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There’s progress in instruments gens and temperature-measuring
in all areas. Equipment that can instruments are appearing on the
calibrate, correct, testor diagnose  scene. In addition, the 488 bus
itself may soon be commonplace. is finding ever wider use, despite
Also, more synthesized signal some problems. See page 43.
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3355 has board-wash capability, a UL-94V-1 flamma

choice of nine rotor colors. The standard blue is priced at jus!
pieces). . .about what you'd expect to pay for the lower perfori

Send today for complete details on a colorful new way to design' in superi
performance for your cost effective needs — the Model 3355 Trimmer. Direct -
or through your local distributor.

TRIMPOT PRODUCTS DIVISION, BOURNS, INC., 1200 Columbia Ave., Riverside,
CA 92507. Phone: 714 781-5050 — TWX: 910 332-1252.

CATALOG SHEET SPECIFICATION COMPARISONS

BOURNS CTS MEPCO PIHER
CHARACTERISTIC 3355 201* 46X* PT15*
Element Conductive Plastic Carbon Carbon Carbon
Temperature Coefficient 500 PPM/°C No Spec No Spec 1000 PPM/°C

Contact Resistance
Variation 1.0% max. No Spec No Spec No Spec

Power Rating .25 W at 70°C .25 W at 55°C 25Wat55°C .25 W at 40°C
Flammability UL-94V-1 No Spec No Spec UL-94
Board Wash Capability Yes No Spec No Spec No Spec

~Source: CTS Series 201 Data Sheet, Mepco Data Sheet ME1004, Piher Data Sheet F-2002 Rev 7/73

¢ g R 3

Headquarters — Switzerland 042/23 22 42 « Belgium 02/218 2005 » France
o Netherlands 70/87 44 00 o United Kingdom 01/572 6531 o
9111 o Australia 02/55-0411 03/95-9566 o Israel 77 71 15/6/7

For Immediate Application — Circle 130
For Future Application — Circle 230



Our Model 3001 starts at $2,750. body elses signal generator. Count Stability: 0.2 ppm per hour

For that you get a signal generator on at least $10,000. Frankly, we Output Range: +13 dBm to
that's already frequency program- think your money would be better —137 dBm
mable with 0.001% accuracy over the  spent buying another Wavetek Model Flatness: £0.75 dB
1 to 520 MHz frequency range. If 3001. AM Modulation: 0-90%
you also want to program your out- Here's another advantage. If you FM Deviation: 0-10 kHz and
put power, we have a programmable  need to get on the bus (now or 0-100 kHz
attenuator option available for $500. later), our new Model 3910 Con- Internal Modulation Rates:

If you'd like to spend a little more, verter makes you GPIB compatible. 400 Hz and | kHz
add our external frequency standard  But before you spend anything on WAVETEK Indiana Incorporated,
option for $150. That makes the any signal generator, get a demon- PO. Box 190, 66 North First Avenue,
accuracy the same as your standard.  stration of our Model 3001. That Beech Grove, Indiana 46107,
Or spend another $500 for an inter- won't cost you a cent. Phone (317) 783-3221,
nal reference frequency standard SPECIFICATIONS TWX 810-341-3226.
with 5 x 10-° day stability. But if you Frequency Range: 1-520 MHz

want to spend much more than that, Accuracy: =.001% WA T
youre going to have to buy some- Resolution: 1 kHz VE E K®

CIRCLE NUMBER 2

You can pay a lot more for
a programmable signal generator.

But why?
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RF TRANSFORMERS

Have it your way!
36 models to choose from, 10KHz-800MHz

It costs less to buy Mini-Circuits wideband RF trans-
formers. The T-series (plastic case) and TMO series
(hermetically sealed metal case) RF transformers

operate with impedance levels from 12.5 ohms to 800
ohms and have low insertion loss, 0.5 dB typ. High
reliability is associated with every transformer. Every

production run is 100% tested, and every unit must
pass our rigid inspection and high quality standards.
Of course, our one-year guarantee applies to these units.

NX50 0 Nx50 0
DC ISOLATED PRIMARY & SECONDARY —an— DC ISOLATED PRIMARY & SECONDARY CENTER-TAP SECONDARY ol
C ISOLATED PRIMARY & S! e ER-TAP SECONDARY) .
Mode! 500 Model 500
Metal Case TMO 1-1 TMO 1.5-1 TMO 2.5-6 TMO 4.6 TMO 9-1 TMO 16-1 Metal Case TMO 1-1T TMO 2-1T TMO 2.5-6T TMO 3-1T TMO 4-1 TMOS-IT TMO 13-1T
Plastic Case TI1 TS T256 T4s  Te1  Tied Plastic Case TIIT  T24T  T2546T  T34T Ta1 TEIT  T134T
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 B 9 16 Impedance Ratio 1 2 25 3 4 5 13
Max. Insertion Loss  MHz MHz MHz MHz MHz MHz Max. Insertion Loss MHz MHz MHz MHz MHz MHz MHz
3d8 15.400 .1-300 .01-100 .02-200 .15-200  .3-120 3d8 05200 .07-200 .01-100  .05-250 12350 3300 .3-120
248 .35-200 .2-150 0250  .05-150  .3-150 .7-80 248 08150 1100  .02:50 1-200  .35.300 6-200 7-80
148 2.50 580 .05-20 1100 2-40 520 - 148 .2-80 550 05-20 570 2-100 5-100 5-20
Price, Model TMO  $4.95  $6.25  $595 8595  $545  $595 U MHz
(10.45) Model T $2.95  $3.95 $395  $395  $345  $395 AdB 580 1-50 120 170 5100  10-100 5-20
5dB 05200 .07-200  .01-100  .05-250 .2-350 3300 3120
500 e o
’ 1° 580 1-50 1-20 1-70 5100  10-100 5-20
rDtﬂ §° 05200 .07-200 .01-100  .05-250 .2-350 .3-300 3-120
[UNBALANCED PRIMARY & SECONDARY L > Price (1049)
NX50 0 Model TMO  $5.95 $6.25 $6.25 $5.95 $4.95 $6.25 $6.25
s Modei T $3.95 $4.25 $4.25 $3.95 $2.95 $4.25 $4.25
5 0 81 TMO 14-1
:.-:‘iccc“nm ":02: : ":3:' ﬂ:o“:z ""r &1 T4 m‘:;"' ,.::.: ": :::' Wi "'h' i """"h
Freq Range. MHz 015600 .5-800  .5-600  .15-250  .2-150 i -250;"- ':c - 2°'°"'u':° :’
Impedance Ratio 2 3 4 8 14 S9F DODRNS ayse
Max. Insertion Loss MHz MHz MHz MHz MHz
3 :: 015600 5-800 25‘;002 ;m ’5“3‘; Designers Kit Available
2 02-400 2400  5- 125. 5
148 105-200 2.250 24100  2-50 (TK-1) — 2 transformers of each (TMK-2) — 2 transformers of each
Price, Model TMO 8545  $6.25  §545  $545  $6.25 type T1-1, T2-1, T4-1, T9-1, T16-1 type TMO1-1, TMO2-1, TMO4-1,
(10-49) Mode! T $3.45 $4.25 $345 $3.45 $4.25 $32.00 TMO9-1, TMO16-1 $49.50

World s largest manutacturer of Double-Balanced Mixers

- - - -
Mini-Circuits
(ouR "owoN MINI-CIRCUITS LABORATORY
] WO '~ A Division of Scientific Components Cor
WE’VE GROWN Bt s "

Customer acceptance of our products has been so overwhelming, 2625 East 14th Street Brooklyn, New York 11235 (212) 769-0200
we've been forced to move to larger facilities — THANKS. Domestic and International Telex 125460 International Telex 620156

=4\
sS \
- ORE
wen AY “°D

International Representatives: 0 AFRICA: Afitra (PTY) Ltd P O Box 9813, Johannesburg 2000. S
Africa. O AUSTRALIA: General Electronic Services, 99 Alexander Street. New South Wales
Australia 2065. 0 ENGLAND: Dale Electronics. Dale House. Whart Road. Frimley Green
Camberley Surrey. O EASTERN CANADA: B.D. Hummel, 2224 Maynard Avenue, Utica, NY 13502
(315) 736-7821. O FRANCE: SCIE - DIMES 31 Rue George - Sand 91120 Palaiseau
France. 0 GERMANY, AUSTRIA, SWITZERLAND, DENMARK: Industrial Electronics GMBH 6000
Frankfurt/Main Kluberstrasse 14 West Germany. [ INDIA: Gaekwar Enterprise, Kama Mahal M L
Dananukar Marg, Bombay 400 026, India. O ISRAEL: Vectronics, Ltd . 69 Gordon Street. Tel-Aviv.
Israel O NETHERLANDS, BELGIUM, LUXEMBOURG: Coimex Veldweg |l. Hattem Holland
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O NORWAY: Datamatik AS. Ostensjoveien 62 Oslo 6. Norway [ SINGAPORE & MALAYSIA
Electronics Trading Co (PTE) Ltd . 87 Bukit Timah Road. Singapore 9. Malay Peninsula
O SWEDEN: Integerad Electronik AB. Box 43. S-18251. Djursholm. Sweden

U.S. Distributors: O NORTHERN CALIFORNIA: PENN-STOCK Co . Foothill Office Center, 105
Fremont Avenue. Los Altos. CA 94022 (415) 948-6533 00 SOUTHERN CALIFORNIA, ARIZONA
Crown Electronics. 11440 Collins Street. No Hollywood. CA 91601 (213) 877-3550

NEW YORK: MICROWAVE DISTRIBUTORS COMPANY

61 Mall Drive. Commack N Y 11725 516 543-4776
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Intel delivers the 8085,
designers j Just

b Sink your teeth into Intel’s new 8085.
: You'll find it’s the only micro-
computer that combines the
performance, economic
advantages and total support
' it takes to be recognized as
the new mdustry standard So it’s no surprise that here are already four announced
sources for the 8085. In fact, the deeper you go, the better the 8085 gets.

The 8085, even more than the 8080 it succeeds, is a total design solution,
not just a component. It delivers higher performance, for capabilities far beyond the
8080’s. It has a higher level of integration, so you can design your products with
fewer components, making them more competitive and more profitable.

And to help you get those products to market quicker we’ve given the 8085
the industry’s broadest base of system and development support.

Yet the 8085 is fully compatible with the 8080. So your investment
in existing designs is protected, and implementing
new designs is simplified by the wealth of 8080
software and peripherals at your disposal.

It all adds up to a design solution you won’t
be able to resist. That’s true for a broad range
of applications. The 8085 can be designed in
as an economical stand-alone three-chip system
using the 8085 CPU, the 8155 256-byte RAM
with I/O and timer, and the 8755 2K-byte
EPROM with I/O or its interchangeable 8355
ROM with I/O.

You can expand this basic system for larger
applications using additional RAM, ROM, .
EPROM and Intel’s complete family of first and sec-
ond generation peripheral controllers, including our
four new programmable peripheral controller chips—
the 8271" Floppy Disc Controller, 8273 Synchronous
Data Link Controller, 8275 CRT Controller and 8279
Keyboard/Display Interface. All these components
including 8755 EPROM operate from a single +5V supply

* Available 4th Quarter 1977




the new microcomputer
cant resist.

A multiplexed data/address bus permits integration of many auxiliary system
functions—such as clock generation, system control and multiple interrupts —
onto the 8085 chip while maintaining 8080 compatibility and the same 40-pin
package. And forward-thinking engineers will realize that it is also a lmk to Intels
future generation microcomputer products. P ‘

No microcomputer can match the 8085 as
a total design solution because no microcomputer
can come close to the 8085’ support base. Sup-
port for the 8085 includes the Intellec® micro-
computer development system with resident
PL/M, the high level programming language that = |
can cut months oft your software development | %r%mwgmxcw“ s
time. Intellec is the only development system ™ GeneraiPurpose
with ICE-85," providing in-system emulation for | g2ss pregammesie mterval timer |-

faster system development and debugging. Then | g2 erecrammasic bua Controtor -

P AL el B TR

there’s application assistance, training classes A T
and seminars worldwide. And a comprehensive el e Nyhalanerid o L
development software library at your disposal. = gedesterlinetion o o conoter

The quickest way to get a taste of the /ST S0k Eosbent Contrsiter

8275 Programmable CRT Controller B
8279 Programmable Keyboard/Display Interface

8085’s power and versatility is with the SDK-85
System Design Kit. It’s available now for only
$250. You can order SDK-85 and all MCS-85™
components directly from your nearest Intel
distributor: Almac/Stroum, Components
Specialties, Cramer, Hamilton/Avnet, Harvey
Electronics, Industrial Components, Pioneer,

Sheridan, L.A. Varah, Wyle Liberty/Elmar

or Zentronics.

Or, for more information on the 8085 and ‘
SDK-85, use the reader service card or write: Intel Corporation, 3065 Bowers
Avenue, Santa Clara, California 95051. Telephone: (408) 246-7501.

intal delivers.

CIRCLE NUMBER 4 FOR MORE INFORMATION




MEET
ouR famil

of high |

VOLTAGE
TEST =

proObES

In 1967 we introduced the first
high voltage test probe with a
built-in meter. It became so
popular that we have been
adding new models ever since.
Now there are five different
versions to satisfy the demands
of radio, television, appliance,
audio, and electrical repair
men in a wide variety of high
voltage testing applications.

The five models are briefly
described below. Our general
catalog contains complete
applications information, illus-
trations, specifications, and
prices. Write for your

free copy.

MODEL 4242—42,000 volts DC.
Negative ground.

MODEL 3157—15,000 volts DC.
Negative ground.

MODEL 4312—15,000 volts DC.
Positive ground.

MODEL 3163—6,000 volts DC.
Negative ground.

MODEL 3200—10,000 volts AC.

% I

AVAILABLE THROUGH YOUR
FAVORITE ELECTRONIC PARTS DISTRIBUTOR

ITT POMONA ELECTRONICS

1500 East Ninth St., Pomona, Calif. 91766
Telephone (714) 623-3463, TWX: 910-581-3822

CIRCLE NUMBER 5

Sr. Vice President, Publisher
Peter Coley

Editors

Editorial Offices

50 Essex St.

Rochelle Park, NJ 07662

(201) 843-0550

TWX: 710-990-5071
(HAYDENPUB ROPK)

Cable: Haydenpubs Rochellepark

Editor-in-Chief George Rostky

Managing Editors:
Ralph Dobriner
Michael Elphick

Senior Associate Editor
Stanley Runyon

Associate Editors:
Sid Adlerstein
Dave Bursky
Morris Grossman
Gene Heftman
Andy Santoni
Max Schindler

Contributing Editors:
Peter N. Budzilovich, Jules H. Gilder,
Sidney Moskowitz, Nathan Sussman

Editorial Field Offices

East

Jim McDermott, Eastern Editor
PO, 'Box: 272

Easthampton, MA 01027

(413) 527-3632

West

Dick Hackmeister, Western Editor
8939 S. Sepulveda Blvd., Suite 414
Los Angeles, CA 90045

(213) 641-6544

TWX: 1-910-328-7240

Dave Barnes, Western Editor
465 S. Mathilda, Suite 302
Sunnyvale, CA 94086

(408) 736-6667

Editorial Production

Marjorie A. Duffy, Production Editor
James Keane, Copy Editor

Art

Art Director, William Kelly
Richard Luce, Anthony J. Fischetto

Production

Manager, Dollie S. Viebig
Helen De Polo, Nancy Hurey

Circulation

Director, Barbara Freundlich
Information Retrieval
Paula Greenleaf
Advertising Promotion
Judith Nappo

Reprints

Maxine Correal

ELECTRONIC DESIGN 24, November 22, 1977



Across the deshk

What about Berliner?

I was astounded to find my
grandfather’s name conspicuous by its
absence from your voluminous spread
on the history of the telephone (ED No.
18, Sept. 1, 1977, p. 42). For your
information, it was Emile Berliner’s
microphone that established the Bell
System commercially, and saved it
from destruction at the hands of the
then-powerful Western Union.

In the Bell System’s own publication,
Ten Men & The Telephone, Emile Ber-
liner is listed second only to Dr. Bell
himself. Oh yes, you do mention my
grandfather and Francis Blake—incor-
rectly, at that. But you do not see fit
to include these two greats in your
chart on p. 43, despite the fact that it
was “the three B’s” who put AT&T
firmly on the map.

Oliver Berliner
Maker of the Microphone Award
P.O. Box 921
Beverly Hills, CA 90213

More capable than that

For future reference, there appears
to be some confusion between the
VDP-1000 and the VDP-400 video dis-
play processors from Lear Siegler (ED
No. 16, Aug-2, 1977, p. 128), both of
which were announced concurrently at
the National Computer Conference.
The first two sentences of your presen-
tation are accurate for the VDP-1000.
But 8 kwords of ROM, 3 kwords of
refresh and scrolling, and 5 kwords for
user discretion are characteristics of
the VDP-400, not the VDP-1000. The
VDP 1000, in fact, is envisioned as
totally user-programmable, including
the terminal-handling program. Thus,
all 16 or 32 kwords are left to user
discretion with the VDP-1000.

Moreover, the VDP-400 does not

have VMOS, floppy-disc or stand-alone
computing capability. It costs $2500.

Charles Ramsey
LeAnce & Reiser
Public Relations/Advertising
3189 Airway Avenue B
Costa Mesa, CA 92626

CIRCLE NO. 557

Misplaced Caption Dept.

Whaddaya mean the circuit
blew?

Sorry. That’s Jacopo Robusti’s
(Tintoretto) “Portrait of Vincenzo
Morosini,” which hangs in the Na-
tional Gallery in London.

(continued on page 8)

Electronic Design welcomes the opinions of its readers on the issues raised
in the magazine’s editorial columns. Address letters to Managing Editor,
Electronic Design, 50 Essex St., Rochelle Park, NJ 07662. Try to keep letters
under 200 words. Letters must be signed. Names will be withheld upon request.

BIG
POWER
SUPPLIES

LITTLE
PACKAGES

AC-DC and DC-DC
miniaturized power converters
that deliver 3.9 watts

per cubic inch.

B AC inputs: 115-220 VAC, 47-500 Hz.
B DCinputs: 12, 28, 48, 115 & 150 VDC.

W 1 to 6 isolated and regulated DC out-
puts from 4.2 to 300 VDC.

W Line and load regulation to 0.1%.
B Up to 800 watts per output.
W Efficiencies to 85%.

W Design-As-You-Order construction
from standard sub-modules . . . over
1200 possible configurations.

B Completed converters provided in
tested and encapsulated, conduction
cooled packages in just days.

See for yourself how we've packed the
power and performance in . . . request
our actual size “little black box™ punch
out kit and catalog today!

Call us collect . . . ask for Jim Dunn.

ARNOLD ’ MAGNETICS

ARNOLD MAGNETICS
CORPORATION

11520 W. Jefferson Blvd.
Culver City, Ca. 90230 @ (213) 870-7014
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Across the desh

(continued from page 7)

Over 40 and out

Your career and salary survey (ED
No. 16, August 2, 1977, p. 36) offers
convincing proof of age discrimination
in employing U.S. EEs. “Just as in the
oldest profession, inexperience is re-
warded most in electrical engineering”
(Irwin Feerst).

Strip off the under-25 newies who
can’t find the john yet and you have
an interesting age vs response plot
from your random survey. Plot that
along with the number of EEs who
graduated for each age group and you
are left with one conclusion. There are
a hell of a lot of older ex-EEs. If you're
over 40, pray. Under 40, start planning
for a new career. Not all ex-engineers
can get elected president.

Dave Weigand, PE

904 Tyson Dr.
West Chester, PA 19380

Hidden treasure

John L. Alexander in his “Across the
Desk” letter “Wage Busting Is The Real
Issue” (ED No. 12, June 7, 1977, p. 8)
states: “The fringe benefits for govern-
ment employees lie in the area of 70%
of their salaries....” My colleagues and
I are looking for our short-fall of 40%.

W. M. Weinbach
Electronics Engineer
Naval Surface Weapons Center
White Oak Laboratory
White Oak, MD 20910.

Dept. of corrections

Responding to questions raised by
Amarnath Sethuraman of the Astro-
nautics Corp. of America in Milwau-
kee, Robert J. Stetson, author of “De-
sign Your Own Data Terminal...” (ED
No. 16, August 2, 1977, p. 56) offers the
following corrections:

In Fig. 1, 0S2 should be rerouted to
the Printer Function Control. In Fig.
2, the inverter on PE should be desig-
nated 7404, not 7408. Also, the 39-Q
resistor should be raised to 390 2. And
the overrun-error-latch transistor la-
beled 2N3563 should be 2N3568.

In Fig. 3, decoded outputs from A,
and A; should not be labeled 9, but 7.
In Fig. 9, the gate whose output is INH
should be 7408, not 7400.

On p. 57, column left, lines 10 and

11, “...load-timing generator, the Count
Down signal from the memory-ready.
Printer-timing logic...” should be
changed to “..load-timing generator.
The Count Down signal from the
memory-read/printer-timing logic....”

On p. 59, column right, line 1 (Fig.
3) should be (Fig. 4). And on p. 61,
column right, eight lines from the bot-
tom, the Load signal is actually a Latch
signal.

Inversion signs have been omitted
from some signals. But timing is the
essence in those cases and not polarity,
which can be adjusted simply.

In addition to the corrections
prompted by Mr. Sethuraman’s ques-
tions, Mr. Stetson would like to change
“serial 6-bit” on p. 56, column right,
lines 10 and 12, to “serial 8-bit.”

LSl chips do it, too

Your article in the August 2, 1977,
issue (ED No. 16, p. 56) on how to
interface the Victor Comptometer IMP
130 dot-matrix printer was well done.
I wish to add, however, that now you
can buy LSI chips that do the job.

For example, the Cybernetic Micro
Systems CY 480 Universal Printer
Controller is a single-chip, 40-pin LSI
device that controls 5 X 7 dot-matrix
printers, including Vietor, LRC, and
Practical Automation models. Fea-
tures include:

m 96-character (upper and lower
case ASCII) generator.

m 48-character line storage.

s Variable-character-inch printing
density.

m Graphics capability.

Erik K. Huang
Project Engineer
Microprocessor Systems Design
2460 Embarcadero Way
Palo Alto, CA 94303
CIRCLE NO. 558

Yehudi plot thickens

In answer to I. Borditch’s query (ED
No. 11, May 24, 1977, p. 7) about the
“Yehudi circuit”: If my memory serves
me right, my mother had a 78-rpm
platter with the song, “Who’s Yehu-
di?”, a humorous song whose lyrics I
cannot recall. The record was darn near
3/16 in. thick, so it had to be an early
78. Perhaps an old-timer will re-
member this song and be able to tell
you more.

Norm Andrews
Tracor Marine
St. Croix Operations
Gallows Bay—Christiansted
St. Croix, U.S. Virgin Islands 00820

New Books

Electrical Wiring—Industrial: Code,
Theory, Plans, Specifications, In-
stallation Methods—R. L. Smith, Van
Nostrand Reinhold, 450 West 33rd St.,
New York, NY 10001, 135 p. $9.95
CIRCLE NO. 559

Active Network Design—C. S. Lind-
quist, Steward & Sons, P.0O. Box 15282,
Long Beach, CA 90815, 749 p. $21.95.

CIRCLE NO. 560

Memory Databook—National Semi-

conductor, 2900 Semiconductor Drive,

Santa Clara, CA 95051, 550 p. $4.
CIRCLE NO. 561

FET Databook—National Semicon-

ductor, 2900 Semiconductor Drive,

Santa Clara, CA 95051, 277 p. $3.
CIRCLE NO. 562

Microprocessors & Small Digital
Computer Systems for Engineers &
Scientists—G.A. Korn, McGraw-Hill
Book Co., 1221 Avenue of the Ameri-
cas, New York, NY 10020, 390 p. $24.50.

CIRCLE NO. 563

Electronic Meters: Techniques and
Troubleshooting—Miles Ritter-Sand-
ers, Jr., Prentice Hall Inc., Englewood
Cliffs, NJ 07662, 299 p $16.95.

CIRCLE NO. 564

Optoelectronics Applications Man-
ual, prepared by Hewlett-Packard,
McGraw-Hill Book Co., 1221 Avenue of
the Americas, New York, NY 10020,
268 p. $19.95.

CIRCLE NO. 565

Me an editor?

If you'd like to be among the first
to know (and write about) what’s going
on in the electronics industry, you
might enjoy being an editor.

We have openings at our home office
in Rochelle Park, NJ. Call Ralph
Dobriner at (201) 843-0550.

We got the name wrong

The magnetic-tape transport system
described in ED No. 22, Oct. 25, 1977,
p. 28 was not developed by Micro Com-
ponents Corp., Waltham, MA. It was
developed by Miero Communications
Corp., 80 Bacon St., Waltham, MA.
02154; (617) 899-8111

CIRCLE NO. 567
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HP’s new System 45: an
efficient way to handle a
small department’s
computing needs

In its compact, desktop-sized chassis,
HP’s new Series 9800 System 45 blends
the speed and power of a minicomputer
with the friendliness and convenience of a
programmable desktop calculator. System
45 incorporates in a single package the
high performance hardware and accessi-
bility that scientists, engineers, designers
and managers need to solve computational
problems right in their own work area.

In less than 35.1 kilograms (77.5
pounds) System 45 integrates:

e an interactive keyboard with alpha-
numeric, control, editing, and special
function keys.

e a dual processor that provides overlap-
ped processing for increased throughput.
e a CRT with high-resolution graphics
capability and an alphanumeric mode that
offers an 80-character, 24-line screen.
e two built-in, 217k byte, high-speed
tape transports, one of which is optional.
e 16k bytes of read/write memory ex-
pandable to 64k bytes.

e a unified mass storage that permits
available storage devices to be addressed
with device independent commands.

e ready-made I/O capability for BCD, bit
parallel, bit serial, real-time clock and
HP-IB interfaces.

e a powerful language—ANSI standard
BASIC, with FORTRAN-like capabilities
available on command—plus a library of
utility and application programs.

For scientific computation and data
analysis, System 45 handles data charac-
terizations, statistical and numerical
analyses, and other complex routines.
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HP's new System 45 is an integrated system with built-in peripherals that provide a new level of

speed, power and flexibility; easy

For computer aided design, System 45
places the entire design process directly
under your control. It lets you display
parts tables, parts cross sections, or pro-
duce complete drawings.

For data acquisition, System 45 inter-
faces directly with instrumentation, with
15 levels of interrupt for flexible control.

For business administration, System 45
lets you increase efficiency in various
areas of business such as: forecasting, in-

to-use turnkey system uses enhanced BASIC

ventory control, payroll, optimization
and even text processing.

System 45 is also expandable. To meet
your needs in the future, HP offers you an
extensive line of peripherals including:
flexible disks, large fixed discs (up to SOM
bytes), a full page printer, plotters and
more.

For more information, check B on the HP
Reply Card.

Large P-N junction displays e SOS wP in two new 180 cps printers e New flexible synthesizer



New signal source combines choice of
waveform and high accuracy
with easy programming

Its very wide frequency range of 0.001
Hz to 50 MHz makes the 8165A the fastest
waveform generator of its kind. Output
amplitude and signal quality satisfy many
analog and digital applications. Its easy-
to-use HP-IB interface ensures rapid sys-
tem integration at minimum cost.

The 8165A programmable signal
source generates precision sines, square
waves, pulses and triangles. Crystal con-
trol provides a frequency accuracy of
0.001% across the entire range.

Its variable, 20V peak-to-peak
amplitude, and clean, 5 ns transition time
pulses are perfect for digital applications.
Amplitude and offset are programmable
with 2% accuracy to 5 MHz.

Microprocessor control sets new stan-
dards in operator convenience. Keyboard
and LED’s together with the instrument’s
high accuracy, allow direct entry and dis-
play of desired waveform parameters.

In systems, the intelligent 8165A cuts
software development costs and computer

time. Keystroke programmable means
identical control sequences for front panel
and bus-entered commands. Program-
ming mnemonics for all keys are indicated
on the front panel. Error detection and
learn mode are also provided.

The 8165A stores parameters for 10
complete waveforms. An entire waveform
can be stored and subsequently recalled
simply by pressing two panel keys or by a
single program step. Batteries provide
storage of all parameters for up to four
weeks.

External trigger, synchronous gate,
counted burst, VCO, FM and optional
sweep modes provide the flexibility to use
the 8165A in many different applications.
The selectable 50 ohm source may be dis-
abled, inverted or operated in dec mode.
All specifications are guaranteed from 0
to 50°C for full confidence in system ap-
plications.

For more information check K on the HP
Reply Card.

The 8165A offers choice of waveforms,

wide frequency range, variable 20V amplitude,
dc offset, direct parameter entry and readout,
full HP-IB programmability.

Extend signal capability of
popular 8654 and 8640
generators downto 10 kHz

New HF down converter now covers test appli-
cations in the 10 kHz to 11 MHz band.

A new down-converter, HP 11710B,
translates signal inputs of 50.01 to 61.00
MHz from RF signal sources such as the
HP 8654 and 8640 to the 10 kHz to 11
MHz frequency range. This wider fre-
quency coverage provides a convenient
extension to other applications such as IF
testing at 262 kHz.

The 11710B preserves both the AM or
FM modulation of the input signal. In fact,
it permits higher FM peak deviations than
the generators themselves.

Output flatness is 0.5 dB referenced
to 4 MHz and level accuracy is =(1 dB +
input level accuracy). Harmonics are
greater than 35 dB below carrier (dBc)
and spurious signals are below —60 dBc.

The internal reference oscillator is sta-
ble enough to yield a drift of less than 0.05
ppm/hr. and typical overall frequency ac-
curacy of £2 ppm.

A function selector allows straight-
through switching so the total range (0.01
to 1100 MHz) of the signal source is avail-
able at the 11710B output port. Source
inputs are tracked from Oto —107 dBm in
the down-converted mode and there is less
than 1 dB loss in the straight-through
modes.

For more information, check M on the HP
Reply Card.

B MEASUREMENT|COMPUTATION NEWS



Extensive program
support for HP 67/97

Hewlett-Packard presents a large selec-
tion of problem-solving software for per-
sonal programmable calculators. The
software works with the HP-67 and HP-97
calculators to provide solutions for a wide
range of applications including engineer-
ing, science or business.

You can solve your computational prob-
lems without writing programs—by using
the Application Pacs. And with our Users’
Library Solutions, you follow the easy
step-by-step instructions to enter the
program yourself.

Application Paes. Each Pac contains
an instruction manual with up to 25 pre-
programmed magnetic cards. Current
Pacs include Statistics, Math, Business,
Surveying, Games, Electrical and Me-
chanical Engineering—plus the new
Navigation, Civil Engineering and Clini-
cal Lab Pacs. They save you time and
trouble researching, writing, debugging
and documenting.

The Users’ Library. Over 1000 HP-
67/97 programs and over 5000 easily mod-
ified HP-65 programs are currently avail-
able from the Library.

Users’ Library Solutions Books A
series of comprehensive books containing
the most popular programs from our Users’
Library covering applications in En-
gineering, Home Construction Estimat-
ing, Aviation, Energy Conservation and
more. Each booklet contains 10 to 12
programs.

For more details on these calculators and
these programs, check A on the HP Reply
Card.

New software solutions for the HP-67 and
HP-97 have been added to help increase your
problem solving potential.

~..
-

New sweeper plug-ins offer expanded
wideband performance

Double-octave and communications band RF plug-ins for HP 8620C sweeper provide 2.0 to

8.6 GHz frequency coverage.

10 dB/div.

22 Freq. (GHz) 8.6

Insertion characteristics of 4-8 GHz
bandpass filter. Lower rejection band

(left portion of trace) shows freedom from
harmonics in HP 86240B RF source.

Three new RF plug-ins with double-
octave frequency coverage have been
added to the HP 8620 Sweep Oscillator
family.

The new HP 86240B covers 2.0 to 8.4
GHz with up to 20 mW output (leveled to
+V2 dB), yet its harmonic content at 10
mW output is more than 50 dB down. This
is achieved by incorporating a YIG filter
into the same magnet housing containing

the oscillator-tuning YIG sphere. The
high power is achieved through use of a
100 mW GaAs FET amplifier ahead of the
YIG filter.

Model 86240A, the non-filtered ver-
sion of the 86240B, delivers over 40 mW
output, has competitively low harmonics,
and is attractively priced.

With frequency coverage from 3.6 to
8.6 GHz, the new 86240C is the ideal
upconverter for RF distortion analysis of
4, 6 and 8 GHz microwave radio links.
Group delay is =<1 ns over 30 MHz
sweeps, and linearity is <0.5%. This
plug-in delivers 40 mW output and has 10
MHz FM bandwidth for noise loading ap-

plications.

For more information on these and other
RF units for the 8620C sweeper, check N on
the HP Reply Card.

HP Journal features NMOS-II

An article of interest, regarding HP’s
on-going research and development in LSI
technology, is featured in the November
1977 issue of the HP Journal. It deals with
HP’s NMOS-II process, which made pos-
sible the high-performance, large-scale
integrated circuits for fast 16-bit micro-

processors, 16k read-only memories and
a variety of special purpose random-logic
chips.

The newest product featuring NMOS-II
is the System 45 (cover article).
For your copy of the HP Journal, check P
on the HP Reply Card.




New logic state analyzer is
portable, totally programmable

A new small but powerful logic state analyzer interacts with its user through an easy-to-master
keyboard. And, it's programmability option provides the capability of a functional automatic digital
test station.

The new 1602A logic state analyzer was
designed for ease of use in production,
field service and engineering. The layout
of the keyboard leads you through a
natural progression of keystrokes and en-
tries are displayed, enabling you to check
their accuracy every step of the way.

For use in design and troubleshooting of
digital systems, the 16-bit wide and
64-word deep memory operates at clock
speeds to 10 MHz, allowing the instrument
to capture virtually any 64-word sequence
in a system.

Measurements of system activity are
displayed on the analyzer’s LED readout
in hexadecimal, decimal, octal, or binary
format, eliminating the need for base con-
versions by the operator.

For more consistent and repeatable
measurements, the HP Interface Bus op-

tion allows you to make automated func-
tional tests of digital systems. The HP-IB
option makes the 1602A totally program-
mable and able to dump its 64-word
memory into the bus on command, for
analysis by a desktop computing control-
ler such as the HP 9825A.

Simplicity of use is also apparent in the
quick connect and disconnect standard
edge connector on the probe. Point-to-
point probing on new equipment installed
with similar connectors is now fast and
easy. The single pod contains all 16 data
lines, clock, qualifier and ground.

Weighing only 4.5 kg (ten pounds), it is
small enough to fit into a briefcase. The
price is small, too.

For more details, check E on the HP Reply
Card.

Can signature analysis
make your service
operation more efficient?

There’s a good chance that it can. HP
and over 100 other companies are cur-
rently implementing this new digital ser-
vice strategy. And, they are cutting repair
times, reducing spares inventories and
streamlining documentation.

Today’s microprocessor-based pro-
ducts are tough to troubleshoot. Tomor-
row’s digital products may be tougher, and
the costs of board exchange, the tradi-
tional digital service strategy, tend to
escalate rapidly in fast-growth, high-
technology product lines.

Design signature analysis into your new
products. Document the troubleshooting
procedures with the appropriate signa-
tures. Then, use the HP 5004 A Signature
Analyzer for component-level trouble-
shooting:

® on-site

e at the field office

e at the service center

e on the production line

This portable tester detects and dis-
plays unique signatures associated with
nodes in digital products. By comparing
actual signatures to correct ones as shown
in the product manual, a technician can
backtrace to the faulty node in a malfunc-
tioning product.

Check into signature analysis. Make
your service operation more efficient and
prepare for the future at the same time.

For a data sheet and an application note,
check J on the HP Reply Card.

Many companies are streamlining field service
of microprocessor-based products by trouble-
shooting to the component level with the 5004 A
signature analyzer.
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New 4V2 digit autoranging
DMM with 1 mQ, 1 uV dc,
10 wV ac sensitivity

The new HP 3466A 4% digit, six-
function autoranging digital multimeter
combines low cost with high accuracy for
both bench and field use.

