just sample-tested) to
be 8 nV/\/Hz maximum at 10
kHz, and the bias current is
only +1 pA maximum. In ad-
dition, a low-cost version, the
OPA121KP, is now available

in an eight-pin plastic pack-
age.

Also, we thank the author
for mentioning our new, en-
hanced version of the OPA27,
but there are a few points that
should be explained. Since we
use the industry-standard
grades in our OPA27 and
OPA37,the minimum and
maximum specifications re-
main unchanged, but per-
formance has been improved
in many areas. We now guar-
antee noise on the A and E
grades by 100% testing.
Furthermore, Burr-Brown is
unique in providing 100%
popcorn-noise screening on
all OPA27 and OPA37 grades.

To avoid confusion when
describing parameters on
new products, I suggest you
feature only minimum and
maximum specifications.
These guaranteed specs are
what engineers must use for
design—“typical” specs are
provided only as a guide to
help understand how a device
performs.

Reputable manufacturers
generate “typical” data from
the mean performance of a
large number of devices from
many production lots, but
there is always some unit-to-
unit variation, and some man-
ufacturers don’t generate
“typical” specs in this man-
ner. It would therefore seem
that the best standards for
comparison would be the
guaranteed minimums and
maximum.

Neil P. Albaugh

Electronics Engineer

Burr-Brown Corp.

Tucson, Ariz.
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CALL FOR

APPLICATION NOTES

SEE GOLDBOOK FOR:

PRODUCT SPECIFICATIONS

SALES REPRESENTATIVES

APEX MICROTECHNOLOGY CORP.
1130 E. Pennsylvania, Tucson, AZ 85714
ORDERS AND INQUIRIES: (602) 746-0849
APPLICATIONS HOTLINE: (800) 421-1865
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Sprague-Goodman.

Nobody Offers
a Broader Selecfion
of Trimmer Capacitors. || 5. ...

. ; v R recent On Reflection
When it comes to high-quality fimmer ca-  need standard or custom products, you can Oct.4 111 bri th
paciftors, nobody comes close to Sprague-  count on Sprague-Goodman. The first and [ ct.4, . - ] rings ?‘no er
Goodman. last name in rimmer capacitors. issue to mind. Cleanlng up a

We have the world's largest selection of 3 3
models, styles and dielecrri?s: sub-miniafure §J"’°9"0 -@oodman [ITHIE: ?..eSk i a_W(‘)‘r{{sta'tlon 1?, the
glass, quartz and sapphire Pistoncaps® & Electronics, Inc. { Goooman II‘STL step In “cleaning up - our

f;g;fﬂhore of the Sprogue Elecric Company) business and technical minds.

plastic Filmfrims® or Ceramic singlext

v e e S coson S0 ms, || Lconsider it amazing how few
; 7 . arden City Park, 1 112
and miniature LC tuners and 5167461385 (even brilliant) people recog-

Stab-L® merohzed in- TLX: 14-4533 nize that personal “house-

keeping” is mandatory, as is
an orderly file system. But re-
member, out of sight, out of
mind —always keep clear
“flags” before your face.
Errol A. Campanella
Component Engineer
Los Angeles Components
Alhambra, Calif.

CIRCLE 11
opinions of its readers on the is-
sues raised in the magazine’s ed-
itorial columns. Address letters
to Editor-in-Chief, Electronic
Design, 10 Mulholland Drive,
Hasbrouck Heights, N.J. 07604.

Try to keep letters under 200

tocall Zendex 2nd Nerees i e i oo

(If you insist on calling Intel first.) et

\ Electronic Design welcomes the

ELECTRONIC DESIGN
is growing.

If you'd like to grow with us, you may
‘be interested in one of the editorial
opportunities we have in our New
York area home office or in our Bos-
ton and Southern California field of-

ZX'186/ 30 CPU Boal'd fics;é are interested in people with

An 80186-based CPU board that Advanced features: 256KB zero- ;"sp:;::‘;?;ﬁ'ya:L:sgggfzs?\f,:'z‘:;?2}
is an ideal replacement for computer technology. To explore

wait-state on-board RAM

the iSBC-86/30 or iSBC/ (expandable to IMB) two your potential in the exciting world of
86/12A. 1t is fully software DMA channels, Dual engineering journalism, send your
compatible with the multi- protocol USART, resumé to Lucinda Mattera, Editor-
7X-86 and the entire up to 128KB PROM and in-Chief, ELecTRONIC DESIGN, 10 Mul-
iSBC-86 family. two iSBX connectors. " s Hoghts,

The other giam in the Multibus Marke(
6700 Sierra Lane, Dublin, CA 94568, Phone: (415) 828-3000 TWX: 910 389 4009. Zendex products are available worldwide.
Intel, iSBC and iSBX are trademarks of Intel Corp.
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Put four times the DRAM in the same slot...and still run faster.

Motorola’s 256K MCM6257
dynamic RAM runs faster than the
fastest 64Ks, and puts four times the
memory in the same package.

It's a good thing. Demand for high-
speed RAM is climbing astronomically,
and forecasts project an industry
shortfall of 256Ks despite the apparent
number of suppliers. The world’s
systems crave more and more RAM,
and the more they use the more they
seem to need.

Motorola addresses these require-
ments with 256K dynamic RAMs that
provide both flexibility and design
freedom. All control and refresh lines
are the same as with our 64Ks, and
our 256Ks are also pin compatible
with the 64Ks.

You get familiar architecture, tech-
nology and packaging, so ease of use
is assured. The similarity stops there.

When we say the MCM6257 is fast,
we're referring to the 100 ns maximum
access time. Slightly slower versions

are also available, at 120 ns and 150
ns. Even with 100 ns speed, power
dissipation is very low. Supply Cur-
rent is only 4.5 mA standby, and 70
mA active. Operation is from a single
+5 V supply.

High-performance triple-poly
silicon-gate technology permits fabri-
cation of denser, faster memory...the
secret to packing so much perfor-
mance on one small chip. Laser fuse-
redundancy and direct step-on-wafer
manufacturing ensure maximum
yields. A row and column address
input multiplexing scheme holds
address lines down to nine, so the
standard 300 mil wide 16-pin package
handles the 256K with ease. For
surface-mount applications, however,
alternative 18-pin JEDEC-standard
plastic J-leaded chip carriers will be
available, too.

In addition to RAS-Only and CAS
before RAS automatic refresh modes,
the MCM6257 offers Nibble mode,

which allows serial access of up to
four bits of data at very high rates...
20 ns access and 50 ns cycle times.
Refresh is 256 cycle, 4 ms.

All MCM6257 inputs and outputs
are TTL compatible, including clocks.
Complete address decoding is per-
formed on the chip with address
latches incorporated. Data out is con-
trolled by CAS, enhancing system
flexibility.

The MCM6257 is just the beginning.
We also have a variety of 256K
DRAMs in the works with different
speeds and, of course, CMOS.

So as the need grows for greater
density and higher performance in a
cost-contained environment for any
conceivable application, look for
Motorola. We're there.

Check O A for information.



One way or the other, dual optointerrupters

eliminate mechanicals.

£ The perfect inter-

’,f\‘ face between bi-

«  directional movement

y ¥  and MPU — and one

i \a'd ~ that completely elimi-

4 nates failure-prone

A mechanical switches —
can be yours with
Motorola's new

dual optointerrupters.

oo S o

The MOC70W1-75W1 family
provides a variety of functions, too:
LED-to-transistor, LED-to-Darlington F
and LED-to-Schmitt trigger. |

Actually two sets of opto couplers |
in one, these non-contacting, standard

packaged switching
devices save space,
time and costs in designing
direction, motion and
position sensing
into a variety of

equipment
applications
from

computer track

machines. Plus,
they offer
complete
i i electrical isolation
i v of control circuitry
E from load.

Benchmark 20: First to evaluate. First to market.

System integrators thinking about
using the new 32-bit MC68020 MPU
now have an excellent testbed for
system evaluation: Benchmark 20.

This MC68020-based system pack-
age provides a variety of hardware
and software tools to allow stream-
lined 32-bit benchmarking, code
development and debugging. Packing
a lot of power into a small space,
the Benchmark 20 system contains a
single-board microcomputer with the
MC68020 MPU, plus an auxiliary

1 Megabte RAM module, all con-

figured with powerful debug/monitor
firmware in a 4-slot chassis.

The result? You reduce time-to-
market for your new 32-bit system
product. Benchmark 20 is configured
and ready to use alongside an appro-
priate software development host to
trim your schedule for MC68020
benchmarking and code debugging.

The VM04 VERSAmodule CPU
board utilizes the capacity of this
new 32-bit performance standard to

balls to copying

Were

On your
8;51 nin
team.

,ﬁ The emitter-detector
| | slotis 0.125" wide,
big enough to easily
accommodate a wide variety
of tripping mechanisms.
The high gain Darlingtons

optimize applications calling for
low-drive- current or larger output
signal devices. The Schmitt trigger
provides the fastest, cleanest signal
sensing of all.

Narrow apperatures in front of each
phototransistor allow strong signal
transfer and shield the device from
ambient light and crosstalk from the
other LED and provide dirt and dust
protection.

The standard dual optointerrupter
package is designated by the “W” in
the part number. Prices range from
$2.55 to $3.55, 1K-up.

Check (I B for information.

achieve speeds in the 2-3 million
instructions per second (MIPS) cate-
gory. 4K long words of on-board
instruction/data cache reduces off
board memory accesses to insure
top performance.

The companion dynamic RAM
VM13 module provides 1Mbyte of
random access memory dual ported
with both RAMbus and VERSAbus.
A perfect system mate for the VMO04
32-bit monoboard, the VM13 RAM
board has error detection and diag-
nostic capability.

To help you quickly evaluate the
MC68020 and the VMO04, the Bench-
mark 20™ system package incor-
porates the 020bug™ Debug/Monitor
firmware package to allow you to de
benchmarking and to debug code.
The 020bug resident package allows
full speed execution of system and
user developed programs operating
out of the Benchmark 20 system
package. A powerful software and
system debug command set allows
access to all VMO04 1/O, control, and
memory facilities plus the full 4
gigabyte direct address range of the
VERSAbus system bus.

Benchmark 20, 020bug, VERSAbus and
RAMbus are trademarks of Motorola.

Check O C for information.
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Get rid of the bits and pieces with all-in-one stepper drive.

It's linear, it's low-cost and it's
uniquely capable of handling all the
functions to directly drive sustained
stepper motor currents up to 1/4
amp per phase without any extra
power drivers.

It's the MC3479P and you can hang
your entire disc drive, or similar stepper-
motor-drive application right on it to
cut costs, time and space.

Optimized specifically for 2-phase
(bipolar mode) steppers used in
volume applications, the MC3479P
package is a high (150°C junction)
thermal dissipation version of the
industry-standard 16-Pin DIE chosen
for ease of auto-insertion. Flexible
operation controls include full/half

step, CW/CCW and a high-impedance

braking mode for high-speed micro-
stepping.

All T2L-compeatible, logic control
inputs are provided with 400 mV
hysterisis for improved noise immu-
nity. Control logic can be initiated to
phase A and a phase A output status
indication is provided for track zero
indication or other similar
applications.

Target your systems
with HDS-200

The HDS-200 microcomputer
hardware development station, used
in conjunction with the VME/10™,
EXORset®, EXORmacs® or
EXORCciser® software development
system, or a personal computer, pro-
vides a complete hardware/software
development system for the Motorola
MC6804, MC68HC04, MC6805,
MC68HCO0S, and MC146805 families
of microprocessors.

The HDS-200 is a fully functional
substitute for the selected MCU in the
target system. By plugging the HDS-
200 into the socket of the prototype

The MC3479P carries its
own transient suppression.
Built-in diodes in series clamp |
motor-back EMF for
trouble-free performance.

It operates from single, +7.2 to

.
+16.5 V and is priced at only $3.10, §_/

100-999. Step up to low-zost
state- of-the-linear art from
factory or authorized
distributor.

Check O D for information.

hardware, it allows efficient testing of
hardware as well as software debug-
ging. It also supplies a powerful list
of debugging commands. The easy-
to-use, plain language commands
enable the user to rapidly debug and
integrate the target system and produce
prototype systems.

By bringing the complicated hard-
ware and software development
processes together, it becomes eco-

nomically feasible to test alternate
design approaches in order to deter-
mine the best solution.

The HDS-200 has been designed to
solve the problem of finding precise
ROM patterns needed for optimum
system performance by emulating the
target MCU until its configuration
has been fully proven. Changes and
tests of the target configuration can
be made quickly and easily.

The emulator can be applied and
software run prior to availability of
hardware. This allows an early start on
the debugging process. As hardware
changes occur, software updating and
debugging is readily accomplished.

In providing systems integration
and development, the HDS-200 pro-
vides real-time emulation of user code,
sixteen prioritized breakpoints, a two-
level help command and user-defined
macro commands for quick execution.

The HDS-200 is compatible with
the Motorola VME/10 host system
and the EXORmacs, EXORciser and
EXORset software development
stations.

EXORmacs, EXORciser and EXORset are

registered trademarks of Motorola. VME/10
and HDS-200 are trademarks of Motorola.

Check [J E for information.



Convention says bipolar power
transistors can't switch above collec-
tor-emitter breakdown and last much
longer than a microsecond or two.

Ultrafast rectifiers are sweeping that
idea away, fast.

By using Ultrafasts as high-speed
clamp diodes with sub-nanosecond
recovery times, third-generation
bipolars are switching rated currents
from bus voltages up to bulk break-
down under test conditions. Safely.

A bipolar’s sustaining voltage
becomes of academic interest if transi-
tion turn-on occurs rapidly enough.
And it does with Ultrafast rectifiers.
Once turned-on, the ability of the
transistor to sustain voltage above
BycEO(sus) 18 Of little importance, since
the objective is to reduce collector
voltage as rapidly as possible. The
only real concern is safe area. Nano-
second transitions avoid hotspotting
phenomena because they just don't

have time to develop. And without
damaging hotspotting, bipolars can
have considerably more capability
than generally perceived. In fact,
turn-on SOA up to collector-base
breakdown, Bycgo, is possible, and
designable.

This can have a profound effect on
conversion efficiency, cost and the
relative merits of bipolars vs. other
types of power semiconductors.

Not to mention improvement over
“the old way” by a factor of 2, and
perhaps more, in amount of power
controlled, required base drive and
switching speed.

And Motorola Ultrafasts have the
specs to do it. The new 4 A, MUR870/
880/890/8100 series of 700 to 1,000 V
devices in economical, TO-220 pack-
aging is ideal for today’s big-power
jobs in high-line switching power
supplies, inverters, PWM motor con-
trols, solenoid and hammer devices.

Were
DN your
aesignHn
team.

They're also available in 1 A, axial-
lead plastic.

Less than 75 ns recovery times
characterize the MUR130/140/150/160
family of 1 A units. Providing 300 to
600 V specs, they complement the
MUR430/440/450/460, 4 A types,
also in axial-lead.

And, the broadest lineup of its
kind now extends to 200 A in the
MUR20005CT/20010CT/20015CT
PowerTap™ units. The sure-footed,
labor-saving package design does
away with variables in heatsinking,
operates to 175°C and is easier, quicker
and more convenient to install than
equivalent DO-5s. Cooler, too.

WEe'll send you data sheets plus an
eye-opening article reprint on what
we found out about extending bipolar

SOA with Ultrafasts.

Check O F for information.

Low power is the difference in these CMOS Quad Line Drivers for

telecomm applications.

Two new Motorola CMOS quad
line drivers are electrically similar to
the popular LM324 and MC3403, but
there’s a big difference between those
standard operational amplifier types
and our new M(C143403/04.

Typically, the MC143403 draws a
tiny 400u A, and the MC143404
consumes a mere 1.5 mA.

Their characteristics make the
MC143403 and 04 appropriate for a
broad spectrum of industrial, con-
sumer and instrumentation systems,
but of all possibilities there is no
question that they are ideal for low-
and micro-power telecommunications
systems....battery- or phone-line
powered.

Both of these CMOS quad line
drivers operate over a 4.75 to 12.6 V

range, from either single or split sup-

plies, and provide an 800 kHz typical

small signal bandwidth. Four differ-
ential input op amps apiece give these
devices true differential input stages.
Input impedance is a high 12
megaohms. Maximum input bias is 10

nA. Input offset voltage is 10 mV, typ,
and 30 mV, max.

Whether you want samples or
production quantities, you order, we
deliver. Both devices are the same price
of $1.47, plastic, and $1.64, ceramic.
Check O G for information.
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MOD-line fiber optics. Moderate price for
moderate performance over moderate distance.

Moderation in all things — and
therefore a wise choice for a large
middle-ground of applications —
characterizes these new fiber optics
components.

The emitter/detector pair opens the
door to typical 90 MHz performance at
low prices for working distances up to
1/2 km, ideal for video transmission,
digital computer peripheral intercon-
nects, LAN and industrial controls.

Like standard TO-52 packaging, the
small, rugged , plastic units fit into
standard AME Amphenol, Deutsch,
Radiall and similar connectors. Inter-
nal lensing enables efficient coupling
to 100 micron or larger cable. The

inexpensive cap has high transmis-
sion efficiency to IR and low to visible
light; and the whole assembly costs
less than half that of comparable,
metal-and-glass, TO-52 setups.

The MFOE3200 850 nm LED has a
250 micron spot and launches up to
40 uW into 100/140 fiber at an If of
50 mA. Distances up to 1,500 feet are
easily obtained with 200 micron,

NA = .4 cable.

The MFOD3100 PIN detector loafs
along with a 200 MHz analog band-
width. It's compatible with all IREDs
including the MFOE3100 in the same
efficient plastic package.

Volume-production levels of fast 16K
SRAM cranked to new highs.

The 2016H is the fastest 2K x 8
SRAM available, but has not always
been available in the desired time
frames due to the limited number of
manufacturers able to offer it.

To help alleviate this shortfall,
Motorola has cranked run rates of the
50 and 70 ns versions to the highest
levels ever. Now these MCM2016H
16K SRAMS are available through
distribution as well as from the factory.

And, in case you may have missed
it, be aware that in addition to the
industry standard 600-mil wide dual
in-line 24-pin packages, Motorola
offers a space-saving 300-mil wide

package with all the same pinouts and
electrical specs inside. It saves a lot
of board space.

Reviewing the part, the MCM2016H
is fabricated in our silicon-gate
HMOS II process to achieve the low
power dissipation of 20 mA in stand-
by, 120 mA active, and access times
as low as 45 ns at the same time. The
RAM stays in the power-saving stand-
by mode as long as Chip Enable,
which controls power down, is held
high. Because the 2016H is fully
static, no clocks or timing strobes are
required.

Check O ] for information.

Moderate prices brighten the eye:
Just $4.58 for the MFOE3200 LED,
and $4.58 for the MFOD3100 detector,
1K up.

Check [0 H for information.

Suppress transients and
prices with low-cost,
TO-220 zeners.

Throttle those surges, spikes and
high-dollar demands of expensive
DO-4s with what Motorola’s become
famous for — zener diodes and TO-220
packaging.

Our family of 10W and SOW MZT-
series zener diodes give you every-
thing an equivalent stud package
does, except the high price.

All you have to do is think of the
$5-$7 IN- number in stud packaging,
translate to an MZT- prefix for these
new TO-220s, and you've got 600 to
1,500W of peak power protection for
sensitive communications systems,
numerical and process controls, medi-
cal equipment, business machines,
power supplies and anywhere else for
as little as 75¢.

All the rest stays the same: 3.9 V to
200 V ranges, silicon oxide passivated
junctions, low zener impedance, fast
response, high heat dissipation and
the knowledge you're receiving the
highest quality and lowest cost in zener
diodes. From Motorola, of course.
Check OO K for information.
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MJH6282/11017 bipolar Darlington TO-218
series unique alternative to TO-3.

They're the first in TO-218 packag-
ing to take advantage of what every-
one knows is great about plastic
TO-218s — lower cost and easier instal-
lation. And what's great about bipol-
ar Darlingtons — Motorola sourcing.

It makes sense to save space, cost
and time these days with PCB real
estate becoming dearer and dearer.

And you can with the MJH- series
of NPN/PNP complementary Darling-
tons offering up to 160 W of power
dissipation, replacing the old reliable,
but more costly and hard to mount
TO-3 in many sockets. You'll come

out even in performance but way
ahead in costs.

Simple, easy to design with and
proven reliable, the growing popular-
ity of the TO-218 power package will
get its biggest boost from these top
performers. They offer orders of
magnitude higher gain than discretes,
as high as 18,000 at 10 A, switch
inductive loads in nanoseconds, oper-
ate to 3.75 kVA RBSOA, handle up to
20 A continuous and cost as little as
$2.50 each.

Pricing ranges from $2.50 to $3.50
for the MJH6282 series and $4.40 to

Support MC68020 Development

with HDS-400

The HDS-400™ microprocessor
hardware/software development
station provides low-cost emulation
for the complete line of Motorola
M68000 microprocessors including the
32-bit MC68020 MPU. The HDS-400,
used in conjunction with a Motorola
EXORmacs® development system,
VME/10™ microcomputer system or a
DEC VAX™ computer, provides tools
for debugging and analyzing micro-
processor system performance for
both hardware and software.

The MC68020 emulator/analyzer
uniquely combines the HDS-400

emulator module and the BSA person-
ality module functions into a single
enclosure, with a single cable/probe
assembly to connect to the target
system.

In addition to supporting higher
clock speeds, the MC68020 emulator/
analyzer gives unrestricted use of the
full 4G-Byte available address space.
Up to 16 breakpoints can be set in
target RAM or emulation memory,
even while the 4 longword instruction/
data cache in the MC68020 is enabled.

An optional real-time bus state
analyzer (BSA) may be integrated into
the HDS-400, with personality mod-
ules to support each processor in the
emulator system. Complex break-
points and operation speeds up to 20
MH?z with one wait cycle are supported
by the real-time bus state analyzer
with the MC68020 emulator/analyzer
module.

With a processor-specific emulator,
the critical functions and locations
within the microprocessor can be

Were
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$6.32 for the MJH11017 series — both
in 100-up quantities.

Complementary Darlingtons afford
the equivalent of 10 circuit compo-
nents in two packages. And being
complementary you can use them in
pairs in audio amplifiers.

And go from milliamperes to
amperes directly, compatibly, easily
using IC-driven supplies.

Driver, output device, base-emitter
resistors and output diode are all on
one monolithic chip in one package.

And more efficient packaging equals
lower price paid. Less is more with
Motorola TO-218 Darlingtons.

Check O L for information.

observed, greatly enhancing the effi-
ciency of system debugging and
shortening the product development
cycle. Emulators for the MC68000,
MC68008, MC68010 and the MC68020
allow designers access into the mem-
ory, CPU and registers of the micro-
processor for debugging purposes.

The HDS-400 provides emulation
for clock speeds of 12.5 MHz for
MC68000 MPUs, 8 MHz for the
MC68008 and the MC68010 and 16.67
MHz for the MC68020 allowing you
to get to market faster with faster
speeds.

Added MC68020 development
ability proves that the HDS-400's
versatility protects against
obsolescence.

VAX is a trademark of Digital Equipment
Corporation.
HDS-400 and VME 10 are trademarks of
Motorola Inc.

EXORmacs is a registered trademark of
Motorola Inc.

Check (O M for information.



MPX2050 transducer

takes own temperature,

keeps calm under
pressure.

Stability without complexity best
sums up the advantage of the unique
new 0-7.5 psi MPX2050 pressure
sensor family from Motorola.

Offering the industry monolithic,
on-chip temperature compensation for
the first time, the silicon piezoresistive
transducer offers the designer an all-in-
one chip combining computer-controlled,
ion-implanted, laser-trimmed resistors
with the high linearity, accuracy and
ease-of-use Motorola's MPX- family
has become renowned for.

Result of all this technology: an
easier, lower-cost design job for you.

Stable and accurate, the MPX2050
utilizes the same, single-element, design
used extensively in automotive, indus-
trial and medical applications. Nomi-
nal output is set at 40 mV with 10 V
supplied, more than sufficient for driv-
ing external measurement and circuitry.

Variation of pressure offset over tem-
perature is just + 1 mV.

Temperature effect on span is within
2% of full scale over a —-40° to
+125° C operating range.

You can snap it into the economical,
Motorola-developed, pressure-port
housing that provides you with
mounting flexibility and barbed hose
connections.

Plus it’s easy to mount (standard,
100-mil spacing), easy to connect
(hoses slip right on), easy to customize
(build your own ports), easy to mea-
sure (up to 90 mV output) and easy to
apply. Easy to forget, too — years of
use with no maintenance.

You don't have to recalibrate when
replacing or interchanging, either. It's
perfectly repeatable, unit to unit, device
to device.

Prices are comparable to devices
without temperature calibration so
what are you waiting for? Send for
data and see it do its own thing for
you under pressure, easily.

Check OO N for information.

Coupon missing? Get information on any of the advertised products and systems by contacting your Motorola sales office or authorized
Motorola distributor, or by writing Literature Distribution, Motorola Semiconductor Products Inc., P.O. Box 20912, Phoenix, Arizona 85036.

To: Motorola Semiconductor Products Inc., P.O. Box 20912, Phoenix_,- AZ_850; S S S R SR —I

Motorola Reports

218ED121384

Please send me information on: Name I

O A. MCM6257 256K DRAM

O B. Dual optointerrupters Title

O C. Benchmark 20 I

O D. MC3479P stepperdrive

O E. HDS-200 development station Compary |

O E Ultrafast rectifiers

O G. MC143403/04 Quad Line Drivers Address I

O H. MOD fiber optics

0O J. MCM2016H SRAM City |

O K. TO-220 Zeners

O L. Bipolar Darlingtons

0O M. HDS-400 development station State Zip |

[0 N. Pressure transducer

This Coupon valid until June 3, 1985 Call me. Phone l
1




ROCKWELL
SEMICONDUCTOR
_ TECHNOLOGY
CREATES THE NEXT
GENERATION OF
INTEGRAL MODEMS

Our third-generation VLSI capabilities And all of our modems are as reliable as they

give you support at any level. are versatile. Based on our customers’ experience
Building modems M N e with over a half million Rockwell integral

into your product % W | modemsin usearound the world, we've been

line used tobe a able to document an MTBF of 200,000 hours—

complicated and nearly 23 years between service calls. Perform-

costly process. But - '\ ance-wise, transmission is virtually error-free
Rockwell International's = =™ "W 5 over unconditioned or dial-up phone
- lines because our integral modems offer
auto-adaptive equalization.

We are the world's largest supplier
of high-speed modem subsystems and
devices. Ask your sales representative
or distributor for a quote today, and
you'll see that we have a distinct advan-
tage in price and delivery lead times, too.

Rockwell integral modems. A
generation ahead of all the rest.

latest generation of VLSI
integral modems is changing all that.

Today, our VLSI capabilities mean that
we can support your design requirements
at any level: you can order VLSI chip sets;
standard cards with all data rates inter-
changeable; or custom cards designed to fit
your specific shape, connector and soft- —
ware integration requirements.

In fact, we can offer a simple, econom-

ical solution to virtually any application Rockwell Semiconductor
requirement from 1200 to 9600 bps. Since ProductsDivision

our modems include both a microprocessor | Rockwell Intemational, P.O. Box C,
bus and an RS232C intetface, they canbe | MS501-300, Newport Beach, CA
easily designed into computers, from ‘ 92660. Call toll free (800) 854-8099
micros to mainframes; plus G2-G3 In California: (800) 422-4230
facsimile machines, multi-

plexers, terminals and, A ———

of course, box modems ’ e A
What's more, Rockwell a g / ’ R »
o v r 3 . {

is the only supplier of full-
duplex, dial 2400 bps
VLSl integral modems

Rockwell International

where science gets downto business

CIRCLE 13




The new Vivisun 20/20 switches make a pilot’s
mission safer by night and easier by day. A unique
optics system eliminates the veiling glare and halo
effect that would interfere with ANVIS night vision
goggles. When voltages are trimmed to night vision
goggle flying levels, Vivisun 20720 switches can still
be read with the unaided eye.

During the day, Vivisun 20/20 switches are read-
able in direct sunlight and deadface when not
energized. They are also easy to install and have
the lowest touch temperature and widest viewing

angle in the industry. Clearly, no other Mil-Spec
switch can match it. And you can specify your
Vivisun 20/20 switches with these options:
Dustproof/Dripproof « Split Ground « P.C.
Termination « EMI. For more information, write,
phone or telex today. CIRCLE 14

@ 4erospace oprics INC.

3201 Sandy Lane, Fort Worth, Texas 76112
(817) 451-1141 - Telex 75-8461

MIL-S-22885/90




U.S. MEETINGS

IEEE First International Confer-
ence on Office Automation, Deec.
17-19. New Orleans Hilton, New Or-
leans, La. IEEE First International
Conference on Office Automation, ¢/o
Dr. Donald Kraft, Department of Com-
puter Science, Louisiana State Univer-
sity, Baton Rouge, La. 70803; (504)
388-1495.

1985 International Winter Consumer
Electronics Show, Jan. 5-8. Las
Vegas, Nev. Dennis Corcoran, CES,
2001 Eye St. NW, Washington, D.C.
20006; (202) 457-8700.

PC Fab Expo 85, Jan. 8-10. Sheraton
Twin Towers Hotel, Orlando, Fla. Julia
Wilson, PMS Industries, 1790 Hembree
Road, Alpharetta, Ga. 30201; (404)
475-1818.

Automated Test Equipment West
Conference (ATE), Jan. 14-17. Ana-
heim Convention Center, Anaheim,
Calif. Morgan-Grampian Expositions
Group, 2 Park Ave., New York, N.Y.
10016; (212) 340-9780.

Caldon West 85, Jan. 14-17. Anaheim
Convention Center, Anaheim, Calif.
Morgan-Grampian Expositions Group,
2 Park Ave., New York, N.Y. 10016;
(800) 782-0009.

1985 Measurement Science Confer-
ence, Jan. 17-18. Marriott Hotel,
Santa Clara, Calif. Darlene Diven,
Lockheed Missiles and Space Co., PO
Box 3504, Sunnyvale, Calif. 94088; (408)
756-0270.

Uniform, Jan. 21-25. Infomart, Dal-
las, Texas. Pemco, Inc., 2400 E. Devon
Ave., Suite 205, Des Plaines, Ill. 60018;
(800) 323-5155.

1985 Society for Computer Simula-
tion (SCS) Multiconference, Jan.
24-26. Bahia Hotel, San Diego, Calif.
SCS, PO Box 2228, La Jolla, Calif.
94038; (619) 459-3888.

Communication Networks Confer-
ence and Exposition, Jan. 28-31.
Washington Convention Center,
Washington, D.C. Louise Myerow,
CW/Conference Management Group,
375 Cochituate Road, PO Box 880,
Farmingham, Mass. 01701; (617)
879-0700 or (800) 225-4698.

4th International Symposium on
Semiconductor Processing. Jan.
28-31. San Jose, Calif. Dinesh Gupta,
Siliconix Inec., 2201 Laurelwood Road,
Santa Clara, Calif. 95054; (408)
988-8000 or Thomas Kochaba, ASTM,
1916 Race St., Philadelphia, Pa. 19103;
(215) 299-5560.

Mini/Micro West, Feb. 5-7. Anaheim
Hilton Exposition Center, Anaheim,
Calif. Electronics Conventions Manage-
ment, 8110 Airport Blvd., Los Angeles,
Calif. 90045; (213) 772-2965.

Conference on Optical Fiber Com-
munication(OFC ’85), Feb. 11-13.
Town and Country Hotel, San Diego,
Calif. Optical Society of America, 1816
Jefferson Place NW, Washington, D.C.
20036; (202) 223-8130.

IEEE International Solid-State Cir-
cuits Conference, Feb. 13-15. New
York Hilton Hotel, New York, N.Y.
Lewis Winner, ISSCC, 301 Almeria,
Coral Gables, Fla. 33134; (305)
446-8393.

Integrated Machine Loading/Mate-
rial Handling Systems Seminar, Feb.
19-21. Holiday Inn Livonia-West, De-
troit, Mich. John R. McEachran, SME,
1 SME Drive, PO Box 930, Dearborn,
Mich. 48121; (313) 271-1500, Ext. 382.

Automated Design and Engineering
for Electronics Conference and Ex-
hibition (ADEE), Feb 26-28. Anaheim
Hilton and Towers, Anaheim, Calif.
Cahners Exposition Group, Cahners
Plaza, 1350 E. Touhy Ave., PO Box
5060, Des Plaines, Ill. 60018; (312)
299-9311.

Nepcon West ’85, Feb. 26-28. Con-
vention Center, Anaheim, Calif. Nep-
con West '85, 1350 E Touhy Ave., Des
Plaines, I1l. 60018; (312) 299-9311.

American Institute for Design and
Drafting (AIDD) Exposition, March
3-8. Albert Thomas Convention Center,
Houston, Texas. Philip Nowers, AIDD
National Headquarters, 901 N. Wash-
ington St., Suite 509, Alexandria, Va.
22314; (703) 548-1263.

(continued on p. 29)

Electronic Design + December 13, 1984 27

MICRO
POSITIONERS
FOR MICRO
ELECTRONICS

Programmable,
Repeatable,
Ultra-High Precision.

» Full range of computer compatible linear,
vertical and rotational positioners.

s X, X-Y, X-Y-Z modes with rotation.

» 0.1u linear accuracy; 0.001° angular
resolution.

*» |deal for wafer probing, dicing, scribing,
resistor trimming, mask alignment and
thick or thin film measurement.

¢ Computer controlled indexer provides full
logic and drive input for unerring
repeatable accuracy.

» Versatile design permits use for electronic
and electro-optical applications.

ble Controller.

Model CC1 Programma

Send for Catalog 584.

KLiNGER

110-20 Jamaica Avenue
Richmond Hill, NY 11418

(212) 846-3700 CIRCLE 15



If memory density is a A pioneer in high density  continuing to meet the If you need tomorrow's

major concern, there is an packaging techniques, requirements of advanced high density memory,
even better solution than Electronic Designs Inc. is memory design. whether DRAM, SRAM, or
the new 256K monolithics. EPROM; commercial, mili-

tary or custom, EDI has the
solution... today.

EDI's 256K Based
Modules
Part # |Config.| Package
41512 |512x1]18 pin DIP*
411M| 1Mx1 |22 pin SIP
44256 | 256x4 |22 pin SIP
*300 mil

" For more information
" contact:

ELECTRONIC DESIGNS INC.
35 South Street
Hopkinton, MA 01748
(617) 435-9077

or

ELECTRONIC DESIGNS
EUROPE LTD.

Shelley House

The Avenue Lightwater
Surrey GU18 5RF

U.K., 0-276-726-37

EDI's Megabit DRAMs,
in 22 pin SIPs, give you a
greater than 4:1 space
advantage over 256K mono-
lithics. And you can have it
now in 1Mx1 and 256Kx4
configurations.

CIRCLE 16



U.S. MEETINGS

(continued from p. 27)

Interface ’85, March 4-7. Georgia
World Congress Center, Atlanta, Ga.
The Interface Group Inc., 300 First
Ave., Needham, Mass. 02194; (617)
449-6600.

Southcon ’85 and Mini/Micro South-
east, March 5-7. Georgia World Con-
gress Center, Atlanta, Ga. Electronic
Conventions Management, 8110 Airport
Blvd., Los Angeles, Calif. 90045; (213)
T72-2965.

Integrated Services Digital Net-
works Exposition (ISDN ’85), March
6-8. Bally’s Park Place Casino Hotel,
Atlantic City, N.J. Joan Barry, Infor-
mation Gatekeepers Inc., 214 Harvard
Ave., Boston, Mass. 02134; (617)
232-3111.

1985 ACM 13th Annual Computer
Science Conference (CSC), March
12-14. New Orleans Marriott Hotel,
New Orleans, La. Della T. Bonnette,
Computing & Information Services,
University of Southwestern Louisiana,
Lafayette, La. 70504; (318) 231-6306.

Picosecond Electronics and Op-
toelectronics Meeting, March 13-15.
Hyatt Lake Tahoe, Incline Village, Nev.
Optical Society of America, 1816 Jeffer-
son Place NW, Washington, D.C. 20036;
(202) 223-8130.

International Computer and Tele-
communications Conference (Comtel
’85), March 18-20. Infomart, Dallas,
Texas. Comtel '85, 5080 Spectrum Drive,
Suite 707E, Box 17, Dallas, Texas 75248;
(214) 631-6482.

Robotic End Effectors: Design and
Applications Seminar, March 19-20.
Holiday Inn Livonia-West, Livonia
(Detroit), Mich. John McEachram,
SME, 1 SME Drive, PO Box 930, Dear-
born, Mich. 48121; (313) 271-1500, ext.
382.

Second Annual International Con-
ference on Artificial Intelligence for
Robotics, March 21-22. Stouffers Con-
course, Crystal City, Arlington, Va. Dr.
Diener, IIT Research Institute, 10 W.
35th St., Chicago, Ill. 60616; (312)
567-4376.

1985 Trends and Applications Con-
ference, May 21-22. Sheraton NW
Washington, Silver Spring, Md. Mark
Skall, National Bureau of Standards,
Room A265, Technology Building,
Gaithersburg, Md. 20899; (301)
921-2431.
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FERRORESONANT

LINEAR
SWITCHING

When You Require The Highest
Quality Supply, NJE Has The
Power ... to supply you with reliable,
high-performance switchers. We
offer over 30 standard models, each
made to our exacting standards that
meet (actually exceed) CSA and UL
requirements.

CIRCLE 17

Backed By The Most Dedicated
Customer Support Team In The
Industry. From our 5 year warranty on
every power supply to on-going prod-
uct development to our unsurpassed
customer support, our commitment to
quality is second to none. We offer
the power to deliver. To customize.

To provide the support you need.
Whether you need quality switchers,
or linears and ferroresonants. Our
technology coupled with dedicated
service adds up to providing you with
the ultimate in power supplies.

Call us today for our complete catalog,

for specs., quotes or for any other in-

formation your application may require.

Call (800) 526-2439 TODAY.

BE BE= POWER SUPPLIES
329 Culver Road

P.O. Box 669
Dayton, NJ 08810-0669
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one-piece design defies rough handling

e *Freq | Atten. Tol.| Atten. Change, (Typ.)
CheCk these features' ) (MHz) [ (Typ.) over Freq. Range VSWR (Max.)
\/ Each unit undergoes hlgh-lmpact ShOCk test DC-1000{1000-1500 | DC-1000 MHz l 1000-1500 MHz
L DC-1500 MHz +0.3 0.6 0.8 13 1.5
v’ Available from 1 to 40 dB
V DC to 1500 MHz *DC-1000 MHz (all 75 ohm or 30 dB models) DC-500 MHz (all 40 dB models)
1. 5
v Unexcellgd temperature stab}llty, .002dB/°C MODEL AVALABILITY
V' 2W max. lnput power (SMA 1S OSW) Model no. = a series suffix and dash number of attenuation
v BNC. SMA. N and TNC mOdelS Example: CAT-3 is CAT series, 3 dB attenuation
/ ;. ¥, A 5 M denotes 75 ohms; add =75 to model no
Immediate delivery, 1-yr. guarantee ® denotes E0'ohins
NEW! ATTEN SAT (SMA) CAT (BNC) NAT (N) TAT (TNC)
Precision 50-ohm terminations ... only $6.95 (1-24) 1 ° ° ° ®
3 2
DC to 2 GHz, 0.25W power rating, VSWR less than 1.1 5 : o5 F 2
BNC (model BTRM-50), TNC (model TTRM-50) 4 °
SMA (model STRM-50), N (model NTRM-50) 5 °
6 [ ] on [ ] o
7 e
8 [ ]
q ®
10 [ ] on o [ ]
= = = = 12 [ ]
[ JMini-Circuits AR
20 ® on ® ®
A Division of Scientific Components Corporation .
World's largest manufacturer of Double Balanced Mixers 30 o o o o
P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 40 ® [ ] ® ®
Domestic and International Telex 125460 International Telex 620156
CIRCLE 18 PRICING (1-49 qty.): CAT (BNC)..$11.95, SAT (SMA)..$14.95

CO92REV. A TAT (TNC)..$12.95, NAT (N)..$15.95



PERSONALLY SPEAKING

Thin-film technology
will redefine limits
of Winchester disks

best way to stay the growing appetite

for external memory that plagues per-
sonal computers, high-resolution graphics
workstations, local network file servers, and
the host of other equipment that works with
hard disks. Thus developing new approaches to
disk coatings and head assemblies are top pri-
orities for computer peripheral designers. In-
deed, within the next two years we’ll see many
51/4- and 3Y2-in. disks turn from their current
oxide coatings to sputtered or plated thin
films. Further, thin-film heads by then will
have begun to replace their conventional fer-
rite counterparts. Estmates have it that by the
decade’s end thin-film technology will drive
disks’ areal density from a present high of 10
Mbits/in.? to a whopping 50 Mbits/in.?—or
more.

Asalways, there is at least one fly in the
ointment: Thin-film deposition—particularly
sputtered coating—is in short supply. More-
over, thin-film heads are notoriously difficult
to mass-produce. Consequently, the change-
over will have to be taken in two steps.

The initial move will be seen in coatings, but
it’s still unclear whether plated or sputtered
surfaces will capture the lion’s share of the
new designs. Based on many of the drives
scheduled for 1985, sputtering looks to be tak-
ing the lead. Plating is a wet process, so its
yield is inherently lower than sputtering’s.
And sputtering appears to be the more control-
lable of the two approaches.

Hewlett-Packard, working with a 3v-in.
10-Mbyte Winchester disk, found that sputter-
ing produced higher and more consistent
yields. On the other hand, NEC, which has
been going with plating for many years, says it

Thin-film technology may well be the

is still counting on mixing plated coatings and
thin-film heads in its 1986 Winchester drives.

The second phase of the conversion, which
should be well under way by 1988, demands
that several challenges be met. The titanium
carbide wafers that are used in thin-film heads
are more difficult to work with than the silicon
traditionally employed for semiconductors. All
of the head’s magnetic elements —coils, head
arm, and slider —must be laid down on the
wafer. Finally, very tight control of the head
gap is crucial.

The move to thin-film technology carries an-
other benefit: It guarantees that magnetic
disks will be with us for some time to come.
They have already survived challenges from
alternative technologies—most notably mag-
netic bubbles and charge-coupled devices. And
other developments should lock up their fu-
ture, such as vertical recording and the work
proceeding in VLSI to consolidate all of the
electronic control circuitry.

Motin Fot0

Martin Gold
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otfer VLSI benefits,

sure they’ll work.”
With Texas Instruments, you are.

Why? Because we commit to deliver
standard-cell ICs that perform to your
specifications.

Because TI’s Standard Cell Integration
System is carefully structured for pro-
ducing functional prototypes on the first
pass within minimum cycle time.

Because TI’s 20 years of experience in
IC design and fabrication are your
assurance you will get what you want
when you want it.

How? With TI's advanced design
system incorporating comprehensive
checkpoints, familiar TTL design rules,
and convenient, in-depth support.

We do it right the first time

TI insists on multiple simulation and
verification steps throughout the
standard-cell design flow. They are the
means by which we check and double-
check the accuracy of your logic design
and our implementation of it. They are
one of our methods for doing it right
the first time.

Finalization of your logic schematic
involves simulation, testability analysis,
test-pattern generation, and test-pattern
grading. This can be done by TI or by
you, using your in-house design tools or
the computers at your nearest T1
Regional Technology Center.

Chip layout can also be done by you
using Tl-provided specifications or by TI.

Following layout, TI performs a post-
routing simulation which ensures that
your performance specification is met. A
schematic verification determines that
your functional specification is met. And
a design-rule verification makes sure that
all geometric design rules are met.

The final simulation becomes, upon
your approval, the benchmark by which
all prototype units are tested.

The prototypes are shipped to you for
in-system evaluation. At your go-ahead,
we produce and deliver, typically within
8 to 12 weeks.

27-4980
©1984 Tl

Familiar design rules

build confidence

TI’s 3-um CMOS standard-cell tech-
nology is as easy as TTL. You simply
interconnect familiar SN54/74 functions
using traditional methods.

You have the standard digital functions,
as well as RAM, ROM, PLA, ALU, and
linear functions. Design-for-test cells are
included in the TI library to ensure
thorough testability for each design. All
cells are characterized over commercial
and military temperature ranges.

As for your schematic, it can be hand-
drawn on paper or generated by an
engineering work station. TI’s standard-cell
library is supported on leading work
stations, such as Daisy, Mentor, and Valid,
as well as on several PC systems. And TI
supplies the translation software for
automatic generation of the TI design-
description language.

Rely on your Regional
Technology Center for help
Each TI Regional Technology Center has

on staff standard-cell specialists who will

Simulations and verifications
performed by TI throughout the
standard-cell design cycle help assure
first-pass success.

CIRCLE 43

provide technical assistance, training,
and guidance in TI standard-cell design
procedures. Each Center is also equipped
with the hardware and software tools you
will need to complete your design.

You get results that pay off

TI’s determination to do it right the first
time is your assurance you will receive
semicustom ICs that perform to your
requirements. Doing it right the first
time saves time and money, in addition
to the savings you get with VLSI
technology: Significantly fewer parts,
because one standard-cell IC is the
equivalent of hundreds of individually
packaged chips. Reduced system weight,
size, and power consumption. Lower
assembly costs. Improvements in system
capability, reliability, and quality.

When you team up with TI, we'll take
into consideration the impact of all
these factors on your system design in
confirming that standard-cell ICs—or an
alternate semicustom approach such as
gate arrays—are best for you.

Call 1-800-232-3200, Ext. 105

Many more reasons for confidence in
Texas Instruments as your standard-cell
design partner are given in our brochure
and detailed description of the design
process. For copies of these, as well as
our pocket selection guide and sample
data sheets, call the telephone number
above or circle the Reader Service Card
number. Or write Texas Instruments
Incorporated, Dept. SRS023E1,

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

i
TEXAS b
INSTRUMENTS

Creating useful products
and services for you.



EASY ON.

4SW-4130

Sprague Type 195D TANITE® Tantalum Chip Capacitors can now be surface mounted
{ automatically as easﬂy as ceramlc chip capacitors. They’re supplied taped on either
: N 1 8 mm or 12 mm reels for automatic placement
and attachment to printed wiring boards or
<~ hybrid-circuit substrates.
‘& The tantalum wire nib
/ A Vi Ve extending from each
chlp identifies the posmve termmal Ideal for leadless appllcatlons these space savers s come in seven physical sizes.
Capacitance values range from 0.1 uF at 50 WVDC to 100 uF at 4 WVDC. Write for i
Engineering Bulletin 3539B to Technical Literature Service, Sprague Electric Company, \ﬁ. ‘.“.’;‘ spRnGUE
a Penn Central unit, 347 Marshall St., North Adams, Mass. 01247. LSET IME MARK OF RELIABILITY
CIRCLE 19




TECHNOLOGY NEWS

NEWSPULSE

32-bit CMOS microprocessor chalks up 5 MIPS

he new generation of 32-bit microprocessors will take a giant leap in speed

with a CMOS chip that draws on a proprietary multitasking, multiprocessing

architecture to execute an unprecedented 5 million instructions/s. Now in
development at Hitachi Litd.’s Central Research Laboratories (Tokyo), the chip, built
with 1.3-pm design rules, packs demand-paged virtual-memory management, ROM,
and RAM into 6.5 by 5.9 mm. Besides being code-compatible with the 68000-and as
such, with existing 68000-based peripherals—it will run under Unix 4.2 and accept
programs written in Pascal, C, and Fortran. Initial specifications for the chip, which
will be housed in a surface-mounted package with more than 100 pins, spell out a clock
rate of 20 MHz, a cycle time of 50 ns, and power consumption of 500 mW. First samples
should appear some time in 1986.

Custom designs and fuse-programmable logic team up

rogrammable logic devices normally do not fit into custom circuit design,

but the combination of a high-level logic programming language and a

sophisticated engineering workstation changes that situation. Valid Logic
Systems Ine. (San Jose, Calif.) has bolstered its SCALDsystem I, II, and IV
workstations with logic design software based on the Abel language, which was
originally devised by Data I/0 Corp. (Redmond, Wash.) for programming all types of
fuse-programmable logic. Workstation users can now design fuse maps for
programmable logic devices at the same time they enter the schematic, verify the
timing, and simulate the logic of complex circuits. Abel actually does the job of
compiling Boolean equations, truth tables, and state diagrams into fuse maps for any
type of programmable logic, including PALs and PROMs.

2-in. tape committee tackles serial recording

ome of the confusion over l.-in. tape cartridges may be resolved when an ad
S hoc standards committee rolls into action. As part of its charter, the HI/TC

working group will define a serial recording format, as well as a device interface,
for tape drives using the recently released IBM 3480 cartridge. The parallel recording
scheme now used by the IBM drive is considered by some to be impractical for small
computer systems. Among the companies represented in the committee are Computer
Peripherals (a subsidiary of Control Data), Kennedy, Pertec Peripherals, Wangtek,
and Xebec.

