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z to 21 MHz*

sweep oscillator in one $3000** instrument.

For unprecedented performance per dollar, use HP’s 3325A
Synthesizer/Function Generator in applications such as testing
communication and servo systems or simulating geophysical
and biomedical transducers.

Frequency synthesizer. The easy-to-use front panel lets
you select sinewave, frequency (11-digit resolution) and up to
10V peak-to-peak amplitude into 50€). Direct readout of units
on the 3325A is given in peak-to-peak, rms or dBm. And for
low-distortion audio and VLF/ULF testing, the 3325A can be
used as a low-cost frequency standard as well.

Function generator. Squarewaves to 11 MHz with 20 nsec
rise time let you evaluate timing and gating circuits with
precision. Or, use the triangle and ramp waveforms to 11 kHz
with 0.05% linearity for accurate VCO testing and amplifier
performance analysis.

Sweep oscillator. Sweep linearly over 13 decades or
logarithmically over 7 decades without phase discontinuity and
simplify swept frequency measurements on networks. Sweep-
time selection ranges from 0.01 to 99.9 seconds.

Automatic testing. Combine the 3325A with a computing
controller via the HP-IB*** for easy programming and versatility
in production testing. Isolated interface and floating input/output
simplifies system design.

And there's more. Ten storage registers for quick recall, exter-
nal amplitude and phase modulation, +719.9° phase offset,
auxiliary 21 to 61 MHz output, self test, and synchronization
capability with other instruments. Plus two field installable
options: An oven-controlled 10 MHz oscillator for stability of
0.05ppm/week ($550**) and a 40V peak-to-peak output to
1 MHz ($200**).

Get all the details on this new wideband frequency synthesizer,
programmable function generator or phase-continuous frequency
sweeper from your local HP field engineer.

* Sinewave speclfication only.

“* Domestic U.S.A price only
“* HP's Implementation of IEEE Standard 488 1975

HEWLETT ﬁ PACKARD

1507 Page Mill Road, Palo Alto, California 94304

For assistance call: Washington (331) 948.6370, Chicago (312)
255-9800, Atlanta (404) 955-1500, Los Angeles (213) 877-1282
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SURPRISE!

A'Treasury
of Opto Applications from HP.

Just published by McGraw-Hill and authored by the Applications Enginecring Staff of Hewlett-Packard. this
279 page hardcover book is a practical guide to the use of optoclectronic devices and a foundation for
the development of new design ideas. This volume demonstrates the broad potential for optoelectronic

components and how to take full advantage of optoelectronics in your design.

even practical insights into photometry and radiometry.
HEWLETT yhp; PACKARD

1507 Page Mill Road. Palo Alto, California 94304

In nine chapters you'll explore evervthing from theory ot LED operation. design. packaging, contrast

enhancement 3
You'll find this book not only invaluable. but will find it can save
vou time. ctfort and costs. Contact any HP franchised distributor for your
copy —only $19.25% ask for HPBK-1000. Optoelectronics Application
Manual. They're in stock right now. In the U.S.. contact
Hall-Mark. Hamilton/Avnet. Pioneer Standard. Schweber. Wilshire or
the Wyle Distributon Group (Liberty-Elmar) for immediate delivery,

In Canada. just call Hamilton/Avnet or Zentronics. Ltd. +u 5. Domestic price onls
For assistance call Washington (301) 948-6370. Chicago (312) 255-8800, Atlanta (404) 955-1500. Los Angeles (213) B77-1282
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Those aggravating stuck node
digital troubleshooting problems
won't leave you in the dark anymore.
Light has arrived in the form of
Hewlett-Packard’s 547A Current
Tracer.

The vast majority of digital
troubleshooting faults can be
tracked right down to the com-
ponent level by HP’s 5004A Signa-
ture Analyzer or an HP Logic Probe.
However, zero voltage situations
like the microcomputer example
below in which line D2 is stuck low
always present special difficulties.

ADDRESS
aus

02824 )
Circle 2 on reader service card

No voltage based tool will take you
further unless you're prepared to
start cutting board traces and unsol-
dering components in an attempt to
isolate the faulty circuit element.

Enter the HP 547A Current
Tracer.

It responds inductively to cur-
rent pulses in the circuit from ImA
to 1A by lighting up. Just follow the
light down the circuit path and it will
lead to the exact component or
wiring fault that is sinking the
current (in this case, RAM 1).

The 547A does it without risky
circuit trace cutting or hit or miss
component replacement. It just a
very straightforward and simple
procedure.

No usable test current on the
circuit trace you're working with?
That’s no problem either. Use the
547A in conjunction with the
HP 546A Logic Pulser to inject cur-
rent pulses into your circuit for
equally simple, equally fast results.

Compact, simple and affordable
enough to use when you need them:
$350 for 547A Current Tracer, $175
for 546A Logic Pulser, $125 for 545A
Logic Probe, $990 for the powerful
S004A Signature Analyzer.

Call your nearest Hewlett-Packard
Field Office today, or write. We'll
send full details on all these illumi-
na[ing toOlS. Al prices are domestic USA only.

HP MAKES
DIGITALTROUBLESHOOTING
EASIER THAN EVER

HEWLETT @ PACKARD

1507 Page Mill Road, Palo Alto, California 94304

For assistance call: Washington (301) 948-6370, Chicago (312)
255-9800, Atlanta (404) 955-1500, Los Angeles (213} 877-1282
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Highlights

The cover: Codec race heats up, 105
With telephone networks going digital, there
is great competition among semiconductor
makers over integrated coder-decoders,
and this series zeroes in on the various
technologies and architectures. A searching
overview precedes articles on a discrete
shared-channel codec (p. 108) and an n-
MOS single-chip codec for installation in
each telephone (p. 111). Future articles will
cover other approaches.

Cover is by John Alun Rennie.

Reveille sounds again for ICs, 81

The U. S. Department of Defense plans to
spend $200 million over the next six years
on research into large-scale integrated-
circuit production, with the aim of increasing
throughput 100 times. The Government’s
reawakened interest in IC research stems
from a conviction that the U. S. is beginning
to lose its semiconductor leadership.

Chips meet new transmission standards, 125

The new EIA electrical standards, RS-422
and -423, mean faster, farther data trans-
mission. A low-power family of driver and
receiver chips offers an integrated solution
to configuring these system parts to the new
specifications.

Coherence comes to spectrum analysis, 132
Thanks to digital technology and the fast
Fourier transform, the coherence function
can be added to the capabilities of the
low-frequency spectrum analyzer. It mea-
sures the extent to which different system
inputs contribute to the output. Averaging
also is possible.

And in the next issue . . .

New techniques surface in high-density chip
packaging: a special report . . . an inte-
grated driver for bar-graph dis-
plays . . . another codec.



Theirs. Ours.

Can't see the difference? Small wonder. Film capacitors are film
capacitors, are film capacitors. Ours do what theirs do, theirs do what
ours do. Why, then, should you buy ours? Well, they're priced right.
And we do the very best job we can in every way: best materials,
careful manufacture, complete QC. We try for 100% reliability in product
and delivery and we come at least as close as anyone else and closer
than many.

We make film capacitors: metallized polyester, polycarbonate, poly-
propylene, polyester, polystyrene film and foil capacitors. Very good ones.

We're not a giant and capacitors are all we make. No widgets,
swidgets or other components. Just capacitors. So we can't afford any-
thing but top quality and reliability. But, since everyone claims these
things, we have to be very price competitive as well. We are.

And, we care. About quality. And price. And delivery. We have to
care. So that you will think Seacor and buy our capacitors. We have
a catalog describing the capacitors we make in some detail. it's free
of course. Please write or phone for it. We can arrange samples, too.
Of ours, not theirs.

SEACOR |NC., 598 Broadway, Norwood, N.J. 07648 &

Tel. (201) 768-6070 B Telex 135354
West Coast: 5460 White Oak Avenue, Encino, CA 91316 B
Tel. (213) 981-1827

Readers’ comments

Switched information

To the Editor: The Probing.the News
on digital communications technolo-
gy [“Digital signals grow stronger,”
July 20, p. 88] includes an ambig-
uous statement that warrants clarifi-
cation.

In the fourth paragraph, the arti-
cle mentions that Northern Tele-
com’s DMS-300 digital switching
will go into full operation in 1979,
linking Canada with the worldwide
network. The next sentence says that
AT&T “has not yet tried to imple-
ment a system like Northern’s.”

If the Northern system referred to
is the DMS-300, this statement is
wrong. The Bell System’s No. 4
Electronic Switching System is fully
digital and comparable to any of
Northern Telecom’s digital toll
switchers. The first No. 4 ESS went
into service in January 1976, han-
dling domestic long-distance calls.

Since 1976, Bell Labs has develop-
ed a version of this system with stan-
dard international signaling capabil-
ities. This version began service in
New York on April 15, 1978, linking
the U. S. to other parts of the world.
The Bell System plans to have two
more No. 4 ESSs with international
signaling capabilities in service by
1979, when Northern Telecom’s
comparable DMS-300 is scheduled
for introduction.

Amos E. Joel Jr.
Bell Laboratories
Holmdel, N. J.

Zero confusion

To the Editor: In view of a minor
difficulty experienced by several
readers who tried my circuit
[**Adapting the M6800 processor for
automatic number dialing,” July 6,
p- 128], perhaps I should have clear-
ly specified in the article how to dial
zeros. The rotary dial telephone
generates a sequence of 10 pulses for
the dialed digit 0; therefore, any
zeros in the phone number should be
programmed into memory with the
hexadecimal equivalent of 10, which
is A. [Also, note that the logic
element used in the circuit was the
SN75491.—Eb.]
Moshe Bram
Mount Clemens, Mich.
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Publisher’s letter

The state of flux in the codec indus-

try really became clear to Com-
munications Editor Harvey Hindin
when he was gathering the informa-
tion for the summary chart of speci-
fications shown on page 107. “The
parameters quoted sometimes
changed several times during the six-
week period 1 was getting them
together,” Hindin notes. “Many cod-
ecs are still developmental in nature
and new versions and modifications
are still being made.

“There’s also the competitive pres-
sure. As news breaks and people leak
rumors and issue preliminary data
sheets, others decide that they have
to do as well or even better. It’s like
a market survey. Since some data,
like power dissipation, is critical as
far as telephone applications are
concerned, no one wants to have the
worst spec.” But, Hindin asks, “How
do you quote—conservatively? on
the basis of how many samples and
tests? And what supply voltage do
you use and what temperature and
what kind of operating conditions?
Even though test procedures are
usually well established, there’s still
room for variability in results.”

To complicate matters, some re-
luctant companies submitted data
after the deadline, and some were
even too late to be included in the
chart. And in other cases the manu-
facturers wouldn’t release informa-
tion at all. A few even went so far as
to say they had never heard of
codecs, and others wouldn’t talk
until they learned that the competi-
tion already had disclosed informa-
tion. “It was a real chicken-and-egg
situation. Rather than having a
specific policy regarding release of

data, it seemed that all too often the
policy was to act on the basis of what
others were doing,” says Hindin.
Hindin, who joined the staff of
Electronics back in April, is not unac-
quainted with the vagaries of high-
technology companies. The 40-year-
old editor, who holds BSEE and MSEE
degrees from the Polytechnic Insti-
tute of Brooklyn (now New York),
has worked at such companies as
Sperry Gyroscope and Airborne In-
strument Labs. He has also taught
engineering science at the State
University of New York at Stony
Brook and is the author of 55
articles in refereed IEEE publications.

To paraphrase the Tv commercial

about the brokerage house, when
Hewlett-Packard talks, everyone lis-
tens. So when the giant instrument-
maker turns out what Nick Pender-
grass of its Loveland division calls
“one of the most complex instru-
ments ever built at the division,” the
rest of the world had better take
notice. The product in question is the
3582 spectrum analyzer and, despite
its complexity, development work
was ‘“‘surprisingly smooth,” says
Pendergrass, now a project manager.
But it did take some time: the
prdject was already under way when
Pendergrass brought his expertise in
digital signal processing (he has a
doctorate from Cal-Berkeley) to HP
in January 1976. For the results of
the project, see the article on the
3582 on page 132.
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Albuquerque (505) 255-2330: N.J.. Cherry Hill (609) 482-0059: N.Y., Elmont (516) 488-2100 Rochester {716) 473-5720. Syracuse (315) 437-6666. Vestal (607) 785-9947. N.C.. Burlington (919) 227-3639
OHIO, Chestertand (216} 729-2222. Oayton (513) 434-8993. OKLA., Tuisa (918) 299-2636. ORE., Portland (503) 297-2243; TEX., Dallas (214) 661-0400. Houston (713) 688-1431, UTAH, Sandy (801) 942-2081.
VA., Fails Church (703) 573-8787, WA.. Bellevue (206) 454-3400. CANADA, Montreal. Quebec (514) 341-7630. Ottawa. Ontaro (613) 235-5121. Toronto. Omtario (416) 445-9900. Vancouver, British Columbia
(1604) 253-5555. Halfax. Nova Scotia (902) 454-8321. St John's. Newtoundland (709) 726-2422
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Theirs. durs.

Can't see the difference? Small wonder. Film capacitors are film
capacitors, are film capacitors. Ours do what theirs do, theirs do what
ours do. Why, then, should you buy ours? Well, they're priced right.
And we do the very best job we can in every way: best materials,
careful manufacture, complete QC. We try for 100% reliability in product
and delivery and we come at least as close as anyone else and closer
than many.

We make film capacitors: metallized polyester, polycarbonate, poly-
propylene, polyester, polystyrene film and foil capacitors. Very good ones.

We're not a giant and capacitors are all we make. No widgets,
swidgets or other components. Just capacitors. So we can’t afford any-
thing but top quality and reliability. But, since everyone claims these
things, we have to be very price competitive as well. We are.

And, we care. About quality. And price. And delivery. We have to
care. So that you will think Seacor and buy our capacitors. We have
a catalog describing the capacitors we make in some detail. It's free
of course. Please write or phone for it. We can arrange samples, too.
Of ours, not theirs.

SEACOR INC-, 598 Broadway, Norwood, N.J. 07648 B

Tel. (201) 768-6070 M Telex 135354
West Coast: 5460 White Oak Avenue, Encino, CA 91316
Tel. (213) 981-1827

Readers’ comments

Switched information

To the Editor: The Probing.the News
on digital communications technolo-
gy [“Digital signals grow stronger,”
July 20, p. 88] includes an ambig-
uous statement that warrants clarifi-
cation.

In the fourth paragraph, the arti-
cle mentions that Northern Tele-
com’s DMS-300 digital switching
will go into full operation in 1979,
linking Canada with the worldwide
network. The next sentence says that
AT&T “has not yet tried to imple-
ment a system like Northern’s.” -

If the Northern system referred to
is the DMS-300, this statement is
wrong. The Bell System’s No. 4
Electronic Switching System is fully
digital and comparable to any of
Northern Telecom’s digital toll
switchers. The first No. 4 ESS went
into service in January 1976, han-
dling domestic long-distance calls.

Since 1976, Bell Labs has develop-
ed a version of this system with stan-
dard international signaling capabil-
ities. This version began service in
New York on April 15, 1978, linking
the U. S. to other parts of the world.
The Bell System plans to have two
more No. 4 ESSs with international
signaling capabilities in service by
1979, when Northern Telecom’s
comparable DMS-300 is scheduled
for introduction.

Amos E. Joel Jr.
Bell Laboratories
Holmdel, N. J.

Zero confusion

To the Editor: In view of a minor
difficulty experienced by several
readers who tried my circuit
[“Adapting the M6800 processor for
automatic number dialing,” July 6,
p. 128], perhaps I should have clear-
ly specified in the article how to dial
zeros. The rotary dial telephone
generates a sequence of 10 pulses for
the dialed digit O; therefore, any
zeros in the phone number should be
programmed into memory with the
hexadecimal equivalent of 10, which
is A. [Also, note that the logic
element used in the circuit was the
SN75491.—Eb.]
Moshe Bram
Mount Clemens, Mich.
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" HP5328A

Universal Counter.
The Right Performance
At The Right Price.

aB28h UMYERSAL COUNTER
MEWLLIYPACKAND

If you’re looking for a medium priced universal
counter with the capability to do just about

any counting job and the versatility demanded
by tough systems applications, look no further,

For only $1300* the HP 5328A Universal
Counter is a basic 100 MHz/100ns instrument
that expands to meet your needs. Optional
modules let you expand its capabilities to 512 or
1300 MHz and 10 ns time interval.

You can select an optional built-in DVM
(single-ended or full floating, 10 uv to 1000v)
for accurate determination of trigger levels and
for external digital voltage measurements.
Only HP offers it.

*U.S. Domestic price only.

counter brochure.

213111 I A AR AR
i AEHLLHANANN Q"-\\'--\\\.-\\ NN

Other options let you make use of an
ultra-stable time base and HP Interface Bus
Operation including full remote control of the
counter and the DVM.

Sound good?

There’ more information available for you
on the HP 5328A Universal
Counter and the full line of
sophisticated HP electronic
counters.

Just call your nearby
HP field office or write i
for our new electronic

I

|
|l',

HEWLETT hp; PACKARD

1507 Page Milt Road, Palo Alto, Califormia 94304

For assistance call: Washington (301} 948-6370, Chicago (312)
255-9800, Atlanta (404) 955-1500, Los Angeles (213) 877-1282

¢
I o b
O
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Actual size

North Atlantic

Synchro Panel Meters

for angle readout

Salient Features Include:

» Angle or engireering units ¢ 01° Resolution
» Pin programmable » +2° offset adjust for
» No separate power needed  fina! systems zeroing
(operates off the stator and  « 50 — 1200 Hz
rotor signails) « Tracking Converter

A true price pefformance breakthrough in Synchro Angle
Position Indicators — the North Atlantic Model 800; a small
size panel meter with an equally small price. It uses discrete
components complimented by an LS| chip. it's pin

programmable and universal for all synchros and resolvers.

NORTH ATLAINTIC
industries, inc.

A 60 Plant Avenue, Hauppauge, New York 11787
(516) 582-6500/TWX: 510-227-9660/Cable: NO ATLANTIC

8 Circle 8 on reader service card

News update

B rca Corp. is getting bullish on
home computers, despite the prophe-
cies of doom from several quarters.
It plans to have two boards for its
Video Interface Processor by mid-
October —one that generates music
and another that creates color video
displays. The vIP computer, an
outgrowth of the CDP1802 evalua-
tion kit [Electronics, March 31, 1977,
p- 94], was designed for hobbyists to
create and play video games, gener-
ate graphics, and develop micropro-
cessor control functions.

The VP-550 Super Sound Board
will come with a computer program
called PIN (for Play It Now) that
permits users to easily transcribe
sheet music or to compose their own
music for playing on the vip. The
$49 board generates a variety of
sounds over a four-octave range,
some of which resemble those of
conventional musical instruments.
Priced at $69, the VP-590 Color-
board will allow the vip to provide
video displays in eight colors. A user
can select one of three background
colors for the display and then speci-
fy one of eight foreground colors for
each of 64 areas on the screen.

M The race to supply the U.S.
Army’s General Support Rocket
System is heating up. Norden Sys-
tems of Norwalk, Conn., a division
of United Technologies Corp., plans
to deliver the first fire control system
for Vought Corp.’s version of the
rapid-fire artillery rocket system in
late fall. Vought, which selected
Norden to supply the system [Elec-
tronics, March 2, p.84], heads a
team that is pitted against a Boeing-
Teledyne tandem.

Thus far, Norden has completed
design of the fire control system and
demonstrated a working brassboard.
Norden also plans to deliver three
additional GSRS systems in early
1979. The equipment will be tested
in a series of competitive missile
firings, operational tests, and envi-
ronmental tests to determine who
will win the prime contract to
produce the rocket system, which is
scheduled to enter service in the
early 1980s. Bruce LeBoss
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Presenting The New 11VO3

Featuring

R X02° New Double Density
Dual Floppy Disk Drive

Latest 11/03-LC® 9slot
backplane.

1M BYTE Dual Density RX02®
Provides more open slots.
Choice of LA36®VT52® vT100®

DEC RT-11%(version 3B)
software included.

Standard DEC?® installation
and on-site warranty.

& (8

Standard 11V03 New 11V03
configuration configuration
4 slot backplane 9 slot backplane

_

CPU
16K memory
Floj ! !
Serial 1 /
Bootstrap

__CPU

@ computer s all the 16K memory

~ serial floppy

ecomputer company you'll ever _interface | interface open
need to know. . . . . ‘bootstrap | open VV——
. Attractive OEM and Educational discounts . “FCC LIST
for systems and components. $9.050 Price $9,475
. Stocking a complete line of 30 Days Delivery 60 Days
LSI-11®, LSI-11/2® and 11/03® £
products for IMMEDIATE DELIVERY. Included DEC® Included
. . . Installation
. Custom configurations available.
. Personalized service. On-&S:t% Q%E[§:® On-&Site
arts & labor a arts & labo
. To order call 312/920-1050 P Warraney | © r
RT-11®plus Operating RT-11®plus
enhancements System enhancements
Call m first for all your 32K bytes Memory* 32K bytes

DEC® computer needs—

Numb f
312/920-1050 1 Dual opensiots |  “amarer
available

*Other memory modules available 16K, 32K, and 64K bytes.

L computer corporsation

corporate square/825 north cass avenue / westmont, illinois 60559/(312) 920-1050

®Registered trademark of Digital Equipment Corp., Maynard, Mass.
mRegistered trademark of First Computer Corporation Circle 9 on reader service card
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Lose pound after pound of board fat
from the very first day. Feel better. Look
better. Get Advanced Micro Devices’
new Am25LS2516. Forty pins of muscle.
Not an ounce of fat.

Say hello to another space saver trom
The Space Savers: the Am25LS2516. It’s
a new 8 x 8-bit LSI serial/parallel multi-
plier and accumulator. With the equiv-
alent of 625 gates, it replaces two ot our
older Am25LS14’s, but it doesn’t stop
there. It also replaces an adder/subtractor,
a register and five other packages in the
process.

It’s a low-power Schottky, 40-pin,
dual-in-line part. It’s twice as fast as the
Am25LS14. It’s cascadable to a 16 x 16
array by using just two Am25LS2516’s
and no additional support packages. It’s
programmable by microinstructions and
works cheertully with the whole Am2900
family.

If youre doing medium-to-high-
performance, real-time signal processing
—it youd like to get the job done with one
package —the Am25L.52516 app note
and data sheet are must reading.

Start taking the Am251.52516 today.
And lose pounds of ugly board tat.

Advanced
Micro Devices

¢\

Multiple technologies. One product: excellence.
901 Thompson Place, Sunnyvale, California 94086
Telephone {408) 732-2400
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Who do you think of
for high-performance 16K RAMs?

Take your pick: our uPD416 standard
family offers a whole range of performance
choices—extending to 120 ns access
time and 320 ns cycle time. In either

plastic or ceramic packages.
Every characteristic of our
wPD416 family meets or exceeds \
mndustry standards, which means our
parts are suitable for any application ==
you can
, “3};“& And P/N['Rac] e [T | b
v.ve Ye ‘een uPD416-51120ns | 320 ns [ 35mA [ 1.5 mA
Smpplllg mvolume | pp16.3{150ns | 375ns |35mA | 1.5mA
since August, 1977, | «PD416-2|200ns | 375 s | 35mA |1.5mA
SO you know we uPD416-11250ns [ 430ns | 35 mA [1.5mA
. uPD416  [300ns [510ns [35mA |1.5mA
can deliver parts
when you need ta
them.
Of course, 16K RAMs are just part of our story.
We also have a broad selection of other
memory components, led by our industry standard

0°C 1o 4 70°C

0 100 ns 200ns 300 ns

16/

1 PD416 Family

uPD411 Family

1PD410 Family

uPD2102AL, uPD2111AL, . PD2101AL Series ‘
0 100 ns 200ns 300ns

REPS: Action Unlimited, Arlington, TX; Spring, TX. Burton-Medley Associates, Grandview, MO. Cerco, San Diego, CA. Contact Sales, Inc. Burlington. MA. D/Z As-
sociates, Inc., Denver, CO. Electronic Innovators, Inc., Minneapolis, MN. Eltron, Phoenix, AZ. HLM Assoc., Northport, NY: Parsippany, NJ. Imtech, Inc.. Cleveland, OH;
Dayton, OH. Kaytronics Limited, Ville St. Pierre, Quebec; Downsview, Ontario; Surrey, British Columbia. L & M Associates, Pikesville, MD; Montpelier, VA. Harry Nash
Associates, Willow Grove, PA. R.C. Nordstrom & Company. Lathrup Village, MI. Perrott Associates, Inc., Fort Lauderdale, FL; Clearwater, FL; Orlando, FL. Santana
Sales, Costa Mesa, CA. Stone Component Sales, Waltham. MA. Technology Sales, Inc.. Palatine, IL. Trident Associates, Inc., Sunnyvale, CA, Tri-Tronix, Albuquerque.
NM. Tri-Tronix, NW., Mercer Island. WA. 20th Century Marketing. Inc.. Huntsville, AL: Greenville, TN. Wolff's Sales Service Company, Raleigh, NC.

DISTRIBUTORS: Almo Electronics Corp.. Philadelphia, PA, Baltimore, MD. Bel! Industries. Bellevue, WA. Century Electronics, Albuquerque, NM; Wheatridge, CO; Salt
Lake City, UT. Norman Davis Electronics, South Euclid. OH. Diplomat/Westiand, inc.. Sunnyvate, CA. Diplomat/Southland, Inc., Clearwater, FL. Diplomat/Lakeland,
Inc., Elk Grove Village, IL. Diplomat/IPC of Mass.. Chicopee Falis, MA. Diplomat, Holliston, MA. Diplomat/Northiand. Inc., Farmington, MI. Diplomat/Electro-Com
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4K Dynamic RAM (uPD411), with access time
down to 135ns, and our highly successful high-speed
4K Static RAM (uPD410), withaccess times
down to 70ns. Plus CMOS RAMs, Bipolar PROMs,
1K and 4K Static RAMs, and mask programmable
ROMs up to 64K bits.
At NEC, we've built areputation for advanced
technology and volume delivery. We're also known
for remarkable product reliability —thanks to
experienced designers and meticulous manufac-
turing techniques, backed by 100% burn-inand
testing with MIL-STD-883 methods. The result
is an overall rejection rate of under 0.5%.
What’s more, we offer thorough customer
support, including documentation, testing, and
special selection. And our engineers
are always available to help with
specific applications problems.
Our new product catalog
will give you a better idea of
just how much we can do for
you, not only in memories
but also in 8-bit and 4-bit &€
processors and peripherals.
To get your free copy,
clip your business card or
letterhead stationery to this page and send to:
NEC Microcomputers, Inc., 173 Worcester Street,
Wellesley, MA 02181.

If you haven'’t thought of
NEC before, you will. NE C
Next time. .
NEC Microcomputers, Inc.

Corp., Minneapolis, MN. Diplomat/St. Louis, Inc., St. Louis, MO. Diplomat/IPC Corp., Totowa, NJ: Mt. Laurel, NJ. Diplomat Electronics Corp.. Woodbury,
NY. Diplomat/Alta-Land, Inc., Salt Lake City, UT. Future Electronics Corp., Montreal, Quebec; Rexdale, Ontario; Ottawa, Ortario. Hughes-Peters, Inc., Cincinnati, OH; Co-
lumbus, OH. Intermark Electronics, Sunnyvale, CA; Santa Ana, CA; San Diego, CA. Kent Electronics, Houston. TX. G.S. Marshall. Sunnyvale, CA; Irvine, CA; El Monte,
CA; San Diego, CA; Phoenix, AZ. Milgray Electronics, Inc.. Freeport, NY; Orange. CT. Reptron Electronics. Inc., Livonia, MI. Resco/Raleigh, Raleigh, NC. Semiconduc-
tor Specialists, Inc., Chicago. IL; Burlington, MA: Farmington, MI: Minneapolis, MN; Hazelwood. MO: Pittsburgh, PA; Dallas, TX; Milwaukee, WI. Sterling Electronics,
Phoenix. AZ: Sun Valley. CA: San Diego. CA; Baton Rouge, LA; Waltham, MA; Albuquerque, NM; Dallas, TX; Houston. TX; Seattle, WA. Summit Distributors, Inc., Buf-
falo, NY. Summit Elec. of Roch.. Inc., Rochester, NY. Technico. Inc.. Columbia, MD; Roanoke, VA. Western Microtechnology Sales, Sunnyvale, CA.

REGIONAL SALES OFFICES: Western Region. NEC Microcomputers, Orange, CA (714) 633-2980. Eastern Segion, NEC Microcomputers, Melville, NY
(516)293-5660.
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Twice Actual Size

LOW COST!
0OPB 706
0PB 707

OPTRON
REFLECTIVE OBJECT
SENSORS

NEW, LOW COST DEVICES
OFFER HIGH RELIABILITY
FOR NON-CONTACT SENSING

OPTRON's new OPB 706 and OPB
707 reflective object sensors provide
solid state reliability at a low cost for
non-contact sensing applications.

Ideal applications for the OPB 706
and OPB 707 include detection of edge
of paper or cards, EOT/BOT sensing,
tachometers, motor speed controls,
and proximity detection.

The devices combine a high effi-
ciency solution grown gallium arsenide
infrared LED with a silicon N-P-N photo-
transistor (OPB 706) or maximum sen-~
sitivity photodarlington (OPB 707) in a
plastic package. The photosensor
senses radiation from the LED only
when a reflective object is within its field
of view.

With LED current of 20 mA, the out-
put of the OPB 706 is typically 750 nA
when the device is positioned 0.050 inch
from a 90% reflective surface. Under
similar operating conditions, the output
of the OPB 707 is typically 35 mA.

A built-in light barrier in both de-
vices prevents response to radiation
from the LED whenthereis not areflec-
tive surface within the field of view of the
sensor. With no reflective surface, the
maximum sensor output due to
crosstalk between the sensor and LED
is 0.200 pA and 10 uA forthe OPB 706
and OPB 707.

The OPB 706 and OPB 707 and
other low cost, high reliability OPTRON
reflective transducers are immediately
available. Custom designed versions
are available on request.

Detailed information on the OP8
706 and OPB 707 reflective object
sensors and other OPTRON optoelec-
tronic products ... chips, discrete
components, optically coupled
isolators, and interrupter assemblies

. is available from your nearest
OPTRON sales representative or the
factory direct.

OPTRON, INC.

1201 Tappan Circle
Carrollton, Texas 75006,us A
TWX-910-860-5958

® 214/242-6571
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People

Cochran seeks standard
digital recorder approach

Trade secrets are usually exchanged
under the table. So why is Leroy C.
Cochran broadcasting the fact that
he is giving them away?

Because he is not talking just for
his own benefit. The new general
manager for audio products at
Ampex Corp. in Redwood City,
Calif., is willing to disclose propri-
etary techniques in the hope of spur-
ring interest in a set of standards for
digital audio-recording equipment.
This new equipment area promises
extreme noise immunity for broad-
casters and recording houses.

“It’s crucial that a sensible stan-
dard be adopted before we all go off
and do things our own way,” says
the 39-year-old Cochran, who holds
degrees in both electrical engineer-
ing and accounting and has spent the
last 10 years specializing in account-
ing. “Unlike the mainframe comput-
er industry, there is no single manu-
facturer who dominates the record-
ing and broadcasting industry and
whose recording scheme could be-
come the tacit standard.”

Revealing. What Cochran is doing
is to reveal what would usually be
considered sensitive and secret infor-
mation at, for example, technical
conferences, in the hope that others
will see enough merit in the Ampex
approach to copy it. “I’ve gone out
on a limb already by detailing
Ampex’s method for editing digital
recordings,” Cochran says. “That
scheme represents a lot of money’s
worth of research and analysis. But 1
would really hate to see a situation
where a recording made on one
manufacturer’s machine could not
be played on another’s because of a
lack of a standard.

The fight may be hard for Ampex.
Another industry heavyweight, 3M
Co., has already introduced a com-
mercial digital recording system
with its own recording format. At
the same time, a second front is
shaping up in the Far East, where
Sony Corp. may be moving ahead
with plans to market a commercial
recorder that uses the same format

No secret. Ampex’s Leroy Cochran hopes
others will like his design enough to use it.

as its consumer digital recorder.

Cochran proposes a pair of stan-
dards: one for broadcasting and one
for recording. “There are differences
that need to be addressed,” he
explains, “the bit-rate and sampling
frequencies for broadcasting must be
consistent with efficient communica-
tions, whereas the standard for the
recording industry must lend itself to
maximum manipulation and creativ-
ity.” Therefore, he thinks that the
broadcast standard should have a
faster bit rate than the recording
industry standard.

Cochran, who joined Ampex in
1973 and now moves up from being
controller of his division, sees sec-
ond-generation prices dropping an
order of magnitude from the present
$250,000 within three to five years.
As would be expected, the first-
generation gear is likely to be
grabbed by the major broadcasting
networks and recording houses.
However, Cochran says some of the
smaller independents may buy some
just for the “notoriety.”

Swystun likes what he sees

in 12L and n-channel codecs
Moving from one design career with

semiconductor suppliers to another
with a semiconductor user, Eugene
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thinks your logic analyzer

should be as versatile
as you are

So ours let you connect probes fast.
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Swystun, 36, the new vice president
of development for BNR Inc., has
some very strong ideas about coder-
decoders. He believes that integrated
injection logic and n-channel metal-
oxide-semiconductor technologies
look best right now for codecs.

“12L should be able to give the chip
size you need as well as the speed,”

he says. “But n-channel is the tech-
nology. It’s good for dynamic and
static parts.” Furthermore, “the vLsI
thrust will produce the needed cost
reduction. That will happen. There's
no doubt about that at all.” (Others
disagree. (See story on p. 105).
Swystun and his new employer,
which is a wholly owned subsidiary

Once you've got your equipment designed, there's always
the problem of what to do for an enclosure. You want to be sure
that it gets just the right degree of protection and just the right
degree of impressiveness at just the right price.

There are two options. You can shop around at a lot of different
enclosure companies and try to find a lot of different alternatives.

Or you can come to Zero.

At Zero, you'll find the world's most comprehensive source

of enclosure capability. You'll find the Centurion Elite

™

case, the

premium case that gives you the most impressive look you |
can get in a case that's practically a portable vault. |
You'll find the Centurion Logolite™, an economical, |
lightweight case that you can personalize with your logo.
And you'll find the Centurion Valuline™, the widest selection '
of economical top-opening instrumentation cases in the world.
Just about any case you can possibly need is already here,
in stock, waiting for you to fill 'er up.

ZERO

We make you look good.

Zero Corporation + Burbank, CA 213/846-4191 - Monson, MA 413/267-5561

Circle 16 for "Call Me, !'m Interested."
Circle 169 for"Mai] Catalog."

See us at WESCON booth #319 and #321
16 Circle 169 cn reader service card

View. Low power really means little in pres-
ent codecs, says Gene Swystun.

of Bell-Northern Research Ltd., the
jointly owned research arm of
Northern Telecom Ltd. and Bell
Canada, the Canadian phone com-
pany, are evaluating codecs from
four chipmakers, he says. With a
Ph.D. in electrical engineering, he
formerly was director of advanced
developments at Signetics Corp.,
which is developing an 12 ecodec.
Before that he was director of
memory engineering at American
Microsystems Inc. Altogether, he
spent about seven years designing
and developing semiconductors.

From where he sits, he sees a
“critical mass of effort” being put
into 12L and n-channel technologies.
He does not see nearly the same
amount of effort going into another
codec contender —complementary
MOS —and so tends to discount it.

“c-MOS is a candidate, but the
penalty you pay is extra size,” he
declares. “There’s no advantage to
the low power consumption that
c-Mos offers you in a codec. The
cdge is with n-channel because it’s
smaller and cheaper.” The low
power advantage of C-MOS is useless
because telecommunications systems
still have a lot of transformers and
transistor-transistor-logic parts.
“Why reduce power when you have
all that junk still hanging around
there?” he asks.
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You may not know how expensive a pushbutton
really 1s until months after its paid for.

The true measure of o pushbutton's cost 1sn't
so much what you pay It's how many tunes
you pay it

"@\ \ [t you spend less 1
. A" the tust place youcouldend
. up with a tugher puace tag
Ty .. from what you spend over
) and over i repau costs
"L . ark! downtime
lhats why it's
New tull yuarded pushbuttons  weerth 1t to 5pecy,t\r the
MICRO SWITCH Advanced Manual Lane
DMLY of pushbuttons, rockers, paddles and
ndicators: 1ts the most complete hine of manual
cotttrols ever ottered, designed to save you
money fron start to tioush
AML 15 easy to wite, thanks to single
level ternunation, sunple soap i PO boacd
monntingg and suby panel mountinyg that uses
wndividual strp or matnx hardware (see inset)
[her result s low wistalled cost
And ot conrse, you get tradhitional
MICRO SWITCH rehability and long hte Whach
nieans notley savings over the long haul
No matter how tmany words vou use to
Jdesenbe the broad AML hneup it all comes

down to just two' cost ettectiveness. For a
panel that's pleasing to the eye as well as
the budget

It youd like a personal demonstration
just call 815/235-6000

MICRO SWITCH s also ready to provide
you with hield engimeers tor apphceation assist
ance and a network of authonzed distuibutors
tor local availability

AML. It's the closest a line of push
buttons can come to paywmg tor itselt

MICRO SWITCH

FREEPORT ILULINOIS 6103
A DIVISTON OF HONEYWELL
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When you want top scope
performance plus speed
and accuracy in time-interval

measurements...

HP’s A-time family is the Answer.

And a solution to your unique set of
measurement problems. With bandwidths
up to 275 MHz, crisp dual-trace displays
and large screen viewing. Plus advanced
A-time capability for unparalleled speed
and accuracy in time-interval measure-
ments. You'll be able to evaluate transition
times, propagation delays, clock phasing
and more with greater ease than was
previously possible.

Simplified, more accurate measure-
ments. Pulse-period, pulse-width jitter
and all digital timing measurements are
simplified with the Analog Ramp A-time
group. By setting the two marker display
of start and stop points, signal drift errors
are virtually eliminated. And for conven-
ient trace expansion, you can still easily
switch to conventional delayed sweep.
Choose from the new 100 MHz 1742A
with third-channel trigger view ($2650%*);
the general purpose 200 MHz 1715A
{$3100*) and 275 MHz 1725A ($3450%*);
or the microprocessor-controlied 275 MHz
1722B ($4900*) which electronically
calculates A-time, frequency, dc voltage,
instantaneous voltage and percent ampli-
tude measurements.

Crystal-controlled accuracy. For
precision measurements (to 0.002%
+1 count at 15° to 35°C) in lab and field
applications, consider the crystal-referenced
100 MHz 1743A ($3300*). It simplifies
your tasks by making time measurements
automatically, even dynamic timing
measurements. Our exclusive triggered
A-time mode eliminates the need for
scope control adjustments.
dJust select your
start and stop
points, then
read the time

set-up and production service. And for that
augmented insight into digital systems, the
third-channel trigger view shows clock/data
line activity in relation to the trigger signal.

Pushbutton troubleshooting. You
can enhance the operation of any family
member with HP's Logic State Switch
option. This gives you pushbutton selec-
tion of either a time domain or data
domain display when used with HP’s
1607A Logic State Analyzer. It's a sanity
saver when designing or trouble-shooting
logic circuitry.

Rounding out HP’s A-time family are
the features you expect from a high-
performance oscilloscope. Like a human
engineered front panel and switch select-
able 50 ohm/1 megohm input impedance.

Plus HP’s Easy IC Probes which help

you avoid shorting hazards and improve
closely spaced probe connections.

User benefits and conven-
ience are what the
A-time scope family
is all about. Call
your local HP
field engineer

interval directly today for
from the five digit more details.
LED display. * Domestic US.A.
You'll find it a price only.
real plus in

HEWLETT hp PACKARD -

1507 Page Mill Road, Palo Alto, California 94304

For assistance call: Washington (301) 948-6370, Chicago (312}
255-9800, Atlanta (404) 955-1500, Los Angeles (213) 877-1282
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Intels 2147 1s

with volume availability

Intel's 4K static RAM, the 2147, is the
industry standard for high speed, low power
memory design, delivering access times to 55ns with
traditional MOS economy. Now there are new military
and even lower power versions, too. And all 2147 compon-
ents are available now to support volume production.

From the start, designers have been attracted to the
2147’s low active power dissipation and automatic
power down on deselection. In stand-by mode, the 2147
can dramatically reduce overall power consumption
compared to systems where all components dissipate
constant power. It allows you to substantially simplify
design of cache, fast buffer, control store and even large
main memories. And since we've widened supply
tolerance from *=5% to =10%, design is easier and even
F svsTEm POWER more economical.
COMPARISON Now our new 2147L

low power version
takes you a step further,
with maximum standby

current of just 10 mA —
about 1/10th that of

>
]

RELATIVE SYSTEM POWER

, bipolar 4K staticRAMs.
i There is a new
e y) militar i
4K 64K C y VCI'SIOH, tOO,

manufactured in
total compliance with MIL-STD-883B, Level 5004
and 5005 specifications. It gives you 2147
performance over the full mil temp range and is
offered in three levels of product assurance: Level
B, Level C and Extended Temperature Range.




here In force,
and two new versions.

HMOS is the key to the 2147's high
producibility, high speed, high reliability and
low power. It's the high performance technology

\ we pioneered — . .
‘ with our 2115A/ 2147 |2147L 2147-3 M2147
2125A 1K static Max. Access +70 A1 -76 I E;T 85
RAMs. And it has | Tme(nsl 1 B |
- . | Max Active 160 1 140 | 180 | 180
led to such dramatic | current (ma) | D | 180 | e |
advances as our | Max. Standby ‘ '
vancesasour |ty o 0 | w | @
€ ) 10-Dit | Operating Tempera- | T 55 to‘]
' 125
1

o |0-70 | 0-70 | 0-70 |

\ micro-computer. |ture Range(°C) | ‘
Q We've delivered

millions of HMOS devices, a proven track record of
volume availability.

HMOS means reliability, too. We've already
matched the dependability of our long-time standard 1K
static RAM, the 2102A. Get the details in our

comprehensive Reliability Report #18.

The 2147 uses the widely accepted 18-pin, 4K x 1
standard pinout. It's fully static and can be used in both
clocked and unclocked systems. All versions are
directly TTL compatible in all respects: inputs, outputs

and operation from a single +5V supply.
Order 2147's directly from your Intel distributor.

Or, for more information, contact your local

Intel sales office or write: Intel Corporation,

3065 Bowers Avenue, Santa Clara, CA 95051.

 intgl delivers.

\ Europe: Intel International, Brussels, Belgium, Telex 24814.

!

Japan: Intel Japan K.K., Tokyo, Telex 781-28426.

U.S. and Canadian Distributors: Alliance, Almac/Stroum, Component
Specialties, Cramer, Hamilton/Avnet, Harvey, Industrial Componerits, Pioneer,
Sheridan, Wyle/Elmar, Wyle/Liberty, L.A. Varah or Zentronics.
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Allen-Bradley
Electronic Components:

We have what you need.

Our distributors have
them when your
need Is noOw.




FIXED RESISTORS

Type BB, CB, EB, GB, HB: Hot
molded. 1.0 ohm to 100 megs. Toler-
ance =5%, 10%, 20%. %W, UW, %W
1W, 2W at 70°C. Pub. EC21.

Type CC: Cermet film. 10 ohms to
22.1 megs. Tolerance =0.5 and 1%.
TCR £50 and =100 PPM/°C. %W at
125°C. %W at 70°C. %W at 70°C.
Pub. EC33.

Type FM: Metal film. 20 ohms to
357K ohms. Tolerances from £1%
to £0.05%. TCR =25, £15and £10
PPM/°C. ¥W at 70°C. 1/10W at
125°C. Pub. EC54.

RESISTOR NETWORKS

I-DIP: Thick film (Cermet). 10 ohms
to 1 meg. Tolerance to =1%. TCR to

400y £100 PPM/°C. 542 standards, 14

and 16 pins. Pull-ups, ladders, termi-
nators, O-pads. 18 pin and user trim-
mable options. Pub. 5840.

Thin Film: Custom packages and
chips. Chrome/cobalt film. Toler-
ance to =.015%. TCR =25 PPM/°C.
Tracking to =5 PPM/°C. Ladders,
dividers, customs.

W

s
Y

i

[ 5 optional.

POTENTIOMETERS
Type J: 1% " diameter. Hot-molded.
50 ohms to 5.0 megs. 2.25W at 70°C.
100,000 cycle rotational life. Single,
dual, triple sections. SPST switch
optional. Pub. 5200.

] Series 70: %" square MOD POT*

Hot-molded, cermet, conductive
plastic. 50 ohms to 10 megohms.
100,000 cycle rotational life. Single,

{ dual, triple, quad sections. Options

include switches, vernier drives,
concentric shafts. Pub. 5217,

Type G: %" diameter. Hot-molded
composmon. 100 ohms to 5.0 megs.
0.5W at 70°C. 50,000 cycle rotation-
al life. SPST switch optional. Many
other options. Pub. 5201.