Dc measurements can be made from 1
1V to 1.2kV with a mid-range accuracy of
*0.03%. True rms ac measurement range
is from 10 wV to 1200 volts with a mid-
range accuracy of £0.03% over a 20 Hz to
100 kHz bandwidth.

Ac and dc current measurement range
is 10 nanoamps to two amps. Resistance
range is 1 milliohm to 20 megohms with a
mid-range accuracy of *£0.03%.

An ohm zero adjustment on the front
panel is provided. Milliohms may be offset
on the front panel, allowing the zeroing out
of test leads when making printed circuit,
transformer, coil, or switch contact mea-
surements.

A new diode test measurement capabil-
ity is offered. The 3466A DMM displays
the voltage drop across the diode junction
in the forward direction, allowing the user
to measure and identify germanium, sili-
con, light-emitting and Schottky diodes in
units of volts, even though the instrument
is in the ohms function.

The standard HP 3466A includes re-
chargeable, lead-acid batteries which pro-
vide 8 hours of continuous use. Option
001 offers ac power only. Should battery
power be required in the future, the DMM
can easily be modified in the field.

For more information, check H on the HP
Reply Card.

Because of its ability to make wideband select-

able ac plus dc true rms voltage and current

measurements, the new HP 3466A digital mul-
timeter can also measure such signals as digi-
tal pulse trains and sinusoidal waveforms.
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Hard copy made easy with two new

smart printers

HP 2635

A “smart printing” algorithm selects the optimal path and speed for the print head of two new
printers. You also get high resolution print that is crisp, clear and readable—even on the sixth sheet
of a multiple-part form.

Two new “smart” printers operating at
180 characters per second are now availa-
ble from Hewlett-Packard. Both printers
are controlled by a silicon-on-sapphire
(SOS) microprocessor system designed by
HP. The HP 2631 is designed for en-
vironments requiring a low-cost, high-
performance printer. The HP 2635, with a
keyboard, is suited to interactive envi-
ronments.

The microprocessor control optimizes
data manipulations, and printing and con-
trol functions. Consider the path taken by
the print head. It is fast and bi-
directional, that is, the printer chooses the
most efficient direction to print: right to
left or left to right, increasing throughput as
much as 50%. By the time one line is
printed, the next several lines have been
processed and stored in a buffer.

When ten or more adjacent spaces have
been detected within a line, the head
speeds to the next printable character at
an accelerated rate of 450 cps.

The HP 2631/2635 offer as standard

features those capabilities that are often
optional on other printers. For example,
there are three print modes that can be
intermixed on a line—normal, expanded,
(for titles and headings) and compressed.
Vertical line spacing is variable under
program control; the choices are 1, 2, 3,
4, 6, 8 or 12 lines per inch.

Both printers support the entire US
ASCII 128-character set, including con-
trol codes which are accessible through
the display functions. Use of a 7-column
by 9-row dot matrix allows printing of true
descenders, commas, semi-colons, and
underlining. The printers also accommo-
date subscripts and supersecripts.

A variety of interfaces are available in-
cluding HP-IB, 8-bit duplex, 8-bit diffe-
rential, and a general purpose parallel
interface for OEM applications.

For more information, check F on the HP

Reply Card.



New HP-IB switches for automatic

test systems

The availability of individual HP-IB
switch products gives you modularity and
flexibility in the design of your automatic
test equipment (ATE) system.

These microprocessor-based switch
products provide a flexible, high-
performance and cost-effective solution
for computer and desktop controller-
based systems.

Up to 8 switch mainframes are control-
led by the microprocessor-based
HP 9411A Switch Controller , also
capable of performing comprehensive self
tests and fault isolation of all signal relays
in the switching units.

Three new switches provide commer-
cially available solutions to an important
part of the ATE system—connecting the
system to the unit-under-test (UUT).

HP 9412A Modular Switch provides

high-density, multi-function switching of
signals up to 10 MHz. The built-in inter-
face panel eliminates the massive cabling
normally found in ATE switching config-
urations and significantly improves signal
performance. The 9412A accommodates
five types of switch cards in any combina-
tion up to a total of 25 cards.

HP 9413 A VHF Switch provides flexi-
ble high-frequency switching of pulse and
video signals up to 500 MHz. The unit
accommodates up to 12 coaxial switch
modules of two types: dual 1 X 4 orsingle
1 X 8.

HP 9414 A Matrix Switch provides

maximum flexibility for high-density,

high-performance switching, allowing any

UUT pin to be switched to any instrument
in the ATE system. The 16-input Matrix
Switch can be configured in 30-pin incre-
ments (UUT pins) up to 120 pins, expand-
able to 240 pins.

New automatic test systems are also
available from Hewlett-Packard complete
with HP-IB hardware and new software.
The system controller is the HP 1000 with
HP’s powerful Real Time Executive (RTE)
operating system. RTE allows concurrent
program preparation and testing. Com-
prehensive test program languages are
available including BASIC, FORTRAN
IV and TESTAID-III for digital testing.

For more information on individual HP-1B
switch products and the new generation HP
automatic test system, check L on the HP

Reply Card.

Current tracing: a better
way to detect supply to
ground shorts

You've got a tight schedule to meet and
those five bad boards on your desk can
make the difference. Unfortunately, every
one of them has a power supply to ground
short and you don’t have the time it takes
to repair them. Each of the boards is
valuable, so you don’t want to scrap them,
but it would take a couple of hours to fix
each one and when you were finished,
chances are the circuit traces would be
damaged, IC legs cut and resoldered, or
worse.

Well, there’s a better way—current
tracing. This technique allows you to
find V. to ground shorts in minutes,
using two powerful hand-held 1C
troubleshooters from HP.

One, the 546A Logic Pulser, is con-
nected between supply and ground on
the unpowered faulty board and push-
button programmed to output a 100
Hz pulse stream. The pulser delivers
650 mA current pulses that are easy to
trace right to the one faulty point on
the board.

The 547A Current Tracer allows you to
find faults based on one simple principle:
current flows to the lowest impedance
point in a circuit, in this case a short
between V.. and ground. So, just adjust
the sensitivity control so the tracer’s lamp
is about half-brilliance and follow current
pulses to the fault.

No board scrapping, no trace cutting,
no unnecessary unsoldering and still the
boards are repaired in a fraction of the
time possible using any other method.

For more information, check C on the HP
Reply Card.




Sliding load for 3.5mm coaxial lines operates from 2.0 to 26.5 GHz

For impedance measurements in coa-
xial transmission lines, the ultimate stan-
dard for a matched line is a sliding load.
By sliding the load element along the line,
its own small reflection effect can be
eliminated.

Since the new APC-3.5 connector now
permits design activity in 3.5 mm coaxial
lines above 18 GHz, HP’s new 911C slid-
ing load will provide for more accurate
measurements from 2.0 to 26.5 GHz.

The 911C features interchangeable
APC-3.5 fittings—either male or female
connectors may be checked. For
minimum discontinuity, the center con-

ductor slides and locks. The movable ter-
minating element has 5.5 cm travel—
greater than A/4 at the lowest operating
frequency.

The connector and transmission line re-
flection coefficient for the female config-
uration is <.02 +.001 X f (where f is
frequency in GHz) 2 to 26.5 GHz. The
male version is <.02 across the full band.
For the load element itself, the maximum
reflection coefficient is <0.01 from 2 to
10 GHz and <0.035 from 10 to 26.5 GHz.

For details, check D on the HP Reply Card.

New sliding load provides well matched termi-
nation for APC-3.5 component test.

COMPONENT

New displays with high light output

New large junction seven-segment displays
are categorized for luminous intensity.

Now available from Hewlett-Packard
are new, high-efficiency red, and yellow
displays designed for use in high light
ambient conditions.

Output is typically 2300 millicandellas
per segment at 100 mA peak, 20 mA aver-
age. These displays are designed for use
in instruments, airplane cockpits, weigh-
ing scales and point of sale terminals.

The seven-segment displays offer a
wide viewing angle and are easily
mounted on P.C. boards or sockets. DIP
spacing is the industry standard 7.62 mm

HP publishes optoelectronics applications manual

Practical solutions to the most common
applications problems of optoelectronic
devices are fully analyzed in Hewlett-
Packard’s Optoelectronics Applications
Manual, one of the first books on these
versatile design tools from a leading firm
in the field.

The Manual covers such subjects as
photometry/radiometry, contrast en-
hancement in visible displays, and relia-
bility of optoelectronic components and
their mechanical handling.

Designed both as a practical guide to
the use of optoelectronic devices and as a
foundation for the development of new de-
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sign ideas, this volume demonstrates the
broad potential for these components that
exists in systems being designed today.

Of special interest to experienced de-
signers is the Manual’s treatment of CTR
degradation, a controversial and fre-
quently misunderstood subject among
users of optically coupled isolators.

Members of the applications engineer-
ing staff of the Hewlett-Packard Optoelec-
tronics Division were involved in the pre-
paration of the Manual, published by
McGraw-Hill .

Copies are available from your HP
franchised distributor.

(0.3 in.) on 2.54 mm (0.1 in.) centers.
The HDSP-3530/4030 are 7.62 mm
(0.3 in) high while the HDSP-3730/4130

are 10.9 mm (0.43 in). These devices

utilize high efficiency LED chips made
from GaAsP on a transparent GaP sub-
strate. The LEDs have a large area P-N
junction permitting higher peak currents.

For more specifications, check I onthe HP
Reply Card.
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Flexible synthesizer uses uP for FDM testing and
other applications requiring precision signal source

The new 200 Hz to 80 MHz HP 3335A
Synthesizer/Level Generator is designed
for frequency division multiplex (FDM)
testing as well as traditional synthesizer
applications such as testing filters, mix-
ers, phase detectors, attenuators or mod-
ulators.

With a resolution of 0.001 Hz and
amplitude flatness of 0.15 dB over its en-
tire range, the 3335A is useful for applica-
tions including testing of low-density car-
rier, radio basgband, high density cable
carrier, in R & D, and in production tests.
For automated instrumentation systems,
the unit includes the HP Interface Bus as
standard.

Microprocessor control provides flexi-
bility in this moderate cost, high resolu-
tion synthesizer. In the sweep mode, the
microprocessor computes the individual
frequencies on each side of the center
frequency and then controls automatic,
manual and single sweep modes. At turn-
on, the uP sets the instrument to 1 MHz
and minimum amplitude so output loads
will not be damaged.

Up to ten different instrument settings
including frequency, amplitude, sweep
width and center frequency may be stored
in the ten memory registers for later
recall—useful in a production environ-
ment where a specific list of repetitive test
functions must be performed.

New microprocessor-based frequency synthesizer is used in applications wherever a high
resolution, precision amplitude test signal is needed.

The 3335A synthesizer may be used as
a tracking generator for the HP 3745A/B
Selective Level Measuring Set for fast,
accurate loop-back measurements and for
end-to-end measurements. For unat-
tended performance checks of systems
on-line or for offset tracking of systems
off-line, the generator/receiver system
may be controlled via the HP Interface

Bus.

Standard version of the 3335A syn-
thesizer provides 50 and 75-ohm unbal-
anced outputs. Other options accom-
modate North American and CCITT

communications applications.

For additional information on the synth-
esizer, check G on the HP Reply Card. For
details on the 37,5A/B SLMS, check O on
the HP Reply Card.

HEWLETT

East-4 Choke Cherry Road, Rockville, MD 20850,
Ph. (301) 948-6370.

South-P.0. Box 10505, Atlanta, GA 30348,
Ph. (404) 434-4000.

Midwest-5201 Tollview Dr.. Rolling Meadows,- 1L 60008,
Ph. (312) 255-9800.

West-3939 Lankershim Blvd, North Hollywood, CA
91604, Ph. (213) 877-1282.

Europe-Central Mailing Depot., P.O. Box 529,
Amstelveen-1134, Netherlands,
Ph. (020) 47 20 21

Japan-Yokogawa-Hewlett-Packard Ltd., Ohashi
Bldg., 1-59-1 Yoyogi, Shibuya-ku,
Tokyo 151, Ph. 03-370-2281/92.

& comeuarionIEWS

product advances from Hewlett-Packard

New product information from

00880



< monolithic
10-bit DAC’s.

Good news! Two new ten-bit digital-to-analog converters
from the folks who know how to make them monolithically.
And each is completely “complete’’ Includes internal
reference and output op amp. They are fast (1.5 usec
settling time), with voltage outputs, yet consume only

350mW (max) over the entire military temp
range (—55°C to +125°C).

DAC-05: Sign-magnitude coding (sign-plus-ten-bits).
Y
/ DAC-06: Two's complement coding.

Both DACs are available now specified over the
full temp range. Off the shelf to MIL STD-883A
Level B. Reliability is enhanced by 100% burn-in,
hermetic packaging for all parts, PMI’s famous
triple passivation, low noise process and no
laser trimming.

Data sheets are ready. Parts are on the
shelf. Write, wire or phone. Precision
Monolithics, Inc., 1500 Space Park
Drive, Santa Clara, CA 95050.
(408) 246-9222. TWX: 910-338-0528.
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Until now, buying General Purpose resistors meant trading off
one requirement to get another—buying 2 or more styles to
cover your resistance requirements—giving up board space to
get more power dissipation.
MEPCO/ELECTRA'S GPR 5000X has changed all that. Now you can
get everything you need for all your general purpose applications
— automotive, consumer, computer—in just one resistor style,
one resistor size. Reduce your resistor inventory.
MEPCO/ELECTRA GPR 5000X:
DUAL RATED—"aW &12W.
One resistor can be used in both V4 and 2W applications,
which means dual power handling capability in the smallest
possible size.
BROADER RESISTANCE RANGE— 10() to 22M()
Widest resistance range for any resistor
with comparable tolerance and T.C.’s.
REPLACES RL0O7 AND RL20—
Perfect replacement for both these MIL styles
with the added plus of a broader resistance range,
dual rated ... and at a better price.
CWV—350V Max.
STANDARD TOLERANCE—2%
STANDARD T.C.—+200 PPM

In the market for a true general purpose resistor that offers
“trade-ups” rather than “trade-offs"? Find out about
GPR 5000X. For more information ... “Call M/E” at
(817) 325-7871. Or write MEPCO/ELECTRA Inc.,
P.O. Box 760, Mineral Wells, Texas 76067.

V/ MEPCO/ELECTRA, INC. ‘

A NORTH AMERICAN PHILIPS commny
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News scope
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Bell modems face redesign
to meet FCC demands

By declining to review a lower court
decision, the Supreme Court is forcing
the Bell System to redesign its modems
to bring them into compliance with
FCC specifications. Though Bell is
seeking to delay implementation of the
decision, as of now it must have new
equipment, perhaps as soon as January
1—or face giving up the modem market
to independent suppliers that already
have FCC registration.

The FCC requires that modems meet
a set of standards to guarantee that no
harm will come to the Bell system or
its employees when the equipment is
tied directly to telephone lines. But
when the FCC demanded that Bell
meet the same set of standards, the
company balked, pointing out that
since modems are installed and main-
tained by its own technicians, not by
customers, the equipment is unlikely
to cause hazards.

While Bell modems can meet most
of the safety aspeets of the FCC’s rules,
some cannot meet all the require-
ments. For example, a modem cannot
have user-accessible controls, such as
strapping connections, that can be con-
figured so that a hazard exists. “Older
modems would not pass the test,” says
Bob Hamer, product and services mar-
keting manager at Bell in Morristown,
NJ.

Under a “grandfather” clause in the
FCC rules, Bell will continue to support
the hundred or so different modem
models that are already in the field.
Bell modems and independent modems
that are connected via data-access ar-
rangement (DAA) modules need not be
replaced, though all new models must
have FCC registration before they can
be installed on telephone lines.

In the past, a modem customer had
to have the telephone company install
a DAA before hooking up a modem
from an independent supplier. The
DAA rented for about $5 a month after
a $10 installation charge.

Now, the protective functions of the
DAA must be incorporated into the
modem itself. The user has the tele-

ELECTRONIC DESIGN 24, November 22, 1977

phone company install a data jack,
which interfaces directly with the
modem. The phone company installs
the proper data jack when the cus-
tomer gives the model or registration
number of the modem. There is a one-
time installation charge of about $30,
and no rental fee.

The Bell System will likely discon-
tinue offering DAAs after January 1,
though units already in the field will
continue to be maintained, says
Hamer.

The advantage to the customer of the
new arrangement is lower cost, says
Ken Krechmer, national sales manager
at Vadic Corp., Sunnyvale, CA. In-
corporating the features of the DAA
into a modem raises its price about $30,
so the total additional cost—including
the $20 additional installation cost of
the data jack—is about $50. But this
additional cost will be paid back in 10
months because the $5 monthly charge
for the DAA is eliminated.

Krechmer says that evidence of cus-
tomer interest in direct-connected
modems is the higher sales of the
newer units—in one case, 1000 units
per month compared with 200 units per
month of a similar modem that lacks
registered protective circuitry. This in-
crease comes in spite of a lack of data
jacks in some areas, he points out.

Hamer concedes that there is a
shortage of data jacks, duein large part
to an inability to forecast demand for
modems from independent suppliers.
“You don’t know how many are needed,
but we’ll catch up, I'm sure,” he says.

At the same time, Bell is working on
upgrades of some models to bring them
into compliance, and may need com-
pletely new designs to replace units
that are older or would be too expensive
to rework. Though the FCC has not yet
set a deadline for compliance, its origi-
nal effective date for industry com-
pliance was January 1, 1978.

Yet Bell is seeking a delay beyond
the January 1 deadline to gain time to
bring equipment into compliance. Op-
posing Bell's request for a blanket

temporary waiver is the Independent
Data Communications Manufacturers
Association in Washington, DC. “We
have a final judgement in court, but
there will be at least one further pro-
ceeding at the FCC,” says Herb Marks,
general counsel to the IDCMA, which
feels that the company has had enough
time to study the standard, design
equipment that complies, and have it
registered at the FCC. In addition, the
IDCMA feels the waiver request is too
broad and indistinct. “There’s a range
of things they could be asking,” says
Marks.

As R & D spending goes, so
goes our technology—down

The slow decline of American science
and technology over the past decade
continues, and if current levels of re-
search and development spending don’t
improve, it’s going to get a lot worse.

This ominous prediction was made
recently by Dr. Thomas A. Van-
derslice, vice president and group ex-
ecutive of General Electric’s Special
Systems and Products Group, in an
address before the Atlanta Rotary
Club.

While industry spending for R & D
has just about kept pace with inflation,
Vanderslice noted, the federal govern-
ment’s share of total R & D funds has'
dropped from almost two-thirds in
1966 to slightly over half in 1976. Even
with the space programs taken out of
the picture, the decline in R & D
expenditures was still over 20% during
the past decade, he pointed out.

Pointing to the impact of reduced
federal spending for R & D on Ameri-
can universities, Vanderslice observed,
“Perhaps the most drastic cutbacks
made by the federal government have
been in the graduate fellowship and
traineeship programs—which provide
the trained scientists and engineers we
will need in the years ahead.”

This 10-year decline in spending con-
trasts sharply with the significant and
even dramatic increases in funding
undertaken by many other industrial-
ized nations. Over the past 10 years,
West Germany has increased her R &
D expenditures a striking 40%—and
Japan has hiked hers a monumental
74%. These increases, together with the
high growth of plant and equipment
investments and favorable tax policies,
are producing strong productivity
gains.
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As if things weren’t grim enough,
Vanderslice added that the U.S. share
of patents filed worldwide as well as
the number of U.S. patents awarded to
American inventors have both declined
in the past decade. Meanwhile, U.S.
patents granted to foreign inventors
have more than doubled—an eye-open-
ing measure of the foreign technolog-
ical invasion of U.S. markets. The fa-
vorable patent balance with Japan has
been dropping steadily since 1962, with
Japanese patents on inventions in the
U.S. increasing some threefold.

All these trends make it essential to
wonder just how long the U.S. can
continue to enjoy its favorable techno-
logical balance of trade, according to
the GE executive. The U.S., he pointed
out, has consistently been selling four
to five times more technologically in-
tensive products to other nations than
it has purchased from them. This has
been a major contribution to U.S. jobs
and has resulted in an improvement in
our balance of trade.

IC tester handles
120-pin devices

With the electronics at the test
socket converted from discrete to
hybrid and monolithic form, the Sen-
try automatic test system from Fair-
child Systems Technology Division can
handle 120 pins—twice as many as
before.

The Sentry VIII's circuitry, mounted
on cards near the test socket, includes
comparators, converters, and op amps
used for such analog measurements as
level and polarity. In earlier designs,
the cards were too large to mount 120
of them close enough to the test socket
to minimize measurement errors
caused by stray capacitance and other
effects.

Each of the Sentry VIII's pins can
be programmed to act as an input
driver, output comparator, input clock,
bias supply, load, or input/output. The
earlier Sentry VII system has the same
flexibility, but only up to 60 pins, and
the Sentry IV system has as many as
120 pins, but no more than 60 of them
can be assigned to any one function at
a time.

The $500,000 Sentry VIII is designed
for engineering characterization, start-
up production, and incoming inspec-
tion testing of very-large-scale ICs.
Microprocessors, random-access mem-
ories, and random-logic circuits that
require a tester with 120 pins are in
development and, in some cases, are
already in production for internal use,
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according to Gene Griggs, product
marketing manager at Fairchild Sys-
tems Technology, San Jose, CA. Fair-
child has already begun shipping Sen-
try VIII systems for such require-
ments, with “a significant number”
going to Japan, he adds.

The Sentry VIII can perform func-
tional tests at up to 10 MHz by feeding
data into the device under test and
comparing the device’s outputs with
expected values. In addition, the tester
can check dc parameters at rates to 300
tests per second.

CIRCLE NO. 315

Direct addressing way up
with 32-bit computer

A virtual memory that provides a
direct-addressing capability of over 4-
billion bytes is the main feature of the
32-bit VAX-11/780 (Virtual Address
eXtension) computer. What’s more, the
virtual-memory operating system of
this latest addition to Digital Equip-
ment’s PDP-11 line applies mainframe
software technology so that programs
much larger than the main memory
can be run in a way that is transparent
to the programmer.

The main memory contains an Error
Correction Code MOS memory that
uses 4-k MOS RAM chips. The smallest
system configuration provides 128
kbytes of physical memory, expand-
able up to 2-million bytes. The in-
struction set, consisting of 234 instruec-

R
L |

A new virtual memory systém is con-
tained in DEC’'s VAX-11/780.

tions, nine addressing modes and five
data types, includes integral floating-
point, packed-decimal arithmetic,
character-string manipulation and
context-switching instructions.

A diagnostic console contains an
LSI-11 microcomputer that provides
automatic consistency and error check-
ing to detect abnormal use of instrue-
tions or illegal machine conditions.

Like other PDP-11s, the VAX-11/780
uses both DCL and MCR command
languages and implements Fortran-
IV-Plus, Basic-Plus-2 and COBOL lan-
guages. A unibus connects the 11/780
to peripherals.

The VAX-11/780 begins at $130,000.

CIRCLE NO. 566

Small laser modulator
requires less power

Cadmium-telluride-waveguide laser
modulators, the first to be fabricated
by proton bombardment, have several
advantages over those made by conven-
tional epitaxial-processes.

These modulators require but a frac-
tion of the power to give the same
degree of modulation as competing de-
vices in the 3 to 10-um infrared region.

m The modulators are substantially
smaller.

m The low optical absorption and
high electro-optic coefficient of cad-
mium telluride permit these mod-
ulators to be fabricated in two forms:
narrowband acousto-optic devices that
use surface acoustic waves to defract
the laser beam, and broadband electro-
optic devices that operate by shifting
the phase of the laser frequency.

s They can be produced at substan-
tially lower cost.

Developed for the design of compact
low-power carbon dioxide laser radars
for the Air Force at MIT’s Lincoln
Laboratory, Lexington, MA, the cad-
mium telluride devices may prove use-
ful with other infrared lasers in gas
and pollution monitoring equipment.

The waveguides, according to Labo-
ratory researchers D.L. Spears and
A.J. Strauss, are formed by bombard-
ing the selected areas of cadmium tel-
luride wafers with protons from a Van
der Graff generator. The acousto-optic
modulators, which have a bandwidth
of 1 MHz, use 27-MHz surface acoustic
waves generated by interdigital elec-
trode transducers.

This MIT modulator produces the
same modulation level as that of ger-
manium modulators 10 times larger.
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Can you find solutions to your
design and cost problems from
these standard Bivar Packaging Aids?

and strains, washing away in warm or hot running

Components, circuitry and cards will be protected

Yes. Because someone else probably had a similar
problem before you did. In fact, during the past
decade BIVAR has introduced nearly 1,000 stand-
ard products, most designed originally to solve
costly Printed Circuit Board packaging or compo-
nent mounting problems. These have resulted in
lower assembly costs, fewer rejects and improved
quality of product appearance and performance.
Take for example, the
advantages of
accurately support-

NG

® (&
capacitors and other ™M
devices. Components are

ing transistors,

protected, insulated against
heat damage and uniformly
positioned by using BIVAR
PERMANENT MOUNTS and SPACERS, made
of durable Nylon per MIL-M-20693A. Hundreds
of standard styles for virtually any PCB component;
low-cost and carried in stock by the thousands.
For accurate, uniform component spacing above
PCB surfaces, over 400 standard sizes of BIVAR
WASH-AWAY SPACERS assure proper filleting
and heat dissipation, and eliminate lead stresses

from undue stresses, and PCB insertion or removal
will be easier with BIVAR CARD EJECTORS,
designed for 1/16” 3/32", and 1/8" boards; 18
styles, including locking versions to prevent acci-
Il dental card release. Molded from Nylon per
il MIL-M-20693A, and U.L. rated 94 V-2 material,
‘ these helpful ejectors meet most demanding

requirements. Ejectors can be marked permanently

for identification, are available in 13 standard colors
! and are furnished with stainless steel mounting pins.

BIVAR PCB HANDLES make circuit board
handling easier and provide an excellent way to
to code or identify each
board. Made from Natural
White Nylon per MIL-M-
20693A and U.L. rated 94
V-2 material, they meet
demanding packaging
specifications; standard col-
orsandmarkingsareavailable.
Yes, you can find solutions to
your design and cost prob-
lems from this growing family
of Packaging Aids. And, if
you have special needsthey
can be answered too.

water without a trace of residue. These extremely
low-cost devices, designed for exacting application
for almost any component,
substantially reduce rejects

and rework.

BIVAR can mean the difference
in cost-savings and real PCB
packaging design flexibility with
the industry’s most complete line
of SNAP-IN CARD GUIDES;
lengths from 2'%" through 14",
made of reinforced molded Nylon.
Snap them into card cages or
sheet metal at your spacing requirements.
For 1/16” PCBs, these low-cost guides
feature rigidity, card insertion and assembly
ease, and are stocked for immediate
shipment.

For new, demanding designs, BIVAR Flame
Retardant Card Guides offer the same
range of sizes made of 94 V-O U.L. rated
material; help the designer to meet flam-
mability specifications. New Deep Channel
Card Guides, with a .200” slot depth for
maximum retention under shock and
vibration or for larger PCBs. All stocked at
low, cost-savings prices.

Whether you are mounting components on PCBs, or packaging
“completed PCBs, BIVAR can provide answers that will save time,

money, and improve your product's appearance. Find

k L out about the BIVAR “Cost Savers.” Choose from

over 900 standard products.

NS

2 new catalogs
and pricing free.
QVER 900 STOCKED PARTS.

o "\.

L.E.D. MOUNTING SPACERS

Firmly support LE.D.'s above PC.B
surfaces maintaining bases parallel to
board surfaces, preventing paralax.
Rigidity of mounts prevent bending or
tilting of L.E.D.'s during handling and
final assembly. Heights from .080"
through .380" in .005" increments, 61
standard sizes are available from stock.

BIVAR, INC., 1617 E. Edinger Avenue, Santa Ana, CA 92705
CIRCLE NUMBER 9

GAS DISCHARGE DISPLAY MOUNTS
Answer uniform production mounting problems,
protecting glass seals, establishing parallel
surfaces to PC.B.'s and eliminating paralax.
Pads are of Nylon per MIL-M-20693A, Comp. A,
Type 1, U.L. rated 94V-2 material, and act as
pin straightener, guiding leads into PC.B. hole
pattern.
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PACKAGING PROéESS

"Bivar

Phone (714) 547-5832
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Telecommunication
resources from
the technology leader.




Tone dialers,tone receivers,
pulse dialers, and repertory
dialers from Mostek.

Mostek’s high-technology
leadership in MOS/LSI is not
limited to high-performance
memories and microcomputers.
One of our most significant
achievements has been in the
telecommunications field. The
Tone I™ series of integrated tone
dialers—MK 5084, MK 5085 and
MK 5086—Hfirst introduced in
1974, are today finding their way
into over a million telephone
products a year. From this tech-
nological expertise has evolved a

new generation of high-volume
products designed for the tele-
communication industry.

The new Tone II™ series of

integrated tone dialers is leading

the way with even higher perfor-
mance features. The MK 5089
and MK 5091 meet the most
stringent requirements for an all-
electronic telephone
or CEPT compatibil-
ity. For U.S.A. tele-
phone applications
the MK 5090 fits per-
fectly. And the MK
5087 provides an
upgraded pin-
compatible re-
placement for the
popular MK 5085
Tone I™ dialer.
Packaged in 16-pin DIPs the
Tone II™ series offers maximum

system density for minimum cost.
Mostek’s new MK 5102 Inte-

grated Tone Receiver provides
high quality DTMF detection and
decoding in a 16-pin package,
with single-power supply and full
microprocessor compatibility.

The MK 5098 Integrated
Pulse Dialer offers button-to-
pulse conversion to a rotary dial-
ing phone, using only direct line
power. An 18-pin version, MK
5099, will be available with re-dial
features.

Mostek’s new MK 5170 Re-
pertory Dialer lets you use your
imagination to design a wide vari-
ety of telephone-user options. It
features an expandable number
set, display of number dialed and
a repertoire of other attractive fea-
tures.

Mostek is
working to bring
solutions to your
products of the fu-
ture: New ideas;
new products;
new resources,
from the technol-
ogy leader in tele-
communications.
Contact your
nearest Mostek sales office for
complete product information.

MOSTEK

1215 West Crosby Road - Carrollton, Texas 75006 - (214) 242-0444
MOSTEK GmbH - West Germany - Telephone: (0711) 701096
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ital announces
a PDP-8 with

an enormous memory.

Something big has just
happened to the world’s most
famous small computer. In fact,
something enormous.

Digital has just put 128K of
memory into the PDP-8.

This act is brought to you
by a powerful new memo
management option calle
KT8-A. And by two new MOS
memory modules that fit large
amounts of memory into small
amounts of space. Simply by
adding these 16K or 32K mod-
ules in whatever combination
you choose, you now expand
Kour PDP-8/A into something

igger. What's even better, you
can mix MOS and core. And
that means you can protect your
pr}?ﬁram in non-volatile core
while you expand your data
base in MOS.

And thanks to the KT8-A all
this memory is under new man-
agement. Not only does the
KT8-A let you address up to
128K words of memory, butit
also offers you memory reloca-
tion and memory protection,
while asking little in operating
system overhead so you get
faster system performance.

at’s the cost of these |
enormous advancements?
That's the next attraction.

The new PDP-8A MOS
memory models are available at
prices that are as crowd-pleasing |
as their performance. Fora 16K |
8A205 you'll pay as little as
$3900 (quan. 1). 8A425 with 64K
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is aslow as $11,000. And the top
of the line 8A625 with 128K is
yours for as little as $18,050.

They’re the new big-
memory Eights from Digital.
Step right up.

Large memories aren’t our
only new trick.

New hardware and soft-
ware improvements are also in
the PDP-8 spotlight.

The VK8-A isa new low
cost PDP-8A option that pro-
vides high quality video output
plus keyboard and printer inter-
faces. Video character genera-
tion uses a super-sharp 9x9 dot
matrix for high resolution on
single or multiple CRT monitors
up to one thousand feetaway.

Also new for PDP-8 users is
MACREL/LINKER —a sophis-
ticated assembler with MACRO
facilities that lets you implement,
expand and update your system
faster while reducing software
development time.

And last but not least
there’s DECNET 8 —a series of
software protocols that let you

| Digital Equipment Corporation, 129 Parker Street, PK3-1/M34,

Maynard, MA 01754

Please send additional information about the PDP-8 family.

Name

form your own PDP-8 network.

The PDP-8. Bigger.
Smaller. And better than ever.

A short while ago, we made
big news with DECstation 78.
Alow-end system that set new
highs for ease of use and
simplicity.

Now we’re expanding the
PDP-8 family up, as well as
down, and that means new
opportunities for OEMs and
end-users alike. Look into
what’s happening with PDP-8s.
Call your nearest Digital sales
office today.

Or send the coupon to
PDP-8 Marketing Communi-
cations, Digital Equipment
Corporation, 129 Parker Street,
PK3-1/M34, Maynard, Massachu-
setts 01754. European headquar-
ters: 12, av. des Morgines,

1213 Petit-Lancy/Geneva. In
Canada: Digital Equipment of
Canada, Ltd.

Title

Company
Address

City

Phone

Application




Guildline Infroduces

the only 14 Million Count DVM on
the Market Today

Guildline’s radical 7-1/2 digit

precision digital voltmeter,

Model 9577 features standards

laboratory accuracy and stability.

The 9577 is equally at home on the work bench

or in a system application via prograsnmable

BCD or IEEE Standard 488.

FEATURES:

» Capability — DC volts, AC (rms) volts, ohms, and ratio

* 0.0004% DC accuracy ¢ Resolution —1 uv on10 volt range

» 20ppm per year stability

* Self-Check via front

panel or systern mode

» 500 readings per second

e >1000G() input resis- — e

tance e Digital Filtering j S ovee smmes e O°
PRICE $3995

E Guldine Instruments, Inc.

2 Westchester Plaza., Elmsford, New York 10523 (914) 592-9101
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Signetics Op Amps:
Fest Performers Ready For

Fast Delivery.

Choose from three new Oop amps with Two For High Slew. For those designs demanding high
high slew rates. One specifies the slew rates, you should look into our super-fast per-
- " . i formers—the SE/NE530 or SE/NE538. Internally
industry’s lowest noise: 4nV/ vHz!

compensated, both of these devices have
The next time you find yourself searching the excellent input characteristics.

specification tables for a high-performance op amp, The SE/NE530 is a superior re-
be sure to search ours. You’ll find a broad offering— replacement for any device in the
more than 60 models, each with package and nAT41 family. Withhighslew
temperature options. You’'ll also discover rates of 18V/usec (+1 gain) and
three new entries, one of which is likely 25V/usec (-1 gain)—plus a
to provide that exceptional spec you small-signal bandwidth of
need. 3 MHz—thisop ampis a veri-
Our Quiet Performer: SE/NE5534, table work}'lorsg for num-
If low noise is critical to your de- erous applications. Select-
sign, then you need our new SE/ ing it over a 741-type
NE5534. There’s not another op device translates to im-
amp around with better noise proved perfqrmance;,
performance. With input greater design flexi-
noise specified at enVVHz bility and reduced
at 1 kHz, this device can inventory,

drive a 600-ohm load. the SE/NE538, you get
Great for quality audio

3 ¢ slew at a minimum gain
equipment and instru- of +5/—4. This guaranteed speed
mentation/control cir-

: comes without power penalty, as
cuits. Our quiet per- aximum supplycurrentrequlred isjust
former also offers a

mA. If you’re using op amps like the nA741,
generous 10-MHz bandwidth 2 LM301A or BiFETSs, you could be getting
usec slew rate. L

Gi : better performance with our 530 or 538.
When you compare the SEINE5534 w1th stan-

ove up to better op amp performance. Move up
dards like the uA741 and LM307, you'll find that it of- Signetics. For complete details, use the coupon be-
fers superior performance—spec for spec. This out-

W or contact your local Signetics distributor.
standing op amp is internally compensated for gains

equal to, or greater than, 3. And if you want to opti-
mize frequency response for unity gain, capacitive I “n I“E
load, low overshoot, ete., you can do so easily with an

external capacitor.

a subsidiary of U.S. Philips Corporation

Signetics Corporation

811 East Arques Avenue
Sunnyvale, California 94086
Telephone 408/739-7700

N NS ER GED GED GNP GED GED NN BER GED GED GND GED OER NN NS e e 1
1 To: Signetics Information Services, 811 E. Arques Ave., i
P.O. Box 9052, Sunnyvale, CA 94086

Please send technical data and sample(s) for the |

| following op amp(s): [ |

j O Low-Noise SE/NE5534 [J High Slew SE/NE530 i

i [J High Slew SE/NE538 0
§ [0 My need is urgent; have an applications specialist

phone me at once: ( ) ext. :

[ Name Title [

[ Company Division ]

] Address MS 1

] City State Zip i

I’'m also interested in any other op amps you offer for this ]
application: EDI122

CIRCLE NUMBER 13
ELECTRONIC DESIGN 24, November 22, 1977 29



The double-sided floppy
from number 1

Double storage capacity.
Double media selection.
Double access speed.

