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Switched- capacitor filters
simplify analog designs

Don'’t court disaster
in DTMF signaling systems

Effective management
optimizes R&D productivity

EXCLUSIVELY FOR DESIGNERS AND DESIGN MANAGERS IN ELECTRONICS

Orchestrate versatile test & measurement systems
with IEEE-488-compatible instruments




DIP switches can deprogram.
Berg’s Mini-Jump cant.
Our design guarantees it.

Switch on

Far more reliability. Far less field
service. Accidents, vibration —
anytime you'd expect a DIP switch
to fail, you can count on Mini-
Jump* to stay programmed. Care-
less fingers can’t deprogram it
because there's no switch to hit.
Only a deliberate action can
change the circuit.

The interior spring of the “Mini-
Jump” maintains a high normal
contact force for reliability during
vibration — even severe vibration.
And, because you install the “Mini-

*Du Pont trademark for its .025" disconnect jumper.

Inside the “Mini-Jump”, dual metal
PVt contacts provide excellent
electrical and mechanical performance.

tDu Pont trademark for its .025" dual metal female disconnect.

Switch off

Jump” after soldering, you avoid
contamination which can lead

to corrosion.

Permits higher density packaging.
The “Mini-Jump” is available in
single position, stackable on 0.100",
0.125"”,0.150"” and 0.200" centers.
Also in two positions on 0.100" cen-
ters and three and five positions on
0.150" centers.

Write for literature. The Du Pont
Company, Berg Electronics Division,
New Cumberland, PA 17070.
Telephone (717) 938-6711.

Berg Electronics

For more information, Circle No 1
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Never available until now.

Ultra-low distortion
MIXERS

High-level (+17dBm LO)

Guaranteed -55dB
two-tone third-order
intermodulation spec

(below IF output)

Test conditions
RF 1 =200 MHz, RF 2 = 202 MHz at 0dBm
LO =180 MHz at+17 dBm

Special Features:

e Wide bandwidth
50kHz — 1000 MHz
¢ 1dB compression point +15 dBm
® Low insertion loss 6 dB
¢ High isolation, —
greater than 45dB i )

$19.95

MODEL TAK-1H (5-24)

Conv. compr.
° loss level Size
® 3 connector versions, Modd  Frea (@ (Bm Con ] Price
. . No. (MHz) max.) min.) nections (w x1xht) (Qty.)
2 pin versions TFMH 2 — 500 85 +14  4pins  021x05x025 $23.95(5-24)

TFM-2H 5 —1000 10 +14 4 pins 021x05x0.25 $31.95(5-24)
TFM-3H 01 -—-250 85 +13 4 pins 021x05x0.25 $23.95(5-24)

NOW. .. improve your systemg TAK-1H 2 —50 85 +14 8 pins 04x08x025 $19.95(5-24)
intermod spec by as much as 10dB T S # B A Loraw mesk
guaranteed. . . specify Mini-Circuits’ ZAD-ISH 2 — 500 85 14 BNC TNC LI15x225x140 $40.95(4-26)
Bt:t:;)f—the-art e:lt;ia'- low gis'tortiorat : ZADSSH 005 %0 83 413 BNCNG 1leazzsais sssuse
uble-Balanc 1Xers. rrices s a
an unbelievable low $19.95. . . ZwiwsH 5 70 90 4 SMA  0ssaisoxiis ssesiese
with off-the-shelf delivery. ZLW-3SH 005-300 85 413 SMA  088x150x115 $52.95(4-24)
ZFMIH 2 — 500 85 4 BNC,TNC 125x125x0.75 $53.95(1-24)
For complete specifications, ZEMIH S —1ee 10 41 BNCING  1Ia1Z5x0T5 6135020
performance curves and application ZFM3H  005-300 85  +13 sﬁ?‘r:c 125x1.25x0.75 $54.95(1-24)
information, refer to 78-79 MicroWaves! e S
Product Data Directory (pgs 161-352) BNC standard, TNC on request. Type N and SMA $5.00 additional /
or EEM (pgs 2890-3058).

Worl s irgest manutacturer of Double Balanced Mixers

- @ m @
2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 m M 'n l-c 'rcu lw

Domestic and International Telex 125460 International Telex 620156 A Dwision of Scientific Components Corp
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Electronics GMBH. 6000 Frankfurt Main, Kluberstrasse 14. West Germany. O INDIA: Gaekwar Enterprises, Kamal Mahal. 17 M.L. Dahanukar Marg, Bombay 400 026, India
0O ISRAEL: Vectronics Ltd. 69 Gordon St. Tel-Aviv. Israel. O JAPAN: Densho Kaisha. Ltd.. Eguchi Building 8-1 1-Chome, Hamamatsucho Minato-Ku, Tokyo. Japan
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Perkin-Elmer designed the
new Micralign Model 200 to be
the most cost-effective pro-
jection mask aligner available.
In performance, it achieves 2-
micron geometries or better
in production, distortion/mag-
nification tolerance of 0.25
micron, and 4 percent uni-
formity of illumination. Options
available include automatic
wafer loading and automatic
alignment. Soontobe available:
deep UV optical coatings for
still smaller geometries.

Compared to the leading
step-and-repeat aligner, the
Micralign Model 200 delivers
outstanding performance for
not much more than half the
cost. It takes about a quarter
of the floor space. It provides
consistently higher throughput
regardless of die size.

The Model 200's remarkable
performance is the result of a
number of major innovations.

Improved optical design

and fabrication

Weimproved the optical design
to provide increased resolution
and depth of focus. Optical
manufacturing tolerances are
five times tighter to ensure
precise overlay from aligner

to aligner.

Near-zero vibration

We minimized vibration. We
constructed the Model 200
with two frames—one inside
the other. The inner frame,
which carries the projection
optics and carriage drive, is
completely isolated from the
outer frame.

Introducing the
Micralign 200 Series.
Higher throughput
than step-and-repeat
at a much lower price.

Inner Frame Projection

Optics

Frame

Vibration
Isolators
(Isolated
Structure
Support)

~ Isolated
Structure

Vibration Isolators
(Inner Frame Support)

We incorporated a superb
linear motor carriage drive with
air bearing slide. This drive
does morethaneliminate vibra-
tion. With the air bearing feature
there's no contact and no
wear. And no limit to carriage
drive durability.

Moving Coil
DC Motor

Flexure
Linkage

Optical Encoder

Built-in environmental
control

We provided the Model 200
with a built-in environmental
chamber. External air, supplied
by you or from our optional air
conditioning systemn, is blown
through a HEPA filter and
heating elements built into the
Model 200topcover. A positive-
pressure, class 100 environ-
ment is carefully controlled to
better than 1°F

5 o N HEPA
\T\ [ S Filter
/

We included a separate ther-
mal control for the mask, to
compensate for mask run-out.

No mask contamination

We designed a sealed mask
carrier for the Model 200. You
put the mask in the special
carrier rightin the mask depart-
ment. Seal it. When you load
the sealed carrier in the Model
200, the cover plates are auto-
matically removed. After use,
the cover plates are automat-
ically replaced.

Proven production
capabilities

Perkin-Elmer, the leader in
projection mask alignmentsys-
tems, offers six years of proven
production capability, with an
excellent training and service
record.

Get all the facts

These are just a few of the fea-
tures that make the Micralign
Model 200 Series a completely
new concept in projection
mask aligners. Get more de-
tails on how these and other
improvements in design can
translate into improvements
in your production. For litera-
ture, write Perkin-Elmer Cor-
poration, Microlithography
Division, 50 Danbury Road,
Wilton, CT 06897. Or phone
(203) 762-6057.

PERKIN-ELLMER

For more information, Circle No 3
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e longest in our

long line of laser firsts...

Bell Laboratories

Bell Labs scientists Roger Stolen and Chinlon Lin work
Murray Hill, New

with a fiber Raman laser, one of a new class of light sources
that use optical fibers—up to a kilometer long—to produce
tunable laser light. At left, the laser’s output—which contains
multiple Raman-shifted wavelengths—is taken off a beam
splitter and dispersed by an external grating to show the broad
range cf wavelengths that can be tuned.
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Bell Labs has developed some of
the world’s most transparent glass
fibers to carry light for communi-
cations. We’ve also devised a way to
make these highly transparent glass
fibers generate light. In fact, they are
the basis for a new class of tunable
light sources called fiber Raman lasers.
They’re among the latest, and by far
the longest, of many lasers invented at
Bell Labs, beginning in 1957 with the
conception of the laser itself.

Since the new fiber lasers work
best at wavelengths at which they are
most transparent, we can make them
very long. The longest active lasing
medium ever built, in fact, was a fiber
Raman laser over a kilometer in
length. Studying the ways light and
glass interact over such distances is
part of our research in lightwave
communications.

In these new light sources, a glass
fiber with high transparency and an
extremely thin light-guiding region, or
core, is excited by a pump laser. The
pump light, interacting with the glass,
amplifies light at different wavelengths
through a phenomenon known as
stimulated Raman scattering. This
light is fed back into the fiber by a
reflecting mirror. If gain exceeds loss,
the repetitively amplified light builds
up and “lasing” occurs.

Fiber Raman lasers have
conversion efficiencies of about 50%,
operate in pulsed and continuous wave
modes, and are easily tunable over a
broad wavelength range in the visible
and near infrared regions of the
spectrum.

We’ve used these lasers to measure
the properties of fibers and devices for
optical communications; and studies
of the lasers themselves have revealed
a wealth of information on frequency
conversion, optical gain, and other
phenomena. Such knowledge could
lead to a new class of optoelectronic
devices made from fibers, and better
fibers for communications.
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Looking back

These long lasers come from
along line of Bell Labs firsts:

1957: The basic principles of the laser,
conceived by Charles Townes, a Bell
Labs consultant, and Bell Labs
scientist Arthur Schawlow. (They
later received the basic laser patent. )

1960: A laser capable of emitting a
continuous beam of coherent light—
using helium-neon gas; followed in
1962 by the basic visible light helium-
neon laser. (More than 200,000 such
lasers are now in use worldwide. )
Also, a proposal for a semiconductor
laser involving injection across a p-n
junction to generate coherent light
emitted parallel to the junction.

1961: The continuous wave
solid-state laser (neodymium-doped
calcium tungstate).

1964: The carbon dioxide laser
(highest continuous wave power
output system known to date); the
neodymium-doped yttrium aluminum
garnet laser; the continuously
operating argon ion laser; the tunable
optical parametric oscillator; and the
synchronous mode-locking technique,
a basic means for generating short and
ultrashort pulses.

1967: The continuous wave helium-
cadmium laser (utilizing the Penning
ionization effect for high efficiency);
such lasers are now used in high-speed
graphics, biological and medical
applications.

1969: The magnetically tunable spin-
flip Raman infrared laser, used in high-
resolution spectroscopy, and in
pollution detection in both the
atmosphere and the stratosphere.

1970: Semiconductor heterostructure
lasers capable of continuous operation
at room temperature.

1971: The distributed feedback
laser, a mirror-free laser structure
compatible with integrated optics.

1973: The tunable, continuous
wave color-center laser.

1974: Optical pulses less than a
trillionth of a second long.

1977: Long-life semiconductor lasers
for communications. (Such lasers
have performed reliably in the Bell
System’s lightwave communications
installation in Chicago.)

Looking ahead

Today, besides our work with
tunable fiber Raman lasers, we’re
using other lasers to unlock new
regions of the spectrum in the near
infrared (including tunable light
sources for communications), the
infrared, and the ultraviolet.

We’re also looking to extend the
tuning range of the free electron laser
into the far infrared region—where no
convenient sources of tunable
radiation exist.

We’re working on integrated
optics—combinations of lightwave
functions on a single chip.

Lasers are helping us understand
ultrafast chemical and biological
phenomena, such as the initial events
in the process of human vision. By
shedding new light on chemical
reactions, atmospheric impurities, and
microscopic defects in solids, lasers
are helping us explore materials and
processes useful for tomorrow’s
communications.

Also under investigation is the
use of intense laser irradiation in the
fabrication of semiconductor devices.
The laser light can be used to heat
selective areas of the semiconductor
and anneal out defects or produce
epitaxial crystalline growth. Laser
annealing coupled with ion
implantation may provide a unique
tool for semiconductor processing.

We’ve played an important part in
the discovery and development of the
laser—an invention making dramatic
improvements in the way our nation
lives, works and communicates.

@ Bell Laboratories

From Science : Service

For more information, Circle No 4 -




Technical
for mpatient

a. Torque test, axle bolt. Type 667 Coaterless film.
b. CRT graphic display. Type 084 film.
c. Interferometric evaluation of flat mirror with laser light. Type 57 High Speed 4 x 5 film.
d. Converter circuit inspection 700x, scanning electron microscope. Type 52 Fine Grain 4 x 5 film
e. Memory circuit, 100x. Type 665 Positive /Negative film.




photography
people.

If you need photographs of
rour work, why sit around
vaiting for them? With
’olaroid instant photographic
:quipment you get imme-
liate results.

Our wide range of equip-
nent lets you record every-
hing from microbes to metal
itress tests. With Polaroid
elf-developing films you can
\ave professional quality
esults in color in 1 minute, or
n black and white (with or
vithout a usable negative)in
,econds. And our equipment
ssimpletouse. Soyoucan
ake the photographs you
1eed without needing to
inow a lot about photography.

The MP-4 Multipurpose
:amera (1) is a versatile, self-
;ontained photo studio any-
)ne can operate. It uses 14
lifferent Polaroid instant films
o keep you out of the dark-
oom. And it copies, delivers
:lose-ups, reductions, macro-
yhotographs and photo-
nicrographs, to bring your
inswers to light.

Our CU-5Close-up camera
2) is alightweight, hand-held
yystem you can take almost
inywhere and get instant
yhotos from % to 3 times life
iize. Exposure is easy to set,

lighting is built in and framing
is automatic. So all you have
to think about is the picture.
You can even use the CU-5to
capture atransientimageona
cathode ray tube.

Many cameras and instru-
ments can be adapted quickly
and easily for instant pho-
tography with Polaroid film
holders (3). They come in
3 models to handle 3 different
sizes of Polaroid Land film
(8% x 4%,4 x5,and8x10in.),
S0 you can get instant results
in almost any format.

Many other manufacturers
of cameras and instruments
also supply Polaroid Land
camera backs that adapt their
equipment to instant photog-
raphy. These backs use 9
different convenient Polaroid
pack films, so you can see
your project in a new light.

To find out how you can
get instant results, mail the
coupon below. Or if you're a
very impatient person, call
us toll-free from the conti-
nental U.S. at 800-225-1618
(from Massachusetts, call
collect 617-547-5177).

And stop tapping your foot
while you wait for your photos
to come back from the lab.

Polaroid

Instant Laboratory Pictures

©1979 Polaroid Corporation. “Polaroid"®

; " EDN-11/5
Polaroid Corporation

Industrial Marketing, Dept. A435
575 Technology Square
Cambridge, Mass. 02139

I'm impatient. Please send me more information on how | can use
Polaroid instant photography in my work.
N

ame
Title
Company.
Address
City.
Current camera or instrument
Application or need

State Zip

.
|
|
|
|
|
|
|
|
|
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The Time Machine is a trademark of Advanced Micro Devices
EDN NOVEMBER 5, 1979

10



Advanced Micro Devices
announces the Am9513 —an 8-bit
and 16-bit programmable System
Timing Controller.

It’s the most flexible, most
versatile, most powerful timing
device ever created.

The Time Machine replaces all
the timing and counting elements
in typical MPU-based systems.

You get an internal oscillator
and tive programmable, general -

purpose, 16-bit counters on one
+5V chip. The counters can
count up, down, in binary or BCD.
And The Time Machine doesn’t
waste any time. It can achieve
speeds up to 7TMHz!

Most old-time timers are lucky
to have six distinct operating
modes. The Time Machine gives
you twenty-two.

Why buy another timer when
you can own The Time Machine?

Advanced Micro Devices o

901 Thompson Place, Sunnyvale, CA 94086 - (408) 732-2400

For more information, Circle No 5
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<\ We learned about memory leadership by becoming
the world’s largest supplier of dynamic RAMs. Now,
we're becoming a leader in static RAMs.

Our commitment to statics began in the early 70's
when we pioneered the use of the depletion load resistor.
Next, we developed our superior Poly R™ process, which
resulted in the best speed/power product available. Now
we've taken our Poly R™ process to volume production with the MK4104 4K and MK4118 8K
static RAMs. With the MK4104 we used our Edge-Activated ™ technique to combine state-of-the-
art circuit design and processing in the same device.

Our MK4118 is designed with the user in mind, providing optimum density and performance
in a pin-out that’s compatible with ROMs and EPROMs. It's the first of many RAMs in Mostek’s
family of Byte-Wyde™ memories, developed for easy interface to all microprocessors.

© 1979 MOSTEK CORPORATION
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& Our next introduction will be a 2K x 8-bit static RAM for
roduct Org. Speed 1 s1s i
even more flexibility of system design. _
In addition to 16K RAMs, we will introduce a pair of

e | AK%a | 2%ns | 4K RAMSs. The MK 2147 and MK 2148 will provide sub-100ns

MK4801 1K X 8 <100ns performance. And, like the hlgh—speed 1K X 8-bit MK4801,
*MK2147 4K X 1 <100ns these new products will use our advanced Scaled Poly 5™
*MK2148 1K X 4 <100ns process. So you can look forward to higher system density,

lower power and reduced system cost.

You've always depended on Mostek for dynamic RAMs.
For a lot of good reasons. Now you can depend on Mostek for static RAMs for the same reasons.
To find out more, write Mostek at 1215 West Crosby Road,

Carrollton, Texas 75006. Or call 214/323-6000. In Europe,
contact Mostek Brussels, phone: 660.69.24. MOSTEI(@

For more information, Circle No 7

*Available first quarter 1980



What's TRW up to now?

The performance

New! TRW Series 800 Single-in-line
Thick Film Networks.

TRW'’s cermet thick film networks
perform like they were made with
precious metals. Except that our
system is totally non-noble, eliminating
gold, silver and platinum group
metals entirely.

Take our patented TanTin™ resis-
tive material. It's a tin oxide system
fired in inert N, at 1000°C. Our
own thick film copper conductors
are also fired at very high tempera-
tures, producing an exceptionally
rugged, stable resistor network.
And an IR100 award winner.*

*(TM) TanTin (@ TRW trademark), received Industrial Research /
Development Magazine award as one of the top 100 industrial

product developments of 1978.

IS noble.
The metals aren’t.

Our new series 800 SIP's come in a
transfer molded package in 6, 8,
and 10 pin configurations, dimen-
sionally clean and saving PCB real
estate.

For example, 808-1 7 resistor SIP
uses < 46 mma2. That’s less than
one discrete 2W resistor laying flat
on the board.

Now, you can get noble perform-
ance, without noble metals. Look:
Resistance Range = 33Q-1
Meg, £+ 2, 5% tolerance laser
trimmed.

Schematics include N-1 com-
mon, N/2 isolated resistors.

For more information, Circle No 8

Power Ratings are 1.5-2.7W/
package, 0.3-0.5W/resistor.

TCR Tracking is < .005%/°C.
+ .02%/°C absolute TCR.

TCR Slope provides excellent hot
to cold side differential.

See EEM '79-'80 Master Catalog
pp 3644-45

Also ask for our low profile SIP and
DIP configurations.

For more information contact your
local TRW/ECG sales office or
TRW/IRC Resistors, an Electronic
Components Division of TRW Inc.,
Greenway Road, Boone, N.C.
28607. Dept. N, (704) 264-8861.

TRW/ irc resistors

A DIVISION OF TRW INC.



Signals & Noise

Get more out of OTAs

Dear Editor:

The linear-IC feature appearing
on pgs 70-76 of your August 20
issue is of great value in
promoting the sadly under-
utilized operational transcon-
ductance amplifier (OTA).

The electronic-music indus-
try, largely based on voltage-
controlled devices, has been
using OTAs for years. In fact,
two companies involved with
electronic music have recently
released OTA-type products
with outstanding specifications
and useful special features as
well. These manufacturers, not
included in your listing, are
Solid State Music, 2102A Walsh
Ave, Santa Clara, CA 95050,
and Curtis Electromusic Spe-
cialties, 2900 Maurica Ave,
Santa Clara, CA 95051.
Sincerely,

Bernie Hutchins
Editor
Electronotes
Ithaca, NY

The state of the art

in 16-bit pPs

Dear Editor:

Congratulations on the truly
first-rate review of the 16-bit-
wP world appearing in EDN,
August 5, pgs 70-85.

I would like to suggest some
key considerations in evaluating
these products.

1. The 16-bit micros fall into
two distinct classes—
minicomputer emulations de-
signed to capture the vast
existing software base, and new
architectures emanating from
the semiconductor industry.

2. In an attempt to compen-
sate for their current lack of
software, the new architectures
provide upward compatibility at

the source-code level, but only .

EDN NOVEMBER 5, 1979

at that level, for their develop-
ers’ 8-bit products.

3. It is likely to be quite some
time before manufacturers offer
a high level of support, in the
form of peripheral circuits and
software, for the new 16-bit

products.

4. The pseudo-16-bit wPs have
been developed to take advan-
tage of the many 8-bit support
circuits now available and
deserve careful attention.

These factors, which should

Hoffman free-standing
enclosures stand up to
oil, soil, dust, spray.

When you want big protection for controls, terminals, elec-
tronic instruments or relays, look into these big free-standing
Hoffman NEMA 12 enclosures. They feature such benefits
as heavy-duty continuous hinges; steel retainers for the oil-
tight neoprene gasketing; 3-point latching. One to five-door

models in broad range of sizes.

FREE BROCHURE describes the full line of Hoffman
enclosures. Ask for it.

HOFFMAN ENGINEERING COMPANY

Division of Federal Cartridge Corporation/Anoka, MN 55303 Dept. EDN 783

For more information, Circle No 9
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have considerable impact on
designs employing 16-bit wPs,
should be kept in mind during
any evaluation.

Yours sincerely,

Andrew Allison

Consultant

Los Altos Hills, CA

The age of conservation
Dear Editor:

Your Juneb editorial entitled
“A‘throwaway’ microcomputer?”
(pg 37), doesn’t account for our
society’s recycling and conserva-
tion trends. A throwaway
philosophy might be good for

The Bud ""Designers Group”’ of award

winning, contemporary styled cabinet
racks -- a formidable front line in any

FRONT

league, anywhere.

And the Concorde,
Classic |, Series 60 and

Series 2000 are backed

up by six other rack styles, giving
you a total of ten styles and

> ninety sizes to choose from.

For additional information on all models and sizes,
write: Bud Industries, Inc., 4605 E. 355th Street,

Willoughby, OH 44094, or Bud West, Inc.,
3838 N. 36th Avenue, Phoenix, AZ 85019.

First...of all.

o

i

" Fromleft to right:

Classic Il, Series 2000,

Series 60, Concorde.
In Phoenix: 602/269-3151

For more information, Circle No 10

Computer Automation, but
what is really needed is a tool
that would pinpoint failures to a
DIP within 5 to 15 min. Then, if
reasonable repair efforts in the
field proved unsuccessful, you
could exchange the board at the
factory.

Fortunately, signature-
analysis equipment, combined
with a diagnostic capability,
indicates where to begin
troubleshooting.

Electronic equipment seldom
shows wear and, if properly
designed, exhibits increasing
reliability as you replace
marginally bad components.
Thus, MTBF will continue to
increase.

Sincerely,
John P Densler
Auburndale, MA

JOB
SHOPPING?

Check EDN's Career Opportunities

EDN: Everything Designers Need

EDN NOVEMBER 5, 1979
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- NATIONAL ANTHEM

Curing

microprocessor overkill.

MICROCONTROLLERS THAT DO A LOT WITH A LITTLE.

Series 80 - 4K static RAMs
goes analog improved.
‘Where to go Free literature —

for custom details inside
MOS/LSI
Data Acquisition Digital ~ Discrete Hybrid Linear ~ Memory Components

Microcomputers Microprocessors ~ MOS/LSI  Optoelectronics Transducers
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The BL.C-873%.
The analog I/0 board

they'll thmk of nexi.

The real world is analog. And National’s
new BLC-8737analog I/0 board gives you
easy inferface with that real world. The BLC-
8737 is very easy to use because its built-in
infelligence takes care of the analog func-
tions automatically.

Onboard intelligence handles the com-
plete analog conversion and scanning con-
trol. So you don't have to spend time writing
conversion routines, for example, and run the
risk of messing them up. You save consider-
able time, not to mention aggravation. Per-
haps the best part, however, is that it saves
you considerable development cost and gets
you to market quicker.

It may be simple, but it handles a lot.
Thanks to the BLC-8737's simplicity, the
programmer need only tell the board what
gains he wants for each channel. In fact,
the BLC-8737 strongly resembles a simple
memory board, with each input channel
behavingvery much like a memory address.

In addition, the BLC-8737 can handle
a lot of data because it gives you 12-bit

With this new MULTIBUS-compatible
board, National has simplified
the design of microcomputer systems
even further.

resolution.And it only requires asingle 5
volt power supply.

When you get right down to if, the BLC-
8737represents impressive capability for
designers of analog system applications
such as industrial/process control, energy
management, testing and instrumentation,
to mention just a few.

The BLC-8737. Just part of a very large
family. But the BLC-8737 is only the new-
est addition to National's broad board line.
The fact is, National offers over 75 different
products in the family, all of them MULTIBUS
compatible.

And National also makes a number of
unique boards (such as the BLC-8737) that
design engineers find very useful. That's
because National is putting more and more

intelligence on the board. And taking more
and more of the tedious board design work
off of you.The BLC-8737 is but one example
among many.

National provides a broad spectrum
of boards, including CPU’s, memories, con-
trollers, analog and digital I/Os, peripheral
controllers, rack-mounted systems, a full
complement of card cages, power supplies,
cables, and other accessories.

Awarranty four times as long. National
knows how to build products that work. And
they also know how to test their products, at
the chip and board level.

That translates into better reliability. And
explains why they're able to back this claim
up with a warranty four times as long as the
competition’s: a full 12 months.

In addition fo their guarantee, National
maintains inventory levels that let them quote
very competitive delivery schedules.

The bottom line is simple. If you're look-
ing at MULTIBUS-compatible boards, you
should be looking at National. a
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The COP 402 cures microprocessor overkill.

For those millions of repetitive tasks
that don't need too much thinking capacity,
National Semiconductor has come up with
a ftimely solution.

Their COPS™ microcontrollers actually
improve upon the performance of the micro-
processors most people use in their place.
That's because most microprocessors can
do a lot very well, but they can't really do very
little very well. Many repetitive jobs applica-
tions that are being handled with micro-
processors are really cases of overkill.

National Semiconductor recognized the
situation and took steps to fill an obvious gap.

Being single-minded has its advan-
tages. The fact is that these many jobs
being done by multiple discrete circuits and
overly complex microprocessors require a

lot of headaches before they're accomplished.

Shoe-horning a complicated circuit into a
situation that is in fact too simple can be
more frouble than it's worth.

So, for under $10, National is intro-
ducing two additions to the COPS family: their
COP402 and COP402M. Both designed fo
handle simple tasks in an efficient way. Cus-
tomers not only get devices that control little
things, they get devices that control them
inexpensively.

Introducing another microcontroller
that handles little control
processing jobs befter
than complex microprocessors.

~ aread/write memory, and even function as

. allthe COP402 does, you begin to wonder

Benefits haven't been forgotten,
either. The COPS alternative, though simple
in theory and action, actually has quite a lot
of thought behind it, as well as on it.

For example, each model features a
RAM right on the chip, direct I/0 instructions,
direct LED drive, easy interface to COPS
peripherals (like the COP470), binary and
BCD operations, direct KBD scan, and built-in
address decoder.

But National didn’t stop there. In addi-
tion to the above benefits, the entire line
can scan switches, maintain real time, dis-
play in LED or VF, use external dafa from

a computer peripheral. When you consider

why you ever thought you needed a
complex microprocessor.

The COP 402. Simply competent. |
you're currently handling tedious, repetitive,
or single-minded tasks with a circuit that’s
just too over-qualified, you should look into
this new National alternative. The bottom
line is that the COP402 could be handling
your chores for you with a lof less hassle,
and a lot less money.

Practicality is the National philosophy. 72

SEE SPECS ON BACK.

No one puts more manufacturing muscle and
engineering talent into custom MOS/LSI.

“Custom MOS/LSI gives you proprietary
features that signify a competitive edge -
which gets you the market sooner, with a bet-
ter product, at less cost.

"When it comes fo custom MOS/LSI,
National Semiconductor offers the lowest
cost solution for volume production. We also
have dedicated production lines for custom
products, so that you always have guaran-
teed capacity.

“National's capability in custom MOS/LSI
is reflected in three key areas. First, we've got
the necessary manufacturing capability.

Second, our engineering talent cuts across
virtually all electronic design disciplines.
And third, we've been in the custom business
foryears and intend to stay there as long as
customers have needs.

“In terms of customer benefits, custom
MOS/LSI is the best solution for minimiz-
ing system coss. If's the best solution for
maximizing system reliability. It makes your
product unique.

“And from design through production
capability National Semiconductor is your
best source for Custom MOS/LSI” |

William Sanderson
Group Marketing Manager,
Custom MOS/LSI

Working wonders on the 2147 4K static RAM.

National's new MM2147static RAMis a
4096-word by 1-bit random access memory
that uses National's XMOS™ N-channel
silicon-gate technology.

All of the 2147's infernal circuits are full
static. And they therefore need no clocks or
other refreshing for operation. All data is read
out non-destructively, and has the same
polarity the input data has.

The 2147's separate chip select input
automatically switches the part to its low
power standby mode when it goes high. And

the output is held in a high impedance state
during write in order to simplify your common
I/0 applications.

The 2147 has other impressive features
as well. All its inputs and outputs are directly
TTL compatible. It has automatic power
down, and high speed — down fo 55 ns cycle
time. It has aTRI-STATE® output for bus inter-
face, separate Data In and Data Out pins,
and a standard 18-pin dual in-line package.

In addition to all this, the 2147 is
available. a
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COP402/COP402M ROMIless N-Channel Microcontrollers

General Description

The COP402 and COP402M ROMIess Microcontrol-
lers are members of the Control Oriented Processor
(COP) family, fabricated using N-channel silicon gate
MOS technology. Each part contains CPU, RAM and
1/0, and is identical to a COP420 device, except the
ROM has been removed; pins have been added to
output the ROM address and to input ROM data. In a
system, the COP402 or 402M will perform exactly as
the COP420; this important benefit facilitates
development and debug of a COP420 program prior
to masking the final part. These devices are also
appropriate in low volume applications, or when the
program may require changing. The COP402M is
identical to the COP402, except the MICROBUS™
interface option has been implemented.

The COP402 may also be used to emulate the
COP410L, 411L, 420L or 420C by appropriately
reducing the clock frequency.

Features

Low cost

Exact circuit equivalent of COP420

Standard 40-pin dual-in-line package

Interfaces with standard PROM or ROM

64x4 RAM, addresses up to 1kx8 ROM

MICROBUS™ compatible (COP402M)

Powerful instruction set

True vectored interrupt, plus restart

Three-level subroutine stack

4.0us instruction time

Single supply operation (4.5V to 6.3V)

Internal time-base counter for real-time

processing

® [nternal binary counter register with serial /O
capability

® Software/hardware compatible with other

members of COP400 family
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Figure 1. COP402/402M Block Diagram
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l What'’s new from the National archives.

001 O BLC 8737 Data Sheet
002 [ COPS 402 Data Sheet
003 [J MM 2147L Data Sheet
004 [ The National Story

005 O Additional Custom MOS/LSI
Information

able to National Semiconductor.

NAME

006 [ Special Functions
Data Book ($6.00)

007 O Interface Data Book ($6.00)

008 [ Pressure Transducer
Data Book ($3.00)

Enclose check or money order based upon appropriate currency. Make checks pay-

TITLE_ —

ADDRESS

CITY.

ZIP

r

For desired information, mail coupon to:

National Semiconductor Corporation
2900 Semiconductor Drive

Mail Stop 16250

Santa Clara, California 95051

In Europe, mail coupon to:

National Semiconductor GmbH
Industriestrasse 10

8080 Fuerstenfeldbruck

West Germany

National
Semiconductor

-------------J

© Copyright 1979 National Semiconductor Corporation




SIEMENS

The latest designs indiscrete
semiconductors.

SOT-23 & SOT-89.

Hybrid-circuit diodes and transistors. Plastic
encapsulation. Varactor diodes, Schottky diodes,
zener diodes, switching diodes, general purpose
transistors, RF transistors, Darlington transistors
and Broadband RF and microwave transistors.

MAGNIFICATION 16X

TO-92. TO-18 & TO-39.
Silicon Silicon
transistors in transistors in

plastic cases. al cans.

MAGNIFICATION 2X

Siemens Corporation
Components Division

186 Wood Avenue South
Iselin, New Jersey 08830
(201) 494-1000

Specify Siemens and be secure.

EDN NOVEMBER 5, 1979

Embodying the most up-to-date
transistor geometries, these new Siemens
semiconductors fill a broad range of appli-
cations, from audio to 5 GHz microwave.

And they’re more reliable than
competitive JEDEC units.

Not only that, but...

...Siemens is one of two manufacturers
utilizing gold-to-gold contacts (vs. gold-to-
base metal contacts), to eliminate “purple
plague” caused by electrolysis.

...only Siemens and one other manu-
facturer provide SOT-89 packages, which
combine all the advantages of SOT-23
with higher power handling capability. No
other supplier in the world can equal
Siemens SOT-23/89 manufacturing
capability.

They're all in stock at our Iselin,

New Jersey headquarters.

For more information, Circle No 11
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FINALLY,A FIVE

COUNTERONA
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OVERFLOW

THE ICM 7216/26

8 DIGIT UNIVERSAL COUNTER

8 SEGMENT

DRIVERS

FUNCTIONS

FREQUENCY @—@ k
PERIOD [ aumn
FREQ RATIO @—e@
TIME INTERVAL ¢——@
UNITS

INPUTA @————
INPUT B @——r

8DIGIT
LED

DISPLAY

8DIGIT
DRIVERS

1 OR 10 MHZ QUARTZ

' [I CRYSTAL TIMEBASE

-@ EXT OSC INPUT

o MEASUREMENT
ICM 7216/26 * IN PROGRESS
UNIVERSAL
o BUFFERED OSC
COUNTER ® SUTPUT
@ EXTERNALRANGE
INPUT

01 SEC/1 CYCLE

p

p 1 SEC/10 CYCLES
p 1 SEC/100 CYCLES
4

RESET )
. @—¢ 10 SEC/1.000 CYCLES
RANGE | S
BCD HELD @ EXT RANGE ENABLED
QUTPUT
DISPLAY OFF
DiSPLAY TEST
1/10 MHZ SELECT

EXT OSC ENABLE
EXT. D.P ENABLE

TEST




FUNGTION

SINGLE GHIP: $12.00.

A SINGLE VLSI CMOS CHIP.

Universal counters that count almost anything.
Frequency. Frequency ratio. Period. Time interval.
Units... You name it. And the ICM7216/26 Series
directly drives large 7 segment, 8 digit LED
displays.

COMPARE FEATURES AND FUNCTION.

The ICM7216/26 family offers unmatched
functional flexibility:

* Frequency Measurement: DC to 10MHz

* Period: 0.5 usec to 10 sec with 0.1 usec resolution
* Counting units: 100,000,000 at up to 10MHz rate
* Time interval: to 10 sec with 0.1 usec resolution
* Direct LED drive, both segments and digits

» Computer compatible BCD outputs

BELLS & WHISTLES.

All on one chip: Direct drive for an 8 digit LED
display. Common anode or common cathode. Plus,
a choice between universal counters (ICM7216 and
7226 A & B) or frequency counters only (ICM7216
C & D). Leading zero blanking and overflow
indication. And, a stable high frequency oscillator
capable of operating with either a IMHz or 10MHz
quartz crystal.

100

Functions Pkg Pc Price
ICM7226A Universal
counter 20.00
ICM7226B Pre-scale controls, 40 pin
BCD outputs DIP 16.65
ICM7216A 28 pin
Universal DIP 20.00
counter
ICM7216B 28 pin
DIP 16.65
ICM7216C 28 pin
Frequency DIP 16.65
counter only
ICM7216D 28 pin
DIP 13.35

*1000 pc. price (7216BIPI)

EVALUATE IT YOURSELF.
FOR PEANUTS. $59.95

Call or write your nearest Intersil
Franchised Distributor for a
complete evaluation kit. Including: |
the ICM7226AIDL.; a 10MHz
quartz crystal; eight 7segment .3”
LED’s; PC board; resistors;
capacitors; diodes; DIP switches

and IC socket. Slip it together. Plug it in.
And start counting.

MORE THAN CMOS. MAXCMOS™

Mark Twain was right. “Thunder is good,
thunder is impressive; but it is lightning that does
the work.” At Intersil, our newest lightning is
MAXCMOS." CMOS at the leading edge of the
technology. It means lower cost, greater function
and higher reliability in a universal counter... on a
single chip. Find out for yourself. Compare the
cost/performance of the ICM7216/26 family of
universal counters to the multi-component system
you’re probably using now. Order the evaluation
kit from your Intersil Franchised Distributor, or,
return the coupon below for complete information.

INTERSIL SALES OFFICES:
CALIFORNIA: Sunnyvale (408) 744-0618, L.ong Beach
(213) 436-9261 « COLORADO: Aurora (303) 750-7004
* FLORIDA: Fort Lauderdale (305) 772-4122 « ILLINOIS:
Hinsdale (312) 986-5303 « MASSACHUSETTS: Lexington
(617) 861-6220 « MINNESOTA: Minneapolis (612) 925-1844
* NEW JERSEY: Englewood Cliffs (201) 567-5585 « OHIO:
Dayton (513) 866-7328 « TEXAS: Dallas (214) 387-0539
* CANADA: Brampton, Ontario (416) 457-1014

INTERSIL FRANCHISED DISTRIBUTORS:

Advent/Indiana ¢ Alliance Electronics ¢ Arrow Electronics
* Bell Industries « CESCO ¢ Component Specialties Inc.

* Components Plus ¢ Diplomat Electronics Inc., (FLA)

* Diplomat Electronics Inc., (NJ) ¢ Harvey Electronics

* Intermark Electronics ¢ Kierulff Electronics * LCOMP

¢ Parrott Electronics * R.A.E. Ind. Elect. Ltd. « RESCO/
Raleigh * Schweber Electronics * Summit Distributors Inc.
* Wyle Distribution Group * Zentronics Ltd.

o—m S —

INTERSIL -

Analog Products —Low Power

10710 No. Tantau Ave., Cupertino, CA 95014
Tel: (408) 996-5000 TWX: 910-338-0171
(800) 538-7930 (outside California)

You’ve got my attention. ¥
Send me your Data Sheet and App Notes
on the ICM7216/26 family of 8-digit
Universal Counters.

Please send me your Mark Twain poster as well.

Name

Company
Address

City State Zip

Country

EDN11579



Design Beckman 7/8”pots in.
Design problems out.

Our family of 7/8" pots keeps the sliderblock separate
from the coil. The sliderblock captures the contact
between the dual guides preventing it from slipping and
shorting adjacent coils. And the separate contact
position guide is also responsible for an all -important
increase in coil life—and for decreased smearing

and shorting between coils.

It’s just one example of the superior technology
and quality built into the Beckman line of 7/8"” pots.
The thermoset housing for improved temperature
and humidity performance is another. As is the rugged
design which assures you of reliable performance
despite temperature extremes and exposure to shock,
vibration and humidity.

Only Beckman has a sepre contact position guide
for added reliability.

And these competitive advantages are available in a
line wide enough to fill your performance needs.
Whether it be the cost benefit of a wirewound element or
the mechanical life and essentially infinite adjustability
performance benefit of a hybrid element, Beckman has
a cost-effective potentiometer to meet your application.

Plus we can offer you immediate delivery on our
Model 7266 wirewound pot. This model is available off-
the-shelf for instant on-the-job performance.

What are you waiting for? For more information on
the full line and immediate delivery on the 7266,

call your local Beckman representative or write:
Helipot Division, Beckman Instruments, Inc,.

2500 Harbor Boulevard, Fullerton, CA 92634.

BECKMAN

For more information, Circle No 12
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Editorial

Business is good—
don’t knock it

Business activity in electronies continues its healthy, dynamic pace,
despite the general economy’s current recession, high gold prices and
high rate of inflation. Can the industry sustain this trend? It should.

Certainly Wescon/79 was a strong indication of how well the
industry’s been doing; the record attendance and number of
exhibitors in evidence there mirrored what happened at Electro/79
and NCC. Pessimists’ predictions that companies would keep their
engineers at home, fearing that they might be picked off by the competition, just didn’t come true—not
noticeably, anyway.

What pessimistic talk we heard at the show, other than mention of some materials and parts shortages,
was that business is so good that it’s scary. The biggest problem electronics could face, therefore, is that
decision makers might ignore the positive economic forecast for it and talk themselves into a recession.

But why and how, many ask, can the electronics industry perform so well in a recessionary cycle? It’s
true that real GNP is down and that consumer spending has decreased. However, when you consider that
only 10% of the electronics industry’s output is sold in the consumer segment, the reason for the current
strong business outlook becomes clearer. That other 90% goes to military, industrial and commercial
markets—all growing at very healthy rates. (Perhaps the loss of consumer-electronics sales to Japan isn’t
so critical after all.)

The electronics business can exhibit its high growth rates so long as it continues to offer the best cost-
and energy-efficient products to those markets. To ensure high levels of growth in the future, however,
R&D on new and better products and processes, as well as capital investment in" new and better
production equipment, must continue. In short, the electronics industry can’t afford to merely rely on its

past achievements to carry it through the next decade.

Roy Forsberg

An Award*-Winning Magazine Editorial Director
1978 Staff-Written Series —
System Design Project

1978 Contributed Series —
Designer’s Guide to Fiber Optics
1977 Contributed Series —
Software Design Course

1976 Special Issue —
Microprocessor Reference Issue
1975 Staff-Written Series —
Microprocessor Design Series
*Jesse H Neal Editorial Achievement
Awards are the business-press Pulitzer
Prize equivalent.

EDN NOVEMBER 5, 1979




The Secret of
Document Scanning
is RETICON

Features of our H Series
image sensors include:
e Choice of 1024, 1728 or
2048 sensor elements on
15 um (0.6 mil) centers.

® Scan rates up to 3 MHz.
e Wide dynamic range.

® Suitable for applications
in OCR, FAX, copy
machines, etc.

If you look behind the nameplate of any OCR, FACSIMILE
or POINT OF SALE equipment designed during the last
several years, chances are that the solid state image
sensors you'll find there were made by RETICON.

WHY? Because Design Engineers throughout the world
have long recognized that using RETICON devices
provides them with the latest, most advanced
technology — the Secret of Success.

So, if you are still using old-fashioned lasers or scanning
mirrors, or if you are waiting for some new magic in solid
state imaging, you NEED NOT WAIT ANY LONGER.

RETICON is already shipping its high-resolution, H-series
selfscanning photodiode arrays in volume and at
prices more than competitive with other approaches.

2N EG=G RETICON

345 POTRERO AVENUE
SUNNVYVALE, CA 94086
TWX: 910-339-9343

For assistance call: Boston (617) 7457400, Chicago (312) 640-7713,
San Francisco (408) 738-4266, Los Angeles (213) 995-4663,
Tokyo, Japan 03-343-4411, Bracknell, England (0344) 53618

For more information, Circle No 13
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Introducing mass
storage for micros.

It costs like a tape, but
thinks likea disk.

The TU58 cartridge tape,
single or dual drive. It’s the first
sensible answer to micro mass
storage problems.

nd it’s just one of the

many ways Digital makes
microcomputers easier to work
with. Our 16-bit microcomputer
family —in boards, boxes and
systems — offers the most pow-
erful, advanced and proven
software on the market. We also
offer hundreds of hardware
tools —memory and interface
boards, complete development
systems, terminals and
peripherals. And we back
it all with over 11,000 support
people worldwide.

It’'s the total approach
to micros, only from
Digital.

For more informa-
tion, contact Digital
Equipment Corporation,
MR2-2/M70, One Iron

- WEX’ Marlborough,
AT == MA 01752. Or call toll-
; . S - o . free 800-225-9220. (In
- s , 1. ; - MA, HA, AL, and Can-
C B ' ada, call 617-481-7400,
ext. 5144.) Or contact

.....

your local Hamilton/
Digital’s 512Kb TUS58 cartridge tape In Europe: 12 av. des Morgines,
subsystem. At $562 in 1007, it’s priced like 1213 Petit- Lancy/Geneva. In Canada:
a tape device. But with random-access Digital Equipment of Canada, Ltd.
block addressing, and EIA serial interfac- I ) i the i
ing, it’s like no other tape drive on the t took the minicomputer company
market. to make micros this easy.

That’s because the TU58's controller
board has a built-in MPU that makes it
think like a disk. It reads, writes and
searches for data in blocks, instead of
running serially through the whole tape
like conventional systems. And the

TU58’s small size — the board measures T,
just5.2"” x10.4” (13.2 cm x 26.5 cm) —
makes it easy to design into your product.

: 29

F . . .
EDN NOVEMBER 5, 1979 or more information, Circle No 14



No matfer
Tektronix

Look to the leader.

As the leader in quality OEM displays,
we know your needs and we can meet
them with the greatest variety of
display products in the business. We
know that you expect our displays and
cameras to do the job they're specified
for—day after day. You expect us to
offer you the most competitive price/
performance packages. To work closely
with you to help solve your interface

620. ror logic analyzer, A-scan
ultrasound, optical electronics, and
mechanical measurement applications.

lo—-n"

624. ror clectronic test and mea-
surement applications and for A, B, M-

prpees mode and real time ultrasound use.

|
|

| 634 MONITOR
e e 634. ror ultrasound, computerized
tomography, video multi-imaging, ECM
and other high-performance raster-scan
applications.

requirements. To support you totally, be-
fore and after purchase. To grow as you
grow, so we can both meet the new
technologies, government regulations,
and competitive pressures that impact
our business. Meeting these expec-
tations is what it’s all about. And it’s

a commitment we honor. All the way.



|
608. A-Mode, B, M, and real time
ultrasound, non-destructive test sys-

tems, and electronic test and measure-

ment systems.

6°6A. For nuclear multi-imaging,
gamma camera imaging, and scanning
Auger and electron microscopy. 1

604 A. ror clectronic test and mea-

surement applications and for use in
mechanical measurement systems. 2

607A. variable persistence storage
for medical diagnostics and electronic
equipment like gamma camera, radar/
sonar, and spectrum analyzers.

here you look,
oks besf.

602. vector display for precise
assessment of TV color encoding.

—— e

603A.Bistable storage for uses like
ECM, seismic analysis, mechanical
shock, and strain gauge measurement.

C-28. ror high quality CRT recording
applications, including ultrasound and
gamma camera imaging.

photographic applications.

See for yourself.

Our broad product offering is just the beginning: nine small-
screen displays, two cameras, a wide range of options includ-
ing U.L. 544 Listing and Component Recognition and modular
packaging, plus a broad selection of large-screen displays.
Add applications assistance, full service and support programs
for a truly profitable working relationship. Contact us now to
find out more about how Tektronix OEM display products can
meet your needs. Write: Tektronix, Inc., PO. Box 500, Beaver-

1. 606A dot scan as accumulated on film
2..Image courtesy of Optical Electronics, Inc.

€-5D. ror low-cost, general purpose

For technical data Circle no. 16 on Reader Service Card.
For demonstration Circle no. 17 on Reader Service Card.

ton, OR 97077. For a fast response to your information needs,
call Tektronix automatic answering service toll-free: 1-800-
547-1512. In Oregon, call collect: 644-9051. For even faster
service, call your nearest Tektronix office.

Tektronix

COMMITTED TO EXCELLENCE

For immediate action, dial our toll free automatic answering service 1-800-547-1512




Leadtime Index

PASSIVE COMPONENTS

PRODUCT AT Ve PRODUCT
CAPACITORS Single-sided 8 2 -
Ceramic, disc 7 .18 = RELAYS AND TIMERS
Ceramic, monolithic 8 .16 = Crystal can B 26 up
Electrolytic, aluminum 7. 21 = General purpose 7 9 =
Electrolytic, tantalum 12 R up  Miniature (TO-5, square) 22 32 "up
Film 7 g = Reed, dry g 10 =
Mica 12 . 26 up Reed, mercury-wetted 11 16 =
Paper 11 16 = Solid state 1 3 =
Trimming 8 14 up Telephone B 13 =
CRYSTALS, FILTERS AND NETWORKS Time delay and timer 12 o
Filter, active 12 19 RESISTORS, FIXED
Filter, EMI 14 18 = Carbon film 2 12 =
Filter, lumped-constant 12 18 = Composition 2 16 =
Filter, quartz (monolithic) 2 18 e Metal film 19 20 =
Freq. determining crystal 6 .18 up Network 15 24 up
ENCLOSURES Wirewound 10, 17 =
Custom 15 14 RESISTORS, VARIABLE
Modified standard 0 12 = Pot, nonprecision WW 15 18 =
Standard 4 10 = Pot, precision WW TS =
FANS AND BLOWERS g 18 up Pot, nonprecision comp. 16 24 =
FRACTIONAL HP MOTORS 8 10 = Pot, precision comp. Fo g e
INDUCTIVE COMPONENTS Trimmer, WW g A8 =
Coil & 140 —  Trimmer, comp. 7 15
Solenoid 6 8 = SWITCHES AND KEYBOARDS
Transformer, power g 18 =  Circuit breaker 12.. 20, . up
Transformer, other 11 20 up Dualin-line o Ral g
INTERCONNECTION COMPONENTS Keyboard and keyswitch 8 ‘Al
Back panel 3 4 « Lighted pushbutton 6 8 =
Flat cable 4 13 e Pushbutton 6 8 P
Multipin circular high-density 23 40 =  Rotary 6 15 Cup
Multipin circular standard 15 25 = Snap action 5 9 =
Packaging panel 2 4 « Thumbwheel 5 6 =
PC, one-piece 3 5 e _Tloggle 6 9 =
PC, two-piece 10 17 + TRANSDUCERS
Rack and panel 17 9] =  Pressure 4 990 T
RF coaxial 14 20 = _ Temperature 6 10 ' =
Socket 2 4 + WIRE AND CABLE
PRINTED CIRCUITS Coaxial cable 6 8 =
Double-sided £ e =  Flat and ribbon cable 2 9 =
Flexible 10 20 up Hookup wire 5 9
Multilayer 13 19 =  Multiconductor cable B a2 -

Leadtimes are based on recent figures supplied to Electronic Business magazine by a composite group of
major manufacturers and OEMs. They represent the typical times necessary to allocate manufacturing
capacity to build and ship a medium-sized order for a moderately popular item. Trends represent changes

expected for next month.
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GETA FREE HEADSTART
FROM DIGITAL.
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That's right. Digital Equipment Corporation, in conjunction
with Hamilton/Avnet, wants to give you two handbooks. Why?
Because we think this is a great way to introduce you to Digital,
and their incredible LSI-11 and LSI-11/2. You see, the LSI-11
(and its smaller version - the LSI-11/2) really is a design miracle,
and provides the perfect place to start when you're ready for com-
puter power. Its 16-bit design results in easier programming and
higher throughput, and its addressing flexibility allows it to handle
data in the most efficient manner. And the LSI-11 and LSI-11/2
offer many attractive features. Like the DMA 1/0 bus. Power fail/

DIGITAL EQUIPMENT CORP. FROM HAMILTON/AVNET

auto restart. Automatic on-board debugging. And an extended
arithmetic option. But none of this actually gets you started on a
microcomputer design. That’s where the handbooks come in. So,
if you're interested in getting started on a 16-bit microcomputer
design, give us a call at (800)421-4645*. And then, whether you
know microcomputers, or are just starting out, remember this:
they’re available immediately, off-the-shelf from your nearest
Hamilton/Avnet location. =

So give us a call, and get Hamllto
started! E.L EC TR RS

World’s largest local distributor with 39 locations stocking the world’s finest lines of system components

SOUTHERN CALIFORNIA
Hamilton, L.A. (213) 558-2121
Avnet, L.A. (213) 558-2345

SOUTHWEST
San Diego (714) 279-2421
Orange County (714) 7546111
Phoenix (602) 2757851

ROCKY MOUNTAIN
Salt Lake City
Denver
Albuquerque

NORTH CENTRAL
Chicago (312) 67863
Minneapolis
Milwaukee

MID CENTRAL

Kansas City
St. Louis

NORTHWEST
San Francisco
Seattle

(408) 7433355
(206) 746-8750

(801) 972-2800
(303) 534-1212
(5085) 765-1500

(612) 941-3801
(414) 784-4510

(913) 888-8900
(314) 731-1144

GREAT LAKES
Cleveland

METROPOLITAN
Long Island (516) 333-5800
Connecticut (203) 762-0361
No. New Jersey (201) 575-3390

MID ATLANTIC
Baltimore (301) 796-5000
So. New Jersey (609) 4240100
Raleigh (919) 8298030
SOUTHEAST CENTRAL
Atlanta (404) 448.0800  Japan Telex 2523774
Huntsville (205) 8377210 Japan Telephone (03) 6629911

*In California, call toll free 800-252-0627

SOUTHEAST
St. Petersburg
Miami

CANADA
Toronto
Montreal

(216) 831-3500
Dayton (6513) 433-0610
Detroit (313) 5224700

SOUTH CENTRAL
Dallas (214) 661-8661

(713) 7801771

Austin

(612) 837-8911

NORTHEAST
Bostc (617) 273 7500
(315) 437-2641
(716) 442-7820

(813) 576-3930
(305) 971-2900

(416) 6777432
(514) 331 6443
Ottawa (613) 226-1700
INTERNATIONAL
Telex 66-4329
Telephone (213) 558-2441

Houston

Sy e
Rochester

For more information, Circle No 28







8088: Twin Reality

Intel unveils the ultimate 8-bit CPU. Powerful.
Practical. Beneath the surface, the heart of an 8086.

True beauty is never skin deep.
Such is the case with our new
8088 microprocessor. On first
impression, you'll see a powerful
third generation CPU with the
convenience and practicality of an
8-bit bus. Look closer and you'll
discover the remarkable 16-bit
internal architecture, megabyte
addressability and advanced
instruction set of our 8086.

The 8088 is both. Therein
lies its ultimate beauty.

. When we introduced
—-—L the 8086 family more
than 18 months ago we
called it a new begin-
ning, a microcomputer
system architecture so ad-
vanced it would deliver a
dramatic increase in system
sophistication, performance
and expandability. Now
" the 8088 delivers the same
performance increase for
8-bit designs.

8088: Designed with
reality in mind.

We built the 8088 to perform
in the type of systems you're
designing today and well into the
future, too.

Advanced arithmetics, in-
cluding 8- and 16-bit multiply
and divide, boost computational
thruput for your most complex
mathematical and control applica-
tions. But the 8088 is much more
than a superb number cruncher.

[ts byte-wide orientation
and extensive string-handling in-
structions give it unprecedented
capabilities—block moves, string
comparisons, data scans and trans-

lations— that make the 8088

the ideal CPU for your business-
oriented applications as well.

The 8088 addresses up to a
megabyte of memory, in 64K byte
segments. Segmentation and effi-
cient register utilization enabled
us to build in the capability for
such minicomputer-like features
as instruction pre-fetch, re-entrant
code, position independent code
and dynamic relocation. And 64K
[/O space and indirect /O simplify
programming even further.

Make your own reality.

Any way you look at it, the
8088 is a tantalizing prospect. If
you are upgrading your 8080, 8085
or Z80 design, the basic 5SMHz

8088 delivers two to five times

110

Multiple
Processors

Processors

Special
Application
Processors

Memory
Management

the performance, yet preserves
your entire hardware investment.
And with the CONV-86 code
converter and PL-M/86 compiler,
your software can be easily up-
graded, too.

The 8088’ 100% software
compatibility with its 16-bit twin
ensures the smoothest possible
transition to any future 16-bit
processor needs.

[ts 16-bit internal architecture

Circle no 29 for information

and elegant instruction set are
super efficient for implementing
high-level, block-structured
languages such as Pascal or
PL-M/86.

Etched into its HMOS* cir-
cuitry, the 8088 allows compatible
interface to multiprocessing
configurations with the 8086 and
Intel’s new generation of 1/O pro-
cessors, math processors, memory
managers and distributed intelli-
gence configurations.

For more space—and cost-
sensitive applications, though,
four other readily available Intel®
bus multiplexed peripherals
combine with the 8088 for a
complete 8-bit system of
unprecedented performance.

The future has arrived.
Because the 8088 shares the

instruction set and object code of
her more powerful sister, the same
Intellec® development system

and software package you use for
8086 program development fully
support the 8088, too.

Put some true beauty into
your new designs. You can order
the 8088 support components and
development system from your
local Intel distributor, or with a
single call to your Intel sales office.
Or write: Intel Corporation,

3065 Bowers Avenue, Santa
Clara, CA 95051. Or call (408)
987-8080.

*HMOS is a patented Intel process.

intal delivers.

Europe: Intel International, Brussels, Belgium. Japan:

Intel Japan, Tokyo. United States and Canadian distributors:
Arrow Electronics, Alliance, Aimac/Stroum, Component
Specialties, Cramer, Hamilton/Avnet, Harvey, Industrial
Components, Pioneer, Wyle/Elmar, Wyle/Liberty,

L.A.Varah and Zentronics.



Technology News

Low-cost, high-capability LSI chips
ease interface-bus implementation

William Twaddell, Western Editor

Dramatic increases in the number of
products incorporating the IEEE-
488 General-Purpose Interface Bus
(GPIB) have spurred semiconductor
houses to develop several LSI
circuits that implement this com-
munications protocol. Acting as the
parallel-bus counterparts to serial-
communication devices (such as

UARTSs and USARTS), these GPIB
ICs come in a wide range of

configurations and capabilities, at
bargain prices compared with
previously available alternatives.
(See the Special Report on pg 90
for information on IEEE- 488-
compatible instruments.)

Older implementations of the
GPIB required 40 to 60 MSI and
SSI parts on dedicated boards and
cost more than $1000. The new
chips, in contrast, cost from $20 to
$45, bringing down the total
interface price to less than $100.

The prices and special features
offered by different GPIB ICs
reflect the order in which the
devices were introduced. The older
chips operate at moderate speeds

| asLeToTALK, | ; ABLE TO
ISTEN AND CONTROL TALK AND LISTEN

] DATA AND PROGHRAM MEMORY
ADDRESS
SWITCHES

TMSS014 GPIE

NLY ABLE TO LISTEN
e

ONLY ABLE TO TALK

SR reanan
ARRAALIA R AAA AL
BUFFERS 78160

BUFFERS 75162

IEEE ABH G

Combining GPIB talker/listener/controller functions on one chip, Texas Instruments’
TMS9914 meets all IEEE Standard 488-1978 specifications. The device combines a highly
flexible interrupt structure with an extensive auxiliary-command set to simplify design tasks.

and have only a talker/listener
capability (see box), while more
recent devices add controller
functions but require a separate
package for them.

The latest bus-IC introduction,
however, performs all ten of the
functions defined by the 488
standard—including controller
tasks—on a single chip. It thus
requires the addition of only two bus
transceivers to form an interface

between a pP and the GPIB.

Talkerl/listeners start it off

The first bus chips on the market
were the CMOS HEF4738 from
Philips (marketed in the US by
Signetics) and Motorola’s NMOS
MC68488. Although both parts
perform most basic GPIB functions,
the Philips part requires multiplex-
ers, level shifters, decoders and bus
drivers to utilize all its capabilities,

Text continues on pg 39

GENERAL-PURPOSE-INTERFACE-BUS IC CHARACTERISTICS
DATA
PART SUPPLY CLOCK POWER TRANSFER SECOND
MANUFACTURER | NUMBER | VOLTAGE (V) | RATE (MHz) | DISSIPATION (mW) | RATE (BYTES/SEC) | SOURCE FUNCTION
FAIRCHILD 96L.S488 5 10 *1250 M NONE TALKER/
ANNOUNCED |LISTENER
INTEL 8291 5 8 500 448k NONE TALKER/
ANNOUNCED | LISTENER/
8292 6 625 NEC CONTROLLER
MOTOROLA MC68488 | 5 1TO 15 600 125k FAIRCHILD TALKER/
AMI LISTENER
PHILIPS/ HEF4738V | 45TO 125 2 il 200k NONE TALKER/
SIGNETICS ANNOUNCED | LISTENER
TEXAS TMS9914 |5 5 750 250k NONE TALKER/
INSTRUMENTS ANNOUNCED | LISTENER/
CONTROLLER
*WITH ANY THREE BUS OUTPUTS IN A LOW STATE. (TYPICAL VALUE, 900 mW)
**WHEN IN A QUIESCENT STATE AT 10V
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The development and nature of the GPIB

In the beginning was Hewlett-Packard. And there also
was a team of HP engineers interested in creating a
standard instrument-connection bus. From their
efforts came the digital-communication concept
known as the HP-IB.

At about the same time, discussions on the
feasibility, scope and objectives for a standard
interface were occurring in Europe as well, and—at
the instigation of the German National Committee—
the International Electrochemical Commission (IEC)
authorized a development project and formed a
working group. Concurrently, an IEC Advisory
Committee and an IEEE subcommittee were formed
to consider the needs of US manufacturers and
users.

Both of these study groups chose the interface
concepts originated at Hewlett-Packard as a model
for further development. Several years later, after the
concepts were refined and elaborated at the
international and local levels, the IEEE Standards
Board approved what is now known as |EEE
Standard 488.

Physically, the bus consists of a 24-wire shielded
passive cable: Eight wires carry data, eight carry
control signals and eight are reserved for signal and
system grounds. Cables connect in a star or
daisy-chain configuration and can handle a maximum
of 15 instruments interfaced to the bus without bus
extenders. (Maximum cable length equals either 2m
times the number of instruments or 20m, whichever is
smaller.) Of the eight GPIB control lines, three
implement an interlocked handshake sequence when
passing bit-parallel, byte-serial data: DAV, data valid;
NRFD, not ready for data; and NDAC, not data
accepted (figure).

The other five control lines implement the following
mterface -management commands:

Attention (ATN)—Used by a controller to
indicate whether information on the data lines is
device data or an interface-control message
Interface Clear (IFC)—Used by a controller to
reset the complete interface system to its
quiescent state

Service Request (SRQ)—Utilized by a device
to indicate to a controller that the device requires
attention and an interruption of the current event
sequence

Remote Enable (REN)—Utilized by a controller
to select between two sources of device-
programming data

End or Identify (EOI)—Can be used by a talker
to indicate the end of a multiple-byte transfer
sequence or by a controller in conjunction with

the ATN signal to execute a parallel-polling
sequence.

GPIB functional specifications comprise a set of
state diagrams that describe uniline and multiline
commands, local and remote messages, and ad-
dressmg and data handshakes:

Source Handshake (SH)—Provides a device
with the capability to guarantee the correct
transfer of multiline messages (works in con-
junction with Acceptor-Handshake)
Acceptor Handshake (AH)—Lets a device
guarantee correct reception of remote multiline
messages
Talker or Extended Talker (T or TE)—Allows
an instrument to send data to another instrument
over the bus
Listener or Extended Listener (L or LE)—
Permits an instrument to receive data from
another instrument over the bus
Service Request (SR)—Lets a device request
service actions from the controller
Remote/Local (RL) and local lockout—Allows
device control to switch between its local
(front-panel) and remote instructions (program-
ming codes received while addressed as a
listener); local lockout blocks the front panel’'s
ability to place instruments in local mode
Parallel Poll {PP)—Allows a device to return
one status bit to a controller in response to being
polled without being addressed as a talker (each
instrument is assigned one of the eight data
lines)
Device Clear (DC)—Provides a means of
initializing an instrument to a predefined state
Device Trigger (DT)—Allows a controller to
command a device to start its basic operation
Controller (C)—Lets a device send device
addresses, universal commands and addressed
commands to other units over the interface.
The state diagrams represented by these definitions
specify GPIB interfaces that are independent of the
means employed to implement them, so the 488
standard suits discrete logic as well as wP-based
hardware and software approaches.

Unfortunately, though, while these state diagrams
simplify GPIB definitions, the standard’s text doesn't
make easy reading, and despite strenuous efforts to
prevent misinterpretation, a few clauses have been
misunderstood.

Several of these misunderstandings are cited by
HP’s Don Loughry, an original HP-IB designer and a
strong 488 proponent; one of them concerns a
problem involving the EOIl line. This control signal has

been used for purposes other than those intended
Continued on next page
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(a) TALKER

[ SET DAV HIGH J

ERROR CONDITION

PUT OR CHANGE
DATA ON DATA
LINES

)

IS NRFD
SENSED
HIGH?

NRFD SIGNAL LINE GOES HIGH
ONLY WHEN ALL ACCEPTIONS
ARE READY

DATA IS VALID AND MAY

[ SET DAV LOW ]
NOW BE ACCEPTED

Y

IS NDAC
SENSED
HIGH?

NDAC SIGNAL LINE STAYS
LOW UNTIL ALL ACCEPTORS
HAVE ACCEPTED DATA

L SET DAV HIGH ]

VALID AFTER THIS TIME
MORE DATA?

DATA IS NOT TO BE CONSIDERED

LISTENER

SET NDAC LOW

>l
>

NO READY TO

ACCEPT DATA?

SET NRFD HIGH

IS DAV
SENSED LOW?

ACCEPT DATA BYTE

SET NRFD LOW

SET NDAC HIGH

HAS DAV
GONE HIGH
YET?

NO

SET NDAC LOW

Instruments with differing speed capabilities can communicate on the same bus, as shown by the flowchart of the source and
acceptor handshake logic (a) and the signal-line timing sequence (b) for a 1-talker/multiple-listener arrangement.

because of an ambiguous clause in the standard. ®)

A second case of misinterpretation points up the
unfortunate choice of words sometimes used to
describe GPIB functions: The command “take control
synchronously” refers to the interruption of a

DO,, D0,
(COMPOSITE) FIRST DATA BYTE

i

SECOND DATA BYTE

‘I---

JC

conversation on the bus by the controller in charge WH NOT VALID NOT VALID
. 4 . L VALID VALID
and has nothing to do with passing control from
controller to controller, as has been erroneously .
stated in most articles on the subject. A better choice T r.’:’:’.’:”‘l
of words, Loughry notes, might have been “interrupt S fiﬂﬂm isaudl L’yﬁil—' }LLNONE —
the conversation synchronously.” READY SOME READY  READY
For more information on the concepts and
considerations involved in implementing IEEE-488
(especially with pP-based systems), consult an g e - e
article published in the Proceedings of the IEEE, Vol ~ NbAS i ’—L acoerTen |AC%8§$ED
66, No 2, February 1978, entitled “IEEE Standard SOME / SOME ALL/

488 and Microprocessor Synergism.”