Type M: 10.0 MM (.394") cube. Con-
ductive plastic element. 100 ohms
to 1.0 meg. 25,000 cycle rotational
life. Single, dual sections. Switches
Case, bushing, shaft are
non-metallic. Pub. 5239.

=0

r—

i
a0

TRIMMERS

Type A: %" diameter, single turn. 10
27 ohms to 2.5 megs £10%, 0.5W at
85°C. Immersion sealed, 6 terminal
options. TCR =35 PPM/°C typical.
Pub. 5238.

Type E: %" square, single turn. 10
ohms to 2.5 megs £10% 0.5W at
70°C. Immersion sealed, 14 terminal
options. TCR %35 PPM/°C typical.
Pub. 5219A.

Type D: %" dia., single turn. 10 ohms
to 2.5 megs £20%, 0.5W at 70°C.
Dust cover, 8 terminal options. TCR
+35 PPM/°C typical. Pub. 5240.

Type RT: %" long, 20 turn. 10 ohms
to 2.5 megs =10%, 1.0W at 40°C.
Immersion sealed, 4 terminal op-
tions. TCR =35 PPM/°C typical.
Pub. 5237.

These products are typical of acom-
plete line of Alten-Bradley quality
electronic components. You get fast
off-the-shelf delivery on standard
and many special items from your
Allen-Bradley distributor. For com-
plete facts, write for Pub. 6024.

Quality inthe best tradition.

] ALLEN-BRADLEY

Milwaukee. Wisconsin 53204

EC168




Editorial

Will video-text systems travel well?

There is a sleeping giant lurking out there,
and it would be well for Americans to start
getting used to the idea that one day they
may be asked to have it in their homes and
offices. It goes by different names in different
countries — the British call it Viewdata, the
French have dubbed it Antiope, and, on this
side of the Atlantic, the Canadians have yet
to christen their upcoming system.

What all of them are is video-text information
services, and the British and French, at least,
are busily getting a jump on the rest of the
world by industriously selling their approaches
to other nations. The British Post Office to
date has invested close to $20 million in
Viewdata and has sold the software — the
guts of all the systems—to the West German
and Dutch post offices. The French, who
started later than the British and say that
they therefore have benefited from their
rivals’ experience to produce a more fiexible
arrangement, are pushing to have Antiope
adopted as the European standard teletext
system.

All this is very well, but where does the
U. S.—and, by the way, Japan—come into
it? Right now, virtually nowhere. While it
is possible to obtain some cable-television
information about the stock market, weather,
time, fruit and vegetable prices, and the like,
such data presentation is archaic compared
to video-text systems because the viewer
cannot dial up for it.

Some watchers of the telecommunications
industry are beginning to wonder nervously
about the absence of technology giants like
America and Japan, particularly now that

24

Canada, too, has announced that it will dip

its toe into the water next year with a pilot

link using telephone lines. AT&T says it has

no present plans to test such a system; it may

be presumed that the Japanese, a people

whose keen interest in mass circulation of

facts has made facsimile a commonplace, are
watching developments and seriously considering
the options available to domestic
telecommunications companies.

But does Ma Bell know something about
the American market that the others don’t?
It is within the realm of possibility that
Americans are getting just a bit oversold on
and underinterested in magical technological
systems for the home. Take, for example,
video cassette recorders: sales this year will
reach about two thirds of what was
predicted — 500,000 units versus
750,00 —though the industry is hopeful that
things will improve. Even video games seem
to have settled quietly into a post-shakeout
mode. And all the Brave New World-ish talk
about home computers is little more than
Jjust that —talk.

The big question, then, revolves around
the mood of the American consumer, the
condition of the dollar, and inflation. Just
how anxious is the average person to dial up
for news, advertisements, and the like, most
of which are found on commercial TV? Will
Bell take the plunge, or will it be left for some
hardy telecommunications pioneers to hitch
their wagons to the concept of video-text
information services and ride off in search
of fame and fortune? Or is it back to
newspapers?
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NEW . .. Simple, economical picoampere measurement!

I KEITHI Y

i

L5

DON'T GUESS ... MEASURE leakage currents and
semiconductor parameters with dmm ease.

SENSITIVITY DMM'S CAN'T MATCH!
Stable resolution of 1 picoampere
provides 4 decades greater sensitivity
than most dmm’s. Seven ranges cover
the full span of low-current
measurements.

ACCURACY DMM'S CAN'T MATCH!
Less than 0.2mV input voltage drop

ACCURACY VS. Eg

+0.5%

MODEL 480

N

43
£
<OPVCOOP

| | [}
100v 0v w 0.V

SOURCE VOLTAGE (Eg)
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(burden) keeps Model 480 from

disturbing the circuit under test. This
significant improvement over dmm's

maintains accuracy throughout

semiconductor voltage levels.

EASY TO USE!

The well-protected input is readily con-

nected into any low-current loop. High
normal-mode rejection keeps line fre-

quency interference (often found in

low-current circuits) from affecting the
measurement. High common-mode
rejection and an isolated input permit
in-circuit measurements.

LOW COST - $329!

Priced to be cost-justifiable for each

location where low-current
measurements are made. Saves time,

saves money.

KEITHLEY

NECESSARY FOR BIFETS.

Taking advantage of BIMOS/BIFET
technology raquires leakages be
reduced to picoampere levels.

CALL NOW,

Find out how Keithley's 480 can aid
your design. Also ask about our
extensive dmm line — from

$199 for 4, digits!

TOLL FREE: 800-321-0560
In Ohio call (216) 248-0400
Keithley Instruments, Inc., 28775
Aurora Road, Cleveland, Ohio 44139,
U.S.A. (216) 248-0400. In Europe:
Heiglhofstrasse 5, D-8000 Miinchen
70, West Germany. (089) 7144065.

Keithley...
The best value in DMMs.
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Our customers just plug in our power supplies and
forget about them. Fortunately, these same customers
don’t forget about us. Which helps to explain why we are
now the world’s largest mfapufacturer of SCR supplies.

In a word: dependability. In another word: reliability.

One- and threé-phase rack-mounted power supplies from 500 to
10,000 watts. Call TOLL FREE 800-631-4298 for complete informa-
tion and prices, or write for our catalog.

ELECTRONIC MEASUREMENTS INC.

E/ 405 Essex Road, Neptune, N.J. 07753
M1 / Phone: (NJ, Hi, AK) 201-922-9300. TOLL FREE 800-631-4298

Specialists in Power Conversion Equipment
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Meetings

Eascon—Electronic and Aerospace
Systems Convention, IEEE, Sheraton
International Hotel, Arlington, Va.,
Sept. 24-27.

Distributed Data Processing, AlAA,
Ramada Inn-Rosslyn, Washington,
D. C,, Sept. 25-26.

Convergence 78— International Con-
ference on Automotive Electronics,
Society of Automotive Engineers
(Warrendale, Pa.), Hyatt Regency
Hotel, Dearborn, Mich., Sept.
25-27.

ISHM 78, International Society for
Hybrid Microelectronics (Montgom-
ery, Ala.), Radisson Hotel, Minne-
apolis, Sept. 25-27.

International Electrical Electronics
Conference and Exposition, IEEE,
Automotive Building, Toronto, Sept.
26-28.

MEDE 78 —Military Electronics De-
fense Exposition, Kiver Communica-
tions SA (Millbank House, Surbiton,
Surrey, England), Rhein-Main
Halle, Wiesbaden, West Germany,
Oct. 4-6.

Land-Mobile Telecommunications
Symposium, National Research
Council (2100 C St. N.W.), Wash-
ington, D. C,, Oct. 5.

1SA/78 International Conference and
Exhibit, Instrument Society of
America, Philadelphia Civic Center,
Philadelphia, Oct. 15-19; with the
Joint Automatic Control Confer-
ence, Oct. 18-20.

NCF-NEC/78 —National Communica-
tions Forum and National Electron-
ics Conference, National Engineer-
ing Consortium, Inc. (Oak Brook,
I11.), Hyatt Regency O’Hare Hotel,
Chicago, Oct. 16-18.

1978 Design Automation Workshop,
IEEE, Michigan State University,
East Lansing, Mich., Oct. 18-21.

Engineering in Medicine and Biolo-

gy, IEEE, Marriott Hotel, Atlanta,
Oct. 21-25
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Learning curve
experience has
made Mostek the
leader in dynamic
RAM production,
reliability and per-
formance. Now,
Mostek introduces
the MK4116-2,
industry’s fastest

Mostek has built

more 16K RAMs

than any other

supplier. And this

production momen-

tum is now solving the

industry shortage of

16K RAMs.
Comprehensive

performance and

16K RAM, at just 150ns access time and environmental testing ensure reliability in

320ns cycle time. your system. Every 16K RAM we ship is
The new 4116-2 offers all the features thoroughly testedto rigorous screens

found in Mostek's industry standard 16K and stresses.

RAM family. In addition, for flexibility in Take advantage of Mostek’s industry

system design, VBB power supply now standard performance and reliability now.
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n with ECC systems. 214/242-0444. In Europe, contact
2 1S ilab e ¥

, ~operates over the range of —4.5 voltsto—5.7  Call or write: Mostek, 1215 West Crosby

operation with TTL, Road, Carroliton, Texas 75006; Telephone

Mostek GmbH, West Germany; Telephone
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Designed to offer industry’s
lowest operating power, Mostek's
new family of Codec integrated
circuits is available now. This new
CMOS family also features single-
chip operation, a choice of 16 or
24-pin packages and a variety of
on-chip functions.

low power considerations. With the
thousands of codecs required in
applications like PCM Channel
Banks and PBX Systems, the low
power advantages of economy
and reliability are essential.

Mostek's Codec family

30me9wer

Power (Active)
dissipation iy
Operating power for Type
Mostek's Codec family is a low Fg};ﬁ;ﬁmg
30mw (typ) Power supply Asynchronous
operation of =5V and the Operation

Supply Voitage
Reference Voltage

Signal to
Quantizing Distortion
@ 0dmO0

elimination of pull-up
resistors through TTL-
~ compatibility

Idie Channel Noise
Gain Tracking

It's easy to realize system
savings with on-chip features like
auto-zeroing, sample-and-hold

M. capacitor and full A/B signalling.

.~ Qperation is synchronous or
A - asynchronous with serial data
%, output of 128KHz-2.04MHz.

Industry's smallest
package

Mostek’s two newest codecs
are available in space saving 16-pin
packages. The MK5116 (u-Law)
and the MK5155 (A-Law) meet
domestic and

gl Kotes | international needs
0mWyp OmWityp inapplications like
28 1 | D3, T1 carrier, pair
Hrlaw artian | gain,PBX, C.0.and
Yes No more. The 16-pin
codecsare
vee e especially suited
o e for PBX applications
i i that do not require
| signalling. To further
40.d8ityp AdaRiyp reduce system
12dBrncO ~85dBm Op CQmplexity,
x0haB Sl compatible filters

are coming soon
from Mostek —the leaderin
telecommunication technology.
For more information on
Mostek's low power codecs and the
full communication family —tone/
pulse dialers. tone receivers, and
- repertory dialers —contact Mostek,
1215 West Crosby Road, Carrollton,
Texas 75006; Telephone 214/242-
0444. In Europe, contact Mostek
Brussels; Telephone (49) (0711)
701045.

MOSTEK.

©1978 Mostek Corporation
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“AMP has a better angle for

board-to-display co

nnections.

The Laminar Syste

It’s the reliable way to connect glass and
ceramic substrate displays. By utilizing
insulating film instead of molded housings,
Laminar connectors eliminate mechanical
stresses caused by display or housing warp.
Each contact can track the display surface
without applying any bending force, thereby
reducing the likelihood of damage.

Laminar connectors match applications.
There are clip-solder types for mounting
angles of 0 to 90 degrees and clip-to-clip
types for popular contact centerlines and
board thicknesses. With many hundreds of
configurations available, you won’t have to
compromise your design to fit the connector.

Wherever you use them, Laminar connec-
tors mean extra economy. Since conventional
molded housings are not necessary, costs are
substantially reduced. In addition, they are
available with economical tin-plated, as well
as gold-plated contacts.

Laminar connectors also mean superior
reliability. Because their contact design
provides proper normal force to assure good
electrical connection, even with the deposited
circuitry on glass displays.

There are more good reasons why you
should try the AMP Laminar System, not the
least of which is AMP engineering service
and support. It means over 2,000 scientists,
engineers and aides around the world are
available to help you. In production. In
quality control. In prototype sampling. And
wherever you need higher performance
products and lower installed costs.

AMP Laminar connectors are already
available in a broad variety of pre-formed
shapes, and custom designs can be made to
your special order. For complete information
on the entire line, just call Customer Service
at(717)564-0100. Or write AMP Incorporated,
Harrisburg, PA 17105.




AMP has a better way...
The Laminar System.

The clip-solder type of Laminar
connector has a lot of packaging
flexibility. It not only provides
board-to-display connection in a
full variety of angles from 0 to 90
degrees, but also, with its solder
tyne construction, allows mounting
virtually anywhere on a pc board
without sacrificing valuable board
real estate.

AMP is a trademark of AMP Incorporated.

SEE US AT
ELECTRONICS SHOW, LJUBLJANA

INCORPORATED
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Measure with confidence. Every time.

Tektronix plug-in oscil'ascopes stand at the forefront
of modern measurement eagabilities. And with good reason.
Our trad:tion of innovative excellence has always been aimed
at the best performance possitle.

Each measurement siiuaton creates its own unique
demards. With this thought .n mind, we've pushed toward new
limits ir all aspects of scope technology. The widest real-time
bandwdth. The fastest usable writing speeds. Multiple storage
modes Interactive analag-digital capabilities. Dual beams
in a single crt. High sens.tiviiy differential amplifiers.

And much more.

For Technical Data circle #32

No matter what your measurement situation, we offer a 5000
or 7000 plug-in oscilloscope that fits. From circuit design to
plasma physics research. From baiancing rotating machinery
to measuring the accuracy of D to A converters. With every
scope representing the same superior research
and engineering.

Where is your own measurement situation headed? We'd like
to help with your future. Contact us. Write:

Laboratory Oscilloscopes
»
Tektronix

Marketing Dept. 39/327

Tektronix, Inc.

P.O. Box 500

Beaverton, Oregon 97077 COMMITTED TO EXCELLENCE

For Demonstration circle #255




Hitachi working
on plug-compatible
EE-PROMs

Intel produces
one-chip fliter
for codec

Codec from AMD
to make debut

Top IBM scientist
asks for unregulated
ACS service

256-K bubble
memory due
from National

Electronics/September 14, 1978

American chip makers may have promised them, but it looks as if Hitachi
Ltd. will be first to deliver EE-PROMs compatible with microprocessor
systems. Already demonstrated in the lab is a 2,048-bit EE-PROM —
electrically erasable programmable read-only memory — that has the attri-
butes U.S. chip makers are looking for: single +5-v operation with
E-PROM-compatible 25-v write and erase, blinding 100-ns access time, and
a tiny cell size: 17.5 by 17 um. Next year, Hitachi plans to bring out a
16-k EE-PROM that, like its 16-K static random-access memory, is inter-
changeable with the industry-standard 2716 E-PROM.

Already supplying customers with one-chip coder-decoders for the growing
digital telecommunications market [Electronics, April 13, p. 77], Intel
Corp. is now shipping monolithic filters made with n-channel MOs technol-
ogy to customers (see p. 48). The 2912 pulse-code-modulation line device
sits between the codec and the two-wire—four-wire hybrid, or subscriber-
loop interface circuit (sLic), which links the four-wire transmission
circuitry to the two-wire connection to the telephone. The 16-pin 2912 has
a transmitting filter with 50-Hz and 60-Hz rejection and a receiving filter,
gain adjustment in both directions, and compatibility with U.S. and
European standards. The Santa Clara, Calif., company claims low power
consumption for the device: maximum ratings are 290 mw with an
electronic sLic, 440 mw with a hybrid, and 74 mw in power-down.

Look for Advanced Micro Devices Inc. of Sunnyvale, Calif., to join the
codec parade when it starts shipping samples of a two-chip codec within a
month or two (see p. 105). “Our pin-programmable u- or A-law codec is
designed to handle two channels at a time,” says Russ Apfel, linear
systems and applications engineering manager. Both n-mM0s and bipolar
technologies are used. The n-mM0s chip is 15,000 square mils and is made
with five masks; the bipolar one measures 10,000 square mils and is made
with seven masks. Both are in 24-pin packages.

In what is being viewed as a major policy statement, Lewis Branscomb,
vice president and chief scientist at 1BM Corp., has called for the deregula-
tion of so-called value-added carriers. Specifically citing AT&T’s recently
proposed Advanced Communications Service [ Electronics, Aug. 3, p. 79],
Branscomb says the fact that Bell proposes to offer Acs over the existing
regulated Data Phone Digital Service *“‘indicates there is a line between
regulated pure transmission services and value-added services. AT&T should
be allowed to offer the value-added features of ACS on a competitive and
unregulated basis.” Branscomb was keynote speaker at the IEEE Compcon
’78 fall meeting in Washington, D. C.

Not wanting to be left in the dust following announcements by Rockwell
International Corp. (see p. 161) and Texas Instruments Inc. of 256-kilobit
magnetic-bubble memories [ Electronics, Aug. 17, p. 39], National Semi-
conductor Corp. is releasing details of its 256-kilobit part, due in sample
quantities at the end of 1979. Called the NBM 2256, the 16-pin design
follows current thinking irr having a block-replicate approach with chevron
patterns. But the part will have extra redundancy and an on-chip error
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HP pushes
GaAs FET into
18-to-26-GHz area

New top capacity
coming from CDC
in large disks

Work under way
at Gl on 1980
microcomputer

Computer scientists

34

to view technology
of the Chinese

Electronics newsletter

map to ensure 256 good loops of 1,024 bits each. Target specifications
include 3-um bubbles, access time of less than 7 ms, a shift rate of 100
kHz, and power dissipation of less than 1 w.

At the same time, Sperry Rand Corp.’s Sperry Univac division reports it
has fabricated a 256-k bubble-memory chip, housing a 2.7-um bubble.
The chevron-shaped device will operate at 200 kHz and uses the block-
replicate architecture that greatly reduces memory cycle time over the
major—-minor-loop approach. The Blue Bell, Pa., computer maker is fabri-
cating bubble devices to determine the architecture best suited for its
purposes and to compare its costs and margins with what vendors offer.
Sperry Univac is interested in bubbles for terminals, minicomputers, and
communications processors.

Hewlett-Packard Co. has raised the frequency ceiling on gallium-arsenide
field-effect transistors to the K-band region of 18 to 26 GHz. Moreover, HP
designers reported at this month’s eighth European Microwave Conference
in Paris that they believe that the 26-to-48-GHz band may be obtainable.
The GaAs FET has a gain of 9.8 dB at 18 GHz and an extrapolated
maximum frequency of 80 GHz in a broadband oscillator circuit. The
200-mw device is in pilot production in Santa Rosa, Calif., and is expected
to offer a neat transistor solution to conventional circuitry built around
Impatt or Gunn diodes for such applications as microwave sweep oscilla-
tors and signal generators. The device is made with silicon ion-implanted
into a GaAs substrate to form both the channel and n+ contact layer.

Using an enhanced version of what is frequently called IBM 3350-type
technology, Control Data Corp.’s peripherals operation in Minneapolis is
readying for introduction this week a fixed-media hard-disk drive with a
capacity of 635 megabytes per spindle. When marketed as an 1BM-
compatible drive, the unit will be configured to appear to the system as two
logical volumes of 317.5 megabytes each—the largest capacity currently
offered by 1BM on its 3350s.

Intent on having a second-generation family of 16-bit microcomputer
devices available by mid-1980, General Instrument Corp.’s Microelectron-
ics group is mow defining the advanced central processing unit and
associated chips. The Hicksville, N. Y., group expects a decision before
year’s end on one of several choices: strike out on its own development
program for a multichip set, second-source another firm’s multichip
microcomputer but add a little extra, or either develop or second-source a
single-chip microcomputer. The first is the least likely option, notes Frank
Jelenko, marketing manager.

A group of 15 computer scientists will leave at the end of September on
the first formal group visit to the People’s Republic of China to view
Chinese computer technology. At the invitation of China’s engineering
society, the Institute of Electronic and Electrical Engineers is coordinating
the tour. Its leader is Merlin Smith of 1BM Corp.’s Thomas J. Watson
Research Center in Yorktown Heights, N. Y., and president of the IEEE
Computer Society.
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When you need microcomputers, you need them now —
whether it's one module or an entire system. Our inventory of
DEC systems and components can help you meet the tightest
production schedule. We handle the complete line of DEC
LSI-11/2 and 11/03 products for immediate delivery.

Call UNITRONIX for = discounts, delivery and individual
service — regardless of quantity m Software support

= Systems for business, industry and laboratories

= Custom configurations

Terminals — VT-52,
VT-55, New VT-100,
" LA-35, LA-36,
PDP11/03 Systems with RXV11 LA-120, LA-180,
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floppy disc drive or the new A./ »
DEC RLO1 5 MB hard disc drive LSI-11 Modules

[
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Word Processors — WT-78
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applications

Call UNITRONIX for fast, dependable service and a complete selection of the latest microcomputer products from DEC.
Send for FREE INFO KIT.

m m Uﬁm@MUm 198 Route 206, Somerville, N.J. 08876 = (201) 874-8500

CORPORATION TELEX: 833184
digital and DEC are registered trademarks of Digital Equipment Corporation
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What’s the difference
precision VF converter

About $77.




between our
and everybody else’s?

We'll tell you about our LM 331
converter family. Then you decide how much
you ought to pay.

First, the LM 331 guarantees worst
case 0.01% non-linearity.

Next, the LM 331 operates from
4 to 40 volts with no loss in performance.
So it'll run in any system.

What’s more, our LM 331 has a
temperature drift of 50ppm/°C max. And
there are even more parameters that
will amaze you.

Now. How much should you pay for a
precision V-F converter that does all this?
$80? No. National’s volume production
expertise and linear leadership gets you $80
performance for just $3.

With all the flexibility we've built in at
a price like this, you can use our converters
as A/D converters, to solve system isolation
problems, in sweep generators, phase
locked loops, as F-V converters, in precision
tachometers; in just a whole bunch of
applications you may not have considered
betore.

When you send in the coupon below,
we'll fill you in further on the details.

|
| National Semiconductor Corporation
: 2900 Semiconductor Drive

Santa Clara, CA 95051

Gentlemen: If what you've told me about your high-accuracy
V-F converters is accurate, I'd like to know more.
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¢ Housedin rugged RFl-shielded aluminum case

¢ Available with BNC, TNC, SMA and Type N connectors

¢ Meets MIL-202E standards

¢ Also useful as power combiners
atsignallevels up to +10dBm
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Now you can specify and purchase
state-of-the-art power dividers at /3
to'>the price of competitive units, with
immediate off-the-shelf delivery.
from Mini-Circuits,of course.

This breakthrough in price/perfor-
mance is a natural extension of our ex-
tensive experience in high-volume man-
ufacturing, exacting quality-control and
thorough testing. This expertise assures
you highly reliable power dividers with
guaranteed repeatability of performance
at lowest cost.

So, if you are among the thousands
of companies now using Mini-Circuits’
signal-processing units in your systems
designs, add power dividers to the list
of price/performance industry stan-
dards available from Mini-Circuits.

wodft
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Frequency Insertion [solation, Amplitude VSWR
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Model GHz Typ. Max. Typ. Min. dB Typ. Divider Combiner Price Qty.
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$5.00 additional for SMA and Type N
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Significant developments in technology and business

64-K RAM unveiled
by U. S. chip maker
outperforms 16-K units

Texas Instruments to offer
samples in October for $125;
RAM operates from single 5-V
supply, dissipates 3 uW/bit

With other memory manufacturers
expected soon to follow suit, Texas
Instruments Inc. last week became
the first U.S. chip maker to unveil a
64-K dynamic random-access memo-
ry. To be available in sample quanti-
ties at $125 each in October, the new
TMS 4164 is quite a performer,
according to TIs specifications. It
not only quadruples the density of
the current generation of 16-K
dynamic RAMs but it outperforms
them in many important respects as
well.

Perhaps most dramatic is the
improvement in power dissipation.
Operating from a single + S-volt
supply, the new part dissipates only
200 milliwatts maximum, or 3
microwatts per bit. In contrast, TI’s
older 16-k device, the TMS 4116,
uses three supplies (+5, —5, and
+12 v) and dissipates more than
twice as much power—462 mw, or
28 uw per bit. Also improved are the
access times, which range from 100
to 150 nanoseconds, and the mini-
mum cycle times, which range from
250 down to 200 ns.

These parameters, coupled with a
64-K-by-1-bit organization and a
standard 16-pin package, make the
part particularly well suited for use
in minicomputers and mainframes.
The potential for the part and others
like it is enormous. Indeed, some
industry analysts expect 64-k dy-
namic RAM sales to reach 25% of the
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predicted $1 billion worldwide
metal-oxide-semiconductor memory
business by the early 1980s. As for
TI, it “hopes to reach initial volume
production levels of several thousand
chips per month by the end of the
first quarter of next year,” says John
Hewkin, strategic marketing man-
ager for MOS memory in Houston.
Likely to follow soon with 64-K
RAM announcements of their own are
Motorola, Mostek, Intel, National
Semiconductor, and Nippon Electric,
Japan. The only semiconductor mak-
er with a jump on T is Fujitsu Ltd.
of Japan, which announced its 64-K
earlier this year and is now sup-
plying samples. That memory, how-
ever, requires two power supplies
+7 and -2 v. In achieving its

single-supply operation, TI has made
a significant development in MoOs
design. All 5-v Mos devices now on
the market require a negative supply
for reverse-biasing the substrate to
make inputs and outputs compatible
with transistor-transistor logic—on-
chip circuits called charge pumps
generate the negative voltage. The
new RAM, however, contains no on-
chip substrate-biasing circuit—TI
designers have altogether eliminated
the need for negative voltages.

“Although it is TTL-compatible on
the outside, the inside is geared more
toward achieving an optimal speed-
power product,” says G.R. Mohan
Rao, who headed the design team
at Tl

He refuses to get more specific,

Vss (GND)—>

COLUMN-ADDRESS STRDBE ———4
RDW-ADDRESS STRDBE —————» TIMING AND CONTRDL LDGIC
READ/WRITE ————
DATA INPUT }
DATA-
iN
ROW 32,768 STORAGE CELLS REGISTER
8 DECDDE
RDW-
ADDRESS
BUFFERS DUMMY CELLS ¥
{%) 1-DF-64
COLUMN DECDDE BUFFER
SENSE AND
AMPLI 256 SENSE/REFRESH 1-DF-4
FIER AMPLIFIER _»] INPUT/
CONTROL DUTPUT
(4) 1-DF-64 SELECTIDN
8 COLUMN DECDDE
COLUMN- DUMMY CELLS
ADDRESS
A
BUFFERS ROW
DECODE 32,768 STORAGE CELLS DATA-
puT
REGISTER
Vop (+5 V) —» L DATA
ouT

Twin arrays. Block diagram of TI's dynamic 64-K RAM shows it divided into two 32,768-bit
storage areas. Cells are refreshed by 256 sense amplifiers every 4 milliseconds. The chip has
no need for negative voltages, unlike current 4- and 16-K memories.
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65,536 bits. Division of new RAM into two
sections shows clearly in photo of 132-by-
252-mil chip and its 16-pin package.

saying only, “People will be sur-
prised when they see how we did it.”

Long refresh period. In contrast to
the 128-cycle/2-millisecond refresh
used in current 4-k and 16-K
dynamic RAM designs, the 4164
incorporates a 256-cycle/4-ms re-
fresh period. This means that sys-
tems designed for the TI part can
easily be modified to use 128-cycle
64-k parts, should the upcoming
parts be designed this way. But the
reverse shift will not be possible.

“We saw no good reason to use a
128-cycle refresh,” says John Hew-
kin. “The 256-cycle refresh period
allows the same 64-kilohertz oscilla-
tor to be used when upgrading from
the 16-k.” Adds Rao, “The only
savings [from using 128-cycle re-
fresh] might be 1 bit in the row
counter and multiplexer, but since
these parts come in 4- and 8-bit
multiples, no full packages can be
dropped.” And he asks, “When you
sit down to design the 256-K RAM,
how can you do it with 128-cycle
refresh? It would take 1,024 more
sense amplifiers.”

Using only 256 sense amplifiers
and scaled-down M0S n-channel dou-
ble-level polysilicon-gate technology,
T1 has kept the bar size for the TMS
4164 down to 33,000 mil? (132 by
252 mils). “With 60% of the area
taken up by the array, it’s the first
dynamic RAM not dominated by the
peripheral circuitry,” Rao says.

TI used test chips in parallel with
computer-aided design to develop its
design ideas. “The tricky part was to
get 40 internal clocks on the chip to
be timed together,” Rao continues.
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“Using our approach, the major
internal clocks are guaranteed not to
have a timing skew —even if the row
and column strobes from the user
are nonperiodic.” O

Fiber optics

Studio-quality TV
looks OK in tests

Tests of fiber-optic equipment carry-
ing voice conversations are being
carried out all over the country,
mostly by telephone companies. But
just how good is the gear for carry-
ing television signals?

At Bell Laboratories in Holmdel,
N. J., researchers Andres Albanese
and Harry Lenzing are looking into
this question, particularly whether
fiber optics can carry studio-quality
Tv signals from a satellite earth
station antenna to the video operat-
ing center that distributes the signals
to individual receivers. With first
test results starting to come in, the
answer seems to be yes.

“We want to directly compare the
capabilities of fiber optics and coax-
ial cable under the same set of condi-
tions,” says Albanese. “And we want
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information on transmission meth-
ods and picture-quality factors like
signal-to-noise ratio, insertion loss,
linearity requirements, and practical
transmission distances.”

Two systems. The fiber-coax com-
parison system links a 10-meter
earth station antenna over a 1-kilo-
meter run in Holmdel; it can handle
both analog and digital signals. The
coaxial cable and 12-fiber ribbon
cable are laid side by side in a duct
and have been functioning since last
February. The fiber cable, made by
Bell, is identical with the cable laid
in a Chicago installation that has
been successfully conveying tele-
phone conversations for one year. A
typical fiber has a core diameter of
55 micrometers, an outer diameter
of 110 um, and a 0.23 numerical
aperture and transmits light at 830
nanometers.

For most of the tests, the optical
transmitter, shown in the figure, is
modulated with a 70-megahertz
intermediate-frequency signal that is
frequency-modulated by the video
signal. Results indicate that a color
video channel can be transmitted
with a 68-decibel signal-to-noise
ratio, 0.1-dB differential gain, and
0.5° differential phase over a link 4.1
kilometers long. This well exceeds
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Entrance link. Transmitter/receiver system in Bell's test can interchange the fiber-optics
links (shown) with coaxial cable for comparing transmission and reception characteristics.
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the noise figure for studio-quality
requirements.

Frequency modulation at 70 MHz
was chosen instead of other modula-
tion techniques because it uses exist-
ing fm terminals and is compatible
with existing radio equipment.
Moreover, this fm technique relaxes
the linearity requirement on the
transmitter and receiver.

At the same time, the fiber-optic
transmission line has been shown in
the Bell tests to be superior to the
coaxial cable in that no equalization
circuits are needed and it is immune
to electromagnetic interference. As
an added and important bonus, the
fiber cable is smaller than the coax-
ial cable and was easily run into an
almost filled cable duct, into which
more coax would not fit.

Supplemental tests. The 1-km link
at Holmdel has been supplemented
since July with a 0.5-km link at
Bell’s nearby Indian Hill site. The
Indian Hill tests use only a fiber-
optic link with a light-emitting-diode
source whereas the Holmdel facility
has both a diode and a laser, as well
as the coax system. However, the
new site will test more equipment
combinations.

So far, results at Holmdel show a
25-dB link loss for the laser transmit-
ter and 12 dB for the LED. For a
signal-to-noise ratio of 68 dB and the
fiber attenuation of 6 dB/km, the
maximum link length is 4.1 km for
the laser source and 2 km for the
LED. But if the s/n ratio is lowered to
53, still a usable figure, the lengths
are 6.3 km and 4.2 km, respectively.
The s/n figure needed varies accord-
ing to the system application and
noise budget.

More work is planned in the
coming months with different trans-
mitters and receivers as well as
modulation schemes at both sites.
But for now, the Bell researchers are
happy. Notes Albanese: “We have
met the system objectives and feel
optimistic. It’s a matter of getting
used to fibers—we had no unex-
pected problems.” For example, the
fiber-optic connectors developed in
house by Bell proved as practical as
commercial electrical connectors, he
reports. O
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Computers

Air Force’'s SOS-based fault-tolerant unit
going great, but budget bodes ill

There’s both good news and bad
news about the Air Force’s fault-
tolerant spaceborne computer. On
the plus side, researchers say they
have whipped significant large-scale-
integration process problems, clear-
ing the way to building the first
working hardware.

No funds. However, “it looks like
there’s no money for prototypes until
1981,” reports Capt. Roy L.
Schmeising, who heads development
for the service’s Space and Missile
Systems Organization in Los An-
geles. Overall Samso budget pres-
sures are the cause of the program
stretch-out, he says.

The first LSI parts, logic circuits
built of complementary metal oxide
semiconductors on sapphire sub-
strates are now being delivered by
RCA Corp.’s Solid State Technology
Center, Somerville, N. J. Others are
expected from Hughes Aircraft Co.’s
Microelectronic Products division,
Newport Beach, Calif. The silicon-
on-sapphire structure was chosen
because it is more resistant to radia-
tion than circuitry on bulk silicon.

Started more than three years
ago, the spaceborne computer is
intended to be ‘‘self-healing”
through an innovative architecture
and system design, giving it up to
five years of operating life. A self-
healing computer is one that can
correct for failure of its components
without outside help. Through a
combination of architecture and
software, the computer can switch
automatically from a failed part to
one that works, choosing from an
array of standbys.

Customized. Rather than con-
struct the central processing unit
from a collection of standard logic
chips, the Air Force partitioned its
computer architecture to meet its
self-healing requirement and then
had each piece implemented in
custom LSI chips. The result is some
22 types of chips, including a regis-

ter arithmetic/logic unit, a 1-K-by-
1-bit static random-access memory,
a 2-K-by-4-bit read-only memory,
and a ROM sequencer, to name the
few standard kinds of chips. The
other chips cannot be described so
succinctly; because of the partition-
ing, they perform combinations of
functions that are not standard.

The silicon-on-sapphire technolo-
gy is deemed to be the only way to
get radiation-resistant devices to sur-
vive space missions and to run at the
needed rate of 200,000 operations
per second. While the concept of the
computer was proved in late 1977 by
a brassboard model built with
discrete parts by prime contractor
Raytheon Co.’s Equipment division,
Sudbury, Mass., none of the LSI
chips have been built until now.
Raytheon is proposing design sim-
plification to reduce the 20 or so
logic types to about 10.

The LSI devices have an average
line width of 0.22 mil and between
2,500 and 3,000 devices per chip,
with each chip measuring an average
of 220 mils on a side, according to
Arnold Van Doren, Raytheon’s proj-
ect manager. The chips have a speed
of 7 nanoseconds per gate, he adds.

Survival. Completed, the computer
is expected to occupy 1.3 cubic feet,
weigh 50 pounds, and dissipate 35
watts. It will have a cycle time of 1
microsecond. Air Force studies esti-
mate that continual reconfiguration
to correct component failures will
give a 95% chance of surviving a
five-year mission. This compares
with a 35% chance for three redun-
dant computers and 44% for four
machines.

Making the fabrication job rough
is the number of pins required on
some chip packages—up to 84—
because of the complexity of provid-
ing interconnections between the
working and backup modules. This
number of leads is 20 more than the
64-pin packages now considered the
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practical limit for production de-
vices. “We tried configuring the
computer with 64-pin packages, but
ended up with more than 30 differ-
ent logic types,” Schmeising says.

With the first prototype chips in
hand, ‘‘we have proved that
C-M0Ss/80S, which does not have a
good reputation for driving a com-
puter bus, can do the job.” To reach
its operating speed and throughput,
the computer’s logic circuits must
drive a 700-to-1,000-picofarad bus
capacitance, with a 100-ns rise time.
“We got 60 ns at capacitance in the
tests,” he says.

Schmeising estimates that $15
million to $20 million is required to
build prototypes for flight testing in
the early 1980s. Even without full
funding, a lower-level program is
planned to push critical LSt work. By
going ahead with device testing for
radiation, reliability, and extended
life, “we can refine out risks consid-
erably in the meantime,” he says. O

Companies

Gl to broaden
its chip business

Having reached some significant
milestones in the microcomputer and
memory fields, General Instrument
Corp.’s Microelectronics group in
Hicksville, N. Y., is setting out on a
new tack. Principally a supplier to
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Gl adds silicon-gate process for 64-K ROM

General Instrument Microelectronics not only is trying to shift its emphasis
from consumer to nonconsumer markets but also is making a major change
in process technology. In effect conceding that its traditional n-channel
metal-gate process is not suited for building very dense read-only memories,
the Hicksville, N. Y.-based group is going to a new silicon-gate process to
fabricate its first 65,536-bit n-channel ROMs, due in sample quantities by
January 1979.

Called the RO-3-9364, the edge-activated 64-K ROM will be pin-for-pin—
compatible with Mostek Corp.'s 24-pin MK36000 ‘‘in virtually every way,"”
says Robert A. McDonald, general manager of GI's Industrial Business unit. A
and B versions, having maximum access times of 850 and 450 nanoseconds,
respectively, will list for $10 to $12 in lots of 1,000 and $8 to $10 at the
10,000-piece level. Meanwhile, a 9364C with a 350-ns access time will be
priced at $13 to $14 and $9.50 to $11 in like quantities.

Having a chip area of about 38,000 square mils, the 9364 ‘'is our initial
push into high-density, silicon-gate n-channel ROMs,"" says McDonald. Right
behind it will be a 28-pin edge-activated 64-K ROM, followed by 24- and
28-pin fully static 64-K ROMs, *“all of which will hit the market by the first
quarter of 1979," he adds.

There will be other new n-channel silicon-gate products, too, including an
8-bit microcomputer in late 1979. “‘These will basically be the same 8-bit
parts we have now, but will take advantage of silicon-gate technology to
offer bigger ROMs on board, faster speeds, and lower cost,” McDonald says.
Why go to silicon-gate processing now? McDonald answers, ‘‘We eventually
would have had to do it for performance. We decided to bite the bullet now

and use the 64-K ROM as the springboard for getting us into it.”

producers of television and nonvideo
games, as well as toys, the group is
shifting its engineering resources
toward nonconsumer markets that
seem to offer even more lucrative
business opportunities and greater
stability.

“We are viewed as a manufactur-
er of large-scale integrated circuits
for the consumer market, but we are
beginning to see our niche defined

more accurately by the words ‘com-
munication’ and ‘control,”” explains
Edgar A. Sack, the senior vice presi-
dent who runs the group.

Steady. “We are now beginning to
deal with a different set of customers
whose volume requirements are of
higher orders of magnitude,” says
marketing manager Frank Jelenko.
“Also,” he continues, “they don’t
readily change designs from year to
year, as do those in the games
market.” This means that engineer-
ing resources need not be expended
annually to develop new software, he
says.

Some of the non-game and non-
toy applications for microcomputers
and memories Jelenko identifies are
in automobiles (“‘a few in the dash-
board and a couple in the engine and
elsewhere”), in digital tuning of
radio and TV receivers, in ballast-
type controls for lighting, and in

Widening. Though doing well selling their
chips to toy and TV games makers, GI's Bob
McDonald (seated) and Frank Jelenko are
looking for other users—manufacturers of
industrial controls and telecommunications.
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We have the facts and figures needed
to get you out of the cable assembly
business.

We can supply any of our miniature
Thorkom connectors complete with
cable —fully assembled, with a top-
quality molded strain relief.

It's our Vikord custom cable assem-
bly service.

The cable can be any length you
need, pre-tested for IR and continuity.

Plugs and receptacles can be on
one or both ends.

And the molded strain relief can be
straight or right angle. Either way, it's
flexible and sealed for protection from
the environment.

Good delivery. with most stan-
dard 22 gauge cables, we can give
you delivery on the complete Vikord
assemblies in two-to-four weeks. Other
sizes may take longer.
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motor controls for air conditioners,
refrigerators, and power tools.
“These areas alone offer a potential
market of 215 million microcomput-
ers annually,” he states.

However, GI is not about to aban-
don a good thing. It wants to expand
it. GI shipped 1.1 million 16,384-bit
read-only memories and more than
800,000 electrically alterable ROMs
in its recent fiscal quarter ended
Aug. 25. What’s more, it shipped in
excess of 100,000 8-bit microcom-
puters in August alone. In fact, “‘we
will have shipped over 1 million
single-chip 8-bit microcomputers in
1978,” claims Robert A. McDonald,
general manager for GI's Industrial
Business unit, which encompasses
microcomputers and memory.

Seasonal. McDonald' notes that
though the games market has served
as “a good theater” for GI to intro-
duce its microcomputers and pro-
vided the impetus behind getting the
necessary design and production ma-
chinery in place, “it’s not the kind of
market we want to be dedicated to.”
A reason for this decision is that the
games market is seasonal and “all
visibility to the market is lost after
Christmas,” says Jelenko. Further-
more, “the games market has to be
supported each year. . . . We will
just spend a much smaller percent-
age of our engineering resources
next year toward developing game
software.”

An indication of GI's continuing
commitment to the games market,
Jelenko notes, is the planned intro-
duction of the PIC 1655A, a single-
chip 8-bit microcomputer with high-
er drive currents and lower cost than
the existing 1655. It is designed to
compete with 4-bit microcomputers,
such as Texas Instruments Inc.’s
TMS 1000, in toys and games using
light-emitting-diode displays.

Samples of the 1655A will be
available in the fourth quarter of
1978, as will be samples of an 18-pin
version of the 28-pin 1655. Called
the PIC 1645, the latter will have
less ROM (256 by 12 bits) than the
1655 and will be tailored for low-end
motor-control applications. These
will be followed in the first quarter
of 1979 by the PIC 1670, which will
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have 1,024 lines of 12-bit ROM and
48 by 8 bits of random-access memo-
ry. The 1670 will be for high-end
nonconsumer products and, Jelenko
says, “allows us to do complex appli-
cations that we can’t do with less
ROM Or RAM.” |

Military

Air Force wants
more data on wind

The Air Force is going shopping for
a system that will tell it more about
the wind, especially in areas where it
is difficult or impossible to place
ground weather stations. This month
the Electronic Systems division at
Hanscom Air Force Base, Bedford,
Mass., will ask for industry propos-
als to develop a wind-sounding
system that will eventually go
aboard both weather reconnaissance
aircraft and cargo planes carrying
troops and equipment to be dropped
by parachute.

The system will use pressure,

temperature, and humidity sensors
in the parachute-borne radiosonde
that will also carry an Omega navi-
gation receiver to develop wind
profiles between the plane that drops
the sondes and the ground. Similar
sensors have been used before by the
National Oceanic and Atmospheric
Administration to map winds. But
they were sent aloft in balloons from
ground weather stations.
Data produced by the NOAA radio-
sonde are usually telemetered to a
large computer on the ground for
data reduction. The Air Force, on
the other hand, will put a minicom-
puter in the sonde-dropping aircraft
to plot the wind profiles in real time.
The plan is to put the system in 10
Military Airlift Command C-141
cargo ships and 20 Air Weather
Service WC-130 weather reconnais-
sance planes.

MAC will use the system to calcu-
late an optimum release point that
considers wind direction and velocity
changes for the aircraft that may
follow. The Air Weather Service
wants the wind-sounding system to

better track hurricanes and ty-
phoons, and to develop a better data
base on wind speed and direction in
areas such as the Western Pacific
Ocean, where few ground weather
stations exist.

Capt. William Bennett, manager
for the wind-sounding program at
the Electronic Systems division,
says, “In combat drops, the C-141
equipped with the wind-sounding
system goes in ahead of the strike
force to show planes following where
to drop.” That is where the real-time
requirement comes into play.

The wind-sounding program is in
ESD’s Global Atmospheric and Envi-
ronmental Systems office. A typical
combat airdrop mission would have
an instrumented C-141 in the lead
drop sondes at intervals as it
approaches the target. The sensors,
plus a small Omega receiver in each
sonde, will get three signals every 10
seconds from the navigation-aid
transmitters. The pressure, tempera-
ture, and humidity data will be tele-
metered with the Omega informa-
tion over a band between 400 and
406 megahertz to a receiver aboard
the mother ship.

There the data will be digitized
and fed to the minicomputer that
separates and processes the signals
to provide the wind velocity, pres-
sure, temperature, and humidity for
display to an operator. The data is
also printed out for later analysis on
the ground, as well as used immedi-
ately to calculate the best release
point for the mission.

Continuous position. The comput-
er will use the phase data in the
Omega signals to calculate the
sonde’s position continuously as it
descends. That position is a function
of the wind velocity and direction.
Temperature, pressure, and humidi-
ty data assist here by reducing errors
in determining the sonde’s altitude.
Bennett says the computer will prob-
ably be a 16-bit minicomputer with a
memory of 32 kilobytes or less.