Double your storage power with SA 850/851
Store twice as much data as a single-sided, double density drive, four times that
of an IBM single-sided single density disk. Reach that data more than twice as fast with two heads
4 and track-to-track access time of 3 ms. Choose from a wider selection
: of media—single or double-sided, single or double density,
sector or hard sector formats. Capacity. The SA 850/851
gives you twice as much storage capacity as a
single-sided, double density drive. Yet it requires no more
cabinet space. One drive packs up to 1600 kbytes
unformatted, or 1200 kbytes formatted.
Double density gives you 1600 kbytes—
1 compatible and equivalent to the newly
: /f" announced IBM S/34 two-sided drive. The Shugart
’ SA 850/851 is available
now and this drive accepts
FM and double density MFM or M?FM encoding.
Speed. Data access is faster, too. Just 3 ms track-to-track.
Average seek time, including settling, is 91 ms.
That's 71 ms faster than IBM’s two-sided floppy.
Remember lead screw actuators? Now you can forget them.
The key to faster access is the new Shugart Fasflex™ metal band
actuator which provides faster access time with positive, low
fricion head movement. This more efficient actuator requires less
than half the power used by standard lead screw actuators.
Compatibility. Media compatible. SA 850/851 drives read and write data
on any industry standard single-sided, single or double density diskette,
two-sided IBM Diskette 2, 2D or equivalent. Drive Compatible.
Upgrading from your existing SA 800/801 is easy. The SA 850/851 is identical in
size, outline and electrical interface. Rack mounting? You've got it with the ‘“‘skinny”
SA 850R/851R version. Two units mount side-by-side in a 19-inch RETMA rack.
Even more reliable. Data integrity and system reliability begin with Shugart's own read/write
head—the same glass bonded ferrite/barium titanate head proven in more than 100,000 installations.
Drive mechanical integrity rests on the same industry accepted die cast aluminum chassis
technology used in all Shugart Drives. This rock solid recording platform is not a place to cut costs.
Shugart keeps data safe, too. Write protect circuitry and a new I/O controlled programmable door lock
for better data security are standard. First. Shugart has a habit of being first.
First with an IBM-compatible drive. First with double density drives. First
with the minifloppy®. And now first to deliver a double-sided drive.
Two out of three OEM’s specify Shugart. They get more experience, more

technology, more support. See both sides now. See how Shugart
double-sided floppy drives can give your system
bigger, more accessible storage in the same space. The Leader
Then listen closely to the OEM price. Doubling storage In Low Cost
capacity was never more affordable. Disk Storage

Jﬁ]\mShugcr’r Associates

415 Oakmead Parkway, Sunnyvale, California 94086
Telephone: (408) 733-0100

West Coast Sales/Service: Telephone: (408) 252-6860
East Coast Sales/Service: Telephone: (617) 890-0808
Europe Sales/Service: 3, Place Gustave Eiffel, Silic 311
94588 Rungis, France Telephone: (1) 686-00-85

™Fasflex actuator trademark of Shugart Associates.
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PRESENTING VMOS
FROM A BIG TIME =
PRODUCER. o i

With a major producer like Fairchild
behind it, you know VMOS is going fo
be a big star someday. So remember
the name: Enhancement Mode Power
Vertical Mosfet. Stagename: Fairchild VMOS.

VMOS transistors are going fo make the big
time by combining the advantages of vacuum
tubes — or lower power FETS —with those of
conventional power transistors.

AN AWARD WINNING PERFORMER.
Fairchild VMOS gives you high input impedance with direct interface

to CMOS. It's capable of super switching times— 10 ns at 1A. It has
. highly linear transfer characteristics,

7 ALUMINUM high GM, easy paralleling and

: biasing, protected gates, low Rds (on)
and no second breakdown or
thermal runaway. And here's the
initial cast of characters:
PR Package| PD ID |BVDSS

2N6657| TO-3 | 25W | 20A | 60V
2N6658| TO-3 | 25W [ 20A | 0V
DRAIN FVN2 TO-39 |626W| 20A | 60V

Cross-section of Fairchild's VMOS power transistor. 2N6661 | TO-39 | 625V] 20A | 0OV

INTRODUCING A SUPERSTAR SUPPORTING CAST.
In addition to N-Channel VMOS, Fairchild is also producing the world's
first P-Channel Power Mosfets with all the features of N-Channel. This
Device ID Rds | meansyou can now geta
Type |Package| PD | (max) | BVDSS | (on) | complementary product line

FVP1 | TO-3 | 25W | 20A | 60V | 6 | in VMOS technology froma
FYP2 | TO99 |625W| 15A | 60V | 12 | maior Power source.

FEATURE PERFORMANCE AT A MATINEE PRICE.
Whether you're designing CATV, MATV amplifiers, audio drivers, core

SOURCE
o

memories, swifching regulators, analog switches, 1100999
A Pindiode drivers, lasers, transducer drivers, ON6657 | $4.20
or microprocessor interfaces, state of the 2N6658 | $5.05
art designs are now possible. And just as ;\@26] ééjgg
importantly, they're now affordable with FVPI $4.25
\ N2 Fairchild Power VMOS. Here are some examples: |_FVP2 $1.85

- INOW PLAYING AT A DISTRIBUTOR NEAR YOU.
“ For more information on VMOS, contact [ A5 i AT T R e

; | ~ your Fairchild sales office or representative EFAIRCHILD
: DR R R BT

_ ~\ foday.Or use the direct line at the bottom of
& this ad to reach our Power Division. Fairchild

Camera and Instrument Corporation, 464 CALL us 0" IT.
Ellis Street, Mountain View, CA 94042.
Tel: 6215;%‘362-3?318.%;?& 0-379-6435. ‘4‘5’ 962-3343
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Coming through...

with a vital part in product design

It's what's up front that counts. That's why it pays off
" to involve Belden in the early stages of a project.

We know the codes, specs and electrical/environ-
mental parameters you're faced with. We've come
through with answers to some extraordinary new
applications.

As much as any component, wire, cable and cord,
can make a critical difference in your product’s per-
formance. And your costs. By drawing on thousands of
high-quality standards—and a wealth of custom engi-
neering knowhow—we can tailor an answer to fit your
needs. Exactly.

We can even help you cope with the economics of
wire processing, assembly and installation. Our prob-
lem solving experience ranges from innovative

BELDEN

75 7

ANNIVERSARY,

packaging to total manufacturing analysis.

Whether you need cord sets, special harnesses,
shielded cable construction, flat cable—or help put-
ting it all together, involve a Belden Wire Specialist.
He'll come through with everything we've got. For
answers right now, phone:

317-966-6661 Electronic Division or mark 400 on reader
service card.

312-986-1600 Electrical Division or mark 401 on reader
service card.

312-887-1800 Transportation Division or mark 402 on
reader service card.

Or write Belden Corporation, 2000 S. Batavia Ave.,
Geneva, IL 60134

BELDEND

Coming through...

with new ideas for moving electrical energy

H-2-6 ©1977 Belden Corporation



Washington report

Two contracts due on Army air-defense system

A $3-billion system to protect Army units in the field against low-flying enemy
aireraft should enter the competitive development phase Dec. 3, following
Defense Department approval of the concept Nov. 15. The Division Air Defense
(Divad) program involves a new radar-directed cannon to be mounted on Army
tanks. It will replace a variety of existing antiaircraft defenses, including the
20-mm Vulean gun, the Nike-Hercules and Hawk missiles, and the shoulder-
fired Chaparral and Redeye missiles.

From five major competitors the Army expects to select two for parallel-
development contracts covering a two-year “shoot-off,” including side-by-side
field trials. Two firms are proposing the Swedish Oerlikon 35-mm gun: Raytheon,
which would use the Dutch Hollandse Signaal radar, and General Dynamics,
which would use a modified version of its own Navy shipboard Phalanx radar.
Sperry Rand is proposing a version of its own Vigilante 35-mm gun with the
Signaal radar. Ford Aerospace has selected the Bofors 40-mm gun and the
Westinghouse radar used on the F-16 fighter, and General Electric is proposing
a ground version of its 30-mm GAU-8 gun used on the A-10 aircraft, and the
F-16 radar.

The gun is needed, according to the Army, because the current low-level
defenses have been outranged and can be outmaneuvered by newer Soviet fighters
designed especially for low-altitude operations and by modern missile-armed
Soviet helicopters. Divad will be installed first in the Army’s M48 tanks, but
will be adaptable to other U.S. tanks and NATO tanks. It will complement the
long-range Patriot (formerly SAM-D) antiaircraft missile system due to enter
production at Raytheon in 1980.

Hemispherical antenna works like four phased arrays

An antenna with a dome covered by passive phase shifters—and a single planar
array of active phase shifters mounted at the bottom—will do the job of four
separate phased arrays in providing complete hemispherical coverage for
antiaircraft and antimissile defense. Nearing completion by Sperry Gyroscope
Co. at Great Neck, NY, the antenna is slated for delivery next year to the Army
Missile Command at Huntsville, AL. :

The new antenna consists of a 113-in.-diameter array of 4544 active ferrite
phase shifters covered by a 98-in.-high dome. On the dome are 24,283 passive
shifters capable of providing 24 increments of phase delay. The 330-1b dome
is made of resin-filled fiberglass honeycomb, and the whole system, including
electronics, weighs 1330 lb.

In tests to be conducted by the Army, the antenna will be operated at C-band
to evaluate its possible use in an advanced air defense system for the 1990s.
However, company officials say the same design can be used to provide
hemispherical coverage for aircraft by building a smaller X-band or K-band
antenna that can be mounted on the nose or tail of a fighter.

A prototype model had been built by Sperry Gyroscope for a ballistic-missile
defense system, but that program was canceled after the U.S.-Soviet treaty
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limiting antiballistic missile systems. Another prototype is being tested for ship
defense by the company at MacArthur Field, Long Island, using electronics from
the Terrier shipboard missile system.

Electronic-materials experiments set for Space Shuttle

Five material-processing experiments—three applicable to the electronics
industry—will ride along on an early orbital flight test of NASA’s Space Shuttle,
in 1979 or 1980.

The experiments will be placed in a package on the spacecraft and will require
their own power supply and data-collection computer. The package itself will
be completely automated and require no action by the Shuttle crew other than
a command by one of the astronauts to begin the experiments.

Electronics-related experiments expected to exploit the zero-gravity properties
of space include vapor growth of alloy-type semiconductor crystals (submitted
by Dr. Herbert Wiedemeier of Rensselaer Polytechnic Institute), solid electrolytes
containing dispersed particles (Dr. J. Bruce Wagner Jr., Arizona State University)
and containerless preparation of advanced optical glasses (Ralph A. Happe,
Rockwell International Corp.).

Neither the specific mission nor the exact configuration of the experiment
package has been chosen, but NASA says the experiments are expected to be
flown on one of the Shuttle’s first six orbital flight tests.

Harmonic emissions limit may curve CB interference

The growing problem of citizen’s band radios interfering with home-television
reception can be solved by limiting CB harmonic emissions to 75 dB below their
4-W power limit. The solution was offered by the Electronics Industries
Association to the Federal Communications Commission.

Harmonics have no communication value to the CB user, EIA explains, but
may interfere with certain TV channels. While properly adjusted and operated
CBs currently being manufactured aren’t likely to interfere with TV sets, EIA
said it suggested the new standard because interference sometimes occurs in
high-density housing areas. One cause of CB interference, according to the
industry group, is the use of illegal linear power amplifiers on the CB sets. The
FCC is grappling with the problem of what it can do about these illegal amplifiers.

Capital Capsules: Latin American airlines have begun sharing weather data gathered by
the GOES-2 satellite and collected by Lineas Aeros Nicaragua (LANCIA),
which distributes the information in Miami to route flights around tropical
storms in the Caribbean. LANCIA receives one visual image and one infrared
image every hour. Sharing the data are LACSA (Costa Rica), Varig (Brazil),
Lan Chile, Air Panama, Aerolineas Aviateca (Guatemala), Tan Airlines (Hon-
duras), Aero Condor (Colombia) and Aero Peru. . . .Citizen’s band radio sets
will be installed by the Coast Guard at its search-and-rescue centers to
supplement its vhf-FM and 2182-kHz national maritime communications and
distress system. The Coast Guard hopes to respond more rapidly to calls for
assistance from small craft, and intends to have the CB service available in time
for the 1978 recreational boating season.
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On the balance
aT900~-Series Oscilloscope
gives you the most performance

for your dollar

Low-cost oscilloscopes traditionally
offer a compromise in performance

in return for low price. Over-simplified
circuits reduce accuracy and require
frequent calibration. Cost cutting in the
selection of components limits reliability.
With many low-cost scopes, the specs
are there, but the performance isn't.

There are no compromises with
TEKTRONIX T900-Series Oscilloscopes.
No corners have been cut where accuracy
and reliability are concerned. And with six
models to choose from, you can match
the performance you require with your
budget. Bandwidths range from 10 to

35 MHz. Four T900 Scopes feature dual
trace and one has single shot storage.

A rackmount model is also available.

The 35 MHz T935 with dual input
channels and delayed sweep is well
suited for the design, production and
service of computer peripherals,
point-of-sale terminals, machine
controls and communications
equipment.

The dual channel, 15 MHz T922 is an
excellent choice for classes in basic
electricity and electronics. The large,
bright 8 X 10 cm display makes
classroom demonstrations more visible.
The easy-to-use control layout makes
learning signal measurement technigues
simple and straightforward.

When you buy a T900-Series
Oscilloscope, you also receive the full
support of the Tektronix worldwide
sales and service organization. T900
Accessories include a wide selection of
probes, a low-cost camera, a versatile
stand for convenient scope positioning
and a viewing hood.

FOR TECHNICAL DATA, CIRCLE 234
FOR DEMONSTRATION, CIRCLE 235

Performance, reliability and service.
That's why Tektronix is setting new
standards for low-cost oscilloscopes.

T921—DC to 15MHz; single trace, mono
timebases & . s sl $ 695*
T922—DC to 15 MHz; dual trace, mono
HME base ;. ki e o o e $ 850*
T932—DC to 35 MHz; dual trace, mono
timebase. . ..o s S1125*
T935—DC to 35 MHz; dual trace, with
delayedsweep............... $1395*
T912—Storage Model, DC to 10 MHz;
dual trace, mono time base .... $1300*
T922R Rackmount—DC to 15 MHz; dual
$1175*
Voltage probes are included on all T900
Oscilloscopes except the T922R.

For complete specifications on the
T900 Oscilloscope Family, contact your
Tektronix Field Engineer. Or write
Tektronix, Inc. P.O. Box 500, Beaverton,
OR 97077. (503) 644-0161, Ext. T900.

In Europe, write Tektronix Limited,
P.O. Box 36, St. Peter Port, Guernsey.
Channel Islands.

*U.S. sales prices are F.O.B. Beaverton, OR. For price and
availability outside the U.S., please contact the nearest
Tektronix Field Office, Distributor, or Representative.




990 OEM minicomputers.




Built, backed and priced
to sharpen your competitive edge.

TEXAS INSTRUMENTS.

The 990/10 minicomputer from TI
brings superior value to both you and
your customers.

Starting with field-proven
hardware, the 990/10 delivers the
reliability you expect from TI. And
all the off-the-shelf support you need
for user applications. You get standard
software languages, a broad choice of
peripherals and nationwide service.

Built for more processing power.
The 990/10 is the most powerful
member of the 990 computer family.
Its architecture provides features that
give you maximum processing power
for your money. Like hardware mul-
tiply and divide. A 16-level hardware

Peripheral Interface Modules

interrupt structure. 16 registers ar-
ranged in a workspace concept. I/0
that’s directly programmable through
the Communications Register Unit
(CRU) and autonomously through a
high-speed data bus. And bit, byte
and word addressing of memory.

Built for system flexibility.

In small or large configurations,
the 990/10 design provides surprising
flexibility for a small investment.

The CRU, with up to 4096 I/0 lines,
reduces interfacing costs by keeping
controller complexity to a minimum.
The TILINE* asynchronous high-

Model 911 Video Display Terminal

speed data bus can support both high-
and low-speed devices and takes
advantage of design simplicity for
simultaneous data transfer between
peripherals, the CPU and memory.
With the 990/10, you get a power-
ful instruction set with an extended
operating feature that allows hardware
to take over operations that software
would normally execute. An optional
mapping feature provides memory
protection and memory expansion
to 2 million bytes. And, optional
error-correcting memory corrects
single-bit errors for increased system
reliability.

DS 25150
Disc Drives

Full peripheral support.

Aswell as arange of standard
peripherals, disk storage to 180 million
bytes and magnetic tape with 800 and
1600 bpi options are available for low-
cost mass storage and back-up.

A choice of software.

With common higher level lan-
guages, FORTRAN IV, COBOL and
Multiuser BASIC, plus the 990/10
assembly language, you have all the
tools you need for an efficient appli-
cation program.

Both the disk-based and memory
resident operating systems give you
modularity and flexibility for system
generation to meet application de-

Model 979A
Tape Drive

mands. We offer program development
aids for creating and testing software,
and communications software to sup-
port synchronous or asynchronous
data transmission.

Backed with nationwide service.

Our responsibility to you doesn’t end
with the sale. We follow through with
complete system training, plus a
nationwide factory service network.

The T1 990/10 minicomputer. We build
it, back it and price it the way you and
your customers want it. You can start
configuring a system now with our 990
Computer Systems Handbook on the up-
ward-compatible family of the TMS 9900
microprocessor, 990/4 microcomputer
and 990/10 minicomputer. For your free
copy, send aletterhead request to Texas

Instruments Incorporated, o
P.0. Box 1444, M/S 784, )
Houston, Texas 77001.

TEXAS INSTRUMENTS

#*Trademark of Texas Instruments

INCORPORATED
CIRCLE NUMBER 18

Copyright©1977, Texas Instruments Incorporated
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Performance&Value.

MULTIMETERS

MODEL 175
Portable, 3% Digit DMM

$189.00

With a basic DC accuracy of +0.1%
input=+11ls.d., \;uaranteed for a full
year, and 100uV resolution, the Model
175 is unsurpassed for accuracy and
sensitivity. Battery and line operated
and truly portable, it measures: DC
Volts from +100.V to =1000V; AC
Volts from 100V to 500V (30Hz to
50kHz); DC Current from 0.1 A to
+2A; AC Current from 0.1uA to 2A
(30Hz to 50kHz); Resistance from
100m{2 to 20M(2 in two modes (HI
excitation 2.5V and LO excitation
300mV).

The Model 175 also features auto-
polarity, automatic zero, 100% over-
range, big, bright 0.43” LED display
and comes eqlt\llip ed with both
rechargeable NiCd battery module

and battery charger/line adaptor.
Size: 5%2"W x 1%"H x 3%2"D
13.97 x 4.45 x 8.89 cm

19999

M()D“L 25 SR—
Portable, 42 Digit DMM

$295.00

Ideal for field use, the Model 245 is a
rugged, truly miniature, lab-quality,
5-function instrument featuring a
basic DC accuracy of :0.05% of input
1 Ls.d., .005% resolution, 100%
overranginF, equipped with both
rechargeable battery pack and battery
charger/line adapter.

Model 245 measures ACV (100uV to
500V RMS), DCV *100uV to 1000V,
Resistance 100 milliohms to 20 Meg-
ohms, AC and DC current 1 microamp
to 2 Amps. AC voltage/current
response, 30Hz to 50kHz.
Size: 5%2"W x 1%"H x 3%"D

13.97 x 4.45 x 8.89 cm

MODEL 248
Portable, 4%2 Digit DMM
With True RMS
Measurement

$345.00

This high-resolution instrument
measures Resistance 100m{) to 20M(),
DC Volts £10uV to £1kV, True RMS
AC Volts 10uV to 500V, both DC
Current and True RMS AC Current
10 nanoAmps to 2A. The Model 248
features sensitivity of 10uV. Basic DC
accuracy is =0.05% of input +1 L.s.d.,
guaranteed for a full year, 100% over-
range, overload protection, large LED
display, and comes complete with
both rechargeable NiCd battery
module and battery charger/line
adaptor, with 6 hours of in-spec oper-
ation before requiring recharge.
Size: 5%"W x 1%"H x 3%."D

13.97 x 4.45 x 8.89 cm

MODEL 1455
Bench/Portable
4~ Digit DMM
$355.00

Model 1455—all the virtues of a
laboratory bench instrument with the

added benefits of complete portability.

A five-function multimeter featuring
%2"high display, and 100% overrang-
ing, Model 1455 measures 100uV to
1000VDC, 1001V to 500 VAC; resist-
ance 100 milliohms to 20 Megohms;
AC and DC current, 1 microamp to

2 Amps. AC response, 30Hz to 50kHz.

Basic DC accuracy is +0.02% of input
=+1 L.s.d. for 6 months. Internal NiCd
battegf module and line cord recharger
included

MODEL 1450
4% Digit DMM
$325.00

The same specifications and features
as the Model 1455, line operation only.

MODEL 3400
System/Lab 472 Digit
$795.00

Model 3400 is the'world’s most accu-
rate systems/lab 4% digit multimeter.
It is a fully programmable system
multimeter and a highly versatile
stand-alone, autoranging laboratory
multimeter. Remote triggering will
allow 12 conversions per second.

Full 100% overranging, basic DCV
accuracy of +0.007% of input =1 Ls.d.
for 6 months, measures from *10
microvolts to +1,000 VDC, ACV from
10 microvolts to 750V, resistance from
10 milliohms to 20 Megohms, AC/DC
and DC/DC voltage ratio.

Also available with IEEE STD 488
interface unit Model 3410.

MODEL 3400R
With True RMS
$895.00

The same specifications and features
as Model 3400 but with TRUE RMS
AC Volts $895.00.

Also available with IEEE STD 488
interface unit Model 3410.
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MODEL 3500
5% Digit Precision DMM

$995.00

The Model 3500 is a full function, auto-
ranging DMM with 6 month basic

accuracy of 0.007% of input.20.001%
f.s. *1l.s.d. Remote ranging and trig-
ger, 20% overrange and ¥ inch
planor display.

* DCV =1 uV to #1000 volts. AC 1uV

to 700 volts. 30Hz to 100 kHz.

* Resistance 1 milliohm to 12 Megohm:s.
= 1000 MQ) Input Impedance through

10 VDC. 2 and 4 wire Ratiohmic™
Resistance Method. DC/DC and
AC/DC Ratio, BCD output and voltage
ratio are included at no extra cost.

MODEL 7500
5%z Digit Programmable
Systems Multimeter

$2995.00 Basic Price

Model 7500 is a 5%2 digit multi-speed
instrument that will perform a full
conversion 1000 times per second! It's
completely programmable in function,
range, mode, timing, and conversion
speeds. DCV accuracy is #0.007% of
input +0.001% range =1 l.s.d. for 6
months; sensitivity is rated at 1uV
and 1m{); DCV and ACV measure-
ment from 1uV to 1000V. A true univer-
sal ratiometer, Model 7500 enables the
user to choose both the numerator and
denominator independently, and
every measurement— DC Volts, AC
Volts, and Resistance — can be made
on a ratio basis to any other if desired.

Model 7500 provides for full incorpora-
tion into any computer-based, high-
speed, multi-channel automatic test or
ata acquisition system. In addition,
a broad range of standard options,
including built-in microprocessor-
controlled IEEE 488 BUS or RS232/
TTY Output.

COUNTERS

MODEL 585

Portable, 250 MHz, 8 Digit
Frequency Counter
$345.00

A completely portable— battery and
line operated — 8 digit frequency
counter, it will measure frequency
from 10Hz to 250MHz, always read-
ing directly in MHz, with correctly
ositioned decimal point. Resolution
.1Hz. It also has an excellent sine-
wave sensitivity (10m VRMS to
50MHz, 50m VRMS to 250MHz). Other
features: dual Input Impedance
(500/1IM()), an Attenuator, 3 gate times
and bright 0.3" LED display for opti-
mum re%iability. Includes NiCD Mod-
ule, Charger, and Carrying Case. Op-
tional antenna and other accessories.

Size: 5%"W x 134"H x 3%2"D
13.97 x 4.45 x 8.89 cm.

MODEL 5740
100MHz, 7 Digit
Multifunction Counter

$295.00

The Model 5740 measures Frequency,
Period, Period Average, Total Events
and Elapsed Time.

The Model 5740 measures: Sinewaves,
Square Waves, Pulses, Pulse Pairs,
Complex Waves ® Frequency: 5 Hz to
100 MHz; 10 ms/100 ms/1 sec./10 sec.
gate times, resolution to 0.1 Hz

* Period: %2 microsecond to 0.2 sec.

* Period Average: 10, 100 and 1000
periods ¢ Total Events: 0 to 9,999,999
(unlimited with “overflow” indicator)
» Elapsed Time: 0 t0 99,999.99 sec.
(27.8 hrs) * Sensitivity to 10mV.

For complete information on these

and other Data Precision instruments
or a demonstration, contact your local
Data Precision representative or Data
Precision Corporation, Audubon Road,
Wakefield, MA. 01880 USA (617)
246-1600. TELEX (0650) 949341.

All instruments under $500. available
from stock at local representatives.

EDATA PRECISION

...years ahead

DATA PRECISION U.S. REPRESENTATIVES
AL (205) 533-5896 MA  (617) 245-5940 NY (S) (212) 895-7177
AZ (602) 253-6104 MD  (301) 384-8500 OH (N)(216) 331-0900
CA (N) (408) 733-8690 MI (313) 482-1229 OH (S) (513) 433-8171
A (S) (714) 540-7160 MN  (612) 781-1611 OK  (918) 936-3631
CO (800)528-4512 MO  (816) 358-7272 OR (503) 223-7617
€I (203) 525-7647 NC (919) 787-5818 TX (N) (214) 234-4137

FL (N) (813) 294-5815

NJ (S) (215) 925-8711

TX(S) (713) 461-4487

FL (S) (305)491-7220 NJ(N) (800) 645-8016 TX (W) (512) 837-3881
GA  (404) 945-4222 NM  (800) 528-4512 UT (800) 528-4512
IL (312) 593-0282 NY (N) (315) 446-0220 VA (800) 638-2720
IN (317) 293-9827 NY (S) (516) 482-3500 WA  (206) 763-2210

CIRCLE NUMBER 19
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Protection that adds value. ..

Presto!

You've got
a better
product.

Your customers (and your boss) will love you for it. And
all you did was design in a Heinemann circuit breaker in-
stead of a fuse.

Clever indeed. Because a blown fuse means downtime.
If the customer can’'t solve the problem himself, or can't
find a spare, it means more downtime. And possibly even
a service call. That costs you plenty—in reputation as
well as money.

How good it is that an inexpensive Heinemann
breaker, doubling as a power switch for your front
panel, can turn that downtime into uptime...just one
more way our products add value to your products.

Find out more in your free Protector Selector—a
handy reference chart loaded with specs, capabil-
ities, and even dimension drawings for twelve top-
selling protector lines. Including electromechani-
cal, solid-state, and hybrid devices to protect all
manner of loads against shorts, overcurrent,
overvoltage, and undervoltage—singly or in
combination. Get it from your nearby Heine-
mann representative (listed in EEM) or Heine-
mann Electric Company, Trenton, NJ 08602.
(609) 882-4800.

another reason
Heinemann is
No. 1 in OEM circuit
protection

<=HEiINEMANN

We keep you out of trouble.

Factories in Trenton, Montreal, Dusseldorf,
Johannesburg, and Melbourne.

CIRCLE NUMBER 20
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Editorial

The smart executive

Charlie started a company some years ago and
it prospered. Under his guidance, it became the
leader in its field as sales grew almost every year
till they leveled off at about $10-million. Then the
growth stopped.

Well, not exactly. In a good year, sales would rise
to 11 or 12-million dollars, and in a poor year they
would drop a million or two. Meanwhile, other
companies passed Charlie’s company and, despite
his technical prowess, his company slipped to third
and sometimes fourth in its field. Charlie got upset.

Since he was responsible for the growth to $10-
million, he reasoned, others must be responsible for
the stagnation. So he spent lots of time issuing directives, shifting people around
and changing company policies. Mostly this didn’t accomplish much except to
disorient and demoralize his staff. Sometimes a policy shift brought more income
—more often it wreaked havoc.

Like most of us, Charlie had an ego. So it was almost impossible for him
to see that one of his policies could cause damage. Instead, he saw the problems
always in terms of poor execution or, simply, underling stupidity. To make
matters worse, he let his people know just how inept he thought they were.

But one day something remarkable happened. With an insight rarely granted
to most of us, Charlie was suddenly able to see himself clearly. He realized that
while he was really good at developing a company to $10-million, he was poor
at developing it further. So he appointed Jack to the presidency, then stepped
out of his way.

Though he insisted that Jack furnish regular and detailed plans and progress
reports, he steadfastly refused to interfere in the operations of the company.
When an engineer, out of habit, would ask Charlie to rule on something, he’d
always defer the decision with “Why don’t you talk to Jack about this? He’s
so good at these things.”

Charlie’s company is now up to $20-million a year, and everybody always
marvels at how brilliant Charlie was to appoint such a fine chief executive.
Everybody knows that Jack’s doing a fine job running the company. But there
are lots of fine company chiefs like Jack. The Charlies of this world are rare.
How many people do you know who are smart enough to say, “I wasn’t smart
enough to do this job, so I hired somebody smarter”?

"

GEORGE ROSTKY
Editor-in-Chief
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Introducing RM5 cores . . . another small accomplishment from The Cube.

Designing filters with standard pot cores? Or transformers with 3E2A material specs? And
you just don't have enough space for the core set, connection terminals and mounting clips.
We can make your job a little easier.

Save up to 40% of PC board real estate

Using our new RM5 square cores and bobbins, you can save up to 40% in mounting
requirements compared to standard pot cores. You save real estate with no loss in
performance specs. And, you save assembly time.

Like a pot core set, the square core is assembled from core halves enclosing a wound
bobbin. The wound bobbin is placed in the bottom core half; the top core is put in place; two
simple spring clips hold the set together; pins at the bottom of the clips fit the standard 0.1”
PC board grid, firmly anchoring the assembly. That's all there is to it!

The new RM5 square core give the circuit designer the same classic combination of high Q,
high stability of inductance, reliability and repeatability of characteristics as our established
RM®6 and RM8 cores. For filter applications it is available in 3D3, 3B7, 3B9 and 4C4 materials.
For transformer applications it is available in 3E2A material. And it is produced in ungapped,
fixed-gap and adjustable gap styles. For complete specs on RM square cores-bobbins and
hardware, call on The Cube.

FERHO)(CLBE Division of Amperex Electronic Corporation,

Saugerties, New York 12477 (914) 246-2811
A North American Philips Company

VTN
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You Don't Have

Rent'em From GE

Short or long-term instrument rentals give and one of them is near you. In addition to

you flexibility and economy. maintaining our Rental Inventory, they can

GE has over 9,000 instruments available for  also repair and calibrate your own equipment.
immediate shipment: oTek Scopes o Biddle Don't borrow someone else’s GE Rental
Megger Insulation Testers oH-P Signal Catalog. Call collect (548) 372-9900 or your
Generators o Honeywell Oscillographs nearest Sales/Service Center.

oComplete Data Systems o Esterline Angus

Recorders o GE Chart Recorders oModems (((Q“i‘K‘fQﬂlal@
oCommunication Terminals . . .all calibrated

to the manufacturer's specs. |nﬂrum¢|“$
We have over 100 Sales/Service Centers,

ALA. BIRMINGHAM (205) 925-3101 ® ARIZ. PHOENIX (602) 278-8515 or 8516, TUCSON (602) 294-3139 ® CAL. LOS ANGELES (213) 642-5350, SAN FRANCISCO (415) 436-9260  COL.
DENVER (303) 371-1260 « CONN. SOUTHINGTON (203) 621-4059 ® FLA. JACKSONVILLE (904) 751-0610  GA. ATLANTA (404) 457-5563 @ ILL. CHICAGO (219) 933-4500 @ IND. INDIAN-
APOLIS (317) 639-1565 ® KY. LOUISVILLE (502) 452-3311 @ LA. NEW ORLEANS (504) 367-6528 « MD. BALTIMORE (301) 332-4700 ¢ MASS. BOSTON (617) 396-9600 Ext. 160, SPRING-
FIELD (413) 781-1111 e MICH. DETROIT (313) 285-6700 Ext. 208 « MINN. MINNEAPOLIS (612) 522-4396 ® MO. KANSAS CITY (816) 231-4377, ST. LOUIS (314) 965-7115e N.J. CLIFTON
(201) 471-6556  N.Y. BUFFALO (716) 876-1200, SCHENECTADY (518) 385-2195 ® N.Y.C. CLIFTON, N.J. (201) 471-6556 ® N.C. CHARLOTTE (704) 525-0311 @ OH. CINCINNATI (513) 874-
8512, CLEVELAND (216) 523-6382, TOLEDO (419) 691-3501 ® OR. PORTLAND (503) 221-5101 @ PA. PHILADELPHIA (609) 424-4450, PITTSBURGH (412) 462-7400 ® TEX. DALLAS (214) 357-
7341, HOUSTON (713) 672-3570 @ VA. RICHMOND (804) 232-6733 « WASH. SEATTLE (206) 854-0211 ® W.V. CHARLESTON (304) 345-0920  WISC. MILWAUKEE (414) 744-0110
PUERTO RICO PONCE (809) 843-4225.

GENERAL 3 ELECTRIC
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The truth ahout
resistors:




THERE IS A

DIFFERENGE.

specify either silicone or vitreous

ings. Before you buy either coating, make sure
you talk to someone who knows both. Because
some companies that offer only one type of
coating would have you believe that silicone and
vitreous enamel work equally well in all appli-
cations and are therefore interchangeable.

Don't believe it.

The truth is this: many significant differ-
ences—in aging characteristics, resistance to
heat, puncture, overloads and mechanical
shock —not only can make a critical difference
in your product’s performance, but in your
company'’s reputation, as well.

Let’'s look at just one coating characteristic
that can make a big difference. Silicone coat-
ings tend to out-gas, giving off silicone vapors.
When a silicone-coated resistor is subjected to
heavy overloads, the coating can fail cata-
strophically in a cloud of smoke. But even in

company that offers both?

*After all, who are you going to believe? A company
that offers only silicone? Or vitreous enamel? Or a

Many telephone: ipment manu
have found, for example, that silicone depo
can foul relay contact surfaces, causing
expensive maintenance and trouble-shooting
headaches. So these manufacturers demand
vitreous enamel - coated resistors for critical
switching equipment.

Now, we're not saying that vitreous enamel
is always the answer. Some applications call for
vitreous. Some call for silicone. That's why
Ohmite offers both. We can show you where
one resistor works better and why; explain the
options, costs and trade-offs involved. In fact,
we can tailor a complete package to your over-
all resistive product requirements.

Before choosing one coated resistor over
another, talk to the people who know resistors
best: Ohmite¥*

Ohmite Manufacturing Company, 3601
Howard Street, Skokie, IL 60076; 312-675-2600.

MAKE UP YOUR OWN MIND

“#' Getacopy of our free brochure, “The truth about resistors:"
‘ It contains a wealth of performance characteristics and
application experience covering silicone and vitreous
enamel-coated resistors. Circle the reader service number
for your copy today.