First silicon for transputer gets a complete checkup

The 32-bit transputer chip has not only seen the light of day but is now being
tested. The T424, which is 85 mm?and contains more than 250,000 transistors,

is getting the once-over at Inmos Corp. (Colorado Springs, Colo.). The
company plans to have an evaluation board ready by midyear, by which time a
full-fledged software development system—including compiler, debugger, and
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TECHNOLOGY NEWS

operative system—should be ready. Fabricated with a 2-pm twin-well CMOS process,
the chips internal memory has a cycle time of 50 ns. The transputer’s sister chip, the
16-bit T222, is expected to appear in silicon within a few months.

DOD’s software engineering institute finds a home

T he U.S. Department of Defense’s STARS (Software Technology for Adaptable
Reliable Systems) project has taken an important step with the choice of
Carnegie-Mellon University (Pittsburgh, Pa.) as the academic mentor for its
proposed software engineering institute (ELECTRONIC DESIGN, March 3, 1983, p. 49).
As an essential component of the STARS initiative, the institute will develop a
showcase software design environment. Niko Haberman, who presides over Carnegie-
Mellon’s computer science department, is expected to serve as the institute’s acting
director.

Ada compiler for Unix, Ultrix systems makes the grade

ollowing an exhaustive series of tests, the first commercial Ada compiler for
Fthe VAX-11/700 series has been validated to comply with MIL-STD-1815A

(identical to the ANSI Ada specification). The compiler, developed by Verdix
Corp. (McLean, Va.), is meant for 11/700s running under Unix 4.2 BSD or Digital
Equipment’s Ultrix operating system. It was tested on a VAX—fitted with virtual
memory—that executes 1 million instructions/s. The compiler processed about 1000
Ada statements a minute and cut through compiled code at 20,000 statements a minute.
To facilitate developing programs, the compiler comes with library maintenance
utilities, an error processor, a prelinker, and a symbolic debugger. The whole package,
dubbed VADS (Verdix Ada Development System), needs about 1 Mbyte of physical
memory to turn in its best performance.

Occam compiler works in Pascal machines

oving into mainstream computing, a single-pass Occam compiler produces up
M t0 2000 lines of code per minute on any computer that can compile Pascal. The

recursive program, developed by researchers at Brunel University (Uxbridge,
Middlesex, England), compiles p-code for a stack machine. An interpreter then runs
that code to simulate concurrent execution of up to 64 processes, switching from one
process to another after every Occam statement. The compiler and interpreter both
are written in Pascal.
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ONE LOGIC PROGRAMMER.

ABEL turns your IBM®PC or VAX™
into a powerful logic design center,
letting you express your designsin
Boolean equations, truth tables, state
diagrams or any combination. ...
whatever works for you.

When it comes to choosing the right
programmable logic device for the
right job, you should be the one to
choose. Not your logic programmer.

That's why Data I/O’s Programma-
ble Logic Development System now
supports more than 150 different logic
devices from more than seven differ-
ent semiconductor manufacturers—
including the new CMOS logic and
32R16 Mega PALs®.

That's what we call choice.

And you call freedom.

Logic design made easy.

Taking advantage of pro-
grammable logic has never
been easier, especially with
ABEL™, Data I/O’s high-level
design language.

Full-support options.

Data I/O PLDS programming/
test adapters give you many
device support choices.
Bipolar, CMOS, new tech-
@ nologies and packages,
PAL or IFL—you
choose what you
need today and ex-
pand support tomorrow.

Functional testing.
Three-step testing ensures

your programmed devices are func-
tioning correctly. An automatic fuse
verify confirms all fuses have been pro-
grammed as specified. A structured
vectors test compares actual device
output with expected results. And
Data I/O’s unique Logic Fingerprint™
test compares signatures of newly pro-
grammed logic devices with those of
known-good masters.

Call toll-free 1-800-426-1045
for ademo or details.

If you're an engineer who likes to
make choices, make your first choice
aDatal/O. CIRCLE 20

ABEL™ and Logic Fingerprint™ are trademarks of Data /O
Corporation, and VAX of Digital Equipment Corporation. IBM
is aregistered trademark of International Business Machines
and PAL® of Monolithic Memories, Inc

Data I/0 Corporation, 10525 Willows Road N.E., P.O. Box 97046, Redmond, WA 98073-9746. For immediate action, contact us
directly, CALL TOLL FREE: 1-800-426-1045. In Washington, Alaska and Hawaii, call 206-881-6444. Europe: Vondelstraat 50-52,
1054 GE, Amsterdam, The Netherlands, Tel: (20) 186855. Germany GmbH: Bahnhofstrasse 3, D-6453 Seligenstadt,

West Germany, Tel: (6182) 3088. Japan: Ginza Orient Building 6-F, 8-9-13, Ginza Chuo-ku, Tokyo 104, Japan, Tel: (03) 574-0211




Announcing...

A complete front-to-back
your electronic design

Now the price/performance
leader in Printed Circuit Board
CAD offers an advanced CAE
Workstation—The CDX-9000.

Cadnetix now provides a design automation tool for every
member of your design team. The CDX-9000 Workstation —
Cadnetix proprietary hardware with all electronics built into
one compact monitor housing. The Cadnetix Logic Design
and Verification System—a complete design analysis package,
with hierarchical schematic design, the CADAT™ 12-state
logic simulator, a SCALD-based timing analyzer and a compre-
hensive technical publications package. And for program
development, an open architecture and Berkeley 4.2 UNIX™
with a C compiler.

Together, the CDX-9000 CAE Workstation and the CDX-5000
Printed Circuit Board CAD Workstation provide a comprehen-
sive electronic design tool set.

Error-free design is the goal
and the Cadnetix tool set makes
it feasible.

Start with flexible component creation and comprehensive
component libraries. Add full support for hierarchical schematic
design and a simulator that allows you to verify any portion
of your design, at any stage of development. Automatic revision
control and library management features ensure that you are
always working with current versions of components and sche-
matics. And, to keep your designs on track, the system has
automatic forward and back annotation between the schematic
and PCB designs and among all nodes in the network.

You are on the leading edge
with the innovative
Graphic Waveform Editor.

Cadnetix has significantly advanced simulation technology
with a unique graphic approach. Simulator inputs are created
graphically —output signals generated during execution are
viewed graphically —and can be edited for use as inputs to




solution for
— e

other portions of your circuit design. No coding or repetitive to tie system resources together. And forward and back annota-
textual input of data is required. The display format is familiar tion to protect the integrity of your design. With proprietary
and easy-to-use, because it closely resembles a logic analyzer. Cadnetix hardware and the user-interface that made us famous,
And the waveform display can be used to view and edit out- your imagination is the only limit to your design. And Cadnetix
puts from any type of logic simulation. offers the workstation options (color or black & white) that you
1 : need to suit your design schedule and your budget.
Still the leader in PC board |aVOUt- To find outymore, call or write today. Cadnetix, 5757 Central
Think of the toughest PC board layout problem you've Ave., Boulder, CO 80301 (303) 444-8075.
come up against. With the Cadnetix system, you can handle it. CIRCLE 21

And with an ease of interaction that first time Cadnetix users
find frankly unbelievable. You get fully automatic placement
and routing. We support surface mount components, analog

devices, and the upcoming fine-line geometries. In short, in
one compact workstation, we give you more power and ease

of use than anyone else in the market.
Tightly-coupled CAE/CAD in mDNH ’x

one practical, high-performance 5757 CENTRAL AVENUE » BOULDER, CO 80301  (303) 444-8075
eleCtronlc deSlgn SOIUt|on. CADAT is a trademark of HHB SOFTRON,Inc
A total solution to your problem. Schematic entry, design UNIX is a trademark of AT&T BELL LABORATORIES

verification and PC board layout in one easy-to-use system. The ETHERNET is a trademark of XEROX CORPORATION.
Ethernet™ Network and Cadnetix File and Peripheral Servers 08406




Gould...Innovation and Quality in Logic Analyzers

Choose

Your

Weapon.

When bugs attack, it's kill or be
killed. You have to strike fast. Or your
project ends up on the casualty list.

That's where we come in. Gould
Biomation logic analyzers. The
heavy artillery, if you will. The only
analyzers to earn the reputation for
helping you take on the toughest,
deepest, most critical logic
problems.

And now you can go to battle
with the right weapon in hand.
Because we're supplying the whole

arsenal. Including the K205. A brand
new analyzer that's unrelenting in

its search to capture enemies of

gate array, bit-slice and discrete
circuit logic. And which, by the way;,
IS easy to arm and use.

So bring your arms to bear.
Check the weapon you're interested
In. Then tear out the page, attach
your business card and send it to
our headquarters.

We'll fire back more information
before the dawn’s early light.




© 1984 Gould Inc

Tear along dotted line

1 K205. Our newest.

K105. The micro- .| With Auto Save and

| processor analyzer. Tolerance Compare functions.
Provides the speed and Plus more than enough

width you need. Plus hard- 100MHz channels for in-depth
ware/software integration analysis of discrete logic.

tools. Noise margin analysis
and tolerance compare.
Sophisticated triggering

and microprocessor ——————
disassemblers. B
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1 K100/T12. The industry
| standard general pur-
pose analyzer, now with T12
remote communicator. Allows

1 K500. The analyzer off-site remote diagnostics.

| that’s faster than the

; XA, Gould Inc,
SyStem youre deS|gn|ng. Design & Test Systems
Races along at 500MHZz! 4650 Old Ironsides Drive
: : Santa Clara, CA 95054-1279
For very high speed main- Call toll-free (800) 538-9320.
frame logic design. In California, call (800) 662-9231.

— w3 GOULD
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Precise Time Measurements
—Variable signal delay per-
mits display of true time rela-
tionship between 2 signals.
System: 7104 with two 7A29
1 GHz Amplifiers and 7B15A
Delaying Time Base.

Logic Triggering—displays
digital signals in true analog
form for high-resolution time
and amplitude measurements.
System: 7104 with 7A42
Logic-Triggered Vertical
Amplifier.

X-Y Phase Measurements —
Phase matching to 250 MHz
enables direct, wide band-
width phase shift measure-
ments with high degree of
accuracy. System: R7103 with
two 7A29 1 GHz Amplifiers.

Microchannel Plate CRT —
normalizes intensity so both
low and high rep rates can be
viewed simultaneously.
System: R7103 with 7A29

1 GHz Amplifier, 7B92A Dual
Time Base.

Copyright © 1984, Tektronix, Inc. All rights reserved. KSA-538
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The Tek 7104 and rackmount
R7103 are practical in more
ways than you might expect. It
is often the unexpected that
makes their 1 GHz bandwidth,
20 cm/ns writing speed and
configurability so valuable to
R&D.

Those elusive pulses, glitches
and single-shot events that
only the 7104 can display are
enough to make it the most
practical oscilloscope you can
buy.

The 7104’s microchannel plate
CRT achieves a writing rate
(brightness) 1000 times that of
conventional scopes—so you

Single Shot Measurements
—unmatched writing rate of
20 cm/ns provides bright
display even at 200 ps/div.
System: R7103 with 7A29

1 GHz Amplifier, 7B10 Time
Base.
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can substitute direct observa-
tion for laborious, deductive
measurement techniques.

Tek 7000 Series plug-ins let
you continually reconfigure
your system to match your
current needs. Add the 7A29
Amplifier for maximum band-
width to 10 mV/div. Add the
7D15 Universal Counter/Timer
for time, period, width and fre-
quency measurements to 225
MHz. Add the 7B10 Time Base
for 200 ps/div maximum sweep
speed. Or see the analog char-
acteristics of high-speed digital
signals with the 350 MHz, 4-
channel 7A42 Logic-Triggered
Vertical Amplifier. And much
more.

And now, with the new R7103
rackmount version, the world's
highest bandwidth, highest
writing rate oscilloscope is
more versatile than ever.

Contact your local Tek Sales
Engineer for a personal dem-
onstration of the 1 GHz sys-
tem you configure yourself.
For the name of the Tek sales
office nearest you, and for a
free poster illustrating the Tek
7000 Series concept, call toll-
free (800) 547-1512. In Oregon,
(800) 452-1877. Or TWX
910-467-8708. TLX: 151754,

In Oregon, call 1-800-452-1877.

CIRCLE 23
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COMMITTED TO EXCELLENCE



Only Harris offers telecom designers a full spectrum of
SLICs, CODECs and filters you can count on. Because we
know that the difference between a successful loop installa-
tion and a lost customer can be traced to circuit reliability
and consistency.

A comprehensive line of ICs—high-voltage PBX SLICs,
low-voltage/low-power CMOS CODEC:s, filters, and COMBOs
—gives you the Harris competitive edge throughout the
subscriber loop.

Superior SLICs.

Harris SLICs combine many of the BORSHT functions
on a single, dielectrically isolated chip: battery feed, over-
voltage protection (with external components), ring relay
driver, supervisory, and hybrid functions. Rugged enough to
perform reliably in your most demanding loop environments,
Harris SLICs are perfect for solid-state line interface circuits
for analog or digital PBX/central office systems, replacing
bulky transformer and hybrid systems.

Championship CODECs.

Featuring a fully TTL-compatible interface, Harris PCM
CODECs incorporate on-chip precision voltage reference,
auto-zero circuit, and sample-and-hold capacitors. Use them
for PCM coding/decoding in digital PBX and central office
telecom switching systems.

First-Rate Filters.

Using only 45 mW (600 ohms/0 dBm) of power, Harris

PCM filters have no external anti-aliasing components and

One IC company
offers you solid-state
solutions for all your
line card designs.

are input-protected against static discharge. There’s nothing
better for telecom transmit and receive filtering or digital
radio/speech synthesis voice filtering than Harris PCM filters.

For more information, write: Harris Semiconductor
Analog Products Division, PO. Box 883, MS 53-035,
Melbourne, Florida 32902-0883 or call (305) 724-7418.
Harris Telecom ICs Product Summary

Part Number  Description Highlights

HC-5502A SLIC Ring generator referenced to
ground

HC-5504 SLIC Ring generator referenced to
negative battery supply

HC-5508 SLIC Reconfigured and enhanced

version of HC-5504

HC-5510/11 PCM CODECs ulaw/A-law coding with
signaling capabilities

HC-5512/12A PCM Filters Exceed all D3/D4 CCITT
specifications

HC-5512D PCM Filter ~ MIL spec

HC-5554/57 CODEC/Filters ulaw/A-law COMBOs
HC-5541A Dialer
HC-55536/64 CVSD
HF-10 UAF

Pulse-tone dialer

Real-time speech processors
Univ. Act. Filter, MIL Temp.

@) HARRIS

For your information,our name is Harris.

CIRCLE 24
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Oxide isolation process
builds RAM controller chip
that needs no wait states

Besides obvious benefits in throughput,
an advanced controller chip works
with moderate-speed dynamic RAMSs.

ith microprocessor
WSystems clipping
along at 10 MHz or

more, memory subsystems
are forced to keep pace.
Reaching those speeds with-
out incurring wait states
usually demands the use of
high-speed components; both
the dynamic RAMs and the
controller logic. Now a merg-
er between oxide isolation
and clever design methods
changes that: Together they
produce a controller chip that
operates at 10 MHz with no
wait states. Moreover, the
controller does not need dy-
namic RAMs that cycle blaz-
ingly fast; instead it can oper-
ate with cycle times of 150 ns,
thus lowering the overall cost
of the memory subsystem.

To reach such performance
levels, National Semiconduc-
tor Corp. (Santa Clara, Calif.)
entirely revamped the junc-
tion-isolation bipolar process
with which it built its earlier
8409 dynamic RAM control-
ler. The new process, based on
oxide isolation, uses emitters
that are about 70% smaller

than those in the earlier pro-
cess. Consequently, it pro-
duces transistors that occupy
anarea of 1.25 mils®>—about Y2
the area of the junction-iso-
lated transistors.

A washed emitter in the
new structure eliminates any
isolation spacing in the emit-
ter region (see the figure).
Junction isolation schemes
usually insert a space to avoid
emitter-to-base shorts when
the metal contacts to the
emitter are deposited. The ox-
ide isolation approach turns
the entire emitter into a con-
tact, thus permitting the
emitter region to be much
smaller. Additionally, the
scaling of the emitter is al-
lowed because of self-aligned
masking of the contact region
to the emitter, which presents
any misalignment.

Lower capacitance

Besides smaller emitters,
the oxide-isolation process
produces lower parasitic
capacitances, which translate
into higher operating fre-
quencies for the transistors.

Furthermore, by going with a
thinner layer of epitaxial
silicon and shallower junc-
tions, National has produced
sharper doping profiles,
which further enhance tran-
sistor speed.

Unlike the earlier junction
isolated process, the new one
draws on a high-resistance
epitaxial layer. In that way,
designers can choose to re-
duce the size of the resistors
or increase the value with no
sacrifice of chip area. The lat-
ter choice means lower power
consumption.

Drops cycle time

The transistor structure is
not the only contributor to the
RAM controller’s speed.
The architecture of the older
chip has been significantly
trimmed, lowering system cy-
cle time and enhancing circuit
stability. For instance, the
placement of a voltage regula-
tor and a delay line on the chip
boosts the accuracy of the sys-
tem’s timing. The regulator
controls the internal power
supply seen by the inverters
in the delay line, thereby
eliminating any changes in
propagation delay caused by
variations in the external
power supply. In addition, ex-
tra circuitry compensates for
the effects of temperature on
the resistors and other ele-
ments.

The single-chip controller
halves the number of oper-
ating modes of the 8409 elimi-
nating those rarely used. In
addition, it sports a new fea-
ture: a control pin that sets
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Emitter

Collector
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(a)

(b)

To build its superfast dynamic RAM controller, National Semiconduc-
tor went from junction isolation (a) to oxide isolation (b), (4 times en-
larged) yielding tighter packing densities and transistors that occupy
about half the space of their predecessors. The older process needed
overlapping spacing regions, the newer one self-aligns the contact re-

gion with the emitter.

the delay line to a row-add-
ress hold time (tgap) of either
15 or 25 ns. Since delay times
differ with RAM organiza-
tion, generation, and supplier,
the ability to match the delay

time to the RAM is a big step
toward system optimization.
Physically, the dynamic
RAM controller drops right
into the socket filled by the
8409. Dave Bursky

Two-processor board brings
flexibility to voice applications

single-board sub-
Asystem calls on the
resources of a general-

purpose processor and a digi-
tal signal processor to handle
not only speech recognition
and synthesis, but storing and

48 Electronic Design - December 13, 1984

forwarding of voice signals as
well. The hardware and soft-
ware flexibility of the board
will permit future software
packages to tackle such jobs
asconverting textinto
speech, and eventually the

board could serve as a 1200-
bit/s modem. Designed by
ITT Information-Systems
(Tempe, Ariz.), it can plug in-
toa cardslotin any IBM-com-
patible personal computer.

The trick lies in the pro-
grammability of the two proc-
essors. Since the board has its
own 8088 processor, it can
operate independently of the
CPU in the host system. Thus,
it can pull in files when it has
to and eliminate many of the
delays normally encountered
when the host CPU is respon-
sible for control.

The TMS320 digital signal
processor performs most of
the computations needed for
matching templates and
other functions. It has sep-
arate memory—PROM to
store various routines and lo-
cal RAM to hold parameters
and data that must be access-
ed rapidly. The two process-
ors communicate through a
dual-port 512-byte RAM.

The three-tier software
structure, designed specifi-
cally for this board, actually
ties together the processors,
the associated memory, and
the logic. Typically it comes
on a floppy disk and is loaded
into a hard disk-based PC.
Depending on the function de-
sired, the appropriate routine
and parameters are loaded in-
tothe local RAM on the board.

Layered functions

The software is divided into
three basic layers (see the
figure). The first resides on
the disk and covers routines
for vocabulary training,
phone management, and
I/0 drivers. The middle layer
encompasses the functional



[ntroducing a high-quality
RF source at a radically low price.

The Fluke 6060A general-purpose
1GHz signal generator.

This is Fluke’s greatest price/perform-
ance breakthrough yet, created from 20
years of proven RF design experience. The
6060A is our newest, lowest cost, general-
purpose generator.

General purpose because its broad
frequency and amplitude ranges and modu-
lation versatility offer the performance you
need for virtually all RF design, develop-
ment and testing applications.

General purpose because the 6060A
meets these application needs with

—60 dBc non-harmonic spurious through-  tive 6060A, call 1-800-426-0361 or
outits broad range. Fluke’s years of design-  contact your local Fluke Sales Engineer or
ing and building RF instruments gives the Representative.

6060A the reliability you demand. Fluke G0G0A
But the real breakthrough on our new T T00KiTz — 1050MHz
6060A is its price: $4500: Ao e a7
Because it is so much less than you Rarmonics <—3008c
might expect to pay for a comparable unit, e .
the 6060A is the lowest-cost generator in Radiated RFI , <14V at carrier requency
i '[S C'aSS |EEE-488 Interface, opt. 488 switch speed <100 ms, typ.
Clearly, the 6060A signals a new era in | N —
+ IN THE U.S. AND NON-
generator price/ performance for the RF il 2kl IN EUROPE:
i jolaraty Co. . Fuks(tnlane
i i i - 20, ! 0 0. Bo: 3
FOT more mforma’uon abOUt the Innova Everett, WA 98206 Tllburg?(The Netherlands

(206) 356-5400; Tix: 152662  (013) 673973, TIx: 52237

FLUKE

*U.S. Price Only, Patent Pending

Copyright © 1984, John Fluke Mfg. Co., Inc All rights reserved. Ad No. 4401-6060
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routines—voice recognition
templates and feature extrac-
tion procedures, synthesis,
and so forth—that are down-
loaded to the board. The third
layer consists of the routines
needed by the TMS320 digital
signal processor for recog-
nizing speech, digitizing it,
playing it back and also for
controlling the telephone.

More robust

To perform voice digitiza-
tion, ITT uses a scheme called
residual excited linear predic-
tion, which it feels is more ro-
bust than the more popular
linear predictive coding tech-

Training vocabulary
Loading vocabulary

nique. In this process, voice
signals are sampled 8000
times per second, digitized in-
to 8-bit samples, and then
compressed, yielding a final
data rate of 8 kbits/s. A word
template requires about 1
kbyte of memory space.

As a speech recognizer, the
card can handle a speaker-
dependent vocabulary of 200
words, or a pooled-speaker
vocabulary of 25 to 100 words,
depending on the number of
speakers. A vocabulary
consisting of 200 templates
can be matched in less than
300 ms, and that time can be
shortened if smaller subsets

are used to build word files.

Initially, the system will
come with programs that
handle speech recognition,
voice mail, appointment cal-
endars, telephone directories,
and automatic dialing and an-
swering. The user will be able
to “toggle” between the appli-
cations without having to exit
from either routine. In the
voice-mail mode, the system
operates with a data rate of
9600 bits/s.

Aside from the two proces-
sors, the board consists of a
local 128-kbyte RAM pro-
gram and data space, sep-
arate PROM to hold the TMS

Phone management

Voice-
activated
keyboard

driver

Voice
interrupt
handler

Record and
playback

Automatic dialing

Calendar

Voice communication board 1/0 cjlriver

ITT XTRA’ interface command processor

Voice recognition

Telephone management

Template
creation

extraction

Feature Template

scoring

Voice
buffering

Telephone
control

TMS320 interface

Voice
digitization

The voice recognition and synthesis processor from ITT Information Systems runs with three major soft-

Voice
playback detection

Call-in-progress

ware layers: a group of basic routines that reside on the personal computer’s disk, another group that cov-
ers the general functions of the board, and the last group, which controls the operation of the TMS320 digi-

tal signal processor.
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SYNG THE UNSYNGABLE

[t’s time to get in sync with a revolutionary idea:
High-density CMOS static memories that inter-
connect systems in ways never before possible. We
call them BiPORT™ memories. Because unlike
any other memory devices, they read and write at
the same time.

The first in the series is the MK4501 FIFO, an
asynchronous device that's organized 512 x 9 in a
28-pin DIP. It’s the fastest, highest-density rate
buffer available for interfacing fast processors with
slower peripherals.

But that's only a glimmer of application poten-
tial. Now consider true parallel computing.

Quite simply, the MK4501 and future BiPORT
memories enable you to synchronize processors
with different clock rates so that they can commu-
nicate with each other. Without complicated arbi-
tration circuitry. What's more, BiPORT memories
are fully expandable by word size as well as depth.

All of which means that you can now create the
equivalent of a much larger system. For a fraction
of the cost.

The possibilities? As far as your imagination
can take you. And all you have to do is get in sync.
For more information, contact Mostek, 1215 W.
Crosby Road, MS2205, Carrollton, Texas 75006
(214) 466-6000. In Europe, (32) 02/762.18.80.

In Japan, 03/496-4221. In the Far East (Hong
Kong), 296.886.
BiPORT is a trademark of Mostek Corporation.

K78 UNITED
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MOSTEK
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320 routines, the 512 bytes of
dual-ported RAM, and the
telephone line interface, as
well as tone generation and
detection circuitry. To pack
all the circuitry onto a single
card, ITT designers densely
populates a six-layer printed
circuit board that routes all
the signals. Dave Bursky

Pipelined structure
ups tape controller’s
transfer rate by 30%

pipelined architecture
Aconsisting of a FIFO

buffer and three latch-
es increases the bus commu-
nications rate of a Multibus-
compatible tape controller
card by 30%. Designed for
streaming and start-stop
/2-in. tape drives, the Multi-
bus I board also attains a
throughput high enough to
accommodate cache tape
drives.

The 16-bit latches allow the
Tapemaster 1000 controller
board, developed by Ciprico
Inc. (Plymouth, Minn.), to
exchange data with the
tape drive at rates of up to
1.5 Mbytes/s. Latches 2 and 3
(see the figure) are used to
match the bus data rate to the
practical limits of the Multi-
bus. The FIFO buffer stores
data from the tape drive until
the most efficient amount, as
determined by the user,
can be loaded onto the bus.
When that level is reached,
the card takes control of the
bus and transmits the data at
4 Mbytes/s.

The controller board coor-
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dinates bus and buffer cycles
by putting latches on either
side of the buffer, thus allow-
ing data to move in over-
lapping steps. The latches
hold the data as it flows from
the 260-ns memory, pre-
loading the data for trans-
mission to the bus. Without
the latches, wait states would
have to be added to synchro-
nize the cycles, thus de-
grading throughput.

To maximize communica-
tion with the host, the Tape-
master 1000 lets users deter-
mine how long it will control
the bus. Programmable
throttling, as this feature is
called, lets users select either
a time period ranging from 1
t040 us or the transfer of from
2 to 256 bytes. Thus, the user
can send large data blocks by
holding the bus for longer pe-
riods or send several short
bursts of data.

Handles new drives

To exchange data with the
new generation of tape drives,
the system uses latch 1. Most
tape drives currently have
maximum bit densities of
6250 bpi and streaming tape
speeds of 125 ips, so transfer
rates of about 750 kbytes/s
are acceptable. However, new
drives with cache buffers
can handle more data flow,
forcing controller boards to
roughly double transfer rates.

The pipelined architecture
lets the controller simulta-
neously access system mem-
ory while it reads from or
writes to the tape drive. An
example is scatter-gathering,
a task that lets the board read
one data block from the tape
drive and store it in non-
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Gerber Electronics
Hall-Mark Electronics
Intek Electronics Ltd.
Merit Electronics Corp.
Pioneer Electronics
Semi Dice Inc.

Zentronics

Over go locations in
North America.
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LEADERSHIP Since 1969 Precision Monolithics and again we’ll establish new
has been a leader in theworld of  standards. Technological leader-
precision bipolar analog ICs. ship is more than being the first.

We invented the DAC-08, the It’s being the best.
REF-01, the or-07, the op-27 and Precision Monolithics Inc.
more. All industry standards. 1500 Space Park Drive, Santa
Soon we'll be bringing precision  Clara, California 95050, UsA.
to the world of analog cmos, A Bourns Company.
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PTC PREVENTS
DESTRUCTION
OF POWER
TRANSISTOR

Power
Transistor

TECHNOLOGY NEWS

contiguous memory locations.
This feature is one of the com-
mands which can be called in-
to play using the controller’s
ring buffering technique. The
ring buffering commands,
stored in firmware, include
pointers which lead to the
next consecutive data block .
This frees the host to perform
other tasks since it no longer
needs to determine the next
consecutive data block which
must be written or read. Al-
ternatively, the controller can

NEWSFRONT

from system memory and
group them into a single tape
data block. These tasks, fre-
quently called for in virtual
memory applications, can be
performed on-the-fly.

The pipeline also translates
the 8-bit data coming from
the buffer and tape drives in-
to 16-bit words needed for
Multibus systems. Though
the board is controlled by an
8-bit microprocessor, it does
not handle data because of its
relatively slow speed.

read noncontiguous blocks Terry Costlow

Tape drive

Thermistor

Latch 1 Pipeline

This PTC thermistor—acting
as a solid-state switch — has I
been wired to a circuit board

as a defense against tran-

sistor destruction due to IS FIFO
overheating. Bonded to atab, 8031 Control e
the PTC measures surface e i i

temperature of the transistor,
and when reaching the
critical point, shuts off the
drive circuitry to the tran-
sistor. After cooling, the PTC
automatically resets itself.

Supervisory
microprocessor

~ Lateh2

Twp-sgage
Get more details. pipeline
Send for
Bulletin 788

Latch 3

L

Multibus

A 1/2-in. tape controller board from Ciprico incorpo-
rates three 16-bit latches to form a pipeline that speeds
data communication. The latches preload data for
transfer to the bus or tape drive, thereby eliminating
wait states.

stone

CARBON COMPANY
Thermistor Division ® St. Marys, PA 15857
Phone 814-781-1591 ¢ Telex No. 91-4517
Keystone Thermistors are distributed by
Allied Electronics Phone: 817/336-5401
Newark Electronics Phone: 312/638-4411
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(and it's in an 18 lead DIP)

i

REAARRAAS

|

AAAARAANS

Give yourself a head start with a monolithic
DAC designed specifically for raster scan
systems—the TRW TDC1034 4-bit, 125
MSPS D/A converter. It directly drives
CRTs to video compatible levels. Save on
circuitry—no extra registering, buffering or
deglitching. Save space—the 4-bit TDC1034
is an ultra-thin 18 lead DIP.

And you get terrific performance. This
monolithic 4-bit DAC is ideal for either
monochromatic or RGB color raster graphics
(4096 colors!). Its high speed scans more
pixels per picture to produce razor sharp
high resolution displays. And because it’s
built with TRW’s OMICRON-B™ 1-micron
bipolar process, you get high reliability and
low power consumption (600mW).

The low-cost4-bit TDC1034 is your one chip
solution to high volume production of

New 4-hit raster DAC
sharpens graphics

125MSPS, guaranteed,

CAD/CAM work stations, computer
graphics, and high resolution video. If your

application needs all the options that an 8-bit,

24 lead DIP offers, consider the TDC1018 —
the first monolithic 8-bit,125MSPS D/A
converter.

Check these key performance features:

*Blank, sync and bright video controls

* Directly drives standard 75% load

¢ Inherently low glitch

*Registered data and control inputs

* Power supply rejection ratio>50dB

* Differential logic for maximum speed,
minimum noise

*RS-343 compatible

*Low power dissipation

*Single —5.2V power supply

* 1/8 LSB linearity (4-bit TDC1034)

*1/2 LSB linearity (8-bit TDC1018)

* ECL compatible data and control inputs

CIRCLE 28

“graphics ready,” just $15*

These DACs are available from Arrow
Electronics, Hall-Mark, and Hamilton/Avnet.

Remember, you always get FULL SPEC
PERFORMANCE from TRW LSI.

Fora full data sheet orimmediate information
about our “‘graphics ready” DACs, 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

“US price in 1000s: TOC1034 CERDIP $15, TDC1018 CERDIP $36.00
TRW Inc. — 1984 TRS-4116

[ ¥V ¥V
N A 44
LSI Products Division

TRW Electronic Components Group
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give you 150 ns speed
power. Pick a winner.

When you need the 256K ROM
with state-of-the-art speed, Motorola
has it—the 150 ns MCM63256.

On the other hand, you might be
searching out the lowest-power 256K
ROM available. Motorola has that,
too—the 50 uA MCM65256.

Get a lot. Trade-off little.

Whether your requirements run to
super speed or ultra-low power,
Motorola satisfies them. And you
don’t make severe trade-offs to get
the performance you need most.

The high-density HCMOS
MCM65256 low-power leader’s
maximum power dissipation is only
50 A in standby with full rail
inputs, 5 mA in standby with TTL
inputs and just 50 mA, active.
However it still offers a fast 350 ns
access time, and just 100 ns max.
from output enable.

Certainly speed is the biggest
attraction of the high-performance
N-channel HMOS MCM63256, yet
maximum power dissipation is a low
15 mA, standby, and 100 mA active.

There's also a 200 ns version of the
MCM63256, and matching high-
speed 128Ks are available, too.

All in the industry-standard
28-pin family.

Beyond the ideal differences in
their speed and power, these
advanced-technology ROMs share
many common operating characteris-
tics and benefits, including avail-
ability now in the JEDEC-standard
28-pin dual in-line package.

They utilize late-process program-
ming to minimize prototype turn-
around, and they require no clocking
on the chip enable because they're
static. They operate from single +5
volt supplies, shift automatically into
the power-down mode, and offer
user-selectable address and mask-
programmable chip and output
enables.

Rewards offered.

You can buy 256K ROMs else-
where, but you can’t collect the
rewards of top performance with fast
turnaround at Motorola prices when
you do. So reward yourself by
ordering now through your Motorola
sales office or authorized distributor.

At the least, before making a final
decision, you owe yourself additional
information. Write for it or send the
completed coupon to Motorola Semi-
conductor Products Inc., P.O. Box
20912, Phoenix, AZ 85036.

MCM65256

10

Highgst Speed

MCM63256

Lowest Power

,,\ @ MOTOROLA

\\ r-----------------1
\ TO: , Inc., P.O. Box 20912, Phoenix, AZ 85036
\ I please send me more information on 256K ROMs.
B 203ED12384 [ |
\. Name ]
- \ Brite  caime( ) i
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DIGITAL'S NETWORKING.
AN OPEN WINDOW TO
DYNAMIC MARKET GROWTH.

If you want to significantly path for you and your customers.  porate the best price performance You can communicate with main-
enhance your OEM product ————— COTDONENLS IN yOUT SYStEMS. frame systems. You can match the
offerings and enable your prod- DIGITAL NETWORK v , technology tothe job. And, most
uctstofitin easily with your cus- %%’5% ,,"D”;%EYOUR ; importantly, you can‘keep pace
tomers' distributed computing WORLD FW;:L; 7 { Tz with your customers’ distributed
environments, considerthead ——m———————— 37T e x processing needs asthey
vantages of Digital Network Digital Network Architecture | develop.

Architecture. (DNA)isthe mostcomprehensive 1= ¢ - : ‘ DECnet" software lets you
Noother company offersa ~ communications strategy yet =y ET link Digital’s systems in both local
wider range of efficient network- developed, and currently imple- g e ks and wide area configurations.
ing optionstailoredto OEM re- ~ mented in proven, deliverable 7t It supports high-speed local area
quirements. And no other com-  Products. ltsupports several Ry —  networkcommunications using
pany doessomuchtohelpyou  Communications technologies. Wigitals) o Ethernet. And it provides gate-
and your customers achieve the Andit canaccommodate future £ 1 ‘ | waysto allow Digital's computers
full benefits that networking can ~ Standards as they emerge be- > pl to communicate with other ven-
provide. cause DNAisimplementedina y | , dors' systems over private lines
With Digital as your OEM layered structure consistent with A ri[% or packet switched X. 25 net-
supplier you'll have the products  the1SO Open Systemsntercon- e, C works. This means you can tailor
you needto make local and wide Nnectmodel. (- Paka your products to fit in with your
area networking an essential AsanOEM,DNAgivesyou ¥ k3 customers’ current and future
part of your marketing plan. And  fremendous marketingand prod- w H networks.
that opens up an endless growth uct opportunities. You canincor-

Digital Equipment Corporation, 19




BENEFITS FOR
YOUR USERS.
BENEFITSFORYOU.

The benefits you and your
customers get by incorporating
Digital’'s networking capabilities
are virtually unlimited.

First of all, your systems can
incorporate recognized industry
standards. Such as Ethernet
(IEEE 802.3 specification), X.25,
and others.

In addition, our growing set
of network-based products,
including a distributed database
system, allow your single systems
to easily grow into networks. Your
applications can access remote
data and other resourcestrans-
parently, with no extra develop-
ment required.

This means that, with Digital,
your systems are in an excellent
position to be widely usedin
your customers’ computing
environments.

ENGINEERED
FOR SUCCESS
IN MULTIVENDOR
ENVIRONMENTS.

Your products need to com-
municate with equipment from

different vendors. Ethernet was
designed with this factin mind
Today, Ethernet-based networks
are proliferating across all appli-
cation segments - such as CAD/
CAM, ATE, factory automation
and medical applications.
Digital’'s networking systems
allow Ethernetto be partofa
single-source solution for your
OEM installations. And DECnet
gateways provide highly func-
tionallinks to other non-Digital
communications environments.
Inshort, DNA and Digital’s
products do the most to ensure
that your systems will fit in with
both new and existing networks

WE’LL BACK YOU
WITH TRAINING
AND SUPPORT.

Ifyou're already a Digital
OEM, you know the advantages
of Digital training and support. It's
secondto noneinthe industry

We can give you the skills to
configure, market, installand
service local and wide area net-
works effectively. We'll help you
make the most of our networking
products in your systems.

Digital representatives are

avallable for pre-sales consulta-
tion and installation assistance.
And our world-wide service orga-
nization can provide all the on-site
network maintenance your
customersrequire.

BEST ENGINEERED
hrbfﬂ I’;S ENGINEERED

The communications Sys-
temsimplemented as part of
Digital Network Architecture, like
al Digital hardware and software
products, are engineered to
conform to an overall computing

from Digital part of your product
line, send inthe coupon below or
contact your Digital Sales Repre-
sentative or a Digital Authorized
Industrial Distributor. Or call
1-800-848- 4400 ext 39

L] P‘edbt' sen d more information about
Digital Network Architecture and
DECnet

] I'dlikethe whole story about OEM
networking opportunities with Digital
Please have your representative call
today

strategy. This means our systems  company

are engineered to work together
easily and expand economically.

Every system we make - from "

the Professional™ 300 Series
workstations, to our MicroVAX ™
supermicro, to our high-end
VAX™ computing systems - can
cooperate using DECnet soft-
ware. Only Digital provides you
with asingle, integrated comput-
ing strategy, from chips to 32-bit
systems, and direct from desktop
to data center.

For more information about
how you can make networking

Telephone

ED 12/13/84
Send to: Digital Equipment Corporation,
77 Reed Road, HL02-1/E10, Hudson, MA
01749

THE BEST ENGINEERED
COMPUTERS
IN THE WORLD.




rom 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 <imV ther-
mal tail, and you can see why the
CLC200 is the natural choice for any
application involving high-speed pulsed
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.

~|Comlinear
'L JCorporation
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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 quantities. 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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Application-specific ICs

top the charts

at February’s ISSCC

Besides application chips, dynamic and
static memories are the hot numbers; some
analog favorites get an updated treatment.

sinterest in applica-
Ation-specific circuits
mounts, the density

and speed of such chips is on
the rise. The hottest of these
ICs—memories and process-
ors—ecan be seen at the Inter-
national Solid-State Circuits
Conference (New York City,
Feb. 13-15). Also of major
significance is the work that
has been done to proliferate
and boost the speed of 1-Mbit
dynamic RAMs and 256-kbit
CMOS static memories —
devices considered rarities
only a year ago.

More traditional circuits, of
course, will not be left out in
the cold, as the presence of an
8-bit, 500-MHz digital-to-
analog converter shows. Oth-
er analog chips can also be
seen. Additionally, the con-
ference will play host to some
of the latest in semicustom
circuits and high-speed gate
arrays will be unveiled.

Application-specific mem-
ories are showing up with an
assortment of internal or-
ganizations, allowing engi-

Martin Gold

neers to choose the config-
uration best suited to their
systems. One example is a
dual-port RAM that is laid
out as 64k by 4 bits.

From NEC Corp. (Kanaga-
wa, Japan), the circuit is four
times as dense as currently
available devices and can be
accessed in 35 ns. The memory
handles graphics data from
any node in a system. A 2k-by-
9-bit circuit, developed by
AT&T Bell Laboratories (Al-
lentown, Pa.), demonstrates
another possible layout.

New tricks

Some of the memories to be
covered at the conference in-
tegrate untraditional func-
tions. For instance, a 128-kbit
EPROM from Intel Corp.
(Santa Clara, Calif.) carries a
built-in pseudorandom num-
ber generator, as well as the
requisite encryption circuitry
to generate a security key.

Processors, like memories,
are increasingly being de-
signed with specific applica-
tions in mind. A case in point
is a video signal processor for
facsimile machines. It joins a

4-bit flash analog-to-digital
converter with an offset can-
celler to clip along at 5 MHz.
The 2.5-um CMOS chip, from
Hitachi Ltd.’s Central Re-
search Laboratories and its
Device Development Center
(both in Tokyo), weighs in
with 25,000 transistors and
840 bits of RAM and can con-
trol a CCD image scanner.

Another CMOS processor,
this one for a computer-con-
trolled telephone, employs a
5-bit logarithmic a-d convert-
er and 46-db programmable
gain amplifiers. The circuit,
designed by Bell Northern
Research and Northern Tele-
com (both in Ottawa, Cana-
da), controls half-duplex
speaker microphone signals.

The work being done with
floating-point arithmetic
processors should be of great
interest to designers assembl-
ing systems built around the
new generation of 32-bit mi-
croprocessors. High-speed
arithmetic can be had on a
single chip or on a board-level
subsystem.

One of two floating-point
math chips hustles along at 14
MHz. This IEEE standard co-
processor is aimed at 32-bit
microprocessors. It is fabri-
cated with 1.75-um twin-tub
CMOS and handles single-,
double-, and extended double-
precision math, as well as
32-bit integer and 18-digit
BCD operations. The pro-
cessor is the creation of AT&T
Bell Laboratories (Holmdel,
N.J.).

Another processor, this one
from Nippon Telegraph and
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Telephone Public Corp.’s At-
sugi Electrical Communica-
tion Laboratory (Kanagawa),
is built with 1.2-um n-well
CMOS. The 80-bit device con-
tains 15 kbits of memory and
50,000 gates and executes a
staggering 5.6 million float-
ing-point operations/s.
Dynamic RAMs capable of
retaining 1 Mbit and CMOS
static RAMs storing 256 kbits
were just emerging a year
ago. They are not the rarities
they were then and they are
getting faster as well. Most
impressive is a dynamic RAM
that can be accessed in 85 ns
and that fits in a low-cost
plastic package. The 43.2-

mm? chip, from NEC, adds an
interconnection layer that en-
ables it to be housed in a
300-mil plastic DIP.

Other 1-Mbit dynamie
RAMs to come under scrutiny
at the conference display
some interesting new wrin-
kles. A 65-mm?chip from Mit-
subishi Electric Corp. (Itami,
Japan) is built around a
shared sense amplifier and
features a continuous nibble
mode. The IC can be accessed
in 90 ns and sports a test pin
that allows it to be examined
as if it were configured as
256k by 4 bits.

Joining a divided bit-line
matrix and a 1.2-um double-

metal CMOS process has
yielded a 1-Mbit dynamic
RAM that runs off 5 V and
has an unprecedented array
area-to-dieratio of 56.6% . Its
creator, Mostek Corp. (Car-
rollton, Texas), also points
out that over 80% of the total
die area is repairable using
laser-programmed redun-
dant rows and columns.
Clearly, fast static RAMs
have arrived as well, as can be
seen in three 256-kbit CMOS
memories. Two of the ICs
boast an access time of 45 ns.
One, from the Central Re-
search Laboratory of Hitachi
Ltd.”s Musashi Works (To-
kyo), is a 32k-by-8-bit circuit

ISSCC ’85’s evening agenda

As is traditional, the ISSCC’s evening panel ses-
sions will attempt to shed some light on the more
controversial issues surrounding the leading inte-
grated circuit technologies. One of the hot topics at
the upcoming conference will be the impact of VLSI
chips on the coming generation of artificial-
intelligence computers. Other subjects that are
likely to stir up some lively discussions are the lim-
itations of submicrometer MOS, the future of cus-
tom and semicustom design, the challenges CMOS
faces from high-speed LSI technologies, the role of
CAE workstations, and the future of nonvolatile
circuits.

Clearly, VLSI technology is one of the keys to
creating machines specifically tailored to AI, which
requires fast sorting of and searching through large
data bases. These new computers will implement
parallel processing in hardware and manipulate a
range of data types.

The role that 32-bit microprocessors may play in
Al-based computers will be analyzed by experts
from the semiconductor industry, universities, and
companies investigating artificial intelligence.
VLSTI’s effect on AI will also be the theme of the
conference’s keynote address, which will be deliv-
ered by Raj Reddy, professor of computer science at
Carnegie-Mellon University. This talk, and the
presentations of other participants, will cover chips
that could contain a hundred million or a billion
elements sharing a common bus to a larger external
memory. Obviously, the numerous processors in-

volved will not be identical. Some may work with
dynamically alterable PLAs, others may carry out
on-chip analog-to-digital and digital-to-analog con-
versions, and still others may contain network in-
terfaces.

The future of submicrometer MOS also will be
given a good going-over. The technology has now
reached the point at which design rules of 1 um are
possible. The question that remains to be answered
is where to best concentrate industry efforts to
achieve the projected twenty- to thirty-fold in-
crease in device density that MOS now promises.

CMOS, meanwhile, is likely to be challenged on
the high-speed front by such emerging technologies
as gallium arsenide, aluminum gallium arsenide,
and silicon bipolar. All are looking to demonstrate
clear-cut performance advantages that will let
them slip neatly into specific niches. This panel will
discuss the potentials of these technologies in what
is likely to be an era dominated by CMOS VLSI.

The explosion in workstations, CAD software and
the proliferation of makers of gate arrays and stan-
dard cells reflect the tremendous impact of semi-
custom and custom ICs. One panel will look to the
future of custom and semicustom designs, seeking
to identify the tools that will be most useful in
working with them. Another session will analyze
the future of CAE workstations—from the user’s
point of view. Some of the questions to be addressed
are the actual functions of the workstations, as well
as their usefulness and their limitations.
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‘ONE-CHIP.TELECOM -SOLUTIONS:
MODEMS; FILTERS, TONE SIGNALING IC’s
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In telecom application-specific IC’s,
Silicon Systems stands alone as the inno-
vator in standard, semicustom, and full
custom products. Not only were we the
first to fully integrate Touch-Tone® receiver
electronics onfo a single chip, but we're
also the company that has developed
switched capacitor filter design to the
present state-of-the-art. In fact, we are
the telecom chip company with a proven
ability that is unmatched for producing
analog, digital, and analog/digital
designs on a single chip.

il systons

INNOVATORS INJINTEGRATION

CIRCLE 30 FOR PRODUCTION INFORMATION CIRCLE 31 FOR CAREER INFORMATION

Our present broad line of standard tele-

com application-specific circuits includes
a family of high performance DTMF receiv-
ers, tfransceivers, and band-split filters; a
selection of medium-tc-high-speed
modems, speech synthesizer IC’s, and
switched capacitor filter arrays.

But beyond those standard IC’s, Silicon
Systems offers the industry’s most advanced
and complete semicustom and full custom
capability. We wrote the book on innova-
tive IC design. And we have the newest
and most efficient, automated wafer fab

for production at optimum yields. In fact,
we're one of the few companies with both
Bipolar and CMOS multi-process capability
in the same wafer fabrication facility.

For more information on our DTMF's,
modems, speech synthe-
sizers, and switched capa-
citor filter arrays, send for
our Telecom Integrated
Circuits brochure.

silicon Systems, 14351 Myford Road,
Tustin, CA 92680. (714) 731-7110.

“Touch-Tone is a registered trademark of AT&T
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that consumes 200 mW when
running at 10 MHz.

The second RAM, devel-
oped by Mitsubishi, draws a
peak current of 45 mA. That
low drain is obtained by using
an address-transition-acti-
vated circuit combined with a
three-level word-line circuit.

Although the third static
memory —at 55 ns—is slight-
ly slower than its two kin, it
draws merely 10 mW on
standby. The 40.77-mm? die,
created by NEC, uses opti-
mized polysilicon load re-
sistors, buried isolation, and
titanium polycide.

Other static RAMS will
also be featured. One is a
4-kbit gallium arsenide de-
vice. The 1k-by-4-bit memory,
from NEC sports 2.4-ns ad-
dress access time for cache

memory. [ts power dissipa-
tion, however, is 1.1 W.

The world of analog circuits
is not standing still. Proof of
this can be seen in an 8-bit d-a
converter with a conversion
rate of 500 MHz, a 2-ns settl-
ing time, and 0.6-ns rise and
fall times. From the Central
Research Laboratory of Hi-
tachi’s Takasaki Works (Tok-
yo), the chip is fabricated
with shallow-groove VLSI
technology.

Alsoto beunveiled is a
150-W op amp with a contin-
uous dissipation rating of 90
W and a peak rating of 800 W.
The amplifier was jointly de-
vised by Robert Widlar, an
independent consultant and
National Semiconductor
Corp. (Santa Clara, Calif).
The 35-V, 10-A device incor-

porates a class B output stage
to avoid quasicomplementary
problems.