The development phase of the
contract will call for two preproduc-
tion systems—one each for the C-
141 and WC-130 aircraft. They will
be very similar, Bennett says, except
that the C-141 hardware will be
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removable and the WC-130s will be
permanent installations. In all, 32
C-141s will be fitted out to accept
the system. Flight tests of both
aircraft are to begin at Eglin Air
Force Base, Fla., two years after the
development contract is awarded. (]

Communications

SBS, facing legal
snag, pusheson...

The future of Satellite Business
Systems Corp. is up in the air
because of a court battle regarding
legality of its joint ownership by
International Business Machines
Corp., Communications Satellite
Corp., and Aetna Life and Casualty
Co.

Hearings. Ruling on a Justice
Department challenge of the Federal
Communications Commission deci-
sion that authorized the McLean,
Va., firm to provide domestic satel-
lite communications service, a U. S.
appeals court late last month over-
turned the FCC authorization. The
court said the FCC should have given
more consideration to the antitrust
questions and should have held hear-
ings on those issues before granting a
license to the company. The court’s
decision sends the case back to the
Fcc for such hearings.

The legal stumbling block comes a
month after SBS reported the success
of Project Prelude, a test of the tech-
nical feasibility and market potential
of its planned service for integrated
digital, voice, and television commu-
nications via satellite [Electronics,
July 20, p. 48].

Despite the dispute over its owner-
ship, SBS intends to continue install-
ing equipment for a planned January
1981 opening. Although the compa-
ny is disappointed, a spokesman says
it does not expect the decision “to
impede the establishment of our
system.”

Reconsideration. The question the
FCC must reconsider is whether 1BM
and Comsat’s partnership in SBS
violates Section 7 of the Clayton
Antitrust Act by lessening competi-
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tion or creating a monopoly. Key is
whether 1BM and Comsat were likely
to have entered the market separate-
ly. When it approved SBs in January
1977, the FcC said that the venture
was not anticompetitive and that,
even if it were, approval would be in
the public interest because sBs would
provide a service that could compete
with AT&T.

Earlier this month, a spokesman
for the commission’s litigation divi-
sion said it has not decided yet
whether to appeal the decision or to
accept it and hold the hearings.

If the Fcc holds the hearings and
finds SBS to be in violation of Section
7, it could cancel its license. But
Calvert Crary, a litigation analyst at
Bache Halsey Stuart Shields, New
York, says, “A more likely outcome
would be for the commission to
decide after a hearing that sBS
doesn’t violate the statute. After all,
the recent history of Section 7 in the
courts indicates that it is violated
only by the most blatant combina-
tions, and I think a pretty radical
change in the standard would be
required before sBs could be consid-
ered in violation.” O

. . . as Sperry uses
5-m earth stations

While officials in Washington,
D. C., play ping-pong with the fate
of the planned Satellite Business
System, one independent manufac-
turer has gone ahead and developed
its own satellite communications net-
work for the computer-to-computer
transfer of data. Established by
Sperry Rand Corp.’s Sperry Univac
division in Blue Bell, Pa., the
network is the first commercially
licensed system for all-digital two-
way transmission in the C band (6
gigahertz up, 4 GHz down) to use
5-meter-diameter antennas.

Provided by American Satellite
Corp. of Germantown, Md., and
linked to the Westar [ synchronous
satellite, the network’s hardware
currently consists of two earth
stations—one each at development
centers in Blue Bell and Roseville,

Minn. Other earth stations are
projected for installation at Univac
centers in Salt Lake City and in
Irvine and Cupertino, Calif.

Applications. Large Univac Series
1100 computers at Roseville and
smaller Series 90 computers at Blue
Bell supply processing power for
developmental groups using the net-
work. Principal applications will be
the transfer of data related to hard-
ware design, software development
and applications programs, and the
exchange of manufacturing and
financial information. The system
will also be used for technical
conferences via freeze-frame televi-
sion and for high-speed facsimile,
says Nate Pearlman, a Univac
systems engineer.

“The key objective in establishing
this new network is to optimize data-
communications control procedures
and formats for use over dedicated
satellite links,” says R.C. Phillips,
vice president of Univac’s Major
Systems division. Most computer
communications protocols designed
for use over old analog telephone
links “can’t be applied intact over
satellite links,” adds Pearlman. This
is because the long propagation
delay of satellite communications
would make the system inefficient
with respect to speed and error rates,
among other factors, he explains.

Compensating. The effect of prop-
agation delay, Pearlman says, can be
offset by developing digitally con-
trolled techniques that make more
efficient use of the link’s wide band-
width, excellent reliability, and high
signal-to-noise ratios. The Univac
network has a present capacity of
112 kilobits/second and a bit-error
rate of 2X 10-8, and this rate is “at
least two orders of magnitude better
than what we’ve experienced with
the [Bell System’s] Digital Data
Service,” he claims.

Using Univac’s Universal Data
Link Control, a bit-oriented, full-
duplex protocol, Pearlman says, “we
are provided with peak performance
for a mixed satellite-terrestrial com-
munications network.” Further, be-
cause the system has but one voice
channel for supervisory -functions,
extensive voice circuitry is elimi-
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nated and, Pearlman says, “the cost
of a communications facility such as
this is comparable to that of high-
quality, terrestrial lines of equivalent
bandwidth.” O

Codecs

Interface relies
on bipolar technology

Although only the coder-decoder
chip has been fabricated in silicon so
far, Motorola Inc. has released
details of a three-chip subscriber-
channel unit aimed at the market for
central-office and paABx digital
switching.

But surprisingly, the Communica-
tions group in Phoenix, Ariz., which
designed the unit, is prouder of its
interface circuit, called the subscrib-
er-loop interface circuit, or SLIC,
than of the codec and filter chips. It
believes the SLIC (or hybrid, in Bell
System vernacular), which takes
decoded analog signals from the
filter chip and conditions them for

driving the noisy telephone lines, will
withstand extremely tough environ-
mental conditions.

For example, the sLIC is specified
to survive extreme voltages —like on-
line transients as high as 1,500 volts
caused by lightning—points out
Steve Kelley, principal staff engineer
for strategic marketing and product
development at Motorola. Moreover,
the chip must be powered by the
48-volt dc telephone line drive and
be so well protected against 60-hertz
signals that it can survive when it is
inadvertently connected to the 120-v
ac household line voltage. Technical-
ly, the sLic, dubbed the XC3419 by
Motorola, converts two-line differen-
tial talk-and-listen signals to four
single-ended lines, generates the off-
hook signal, and provides line cur-
rent to the telephone.

Tough technology. The sLIC is
built with bipolar technology be-
cause MOS devices cannot withstand
such extreme voltages, Kelley ex-
plains. As extra protection, Motorola
adds transient-suppressing diodes to
the chip, which must take a momen-
tary surge of 50 amperes. A pair of

power transistors is also added to
supply the short-circuit current
drive, which is 120 milliamperes in
the worst case —too much power for
an integrated circuit to dissipate.

Although Motorola uses bipolar
technology for the sLic, it builds its
codec and filter chips with comple-
mentary-metal-oxide-semiconductor
technology. Many manufacturers
lean toward a similar three-chip
approach, though the choices encom-
pass n-channel and complementary
MOS and bipolar.

Cc-M0s decisions. Motorola says it
took a good long look at the various
technologies it could have used for
the codec and filter —and saw bipo-
lar technology as a close contender
before settling on C-MOS. “We never
considered n-channel Mos, because
C-MoOS alone best serves all the vari-
ous circuit functions needed in a
codec and filter. c-Mos builds a
better op amp; n-M0S, without active
loads, can’t give you as much gain,
so you need more stages, and the
resulting three-pole roll-offs are dif-
ficult to compensate,” Kelley says.

The main reason for choosing

i MC1404
25-V
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moaz01A |~ L)
|
:7; 7 : —V—9— ——— — 128 kHz
e W XC3419 XC14413 MC14407  |— DATA INPUT
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: | INTERFACE - L 2.048 MH2
RING A , L CIRCUIT VW4 [ 2
: 1l : _F“L L DATA OUT
IL _Il ] L — 8 kHz
- 2N6039 %
— —
| _]
OFF-HOOK
! SIGNAL
—48v -12v

Trio. Motorola’s three-chip subscriber channel unit uses C-MOS for its filter and codec and has a bipolar subscriber-loop interface circuit
(SLIC). The SLIC’s outboard components provide current drive for the telephone line and protect against transients.
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News briefs

Fairchild comes on FAST.

Fairchild Camera & Instrument Corp. will begin providing samples Oct. 1 of
the first nine devices in a new digital logic family that combines the best of
both Schottky worlds, high speed and low power. Called FAST (for Fairchild
Advanced Schottky TTL), the family has typical gate delays of 3 nanosec-
onds and typical power consumption of 4 milliwatts per gate, about 25% that
of conventional Schottky devices. Fairchild, in Mountain View, Calif., will
announce later this year the introduction schedule for 57 members of the
family, which is made with the company’s established Isoplanar and Schott-
ky technologies.

Hitachi to assemble RAMSs in Texas

Hitachi Ltd. of Tokyo, is establishing a semiconductor manufacturing opera-
tion in Irving, Texas. To be called Hitachi Semiconductor America, the new
company is expected to begin assembling metal-oxide-semiconductor
memories next spring in an 11,000-square-foot plant now under construc-
tion.

LCDs predicted to take over as major display

Liquid-crystal displays will show a dramatic 25% compound annual growth
through 1982, putting them in top position in the display industry by the
mid-1980s, according to Creative Strategies International, a San Jose,
Calif.—-based research firm. Until that time, light-emitting diodes will remain as
the display industry leader, primarily because of low prices and extensive use
in consumer goods. Gas-discharge displays are expected to lose ground and
end up third by 1982 in what will be a $455 million worldwide optical-display
market, but they will stay competitive in single-digit applications, with plasma

panel displays a key growth area.

C-MOS, however, is low power con-
sumption —the MC14407 codec and
the XC14413 five-pole elliptic filter
each draw less than 100 milliwatts
and power down to less than 1 mw.
Motorola has used that inherent
quality of c-MOs to give its three-
chip system a telecommunications
selling point—minimal power con-
sumption when the phone is on the
hook. Motorola’s entire system, as it
is now designed, will power down to
less than 10 milliwatts—a tenth that
of most other manufacturers’ codecs
alone. O

Packaging & production

Varian machine slices
975 wafers at one go

There’s more than one way to slice
wafers from a silicon ingot. In the
semiconductor industry, the wafers
are usually cut with a diamond-
tipped blade that produces wafers up
to 20 mils thick. However, the
process wastes silicon because the

kerf—the place where the cut is
made—is wide. This wastage is one
of the problems that researchers
have begun to tackle at the Lexing-
ton (Mass.) Vacuum division of
Varian Associates.

But Varian is not producing
wafers for ordinary semiconductors.
The division is funded by the
Department of Energy to come up
with cheaper methods of slicing
wafers from silicon ingots for photo-
voltaic solar cells. The work is part
of the low-cost solar array project
administered for the DOE by the Jet
Propulsion Laboratory, Pasadena,
Calif.

Varian has developed a prototype
machine that is expected to slice 975
wafers at a time. This is accom-
plished by widening the cutting head
to handle ingots more than 19 inches
wide, about a threefold increase.
Moreover, the cutting head that
holds each of the Ysin.-high blades
weighs about a ton—mostly because
the blades must be held under a
tension of about 200,000 pounds per
square inch.

So far, the Varian machine’s
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semiconductors in the industry—Motorola’s.
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mately the cost of the postage alone) brings you
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introduced over a period of an entire year!

Not only data sheets but data books (of
which six are already identified), application
notes, brochures, selection guides and many
other publications that will keep your
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CMOS Products
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lines from MPUs to discrete RF and power devices.
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developers have sliced just two
ingots, and these without too much
success. But they are not at all fazed.

“We're as confident as we can be
several years from the goal that we
can meet the numbers DOE has set
for us,” says Robert G. Wolfson,
manager for advanced materials at
the division, which manufactures
Czochralski crystal-pulling furnaces
as well as wafering machines now
used mainly to slice sapphire and
quartz. From each cutting cycle,
Varian must deliver 1,000 wafers
that are 12 fils thick—with a kerf
loss of just 6 mils—from a 4-in.-
diameter ingot at cutting rates of up
to 9 millimeters per hour. By 1986,
the cutting process should add no
more than $5.78 per square meter of
silicon produced to the cost of the
purchased ingot, taking into account
material, labor, and equipment costs.

In contrast, a commercially avail-
able Varian wafering machine has
cut 300 wafers per cycle. The kerf
width was 10 mils for a 16-mil-thick
wafer, and the cutting rate was
3.5 mm/hr. Wolfson says that works
out to a cost for the cutting process
of $81.80 per square millimeter of
silicon produced.

(Also funded by the DOE, Crystal
Systems Inc., Salem, Mass., has cut
silicon wafers 4 mils thick, with a
6-mil kerf, using a modified com-
mercial maghine from Varian and
wires impregnated with diamonds on
their cutting surfaces [Electronics,
July 20, p.44]. It is now working
with a new slicing machine with 500
wires in a blade head that moves
over the silicon.)

In the prototype machine, the
secured ingot reciprocates back and
forth over the 8-mil-thick carbon-
steel blades. A silicon-carbide abra-
sive suspended in oil bathes the ingot
and does the cutting.

Jonathan R. Fleming, project en-
gineer for slicing equipment, says the
first cut with the huge prototype
produced no unbroken wafers be-
cause of problems, since solved, in
evenly distributing the slurry and in
applying the tension to the blades.
The second cut resulted in a wafer
yield between 40% and 50%, with
12-mil-thick wafers and 8-mil kerfs.

Fleming says the yield would have
been as high as 98%, except that
many wafers broke after the cut
because cement holding the ingot to
the reciprocating head loosened. [

Microprocessors

AMD snubs Intel,
chooses Zilog part

The race for dominance in the
emerging 16-bit microprocessor
market has hardly begun, but
already things are heating up. Fuel-
ing the fire is an agreement signed
last month between Advanced Micro
Devices Inc. and Zilog Inc. The
terms are for AMD to second-source
Zilog’s forthcoming Z8000 micro-
processor and for the two to jointly
develop a suite of peripheral devices
under an exclusive five-year pact
covering the U. S. market.

Industry marketers, who mostly
refuse to go on the record, generally
agree that the signing adds credibili-
ty to the Z8000 design. At the same
time, one industry figure notes, the
deal “takes luster away from the
[Intel] 8086.” After all, why should
AMD, already a second source for
Intel’s 8048, 8080, and 8085 micro-
processors, not line up behind the
8086, which is essentially compatible
with the 8-bit products?

New line. “We can sell the Z8000
as a better part,” answers Sven E.
Simonsen, vice president and techni-
cal director for AMD in Sunnyvale,
Calif. “It has up to 30% higher
throughput at a lower clock rate, a
more regular architecture, and a
more powerful instruction set.” Be-
cause the 8086 was made compatible
with the 8080 family, it has limita-
tions, he continues. *“The 8086 is the
end of a line—the Z8000 is the start
of a new one. With the 8086, we
could only compete on pricing and
delivery.”

The deal may also trigger some
intense jockeying for second sourc-
ing as other chip makers take turns
lining up behind either of the two
16-bit machines. For example, Mos-
tek Corp., which is a second source
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Before you

another mstrument,

USIR’s Instrument e el

Acquisition Analyzer ”
makes it easy. And free. | "
In five minutes you'll be able to

compare the commitment of owner-
ship with rates for rental using this
handy slide chart. USIR's instrument
Acquisition Analyzer automatically
compares inputs such as true
annual ownership costs, monthly
rental rates, and lifetime equipment
utilization. You may avoid decisions
you'll regret for the next five years.

Buy, rent or lease, USIR is the
right choice.

USIR has more new test equipment
than anyone else, all with a variety
of acquisition options. And we can
provide you with fast information
about equipment availability and
delivery with our nationwide
computer system, IDIOM (Inventory
and Delivery Information in One
Minute).

But service doesn't stop there. We
provide extras like return reminders
when your requested rental period
is up,a 25% discount if we fail

to repair or ship you a &

replacement for faulty & ‘

equipment within \»@P oole N

48 hours, and &\,&“ 2" Analyze before you buy.
a Product % é,’}%) Avoid buying something you'll
Evaluation regret later. Send for USIR's free
Program Instrument Acquisition Analyzer.

Check the bingo card, or if you're
in a hurry, call our corporate head-
quarters. United States Instrument

for substantially
reduced rates on
selected new products.
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ze all your costs.

\

Rentals, Inc., 951 Industrial Road,
San Carlos, CA 94070, phone (415)
592-9225. For a quote on a specific
piece of equipment, please contact
the USIR office closest to you. We
have offices in most major cities—
just check the Yellow Pages.

INSTRUMENT
RENTALS, INC.
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S
Small Wonders

High performance oscillators
at budget prices

o Aging rate: <5x10~'%/day
o Phase noise: <150dB (1 KHz offset)
o Time domain stab,: <1x10-!! (1s.)

Build HP's 10544 Series Oscillators
into microwave systems that need
high spectral purity after multipli-
cation—or into instrumentation,

o Operation: 55°C to 71°C
o Prices start at $625¥
discounts for quantity

communication and navigation

systems. Use them wherever you
need a stable, spectrally pure, rugged,
compact, reliable 10 MHz source.
*prices domestic U.S.A. only.

HEWLETT H PACKARD

1507 Page Mill Road, Palo Aito, California 94304

For assistance call: Washington (301) 948-6370, Chicago (312)
255-9800, Atlanta (404) 955-1500, L.os Angeles (213) 877-1282
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Just published:
1978 EBG!

rElecIronlcs Buyers’ Guide
| 1221 Ave. of the Americas

|

Completely new listings of
catalogs, new phone numbers, e e
ew York, N.Y,
new addresses, new manu- | Yes. please send me copy(ies) of 1978 EBG.
facturers, sales reps, and I 1 I've enclosed $25 per copy delivered in the USA or

o . Canada.
distributors! The total market in ] I've enclosed $35 per copy for delivery elsewhere ($4
a book—four directories in one!

7
if shipped by Air). Full money-back guarantee if returned

| in 10 days.
I Name
Toinsure prompt delivery | gﬁre"eptany
encloseyour check with the ] City State Zp
coupon Now. - - |
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of Zilog’s 8-bit Z80, is expected to
cast its vote for a 16-bit micropro-
cessor within the next 90 days. But
with AMD’s exclusive rights in the
U. S., Mostek or anyone else would
essentially have to pirate the part—
by designing a functionally compati-
ble Z8000—a difficult task in view
of the Z8000’s complexity.

For Zilog, the deal allies it with an
aggressive marketing organization of
second-source products and furthers
its intention of making the Z-bus,
Zilog’s bus protocol, the standard for
16-bit microprocessors, says Robert
B. Field, vice president, marketing.
Moreover, the Cupertino, Calif.,
company will continue the pressure
by announcing “in the near future”
second sources for the Z8000 in
Europe and Japan as well as similar
pacts for the Z8, a lower-end 8-bit
microprocessor due out with the
Z8000 [Electronics, Jan. 19, p. 42].
Field also hints that other deals may
be coming for other Z8000-compati-
ble devices.

Terms. Under the AMD-Zilog pact,
AMD agrees to pay Zilog a $200,000
“creativity fee’” and develop an
unspecified range of parts. In return,
Zilog gives AMD the Z8000, a serial
input/output device, a memory-
management buffer, a parallel 170
chip, and a first-in-first-out memory
buffer. AMD hopes to be providing
samples of its Z8000 a few months
after Zilog.

Because the next two years is a
crucial design-in time for 16-bit
devices, the joint effort will allow the
two companies “to help each other to
take as big a share of the market as
we can,” Simonsen says.

Although the 8086 is being ship-
ped in small quantities, the Z8000 is
not yet available. In fact, it has
slipped its due date, and no samples
are expected before December, ac-
cording to Zilog. Simonsen acknowl-
edges it is risky to second-source an
unavailable part, but “it would be
more risky and take more time if we
were to develop our own versions of
the 8086, for example.”

Intel declines comment on the
pact, but the industry expects a
second source for the 8086 to mate-
rialize as early as next year. O
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The new era
in wafer cleaning.

Introducing Uniplane System 4000 Scrubber.

Never before has a scrubber
been able to clean wafers like
this one.

Brush scrubbing is better for
cleaning gross particulate matter.
High pressure scrubbing is better
for getting down into the fine
geometry of waters. Sometimes
what's really needed is a com-
bination of the two.

Only the new Uniplane
System 4000 Scubber gives you
all these capabilities—in one

microprocessor-controlled unit.
Including keyboard, display. pro-
gram editing, program manipu-
lation, and error function display.

You can program it to brush
scrub, high-pressure scrub, or
both. In any sequence.

Which means you can tune
the scrubber to your process.
Not force your process into the
limitations of a scrubber.

You end up with cleaner
wafers. And greater yields.

System 4000 Scrubber is part
of Kasper's Uniplane System 4000
—the new era in wafer process-
ing. Whether used in-line with
other System 4000 processing
stations, or as a stand-alone
station, it ushers in its own new
era in wafer cleaning.

Get in touch with your local
Kasper oftice right away for details.
Or write Kasper Instruments, 749
North Mary, Sunnyvale, CA 94086,
(408) 733-9800.

KASPER
INSTRUMENTS

A Cutler-Hammer Company

(0
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From the Leader in High-Voltage Interface IC Technology

HERE'S GOMPREHENSIVE DATA

INTEGRATE

— NDOF VAVT TIHNINGD TTICEONINI TN

/

Sprague Electric Co., Technical Literature Service
35 Marshall Street, North Adams, Mass. 01247

Enclosed is check {(or money order) for $2.00;
please send new |C Data Book to:

(name) (titie)

(company) (mail section or dept )

(street)

(city) (state) (zp)

Mass. residents add 5% sales tax. No stamps or cash, please.

gy esssseessesee CL X

455-8105R2

ON HIGH-PERFORMANGE
DCIRCUITS

Just off the press is a new 240-page
7" x 9" data book which provides
a comprehensive guide to high-
performance |ICs, with special em-
phasis on interface circuits.

This new Sprague Integrated Cir-
cuit Data Book features essential
technical data on power-peripheral
drivers; high-voltage display drivers;
high-current transistor and Darling-
tonarrays; MOS, CMOS, and BiMOS
circuits; and specialty devices such
as op amps, quad current switches,
and amplifier-detector/SCR firing
circuits.

To secure this valuable book,
call your nearest Sprague district
office, sales representative, or fran-
chised semiconductor distributor.
Or, if you prefer, mail the handy
order form today.

DISTRICT OFFICES AND SALES REPRESENTATIVES:

ALABAMA, Smague Electric Co., 205/883-0520 * ARIZONA, Sprague Electric Co., 602/279-5435
* CALIFORNIA, Sprague Electric Co., 213/649-2600;, Wm. J. Purdy Co., 415/347-7701; KCE Corp.,
714/278/7640 - COLORADO, Wm. J. Purdy Co. 303/777-1411 - CONNECTICUT, Sprague
Electric_Co., 203/261-2551 » OIST. OF COLUMBIA, Sprague Electric Co. (Govt. sales only),
202/337-7820 * FLORIOA, Sprague Electric Co., 305/831-3636 * ILLINOIS, S&aque Electric Co.,
312/236-6620; D. Dolan Sales, 312/286-6200 * INDIANA, Sprague Electric Co., 317/253-4247
* MASSACHUSETTS, Sprague Electric Co., 617/899-9100; Sprague Electiic Co., 413/664-4411
* MICHIGAN, Sprague Flectric Co., 517/787-33934 - MINNESOTA, HMR, Inc.. 612/920-8200
* MISSOURI, Sprague Electric Co., 314/781-2420 - NEW JERSEY, Sgra%ue Electric Co., 201/
696-8200; Sprague Electric Co., 609/795-2299; Trinkle Sales Inc., 609/795-4200 + NEW MEXICO,
Wm. J. Purdy Co., 505/266-7959 + NEW YORK, Sprague Electric Co., 516/549-4141; Wm. Rutt, Inc.,
914/698-8600; Sprague Electric Co., 315/437-731 1; Mar-Com Associates, 315/437-2843 - NORTH
CAROLINA, Electronic Marketing Associates, 919/722-5151 « OHIO, Sprague Electric Co., 513/
866-2170; Electronic Salesmasters Inc., 800/362-2616 » PENNSYLVANIA, Sprague Electric Co.,
215/467-5252; Trinkle Safes Inc., 215/922-2080 - TEXAS, Sprague Electric Co., 214/235-1256
« VERMONT, Ray Perron & Co., inc., 617/762-8114 ~ VIRGINIA, ‘?}Jra ue Electric Co., 703/463-
9161 + WASHINGTON, Sprague Eiectric Co., 206/632-7761 + WISCONSIN, D. Dolan Sales,

414/482-1111 « CANADA, Sprague Electric of Canada, Lid., 416/766-6123 or 613/238-2542.

SPRAGUE

a
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THE MARK OF RELIABILITY ab|e'\7
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...and you thought we only make great capacitors.




Alr Force awards
Boelng $129 mlllion
for B-52 digital avionics

BendIx gets $2 mlllion
for microwave landing
prototype from FAA

Japan stlil supplies
65% of U. S.
color TV Imports

NBS seen blased
In touting eml
as ‘poliution’ problem
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By giving a $129 million contract to Boeing Wichita Co., the Air Force
has committed itself to full-scale development of a new digital Offensive
Avionics System for its B-52G and H heavy bomber scries. The 0As will
control the Short-Range Attack Missile, the B-52’s main armament, and
the air-launched cruise missile now in development. Under the 36-month
contract, Boeing will spend two years equipping a B-52G test aircraft with
the new avionics and the third year on flight tests. The firm will use
equipment provided by the Government, like the USAF strategic common
doppler radar and Honeywell’s Geans inertial navigation package, and has
also picked the following subsystem contractors: 1BM Federal Systems of
Owego, N. Y., for avionics processors; Lear Siegler Instruments of Grand
Rapids, Mich., for the attitude-heading reference system; Honeywell
Avionics of Minneapolis for the radar altimeter; Sperry Flight Systems of
Phoenix for controls and displays; and Norden Systems of Norwalk,
Conn., for radar modifications.

The Federal Aviation Administration is giving Bendix Corp. just under $2
million for prototype development of the so-called “Basic Wide” micro-
wave landing system to be used for precision all-weather approach and
landing at large airports. Under the award, which runs about two years,
the company’s Baltimore-based Communications division will begin deliv-
ering hardware in 10 months for installation and tests by the FAA next
summer at the National Aeronautics and Space Administration’s test
center in Wallops Island, Va. Texas Instruments, the other FaA-qualified
competitor, initially entered the competition but did not remain in the
bidding, an FAA official said. The MLs time-reference scanning-beam
system developed by the U.S. and Australia was qualified as the next
world standard this year by the International Civil Aviation Organization.

Imports accounted for nearly a quarter of the domestic supply of nearly
10.1 million color Tv receivers in the U.S. market for the 12 months
ended June, the first year in which Japanese exports were restrained by
the Orderly Marketing Agreement. New Commerce Department data
shows that nevertheless, out of nearly 2.5 million color Tv imports, Japan
shipped 1.63 million color receivers, or 65%. Taiwan was second with
458,000, followed by Korea with 182,000, Canada with 172,000, and
Mexico with 22,600.

The electronics industries are unhappy about the National Bureau of
Standards’ publicity for its Nov. 2-3 Government, industry, and consumer
conclave on electromagnetic interference —billed as ““a major workshop on
the growing problem of ‘electromagnetic pollution.’ ” To be held at NBS’s
headquarters in Gaithersburg, Md., the meeting will deal with emi
radiated by transportation, communications, medical, industrial and
consumer products. Commerce Department sources say that a number of
companies, which they decline to identify, have written Secretary Juanita
Kreps and her staff challenging the validity and fairness of an NBS
statement that reported “some observers believe emi may become one of
the top environmental problems in the 1980s because of the proliferation
of electronic products and components in American life.”
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Washington commentary

The Pentagon’s VHSI: will it fly in Monterey?

The newest piece of Pentagon jargon is VHSI, an
abbreviation for the program in very-high-speed
integration it will unveil Nov. 14 at Monterey,
Calif. vhsI is likely to reverberate quickly up
the peninsula into Silicon Valley when the
microcircuit industry learns it is the name of the
Defense Department’s ambitious new six-year
plan to spend an estimated $200 million on
advancing the state of the integrated-circuit art
(see p.81). It will differ from industrial vLSI
efforts in emphasizing much higher speeds and
uneconomically large die sizes. :

Site of the unveiling will be Monterey’s Del
Monte Hyatt House, headquarters for the three-
day Government Microcircuit Applications
Conference sponsored by pOD, its military
services, and the other Federal agencies that
consider themselves heavily involved in high
technology. Most semiconductor industry spe-
cialists have rated past Gomac gatherings as
certainly informative, sometimes useful, but
rarely profitable in terms of developing new
business leads. This year, however, the vHSI
premiere seems to guarantee that the conference
will shed that not-for-profit, tutorial image.

Breakthroughs and breakdowns

In addition to pOD’s detailed proposal on how
to sponsor new breakthroughs in microcircuits,
Gomac’s audience will also get to hear a blister-
ing critique of “the biggest single deficiency” in
modernizing America’s armed forces—the in-
credibly long and costly lead times between
development of a technology and the delivery of
production hardware to users. Leading his
audience down that barrier-strewn pathway will
be Rep. Richard Ichord, the plain-spoken
Missouri Democrat who chairs the House
Armed Services Committee’s research and
development subcommittee. Ichord’s presenta-
tion will draw on the findings and present
preliminary conclusions of an extensive investi-
gation by his subcommittee that could prove
newsworthy.

While Congressman Ichord’s keynoter should
appeal to the national interests of Gomac’s
audience, DOD’s announcement of its major shift
in policy on funding microcircuit technology is
certain to generate major questions. Why is boD
reversing its laissez-faire approach to microcir-
cuit development?

What each of the several different but equally

valid answers to the question have in common is
economics. Or, more crudely, money. pDOD has
carefully monitored the hectic and expensive
competition within the U.S. semiconductor
industry during the past decade and a half. It
has carefully plotted the advances in technology
and noted that the rising U.S. curve is begin-
ning to flatten out while other nations, capitaliz-
ing on prior American achievements, move to
catch up.

Lack of capital

The pace of American technology has not
slowed because it is running out of ideas but
because it is short on investment capital in a
high-risk market. The Pentagon has watched
with quiet anxiety as America’s most innovative
microcircuit producers generally have remained
unresponsive to the military’s peculiar, low-
volume requirement, while cultivating larger,
more responsive civilian markets. Military lead-
ers believe they saw U.S. technological domi-
nance eroding as manufacturers necessarily
paused to profit from long production runs and
recoup some of their heavy investments in capi-
tal equipment, rather than make existing hard-
ware obsolete with more expensive innovation.

What appears to have broken the back of
Government resistance to intervening in Ameri-
ca’s most successful example of a competitive
free market at work, however, was the increas-
ing number of capital-starved semiconductor
manufacturers who turned to foreign sources.

Changes yet to come

Technological leadership is the keystone in
the arch of U.S. defense policy. The eager
response by foreign manufacturers to every
opportunity to acquire American technology
and access to its markets was more than policy
makers could take. Thus the Government has
responded through the Defense Department
with its $200 million program for developing the
technology it calls VHSI.

There is no doubt that vHsI will influence the
course of the American microcircuit industry.
One clear consequence is that the Gomac-80
scheduled for Houston 26 months hence is sure
to draw a record crowd. Beyond that, however,
even Gomac’s sophisticated audience can only
guess at what other changes DOD’s new market
entry will bring. Ray Connolly

Electronics/September 14, 1978



TEAC CORPORATION, 3-7-3, Naka-cho, Musashino, Tokyo, Japan, Phone: {0422) 53-1111

If space is your problem,
TEAC cassette data recorders
are the solution. They give
you big-recorder perform-
ance and features without
using up a huge amount of
area or budget. Used indivi-
dually or in combination, the
time-tested R-81 or the brand
new R-61 will make your data
acquisition tasks quick and
convenient—in the field,
laboratory or office.

With the R-81 you get
seven data channels and four
switchable speeds for a wide
range of time base conversion
options. The R-80 has the
-same four-speed versatility
as the R-81, with four data
channels. And the single-
speed R-61 is the lightest,
most portable data recording
package available. Naturally,
they all feature famous TEAC
durability and dependability.

TEAC R-81, R-80 and
R-61: for space-saving, high-
quality data recording.

U.S.A.: B.J. Wolfe Enterprises Inc., 10760 Burbank Blvd., North Hollywood, Calif. 91610 England: International Instruments Ltd., Cross Lances Rd., Hounslow.
Middx W. Germany: nbn Elektronik Starnberg, 813 Starnberg, Max-Emanuel-Str. 8 France: Tekelec Airtronic S.A., Cite des Bruyeres, Rue Carle-Vernet
92 Sevres Holland: SIMAC Etectronics, Veenstraat 20, Veldhoven Italy: A ESSE. SR.L.. Corso Lodi, 47 20139 Milano Norway: Rodiand & Rellsmo
Denmark: Danbit, Plantagevej 23, 2680 Scolrod Strand
Switzerland: Wenger Datentechnik, Bruderholzstrasse 45, 4053 Basel Australia: Jacoby, Mitchel! Ltd., PO. Box 70, Kingsgrove, N.S.W. 2208

AS., Gladengveien 3A, Oslo 6 Sweden: Teleinstrument ab, Maltesholmsvagen 138. Vallingby
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From San Frantokyo

to Copenhamburg—around the
world in 26 issues.

Electronics magazine's

exclusive worldwide coverage

A\ \\\\\ \
Y
NRATER\SN

Worldwide ¢
Another reason your ad sells best

applies both to the technology
and to the market.

The technology: Electron-

ics is the only international
observer of the rapidly changing
technology. Our overseas editors
don't just travel overseas. They
live and work in the electronics
capitals of the world. They
report on the technology in San
Francisco, Tokyo, Moscow, Tel
Aviv — wherever that technology
is happening.

The market: Another ex-

clusive — the only international
coverage of the market. Adver-
tisers can augment the North
American edition of Electronics
with the International Edition.
The full run reaches 91,200 sub-
scribers in 127 countries. Two
other options are available to
international advertisers — the
Russian language edition of
Electronics and the Japanese
language magazine, Nikkei
Electronics.

The bottom line: Write

down the percentage of your

sales you'd like to come from
overseas. Then put at least that
percentage of your advertising
budget into Electronics magazine.
The companies which follow this
simple rule will one day own

this market.

'Electronics Magazine
1221 Avenue of the Americas
NewYork, N.Y. 10020

i

in Electronics.
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Guaranteed
overnight package
service.

It doesn’t just mean

you can get
your money back.

you won’t have to.

Next Day Express Mail guaran-
tees*overnight service by 10 a.m.Or
your money back. All of it.

But we know you really want to
get your package there on time. Not
to get your money back.

This guarantee is our straight-
forward demonstration of confi-
dence. After all, we handle millions
of packages that have this guaran-
tee. So you better believe we're go-
ing to be on time.

All you have to do is to get your
package to an Express Mail Post Of-
fice before 5 p.m. Anything mail-
able, up to 70 pounds.

We'll get it to the destination
Express Mail Post Office ready to
be picked up as early as 10 a.m. the
next business day.

City to city,
Post Office to Post Office,
by 10 a.m. Guaranteed.

What does it cost? A lot less
than you'd think. For example, it’s
only $8.50 to get a 5-lb. package
from N.Y. to L.A.

*Our guarantee: 100% refund of Express Mail postage upon application at origin if mailed by 5 p.m. at an Express Mail
Post Office and not available for claim at a destination Express Mail Post Office by 10 a.m. next business day or delivery
not attempted to addressee by 3 p.m. of the next day (unless delayed by strike or work stoppage). ©1978
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For about two dollars more,
we'll deliver it right to their door by
3 p.m. If not earlier. Weekends and
holidays, too.

We've got over 1,000 Express
Mail Post Offices in over 400 cities.
So you’ll probably find one that’s lo-
cated right near you.

Got something to ship in a
hurry? Ship it Express Mail.

With our guarantee, we have to
be tough on ourselves. And that
makes it easier on you.

ENPRESS
—MAJIL

NENT DAY SERVICE

C,‘\

==

U.S.Postal Service
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RCA first in CMOS.

Now you can get a faster
5101 from RCA. Fast.

It's the fastest 5101 you can get.

250 Nns access at 1OMA |eakage’ Now featuring immediate 5101 delivery:
plus a range of other speed/ |
’ Arrow Electronics, inc. Li_berty Electroni_cs
leakage values. And they're e, AR
N Ci Electronics, Inc. Pyttronic Industries, Inc.
available fast, from stock. At Beoco tno o Radio ing.
N N 0 0 Electro Sonic, in¢c Resco Electronics Division
any participating RCA Solid Electonic Supply Corp. ol Ashrex
mar Electronics, Inc. obert E. Priebe Company
H H Graham Electroni Rochester Radio Supply Co.
State Distributor. Suppiy.lnce RS Electronics Int. -
G.S. Marshall Company RS Electronics, inc.
Hamiiton-Avnet Electronics Schweber Electronics Corp.
. Hamiiton E:Ee‘ctro Sales Zemiconguctor Specialists, Inc.
Hammond Electronics terli istributors, Inc.
) . | CiCarolina.inc, Summit Distributors, Inc
Unique 10V, 256 x 4 RAM _ :
Herbach & Rademan, Inc Taylor Electric Company
H Hughes-Peters, | The Stotts Fried Co.
The CDP1 822 IS a 10 V, Kil:eguﬁ?EI:c(te::nig: Inc. Trei/in:ETecrtlreonr;::asr,‘lng.

250 ns version of the 5101 with . st Eecenies
256 x 4 organization. Which ’
makes the 1822, like the 5101,

ideal for use with the RCA 1800

microprocessor.
Leakage Access Voltage Temperature
. . . Type MA Time, ns \' Range, °C
In-use simplicity. MWS5101DL-1 10 250 5 0t0+70
MWS5101DL-2 50 250 5 010 +70

Both RAMs have separate MWS5101DL-3 200 350 5 00 +70

. MWS5101DL- 4 +
data inputs and outputs—the CDP1581221D ° 1388 228 12 -38?0135
outputs are TTL compatible. CDP1822CD 500 450 R Vi

And there are two Chip-Select inputs for easy system expansion.

For immediate delivery contact your RCA distributor. For more
information contact RCA Solid State headquarters in Somerville, NJ;
1130 Brussels, Belgium; Sunbury-on-Thames, Middlesex, England;
Quickborn 2085, W. Germany; Ste.-Anne-de-Bellevue, Quebec,
Canada; Sao Paulo, Brazil; Tokyo, Japan.

RCA COS/MOS experience is working for you. “cll
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Japan’s largest
computer due
at end of 1979

Siemens spends
$250 miilion on
two EDP plants

Flat-screen display
for Viewdata shows
960 characters

Peripheral chips
for microprocessors
coming from NEC
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International newsletter

Deliveries of Japan’s largest computer, the M-300H from Hitachi Ltd.,
will start in the fourth quarter of 1979 or first quarter of 1980. The new
machine will be the largest so far of a line of software-compatible
computers using completely different hardware and built by Hitachi and
Fujitsu Ltd. with government financial aid. Hitachi claims that the
average instruction execution time of its system will be 10% faster than
that of the next largest machine in the line, Fujitsu’s M-200—78 ns
compared with 85 ns. It also claims that the M-200H is 1.7 times faster
than 1BM’s top-of-the-line 3033.

The new computer will have bipolar emitter-coupled-logic circuits with
550 gates in its central processing unit and 16-k n-Mos dynamic random-
access memories in its main memory. Main-memory size options range
from 4 megabytes to 16 megabytes. Up to four cpus may be used in
multiprocessor arrangement, and Hitachi engineers say that the addition of
an integrated-array processor to the cpu about quadruples its speed for
complex scientific and technical computations. The company expects
demand for 100 systems over five years, with rental starting at about
$190,000 a month.

The drive of Siemens AG to become a bigger force in electronic data
processing is shifting into high gear. The West German firm is spending
$250 million on a just-completed 115,000-square-meter facility and anoth-
er of about 80,000 m? under construction. The outlay for the two Munich
facilities amounts to the biggest single investment the company has ever
made. As for its business, the Siemens Data Processing and Information
Systems division did about $600 million last year, and a 16% increase is
expected in 1980. Even so the division will still be in the red, although it is
West Germany’s second biggest EDP supplier, commanding 20% of the
computer market. 1BM is first with 58% of the market.

With an eye on the potential market for low-cost, portable business
Viewdata terminals, General Electric Co. Ltd.’s Hirst Research Laborato-
ry has developed a 960-character flat-screen display that accommodates a
complete Viewdata/Teletext page. Based on dc electroluminescent tech-
nology, the display produces 24 lines of 40 bright yellow characters. Still
needed for the system and being developed by the Gec lab is an
integrated-circuit display driver.

Also under development is a 480-character display, and an 80-character
module is now being evaluated by the British Post Office as a possible
second source to the display made by Phosphor Products Ltd. for its
automatic call-recording system. Meanwhile, Phosphor Products has
received a contract from the Ministry of Defence to develop red, green,
and blue dc electroluminescent displays in addition to the conventional
yellow digits available.

Three Lsi peripheral chips sought by users of microprocessors are about to
become available simultaneously in Japan and the U. S. Nippon Electric
Co. says it will ship samples of its uPD765C programmable floppy-disk
controller (see p. 202) and uPD769C high-speed serial interface in Octo-
ber, and its uPD3301C/D programmable cathode-ray-tube controller in
November. All three parts will be available in production quantities in
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Thomson alms
electronic PABX
at low end

French working
on 90-Mb/s
coax phone link

Sensor to enable
Spacelab to study
earth’s surface

Addenda

April. They are compatible with 8080 systems and also with NEC’s
pCOM1600 16-bit microprocessor. Using fine-pattern H-MOS technology,
they will operate from a single +5-v supply and use a high-frequency
crystal for their clocks.

Determined to become a factor in world PABX markets, the Société des
Téléphones STE (Thomson Ericsson) has added two new and smaller
electronic private automatic branch exchanges to the P line it launched last
year. Thomson figures that the smaller of the two, the P10, could become
a strong seller in the fast-growing low end of the market. Built around a
Zilog Z80 microprocessor, the unit combines a switching circuit and an
operator’s console in a single cabinet about the same size as an oversized
office typewriter. Capacity is up to six outside lines and up to 24
extensions. The unit, which offers most features of other electronic PABX
systems, is highly modular.

At the behest of the government-run French telecommunications agency,
Thomson-CSF has begun to develop what the two believe will be the fastest
digital coaxial-cable telephone transmission system so far, one that
operates at 900 Mb/s. Feasibility trials for the link are some 18 months
off, but Thomson-csSF has already fabricated experimental versions of two
crucial components for the system’s repeaters. They are the comparator
and signal regenerator circuits, both built around field-effect transistors
integrated on gallium-arsenide chips to get switching speeds fast enough
for 900-Mb/s transmission.

Under contract to Bonn’s ministry for research and technology, the West
German aerospace firm Dornier System GmbH is working on a multimil-
lion-dollar microwave measuring and remote sensing system that is to be
tested during the first Spacelab mission. The system will be able to
investigate the earth’s surface in fine detail, whatever the weather and
terrain, by using a side-looking radar. Sending out microwave pulses and
measuring the radiation returned from the surface, the system will gener-
ate microwave pictures that give information on soil conditions, vegeta-
tion, harvest yields, and the like.

Now that they have designed a 1,024-bit static random-access memory
that boasts 10-ns speed, engineers at Nippon Electric Co. are pushing into
faster zones. Employing 3-um design rules and positive photoresist with
the company’s diffusion self-aligned n-Mos technique, the designers are
planning to use even finer lines to get faster devices. ... An experimental
13-bit monolithic analog-to-digital converter accurate to Y2 the least
significant bit has been built by Matsushita Electric Industrial Co. It uses
p-MOS analog switches in its sample-and-hold circuits, integrated injection
logic, and two types of npn transistors; conversion time is 16 us. The
devices are due at the end of next year. . . . General Electric Co. Ltd. has
followed its announcement of a silicon-on-sapphire capability with word
that it is well advanced on a V-groove Mos process, selected for its
high-voltage, high-current capability.
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You canrisk a lot of money for a personal or
business computer...OR you can talk to Heatk!

If you work with computers, you know how much of an
asset they are to your business. Fast, accurate data
handling, instant retrieval of important information and
storage of vital records and statistics are all part of the
computer revolution. Computers mean better business,
but there's another side to them

as well.

Computers can work for, educate and entertain you

right in your own home. Because they are true "open-end"”
machines, the number of ways you can use a computer

at home is limited only by your imagination and program-
ming prowess. Computers can also be an important
adjunct to your children’s education and an introduction
to the modern technological world.