CIRCLE NUMBER 834
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Allen-Bradley introduces a new rotary switch for the MOD-POT series. Designed for signal
level circuits. Tested for current levels as low as 15 milliamps, with 5-volt open circuit. Plus
new conductive plastic resistance elements with low turning torque for velvet-smooth
rotation. And CRV of typically less than 0.2%. Linear and modified log tapers (CW
and CCW) available from 100 ohms to 1 megohm. All feature smooth character-
istics, particularly at resistance roll-on and roll-off positions. Come to the
original source for MOD-POTS. We have what you need; our distributors
have them when your need is now. Ask for Publication 5217.

and low contact
resistance.

for low turning torque,
excellent linearity and
ideal roll on/roll off.

resistance track

rotary is embedded into
(CW or CCW actuation), substrate
push-pull or momentary
push. Gang switching
capability.
and concentric shafts 2 37, Choice of
also available. solder lug or PCB pins.

@ ALLEN-BRADLEY

s Milwaukee, Wisconsin 53204 —
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Electronic Design

A probing look at key instrument areas:

What's wrong withthe IEEE488bus. ..., p. 48
IRstrumeniS that CRECK INEIASEINES . . - . - . v« oo wos s uvmmssssisiusnnsanes s p. 56
Aroundup of Circt bOArd BESIerS. . . .. ..o cvvvivarsivisinansssinsinsss p. 64
Signal generators and synthesizers...............cccooiiiiiiiiiii p. 76
Temperature measuring instruments. . ..........coiii i, p. 86
John Fluke speaksonthevoltmeter. ...t p. 96
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ion on GenRads newe

1799

DlgltaI/Anang Test System

An integrated system designed as a hybrid tester

Until now, if you wanted a combined digital/
analog test system you had to choose
between a digital tester with some added
analog features or a powerful but expensive
digital/analog tester which may well have
had more capability than you needed.
GenRad has now solved this problem by
designing a fully integrated digital/analog
test system in the medium-price range. By
“fully integrated” we mean that the 1799
has been designed as a hybrid test system
rather than merely being an enhanced digital

test system—as most medium-priced hybrid
testers are. This means, for instance, that
the software and the hardware “talk” to each
other in an efficient manner, and that the
measurement “instruments” (in reality,
purpose-designed modules) are controlled by
high-level language statements rather than a
string of meaningless ASCII characters. This,
and many other benefits of the integrated
“second-generation” approach, makes for a
more cost-effective solution to your testing
problems.

The difference in software

300 BAKER AVENUE, CONCORD, MASSACHUSETTS 01742 + ATLANTA 404 394-5380 + BOSTON 617 646-0550 * CHICAGO 312 884-6900 » DALLAS 214 234-3357 « DAYTON 513 294-1500
CIRCLE NUMBER 843



Focus your atten

The
1795-HD
Logic Test System

High performance at low cost

The GR 1795-HD is a new breed of logic- be provided by a computer-controlled,
circuit test system. It contains the same simulator-based system. The 1795-HD is
program-preparation and diagnostic capabili- ideally suited for use in manufacturing oper-
ties as the world-renowned GR 1792-series ations, service depots, and in R & D where
with CAPS, but at a much lower price. Now, the simulator-based system is ideal for

for about the same initial investment ensuring that new designs possess a high
required for much simpler systems, you can degree of testability.

realize the cost effectiveness that can only

The CAPS VIII Test System software is available as an option with
each of these systems. CAPS is the most proven, the most accura
and the most widely used program-preparation and diagnostic softwa
for logic boards available in the world today. That's why we claim

CIRCLE NUMBER 842
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Track Down Your Faults With
A Bug Hound. The GenRad 2220 Bug Hound will track down your

shorts, opens, bad ICs, etc. in a fraction of the time it
takes you now, including those hard-to-find shorts be-
tween power and ground.

Even though your automatic board tester may be giving
you good diagnostics, it is still only telling you the elec-
trical location of the faults. Finding the physical location
can still be a time-consuming and expensive task. The
GenRad 2220 Bug Hound solves this problem by providing
the repair technician with a variety of testing techniques
in one self-contained little package.

It has a unique new phase-sensitive current-tracing probe*
which makes it easy to trace the correct track even when
many narrow tracks are running very close together. In
addition, it has a dc tracing capability, a connectivity tester,
an ac current source, and a dc current source.

The GenRad 2220 is easy to use and in most applications
will pay for itself in just a couple of weeks .

"Patent Pending

300 BAKER AVENUE, CONCORD, MASSACHUSETTS 01742
ATLANTA 404 3945380 « BOSTON 617 646-0550 + CHICAGO 312 884-6900 » DALLAS 214 234.1357
DAYTON 513 294-1500 + LOS ANGELES 714 540-9830 » NEW YORK (N Y) 212 964-2722, (N J ) 201 791-8990

SAN FRANCISCO 408 985-0662 + WASHING TON, OC 301 948-7071 « TORONTO 416 252-3395 « ZURICH (01) 55 24 20
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st PC Board Testers

The
1796
Digital/Analog Test System

An ATE system with large-scale integration of test capability

Complex digital boards using LSI chips such 1796. Its technical highlights include high-
as microprocessors, RAMS, ROMS, UARTS, speed digital driver/sensors (dc to over

etc. are no longer beyond the reach of PC 1.5 MHz), sophisticated analog stimulus and
board testers. To diagnose boards containing measurement modules, and a flexible switch-
such devices, GenRad designed a completely ing matrix and PCB interface capability.

new system from the ground up...the

R GenRad
Is the difference intesters

LOS ANGELES 714 540-9830 « NEW YORK (NY) 212 964-2722, (NJ) 201 791-8990 - SAN FRANCISCO 408 985-0662 * WASHINGTON, DC 301 948-7071 » TORONTO 416 252-3395 « ZURICH (01) 55 24 20
CIRCLE NUMBER 844




Standard mterface bus

What’s wrong with 488?
Not much, but. ..

involves a lot more than buying bus-com-
patible instruments and a controller, taking
them out of their boxes, plugging them together, and
turning them on. There are problems, most of them
minor. But being aware of problems before they
happen can save hours of troubleshooting time.
The major hassle with IEEE 488 is its generality.
While the standard writers tried to define the mechan-
ical, electrical, and functional elements that allow
instruments to communicate with each other over the
bus, they purposely avoided restricting the opera-
tional characteristics of bus-compatible instruments
so that an instrument using an IEEE 488 interface
doesn’t have to have a certain accuracy, speed, or set
of ranges.

l l sing the IEEE 488 standard instrument bus

Doing the same thing differently

This generality, unfortunately, also means that
different instruments are not prevented from doing
the same things differently. Where one digital multi-
meter might be programmed for the 10-V full-scale
range with a simple command, R10V, another DMM
might require a series of seemingly meaningless
alphanumeric characters.

Some examples of the commands needed to program
different manufacturer’s instruments are given in the
applications manual for the Model 4051 graphic sys-
tem controller from Tektronix Inc., Beaverton, OR.
For example, 280 PRINT @W,32: "F5.6TE3A1.23" sets
a Wavetek Model 159 waveform generator for a 5.67-
kHz sine wave with an amplitude of 1.23 V. A Fluke
Model 6011A synthesized signal generator can be set

Andy Santoni
Associate Editor
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for a 1.234-V, 5.678-kHz sine wave with a similar—
but not identical—command, 280 PRINT @F,32:
"5.6T8E3H1.234V.” But to set a Hewlett-Packard Model
3330B automatic synthesizer for 5.678 kHz at —9 dBm
requires an entirely different command, 280 PRINT
@H,32: "L5.678>N9<.”

Codes even more obscure than those are applied to
some frequency counters. To set a counter to remote
operation and measure frequency with a gate time of
10 s, among other parameters, requires 280 PRINT
@D,32: "FA+1,NNAY+Y,” for the Dana Model 9000
microprocessing timer/counter; 280 PRINT @F,32: "F
OR4” for the Fluke Model 1953A universal
counter/timer; and 280 PRINT @H,32: "ESFQOGO
E9I1J1” for the Hewlett-Packard Model 5345A elec-
tronic counter.

Besides shying away from limiting the operation
of an instrument, IEEE 488 was made general enough
to simplify adding a compatible interface to older
products, says Maris Graube, corporate interface
engineer at Tektronix. Older instruments that are
designed to communicate via relatively simple binary-
coded decimal ports cannot easily be converted to
IEEE 488 interfaces if the conversion requires a
change in the coding within the machine, says Graube.
“The tendency was to make the specification weak so
that previous instruments meet the standard.”

Flexibility isn’t all bad

The coding flexibility can also help the instrument
user, points out Don Loughry, corporate interface
engineer at Hewlett-Packard Co. of Palo Alto, CA. The
communications code can be chosen to take maximum
advantage of the interface bus.

In transmitting data from an autoranging digital
voltmeter, for example, both a floating point and
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exponential response can be the simplest and least
expensive to generate. Where very high speed is
required, as in a data acquisition system, fixed-point
numbers may be preferable.

Since the needs of the many engineers who join
instruments into systems differ widely, a fixed stand-
ard could not meet even a majority of those needs,
says Loughry. But a Recommended Practice is being
developed to cover preferred methods for coding data
for transmission on the IEEE bus. The document may
be in the final stages of publication before the end
of the year.

This addendum to IEEE 488 may solve another
data-coding problem: Which bit first? Data words are
sent over the bus’s eight data lines in a bit-parallel,
byte-serial format. But while the eight data lines
determine which bit is most significant, the standard
does not specify which byte—the first or last sent
down the line—is most significant.

The wuser must determine which order an
instrument’s manufacturer has chosen by carefully
examining the instrument’s instruction manual. The
system controller must then be programmed to or-
ganize the data bytes from each instrument in the
proper sequence before performing any other opera-
tions on the data.

The recommended method for transmitting data is
most-significant digit or character first, says HP’s
Loughry, and this technique will be incorporated in
the document now being prepared.

Instruction manuals provided with bus-compatible

More instruments are getting on the bus. In this Hewlett-
Packard 5341A microwave counter, the yellow-marked
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instruments also come under fire from some users.
Often, precious little space is devoted to explaining
how the bus operates and how the instrument’s quirks
affect its operation on the bus, says Dale Mack,
development engineer in switch design at Tektronix.
Worse yet, says Mack, most manuals have no sample
programs to help the user develop his own system.

Manuals should get better

Instruction manuals should improve as manufac-
turers gain more experience building and applying
bus-compatible instruments, and learn the best ways
to take advantage of the standard interface. Not only
that, but as more bus-compatible instruments are
designed, sections dealing with the IEEE bus in their
manuals will be improved versions of sections on the
bus in current manuals. Since instruction books are
usually written just as a product’s design has been
completed and production is about to begin, there is
rarely enough time to write a thorough document from
scratch. Instead, parts of previous manuals are re-
organized and rewritten to match the differences
between an older product and a new one, according
to the senior technical writer at one instrument
maker.

Yet another bus-related problem is EMI. But in-
corporating the standard interface into new instru-
ments rather than adding it on to older designs, may
help alleviate this bother.

Either the high-frequency square-wave clock of a

5 y*.

card handles the bus protocol and the red-marked card
converts data to a byte-serial, bit-parallel format.
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The bus puts it all together: A Fluke 5100A calibrator
provides signals and an 8500A DVM makes measurements

system controller or the clock signal built into an
instrument’s IEEE-488 interface-conversion board
can generate enough electromagnetic interference to
affect the readings of a very sensitive instrument such
as a microvoltmeter or a picoammeter, says Frank
Capell, product planning manager in the precision
instruments business unit at John Fluke Mfg. Co., Inc.,
Mountlake Terrace, WA. But newer instruments can
use the clock signal already in the product, instead
of generating it separately for the interface board.
This, along with more careful shielding, should help
minimize the EMI problem, says Capell.

A matter of interpretation

Manufacturers’ varying interpretations of IEEE 488
can also cause headaches, Capell adds. In one case,
the controller built by one manufacturer responds to
a request for service from a device on the bus when
it sees a transition from ZERO to ONE on the service-
request line. A controller built by another manufac-
turer responds to a voltage level on the service-request
line.

Until engineers closely examined its operation, the
former controller would intermittently fail to respond
to a service request. “When things were thrashing
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under the control of a Tektronix 4051. Here, they check
the calibration of a hand-held DMM.

around, the controller ignored the signal,” says Capell.
If the controller was busy when the edge occurred,
it missed the transition and could not respond to the
request. “The whole bus would hang up, waiting for
a response,” Capell recalls.

The devices on the bus all met the standard. The
controller met the standard. But problems still oc-
curred because of ambiguities in IEEE 488.

The document talks about sending messages, and
relates messages to specific voltage levels, notes HP’s
Loughry. The best way to guarantee meeting the spec
is to design equipment to respond to levels. But,
Loughry admits, “the way devices are built, they do
trigger on an edge.”

Different controllers also require different program
languages, points out Joe Flink, vice-president of
product development at Rockland Systems Corp.,
West Nyack, NY. While most use some version of
Basic, a fairly easy program language to learn, some
controllers use a completely different nomenclature.

“Each language has its own particular quirks,”
agrees Tektronix’ Graube. Different languages have
different advantages that can affect the ease and speed
with which a controller can perform a specific func-
tion, he says. These varying good points also make
it difficult to choose among the available products.

ELECTRONIC DESIGN 24, November 22, 1977



Computers are powerful controllers

The limitations on the IEEE-488 bus imposed by
the relatively slow speed and inflexibility of
calculator-based bus controllers can be overcome by
making a minicomputer or single-board computer the
core of an instrument system. Several suppliers make
interfaces to the standard bus:

s Hewlett-Packard, which conceived the bus sys-
tem, has been selling an interface package for its
21MX and 2100-series minicomputers through its
Data Systems Division in Cupertino, CA, since last
spring. Called the 59310B, the $1000 hardware and
software package enables a single mini to control
several instrument clusters, allows the user to prepare
programs on one terminal while the computer is

“I’m not sure how someone selects a controller without
a knowledge of computers,” says Graube.

Watch out for limits, too

While some difficulties with the IEEE bus stem
from a lack of specifics, some users feel that problems
may also be caused by restrictions the standard
document does have. For example, no more than 15
devices may be interconnected by one contiguous bus.
Moreover, the total transmission path length over the
interconnecting cables cannot exceed 20 m. And the
data rate across the interface on any signal line cannot
exceed 1 Mb/s.

These limits cover the majority of systems likely
to be tied together via a standard interface bus without
excessively high costs, says HP’s Loughry. Some

Basic-language programming and the standard bus sim-
plify assembling test systems like this one with a Systron-
Donner controller, DMM, counter, and power supply.

ELECTRONIC DESIGN 24, November 22, 1977

executing test programs from another terminal, and
operates with more than one programming language.

» Digital Equipment Corp. supplies the IBV-11 to
interface the firm’s LSI-11 computer systems to the
bus. The $750 package consists of a printed-circuit
card, a cable that ends in a 488-standard connector,
a software package and sample programs.

m Ziatech Corp. of Cupertino, CA, has developed an
interface card to tie the SBC 80 single-board computer
into IEEE-488 instrument systems. The ZT 80 can
plug directly into an SBC or MDS backplane and
handles interface actions with its own 8080 micro-
processor. An on-board memory on the $950 board
handles bus protocols and data buffering.

users, like Tektronix’ Mack, think the limitation on
the number of instruments could someday be a prob-
lem, though it hasn’t proven so yet. The largest system
Mack has so far put together, a tester for measuring
switch contact resistance and bounce, ties only five
instruments to the bus.

The bus’s speed is sufficient, says Mack, though
some of the instruments built to use the bus don’t take
full advantage. They take much longer than necessary
to acknowledge the receipt of commands or data, and
Mack would like to see manufacturers build-in faster
handshake logic.

Meanwhile, as if there weren’t enough problems, the
International Electrotechnical Commission has its
own version of the standard. So far, IEC’s Technical
Committee 66, Working Group 3, which was respon-
sible for drafting the document, hasn’t been able to
choose an appropriate connector. While most Ameri-
can representatives favor a 24-pin connector that is
common in the United States, some European manu-
facturers prefer a 25-pin connector more readily
available in Europe.

Which version do you use?

As it stands now, the IEC’s standard is identical
to IEEE 488, except that it lacks a mechanical section.
A separate document has been drafted to cover the
mechanical requirements of the standard bus, includ-
ing the 25-pin connector. But for the time being, users
of the standard bus must specify that products they
buy conform to IEEE 488. Products that comply with
another version of the standard, like the IEC’s, may
not meet the same requirements.

But even with the problems, most bus users are
happy with IEEE 488. “The fact that you can plug
things together easily is of enormous benefit,” says
Rockland’s Flink. “It’s not the best, but it’s certainly
a great step forward,” says Tektronix’ Mack. With a
little perseverance, an engineer can make good use of
the standard, they agree. am
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" New Dale MSP Networks let you
match profile, power and package to
meet your resistance needs.

Dale's new MSP single-in-line networks are
the shape of things to come in resistance.
Rugged. Machine insertable. And
available in your choice of profiles: .350"
with up to .3 watts per resistor or .195”
(.19 watts) to meet critical board spacing
requirements. Both are molded for

extra protection. Both give you the

kind of quality assurance we developed
for Dale’'s SDM —the first network to
meet MIL-R-83401. Sample the MSP now.
It's available fast in quantity from stock...
and it's only part of Dale's complete
line of SIP and DIP networks.

AVAILABLE FAST: .350” model (MSPXXXC)
available in 1 week from factory or from
distributor stock. 6, 8 or 10 pin models(-01
circuit) in 49 standard values. Consult
factory for fast delivery times on other
configurations and schematics.

APPLICATIONS: Standard circuit (-01) has

5, 7 or 9 resistors with 1 pin common.
Typical applications include “wired OR" pull-
up, power gate pull-up, MOS/ROM pull-up/
pull-down, open collector pull-up, TTL input
pull-down, TTL unused gate pull-up.

SPECIFICATIONS: Power: .350
model=.3 watts max. per resistor;

195" model=.19 watts max. per resistor.
Resistance: 3322 to 1 Meg. standard.
Tolerance: *2% standard. T.C.
*100 PPM/°C. T.C. Tracking:
50 PPM/“C. Operating
Temperature: —55C to +125°C

Contact your Dale Representative
or phone 402-371-0080

DALE ELECTRONICS, INC.

Box 74, Norfolk, Nebraska 68701

In Canada: Dale Electronics Canada Ltd
In Europe: Dale Electronics GmbH,

8 Munchen 60, Falkweg 51, West Germany
A subsidiary of The Lionel Corporation
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bale DIP Resistor Networks
meet your industrial and military
requirements—firom stock!

AVAILABLE FAST: Both MDP (molded)
and SDM (MIL-R-83401) immediately
available from factory or distributor
stock in 14 and 16 pin models. MDP
available in 49 stock values from

33Q to 1 Megohm, 2% tolerance, 100
PPM/ C. SDM available in 18 stock
values from 100¢ to 100K (2% toler-
ance, "'"M" or "K' levels)

STANDARD SCHEMATICS: 01
7 or 8 isolated resistors. 02 13
or 15 resistors with one pin
common. Applications include:
pull-up, pull-down, impedance
balancing and current limiting.
Other schematics also available
For SIP resistor networks, ask
about Dale's MSP. Available from
stock in 6, 8, 10 pin models.

If you're using, or designing-in, thick
film resistor networks —talk to Dale.
Our DIP team features the MDP, a rugged
new molded package ideal for low-cost
industrial applications plus our SDM,
the first dual-in-line network to be
qualified for MIL-R-83401. Both give
you time-saving availability from
distributor or factory stock in 14

and 16 pin packages with a choice of
two popular schematics. Write for
sample of the MDP. It's machine
insertable. .. interchangeable...and

very competitively priced.

Contact your Dale Representative
or phone 402-371-0080.

DALE ELECTRONICS, INC

Box 74, Norfolk, Nebraska 68701

In Canada’ Dale Electronics Canada Ltd
In Europe: Dale Electronics GmbH

8 Munchen 60, Falkweg 51, West Germany
A subsidiary of The Lionel Corparation

CIRCLE NUMBER 352



Quality Capacitors for the Automotive, Computer, Home Entertainment
and Industrial Electronic Industries:

Aluminum Electrolytic Capacitors, Ceramic Capacitors, Film Capacitors,Oil Filled Capacitors—without P.C.B’s,
Metallized Paper Capacitors and Wax Paper Capacitors

REPRESENTATIVES

ALABAMA
Interep Assoc.,
(205) 881-3677

ARIZONA
Chaparral-Dorton
(602) 263-0414

CALIFORNIA (Northern)
12 Incorporated
(408) 985-0400

CALIFORNIA (Southern)
J. J. Riley Assoc.
(213) 374-3468

COLORADO
Electrodyne
(303) 757-7679

FLORIDA (Northern)
This territory
available.

FLORIDA (Southern)
This territory
available.

GEORGIA
Interep Assoc.,
(404) 394-7756

ILLINOIS
Midwest Electronic Ind.
(312) 777-9700

INDIANA
Midwest Electronic Ind.
(317) 253-0590

Inc.

Inc.

IOWA
Midwest Electronic Ind.
(319) 362-4410

KANSAS
Dy-Tronix, Inc.
(816) 737-1100

MASSACHUSETTS
This territory
available.

MICHIGAN
Greiner Assoc.,
(313) 499-0188

MINNESOTA
Robert W. Marshall Co.
(612) 929-0457

MISSOURI
Dy-Tronix, Inc.
(314) 731-5799

NEBRASKA
Dy-Tronix, Inc.
(816) 737-1100

NEW JERSEY (Northern)
Dolan Assoc.

(201) 382-2797

NEW JERSEY (Southern)
BGR Asso

(215) 657-3301

NEW YORK (Bohemia)

Migtra Electronics
(516) 567-3555

Inc.

NORTH CAROLINA
Component Sales
(919) 782-8433

OHIO (Cleveland)
KW Electronic Sales, Inc.
(216) 831-8292

OHIO (Dayton)
KW Electronic Sales, Inc.
(513) 890-2150

OHIO (Worthington)
KW Electronic Sales, Inc.
(614) 888-0483

PENNSYLVANIA (Eastern)
BGR Assoc.
(215) 657-3301

PENNSYLVANIA (Western)

KW Electronic Sales, Inc.
(412) 487-4300

TEXAS
William Reese Assoc.
(214) 638-6575

UTAH
Electrodyne
(801) 486-3801

WASHINGTON
Ray Over Sales
(206) 454-4551

BRITISH COLUMBIA
(Vancouver)

Ray Over Sales

(206) 695-6179
DISTRIBUTORS

West Coast

LOS ANGELES, CA
JACO Electronics
(213) 887-6400
PALO ALTO, CA
Eric Electronics
(415) 969-4500
SEATTLE, WA

Bell Industries
(206) 747-1515
Midwest
BEACHWOOD, OH
Sheridan Sales Co.
(216) 831-0130

CHICAGO, IL

Hall Mark Electronics

(312) 437-8800
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CHICAGO, IL

Midwest Electronlc Ind.

(312) 777-97

DALLAS, T.
Hall Mark Electronics
(214) 231-6111

DALLAS, TX
KA Electronic Sales
(214) 634-7870

DAYTON, OH
Sheridan Sales Co.
(513) 277-8911

FARMINGTON, MI
Sheridan Sales Co.
(313) 477-3800

FLORISSANT, MO
Sheridan Sales Co.
(314) 837-5200

INDIANAPOLIS, IN
Sheridan Sales Co.
(317) 547-7777

MINNEAPOLIS, MN
Hall Mark Electronics
(612) 925-2944

OVERLAND PARK, KA
Sheridan Sales Co.
(913) 383-1636

READING, OH
Sheridan Sales Co.
(513) 761-5432
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East Coast
HUNTSVILLE, AL
Hall Mark Electronics
(205) 539-0691

FT. LAUDERDALE, FL
N.R.C.

(305) 792-2600
ORLANDO, FL

Hall Mark Electronics
(305) 855-4020

HAUPPAGUE, LONG IS.
JACO Electronics
(516) 273-5500

BOHEMIA, NY
A.D.l. Electronics
(516) 567-3555

PHILADELPHIA, PA
Hall Mark Electronics
(215) 355-7300

PITTSBURGH, PA
Sheridan Sales Co.
(412) 244-1640
Canada

MONTREAL, QUEBEC
Audio Eloctronlcs. Inc.
(514) 735-6197

TORONTO, ONTARIO
Audio Eloctmlcc. Inc.
(416) 459-0720
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Amphenol® 1T/-Series
rear-release
connectors,
ontacts, and

Now with
insulation-support
crimp-contact

back end.

You asked for it. With our 17-Series, you can crimp any
conductor size from 22 to 26 AWG and also crimp the
insulation up to a maximum of 0.050” OD.

The connectors are 50% less costly to assemble. Snap
several of our crimp Poke-Home® contacts in place in the
time it normally takes for a single contact inserted with a
tool. You can cut labor costs in half.

The contacts mean big savings for volume users. With our
15,000-contact capacity reels, you can save a bundle over
loose contacts.

Our high-speed crimpers lower costs even more. Com-
pletely eliminate stripping with our stripper-crimper (up
to 1500 terminations per hour). Our semi-automatic
crimping machines handle up to 2000 terminations per
hour. And our new hand crimp tool makes accurate,
identical crimps —time after time.

Get them all —connectors, reeled contacts, crimpers.

And get them now. For more details, call: Bob Ashley,
(312) 986-3673 or write: Amphenol North America Division,
Bunker Ramo Corporation, Dept. C17B, 900 Commerce
Drive, Oak Brook, lllinois 60521.

The right idea
atthe
right time.

AMPHENOL (=)

CIRCLE NUMBER 24

Hand crimpers
and semi-automatic
crimping machine.
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Self-testing

What's wrong with your
instrument? It may tell you

communiqué from James Bond, but en-

crypted messages sent by ailing test and
measuring instruments. Indeed, equipment that can
calibrate, correct, test or diagnose itself—and tell the
user what’s wrong—may soon become commonplace
as the latest spectrum analyzers, digital voltmeters,
logic analyzers, X-Y recorders and other instruments
move into lab, field and production. The benefits of
such equipment are many; the disadvantages seem
few.

Among the advantages: Calibration and main-
tenance are simpler, calibration periods are longer,
troubleshooting is easier, and down time is shorter.
In addition, users have more confidence in instrument
measurements especially in unattended or automatic
measurements. And in some cases, instrument per-
formance is boosted.

The disadvantages aren’t as easy to spell out, but
a few critics of self-test say that the benefits are costly
and don’t necessarily justify the extra expense. Propo-
nents reply that self-test mostly comes free. However,
the two sides agree that not every instrument lends
itself to self-testing.

“E 77, 4D01, +0.09032....” This isn’t a coded

Candidates for self-analysis

For example, equipment that is mainly analog in
nature, like scopes and signal sources, doesn’t. But a
digitally based instrument, like a logic analyzer or
DVM, does. Instruments that carry some sort of
processor are natural candidates for self-analysis. In
fact, the rise of self-calibration and diagnosis goes
hand-in-hand with the rise of so-called “smart” test
equipment.

Certainly, the introduction of microprocessors into

Stanley Runyon
Senior Associate Editor

56

e - S

some T & M equipment is questionable. But once the
uP is tucked inside, it can easily make decisions and
provide the control switching and storage needed for
diagnostic routines and correcting errors.

One of the first instruments to feature uP-controlled
self-calibration and diagnosis is Systron-Donner’s
7115 5-1/2-digit DVM. In the 7115, autocalibration
reduces the number of possible error-producing com-
ponents from about 33 to just four resistors and a
voltage reference. Autocalibration occurs auto-
matically at power up, or after every 100th, 1000th,
or 10,000th measurement (as the user desires), or on
an external command.

During autocal, the 7115’s 4004 uP makes 16 meas-
urements that cover all the zero and full-scale points
of all modes and ranges. The results of the meas-
urements are stored as constants, which are applied

Diagnostic decisions: After the Tektronix 851 tests other
equipment, it can help test itself. Just plug in the probes,
step through the function switch and read the display.
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to a universal correction equation to give the final
reading.

The constants also play a part in fault diagnosis.
They take on predetermined error ranges based on the
maximum expected drift caused by aging, tem-
perature and other factors. If a constant exceeds the
preset range, a warning indicator lights or an electrical
flag is set. In effect, the instrument tells the user:
“Investigate me; I might fail.”

To check out the warning, a user lifts the 7115’s
cover, operates a diagnostics switch and, at the touch
of a button, calls up each of the calibration constants
for display on the unit’s front-panel LEDs. A trouble-
shooting chart then directs him tc a failed or sus-
picious board or component. Additional internal LEDs
—34 of them—indicate operational status or possible
failures.

To uP or not to uP

A microprocessor isn’t mandatory for self-test,
however, as Hewlett-Packard aptly demonstrated five
years ago in its Model 3490A DMM—perhaps the first
such instrument with extensive, built-in diagnostics.
At the flip of a switch, the 3490A checks its timing
signals and autoranging circuits, validates most of its
logic, checks its 6-digit display, and displays results.
The key? A microprogrammed, 4096-bit ROM.

HP’s latest systems DMM, the uP-based 3445A,
goes even farther, with both autocal and a test
function. In the 3445A, only four manual calibration
adjustments are necessary—two each for de volts and
ohms. They are made on a rear-mounted plug-in

Self-test in the HP 1602 logic-state analyzer provides
verification of both operation and diagnostic routines.
Error messages are displayed on the unit's readout.
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reference module that can be taken to a calibration
lab without disturbing the input connections.

Since the modules are interchangeable, the DMM
can go right on working once a spare module is plugged
in. With the new module in, the instrument proceeds
to eliminate gain and offset errors from its meas-
urement results. How often depends on the DMM’s
operating mode.

When the 3445A is placed in the self-test mode, it
compares all its autocalibration measurements
against internally stored limits. If a measurement is
out of tolerance, a number between 1 and 15 is
displayed to indicate the source of the problem. A
troubleshooting chart then points the way to the most
probable cause.

Another systems DVM—from the industry leader
in DVMs, John Fluke Manufacturing Co.—offers
something called calibration memory. The feature is
an option in its 8500A, an advanced bus-structured
instrument in which each of the various functions, or
modules (de conditioning, ohms, ac, a/d conversion,
ete.) resides on an I/0 bus, each with its own address.

For every range and function, the calibration memo-
ry contains adjustment factors, which are obtained
by taking readings at cardinal points while the instru-
ment is in the cal mode. Once the range-cal error is
in storage, the unit automatically computes the
needed zero-to-end-scale correction and adds or sub-
tracts it from the display.

When the 8500A is switched off, the cal correction
can remain in storage for at least 90 days, taking
power from an internal back-up battery. As a result,
the unit can stay in the field longer before it is brought
in for calibration certification.

Correction factors for zero drift, standard in the
Fluke unit, are also stored. The zero offset in the most
sensitive dc range is keyed into memory with a single
stroke. Once stored, the offset disappears from the
display and is automatically eliminated from all dc
and ohms readings.

Getting better

Fluke’s DVM is one example of performance being
boosted by error-correcting techniques. The 8500A
converts its input signals to digital form with a
modified version of the company’s well-known
recirculating-remainder technique. The modification
speeds up conversion tenfold by subtracting or adding
correction values during successive steps in the con-
version process. Interestingly, the 8080 uP in the
8500A doesn’t take part in the bidirectional correction
technique.

Although the 8500A doesn’t carry extensive self-test
features, it can show any of 10 different error codes
to identify some operator mistakes or internal hang-
ups. For instance, if the filter module doesn’t complete
an I/0 handshake, the DVM will so indicate. If the
operator selects an invalid function—for example, a
current measurement without a current-shunt module
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—an error will be displayed and operation may be
halted until a correct selection is made.

Another instrument is smart enough to test itself
before it goes to work—the 4662 interactive digital
plotter from Tektronix, the first one able to talk back
to its host controller. When the 4662 is powered up,
it automatically checks its RAM buffers and the ROM
holding the controlling program. Then the pen moves
automatically to the lower right corner to locate a
reference, and the selected interface is enabled. Should
an error be detected, the 4662 sounds a plotter bell.

Another self-test in the Tek plotter runs through
a predetermined plot that lets the user examine all
mechanical and electrical functions, excluding the
interface.

If self-calibration makes a user more confident
about an instrument’s accuracy, and self-test ensures
that an instrument is within specification, then the
next giant step—self-diagnosis—makes life easier, if
not for the user, then certainly for service personnel.
This capability is demonstrated by some Hewlett-
Packard logic and spectrum analyzers—instruments
with perhaps the most extensive self-test and
diagnostics available.

No price for self-analysis?

The HP instruments are evidence that diagnostics
is not only a necessity in complex equipment, but that
it is almost free if it is made part of a design right
at the start.

Only 700 bytes of memory plus one I/0 bit are
needed for self-test in the 1602A, HP’s latest logic-
state analyzer. This feature costs only $20 or $30 in
an instrument that goes for $1800. The 1602 runs about
35 self-tests on power up to check ROM, I/0,
read/write memory and other parts. If all is OK, all
the LEDs light (all segments). If a failure shows up,
the 1602 takes note, completes the remaining tests,
then blinks an error message—E99.

To find out what failed, the user presses the “d”
key, which causes the self-test to repeat. The 1602
stops at the first failure, and displays a detailed error
message along with various test parameters. Pressing
any key steps the self-test to the next test segment.

The 1602's keyboard can also be tested—with the
1602’s help. Power is cycled off, then on, with the “C”
key depressed, and resident diagnostics are called up.
Then all 35 keys are pressed in a predefined order.
A failed key produces an error message.

Another HP logic-state analyzer, the 1611A, also
checks itself when the power goes on. It performs a
checksum to verify its ROM contents, writes a test
pattern to its RAM, and reads the pattern back to
check accuracy. If all’s well, “SELF TEST COM-
PLETED” is written on the unit’s CRT—all under the
control of a microprocessor.

Self-test in logic analyzers was originally intended
to be part of the service procedure, according to Al
DeVilbiff, design engineer for HP. But so well did the
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Without opening the cover, the user of this advanced HP
spectrum analyzer (top) can check operation and localize
failures. Data for correcting amplitude and frequency
uncertainties can be measured, stored and displayed on
the units own screen (bottom).

feature work—and inexpensively—that it is now
aimed at users as well as service people.

Hal Goldberg, president of Data Precision, a noted
test-equipment vendor, considers self-test useful in
complex or automatic test equipment. But in other
cases, it's a marketing ploy, not worth the extra
money. Goldberg, too, sees service technicians and
repair shops as the main benefactors.

Bill Giles, chief engineer for DVMs at Systron-
Donner, believes that self-diagnosis at least should be
incorporated only where applicable and aimed at
service personnel who know what they’re doing, not
uneducated operators who may foul up the works.
Otherwise, Giles feels, self-diagnosis, too, is simply
a marketing gimmick.

Although self-test appears natural for some instru-
ments, there may be a natural reluctance to offer the
feature for another reason: It may be too effective.

Too much of a good thing?

When an instrument tests itself without being asked
each time it’s turned on, “minor” failures may be
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indicated a bit too often. An untrained operator may
interpret an error message to mean that his machine
is broken, whether it is or not. And one thing manufac-
turers don’t want is an increased warranty return
rate.

Of course, self-test can be aimed at the major
functional blocks, and the nitpicking ones eliminated
from the instrument’s repertoire. But with complex
equipment, defining what constitutes a failure may
not be so easy. And as HP’s DeVilbiff points out, self-
test can be better than human observation because
a human’s ability to recognize patterns is limited. On
the other hand, a uP may not ignore a pattern seen
as innocuous by a human.

Superior or not, self-test hasn’t reached the point
where troubleshooters can throw away their scopes
and pulse generators. Far from it. Calibration labs
needn’t worry, either. Standards must still be kept
and equipment calibrated to those standards. And
many instrument makers, Philips Test and Measuring
Instruments for one, don’t offer the feature.

Stu Rauch, product engineer at Philips, puts self-
test into perspective: “It’s not really valid in, say, an
oscilloscope unless the scope has digital data-domain
techniques or storage. But with instrument systems
or logic analyzers, self-check is easy to do without
adding a lot of hardware. Calibration, however, is
another story. That’s a matter of strict design.”