The huge amount of work
under way in semicustom cir-
cuits is also apparent at the
ISSCC. These chips employ
nearly every process technol-
ogy, with emphasis on speed.
For instance, an ECL gate
array, from Siemens AG (Mu-
nich, West Germany), packs
9000 gates and boasts a propa-
gation delay of 99.6 ps.

An ECL field-program-
mable array developed by Na-
tional Semiconductor comes
in with a total propagation
delayof 3.6 nsat1 W. Further,
working with gallium arse-
nide, Oki Electric Industry
Co. Ltd. (Tokyo) has created
anarray with 1000 gatesand a
390-ps speed.O

Memories

Dynamic

85-ns 1-Mbit RAM in plastic DIP (NEC)
90-ns 1-Mbit RAM with multiple-bit test-
. ing (Mitsubishi Electric)
1-Mbit CMOS RAM with divided bit-line
matrix architecture (Mostek)
Experimental 4-kbit RAM with 16 coded
levels per cell (Hitachi)

Static

45-ns 256-kbit CMOS RAM with 200-mW
power dissipation at 10 mHz (Hitachi)
55-ns 256-kbit CMOS RAM with
10-uw standby power consumption
(NEC)

45-ns 256-kbit CMOS RAM with three-
level word line (Mitsubishi Electric)

GaAs 4-kbit RAM with 2.4-ns address
access (NEC)

Nonvolatile

25-ns 16-kbit CMOS PROM (Cypress
Semiconductor)

95-ns 256-kbit CMOS EPROM (Hitachi)

256-kbit EEPROM with three polysilicon
layers (Toshiba)

100-ns 256-kbit CMOS EPROM (Intel,
Sierra Semiconductor)

64-kbit EEPROM with extended tempera-
ture range (Advanced Micro Devices)

Some highlights of ISSCC ’85

Other

35-ns 256-kbit dual port RAM (NEC)

1-Mbit ROM with error correction circuitry
(Mostek)

2k-by-9-bit CMOS dual-port RAM (AT&T
Bell Laboratories)

128-kbit EPROM with built-in encryption
circuitry (Intel)

Processors

Floating-point

80-bit floating point processor in 1.2-um
n-well CMOS running at 5.6 million
floating-point operations/s (NTT)

14-MHz IEEE standard floating-point co-
processor for 32-bit microprocessors
(AT&T Bell Laboratories)

NMOS pipelined image processor using
quaternary logic (Tohoku University)
digital signal processor with muitipro-
cessing capability (Texas Instruments,
ITT)

Programmable digital signal processor
with 32-bit floating-point arithmetic
(AT&T Bell Laboratories)

Semicustom arrays

80-ps 2500-gate bipolar macrocell array
(NTT)

100-ps 9000-gate ECL arrray (Siemens
AG)

3.6-ns ECL field-programmable array (Na-
tional Semiconductor Corp.)

390-ps 1000-gate GaAs array using super-
buffered FET logic (Oki Electric)

Analog circuits

8-MHz 8-bit CMOS subranging a-d con-
verter (RCA)

10-bit CMOS a-d converter with sample
and hold (Intersil) 8-bit d-a converter
with 500-MHz conversion rate (Hitachi)

150-W op amp (National Semiconductor
and Robert Widlar independent con-
sultant)

Other

4-chip Integrated Services Digital Network
line termination set (Bell Telephone
Manufacturing)

2.56-Mbit/s digital local loop transceiver
(Bell Northern Research and Northern
Telecom)

350-uW fifth-order low-pass switched-
capacitor filter (University of Califor-
nia)

480-by-400-element image sensor with a
charge-sweep device (Mitsubishi Elec-
tric)

350-ps Josephson junction 4-bit parallel
multiplier (NEC)
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IF YOU DON'T HAVE
SOURCE LEVEL DEBUG, YOUR
DEVELOPMENT TEAM CAN
WORK AROUNDIT.




They can write and
debug software the long,
slow; expensive way. At
the machine level. And
finish late. Or never.

Or, they can write and
debug at a high level.
And avoid that risk. With
Intel compilers and
PSCOPE high-level
language debugger.

Intel compilers come
in a variety of languages,
which means you can
choose the best language
for each project module.
Each produces linkable
code. Thatway, each
engineer can work in
alanguage he already
knows, or use existing
code with no rewrites.
Saving training and
coding time. Later, you
can combine modules.
Confident that they're
compatible.

When you debug with
PSCOPE, feedback is
provided at source level.
You can single-step,
set breakpoints and trace
execution flow at high
level.You can even patch
errors in the code as soon
as you find them.With-
out recompiling. Then
edit the source file and
recompile just once.

At the hardware/
software integration
phase, Intel compilers
are still working for you.
They're specially de-
signed to pass software
information to the Intel
IPICE™development
tool. Insuring a smooth
flow from program
coding through code
debugging and target
system debugging to
finished product.

Of course, all Intel
compilers are tested and

© 1984 Intel Corporation

retested. Time and again.
Soyou don't have to waste
your time tracking down
compiler bugs.

Best of all, Intel’'s com-
pilers and PSCOPE are
just part of a fully inte-
grated set of tools built
to support iAPX micro-
processor development
from product concep-
tion to completion. SO
you can work on your
product. Not your tools.
Total support you can't
get anywhere else.

Debuggers

Software

Multi-user
Tools [

Tools

Integrated t0ols that reduce development risks

Intel tools. Another
great reason to choose
Intel advanced tech-
nology microprocessors.
Find out more about how
to reduce your design
risk. Call us today toll free
at (800) 538-1876. In
California, (800) 672-1833.
Or write Intel Corpora-
tion, Lit. Dept.W-50, 3065
Bowers Ave., Santa Clara,
CA 95051.

Then, tell your devel-
opment team not to
work late.

intel



IF YOU DON'T HAVE
MULTI-USER DEVELOPMENT
OLS,YOUR TEAM CAN
ILL PULLTOGETHER.




Every which way.
Wasting time and money
running around sharing
data the old, inefficient,
unreliable way. By hand.
And foot.

With Intel’s multi-
user development tools,
you'll never run that risk.
Whether you work on a
VAX} network your Intel

workstations or both,
Intel tools can get your
team together.

With Intel NDS-II net-
working, files are centrally
stored. Work and inform-
ation are easily shared
through electronic mail.

Project coordination
becomes easier and more
efficient.

YOu can even stop
worrying whether your
investment is used to
potential. Because the
Network Resource Man-
ager seeks out idle work-
stations and uses them.
Keeping your tools and
development team
productive.

With NDS-11, you'll
never run the risk of proj-
ect members accidentally
destroying or interfering
with each other’s soft-
ware. Because program
management tools and
a hierarchical file system
provide you with built-in
file security.

If you're aVAX user,
you can't find better cross-
compilers than Intel’s.
They're engineered to
produce the same quality
code and debug records
as the compilers on our
own workstations. You
can even connect your
VAX to the NDS-II.

Last but not least, our
newest multi-user tool,

© 1984 Intel Corporation.

*VAX is a registered trademark of Digital Equipment Corp.

Series IV. Use it as a two-
user, stand-alone system,
or as a powerful work-
station on your NDS-II
network.

Best of all, Intel’s
multi-user development
tools are just part of a
fully integrated set of
tools built to support
IAPX microprocessor
development from prod-
uct conception to com-
pletion. So you can work
on your project. Not
your tools.Total support
you can't get anywhere
else.

Debuggers

Multi-user
Tools

Software
Tools

Integrated tools that reduce development risks.

Intel development
tools. Another great rea-
son to choose Intel
advanced technology
microprocessors. Find
out more about how
to reduce your design
risk. Call us today toll free
at (800) 538-1876. In
California, (800) 672-1833.
Or write Intel Corpora-
tion, Lit. Dept. W-49, 3065
Bowers Ave., Santa Clara,
CA95051.

And get Intel pulling
for you.

intal



IF YOU DON'T HAVE
FICE, YOUR PROJECT
CAN STILL FLY.




Right out the window:
Without our FICE™devel-
opment tools, your soft-
ware may notwork in the
target environment. Or
include all your specified
features. With I’ICE tools,
you can make sure it will.
Before the integration
phase.

Intel’s FICE devel-

opment tools provide
in-circuit transparent
emulation with integrated
logic timing analysis, real-
time trace and extensive
breakpoint capability. At
full component speeds.
With no memory invasion
and no change to exist-
ing interrupts. So what
you see in the prototype
is what you get in the
final product.

Without I’ICE tools,
your project could be
held up indefinitely while
you walit to integrate
hardware and software.
With these tools, your
software debug begins
by mapping program
memory and I/O device
behavior over to the
emulation system. As
functional hardware be
comes available, mem-
ory and I/O are mapped
back into your target
prototype.

On top of that,you
can take advantage of
integrated logic timing
analysis with il'TA, high-
level language debug-
ging with PSCOPE, and
optional high-speed
memory. You're set up
to solve even the most
complex problems in
record time.

There's even an instal-
lation and orientation
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package, as well as work-
shops to help your devel-
opment team become
more productive, faster.
Most important of all,
the I’ICE development
tools are just one part
of a fully integrated set
of tools built to support
1APX microprocessor
development from prod-
uct conception to com-
pletion. So you can work
on your product. Not
your tools. Total support
you can't get anywhere
else.

Debuggers

Multi-user
Tools

Software
Tools

Integrated tools that reduce development risks

Intel tools. Another
great reason to choose
Intel advanced tech-
nology microprocessors.
Find out more about how
to reduce your design
risk. Call us today toll free
at (800) 538-1876. In
California, (800) 672-1833.
Or write Intel Corpora-
tion, Lit. Dept.W-51, 3065
Bowers Ave., Santa Clara,
CA 95051.

To make sure your
project flies. R1g

In
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THE NE\X ENGINEERING POLYMERS
AND RESINS GROUP AT BADISCHE

“With the upswing in U.S. computer and auto
sales, there is a need for new engineering plastics
that we lhtend to help ﬁ”” Roger F. Jones, Managing Director...

““Many of you probably know Badische as a major U.S. producer of fibers, chemicals and plasticizers.
But now we have added a new competitive line of quality engineering plastics.

“This market is an obvious choice for us. Our parent company, BASF, is one of the world’s leading pro-
ducers of nylon resins, acetal copolymers and PBTs. And the products we are marketing were developed
with BASF high technology and performance—proven in the markets of Europe and the Far East.”” The
new Badische engineering plastics line includes:

ULTRAMID® nylon resins derived from PA 6, 6.6, 6.9, and 6.10—more polyamides
than any other U.S. producer offers and featuring superior flame retardancy. They
are used primarily in injection molding of electrical and automotive parts.
ULTRAFORM® acetal copolymer, which has an ideal balance of strength, great
rigidity and toughness, is used to make automotive and water handling parts.
ULTRADUR® thermoplastic polyester, a PBT that is especially suited for electronic
and automotive applications.

“The Group is staffed by veterans of the plastics industry, including our technically trained field force.
But even more important than our expertise is our long-term commitment to the market.”

. y 2 ; Badische Corporation

Bri , N
Badische Engineering Polymers and Resins Group Bian Mooy _
Ultramid®, Ultraform®, and Ultradur® are registered trademarks of BASF Aktiengesellschaft Member of the BASF Group BASF
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Making logic programs
execute in parallel is
today’s Al challenge

Fifth-generation hardware may already be
defined, but getting the software to run
in parallel is emerging as a tough problem.

apan’s announced goal to
Jproduce a fifth-gener-

ation computer by 1990
has spurred artificial-intel-
ligence researchers world-
wide to a feverish pitch of ac-
tivity. In all likelihood, their
primary challenge will lie not
in building machines contain-
ing many processors oper-
ating in parallel —as the
hardware has generally been
defined—but rather in pro-
gramming those machines in
parallel.

Architecture, algorithms,
and languages all influence
each other in parallel sys-
tems, since multiple proc-
essors must grind away at
separate slices of a problem.
That intimate relationship
represents one reason that
parallelism has yet to pay off
in areas other than linear al-
gebra. Scientific programs
running on vectorized super-
computers can calculate a
pipeline full of additions in
one clock cycle, but programs
that simulate human logic—
as the fifth-generation com-

Carole Patton

puters are expected to do—
run sequentially for the most
part.

The Japanese have tar-
geted Prolog as the pro-
gramming language of the
fifth-generation computers.
Because the language is not
procedural, it is well suited to
situations that prevent clear
definitions of problems and

solutions. Furthermore, itisa.

good compiler language, de-
scribes relationships well,
and can be adapted to pro-
gramming relational data
bases.

Prolog does, however, have
a significant drawback: Its
basic mathematical oper-
ation, unification, is a sequen-
tial—not a parallel —process,
which substitutes goals to
make logic terms identical.
Prolog converts formal logic,
such as the phrase “All ele-
phants have trunks,” into a
representation called a Horn
clause—is an elephant (x)<—has
trunk (x).The equation reads as
follows: For all x, if x has a
trunk, then x is an elephant.
Calculus notation is used, but
as the process of reasoning

proceeds in the program, that
notation must preserve the
truth.

But, the overall advantages
of Prolog, are prompting com-
panies and universities to
explore ways of making its
code—essentially, predicate
calculus—parallel. One bit of
unusual research looks for
similarities between equa-
tions and logic languages. The
concept, being tried out at the
Research Institute of Elec-
trical Communication at To-
hoku University (Sendai, Ja-
pan), draws on algorithms
that transform equation-
oriented programs into logic
programs using an extended
version of Prolog.

The university bases its
premise on the fact that a log-
ic language, Prolog and Lisp
included, employs recursive
functions and other mathe-
matical operations that are

Logic clauses are connected via
pointers in a directed structure.
Here the arrow heads record the
order in which the terms should
interact. The clauses now take
on the aspects of a data-flow
graph. Note that constants are
bound to variables: At the top of
the graph, the constant bill is
bound to the variable Y.
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special types. So, these partic-
ular kinds of problems can be
formatted like an equation,
and solved the way an algebra
problem is solved —with
reduction rules that match a
left-hand expression to a
right-hand one, and reduce
each side successively until it
can go no further.

Other avenues of research
have identified two types of
parallel logic programming
structures in Prolog. OR and
AND. OR problems find a
value for the right-hand ex-
pression that will make the
left-hand value true. Pro-
cessing OR clauses in parallel
is relatively easy, as one part
of the problem does not de-
pend on another part. But in
an AND problem —like P:-Q,
R,S—Pistrueonly when Q, R,
and S all are true.

One hardware-oriented
scheme for extensive OR par-
allelism uses a number of pro-
cessors constituting a parallel
interface engine. That engine
interfaces with two-level net-
works and uses TTL logic and
some sophisticated control
mechanisms.

To program the parallel in-
terface engine, its developers
at the Department of Elec-
trical Engineering at the Uni-
versity of Tokyo essentially
rewrote unification goals, or
slices of OR clauses, and
stored them independently
in a pool. An optimization
scheme subsequently reduced
the pool’s size. The univer-
sity’s results were conclusive:
Test programs written in Pro-
log for a 256-node engine ran
170 times faster than did seq-
uential Prolog versions

An alternative scheme
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compiles logic clauses into
single-execution graphs. De-
vised by the Department of
Information and Computer
Science at the University of
California in Irvine, the tech-
nique essentially converts a
logic program into a data-
flow graph, which basically
serves as the program. Data
travélsin arcs, and a node
fires when the information
arrives. Each node accepts,
emits, and processes value
tokens traveling asynchro-
nously along the graph arcs.
The tokens themselves identi-
fy devices for reassembling
program parts.

The data-flow graphs are
combined to form “tem-
plates,” a sort of graphic fam-
ily tree. Here, relationships
between individuals, like
“mother” and “father,” are re-
corded as a list of assertions,
and the problem might be as
simple as understanding the
question: “Who is the grand-
parent of Bill?” (see the fig-
ure).

The construct becomes a
graph by representing the
head of a clause—called its
literal —as a directed arc,
with arrows recording the or-
der in which the terms are
given. A simple assertion,
“Bill’s father is John,” be-
comes more intricate as other
clauses, connected by direc-
tion pointers, embellish the
simple relationship. Terms
are interpreted as nodes con-
nected by arcs, producing
the equivalent of a data-flow
graph.

AND clauses are much
harder to organize in parallel
because they share variables.
When variables (like X and Y)

are shared, they must be
bound to the same literal dur-
ing execution. In this case, lit-
erals that share variables are
grouped into clusters. In a
relatively complex piece of
restructuring, subtrees of
clusters are filtered out for
parallel processing.

A more restricted means of
creating AND parallelism
forwards information be-
tween literals that share the
same variable. The processing
scheme, devised by IBM
Corp.’s Thomas J. Watson Re-
search Center (Yorktown
Heights, N.Y.), allocates
terms for parallel or sequen-
tial treatment based on their
type. For example, a ground
term —that is, one containing
no variables—would carry a
type code preset by the com-
piler; terms with variables
would carry other codes.

The scheme is developed to
run on a tightly coupled par-
allel processor, with each ele-
ment containing its own local
memory and owning a copy of
the entire program. Within
each node are two expression
stacks, a sequential stack and
a parallel stack. User queries
are read, converted into an
execution graph expression,
and placed on the sequential
stack. As the processor draws
on that stack for its next job,
it tests for the subexpression
type. If a subexpression
proves suitable for parallel
processing, it is placed in the
parallel stack.

When the sequential stack
finally empties, the processor
executes the first expression
from its parallel stack. Any
idle processor “volunteers” to
handle another’s parallel



An Analog and Digital I/0 board for your IBM PC"at just $295!"
Who does Molinari think he is?

Don’t laugh. We're not kidding. Data Transla-
tion is practically giving away a new single board
plug-in that brings complete analog and digital I/O
capabilities to your IBM Personal Computer.

Ordered in lots of 500 or more, you can enjoy
full data acquisition capability for as little as $295.
And smaller unit orders also qualify for considerable
savings...one unit is only $495.

But what would you expect from an innovator
like Data Translation? Whether you're working in
laboratory research or industrial process control,
our latest board can give you measurement and con-
trol capabilities at tremendous savings.

The DT2808 includes 16-channel 10-bit A/D,
2-channel 8-bit D/A, 16 lines of digital I/O, a program-
mable clock and direct memory access capability.
And all of these functions are supported by PCLAB,"
our BASIC callable subroutine library running under
PC DOS.™

A comprehensive user manual with many
programming examples will get your application up
and running fast.

This easy to use, easy to program board is highly reliable,
and of course, fully backed by Data Translatlon s service and

Anstog Anatog support team.

Digital 1O Inputs Outputs

The new DT2808. The lowest cost
data acquisition for your IBM PC. And
just one in a long line of software
compatible analog I/O boards offered

: by the industry leader. gy \ ¢
[Contron Logic| s Data Translation. :
Clocw/rig. Yes Virginia, there is a Santa ﬂ»;\‘ wy
Claus. He's president of Data 5
Translation.

For more information,
call one of our elves.

(617) 481-3700.

Digital
1o
16 Lines

Internal Bus

Prog. Clock

On-Board 1P

IBM PC Bus

Data Translation provides a full

for the IBM PC. It includes A/D, D/A, digital /O, clock family of analog and digital I/O
and DMA on a single board for $295 in OEM quantity. boards with software support
*500 pcs., $495: quantity one for the IBM PC.

The DT2808 is the lowest cost data acquisition board

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.

IBM PC, IBM Personal Computer and PC DOS are registered trademarks of IBM. PCLAB is a trademark of Data Translation, Inc.
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stack.

As one of its obstacles to
parallel processing, Prolog
uses logical terms whose
structure cannot be changed.
Thus when a variable is as-
signed in the first step, it
must be referred to in the
second and all subsequent
steps; otherwise the machine
does not know which variable
has been assigned. To retain
context in parallel, the varia-
ble could be replicated with
each term, but these copies
eat up memory and create
storage problems. Literal
substitution also raises com-
munications overhead.

A software-oriented tack
taken by the Royal Institute
of Technology (Stockholm,

Sweden) extracts parallelism
through semantic domains,
which describe the state of a
definition interpreter. This
approach, which uses a com-
plicated unification algo-
rithm, manages memory far
more efficiently than does
copying the variables.

To avoid a large number of
non-local memory refer-
ences, the Royal Institute cre-
ated a model in which each
parallel activity becomes a
“process,” and variables are
stored in separate but form-
ally specified context direc-
tories. So-called environment
directories are linked to form
a tree, with each one’s pro-
cesses being a “leaf.”

Whenever a process begins,

a corresponding environment
directory is dynamically cre-
ated and linked to the parent
directory, but no reference to
context is fetched. The idea is
reminiscent of demand pag-
ing, because contexts are
fetched only when needed; but
once fetched, they can be
accessed by the parent direc-
tory. Thus, all “siblings” in a
relational construct have ac-
cess to the context.

Prolog’s base in predicate
calculus is actually set-
theoretical logic, the under-
pinning of relational theory.
In fact, Prolog declarations
look much like a record in a
relational data base, a res-
emblance that Japan—and
others hope to exploit.0

SWINGDUCTOR"

swinging chokes
a new and better way to raise L
as you lower I (and vice versa).

Renco’s new Swingductor™ is the first standard swinging choke ever that
dependably and accurately swings from high inductance at low current to low
inductance at high current — and back — with absolutely no outside help. So it's the
simplest, most cost-effective way to make your power supply efficient from end to end.
It's available from stock in 5 sizes (1.1” dia. x 1.5” width to 2.6” dia. x 1.5” width),
with inductances from 1.1H to 5600H & current from 1.2A to 22A. Get complete
data on how much each model swings with changing current so you can design your
circuit around the inductance, rather than vice versa. It's all in our 46-page catalog
which also includes full data on all the coils & transformers which we manufacture in
the U.S.A. & ship worldwide. Call/write Marvin Scheck, 60 Jefryn Bivd. East,

Deer Park, NY 11729. 516-586-5566. For engineering advice only, call toll-free
1-800-645-5828, from anywhere outside of NY State.

RENCO ELECTRONICS, INC.

30 years of excellence in coil winding.

THE BIGGEST

B =

CHOKES AROUND

They handle higher currents — in smaller spaces —
with no saturation.

They're our high-density power line chokes, Series RL-1256, with
265 standard values. 1 uH to 47,000 uH. Saturation currents to 155
Amps DC. Operating currents to 35 Amps AC.

The reason they can handle such high currents in such small space
with no saturation — and with virtually no inductance variance — is the
unique high saturation flux density ferrite material we use (plus, of
course, our 30 years of inductance experience).

Simple to mount, they're perfect for switching regulators, power
amplifiers, power supplies, SCRs, Triacs, speaker crossovers, RF|
suppressors, and filters.

We design and manufacture in the USA and ship world-wide.

For our 46-page catalog of coils & transformers, call or write
Marvin Scheck, 60 Jefryn Bivd. East, Deer Park, NY 11729.
516-586-5566. For engineering advice or samples only, call toll free
800-645-5828 from anywhere outside NY State.
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RENCO ELECTRONICS, .

30 years of excellence in coil winding
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A VERY FAST UPDATE ON
MOS ROM DEVELOPMENTS.

We have nine different 150ns MOS ROM circuits —from 16K to 256K.



VLS| from Signetics

800-227-1817 Ext. 916 C



Shielding for EMC requirements.




The champ

that can meet your
challenge for any
085" centerline
application.

The reason CHAMP connectors are specified for so
many applications is simple. They do so much so well.

Like shielding IEEE 488 interconnects, eliminating
solder in pc board mounting or interconnecting ribbon and
jacketed cable.

With the innovative engineering of Accu-Plate selective
plating and convenient mating hardware, every CHAMP
connector gives you an extraordinary balance of value, technology
and performance.

It’s all based on our mass termination technology that leads
the field in tooling and low applied costs.

All together, this line lives up to its name with no trouble.

CHAMP.

For more details, call the CHAMP Information Desk at
(717) 780-4400. AMP Incorporated, Harrisburg, PA 17105.

A MNP means productivity.

CIRCLE
NUMBER
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|IEEE 488 versions, shielded or Variety of configurations, hardware and assemblies Compliant pin headers for solderless pc boards.
unshielded. for any requirement.

AMP and CHAMP are trademarks of AMP Incorporated
Advt. No. 80829-5441



Announcing the arrival of the world’s first universal

Standard Microsystems’
HDC 9224 is so advanced it
controls hard disks, floppy
disks and even tape backup.

The new addition to Standard
Microsystems’ magnetic control-
ler family is a single chip that
controls Seagate-compatible
hard disks, as well as IBM® com-
patible single- and double-
density floppy disks.

Asingle chip that allows you—
for the first time—to include tape
backup in a small computer
without adding a lot of costly

hardware and software.

A single chip so advanced
its built-in DMA controller and
ECC detect and correct errors
with absolutely no processor
intervention.

We've named this new addi-
tion the HDC 9224 Universal Disk
Controller. But, you may call it
one of the biggest break-
throughs in IC performance in a
long, long time.

The cornerstone of an
intelligent subsystem.

The HDC 9224’s ultraflexible

architecture makes it the true
"next generation Winchester
disk controller.” With the addition
of a few simple parts, you can
use the HDC 9224 to build a
high-performance, low-cost
subsystem that controls up to
four hard disks, floppy disks

and tape drives.

The HDC 9224 easily inter-
faces to all popular ST506-
compatible hard disk drives with
up to 16 heads. Its flexible format
command lets you select hard
disk sector lengths up to 16 kilo-
bytes and can be used with both



disk controller.

interleaved and non-interleaved
sector formats.

The versatile HDC 9224 also
controls all popular floppy disk
drives, including the new 3.5-inch
microfloppy. It can read and
write, using industry-standard
floppy disk recording formats, in
both single and double density.

What's more, our popular
FDC 9216 Floppy Disk Data Sepa-
rator is fully compatible with the
HDC 9224, and to further simplify
your design tasks, we'll soon infro-
duce two new companion
chips—a Disk Buffer Manage-

ment Unit and a Hard Disk Data
Separator.

Available forimmediate
delivery.

Best of all, you can get the
HDC 9224 when you need it the
most. Today. In the near future,
we also plan to announce a
well-respected second source
and several system-level board
products for the PC-bus and
other popular buses.

The HDC 9224 Universal
Disk Controller is an n-channel,
silicon-gate MOS/VLSI circuit
fabricated with Standard
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Microsystems’ COPLAMOS tech-
nology. If's available for immedi-
ate delivery in a 40-pin ceramic
or cerdip dual in-line package.

For more information, con-
tact Standard Microsystems
Corporation, 35 Marcus
Boulevard, Hauppauge, NY 11788.
(616) 273-3100.

IBM® is a registered trademark of the International Business
Machines Corporation

STANDARD MICROSYSTEMS



The Lundy UltraGraf
is absolutely the fastest draw in the West
or anywhere else.

This is the fastest, most intelligent 3-D computer graphics workstation available.
The superiatives would seem to indicate a high price, too. But the Lundy UltraGraf workstation is
surprisingly low cost considering its unmatched performance features.

At Lundy we don’t develop technology
for its own sake; we develop it to meet
your needs. In the case of 3-D computer
graphics workstations, you needed more
speed, higher 1Q, larger display and eas-

with many other systems. And you have
local storage of all control functions for
the interactive input devices. This pro-
vides maximum input flexibility, with
minimum keyboarding.

ier operation. UltraGraf delivers all four.
The Lundy UltraGraf is first
when it comes to speed and IQ.
Keys to UltraGrafs instant response
are a high speed microcomputer and a
high resolution vector display, both de-
veloped by Lundy.

Lundy helps you
see more in graphics.

When you take a close look at our
graphics terminals, service, support,
software, systems capability, enhance-
ments—and our company—you'’ll
understand why Lundy can help you
see more in graphics now and in the

Besides these features, we've de-
long term.

signed more intelligence into the
workstation, so UltraGraf places fewer o : For more information about our 3-D
demands on your host computer. Lundy UltraGraf sets 3-dimensional standards.  UltraGraf, or other CAD/CAM products,

The result is unmatched interaction Sl r A Soiad e write Lundy Electronics ?’(é'\'stcms, Inc,,
while freeing up your host computer to I.n),u'l“ (1)‘1),;1‘{_[(-)_1,[)”.]“‘ ])1)(‘)( % Lf.lis'\;[.(?- ('_1“‘? Head, New York 11545, or call:
concentrate on other operations. Ik'lkv‘ fickerdree lI]‘ngL.& ‘bp(‘)t 514‘15 (516) 671-9000. CIRCLE 36

only one ten thousandths of an inch,
19 x 15 inches which produces remarkable crispness
sets a new screen standard. and clarity. r
UltraGrafs 21-inch CRT has the largest Furthermore, UltraGraf is easier to

viewing area—19 X 15 inches—in the use. You send a picture only once, I l ' N DY
industry. Fast vector drawing and mini-  instead of resending over and over as

Get the draw on sluggish productivity with Lundys UltraGraf Shown bere are six views of a six shooter generated in just a matter of seconds
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The quest for a standard
1/2-in. tape cartridge
may well be unnecessary

Raymond C. Freeman Jr.

Freeman Associates
Santa Barbara, Calif.

for //2-in. tape cartridges,”

emphasizes Raymond C.
Freeman, “it will almost cer-
tainly spring from the IBM
e3480.” He contends that IBM
is already the clear-cut tech-
nological leader in high-per-
formance 2-in. drives, giving
it the needed authority to
create ade factostandard. “In
fact,” he asserts, “manufac-
turers in a position to chal-
lenge this leadership have
elected to wait and follow the
company’s lead.”

As might be expected, Free-
man’s bold outlook is quite
controversial. Some in the in-
dustry foresee a long hard
climb ahead before standards
emerge for Vz-in. cartridges.
Others believe just as fer-
vently that manufacturers
will endorse the smaller car-
tridge proposed by Digital
Equipment and 3M. Despite
such divergent opinions,
Freeman sticks to his guns:
“No one will successfully com-
pete with IBM’s package. It
will be the standard for ¥/2-in.

If a standard is to emerge

Stephan Ohr

tapes for the next decade.”
The 3480 cartridge, he ex-
plains, demonstrates how re-
cording technology is moving
in the same direction as com-
puters and peripheralsin
general —toward smaller di-
mensions. Within its shell,
which takes up only 4 by 5 by
lin.,it stores more data
than a 10V/2-in. reel of /2-in.
group-code recorded tape
(200 Mbytes formatted com-
pared with 180 Mbytes unfor-

Since 1977 Raymond C. Freeman
Jr. has headed up Freeman As-
sociates, a consulting firm spe-
cializing in product and business
strategies for manufacturers of
storage peripherals. He also has
worked at Applied Magnetics, In-
formation Storage Systems, Hon-
eywell Information Systems, and
General Electric.

matted).

The cartridge comprises a
single supply reel, with the
take-up reel unconventional-
ly mounted inside the drive it-
self. Its CrO, tape is split into
18 parallel tracks and has a
density of roughly 19,000 bpi.

Though Freeman main-
tains that the IBM housing it-
self will be adopted as a stan-
dard, he readily admits that
the drive—and even the type
and composition of the tape—
may be modified. Inevitably,
he notes, OEM manufactur-
ers will go with a serial or ser-
pentine recording scheme, in-
stead of taking the parallel
path. Further, the special bias
and head requirements of
CrO, tape will probably make
them opt for a more conven-
tional coating.

As far as Freeman is con-
cerned, other 1/2-in. car-
tridges, such as those pro-
posed by Digital Equipment,
MegaTape, and RossComp,
are not really in the running
to become standards. He
backs his belief by pointing
out that “in the high end of
the industry, plug-compatible
cartridge manufacturers
have held off from making
any commitments, waiting
for IBM to make its move.
Clearly, in the lower end also,
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they intend to follow its lead,
thus effectively creating a
standard.

“Their efforts will trickle
down to the low-end OEMs
who work strictly with serial
recording and minis and sup-

ermicrocomputers.” In fact,
he believes that the high-end
manufacturers will rapidly
form a committee to adopt the
standard, with makers of
smaller drives quickly falling
into line.

Freeman sees the 3480 tape
drive as the “natural compan-
ion for 8-in. and high-capacity
51/s-in. drives.” In the long
run, its greater storage area
“will edge out 1/4-in. car-
tridges.”

Thin-film LCD technology
could be the key
to large-area flat panels

Susumu Aizawa
Senior Managing Director
Epson Corp.
Nagano-Ken, Japan

ithin the next five
years,” asserts Su-
sumu Aizawa, “we’ll

see large-area liquid-crystal
flat panels that display thou-
sands of pixels side by side the
CRTs now used with personal
computers.” The develop-
ment, he states, may depend
on devising active thin-film
switching elements similar to
those that are already at work
in pocket-sized color LCD tel-
evision receivers.

LCDs exhibit the lowest
power consumption of any
flat-panel technology and are
the best bet for very slim full-
color flat panels. “That’s not
to suggest,” Aizawa concedes,
“that there isn’t still a lot
of work to be done to boost

Martin Gold
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display size, improve image
quality, and cut manufactur-
ing costs before LCDs with 80
characters and 25 rows be-
come commonplace.”

Since joining the Seiko Group’s
Epson Corp. in 1956, Susumu Ai-
zawa has an impressive array of
firsts. He developed the com-
pany’s first analog quartz watch,
its first digital printing mecha-
nism, and its first thermal trans-
fer printer. He holds a degree in
precision mechanical engineer-
ing from Tokyo University.

To lick one of the problems
associated with LCDs will
require an approach different
from the conventional passive
one. Aizawa amplifies on this
idea: “The present multiplex-
ing schemes are limited to
scanning 100 lines. When a
greater number must be han-
dled, the contrast ratio and
viewing angle suffer.” Active
elements, on the other hand,
enable at least 500 lines to be
scanned.

Two structures are under
investigation. One works with
thin-film transistors mount-
ed directly onto a glass sub-
strate. The other goes with a
bidirectional diode structure.
Although the first is more fa-
miliar, it is the second that
Aizawa sees as holding out
the greatest promise.

These so-called metal-
insulator-metal (MIM) LCDs
consist of a thin layer of tan-
talum pentoxide sandwiched
between tantalum and chro-
mium. The device requires



THE BIRTH OF THE
ARRAY PROCESSOR AGE

but restricted, niche in the computing The AP500 meets or exceeds the performance
world. Analogic’s AP500 characteristics of comparable array processors at
has changed that. Because of its 25% to 50% of their cost. It performs a 1024 pt.
unique combination of flexibility, per- complex FFT in 4.68 ms, and a 50 X 50 matrix in-
formance, and reasonable cost, the version in only 72 ms. Its other performance specs
AP500 opens a vast number of com- are equally impressive.
putationally-intensive problems to With 4 Mbyte of data memory, 384 kbyte of pro-
array-processing power. gram memory, and high-speed
bidirectional I/0 capability, the
THE ORIGIN OF THE AP500 can form the heart of
SPECIES a high-power computing
As array processors have evolved, work station. Its on-board
they have proven their worth in spe- co-processor means that it
cialized, dedicated operations. can even operate indepen-
In fact, Analogic’s involvement dently of a host computer for
with these devices started with remote operations or applica-
such an application—a key sub- tions which demand complex
system in our invention of the

: ; . communication procedures,
first CAT-scan instant-image pro- such as adding data block iden-
cessor.

5 : , tifiers or handling packet pro-
Building on this foundation, our tocols with incoming data.
engineers then developed the

We want to tell you more
AP400 Array Processor, whose about using the AP500 to solve
patented architecture set new stan-

your problems. Just call
dards for cost-efficient computing Analogic’s Computing Systems
performance. The enthusiastic ac- Group at
ceptance of the AP400 has resulted 1-800-237-1011
in ane of the largest installed bases

of any array processor—and con- Find out why the AP500 is ...

tinues today. '

re;r)\llg\gé ip\g ﬁiigg,lfartlﬁ:'itnodf?:rss ?ﬁ; usef THE
NATURAL

SELECTION

U ntil now, array processors have filled an important, THE NATURAL SELECTION

a new range of performance options for tack-
ling increasingly complex problems in com-
puter modelling, imaging, and design. With
the AP500, state-of-the-art means more than
computing speed. In continuing the tradition of
cost-effective computing performance and innovative design, our
engineers have even given the AP500 standalone capability.

ANALOGIC. =

COMPUTING SYSTEMS PRODUCTS GROUP
Analogic Corporation, Audubon Rd., Wakefield, MA 01880, (617) 246-0300
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only two or three masking
steps and can be fabricated
with sputtering techniques—
keeping manufacturing costs
down. Aizawa is quick to note
that “the MIM LCD is quite
suitable for large-area, high-
contrast displays,” pointing
out that a 240-by-250-pixel
array of 99 by 100 mm has al-
ready been created.

Turning to the more tradi-
tional structure, Aizawa
explains that when the active
element in a thin-film tran-
sistor turns on, data is writ-
ten into a pixel. When the ele-
ment turns off, a charge is
stored within that thin film
device that drives the liquid-
crystal materials.

Working with active ele-

ments, the LCD driver cir-
cuitry can be integrated onto
the same substrate as the
LCD, keeping a lid on cost.
The secret of the pocket-sized
color LCD TV was the suc-
cessful formation of 57,600
thin-film transistors on a
glass plate. The resultant flat
panel was only V10 in. thick
and 2 in. diagonally. It cer-
tainly could not have been
produced with a CRT.

But, he adds, fabricating an
array of thin-film transistors
is no easy matter. It is created
with processing techniques
similar to those employed for
2-um VLSI devices and is thus
subject to the same limita-
tions. That translates into a
wafer with a maximum diam-

eter of 6 in. In addition to the
size restriction, assembling
an active matrix array is
quite expensive, so new active
elements are being sought.

Aizawa is extremely opti-
mistic about the future of flat
panels, and about liquid crys-
tals in particular. “By the end
of the decade, I think we’ll see
flat panels that are the same
size as today’s CRTs and that
resolve a maximum of 1000 by
1000 pixels—for graphics.”
The standard configuration
will be a monochromatic
400-by-640-pixel array that
shows 2000 characters. “By
then,” he concludes, “full-
color and monochromatic ar-
rays of 200 by 640 pixels will
also be routine.”o

GET SET..
G0

TECHNICALLY ADVANCED

The First Set Programmer designed
specifically for Engineering Applications
... with special Iinstructions for
splitting data into sets for both 16 and
32 bit microprocessors . . . with
approved capability for 512K EPROMS.

HIGHLY RELIABLE

The reliability of the ESP family with
over 2000 units installed . . . with
complete device validation including the
industry’s only access time testing.

FOR 16 & 32 BIT
MICROPROCESSORS

WITH THE NEW ESP E12
SET PROGRAMMER

EASY TO USE

Designed to connect to all common
development systems and computers
... with serial protocol “help” routines
to solve interfacing problems.

COST EFFECTIVE

A host of advanced features combined
with the reliability of years of field
experience . .. yours for a surprisingly
modest price.

CIRCLE 38

ELECTRONIC SYSTEM
PRODUCTS, INC.

1135—-C San Antonio Road
Palo Alto, California 94303
Telephone: 415 964 5338

EPROM
Expertise




UNITED CHEMI-CON
KNOWS THE INS & OUTS

OF SWITCHING POWER SUPPLIES

United Chemi-Con knows power supplies. Input

and output. We were the first to design a complete
line of aluminum electrolytic capacitors specifically
to meet the exacting demands of power supply
manufacturers.

High ripple. Up to four times the ripple current of
standard capacitors.

High capacitance values. Scaled-down for high
capacitance in a miniature case.

Low inductance. Long, slim design for output
capacitors to reduce inductance where it counts.
Wide temperature range. Up to +85°C for input and
—55 to +105°C for output series.

Venting. Vents designed for safety and a tight seal.
Plug-in mounts. Snap-in or straight mounts on input
series for PC boards.

For more on the ins and outs of power supplies, call or
write for our new booklet, Understanding Aluminum
Electrolytic Capacitors Part Il, a basic guide to power
supply applications.

BK Series—Input NM Se S sl
Low profile, high capacitance, High capacitance in a low High ripple, up to 4 times the High performance, low
high ripple in a small can. profile case size. ratings of our general series. impedance in a miniature size.

|
|

‘i
SXE Series—Output

|
|
i
1

<ol

Solvent-proof, low impedance, Low impedance, low ESR, long Very high capacitance, very Solvent-proof, miniature,
high ripple in a miniature size. operating life in a small can. low ESR, long operating life. a case as small as D4 x 7mm.

%] UNITED CHEMI-CON INC.

9801 West Higgins Road, Rosemont, lllinois 60018 Phone (312) 696-2000 TWX 910-253-2964 TELEX 28-3557
CIRCLE 39
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New Cherry Pulse Width Modulators. . . pin for pin interchangeable

N T8

° 1) .
WIth the PWMS you re now uSIng' Interchangeable PWM Control Circuit Numbers
Our PWMs are good enough to be your first choice. Already Cherry Cherry
? i - el Semiconductor iy Semiconductor
have a source? Try Cherry Semiconductor for the following Te e Tipe Toe
reasons:
o : ; - SG1527A CS-1527A

Chgrry specializes in Bipolar ICs. Our many years of gggggg 8§_ggggg SG2557A C§-2527A
experience in Linear Bipolar Processing means improved SG3527A | CS-3527A
performance and reliability. And we're geared for high NE5561 CS-5561 N S CS-593C
volume, low cost production. We'll handle your needs fast. SES561 CS-5561 S TL594C 8§-ggzlc
Compeitively. sG1524 | Geisea | Ti2od) :

The Chery lineup of PWM control circuits offers a solution SG2524 | CS-2524 I—tgggg 8§:gggg
for nearly every application. From a basic circuit with a mini- $63624 Cs-3524 TL595I CS-595I
mum of extra features, to a sophisticated type with all the SG1525A | CS-1525A UC1524A | CS-1524A
functional support and protection options you'll likely want, SG2525A | CS-2525A UC2524A | CS-2524A
Ch eny has it. SG3525A CS-3525A UC3524A CS-3524A

The next time you need PWMs, contact Cherry Semi- )
conductor. We'll give you a real choice. Send today for complete technical data.
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CHERRY §PSEMICONDUCTC

CHERRY SEMICONDUCTOR CORPORATION + 2000 South County Trail, East Greenwich, Rl 02818 / (401) 885-3600




MultiMod
Multiple Qutput Switching

- Power Supplies.
117~ Proven Custom Alternative.

, dependable delivery of which exactly
99"32/ 165-265 VAC, 47-63 Hz his unique;qu.v?umeg:ss nd MultiMods operate with

Power Outputs at 50°c Derate proven field reliability because they are put together

with standard building blocks produced in volume.
Main outputs use only rure switch mode design. All

auxiliaries are also available as fully switching. Thus,
the designer can be assured of maximum efficiency and
minimum thermal stress. Post-linear regulated
auxiliaries are also available.

Muitiple outputs are available from 2 through 48

B Brown Out of 85 or 160 VAC voltts \;wth modules|r%tled frogb ‘1) 2 4tg (1) Oggowggg Tgaag
output ratings available are 1 '

B Reverse Vol'tage Protection Pl g

W 100% Burn-in

B Powertec’s 19 Years of Proven Value MM7 October 1984

Powertec, Inc., 20550 Nordhoff Street, Chatsworth, California 91311-6168 « (818) 882-0004 « TWX 910-494-2092



Selector Guide-Mu

See ValuSwitcher™ Family (19 Series) For Other Multip

tiple Outputs

le Output Switchers.

The MultiMod™ is a new concept in multiple output switching power supplies “Auxiliary Module Selector Guides”
providing 2 to 7 outputs. A building block apprpach using a selection _of « Each power package accommodates one main output plus space for up to
flexible “power packages” and standard plug-in output modules provides three one-space-wide auxiliary modules.
voltage/current outputs tailored to your specific requirements. The power ¥ i i s . i 1
supply is delivered totally assembled and tested, using the output modules t?unte ;r;ace wide auxiliary modules are available with 1 and 2isolated
you have selected to meet your needs. pUIis: . . | e y
. " « Column Two of the “Main Output Selector Guide” indicates the quantity of
+ Select the “power package” that meets your total output power one-space-wide auxiliary modules that may be used with the main output
requirements (300 to 1200 watts) by referring to the “Power Package indicated.
Selector Guide’ i e Sy o e
i : 3 « “Auxiliary Spaces Occupied” column of the “Auxiliary Module Selector
» Select the output with the highest output power by referring to the “Main Guide” indicates the quantity of spaces each auxiliary module occupies
Output Selector Guide” (1to 3 spaces).
«» Select lower power outputs (auxiliary plug-in modules) by referring to the « See “Order Information” (Page 3) for more details.
POWER PACKAGE SELECTOR GUIDE AUXILIARY MODULES SELECTOR GUIDE—
px.' Max. Power'| wax. No. | N = || SINGLE OUTPUTS - - 1
Desig-| "gOC8® | S0°C Aux. | of |  Dimensions Module - Duifput Ralings [ |
nation | 5 P 3 [Main |Auxs4| Modules'3 | Outputs Desig- 2 . Amps’23 & m‘ ‘
nation" | Models Volts 40°C | 50°C [ 70°C | %15 % P-P pied®
6E 300% 2005, 2005 3 1tod4 |2.75"x7.62"x 11.75"
F 6E, 6F < 6 6 3.0 0.2 3.0 1
6F 400 250 | 200 3 1to4 5" x762" x11.75"
; - K 6J 2 8 7 g 35 0.2 25 1
6JA 600 384 | 250 3 1to6 528 x11”
e F 6J 2 n 10 5.0 0.2 25 1
6JB 600 528 | 250 2 1to5 ' x8 xit” :
- K 6L, 6M 2 9 8 4.0 0.2 25 1
6L 850 768 | 360 3 1to7 5" x8" x14.83"
F 6L, 6M 2 15 15 1.5 0.2 25 :
M 1000 768 | 360 3 1to7 5" x8"x14.83"
M 6J 2 50 | 50 | 25.0 0.2 25 2
6MB 12007 |1000 | 360 3 1to7 5"x8"x14.83"
— A 6E, 6F 5 6 3.0 0.2 20 =l
MAIN OUTPUT SELECTOR GUIDE L 6J 5 7 |35 02 1.0 1
Auxiliary!3 Main Output Hltl;lgs Load | Ri & | A 6J 5 1 10 5.0 0.2 1.0 1
ModelNo. | Spaces 16| Ampsl.2 Rogula- L [eLem | 5 | 9| 8| 40| 02 [ 10 1
Available | VOIS™® oo oo mTo0eg| tion% | %P-P
BJA2-XXX-17 3 2 70 | 89| 35| o8 25 I e o e SR LIS 10 !
6JB2-XX-17 2 2 w0 |75 | s0 | os 25 B PERF ] T8 S0 .92 28 !
BL2XXX-17 3 2 [200 [150 [100 | 05 | 25 4 e ’ il st A !
6M2-XXX-17 3 2 [200 [150 [100 | 05 | 25 B o = M mian e | 1o i
BE5-XXX-17 3 5 | 405 | 305| 205| 02 2.0 PO OLOM 2 8 ) T8 M0 02 1.0 i
6F5-XXX-17 3 5 50 37 25 0.2 20 B 6L, 6M 12 15 15 75 0.2 1.0 1
BJAS-XXX-17 3 5 60 45 30 0.2 1.0 Cc 6E, 6F 15 6 6 3.0 0.2 20 1
6JB5-XX-17 2 5 |90 |68 | 45 | 02 1.0 v 8J 15 8. 7|85 02 19 1
BLE-XXX-17 3 5 (150 |13 | 75 | 02 1.0 c o 15 L0 10 ea 02 19 A
BM5-XXX-17 3 5 (150 ({113 | 75 | 02 1.0 WO SLOM e | 88 40 [ 02 10 1
6MB5-XXX-17 | 3 5 |2007 |13 |78 | 02 | a2 o] o, i B ] Sl | earnt) ;
6JAI2-XXX-17 3 12 |28 | 21| | o2 1.0 s 6E,6F | 24 6 30, o2 20 1
6JB12-XX-17 2 12 e st oo 1.0 ¥ i 24 4 20| 02 190 e
6L12-XXX-17 3 12 e Al ] ag 1.0 o 64 4 | 8 40| 02 1.0 1
EM12-XXX-17 3 12 | s2 ey -l 0 1.0 Yo stem | 24 4 20| o2 10 1
BJAISXXX17 | 3 5. 2 | 18 2] 02 1.0 ooopstem o 2¢ | 10 30 |50 02 N 10 ’
6JB15-XX-17 2 15 (3 | 26| 7 ] 02 1.0 G 6E,6F | 48 3 15| o2 2.0 1
BLI5-XXX-17 3 15 |50 |38 [ 25 | 0.2 1.0 G [6J.6L.6M| 48 5 25| o2 30 1
BM15-XXX-17 3 15 50 38 25 0.2 1.0
AUXILIARY MODULES SELECTOR GUIDE—
B6JA24-XXX-17 3 24 16 12 8 0.2 1.0 DUAL OUTPUTS
6JB24-XX-17 2 24 22 17 1 0.2 1.0 2o an Abgii Output Ratings RLO:?a- Ripple SA:; :
6L24-XXX-17 4 24 '8 ‘| o4 '8 | B2 1.0 Desig.. ..028“:, 1 . Ivolis™® Amps':2:3 Son_ | &Noise | TECC0:
nation S s 0 0 15 | BP-P 8
B6M24-XXX-17 3 24 32 24 16 0.2 1.0 e e el -
2 : B . 611\ 12 |6/9pk.|5/8pk.| 2.5 | 02 | 1.0 10
6JB | 12 |6/9pk. 58pk.| 25| 02 | 10 1|
NOTE: 3.3 volts main outputs and auxiliary outpuls 6JA 15 |6/9pk. 5/8pk.| 25 | 0.2 1.0 1
are available upon request. Contact Factory. T & Sodomd o ¢ .
6J8 15 [6/9pk. 5/8pk. 25 | 0.2 1.0 1
NOTES: 6.“M” Auxiliary: Substitute “operating load current” for “rated max”
7.Number of outputs is determined by the output plug-in modules
1. Maximum continuous output power may not exceed the product of rated selected.
currem and volt n ed at the output ter Is) specified in the .Numb d by auxiliary module. Due to mechanical
lector Guide atind d temperatures. “factors, GJA and 6JB power packages are limited to no more than 2 “R”
2.Higher peak current ratings may be obtained. Contact Factory. or “T” modules Total number of outputs possible, including main, is
3.Maximum output power at 50°C of combined main and auxiliaries may therefore 6 and 5 outputs respectively.
not exceed the total package power indicated. 9.6J, 6L, 6M: Factory strapped for 230 VAC input. 6E, 6F: Factory
4.The combined power for all auxiliaries may not exceed power rating strapped for 115 VAC input. Customer may change input strapping.
indicated. 10.Class 1 Non-SELV: Meets European safety requirements except in
5.Higher current and power ratings attainable with moving air (6E only). cases where a system does not provide for grounding, or where the

MM?7 October 1984

All specifications are subject to change without notice.