Best of all, computers happen to be FUN!There are
hundreds of fascinating and challenging games that can
stimulate your brain and provide hours of relaxation
and recreation. And because the computer can make its
own decisions, you can “compete” at any level you
program into it.

No matter what your computer application, Heath
Company has the unit for you. Our H8 is an 8080A-based
machine with an “intelligent” front panel that is ideal as
a programming trainer and instruction tool.

The powerful Hll is based on the most successful
commercial computer in the world, the Digital Equipment
Corporation PDP-11. These two computers, along with a
complete line of peripherals and I/O devices, make Heath
your home computing system headquarters.

Heathkit computer systems provide the documentation
you need to get up and running right — complete
step-by-step assembly manuals, comprehensive operating
procedures and complete and thorough rundowns of
software programs. What's more, Heathkit computer
systems include the systems software you need to start
programming right away. The H8 includes a front panel
monitor program, Benton Harbor BASIC, assembly
language, text editor and console debugger. The Hll
includes editor, relocatable assembler, link editor,
absolute loader; debug, executive and dump programs
plus BASIC and FOCAL.

Heathkit computer systems are designed to give you
personal home computing at its very best. And since
they're backed by Heath's 54-year reputation for honesty,
reliability and quality, you know that a Heathkit
computer system is one of the best personal investments
you can make!

Send for your
HEATHKIT Catalog!

Read W
about Benton Karpor, Michigan 49022
nearly 400 top- i ) i
value electronic B Fleese seneme my FACE e Cataoo I
kits you can BUILD | ]
yourself — for fun, B e — 1
for satisfaction, B Address S 1
I-[EAT]-“{[T and for SAVINGS! B cwy_ State ]
Heath Company. Dept. 510-450 I CP-154 Zip I
COMPUTERS Benton Harbor. Michigan 49022 L---------------
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E-H announces a
brilliant new concept in
switch matrix design

1X8 SWITCH MATRIX
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Those are the highlights of
our new and growing pMatrix
family. For the whole story,

PC board mountable ask for a demonstration. Better yet,

I'TL Programmable Switch bu .

. y one. Do your own evaluation.
Matrices 1x2, 1x4, 1x8; Then tell us how many you'll need
Bandwidth >500 MHZ typical. next year. (415) 834-3030. Write us

at E-H International, Inc. 515 11th

Now you can buy your switch matrix in Street, Oakland, CA 94607.

a package and invest the design time
you'll save in more important Work. 1 eliminate rat's nest wiring
. giet a quick and inexpensive ($50 to  problems.
180)* answer to switching problems , g,
. : ve system space, cut your compo-
in networks, computer 1ntgrfaf:es, and nent csgilnt ang reduce manufactuprﬁlg
test systems. (Put the Matrix right next  a55emply time. One of our 1x8's will

to the device under test!) replace 8 relays and all associated
* Simplify backplane and bus design circuits.

* Simplify design and documentation
*(1.S. Domestic Price Only by a factor of eight. See us at Wescon Booth Nos. 714-716

* You can even eliminate one layer on a
pc board.
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Significant developments in technology and business

Digital compensation
technique in crystals
yields ultrastability

Racal to develop IC version
based on method developed
at University of Bath that
promises low production cost

By adopting a novel digital method
of compensating for temperature-
induced frequency drifts in quartz-
crystal frequency references, re-
searchers at the University of Bath
in England have achieved frequency
stabilities of 5 parts in 10® over a
40°C operating range. Only the best
analog-compensated frequency ref-
erences are as stable.

Moreover, the new technique has
a tighter performance spread and
promises lower production costs. It
also rivals the stability of bottom-
range oven-controlled crystals with-
out high current drain or long
warmup times.

According to Prof. William Gos-
ling of the School of Electrical Engi-
neering at Bath, the new crystal
reference could be a key element in
the development of future single-
sideband mobile-radio receivers,
where instant startup, low power
consumption, controllable perform-
ance, and low production costs are
all necessities. But the crystal refer-
ence could also find its way into
instrumentation and distributed syn-
chronous data nets.

1C coming. Now that the technique
has proved feasible, Racal Dana
Instruments Ltd. in Bracknell,
Berks., is to develop an integrated-
circuit version [Electronics, Aug. 31,
p. 68]. If this succeeds, a cost-reduc-
tion program will aim at producing a
frequency reference to be marketed
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alongside the company’s range of
oven-controlled crystals, says Keith
P. Thrower, director of the Ad-
vanced Developments division.

Racal and the Science Research
Council funded the work at Bath,
and Racal holds patents on the tech-
nique. The decision to go ahead will
depend on costs, says Thrower, who
will be content to achieve initial
accuracies of one part in 107.

The technique rests on the use of
two co-mounted crystals, one a
conventional high-stability AT-cut
and the second Y-cut to give it a
large temperature coefficient of fre-
quency. The two are in good thermal
contact so that changes in the
frequency of the y-cut crystal can be
used to represent the temperature of
the crystal pair.

The high-stability crystal serves as
a frequency reference in a phase-
locked-loop frequency synthesizer
capable of frequency increments of

about 0.3 hertz over a range of about
75 Hz, sufficient to compensate for
any likely frequency drifts over a
50°C range.

The frequency synthesizer output
is adjusted by the second tempera-
ture-sensitive y-cut crystal, whose
output is counted against that of the
high-stability AT crystal. The output
word of the counter, held in a latch,
represents the temperature of the
crystal pair and is used to address a
programmable read-only memory.

PROM data. The data stored in this
256-by-8-bit PROM corresponds to
the temperature characteristics of
the crystal pair employed. The
output of the PROM is an 8-bit word,
sufficient to define 256 frequency
synthesizer increments. Thus, for
each increment in the temperature
register of the Y-cut crystal, the
appropriate correction is made by an
8-bit-output word from this ROM.

Data stored in the PROM corre-

Cooperation. In a Bath University technique, two co-mounted quartz crystals, one with a
high-stability cut and the other with a temperature-sensitive cut, work together to compen-
sate for temperature-induced frequency drifts in a digital frequency synthesizer.
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sponds only to that particular pair of
crystals for which it was pro-
grammed. That, says researcher
G. A. Warwick, is why an automatic
programming system is a basic
element in the concept. The circuit
can then be calibrated rapidly on the
production line, ensuring very high
accuracies in the field. Warwick
claims that individual testing and
matching techniques are impossible
with the rival analog temperature-
compensating techniques. Instead,
he says, the manufacturer approxi-
mates a temperature-frequency
curve for each crystal batch, so that
there is a wide spread of the temper-
ature coeflicients resulting.

One big advantage of the auto-
matic programming system for the
Bath scheme is that no absolute
measurement of temperature is re-
quired during cycling. All that is
needed is in the dual-crystal setup to
temperature-cycle the systems and

load each read-only-memory address
with the value that brings the actual
frequency in line with the specified
frequency.

The technique developed at Bath
University parallels work at the
U.S. firm, Hewlett-Packard Co.,
which is using a single crystal made
to vibrate in two modes simulta-
neously to produce temperature-
stable and temperature-sensitive fre-
quency pickups. But, says Gosling,
this technique requires a complex
crystal technology whereas the Bath
approach uses well-proven crystal-
cutting techniques.

He says his technique could be
reduced to two chips: one a custom-
built chip, the other a PROM, with a
typical power consumption of
around 30 milliwatts. It could pro-
vide an accurate frequency reference
within 1 second of being switched
on, as well as an excellent signal-
to-noise ratio.

France

Optical-fiber transmission featured
in airborne current-measurement device

Flying over the wheat fields of
France is a Falcon 10 business jet
fitted out with a current-measuring

device that transmits its digitized
data over an optical fiber. The
instrument easily outperforms air-
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Light work. A potential discharger uses a circuit of a capacitor and a neon tube. The circuit
discharges the potential and serves as an optoelectronic source at the same time,
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borne devices employing the conven-
tional measuring technique, says its
developer, the government aerospace
research outfit Onera.

Its function in the jet is to
measure the current emitted by the
discharge of electric potential. Such
corona discharges can interfere with
communications and navigation sys-
tems. Highly effective dischargers
are needed, and accurate, rapid
measurements of the currents they
emit are necessary.

Parts. The experimental device
from the Office National d’Etudes et
de Recherches Aérospatiales is built
around a neon tube intermittently
illuminated as current is emitted, a
Quartz et Silice QSF 600A monofi-
ber, a photodiode, and a measuring
system. There are no manufacturing
plans afoot, but Onera does expect
there will be commercial devices
eventually.

The standard method of measur-
ing the discharge is to isolate the
discharger from the aircraft mass
but connect it by an insulated wire to
the measurement system and thus
indirectly to the plane. Unfortunate-
ly, the wire can act as an antenna,
picking up lots of interference.
Moreover, if the data-collection sys-
tem malfunctions, it may disconnect
the discharger from the plane.

As the figure shows, the approach
taken at the Onera laboratory in
Chatillon is to make the discharger
out of a ceramic capacitor in parallel
with a miniature neon tube. This
circuit converts the charge into
optical digitized energy.

Discharge current passing through
the capacitor increases the potential
across its ends, causing the neon
tube to light. As the tube lights, it
discharges the current, and recharg-
ing begins. The process continues at
a rate proportional to the current.

The neon tube acts as a light
source for the 10-meter-long optical
fiber, and its flashes are picked up
by a photodiode at the end of the
fiber. The diode is the front end of a
preamplifier converting the light
pulses representing the current into a
digital format for transmission to the
data-collection system.

The optical fiber is a good dielec-
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No Other Compact

Timer/Counter Packs This Much
Performance For Under$1,000.
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tric, guarding against the dangers of
extremely high potentials. For exam-
ple, it will protect the data-collection
system against the high charges that
may result from lightning strikes,
says Pierre Durrenberger, an engi-
neer on the project.

Less noise. Onera developed its
transmission method as part of its
program to reduce aircraft electrical
noise. “We are aiming for an electri-
cally clean aircraft,” says Jean-
Louis Boulay, an engineer at the
Chatillon lab. The defense ministry
backs its work, and Avions Marcel
Dassault/Bréguet Aviation, the im-
portant military and civil aircraft
maker that manufactures the Falcon
10, supplied the test plane and set up

the discharger that it is carrying.

The Onera engineers envision an
increasing role for optical fibers in
all aspects of airborne data-trans-
mission systems. “We will be using
optical fibers, not only for protection
systems, but also for functional
devices such as control circuits,”
says Boulay. Work on such devices is
also under way in the U. S.

One other application of the
current-measuring device is under
development. It will be used to
detect dangerous levels of electrical
charges in storage tanks containing
explosive fuel or other chemicals.
But this is only the beginning, say
Onera engineers: many more appli-
cations are likely.

Japan

Directional couplers send TV signals
down a single optical-fiber cable

If optical fibers are to make it in
show biz, then some way must be
found to cut the costs of television
transmission systems. Matsushita
Electric Industrial Co. thinks it can
do just this, with its experimental
couplers for bidirectional TV trans-
mission on a single optical fiber.
Engineers at Matsushita’s Central
Research Laboratories in Osaka
have developed directional couplers
that pass the output of a light-
emitting-diode transmitter to the
input of a p-i-n photodiode receiver
over a single optical fiber. The direc-
tional couplers separate the transmit
and receive channels by more than
44 decibels. Their loss is only 3.7 ds,

including the 3 dB inherent in split-
ting the power equally among trans-
mit and receive.

Operation. The directional coupler
at the transmitter sends slightly less
than half the power it receives down
the line. The directional coupler at
the receiver sends slightly less than
half the incoming power to the
photodiode, where it is detected.

The resulting system is flat within
+0.5 dB over a frequency range
extending from 20 hertz to 11 mega-
hertz. Differential gain is less than
1%, differential phase is less than 1°,
and sag is less than 2%.

For both transmit and receive, the
largest source of interference is
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\ CONNECTOR
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One cable. Directional couplers for TV transmission permit coupling of the output of an LED
light source and the input of a p-i-n photodiode detector with only a single optical fiber.
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reflection at the couplers from the
opposite transmission direction. To
reduce it as much as possible,
Matsushita cuts the fiber ends at the
directional couplers at an angle that
causes most of the reflection to leak
into the cladding. The company says
that reflections are at most 0.05% of
the transmitted signal, or 33 dB
below the forward signal, and typi-
cally 0.03%, or more than 35 dB
below. Reflections at splices measure
less than 0.02%.

The components have not yet been
translated into commercial products.
Masakazu Fukai of the central labs
says that such products are awaiting
standardization among the fiber
manufacturers because best results
are obtained when the fibers in the
components match those in the
transmission lines.

Fibers. Typically, the experimen-
tal systems have used Nippon Sheet
Glass Co. SI-100 optical fibers,
which are of the type that has a step
change in the index of refraction.
Numerical aperture of these fibers is
0.27, core diameter is 100 microme-
ters, and cladding diameter is
150 um.

This optical cable is suitable for
bidirectional circuits with 11-mega-
hertz bandwidths and distances be-
tween repeaters of about 1 kilometer
when used with an LED transmitter.
Greater distances between repeaters
are possible with higher-output LEDs
or laser diodes.

In the experimental system, the
light-emitting diode and p-i-n diode
used in the transmitter and the
receiver, respectively, have short
lengths of optical fiber attached for
best coupling to a transmission line.
The actual output at the LED is 0.630
milliwatt; received power at the p-i-n
diode is —24 dBm. g

West Germany

Double-laser setup
yields tiny scalpel

Neurobiologists have a new tool to
work with: a laser beam used under
a microscope as a scalpel. Research-
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ers at the Max Planck Institute for
Psychiatry in Munich have already
begun to apply this subminiature
“cutting torch” to cell cultures of the
nervous system grown outside the
living organism. They have suc-
ceeded in severing minute extensions
of living nerve cells without damag-
ing the cells themselves.

In the nervous system, axons, as
these extensions are called, link one
cell to another and transfer both
electrical impulses and molecules
between them. Finding out more
about the transport of information
over these intercellular communica-
tions networks is the ultimate aim of
a group of institute researchers.

The precise microsurgery possible
with the new laser microscope is
already giving important clues to the
regenerative ability of the intercellu-
lar networks. “We were able to cut
the axons of individual cells by laser
shots with high accuracy,” says
Ellen Rieske, a member of Georg

Kreutzberg’s group. “With mechani-
cal means, such fine micromanipula-
tions are impossible to perform with-
out damaging or completely destroy-
ing the cell.”

Two lasers. The new tool, develop-
ed at Munich-based Biotechnik
GmbH, has two lasers whose light is
colinearly fed into the microscope’s
lens system. One laser produces the
cutting beam, and as many as 100 of
its 8-nanosecond pulses of light may
be fired in a second. This laser uses
nitrogen as its active medium and
generates light at a wavelength of
337.1 nanometers, in the invisible
ultraviolet range. Its pulse output
power may be set between 4 and 40
kilowatts.

The other laser, a helium-neon
version, emits light in the red range.
Its visible beam is used to steer the
invisible cutting beam to its target.
The light of the latter beam is
deflected onto the object plane,
where it is focused to a point less

Laser surgery. Neurobiologists Ellen Rieske and Georg Kreutzberg are looking at a monitor
screen showing the target area of a laser microscope (in the sterilizable box).
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than 1 micrometer in diameter. The
red laser has a 632.8-nm wavelength
and a 500-microwatt continuous out-
put power.

Burn away. This focal point con-
stitutes the “blade” of the laser scal-
pel, Rieske says. “Its power density
gets up to 50 billion watts per square
centimeter, high enough for biologi-
cal material to evaporate instantly.”
By moving the microscope’s stage
relative to the laser focal point,
minute operations on the cells can be
performed. Ordinarily it takes but
one laser shot to sever a cell’s axon,
she explains.

The microscope with its two lasers
is contained in a box (see photo-
graph) that can be sterilized to
prevent contamination of the cell
cultures. The temperature inside the
box is a constant 36°C, which insures
that heat will not expand the micro-
scope’s optical components and
throw them out of alignment, im-
pairing the laser’s cutting accuracy.
The cutting operations can be
observed on a monitor by the
researcher.

The institute’s work thus far has
shown that cells vary in their regen-
erative ability. Axons grow back to
almost their original length within 3
to 12 hours, even after repeated
severings. Cells with only two or
three axons, called bi- or tripolar
cells, regain almost their original
shape. The group eventually hopes to
find methods and substances that
enhance and speed up the regenera-
tive process.

More work. The Planck Institute
specialists are also applying the laser
microscope in another set of neuro-
biological experiments that they are
carrying out with an American guest
researcher, Guenter Gross. Usually,
cells grow and interconnect in com-
pletely unpredictable fashion into
highly complex networks, Rieske
explains.

Such disorderly networks make
investigating intercellular communi-
cations very difficult. “We are
currently working on a technique to
control the formation of cells and
their axons by laser operations and
thus to cultivate a two-dimensional
model nervous system,” she says. (]
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Go the full 360 with CTS...

Series 360 single turn cermet trimmers. You
couldn't travel in better trimmer circles than CTS
With the CTS Series 360 family, 1 of the 11 pin styles
is sure to satisfy your trimmer needs. And that's es-
pecially true if you're designing for digital voltmeter-
ammeter-ohmmeter applications, TWX equipment,
sweep generators, oscilloscopes, aircraft radio and
navigation equipment, computer peripheral equip-
ment, automotive braking equipment, calculators,
engine and emission control analyzers or fire detec-
tion equipment. Plus our latest application, the
speaker phone.

How's that for a full circle of satisfied needs!

You get all-around performance from the CTS 360
cermet trimmers. Eleven popular grid spacings in-

cluding top and side adjust on 100! 125! 150" and
TO-5 centers. Power rating 1 watt @ 25°C, % watt
@ 85°C. Standard TC * 150 ppm/“C throughout the
resistance range. Settability .03%. New gold plated
multicontact wiper for lowest possible noise level.
Mini dimensions: .360" » 434" x 298"

The price of each 360 style is low; your CTS dis-
tributor's inventory is high—call him today; get it
promptly.

For nonstandards—and for complete information
—write directly to the company that has put millions
into electronics for industry. CTS of West Liberty,
Inc., 6800 County Road 189, P.O. Box 266, West
Liberty, Ohio 43357 Phone (513) 465-3030.

CTS corrpORATION

ELVPHAKRT UL v
A world leader in cermet and variable: reoistor technelog
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FOR REN'T

Intel’'s amazing new generation

Intellec® Series II

Microcomputer Development Systems

.. . everything you'll ever need to
develop a microcomputer-based product.
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Rental Electronics, Inc.

I want to know more about the Intellec Series II now!

Tell me more about: [J Model 230 [0 Model 220 [0 Model 210

Call me at

[J Send me a copy of your free illustrated Rental Catalog.

[J I might be interested in buying—on a money-back guarantee —some of
your late-model, well-maintained “previously owned"” equipment. Send me
your just-published Equipment Sales Catalog.

O Also, I have a pressing need right now for the following:

Please phone me immediately at
NAME
COMPANY
ADDRESS
cmy___ 000 STATE______
PHONENUMBER_____ EXTENSION

Complete this coupon and return it today to
REI, 19347 Londelius St., Northridge, CA 91324. GSA #GS-045-21963 Neg




System 45:

Our friendly computer
could speed through your tough
technical problems...

if the boss would just get
finished with his.

He has problems, too. The versatile System 45, along with
HP-created management programs, can help him with forecasting,
project management, basic statistics —even payroll and
inventory control. He can also create and access departmental
data bases for administrative chores. But you won’t wait but a couple of
minutes because the System 45 is a speedy workhorse. When
it’s your turn, you, too, can take advantage of HP
programs for applications as diverse and as valuable as
differential equations, waveform analysis,
eigenvalues and eigenvectors, regression analysis, linear
equations and numerical integration to name a few.
You'll get answers fast. System 45 will display
a 20 variable, 20 constraint linear programming
solution in under five minutes. And tackle
a Fast Fourier Transform of a set of a 1,024
full precision data points in less than a minute.
Anyone in your department can
easily create and run their own special
programs using System 45’s enhanced
BASIC language.
You can generate charts and
graphs, interface with your
instruments, add peripherals
for extra storage, input and output. You can
solve problems needing up to 62K bytes of

Waveform Analysis Regression Analysis Bar Chart



memory. Stated simply, System 45 is powerful, versatile and friendly: a
productive, cost-effective tool for practically everyone in your
department, even the boss. For brochures describing System 45
and the HP programs of interest to you, call the
HP Literature Center toll-free day or night. The
number is 1-800-821-7700, extension 302.
(In Missouri, call 1-800-892-7655, extension 302.)

HEWLETT 'Tﬁ, PACKARD
3400 E. Harmony Road, Fort Collins, Colorado 80521

For assistance cali: Washington (301) 948-6370, Chicago {312)
S

255-9800, Atlanta (404) 955-1500, Los Angeles (213) 877-1282
Ask for Desktop Computer Sales Department.

RIA QC Plot
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LINEAR GOES LSIIN A

_

I'L AND LINEAR GET IT DON'T MAKE WHAT YOU
ALL TOGETHERON A CAN BUY. ESPECIALLY A
SINGLE CHIP 10-BIT ANALOG TO
DIGITAL CONVERTER.

Now you don’t have to build it from scratch.
The AD571 gives you high accuracy and high
ofuse speed and offers true 10-bit accuracy to within
s ] +0.05% and guarantees no missing codes over
4| its entire operating temperature range. A con-

AD571 10-BIT ADC

¥ 10-bit Laser Trimmed DAC.

¥ 10-bit SAR.

® Clock.

B Synchronized interface logic.

M 3-state buffer.

W Latching comparator.

M Precision buried zener reference.

Our new AD571 analog-to-digital converter is
the very first and only chip to combine 2L digital
circuitry, precision bipolar linear circuitry and
laser wafer trimming on a single, high density
120 x 150 mil chip.

Itis also the very first to be so complete. The
AD571 is a 10-bit monolithic successive approx-
imation ADC that includes a clock, reference,
comparator, SAR, and intemal DAC. All the com-
ponents required to perform a complete A/D
conversion cycle are on the chip.




COMPLETE 10-BIT ADC.

e il <oy wall 25 s 20 Condertar for YOU GET MORE FOR LESS.
high speed data acquisition systems. ONLY $215_0 ]'_N ].OOOS

its three-state output buffers allow easy dig-
ital multiplexing of multiple AD571s, and a mini-
mum of external interface components will pro-
vide quick connection to a microprocessor bus.

So don't just take our word for it, if you still
want to build your own add up the parts. (Hint:
we did and it takes 19, and the parts alone cost
approximately $23.) And don't forget to add
board space, assembly, trimming, and testing.

The AD571, the world’s first complete 10-bit ADC
is so inexpensive it's hard to ignore. It gives you
everything you ever dreamed of in a 10-bit suc-
cessive approximation ADC and then some. Even
the die-hard *“build-it-yourself” bunch can’t
come up with a cheaper, or more complete fast
precision ADC. For specs and information, call
Doug Grant at (617)935-5565.Analog Devices, Inc.
P.O. 280, Norwood, MA 02062.

ANALOG
DEVICES

WAYOUT IN FRONT

Analog Devices, Inc., 8ox 280, Norwood, MA 02062; East Coast: (617} 329-4700; Midwest: (312) 394-3300; West Coast;
(213) 595-1783; Texas: (214) 231-5094; Belgium: 031 37 48 03; Denmark: (02) 845800; Engtand: 01/941046 6;

France: 686-7760; Germany: 08953 03 19; Japan: 03/26 36 82 6; Netherlands: 076°879 251; Switzerland:
. 022:319704; and representatives around the world
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Test track
for fast

The race is to the swift in LS| testing. And on this test
track, you can really perform—at speeds of up to 20 MHz.
Tektronix announces the high performance test tracks on
the new S-3270 and S-3250 Automated Test Systems.

This team of test systems doesn’t have a speed limit that
keeps you in obsolescence. As microprocessors move
faster—and we've aiready tested several that operate at
12 MHz and more—you’ll be able to test them. That's a
proven claim that not everyone in this business can make.

While the S-3270 handles device characterization, the
S-3250 takes care of production testing or incoming
inspection. Both give you uninterrupted error logging at
20 MHz. Both feature dual memory architecture, 8K of
memory behind each pin, and high-performance drivers
for set-up and hold measurements in one pass, and fast
I/0 bus testing.

The systems work together to solve the test problems of
the faster, more complex devices. The S-3270 starts the
race in characterization, delivering data in concise, read-
able form. Both systems use TEKTEST lll, a device-
oriented, English-like language. The S-3250 interfaces
with popular handlers and probers, for optimum through-
put. Together, the S-3270 and S-3250 take you from the
start of the race through the checkered flag.

Don't get stuck on a track that will soon be obsolete. Call
us at Tektronix to find out more about winning the LSI
testing race with the S-3270 and S-3250.

For Technical Data circle #80
For Demonstration circle #81
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See the $-3250 and S-3270 at work at ATEX/east, Hynes
Auditorium, Boston, September 26-28.

For a fast response to your information needs, call our toll free
Automatic Answering Service—1-800-547-1512 (Oregon
residents, call collect, 644-9051)—or call your nearest Tektronix
field office.

Tektronix, inc., P.O. Box 500, Beaverton, OR 97005.

Tektronix

COMMITTED TO EXCELLENCE



Probing the news._

Analysis of technology and business developments

Pentagon to fund major IC program

Six-year development of very-high-speed circuits with goal
of increasing chip throughput 100 times could cost $200 million

by Ray Connolly, Washington bureau manager
} APPLICATIONS FOR VERY-HIGH-SPEED ICs

Troubled by intelligence estimates
that other nations are rapidly erod-
ing America’s leadership in inte-
grated circuits, the Department of
Defense is moving to counter the
challenge. After years of leaving IC
development to the competitive mar-
ketplace, the Pentagon is executing
an about-face with a six-year devel-
opment program that industry lead-
ers estimate will cost $200 million.
To be called vHsi—for very-high-
speed integration—when it is
launched in the fiscal 1979 year that
begins Oct. 1, the program will
involve all three military services,
half a dozen of their newest weapons
platforms, and all of the semicon-
ductor companies that believe they
can respond to the Defense Depart-
ment’s competitive goals.

For its investment the military
expects to advance the technology of
integrated circuits so that manufac-
turers can deliver circuits in produc-
tion quantities—not just laboratory
prototypes —that would measure 400
mils on a side and “provide 100
times the processing throughput of
present ICs,” says Larry W. Sumney,
VHSI project leader. Sumney is a
specialist for electronic devices and
Ic technology on the staff of the
under secretary of defense for
research and engineering.

Sumney and his boss, Leonard
Weisberg, will unveil the VHSI
program and goals on Nov. 14 at the
Government Microcircuit Applica-
tions Conference near the heartland
of America’s semiconductor industry
in Monterey, Calif. Weisberg is
director of electronics and physical
sciences in the office of Ruth M.
Davis, deputy under secretary for
research and advanced technology,
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Typical processing requirements
{millions of instructions)

Application )
Current Future
Weapons targeting control 0.1-10 10— 100
Radar systems 1-10 100 — 500
Video / Imaging 10-20 200 — 1,000
Wideband data communications 10— 30 500 — 2,000
Electronic warfare 25-100 1,000 — 10,000

where the VHSI effort will be
managed. Weisberg believes VHSI
“can affect not only the future mili-
tary capability of the United States
but also the electronics industry.”

Goals. While the Pentagon and
the military services are still refining
VHSI’s technical goals and exact
dollar requirements, its outlines are
emerging. The program got its
name, for example, because Defense
officials want to stress speed over
industry-oriented efforts to achieve
density processing under very large-
scale-integration programs.

As for the competitive threat,
classified intelligence data shows the
U.S. technology lead has slipped
from an estimated 5 to 10 years to 3
to 5 years and is continuing to
diminish. However, the Defense De-
partment declines to identify the
direction of the threat on security
grounds, even though industry
sources are convinced that the vHSI
effort is more a response to Japan’s
government-sponsored VLSI program
[Electronics, June 9, 1977, p.99]
than to any Soviet Bloc challenge.

But the Pentagon does admit it

can no longer remain aloof from the
U. S. ic industry, using no more than
7% of its output, and waiting for
reluctant manufacturers to qualify
Ics to rigid military specifications
and then produce a customized prod-
uct in small quantities.

The vHSI program will move to
focus industry interest on future
military needs—and advance the
state of the art—by establishing
three committees reporting to a
fourth overview committee headed
by Sumney. The most important of
the three will deal with vHsI delivery
and have approximately half the
program’s budget to develop an
industrial production capability for
the circuits.

Feeding into this group will be a
lithography committee, with an esti-
mated 20% to 25% of the budget, to
advance IC lithography beyond op-
tical limits to submicrometer dimen-
sions. Its emphasis will be on elec-
tron-beam or X-ray lithography “or
some combination of the two,” Sum-
ney says, and perhaps deep ultravio-
let technology.

The final feeder unit, with 25% to

81
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30% of the program’s fund, will be
called DAST—for its mission of chip
design, architecture, software, and
testing. Each of the three commit-
tees reporting to Sumney will be
headed by a representative of one of
the three military services, he says,
with the possibility of periodically
rotating the chairmanships of the
committees among the Air F orce,
Army, and Navy.

Systems. In addition, each of the
services will select at least two mili-
tary systems areas at the start of the
project for brassboard demonstra-
tions of VHSI potential (see “Appli-
cations for very-high-speed ICs,”
p- 81). Ideally, Sumney says, a
project’s potential use of VHSI must
be “essentially open-ended;” that is,
capable of almost unlimited per-
formance gains.

Of the two selected projects, he
says, one will be used for “a shrink
system demonstration” to show the
advantages VHSI circuits can achieve
through reduced size, weight, and
power consumption. The second will
be used to demonstrate a high-priori-
ty, highly advanced capability possi-
ble with one or more VHSI chips.
Both approaches, to be funded sepa-
rately as advanced technology dem-
onstrations, will guide the eventual
design of VHSI circuits.

The Pentagon’s technical goals for
deliverable circuits, while measured
somewhat differently from industry’s
existing standards, are staggering.
The product of the clock rate times
the number of gates will be the over-
all figure of merit for vHsI devices,
rather than the speed-power product,
Sumney explains, since “in practice
the power dissipation is roughly
constant—realistically, less than 4
watts per square centimeter.”

While specific numbers are still

being massaged, the VHSI delivery
committee and its subcontractors are
expected to be charged with setting
up in-plant pilot production lines
capable of:
B Delivery of 1,000 2-megabit mili-
tarized random-access memories,
with additional requirements for
read-only memories, programmable
logic arrays, and perhaps an analog-
to-digital converter.

82

Speedier electronics. The Pentagon's VHSI program would mean faster processing for
radar, weapons control systems, and imaging systems aboard such craft as the F-16.

® Delivery of 1,000 specified mili-
tarized logic ICs with a clock period
of at least 3 X 10" times the
number of gates. In bipolar technol-
ogy, for example, this translates into
30,000 gates and a 200-megahertz
clock, while the n-channel metal-
oxide-semiconductor goal would be
150,000 gates and a 30-MHz clock.
Assuming appropriate memory,
these figures “‘equate roughly to a
processing throughput of 1 million
instructions per second on a single
chip,” says the VHSI project office.

® Establishing a minimum-feature
size of 0.5 micrometer, while escalat-
ing silicon chip sizes to 400 mils on a
side. However, this goal will be
approached cautiously with an inter-
im milestone of 1.2 um compared to
today’s 2 to 5 um. All VHSI work will
be done with silicon, Sumney says,
although the Defense Advanced Re-
search Projects Agency will continue
to pursue its separate efforts with
gallium arsenide, which could be
ready for vHSI development in about
three years.

® Delivering devices capable of mil
spec performance, especially in the
—55°C to +125°C- range, with a
failure rate equal to or less than
0.1% per thousand hours at 125°C.
Offsetting these tough specs will be a
softening of packaging requirements
and elimination of a radiation-
hardening standard against nuclear
blasts. The Defense Department will
be satisfied if packaging comes up to
“high-reliability commercial prac-
tice,” while radiation-hard digital
devices will not be required —
although technologies amenable to

hardening will win a plus in proposal
evaluations.

Backup. Critical to the vHSI
delivery committee’s achievement of
these goals will be the feeder efforts
of the support groups in advanced
lithography and DAST, Sumney says.
The lithographic unit will push for
development of commercially avail-
able equipment with an alignment
capability of 0.1 um in addition to a
resolution of 0.5 um—both break-
throughs —plus a 15-minute expo-
sure per 3-inch wafer or mask.
However, it will support develop-
ment of resists with at least three
times present sensitivity levels that
are capable of maintaining resolu-
tion under subsequent processing,
and urge development of dry pro-
cessing equipment for ICs to achieve
high-yield precise resist removal.

Technical goals for the DAST
committee will be equally challeng-
ing. It will be responsible for
promoting commercial availability
of hardware for automated chip test-
ing; sponsoring new or improved
chip architectures to minimize costly
customization; developing on-chip
test circuits and fault-tolerant de-
signs, including redundancy; and
pursuing parallel processing/multi-
channel architectures that would
reduce random interconnects.

Orientation of the vHSI effort will
be toward the single large chip,
Sumney points out, since circuits on
the same piece of silicon have
obvious performance and life-cycle
advantages over multiple chips that
must be interconnected, making
them vulnerable to malfunctions. [OJ
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Our tiny new

68c* quartz crystals
just made

your dream product
possible ...

. . . because now you can abandon
the old price and design limitations
on precision oscillators.

=5
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Magnified x 6 | Actual Size
|
|
With our new CX series low-frequency quartz
crystals, you can now design ultra-accurate
timing circuits that are even cheaper — over-
all — than LC and RC oscillators. They will fit
in the smallest spaces in the roughest, tough-
est environments. And will .give your product
‘the prestige and glamour that accompanies
‘the phrase *‘‘Controlled by Quartz Crystal.”
CX crystals are an order of magnitude cheaper,
smaller and stronger than any low-frequency
crystal currently available. They come in fre-
quencies from 350 kHz all the way down to
10 kHz — in the same miniature package!
Statek crystals are totally different from con-
- ventional crystals. The design is patented and
they are made in California by advanced
semiconductor-type processing -techniques.
And they incorporate everything we've learned
from producing 17 million quartz crystals
- since 1973.
To discuss your application, write or call Jeff
~ Upton at Statek Corporation, 512 N. Main,
.~ Orange, California 92668. (714) 639-7810.

.~ *Prices range from 68¢ to $1.17 in 100,000 quantity.
~  See EEM and Gold Book for details.

™ 0. hnovators in
5 TATEK Frequency

1Bruyeres Rue - -“:7_—-:: . ca”tml

Enatechnik GmbH, e
. Tekelec Air-
RLAND  Dimos AG,
GDOM: Interface Quartz : ,
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Finally! A unique |
low-cost multi-turn cermet
that speaks for itself!




Probing the news

Memories

Pinout standards causing grief

While rule for 32-K EPROMSs appears settled with provisions for
both one and two supplies, 64-K dynamic RAM knot is still tied

That elusive ideal —standard pin des-
ignations in memory chips—is as
slippery as ever, even though manu-
facturers and designers dread a repe-
tition of the chaos that existed a few
years ago in 4,096-bit dynamic
random-access memories. While the
dynamic RAM picture has settled
down considerably, another new de-
vice—the 32,768-bit erasable pro-
grammable read-only memory—is
causing paroxysms among would-be
standards writers.

If so many people strive for stan-
dards, and so many others at least
passively support them, why then are
they so difficult to settle? A review
of the progress, or lack of it, in big
dynamic RAMs and erasable PROMs
provides some answers—in parallel
with a refresher course in the feisty

by Raymond P. Capece, Solid State Editor

manufacturers’ marketing rivalries.

For dynamic RAMs, only two
related questions have to be settled
in the coming 65,536-bit devices:
what to do with pin | and whether
the standard should specify one
power supply or two supplies.

Regarding the pin, the simplest
approach is to do nothing, as Texas
Instruments Inc. does in its TMS
4164 (see p.39). Making the pin a
no-connect, reasons TI, automati-
cally makes the device plug-compati-
ble with the 64-k RAMs of other
manufacturers, several of which may
use the pin for a negative supply
voltage or a special function. Also,
TI's part requires only a single +5-
volt supply.

Yet the 64-k pinout closest to
standardization by the Joint Elec-

A1 24 [ Vee
A A
o [1As ADDRESS
As[] [ 1Ag
A, ] 21 [1PROGRAM VOLTAGE, V5
ADDRESS < _
A, 20 [ OUTPUT ENABLE, OF 213 vy
A, O 19 [ JGROUND 2001 Ge
A, O 18 [ JCHIP ENABLE, CE 1907 A
LA, o, i =3
2708
0
o4 1-K-BY-8-BIT H 06
DATA X 0, (] ERASABLE 1o, ¢ DATA INTEL 2716
PROGRAMMABLE TI 2516
0, READ-ONLY [0, 2-K-BY-8BIT
MEMORY Mo, EPROM

Fork in road. The 2716 established the 16-K

pinout standard, but there was a split on the

32-K device. Tl came first; Intel switched for compatibility with its microprocessors.
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tron Device Engineering Council,
the group that makes such decisions,
is the two-supply 16-pin package. It
has survived the first two steps in the
Jedec procedure: the decision to
conduct a letter ballot, and approval
by 90% of the dues-paying commit-
tee members who receive the ballot.
To become official, it now need only
be approved by the council, says Jeff
Schlageter. He is manager of the
MOS RAM design department at
Advanced Micro Devices Inc. in
Sunnyvale, Calif., and chairman of
Jedec’s JC-42 subcommittee on
semiconductor memories.

As for the single-supply standard
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EW. Bell's
Model 1776

Current
Meter...

...the better way

to measure ac, dc,
ac-on-dc current

Clamp-on probes mean you
measure current without
breaking the circuit. As a re-
sult, there is no insertion loss
in dc and only a negligible one
in ac. Three probes, which are
automatically self calibrating,
provide ranges from 10 A FS
to 1000 A FS. Accuracy is
+1.0% dcand £2.5% ac. Mea-
surements are fast, accurate
and safe.

® 3% digit readout

@ 3 current ranges
1000 A, 100 A, 10 A

® Peak—Read—Hold

® Fully portable
115/230 Vac, 50/60 Hz
or rechargeable integral
batteries for
TROUBLESHOOTING
R&D
MAINTENANCE

ELL inc’

4949 hm:’“miw East
Columbus, 0 43229
Phone. (614) 888.750)
TWX. 810-337-285

A Subsidiary of
The Arnold Engineering Company
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(TI’s), it is one step behind the two-
supply measure on the Jedec ladder.
Apparently, it will be approved, too.
Explains Schlageter: “Some compa-
nies simply won’t be able to make a
single-supply part; Jedec can’t shut
them out of the market.” As a result,
both versions probably will be offi-
cial, with the one-supply part proba-
bly becoming the industry’s de facto
standard. While the differences be-
tween the two 64-K RAMs will not be
great, a look at the situation among
the makers and standards-bearers of
the 32-K EPROM reveals how compli-
cated such things can become.

Intel ahead. At the 16-k level,
Intel Corp. led the way; its single 5-v
supply 2716 soon became the gener-
ally accepted industry standard eras-
able PROM. TI had made a go of it
with a three-supply version; although
it still ships many of them, it has
become an Intel second source with
its 2516.

In the next generation of parts,
the 32-K level was reached first with
a simple ROM because it is easier to
build than an erasable PROM. Com-
ing out with 32-K ROMs almost
simultaneously just over a year ago
were TI and Mostek Corp., the
former with its TMS 4732, the latter
with the now-discontinued MK
32000. The parts are identical in
their single 5-v operation and 24-pin
packages. Both also use pin 18 for
A, the address line needed for the
doubling of storage capacity.

The trouble started when Intel
announced its 32-K ROM, the 2332,
with the additional address line not
on pin 18 but on pin 21. Larry
Jordan, Intel’s strategic marketing
manager for MOS memories, rea-
soned: pin 18 had to be used for the
chip-enable so that the ROM would
operate properly with Intel’s own
microprocessors. What is done with
the ROM is a commitment on the
erasable PROM, so sure enough, when
Intel announced its 32-K part, there
was the Ay, address line on pin 21.

Meanwhile, back at JC-42, voting
was already progressing on the TI-
Mostek pinout, and a favorable deci-
sion appeared certain. On first
ballot, 90% requirement was missed
by a scant half percent; ultimately,

though, a revote established the
pinout as standard. Now Intel
appealed, arguing that by this time it
was committed to its own pinout.
The committee, acknowledging In-
tel’s importance, sent out another
letter ballot—and Intel’s layout was
approved. Thus, 32-k erasable
PROMs were blessed with two stan-
dards, a consummation greeted cool-
ly by some members who wondered
why the group had not been
informed earlier of Intel’s plans.

But Dave Ford, Motorola Semi-
conductor’s strategic marketing
manager and a member of the JC-42
committee, does not regard the dual
standard as a serious problem,
saying that two is better than four or
five. “We meet only four times a
year, and our function is not to plan
products,” Ford says.

Derrell Coker, Mostek’s strategic
marketing manager and voice on JC-
42, says that while Jedec tries to be
on top of the market, it can never
solve the problem of getting compet-
ing technology leaders to talk about
what they are planning.

Systems. In the case of the 32-k
erasable PROM, Intel was designing a
part to work with its microproces-
sors, explains Jim E. Coe, memory
marketing manager at American
Microsystems Inc., who was pres-
enting Intel’s case when working
there before joining AMI. “The
second standard is great for them—
they need it for their microproces-
sors. With the 8048, 8085, and 8086
microprocessors, Intel went to a
multiplexed-bus approach, so that
the data and address are on the same
pin. A systems-oriented house, Intel
put the address latches on board the
memory chips, which get the ad-
dress-latch-enable signal from Intel
microprocessors.” Coe also thinks
the output-enable pin, unique to
Intel erasable PROMS, ““is handy for
problems of bus contingency.”

In any event, the split is interest-
ing. Mostek’s Coker expects Signe-
tics Corp. and Motorola to line up
behind the T1 pinout, as will Mostek.
“These three are big price cutters,
whereas Intel has traditionally been
a high-price outfit, using the lever-
age of its microprocessors to keep
memory prices up,” and that could
be a dangerous game in the case of
the 32-K erasable PROM. O
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HP’s 8565A Microwave Spectrum Analyzer

gives you both.

Here’s a combination of fully-calibrated
performance, with wide dynamic range
from 10 MHz to 22GHz (extendable to 40
GHz), plus operating features that make
it extremely easy to use.

Frequency response is within =1.2 dB
to 1.8 GHz. and from =1.7dB at4 GHz to
*4.5 dB at 22 GHz. These figures
include all input circuitry effects as well
as frequency band gain variations.
Internal distortion products are 70 dB
down from 10 MHz to 18 GHz; 60 dB, 18
to 22 GHz.

45705C

Resolution bandwidths from 1 kHz
to 3 MHz are provided, with 100Hz
optionally available. The resolution filters
are all synchronously tuned to prevent
ringing. For frequencies from 1.7 to
22 GHz, an internal preselector pro-
vides more than 60 dB rejection; permit-
ting measurements of distortion products
as small as 100 dB down.

As for convenience, the 8565A makes
most measurements using just three
controls: tuning frequency. frequency
span and amplitude reference level.

HEWLETT F)ﬁf PACKARD

1507 Page Mill Road, Palo Alto, California 94304

Resolution, video filtering and sweep time
are automatically set to the proper
values. Bright LED% in the CRT

bezel give you all pertinent operating
conditions right there with the trace being
viewed. And a scope camera records
these data along with the CRT trace.

The 8565A Spectrum Analyzer gives
you the capability you need and the con-
venience you’ll fast appreciate. Domestic
U.S. price is $18,900 (add $800 for 100 Hz
resolution). Find out more by calling your
nearby HP field office, or write.

For assistance call: Washington (301) 948-6370, Chicago (:312) 255-9800, Atlanta (404) 955-1500, Los Angeles (213) 877-1282
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Probing the news

Computers

Are plug-compatibles vulnerable?

Makers of mainframes that use IBM 370 software see good days,
but some observers say leader will make moves to end the game

Will the gold-paved ways of the IBM
370 plug-compatible market crum-
ble with the introduction of 1BM’s E
and H series in 1979-80? To gauge
by the ever-thickening ranks of
vendors of 1BM-compatible main-
frame computers, it would appear
not. Some industry observers,
though, question the market’s long-
term potential.