When asked if the recent appearance of uPs in
scopes heralds the coming of self-cal in that breed of
test instrument, Rauch declared that “uPs are appear-
ing in scopes for one reason—they’re a hot item, a
user confusion factor, like fins on cars.” Unlike scopes,
however, spectrum analyzers are likely candidates for
self-analysis, according to Rauch.

As a matter of fact, Hewlett-Packard has un-
wrapped a top-of-the-line spectrum analyzer with
extensive self-cal and diagnostic features. As complex
a free-standing instrument as is likely to be found,
the HP 8568A sports not one but three internal
Processors.

Self-improvement is the best kind

Among the 8568A’s “introspective” features are
automatic calibration and correction for certain
sources of amplitude and frequency uncertainty and
a host of service aids that help localize hardware
failures. With self-correction, amplitude uncertainties
plunge from +3.6 dB to a low +0.4 dB. With its other
inaccuracies added in, the HP unit measures down
to —70 dBm with a total accuracy of +2 dB, and to a
rockbottom +139.9 dBm, with 3-dB accuracy. These
routine measurements require none of the elaborate,
painstaking procedures usually associated with such
signal analysis. Frequency correction is also routine.

For self-diagnosis, the HP analyzer exercises its I/0
bus on turn-on, displays the status of various circuits
on its CRT and offers shift-key functions for other
checks. On top of these capabilities, the instrument
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Self-calibration in a smart DMM consists of removing a
reference module (top), adjusting the ohms and dc V
functions, and replacing the module. You then hit the auto
cal button (bottom), and the unit quickly corrects itself.

is designed for servicing with a desktop computer and
with signature analysis, an HP troubleshooting tech-
nique that is rapidly finding its way into much of the
company’s new equipment. The 1611A logic-state
analyzer also uses it. (For a detailed description of
signature analysis, see ED No. 7, March 29, 1977, p.
19).

Meanwhile, various forms of self-test or self-cal
have found their way into a wide variety of products.
The line-up includes counters like Dana’s 9000 micro-
processing counter-timer, gauging systems like
Moxon’s 360 multipoint gauger, component testers
from GenRad and an all-in-one digital tester, the
Tektronix 851 multimeter/counter-timer/logic indica-
tor.

What's next? Taking a cue from the available
bibliography on redundant circuits, and considering
the ever-increasing density and continually plunging
prices of ICs, it isn’t too hard to envision an instrument
that can repair itself.

Sounds crazy? At least one engineer, HP’s Mac
Juneau, doesn’t think the idea is far-fetched: “With
LSI chips as big as the ones now coming out, I'd be
very surprised if we didn’t end up with, say, voltmeter
front-ends that could be switched out if tested bad,
with a new front-end switched in. The instrument
could change its own parts automatically—all you
need are a couple of scanning switches.”

DVM, heal thyself.am
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Engineers looking for
new and iInnovative
switching come to AMP

Because we keep an
_eye on the future.




We started with the world’s first miniature Dual In-line
Package switch and now have types ranging from new
mini-matrix slide switches and coded rotary switches to LED
and side-actuated DIP types, to name a few.

And as we have from the beginning, we stand behind every
one of them, new or old, with an offer of solid, technical
support. Not because they need it. But because we believe
you as an engineer, are entitled to it when you innovate.

It’s the kind of full support that says we’re ready to work
with you not only in product application and production but
even earlier, in research and development, if you desire.

And we think you’ll find it a good way to keep an eye on
the future of switching.

Among the most popular of our “future” switching
innovations is the unique Mini-Matrix Slide Switch.

It’s especially useful for logic level matrix, switching
applications. And our new programmable DIP Shunts offer
another easy way to program manually. By simply opening
or closing conductive straps.

But perhaps the most revolutionary switch of all is our
unique, patented coded rotary switch. It switches the circuit
instead of the contacts. Just as new, is our DIP Network
Switch. It’s designed for use with thick film capacitor and
resistor chips for impedance switching and time delay
functions.

As you can see, there are many more switching innovations,
like our Standard Rotary switches and Pull-to-set types.
For more information, just call AMP Customer Service

at (717) 564-0100. Or write AMP Incorporated,

Harrisburg, PA 17105.

AMP has a better way.

ANMP

INCORPORATED

CIRCLE NUMBER 25

AMP is a trademark of AMP Incorporated




Al E YOU STII.L PROGRAMMING MOS
PROMS ONE AT ATIME?

Now you can increase production and attain Continuity Test. Insures that the
higher yields with Data [/O’s new Model 16 programming circuitry —including cables,
MOS Programmer. connectors, sockets and PROM pins—are
The Model 16 programs up to sixteen MOS  properly connected. Also insures that all PROMs
PRODMs in parallel and provides the highest are operational prior to programming.
possible production throughput for the new Checksum. Guarantees that all data
16K PROMs. The Model 16 also programs transters are error-free.
smaller PROMs such as 2704 and 2708. And to Calibration. No extra equipment is
help you reduce production costs and increase required. A calibration mode provides indica-
yields the Model 16 gives you three important tion that system is operating and in compliance

new benetits: with PROM manufacturers specifications.

B Production throughput never
---------------- i before attainable. We'd like
to tell you more. This fact filled

tabloid gives you valuable informa-
tion about PROM programming
1H"hl]&)lu<;1\' To get your copy,

ircle reader service number or
contact Data [/O Corporation,
PO. Box 308, Issaquah, W
98027. Phone 206 »1‘,5"»-3’1%)0

THE PROM PROGRAMMER PEOPLE.

For more information, Circle No. 180.



Fluke Sponsors
New Series:

“One Great Family”

Tired of Reruns?

Fluke counters with a new series in the 5 Hz-520 MHz/time
slot.

If you're paying over $345 for a counter and getting fre-
quency only, tune in on our new 1900-series of priced-right
multicounters.

Five different models offer both time and frequency, with
award-worthy performance and features; the ratings are
terrific!

New Time and Frequency.

Last year’s hit, the model 1900A, set the stage for this new
series of multicounters by offering frequency, period, period
average and totalize standard in one great counter.

Now all models in the series offer comparable features and
value, with autoranging and autoreset as well.

Most models feature a trigger level control and battery
option for reliable field use or
line-cord-free bench operation. |
All typically have a 15 mV sen-
sitivity (guaranteed on most!),
plus a 0.5 ppm/month time base
for long-term stability.

The Price is Right.
From this shared base of
solid performance features,

we’ve built a series of counters with one model just right for
your needs.

The new 1912A, with a 520 MHz range and an extensive
package of standard features, offers more capability for $620*

1 than you're likely to find any-
where. For 250 MHz measure-
ment perfection, the 1911A
multicounter is a best-buy for
only $495*

Forlowerfrequency (125MHz)
applications, specify the 1910A
for $395* The 1900A, years
ahead in value, has been re-
duced to $345* for even more
cost-effective 80 MHz measurement.

For rugged environment applications in the 125 MHz area,
you’ll want the 1925A with its RFI shielding and dust-resist-
ant steel case. $750* (For only $225* more, a special prescaler
option extends the 1925A’s range to 520 MHz.)

Tune In and Count.

Call (800) 426-0361, toll free, for the location of the closest
office or for complete technical literature. Then stop in for the
great family picture, and review the extensive option list for
better TCXOs, data outputs, and more. John Fluke Mfg. Co.,
Inc., P.O. Box 43210, Mountlake Terrace, WA 98043.

*U.S. price only.

Command Performance: Demand Fluke Multicounters.

FLUKE

2109-7003

CIRCLE 226 FOR LITERATURE
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Board testers

Testing circuit cards
can be a ‘monstrous’ job

on’t envy the engineer or manager responsible
D for circuit-card testing. Thanks to large-scale

integration (LSI), today’s cards are as complex
as yesterday’s complete systems. Circuits that for-
merly took up several complete cards are now
squeezed into single chips—computers, data-acquisi-
tion systems, UARTSs and phase-lock loops, to mention
a few. For boards containing combinations of these
IC monsters, designing efficient test systems often
rivals the design effort for the board itself.

And that’s only for testing. Many boards fail—and
their faults must be identified for repair.

Of course, the cost of the testing and repair must
be kept low. So ideally, testing, fault isolation and
repair should be done rapidly by minimally trained
unskilled workers. A system that allows untrained
personnel to test and repair cards efficiently must be
on-line as card production starts. So, test systems have
to be finalized after cards are frozen, but before
production starts—usually in a few hair-raising
weeks. Even after production starts, cards frequently
are redesigned, so the test system must be quickly
changed.

Production-test engineers are now understandably
asked to look to the future as well as the present. So
all hardware and software bought or developed today
should, with only minor modifications, serve for years
to come—hopefully.

Technology to the rescue

Dedicated testers built in-house and with limited
capability were once the mainstays of every
production-test department. But now commercial
general-purpose machines with great power and flex-

Sid Adlerstein
Associate Editor
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Teradyne’s L125 Circuit Diagnostic System has two major
configurations—one for digital boards, one for mixed
analog-digital boards. By following instructions from the
CRT, the operator works with the system's guided probe.

ibility abound. There are functional testers that check,
via edge connectors, that boards perform their re-
quired system functions. And there are in-circuit
testers that check individual components and connec-
tions. In fact, today’s in-circuit testers handle boards
containing the most complex LSIs, including micro-
processors—and at high throughput rates, too.
Unlike the dedicated testers of the past, which
usually died with the product they were designed for,
the versatile instruments of the present test a multi-
plicity of boards. There are testers, not only for analog
or digital circuits, but for mixed boards as well.
The versatility of most modern card testers comes
from their internal computers, which vary in size and
capability from microprocessors to the largest minis.
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The more powerful computers enable test systems to
organize test results and present them for statistical
analysis. Many computer-based systems provide data
logging, inspection and failure-diagnosis reports.

But you don’t need a baseball bat to swat a fly.
GenRad uses its 2220 Bug Hound to pick up where
the automatic-test system leaves off. With the device’s
current-tracing probe, a technician can locate shorts,
opens, malfunctioning ICs and other common PC-
board faults. When tracing a fault, the probe itself
guides the technician with indicating LEDs and
audible tones. The Bug Hound contains a micro-
voltmeter with two single-point probes, a 10-mA dc
source and a conductivity tester.

Also notable among the smaller testers are
Testline’s Short-Stop and Short-Stop II. With these
off-line devices, an operator can quickly locate short-
circuits for repair, or troubleshoot pesky wired-OR
buses that make uC cards a minefield for testing.

First get the shorts out

But before the cards are tested, Teradyne advises
that high-production runs be screened—by its L427
and L429 testers, of course—for those last few shorts
that are left on a wave-soldered board after the
obvious ones have been removed at visual inspection.
These testers require no programming. They make
contact with each circuit stripe and component pad
by means of a “bed-of-nails” fixture containing “pogo”
(spring-loaded) pins.

The 1427 costs $13,000, and handles 60,000 boards
in one shift-year. The 429 handles 240,000 boards in
a shift-year and, of course, costs more.

Other testers work even earlier in the card-produc-
tion cycle. The FACT system by Hughes Aircraft tests
boards even before their components are inserted. The
pogo-pin field of FACT’s bed-of-nails test head mates

A software simulator generates programs capable of
testing 360 points on a UUT approximately 10,000 times
a second on the DTS-70 from HP. Boards containing 220
MSIs can be tested with programs that an experienced
person can prepare in about two weeks.

with the board under test through a glass-epoxy mask.
A separate mask must be drilled for each card. The
bare boards are tested for continuity and leakage
under automatic, semiautomatic or keyboard control.

Functionally, these testers are simple—but not
cheap. Systems with 500 to 1200 terminations cost
from $35,000 to $45,000. A bed-of-nails fixture with
3000 terminations (not all are used in any one test,
of course) costs between $18,000 and $30,000. Test
heads cost $2 to $3 per point, and product-holding
plates between $300 and $1500.

But once circuit cards contain their components,
testing can get complicated. So logic simulators have
been developed to make it easier. These sets of
computer programs can imitate a circuit’s response
to a set of stimuli.

Since logic simulators contain a library of device
characteristics, a device familiar to the simulator need
only present its designation and interconnections to

The Autotrack option for the Fluke Trendar 3040A pro-
vides computer-guided diagnostics that allow a non-
technical operator to troubleshoot even complex boards.

Once the defective circuit node has been isolated, the
display presents a generic diagnostic message. The printer
delivers a message that actually locates the fault.
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the tester. From these simple data the programs
develop the responses of the simulated unit under test
(UU).

One simulator-based system is GenRad’s 1795-HD.
In its learn/test mode, this system creates test pro-
grams automatically, using known-good reference
boards as criteria. Once all internal nodal values of
a reference board are recorded on a disc, the board
becomes superfluous.

The DTS-70, a digital PC-board test system from
HP, has a simulator-based test-program generator,
Testaid III, which works into the system’s automatic
test-pattern generator. For programming ease, this
tester offers three languages: Basice, Fortran and the
company’s own.

Simulator-based card-test systems are usually large
and complex. The DTS-70 includes an HP 1000 com-
puter that operates under a real-time-executive oper-
ating system. This multiprogramming software per-
mits both multiple-terminal and multiple-test-station
operation. The computer can also manage the test-
data base.

Simulator-based machines aren’t cheap. The Gen-
Rad 1795-HD, for example, starts at $50,000.

Simulators check inputs

But logic simulators can do more than just mimic
circuits—they compare the simulated outputs of both
good and faulty boards for a given test pattern. This
way, the simulator checks the usefulness of input
patterns.

During test-pattern development, the results of this
simulated monitoring are fed back as a list of undetec-
table faults—on a CRT or as hard copy. The number
of faults not subject to scrutiny is then reduced by
changing the input test patterns. When the level of
detectable faults is acceptable, the test pattern is
frozen.

To check the testability of board designs, the
simulator-based GenRad 1795-HD uses its CAPS
program-preparation and diagnostic software. By
simulating proposed logic, it exposes design in-
consistencies and analyzes logic and test programs
even before the board prototypes are available.

Automatic program generation is a feature of the
Auto-Learn software for Mirco System’s Series 500
testers. These instruments use time-nodal signature
testing from a known-good board for initial set-up.
Test execution is from a stored test program. But the
system’s control uP can’t do all that’s required by itself
—a technical operator must help.

Fault simulators test testers

After initial test programs are developed, a fault-
simulation program sequentially faults each IC input
and output while test patterns are run. This process
checks the thoroughness of the testing by seeing that
errors propagate to the board-edge connector. Fault
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simulation, as implemented by Data Test in its 5800
Series testers, requires the operator to place the Test
Clip probe in sequence on each IC of the UUT. When
the test program must be changed, the operator is
alerted instantly.

For microprocessors and other bus-oriented
circuits, Computer Automation’s Capable Model 4400
automatic test system identifies the signal bus closest
to the fault, be it a component or a production defect.
Then the AFR fault-resolution system, a combination
of hardware and software, presents step-by-step in-
structions to an operator via a video-display terminal.
These instructions tell the operator where to place the
system’s current-sensing probe while the system in-
jects controlled-current pulses into the signal bus.
Both the current pulses and the probe are software-
controlled.

The operating principle of this level of fault isolation

There's so much testing power built into Tektronix’s
$-3260 that it can test complete boards as well as ICs.
All that's needed is an additional test fixture.

is that any defect will either source or sink an
abnormal current. The controlled current pulses are
injected into the circuitry via the system’s clip feature,
which is first used without the probe to isolate the
bus carrying a fault. The AFR costs $7200 as an option
to Capable Model’s 4400 family of logic testers.

Hundreds of device-testing subroutines are con-
tained in Faultfinders’ Faults II software test-pro-
gram generator for the FF101C and FF303
minicomputer-based in-circuit testers. Test programs
generated by Faults II can isolate shorts, opens, or
components that are bad, wrong, misoriented or out-
of-spec.

The program-generation software, Z-Pact, fo
Zehntel’s Troubleshooter 400 in-circuit tester, derives
a fully formatted test program for cards containing
both analog and digital components. The only input
Z-Pact uses are a list of the components and their
locations. The software interacts with the UUT to
correct the test programs. To interact with the tester
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via a CRT and a keyboard, a programmer need only
be able to read schematics and recognize common
component characteristics.

Through the Flash software package, Mirco Sys-
tems’ Series 500 testers generate test programs that
produce a printout (a fault dictionary) of error signa-
tures and their causes, and a printout of scope-trace
data. Programs are also produced for developing such
test statistics as

m Test-program comprehensiveness, which is the
ratio of detectable failures to total possible failures.

m Average fault-isolation resolution, which is the
percentage of all failures isolated to one component,
two components, etc.

m Average failure-dictionary entry, which is, for
example, the failure isolated to 1.7 components.

s No-find list, which identifies undetectable fail-
ures.

Time-sharing terminals can be used to prepare and
edit programs for Series-500 testers. Mirco Systems’
programs are available through GE’s Mark III time-
sharing service.

Which inputs test best?

Whether testing relies on simulation or not, test-
pattern inputs must be applied to the UUT. These
inputs come from either hardware or software gener-
ators.

Hardware generators develop either fixed or
pseudorandom patterns. The fixed patterns are usual-
ly in binary count or Gray code, and are used together
with fixed-pattern-response testing, which requires no
more than 16 bits per node.

Pseudorandom patterns, while statistically random
during a test, are repeated in each test. A major
advantage of pseudorandom patterns over fixed pat-
terns is that they make program-preparation time
shorter.

Test patterns from software generators are complex
enough to check out almost any board. When software
patterns are used, the UUT’s responses must also be
programmed. The resulting programmed-response
generators can easily use millions of stored patterns
to test a complex card. Naturally, an enormous memo-
ry is required. Also, testing a complex card takes many
steps and thus a long time.

Hardware generators work faster than software-
based systems. For hardware, there isn’t as much time
between steps in a sequence, because call-up from
memory isn’t required. Also, the bit rate for each step
is usually higher with hardware.

One card-tester family that boasts both fixed and
programmable pattern generation is the microcompu-
ter-based 5800 series from Data Test. With its fixed
patterns, the tester checks for transition-redundancy
responses. With its programmed patterns, the tester
checks for programmed responses. An option allows
the three test stations in the 5800 family to perform
either real-time or high-speed tests on logic boards
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that contain such complex LSIs as uPs, UARTS, PIAs,
RAMs and ROMs.

The basic 5800 system has 128 I/0 pins and is
expandable to 256. Tests are performed from the card-
edge connector.

Mirco’s Series-500 testers also generate test pat-
terns from their hardware—pseudorandom test pat-
terns whose relative frequencies are software-con-
trolled. The Series 500 testers have a repertoire of 255
different hardware-controlled patterns, and the
length of test-pattern sequence can be as much as 1
X 102 bits. Either pseudorandom or programmed test

GenRad’s current-tracing 2220 Bug Hound isolates faults
on known-bad cards. The probe’s LEDs and audible alarms
pinpoint shorts, opens, bad ICs, and other troubles.

patterns can be created by software at 500-kbits per
second. The Series 500s have from 64 to 224 I/0 pins.

Because of hardware’s short testing time, high-
speed signals and minimal programming, sections of
a card should be checked from hardware whenever
possible. So obviously the tester being used must have
both hardware and software test-pattern generators.

Start with cleared logic

But before any functional-test pattern is applied to
a board containing memory elements, the board must
be initialized. That is, the board’s sequential logic
must be brought to a predetermined state.

Determining whether or not a complex board is
initialized can be difficult. Software generators usual-
ly initialize the UUT to a high level of confidence.

Only edge-connector testing requires card initializa-
tion. But when the card is tested component by
component by means of onboard probing, initializa-
tion usually isn’t necessary.

To test without initializing—to keep programming
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simple and to locate faults for repair—in-circuit
testers are often preferable to instruments that test
from a card’s connector. Testing to the component
level requires access to each component, which can
be accomplished via bed-of-nails fixtures, test clips or
probes.

In addition to being accessed, the component under
test must also be electrically isolated, temporarily,
from the rest of the card. For isolating simple compo-
nents and analog ICs, in-circuit testers use a guarding
technique, which electrically isolates a component
without breaking any physical connections.

The key to guarding is establishing two circuit
points, a guarded node and a measurement node. An
op amp forces the guarded node to the potential of
the measuring node. Then, since no current passes
between these nodes, the component can be measured
as if the circuit between the two nodes is open.
Guarding, therefore, is a form of bootstrapping.

For digital circuits, in-circuit testers use limited-
energy pulsing. Superimposing the test-input state
over the steady state (for microseconds, at most)
isolates the device long enough for the required truth-
table testing. Zehntel uses limited-current pulsing
called “Isodrive,” in its Troubleshooter 400, a uP-board
bed-of-nails tester.

Testline Instruments has found that the average
time required to program in-circuit testing is ten ICs
per hour. In many cases, the job can move much faster.
But inadequate or inaccurate documentation puts a
heavy burden on the time required to program tests.

Once the tester has been programmed, test time
depends on the operator’s ability to clip onto the IC.
With average density (one IC and a few passive
components per square inch) a 60-IC board can be
tested in 2-1/2 minutes. High-density boards can be
tested at ten ICs per minute. For boards with wired-
OR buses, testing is even slower.

You can’t find them all

Testline’s users report a greater than 90% con-
fidence level for their in-circuit-tested boards. But
some problems are not resolved by Testline’s in-circuit
testing—open etches, resin-encapsulated leads and
mistimed one-shots. Where timing-flow problems
stem from marginal design rather than faults, in-
circuit testing is ineffective.

Faultfinders’ FF303 in-circuit tests both digital and
analog components on the same board. Guarding, for
analog testing, is combined with limited-energy puls-
ing, for digital checking. Prewired for 639 points, the
standard system is expandable to 925.

For mixed analog-digital boards containing MSI
devices, testing via the bed-of-nails fixture on
Zehntel’s Troubleshooter 400 usually takes only sec-
onds per board. And by unskilled personnel. The
system not only prints out specific rework instructions
for each failure, but also generates statistical reports.
Variable components like pots can be adjusted while
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Where the faults lie

The greatest bulk of faults in high-production runs
are workmanship errors—components are usually
100% tested before insertion, and designs are usually
proven at this stage. Such faults as solder bridges,
wrong polarities, missing parts and bent pins produce
the lion’s share of board rejects. Teradyne has found
that, after visual inspection of wave-soldered boards
in these large runs, the distribution of faults is
typically:

ource Workmanship Components

Type

Visual Shorts, opens and | Damaged

faults misplaced components

(80-90%) | components (1-5%)
(80-90%)

Electrical | Invisible shorts, Device

faults opens and plated- | interactions,

(10-20%) | through holes internal
(5-10%) damage

(5-10%)

they are being monitored in the working circuit.

Computers abound in another test system that
handles mixed analog-digital boards—the Model 6000
Automatic Test System by Optimized Devices. Testing
operations are governed by a DEC PDP Super-8
minicomputer with 16 k of core memory. For digital
simulation and program preparation, a second PDP-8,
with 32 k of core, is linked to the first computer. A
microprocessor controls the system’s digital-test sub-
assembly, which is a Mirco Systems product.

There’s lots of software to complete the 6000 system.
The Testware package helps prepare programs for
testing, data logging and fault isolation. The
Diagnostic Tree package provides fault isolation to the
component level on analog circuits. The power that
the 6000 derives from all these interlinked processors
is evident in such features as a programmable probe,
a programmable overhead spot projector that guides
the operator in probing, and even a computer-operated
“screwdriver” option for in-circuit component adjust-
ments.

Besides the usual programmable signal sources and
measuring instruments, this tester offers waveform
analysis and time-interval measurements to sub-
nanosecond resolution. Moreover, analog and digital
tests can be mixed in any order. It shouldn’t be
surprising, then, that all this capability costs from
$40,000 to $100,000.

Locating the fault for repair

Software algorithms locate workmanship faults to
a bad node on analog cards in Teradyne’s L125A
system. With a known-good reference board, the
L125A learns and stores all the nodal impedances,
which are then compared automatically to those of
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the UUT. Because of the automatic operation, only
minimal information is presented to the system’s
nontechnical operator.

Much more information, however, is presented to
the programmer. Operating software runs a CRT
screen divided into three sections—one section dis-
plays the results of a specific test; another shows the
ac, de or digital signal at the probe; a third serves
as the display for the command console. Any test in
. aprogram can be directly modified from the keyboard.

A digital version, the L1125, detects all errors includ-
ing faulty components.

Good testers get better

Unadorned, the L125 comes in two major configura-
tions—one for digital boards and one for mixed analog-
digital boards. With the system’s Guided Probe, a
nontechnical operator can be instructed from a CRT.
But to make the already sophisticated L125 test
system faster during troubleshooting and easier to
program, two levels of automation can be added. The
M150 Automatic Prober eliminates the slow and error-
prone operator from the probing process. The P400
Automatic Programming System works with off-line
large computers. Basic device and circuit data are fed
to the computer, then the P400 terminal produces a
test program on mag tape.

In-circuit testers like the L125, which work with
circuit impedances, can only locate faults to a bad
node. Normally, several components share the same
node—with buses, the number of components on a
node can be staggering. For repair, then, the exact
location of the trouble must be determined.

Faults on digital boards are automatically isolated
to the malfunctioning component by Testline Instru-
ments’ AFIT 3000 and 4000 systems. These in-circuit
testers supply full dynamie functional truth tables to
the board through either a clip or a bed-of-nails
fixture.

In the AFITs, an injected pulse overrides any
malfunction in an IC; however, the pulse does not
override solder bridges. Nor does it override etch
shorts between lands. As a result, a defect is catego-
rized as belonging to a component or to a land. All
hard shorts are indicated as the first test result, and
they must be removed before testing can continue.

Testline’s AFIT 3000 is equipped with a dual-disc
data base. One of them, a master library “Super Dise,”
holds over 2000 truth tables for standard ICs. The
other disc serves as the data base for a specific UUT.
Pertinent data are transferred, under write protec-
tion, from the Super Disc to the UUT’s disc.

LSI-memory cards are trouble

The cards that are the most demanding on digital
testers contain LSI-memory chips. So many locations
must be exercised and, of course, the cards must
ultimately work as part of a larger system.
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Current pulses are injected into signal lines by Computer
Automation’s Capable tester’'s Clever Clip to pinpoint
faulty ICs—even on a microprocessor bus.

Dynamic testing is the key to acceptable in-system
LSI-memory-card performance. This testing should be
done under conditions that are as close as possible to
those in the system, which means testing for direct-
memory-access functions and for repeated reads and
writes at 10-MHz clock rates. Because of the necessary
complexity, memory-card test patterns often use mil-
lions of bits. Error-detection-and-correction logic
must also be tested. For ECL especially, testing must
cover more than just stuck bits—propagation and
termination must also be checked.

One tester specifically geared for dynamic testing
of LSI-memory boards is the two-computer MD-107
Memory System Analyzer from Macrodata. Two
cascaded processors provide 10-Mbyte testing and a
10-Mbyte test-pattern generator. Fast test patterns
are generated without using throughput-reducing
overhead cycles.

For engineering, this system can double as a charac-
terization tool (for shmoo plotting). For production,
a CRT and hard-copy point out faults to an unskilled
operator.

Fault-free LSI-memory boards don’t need the de-
tailed testing required by faulty boards. This is the
philosophy behind Adar Associates’ DR 12/25
memory-board tester. To save skilled man-hours,
initial dc testing from the connector separates the
functionally good and bad boards. The good boards
then undergo a series of high-speed functional tests
conducted by unskilled operators. Failed boards un-
dergo a sequence of diagnostic tests that require a
skilled operator to interact with the test system.

During a memory-board test, the DR 12/25 stores
the locations of devices found to be faulty in a fast
RAM. After the test, this Board Error Map is trans-
ferred to the system’s minicomputer for display on
a CRT and printout.

High-level test language plus user-oriented ex-
ecutives are provided by the system’s ATLS 12/25
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software. Features include provisions for multiple
peripherals, statistical-data presentation, shmoo plot-
ting, board-error mapping, error analyzing, and
message processing—all under software control.

Keep the dynamic logic alive

Signals from known-good boards are used as test
criteria by Fluke Trendar’s 3040A Logictester, which
runs at multibit rates to keep the dynamic logic in
uP and shift-register memories alive under test.
Testing is speedy, since the logical behavior of each
IC is supplied to the tester from a reference board.

Test-input sequences to this system are flexible.
Merged sequencing allows engineering test codes to
be mixed with machine-generated sequences.

After a board is found to be bad, the Logictester’s
Autotrack option provides computer-guided trouble-
shooting via its applications program, a trouble-
shooting algorithm that uses comparative diagnostics.
With Autotrack, the 3040A can test and troubleshoot
boards containing uPs and other LSI chips.

A 3040A Logictester with 240-pin capability costs
between $60,000 and $95,000. The 3020A, a related
logic-test system for production test, costs $32,000.
The most limited tester in the series, the 128-pin
3010A, costs $15,000.

Not only does the System 390 from Instrumentation
Engineering test boards containing memories and
microprocessors, it also tests mixed analog-digital
boards. The minicomputer-based system’s simulator,
Microsim, can imitate uP-based assemblies down to
1-ns resolution, in real time. In addition, the usual
simulator states—ONE, ZERO and UNKNOWN—are
augmented by a three-state-logic D-state. With this
fourth state, System 390 can simulate buses accurate-
ly—so important with uPs.

Faults can be located under end-use operating
conditions. Under high-speed operation, a computer-
guided probe locates digital faults; under dynamic
conditions, analog faults. The 390 can test complex
—even uP-based—boards at programmable data and
strobe rates.

Both the hardware and software of the System 390
can be serviced in the field via telephone-modem
hookup. In testing, where minutes of tester down time
can hurt, this ever-available servicing can sometimes
save what could be nerve-wracking days of waiting.

Other testers can adapt to cards

Not all systems capable of testing complex cards
are known for this ability. For example, Tektronix’s
S-3260 is primarily known for testing LSI chips. But
this intricate machine can perform the high-level
functional and parameteric tests that even complex
boards require—with fixturing, it can be a powerful
board tester. And in systems that cost tens and even
hundreds of thousands of dollars, the cost of the
required fixtures might be worth considering.
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The S-3260’s programming capabilities are ex-
tensive, including a disc-operating system, a high-level
language, English-language hardware commands, op-
erator interactive control, algorithmic test-pattern
generation and a library of utility routines.

The system’s measurement capabilities are just as
impressive. Functional measurements can be made at
20-MHz clock rates. Dec parameters can be measured
using Kelvin (four-wire) sensing, differential voltages,
and nA sensing. Ac characteristics are measured
dynamically and calibrated automatically.

The results of all tests are stored and can be
analyzed by the system’s statistical-software package,
which generates reports and presents data graphical-
ly.

With infrared detection, just one sweep of the
scanner performs the inspection, testing and trouble-
shooting simultaneously. Analog, digital or a com-
bination of these circuits can be handled just as easily.

Infrared-scanner testers, like the Inspect System
from Vanzetti Infrared, operate on the principle that
a failure is just another mode of an assembly’s
operation. The failure mode is unwanted to be sure,
but it can be readily identified by its unique infrared
radiation characteristics—its signature. am

Need more information?

The products cited in this report don’t necessarily
represent the manufacturers’ complete lines. For
complete details, circle the appropriate reader service
card number. More vendors and information may be
found in ELECTRONIC DESIGNS's GOLD BOOK.
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Notes and observations from IBM that may prove of interest to the engineering community
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Marisat is a communications satellite made by Hughes to serve U.S. Naval and commercial maritime users. Here the satellite is placed in

an anechoic chamber that isolates it from environmental electromagnetic and sound energy.

APL Brings the Computer to Hughes Engineers

Engineers at Hughes Aircraft Com-
pany communicate with an IBM com-
puter through nearby terminals in a
programming language called APL. A
powerful language that can specify ex-
tensive computation with a few symbols,
APL requires little experience or train-
ing in computer programming.

Says Robert Vuilleumier, a technical
staff manager in Hughes' Los Angeles-
based Space and Communications
Group: “"APL is a particular timesaver on
problems which generate big data ta-
bles. For example, to tabulate the gain of
a microwave antenna against tempera-
ture typically requires a listing of 17 col-
umns by 30 lines. Preparing this table
manually can take two days; the com-
puter takes a few minutes.

“Quite often,” Vuilleumier notes, “I
need to recompute a table for a slightly
different parameter value. Repeating
the antenna analysis at a higher fre-
quency would be an example. It takes
only a moment to type in the new
parameter and re-execute the program
from the terminal.”

Adds George Williams, an engineer-
ing project manager who was instrumen-
tal in APL development at the group:
“APL is very effective for small jobs with
their own data bases, and for spur-of-
the-moment programming. I have seen
users arrive at the terminal and depart so
quickly I thought they’d changed their
minds, but they had actually finished
writing and executing their programs.

“I recently watched someone define

a plane on the basis of three points in
space for a geometric calculation,” he
continues, “using only three lines of APL
code. Conventional programming would
have required three pages.”

“In addition to engineers, managers
use APL for manpower and budget plan-
ning, cost estimating for proposals, and
facilities management,” says Conrad
Stensgaard, Jr.

Stensgaard, a senior staff engineer,
helped install APL in the System/370
Model 158 in the Hughes Computation
Center. “APL has brought the computer
much closer to our users,” he says, “low-
ering the ‘threshold’ of entrée to the
machine for small tasks and making in-
teractive computing directly available to
the end user.”
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Simulated Spine Hastens Injury Research

The effect of a 30-mph
automobile crash on the
human trunk is shown by
these drawings derived
from a computer. A normal
spine is at left; the center
and right views show its po-
sition 20 and 40 milli-
seconds after impact.

This insight into the
complex mechanics of the
backbone was made possi-
ble by a mathematical
model of the spine, develop-
ed on an IBM System/370
Model 158 at the Chicago
Circle campus of the University of Il-
linois, sponsored in part by the Aero-
space’ Medical Research Laboratory.
Engineers at the university are studying
the effects of injuries and disease on the
back.

The potential benefit is far-reaching,
since eight million people in the U.S.
suffer from back problems, and half a
million currently wear braces.

“We don’t know much about that
sophisticated structure we call the

spine,” says Dr. Albert B. Schultz, pro-
fessor of mechanical engineering.
“We're working with orthopedic sur-
geons to learn more, in the hope of pre-
venting and treating back problems.”
“Because we can apply engineering
principles to the skeletal system,” adds
Dr. Ted B. Belytschko, professor of
structural engineering, “we can some-
times determine in a few days responses
to treatment which would take years to
find by observing results of therapy.”

In one experiment, the
computer simulates the
force applied to the spine by
a therapeutic brace. “This
helps show us the effective-
ness of different modes of
treatment,” Dr. Schultz
notes. “In treating lateral
curvature of the spine, or
scoliosis, the model has told
us that applying pressure
from the side will often be
more effective than a
stretching force.”

By means of the com-
puter model, engineers in
the university group have predicted the
effect of a hip-to-neck brace in a number
of patients. The actual results of treat-
ment supported the predictions in 80
percent of the cases.

Each year an additional 400,000
American workers incur back injuries;
Dr. Schultz and his colleagues expect the
computer model to help analyze their
causes. The results will be available as
guidance to therapists, orthopedists and
industrial safety programs.

Models Aid Study of Continuous Systems

Simulation as a means of investigat-
ing the behavior of a complex physical
system is often far simpler and less
time-consuming than seeking an ana-
lytical solution.

Engineers or designers can create
computer models of almost any complex
mechanical, electrical or other physical
system—aerodynamic components, con-
trol systems or industrial processes, for
example—by means of IBM’s Continuous
System Modeling Program III (CSMP
III). It can also be used in the analysis of
systems with discrete components such
as digital filters, control elements or
logic.

An engineer can readily describe a
system to the computer in the CSMP

language, which includes 42 powerful
functions for performing integration, dif-
ferentiation, signal and function genera-
tion, Laplace transformation, and
switching and logic.

Additionally, since Fortran IV is also
a subset of the language, the user can
build large functions and submodels
specifically suited to his application. The
CSMP III Library stores these func-
tions, as well as arbitrary or experimen-
tal data, tables and complete models —
any of which can be executed alone or in
combination with other simulation ele-
ments.