ACCEPTED ACCEPTED ACCEPTED ACCEPTED
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while the Motorola chip requires
only one pair of bus transceivers.

The 4738 doesn’t pass data
through itself to a wP’s data bus,
isn’t optimized for use with a
particular pP family and doesn’t
require software programming.
These qualities place it in a class of
pnP-independent devices that usual-
ly operate in conjunction with only
one controller in a multiple-
instrument system.

Although not as powerful as some
of the more recent market entries,
Motorola’s 68488 performs well
enough to claim the majority of
sockets in systems using the GPIB.
Its close ties to one wP (the 6800)
apparently haven't limited its
use—most products that use the
GPIB also have at least one pP in
them anyway. Prices for the 68488
are at the low end of the spectrum:
in the $18 to $21 range in quantities
greater than 100.

To provide an adjunct to
talker/listener functions, Motorola
also marketed the first GPIB
transceiver (the hex 3448) and has
now introduced an octal configura-
tion, the MC3447, which helps
implement a talker/listener inter-
face with only three packages.

Motorola’s latest efforts in the
GPIB field involve using a
preprogrammed MC6801 P to
accomplish bus-controller func-
tions — forming a complete GPIB
interface with four packages. The
firm will introduce this controller
P in response to Intel’s 8291 and
8292 chips—a talker/listener and a
controller, respectively. The 8291
compares functionally with the
68488, although Intel -claims
improved performance in areas such
as addressing, status recognition
and speed (when coupled with a
processor, such as the 8086, that
uses an 8-MHz clock). In quantities
greater than 100, the 8291 costs
$23.75.

Intel’s $21.25 (100) 8292 is a
preprogrammed 8041 wP, and the
8291/8292 combination is optimized
for use with the processor family

EDN NOVEMBER 5, 1979

(b)

MPU
| DATA
| LINES
|  ©-Dy

RS,
RS,

MICROPROCESSOR DATA BUS

S

RS,

CE

the architectural similarities among the new breed of GPIB LSI chips.

1 B
18291 A ] 1
I
H ¢ GPIB DATA >
: ‘ '
1
] ] 0] @
I 1 zW
i i EZ
- feam R 55
8 READ B GPIBCONTROL ) | 22
REGISTERS (A 3 SH 1 z =
N 2 AH : =5
2 TE ] <4
= LE | Fo
< SR 1
E RL 1
0 ——]'> gg T/IR CONTROL
8 WRITE Z DT 1 J
REGISTERS > !
] & |
1 ]
1 ]
1 ]
1 ]
1 ]
I MESSAGE ]
: DECODER :
1 1
INT
A
o) ADDRESS | .
STATUS [
INT STATUS 0 MASK 0 INTERRUPT
INT STATUS 1 MASK 1 LOGIC
I s
GPIB
MANAGEMENT
BUS A A LiNES
STATUS ({ (ATN, DAV, NRFD,
NDAC, IFC, REN,
SRQ, EOI)
b
AUXILIARY AUX
COMMAND CMD 488
DECODE STATE
DIAGRAM
AND
CONTROL
LOGIC
COMPARE |
ADDRESS C> LoGic |
< > f
[
SERIAL POLL, y
PARALLEL
POLL MULTILINE
MESSAGE
DECODE
DATA IN,
DATA OUT
GPIB
COMMAND |A —\| DATA
PASS ¢ ) LINES
25 THROUGH (DI/0,-DI/Og)
4 REGISTER
> ADDRESS
> DECODE

‘ Simplified block diagrams of Intel's 8291 (a) and Texas Instruments’ TMS9914 (b) show
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that includes the 8080, 8048, 8085
and 8086 wPs. The company doesn’t
offer its own transceivers yet, but it
plans to soon announce the 8293, a
flexible device that works in
conjunction with the 8291 and 8292
ICs to form a complete interface in
four chips.

Putting it all together

Another LSI chip that imple-
ments IEEE-488 and interfaces to a
pP system is Texas Instruments’
TMS9914. Taking GPIB-IC evolu-
tion one step further, this $25.60
device integrates all standard
functions into one chip: It's a
talker/listener/controller. )

Responding to feedback concern-
ing first-generation parts’ short-
comings, TI designed out many of
them in the 9914. In one common
application, for example, an
instrument takes data samples,
which then pass over the bus for use
by another instrument such as a
calculator. If such a reading has
been sent to a GPIB chip’s Data Out
register, but something interrupts
that transmission before it can be
sent to the GPIB and the data
subsequently becomes useless,
older ICs can’t cancel the data in the
out register; it will therefore be sent
as soon as the bus’ attention-control
signal goes false. The 9914,
however, solves this problem by
providing an auxiliary command
that suppresses transmission of the
current data byte until fresh data
can replace it—an improvement
that saves several external logic
packages.

The TMS9914, though a part of
the TMS9900 wP family, interfaces
to almost any pwP with no additional
logic. And to provide even more
GPIB interface flexibility, TI
produces its own bus-transceiver
set—the SN-75160, -75161 and
-75162.

Neither CMOS nor NMOS

The most recently introduced
GPIB chip is Fairchild’s 961.S488—
a device that, like Philips’ 4738,
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Utilizing the latest LSI chips, Ziatech’s 7488/18 interfaces the STD Bus to the IEEE-488 bus.
Data rates up to 256k bytes/sec, 5V operation, user-selectable port addresses and a $378
price make this board ideal for nP-controlled automatic test equipment.

performs only talker/listener func-
tions and doesn’t tie to a wP bus.
The LS488 isn't software con-
trolled, but instead receives its
operating-mode instructions via
four input pins.

One of the Fairchild device’s most
interesting aspects stems from the
technology used to produce it.
Philips’ part is CMOS, and all other
488 chips are NMOS, but Fairchild’s
part utilizes low-power Schottky
technology—an approach that
allows it to incorporate on-board
transceivers.

Using a 10-MHz clock, this 48-pin

part transfers data at 1M
bytes/sec—the fastest speed speci-
fied for the bus. Available for
several months only in sample
quantities, it is expected to cost
$44.50 in quantities of 100 or more
when in full production.

The next obvious GPIB step—a
talker/listener/controller/driver IC—
has yet to appear. Several
manufacturers are interested in this
market, though, so look for such
improved devices in the not-too-
distant future as well as for second
sources of GPIB ICs already in
existence. EDN

For more information...

Information Retrieval Service card.

Fairchild Semiconductor
464 Ellis St

Mt View, CA 94042

(415) 962-5011

Circle No 430

Intel Corp

3065 Bowers Ave
Santa Clara, CA 95051
(408) 987-8080

Circle No 431

Motorola Integrated Circuits Div
3501 Ed Bluestein Blivd

Austin, TX 78721

(512) 928-6800

Circle No 432

For more information on the products discussed in this article, contact the
following manufacturers directly or circle the appropriate numbers on the

Signetics Corp

Box 409

Sunnyvale, CA 94086
(408) 746-1676
Circle No 433

Texas Instruments Inc
Box 1443, MS 6404
Houston, TX 77001
(713) 776-6511

Circle No 434

Ziatech Corp

2410 Broad St

San Luis Obispo, CA 93401
(805) 541-0488

Circle No 435
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Now Available

AMIXERS with a
3 year guarantee!

from isnA 1(500)

ool e

Three years ago, Mini-Circuits
offefed a two-year guarantee for
its industry-standard SRA-1 herme-
tically-sealed double-balanced mixer.
now used world-wide for a variety of
military and industrial appllqat
The two#year guarantee'was possnbl
by the use of an accelerated- life screeriing
test for diodes generfy reserved only for
space applications. The HTRB-screened
Schottky diodes are subjected to a one-volt.
negative bias at 150° C for 168 hours, a

i} . B ol

stress designed to accelerate ageing and %
force time-related fai!ure;—thus screening out patenti

Now Mini-Circuits is-proud to offer a three-
achieved by further stressing and testing t
SRA-1 experiences: 1. Barn-in for 96 hours
2. Thermal shock. 3. Grass and fine leak tests (per MIL-STD 202)

And the three-year guaraptee SRA-1 is $till only $7.95! "5
Of course, the additional testing adds to ®ur-cost, but our .
continuing commitment is to offeg performance
and reliability unmatched for off-the-shelf
double-balanced mixers. o

So, for space or rugged industrial apphcaus : 1-250 MH

L3

ensure highest system reliabilty by specifying 0.5-500 MHz
SRA-1 mixers, the only double-balanced mixers Isolation (dB)
with a three-year guarantee . . . from @55 Mtz

Mini-Circuits where low price goes hand 5-250 MHz...
in hand with unmatched quality. 250-500 MH

30
Min. Electronic Attenuation (20 mA) 3 dB Typ.
Signal, 1 dB Compression Level + 1 dBm
Impedance All Ports, 50 Ohms
LO Power +7 dBm

- - - -
[~ Mini-Circuits
2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200
Domestic and International Telex 125460 International Telex 620156
.

B35/Rev/A

F . : .
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PCB Flexibility
with Bendix Bru h
Connectors.

A low mating force connector with up to 400
contacts. 4 body styles. 3 contact variations with
options. Superior electrical characteristics and long
mechanical life. That's flexibility! And Bendix has
one for your high-contact needs. The Brush Con-
nector. Here's what you get.

Bendix Brush Connectors increase circuit count
per board.

* Reduce number of boards by allowing more cir-

cuits per board.

» Greater board effectiveness by providing exact
circuit counts up to 400 contacts in only one
connector!

Bendix Brush Connectors reduce mating force

70% to 90%.

* |ess complex board supports.

* Secondary actuators eliminated.

* Extended mechanical life. Up to 20,000 mates/
unmates.

* Fewer damaged boards.
* Eliminates fixture mounting need of multiple
smaller connectors.

Bendix Brush Connectors—a broad product line.

» Mother Board, Daughter Board, Input/Output, PC
receptacle body styles.

» 2,3 and 4 row configurations.

* 90° and straight PC, solderless wrap, crimp re-
movable terminations with multiple lengths and
plating options.

Bendix Brush contacts improve electrical charac-

teristics.

» Highly redundant contact sites with multiple elec-
trical paths and wiping action.

* Gold plated wire bristles mesh together intimately
with gas-tight junctions.

» Stable contact resistance even after extreme me-
chanical durability abuse to 20,000 matings.

For fullinformation, call (607) 563-5302, or write
The Bendix Corporation, Electrical Components Divi-
sion, Sidney, New York 13838.

Bendi

We speak connectors.

For more information, Circle No 31
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Low-profile, low-power transformers
fill many pc-board-mounting needs

Earle Dilatush, Senior Editor

Now that most electronic circuits
operate at low voltage and require
little power, direct pe-board
mounting of power transformers
and other transformer types has
come into its own. Compatible-size
power transformers carry ratings
ranging from a fraction of a
volt-amp to almost 24 VA. Many of
these wunits still retain the
traditional upright-core stance, but
low-profile designs are appearing,
some with above-board heights of
only 0.6 in.

Laminations hold the key

If you were a transformer
designer faced with the need to
design compact stepdown power
units compatible with limited
pc-board spacing, you'd soon
abandon any idea of ordering
custom laminations: The tooling cost
is prohibitive. Thus, you'd be forced
to design around existing
laminations—the industry-accepted
approach.

One way to utilize standard parts
while achieving a low profile is to
reorient the core from vertical to
horizontal; manufacturers such as
Inductive Components, Microtran
and Signal Transformer have
followed this route when designing
their  “flat”-construction lines.
Inductive Components’ Flatformers
come with 1- and 7-VA ratings;
Microtran and Signal Transformer
offer 6- and 12-VA units (FlatStack
and Flathead), and Signal Trans-
former’'s MPL models for IC-
regulated power supplies deliver
approximately 2.5 and 5W at their
outputs.

Many design variations tailor
these flat-format transformers to
reduce cost or furnish special-
performance characteristics. In one
such variation—utilized in Micro-

EDN NOVEMBER 5, 1979

Compact magnetics fr ff-lin sitching-regulated power supplies readily handle high
power at the commonly used 20-kHz or higher switching frequency. Two units from Pulse
Engineering include a common-mode input choke (a) and a 20-kHz output transformer (b).
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tran’s FlatStack line—a split bobbin
contains transformer windings side
by side instead of wound one over
another. As a result, interwinding
capacitance becomes very low—
making an electrostatic shield
between windings unnecessary.
This winding arrangement also
minimizes the transformers’ leakage
and external field and allows the pc
pins to be molded into the
bobbin—eliminating much hand
labor.

Small equals hot and lossy

Early in any miniaturized
transformer study, you’ll realize
that the need for small size
inevitably produces penalties: re-
duced efficiency and increased
operating temperature compared
with standard-size components.
Neither low efficiency nor higher
temperature need handicap most
low-power applications, and both
need objective consideration.

Efficiency—though a desirable
characteristic—can be overempha-
sized if you look at percentage
figures without thinking through
their practical implications. Take
the case of a compact 6-V A unit that
provides 75% efficiency. Its loss (2
VA) amounts to only half the power
drawn by a standard electric clock,
so for most applications, this
inefficiency figure should cause
little concern.

Operating temperature produces
two major impacts: effects on the
transformer itself and effects on
adjacent components or circuitry.
Standard construction permits a
transformer’s hottest part to
operate at 105°C max, while special
Class S construction raises this
figure to 130°C. Don’t pay Class S
units’ premium price, though,
unless you need that extra 25°C
capability; this arrangement won’t
provide longer life than standard
construction if the hot-spot temper-
ature doesn’t exceed 105°C.

Small transformers usually pre-
sent more temperature-protection
problems than their larger cousins.

44

Large-size power transformers can
fairly easily incorporate some form
of protective device such as a
self-restoring thermal circuit break-
er or a one-shot thermal-cutoff
a breaker
against

device.
protects

(Basically,
a transformer

overheating damage, while a
thermal-cutoff device only prevents
an already damaged transformer
from bursting into flames.)

Small pc-board-mounted trans-
formers generally don’t allow
enough room for either a breaker or

Conventional upright-stance transformers, such as these units from Dale (a) and
Triad-Utrad (b), readily adapt to pc-board mounting.

EDN NOVEMBER 5, 1979
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Surrounded But Never Invaded!

Switching elements are completely enclosed in this
sophisticated series of 6, 8, and 12 terminal PC
Switches, all sensibly priced. In addition, shaft and
panel seals are available!

Height off the board - 0.715, Pin centers - 0.1, Indus-
try’s standard pin spacing. As small as 0.6 in width!

Shorting and non-shorting poles may be grouped on
any one deck in any combination — up to 12 decks
available.

“Off-The-Shelf-Delivery” and RCLs nationwide net-
work of distributors makes these units the hottest
items on the market!

Write or call for technical brochures!

Electro-Components Division

RCL Products

195 McGregor Street, Manchester, New Hampshire 03102, U.S.A.

Phone: 603/627-3831 TWX 710/220-1876

AMF Electro-Components Division manufactures RCL Resistors, Delay Lines, Switches, and UID Switches

For more information, Circle No 32
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flame arrester—even if it were
desirable. However, some units
(particularly very low-power ones
that handle about 0.5 VA), do
provide safety through inherent
self-limiting action. These trans-
formers require so many turns of
fine wire to support a 115V field in
their tiny cores that their input
impedance increases enough to
prevent overheating—even with a
direct short on the secondary
winding. At higher volt-amp
ratings, the extent of such self
protection decreases, becoming
negligible at about the 24-V A size.

Impregnate, seal or...?

When dealing with worst-case
environments, the only way to fully
protect-a transformer is to seal it
hermetically. Military specs such as
MIL-T-27 have called for sealing
since World War II, and its worth
for combatting extremes of altitude,
pressure or moisture is unques-
tioned. Fortunately, though, most
pc-board-mounted transformers op-
erate in less hostile environments,
permitting simpler protection mea-
sures such as vacuum varnish
impregnation and encapsulation.

Varnish impregnating a trans-
former and achieving extreme
compactness unfortunately are
somewhat at cross purposes,
because the units must contain

Minimal above-board height and pc pins for connections suit these flat-format, 0.85- and
1.06-in.-high transformers for plug-in mounting on pc boards: Microtran’s 6-VA FlatStack (a)
and Signal Transformer's 6-VA and 12-VA Flathead Series (b).

Safety and EMI compliance

Products, such as power supplies, that incorporate
transformers must meet several requirements before
many countries will allow them to be imported (EDN,
January 20, pg 99). Broadly speaking, these
requirements concern safety and electromagnetic
interference (EMI).

International safety standards require, for example,
that primary-circuit magnetics meet strict conductor-
spacing and insulation-strength specifications and
furnish a 3750V primary-to-secondary withstand
capability. (The 220 to 240V line voltage found in
most European countries appears partially responsi-
ble for making such international standards more
strict than those in the US.)

Among the most stringent specs governing safety

and conducted EMI are those issued by the West
German regulatory agency, VDE. Its safety regula-
tions concern pc-board track spacings, primary-to-
secondary circuit spacings, transformer-dielectric
withstand capabilities and leakage current to ground.
As for conducted EMI, the maximum must be less
than that defined by the strict VDE specification
0871b Level A.

Generally, VDE specifications concentrate on
voltage, while the US emphasizes temperature.
Edward Polen, president of Signal Transformer,
believes Europeans plan for safety while US
regulators only react to problems. He recommends a
marriage of UL/VDE philosophies and requirements
to facilitate international product standardization.

|
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“Anywhere” means just that! Whether
you have a new application or an existing
design that needs a more accurate and
reliable pressure transducer, Gulton's
GS Series has the special features that
combine for optimum system performance:

e Accuracy as close as +0.4% on most
ranges.

« An infinite-resolution, 0-to-5 volt
DC output that eliminates the need
for expensive signal amplifiers and
permits direct connection to display,
readout and control equipment.

e Input power of less than 1/2 watt
from any 9-12 VDC source.

« Electrically isolated input and
output circuits to reduce installation
costs and ‘common-mode’ error signals.

« Built-in temperature compensation that
holds the output stable to within
0.02% per °F from -65°F to +250°F.

At last!
High-accuracy pressure transducers
that you can install anywhere — now!

“Now” means you won't have to wait to
verify the GS Series’ price/performance
advantages. Gulton’s in-factory stock
gives you 12 pressure ranges to choose
from so that we can ship your urgently-
needed ‘first-article’ pressure transducer
anywhere — now.

Your production quantities can be
delivered “now”, too. With over 500,000
GS Series pressure transducers already
shipped from Gulton's automated GS
Series production facility, you can be
assured of on-time delivery of both
prototype and large-volume OEM quantity
orders.

Does your application demand a special
full scale pressure range? Or an ‘offset’
electrical output with zero pressure at
+1 VDC? Gulton’s many years of pressure
transducer experience includes over 250
production-line ‘specials’ that help us
meet your requirement for a custom
configuration without extravagent,
budget-busting start-up-charges.

To get started, just let us know the
pressure range and type of measurement
your application requires. (You can
either mail us the coupon or call us
collect at 714 / 642-2400.) We'll call
you back to verify delivery the same day
we receive your request, and we'll also
provide price and delivery information
on your OEM quantity needs.

With ‘first-article’ GS Series pressure
transducers priced at less than $150,
and 1000-unit OEM quantities typically
about $50 each, we think you'll say
“At last”, too!

ltan

S+C Division

---------------------------------1

To: The S-C Division of Gulton Industries, Inc.,
1644 Whittier Ave., Costa Mesa, Calif. 92627

Tel: (714) 642-2400 « TWX: 910-596-1352

Please send my GS Series transducer to:

Gentlemen: Standard pressure ranges: L
| would like to receive a ‘first-article’ TITLE

of Gulton’s ‘install-them-anywhere-now’ [0 0to5psi [J 0 to 250 psi

GS Series Pressure Transducers. I've [J 0to 15 psi (] 0 to 500 psi

marked the range and type | need, and I'd 0J 0 to 20 psi O 0 to 1000 psi SOMBANY

like you to ship my first transducer as (J 0to 30 psi (J 0 to 2000 psi

soon as possible. L1 0 to 50 psi 0J 0 to 3000 psi ADDRESS

For this first shipment, please bill me — L0t 100 psl C1-0 1o B0
) . : . . CITY STATE 2P

[dJ By invoice 3 On my credit card [0 Absolute O Gage [ Differential — and call me to confirm delivery at:
O Vi

My o card number is:
[J Master Charge NUMBER EXPIRATION DATE AREA CODE NUMBER
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POWER/MATE CORR




Technology News

-

1C0-R20080 TF

1-2.3 300 CT 4%

|

Ultraminiature audio, pulse and 400-Hz power transformers designed to MIL-T-27 pack
surprising capabilities into cases measuring as small as the 'ax s-in. Pico Electronics unit on

the right.

voids into and through which
varnish can flow. In very compact
units that pack all available space
with windings, bobbins and insula-
tion, however, the varnish must
thread its way through very small
openings. And despite these

impregnation difficulties, the proc-
ess must be thorough; unpenetrat-
ed places (such as at air bubbles)
tend to become hot spots during
operation and could form moisture
traps. .

Signal Transformer president

wiring costs.

include:
carburetion)
Burglar-alarm systems
cating or rationing power)
Industrial control devices

tions)

Pollution-control equipment

Where the action is in small transformers

Like Rover's fleas, transformers are found just about everywhere.
And while pc-board mounting configurations restrict transformer size
and power-handling capabilities, they greatly reduce mounting and

The many application areas currently reported for pc-type units
(such as power, audio, line-switching and pulse transformers)

Automobiles (in electronic control systems for ignition and
Computers (in home computers and peripherals)

Energy-conservation devices (for monitoring, controlling, allo-
Isolation units (dictated by safety/product-liability considera-

Medical electronics (for isolation and signal handling)

Solar-power units (in inverters)
Telephone-dialing equipment.

EDN NOVEMBER 5, 1979

Edward Polen, however, believes
that varnish-impregnation advo-
cates might have overstated the
process’ problems. He suggests that
many applications don’t really
require impregnation because of
modern bobbins’, tapes’ and wire
coverings’ excellent insulating
properties.

Magnetics for switchers

Now that off-line switchers have
invaded the below-50W power-
supply market, the small, low-
wattage magnetic components they
utilize allow pe-board construction.
These switchers commonly employ
a 20-kHz operating frequency, but
the trend is clearly for switching
frequency to rise as improved
semiconductors become available
(EDN, October 5, pg 84).

Magnetic-device operation at or
near 20 kHz permits drastic
reductions in both core and winding
size compared with 60-Hz designs.
And devices operating at high
frequencies commonly employ
ferrite cores and toroidal construc-
tion.

Switcher magnetics appear minia-
ture to anyone accustomed to
thinking in terms of 60-Hz chokes or
transformers, but don’t fall into the
trap of thinking they’re a snap to
design: Switcher magnetics aren’t
much easier to design than the
switchers themselves. (And some
expert switcher designers assert
that it’s easier to design a TV set
than a switcher.)

Manufacturers such as Pulse
Engineering and Coilcraft now
specialize in furnishing the high-
frequency magnetics utilized in
off-line switchers—magnetics such
as switching transformers, base-
drive transformers, smoothing
inductors and RFI/EMI - sup-
pression components. To aid in
applying Coilcraft’s driver trans-
formers, high-frequency power
transformers, input filter chokes
(common-mode and series) and
output filter chokes for switchers,
this firm furnishes a prototype
design kit containing bobbin and
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Rental Electronics rents all kinds of
Amplifiers, Analyzers, Calibrators, Counters,
Couplers, Generators, Meters, Micro-
computer Development Systems, Modula-
tors, Oscillators, Oscilloscopes, Power
Supplies, Printers, Probes, Recorders,
Synthesizers, Terminals, Test Sets. ..

and much more.

Rental Electronics rents equipment
from ADDS, Ailtech, Associated Research,
Beehive, Biomation, Boonton, Brush,
Dana, Data I/O, Digitec, Doric, Dranetz, Elgar,
Esterline-Angus, Fluke, GenRad, Halcyon,
Hewlett-Packard, Honeywell, Hughes, Intel,
Keithly, Krohn-Hite, Lambda, Lear
Siegler, Marconi, Monsanto, Narda, Nicolet,
Northeast, Power Design, Programmed
Power, Singer, Sorenson, Tally, Techni-Rite,
Tektronix, Tenney, Texas Instruments,
Wavetek...and many more.

Rental Electronics, Inc. Rental Centers
In the U.S.: Anaheim, CA (714) 879-0561
Mountain View, CA (415) 968-8845
Northridge, CA (213) 993-7368 e Ft.
Lauderdale, FL (305) 771-3500 e Orlando,
FL (305) 351-3015 @ Des Plaines, IL
(312) 827-6670 e Burlington, MA (617)
273-27700r(800) 225-1008 ¢ Gaithersburg,
MD (301) 948-0620 e Greensboro, NC
(800) 638-4040 e Oakland, NJ (201)
337-3788 or (800) 452-9763 e Rochester,
NY (800) 631-8920 e Cleveland, OH
(800) 323-8964 e Dallas, TX (214) 661-8082 @
Houston, TX (800) 492-9021 e Seattle,

WA (206) 641-6444 e In Canada: Vancouver,
BC (604) 278-8458 e Rexdale, Ontario
(416) 675-7513 ® Montreal. Quebec (514)
337-5575.

Call one of our rental centers today

for immediate action. Or return this

coupon to Rental Electronics. Inc.,

19525 Business Centre Dr.

Northridge, CA 91324

[J Send me your Rental Catalog.

[J Send me your Equipment Sales
Catalog — | may be interested in
buying some of your “previously
owned " equipment

[ I have an immediate need for the
following rental equipment:

Please have someone from your
nearest Inventory Center phone
me at

Name
Title
Company
Address

Mai 7
‘a|I Stop—p‘ \
City M N\
A \ 7 \

State/Zip
Phone

Rental ¢/
Electronics, Inc.

EDN 11/5

GSA # GS-045-21963 Neg ¢

1979 Rental Electronics Inc
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For more information...

Service card.

Collcraft
Cary, IL 60013
(312) 639-2361
Circle No 441

Dale Electronics Inc
E Highway 50
Yankton, SD 57078
(605) 665-9301
Circle No 442

Inductive Components Inc
181 Bridge Rd

Hauppauge, NY 11787
(516) 582-9370

Circle No 443

Microtran Co Inc

Box 236

Valley Stream, NY 11582
(516) 561-6050

Circle No 444

Pico Electronics Inc
Box 1206

Mt Vernon, NY 10551
(914) 699-5514
Circle No 445

For more information about the transformers and other magnetic
components described in this article, contact the following manufacturers
directly or circle the appropriate numbers on the Information Retrieval

Pulse Engineering Co
Box 12235

San Diego, CA 92112
(714) 279-5900

Circle No 446

Signal Transformer Co Inc
500 Bayview Ave

Inwood, NY 11696

(516) 239-7200

Circle No 447

Triad-Utrad

305 N Briant St
Huntington, IN 46750
(219) 356-6500
Circle No 448

TRW/UTC Transformers
150 Varick St

New York, NY 10013
(212) 255-3500

Circle No 449

core-set samples plus comprehen-
sive application notes and data
sheets. These bobbin and core sets
suit designs that furnish up to
300W.

Those superminiature units

Transformer and choke miniaturi-
zation has come a long way from the
days of the UTC Ouncer (once the
industry standard for small size at
7% X1%6 in.). Today, hermetically
sealed audio and pulse transformers
that plug into pc boards or sockets
commonly measure about Y4X Y4 in.
Both Pico Electronics and TRW/
UTC currently market units of this
size.

How can these transformers be
fabricated in such small sizes, yet
provide reliability and relatively
cost? According to Pico
Electronics marketing manager Joe
Sweeney, the answer lies largely in
higher saturation-density magnetic
materials and greatly improved
techniques for winding extremely

small-diameter wire.

Superminiature units’ reliability
results not only from using quality
materials, he explains, but also from
construction that enables very fine
wire to withstand the shock of
exposure to heat and cold extremes.
Without such care, wire breakage
would often occur after only a few
thermal cycles.

Considering another supermin-
iature transformer type, the
frequency-range specs for V4 x¥s-in.
so-called audio units could come as a
surprise if you expect them to
embrace the usual 20-Hz to 20-kHz
span. These minis cover 400 Hz to
250 kHz, so they provide capabili-

ties far above audible frequencies.
EDN
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Check EDN’s Career Opportunities
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ITAll Rental
Gompanies Look Alike,
How DoYou Ghoose?

Need an oscilloscope or logic analyzer in
a hurry? Do you have a short term 1
need for amicroprocessor development <
system? Chances are you've already
discovered that renting the electronic
equipment you need makes sense. But
which rental company?

When you call Rental Electronics,
you're tapping a multi-million dollar
inventory of electronic equipment from
Hewlett-Packard, Tektronix, Intel and
every other major manufacturer. Sowe're
sure to have what you need —even the
newest equipment.

Our on-line real-time computer
lets us give you immediate availability
information while you're still on the phone.
Even if what you need is at another of our ten
stocking centers across North America.

Renting from Rental Electronics makes good
economic sense, too. We're big enough to be as flexible

as you need us to be, with competitive
short term rates, lower rates for

: extended periods, even a selection of
~+ rental/purchase plans.

But there's an even better reason

to make Rental Electronics your equipment
rental company. It's called service. It starts
when our rental experts answer your phone call.
To us, service means going that extra step

to meet your particular needs — for a special

piece of equipment, atight delivery schedule,

a customized rental or rental/purchase arrange-
ment, or just straight answers and a

helpful attitude.
\ When it comes to service we're positively
fanatical. And it pays off. During the past

twelve months, for example, 92% of our first-

SYV‘EW“ time customers have come back for more.

Next time you consider renting, consider
Rental Electronics. Give us a shot at your business.
We're confident we'll turn you into a repeat customer.

Test and Measurement Instruments

Here is just a small sampling of the test and measurement
equipment available today from Rental Electronics. For a
complete list, use the coupon opposite.

Hewlett-Packard 1640A Serial Data Analyzer.
Identifies and locates failures to the com-
ponent level; RSC 232C; 2048 characters,
monitor buffer, plus 1024 characters
transmit message buffer; Sync or Async.

-:: ¥ Biomation K 100 D Logic Analyzer. 16
: | . channels; 1024 word memory; clock rates
¥ upto100MHz;signaltiming resolutionto

cuo -
.

0 O™

10ns; built-in display and keyboard control.

Honeywell 101 Recording System 7 or 14 tracks
depending on head assembly; ¥ in. (7 tracks)
or 1in. (14 tracks) tape; 8 tape speeds from 0.937
ips to 120 ips; direct bandwidth to 2 MHz (wide
band) and to 600 kHz (intermediate band); FM
bandwidth to 80 kHz (wide band) and to 40

kHz (intermediate band); reel size 10% to 15 in.,
coaxially mounted.

Tektronix 465 Oscilloscope. BW 100
MHz; display 8 x 10; 5 mV/divto 5
V/div sens.; sweep rate 50 ns/div to
0.5 s/div; x10 magnifier; dual trace;
delayed sweep; x-y operation.

Hewlett-Packard 8565A/100 Spectrum
Analyzer. 0.01 to 22 GHz with internal
mixer; 14.5 to 40 GHz with 11517 external
mixer; 100 Hz and 300 Hz resolution bandwidth; Absolute
Amplitude Calibration: —110 dom to +30 dbm.

Brush 260 Strip Chart Recorder. 1 mV to
500 V; chart speeds 125 mm/sec. to 1 mm/
min., incl. four event markers; pressurized
ink; response: DC to 100 Hz.

Rental Electronics, Inc.

An @IMERICEL company

-« a different breed.

Circle no 36 for information
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“B&K-Precision insfrumenis
must be far morereliable than
anything they test.

“It starts with Photocircuits?

J. W. Jaroszewski, Plant Manager, Dynascan Corporation

“The most frustrating moment in the life
of anyone in electronics is when he real-
izes that the trouble he is chasing may be
in the test equipment he's using, instead
of the equipment he's testing.

“At Dynascan we lean over backwards
to make sure that moment never comes.”

“Photocircuits plays a continuing part...”

“Our test equipment line ranges from
transistor testers, digital multimeters, and
power supplies to signal generators and
trace analyzers. Our goal in manufac-
turing is to make them all an order of
magnitude more reliable than anything
they test. This reliability must begin with
our vendors. Photocircuits plays a con-
tinuing part.

“Several years ago we traced a number
of potential reliability problems back to
the soldering line where we had up to 20
different boards running at a time. These
boards were used in critical applications.”

“As additive came in, touchup went down’’
“Because we had heard that additive
boards enhanced solderability, we turned

to Photocircuits.

“Over the next three years we worked
many Photocircuits additive boards
into our product line. As they came in,
touchup went down and reliability up.

“Today, no matter how we optimize our
flow solder process, we know that the
additive boards will properly solder with a
high degree of tolerance to any process
changes.

“And there’s been a fringe benefit in
working with Photocircuits. On new
boards, there's always an interchange
with engineering before solidifying a
design. Our prototypes come in as fast
as with a prototype house. And, even
though their plant is a thousand miles
away, we've had troubleshooting help
show up here within a day.”

“Without additive...reliability could not
be economically met.”

“With microprocessors and large scale
integration we're constantly packing
more features into smaller, more portable
packages. Without Photocircuits two-
sided additive boards, many of our design
and reliability goals could not be eco-
nomically met.”

Whether you make test equipment—or
are among the tested—the ease of sol-
dering, reliability and service that come
with our additive boards can help. Write
or call PCK Sales, Photocircuits Division,
Kollmorgen Corporation, Glen Cove, NY
11542. (516) 488-1302.

- Photocircuits

Printed circuitry for mass-produced electronics.

For more information, Circle No 37
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At signal,we fransform

custom problems info
off-the- shelf solutions.

Next time your needs dictate a
transformer design that looks like
a sure candidate for a time-con-
suming, budget-busting “special,”
contact Signal. Chances are we
make something very close if not
exactly what you're looking for.

And if we catalog it, we stock it.
And if we don't catalog it, we'll
make it—and ship it pronto, too.

Signal’s unique record of hav-
ing transformers ready for de-
signers when they need them is no
accident. Our R&D department
goes to great length to keep pace
with new design trends so we can
anticipate the needs of circuit de-
signers and
packagers.

!‘lclhecd. ,
for example. We were first in
the industry to develop a "flat”
power transformer for ﬁlgh den-
sity PC board packaging prob-
lems. Our 6 VA units are less than
0.85" high, while our 12 VA units
require just 1.06” of headroom.

STOC1

Recognized Component
Underwriters Laboratories, Inc
Another example:
Split-bobbin makes
high-isolation possible in
PC board transformers.
New from Signal —miniature PC

board transformers with high iso-
lation (2500V RMS HIPOT stand-

ard) and low capacitive coupling.
All this and lower than standard
transformer prices, too. Split/
Tran is available with single 115V
or dual 115/230V primaries. Sec-
ondary wmdmgs are split, so
they can be series or parallel
connected.

We've done something
about 1P power too.

Our MP line of transformers
will give you all the combinations
you need for triple-output regu-
lated supplies (+5V, 12V and
+5V, +15Vdc). Available in stand-
ard or Flathead® styles, it can
be mounted on your PC board
with microprocessor or other
components.

The biggest line,
the fastest delivery.
Our complete catalog includes
over 1,000 standard transformers
and chokes, from 1 to 10,000 VA.
And all at low, factory direct
rices that are made even lower
y our enormous volume.
Signal Transformer Co., Inc.,
500 Bayview Avenue, Inwood
N.Y 11698 Tel. 516-239-7200.

CIRCLE 38 or see eem



Technology News

Statistical time-division multiplexers
grow faster and more flexible than ever

Jim McDermott,
Special Features Editor

The latest statistical time-division
multiplexers offer improved data-
transfer capabilities and greater
flexibility than older units. And
advanced options for the older
multiplexers also provide them with
many of the same advantages.
Highlights of these STDM
improvements include:
- Higher aggregate data-input
speeds
Modem-sharing capabilities
that eliminatemodems inmul-
tiple-line environments and
provide other line economies
Load-sharing  arrangements
that increase efficiency
Automatic baud-rate recogni-
tion that changes line configu-
ration automatically to handle
incoming data rates for which
the line was not originally
configured
Data-flow control that pre-
vents the shutdown of all
receiving channels when only
one channel is overloaded
Diagnostic routines that utilize
local CRT terminals to test
communication lines as well as
local and remote equipment.

Rising bit rates

As data-terminal speeds increase,
burst aggregate bit rate —the
maximum speed at which STDMs
can accept local input data—must
also increase. Timeplex meets this
challenge in its Series II 4-, 8- and
24-channel models. The $3800
8-channel M8C-2 provides a 76.8k-
bps maximum aggregate data-input
rate, supported by a 48k RAM,
while the M24, an $8500 24-channel
system, incorporates a 112k buffer
memory for even faster operation at
232Kk bps.

EDN NOVEMBER 5, 1979

Established, older designs (EDN,
April 20, pg 157) are also improving
to meet today’s speed require-
ments. For example, Micom’s
Micro800 Series’ previous basic
9.6k-bps rate has quadrupled to a
new maximum aggregate speed of
38.4k bps.

Modem sharing reduces costs

To minimize the number of
modems and lines needed for
multiterminal installations in the
same general service area, several
manufacturers provide modem-
sharing features. Digital Communi-
cations Associates (DCA), for

example, offers a built-in modem-
sharing arrangement in its System
105 Series that allows two or more
STDMs in multipoint configurations
to share a single modem rather than
employing one modem for each
multiplexer.

This series comprises two
versions: the 105/4, supporting two
or four terminals, and the 105/8,
which supports four, six or eight
terminals. These units can handle
widely distributed terminals (such
as those on different floors of a
building) connected by daisy-
chained cables.

To implement this capability,

Modem-sharing features in Digital Communications Associates’ System 105 allow two or
more units to use a single trunk-line modem, thereby reducing system costs.
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News 1

System 105 incorporates special.
RS-232 drivers and receivers that
act like a digital bridge across the
analog telephone line—a function
usually accomplished by analog
bridges. DCA-system users can
thus employ a cluster of polled
STDMs in proximity with one
another, all sharing a single, polled
multidrop modem for access to
long-distance telephone lines. (Ordi-
narily, if you want to save money by
using a multipoint telephone line,
you have to employ CPU-based
polled terminals requiring involved
programming. With 105 Series
equipment, however, the STDM
network itself controls sharing and
requires no user intervention.)

The DCA system also makes
available, to smaller terminal
clusters than previously feasible,
the benefits of combining a
data-communications network with
statistical multiplexing. It employs
a character-multiplexed scheme
rather than record-multiplexed
operation to achieve this flexibility.
In contrast to most polled
multipoint units, which force users
to wait until a full record accrues
inside a terminal before it can
transmit over the phone line, the
DCA system fits individual charac-
ters into the transmit bit stream at
the earliest opportunity.

Basic 105 Series units (consisting
of an enclosure, backplane and
power supply) support dual-port
cards that are identical for all
systems (the units’ backplanes are
tailored to individual model charac-
teristics). Basic System 105/4s
(without cards) cost $1150; 105/8s
cost $1395. These units are also
compatible with the firm’s earlier
System 115 32-port STDM.

A somewhat different but
nonetheless effective approach to
modem sharing appears in a $50
option for Infotron’s Supermux 480
system: a current-interface adapter
that senses standard 20- or 60-mA
terminal current-output signals.
The terminal cable that normally
connects to a modem goes instead to
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Discover one of today’s

highest resolution LCD 3V2-digit DMM’s.

Resolution is an often forgotten, but
very important specification.
3&K-PRECISION remembered its im-
vortance and designed the new Model
'815 to offer performance that’s a cut
ibove other 3%-digit LCD meters.

With 0.01 ohm, 100nA, 100V resolu-
ion, the 2815 delivers greater resistance
esolution than other comparably priced,
:urrently popular DMM’s. That dif-
erence is particularly important when
rou’re trying to measure the very small
:ontact resistance of a connector, switch
r relay; or observing a slight change in
he current demands of a low-power
sircuit.

The 2815 also delivers accuracy that’s
1 match for most any task, with 0.1% DC
iccuracy and 0.3% AC accuracy. Unlike
nany other portable DMM’’s, the 2815 is
ilso built to stay accurate in rf fields up
0 450MHz.

Protection circuitry is another area
where the 2815 excels. In the ohms
mode, where protection is needed most,
the 2815 is protected to +1000VDC or
—450VDC or 350VAC RMS. That’s
greater protection than you’ll find on
most other highly regarded DMM’s.

Other features that round out the
2815’s high performance are: alternating

high-/low-power ohms ranges for solid-
state circuitry analysis, auto-zero and
auto-polarity; and a control to zero-out
test lead resistance on the 10 ohms range.
It also has a built-in tilt stand.

It’s easy to discover the
B&K-PRECISION 2815. . .1It’s in stock
for immediate delivery at your local
B&K-PRECISION distributor.

» D
BYGERT Sorroramon
6460 W. Cortland Street - Chicago, IL 60635  312/889-9087

In Canada: Atlas Electronics Ontario International Sales: Empire Exporters, Inc. 270 Newtown Road, Plainview, L.I.. N.Y. 11803

For more information, Circle No 40

Model 2815 $150.
Other DMM'’s from $110.




Power Supply

More of what you're looking for in switchers.

Truly top-of-the-line, combining more
desirable features than most other
comparables, this rigidly-constructed,
conservatively-rated, rugged family of 400 W,
25 kHz pulsewidth modulated supplies is
designed for users of MPUs, small computers
and numerical control equipment.

It offers a host of housekeeping and
self-protection advantages that make it
virtually foolproof in operation protecting
you, and itself, from damage: remote
turn-on/turn-off; soft-start circuitry to
eliminate voltage overshoot and limit inrush
current; overcurrent protection and over-
voltage protection with automatic reset.

You can’t damage it by turning it on or
off. And it's virtually blowout-proof.

Conservative guardbanding and hefty
heatsinking provide outstanding efficiency.
At 100% rated power output (all outputs
simultaneously) and at maximum ambient
temperature of 60°C, the power semi-
conductors will be operating at 75% or less
of their max T rating. We've even
special-woundthe transformer to cut losses.

Single & Triple Output
ICEMAN™ Linear Supplies.

ICEMAN linear supplies represent
cooler-running, longer-lasting, lower-cost
design. Furnishing 50% to 100% more
square heat sink area than others, the units
spread power transistor locations over a
much greater area so heat is dissipated
faster, more efficiently . . . and the supply
runs cooler and more reliably.

Power transistors are specifically
designed to operate at no more than 75% of
their max Tj at 100% Pgt-

The five dc, series-regulated units are
designed primarily for MPU applications
and provide OVP protection on all outputs,
remote sensing on the +5 V output and
foldback current limiting on all outputs with
automatic recovery.

Each unit has 100% burn-in and is
UL-recognized.
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Single, Dual
& Triple Output
400-W ICEMAN™ Switchers.
ICEMAN™ switchers meet not only our
own high standards but those who set the

industry’s: UL specs and EMI requirements
(Curve A of VDE 0871/6.78).

No cooling fan is required.

Specifications

PSN1801, 5Vv/80 A

PSD1802, 5 V/60 A, 12 V/8 A
PST1803, 5 V/60 A, 12 V/4 A, 12 V/4 A
Input. 100-130 Vac/200-260 Vac (Select-
able), 45-440 Hz Single Phase

Output. Floating, isolated from each
other and from ground, 600 Vdc max
Regulation. Line: £0.1% Output, for
100-130 or 200-260 Vac. Load: +0.2%
Output, no load to full load

Ripple and Noise. Less than 10 mV RMS,
50 mV p-p, as measured with 50 MHz
scope

Temp. Coefficient. Less than 0.2%/°C
Switching Frequency. 25 kHz (Pulse
width modulated)

Transient Response. 500 us to within 1%
after a 25% load change at 5 A/us, main
output

The standard warranty period for all Motorola linear
and switching power supplies is 1 year.

Each unit receives 24-hour burn-in.

Linears for reliability that won’t melit away.

SINGLE Model AC Input DC Output Load
OUTPUT Regulationt
PLN PLN800/5 5V/2A 0.1%
SERIES PLNB10/5]115/230V¢10% 5V/4 A 0.1%
PLN820/5 5V/6 A 0.1%
tNo-Load to Full-Load
Load
;il:;ST Model AC Input DC Outputs Regulation
PLT PLT800 5V/2A,12V/0.3A,12V/03 A 0.1%
SERIES PLT810 I 115 V/230Vt10%{5V/4 A,12V/0.7 A, 12V/0.7 A 0.1%
PLT820 5V/6A 12V/1.0A, 12V/1.0A 0.1%
PLT840 95t0 125V & S5V/A5 A, 12V/25 A, 12V/1.5A 0.05%
PLT841 190 to 250 V 5V/15 A, 13V/25 A, 12V/15A 0.1%
{Full-Load to No-Load

0O 50-W and 75-W open-frame switching
supplies where economy is a prime
parameter. Small, light-weight,
high-efficiency for top dollar value . . . ask
for OSF50/0SF75!

O Industry-standard, single-output, 5-V
ICEMAN linear supplies from 1.5 A to 18 A.
Watch for the MLP500 series!

ICEMAN™ power supplies offer every
feature you want for high performance and
reliability.

Coming soon!

@ MOTOROLA

For more information write Motorola

Semiconductor Products Inc.,
P.O. Box 20912, Phoenix, AZ 85036,
(602) 244-3103 or contact your authorized
representative or distributor on the next page.
ICEMAN. Power delivered.

For more information, Circle No 41
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Power Supply

MOTOROLA MANUFACTURERS’ REPRESENTATIVES

ARIZONA, Phoenix
CALIFORNIA, Los Angeles
CALIFORNIA, San Diego
CALIFORNIA, San Francisco
COLORADO, Denver
INDIANA, Fi. Wayne
INDIANA, Indianapolis
MICHIGAN, Detroit
MINNESOTA, Minneapolis .

Summit Sales . (602) 994-4587
Ed Landa Company
Ed Landa Company
QuadRep Inc
Thorson Company
McFadden Sales
McFadden Sales
McFadden Sales
Comstrand, inc.

NEW JERSEY, Newark HLM Associates (201) 263-1535
NEW YORK, New York HLM Associates (516) 757-1606
NEW YORK, Rochester SF. Foster Co., Inc (716) 265-2072
NEW YORK, Syracuse SF_Foster Co.. Inc (315) 637-5427
OHIO, Cleveland McFadden Sales (216) 381-8070
OHIO, Columbus McFadden Sales (614) 459-1280
QHIO, Daylon ... McFadden Sales (614) 877-9934
ave . ES Chase Co.. Inc (503) 641-4111
PENNSVLVAN!A Pmaaemm; TAl Corp. (215) 627-6615
TEXAS Dallas . Mycrosystems Mkig.. Inc (214) 238-7157
TEXAS, Houston . _ Mycrosystems Mktg.. Inc (713) 783-290
TEXAS, San Antonio Mycrosystems Mktg., Inc (512) 735-5073
UTAH, Sait L Anderson Associates (801) 292-8991
WASHINGTON < Seattie ES Chase Co., Inc (206) 762-4824

AUTHORIZED MOTOROLA SUBSYSTEM DISTRIBUTORS

ALABAMA, Huntsville Hall-Mark Electronics 205) 837-8700
ALABAMA, Huntsville Hamilton/Avnet Electronics 205) 837-7210
ARIZONA, Phoenix Hamilton/Avnet Electronics 2) 275-7851
ARIZONA, Phoenix Wyle Distribution Group . ... (602) 249-2232
ARIZONA, Phoen; Sterling Electronics 602) 258-4531
CALIFORNIA, Costa Mesa Avnet - . 714) 754-6111
213) 558-2345
CALIFORNIA, Culver City . Hamilton Electro Sales/L.A 213) 558-2000
CALIFORNIA, Cupertino Western Mmlolechnology Sales ...(408) 725-1660
CALIFORNIA, El Segundo ... Wyle Distribution Gros . (213) 322-8100
CALIFORNIA, Irvine Schweber Elecironics. 213) 537-4321
714) 556-3880
ALIFORNIA, Sunnyvale Hamilton/Avnet Electronics .. (408) 743-3300
ALIFORNIA, Palo Alto Kierulff Electronics, Inc (415) 968-6292
ALIFORNIA, San Diego Hamilton/Avnet Electronics ...... (714) 279-2421
ALIFORNIA, San Diego yle Distribution Group ... - (714) 565-9171
LIFORNIA, Santa Clara Wyle Distribution Group (408) 727-2500
LORADO, Commerce City Wyle Distribution Group (303) 287-9611
LORADO, Denver Hamilton/Avnet Electronics 303) 534-1212
NNECTICUT, Danbury . Schweber Electronics . 203) 792-3500
INNECTICUT, 203) 762-0361
ICUT, Cramer/Connecticut ... 203) 265-7741
LORIDA, Ft. Lauderdale Hall-Mark Electronics . 305) 971-9280
FLORIDA, Ft. Lauderdale Hamilton/Avnet Electronics 305) 971-2900
FLORIDA, Hollywood Schweber Electronics 305) 927-0511
FLORIDA, Orland Hall-Mark Electronics 306) 855-4020
FLORIDA, St Petersburg Hamilton/Avnet Electronics . (813) 576-3930
FLORIDA, St Petersburg Kierulff Electronics Inc 813) 576-1966
GEORGIA, Norcross Hamilton/Avnet Electronics (404) 448-0806
ILLINOIS, Chicago Newark Electronics Corp. 312) 638-4411
ILLINOIS, Elmhurst Industrial Park Semiconductor Specialists,
Inc /Chicago 3 (312) 279-1000
ILLINOIS, Bensenville Hall-Mark Electronics - (312) 860-3800
ILLINOIS, Elk Grove Village Pioneer/Chicago (312) 437-9680
ILLINOIS, Elk Grove Village .. Schweber Electronics . (312) 593-2740
Hamilton/Avnet Electronics (312) 678-6310

ILLINOIS, Schiller Park .
D Graham Electronics Supply, Inc.
Pioneer/Indianapolis (317) 848-7300

KANSAS, Overland Park ... Hamilton/Avnet Electronics (913) 888-8900
KANSAS, Shawnee Mission Hall-Mark Electronics (913) B88-4747
MARYLAND, Gaithersburg Cramer/Washington (301) 948-0110
MARYLAND, Electronics (301) 948-0710
MARYLAND, Gawnevsnuvg Schweber Electronics - . (301) 840-5900
MARYLAND, Hanover Hamilton/Avnet Electronics 301) 796-5684
MARYLAND, Sau. g Pyttronic Industries, Inc. 301) 953-9650
MASSACHUSETTS, Bedford Schweber Electronics 617) 275-5100
MASSACHUSETTS, Lexington Harvey Electronics ....... 617) 861-92
MASSACHUSETTS, Newton Cramer Electronics, Inc. 617) 969-7700
uAssAcnusEn’s, Woburn Hamilton/Avnet Electronics 617) 935-9700

Hamilton/Avnet Electronics

Pioneer-Standard Electronics (313) 525-1800
R S Electronics 4 (313) 525-1155

MICHIGAN, Livonia
MICHIGAN Livonia
MINNESOTA, Bloomington’

Hamilton/Avnel Elecironics
Hamilton/Avnet Electronics
Schweber Electronics
Harvey Electronics

NEW JERSEY, Cherry Hill
NEW JERSEY, Fairfield
NEW JERSEY, Fairfield

Hall-Mark Electronics ... . (612) 884-9056
MINNESOTA, Eden Prairie Schweber Electronics . (612) 941-5280
MINNESOTA, Edi Hamilton/Avnet Electronics (612) 941-3801
MISSOURI, Earth City Hall-Mark Electronics (314) 291-5350
ISSOURI, Hazelwood Hammon‘Avne! Electronics (314) 731-1144
#MISSOURI, Kansas City : COMP/Kansas Cuy Inc. . (816) 221-2400
#MISSOUR, Maryland Heights LGOMP/St Louis, In 314) 291-62
201) 575-3390

NEW YORK, East Syracuse Hamilton/Avnet Electronics

CALGARY, Alberta
CALGARY, Alberta

CANADA
LA Varah, Ltd
Zentronics, Ltd

#NEW YORK, Farmingdale Harrison Radio Corporation (516) 293-7979
NEW YORK, Hauppauge, LI Cramer/Long Island (516) 231-5600
NEW YORK. Liverpool Cramer Electronics (315) 652-1000
NEW YORK; Rochester Cramer/Rochester (716) 275-0300
NEW YORK; Rochester Hamilton/Avnet Electronics (716) 442-7820
NEW YORK, Rochester Schweber Electronics (716) 424-2222
NEW YORK; Vestal Harvey Electronics (607) 748-8211
NEW YORK. West Henrietta Harvey Electronics 716) 334-5920
NEW YORK, Westbury, LI Hamilton/Avnet Electronics 516) 333-5800
NEW YORK, Westbury, LI Schweber Electronics 516) 334-7474
Ni RK, Woodbury, LI Harvey Electronics 7 516) 921-8700
NORTH CAROLINA, Greensboro Pioneer/Washington .. 919) 273-4441
NORTH CAROLINA, Raleigh Hall-Mark Electronics : 919) 832-4465
NORTH CAROLINA. Raleign Hamilton/Avnet Electronics 919) 829-8030
NORTH CAROLINA, . Ci 919) 725-8711
OHIO, Centerville Hamilton/Avnet Electronics 513) 433-0610
OHIOQ, Cleveland Pioneer/Washington Electronics 16) 587-3600
OHIO, Dayton Pioneer/Dayton 513) 236-9900
OHIO, Warrensville Heights Hamilton/Avnet Electronics 216) 831-3500
OKLAHOMA, Tuisa Hall-Mark Electronics (918) 835-8458
PENNSYLVANIA, Horsham Pioneer/Washington (215) 674-4000
PENNSYLVANIA, Horsham Schweber Electronics (215) 441-0600
PENNSYLVANIA, Huntington Hall-Mark Electronics . (215) 355-7300
PENNSYLVANIA, Montgomeryville Pyttronic Industries, In (215) 643-2850
PENNSYLVANIA, Pittsburgh Plonser-Standard Electronics 412) 782-2300
SOUTH CAROLINA, Columbia Dixie Electronics 803) 779-5332
TEXAS, Austi Hall-Mark Electroni 512) 837-2814
TEXAS, Austin Hamilton/Avnet Electronics 512) 837-8911
TEXAS, Dallas Hall-Mark Electronics 214) 234-7400

EXAS, Dallas Hamilton/Avnet Electronics 214) 661-8661
TEXAS, Dallas Schweber Electronics 214) 661-5010
TEXAS, Dallas Steriing Electronics 214) 357-9131
TEXAS, Houston Hall-Mark Electronics 713) 781-6100
TEXAS, Houston Hamilton/Avnet Electronics 713) 780-1771

XAS, Hou: Sterling Electronics. Inc 713) 627-9800
UTAH, Sait Lake City Bell Industries 801) 972-6969

WUTAH; Salt Lake City Hamilton/Avnet Electronics 801) 972-2800
WASHINGTON, Bellevue Hamilton/Avnet Electronics (206) 746-8750
WASHINGTON, Bellevue Wyle Distribution Group (206) 453-8300
WASHINGTON, Seattle Almac/Stroum Electronics (206) 763-2300
WISCONSIN, New Berlin Hamilton/Avnet Electronics (414) 784-4510

(403) 276-8818

- (403) 230-1422

DOWNSVIEW, Ontario Zentronics, Ltd (416) 635-2822
EDMONDTON, Alberta Bowtek Electric Co., Ltd (403) 426-1072
HAMILTON, Ontario LA Varah, Ltd (416) 561-9311
ONDON, Ontario C M. Peterson Co.. Ltd (519) 434-3204
Ontario Hamilton/Avnet Intl Canada Ltd (416) 677-7432

IONTREAL, Quebec .. Cesco Electronics Ltd ... (514) 735-5511
TTAWA, Ontario Zentronics, Ltd (613) 232-3591
AWA, Ontari Hamilton/Avnet Intl Canada Ltd. .. (613) 226-1700
uEaEc CITY. Ouebec Cesco Electronics, Lt (418) 524-4641
T. LAURENT, Q: Hamilton/Avnet Int] Canada Ltd. (514) 331-6443
oW ot MOUNY novlu. Quebec .. Zentronics, Ltd (514) 735-5361
VANCOU! Intek Electronics, Ltd (604) 324-6831
ANGOUVER, BC LA Varah, Ltd. . (604) 873-3211
VANCOUVE Zentronics, Ltd (604) 325-3292
WILLOWDALE, Ontario Electro Sonic, Inc. (416) 494-155:
(204) 775-8661

Zentronics, Ltd
b

WINNIPEG, Manitoba
for all C Plus

tem Products
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User parameters are easily programmed from the front panel of Timeplex’s Series Il STDM.
A built-in diagnostic capability troubleshoots both remote and local units.

the 480 STDM, and the arrange-
ment operates reliably over stan-
dard system wiring at 1000 ft or
more, depending upon ambient
noise levels. The current-interface
adapter works both with Infotron’s
$1500 4-channel 480 system and its
$2800 8-channel equipment.

Bringing home remote data

Many recent multiplexer im-
provements handle data streams
from remote locations more effi-
ciently than before. High-
throughput intercity links that
require more than one phone line,
for example, could achieve greater
line efficiency with load-leveling and
load-sharing features such as those
included in Timeplex’s 8- and

24-channel M8C-2 and M24C
systems. These STDMs handle two
9600-bps links simultaneously but
can also configure to automatically
share the load between two lines by
feeding the overflow data from one
line into the other’s waiting
periods—thus providing faster
throughput.

Other Series II systems—the
4-channel $1500 M4A; and the
8-channel MS8A ($2500), MS8B
($2750) and M8C ($3600)—do not
include load-leveling features, but
the 8- and 24-channel systems can
accept asynchronous or synchro-
nous input data, intermixed in any
combination. They also provide true
statistical bisynchronous-data mul-
tiplexing.

For more information...

Digital Communications Associates
135 Technology Park/Atlanta
Norcross, GA 30092

(404) 448-1400

Circle No 436

Infotron Systems Corp
Cherry Hill Industrial Center
Cherry Hill, NJ 08003

(609) 424-9400

Circle No 437

Micom Systems Inc
9551 Irondale Ave
Chatsworth, CA 91311
(213) 882-6890
Circle No 438

For more information on STDMs and STDM options mentioned in this article,
contact the following manufacturers directly or circle the appropriate number
on the Information Retrieval Service card.

Prentice Corp

795 San Antonio Rd
Palo Alto, CA 94303
(415) 494-7225
Circle No 439

Timeplex Inc

1 Communications Plaza
Rochelle Park, NJ 07662
(201) 368-1113

Circle No 440
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With .5% basic DCV accuracy and five full functions that
are all easy to use, the 130 has more than enough capa-
bility for you, but avoids flashy-~andse ns1ve—fn1h
With a thick, .100” (2.5mm) hlgh strengthyis

resistant case, the 130 is a rugged, hard-worki
designed to knock around i in the
real world. The 0.6" _.«

high digit dlsplay is
The dlsplay

dow is tough*'

scratch resmtaxg /
polyc

plastic overlay so the
legends can't scratch

or wear off
O protected, the

130’s color-coded
O faceplate and rotary
] e selection switches

or range and function help avoid acciden-
tal overloads.

The fuse and battery each have a separate,
externally accessible compartment with a simple,
snap-tlght cover. And the 130 is convenient to use
in or out of its optional carrying case. |

The 130 is 5 times more accurate than analog
VOMs, offers 10MR input impedance and features 10A
capability. With accessories the 130 is capable of
measuring 40KV, 200A and voltages up to 700 MHz.

Once you get your hands on a 130, you'll find it's

Besides bemg
fully overload

not only a precision instrument—it's also the right tool
for your job. Not t uch. Not too little. Just right.
The 130 costs $99.

Contact your local Kelthley distributor

| ( E | T H LEY or representative.

Keithley Instruments, Inc.’
28775 Aurora Road/Cleveland, Ohio 44139/(216) 248-0400/ Telex: 98-5469
Keithley Instruments, GmbH
Heiglhofstrasse 5/D-8000 Mtunchen 70/
Keithley Instruments Ltd.

1, Boulton Road/GB-Reading, Ber
Keithley Instruments, SARL

44, Rue Anatole France/F-91121 P;

4-40-65/Telex: (841) 5212160
/(0734) 86-12-87/ Telex: (851) 847047

) 014-22-06/Telex: (842) 204188

tion, Circle No 42
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Marching to different drummers

Old limitations on terminal-
network architectures are vanishing
under the impact of new develop-
ments. One example: the require-
ment that all terminals assigned to
an STDM line operate at the same
speed. A feature added to Infotron’s
Supermux 480 systems—automatic
baud-rate  detection—eliminates
this speed restriction.

Normally, when you assign a
communication line to an STDM,
you can’t install any units on that
line that operate at speeds differing
from the originally specified one.
But the automatic baud-rate
detector—a $300 PROM option—
analyzes incoming-line  signals,
determines the type of transmitting
bit-pattern envelope used (Memor-
ex or Carriage Return) and
automatically adjusts line configura-
tion to handle signal variations. The
PROM-based unit also monitors
incoming-signal speed as well as
block size, stop code and other
protocol elements.

The shutdown of data flow from
all incoming channels when only one
overloads—another undesirable op-
erating limitation—is eliminated by
another recent $300 ‘Supermux
option: flow control.

Normally, terminals connected to
STDM-channel outputs utilize data
buffers because the terminals
themselves can’t keep up with the
speed of incoming data. But if for
some reason data begins to overload
this buffer (when a printer is
stopped to change forms, for
example), terminals send a signal to
the host computer to halt transmis-
sion. The computer, upon receipt of
this signal, then usually shuts down
all channels simultaneously. The
flow-control feature, however,
notifies the computer to stop
sending data only to the overloaded
channel and to keep sending it to the
others.

Test and control features advance

STDM test and control from a
central-site terminal is another

EDN NOVEMBER 5, 1979




introducing the
flrst complete, Iow-power,

The next generation.

A packaging breakthrough
from Hybrid Systems can help
you make design history.

Check the specs: 12-bit resolution . . . £11.5to
+18 volts . . . total power consumption as low as
150mW .. . . analog output of £10V @ £5mA . .. £1/2
LSBlinearity . . . 25uS settling time . . . linearity tempco
of £5ppm/°C . . . no external components needed to
make this complete DAC fully operational.

And the price is at least 40% below anything com-
parable you've seen before.

The secret is in the packaging: a unique, proprietary
24-pin dual-in-line enclosure designed to take more
punishment than it's ever likely to get in actual use . . .
including four hours in a pressure cooker, a
weekend strapped to the hull of a sailboat on Nantucket
Sound, and countless cycles in a standard dishwasher.
It also stands up to the toughest conventional environ-
mental tests; leak, temp cycle, temp storage, stabiliza-
tion bake, solderability, 1000-hour burn-in. It's cost
effective, rugged, complete, low power — and yes, it's
clean.

MU.S. Patent Pending

For fast turnaround, call or write.

Quantity Price Quantity Price
1-9 - $19.95 100-249 $13.50
10-24 $17.50 250-999 $12.00
25-99 $15.50 1000+ $ 9.95
For performance,
experience and reliability,
go with the leader.

Hybrid Systems

Crosby Drive, Bedford, MA 01730
Phone (617) 275-1570
(TWX 710-326-7584 HYBRIDSYS BFRD)

In Germany: Hybrid Systems GmbH.
6100 Darmstadt, Luisenplatz 4, Germany
Tel. 6151-291595 (TELEX 419390 HYSY D)

In France: Hybrid Systems S.AR.L.
14 Rue du Morvan SILIC 525
94633 Rungis CEDEX TLX: 250 969 HYSYS

In the United Kingdom:

Hybrid (Component) Systems U.K. Ltd.

12A Park Street, Camberley, Surrey

Tel. (0276) 28128 (TELEX 858720 HYBRID G)

For more information, Circle No 43



Grayhill’s enclosed SMALL switches

offer BIG value and

BIG selection

Choice of ratings, circuitry, size, and features
so you're sure to find a perfect fit!

Quality and Economy
Y2 diameter, ¥4 amp
multi-deck
SERIES 71
Value-engineered for premium
enclosed switch performance
at “open wafer” prices. Avail-
able in 30° or 36° angle of
throw, 1-12 decks, PC or solder
lugs, and many more options.

Want more data? Circle 70

Single Deck
V2" diameter
SERIES 50, 51
221,° 30°, 36°, 45°, 60°, or
90° angles of throw—1 thru
4 poles—military and water
sealed versions available.

Want more data? Circle 71
Power Switch

SERIES 19
For the heavy loads, this 15

amp UL listed husky is the one.

Up to 11 positions, 30° index-
ing, solder lug or “Faston”
terminals.

Want more data? Circle 72

Keylock operated
High quality switches
with secure locks—avail-
able in 4 different Graynhill
series. Flat or round key
options, various key
pulls.

Want more data?
Circle 76

62

Military Qualified

Grayhill switches meet
MIL-S-3786 SR04, SR13,
SR20, SR35 and SR36,
to provide the military
product designer un-
equaled flexibility.

Want more data?
Circle 77

A wide variety of special
features and options

Spring return
Pull-to-turn/push to turn
PC mounts
Isolated positions
Unidirectional
operation shaft
Panel seals
and many more.

Want more data?
Circle 78

Single Deck Economy
SERIES 24

10 positions, 36° angle of
throw. Choose plastic or stain-
less steel shaft, PC or solder
lugs. The quality you expect
from Grayhill, at under $2.75
(in 1000 piece lots).

Want more data? Circle 73

The World’s Smallest
Rotary Switch
SERIES 75

Rated to make or break logic
loads for 15,000 cycles
minimum. Less than .300”
diameter, 1 or 2 poles,

36° angle of throw.

Want more data? Circle 74

Grayhill's Best!
Rugged 1inch,1amp
SERIES 42/44

All the features and options
you could ask for, in the
switch that's the work-horse
of the industry.

Want more Data? Circle 75

ENGINEERING
CATALOG

PUSH BUTTON SWITCHES
ROTARY SWATCHES.

Adjustable stops

Available off-the-shelf
from your Grayhill dis-
tributor in all popular se-
ries. They feature the
exact electrical and
mechanical characteris-
tics of fixed stop switches
and the convenience of a
simple rotational stop
mechanism that you set.

Want more data?
Circle 79

And many more
described in the

switch specifier’s bible—
the Grayhill

Engineering Catalog.