The most recent entry is add-on
memory maker Cambridge Memo-
ries Inc. of Waltham, Mass., which
late last month announced three

by Anthony Durniak, Computers Editor

processors compatible with the low-
end IBM 370/115, 125, and 135
computers (see ‘“‘Cambridge joins
the marketing ranks”). Cambridge is
joining other recent entrants, includ-
ing Two-Pi Co. [Electronics, May 11,
p. 228], Magnuson Systems Inc.
[Electronics, May 25, p. 93], Nation-
al Semiconductor Corp. [Electronics,
May 11, p. 81], and Mitsubishi Elec-
tric Corp. [Electronics, Aug. 31,
p- 48], in a market pioneered by
Amdahl Corp., with early competi-
tion coming from plug-compatible

Cambridge joins the marketing ranks

The IBM-compatible computers from Cambridge Memories will offer 10% to |
16% higher performance than their IBM counterparts yet will sell at approxi-

] mately 80% of the IBM price, says product manager Kent E. Crombie.
Although this is Cambridge’s initial entry into the market as a direct market-
er, the company has been involved for some time as the initial backer of and

now 40% partner in IPL Systems Inc., Bedford, Mass. IPL is the firm that
developed and manufactures the Omega 480-1

IBM 370/138- and

148-compatible mainframe marketed since 1977 by Control Data Corp.,

Minneapolis, Minn.

Built with a combination of emitter-coupled logic and transistor-transistor
logic, Cambridge’s Model 1 has a processor cycle time of 480 to 1,130
nanoseconds, equal to or slower than IBM's 115 cycle time of 480 ns. The
Model 2 also comes in with speed equal to that of the IBM Model 125, but
Cambridge’s Model 3, with a cycle time between 180 and 850 ns, beats the
speed of the IBM’s 135, which has a cycle time that ranges from 275 to

| 1,485 ns.

In the matter of memory capacity, Cambridge offers up to 2 megabytes —

| some four times the 524-kilobyte limit on the IBM 135. The MOS static
random-access memory chips are now 4-K; Cambridge plans to move to
16-K chips as they become available. More input/output than IBM's is also
offered by Cambridge. Cambridge has a standard byte-multiplexer channel
and two block-multiplexer channels with two additional block channels

| optionally available on the Model 3. |BM supports one byte-multiplexer
channel on the 115 and 125, and it, too, can have up to two block channels

on the 135.

IBM's maximum /0O data rate on the 155 and 125 is 900,000 bytes per |
second, where Cambridge's is 2,600,000 bytes/s. On the IBM 135 the I/0
rate is 2,400,000 bytes/s while Cambridge’s Model 3 operates at up to

3,700,000 bytes/s.
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manufacturers Itel Corp. and Con-
trol Data Corp.

Like most of his competitors,
Cambridge executive vice president
Richard Eagan says the large
installed base of 1BM mainframes
and the tremendous amount of soft-
ware written for them makes the
market attractive. The impetus for
many of the newer competitors, he
says, is that ‘“‘user acceptance has
been indicated by Amdahl’s suc-
cess.”

But Robert Fertig, director of the
technology analysis group of Ad-
vanced Computer Techniques Corp.
of New York, marketing consul-
tants, says that “for all its competi-
tiveness, the 370 plug-compatible
business will likely be short-lived
because of the anticipated introduc-
tion in early 1979-80 of new 1BM
hardware, particularly the E and H
series [Electronics, Aug. 17, p. 44].

Complex. The debate over the
future of the 1BM-compatible concept
revolves around a series of inter-
twined technical and business ques-
tions. The major attraction of the
IBM-compatible units is their im-
provement on I1BM’s price/perform-
ance ratio, achieved by using state-
of-the-art large-scale integration for
logic and memory chips that use less
power and run cooler. In addition,
internal architectural changes pro-
vide higher rates of data input/out-
put, improved diagnostics, and other
features unavailable from the com-
puter industry giant. Although the
guts of their hardware are not identi-
cal with the internal hardware of the
370, most of the manufacturers have
put machine-level software, called
microcode or firmware, into their
machines to interpret and emulate
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Recalibrate.

(Your thinking and your budget)

Our new 5100/5101A calibrators
can calibrate VTVMs, VOMs, 3%-,
412- and most 5%-digit DMMs a-
round, in a fraction of the time it
takes you now! (It’s a cal lab in a
box! All at an average price under
$9,000.)

For $10,000 to $15,000, you could
invest in an intricate maze of instru-
ments that takes a wizard to operate.
Or, you could fill a room with com-
puter-based hardware and expensive
talent. About $100,000 warth.

The Fluke puP-controlled
alternative.

We've designed the new 5100A and
5101A for preduction test, QA and
cal lab applications that need large
system flexibility at a fraction of large
system cost.

The heart of our new meter cali-
brators is a microprocessor that elim-
inates mechanical switches—the larg-
est contributor to failure in conven-
tional calibrators.

And, you can enter your tolerances

in dB, volts or percent. The uP con-
verts for you! For safety, store cur-
rent or voltage limits and protect both
your operator and the meter being
calibrated.

Microprocessor control also facili-
tates scaling (for linearity checking),
and makes your calibrator a range-
less instrument, always selecting the
proper range for maximum resolution,
automatically!

Automation or economy? Fluke
has both.

The 5100A is perfect for manual
bench operation or integration into
vour existing cal system to upgrade
it to Fluke standards of calibration

excellence. Priced at $6,993, you save
dollars but don't sacrifice accuracy or
overall performance.

For perfection in automated cali-
bration. you'll want the 5101A with
its mini-tape cassette reader, a unique
new feature that allows you to store
up to 58 calibration settings. includ-
ing limits and tolerances. Only
$9,495.

Both models have a friendly calcu-
lator-type keyboard. And. both have
the RS232 or IEEE 488 system op-
tions you want for remote operafion
or hard-copy printouts of results.

Call (800) 426-0361~, toll free. Ask
for complete technical specs or the
location of your local Fluke office or
representative. Or, write: John Fluke
Mfg. Co., Inc., P.O. Box 43210, Mount-
lake Terrace, WA 98043. In Europe:
Fluke (Nederland) B.V., P.O. Box 5053,
Tilburg, The Netherlands. (013)673973.
Telex: 52237.

Prices U.S. only.

*Alaska. Hawaii, Washington residents please
call (206° 774-2481.

Command Performance: Demand Fluke Calibrators.

2010-8101

FLUKE
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COSMACYIP

$249 gets the entire family into

creating video games, graphics

and control
functions.
For starters.

COSMAC VIP, the com- "5s
pletely assembled, ready-to-
operate RCA Video interface
Processor, opens up a whole new
world of computer excitement. New
challenges in graphics, games and
control functions. Yet it's just
$249.00.

Easy to buy. And easy to program,
thanks to its unique, easy-to-use
interpretive language. You get a
complete how-to book including
programs for 20 games: fun, chal-
lenging, and ready to load and record
on your cassette.

Simple but powerful.

Built around an RCA COSMAC
microprocessor, the VIP is a com-
plete computer system that can
grow with you. It has 2K of RAM, ex-
pandable on-board to 4K..Plus a
ROM monitor, audio tone outputtoa

Circle 273 on reader service card
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Duilt-in speaker, power
Supply, and 8-bit input and
butput ports for control of
w=relays, sensors, or other
peripherals. )

Soon RCA will offer options for
color graphics and 256 tone sound
generation. An optional auxiliary
keyboard will open up an exciting
world of two-player games.

Take the first step now.

Check your local computer store
or electronics distributor for the ViP.
Or contact RCA VIP Marketing, New
Holland Avenue, Lancaster, PA
17604. Phone (717) 291-5848.

*Suggested retail price. Does not include
videa monitor or cassette recorder.

RGA

The fun way
into computers.

Probing the news

Just published:

1978 EBG!

Completely new listings of
catalogs, new phone numbers,

| 1221 Ave. of the Americas

New York, N.Y. 10020

new addresses, new manu- | Yes. please send me copy(ies) of 1978 EBG.
facturers, sales reps and [(::l I'v: enclosed $25 per copy delivered in the USA or
' ! anada.

distributors! The total market in

] I've enclosec $35 per copy for delivery eisewhere ($47

. . . if shi d by Air). Full - k if ret d
a book—four directories inone! | in 0 days. * 7 FU!! money-back guarantee if returne

Name
TJoinsure prompt delivery g:’:eliany -
enclose your check with the | o e S —
coupon now. Oy Sl Zn |
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the I1BM instruction set—and thereby
run all software written for the 1BM
computers.

“The makers exist in the main-
frame business because the 370
exists with its largely technological
weaknesses,” Fertig agrees. “But the
E and H series products will presum-
ably incorporate technologies at
state-of-the-art levels equal to, or
ahead of, those currently used by
370-compatible machines,”’ he
warns. In addition, Fertig says that
any changes made by IBM in the
instruction set or microcode will not
be announced until the new ma-
chines are delivered—often 12 to 18
months after they are announced —
giving IBM a head start in the
market.

Paul Magnuson, president of
Magnuson Systems, echoes the con-
fidence of his competitors. “We have
things in development to stay ahead
of IBM with price/performance so |
don’t see a problem.” As for the time
lag between IBM’s announcement of
new products and the delivery of
their details, Magnuson feels his
company “can catch up quickly.
We're a smaller company and we
have a good feeling for what things
make sense to build in with micro-
code changes.”

Changeable. Eagan notes that be-
cause Cambridge’s machine is mi-
crocoded and stores that microcode
in electrically alterable read-only
memories, any changes IBM makes
can be copied and easily added to his
machine to keep it compatible. And
Jared Anderson, Two-Pi’s president,
says IBM will have to inform its rivals
about changes—whether it wants to
or not. “Changes in the operating
system software or microcode appear
to the programmer as a new instruc-
tion. And 1BM will have to explain to
him what that instruction does.
That’s all we need to know.”

Despite the debate, increased ac-
tivity is expected in the market for
the near future. “There are a
tremendous number of people with
IBM plug-compatible peripherals and
I wouldn’t be surprised if those
peripheral companies also entered
the mainframe business,” Anderson
says. O
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Specify the panel meter youd be
proud to have designed yourself

Panel meters from General Electric
can add a lot to the overall quality of
your product. Accuracy. Reliability.
Attractiveness.

How do you design
this kind of quality?

Start with the suspension system.
The moving parts. You'll want one of
two kinds {depending on what kinds of
physical abuse your panel meter may
be exposed to). In a taut band suspen-

REGU[ATOR
{ 9\

% FRAME
MAGfo >

p/m {k" ' “ ] ftUX RING
/ATAUT BAND
ARMATURf CD/[_

sion system, the moving mechanism is
suspended between two ribbons of
platinum-nickel alloy welded securely
to a resilient, shock-resistant anchor.
This suspension system design keeps
friction to an absolute minimum.

The aluminum pointer is attached to
an oversized, high-torque armature
coil of fine copper wire, for fast re-
sponse and accuracy you can count on.

Pivot-&-jewel suspension maintains
high performance and reliability in high
vibration environments. The armature
assembly is supported by highly pol-
ished, hardened-steel pivots selected

SUSPENSION
PIVOT 8 JEWEL

\« YFRAME

N
> < | .
s PG @\
<) ’(%:f 8_ ,/DAMP/NG

DAMPING VANE
MEGNET /' 1’ ¥

MOVING IROR FIELD ASSENMBLY

for wearability. The pivots are designed
with a radius that will minimize friction
level to give maximum performance.
The 1/10-carat jewel bearings are of
ceramic material that is stronger than
glass jewels and has greater scratch
and impact abrasion resistance.
Pointers are tapered to a radius point
as small as .38 mm, combining high
readability with superior reading accu-
racy. Scales on the meter face are
available with mirror backing that will
align the reader’s eye perpendicular to
the face, eliminating parallax error.
Self-protecting features are impor-
tant, too. All GE panel meters are
housedin a tough, molded case of high-
impact styrene. Special gaskets are
available for assembly in BIG LOOK®
type panel meters between the window
and case to keep out contaminants.
Ultrasonically placed mounting studs
assure that the meter will fit your panel
exactly. Choice of meter styling (BIG
LOOK® or HORIZON LINE®) lets you

60
\\\\\\\\H‘ Il[“”/

S

HERTZ

pick the shape and appearance that
will best enhance your product. (Color
masks are also available for HORIZON
LINE®inred, blue, green, black, yellow
and white.)

A = ::\‘\
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U/ / o\ _
ULTRA-|
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Hundreds of GE panel meters are
available for almost any conceivable
monitoring or measurement task.

And when you buy a GE panel meter,
you also get more than 80 years of
meter manufacturing experience and
a sales network that is literally world-
wide. For a free guide entitled, "Pick
the Right Panel Meter,” write to
General Electric Co., Section 592-82,
Schenectady, N.Y. 12345.

Specify General Electric...
just for good measure.

GENERAL @3 ELECTRIC
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Probing the news

Electronics abroad

British work on multimicro systems

Major research effort is aimed at real-time use

by such companies as airlines and brokerage houses

The growth in real-time computer
systems like those used by airlines
and banks or for process control is
spurring a major research effort in
British universities and research
laboratories to tap the growing
power of the microprocessor in the
first generation of multi-micropro-
cessor systems.

Most recently, Britain’s National
Physical Laboratory announced that
it was teaming with Scicon Micro-
systems Ltd., a commercial software
consultant, to develop a multi-
mini/microcomputer system called
Demos that could link up to 100
computers via an 8-million-word-

[ .-! -—' Ll
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by Kevin Smith, London bureau manager

per-second parallel ring. This ambi-
tious project is paralleled by several
others.

These systems, say proponents,
promise modularity that allows ex-
pansion, flexibility in matching mi-
crocomputers to a required response
speed, and low cost when compared
with the present generation of time-
shared mainframe computers and
minicomputers.

Significant. The concept could
have a major impact on computing
technology over the next decade.
*“Multiprocessor technology is one of
the most important and difficult
areas today,” says Prof. J. E. Brig-
nell of London’s City University, a
leading researcher in the field.
“Computer programmers have been
trained to analyze problems sequen-
tially because that’s the way com-
puters have worked till now.”

E. L. Dagless, who is establishing
at University College, Swansea,
Wales, an academic program for the
subject with a general-purpose
multi-microprocessor system based
on six Intel 8080s, cites two reasons
for the growing interest. First, the
microprocessor allows the user to
build his computing power in mod-
ular steps, and this can be important
in specific industrial and commercial
applications, since it allows a system
to grow. Next, it lets an engineer
tailor his system to a specific task so
that it can be split into identifiable
modules, each assigned to a proces-
sor. The partitioning can be accom-
plished by pipelining or paralleling
processors.

Wired. At University College in Wales,
researchers are working with a multimicro-
computer system of six Intel 8080s.

Still a third reason for going to
a multiple-microprocessor system
could be to increase the microcom-
puter’s brute computing power. It is
by far the most difficult problem and
one that raises the most skepticism
among the industry’s mainframe
traditionalists.

However, few present-generation
microprocessors are suitable for such
close coupling. “We chose the F100-
L because it was designed by
computer systems engineers,” says
Brignell, “and has features like
indivisible bit testing and setting,
which you need for semaphore
protection. However, newer-genera-
tion microprocessors could incorpo-
rate these features.” In fact, one
British company has a processor
specifically for multiprocessor opera-
tion on the drawing board and is
currently canvassing interested semi-
conductor manufacturers.

The power of multiprocessor tech-
nology has also been demonstrated
in specialized sectors of the main-
frame market. ICL’s distributed-
array processor, with its 100 million
instructions per second, uses an
array of simple processing elements
distributed through the memory of a
conventional mainframe computer.
Also, Plessey Telecommunications
Ltd. has gone to multiprocessor
architecture to achieve a high-integ-
rity exchange secure against the fail-
ure of any one element.

Finding places. Where will the
systems make their first market
impact? Demos, says Wilkinson, is
especially suited to applications
where large numbers of activities
take place in parallel: interactive and
financial-transaction processing, for
one, where large data bases can be
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divided on a disk-per-computer basis
to allow fast and efficient file access.

Interface control. Telecommunica-
tions is another major application
area. In collaboration with Warwick
University, Systems Reliability Ltd.
in Luton is developing a closely-
coupled multi-microprocessor system
as a universal interface processor in
data-communication systems. Its job
is to switch together data terminals
and data links having widely differ-
ent data rates and lengths. The
system, which should be ready for
the end of this year, uses Texas
Instruments Inc.’s 9900 16-bit mi-
Croprocessor.

But problems crop up with
increasing processor integration. As
each calls on the other’s resources,
where memory and data channels
are shared, contention between pro-
cessors and administrative overhead
can clog the system.

Loosely coupled systems present
fewer problems than closely coupled
ones. At the Royal Signals Research
Establishment in Malvern, for exam-
ple, researchers have gone for an
asynchronous bus linking Intel 8080
microprocessors, each performing a
specific function that is frozen into
read-only memory. The team is
using its Discus system to test Ptar-
migan, a digital switch, for the Brit-
ish Army.

At the University of Kent in
Canterbury a packet-switching pro-
tocol is being used by a team under
F.K. Hanna to link a five-node
network of Digital Equipment Corp.
LSI-11s. The system, which could be
employed in such applications as
implementing a hospital data-collec-
tion system, uses no particular inter-
connection structure, because one
processor broadcasts to all others
simultaneously over all links. The
system offers high integrity, modu-
larity, and plasticity of programming
since programs can readily be
changed on line.

Difference. One big distinction
between dedicated systems of multi-
ple-microprocessor and general-pur-
pose multi-microprocessor architec-
tures comes at the software level. A
dedicated multiple-processor system
has little need of general-purpose
software because it is directed to one
application. However, multi-micro-
computer systems require a high-
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level operating system if they are to
be sufficiently general.

The Royal Signals Research Es-
tablishment is using Coral high-level
real-time language, and University
College at Swansea is using a high-
level language developed at the
University of Strathclyde in Glas-
gow by a group that pioneered the
virtual-machine concept. At the Na-
tionl Physical Laboratory, to cut
software costs, workers are using
Concurrent Pascal, a recently devel-
oped high-level language. All of

these high-level operating systems
have the kind of generality that
allows them to be run on yet-to-
be-invented multi-microprocessor
systems.

Not everyone, though, is con-
vinced that the first generation of
multi-microprocessor systems com-
ing out of the universities and
research labs is architecturally
sound. Brignell takes a jaundiced
view and argues that some systems
have been thrown together with far
too little thought.

The new Precision 616 cuts
clean with programmable
ease. 80 dB/octave attenua-
tion slopes and time domain
filters superior to Bessel

Up to 16 filter channels,
programmable for gain

and cutoff frequency
Interfaces with mini,

micro or GPIB. Typical

phase match is %°,

with worst case of 2°

You get performance that
used to require a custom
instrument, without paying
a custom price.

Call Don Chandler,
607-277-3550,

or write for complete
specs and a demonstration.

jD PRECISION FILTERS, INC.

+303 W. Lincoln, [thaca, N.Y. 14850
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“A°Mux 1n “Linear “Wonderland
PMI Takes the Nonsense Out of

Alice’s nonsensical Wonderland was full of things
with strange sounding names no one would ever ex-
plain to her. Like the Gryphon, the half-bird/half-
beast that sat around saying things like, “Hjckrrh!”’
And the famous Jabberwock; Alice learned to beware
of it, even though she never found out what it was,
except that it had eyes of flame and burbled as it came
whiffling through the tulgey woods.

In Linear Wonderland, engineers have a similar
problem in trying to understand what a MUX means.
They know that a lot of people make analog multi

Analog Multiplexers

-
S e

plexers. But they must get as confused as Alice when
they try to compare PMI's Improved BIFET MUXes
with other people’s Standard BIFET or CMOS ver-
sions. It's like comparing slithy toves with borogoves.

Consider the things most important to designers
of multiplexed systems, such as “OFF” isolation, and
crosstalk; protection from overvoltage and low cost.
They can get all that only from PMI's new protected
monolithic MUXes, but they have to compare ouss to
theirs to understand why.

CMOS is well known for static blowout and latch



up, but PMI's proven BIFET technology allows us to
build the protection right into the chip, without expen-
sive dielectric isolation, external or internal series
resistors, or special handling requirements. No other
manufacturer of either CMOS or BIFET MUXes
does that.

MUX-08 MULTIPLEXER

JFET
SWITCH T
ELEMENTS

ﬁoé ©904

C-M0S & TTL 1 4

- COMPATIBLE J, } OIGITAL
)
T

DECOOER

VOLTAGE SWITCH SELECT
CALIBRATE

VELOCITY

“Crosstalk?”, said the PMI MUX; “just study my
specs. As for crosstalk and ‘OFF’ isolation, I'm almost
10 times better than my closest CMOS competitor.
Compare me to the best Standard or Improved BIFET
switches. My crosstalk is still 6 dB lower”

At the same time, every PMI MUX is protected
against failure in the event of power loss, just like the
best (and most expensive) CMOS versions.

And speaking of prices, once again there is no
logical comparison between them and us. The fact is,
we sell them for 30 to 50% less, so we pay for the
better performance, not the customer. And price com-
parisons don't mean much against Standard BIFET
versions, either, since our improved BIFET tech-
nology allows us to offer precision performance they
don't offer at any price.

Just keep in mind the Mad Hatter’s advice, “You
can't take less than nothing, but it's very easy to take
more than nothing” He knew a lot about buying com-
ponents.

How much is “more” in Linear Wonderland lan-
guage? With PMI's MUX Series, it means 1.0 usec
switching that settles fast with no ringing. It means
“ON” resistance of 300Q2, far lower than any mono-
lithic MUX on the market. And it means that our
MUZXes give you protected analog and digital inputs
and full compatibility with CMOS or TTL, without
using external pullup resistors (theirs do).

Since you already have enough nonsense to cope
with in Linear Wonderland, we made upgrading easier
by putting our analog MUX in dual-line packages like
theirs. To upgrade any system, just drop in ours in
place of theirs:

PMI MUX DESCRIPTION PIN COMPATIBLE WITH

MUX 08
MUX 24
MUX 16
MUX 28

8 Channel Single Ended DG 508A, HI 508A, LF 11508
4 Channel Differential DG 509A, HI 509A, LF 11509
16 Channel Single Ended DG 506A, HI 506A, AD 7506
8 Channel Differential ~ AD 7507, HI 507A

If you're tired of nonsense, challenge us. Find out
if we really have made comparisons with other mono-
lithic multiplexers meaningless. See if a PMI MUX
really gives you BIFET reliability and low cost, while
also giving you guaranteed break-before-make action
and full protection from overvoltage or power supply
interruption. Just send in the coupon for your free
“NO NONSENSE” sample. And just turn the page to
see where our sales offices and distributors are.

Lewis Carroll could get away with nonsense with
his readers, but ours won't put up with it. They know
the difference between slithy toves and borogoves.
Here's the speed-power tradeoff table and prices.

Switching Time Supply Current 100-UP
Part No. (4SEC. MAX.) (mA Typ. at =15V}  (U.S. OEM}
MUX-08/24/E 1.3 10.5 $ 750
MUX-08/24/F 2.1 6.8 $ 6.40
MUX-16/28/E 15 16.0 $13.50
MUX-16/28/F 2.1 1.0 $11.00

Precision Monolithics, Incorporated

PMI 1500 Space Park Drive

® Santa Clara, California 95050
(408) 246-9222 TWX: 901-338-0528 Cable: MONO

Send me a no nonsense MUX
check which type
O MUX08 O MUX16 O MUX24 OO MUX28

Mail to:
Precision Monolithics Inc., 1500 Space Park Drive
Santa Clara, CA 95050

My name

Company —

Dept. _—

Address

City State Zip
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Probing the news

Cornpanies

Itel thrives by taking on IBM

Leasing, service bureau, and mainframe business adds up
to $285 million of company’s $401 million in 1977 sales

by William F. Arnold, San Francisco regional bureau manager

Competing against 1BM Corp. may
not be the surest way to success, but
for Itel Corp. it looks like the best of
several worlds. The San Francis-
co-based company enjoys a thriving
three-part business: leasing systems
based on 1BM computers, running a
service bureau, and selling main-
frames under its own name into the
growing 1BM-compatible market-
place. These activities yielded $285.7
million of the corporation’s $401.8
million in 1977 revenues.

Although the company started 11
years ago by leasing 1BM-based
systems through its Financial Ser-
vices group, its Data Products group
attracts most attention because it
serves the bustling 1BM-compatible
market. For this market, competitors
build 1BM-software—compatible ma-
chines but use more up-to-date
architecture and technology, such as
emitter-coupled logic and air cool-
ing, to offer price or performance
advantages over IBM System 370
and initial 303X series mainframes.

“Business couldn’t be better,”
declares John H. Clark, president of
the Data Products group. His staff
sold 52 machines last year, expects
to sell about 200 this year, and looks
forward to a 300-machine business
next year —not bad for a group that
brought out its first machine only
last year. That was the AS/6, which
is equivalent to the 370/158, to
which has been added the AS/4,
which is 40% more powerful than
1BM’s 370/148, and the AS/6, which
is equivalent to the 370/168 and
newer 3032 machines. This month it
extended the range downward by
introducing the AS/3 in two models:
the $570,000 model 4, equivalent to
the 370/148 and the $490,000 model
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3, which Clark says has 1.5 to 1.8
times the power of an IBM 370/138.

Of course, there is competition.
On the high end Itel’s AS/6
encounters streaking Amdahl
Corp.’s 470 V/5 machine. At the low
end its machines face such newcom-
ers as Magnuson Systems Inc.’s M80
[ Electronics, May 25, p. 93], Nation-
al Semiconductor Corp.’s System
400 [Electronics, May 11, p. 81], and
Two Pi Co.’s V/32 [Electronics, May
11, p.228). But Clark says that it
meets only IBM in the middle ranges.

Unique spot. “Itel is positioned
uniquely in the market,” observes
Jean Michael Gabet, director of
research in the computer division of
Gnostic Concepts Inc., a Menlo
Park, Calif., market-research firm.
“For years as a computer-leasing
company it was a go-between for iBM
and the end user. This gave it a
thorough understanding of the cus-
tomer’s needs for software, hard-
ware, and maintenance, something

Happy days. John Clark, president of Itel's
Data Products group, sees blue skies ahead.

special that the others don’t have. I
tend to look at Itel as somewhere
between a commodity trader, where
the commodity is cPu and hardware,
and a service company.”

Buyer. Also unique to Itel is the
fact that it makes nothing it sells
under its own name. Under exclusive
licenses, the AS/6 comes from
Japan’s Hitachi Corp.; the other
mainframes come from National.
When the bids call for more exten-
sive systems, Itel uses nonimpact
printers from Siemens AG of West
Germany, disk drives from Sperry
Inc.’s 1SS group, and main memories
from Intersil Co. and National.
Clark likes this arrangement because
“there are so many people in the
terminal and front-end business.”

Clark also says that Itel is not
interested in the stand-alone hard-
ware or minicomputer business. Its
market is hardware with special-
applications software, such as a
general accounting package for busi-
nesses, because ‘“‘the real add-on
value is in applications packages,”
he says. Nevertheless, Itel also
markets Data General’s CS lines of
business minicomputers [Electronics,
May 25, p.40] and is negotiating
with National to offer its 400 series
and Magnuson for its M80 line.

Still, sharing a market with I1BM is
like being a fly in a bear’s cave.
“Where will Itel’s market be when
1BM’s E and H series computers
appear?” asks Steven Cottrell, se-
nior analyst with Creative Strategies
International, a San Jose, Calif.,
market-research group. He expects
the E series computers to have
dramatically improved price/per-
formance ratios, that could shrink
the cost advantage of the plug-
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compatible market. “IBM won’t let
the [mainframe] market get away
from it,” says Gnostic’s Gabet, who
pegs it at “certainly less than 15,000
units over the next five or so years.”
He thinks that the new IBM
machines will have 370 emulators so
that iBM will be able to upgrade its
customers’ present machines.

Conceding that 1BM is *“damn
tough competition,” Clark says Itel
plans “to penetrate their installed
base by 5% a year over five years”
and will announce competitive ma-
chines shortly after IBM introduces
the E and H series. “We expect a
2-to-1 price/performance improve-
ment from 1BM,” Clark says. “We're
prepared to react to that.”

Hard threat. Some believe another
threat is IBM’s attempt to protect its
software through microcoding, or
putting software into hardware, of-
ten called firmware. But, according
to Clark, “firmware is no big deal if
you understand software and hard-
ware and have firmware machines,”
which Itel does. Its machines have
twice as much reloadable control
store as do IBM’s, and it is developing
enhancements to its rival’s operating
system in firmware, he says. Concur-
ring, James Siehl, director of end-
user products marketing for Nation-
al’s Computer Products group, says
all his group’s machines are in
microcode, which is ‘‘easier to
change than a hardwired architec-
ture like Amdahl’s.”

Some problems may be more
immediate, however. One example:
the joint venture with Hitachi could
be setting up a potentially powerful
competitor. They are developing a
computer that is 50% more powerful
than 1BM’s 3033 for introduction in
1980, Clark says. “They have the
technology, we have the understand-
ing of IBM architecture, software,
and diagnostics,” he explains.

And what about the relationship
with National, which is making
more and more noise about becom-
ing an independent computer com-
pany? “The relationship is a good
one,” according to Clark, who says
the exclusive agreement on the AS/4
and 5 runs through 1980. *“That
gives us four years in the market-
place with one product,” which he
thinks is good.

As for National’s potential threat,
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Clark’s answer is: *“You have to have
an established sales and service orga-
nization to be credible in the market-
place.” He notes that, although Itel
had been offering peripherals under
its own name since 1971 when it
brought out its mainframes, ‘“we had
to convince customers that we were
in the central-processing-unit busi-
ness and were a long-term player.”
Clark says that his 550 market
representatives and 330 systems-
support engineers are split into three
groups on a worldwide basis: micro-
and minicomputer for special-appli-
cations software, general systems in
the 138 and 148 class, and large
systems in the [1BM 3031 and 3032
equivalent machines.

National’s basic assumption, ac-
cording to Siehl, is that “we will
continue to have an agreement with
Itel.” He says his company will
actively market the System 400 as a
mainframe processor for original-
equipment manufacturers and in-
tends to expand its products to OEMs
“and to end users, if appropriate.”
But for any end-user business, Siehl
says, National wili select fairly
narrow markets ‘“‘where we feel
comfortable—we’ll stay in areas
where our semiconductor technology
affords us an advantage.” However,
Creative Strategies’ Cottrell looks
for the Itel-National relationship to
be “at arm’s length after 1980 and
for National to go after the end-user
market directly.

There is probably enough business
for everyone. “The market is so vast
that one would have a hard time
even approximating how many
people use IBM computers,” observes
Jared Anderson, president of Two
Pi. “Itel should do really well so long
as iBM doesn’t change the rules,”
meaning changing the microcode
extensively. Observing that “no com-
pany can service the entire market,”
Siehl says that 1BM actually created
two markets, the plug-compatible
and the independent-service compa-
nies. “You look at the raw numbers
and the market is huge,” he says, but
“you don’t have to be a $20 billion
corporation to have a successful
product. People overlook the fact
that with 3% to 4% you can have a
successful market share.” But Clark
says, “I'd love to see us get 10% of
the monthly shipments.”
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For Tektronix
labs it means installation.
Training. And on-site
service. All from local
specialists.
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A Stackpole is a very large corporation,
one of the largest privately held manu-
facturing companies in the United States.
Stackpole is also the name for hundreds
of products, made in two million square
feet in eighteen plants and sold all over
the world.

A Stackpole is an organization of
dedicated people with manufacturing,
engineering, marketing and manage-
ment know-how. And a special willing-
ness to help solve your material and
component problems.

A Stackpole is a switch.

We're a giont switch-malker. We produce
more slide switches than anyone else

in the world. All shopes. All sizes. And
all kinds of other switches—rotary,
roclker and keyswitches. We're a big
part of the giant consumer electronics
industry.

A Stackpole is a resistor.

We're one of the largest resistor com-
panies, with capacity in the billions. We
provide the world with carbon-comp,
carbon-film, variable, industrial and
special-purpose resistors, as well as
resistor networks.

A Stackpole is a ferrite.

Hard and soft. Stackpole is one of the
world's largest producers of ceramic
magnetizable powders. Our permanent
magnet materials are used in a variety
of applications. From refrigerator door
gaskets to motor segments.

Stackpole is also @ major supplier of

soft ferrite cores used in the electronics
industry. From TV sets to power supplies.

A Stackpole is on automotive brush.

We're the leading supplier of automo-
tive brushes in the U.S. Other brushes,
too. And our Carbon Division makes a
lot more than brushes. Carbon and
graphite anodes. Plates. Rods. Billets.
They're all Stackpole.



This is a Stackpole.

A Stackpole is a graphite fiber.
Panex?® is the high-modulus, high-
strength material of the future, already
being used in tennis rackets, golf club
shafts and brakes for military aircraft.
Panex will soon be making automotive
drive shafts, springs and body panels

a lot lighter.

A Stackpole is a labeling machine.

Qur line of Phin labeling equipment is
one of the most respected groups of
machines in the packaging world.

What is a Stackpole?

A Stackpole is a major force in the
automotive, electronics and appliance
industries. From ideas, to produds, to
service. If you don't know us very well,
you should.

To learn more, send in the coupon or
call Daver Stackpole, Corporate
Marketing Manager, at (814) 781-1234.
He's the expert on what is a Stackpole.

Mr. Dauer Stackpole
Corporate Marketing Manager
Stackpole Carbon Compony
St. Marys, Pa. 15857

I'd like to know more about Stackpole.

O Send me your new brochure
O send specific information on:

nome

tle

compony

oddress.

oty stote zip

¥ STACKPOLE

Circle Reader's Service Card No. Q0.
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You just lost your last excuse for sticking with
phanumerics. Because with HPs new 2647A Intelligent
Sraphics Terminal, you get graphics without digging
nto your CPU’s software.

\ picture’s worth a thousand numbers.
On an alphanumeric terminal, your data’s just a
screen full of numbers. But with the 2647A you
:an plot tabular data as a bar graph, ora .
sie chart, or a linear or loga-
ithmic line graph. Quickly,
w~ith just a few keystrokes.
Now you canreally see
sour data, not just look at it.
What'’s more, with the
2647A you can zoom in and
>ut. Pan right, left, up, down.
Selectively erase. Shade important
areas to make them stand out. Use a
rubber-band line to make a quick sketch.
Without any help from your pro-
gramming department.

-

It’s more than smart.

The 2647A’s the smart way to get
graphics from tabular data without software.

But what if your CPU’ output isn’t tab-
ular? Or if you'd like to plot derived data, say
a three-month moving average from monthly
sales figures? Or if you need more than a bar
graph, pie chart or line graph?

The 2647A’ not just smart, it’s intelligent.

You can program it to reformat data from your
CPU, or to compute more data, in easy-to-write BASIC.
And you can program it in AGL, our high-level graphics
language extension of BASIC. Its powerful commands,
such as FRAME, AXES, LABEL, LOCATE and PLOT,
put sophisticated graphics at your fingertips.

Either way, your program runs on the 2647A without

HEWLETT .hp; PACKARD

42805HPTY *{J.S. domestic list price
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phics software.

any help from your CPU.
Hard copy’s easy.

How do you get graphics into your briefcase?

The 2647A makes graphics as portable as alpha-
numerics. It interfaces easily with our 9872A Four-Color
Plotter (which can even make overhead transparencies),
and with our 7245A Thermal Plotter-Printer. All you

need is an interface card, a cable and the peripheral itself.
And to keep costs down, more than one 2647A
can share the same hard copy peripheral.

You still get alphanumerics.
You don’t have to give up alphanumerics to get
graphics. Because the 2647A’s also a programmable
alphanumeric terminal for interactive use on-line

" oon.  or by itself.
@" With independent alphanumeric and
; ‘ graphics memories. Eight soft keys you can

define to do several steps with a
single keystroke. A bright,
easy-to-use, high resolu-
tion display. And built-in
dual cartridge tape drives

for 220K bytes of mass
storage.

Best of all, the 2647A
with full memory and data
communications interface

costs only $8300*

Which makes it easy to
get the picture.

[0 Send me more information about graphics without
graphics software.
(0 Show me graphics without graphics software.

Title_

Name. S

Company. N S S,

Address_ S § _

City/State/Zip_

Mail to Hewlett-?ac]card. Attn: Ed Hayes.
Marketing Manager. Data Terminals Division, Dept. 627
19400 Homestead Road. Cupertino CA 95014.
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Say you've been doing some IF
testing in the kHz range, and now
you need to switch to the RF MHz
range. With the high performance
Model 3002, you just change the
lever/indicator switches on the
front panel. With anyone else’s
signal generator you reach for a
different model—and drop a few
thousand more dollars.

So if your testing needs go from
as low as | kHz to as high as 520
MHz, you should go with
Wavetek's Model 3002. It's also
programmable and GPIB
compatible, so it knows its way

and + 13 dBm (1 Volt) of leveled
output power.

You can get into Model 3002 for
as little as $3,400. The GPIB
compatible version with an
optional programmable
attenuator and reverse power
protection will set you back about
$4,700. But think how far it'll take
you. Wavetek Indiang, Inc.,

66 N. First Ave, PO. Box 190, Beech
3002's 0.001% accuracy and 0.2 Grove, Indiana 46107. Telephone
ppm/ hr stability will be two (317) 783-3221, TWX 810-341-3226.

primary reasons to buy it. The
unit also has internal and extemctW VE I E%
AM and FM moedulation capability

Circle 104 on reader service card

around any qutomatic test system
Of course your primary

concerns may be accuracy and

stability. In that case, Model

°

Now you cango from1 kHz to
520 MHz by changing settings...

- Instead of signal generators.
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Technologies,
architectures
compete for huge
codec market

by Harvey J. Hindin, communications and Microwave Editor

(J There’s a new integrated circuit in town, and it’s
making quite a stir in both the semiconductor and
communications industry. Dubbed the codec, it is
already widely available from many manufacturers, and
it promises to sell in million-unit quantities as a result of
the telephone industry’s worldwide turn to digital tech-
nology [Electronics, July 20, p. 88].

Codec is short for encoder-decoder. An encoder
contains all the elements needed to convert analog voice
into digital data for transmission over a telephone line.
Conversely, a decoder contains the elements that
perform the digital-to-analog conversion needed to
restore the sound of the voice after transmission.

Previously, these conversions were achieved by high-
speed a-d and d-a converters multiplexed over many
analog channels. But now the advances in large-scale
integration have made it economically feasible to encode
each channel separately and multiplex the resulting digi-
tal signals (see “What the codec does”).

Short-term applications of codecs are likely to be
concentrated in central stations and in larger private
exchanges. This market still represents miljions of parts,
according to forecasts from semiconductor manufactur-
ers [Electronics, April 13, p.77]. There is also that
eventual possibility of one in each phone—and there are
398 million telephones in the world. But for the longer
term, because codecs will take time to impact the fiscally
and technologically conservative telephone industry,
applications are expected in transmission systems, local
and tandem (interoffice trunk switching) offices, private
automatic branch exchanges, and ultimately, local
subscriber loops and telephones. And, since codecs
will sell for a few dollars each in large quantities, it is
easy to see what is exciting the semiconductor industry.

The major telephone companies represent the largest
portion of the potential market. It hardly comes as a
surprise, then, that they are doing development work in
this field themselves. The biggest of all, American Tele-
phone & Telegraph Co., is thought by industry observers
to be working on its own codec through Bell Laborato-
ries. A spokesman notes a ‘“‘vigorous codec program is
going on, but no information is available yet.” In
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Placement. A one-chip codec without on-board filters would fit in a private branch exchange or central office switching system just before the
so-called transmission highways. Ultimately it might interact with signal-line highways for ringing and other functions.

contrast, aggressive Northern Telecom of Canada has
already released some information on a codec it has been
working on. One feature is an on-chip filter, which alone
is enough to set Northern’s codec apart from most of the
others that have been announced. Moreover, according
to John Mahoney, division general manager of the
company’s Digital Switching division, the codec “will be
used in the DMS-100 large digital local switch, which
has a capacity of up to 100,000 conversations and will be
shipped by the end of the year for service in 1979.”

Among semiconductor manufacturers, only American
Microsystems Inc. also claims an on-board filter. So it is
interesting and perhaps strange, as one industry observer
chose to put it, that Northern Telecom and AMI recently
entered into a “custom fabrication” agreement for
production of Northern Telecom—-developed codecs over
the next two years.

Doing it

The manufacturers now producing codecs use a diver-
sity of approaches in building them. Still, the specifica-
tions the codecs must satisfy are well-defined by the
telephone industry. Consequently, although the chip
counts, processes, and architectures may vary widely, the
results must satisfy certain performance requirements.

At present, one-chip and two-chip devices and totally
discrete components are all available. Proponents of the
one-chip approach claim that this is the way the codec
will finally go, so “why not do it now?”” They assert that
the use of a single-process technology has not required
compromise on any specifications.

Two-chip advocates disagree, saying that different
functions are better served by different processes. They
claim that the use of two separate processes has not only
allowed them to far exceed telephone industry require-
ments but also lets them build smaller and therefore
more reliable devices. The small die size alsp boosts the
production yield and thus lowers final cost.

A third viewpoint is advocated by Precision Monolith-
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ics, which is making parts available for so-called shared
codecs. In this approach, discrete codec parts are simul-
taneously used by 8, 12, or more channels. The company
believes this is the most efficient in cost and power when
these factors are measured on a per-channel basis.

To further complicate matters, some manufacturers
keep encoder and decoder separate. Among other advan-
tages, they claim that they can meet requirements this
way in a smaller package with fewer pins.

Actually, there is not even agreement as to how many
functions a codec should perform in a complex telephone
network. According to Ron Hlavinka, General Instru-
ment Corp.’s telecommunicatiois marketing manager, a
“true codec performing all the required telephony func-
tions has yet to be developed” on one or even two chips.
G1, along with Motorola Inc., has chosen tp produce one
chip for both the u and A laws (see “What the codec
does’), leaving the user to pick the one he wants by pin
selection.

As for process technologies, there is a variety being
utilized in codecs. These include both n-channel and
complementary metal oxide semiconductor, integrated
injection logic, and charge-coupled devices. As industry
observer Benjamin Rosen of Morgan Stanley & Co., a
New York investment firm, points out, “The codec
affords us a good example of how there can be reasoned
difference as to what constitutes the right technological
direction—in this case the optimal process and design.”

Table 1 summarizes the approaches being followed by
representative codec manufacturers. Key specifications
are given where they are available for one- and two-chip
approaches. Precision Monolithics’ shared codec has too
many components to be included here, but they are
discussed in detail in the technical article on page 108.

Intersil Inc., Fairchild Camera & Instrument Corp.,
and Advanced Micro Devices Inc. are also working on
codecs, but it is too early for any information to be
available about them. In addition, industry giant Texas
Instruments Inc. is playing it close to the chest and will

Electronics /September 14, 1978



REPRESENTATIVE SINGLE AND TWO-CHIP CODECS AND KEY DEVICE SPECIFICATIONS

. q American General National -
Manufacturer Intel Mostek Signetics Motorola Microsystems Instruments | Semiconductor Siliconix
p-law part (s) 2910 MK5150 ST100 MC144074| 52900 coder | AY3-9900¢ | MMS8100 Draa) cooer”
MK5118’ MC14406’ | $2901 decoder LF3700 DF334 decoder?

A-law part (s) 291 MK51565 not available| MC144074| $2902 coder AY3-9900¢ | MM58150 DF341

$2903 decoder LF3700 DF342

2 C-MOS

Process technology n-MOS C-MOs 1“L C-MOS C-MOs n-MOS bipolar C-MOS
Die size {mil?) 22,000 31,280 36,000 34,125 info not 19,500 25,600 19,162

available 11,550 16,386
Mask count o 1 info not info not
{with final coat) 9 10 10 7 8 6 available available
Number of chips 1 1 1 1 13 1 2 13
Filter on chip? no no no no yes no no no
Number of power supplies 1,
{not including reference) 3 2 _3 — ! 2 2 2 2
Voltage supply values +12,25. | 5 12,45 10-16 +5 +9,+5 +12 +75
Mode of operation asyn/syn | asyn/syn asyn/syn asyn/syn asyn/syn asyn/syn asyn/syn syn
Number of pins 24 24/16 24 28/24 18 coder 24 28/20 14

22 16 28 16 decoder 22/20
Voltage reference on chip? | yes no no no no reference yes no
not needed
Power dissipation (typ):
active (mW) 220 375 80 {includes filter) | 300 250 45
standby (mW) 110 not available| 50 {max) 05 not available | < 10 not available
as option 25 as option as option
"no signaling version 2 TTL compatible signal output I separate coder and decoder #pin selectable conversion law

not even say if work is in progress.

European companies, while not included on the chart,
have not been napping. Siemens AG of Germany has
taken a two-chip n-MOs and bipolar approach in its
A-law codec but does not yet have a u-law device.
Sweden’s Ellemtel is said to be cooperating with Nation-
al Semiconductor’s ¢-M0S and bipolar effort.

In England, General Instrument Microelectronics Ltd.
is one of the first companies on the market with a
pin-selectable u- or A-law device with full ccITT
compliance. It uses an off-chip delta-sigma modulator to
convert data to pulse-code-modulated form. Pye Ltd.,
Ferranti Ltd., Plessey Co., and General Electric Co. Ltd.
are also hard at work in this area. As in the U. S., there
are probably too many potential suppliers, and a
shakeout appears just as inevitable.

Strangely enough, no Japanese codec activity has been
visible—a state of affairs that no one in the American
semiconductor industry expects to last much longer.

What are the tradeoffs?