The system to be modeled may be
entered as a set of differential equations,
or as interconnected blocks, each char-

acterized as a mathematical function.
CSMP III simulates with time as the
independent variable and stores the suc-
cessive values of as many as 220 depen-
dent variables. Up to 55 of these may be
printed during the run, and as many as
five may be print-plotted simultane-
ously. Trial runs quickly show which
simplifications of the real system can be
made with no significant loss in accuracy.

With its Graphics Feature, CSMP II1
can display up to four co-ordinate grids
on an IBM 2250 Graphic Display Termi-
nal, with up to four variables plotted on
each grid. Experimental data can be dis-
played graphically and edited interac-
tively before it is incorporated into a
simulation model.



(AL s i AL
li“ ﬁ_ﬁél‘(nn"f&éc‘n‘.‘g&\\ 4 f % b ok oot g

KA
/80 %0 1?6 110 190 130 140
i HINATRNT] ?ll?ulnﬁ
]

Advertisement

When computer-aided design of the integrated circuit chip is complete, a computer-driven plotter
draws a three-color layout of the circuit in large scale.

Computer Designs and Fabricates Computer Circuits

Today’s high-speed, high-capacity
computer systems depend on advanced
electronic devices using Large Scale In-
tegration technology. This micro-
miniaturized circuitry puts thousands of
memory or logic circuits into a space a
quarter-inch square or less, making pos-
sible speeds of billionths of a second.

At IBM’s General Technology Divi-
sion facility in Burlington, Vermont, the
computer itself is instrumental in the de-
sign and production of these advanced
semiconductor devices. Engineers there
are using a System/370 Model 168 and
IBM 2250 Graphic Display Terminals to
design and produce the high-precision
photo-masks that are critical to the fabri-
cation of integrated circuit “chips.” In-
tricate patterns are successively overlaid
using a lithographic process to build a

finished chip containing thousands of in-
dividual memory cells.

To create a tentative design for a
mask, an engineer draws lines with a
light pen directly on the face of a graphic
display terminal connected to the Model
168. The system automatically resolves
the sketch into a precise pattern of
straight lines and geometric shapes.

“Its easy to move elements around
on the screen, trying alternative layouts
until we find the optimum use of the
space available on a chip,” says Paul
Serednicky, manager of computer-aided
graphics. “We can rapidly try so many
alternatives that we are finding much
more efficient layouts than we ever
could manually on a drafting board.

“Since the finished device usually
consists of one memory cell pattern re-

peated many times,” Serednicky adds,
“the engineer can develop it once in de-
tail. The system then replicates it the
required thousands of times, automati-
cally rotating it, generating mirror im-
ages and adding interconnections.

“Perhaps most significant, though, is
that the computer generates a tape that
guides automatic production of the mask
itself in the final size. Previously, we had
to draft the design by hand, and then use
it as a guide in the preparation—also
manual—of an oversized mask.

“Any change forced us to start over
again from the beginning and repeat the
manual process. Now we can go back at
any time and make a change or im-
provement in the mask design. We can
accommodate an engineering change in
minutes instead of weeks.”

These program products are pow-
erful aids for management of projects
in many different fields.

1. Project Management System
IV (PMS IV) Creates precedence dia-
grams, helps to optimize the alloca-
tion of resources, calculate detailed
work schedules and monitor work

progress.
2. Project Analysis and Control
System (PROJACS) Performs

PERT/Critical Path Method time
analysis and provides facilities for re-

Project Management Aids

source allocation, cost evaluation and
network preparation.

3. MINIPERT An APL program
for management of small projects. All
functions are interactive and de-
signed for use by planners and man-
agers with little critical path
experience.

For more information on these
IBM Program Products, contact your
local IBM branch office or write to the
Editor of DP Dialogue at the address
on the right.

DP Dialogue is designed to provide you
with useful information about data proc-
essing applications, concepts and tech-
niques. For more information about IBM
products or services, contact your local
IBM branch office, or write Editor, DP
Dialogue, IBM Data Processing Division,
White Plains, New York 10604.

IBM®

Data Processing Division




CTS <‘:onquers space.

And has for well over a decade with space saving
Series 750 SIP cermet resistor networks. And with
space a very important commodity in modern sys-
tems, you'llwant to make CTS a very special source
for your network needs.

You conserve valuable PCB space, enjoy greater
system reliability, use fewer components, install
easier—automatically, cut handling costs and de-
rive faster inspection. CTS experience, technology
and production capacity insure the highest quality,
fastest delivery available.

Where one of our more than 130 standard off-
the-shelf SIP's won't meet your circuit require-

ments, we'll custom design the resistor network
you need in either conventional or low profile
package configurations.

Be assured of ultra-high stability and reliability.
Over 900 million hours of test data prove CTS
reliability with an established failure rate of only
0.00051% per 1000 hours @ 95% confidence level
—considerably superior to military failure level S
of established reliability specs.

For your copy of our reliability report or com-
plete resistor network data, write: CTS OF BERNE,
INC., 406 Parr Road, Berne, Indiana 46711. Phone
(219) 589-3111.

CTS corrPORATION

Elkhart, Indiana

A world leader in cermet variable resistor technology.
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ENCORE!

WESTON reintroduces the DMM 6000

autoranging portable

Befter performance, new options, more accessories than any other low-priced field service DMM

The Weston DMM 6000 is making an encore. It was a great
field service instrument when first introduced and proved itself
in dozens of applications. Now it is even better. Improved cir-
cuitry has substantially reduced response time of the autorang-
ing digital readout for faster measurements. Better contrast
and longer life have been achieved for the LCD display.
Brightly lit rooms or even direct sunlight do not affect readability.

New options offered with the 6000 include a manual
rangehold operation feature and display backlighting for easy
readability in dark locations.

New accessories extend the versatility of the 6000 to cover a
host of special uses and applications to make it a more valu-
able measurement instrument.

These are new additions to an already proven-superior field
service instrument. The standard features that contributed to
making it the best buy ever in a portable DMM still support the
6000. Autoranging in a low priced portable is unmatched by

High Voltage Probe R.F. Probe

AC Clamp-on Probe

any major instrument manufacturer, Low power circuitry that
operates from two 9V transistor batteries with up to 350 hrs. life
eliminates time consuming battery recharging. Weak battery
condition is automatically indicated 8-10 hrs. in advance to
eliminate lost time in the field.

Couple these major features with things such as automatic
zero, automatic overrange, automatic minus polarity. Add in
unusual features that include a full 10 amp AC/DC current
range and a special "Hold” function for measurements in
hard-to-reach locations. Package all this in a rugged, smaill,
lightweight case. Offer it at the low price of $195* with Weston
quality manufacturing and worldwide service and nobody
can match it. Bravo! *Price in US. only

WESTON INSTRUMENTS

a DIVISION of SANGAMO WESTON, INC
etttk 14 Folinghuysen Avenue, Newark. NJ 07114 (201) 242-2600

Canada: 1480 Dundas Highway, Mississauga, Ontario

Europe . Ingolstadter Str 67a 8 Munchen 46, W Germany

“"Hold" Function Probe Light Meter Attachment




Precise signal sourcing

Sig gens, synthesizers
—and a capable offspring

cated testing. From stringent measurements on

radio receivers to automated testing on produc-
tion lines, the test inputs will most likely come from
one of three types of instruments:

= Signal generators.

s Frequency synthesizers.

s Synthesized signal generators.

Signal generators combine modulated-signal capa-
bility with low-noise content and are ideal for nar-
rowband receiver measurements. Frequency syn-
thesizers get the nod where stable frequency is re-

P recision signal sources are a must for sophisti-

Gene Heftman
Associate Editor

e
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Boonton’s 102C/D signal generators are high-per-
formance instruments for narrowband-receiver testing.
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quired, as in simulating local oscillator chains. Syn-
thesized signal generators borrow some of the best
features of the other two classes of instruments:
stability (like a synthesizer) and calibrated output
levels plus modulation capability (like a signal gener-
ator).

However, these categories aren’t rigid. Every manu-
facturer packs his own special set of capabilities into
different models of his signal-source line.

Generators for the tough tests

For performing sophisticated receiver tests, a signal
generator can’t be beaten. Signal-to-noise ratio, selec-
tivity or rejection and gain-bandwidth characteristics
are some of its primary applications. These tests

Phase-locking the 102D's output results in a frequency
stability of less than 0.05 ppm/h.
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require an instrument of calibrated and variable
frequency range, calibrated and leveled output volt-
age, and one or more types of modulation capability.

A typical pair of signal generators for high-per-
formance receiver testing are Boonton’s 102C and
102D. Covering a frequency range of 0.45 to 520 MHz,
their output power levels are calibrated and variable
from +13 to —130 dBm. Output frequency modulation
is provided in five ranges, from 3 to 300 kHz.
Amplitude modulation from 0 to 100% at 400 Hz and
1 kHz rates is also built into the instruments.

An instrument similar to the Boonton pair is
Hewlett-Packard’s 8640B. It spans a slightly wider
frequency range, 0.45 to 550 MHz, and an option can
increase the frequency to 1024 MHz. The calibrated
and leveled output amplitude is variable from +19 to
—145 dBm. Modulation capabilities—amplitude, fre-
quency and pulse—are built-in, with adjustable out-
put levels ranging from 1 mV to 3 V.

Other comparable sig gens are Wavetek’s 3001,
Systron-Donner’s 1702 and Marconi’'s new TF 2020.

Precise receiver measurements require an instru-
ment that keeps the frequency from drifting. To get
frequency stability, phase-lock techniques and crystal
oscillators have been introduced, particularly in the
newer synthesized signal generators. Locking the
output to an internal, temperature-controlled crystal
oscillator can produce stability figures on the order
of 108 parts/h.

Phase-locking the output of Wavetek’s 3001 syn-
thesized generator has resulted in a frequency ac-
curacy of 0.001% with a stability of 0.2 ppm/h. And
a stability option gives an accuracy of 0.2 ppm with
a stability of 5 X 10-° parts/day.

Systron-Donner’s 1702, described by the manufac-
turer as a synthesized signal source, uses a phase-lock
method that doesn’t depend on the timebase being
temperature-controlled. A discriminator is summed
with the modulator input to control the oscillator
frequency. Frequency accuracy from this lock tech-
nique is spec’d at 0.07 ppm.

Often, a fine line separates sig-gen specs from those
of newer synthesized varieties. Solid-state designs and
improved oscillators, in addition to the phase-lock
technique, are bringing the noise specs of synthesized
generators closer to traditional sig gens.

In fact, Marconi’s TF 2020, a synthesized signal
generator by name, performs both as an accurate
bench generator and as a programmable instrument
for production testing. With an rf output level of +1
dB total accuracy and spurious noise levels 90 dB
below the carrier, it carries a sig gen’s specs. And like
a frequency synthesizer, the instrument is stable to
+1 part in 10% per day.

Probing deeper into data sheets

Speaking of specs, before a sig gen can be chosen
to perform such critical receiver tests as adjacent
channel selectivity and usable sensitivity, some impor-
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An accurate, multiple-waveform generator, Wavetek’s 172
synthesized-function generator is a departure from the
usual sig gen. Nine different waveforms can be generated
over a frequency range of 0.0001 Hz to 13 MHz.

tant specs need to be considered: phase noise, mod-
ulation distortion and leakage, among others.

For example, a generator used to test for adjacent
channel selectivity—the ability of a receiver to dif-
ferentiate between a desired signal and one in an
adjacent channel—should have a low phase-noise spec.
Most manufacturers specify the phase noise as a dB
level at some frequency offset from the carrier.

HP and Boonton both pick the offset as a 20-kHz
band around the carrier. In the HP 8640B, single-
sideband phase noise is down more than 124 dB in
the 460-t0-900-MHz range, and 130 dB from 230 to 450
MHz.

Phase noise for Boonton’s 102C and D is spec’d in
dB/Hz. At 20-kHz offset, it’s typically down by 125
dB. And all single-sideband noise has a typical noise
floor of 135 dB/Hz.

Marconi has a guaranteed limit on phase noise. It’s
spec’d at —130 dB at 20 kHz in the TF 2020.

Another important receiver test, usable sensitivity,
is measured by the SINAD ratio—signal + noise +
distortion divided by noise + distortion at a receiver’s
output. The sig gen selected for this test must have
low leakage and low modulation distortion.

But leakage specs can be complicated by how
manufacturers make their measurements. Leakage
for the HP 8660 synthesized generator is listed as a
radiated and conducted limit per a MIL spec. But on
the 8640B, leakage is listed as a certain voltage induced
into a coil at a specified distance from the generator.
Indeed, Boonton’s data sheet doesn’t give any num-
bers, but states that the companys’ machines can
make unrestricted measurements on very sensitive
receivers close to the instrument.

What it boils down to is this: The sensitivity of a
particular receiver determines how much leakage it
can tolerate.

Modulation distortion, while usually easier to locate
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on a data sheet, is a more difficult concept to under-
stand. That’s because there are so many components
of distortion to contend with. In addition to envelope
distortion when amplitude-modulating, a small
amount of M, called incidental FM, occurs. And when
frequency modulating, something called incidental
AM, gets mixed in. Manufacturers list these specs
individually, but the total harmonie distortion (THD)
data should be checked first, to get an over-all picture
of distortion.

AM distortion in Boonton’s 102C and D units de-
pends both on the percentage of modulation and the
rate. With 30% modulation at a 1-kHz rate, THD is
less than 1% and less than 3% at 90% modulation.
FM distortion is a function of the operating frequency
and decreases as frequency increases. Maximum THD
at 100-kHz peak deviation is 1% in the 0.45 to 32.5-
MHz band, but only 0.15% from 260 to 520 MHz.

Marconi’s TF 2020 synthesized signal generator can be
operated manually as a bench generator, or automatically
as a programmable generator. It's a 50 kHz to 520-MHz
unit with AM and FM capability.

The AM distortion numbers are very similar for
HP’s 8640B. From 0 to 50% modulation at 400 Hz and
1 kHz rates, distortion is less than 1%. And from 50
to 90% at the same rates, it's less than 3%. FM
distortion varies from less than 1% to less than 3%,
depending on the deviation of the modulating signal.

Of course, sig gens serve in all the high-performance
applications, but mainly as bench instruments. How-
ever, under computer control in an automated system,
a “smart” synthesized generator can perform test
routines that have been programmed-in.

Between generators—and synthesizers

The new kid on the block in precision signal sources,
the synthesized signal generator, packs the futures of
a signal generator and a frequency synthesizer into
one box. In addition, both frequency and amplitude
of the output can be programmable.

Where test conditions require many repetitive
measurements, the ability of an instrument to store
and recall input parameters can keep the costs of
production down. And for programmability, what
could be better than to have that modern-day saviour
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built-in—the microprocessor?

An on-board processor is a primary feature of
Fluke’s 6010A and 6011A synthesized generators.
These so-called “smart” instruments can store and
recall up to 10 frequencies, modulation conditions and
attenuator settings. As a bench instrument, the proc-
essor can even inform the operator that he is attempt-
ing to program a condition that the machine can’t
provide. And all machine functions are both front-
panel and remotely programmable.

Although microprocessor-based units are a recent
innovation, instruments with programming capability
are not. Marconi’s TF 2020, HP’s 8660 and 8672A, and
Wavetek’s 3001 are all remotely programmable and
can be used in automatic test systems.

In the TF 2020, parallel BCD instructions from a
remote controller can program-in all front-panel in-
structions. HP offers an interface kit for the 8660A/C
that provides a link-up to the company’s 2100-series
computers. The 8672A has programmability as a
standard feature via the IEEE 488 interface bus.
Wavetek’s 3001 contains standard frequency program-
mability, with level programming available as an
option. Fluke’s 6010A and 6011A offer remote control
via the IEEE 488 bus or the EIA Standard RS-232-
C interface.

Although synthesized generators are applied in
sophisticated measurements, they’re a shade behind
sig gens in performing the most stringent tests. That’s
because the broadband amplifiers, phase-locked loops
and mixers used in the instruments generate noise
products that appear at the output.

Any data sheet for a synthesized generator will
actually define spectral purity by listing a particular
synthesized generator’s harmonic and nonharmonic
spurious signals. Fluke’s 6010A and 6011A designate
all nonharmonic spurious signals as 60 dB below the
carrier or —110 dBm, whichever is greater. Harmonics
are spec’d at —50 dB at 1 MHz and —40 dB at 10 MHz.

The HP 8660’s spectral purity also depends on the
operating frequency. At 110 MHz, harmonics are 40
dB down, while up at 2600 MHz they’re 20 dB down.
Nonharmonic spurious are listed at —80 dB at 110
MHz.

Some data sheets list spurious signals in dBec, as
a power level below the carrier. Above 120 MHz, a
Marconi TF 2020 has nonharmonics at least 90 dBc.
The number is 80 dBc when the frequency is below
120 MHz.

In an automatic test system, it's likely that the
frequency of the instrument will have to be changed
for different test conditions. How long it takes to
switch from one frequency to another is directly
related to the way in which the generator is designed.

Indirect generators—fast switchers

To generate the output of a synthesized generator,
a crystal oscillator produces a reference signal that
is then translated into a broad range of output
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Frequency and amplitude in an HP 3335A are controlled
by a microprocessor. Ten front-panel settings can be
stored and recalled from the internal memory. A 200-Hz

frequencies. Either direct or indirect translation are
used.

The direct method yields fast switching speeds, but
opens the way to spurious outputs. Switching speed
is typically 20 us.

Indirect methods, using phase-lock loops, are more
popular in current instruments. Fewer spurious sig-
nals are generated because each lock loop generates
only one frequency at a time. But switching speed is
much slower, typically 1 to 2 ms.

Indeed, a TF 2020 with indirect translation, can take
up to 50 ms before it’'s within 1 Hz of the final
frequency value. And after 100 ms, an 8660 may still
be 5 Hz from touchdown.

A microprocessor-based unit seems to have a clear
advantage in switching speed. Operating on the low
(10 Hz to 110 kHz) range of a Fluke 6010A, the final
programmed value of frequency is within 10 Hz in
less than 2 ms. In the high (10 Hz to 11 MHz) range,
on the other hand, after 2 ms, the final frequency value
is still 1 kHz away.

Switching time in HP’s 8672A synthesized signal
generator has been cut below that of the older 8660.
The high-frequency 8672A has a range of 2 to 18 GHz,
and switching time is spec’d in three different frequen-
cy intervals. In the highest interval, between 12.4 and
18 GHz, frequency is within 3 kHz of the final value
in under 15 ms.

A candidate for the precision signal-source category
is Wavetek’s Model 172 function generator. It’s quite
different from any of the instruments discussed so
far, because besides pure sine waves, it puts out such
waveshapes as squares, triangles, pulses and ramps.
Frequency coverage is quite broad—10-* Hz to 13
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to 80-MHz synthesizer, the instrument contains a special

amplitude attenuator that is accurate to +0.04 dB over
the entire frequency range.

MHz, with a synthesizer option that yields an accuracy
of 0.0005% of the programmed setting. Also, a built-
in microprocessor provides interactive feedback to the
operator when the unit is keyboard-operated.

The modulation capability of both sig gens and
synthesized generators makes receiver testing the
primary application. But when receiver components
like filters and crystals need testing, a highly stable
frequency source with a calibrated amplitude is most
often used.

The super stable frequency synthesizers

Like sig gens, frequency synthesizers provide vari-
able and accurate output frequency, and like syn-
thesized generators, they are programmable. While
they are classified as instruments with extremely high
frequency stability and accuracy, they do suffer from
high spurious signal content and poor sideband phase
noise.

The current crop—from GenRad, Fluke, HP and
Systron-Donner—has options that make frequencies
super-stable, and noise specs that make them quieter
than ever.

A GenRad 1062 synthesizer has a frequency range
of 10 kHz to 500 MHz and a high or moderate stability
option. A crystal oscillator in a temperature-con-
trolled oven in the high option has a stability of better
than 2 X 10-1° parts/°C over 0 to 50 C. Drift is about
10-? parts/day after one month of continuous opera-
tion, and less than 2 X 10-!° parts with a 10% line-
voltage variation. The same option is available in the
1061, with a frequency range from dec to 160 MHz.

Noise specs for frequency synthesizers are listed in
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(7 B672A SYNTHESIZED SIGNAL GENERATOR

Calibrated microwave frequencies from 2 to 18 GHz are
generated by the HP 8672A synthesized generator. High
stability is provided by the internal crystal time base,

the same way as for synthesized generators. Harmonic
noise is listed in two bands for the HP 3335A
synthesizer/level generator. From 200 Hz to 10 MHz,
it's —45 dB and from 10 to 80 MHz, —40 dB. All
nonharmonic spurious signals are more than 75 dB
below the carrier or —125 dBm, whichever is greater.

In any synthesizer, the primary component of noise
is related to phase rather than amplitude. Noise is
generally specified as the maximum noise power in
a 30-kHz bandwidth centered on, but excluding, the
carrier. The spec sums all the random phase-mod-
ulation products generated internally.

A 1t040-MHz instrument, the Fluke 6039 A frequen-
cy synthesizer, specs the single-sideband phase noise
as a signal-to-noise ratio. At 100 Hz offset from the
carrier, s/n is greater than 110 dB, while at 600 kHz,
it’s way down to 140 dB. For the 6160B, covering 1
to 160 MHz, s/n is 135 dB down at 600 kHz.

Systron-Donner’s 1615 uses the dB-below-carrier
method to spec phase noise. At 1-kHz offset, it’s listed
at —70 dBe, while at 100 kHz it goes down to —100
dBe.

Programmability is a feature of all synthesizers,
and one, the HP 3335A, uses a microprocessor. The
processor is a big help, because it allows the instru-
ment to store front-panel settings for fast recall in
repetitive tests.

BCD programming is featured in the Fluke 6039A
and 6160B units. Frequency programming takes 34
parallel, TTL-compatible lines.

GenRad offers the 1167 Frequency Programmer to
control its 1061 and 1062 synthesizers. The 1167
performs digital sweep in automatic test systems,
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whose aging rate is less than 5 X 10-1° parts/day. All front-
panel functions can be remotely programmed via the IEEE
488 interface bus.

S5 el o4

GenRad’s 1062 frequency synthesizer switches frequency
in 50 us. One-hundred data points in a digitally swept
system can be scanned in 45 ms, with a 400-us dwell time
for each measurement.

besides providing incremental frequency stepping and
synthesized search.

A synthesizer, like a synthesized generator, has a
switching speed spec to tell how fast it can change
frequencies. Since both instruments are often used in
automatic test systems, knowing when they are close
to program frequency is important, so that the system
computer will know when to begin a test.

With a GenRad 1062, how long it takes to lock onto
the final frequency depends on how much the frequen-
cy changes. If the frequency changes by the highest
increments (100 MHz), the 1062 will be 500 Hz from
the final value after 50 us. But after 1 ms, it’s only
3 Hz away. Using the lower frequency 1061, the
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Frequency programmability is a standard feature of
Wavetek's 3001 signal generator, and an option can

highest switching increment is 10 MHz. After 1 ms,
the final value of frequency is less than 0.1 Hz off.

Fluke’s 6039A gives just one switching time number
to consider. In less than 800 us the unit is within 100
Hz of its final value. But in the same 800 ms, the 6160B
synthesizer is only 50 Hz away.

VERNIER

MODEL 3001

OouTPUY

UNLEVELED

VERNIER

RF OuTPUY

SIGNAL GENERATOR

provide level programming. The instrument covers a
frequency range of 1 to 520 MHz, accurate to 0.001%.

HP specs the switching and settling time of the
frequency of its 3335A synthesizer as a phase angle.
The frequency is within 90° of the final phase in under
20 ms. In addition, there’s a switching time for
amplitude—within +£0.02 dB of the final value in less
than 500 ms.am
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Elastoplastic silicone resin.
Thecnnlhrmalcoatmg w.
with imagination.

o

When you want a cohformal
coating that’s more fthan a
coating, use Dow Cprning®
'R-4-3117 elastoplastic silicone.
It lets you expand your imag-
ination for improving and
protecting your product’s
performance.

Strong and flexible. }
Elastoplastic silicone helps
your product take abuse from
tough environments. And it
gives, without giving in. This
sipooth, hard, clear coating
alsokeeps your product clean
by resistifg-dirt pickup.

When you need a coating that takes the heat
390 F/200 C), puts up with the cold (down to
—85F/—65 C) or both—elastoplastic silicone
won'’t disappomt you.



- ut moisture:
Bercalise moisturepermeability is
@ emely low, water or humidity
on't spoil your product’s
performance.

Three easy ways to use.
Apply elastoplastic silicone the way you
want. Brush, flow coat, or dip it on. As
thin or thick as you need. For thicker
films, you simply recoat it.

And choose the noncorrosive cure to
. match your process. At room temperature
)\ or under heat acceleration.

coating can b
removed to g
to a problem
acea. After it’s

Try some.
By now, you've probably
already imagined places you
could use this versatile con-
formal coating. And you're
sure to think of more.
That’s why we’d like you
to try some for yourself.
For samples or complete
product information on
Dow Corning elastoplastic
resin coating, fill out and
mail the coupon below.

| I want to see how I can benefit from

| elastoplastic silicone resin.

| O Send complete product literature.

= 0 I'd like to talk to a sales representa-
tive about getting a sample for

evaluation.

| Name
Title
Company
| Address
Cilyere e Sifetti/inaie i

Telephone

Mail to: Dow Corning Corporation,
| Dept. B-7539,
| Mldland Michigan 48640.

DOW CORNING

DOW CORNING

CIRCLE NUMBER 31

e e e e e e e e e e e e e e e s e e e s e ]




TATTENTION
by -Engil‘\eel'llilg M.al‘Bogard
-Printed Circuit

| Design M_anfgers. | P

Are you still manually taping
or digitizing your PC boards?

“Our truly automated design

system, The Redac Mini, is

economically and functionally

viable for companies designing

as few as 40 new boards a year.

Moreover the system will enable

smaller electronics companies

to compete on level terms with

the giants Of industry.,’ CIRCLE NUMBER 32

MANUAL LAYOUT, TAPING AND DIGITIZING ARE OBSOLETE!
M The Redac Mini is the only computer-based system to have all the
automatic aids for total PC board design, plus direct designer
involvement — at an economic price.

Automatic component placement.
Automatic track routing.

V4 Automatic design rule checking.

: / . Interactive refreshed graphics/light pen.

B With the Redac Mini a 24 hour turn-around from schematic to artwork is now
a reality —as a design manager you know only too well how this would ease
e designaild peopie your scheduling.

o ap M Even with all of its automatic aids the cost of the Redac Mini is
at Road eto A 01460 considerably less than an Interactive Digitizer CAD System.

one 486-8 M The Mini uses standard DEC PDP11 hardware—if you already have the
6 486-8158 hardware we can supply the software only.
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DURATION AMPLITUDE

0
RAMP — MAIN OUT ==
our 0 504 3

U.S. PRICE

£ % o)

YOUR BEST BUY
IN SWEEP FUNCTION
GENERATORS

The Krohn-Hite Model 1200 offers linear sweep
(up or down) plus sine, square or triangle
waveforms from .2Hz to 3 MHz. Features in-
clude: 1500:1 tuning dial plus vemier; external
VC and CV output; push button control; DC offset
control; auxiliary TTL output; separate
HI and LO outputs and much more!
Take advantage of this price while
we're in a generous mood. Call
(617) 580-1660 for more details.

Ve N cv out

- -
. »

RN ol U.S. PRICE

- £/ JKROMN - HITE
KH s

SECOND BEST

LESS SWEEP The new Model 1000 has all the
quality features of the 1200 except sweep!

/L lcpoHN-HITE
CORPORATION
Avon Industrial Park, Avon, Mass. 02322 e (617) 580-1660

SALES OFFICES: ALA., Huntsville (205) 534-9771; ARIZ., Scottsdale (602) 994-5461; CAL., San Jose (408) 292-3220. Inglewood (213) 674-6850. COL., Denver (303) 773-1218; CONN., W
Hartford (203) 525-7647: FLA., Orlando (305) 894-4401; GA., Atlanta (404) 455-1206; HAWAII, Honolulu (808) 941-1574; ILL., Arlington Hts. (312) 394-3380. KS., Overland Park (903)
384-2710; LA., Lafayette (318) 984-3516; MASS., Wakefield (617) 245-5490, MICH., Southfield (313) 569-4497; MINN., St. Paul (612) 645-5816. MO., St. Louis (314) 731-5400; N.M.,
Albuquerque (505) 255-2330; N.J., Cherry Hill (609) 482-0059: N.Y., Eimont (516) 488-2100. Rochester (716) 328-2230. Syracuse (315) 437-6666. Vestal (607) 785-9947. N.C., Burlington
(919) 227-3639; OHI0, Chesterland (216) 729-2222, Dayton (513) 434-8993; OKLA., Tulsa (918) 299-2636: ORE., Portland (503) 297-2248. TEX.. Dallas (214) 661-0400. Houston (713)
688-1431; UTAH, Salt Lake City (801) 942-2081; VA., Falls Church (703) 573-8787. WA., Bellevue (206) 454-3400. CANADA, Montreal, Quebec (514) 341-7630, Ottawa. Ontario (613)
235-5121. Toronto, Ontario (416) 445-9900. Vancouver, British Columbia (604) 253-5555, Halifax. Nova Scotia (902) 454-8321. St. John's. Newfoundland (709) 726-2422

CIRCLE NUMBER 33




Measuring temperatures

Knowing component temps
can improve your design

M easuring temperatures has become critical to
designing today’s electronic equipment. For
one thing, thermal-design calculations may
not represent the real-life situation in equipment, and
only by carefully measuring the temps of key elements
will a designer be sure that semiconductor and other
components don’t exceed their maximum allowable
temperature ratings. In addition, monitoring environ-
mental chambers and test stands that operate at
elevated temperatures to accelerate early failure rates
are necessary to evaluate performance and protect
prototype devices and equipment against damage
from excessive heat. And locating hot spots with
thermometer probes can facilitate and speed trouble-
shooting and trouble analysis.

Fortunately, a designer can choose from a wide
range of temperature indicators and thermometers.
There are simple stick-on elements that change color
when a specific temp has been exceeded, and there
are accurate digital thermometers that can monitor
from one to as many as 20 or 30 sensors.-Hand probes
are now appearing that can be used with standard
digital and analog voltmeters. And for someone will-
ing or able to spend as much as $45,000 on temperature
analysis, thermographic systems are available to map
temperature differentials of PC boards or other equip-
ment—in color.

Stick-on indicators cost the least

At the low-cost end of the spectrum, temperature
indicators are available in the form of stick-on labels,
crayons, pellets, lacquers and inks. Not only do they
cost little, they also have fast response, and don’t
conduct heat away from the device being measured.

Jim McDermott
Eastern Editor
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Adhesive-backed temperature-recording labels by Tela-
temp change from white to black when a specified tem-
perature has been exceeded. Here, labels are placed on
ICs, transistors and heat sinks.

Thermocouples, thermistors or platinum-resistance sen-
sors are used in these digital thermometers by Digitec.
The meters display readings in °C or °F and have resolu-
tions of 0.01, 0.1 or 1 C or F to match applications.
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And a 1% indication accuracy can be achieved with
them.

Temp indicators that are widely used are the
temperature-sensitive labels, which are composed of
one or more heat-sensitive spots. They are placed on
components such as transistors, ICs and heat sinks
(see photo). As a specified temperature is reached, an
indicator circle changes from white to black. The color
change is irreversible, so it becomes a permanent
record.

These labels can also be affixed to products going
out into the field to indicate the highest temperature
the equipment will experience.

Crayon-type indicators tell that a fusible tem-
perature has been reached by melting or changing
color. They are generally provided in about 100 tem-
perature ratings between 100 F and 2500 F, but their
ratings can go as high as 3200 F. Where a surface may
not accept the crayon, a temperature-indicating lac-
quer can be substituted over the same temperature
ranges and with the same indicating accuracy.

Fusible pellets are also available, but they are
primarily useful for monitoring higher temperatures
such as heat zones in furnaces.

Thermocouples are popular sensors

Temperature sensors used with digital or analog
thermometers fall into four general classes:
thermocouples, thermistors, resistance-temperature
detectors (RTDs) and junction semiconductor ele-
ments exploiting the variations in junction character-
istics with temperature. Thermocouples cover the
widest range of temperature measurement. Thermis-
tors have the greatest sensitivity to temp changes.
And RTDs have the highest stability. Semi elements
are proving particularly useful in hand-held probes
used for checking the temperatures of PC-board de-
vices. Electronic digital thermometers range in price
from $250 to $800 for thermocouple units and RTDs,
and $250 to $500 for thermistor instruments. Prices
depend upon such factors as resolution, accuracy and
packaging.

Probably the most popular thermal sensor is the
thermocouple, which is rugged and low-cost—for
standard probes, around $10. Thermocouples generate
thermoelectricity, which was discovered by Seebeck
in 1821 when he found that if two dissimilar metals
are connected in a conducting loop and one end of the
loop is hotter than the other, a voltage will be
developed and a current will flow.

While early thermoelectric experiments were con-
ducted with antimony, copper and lead, improved
alloy-metal combinations have been developed over
the years. They are identified by American National
Standards Institute Type numbers (see table).

Two factors directly related to thermocouple char-
acteristics affect the design of electronic thermome-
ters:

s For accurate temperature measurements, the cool
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This low-cost volt-ohmmeter has two ranges for measur-
ing temperature. The temperature probe in this Triplett
instrument Model 100-T is a thermistor that measures
from 50 to 300 F.

This temperature probe with a solid-state-junction
thermal sensor generates an EMF of 1 mV/°C. It can be
used with the Valhalla Model 4440 digital multimeter or
any other DMM with a 200-mV full-scale range and
autopolarity for indicating negative temperature. It can
measure from —50 to 150 C.

junction of a thermocouple loop, which is located at
the instrument, must be maintained at a fixed refer-
ence temperature—usually 0 C (32 F).

= The output of thermocouples is highly nonlinear.

If the reference-junction temperature is fixed, the
thermocouple voltage is nonlinear but predictable for
different temperature ranges. The National Bureau
of Standards has established accurate values of this
voltage for standard thermocouples.

For many years literally baths of ice provided
reference-junction temperature. But modern digital
instruments use electronic equivalents. Where the
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Temperature scales and an auxiliary hand probe permit
the designer to measure device or component tem-
peratures from —55 to 150 C or F with this Tektronix 851
digital tester.

instrument is designed to use one or more specific
thermocouples, the cold junction is incorporated into
the instrument. But if the meter has no internal cold-
junction compensation, it must be provided externally.

For cold-junction compensation, Fluke uses
circuitry that senses the temperature of the reference
junction and generates a compensating voltage that
makes the junction look to an electronic thermometer
as if it were at 0 C (32 F'). Omega Engineering’s Model
CJ cold-junction compensator, for meters without
internal compensation, contains a special bridge
network for the same purpose; it can be used with
a variety of thermocouples.

Thermocouple outputs are low, from a few micro-
volts to 75 mV. Sensitive galvanometers and meter
movements have been used, but digital measurement
has superseded them because of higher accuracy and
resolution, and faster readouts.

Accuracy is frequently specified on the order of 1
to 2 C or better—even as manufacturers disagree on
just what constitutes accuracy and how it should be
specified. Resolution is in the order of +1 C over a
few hundred degrees, and 0.1 C or better for shorter
spans.

More than a DVM

Thermocouples make selecting a digital thermome-
ter a lot more involved than choosing a simple DVM,
upon which it is based. Besides the errors inherent
with digital voltmeters, there are thermocouple errors
to consider, including the deviation from the NBS
curve for the thermocouple used; the span of tem-
perature being measured, which is a function of the
reference voltage coefficient; the ambient tem-
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Exceptionally high accuracy is provided by HP's Model
2804 quartz-crystal thermometer. Temperature range is
—50 to 150 C and resolution is 0.0001 C.

perature error; and the reference-junction tem-
perature error, among others.

Since thermocouple output voltage is nonlinear,
compensation must be made in analog and digital
thermometers. Analog meters employ nonlinear
scales tailored to the thermocouple used. Digital-
meter designers approach the problem differently, but
in any event they break the thermocouple curve into
segments providing the best possible fit to the NBS
curve (see figure).

Digital thermometers using thermocouples general-
ly use 10, 20, 25 or 32 break points. Fluke’s 2100A series
uses 64 segments plus a 4-k ROM that stores programs
containing 256 possible slopes for each segment.