Want more data?
Circle 80

‘ .// ...the Difference Between Excellent and Adequate

7-2- 561 Hillgrove Avenue, LaGrange, IL 60525 312/354-1040
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Grayhill Switches and Keyboards
are distributed by

ALABAMA
Huntsville—Powell Electronics
ARIZONA

Phoenix—Kachina Electronic Distr.
Tucson—Inland Electronic Supply
ARKANSAS
Little Rock—Carlton-Bates
CALIFORNIA
Los Angeles—Electric Switches
Fisher/Brownell
Riverside—Electronic Supply
San Diego—Fisher/Brownell
Richey Electronics
Santa Clara—Fisher/Brownell
Sunnyvale—Powell Electronics
Sun Valley—Richey Electronics
COLORADO
Denver—Electronic Parts
Newark Electronics
CONNECTICUT
Bethel—Heilind Electronics
Greenwich—Wise Components
Wallingford—Midan Electronics
FLORIDA
Miami Springs—Powell Electronics
Oakland Park—Peerless Radio
Orlando—Hammond Electronics
ILLINOIS
Addison—LCOMP-Chicago
Chicago—Newark Electronics
Elgin—Allied Electronics
Elk Grove Village—Pioneer/Chicago
Northbrook—Classic Components Supply
Peoria—Klaus Radio
INDIANA
Evansville—Hutch & Son
Ft. Wayne—Ft. Wayne Electronics Supply
Indianapolis—Graham Electronics
Ra-Dis-Co
South Bend—Radio Distributing
10WA

Cedar Rapids—Deeco
KANSAS
Wichita—Radio Supply
MARYLAND
Beltsville—Powell Electronics
Gaithersburg—Pioneer/Washington
Rockville—Capitol Radio Wholesalers
MASSACHUSETTS
Dedham—Gerber Electronics
Hingham—Sager Electric Supply
North Adams—Electronic Supply Center
Worcester—R.M. Electronics
MICHIGAN
Livonia—Pioneer/Michigan

R.S. Electronics
Oak Park—Newark Detroit Electronics
St. Claire Shores—Spemco
MINNESOTA
Minneapolis—Newark Electronics
St. Paul—Gopher Electronics
MISSISSIPPI
Jackson—Ellington Electronic Supply
MISSOURI
Kansas City—LCOMP-Kansas City
Maryland Heights—LCOMP-St. Louis
St Louis—Olive Indust. Electronics
NEBRASKA
Lincoln—Scott Electronic Supply
NEW HAMPSHIRE
Hudson—Heilind Electronics
NEW JERSEY
East Hanover—State Electronics Parts Corp
Springfield—Federated Purchaser
NEW MEXICO
Alburquerque—International Electronics
NEW YORK Walker Radio Company

Binghampton—ASI Electronics
Bohemia—Car-Lac Electronic Industrial Sales
Buffalo—Summit Distributors
Farmingdale—Arrow Electronics
Lynbrook—Peerless Radio
Rochester—Simcona Electronics
Vestal—Harvey/Federal Electronics
NORTH CAROLINA
Greensboro—Hammond Electronics
Pioneer Carolina
Raleigh—Southeastern Radio Supply
OHIO
Cincinnati—Hughes-Peters
URI Electronics
Cleveland—Pioneer/Cleveland
Columbus—Hughes-Peters
Dayton—ESCO Electronics
Pioneer/Dayton
OKLAHOMA
QOklahoma City—Electro Enterprises
Tulsa—Oil Capitol Electronics
OREGON
Portland—United Radio Supply
PENNSYLVANIA
Erie—Mace Electronics
Harrisburg—Cumberland Electronics
Philadelphia—AImo Electronics
Herbach & Rademan
Powell Electronics
Pittsburgh—Cam/RPC
Pioneer/Pittsburgh
Reading—George D. Barbey
RHODE ISLAND
Warwick—W.H. Edwards
SOUTH CAROLINA
Columbia—Dixie Electronics
Greenville—Hammond Electronics
TENNESSEE
Nashville—Electra Distributing
TEXAS
Dallas—Solid State Electronics
TISupply
El Paso—International Electronics
Fort Worth—Allied Electronics
Houston—Harrison Equipment
Kent Electronics
Stafford—Southwest Electronics
UTAH

Salt Lake City—Standard Supply
VIRGINIA

Richmond—Sterling Electronics
WASHINGTON
Seattle—Interface Electronics
WISCONSIN

Milwaukee—Marsh Electronics
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A multipoint option lets you poll several remote sites situated on one transmission line with
Prentice’'s SNP-1000 STDM.

| feature that several manufacturers

are inplementing. The latest option
for Micom’s Micro800 system, the

| $100 terminal-activated channel test

(TACT), for example, allows users
to test their own Micro800’s
operation as well as that of the total
STDM system—whether they're
dialing into a remote STDM or are
colocated with it.

In operation, you can select any of
four test functions: Local, Remote,
Terminal or System. For local tests,
you depress an L key on the
terminal keyboard to enter that test
mode. From then on, anything
entered on the keyboard loops
through the local Micro800 and back
to the monitor CRT screen.

For remote tests, another
keyboard entry causes any charac-
ters entered via the keyboard to
loop from one end of the hookup to
the other and back to the CRT, thus
checking out the link. To test the
terminal, the keyboard can initiate a
“quick brown fox” message from the
Micro800 that repeats continuously
for a printout or readout at the
terminal.

If you want to test the entire
system, you hit an S Kkey,
generating the “quick brown fox”
message in the nearest Micro800,

transmitting it to a unit at the end of
the link and then retransmitting it
back through the link to the
terminal screen. The test does not
require you to operate any panel
switches or interrupt any other
user’s operation.

For the same basic purpose,
Prentice incorporates a command-.
and-control port in its SNP-1000
system that allows an operator to
exercise complete control over all
remote SNP-1000 STDMs from a
central test site. Utilizing a CRT
display and simple English-
language commands, operators can
test the remote units and repro-
gram their operating characteristics
as well.

Another manufacturer, Time-
plex, includes an optional super-
visory port in its Series II M8
and M24 models (eight channels and
up). You can connect any nonintelli-
gent ASCII terminal to these units
for diagnostics and off -line English-
language programming. EDN

JOB SHOPPING?

Check EDN’s Career Opportunities

EDN: Everything Designers Need




UNIVERSAL ICE
ATAN AFFORDABLE

PRICE.

When you change MPUs,
it changes too.

At last, there's a low-cost
In-Circuit Emulation terminal to give
you more time on the development
system or computer.

Our new Microsystem Emulator
Series 2000 gets you up and run-
ning, fast. It will turn a general
purpose computer into a full-fledged
microprocessor development

Why get locked into one
vendor's MPUs? With our terminal,
all you do is change the low-cost

MPUs. Keyboard and functions
remain the same, so you don't have
to learn a new instrument.

personality module when you change

system, a dedicated development

system into a universal support For uPs and uCs past, present

system, and a single-user stationinto  and future.

a multiple-user station. So you can Tleve oed T—

convert your iMDS™ ZDS™ or 8(%8 [f ay ore ornogé)zé

Exorciser™ into a universal support 8085A 8049

center. 6800 8035

It emulates performance, 6802 8039

not price. ZB8OA 2(7)421?
You're getting all the benefits of WO Jurionao

a development system without the
high cost. Just plug the MicroSystem
Emulator into your MPU socket

and you're emulating at speeds up
to 6 MHz— with DMA on the faster
processors. Create programs from
the keyboard or download from
your computers to debug. Or
operate stand alone. All for $4500*

......

It catches bugs, too.

With the optional Real-Time
Trace Module, you can capture
address and data bus information,
and pinpoint errors in traces 128
cycles deep. Then review the data
on the MicroSystem Emulator or
upload it to your host system.

To trap those hard-to-find bugs,
set the event triggers in several
places. And do it all while operating
at your full system speed.

Millennium: the answer to
MPU-system problems.

The microprocessor introduced
new and different design and test
problems. Millennium is providing
a range of new solutions.

In addition to our MicroSystem
Emulator, we have the MicroSystem
Analyzer for diagnosing boards on
the production line and in the field.
And our MicroSystem Designer
gives your lab a low-cost 8 and 16-
bit design and prototyping tool.

So save yourself time and
money by getting in touch with Chris
Bailey, Millennium Systems, Inc.,
19020 Pruneridge Avenue, Cuper-
tino, CA 95014. Phone (408)

996-9109. Telex 916-338-0256.

WEe'll help you control costs
and MPUs.

TM: Trademarks of Intel, Zilog and Motorola
respectively.
*Single unit, U.S. price.

MILLENNIUM

a subsidiary of American Microsystems, Inc.
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MILLENNIUM
INTRODUCES THE *4500°
MICROSYSTEM EMULATOR.

For In-Circuit

o Emulation, just take
: out the micro-
processor and plug
usin.

A standard RS232
communications

link hooks you up
with your CPU or
MPU development
tern at 9600 Baud.

Includes 8k of user
available RAM.

20-character
alphanumeric dis-
play provides a
clear reac

The programmers
panel has 32 func-— e ’ \@ ;

tion keys and 20 « = WL \\

data input keys. Ii T \ 2 - o
inteligent enough
for stand-alone
operation, too.




Thefirst 5 layers are standard
forevery custom ICwe make.

With our semi-custom Monochip}* you
can have “custom” IC prototypes in just
6 weeks for $5000 or less.

That’s because the circuit compo-
nents—the first five layers—are already
in place when you start designing.

All you do is connect them to make the
circuit you need for your application.

Working from your layout, we'll
etch the sixth layer—the interconnec-
tions—to produce your circuit. Once
you approve the prototypes, we'll make
production runs from 5000 to half a
million parts.

Our $59. Monochip Design Kit
gives you everything you need to
breadboard and lay out your circuit.
And free help from our IC experts is
as near as your phone.

With Monochip, you can have the
advantages of custom IC’s—smaller
size and greater economy — without
paying $50,000 and waiting a year.

Call or write today for more infor-
mation. Interdesign, 1255 Reamwood
Avenue, Sunnyvale, CA 94086.

(408) 734-8666.

IntErdesign

Monochip?™
" the semi-custom IC.

Linear Monochips Digital Monochips
Designation Components Designation Logic Cells

MOA 260 MDA —NMOS 224
MOB 300 MCA—CMOS 100
MOC 110 MCB—CMOS 150
{ Monochip Design Kits MOD 209 MCC—CMOS 200
have everything you need MOE 200 MCD—-CMOS 420
2 | to develop your custom MOF 460 MUA—-ULA 225
. |linear, CMOS, NMOS, MOG 310 MUB—ULA 225
| or bipolar IC. $59.ea. MOH 374 MUC—ULA 225
MOJ 168
MOL 403

Interdesign is a Ferranti Company.
For more information, Circle No 46 o e
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Technology News

No guaranteed memory use for bubbles;
fast memory, fixed storage loom brightest

Dale Zeskind, Contributing Editor

In the projected 1980s competition
among memory technologies, some
of the fiercest battles could occur
between magnetic-bubble memory
and more traditional semicon-
ductor-memory implementations.
This somewhat surprising
view, offered by several industry
experts, contrasts strongly with
previous assumptions that bubble
memory’s nonvolatility alone will
earn it a unique place in many
memory-system applications.

Writing in the July issue of
Mini-Micro Systems, Texas Instru-
ments’ J Egil Juliussen and National
Semiconductor Corp’s James Cun-
ningham, George Reyling and Tony
Tuxford emphasize that to establish
itself, bubble technology will have
to supplant semiconductor memory
in microprocessor and minicomput-
er applications.

That could prove difficult.
Juliussen, a member of the Dallas,
TX firm'’s technical staff, points out
that semiconductor memories have

mance gains over the last 10 yrs,
and that similar technological
advances are forecast for them for
the next 10 to 15 yrs.

Developments in dynamic MOS
RAM are pacing semiconductor-
memory technology; the transition
from 16k-bit devices to 64k-bit units
is  beginning. And other
semiconductor-memory  technolo-
gies are showing similarly impres-
sive capacity gains: Static-RAM
chip capacity is increasing from 4k
to 16k bits, and mask-
programmable ROMs now store 64k
bits.

Complacency among bubble-
memory manufacturers in the face
of these developments could prove
dangerous, warn Cunningham,
Reyling and Tuxford (respectively
director, subsystems manager and
operating manager of National's
Santa Clara, CA Magnetic Bubble
Memory Dept). They cite some
companies’ experience with CCD
memories, which were believed to
have unique cost advantages
compared with MOS RAM but

competitive applications. Bubbles’
competitive position, therefore, will
depend heavily on whether the
rapid pace of MOS dynamic-RAM
technology continues and whether
innovation in bubble-memory tech-
nology proceeds.

Where will bubbles fit?

To determine the competitive
status of bubble memory relative to
other memory technologies, Jul-
iussen considers the hierarchical
nature of computer memory—its
division into main memory, fast
auxiliary memory (FAM), fixed
mass storage and removable mass
storage. Each of these memory
classes finds use in mainframe
computers, minicomputers and
microcomputers (Fig 1).

Because of its relatively slow
speed and serial organization,
bubble memory is unlikely to
displace semiconductor and core
memories in main-memory applica-
tions, says Juliussen. On the other
hand, FAM applications represent a
significant gap in the memory

shown impressive cost and perfor- nonetheless lost out in many hierarchy. And although drums and
HOST MAIN | FAST AUXILIARY FIXED-MEDIA \

PROCESSOR MEMORY 7‘#_ MEMORY | ~MAss STORAGE |  ON-LINE OFF-LINE
MAINFRAME ‘ CORE | FIXED-HEAD MULTIPLATTER | MULTIPLATTER AUTOMATED
COMPUTER BIPOLAR | _DISC | DISC ‘ DISCTER TAPE

STATIC MOS |BULK CORE EBAM REEL MAG
| DYNAMIC MOS | EBAM CCD TAPE
|CCD BUBBLE MEMORY
} LUBBLE MEMORY | | Falw B |
MINICOMPUTER | CORE | FIXED-HEAD SINGLE PLATTER SINGLE-PLATTER | REEL MAG TAPE
| BIPOLAR | DISC DISC DISC FLOPPY DISC
‘ STATIC MOS |BULK CORE | FLOPPY DISC | FLOPPY DISC
DYNAMIC MOS ' CCD 'cCD
BUBBLE MEMORY BUBBLE MEMORY
\MO ==t BT
MICROCOMPUTER‘ DYNAMIC MOS |ccp | MINI-FLOPPY DISC | MINI FLOPPY CASSETTE
| STATIC MOS ‘BUBBLE MEMORY |CCD DISC MINICASSETTE
EPROM 'MO AM |MOS RAM BUBBLE MEMORY | MINI-FLOPPY
PROM | BUBBLE MEMORY |ROM BUBBLE MEMORY
| ROM \ ‘ ROM
SOURCE: MINI-MICRO SYSTEMS
Fig 1—Consider the hierarchical nature of computer memory as well as the system application when determining the competitive
status of bubble memories.
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Nobody
else has

LSI-11 and

LSI-11/2
cards
like these.

Our digital cards are loaded with
unique features such as the ability
to use I/0 lines as either inputs or
outputs in increments of eight, up
to 64 TTL inputs or outputs inter-
faced directly to the LSI-11 bus, the
ability to detect contact closures
on discrete input lines, and dis-
crete latched outputs with the capa-
bility to drive high currentincan-
descent lamps.

The Bus Repeater Card accommo-
dates more devices than the basic
bus can handle. The Bus Translator
Card allows LSI-11 peripherals
to operate with a Unibus CPU.

Both high level and low level analog
cards are available with
features like direct .«
thermocouple digitiz-
ing, 250V CMisola-
tion, six gain codes,
up to 64 channels, and
program control interface
...to mention just a few.

ADAC Corporation,
15 Cummings Park,
Woburn, MA 01801_g
(617) 935-6668.

GSA Contract
Group 66

Technology News

fixed-head discs have traditionally
dominated FAM applications, bub-
ble memory and CCDs should
become significant competitors in
this area in the next few years.

In mainframes, CCDs will
dominate FAM applications—there,
performance is the key. Because
mainframe computer systems al-
ways incorporate dises for backup,
CCDs’ volatility is a minor
drawback. (Two recent CCD-based

products illustrate the use of CCDs
in mainframe FAM applications:
Storage Technology’s fixed-head-
disc replacement and Memorex’s
disc cache system.)

In minicomputer FAM applica-
tions, CCDs and bubble memory
appear equally competitive, says
Juliussen. Here, CCDs have a
performance advantage, but bubble
memory’s nonvolatility is an
equalizer. And in microcomputers,

finds use in.
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Fig 2—The cost of bubble-memory manufacturing, estimated here by National
Semiconductor, will play a key role in determining which applications the technology

SOURCE: MINI-MICRO SYSTEMS
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Fig 3—Experience curves compare projected MOS dynamic-RAM prices with
bubble-memory costs. The curves indicate a 3:1 cost difference by 1981—a figure
that according to most estimates is sufficient to ensure bubble viability in many
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think small

_ switching
KEPCO/TDK power
modules

¢

30 - 300 WATTS

SINGLE / TRIPLE OUTPUT .

AC to DC and DC to DC

HIGH EFFICIENCY SWITCHERS
5- YEAR WARRANTY

KE P C: D @ For complete specifications, write Dept. CPF-12

KEPCO, INC. - 131-38 SANFORD AVENUE - FLUSHING, N.Y. 11352 U.S.A. - (212) 461-7000 - TWX #710-582-2631 - Cable: KEPCOPOWER NEWYORK

For more information, Circle No 48




VWHO MAKES THE LARGEST RUNS
OF “STATE OF THE ART” CERAMICS?

TOKO. ONLY TOKO.

Py
i & u

AM CERAMIC FILTER

Our line of ceramic filters and mechanical ceramic filters, utilizing piezo technology,
offer compact configuration and the advantage of optimum frequency selectivity. Backed
by 25 years of quality and dependability, these filters are available in a variety of sizes
for IF application.

Also included in our line of ceramic products is the CRM-455A resonator and the

PB-2713 and PB-2720 buzzers. These are new in our line and available for the first time
TOKO AMERICA, INC.

to the U.S. market.
‘ . Brochure available upon request.

5520 WEST TOUHY AVENUE « SKOKIE, ILLINOIS 60077

[ Y (312) 677-3640 « TELEX 72-4372

For more information, Circle No 49

Bowmar's new analog APM-100
It gives you what other
panel meters don't

There is no other panel meter like our new
APM-100. The LED bargraph display can be lit
from zero to full 3 scale with 2.5 msec response
and 1% resolution. High input impedance - well
in excess of needle APM's. High reliability.
Completely solid state; immune to vibration,
sticking, and over-travel. No high voltages, no
blurred numbers. Overrange and underrange
indicators. Full scale and zero adjust. Center
zero, differential input, autopolarity and
brightness control options. New. Unique. Smart,
trim design. Great way to design your panels for
up-to-the-minute styling. Space saving, too.
Send for complete information on our new
APM-100. It gives you what the others don't!

Rugged, easy-to-mount.
14 standard ranges; 8 scales. " : v v
Custom scales available. : - u s
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-] Bowmar/ALl Inc.
531 Main Street, Acton, MA 01720
-] 617/263-8365 / TWX: (710) 347-1441

For more information, Circle No 50
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that nonvolatility gives bubbles a
strong edge over CCDs as a FAM
choice. In this area, moreover,
CCDs’ performance edge is some-
what nullified by their high transfer
rate, which can prove costly for a
microcomputer to handle.

But Juliussen emphasizes that
despite the apparently optimistic
outlook for bubbles in some FAM
applications, semiconductor memo-
ry remains a strong potential
competitor in microprocessor and
minicomputer FAM. Indeed,semi-
conductor RAM with battery
backup appears to be a reasonable
alternative to bubble memory in
implementing small amounts of
nonvolatile mass storage.

What about the picture in
fixed-media mass storage? There,
the growing popularity of the
Winchester disc is proving advanta-
geous for bubble memory, because
bubble systems are the functional
equivalents of fixed-media discs. In
the near term, however, bubble
memory will not be cost competitive
with Winchester discs in mainframe
or minicomputer applications, al-
though it will in microcomputer
settings.

In those settings, the volatility of
CCDs and MOS RAMs is difficult to
overcome, and hard discs exhibit
the drawbacks of relatively high
price and large size. Nevertheless,
bubble memory faces tough compe-
tition in this market from low-cost
floppy discs.

Finally, in the area of removable
mass storage, bubble memory will
find tough competition, according to
Juliussen. Its nonvolatility makes
possible the development of a
removable bubble cartridge, but the
cost of such a device would be very
high compared with that of floppy
discs or tape cartridges. Bubble
memory’s superior reliability and
maintainability could justify this
high cost in some applications,
however.

Juliussen thus projects that the
primary initial applications for
bubble memory will occur in fast
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Looking for a LOW-GOST solid-state switch?
Look to the one with greater features. . .

LOW COST. . . under 30¢ in volume production
quantities.

PLASTIC ‘T’ PACKAGE...only .080" thick —}% the
thickness of similar device in TO-92 case.

EASY TO USE...unipolar construction —operates
and releases on same pole of magnet, unlike cumber-
some bipolar device.

EXCEPTIONAL SENSITIVITY... operate point’ has
maximum value of 500 gauss — ‘release point’ has
minimum value of 100 gauss.

BUILT-IN VOLTAGE REGULATOR . . . stable perfor-
mance over supply voltage range of 4.5 to 16 VDC.
CURRENT SINKING CAPABILITY...specified at
15 mA —guaranteed to work up to 50 mA.

Call your nearest Sprague stocking distributor for price and delivery information.
For application engineering assistance, write or call John Haussler, Hall Cell IC
Product Manager, Sprague Electric Co., 70 Pembroke Rd., Concord, N.H. 03301;

telephone 603/224-1961.

For complete technical data, write for Engineering Bulletin 27,601 to: Sprague
Technical Literature Service, 491 Marshall St., North Adams, Mass. 01247.

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS

ACTUAL
SIZE

APPLICATION ENGINEERING ASSISTANCE. . . easy-
to-understand application advice provided by Sprague
without obligation.

LIMIT SWITCH TILT SENSOR PRESSURE SWITCH

Other Typical Applications: Rotary switching, acceleration sens-
ing, sequence timing, flow sensing, tachometer timing, fluid
level sensing, pushbutton switching, position sensing, etc.

455-8120R2V2

THE MARK OF RELIABILITY

a subsidiary of GK Technologies

Incorporated

For more information, Circle No 51



Technology News

auxiliary memories and fixed-media
mass storage in microcomputers (as
distributed mass storage for
distributed-processing applications,
for example). Applications in
minicomputer and mainframe sys-
tems will then follow.

Production costs the key

The speed at which bubble-
memory applications can appear
depends in no small measure on the
state of the technology’s manufac-
turing processes. National’s Cun-
ningham, Reyling and Tuxford have
estimated the cost of bubble-
memory manufacturing; Fig 2
shows their plot of cost per bit
versus number of bits per package
for three bubble sizes. With today’s
positive photoresist lithography,
the 3-um-bubble curve represents
the state of the art in commercial
products.

In a relatively mature production

environment, a 256k-bit device can
be produced for about 12 millicents
per bit on a die measuring less than
350 mils square, say the three
researchers. A 40% gross margin
would then generate a 20-millicent
selling price.

Fig 2 also includes a projection of
the cost per bit for 1.0- and
0.5 - wm - bubble ion -implanted
contiguous - dise devices (EDN,
August 20, pg 86). In such devices,
the minimum-size lithographic
feature is two to three times bigger
than the bubble diameter. Use of
these devices would permit produc-
tion of 4M- to 100M-bit chips, on
dies measuring about 350 mils
square, at a per-bit cost 10 to 50
times less than that of today’s
permalloy-bar 256k-bit devices.

This projection assumes the same
wafer cost as the standard
permalloy-bar products, but when
contiguous-disc products reach the

marketplace in the mid-1980s, the
cost of their garnet substrate will
have fallen to perhaps half of today’s
value, bringing: bubble-memory
per-bit price levels within the range
of most forms of disc memory, say
Cunningham and his colleagues.

The three researchers have also
constructed experience curves
comparing future MOS dynamic-
RAM prices with those of bubble
memory (Fig 3). Extrapolation of
the MOS curve into the mid-1980s
indicates per-bit prices in the
10-millicent range.

A ‘comparison of both technolo-
gies’ learning curves shows that the
dynamic-RAM-to-bubble price ratio
can be expected to increase from
about 1.5:1 this year to about 3:1 in
1981. And compared with that of
cartridge disc drives, bubble-
memory pricing could assume a
roughly similar ratio by the last half
of the next decade. EDN
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LFE has instruments
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Reliability in precision technology.

»our free detailed literature.

Largest selection of
Stepper, DC and
Synchronous Motors

AIRPAX offers the largest
selection of economical stepper and
permanent magnet synchronous
motors available anywhere. Whether
you need a motor the size of a penny
because of space limitations, or one
powerful enough to drive an X-Y
plotter... AIRPAX has it.

We have ironless rotor, brushless
and permanent magnet DC motors
for timing, drive and control applica-
tions. Plus shaded pole, reversible,
lightweight synchronous AC motors
for military or industrial applications.
Also available are many instrument
drive motors that can be provided
with various gear trains. And a
complete line of logic stepper motors
from miniature to high torque types
for use in computer peripherals and
business machines.

In addition to this wide selection,
all AIRPAX Motors are cool-running,
reliable, low in cost and energy-

4 efficient, too.

For a look at all of our motors and
their specifications, write and ask for




Weve made
sOckets and headers

A\
\

Now from 3M come several
important design changes in
Scotchflex brand socket
connectors and headers.
Changes aimed at bringing you
faster assembly, increased
reliability and reduced
maintenance.

74

="

asngpio connect.

»:yt:l"’k

s

Scotchflex headers (.100” x
.100” grid series) now include
built-in retainer/ejector latches
that snap up to lock sockets
firmly in place and snap down
to disconnect them quickly
and easily. Latches hold tightly
against vibration and shock,

and their ejector feature also
helps reduce wear and damage
from disconnection and
reconnection. They work with
or without strain relief clips

on both new and previous
.100” x .100” Scotchflex socket
designs.

EDN NOVEMBER 5, 1979




andasnap o unplug

Mating socket connectors
have been redesigned with
metal spring clips that lock
cover to body tightly, providing
greatly increased cover
retention. And a new one-piece
strain relief clip now reduces
parts inventory and cuts
assembly labor time.

EDN NOVEMBER 5, 1979

An improved keying system
permits positive polarization
without pin loss, helps reduce
equipment damage and field
maintenance. Connectors snap
into polarized headers to
insure positive mating and
provide increased retention.

New socket and header
sizes have been added, too.
Scotchflex sockets and headers
with .100” x .100” grid spacing
are now available in 10, 14, 16,
20, 26, 34, 40, 50 and 60-pin
sizes to suit your design needs.

For more information, Circle No 55

Only 3M offers you so wide
a choice of mass terminating
cable, connectors and system
components. Plus proven
reliability. A nationwide network
of stocking distributors. Off
the shelf availability. And the
unmatched experience of the
people who pioneered the
concept of electronic mass
termination.

Most Scotchflex connectors
are now recognized under the
component program of
Underwriters
Laboratories, Inc. W

“Scotchflex” is a registered trademark of 3M Co.

Scotchilex
systems

from 3M.
The source

See our
catalog in EEM

75




-AAO] U0 N WI0J] S)de]




cost digital multimeters.

When you’re looking for genuine
value in a low-cost DMM you have a
lot more to consider than price. You
need information about ruggedness,
reliability and ease of operation.
Accuracy is important. And so are
special measurement capabilities. But
above all, you must consider the
source, and that company’s reputation
for service and support.

Fact is, as electronics become more
a part of our daily lives, dozens of new
manufacturers are rushing to market
their “new” DMM’s. In theory, this is
healthy; but in practice, crowding is
confusion.

To help you deal with this flood of
new products, here are some facts you
should know about low-cost DMM’s.

The economics of endurance.

Even the least expensive DMM
isn’t disposable. Accidents happen, and
test instruments should be built
to take the abuses of life as we
live it.

Look for a DMM with a
low parts count for reliability,
and rugged internal construc-
tion protected by a high-impact
shell. Make sure the unit meets
severe military tests for shock
and vibration.

Another feature to check out
is protection against overloading,
whether from unexpected inputs,
transients, or human errors.

Just for the record, all Fluke
low-cost DMM’s meet or exceed
military specs, and feature extensive
overload protection.

The importance of being honest.

Just because a multimeter is
digital doesn’t mean it’s automatically
more accurate than a VOM — even
though the LCD might give you that
impression. The benchmark for
accuracy in DMM’s is basic dc
accuracy. The specs will list it as a
percentage of the reading for various dc
voltage ranges.

Of course accuracy is more critical
in some applications than others, and
increasing precision and resolution in a
DMM usually means increasing price.
In the Fluke line, you can choose a
model with a basic accuracy of 0.25%
(the 8022A), others rated at 0.1%, or the
new 8050A bench/portable at 0.03%.

Special measurements:
getting more from your DMM.
Actually, for all the variations in
size, shape and semantics, most
DMM’s perform five basic measure-
ments: ac and dc voltage and current,
and resistance. Prices vary according
to the number of ranges and functions
a DMM delivers.

<

impedances with direct readouts in dBm;

)
S < = -
8 oF & " (R ™ &
o o G ¢ SNV O B %
& o2 NG A &
2 8022A 6 24 3% 0.25% Basic six-function DMM; lowest-priced $129
@
g 8020A 7 26 3% 0.1% X  High accuracy ; pioneer in conductance; $169
; exclusive two year warranty.
£ 8024A 9 26 3% 0.1% X  Direct temperature readings; continuity/ Available
% input level detector with selectable soon
= audible signal; peak hold capability.
2 8010A 7 31 3% 0.1% X  True RMS; extra 10A range. $239
5 8012A 7 31 3% 0.1% X True RMS; two extra low resistance $299
£ ranges.
§ 8050A 9 39 4% 0.03% X  True RMS; selectable reference $329
o
g

offset feature.

The Fluke line includes DMM'’s
with from 24 to 39 ranges, 3% and
4%-digit resolution, and some unique
functions you won'’t find in any other
DMM. Additional measurement
capabilities like temperature, dB,
conductance and circuit level
detection.

If your work involves temperature
measurements, the new 8024A delivers
direct temperature readings via any
K-type thermocouple. This is
especially useful in testing
component heat rise and
checking refrigeration systems.

Another talented instru-
ment is our new 8050A
bench/portable. The micro-
processor-based 8050A features
a self-calculating dB mode in

displayed automatic-

ally referenced to one

of 16 selectable
impedance ranges — a
real timesaver when
servicing audio equipment.

And of course no discussion of

DMM’s is complete without
considering conductance — a Fluke
exclusive featured on five of our
low-cost DMM'’s — which allows you
to make accurate resistance
measurements to 100,000 Megohms.
You can’t do that with any ordinary
multimeter, but it’s a must for checking
leakage in capacitors and measuring
transistor gain.

A handful of efficiency.
When every minute
matters, your schedule
is tight and so is your
work space, you
need a portable
DMM that’s
fast and
easy to
operate.
We
designed
our handheld
DMM’s with color-coded
in-line pushbuttons for
true one-hand operation:
no need to hang onto the
meter with one hand while twisting a

rotary dial with the other.

But there’s more to convenience
than fingertip control. The 8024A, for
example, is also designed to function as
an instant continuity tester, with a
selectable audio tone to indicate shorts
or opens. It also has a peak hold
feature to capture transients.

A word about warranties.

Last but not least, look closely at
the company that manufactures a
low-cost DMM. Their service is just as
important as their product. Look for
no-nonsense warranties, a large family
of accessories, an established network
of service centers and technical experts
you can rely on.

That’s how you’ll recognize a
knowledgeable supplier of low-cost
DMM’s, a company with experience,
resources and a commitment to
leadership in the industry.

Incidentally, you’ll find it all
at Fluke.

Look for more facts from Fluke in
future issues of this publication. Or call
toll free 800-426-0361; use the coupon
below; or contact your Fluke stocking
distributor, sales office or representative.

IFLUKE]

®

! IN THE U.S. AND NON-

! EUROPEAN COUNTRIES:
1 John Fluke Mfg. Co., Inc.
P.O. Box 43210 MS# 2B

f Mountlake Terrace, WA 98043  Tilburg, The Netherlands
(206) 774-2481 (013) 673 973

Telex: 32-0013 Telex: 52237

[] Please send the facts on Fluke
low-cost DMM’s —specifications, applications
information, and selection considerations.

IN EUROPE:

Fluke (Holland) B.V.
P.O. Box 5053, 5004 EB

[] Please have a salesman call.

Name o -

Tltli Mail Stop -
Company -

Address

City e &te‘ Zip )
Telephone ( ) Ext.

For literature circle no. 24 EDN1 11/79



J Now high speed
_ athalf power
" is a piece of cake.
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Fairchild has just set the standard in 8K
PROMs with the most important develop-
ment of the past two years.
QOur new 93L451 low-power
1K x 8 PROM features indus-
try-standard speeds, but
we've cut the power in half.
We did it with Iso-
planar-S, the newest version

-| - A

offer your system five times better reliability
than the competition’s standard-power
PROMs. And lower power dis-
s\ =. sipation means fewer problems
getting heat out of the box.
So now you can run cooler, but
just as fost.

Our new PROMs are an
excellent energy-saving solution

v

of Fairchild’s Isoplanar pro-

cess. Isoplanar-S also allows us to make our
standard 8K PROM the fastest in the

industry. And we plan to make even faster
and denser devices in the near future, as
Isoplanar-S technology evolves.

nar-S.
The piéce de resistance.

Isoplanar-S is Fairchild’s evolutionary
new process for scaling down bipolar LSI
geometries. With it, we'll be able to reduce
dimensions of bipolar products from their
current 4-micron geometry all the way
down to 1 micron. That will mean incredible
increases in speed and density, with
substantial decreases in system power and
cooling requirements. All of which
translates info superior performance for your
computer system.

Have your cake and eat it too.
Because of its lower junction tempera-
tures, our 93L451 low-power PROM can

for upgrading your established
system. Or for designing info your new one.
After you've had a taste of high speed at

COMPARISON WITH OTHER 8K PROMS

TAAMAX | Icc MAX
MANUFACTURER PART # 0-75°C 0-75°C
FAIRCHILD 93450/51 55 ns 175 mA
HARRIS 7680/81 60 ns 170 mA
SIGNETICS 825180/81| 70ns 175 mA
INTEL 3608/28 80 ns 190 mA
MM 6380/81-1| 90 ns 180 mA
FAIRCHILD 93L450/51 70 ns 85 mA
SIGNETICS 8215181 175 ns 85 mA

half power, you'll never be satisfied

with anything less than Fairchild. For all the
details, call or write Bipolar PROM at
Fairchild Semiconductor Products Group,
PO. Box 880A, Mountain View,

California 94042.

Tel: (415) 962-395), Em——
TWX: 910-379-6435, ama——

Shaping the future of LSl technology.

For more information, Circle No 56
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elax!

When you need
electronic equipment without waiting,
Leasametric can have it
on its way to you in minutes.

Whether your requirement is for a week, amonth But renting from Leasametric means more than
or a year, theres one way to get the latest in electronic immediate possession. Its the one effective way to get
test equipment or terminals without waiting. Rent it the new equipment you need without going back to
from Leasametric. management for more money. Theres no major capital

investment with a Leasametric rental.

Plus, renting gives you a chance to
check out the very latest models without
committing to one manufacturers hard-
ware. Our continuously expanding
inventory includes a multi-million
dollar rental pool of over 33,000
items from the top 500 elec-
tronics manufacturers —
including most items from the
HP and Tektronix catalogs.

When you need itnow,

depend on Leasametric.
To order, or for our latest
rental catalog, call one of the
relaxing toll free Leasametric
_— numbers shoy'n below. We'll
SN\ get the equipment you need
on its way to you in minutes!

Instantly, our nationwide on-line computerized
inventory system will check our dozens of regional
inventory centers to pinpoint the unit closest to
you. Within minutes, your order is being
processed and, in most cases, your equip- ||
ment will be in your hands in less than
24 hours.

And, the Leasametric .
name means the equip-
ment you rent is in working
order when we ship it. Our
regional maintenance lab-
oratories are traceable to
the National Bureau of
Standards and every
piece is thoroughly
calibrated before it goes
out the door. When you rent
it from Leasametric, it works!

Rent it and relax.

In the West In the Central U.S. In the East
Call 800-227-0280 Call 800-323-2513 (Call 800-638-4009
In California, call (415) 574-4441 In lllinois, call (312) 595-2700 In Maryland, call (301) 948-9700

Leasametric

1164 Triton Drive, Foster City, CA 94404
A Trans Union Company

0 For more information, Circle No 57 EDN NOVEMBER 5, 1979



Editor’s Choice: New Products

Plug-in boards provide LSI-11s and PDP-11s
with EPROM-programmmg capab|l|ty

MRV-004 and MR-004 boards
operate with the DEC LSI-11
wC and PDP-11 mini. They fit
into existing card slots (dual and
quad, respectively) in these
computers to allow firmware to
be developed internally—
without the need for an external
programmer box.

Accommodating up to 16
(MR-004) or eight (MRV-004)
EPROMs, the boards can thus
save programming time and
money compared with DEC’s
external programmer, which
handles only one EPROM at a
time and is several times more
expensive.

The boards’ primary use
occurs in the production of
firmware for application and
bootstrap programs. However,
they could also eliminate the
need for magnetic-tape or
floppy-disc loading in small
systems, and they can addition-
ally serve such applications as
special bootstrap loading in
large systems. All you require is
a simple program that executes
a data dump from LSI-11 or
PDP-11 RAM into the
EPROMs.

Such a program should consist
of 12 to 20 instructions for the
PDP-11 and slightly fewer for
the LSI-11. Any programmer
familiar with either computer
will find it easy to write the
EPROM-programming software
required.

Jumpers select EPROMs

The LSI - 11 - compatible
MRV-004 can program any
24-pin EPROM from the 2716 to

the 2732. You select memory-

address-range assignments with
a DIP switch; jumpers inserted

With the ability to handle multiple EPROMs simultaneously, these plug-in boards
can save users’ programming time and money. The larger MR-004 card is compatible
with the PDP-11 and programs 16 EPROMs; the LSI-11-compatible MRV-004
accommodates eight EPROMs.

in the card establish the
EPROM type to be used. A
Write Protect toggle switch
prevents burning an. already
programmed EPROM. The
board operates on a single
5V/800-mA supply; an on-board

de/de  converter supplies all
other voltages.
The MR-004, in addition to

handling the 2716 EPROM
family, provides a few more
enhancements than the MRV-
004. It also has a Write Protect
toggle switch, but you can
override this switch with system
software—a feature that eases
EPROM-programming control
by not requiring you to reach
inside the computer to utilize
this function.

A Done-bit feature, which
indicates the conclusion of
EPROM burning, further sim-
plifies MR-004 use: Transfer of
this bit to the PDP-11's status
register controls programming;
the alternative would be to
delay programming for 50 msec
before entering new data.

The MR-004 also provides an
Interrupt bit that lets you use
the computer’s interrupt struc-
ture to control programming.
An on-board DIP switch handles

assignment of the interrupt
vector address, and selectable
jumpers establish the inter-
rupt’s priority.

ROM boards add flexibility

Designed to complement their
respective -004 counterparts,
the MRV-005 (LSI-11) and
MR-005 (PDP-11) ROM boards
accommodate programmed
EPROMs. Although they offer
no programming capability,
they do provide DIP switches
for assigning memory locations,
and you can insert as many of
them into the host computer as
you wish. These boards also
allow you to mix RAM, ROM or
PROM with the EPROMs.

The MR-005 provides the
additional voltages required to
accommodate the 2704/2708
family of EPROMs. However,
because they contain no pro-
gramming circuitry, both -005
boards consume less power than
their -004 counterparts.

MRV-004, $495; MRV-005,
$225; MR-004, $995; MR-005,
$575. Delivery, 30 days ARO.

MDB Systems Inc, 1995 N
Batavia St, Orange, CA 92665.
Phone (714) 998-6900.

Circle No 459
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Fiber optic
connectors.
Fast delivery.

; f ogy. ing
connector is here in the Amphenol 906 Series. And it's in stock in quantity.

Find everything you need in Amphenol 906 Series smgle fiber
connectors. Plugs. Adapters. Receptacles. Polishing tools.

And the 906 Series gives you improved system performance and minimal
insertion loss. Plus compatibility with all popular cables.

The same world-wide, off-the-shelf availability applies to Amphenol 905
Series bundle connectors and complementary products.

Ask, too, about the availability of our 801 Series multichannel
connectors. With 4- and 8-channel configurations. Environmental
sealing. MIL-Spec shells.

actual size. i We make innovation easy to obtain. And we'll work with you to come up
with even newer ideas for your special fiber optic interconnection needs.

For more information call the sales office or distributor nearest you.
Or contact RF Operations, Danbury, Connecticut. (203) 743-9272

(fuaxs") AMPHENOL NORTH AMERICA

A Division of Bunker Ramo Corporation

Amphenol North America Division Headquarters: Oak Brook, |llinois 60521

Sales Offices: Atlanta (404) 394-6298  Boston (617) 475-7055 e Chicago (312) 986-2330 e Dallas (214) 235-8318 e Dayton (513) 294-0461
Denver (303) 752-4114 e Detroit (313) 722-1431 ® Greensboro (919) 292-9273 e Houston (713) 444-4096 e Indianapolis (317) 842-3245

Kansas City (816) 737-3937 e Knoxville (615) 690-6765  Los Angeles (213) 649-5015 « Minneapolis (612) 835-4595  New York (516) 364-2270
Orlando (305) 647-5504 e Philadelphia (215) 653-8750 ¢ Phoenix (602) 265-3227 » St. Louis (314) 569-2277  San Diego (714) 272-5451

San Francisco (408) 732-8990 e Seattle (206) 455-2525 » Syracuse (315) 455-5786 ¢ Washington, DC (703) 524-8700

Canada: Montreal (514) 482-5520 » Toronto (416) 291-4401 e Vancouver (604) 278-7636 e International: Oak Brook, lllinois TELEX 206-054

For more information, Circle No 58



uComputerist Corner

Software switches baud

Jeff Volp
Draper Labs, Cambridge, MA

When adding a serial interface to your uP system,
you can avoid the adjustment problems inherent in
an RC oscillator without having to use a crystal
oscillator and baud-rate generator. Specifically, if
the system has a 1-MHz clock (or multiple thereof),
you can generate the necessary baud rates directly.
A divide-by-13 IC produces 76.92 kHz, which

rate

differs from the ideal 76.8 by only 0.15%. Obviously,
any error in the system clock adds to this value. The
total error, however, should be approximately the
same as that for a crystal-oscillator/baud-rate-
generator combination.

The circuit shown in the figure suits use in a
6800-based system. The baud rate is software
selectable—to either 1200 or 4800—through the 6850
ACIA: The pP programs the ACIA to divide by 16
for 4800 baud and divide by 64 for 1200. Other rates
can be produced by placing a 2" counter between
the divide-by-13 and the 6850. EDN

Vee
Tvcc ie Vee ?
74LS161 MC6850
SYSTEM 14
cLOCK 2 oLk Qal— 12 {ENABLE
7 4
1.00 MHz CEP XMT CLK
10 RS Qg |13 7692kHz [ 3 Bc Crk
2 LOAD N 2; b,
CLR Qe ‘ 6 » _SERIAL
3 20 ]2t Py 24 DATA OUT
2 11 i ors
4 Q 19 17
D R -
5 2 DATA 18 Ds Tk 23 1200
C BUS Dy DCD OR 4800 BAUD
6lp  camrmy}® 1; D sl =
L 2 SERIAL
____<
. |0 RCVDATA SEHAL
13] 2
= —]RW
Oq DECODING | —2] ¢s,
10] s,
% 74LS04 9 532—
= GND

Provide a 6800-based system with software-selectable baud rates while using a minimum number of components.

EDN Software Note #39

Purna Pareek
Varian Associates, Gloucester, MA

Text strings represent one of the most memory-
consuming data types; applications involving opera-

Routine displays text strings

tor interaction through a CRT terminal can use large
numbers of them. Invariably, such applications give
rise to a set of messages and phrases that find
repeated use.

The routine in Fig 1 helps utilize memory
efficiently in such applications; it displays a series of
text strings and integers on a Micronova system’s

EDN NOVEMBER 5, 1979
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Proven performance.

Semiconductor test systems are
nothing new to Tek-
tronix, we've been
building them for
years. Today, there's
the S-3270 for de-
vice characteriza-
tion, the S-3250 for
production testing,
and the S-3280,
created to test
high-speed ECL/LSI
devices. Each has a 20 MHz clock
rate.

Flexibility
You can buy the system that meets
your needs today, and add to it any-
time. We'll work with your engineers to
assure you aren't buying more or less
than you need.
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uComputerist Corner

'0002 DSPLY

01

gg B ROUTINE TO DISPLAY A SERIES OF TEXT STRINGS ON CRT

04

05

06

07 H CALL SEQUENCE:

08 : JSR @DSPLY ; DISPLAY THE FOLLOWING
09 5 TEXT1 ;. ADDRESS OF FIRST STRING
10 : TEXT2 . ADDRESS OF 2ND STRING

"

12 2

13 i 0 : END OF CALLING SEQUENCE.
14

15

16

17 00005'054441 .DSPLY: STA 3,DRTN SAVE RETURN ADDRESS

18 00006'031400 LDA 203 . CHECK IF THE NEXT WORD
19 00007°151015 SXNEO 2.2 . IS AN EOS (NULL CHARACTER)
20 00010°000423 JMP DONE : YES, EXIT FROM THE PROGRAM
21 00011151112 MovL#  2,2,S2C . CHECK THE INDIRECT BIT
22 00012000423 JMP ONUM . FOR THE OCTAL NO. DISPLAY
23 00013'025000 NEXTW: LDA 1,02 ; GET THE WORD AND

24 00014'020434 LDA 0.MSKU . MASK OUT TO RETRIEVE

25 00015123700 ANDS 1.0 : THE 8 BIT CHARACTER

26 00016101015 SXNEO 0.0 IS IT AN EOS?

27 00017°000411 JMP NEXTS . YES, GET NEXT STRING.

28 00020'004422 JSR PUTC . NO, DISPLAY THE CHARACTER
29 00021'020426 LDA 0,MSKL . MASK OUT THE 2ND

30 00022'123400 AND 1.0 . CHARACTER AND CHECK FOR
31 00023101015 SXNEO 0.0 : AN EOS (END OF STRING)
32 00024'000404 JMP NEXTS . YES, AN EOS

33 00025'004415 JSR PUTC . DISPLAY THE CHARACTER
34 00026151400 INC 2.2 ; COUNT UP FOR NEXT WORD
35 00027'000764 JMP NEXTW : AND LOOP AGAIN

36

37 00030'010416 NEXTS: 1SZ DRTN ; POINT TO THE NEXT TEXT
38 00031'034415 LDA 3.DRTN ; STRING AND LOOP

39 00032'000754 JMP DSPLY + 1 ; AGAIN.

40

41 00033'010413 DONE 1Sz DRTN : LOOKS LIKE WE ARE

42 00034002412 JMP @DRTN . DONE. EXIT

43

44 00035151120 DNUM: MOvVZL 2.2 . STRIP OFF THE TOP

45 00036'151220 MOVZR 2.2 . BIT OF THE ADDRESS

46 00037'025000 LDA 1,0.2 : GET THE OCTAL NUMBER

47 00040'004411 JSR BTOC ; CONVERT TO OCTAL

48 00041'000767 JMP NEXTS ; DISPLAY AND CONTINUE.

49

50 00042'063511 PUTC: SKPBZ  TTO ; OUTPUT THE CHARACTER

51 00043'000777 JMP -1 ; ON THE CRT

52 00044061111 DOAS 0,770

53 00045'001400 JMP 0.3

55 00046'000000 DRTN: 0

56 00047°'000377 MSKL: 377

57 00050°177400 MSKU: 177400
U0051°000000 BTOC BTOC

Fig 1—The repeated display of text strings proves simple with
the aid of this Micronova routine.

CRT terminal. This routine—or one modeled on it
for use with another wP—is based on three
assumptions:
- Text strings comprise left-to-right packed bytes
with end-of-string (EOS) indication denoted by
a null (0).
Integer display is indicated by setting the most
significant bit of the integer’s address. In Nova
computers, the assembler sets the MSB when it
encounters an @ sign.
A binary-to-ASCII conversion routine is availa-
ble for the integer display. (It’s not required,
however, if the integer needn’t be displayed.)
A flowchart (Fig 2) outlines the DSPLY pro-
gram’s operation. Because the subroutine-call
sequence ends with a null, the program reads the
first address word and compares it with a null. If the
address word itself isn’t null, it’s considered a valid
text string, and the first word pointed to by this

GET ADDRESS
WORD

y

CONVERT
TO ASCII

12

DISPLAY
NUMBER
b= EOS?

GET WORD
EXTRACT TOP
BYTE

A

T

NO

DISPLAY
CHARACTER

Y

EXTRACT
LOWER BYTE

< his EOS?

NO

DISPLAY
CHARACTER

Y

POINT TO
NEXT WORD

I

Fig 2—The DSPLY routine repeats until it finds a null character
for an address—it then returns to the calling program.

address is read in.

This 16-bit word contains two 8-bit characters.
The routine extracts the first character by masking
out the word’s top byte and checking again for a null
character. The presence of such a null indicates the
end of the current text string—the program then
begins looking for the next text string.

If the tested byte proves a valid ASCII character,
though, the 8-bit code is sent to the CRT for display.
The word’s second character is then processed by
masking the lower byte and repeating the procedure.

This sequence repeats until the program accepts a
null character for an address, indicating the end of
the data strings. Control then returns to the calling
program. EDN
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GenRad gives you everything you want
from abig digital IC test system.

And $100,000 change.

GenRad 1732 Digital IC Test System




Introducing the GenRad 1732. The first microprocessor-controlled
digital IC test system that lets you test SSI, MSI, LSI, VLSI and memories. As
well as CMOS, TTL, ECL, HTL, I2L, PMOS and NMOS technologies.

In fact, it gives you all the capabilities you’d expect from a roomful of
hardware that costs four times as much. Ata
fraction of the size and price. escriETION

Like the flexibility of software-controlled
measurements. Quantitative readouts on each
IC. Summary sheets. Binning. And data logging.

There are plenty of other features, too.
Features that make the 1732 more productive
and more flexible than many big machines. Like
a unique learned response technique for faster

programming. A fill-in-the-blanks method
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Programming the GenRad 1732 system for new

" fOI‘ eaSier pr Ogr ammlng. And a CRT that ICs is as simple as filling in the blanks. Our soft-
prompts the user every step of the way.

. So before you plunk down big money for a big test system, take
a look at GenRad’s 1732. And keep the change. For more information,
write GenRad, Concord, MA 01742. Or call toll-free 1-800-225-7335
h;%(in Mass. 617-779-2825).

ware prompts you every step of the way.

GenRad

. 1 Put our leadership to the test.

¢
.

For more information, Circle No 61
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PM3263 100MHz

Microprocessor-Equipped Scope

PM3218 35MHz Delayed Time Base Scope

You can't buy a faster 100MHz logic analyzer than
our PM3500. You can't buy a more tested and proven
25MHz delayed time base scope than ours. And be-
tween those two there's a full line of superlative scopes
from Philips. :

We've been around long enough to know how to
build better scopes. Our first one came off the line in
1936. And with its introduction began our concept of
human-engineering—utilizing logical design and control
placement to speed both learning and using.

Over the years we've made a lot of scopes—and more
electronic gear in more fields than you could imagine.

PM3540 10MHz Logic State Analyzer

PM3214 25MHz Delayed Time Base Scope

When there's a better, more innovative way to
design new scopes or update older scopes, we'll do it.
And we'll do it and stand behind it right here in the U.S.A.
Philips intends to double sales by 1981. Much of this
growth will come from our new U.S. manufacturing facili-
ties. Now, more than ever, Philips wants to make your
next scope.

For more information call 800-631-7172, except in Hawaii,
Alaska, and New Jersey. In New Jersey call collect (201)
529-3800, or contact Philips Test & Measuring Instruments,
Inc., 85 McKee Drive, Mahwah, New Jersey, 07430.




Scopes and

PM3225 15MHz PM3207 15MHz/5mV. Dual Trace Scope
~Single Trace Scope

PM<’37244' 50MHz 4-Trace Scope

kY

v 4 b= be

I
l 8"

PM3211 15MHz Dual Trace Scope

R e | PHILIPS

For more information, Circle No 62
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A virtually endless variety of IEEE-488-compéIlblé instruments is now available—and it's growing daily. GPIB developer
Hewlett-Packard alone offers dozens of 488-compatible instruments and controllers, as well as packaged systems built around the bus.



SPECIAL REPORT

instruments

The swelling ranks of GPIB-compatible
instruments promise simpler and more
harmonious system integration.

But beware: Despite the 488 standard’s
obvious advantages, you still must
approach integration details with care.

Andy Santoni, Western Editor

Whether you call it the general-purpose interface bus
(GPIB), the IEC bus or the IEEE-488 bus, it has
simplified the job of orchestrating systems out of
collections of instruments. Now you no longer need to
worry about some of the most tedious and error-prone
aspects of system integration—selecting the proper
connectors and cables and checking for logic-level
compatibility, for example. Just look for the “bus
compatible” label on the instruments you’re planning to
buy, and good part of your job is already done.

But not the whole job. The 488 bus is merely the staff
on which you write the notes—in the form of system
software—that tell each instrument what to play.
Written with care, this software allows a collection of
instruments to make beautiful music together. Written
sloppily, it only produces dissonance.

Actually designing a 488-based system provides good
experience in learning where the clinkers might fall.
The first time around, ridding the system of bugs is
liable to take several weeks. On the second pass, you
can probably cut that time to a few days; for future
systems, the process should take a few hours.
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The GPIB provides a framework
for effective system design

And that’s a substantial time savings, compared with
the weeks usually required to configure all the cabling
and software required for even a relatively simple
instrument system. “A good portion of the interface
problem has been solved by 488,” says Bill Swift,
marketing manager for precision instrumentation at
John Fluke Mfg Co Inc. Once you hook up your
instruments by means of the 488 bus, you can talk to
each of them, and that’s a good start toward producing
a working system, he explains.

The result of this easy start-up? “The GPIB enjoys
wide acceptance and usage,” says Maris Graube,
interface engineer at Tektronix Inc. “It has been
designed into hundreds of instruments in both the US
and overseas, including the Eastern Bloc countries.”
Such widespread usage is only possible on an interfac-
ing system that has already solved the fundamental

Increasing numbers of instruments are being designed solely for
bus operation. This Jaycor switching system requires minimal
operator interfacing; all control occurs via bus transactions.
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problems of compatibility and configuration, explains
Bob Hallissy, product marketing engineer at Hewlett-
Packard Co’s Desktop Computer Div, Ft Collins, CO.
“The IEEE-488 interface bus is a success because of its
fundamentally sound design and applicability to many
system environments,” he adds.

One measure of this success is the number of
instruments now available—from well over 100
companies—that include bus compatibility as a stan-
dard feature, not merely as an add-on option. Another
measure is the growing number of 488-bus support
chips available for use by instrument designers (see pg
36 in this issue).

The bus has changed

The IEEE first adopted the 488 bus as a standard in
1975, and it published a revised version of that standard
in 1978. Most of the changes were editorial ones—
clarifications that made the standard easier to read and
understand, says Tektronix’s Graube. “The major
technical change corrected a possible (though improba-
ble) error condition that can occur in the circuits

e
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If your bus stops, trace the trouble with a logic analyzer like
Gould/Biomation’s K-100D. The analyzer itself is controllable via the
bus for use in test systems.

Bus testing Is easler with a logic analyzer that converts the data on
the 488 bus’ lines into state names as defined in the bus standard.
The Dolch/Kontron LAM4850 utilizes a PROM module to handle this
conversion.
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implementing the data handshake,” he explains. The
standard is also being adopted formally by the
International Electrotechnical Commission (IEC) with
only one change from the IEEE document: a different
rear-panel connector. (A simple transition cable makes
IEC- and IEEE-compatible instruments compatible
with one another.)

Despite its widespread appeal, though, the 488 bus is
not without its problems, notes Graube. “To many
people, GPIB has become a buzzword that can lull the
unwary into thinking that any two instruments

The 488 bus can handle high-speed signals if the measuring
instrument acquiring those signals stores data and transfers it at a
slower rate over the interface. Here, a Tektronix 7912AD transient
digitizer “talks” to a 4051 desktop computer/488 controller, which
manipulates the data acquired by the 7912AD.

equipped with the standard interface can be connected
together and, by some magic, do whatever they must
do by themselves. This illusion is quickly dispelled
when the supposedly compatible instruments are
plugged together and don’t work at all, or do so with
great difficulty.”

Why this misconception? The 488 standard provides a
common communication link for data and commands
between instruments and controllers, but it does not
define how this facility is to be used. Each device
can—and often does—use the bus in its own peculiar
way, just as two people talking over the telephone—a
standard, accepted communication link—can speak in
different languages and thereby fail to communicate.

The most important action a first-time 488-bus user
can thus take to reduce the time required to implement
a system is to learn the software conventions used by
the suppliers of the individual system components, says
Jim Geisman, corporate marketing-program manager
at Tektronix. Each manufacturer has interpreted the
written standard slightly differently, accounting for
some of the differences in conventions. More important-
ly, the standard doesn’t specify the codes and formats
that compatible products must use; two different
instruments can require two completely different
commands to perform the same function.

Variations in data-handling conventions offer an
example of this potential pitfall. When an instrument
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sends a number (the result of a measurement, for
example) across the bus’ eight data lines, it usually
employs the most commonly used technique: Symbols
are coded in ASCII format, and the most significant
digit goes out first. The possible variations in
technique, however, require that you make sure that
the instrument or controller receiving the binary
information interprets it as data, not as nonsense.
Worse yet, points out Graube, for data other than
numbers, no prevalent language exists at all; individual
instrument designers each invent their own.

Along with this language barrier, some instruments
exhibit variations in the signals required to perform
certain bus operations. For example, a measurement
instrument must send a termination character down the
line after sending data in order to signal the controller
that the transmission is complete; usually, this
terminator is a Carriage Return followed by a Line
Feed. Some controllers, however, accept the CR
symbol alone as a terminator and hang up before
receiving the LF signal. The result? The LF waits in
the measurement instrument until that device is again
called on to transmit a message to the controller. When
it does, it sends the LF followed by the requested data,
but the controller branches to an error routine because
it does not understand numbers that start with an LF.

Another potential problem: Even if you figure out
how to format the data so that an instrument can
understand it, you might not be able to understand the
data yourself, For example, a power supply that you
want to output 15.7V might require the command
string “2314” to perform that task. This string would
appear to bear no relationship to the required voltage,
but it does: The leading digit tells the supply to go to its
second range (50V FS), and the following three
characters are the numerator in the expression
(XXX/1000)x50, which determines the fraction of the
range to be produced. To interpret this number, a
human operator or programmer must make allowances
for the power supply’s lack of intelligence. The tradeoff,
of course, is a simpler and less expensive instrument
than one that could produce data more readily
intelligible to humans.

Partial solutions are on the way

As Tektronix’s Graube points out, there are ways to
overcome all of these shortcomings of the 488 bus. Here
are some current approaches to dealing with GPIB-
device incompatibilities:

- Clever users program around the idiosyncrasies of

a particular instrument’s GPIB usage.

De facto “standards,” which have arisen because
only a few computers are commonly used for
programmable-instrument control, allow instru-
ment makers to match their devices to these
calculators’ idiosyncrasies.

The IEEE committee that developed the 488
standard will soon release a Code and Format
Conventions document that should eliminate some
of the compatibility problems, provided the
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Devices can use the bus
in noncompatible ways

recommendations it contains are incorporated in
future instruments.

For their part, major instrument manufacturers such
as Hewlett-Packard, Tektronix and Fluke have each
developed internal standards for language and com-
mand conventions to make their instruments as
compatible as possible, at least within their own
product lines. Fluke, for example, has surveyed the
market and compiled a standard based on a consensus
of its findings, says marketing manager Swift, and the
firm’s Systems Group checks out new-instrument
designs to determine whether they conform to this
internal standard.

However, this procedure doesn’t imply that every
Fluke instrument precisely matches (in terms of code
and formats) every other Fluke instrument, Swift

Analog signals can’'t themselves move along the bus, but
Racal-Dana’s Series 1200 analog and digital switching unit can guide
them to the appropriate instruments. The mainframe accepts plug-ins
that switch precise ac or dc signals, high-level signals, power values
ranging up to 200 VA or microwave signals up to 18 GHz.

explains, because newer models might incorporate
features not found on older ones. And design engineers
can improve on the software within the instruments to
make them easier and less expensive to use. Any
variance from the internal bus standard, though, must
be justified.

Your responsibility in the face of these efforts is to
take advantage of the literature instrument makers
provide. “Read the documentation first,” advises
Tektronix’s Geisman. Get instruction manuals from the
company that’s supplying your instruments, and
determine the units’ quirks before you hook your
system together. Don’t wait until the equipment lands
on your loading dock.

Hewlett-Packard provides further help along these
lines in the form of underscored program codes on the
front panels of some of its latest instruments. This
convenience proves especially valuable in configuring
benchtop lab systems for a specific project—as opposed
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to instrument systems you expect to keep together
permanently in one form.

Whereas such fixed systems—whether commercial
products or in-house units—have stable functions and
programs, benchtop laboratory systems change fre-
quently, each time requiring new programs. When
generating these programs, all the necessary documen-
tation might not be readily accessible; the manuals for
individual instruments might be lost, buried in a
previous user’s desk drawer or hidden in the Calibra-
tion or Maintenance Department’s library. With the
command code corresponding to each front-panel
button written on the panel, though, you can write
simple programs without spending hours searching for
these manuals. The resulting programs might not be
the most efficient ones possible, but at least they take
less time to research and write than the potential
lifetime of the instrument system.

Instruments learn by themselves

An even more powerful tool for simplifying system
programming is the Teach/Learn mode now appearing
in some instruments, says Terry Mancilla, applications
engineer at Hewlett-Packard’s Santa Clara, CA Div. In
this mode, you set up an instrument manual'ly for the
measurement you want to make, and the controller
“learns” your settings as though you had programmed
them in. A section of the system controller’s memory
(about 60 or 70 bytes) is set aside for each instrument
setting; the setting data can then be recalled like a
subroutine in the system program, so the controller can
“teach” the instrument how to make a measurement.

The Teach/Learn mode can even deal with some of
the fine differences among similar instruments, Man-
cilla says. The detailed coding required to set up each
instrument is contained in a subroutine, so if you
change an instrument in a system, all you need change
in your program is the corresponding subroutine,
rather than make tedious, detailed changes in the
master program itself.

In fact, you needn't even know what codes and
formats the instrument requires—they’re all accommo-
dated automatically. Thus, you can concentrate on the
tests you're trying to perform and on the high-level-
language programming required to guide the system.
Even in that area, though, things aren’t as simple as
they should be.

Needed: more effective software

“One of the most trying problems facing engineers
designing a 488-bus system is the lack of adequate
software to support that system,” claims Joe Austin,
application engineer at Digital Equipment Corp’s
Components Group. “The importance of software is
frequently underrated or overlooked completely by
hardware-design engineers when assembling an
instrument-bus system.”

To overcome this problem, you must shop for
software just like you shop for hardware, says Austin.
DEC, for example, provides design-level documenta-
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ADDRESSED UNIVERSAL LISTEN TALK SECONDARY ADDRESSES
COMMANDS COMMANDS ADDRESSES P ADDRESSES OR COMMANDS
octal | 25 PPU | GPIB code
KE ' NAK | Asciicharacter
hex | 15 21| decimal
Get familiar with ASCIl and IEEE-488 codes with the help of this handy table. (Copyright © 1979, Tektronix Inc. All
rights reserved. Reproduced by permission.)

EDN NOVEMBER 5, 1979 95




Some instrument makers have
developed in-house standards

tion, FORTRAN subroutines and diagnostic programs
for systems that connect the 488 bus to the firm’s
PDP-11 minicomputer family.

HP’s Hallissy points out that newer 488 controllers
use high-level languages for programming instrument
systems, potentially easing the system-software prob-
lem. “First-generation controllers are characterized by
the exclusive use of program-language statements
oriented to the bus-hardware concepts,” he explains.
“But second-generation controllers reflect program-
language constructs representing a message organiza-
tion on a level above the bus-hardware message
concept.”

The result? Reduced programming time and program
length. Accomplishing a serial poll of the instruments
on the bus, for example, requires five lines of program
on the HP 9830A desktop computer, but only one on the
newer 9835A unit.

But the final answer to the software problem hasn’t
appeared yet, says Jose Martins, design engineer at
Fluke: There’s simply no efficient language currently
available for programming 488-bus systems. (BASIC,
the most commonly used language, isn’t very efficient
for instrument systems—executing large numbers of
instructions written in this language takes too long.)

And it isn’t currently either practical or feasible to
even define a high-level language specifically for 488
systems, says Don Loughry, interface engineer in HP’s
Computer Systems Group and a prime mover behind
the adoption of the 488 standard. (ATLAS, a program-
ming language developed specifically for test systems,
doesn’t lend itself to 488 systems because it’s so general
that it requires a large computer to interpret its
statements. Systems using the 488 bus rarely pack the
necessary computer power.)

However, “perhaps someday it will be possible to
define a high-level language in a device- and system-
independent way,” says Loughry. Martins agrees,
adding that he’d like to see development on such a
language begin now, because a convenient high-level
language is even more important than standardized 488
codes and formats.

Suppliers provide examples to help you

In the meantime, though, instrument suppliers are
writing sample programs to help you get their products
up and running in your system. Moxon Inc, for
example, provides program listings to show you how to
tie its Model 702 IEEE-488 interface or Model 725 data
generator to an HP 9825 desktop computer.

Hewlett-Packard offers even more extensive pro-
gramming aids: The firm is developing introductory
Beginner’s Guides for each of its instruments and
controllers. These programming notes show you how to
tie a particular instrument to a particular controller.

F— — = —_ = - e ————————————————

| Helpful guidelines for configuring an IEEE-488-based system

1

they
tors:

| Engineers at John Fluke Mfg Co
| have developed both 488-
| compatible instruments and 488-
based systems and in the process
have amassed a wealth of experi-
ence. Here is some of the advice

offer to 488-system integra-

Develop a list of candidate
devices. Narrow your choic-
es to two or three of each
type of instrument you plan
to use.