Obviously, manufacturers want a small chip, the
fewest possible number of masks, and simple processing
to maximize their yield. Users want a minimum number
of standard power supplies with wide tolerances. Low
active power dissipation and a possible standby mode are
also desirable as may be a voltage reference on the chip,
depending on the conversion method used. Microproces-
sor selection of time slots may be useful in certain cases,
as may be various interfaces for phone ringing, dial pulse
echoing, and other special codec functions. Also, where
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timing cannot be derived from local clocks, asynchro-
nous operation may be required.

None of the codecs available has all of these features
or options simultaneously. Clearly, compromises have
had to be made. Unfortunately, the various manufactur-
ers disagree as to which of the codec requirements are
more important.

However, power dissipation is accepted as one of the
more critical characteristics, especially when codecs are
installed in individual telephones. It is dogma that no
external power can be connected to the telephone, so that
all power must come from the relatively low-level line. In
this regard, C-MOS parts are inherently superior to n-MQS
and bipolar devices. For instance, Motorola’s c-MOS part
dissipates 80 milliwatts in its active mode and just
0.5 mw typical in standby. In contrast, the n-MOS parts
dissipate 220 to 300 mw active and 110 mw standby.
Moreover, three of the codecs, General Instrument’s
n-MOS, Mostek’s ¢-M0S, and Siliconix’ ¢-M0S do not
have standby modes.

Codecs from Signetics Corp. are being tested by Inter-
national Telephone and Telegraph Corp., and General
Instrument’s device was developed in conjunction with
the British Post Office. In addition, National Semicon-
ductor Corp. says it has shipped thousands to two tele-
phone companies. But actually most manufacturers have
made samples available to all comers, and it appears that
“everyone is buying from everyone.” Small-quantity
prices seem to be rather arbitrary, and no one knows
what a really large quantity would go for dollar-wise.

Industry observers and the semiconductor manufac-
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turers themselves believe that there has to be a signifi-
cant shakeout. Right now there are a dozen or so possi-
ble manufacturers, both domestic and foreign. Once the
customers start making volume buys and the trends
become clear, it is probable that the losers will abandon
their own idiosyncratic designs and become second
sources for the preferred approach, whatever that may

be. Marketing clout, reproducibility, low cost, high
performance, and early delivery as usual will determine
who’s who in codecs.

The two articles that follow offer a detailed account of
the shared-codec approach and an n-mMOS one-chip
design. Articles on codecs implemented with ¢-MOs and
12L processes will appear in subsequent issues. O

In any telephone network, the input voice information is an
analog time-varying signal. In a digital net of the time-
division-muitiplexed kind, this voice-data input is digitally
sampled by the codec at discrete, uniform intervals. These
intervals are determined by the Nyquist sampling theorem,
which states that any signal can be ultimately recon-
structed if it is sampled at a rate equal to twice its highest
frequency of interest. The universally accepted rate for a
telephone conversation is 8,000 samples per second
because voice data transmission up to 4,000 hertz has
been found to have enough fidelity for practical purposes.

The voice signal must be band-limited at 4 kilohertz by a
low-pass filter to prevent it from being distorted by the
codec's analog-to-digital and digital-to-analog conver-
sions. Ultimately semiconductor manufacturers will incor-
porate the filter in the codec itself, and there is some
feeling that even the full-duplex hybrid, which allows two-
way conversions, will end up in the codec.

The digitally encoded information is transmitted in bit-
serial form. This technique allows data transmission from
24 voice channels into 24 time slots on a single, serial-
transmission highway or bus. One 8-bit code word from
each voice channel is transmitted in its associated time
slot, and the bus format groups the 24 8-bit time slots into
a 192-bit block.

Overall synchronization is provided by adding 1 bit and
the resulting 193 bits are designated a frame. This last
frame synchronization bit defines the boundary between
time slots 1 and 24 and serves to keep the time-slot
counter of the far-end receiver synchronized with that of
the near-end transmitter. The 8-kHz frame repetition rate
then produces the characteristic 1.544-megabit-per-
second data used in all AT&T T1 systems. The 8-bit data
block corresponding to one sample of a given voice chan-
nel is demultiplexed by time-slot identification at the
receiver.

What the codec does

The critical step in the process of forming the digital
pulse-code-modulation signal is the assignment of a bina-
ry code to each analog sample as it is presented to the
codec. This is usually done by a system of nonlinear
quantization referred to as companding and performed by
a compander (compressor-expander).

In a typical companded transmission system, the analog
signal is passed through the compressor part of the trans-
mitting compander before being transmitted. At the
receiver the analog signal is passed through the expander
part of the receiver compander. The process boosts low-
level signals, making them better able to compete with the
system noise, and attenuates high-level signals, prevent-
ing them from saturating the system.

A digital realization of the desired companding law is
obtained by segment or chord approximation to the curve
shape. North American PCM systems use digitally realiza-
ble approximations to the so-called u-255 taw. For this
encoding law, there is a total of 8 chords for each input
polarity, with each chord having 16 equal steps. The step
size within each chord is constant, but doubles in size from
one chord to the next, starting with the chord nearest the
origin.

European telephone systems also use a chord or
segment approximation put in accordance with the so-
called A law. A total of eight segments is again used for
each polarity. For the four chords nearest the origin,
however, the step size remains the same and the four
chords about the origin are merged into a single chord.
After the first two chords, the steps double in size from
one chord to the next.

In practice, there is not much difference between the
two laws. Controversy over which is “better’’ exists but
involves various nontechnical arguments concerning the
place of origin. In any case, most codec manufacturers are
making both laws available for the two markets.

Multichannel shared codecs
cost less and save on power

by Guido Pastorino,
Precision Monolithics Inc., Santa Clara, Calif.

[J One option for the designer of pulse-code modulation
systems is to assemble a coder-decoder from separate
large-scale integrated circuits and share it among eight
or more channels. Such a codec uses less power and costs
less per line than the single-chip-per-channel approach
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advocated by most integrated-circuit manufacturers.

The idea has a long pedigree. The earliest codecs,
which were built out of discrete transistors and passive
components, were shared devices, and LSI shared codecs
have been going strong for as much as two years. Such
devices can be found, for instance, in carrier systems,
digital private-branch exchanges, and remote terminals,
including a number of systems that meet or exceed
telephone system specifications. In a typical digital
exchange, this kind of codec may be shared among 8, 12,
or 24 lines. Such a design is at present being considered
by AT&T for the D4 chapnel-bank codec.

A shared codec digitizes the signals from each channel
in turn. It takes a sample from the first channel, assigns
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1. Packaging density. Only 9 of the necessary 24 ICs for a per-line
codec fit on the board at left, whereas all the ICs needed for a 24-line
shared codec fit on a board on the same size at right. Packaging
density is a prime factor favoring the shared-line codec approach.

it a digital value, puts it out on the pCM line, and starts
over again with the second channel. This contrasts with
the per-line approach in which each line requires its own
codec and the time-slot interfacing is done digitally,
usually by busing the codec outputs.

To share or not to share?

In a shared-codec system, the multiplexers, references,
sample-and-hold circuits, digital-to-analog converters,
and other devices are all implemented as separate LSI
circuits. The multiplexers and sample-and-hold circuits,
in particular, are manufactured to exhibit much lower
crosstalk than their discrete counterparts, seriously
weakening the argument that per-line codecs are neces-
sary to eliminate interchannel crosstalk.

Moreover, the use of shared codecs allows the appro-
priate process technology to be used for the different
codec functions. In the per-channel approach, it is not
always practical to optimize all functions at the same
time on the same chip, since different functions are
sometimes best performed by different technologies.

The budget’s the thing

As far as the engineer is concerned, however, the key
reasons for going to shared codecs are the power and cost
budgets and the package count (Fig. 1).

Figure 2 and the table show how low the power
consumption can become with two distinct shared-codec
configurations. The per-line 24-channel codec, which
encodes with two d-a converters and decodes with one,
has a total codec power consumption of 2,541 mw, which
divided by 24 yields a per-channel power consumption of
only 106 mw. The 32-channel codec has exactly the
same component count as the 24-channel system and
also exactly the same total power dissipation, but the
per-channel power dissipation drops to 79 mw.

Then there is the cost factor. Estimates indicate that
the per-channel cost of the Precision Monolithics devices
used for an 8-channel system with one digital-to-analog
converter each for the receiving and transmitting func-
tions are $3.92 per channel, in 100,000-piece quantities,
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2. Less power. As the number of codecs shared per channel
increases, the power dissipation per channel decreases rapidly. With
the per-line codec approach, dissipation is constant, regardless of
the number of channels. A curve comparing prices would be similar.

and the per-channel cost for the devices in the 24-
channel system is $2.36 per channel for the same quanti-
ty. For the 32-channel system, cost shrinks to about
$2.00 per channel.

In terms of package count (a major size and reliability
consideration), shared codecs are competitive with per-
line codecs if shared over eight or more channels. When
the per-line device is contained on one chip, the package
count for both systems is about the same. When the
per-line system is a two-chip set, the package count
favors the shared-codec system. For the 24-channel
codec system in the table, the total package count would
be 24 even with a generous 10-package allowance for the
successive-approximation register and miscellaneous dig-
ital components. With a per-channel system, allowing
two extra packages for reference supplies, the package
count would be 26 for a one-chip system and 50 for a
two-chip system.

Building a shared codec

A typical shared-codec system, such as a 24-channel
D3/Tl-type bank, may be built with a set of three
8-channel shared codecs (Fig. 3). This design is easy to
construct and requires only noncritical layout tech-
niques. It uses six d-a converters to encode and decode
24 channels. More advanced systems use two converters
to encode two groups of 12 channels and one converter to
decode 24. The theory of operation of those more
advanced systems is the same as the one for the
8-channel systems.

Each input to the transmitting multiplexer is preceded
by a transmitting filter, and each output of the receiving
multiplexer is followed by a receiving filter. The receiv-
ing and transmitting filters are identical, except that the
receiving filters have a frequency response peak between
3 and 4 kilohertz to correct for frequency rolloff caused
by the zero-order-hold capacitors at the output of the
receiving multiplexer.

In the next step, the transmitting filter outputs are
applied to the transmitting multiplexer, which is the first
of the two stages of the analog sampling system. The
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0 POWER BUD 0 0 ARED COD
System configuration - 24—chanr.1el . 32.—channel
with one d-a converter for receiver, two for transmitter
Device r’:‘a:m?:é dls?%vé?;ron qu:L:Jnntlitt(igs:s;fIqOO ggm?:é dlf(s?mp‘é?)iron qugr?t'it?%‘%szt)fl "oo

Digital-to-analog converter 3 423 27.00 3 423 27.00

Sample-and-hold amplifier 2 320 19.00 2 320 19.00

Reference 1 15 1.95 1 15 1.95

Comparator 2 206 6.00 2 206 6.00

High-speed operational amplifier 1 110 2.50 1 110 2.50

Multiplexer 7 1,092 52.50 7 1,092 52.50

Successive-approximation register and

miscellaneous digital components 10 375 20.00 10 375 20.00

TOTALS 26 2,541 128.95 26 2.541 128.95
i Pe;-channel o 1.08 106 5.37 0.8 79 4.02

Large-quantity per-channel cost | 7 [ _2.13(; 1 I - 2.05

multiplexer connects each of the channels, in sequence,
to the sample-and-hold circuit, functioning as a single-
pole, eight-throw switch that cycles through all eight
channels at an 8-kHz rate.

After all the switching transients have died down, the
output of the multiplexer is sampled by the sample-
and-hold circuit, which becomes the second stage of the
analog sampling system. The output of this circuit
remains constant throughout the entire analog-to-digital
conversion period. It is fed through a resistor into the
comparator, which together with the a-d conversion logic
and the digital-to-analog converter make up the codec’s
a-d converter.

The comparator has one resistor in series with its
positive input terminal (through which the sample-and-
hold output enters) and another resistor in series with its
negative input terminal. The resistors’ job is to convert
the d-a converter output, currents le(—) and IL.(+),
into voltages that can be compared with the one from the
sample-and-hold output. Current I.(+) flows only for
negative signals (indicated to the d-a converter by a
binary 1), while L.(—) flows only for negative signals
(indicated by a binary 0).

To satisfy the successive-approximation criterion used
in this system, the input to the a-d conversion logic must
be binary 1 whenever the magnitude of the analog
voltage exceeds the product of R and either I.(—) or
I(+). For a positive analog signal, the output of the
comparator is a binary 1 whenever the analog voltage
exceeds I.(+)R. For a negative voltage, however, the
output of the comparator is a binary 0 whenever the
analog voltage magnitude exceeds I.(+)R. The exclu-
sive-OR gate inverts the output of the comparator for a
negative analog signal.

The a-d conversion logic, which consists of a succes-
sive-approximation register with supporting logic, oper-
ates in a standard manner. After the encode command is
generated by the system timing and switching logic, the
encode-decode pin of the converter is placed in the
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decode or binary 0 state forcing both I.(+) and I.(—)
to zero. The comparator is then disconnected from the
d-a converter and acts as a polarity detector. The sign-
bit pin is forced to O during the first clock cycle to allow
the result of the polarity detection to be clocked into the
a-d conversion logic as the sign bit.

This sign-bit generation ends with the arrival of the
next clock pulse. Following this, the input on the d-a
converter’s encode-decode pin is returned to binary 1 to
reconnect the comparator. The bit adjacent to the sign
bit, the most significant bit, is forced to 0 and all
succeeding bits are forced to 1. The second input to the
exclusive-OR gate resumes the inverse value of the sign
bit, and the input analog voltage is again compared with
the I.(+)R or [.(—)R product.

If the magnitude of the analog voltage exceeds I.(+)
or L..(—)R, the output of the exclusive-OR gate becomes
a binary 1, indicating that the trial bit (the 0 on the MSB)
should be a 1. The next clock pulse will then clock in the
1 for the MSB. Had the analog voltage magnitude been
less than L.(+)R or L.(—)R, then the output of the
exclusive-OR gate would be 0 and a 0 would have been
clocked into MSB on this clock pulse.

This successive-approximation procedure continues
until all the binary bits have been determined, and the
resulting binary number represents the best approxima-
tion to the analog input. Since two converters are used
per codec, the system is completely asynchronous and
decoding and encoding functions can be performed
simultaneously.

Putting it together

In order to multiplex a large number of channels
through the same codec with the least amount of distor-
tion for low-level signals, both short acquisition time and
superior accuracy (low zero-scale error) are required of
the sample-and-hold circuit. The accuracy itself is
severely affected by a secondary term that is designated
the droop rate. ‘
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3. Typical system. A 24-channel D3/T1-type bank may be built with a set of three 8-channel shared codecs. Only a portion of the repetitive
system is shown for simplicity. In this particular configuration, six d-a converters encode and decode ali 24 channels of the system.

A suitably designed sample-and-hold amplifier, such
as the SMP81, takes the codec’s needs into account when
addressing the acquisition and accuracy problems.
Acquisition time is reduced by force-feeding current into
the hold capacitor whenever there is a large difference
between the input and the output voltages. Proper input
characteristics are provided by zener-zap circuitry. This
is trimmed at the wafer stage, so as to introduce input
offset voltage of the proper polarity to null out any
zero-scale error due to charge transfer.

Droop rate is minimized by the use of ion implanta-
tion. As a result, the sample-and-hold amplifier has rates
comparable to those obtainable with field-effect-transis-
tor versions, but without their severe temperature degra-
dation. Where the droop rate of FET sample-and-hold
circuits deteriorates with increasing temperature in the
0°C-t0-70°C temperature range, the SMP-81 droop rate
actually becomes better. Because of bias-current—cancel-
ing techniques, it actually goes through zero at approxi-
mately 70°C.

The multiplexers require very low crosstalk between
channels and minimum susceptibility to damage from
the inadvertent application of signal and power in the
wrong sequence. This implies devices designed around a
bipolar-FET approach. The MUX88 eight-channel multi-
plexer is a good example. It operates over a wide range
of supply voltages, including single supply, and is pin-
compatible with most of the popular complementary-
metal-oxide-semiconductor and FET multiplexers. Be-

cause operation is break-before-make, two channels can
never be simultaneously applied to the output.

The companded 8-bit u-law system, which has the
equivalent resolution of a 12-bit system, makes heavy
demands upon the comparator. For example, the input
offset voltage should be small compared to 1.0 millivolt
and the input offset current should be small compared to
200 nanoamperes. This requirement is satisfied by the
CMP-01 precision comparator, which typically has
0.3-mv offset voltage and 25-na offset current.

All codecs require precise references for the convert-
ers. The pMI REF-01 and REF-02 were designed for use
with multiplying converters. A band-gap approach is
used because the energy bandgap of silicon is a funda-
mental physical property and not a process variable.
Compatible thin-film resistors and zener-zap trimming
of the bandgap slope itself provide a stable, precise
reference with a low temperature coefficient.

The companding converters required for d-a conver-
sion have internal ladder networks that make them
applicable in almost any codec configuration. They are
capable of decoding up to 32 channels at the ccITT
2.048-megabit rate.

In conjunction with the sample-and hold amplifier,
comparator, and successive-approximation register, the
companders can easily encode 8 to 12 channels. In
transceiver applications, the encode/decode pin may be
sequenced so that the same device may be used for both
encode and decode. O

N-MOS codec packs in
analog and digital circuitry

by Ben Warren, John Huggins, and Marcian Hoff,
Intel Corp., Santa Clara, Calif.
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[J A single-chip coder-decoder can be an elegant,
economical, and highly reliable integrated circuit, but it
can be even more than that. The use of n-channel
silicon-gate metal-oxide-semiconductor technology per-
mits a versatile large-scale integrated codec that packs in
many extra analog and digital functions. As well as
enhanced capability, the n-MOS process allows a voltage
reference on chip, and one that needs no precision
components or external adjustments at that. The result is
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Small and capable. The single-chip-per-channel 2910/11 meets
the specifications of North American and European standards for
PCM codecs. It performs all conversion functions and, when inter-
faced with a microcomputer, performs time-slot computations.

the 2910/11 pulse-code-modulation codec. The 2910
conforms to the North American PCM protocol, and the
2911 is designed for the European protocol. Each is a
metal-mask option of a basic chip.

Use in the telephone system puts stringent require-
ments on this IC. It must perform analog-to-digital and
d-a conversion of voice data while meeting strict gain-
tracking, stability, and noise standards. The telephone
industry specifies PCM encoding for compatibility with
existing transmission facilities, and it also specifies fram-
ing, signaling, and companding laws.
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1. Stable reference. To meet the stringent requirements for loop
gain in a codec design, the d-a converter must have a precision
reference. By using the difference in threshold voltage between
enhancement-mode and depletion-mode devices for this purpose,
temperature and supply effects are greatly reduced.
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However, in approaching the design of a telephone
codec, there are many options to be considered, in func-
tions as well as in process technology. For example,
codecs have been used primarily for transmission
between switching centers, but a properly configured
device could be useful in the switching systems them-
selves. Once digitized, voice signals could be routed by
logic gates, rather than by analog switches.

All pcM codecs are intended for use in time-
multiplexed systems, and the 2910 is designed to digitize
the voice signal before it is assigned its time slot in the
data stream. Thus each incoming analog line or trunk
must have access to a codec. In such a setup, significant
power and hardware savings can be realized with this
chip. Because the input lines typically operate with rela-
tively low duty cycles, it is designed to be quiescent when
its input is inactive, and thus it will not occupy a time
slot in the voice data stream or draw power from the
supply. More hardware is saved because any 2910 can be
assigned to any open time slot. This capability permits
switching in small systems without needing additional
logic in the data stream.

Reducing the burden on the system controller is
another asset made possible by the 2910 codec. The part
incorporates circuitry that permits it to perform the pcm
multiplexing and demultiplexing operations at the right
instant with no more input than a time-slot assignment
and two bits to select the desired operational mode.
Since microprocessors are rapidly coming into use as
controllers for telephone switching systems, the 2910 is
designed to operate much as an intelligent peripheral
chip does.

Why n-channel?

Although some analog functions are included in
modern n-MOS microcomputer and memory devices, the
codec analog circuitry has not been implemented in an
n-channel process previously. However, meeting the
rigorous codec requirements means that, by extension,
any low- or medium-speed analog LSI problem can be
solved with the process. Also, the superior n-channel
density in logic applications allows numerous analog and
digital functions on the same substrate.

For example, with n-channel technology, charge-
transfer devices and switched capacitors can be used to
form economical filters. Furthermore, a random-access
memory, a read-only memory, a programmable ROM, a-d
and d-a circuitry, precision references, and additional
codec logic are combined on the same substrate.

Buried-ion reference

All telephone networks need consistent gain in the
transmission loop; therefore each codec-equipped line
must perform its a-d or d-a conversion with a known
stable insertion loss or gain. This requirement may be
met by supplying the d-a converter with a stable refer-
ence voltage.

Such a reference may be added through the use of
external precision components, but in this single-chip
codec, the reference is built in. In any event, there are
three key requirements that must be met.

The first is initial accuracy at the device level. If each
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2. External time slots. A common controller requires one RAM
location for each time slot. Output and receive data are strobed
concurrently. Two external memory words and time slots are required
to establish a two-way conversation. The first two locations in the
map indicate a call between codecs 5 and 2 in time slots 1 and 2.

block in the system is sufficiently accurate, no gain
adjustment is necessary. Furthermore, the reference
must not drift appreciably with age, for a change in gain
over the 40-year normal life of a telephone system can
cause its instability and failure. Reliable operation also
requires low temperature and voltage coefficients. Final-
ly, local generation of the reference is necessary. Very-
low-level voice signals preclude designs that share the
reference for many codecs (because system noise will
interfere), as well as designs that distribute the reference
signal any distance (because voltage drops accumulate).
To obtain the 2910’s on-chip voltage reference, Intel
uses its customary approach for standard two-layer poly-
silicon n-channel devices and two separate threshold-
adjusting implants. These implants permanently lodge
ions in the crystal-structure channel regions, which are
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3. Local switching. A significant hardware reduction is achieved
using the 2910 as a programmable switching element. Time slots for
each direction are made independently over a single bit-serial input
by shifting in an 8-bit control word specifying transmit, receive,
neither, or both. The control words contain two fields: 2 bits to show
the direction and 6 to define the time slot.

then sealed with a high-integrity thermal gate oxide.
Diffusion of the ions is not measurable below 900°C,
resulting in a very stable threshold. It is this stability
that is the basis for the codec’s reference.

The reference circuit (Fig. 1) generates a voltage
equivalent to the difference in thresholds of devices Q,
and Q,. Q, is an enhancement device, while Q. is a
depletion device, and in such a configuration the temper-
ature effects cancel and supply-voltage coefficients are
greatly reduced. Thus V. variations over time, tempera-
ture, and supply can be held to less than 0.07 decibel.

Since the difference in the devices’ thresholds, and
hence V., is a function of two separate implants, there is
a chance for a mismatch that will lead to a stable but
nonstandard voltage. Thus a trim circuit is included,
which works by setting polysilicon fuses in an opera-
tional-amplifier feedback circuit. Manufacturing toler-
ance on this operation is *20 millivolts around a nomi-
nal 3.15 volts.

Time-slot assignment

A crucial function in any PCM system is assignment of
the encoded voice to a time slot in the data stream. A
codec that can take much of this responsibility can go a
long way towards reducing system complexity and cost,
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The vastness, complexity, and interdependence of tele-
phone systems makes standardization an all-embracing
rule, for economy as well as for successful operation.
There are three basic aspects to this standardization, each
of which bears upon the design of a successful coder-
decoder chip.

First of all, there is component standardization, which
benefits the device manufacturer, the system manufactur-
er, and the telephone company alike. There are two
aspects: designing the codec as both a switching and a
transmission device, and, as Intel has done, extending the
versatility of software control to the codec.

The result is a part that can be used in all basic classes
of telephone systems—not only transmission channel
banks and central-office switching systems, but also
remote line modules and concentrators, private automatic
branch exchanges, key telephones, telemetry, secure
communications, and other digital applications.

Secondly, there is system standardization. The manu-
facturer of telephone equipment generally seeks a produc-
tion life cycle of 20 to 30 years in order to amortize the
hefty costs of planning and developing systems that fit

The quest for standardization

into their proper niches in the telephone network. General-
ly, his prices are based on such a life cycle, but he can be
hurt badly if a basic system cannot be modified easily to
follow the phone companies’ changes in system architec-
ture and service capabilities. Hence there is increasing
emphasis on software control and microcomputers in new
switching systems—and in the design of codecs.

Above all, there is network standardization. Here stan-
dards and practices exist so that wholesale modifications
to the telephone network need not be made to accommo-
date new equipment. Since pulse-code modulation and
time-division multiplexing are used for transmission
between switching centers in most digital applications,
network standardization benefits by the use of the PCM
codec on the subscriber side of the switching system.
Special interfaces and hybrids are therefore not necessary
at the interfaces between systems.

In the long run, PCM and TDM standardization will
extend to the other side of the switching system. Then
interfaces will disappear as PCM switching-system high-
ways are integrated with PCM span lines to satellite
systems and with PCM trunk lines to other offices.

improving reliability, and eliminating components in the
circuitry common to all phones in the network. A
comparison of systems will bring this out.

Figure 2 represents a small system with 32 codecs and
a single transmission highway with 32 time slots (a
system where the number of slots equals the number of
phones is called nonblocking). For the sake of simplicity,
only the select and data interfaces of the codecs are
shown in the figure.

Local conversations in this system can be set up if the
PCM transmit-data output of the caller’s codec is strobed
onto the bus at the same time that the PCM receive-data
input of the listener’s codec is strobed on. A common
controller performs dynamic time-slot assignments with
the help of a RAM that has an individual location
associated with each time slot. Thus the memory must
have enough locations to address or select all codecs in
the system.

As the memory map in Fig. 2 indicates, there are two
fields in each 10-bit word addressing the receiving codec.
Of course, two memory words—and two time slots—are
required to establish a two-way conversation.

The amount of hardware used is impressive. A pair of
1-0f-32 decoders is required to select simultaneously one
transmitting and one receiving codec in each time slot.
The address multiplexer permits the controller to write
new time-slot assignments into the RAM via the R/W line,
and the 5-bit counter continuously sequences the memo-
ry through all 32 locations, once per time frame of the
data stream. Moreover, the controller must maintain a
record of all calls in progress, which generally requires a
separate, more accessible memory (not shown).

In contrast, the same system built with 2910 codecs
and a low-cost microprocessor or single-chip microcom-
puter (Fig. 3) can handle the time-slot assignment with a
single 1-of-32 decoder for device selection. The control-
ler can assign time slots for each direction of transmis-
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sion directly to each codec by shifting in an 8-bit control
word over a single bit-serial input.

As the memory map in Fig. 3 shows, the control word
contains two fields, the first specifying the mode of
operation and the second specifying the time slot. If the
mode field specifies neither transmit, nor receive, nor
both, the codec enters a reduced-power standby state,
and remains in it until another time-slot assignment
forces it into activity. The only restriction in the clocking
rate is that the 8-bit control word must shift in less than
one frame, typically 125 microseconds. However, this
shifting can be asynchronous with respect to all other
2910 clocks because the codec addressed will take care
of any necessary synchronization.

These two system approaches demonstrate how on-
chip time-slot computation can reduce hardware and
interface complexity. Similarly, reliability doubles with
the on-chip interface. Since the time-slot logic is
contained in each codec, the amount of critical common
circuitry is reduced, thereby cutting the chances of a
multiple-line failure.

The 2910 can be used as well in systems with 24 and
48 lines and also within the modules of larger systems.
Nor is it restricted to nonblocking systems. In a blocking
system, the number of codecs that can be handled is
determined by the size of the requirement for simulta-
neous call handling. For example, blocking systems of
100 subscribers (and 100 codecs) may be served by a
24-channel network with dynamic time-slot assignment.

In addition to the savings in systems hardware, large
savings in cabling can be realized. For example, a simple
T1 line (a twisted pair in each direction) can link a
central office with a remote line module, which may be
blocking or nonblocking. A blocking module will act as a
concentrator and may also have the capability to
complete local calls, thus enhancing cabling and
central-office equipment savings. |
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Meet the real OEM display

__ Itseasytodesignin...
itgives you a good system image.

/b :

Easy viewing, even in high-
ambient light, is provided by HP's Versatile interface is the result of a set
new 1340A with post-accelerator of intemal switches that let you select

CRT. You get a bright image on input impedance, input sensitivity, polarity 086,34
the 114 cm? {17.7 in*) screen for and bandwidth. One display model can

easy evaluation of intricate be used with a variety of different instru-

presentations. ments and systems.

Easy system integration is the result of
the 1340A’s packaging flexibility. Open frame,

Crisp displays of complex graphics and .
alphanumeric data is assured by a 0.46mm Flexible location of controls is possible with Szf;otzs' :irltxcaljztatc:( aned :la c:r:n(;u:tt
(0.018 in.) spot that focuses uniformly over the 1340A’s separate control panel. You can confiqur. eﬁ n-U adapt to nearly any system
the entire viewing area, regardless of inten- locate intensity, focus, gain and trace-alignment Seianel
sity level. controls to suit your particular system. Or,
with Option 001 you can use your own controls. 4
¢
. . ®
HP’s new 1340A is a true OEM display component. . R .‘
And to accommodate most OEM requirements, options ‘ d .,
such as different phosphors and TTL blanking as well - . N S 2 7
as a choice of packaging schemes are available. For only
$1,000%, you get a cost-effective display that easily =
adapts to almost any instrumentation system. HEWLETT . ﬂ' PACKARD
So for a better image of your system’s performance,
look into HP’s new OEM display. For further details, 1507 Page ill Road, Palo Alo, California 94304
ask your local HP field engineer.
For assistance call: Washington (301) 948-6370. Chicago (312)
* Domestic U.S.A price only. 2569800, Atlanta (404) 955-1500, Los Angeles (213) 877-1282
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Designer’s casebook

Negative-output regulator
tracks input voltage

by Gil Marosi
Intech Function Modules Inc., Santa Clara, Calif.

By using an astable multivibrator in a flyback arrange-
ment to develop negative voltages from positive ones, this
regulator ensures that its output tracks the input, such
that Vo = —V,,. The voltage-controlled circuit requires
only three active devices, all of them transistors.

Qi and Q, form the free-running oscillator, as shown
in the figure. With Q, on, the Via voltage is impressed
across resistor L, causing the current through L to
increase linearly. The peak value of current reached
before Q; turns off will be directly proportional to the
magnitude of the output voltage developed across capac-
itor C,.

During the time the current through the inductor
increases, no voltage can be developed across C, because
diode D is back-biased. When Q2 switches off, however,
the collector voltage drops from Vis, and the capacitor
charges to a negative voltage. This occurs because the

thereby causing a negative voltage at the output.

The field across L then begins to collapse and D is
biased on, placing the output voltage (V, + V) across
L, where V4 is the diode drop. The current through L
must then fall linearly to zero. This completes one cycle
of the flyback operation.

The input voltage is next compared with the output
voltage at the summing node, at the base of Q;. This
transistor amplifies the voltage difference and trans-
forms it into a current that is used to control Q,’s
turn-on time. Thus if V,,, should fall, the control current
will act to increase the on time of Q., thereby increasing
the peak current through L and so raising the output
voltage. This analysis assumes that Vi, emanates from a
stiff source—that is, an increased current demand will
not cause a drop in V;, because of an increased voltage
drop across the source’s internal impedance.

Without Q;, the load regulation would be directly
proportional to a change in load current (I.) and so a
10% change in 1. would cause a 10% change in load
voltage V.. Q; ensures that such a change in I, causes
only a 0.2% change.

Component values are given for a circuit that operates
withan I, = 20 milliamperes, a V, = —5 volts, and an
astable multivibrator operating at 50 kilohertz (r = 20
microseconds). Equations are given in order to facilitate

charging current through the coil makes D turn on, the design of regulators for specific parameters. O
= Vin
1N4148
0,
2N2907 Q,
C 2N2907
| S
f D
7,100 pF ¢ .
g 1,000 pF T l =
— 1 Cq
Pos Ra CI 20uF
6680 & 2k Rs é 2 g +
2100 & T12uH
l C3 - [ Vol + vdJ T
L - =T =T Io =41
0.1 uF 81, 2 1 2 [3 L
Q, e = T2 ey = {1 mA) SVIT, Tl
R 2 = 7 3 = 4=
2N2222 55K 0o 0.7 R, 2V, Ra AV,
" FINE ADJUST o h . (‘v,N -0.7 ; R, - Vil 08
43kQ 122G ? I @ N
V07 Viy =07
Ra = A R = oA

Flyback follower. Regulator uses astable multivibrator Q,

~Q; and inductor to generate negative out

put voltages from positive inputs while

also ensuring that V,,, = —V,.. Differential amplifier Q; serves to develop feedback control voltage to readjust on time of Q. and thus voltage
developed across L and C, when Vou # —V,.. Component values are givenforl, = 20 mA, V, = -5 V,and f = 50 kHz.
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Controller selects mode for
multiphase stepping motor

by Oldrich Podzimek

Electrical Engineering Research Institute, Prague, Czechoslovakia

Offering a selection of the most common stepping
modes, these circuits are an inexpensive solution to the
problem of torque control in four- and five-phase motors.
The mode can be changed simply by the flip of a switch.

The basic circuit is the same for either stepping motor.
It consists of a 4-bit binary-coded-decimal counter, a
BCD-to-decimal converter, and several gates that serve as
phase detectors.

The four-phase controller is shown below. The 74193
counter advances with each input-clock pulse at a
frequency determined by individual requirements. Note

that the 74193 can count up or down and so may be used
to step the motor in the opposite direction if desired.

As the counter increments or decrements, the output
of the 7442 4-to-10-line decoder switches in a manner
dependent on switch S. If S connects port A’ of the 7442
to the A port of the 74193, the decoder’s output will
move from 0 to 7 in sequence. Otherwise, the output will
switch to even values every other count (S connected to
logic 0) or switch to odd values (S connected to logic 1).

A combinational logic circuit using gates G,—G.
converts the 7442’s output to phase information in order
to drive the motor. As can be seen in the truth table,
either one or two windings of the motor will be active at
any given time.

The motor will step most smoothly when S is connect-
ed to A. When S is-connected to L, the step angle will be
doubled, and only one of four motor windings will be
excited at any given instant, thereby improving the effi-
ciency of the step operation for a given torque. Note that
when S is in the H position, the step angle will be the

74193 7442
1% x 7410
9 1
12 > 12
] ) D 8 2 ¢, PHASE 4
5] COUNT —[_
cLOCK op - 7
6 13
c c 6 PHASE 3
5
2 14 g
B B =
PHASE 2
4] COUNT
CLOCK —F pown 2
A 3 15.A 1
0 PHASE 1
s
L
—0
i
- 5V-—H—-O
A L H
COUNTER OUTPUT
PHASE PHASE PHASE
z z z
A B c D 1 2 3 4 1 2 3 4 1 2 3 4
0 o 0 ©O0OR 1|1 o o oflo|l1 o o ofof1 1 0 0fn
1 o o0 oO0oOoOrR 1|1 1 0o ofl1]1 o o ofo]1 1 o 0fn1
6 1 0 oOORT1/0 1 0 0fl2]l0 1 0o o0f2f0 1 1 o0f3
1 1 o oor1|l0 1 1 ofl3lo 1 0o of2/0 1 1 0of3
6 o 1 o0oOR 1|0 0o 1 oflalo o 1 ofalo0o 0 1 1|5
1 o 1 o0orR1|0 0 1 1|50 0 1 o0o|/4l0 0 1 1|5
o 1 1 o0o0orR1|/0 0 o0 1/6/0 0o o 1/6/1 0 0o 1|7
1 1 1 o0o0OR 1|1 0 o 1/7/0 0o o 1/6/1 0 o0 1|7
Z = SWITCHED OUTPUT OF 7442 (DECIMAL EQUIVALENT)

1. Multimode. Step controller uses up-down counter, decoder, and logic to control excitation of four-phase motor windings. Switch S selects
one of three possible operating modes, ranging from smooth-stepping to high-torque.
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1 0 1 0 00 1 1 1|s5l0o 0o 1 1 oflalo o 1 1 1]s
0 1 1 0 o o 0o 1 1|/6]lo 0o o 1 1]/6l1 0 0o 1 1|7
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2. Multiphase. Controller for stepping five-phase motors is similar to that for four-phase case. Five 5-input NAND gates and some additional
wiring are the only new changes required for enabling up to three phases of a motor to be excited simuitaneously.

same as in the preceding case, but two motor windings
will be active at any time, power input will be doubled,
and 41% greater torque will be obtained.

A similar circuit suitable for stepping five-phase

motors is shown above. In this case, either two or three
phases of the motor are excited simultaneously. This
circuit can be extended to solve a general m-phase motor
problem. O

Op amps and counter form
low-cost transistor curve tracer

by Forrest P. Clay Jr., Clarence E. Rash, and James M. Walden
Old Dominion University, Department of Physics, Norfolk, Va.

For a curve tracer, this relatively simple circuit is
unusually inexpensive. Used to test small-signal bipolar
transistors as well as junction diodes, it generates the
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waveforms needed to display or plot their characteristic
curves on an oscilloscope or X-Y plotter, interfacing
directly with either. Operational amplifiers, one transis-
tor, and a single binary counter are the only active
devices needed.

Central to the circuit is a current generator made up
of an op amp driven by the counter. It supplies eight
levels of base current in sequence to the transistor under
test. Op amps A, and A,, with the aid of the R,-R,-C,
timing network, initially produce both square and trian-
gular waves at test points A and C (TPA and TPC),
respectively. S, selects the waveform frequency—either
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Control production
line costs  |Fms=

with 100% automated
inspectionbyan
OPTOMATION
Instrument Sysiem

fromGeneral Electric | —

An OPTOMATION Instrument System adds electronic vision
and decision-making to your automated manufacturing
processes. It consists of a solid-state
CID Camera and a switch-programmable
Decision Processor.

It helps prevent large quantities of
defective products, or self~-damage on _—
expensive machines—with its fast, accurate, VIDED CAMERA
automatic, solid-state electronics.

An OPTOMATION Instrument System is the logical adjunct to a
production line, to monitor the line and catch minor errors early,

“ before they can develop into costly big ones.
N S The OPTOMATION Instrument System has
- applications throughout the manufacturing process,
from initial piece-part inspection, through produc-
tion, to the final product.

"OPTOMATION" is a rademark of the General Electric Company

- TN2500 REMOTE HEAD CAMERA 100 Years Of
For more information: Progre SS for People

Optoetectronic Systems Operation
General Electric Company

Room 201, Building 3, Electronics Park
Syracuse, New York 13221
315-456-2832 or 2808
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Current family. Tracer produces set of eight curves of collector current vs collector voltage from npn or pnp transistor under test. Diodes may
also be checked in circuit’s pnp-transistor mode (a). Representative curves are plotted using X-Y recorder (b). Note temperature effects seen

on the retrace portion of curves for higher values of I, and |..

1 kilohertz for output onto an oscilloscope or 0.1 hertz
for plotting with an X-Y recorder.

The waveform at TPA is then shaped by D,-Rs or
DR, into a clock pulse suitable for the 4029 binary
counter. The signals emanating from the Q,, Qs, and Q.
ports of the counter, when fed into a binary-weighted
summation network (Rs~Ry), produce an eight-step
staircase waveform at the output of A; or A4, depending
upon whether a pnp or npn transistor is under test. The
actual base current value is determined by appropriate
selection of Ry. The collector current can be calculated
from I. = V/R..

Both the collector-biasing voltage for the transistor
aunder test and the linear-deflecting voltage for the
X-axis output to the scope are derived from the triangle
wavg. The first voltage is obtained by using S,. and R,
which permit the proper dc component to be added to
the triangle signal.
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Note that the Y axis is stepped at one eighth of the
rate at which the X axis is scanned. Thus, if the
sampling rate is 1 kHz, each of the eight current levels is
swept at a rate 125 Hz, well above the rate at which
flicker is detectable on a scope.

The circuit is easy to use. Simply place ganged switch
S, into whichever position is correct for the type of
transistor being measured (npn or pnp); place the tran-
sistor into the test socket; and apply circuit power. To
test a diode, insert its anode and cathode leads into the
emitter and collector sockets, respectively, and put S; in
the pnp mode.

Figure 1b shows two representative families of curves
the circuit produced on an X-Y recorder for the two
types of bipolar transistor. O

Designer's casebook is a regular feature in Electronics. We invite readers to submit original
and unpublished circuit ideas and solutions to design problems. Explain briefly but thoroughly
the circuit’s operating principle and purpose. We'll pay $50 for each item published.

Electronics /September 14, 1978






DIGITALS 16-BIT MICROCOMPUTERS.
SOFTWARE SO RELIABLE
WE'LL EVEN WARRANTY IT.

Moving up to 16-bits is a whole new world of power and capability.

But if you don’t pick the right software, it can also mean a whole new world of problems.

At Digital, we’ve been perfecting the technology of 16-bit micros for over five years.
And the development of the 16-bit PDP-11 software that runs them for over eight years. So
it stands to reason that we’d know more about your needs—in both development and run-
time environments — than anybody else in the market.

With the LSI-11/2 board microcomputer and PDP-11/03 box microcomputer, we've
built a line of processors, memories, and interface modules that’s the standard of the industry.
And we've put them together for you in a variety of convenient packages.

What's more, the software that runs them all has proven so reliable, we even offer a
90-day Software Warranty. No other micro manufacturer makes this kind of offer.

Because nobody else has the support to back it up.

Introducing our 900-person worldwide support team.

At Digital, customer back-up doesn’t just mean a service desk back at headquarters.
We've got a worldwide network of dedicated software specialists — people who know our
microcomputer software inside-out. And who can answer any problem you’ve got. Whether
it takes a phone call or an on-site visit.

Our software people are trained to be more than just service experts. You can count on
them for training, advice, even design assistance.

They’ll do whatever they can to help you develop your flexibility —and expand your
market.

You've got a great future in our past.

Because all of our 16-bit software is based on the PDP-11 — the most widely programmed
family of minicomputers in the world —you can be sure that we'll never lead you to a dead end.

Even if you don’t know what your market will require next year— or six months from
now —you'll know that with Digital’s microcomputer sottware, you'll have the flexibility to
move up in capability, or down in price. Whatever your customers want. Whatever your
competition demands.

Choosing Digital software means you never lose your software investment. You can
build on it in any direction the market or your own innovations take you.

Proven development tools. To speed your time to market.

We know that you're selling in one of the fastest-moving fields in industry. We know
that quick response to market opportunity can mean the difference between being a huge
success and being an also-ran.

That’s why we’ve concentrated on making our software development equipment and
procedures as efticient and simple as possible.

Our microcomputer development system is simply the world’s lowest-cost dual-floppy
based full-function software deveII())pment system—bar none.

And our innovations in interactive technology have made our RT-11 the easiest-to-
learn, easiest-to-use development software around —even though it has the most complete
set of mature 16-bit development tools in the industry.
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We offer two powerful editors, three sophisticated debuggers, and a wide choice of
languages.

You'll also find that choosing Digital software automatically opens the door to one of
the world'’s largest collections of ready-made programs. Chances are, a lot of your develop-
ment work has already been done. DECUS (Digital Equipment Computer Users Society)
maintains a complete program library and offers a wide range of resources for Digital
customers.

How to become a software expert.

We figure one of the best ways to build our business is to help you build yours. So
we’re committed to helping you become a software specialist in your own right. We’ll provide
anything from tutorial documents to complete field orientation seminars. There’s a network
of %])igital Training Centers designed as a resource for you. And there’s more.

Learn more about PDP-11 software at home.

We've got a unique software manual, ““Introduction to RT-11,” which tells how to use
Digital software tools to write, debug, and execute your own programs.

For a limited time only, this award-winning manual is yours for the asking. Just write
on your letterhead, specifying your interest in LSI-11/2 boards or PDP-11/03 boxes, to:

Digital Equipment Corporation, One Iron Way, Marlborough, MA 01752.

If you'd like to receive our new booklet, “The Systems Approach to Microcomputer
Systems,”” contact your local Digital sales office or Hamilton Avnet distributor, or call toll-free
800-225-9220 (in Mass. and Canada 617-481-7400, Ext. 5144).

And take a cold, hard look at the 16-bit microcomputer Eﬂaﬂﬂan
software reliable enough to be warranteed.

The PDP-11/03 box microcomputer.

STOYEEIne

QLo

The LSI-11/2 component board
microcomputer.
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EVERYTHING YO
16-BIT POWER INTO
PRODUCT IS RIGHT

Operating System Software

* Floppy and hard disk based single-user real- time
systems (RT-11).

* Minimal-cost disk based software for high-volume
users (RT?).

. Multi-tasking/multi-programming system for
complex real-time applications (RSX-11s).

* Minimal size ROM-based executive for FORTRAN/
MACRO language applications (SIMRT).

Languages

* Full PDP-11 series MACRO assembler with condi-
tional assembly, cross referencing and program
segmentation capabilities (MACRO-11).

* Full ANSI Standard FORTRAN with real-time exten-
sions, automatic RAM/ROM program segmenta-
tion and specially optimized code optimization to
take advantage of the LSI-11's optional floating-
point instruction set. (FORTRAN/FT-11).