Powertec Series 6 Specifications

See SuperSwitcher™ Family (9 Series) For Single Output Switchers From 400 to 1700 Watts.

ORDER INFORMATION/SPECIFICATION
Model/Product Description—Options

Standarq Options

7

MultiMod™ Series Desig
Package/Power
Additional Desi ion Indi d

on some main outputs

Channel #1 Main Output Voltage 5V @ 60A
Auxiliary Module' 12V @ 11A
Auxiliary Module'' 12V @ 11A
Auxiliary Module'' 24 V @ 8A

6 JA5-BBD-
SAFETY SPECS (-1, or -2)

TT‘I’ I

-BCDPG 23 4 5-SXXXX

tCuslom Options & Modified Standards

5: Parallel Option (C: Factory)

4: Factory Wired 230 VAC (6E & 6F)°

3: CSALogo™

2: Reverse Fan: 6J, 6L, 6M

G:Power Good Option (6L & 6M only)

P: Ball-bearing Fan

D: Power Fail Option (all models)

C: Cover Option: Applicable to 6E only,
standard on others.

B: EMI Filter—

"Meets UL 114, UL 478, UL 1012, CSA 22.2-143 14, CSA 22.2-15414
Hipot—Input to Output 2100 VDC* 1500 VDC**
Inputto Case: 2100VDC* 1500VDC**
Outputto Case: 750VDC* 500VDC**
Creepage/Clearance—Primary to Secondary: 2.4 mm
anary to Case: 2.4 mm

6E, 6F, 6J meet FCC 20780 Class A.
6L and 6M (non-strappable 165-265 VAC
input, version “3” only) meet FCC 20780
Class B and VDE 0871 Class A.

X: Powertec assigned revision letter when

Case Gr ded, | I 10MQ
Leakage—1mA (3mA with Option B)

applicable.

7: INPUT VOLTAGES (3 or 7)

-2. Available all models
Meets all -1 specifications plus the followin C|nss | Non-SELV:
VDE 7300,VDE 804 1 VDE 806 10,|EC 380 10,|EC 435

*Qualification Type Test —
May require dlsconnectmg

3. 165to 265 VAC (47-63 Hz); 6L, 6M only
7. 90to 132 VAC (47-63 Hz) and 180 to

H|pot—lnput to Output: 3500 VDC' 1500 vDC**
Inputto Case: 2100VDC* 1500 VDC**
Outputto Case: 750VDC* 500 VDC**

Creepage/Clearance—Primary to Secondary: 3 mm

anary to Case: 3mm

Case Gr ded, Insul 10MQ

Leakage—1mA (3rnA with Option B)

SAFETY and INPUT VOLTAGE (See “Order Information” above.)

ACINPUTS
Brown Out—Regulates through short term line dips to at least 85
or 160 VAC.

Inrush Current—Limited to 4X operating current to prevent
nuisance tripping of protective circuit breakers and fuses.

safety

Turn On Time—0.2 sec. max. for power up.

Undervoltage Inhibit—Protected against malfunction due to AC
undervoltage operation.

DC OUTPUTS

Adjustments—( = % of nominal voltage.)

All Main Outputs: *+ 10%.

6J & 6M Auxiliaries; A,B,C,D,F G: + 10%.

6J & 6M Auxiliaries; K,L, P U, Y: + 5%, — 2%.

All 6E, 6F & ““M" Auxiliaries: + 5%.
Line Regulation—6J, 6L, 6M: 5 mV or 0.1% over input range. 6E
and 6F: + 0.2% over input range.
Load Regulation—10 mV or 0.2% at any load up to 100% of rated
load with remote sense connected; 0.2 mV/amp with internal
sense; auxiliary modules with internal sense are 3 mV/amp.
Dynamic Response—A step load change of + 25% of rated max$
will cause a max. deviation of 3%. Output will recover to within
0.1% of nominal in 400 usec.
Thermal Regulation— + 0.02%/°C over operating range.
Ripple & Noise—See Selector Guide on page 2. Measured on 20
MHz scope via X1 probe having 4 inch maximum return lead.

Hold-up Time—Fully loaded outputs remain within regulation for
20 msec. minimum for the 6E and 6F following the last line voltage
peak, measured from either 115 VAC or 230 VAC. Other values of
hold-up are noted as follows:

HOLD-UP TIME vs. INPUT VOLTAGE (GJ 6L, 6M)

~ VinCODE 7 8, 7
B NOMINALVAC 90 | 115 165 180 208 230
[ HOLD UP(msec) 10 30 5 10 20 30

Efficiency—Exceeds 75% typlcally

Loading vs. Temperature—100% rated load from 0 to 50°C.
Derate linearly to 50% at 70°C.

Current Limiting—Foldback type, with automatic recovery upon
removal of overload.

components tled (o case.
**Production Test

264 VAC (47-63 Hz) field selectable:
6E, 6F, 6J, 6L, 6M

Note: For 400 Hz operation
contact factory.

OVER VOLTAGE PROTECTION
OVP Inverter Shut-down (Standard)—AIll outputs: Initiates
inverter shut-down and latches supply off. Trip point at output
terminals are factory set within the followmg windows:

T TR T = T _amg |
5v \ 12V 15V 24V7 48V

| 17-19V | 27-29V | 54-57V |

NOMINAL OUTPUT v
TRIPWINDOW 2 8-3. 2V 6.5-6. 5-6. 9V 14- 16V

Remove AC input for 30 sec. to restore operation.

OVP Crowbar—An SCR crowbar across the output terminals short

circuits output to protect load against excessive voltage. 6E, 6F,

6L, 6M have crowbar on main outputs. 6E, 6F auxiliaries and 6J, 6L,
6M low current auxiliaries (e.g. P) also have crowbar. All others have
inverter shut-down.

REVERSE VOLTAGE PROTECTION
Main outputs protected up to rated load. Auxiliary outputs
protected to 50% rated load.

REMOTE SENSE
Separate sense terminals will accommodate a cable drop of 0.5
VDC. (See Note 1.) Internal circuitry protects load if sense lines are
opened or shorted.
Margining: Fixed internal resistors can be installed to permit
adjustments up to + 10% for main output. Contact factory
regarding auxiliaries.

POWER FAIL SIGNAL
(Option)—Following the loss of AC input, a TTL compatible signal
referenced to the negative terminal of the main output will change
from high to low at least 2 msec. before the loss of output.

POWER GOOD SIGNAL (Standard Option of 6L and 6M)
(Option)—A TTL compatible signal referenced to the main
negative output terminal will change from high to low if the output
voltage deviates more than + 4% from nominal.

LOGIC INHIBIT
6J, 6L, 6M: A TTL high signal referenced to the negative output
terminal inhibits the output; a TTL low, or open input, enables the
output.
6E, 6F: TTL low inhibits output.
Total Power Supply: Shut-down all outputs when main outputis
inhibited. Standard on all models.
Auxiliary Output: 6L, 6M: Total shut-down of individual output.
6J: Less than 1 volt.

WARRANTY—1 year

1 sl

possibility exists that an operator (mai e per
can come into physical contact with the power supply or its load
terminals.

11.The Desi ti he voltage and current ou!put specs

14.CSA logo added upon request. Powertec has been granted self-
certification status by CSA.

15.When maximum auxiliary power is being used as shown in the Power
Package Selector Guide, the load on the main output must be the
foll ercentage of the “Total Package Output Power”

provided (NOT THE LOCATlON) Powenec must determine the |
of the auxiliaries.

12.Model (Power Package) in which the auxiliary module specifications
are applicable.

13.Number of one-space-wide 2 spaces avnllable for auxllmry modules.
Corresponds to “Auxiliary S o) P of the Auxiliary
Module Selector Guide.

]
rating at £50°C: (6E: 8%), (6F: 6.5%), (6J: 10%), (6L, 6M: 7.5%). Lacking
the above, auxiliary output voltages will decrease. Less minimum
power on the main |s reqmred with roduced auxiliary loads.

16.0ther volt on special order.
17.40°C ratmgs Hold -up time is 70% of specification. Minimum low line
input voltage is 5% higher than specified. MM7 October 1984

Contact Factory to Obtain Powertec’s Free Loose-Leaf Binder/Catalog to Which
You May Add This and Other Product Brochures Which Are Published Monthly.




MultiMod Package Specifications

See SuperSwitcher™ Family (9 Series) For Single Output Switchers From 400 to 1680 Watts.
See ValuSwitcher™ Family (19 Series) For Other Multiple Output Switchers From 50 to 400 Watts.

MODEL 6E/6F

AIR FLOW FOR 6F ONLY

/\ — - 6F ONLY
- —— » - -— -
; U ‘ ~5
i | | 2.35 MAX
5.1 MAX. ' MTG. HOLE LOCATION TYP. BOTH SIDES § ; ; ; | BF ONLY
6F ONLY | s z c o oo |
AC - [2] 2 B— +S
: ke gg-g—|v1
1.50] 275 Gnp - ) o [@]—f@ ——{rn
]! NH-S] N\ 8 §—= f-s
] (] O, - #1032
| L J PWR S-+48  STUDS
38 -‘ —— 1100 —— FAIL 5V MAIN
- 0 - #6-32 TERM. SCREWS
25 o e — 525 -
F [o——— —o———— — a1
i
‘ ‘ | MTG. SCREWS #6-32
1 MAX. SCREW PENETRATION .25
762 | 7.00
) WEIGHT: 8 LB. (6E)
8.4 LB. WITH COVER (6E)
|
‘ | WEIGHT: 10 LB, (6F)
| |
v Lo ° —5 1 DIMENSIONS IN INCHES
L}
e s — o b

MODEL 6JA/6JB

6-32 TERM. SCREWS

Note: 6JA has up to 4 channels
6JB has up to 3 channels only
OUTPUT STUDS #5/16 x 18 ——

! %”
4.00 ?' 5.00
| | T
Pl — :
5{’ | | &
VOLT ADJ. \
= - T3P\
T T L L
[ I ¥ £ moLex connecTon
! Bl | #1625-6 MATES WITH
¥ A Y | PLUG #03-08-2081 \
| [ \\
b ‘ b] | MOLEX CONNECTOR —
3 P #2004 MATES WITH
AIR FLOW ?EL PLUG #03-06-2044
‘ . MTG. SCREWS #8-32
113
¥ 4 WEIGHT: 15 Ibs.
- 11.00 *.80 = DIMENSIONS IN INCHES

NOTE: The locations for the specified auxiliaries must be determined by Powertec.

MODEL 6L/6M

6-32 TERM. SCREWS

Channel #1
Channel #2
Channe! #3
Channel #4
OuTPUT
STUDS

#5/16 x 18

MOLEX CONNECTOR

6L/6M MAIN
4
7f[O00)1
000
9|00O0]s

6

FUNCTION JACK (MOLEX) PIN-OUTS

1. +Sense 4. -Sense
2. Program 5.N/C
3. Program 6. Inhibit

6J MAIN, 6L/6M AUXILIARIES

6J MAIN (CH.1)

e 2.90 —ote -
—— st | g 4(50)1 1. +Sense 4.-Sense 1. +Sense
.75 % j——6.75 — L vout apy. Tvp 2. Program 5.N/C 2.N/C
| T | MOLEX CONNECTOR (O} @) 3. Program 6. Inhibit 3.N/C
y #1625-6 MATES WITH O O
—o & . @ PLUG #03-06-2061 6 3
el | | AIRFLOW |
8.00 \ 1 ‘ !:’;> WEIGHT: 19 Ibs. 6J AUXILIARIES
|
| ss | 1 1 2 1.+Sense 3. Inhibit
[ 2. —Sense 4.N/C
} [ — MTG. SCREWS 0 .
. | w832
l 71.;3 | INS IN INCHES O O
3 4

7.N/C
8.N/C
9.N/C

6L /6M AUXILIARIES

4. -Sense
5.N/C
6. Inhibit

Contact Factory to Obtain Powertec’s Free Loose-Leaf Binder/Catalog to Which
You May Add This and Other Product Brochures Which Are Published Monthly.

MM7 October 1984

POWERTEC

Powertec, Inc., 20550 Nordhoff Street, Chatsworth, California 91311-6168 « (818) 882-0004 « TWX 910-494-2092



“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

CIRCLE 42
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As an entertainment system designer, you
know that today’s electronics technology
permits the generation of CRT-displayed
graphics with all the fidelity of a first-
quality color motion picture; but until
now, not at a price economically feasible
for low- and medium-priced entertainment
equipment.

High-quality graphics generators have
required a stack of printed circuit boards
densely packed with SSI/MSI integrated
circuits at a cost well beyond sensible bud-
gets for low-cost microcomputer systems.
This has caused the majority of graphics
displays for popularly-priced entertainment
systems to suffer from limited resolution
and color selectivity.

New high-quality graphics at a
remarkably low cost.

Entertainment systems can be vastly
improved now with design-in support and
low-cost technologies from Motorola. For
colorful, high-resolution graphics in home
video and computer games where realistic
computer animation is needed, there's
Motorola’s cost-effective Raster Memory
System (RMS). This available-under-$20
in-production-volume chip set at last makes

professional, quality graphics affordable
for your next entertainment system.

Using only two chips, the RMS, under
MPU control, converts a graphics program
stored in memory into the complex video
stream that can produce high-quality dis-
plays on the CRT. At an astonishingly low
cost. No longer is expensive static display
RAM needed. The RMS utilizes system
memory comprised of industry-standard
DRAM with capacities ranging from 16K
to 1M bytes.

With the RMS you can select 32 colors
from a universe of 4096 shades to use on
a virtual accommodating and smooth
scrolling screen.

With the advent of the RMS, graphics
quality is now primarily dependent on
the sophistication of the software, the
amount of memory available and the
power of the MPU.

A range of MPUs for every
entertainment application.

The RMS chip is designed to operate
with a wide range of processors including
three of Motorola's powerful MPUs: the
8-bit MC6809, the 8/16-bit MC68008 and
the 16/32-bit MC68000.

Motorola’s MC6809 MPU has the most
complete set of addressing modes available
on any 8-bit microprocessor today and

interfaces with over fifty M6800 periph-
erals. In addition, you're never locked into
a specific design with an upward source-
code compatible instruction set.

The MC68008 MPU allows the design
of cost-effective systems using 8-bit data
buses while providing the system through-
put benefits of a 32-bit microprocessor
architecture. The performance of the
MC68008 is greater than any 8-bit micro-
processor and superior even to several
16-bit microprocessors.

The industry-leading MC68000 is a
fully-implemented 16-bit microprocessor
with 32-bit registers, a rich instruction set
and versatile addressing modes.

With this line of compatible processors,
you'll satisfy all the price/performance
tradeoffs in your design requirements.
Modulators and encoders
give the big picture.

For supplying signals to color monitors,
Motorola supplies a full line of modulators
and industry-standard encoder circuits.

The MC1374 is a TV modulator circuit
that packs an FM audio modulator, sound
carrier oscillator, RF oscillator, and RF
dual input modulator all on one low cost
chip. It is designed to generate a TV signal



from both audio and video inputs. The
MC1374’s wide dynamic range and low
distortion make it particularly well-
suited for applications such as video tape
recorders, video disc players, TV games
and subscription decoders.

The MC1377 is a color television RGB-
to-PAL/NTSC encoder used to generate a
composite TV signal from baseband red,
blue, green and sync inputs. It is ideal for
encoding signals from color cameras and
graphics generators.

Opening new markets
with AM stereo.

Radio designers are noting the signi-
ficant advantages AM stereo has over FM
in range of coverage and fade resistance.

Motorola's CQUAM® (Compatible
Quadrature Amplitude Modulation) AM
stereo decoder is a complete one-chip full-
feature AM stereo decoding and pilot
detection system. It employs full-wave
envelope signal detection at all times for
the L+R signal, and decodes L—R signals
only in the presence of a valid stereo
transmission. The MC13020P needs no
adjustments, uses no coils and has few
peripheral components.

In the absence of a good stereo signal,
CQUAMP® produces an undegraded mon-

aural output for existing radios. When
both channels are modulated the noise
increase in stereo is a maximum of
3.0dB.... even less on program material.

Years of refinement have made
Motorola's CQUAM® the leading con-
tender in the race for a “world standard”
in AM stereo systems. Even with four
FCC approved competitors, Motorola’s
CQUAM® has captured more than 140
new AM stereo stations this year and
leads in production with over nine major
manufacturers.

Talk engineer to engineer.

Motorola has tripled the number of
application engineers it has throughout the
U.S. and Canada.

Each has the expertise in emerging semi-
conductor technologies that can electrify
your new entertainment design ideas. Call
1-800-521-6274 and discuss your appli-
cations. Any time between 9 A.M. East
Coast and 5 PM. West Coast time, week-
days. Toll free. Talk to our specialists.
They'll discuss your applications and get
you in touch with a field application
engineer who'll in person describe in depth
The RMS system can simultaneously display any
32 colors from its palette of 4096 colors in adjacent

pixels. The above illustration is a continuous tone
artist’s representation.

CQUAM is a registered trademark of Motorola Inc.

how Motorola products can bring new
excitement to your entertainment designs
at minimum cost.

1-:800-521-624

Wait'll you hear what we have in store
for your new design. Be it in entertainment
equipment, industrial or office automation,
voice/data communication, or any other
electronics-driven industry, we'll work with
you at any level of chip, board or box inte-
gration through the industry’s premier
technical field organization.

A Motorola semicunductor field applica-
tion engineer is in the right location with
the right expertise to help you.

Call usoniit.

One call. One source.
For all your
semiconductor
needs. Motorola
Semiconductor
Products, Inc.

PO. Box 20912,
Phoenix, AZ 85036.

Were
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A New World of Products

Mil-Spec Approved
Low Profile Resistor Networks

® Mil qualification approval per
MIL-R-83401 in all pin styles,
/07 (6-pin), /08 (8-pin), /09 (10-pin)

¢ Both pull-up (C) and terminator (G)
configurations

® Tolerances: F(£ 1%), G+ 2%) and
J[+5%)

e Temp coefficient // Resistance Range:

K: =100 PPM/°C // 47.5t0 1 MQ
M: £300 PPM/°C// 10.0to 1 MQ

CIRCLE 135

Low ESR Computer Grade

Aluminum Electrolytic Capacitor-

Series 3189

® nnovative non-DMF electrolyte &
new construction techniques
provide lowest ESR ever offered

* Improved ripple current capability

e Operating life: 1000 hrs. at 85°C
with full rated DC voltage

® Capacitance: 0.0032 to 0.76F

® \Joltage range: 5 to 75 WVDC

e 38 std. case sizes from 13,” to 3" dia.

e Operating temp: —40° to +85°C

e Offered in PCB mounting configu-
ration or with std. screw terminals

® A 2000 hr. long life version (Series
3190) also available

CIRCLE 136

- >

Commercial SMD (Chip) Resistor—

Series 9C

* |deal for use with high speed,
automatic placement equipment

® Provides dramatic reduction of PCB
real estate in new designs

¢ International std. size: 1.6 X 3.2 mm

® Power Rating: 1/8w @ 70°C

® Tolerance // Resistance //  TCR

% Q PPM/°C
o | 10to 1M + 100
+5 10to 1M + 200

+10 1.ZMto I0M 200
Zero ohm unit is also available
* Bulk or tape and reel packaging
CIRCLE 137
Corporate Headquarters
Columbia Rd., Morristown, NJ 07960
(201) 539-2000 TWX 710/986/7437

Reliability across the board

Mepco//Electra

A NORTH AMERICAN PHILIPS COMPANY



INTERNATIONAL NEWSHRONT

Array chip’s eight cells
build custom filters
to eighth order and higher

In a method drawing on gate-array techniques,
a switched-capacitor filter’s properties
can be spelled out during final metallization.

y specifying the sep-
Barate partsof a

switched-capacitor fil-
ter during the final metalli-
zation stage of a prediffused
and prewired structure, an
eight-cell CMOS array can
create virtually any type of a
filter —as high as the eighth
order. A cascaded arrange-
ment of the arrays can pro-
duce even higher-order fil-
ters.

The array chip drifts less
and holds tighter tolerances
than comparable filters,
many of which depend on ex-
ternal resistors for the re-
quired filtering character-
istics. Furthermore, unlike
software-programmable fil-
ters, which demand registers
and decoders, the cells also oc-
cupy far less chip space. Per-
haps the most rewarding as-
pect, it slashes design time to
one-fourth the six to eight
months required for totally
custom filters.

Developed at Thomson
Semiconductors (Grenoble,
France), the array chip can be

Mitch Beedie

cascaded in combinations of
two basic cells: one for filters
with an odd number of stages,
the other for filters with an
even number.

With or without

Each cell’s inputs feed a
CMOS transconductance
operational amplifier and an
integrating capacitor (see the
figure). Inputs I,, I, and I; can
be weighted or added to or
subtracted from one another.
By connecting two clock
phases from the on-chip
generator to switches input
lines I, through I (or I, in
even-stage filters), the inputs
can be selected for inverting
or noninverting integra-
tion, with or without a pro-
grammed delay.

A filter’s cutoff frequen-
cy—ranging from a few hertz
to about fifty kilohertz—is
set by the ratio between the
sampling frequency and the
filter rate, both of which
derive from an external oscil-
lator. The internal clock gen-
erator is essentially a mask-
programmable divider that
converts the external clock in-

to the filter’s internal one.
Internal level shifters work
with TTL clock inputs.

Extra op amps

Two uncommitted op amps
on the 8.5-mm?chip afford ex-
tra gain and output current.
Alternatively, they can be
used in prefiltering or post-
filtering setups.

With the easily customized
arrays, designers can create
entire families of low-pass,
high-pass and band-pass ver-
sions of Butterworth, Cauer,
and Chebyshev filters. Thom-
son also plans to use the
arrays for standard filters.o
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To customize high-order
switched-capacitor filters with
an eight-cell array chip, design-
ers can specify interconnections
and capacitance value during fi-
nal metallization of a cell for an
odd number of stages (a) and for
an even number (b). By con-
necting the chip’s clock gener-
ator to switches, the outputs can
be inverting or noninverting.
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Ferranti covers

the small

signal mosfet

market from
NtoP

Offering one of the most comprehensive
ranges of small signal mosfets, Ferranti Semi-
conductors covers the market with a comple-
mentary line of N & P channel devices.

Our advanced production techniques,
coupled with years of semiconductor manufac-
turing experience, help us achieve excellent
production yields. This, in turn, enables us to
produce extremely cost-effective mosfets.

The benefits to our customers are highly
competitive pricing, readily available products
and short lead times.

Product specifications range from break-
down voltages (BVdss) of 20 to 350 volts and
current handling capability (Id) of up to 4
amps continuous. And, due to the unique Fer-
ranti mosfet design structure, low threshold,
low leakage and high-speed devices are avail-
able as standard products.

We’d like to send you our free mosfet
package, which includes a Product Selection
Guide, Application Notes and a complete Small
Signal Data Book. Call us at (516) 543-0200 or
complete and return the coupon below.

FERRANTI

semiconductors

Yes, I'd like to

P~
receive your free \(
mosfet package. “fé?/ -

Name
Title

Company
Address
City/State/Zip
Phone_( )

Detach and mail to: Ferranti Semiconductors
87 Modular Avenue, Commack, NY 11725

i
e i s s s i s
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INTERNATIONAL MEETINGS

Cadcam International Show, Jan.
8-10. National Exhibition Centre, Bir-
mingham, England. Peter Walker or
Landy Hashimi, PWA, 32 Fitzroy
Square, London W1P 5HH; (01) 388-
9871.

Micro-Computer ’85, Jan. 29-Feb. 3.
Frankfurt, West Germany. Philippe
Hans, German American Chamber of
Commerce, 666 5th Ave., New York,
N.Y. 10103; (212) 974-8856.

Middle East Electricity and Elec-
tronics Exhibition, Feb. 2-6. Jeddah
Expo Center, Kingdom of Saudi Arabia.
Len Bennett, Logistics, 237 Park Ave.,
21st floor, New York, N.Y. 10017; (212)
551-3530.

AFIPS-Asia ’84, Feb. 14-March 2.
m.v. World Wide Expo, Tokyo, Osaka,
Kitakyushu, Taipai, Hong Kong and
Singapore. AFIPS, 1899 Preston White
Drive, Reston, Va. 22091; (703) 620-8926.

Autotech Hong Kong ’85, March 7-8.
Hong Kong. Autotech Hong Kong ’85,
Hong Kong Productivity Center, 12th
floor, World Commerce Center, 11 Can-
ton Road, Tsimshatsui, Hong Kong;
3-7235656.

Componentes Electronicos ’85,

Automatic Testing and Test Meas-
urement ’85, March 19-21. Rhein-
Main-Halle, Wiesbaden, West Ger-
many. Network Events Ltd., Printers
Mews, Market Hill, Buckingham, MK18
1JX, England; (0280) 815226.

Networking ’85, March 23-31. Tokyo,
Japan. Brad Ketchum, INC. Publishing
Corp., 38 Commercial Wharf, Boston,
Mass. 02110; (617) 227-4700 or Aki Tsu-
rukame, Pacific Catalyst Group, 650
Grand Ave., Suite 1004, Los Angeles,
Calif. 90017; (213) 614-0049.

IEEE Infocom ’85, March 25-28.
Washington, D.C. Celia L. Desmond,
IEEE Infocom 85, Room 1855, 160 Elgin
St., Ottowa, Ont., Canada K1G 3J4;
(613) 239-4510.

Bit ’85 Computer Show and Confer-
ence, March 26-29. National Ex-
hibition Centre, Birmingham, England.
Cahners Exhibitions Ltd., Chatsworth
House, 59 London Road, Twickenham,
London TW1 3SZ, England; (01) 891-
5051.

Comdex In Japan, March 26-28.
Tokyo International Trade Center,
Tokyo, Japan. Milton Berns, The Inter-
face Group Inc., 300 First Ave., Need-

2-way 90"

plitters

1.4 10 450 MHz
from $1295 5.4,

IN STOCK. .

« over 50 models available
» octave and narrow-band designs

* quadrature performance
tightly controlled

 hermetically sealed
* MIL-P-23971 performance*
* one-year guarantee
*Units are not QPL listed
2-WAY 90° SPECIFICATIONS

® jsolation 22 dB typ.

® avg. insertion loss 0.4 dB typ.

e 90° phase deviation <2 deg. typ.
e amplitude unbalance <1.2 dB typ.

.IMMEDIATE DELIVERY

March 12-15. Mexico City, Mexico, ham, Mass. 02194; (617) 449-6600. Freq. Range Price
March 19-22, Guadalajara, Jal., Mexico. MODEL MHz $Ea.
Raquel Polo, United States Trade Cen-
ter, Liverpool 31 Col, Juarez 06600, ~ 32nd International Electronics, En- FoLAYa . 15-1d 125
Mexico, D.F.; or PO Box 3087, Laredo,  ergy and Aerospace Exhibition (Rie- PSCQ-2-3.4 30-38 16.95
Texas 73044. na), March 26-31. Rome, Italy. Riena, PSCQ-2-6.4 58-70 12.95
Via Crescenzio 9, 00193 Rome, Italy; (06) PSCQ-2-7.5 7.0-8.0 12.95
The Scottish Computer Show and  6569343/4/5. PSCQ-2-10.5 9.0-11.0 12.95
Conference, March 12-14. Anderston PSCQ-2-13 12-14 12.95
el ’ 9. 12-16 16.95
Exhibition Centre, Albany Hotel and Internepcon/Semiconductor Inter- PSCQ-2-14 e
Holiday Inn Hotel, Glasgow, Scotland. national, March 27-30. Korea Ex- PSCQ-2-21.4 20-23 12.9
Cahners Exhibitions Ltd., Chatsworth hibition Center (Koex), Seoul, Korea. PSCQ-2-50 25-50 19.95
House, 59 London Road, Twickenham, Cahners Exposition Group, 7315 Wis- PSCQ-2-70 40-70 19.95
London TWI 3SZ, England; (01)  consin Ave., PO Box 7007, Washington, PSCQ-2-90 55-90 19.95
891-5051. D.C. 20088; (301) 657-3090. PSCQ-2-120 80-120 19.95
PSCQ-2-180 120-180 19.95
China Tronic ’85, March 14-19. Tian- ; o R . PSCQ-2-250 150 - 250 19.95
jin Exhibition Centre, Tianjin, Peoples’ ~ UBix Systems Expositions '35, April PSCQ-2-400 250 - 400 19.95
Republic of China. Asdale Exhibition 24 Palais des Congres, Paris, France. PSCQ-2-450 350 - 450 19.95

Services, 109-111 Gloucester Road, 21st
floor, Wanchai, Hong Kong; 5-8920511.

Comtel ’85, March 18-20. Infomart,
Dallas, Texas. Comtel ’85, International
Computer & Telecommunications Con-
ference, 5080 Spectrum Drive, Suite
T07E, Box 17, Dallas, Texas 75248; (214)

Networks Events Limited, Printer
Mews, Market Hill, Buckingham, MD18
1JK, England; (0280) 815226.

Electronics and Electrical Engineer-
ing Exhibition, April 17-24. Hanover,
West Germany. Hanover Fairs, PO Box
338, Whitehouse, N.J. 08888; (800)

Call or write for 64-page
RF Designers Guide or referto EEM,

EBG, Gold Book, Microwaves & RF Directories.

finding new ways
setting higher standards

[J Mini-Circuits

A Dmsnon of o
World's largest of Double M:xers

P.0. Box 166, B’klyn, N.Y. 11235 (718) 934-4500
C99-3REV. ORIG.

631-6482.

526-5978 or (201) 534-9044.
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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 » CMOS Peripheral Interface ICs * CMOS A/D Converters

¢ CMOS EPROMs s CMOS LCD Dirivers * CMOS Logic

* LCD Displays

If youre planning some new “dream” product design
(perhaps a computer that fifs in a matchox), 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, Lid.

Semiconductor and IC Sales and Service Division
2210 O'Toole Avenue

San Jose, CA 95131
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Gould AMI. .. Innovation and Quality in Semiconductors

The wrong CAD software
can really burn you up.




Do your best designers’ best efforts sometimes go
up in smoke?

Your trouble could be CAD software-too
complex, too piecemeal, or too poorly integrated
to do the job. But there’s no problem with Gould
AMI software —the industry’s most comprehensive

for gate array, standard cell and full custom designs.

CAD software for the real world.
Gould AMI CAD software was developed in a

demanding design engineering environment—our
own. It's fast and easy to help designers meet
tough deadlines. And it provides a smooth flow of
vital information into our silicon foundry.

It cuts error-causing tedium, too. Your logic
description is entered only once, then retrieved as
needed-even for converting from a gate array or
standard cell to a full custom design. Displayed
commands make schematic editing easy. And
logic simulation, design verification, placement
and routing are all automated.

It’s actually hard to make a mistake.

Hierarchical layout tools let you work on the circuit
design in small, easy-to-manage blocks. “Correct-
by-construction” software ensures that you detect
and correct design rule errors as they occur. And
you can generate test programs and functional
test patterns in no time.

All you need is a DEC VAX™ or Prime® com-
puter. You can even use Gould AMI CAD software
to correct the lack of power you often find in
popular workstations.

For details on bundled packages or individual
programs, please call 408-554-2311. Or mail the
coupon. Because if the job is having the right CAD
software, Gould AMI is right for the job.

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

Now, you’re cooking!
I Tell me about your CAD:

[ Software and macros for gate arrays.

O Software and cells for standard cell designs.
[ Software for full custom designs.

O Training programs.

O Have a field engineer contact me.

Name

Title
Company
Address
(City/S)tate/Zip
Phone

M/S

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

ED 12/13

= GOULD
AIM‘I Semiconductors



More Compet

than Ever.

£

Our New Line of

Linear Power Supp

Offers both Additional
international Features
and Additional Savings.

The Worldwide Series

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 e P.0. Box 15447
Santa Ana, California 92705
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Computers, Peripherals,
Instrumentation, Communications,
Medical Electronics...

Our switchers are as good as gold
In all these applications and markets.

But it doesn’t end there. For
many years, Standard Power
has designed and manufac-
tured switching power sup-
plies. In fact, our SWS Series
of regulated switchers repre-
sents a third-generation
power system—a design
using @ minimum number of
components, with 100 per-
cent burn-in, which means
reliability. And that'’s critical to
your system’s reliability .
That's why Standard Power
switchers keep showing up

in applications like process
controllers, test equipment,
telephone switching systems,
such computer peripherals as
drives, terminals, tapes and
printers, document sorting
equipment and machine tools.
The SWS Series includes
25 models—single, triple and
quadruple outputs—in a power
range from 150 to 250 watts.
Each unit features line and
load regulation at .2 percent
each, built-in overvoltage
protection and remote voltage
sense on the main output, 20
millisecond holdup time and

UL recognition.

In addition, we were the
first manufacturer to sell
power supplies through elec-
tronic distribution. Today,
more than 120 distributor
locations stock our power
supplies for off-the-shelf
delivery. So go ahead and
specify Standard Power . . .
the quality switcher that'’s
available.

To receive a free copy of
our 32-page catalog, circle
the reader service number
or send us a note on your
letterhead.

STANDARD POWER Inc.
A SUBSIDIARY OF
Acme Electric Corporation

1400 So. Village Way e P.0. Box 15547
Santa Ana, California 92705
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Omron'’s line of manual switches includes lighted
pushbuttons and mechanical keyswitches.

Through advanced
manufacturing technology,
we're keeping an eye on
quality without letting
production costs get out

of sight.

Look to Omron for the
state-of-the-art in component
manufacturing.

Our totally automated assembly
lines are helping us produce
more than 700,000,000 relays and

Quality. antity. !

switches per year. Advanced com-
puter monitoring systems are
scanning continuously for the
slightest variations between prod-
ucts at every stage of production.
Through our advanced Q.A. sys-
tems, we're holding tolerances

so tight that, in many cases,

we’ve completely eliminated a
customer’s need for incoming
inspections.

Our expertise in high-volume pro-
duction of “standardized” com-
ponents helps us hold the line on

costs. And those manufacturing
efficiencies are reflected in the
quality and cost-savings we pass
on to our customers.

How an electronic component is
made tells you a lot about per-
formance, reliability and cost.
That’s why we'd like to show you
a short video presentation of our
manufacturing capabilities. Please
call 1-800-621-6413.

In Illinois: 312-262-7783.

OMRON

snap-action, thumbwheel, illuminated, key. DIP switches - printed circuit board, general purpose, power, solid-state relays - photomicrosensors

CIRCLE 48 FOR MORE INFORMATION
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We're in control



Design-in a “SMART”
110/300/1200 bps modem

A Complete Communications Solution Built
into Your Product

Now you can design a “SMART" Bell 212A

modem into your product by simply mounting one

of Cermetek’s CH1765 modem component

modules on your printed circuit board. The modem

is a complete low cost, communications solution — that
includes such features as auto-dialing and auto-
answering. The CH1765 has a FCC registered telephone
line interface and needs only a UART or USART, an R] 11C
phone jack, and power (+5, +12, -12 volt) connection.

Small Size and Compatibility are

Key Features

This complete modem mounts onto your board, taking
only 16 square inches of space. The CH1765 is a Bell
212A compatible and will communicate with all

SMARTMODEM 1200 is a trademark of
Hayes Microcomputer Products, Inc.
®Registered trademark of AT&T

Just call us at (408) 752-5000 for our nearest dealer location.
Dealer and distributor inquiries invited.

CERMETEK MICROELECTRONICS INC.
1308 Borregas Ave., Sunnyvale, CA 94088-3565

commonly used 110, 300 or 1200 bps modems. The
CHI1765 is also Hayes Smartmodem 1200™ compat-
ible, allowing the user to select from an ever growing
base of communications software.

Easy to Use
The CH1765 automatically adapts to such

communication parameters as speed, parity, and use of /
rotary-type pulses or Touch Tone® for dialing. The
CH1765 accepts serial commands from a terminal
or computer keyboard to make the call. The
commands allow you to dial, answer, and hang-
up without the use of the telephone. In
addition, the modem enables you to monitor

a call's progress through different messages
from the modem. The messages will tell
you if the line is busy, ringing, a voice
answered, or if you have made
a successful connection.
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Build vs. buy.

/’f ‘. “ - 4

(no programming experience is

" needed) and you've got yourself

the next generation pattern

generator.

Sy .\No one but Pulse offers

=, you all the features
% youneedfortest-
ing high-speed

\ multichannel

/  devices and

/  systems.

) For all the

/ facts about our data

.,/ generator, contact

\ 2’ /" Pulse Instruments,

. " & 1234 Francisco Street,

The difference between buying >N} 25 "~
other word generators and oursis \X "/‘“~
the difference between buying y' 4 ;
a house that still needs work
and one that doesn't.

Ours doesn't.

The Pulse Data Generator  _
already has everything you  {_.—%
need for high-speed testing.

It’s got up to 64 output chan-
nels, expandable to 256.
It generates patterns
at high speed: DC
to 50 MHz on all
256. And its got a
memory depth

of 4K bits for Torrance, CA 90502.
every channel. (213) 515-5330.

Add to . After all, you really didn’t
that easy pro-§- />y want a fixer-upper, did you?
grammability }

PI-5800
Data Generator

The geneator
you don’t have to add to.
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Total
Traceability

Another first from AVX

Now, every AVX SpinGuard is laser-inscribed with its lot code as well as a
date code. That means total traceability on a commercial axial MLLC—a feature

previously available only on expensive military and hi-rel parts. And AVX brings it
to you at no extra cost.

Total traceability: Another reason why AVX sets the standards for quality
and reliability around the world.

To get your fully coded Spin Guards, contact AVX Customer Services at
(803) 448-9411. Or call your local AVX Distributor.

lot code

TAVIA

SETTING NEW STANDARDS AROUND THE WORLD
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THE CHALLENGE:

Develop a volume production yoke
with geometry tolerance of less than 1%
requiring no recorrection after assembly.

When Lee Data design engineers
were faced with the challenge of
developing a high-line-rate, high
resolution, IBM 3270-compatible
display terminal, they
knew the deflection
yoke would be a
key component.
They would re-
quire a yoke

with geometry
tolerance of less
than 1% in pro-
duction quanti-
ties. A yoke that
would not require
recorrection during
final assembly in
their plant.

So they turned to Discom. Taking
advantage of Discom’s thirteen-
plus years developing components

that have
continually raised
the state-of-the-
artin
display technology,
Lee Data engineers
were able to realize
their objectives.
Using Discom’s
patented non-
uniform conductor
distribution process,
Discom engineers
developed a specially
designed yoke to meet
Lee Data’s exacting speci-
fications. Then Discom’s full-
capability prototype lab built
prototypes for testing and
evaluation.

v

And, 'when the design
was finalized, and approved
for production, Lee Data again
turned to Discom. They knew
Discom has the ability to produce,
iN quantity, yokes that consistently
and uniformly meet design specs.

In VDT applications, as well as avi-
onics and large-screen graphics,
Discom is helping the world’s larg-
est electronics manufacturers meet
their design challenges. And often
saving them time and money in
the process. Circle the number be-
low on the reader response card,
or call (617) 692-6000 and chal-
lenge Discom.

Display Components, Incorporated
334 Littleton Road

Westford MA 01886  CIRCLE 211

. . . challenging the limits of technology.



LOW POWER, CMOS 8086
SINGLE BOARD COMPUTER

Replace Your iSBC* 86/05 and get the
Benefits of CMOS Technology Without Redesign

Compare these Key Features:

Bus Type

CPY

5V Operating Current
Operating Temperature
Supplied RAM (Bytes)

RAM Battery Back-Up On Board

Whether your application is an
existing system upgrade or a
low-power CMOS system
design, DTI's CBC 86C/O5 will
make your job easier. Full hard-
ware and soffware compatibility
with the iSBC* 86/05 allows you
to gain the low power advan-

INTEL
iSBC* 86/05

MULTIBUS*
8086
4.7 amps max.
OC 10 65YC
8K
No

tages of CMOS without sacrific-
ing system performance or your
development investment. You
even get fast nonvolatile
memory on-board, and a full-
spec MULTIBUS* interface to
maintain compatibility with ex-
isting systems.

ASK ABOUT OUR NONVOLATILE CMOS RAM FOR MULTIBUS AND LSI-11 TOO!

Above specifications taken from manufacturers’current published data.

*MULTIBUS and iSBC are trademarks of Intel Corp.
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DIVERSIFIED TECHNOLOGY
CBC 86C/05

MULTIBUS*
80C86
200 milliamps max.
G°C to 70°C
16K
Yes (2.5 yrs. data retention)

For more information regarding
the CBC 86C/0O5 CPU board, or
any of our other allFCMOS
MULTIBUS* boards, contact Bill
Long, CBC Product Manager at
(601) 856-4121.

El Diversified
Technology
An Ergon Co.

P. O. Box 748, Ridgeland, MS 39157
Telex 585326



Mounting a TO-220 power transis-
tor used to require a heck of a lot of
hardware. Spacers. Mica insula-
tors. Bushings. Solder lugs. All
adding up to considerable time
and expense.

Now consider the new isolated
TO-220 power transistor from
Panasonic. With just a screw,
washerand hex nut, you canaccom-
plish the same thing. Forget about
all the insulating hardware - it
doesn’t need any.

Its integral heat sink has a thin
resin coating, providing thermal
and electrical characteristics as
good or better than standard TO-

20 packages: up to 30K cycles
at 0° to 90°C. An
ient thermal resistance and maxi-
mum collector power dissipation
are the same as equivalent tran-
sistors, the resin-coated flange

while SOA, trans- °

actually improves free air dissi-
pation by about 17%.

A full range of isolated TO-220
power transistors is available in
all the most popular values. Also
available are isolated versions of
the TO-3 plastic power transistor
package. They’'re compatible with
all standard designs. And their
simplified mounting, coupled with
competitive prices, adds up to big
uvlngc in most any application.

With isolated TO-220 power tran-
sistors, you get optimum thermal
protection. . . without all the hard-
w.u.

For evaluation samples and
design data, write or call today:
Panasonic Industrial COmruny,
Electronic Comwnonu Division,

£

 : One Panasonic Way, Secaucus,
{ N.J.07094; (201)&8-5214.
CIRCLE 55
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NOW THE SOLUTION
TOICNOISE
IS RIGHT UNDER
YOUR DIP '

rs

INTRODUCING MICRO/Q HIGH-FREQUENCY
DECOUPLING CAPACITORS FROM ROGERS.

Rogers’ new MICRO/Q™ capacitors the performance of today's fast-rise

get to the root of IC noise problems. ICs by minimizing noise, the MICRO/Q
Save valuable real estate. And let you capacitor’s low-inductance design and
increase IC density. high-frequency performance can reduce
The first flat capacitor with the voltage and ground spikes up to 90%.
rectangular dimensions of standard Available in all standard sizes or
DIP packages, MICRO/Q fits directly custom configurations, its low impe-
under ICs or sockets. Because it shares dance and overall superior electrical
the same power and ground holes, performance will enhance the operation
there's no need to modify regular two- and reliability of virtually any board
sided or multilayer boards. Use of out- design. For all the facts, contact a
board mounting holes is optional. Rogers MICRO/Q Product Specialist

Specifically designed to optimize today at (602) 967-0624.

@ R O G E R S 'Rogers Corporation
Q/PAC Division
2400 South Roosevelt, Tempe, AZ 85282
602 967-0624

CIRCLE 57




Coming to our readers on January 10. ..
Electronic Design’s

Annual Technology Forecast

Fujitsu: World-Class
Components

" Low-Profile
. Keyboards

! Flat-Cable
PC-Board- #*™ Connectors g . il Custom
Type Relays ; i p - g i Hybrid IC’s

—ds

Cassettes and Cards FUJITSU

T venestmt NI S e v

Part of Tomorrow's 918 Sherwood Drive, Lake Bluff, IL 60044
Technology (312) 295-2610 Telex: 206196 TWX: 910-651-2259



Featuring special technology reports

covering:
ww=_ Computers == Semiconductors
===  Communications w— Software

wm=  Test and measurement ™= Packaging and components

Also in this issue:
mm= Electronic Design’s Annual Top 10 Contest
wmm= A Special Interview Section

wmm=_A Domestic Reader Recall Survey

(%laSs Components Upda

- HENBOARDS

Or if yot
problem, Fujitsu
a solution wi
wizardry unma

For years, Fujitsu has | )

the leading edge in developing

; ” .- ¥ S breakthrough, problem-solving

profile design that meets . ’ ; | ; technology. Offering companies,
ergonometric & DIN T & S [ W worldwide, uncompromising
standards for optimum prod- A : 4. quality and reliability—the result
uctivity. A special “snap- e ; b ‘ of Fujitsu’s insistence on
action” keytouch permits a quick, . | ‘ controlling, in house, every
rhythmical operation. Tactile feedback “touch” e aspect of the design and
control for adjustable key-in response. Tilt angle manufacturing process. And
adjustment for operator comfort. The result is a long delivering the highest level

life, World Class component for today’s information age. of service and absolutely competitive
Whether you need the hardware, the electronics or prices.

saciastovousacamcncaios ([N

package to your exact specifications. Call or write today.
FUJITSU

oo NI SRR
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a simulated

into silicon
demands tools
that unravel
design decisions

This, the second of two reports on computer-
aided engineering tools, picks up with the

physical realization of application-specific ICs.

The first part, which ran in the Nov. 15 issue
(p. 128), explored design capture, simulation,
and timing verification.

With the notable exception of some sil-
icon compilers, IC design tools fall into
two groups: those that help synthesize a
chip’s electrical design and those that
help transform that design into silicon.
The latter include software packages for
automatic space allocation and routing,
verification tools that check the layout
against the simulator’s net list, and cir-
cuit extractors that determine circuit
parasitics and reannotate the simula-
tion model with the corrected values.
The first IC design phase is completed
when the circuit works properly on a
simulator. Before the second phase can
begin, however, a decision must be made
on how to build the circuit in silicon.
Usually the decision favors the least




expensive alternative (Fig. 1), but the
chip’s specifications may dictate a cost-
lier choice.

For example, if speed and chip size
demand it, gate arrays must yield to
standard or even custom cells. Eco-
nomic considerations alone call for
full-custom chips only in quantities of
more than 50,000, but because only
custom ICs can fully exploit advanced
production technology, popular general-
purpose chips will continue to be hand-
optimized for another decade.

According to industry estimates, sil-
icon compilation should become the
best design choice for quantities under
10,000, but the technique is too young
for hard and fast conclusions. Tran-
sistor density ranges somewhere be-
tween gate arrays and standard cells,

although some designs have densities
reaching 85% of custom chips.

- For most OEMs, the alternatives nar-
row down to gate arrays or standard
cells. Depending on the design and the
technology, the crossover point between
gate arrays and standard cells should be
expected between a few hundred and a
few thousand copies. But designers
must keep in mind that gate arrays can
rarely use all their gates — usually they
provide only enough routing space to
connect about 80% of them. When the
designer is forced to go to the next
larger size, silicon use can drop to 40%
or so. Furthermore, if high speed is es-
sential, more expensive double-metal
arrays may be needed because they
accommodate shorter routing paths.
Some arrays also consist of uncommit-




ted transistors rather than
gates; they permit the user to
find the fastest combination
for a given need.

For smaller systems, a type
of hybrid technology is
emerging as another alterna-
tive. It employs unpackaged
ICs that are bonded to ce-
ramic substrates. Space re-
quirements average one-
tenth of those for equivalent
circuit boards, while costs run
lower than those for gate
arrays. Via Systems Inc.
(North Billerica, Mass.) of-
fers the SystemNode 120H es-
pecially for hybrid designers,
and AutoMate Design Auto-
mation Systems (Palo Alto,
Calif.) has developed an inter-
face that adapts its hybrid
design software, which nor-
mally runs on Data General
hardware, to Daisy work-

)

1. The best implementation of a logic chip is usually the one with the

stations (Fig. 2).