Determine exactly how each
of the candidate devices
implements the standard’s
interface function; not all
compatible instruments in-
corporate all of the features
described in the standard. In
this respect, refer to two
parts of the standard’s 1978
version: the Interface Func-
tion Repertoire on pg 17 and
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Appendix C on pgs 72 ff.
Select devices with compati-
ble repertoires or interface
functions, whenever pos-
sible, to simplify program-
ming and improve system
efficiency. You might have to
trade off some of this com-
patibility, though, to obtain
the instrument performance
you need.

Obtain as much information
as you can from the vendors
of the chosen devices. But
don’t wait until the products
are delivered: Order manuals
and other documents as
soon as you have chosen the
units.

Develop the specific tests
you want to accomplish,
including block diagrams of
the test system’s intercon-
nections and the program-

ming commands needed to |

perform the tests. You can
do this while you're waiting
for delivery of the system
components.

Prepare the system’s instal-
lation site adequately. In this
regard, don't forget provision
for power distribution, inter-
ference protection and such
environmental considera-
tions as temperature, humid-
ity, static protection and
physical clearances.
Appoint a system manager
who is responsible for main-
tenance and calibration
schedules, operator training,
configuration control and
system logs and for ordering
such consumables as paper,
ink, diskettes and cartridges.

R
|
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HP also provides Quick Reference Guides for some
instruments, incorporating general information on
tying those instruments into systems. And some HP
instruments come with programming reference cards
that slide out from their front panels.

These guides all furnish something the IEEE
standard itself lacks: While the standard addresses the
mechanical, electrical and functional capabilities of the
bus interface, it doesn’t address the operational aspects
of products conforming to the standard. This lack isn’t
an oversight, though. The standard’s developers wanted
to leave instrument designers as free as possible to
create the best instruments, and they felt that a
standard that encroached on instruments’ operational
aspects would stifle creativity.

One result of this freedom permitted by the standard

GPIB-IEEE 488
DISPLAY PANEL

GPIB-IEEE 488
INPUT CONNECTOR

Computer peripherals can also talk over the 488 bus. This $9275
Tandberg Data GPIB-1050 recorder is an IBM/ANSI-compatible unit
that provides dual-density, 9-track, 45-ips operation and stores more
than 30M bytes on a 2400-ft reel of tape.

is that not all bus-compatible instruments exhibit the
same interface capabilities—each of the standard’s
defined capabilities might or might not be adopted by
an instrument designer, notes Gary Brock, applications
engineer at Gould Inc¢’s Biomation Div. Thus, an
instrument equipped with any one of the ten interface
functions defined in the standard can be said to comply
with IEEE-488—even if the only function it meets is
the provision of the appropriate connector on its rear
panel.

Biomation’s K-100D logic analyzer, for example,
incorporates an IEEE-488 interface with almost all the
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functions described in the standard, including source
and acceptor handshake, service request, remote/local
capability with local lockout, and device trigger. But it
doesn’t provide controller capability, which .isn’'t
necessary in a measurement instrument, nor can it
handle a parallel poll. (This latter capability allows a
controller to call all instruments on the bus at once and
receive two status bytes from each simultaneously. A
serial poll usually proves more useful, though, because
each instrument can send back eight status bytes in this
mode. However, while the parallel poll is in fact
quicker, this speed difference is usually not important
to system assemblers—the reason most instruments
don’t provide this feature.)

In the face of such interface-capability differences—
characteristic of all IEEE-488-compatible instru-
ments—you must read data sheets carefully to
make sure you're getting all the functions you need,
says Ken Hallmen, design engineer in Fluke’s System
Group. In this regard, most newer 488-compatible units
display (on labels mounted on their rear panels) the
particular 488 subset implemented.

Speeding bus transactions

Data rates can also vary among 488-compatible
instruments. “Inherently, the bus is incapable of
responding in real time because there is no maximum
time an instrument can delay a handshake,” explains
HP’s Hallissy. Thus, data buffering, scanner control
and alarm detection can all reduce the bus’ response
time. “It is possible for two devices—one specified with
a talk rate of 100k bytes/sec and the other with a listen
rate of 100k bytes/sec—to only be able to communicate
at 50k bytes/sec,” he notes.

The time taken by the controller to manipulate data
can also cut throughput, says Tektronix’s Geisman.
Complicating matters still further, it’s difficult even to
measure how fast the bus is operating, says Hallissy.
“It’s obvious that throughput depends both on the
application and the implementation of the code. It’s
thus important to select benchmarks that reflect the
application, but test and measurement benchmarks are
not readily available today.”

As a bus user, you therefore must be careful how you
split bus control and computational tasks in your
system software to guarantee that the system can
operate as fast as required, says Geisman. For their
part, instrument makers are incorporating more
intelligence in their products to take some of the load
off the controller. “The result,” notes Bruce Gould,

JOB
SHOPPING?

Check EDN’s Career Opportunities

EDN: Everything Designers Need
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Shop for bus software
like you shop for hardware

engineer at Wavetek, “is the possibility of more
distributed systems with increased performance.”

Instruments can read parametric values from a
controller in any of three formats, says Gould: fixed
with an implied decimal point at the end, floating with
an explicit decimal point, or exponential notation.
Wavetek’s pP-based programmables accept any of
these formats, making programming simpler and
incurring a speed loss of only 10 to 15%.

Wavetek’s Model 172B generator also offers such
features as value-range error indication to speed
processing. This capability enables the instrument to
display “frequency-setting error” if you've entered (via
the front panel) a frequency outside its range. And if
such an error occurs via the bus, a service request is
set, and the generator sends an error-message string
describing the parameters for which the error oc-
curred.

Another type of programming error is more compli-
cated. In a pulse generator like Wavetek’s Model 859,
you can set a pulse width that is greater than the
pulse’s period. If such a problem is transitory—as when
you've changed the first value but haven’t yet changed
the second—the instrument ignores the change until
you issue an Execute command. But if the error occurs
after receipt of Execute, it is handled like a value-range
error.

Microprocessors add convenience

Aside from performing data manipulations internally
to overcome speed problems on the bus, some
instruments store data that has been gathered at high
speed, then transmit it at bus speed out of a buffer
memory.

This convenience feature and others are made
possible by incorporating microprocessors into instru-
ment designs. Wavetek’s Gould notes, however, that
wP-based instruments must be designed from the
ground up to take maximum advantage of the pP’s
capabilities. The results are worth the effort, though:
Some instruments provide useful functions that aren’t
readily apparent to the user. Digital multimeters such
as Fluke’s Model 8520, for example, offer built-in
mathematical functions for conversions, averaging and
peak reading. In some cases, these functions can be
called up via the bus, but not from the front panel.

In the future, greater numbers of instruments will be
designed expressly for bus operation, says Tektronix’s
Geisman. A good example of this trend is Jaycor’s
Model 8600 signal-director system, which incorporates
plug-in modules for signal switching, timing,
reference-voltage generation, triggering or I/0.

Test equipment provides further help

If, after all your preparations and faithful adherence
to the warnings cited here, you still can’t get your 488
system to work, you might consider another piece of
equipment: a bus analyzer. For this purpose, you can
use a logic analyzer such as Biomation’s K-100D to
track down bus transactions. Or try Kontron’s $9850
Model LAM4850 logic analyzer, which sports a built-in
488 translator. With a $595 PROM module plugged in,
the 4850 converts the status of each line of the bus into
bus-state information—the format in which bus trans-
actions are defined in the 488 standard.

A less expensive bus analyzer is Ziatech’s Model ZT
488; it operates from 5V de ($349) or 115V ac ($399).
The ZT 488 monitors all 16 lines of the bus and can also
operate as a bus controller. EDN
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IEEE 488 BUS (GPIB)
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Reduce power and board space 40%.
TTI’s new octal transceivers.

Introducing two new octal, bidirec-
tional bus transceivers that meet
the IEEE 488 General Purpose
Interface Bus (GPIB) Standard.

The SN75160 data bus transceiv-
er and SN75161 management bus
transceiver contain all the cir-
cuitry required, yet consume only
95 mW per channel. That’s 40% less
power than conventional quad
circuits.

And you can reduce pc board
space required for IEEE 488 ap-
plications by replacing 4 quads
and associated external logic with
2 octals.

But that’s not all. Bus terminat-
ing network as specified by IEEE
488 is provided on all driver out-
puts. It also provides a high im-
pedance even with power off.

In addition, the output struc-
ture of the SN75160 data bus trans-
ceiver makes it a versatile device
suitable for many other octal
transceiver applications.

© 1979 Texas Instruments Incorporated

Transceiver features
The SN75160 and SN75161 feature:

e Built-in bus terminating resis-
tors on driver outputs

¢ High impedance to bus during
power down

¢ Enable control selects 3-state or
open-collector driver output
(SN75160 only)

« 3-state outputs on receiver

» Hysteresis on receiver inputs

* High impedance PNP inputs

¢ 20-pin dual-in-line package

The management bus transceiver
SN75161 has several additional
features:

e Internal logic for proper direc-
tion of control signals on manage-
ment bus

¢ Properly assigned output struc-
tures (active or passive) elimi-
nates necessity for external
control

* No external logic required

TEXAS INSTRUMENTS

INCORPORATED

For more information, Circle No 6

Powerful combination

The SN75160 and SN75161 combine
to yield a complete IEEE Standard
488 16-line bus interface system. A
system that allows asynchronous
communication between satellite
equipment on a bi-directional 8-
line data bus. The 8-line man-
agement bus provides handshake
protocol to assure interlocked
communication between talker
and listener.

In 100 pieces, the cost for
SN75160 is $3.90. The 100 piece
price for SN75161, $4.32.

Send for data sheets

For fast delivery call your nearest
authorized TI distributor. For data
sheet information write: Texas
Instruments Incorpo- &
rated, P.O. Box 225012, ﬂ
M/S 308, Dallas, Texas

75265.




THE NEXT GREAT

Six years ago Biomation brought you
the first logic analyzer. Today we bring
you the industry’s broadest selection.
And there’s more on the way.

Keeping abreast of the latest technological
advances is half the battle these days. If you're
designing with digital logic — especially
microprocessors — you know how fast things
are changing.

The new demands of digital logic are what
Bill Moore, Biomation’s first chief engineer, had
in mind when he developed the logic analyzer,
back in '73. He called it a “glitch fixer,’
designed to track and unravel the mysterious
electronic glitches that plague digital
logic designs.

Bill Moore was named Man of the Year by
Electronics magazine for his invention.

We're proud of that. In fact, pride is a big part
of everything we do. It’s the secret ingre-
dient in each logic analyzer in our broad line.

Our other “secret ingredient” is good
hearing. We listen carefully to our customers.
Then design our products to meet your
needs. And we keep a finger on the pulse of
technology. So we can understand the
special demands it puts on you.

As a result, we've been first with each
important logic analyzer advance. For example,
when we developed “latch mode” we
gave you the capabilities to latch onto glitches —
random pulses — as narrow as 2 nano-
seconds in current models.




GLITCH FIXER.

Today our K100-D includes latch mode —
and much more. It’s the premier logic analyzer
for the most complex logic problems. It
combines built-in display, keyboard input, 16
channels (up to 32 with adapter) and 100
MHz sampling rate.

Not every application requires such a
powerful tool. To meet your special needs, we
can deliver seven models, with 8, 9, 16,

27 or 32 channels, sampling rates to 200 MHz
and memory lengths to 2048 words.

Which glitch fixer is best for your application?
Call us at (408) 988-6800 to discuss your
needs — or any time you need technical assist-
ance. Our application engineers are here
to help. For more information on our complete
line of logic analyzers, write for our catalog.

Write Gould Inc., Biomation Division,
4600 Old Ironsides Dr., Santa Clara, CA 95050.
And the next great

tg}lll'tCh fixer? Olr)le
%@\.“C“
XER

the one after it—
will be wearing
our name.

sure of. It — and

== GOULD

An Electrical/Electronics Company
For more information, Circle No 64
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One instrument.
Multiple measurements.

Tektronix Plug-In oscilloscopes com-
bine a number of diverse measurement
functions in the same instrument. And in
combinations you require. One instru-
ment takes the place of many. You get
maximum measuring power with a
minimum of instruments.

How? By choosing from the continu-
ally evolving 5000 and 7000 families of
Plug-Ins. Already there are 14 main-
frames and 21 plug-ins in the 5000-
Series; 19 mainframes and 35 plug-ins in
the 7000-Series. (With them, you can
also use compatible logic and spectrum
analyzers plus other special purpose
plug-ins.) Choose from a family provid-
ing up to 8 input display channels.
Analog and digital delayed sweeps.
Sampling displays. Digital interconnec-
tions. And differential inputs. Just to
name a few.

No matter what your test and meas-
urement situation, we offer a Plug-In
oscilloscope that fits. From circuit design
to plasma physics research. From bal-
ancing rotating machinery to measuring
the accuracy of D to A converters. With
every scope representing the same
superior research and engineering you
expect from Tektronix.

What about your own particular situa-
tion? Are your measurement capabilities
confined by monolithics? Contact the
Tektronix Field Office near you and get
your hands on the kind of flexibility that
only a Plug-In scope can deliver.

Tektronix

COMMITTED TO EXCELLENCE

For literature, call (800) 547-1512 toll free.



Switched-capacitor techniques
implement effective IC filters

Adding to the repertory of available analog building blocks,
integrated filters utilizing switched-capacitor
methods simplify analog designs.

A M Davis, San Jose State University

Filters using switched-capacitor techniques overcome-a
major obstacle to filter-on-a-chip fabrication—the
implementation of resistors—by simulating resistors
with high-speed switched capacitors. Such an approach
thus eliminates the necessity for precise integrated-
resistor values—a requirement previously met only by
hybrid devices that require costly trimming
procedures—and permits fabrication of precise mono-
lithic analog capacitor filters.

Although filters other than switched-capacitor types
can also be effectively integrated, they present
problems that limit their usefulness. Sampled-data
filters such as CCD and bucket-brigade devices, for
example, suffer from a low S/N ratio and a need for
complex postfilter antialiasing because of their low
sampling rate compared with filter bandwidth. Digital
filters also suit integration processes, but their
complexity and stringent clock-rate requirements
currently prevent their consideration as general-

3 =

Vio——0 [ 0—oV2 é §
}- V4 o_]—ITJ_LOVQ
T el

(a) = (b) =

Fig 1—Basic switched-capacitor operation is illustrated by

a switch and a capacitor (a); an integrated version (b) utilizes

high-speed electronic switches to transfer capacitor charge

from V, to V,, thus simulating a resistor.

purpose filters (although they are becoming more
attractive for specialized applications).

As an alternative to these designs, then, switched-
capacitor (SC) filters combine many of the advantages
provided by digital filters with those of their purely
analog counterparts. This article outlines SC filters’
advantages by examining these devices’ basic operating
theory and some of their practical limitations, and by
developing two SC filter types.

Substitute capacitors for resistors

An SC consists basically of a capacitor whose charge
is transferred from one node to another by a switch. In
position 1 (as shown in Fig 1), the switch allows C; to
charge to Q,=C,V,; in position 2, it discharges to
Q:=C;V,. An amount of charge equal to AQ=Q;—Q:
therefore transfers from terminal 1 to terminal 2.

If the switching period is T, this charge transferral
represents an equivalent current of

_AQ_V, -V,
B T AR
(EJT

and the form of this equation indicates that the
switched capacitor can be modeled as a resistor of value
Re=1/f,C;, where f;=1/T is the switching frequency.

I

Fig 2—An inverting Miller integrator (a) suits switched-
capacitor design techniques if you replace its resistor with a
switched capacitor (b).

'.__
Vy O——Oqc?-—:'>_i_o v,
V, O0—0 +

T

Fig 3—A differential integrator is easy to construct using
switched-capacitor methods. The arrows indicate switch
phasing.

.
2 4 C
ho—f— . &

Vv, o__ocsio—:L:D_)_ovu
1 -

Fig 4—An Iintegrator/summer allows you to add as many
summing inputs as required.
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Precise MOS-IC capacitors
substitute for filter resistors

This analysis involves two implicit assumptions. The
first lies in relating charge transferral in discrete
quantities to current—a relationship that holds only for
high sampling rates. But SC filters do in fact utilize
high rates to avoid complex analog antialiasing and
postfiltering. The second assumption is that the
voltages V; and V, are independent of the transferred
charge. The SC integrator to be presented here does
indeed implement such a charge-independent circuit.

Construct a switched-capacitor integrator

To understand SC integrators, consider the inverting
Miller integrator shown in Fig 2a. This common
analog-design tool’s transfer function is

-1

H(jow) = joRC”

The SC integrator shown in Fig 2b replaces the Miller
circuit’s resistor with a switched capacitor and provides
the transfer function

Hsc(j (1)) = —C—
io(5c)

|N‘;'rggpc%Lr\fNECT TOP PLATE BOTTOM PLATE
INTERCONNECT

7/]// /// [///l VAL,
CPTT N+

=k sio
RCp, 2
P SUBSTRATE

Fig 5—An MOS capacitor contains two major parasitic-
capacitance areas: between the top plate and substrate and
between the bottom plate and substrate.

Examining these integrators’ gains makes the
advantages of switched capacitors clear. The analog
integrator furnishes a gain equal to 1/RC—a factor that
determines such parameters as bandwidth or peaking
frequency in active-filter circuits. But the SC integra-
tor’s gain equals f,C/C—an advantage, because MOS
IC technology can implement capacitor ratios to within
about 0.1% of specified values (an impossible figure for
resistor values to match). The switching frequency f;
isn’t difficult to supply with similar precision, so the SC
method allows very precise gain specifications without
trimming. In addition, you can vary the circuit’s gain
(and thus tune the filter) by changing f..

Utilizing switched capacitors, you can also easily
construct a differential integrator (Fig 3)—a relatively
difficult enterprise in conventional analog form. This
integrator differs operationally from the single-switch
version in only one way: The differential circuit charges
C: to V;—V; rather than to a single input voltage,
resulting in an output voltage given by

Vo= — &~ (Vi = Vo)

The filter circuits presented later in this article
capitalize on this important relationship.

One other circuit that deserves attention is the
integrator/summer (Fig 4). Analyzing this circuit by
superposition shows that

—1 C’

Vo o= W~ Wyt

’

v, O-

Fig 6—Parasitic MOS capacitance (Crs and Cer), shown as
it would appear in a circuit, either harmlessly discharges to
ground (Cpg) or is too small to greatly affect circuit
performance (Cpy).

C
Vio_{

—O Vo

Fig 8—Combining a standard integrator and a lossy one
creates a viable switched-capacitor circuit when resistance
values are stated in terms of capacitance and switching
speed.

N
. —
v, O WAA—

Fig 7—A lossy integrator suits integrated switched-
capacitor implementation.

Fig 9—Substituting switched capacitors for resistors in
Fig 8's integrator circuit produces a precise, easily integrated
filter.
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Fig 10—A fifth-order Chebyshev low-pass filter constitutes a switched-capacitor arrangement that exhibits low sensitivity to its
inductor and capacitor values in the passband. (Impedance or frequency scaling of components is not necessary at this initial

[
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Fig 11—A leapfrog filter implements Fig 10's Chebyshev circuit using only integrators, resistors and summation points. Note that
only voltages appear along the top row of nodes, while only currents appear along-the bottom row.

lo

the circuit allows straightforward extention to any
number of summing inputs.

The theoretical circuits just described can’t be
perfectly implemented, of course. An MOS capacitor,
for example, incorporates inherent parasitic properties,
primarily between its bottom plate and substrate (Fig
5). The bottom-plate parasitic capacitance, Cpg, varies
between 5 and 20% of the capacitor’s primary value,
while the top-plate figure, Cpr, varies between 1 and
0.1% of that value.

To illustrate these parasitic capacitances’ impact, Fig
6 shows how they effectively fit into a circuit. Note that
Cps charges from a voltage source (V) and discharges
into ground, so it doesn’t affect performance at all; Cpr
also charges from a voltage source (V,), but it
discharges into the integrator capacitor, C. However,
because Cpr’s value is small, it doesn’t affect perform-
ance in a major way. SC differential integrators can
therefore be considered high-performance circuits.

Designing state-variable filters

Basing SC-filter structures on active filters contain-
ing integrators makes switched-capacitor benefits read-
ily available. One filter type that takes advantage of
these benefits is the state-variable circuit—the generic
name for several integrator-based arrangements.
The particular circuit considered here involves both a
standard integrator and a lossy one.

Suppose you want to design a bandpass filter with
the transfer function

Vo8
Vi(s) -

WS

- ;
s? + TQQS + w?

After cross-multiplying and factoring, this expression
becomes

Vo(s)[s<s + %)] = v Vie) = oV (D)
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or Vi = —2= Ve - L V,e).

s+ 2 S

Q

Now consider a lossy integrator (Fig 7) whose
corresponding transfer function is

1

Vis) _ _ R,C

Vi(S) 1-°
e R,C

Setting wy=1/R;,C and wy/Q=1/R.C (or Q=Rs/R,)
changes this function to

Vo(s) — — Wy
Vi(s) 8 % %

Compare this function with the transfer function
originally sought, writing the original function as it was
previously developed except for sign adjustments:

[2 v - V.

Wy

VO(S)=—_—‘
s+ 2

Q

To make the conversion to SC form easier to see,
utilize a feedback capacitor, C, in both the standard and
lossy integrations (Fig 8). Note that the first op amp
shown in Fig 8 is an analog integrator/summer that
provides the following output voltage:

1 W,
V= Vi+ﬁ3_C_sV°— Vv + sV(,.

Now convert this circuit to SC form by substituting
the expression for switched-capacitor (C,) equivalent
resistance: R.,=1/f,C;. The conversion thus produces
Ca=wC/f;=Cgy and Ce=w,C/Qf; (Fig 9).

Note that Cg connects to the circuit shown in Fig 9 in
an inverting configuration—an especially interesting
arrangement because when charged, Cg connects
between a voltage source and ground, and upon
discharge, its bottom-plate parasitic capacitance dis-
charges to ground. Thus, the Cg portion of the circuit
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Switched-capacitor filters
suit integrator-type circuits

produces no parasitic-capacitance errors.

Finally, you can assign some practical values to the
SC-filter circuit shown in Fig 9. Assume that you want
this bandpass filter to exhibit a 1-kHz peaking
frequency and a Q of 20. Assuming a 20-pF feedback
capacitance for each op amp, Cy=Cyu=5 pF, while
Ce=0.25 pF. These values indicate the relationship
between capacitance-value spread and Q, for the
previously derived expression for C,; shows that the
ratio of Cy to C is inversely proportional to Q.

State-variable filters offer many advantages, but for
high-Q circuits, they can become very sensitive to their
components’ values—unless they operate at an ex-
tremely high sampling rate. Unfortunately, though,
op-amp integrators’ settling times and slew-rate
limitations restrict sampling rates.

However, one way to achieve low component-value
sensitivities at moderate sample rates is to utilize
leapfrog filters—active implementations of classical LC
ladders synthesized with both load and source termina-
tions. Because such filters exhibit low sensitivity to their
inductor and capacitor values in the passband, they
amply suit SC-filter techniques.

As an illustration of the leapfrog-filter design
process, consider Fig 10’s fifth-order Chebyshev
low-pass filter, whose parameter values set ripple at
0.1 dB and normalize the cutoff frequency to 1
radian/sec. The following equations apply to this circuit:

Vl P Vo
Los

VQ_VI

I() = L]S

Vi

I|:

Iz — Il V3 ks V2
Css Lss

Note that the only operations indicated by these
equations are differential integrations, multiplications
by constants and algebraic summations. The operation-
al diagram shown in Fig 11 can thus embody these same
functions in its leapfrog arrangement. To implement all
of Fig 11’s integrators with op amps, the current nodes
shown along the diagram’s bottom must be transformed
into voltage nodes by multiplying them by an arbitrary
scaling resistance R, and the integrators’ gains must
be modified (Fig 12).

In this example, R;=R.=1(), but in any case, the
scaling resistance R, normalizes both of these values.
The differential integrators now suit implementation in
SC form as shown in Fig 13.

Note that Fig 13’s primed capacitors implement
inductors; from the normalizations indicated in Fig 12,
L/R0=RoC' or C'=L/R02.

This relationship hinges on the fact that the
inductance-simulating integrator’s gain (or time con-
stant) determined by C’ must be the same whether you
express the inductor’s transfer function in terms of
inductive impedance or RC/op-amp voltage gain. In this
example, Ry=1(}, so C'=L.

Working in conjunction with the feedback capacitors
shown in Fig 13, a constant, «, sets integrator gain.
For an inductance simulator, the following expression
results: 1 _ 1 _ 1 _ o'f

Ls ReCs 1 C° s
L a'G o
Thus, o'=1/Lf,. Similarly, for a capacitance simulator,
the result is a=1/Cf,.

Additionally, if you want to scale the filter’s

frequency response so that it cuts off at f, rather than

V2 = Ig = V3 = Vi = 12R5-

Vs Vo
O

V,'=Roly

Fig 12—Modifying circuit values in terms of an arbitrary scaling resistance R, transforms Fig 11’s current nodes into voltage nodes.

-O >+ ) -O
Vi =Rl Nt Vo'=Rolo

Vi O—

V',

P

Fig 13—The switched-capacitor version of a leapfrog filter implements Fig 10’s Chebysheuv filter, substituting stages with primed
capacitors for inductors. (Arrows on switches indicate the alternating-phase relationship between adjacent stages.)
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Memories

"Dear Dr. Spark:
My semiconductor
mMemory is experi-
encing both upset
and failure from static
discharge and
occasional line
fransients. .."

“Dear Customer:
ESD is characterized by very fast rise
times (2,000 volts per nanosecond) and
peak voltages in excess of 20,000 volts.
MOS memories can be destroyed by
voltage transients as low as 10 volts. For
your application, | recommend our new
GMP series of TransZorb® voltage
suppressors which have been designed
specifically for VMOS, HMOS, NMOS
and CMOS memories. A new technical
data sheet is now available...”

4 GENERAL

SEMICONDUCTOR
%B(%ﬁ% INDUSTRIES, INC.

2001 West Tenth Place * P.0. Box 3078 * Tempe,
Arizona 85281 * 602-968-3101 « TWX 910-950-1942

TransZorb ® is a registered trademark of General Semiconducter Industries, Inc.

For more information, Circle No 120




When nobody’s got
just what you need in
Bubble Memories

PERMAG’ S
Got It!

In stock. Off-the-shelf. 24-hour
delivery. Grinding to your prints.
Engineering assistance. Fabricating
facilities. In addition, PERMAG has
exotic, exclusive hard-to-get items.
Complete facilities for measuring,
testing, and producing special
materials. 8 modern plants stocked,
staffed, and equipped to meet your
every requirement.

Write for new catalog.

IN THE MAGNETIC FIELD
PERMAG IS NO. 1.

YOUR NO. 1 SOURCE
FOR ALL MAGNETIC MATERIALS

Consult your Yellow Pages
./ foraddress and

telephone number

of Permag near you.

ALL ACROSS THE COUNTRY

For more information, Circle No 121

« for optical displays and readouts ¢ anti-reflection,
high contrast and resolution « mar and solvent re-
sistant « broadband neutral grays or narrow band
colors « available in standard stock sheets or
custom sized panels.

See for yourself...call or write for FREE sample.

PANGLGIAPHIC COrPOrarion

10 Henderson Drive ¢ West Caldwell, New Jersey 07006
Phone (201) 227-1500; TWX: 710-734-4367

For more information, Circle No 122
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Leapfrog filters let capacitors
simulate inductors in ICs

2m, s/2mwf, must replace s. And because inductive
impedance equals Ls, L/2wf, must replace all inductor
values, and C/2xf, all capacitor values. Combining this
frequency scaling with the values for a and o’ (for an
assumed 1-kHz cutoff and a 25-kHz sampling rate)
furnishes the following final values:

, 1 2af, 27 x 107

% T L, . T Lo 1.1468 x 25 x 10° 0;212
f,
2nf,
oy s il _ 2mfy, 27 X 103 .
T N = Tf 132 < x 1 0188
2nf, °
» = 27 x 10° E
% = 19750 x 25 x 107 0127
» 27 X 103 o
% = 713712 x 25 x 10° _ 0183
3
-k = 0.219.

1.1468 x 25 x 103
Leapfrog-ladder SC filters are currently employed in

| a wide variety of products, such as Intel’s 2920 PCM

filter, Silicon Systems’ DTMF telephone chip and
Reticon’s R5604/R5605/R5606 16-pin-DIP bandpass
filters.

To prevent excess phase lag, which can enhance the
filter’s Q, the switch phasing in Fig 13’s circuit
alternates between adjacent integrators. This proce-
dure decreases excess phase by creating a Y-period
phase lead in one integrator, followed by a Y.-period
phase lag in the next one. EDN
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Your miCroprocessor. .
our fixed hea
thermal printer

Whatever type of printer or printhead you require — numeric, alphanumeric
or printer/plotter — you can get it from Gulton in the configuration that suits
your application. And Gulton printers interface easily with your microproc-
essor or BCD data sources.

Gulton’s silent fixed head thermal printers free you from the problems
e A caused by ink systems, ribbon mechanisms, hammers and moving heads.
IHERN{-‘OL PRINTER TO o
R RO We make our own printheads . . . You can always count on Gulton
REETBLL L b L] Using thick film technology, our Hybrid Microcircuit Department makes
the printheads for all Gulton printers, as well as for various printing devices
made by other manufacturers. Our long life, highly reliable print heads are
glass impregnated for extreme durability (20 million lines of print), and our
thick film dots are less susceptible to thermal shock than either thin film or
silicon mesa.

Write or call for actual printouts and comprehensive literature. Gulton
Industries, Inc., Measurement & Control Systems Division, East Greenwich,
Rhode Island 02818. Phone (401) 884-6800. TWX: 710-387-1500.

Uy Uy Ly WL

For more information, Circle No 123
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THE SPORTY 5600C.
YOU DON'T HAVE TO TRADE PERFORMANCE
FOR PORTABILITY.

In the lab or on the move, the “C” gets around in a unique tricapstan drive lets you use 2 mil tape for up
hurry. Because it's the lightest and most compact in- to 25 hours of non-stop recording. The “C” also gives
strumentation recorder in its class. So if you're looking you choice of ac or dc power supply and up to 14
for a sensible alternative to those bulky, barely movable channels of record or reproduce capability.
“portables,” take a good look at the Honeywell 5600C. For complete details on the “C,” or other 5600
You won't have to look long to discover that the series portables, call Darrell Petersen at (303) 771-4700.
“C” offers much more than minimum size and weight. Or write for technical information and a free illustrated
Performance features like the adjustment-free tape brochure that describes all of our magnetic tape sys-
path and a broad bandwidth phase-lock tape servo are tems, oscillographic recorders and signal conditioning
standard on both intermediateband and wideband modules. Honeywell Test Instruments Division,
models. And the precise, gentle tape handling of our Box 5227, Denver, Colorado 80217.

WE'LL SHOW YOU A BETTER WAY.

For more information, Circle No 125
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PICK YOUR POWER SUPPLY
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AMPS. FROM INTERSIL.

RAIL-TO-RAIL.

The ICL7611 family of ultra-low power CMOS op-
erational amplifiers operates perfectly on a 1V
supply. A single battery for instance. They require a
fraction of the voltage of the bipolar OP AMPs
you're using now. Yet, output swing is within milli-
volts of the supply rails. And they operate from
+15V to £8V. Or, from a single +5V logic supply.
What you get is low voltage operation with usable
output swing.

LOW POWER.

If you’re looking for low power, Intersil’s delivering.
In CMOS OP AMPs. In fact a whole family. Many
with a unique quiescent current programming
pin which can be set for standby currents of 10uA,
100uA or ImA...with no external components.
What you get is ultra-low power consumption:
Down to 10uW. That means reduced power supply
and cooling requirements.

LOWEST INPUT CURRENT OP AMPs.

1pA (Typ.). That’s it. Compare that to the Industry
Standard BiFET’s 30pA requirement. High accu-
racy performance in high impedance applications.
1022() input impedance plus ultra-low noise current.

SINGLES. DUALS. TRIPLES. QUADS.

Right now, there are 11 versions in the ICL7611
family of CMOS operational amplifiers, including
types with extended input common mode voltage
ranges that go beyond both supply rails and others
with input voltage protection of up to *200V.
Internally and externally compensated versions are
also available. All have input currents of 1pA (Typ.).

TYPICAL PERFORMANCE.
@Vs;= x5V, 25°C

Vos 3mV

Iss 0.5pA

I 1pA

Ayo 100 db

CMRR 90 db

PSRR 88 db

Iq—Programmable 10uA |100uA | ImA | (per channel)
Slew Rate .016 [.16 1.6 V/us
Bandwidth .044 |.48 1.4 MHz

PICK YOUR SPECS.
Vos specifications down to 2mV MAX. Full mili-

tary temperature devices available (—55°C to
+125°C). Pinouts compatible with Industry Stan-
dard OP AMPs. And, prices that start at 75¢ @ 100
pieces for singles...$2.55 for quads.

MORE THAN CMOS: MAXCMOS."

The ICL7611 family of OP AMPS are manufac-
tured using Intersil’s proven MAXCMOS™ process.
A process that delivers ultra-low power operation.
That means ultra-cool performance that allows
high density packaging. You get maximum relia-
bility...from a proven process. And, you get to pick
your power supply.

INFORMATION FAST.

Proof not claims. From your Intersil Sales Office
or Franchised Distributor. Or, send us the coupon
below. We'll send you back complete information
on the MAXCMOS™OP AMPs that operate on =72V
to =8V supply...a single cell battery, for instance.
TM-MAXCMOS is a trademark of Intersil, Inc.

INTERSIL SALES OFFICES:
CALIFORNIA: Sunnyvale (408) 744-0618, LLong Beach
(213) 436-9261 « COLORADO: Aurora (303) 750-7004 « FLORIDA:
Fort Lauderdale (305) 772-4122 +« ILLINOIS: Hinsdale (312) 986-5303
* MASSACHUSETTS: Lexington (617) 861-6220 « MINNESOTA:
Minneapolis (612) 925-1844 « NEW JERSEY: Englewood Cliffs
(201) 567-5585 « OHIO: Dayton (513) 866-7328 « TEXAS: Dallas
(214) 387-0539 « CANADA: Brampton, Ontario (416) 457-1014

INTERSIL FRANCHISED DISTRIBUTORS:
Advent/Indiana ¢ Alliance Electronics ® Arrow Electronics * Bell
Industries * CESCO * Component Specialties Inc. * Components
Plus ¢ Diplomat Electronics Inc., (FLA) ¢ Diplomat Electronics
Inc., (N]) * Harvey Electronics * Intermark Electronics ¢ Kierulff
Electronics e LCOMP ¢ Parrott Electronics * R.A.E. Ind. Elect. Ltd.

* RESCO/Raleigh ¢ Schweber Electronics ®* Summit Distributors
Inc. * Wyle Distribution Group * Zentronics Ltd.

INMERSIL 7=

Analog Products— Linear Circuits

10710 No. Tantau Ave., Cupertino, CA 95014
(408) 996-5000 TWX: 910-338-0228

(800) 538-7930 (Outside California)

Gentlemen,
__Send me complete information on your
ICL7611 Family MAXCMOS™ OP AMPs.
_____While you're at it, send me your 20 x 24" Bertrand Russell poster.

Name

Company

Address

City

State Zip

EDN11579
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e dawm of a new generation
product performance.

A little over a year ago, Dow Corning and exceptional performance. %!

el

quietly changed the state-of-the-art of the elec- In almost any electronic product. Computers.

tronics industry.

Telecommunications equipment. Auto electronic

We changed it with a product so unique, so - devices. Almost anything.

totally outstanding, that it over-
shadowed all existing technology.
The product was Dow Corning 631
silicone/epoxy molding compound.
And it marked the dawn of a4 new
generation of product performance.
We looked at the advantages of
silicone. We looked at the advan-
tages of epoxy. And brought them

FFor the past year, almost every
major semiconductor manufacturer
i the country has heen testing
Dow Corning 631. And the initial
reports indicate that 631 1s every-
w25 thing we designed it to he: strong,
e compatible, reliable.
th + Experience the dawn of the

new generation of product perform-

together to make the world’s first successful ance for yourself. For more information about

silicone/epoxy molding compound.

what Dow Corning 631 silicone/cpoxy molding

Dow Corning 631 gives semiconductor compound can do for your products, write
device manufacturers the compatibility, moisture — Dow Corning

resistance, and case of molding of silicone, Corporation, DOW CORNING
coupled with the strength, strong lead seal, and Department

salt-spray resistance of epoxy. What it means to - D-8578, Midland,

semiconductor devices 1s unmatched

rehability Michigan 48640,

CCopynght Dow Cornmg Corporation 1979

For more information, Circle No 126
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Well-defined managerial policies
optimize R&D productivity—Part 1

The link between expert management and superior creativity cannot
be denied. These insightful guidelines ensure high-level R&D
productivity at every stage in the game.

Robert M Ranftl, Hughes Aircraft Co

Increases in standards of living originate from fields
with their foundations in technology—they are thus
direct results of organized research-and-development
efforts. Because technology has clearly become the
economy’s mainspring, improving the productivity of
technology-based organizations is the most important
challenge facing any professional, whether engaged in
management, research, applied technology or support.

This article—Part 1 of a 2-part series—identifies
useful techniques for optimizing productivity and
incorporates the results of an extensive study which
surveyed a broad range of participants in industry,
government and education (see box). Part 2, appearing
in the next issue of EDN, will focus on the problem of

technological obsolescence.

The nature of productivity

Excerpts from the study highlight a few of its major
findings:
- Productivity can be defined as the ratio of valuable
output to input, or the efficiency and effectiveness
with which resources—personnel, machines, ma-
terials, facilities, capital and time—are utilized to
produce a valuable output.
People, individually and in groups, primarily

‘ Copyright © 1979, Hughes Aircraft Co. Portions of this ‘
article include excerpts from R&D Productivity, copyright |

‘ © 1974 and 1978, Hughes Aircraft Co, Culver City, CA

| 90230.

PRODUCTIVITY WITHIN R&D ORGANIZATIONS

1. Ineffective planning, direction and control '

2. Overinflated organizational structures

3. Overstaffing

4. Insufficient management attention to productivity and to
the identification and elimination of counterproductive
factors within the organization

5. Poor internal communication

6. Inadequate technology exchange

7. Insufficient or ineffective investment in independent R&D
efforts

8. Poor psychological work environment

9. Lack of people-orientation in management — insufficient
attention to employee motivation

10. Misemployment
11. Ineffective structuring of assignments
12. Lack of effective performance appraisal and feedback

13. Insufficient attention to low producers

Fig 1—25 FACTORS MOST LIKELY TO CAUSE SERIOUS COUNTER-

14. Technological obsolescence

15. Ineffective reward systems which inadequately correlate
individual productivity and compensation

16. Lack of equitable parallel managerial and technical pro-
motion ladders

17. Lack of equity in operations

18. Ineffective customer interface

19. Ineffective engineering/production interface

20. Ineffective subcontractor/supplier interface and control

21. Operational overcomplexity — constrictive procedures
and red tape

22. Excessive organizational politics and gamesmanship
23. Excessive provincialism
24. Ineffective management development

25. Inadequate investment in, and lack of proper mainten-
ance of, capital facilities

EDN NOVEMBER 5, 1979
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Small productivity increases can
have a large impact on profits

of

The Hughes productivity study

In 1973, Hughes Aircraft Co initiated a productivity
study that to date has involved the active participation

59 organizations in industry, government and

education; the services of 28 consultants; surveys of
more than 2000 R&D managers; and an extensive
literature search.

The result, a book-type study report entitled R&D
Productivity—An Investigation of Ways to Evaluate
and Improve Productivity in Technology-Based
Organizations, was published in 1974 and was
reissued in a comprehensive 1978 second edition.
The report represents a consensus of the study
participants, the consultants and the authors
researched in the literature. It serves a broad
spectrum of managers at all levels—today’s manag-
ers as well as the managers of tomorrow. And
although the report focuses on the R&D community,
the majority of its findings apply to all types of
organizations.

determine the level of R&D productivity. Study
participants stressed the critical importance of the
work force’s caliber and the effectiveness with
which it is managed.

Personal productivity does not seem to correlate
significantly with IQ, excellence of education,
grades or courses taken since graduation. While
these factors might indicate a person’s aptitude
and potential, they do not in themselves appear to
indicate a person’s level of productivity. Rather,
most differences in performance can be attributed
to variations in attitudes and motivation.

The overall productivity of an R&D organization
depends heavily on its management personnel and
the top 5% of the technical staff—people who deal
largely in the realm of conceptual and innovative
ideas, provide critical judgments and make major
decisions. Study participants also recognized the
importance of high productivity by all other
personnel. They emphasized, though, that man-
agement and the top technical staff create the
climate and set the pace for effective operation;
their ideas, actions, standards and personal
examples affect productivity throughout the
organization.

Productivity improvement is there for the asking
After determining the nature and origin of productiv-

Fig
MOST LIKELY TO LEAD TO HIGH PRODUCTIVITY

1L

10.

2 — 20 R&D MANAGERIAL OBJECTIVES

Establish high performance standards and promote per-
sonnel and product excellence.

. Determine what objectives to pursue, based on a

thorough knowledge of the technology, market, competi-
tion and available resources.

. Optimize the use of all available resources; be alert for

unused and underutilized resources—particularly strive
for total involvement of the entire work force.

. Develop a sense of entrepreneurship throughout the or-

ganization, ensuring that everyone is performance
oriented.

. Delegate authority, responsibility, decision making, con-

trol and accountability as far down the organization as is
practical.

.Manage time effectively by setting priorities and

deadlines and by stopping nonproductive efforts as soon
as possible.

. Invest in future technology through sound basic and ap-

plied research and development programs.

. Be open minded and imaginative, quick to see the poten-

tial of new concepts and ideas.

. Encourage technological innovation and the use of the

latest technological aids.

Keep the:-organization ‘“tuned up”; always search for

more productive ways of doing things.

11. Be alert for and correct counterproductive factors within
the organization.

12. Apply work elimination, simplification and standardiza-
tion techniques wherever appropriate.

13. Strive for preventive rather than corrective action.

14. Encourage an effective working relationship between
R&D and all other related company and customer ac-
tivities.

15. Assure that no individual or facet of the organization gets
shortchanged or overemphasized.

16. Minimize organization politics and gamesmanship —
avoid the connotation of “insiders’” and “outsiders.”

17. Encourage healthy competition between groups or with
other organizations, but minimize competition within any
one particular R&D work group.

18. Maintain effective, equitable compensation and promo-
tion policies.

19. Review regularly the need and justification for overhead
and capital expenditures, keeping both in line with effi-
cient operating practices.

20. Critique past performance—Ilearn from both successes
and mistakes of earlier R&D efforts.
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1

. Make a genuine effort to understand subordinates; know

their strengths and weaknesses, their primary sources of
motivation and their career goals.

. Effectively integrate the abilities of all individuals within

the organization.

11.

12.

3 — 20 EFFECTIVE SUPERVISORY TECHNIQUES
ST LIKELY TO LEAD TO HIGH PRODUCTIVITY

Provide feedback on performance; recognize and reward
achievement; cite mistakes fairly and tactfully.

Make a special effort to help subordinates who are defi-
cient in certain aspects of their jobs.

13. Represent equitably all subordinates and their work to
3. Match individuals to the jobs for which they are best higher management — whenever possible, have the per-
suited. son who originated a unique idea or did an outstanding
job be the one to brief management.
4. Involve subordinates in planning, goal setting and deci-

10.

sions that affect them.

. Let employees demonstrate their capabilities and grow

professionally; help subordinates prepare themselves for
jobs to which they aspire.

Manage by expectation; set high standards and high ex-
pectations and encourage subordinates to achieve them.

. Keep subordinates fully but not excessively loaded with

work.

Maintain light pressure on subordinates to produce. (This
must be done skillfully — mild pressure properly applied
can stimulate productivity, but excessive pressure can
easily become counterproductive.)

Avoid (1) treating all tasks as maximum efforts or special
cases, (2) rush and overtime followed by delay and (3) sur-
prises and unexplained changes.

Be available to subordinates through an open-door
policy.

14.

15.

16.

17.

18.

19.

20.

Be sensitive to factors that cause employee dissatisfac-
tion and frustration; get to the root of such factors and
resolve conflicts in a timely manner.

Serve as a buffer to protect subordinates from many of
the daily administrative and operational frustrations.

Maintain an effective flow of 2-way communication.

Serve as a catalyst to ensure effective technology ex-
change within the organization.

Keep employees informed of the broader aspects of com-
pany operations.

Encourage team-building, but be careful not to create pro-
vincialism.

Avoid imposing personal standards on subordinates and
“oversupervising”

Fig 4 — USING MANAGERS’ TIME AND ENERGY EFFECTIVELY

* Plan and budget time and energy effectivély — optimize each situation.

* Review pending tasks and problems daily — establish priorities and time limits.

* Ration time and attention in proportion to the importance and urgency of each task — don’t waste time on unimportant

matters.

* Reserve periods of peak energy for the most important, creative and difficult tasks.

* Tackle each task separately and freshly.

¢ Focus attention on the task at hand — avoid preoccupation with other matters.

* Conserve time and energy. Group work into optimal time/energy packages and don’t try to do more than can be done well.
* Don’t vacillate. Be self-starting and take the first step.
* Exercise keen objectivity. Identify and concentrate on the key factors involved.

* Don’t exceed your effective attention span. Know when to change pace to stop before fatigue sets in. Learn to make effec-
tive use of “minibreaks.”

* Avoid extremes of operation.

¢ Introduce variety into monotonous work.

* Check for unnecessary energy loss resulting from faulty personal-habit patterns.

* |dentify and effectively utilize your unique sources and patterns of energy renewal.

* Delegate responsibility by relying on subordinates.

EDN NOVEMBER 5, 1979 17




Management must seek out those
with leadership potential

ity, the study focused on methods of improving an
organization’s output level.

Profitable organizations as well as unprofitable ones,
and in good times as well as bad, warrant productivity
improvement. Significant, untapped and underutilized
resources exist in every organization and every
individual—all have the potential for improvement, but
few capitalize on this unused potential. Even seemingly
small individual achievements contribute to significant-
ly increased productivity, and a relatively small
increase in overall organizational productivity can have
a considerable impact on a company’s profits.

The study also pointed out that an organization can
deal constructively with counterproductivity by identi-
fying and remedying counterproductive factors within
its structure. Fig 1 lists 25 factors most likely to cause
serious counterproductivity within R&D organizations.

Improving managerial output

Skilled, responsible management and superior pro-
ductivity go hand in hand. Because industry is now
entering a demanding era requiring greater profession-
alism in management, tomorrow’s R&D manager, in
addition to being technically qualified, must be a
respected, people-oriented leader trained in the latest
techniques of behavioral science and sound business

practices.

The approaches taken and the techniques practiced
by management provide tremendous potential for
either stimulating or depressing productivity. Manage-
ment’s attitudes, actions and personal examples
pervade an organization and directly affect employee
attitudes, motivation and actions. Because emplpyees
take their cues from management and respond to the
perceived reward system, management must clearly
convey its positive feelings toward the importance of
productivity, its strong desire to see active
productivity-improvement efforts throughout the orga-
nization and its intention to equitably reward increased
productivity.

Management must also create a proper climate for
high productivity—an open professional climate where
high standards prevail and people can be themselves.
Managers should also emphasize effective communica-
tion and technology exchange and minimize politics and
gamesmanship.

Tips on directing the work force

While the approaches taken by management have a
great impact on productivity, any given management
technique cannot be expected to stimulate all employ-
ees or apply to all situations in the same manner.
Therefore, productive managers must exercise acute
awareness and perception, continually picking up and
interpreting cues and tailoring their approaches and
techniques to varying situations.

But the study participants did identify 20 specific

segments more readily lend themselves to solution.)

material.

* Formulate possible solutions.

e Assess risks and consequences.
more than one choice will work equally well.)

propriate.

Fig 5 — SOLVING PROBLEMS AND MAKING DECISIONS

e Anticipate problems whenever possible. Head off problems with preventive action before they fully materialize.

¢ Get into the habit of solving problems and making decisions. Avoid indecision, vacillation, procrastination and rationaliza-
tion. (One important note: Don’t handle problems or make decisions when tired, preoccupied or irritated.)

* Give problems and decisions priority in accordance with their importance.
¢ Define the problem, strip it of all unnecessary elements and distill it down to its simplest terms.

* Subdivide particularly difficult problems, when appropriate, into related segments. (Often by solving one segment, the other
. Get all the facts — discard irrelevant material, eliminate biases and challenge assumptions — then correlate all relevant

* Analyze material carefully — draw affected people into the decision process. (People who share in a decision, even an un-
popular one, are more likely to be committed to its success than if they had no part in it.)

* Incubate and set a time limit. Decide as promptly as possible but avoid premature decisions. (Remember that frequently
* Plan implementing action clearly and effectively — consider the need for contingency plans and develop them as ap-

e Take timely action and foliow up, taking corrective action as necessary.

* Accept responsibility for each decision and its consequences.
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management objectives that lead, in their experience,
to high productivity (Fig 2).

Study results stress that to supervise effectively,
managers must exhibit a genuine interest in
employees—interest supported by attention to and
concern for them and their work. When employees feel
that managers respect their abilities and that proper
recognition and reward will accompany their efforts,
they will usually perform effectively and measure up to
management’s expectations. In this regard, Fig 3
provides a list of 20 supervisory techniques that would
most likely lead to high productivity.

Cultivating leadership potential

Managers who rate high as leaders are particularly
effective at improving productivity. Leaders elicit
strong positive emotional reactions, and people tend to
fulfill their needs and grow under effective leadership.
However, while you can easily recognize leadership,
defining the quality poses a problem. No two leadership
styles are the same; each style is—and should
remain—unique to each individual. Furthermore, a
good leader in one situation might not necessarily be a
good leader in a different one. Also, while the type of
leader required depends specifically on the type of
group to be led, even the same group might require a

different kind of leadership at different times in its
evolution.

Most managers possess some leadership ability, but
unfortunately, very few make outstanding leaders. And
although much attention has focused on developing
leaders, the study showed little support for the concept
of providing specialized training in leadership as an
entity in itself. Rather, development of a true leader
evolves from a lifelong process heavily influenced by
early childhood environment. However, while an
organization cannot create leadership, it can prove .
catalytic in enhancing leadership potential.

A point particularly emphasized in the study pertains
to this self-development process: Top management
must select for advancement to key managerial
positions those who show leadership promise, and it
must provide the appropriate climate, opportunity,
challenge and incentive for those individuals to further
develop their leadership abilities.

Use managerial skills to direct the design process

Successful guidance of the design process also yields
high productivity. To help ensure design effectiveness,
study participants indicated that management should:

Define a preliminary design, stress simplicity and
evaluate alternate approaches and tradeoffs

Fig 6 — CONDUCTING PRODUCTIVE MEETINGS

conversations would be more appropriate.

enough to ensure adequate and timely action.

agenda items.

e Select a convenient time and location for each meeting.

ceed 2 hrs.)

attendees.

preaching.

* Maintain the proper pace. Keep the meeting on schedule.

discussion or move on to the next subject.

dates for action items — close on an encouraging note.
® Evaluate the meeting soon after it has been held.
* Concisely document the meeting when appropriate.

* Follow up on all assigned actions.

* Ensure that meetings have useful content. Avoid holding meetings when they are unnecessary and determine if individual
* Make meetings timely — hold them promptly after receipt of important information or request for decision, and always soon

* Keep meetings as small in size as practical. Select only attendees who are directly involved and able to deal effectively with

* Berealistic about meeting length — end meetings before fatigue setsin. (Try to limit meetings to 1 hr,and generally never ex-

 Inform participants in advance about the purpose, agenda and objectives of the meeting so they can come prepared.

* Open the meeting with effective introductory remarks. Introduce members, ease tensions and encourage participation by all

e Establish and maintain an open, unstructured climate conducive to a genuine and uninhibited exchange of ideas.

* Keep the meeting in perspective. Focus on objectives and control “hidden agendas.” Avoid pressuring, criticizing and

* Pause atintervals torelate ideas and integrate the discussion up to that point (interim summaries), then proceed with further

* Summarize at the end of the meeting — state conclusions, recommendations and actions — assign responsibility and due
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Make sure employees’ jobs and
skills complement one another

Strike a balance between encouraging the use of
proven, reliable designs and components on the
one hand, and stimulating creativity and innova-
tion on the other

Meet requirements in each initial design, thus
minimizing costly redesign, manufacturing “fixes”
and retrofits

Avoid overdesign by knowing when to stop a
design effort and when a design can’t “win”; drop
marginal design efforts after a fair trial

Consider parallel design approaches when time is
critical or technical risk is high

Use design-review techniques (EDN, April 20,
1978, pgs 91-95) at various key points in the
complete design cycle (include software as well as
hardware items)

Design quality, reliability and safety into products
Assure effective application of cost-reduction
principles throughout the design process, with
particular emphasis on the early phases, where
the potential payoff is greatest

Make sure designs take full advantage of the
manufacturing organization’s capabilities

Send engineers into the field to become aware of
the environment in which their designs must
function, observe their completed designs in use
and experience customer reaction first-hand
Have design corrections/improvements made by
those who initiated the original design

Critique design performance; compile a “good
things/bad things” report upon completion of a
design effort.

Among the more important—but often taken for
granted—factors affecting managers’ productivity are
the personal skills they apply in everyday operations.
The manager’s personal contributions directly affect
the productivity of subordinates.

Figs 4 through 7 describe many specific recommen-
dations for improving productivity by increasing a
manager’s skills. Because these recommendations
reflect the consensus of a broad spectrum of managerial
personnel, they serve as checklists for managers
concerned with improving the productivity of their own
everyday activities.

The key to improving employee productivity

An integrated staff performance almost entirely
determines the output of an R&D organization. The
study attributed most differences in performance to
variations in employee attitudes and motivation.
Therefore, management should be aware of and

Fig 7 — MAKING EFFECTIVE PRESENTATIONS

* Establish your objectives. Clearly identify what you want your audience to know, why you want them to know it and what you

want them to do about it.

e Know your subject thoroughly.

e Learnas much as possible about your audience in advance. Relate your material directly to them. Speak in their “‘language”
and try to anticipate their interests, concerns and questions.

* Prepare an outiine to objectively keep your thoughts in planned, logical sequence.

* Don’t try to cover more material than you have time for.

e Use simple visual aids.

* Be natural and sincere. Don’t read or memorize mateial — speak conversationally, as if you're speaking individually to each
person in the audience. Slowly scan the audience, developing eye contact with individual listeners.

e Start with an “attention-getter’” that leads into the subsequent material. (If an anecdote, ensure that it's relevant to the sub-
ject and in good taste.)

e Exhibit confidence. Be enthusiastic about your subject and eager to share it with the audience.
e Tell your audience briefly what you're going to say, say it and then briefly summarize what you've said.
e Change your pace — vary delivery rate, pitch and volume.

* Ensure that the audience absorbs what you're saying, but don’t let the presentation drag. Pause briefly after each key point
to let it register.

e End with a strong “bottom line” — it’s the last and most important chance to get your message across.
* Close on a positive note.

* Distribute any reading material after the presentation, so it will not compete for attention while you are speaking. (Such
material, when appropriate, can provide a lasting and accurate transcript or summary of the presentation.)
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THAT ENHANCE PRODUCTIVITY

1.Provide assignments that lead; through successful com-
pletion, to a feeling of accomplishment and a sense of con-
tributing/belonging.

2.Ensure that assignments are pertinent to the
organization’s overall objectives and have management’s
active interest and support.

3.Assign work in keeping with individual capabilities and in-
terests. Avoid misemployment. Don’t get employees in
over their heads.

4.Ensure that assignments make effective use of em-
ployees’ skills and talents while at the same time affording
them an opportunity to develop new skills and grow.

5.Keep assignments in scope. Avoid too many simultaneous
tasks.

6.Keep assignments from being overspecialized. Jobs
should not be divided too finely.

7.Ensure that assignments are clearly defined and involve
specific responsibility; avoid open-ended assignments
whenever possible.

8.Focus on end results (technical performance, costs and
schedules), giving employees as much freedom and oppor-
tunity for work planning and decision making as possible.

9.Make schedules tight but realistic; permit adequate time
to do the job effectively.

10. Provide employees with the necessary resources to do the
job effectively.

11.Use the most capable people for the most critical jobs.
(This does not mean continually using the same tried and

Fig 8 — 20 EFFECTIVE JOB-ASSIGNMENT PRACTICES

proven employees; capable but untried people must be
given a chance. This is the only way junior employees can
develop.)

12.Provide particularly creative people with highly challeng-
ing job assignments, minimizing boring, repetitive and
trivial tasks.

13.Minimize the amount of nonengineering work done by
engineers.

14.Strive for equity of workload among employees; don’t
overload good people just because they ‘“always come
through.”

15.Consider special assignments for key people in addition to
their primary responsibilities; e g, identify them as con-
sultants in specialized areas in addition to their normal
work.

16.Change or expand employee assignments periodically;
don’t destroy capable people by trapping them in “in-
dispensable” functions that lead nowhere.

17.Minimize loans of employees to other organizations. This
is usually an unsatisfying arrangement for an employee.

18.Establish work teams of people who are particularly pro-
ductive when working together. (Selection of personnel
whose backgrounds differ widely often enhances cross-
fertilization of ideas and has a synergistic effect.)

19.Maintain an adequate backlog of work. The productivity of
people waiting for new assignments is usually relatively
low, and existing projects tend to overrun if there are no
new assignments in sight.

20.Provide job security consistent with an employee’s job per-
formance.

understand these attitudes and be instrumental in
creating an environment that maximizes each employ-
ee’s motivation level—a task that requires strong
“people orientation” on the part of management.
Management should thus make a genuine effort to
understand subordinates—to know their strengths and
weaknesses, their primary source of motivation and
their career goals and thereby ensure that each person
finds his optimum job.

During the completion of tasks, employees must be
aware of management’s expectations. Lack of sufficient
direction and definition when assigning work often
results in gross inefficiencies and wasted effort.
Furthermore, care should be taken not to fragment
responsibility; people usually produce more when they
are responsible for a total, clearly identifiable task.

Subsequently, employees should be allowed to plan
their own work—an approach that gives them a vested
interest in the job and a strong incentive to meet their
own commitments. Within broad but practical limits,
managers should permit employees to do the job their
own way.

EDN NOVEMBER 5, 1979

In this regard, management should avoid reassigning
a person part of the way through an effort unless
absolutely necessary. This practice not only demo-
tivates an individual, but a replacement might require
considerable time to become familiar with the assign-
ment, usually resulting in a period of decreased
productivity. Fig 8 highlights 20 practices for enhanc-
ing the productivity of job assignments.

The role of misemployment

Misemployment, a prevalent and frequently over-
looked problem, plays a large part in reduced
productivity. Many employees who are underproduc-
tive in their present jobs could be more useful in other
positions. In some cases, employees might simply be
assigned the wrong tasks. In others, employees might
actually be in the wrong type of work altogether. Still
other employees might be overqualified for their jobs.

“Moderate misemployment,” the most common
misemployment problem, causes the greatest drain on
overall productivity. In this case, employees perform
satisfactorily but don’t feel “turned on” by the job.
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Shigma, Inc. manufactures and markets a
complete line of Shigmaohm deposited carbon

F“EE I film resistors for the electronics

industry. They are perfor-

mance proven in the field and

available now in bulk pack,

taped and reel, and card

AL

& specifications brochure.
800/323-0315
SH'GMA(OUtSldeIIImOIS)
INIC.

pack. Delivery is fast.
80 Martin Lane 312/640-8640

toll-free for our Shigmaohm

The price is right. Call
Elk Grove Village, IL 60007 Telex: 287-431

For more information, Circle No 127

The key factor is design excellence and value engineering.
Series 2000 miniature controls cost less, yet offer more.

@ Widest variety of styles and functions: pushbuttons,
mushrooms, selectors, keylocks and pilot lights.

Series
2000)|

Ask for free
literature

@ Best selection of contact sequencing options.
® Time-saving patented SNAP-BLOC assembly.
@ Space-saving design, 7/8"" diameter bushings.
® U.L., C.S.A. ratings up to 600 VAC.

® Prompt delivery.

ALC

Tel: (617) 6854371

ELECTRONIC PRODUCTS, INC.

A SUBSIDIARY OF

| Author’s biography

| to his technical-management

1551 OSGOOD ST.. NO. ANDOVER, MA. 01845 USA AUGAI
TWX: 710 342-0552 INC.

For more information, Circle No 128
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Parallel ladders prevent
employee stagnation

Thus, such employees work far below their potential

| productivity level, viewing the work merely as “a job

with a paycheck” rather than as a challenging segment
of an exciting and rewarding career. Frequently, only
an appropriate change in assignment will reverse this
condition. Constant vigilance by management to place
employees in the right jobs should alleviate this hazard.

Most organizations that participated in the produc-
tivity study use parallel managerial and technical
ladders of advancement. The presence of a technical
ladder helps prevent scientists and engineers who are
outstanding in the technical field from being needlessly
drawn into management, where their performance
might prove poor and their careers be eventually
imperiled—a classic case of misemployment (EDN,
October 20, pg 55). Several observations define the

1mportance of parallel ladders:

Parallel ladders can and should be developed for
all specialty fields (e g, marketing, contracts,

finance, materiel, manufacturing and support), not
just for the scientific areas.

Parallel ladders within any given field should have
similar salary scales, benefits and status symbols.
Except at the very top, each ladder should contain
the same number of rungs.

To preclude premature selection of a career
ladder, the first level or two of parallel ladders can
be merged, converting the ladders’ advancement
path into a Y-shaped structure.

Often, parallel ladders are not properly empha-
sized or implemented.

The parallel scientific ladder of advancement
should never be used as a “burial ground” for
individuals who do not perform adequately in
managerial positions. EDN

Robert M Ranftl, a member of
| Hughes Aircraft R&D man-
agement for the past 26 yrs,
works as Corporate Director of
| Engineering/Design Manage-
ment. He holds an EE degree
from the University of Michi-
gan and has pursued exten-
sive graduate studies in man-
agement at UCLA. In addition

responsibilities, Mr  Ranftl

heads Hughes’ productivity studies and is responsible for '

stimulating productivity-improvement efforts within the

company. As part of this activity, he has spent more than

| 1000 hrs teaching voluntary, after-hours courses in
personal, managerial and operational productivity to ‘

members of Hughes management |

Article Interest Quotient (Clrcle One)
High 476 Medium 477 Low 478
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New Military Intelligence

Here'sthe G-2 for systems designers on all three
of Intel’s advanced military microprocessors.

It’s no secret that Intel invented  faster processing than the M8080A s ideal. It gives you CPU, RAM,

the microprocessor. Or that our with 66% fewer components in ROM and I/O ports all on a single

8080A was the first microprocessor  a basic system. For a complete high chip. For prototyping, you can

to receive JAN approval. Today, performance 5V military micro- even use our user-programmable

Intel offers a broader range of processor system, build with our M8748 EPROM version of the

military microprocessors than any ~ M8155 256-byte RAM with M8048. A companion single-chip

other supplier. I/O and timer, our M8212 8-bit microcomputer, the M8035L,
MB8080A, M8085A and M8048  I/O port and M2716 EPROM. gives you M8048 performance

are mil-spec versions of three using external memory.

proven, industry standard 8-bit First military computer-on-

microprocessors. They’re part of a-chip: our M8048 Our military support strategy

Intel’s plan to continue upgrading For designers developing military We support our three military

the world’s highest performance controller solutions, Intel’s new microprocessors with a full range of

LSI microcircuits to military 8-bit M8048 microcomputer mil-spec RAMs, EPROMs, bipolar

standards. PROMs and peripherals. All are

processed to full level B require-
Strength in numbers with ments of MIL-STD-883B, Method
JAN-approved 8080A 5004 and quality conformance

procedures of Method 5005. To
ensure a smooth, cost-effective
design, use our Intellec® Develop-
ment System for both hardware
and software development.

For more information on Intel’s
complete family of military

~ microprocessor devices, con-
. tact your local Intel dis-
tributor or write Intel
Corporation, 3065

_ Bowers Avenue,

L\ Santa Clara, CA
95051. Or call
(408) 987-8080.

delivers.

Europe: Intel International, Brussels, Belgium. Japan:

Intel Japan, Tokyo. United States and Canadian distributors:
Arrow Electronics, Alliance, Almac/Stroum, Component
Specialties, Cramer, Hamilton/Avnet, Harvey, Industrial
Components, Pioneer, Wyle/Elmar, Wyle/Liberty, L.A.Varah
and Zentronics.

When you’re designing with
advanced LSI technology, there’s
strength in numbers—and
experience. Our 8080A
is a good example. It’s
the most widely used
microprocessor ever. And
best supported by hardware
and software. No wonder its
military equivalent was the
first QPL Part I listed micro-
processor (M38510/42001BQB).
We've already delivered thousands
to military users.

For even higher performance:
MB8085A

Our M8085A is the world’s
highest performing military 8-bit
microprocessor. [t gives you 50%

Circle no 27 for information.




The Centigrid:
You're making it
the next industry standard

When we first introduced the Centigrid® we called it The Relay
of Tomorrow. But you liked it too well to wait . . . the ultra-low
profile; the terminal spacing that permitted direct pe board
mounting ; the same low coil power and excellent RF switching
characteristics as the TO-5. You began putting it into your
new designs immediately. And you’ve never stopped.

Then, early in 1978, we introduced a companion relay: the
sensitive Centigrid II, designed for applications requiring ultra-

~ low power dissipation. The can was just a tad taller, but it
still took up only .14 sq. in. of board space. And it still offered the
same TO-5 proven reliability. You took to it almost as fast as
the original Centigrid.

Now that both Centigrid relays are qualified to levels “L” and
“M” of MIL-R-39016 (including internal diode suppressed
versions) they are fast becoming industry standards. If you’d
like complete specification data on either or both, call or
write us today.

“/ TELEDYNE RELAYS

12525 Daphne Avenue, Hawthorne, California 90250 « (213) 777-0077
U.K. Sales Office: Heathrow House, Bath Rd. MX, TW5 9QQ « 01-897-2501
European Hqtrs.: Abraham Lincoln Strasse 38-42 « 62 Wiesbaden, W. Germany « 6121-700811
For more information, Circle No 129




What’s different about

this low priced pressure
transducellz is that we make
thousands just like it.

125PC solid state pressure transducer.
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MEMORY TEST SYSTEMS

TESWUR

MACRODATA| XINCOM
M-1 5582

TERADYNE
J-387A

Static RAMs?

Which systems demonstrate true 25-MHz test capability,
including state- of-the-art features to test 64K Dynamic and 2147-type

industry-standard computer?

Which system is the complete stand-alone system incorporating an

Which system was designed new from the ground up to represent
the leading edge of technology, not the trailing edge of product life?

without the need for special jigs or fixtures?