* Interactive extended BASIC with assemble-lan-
guage interfacing capability, PRINT . . . USING
formatting for business applications, and multi-
user (timesharing) capability (BASIC/RT-11, Multi-
User BASIC/RT-11).

* Other interactive languages, such as APL and
FOCAL.

Editors, Debuggers & Utilities

* A choice of two interactive editors— one designed
to be easy-to-learn for the novice user (EDIT) and
another “programmable” editor, with scope support,
for more complex text manipulation (TECO).

A choice of program debugging aids—octal (ODT)
and symbolic (DDT) for assembly language applica-
tions, and a specially designed tool for FORTRAN
application debugging (FDT).

Linkage editing facilities to combine relocatable
modules into final applications. Included

are capabilities for separating ROM and RAM appli-
cation segments, linking to previously-defined
ROM modules, automatically generating overlay
programs for disk-based applications, and auto-
matic retrieval of needed application modules

from system or user-defined libraries (LINK). Also,
utilities to build, list, and maintain MACRO

and object-program libraries (LIBR).

Complete set of file maintenance, backup, directory
and utility programs to simplify development and
data storage tasks. (PIP, DUP, DIR).

Other programming utilities to detect changes in
program files which have introduced errors
(SRCCOM), to inspect data files in readable formats
(DUMP), and more.
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Software Development Operating
System (RT-11)

* Fully interrupt-driven overlapped input/output for
fast program execution.

* Device-independent access to any of a wide range
of peripheral devices (floppy disk, cartridge disk,
terminals, line printers, magnetic tape, etc.) without
program modifications.

* Simultaneous execution of foreground and back-
ground tasks, such as printing of listings on line
printers or terminals while concurrently doing
program editing, compilation, or debugging.

* English-like high level command language — easy-
to-use and recall because it speaks your language,
not computer jargon.

* Full English-text error messages immediately iden-
tify problems in the development process, without
wasting precious time searching through manuals.

* Nested “command file” execution allows frequently
used groups of system commands (to produce a new
copy of a system for sources, or other functions) to
be stored away and recalled for execution with one
simple command.

* Background batch processing support, allowing
long-running jobs to be completed without user
intervention (perhaps rebuilding an application
overnight, using the otherwise idle system time).

Training

(1) Self-paced RT-11 heme study — explains how to
use the software tools to write, debug and execute
programs.

(2) Courses— offered at seven regional training
centers or on site:
Introduction to Minicomputers covers computer
concepts & the fundamentals of assembly language
programming.
L5I-11 Hardware & Interfacing provides LSI-11
system operation and detailed interfacing
information.
PDP-11 Fundamentals and Instructions covers
instructions and programming techniques com-
mon to all PDP-11s.
MACRO-11is an in-depth assembly language
course.
Real Time Operating System (RT-11) teaches
students to use RT-11 for program development.

(3) On-site specialized training —reduces expenses
and allows emphasis on points of particular value

to your software needs. ﬂ a n ﬂ E n
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Data goes
faster, farther
with chips for

drivers, receivers

Family of Schottky devices meets
new EIA electrical standards

by David A. Laws and Roy J. Levy,

Advanced Micro Devices Inc., Sunnyvale, Calif.

"*’tl Lﬁ’J
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Typical die. The driver/receiver circuits in low-power Schottky tech-
nology are a cooperative effort of Advanced Micro Devices and
National Semiconductor. This Am26LS29 die is 70 by 94 mils.
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[0 Hundreds of kilobauds, a mile of cable: today’s high-
performance data-processing systems can meet these
demands with ease if their line drivers and receivers meet
the Electronic Industries Association’s new standards
RS-422, -423, and -449. A designer turning to these in
preference to RS-232-C will welcome a family of low-
power Schottky-technology quad receivers and drivers.

The new standards go far beyond the 20-kilobaud,
50-foot maximum requirements of the 10-year-old RS-
232-C and move beyond its single-ended operation to
include differential operation (see “What’s the standard
story?”). While they can be implemented with discrete
circuitry and operational amplifiers, they are a natural
for straightforward integration. However, the standards
are sufficiently unfamiliar to warrant the discussion that
follows of the new devices in terms of the requirements
that spawned them.

These chips provide for unbalanced-transmission-line
communications up to a 300-kilobaud rate or up to a
distance of 4,000 ft with a 3-kilobaud rate, and
balanced-line communication at a 10-megabaud rate up
to 4,000 ft. Development of the dice was a joint effort
between AMD and National Semiconductor Corp. More-
over, other manufacturers, including Texas Instruments
Inc., are making members of the family.

Although these drivers and receivers were conceived
for data communications applications, their performance
makes them useful also for transmission among the
various parts of a computer or central processing unit. So
the ElA is considering the development of specifications
covering their use in the party-line mode most favored in
such applications.

The devices, labeled Am261.S29, -30, -31, and -32, are
a family of quad drivers and receivers using Schottky
transistor-transistor logic. Each chip incorporates four
drivers or four receivers, together with control logic, in a
standard 16-pin package.

RS-422 is implemented with a -31 driver and a -32
receiver. The single-ended RS-423 configuration is
achieved with a -29 or -30 driver and the -32, which can
be used as a single-ended or differential receiver.

Driving the lines

The -29 and -30 (Figs. 1a and b, respectively) consist
of four single-ended line drivers designed to meet or
exceed the requirements of RS-423. Buffered driver
outputs are provided with sufficient source and sink
current capability to drive 50-ohm transmission lines and
large capacitive loads.

Each of the four driver inputs, as well as the enable-
mode control input, is a pnp Schottky input. Since there
are two inverters between each input and output, the
driver is noninverting. When operating in the RS-423
mode, the -29 and -30 require % 5-volt supplies. This
setup allows the outputs to swing symmetrically about
ground, producing a true bipolar output.

The -29 has a three-state output enable, while the -30
provides mode control, which permits operation as a dual
differential driver. Each output of the -30 is designed to
drive the RS-423 50-Q load with an output voltage equal
to or greater than + 3.6 v in the low state. Each output is
also current-limited to 150 milliamperes in either state.
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What’s the standard story?

The most widely used standard for interfacing between
data terminals and data communications equipment is the
Electronics Industries Association's RS-232-C, which
defines a single-ended, bipolar, unterminated circuit. It is
intended for serial data interchange over less than 50 feet
at rates under 20 kilobauds. A protocol as well as an
electrical standard, it specifies handshaking signals
between terminals and communications equipment.

The single-ended circuit uses a single conductor to
carry the signal with the voltage referenced to a single
return conductor (part a of the figure). This conductor
may also be the common return for other signal conduc-
tors. It is the simplest way to send data, as it requires only
one signal line per circuit.

However, this simplicity is often offset by an inability to
discriminate between a valid signal produced by the driver
and the sum of the driver signal and externally induced
noise signals, commonly called crosstalk. Also, operation
in multiwire systems tends to produce radiated emission
on neighboring circuits. These problems may be solved,
but at the expense of circuit performance.

Since noise and crosstalk are both directly proportional
to transmission-line length and bandwidth, RS-232-C
restricts both. To control radiated emission, it limits the
slew rate of drivers to 30 volts per microsecond, which
works with the length limitation to limit reflections on
unterminated lines.

To allow the newer data communications systems to
utilize their full performance capabilities, the EIA issued
RS-422 and -423, two new electrical standards, in 1976.
They define interface standards for higher data rates and
longer distances than possible with RS-232-C.

RS-423 defines a single-ended, bipolar-voltage, unter-
minated circuit. It extends the distance and data-rate
capabilities to 4,000 ft and 3 kilobauds. Higher rates of
300 kilobauds are permitted over a maximum of 40 ft.

RS-422 gives a balanced-voltage differential operation
capable of significantly higher performance than are
single-ended configurations. It can accommodate rates of
100 kilobauds over 4,000 ft or up to 10 megabauds over
shorter distances. These improvements stem from the
advantages of a balanced configuration, which is isolated
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KEY PARAMETERS OF EIA SPECIFICATIONS

Characteristics ElA RS-232-C EIA RS-423 EIA RS-422
Form of operation single-ended single-ended differential
Maximum cable length 50 ft 2,000 ft 4,000 ft
Maximum data rate 20 kilobauds 300 kilobauds 10 megabauds
Driver maximum output voltage,
open circuit +25V +teV 6 V between outputs
Driver minimum output voltage,
loaded output +5t0+15V +36V 2 V between outputs
Driver minimum output resistance, Ro=300 Q2 100 1A between 100 uA between
power off -6to +6 V +6and —0.25V
Driver maximum output, short-circuit
current lgc + 500 mA t 150 mA + 150 mA
Driver output slew rate 30 V/usec max slew rate must be controlled no control necessary
based upon cable length and
modulation rate
Receiver input resistance Ry 3107 kS 2 4k 2 4kQ2
Receiver maximum input thresholds —-3to+3V 02t0o+02V —02t0+0.2V
Receiver maximum input voltage 25t0+ 25V 12to+ 12V —12to+12V
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from common-mode currents among other pluses.

Differential operation (part b of the figure) is imple-
mented by a differential driver (essentially two single-
ended drivers with one always producing the complemen-
tary output-signal level to the other), a terminated twisted-
pair transmission line, and a differential line receiver. The
driver signal appears as a differential voltage to the line
receiver, while the noise signals appear as a common-
mode signal. A receiver with a sufficient common-mode
voltage operating range can discriminate between them.

The adoption of these two standards made it necessary
to fully specify the remaining functional and mechanical
characteristics of the interface. Consequently, the EIA
issued standard RS-449 in 1977. It describes a total of 30
interface circuits and defines 37-pin and 9-pin inter-
face connectors and their pin assignments. The key
features of the three new standards are shown in the
accompanying table.

While these EIA standards define interfaces compatible
with current integrated-circuit technology and provide
significant performance advantages over the older stan-
dard, equipment designed to use these specifications can
be made to operate with unmodified RS-232-C equipment.

A similar group of specifications has been defined by
the international-standards groups of the CCITT (the Inter-
national Telegraph and Telephone Consultative Commit-
tee). Recommendations V.10 and V.11 are essentially
European equivalents of RS-422 and RS-423 respectively,
and recommendations V.24 and V.54 are compatible with
RS-449. In addition, the International Organization for
Standardization's draft proposal DP-4902 describes the
37-pin and 9-pin interface connectors.

For both devices, a slew-rate control pin is brought out
separately for each output to allow control of the output
ramp rate (rise and fall time). This provides suppression
of near-end crosstalk to other receivers in the cable.

Differential drivers

The -31 (Fig. 1c) is a quad differential line driver
designed to meet RS-422 while operating with a +5-v
supply. It has high-speed, skew-matched, differential
outputs with typical propagation delays of 12 nanosec-
onds and residual skew of 2 ns. Both differential line
outputs are designed for three-state operation to allow
two-way half-duplex or multiplex party-line operation.

The -31’s outputs are designed to source or sink 20 ma
each, so that they can generate at least 2 v across a
100-Q load, as required by the standard. It also meets the
RS-422 requirement that the driver not load the line
should its power supply fail.

Receivers

The -32 (Fig. 1d) is a quad line receiver operating
from a + 5-v supply, which can be used in differential or
single-ended modes to satisfy RS-422 or -423 applica-
tions. The three-state outputs, which can sink 8 ma,
incorporate a fail-safe input/output relationship that
keeps the outputs high when the inputs are open.

The chip meets the required receiver input specifica-
tion of a £200-millivolt threshold sensitivity overa 7v
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common-mode range. The same circuitry assures excel-
lent rejection of the power-supply ripples that can be
troublesome when switching the high currents involved
in a system’s interfaces.

A typical hysteresis of 30 mv provides the -32 with
differential noise immunity. This feature is important
since signals received on long lines can have slow transi-
tion times; without hysteresis, a small amount of noise
around the switching threshold can cause erroneous sens-
ing in the receiver output.

A mask option—the Am26L.S33—on the -32’s input
resistors modifies the receiver to improve operation in
environments with high common-mode noise. An input-
differential, or common-mode, voltage range of £15 v is
achieved at the expense of a minor decrease in input
threshold sensitivity (to £500 mv from 200 mv) over
the common-mode range.

Implementing the circuits

Integrating these drivers and receivers did pose some
special design challenges. A particular requirement of
the -29 shown in the opening figure and the -30 was to
provide a high output impedance in the power-off and
disable mode over a wide common-mode range.

Output circuitry similar to a TTL totem pole meets
these challenges. The chief modification is an added
controlled current source to supply the high-current
symmetrical drive required by the output transistors in
both source and sink modes. The current source is
designed around a pnp current mirror.

With the -31 balanced differential line driver, the
challenge is the RS-422 requirement for very low residu-
al skew between true and complementary outputs (typi-
cally 2 ns). An emitter-coupled differential amplifier and
a symmetrical balanced drive are the answer.

The -32 receiver must detect differential input signals
of less than 200 mv over a 7-v common-mode range,
difficult to achieve with a single 5-v supply. Providing
the necessary hysteresis also is a consideration. A
balanced pair of differential amplifiers with Darlington
inputs and a very tightly matched resistor attenuation
network meet these requirements. It is balanced so that
the common-mode range is achieved outside of the oper-
ating V range.

System applications

The Am26L.S29-33 series can be combined in several
configurations for data communications networks. A
unidirectional RS-423 communication link can be
constructed using the -29, -30, and -32 (Fig 2a). Either
the -29 or -30 will meet bipolar signaling requirements.

If a single-ended line is needed without a bipolar
requirement (Fig. 2b), the -31 can be used by biasing the
reference terminal of the receiver to about 1.5 v. A
balanced-line, single-direction RS-422 application uses
the -31 and -32 (Fig. 3a). If bidirectionality is required,
an extra termination should be added (Fig. 3b).

In the party-line mode found in intercomputer
communications, the most common usage is that of a
four-wire, full-duplex exchange system (Fig. 4). This
mode involves two pairs of wires each handling a single
direction of traffic. While this design is simple to imple-
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GROUNO

INPUT O

INPUT C

INPUT B

INPUT A

CONTROL

ENABL CONTROL | CONTROL | CONTROL
0 c B A
OUTPUTO  OUTPUTC  OUTPUTB  OQUTPUTA
(a)
ENABLE INPUT O INPUT C INPUT B INPUT A
ENABLE
GNO Vcc 0, 0 C, G B, B, A, A
SUPPLY  oyTPUTS  OUTPUTS  OUTPUTS  OUTPUTS
{c)

GROUNO INPUT O INPUT C INPUT B INPUT A
v- | v+
ONTROL
CONTROL | CONTROL |CONTROL |CONTROL
0 € B A
OUTPUTO  OUTPUTC  OQUTPUTB  OUTPUTA
(b)
INPUTS INPUTS INPUTS INPUTS
ENABLE 0, 0 (2 (5 B, B, A, A
ENABLE
- + - + -+ - +
GNO Vec  QuTPuTO  OUTPUTC  OUTPUTB  OUTPUTA
{d)

1. What'’s inside. The Am26L.S29 driver (a) has a three-state output control, while the Am26LS30 driver (b) has a mode-control input that
allows it to operate as a dual RS-422 driver or as a quad single-ended device. The Am26L.831 receiver (¢) has common enable and disable
functions while the Am26L.S32 receiver (d) has complementary enable and disable functions.

Am26LS29 OR
Am26LS30 Am26LS32
+
0ATA 50-Q2 COAXIAL CABLE 0ATA
' s
ENABLE il ==
(a)
Vee
Am26L531 Am26L532
+
0ATA l 50-Q COAXIAL CABLE 0ATA
ENABLE = =3 2-V BIAS
(b) o

2. Single-ended line. Unidirectional lines can be either bipolar (a) or nonbipolar (b): the configuration chosen depends on external circuit and
system requirements. In either case, the line-driving and -receiving requirements of RS-423 can be satisfied.
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Am26LS31
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(a}

TWISTED PAIR
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OATA DUT %
THREE-STATE
ENABLE
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DATAIN
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ENABLE

(b)

Am26LS32
47k
AAA- +
% OATA
AAA- -
47k
47k
% DATA OUT
478
ENABLE
DATA IN

THREE-STATE
ENABLE

3. Balanced line. Additional 4.7-kQ resistors improve the fail-safe margin in both the single-direction (a) and bidirectional (b) RS-422
applications. The bidirectional connection requires twice as many components. Still other configurations are possible for special applications.

Am26LS30 OR
Am26LS31

Am26LS32 OR
Am26LS33

Am26LS32 OR
Am26LS33

H> T /
< %
3

B
=]

Am26LS30 OR

USER1 Am26LS31 USER 2 USER 3

4. Party line. In this intercomputer mode, two pairs of wires each handle a single traffic direction. The outgoing has one driver and n receivers,
and the incoming has one receiver and n drivers. As many as 12 users can be serviced. Most design problems involve system ground.

ment, problems arise with system ground. If the network
of receivers and drivers spans a distance of a foot or
more, ground-loop noise may develop. This noise
changes the voltage that appears at the terminals of all
receivers and drivers, referenced to the one driver that is
active.

This induced, or system-developed, voltage is referred
to as common-mode voltage (Vcum) and must be consid-
ered as a device parameter. RS-422 specifies the Veu
capability of receivers but not drivers. If the distances in
the system are less than a fourth of the equivalent
wavelength of the maximum data rise and fall times, the
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Vem can be assumed to be minimal. Then drivers such as
the -31 with single-voltage supply and limited negative
Vem can be used.

If the system dimensions are large, the Vcu will cause
problems: the driver will clamp to ground the moment
the line voltage swings below —0.5 v relative to any
driver ground. This clamping will cause a short in the
line and increase level shift and noise. It is caused in part
by conduction of the integrated-circuit substrate diode.
The problem can be avoided by using a driver such as the
-30, which guarantees an output Vcm range of about
+ 12 v about the driver ground reference. O
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WHY THE LI35 ISTHE

MOST PRODUCTIVE
LS| BOARD TEST SYST EM
YOU CAN OWN.

To compare productivity in LSI board testers, take
their three common operations: diagnosing, testing, and
programming. Now, to each operation apply the basic
measures of productivity: cost, throughput, and quality
of testing.

The L135 has the highest diagnostic
throughput, the lowest operating cost.
No other test system comes even close.

1. The L135 finds bad LS| devices

on long buses.

The Electronic Knife does it. It takes just a few more
probes after regular guided probing finds the failing bus.
Without the Electronic Knife, you're faced with trial and
error replacement of LSI chips. Or skilled technicians
tying up the system for an hour or more per bad IC.
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2. The L135 makes fewer diagnostic

probes = by an order of magnitude.
State-sensitive trace does it. Most LSI boards are loaded
with multi-input LSI chips linked through “wired-and”
bidirectional buses. These often require hundreds of
diagnostic probes per fault. State-sensitive trace cuts the
number dramatically.

3. The L135 produces immediate

probe commands.

The on-line circuit model with a large random-access
memory does 1t. With circuit structure immediately
accessible, the operator does not wait for commands
between probes. Other test systems that use fault dic-
tionaries often delay each command several seconds,
adding minutes to each diagnosis.

4. The L135 mechanizes probing.

The M 150 Automatic Prober does it. Seven to ten times

faster than a human operator, the M150 speeds up board
diagnosis even more because its operation is both error-
free and fatigue-free.
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The L135 delivers the highest quality of
testing, therveby slashing costs for diagnosis
later at systems test and sevvice out in the field.

5. The L135 emulates LSI-board

operating environments.

5-MH clock-rate testing does it. To ensure adequate
board quality, you usually have to run LSI boards at clock
rates as the last step in testing. Only the L135 provides
test rates of up to 5-MHz, the speed of many microproc-
essors seen in today’s products.

6. The L135 emulates and tests

CPU sets.

Multiple drive/compare phase control does it. During
clock-rate testing, the test system must first replace the
CPU set and then test it at speed. The associated micro-
processors usually receive multi-phase inputs and gener-
ate multi-phase outputs. The L135 provides the neces-
sary, easy-to-program, precise phase controls over
driver inputs and comparator strobing.

7. The L135 tests and diagnoses
analog circuits.

Integrated ac-dc-parametric capability does it. The L135
offers many analog force-and-measure functions through
matrix connections, all completely integrated into system
hardware and software. If these capabilities aren’t inte-
grated into the test system, they must often be added to

accommodate the increasing analog content of LSI boards.

That prolongs test time and slows diagnosis considerably.

8. The L135 tests at dc and clock-rate

on the same channel.

All-speed pin compatibility does it. In clock-rate testing,
high-speed tests are usually applied on the same pins
tested earlier with dc. The L135 allows you to apply both
types of tests at the same system channel, eliminating
the need for awkward switching or extra channel capacity.

9. The L135 has enough clock-rate

channel capacity for the big jobs.

444 1/0 pins does it. Big LSI boards have upwards of
250 edge-connector pins, all active. In addition, you need
simultaneous access to dozens of internal test points and
devices invisible to the edge connector. The L135 offers
the highest clock-rate channel capacity, enough for all
foreseeable LSI boards.
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10. The L135 cuts total
programming time.

The P400 Automatic Test Generation System does it.
The P400 automatically generates all the dc patterns and
diagnostic data for the toughest part of most LSI boards:
the jungle of random digital logic, as well as those por-
tions containing modeled LSI devices. Total program-
ming time is shorter. The best of the so-called “auto-
mated test generation” techniques offered by other
systems still require manual pattern-writing. That takes
longer and costs much more.

The L135 cuts the time needed
to get products into the production line and
out to the market place.

11. The L135 cuts system time
for debugging.

Immediate-resbonse debug software does it. During test-
plan debugging, the L135 responds to the test engineer’s
commands and displays results immediately. Total
debugging time is cut to a fraction because the test
engineer is not distracted by system delays; he can con-
centrate on his circuit and his test plan.

12. The L135 readily assembles
the many parts of LSI test plans.

Structure-merge programming does it. Test plans origi-
nate in many places: manual patterns and circuit models,
learned data from known good boards, circuit and device
simulators, automatic pattern generators, etc. The
L135's structure-merge software and its straightforward
protocol assembles them all into a coherent package,
saving your engineers hours of tedious and costly work.

For more information on these and other L135 features,
write Teradyne, Inc., 183 Essex Street, Boston,
Massachusetts 02111.
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Coherence function
and averaging
boost confidence

in spectrum
measurements

by N. A. Pendergrass,

Hewlett-Packard Co., Loveland Instrument Division, Colo.

O Digital technology and the fast Fourier transform can
do more for the low-frequency spectrum analyzer than
just increase its speed. They can add an altogether new
and extremely useful capability to the instrument—the
ability to measure coherence—and they can also signifi-
cantly enhance the accuracy of existing measurement
techniques by the use of averaging.

Coherence, time averaging, and rms averaging are all
complicated statistical functions that are difficult to
perform with analog methods. Seeing how they are
implemented on the HP-3582 dual-channel spectrum
analyzer [Electronics, April 27, p. 170] will demonstrate
the power of these new types of measurement.

The need for averaging

In the real world, processes are often random or
involve large random components. The evaluation of a
signal spectrum containing random components requires
averaging if the estimate is to be accurate. Indeed, to
obtain a perfect model of the spectrum would require
sampling the waveform for an infinite time, and the
calculation from a single segment of a random process
could never more than approximate the true spectrum.

The voltage waveform displayed in Fig. l1a is white
Gaussian noise sampled for 10 milliseconds by the HP-
3582 spectrum analyzer. Figure 1b shows a single record
of the spectrum of the same sample over a 25-kilohertz
range. The true spectrum would be flat, but the single-
record spectrum has rather large deviations about its
mean magnitude, and such a degree of uncertainty
allows little information to be derived from it.

Root-mean-square averaging of many more samples
reduces this uncertainty. For instance, if the source of
the white Gaussian noise shown in Fig. 1 is sampled 256
times and rms-averaged, the result is a nearly flat spec-
trum that resembles the true, or expected, spectrum
(Fig. 2).

Since averaging many spectra can take a long time,
especially at very small bandwidths, it is desirable to
average only the number of values required to obtain the
necessary level of confidence and smoothing in the esti-
mate. Table | relates the 90% confidence interval to the
number of averages required for Gaussian random input
signals. In other words, 90% of the measurements on

LOW-PASS FI1 EVE”EE'W?“ FUNCTION

%)
ALTERNATE
(a)

CH A: 16.8 mVY FS

2.00 mwv/DIY

STANDARD
DEVIATION
OF ASINGLE
TRANSFORM

TRUE MEAN
VALUE OF
ENTIRE
PROCESS

1. Gaussian sample. The waveform displayed (a) is a single 10-millisecond sample from a Gaussian white-noise source. The single-record
spectrum of the same noise source (b) illustrates the magnitude of the deviation from the flat spectrum ideally expected.
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Gaussian noise will be within the interval indicated.
Since noise is generally Gaussian or nearly so, the table
should have wide application.

To use the table, first decide on the allowable statisti-
cal tolerance in decibels. Then find the number of aver-
ages having 90% limits that are within the tolerance
bounds. For instance, if a *2-dB accuracy band can be
tolerated, then the 16-average routine is what is needed.
Remember that the limits given are statistical, not abso-
lute; they state that, on the average, the true value of
amplitude will lie within the stated bounds in 9 out of 10
measurements.

For example, suppose that a random-noise source has
been measured, 32 spectra have been rms-averaged, and
a marker at 1,000 hertz shows a signal level of —55 dBv.

TABLE 1: 90% CONFIDENCE LIMITS FOR RMS AVERAGING

Number of averages
4 | 8 [ 16 | 32| 6a | 128 | 256
T
Upper limit(dB) 47| +30|+20|+14|+10]+07|+05
Lower limit(dB) 29| -22|-16|-12|-08|-06|-04

Measured value of

In this case the table can be interpreted to indicate that
the true signal amplitude has a 90% probability of being
in the range of —53.6 dBv to — 56.2 dBv.

Time averaging

Another technique for enhancing an estimate is time
averaging. Unlike rms averaging, it does not smooth the
spectra but reduces the noise relative to a desired signal.
It wauld be very difficult to do without a digital
approach and the FFT.

With this technique, input waveforms are first aver-
aged as time records one after another. However, aver-
aging several time records is exactly equivalent to
vector-averaging the corresponding spectra one after
another. This is done by taking the real and imaginary
parts of the complex spectrum and averaging them over
time (as opposed to rms averaging, in which the squared
values of their magnitudes are averaged).

The noise-reducing action of time averaging is most
easily understood in the frequency domain. Figure 3
illustrates how the resultant obtained by vector averag-
ing at a given frequency causes the interfering signals’
average to approach zero.

Time averaging is done with the aid of a synchronizing

TABLE 2: 90% CONFIDENCE LIMITS ON THE MEASUREMENT OF THE AMPLITUDE |H| AND PHASE ¢ OF TRANSFER FUNCTIONS

Number of averages

coherence function 16 32 64 128 256
0.2 IHI (dB) +5.2,—-146 +38,-71 +28,—4.2 +21,-27 +15,-18
¢ (°) +54 + 34 +23 +16 + 1
L | _ - N - = = 1 N
0.3 [HI (dB) +4.2,-84 +3.1,-438 +22,-3.0 +16,-20 +12,-14
¢ {°) 38 +25 +17 +12 +8
0.4 IH! (dB) +3.5,-6.0 +26,-36 +1.8,-23 +1.3,-16 +1.0,-1.1
¢ (°) + 30 +20 +14 +10 +7
0.5 Ml (dB) +3.0,—4.5 +2.1,—-28 +15,—-1.9 +1.1,—-13 +0.8,-09
¢ () +24 +16 11 +8 +5
— e — s — - S— il — 4 S
06 IHI (dB) +25,-35 +18,-2.2 +13,-15 +09,-1.0 +0.7,-0.7
¢ (%) +19 13 +9 +6 +4
' R— - -— 44— — - - - . — - — S
07 [HI (dB) +2.1,-27 +15,-17 +1.0,-1.2 +0.7,-038 +0.5,-06
¢ (%) +15 +10 237 +5 +4
R —— - 1 _ M e —— | - 1 — R S
0.8 IHI (dB) +1.6,-20 +1.1,-13 +0.8,-0.9 +0.6,—06 +0.4,-04
o (%) +12 +8 +6 +4 +3
09 IH| (dB) +1.1,-13 +0.8,-08 +0.5,-06 +0.4,-04 +0.3,-03
¢ (°) +8 +5 +4 +3 +2

Measured value of

TABLE 3: 90% CONFIDENCE LIMITS ON COHERENCE FUNCTION MEASUREMENTS (MIN, MAX LIMITS})

Number of averages

coherence function 16 ] 32 64 128 256
0.4 0.15, 0.59 0.23, 0.54 0.28, 0.50 0.32, 0.47 0.34, 0.45
0.5 0.25, 0.67 0.33, 0.63 0.39, 0.59 0.42, 0.57 0.45, 0.55
0.6 0.36, 0.74 0.45, 0.71 0.50, 0.68 0.53, 0.66 0.55, 0.64
0.7 0.50, 0.81 0.57, 0.78 0.61, 0.76 0.64, 0.75 0.66, 0.73
0.8 0.65, 0.88 0.70, 0.86 0.74, 0.84 0.76, 0.83 0.77, 0.82
0.9 0.81, 0.94 0.85, 0.93 0.87, 0.92 0.88, 0.92 0.88, 0.91
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2. Smoothed spectrum. This spectrum of a Gaussian noise source
is the result when 256 samples of the input are recorded and then
rms-averaged. The spectrum resembles the ideal white-noise spec-
trum because of the smoothing action of rms averaging.

trigger signal. Assume that several time records of the
same length, each starting at the trigger instant, have
been taken and converted into the frequency domain by
the FFT. The magnitude and phase of each time record
then corresponds to a frequency component of the input
spectrum.

At each frequency component, the signal can be sepa-
rated into two parts: one that is at some fixed phase ¢,
relative to the trigger, and one that is not (Fig. 3a). The
latter might be noise or an interfering signal, but its
phase angle 8 on successive samples is random relative to
the trigger (Fig. 3b). Since the interfering signal is not
fixed in phase from record to record, its vector average
will approach zero (Fig. 3c). On the other hand, the
signal component, being phase-synchronous vis-a-vis the
trigger, is unaffected because it has the same phase at
each sample.

An interfering signal or noise, therefore, can be
reduced by time averaging if a suitable trigger is avail-
able. The magnitude in decibels of the improvement in
the signal-to-noise ratio is approximately 10 log, (K),
where K is the number of averages. For example, if 256

time records are averaged, the s/n ratio is improved by
about 24 dB.

Notice that time averaging does not smooth the spec-
trum estimate—it only reduces the magnitude of an
interfering waveform. The spectrum of any interfering
noise that remains will be much smaller but decidedly
ragged (Fig. 4).

The coherence function

The coherence function when used on a transfer func-
tion measurement is the fraction of output power attrib-
utable to an input signal. It is unique to digital imple-
mentations of network and spectrum analyzers and
yields a lot of information about several hard-to-measure
factors. It gives insight into the accuracy with which the
transfer function of a noisy system is being measured at
each frequency point. It can be used to compute s/n ratio
at an output or to draw attention to nonlinearities in the
system under test. It can also be used to study cause-
and-effect relationships between possible noise sources
and the waveforms at other points in a system.

Perhaps the best way to see how the coherence func-
tion can do all of these things is first to examine how it is
computed along with a transfer function in the HP-3582.
Then the situations that do not involve the transfer
function become more comprehensible.

Consider the transfer function measurement shown in
Fig. 5. Notice that there is added noise that could
interfere with the measurement accuracy. This is not
unusual —the extra noise could be room sounds in loud-
speaker testing, noise in measurement transducers such
as accelerometers, or simply the noise that is produced
by an amplifier.

The usual approach for measuring the transfer func-
tion is to estimate the input SA(f) and the output Sg(f)
and then find the transfer function H(f) by dividing
output by input spectra and subtracting their phase
angles:

el = 3

at angle ¢s— ¢a where the symbol " is used to indicate
an estimate. But if the noise spectrum Sy(f) is significant
in any portion of the spectrum of the output Sg(f), this
traditional approach will give rise to errors because Sa(f)

I ISI:ITERFEHING

Im Im

(a) (b)

GNAL )
INTERFERING
SPECTRUM —_| A SIGNAL RESIDUAL
OUTPUT \, T‘:"v SYNCHRONOUS Y
WITH TRIGGER ~— SYNCHRONOUS -] —_
e ™~ \202 SIGNAL T
£ A5, 9, A %,
I AR "
SIGNAL INTERFERING
SYNCHRONOUS SIGNAL
WITH TRIGGER

{c)

3. Time-averaging action. The vector diagram above represents two (trigger-synchronized) FFT output samples and their vector-averaged
resultant. Each signal contains random-noise components that approach zero when vector-averaged together.
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TIME RECORD

HETEPNHTE gSSQEEE AFTER FXE%ER/

32 TIME-AVERAGED RECOROS

FOURIER
TRANSFORM

FOURIER
TRANSFORM

-

SPECTRUM

H A: + @dBY FS 184B/D1Y

CH At + Bd4BY FS

184B-DIYV

H 25 KHz ~
(d) " BUT 188 Hz

4. Noisy damped sinusoid. The two sets of time and spectrum waveform displays illustrate the kind of improvement n s/n ratio possible
when even as few as 32 samples are time-averaged. Only the contribution made by noise to the spectrum is reduced.

has energy in it that has not come from the input. For
example, the noise spectrum could be masking a notch or
some other irregularity in the transfer function.

In the digital approach there is a mechanism for
reducing the effect of the interference. The technique
involved is similar to the time averaging described
previously. It uses the so-called cross-power spectrum
Sas(f), which is estimated by taking the complex values
of the Sa(f) and Si(f) spectrums and forming the
complex-conjugate product. The magnitude of this
computation is simply the product of the Sa(f) and S(f)
magnitudes. Since the complex-conjugate product is
desired, the phase 4 is the difference between the Sg(f)
and Sa(f) phases as shown in Fig. 6.

Cross-power spectrum

The resulting complex values are vector-averaged over
time as in time averaging. That is, the real parts are
averaged and the imaginary parts are averaged. The
estimate of the cross power spectrum is:

. T&,. .
Sas(f) = ﬁzsAi*(f)'SBi(f)
i=1
where the superscript * indicates the complex conjugate,

N is the number of averages, and the subscript i refers to
the results of the i** spectrum taken.
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If there is no noise present, the input and output
spectral values are related in phase by the transfer
function phase. Therefore, the phase of Sa*(f) Swi(f) is
the same from record to record since there is no noise
and the values of the complex-conjugate product simply
accumulate without cancellation as additional records
are taken as shown in Fig. 6c.

Noise-generated output

Now suppose that the input signal is not reaching the
output at all, but only the noise spectrum is present
there, so that Sg(f) = Sn(f). The noise spectrum, or
output in this case, has a random phase relative to the
input (Fig. 7).

Therefore, the complex-conjugate product
SA*(NSei(f) has a different phase at each record taken
and the vector average cancels, causing the magnitude of
the resultant to approach zero.

In a situation where noise is mixed with the desired
signal, the noise cancels toward zero, as above, while the
signal due to the input is undiminished. Therefore, the
cross-power spectrum estimate converges with averaging
to be just the product of the input spectrum and that
part of the output spectrum that results from the input.
It has the phase angle of the transfer function. Mathe-
matically stated:
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SYSTEM UNDER TEST

OUTPUT VOLTAGE SPECTRUM
Sg (f) = Sa (f) - H{f) +Sn ()
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SPECTRUM Sy (1)
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5. System measurements. Block diagram shows a typical transter-function measurement setup using the HP-3582 dual-input spectrum
analyzer. The output containing additional noise has been injected by a source somewhere in the system.
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6. Noise-free. The complex-conjugate products of two records (a, b) are vector-averaged to yield the cross-power spectrum (c). Since no
noise is present, they are all related by the transfer function’s phase angle (6}, and no cancellation in magnitude takes place.
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7. Input lost. With only noise generating the output, the magnitude of the cross-power spectrum resuitant that will be formed (c) will approach
zero because of the random phase relationship of each vector-averaged complex-conjugate product (a, b).

Lim sas(f) = Sa*())[Sa(D)-H(D] = [Sa(f)

ave - @

*-H(f)

The cross-power spectrum gives the handle needed to
reduce the effect of noise in the measurement, since the
transfer function estimate is easily obtained by dividing
the cross-power spectrum estimate by the square of the
magnitude of the inpyt spectrum estimate. This is a
much better estimate of the transfer function than the
one described earlier and is used in the HP-3582.
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The coherence function also depends on the cross-
power spectrum to remove the part of the output (noise)
that is not consistently phase-related (or coherent) with
the input. The coherence function 4?2 is defined as the
squared magnitude of the cross-power spectrum divided
by the magnitude squared of both the input and output
spectrums, or:

2

2= _MDI_
Y= Bah)ESs(NP
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(a)

(b)

8. Dual input. The spectrums of input X (identical to input Y) and output
Z are shown in (a) but reveal little about X's and Y’s contributions to
output. The coherence functions between each input and output (b),
however, show what each input contributes to the output.

The discussion of the cross-power spectrum should
make one important property of the coherence function
obvious. The function gives that fraction of the power at
the output of a transfer function that came from the
input. The cross-spectrum estimate converges to the
product of the input and the output due to the input.
Therefore, the numerator of the coherence does not have
the noise in it, but the denominator does. Mathematical-
ly, then, this yields the ratio of power out due to input
exclusive of noise to the total power out including noise:

2 — SaOEHOP _ Sa(OpH(DP
Sa(OFSs(DF — SaDPFSs(OF

_ Sa(OpH(DP
Ss(f)P
This is an important interpretation of the coherence

function. That is, over frequency it gives a measure of
that fraction of output that came from the input only.

Lim v

ave = 0
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The s/n ratio is then given by y2/(1 —~?2) where (1 —+?)
is the fraction of the output that is noise. Note that 2
always has a value between 0.0 and 1.0. A value of 1.0
indicates perfect coherence.

System nonlinearities

Nonlinearities in a transfer function measurement
generate distortion products and cause portions of the
input signal at one frequency to appear at others. If the
input signal is not periodic, as is the case with noise, the
phases of the distortion-produced signals will be random
relative to the actual input at the distortion product
frequencies. The distortion products are eliminated by
the converging action of the cross-power spectrum
computation in just the same way as the interfering noise
is. The transfer function measurement when made with
the cross-power computation and averaging reduces the
nonlinear effects, whereas if done by the simple division
method, it could again result in a significant error. The
coherence function indicates the presence of nonlineari-
ties by yielding values less than 1.0 at those frequencies
where distortion products are present, assuming no inter-
fering noise is present.

All along in this discussion, the term “estimate” has
been used. In the face of significant noise or nonlineari-
ty, averaging must be used to smooth the transfer func-
tion and coherence computations and reduce the errors.

If averaging is not used, the transfer function obtained
by using the cross-power method may be inaccurate. The
coherence will compute to 1.0 in this case even if inter-
ference is present. Of course, if nonlinearities or interfer-
ence are not present, then the computations are accurate
without averaging unless a random input is used (see
Tables 2 and 3).

Multiple inputs

The coherence function is particularly useful when
investigating cause-and-effect relationships in multiple-
input systems. It gives a measure of how much output
power (either desirable or undesirable) at a frequency
can be attributed to each input source without modifying
the operation of the system under test. (Mechanical
vibration occurring at full throttle in a twin-engine plane
is one example.)

Consider the system shown in Fig. 8, which has two
possible sources of noise at the output. Usually some
unknown transfer mechanism is involved and often the
offending sources cannot be selectively turned off.

In this example, it is determined that source X is a
white noise and so is source Y. The output spectrum at Z
is also found to be nearly white, as shown in Fig. 8a. But
which source is the offender?

Both the transfer and coherence functions can help
answer the question. The coherence functions measured
between X and Z and then Y and Z are shown in Fig. 8b,
indicating that not one but both sources contribute to the
output noise. The only difference between sources is in
how much noise they contribute versus frequency. Note
that each source accounts for a coherence of 0.5 or 50%
of the output noise at the 1,000-Hz intersection. Thus
the coherence function shows the transfer functions are
balanced, giving the output a nearly flat spectrum. O
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STACK.

Now... Harris offers the most

advanced family of high-speed
D/A Converters in the industry:

Recently Harris introduced the HI-562. The first D/A Con-
verter to combine high-speed performance with true 12-bit
aceuracy.

Now we've outdone ourselves. With two new high-speed
models. The HI-5610, 10-bit. And the HI-5612, 12-bit. The most
advanced line of high-speed, high-performance D/A Con-
verters in the industry today.

e Faster, more accurate than any existing monolithic c¢ircuit.

o Less expensive, smaller than competing hybrids and modules.

¢ With laser-trimmed nichrome resistors for added accuracy
and stability.

Now Harris provides you with a prime source to meet your
most demanding data conversion design needs: A/D con-
verters, CRT graphic displays, process control systems,
precision instruments, data acquisition systems or communi-
cation terminals.

Need speed? The new HI-5612 is the fastest 12-bit D/A
Converter on the market today.

Want superior performance? These devices are the only
fast D/A converters to have feedback and gain setting re-
sistors included internally.

And now, we give you economy, too! The HI-562 is available
at a new low price, making it price competitive with run-of-
the-mill devices that can’t touch it performance-wise. Which-
ever you choose, you get fast settling time, excellent linearity,
low gain drift, and each device is fully monotonic over
temperature.

Available in 24-pin DIP, all three models operate on +5V
and —15V supply voltages and +10V reference.

Check out our new fast stack...then call the Harris Hot
Line today. Or write: Harris Semiconductor Products Division,
P. O. Box 883, Melbourne, Florida 32901.
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“XWAYSTIG™

High Quality - Low Cost Rectifiers
for X-ray Power Supplies.

Semtech Corporation
introduces “X-WAY STIC” a new
series of open rectifier sticks
specifically designed for X-ray
power supplies.

Each X-WAY STIC utilizes
hermetically sealed Metoxilite
multi-chip “‘avalanche’ rectifiers
mounted on a PCB. These
Metoxilite multi-chip rectifiers
(technology initially developed
for high reliability aerospace
programs), are now available

at reduced prices.

Y

In addition to X-ray power
supplies, these rectifiers can be
effectively used in most standard,
single and polyphase circuits.
Designed for use in oil
environment.
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Circle 140 on reader service card

Types: X100KS, X125KS & X150KS
PIV (operating): 100, 125 & 150kV
PRV (test):125, 150 & 175kV
Average Rectified Current

@ 55°C Oil: 150mA
Reverse Current @ PRV: 1.0xA
Recurrent Surge (10 cycles @

60 Hz rate): 7.5A
Single Cycle Surge @ 8.3ms: 25A

Forward Voltage @ 50mA:
160, 190 & 220V

RELIABILITY COSTS LESS!

1975 NATIONAL SBA SUBCONTRACTOR OF THE YEAR

SEMTECH

CORPORATION

652 Mitchell Road, Newbury Park, California 91320

(805) 498-2111 @ (213) 628-5392 & TWX: 310-336-1264
CHICAGO: (312) 352 3227 o DALLAS: (214) 234.6523

FLORIOA: (305) 644 5404 « MARYLAND. (301) 937-0070

NEW YORK / NEW JERSEY: (201) 964 9305

SAN FRANCISCO: {415) 494-0113 o SEATTLE: (206) 455-4807
CANAOIAN SALES: Avotronics. Ltd. (416) 493-9711

EUROPEAN SALES: Bourns AG Zug, Switzerland (042) 232-242
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Why switching power supplies
are rivaling linears

Use of power transistors instead of a bulky transformer
keeps efficiency high, size small, and power consumption low

by Malcolm Burchall, Gouid inc., Electronic Components Division, EI Monte, Calif.

[0 Today’s switching regulated power supplies are begin-
ning to compete with linear types for the system design-
er’s vote. They certainly deserve it if efficiency, small
size, and low power consumption are what he wants
most. And sometimes, in the context of a particular
system’s overall requirements, they may still be the
better choice despite their greater noise, slower transient
response, higher ripple, and generally higher price.

The virtues of the switching power supply stem from
its smaller size. Its vices, on the other hand, stem from
what makes that smaller size possible: the substitution of
a high-frequency switching system based on power tran-
sistors for the bulky 50-t0-60-hertz input transformer of
the linear supply.

Approximately 80% of the linear supply’s bulk is
accounted for by three components: the input transform-
er, the reservoir electrolytic capacitors, and the heat
sinks (Fig. 1). The transformer provides input/output
isolation and reduces the relatively high input voltage to
a level more nearly matching the required dc output
level. The reservoir electrolytic capacitors perform two
functions: they store enough energy to keep the output in
line with the specifications in the event of short interrup-
tions in the input, and they filter the raw, rectified dc
from the rectifiers to an acceptable level. The heat sinks
are needed to cool the power-dissipating components
(rectifiers and series-pass transistors).