Because the software for pc
board and hybrid design is
quite similar to that for gate
arrays, the same CAE sys-
tems can often be used for all
three techniques, and even for
standard-cell designs, as long
as the cell shape remains
fixed. However, because their
connecting points are pre-
determined, hybrids and pe
boards have another advan-
tage: Designers need not
worry about distributing
bonding pads around the
chip’s periphery.

Down the auto route

Automatic routing pack-
ages usually consist of several
programs for different levels
of complexity. Usually,
critical signals are routed
first, which sometimes poses

lowest cost. Standard cells and gate arrays now run neck to neck, but
silicon compilers could make custom chips quite competitive.
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a problem in arrays having a
single layer of metal, where
contacts are often placed in
fixed locations. The usual
channel-routing algorithms
also run into trouble with
arrays that have no channels
but that interconnect directly
atop the active areas.

Start with the pins

Another algorithm used in
first-pass routing starts with
both pins to be connected and
then searches in the X and Y
directions until a connection
is formed or an obstacle en-
countered. In the latter case,
the “line search” algorithms
retrace and try again in a di-
rection perpendicular to the
one just tried.

Remaining connections are
completed by a “maze router”
which propagates imaginary
“waves” from one point to an-
other, along rectangular ap-
proximations to polar coordi-
nates. When the target point
is reached, the router deter-
mines the wiring path along
the unoccupied grid points
that it found as the “wave”
propagated.

Rip it up

If the maze router cannot
find a path, the rip-up-and-
retry program goes into ac-
tion. After removing the
blocking connection, this al-
gorithm first routes the con-
nection that was blocked and
then tries to find another
path for the link it ripped up.
If that fails, it restores the
original connection and asks
for human intervention. The
Cadisys software developed
by Mentor Graphics Corp.
(Beaverton, Ore.) permits



such intervention either be-
fore or after autorouting—in
the first case to assure pre-
ferred placement for the most
critical cells, in the second to
complete routing. Gould AMI
Semiconductors (Santa
Clara, Calif.) reports that
Cadisys usually completes
95% of the networks in a typ-
ical 500-network circuit on
single-metal gate arrays.

Because nearly all gate-
array vendors offer layout
support, the user can transfer
the electrical design to the
supplier if his or her own CAE
system cannot handle rout-
ing. For example, LSI Logic
(Milpitas, Calif.) executes its
400,000-line software on a
mainframe that handles 5
million instructions/s —
easily outrunning worksta-

tions. The lack of a circuit
description standard compli-
cates this step, but trans-
lation software from one
supplier’s net list to another’s
is usually available (see
“EDIF Standard Running on
Fast Track,” p. 123).
Standard-cell design has
been following gate arrays
into today’s singly powerful
workstations. A system like

2. Hybrid technology links ICs in a manner similar to pc boards, but the interconnections are produced on
ceramic substrates, to which the ICs are then bonded (magenta pads).
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the Daisy Logician can indeed
handle complex circuits (Fig.
3). But lack of in-house CAE
need not deter an engineer —
standard-cell design and lay-
out can usually be done at a
foundry’s design center or on
a simple workstation that
acts as a terminal for the
foundry’s mainframe. In fact,
with the number of standard-
cell makers now at about 20,
workstation users cannot ex-
pect to have even the major
suppliers’ offeringsin their li-
braries. Still, the choices con-
tinue to proliferate—about
half the standard-cell makers
have not only parts with the
common 3- to 5-ns gate delay,
but also 1- to 2-ns parts.
Others also list a line of cells
with gate delays between 10
and 15 ns.

No experience needed

RCA Corp.’s Solid State
Division (Somerville, N.J.) is
one company that vows to
turn engineers into standard-
cell designers—in three days.
In cooperation with Hamilton
Avnet (Culver City, Calif.), a
distributor of electronic com-
ponents, the company plans
toopen 12 design centers
within a year to assist design-
ers throughout the country.
By the way, several compa-
nies, including Texas Instru-
ments Inc. (Dallas), RCA, and
NCR Corp. (Dayton, Ohio), in-
clude analog cells in their li-
braries.

RCA’s design process is
straightforward (Fig. 4a). A
user can develop the circuit on
a workstation running a pro-
gram that converts the design
into the RCA format—for ex-
ample, the Daisy Logician.
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After downloading, RCA’s
Mimic simulator goes over
the circuit once more to make
sure it complies with RCA re-
quirements and to add fault
coverage. If testability is in-
adequate, the user is notified.
A separate fault coverage
analyzer and the Scoap test-
ability routine, the latter
from Sandia National Labo-
ratories (Albuquerque, N.M.),
are available on RCA’s work-
stations.

Under Mimic, rise and fall
delays are expressed as func-
tions of load capacitance,
thereby assuring accurate
timing. Components can
either be called up from the li-
brary or described in the
Mimic language (Fig. 4b).

After format conversion,
the APRA automatic place-
ment and routing system
takes over. It either runs au-
tomatically or accepts pre-
placement inputs to improve
density or keep critical signal
paths short. Algorithms that
automatically handle such
preplacement may soon
emerge, if work at Sandia
Laboratories and elsewhere
is successful. The designer
can add circuitry from a
Calma workstation, in which
case a program called Critic
performs a comprehensive
electrical-rule check.

Working in concert

The next step—design veri-
fication—is perhaps the most
critical in the whole design
process. A program must
check the final schematic for
correctness and determine
the actual interconnect load-
ing for another simulation
run. At RCA, this program is

IDED ENGINEER
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.

called Concert (Connectivity
Certification) because it actu-
ally checks the current net list
against the one on the Mimic
file. Photomask generation
then completes the design
process.

An ideal system would go
even further. Mitsubishi
Electric Corp., for example,
has developed in its Itami and
Karakura laboratories the
software to reconstruct the
complete circuit from photo-
mask patterns—not an easy
jobin any case. However, as
fabrication technique ap-
proach the submicron region,
parasitics become critical
enough to warrant the extra
step.

Mitsubishi calculates gate,
diffusion, and junction capac-
itance from both the parallel
and the perpendicular over-
lap of the (double-metal)
geometry adjacent to each
transistor. Toshiba Research
and Development Center
(Kawasaki) follows much the
same path with its timing
verifier, Mactis.

A circuit extractor, as such
programs are called, was also
developed at the Massachu-
setts Institute of Technology
(Cambridge). Dubbed EXCL,
it uses field equations to com-
pute both resistance and
capacitance. Not sur-
prisingly, calculations for
even a 100-transistor circuit,
decomposed into 1500 rectan-
gles, take about a minute on
Digital Equipment’s System
2060.

Such precautions will be-
come especially important for
cells with user-defined
parameters, which are used,
for example, by VLSI Tech-




EDIF standard: running on the fast track

While the number of players in the lucrative field
of CAE keeps growing, more and more time—the
engineer’s, the CPU’s—is spent converting one sup-
plier’s formats into another’s. Recognizing the ur-
gency of the problem, the leading contenders are
delegating some of their brainpower to come up
with the Electronic Design Interchange Format.

EDIF represents not so much a language in the
sense of hardware definition languages, but a for-
mat that accommodates specific languages. It will
cover all levels of application-specific IC design,
from functional definition to geometric description.
Version 1, though, specifically addresses gate
arrays and standard cell, including macro libraries
and technology information.

Logic and circuit models, macrocell layout, sche-
matic symbols, and base arrays (including plug and
socket information) all must be relayed in program
form from the foundry to the user, before the design
can start (Fig. A). The designer, on the other hand,
must send the foundry—or a remote computer, if
the design exceeds 3000 to 8000 gates—net lists and
layout information (Fig. B).

Behavioral description will be tackled later, as
will some aspects of full-custom IC design. After all,
IC makers all have their in-house standards and
few others design custom ICs at present.

The EDIF heavyweights did not start with a
blank slate: The University of California at Berke-
ley’s Lisp-like CIDF (common interchange descip-
tion format), Daisy’s Gail (gate-array interface
language), and Texas Instruments’ Tidal (TI design
automation language) represented de facto stan-
dards for which a common denominator had to be
found. Work on the EDIF has advanced so rapidly

that some companies are planning to adapt the as-
vet-unendorsed standard as early as next year.
Right now, no official standards body has an-
nounced plans to review EDIF, but chances are that
the IEEE will turn the current EDIF proposal into
an official standard.

(Cell NAND2 a
(View Topological Logic z
(Interface bD—
(Declare (INPUT PORT a b) (OUTPUT PORT z))
(Body (Figure Group SchematicSymbol)
(shape (20 0) (arc(40 0) (60 20) (40 40)) (20 40))
(circle (60 20) (70 20))
)

)

(Portimplementation a (Figure Group SchematicPort
(Path (0 30) (20 30))))

(Portimplementation b (Figure Group SchematicPort
(Path (0 10) (20 10))))
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(Path (70 20) (90 20))))
(Permutable a b)
)
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)
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(Portimplementation b (Figure Group Poly...))
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nology Inc. (Santa Clara,
Calif.) and Harris Corp. (Mel-
bourne, Fla.). The latter cal-
culates capacitance from
layout geometry but uses the
value only as lumped loading
at each node.

For the currently employed
3-t0 5-um line widths, lumped
capacitances have proven ad-
equate, but below a micro-
meter, the rise and fall delays
of the basic gates can change

PBLATY
DBLATS

DBLATY

832HCICS 3s
V22224

mid 44
, ’
:

enough to necessitate simu-
lating the real, distributed
structure—no mean feat
when tens of thousands of
components are involved. The
problem will become even
more serious with silicon
compilers, because no approx-
imate geometry is known be-
fore the actual layout.

As compiled cells and even
those that have their parame-
ters defined by the user

L—a}

&®,
\ J i
-

goie roCI¥

approach the complexity of
custom cells, conventional
layout software may have to
be supplemented with custom
layout techniques like com-
paction and ploughing. Com-
paction fits cells into a given
space by compressing an or-
iginally loose layout to a de-
sired aspect ratio. Ploughing
makes space for, say, a via, by
pushing aside existing lines
under observation of the de-

3. Integrated workstations like Daisy’s Logician can handle highly complex circuits from logic design to de-
tailed layout. The ability to view several design steps in different windows helps the system engineer tackle
the design of small circuit segments even at the mask stage.
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sign rules (Fig. 5). This tech-
nique, like many other IC
design advances, was de-
veloped at the University of
California at Berkeley and
gives routing algorithms
some much needed freedom
for standard and custom cells.
Incremental design rule
checking, essential to that
technique, is accomplished by
running the appropriate rou-
tine in the background during
routing.

An experimental tech-
nique, stemming from AT&T
Bell Laboratories (Murray
Hill, N.J.), is known as vir-
tual-grid symbolic layout. A
program dubbed Mulga as-
sembles cells that were de-
fined in anintermediate
language and laid out on a
preliminary grid. The user
describes a floorplan sym-
bolically, and the program
matches up adjacent cells by
changing their preliminary
(or virtual) grids.

Meet Freddy

From Europe comes an-
other layout system that will
shortly be distributed by
Racal-Redac (Westford,
Mass.). Running on a VAX-
backed dedicated work-
station, but scheduled for
transfer to Apollo computers,
the software was originally
developed by Inmos Ltd.
(Bristol, England) to design
the transputer and has been
nicknamed Fat Freddy. The
user describes a circuit at a
high level for two data bases,
one graphical and the other
functional. That duality flows
throughout the hierarchical
decomposition, down to the
transistor level, where each

physical component is
checked against its functional
definition and its simulated
behavior. Because the system
uses a transistor model with
25 second-order parameters,
it can accurately reflect even
such secondary character-
istics as the drain pull effect.
Although meant for full-
custom design, the software
can certainly handle standard
cellsin anintegrated environ-

Mimic
(simulating)

APAR |
(automatic ’

placement
and routing)

Critic

(ver
deslgn"ylrungs)

ment. On the other hand, it
comes so close to a silicon
compiler that it will ease the
transition for those wishing
to switch from silicon com-
pilation to custom design.
Assuming a chip design has
passed all verification steps,
an integrated CAE system
should be able to produce a
pattern-generation tape. This
step, however, is sometimes
performed by the foundry

After g
(generating i
test vectors)

4. A foundry’s CAE system for standard cells
closely resembles those used on workstations,
but the support of only one manufacturer’s thor-
oughly tested cells simplifies matters (a). Cells
are described here in the Mimic language, as
demonstrated with a Johnson counter (b).
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from net-list information,
especially in the case of gate
arrays. Often the deciding
factor in establishing the de-
signer-foundry interface
rests not so much on technical
consideration but on who will
assume rsponsibility for the
accuracy of the tests that
determine whether a chip is
labeled good or bad. Because
production-quality automatic
test equipment can cost over
$1 million, the customer only
performs spot checks. Of
course, the foundry’s tests are
only as good as the test tape; if
the tape comes from the cus-
tomer’s CAE system, the
foundry cannot be held re-
sponsible.

Furthermore, as CAE sys-

tems proliferate, foundries
cannot be expected to support
all the different formats the
workstations use, and at least
one of them —Gould AMI
Semiconductors —will only
accept those from the major
CAE suppliers. The company
points out that only high-
speed (10-MHz) test pro-
grams can find timing de-
ficiencies. But they are hard
to debug (eight weeks is not
unusual) and, if faulty, can re-
ject a good product, leading to
additional delays.

To a fault

Low-speed programs, on
the other hand, which stem
from less sophisticated CAE
stations, cannot be sped up:

Plough

AlIHIHHiHiHHiHiiy
AT

4

SEOW

5. Ploughing is a layout algorithm that simplifies local rerouting. Once
a plough is inserted in, say, a set of interconnections, it can move
them all while observing geometric design rules.
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Test vectors that occur within
the same cycle in a low-speed
system may fall into different
cycles in a faster system.

Truly integrated CAE soft-
ware develops test vectors as
a by-product of simulation
and at least one—the Logi-
cian—actually integrates test
generation with the circuit
design and verification steps.
Acting as a small expert
system with knowledge about
test procedures, the Daisy
fault simulator program,
DFS, warns the user early in
the design cycle if the test-
ability of his or her design
might jeopardize future pro-
duction. It not only tries out
its test patterns by inserting
faults in the design but also
generates reports about the
outcome of its scrutiny.

However, the currently
used fault models—primarily
stuck-at, bridge and open
faults—are no longer ade-
quate for VLSI chips, es-
pecially those implemented in
CMOS. Stuck-at-open faults
(where a gate output remains
at logic 0 regardless of input)
manifest themselves differ-
ently in CMOS from stuck-at-
closed, so that the common
but unspecified stuck-at mode
becomes inadequate for gate-
level circuit tests (see “Some
Caveats in the Workstation
Search,” p. 128).

Risky assumption

Furthermore, most fault
simulators assume that a
single stuck-at check will
catch multiple faults. That is
not necessarily true when a
single critical path is checked,
because in complex chips it
may be deeply buried in the



Development Tools That Work

Avocet cross-assemblers are fast, reliable
and user-proven in over 4 years of actual
use. Ask NASA, IBM, Xerox or the
hundreds of other organizations that use
them. Every time you see a new micro-
processor-based product, there’s a good
chance it was developed with Avocet
cross-assemblers.

Avocet cross-assemblers are easy to use.
They run on almost any personal com-
puter and process assembly language for
the most popular microprocessor families.

Your Computer Can Be A
Complete Development System

Avocet has the tools you need to enter

and assemble your soft-ware and finally
cast it in EPROM:

VEDIT Text Editor makes source code
entry a snap. Full-screen editing plus a
TECO-like command mode for advanced
tasks. Easy installation - INSTALL pro-
gram supports over 40 terminals and
personal computers. Customizable
keyboard layout. CP/M-80, CP/M-86,
MSDOS,PCIOS . ..« i s nidisivns as $150

EPROM Programmers let you pro-
gram, verify, compare, read, display
EPROMS but cost less because they
communicate through your personal
computer or terminal. No personality
modules! On-board intelligence provides
menu-based setup for 34 different
EPROMS, EEPROMS and MPUs (40-pin
devices require socket adaptors). Self-
contained unit with internal power supply,
RS-232 interface, Textool ZIF socket.
Driver software (sold separately) gives
you access to all programmer features
through your computer, lets you down-
load cross-assembler output files, copy
EPROM to disk.

Model 7228 Advanced Programmer
—Supports all PROM types listed. Super-
fast “adaptive” programming algorithm
programs 2764 in 1.1 minutes.

Model 7128 Standard Programmer —
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rithm programs 2764 in 6.8 minutes.

Model 7956 and 7956-SA Gang Pro-
grammers — Similar features to 7228,
but program as many as 8 EPROMS at
once. 7956-SA stand-alone version copies
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232 interface.
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27128,27128A, 27256, 2508, 2516, 2532, 2564, 68764,
68766, 5133, 5143. CMOS: 27C16, 27C32, 27C64,
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5213H. MPU (w/adaptor): 8748, 8748H, 8749,
8749H, 8741, 8742, 8751, 8755.

7228 Ad d Prog $ 549
7128 Standard Programmer 429
7956 Laboratory Gang Programmer 1099

7956-SA Stand-Alone Gang Programmer 879
GDX Driver Software 95

481 8748 Family Socket Adaptor 98
511 8751 Socket Adaptor 174
755 8755 Socket Adaptor 135

CABLE RS-232 Cable (specify gender) 30

Convert assembler output to
other formats for downloading to de-
velopment systems and target boards.
Also useful for examining object file,
changingload addresses, extracting parts
of files. Converts to and from Intel,
Motorola, MOS, RCA, Fairchild, Tek-
tronix, TI, Binary and HEX/ASCII Dump
formats. For CP/M, CP/M-86, MSDOS,
PCDOS i abparste-svoemiile vororiie 5 it 3 $250

Would you hire an entire band when
all you need is one instrument? Of
course not.

So why use a whole orchestra of
computers when all you need is one
to develop software for virtually any
type of micro-processor?

The secret? Avocet’s family of
cross-assemblers. With Avocet
cross-assemblers you can develop
software for practically every kind of
processor — without having to
switch to another development
system along the way!

68000 CROSS-ASSEMBLER — With
exhaustive field testing completed, our
68000 assembler is available for imme-
diate shipment. XMAC68K supports
Motorola standard assembly language for
the 68000 and 68010. Macros, cross-
reference, structured assembly statements,
instruction optimization and more. Linker
and librarian included. Comprehensive,
well-written manual.

To find out more, call us toll-free.

1-800-448-8500
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logic and thus hard to ob-
serve. For that reason, IC de-
sign techniques that simplify
testing are gaining support.

A technique known as
level-sensitive scan design
partitions a chip and inserts
register latches that capture
the state of the signal path at
the interface. Several IBM
laboratories have cooperated
in the development of a chip
partitioning aid that for-
malizes the divide-and-
conquer approach, but it is
limited to logic systems that
can be described as networks.

At AT&T Bell Laborato-
ries, a system called Titus
takes a similar approach. It
inserts scan paths for designs
of 2000 to 5000 gates in a few
hours, then automatically
generates test vectors. The
lab reports a10% to 15% in-
crease in chip sizeand a 5%
loss in speed. However, scan-
designed chips elsewhere
have been known to waste up
to 40% of their area on test
circuitry.

In practice, the logic de-
signer still must rely on com-
mon sense and experience

Because a CAE system’s fault
simulation capability is both im-
portant and hard to observe, it
typifies the difficulties in ac-
quiring a CAFE workstation. For
each of the software compo-
nents, the buyer must not only
be ready to ask many questions
but also be prepared to sample a
range of circuits, designed to in-
creasingly stress the system’s
abilities.

In addition to these major
concerns, there are lesser ones
that users of simulation pack-
ages must worry about. Some
simulators, for instance, cannot
handle system components
running at different clock
speeds. Others cannot manage
variations in rise and fall time,
and a few are even limited to one
or two IC technologies.

Because each CAE system dis-

Some caveats in the workstation search

plays even the same simulator’s
output in a different way, it is
essential to investigate the user
interface. This is especially true
because some displays have par-
ticular trouble with buses. Oth-
ers cannot be caoxed into dis-
playing functions that are not
preprogrammed, even if the
manufacturer is willing to part
with the source code. In fact,
even getting a gate-level net list
can be excruciating or impos-
sible. A good simulator should
enable the user to view a circuit
at different hierarchical levels
and to make some changes—
preferably without switching
between editors that require dif-
ferent commands. Better still, if
simulation runs as a background
task when a circuit is being re-
designed, the user can experi-
ment more efficiently.
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when adding logic dedicated
to easing the test burden. A
software system that simpli-
fies the chore and amounts to
a more grandiose form of
Daisy’s fault simulator has
been developed at the Sie-
mens Research and Technol-
ogy Laboratories (Princeton,
N.J.). Called Idas, it contains
the Cadat logic and concur-
rent fault simulator; Hector,
the actual testability ana-
lyzer; Pretest, which predicts
testing costs; and Atwig, an
automatic test pattern gener-
ator. All run on a Daisy work-
station.

One more component, Edit,
acts as the interface with the
user, highlighting in different
colors the observation and
control paths. In addition, it
automatically inserts flip-
flops in areas where fault cov-
erage is rather low, as deter-
mined by Hector’s heuristic
analysis.

Bottleneck in the making

Despite such efforts, the
preparations for chip testing
are rapidly turning into a
bottleneck for application-
specific ICs. When software
tools make it possible to de-
sign VLSI chipsindays,
spending weeks if not months
to test and debug that design
is clearly not acceptable. The
best bet to resolve the prob-
lem may well lie in fully inte-
grated CAE systems that ac-
tually cover all the design
functions—including full-
speed test design and actual
prototype testing—without
costing a million.

One such system has re-
cently been introduced by
Mentor Graphics. It consists
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of a software package, an
Apollo node like the DN 300,
and an extra chassis for the
test hardware—a 160-chan-
nel pattern generator and

logic state analyzer and 16
data acquisition channels).
The hardware verification
system not only permits the
user to design testability into

TECHNOLOGY REPORT: COMPUTER-AIDED ENGINEERING

ICs and pc boards but actually
to run developed test patterns
at clock speeds up to 10 MHz
(Fig. 6). Because the user is
working with the same

6. Mentor’s hardware verification system (HVS) serves either as a test pattern generator that highlights

changes and problems (top left) or as a logic analyzer for a prototype (center). The user programs the pat-
tern clocks according to current needs.
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WAVETEK:

Ournew function generator
makes frequencies
30 times easier to hold.

The typical function
enerator lets you dial in
requencies with +3%

accuracy. Our new Model 21
doesn’t have a dial. Instead, a
3 1/2-digit display shows you
settings over the 100uHz to
11 MHz range. And the
accuracy equals the display
resolution—an impressive
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circuit.

Push the Stabilizer button
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graphics interface format
and operating procedures as
during earlier stages of the
design, test generation and
execution do not disrupt the
continuity of the engineering
cycle.

Better relations needed

While testability and test-
ing are the most obvious
shortecomings of present CAE
systems, the most pernicious
may well turn out to be the
data-base organization. Com-
pletely hidden from the user,
data-base management nev-
ertheless determines the
performance and the expand-
ability of any data-intensive
computer application.

Because hierarchical de-
composition is widely accept-
ed as the best approach to dig-
ital system design, most data
bases in CAE systems are
hierarchical, like Unix files.
However, each component at
most levels in the hierarchy
has several aspects: A tran-
sistor, for example, has elec-
trical attributes as well as
geometric ones. One solution
was mentioned in connection
with the Inmos and RCA de-
sign systems—a dual data
base with a 1:1 relationship
among its components.

More often though, de-
signers resort to a network
schema, which can model in-
terrelated hierarchical
schemas. The price is a high
processing overhead, because
network nodes are inter-
connected via pointers that
must be updated every time a
relationship changes. On the
other hand, homogeneous
relational data bases are es-
sentially flat, because each
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tuple—or record —contains a
subsystem in each of the rela-
tion’s attributes.

Texas Tech University
(Lubbock) has worked out a
schema that combines ho-
mogeneous and hetero-
geneous relations (where
each item contains a subitem
in only one of the attributes).
While preserving relational
algebra, this approach adds
flexibility to the data base,
since each item can be broken
down either into subitems
that must be ANDed (all must
be present) or into others that
can be ORed (only one need be
present).

Because the data base is
hard to change once a system
has grown to substantial size,
CAE system designers should
start off with the most flex-
ible concept they can find.
Artificial intelligence has
produced data model that fits
the bill, because a class
system—such as Smalltalk —
accepts hierarchical object
organization with inher-
itance rules while permitting
the object to be seen with oth-
er views (also called attri-
butes, flavors, or properties).

One reason for the absence
of such data bases from CAE
systems is their link with the
Lisp language and its reputa-
tion for slow execution and
large memory. However, al-
ternative languages exist.
Mainsail, for instance, has its
origins in the Stanford arti-
ficial intelligence language
(Sail) and Mainsail is extend-
able, portable, and permits
dynamically binding. Intel
uses it for its in-house CAE.

For these reasons, the CAE
system under development at

Cericor Inc. (Salt Lake City,
Utah)is worth a closer look. It
is called actor-based because
each process requests actions
from the data base that are
specific to that task. The de-
sign guidance task, for ex-
ample, which automatically
checks loads, also displays er-
rors culled from the data base
while returning node-related
results. As can be expected,
Cericor’s Al-inspired system
pays a lot of attention to a
consistent and cooperate user
interface.

Dreaming of PC

The need for an extensive
and extendable data base, as
well as the need for high
throughput, has so far elimi-
nated personal computers
from candidacy for inte-
grated CAE systems. Simula-
tion and fault generation in
particular have proven pro-
hibitive for 8088-based
machines like the IBM PC
—generally the preferred
personal computer for engi-
neering tasks—but the 80286-
based IBM PC AT may change
that. Daisy, whose Personal
Logician has been capturing
schematics for some time, has
adapted the program to the
PC AT and plans to extend it
to simulation—an ambitious
goal if the system is to digest
more than a few dozen gates.

FutureNet Corp. (Canoga
Park, Calif.) is taking a dif-
ferent—and perhaps more
effective—approach. By add-
ing a 16032-based coprocessor
board that runs the Cadat
simulator, the system packs
the muscle of a full-fledged
workstation where it counts
the most.o
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For 15 years, Calma’s been the
big fish in a microscopic pond —
the intricate world of computer
aided IC layout.

Now we’re going into business
on a much larger scale—PCB
layout.

INTRODUCING T-BOARDS
— A BIGGER HELP.

Our new T-BOARDS" soft-
ware can give you more help than
any other PCB layout software.

What other system, for instance,
can give you fast automatic inter-
active routing of up to eight layers
simultaneously.

And automatic interactive
placement.

And on-line connectivity and
clearance checking.

And a full color view of multiple
layers.

And correct-by-construction
methodology.

All in one package.

T-BOARDS is capable of han-
dling 32"x 32!'32-layer boards, and
features pop-up menus, real-time
checks to make sure layout mirrors
design, and 1 mil precision.

BIGGER AND BIGGER HELP.
T-BOARDS alone can cut

your workload down to a manage-
able size.

But it doesn’t stop there.

When brought into Calma’s full
TEGAStation environment,
you’ll have a complete front-end
workstation system for schematic
capture, advanced simulation
and testability analysis —all using
just one database.

SERVICE AND SUPPORT—
MAYBE THE BIGGEST HELP.

For 15 years, Calma’s been put-
ting a comprehensive service and
support organization in place.

In 60 places, for that matter.

All over the world.

We offer a variety of service

Calma Company is a wholly-owned subsidiary of Gener:
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plans, hardware and software sup-
port, education programs — even
a hotline.

Red rectangle shows clearance violation.

BIG COMPANIES HAVE
BIG ADVANTAGES. ONE OF
OURS IS GE.

PCB layout systems are a long
range commitment.

No way do you want the
company you're buying them from
to fold in the short run.

Calma’s been here for 15 years —
an institution in this mercurial
business.

General Electric, our parent
company, has been here over 100
years. And firmly believes elec-
tronics is the foundation for the
next 100 years.

Giving Calma the resources
and commitment to be here much
longer.

Which, if you plan on future
growth in total automation, makes
a big difference.

Call (800) 626-2001 extension
801 for specifics.

ca|ma

al Electric Company, U.S.A. @ is a registered trademark of General Electric Company, U.S.A.
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..the price.

Access Operating Standby JEDEC 50K
Part Number Organization Time (ns) | Current(mA)| Current (uA) | Package Price
W CDM53256* 32Kx8 250 12 50 e e
CFEETY
28 pin
i CDM53128 16Kx8 250 10 50 Type B $3.00
' CDM5364 8Kx8 250 12 50 24 pin $2.50
FITT
CDM5365 8Kx8 250 12 50 2BPI | gpn
o Type B

*Available first quarter 1985. Patterns accepted 12/84.

Now, CMOS ROMs at NMOS prices.

RCA has broken the price barrier. For the firsttime,
you can buy CMOS ROMs from RCA for the same price
as NMOS ROMs.

Our new space-efficient chip cuts manufac-
turing cost. Using a new and smaller space-efficient
silicon chip, RCA has made CMOS ROMs the same
size as most NMOS ROMs—even smaller than many.
We shrank geometries down to 3u and arranged
memory cells in a NAND-stack configuration that uses
the small space more efficiently. Our costs go down, so
your price goes down.

Faster than NMOS, too.

Ata maximum access time of 250 ns, RCA ROMs
are even faster than many NMOS types. Cheaper and
faster? Well, you'd expect the breakthrough in CMOS
ROMs to come from the inventors of CMOS.

Pin-for-pin compatibility.

RCA ROMs feature the same pinouts as competi-
tive NMOS and CMOS ROMs or PROMs. They are input
and output compatible with CMOS or TTL logic. So now
it's easy to give your existing design the advantages of
CMOStechnology..lower power consumption, wider
temperature range, etc.

Pack your pattern to your RCA sales office
today. Squeeze your ROMs, before your competition
squeezes you. To put CMOS advantages in your design,
call your local RCA sales office for a price quote today.
For technical brochures and ordering information call
toll-free 800-526-2177.

Changing to serve you better.

Comparison of 128K ROMS

RCA
CMOS
25,404 sq mils

Manufacturer 1
NMOS
30,000 sq mils

Manufacturer H
CMOS
45,600 sq mils

If you would like an RCA salesperson to call on you with
detailed information on price, delivery and technical consid-
erations, please send this coupon to: RCA Solid State,

Box 2900, Somerville, NJ 08876.

End product application:

What size ROM required?

Title: Phone:

Company:

Address:

i
|
|
|
|
|
|
|
| Name:
1
l
|
|
|
L

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.



TURNING YOUR PC INTO A
FASTER TOOL FOR MODERN TIMES.

This is the 3rd 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.

H
|
i

IBM® and other compatible PC computers are
fast enough for general home and office use. But,
for hardware and software development applica-
tions, the gears turn slowly.

What you need is a faster "gear” to co-process
with the Intel 8088 inside IBM's PC. Like Zilog's
78001® CPU.Now, there's a way to increase through-
put for the IBM PC—as well as test the performance
of the Z8001 CPU for your high-performance
applications with a Z8001 CPU-based board called
the "Trump Card” from Sweet Microsystems. And

it proves dramatically how powerful Zilog's 16-bit
CPU really is.

The new device is a peripheral board that
plugs into any expansion slot on an IBM PC or
compatible PC computer. Trump Card is addressed
as an I/O device that communicates through the
expansion bus. It is powered by Zilog's Z8001 CPU.

The Trump Card increases the computational
power of the IBM PC, and provides maximum
performance with a minimum of board space.

S,

The Trump Card, shown from the front The left side of the
board contains 512 K-bytes of type-4164 dynamic RAM,; the right

side contains the Zilog Z800!1 and an interface to the IBM PC
[/O-expansion bus.




28001 COMPILER BASIC IS 80 TIMES
FASTER THAN IBM INTERPRETIVE BASIC.

Essentially a monolithic minicomputer central
processing unit, the Z8001 CPU is characterized by
an instruction set more powerful than many mini-
computers. As the programmer sees it, the Z8001
contains sixteen 16-bit general-purpose registers
(for addresses or data) that may also be used in
groups to form as many as eight 32-bit registers or
four 64-bit registers. The low-order halves of the
registers may be used for byte operations, thus the
Z8001 CPU is able to manipulate data in 8-, 16-, 32-,
and 64-bit pieces.

The Z8001 CPU, running at 10 MHz, can execute
the same programs 4 to 10 times faster than the
Intel 8088. What's more, the Z8001 CPU, with its large
8-megabyte memory range, makes the Trump
Card’s 512K bytes of memory easy to design with.
(To use this memory in the card, you simply load a
BASIC, CP/M-80, or C program from PC-DOS and
type "RUN!")

A comparison of execution times (in seconds). Running on IBM's

interpretive BASIC, a Sieve program takes 190 seconds to execute.

Running the same program under TBASIC on the Trump Card
Compiler takes only 2.4 seconds.

The eight addressing modes are register,
indirect-register, direct-address, indexed, immedi-
ate, base-address, base-indexed, and relative-
address. The instruction set utilizes data types
ranging from single bits to a 32-bit long word.
What's more, the processor executes 110 distinct
instruction types that, when permuted by all the
addressing modes and data types, create a set of
more than 400 instructions.

| INSTRUCTION |
1 U,

PROGRAM
STATUS
p— INSTRUCTION REGISTERS
EXECUTION

F——=——m EXCEPTION
CONTROL | ferl BG o HANDLING 4
L FewW CONTROL

A 78000 CPU functional block diagram of the internal structure
of the Zilog Z8000 family of high-performance microprocessors.

ALL THE PROPER SUPPORT FOR
512K BYTES OF MEMORY.

The wide range of software written for the
Z8001 CPU is proven by all the programs you can
run on the Trump Card. With the Z8001-based
Trump Card, you can run the following software
on your IBM or other compatible PC:

BASIC Compiler—TBASIC is PC BASICA-
compatible. Most instructions are implemented
without modification.

CP/M-80 Emulator— Allows you to run CP/M-80

Z80 assembly language programs directly:

{III{IST download your Z80 programs and run
em.

C-Compiler—The industry standard version of

Cis available,

Debugger—Intended to aid in program devel-

opment, you can examine and change

memory and register contents and more.

Screen-editor—Has many word processing
features, including ASCII text file development.

Multilevel Language Compiler—Allows
Pascal-like control and data types, arithmetic
expressions with automatic or specified
allocations of registers, and more.

RAM Disk—Can allocate 128K to 387K bytes of
on board memory to function as an intelligent
RAM disk.

COPROCESSING IS JUST PART OF THE STORY.

The Z8001-based Trump Card is just one
example of a successful application design for the
Z8001 CPU. But there's far more to the Z8000 family
than this.

Today, Z8000 CPU's are used in a wide range
of applications, from industrial and medical
products to computers and graphics imaging
machines. And Zilog stands behind every applica-
tion with service and software support that makes
your Z8000-based products get to market on time.

Find out for yourself how much power Zilog
packs into every Z8000 CPU by turning your IBM PC
into a faster tool for modern times.

To get your own Trump Card and complete in-
structions, call Sweet Microsystems at (401) 461-0530.

For information about the Z8000 CPU, 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.

The Z80, Z8000, Z800! are registered trademarks of Zilog, Inc.
CP/M is a registered trademark of Digital Research Inc.

IBM is a registered trademark of International Business Machines
Corporation.

Zilo

an affiliate of
ExoN Corporation

Pioneering the Microworld.
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Rosiony OHMS MAX. (LOG SCALE)

2N6658

4.0Q
90V.

Milestones in the
reduction of
MOSFET On-Resistance

International Rectifier leadership
and capability from 1978

VNB4GA

0.4Q
60V

IRF100

0.2Q
80V

IRF150

0.055Q

100V

The remarkable efficiency of the HEXFET-II can
pbring significant benefits to all low
voltage and battery powered applications.

Designers who are really into power
MOSFETSs will realize the fantastic
cost savings now possible.

Learn the importance of this
new development by
contacting us for full data.

You can't afford not to.

J
/

{

/
New Chip Design Optimizes Power Density...
HEXFET-Il chghnel widths have been increased
up to 80%, wifh a cell packing density reaching
889,000 sourge cells per square inch

Low Gate Drive Requirements...
The 0,05 Ohm HEXFET-I device needs only
30 nC for tpll switch-on

80% Less Silicon Required...

HEXFET-H chips achieve the same on-resistance
with only 20% of the active silicon area than
what wds previously required

i
No-Cgmpromise Product'Reliability...
HEXFET-II delivers the same high quality and

reliabflity that you've come to expect from all
HEXIFET devices

NEW HEXFET-Il LOW VOLTAGE MOSFETs
ARE ALL SINGLE CHIP DEVICES!

HEXFET-II Vbs Rps(oN) Ip @ 25°C
Part No (Volts) (Ohms) (Amps)
IRFO50 .017Q
IRFZ40 50V .028Q
IRFZ42 50V 035Q
IRFZ30 50V 0.05Q
IRFZ32 50V 0.07Q
IRFZ20 50V 0.10Q
IRFZ22 50V 0.12Q

International

TECHNOLOGY DRIVEN @ ReCtifier
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DESIGN ENTRY

Monolithic fcontroller
builds PC network
without toil or trouble

A controller chip puts CSMA/CD within the reach
of personal computer networks, keeping a lid
on parts count and simplifying software development.

ffice automation promises to dra-
O matically boost productivity. Personal
computers are a step in that direction,
and a giant one at that, forming a base of
distributed intelligent machines. The next cru-
cial advance is to link them in a network, so
that each machine shares peripherals an
information. ‘
The 82588 is the first single-chip controlle
designed to join personal computers over aloca
network. Essentially a slave peripheral, th
chip is fitted with a CSMA/CD controller, tw
logic-based collision detection mechanisms
and an encoder and decoder for both non-
return-to-zero inverted (NRZI)
and Manchester data encoding.
Adding a simple transceiver line

Joseph Mazor and Robert Galin,
Intel Corp.

Joseph Mazor is a design manager for
local-area network products at Intel’s
design center in Haifa, Israel. He is a
participating member of the IEEE
802.3 working group for 1-Mbit/s star
networks and holds « BSEE from
Technion, The Israel Institute of Tech-
nology.

Since mid-1980 Robert Galin has been
planning strategy for Intel’s peripheral
components operation in Santa Clara,
Calif. He has a master’s degree in
engineering from the University of
Michigan.

driver or an RF modem lets the controller im-
plement all of the major hardware functions re-
quired by a local-area network.

Most of the chip’s major duties, such as en-
coding and collision detection, can be pro-
grammed to meet the protocols of a particular
network. And although its flexible system in-
terface allows it to be employed with any popu-
lar microprocessor, the controller is optimized
to work with the iAPX-186 and the iAPX-188
without TTL glue.

For the most part, local networks specifically
designed for personal computers suffer from
one of three major deficiencies. First, many are

SPPPIS
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proprietary, forcing users to buy from one man-
ufacturer. Second, with few exceptions, they
lack collision detection, and therefore limit a
network’s efficiency for large offices (see “A
LAN for All Reasons,” below). Finally, indus-
try-standard networks were originally de-
signed for minicomputers. Thus, they are too
expensive for personal machines. What is speci-
fically lacking is an access scheme that is both
efficient and cost-effective. In the past, carrier-
sense multiple access with collision detection
met the first requirement, but not the second.
Conversely, approaches like collision avoidance
meet the second specification but not the first.

In contrast, the controller was designed with
low-end systems in mind and makes possible in-
expensive but efficient local networks in three
ways. For the OEM, it reduces component
count, board space, and development time. For
the end user, its 1- or 2-Mbit/s data transfer
rate (lower than that of networks based on
minicomputers) allow the integration of con-
troller, encoder-decoder, and collision detection
functions, which lowers component cost. Also,
lower bit rates imply cheaper, twisted-pair cab-
ling that covers longer distances without ex-
pensive repeaters (Fig. 1).

The controller works with emerging stan-

The recent proliferation of personal computers
in the workplace has led designers to realize that
a single approach to local networks cannot answer
all needs. A network for engineering workstations
would be too expensive for personal computers.
Instead, a network needs to be built as a hybrid,
with portions within individual departments ap-
propriate to the cost and performance needs of the
applications they serve (see the figure).

To that end, there are four separate—though
not competing—CSMA/CD network specifica-
tions in various stages of development. The first is
Ethernet, which with its 10 Mbits/s data rate is
best suited to local networks built around mini-
computers or as a backbone connecting smaller
clusters of networked personal computers. Anoth-

A LAN for all reasons

er approach, dubbed Cheapernet, is a reduced-cost
implementation of Ethernet that works well with
personal computers in research and engineering
settings where 10 Mbits/s performance is neces-
sary. A third approach, IBM’s recently announced
PC network will connect personal computers that
are located up to 5 Km apart. Being a broadband
network, it has the advantage that it can carry
several services (video and data) over a single
coaxial cable. Finally, Starlan is a proposed IEEE
802.3 standard that is a 1-Mbit/s baseband sys-
tem. It inexpensively links devices, such as person-
al computers, through already installed twisted
pair wires used for telephones. Its major use is for
the office environment where low cost and ease of
wiring is extremely important.

Voice and data
PBX

Wiring
concentrator

dEEde
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dards for personal computer networks like
American Telephone and Telegraph’s Starlan
(1-Mbit/s baseband) and the IBM PC network
(2-Mbit/s broadband). The controller also can
be coupled with an off-chip data encoder-
decoder to handle up to 5 Mbits/s when higher
throughput is needed.

At your command

The IC communicates with a host using a set
of 16 high-level commands (Fig. 2). The Trans-
mit, Retransmit, Configure, and Diagnose com-
mands free the CPU from overseeing every step
of each task that the controller undertakes. In-
stead, after the processor invokes a command,
it is free to take on other jobs. The high-level
commands simplify writing and debugging
software for the controller and the network.

Another of the controller’s important fea-
tures is its efficient memory structure for re-
ceiving frames. A network carries a large num-
ber of relatively short control messages, like
Open, Close, and Acknowledge, that direct its
operation. In fact, typically 75% of all network
messages may be less than 100 bytes long. As a
result, a storage system that breaks memory
down into large, equal-sized blocks would be
vastly inefficient. Each block would be able to
accommodate the largest possible frame but
would be only partially filled most of the time.
The controller avoids this problem by using a
sophisticated approach that allocates multiple
buffers to a frame.

Rather than retain a frame in a single,
sequential block, the chip stores it in a number
of smaller buffers. A 100-byte buffer, say, could
hold a short frame, and multiple 100-byte buff-
ers could store longer ones. To link individual
buffers, the host processor creates a chained
list of pointers that indicate where in memory
the data is held. This multiple-buffer approach
keeps the amount of memory needed to store
received frames to a minimum, an extremely
important consideration in personal comput-
ers, where RAM is at a premium.

Aboard the chip

The controller itself consists of two main sec-
tions: a parallel system interface with the host
and a serial interface to the network. Two built-
in 16-byte FIFOs, one for transmitting and one

for receiving, link the two (Fig. 3).

The first block consists of a bus interface unit
and a group of registers. The bus interface con-
tains an 8-bit data bus. It is responsible for all
communications with the system CPU. In con-
junction with an external DMA controller, the
new chip takes care of all reading and writing to
memory—at up to 4 Mbytes/s—as well as all
CPU interrupts. Two DMA channels are recom-
mended, one for transmitting and the other for
receiving.

The parallel section also comprises three sets
of registers: one for storing configuration infor-
mation, one for writing commands to, and one
for reporting the chip’s status. To make rapid
changes in the controller’s operating parame-
ters, the processor enters a block of data into
RAM, and that data is loaded by DMA into the
registers (Fig. 4).

Serial side

The chip’s serial interface contains the
CSMA/CD controller and converts parallel
data into serial form, and vice versa. It also as-
sembles each frame as specified by the config-
uration registers, computes the cyclic redun-
dancy code (CRC) for each transmission, and

DMA
controller

" 82588 !
p| local-area network
controller

Drives or
rf modem

1. The 82588 local-area network controller connects
directly to a network (through a driver or modem)
without the need for an expensive transceiver tap.
Intended for relatively low data rates of 1 to 2
Mbits/s, the chip allows networks to be built with
twisted-pair wires instead of coaxial cables.
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backs off and reattempts transmissions in case
of a collision.

Since most of its major features are com-
pletely under user control, the IC’s data-link
controller subsection gives an enormous degree
of freedom to the system developer. And the
chip is right at home in a wide variety of net-
works. For baseband transmission, it handles
end of carrier (IEEE 802.3) framing; for the
IBM PC network it accommodates high-level
data link control (HDLC) framing. Both tech-
niques include a 32-bit CRC for error detection.
The data controller also can be programmed
with the length of the address field, station pri-
ority, framing, minimum frame length, spacing
between frames, and slot time.

The two collision detection methods increase
the controller’s range of possible applications
as well (see “Collision Insurance,” p. 148). The
code-violation detection mechanism is most

| Command

| No operation

‘ LSet individual address
[ configure (initialize and set protocol)
| Set multicast address

Transmit frame

Dump status registers

Fn Diagnose

gi;rEnabIe receiver

0
1
2
3
4
Perform time-domain reflectometry 5
6
7
8
9

| Assign next buffer

~ | Disable receiver 10
| Stop reception 1
;‘; Retransmit frame 12

{ Abort command 13
| Reset 14
| Fix (channel = 1) or Release (channel = 2) pointer 15

& -h-"-ﬁ' "‘:‘;;:“*: Y

2. The controller’s command register is fed com-
mands from the host CPU, which the chip executes
for one of its two channels. The pointer field within

the register identifies which status register is to be

read, and the interrupt acknowledge field resets the
controller’s interrupt line to the CPU.
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useful in short-topology networks, such as a
serial backplane. The bit-comparison tech-
nique is employed in systems with separate
channels for transmission and reception, like a
broadband network. Both can be used simul-
taneously to ensure reliable operation.

The chip presents a rich assortment of diag-
nostic and management functions: internal and
external signal loopback paths, channel activ-
ity indicators, optional capture of all frames
(regardless of destination address), and time-
domain reflectometry for locating faults in the
network cable. Moreover, the controller’s
Dump command gives the designer access to
the contents of all of the chip’s registers, which
helps debug system software.

The time is right

A clock timing generator on the chip’s serial
side determines the data rate. It will accept up
toa 16-MHz crystal for data transfers to
2 Mbits/s. (The parallel side has its timing set
by the system’s master clock.) The data encoder
and decoder, also on the serial side, can trans-
mit and receive information in any one of three
formats: Manchester, differential Manchester,
and NRZI. Manchester is used in Starlan. NRZI
encoding is for broadband systems.

The transmit and receive FIFOs enable the
parallel and serial sections of the controller to
exchange data. These registers, each 16-bytes
deep, improve data throughput between the
controller and the host CPU. The controller’s
programmable FIFO threshold can be fine-
tuned to a particular system’s bus latencies.

The controller and the CPU talk to each other
through main memory and the controller’s on-
chip registers. The processor uses the Chip
Select (CS) line—along with the Write or Read
signal —to gain the controller’s attention. The
controller communicates with the CPU over the
Interrupt (INT) line. In addition, the two share
an 8-bit data bus.

Two transfer types

Two types of transfers can take place via the
bus. The firstis a command and status transfer;
the second, a data transfer. The former is
always performed by the CPU. To initiate a
Transmit or Configure command, for example,
the processor issues the command to the con-



troller.At the completion of the command the
controller issues an interrupt and the CPU
reads the chip’s status.

The host reads each of the four status
registers, from the same port, in round-robin
fashion. Any parameters or data associated
with a command are transferred between the
main memory and the controller using DMA.
Data transfers, unlike command and status
transfers, are requested by the controller and
are most often carried out by an external DMA
controller.

Dual DMA

The controller is fitted out with a pair of
DMA channels, each with a Request and Ac-
knowledge line. Typically, one channel receives
data and the other transmits information and
carries the chip’s initialization and mainte-
nance routines. The channels are identical,

though, and can be used interchangeably. When
the controller needs to transfer data to or from
memory, it activates the DM A request lines and
the DMA controller. When it is finished, it in-
terrupts the CPU, which then reads the status
of the controller to confirm the operation.

In order to transmit a frame, the CPU first
prepares a data block in memory, which con-
tains the network address to which the frame is
to be sent and the information to be trans-
mitted. The CPU programs the DMA controller
with the address of the block, along with other
control information. It then issues a Transmit
command to the controller’s command register.

At this point, the controller monitors the net-
work link to determine whether the line is free.
If it is, the IC starts transmitting the frame by
inserting the preamble, beginning-of-frame
flag, and the source address and fetching bytes
from memory, loading them into the FIFO, and

L Configuration
P comm‘gand; and Received Data
status register Decoder -9
* r;g'-bi( data bus :
and control ,s‘ignals Bus Receiving Data-link Scliaion
interface | FIFO controller detection
~ unit and logic
. CSMA/CD
logic
] Transmitted
4-bit request ; Data
and acknowledge bus Transmitting Encoder
. a| DMA FIFO
-Request
Receive Clock
Command Clock generator
execution and timing
unit
Transmit Clock
; "Dl’" Xtal

3. The controller’s two main blocks are linked by two 16-byte FIFO registers. The parallel section

comprises a bus interface unit that connects the controller to the host and a register subsection
that accepts commands and delivers information on the controller’s status. The serial section con-
tains a data-link controller subsection, decoder and encoder circuits, collision detection logic, and

a serial-timing generator.
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sending them out over the network. While the
controller is sending the frame, it calculates a
CRC, which it appends to the end of the data
field. If a collision is detected during transmis-
sion, the controller sends out a jamming pat-
tern and interrupts the CPU. The processor can
then issue a Retransmit command, which
works in the same way as the Transmit com-
mand, except that the chip keeps a record of the
number of collisions that are detected. At the
end of a transmission, the controller updates all
of the status registers and sends an interrupt to
the CPU, indicating that the transmission is
complete.