Which system offers fully automatic software calibration (Auto-Cal)

guardbands while maximizing product yield?

Which system’s overall performance allows you to minimize test

Which system provides hybridized comparators with I/0 switching
for timing measurements at the device end of cable?

the waveform and not just at the midpoint?

Which system guarantees address/data skew over 20% to 80% of

to guarantee system performance?

Which system is best designed for maintenance by card replace-
ment without the need for time-consuming manual pot adjustments

O 0 NOU A WN -

handlers or wafer probers?

Which system provides separate interfaces, each optimized for

Which system is offered by the company who has introduced the
lo first system into every new test speed category from 2 MHz to

5 MHz to 10 MHz to 25 MHz?

Scoring: Give yourself 10 points for each correct answer.
A score of 80 or more means a very high E.Q. 70 to 80 is
above average, 60 is average. And below 60 means you
need more information in order to wisely specify or pur-
chase a Memory Test System today.

Answers: You may have checked more than one column
on two questions. For the other 8 questions, all your checks
should have been exclusively in Column 1, because only
the new Macrodata M-1 Memory Test System has it all.

MACRODATA

*Evaluation Quotient

Whether your E.Q. is high or low, if you are involved with
testing memories, why not send for our eight-page Macro-
data M-1 brochure. It is complete with all the data on the
industry’s most advanced memory device tester. We will
be glad to send you technical literature on our MD-207
Memory Board Tester as well. (After all, Macrodata is the
Memory Test Company.) Just circle the appropriate Reader
Service Number below, or write or call. Macrodata, P.O. Box
1900, Woodland Hills, CA 91365, Phone: (213) 887-5550,
Telex: 69-8489.

er CUTLER-HAMMER COMPANY

THE MEMORY TEST COMPANY

For more information, Circle No 130

126

EDN NOVEMBER 5, 1979




Magnetic-tape drives
meet many storage needs

Tape-drive technology is alive and well. Indeed, the development of
high-performance, low-cost drives bodes well
for tape makers and users alike.

Bill Barton and Marty Gray, Cipher Data Products Inc

Despite predictions of magnetic-tape technology’s
demise a decade ago, it’s still thriving; recent
predictions peg the growth of tape use at 20 to 50% per
year over the next few years. The need for large-
capacity memory for disc backup, along with the recent
introduction of low-cost, high-performance tape drives,
continues to make tape technology a viable data-
storage alternative.

Use tape for high reliability

What types of systems require a tape drive? Those
that call for high data capacity, high reliability and low
storage-medium cost. A 10%-in. reel of tape stores up
to 40M bytes of data and costs about $9: Recording with
the phase-encoding (PE) method stores about 3M bytes
to the dollar, while with the more sophisticated
group-code-recording (GCR) method, this figure im-
proves to 10M bytes per dollar. Compare these values
with those of discs (about 0.25M bytes per dollar), and
it’s clear that for archival requirements exceeding 10°
bytes, tape is the most cost-effective storage method.

However, keep in mind that the low cost of the
medium in tape systems must be weighed against
rather substantial initial hardware costs; most high-
speed vacuum-column drives utilizing PE cost about
$4000. This high cost results from the complexity of
tape-drive design: A typical tape drive requires a
capstan servo, two tape-reel buffering servos and nine
tracks of read and write electronics, compared with one

servo system, one channel and serial read/write
electronics in a disc drive.

Some of the new tape systems designed specifically
for high-speed data-dump applications eliminate some
of this high-cost hardware. These systems don’t have
stop-on-a-record capability, thereby eliminating the
costly tape buffering needed for fast stops and starts.
Such “streaming” tape drives typically sell for less than
$2000 including PE formatting electronics—a very
attractive price for the small-systems designer.

Even if you need stop-on-a-record capability and
therefore must use a traditional tape drive, you will
find that its hardware cost usually becomes insignifi-
cant when compared with the resulting storage-
medium savings. With a standard tape drive, for
instance, it costs only $10 to back up 50M bytes of main
memory; performing this function on disc costs more
than $400.

Also keep in mind tape’s ultrareliability. As Fig 1
shows, the average reliability spec for tape is one hard
error in 10", and with GCR this number becomes a
remarkable 1 in 10, In real life, this statistic means
one unrecoverable read error in more than 500 reels of
tape; i e,'tape just doesn’t generate errors. Among
competitive technologies, only Winchester dises can
match this error rate—and that’s on a nonremovable
medium. (Cartridge tape is by specification 100 times
less reliable than Y2-in. tape.)

Tape employs standard formats
You'll also like the high degree of format standardiza-

*7 IN.= "% CAPACITY
8% IN.=1%2 CAPACITY

TAPE-SYSTEM TAPE DATA CAPABILITY DATA | | acousTic | FORMATTED
TYPE SPEED (IPS) | POWER (W) (10.5-IN. REEL)* RELIABILITY |  MTBF (HRS) L NOISE cosT
TENSION ARM | 125 | 250 800-BPI: 20M BYTES 109 ‘ 3000
TO T0 1600-BPI: 40M BYTES 101 T0 Low $3000
45 500 6250-BPI: 156M BYTES 101 | 6000
VACUUM COLUMN | 45 300 | 800-BPI: 20M BYTES 100 2000 MED
T0 70 1600-BPI: 40M BYTES | 101 1 T0 TO $4000
‘ 125 2000 6250-BPI: 156M BYTES | 101 \ 5000 HIGH
STREAMING [ 125 200 NO 800-BPI AVAIL ‘ l
T0 10 1600-BPI: 40M BYTES 1010 ‘ 7000 . Low $2000
‘ 125 400 ‘ ;

Figr 1—Although they’re the most cost-effective drives, streaming-type units do not have stop-on-a-record capability.
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Tape excels in achieving
high reliability

tion found in tape systems. Virtually all -in. tape on
the market is recorded in ANSI- and IBM-compatible
formats at 800 bits per inch (bpi) per track in
nonreturn-to-zero-inverted (NRZI) encoding, at 1600
bpi in phase encoding or at 6250 bpi in GCR encoding.
Even tapes recorded on the new streaming tape drives
can be read on standard vacuum-column or tension-arm
drives. This standardization gives Y2-in. tape an added
benefit over competitive technologies such as cartridge
tape.

Of course, tape does present a major disadvantage.
Compared with disc systems, whose access times are
measured in milliseconds, tape can have random-access
times measured in minutes. But for large-scale
sequential access, such as sorted-file merges and
transactional backup, tape can actually improve
throughput by avoiding the latency and seek delays
experienced in disc systems.

Fig 2 illustrates this point by listing the relative
access times of floppy dise, hard disc and two types of
tape systems for three operations. (The times indicated
are probable; they depend greatly on such factors as

TIME (SEC) REQUIRED FOR

100k-BYTE |1M-BYTE | TWO-FILE-SORTED
SYSTEM TYPE FILE COPY| COPY | 1M-BYTE MERGE
FLOPPY DISC* 10 100 200
25-1PS TAPE* (1600 BPI) 5 50 50
125-IPS TAPE* (1600 BPI) 1 10 10
HARD DISC** 0.5 5 50
NOTES

*TWO-DRIVE SYSTEM EXCEPT 3-DRIVE IN MERGE OPERATION
**SINGLE 50M-BYTE DISC.

Fig 2—Tape drives aren’t as slow as you might think. A
comparison of access times for various operations shows
that for large-scale sequential access, such as sorted-file
merges, tape drives can actually exhibit better throughput
than hard discs.

CPU architecture, operating-system design and buffer
design.)Fig 3 summarizes the strengths and weaknesses
of tape compared with other storage technologies.

Consider the tape alternatives

There are two major types of tape drives—tension
“(or servo)-arm systems and vacuum-column units.

(Streaming tape drives form a subcategory because
they have a tension-arm design but handle tape
differently than the traditional tension-arm units.) But
whatever the technology, tension arms and vacuum
columns in a tape drive both serve the same purpose:
They store an initial length of tape, which the system
reads or writes while the high-inertia reel (which holds
the main body of tape) accelerates to speed.

Tension arms are mechanical buffering devices.
Besides low cost and quiet operation, they exhibit high
immunity to airborne dust particles. You'll find tension
arms in all standard tape drives that operate at up to 45
ips. If you require stop-on-a-record capability at speeds
greater than 45 ips, though, vacuum-column drives
serve your needs. Also, a vacuum column can easily
store longer lengths of tape than a tension arm—with a
minimum amount of inertia.

Consider the tape path in a tape drive as a
spring/mass system (Fig 4). The capstan acts as an
excitor driving the spring (tape) and mass (tension arm
or vacuum column) into resonance. Tape acceleration to
45 ips corresponds to a reasonable 13.6 times the force
of gravity. But acceleration to 125 ips corresponds to
108g. In addition, a tension arm with a mass of 0.4 oz
increases the tape tension during a 45-ips start by 1.36
oz. And a 125-ips start with the same 0.4-o0z tension
arm would result in an increase of 10.4 oz, or 130%—a
totally unacceptable strain on the tape. Vacuum-column
drives, however, when properly designed, relieve this
strain on the tape.

Streaming tape drives (IBM 8809, Cipher Micro-
streamer), operate on a tension-arm principle but
achieve 100-ips speed. These drives need not stop and
start in the tape’s interrecord gap (IRG), as a standard

& f < 2
N )
. 3 & e/ £ /85
& o ~“S ) vq_‘u
<} & S X &Q‘_‘I 45\
s Lo ef / £ S
X S 2L /) S O
O & §S O S
g8/ & /S« / o& o
COST  |SEQUENTIAL- RANDOM- NS S S0 >0 30
PER BIT ACCESS ACCESS/LATENCY L &I S& oF gg
MEDIUM (DOLLARS)| TIME (mSEC) TIME 9 2 & N [
%2-IN. TAPE, 800 BPI 9x10-8 4 30 SEC (10M-BYTE FILE) Y Y Y SOME 10-°
2-IN. TAPE, 1600 BPI 5x10~8 4 15 SEC (10M-BYTE FILE) Y Y Y X 10~-%
2-IN. TAPE, 6250 BPI 2x1078 2 5 SEC (10M-BYTE FILE) Y Y Y s 10~
-IN. TAPE CARTRIDGE, 1600 BPI| 5x10~7 30 15 SEC (1IM-BYTE FILE) Y Y Y N 1078
Ya-IN. CARTRIDGE, 6400 BPI 1x10°7 30 5 SEC (1M-BYTE FILE) Y N ¥ N 10-8
TAPE CASSETTE (PHILIPS) 3x10-6 30 15 SEC (0.1M-BYTE FILE) Y Y Y N 1077
FLOPPY DISC, SINGLE DENSITY | 2x 1078 — 150 mSEC/80 mSEC Y Y ¥ N 1078
FLOPPY DISC, DUAL DENSITY 1x10°8 - 150 mSEC/80 mSEC ¥ Y Y N 102
HARD DISC, REMOVABLE 5x10°7 — 30 mSEC/ 8 mSEC Y SOME Y N 1010
HARD DISC, FIXED 5x10~¢ — 30 mSEC/ 8 mSEC — = Y N 10-"
Fig 3—A feature-by-feature comparison of various storage media helps put tape in perspective.
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drive must; instead, when recording, they employ a
slow ramping acceleration and deceleration and then
automatically back up to insert the industry-standard
IRG.

Choosing the proper speed

Your choice of tape speed primarily depends on your
throughput requirements; tape-drive throughput in-
creases with speed, but data density remains the same.
OEM tape drives are available with speed capabilities

ranging from 12.5 to 125 ips. (A 25-ips tape speed
corresponds to 40k bytes/sec of throughput for data
recorded in 1600-bpi PE format, 20k bytes/sec at 800
bpi and 156k bytes/sec in 6250-bpi GCR format. As tape
speed increases or decreases, the data rates change
linearly.

Bear in mind, though, that the size, design complex-
ity and cost of a tape drive also increase with
speed—with the exception of tape drives operating
below 25 ips. These drives often cost slightly more than

Glossary of tape-drive terminology

BPI/CPI—Bytes per inch (bits per
inch per track). The number of
bytes per inch written on a tape.
CPI (characters per inch) is used
interchangeably.

BOT/EOT markers—The re-
flective markers on the back
(nonoxide) side of a tape; used to
locate the beginning of the data
(BOT) and provide an early warn-
ing of the end of the tape (EOT).
Tape-drive sensors optically de-
tect these markers.

CPS/BPS—The number of
characters or bytes per second
(bits per track per second) written
to or read from a tape.

CRC —Cyclical -redundancy
character. A trailing character
used in GCR and NRZI formats to
provide error detection and/or
correction.

CRCC—Cyclical-redundancy-
check character. CRC used for
error detection only.

IRG—Interrecord gap. Erased
area between records that allows
stop/start and speed standardiza-
tion when writing or reading data
blocks.

ISV—Instantaneous speed vari-
ations. Short-term speed chang-
es resulting from nonuniform cap-
stan speed, tension changes
caused by start/stop accelerations
and longitudinal vibrations caused
by the tape's sliding over the
heads and tape guides.

LSV—Long-term speed varia-
tions. Speed changes resulting
from the temperature sensitivity of
the capstan-motor tachometer
and/or servo.

UL/CSA/VDE—These major
safety organizations certify that
tape drives and other products

meet or exceed electrical and
mechanical safety requirements.
They usually certify tape drives as
“recognized” components. Once
properly installed in systems, such
recognized tape drives need not
be retested as part of the
UL/CSA/VDE-system approval.

Air bearing—A means of sup-
porting tape on an air film rather
than by means of sliding or rolling
contact. Usually, an air bearing is
a perforated cylinder; pressurized
air flows through the perforations
and forms a film that prevents the
tape from contacting the cylinder.

Azimuth—The alignment of a
drive’s read-head gaps with re-
spect to a tape. The read head is
usually adjusted with a standard
alignment tape or master skew
tape—a procedure that permits
the interchange of tapes among
drives.

Crap in the gap—Unwanted
magnetic-flux variations in an
IRG, causing false data indication
and spurious read signals. New-
generation drives eliminate this
problem by means of careful
formatter and data-recovery tech-
niques.

Dropout—Amplitude loss
which in turn causes a loss of read
signal. It usually results from small
dirt fragments or loose oxide on
the magnetic surface. In PE and
GCR formats, dropouts activate
automatic error correction.

Dynamic skew — Short - term
misalignment of the read head as
referenced to a master skew tape.
It results from variations in tape-
path geometry, tape-path align-
ment and slitting and “snaking”
tolerances of tape.

File mark—Also termed tape
mark or end-of-file mark. A spe-
cially recorded block containing
no data but acting as a data-block
separator.

Gap scatter—The mechanical
misalignment of a head’s read/
write gaps in the direction of tape
travel.

On-the - fly— Recording tech-
niques in which reading, writing
and block spacing require no tape
stoppage. These techniques re-
quire total control over data trans-
mission. For long-length record-
ing, coordination between data
supply and tape demand is essen-
tial.

Pucker pocket—A small angu-
lar vacuum column that isolates
the tape and air mass of a
vacuum-column drive’s main
(large) columns from the large
accelerations of the tape in the
head area.

Ramp—The acceleration pro-
file of the tape in most traditional
(nonstreaming) drives during a
start or stop operation. Usually,
acceleration remains constant
over a fixed distance.

Static skew—The long-term or
average misalignment of a drive’s
read head as referenced to a
master skew tape. Results from
gap scatter and misadjustment.

Write-enable ring—A remova-
ble ring that fits into a recess on
the back side of a tape reel. This
ring must be installed before a
tape can be written to; a user
protects data tapes from being
overwritten by removing it. Tape
drives incorporate a sensor that
verifies the presence of a ring
before enabling the write circuitry.
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Noise can be a factor
in vacuum-column units

25-ips models because operation at very low speeds
requires more complex mechanisms. Therefore, low-
speed (12.5- to 25-ips) drives with 7-in. reels are only
economical when your system calls for their very small
size (they stand 8% in. high). As an alternative, the
8%e-in.-reel tension-arm drives, measuring 12% in.
high, generally offer speeds to 37.5 ips and are more
cost effective. For speeds ranging to 45 ips, try the
10%2-in.-reel models (24 in. high).

The greater-than-45-ips vacuum-column drives often
add more than $1000 to a tape system’s price. For
efficiency and system flexibility, though, these drives
can’t be beat. They can generally operate at a variety of
selectable speeds and can be easily upgraded as
requirements demand. However, watch out for hidden
costs. For example, on some models, vacuum-system
noise and excessive power requirements could necessi-
tate costly special cabinets or air conditioning. Also, if
you think you’ll someday need to read or record at a
speed that your present system can’t support, look for a
tape-drive line that can be easily retrofitted for
increased performance in the field.

Check out these features

While all drives generate industry-standard for-
matted tapes, employ standard-size reels and even run
at standard speeds, the efficiency and reliability with
which they perform can vary. Here are some major
factors to consider when buying a tape drive:

Microprocessor control. Increasingly popular in
today’s drives, microprocessors implement a variety of
tape-drive functions, including complete servo control
(to prevent tape damage during power failure),
beginning-of-tape/end-of-tape (BOT/EOT) sensing, file
protection and tape positioning. Such microprocessors
generally add no cost to the drives and in some cases
even reduce their price. Unless properly designed,
however, wP-based controllers can create servicing and
circuit-troubleshooting problems. (To simplify servie-
ing, some drives employ built-in validity checks and self
tests of LSI components. Also, look for extended
diagnostic and alignment aids implemented by the
microprocessor.)

Acoustical noise. While noise typically isn't a
problem with tension-arm drives, it can be a major
consideration with vacuum-column units: High-speed
vacuum pumps and airflow through the columns can
create bothersome noise. In the past, users didn’t
worry about this noise because drives were installed in
soundproof computer rooms. Today, however, you'll
often find tape drives in desk-style systems used in
office environments. The solution? New-design vacuum
drives reduce noise by using low-speed, multistage
vacuum pumps and precision mechanics. When the
application calls for low noise, therefore, look into these
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SPRING (TAPE)

MASS (TENSION ARM OR AIR COLUMN)

/s \

Fig 4—Model a tape path as a mass/spring system. The
tape-drive capstan acts as the excitor, driving the system into
resonance.

“whisper-quiet” tape drives.

Tape-sensing techniques. Tape drives typically
employ one of four main techniques to sense the
beginning and end of a tape: incandescent/
photoresistor, incandescent/photovoltaic, LED/
phototransistor and modulated LED. The incandes-
cent/photoresistor method—the traditional
approach—features high ambient-light immunity.
However, incandescent lamps require frequent replace-
ment, and the photoresistor used in this system suffers
from slow response and light-history perturbations.
The approach is, however, more temperature stable
than other methods. The incandescent/photovoltaic
method, on the other hand, overcomes only some of the
drawbacks of the traditional approach. And while an
LED system offers solid-state reliability, its low light
levels make it highly sensitive to ambient-light and
thermal effects. Thus, the best current technique
employs both an LED and a phototransistor, modu-
lating the LED to eliminate ambient-light sensitivity.

Direct versus belt-drive vacuum motors. If possi-
ble, avoid belt-driven vacuum motors. Direct-drive
motors reduce setup and maintenance requirements
and represent only a small cost increase to the
manufacturer. And new-generation drives use multi-
stage, direct-drive vacuum blowers, which match the
load to the motor, reduce noise and lower power
requirements by more than 50%.

Cooling. New-generation tape drives employ switch-
ing power supplies and servos that don’t require large
heat sinks; they generally don’t require forced-air
cooling when operating at 125 ips or below. But when
mounting any tape drive, make certain you provide
adequate convection air flow.

Deck-plate construction. Any tape drive worth its
salt employs a sand-cast or die-cast deck plate, which
remains totally rigid to maintain tape-path alignment.
Avoid so-called “built-up” construction—flat plates
with stiffening ribs bolted on.

Tape tension. ANSI specifies acceptable tape
tension as 5 to 10 oz, with a nominal 8-oz figure. More
important than nominal tension, however, is the
dynamic tension change during stops and starts; study
these specifications carefully.

Capstan coatings. Most systems today use capstans
with high-friction coatings to drive the tape. These
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Connecting your tape drive

With few exceptions, all PE- and NRZI-formatted
tape drives operating at speeds between 12.5 and
125 ips employ a standard interface with three
connectors: one for read data, one for write data and
one for command and status lines controlling the
tape drive. Each signal in the interface is standard-
ized and exhibits a TTL voltage swing (0.2 to 3.0V)
terminated with an impedance of 130(). Because
the signals travel as much as 20 ft, the cable
impedance and terminator impedance should match
within 20%.

Formatters have three cables for pc-mount
connectors that plug into the tape-drive interface
and (usually) one 100-pin or two 50-pin connectors
that plug into a mag-tape controller (frequently
located in the host computer’s chassis).

GCR-formatter-interface definitions have not yet
been standardized.

coatings, most often neoprene or urethane, are applied
by molding or spraying and might or might not be
machined after coating. Check to see whether the

coatings’ friction characteristics have been evaluated .

under hot, cold, clean and dirty conditions. Also
consider coating resistance to wear and cleaning
solvents.

Tape cleaners. Adequate tape-cleaning capability is
important to maintain data reliability. You'll find two
types of tape cleaners in common use: The first employs

A bright future for tape systems

Several recent developments promise further im-
provements in tape systems. Steaming tape drives,
which could boost future tape usage by 70%, are
already appearing in prototype models and will be
delivered in production quantity next year. These
drives aim specifically at disc-backup applications,
particularly in low-cost Winchester systems.

By eliminating traditional drives’ stop-on-a-record
capability, streaming drives achieve small size (8%-
in. height), high speed (100 ips) and low cost (less
than $2000 with PE formatter). For data-dumping
applications, which require few stops and starts,
they're ideal. In the future, designers will optimize
system software to achieve very high performance
with these low-cost drives.

The development of GCR encoding will also
significantly enhance tape-drive performance. But
GCR implementation is still complex; the requisite
formatter alone requires 800 to 2000 ICs. And the
read/write head and circuitry for a GCR-formatted
drive must handle GCR’s high density and 0.3-in.
interrecord gap. Within 2 yrs, however, GCR will
come of age, particularly when combined with
streaming-tape technology.

EDN NOVEMBER 5, 1979

a perforated metal plate but is generally losing favor
among manufacturers; the second employs more
efficient scraping blades. These blades can be ceramic,
tungsten carbide or sapphire—the latter provides the
longest wear and deposits the least residue on the tape.
Some cleaners have an attached vacuum source to
remove collected particles. But usually the collected
residue adheres to the scraper blade until removed with
solvents.

Head life. Today’s drives employ either soft Mu
Metal/brass heads or hard-faced heads coated with
chrome or ceramic; the hard-faced heads are often
offered optionally. You'll get about 1000 hrs of service
from a standard brass head before renewal;, a
hard-faced head provides five or 10 times this service.
Even more important, hard-faced heads significantly
reduce the number of read-level adjustments required
during the life of the drive. Clearly, then, select hard
heads if you're given the choice.

Operating voltages. Most tape drives operate on
various line voltages (90 to 130V or 180 to 260V, 50 or
60 Hz), but the method of line-voltage selection varies.
Some units allow you to select voltage from the rear
panel; others require internal modification—an obvi-
ously more complicated process.

Mechanical adjustments. You shouldn’t have to
make very many mechanical adjustments on today’s
tape drives. But the ones that are necessary should
require no specialized tools or equipment and should be
fully documented in the service manual. All tape drives
require some form of head-azimuth and capstan-motor-
tilt adjustment, but others should be eliminated by
design.

Maintenance and modularity. Your tape drive
should be maintainable by electronics technicians and
not require attention from skilled electromechanical
assemblers. And ideally, these technicians will only
need a screwdriver (and sometimes -calipers) to
maintain the drive. Some manufacturers employ a
modular design to simplify maintenance—all major
subassemblies, including the data board and head
assembly, are prealigned and can be changed in the
field by attaching a few screws and adjusting a pot.
Such modular design significantly reduces a drive’s cost
of ownership.

Service manual and documentation. Particularly
for OEM use, you'll need top-notch manuals and
documentation. A tape-drive service manual should
contain schematics, assembly drawings and parts lists
for all pc boards; top-assembly drawings and parts lists;
documentation of all maintenance procedures and
adjustments; identification of any necessary special
tools by part number; and theory of operation.
Determine before you purchase a drive that all
engineering documentation is sufficient to ensure
interchangeability of parts and assemblies. Also check
that the manufacturer maintains a systematic change-
control procedure.

Spares interchangeability. Before selecting a tape
drive, assure yourself that all spare parts of a given
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;‘Required reading for an one buying ‘
an oscillographic chart recorder |

We'll send you an actual chart recording

~ Without seeing a Gulton osgillographic
recorder, you can't appreciate its
versatility, trace quality, good looks,
superb construction and simplicity of
operation. But you can have at y:
desk the result of 20 years of
development: an actual chart recordin

~ Uttimately this is what you're pay

_for...andithad better be good. So
our compliments, see for yourself.

With a Gulton chart recorder, you can
record volts, amps, temperature, strain,
ac to dc, log to dc and more. Just select

_ the plug-in signal conditioners you
~ require. Additionally, you get multiple
~chart speeds, event markers, option
- rack mounting, nearly indestructible
‘thermal styli, superb shock resistance
and genuine portability in each Guiton

Two, four, six and eight channel

recorders with plug-ins are available, as
~ are one and two channel, multif -
sensitivity recorders. .
_ If Guiton’s oscillographic recorders
__aren't on your approved vendors' list, you
' may be spending more than you should.

For more information, Circle no. 26

For demonstration, Circle no. 25

ELEGTRONIG
GONTROLLERS

GO0781.100 G0781.400
(Counter-Controller) (Counter-Controller)
Manual, remote and For high speed controlling
automatic reset. 5 digit requiring frequent reset.
LED display and preset. Long life expectancy and
Counts up to 5,000 cps. compact size. LED count
Adding or subtracting and output indicators.
models. Manual, remote and

automatic reset. Counts
up to 5,000 cps.

All Hecon Controllers and Counters are available for
immediate delivery.

’§Hscou

31 Park Road, Tinton Falls, N.J. 07724 (201) 542-9200.

For more information, Circle No 131
132

Microcomputer
DesignCourses

Hardware, software, systems design. You can
now learn about all aspects of microcomputers
through EDN'’s exclusive design courses.

—NEW 1979 Microcomputer Systems Reference Issue (over 400 pages) .. ..$6.00
Features: EDN's 6-chapter “Software Systems Design Course’ (a step-by-step
tutorial for a 16-bit uC disc operating system), uP Directory. xC Support Chip
Directory, uC Board Directory

—1978 Micr p Sy Ref e Issue (420 pages). . ....... ..... $5.00
Features: EDN's 7-chapter "Software Systems Design Course" (a step-by-step
tutorial for a uC disc operating system). uP Directory, xC Support Chip
Directory, uC Board Directory.

—1977 Microcomputer Systems Reference Issue (314 pages).............. $4.00
—Microcomputer Design Course (11 chapters, 83 pages) ................. $5.00
—EDN Software Design Course (90 pages)...............oceueeiuennonn.. $5.00

(Add §1.00 to each of the above for Canada)
(Add $2.00 to each of the above for non-lUSA)
Buy in combination and save even more
« Any two items— Deduct $1.00
* Ary three items—Deduct $2.00 e« Any four items—Deduct $3.00
NOTE: Prices Effective April 5, 1979
Payment must be included with your order. Make checks payable to: EDN Reprints

Send to: uC Reprints/EDN Magazine/ 221 Columbus Ave./Boston, MA 02116

Please send __ copies 1979 uC Systems Reference Issue—$6.00
______ copies 1978 xC Systems Reference Issue—$5.00
_____ copies 1977 .C Systems Reference Issue—$4.00
____ copies «C Design Course—$5.00
_____ copies EDN Software Design Course—$5.00

Total $ (Non-USA, add $2.00 to each item,"Canada add $1.00 to each item)

Check or money order must accompany each order No COD MA residents add 5% Sales Tax

Name Title

Company
Address _
City. State Zip Code.
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GCR formatting provides
the highest data density

type are interchangeables at all revision levels of a | |

model and among all models. Although this feature l : su'ance

might increase the initial cost of spare parts, it

significantly reduces spares-inventory requirements.
Upgrades. Upgrading a tape drive—to a higher

speed, from nonformatted to formatted operation, from

NRZI to PE encoding or from single to dual F g Lc;cking lever toggle
density—need not be costly. For example, upgrading switches from C & K

from 25-ips NRZI to 45-ips NRZI operation should i poir b
require no new parts—only electrical adjustments. And ; (Toggle must be lifted :
if you need to convert from nonformatted to formatted B to activate switch. )
operation, you should only have to add a formatter— S Available in 9 models
not a power supply or data board. Similarly, upgrading | & v %% d:::h' a \;ﬂiety Oi:oﬁk“(?gd
to dual density from single density should require only & ft gls;'s G MM on RN
of trouble.
a change of the data board. , ~ These locking miniature toggle switohee
Formatters. Formatters for tape drives are available have contact ratings up to 5 amps-
in PE, NRZI, dual-mode (providing PE and NRZI on ; - including dry circuit applications.
the same board) and GCR dual-mode models. Further- UL listing available.
more, you can specify NRZI encoding in both 7- and '
9-track formats. Formatters come either in stand-alone || TammevoukeWoudwide | &
chassis with power supplies or embedded in (physically ’ g g‘h:(m%?;;‘;;{‘::':&f:&mac
attached to) the tape drive, utilizing the drive’s power. . (817) 964-6400, mgx 82-2546, TWX: 710-335-1163

The latter form generally costs less and requires no
additional space; it does, however, complicate daisy
chaining of multiple drives, because if the host drive For more information, Circle No 133
fails, the formatter also fails. However, in practice

you’ll find this a very minor problem. EDN LET YOUR FINGERS ;
DO THE TALKING . . . .

Authors’ biographies

Bill Barton is vice president
for engineering at Cipher Data
Products Inc, San Diego, CA. i*
A member of the Cipher staff
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worked for 3M Corp. The §
holder of four patents, Bill
attended the University of
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With the touch of a fmger on the Elographics E270 Pusmon Sensor, the
! soordinates of the point touched are transmitted to a terminal or compuiter
Marty Gray is manager of

research and development at
Cipher Data, where he's ##
worked for 3 yrs. Before §
joining the firm, he worked at
Kennedy Co. Marty holds a
bachelor's degree from Cal :
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i i i e offers a uniquely simple and flexible way to communicate
CyC"ng and birds Aiahd his with computer systems. Let Elographics solve your man-machine interface

| Y
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Lii ‘
# ELOGRAPHICS, inc.
Article Interest Quotient (Circle One) *
High 479 Medium 480 LOW 481 1976 0AK RIDGE TURNPIKE OAK RIDGE, TENNESSEE 37830 (615) 482-4038

For more information, Circle No 134
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for limitless menu and graphic applications. Replaces light pens, joy sticks
and opens new applications where finger touch simplicity is a must.

The E270 is a transparent formfitting sensor mounting directly on
CRT’s. Utilizing modern continuous thin film coatings, the E270 gives high
resolution coordinates. A variety of controller electrorics is available to
enable the OEM or system builder to interface easily to most micros and
minis.

® POINT MODE ® LOWCOST

® STREAM MODE ® RESOLUTION T0 .003"

® MODELS TO FORMFIT e HIGH RELIABILITY
VARIETY OF CRT's ® EASY TO INSTALL




SIEMENS

5

A whole new class of ATE ... the Small System.

Our Model 725 digital IC tester ... a unique combination
of small-tester price and large-system features. The Small
System. It's multiplexed, it has a 1-MHz functional test rate,
and it's MPU-based with both functional and parametric test
capabilities. And it tests virtually all SSI and MSI devices.

The Model 725 interfaces with a wide variety of probers
and handlers and accommodates a variety of 1/0O devices for
data logging, bin counting, and user device programming.

It also features simple cassette tape load, an extensive
Siemens library of cassette test programs, and prompted
English programming that affords you complete self-suf-
ficiency in the development or modification of test programs.

Mr. Cliff Small will be glad to give you complete details on
the Model 725 IC tester and its capability. Call or write.
Siemens Corporation Measurement Systems Division
2 Pin Oak Lane, Cherry Hill, New Jersey 08034, (609) 424-9210

For more information, Circle No 135

The Model 725 digital IC tester ... from Siemens.



®
Get all the facts. Call or write ASTRO-MED DIVISION e

ATLAN-TOL INDUSTRIES.,INC.

Atlan-tol Industrial Park/West Warwick, R.1.02893
401-828-4000

For more information, Circle No 65




Don’t court disaster
in DTMF signaling systems

Dual-tone multifrequency signal schemes are well proven, and you

can buy a number of supposedly foolproof LS| DTMF sources and

receivers. However, taking a simplistic approach to DTMF-system
design can easily lead to trouble.

Russell H Rosenberg, Consultant (Daly City, CA),
Jay F Helms, PE, Consulting Engineer (Novato, CA)

Because tone signaling over communications channels
can be trickier than it initially appears, it’s important
that designers evaluating dual-tone multifrequency
(DTMF) systems understand the basic limitations
inherent in all DTMF signaling schemes. The test
methodology outlined here aids in such understanding
and produces both credible and repeatable data. You
can convert this test data into a single figure of merit
that proves useful when comparing various DTMF-
system designs within the envelope of specific worst-
case application conditions. Using the methodology,
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Fig 1—Multiple worst-case limits evolve from the fact that
DTMF high- and low-group skew and twist parameters can
assume both negative and positive values.
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youre left only with the problem of selecting the
worst-case system-performance parameters that you
feel best apply to your application.

Telecommunications terms can be confusing

Selecting such worst-case performance limits for a
DTMF system will catapult you into a world containing
confusing and contentious criteria, which have evolved
from the use of DTMF signaling in the telephone
industry. Transmitting DTMF signals over the domes-
tic and international telecommunications networks
involves dealing with transmission impairments as well
as the vagaries of facility switching accomplished by
means of automatic traffic routing within the switching
hierarchy. For example, it’s not uncommon to acquire
two totally different transmission paths—possibly over
entirely different physical routes—upon making two
successive calls between the same two points.

When testing a DTMF system used in such
applications, you have to make judgments that deal
with both worst-case limits and probabilities of
reaching those limits. These judgment calls have long
concerned experts within the telephone industry and
are one of the factors behind the mystique that
surrounds most discussions of DTMF signaling require-
ments. Buried in many published criteria are fudge
factors for impedance discontinuities, echo-signal
energy, component tolerances within the DTMF signal
source and receiver, short- and long-term environmen-
tal eonditions and component aging. Unfortunately, the
exact flavor and amount of fudge plugged into the
published criteria is highly subjective and seldom if
ever revealed by its creators. The test methodology
developed in this article helps deal with these
problems.

One signal isn’t enough

When testing a DTMF system, the specification and
use of just one worst-case input signal would be ideal.
However, the basic DTMF signaling scheme provides
for the use of up to 16 tone pairs, and any test must
explore the worst-case signal limits for each tone pair of
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interest. Additionally, experience has shown that
DTMF systems might not respond identically for each
DTMF frequency pair, compounding the problem.
These potential pitfalls further emphasize the need for
a comprehensive testing program.

The four basic parameters associated with a DTMF
system are sensitivity, tone-ON/tone-OFF intervals,
twist and skew. These parameters divide into two
categories—those having single limits and those with
dual limits.

The single-limit quantities are sensitivity (minimum
signal amplitude), minimum tone-ON time and mini-
mum tone-OFF time; the dual-limit items are skew and
twist. Skew is placed in this category because any tone
can deviate in either a positive or negative direction

from its nominal value. Twist is considered a dual limit
because the DTMF high-group signal level can either
be greater than (positive twist) or less than (negative
twist) the low-group signal level. Because skew and
twist have dual limits, there is no single point
characterizing their worst-case values. Instead, there
are eight potential worst-case points (Fig 1).

You might think that the combination of +1.5%
high-group skew, —1.5% low-group skew and —8-dB
twist is no worse than the combination of —1.5%
high-group skew, +1.5% low-group skew and +8-dB
twist. In practice, though, a DTMF system can exhibit
markedly different responses when tested at these two
sets of limits—all the more reason for developing an
effective testing methodology.

Classifying system operation

Work within the telecommunica-
tions industry has produced four
categories of DTMF-system per-
formance (see table), classified
according to anticipated service.
Type O includes specialized
services over a dial-up transmis-
sion facility generally involving
four or more switching machines,
and where transmission-
multiplexing equipment can con-
siderably shift the DTMF signal’s
frequency. End-to-end DTMF sig-
naling used over the North Ameri-
can public switched telephone
network typifies Type 0 service.
Type | covers general service
over cable pairs of considerable
length which occasionally might
include switching equipment in the
DTMF signaling path. A 1-kHz

attenuation of 8 dB represents
worst-case transmission for this
service. DTMF signaling from
subscriber telephones to the local
central office is a typical example
of Type | service.

Type |l describes service over
intermediate lengths of nonloaded
cable which includes no switching
equipment in the DTMF signaling
path. For this category, 5600 ft of
26 AWG cable represents a
worst-case transmission facility.
DTMF signaling used in private-
branch-exchange (PBX) systems
typifies Type Il service.

Type lll involves limited service
over short lengths of nonloaded
cable having essentially zero loss
at 1 kHz. A worst-case transmis-
sion facility of 1200 ft of 26 AWG

cable represents Type Ill service.

The criteria values cited in the
table are the most applicable to
testing by means of the methodol-

‘ogy proposed in this article. Their

values represent an evolving syn-
thesis of telephone-company and
telecommunications-systems ex-
perience—based in some cases
on specific and specialized appli-
cations. The figures represent
current performance objectives for
DTMF receiving devices, based
on the generation of DTMF sig-
nals by a telephone set and
transmission over paired conduc-
tors. You can use these values to
establish general boundaries for
your design requirements.

PARAMETER CRITERIA
SERVICE
TYPEO TYPE | TYPE Il TYPE Il

SENSITIVITY: SINGLE-FREQUENCY DTMF LEVELS,

MEASURED AT Z =600Q. —32 dBm —25 dBm —17 dBm —13 dBm
SKEW: PERCENTAGE DEPARTURE FROM NOMINAL fq

MUST RESPOND fo£1.7% x5 Hz fox1.5% fox1.5% fox1.5%

MUST NOT RESPOND UNSPECIFIED fo+3.5% fo+3.5% UNSPECIFIED
RESPONSE TIME

TONE ON2> 40 mSEC 40 mSEC 40 mSEC 40 mSEC

TONE OFF> 40 mSEC 40 mSEC 40 mSEC 40 mSEC

CYCLE TIME> 85 mSEC 85 mSEC 85 mSEC 85 mSEC
TWIST +4TO —10dB +4TO —-8dB +4TO —-1dB +4TO —-1dB
DESENSITIZATION: SYSTEM PERFORMANCE MUST

NOT DEGRADE IN THE PRESENCE OF 350/440-Hz

PRECISE DIAL TONE AT LEVELS OF NOT APPLICABLE —16 dBm - 16 dBm UNSPECIFIED
GAUSSIAN NOISE: SYSTEM PERFORMANCE MUST

NOT DEGRADE IN THE PRESENCE OF GAUSSIAN

NOISE BAND LIMITED 0-3 kHz & GENERATED

BY A 6002 SOURCE AT A LEVEL OF 65 dBrnC 53 dBrnC 37 dBrnC 35 dBrnC
SIGNAL ECHOES: SYSTEM PERFORMANCE

MUST NOT DEGRADE IN THE PRESENCE OF

ECHO SIGNALS HAVING A DELAY OF <20 mSEC <20 mSEC NOT SPECIFIED | NOT APPLICABLE

AND A MAGNITUDE RELATIVE TO

THE INCIDENT SIGNAL OF <10dB <10 dB NOT SPECIFIED | NOT APPLICABLE
ROSENBERG VALUE NOT SPECIFIED
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Explore worst-case limits
for each tone pair of interest

Experience has shown that as a signal approaches the
limits of a DTMF device’s performance (which might or
might not coincide with the manufacturer’s specifica-
tions), the device begins to “miss” a certain number of
input pulses. For example, when a device experiences a
serial train of 100 pulsed test signals embodying a
specified set of worst-case criteria, it might respond to
only 85 of those pulses.

To conduct this type of test, you can record the

DTMF system’s output from a Data Present or Strobe
lead, which any well-designed DTMF device should
provide. This lead produces a logic output when a valid
DTMF signal pair is received—without regard to the
digit value assigned to that pair—and remains active in
that logic state so long as a valid DTMF signal remains
present at the system input.

Fig 2 shows a chart recording resulting from tests in
which Strobe-lead response was monitored while a
system was exposed to 10 combinations of twist and
skew for the same DTMF frequency pair. In this case,
the DTMF input signal was set at the manufacturer’s
specification of —20-dBm sensitivity. Additionally,
tone-ON and tone-OFF times were set at 40 and 50

Telephone networks employ
DTMF (dual-tone multifrequency)
signaling to pass address infor-
mation from a telephone set to the
local central office. With this
method, oscillators in the phone
set generate a unique pair of
tones (see table) for each button
depressed on the set’s dial.

Because of the technique'’s
roots, many DTMF signaling-
system definitions might appear
strange to most electronic design-
ers. Here's a rundown on the
performance parameters critical to
a viable DTMF-system design.

Twist—The difference (in deci-
bels) between the DTMF high-
group and low-group signal levels,
mathematically defined as 10 log
[(high-group power) / (low-group
power)]. Measured at the DTMF
receiver, it's a function of both the
level difference generated by the
signal source and the gain-
frequency characteristic of the
transmission facility.

Reviewing some basic DTMF concepts

Skew—A measure (expressed
in percent) of the departure of
each individually received signal
frequency from its nominal value.
A function of component toleranc-
es, aging, environmental condi-
tions and certain types of
transmission-multiplexing equip-
ment, skew is measured at the
DTMF receiver.

Sensitivity—Generally ex-
pressed in dBm at a specified
impedance (usually 600(2), sensi-
tivity is a measure of the lowest
DTMF signal level that a receiver
can detect. It represents an abso-
lute threshold below which detec-
tion of a single frequency is not
generated.

Tone-ON/tone-OFF intervals—
The tone-ON and tone-OFF
intervals, along with the repetition
rate of the total ON/OFF cycle,
have a major impact on DTMF-
system performance. DTMF sig-
nals must be present long enough
to allow the receiver to differenti-

10- OR 12-BUTTON DIALS.

i HIGH-GROUP TONES |
S 1208 Hz 1336 Hz 1477 Hz | 1633 Az’
o (697 Hz 1 2 3 1A
S | 770 Hz 4 5 6 | B
O | 852 Hz 7 8 9 i c
Z | 941 Hz . 0 # 1 D
~ " <——TWO-OUT-OF-SEVEN CODE—
~—— TWO-OUT-OF-EIGHT CODE ——»
NOTES

TELEPHONE-SYSTEM ADDRESSING IS GENERALLY RESTRICTED TO
THE TWO-OUT-OF-SEVEN CODE, AND TELEPHONE SETS ARE SUPPLIED WITH

DATA AND SPECIALIZED SIGNALING APPLICATIONS OFTEN MAKE USE
OF THE FULL TWO-OUT-OF-EIGHT CODE

ate between a solid signal and a
false noise burst. Tone-ON/OFF
times are generally expressed in
milliseconds; repetition rate, in
pulses per second.

Noise immunity—A measure
of a DTMF receiver's ability to
prevent valid signals from being
rejected as noise. It is sometimes
specified as the ability of the
receiver to operate under condi-
tions of gaussian noise in dBrnC.

Talk-off—The tendency of a
DTMF system to respond falsely
to other-than-valid DTMF signals.
Talk-off criteria are generally
specified very subjectively—
sometimes in such broad terms as
“good” or “poor.”

Desensitization—The tenden-
cy of a receiver to fail to recognize
valid DTMF signals in the pres-
ence of such factors as dial tone,
pilot signals or data signals.

Additional factors—These
factors affect the successful re-
ception of DTMF signals, although
to date no one has established the
exact magnitude of each of their
impacts. Impedance discontinui-
ties at the transmitter and receiver
transmission-medium interfaces
have been known to affect system
performance. And echo signals
returning from a distant imped-
ance discontinuity within a long-
haul transmission path can also
change signal reception. Addition-
ally, phase jitter of either or both
DTMF tones can apparently affect
the performance of certain receiv-
er designs.
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TABLE 1 — DTMF PERFORMANCE

DIGIT 0-dB TWIST MAXIMUM TWIST
0 +15% | +15% | -1.5% | -1.5% 0 +15% | +1.5% | -1.5% | —1.5%|HIGH-GROUP SKEW
0 +15% | —-15% | -1.5% | +1.5% 0 +15% | -1.5% | —1.5% |+ 1.5%|LOW-GROUP SKEW
1 100 99 99 100 100 100 98 98 97 96
2 99 90 85 96 99 100 85 82 98 98
3 100 66 75 100 99 100 67 67 100 94
4 100 100 99 100 100 100 99 99 99 99
5 100 90 93 98 97 97 90 80 98 96
6 100 88 87 100 .| 100 100 85 84 86 100
7 100 100 100 98 100 100 94 98 100 98
8 99 86 88 93 96 100 52 54 81 99
9 94 100 84 87 98 100 83 75 100 99
0 100 89 84 94 100 85 86 82 90 91
AVERAGE
99.2 90.8 89.4 96.6 98.9 98.2 84.9 81.9 94.9 97.0| SKEW
RESPONSE
AVERAGE
94.98 91.38 TWIST
RESPONSE
93.18 > ROSENBERG VALUE
SKEW
HIGH GROUP
TWIST =0 dB WA GROUS TWIST = -8 dB ®

(a)

+1.5%
+1.5%

(c)
(d)
—15%
-1.5%
(e) 0}

Fig 2—System response varies measurably when different combinations of possible worst-case signal conditions are used for
receiver inputs. )
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Select test combinations to best
represent required system needs

msec, respectively.

The data generates several conclusions. First,
different worst-case signal combinations do indeed
produce dramatic and measurable differences in system
response. Second, there is a marked lack of clarity with
regard to the manufacturer’s specifications. Further
tests on the signal recorded in Fig 2h reveal that
system response can be increased to 100% by either
reducing the twist by 2 dB, increasing the tone-ON
time by 2 msec, or reducing the twist by 1.5 dB while

that most DTMF-device manufacturers specify limits
with all parameters except one fixed at nominal values,
then determine the range of the one value not fixed in
this manner. And manufacturers do not specify a
“miss rate” at any set of input limits, although other
data-system-component manufacturers always specify
an error rate associated with their components’ input
signals. The result? The DTMF devices’ rather
meaningless specifications leave system designers
unsure of how they will actually operate.

Eliminating this uncertainty calls for an approach
that can quantify DTMF-system performance either at
the manufacturer’s specified performance limits or at
the limits characterizing the intended application. For

simultaneously increasing the tone-ON time by 1 msec.

Device specs don’t reflect the worst case
This experiment and similar ones make it obvious

HIGH-GROUP
SKEW

+ %

M+ 1.5% +15% 0dB)

| (0% 0% 008)

LOW-GROUP
SKEW

(+1.5% +15

(+1.5%

-8dB)¢

NOTES
HIGH-GRouP skew [

Low-Group skew [
TWIST o}

Fig 3—A good measure of system performance in
low-level telecommunications applications results when you
conduct tests at the ten specified points. The chosen twist
values of 0 and —8 dB are valid limits in such applications.

HIGH-
ROUP

GROU
OSCILLATOR
LOW

GROUP
OSCILLATOR

SUMMING
AMP

STROBE

EVENT
COUNTER
OR

CHART
Y RECORDER

EVENT
COUNTER
(STOPS PULSE
GENERATOR
AT 100 PULSES)

L ENABLE
LEAD

TEST-SETUP NOTES

1. FOR FREQUENCY ACCURACY, OSCILLATORS SHOULD BE
SETTABLE TO AT LEAST 1 Hz AND HAVE MINIMUM STABILITY
AFTER WARMUP OF AT LEAST 0.05%.

2. PULSE GENERATOR SHOULD HAVE STABILITY AFTER
WARMUP OF AT LEAST 1%.

3. BECAUSE MOST DTMF RECEIVERS HAVE HIGH-IMPEDANCE
INPUTS, Z USED AS A PURELY RESISTIVE REFERENCE
LOAD — USUALLY 6009.

Fig 4—Miss-rate testing provides a good indication of
system performance as worst-case signal combinations vary.

This test system generates 100 DTMF tone pulses for each
worst-case combination for each digit used in a system.

TABLE 2 — DTMF PERFORMANCE

DIGIT 0-dB TWIST MAXIMUM TWIST
0 +15% | +1.5% | -15% | -15% | 0 +1.5% | +1.5% | - 1.5% | — 1.5%| HIGH-GROUP SKEW
0 +15% | -15% | -15% | +15% | O +1.5% | -15% | —1.5% | + 1.5%| LOW-GROUP SKEW
1 100 95 100 99 100 | 100 7 9 40 20
2 100 97 100 100 100 | 100 80 82 98 99
3 100 96 100 100 95 100 0 0 2 2
4 100 97 100 98 100 | 100 3 2 3 4
5 100 100 100 100 100 85 80 75 76 85
6 100 99 97 100 100 | 100 0 3 2 0
4 100 93 88 97 90 | 100 12 12 10 3
8 100 98 100 98 100 | 100 35 25 45 0
9 70 100 88 100 100 94 48 0 0 0
0 99 98 100 99 100 | 100 99 90 90 90
AVERAGE
96.9 97.3 97.3 99.1 98.5 | 97.9 36.4 29.8 28.5 30.0 | SKEW
RESPONSE
AVERAGE
97.82 44.52 TWIST
RESPONSE
A7 ROSENBERG VALUE
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Futurefiluid.

It's Fluorinert' Electronic Liquid. Non-reactive.
Non-conductive. Safe to use. With some unique physical
characteristics you’ll need for your future technology.

“Fluorinert’ Electronic Liquids have gained Liquids offering boiling points ranging from

most of their fame from their widespread use in 30°C (86°F) to 215°C (419°F). The fluids offer high
electronic testing operations. They are now dielectric strength, high density, high gas solubility
being used widely in vapor phase soldering and high coefficients of expansion; and low
applications. But they can be used as lubricants. pour points, low viscosity, low surface tension, low
Or non-reactive packaging fluids for delicate refractive index and low heat of vaporization.
instruments. They are currently being used in We have literature describing the *‘Fluorinert™
electro-thermal actuators, baseboard heating Electronic Liquids, their properties and applications.
safety switches, industrial thermometers, and For more information, write Commercial

other applications. Chemicals Division/3M, 3M Center, St. Paul,

But their unique physical Minnesota 55101, Dept. EDN28.
properties may make

them useful in
many, many more o Y
applications. E .

There are eight
different
“Fluorinert™

N




A lack of clarity exists in the
true meaning of specifications

example, some systems can tolerate a miss, and the
probability of their havmg to handle a signal with all
parameters at their worst-case limits is quite low. Such
systems can utilize less expensive DTMF devices.

Obviously, the permissible miss rate varies with
different worst-case combinations. But experience in
evaluating DTMF systems for telecommunications
applications has shown that testing at the points
specified in Fig 3 yields a very good measure of system
performance.

Note that these points reflect dual-limit twist values
of 0 and —8 dB—the +4-dB case occurs only on
high-level signals; the —8-dB case, only on low-level
signals. This particular testing situation is concerned
primarily with low-level signals. Because the minimum
single-tone level here never goes below —20 dBm, the
—8-dB twist value results in the low-group signal's
falling at —12 dBm. Likewise, you can improve
response on some receivers by increasing the signal
level of one of the tones even though the twist might be
increasing. Thus, for the application illustrated in Fig
3, 0-dB twist also proves a valid test limit.

To expand this approach, consider the test configura-
tion depicted in Fig 4. Each worst-case parameter

Talk {0 me
In ASCIL

I'll respond with alphanumeric text,
tabular data, graphs or bar charts—
whatever you call for.

And I'm easy to use. Just send
ASCII characters to my 8-bit parallel
(or optional serial)
input. | do all the rest.
Even the graphics.
Automatically.

| come in the cabi-
net shown, or as OEM
modules to fit into
your cabinet. With my
inverted printing option,
you can mount me
behind a vertical front
panel.

| cost less than $350
in modest OEM quan-
tities. The obvious
choice for your smart,
hard-copy output.

For more data on
the PP-201, call John
Baum at 714/989-4802.
Or write to B-G Instru-
ments, PO. Box 67,

Alta Loma, CA 91701.

o
B

s
INSTRUMENTS

MODEL PP-201
PRINTER/PLOTTER

"

For more information, Circle No 67
142

‘ ‘ earned a BS at the Univer-
i

combination for each digit to be used in the system is
represented by 100 generated DTMF tone pairs; the
test configuration counts and records the number of
Strobe-lead hits. Tables 1 and 2 list data recorded by
means of this test setup for two DTMF systems. As
shown, each system responds differently, and neither is
perfect. The problem is how to choose the receiver with
the best performance for the intended application.

As a first step, add the digit response for a given
skew combination and divide by 10; do this for each
skew combination. Once you calculate this average for
each skew combination, obtain the average zero-twist
and maximum-twist responses by summing the zero-
twist skew-response averages and the maximum-twist
skew-response averages and dividing each sum by five.
Finally, add these average zero-twist and maximum-
twist responses and divide by two to calculate the
receiver’s average response. This “Rosenberg Value”
allows you to compare the relative performance of
several receivers.

What about other system parameters?

You might well ask how you can use this technique to
evaluate other transmission impairments such as
desensitization, noise and impedance discontinuities.
No problem. Merely run the same test sequence again
in the presence of the requisite signal perturbations;
the Rosenberg Value might then change, and the
magnitude of this change is a measure of the system’s
performance under the degraded conditions. EDN
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_ Anew horizon
in systems capability.

The Series 6000 combines all the functions of these instruments: DC Voltmeter ¢ DC/DC
Ratiometer ® AC Voltmeter ¢ AC/AC Ratiometer e dB Meter ¢ Ohmmeter  DC Millivoltmeter
e 2 Channel Scanner + DMM e DC Amplifier ® Comparator Box—up to seven sorting “bins”
e Fault Alarm-Single or multiple limit ® High Speed Digitizer ® A/D Converter e Voltage
Deviation Meter ® Gain/Attenuator Meter ¢ Computing Multimeter with: Averaging, Min/Max
Peaks, Scaling/Factoring, Self Test, Self Calibration, Digital Offsets, Hi/Lo Limits.

Over 34,000 readings per
second, a ‘third generation’
IEEE-488 interface and built-
in diagnostics combine to
make the new Series 6000
the ultimate systems instru-
ment.

The Racal-Dana 6000 is the cul-
mination of ten years of benefits-
oriented engineering, incorporat-
ing many measurement capa-
bilities never before available...
at a price that’s less than a tra-
ditional systems DVM.

A A sample and hold option,
when used with the high speed
digitizer, allows precise timing of
measurements and extremely
short sample times. Full annun-
ciation of all programmed con-
ditions assures easy software
development.

Automatic timeouts during
input setting, and inhibited out-
put during autorange prevents
erroneous readings. Five pro-
grammable integration times,
six programmable trigger modes,
and an auto-test/auto-cal routine
provide the ultimate in flexibility.

See for yourself why the
new Series 6000 Amplitude
Measurement System is an in-
strument so unique that it even
needed a new name. More im-
portant, find out how it can save
you valuable systems dollars

while cutting your systems
design time. Call or write
today.

For demonstration, circle No. 68
For literature, circle No. 69

RACAL-DANA

[RACALL]

RACAL-DANA INSTRUMENTS, 18912 Von Karman Avenue, Irvine, CA 92715; Ph: 714/833-1234; Duke Street, Windsor,
Berkshire SL4 1SB, England, Ph: (07535) 69811; 91 Route de Gardes, 92 Meudon-Bellevue, France, Ph: 027-7575.
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When it comes to connector innova-
tion, TRW Cinch picks up the gauntlet!
Take our newest single -fiber optic con-
nector, OPTALIGN,  for example.

A patented fiber alignment system re-
stricts light losses to less than 1 db.
We ve developed an alignmentelement
that's compatible with most commer-
cially available fibers. The element is
based on a four-rod glass array that is
clean, inert and stable, and mates fi-
bers in a manner that yields excellent
shock and vibration immunity.

This glass array does not require preci-
sion tolerances, yet assures ultra-
precise fiber alignment to achieve low
light losses. This means lower costs
and fast, precise connections without
using time-consuming epoxies. In fact,
OPTALIGN can be field-assembled in
less than four minutes. Another TRW
Cinch innovation, the exclusive inter-
nal scissors clamp, secures the fiber,
strength members, and jacket in the

lightweight aluminum OPTALIGN

housing.
Compact OPTALIGN plugs and recey
tacles are ideal for computers, CATV,
telecommunications, medical, in-
strumentation and military applica-
tions. Dimensions are 58" diameter x
112" in length.

If you require a miniature single-fiber

optic coupling, we've got that too. It's
our new Light Line* SMA Connector,

anotherinnovative, high-value offering

from TRW Cinch.
These are just two new products from
the new Cinch. We'll think “Innovation”
when it comes to meeting your connec-
torchallenges, too! Call your TRW Elec-
tronic Components Sales Office...
listed in EEM. TRW Cinch Connectors,
A Division of TRW Inc., 1501 Morse
Avenue, Elk Grove Village, IL 60007.

(312) 439-8800.

he challenge

novation.
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Our family gives you
a flat answer.

Our new flat cable connector family
has both standard and stackable sock-
ets, PCB connectors and headers, all
designed for lowest total applied cost.

In socket connectors our BA Series
gives you a low profile package with the
option of either open or closed cover
design for both end-cable and through-
cable applications.

Our BD Series stackable socket line
concept permits stacking two connec-
tors on awire-wrappable post.

For direct solder applications our BC
Series handles PCB connector needs.

Featured with the product family is a
simple universal termination system de-
signed for minimum tooling cost.

For your header applications our low
profile BB Series line is available for
both vertical and right-angle mounting
in solder or wire-wrappable designs.

Contact GTE Sylvania, Connector
Products Operation, Box 29, Titusville,
PA 16354. Phone: 814-589-7071.

Remember, good connections run in
our family.

SYLVANIA |8

For more information, Circle No 71
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An 8 x 8 multiplier and 8-bit P
perform 16 x 16-bit multiplication

A special algorithm implemented in software doubles an 8x8-bit multiplier’s
usual capabilities, permitting efficient 16 <16 multiplications
of signed, unsigned or mixed two’'s-complement numbers.

Shai Mor, Fairchild Camera and Instrument Corp

Teaming an 8 x8-bit multiplier with a suitable software
algorithm provides faster, more code-efficient 16x16-
bit multiplications than software-only schemes in
8-bit-uP-based systems. And although not as fast as
16x16-bit multipliers, 8x8 devices cost less—
representing an efficient hardware/software tradeoff.
This article presents the requisite multiplication
algorithm as it is implemented on a Z80 wP utilizing an
MMI67558/57558 multiplier (from Monolithic Memo-
ries), but you can apply the same procedure to other
processors and 8x8-bit multipliers (such as the
pin-compatible Raytheon 67558 and AMD 25S58 or
roughly equivalent devices such as TRW’s MPY-8 or
AMD’s 25L.S2516).

Break 16-bit words into two bytes

The multiplication algorithm handles two signed
16-bit operands, both represented in two’s-complement
form. Because an 8Xx8-bit multiplier performs the
operations, the algorithm treats each of the 16-bit
numbers as two bytes—the most significant byte is
signed; the least significant, unsigned. One operand (X)
comprises the two bytes X, (most significant) and X,
(least significant); the other operand (Y) similarly
comprises Y, and Y, (Fig 1).

Performing 16x16-bit multiplications with an 8x8-
bit multiplier requires four 8x8-bit multiplications
(each of which produces a 16-bit product that is again
treated as two bytes):

X[ (unsigned) X Y| (unsigned)=X|Y1=(X]Y,)m(X,Y.)1

X (signed)x Y, (unsigned)=X, Y= (XnY)n(XnY)

X, (unsigned)xY,, (signed)=X,Y =X\ Y )u(XiYm)

X, (signed)x Y, (signed) =X, Y n=(Xn Y m)u(Xn Y.
Software then adds and accumulates the partial
products produced by this process according to the
procedure shown in Fig 2.

When adding the partial products, the software must
account for three products’ signs: (XnY)u(XuY),
(XIYm)m(X]Ym)l and (XmYm)m(XmYm)]- The (XmYm)m(XmYm)l

EDN NOVEMBER 5, 1979

15 8 7 0

Fig 1—Two 16-bit operands (X and Y) are treated as two
pairs of bytes for processing by an 8x8-bit multiplier.

XY J

[ ovm |

l (XmYm I

Y|

[ Yo | 0¥ |

[ ®eYom |

Yo |

owy |

[ (CW)y I CORRECTING WORD

FINAL

I Sy Sz l Sz Sie | S1s Sg [ Sz So | PRODUCT

Fig 2—Software adds the partial products (produced by
multiplying bytes) in a weighted fashion.

product presents no problem because its MSB repre-
sents the final product’s sign. The other two partial
products’ MSBs, however, carry weights of —2% and
must be subtracted from the final product.

The software therefore tests these partial products’
sign bits—resetting them if negative—and subtracts 2%
if one of them is negative or 2% if both are. This factor to
be subtracted is the correcting word (CW) in Fig 2.

The complete algorithm thus consists of the following
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A software-implemented algorithm
controls 16-bit multiplications

steps (Fig 3):

Multiply X, (unsigned) and Y, (unsigned) and store

the two 16-bit products, (X;Y)), and (X,Y))

Multiply X, (unsigned) and Y, (signed) and store

the two 16-bit products, (X;Yu)m and (XY

Multiple X, (signed) and Y, (unsigned) and store

X{(U) x Yy(U) = (X\Y)m(X\ Y1y

Y

Xy(U) x Ym(S) = (XIYm)m(XIYm)I

Y

Xm(S) X Y((U) = Xen Yihm(Xm Y1

Y

Xm(S) x Ym(s) = (XmYm)m(XmYm)l

Y

(X\Y)=>Soz

RESET MSB

the two 16-bit products, (X, Y)n and (X, Y)
Multiply X, (signed) and Y, (signed) and store the
two 16-bit products, (XnYm)n and (X, Ym)

Move (X|Y)) to the eight least significant final-
product bits (Sy.7)

Test the sign of (X,Ym)m. If it’s negative, reset the
MSB and add 2% to the correcting word (which
initially equals zero)

Test the sign of (X, Y))n. If it’s negative, reset the
MSB and add 22 to the correcting word

Add XY+ XY ) +(X Y, to construct the final
product’s Sg_15 byte

Add XYt XYoot X Yo)i+CARRY (from
last addition)+negative of the least significant
correcting-word byte (—(CW)) to construct the
final product’s Sis byte

Add (XuYmntCARRY +negative of the most
significant correcting-word byte (—(CW),) to
construct the final product’s Sy byte.

Hardware takes care of the multiplication

An 8x8-bit multiplier IC performs the multiplication
required by the algorithm. The MMI67558 combinatori-
al logic array multiplies numbers in unsigned, signed-
two’s-complement and mixed notations. It provides the

Oy
g

Xor

NPUT
- | :
A 1
3= —_—
‘[ B St
: =1
%
i i o
1“ L |
! v
i i 9 . 8x8
\ Kl N\_YES 20 L1 | . < | muLTIPLIER
b =NEG? - o o 67558
i RESET MSB : >
; NO 2 "PORT o
i < N d -
< (LS175) T
2 i
&
o
Y BYTE Sor
[ (XY + XY + Yo ~Si15 | (Ls374)
T OE oK
Lf \
[6Xm Yo + (%Yo + Yo + [ CWI] + Civ=S1620] ADR MOST PRODUCT BYTE |Spss
BUS EUGT
A
[ KYoh + [~ O]+ OS] lﬁé— ==
| Y
| \
CONTROL BUS
DECODER

Fig 3—A 16x16-bit multiplication algorithm’s flowchart
|  shows the steps that hardware and software implement.
L

Fig 4—Multiplication hardware consists of an 8Xx8
multiplier, a Z80 PIO and two sets of latches.
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following inputs and outputs:

-+ Xy—8-bit X-operand input
X,,—X-mode input (signed/unsigned)
Y,—8-bit Y-operand input
Y,—Y-mode input (signed/unsigned)
Rs—Signed rounding input

INITIALIZATION:

INDEX REGISTERS
POINTER-HL PIO
STACK POINTER LOOP COUNTER B

r LOOP COUNTER J

l JUMP TO MUL ROUTINEJ
A

COUNTER N0
=07

YES

l (X\Y)i~Soz J
Y

X Y)mXmY)~HL
XYm)m(X|Ym)~DE
0—+BC (CORRECTING WORD)

RESET SIGN BIT
SET NEG OF CORRECTING WORD IN BC

I

¥

{o | RESETsIGN BIT

ADD NEG OF 22 TO CORRECTING WORD

k- 1

Y
[ HL + DE—HL ]

Y
li (XY)m—E, 0~D J
Y

[ HL + DE~HL, L~Sg.s l

Y
l H~E, 0~D J

l (XmYm)m(XmYm)l_’H L ]

I HL + DE + CARRY—HL I

| HL + BC—HL

Y

[ L=S1623 H™S24.3¢ ]

Fig 5—The 16x16-bit multiplication program described
here incorporates the algorithm depicted in Fig 3.

EDN NOVEMBER 5, 1979

Ry—Unsigned rounding input
So.15—16-bit product output
Sis—Inverted MSB of product
OE—Output enable.

The multiplier presents five I/O ports (or five
memory addresses, if you treat I/O lines in a
memory-mapped fashion) to the Z80. Three of these are
output ports: Two ports receive the operands (X, Y)
from the Z80, and one receives a mode word (X,, Y,,
Ru, Rs) that controls the multiplication operation. The
multiplier’s two input ports provide the 16-bit product’s
two bytes—the eight most significant bits from one
port and the eight least significant bits from the other.

These I/0 ports connect with three 8-bit latches and
one 4-bit latch. Two of the 8-bit latches and the 4-bit
unit (all of which are fed by the Z80’s data bus) hold the
X operand, the Y operand and the mode word,
respectively.

The remaining 8-bit latch (whose outputs feed the
Z80’s data bus) holds the 16-bit product’s eight least
significant bits. Because the multiplier generates the
complete 16-bit product (when OE goes LOW) at one
time, the processor must read the product in two steps:
First it reads the most significant byte directly from
the multiplier, then it reads the other byte from the
latch.

You can implement these latches with octal (LS374)
and quad (LS175) latches or with Z80-family program-
mable I/0 devices (PIOs) that furnish two 8-bit ports
per device—each changeable to either input or output
mode under program control. The example shown in
Fig 4 utilizes a PIO for the X and Y ports and an LS374
and LS175 for the other two ports.