In the switching regulated power supply, most of the
bulky components are replaced by solid-state circuits
(Fig. 2). The switching system uses power transistors
that turn on and off at rates of 20 kilohertz or more, the
ratio of their on to off time being determined by a
detector-amplifier configuration. This high-frequency
operation allows smaller components to be used for the
energy-storage capacitor, rectifiers, and filtering net-
work. Being small, all these elements dissipate less heat
and therefore need less—sometimes nothing—in the way
of heat sinking than their larger linear counterparts.

Efficiency, size and weight

All other things being equal, then, linear power
supplies have lower efficiencies. The usual efficiency for
a good linear under nominal operating conditions is
about 50%, and even the best of the new high-efficiency
linears achieve only 53% to 56%.

Switchers, on the other hand, typically have 75%
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efficiencies, with some claims as high as 85%. To provide
an output of 100 watts, a 133-w input is required of a
switcher, while 200 w, at least, would be needed for a
linear. The linear supply’s efficiency is also highly
dependent on the input line voltage, unlike the efficiency
of the switcher, which is considered a theoretically loss-
less pulse-width-modulated device. As such, it acts as a
dc-to-dc transformer that keeps output power constant
by compensating for an increase in input voltage by a
decrease in input current.

Another consideration is power loss density, or the
power dissipation of a given group of components
expressed in terms of their volume. For similar types of
equipment, the maximum power loss density is deter-
mined by the temperature rating of the components
used, the ambient temperature, and the method of heat
extraction used (convection or forced cooling). Theoreti-
cally, this means that a switcher producing 100 w of
output power with an internal loss of 33 w can be one
third the size of a linear power supply that has an

ac INPUT VOLTAGE

1

INPUT FREQUENCY
TRANSFORMER

P

RECTIFIERS

J

ENERGY STORAGE
AND FILTERING

J

LINEAR SERIES
REGULATOR

oo

dc OUTPUT

—— HEAT SINKS

1. Conventional. Sizeable linear power supply consists for the most
part of large input transformer, bulky electrolytic capacitors, and
large heat sinks for the rectifiers and regulator.
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Instant

American
Data Comm

Edited by

HAROILD C. FOLTS, data communications
standards consultant; and HARRY R. KARP,
Editor-in-Chief, Dara Communicarions,
McGraw-Hill Publications Companv.

1133 pages.

89 complete and unabridged standards

Consultative Committee for International
Telephone and Telegraph
43 standards, including ...

V.2 Power levels for data transmission over
telephone lines

V.15 Use of acoustic coupling for data
transmission

V54 L.oop test devices for modems (and

provisional amendments, Nav 1977)
X.25 Interface for terminals operating in the
packet mode on public data networks
X.28 Interface for a start/ stop mode on a public
data newwork sitwated in the same country

X.29 Procedures for exchange of control informa-
tion and user data between a packet mode
DTE and a packet ;lsscmhly/disuss‘cmbly
facility (PAD)

X.95 Network parameters in public data networks

Electronic Industries Association
13 standards, including...

RS-232C  Interface between data terminal cquipment
and data communication ¢quipment
emploving serial binary data interchange

RS-269B  Svnchronous signaling rates for data

transmission

RS-363 Standards for specifyving signal quality for
transmitting and receiving data processing
terminal equipments using serial data
transmission at the interface with non-svn-
chronous data communication equipment

RS-449 General purpose 37-position and 9-position
interface for data terminal equipmentand
data circuit-terminating equipment
emploving serial-binary data interchange
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International Organization for Standardization

11standards, including...

1SO 646-1973

ISO 1745-1975

[SO 3309-1976

7-bit coded character set for
informaution processing interchange
Information processing—basic mode
control procedures for data
communications svstems

Data communication—high-level
data link control procedures

frame structure

American National Standards Institute
11 standards, including...

X3.4
N3.24

N3 +4

Code of information interchange

Signal quality atinterface between data
processing technical equipment for
synchronous data transmission

Svnchronous high-speed data signaling rates
between data terminal equipment and data
communications cquipment

Determination of performance of data
communication systems

Federal Standards
11standards, including ...
FED-STD-1003 Bitoriented data link control

procedures

FED-STD-1010  ASCII bit sequencing for serial-by-bit

FIED-S

transmission

[1D-1011  Character structure for serial-bv-bit

ASCII transmission

FED-STD-1012  Character structure for parallel-by-bit

ASCII transmission
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aceess to all
and International

unications Standards

Data communications standards are undeniably necessary and helpful. But .. .the
proliferation of standards by the many committees and groups has left the data
communications equipment user and designer searching through numerous
publications to find the applicable standards for each job.

Now: that time- and effort-wasting trial is over.

Hith the publication of this landmark resource, you can quickly and accurately determine exactly which
standards apply to the project at hand, and speedily integrate those standards into your
own network requirements.

Presents _all rglevant data Need to know the latest standards for...
communications ¢ data transmission over public data networks?
standards promulgated by:

* Consultative Committee for International
Telephone and Telegraph (CCITT)

* International Organization for Standardization

* computers and information processing systems?
* peripheral equipment?
* signal quality and analog and digital interfaces?

(ISO) It’s all here, and more, complete with introductory
* American National Standards Institute (ANSI) descriptions of the groups that promulgate the
« Electronic Industries Association (EIA) standards . .. and relational charts of similar

- . . interfacing standards produced by different groups.
* Federal Teleccommunications Standards & b ’ group

Committee (FT'SC)

Design Engineers Find the technical specs you need instantly.
Planning Engineers Determine which standards apply to a vast range of networks and components.
Operations Managers Learn whether the equipment you're buying will operate at all applicable standards.

Return coupon to: Order today using this coupon! L JV/K
Data Communications Standards C‘J}o
P.O.Box 669 L Hil |

Hightstown, New Jersey 08520

| I
| I
I I
| Send me______ copy (copies) of DATA Name I
COMMUNICATIONS STANDARDS (099782-

| Q) on a 10-day money-back guarantee. | un- Title ]
derstand that if | am not absolutely satisfied. | l
| may return the book(s) within ten days at no Company )

| further obligation. Otherwise, McGraw-Hill will |
bill me $165. for each copy. plus applicable ~ Address

| sales tax, shipping and handling charges. City State Zip |
I I
| I
| |

SAVE MONEY! Enclose payment in full, plus local sales tax, and McGraw-Hill pays all regular shipping and handling charges. Ten-day
money-back guarantee still applies.
Check enclosed Bill me Bilt my company Company purchase order #

This offer subject 1o acceptance by McGraw-Hill EL 2
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Introducing

Now for the first time you can quickly test

computers “on-line” with Conic’s
portable Avionics Computer Terminal.
(We calil it act 1).

It can inspect, modify and correlate
computer and computer controlled
systems operation /n real time by
combining the capabilities of hardware
and software deveiopment systems, a
production tester, and system support

equipment in one single instrument. Use

it for unattended automatic testing.

ACl 1

avionic computer terminal)

Conic puts adramatic
advance in avionic computer
testing on the line with you.

act 1 gives you:

o

o

Three hardware breakpoints which
may be logically linked or used
independently

Up to 65K of external memory which
can substitute for and/or extend the
Target Computer (TC) memory
Independent mapping of four TC
memory zones

Two 1K, 16 bit stacks for the memory
address bus and the memory data
bus. A 1K, 8 bit stack is available to
monitor external signals

The ability to disassemble any section
of the TC memory. Program execution
may be monitored and displayed on
the CRT or the optional line printer

o Simplified commands which may be
entered via the internal keyboard,
keypad or cassette tape recorder or
the external paper tape punch
To get the whole story of act 1, call or

write Bill Strauser at Conic Data

Systems, 9020 Balboa Avenue, San

Diego, CA 92123. Phone (714)

279-0411

' o N l ' DATA SYSTEMS

L A subsidiary of Loral Corporation




Engineer’s notebook

Digital differentiator determines
shaft acceleration

by N. Bhaskara Rao
U. V. C. E, Electrical Engineering Department, Bangalore, India

Using standard logic elements to determine the deriva-
tive of an input signal digitally, this inexpensive circuit
can find the acceleration or deceleration of elements in
linear and rotating systems, such as those encountered in
moving projectile problems or when measuring changes
in shaft speed. The magnitude and sign of the derivative
is expressed as a 5-bit word at the output, which makes
interfacing with a microprocessor or other processing
device in a data-acquisition system easy.

The rate of change of an input signal is measured with
the circuit shown in the figure. The input signal, f(t), has
been derived by a transducer that converts the speed of
the shaft, etc. to a corresponding frequency. With the aid
of gates G,-G;, this signal is gated to an up-down
counter. Clock signal x(t), which is low for approxi-
mately 100 nanoseconds, can be generated by a 555
timer in the astable mode.

Generally, the negative-going edge of x(t) clocks the
flip-flop A\, which operates in the toggle mode. When its

output is high (Q = 1), G, is disabled and G is active;
hence, the 74192 counter, A,, counts down. Otherwise,
A, is in the count-up mode. In either case the 74192
counts during the time T.

Consider circuit operation when the change in f(t) is
positive. A narrow positive-going pulse is generated by
A; each time the Q output of A, moves high (at the start
of the measuring cycle) and sets the counter to zero. The
74192 first counts down for the period T,. The Q output
of A, then moves low as it is toggled by x(t), and the
74192 counts up during the next T, period. The net
reading from the counter at this time is thus:

IR] = (fu—fa) T, (1)

At the end of the counting cycle and at the start of a
T, period, A, triggers A; and the one-shot generates a_
positive-going pulse. This signal clocks latch A, so that
the counter’s contents appear at the output. The nega-
tive-going edge of the latching pulse then triggers As,
clearing the counter for the next measuring cycle.

During successive cycles, Ag is retriggered continuous-
ly by the A, carry pulse, which is generated during the
up-count interval. Continuous retriggering of A ensures
that circuit timing is maintained, for A¢ activates G4 and
enables Aj to fire only at the start of every other T,
period. Note that a carry pulse will be generated during
each timing interval if f(t) is rising (R in Eq. 1 will be
positive), because the number of pulses received during

%7400
1
f(t) "
FROM TRANSOUCER 2| G
5 14
3| ; CLEAR ‘
4 h Ay s *42 G, \ 3 S)cLock %7400
Ve 7404 d2 w470 Q J up cAray 1212 : "
X{t)_JL1 2 L1 P 2. %7432 Ay 13] Ye
4
31« FLIP-FLOP L4 6. \é a| crock 74192
L TR I I al 5] %) DOWN  COUNTER
= 1
U] L1 % i
2 BORROW
7, =1ms 5V
Ao, 8oy Co. D
T2 7 10008 2t w4123 a2 2o |72:23 5 3u2° 50 7o
. B (7 e D oneskor °f - el e
o R (100 ns) e et
= 4| 5 9| 10 5V 1 D2 D3 D,
[ Aq
G G e EL A
® - QUAD LATCH
gy 0p Jast e
6 8 1 2 3 4
7400 2 4 Az 16| 15] 10| 9
4 oma e
5V 5] ONE-SSHOT
SIGN e
(100 ns) i/ OUT;‘PUT

Logical derivative. Digital circuit finds first derivative of input waveform {(t) and thus can be used to determine acceleration or deceleration of
elements in linear and rotating systems. Output is expressed as a 5-bit word: 4 bits for magnitude and 1 bit to indicate sign.
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the count-up interval must be greater than that encoun-
tered during the count-down time.

If the period between A,’s toggling times, and thus the
measuring cycle t = (T, +T,), are small, then the deriv-
ative of the input wave, f’(t), may be assumed to be
constant over the measuring cycle, and f’(t) = K.
Therefore the change in the average frequency with
respect to time t is:

b2l wr@p =k @
Substituting for f,—fy in Eq. 1 yields:
R = KTt (3)

where R now represents acceleration and T, and t are
known constants.
If the change in f(t) is negative (deceleration), the

Calculator notes

number of pulses received during the first (down) count-
ing interval will be greater than that received during the
next (up) counting time. Hence, neither a carry nor a
borrow pulse will appear at A,, and As is not triggered.
Therefore G4 is disabled, Gs is enabled, and As; is
triggered at the end of every other T, period.

The end result of this operation is that A, first counts
up during the initial T, period and down for the second
T, period, at the end of which time the Q output of A,
moves low and the next measuring cycle starts. Thus the
latched output of A; is still given by Eq. 3, where K now
represents the rate of decrease of f(t). The state of the
retriggered As indicates whether f(t) is accelerating or
decelerating (Q = 1 or Q = 0, respectively). d

Engineer's notebook is a regular feature in Electronics. We invite readers to submit original
design shortcuts, calculation aids, measurement and test techniques, and other ideas for
saving engineering time or cost. We'll pay $50 for each item published.

HP-25 finds thyristor’s
conduction angle, output power

by William D. Kraengel Jr.
Valley Stream, N. Y.

Thyristors have enjoyed increased popularity ever since
optocoupler and microprocessor drivers have made them
convenient to use in such applications as traffic-light
controllers and microwave ovens. A thyristor’s most
important parameter is generally considered to be its
conduction angle for a specified power output, and these
HP-25 programs aid in the design of power systems
using thyristor controllers by finding the set angle
required for proper circuit operation, or alternatively,
the output power for a specified conduction angle. Either
the average or root-mean-square values of current or
voltage may be determined directly for thyristors oper-
ated in either the half-wave or full-wave modes.

Unfortunately, the conduction angle cannot be
uniquely determined, but rather must be found using an
iterative approach. The first program can solve two
iterative equations that hold true for all thyristors oper-
ating in the half-wave case:

[sin 20; . £ Xom \?
G)c=360[———47r +(XL)]

or:
_ of sin 2®C _P_
0. = 360 (———47r +PL
where:
©® = the half-cycle conduction angle (that is, the

number of electrical degrees during which the thyris-
tor is in conduction for each half cycle of the applied
ac input voltage)

X:ms = load voltage or thyristor current

XL = rms line voltage or current (full conduction)

P = power dissipated by the load

148

PL = power dissipated by the load at full conduction.
The 360° in both equations becomes 180° for the full-
wave case, and 4x becomes 2.

The second program solves the inverse equations for
voltage, current, and power when 0 is known:

X, = {1—cos ©)X,

7|'2|/2
o (8 _sin20:)2 X,
m = \180 " 2 27

where Xms and X are as defined previously and X, is
the average voltage across a load or the average current
through the thyristor when operating in the half-wave
mode. These equations are also useful under full-wave
conditions, where X,, is twice that of the half-wave case,
and X.ms 1s 2'/2 times its former value. For the case where
both E;ms and Ims are known, the program also solves P
= Emslms, which holds true for both the half- and
full-wave conditions.

Because the first program solves for ©. using the
iterative approach, an initial guess for ©. must be stored
in one of the available registers. Unless the value can be
predicted approximately, 90° is a reasonable choice. A
step size for the program iteration must also be specified.
Its value should be kept small—say about 10-5—so that
the program can converge toward a solution. The final
value of ©. will be displayed in the same register in
which the initial value was stored.

For initial guesses far from the actual value of O,
convergence is slow and the program may take several
minutes to run. A good guess will enable the program to
converge on O in 20 to 25 seconds, or less if the initial
guess is very good.

The second program displays 1.41 after performing
the calculation for the various parameters. This number
has no significance, but is rather a byproduct of the
program’s calculations. Additional register arithmetic is
performed in accordance with the program instructions
to unite the appropriate factors in order to display the
desired parameter. ©., E., and I, are overwritten while
the program is run and consequently must be stored
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again before each new run.

A numerical example illustrates the programming
procedure. Two systems, one using a triac controller, the
other a silicon controlled rectifier, require 450 watts of
energy from a heater circuit that normally draws 10
amperes from a 120-volt line. What must the conduction
angles be for the triac operating in a full-wave mode, and
for the SCR operating in a half-wave mode? What are
Ems across the heater and ., through the heater for
both? What is the average current (needed to determine
the power the heat sink for the thyristors must be
capable of dissipating)?

Using the first program and placing power function
450, 120, 10 in Ry, 90 in Ry, and 103 in R; as instructed
yields a O, of 113.83° for the SCR and 78.60° for the triac.
Note the total conduction angle for the triac is 2(78.60°)
= 157.20°. Placing the value of 113.83 into the second
program with the line voltage and current previously
specified yields V.ms = 73.49 across the heater, Iime =
6.12 and 1,, = 3.16. Recalling the contents of R, yields
P = 450.02 w. Repeating the process using ©. = 78.60°
and the instructions peculiar to the triac operating in the
full-wave mode yields V,m, = 73.48, Iins = 6.12, and P
= 449.49 when the contents of Rs are recalled. g

HP-25 THYRISTOR PROGRAMS

Program 1: Program 2: Instructions for program 1
0¢ for specified output E, |, P, for specified O¢
Line Code Key Code Key ® Key in program and enter RUN mode
% . 0
o1 50 0 o1 1 Specuf(yaet;;u;};oonzs step size {tolerance)
02 23 07 STO 7 24 05 RCL 6 o ’ . .
03 23 01 RCL1 14 05 e or ha(l;-)wtavt:Ecas)e, sto(rle :)owers-frtg;ugr;or vbltage/current function
4 13 15 GTO 1 41 - e S
0 ) (Xums), 1. 1X ), = 28/ 2 g x2 2X STO 0
0s 21 x 2y 16 73 qm ® For full . . X i y . A
or full-wave case, store power function or vo tage 'current function
06 23 06 STO 6 02
07 o » 51 {P),t,2<(E_).=(I_).=STOO OR
(X;mgh 1. (X ), = 2f4/ +gx2 STOO
08 | 23 07 5T0 7 7 m - ViEe
® Estimate conduction angle
09 24 01 RCL 1 23 00 STO 0
{0ci). STO 1
10 24 01 RCL 1 02 2 e —— i i
culate hali-cycle conduction angle
4
1 24 02 RCL 2 61 f PRGM R/S
12 61 X 23 01 STO 1
13 23 05 STO 5 24 05 RCL S
14 51 + 01 1
15 3 + 08 8
16 31 t 00 0 Instructions for program 2
17 02 2 71
18 61 v 24 05 RCL 5 ® Key in program and enter RUN mode
19 14 04 fsin 02 2 ® Specify half-cycle conduction angle
20 15 73 am 61 X (0c). STO 5
%1 o3 1 "4 03 r Store line voltage and current
= i (E.). STOB, {1}, STO 7
22 61 x 15 73 qm » .
23 T r 02 2 L Inmatfe::léula:o;
24 24 00 RCLO 61 s MR/ -
T 5 73 1.41 is displayed after calculation is completed
26 03 ® Press RCL 4 or RCL 5 to find power dissipated by load under half-wave
3 A _ or full-wave conditions, respectively
27 06 o 14 02 A ® To display half-wave or full-wave vatue of Eay or Erms, call out register
28 00 0 02 2 containing that function, multiply by Rg
29 61 71 = ® To display half-wave or full-wave value of I,y or lrmg, call out register
30 41 = 23 02 STO 2 containing that function, muttiply by R,
31 15 71 g x=0 02 2 ® Peak value of voltage or current (Epeak. Ipeak) for the given conduction
32 13 49 GTO 49 14 02 fv~ angle may be found by multiplying register 6 or 7, respectively, by sin 0¢
33 24 07 RCL 7 61 X
34 15 71 1 x=0 23 03 STO 3
35 13 05 GTO 05 15 02 g x?
36 21 x>y 24 06 RCL 6
37 24 06 RCL 6 61 X Registers for program 1 Registers for program 2
38 4 - 24 07 RCL 7 Ro | f(PLfIE).andf (D) Ro | f(Eay).f (lay) - half-wave
S8 }—01 ! 8] Ry | Oc tinit) ~ O {final) Ry | f(Eay). f (lay) - fullwave
40 41 23 04 STO 4 P 5 R TE P =
a1 | 15 22 9 1/x 02 2 2 2 Crmslat tomsl 2 Rt wove
12 24 05 RCLS 61 Rs — Ry | inuse Ra f (Erms). f {lrms) © full-wave
az | 61 X 23 05 STO 5 Ra P : half-wave
44 23 41 01 STO-1 02 2 Rs Oc -+ P : full-wave
45 15 03 g ABS 14 02 fv~ Rg E.
46 24 02 RCL 2 23 61 06 STO x 6 R, I
a7 14 41 fx<y 23 61 07 STO x 7
48 13 01 GTO 01 13 00 GTO 00
49 24 01 RCL 1
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Engineer’s newsletter

Electron-beam welding Precious metals and base metals with widely different melting points have

been hard to weld together in strips long enough for the economical

cuts connector production of conncct(g)r contacts. But clegctron-beam welding can join

production costs metals that till now could never be welded together except under tightly
controlled laboratory conditions.

Technical Materials Inc. of Lincoln, R. I., has developed such a welding
process and refers to the product as Dual Metal Strip. Production of
connector contacts is already benefiting at such places as Honeywell Inc.’s
Micro Switch division in Freeport, Ill., where a change from hand-welded
contacts to the electron-beam-welded type has so far saved $164,000 in
production time and material costs. The possible metal combinations are
many —copper, nickel alloys, steels, and all precious metals all can be
paired. Moreover, the process can join metals of different tempers.

Improving Murdock Taylor of Exide Power Systems division, ESB Inc., Raleigh,
N. C,, points out that the pulse response of a phototransistor can be greatly
phototransistor improved with much less circuitry than in Peter Kindlmann’s cor%bined
pulse response transistor array and capacitor arranged in a bootstrap feedback configura-
tion [Electronics, Aug. 17, p. 105]. Taylor says that a standard cascode
configuration, in which a Litronix IL-CT6 optoisolator is coupled to the
emitter of a 2N2222A transistor having a 1-kQ load resistor, should result
in rise and fall times of less than 0.5 us. (By itself with a 100- load, the
phototransistor of the IL-CT6 has typical rise and fall times of 5.0 and 25
us, respectively.) Naturally, rise and fall times of the circuit could be
improved beyond 0.5 us by decreasing the 1-k2 load resistor.

Why test at the Is the yield from your functional pc-board tester too low? Then a new

Teradyne booklet called some “Hows and Whys of Testing Bare Boards”

bare-board level? could cut your functional test time. The public):lation relates testing to the

rest of the manufacturing process, emphasizing the reduced start-up times

and rapid rise to high yield possible with automatic bare-board test

equipment. Free copies of the booklet are available from the Publications
Department, Teradyne Inc., 183 Essex St., Boston, Mass. 02111.

Battery storage Al Schamel, a design engineer at Tektronix, wants to amplify Kenneth
continued Kerwin’s item on this page on July 20, “Simple switch saves battery durir}g
storage.” He notes that although it is true that the battery-level meter in
the Tektronix 1107 nickel-cadmium battery supply is connected across the
battery output, it is not the only cause of battery discharge. The level of
current drawn by the meter circuit from the battery is very low in relation
to the ampere-hour rating of the battery, and in fact, even if the meter
circuit is disconnected, the self-discharge characteristics of the nickel-
cadmium cell will discharge the battery.

Schamel points out that the 1106 operator’s manual contains informa-
tion on the battery’s maintenance and extended storage, including a
method of removing the load from the meter circuit without modifying the
instrument. Jerry Lyman
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The Birth of a Notion.

Robert H. I Llovd
President

CON\ ER Corporation

RCA Sohid State Division,

*657-60, R&Dand

Mig.-Mgmnt
1BM,'60)-68,

Product Development

Mgmnt.

ADVANCED MEMORY
SYSTEMS (now
INTERSIL)'68-71,
FFounder and President

NATIONAL SEM]-

CONDUCTOR,'75-77

Group Director,

MOS/LSI

industry, the power supply business™
hasn’t changed much in the past decade.
There have been few significant advances
in technology, scant improvement in reliability, |
andlittle, if any, real reduction in costs.
It's time someone applied high technology
to power supplies.
It's time someone applied the quality standards
of the data processing industry to make power supplies more reliable.
That's why we've started CONVER. Because it's time someone
started meeting your needs. We're going to. Starting with this,
our first product:

The industry’s first 27-watt power switcher-
competitively priced with linear supplies.

The CONVER 2000 Series “Silent Switcher’ 27 watts, 4 outputs.
5V.-4A, £12V-0.3A.-¥-0.2A with other voltages and single 5V output
versions available. Negligible conducted and radiated noise. A lower
component count, for higher reliability. UL-recognized. Changeable
from 115 to 230V. Interchangeable with higher-wattage switcher Type
OL50. Guaranteed longer than any other switcher available. Price 1-9
pcs. $80.00. 1000 pcs. $50.00 ea. And available right now.

Just contact us at 10631 Bandley Drive, Cupertino, CA 95014.
Phone (408) 255-0151.

We're going to change the way you
. Faco vy i ——
| ‘a‘§|'? | rrﬁ '
‘m‘ !I \1”1 \jll

think about power supply suppliers.

Wb




@ ‘ J ﬂ!}ﬁ] HP 3000 SERIES T~ . |

R

' 'WHEN HEWLETT-PACKARD WANTED
TO PROTECT THEIR MEMORIES,
THEY REMEMBERED US.

When a computer
loses power, its vola-
tile memory goes blank.
Plain, simple, and costly.

It doesn't have to
happen.

Because Gates Energy
cells and batteries pro-
vide dependable standby
power. They furnish the
energy when the local
power company can't.

That's why more and
more major computer
manufacturers are mak-
ing Gates an integral part
of their products. Inc,, 1050 South Broadway,

Ourenergy cells have Denver, CO 80217. Phone
outstanding capability for float (303) 744-4806.

GATES ENERGY

charging. So, they're always at peak
power for emergency situations.

And, for portable instrumenta-
tion, Gates Energy cells offer safe,
reliable sealed lead-acid con-
struction and extended discharge
service,

Learn more about Gates
Energy. Send for our com-
prehensive information
packet full of design data,
spec sheets and application
notes. Circle our Reader
Service Number, or write us
directly.

Gates Energy Products,



High flexibility

Pragmatic. Asthetic.
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From hard use lab assignments to easy going offize jobs — the flexibility of Cramer
Hi-Model is umniimitea.

Cramer offers the options on a complete line of Hi-Mode:s. Choose footrings,
posture backs, caste’s. Ail Hi-Models are available in @ vast selection of decoratcy
fabrics. Frames and legs in mimor, or brushed chrome. We offer Auto-Lift for
immediate neight changes — Posi-Lok for less frequert height adjustments.

Whatever te job type or individual need —Cramer is high in design anc
practicality..

omm CRAMER INDUSTRIES INC..

625 Adoms Skeet, konsas City, KS 66105
Phone: 913:621-6700
Toll Free: 800/255-4096

Showrooms in-sacces. 982 10-985 Chicago: Merchandise Marr
Kansas City, Los Angeles

Y

Circle 153 on reader service card



MOTOROLA KEEPS THE BAD GUYS

A police officer, crouching in
the darkness outside a tene-
ment, speaks into his portable
radio. ..

“This is 2L7 I m covermg
the front door..

“Right, 2L7”
comes the
answer.
“This is
2L14.
I've got
the rear
covered and

The police are converging
on a sniper, and thanks to two-
way radio, every officer knows
where every man is located.

Unfortunately, so does the
sniper. He found out simply by
tuning in police radio channels.

In the same way, a fugitive
might learn where all the police
roadblocks are located, and
escape. Or a narcotics
smuggler might learn that
federal agents are waiting for
him, and simply take his
lethal cargo by an alternate
route.

ELECTRONIC
PRIVACY AT WILL.

|t became apparent
that a private medium
of communication
would help the police
do their job better,
and Motorola
applied its talents to
solving this prob-
lem of electronic
eavesdroppers.
Wecame
up with a Digital -

sent a man up onto the roof..”

Voice Protection (DVP) system

that gives the highest level of

voice security commercially

1 available, a system that’s
available only to public

safety agencies.

A police officer
uses Motorola DVP
by touching the

buttons on a
& MICroprocessor-

controlled device

(it looks like a hefty pocket
calculator) and plugging the
Code Inserter into his field
radio. This transfers the code to
Motorola radios equipped for
DVP reception.

Each radio contains two
integrated circuits. One of
thermn converts regular speech

into digital speech. The other
scrambles that signal through
what engineers call a multi-
register non-linear combiner
algorithm.

MICROPROCESSOR
HANDLES TWO
SEXTILLION CODES.

Any voice message passing
through this formidable process
sounds to an eavesdropper like
impenetrable static—but, of
course, the police, with com-
patible DVP equipment, can
hear each other clearly.

Motorola's DVP system has
an astonishing capacity for
keeping a secret. It can scram-
ble voice communication




FROM TUNING IN THE GOOD GUYS.

through more than two sextil-
lion (that's a two with 21
zeroes) different codes.

If the DVP function isn't
being used, voice messages
come through loud and clear
on standard two-way radios.

Esoteric as it sounds, this
system is being used right now
by the police in one of our
major cities. Its performance
there suggests that it may soon
be working for public safety
agencies all over the country.

IMAGINATIVE ELECTRONICS.

The microprocessor technology
that makes Motorola’'s DVP sys-
tem work is at the heart of

many of the things Motorola
makes today. For we're not only
one of the world's largest
manufacturers
dedicated
exclusively to
electronics, but
also one of its
foremost
designers of
custom and
standard semiconductors.
We've come a long way
from the time when we put
radios into cars fifty years ago,
and put TV sets into America's
living rooms. Now we make
hundreds of models of two-way
radios, and although we no
longer make home TV sets

il

) = o
-

A microcomputer,
drawn larger
than life.

@ MOTOROLA

Making electronics history

, Motorola and @ are registered trademarks of

here at all, we do make some
of the most advanced and
durable TV cameras and moni-
tors for industrial security
systems.

We make microelectronics
technology do a lot of other
things, too. Like carrying tele-
phone service to places where
there are no phone lines. Trans-
mitting electrocardiograms and
voice messages simultaneously
from the scene of an accident
to a nearby hospital. Helping
busy people stay in touch while
they're on the go with pocket-
sized pagers.

And, of course, keeping the
bad guys from tuning in the
good guys.

since 1928.

Circle 155 on reader service card

For further information, write Public Affairs Office,
 Corporate Offices, Motorola, [nc., 1303 E.
Algonqunn Road, Schaumburg fliinois 60196.

Mqﬂoro Inc.




Get to youn
state flow anc

Just plug an HP interface board
into your computer or micro-
processor and your system
signals are immediately available
for detailed analysis.

Now, it’s easy to get a clear picture of system activity in your
minicomputer or microprocessor with HP’s 1610A Logic
State Analyzer and one of HP’s interface boards. Just plug
into the system . . . use a simplified menu concept for quick
set-ups . . . and with a few simple keyboard entries, you’ll
have an easy-to-interpret display of your state flow including
address, data and control line activity, or the time interval
between specific bus-arbitration steps.

Whether you’re designing or maintaining a minicomputer
or microprocessor-based system, here’s a powerful com-
bination that lets you quickly solve state flow problems and
analyze handshake operations. Now, you can easily evaluate
and optimize your programming, lowering testing and trouble-
shooting costs.

Find out how this versatile combination of HP’s 1610A
(priced at $9500*), minicomputer interface boards ($300%*)
and the 10277A general purpose interface board ($400*) can
help you get at your system problems quickly. See the listing
for available boards dedicated to various minicomputers. For
complete details, contact your local HP field engineer today.

Domestic U.S.A. price only.
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bus problems quickly.
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Easy set-up.
Simple keystrokes let you define
sequente requirements for a specific
bus-arbitration process. And by selecting
the count time, you can measure the
elapsed time intervals between all of the
specified sequences. Now you can
accurately troubleshoot timeout problems
or optimize time-dependent code.

Quick analysis of state flow or bus arbitration.
Trace-list menu lets you observe the results of

the specified handshake. The time interval adjacent
to each event can be either relative (between
each event) or absolute (referenced to the trace
start). And by defining another trace specifica-
tion, you can easily monitor program flow in the
numerical bases of your choice.

Boards now available include:

Model Number Minicomputer

10275A DEC PDP/11 (UNIBUS)
10276A DEC LSI/11 (Q-BUS)

10277A General purpose probe interface
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HEWLETT /hp) PACKARD

1507 Page Miff Road, Palo Alto, California 94304

For assistance call: Washington (301) $48-6370, Chicago (312)
255-9800, Atianta (404) 955-1500, Los Angeles (213) 877-1282
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FORGET HYBRIDS. 12 BIT

12 BITS, 12 BUCKS. OUR
NEW AD7541 CMOS M-DAC
GIVES YOU EVERYTHING
AHYBRID CANT.

our new AD7541 is the world's only true
12-bit-accurate monolithic multiplying
DAC. Its low, low price, only $12 in 1000s, is
big news. But more important is the per-
formance of the AD7541. It offers full
4-quadrant multiplication and guaranteed
12-bit linearity (0.012% over temperature).

The AD75441's inputs are TTL and CMOS
logic compatible. For the AD7541's current
output, settling time is 500 nanoseconds,
typically, 1 microsecond maximum. High
density CMOS and laser wafer trimming of
its onchip thin film resistors are the keys
to the AD7541's high performance, low
power, low price and small size. In addition,
single-chip construction inherently offers
vastly improved reliability over multi-chip
hybrid designs.

Below: unretouched photo of AD7541
and typical DAC80 with lids removed.

DAC80
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NOT THIS.

EQUIVALENT
DIGITAL INPUTS e PECI
p~ OUT
o oV FRACTIONS

0001
0010
NEGATIVE 0011
CODE 0100
SENSE 0101
0110

Complementary 0111 — ==
Binary -1V =
Code poos

+7/8

POSITIVE 1011
CODE 410
SENSE

-10V4 {-8/8)
NEGATIVE POSITIVE
REFERENCE REFERENCE

TRUE 4-QUADRANT
MULTIPLICATION.
UNLIMITED APPLICATIONS.

The 4-quadrant multiplication feature of
the AD7541 M-DAC permits it to function
with both positive and negative variable
references, either AC or DC, without any
circuit changes. This opens up a wide range
of applications for the AD7541 in digitally
controlled gain or attenuator circuits,
synchro-to-digital converters and ratio-
metric low-power converters, as well as
digitally controlled power supplies.
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DACS GO MONOLITHIC

SPEED, ACCURACY
AND LOW PRICE.

The new AD7541 CMOS M-DAC is the world’s
first 12-bit monolithic M-DAC. It's the small-
est and least expensive available and pro-
vides 12-bit resolution with true 12-bit line-
arity. And even if you don't take advantage
of the multiplying capability, at $12/1000s

it still makes a dandy d/a converter. And it's
completely monolithic. For hi-rel applica-
tions, the AD7541 is available from stock
fully screened to MIL-STD-883A, Class B. For
complete specs and information, call Doug
Grant at (617) 935-5565. Analog Devices, Inc.,
PO. Box 280, Norwood, MA 02062.

ANALOG
DEVICES

WAYOUT IN FRONT

Analog Devices, Inc.. Box 280, Norwood, MA 02062; East Coast: (617) 329-4700; Midwest: 1312; B94-3300; West Coast (213) 595-1783; Texs. (214) 231-5094; Belgium: 031:37 48 03; Denmark:
(021845800, England:01/94 10 46 &; France: 686-7760; Germany: 089/53 03 19; Japan: 03/26 36 82 6; Nethetlands: 076/879 251; Switzerland: 022/319704; and representatives around the world.

Circle 159 on reader service card



You Get Much More
When You Rent

Test Instruments
From GE:

65 (UL

L

T T8

Over 15,000 instruments available for
rental by the week or month! . . . And more
are being added every day. You get the test
instruments you need for short-term projects
or rush situations from General Electric
because we stock in depth. Immediate ship-
ment of the newest and most up-to-date
equipment from all of the top manufacturers
like HP, Tektronix, Honeywell, Gould Brush,
Fluke, and hundreds of others, all calibrated
to manufacturers’ specs and thoroughly
checked out.

General Electric has six stocking inventory
centers and over 40 rental sales offices; you

160 Circle 160 on reader service card

Tremendous
Inventory

are never more than a phone call away from
the instruments you need.

For your FREE RENTAL CATALOG Call
Collect (518) 372-9900 or your nearest sales
office listed below or write General Electric
Company, Apparatus Service Division, Build-
ing 4, Room 210, Schenectady, N.Y. 12345,

ALA. BIRMINGHAM (205) 925-9449 e ARIZ. PHOENIX &6‘)2%278-8515 or 8516, TUCSON (602}
294.3139 & CAL, LOS ANGELES (213) 642-5350, SACRAMENTO (916) 383-4986, SAN FRAN-
CISCO (415) 436-9260 » COL. DENVER (303) 320-3255 « CONN. SOUTHINGTON (203) 621-
4059  FLA. JACKSONVILLE {904) 751-0615, MIAMI (305) 696-0811  GA. ATLANTA (404)
457-5563  ILL. CHICAGO {219) 933-4500 or (312) 854-2994 » INO. INDIANAPOLIS (317)
639-1565 @ KY. LOUISVILLE (502) 452-3311 « LA. NEW DRLEANS {504) 367-6528 « MO. BAL-
TIMORE (3011 332-4713 « MASS. BOSTON (617) 396-9600 ¢ MICH. DETROIT ;313)285-
6700 » MINN. MINNEAPOLIS {612) 522-4396 « MO. KANSAS CITY (816) 231-4377 or [816)
231-4620, ST. LOUIS (314) 965-7115 « NEW JERSEY CLIFTON (201) 471-6556 * N.Y. BUF-
FALO (716) 876-1200, SCHENECTADY (518) 385-2195 ¢ N.Y.C. CLIFTON, N.J. (201} 471-6556
® N.C. CHARLOTTE 4704) 525-0311 » OH. CINCINNATI (513) 874-8512, CLEVEEAND (216)
4416111, TOLED® (419) 691-3501  ORE. PORTLAND {503} 221-5101  PA. PHILADELPHIA
(609) 424-4450, PITTSBURGH (?12) 462-7400 » S.C. GREENVILLE {803) 277-4093 » TENN.
MEMPHIS (901) 527-3709 » TEX. BEAUMONT (713) 842-4514, DALLAS (214) 357-7341,
HOUSTON (713) 672-3570 e VA, RICHMOND(804)232-4576 « WASH. SEATTLE {206) 854-
0211 e W.V. CHARLESTON {304) 345-0920 » WISC. MILWAUKEE (414) 744.0110 « PUERTO
RICO PONCE (809) 8434225 or 4625.
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New products

Big bubble bows

Quarter-million-bit memory is supported by multichip
module, controller board, and development system

Rockwell International Corp.’s quar-
ter-million-bit bubble memory, its
first such commercial device, is
making a grand entrance amid a
crowd of supporting products, in-
cluding a multichip module, a con-
troller board, and even a bubble-
memory development system. And to
follow through on its opening act,
the company plans a big production
number: delivery of small quantities
on all items in 90 days.

Clearly, the race is on between
Rockwell and Texas Instruments
Inc., which announced its upcoming
quarter-million-bit bubble memory
last month [Electronics, Aug. 17,
p- 39]. The bubble chips themselves
are comparable in performance, sim-
ilar in structure and appearance, and
matched in price—$500 each in unit
quantities.

What, then, is Rockwell’s strategy
for one-upping the Texans? In the
long term, Rockwell is selling reli-
ability—a product that has been
proven good enough for data record-
ers in space. In the short term, the
selling point is a systems approach
with various support products avail-
able now, so that designers can get
acquainted with the idiosyncrasies of
the device.

“We’re giving the designer some-
thing he can use right now,” explains
John Archer, director of bubble
memory products in Rockwell’s
Electronic Devices division in Ana-
heim, Calif. “The multichip module
takes him right to TTL, and the
controller board is bus-compatible
with our 6500 microprocessors and
Motorola’s 6800.”

The module is a printed-circuit
board containing four bubble chips
and the necessary linear circuits to

Electronics/September 14, 1978

by Raymond P. Capece, Solid State Editor

reach the voltage swings of transis-
tor-transistor logic. The 9%-by-6-
inch board, called the RLM658,
thus has a million-bit capacity and is
designed for 8-bit-wide operation
with a data rate of 100 kilobytes per
second. It is priced singly at $2,500.
Built on a similar pc board, the
RCM650 bubble-memory controller
contains all the random logic and
discrete components needed to inter-
face the serial bubble operation to a
parallel, byte-oriented bus structure.
It can handle as many as 64 bubble
chips—up to 16 megabits—and has
a unit-quantity price of $1,000.
Probably the most significant sup-

port product is Rockwell’s develop-
ment system. The $11,400 system
has essentially the same hardware as
the System/65 that Rockwell offers
for its 6500 microprocessor family,
with the addition of a pair of
million-bit bubble boards and a
controller board. In fact, $6,000 for
the three boards is all those who
already possess a System/65 need to
get into bubbles.

“We've designed our bubble and
control modules to plug right into
the System/65,” explains Archer.
“They can even plug into Motorola’s
Exorciser development system.”

The RBM256 bubble-memory
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chip itself has few distinct differ-
ences from TI's part. The architec-
ture of the two is the same—both
use a dual-port block-replicate struc-
ture, and both divide the loops into
even- and odd-bit halves. Whereas
the 18-pin Rockwell device is orga-
nized into 1,025-bit loops, TI’s loops
contain 1,137 bits, or bubble posi-
tions. “We wanted to keep it as close
as possible to a binary part, which
TI’s is not,” says Archer. The data
access in the Rockwell part, he
explains, is by 1,024 blocks of 256
bits per block. “We felt that was

CVeil

broader.

HP: MAKING EXPERIENCE COUNT.

extremely important in applications
such as fixed-head-disk replace-
ment,” he maintains. TI says, howev-
er, that new markets, rather than
replacement sales, are its chief
targets.

Rockwell’s chip has 282 loops in
all, 260 of which arc guaranteed
fully functional. Redundancy has
been the trend in bubble-memories,
and some failed loops are permitted;
they are simply masked out and not
used, somewhat as bad tracks on a
disk memory are avoided.

One striking difference between

5342A MICROWAVE FREQUENCY COUNTER
MEWLETT : PACKARD
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AUTO MANIMHI)

SAMPLE RATE
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New vilue and capability in microwave measurement




the two bubble chips, however, is
that T1 has chosen to provide a
special loop that is dedicated to the
masking out of bad loops, while
Rockwell provides no such on-chip

masking. It decided instead that
mask data should not reside within
the device. ““For one, because of the
circuits required, it’s more cost-
effective to put the masking data in
programmable read-only memory

and since we will supply the PROM,
the redundancy is transparent to the
user,” explains Archer. “More im-
portant, we expect that many users

will be pushing the bubble devices to
the operating limits, and masking
data shouldn’t be subject to the same
error possibilitics as the rest of the
chip.”

Rockwell is certain that reliability
will become a major issue in
bubble-memory devices, especially
as temperature-range limits are
pressed. It is specifying an operat-
ing-temperaturc range of —10° to
70°C for the RBM256 package and
guaranteeing full data rctention over
a range of —50°C to 100°C. Accord-
ing to Archer, Rockwell is working

of counters
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S370A UNIVERSAL TIME INTERVAL COUNTER

SAMPLE SIZF ARMING

Noew unmatched resolution and versatility in time interval measureme:nt

Two new instruments from Hewlett-Packard give you
capabilities you've never had before.

5342A Microwave Counter

Now, a more useful high-performance
microwave counter —and for 20%, less
than you might expect 10 pay.
Microprocessor-conirolled. 18 GHz
range. Superior FM tolerance. Ampli-
lude discrimination. For the first time,
measure inpul signal level simulta-
neously with frequency using just one
instrument. And vta the keyhoard,
define your frequency or your ampli-
lude offsels 1o be added 10 or suh-
tracted from the measurement. $4500%;
add $1000* for amplitude oplion

5370A Universal Time lnterval Counter

Now, a new standard of time inlerval
measuremen! with the highest single
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shot resolution of any counter, * 20 ps.
Plus, a keyhoard with statistics com-
putation for morc complete time
interval characterization. And the
highest resolution period and fre-
quency measurements of any counter
eleven digits in 1 second all the
way up to 100 MHz. All this for $6500*

HP—Your Real Choice In Counting,
Fifteen HP counters span a capability
range no other manufacturer even
approaches. From the usual, simple,
low cost “frequency-only” units to the
most sophisticated high speed uni-
versal counters with performance that
is simply unmatched anywhaore.

‘U S Domastic price only,
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on extending the operating specifica-
tion to cover the temperaturc range
from —25°C to 100°C.

The actual die size of the bubble
chip is one square centimeter, and
the structure is based on a 14-micro-
meter period with 3-um bubbles.
Archer says that in 1979, Rockwell
will introduce a million-bit chip that
can be used in parallel with and will
be packaged identically to the quar-
ter-million-bit device.

Rockwell International Corp., Electronic De-
vices Division, P.O. Box 3669, Anaheim,
Calif. 92803. Phone (7 14) 632-3729 [338]
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Call or write today for
our new Electronic
Counter Brochure, or call
your nearest HP office
for applhications
information
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Speed isn’t the only reason

our LSI testers
are moving so fast.

Sure, speed is important when you're testing
complex LSl and VLSI devices, but there are

a lot of other factors to consider before you
spend a hundred, two hundred or three hundred
thousand dollars for a semiconductor test
system. Things such as: How soon do | recoup
my investment? Is the system powerful enough
to meet my testing needs as they become more
complex? What and how much so<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>