When it is not transmitting a frame or doing
housekeeping, the controller continually checks
the network for any messages addressed to it.

Calling all nodes

The controller can be addressed in one of
three ways: individual addresses to one node,
multicast addresses to a group of nodes, and
broadcast addresses to all of the nodes in the
network. Two types of reception are possible as

well. In the “promiscuous” mode, the controller
accepts any frame that is transmitted on the
network regardless of its address. In the other,
the device accepts only multicast and individual
addresses that correspond to its own. The latter
typifies normal operations.

Before enabling the receiver, the CPU makes
a memory buffer available and programs the
DMA controller with the buffer’s starting ad-
dress. Thereceived frame is then transferred to
memory. This is known as single buffer recep-
tion, since the entire frame is sent to a continu-
ous buffer.

When a frame is received, the network con-
troller records the number of bytes that were
written into the memory buffer in a status reg-
ister. Also, the controller records the status of
the reception—whether it was successful or
not—and affixes that information to the re-
ceived frame. Then the controller issues an in-
terrupt to the CPU to indicate that reception is
finished.

In networks where the size of the frame is not
fixed, the controller’s multiple-buffer scheme

Reception
complete

Interrupt

| — S— —
|
|

PR i
SN R

4. The controller’s four status registers fall into two categories. The first, which consists of
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three registers, indicates an operation’s status. The second contains a single register and
keeps tabs on the chip’s internal operating activity. The operation status registers confirm
that a particular command has been executed and store any result, if one is produced.
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Slip into something comfortably.

Interconnect up to 400 or more Bendix® B?
contacts with ease.
Your search for reliable, high density, low insertion
force printed circuit board connectors is over.

Our unique Bendix® Bristle Brush Bunch (B?)
connectors mate with 1.5 ounce insertion force per

contact position. That's a 70 to 90% reduction
versus conventional pin and socket contacts, which
minimizes the risk of connector or PC board
damage during mating or unmating.

B?® contacts are made of multiple strands of high
tensile strength wire that are bundled together to

form a brush-like contact. Intermeshing two of
these multi-strand wire bundles forms a gas tight
connection with superior electrical characteristics
including redundant current paths, minimal
constrictive resistance and uniform current
densities. B® contacts maintain their electrical
stability over 20,000 mating and unmating cycles.

Bendix B® connectors are available in 2, 3 and 4
row contact configurations on .100 inch centers
with 10 to 100 contacts per row.

Mother board, daughter board and PC board
versions feature front removeable contacts with
straight and 90° PCB stud or solderless wrap
terminations.

Input/output versions, have rear removeable/
rear release crimp contacts for 22 to 28 AWG wire.

Polarization keys offer 256 combinations.

For more information, technical data and
prices...

Call 1-800-323-7299.

Amphenol Products world headquarters: Lisle, IL 60532

Amphenol
ANLLIED froerere
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makes effective use of the memory. In multiple
buffering, the controller alternately receives
the contents of a given frame from one of the
two DMA channels. This dynamic allocation of
memory buffers makes particularly efficient
use of available storage when frames are of
widely differing sizes.

Before multiple-buffered reception begins,
the CPU allots one buffer to the controller. As
the controller starts receiving the buffer’s con-
tents, it interrupts the CPU and requests that

Collision insurance

The efficiency of CSMA/CD was demonstrated
in a 1979 study of Ethernet that linked about 120
host computers and network servers. The in-
vestigation showed that a network using some
form of collision detection had a throughput of
98% , compared with 37% in systems that deferred
while there was traffic on the channel, and 18% in
those with no collision-regulating provision at all.
Until recently, though, the relative sophistication
of such collision detection schemes as CSMA/CD
precluded them from low-ends networks.

The 82588 can be programmed in two ways to im-
plement CSMA/CD collision detection. Both are
logic-based. In code-violation detection, the con-
troller looks to see if incoming bits violate Man-
chester or NRZI enoding standards. If that is the
case, they are assumed to have been damaged by a
collision. The second method, bit comparison, is
useful in networks with separate transmission and
reception channels such as Starlan or the IBM PC
network. In this scheme, the device compares its
transmitted CRC signature with that of the re-
ceived signal while a transmission is taking place.
Monitoring the network in this manner allows the
chip to immediately backoff and try again when a
collision is detected, without having to wait for an
acknowledgement from the received mode. Hence,
total data throughput is significantly increased.
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the next buffer in the sequence be assigned. The
processor responds by loading the second DMA
channel with the information in the next buff-
er. In this way, the controller can immediately
switch over to the second channel as soon as the
first buffer is full. When channels are switched,
the controller again interrupts the CPU to
request another buffer, and information on
that buffer is loaded into the unused channel.

The process of alternating between channels
continues until the entire frame has been load-
ed. By the time that is accomplished, the re-
ceived frame has been spread over a number of
buffers, and the CPU has created a description
of the buffer-chain in memory.

Connecting the controller to any of the in-
dustry’s leading microprocessors is a straight-
forward task because the chip’s system in-
terface adapts easily to any processor that
works with standard data bus and control
signals. The chip works with no wait states on
an 8-MHz system bus. Further, a system based
on the chip and one of the 80188 and 80186 fami-
ly of microprocessors exacts a minimum com-
ponent count (F'ig. 5).

Easy interface

In a system centered on the 8-bit 80188, for in-
stance, the controller connects directly to the
microprocessor’s 8-MHz clock and data bus and
toits Read, Write and Chip Select control
signals. Although the controller needs two
DMA channels to operate, these, too, are sup-
plied directly by the processor. And the CPU’s
interrupt controller can service the interrupts
generated by the controller.

The controller’s flexibility allows the same
system configuration to be used in a number
of different physical layer interfaces. In a Star-
lan network or in a serial backplane, the con-
troller would feed a line driver. In an IBM PC
network, the controller would connect to an rf
modem. In terms of hardware, only the actual
physical link to the network need be changed in
order to switch between these applications. All
other necessary variants are easily imple-
mented by commands that can be built into the
system’s firmware.

For baseband systems running at 1 Mbit/s
and using unshielded twisted-pair or coaxial
cable, the only external components needed are



Fewer Parts.

Fewer Problems.

NCR 40-column print
mechanisms—proven in
the field and in over

a million installations.

The reason NCR 40-column print mechanisms are so
reliable, rugged, configurable and efficient is because
they were designed by NCR for NCR. That means they
had to meet NCR'’s own rigorous quality standards.
Features include:

* 50% fewer parts than other conventional printers

* 50% fewer repairs

* Less than one service call per year in typical applications
* Exceptional reliability significantly reduces life cycle costs
¢ Over 250 configurations

When it comes to the NCR 40-column Print Mechanism,
50% fewer parts means more reliability, more
convenience and more flexibility. At NCR, less adds

up to a whole lot more.

For more information, write the
Technology Marketing Division,

NCR Corporation, Dayton, Ohio 45479
or call 513-445-7443.

'INNOVATIVE COMPUTER
TECHNOLOGY.

YOU CAN EXPECT
FROM NCR.
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an RS-422 driver and receiver and, possibly, one
or two pulse transformers. The last supplies de
isolation. Together, these few components can
fit onto an area that is 6 cm on a side. In con-
trast, traditional data-link controllers and
their associated TTL glue and other logic de-
mand an area thatis at least 15 em on a side.

In a Starlan configuration, the controller
links to the network through low-cost RS-422
transmitter-receivers, one connected to Trans-
mit Data, TXD, pin and the other to the Receive

Data, RXD, pin. Each transmitter-receiver is
joined to a separate pulse transformer and then
to corresponding transmit and receive twisted-
pair. Each station is connected to a hub over the
two twisted pair drop cables,up to 800 ft. in
length. Within the hub is a corresponding pair
of transformers and RS-422 receiver-trans-
mitters for each station. Transmitted signals
from a number of nodes are ANDed on a short
(lessthan 1m)bus and returned back to the con-
troller through the receiver pair. The trans-

cs
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AD ROM
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i Do-D.
RD —
16 MHz ﬁ
J—{ h Octal latch s Do-D
Xv. X (8282 or 8283) RD e
Vee Upper Range Strobe G WR Program
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Chip Select, MCS,-MCS,
RD RD
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Peripheral Chip Select, PCS, AACK RXD [«
Peripheral Chip Select, PCS, BACK TXD >
Reset Riset RTS
Peripheral Chip Select, PCS, cs CTS
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L]

5. A minimum number of components marks the interface between the controller chip and an 80188 micro-
processor. The controller IC links directly to the processor’s 8-MHz clock, and Read, Write, and Chip Select
control lines. Even the two DMA channels and the interrupt functions are handled by direct connections be-

tween the microprocessor and the LAN controller chip.
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D.A.T.A.BOOKS are like having 18

researchers aty

but much easiert

If you're an electronics engineer,
chances are you've already heard
about D.AT.A.BOOKS. You may even
be among the thousands of engineers
who use one or more of our 25-plus
publications daily.

Whatever information you need for
your projects, D.AT.A.BOOKS have
it. Electrical specs...logic drawings. ..
package design...device replace-
ment...manufacturing sources. ..
and more. D.AT.A.BOOKS reference
over 852,000 types of products from
nearly 1,000 major manufacturers
worldwide.

Our information is complete,
accurate and up to date because we
contact these manufacturers con-
tinually to get the technical data you
need to complete your project faster
and more efficiently. We know the
information you require because
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we've been in the business since 1956.

Inside D.AT.A.BOOKS, you'll
find easy to use standardized perfor-
mance specifications, block drawings,
alternate sources of supply, functional
equivalence data, manufacturer loca-
tions and more.

You'll save time and money by
contacting only those manufacturers
you really need to for the best price
and availability.

Your time is much too valuable to
waste calling manufacturers and
paging through out-of-date catalogs
when you can have D.AT.A.BOOKS
do it for you!

Publications include — Integrated
Circuits: Digital ICs, Linear ICs, Inter-
face ICs, Memory ICs, IC Functional
Equivalence Guide, Microprocessor
ICs, Microcomputer Systems,
Modules/Hybrids and Audio/Video
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ICs. Discrete Devices: Transistors,
Diodes and Thyristors. Special
Devices and Directories: Optoelec-
tronics, Power Semiconductors, Power
Supplies, Microwave, Master Type
Locator, Microprocessor Software
and Applications Notes. Discontinued
Devices: Digital and Audio/Video,
Interface and Memory, Linear, Tran-
sistors, Diodes, Thyristors, Optoelec-
tronics, Microwave and Type Locator.

Call or write us today. Or contact
the D.AT.A.BOOKS representative
nearest you.

Toll-Free (800) 854-7030
Inside CA, call (800) 421-0159

M.A.TA, ING.

P.O. Box 26875
9889 Willow Creek Road
San Diego, CA 92126

D.A.TA.BOOKS Representative Listings: EAST: Motion Engineering, MA (617) 485-2144, Astrorep, NY (516) 422-2500, NJ (201) 826-8050; Motion Technology,
DE/MD/DC/VA (800) 482-6318; Stegman Blaine, PA/WVA (513) 729-1969. SOUTH: Motion Technology, NC (800) 532-6849, TN/SC/GA/AL/FL (800)
482-6318; Blackburn Associates, TX/LA/AR/OK (214) 692-8885, TX (713) 463-1354. MIDWEST: Stegman Blaine, OH/KY (513) 890-7975, (216) 871-0520,
(513) 729-1969, Enco Marketing, MI (313) 642-0203,; JHS Associates, IL/IN/WI (312) 741-9070. WEST: Dynatech, CO/UT (303) 773-2830; Applied Controls
Northwest, WA (206) 775-2999, (509) 922-1762, OR (503) 257-7408; Leddy Associates, No.CA/NV/HI (415) 969-6313, Varigon Associates, So.CA (213)
322-1120, (714) 855-0233, (619) 576-0100. CANADA: Tech-Trek, (416) 674-1717, (604) 273-1800. INTERNATIONAL: (619) 578-7600 or TLX: 910530606.
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mitting controller performs collision detection
on the received data.

For broadband systems, such as the IBM PC
network, NRZI-encoded data passes through an
rf modulator and demodulator. In this case, the
RTS and Clear to Send (CTS) signals from the
controller are modem handshake signals. Here,
the transmit and receive signals are modulated
at different frequencies, or channels. A fre-
quency translator on the network receives the
signals from all the nodes and retransmits

Program 1. Sending the message

TRANSMIT: PROCEDURE (CHANNEL,BUFFER_LEN,BUFFER_
POINTER):

DECLARE CHANNEL BYTE;
DECLARE BUFFER_LEN WORD;
DECLARE BUFFER_POINTER POINTER;

TX_BUFFER_588(00) = BUFFER_LEN MOD 256;
TX_BUFFER_588(01) = BUFFER_LEN / 256;

TX_BUFF_PTR =,
BUFFER_POINTER;

TX_CHANNEL = CHANNEL;

TX_BUFFER_LEN = 2048;

/* TEMPORARYSTORAGE */
/* MAX. FRAME SIZE */
CALL DMA_LOAD (TX_CHANNEL,1,TX_BUFFER_LEN,

TX_BUFF_PTR);
OUTPUT (CS_588) = 4 OR SHL (TX_CHANNEL, 4)
/* TRANSMIT *
RETURN:
END TRANSMIT;
Program 2. Try, try again

RETRANSMIT: PROCEDURE;
/* PARAMETERS FOR THIS COMMAND ARE TAKEN FROM
THE TEMPORARY STORAGE USED DURING THE LAST
TRANSMIT COMMAND */

CALL DMA_LOAD(TX_CHANNEL,1,TX_BUFFER_LEN,

TX_BUFF_PTRY):
OUTPUT (CS_588) = 12 OR SHL (TX_CHANNEL, 4)
* RETRANSMIT *
RETURN;

END RETRANSMIT;

Program 3. Mission accomplished

RCV_ENABLE: PROCEDURE(CHANNEL,BUFFER_PTR);
DECLARE CHANNEL BYTE;
DECLARE BUFFER_PTR POINTER
CALL DMA_LOAD(CHANNEL,0,2048 BUFFER_PTR);
glEJ;SgT(CS-SBB) = 8 OR SHL (CHANNEL,4);
N:

END RCV_ENABLE;

them at the system’s receiving frequency. The
receive and transmit channels of the IBM net-
work each fits into the bandwidth of a 6-MHz
TV channel.

Software for the controller is much simpler
and easier to implement than for traditional
data-communication chips. One reason is the
controller’s high-level commands, which speed
software development, as well as offload the
CPU. Another reason is the controller’s ability
to handle complete frames without the pro-
cessor’s assistance.

In a PL/M-86-language procedure for trans-
mitting a frame, the CPU prepares a block in
memory by loading the DMA controller with
the starting address of the block and its byte
count (Program 1). The central processor also
enters the DMA parameters into temporary
storage so that they can be reused in case a
collision occurs. After loading the DMA con-
troller, the processor issues the Transmit com-
mand to the controller. If the channel is clear,
the frame is sent. Otherwise, the chip auto-
matically defers to any activity on the data link
and then transmits its signal. Ultimately, the
controller interrupts the CPU, which deter-
mines from the status register whether or not
the transmission was successful.

If a collision occurs, the CPU invokes the Re-
transmit procedure (Program 2). In this pro-
cedure, the DMA controlleris reloaded with the
parameters (taken from temporary storage)
and the Retransmit command is issued. On re-
ceiving it, the controller again attempts to
transmit the frame, but only after a back-off
time (which begins counting on the last col-
lision) has run out.

Finally, to receive a frame, the CPU prepares
a buffer in memory, loads the DMA controller,
and enables the receiver (Program 3). When a
frame arrives, it is deposited into the memory
using a DMA operation. Then the CPU is inter-
rupted, letting it know that it can now deter-
mine the length and status of the received
frame.O

How useful? Circle
Immediate design application 541
Within the next year 542
Not applicable 543
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Two LED Indicators
For TTL Outputs

Alphanumerlic
LED Display

LED Status
Indicators

Message Lengths
To 80 Characters

rt Solut

Display Scrolls

Through Buffer

Microterminal: small, smart, tough . . .
easy to install . . . simple to interface and
operate - the logical, space saving substi-
tute for bulky, fragile CRT's!

Rugged and water resistant for in-plant
use - uncomplicated keyboards plus bar
code wand and mag stripe reader options
are perfect for factory data collection.
Priced for OEM'’s and styled to enhance
control consoles.

Serial ASCII (110 to 19,200 baud ), RS-232-
C, RS-422 and 20mA current loop com-
munications. Only 8.5” x 4.5” x 0.6” and
priced from $192.00. Request new full line
Microterminal brochure.

DataAcquisition and Control Systems Division
3631 E. 44th Street, Tucson, AZ 85713 (602) 747-0711
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RS-232-C and 20mA
Current Loop - Pollable
Function Keys
Alpha Display Data Buffers: Function Supply
Model haracters Baud Rate Characters | Keyboard | Keys(3 Features Voltage
TM71 16 110-19200 320(1) Alpha 14 Full feature +5VDC
TM77 16 110-19200 32001) Numeric 14 Larger keys | +5VDC
TM71-1/0 16 110-19200 320(1) Alpha 14 TTL I/O +5VDC
TM77-1/0 16 110-19200 320(1) Numeric 14 Larger keys | +5VDC
TM71B 320(1) Bar Code +24VAC/
TM71MS 1% 11018200 § 5'x50(z | Alpha 18 Wand DC
TM778B 320() - Mag Stripe | +24VAC/
TM77MS 16 110-18200 {5y 502 | Numeric | 16 Rendet DC
TM71M 16 110-9600 320 Alpha 14 Military +5VDC
TM70 12 300 & 1200 36 Alpha 8 Low cost +5VDC
TM76 12 300 & 1200 36 Numeric 8 Larger keys | +5VDC
TM25 8 300 8 Numeric/T 7 | LowCost | +15vDC
Numeric/ Low Cost, +8 to
TMe7 8 800-4800 8 Hex 6 polled = | +12vDC

1) Two 80-character input buffers - two 80-character output buffers.

bar-code and magnetic-stripe reader data.

BURR-BROWN"

2) 5 x 50-character buffers also included for

3) User programmed.

Tomorrow’s Solutions Today

(205) 882-0318, (206) 455-2611, (213) 991-8544, (214) 681-5781, (215) 657-5600, (216) 729-3588, (301) 628-1111, (301) 251-8990, (303) 663-4440, (305) 365-3283, (305) 395-6108,

(312) 832-6520, (313) 474-65633, (314) 291-1101, (315) 699-2671, (315) 853-6438, (316) 942-9840, (317) 636-4153, (319) 373-0152, (404) 447-6992, (408) 559-8600, (412) 487-8777,

(505) 293-8555, (602) 746-1111, (607) 785-3191, (612) 884-8291, (614) 764-9764, (617) 444-9020, (713) 988-6546, (714) 835-0712, (716) 544-7017, (716) 889-1429, (801) 467-2401,
(805) 496-7581, (813) 885-7658, (913) 342-1211, (914) 964-5252, (919) 722-9445, CANADA: (403) 230-1341, (416) 678-1500, (514) 731-8564, (613) 722-7682

CIRCLE 70




Introducing three new
2465 Special Editions.
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These specially configured,
specially priced measurement
packages based on the 300
MHz 2465 deliver capabilities
well beyond what you're used
to now. Quicker measurements.
More precision. More value. They
bring unprecedented manual/
programmable efficiencies to

a spectrum of measurements in
manufacturing, design or ser-
vice applications.

At the top is the 2465 DVS
with integral GPIB interface,
DMM, Counter/Timer/Trigger-
Word Recognizer and Video
measurement capabilities.

The GPIB interface lays the
groundwork for a programmable
semiautomatic measurement
package with extended capa-
bilities. Result: you use computer
power and human pattern recog-
nition to best advantage in
your test and measurement
applications.

The Counter-Timer-Trigger
(CTT)-Word Recognizer com-
bination, also programmable, is
ideal for measuring frequency,
period, pulse width, time
between events and more—
automatically. And for the first
time in a portable scope—
Boolean triggering.

The 17-bit Word Recognizer
probe, enabling you to count,
trigger and determine the fre-
quency of word occurrences,
is a valuable tool in digital
applications.

The fully program-  Features 2465DVS  2465DMS 2465 CTS
mable 4 digit, GPIB STD STD STD
aUtoranglng DMM Counter/Timer/Trigger-
providesdcandac  Word Recognizer STD STD STD
(RMS) volts and P6131 (4 probes) STD STD STD
current, dBm, dBY, DMM sTD STD 5
resistance and tem- STD L 7
perature. All mea- S . . e
surements can be S : " e
averaged and cﬁﬂﬁﬁx’% :t time of order and can be configured with the other
SmOOthed for CRT NOTE: Extended measurement capabilities may be ordered on
display or bus trans-  either the 150 MHz 2445, or 300 Mglz 2465 oscilloscopes.
mission.

For television waveforms, world’s most popular high
including “high definition,” the performance portable scope.

2465 DVS enables easy display
of any line or field regardiess of
protocol. Other unique features
are a back-porch clamp and
CRT readout of the triggering
field and line numbers. The step,
frequency and phase response,
and overdrive recovery are com-
parable to waveform monitors.

The GPIB, a talker/listener,
provides programmability for the
scope and all its extended mea-
surement capabilities. It can
transfer readout displayed mea-
surements and accept operator
prompting messages.

The 2465 DMS and 2465 CTS
are special editions with differ-
ent feature sets. The 2465 DMS
provides all the capabilities of
the DVS except TV. The 2465
CTS provides all the features of
the DVS except TV and DMM,

These new 2465 Special
Editions are based on every-
thing that made the 2465 the
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You get auto level “hands-off”
triggering. True four channel
capability with 300 MHz band-
width at the probe tip. A-Time
delayed sweep accuracy up to
0.5%. On-screen vertical and
horizontal cursors. Extensive
CRT readouts, including time,
voltage, phase, ratios and trig-
gerlevel.

Plus, the industry's first 3-year
warranty on all parts and labor,
including the CRT.

See refinements in produc-
tivity, automation, accuracy
and performance like you've
never seen before. Call your
Tek sales engineer today for a
demo. For literature call the Tek
Literature Center toll-free at
1-800-547-1512. (In Oregon,
1-800-452-1877).



When you need fast,
easy selection of magnetic cores for
switching power supplies,

Only Magnetics Offers the Full Range

We dliver the widest

product choice —useful design data-
the best application engineering-

all froma single source: MAGNETICS.

It's a jungle out there in the
switched mode power supply
and regulator design world.
Higher frequencies. Smaller
sizes. Greater efficiencies.
Better semiconductors. And
choices, choices, choices in
magnetic core materials

and geometrics.

You know the impact the
proper choice of core material
will have on your power sup-
ply cost and performance.
There’s only one house that
can provide you with the full

range of your magnetic core
needs—and world class
design data and application
engineering to go with it—
MAGNETICS.

Let us show you. It will cost
you nothing. Tell us the pro-
blem you face or describe
your need. We'll provide you
with core information, back it
up with application engineer-
ing and supply sample cores
if needed. Write: MAGNETICS, F
P.O. Box 391, Dept. ED-6,
Butler, Pennsylvania 16001.

MAGNETICS. The Promise Keeper.
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Controller chips
pair up in S interface
for ISDN systems

Two CMOS LSI chips, the chief building blocks
of a system terminal and a PBX line card, simplify
implementation of the S interface for ISDN links.

networks using packet- and circuit-

switched data schemes will open the door
to many new telecommunication services, in-
cluding electronic mail, banking, alarm signal-
ing, and the transfer of information via telex
and facsimile facilities.

Already the International Telephony and
Telegraphy Consultative Committee (CCITT)
has recommended standards for an S interface
on the premises of subscribers to the Integrated
Services Digital Network (see “Interface Stan-
dard Ensures Compact Subscriber Networks,”
p. 158). This microprocessor-controlled inter-
face to the ISDN will give subscribers simulta-
neous access to two 64-kbit/s voice or data
channels and one 16-kbit/s control channel.
Voice-band signals are to be digitized at the
subscriber’s terminal and transmitted over one
of the 64-kbit/s channels. It will be possible to
link all three channels to a main computer for
central handling over pulse-code-modulated
(PCM) highways.

The emergence of all-digital telephone

Alan Clark, Advanced Micro Devices Inc.

Alan Clark, currently ISDN product marketing man-
ager at AMD in Sunnyvale, Calif., joined the company
in March 1983 as a development engineer. Before that,
he designed microprocessor-based control systems for
power stations at Babcock-Bristol Ltd. in the United
Kingdom. He holds a BSc in mathematics and physics
and a PhD in digital signal processing from the Poly-
technic of Central London.

Although it will be some time before system
specifications are completely defined, help in
implementing the S interface is at hand in the
form of two CMOS chips: the Am7930 digital
subscriber controller and the Am7931 digital
exchange controller. They are the first LSI cir-
cuits to meet the CCITT’s basic design criteria
for ISDN terminals and private branch ex-
change (PBX) line cards.

The subscriber controller chip is the heart of
either a basic or an advanced ISDN terminal
driven by an 8-bit microprocessor; it gives the
customer access to the data-handling facilities
on the S interface. For PBX design, the ex-
change controller chip is used to build the re-
quired number of S interfaces on the line card
(one chip for each interface). Residing on the
PBX line card itself, the device provides the ex-
change information function for one ISDN sub-
scriber line.

Both chips allow full-duplex data transfer at
192 kbits/s over four wires between the sub-
scriber’s terminal equipment and the PBX line
card. These ICs support the point-to-point and
point-to-multipoint connections described in
the CCITT recommendations, with the data
framed on the 64-kbit/s voice and data (Bl and
B2) channels and the 16-kbit/s control and data
(D) channel.

The main blocks of the subscriber controller
chip are a line interface unit, a data link con-
troller, a multiplexer, a main audio processor,
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and a microprocessor interface (Fig. 1a).

The line interface is connected to the four-
wire S interface by a pair of isolating trans-
formers, one for transmission and the other for
receiving. The transmitter, which has a binary-
to-pseudoternary encoder and a line driver, re-
ceives the B channel data from the multiplexer
and the D channel data from the data link con-
troller. It then couples these signals to the S in-
terface.

The unit’s receiver recovers data and timing
from the S interface; it also presents data from
the B channels (via the multiplexer) and the D
channel (via the datalink controller) to the sub-
scriber. The receiver, in essence performing a
function inverse to that of the transmitter, con-
verts pseudoternary-coded signals into binary
before delivering them to other blocks within
the IC.

Data processing is coordinated by the data

Interface standard ensures compact subscriber networks

The CCITT’s proposals for an
interface standard ensure that a
small set of ICs can meet the re-
quirements of an evolving tele-
com network as it moves toward
an all-digital state. Two main
subscriber configurations—
point-to-point and point-to-mul-
tipoint—have been recommended
for use with the S interface, which
is a four-wire module operating at
192 kbits/s (48-kbit data/control
frame structure).

In the point-to-point setup, one
telephone or terminal is connect-
ed via an S interface to a line card
in the local exchange through ca-
bles no longer than 1 km. The
point-to-multipoint configuration

may join up to eight telephones or
terminals with one S interface,
and cable runs to the local ex-
change are 150 meters or less.
The function of the terminal
equipment is virtually identical in
both configurations. With the
network terminating equipment,
however, there is a difference;
whereas some equipment would
be tied into a single terminal on
the subscriber’s premises, in
larger installations it would be in
PBXs using multiple terminals.
In the latter case, network ter-
minating equipment 1 (see the
figure) would connect to the
transmission line on one side and
present the standard S interface

at point T on the other side. Net-
work terminating equipment 2
would be optional and would pro-
vide line termination for network
terminating equipment 1. Ter-
minals that operate with existing
standards (like the RS-232) would
attach at reference point R and
use a terminal adapter for inter-
face buffering.

The transmission line (for
which there is yet no standard)
would connect either to the line
terminator or to a central office
line card. The transmission line
media, which vary from country
to country, could be two-wire,
four-wire, fiber-optic, microwave
or satellite linkups.

Terminal
equipment
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Terminal
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link controller, which extracts the D channel
information from the S interface and transmits
the microprocessor-generated D channel infor-
mation over the S interface. The controller also
performs bit checking and frame checking for
error detection, and it generates various detec-
tion flags when necessary.

In operation, the system’s master, or exter-
nal, microprocessor initializes the data link
controller and performs the higher-level proto-
col processing. A random-number generator in
the data link controller provides an address for
the subscriber controller chip when the IC is
powered up for operation on the S interface.
When the chip is receiving, data flows via the D
channel from the line interface unit through
the microprocessor interface. This flow re-
verses when the chip is transmitting.

The device’s protocol permits terminals in
the point-to-multipoint configuration to access
the D channel in an orderly way. When two or
more terminals attempt to access the D channel
simultaneously, one will always be successful in
completing transmission of its information.
This procedure also permits the terminals to
operate in a point-to-point configuration.

Selective response

The data link controller will recognize 1- or
2-byte addresses and the first 2bytesin a longer
address. This allows the user to program the
chip to respond only to selected addresses. In
this way the terminals interrupt their respec-
tive microprocessor only when their prepro-
grammed address is received. The data link
controller can also be programmed to bypass
the address-decoding phase and to pass the en-
tire packet to the microprocessor.

As the data link controller receives the
D channel information from the line interface
unit, it alerts the external microprocessor by
generating suitable interrupts (if there is no in-
terrupt mask). The microprocessor determines
the source of an interrupt by reading the inter-
rupt register, and it then accesses the appropri-
ate error or status registers.

The circuitry to access the subscriber
controller’s programmable, status, and error
registers, as well asits transmitting and
receiving buffers, is all in the microprocessor
interface block. This section has the logic to in-

terface the chip to an external 8-bit micropro-
cessor. Controlling the multiplexing of the Bl
and B2 channels to and from different sources
is the job of the programmable multiplexer.
Possible source and destination pairings in-
clude the line interface unit, the main audio
processor, the microprocessor interface, and
the serial port, with the port providing a serial
interface to external peripherals.

Generating suitable audio responses and

£ [ Serial |
8 { Port“ Multiplexer }:§
Earpiece I'S
connections I=
=
Analog Main |
§ M6 audio Lowind
> processor
Loudspeaker

connections

Oscillator

[ Microprocessor Interfac:]

Parallel microprocessor bus f

(a)
Dual PCM highway

I Line

| interface >
§l unit

| Time-slot
§| t Multiplexer fe— Sneicnier ”
tnl Data 1

! link >

| controller

l Microprocessor interface j

Parallel microprocessor bust To PBX backplane —

(b)

1. The Am7930 digital subscriber controller for tele-
phone systems contains circuitry for accessing the
S interface defined by the CCITT (a). This device is
on the subscriber’s premises. The Am7931 digital
exchange controller provides the S interface and
line termination functions for the subscriber control-
ier (b). The IC is on the private branch exchange
(PBX) line card.

Electronic Design + December 13, 1984 159



DESIGN ENTRY
ISDN controller chips

tones is the responsibility of the main audio
processor block. In addition to digital filtering
circuits, it has digital-to-analog and analog-to-
digital converters. It will drive a handset ear-
piece or a loudspeaker, and its analog input
accepts a handset mouthpiece, a separate mi-
crophone, or both.

The multitone generator in this block can
provide a one- or two-tone signal with pro-
grammable frequency, amplitude, and cadence.
One or more tones can be summed into the
transmission (and side-tone) paths to create a
dual-tone multifrequency generator. Or the
tones can be summed into the receiving path to
provide indication at the loudspeaker output of
dialing, busy, or ring-back conditions.

Two correction filters, one in each transmis-
sion and receiving path, can be programmed to
modify the frequency characteristics. Thus
they compensate for any imperfections in audio
response of the microphone, earpiece speaker
or loudspeaker. They can also be used to add
preemphasis or postemphasis or both to match
user preferences.

Except for the exclusion of the main audio
processor and the inclusion of a time-slot as-

signer, the main blocks in the exchange control-
ler chip are the same as those of the subscriber
controller (Fig. 1b). There are, however, some
operational differences within the blocks of the
exchange controller.

First, the line interface unit can be operated
in two modes: adaptive timing for point-
to-point applications and fixed timing for
point-to-multipoint. The mode is selected by
an internal register that the local external mi-
Croprocessor programs.

Also, the exchange controller’s multiplexer
can route data from the microprocessor inter-
face and the B1, B2, and D channels to the time-
slot assigner. The multiplexer performs these
operations in addition to the routing options
specified for the multiplexer in the subscriber
controller chip. When the D channel is routed to
the time-slot assigner, it bypasses the data link
controller. Hence the central computer has
direct access, over the dual PCM highway, to
the B1, B2, and D channels to or from the S in-
terface, as well as to the local external
microprocessor.

Significantly, the exchange controller chip is
compatible with the Am7901A subscriber line

48 bits in 250 us |

=
l

Network terminating equipment to terminating equipment I
DLFLB1S——®*BIEDAFRNB2*—> B2EDSIBl > BIEDS2B2 > B2EDLFL

e B L

3
I-——iz-blt offset

I

[

DL F LAY »B1LDL FLB2 B2LDLB1™ *BILO LB >B2LOLF

| L] u 1 il
Key: May assume i ileaico 1y i A
: ogic 1 Logic specification : Signaling method
Blogic 1, 0 values value 3 1 value not finalized vl not specified
Terminating ; t e
equlptmen't‘ F = framing bit N = bit set to a binary value N = F,
tteor :1?":3; L = dc balancing bit B1 = bit within B channel 1
g D = D channel bit B2 = bit within B channel 2
equipment E = D echo-channel bit A = used for activation
Fa = auxiliary framing bit (= 0) $1, 82 = reserved for future standardization

2. The data frame structure with which the subscriber and exchange controllers communicate
over the S interface operates at 192 kbits/s. During each 48-bit (250-us) frame, two voice/data
streams and one control/data stream are sent from the network terminating equipment to the
terminal equipment. The identical format controls communications between terminal equipment
and network terminating equipment after a check for line contention has been performed by the
terminal equipment (D to E bit query). The CCITT ISDN recommendation gives a full definition of

frame structure and bit polarities.
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audio-processing circuit (SLAC) used in analog
line cards, because both parts support a dual
PCM interface. Therefore digital line cards can
replace analog line cards on a one-to-one basis
within the same PBX. The practical advantage
is that an analog system can be gradually mod-
ified to an all-digital one. Most importantly, be-
cause of the backplane compatibility between
the exchange controller chip and the subscriber
line audio processing circuit (vis-a-vis the dual
PCM highway), systems can be developed that
connect the S interface point to analog trunk
lines. This configuration befits public tele-
phone communication.

Picking the right slot

The exchange controller’s dual PCM inter-
face has independent control of the transmis-
sion and receiving paths. The frame synchroni-
zation signal identifies the beginning of the
frame and establishes a reference point for all
time slots. The dual PCM interface can operate
at up to 8.192 Mbits/s and therefore will be able
to accommodate 256 time slots at 64 kbits/s.
During each frame, two 64-kbit/s B channels
(8-bit time slots) and one 16-kbit/s D channel

Terminal equipment

(2-bit time slot) may be transferred to or from
the dual PCM highway (Fig. 2). Time-slot as-
signment and highway selection is under pro-
gram control of the line card microprocessor.

The on-chip time-slot assigner allows a num-
ber of the exchange controllers to be connected
together and to the PBX backplane. The assign-
er can be programmed by the microprocessor to
transmit or receive data to or from the B or D
channels over the PCM highway. Or it can be
programmed to send or receive data from the
microprocessor. The local microprocessor may
thus communicate with the central computer
over the dual PCM interface.

When suitably configured with other avail-
able chips to create a simple PBX, the subscrib-
er and exchange controller chips can be used in
applications ranging from a simple voice tele-
phone to a sophisticated voice/data terminal.
In its simplest form, an ISDN terminal using
the devices requires a microprocessor and key-
pad. The microprocessor scans the keyboard
and constructs the signaling messages for the
D channel. The only other circuits required
(Fig. 3) are the Am7936 subscriber power con-
troller and the Am7938 quad exchange power

PBX line card

L e

3. In PBX applications, the minimum set of chips required for subscriber access

over the S interface comprises a digital subscriber controller, a digital exchange
controller, a subscriber power controller, a quad exchange power controller, and
two 8-bit microprocessors. The rudimentary connection shown establishes stan-

dard telephone service.
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controller, plus two bipolar high-voltage ICs to
supply the required voltage and power levels
over the S interface.

In the PBX application, a 40-V input to the S
interface from the quad exchange power con-
troller is converted by the subscriber power
controller into a 5-V dc output, enough to power
theICsinthe terminal equipment. One quad ex-
change power controller can drive up to four S
interfaces.

The subscriber controller chip can be used in
a variety of terminal equipment, from simple
voice-only setups and hands-free phones to a
full workstation (Fig. 4). To connect ISDN cir-
cuits to existing equipment, the chip’s serial or
microprocessor ports can be used to access the
CCITT’s R interface point, which can be any

interface—for instance, an RS-232.

Multiple exchange controller chips may be
used on one PBX line card to provide the re-
quired number of S interfaces. One micro-
processor can control up to eight S interfaces
and can be linked to the line card’s backplane
via an Am8530 serial communications control-
ler that connects to the parallel microprocessor
bus. Or the microprocessor can communicate
with the line card over the dual PCM highway
of an exchange controller.

For practical implementation of an S inter-
face on the ISDN, consider a telephone capable
of supporting one analog line (one two-way con-
versation) and an RS-232 data link (Fig. 5).
Ideally all the ICs would reside in the telephone,
with a standard RS-232—compatible connector

Digital signal
processor for
echo cancellation

A

Serial B port ?
Handset i :
earpiece DE :
Ear2 pigital }.
subscriber |
controller Handset
(Am7930) microphone
Ai(A)
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Telephone. { ? AGND|
set A, (B
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¥
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|
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R
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CRT LS,

controller RAM or ROM

MPI
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UART and

Display 1/0 drivers
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4. The voice-only phone (without the digital signal processor block or a display) is the ISDN
equivalent of the standard analog phone. A digital signal processor may be interfaced to the
serial B port for echo cancellation and voice encryption, yielding secure hands-free operation (a)
with on-hook dialing. In voice and data workstations, the subscriber controller chip combines
with a number of peripherals, including memory, UART, CRT controller, and a microprocessor—
all connected to the same microprocessor bus (b).
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built into the side of the telephone set.

The subscriber power controller provides an
isolated 5-V dc output to power ICs required for
telephone functions even when local power is
lost. The isolation prevents a ground loop be-
tween the terminal equipment and the PBX line
card when a locally powered terminal is con-
nected to the telephone set.

The microprocessor —in this example, an
Am80C51 —programs and controls the ICs in
the terminal equipment, as instructed by com-
mands generated by the PBX line card, keypad,
or RS-232 link. This configuration allows the

microprocessor to use its standard 8-bit bus.
Port 3 of the microprocessor provides bus con-
trol signals (like read and write) and port 0 han-
dles the 8-bit address/data bus. Port 2 handles
the high-order addresses (Agto A;;s) to the digi-
tal subseriber controller, the serial communica-
tions controller, PROM and RAM, and the key-
pad control. Both interrupt outputs of those
controllers tie into the two microprocessor in-
put interrupt pins on port 3, so that the micro-
processor can service interrupts from the ICs
separately. In addition, with a PAL device, port
1 on the microprocessor delivers the Chip Select

: C
r—{_lsdajl—b i Subscriber Ot 5V
powe|:' Power
controller to ICs
12,288 MHz (Am7936) Ref
roh s
XTAL, XTAL, LN, [
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H e TRXCB RTXCA [ P Handset microphone
| receivers
! RTXCB CLK e 3
i 5 192 KHz i Q Telephone ringer
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RS-202 g e Do-D; D,-D; 9 Ear,
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5. Practical terminal equipment applications for controller chips include a telephone that supports one voice
line and one data link simultaneously. Memory devices—which should be large enough to accommodate
expanded system telephone functions—contain the operating protocols and software for system initialization.
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signal (CS) to the ICs and a clock to the serial
communications controller.

The amount of memory (PROM and RAM)
needed depends on the sophistication of the
terminal equipment. The PROM contains the
LAPD (Link Access Protocol Type D) protocol,
keypad, and initialization routines for the sub-
scriber and communications controllers. The
number of programs in the PROM —and hence
its size—will grow as the local terminals that
need the RS-232 link increase and as telephone
functions are added to the system (for example,
call forwarding, call holding, and automatic
redialing). Therefore the PROM area should be
upwardly compatible to accept EPROMs of
16 to 64 kbytes. The RAM is used by the micro-
processor to store temporary information and
to adapt the data rate of the information passed
between the RS-232 link and the S interface.

The subscriber controller chip is connected to
the telephone earpiece, ringer, microphone, and
hookswitch, and, via the S interface to the PBX
line card. The serial port on the device connects
to one of the serial ports of the serial communi-
cations controller. The other serial port on that
controller, connected to the differential line
drivers and receivers, provides an RS-232 link
to a local terminal from the connector on the
side of the telephone set.

On power-up, the microprocessor in the ter-
minal equipment enters a reset routine stored
in the PROM. This routine initializes the sub-
scriber and communications controllers, then
disables them, and the microprocessor then
scans the keypad (via the keypad controller) for
activity. The terminal equipment can now be-
gin transmitting and receiving to and from the
Sinterface, RS-232link, and telephone handset.
It can be activated by the PBX line card over the
S interface or locally, from the keypad or when
the handset is lifted.

If the telephone handset is lifted, the sub-
scriber controller chip will interrupt the micro-
processor, which interrogates the device’s in-
terrupt register and establishes that a voice
connection has been requested. The micro-
processor then transmits a data packet over the
D channel to the PBX, requesting that a B chan-
nel be made available for the telephone conver-
sation. (This transmission is over the S inter-
face via the on-chip data link controller.)
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At this point the PBX processes the packet
and responds by transmitting a corresponding
packet from the line card over the S interface to
the terminal equipment. The packet indicates
which B channel can be used for the voice link,
and the packet is passed by the subscriber con-
troller, via its data link controller, to the micro-
processor. The microprocessor decodes the
packet and programs the chip to connect its
main audio processor to the designated B chan-
nel on the S interface. With the telephone link
thus established, the subscriber will hear the
dial tone and be able to dial the telephone num-
ber.

The microprocessor scans the keypad for the
number being dialed, then transmits it to the
PBX on the D channel. The PBX decodes the
number and makes the connection. The sub-
scriber will hear the connected telephone ring-
ing, and conversation can begin when the phone
is answered via the designated B channel.

The microprocessor and the PBX line card in-
teract similarly when a local terminal is con-
nected to the RS-232 port and the subscriber
requests data transmission via the keypad. Un-
like voice transmission, however, the micro-
processor in this case will program the sub-
scriber controller to route the designated
B channel to the serial port, thus providing a
link to the serial communications controller.
The microprocessor will also program that con-
troller to process the data going to and coming
from the subscriber controller’s serial port.

A voice from beyond

On the other hand, when the PBX initiates a
voice transmission, the subscriber controller
will interrupt the microprocessor and pass the
D channel data from the line card to the micro-
processor. If the line card is requesting a voice
connection, the microprocessor instructs the
subscriber controller to activate the telephone
ringer and make the B channel link, so that
conversation can begin when the telephone is
answered.

If the PBX requests a data link to the RS-232
interface, the microprocessor will program the
subscriber controller accordingly, route the
designated B channel to the chip’s serial port,
and monitor the data transfer. Since the S in-
terface can support two 64-kbit/s B channels,
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voice and data links can be made and run simul-
taneously.

Whenever a data link is made, from either
the subscriber or the PBX line card, the data
flows from the local terminal via the RS-232
link through the subscriber controller into the
RAM on the microprocessor bus. The data is
stored in the RAM and retransmitted on the
microprocessor bus through the other serial
port on the communications controller. Then it
enters the subscriber controller’s serial port
and passes through the Sinterface on the desig-
nated B channel.

For data coming from the S interface, the

datais transmitted through subscriber control-
ler’s serial port into the communications
controller, then into the RAM via the micro-
processor bus. When the data is collected in the
RAM, itis retransmitted over the micro-
processor bus through the other communica-
tions controller serial port, then onto the
RS-232 link, and finally to the local terminal.
When the SCC is in the HDLC (High-level
Data Link Control) mode, packet data can be
transmitted to and received from the local ter-
minal over the S interface via the B channels.
Use of the RAM for temporary storage of data
coming from and going to the local terminal al-

<
To 2
S terminal Digital exchange controller h]ghv?:;sl FAcm\d B) g
|  equipment (Am7931) connections S| |®
: 3 SLOUT, DXA Ve | | 3
1 “ B and D channel WL s g
+ < SLOUT, routine paths Tg)c(g ooy (&) %
| By, By, D e e T
: ..-_v.‘_-’.y.--» TSCB =
T SLIN, eV Q DRA a
3 20N g " DRB
! 3 % O\(@‘ i From backplane, common
+ SLIN, signals for both PCM
I From ¥ PCLKI*— | highways
terminal Up to
equipment e WAl
cs INT AD,-AD, 3212 wmoLk |%192 MH2
f Y Clock from backplane
NC I [ 12288 MHz
Interrupts | Divider l
from —— XTAL, XTAL,
Am7938 other o 'NTe
quad exchange Am7931s e
power controller (QEPC)|e— NC INT, Am80C51
microprocessor
S, ALE = ALE
ADo-ADs ADo-AD;
RD D
—GND WR WR
A,
838, 8¢ a4 NG Ag-Aqs
bl 1t 14
A/BD/C INT Do-D; RDWR ¥ & CS (DEC)
To other 5 2 CS (QEPC)
o e carg G 8 Bair e csc(:*;cg 2
ot shown . p selects to
b ) Subscriber TXDA } other ICs on line
controller chip TXDA card (not shown)
(optional)
TRXCA
RTXCA
SYNC HDLC link to and from
W/REQ backplane

6. The exchange controller chip is ideal for establishing a PBX, as shown on a section of the line card (only
one S interface). The microprocessor would be common to all exchange controllers. The quad exchange
power controller can provide power for up to four S interfaces.
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NEW PRODUCT NEWS
FROM TELETEK

Systemaster Il. Responding to
market demand for speed and in-
creased versatility, Teletek is proud
to announce the availability of the
next generation in 8-bit technology
— the new Systemaster II! The
Systemaster Il will offer two CPU
options, either a Z80B running

at 6 MHz or a Z80H running at

8 MHz, 128K of parity checked
RAM, two RS232 serial ports with
on-board drivers (no paddle
boards required), two parallel
ports, or optional SCSI or IEEE-488
port. The WD floppy disk control-
ler will simultaneously handle

8" and 54" drives. A Zilog Z-80
DMA controller will provide in-
stant communications over the bus
between master
and slave. Add
to the DMA
capability a true
dedicated inter-
rupt controller
for both on-
board and

bus functions,
and the re-

sult is un-
precedented
performance.
Systemaster Il will run under
CP/M 3.0 or TurboDOS 1.3, and
fully utilize the bank switching
features of these operating systems.

TELETEK

4600 Pell Drive
Sacramento, CA 95838
(916) 920-4600

Telex #4991834

Answer back — Teletek  CIRCLE 77

= TW’
NEW! SBC 86/87
SYSTEMASTER IT
_AND 1—150 MB

SBC 86/87. As the name indi-
cates, Teletek’s new 16-bit slave
board has an Intel 8086 CPU with
an 8087 math co-processor op-
tion. This new board will provide
either 128K or 512K of parity
checked RAM. Two serial ports
are provided with individually
programmable baud rates. One
Centronics-compatible parallel
port is provided. When teamed up
with Systemaster Il under TurboDOS
1.3, this 5MHz or 8MHz multi-
user, multi-processing, combina-
tion cannot be beat in speed or
feature flexibility!

In Europe:
Kode Limited
Station Road
Calne, Wiltshire
SN11 OJR England
tel: 0249-813771
telex: 449335

In Canada:

MAE Microsystems e
8255 Mountain Sights, Ste. 150
Montreal, Quebec
H4P1W1 Canada
tel: 514-341-1210

Teletek Z-150 MB. Teletek is
the first to offer a RAM expansion
board designed specifically for the
Z-150/Z-160 from Zenith. The
Teletek Z-150 MB is expandable
from 64K to 384K. Bring your
Z-150 up to its full potential by
adding 320K of parity checked
RAM (or your IBM PC, Columbia,
Compaq, Corona, Eagle, or Seequa
to their full potential). The Teletek
Z-150 MB optionally provides

a game port for use when your
portable goes home or a clock/
calendar with battery backup!

Evaluate the Systemaster I, SBC
86/87 or Teletek Z-150 MB for
30 days under Teletek’s Eval-
uation Program. A
money-back guarantee
is provided if not com-
pletely satisfied! All
Teletek products carry
B9%  a 3-year warranty.
(Specifications subject to

change without
notice.)