The 8x8-bit multiplication hardware performs the
following steps (for signed, unsigned or mixed num-
bers, rounded or not):

Output X to the multiplier (X port)
Output Y to the multiplier (Y port)
Output the mode word (Xy, Yu, Ry, Rs) to the
multiplier
Input the product’s most significant byte (Sg.5) and
latch its least significant byte (Sy.7)
Input the product’s least significant byte (Sy.)
from the latch.
If you need a truncated product, you can skip the last
step.

A Z80 routine controls multiplication

Software implements the multiplication algorithm by
multiplying two 16-bit operands residing in an array of
four successive memory locations (each operand
occupies two successive locations). It stores the
resulting 32-bit product in another 4-location memory
array.

The software comprises three basic stages: (Fig 5;
see also the nearby box):

- Initialization: In this stage, the routine sets the
processor pointers, loop counter, index registers
and PIO to their initial values
Multiplications: Now, a subroutine directs the
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An 8x8-bit multiplier IC
provides speedy answers

hardware to execute four 8x8-bit multiplications
and temporarily stores the four resulting 16-bit
partial products in a memory array for further
processing

Final processing: The routine adds the partial
products according to their weights and signs
(when signed).

A multiplication subroutine handles hardware

The actual multiplication process is controlled by the
MUL subroutine, which transfers two 8-bit operands
from memory to the 8x8-bit multiplier and reads two
product bytes into memory. It utilizes two pointers—
the main pointer and the mode-word pointer—pointing
to the X; and Y, operands (i can be either 1 or m) and the
mode word, respectively (Fig 6).

One of the Z80’s index registers (IY) implements the
mode-word pointer. The initialization stage sets this
pointer to the first mode word’s address; then the
pointer increments each time the MUL subroutine is
called to point to subsequent mode words. (The first
mode word is 00 because both operands are unsigned
and no rounding is needed.)

The main pointer—contained in Z80 register pair

HL—initially holds the first operand (X)) address. After
transferring the operands to the multiplier, the pointer
is set to the memory address where the current
multiplication product’s least significant byte (X;Y;), will
be stored. (The subroutine sets the pointer by adding to
it the E register’s contents—set initially to 3.) The next
address stores the product’s most significant byte
(XiYi)m-

At the end of one multiplication, the MUL subroutine
sets the main pointer to the location of the operand pair
to be multiplied in the next call—accomplished by
subtracting 3 plus the E register’s contents from HL’s
contents. The subroutine reads the operands in an
overlapping fashion: The first call’s second operand is
the second call’s first operand, and so on (Fig 7).

By duplicating the first operand (X)) at the end of the
operand array, the subroutine can simply multiply X
and Y| in the first call, then Y, and X,,, X,, and Y, and
finally Y,, and X, in succeeding calls. The mode word
specifies how the multiplication in each call will be
performed.

Applying instruction power

The MUL subroutine utilizes two powerful Z80 1/0
instructions: OUTI and INI. The OUTI instruction—an
autoincrement output command—transfers the
memory-location contents pointed to by register pair
HL to the output port whose 8-bit address is held in the
C register (Fig 8). The instruction then increments

CROSS-ASSEMBLER LISTING OF THE 16-BIT MULTIPLICATION PROGRAM
ADDR  OBJECT STMT  LABEL  OPCD  OPERAND COMMENT
1 ORG 0D 0060  6F 51 b LA
0000 210004 2 START LD  HLMP SET MAIN POINTER 006E D850 5 IN A (MOST) \DUMMY INSTRUCTION TO LATCH
0003 FD210003 3 D 1Y, Mwp SET MODE WORD POINTER LEAST BYTE
0007 0614 4 L0 B,20D SET LOOP COUNTER 0070  OE4C 53 LD C, LEAST
0009 1E03 5 b E3D 2072 EDA2 5 It ANPUT PRODUCT LEAST BYTE
0008 3EOF 6 L0 AOFH 10 CONTROL WORD 0074  OES8 55 LD C,MOST
000D D346 7 OUT  (XCON), A 0076  ED82 56 NI JINPUT PRODUCT MOST BYTE
000F D347 8 OUT  (YCON), A 0078 78 5 D AE
0011 31FF04 9 LD SPSTACK 0079 C603 58 ADD  A.3D
0014 DD210604 10 LD IX,AXLYLM 0078 EDA4 59 NEG A
0018 CD5900 n CALL  MUL PERFORM 4 MULTIPLICATIONS 0070 85 60 ADD AL
0018 10F9 12 N2 5 007E  6F 61 LA /ADJUST POINTER FOR NEXT CALL
001D 3A0504 13 LD A (AXLYML) 007F 1C ) NG E
0020 320004 1 LD (AS07),A FINAL PRODUCT BYTE $07 0080 €9 63 RET
0023 ED5BO78A 15 LD DE, (AXMYL) 64 ORG  0300H
0027  2A0B04 16 LD HL, (AXL YM) 0300 00 65 DEFB  0OH XM=0, YM=0
0024 AF 17 XOR A 0301 08 66 DEFB 08H XM=1.YM=0
0028 4F 18 b CA 0302 0C & DEFB  OCH XM1, YM=1
002¢ 2F 19 CPL A 0303 04 68 DEFB  04H XM=0, YM-1
0020 47 20 b BA 0400 89 MP EQU  0400H
002E *CB7A 2 BT 7.0 TESTSIGN 0300 0 Mwp EQU  0300H
0030 CA3700 po) P Z.POSI 0046 71 XCON  EQU  46H
0033  CBFY 2 SET 7.C BC=-2+-23 0047 72 YCON  EQU  47H
0035  CBBA 2% RES 7.0 ‘RESET SIGN BIT 4FF 73 STACK  EQU  D4FFH
0037  CB7C 2% POSI BT 7.H TESTSIGN 0406 74 AXLYLM EQU  0406H
0033 CA4000 2% # o Z.POS2 0405 75 AXLYML EQU  0405H
003C  0E0O 2 I co BC-BC-2++23 040D 7 ASO7 EQU  040DH
003E  CBBC 28 RES  7.H {RESET SIGN BIT 0408 77 AXLYM EQU  040BH
0040 19 29 POS2 ADD  HL,DE {ADD XMYL TO XLYM 0407 78 AXMYL  EQU  0407H
0041  DDSEOO 30 L0 E(IX+0) 0409 79 AXMYM  EQU  0409H
0044 1600 31 00 040F 80 ASI631  EQU  04OFH
0046 19 2 ADD  HL,DE /ADD (XL YL) M 0044 81 X EQU  44H
0047  DD7508 3 LD (X)L ‘FINAL PRODUCT BYTE 5815 0045 IR EQU  45H
004A  5C B! 0 EH 0050 83 MOST  EQU  50H
0048 1600 3 b 0,0 004C 8  LEAST  EQU  dCH
004D 2A0904 36 LD HL, (AXMYM) 0058 8 MODE  EQU  58H
0050 EDSA 37 ADC  HL,DE {ADD XMYM 0304 86 END
0052 09 38 ADD  HL.BC :ADE ~(CORRECTING WORD)
0053  220F04 39 LD (AS1631),HL  :FINAL PRODUCT BYTESS1623,52431  TOTAL ASSEMBLER ERRORS - 0
0056 £30000 a0 JF START
0059  OE44 a1 muL L CX MULTIPLICATION ROUTINE
0058 EDA3 2 ouTI X TO MULTIPLIER
0050  OE45 a3 tcy SYMBOLTARLE
005F EDA3 4 ouTI ¥ TO MULTIPLIER AS07 0400 AS1631 040F AXLYLM 0406 AXLYM 0408
0061  0ES8 P LD C MODE AXLYML 0405 AXMYL 0407 AXMYM 0409 LEAST 004c
0063  FD5600 a6 L0 D,(1Y+0) MODE 0058 MOST 0050 P 0400 ML 0059
0066  ED5I a oUT  (C).D MODE WORD TO MULTIPLIER MwP 0300 POSI 0037 POS2 0040 STACK 04FF
0068 FD3400 a8 NG (1Y+0) INCREMENT MODE WORD POINTER START. 0000 X 0044 XCON 0046 v 0045
0068 78 49 D AE YCON 0047
006C 85 50 ADD AL
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HL’s contents and decrements B’s contents. The INI
instruction performs input functions in a similar
manner.

In order to use in final processing the Z80’s 16-bit
load instructions (which transfer two bytes from
memory to a register pair), the MUL subroutine reads
the product’s least significant byte first, then the most
significant byte. The first byte loads to the least
significant register (L); the second byte, to the most
significant one (H). Because the product’s least
significant byte is latched while the processor reads the
most significant byte, the program sequence must
include a dummy input instruction (for the most
significant byte) before inputting the least significant
byte.

The complete MUL subroutine includes the following
steps:

(1) Set the C register to the X port’s address

(2) Output X from (HL) to the X port and increment

HL, which points to the Y operand’s address

(3) Set the C register to the Y port’s address

(4) Output Y from (HL) to the Y port and increment

e Vi)
1 1
) ]
MODE-WORD
————— 0300 00
POINTER (MWP)
08 MODE-
WORDS
D, Dy D> Dy IDs oc ARRAY
|ooo<>xM Yy RsRu] 04
MODE~WORID FORMAT f

MAIN POINTER —————— 3 0400

0401

OPERANDS

G402 ARRAY

0403 |
0404 |
0405
0406 |
0407 | |
0408 | |
0409

PARTIAL-
PRODUCTS
ARRAY
040A
0408
040C | 04
040 | 8§

i FINAL

040F PRODUCTS

0410 |
STACK POINTER ———— 04FF

Fig 6—A memory map shows the storage locations for
crucial elements in the 16x16-bit multiplication process; it
also indicates pointer action.

HL

(5) Add the E register’s contents to the L register to
point to the address where the product’s least
significant byte, (X;Y;), will be stored

(6) Read the mode word from register IY, and

increment 1Y

(7) Perform a dummy output instruction to prepare

the product’s least significant byte in the least
significant port

(8) Set C to the least significant port’s address

(9) Input the least significant byte, (X;Y)),, from the

multiplier’s least significant port to the memory
address pointed to by HL, and increment HL

(10) Set C to the most significant port’s address

(11) Input the most significant byte, (X;Y)m, to HL,

and increment HL

(12) Subtract (E)+3 from L to adjust the HL pointer

to the next multiplication’s first operand.

The system performs four of these multiplication
procedures, each in its proper mode, and the entire
4-part process produces an array of four partial
products in memory, occupying eight successive
locations.

Note that the B register, which serves as a loop
counter to keep track of the four multiplications, is
initialized to 20. This value results from the four
parasitic B-register autodecrements caused by the two
OUTI and two INI instructions in every multiplication;
the complete sequence’s 16 autodecrements require 20
loop counts.

HSREOT
I
I
I
I
I
I
I

MAIN
POINTER

Fig 7—The mode-word and main pointers keep track of
operands and products during the four hardware operations
required to multiply 16-bit numbers with an 8 X 8-bit multiplier.
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Weighted additions transform
partial products into answers

Process the partial products

The multiplication program’s final processing stage

consists of the following steps:

(1) Load XnY)u(XaY) and (XiY)n(XiYs) into the
HL and DE register pairs, respectively

(2) Test these products’ signs; if they are negative,
reset the MSB and add 2% to register pair BC
(which contains the correcting word) for each
negative sign. After this step, BC actually
contains the negative of the correcting word.
(The bit manipulations performed in this step
utilize Z80 instructions that permit testing (BIT),
resetting (RES) and setting (SET) any bit in any
register or memory address)

(3) Add the corrected (X,Y)u(XnY): and
(Y uX)m(Yn X)) products and store the results in
HL. (No carry is expected in these additions
because both operands consist of unsigned 16-bit

words with zero in the MSB)

(4) Add (X\Y)n to HL to produce the final-product
byte, Sg15, in L; move H’s contents to E

(5) Load (XnYm)n(XmYm) from memory into HL; add
E’s contents (the previous addition’s most
significant byte) to HL as a least significant byte
plus the carry bit produced by the previous
addition

(6) Add the negative of the correcting word to HL to
produce the final product’s two most significant
bytes, Sl(')za and Su.m. EDN

Author’s biography

Shai Mor, involved in 16-bit-
wP design at Fairchild Camera
and Instrument Corp, Mt View,
CA, is currently on sabbatical
leave from Raphael, Haifa,
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include jazz and soccer.

X PORT ADDRESS—~C
OUTPUT X: (HL)~(C)
INC POINTER: HL<HL + 1

Y

Y PORT ADDRESS—C
OUTPUT Y: (HL)~(C)
INC POINTER: HL<HL + 1

Y

MODE-WORD ADDRESS—C
OUTPUT MODE WORD: (IY)~(C)
INC MODE-WORD POINTER: IY<1Y + 1

SET POINTER TO PRODUCT LOCATION:
L-L+E

MOST PRODUCT BYTE ADDRESS—C
INPUT (X,Y})m: (HL)=~(C)
INC POINTER: HL<HL + 1

Y

LEAST PRODUCT BYTE ADDRESS—C
INPUT (X,Y)):(HL)=(C)
INC POINTER: HL<HL + 1

Y

SET POINTER TO NEXT MULTIPLICATION
OPERANDS LOCATION:
L~L-(E+3)

INCE: E<E+1

Fig 8—An 8x8-bit multiplication subroutine d/rects
hardware-multiplier actions.

Article Interest Quotient (Circle One)
High 485 Medium 486 Low 487

POWERCON 7

SEVENTH NATIONAL SOLID-STATE POWER
CONVERSION CONFERENCE AND EXHIBIT

Since 1974, POWERCON conferences have provided
a unique national forum for the pragmatic power
conversion technologist . . . dealing with new
concepts, components and techniques in a non-
esoteric style, the test of a POWERCON paperisin
its immediate effect upon the technology.

Papers are sought in all aspects of state-of-the-art
power conversion practice: design, analysis, com-
ponents, systems, and application.

Prospective authors are asked to submit a 200-word
abstract, outline, or summary of their paper to the
POWERCON 7 Program Chairman, Power Concepts,
Inc., P.O. Box 5226, Ventura, CA 93003. Please be
prompt.

For additional information, please call the Con-
ference Chairman, Ron Birdsall, at (805) 985-6978.

POWERCON: the largest power supply g

design conference and exhibit D 21 .
in the world. Papers from 'LA
overseas are welcome a( 0

for international sessions. N\ \98

Call For Papers
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There’s a little tiger in
every Cherry switch

.+« DUt we’re pussycats to do business with

Our products are tough, but our people aren't... who are really concerned about your problem...
and that's the beauty of dealing with Cherry. to production scheduling and customer service men

You see, we can control the quality of our switches who follow-up and expedite to make sure we keep
because we fabricate most of our own parts our delivery promise to you.
(moldings, stampings, springs, printed circuits, etc.) Of course we're proud of our modern facilities
And we can keep the price down because we're and equipment...but what we're proudest of is our
loaded with automatic equipment to handle reputation for customer service. Try some.

high volume. cnzsr® AW Test a free sample “tiger” from the pussycats at Cherry.

But the real difference is in the people you work i Ask for our latest catalog which contains complete
ith at Ch f first tact with . information on all our switches and keyboards,
=l a G- AFOIT YOUF TSt COMARL W & W and we'll include a free sample switch. Just TWX
technically trained sales representative...through »_ 910-235-1572...or PHONE 312-689-7700. ..
g ——

careful analysis and recommendations by engineers

CHERRY

CHERRY ELECTRICAL PRODUCTS CORP. ¢« 3622 Sunset Avenue, Waukegan, lllinois 60085
SWITCHES and KEYBOARDS — Available locally from authorized distributors.

For more information, Circle No 72






Our Solid Tantalum Capacitors are the perfect Rx
for healthy performance and longer life.

Get fussy.

Each new electronic product entering the
market — whether it’s a tiny watch or huge tele-
communications system—is only as reliable as the
components inside.

You must be as selective in ordering your
standard electronic components as you are in choos-
ing your new ICs or microprocessors.

Let’s face it. A failure is a failure. And a
leaky capacitor can work havoc on a “wonder pro-
duct’s” performance —no matter how fancy the
electronic brain-center happens to be.

NEC has earned a worldwide reputation
for delivering only the highest quality solid tan-
talum capacitors. During a 12-month period last year,
NEC Electron shipped over 23 million without a
single failure.

For immediate relief from all your capacitor
problems, call “Doc” Roger Ferreira of NEC. His tan-
talums will make your system healthier in no time.

For more information, Circle No 73

We build our tantalums to last. Each capac-
citor is burned in at 85°C at elevated voltages for
extended periods of time to eliminate high leakage.

Our NEC tantalum line is broad, includ-
ing: standard and miniature dips, bulk pack or lead
tape and reel, epoxy end-sealed axials, and two
types of chip capacitors. NEC tantalums feature
working voltages from 3 to 50 volts, and capaci-
tance ranges of .01 to 680 microfarads.

If you want your system to enjoy a long
and healthy operating life, choose the capacitors you
can specify with confidence. NEC solid tantalums.
For more details, please fill out the coupon and send
it to NEC today.

NEC

If you have designs on the future.

NEC Electron, Inc.

Mr. Roger Ferreira, Capacitor Product Manager
3120 Central Expressway

Santa Clara, CA 95051

Dear Roger:

I'minterested in giving my system alonger
and healthier life. Please send me your capacitor
catalog, reliability data, and sample request
sheet as soon as possible.

Name
Title
Company
Address
City St Zip




RF TRANSFORMERS

36 models to choose from, 10KHz-800MHz

It costs less to buy Mini-Circuits wideband RF trans- operate with impedance levels from 12.5 ohms to 800 production run is 100% tested, and every unit must
formers. The T-series (plastic case) and TMO series ohms and have low insertion loss, 0.5 dB typ. High pass our rigid inspection and high quality standards.
(hermetically sealed metal case) RF transformers reliability is associated with every transformer. Every Of course, our one-year guarantee applies to these units.

NXx50 0 Nx50 0
DC ISOLATED PRIMARY & SECCNDARY —an— DC ISOLATED PRIMARY & SECONDARY CENTER-TAP SECONDARY e
o s
Model 500 Model 50a
Metal Case TMO 11 TMO 1.5-1 TMO 2.5:6 TMO 4-6 TMO 8-1 TMO 16-1 Metal Case TMO 11T TMO 2-1T TMO 2.5-6T TMO 3-1T TMO 41 TMOS-T TMO 13-1T
Plastic Case T141 T151 T256 T46 T91 T 161 Plastic Case T11T T24T T 2567 T31T T4-1 T51T 71347
Freq Range, MHz .15-400 .1-300 .01-100  .02-200 .15-200 .3-120 Freq. Range, MHz  .05-200 .07-200 .01-100 .05-250 .2-350 .3-300 .3-120
Impedance Ratio 1 1.5 25 4 9 16 Impedance Ratio 1 2 2.5 3 B -3 13
Max. Insertion Loss  MHz MHz MHz MHz MH2z MHz Max. Insertion Loss MHz MHz MHz MHz MHz MHz MHz
3dB .15-400 1+300  .01-100 02-200 .15-200 <3-120 3dB .05-200 .07-200 01100 .05-250 2-350 .3-300 .3-120
2dB .35-200 +2-150 .02-50 05-150 .3-150 .7-80 2d8B .08-150 .1-100 02-50 .1-200 .35-300 6-200 .7-80
148 2.50  .5-80 .05-20 14100 2:40 5.20 148 280 550  .05-20 570 2-100 5-100 5-20
Price, Model TMO  $4.95  $6.75  $6.45  $6.45  $6.45  $6.45 Amplitud MHz
(10.49) Model T $2.95 $3.95 $3.95 $3.95 $3.45 $395 1dB 580 1-50 1-20 1-70 5-100 10-100 5-20
5dB 05200 .07-200  .01-100  .05-250  .2-350 3300 3120
o Maxi Phase 9 MHz
500 1o 580 1-50 1-20 170 5100 10100 520
50 05 07+ 01- ¥ i 7 %
UNBALANCED PRIMARY & SECONDARY .;D::AJ“: Price (10-49) it i i 2:3% 5000 180
NX50 0 Model TMO  $6.45 $6.75 $6.75 $6.45 $4.95 $6.75 $6.75
Model Model T $3.95 $4.25 $4.25 $3.95 $2.95 $4.25 $4.25
Metal Case TMO 21 TMO 3-1 TMO 4-2 TMO 81 TMO 14-1 : .
Plastic Case T2 T34 T4z T8l T4 ';’"‘;z "“‘:':"‘"_’ ;" e TMO-series T-series
Freg Range, MHz 015600  .5-800 5.600  .15-250  .2-150 otal-input Power: % watt .25 cu. inches 02 cu. inches
Impedance Ratio 2 a3 4 8 14 .07 ounces 01 ounces
Max. Insertion Loss MHz MHz MHz MHz MHz
3dB 015600  5-800  .2-600  .15-250  .2-150 Designers Kit Available
2d8 .02-400 2-400 5-500 .25-200 5-100
1d8 105-200 2-250 2100 2:50 (TK-1) — 2 transformers of each (TMK-2) — 2 transformers of each
Price, Model TMO  $5.95 $6.95 $5.95 $595  $6.75 type T1-1, T2-1, T4-1, T9-1, T16-1 type TMO1-1, TMO2-1, TMO4-1,
(10.49) Model T $3.45  $425  $3.45  $345  $4.25 $32.00 TMO9-1, TMO16-1 $49.50

111 11Qest manutdacturer ot ubie Balanced Mixers

2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200 m M ln l'Clrcu Its

Domestic and International Telex 125460 International Telex 620156 A Division of Scientitic Components Corp

nternati I Rep ives: O AFRICA: Afitra (PTY) Ltd. P O. Box 9813, Jchannesburg 2000. South Africa O AUSTRALIA: General Electronic Service. 99 Alexander St.. New
South Wales. Australia 2065 0 EASTERN CANADA: B D Hummel. 2224 Maynard Ave . Utica. NY 13502 O ENGLAND: Dale Electronics Ltd . Dale House. Wharf Road, Frimley Green,
Camberley Surrey, Unitea Kingdom O FRANCE: SCIE-DIMES . 31 Rue George-Sand. 91120 Palaiseau. France O GERMANY, AUSTRIA, SWITZERLAND, DENMARK: Industrial
Electronics GMBH, 6000 Frankfurt Main, Kluberstrasse 14. West Germany [ INDIA: Gaekwar Enterprises, Kamal Mahal, 17 ML Dahanukar Marg. Bombay 400 026, India
0O ISRAEL: Vectronics Ltd . 69 Gordon St.. Tel-Aviv. Israel O JAPAN: Densho Kaisha. Ltd.. Eguchi Building 8-1 1-Chome, Hamamatsucho Minato-Ku, Tokyo, Japan
0 NETHERLANDS, LUXEMBOURG, BELGIUM: BV Technische Handeisonderneming. COIMEX. P.O Box 19 8050 AA Hattem. Holland O NORWAY: Datamatick As. Postboks 111
BRYN, Oslo 6. Ostensjoveien 62. Norway O SINGAPORE & MALAYSIA: Electronics Trading Co. (PTE) Ltd. Suites C13, C22 & C23 (1st Floor). President Hotel Shopping Complex
181 Kitchener Road. Singapore-8, Republic of Singapore 0O SWEDEN: Integrerad Elektronik AB, Box 43 S-182 51, Djursholm, Sweden

U.S. Distributors: 0 NORTHERN CALIFORNIA: Pen Stock. 105 Fremont Ave . Los Altos. CA 94022 Tel (415) 948-6533 [0 SOUTHERN CALIFORNIA, ARIZONA: Crown Electronics,
11440 Collins St. N Hollywood. CA 91601, Tel (213) 877-3550 O METROPOLITAN NEW YORK, NORTHERN NEW JERSEY, WESTCHESTER COUNTY: Microwave Distributors,
61 Mall Drive. Commack. NY 11725, Tel. (516) 543-4771 22/REV/H DOO

For more information, Circle No 74




Design Ideas

Circuit controls 3-phase inverters

. 1). Although a more compact design results with the
Serban Birca-Galateanu . use of 74161 or 74191 binary up/down counters, the
Polytechnical Institute, Bucharest, Romania circuit shown is less expensive and avoids the
problem of loading the counter with starting signals.
For 3-phase inverters requiring X, Y, Z, X, Y, Z
Logic that supplies control pulses for inverter SCRs firing signals plus inputs [A], [B], [C] and the
must generate direct firing-pulse sequences (1-2-3-  auxiliary signal E=B+C, you must use the special
4-5-6-1-...) for one running sense, or reverse decoder shown in Fig 2. EDN
sequences (6-5-4-3-2-1-6-...) for the opposite sense.
The simplest way to implement these sequences is to
feed a clock to a modulo-six counter, phase the three To Vote For This Design, Circle No 450
binary outputs properly through reverse-control
logic, then feed the outputs to a 1-of-6 decoder (Fig

REVERSE
G

+5V
O

OUTPUTS NOTES

to 1-OF-6 IC,=7493

DECODER IC,=7400
( 7441, 74141, 7442 IC,=7486

OR 74138 IC,=7408

Fig 1—Different types of amplifiers and isolators (blocking oscillators or optocouplers) determine the best decoder IC to generate
SCR firing pulses. The fourth address input on the 7441, 74141 or 7442 should be connected to ground.

(10 ; L 2
X
1C3a - ICI[BI][A] E X Y Z
X=E+[A]+[C] 000 110 1
0 14 1 00
3 4 DIRECT 0 1 0 0 1 1 0 REVERSE
" 0 419 09 1 0
_— 1- 9 0 0 0 1 1
Ic - — 1 1
38 Y=[BI+{AlZE 1 0 0 0 O
5 6
NOTES
Z ICy =1C, = 7402
= T IC3=7404
& OZ=[C]+[A]+[B]
[C1O

Fig 2—A special decoder serves 3-phase inverters requiring X, Y, Z, X, Y, Z firing signals.
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Design Ideas

Up/down counter can’t overflow or underflow

Gerald Buurma
National Semiconductor, Santa Clara, CA

A coincidence flip flop is a state machine whose state
is defined by the last set of unanimous input levels.
Its output becomes ONE when all inputs are ONEs,
and it remains at the ONE level until every input is
ZERO. With all inputs at ZERO, the flip flop
switches to ZERO until all inputs are ONEs again,
and so on. A common application of this device occurs
in a maximal-length binary up/down counter that
counts up to all ONEs and then down to all ZEROs
without ever overflowing or underflowing—a circuit
useful in waveform synthesizers to address a ROM
that controls a D/A converter.

In a typical maximal-length up/down counter,

separate AND and OR gates control a flip flop to
detect the upper and lower limits. But to simplify the
circuit, use a programmable gate such as a CD4648
for detection; the output state controls the gate
function (see figure). As an added benefit, this
approach can be easily expanded by using the gate’s
Expand (EXP) input. Higher counter stages use
programming between OR- and NAND-gate func-
tions, with the outputs feeding the Expand inputs of
lower stages.

In the circuit shown, Schmitt triggers drive the
programmable gate’s control inputs to prevent the
feedback loop from biasing itself in the active region.

EDN
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FROM HIGHER STAGE

]
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p SCHMITT
TRIGGER
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GATE

PR

To I<»—

STAGE

NEXT i
CD40193
2>

CLOCK
—O

CD40193

O CLEAR

The coincidence flip flop in this maximal-length binary up/down counter sets the upper and lower count levels and prevents
overflow and underflow. The resistor and capacitor provide delay in the feedback loop; the forward propagation delay through the

circuit isn't altered.

Relate noise figure to noise temperature

Ed Oxner
Siliconix Inc, Santa Clara, CA

Johnson noise, defined as a nonperiodic ac-voltage

fluctuation and in reality an effect of electron
agitation, places a limit on the ultimate sensitivity of
amplifiers, mixers and similar equipment. All
high-frequency transistors, whether FETs or bipolar
devices, as well as all passive elements, reach a
well-defined performance based on this effect.
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" byanunder*>30*

The Gralex Model 30

FullPerformance, 3”2 digits
Exceptionally Bright, 0.5" LEDs

Flat Profile Case -only %" deep
5Vdc; W power

Model 35: AC powered equivalent

"250: $29.50
124: 53950

= (=] :
' ' ‘ ' actualsize

Formerly Manufactured by Fairchild Camera and Instrument Corp. Now made by Gralex.

T | \ DIVISION OF GENERAL MICROWAVE CORPORATION
: : : 155 MARINE ST., FARMINGDALE, N.Y. 11735
Tel. 516-694-3607 » TWX 510-224-6406

Also available at these distributors:

ARIZONA, Meter Master, Inc., (602) 243-4111 e CALIFORNIA, Meter Master, Inc., (213) 685-4340, Meter Master, Inc., (415) 968-0313, Meter Master, Inc.,
(714) 560-4841 = ILLINOIS, Meter Master Inc., (312) 593-8650 « MASS, Meter Master, Inc., (617) 667-8346 » NEW MEXICO, Century Electronics, (505) 292-2700
* NEW YORK, Summit Distributors, (716) 884-3450 » TEXAS, Meter Master, Inc., (214) 271-5671 «» CANADA, Montreal, Quebec, Future Electronics, (514) 735-5775
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Design Ideas

Historically, transistors have been categorized by
their noise figure (NF)—the lower the value, the
better the device. But two decades ago, within the
confining technology of ultralow-noise parametric
amplifiers and hydrogen masers, another measure of
performance was developed. This parameter,
termed noise temperature, is finding increased
acceptance in the trade. But what does it mean, and
how can you convert back and forth between
noise-temperature specifications and noise-figure
specs?

At absolute zero (—273.18°C), Brownian
movement—hence electron agitation—ceases, so
Johnson noise equals zero. (Normal ambient (room)
temperature is generally regarded as 20°C, but
universal scientific consent has established the
standard noise temperature (T,)at 290°K.) Active
components such as transistors, however, can
exhibit noise temperatures different from their
operating or ambient temperatures; this exhibited
noise temperature is termed the device’s effective
input noise temperature (Tg).

Another term relevant to this discussion, input
available noise power (P), is calculated as

P=kTB
where k is Boltzmann’s constant; B, bandwidth in
hertz; and T, absolute temperature in degrees
Kelvin.

Now the total noise output (Npowgr) of an active
transistor is, in effect, the sum of the input noise plus
the noise contributed by the device. Thus,

Npower=GkB(Tx+TE)
where G is the device’s gain.

Because a device’s noise figure is by definition the
ratio of the total noise power to the input noise
power, when the input termination is at the standard
temperature of 290°K,

NF=NPOWER/GkBT0.

Combining the previous two equations produces
an expression for the relationship between noise
figure and effective noise temperature:

NF=1+Tg/T,.

Finally, noise figure is generally expressed in
decibels, so when expanded, this expression yields
NF45=10log(1+Tg/T,)

or
T=290 [antilog(NF/10)-1]°K.

To put this final expression into perspective,
consider the Siliconix U310/NZA. This transistor
specs a noise figure of 2.7 dB at 450 MHz. What is its
noise temperature? (Answer: Tg=250°K,) EDN

To Vote For This Design, Circle No 452

Design Entry Blank

$25 Cash Award for all entries selected by editors.
An additional $50 U.S. Savings Bond Award for
winning design each issue, determined by vote of
readers. Additional $1000 Bond Award for annual
Grand Prize Design, selected among semimonthly
winners by vote of editors.

To: Design |deas Editor

EDN

Cahners Publishing Co.

221 Columbus Ave., Boston, MA 02116
| hereby submit my entry for
EDN'’s DESIGN IDEAS PROGRAM.

Name

Title Phcne

Company.

Division (if any)

Street

City State Zip

Design Title

Print full name (no initials) and home address on
lines below for mailing of your bond if chosen
monthly issue winner. Also, please include your
Social Security number.

Social Security No.
Entry blank must accompany all entries. Design
entered must be submitted exclusively to EDN,
must be original with author(s), must not have been
previously published (limited-distribution house
organs excepted), and must have been constructed
and tested.

Exclusive publishing rights remain with Cahners
Publishing Co. unless entry is returned to author or
editor gives written permission for publication
elsewhere.

In submitting my entry, | agree to abide by the
rules of the Design Ideas Program.

Signed

Date

Your vote determines this issue’s winner. All
designs published win $25 cash. All issue winners
receive an additional $50 U.S. Savings Bond and
become eligible for the annual $1000 U.S. Savings
Bond Grand Prize.

Vote now, by circling the appropriate number on
the reader inquiry card.

Submit your own design, too. Mail entries to
Design Ideas Editor, EDN, 221 Columbus Ave.,
Boston, MA 02116.
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Three new TM 500 Digital
Multimeters give you more
performance choice...

from Tektronix.

Introducing:

¢ DM 501A
4% digits, true rms, dB, .05% accuracy,
seven functions.

e DM 502A
32 digits, true rms, autoranging including dB,
seven functions.

e DM 505
3% digits, five functions.

We've put the best combination of accuracy and con-
venience into compact, affordable DMM's. Simply put
them to the test. These versatile DMM's are at home
everywhere, making your electronics tests faster and
easier.

Choose seven function capability, including dB and
temperature, from the new DM 501A and DM 502A.
Increase your accuracy with the 42 digit DM 501A,
featuring true rms capability and 10 uV resolution. The
31 digit DM 502A features autoranging in voltage, re-
sistance, and dB, plus true rms capability. Add the
all-around testing capabilities of our low-cost DM 505,
and you've got a digital multimeter for practically every
purpose.

They're all part of the TM 500 family. Just plug them
into any TM 500 Mainframe to make on-site, rack, or
bench measurements. Combine them with any other
TM 500 instruments to build a compact test set just
right for your application.

And, there's even more to these new DMM'’s. They give
you Tektronix reliability, too. Add TM 500 configurability
and modularity, and you get more testing clout for your
dollar.

pM 501A DIGITAL MULTIMETER

To learn more about these new TM
500 Digital Multimeters, contact the
Tektronix Field Office nearest you.
For a copy of our TM 500 Digital
Multimeter Data Sheet, call our toll-
free, automatic answering service:
1-800-547-1512. In Oregon, call
collect: 644-9051. Or, send your
request on your letterhead to
Tektronix, PO. Box 500, 76/260,
TM 500 C6, Beaverton, OR 97005.
In Europe: Tektronix International
Inc., European Marketing Centre,
Postbox 827, 1180 AV Amstelveen,
The Netherlands.

TM 500
Designed for
Configurability

Tektronix

COMMITTED TO EXCELLENCE
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bandw:dth and shorter rise time, choose one
of the new 35MHz scopes from Philips.

Our PM3216 has a single time base;
the PM3218 has delayed time base. Both
have a maximum sweep speed of 10 ns/div.
and a trigger hold-off facility that eliminates
double triggering on digital signals, making
it unnecessary to use the time base in the
uncalibrated mode.

Both the PM3214 and PM3218
feature trigger selection from either channel,
line, external sources or composite
triggering for asynchronous signals. Their
alternate time base displays allow them to
replace much more expensive instruments
for measurement needs. Press delayed time
base and main time base simultaneously
and both time base sweeps are displayed
for one or both channels.

Now, more than ever, Philipswantsto ! 5
make your next scope. You see, Philips plans i ; A s
to double sales by 1981. Much of this growth | ;
will come from our new U.S. manufactunng
facilities. We're going to give you a bef
multiple choice so you'll buy from us.

For more information call 800-631-7172,
except in Hawaii, Alaska, and New Jersey. In New
Jersey call collect (201) 529-3800, or contact
Philips Test & Measuring Instruments, Inc., 85
McKee Drive, Mahwah, New Jersey, 07430.

~

] Tt PHILIPS

For more information, Circle No 76



Feature Products

Low-cost logic-state/timing analyzer
checks parallel/serial data, signatures

Logic-state, logic-timing and
signature-analysis  capabilities
now combine in a single
instrument that weighs just 8
Ibs and costs only $3000. Model
308 can examine serial data
streams or parallel data lines up
to eight bits wide, with optional
triggering on up to 24 channels;
its maximum clock frequency is
20 MHz.

The 308's flexibility eases
fault detection in different parts
of a digital system. For
example, you can examine clock
and control signals with logic-
timing analysis, data and
address buses with logic-state
analysis and communications
lines with serial analysis. And
quick checks on individual lines
might call for the instrument’s
signature-analysis capability.

In the parallel timing mode,
the 308 provides an 8-channel-
wide input, 20-MHz clock speed
and 252-bit/channel memory
space. An 8-channel parallel
word recognizer (P6406) is built
in; its probe expands triggering
to 24 channels. A digital-delay
capability holds off triggering by
up to 65,535 clock cycles.

You can store data before or
after the delayed trigger at
sample intervals ranging from
50 nsec to 200 msec.Storing data
in a reference memory and
comparing it with incoming data
allows you to trigger when a
failure occurs—a “babysitting”
mode that lets you, in effect,
search out random faults while
the analyzer is unattended.

A variable viewing window of
data stored in the acquisition
memory magnifies timing dis-
plays to make comparison of

Inexpensive, lightweight and compact, Model 308 performs logic-state, logic-timing
and signature analysis of serial or parallel-configured systems.

edges easier and allows you to
view 168, 84 or 42 words of the
memory. And a glitch-catching
latch mode permits the 308 to
capture pulses narrower than
the sample interval—down to 10
nsec.

Pick your language

Parallel-state analyzer func-
tions are similar to the timing
functions, but in this mode, the
timing-diagram display is re-
placed with a binary, octal,
decimal or hexadecimal one.

Serial state-analysis data
acquisition can be synchronous
or asynchronous—either an
internal or external clock can
transfer data into the analyzer.
You can specify 5-, 6-, 7- or 8-bit
incoming-word lengths (in
RS-232 format) and can store
two words for comparison with
incoming data to trigger the
analyzer. A digital delay counts
up to 65,535 words, and data
before or after the delayed
trigger can be stored at 50 to
9.6k baud.

The 308 displays stored data

on its CRT screen in binary,
hexadecimal or ASCII format.
Depending on the incoming
data’s format, you can select
odd, even or no parity to
simplify word recognition.

Self test at power-up

The instrument’s signature-
analyzer circuitry provides data
input, start/stop gating inputs
and clock rates up to 20 MHz,
converting a sequence of data
between start- and stop-gate
signals into a 4-digit alphanu-
meric code. In Repeat mode, the
circuitry compares successive
input streams and detects
changes. And in Hold mode, it
stores and displays up to eight
signatures.

At power-up, the 308 per-
forms a self-test procedure:
Seven built-in diagnostic rou-
tines allow you to check the
instrument in depth without
external test equipment.

Tektronix Inc, Box 500,
Beaverton, OR 97077. Phone
(503) 644-0161. Circle No 453
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Data Integrity Control
with just one chip.

Signetics’ new 2653
brings you Bisync in

firmware.. .fast!

Here’s high-speed intelligence single-character, two-character sequence,
to distinguish control characters or parity generation and checking. The
from data. All on one chip. Our 2653 does it all.

new 2653 data integrity control-
ler. Since it supports transpar-
ency, the 2653 tells you when
DLE is not DLE. So your
CPU can do other work.
Fully programmable, it
packs a 128-character-class
RAM for complete format
control. And that makes
it easy to tell the differ-
ence between control
and data characters—
in EBCDIC, ASCII or
six-bit codes.
Riding atop your
microprocessor’s data
bus, the 2653 speeds
data checking with
throughput of 4 mil-

lion bits/second. It i T
also shrinks design time while it cuts develop- 5 m II E I

Add it to your USRT/USART. Or
couple it with our 2651/2661 com-
munications interface or 2652
multi-protocol circuit. The result:
Bisync with minimal software
intervention.
So when your design calls for
data transfer, even within
magnetic media controllers,
specify our one-chip simpli-
fier. Write us today.
Or contact your nearby
Signetics sales office or
authorized distributor
for full information.

ment costs. Use it and save a half-board of stan-

dard logic plus about 100 lines of programming. a subsidiary of U.S. Philips Corporation
Need high-speed error detection via CRC? It’s Signetics Corporation
a breeze with the 2653—the only IC that computes PO. Box 9052
and checks CRC intelligently and in parallel. Sungu::sglri?:f:;: ;33;:
This versatile part simplifies error checking Telephone 408/739-7700

and detection in almost any mode: block-check,

EDN 115
To: Signetics Information Services, 811 East Arques Avenue

P.O. Box 9052, MS27, Sunnyvale, CA 94086
] Rush details on Signetics ' 2653 One-Chip Simplifier.

Name Title

Company. Division

Address. MS
City. State Zip.

I want to cut design costs immediately. Please have an
applications specialist phone me at:

( ) ext,




Feature Products

Single-board processor
provides universal interface

Designed to help OEMs get the
most from the Digital Equip-
ment Corp Unibus, the Uniface
board lets you develop your own
controllers, preprocessors and
intelligent channels, or even add
Unibus channels to existing
systems.

Uniface uses 2901 bit-slice
technology, implementing a
32-bit-microword instruction
set. Its 200-nsec instruction rate
provides computational power
that compares favorably with
that of the host computers it
offloads.

A Unibus-compatible micro-
console and a microassembler
allow you to write the
specialized software needed to
drive the Uniface and perform
your interface task. The
processor board then stores
these programs in ROM.

You can install more than one
Uniface per Unibus CPU; one
board can drive 32 communica-

External user connections allow
standard USE and CSE Series
power supplies to accept either
70 to 140V or 140 to 180V, 47- to
440-Hz ac input, as well as 200 to
400V dc. In each of the modules’
three input modes, performance
holds over a 2:1 input range,
suiting the units for operation
from most common line voltag-
es, both domestic and foreign.
Peak inrush current, often a
weak spot in switcher perfor-
mance specs, never exceeds

Offloading Unibus systems, Uniface allows you to add controllers, preprocessors
and intelligent Unibus channels to those systems as required.

tions channels at 19.2k baud/
channel with full modem control.

The Uniface board measures
8.5%x16.5 in. and requires +5V
at 4A. Available 1lst quarter

1980. $45 (100).

Able Computer, 1751 Lang-
ley Ave, Irvine, CA 92714.
Phone (714) 979-7030.

Circle No 454

Whether for plug-in or screw-terminal connection, each of these universal-input
switchers outputs 25W at up to 71°C ambient—without derating.
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We've got to hand it to you...
L sl for being

reative

Within the power of your imagination is a form, shape and size
of miniature tubing, waiting to be discovered. And if Uniform Tubes
doesn’t already make it, just snap your fingers and we’ll meet the most
exacting requirements you can dream up. It’'s our way of supporting
you in turning fantasy into fact.

At your command, we’ll be happy to send you our design guide,
selection guide or a meticulously detailed primer on tubing.

( UNIFORM TUBES, INC. ... aUTI company
‘ COLLEGEVILLE, PA. 19426 « Telephone: 215/539-0700

TWX: 510-660-6107 Telex: 84-6428
For more information, Circle No 78

LET
20 YEARS
OF CUSTOM
PHOTODIODE
EXPERIENCE TURN
YOUR DESIGN INTO
A COST-EFFECTIVE
PRODUCT

Dual photodiodes to 100 channels or
higher. Active areas of virtually any shape, in
sizes from a few mils to 3-foot-long strips.
Inter-element spacing down to a few ten

thousandths with 100 megohm isolation. Chips,
PC board assemblies, or special molded packages.
Applications assistance available from design concept
through prototyping and production. At Applied Solar
Energy our technical expertise can make your design concept
a viable production item at minimum start-up cost.

For complete information contact Optoelectronics Group,
Applied Solar Energy Corporation, (formerly OCLI Photoelectronics
Division), 15251 East Don Julian Road, City of Industry, CA 91746.
Telephone (213) 968-6581. TWX (910) 584-4890.

Applied Solar Energy Corp.

For more information, Circle No 79
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Products

' 10A. USE models plug directly

into a pc board, while CSE
versions bolt to the mounting
surface and connect to circuits
through dual barrier strips.

All versions, whether single-,
triple- or quadruple - output
units, measure 5.5x3.5x1.25
in., have a pi input filter to
reduce input reflected ripple,
offer 2500V I/O isolation and
incorporate a noteworthy and
relatively unusual feature:
self-resetting input overvoltage
shutdown. Furthermore, all
modules employ 40-kHz switch-
ing to produce the primary
output; the additional isolated
outputs come from a multiple-
output de/de converter.

Continuing the manufactur-
er’s policy, each USE or CSE
supply carries a 71°C ambient
rating for full power. The
supplies carry full protection,
including foldback overcurrent
protection on the primary
output, current limiting on the
derived outputs and overvoltage
crowbarring of the primary
output.

Also standard are optoiso-
lated remote power shutdown
using standard logic-load sig-
nals, greater than 70% efficiency
on the primary output and
30-msec holdup time at nominal
line with full load.

Specs show line and load
regulation of 0.2/0.2% for the
primary output and 0.1/0.15%
for derived outputs. Ripple and
noise on the primary output run
0.1% of output voltage and 50
mV p-p or 0.5% of output
voltage, whichever is greater (3
mV rms and 30 mV p-p for
derived outputs). $175.95 to
$269.95. Delivery, 2 to 6 wks
ARO.

Semiconductor Circuits Inc,
218 River Rd, Haverhill, MA
01830. Phone (617) 373-9104.

Circle No 455
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Technological leadership.

L&ECIJIJOJORICY] J&eY

LelJIb:

Cut a new edge

in accuracy with the first
dual precision BIFET op amps.

Just as we introduced and still lead with the
industry-standard, MC1458 dual bipolar op amp,
Motorola Linear’s first to offer state-of-the-art,
dual, precision TRIMFETs™,

They're about as error-free and accurate as you
can get any dual op amp to be ... and an optimum
combo of precision, performance and economy.

Super-accurate, laser-trimmed
TRIMFETSs

The secret’s in the laser trimming—our kind of
laser trimming. It accurately adjusts resistor values
by cutting aluminum shorting bars (links) in an
ultra-clean, remarkably stable process. The
technology involves trapping the laser energy in a
small, finely-controlled area so the metal is correctly
vaporized, not splattered or cratered affecting
adjacent areas. A cut above the rest.

Of course, TRIMFET technology offers 4 MHz
bandwidth, 13 V/us slew rate (about 25 times
better than bipolars), 30 pA input bias and 10 pA
input offset.

It's perfect for fast D/A, A/D; sample-and-hold;
high-speed integrators; high-impedance buffers;
low-current amplifiers.

Meet the whole family

Combining all the advantages a monolithic
marriage between linear JFET and bipolar

technologies can offer, the Motorola TRIMFET
family’s available in plastic, metal, ceramic, single,
dual and quad varieties.

[ 'L 'y T T o )
Vio RANGE | TEMP |
| FUNCTION | TSiB ST | “(max) | RANGE | PACKAGE
: | | v | .C ). —
| Single | MC34001 | 2,5,0r10 | 0t0o70 i Metal, Plastic.
[ Ceramic
} MC35001 20r5 | 55to 125 | Metal, Ceramic
Dual | MC34002 | 2.5.0r10 | 0to70 |Metal, Plastic,
| 1 Ceramic
MC35002 2o0r5 | -55 to 125 | Metal, Ceramic
| MC34022 | 05,1,0r2 | 0t070 |Metal, Plastic,
| Ceramic
MC35022° | 05 or 1 55 to 125 | Metal, Ceramic
Quad MC34004 | 2,5,0r 10 ) 0 to 70 Plastic, Ceramic
MC35004 | 2o0r5 | -55 to 125 | Ceramic

Motorola TRIMFETSs are 100% compatible with
industry-standard MC1741, MC1458 and the
MC3403/LM324 bipolar devices. Call or write us
about any of them: Motorola Semiconductor
Products Inc., P.O. Box 20912, Phoenix, AZ 85036.
We'll send precisely what you need for

[+ 1 A rey 9
Innovati

@ MOTOROLA INC.

For more information, Circle No 80
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HI-VOLTAGE
CERAMIC
CAPACITORS

30K\

in configurations
to suit your
application

ERIE offers a broad range

of high quality components
with physical styles, leads,
capacitance . . . and voltages
to suit your needs. These
popular capacitors are
widely used in electric utility
transformers, power supplies,
voltage multipliers for CRT
displays, image intensifiers
for night vision apparatus,
navigation equipment and
electro-optic equipment . . .
literally any application
involving high voltage
ceramic capacitors.

Write on your company
letterhead for our new
catalog 3900-R1 ... or call
814-237-1431.

ERIE TECHNOLOGICAL PRODUCTS, INC.
State College, Pa. 16801
814-237-1431

For more information, Circle No 81
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New Products

INSTRUMENTATION
& POWER SOURCES

IN-CIRCUIT EMULATORS. SSMs (sig-
nature stimulus modules) provide
simplified stand-alone signature-analysis
diagnostics of difficult bus, pP-kernel and
system-fault problems. With them, you
can perform “forced-opcode” WP
stimulation and free-run generation. Full
testing of all address, data and control
lines results from using the manufactur-
er's LS100, 120/140 signature analyzers
in conjunction with an SSM—without
writing any test or stimulus software.

An SSM allows verification of correct
wP-system bus performance and
operation, including major portions of the
unit under test. Removing the kernel wP
from the UUT or target system and
placing it in the zero-insertion test socket
of the SSM, then opening all address,
data and control lines with SSM
switches, allows you to take signatures
from the P to verify full-speed operation
and proper clocking. SSMs currently
available serve the 6800, Z80, 8080,
6500, 6802, 6502 and 6512. From
$216.50. Phoenix Digital Corp, 3027 N
33rd Dr, Phoenix, AZ 85017. Phone
(602) 278-3591. Circle No 195

32-CHANNEL DATA LINK. Multichannel.
digital data handling over distances up to
6500 ft— without modems — makes
Model 4359 fiber-optic data link attractive
for a variety of uses. For asynchronous
applications, the 32 channels operate
independently at up to 50k bps (or to
100k with 16 channels, 200k with eight).
For synchronous applications, externally

clocked byte-parallel rates are 500k bps
for 32 bits (or 1M bps, 16 bits; 2M bps, 8
bits). Configured for full-duplex opera-

.tion, the link costs $12,000 plus cable.

Harris Corp, Fiber Optic Systems, Box
37, Melbourne, FL 32901. Phone (305)
724-3518. Circle No 196

QUAD-OUTPUT SWITCHERS. All
members of the RQ Series 300W
supplies utilize the same 5x8x10-in.
case and feature convection cooling.
They also accept inputs of 90 to 132V, 47
to 63 Hz (internally changeable to 180 to
264V), regulate within 0.1%+5 mV from
no load to full load, and hold up for 30
msec after line dropout. Load rating
holds to 40°C, derated to 50% at 71°C.
Main output on all models is 5V/30A, plus
various combinations of 5, 12 and 24V.
$625. ACDC Electronics, 401 Jones
Rd, Oceanside, CA 92054. Phone (714)
757-1880. Circle No 197

MILLIOHMMETER. A true 4-terminal
measuring device that plugs into an
analog or digital multimeter, Model RX-2
Lohmeter measures resistance from
100¢) to 0.001Q with the accuracy of the
meter used. Line powered, it indicates
(on LEDs) the range in use (x10 or
x100). $39.95. Alpha Components
Corp, Box 306, El Segundo, CA 90245.
Phone (213) 322-7780. Circle No 198

RF COMPARATOR. Using the 16100A
Series RF comparator heads and their
Model 1610A cBntrol unit (plus an ac
voltage calibrator), you can directly
measure high-frequency voltages in 50()
systems at frequencies between 100 kHz
and 1 GHz (with Model 16101A head,
from 10 mV to 3V rms between 100 kHz
and 1 GHz; with Model 16102A head, 3V
to 20V from 100 kHz to 10 MHz). The
1.03-VSWR measurement air line may
either be used as a throughput device or
terminated. Model 1610A, $985; Model
16101A, $850; Model 16102A, $695.
Ballantine Laboratories Inc, Box 97,
Boonton, NJ 07005. Phone (201)
335-0900. Circle No199
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DESIGN BECKMAN TRIMMERS IN.
DESIGN PROBLEMS OUT.

Our precious metal contacts let you set and forget.

There are many reasons to make Beckman
your trimmer choice. But there’s one that’s actu-
ally worth its weight in gold. It’s our precious
metal brush contact. Unique to the industry. And
invaluable to your application needs. With it, you
can forget about long term drift.

In the rheostat mode, our precious metal
brush contact would drift from its original setting
typically less than 2 ohms with time and tempera-
ture changes. A base metal stamped contact would
drift typically as much as 20 ohms under the same
conditions. That makes our precious metal contact
10 times better in setting stability alone! This is

particularly important in low resistance settings.

In addition, our brush contact offers low
noise and high overall reliability. So when you
specify Beckman, you get a superior product in
every way. All at a competitive price.

To find out more about the trimmers you
set and forget, contact your local Beckman dis-
tributor. Or write: Helipot Division, Beckman
Instruments, Inc., 2500 Harbor Boulevard,
Fullerton, California 92634. In Europe write:
Beckman Instruments (Belgium) S.A., 14,
Avenue Hamoir, 1180 Bruxelles, Belgium.
Phone: (02) 275.44.30. Telex: 23577.

BECKVIAN

For more information, Circle No 82
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Power your
bar graph gas
discharge
display from
low DG
voltage!

This E700 series power supply
activates your bar graph gas dis-
charge displays from low DC volt-
age. Converts 5,9,12 or 15V DC
input to the 250 V DC output

Tell us about your display power needs!

® Custom designs

® Variations for multi-segment and
matrix gas discharge displays

® |nputs from5V DCto48 VDC

Power for
displays
Starts here!

(@ 12 ma) required by bar graph
display electronics. Ideal for appli-
cations in which battery or other
low voltage DC input is readily
available.

® Qutputs from 5V DCto 500V DC
® Single output (up to 3 W total)
® Regulated and unregulated

= ¥ = Endicott Research Group.inc.
Subsidiary of Endicott Coil Co., Inc
‘k&f P.O. Box 128 Westview Station, Binghamton, N.Y. 13905

607-798-7846 TWX 510-252-0155

New Products

For more information, Circle No 83
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CAPACITANCE METER. In addition to
measuring capacitance values ranging
from picofarads to 0.2F with 0.1%
accuracy, Model 3001 features a
companion Model 333 Tri-Mode compar-
ator that provides settable thresholds to
permit the categorizing of devices under
test into Low, Good and High groups.
Annunciator lights and a TTL-level signal
identify the group status. Model 3001,
$190; Model 333, $290. Continental
Specialties Corp, 70 Fulton Terrace,
New Haven, CT 06509. Phone (203)
624-3103. Circle No 201

WAVEFORM ANALYZER and recorder,
Model 1060, features an automatic
waveform-search mode and sampling
capability. It also provides high accuracy,
wide dynamic range, fast measurement
capability and convenient programming.
Bandwidth equals 1 GHz for sampling or
200 kHz in real time. Samples (1000 from
each channel) are digitized and stored
for recall. $18,750 plus probes. E-H
International, Box 1289, Oakland, CA
94607. Phone (415) 834-3030.

Circle No 202

FREQ/AMPLITUDE STANDARD. Spec-
ified on a worst-case basis, Model 4100
delivers sine waves from 10 Hz to 111.1
kHz with 0.001% frequency accuracy.
Amplitude, settable from 100 pV to
111.1110V, is accurate to 0.04%, and
distortion and noise stay below 0.3% of
setting+20 pV. Frequency and ampli-
tude remain stable to 0.001% and 0.01%,
respectively, for 6 months. $3595.
Electronic Development Corp, 11
Hamlin St, Boston, MA 02127. Phone
(617) 268-9696. Circle No 203
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HP’s computer-controlled
logic analyzers...they love the
jobs you hate.
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Now you can give those tedious developrnent tasks to an

HP computer-controlled logic analyzer and free yourself for

the challenges of problem solving.

In interactive situations, a desktop computer can simplify

analysis and extend a logic analyzer's capabilities. In routine
or repetitive measurements, the computer can control
and monitor analyzer operation while you work elsewhere.

Interfacing one of HP’s logic analyzers to an HP desktop

computer is simple via the HP-IB*, and programs are
easier to write for most development applications. Your small
up-front investment in time will be paid back over and over
again with time saved in data reduction, documentation, anal-
ysis and monitoring.
For example: R

Data reduction. Now
you can have a desktop
computer process ana-
lyzer data and display
results on the analyzer
CRT. Store your micro-
processor’s instruction
set, for example, and dis-
play mnemonics beside
op codes on the analyzer data listing.

Documentation. Couple an HP logic analyzer to an
HP-IB compatible printer and you can save hours documenting
analyzer listings and ALnL
setups. With HP’s —
1615A Logic Analyzer ;
and 7245A Plotter/
Printer, you can obtain MW
timing displays (including
glitch information) in
hard copy for lab
notebooks. In many
applications the
HP-IB “talk only”

> jmode lets you do thls

without a computer.

Babysitting. Now
the computer can watch
for intermittent prob-

lems while you concen-
frate on system solutions.
The computer/analyzer
combination can take
“snapshots” of program
flow, make comparisons :

with stored data, then stop a program, restart a test or reprogram
itself to gather different data.

Characterization. Repetitive measurements are a natural
for these systems. Applications include determining failure rates
for component evaluation or to establish field maintenance
schedules. Or plotting execution times as a function of data
values. And because the analyzer and computer are external
to the system under test, you can characterize it in its true
operating mode.

Four analyzer choices. Combine an HP desktop com-
puter with the 1602A Logic State Analyzer ($2100**) for low
cost systems. A 1610A Logic State Analyzer ($11,800**) is
ideal for tailoring to your microprocessor based system appli-
cations. For synchronous/asynchronous interaction problems
the 1615A Logic Analyzer ($7200**) is your choice. And for
computer networks, select the 1640A Serial Data Ana-
lyzer ($6275%*).

Your local HP field engineer can help eliminate those jobs
you hate. Call him for details today.

* HP's implementation of IEEE 488-1975
** Domestic U.S.A. price only with HP-IB option

089/6

!,_,;

|

HEWLETT (hp) PACKARD

1507 Page Mill Road, Palo Alto, California 94304

For assistance call your nearest regional office: Eastern: (301) 258-2000;
Midwestem: (312) 255-9800; Southern: (404) 955-1500; Western: (213) 877-1282.

For more information, Circle No 85



Heinemann has it. NOW!
Precision protection; 0.01-250A

s

Heinemann has it—in ratings. With the
widest choice of turrent ratings in the
industry, it's no wonder Heinemann is
number 1 in OEM circuit breakers. Whatever
you need in circuit protection, you'll find it in
a Heinemann breaker—in a variety of voltage,
current, and frequency ratings.

Heinemann has it—in styles. No one has more
breaker styles than Heinemann. Whether you
need one pole or six, time delays, or special
internal circuits, Heinemann has what it takes.
Our Types J and AM are the most popular
OEM circuit breakers ever made. And you won't
find a better E-frame magnetic breaker than our
“low-cost CF Series—at any price. The 3-pole GH breaker is
UL-listed for 14,000A interrupting capacity at 480Vac and
10,000A at 250Vdc, while our GJ Series has an interrupting
capacity of 18,000A at 240V 50/60 Hz and 25,000A at 65Vdc.
For low-current requirements, we've got a direct replacement
for those old-fashioned glass fuses and fuseholders—the
resettable Re-Cirk-It protector. This inexpensive pushbutton
breaker, available in current ratings to 15A, fits in the same
panel space as conventional %" cylindrical fuseholders.

Heinemann has it—in stock. The most popular circuit breakers
are in stock for immediate shipment from our nationwide
network of authorized Heinemann distributors. And our factory
“Jet Line” program gets things moving fast on special-order
models. Heinemann has what you need in a circuit breaker. To
learn more, call our toll-free number 1-800-257-9590 or request
Bulletin 305, our “Quick Guide to Overcurrent Protection.”

The only independent manufacturer of fully-magnetic circuit breakers.

We serve you better.

HEiNEMANN

TRENTON, NJ 08650

© Heinemann Heinemann worldwide: Factories in U.S.A., Canada, Europe, South Africa, and Australia. 7272

For more information, Circle No 86




...and you can
et breakers
fast from these
Heinemann
authorized
distributors.

California, Burlingame 94010
Campbell & George Co.
(415) 697-2965
California, Los Angeles area
POCO Sales
(213) 999-2912
California, Sunnyvale 94086
Cazco Sales Inc.
(408) 745-7225
Colorado, Denver 80216
CSID, Inc
(303) 893-9594
Florida, Orlando area
Dixie Sales Corp.
(305) 365-5211
lllinois, Chicago 60646
Nedco Electronics Inc.
(312) 286-5565
lllinois, Northbrook 60062
Classic Components Supply
(312) 272-9650
Indiana, Indianapolis 46204
Graham Electronics
(317) 634-8202
Kansas, Salina 67401
American Electric
(913) 823-2248
Kriz-Davis Company
(913) 827-7747
Maryland, Baltimore area
Automation Industrial Control
(301) 465-3616
Massachusetts, Allston 02134
Apparatus Service Company
(617) 787-1300
Massachusetts, Needham
Heights 02194
Cavalier Components Inc.
(617) 449-3112
Michigan, Detroit area
Michigan Lectrols Corp.
(313) 353-1350
Minnesota, Minneapolis 55440
Northland Electric Supply Co.
(612) 341-6100
New Jersey, West Trenton 08628
Automation Controls &
Equipment
(609) 882-6330
North Jersey/New York City area
Power Electro Supply Co
(212) 964-4641
New York, Binghamton 13902
Harvey Electronics Inc.
(607) 748-8211
North Carolina, Charlotte 28204
Joyce Sales Company
(704) 377-1555
Ohio, Cincinnati 45239
Cartessa Corporation
(513) 522-3100
Ohio, Cleveland (Solon) 44139
REPCO Electronics
(216) 248-8900
Oregon, Portland 97209
Platt Electric Supply
(503) 228-6121
Pennsylvania, Philadelphia area
Riverside Components Supply
(215) 493-4642
Pennsylvania, West Chester 19380
West Chester Electric &
Electronics
(215) 696-7500
Tennessee, Chattanooga 37343
Techni-Tronics, Inc
(615) 875-5449
Texas, Dallas 75243
Hall-Mark Electronics Corp.
(214) 234-7300
Wisconsin, Milwaukee area
Lake-View Electronics
(414) 377-8250

HEﬂNEMANN

has it. NOW.

New Products

wP/FLOPPY-DISC SWITCHER. Model
AC-65 supplies maximum outputs of
+5/6A, —5V/0.5A, +12V/2.5A, —12V/1A
and +24V/1.5A for total power of 65W.
Designed to meet UL478, CSA22.2
#154 and VDE 0804 and 0730 specs, it
is mechanically interchangeable with,
and meets or exceeds all specs of, the
Boschert OL-65. Line input (user
selectable) can be 80 to 140V or 160 to
264V. $182. Conver Corp, 10631
Bandley Dr, Cupertino, CA 95014. Phone
(408) 255-0151. Circle No 204

DIGITAL-IC TEST SYSTEM. The
wP-controlled Model 1732 tests such
devices as SSI, LS| and memories; it
handles CMOS, TTL, ECL, HTL, L,
PMOS and NMOS technologies. A Z80
wP with 48k of RAM provides control and
operates the CRT; a second processor
operates the mag-tape mass storage,
and a third applies test patterns to the
DUT. $32,000. Delivery, 12 to 14 wks
ARO. GenRad Inc, 300 Baker Ave,
Concord, MA 01742. Phone (617)
369-4400. Circle No 205

WORD GENERATOR/timing simulator is
claimed the first such instrument to
integrate the intelligence of a wP-based
controller with a high-speed signal
generator for use in both word generation
and timing simulation. Model RS-660
features an interactive CRT display and
front-panel keyboard to handle control
functions as well as data entry,
verification and editing. Data rates reach
20 MHz. $5945. Interface Technology,
150 East Arrow Hwy, San Dimas, CA
91773. Phone (714) 599-0848.

Circle No 206

EDN NOVEMBER 5, 1979

You get MORE
| frnm Vector|
card cages:

% More types to choose from

Y More adjustability for different
card widths and connectors

% Choice of ABS plastic or
aluminum guides in many models

% Labor savings because Vector rack

mounted card cages are easy to order
and ready to use.

Connectors adjust four ways, mount
without specsal holders.

" CCK13 with 21 pairs of
s similiar to above. $41.32 (110 4).

stocks of cross member extrusions with
captive nut slots; guide material—metal or
plastic; fastening and joining hardware.

CCK18

~ Table top card

cage for six 4%"

wide, 44 conta
- cards — $30.11.
Supplied unas-
sembled with
connectors and
hardware (does
not include Pluc-
bords).

Send for free new 39 page Vector‘-pak |

packaging brochure. Contains specifications,
enclosures, prices. Prices subject to change
without notice.

12460 Gladstone Ave., Sylmar, CA 913,
phone (213) 365-9661, twx (91 ‘0) 496- 1539

Tall free number outside of California
800-423-5659.
ad number 670279

For more information, Crrcle No 87
173




New Products

the single-trace V-301 and dual-trace Hitachi Denshi America Ltd, 175
V-302 offer automatic, normal and TV Crossways Park West, Woodbury, NY
triggering; time-base sweep speeds from 11797. Phone (516) 921-7200.
0.2 psec/div to 0.2 sec/div (19 calibrated Circle No 207

steps) and up to 1-mV sensitivity (with
x5 vertical magnifier). Other features
include a TV sync-separator circuit, x10
sweep magnifier, trace rotation, front-
panel X-Y operation, Z-axis modulation
and an internal signal delay line. V-301,
- 30-MHz SCOPES. Each a 5-in. model, $745; V-302, $945 (probes included).

DUAL-OUTPUT SWITCHER. Modular
construction makes the fan-cooled Model
MM-22 Mighty-Mite easy to service. Its
major output of 5V/75A is augmented by
a second of 2V/12A, 5V/12A, 12V/10A,
15V/10A, 18V/BA, 24V/5A or 28V/5A
(375W max total drain). Performance
specs show 0.4% line or load regulation,
1% or 50 mV p-p ripple, full output to
40°C (derated to 60% at 71°C), 42A
inrush current, 20-msec holdup and 70 to
80% efficiency. Input filtering, remote
sensing, overheating shutoff, overvol-
tage protection and reverse-voltage
protection come standard. $525. LH
Research, 1821 Langley Ave, Irvine, CA
92714. Phone (714) 546-5279.

Circle No 208

Digi ; 61'289%~ = OEM STRIP-CHART MODULE. Con-
; ora, sw,;fg;?;és:mal})n.}g;ggu%é:{;% suming <5W, the battery-operated,
“ -Polk Assoc. ) ; Syracuse, CW. Bea - ; ) .88-in.
er Inc., (704). 7930700H\l0§~016veland, Marlow Assoc. (216) 9516500, 3.8x2.5%4.88-in. Model 4141 recorder
el J°’“‘“"‘”‘§§‘Q§5"5‘%?,T:§*.‘JF£ ﬁiéb(m%) ;;\:3;]8517;\ ORE.: ?&"‘32%%‘%‘5' ; uses a thermal stylus to write on 40-mm
776, . Backer | -( F : Pit , Marlow Assoc. - § .