Both the 267 and 268 series of pyrometers by
Newport Laboratories have a plug-in analog linearizer
for each temp range. Called the Polylog, it changes
the amplification factor of the input amplifier for 20
segments. The system equals the performance of a 20-
segment digital or diode-function generator-lineari-
zer, but without the drift and other problems as-
sociated with a diode-function generator.

A microprocessor-controlled thermocouple system,
the Alnor 8800, monitors temperature at 32 points.
It also has a 32-segment digital-linearizing circuit that
is accurate to within 0.25 F or 0.25 C of NBS specs.

Where accuracy and resolution substantially higher
than those obtained with thermocouple instruments
are required, a digital thermometer like Hewlett-
Packard’s Model 2804A microprocessor-controlled
quartz thermometer can be used. Unlike thermocouple
instruments, this one is based on the sensitivity of
a quartz crystal’s essentially linear change in resonant
frequency with temperature. Residual nonlinearities
are further rejected by a curve-fitting technique that
employs a PROM programmed for each crystal.

The 2804A thermometer has an accuracy of .04 C
over a temperature range of —50 to 150 C and a
resolution of .0001 C that is two orders of magnitude
or better than comparable thermocouple, platinum or
thermistor systems. A seven-digit readout displays
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either centigrade or Fahrenheit. The instrument out-
put is compatible with the HPIB bus system.

Thermocouples aren’t the only sensors

Another important type of sensor used in electronic
thermometers, the resistance-temperature detector
(RTD), is a wound resistance element fabricated from
pure platinum or other metals. Resistances range
from 10 to 500 Q. These RTDs have positive tem-
perature coefficients and offer the best inherent
linearity. But their output, or change in resistance
with temperature, is low—about 0.4%/°C. Prices vary
from about $10 to $100 for standard RTDs. Platinum
reference elements traceable to NBS may cost several
hundred dollars.

RTDs are generally used to cover broad temperature
ranges. For example, the Digitec 5900 PC, with a
platinum sensor, operates from —100 C to 600 C with
a resolution and repeatability of 1°. Platinum re-
sistance probes also provide the greatest composite
accuracy over a broad temperature range.

Still another major temperature sensor, the
thermistor, is a bulk semiconductor element with a
negative coefficient of resistance. Basic cold resistance
is in the order of a few hundred to a hundred thousand
ohms.

For protection, thermistors are usually en-
capsulated in glass beads. Their output is highly
nonlinear, but they have an exceptionally large change
of resistance with temperature, about 4%/°C. Depend-
ing on the mounting and probe design, they go for
about $5 to $50.

Digital thermometers have generally been available
in either panel-meter or bench configurations, with
many having provisions for battery operation. But
now, hand-held, battery-powered units are also ap-
pearing.

One pocket-sized meter, Omega Engineering’s $250
Omegatemp, measures temperatures continuously
over —55 to 999 C with a 1° resolution. Automatic
cold-junction and linearizing circuits eliminate error
due to variations in the thermocouple length and
diameter. LEDs are used for the display. Accuracy
is a 0.2% of reading + one digit.

Another hand-held meter measures temperatures
over the MIL-standard range of —55 to 125 C—EDC
Corp.’s $239 T-Meter. Battery drain is minimized by
a liquid-erystal display. Unlike other hand probes, the
T-Meter uses a silicon diode as the temperature-
sensing device, which minimizes the instrument com-
plexity. The meter measures the change, with tem-
perature, of the forward-voltage drop across the diode.
Diodes are selected, and circuits inside the probe tailor
the diode outputs for optimum linearity.

The standard T-Meter probe’s accuracy is listed as
+0.5 C over the MIL-standard range. For special
applications covering only a 20° span in the MIL range,
a special probe can obtain +0.1 C.

Besides electronic thermometers, both analog and
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THERMOCOUPLE EMF ——»

TEMPERATURE ———

In thermometers using thermocouples, the nonlinear
characteristics of the couple are approximated by line
segments adapted to the particular thermocouple calibra-
tion curve referred to NBS data.

ANSI thermocouple
types and ranges

Useful
Temperature
Range, °C

el 02 to 1 2008

Thermocouple
Type Material

J Iron vs
Constantan

K Chromel
vs Alumel

T Copper vs
Constantan

E Chromel vs
Constantan

R Platinum vs
Platinum 13%
Rhodium

S Platinum vs
Platinum 10%
Rhodium

B Platinum 6%
Rhodium vs
Platinum 30%
Rhodium

C Tungsten 5%
Rhenium vs
Tungsten 26%
Rhenium

G Tungsten vs
Tungsten 26%
Rhenium

=270zt 13722

—270° to +400°

=6707 1o 1000

=b0¢to. +17682

—50 to +1768°

0° to +1830°

0° to +2200°

0% to 27002

digital multimeters are available that, while not
primarily intended for temperature measurement, do
have temperature probes and temperature scales. For
example, Triplett’s Model 100-T analog volt-ammeter
uses a thermistor probe to check for hot spots in PC
circuits. The meter has two temperature scales: —50
F to 150 F and 50 F to 300 F.

Another example of this trend to incorporate
temperature-test features is Tektronix’s $1995 851
digital tester. In addition to its many digital trouble-
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Sixty thermocouples, thermistors, or RTDs can be
scanned by the Fluke 2240B microprocessor-controlled
Data Logger without special equipment. With it, as many

shooting functions, the 851 can use an optional tem-
perature probe to display temperatures between —55
and 150 C, with an accuracy of 2 C and a resolution
of 0.01 C. This feature is useful for locating malfunc-
tioning memory chips in a large memory bank or in
checking power supplies for hot spots.

Tektronix’s P6430 Temperature Probe can be used
optionally with the company’s digital multimeters.
Temperature is measured by an npn transistor sensor
at the voltage-probe tip. Temperature is a function
of emitter-base voltage.

Probes available for standard DMMs

As a matter of fact, dc voltmeters and multimeters
without temperature scales can be converted into
direct-reading thermometers by probes having a lin-
ear voltage-vs-temperature output. Fluke’s 80T-150
$125 universal temperature probe produces a readout
of 1 mV/°Cor1mV/°F, depending on the model used.

Temperature ranges are either —50 to 150 C or —58
to 302 F. DMM sensitivity of the meter scale used to
read the temperature determines the resolution of the
readings. A 150-mV range resolves any centigrade
reading to 0.1°. The probe output can also operate

Fiber-optic probes permit infrared signal transmissions
over distances that allow Vanzetti IR temperature-
monitoring electronics to be removed from high-tem-
perature environments without affecting the accuracy of
the measurements.

90

as 1000 can be scanned. Low-thermal-EMF switches per-
mit the 2240B to measure voltages as low as 1 uV and
temperatures to within 0.1°C or F.

chart recorders. For the heat-sensing element, a
microcircuit transistor is deposited on the small
aluminum probe tip.

Battery-operated circuitry in a junction box that
connects the probe lead to the meter monitors the
temperature coefficient of the transistor’s forward
voltage drop, Vpe. This is converted into a linear
mV/°C or °F output.

Another universal probe that produces 1 mV/°C is
manufactured by Valhalla Scientific for use with its
Model 4440 Digital Multimeter Counter or any DMM
having a 200-mV full-scale range. Operated by a 9-
V battery, the probe incorporates a constant current
bridge that monitors a solid-state sensor. Accurate to
within +2° from 0 to 100 C and +3° from —50 to 150
C, the sensor is embedded in a low-mass brass tip for
minimum thermal lag.

Infrared measurements count, too

One thing that the thermocouples, RTDs and other
sensors discussed so far have in common is that they
must touch the surface to be measured. But noncon-
tact infrared measuring systems are proving useful
for monitoring and detecting temperatures that are
too high for thermocouples and RTDs—in the order
of several thousand degrees.

Hand-held infrared “guns,” like the one produced
by Telatemp, can be pointed at a hot source to get
a temperature reading. But these provide a readout
of temperature integrated over a large area, and aren’t
useful for most electronic applications.

Meanwhile, a thermal-monitoring system with a
fiber-optic probe that pinpoints areas of interest is
finding considerable use. The probe by Vanzetti In-
frared and Computer Systems not only helps monitor
semiconductor crystal-growing processes but can also
take a thermal profile of a PC board.

Infrared energy is picked up by the fiber-optic probe
and fed to a high-gain infrared detector. The output
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This color thermogram of a printed-circuit board reveals
temperature profiles of 64 IC packages. White is hot, black
is cold. The bottom scales denote the specific temperature
range observed in the thermogram made by UTI-
Spectrotherm’'s thermographic system.

of the detector can be amplified and processed for
temperature, measurement or control. The readout is
digital.

One application for the Vanzetti system is a digital
IC component handler developed by Micro Component
Technology in Minneapolis. The IC to be tested is first
energized by a thermal matrix preprogrammed for it,
then passed underneath the IR fiber-optic pickup
head. The IC’s temperature is checked and compared
with the equipment’s preset band limits. If the unit
is within limits, a test-ready command is sent to the
digital tester.

At the high-cost end of the temperature-measuring
spectrum, heat from electronic circuits and compo-
nents can also be vividly displayed on a TV screen
by means of thermography. Systems with this
capability are currently available from UTI-Spec-
trotherm, Barnes Engineering and AGA Aktibolag.

Running from about $30,000 to $45,000, these sys-
tems all use a slow-scan electromechanical scanning
system to paint a picture of the infrared temperatures
of the object being examined. Radiant energy from
the object being scanned is focused onto a super-cooled
detector. The detector’s output is amplified and fed
to a CRT-monitor screen on which varying shades of
black and white represent temp differences. These
differences are quantized by a color-scan converter
that presents them in multiple shades of color, each
hue representing a specific temperature.

The Color Quantizer used with UTI’'s Model 900
system, which has a 30 X 20-degree field of view,
translates these grayish tones into 10 different, easily
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distinguishable colors. And since a standard TV signal
is used, this information can be recorded on tape.

In addition, Polaroid pictures may be taken of the
thermograms.

Barnes’s RM50 thermographic systems, on the other
hand, is capable of microscopic inspection. Its lenses
can magnify areas of interest three to 100 times.
Polaroid pictures may also be taken of its thermogram
images, and a video display and scan converter are
available. am

Need more information?

The companies and products cited in this report
have, of necessity, received only brief coverage. They
have been selected for their illustrative qualities.
Their product lines are identified here. The code to
these products is: ET—electronic thermometers; TI—
thermally sensitive indicators; IR—infrared
thermometers; EM—electronic analog thermometers;
MT—digital meters with provisions for measuring
temperature; TS—thermograph sytems. Many com-
panies not mentioned may offer similar products.

AGA Aktibolag, Lindigo, Sweden (AGA Corp., 550 County AveA. Secaucus, NJ
07094. (201) 866-3344).(TS) CIRCLE NO. 519

Alnor Instrument Co., 7301 N. Caldwell Ave., Niles IL 60648. (312) 647-7866.
(ET) IRCLE NO. 451

Analogic Corp., 1 Audubon Rd., Wakefield, MA 01880. (617) 246 0300. (ET)
CIRCLE NO. 452

Barnes Engineering, 30 Commerce Rd., Stamford, CT 06904. (203) 348-5381.
(TS) CIRCLE NO. 453
Digilin Inc., 3521 W. Pacific Ave., Burbank, CA 91505. (213) 846-1800. (ET)
CIRCLE NO. 454

Digitec (United Systems Corp.), P.O. Box 458, Dayton, OH 45401. (513)
254-6251. (ET) CIRCLE NO. 455

Doric Scientific Div., Emerson Electric Co., 3883 Ruffin Rd., San Diego, CA
92123. (714) 565-4415. (ET) CIRCLE NO. 456

E2T, P.O. Box 404, Carpinteria, CA 93013. (805) 684-5461. (TI, IR)
CIRCLE NO. 457

ECD Corp., 196 Broadway, Cambridge, MA 02139. (617) 661-4400. (ET)
CIRCLE NO. 458

John Fluke Mfg. Co., Inc., P.O. Box 43210, Mountlake Terrace,WA 98043. (800)
426-0361. (ET, MT) CIRCLE NO. 461
Benton Harbor, M|l 49022. (616) 982-3236. (ET)
CIRCLE NO. 459

Hewlett- Packard 1501 Page Mill Rd., Palo Alto, CA 94303. (415) 493-1501.
(ET, MT) IRCLE NO. 460
Inframetrics Inc., 225 Crescent St., Waltham, MA 02154. (617) 891-6784.
(TS) CIRCLE NO. 520
Logical Technical Services, 71 W. 23 St., New York, NY 10010. (212) 741-8340.
(MT) CIRCLE NO. 518

3M Co., 3M Center, Bldg. 219-1, St. Paul, MN 55101. (612) 733-7230. (Tl)
CIRCLE NO.462

Newport Labs, Inc., 630 E. Young St., Santa Ana, CA 92705. (714) 540-4914.
(ET)

Heath Co.,

IRCLE NO. 463

Ome%a Engineering, Inc., Box 4047, Stamford, CT 93680. (203) 359-1660.
RCLE NO. 464

Precision DngnaICorp 368 Hillside Ave., Needham, MA 02194. (617)449 2265.
(ET) CIRCLE NO. 465
Pyrometer Instrument Co., linc., 234 Indl. Pkwy., Northvale, NJ 07647. (201)
768-2000. (ET) CIRCLE NO. 466

Simpson Electric Co., Katy Inds., 933 Dundee Ave., Elgin, IL 60120. (312)
697-2260. (EM) CIRCLE NO. 467
Tektronix, P.O. Box 500, Beaverton, OR 97077, (503) 644-0161. (MT)
CIRCLE NO. 468

Teletemp Corp., P.O. Box 5160, Fullerton, CA 92635. (714) 879-2901 (TI, IR)
CIRCLE NO. 469

Tempil Div., 2901 Hamilton Blvd., South Plainfield, NJ 07080. (201)
757-8300. (TI) CIRCLE NO. 470
Triplett Corp., 286 Harmon Rd., Bluffton, OH 45817. (419) 358-5015. (EM)
CIRCLE NO. 471

UTI-Spectrotherm, 325 N. Mathilda Ave., Sunnyvale, CA 94086. (408) 738-3301.
(TS) CIRCLE NO. 472
Valhalla Scientific, 7707 Convoy Ct., San Diego, CA 92111. (714) 277-2732.
(MT) CIRCLE NO. 473
Vanzetti Infrared & Computers Systems, Inc., 607 Neponset St., Canton, MA
02021. (617) 828-4650. (IR) CIRCLE NO. 474
Yokogawa Corp., 5 Westchester Plaza, EImsford NY 10523. (914) 592-6767.
(ET, EM) CIRCLE NO. 521
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7000 feet of reliability
info afighting
package?

Ask Hughes.
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Total interconnection technology.

When it's a complex fighting machine like the Navy's A-6E and its
TRAM target-sensing system's highly sophisticated avionics, you con-
nect with Hughes capability. Hughes, because of our deep involve-
ment in high-technology military and aerospace programs: Phoenix,
Maverick, Lance, Minuteman, AWACS, F-14, F-15, Space Shuttle, Viking,
Sonobuoy, F-4, A-7, Condor, Standard Missile, F-8, Trident, Hobo,

Sprint, and many more.

With all that experience, we've developed not only the hard-
ware and the circuitry, but also the concepts and design capability to
solve the toughest interconnection problem. And the techniques
to make it work. Aside from our design-to-system advanced pack-
aging, we also offer umbilical and special connectors and off-the-
shelf connectors.

Umbilical and other special connectors. Our umbilical on the new
laser-guided Maverick is typical of our specials; we also have connec-
tors on many of the country's airborne missiles where sure-fire
operation is critical to national defense. Meeting your requirements
is the challenge to us. We give priority to your special-connector
problems. Solutions are just part of what we offer.
Off-the-shelf connectors. The new C-21 (MIL-C-85028) is _ -
another typical example of Hughes hi-rel technology.

For high-altitude applications the G:21 has individual
seals for up to 250 psi on the contacts, preventing
altitude breathing and consequent contamina- ¢
tion. It's a Hughes exclusive. ;

Our standard line also features subminia-" ¢

ture rectangulars, standard size, subminiature :
circulars, and miniature rectangulars —better because they're super
hi-density connectors. Our exclusive PolarHex™
Center Jackscrew coupling device makes it all possi-
ble. Another Hughes first is our HAC PAK™ connector
(MIL-C-28804), the simplest way to connect round
*| 1o flat cables.
2" Ask Hughes. Squeezing s duhae ST i -:
reliability into any sophisti- | \
cated machine is no problem | HUGHES :
for you. Just ask Hughes Connecting ¢ !
Devices, 17150 Von Karman Avenue, HUGHES AIRCRAFT COMPANY
Irvine, CA 92714, or call (714) 549-5701. CONNECTING DEVICES

Total interconnection technology:
the hardware, the circuitry, and the concepts.
CIRCLE NUMBER 296
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...When There Are No Performance Surprises!

Designing wideband or high speed
equipment? Here’s an op amp that puts it all
together:

Fast slewing, fast settling, large gain-
bandwidth product, excellent DC
performance (drift of 15uV/°C) and one that
produces a full 100mA output!

The 3554 offers the best compromise when
you must have top performance in these
critical areas. It maintains gain accuracy with
high frequency signals. Fast settling time

BURR-BROWN

means better system accuracy with transient
signal conditions. High output current lets you
drive heavy loads with good total frequency
response.

This FET differential input op amp, priced
from $39.60in hundreds, is fully specified inan
8-page data sheet that includes 26
performance curves, typical application
information and circuits.

Contact Burr-Brown, P.O. Box 11400, International
Airport Industrial Park, Tucson, AZ 85734, U.S.A.
Phone: (602) 294-1431.

Putting Technology
To Work For You

CIRCLE NUMBER 34

CIRCLE NUMBER 35 b



Non-glare, high resolution
monitor for clarity

THE TELETYPE MODEL 40 PRO

©F INTERACTIVE DATA TERMINALS A i

LIMITED APPLICATIONS AND WITH
YOUR DATA HANDLING SIMPLER, FAS

THE VERSATILE MODEL 40 IS
FOR ENTERING., STORING. DISPLAYI
CEIVING DATA OVER DIAL-UP SWIT
POINT PRIVATE LINE FACILITIES.

COMPATIBLE WITH TODAY’S
COLS. THE MODEL 40 IS HIGHLY

Human-engineered typewriter-like
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THE MODEL 40 IS SO GOOD,
NOTHING EVEN COMES CLOSE.
AND WE CAN PROVE IT,
COMPONENT BY COMPONENT.

We're convinced the Teletype® model 40 product line
matches—if not exceeds—any data terminal system
on the market today. Because on a cost/performance
basis, nothing even comes close.

The 40 printer, using a unique design, is incredibly
dependable. And its CMOS/LSI drive electronics are
so advanced and compact, they fit inside the printer
itself on a single circuit card. *

Our keyboard i1s anything but ordinary, too.
Naturally, all controls are grouped according to
function. But more importantly, the entire unit is
human engineered to provide the most in throughput.
Not only do the keys impart a typewriter feel, they're
also contoured to the shape of the operators’ fingers.

We admit we could have cut corners when we
designed and built our display tube. But good enough
wouldn't have been good enough. So we used a glare
reducing screen. Even the display type is specially
designed for legibility, with a flicker-free refresh rate
of 60 times/second. Character separation and clarity
are insured by a large 7 x 9 dot matrix. And the whole
unit tilts through 20" for the best viewing angle.

As good as the individual components are, added
together they put the model 40 product line in a class
by itself. For more information, write or call:
Teletype, 5555 Touhy Ave., Skokie, IL. 60076. Phone
312/982-2000.

g, O A O A

pTe

Teletype 1s a trademark and service mark
reqistered in the Unuted States Patent and Trademarlk Ofhce




Tomorrow’s voltmeter

John Fluke of Fluke Mfg.
speaks on

The Future of the Voltmeter

foresee much significant technological advance-

ment of the voltmeter art in the next few years,
I don’t foresee a dull future—far from it. Because,
as with any other maturing product, technology isn’t
the whole story.

Voltmeters haven’t hit a dead end. While I don’t

The excitement, the innovations, the
breakthroughs that | see ahead are
going to come about as we respond, not
to new technology, but to new uses by
new kinds of users.

We voltmeter manufacturers will invent, adapt and
improve the product as always, but the focus will shift
from the voltmeter’s insides to its “impedance match”
with the person who’s using it.

We'll be using what I call an “asymptotic” technolo-
gy—a rugged, low-power, lightweight, long-lived, ac-
curate, low-cost set of solutions that are now begin-
ning to approach the ultimate—giving the user an even
better measurement tool.

To understand where this new user came from, who
he is, and what kinds of instruments he needs, you
have to look back. For the two decades covering 1949
to 1969, Uncle Sam was the main, most visible
customer of all instrument manufacturers. As the
biggest spender around, he had the most effect on
directions in new products.

He almost “paid our way”’—from the vacuum-tube
voltmeter of the 1950s through the debut and develop-
ment of the differential voltmeter, to the birth of all-
solid-state DVMs.

Uncle Sam was no piker. He cared most about our
top-line instruments, and even helped us get one more
digit of accuracy every year—for a while.
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But after the NASA, Defense Department and
other cutbacks of 1969 and 1970, we had to find a new
“main customer” with volume needs. And just when
we needed a new customer, big industry began to need
us.

Electronics had found its way into some industrial
and commercial devices—copiers, coffee dispensers,
numerically controlled milling machines and drill
presses, among others. So meters were needed, mostly
for field service, but also for production tests.

So we were ready to sell in real volume
to industry. But industry didn’t want or
need DVMs or DMMs that had high
accuracy, high prices, fancy specs, or
regular recalibration procedures.

Industry wanted ruggedness and rock bottom
prices. So we had to come up with both in a hurry,
since there was no one else to sell to.

Ruggedness at low prices? Up to 1969, DVM manu-
facturers had never put out a product like that; really,
they had been like spoiled kids. Electronics had grown
up treating instruments as expensive laboratory deli-
cacies; meters were sold only to other electronickers,
who cuddled them. In 1969, instruments simply
weren’t ready for rough-and-tumble industrial use.

By 1972, however, some rugged DVMs using ICs
were in volume production, including our Fluke Model
8000. The new de facto standard was 3 1/2 digits,
rechargeable batteries, and a benchtop case 8 or 9
inches wide. And industry has been buying ever since.

This year’s hand-holdable version, the 8020, is built
to do the same job as the 8000—it has 3 1/2 digits,
but it is also far more rugged, and lives through 1000-
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volt overloads and 6000-volt transients in a calculator-
sized tough plastic case; and it uses a 9-volt transistor
radio battery. Now that’s a practical DMM, and that’s
what industrial customers steered us into.

They make no bones about the most important spec,
price. The Model 8000 was startingly low-priced in
1972 at $299, but the Model 8020, smaller, ruggeder,
and better designed, is only $169. The point is, even
with inflation against us, we're giving the industry
more performance for less cost. I think that trend will
continue.

In the past seven years, industry has stepped up
its use of electronics to cope with rising costs. And
more consumer goods are being introduced that use
electronics: washing machines, sewing machines, ov-
ens, CBs, TV games, home computers, and a raft of
other things. So industry wants more meters.

In many cases, virtually untrained people are using
the meters, not only in the testing and servicing of
consumer items, but also in the testing and servicing

ELECTRONIC DESIGN 24, November 22, 1977

of industrial equipment.

I think that’s another trend that will continue.
Nationally, the education level of technicians is going
down as the military cuts back technical training from
the year-to-two-years that it used to be. I hear that
some technical schools now go for six weeks. So the
low-end (bottom price and performance level) volt-
meter has to be one that’s right for this slightly trained
tech.

| think the manufacturer of end-user

machines will take the voltmeter or

multimeter and make it support the
whole field-service job for his product.

Possibly it’'ll take more function power

in the digital area, maybe signature

analysis or special counters.

Don’t be surprised if leading manufacturers go back
to identifying faults and localizing them at the compo-

97




nent level. It costs a lot in inventory to have to replace
modules or PC boards.

Tomorrow’s voltmeter will have to be failure-proof,
or closer to it than today’s. If you're out on a
manufacturing floor turning out electronic units in
real volume, you can’t have production test meters
go down and make any money. What do you do with
the workers?

Here, easy servicing isn’t the answer; and in the
real world, production people have no spare meters.
The answer? A DMM that simply doesn’t break,
mechanically, electrically, thermally or any other
way.

Hopefully, we'll be learning more about the failure
modes of semiconductors, so we can do a better testing
job. We do well today, applying voltage extremes while
slewing temperature, rapidly. This thermally stresses
the chips, and weeds out the weak ones.

Don’t be looking for major improve-
ments in measurement accuracy, how-
ever, or sweeping changes in the basic
functions of the voltmeter. Reliability,
convenience, human engineering, and
easy-service provisions will get the at-
tention, instead, | believe.

It’s now a world of replacement, not repair. But
when will voltmeters get there? Not in less than five
years, I'd guess.

But in the meantime, repair is easy. The 8020 has
a plug-in chip, a plug-in display, a PC board, a few
discretes, switches, and that’s all. Not much to fail,
and most of it is pluggable.

The ruggedness and serviceability just beginning
to show in tough new low-end instruments will per-

Who is John Fluke?

After earning a BSEE from the University of
Washington and a master’s degree from MIT, the man
who gave his name to the digital voltmeter began his
engineering career in 1936 with the General Electric
Company in Schenectady, NY. Shortly afterwards, in
Bridgeport, CT, Fluke won $300—a fortune during the
Depression—for a resistance-welding suggestion that
saved money for GE. World War II and the Navy
interrupted his career, and he found ways to degauss
American ships to make them difficult for the Ger-
mans to locate. A young lieutenant commander whom
Fluke worked for would later become a distinguished
admiral —-Hyman G. Rickover.

A civilian again, Fluke devised a wattmeter based
on empirical square-law operation of some silicon
carbide resistors. He began producing them in 1948
in the basement of his Springdale, CT, home with the
help of one employee. Four years later he moved his
rather larger company to Seattle, “God’s country,”
and became the company’s president, a position he
retained until 1972 when John Zevenbergen was made
President and Fluke was named Chairman of the
Board and Chief Executive Officer.

With all his company responsibilities, Fluke has
found time to serve on the American Security Council
and on the President’s Blue Ribbon Defense Panel.
He has worked for the Secretary of the Army and
the Department of Defense. He’s recently finished a
two-year stint as Chairman of the Electronic Test
Equipment Committee for the Deputy Secretary of
Defense. His committee’s recommended improved
purchasing methods will save millions.

A community-minded individual, Fluke has worked
for the northwestern states’ Junior Achievement or-
ganization. He has also supported the Seattle Sym-
phony as Chairman of the Endowment Fund, Vice
President and member of the Executive Committee,

and member of the Board of Trustees. Right now, he’s
on the executive committee of the Seattle Historical
Society and a member of Seattle’s Major League
Sports Committee.

In addition to outside activities and long daily hours
with his company, Fluke “putters around” in his 40
X 60-ft home workshop, collects early engineering
texts, and restores selected test equipment of earlier
decades. “Maybe when we tear things up again at the
plant, we’ll put in a little museum,” he muses.

With his wife, Lyla, Fluke can look back on 40 years
of marriage. They have two sons and a daughter, all
in their thirties, and three grandchildren. John, Jr.,
another Stanford man, works for digital services in
the Fluke organization. His father approves highly of
John Jr’s present assignment—cutting business
costs.
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meate the middle and high-end lines as well. The
middle-sized, middle-priced voltmeters are the logical
ones to address the digital LSI market, which suffers
from a lack of tools. Five years from now, perhaps,
the middle market will show some integration be-
tween the analog-input voltmeter of today and digital
tools.

These voltmeters will also give technicians more
messages, like “You’re hooked up OK,” or “You're
hooked up wrong.” That’s the kind of thing that will
continue to generate a middle market. Then, as now,
we expect the middle to be a features race, offering
some neat things beyond what the low-end units can
do, for a few dollars extra.

The top-of-the-line meters will be flex-
ible microprocessor-based instru-
ments, competing on the basis of their
“smarts.” The features of such a meter
will include how much calculating
power it brings to the job, how well it
can expand on short notice to become
the hub of a little measurement "'sys-
tem,’” the messages it displays, and how
it prompts the production operator.

Even with the high-end voltmeter, I keep coming
back to that “new kind of operator.” We'll design so
as to make it easy for that not-too-technical tech to
get right answers and only right answers. The uP will
be guarding him against wrong hook-ups by averaging
a series of readings to cancel out noise and hum,
checking all values for reasonableness, and generally
keeping him out of trouble.

We already have error displays lighting up on some
instruments, to send the operator back to a “prompt
sheet.” This will tell him, for example, that to measure
rms he has to push two buttons, not just one. In the
next few years, there’ll be more of this kind of help
for the operator who may be new to the specific
instrument, new to his job, or even new to the
electronics field.

As for serviceability features on the high-end bench
instruments, you’re already seeing good modularity
inside the case, and you’ll see more diagnostics, plus
readiness-test minidiagnostics for the end user.

The instrument’s going to tell you
where its problem is. It’s going to say,
“"Hey, my ac converter isn’t feeling too
good.” Kidding aside, the front-panel
message lit up in block letters may be
worded aimost that plainly. The user
will expect self-diagnosis in any top-of-
the-line instrument, and get it.

ELECTRONIC DESIGN 24, November 22, 1977

We've got a start on the diagnostics already. We
put a front-panel minicassette on our new 5100
calibrator, mainly to sequence calibration steps when
putting another instrument through its paces. But
soon you’ll also be able to put a diagnostic cassette
on that little tape deck, and have the calibrator check
itself out.

The bus concept of the 5100 may lead our design
people to develop many more aids. Three buses are
involved, the IEEE 488 bus that talks with the outside
world, the 8080 microprocessor bus, and an internal
analog bus.

The bus orientation lets you define limits for each
measurement, but never bothers the operator with
them. The microprocessor will perhaps store upper
and lower limits, compare the actual reading to the
limits, and send the operator whatever display words
you have programmed to indicate go or no-go.

A DVM or DMM of this kind—self-explanatory,
self-checking, self-diagnostic—will be welcome in all
kinds of test and experimental work being done by
nonelectronickers, too. New fields to conquer.

I'm a realist. If a diesel engine had been built the
way we were building voltmeters even as late as five
years ago, the engine wouldn’t go 10 miles. It just
wouldn’t last. But today’s and tomorrow’s new meters
will hold up, because voltmeter manufacturers have
learned from experience. The hard way.

I'll tell you frankly, we've had some disasters—
every innovative company has—and every one of them
can be traced back to some fault in engineering
practices, or a misunderstanding of how the meter
would be used, or what punishments it would have
to stand.

But after seven years of really focusing on the
industrial user, I think the knowledge is there. We've
paid our dues, and we've learned, not just the Fluke
people, but all the leading manufacturers. Competing
for business tomorrow will require more engineering
discipline than it did just a few years ago. Our design
people, a unique breed, can deliver.

The pressure is on the design teams to
foresee all the hazards, and optimize all
the features. The testing people have
to make sure they’ve really wrung out
the new voltmeter or multimeter before
it ever goes into production, and again
when the first production units are
made. They must make sure a new
instrument is solid—in a far wider
range of uses and environments than
ever before. Solid, and effective.

That’s as it should be; these are the things that
happen in any industry as a product matures.ss
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Introducing the 920-D logic analyzer. Nine
channels, 20 MHz and much, much more.
Don't let the low price mislead you. Biomation's new
920-D stands up to logic analyzers costing twice, even
three times as much. It includes the functional
features design engineers ask for most. And combines
them with 9%% pound portability, making the 920-D

an ideal field troubleshooting tool.

Nine channels — not just eight — give you added
capability for more applications. Use the extra channel
for recording data, or to mark a trigger location. And
select between trigger or clock qualifier. Attach the
optional Biomation 10-TC probe pod and you can
select up to a 19-bit combinational trigger word.

The 920-D enables you to set a precise interval
between the actual trigger and the start of recording,
using either clock periods or number of trigger
events. Or the pre-trigger recording mode can be
selected to capture data from before the actual trigger.
The logic threshold level is selectable —TTL, ECL

ux EXT
CLOCK

BIOMATION CORPORATION
CUPERTING CALIFORNIA

or variable. And you can record at rates from DC to
20 MHz.

Captured data, at 256 bits per channel, can then
be displayed on any single channel scope or CRT
display in timing diagram format.

Compare the 920-D with other logic analyzers,
for both price and performance. Then ask yourself if
you can afford to settle for less.

Don't let the 920-D’s many features and high
performance mislead you.
It's priced less — far less —
than any comparable logic
analyzer.

In fact, the 920-D’s
$1295% price tag makes it
practical to putits extensive
capabilities to work
wherever you design,debug or troubleshoot TTL logic.

The 920-D is a cost-effective first logic analyzer for
most applications. Years of experience providing
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thousands of engineers
and technicians with the
industry’s leading family
of logic analyzers has
helped us designthe 920-D
with proven real-world
features you can put to
good use.
Low price makes the
920-D a great choice
for your second...or
third or fourth logic
analyzer. You won't need
to stand in
line or
share your
company’s only
logic analyzer when you have a 920-D of your own.
We built the 920-D for lightweight portability.
It weighs in at under 10 pounds and connects to

the nearest oscilloscope or CRT. That makes the
920-D the newest tool for field service.

Biomation has led the way in logic analyzer
developments. Today there are seven Biomation
analyzers, offering from 8 to 16 channels, 10 to 200
MHz capture rate, memory lengths from 256 bits to
2048 bits per channel and operating in both time
and data domains.

What more can we tell you? Plenty. Ask for the
920-D product sheet. Or give us a call to arrange
a demonstration. Ask for Ed Jacklitch (408)
255-9500. Or write Biomation, 10411 Bubb Road,
Cupertino, CA 95014.

*#(.S. price only

CIRCLE NUMBER 36

ELECTRONIC DESIGN 24, November 22, 1977

101




31 GATES™
<20 COUNTERS

MULTIPLEXERS

ﬂ’.ﬂ.

The new design standard.
Low Power Schottky. From the leader.
Texas Instruments.

Now there are 165 Low Power
Schottky functions available from
the leader, Texas Instruments. The
broadest line in the industry...
SSI, MSI and LSI circuits for every
low-power, high-performance ap-
plication...military systems, data
processing, telecommunications,
process control, with or without
microprocessors. You'll find TI Low
Power Schottky circuits provide
greater reliability at a lower cost
in less space with less power.

All of TI’s innovative 54LS/74LS
circuits feature typical speeds to
6 ns/gate with power dissipation of
less than 2 mW. In fact, power re-
quirements are 80% less than for
standard TTL logic. Less heat is

© 1977 Texas Instruments Incorporated

generated. Less heat sinking is
required. Low Power Schottky MSI
and LSI circuits increase package
density reducing package count

MORE NEW PRODUCTS

23 new Low Power Schottky circuits

have been introduced in 1977 for a total

of 165 since 1971...with more on the

way.

SN54LS/74L.S673 16-Bit POSI Shift Register
with Storage

SN54LS/74LS674 16-Bit PISO Shift Register

SN54LS/741.5322 8-Bit Shift Register
w/Sign Extend

SN54LS/74L.5173 4-Bit D-type Register,

3-State

TEXAS INSTRUMENTS

INCORPORATED
CIRCLE NUMBER 37

and the number of interconnec-
tions required. Costly pc board real
estate is thus minimized.

And, TI’'s Low Power Schottky
circuits cost less, as low as $1.40
for a 74LS245N Octal Bus Trans-
ceiver and $0.69 for a T4LS669N
4-Bit Binary Counter (100 pieces).
Add it all together and the result
is high performance and reliability
at lower manufacturing costs.

Design with more confidence
with the LS line that serves more
of your needs for less. To learn
more about system benefits,contact

Texas Instruments In- o
corporated, P. O. Box [7
5012, M/S 308, Dallas,
Texas 75222.

93215



LOGICAL CHOICE

Attention all of you working with
2 and 4-phase logic systems, bi-

sheer variety of pulses, nothing to-
day touches Model 110D.

polar logic, radar testing
and simulation, and with
complex waveforms of all
types: the new S-D 110D
dual-channel pulse gen-

74 S S
[

o

Model 110D is the latest mem-
ber of a growing family of S-D
pulse generators whose dis-
tinguished ancestors — Data-
pulse Models 110B, 110A, and

erator is for you.