%

m Teletek"

Name _
~ Company
Address




Even if
your components are
out of this world

KSM has a speedy
way to fasten
them down

Even when you know you've got the right
components for tomorrow’s automated
products, you also know it doesn’t mean a
thing if you can’t put it all together in a cost-
effective way.

There’s where KSM stud-welding systems
can help. We can give you the specialized
fasteners andtools to secure all components
with speed and dependability.

Pins, studs, precision welding systems —it’s
all here, ready to zero in on your particular
fastening requirements.

In addition, our engineers will work with your
engineers in solving any fastening problem.

For more complete information or literature,
phone or write . ..

&> KSM

FASTENING SYSTEMS

KSM Fastening Systems, Inc.

301 New Albany Road Moorestown, NJ 08057
1-800-257-8181 ¢ In NJ 609-235-6900
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lows these operations to occur at different
rates. With this capability, data can be trans-
mitted through the system at a fixed 64 kbits/s,
required for the B channel, regardless of the
rate at which it was originally received.

Extending the highway

Another example shows a portion of a typical
PBX line card architecture and the connections
and ICs associated with one S interface (Fig. 6).
The microprocessor is common to all the ex-
change controller chips on the line card, and the
quad exchange power controller provides the
power for up to four S interfaces. The decoder
provides the necessary chip select signals.

There are several possible routes for the B
and D channels through the exchange control-
ler chip. The B channels from the S interface,
for example, can be routed directly to the micro-
processor on the line card or over the dual PCM
highway via the exchange controlller.

Such a line card configuration is very flex-
ible. When a packet on the D channel is received
from the terminal equipment, the exchange
controller can pass the packet off the line card
directly over the dual PCM highway. Alterna-
tively, it can pass the packet, via its on-chip
data link controller, to the microprocessor for
processing on the line card.

Conversely, when a packet is transmitted
over the S interface to the terminal equipment,
it can pass directly to the exchange controller
from the PCM highway or from the micro-
processor on the line card. In the latter case, the
packet is passed through the on-chip data link
controller before being transmitted.

The microprocessor can communicate with
the host computer controlling all the line cards
in the PBX by transmitting and receiving data
over the PCM highway (via an exchange con-
troller). As an option, a serial communications
controller can be interfaced to the micro-
processor bus, so that communication can take
place between the line card and the host com-
puter over the controller’s HDLC link.0

How useful? Circle
Immediate design application 544
Within the next year 545
Not applicable 546
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We put a lot of ourselves into Pascal-2.
Put us to work on your VAX.

Everything we know about software development
is built into Pascal-2. We created a straiﬁn— or-
ward, robust compiler with rugged predictability
that has already become a legend. Pascal-2 has
proven its performance and its reliability in more
than 2,000 installations in 36 countries.

Now Pascal-2
Pascal'z on VAX can give you that
same performance on the Digital Equipment Cor-
poration’s VAX, the premier software develop-
ment computer system.

Pascal-2 provides the strength and flexibility
essential for real utility in scientific, engineering,
business, and industrial applications.

Using the advanced capabilities of this opti-
mizing compiler, your development cycle will be
shorter and your applications more efficient.

See us at DEXPO West Booth 2836

Digital, PDP, VAX, VMS, RSTS, RT-11, RSX, Professional 350
and PIOS are trademarks of Digital Equipment Corporation. UNIX
is a trademark of AT&'T Bell Laboratories. TSX-Plus is a trademark
of S & H Computing, Inc. Pascal-2 is a trademark of Oregon
Software.

Pascal-2 is the only language
compiler that provides a uniform development
environment across the full line of Digital systems
from the Professional 350 to the VAX. All versions
of the compiler provide identical language features,
with the same interface for the operating system

and hardware, and the same 1
set of language extensions. Portab]llty
As a result, your application can be moved easily
from one environment to another.

The Pascal-2 System Development Package for
the Digital VAX and MicroVAX includes an
optimizing Pascal compiler; an interactive, source-
level Debugger; a Proﬁﬁ)er that pinpoints execution
bottlenecks; and other utilities to aid program

e Oregon
Software

to put Pascal-2 to
6915 S.W. Macadam Avenue

work on your
VAX, call us at
Portland, Oregon 97219

1-800-874-8501.
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The Pascal-2
system is available
on Digital’s VAX,
MicroVAX;
PDP-11/RSX,
RSTS,RT-11,
UNIX, TSX-Plus;

and Professional

Computer running
P/OS,RT-11.






Theres always

away out with
The High Density Plus
Backplane System.

Introducing High Density
Plus One; the latest in the High
Density Plus Backplane System
family.

We developed High Density
Plus™ because the world of VVLSI
can be a frozen wasteland for
the ill-equipped design engineer.

If you're using ECL, Schottky
TTL, CMOQOS, gate or standard
cell arrays, High Density Plus
will help you meet interconnec-
tion needs better than any avail-
able product.

And High Density Plus One
goes one step further.

Five Rows in the Space
of Four

High Density Plus One fea-
tures five rows of contacts in a
four-row space. The special fifth
row of contacts can be used as
a low inductance
ground. Or for
power distribu-
tion. Orin
combination,
allowing the
designer to use
virtually all
the contacts
within the
standard four
rows for sig-
nal trans-
mission.

It's just

the ticket for CMOS-based VLS
designs requiring high-speed
signal integrity and increased
interconnection density. The low-
inductance fifth row of contacts
minimizes ground noise and is
positioned to provide maximum
EMI shielding.

A Complete
System g

The High
Density Plus
family is de-
signed to be
integrated with
Teradyne’s multi-
layer printed cir- |
cuit technology,
power busing
systems, and
STRONGHOLD®
cardcage.

Completely
modular, the sys-
tem is based on a
building block approach that
lets you customize designs to
best meet your needs, whether
you need five, four, or three
rows of contacts.

Our engineers stand ready
and able to help tailor-make your
system. If you need the whole
system completely assembled
and tested, or just individual
components, we have what it
takes to get you out of any jam.
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Aluminum
card rail ™

card guide

Custom end bracket S = )

| N |
Nylon 1|
) §

Bus blade

S
Controlled impedance / I\
multilayer printed circuit board

The Leader in
Interconnection

Come to Teradyne. The leader
in meeting the backplane-based
interconnection requirements of
high-speed, high-density LSI
and VLS.

Daughterboard

Aluminum
stiffener

Daughterboard
header module

connector module

Don't delay. We created High
Density Plus to get cornered
designers out of tight spots. Call
Brenda Blaine, (603) 889-5156,
ext. 372, for our product bro-
chure. Or write Teradyne
Connection Systems, 44 Simon
Street, Nashua, NH 03060.

N ERADYNE:

Connecting problem . . . and solution
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COMPARE THE FACTS

AND THE CHOICE OF SELECTING
TRIPLE OUTPUT POWER SUPPLIES GETS EASY

FOR INSTANCE — Choosing the best triple output lab supply isn't as easy as it
looks ... so here's a little help from Electronic Measurements.
W 20% to 65% more output power than We'll send you a Free COMPARISON CHART so you can

any comparable unit prove to yourself why the EM Series not only outperforms all
™ Excellent ripple and regulation the rest, but offers the lowest dollar per watt in the industry.
™ Works in series and parallel modes for  For your Free Comparison Chart —

higher current and voltage outputs CALL TOLL FREE (800) 631-4298*
™ Any output may be grounded - or contact:

providing for either polarity

2 moone 37w m v aziae  (BOEEECTRONIC

0-40v @ 1.25A or 3-7v @ 3A, 0-20v
@ 2.5A & 0-20v @ 2.5A INC.
B All of this, and more, in less than

405 Essex Road, Neptune, New Jersey 07753
0.4 sq. ft. for $575.00

* In New Jersey, Alaska, Hawaii and Canada, call (201) 922-9300
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Built-in Basic interpreter
turns controller chip into
versatile system core

An extended set of Basic statements and operators
transforms a chip into the foundation for
a wide range of embedded real-time systems.

for some time now, especially in embed-

ded applications. But the phrase “com-
puter on a chip” takes on a whole new meaning
with the appearance of a software package that
implements a version of Basic in silicon.

The 8052AH-Basic controller is aimed pri-
marily at data acquisition, test instrumenta-
tion, and process control. Further, it is right at
home in virtually any embedded environment
and monitoring system.

Unlike so-called Tiny Basic interpreters, the
chip’s MCS Basic-52 software package is a full
Basic interpreter. In addition, it can manipu-
late strings and handle logical operators (AND,
OR, exclusive-OR, and NOT) and floating-point
arithmetic. It is also able to accept and deliver
numbers in floating-point, integer, or hexadeci-
mal formats. Counted among its other features
are built-in EPROM programming, mnemonic
access to all on-chip I/0 resources, and a built-
in real-time clock with a resolution to within
5ms. Moreover, its complete function library of
routines can be accessed in assembly language
(see the table, opposite). And the package sup-
plements Basic’s standard instructions with
commands designed specifically for embedded

S ingle-chip computers have been popular

John Katausky, Intel Corp.

John Katausky is technical marketing manager for In-
tel Corp.’s microcontroller operation in Chandler,
Ariz.

systems. The package resides in the 8-kbit ROM
of the 8052AH-Basic chip. Apart from the soft-
ware, it is identical with the 8052AH and so fea-
tures 256 bytes of RAM and three multiple-
mode 16-bit timer-counters.

Although Basicis held in low regard by many
computer scientists, one fact cannot be denied:
It is by far the most popular microcomputer
language. Not only is virtually every personal
or home computer capable of running it, but the
language has become a de facto standard for
many applications, including laboratory and

Summary of Basic-52’s features

Commands |  Statements Operators
RUN BAUD INPUT ADD (+) ASC ()
LIST CALL LET DIVIDE (/) CHR ()
LIST# CLEAR ONERR | EXPONENTIATION (**) CBY ()
NEW CLEARS ONEXT1| MULTIPLY (*) DBY ()
NULL CLEAR1 ONTIME | SUBTRACT (—) XBY ()
RAM CLOCKO PRINT LOGICAL AND (.AND.) GET
ROM CLOCK1 PRINT# | LOGICAL OR (.OR.) IE
XFER DATA PHO. LOGICAL X-OR (.XOR.) IP
PROG READ PHO.# LOGICAL NOT PORT1
PROG1 RESTORE PH1. ABS () PCON
PROG2 DIM PH1.# | INT () RCAP2
FPROG DO-WHILE PUSH | SGN() T2CON
FPROG1 | DO-UNTIL POP SQR () TCON
FPROG2 END PWM RND TMOD
FOR-TO-STEP REM LOG () TIME
NEXT RETI EXP () TIMERO
GOsuB STOP SIN () TIMER1
RETURN STRING | COS () TIMER2
GOTO uio TAN () TIME
ON-GOTO un ATN () XTAL
ON-GOSUB uoo - > MTOP
uo1 < LEN
IF-THEN-ELSE Pl FREE

Boldface statements have been added specifically for embedded systems.
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office automation. Its popularity is easily ex-
plained by its simplicity and ease of use. A pro-
grammer can execute, edit, and debug short
programs in minutes, without having to worry
about compilation, linking, and locating.

Building up Basic

Like any language, Basic has its drawbacks,
but the 8052AH-Basic’s software package ad-
dresses many of them by beefing up its instruc-
tion set. These enhancements address three
general areas: First, sophisticated program-
mers dislike the fact that Basic is an unstruc-
tured language. Because GO TO statements can
be placed anywhere in a program, understand-
ing and debugging it can become quite a chore.
For that reason, the package contains the more
structured DO-WHILE and DO-UNTIL state-
ments, as well as the standard FOR-NEXT and
IF-THEN-ELSE. These extensions furnish better
ways to control the flow of a program.

Second, the fact that Basic uses global varia-
bles forces subroutines to use the same names
for variables as the main program employs.
Generally, this is an inconvenience because

variables may need to be redefined every time a
subroutine is called up. The package’s function
library, however, includes PUSH and POP state-
ments that allow the user to pass variables to
subroutines on a stack, making it easy to re-
define variables in a subroutine. Additionally,
PUSH and POP can be used to pass parameters
to and from user-supplied assembly language
routines.

Finally, interpreted Basic is usually a slow
language. Although this is a legitimate com-
plaint, many applications can still be adequate-
ly served by it. The package’s fast token-based
interpreter, though, puts an end to the problem,
turning in execution speeds that compare quite
favorably with those of popular 8- and 16-bit
personal computers.

A quick turn around the pins

As mentioned, the software is stored in an
8052AH controller chip, which is itself housed
in a standard 40-pin DIP (Fig. 1). Some of the
pins’ uses are predetermined. Of the four ports
on the standard 8052A H, only port 1 still serves
as an I/0 port on the Basic version. Since the

A 4

et | 1 40 [ Voo
T, (EX), P11 ] 2 39 ] P0.0, AD,
Rral_1 s 38 [ po.1, AD,
Pia[_] 4 37 [__]Po.2, AD,
Plal 1| s 36 __]P0.3, ADs
P15 ] 6 35 [__]P0.4, ADs
Pisi_ | 7 34 [ ]Po.5, ADs
Btz s BoRsAb 33 [ ] P0.6, ADg
Reset ] 9 32 [__]Po.7, AD,

RXD, P3.0 [ 10 311 EA

XD, P3.1 ] 11 30 JALE

INTo, P3.2 ] 12 29 [ PSEN
INT,, P3.3 [ 13 28 ] P27, Ay
To, P3.4 [ 14 27 P2.6, Ayq
TW P35 [ 15 26 P2.5, Ay
WR, P3.6 ] 16 25 P2.4, Ay,
RD, P3.7 | 17 24 [ P23, Ay
XTAL, 18 23 [ P2.2, Ay
xTAhE 19 22 ] P21, A
Vss ] 20 21[_] P2.0, As
(a)

Wy
Tepto |1 40 [ Vee
To(EX), P11 [ 2 39 [ ADg
PWM out, P1.2 ] 3 38 [J AD,
ALE Disable, P1.3 4 az. | INeEE
Program Pulse, P1.4 % 5 36 [__1AD:
Program Enable, P1.5 | 6 as |__] AD,
DMA Acknowledge, P1.6 [_| 7 34 ] AD,
Line Printer out, P1.7 L] 8 e 33 [ ADs
Reset (] © Basic 32 [__TAR
Console Serial In [__] 10 31 :+ 5V
Console Serial Out [ 11 30 ] ALE
INTo, DMA Request [__| 12 29 [_] PSEN

T, {3 28 EI, &

s 114 27 A

|15 26 ] A,

wa—] 16 25 A,

ROL__|17 24| [EAS

XTAL, ] 18 23 [ _TeEe

XTAL, ] 19 2 J A

Vss : 20 21 As

(b)

1. The pin assignments of the 8052AH (a) and the 8052AH-Basic controller (b) differ primarily in that the
second does not use lines AD, to AD; and Ag to A5 as ports 0 and 2, respectively. Further, the Basic ver-
sion needs +5 V on pin 31 to enable the 8052AH to execute from internal ROM.
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8052A H-Basic requires external memory, Pins
32 through 39 and 21 through 28, which former-
ly served ports 0 and 2 respectively, are now
used for their alternative function: addressing
and exchanging data with RAM and ROM. Pins
10 through 17, which formed port 3, are putting
in their time at their assorted alternative
duties—with some slight revisions. The only
other changes involve pin 31, EA, which is now
tied to V¢, and port 1, whose pins have acquired
a second set of functions.

Port 1in detail

To start with, pins 1 and 2 of port 1 (P1.0 and
P1.1) can also be used to clock and trigger
timer-counter 2. Pins 3, 4, and 5 generate all
timing and other signals necessary to program
just about any EPROM or EEPROM —a simple
way to save and retrieve programs without
uploading or downloading. Pin 6, together with
the INT, pin (pin 12), gives the user the option of
implementing direct memory access. Finally,
pin 7 takes care of direct serial output to a pe-
ripheral, such as a printer. All that needs to be
done in this case is to invoke the LIST# com-

mand or the PRINT# statement.

In addition, the syntax of Basic-52 permits
the user to read and write directly from and to
port 1. For instance, the statement:

PORT1 = 55H

would place the hexadecimal value 55 on the ap-
propriate pins, while:

A = PORT1

would assign the value of variable A to the port
1 pins. Furthermore, some of the language’s
commands and statements manipulate those
pins so that they furnish a number of useful and
unique features. For example, P1.2 can also
serve as an output for the pulse-width modulate
(PWM) statement. Executing it generates a
pulse train of varying duration, frequency, and
duty cycle on the pin.
The statement:

PWM 50,100,1000

creates 1000 cycles of a signal that, assuming a
12-MHz clock, is high for 50 us and low for 100
us. The PWM statement also can generate audi-

i+ 2y Console Vs 1489 _~ _ Serial
In
10 uF In T
¢ Reset Console '\l Serial
- out | Out
s B po7bi - b Yidaeg
P2.6 pri
P2.5 e
C‘! P2.4 —
XTAL, P2.3
P2.2
Cz I P2.1
XTAL e
C,=C, 5 PO.7 gzg Vi Aal CE
30 pF for i [ ] s Ao
crystals, 40 pF|  gp52AH-Basic & DDy
for ceramic 8 +5V
resonation BD:
S W Latch (2K x 8 bits)
General- | |pqp 7D (7418373) Lo ;
pul%’” P13 PSEN . . )
; GND OE |y |We OE
or P1.4 ve. SO
special P15 cc i
functions P1.6 EA O+5V ..-—]
P17 GND _1 =

2. A simple system based on the 8052AH-Basic microprocessor requires just
three additional chips plus the serial-port driver. Port 1 could be used, for
example, to sense switches, drive indicators, or a power printer.
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ble feedback in process control and security
systems.

Topin 9 (Reset) falls the job of initializing the
system. It also furnishes power on reset when
an external 8.2-kQ resistor is connected from
this pin to ground and a 10-uF capacitor is con-
nected to Vec.

Under the software package, all of the pins
that formed port 3 are pressed into service in
their alternative functions. One of the inter-
rupt pins, INT,, now also handles DMA re-
quests (pin 12), and the pins for transmitting
and receiving data (pins 11 and 12) now handle
serial inputs and outputs to the console. Their
activities are integrated into a Basic applica-
tion program. For example, an interrupt on the
INT, pin (pin 13) can be handled by the ONEXT1
statement:

10 ONEXT1 1000

which forces a GOSUB to line 1000 every time
the INT, pin is pulled to a logical 0. In the called
subroutine, the user can process the interrupt,
then use a RETI statement to exit from the
interrupt handler.

To turn the Basic chip into a complete sys-
tem, the user need supply only external RAM
and serial port drivers (Fig. 2). The RAM re-
quirements are few: At least 1 kbyte must be
present, and it must start at external memory
location 0 and be contiguous and completely
decoded. After reset, the package determines
how much memory is present in the system and
initializes it, then waits for the user to type in a
space character. That character establishes the
baud rate automatically.

Although this system is quite useful, it does
not represent an ideal embedded controller.
Fortunately, adding just alittle more hardware
is all that is needed to construct one complete
with automatic self-starting, EPROM and
EEPROM programming, and simple program-
file management (see “EPROM Saves the Pro-
gram,” opposite).

Once the desired type of EPROM is in place,
starting up the system involves no more than
entering either the PROG2 or FPROG2 com-
mand. Both commands preserve the baud rate
information in exactly the same way as PROG1
or FPROG1 does. In addition, though, either
causes the first program stored in PROM to ex-
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EPROM saves the program

EPROM and EEPROM programming is certainly
one of the most powerful features of the MCS
Basic-52 software package. And it is simple to use;
only three of the 8052AH-Basic microprocessor’s
control pins are needed to call it into play. In brief,
after the user enters a program, it is stored in RAM,
starting at location 512. When the user types PROG
PROG or FPROG, the program that is stored in RAM
is programmed into an EPROM or EEPROM whose
address is 80004.

To start the process, the CPU first writes a logical
0 to the Program Enable pin, P1.5, thus supplying
the higher voltage required to program the
EPROM. Next, the processor reads the appropriate
RAM location, starting at 512, and saves the byte of
information.

Then, the CPU sends out the appropriate low-
order PROM address to pins AD, to AD; and sets
the ALE Disable pin to 0. That latches the low-
order PROM address permanently into the system
address latch—74LS373 (see the figure). Only one
AND gate is required to do this. The processor then
writes the high-order PROM address to pins Ag
through A5 and the data to pins AD, to AD;. Final-
ly, a 0 is written to the Program Pulse pin. De-
pending on the PROM used, that pin is held low for
either 1 or 50 ms. After it returns to a logical 1, the
CPU verifies the contents of the programmed
PROM and then writes a 1 to ALE Disable.

The process continues until the entire Basic pro-
gram is saved in PROM. When programming is
complete, the CPU writes a 1 to the Progam Enable
pin, leaves the programming routine, and returns to
the Basic command mode. To prevent accidental
programming during power-up, OR gates should be
used (top left in figure).

The foregoing description of the programming
naturally leads to two questions.

The first concerns the duration of the 0 state. A
50-ms pulse is required to program most standard
EPROMs. The 1-ms pulse, on the other hand, per-
mits the software package to program Intel’s latest
generation of high-density EPROMs, working with
the company’s programming algorithm, dubbed
INTELigent. To apply it, the user simply types
FPROG instead of PROG. The algorithm requires
that the Vo on the EPROM be increased to 6 V. One
economical way to accomplish this is with a DIP
relay. The software package also allows the user to
specify programming pulses of any length.

The other question centers on the accuracy of the
programming pulse versus that of the system clock
frequency. To eliminate any dependency on the
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ecutedirectly after reset, bypassing a RUN com-
mand. In fact, even the console is no longer
needed in some embedded systems. Programs
can be written and debugged with the aid of a
terminal, and when the programmer is satis-
fied with the results, the hardware can be
embedded in the design and the terminal dis-
connected.

On call

Aside from the features already noted, the
package contains a host of others that are very
attractive for embedded systems. The CALL
statement, for instance, accesses assembly-
language routines directly from the package, a
handy way in which to meet speed require-
ments. Better still, assembly-language pro-
grams can take advantage of a complete library
of routines that reside in the package. The user
gains access to this library simply by placing a
specific op code in the accumulator and then
sending a CALL to location 30,.

Suppose, for example, that the assembly-
language routine reads a 16-bit value, and the
user would like to calculate the value’s square
root and send it to a particular location. As-
suming that the user supplies the 16-bit integer
to the high- and low-byte registers, R, and R,,

respectively, the calculation can be made sim-
ply (Program 1). All told, over 60 routines can
be invoked by assembly-language programs.

The software package also controls all of the
system’s I/O memory resources. To make
things simple, all of these operations are sym-
metrical. For example, the operator DBY in the
statement:

A = DBY (OFEH)

assigns the value located at OFE;¢ in the chip’s
internal memory to variable A. The statement:

DBY (OFEH) = 22H

places 22,4 in internal memory location OFEg.
The same symmetry holds for the interrupt
registers, IE and IP, as well as the timers and
the timer configuration registers.

Other special instructions are particularly

Program 1. Getting to the root of a variable

MOV A, #9AH ; Load accumulator with op code for placing

; Register pair R2:RO onto argument stack

CALL 30H ; Execute the operation

MOV A, #1FH ; Specify square-root routine

CALL 30H ; Execute the operation

MOV A, #1H ; Specify truncation and integer conversion
CALL 30H ; Execute the operation

Program
Pulse PROM
Level
Program Shifter
Enable
Ag-Ass
Address
decoder
8052AH-
Basic

Analog
In

WR
RD

ALE

ALE Disable

1710
110
110

Parallel

3. With the help of an address decoder, the 1/0 on a system built around the Basic chip can be
expanded at will. One such setup converts analog into digital and digital into analog signals, and

supplies a parallel 1/0 port for a console.
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helpful for the designer. Thus BAUD sets the
baud rate for the line printer port. If the de-
signer wants to transmit at 1200 bauds, he or
she simply enters BAUD 1200. CLEARS is used to
reset all of the package’s stacks, and CLEARLI
resets all interrupts, except the real-time clock.
CLOCK1 enables the real-time clock, just as
CLOCKO disables it. The value of the clock can
be read or assigned by using the TIME operator.
ONTIME generates an interrupt when the TIME
operator reaches or exceeds a specific value.
ONTIME works in much the same way as the
aforementioned ONEXT1 statement. Finally,
the statements PHO and PH1, when used to-

 +5V

> 10k
37" 47k Topino ?1 port 1

of
8052AH-Basic chip

Tip

Ring

e

4. To function as an autopulse dialer, the Basic chip
needs only a single-pole, single-throw, normally
closed relay and an npn transistor to drive it.

Program 2. Placing a call with the software package

gether, ensure that outputs are given in hexa-
decimal notation. PHO suppresses leading zeros,
and PH1 always prints out four hexadecimal
digits.

Building a functioning system around the
Basicchipisasnap.The designer can link to vir-
tually any standard peripheral chip simply by
assigning some location to the peripheral in the
64 kbytes of external address available to the
8-bit device.

4
Addressing 1/0

In fact, the software actually reserves the
chip’s upper 8 kbytes of memory (from 56 to 64
kbytes) for I/0. Accessing external peripherals
is accomplished by using the XBY, or address,
operator. For example:

A=XBY (OFFFOH)

reads a peripheral or external memory location
that has been decoded for address 0FFF0,¢ and
assigns its value to the variable A. Similarly:

XBY (OFFFOH) =55H

writes 55,4 to a peripheral or memory location
that has been decoded for address OFFF04. A
system consisting of an analog-to-digital and a
digital-to-analog converter plus an 8255 paral-
lel port, all connected to the software package,
is typical of process control, environmental
monitoring, or energy management applica-
tions (Fig. 3).

An autopulse telephone dialer also demon-
strates the versatility of the software package
(Fig.4). This application takes advantage of the
logical operators as well as the real-time clock
and string operations (Program 2). Such dial-
ing could play an important role in many pro-
cess control and remote environmental-mon-
itoring systems where information must be
periodically sent to a master computer over a
phone link. Variations on the general software
scheme could be devised to address a wide
variety of automatic dialing and automatic an-
swering settings.O

How useful? Circle
Immediate design application 547
Within the next year 548
Not applicable 549
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Chip duo allows transfer
of controller electronics to
smallest disk drives

With the disk drive electronics now packed in
tiny packages, placing controller boards in
the host computer is a has-been approach.

ost personal computers have to control
Mat least one floppy-disk drive, and

usually the controller electronics for
the drive are on a plug-in card. Moving the
controller components into the drive would free
an expansion slot in the computer, but ever-
smaller disk drives severely restrict the area
for the drive circuitry itself, let alone added
control electronics. Instead of the standard
51/s-in. height for drives, designers now face
31/2-in. versions, like the Sony floppy.

Two chips give the designer considerable le-
verage in overcoming the impossible. With the
pair—the SSI 570 and the SSI 580—a designer
can squeeze all the electronics for a disk drive
into less than 2 in.” The space thus made avail-
able can be used to move a controller into the
disk drive.

For example, an SA400 type of disk drive can
interface with a host computer in a much sim-
pler manner with the two chips, which incorpo-
rate most of the required circuitry (Fig. 1). Both

Dan Brown and Al Morton, Silicon Systems Inc.
Dan Brown gained extensive experience in IC design
before becoming computer products marketing manag-
er at Silicon Systems in Tustin, Calif. He obtained his
BSEE from the University of California in Irvine.

Al Morton is applications engineering manager at the
same company and was previously a field applications
engineer at Harris Semiconductor and Texas Instru-
ments. His BSEE and MSEE are from California
State University in Fullerton.

satisfy the interface characteristics of all lines
between the host and the drive, supply all inter-
connections with the read/write heads, and
provide an interface with an on-board micro-
processor.

When used with an 8048 microprocessor and
a spindle-motor speed controller, the chip set
makes up virtually all the circuitry required in
a floppy-disk drive. The SSI 570 replaces the
traditional MC3470 and MC3471, several 7414
input gates, and a handful of diodes. The SSI
580 replaces several SSI and MSI logic circuits,
programmable logic arrays, integrated fuse
logic devices, or gate arrays.

The SSI 570, known as the data path chip,
provides the complete read/write and erase
functions in a 28-pin package. It includes the
write data flip-flop, as well as a write current
source that can be set externally.

Erasing can follow either “straddle” or “tun-
nel” methods, which employ different erase
heads. With the straddle method, the erase gap
straddles the write gap; with the tunnel meth-
od, the erase gap follows the write gap. For
tunnel erase heads, the SSI 570 erase current
can be delayed at turn-on and turn-off to coin-
cide with the position of the written informa-
tion. The read data path—from the head to the
read output—is characterized by low noise
(5 uV rms), high gain (1000 V/V), and minimal
peak shift (0.3% ).

The SSI 580, which also comes in a 28-pin

Electronic Design - December 13, 1984 187



DESIGN ENTRY

Disk drive control chips

package, is a special-purpose I/0 port expander
for an 8048 or similar microprocessor. It pro-
cesses system data and controls the width and
delay of the index sensor input. The inputs of all
host interface lines have hysteresis, and the
outputs meet the high-current (48-mA) and
open-collector specifications required by the
SA400 interface.

Easy layout

The designer still must use a few passive
components to build a low-pass filter and to set
the timing. However, there are no critical ana-
log interconnections or layout problems, since
that wiring is internal to the SSI 570. Since each
chip occupies less than half an inch on a side in
surface-mounted packages, the inherent space
savings are obvious.

The controller board supplies a function
needed by many magnetic media recording
schemes. It turnsdata being sent to the drive in-
to a serial stream, using modified frequency
modulation (MFM) to encode it (see “Matching
the Message to the Medium,” opposite).

The read signal processing circuits on the
data path chip consist of two differential pre-
amplifiers, a summing amplifier, a postampli-
fier, an active differentiator, a zero-crossing
detector, a time-domain filter, and an output
one-shot (Fig. 2). When reading (R/W high),
these circuits amplify and detect the read
signals to produce uniform digital output
pulses.

Each preamplifier input—for example,
+HD, and —HD,—is connected, in parallel
with a write current driver, to each read/write

Write Protect 1
- (COM) .»J i
Read Data Read data Read §
5 processing head 0 | Inde)Lcésoector
Read '
head 1
Drive Side | S
Select Select Index/Sector >3
Write Data , : Retector s Stepper motor
L NAs s Write | Q
Write Gate current
driver II @
and
S Read
Write Protect control head 0 HEY A\
Read i \
head 1 : \ Track 00
Drive Side : & Y
Select Select e
Step L Activity light
Direction Select Track 00 (COM)
SRR Track 00 (N/O)
Drive Select (4 lines) \\
= 5o Hotor On St Motor control
__Track 00 %’;i::o driver Tachometer
Stepper A
Index/Sector Stepper B
L Stepper C
Motor On 5 Stepper D
) Index/Sector LED
Side Select Index/Sector Detector

1. An SA400 type of floppy-disk drive and its interface with a host computer typically require that some of
the interface electronics be placed on a plug-in controller board within the computer.
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head. The inputs are protected from the large
voltage transitions that occur during writing.
The output of the selected preamplifier, defined
by the state of the Head Select pin (HS,/HS,), is
fed to the summing amplifier.

The summing amplifier’s outputs (+ A,
—A,)are ac-coupled to the postamplifier
through an external filter network. The input
amplitude to the postamplifier (at pins +1In,
—In) should be maximized to reduce peak shift,
meaning that the low-pass filter should have
minimal attenuation in its passband. (Bessel or
Thompson filters are typically used for their
linear phase characteristics.) The passband
corner is usually set above the third harmonic
of the maximum frequency.

The postamplifier, which requires no exter-
nal bias connections, can adjust the amplitude
of a signal before sending it on to the differ-
entiator. Maximum postamplifier gain is
achieved with infinite impedance across gain
pins G, and G.. (An additional frequency- or
phase-compensation network may also be em-
ployed here.)

The response characteristics of the differ-
entiator are determined by an external capaci-
tor (or more complex series network) between
D, and D.. The capacitor chosen should allow
for a current of 2mA peak to peak at maximum
amplitude and frequency. If the internal 50-Q
resistance is insufficient to provide roll-off at
10 times minimum frequency, an external
series resistor can be added. To attenuate high-
er frequencies, a series RLC network can be
used, but the capacitor should still be selected
as just described.

The peaks of signals entering the differ-
entiator from the postamplifier become the
zero crossings of the differentiator’s output
signal. A detector provides a unipolar output
for each positive or negative zero crossing of the
differentiator output.

The time-domain filter

To enhance peak detection, spurious inflec-
tion points between true signal peaks are sup-
pressed with a time-domain filter. The filter re-
jects detected zero crossings if they are not
sufficiently separated in time. The time period
is set by an external RC network at the TD pin.

Uniform data output pulses, presented at the

Matching the message
to the medium

Since the data that can be stored in a disk is
limited by the number of flux transitions that can
be produced on the magnetic surface, a self-
clocking encoding scheme is often used to pack the
most raw data into the flux transitions. The most
popular scheme for floppies—though not neces-
sarily the most efficient one—is modified fre-
quency modulation (MFM) as follows:

If the serial stream of binary data is visualized
as a sequence of bit cells, the rules for MFM re-
cording can be summarized as follows:

e There is a flux transition for each 1 bit at the bit
cell time.

e There is a flux transition between each pair of
0 bits.

e There is no flux transition between the bits of a
10 or a 01 combination.

In current floppy-disk drives, a controller tackles
the encoding before the data is sent to the drive.
What the drive receives is a serial stream of digital
MFM-encoded data, which is then used to clock a
toggle flip-flop. Each toggle on the output of the
flip-flop causes the current to flow in adifferent leg
of the read/write head, creating a change in the po-
larity of the magnetic field and therefore causing a
flux transition. In the read mode, that recorded flux
transition passes near the read/write head, in-
ducing a low-level signal. Each flux transition cor-
responds to a pulse in the original data stream.

The challenge lies in faithfully replicating the
original data stream. The key parameter is the
spacing between the peaks of the detected signal.
The signal is first amplified, then filtered to re-
move the unwanted frequency components. The
low-frequency or de components cause a signal off-
set, which becomes an asymmetry (or peak shift) in
the output pulse position. The high-frequency com-
ponents (noise) can cause jitter in the output pulse
timing, which breaks up into small random varia-
tions in the zero-crossing location.

Differentiation changes the signal peaks into
zero crossings. A comparator can detect the zero
crossings, from which a bidirectional one-shot pro-
duces the data output pulses. Since the input to the
differentiator is anything but a pure sine wave, the
comparator may see “zero crossings” thatdo not in-
dicate true flux reversals, but rather that are a re-
sult of noise or distortion in the signal processing
path. However, valid zero crossings generate pulses
from the comparator that are longer than a known
minimum. If all pulses of less than that duration
are ignored, some protection is afforded against
false zero crossings. The SSI 570 data path chip em-
ploys this time-domain filtering scheme.
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Read Data Pulse pin (RDP), are provided by the
output one-shot, which is triggered by the out-
put of the time-domain filter. The duration of
the output data pulseis determined by an exter-
nal RC network at the PW pin. The output one-
shot is inhibited when the device is in the write
mode.

The SSI570’s write circuits (Fig. 2 again) con-
sist of two differential write current drivers
operated by a flip-flop divider stage, a center
tap voltage reference, two erase current switch-
es, and control circuits for head selection and
erase timing.

In the write mode (R/W low), these circuits
send controlled write and erase currents to
either of two read/write heads. The value of the
write current is set by an external resistor con-
nected between the Ry pin and ground. Write
current can be boosted 30% to compensate for
the varying radial speed between the inner and
outer track on the disk. This calls for a high in-
put to the Current Boost pin (CB). The erase
current is set by the external Rg resistorsin
series with the erase coils and the erase current
switches at pins E, and E,.

The center tap voltage reference, V¢r, is a

To SSI 580 or host interface bus
"
RDPG HSo/HS 0CB OV, oV
9 i B Qwor o e
Rew PW Power-on | Centertap | [Ver
Vec oy protection reference
CPW R
I 1 Current Rw f‘.“i
reference —
R TD Time-
domain L
filter %
Cro +HD, °
o
I T Flip- L =
flop s
Zero-
crossing HD,
detector Write E
current
drivers FHD, €
D 3 3
i - Active
Co T differentiator —HD,
£ EEREC
REC
Erase Eo
G, current
ReS Postamplifier switches E,
G - Summing T
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Erase
— timing
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;
—.l‘n‘ +In —Ao -L+Ao Re Rep ReCe
< —
'H I-“Jvnr\-]— Rs"i’ -i' Ce
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2. The SSI 570 creates a read and write path between the floppy disk and the host computer. The detection
and filtering schemes that accept or recover raw data from the disk are electronically similar to the methods

used by standard multichip designs.
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switched source that supplies both the erase
head and the write head current. In the write
mode, the reference voltage is near the Vyp
supply, minimizing power dissipation. In the
read mode, the voltage is lowered to a value
suitable for biasing the preamplifier inputs. To
prevent undesired writing or erasure during
power-up (or from a power-supply fault), the
voltage reference is delayed until the supply
voltages are within their operating ranges.
The write currents are controlled by two
switching differential current drivers. When
the data path chip is in the write mode, those
drivers change output states at each negative
transition of the Write Data In pin (WDI). The

output impedance of the drivers is very high.
External resistors connected across each
read/write head damp the write current.

The erase currentis activated when the write
mode is selected, but its application may be de-
layed. The turn-on delay is created when the
erase capacitor, Cg, is charged through the
erase delay resistor, Rgp. Similarly, the erase
current, after leaving the write mode, is held for
a time by the discharge of Cy; through the series
Rep and Ry, which is the erase hold resistor.
(For straddle-erase applications, Cg can be
omitted, causing the erase current to be applied
concurrently with the write current.)

The SSI 580 1/0 port expander has one 4-bit
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3. The SSI 580 is a special-purpose I/0 port expander that complements the data path chip when both are
used with an 8048 microprocessor. Ports A and B are 4-bit input ports; port 2 is a 4-bit bidirectional port.
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Microprocessor programming made simple.

“Keep it simple” was the principle
of the 14th Century English philos-
opher William of Occam and it has
even more validity today. Faced with
the problems of sophisticated
computer systems, designers have
found that ever more complex pro-
gramming languages are further
complicating their tasks. Until now.

Occam. Created for system
design and implementation.
When we started designing our
new VLSI family of 10-MIP trans-
puters, we built on William’s simple
philosophy. To take advantage of
the possibilities opened up by the
transputer, we needed to create a
language capable of properly ad-
dressing parallelism and multi-
processor systems.

With the ability to describe con-
currency (whether timeshared or
real) and to handle message-
passing at the lowest level of the
language, all aspects of a system
can be described, designed and
implemented in occam. From in-
terrupt handling through signal
processing to screen editors to
artificial intelligence. And on.

But occam is not limited to our

transputer family. It provides an
efficient, responsive implementa-
tion language for systems built
on today’'s microprocessors. It also
opens up future possibilities with
its performance -enhancing
multiprocessor capabilities. And
INMOS now offers a product to let
you exploit occam’s total capability
in your system.

Simplify your job with the
Occam Programming System.
The Occam Programming System
(OPS) gives you the tools for com-
plete VAX / VMS software develop-
ment. This package includes an
integrated editor / checker, an
optimizing VAX compiler and full
documentation. This gives you a
supportive environment for the
development of occam programs
ERAR
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COIRLIRRA <
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for execution on the VAX. Cross-
compilers for 68000 and 8086-based
systems will also be available.

What's more, the occam programs
developed and proven on the OPS
will give you a head start for work
with the INMOS transputer. Exten-
sions to the OPS will be available
which will allow occam programs
to run on the transputer.

And if you have a requirement
to program the transputer in other
popular high-level languages, other
extensions will include compilers
for C, Fortran, and Pascal.

Get started today.
Contact us for our information
pack on occam, the Occam Program-
ming System and the transputer.
You'll be surprised how simple
your life can be.

For quick response, call us at
(303) 630-4000 or write:
Occam, P.O. Box 16000,
Colorado Springs, CO 80935.

MMOoS

inmos, Oand occam are trademarks of the
Inmos Group of Companies
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DESIGN ENTRY

Disk drive control chips

bidirectional port, port 2, and two 4-bit input
ports, port A and port B (Fig. 3). Port 2 consists
of pins P,, through P,;. The pins for port A
consist of Disk Select (DS), Write Gate In
(WGATEIN), Motor On (Motor On), and Direc-
tion Select (DIR). Port B consists of DS and
three sensor inputs, one for the index, another
for write protection, and the last for track 00.

An 8048 microprocessor communicates with
the I/0 port expander over bidirectional port 2,
with timing provided on the Programming pin
(PROG) from the microprocessor. Information
is transferred in two nibbles: the first contains
the op code and port address and the second, the
four-bit I/0 data. A high-to-low transition on
PROG clocks in the op code or address, and a
low-to-high transition reads or writes data as
directed by the op code.

Reading and writing

In the read mode, the microprocessor can
read each of the two 4-bit input ports via port 2.
The processor loads the read op code and port
address on pins P,, and P., in the falling edge of
PROG. When the op code and address are de-
coded, the appropriate input port is selected,

SSI 580 read and write modes

Mode cgge Aaaress | inpul (pius on chip Vuiput
e ) |
DS B
Index sciisul latch 1 VP;‘
[V} v kWnle brotectuun Sc..s;rT P;, i
Track 00 sensor | Fug
wead| | DS ] P;,
WGATEIN TV X r-a'
U i L Motor On I P;,
DIR register E r';: |
T (F23 WH PROI e
sensur)+ (DS WGATE
WGATEIN
| (DS | TRACKGO
write | 1 U (P21-DS) Idtigi%iet
P2o Index A
i ] i (:e; ext) LINTR
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and port 2 is configured as an output port (see
the table). This operation is terminated by the
rising edge of PROG, which returns port 2 to
the input mode.

In the write mode, the microprocessor passes
system parameters to the I/0 port expander for
logic manipulation and transmission to the
host system. The write op code and address are
passed on the high-to-low transition of PROG.
On the low-to-high transition, data on port 2 is
loaded into the circuit.

The Interrupt signal (INTR) is the output of a
D flip-flop, which is reset every time the Step
command is issued. The command forces INTR
low, thereby interrupting the 8048 and causing
it to execute an interrupt service routine. Typi-
cally that routine obtains information on the
direction the heads should move and on the
status of the track 00 sensor, and the informa-
tion is used to generate phase-control signals
for the stepper motor. Note that indeterminate
operation will result from holding the Index
Sensor Latch reset.

The T, signal, which drives the counter input
on an 8048 type of microprocessor, changes
state whenever the host sends a step command.
T, and the DIR register input from port A mon-
itor head position, so that a Current Boost com-
mand can be given to the data path chip when a
specific track is reached.

The Index pulse width and delay are pro-
grammed by resistors and capacitors connected
to the R/Cyw and R/Cy, pins, respectively. The
WGATE output controls the change between
read and write modes of the data path chip.

Since the chip set is intended to squeeze the
floppy disk’s electronicsinto as small an area as
possible, the ideal situation would be to free
enough space to put a disk controller on the
same board. A suggested floppy-disk drive re-
duces circuit space (Fig.4) by using a multilayer
board and surface-mounted active and passive
components (the 8048 is available as a surface-
mounted device). The circuit meets all the con-
troller signal requirements of the SA400 type of
interface (Fig. 1 again). The chip set needs only
half a square inch, and the rest of the circuitry,
approximately 1 in.* Thus the disk drive elec-
tronics fit in less than 2in.*

The reduction in IC count is obvious. Sur-
rounding the data path chip are the passive




High quality. Low price. New KEMET AXIMAX™
capacitors give high-volume users the best of both.

Now KEMET ceramic capacitors come in a new,
economical package that puts punch in your
production. But not in your pocket.

Low-cost AXIMAX capacitors are axial-leaded,
conformally-coated units with the same superior
construction you've come to expect from all
KEMET capacitors, whether solid tantalum, multi-
layer ceramic, or precision thin-film. But at a
budget-pleasing price.

In four case sizes with COG (NPQO) ultra-stable,
X7R stable or Z5U general-purpose dielectric,
AXIMAX capacitors offer over 138 capacitance
values from 10.0 pF to 1.0 xF, in 50 and 100-volt
ratings.

They're assembled with high-temperature solder
that maintains lead integrity.

And their wide-range selection and perfor-
mance let you use them everywhere quality
counts—such as bypass and decoupling circuits
for telecommunications, data processing,

automotive and entertainment systems.

New KEMET AXIMAX ceramic capacitors are
available now in 2,500 and 5,000-unit taped
reels, and conform to EIA specification RS 296D—
ready for high-speed, automatic insertion. With
exclusive EPIC delivery, direct from inventory.

For lead-taped engineering samples, contact:

Union Carbide, Electronics Division, Components Department,
PO. Box 5928, Greenville, SC 29606. (803) 963-6348.

TWX: 810-287-2536. Telex: 57-0496.

Union Carbide in Europe: Phone Geneva, 44-22-396511;

Telex: 845-911302.

Union Carbide in Asia: Phone Hong Kong, 852-372-31211;
Telex: 780-45162.

Or call your local KEMET representative or distributor.

LD B ELECTRONICS DIVISION
it COMPONENTS DEPARTMENT
KEMET offers you more in the '80s.

See EEM for KEMET capacitors general catalog.
KEMET is a registered trademark of Union Carbide Corporation.
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Disk drive control chips

components needed for filtering, timing, damp-
ing write current, setting write and erase cur-
rent, and setting gain. The I/0 port expander
chip is supported by three optical sensors for
the Track 00, Write Protect, and Index pins and
by four passive timing components. The 8048
microprocessor needs a crystal for clocking,
and it delivers commands to a stepper motor
through external power transistors. The spin-
dle motor brings the floppy disk up to speed
when turned on by the microprocessor.

currents and hysteresis. Then an SSI 580 type of
circuit could be made in CMOS and used with an
80C48 microprocessor to reduce the drive’s
power requirements.

A further benefit could be derived from the
change to CMOS if the designer combined
80C48 and SSI 580 functions on a single chip.
That solution would reduce the required cir-
cuitry to two ICs, a handful of passive parts,
opto-sensors, power drivers, and a crystal.o

The I/0 port expander is a bipolar chip, How useful? Circle
meeting the 48-mA drive requirements of the d . b =
: . 5. Immediate design application 550
SA400 interface. But if the controller is incor- e
3 : . Within the next year 551
porated in the drive, or placed very close to it, Not applicable 552
there will be no cable and thus no need for high
‘rfm\— +5V +5V
IT HHI™] {”_E d d*‘%
+Aq —Ao T SR T = R e s P o D PW
+HD, wor e
HD, HSo/HS,
; SSI 570 bk
+HD, data path
E chip
HD,
E,
EU
CB R/W RDP
wc DS, ~ Host
AAA DS, mtgﬁgce
S i
.5 "é‘ I 5 g v B '\oL
B T\‘NGATE R/W RD Data DS ﬁﬁ@
Step
e o D _
= = SolcED Motor On
e 8048 — /0 port WGATE
Pa, expander Index
P2, WR PROT.
P2y Track 00
Ready
%o IS % +§:-V
sl éj:l ] 2 o 3
Photodiode j'—-wv—o +5V
Spindle LED sensors (3) e
motor ! I
Stepper motor =/nuse =

4. With the data path chip and the I/0 port expander, all the electrical requirements of
the SA400 floppy-disk drive interface (shown in Fig. 1) can be met with just one 8048

microprocessor and a handful of discrete components. The chip set can be fit into 2 in.2,
thus allowing the plug-in disk controller card circuitry to be moved into the disk drive.
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High-performance CMOS Static RAMs.
There’s never been a better deal.

4 Y

The Game
High performance. Reliable delivery.
And a fair price. When it comes to CMOS
Static RAMs, the stakes are too high to
gamble on anything less.
Our Hand
That's why S-MOS offers the two most
popular CMOS Static RAM types for
large volume users: the SRM 2064 64K
(8K x 8) and the SRM 2016 16K (2K x 8).
Pin-compatible with 6264 and 6116
device families, respectively, they're
designed for performance that meets or
exceeds other vendors' premium grade
products. But at prices equivalent to
their standard grades.

Take our powerful 64K CMOS SRAM.
It features an access time of just 150ns,

oPDE

nNH—-—cCOD—-O

INTERFACE

AROUND

The S-MOS system

SRAM COMPARISON CHART
OPERATING(1) | STANDBY (2) | STANDBY (3)
CURRENT CURRENT CURRENT
16K (2Kx8) 150ns | (TYP) MAX | (TYP) MAX | (TYP) MAX
LEADER'S STD, 6116 | 35mA 70mA | 5mA 15mA | 20uA 20004A
LEADER'SLP,6116 | 30mA 60mA | 4mA 12mA | 2uA  50uA
§-MOS'STD, 2016 | 20mA 35mA | .3mA 2mA | 1xA  504A
64K (8K x 8) 150ns
LEADER'SSTD6264 | 60mA 110mA | 1mA 3mA | 20uA 20004A
LEADER'SLP 6264 | 60mA 110mA | 1mA 3mA [ 2uA 100uA
§-MOS'STD 2064 | 25mA 40mA | 1.5mA  3mA | 2uA 1004A
(1) AVERAGE: MIN DUTY CYCLE, CS1= VIH, CS2 = VIL (64K)
€S = VIH (16K)
(2) CS1=VIHOR CS2 = VIL (64K)
TS = VIH (16K)
(3) CS1,CS2= VCC— 0.2V OR CS2 < 0.2V (64K)
CS = VCC (VDD) — 0.2V (16K)

Based on published data sheet parameters

worst case. Plus power consumption
that's a mere 25mA operating; 2uA
standby.