R e S | o s S equensy

- ; Houston, Advance Technical Sls. (71 ; Solid State Electr. 772- 7 s : : L
B Ao 0y Ase 8750 WAGH: SeattioJas..). Backer (508) 585 1300 Ratlar ier. GO, (206) response, =1%-of-FS linearity, 100-mV
:anaukge,Cpon;bsA;so% (4;%3]71—1.945 Eh:.‘)R(_szE: HanqxéL.;:.,sCA(213&3562-88;?77&?&8?1\: to 1V sensitivity and 5- and 25- or 10-
Duncan Instr, Weston, Ontario (416) 742-4448; Winnipeg, Manitoba, Cam Gard Supply.Ltd. ( and 25-mm/sec chart speeds. An event

; “Th;n& ﬁp”wer. ””ENC marker, alphanumeric printhead, driver

electronics and other speed combina-

D.C. POWER SUPPLIES tions are optional. $400. MFE Corp,
Power One Drive » Camarillo, CA 93010 * Phone: 805/484-2806 « TWX: 910-336-1297 Keewaydin Dr, Salem, NH 03079. Phone
(603) 893-1921. Circle No 209

SEE OUR COMPLETE PRODUCT LISTING IN EEM & GOLDBOOK

For more information, Circle No 88
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Many of our
customers
possess unusual
powers.

They couldn’t function without
them. Take the test engineer who
needs to simulate Bombay's
electrical system. An Elgar AC Power
Source and plug-in oscillator is all
it takes. That same Elgar Power
Source can take equipment to
every kind of electrical system in the
world. There are 50 plug-in oscillators
to choose from offering frequencies
~ from 15 Hz to 10 KHz. Anything they
can’t duplicate, an Elgar programmable
oscillator can. Single, two, and
three-phase outputs are available
in ratings from 120 VA to 36 KVA.
If your work calls for unusual
powers, come to the source. Elgar.
8225 Mercury Ct., San Diego,
California 92111. In California, call
(714) 565-1155. Out of state, call 800-
854-2213 toll free. (We are also a |
leading producer of High Isolation |
Transtormers, AC Line Conditioners,
and Unmtcrmptlblc Power Systems.)

@EI.GAR

]\()\\k[ systems company

IEEE-488 bus compatible

For more information, Circle No 89




New Products

ICs & SEMI-
CONDUCTORS

F/V CONVERTERS. The CS-2917 family
of frequency-to-voltage converters par-
ticularly suits speedometer, tachometer,
motor-control and anti-skid brake-control
applications. It consists of a
regenerative-input comparator, a
frequency-doubling charge pump, a
general-purpose differential-output op
amp and a shunt voltage regulator.

The input signal, which can be single
ended, ground referenced or differential,
is applied to the regenerative compara-
tor. 30 mV of hysteresis provides noise
rejection, permitting the comparator to
operate from signals as low as 20 mV pk.
The charge pump is triggered by the
comparator output, converting the
input-frequency information into a dc
output voltage. The output op amp is
unity-gain compensated and can serve
as an output-voltage follower or as an
active filter for additional ripple reduction.
Because of its output configuration and
50-mA current capability, the output op
amp can drive a variety of loads either

from its emitter or collector. The
CS-2917-1 version of the FVC incorpo-
rates an additional feature: An open-
collector transistor provides a buffered
high-level output signal equal to the input
frequency. This auxiliary output makes
possible applications not possible with
converters from other manufacturers.
Typical characteristics at 25°C and
12V supply include: *=15-mV input
threshold, 0.1-pA input bias current and
0.3% output nonlinearity. Operating
range spans —40 to +85°C. CS-2917-D8
(8-pin DIP), $1.16; CS-2917-D14 (14-pin
DIP), $1.21; CS-2917-1-D-14 (14-pin
DIP), $1.25 (1000). Cherry Semicon-
ductor Corp, 99 Bald Hill Rd, Cranston,
RI 02920. Phone (401) 463-6000.
Circle No 231

LOW-COST PRESSURE SENSOR.
Housed in a TO-5 package, the LX0503A
produces an output voltage proportional
to applied absolute pressure. Because
this IC contains only the basic
piezoresistive chip, without signal
conditioning, scaling or buffering circuit-

ry, it offers high design flexibility. A single
inlet tube allows the working medium to
make contact with the circuit side of the
device's diaphragm, which is covered
with a thin, compliant layer of parylene.
The LX0503A is temperature compen-
sated with respect to voltage sensitivity
and features a low offset temperature
coefficient of 0.015 psi/°C from —40 to
+105°C. Device sensitivity equals 2 to 8
mV/psi in the unit's 0- to 30-psi range.
Applications include residential, com-
mercial and industrial controls and
automotive or medical diagnostics. $20
(100). National Semiconductor, 2900
Semiconductor Dr, Santa Clara, CA
95051. Phone (408) 737-5854.

Circle No 232

Four Sizes

High Voltage Up to 20,000 Volits
Resistance Range 509— 300
Power Range Up To 2 Watls
Temp. Coeffici

Radial Lead, Fl:

For more information, Circle No 90

PYROFILM MAKES IT!

Q New Standords w Reliabilidy

PYROFILM

60 S. Jefferson Road e Whippany, N. J. 07981 < (201) 887-8




There are still some customs

in this country

Good things can still come to you in small pack-
ages . . . whether it's a clever and trusty little data
go-between, or the company that makes it.

We're small enough to chat with, but we're also
large enough to respond quickly. No matter if the job’s
small or large, we'll take the design burden off your
shoulders. After all, who's going to pass up the chance
to get the custom product they want in a smaller size,
in half the time, for a lot less money.

well worth observing.

Besides our bulging shelves filled with already
proven standard items, we also have produced over
500 custom designs for industrial and military
applications.

Drop us a line or call. We'd love to tell you all
about our customs that are well worth observing.

intech/function modules, 282 Brokaw Road, Santa
Clara, CA 95050. (408) 244-0500. TWX: 910-338-0254

For more information, Circle No 91
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Conformal Coatings
for Printed Circuits

* Proven Reliability ¢ High Performance

Expect Conap’s conformal coatings to be different. Each product in
this family of polyurethane and epoxy coatings was developed spe-
cifically for protecting printed circuit boards and electrical/electronic
parts from adverse environments.

They are not intended for use as general purpose protective coat-
ings or for other purposes. This accounts for their high quality per-
formancein circuit board applications. Reliable performance attested
to by years of successful on-the-job service and backed with a full
staff of customer service specialists.

Broad Selection of Coatings

Conap’s economical, easy-to-process printed circuit coatings in-
clude both single component and two part systems conforming to
MIL-1-46058C, Type UR requirements. There are formulations for
dipping, spraying, or brushing. Coatings that cure at room tempera-
ture or elevated temperatures. Available in quart, gallon, 5-gallon

and 55-gallon containers as well as convenient, easy-to-use, aerosols.

High Performance Properties

Films are available to provide excellent resistance to reversion,
abrasion, impact, chemicals and solvents, fungus, thermal shock.
Good electrical properties are a common denominator.

These coatings will protect assemblies from water, high humidity,
contamination, and other severe environmental conditions. At the -
same time, they can ruggedize units against shock and vibration.

Excellent adhesion, uniform coating thickness, and easy repair-
ability are other important features.

Free Bulletin, Low Cost Evaluation Kits.
Send for Conformal Coatings Brochure C-110 containing complete
specifications and information on inexpensive evaluation kits.

Conap Means Many Things

* Epoxy and Urethane Resins * Chemical Specialties * Adhesives,
Sealants and Coatings ¢ Potting and Casting Systems ¢ Fabricated
Elastomer Components. For an over view of Conap’s complete
capabilities, write on letterhead for copy of Brochure FB-1.

CONAP

Conap, Inc. / Olean, N.Y. 14760/ 716-372-9650

For more information, Circle No 92

New Products

12-BIT CURRENT-OUTPUT DAC. Pin
compatible with 563-type converters, the
DAC 863 offers %-LSB nonlinearity,
+5-ppm/°C maximum gain drift and
+4-ppm/°C Dbipolar offset drift. The
24-pin-DIP device, a 2-chip hybrid, is
monotonic over 0 to 70°C and —25 to
+85°C, depending on version. It requires
—15V and either +5 or +15V supplies
but does contain its own internal
reference. Used as a multiplier, the DAC
exhibits a minimum accuracy of
+0.005%. From $29 (100). Burr-Brown,
Box 11400, Tucson, AZ 85734. Phone
(602) 746-1111. Circle No 233

1A SCHOTTKY DIODES. These
low-leakage diodes are available in
hermetically sealed DO-41 packages,
which resemble the epoxy packages of
the JEDEC 1N5817 devices. Designated
SPD5817 to SPD5819, the diodes have
PIVs of 20, 30 and 40V with forward
voltage drops of 0.55, 0.65 and 0.70V,
respectively. Reverse leakage equals
100 pA at 25°C, with a maximum of 1000
wA at 100°C. The units operate to 125°C;
single-cycle surge is 100A pk. SPD5817,
$1; SPD5819, $3 (100). Solid State
Devices Inc, 14830 Valley View Ave, La
Mirada, CA 90638. Phone (213)
921-9660. Circle No 234
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New PANDUIT
MAS-CON'

Mass
Termination e
Assembly

System

Unique Wire Retention Design
Speeds Installation and
Reduces Installed Costs

Now you can mass-terminate both discrete wire and notched flat cable
without insulation stripping.

¢ Wires snap quickly into unique wire retainers in each connector. These
retainers hold wires securely prior to termination.

e Compact, inexpensive, easy-to-use bench press quickly terminates both
through-circuit and end-circuit connectors.

e System includes: Insulation displacement connectors, header
assemblies, harness board accessories, polarizing keys, manual and
pneumatic hand tools and bench presses.

o MAS-CON is the mass termination system with the flexibility you’ve been
looking for.

Ask for Free Demonstration

and Cost Analysis mnurr

FREE SAMPLES

For more information, Circle No 93

Wires held securely
in connector

The Reliables... Wherever Electricity Is Used

ELECTRONIC PRODUCTS GROUP

" Tinley Park, IL 60477  Phone (312) 532-1800
In Canada: Panduit (Canada) Limited




Your Marketing department wants a new black box
design. They want it to handle 37 bytes of informa-
tion. It has to be solar energized. It has to fly. It has
to speak. It has to reproduce. Naturally, it’ll need
special cable configurations. Call Belden.

We’ve developed workable wire, cable and cord
answers for a lot of extraordinary new products.
In fact, a lot of designers have found that working
with Belden in the early stages of a design project
usually pays dividends in compatibility, workability
and lower overall costs.

And once your product is rolling, we’re ready to
dig in to wire processing, assembly and installation

problems to help insure that your idea makes it to o

market economically.

You see, Belden’s capabilities in wire, cable and
cord are comprehensive. Sure, we make thousands
of standards, but we can also provide just about any
custom that you can imagine. And our technical
knowhow ranges from innovative packaging to in-
depth value analysis.

Just imagine a wire, cable or cord—and we’ll
come through with it. Belden Corporation, Elec-
tronic Division, P.O. Box 1327, Richmond, IN 47374;
317-966-6661. Out West, contact our Regional Sales
Office in Irvine, CA at 714-833-7700. a7.97

Your special designs

need a special

wire source

 ©1979Be poration

Imagine
what we

can do

foryou

BELDEND®

Coming through...

with new ideas for moving electrical energy
For more information, Circle No 94




New Products

HIGH-SPEED ANALOG GATE. The
CAG14 is a spst switch and driver circuit
suitable for use as a high-speed S/H or
general-purpose analog gate. It features
a turn-on time of 12 nsec and a low ON
~ resistance of 35¢). The device comes ina
hermetically sealed can; its operation is
guaranteed over a —55 to +125°C
range. $30.55 (100). Teledyne Crystal-
onics, 147 Sherman St, Cambridge, MA
02140. Phone (617) 491-1670.

Circle No 335

QUAD LINE DRIVER. A second source
of the AM26LS31, this quad differential
RS-422 line driver sports NAND-enabled
3-state outputs. Intended for digital data
transmission over balanced lines, it
meets all of the EIA RS-422 and federal
1020 standards. It features complemen-
tary, short-circuit-protected 20-mA out-
puts and operates on 5V. PNP inputs
provide MOS compatibility. $2.25 (100)
for AM26LS31PC (plastic). Motorola
Semiconductor Products Inc, Box
20912, Phoenix, AZ 85036. Phone (602)
244-6900. Circle No 336

FAST POWER TRANSISTORS. This
family of ring-emitter transistors (RETs)
permits high-voltage, high-speed switch-
ing in inductive circuits. The devices offer

a range of Vceosus) ratings up to 400V
and maximum | ratings of up to 30A.

-The units’ high gain-bandwidth product

(80 MHz), low switching speed (0.3
wsec) and high lsg (>1A) particularly suit
them for use in dc/dc converters,
ultrasonic oscillators, relay and hammer
drivers and switching regulators. The
ring-emitter design concept embodies
many small-geometry, high-frequency
devices integrated on one chip to provide

high-power capability. These ring-
shaped emitters connect to a common
electrode through diffused ballast
resistors—an arrangement that ensures
uniform current density at each emitter
site. Devices come in TO-3, TO-66 and
TO-220 packages with power ratings of
25 to 150W. $1 to $8.15 (100). Fujitsu
America Inc, 2945 Kifer Rd, Santa
Clara, CA 95051. Phone (408) 727-1700.

Circle No 337
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With all

these ticket printer features,
Hecon leaves you only
one option.

The single option on our
new Hecon Model AO 530
Ticket Printer is the number
of print modules required for

your application. All the other

features are built in as stan-
dard equipment.
Please write or call for

additional information on the

new Hecon Model AO 530
Ticket Printer.

Check these features:
+ Automatic Paper Advance
+ Prints Tickets or Fanfold
+ Self Test Button
+~ Time & Date Generator
+ Automatic Serial Numbering
+~ 6 Totalizing Memories
+~ Pulse Counting Capability
+~ 28 Logic Control Functions

8

0

JHECON

31 Park Road, Tinton Falls, N.J. 07724 (201) 542-9200

For more information, Circle No 95
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200 MHz SYNTHESIZER

DIRECT ... FROM PTS ONLY

fadd 42 2335

PERFORMANCE

1-200 MHz or .1-160 MHz

QUIET: -70 dB res. phase noise
FAST: 5-20u sec. switching

RELIABLE: 10,000 h+, dem. MTBF

VERSATILE: optional resolution,

controls, interface (BCD or 488 Bus)

PROGRAMMED TEST SOURCES INC.

PRICE

1 Hz res, oven st'd.
PTS 200 PTS 160
$5,450.— $4,700.—

488 Bus Option: $650

HAYWARD RD., ACTON, MA 01720, (617) 263-6467

New Products

Small wonder it’s

the world’s most
popular benchtop
chamber. It gives you
so much for so little!

® 20 years of field-proven reliability

e Qutstanding, wide-range
performance, —80°C to 177°C

e Mechanical refrigeration
e Solid state SCR instrumentation

e Hermetically sealed, stainless
steel interior

e Uniform workspace environment
e 10,000 sold worldwide

“SMALL
WONDER”

Workspace: 16"W x 12"H x 11"D
e Standard or custom designed with
over 30 available options
e Buy or lease
e Tenney one-year warranty

Here's a special message to present Tenney Jr. owners: Contact us and we'll
make an offer to buy it back or take as a trade-in on an updated model.

THE LARGEST AND MOST EXPERIENCED MANUFACTURER OF ENVIRONMENTAL EQUIPMENT

(A (LU

ol

ENGINEERING, INC.

1090 Springfield Rd., Union, New Jersey 07083 e (201) 686-7870 e (212) 962-0332
Visit our booth #650 at Medicon/79 For more information, Circle No 97
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COMPUTER-SYSTEM
SUBASSEMBLIES

GPIB MODULES. These two monoboard
subsystems provide all the hardware
needed to implement an interface
between a pP and one or more test
instruments in accordance with the IEEE
Standard 488-1978 General-Purpose
Instrument Bus. The M68MM12A
listener/talker board allows a system to
send and receive data bytes, request
service and respond to parallel and serial
polls. The M68MM12 listener/talker/
controller provides the same functions as
the 12A plus the abilty to send
commands and conduct parallel/serial
polls. $305 for the M6BMM12A; $795 for
the M68MM12. Motorola Semiconduc-
tor Products Inc, Box 20912, Phoenix,
AZ 85036. Phone (602) 244-6900.
Circle No 166

ADD-IN MEMORY. Compatible with
Data General's Nova 3 minicomputers,
the Model 5160 memory board furnishes
a 128k-word capacity as well as parity
generation and checking. Optional
on-board features include memory
management and protection, error
checking with single-bit correc-
tion/double-bit  detection and error
logging and display. $8950, with all
options. Intel Corp, 3065 Bowers Ave,
Santa Clara, CA 95051. Phone (408)
987-8080. Circle No 167

12-BIT D/A CONVERTER. Featuring a
2-psec maximum conversion time, the
ZAD100 utilizes low-TC thin-film resis-
tors to ensure that no codes are missed
over a 0 to 70°C operating range.

For information on Datron, Circle No 98 —




HOW INLAY GLAD

GOLD ALLOYS

100%"

GAN SAVE YOU NNONEY

24Kt W.E. #1 18Kt

100% Au 69Au 75Au
25A¢g 25Ag
6Pt

14Kt 12Kt Palladium
58Au 50Au 100%
42Ag 50Ag

* Calculations based on precious metal content and appropriate density plus market price as shown.

100
min.

Au $240/0z. _
Ag 87.50/0z. .010 | CA725

s e

T
.0001 min.

Pd $90.00/0z. ——

As this chart illustrates, there are options in gold
and gold alloys which can be selected to provide
the performance specifications called for in the
design and manufacture of electronic contacts.
TMI offers a wide variety of gold alloys in a
range down to .000020" thickness and as narrow
as .055". In addition to the alloys shown in the
above chart, many other combinations of gold
alloys, which cannot be electroplated, are
available for specific requirements.
Some of the technical advantages of wrought

gold alloys are:

e Excellent formability

® [ow porosity

® More dense

® More consistent properties

® Wide range of hardness
The use of gold alloys not only reduces the

gold content but significantly reduces the
density of the precious metal providing an
additional economic advantage.

In addition, TMI supplies inlays of pure
palladium and its alloys, providing the most
economical replacement for gold while still
retaining a noble alloy’s advantages.

Ask for the TMI report “Properties of Inlay
Gold Wrought Alloy” or ask TMI to help you
make the most effective use of gold in clad inlay

metals.
TECHNICAL
MATERIALS.,INC.

5 Wellington Rd., Lincoln,
Rhode Island 02865
Telephone: (401) 333-1700

For more information, Circle No 99
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New Products

Contained in a diallyl phthalate package,
it provides +12-LSB quantizing error and
+0.012% relative accuracy. $299. Zeltex
Inc, 940 Detroit Ave, Concord, CA
94518. Phone (415) 686-6660.

Circle No 168

VIDEO DIGITIZER. This fast-scan
1-board unit converts output from a video

camera—or other composite-video

4‘ source—into 8-bit gray-scale information

for use by S-100-bus-based systems.
System software can transfer this data to
either a memory-mapped high-resolution
video board or to main memory for
subsequent retrieval. The board comes
with a complete driver program. $175.
Vector Graphic Inc, 31364 Via Colinas,
Westlake Village, CA 91361. Phone
(213) 991-2302. Circle No 169

NOW! A NEW
SOLID-STATE MICRO RELAY
FROM ELEC-TROL

FLOPPY-DISC CONTROLLERS. These
two Multibus-compatible single-board
units interface directly with a variety of
standard- and mini-size floppy-disc
drives. The BLC-8221 provides buffered
data transfer; the BLC-8201 replaces
Intel's SBC 201 controller. Either board
can control up to four single- or two
double-sided floppy drives. $995 for
either board. National Semiconductor
Corp, 2900 Semiconductor Dr, Santa
Clara, CA 95051. Phone (408) 737-5000.

Circle No 170

B i ®

LOAD

LAMPS
FANS
SOLENOQIDS
MOTORS

Elec-Trol has introduced a new solid-state micro relay, Model SA-2,
“that comes in an 8-lead dual in-line epoxy package and measures
only .335”L by .250"W. This new relay features inverse parallel
SCR output, high built-in transient immunity, optical isolation. zero
volt switching, and very low leakage current.

The input is DTL/TTL compatible and is composed of two
light emitting diodes that can be connected externally in either
series or parallel. The output is composed of two back-to-back
SCR’s driven by high technology IC circuits optically coupled to the
input LED’s. The unit is designed to handle 0.5 amperes steady-
state current and is guaranteed to 2500 VAC minimurn breakdown
voltage between output and input.

This tiny new relay is especially useful wherever high-density

184

assembly is desired. It can be used directly as a micro relay in low
current applications, or it can be used as a driver to drive power
back-to-back SCR'’s or triacs. Potential driver applications include
fans, computer peripheral equipment, microwave ovens, and motor
controls.

For more information, use the reader service card. For sample
or off-the-shelf delivery, contact your Elec-Trol distributor.

Elec-Trol, Inc., 26477 N. Golden Valley Road, Saugus, Calif.
91350. Phone: (213) 788-7292, (805) 252-8330.TELEX 18-1151.

ELEC-TROL

For more information, Circle No 101

INTERPROCESSOR LINKS. Imple-
menting networks containing DEC
PDP-11, VAX-11/780, LSI-11/2 or
LSI-11/23 computers, MDB-DA11BJ
subsystem links provide differential-
driver/receiver modules for high-speed
parallel data transmission up to 3000 ft;
DA11BOI links furnish differential
receivers and optically isolated receiver
modules for transmission up to 1000 ft.
From $3295. MDB Systems Inc, 1995 N
Batavia St, Orange, CA 92665. Phone
(714) 998-6900. Circle No 171

EDN NOVEMBER 5, 1979




behmd J-BT miniatures!

The giam no less, is Cutler-
Hammer. Because with every
J-B-T miniature switch ordered,
you have the backing of a reliable
company with 86 big years of
experience in switches.

Quality control, on-time deliv-
ery and dependable service are
standard with us. Here’s one
example of what we mean by
service:

Depending on your application
requirements, send us your test

specs and we’ll conduct func-

- tional analysis at our own

expense—and furnish a certified
test report of the results. Cutler-
Hammer has one of the finest
testing labs in the country. We
will also supply you with a free
sample upon request. You don’t
have to be a giant to qualify. Just
contact your local Cutler-Hammer
sales office for details.

CUTLER-HAMMER (= |
Milwaukee, Wi 53201 |8

For more information, Ci;
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The Methode RELI-APLANE is one of
the most versatile interconnection i ' B B & @

systems available. It consists of ‘ ¥ F F © !
precision stamped contacts pressfit :
mounted directly into the plated-thru
holes of circuit boards. Insulator
housings are pressfit mounted onto the
contacts forming finished connectors.
This concept has proven to be highly
reliable without soldering, is completely
repairable, and is the key to the systems
flexibility and low cost.

The 200 amp capacity HYBRID
RELI-APLANE shown above utilizes
laminated copper plates as voltage and
ground planes. Thus utilizing
RELI-APLANE components, the
electronic packaging engineer has the
option of custom designing a complete
interconnection system. For literature
and specifications, drop us a line.

: ethode Electronics, Inc.
Interconnection Integrity : CONNECTOR DIVISION
METHODE ELECTRONICS, INC. e« 7447 WEST WILSON AVENUE + CHICAGO, ILLINOIS 60656 ¢ TELEPHONE (312) 867-9600, TWX 910-221-2468
For more information, Circle No 105



Come to the people who've always been specialists

in having more good ways to solve problems: Dialight.

What we’ve done in indicator lights, illuminated
switches, readouts and LEDs, we’re doing now in
miniature rockers and toggles.

This new Dialight family of switches, which
comes in a full range of sizes is, we're proud to point
out, all-American made.

When you consider all the configurations of styles,
sizes, life and safety ratings, colors and mountings,
you’ll find there are literally hundreds of thousands of
design combinations. Such a number of possibilities

can in itself be a problem, except that the new
Dialight catalog is specifically designed to prevent
confusion and help you quickly and easily find
the most advantageous combination of features
for your applications.

If you'd like to see what Dialight quality rockers
and toggles can do for the looks, durability and
economics of your products, contact us today for the
Dialight “Meets Your Need” Book. Your free copy
will include a list of -
stocking distributors in DIA I-IGI.I I
the U.S. and Canada. A North American Philips Company

Made in the U.S.A. by DIALIGHT

Dialight meets your needs.

Dialight, 203 Harrison Place, Brooklyn, N.Y. 11237 (212) 497-7600
For more information, Circle No 106



New Products

BESGRRERRARED RO RUNR RN Y
ERBERREBERERERDERBRER R
BssEeREpE RN REQU R B RR R
ERERBEBBO UCRD BB RO B BED

EBpREEa s R RN
BRlaesceuRnenan
B REouBEORBE By
BEREEBEREDEGE

ADD-IN MEMORY. Designed to expand
the DECsystem 2020’'s main memory,
the DR-120S utilizes 16k dynamic RAMs
to provide a 64kx43-bit capacity. (The
43-bit word comprises 36 data and seven
error-correcting  bits.) This hex-size
board offers 1050-nsec cycle time and
600-nsec access time and can replace
DEC's M8629. $5600. Dataram Corp,
Princeton-Hightstown Rd, Cranbury, NJ
08512. Phone (609) 799-0071.

Circle No 175

12-BIT D/A CONVERTER. For use with
medical-instrumentation systems, CRT
displays and avionics systems, the
450-mW DAC-SL settles in 5 psec for the
+10V output range and even faster for
lower voltages. Processed to MIL-STD-
883 and screened according to methods
5004/5008, the converter (with optional
burn-in) provides a 2,200,000-hr MTBF
for ground-fixed conditions and 25° case
temperature. From $275. ILC Data
Device Corp, Airport International Plaza,
Bohemia, NY 11716. Phone (516)
567-5600. Circle No 176

GRAPHICS INTERFACE. The 'Super
Dazzler Interface allows displays of color
or black-and-white images with up to
756 x 484-point resolution. Utilizing DMA
to display the contents of either a 12k or
48k memory, this 2-board interface maps
each display pixel from one nibble or one
bit under software control. $595 for basic
model; $795 for a 2-port unit. Cromemco
Inc, 280 Bernardo Ave, Mt View, CA
94043. Phone (415) 964-7400.

Circle No 177

ONE-BOARD CPU. S-100 bus compati-
ble, the MD960b incorporates the 6809
wP and thus utilizes its 16-bit instructions
and internal registers, extended-
addressing capability and hardware-
multiplication power. This unit integrates
1/0 tunctions, RAM, PROM-based
monitor and cassette interface for instant
use. $299 ($239 for kit). MicroDaSys,
Box 36051, Los Angeles, CA 90036.

Phone (213) 935-4555. Circle No178
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Low-Cost Power Supplies. ..
Performance Guaranteed.

Linear Encapsulated Supplies ¢ High-Efficiency
Switchers ¢ DC to DC Converters.

If any Power Products power supply fails you within two years of
purchase, we'll replace it. FREE! No questions asked.

What makes this guarantee possible? Absolute reliability.
The type of high reliability made possible through triple-testing.
That's right, we test, retest, and then test again. All this to insure
that what you receive works and keeps on working. And, with
a return rate of only one half of one percent, it is working.

Write to the address below to receive our catalog with all the
details. It's free!

And don't forget. If you're pressed for power, call and ask for
Power Products’ exclusive Blue Streak Service: 3-day delivery in
prototype quantities—at no extra cost.

More power to you!

E3Power Products

Division of Computer Products, Inc.

1400 N.W. 70th Street, Ft. Lauderdale, FL 33309
(305) 974-2442 TWX 510-956-9895

For more information, Circle No 107




New Products

PROM/RAM BOARD. In addition to
accommodating up to 12k of 2708- or
2704-type PROM and 1k of 2114 static
RAM, this board allows you to utilize one
of its sockets for PROM programming. It
comes with programming software;
jumpers control addressing options, and
special circuitry handles reset-and-go
and write functions. $215. Vector
Graphic Inc, 31364 Via Colinas,
Westlake Village, CA 91361. Phone
(213) 991-2302. Circle No 179

/i

PLOTTER CONTROLLER. Removing
an incremental plotter's computational
burden from host computers, Model
IF-751 can generate, scale and rotate 96
ASCII characters from memory, as well
as produce slant and mirror lettering.
Other features include vector and arc

generation, curve smoothing, self test,
speed control and operator-selected
windowing and zero reference. Data
Technology Inc, 4 Gill St, Woburn, MA
01801. Phone (617) 935-8820.

Circle No 180

GRAPHICS AID. The ROM-based
Teksim allows Apple |l computers to
emulate Tektronix 4010 Series graphics
terminals. This system requires no
modification of host-resident programs to
display or input graphical data. Features
include multicolored display capabilities,
selectable erasing and a standard video
output that permits any TV set to function
as a monitor. $795. Cybersoft Systems,
301 S Livernois, Rochester, Ml 48063.
Phone (313) 652-9008. Circle No 181

TEST BOARD. Suiting monitoring or
card-extension requirements, the COM-
7000 brings out a STD Bus backplane'’s
56 lines to the card-cage's front. One
card side provides labeled test points
while allowing adequate clearance for

adjacent cards. The card incorporates
neutral planes that oppose and guard
each trace, as well as an LED power
indicator. $75. Giuli Microprocessing
Inc, Box 23100, San Jose, CA 95153.
Phone (408) 298-3426. Circle No 182

DISC OPERATING SYSTEM. Suiting
Rockwell International's Aim-65 comput-
er, the Daim system includes a controller
board with.a 3.3k operating system in
EPROM, a power supply and one or two
disc drives. The controller board plugs
directly into the Aim-65 expansion
mother board. $850, with one disc drive.
Compas Microsystems, Box 687,
Ames, |IA 50010. Phone (515) 232-8187.

Circle No 183

3M Thermal Cutoffs pack big

protection in small space.

Accuracy and reliability make 3M Thermal Cutoffs

a good choice for protection against overheating in
electrical equipment and appliances. Precise,
miniaturized design provides positive circuit interruption
when a predetermined temperature is‘reached.

Small size and low cost make them the answer. Get
the facts now from Industrial Electrical Products L
Division/3M, 3M Center, St. Paul, MN 55101.

Or call toll-free 800-328-1300.

3MThermaI Cutoffs help you
meet new safety standards

New regulatory agency standards require reliable backup
or end-of-life protectinn against overheating in certain
electrical housewares and appliances. 3M Thermal Cutoffs
can help you meet such requirements simply, effectively,
economically. These UL-recognized, CSA-certified, MITI,
BSI and VDE-approved miniature safety devices are

. available to you now, along with 3M’s expertise concerning
world-wide thermal safety standards. For information,

write Industrial Electrical Products Division/3M, 3M Center,
St. Paul, MN 55101. Or call toll-free 800-328-1300.

For more information, Circle No 108
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For more information, Circle No 109
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New Products

COMPONENTS
& PACKAGING

FIBER-OPTIC CABLES. Fat Fiber and
Super Fat Fiber cables are designed for
data-communication applications over
distances of 1000 and 500m, respective-
ly. Both designs feature all-glass fibers,
are readily terminated with low-cost
connectors and are compatible with
inexpensive sources and detectors.

Fat Fiber units are available in both
single- (type 242) and dual-fiber (242)
versions. The fibers have a large 100-um
core and a high 0.4 NA. Optical specs
include attenuation (at 820 nm) of 10
dB/km and a predictable and stable

minimum bandwidth (at 900 nm) of 20
MHz-km.

Super Fat Fiber cables are also offered
in single- (type 155) and dual-fiber (255)
designs. The fibers have a 200-wm core
and an NA of 0.3. Attenuation and
bandwidth (at 840 nm in both cases) are
spec'd at 35 dB/km and 5 MHz-km,
respectively.

Both cables can be installed in trays,
conduits and ducts for indoor and
outdoor applications. $1.95/m (type 142),
$3.90/m (type 242). Siecor Optical
Cables Inc, 631 Miracle Mile, Horse-
heads, NY 14845. Phone (607)
739-3562. Circle No 210

IR EMITTERS. Models F5D and F5E are
GaAlAs diodes fabricated by means of a
liquid-epitaxial process. They have a
peak emission wavelength of 880 nm
and output up to 120 mW when driven
with 80-psec pulses. The devices are
packaged in a TO-18-type hermetically
sealed metal can and are compatible
with AMP Optimate connectors. The
integral light windows come in either flat

or lensed versions. $2.27 (1000).
General Electric Co. W Genesee St,
Auburn, NY 13021. Phone (315)
253-7321. Circle No 211

RELAYS. Unlike conventional mercury
wetted devices, W1728 relays operate in
any mounting position. At loads ranging
from 1 pA to 2A, these units are spec’d
for 2 billion operations (at 90%
confidence level). The relays withstand
shocks of 30g and evidence <0.02()
change in contact resistance over
operating lifetime. Pins are arranged on a
standard 1x0.2-in. grid. $1.80 (OEM
qty). Fifth Dimension Inc, 707
Alexander Rd, Princeton, NJ 08540.
Phone (609) 452-1200. Circle No 212

3M Tech Service helps you
design thermal protection

The key to designing circuits with Thermal Cutoff
protection is selection of the proper TCO temperature
and mounting location. Our Technical Service people
will assist you in understanding the how's and why'’s of
TCO placement that result in long-term, reliable
protection. They will work with you to improve product
safety. Help protect you against liability. For assistance
and product information write: Industrial Electrical
Products Division/3M, 3M Center, St. Paul, MN 55101.

3M Thermal Cutoffs—which
one’s the right one for you?

Miniaturized 3M Thermal Cutoffs come in a wide
range of temperature ratings, accurate to + 1.7°C
(3°F) in a variety of standard configurations. Custom
designs if you need them. Our team of technical
specialists will help you determine the right Thermal
Cutoff for your application. Take advantage of our
expertise and design assistance. Write: Industrial
Electrical Products Division/3M, 3M Center, St. Paul,
MN 55101. Or call toll-free 800-328-1300.

Or call toll-free 800-328-1300.

For more information, Circle No 110
EDN NOVEMBER 5, 1979

For more information, Circle No 111
191




CARD CAGES. Providing S-100 com-
patibility, these units are constructed of
12-gauge anodized aluminum and mount
in standard 19-in. racks. They are offered
in 6-, 8-, 10-, 12- and 16-slot versions
and allow card insertion/withdrawal
without use of tools. Motherboards are
constructed of 0.125-in. FR4 epoxy
glass; 10- and 16-slot cages are
available with shielded motherboards.
$65 for 16-slot unit. Artec Electronics

Inc, 605 Old Country Rd, San Carlos, CA
94070. Phone (415) 592-2740.
Circle No 213

o't be at a loss

L

F-O DETECTOR. For use in medium-

jor words.

Large-word-capacity data generators needn’t cost
more. Our high frequency MG-302 has four times
the capacity of the nearest competing unit, the

distance, medium-bandwidth systems,
the MFODA402FB is a monolithic IC
containing both detector and preamplifi-
er. It operates on 20V, is usable up to
30M baud, has a dynamic range of
greater than 100:1, a pulse response of

HP 8084A. And with no substantial difference in
price or tradeoffs in other important parameters.
That’s 256 bits for the price of 64! In addition, it
can drive ECL directly without any extra modules.

Send for our side-by-side specification compari-
son guide and a copy of our new High Speed Digital

20 nsec and responsivity of 1.5 mV/uW.
Packaged in a case which contains a
200-um fiber with an NA of 0.48, the
MFODA402FB fits into AMP connectors
providing good RFI immunity. $52.
Motorola Semiconductors, Box 20912,
Phoenix, AZ 85036. Phone (602)
244-4556. Circle No 214

Instrumentation brochure.
Tau-Tron’s MG-302. The 325 Mb/s data genera-
tor with the big vocabulary.

-~ Sl —

RECTIFIERS. MB12 Series rectifier
assemblies are offered in ratings of 10,
25 and 35A. They feature a single-phase
bridge circuit, positive terminal polarity
keying and an electrically isolated case.
Specs include a voltage drop of 1.2V (at
17.5A/cell at 25°C for 35A model), 10
wA/cell reverse leakage at 25°C, and
surge-current ratings ranging to 400A.
$3.35 to $5.80 (100) for 35A models.
Westinghouse Electric Corp, Young-
wood, PA15697. Phone (412) 925-7272.

Circle No 215

Tau-Tron, Inc. 27 Industrial Ave., Chelmsford, MA 01824
(617) 256-9013

e tU-tron
/

For more information, Circle No 112
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Fastest EPROM ever.
Plus a low-power 32K...a faster 16K.
All new from Texas Instruments.

At 250 ns max access, TT’s new TMS2508
is the fastest EPROM on the market.
It’s made to order for state-of-the-art
microprocessor systems. Reduces wait

states, virtually eliminates the need for

additional circuitry.

The TMS2508 is a true single 5-V sup-
ply, 8K device. Designed for speed, it
provides all the outstanding characteris-
tics of TI's 5-V EPROMs: 8-bit word

configuration. Automatic chip select
power down. Fully static operation.
Simplified programming — singly or in
blocks, sequentially or at random.

A very low power 32K also joins TI's
growing EPROM family. The new 5-V
TMS25L32 requires 40% less power
than its standard counterpart. Active
power dissipation is only 500 mW max—
the lowest power per bit yet for

TI’s Growing EPROM Family
Power Max Power (0°C) Access 100-piece
Device Description Supply Operating Standby Time Price
TMS25L.32 32K 5V 500 mW 131 mwW 450 ns $102.00
TMS2532 32K 5V 840 mW 131 mwW 450 ns 53.80
TMS2516-35 16K 5V 525 mW 131 mW 350 ns 55.40
TMS2516 16K 5V 525 mW 131 mW 450 ns 36.92
TMS2508-25 8K 5V 446 mW 131 mW 250 ns 36.90
TMS2508-30 8K 5V 446 mW 131 mwW 300 ns 30.80
TMS2716 16K +12, +5V 720mW — 450 ns 24.60
TMS27L08 8K +12, +5V 580 mW — 450 ns 16.90
TMS2708 8K +12, =5V 800 mwW* — 450 ns 12.30
TMS2708-35 8K +12, =5V 800 mwW* — 350 ns 15.40
LJ
Tp =70°C

© 1979 Texas Instruments Incorporated

TEXAS INSTRUMENTS

INCORPORATED
For more information, Circle No 113

EPROMs. Input noise immunity: 400
mV, high and low ends.

A high-performance 16K EPROM is
now available from TI. The new 5-V
TMS2516-35 features 350 ns max access
time versus 450 ns for the standard 16K
with no increase in power.

Compatible, available family: All TI
EPROMs are pin compatible in rugged
24-pin dual-in-line ceramic packages.
Upgrading is simple, since the family
concept is designed into every new
EPROM.

All offer state-of-the-art performance
and all are in production.

To get the new, super fast 8K, or
any other member of TI's EPROM
family, call your nearest TI distributor.

Or for more information, write
Texas Instruments Incor- o
porated, P. O. Box 1443, Z]
M/S 6955, Houston, Texas

77001.

85121




“THE
AmZ8000
IS BETTER”

The AmZ8000
is cheaper, easier, and a
whole lot faster to pro-
gram than the 8086.

Call Advanced Micro
Devices and get all the
facts on the AmZ8000.
It’s the best 16-bit CPU
there is.

Advanced
Micro
Devices

n

Q01 Thompson Place
Sunnyvale, CA 94086
Tel: (408) 732-2400

New Products
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For more information, Circle No 114

CONNECTORS. European Standard
Interface devices are insulation-
displacement connectors designed for
use with DIN headers. Two versions are
offered: one with a 0.1x0.1-in. contact
grid and another with a 0.1x0.2-in. grid
spacing. Both are 64-position units and
come with or without snap-on strain
reliefs. Termination is quite simple—you
insert a flat cable into the connector and
terminate all 64 contacts with one
crimping cycle. $0.08/contact (OEM qty).
T&B/Ansley Corp, 3208 Humboldt St,
Los Angeles, CA 90031. Phone (213)
223-2331. Circle No 216

1/0 MODULES. These thick-film hybrid
I/0 systems interface with any 5V logic
units. The two output modules (ac and
dc) drive 3A loads, while the two input
modules (ac or dc) translate their
respective loads into logic levels. Four pc
module boards are also offered—4-, 8-,
16- and 24-position. The last three
boards feature plug-compatible logic
contacts; the 4-position unit has
screw-terminal connections. All boards
feature circuitry for pull-up resistors, 5A
fuses and LED status indicators. Gordos
Arkansas Inc, 1000 N Second St,
Rogers, AR 72756. Phone (501)
636-5000. Circle No 217

BREADBOARDS. Model 100 and 200
electronic breadboards offer users
significant time savings in setting up,
debugging, modifying and testing circuit
designs. They feature a 13x7-in.
working area, three regulated supplies

e

.
4
-
=
-

(£5V and switch selectable =12V or
+15V dc), six 117V-ac solid-state relay
outputs, up to 108 positions of I/O
capability and an adjustable-frequency
clock. Model 200 betters Model 100's
supply regulation and provides finer
clock adjustability and stability. $595
(Model 100); $695 (Model 200).
Dynamation Inc, Box 3191, Richmond,
VA 23235. Phone (804) 794-7667.
Circle No 218

STANDARD
POLLITT DRIVE
FAIR LAWN, N,J. O74%0

Iy =
Vp =

.

REFERENCE DIODES. Within an
operating range of 25 to 45°C, PRD 600
Series diodes have TCs of 1 to 3 ppm/°C
(at a specified 0-TC operating current
between 5.5 to 9 mA). Peak to peak and
rms noise are <1 ppm and 0.1 ppm
respectively, and stability ratings range
between 5 to 40 and 30 to 240 ppm.
Other standard specs include input
voltage of 6.2V and impedance of
10Q2—both at 7.5 mA. Additional stability
ratings include 30 to 240 ppm/yr and 1 to
3 ppm/8 hrs. $15.50 to $40 (50).
Delivery, stock to 8 wks ARO. Standard
Reference Labs Inc, Pollitt Dr South,
Fair Lawn, NJ 07410. Phone (201)
797-3907. Circle No 219

DELAY LINES. The three models in the
Series 6000 line of microminiature SAW
delay lines cover a frequency range of 70
to 80 MHz. Delay times of 0.6, 1.1 and
1.6 usec are provided and accuracy is
better than 2% from —18 to +60°C (the
units operate to +85°C with slightly
degraded accuracy). The devices are
hermetically sealed and meet a number
of MIL specs. $225 (50). Delivery, 6 to 8
wks ARO. Microsonics, 60 Winter St,
Weymouth, MA 02188. Phone (617)
337-4200. Circle No 220
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“We must find a way to stop
LS| package lead damage
during burn-in and testing.”

Good news.
AMPLIF Ejecl.
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Give the kid glove treatment to the leads of your
microprocessors, ROMs, PROMs and EAROMs
during plugging and unplugging. The new AMP
LIF-Eject Connector combines the advantages of a
Low Insertion Force design with a unique eject
mechanism that lifts the LS| for utmost handling
ease. No screwdrivers. No prying up. Nothing else
is needed to assure damage-free insertion and
extraction.

A three-position arm handles everything. One
cams the contacts open. Another position cams
them closed with a contact force of 150 grams.
And the third position activates a leaf spring that
pushes the package out of the contact area.

AT

e

Two types of LIF-Eject Connectors are available
from 24 to 40 positions, one rated at 105°C
maximum and 25,000 cycles for electrical testing
and programming, and another rated at 150°C
maximum and 1,000 cycles for burn-in applications.

Sound interesting? Call the AMP LIF-Eject
Information Desk at (717) 564-0100, Ext. 8400. Or
write AMP Incorporated, Harrisburg, PA 17105.

AMP is a trademark of AMP Incorporated.

AMP has a better way.

ANMP

For more information, Circle No 115
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DISPLAYS. An alternative to LCDs,
these LED devices draw <1 mW/
segment. Four versions are offered:
DL-440M, with 2 digits 0.15 in. high;
DL-430M, with 3 digits 0.15 in. high;
DL-330M, with 4 digits 0.11 in. high and
the DL-340M, with 4 digits 0.11 in. high.
All have typical luminance of 1.5 med at 5
mA. The units are encapsulated and
hermetically sealed in plastic packages
with high-impact plastic lenses. $3.90 to

$5.70 (1000). Litronix, 19000 Home-
stead Rd, Cupertino, CA 95014. Phone
(408) 257-7910. Circle No 221

OSCILLATOR. A fundamental transistor
cavity-stabilized device, Model HFE-B27
covers from 4.8 to 5.3 GHz. Mechanically
tunable, it has 500-kHz resolution and
+13 to +16 dBm RF output. In a 1-Hz
bandwidth, typical phase noise is —55,
—90and —115dBc at 1, 10 and 100 kHz,
respectively. Second-harmonic content
specs at —20 dBc min, and stability is
+0.05% from 0 to 50°C. Power
requirements are —15V dc/120 mA.
$325. Engelmann Microwave Co,
Skyline Dr, Montville, NJ 07045. Phone
(201) 334-5700. Circle No 222

Sealed Wild Rover®
touch switches op-
erate in most en-
vironments. Well-
suited for eleva-

Low cost minia-
Touch switches | Make your own | tures are easily
that ‘“feel” right. | keyboard with our | mounted. Availa-
Great for office key switches. De- | ble in many colors

tors, kitchens, | machines, mini- | signed for direct | for appliances,
machine shops, | computers, control | mounting on p.c. | other small panel LEVER SWITCHES. The 572 Series
outdoor use. panels. boards. areas.

offers nine combinations of spdt and dpdt

Good looking to complement your product, low cost to complement your budget
— Wild Rover touch switches and keyboards give you up to ten million reliable
cycles, too.

Fast closure (contact bounce) — less than two milliseconds!

Great variety — choose keyboards with 12 or 16 keys. Matrix wired or common
ground. Standard machine and telephone codes. Plus specials with your
choice of keys, connections, colors and more.

Send now for free Wild Rover technical literature package.

—

& S>wmm # REFAL electronics corporation

L P.O. BOX 809 e WINSTED, CT 06098 e 203-379-2731

Manufacturers of PINLITE® and WILD ROVER® Products

For more information, Circle No 116
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switching functions. Contacts are rated
at 0.4 VA for low-level and 5A at
120V-ac/28V-dc resistive load or 2A at
250V ac for high-level applications (a
third option satisfies both high and low
levels). The switches come with solder
and pc terminals with or without epoxy
seal, as well as two lengths of
wire-wrappable terminations with epoxy
seal standard. Molded nylon actuators
and bezels are available in nine colors.
$1.42 (1000). Delivery, 4 to 6 wks ARO.
Dialight, 203 Harrison PI, Brooklyn, NY
11237. Phone (212) 497-7600.

Circle No 223
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What You Need, When You Need It

PR ETPE IV ST TR F B I RE IR ¥

Acopian power supplies are shipped within 3 days after receipt of order.
Miniaturized regulated single and multiple output * General purpose power with regulationto £0.005% e Narrow
profile modules e Dual output for op amps and general purposes e Triple output for microprocessors e Voltage
programmable power e Unregulated power supplies e Single and dual output plug-in modules e MIL-Spec power
supplies e Multiple output and redundant output power systems (Power systems are shipped in 9 days)

Write or call for your 52-page Acopian catalog containing complete specifications and prices.

Corp., Easton, PA 18042 « Toll free number: (800) 523-9478

For more information, Circle No 117




g”@electrocube capacitors
SUBMINIATURE MYLAR’

BEFORE
40 mfd, 200V

AFTER

| 022 40 mfd, 35V

«CNIN 151N
Save up to 50% of your PCB real estate
with these new subminiature 35 VDC Series
230 wrap-and-fill and epoxy case Mylar
capacitors. Choose from a wide selection
of capacitances...0.0010 to 100 mfd. Thin
is in at Electrocube...contact us at 1710

So. Del Mar Ave, San Gabriel, CA 91776;
or call (213) 573-3300.

*TM DuPont

For more information, Circle No 118

New Products

rYou’ll probably need
the best self-

contained memory
available!

For more information, just write
or call:

.‘ . TOKO AMERICA, INC.
5520 WEST TOUHY AVENUE
“ SKOKIE, ILLINOIS 60077
k a (312) 677-3640 » TELEX 72-4372

For more information, Circle No 119
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SS RELAYS. Midi-SS Series units
feature opto-isolation, zero-voltage
switching, internal RC snubbers and 80A
single-cycle surge-current ratings. The
pc-board-mountable devices have output
ratings of 3 to 5A at 120 or 240V ac and
input control-voltage ranges of 3.5 to 10V
or 10 to 32V dc. Thermal cutoff and
transient-suppression features are op-
tional. $8.65 (10,000). Computer
Components Inc, 88-06 Van Wyck
Expressway, Jamaica, NY 11418. Phone
(212) 291-3500. Circle No 224

PRESSURE SENSORS. Series 6400
solid-state piezoresistive devices mea-
sure absolute, differential and gauge
pressure from 2 to 300 psi with =0.25%
FS nonlinearity. All units feature infinite
resolution over a 140-mV-dc output span
and operate from —55 to +125°C. The
basic sensors can be temperature
compensated for zero and span to 1%
over a 100°C range; the zero-pressure
output can be level-shifted to any desired
value. $25 (OEM qty). Cognition, 765
Ravendale Dr, Mt View, CA 94043.
Phone (415) 969-8300. Circle No 225

LCDs. Model FEO0801 features 3%
0.4-in. digits, 3 decimal points, a minus
sign, an over-range arrow, a low-battery
indicator and annunciators for ac, dc, A,
mA, V, mV, Q, kQ, MQ, °C and °F. The
display is available in transmissive,
reflective and transflective modes and
comes with DIP connector pins attached,
or in pinless versions. Materials are
available with 0 to 55°C and —5 to +80°C
operating ranges. Red, blue and green
readouts can be supplied on special
order. $10.29 (100). AND, 770 Airport
Blvd, Burlingame, CA 94010. Phone
(415) 347-9916. Circle No 226

EDN NOVEMBER 5, 1979




It has come to our attention
that some designers are still using

discrete EMI/RFI filters

And that’s a shame.
Because Cannon® con-
nectors with integral filter con-
tacts save as much as 75% on
space and weight. Increase sys-
tem reliability. And can cut your
total installed costs by 40% and
more. :
Filter connectors from ITT
Cannon Electric are available
in rectangular and circular,
miniature and subminiature
configurations. To meet com-
mercial, ARINC and MIL
specifications. For computers
and communications systems,
medical and test instrumen-
tation, aerospace
and automotive SR
applications.
Filtering is available on all or
any contacts within the connector. A ferrite
tube surrounding
Ferite Core the contact forms a
series inductor within
a concentric, selec-
tively-coated ceramic
tube which forms the
bk capacitors of a pi-filter.
Completed con-
nectors, like the computer |/O configuration
shown, aren’t much larger than the standard
connector, yet provide typical attenuation of
70 dB. They eliminate the components, wires
and “dog box” that you've had to deal with,

FEE R EE RS
bdditiisig
ddidiiiing
dbbiiiiigi
dbidiiiiig

Cannon

Discrete
Computer 1/0 filters

and all the engineering, assernbly
and testing that go with them.

And Cannon filter connec-
tors can reduce your total in-
stalled costs by 40% or more.
Now that you know, there's no
excuse not to use them, so
contact your nearest ITT
Cannon field office today.

ITT Cannon Electric, Inter-
national Telephone and Telegraph Cor-
poration, 2801 Air Lane, Phoenix, AZ 85036,
telephone (602) 275-4792.

™ NNI]N ITT

Six decades on the leading edge of interconnect technology.

For more information, Circle No 136
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New Products

DISPLAY. An 8-character, alphanumer-
ic LED design, the HDSP-6300 has a
16-segment font, plus colon and decimal
point. The red GaAsP diodes are
magnified by an internal lens to provide a
character size of 0.14-in. The display
offers full 64-character ASCII capability.
Characters draw only 1-mA average
current/segment and can be read at a
distance of 1.5m. The unit's characters

are spaced five to an inch and can be

200

What the GPIB did
for automatic testin
we’ve done for the GPIB.

The GPIB lets you connect and control a tremendous
variety of instruments. Provided you stay within the 14-port
limitation. And provided you don’t get hopelessly con-
fused by all the different programming formats.

But now, building a system can be as simple as plugging
modules into a mainframe—the Jaycor Signal Director
mainframe. Our System 8600 accepts up to 10 plug-in
units, yet it occupies a single address on the IEEE-488 bus
(GPIB). You can plug in modules for triggers, timing, and
switching, and the Jaycor Signal Director will route your
commands. Each module uses the same programming
convention to simplify setup.

Also available is a programmable Digital 1/0 module, a
programmable voltage source, and more. So if you want to
get more out of your GPIB system, use this address:
JAYCOR, 1401 Camino Del Mar, P.O. Box 370, Del Mar, CA
92014. Phone (714) 453-6580.

JAYCONR

For demonstration, Circle no 21
For literature, Circle no 22

mounted directly on pc boards or in
standard IC sockets. $24 (125).
Hewlett-Packard Co, 1507 Page Mill
Rd, Palo Alto, CA 94304. Phone (415)
856-4105. Circle No 227

SOCKETS. Series 2000 SIP headers
have 0.1-in. center-to-center contact
spacings and are available with from 3 to
40 positions. Mountable on 0.1-in.
centers, the devices are molded of Valox
glass-reinforced thermoplastic material
(94V-O UL rating). Terminal options
include wire-wrappable styles and a
variety of solder-cup, slotted and
feed-through designs. $0.50 to $3 (OEM
qty). Delivery, 2 to 4 wks ARO. Garry
Mfg Co, 1010 Jersey Ave, New
Brunswick, NJ 08902. Phone (201)
545-2424, Circle No 228

SOCKETS. Designed as carriers for
4-pin crystal oscillators, these devices
feature 2-piece tapered-entry terminals
with gold-plated beryllium-copper inner
contacts; they come with gold- or
tin-plated outer sleeves in a
thermoplastic-polyester UL-rated 94V-0
insulator. The 4-finger inner contact
securely holds the oscillator leads, while
the outer sleeve’s closed-end construc-
tion eliminates solder or flux wicking
problems. Augat Inc, Box 779, Attleboro,
MA 02703. Phone (617) 222-2202.
Circle No 229

SLIDE SWITCHES. Series 1100 devices
are offered with two to 12 spst positions
with either extended or flush actuators—
both with a tape-seal option. Specs
include 100-m{) max contact resistance,
10"() insulation resistance, 500V-dc min
dielectric breakdown voltage and 5-pF
circuit capacitance. Housing material is
Type 6/6 30% glass-filled nylon, and the
sliders are made of polyester thermo-
plastic. $1.20 (1000) for 8-position unit
without tape seal. Stanford Applied
Engineering, 340 Martin Ave, Santa
Clara, CA 95050. Phone (408) 988-0700.

Circle No 230
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RELAX...it's amazing how an easy mind ties relationships.

We’'re the easy mind people. TRW Capacitors.You can rely
on us to choose the best raw materials.

Our X363 metallized polypropylene line is a perfect ex-
ample.We spent several years making sure we had chosen
precisely the right dielectric. And simultaneously making
sure our technology was precisely right, too. The results
were worth it.

The line features excellent electrical properties — high
IR, low DF, and dielectric absorption that's even better
than polystyrene — to minimize offsets and errors in slope
integrators and sample and hold circuitry.

The line features low dissipation factor (High Q) in a
small package, for pulse, low level RF or filter applications.
And it features high stability — for the long term shelf life
and resistance to severe environments that’'s important for
time base generators, integrators and filters. The specs are
unique. And impressive. So are our engineering services.
So relax and give us a call. Or write: TRW Capacitors, An
Electronic Components Divi-
sion of TRW, Inc., 301 West
"0’ St., Ogallala, Nebraska
69153 « Tel: (308) 284-3611.

TRW c.racirors

ANOTHER PRODUCT OF A COMPANY CALLED TRW
For more information, Circle No 137
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New Products

COMPUTERS
& PERIPHERALS

DESKTOP COMPUTER. Miniminc, a
desktop analysis tool for use in scientific,
engineering and management problem
solving, also serves for data reduction of
laboratory information. It accommodates
up to three serial-line inputs; instrument
data in serial form is readily accepted
and processed. Miniminc is a full
development-level system, operating
under an enhanced version of BASIC;
users can create and save their own
application programs. The system's
communications capability also enables
it to function as part of a distributed
system.

Incorporating an LS| version of the
manufacturer's PDP-11 computer family,
the system has 64k of RAM and dual

floppy discs with a capacity of 512k
bytes. The computer uses the VT105
video terminal and provides a communi-
cation port with modem control for
synchronous or asynchronous informa-
tion transfer, as well as a serial printer
port: Both handle communications to
9600 baud. $9900. Digital Equipment
Corp, Maynard, MA 01754. Phone (617)
493-9797. Circle No 238

TAPE CLEANER/REWINDER. Model
1011 cleans and rewinds magnetic tape
while its optional physical-defect scanner
locates permanent damage not removed
by the cleaner or found by software.

Identifying defects 0.020 in. in diameter,
the optical scanner eliminates persistent
tape-oriented reruns. A combination of
sapphire blades and tissues removes
foreign particles from a tape’s front and
back surfaces; winding and cleaning
tensions are controlled independently to
eliminate cinching damage. $3400.
Computer-Link Corp, 40 Ray Ave,
Burlington, MA 01803. Phone (617)
272-7400. Circle No 239

pC PASCAL. PASCAL/M combines the
language power of PASCAL with the
extensive file-handling capabilities of
CP/M. Standard PASCAL/M is available
for 8080/85 or Z80 wPs; a special Z80
version takes.advantage of the Z80’'s
extended instruction set. The package
includes a diskette with P-code compiler,
interpreter, and run-time library; “PAS-
CAL User Manual and Report” by
Jensen and Wirth; and “PASCAL/M
User's Reference Manual.” $350 on an
8- or 5.25-in. floppy diskette. Digital
Mktg, 2670 Cherry Lane, Walnut Creek,
CA 94596. Phone (415) 938-2880.

Circle No 240

For complete details
and free literature
describing our full line of
Powerline Protectors,
please write:

TELECOMMUMICATIONS DIVISION
100 NORTH STRONG AVENUE,
. LIVDENHURST MY 11757 U.SA.
TELEPHONE (5/6) 842-5000 TELEX: I4465/

202

’l{ INDUSTRIES, INC

THE I.IGHTNING BRIGADE

A brigade of Tll Lightning Arresters is at your service to protect all
types of Electronic and Electric equipment from damage by lightning
or electrical surge. Protect your motors, transformers and switch-
gear as well as control circuits, computers, and communications
facilities. They all need Tl protection. So, Tll has designed more
than 75 different packages to match each protection application
requirement. In the battle against equipment damage, put Tll on

your front lines.

For more information, Circle No 138

Worldwide Patents:
1,121,300; 1,120,361; 1,455,343;
3 281,625; 763 560; 3 333 153
3, 340 431, 788,066; 7'

More than 15 years and 5,000,000 Gas Tubes in service. 3535779;3,522,570; 3 791 711.
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What makes GE

thin edgewise

instrument readings Alnico 8
SO accurate? power.

A high strength Alnico 8 magnet puts For full information on General Electric’s
extra torque into every mechanism. This complete line of ac and dc thin edgewise
makes GE thin edgewise instruments less ammeters (from microamps up) and volt-
susceptible to reading errors caused by meters (from millivolts up), write to Section
friction or static. They will continue to 592-94, General Electric Co., Schenectady,
meet or exceed all applicable ANSI C39.1 NY 12345, or call your nearest GE sales
specifications for years. office or distributor.

Available in both vertical and horizontal
models, these compact instruments save

valuable panel space in all three sizes — There§ more
1Yz, 2'», and 3% inches. All are attractively to any GE instrument
housed in virtually unbreakable LEXAN® than meets the eye.

resin cases. General Electric thin edgewise
instruments are interchangeable with most
competitive models and are easily

modified for special applications. GENERAL @ ELECTRIC

For more information, Circle No 139
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New Products

VIDEO HARD-COPY SYSTEM. The

various CCIR standards. Options provide
1641A video hard-copy system provides

for composite-symc and external-clock

archival-quality hard copy from popular inputs. $10,500. Delivery, 90 days ARO.
raster-scan display terminals and video Versatec, 2805 Bowers Ave, Santa
sources within 20 sec, 132-column Clara, CA 95051. Phone (408) 988-2800.
computer printout at 1000 Ipm and Circle No 241

computer graphics at 6 pgs/min. One
system can serve up to eight terminals.
The 1641A accepts video signals
conforming to EIA standards RS-170,
330, 343A, 375A and 412A, as well as

|
pP-CONTROLLED PRINTER. The
MT-80, a 125-cps printer, contains a
240-character buffer; optional data
buffers to 4k are available in 1k
increments. The printer's pin-feed
paper-handling system accepts fan-fold
forms varying from 4.5 to 9.5 in. wide. Its
vertical format unit features top-of-form
control, 10 vertical-tab settings and a
skip - over - perforation capability. The
MT-80P Centronics-compatible parallel-
interface version is priced at $562.50
(100-499); the MT-80S (RS-232) version
costs $626.25 (100-499). Microtek Inc,
7844 Convoy Ct, San Diego, CA 92111.
Phone (714) 278-0633. Circle No 242

R
RRIIEE

3%

automatic answers to
SIgnal analYSIS prOblems REAL-TIME READER. The DEP-80
e il WithOllt Calculations! reads up to 48 bits of information from

standard paper stock, data which can be
preprinted or entered on paper by using a
standard pencil. When operated in a
real-time mode, the unit can process
each entry at the moment of its
application. $195 (100). Turnex Interna-
tional, 1800 16th St, Newport Beach, CA
92663. Phone (714) 642-3332.

Circle No 243

Confused by having to convert dB reference numbers to meaningful engineering
unit (EU) values you can understand? The SD345 FFT Signal Analyzer does it auto-
matically and displays the correct numbers instantly and directly on an exceptionally
clear raster-scan display. Or you can record the answers by photography, digital or
analog plotter, or video hard copy.

But getting instant, automatic solutions to your problems is only the first-order
reason you should own the SD345. Our new 12-page brochure outlines its many
other exclusive capabilities and applications. The SD345 is today’s best buy . . . it's
available right now . . . and we’ll be glad to stage a live demonstration in your lab.

WORD-PROCESSING SOFTWARE. A
menu-driven system, WORD-I| provides
for the interactive creation, editing and
printing of documents by PDP-11
computers. In addition to standard
word-processing features, it offers text
search and replace, as well as powerful
sort and transfer utilities. A system of
program modules operating as one job
under an RSTE/E time-sharing executive
results in efficient use of memory. A
single CPU license costs $7500,
- including support, installation and

* training. Data Processing Design Inc,
spectral Dynamics 181 W Orangethorpe, Suite F, Placentia,
CA 92670. Phone (213) 472-4476.

Scientific-Atlanta Circle No 244
P.O. Box 671 « San Diego, CA 92112 « (714) 268-7100 « TWX 910-335-2022

Actual photo of raster scan display — flicker-
Sfree, with full grids, complete annotation and
engineering-unit readouts for total answers,
understandable and usable at a glance. An
incoming time waveform can be displayed
simultaneously with a spectrum analysis of
that waveform (on a real time or averaged
basis) for direct comparison.

For more information, Circle No 140
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LOW BOUNCE:

Low level switching for dry dircuits

For years, EAO Series 01 and 31
Lighted Pushbutton Switches have
been supplied for applications in
control panels, instrumentation,
telecommunications, computers
and medical electronics.

Now both the 01 and 31 Series are
available with low level switching
elements that can handle the dryest |
of dry circuits. . . from micro-volts
and micro-amps up to a maximum of
100 mA at 60 volts. This is made
possible by our unique contact
design ... 4 gold plated contact
fingers of different length ...
contact bounce less than 100
micro-seconds.

This low level, low bounce switch
is perfect for direct interface with
today’s requirements of electronic

- circuitry. With 5 million operations = maintained action with universal

and a price no higher than our terminals for soldering, P.C. board

standard 01, 31 units. mount, or quick connect termination.
Low level lighted pushbuttons The original and still the finest

come with round, square and Series 01 and 31 from EAO SWITCH

rectangular bezels, momentary or CORPORATION.

EAO Switch, you can feel the difference.

EAO SWITCH CORPORATION

255 Cherry Street/Milford, CT 06460/ (203) 877-4577/TLX-EAO SWITCH MFRD 964347

Midcon: Booth 237, 9

For more information, Circle No 141
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WHO IN HIS RIGHT MIND
WOULD PUT A LEAD-ACID BATTERY
INATV?

Lead-acid batteries leak.
And gas. And corrode. And,
traditionally, have all sorts of
bad habits.

So,who'd ever design one
into a portable television, or
any other critical application,
where it could do its worst?

Designers who know about
Gates Energy, that's who.
Because we've developed
the sealed lead-acid cell
to the point where it's
almost faultlessly safe
and reliable.

Our cells operate in p~
any position without
leaking. They're safe
and predictable in
temperatures ranging write us directly.
from—65°C to+65°C. & Gates Energy Products, Inc., 1050 South

Performance, — Broadway, Denver, CO 80217.
frankly, is outstanding. Phone (303) 744-4806. EDN-11

GATES ENERGY

Expect hundreds of dis-
charge cycles. Dependable,
simple charging for both
float and cyclic applications.
No memory problems.

It all adds up to overall
product reliability.

Just what every de-
signer in his right mind
has in mind when he
tackles a new product’s
design.

Learn more about Gates
Energy cells and batteries.
Send for our comprehensive
information packet full of
design data, spec sheets and
application notes. Circle our
Reader Service number, or

Have engineer call. Circle no 19
Send literature. Circle no 20



From Texas Instruments...

Industry’s broadest line
of BIFET op amps.

Let’s face it. The new standard in
op amps is BIFET. In performance
and cost-effectiveness, they obso-
lete conventional bipolars such as
nAT41’s and others.

Texas Instruments makes the in-
dustry’s broadest line of BIFET op
amps. Whether you require low-
price, low-offset, low-noise or low-
power, you get what you need from
one of TI’s three families.

Low-price
If costs are critical, you can’t do
better than the TL081 family, with
prices ranging down to 29 cents
each in 100’s.