What's more, the device utilizes
2-micron selectox silicon gate CMOS
technology. It's a proprietary process that
optimizes speed and power while cutting
production costs. So while you're
increasing performance, you're also
saving money.

The SRM 2016, like its 64K counterpart,
cuts down on energy consumption and
has an access time of just 150ns.

Both SRAMs feature industry-standard
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pinouts and a choice of either plastic flat
pack, cerdip, or plastic DIP packaging.

Our Raise
For outstanding reliability, our SRAM parts
are 100% burned-in and temperature tested.
And they are fabricated by Suwa Seikosha,
one of the world's largest, most automated
CMOS LSI manufacturers.

And remember, these premium devices
are delivered at a price that's equivalent
to the competition's standard grade. Now
that's one sweet deal.

Our Call
So when the chips are down and you need
more, stand pat with S-MOS. We've got a
full house of 64K and 16K CMOS Static
RAMs ready for immediate delivery.
S-MOS Systems.
Nothing beats a winning hand.

MOS

E‘n A‘E ‘h. .d‘ A

SYSTEMS

S-MOS Systems, Incorporated
50 West Brokaw Rd., Bldg. 7
San Jose, CA 95110

(408) 993-1212



Better Instruments for
Better Communications

The “Personal-Sized” MS610A
Spectrum Analyzer

Although compact, the "personal-sized”
MS610A is a full-fledged spectrum
analyzer with a frequency range of
10kHz — 2GHz. And it's so easy to
operate! Just specify reference level
and frequency span, then hit a pair of
handy front-panel pushbuttons. Now
other functions are automatically
coupled to span and reference,
internally setting resolution bandwidth,
sweep time and input attenuation for
optimum accuracy.

Anocther better communications
instrument from Anritsu

Anritsu means communications.

We began building telephone
and radio equipment more than
50 years ago. And although we've
expanded into other fields since
then, we've remained true to
those first electronic roots.

In fact, the Anritsu name is
now known around the world as
synonymous with communica-
tions. From public telephones to
sophisticated, state-of-the-art
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optical and digital transmission
systems, Anritsu communications
products are highly regarded for
both unequalled reliability and
technical excellence.

With such wide-ranging ex-
perience in all phases of commu-
nications, it's no surprise that our
electronic measuring instruments
are superior, too.

Anritsu builds the electronic
instruments that keep electronic

and fiber optic communications
operating at the knife edge of
efficiency. From the simple meas-
urement of voltage and current to
complete high-level analysis of
both analog and digital circuitry,
Anritsu instruments are built by
experts in communications. And
Anritsu instruments are built to
be used.

Whether it's an Anritsu elec-
tronic voltmeter, a network ana-

lyzer or a complete GPIB-based
automatic test system, you'll find
a basic field-proven ruggedness
built in. And you'll find controls
that actually make sophisticated
measurements simpler to
perform.

At Anritsu, we're striving
toward still better instruments.
And better communications.

ANRITSU ELECTRONICA COMERCIO LTDA.

Av. Passos, 91-Sobrelojas 204/205-Centro, 20.051-Rio de Janeiro-RJ, Brasil Phone: 221-6086, 224-9448 Telex: 2131704 ANBR

ANRITSU AMERICA, INC.

128 Bauer Drive, Oakland, NJ 07436, U.S.A. Phone: 201 337-1111 Telex: 642-141 ANRITSU OKLD

ANRITSU EUROPE LIMITED

Thistle Road, Windmill Trading Estate, Luton, Beds, LUt 3XJ, UK. Phone: (STD0582)418853 Telex: 826750 ANRSEU G

ANRITSU ELEKTRONIK GmbH

Uhlandstrasse 9, 4000 Dusseldorf 1, FR. Germany Phone: (0211)682424 Telex: 8584904
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Anritsu
ANRITSU ELECTRIC CO.. ITD.

10-27, Minamiazabu 5 chome, Minato-ku, Tokyo 106, Japan
Phone (03) 446-1111/Telex: 0-242-2353
Cable: ANRITDENKI TOKYO



THE Q/PAC
POWER

DISTRIBUTION

CAPACITOR.

A SMALL REVOLUTION IN PCB
PACKAGING TECHNOLOGY.

Now there's a way to achieve ultraefficient
power distribution and high capacitance with
the same space-saving component: Q/PAC”
from Rogers.

A small revolution in PCB packaging tech-
nology, @/PAC power distribution capacitors
improve and simplify all aspects of board
design. Rugged and easy to install, they elimi-
nate on-board power traces. And provide noise
suppression unmatched by conventional
discrete decoupling capacitors.

What's more, since Q/PAC saves valuable
real estate by replacing both power traces and
discrete decoupling caps, there's more space
for signal routing and interconnecting IC's.

¥ ROGERS

So you can increase density on dependable two-
layer boards—and avoid expensive multilayer.

The simple, cost-effective way to package
high-density, low-noise logic, memory and other
boards, Q/PAC power distribution capacitors
feature low impedance, low dissipation, low
inductance and excellent electrical performance.
They're available in capacitance values up to
0.04 pf/in. in lengths up to 16”. With 2 or 3
conductors in either vertical mounting or hori-
zontal under-the-DIP constructions.

To find out more about how Q/PAC can
revolutionize your packaging possibilities, call
a Rogers Q/PAC Product Specialist today at
(602) 967-0624.

Rogers Corporation

Q/PAC Division

2400 South Roosevelt, Tempe, AZ 85282
602 967-0624
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On-chip EEPROM holds
changing register data
for 8-bit microcomputer

With a 32-byte EEPROM built into its main registers,
a microcomputer chip lowers the risk of losing essential
data, whether in multiprocessor or stand-alone setups.

electrically erasable PROM, they use it

only for control and application pro-
grams, which rarely undergo changes. Ideally,
systems should be able to apply that nonvolatile
storage to the critical immediate data with
which their main registers work.

Making a 32-byte EEPROM part of the main
data registers, as does the 16 E57 microcom-
puter chip, permits critical data to be placed in
nonvolatile storage with no concern about loss
during a scheduled or accidental power outage.
Besides that as its main asset, the microcom-
puter can slip easily into multiple-processor
systems or stand on its own.

T hough some microcomputers incorporate

Frank Gruppuso, Ranjit K. Verma, and
John E. Burgess, General Instrument Corp.

As manager of logic design engineering at General In-
strument’s Microelectronics Division in Hicksville,
N.Y., Frank Gruppuso works with semicustom, micro-
computer, and digital signal-processing products. He
holds an MSEE from the Polytechnic Institute of
New York.

Ranjit Verma manages the worldwide applications
organization, supervising support activities for micro-
computers and semicustom, digital signal processing
and standard logic products. He has an MSEE from
the State University of New York at Stony Brook.

Product line manager John Burgess is responsible for
the worldwide marketing and strategic planning for
8-bit microcomputer products. He received an MBA
from the University of Rhode Island.

A self-contained oscillator generates the
clock frequency, which is determined by an ex-
ternal crystal or ceramic resonator. The oscilla-
tor’s output is internally divided by eight to set
the instruction cycle time of the microcom-
puter. Thus, a 2-MHz crystal gives an instruc-
tion execution time of 4 us.

The EEPROM is organized as 32 byte-wide
words in a file register format. It operates in
five modes: programming, erasing, bulk eras-
ing, writing, and reading. The 21 V required for
programming and erasing is derived on chip
from the main 5-V supply and is completely
transparent to the user.

In addition to its EEPROM, the microcom-
puter contains a mask-programmable control
ROM, organized as 512 words by 12 bits. Also on
chip are a RAM, arranged as 32 words by 8 bits
and set up as a register file to store internally
generated data, and 20 bidirectional I/0 lines
that afford the primary means of user access to
the microcomputer.

Like the EEPROM and RAM, I/0 is organiz-
ed into groups of registers that appear to the
CPU like any other group of on-chip registers.
This arrangement grants the CPU a great deal
of flexibility, since there are no specific user
I/0 instructions.

In keeping with the microcomputer’s talents
as an efficient control processor, its instruction
set permits the user, directly or indirectly, to
address, set, reset and test, or skip the status of
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EEPROM-equipped microcomputer chip

any register bit or I/0 line.

An 8-bit data bus connects the processor’s
main functional elements: a file of 32 address-
able 8-bit registers; the user-defined program
ROM containing 512 words that are each 12 bits
wide; and of course an ALU (Fig.1).

A register file concept

The file breaks down into operational and
general-purpose registers. The former include
F',,areal-time clock counter (RTCC); F, the pro-
gram counter; F';, the status register; and the
I/0 registers. General-purpose registers hold
data and control information under the com-
mand of the instruction set.

The program ROM contains instructions for
all on-chip logic functions. Microinstruction
sequencing is controlled through the program
counter, which automatically increments when
it is executing in-line programs. Program con-

trol operations are initiated by Bit Test, Skip,
Jump, and Call instructions or by loading com-
puted addresses into the program counter. The
two-level stack handles subroutine nesting. The
instruction decoding and control block receives
the 12-bit instruction word from program
memory, decodes it, and issues the appropriate
control signals for the desired action.

Status register F'; stores the condition of the
most recent ALU operation. Bits in that reg-
ister are set or cleared either by bit-level pro-
gram instructions or by a Move instruction. An
8-bit up-counter, F,, times or counts external
events. Under program control, it can be set to
any 8-bit binary value and thereby facilitate
counting of 256 external events, either pre-
determined or undetermined. The contents of
the real-time clock counter —that is, the num-
ber of events counted—can be interrogated
under program control.

Busy bit

Status register (F3)

EEPROM control
and proy: anuning
Voltaye J

[ W J
= 32 EEFRUM

32

t |

general-puipose
registers

Instruction
decoaing and
control

Two-level stack

W register

Real-time
clock counter
(RTCC)register(F,)

register C l 1/C register E l 1/C register A

1

dali

Program counter (F;)

[ e

RTCC

Program ROM
(512 X 12 bits)

1. Among the resources of the 16E57 single-chip microcomputer is a 32-word-by-
8-bit EEPROM that gives the device nonvolatile, user-programmable storage. The
chip’s registers are connected by an 8-bit data bus to an ALU. Included on chip is
a 512-word-by-12-bit program ROM.
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File selection register F,, an addressable
5-bit register, indirectly addresses the register
file. Although a full address can be written into
this block from the internal data bus, only the
low-order 5 bits are relevant to F,. During indi-
rect addressing, the microcomputer accesses
the contents of the register pointed to by F,.

The 20 bidirectional I/0 lines are organized
into three register groups for interfacing with
external devices. Registers F; and F; are 8 bits
wide, F'; is 4 bits wide. All I/0 registers are
handled by the ALU in the same manner as any
internal register. For example, an I/0 port can
be incremented and forced to count by direct
command. To perform a counting operation, the
ALU need not continually increment or decre-
ment its accumulator and transfer the infor-
mation to an I/0 register. The I/0 registers are
essentially internal devices with pins that in-
terface with the outside world.

An I/0 port interfaces with either the input
to a TTL circuit or the open-collector output of
such a device (Fig. 2). When the microcomputer
puts out data through the port, the data is
latched and the output pin is connected directly
to the TTL input. But when data is being re-
ceived by the processor, the port latch is first
set to a high level under program control. That
turns off transistor Q. and allows the TTL open
collector to be pulled up by Q,, a transistor that
can source a minimum of 100 xA. Thus, the TTL
device either forces the latched output line low
or keeps it high.

The ALU’s register

The ALU contains one temporary working
register —the accumulator, dubbed the W
register —plus the gating logic needed to per-
form Boolean and arithmetic operations on
data stored in the W register or in any file reg-
ister. The various operations use one or two
8-bit operands. One of them is fetched from any
of the file locations, or it may be a literal within
the instruction. If needed, the other operand is
held in the W register.

Using the operations singly or in combina-
tion, the ALU can add, subtract, multiply, and
divide the 8-bit operands. It also performs BCD
arithmetic, mask operations, and bit and field
manipulations. Typically, the microcomputer
executes an instruction in just 3 us.

Resident data memory consists of 64 byte-
wide words that are addressed in three register
banks (Fig. 3). The first bank consists of 32 reg-
isters: F, through F; (octal) —among them the
I/0 registers, the program counter, and the
real-time clock counter —plus registers F,,
through F,;, which are general- and special-
purpose RAM for storing program data. The 32
EEPROM registers are addressed as two banks
of 16 each—F',, through F3; (also octal) —which
are chosen according to the states of two bank
selection bits, ESEL 1 and ESEL 2, which are
located within status register F.

The first bank is selected when ESEL 1 is a
logic 1 and ESEL 2 s a logic 0. The second bank
is chosen with the reverse logic levels. All the
preceding registers, from F, through F,,, are
addressable, regardless of the states of ESEL 1
and ESEL 2.

The EEPROM compared

The 32 nonvolatile EEPROM registers oper-
ate very much like the general-purpose file reg-
isters. First, ESEL 1 and ESEL 2 are set for the
appropriate bank and then the operation in-
structions—Erase/Write, Erase, Write,
Read —are executed. To address the EEPROM
registers, the ESEL bits are set to 10 or 01. If
both bits are either 0 or 1, the standard reg-
isters are addressed.

The nonvolatile registers differ from the
standard types in that only alogic 1 can be writ-
ten to bit positions. To store a data pattern, the
EEPROM must first be erased to all logic 0s and
then 1s written to the appropriate bit positions.
A program operation is performed automatic-
ally when either of the two banks is selected,

e e e —————

i
Voo Voo : 1 Vee
Q. g
D
Write c Q e
(internal —1 S Q,
signal) S0
: iTTL device output
(internal PIC 1/0 bit = (open collector)
signal)

MCLR
______________________ s o e s s e

Internal
data bus

Read

A P S —

2. Users interface with the microcomputer through
20 bidirectional 1/0 lines, one of which appears
here. The 1/0 ports are fully TTL-compatible.
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anda MOVWF (Move W to F) instruction is exe-
cuted on registers F,, through F3;. Erasing and
writing take about 20 ms each, but they are
automatic and transparent to the software.

Any one EEPROM register can be erased by
selecting either bank and then executing a
CLRF instruction on Fy, through Fy;. An entire
bank of registers can be erased in a single 15-ms
bulk operation. To do so, ESEL 1 and ESEL 2
are set tologic 1 and an ERAL instruction is ex-
ecuted on F,, through F..

To write into an individual EEPROM reg-
ister, first a bank is selected and then an
IORWF f, 1 (Inclusive-OR W and F) instruction
is executed on F,, through Fs,. If the register
earlier was erased to 0, register W will be copied
correctly into the register. If not, only the 1s
will be written. To write a1 to anindividual reg-
ister bit, the BSF instruction may be used. Data
isread at the instruction cycle time of the
microcomputer, or in this case, about 3 us.

The microcomputer can perform other

I 8 bits |
i
Indirect address Fo
Real-time clock counter F,
Program counter (9 bits) F2
1 1 | BSY |ESEL 2|JESEL 1| Z | DC | C | F, status register
File selection register Fs
4-bit 1/0 Fs
ESEL1=10 :
ESEL2 =0 8-bit 1/0 Fe
8-bit 1/0 F7
A 8 general-purpose la
o registers TFo-Fu
T
J Y
F20-Fa7
ESEL 1 =1 A 16 general-purpose
ESEL2 =1 T registers ::
y
Fao-F
ESEL1=1 5 Bank f e
ESEL 2 = 0 - 16 EEPROM -
registers
Fao~Fa7
= Bank 2
g A 16 EEPROM i~
registers

3. The microcomputer’s register file is divided into operational registers
(Fo through F4;) and working registers (F,o through F3;). The EEPROM
registers are selected only when ESEL 1 and ESEL 2 are in opposite
logic states; when the bits are in the same state, the operational reg-
isters are selected.
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Silicon Generals Advanced 1524 B
Pulse Width Modulator:

Anew R for

power supplies S

Powerful capabilities
make the 1524B a true
4th Generation PWM.

Seven years ago Silicon General
invented the 1524 PWM, the industr
standard control circuit for switching
power supplies. It was an instant suc-
cess. Today, almost 60% of all power
supplies incorporate devices from
the 1524 family.

Now we've created the new indus-
try standard.

The 1524B features higher voltage
outputs, lower input voltages and bet-
ter line regulation of your power sup-
ply It puts more functions on a chip
than ever before, making your system
more reliable and permitting even
smaller power supplies.

Pin-for-Pin compatible with
the 1524.

In most applications, just by
unplugging your present 1524 and
plugging in a 1524B you can substan-
tially enhance your overall system
performance. Consider these
unique features:

5V £1% low drift bandgap refer-
ence eliminates initial output voltage
adjustment and exhibits line and load

regulation S times better than the 1524.

[
\R‘rom SWACON GENER
Y.

Undervoltage lockout with hyster-
esis prevents turn-on jitter and allows
operation from a fixed S5V supply.

FEATURES $G1524 | SGI524B | SGI525A | $G1526
1% Reference @
Undervoltage

Lockout L 4 &
PWM. Latch * L 2
Double Pulse

Suppression
Digital Shutdown L 4 L 4
Oscillator Sync * & *
Current Limit

Common Mode ¢ L 4
High Output

Voltage

Key 4 Feature present and improved over
Feature present

CIL.

Wider current limit common
mode range gives you the option to
sense either directly in the supply
output line or in the return line.

High speed shutdown protects
output devices during a fault
condition.

Excellent external sync. capa-

bility eliminates erratic triggering

problems.
Full double pulse suppression
logic prevents power transistor
failures caused by double puls-
ing and ensures glitch-free
controller output.

Dual 60V, 100 milliamp tran-
sistors allows you to design with
higher input voltages and more cur-
rent drive.

740V input capability permits
wider range of system operation.

Impressive? We've been bringing
power down to size for over seven
years. Now the 1524B continues our
tradition of technological leadership.
The 1524B PWM is available off the
shelf and in volume.

For information write Silicon
General, Semiconductor Division, 11651
Monarch St.,, Garden Grove, CA 92641.
(714) 892-5531. TWX: 910-596-1804.
Telex: 69-2411.

Solutions for Data Conversion and Power Management.

SILICON
GENERAL

CIRCLE 90
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system tasks while programmingisin progress.
The Busy bit in status register F; is a read-only
bit that is polled by the software to determine
whether programming is complete before at-
tempting other operations on a EEPROM reg-
ister. A logic1in that bit location indicates that
programming is taking place. If another oper-
ation is attempted before the bit goes low, the
microcomputer suspends execution.

A streamlined command set

Each instruction in the microcomputer’s set
is a 12-bit word that follows a powerful yet
easy-to-use command structure. The single

Input lines
YV
RB, \‘
— Data I/0 ik, —+ — \ scan
. . [ lines
RB, |~ ‘
16E57
E
o
fo
RCo g
L] .
L]
RC; = ;
RA; Caps lock
‘ key
Shift +
L © O *

4. Tailoring the programmable microcomputer chip
to a specific job, such as a keyboard encoder, is rel-
atively simple. The keys, arranged in an 8-by-8 ma-
trix, connect directly to the chip’s bidirectional 1/0
lines. Software in EEPROM directs routine scanning,
encoding, and debouncing.
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12-bit instruction word provides several unique
characteristics. Fetching the entire instruction
word all at once greatly simplifies the micro-
code and enhances throughput by not requiring
multiple fetches from program memory. The
machine is also fault-tolerant. Should the pro-
gram counter accidentally jump to a random
location, the program will resume by always ex-
ecuting instructions and never data bytes, as
would be the case if memory were organized in
8-bit data bytes. For simplicity, all instructions
are single words and are confined to the micro-
computer; that is, the instructions are not in-
tended to address external memory chips or pe-
ripheral devices.

The basic repertoire of 36 instructions is
divided into four groups: byte-oriented register
file operations, bit-oriented ones, literal and
control operations, and byte-oriented
EEPROM file register operations. Each in-
struction is further divided into an op code,
which defines the command type, and one or
more operands that provide additional oper-
ational characteristics.

For byte-oriented operations, f is a designa-
tor that specifies which of the 32 file registers
the instruction will use. The destination desig-
nator, d, indicates where the result is placed. If
d is 0, the result goes to the accumulator; if it is
1, the result returns to the file register specified
in the instruction.

In bit-oriented instructions, b designates the
number of the field bit affected by the oper-
ation. For control operations, k is an 8- or 9-bit
constant; for operations on literals, itis aliteral
value. In addition to the basic instruction set,
an extra set of about 40 commands—actually a
superset—is upwardly compatible with the
basic commands.

Because of its on-board EEPROM, the 16E57
can be easily customized for use in a variety of
specialized control applications. Often those
applications are similar except for certain in-
formation that varies from job to job. Keyboard
encoders, for example, perform a like function
in most terminals, but must handle slightly
different function key assignments, serial port
parameters, and other system attributes.

Rather than use different encoders, a gener-
alized keyboard encoder can be built with the
16E57. Variable or specialized key attributes



OUTSTANDING UNDER COVER

PERFORMANCE

WITH CHOMERICS

MOLDED-IN-PLACE

EMI/EMP GASKET/

PANEL ASSEMBLIES

Electronic enclosure shielding
performance is greatly enhanced
when cover panel EMI gaskets
are vulcanized directly to the
flange surface instead of adhe-
sive-bonded. A molded-in-
place conductive elastomer
gasket permits the optimum
seal profile to be formed.
Eliminating the adhesive
interface maximizes EMI/
EMP shielding and environmental
sealing.

GASKET IS CRITICAL

Shielding effectiveness. Low
resistivity. EMP survivability. Vibra-
tion resistance. Stability over time.
Corrosion resistance. These are all
necessary properties for gaskets
used in demanding applications.
Concern for gasket quality and per-
formance is critical to enclosure
design. It cannot be just an after-
thought, as it often is with panel
fabricators. We invented, devel-
oped, and perfected conductive
elastomer technology. We produced
our first molded-in-place cover

gasket over 10 years ago. Our corro-
sion resistant CHO-SEAL® 1285
elastomers provide over 90dB of
shielding effectiveness and excellent
performance in airborne, shipboard,
and ground environments.

SIMPLE INSTALLATION

Covers with vulcanized CHO-SEAL
gaskets simplify your manufacturing
operation by eliminating parts and
reducing documentation and inven-
tory requirements. Pre-fabricated
cover/gasket assemblies eliminate
the inconsistent and expensive
adhesive-bonding operation. And,
because of increased reliability and
fewer parts, field maintenance is
simplified.

YOUR COVER OR OURS
Chomerics has the manufacturing
capabilities to fabricate complete
assemblies—from machining to
molding to surface finishing. Or,

z

we’ll vulcanize CHO-SEAL gasket
materials to covers supplied to us.

We can also vulcanize non-conductive
or COMBO® gaskets for dual-seal
applications, where enhanced corro-
sion protection is required.

To find out how well we perform
under cover, request a free copy

of our ‘‘Molded-In-Place EMI/EMP
Gasket/Panel Assemblies’’ brochure
by circling the inquiry number or
calling 617-935-4850.

CHOMERICS¥

SHIELDING
TECHNOLOGY

THE LEADER IN SHIELDING
INNOVATION, DESIGN, AND
TESTING TECHNOLOGY

77 Dragon Court

Woburn, MA 01888
TEL: (617) 935-4850
TWX: 710-393-0173
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are simply stored in the chip’s EEPROM. Aside
from the cost advantage, the single-chip ap-
proach adds programmability to the end
product.

A system overview

When programmed for keyboard duty, the
chip must scan, detect, debounce, encode, and
buffer key closures (Fig. 4). The keys are ar-
ranged in a 8-by-8 matrix and are connected
directly to the chip’sI/0 lines. The key closures,
coded in ASCII, are sent to the control pro-
cessor.

A software command interpreter enables the
control processor to read and write to the
EEPROM under control of the 16E57. Such a
design frees the control processor from the

Program 1. Sample code for writing
data into EEI‘:‘ROM register

GE i

; Desired EEPROM bank selected
; FSR = Destination of byte to be written
; Count = Number of bytes to write

Next Call GETBYT ; Get data byte from system bus
MOVF DATA W ; Put data byte in working register
MOVWF 0 ; Save in EEPROM
DECFSZ Count ; See if done yet
Goto Wait ; No—wait for ready bit
Goto Save ; Last file—exit

Wait BTFSC  Status,Busy ; Wait for busy bit to be cleared
Goto Wait
INCF FSR : Destination pointer to next location
Goto Next

Program 2. Sample code for putting out
function key values from EEPROM

; Put number of data bytes in counter

MOVLW Bytes

MOVWF Count

MOVLF  Pointer ; Get address of character string
MOVWF FSR ; Put address into indirect

; register

Next MOVF oW ; Pick up data byte

MOVWF Keynum ; Put in file to be output

Call Output ; Send file

INCF FSR ; Point to second byte

DECFSZ Count ; Decrement counter of
., Bytes - skip if finished

Goto Next
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need to supervise the EEPROM’s 20-ms
erase/write timing specification. Also, the time
to read data from the control processor and to
program an EEPROM location does not inter-
fere with key scanning or encoding. Instead, on-
chip control logic performs an EEPROM pro-
gram operation automatically, without bother-
ing the keyboard encoding software.

A crystal or ceramic resonator must be added
to the microcomputer chip to create a keyboard
encoder. In operation, ports RB and RC of the
chip—under software control —continuously
scan and read a 64-key mechanical contact key-
board. The shift and caps lock keys appear as
separate inputs to the RA port, with software
performing the control key function on a
defined key in the matrix. Internal pull-up re-
sistors maintain a valid logic 1 on the ports dur-
ing read operations, thus negating the need for
external resistors.

Once a key is verified, debounced, and en-
coded, the key code is transmitted synchronous-
ly through one pin of the RA port to the bus in-
terface logic. The clock signal is supplied
through another pin of the RA port. In the same
manner, commands and data from the control
processor are sent over the serial data wire to
the 16E57. In its simplest form, the serial-to-
parallel interface is controlled by the micro-
computer and an 8-bit bidirectional shift
register.

The microcomputer scans the keyboard ma-
trix by first selecting one of the eight rows and
then reading the eight columns. If no keys are
depressed in any row, the next is read. As the
scan proceeds, a count is kept of the number of
keys that have been checked.

When a key closure is detected, debouncing
data is pulled from an EEPROM file and used
by the debounce-delay timer. During the de-
bouncing period, the clock line (pin RA,) is
checked for commands arriving from the host.
After debouncing, the closure is verified and
the count, generated during the scan, serves as
an offset in a look-up table containing the
various key codes.

If only one key has been depressed, the auto-
repeat timers are read from EEPROM and en-
tered into the repeat-timer run registers that
are used for counting down. The modified
ASCII or other maskable codes are then sent to
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the system bus.

The bit corresponding to that key in the run
bit map is set, indicating that the key has been
registered. The next time thekeyis scanned, the
bit map will be checked to see if it has already
been sent to the host.

There are two methods for reading and writ-
ing EEPROM files in the keyboard application.
The first is used by the control processor for
such information as the terminal and user iden-
tification numbers, 50- or 60-Hz operation,
serial port characteristics, and other system at-
tributes. The process is initiated by pulling the
clock line low and thus placing the 16 E57 in its
programming mode, so that it can read a com-
mand from the bus. A single-byte command is
needed for setting the EEPROM’s pointer byte
count and starting location.

If the command indicates that data must be
written into EEPROM, the first data byte from
the system bus will be written into the location
indicated in the command word. If only one byte
is written, an EEPROM write-acknowledg-
ment code is sent to the control processor. For
several bytes, a check will be made to see if the
Busy bit has cleared, indicating that 1657 has
completed writing at the location. The addi-
tional bytes of data are then written: After the
last byte has been written, a verification code is
returned to the control processor (Program 1).
When an EEPROM file is read, the value at the
location indicated by the file number is put out
onto the bus.

Another program procedure designates
specific keys for code-conversion chores. The
feature is very handy for assigning a special
character or character string to a specific func-
tion key. With that programming (Program 2),
when the 16E57 detects the simultaneous clo-
sure of the Control, Shift, and Function key, the
sequence of characters entered is written to the
EEPROM and assigned to the function key. The
next time the function key is depressed, the
microcomputer will transmit those characters
to the control processor.O

How useful? Circle
Immediate design application 553
Within the next year 554
Not applicable 555
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New From
TRW Microwave . . .

Extremely

Fast Switching,
Low Barrier
Schottky Diodes

Low Capacitance — < 1.0 pF @ 0V
Low Barrier - <.30 V@ | mA
Low Leakage — < 100 nA @ 10V
Guard-Ring Protected

Very Fast — < 100 psec lifetime

TRW Microwave offers new guard-ring, fast
switching Schottky diodes for wave shaping,
A/D converting, clamping, and general purpose
switching. These replace A2S835 (HP 5082-2835),
INS711/12.

PART VBR CTo ! mAVEmax I min @
NUMBER  CASE VOLTS pF VOLTS IV. mA
A2S830  Glass 20 1.1 0.32 50
A2S836  Glass 10 1.0 0.34 50
A2S832  Glass 15 3.5 0.30 200
A2S032  Chip 20 1.2 0.32 50
A2S033  Chip 10 0.9 0.34 50
A2S035  Chip 15 4.0 0.30 200

Also from TRW Microwave’s Semiconductor
Group .

B Schottky chips and glass package diodes
—IN5711, IN5712, IN5165

B PIN Diodes — IN5719, equivalent to
HP 5082-3188

B Planar Back and Tunnel Diodes

B JAN, JANTX also available

TRW Microwave, 825 Stewart Drive,
Sunnyvale, CA 94086. Telephone: 408.732.0880
TWX: 910-339-9207

SR ¥V ¥ 4
TRW Microwave
©TRW Inc. 1984
CIRCLE 92




More Room ...
More Multibus Cages.

ONLY FROM ELECTRONIC SOLUTIONS!

More Models

We have more models than all
our competitors combined. Choose
a cage with:

3.4,5 6,780,
12,14, 15, 16, 20
24 OR 26 SLOTS

for the right solution to your
problem. We have models with
either 0.6" or 0.75" card centers
and can even accommodate
wire- wrap cards.
All models are electrically

and dimensionally inter-
changeable with Intel's
iSBC-80* Cages.
More Room
You get more
room for extra
cards without
increasing
overall size,
because our
s design gives

you greater inside dimensions.

More Reliability
All cages are constructed of
sturdy, durable anodized aluminum
with a single mother board back-
plane . .. a concept that increases
reliability and minimizes intercon-
nections.

THREE YEAR WARRANTY

More Information?
CALL OUR
TOLL FREE NUMBER

(800) 854-7086

In California Call Collect: (619) 292-0242

thEIEttrumt
Solutions

9255 Chesapeake Dr., San Diego, CA 92123
(619) 202-0242 Telex II (TWX): 910-335-1169

ATTENTION
POWER
SUPPLY

SPECIFIERS

Fully Multibus Compatlble, MULTI-CAGE

Tefmlnated Mother Board Note: Multi-Cage is a registered trademark of Electronic Solutions

Multibus, trademark of Intel
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See Deltron’s
New
Linear
Power Supply
Catalog

tributor of permanent magnets,
magnetic assemblies, switch
mode power supplies and linear
ferrites, offering the most sophis-
ticated fabrication procedures
and the most comprehensive
engineering expertise you can find.

As the electronics industry ad-
vances, you can't afford to be left
behind. The obvious choice for
efficiency is switch mode. And
the obvious choice for switch
mode power supplies is. ..
Permag, the world's largest dis-

To Switch Mode Power Supplies
And To Ferrites From

= PERMAG | P

| 400 Karin Lane, Hicksville, NY 11801 I

Please send your latest Linear Ferrites Catalog
Have salesman call

Name ED 12/13/84 B

Company

| Address

State Zip

IF YOUR
COPY
IS MISSING,
CIRCLE
THE NUMBER
BELOW.

Dminc/

TOLL FREE: 800-523-2332

P.0.BOX 1369
WISSAHICKON AVENUE
NORTH WALES, PA 19454
PHONE: 215/699-9261
TWX:510/661-8061

INTERNATIONAL UNIT:

DELAIRE CO.

DUBLIN, IRELAND
TELEPHONE: (01) 851411
TWX: 30442 DEL EI
PREFIXES: UK (0001)
INT. + 353 (1)
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We're a POWEr-TWO
in WORLD CLASS
. LINEARS . -

4

H 15 to 250 Watts

B Up to 200,000 hours MTBF
. 1 UL, VDE, CSA, IEC Safety

B FCC, VDE EMI

B Worldwide Input ¢

H 1 to 3 Outputs

B 3 Year Warranty

g JJPOVER

elror incf o pplLIES

4
4




Voltage/Current Ratings — World Series and Regular Models

SINGLE OUTPUT ) y el
REGULAR | WORLD SERIES | VOLTAGE CURRENT CASE All 5 Volt single output units have a built in fixed
MODEL MODEL VOLTS AMPS CODE crowbar overvoltage protector. World Series
VQ5-3C W100A 5 3 A multiples also have this type of built in crowbar
VQ5-6C W101B 5 6 B on output #1 when its voltage is specified as 5
VQ5-9C W102C 5 9 (@] Volts only. Crowbar protectors are optionally
VQ5-12C W103D 5 12 D available on other models and are selected from
Q5-18C — D 18 E the chart below.
Q5-27C — 5 27 G
VQ12-1.7 W104A 12 1.7 A
xgl 3:53; w: 82(83 1 g g‘; g Voltage Range | 0-15 Amp 15-36 Amp
VQ12-6.8 W107D 12 6.8 D
Q12-10.8 = 12 10.8 F ¥
Q12-17.1 — 12 171 G i cBan Sk
VQ15-1.5 W108A 15 5 A
VQ15-3 W109B 15 3 B 15-30 CB42 CB52
VQ15-4.8 W110C 15 4.8 C
VQ15-6 W111D 15 6 D
Q15-9.5 — 15 9.5 F
Q15-14.4 — 15 14.4 G
VQ24-1.2 W112A 24 1.2 A
VQ24-2.4 W113B 24 24 B
VQ24-3.6 W114C 24 3.6 C
VQ24-4.8 W115D 24 4.8 D
Q24-7.2 — 24 T =
| _Q24-99 — 24 9.9 G
— W116A 48 0.5 A
= W117B 48 1.0 B
— W118D 48 3 D

DUAL AND TRIPLE OUTPUTS
Corresponding ratings separated by slash marks are alternate field selectable ratings for the designated output.

STANDARD | WORLD SERIES OUTPUT #1 OUTPUT #2 OUTPUT #3 CASE
MODEL MODEL VOLTS AMPS VOLTS AMPS VOLTS AMPS CODE
CP20800 W208A 5/12/15 4/1/.8 5/12/15 4/1/.8 — — 1/DA
CP20900 W209B 5/12/15 7/17/15 5/12/15 7/1.7/1.5 — — 2/DB
CP21000 w210C 5/12/15 1.5/3.4/3 5/12/15 1.5/3.4/3 — — 3/DC
CP20500 W205C 5 2 12 4 — - 3/DC
— W214A 5 2 24 5/1.7p — — 1/DA
CP20000 — 5 3 5 3 — - 1/DA
CP20100 — 5 6 5 6 — - 3/DC
CP20200 — 5 2 5/9-15 .3/.6 — — 1/DA
CP20300 — 5 3 5/9-15 6/1.3 — — 2/DB
CP20400 — 5 6 5/9-15 1.2/25 — — 3/DC
CP20600 - 5 1.5 12 1.8/3.2p — — 2/DB
CP20700 — 5 8 12 1.1/1.7p — — 1/DA
CP21100 — 18-20/24 4/.6 18-20/24 4/.6 — — 1/DA
CP21200 — 5 5/7p 12 .9/1.8p — — 1/DA
CP21300 — 5 3 24 132 — — 2/DA
CP300000 W300A 5 > 5/9-15 2/.4 5/9-15 .2/.4 1A
CP301000 W301D 5 3 5/12/15 4/1/.8 5/12/15 4/1/.8 4/TD
— W318D 5 6 5/9-15 7/1.5 5/9-15 7/1.5 4/TD
CP302000 W302E 5 6 5/12/15 JATI5 5/12/15 7/1.7/1.5 5/TE
CP303000 W303E 5 8 5/12/15 TITAS 5/12/15 7/17/15 5/TE
CP304000 W304F 5 12 5/12/15 7/1.7/15 5/12/15 7/1.7/1.5 6/TF
CP313000 W313F 5 6 12 1 24 4 6/TF
CP308000 W308E 5 3 5 6 24 5/6p 5/TE
CP305000 W305G 5 12 5/12/15 1.5/3.4/3 5/12/15 1.5/3.4/3 7/1G
CP306000 — 5 1 5 5 24 1.5/1.7p 4/TD
CP307000 — 5 25 5 5 24 3/3.4p 5/TE
CP309000 — 5 9 12 8 24 5/4.5p 5/TE
CP310000 — 5 2 112 4 112 4 1/TA
CP311000 — 5 1.7/2.2p 5 15/.2p 24 .2/3p 4/TD
CP312000 — 5 3 5 6 24 4 5/TE

CP Models can be fitted with a crowbar OVP
option on one or more outputs. A code number
1 in any of the positions following the root 5
character model designator defines this option.




Specifications - World Series and Regular Models

Input
100, 117, 220, 230, 240 VAC £10%, 47-440 Hz.
Derate output current 10% for 50 Hz. operation.
Consult factory for 400 Hz. operation.
Regular models 115/230 VAC +=10%.

Output
See table of models. Outputs are adjustable +5%.

Operating Temperature
0°C to 50°C full rated, derate linearly to 40% at 71°C.
Single output regular models derate to 50%.

Storage Temperature
—20°C to 85°C.

Dielectric Withstand Voltage
World Series Models

Input to ground - 3750 VAC 1250 VAC
Input to output - 3750 VAC 1250 VAC
Output to ground - 500 VAC 300 VAC

Leakage Current
5 microamps typical line to ground.
Regular models 20 microamps.

Creepage Distance
Greater than 6 mm line connected metal parts to
dead metal.

Line Regulation
+.05% for a 10% line change.

Load Regulation
+.05% for a 50% load change.

Ripple & Noise
1 mvrms, 5 mv p-p.

Peak Currents
Numbers after a slash mark followed by a lower case
“p” are surge ratings that units deliver for approximately
500 milliseconds.

Regular Models

Temperature Coefficient
0.03% per °C.

Stability
+0.1% typical for 8 hours after warm up.

Recovery Time
30 microsec typical for full line changes or 100%
load increase.

Remote Programming
1000 ohms per Volt approximately.

Remote Sensing
Built in capability with loss of sense protection.

Overload & Short Circuit Protection
Adjustable auto-recovery foldback current limiting;
time delayed with a second foldback loop in units with
surge current capability.

Reverse Voltage Protection
Provided on outputs and pass elements.

Overvoltage Protection
All 5 Volt models have built in fixed crowbar.
Optional fixed crowbar OVP for other models.

Interface
Input solder lugs, output barrier block terminals.

Mounting
3 to 4 mounting surfaces, 5 orientations.

Mechanical
Refer to drawings for dimensions, parts locations
and weight.

Vibration & Shock
Per MIL-STD-810C

World Series Models Meet Worldwide Safety Requirements,
Regular Models Meet UL, CSA Requirements.

UL UNDERWRITERS LABORATORIES, INC.
UL 1012 — Power Supplies
UL 478 — Electronic Data Processing Units
and Systems

CANADIAN STANDARDS ASOCIATION
CSA 22.2, No. 143-1975 — Office Machines
CSA 22.2, 154-1975 — Data Processing
Equipment

CSA

IEC INTERNATIONAL ELECTRO-TECHNICAL
COMMISSION
IEC 380 — Safety of Electrically Energized
Office Machines
IEC 435 — Safety of Data Processing
Equipment

VERBAND DEUTSCHER ELECTRO-
TECHNIKER

VDE 0730, Part 2P — Business Machines
VDE 0804/3.77 — Telecommunications and
Electronic Data Processing Equipment

VDE

BRITISH POST OFFICE TECHNICAL GUIDE
No. 26

EUROPEAN COMPUTER
MANUFACTURERS ASSOCIATION

ECMA - 57 — Safety Requirements for Data
Processing Equipment

ECMA

INTERNATIONAL COMMISSION ON RULES
FOR THE APPROVAL OF ELECTRICAL
EQUIPMENT

CEE 10, Part 2P — Specification for

Business Machines.

CEE
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188 variable RF coils.
At very affordable prices.

If you need variable inductors in the
range from .05 uH to 1100 uH, no one gives
you a wider selection than Coilcraft. And
no one gives you lower off-the-shelf pricing!

Coilcraft tuneable RF coils are designed
to meet MIL specs. They feature compact
10mm or 7mm packaging, optional shield-
ing, and one-piece construction for
maximum stability.

For special inductance or Q values, we'll
custom-build coils to your specifications
and still save you money!

For all the details on Coilcraft tuneable
RF coils or our other inductive devices,
call 312/639-6400.

Experimenters Kits. Choose kits
covering the range from .0425 to 1.5 uH
or from .70 to 1143 uH. Kits include
shielded and unshielded samples along
with detailed
specifications.
Each costs $60,
applied against
your first order. i
Call 312/ 639-6400

to order.
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Chlp Inductors Current Sensors
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Power Inductors Axial Lead Chokes

1102 Silver Lake Rd., Cary, IL 60013
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DESIGN ENTRY

Associative memory
calls on the talents
of systolic array chip

A monolithic systolic array puts its on-chip
memory to good use, first searching out the desired
information and then processing it.

This is the fourth in a series of articles dedicated to the
first commercial systolic array processor chip. The
series began with the cover article in the Oct. 31 issue
(p. 207) and has continued in every consecutive issue.

ow toretrieve data from memory is a
H classic problem for designers. Theoreti-

cally, one of the simplest ways to get in-
formation is to match the memory contents
with the desired key, much as an instructor
calls upon pupils to volunteer an answer to a
question. However, processors traditionally
force programmers to call memory using ad-
dresses. That scheme often makes for relatively
slow processing. Searching through a set of
numbers for the one with the highest value, for
instance, typically forces a von Neumann pro-
cessor to examine each member in the set at
least once.

An alternative is an associative memory
system, which matches some part of the desired
data within memory instead of requiring ad-
dresses. Known by a host of names, including
content-addressable memory, data-addressed
memory, parallel search memory, and search

Lyle Wallis, NCR Microelectronics

Lyle Wallis is an applications engineer at NCR's Mi-
croelectronics Division in Fort Collins, Colo. He holds
a BSEE from the University of Missouri at Columbia
and an MSEE from the University of California at
Berkeley.

associative memory, the technique has been
called into service a number of times in various
applications. But such systems are usually fair-
ly large and expensive.

The Geometric Arithmetic Parallel Pro-
cessor, or GAPP, takes a new approach to this
long-standing dilemma. The first systolic array
processor chip, the device is not only well suited
to associative memory but can be configured in
a comparably small system as well. Further,
since it performs logical and arithmetic oper-
ations, it also serves as an associative processor
that works on the data found in a memory
search.

The chip carries 72 single-bit processors that
runin parallel as a single-instruction, multiple-
data path system. Each processor element is
fitted out with 128 bits of dedicated RAM. Also
vital to associative memory is the IC’s global
broadcast function, which lets users transmit
data, such as the search word, to all of the pro-
cessor elements simultaneously.

The tremendous speed advantage of parallel
processing over conventional methods is dem-
onstrated in the relative time needed to per-
form associative memory searches. Searching
for a single number in a set with N members, a
traditional processor running an algorithm
that lets it look just once at each number takes
up to N cycles to locate the desired data. The as-
sociative processor, in contrast, needs M cycles,
where M equals the number of bits in the target
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Systolic array chip

information. The device interrogates the
memory entries in parallel, and once the proper
information has been found, it can be either
processed by the associated processor or passed
directly to the host.

An associative memory unit can be broken
down into two main components: an associative
array and an associative array controller (Fig.
1). The arrangement is similar to traditional
memories, which consist of an array of address-
able cells and a controller.

Other functions

In addition to managing the memory, the
controller also handles sequencing. It contains
tworegisters: one holds the data that the host is
looking for, called the “comparand”; the other
contains a mask, which screens out unwanted
bits during processing.

The asscciative array comprises a group of
cells, each of which generally holds a single

Associative array
controller
Target-word, or comparand, register
Mask register ]
+ M Control

Cell Tag
Cell Tag

- Cell Tag
Cell Tag
Associative array

1. An associative memory consists of a controller
and an array of memory cells. The first section man-
ages the second and stores the target word—or
comparand—and the mask, both of which come
from the host. The tag bits attached to each cell de-
note what data is located at any one.

218 Electronic Design - December 13, 1984

word. Each cell has a tag bit to notify the con-
troller when its data matches the sought-after
word. When there is a match, the tag bit is set
and that cell is termed a responder. If the de-
sired data is not in that cell, the tag bit remains
unchanged and the cell is dubbed a nonre-
sponder.

Every cell within an associative array also
performs three tasks—compare, write, and
read. The first and most fundamental task
simply compares the masked target data with
the contents of the cells, setting the tag bit if
there is a match. The second then writes a data
word to the responding cells. Read, the final
function, shifts the contents of the responding
cells to the output bus. If there is more than one
responder, the output is the bit-by-bit logical
OR of all the responding cells. These three func-
tions are carried outonly on datain therespond-
ing cells; nonresponding cells are untouched.

This architecture can easily implement the
associative memory and handle associative
processing tasks. The feature set of the systolic
array chip performs all the operations needed
to form an associative array, and when coupled
with a programmable control circuit, it also
serves as an associative processor.

Maintaining control

The GAPP chips themselves form the asso-
ciative array. However, since these devices do
not have any control features, an external con-
troller must be used to sequence the array and
to oversee the target-word and the mask reg-
ister. It consists of a control store, address se-
quencer, and host computer (Fig. 2).

The associative array can be built in various
sizes, since the chips can be ganged together to
create larger arrays. Because each processor
element within a grid of chips is a serial pro-
cessor, word widths greater than one bit must
be emulated serially. The on-chip RAM lets the
elements handle a variety of word widths, as
well as multiple words and multiple tag bits
since every RAM location is individually ad-
dressable. Further, there will be some RAM left
over that can be used as a scratchpad or for
storing arithmetic operands and other data.

Input and output for the full array are
handled via the communications (CM) bus. In-
put usually comes from traditional processors



in word-serial and bit-parallel form. However,
because processor elements accept only word-
parallel and bit-serial data, incoming informa-
tion must be reformatted. This job, often
referred to as corner turning, can be imple-
mented with GAPP devices or with special
parallel-to-serial circuitry.

Doubling up

The north/south (NS) register of the chip
pulls double duty, acting both as a place to store
the tag bit and as an area to carry out various
functions. The tags of all the processor ele-
ments can be quickly sent to the controller us-
ing the global output signal (see first article in
series, ELECTRONIC DESIGN, Oct. 31, p. 207, for
definition of global output). Several GAPP
chips can then be combined in a wired-OR con-
figuration to generate a responder signal for
the control unit.

The control section can be set up in a number
of ways, but the most effective is to use a pro-
grammable controller. Whatever route is
taken, though, the controller remains respon-
sible for generating instructions and addresses
for the array and for sampling the output of the
responder detection circuit. The control store
receives its list of instructions from the host.
Bit serial data can quickly be sent to all pro-
cessor elements using the global input, which is
easily accomplished by employing the op code
lines to command the C register to load either a
lorad.

Programming the associative processor is
different from programming a conventional
processor with RAM. Thatis due both to the dif-
ferent type of search involved and to the array’s
architecture. In operation, the instructions
supplied by the control unit to the associative
array are mnemonics for the chip. The control-

Responder
_I 1 (global output)
L
CMN 4
+
I Control 1
Grid of 1
48 X 48 s Mask register
associative 4
processor cqlls
(32 GAPP chips) Op code Target-word Address
+ register 7 Sequsncsy
13 Address
T
L
R’A i 4k X 24-bit
control
CMS address store
448 £2
CMN
Line buffer
array of " ol
12 X 48
processor elements
cms (8 GAPP chips)
l 12
Data
Out
Bus to host ——————p

2. An associative memory controller (highlighted) consists of a control
store, which holds commands coming from the host, and a sequencer.
The sequencer can use data from responders to branch to another part

of a program.
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ler language in the algorithms used by the chip
employs a syntax similar to that of the C lan-
guage. References to the bits in the mask and
target-word registers take the form of a bit
number. The register’s MSBis assigned a 0, and
the LSBisdesignated M—1, where M equals the
word length. The RAM associated with each
processor element is similarly labeled, with the

Program 1. Making a comparison

/* Compare function */
/* Load the NS and EW Registers*/

if (value == 0)

ew:=0, ns=ram (addr), c:=1;
else |

c:=1;

ew:=¢, ns:=ram (addr);
!
/*EXNOR into NS reg*/

ns:=ram (temp),ram(temp):=sm;
/*AND result with TAG*/
ew:=ram(tag),c:=0, ns:=ns;
c:=cy;

/*place results in RAM and NS*/
ram(tag):=c, ns:=c;

Program 2. The match game

/* TAG exists in NS */

/*load tag into R*/
c:=0, ew