You get high-impedance JFET
inputs and low-distortion bipolar
outputs. Unity gain bandwidth is

© 1979 Texas Instruments Incorporated

EDN NOVEMBER 5, 1979

3 MHz. Slew rate is 13 V/us. Yet
price is comparable to the lower
performance nAT741’s.

Low-offset
If you are involved in precision in-
strumentation, you’ll want the
TLO087 to replace expensive dis-
crete or hybrid amplifiers. Offset is
only 0.5 mV, yet price is only $3.93
in 100 piece quantities.

Low-noise

The TLO071 series adds lower noise
(18 nV/VHz) and lower input off-
set voltage (10 mV) to the other
excellent characteristics of the
TLO81 series.

Low-power
For power critical applications, the

TEXAS INSTRUMENTS

INCORPORATED
For more information, Circle No 142

TLO061 series op amps require only
0.25 mA max supply current...less
than one tenth that of the nA741.
The TLO066 features an exclusive
power programming capability. It
can operate on mere microwatts at
supply voltages as low as =1.5V.

Duals and quads
All three series include duals and
quads as well as singles. Regard-
less of your requirements, you’ll
find a TI BIFET op amp to fit
your needs.

For more information, see your
authorized TI distributor or write
Texas Instruments In- 5
corporated, P.O. Box [7
225012, M/S 308, Dallas,

Texas 75265.

82136A
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Your life may not depend
on modulation accuracy.

With the Boonton 82AD Modu-
lation Meter you get FM and AM
accuracy specified to a constant 2%
of reading—from 10 MHz to 1200
MHz—over the full modulation
bandwidth of 30 Hz to 100 kHz,
within a temperature range of 0 to
55°C...and with a special close-
tolerance AM specification for air
navigation applications.

That’s the Boonton difference:
a difference in accuracy.

You can check the 82AD’s accu-
racy advantage in the resolution of
the 4-digit display. Get results fast
with the automatic feature that
tunes and levels without manual
adjustments. Or, control the 82AD
through a field-installable IEEE-
488 bus option.

Supported by true peak re-
sponding detectors and selectable,
closely-defined, post-detection
bandpass filtering, the 82AD’s
accuracy advantage adds up in
every way except price.

Sure, you can spend less...or
much more. But either way, you’ll
“pay the price” when accuracy is
important.

But we built our 82AD as if it did.

BOONTON
ELECTRONICS!

AUTQ LOCK

mg 82A0 MODULATION METER

£ i 501
il F ouY

sun

131 2G4z
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Call or write for details or a demonstration:
Boonton Electronics, Rt. 287 at Smith Rd.,

Parsippany, NJ 07054
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For more information, Circle No 143
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New Products

6809-COMPATIBLE pC. An SS-50-bus
wC, the 6800-based Chieftain provides
upward compatibility with the 6809 pP.
The system includes 64k of RAM, a 2k
EPROM monitor, two serial /O ports, a
9-slot mother board, two floppy-disc
drives and a disc operating system with
Disk-File BASIC. Four different configu-
rations allow a disc capacity ranging from
160k to 48M. From $2595 to $3895,
depending on configuration. Smoke
Signal Broadcasting, 31336 Via
Colinas, Westlake Village, CA 91361.
Phone (213) 889-9340. Circle No 245

VIDEO TERMINAL. Engineered for
demanding commercial applications, the
WH19 features a keyboard, a video
display that's sharp and easy on the
eyes, Z80-puP control and keyboard-

Smaill,
portable
printer.

The DC-1206B prints 12 characters/
line nominal, but is capable of 16
columns. It is sized for portable,
hand-held applications with 1.7" H
x 3.2" W x 3.7" D and 5.3 ounces. It
prints 5 lines/sec. on 1.4" paper and
is about $50 in 100 quantity.

Call or write HYCOM, 16841 Armstrong
Ave., Irvine, CA 92714 — (714) 557-5252

HYCOoMm

For more information, Circle No 144
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selectable baud rates up to 9600.
Thirty-two separate functions can be
controlled from the keyboard or the host
computer. A 12-key numeric pad in
calculator format allows easy entry of
arithmetic programs. Eight user-
definable keys program special func-
tions. $646.75 (100). Heath Data
Systems, Box 167, St Joseph, MI 49805.
Phone (616) 982-3361. Circle No 246

|

CMOS-EPROM PROGRAMMER. Model
660-A specifically suits programming
6653 and 6654 devices. It contains its
own pP and 4096-bit RAM buffer and
can be operated as a stand-alone device
from its own front panel or interactively
with an ordinary TTY or CRT terminal.
Model 660-A can also communicate with
a human programmer and/or automatic
integrated-circuit test equipment for
automated on-line EPROM program-
ming. $795. PC/M Inc, 3120 Crow
Canyon Rd, San Ramon, CA 94583.
Phone (415) 837-5400. Circle No 247

CLOCK/SECTOR WRITER. The
PM2390 can write Winchester-type
timing and servo tracks in many
applications. It writes custom sector and
address patterns as well as open clocks
with any gap length up to 100 psec. The
PM2390 is capable of measuring
frequencies to 25 MHz, clock period,
amplitude and/or frequency modulation.
It also detects area or pinhole defects
and measures spindle rpm. $9950.
Pioneer Magnetics Inc, 1745 Berkeley
St, Santa Monica, CA 90404. Phone
(213) 829-6751. Circle No 248

CRYSTAL
CLOCK

OSCILLATORS

by MOTOROIA ...

» K1135A, B
BAUD RATE
GENERATORS

K1152A
CMOS/NMOS
COMPATIBLE

K1150A
=> CMOS
8041/8741
DRIVER

LOCO Il

K1100A

TTL
COMPATIBLE
CRYSTAL
CLOCK
OSCILLATORS

K1091A

are the
industry standard!
HERF’'S WHY:

the widest line of thick film
crystal clock oscillators
available anywhere.

E(frequency stability to match
your application.

E(frequencies as low as 25 kHz,
as high as 70 MHz.

E( logic outputs for TTL, CMOS,
EgL, NMOS, dual comple-
mentary TTL.

‘E(volume production capability,
fast prototype delivery.

DIP packaging saves board
space, assembly time.

E{ in-house control, from quartz
growing through thick-film
processing.

Send today for more information
on the clock oscillator to fit your
application.

@ MOTOROLA INC.

COMPONENT PRODUCTS
2553 N. Edgington
Franklin Park, IL 60131

For more information, Circle No 145
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Cambion Wire-Wrap-
pable Sockets are tops in
quality, construction, and
selection. Best of all—
massive availability. Here
are the facts:

* high temperature
(160°C), flame retardant
diallyl phthalate bodies.

e alignment within #+.010
of true position for fully
automatic machine
wrapping.

* choose replaceable or
non-replaceable (phos-
phor bronze) pins.

e choose three-wrap or
two-wrap.

* dual leaf spring for
contact redundancy & in-
creased reliability.

* all popular sizes in tin or
gold plating: 6-pin, 8, 14, 16,
18, 20, 22, 24, 28, 36, and 40.
 immediate delivery from
54 distributors nationwide
and from CAMBION.

* Send for our latest
socket brochure and
complete IC packaging
catalog 121. Cambridge
Thermionic Corporation,
445 Concord Avenue,
Cambridge, MA 02238.
(617) 491-5400.

CamBION

The Right Connection.

For more information, Circle No 146

| Literature

|

|

Bubble-memory
design handbook

This 64-pg catalog presents features,
descriptions and functional characteris-
tics of the 7110 1M-bit bubble memory
and its support-chip family. The
publication includes specs, diagrams and
tables for the manufacturer's magnetic-
bubble memory, controller, current-pulse
generator, dual formatter/sense amplifi-
er, coil predriver, quad VMOS drive
transistors and development board. The
catalog also describes the BPK-71
bubble-memory prototype kit and details
design considerations for working with
bubble memories, as well as providing a
system-interconnect diagram. Intel
Magnetics, 3065 Bowers Ave, Santa
Clara, CA 95051. Circle No 184

Choose SSRs for
low-RFI| applications

“Understanding  Zero-Crossing  Solid
State Relays” details the relationship of
solid-state and mechanical relays to
radio-frequency interface. The 8-pg app
note 102 provides an in-depth under-
standing of switching phenomena and
noise suppression for various types of
loads. It also includes complete
descriptions of zero-crossing SSR cir-
cuits and describes prevalent industry
misconceptions about solid-state switch-
ing devices. Theta-J Corp, 208 W
Cummings Park, Woburn, MA 01801.

Circle No 185

Sales Offices

H Victor Drumm
Executive Vice President
and Publisher

Boston, MA 02116

(617) 536-7780

NEW YORK CITY 10017

George Isbell, Regional Manager
Bill Segallis, Regional Manager
205 E 42nd St (212) 949-4423

BOSTON 01880

Richard Parker, Regional Manager
Hal Short, Regional Manager

1 Lakeside Office Park

Wakefield, MA 01880

(617) 246-2293

PHILADELPHIA 19087

Steve Farkas, Regional Manager
George Isbell, Regional Manager
999 Old Eagle School Rd

Wayne, PA 19087

(215) 293-1212

CHICAGO 60521
Clayton Ryder, Regional Manager
Charles Durham, Jr
Regional Manager
15 Spinning Wheel Rd
Hinsdale, IL 60521
(312) 654-2390

CLEVELAND 44115
Charles Durham, Jr

Regional Manager
1621 Euclid Ave
(216) 696-1800

DENVER 80206
John Huff, Regional Manager
270 St Paul St (303) 388-4511

SAN FRANCISCO 95008

Hugh R Roome, Vice President,
Northwest Regional Manager

Pruneyard Towers

1901 S Bascom St, Suite 1100

Campbell, CA 95008

(408) 377-6777

LOS ANGELES 90036
Ed Schrader, Regional Manager
Charles J Stillman, Jr
Regional Manager
5670 Wilshire Blvd
(213) 933-9525

TOKYO 106 JAPAN
Tomoyuki Inatsuki

TRADE MEDIA JAPAN INC
R212, Azabu Heights
1-5-10 Roppongi, Minato-ku
Tel: (03) 585-0581

Telex: J28208 MEDIAHS

CAREER OPPORTUNITIES
Eastern US

Nancy Muenchinger

221 Columbus Ave, Boston
MA 02116 (617) 536-7780
Western US

Diane Smith

5670 Wilshire Blvd

Los Angeles, CA 90036
(213) 933-9525
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Sal Nuzzo: “Intel’s introduction of the microcomputer
revolutionized the computer terminal industry.
We were first to use a microcomputer in a terminal —
Intel’s 8008, years ago, and we've maintained a
price/performance edge over the years by quickly
taking advantage of Intel’s breakthroughs.

“This is a tough, competitive industry. Getting

a product to market first can make all

the difference. Any company that doesn't
move fast to take advantage of new
technology will simply get left behind.

So at Hazeltine, a key part of our strategy
is to work closely with technology leaders
—such as Intel. They introduced the
microcomputer, and have continued to
innovate with developments such as the
16-bit 8086 microcomputer. Taking advantage
of their new products has enabled us to con-
sistently give our customers higher performance
and greater reliability.

“The more
competitive
the video terminal

business gets, the

more Intel helps us
maintain leadership.”

Sal Nuzzo, President,
Hazeltine Corporation

“Intel makes it easy for us to apply their new
products. An example is the Intellec® development
system. Frankly, I don't see how any company can
design a product that uses microcomputers without
a system such as the Intellec system. The Intellec
system features such as in-circuit emulation (ICE) and
PL/M programming language are essential time-
savers. With our Intellec systems we can convert our
existing programs for the 8080 microcomputer to
Intel’s new 16-bit microcomputer, the 8086, quickly,
and increase throughput ten times. Thats flexibility.”

Intel® microcomputer products and
development systems can make the
competitive difference for your company.
For more information, contact your

local Intel sales office or distributor, or
write Intel Corporation, Literature

Department, 3065 Bowers Avenue, Santa

Clara, CA 95051. 408/987-6475

Intel’s Intellec® Development System

intel delivers.

Circle no. 15 for information.
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Our CMOS ICs crossed the void
to Jupiter.Next target:

1800 series to Mil-M-38510.

Voyager 1 broughtto Earththefirst  the toughest specs of all, MIL-M- technology. Low power consumption,
close-up look at Jupiter. 38510. Our 1800 series is already ~ high packaging density and low heat
RCA brought to Voyager 1 the high  available in high reliability versions ~ generation.
reliability CMOS IC logic that made  processed to Mil-Std-883, Class B. We have a 68-page booklet
the flight possible. And we recently won a contractto  packed with information on our high
And we're bringing to you high provide radiation-hardened CMOS  reliability IC products.
reliability ICs that reflect the same microprocessors and memories for To get your free copy, use the
excellence in dependability and the Galileo program, scheduled to reader service card or contact your
performance. land a probe on Jupiter in 1984, local RCA Solid State Distributor.
Now we're in the process of Now, you can design inthe 1800 Or contact RCA Solid State head-
qualifying our 1800 series of micro-  series with complete confidence. quarters in Somerville, New Jersey.

processors and support circuitsto-  And gain all the benefits of CMOS Brussels, Belgium. Tokyo, Japan.
For more information, Circle No 147




Our SIP Capacitor Network
gives you thousands of choices.

And saves you money.

The number of design choices offered
with one of our Single In Line Package
Capacitor Networks is staggering.

ments. If not, choose a 12th —your own.

Send us your requirements and we’'ll
put our designers to work for you. (Or

Consider this: Just one SIP can accom- send today for your free copy of our

modate a variety of circuit designs —
enabling you to select frcm a wide
choice of capacitance values and
dielectrics to reduce your assembly
costs.

One of our 11 standard patterns will
probably meet your circuit require-

handy Designer’s Guide —and design
your own package.)

The point: We'll make your SIP
Capacitor Network the way you want
it—and give you the high reliability
our expertise in capacitor manufactur-
ing guarantees.

Vitramon Limited (London)
Vitramon GmbH (Stuttgart)
Vitramon France S.A.R.L. (Paris)

Vitramon North America

Division of Vitramon, Incorporated
Box 544, Bridgeport, Conn. 06601
Tel: (203) 268-6261

Vitramon Pty. Limited (Sydney)
Vitramon Japan Limited (Tokyo)
Vitramon do Brasil Ltda. (Sao Paulo)

For more information, Circle No 148
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Literature

Complete technical info

Inductive devices on optoelectronic products

Instruments measure very

for switching supplies

Two 4-pg app notes (AN-P100 and
AN-P101) describe the structured design
of switching power magnetics and the
design and spec requirements for a 35W,
3-output switching power supply. The
four design sheets present electrical and
mechanical specs for the company’s
ferrite power inductors. The manufactur-
er also offers, at a nominal cost, a
prototype design kit, which includes
these data sheets and samples of actual
transformer structures. Coilcraft, 1102
Silver Lake Rd, Cary, IL 60013.

Circle No 186

small parameter values

The “Scientific Instruments Selector
Guide” presents detailed performance
features and key specs for more than 30
models of electrometers, picoammeters,
nanovoltmeters and milliohmmeters, as
well as high-stability, low-noise current
and voltage sources. Comprehensive
charts show the instruments’ features,
input connections and current- and
voltage-measurement ranges. The 4-pg
brochure also includes a table listing
standard symbols. Keithley Instru-
ments Inc, 28775 Aurora Rd, Cleveland,
OH 44139. Circle No 187

A 384-pg catalog includes the company's
latest optoelectronic application notes
and contains sections on fiber-optic
components, LED displays, solid-state
lamps, optocouplers, PIN photodiodes
and emitter/detectors. Photographs,
package dimensions, features, operating
characteristics and performance graphs
contribute to complete descriptions of
these optoelectronic components. Other
catalog features include an alphanumeric
parts-number index and an introductory
capabilities section on each product line.
Hewlett-Packard Co, 1507 Page Mill
Rd, Palo Alto, CA 94304. Circle No 188

Carborundum non-inductive
ceramic power resistors
solve tough problems.

What do you do when you need
to handle ten watts in a two watt
package? Or dissipate 1000 watts
RF so you can tune an antenna for
15 minutes? Or dump 35 kilojoules
from 90 microfarads?
Carborundum makes three types
of non-inductive ceramic resistors

that can solve these problems, save
you money, and valuable space.

Regardless of your pulse shape
we have a resistor for the applica-
tion. Type SP handles large amounts
of power from 60 cycles to many
megahertz. Type AS can absorb
huge amounts of energy while

maintaining its non-inductive
properties at high voltages. And
type A solves high resistance prob-
lems in high voltage situations.

In addition to having the right
resistors for the job, we have a
broad line of thermistors and var-
istors plus the engineering capa-
bilities to assist your design team.

Energy Dissipation Power Dissipation

60 KV 1000 Watts A~ For more information contact:

50,000 Joules 892SP (24"x 2") The Carborundum Company

. <——890AS (18"x1") Graphite Products Division
g § Electronic Components Marketing
S £ 100 Watts P.O. Box 339
e g Niagara Falls, New York 14302
= Telephone: 716-278-2521

25KV 100 Joules RS

2 < 234AS (1"x %") 234SP (1"x%")
[\ 10 Watts
oL CARBORUNDUM @
time time

For more information, Circle No 149
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Type SS gearmotor

DC permanent magnet.
Planetary gears.

Power source: up to 50 v.d.c.
Max. rated torque: 300 oz. in.
Standard gear ratios: 21.
Diameter: 74" (22 mm).

Max. length: 32%," (88 mm).

EM-13 gearmotor

DC permanent magnet.
Planetary gears.

Power source: up to 30 v.d.c.
Standard gear ratios: 30.

Max. rated torque: 1250 oz. in.
Diameter: 1.25” (32 mm).

Max. length: 4.75” (120 mm).

Type CFC gearmotors

AC hysteresis synchronous.
Planetary gears.

Power source: 115v.a.c., 60 Hz.
Max. rated torque: 1250 oz. in.
Standard gear ratios: 83.
Diameter: 1.7” (43 mm).

Max. length: 5.18” (132 mm).

Write for catalog information
TRW Globe Motor Division, TRW Inc.

Type LL

DC permanent magnet.

Power source: up to 75 v.d.c.
RPM: to 19,000.

Max. rated torque: to 1.8 oz. in.
Standard gear ratios: 83.
Diameter: 1.25” (32 mm).

Max. motor length: 2.09” (53 mm).

Type EM-15

DC permanent magnet.

Power source: up to 30 v.d.c.

RPM: to 6,000.

Max. rated torque: to 5.5 oz. in.

Diameter: 1.5” (38 mm).

Max. motor length: 2.3” (58 mm)
and 2.5” (64 mm).

BD/BL gearmotors

DC permanent magnet.
Planetary gears.

Power source: up to 115 v.d.c.
Max. rated torque: 550 Ib. in.
Standard gear ratios: 19.
Diameter: 115" (38 mm).

Max. length: 5.72” (145 mm).

2275 Stanley Ave., Dayton, OH 45404 (513-228-3171).
Distributed by Arrow, Hall-Mark, Hamilton/Avnet, Jaco, Pioneer.

TRW/ GLose moTORS

For more information, Circle No 150
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Type CMM

DC permanent magnet.

Power source: up to 50 v.d.c.
RPM: to 22,800,

Max. rated torque: to 1.00 oz. in.
Standard gear ratios: 83.
Diameter: 1.25” (32 mm).

Max. motor length: 1.75” (45 mm).

EM-15 gearmotor

DC permanent magnet.
Planetary gears.

Power source: 6, 12, 24 v.d.c.
Standard gear ratios: 30.

Max. rated torque: 1250 oz in.
Diameter: 1.5” (38 mm).

Max. length: 5.15” (130 mm).

Type EM-13

DC permanent magnet.

Power source: up to 30 v.d.c.

RPM: to 6,000.

Max. rated torque: to 3.0 oz. in.

Diameter: 1.25” (32 mm).

Max. motor length: 1.85” (47 mm)
and 2.17” (55 mm).

Type CFC

AC hysteresis synchronous and
induction.

Power source: 115v.a.c., 60 Hz.
RPM: to 3,600.

Max. rated torque: to 2.0 oz. in.
Diameter: 1.7” (43 mm).

Max. motor length: 2.8” (71 mm).

Mil-spec motors

and gearmotors

Available in DC permanent
magnet, AC hysteresis, synchro-
nous, and AC induction motors.
RPM: to 26,000.

Max. rated torque: up to 28.0
0z. in. w/o gearing; up to 550
Ibs. in. with gearing.

Standard gear ratios: 143.
Diameter: 0.625" to 3.75”

(17 mm to 95 mm).

Max. motor length: 1.32” to 4.35"
(34 mm to 110 mm).

If you add parts to your motor

Blowers and fans

Available for both AC and DC
operation.

Types: propeller, centrifugal,
tubeaxial, vaneaxial, and
prop-axial.

Free air flow: 10 to 1808 cfm.
Diameters: 1.1” to 7.0”

(31 mm to 178 mm).

Lengths: to 6.36” (160 mm).

TRW Globe will combine multiple functions in one assembly which
will greatly reduce your costs in secondary operations, quality con-
trol, interfacing, inventory, purchasing, and scheduling.
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A stand-alone, interactive
rP analyzer system

A 6-pg brochure shows how developers,
builders and users of Z8B0A, 8085A and
8080A uP systems can improve
productivity by using the company’'s pnP
system analyzer for product develop-
ment, production testing, field service
and personnel training. It provides
complete operational data, specs,
ordering information and details on the
AQ8080Z and its buffered, clip-on
probes. AQ Systems Inc, 1736 Front St,
Yorktown Heights, NY 10598.

Circle No 189

Instrument catalog
focuses on new products

Catalog T202G covers a complete line of
optical multichannel analyzers, lock-in
amplifiers, signal averagers, boxcar
integrators, low-noise preamps, light
choppers, photon counters and magne-
tometers. The 24-pg booklet also shows
how to choose and when to use boxcar
averagers, multipoint averagers, lock-in
amps and photo counting systems.
EG&G Princeton Applied Research,
Box 2565, Princeton, NJ 08540.

Circle No 190

The fine art of designing
digital and linear ICs

Brochure No CS-743 guides you through
the three phases of custom-IC design
and production: design and breadboard,
layout and prototype, and circuit review
and production release. The 12-pg
catalog provides a pictorial overview of
custom-IC production and a comparison
of custom ICs with semicustom devices.
Cherry Semiconductor Corp, 99 Bald
Hill Rd, Cranston, RI 02920.

Circle No 191

400-14

Thermal resistance

of power transistors

NBS Special Publication 400-14 briefly
explains the idealized concept of thermal
resistance and explores the problems
encountered in applying that concept to
power transistors. The 62-pg booklet
addresses the advantages and disad-
vantages of various electrical techniques
for measuring junction temperature. It
also outlines a standard technique for
measuring the thermal resistance of
conduction-cooled power transistors.
$2.40. US Government Printing Office,
Superintendent of Documents, Washing-
ton, DC 20402. INQUIRE DIRECT

ROCKER

SWITCH & pcurr
BREAKER
COMBINATION

e Life: 50,000 cycles

¢ High quality for about $2.00*

e Snap action

Single combination saves you money because it eliminates

at least two individual components. Only one component

to buy, stock, mount and wire. Very high reliability with 50,000
cycles mechanical and 25,000 cycles at rated load. Six handle
colors. Lighted version available. Current ratings from 3 amp

| If You Want 100,000 Choices,
Choose GSI Custom Color-banding

Banding is the marking method of choice for advanced

thru 16 amp at 250 VAC (125 VAC).
Call (312) 647-8303 or write for

.} ‘
complete information. ‘ % 1

Send $10 check for [

Designer's Sample Kit W
[EE’T':’A CIRCUIT BREAKERS .ooqcion | |
quanmy |

V400 N. Croname Rd. = Chicago, lllinois 60648
For more information, Circle No 151

military aircraft. It provides easy reading of small wires in com-
plex assemblies and offers more than 100,000 discrete markings
on all kinds of wire from 12 to 32 AWG. GSI color banding ex-
ceeds military specs for resistance to chemicals and abrasion.
For samples or a quotation, call or write GSI today.

GEYER SYSTEMS INC.
1917 Greenspring Drive, Timonium, Maryland
ZIP 21093 * Phone (301) 252-1768

For more information, Circle No 152
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CANNON.TH= SOURCE.

PV Series Connectors.

Your ITT Cannon Electric distributor
has an in-store supply of Cannon® PV
Series connectors for your MIL-C-26482
Series Il requirements.

Tough PV connectors for temperatures
between -55°C to +200°C. With simple
and fast customer tooling to Iower your
total installed costs.

And variety. Eight shell sizes. Twenty-
six contact arrangements. Three to sixty-
one pins. All with superior contact sta-
bility provided by the Little Caesar® rear
release contact retention assembly. So
when you need MIL-C-26482 Series Il
connectors, remember the PV source.
ITT Cannon.

For more information contact your local
distributor. Or write to: Product Manager,
Circular Division, ITT Cannon Electric,
666 East Dyer Road, Santa Ana, Califor-
nia 92702. For 24-hour service, call toll-
free (800) 854-3573; in California (800)
432-7063.

For all your Cannon connector needs
see the EEM directory.

Six decades on the leading edge of interconnect technology.

cannon ITT

For more information, Circle No 77
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NEW PRODUCT
CHARGE SENSITIVE PREAMPLIFIERS

Sv EPROM FAMILY PROGRAMMER

The Model #1000
programs 2758,
2716, 2732 & 8755
Eproms. Min. and
max. address
fields are individu-
ally selectable on
master and copy.
The copied prom can be a different
type than the master. In addition to
programming and copying Eproms,

Models A-203 and A-206 are a Charge Sensitive Preamplifier/Pulse

Shaper and a g Voltage A Ly or
especially for instrumentation employing solid state detectors, propor
tional counters, photomulnpllers channel electron multipliers or any
charge producing detectors in the pulse height analysis or pulse coun-
ting mode of operation.

These hybrid integrated circuits feature single supply voltage, low
power dissipation (16mW), low noise, pole zero cancellation, unipolar
and b|polar oulpu(s and adjustable discrimination level.

Model A-101 is a Charge Sensitive Preamplmev -Discriminator and

MOdeI 1000 WI” READ and VERIFY the . s E#Lstznma‘;mm channel electron mulnphers and other charge prcy
data in the master and copy, if different : i ducing in the pulse mode. Its small size (TO8

package) allows mounting close to the collector of the multiplier.
Power is typically 15 milliwatts and output interfaces directly with
C-MOS and TTL logic. Input threshold and output pulse width are ex-
ternally adjustable.

NEW PRODUCT—INDUSTRY'S FIRST
MASS PRODUCED DPM. Through ingen-
ious design IMC is offering the Series

the difference can be displayed. 8 data
bits, 4k address bits, 5 Hexadecimal
Display Digits and suitcase portability B500 +3%; DIGIT DPM built on two single

All Amptek, Inc., pmdu&
have a one year warranty.

sided FR-4 P. C. Boards for maximum re-
liability & low cost. Specifications are: TEK
AUTO ZERO, BIPOLAR, 1000 M Zin, 50pA [t

Ibias, 10 RANGES, 5Vdc or 115/230Vac AMPTEK inc.

make this programmer an outstanding
value at $1,495.00.

FH &M linc
Norristown, Pa. (215) 277-8484

DIFFERENTIAL, RATIOMETRIC, 200-800mW
power consumption 150 HOUR BURN-IN
and fully GUARANTEED for 2 YEARS.
Covered by GSA Contract No. GS-00S-
86095 IMC, 4016 E. Tennessee St., Tucson,
AZ 85714 (602) 748-7900

For more information, Circle No 155

6 DE ANGELO DRIVE, BEDFORD, MASS. 017¢
(617) 2752242

For more information, Circle No 156

For more information, Circle No 154

Literature

Switches for the computer
and instrument industries

Catalog AS-479 consolidates all of the
company's switch families into one
volume. It pictures and describes an
extensive line of pc mountables,
including miniature and subminiature

Short-form catalog of
precision temp instruments

Featuring a wide range of temperature-
measuring instruments, this 8-pg catalog
describes the company's Heat-Prober
platinum-RTD and thermocouple digital
thermometers, its Heat Spy digital and

toggles, slides, pushbuttons and rotaries.
The 159-pg publication emphasizes the
expanded TT Series of subminiature
custom switches and describes a variety
of LED and incandescent-light products.
Alco Electronic Products Inc, 1551

analog noncontact thermometers and its
miniature, self-adhesive temperature
recorders. Specs, features, applications
and prices are included for all product
descriptions. Wahl Instruments Inc,
5750 Hannum Ave, Culver City, CA

Osgood St, North Andover, MA 01845, 90230. Circle No 193
Circle No 192

Ve
Put a low cost temperature
gauge on everything.

The center spot on a Tempilabel® Temperature Monitor turns black
when the surface to which it is affixed reaches the specified tem-
perature for that label. Reliable Tempilabel® monitors are available
with single spots or with multiple spots with pre-determined incre-
ments of ratings for monitoring safe operating temperatures.
Tempilabels ° are self-adhesive and may be removed and attached
to reports for permanent records. Temperature ranges: 100°F
(33°C) to 600°F (316°C). 1% accuracy guaranteed. Monitors
with1, 4,6 or 8 ratings on each with various increments. Priced as
low as 10¢ each. Write or call for free sample. Circle number below

for catalog & prices. ?l°
Temp

Division, Big Three Industries, Inc.
So. Plainfield, NJ 07080. (201) 757-8300. Telex 138662.

16-BIT A/D CONVERTERS for airborne,
other critical applications. Resolution of
ADC 2000/2100 series is 1 part in 65,535
—binary bits or 2's complement; power
consumption only 500 mw; accuracy:
#+0.004% ; linearity: +0.002% ; output con-
trol functions CMOS/TTL-LS compatible
with any system. Tested, Calibrated, svs-
tem ready except for power supply. ADC
2000: P.C. card; ADC 2100: encased
Phoenix Data, Inc., 3384 W. Osborn, Phoe-
nix, AZ 85017. PH 602/278-8528 TWX
910-951-1364.

For more information, Circle No 157

64K RAM BOARD WITH 3 YEAR WAR
RANTY. Delivery from stock. 20% savings.

Electronic Solutions Inc

5780 Chesapeake Ct.

San Diego, CA 92123
(714) 292-0242.

RAM-064 — 64K — SBC 80
For more information, Circle No 159

For more information, Circle No 158




Profiles the top management
of every major electronics firm
in the world —and then some!

Organization

offices

patents/dates

prizes/granting
group/dates

Date, place of birgh
\ >
Abramson, Norman
Directogships/starting [ loha System & Prof Elec Engrg & Comp Sci, Univ
aates\ of Hawmi 2540 Dole St, Honolulu, HI 96822, Tel (808)

membership/dates/highest {

Flelds of patents/key
——

Honors, awards, |

Name mle/organlzamryess/pnone

7

Degrees earned/
mstltutlons/dates

Previous organizations/
ytes/nlgnest positions

948-7589. Born: Apr 1, 1932, Boston, MA. Education:
PhD, Stanford Univ, 1958; MA, Univ of Calif. (Los An-

7600 W John St, Hicksville, NY
3280. Born: July 21, 1934, Brook-
fon: Bachelor of Metallurgical Engrg,
Masters ( allurgy), Rensselaer Polytechnic Inst,

Acello, Salyatore
General Insfrument Cor
11802, Tel{(516) 7,
lyn, NY. Educ

s), 1955; AB, Harvard Univ, 1953. Prof |
Experiemvec Harvard Univ, 1965-66, Visiting Prof; Univ
of Calif. (Berké 1965, Visiting Prof; Stanford Univ,

59-65, Assoc Prof. Directorships: Systems Research
Corp ce 1968; Public Service Satellite Consortium
since 1977. Organizations: IEEE since 1955, Chmn Info
Theory Group 1963. Awards: Achiev Award, IEEE Reg 6,
ooks: Com-
rentice-Hall,
wood Cliffs, 1974; Information Thepry & Coding
(Eds in Japanese, Spanish, Polish), McGfaw-Hill, New

1960,62. P | Experience: Gen Instr, Mgr Engrg &
Mfg Serv 1970-72, Staff Consultant Ceramics Div
1968-72; Sprague Elec Co, 1962-68, Metallurgist. Organ-
izations: Alpha Sigma Mu. Awards: Scott MacKay Award,
Rensselaer Polytechnic Inst. Patents Held: 3 in capacitors,
materials. Achievements: Helped develop and won
award for the “Mlni Pak’’ integrated circuit package
1977

Ackerman, Norman
Pres, Perma Power Flectronics Inc, 5615 W Howard
Ave, Chicago, IL 60648, Tel (312) 647-9414. Born: Sept
22,1924, Chicago, IL. Bducation: MSEE, Chicago Techni-
cal College, 1949; BSRE, Northwestern Univ, 1948

York, 1963, _Personal: married 1954 to Joan (Freulich),
childr ark, Carin. Residence: 3044 Kiele Ave,
Horlulu, HI 96815, Tel (808) 923-1019

Professional Experience: founded Perma Power Elec it

Abronson, Charles | 1952. Directorships: Perma Power Elec Inc since 1
"res, Amplica Inc, 950 Lawrence Dr/Newbury Park, CA Organizations: ETA/DP
i e 7 S v 25, 1940, New 1967-present; |
Personal data

e

Published books/titles/
publishers/dates

Notewor thy products,
processes, designs/dates

McGraw-Hill’s

Leaders In
Electronics

Prepared by the Staff of Electronics Magazine
651 pages, $39.50

Program the biographies of 5,240 of your col-
leagues right into your bookshelf!
And retrieve them instantly whenever you choose!

Interested in the personnel of a specific organiza-
tion? LEADERS IN ELECTRONICS comes com-
plete with a Special Affiliation Index. This Index
lists individual organizations, complete with the
names and titles of top employees. By looking up
the names in the general biography listing, you'll
have a complete profile of the organization’s top
management in minutes!

The only reference devoted solely to biographies
of the most influential people in electronics.
Worldwide in scope, it focuses on 5,240 individu-
als as varied as. . .

corporate executives...technical managers...

designers and developers of important products

and processes...government and military offi-
cials...academics...editors and publishers

...securities analysts. ..directors of trade and

professional groups. . .and consultants.

With LEADERS IN ELECTRONICS on your
bookshelf, you no longer have to search through
many different sources for biographical data on

Examine FREE for 15 days at no obligation!
Just complete and return the coupon below. Act today!

UK
€
Hll'
Send me LEADERS IN ELECTRONICS (019149-2) for 15 days’ free ¢xamina-
tion. After that time, I will remit the full price of $39.50 plus local tax. postage
and handling or return the book without obligation. I understand if I remit in full,
plus local tax, with this order McGraw-Hill will pay all regular postage and han-
dling and that refund privileges still apply.

McGraw-Hill Book Company
1221 Avenue of the Americas
New York, NY 10020

your colleagues. What’s more, you don’t have to Name- - — -

strain your eyes reading miniscule type, nor do you Address I e ap— e

have to waste valuable time trying to decipher _

seemingly endless paragraphs of abbreviations. 1 — - e T
Boldface type spotlights various information cate- State . - Zip

gories so that you can scan entries rapidly to spot

This order subje;to acceptance by K/Igéraw—Hill. Offer good 6nly inthe U.S.

23-F-377-4270-3

For more information, Circle No 161

what you need.
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TO PLACE AN ADVERTISEMENT IN THIS SECTION CONTACT:
BOSTON: NANCY MUENCHINGER (617) 536-7780 TELECOPIER: (617) 536-7780 Ext. 282
LOS ANGELES: DIANE SMITH (213) 933-9525

THE BEST & THE BRIGHTEST
ENGINEERS SCIENTISTS

$18-35K

The best and the brightest choose P’nB to market them to
the best and the brightest companies in the United
States, — Because I’'m an engineer who talks your
language.

| know what you want—I was there myself for 25 years as
a design specialist, systems engineer. project manager.
operations researcher. program manager. | am an
engineer out of M.L.T. many years ago. It was lots of fun
and worth every minute of it. So let me find you what you
really want. For starters..
Just send your resume or write me about yourself. I'll be
in touch with you about unadvertised positions for
degreed engineers, computer scientists, physicists in the
Electronics, Computer and Aerospace Industries.
YOU are our client. but the
companies pay all fees and expenses
Please include present salary

Monarch L. Cutler, Chief Executive

P ’n B CONSULTANTS

Box 494-20, Wayne, Pa. 19087
(215) 687-4056

If you currently
earn between
$20,000-$45,000

JOIN A PROGRESSIVE R & E TEAM
IN THE SUNBELT

The Analysts, a Schlumberger Company, is a leader in
advance instrumentation and electronic mechanical

systems serving the oilindustry. The following openings
are for the greater Houston location in Sugar Land,
Texas.

DEVELOPMENT ENGINEER/PHYSICIST
PHD/MS in Applied Physics or PHD/MS in Mechanical
Engineering. 2 to 5 years experience. Candidate must
have experimental background in application fluid
dynamics, acoustics, electro-magnetics and error ana-
lyses. Must also perform analyses of operations of
mechanical devices and systems and apply math
modeling and computer techniques to problem solving.

PRODUCT ENGINEER

BSME/EE to engineer complex electro-mechanical
assemblies to withstand hostile environments. Experi-
ence with electronic systems desirable to carry solu-
tions from conception to manufacturing and documen-
tation. Must contribute to the development of test and
maintenance procedures. 2 to 5 years applicable
experience.

The Analysts offers excellent salaries and benefits, an
enjoyable working environment and long term growth
prospects. Relocation will be provided to Houston,

which has an ideal climate year-round andisonly 1 hour
from the Gulf of Mexico. Send resume or call collect:

Voy Risinger
THE ANALYSTS
Schlumberger

4120 D Directors Row
an equal opportunity employer m f

Houston, Texas 77092
(713) 686-5516

we've got a better
job foryou ... NOW!

Several new contract awards have created numerous, immediate,
long term career opportunities for degreed, technical professionals
We are only interested in top caliber, creative individuals with
proven records of success in engineering, management &
consulting. Locations are nationwide

Research Engineers Wanted — Immediate Openings

Unusual professional environment encourages growth, acquisition of career-
desirable experience. Diversified research and management pattern offer growth
to and in project responsibility, supervision, and more advanced research
practice. Start at one of several experience/responsibility levels in organization
with major industry and government research contracts.

If your work interest is in radar and/or communications, including analytical
softwear design, investigate this group of openings. Our client seeks minimum
of MS, or BS plus 2 years experience. . .your experience in communications
and radar, digital signal processing, for research-oriented operation helpful.

Salary to $30,000 with great benefits package. EO/AAE, and all positions
employer fee-paid of course.

Send your latest resume to Al Harrington, Engineering Department.

“’J W. Willard Associates, Inc

One Lincoln Center / Syracuse, NY 13202/(315) 422-5111

Opportunities include technical/management consulting, project
management, R&D, test and systems evaluation. Major contract
areas include Communications, Satellites, Weapons, Intelligence,
Computer, Energy and Aerospace systems. All positions require
U.S. CITIZENSHIP, MINIMUM OF A BS degree (MS/Ph.D
preferred), and a minimum of one year experience in one or more
of the specific areas listed below

e Minicomputers ¢ Radar Systems

e Microprocessors e Communication Systems
» Software development « EW/SIGINT/ELINT

* Signal processing ¢ Microwave Systems

« Digital systems » Electromagnetics

e Command & Control e Fire Control Systems

SAN FRANCISCO

We are placement specialists for mini and micro
computer systems programmers, computer and pe-
ripherals design engineers.

Call COLLECT or send resume to:
Larry Goldfarb
Engineering Resources
Group, Inc.

303 Sacramento Street
San Francisco, CA 94111
(415) 398-3535

Employers Pay All Fees.

If you want to join one of the fastest growing firms in the
country, call Robert Beach. Vice President, collect at

(3011) 762-1d100 ord|f yc7ud »
prefer, send your detaile
WALLACH
associates, incC.

resume, in confidence. We'll
make you an offer you can't

1010 Rockville Pike
Box 6016

refuse
WALLACH Your career

Rockville, Maryland 20852
(301) 762-1100

connection
Equal Opportunity Employer Agcy
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Hardware Design Engineers

YOu Know Wang's Hardware Design Engineering Group, an acknowledged
leader in R&D activities, offers broad-based involvement to

qualified engineers. If you are the type of professional who
wants to be with a leader — Wang will

® provide the atmosphere in which to
pportunity =~

We've jumped 144 places in the Fortune
1000 rankings and increased sales by

$122 million - to $320 million - and
that was just in the last fiscal year. Right now you can become
an integral part of next year's growth and do plenty of growing of

your own. Investigate these opportunities:

Firmware Design Engineers

See On An individual with strong programming talents is needed to
(X X ) develop microcode, diagnostic and BASIC programs for fac-
simile and image printer projects. You should have a BSEE with

micro-processing experience or a BS in Computer Science with
2 years experience

Digital Electronics Engincer

You will be involved with the development of microcomputers
(8080, Z80, etc.) for various precision machine control applica-
tions. Familiarity with interfacing analog devices, (sensors,
stepping motors, etc.) with digital control circuitry is essential.
Some micro-processor software experience is desirable. A
BSEE or CS with 3 to 5 years experience or equivalent is re-
quired.

Senior Electronics Engineer

A familiarity with digital graphics techniques and analog inter-
faces is essential, as you will be involved in the development of
typesetting equipment. Some software/firmware experience is
desirable. A BSEE or MSEE with 5 or more years related ex-
perience is required.

Design Engineer

The development of micro-processor based central control unit
which is capable of interfacing with CRT, Telecommunications,
and printer mechanisms is involved here. A BSEE with 2 years
experience in the design and test of micro-processor based
units is necessary. You should have an interest in simple pro-
gramming and microcodes. A knowledge of dynamic RAM,
Telecommunications and CRT would be helpful.

We offer excellent salary and benefits, including profit sharing,
stock purchase plan, medical and dental insurance. Please
send resume, including salary history, to Susan D. Morse, Pro-
fessional Recruiting, Wang Laboratories, Inc., One Industrial
Avenue, Lowell, MA 01851.

Get To Know Wang

Word Processing

EDN NOVEMBER 5, 1979




Hardware/Firmware, Software,
Product and Application Engineers

—

At Allen-Bradley Systems Division, we apply “state-of-the-art” computer and
microprocessor technology to industrial systems. This Division has grown
four-fold since 1975 and is still growing...strong! As an important part of an
international corporation, employing over 13,000 people, we emphasize stability
and a sophisticated professional environment, which promotes your growth
and ours.

Opportunities exist for engineering professionals in the following areas.

HARDWARE/FIRMWARE DESIGN ENGINEERS

We have a variety of challenging assignments for engineers able to
take responsibility to design and develop programmable controllers
and numerical control systems employing digital and analog design
techniques. Your background should include a B.S.E.E., scientific or
advanced degree with 2 + years of related experience. Involvement
with computer and microprocessor design is highly desirable.

SOFTWARE ENGINEERS

Since receiving your engineering or scientific degree (E.E., Comp.
Eng., Comp. Science, Math, or Physics), you have two or more years
experience establishing a strong engineering orientation and an assembly
language background, preferably with minicomputers. You are ready
to assume project responsibility for software specifications, including
design, test and documentation. Projects can include numerical control,
communications and machine dependent software.

PRODUCT/MARKETING ENGINEERS

Draw upon your experience to identify market possibilities for new
products. Duties include participation in research, exploration, identi-
fication and recommendations for product opportunities based on
anticipated industry-wide requirements. Background should include
B.S.E.E. with 2 or more years experience and understanding of micro-
processor technology and applications.

APPLICATIONS ENGINEERS

Use your engineering skills to define customer control system require-
ments, determine design strategy and prepare proposals. Also implement
control systems, participate in customer/sales training programs
and be involved in new product planning and development. You presently
have an engineering degree or equivalent experience in industrial control
systems. Exposure to microprocessors and/or programming helpful.

If your experience and career goals match these professionally rewarding
positions, you owe it to yourself to contact us. The total compensation plan
is good, including generous benefits and the career growth possibilities are
exceptional! Act NOW! Send your resume and salary history/requirements to:

Duane C. Smith, Salaried Employment Manager

ALLEN-BRADLEY CO.

N Systems Division Dept. EM
747 Alpha Drive ¢ Highland Heights, Ohio 44143

Quality in the best tradition.
An Equal Opportunity Employer M/F
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manpower services
offered

Temporary Engineering
Services

" CAN YOU BREAK OUT SMALL OVERFLOW JOBS?

Let us handle it for you under contract at our
location with temporary technical personnel se-
lected for your needs in:

o Digital Systems o Microprocessors
o Software Design ® Minicomputers
o Software Development ® Communications Systems
o Radar Systems o Control
® Analog/Digital Design and H
REPLY: Box 171
East Syracuse, N.Y. 13057
Phone (315)682-9236

SUN BELT Opportunities

Inst/Cont. ........ccccevveneueee Ga., Tex., Calif.
Micro Circuits ...........cccccevveiennne. N. Mex.
REID; IDIR. iississvimsvvmrmsisreimissonis Calif.
Timers

Monitors ..........c.ccevivieiiniieiicciiens Calif.
WIEING o555 6mmisimssainissssisisissmssrinaivies KY.

Salaries Range 25-35 many have multiple
openings in several disciplines. For con-
fidential consideration send your resume
or call (317) 247-1541. Dunhill Executive
Search, 2421 Production Dr, Indianapolis,
IN. 46241. Licensed Employment Agency.

] SEARCH NORTHWEST, INC.
A Professional Recruiting Agency
620 S.W. 5th—Suite 825

PORTLAND, OREGON 97204

(503) 222-6461

TRANSDUCER DESIGN
An excellent PNW electronics firm has a
requirement for several |ransducer deslgn
engineers. Attractive compensation
includes salary range of 25 to 35k+ (DOE),
full relocation and benefit package.

FORWARD YOUR RESUME
FOR CONFIDENTIAL CONSIDERATION
OR PHONE:

KEITH NYMAN (503) 222-6461

OUR SEARCH FEES ARE EXCLUSIVELY
EMPLOYER PAID

$18,000 - $40,000

SOFTWARE/HARDWARE ENGINEERS
Rogers and King Personnel is a major re-
cruiter of Engineers in Pennsylvania and
New Jersey.

Opportunities that exist are in the areas of
Electromagnetics Control Systems, RF, Ana-
log, Digital Telecommunications, Computer
Engmeermg, Digital Circuit Design, Hard-
ware/Software Integration and Systems Pro-
gramming.

Send resume plus salary history, objectives
and location restrictions to J. Rogers at our
New Jersey office: 2500 Route One, Law-
renceville, New Jersey 08648

’i‘ ROGERS & KING PERSONNEL, INC.

ENGINEERS
DALLAS and HOUSTON
Software, hardware and systems for
new product development, 0 to 7
years experience. All fees paid
214-387-4010
COMPUTER CAREERS
4101 McEwen, Ste. 450
Dallas, TX 75234
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“To get ahead,
Icameback to

the place

Where Istarted?

Some engineers and
scientists leave Hughes
only to return — a little
older and a lot wiser.

The reasons they come
back are always the same.

They want a bigger

they want a friendly,
creative environment and
lots of benefits. Most
likely, the same things
you want out of your job.
Are you getting them?
At Hughes, we're confi-

challenge and more
exciting programs to
choose from.

dent we can offer you all us they’re actually getting
these things and more. more. And that’s saying
) How do we know? We a lot.

They want greater asked our staff in a survey. If you can’t say the
opportunities for career And in a time when fewer same thing about your
advancement, along with and fewer people are get- present situation, give us
job security. ting satisfaction from their  a call. Whether you've

And, like everyone, jobs, Hughes people told worked here before, or not.

Engineers for Research & Development, Culver City:
Computer Systems Space Sensors

* Software Development e Missions Analysis

lec i * Processor Architecture * Systems Engineering

) §en10r PTOJ?CC ¢ Circuit/Hardware Design e Signal/Data Processing
* Electro-Optical e Test/ATE e E-O Sensor Systems

. I\\'hcroprocessor « CAD « Cryogenics

* Control Systems * Optics/Holographics

: Eif,ie}:szmpmem e Material/Process ¢ Control/Imaging Systems
: Laser Systems

- Development
uality Assuranc 5 % P
gmduétion W * Device Design/Application  « Gas/Solid State Lasers

.
.
¢ Industrial ¢ Test/Reliability ¢ Electrical/Chemical Lasers
e Facility e Failure Analysis e Image Processors
i ¢ Product Evaluation * IR Sensors
¢ Problem Solution ¢ Control Systems

* Circuits/Servos

e Rangefinders/Target

Designators

Engineers for Manufacturing
Division, El Segundo:
¢ Electronics

Components & Materials

Call us at (213) 641-5510 or send your
resumé to Hughes Professional
Employment, Electro-Optical & Data
Systems Group, Manufacturing Division,
P.O. Box 92746, Airport Station,

Dept. NDE-11, Culver City, CA 90230. Callus at (213) 391-0543 or send your resumé to: Professional

Employment, Hughes Electro-Optical & Data Systems Group, Research
and Development, 11940 W. Jefferson Blvd., Dept. NDE-11, Culver
City, CA 90230.

!l Segundo

s

Call us.You'll like what you hear. | HUGHES |

HUCHES AIRCRAFT coMF'ANv

All positions require an appropriate engineering or technical degree from an accredited university. ELECTRO-OPTICAL AND
U.S. Citizenship Required. Equal Opportunity M/F/HC Employer. DATA SYSTEMS GROUP
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MOVE TO THE

STATE-OF-THE-ART

Harris Government Systems, designs, develops and manufactures
high technology electronic equipment systems for a broad spectrum
of industrial and government markets. The Government Systems
Group, a billion dollar leader in the business, has expansion
openings for the following:

SENIOR BUYERS

® Broad knowledge of
procurement methods and
processes.

® Broad knowledge of electronic
or electromechanical components
and assemblies both military and
commercial markets.

® Broad knowledge of
Government Contracting and
ASPRs.

® Broad experience in Service
Sub-Contracting and High Dollar
Procurements.

m Knowledge of broadline and
specialty distributors/
procurement methods and
processes.

® Ability to function in heavy
workload, pressure situations.

TEST ENGINEERS

® Familiarity with test methods
and systems. Heavy Fortran/
Assembly programming
experience in real-time
application.

B 2 years experience in system
testing and trouble-shooting of
digital control or communications
systems. Test team leadership

P s

ability and technical discussions
with customers.

® Disciplines in system trouble-
shooting and RF test equipment
design and checkout. Logic
design experience useful.

® 5-10 years experience in digital
test equipment design. Interface
with system design team to
determine test and test
equipment requirements.

® Experience in microprocessor
design and software. Intel SBC
experience helpful.

® Program and operate computer
controlled automatic test systems
for test and evaluation of large
scale integrated circuits, including
microprocessors and peripheral
devices. Have understanding of
digital logic design and micro-
processor fundamentals.

COMPONENT ENGINEERS

® Parts/Materials/Processes
experience with expertise in the
field of mechanical parts, epoxy
and adhesive bonding,
specification writing and vendor
negotiation, and process control.

_ ¥ Experience in: generation of Hi-
Rellablllty parts program

requirements; establishment of
parts screening philosophy with
emphasis on micro-electronic
devices; vendor interface; and
Component Engineering Sub-
task Management.

MANUFACTURING/
PRODUCTION ENGINEERS

® Design mechanical and
electronic process equipment for
Photofabrication requirements;
i.e. NC Drills, Electronic Graphics
process equipment.

® Experience in airborne
electronics hardware assembly.
® Experience in electrical design
of digital and analog circuits.

® Hi-Reliability, Black Box
Producibility Engineering
experience.

® PCB’s, Harness Fabrication,
and/or electro-mechanical
assembly.

Send resume with salary
history to: Mr. R.B. Jones,
Manager, Professional Staffing,
Harris Government Systems
Group, P.O. Box 37EDN,
Melbourne, Fl 32901.

HARRIS IN FLORIDA, THE GOOD LIFE

HARRIS

COMMUNICATION AND
INFORMATION PROCESSING

An Equal Opportunity Employer M/F.

224

EDN NOVEMBER 5, 1979




EDN NOVEMBER 5, 1979




How to find
valuable employees
without losing a fortune:

CAHNERS PUBLICATIONS -BOSTON DIVISION
MAGAZINE CIRCULATION

Recruitment advertising
1s expensive enough without

=DN 100.054 paying for wasted coverage.
o1 || o WLt
ELECTRONIC BUSINESS 33,103 L &

can be sure of reaching only
the people you are trying
to recruit. Every reader is a

Nancy Muenchinger, Recruitment Advertising Manager, 221 Columbus Avenue,
Boston, Massachusetts 02116, 617-536-7780

Diane Smith, Western Regional Manager, 5670 Wilshire Blvd., Suite 2170,
Los Angeles, California 90036, 213-933-9525

SSS'GN NEWS 135,000 potential employee.
RCHASING MAGAZINE
(0B MART) 89,000 As the chart shows,

Cahners publications serve a
wide range of markets. And in
each market, we reach a high
percentage of all significant
personnel.

Lynn George, 1200 Summer Street, Stamford, Connecticut 06905, Suite 307
1 203-327-6772, 203-327-6746
55,000

PLASTICS WORLD &

Sheila Schaeffer, 221 Columbus Avenue, Boston., Massachu§etits;oi'1716f617—75735 7780

CAHNERS PUBLICATIONS —CHICAGO DIVISION

MAGAZINE CIRCULATION Consider Cahners publi-
APPLIANCE MANUFACTURER 26,500 || cations for your recruitment
BRICK & CLAY RECORD 5,200 advertising. You wi}l find
BUILDING DESIGN them a more effective, more
& CONSTRUCTION 57,500 economical medium.
BUILDING SUPPLY NEWS 34,000
CERAMIC INDUSTRY 6,700
CONSTRUCTION EQUIPMENT 76,000
FOODSERVICE DISTRIBUTION 15,000
SALES
FOODSERVICE EQUIPMENT 14,300
SPECIALIST
INSTITUTIONS 107,000
MODERN RAILROADS 17,100
PACKAGE ENGINEERING 57,000
PROFESSIONAL BUILDER 108,000
INTERNATIONAL e300 || CAHNERS
SPECIFYING ENGINEER 29,000 PUBLICATIONS

Sales Office — Chicago Division, 5 South Wabash Avenue, Cth&g(’)ﬁlllanlS 60603,
312-372-6880, Classified Advertising Department, Louise Habura, Director

Cahners Publishing Co., Boston
(617) 536-7780 and Chicago (312) 372-6880
Sales offices in principal cities worldwide
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A 12/12 rate-of-change curve shows :
the percent change in the 12-month e deedes i
moving average or total — this year prgEesase e
compared to one year ago — of any

series of monthly or quarterly numbers. i : : AR i
When it is above 100, whatever the ikess AT : : HH - - Haf 105
curve is measuring — Industrial EigEge e - o : st i ;
Production in this case — was better st ~ e i

in the year just ending than one year gt s st e e ek e et -t e e 100
earlier. This is true even though the : : T : : bty igtaLs
curve may be pointing down. Projecting
this curve, based on what has already
happened to similar curves for leading
indicators, we foresee Industrial S catme i et neoee T i T
Production gaining 4.3% in 1978 over i it e SR HHER Y
1977; 1.3% more in 1979; then rising e ; ; : L
steadily in the early 1980’s. 2
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This is a rate-of-change curve, sometimes called a “12/12 pressure” curve,
based on the FRB’s Index of Industrial Production. From a similar curve,
based on your own new orders or shipments, you can make an accurate
forecast of 1978 orders or shipments, and a good forecast for 1979.

CAN YOU MAKE A FORECAST FROM THIS CURVE?

More than 600 companies, including divisions of your own (assuming industry figures are

many of Fortune’s 600, are forecasting new orders or available), you can see, visually, what is
shipments, or both, from rate-of-change curves like happening to your share of market — and what
this. We have written a Forecast Manual that will is likely to happen in the next year or two.

show you how. In 1977 alone, we have taught more than 750

A 12/12 rate-of-change curve, constructed from your marketing managers, purchasing managers, research
own new order or shipment figures, may prove to be and financial people — and presidents — how to

one of the most effective management tools your make such forecasts based on their own figures. The
company can have. names of the companies involved read like Who’s

iy s . Who in American Industry.
* First, it shows you where you stand in the . : ;
current business cycle — and whether you The method is fully explained in a 60-page Manual

should be expanding inventories, or cutting titled Early Wamin_g Fprepasts. All necessary forms,
back; increasing your work force, or contracting and charts of leading indicators, are included. The

P : ; price is $7.50. To order a-copy, simply circle the
i intmclicing e prpducis, orholding up: Reader Service Number shown below — we will

* Second, by projecting the curve based on what enclose an invoice with your copy. Or for faster
has already happened to leading indicators, you action, fill out the coupon and mail it directly to
and reasonably accurate forecasts of two Research, Cahners Publishing Company, 221
years out. Columbus Ave., Boston, MA 02116. A copy will be

e Third, by plotting an industry curve on top of forwarded by return mail.

Please send me a copy of your = E

Manual, Early Warning Forecasts. ar arnln

| enclose $7.50 — which | under- R%%wgg_

stand will be refunded if | am not _
fully satisfied. Also, without any g "~

obligation, send me information on uu Or( ECaS S
your monthly and quarterly forecast -

letters, and other forecasting Mail to: John W. DeWolf, Vice President
Cahners Publishing Co.

services.
221 Columbus Ave. EDN 11/5/79
Boston, MA 02116

Name and Title

P
e

Company and Department

Street and No.

City, State, ZIP
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career opporiunities advertising Order Form

Name

Street

City State Zip

Att. Phone

Send Inquiries to:

COLOR™
Red, yellow, blue,green — per page,percolor ....... $240
Matched color,onepageextra.................... $330

BLIND BOX NUMBER
Add $10 per insertion to cover postage and handling.
DISCOUNTS

Space billed upon publication. 2% — 10 days is
extended.

Please run the following STANDARD INCH Advertisement Unit in the following monthly issue(s) of EDN:

STANDARD UNITS
TIMES 1 Page % %3 Y2 Ya Ya
1x 2250 1800 1575 1240 855 630
3x 2150 1720 1505 1180 820 600
6Xx 2050 1640 1435 1130 780 575
9x 1950 1560 1365 1075 740 545
12x 1850 1480 1295 1020 705 520
18x 1750 1400 1225 965 665 490
22x 1650 1320 1155 910 630 465
36x 1550 1240 1085 850 590 435
44x 1450 1160 1015 800 550 410

NON-STANDARD UNITS PER INCH
1x 3x 6x 9x 12x 18x 22x 36x 44x
( $57 $55 $54 $53 $52 $51 $50 $49 $48

JAN FEB MAR APR MAY JUN JUL AUG | SEPT | OCT NOV DEC

5120 | 5|20 5|20 | 5|20 | 5|20 | 5

20 20 5(20| 5(20| 5|20 | 5|20 15

It should read as follows:

(] Use our name

Please run the following STANDARD DISPLAY UNIT

O Use a Box number

(indicate space size) in the following issue(s) of EDN:

JAN FEB MAR APR MAY JUN JUL AUG | SEPT | OCT NOV DEC

5120 | 5|20 | 520 | 5|20 | 5|20 | 5

20 20 5|20 | 5|20| 5|20 | 5(20 15

O copy enclosed

Signature

O copy to follow

A CAHNERS PUBLICATION

Invoice: Advertiser

O agency

O Remit

O Check Enclosed

221 Columbus Avenue

e Boston, MA 02116 « Tel: (617) 536-7780
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Looking Ahead: Trends and Forecasts

Bright future predicted
for '80s solar-cell market

Propelled only by current
applications, worldwide sales of
solar cells (photovoltaics) by US
firms could grow from last
year’s $11 million mark to a
potential $500 to $750 million (in
1979 dollars) by the end of the
1980s, according to Strategies
Unlimited, Mt View, CA. And
although silicon photovoltaics
are now only cost effective in
areas where no power grid
exists, opportunities for this
promising alternative electric-
power source will multiply
during the next decade as prices
continue to decrease and
technology broadens.

Four application areas, which
now represent the bulk of
current use, will continue to
dominate the market for US
firms through the late 1980s,
Strategies Unlimited predicts.
These usage categories include
remote communications (30% of
sales) — including battery-
powered systems such as
mountaintop repeaters and
devices for the collection of
precipitation and pollution data;
low-level water pumping (10%)
and rural electrification (major
forces in market growth); and
cathodic protection. The remain-
der of the market includes
US-government  purchases
(40%), as well as uses in
navigational aids and in consum-
er products.

Solar cells have already been
successfully employed on the
Navajo reservation in Sweet-
water, AZ, to operate a 2400-
peak-watt community water-
pumping system and to furnish
power for lights, a small
refrigerator and a TV or radio in
each of many widely scattered
homes. Because solar-energy
costs have been effectively

halved in these systems since
the first system was constructed
nearly 2 yrs ago (declining from
$20 per watt in 1977 to $15 per
watt by late 1978, to between $7
and $10 per watt today), the
Indian Health Service branch of
the US Public Health Service
has begun construction of 47
more community systems and
500 additional home systems.
But although the price gap
between fossil-fuel energy and
solar power is narrowing at a
fairly rapid pace (and some
solar-cell manufacturers hope to
achieve within the next decade
the $0.50- to $1-per-watt price
range required for photovoltaics
to be competitive with current
energy grids), fuel prices must
rise considerably before solar
cells find widespread use.

Electronics’ advances
can boost productivity

Technological innovation in
electronics can contribute
strongly to future increases in
productivity, and as a result,
can also help to boost this
country’s gross national product
(GNP), according to Charles N

1950-1977
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Productivity grow(h (%)
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Sources of US productivity gains

Education
12%

Tangible
capital
16%
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economies
16%

Better
resource
allocation

12%

SOURCE: TEXAS INSTRUMENTS INC
i

Clough, vice president of Texas
Instruments Ine, Dallas.

Technological innovation in
turn has been greatly accelerat-
ed by digital-computing applica-
tions that make it possible to
place computing power at the
point of use—a development
that Clough predicts will
increase productivity in facto-
ries, laboratories and offices.
Advances in semiconductor
technology also have contribut-
ed to productivity gains.

In the industrial sector,
pressures for improved produc-
tivity should accelerate spend-
ing for electronics, resulting in a
possible doubling in the 1990s of
the percentage of private
investment in electronics.

US micrographics sales
to top $4.5B by 1988

US micrographics markets (both
microfilm alone and data-
processing linked) will grow 16%
annually, topping the $4.5 billion
mark by 1988, predicts Frost &
Sullivan, New York.
Computer-output  microfilm
used for business records, along
with general office micrograph-
ics, will both be fast-growth
market areas, although engi-
neering micrographics will lag,
increasing 5 to 10% yearly.
Optical-microfilm storage
technology will prevail over
magnetic storage in mass-
memory applications, Frost &
Sullivan predicts. However, a
customer backlash could develop
against microfiche—now riding
a wave of popularity—unless an
engineering-system technique
to store and retrieve the fiche is
developed, the firm says.

Material for this page developed
from Electronic Business maga-
zine and other sources by Jesse
Victor, Senior Copy Editor, and
Joan Morrow, Production Editor.
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‘ TS Series
NEW! ICL Series j very long contact
26% lower profile—.150" > ife. Very low insertion
Ideal for high density, high | ¢ * force. Ideal for in-
volume configurations, : ; L e . oming inspection. With
provides maximum vibration = 3 = “ 14 to 40 contacts. Also
resistance. Solder type, single leaf el - i sockets up to
“side-wipe" contacts. 8 to 40 contacts. ; L - LA 21 positions.

-~ -
. / : RN HIGH RELIABILITY eliminates
o trouble. “Side-wipe” contacts make , IC Series
‘ . 100% greater surface contact with the moderate cost, long life.
ICN Series higi'reliability general- wide, flat sides of your IC leads for Designed for general test and
purpose sockets. Low insertion positive electrical connection. burn-in up to 350°C.
force allows automatic IC insertion. P ! With 14 to 40
In solder or wire-wrap. 6 to 64 ¢ u%ﬂ x contacts.
contacts. Dual leaf . ﬂ >
“side-wipe” contacts. S v —

ICN/S2 Series
lowest cost burn-in
.. socket available.
“Designed to accept IC
Xtraction tool. With 8 to 40
‘Contacts, with strip sockets
up to 25 positions.

ICA Series

high reliability pin
socket contacts. Low
profile in solder

or wire-wrap.

8 to 40 contacts.

Production DIP Sockets

WRITE TODAY Y "S85 S
for latest R-N “Short | m’ ang.y ... of R-N production DIP sockets. Contains

full specs, dimensions and material data.
Get yours now.

D ROBINS ON
| NUGENT ING

ROBINSON-NUGENT, INC. ® 800 East Eighth Street e New Albany, Indiana 47150 e Phone: (812) 945-0211
For more information, Circle No 160




.) Time-Proven
: Cermet
’  Trimmers...

e B L]
a circuit.
decade, Models 3006,
d 3386 Trimpot® trimming
meters have set the standards
t trimmers. And, because these
able models offer the best
ce per dollar around, they'll be
ds for a long time to come.
odels are sealed for board processing.
urns exclusive Swage-Bond ™ termination
ess virtually eliminates pin termination
ilure. Cermet elements offer essentially
nite resolution. Multi-fingered wrap-around
fiper design reduces contact resistance variation
nd open circuit problems. Here are the specs:

3006 3299 3386
es. Range 10 Ohms to 10 Ohms to 10 Ohms to
2 Megohms 5 Megonms 2 Megohms
Res. Tolerance 10% 10% 10%
Power Rating I5W@ 70°C S5W@70°C S5W@85°C
Tempco 100 ppm/°C 100 ppm/°C 100 ppm/°C
CRV 3% 3% 1%
Adjustment 15 turns 25 turns Single-turn
(top or side (top or side
adj.) adj.)
Size 3/4" rect. 3/8" square 3/8" square
Pin Patterns 3 styles 5 styles 14 styles

ime-proven trimmers, backed by the Bourns reputation for
dership, performance and quality at cost-effective prices. Call
write today for your new 94-page TR-1 trimmer catalog. Or, see
e EEM directory, Volume 2, pages 3726, 3736 and 3746.

\ Timely Offer: Write to Trimmer Application Engineering on your
ompany letterhead. While supply lasts, we'll send you a free
trimmer design aid kit detailing all specifications and drawings.
TRIMPOT DMISION, BOURNS, INC., 1200 Columbia Avenue,
Riverside, CA 92507. Phone: 714 781-5320. TWX: 910 332-1252.

European Headquarters: Bourns AG, Zugerstrasse 74 6340 Baar, Switzerland.
Phone: 042 33 33 33. Telex: 78722.

—t 102

For immediate Application—Circle 100 For Future Application—Circle 200