In one compact in-
strument, Model -—/\

A

110—set the in-
dustry standards

110D contains two
complete pulse

generators with all ___Hﬂ_ﬂ.ﬂ_

| I I l | l Amplitude, *18v

in their time.

Key 110D data:

pulse parameters
separately controllable for
each channel. You can also
mix the channels to produce
complex waveforms and de-
lay one channel from an-
other.

That’s why you can produce a true
2-phase system (4-phase with two
slaved 110D’s) as well as double and
triple pulse pairs and controllable
pulse trains for data simulation. For

P

into 50 ohms ¢ DC
offset to *18v e rise/fall
time variable from 5 ns to
500 millisec * repetition
rate 50 MHz » Price $2,250
(U.S. only). Get the facts
on the first modern-day

2-channel pulser.

Contact Scientific Devices or
Systron-Donner at 10 Systron Drive,
Concord, California 94518, Phone
(415) 676-5000.

SYSTRON 9 DONNER

- 4

ELECTRONIC DESIGN 24, November 22, 1977

CIRCLE NUMBER 38

103




Technology

Design an IEEE-488 bus into an FPLA,
and speed system operation. An extra benefit: The technique
allows you to interface any number of programmable instruments.

To get high speeds in a digital-bus interface, avoid
a software approach and go right to hardware. One
such interface, the IEEE-488 standard bus for pro-
grammable instrumentation, can be easily designed
with FPLAs. Nonextended, the standard can specify
a system of up to 15 instruments. But otherwise
systems of any size and complexity can be accom-
modated.

The interface bus decodes addresses and commands,
and passes information back and forth between instru-
ments via 16 signal lines. In effect, the addressed
interface is transparent. Since each component of the
system contains interface functions within itself,
interconnections within the system take the form of
passive cabling.

Eight functions are incorporated in the interface
system: Acceptor Handshake, Source Handshake, Lis-
tener, Talker, Device Clear, Device Trigger, Service
Request and Remote Local. For simplicity, the system
does not contain a Controller function.

FPLA combined with D flip-flops

A good circuit design for this interface system is
a synchronous sequential model, in which the outputs
and the next state are functions of the present inputs
and state. This general circuit realization uses an
FPLA as a combinational logic element, and D flip-
flops as memory devices (Fig. 1).

The Signetics 825100 FPLA offers 16 inputs and
eight three-state outputs, and the 74175 Quad-D flip-
flop provides the minimum number of required inputs.
Knowing that a D flip-flop retains the present state
for only one unit time delay (one clock period), you
must modify the original state diagrams defined by
the standard. Take care that the present state does
not change on the next clock, unless the transition
requirements are fully satisfied.

The Talker function is typical of the eight interface
functions (Fig. 2) and illustrates the design procedure.
Treat two parts of the Talker-function state diagram
as if you are dealing with two mutually independent

Vlado Lipovac, Engineer, ATE Systems Group, Grumman
Aerospace Corp., Bethpage, NY 11714, and Se Jeung Oh,
Chairman, Dept. of Electrical Engineering, The City Col-
lege of New York, New York, NY 10031.
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i FPLA :
| (COMBINATIONAL
LOGIC )

QUAD D
FLIP-FLOP

(MEMORY
DEVICE )

1. One way to design an IEEE-488 bus in hardware: Choose
a synchronous sequential model implemented with an
FPLA and quad-D flip-flops. Such a design works faster
than a software version.

functions. To do this, assign states carefully. Assign
states TIDS, TADS, TACS and SPAS the binary
weighted combinations 0 through 3 (functions of flip-
flop outputs Qp and Q; only). Assign states SPIS and
SPMS the binary values of 0 and 1, respectively
(functions of flip-flop output Q. only).

Furthermore, giving idling states TIDS and SPIS
the binary combinations 00 and 0, respectively, forces
the Talker function to enter the idle state during
power-on reset (pon), and simplifies the transition
from the present state to the idle state when an IFC
signal appears (no transitional signals are required).

In the detailed Talker-function transition table
(Table 1), if the function is in the TACS state (Q; =
1, Qo = 0), it will stay in that state as long as excitation
signal f5 is true. It will enter the next state, TADS
(Q1 = 0, Qo = 1) only if excitation signal f; is true.
If at the end of any clock pulse both excitation signals
(f5 and f;) are false, the function will enter idling state
TIDS (Q: = 0, Qo = 0).

From the excitation signals derived in Table 1,
calculate the excitation equations (Table 2), then

ELECTRONIC DESIGN 24, November 22, 1977



Table 1. Talker function transitions

Present state Next External | Present
asslgnm&nésQ state | inputs state signal Excitation signals
1 0 020100 4
DS OO0 X 0 1 h g =QQo | fi = h.g =IFCa- (ton + MTA . [ACDS] )
i « QiQo = Po + P
TADS] X 0 1| X 0 1 [ieke«j+IFCalge=QiQo|fe=i+k-j-IFCa.gr=(OTA.MLA+ [ACDS] )
Tl « ATNr « IFCr » QiQo = P2 + Ps
X10 k fs=k+ g = ATNs « [SPMS] - Q:Qo = P«
e j fa =j. g2= ATNr - [SPMS] . QiQo = Ps
[TACS]X 10| X 10| IFCr+« ATNn = QiQo |fs = IFCa+ ATNr « gs = IFCr « ATNr « QiQo = Ps
e X0 1 ~ ATNr fo = ATNR « gs = ATNr « QiQo = P; g
[SPAS] X1 1| X 11 |IFCa«ATNn [ge=QiQo |f1 = IFCr« ATNr « g« = IFCr « ATNr « QiQo = Ps
X051 ATNr fo = ATNr « g+ = ATNr « QiQo = Ps
[sPis o x x| 1 xx | gs=Q: |[fo=1.gs=IFCn.SPE.[ACDS] « Q: = P
[SPMS] 1 x X| 0 XX | m.IFCa gs=Q: |fio=m. IFCr-gs = IFCa - (SPD + [ACDS] )
« Q2 =Pn +12
Table 2. Excitation equations Table 4. T function program
for T interface function inputs Outputs
Do+=:o zf'; ++sz+ :-il;’fa:'f;-l-‘-fe; Po + P §§§|§:=u<l sas
5 i 5 4 1151413121110 9 8 7 6 5 4 3 2 1 0 F76 543210
D =Fr=aleih ok P b Ps 4 Pe + Po W g e 1 e 1 T TR
D:=F2= fo + fio = Pio + P11 + P12 1 Be i s Erzil=in i Ll Wi e A
2y - - =-=--- H-LLH---LH]|f e e 0o A
3l - - === - = ==L H=L = LH e e 00 A
X PR e e e LL==LH]n SoNTe A
Table 3. State-putput equatlo_ns P P R R e A
for T interface function o b e s W AR I R B
- e = === - = == H---HL]|fs e o o o A
=-02 ' : Sl e T K eI
TACS =F3=Q16°=P13 9 AT SR WA, H---HH]| T8 o o o o A
AS | = F: = QiQo = Pus W i T e o s PR A
QiQo
' IT) e e T e e Ao
12 B s A s L-=-=LH-~ e o A o
13 =S s e et T IS L S HL]f1 e Ao oo
14 P- A AR S R T i HH Ae o oo
Active Level
HHHHH
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pon

d-e- DAV
(A ¢=ATN+ [LACS] +[LADS
2k N300y

AH_STATE DIAGRAM

u=REN-LLO-[ACDS
t= MLA-

$=GTL- [LADS]- [ACDS 7
W= (GTL- -[ACDS]) - [rt1 - (LLO + [ACDS] )]

RL STATE DIAGRAM

y=(DcL+ [soc- [CADS] | -
DCIS DCA!
0 i

=rdy + ATN

i=(OTA+MLA) - [ACDS
m = SPD-[ACDS]

T STATE DIAGRAM

IFC-n
0=1FC [lon-'—Ltnv(MLA- ;J A
&

n = (UNL-[ACDS]) +(MTA- [ACDS])+ fun  Ary I AN

L _STATE DIAGRAM

2. The IEEE-488 Standard’s diagrams must be modi-
fied to accommodate the chosen model. In this partic-

derive the state-output equations directly from the
state diagrams (Table 3). The excitation equations are
OR functions of product (P) terms that are themselves
AND functions of the external inputs and present
states of the interface function. The program table
is worked out as follows:

The AND matrix is programmed according to logical
values of each individual input variable contained in
each of the P terms. For instance, P term P is given
by aeheli

Py = ton - IFCRr . Qo.Qu

Therefore, assign t,, and IFCr a HIGH each, and
Q: and Qo a LOW. All other inputs, including those
unused, are “don’t-cares.” Only P, through P, are
programmed. The remaining 33 P terms are spares
with which to alter the program, if necessary.

Next, program the OR matrix according to the
excitation equations and state-output equations. For
example, assign the Fy output the excitation equation
derived for Dy. The P terms Py, Py, Py, P3, Ps, P7, Ps,
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g =(rdy-ATN)+(T3-ATN)

DC STATE DIAGRAM

0185 Z=GET-[LADS| - [ACDS oTAs\ \z
|

DT STATE DIAGRAM

SR _STATE DIAGRAM

ﬂ~ﬁ

ular case the model includes eight of the allowed ten
functions.

and Py are programmed as an active HIGH. All other
P terms in the Fy output are programmed as a dot.
The three inused outputs are spares for future pro-
gram alterations or for new output functions.

The program for the T function is presented in Table
4 and a corresponding circuit realization in Fig. 3. The
other functions—RL, SH, AH, L and SRQ—are de-
signed similarly.

Expressions are simplified

The absence of a Controller function within the
interface system simplifies certain transitional condi-
tions containing Controller states (logical values for
CACS and CTRS are always equivalent to ZERO). For
example, the expression for transition from SIDS to
SGNS state “a” reduces to

a = TACS Vv SPAS
The condition for transition from SDYS to STRS,
¢c = RFD A T,

ELECTRONIC DESIGN 24, November 22, 1977



Table 5. Message outputs

Interface Uniline Multiline
function state | Qualifier remote message sent remote message sent
DAV | RFD | DAC | sRQ | END | RaS
SIDS (F)
SGNS F
SDYS 7
STRS T
SWNS T ot F
WIWS (F)
TIDS (F) | (F) (MUL)
TADS (F) (F) (NUL)
TACS ElofzE*¢F) DAB or EOS
SPAS APRS (F) F STB
INACTIVE
SPAS APRS (F) i1 STB
ACTIVE
AIDS m { M
ANRS I i
ACRS () F
AWNS F (T
ACDS F F
NPRS
SRQS
APRS
is interpreted as T Mnemonics
¢ = RFD A SDYSp,
where SDYSp is a T,-seconds-delayed state. State Messages Interface States
SDYSp is generated with a dual monostable multi- pon = power on TIDS = talker idle state
vibrator, the AM26S02 (Fig. 4). In the figure, choose }I?S & ?ﬂﬁr?a"c'i clear et tii‘é?é R
: ; : ATN = attenti TACS = talker active stat
;esxztozrsyfx, Ry and capacitors Cy and Cy to satisfy ggé\ 1. yé?lallgnﬁddreis' TACS = talker sglllv:ctsivae B
1 = . = serial poll enable state
The requirement for transition from ANRS to O pn Poilictisaple, SRl B R e
ACRS reduces to address ol
e = ATN v rdy, MLA = my listen address = accept data state
since a tes signal is always false in the absence of the Gl
Controller function. The DAV transition from ANRS
to AWNS is deleted since it never occurs during - G
normal interfacing. TN i e @
The requirement for T; is taken care of auto- 2 : : B
matically by the nature of the interface (clocked bl N
sequential circuit), so the transition from ACDS to =t 3 | eze100 B [SPAs] @
AWNS reduces to: MTA 2L | : 1
P = rdy v ATN. II:'E:: =Y : I lie 2[5, -
The transition from LIDS to LADS simplifies to ATNR —{ | : a3 SEMS
a = IFC (lon v (MLA A ACDS)), : B (S ALl O
and the transition from LADS to LIDS becomes t : | PIRSE! ronin
n = ACDS A (UNL VvV MTA), X[ Fo[~—ppo  aof

because of the absent Controller function (note that
local messages lun and ltn are omitted).

The SRQ and L functions are implemented together
on the same FPLA chip. Note that timing require-
ments for the IFC and ATN transitions are taken care
of automatically by the nature of the clocked sequen-
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3. The Talker (T) function illustrates the design character-
istics. Assignments are chosen for the interface states (a),
and the circuit appears as in (b). Other functions are
handled similarly.

—
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Table 6. Interface Message Reference List

Mnemonic Message Interface Function(s)
Local messages received
(by interface functions)
MEMW memory write
MEMR memory read
end end
nba new byte available SH
lon listen only 15
pon power on SH, AH, T, L,SR,RL
rdy ready AH
rsv request service SR
rtl return to local RL
ton talk only il
Local messages sent
AHINT acceptor handshake interrupt
SHINT source handshake interrupt
SPINT serial poll interrupt
DTINT device trigger interrupt
DCINT device clear interrupt
Remote messages received
ATN attention SH,AH,T
DAB data byte (via L)
DAC data accepted SH
DAV data valid AH
DCL device clear DC
END end (via L)
GET group execute trigger DT
Gl go to local RL
IDY identify =
IFC interface clear R
LLO local lookout RL
MLA my listen address Lo, Rl
MTA my talk address Tl
OTA other talk address 1k
PCG primary command group TE
REN remote enable RL
RFD ready for data SH
RQS request service (via L)
SDC selected device clear DC
SPD serial poll disable T
SPE serial poll enable i
STB status byte (via L)
UNL unlisten I
Remote messages sent
DAC data accepted AH
DAV data valid SH
END end (via T)
RFD ready for data AH
RQS request service T
SRQ service request SR
STB status byte (via T)
DAB data byte (via T)
DAC data accepted AH

108
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R_gs.‘;g Cx=1000 pF Ry=6k3$ Cy=I000pF Sg
<
0, i lis 12 € It
SDYS
sovsp=—2] o 11 B 2l o = 7SS
172 172
26502 26502 J
sdd _  Top 7da _ Top>
Cp Cp
13 Ea
= pon

TIMING DIAGRAM :

SDYS -PIN 4

Q-PIN 6

SDYSp - PIN 10 //
I—T. ~2ps —-|-—r-{

11O ns®
* FOR SYSTEM CLOCK FREQUENCY OF 9MHz

4. In the Source-handshake (SH) function, SDYS (de-
layed source-delay state) is generated by a monostable
multivibrator. Resistor R, and capacitor C, are chosen so
that T, is about 2 us. Notice that SDYS is reset as soon
as SDYS goes LOW.

IEEE-488-interface specifications

Interconnected devices: Up to 15 on one contiguous
bus.

Interconnection path: Star or linear bus network
over 20-m total transmission path.

Signal lines: 16 total—eight data lines and eight lines
for control and status messages.

Message-transfer scheme: Byte-serial, bit-parallel
asynchronous data transfer using an interlocked
three-wire handshake technique.

Data rate: 1 Mbyte/s max over limited distances; 250
to 500 kbytes/s typical over full transmission path.

Interface functions: 10 total—five primary com-
munication functions and five special-purpose func-
tions.

Address capability: Primary addresses—31 talk and
31 listen; secondary (2-byte) addresses—961 talk
and 961 listen.

Control shift: May be delegated, never assumed, with
a maximum of one talker (up to 14 listeners) at a
time.

Interface circuits: Driver and receiver circuits TTL-
compatible.

ELECTRONIC DESIGN 24, November 22, 1977

IEEE-488 bus signal lines

Data lines (DI01-DI08) transfer bidirectional data
and other messages in a byte-serial, bit-parallel
manner.

Handshake lines (DAV, NRFD, NDAC) regulate data
and message transfer. The information transfer
asynchronously adjusts itself to the slowest current-
ly active instrument.

Data Valid (DAV) is a remote message generated by
the talker, indicates to the listener(s) that data on
the bus are valid.

Not ready for data (NRFD) is a remote message
generated by the listener(s): When detected true, it
indicates to the talker that not all listeners are ready
to accept the byte of data.

Not data accepted (NDAC) is a remote message
generated by the listener(s): When detected false, it
indicates to the talker that all listeners have ac-
cepted the byte of data, and data can be removed.

Management lines (IFC, REN, ATN, EOI, SRQ) control
bus activity.

Interface clear (IFC) is a control-signal line that sets
the interface system in a known quiescent state.

Remote enable (REN) sets devices to either remote
or local control, in conjunction with other coded
messages.

Attention (ATN) is a controller command: When ATN
is true, addresses and universal commands are
transmitted on only seven of the data lines, using the
ASCII code. When ATN is false, any code of eight bits
or less understood by both talker and listener(s) may
be used.

End or identify (EOI) indicates the end of a multibyte
transfer sequence. EOIl in conjunction with ATN
executes a polling sequence on devices with parallel-
poll capability.

Service Request (SRQ), when detected true, in-
dicates to the controller that some device on the bus
wants attention.
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5. The complete interface-logic system calls for six FPLAs
to hold all the state functions. The system clock is supplied
by one of the instruments attached to the interface.
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tial circuit—for clock periods below 200 ns.

Two multiline messages, GTL and LLO, are decoded
with the RL function on the same FPLA chip, and
serve as external inputs to the RL function. Similarly,
the DC function—realized without a memory element
—is implemented with SH, and DT with T to take
advantage of available extra space.

To decode remote multiline messages that have been
received, select a field-programmable logic array
(FPLA) like the Intel 82S100. In the circuit realization
of the MMD (Fig. 5), note that the device address can
be set to any value between 0 and 32 simply by setting
the “my address” switch.

Handling remote messages

Normal interface operation allows two devices to
send opposite values of remote messages simultane-
ously. The standard resolves this difficulty by in-
troducing two kinds of message transfers over the
interface—active and passive. Messages transfer so
that the active value overrides the passive in every
conflict.

Bearing the override in mind, select the recently
introduced Motorola quad-interface-bus transceivers,
M(C3440 and MC3441. Both transceivers provide four
open-collector drivers and four receivers, with the
input hysteresis tailored to meet the bus-standard’s
specifications. Both are electrically compatible with
the IEEE interface bus.

All remote messages sent by the interface are
derived from the Message-outputs table (Table 5). The
“ready” message, RFD, is generated only during
ACRS. Similarly, AWNS is chosen to generate a DAC
message. Message DAV is generated during STRS
(note that SWNS is omitted), and SRQ during SRQS.
The end message originates within a device concur-
rently with EOS, and is sent as an END remote
message via the EOI line while TACS and STRS are
active.

Status Byte (STB) may be sent in conjunction with
the RQS uniline remote message during the SPAS
function state while SR is in the APRS state. Accord-
ingly, the seventh bit of data byte, DO, is gated to
satisfy this condition.

The interface-message reference list is shown in
Table 6, and the complete interface system logic
diagram in Fig. 5. Note that the system clock is
provided externally. =
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INTRODUCING DELCO ELECTRONICS’
MONOLITHIC OPERATIONAL AMPLIFIER

If you're now using discrete
power output transistors, we've
got an alternative that gives you
design versatility.

It's the DA-101—Delco’s
Monolithic Operational Ampli-
fier—with all the circuitry you
need in one compact package.

The Monolithic Operational
Amplifier (MOA) has two
separate gain and power stages
contained in a modified
dual-in-line package.

The DA-101 operates from a
10- to 16-volt DC supply and
can be used in an audio bridge
configuration with floating
speaker output, or as two
separate amplifier-speaker
systems.

The MOA means weight
savings in more ways than one.
Besides reducing the total
number of components you
need, the MOA has a copper
mounting surface to assure
ample heat transfer to the
convector. The tab negative or
ground connection eliminates
the need for mica insulation.

In fact, the design of one
power megaphone showed a
components weight savings of
65 per cent.

Our new MOA means added
design application flexibility,
too. In automotive and home
entertainment systems,
two-way communication
systems, power megaphones,
motor controls, various H
switch applications, and more.

Another advantage of our
Monolithic Operational
Amplifier is its durability. It has
integral protective circuitry for
not only overvoltage, but

temperature, currentconditions
and shorted outputs as well.

And it can be mounted by
either direct soldering to a
printed circuit board or through
the use of a suitable socket.

For more information, con-
tact an authorized Delco
distributor, your nearest Delco
sales office, or return the
coupon on the right.

ABSOLUIEMAXIMUM RATINGS

Supply Voltage
Operating Voltage

v
16V

Peak Current s ) ) 3 i 3A
Storage Temperature —55°C to 150°C
Power D =) 22W
ELECTRICAL
CHARACTERISTICS TYPICAL
L e e 3
,"!‘" Pout = OW e ¥ 40mA
Differential Input Bias Current 0.80 pA

Open Loop Gain E 9008
Power Out @ 5% Distortion L
4Q) Bridge . R BW

40 Nonbridge 35W

THERMAL CHARACTERISTICS
Réuc (Typical)

Thermal Resi seow

AUDIO BRIDGE CIRCUIT

? _L O+14
i

INPUT
= OUTPUT

% DA 101

TWO SEPARATE AMPLIFIERS CIRCUIT
: FOf

3 % I
mml_ % DA 101 o
T QUTPUT 1
) =
£ F—ZE—%

m.%T'W'%"'

14

% DA 101

LU

=k

DERATING CURVE

N

\

N

POWER DISSIPATION—WATTS

0 25

50 5

100

CASE TEMPERATURE—(°C)

126

150

DIMENSIONS AND CONNECTIONS

T
l——-Sﬁ R
! [alalalal

T JIRL!
T \_ l

Uuuuy )\

M

G
r :
g
= i)
(ACTUAL SIZE) f
_SYMEOL _INCHES _ MILUMETERS

MIN.  MAX. MIN.  MAX.

A RSN 220 559
et BR800 £ SR 2 SoRe
e 423 443 10746 11254
Bl 68 6% 1585 1605
SE R 5463 5717

F RN 07447 048 L3 N 3
— B _ra0isnaanige e s 047 3
Ll 644 B0 163 1652 %
1) 095 105 2413 2667

K L2160, s 6983 7237

O e 2183 2437

M 1220 128D 3100 3250

N % 379 9373 9627

P 539 549 13693 13947

R 120 130 3053 3307

55 955 965 20253 24507

o 1199 1219 30446 30954
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NOW AVAILABLE FROM THESE DISTRIBUTORS
IN PRODUCTION QUANTITIES.

ALABAMA

COLORADO

INDIANA

MISSOURI

HUNTSVILLE
Powell Electronics
(205) 539-2731

DENVER
Kierulff Electronics, Inc.
(303) 371-6500

ARIZONA CONNECTICUT
PHOENIX NORWALK
Sterling Electronics, Inc. Harvey Electronics
(602) 258-4531 (203) 853-1515
CALIFORNIA FLORIDA
GARDENA CLEARWATER

Bell Industries

Electronics Distributors Div.

(213) 321-5802
GOLETA

R.P.S. Electronics, Inc.
(805) 964-6823

LOS ANGELES
Kierulff Electronics, Inc.
(213) 725-0325

R.P.S. Electronics, Inc.
(213) 748-1271

PALO ALTO

Kierulff Electronics, Inc.
(415) 968-6292

SAN DIEGO

Kierulff Electronics, Inc.
(714) 278-2112

R.P.S. Electronics, Inc.
(714) 292-5611
SUNNYVALE

Bell Industries

(408) 734-8570
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Diplomat/Southland
(813) 443-4514

MIAMI SPRINGS

Powell Electronics/Florida
(305) 592-3260

ILLINOIS

ELK GROVE VILLAGE
Kierulff Electronics, Inc.
(312) 640-0200
SKOKIE

Bell Industries

Electronics Distributors Div.

(312) 282-5400

INDIANAPOLIS
Graham Electromcs

317) PR 8502
MARYLAND

BALTIMORE
RESCO/Baltimore
(301) 823-0070

MASSACHUSETTS

BILLERICA

Kierulff Electronics, Inc.
(617) 935-5134

(617) 667-8331

NEWTON

The Greene-Shaw Co., Inc.
(617) 969-8900

MICHIGAN

LIVONIA
Pioneer/Michigan
(313) 525-18

MINNESOTA

MINNEAPOLIS
(612) 332-1325

1977

Stark Electronics Supply Co.

KANSAS CITY

Walters Radio Supply, Inc.

(816) 531-7015
ST. LOUIS
LCOMP-St. Louis
(314) 291-6200

CLEVELAND

Pattison Surpl y Co.
Industrial Electronics Div.
(216) 441-3000

DAYTON
Pioneer/Dayton
(513) 236- 3,

PENNSYLVANIA

NEW JERSEY

CINNAMINSON

Wilshire Electronics/
Philadelphia

(609) 786-8990

(215) 627-1920

CLIFTON

Wilshire Electronics/
New Jersey

(201) 340- 1900

(212) 244-8930

NEW MEXICO

ALBUQUERQUE
Sterling Electronics
(505) 345-6601

NEW YORK

BINGHAMTON
Harvey Electronics
(607) 748-8211
BUFFALO
Summit Distributors, Inc.
(716) 884-3450
FARMINGDALE
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Technology

Standardized interfaces isolate
a control computer from its remote processors. You gain
design freedom, improve reliability, and save money too.

Inexpensive microcomputers can handle many test
and control operations with fewer than a dozen chips.
But when these small computers must be integrated
into a larger system, the interface with the control
computer can become expensive. For instance, a rela-
tively simple interface with the Camac system (see
box) requires at least 45 small and medium-scale ICs.

Moreover, without guidelines for the construction
of such interfaces, the proliferating designs within a
large system make maintenance a nightmare. And the
duplication of design effort is an expensive waste. A
standard interface that connects a wide variety of 8
and 16-bit uPs to the serial Camac crate! is therefore
long overdue.

Software beats hardware

Present Camac interfaces have been accomplished
by wiring together many small and medium-scale ICs.
A few programmable interface chips like the Program-
mable Peripheral Interface (PPI) of Intel and the
Peripheral Interface Adapter (PIA) of Motorola are
available, but they do not readily mate with the Camac
“dataway” (bus structure), and so require a great deal
of programming, even for simple data transfers.

It is much better to adopt the basic philosophy of
uPs, namely to replace hardware with software. This
calls for programmable controllers such as a micro-
programmable sequencer. In a well-structured design,
the microinstructions can directly control the in-
terface.

Some of the relatively slow instructions required
to access the Camac dataway (about 2-us cycle time)
can then be replaced by a sequence of fast (200-ns)
microinstructions. The resulting simplification of the
uP’s software interface is an additional benefit.

To accommodate the predominant 16-bit mini-
computers, the majority of data transfers in Camac
use 16 bits, and the interface can be laid out for this
word size.

In a block diagram of the standardized interface
module (Fig. 1) the main functional blocks are a

Dr. Peter J. Horne, Fellow, and Dr. Olaf Kaestner, Fellow,
European Organization for Nuclear Research, Geneva,
Switzerland.
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1. The block diagram of a Camac interface shows that
all information passes over the Camac dataway.

1-k X 16 bit RAM, interface to the uP, Camac interface
buffers, and an interface controller. The RAM acts
as a buffer memory between Camac and the uP—all
data transfers between the two must temporarily be
stored here. To the controller and Camac, the memory
is configured as 1 k X 16 bits, but to the uP it may
also be accessed as 2 k X 8 bits. Camac commands
coming from the uP to be executed by the interface
controller are, for instance, passed in this form.

The uP interface contains control and status reg-
isters needed by the uP to initiate the stored com-
mands, and to read the controllers’ responses. These
registers can be interrupt signals that inform the uP
when a command has been executed.

Camac interface buffers, on the other hand, pass
data between the internal data/control bus and the
dataway. The controller is responsible for operating
these buffers, and for generating the two dataway
timing signals, S1 and S2.

The core of the interface module, the controller,
consists of a microprogrammed sequencer and its
associated microprogram memory. This controller
initiates dataway cycles on command from the uP,
gives the required responses to Camac commands
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2. The interface memory consists of a 32 x 8 PROM, and
two 1 k x 8 RAMs, followed by drivers.

issued by the central computer, and interrupts the uP
when a “LAM” signal is received from a Camac
module. LAM (look at me) is equivalent to an inter-
rupt.

Organize your memories

The 1 k X 16 bits of data memory may be accessed
by either the uP or the controller, because both control
the address and data lines. To enable 16-bit as well
as 8-bit uPs to access this memory, a 50-ns PROM
(Signetics N82S123) interprets the memory as 1-k
words or 2-k bytes (Fig. 2), and a set of dual in-line
switches compresses the 16-bit data bus to eight bits
when necessary.

When the P is not accessing the RAM, the three-
state buffers in Fig. 2 are in the high-impedance state,
and isolate the uP from the memory. The controller
may now access the memory without conflict between
its address and data lines and those of the uP. But
what if the controller wants to access the memory at
the same time as the uP? Unless a transfer is already
underway, the uP gets priority because whenever the
uP addresses the interface memory, it generates a
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What is Camac?

Camac is a modular data-handling and interface
system for on-line digital computers that is being
widely used in Europe for industrial-process control,
medical research and other applications. The Camac
standard? has been specified by European nuclear
research laboratories and adopted as an IEEE stand-
ard (583-1975, 595-1976, and 596-1976).

The heart of the Camac standard is a bus structure,
the “dataway.” Since all interface modules connect to
this dataway, they are completely computer-inde-
pendent.

Up to 25 such modules can be housed in a “crate,”
where the dataway runs in the rear. Two stations of
each crate are reserved for the “crate controller,”
which interfaces dataway and computer.

Buses on the dataway

The most important lines of the dataway are a read
and write bus, each 24 bits wide; a function bus, F,
with 5 bits and a subaddress bus, A, with four bits,
which together define the function to be executed by
a module; a private station-select line, N, for each
module; a private-alarm line, L, from each module to
the crate controller; a bus line, X, to confirm “com-
mand accepted;” and a line, Q, for function and
module-dependent response. Line L is often called
“LAM” (look at me).

The crate controller generates a “busy” signal B,
two timing signals for each dataway cycle (on bus lines
S1 and S2) and the unaddressed control commands
to clear, initialize or inhibit the modules on bus lines
C, Z, 1, respectively.

Crate controller types

Camac uses three types of crate controllers (CC):

s A “dedicated” CC that interfaces the dataway to
the I/0 bus of the computer.

= A “type A” CC, used with the highly parallel
“branch highway,” that bridges shorter crate/
computer distances. The branch highway is controlled
by a “branch driver” and accommodates up to seven
crates. A branch driver can either be a normal Camac
module in a crate or a dedicated driver that interfaces
to the computer’s I/0 bus.

s A “serial” CC, used with the “serial highway,”
that bridges very large crate/computer distances. Up
to 62 crates form a loop that begins and ends in a
“serial driver”—the serial equivalent of a branch
driver.

Command messages—either byte or bit-serial—are
sent around the loop. A “demand message” is inserted
by the serial CC into the loop whenever a LAM occurs
in its crate. Microprocessors in a crate have access
to the N lines via the serial CC. They can send demand
messages to the computer by a handshake with the
serial CC to ensure interference-free control of the
dataway.
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Interface controller word address uP's byte address

00016 DATA TRANSFER MEMORY F00016
FOR BLOCK AND ‘A’ SCAN
MODES
3E0 F7CO
DSA(0) 4 bytes
3E2 F7C4
DSA(1) 4 bytes
3E4 F7C8
DSA(2) 4 bytes
3E6 F7CC
DSA(3) 4 bytes
3E8 F7DO
DSA(4) 4 bytes
3EA F7D4
DSA(5) 4 bytes
3EC F7D8
DSA(6) 4 bytes
3EE F7DC
DSA(7) 4 bytes
3F0 F7EOQ
DSA(8) 4 bytes
3F2 F7E4
DSA(9) 4 bytes
3F4 F7E8
DSA(10) 2 bytes
3F5 F7EA
DSA(11) 2 bytes
3F6 EZEC
DSA(12) 2 bytes
3F7 EZEE
DSA(13) 2 bytes not used
3F8 F7FO0
DSA(14) 2 bytes
3F9 F7F2
DSA(15) 2 bytes
3FA F7F4
LAM PATTERN 2 bytes
3FB F7F6
RESERVED

3. A suggested interface memory map starts at 60 k to
avoid interference. DSA means data storage address.

memory-enable signal.

The top 32 words of the data memory are reserved
for storing Camac commands and associated data, an
address for the memory address register (MAR), data
for the counter (CNTR) and a demand message to the
serial-crate controller. One additional word remains
reserved where the controller can store a LAM pattern
(interrupt vector).

A suggested start address for this interface memo-
ry, as seen by the uP, is FOOO,, (=60 k), which most
likely won’t interfere with a program running on the
microcomputer (Fig. 3). You can, however, alter the
address for uPs that don’t have a 64-k addressing
range, such as the TMS 9900.

Camouflage the interface

To make an interface usable for many uPs, use only
address, data, and memory read/write lines for its
control. As a result, the interface module looks like
a block of memory to the uP, and all control comes
from predefined memory locations (Fig. 4). Four
addresses are reserved for interface control:
Initiate command

address
Inhibit Camac

(ICA)
(INC)

(address = F800)
(address = F802)
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4. The standardized interface appears to the uP just as
another block of memory.

Camac response

address (CRA) (address = F804,6)

Status word (STATUS) (address F806,¢)

When your uP wants to initiate a microprogram
stored in the controller’s microprogram memory, it
writes to the proper ICA. These microprograms gener-
ate data transfers on the interface and Camac com-
mands whose variables are stored in the interface
memory (Fig. 4).

To initiate a particular microprogram, you must
write a data value equal to its start address to the
ICA after the requisite data have been placed in the
correct memory location (Table 1).

While the uP performs data manipulations, it needs
uninterrupted access to the interface memory. To
prevent Camac from accessing the interface, the uP
sets the Inhibit Camac bit by writing a One to address
F802/s. Should the central computer initiate a Camac
command to the interface module at this time, it will
receive an “X” response, but no “Q” response as is
normal. When the uP has data for the central com-
puter, it can reset the Inhibit Camac bit to Zero, and
stop execution until the data have been completely
acquired.

The Camac response address (F804,5) holds the X
and Q responses to the last dataway cycle, which has
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Table 1. Microprogram parameters

Microprogram ICA i DSA(i)
i = data Contents
0 NAF , DATA
1 NAF , DATA
2 NAF , DATA
Initiate Camac 3 NAF , DATA
dataway cycle in 4 NAF , DATA
single transfer 5 NAF , DATA
mode 6 NAF , DATA
7 NAF , DATA
8 NAF , DATA
Generate Z, C, | 9 ZClI
Load counter 10 Count
Load MAR 11 Address
Load NAF 12 N, A, F
Initiate block transfer 13 =
Initiate transfer in
scan mode 14 DATA
Initiate demand 15 Demand message
message and
load LAM
register

Table 2. Decoded Camac functions

Com-

mand Response

Action

F(0)A(0) |X (Q, Note 1)
F(16)A0)|X (Q, Note 1)
F(16)A(1)|X (Q, Note 1)

F(16)A(2)|X (Q, Note 1)

F(24)A0)| X (Q, Note 1)

F(24)A(1)[X (Q, Note 1)

Read register

Write to MAR

Write to MAR, if the
next command is
F(16)A(0)

Write to MAR, if the
next command
is F(0)A(O)

Inform wP of the
termination of a write-
to-memory
sequence

Inform wuP of the
termination of a read-
from-memory
sequence

Note 1: The Q-response is ONE if the Inhibit Camac bit is ZERO.

Table 3. Sequencer control lines

So S; FE PUP
Bits 23 22 21 20

Mne_—
monic

Action

0,0 =1=50 NOP

ST W JSR

Lt 1S e < JMP
07105080 RTS

Microprogram
counter is used as
next address

Push microprogram
counter and jump
to address on
D bus

Jump to address on
D bus

Jump to address on
stack, and pop
stack
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been initiated by the “auxiliary controller” (interface
module and uP). By reading from F804,s, the uP can
test the state of the X and Q bits (bits 0 and 1,
respectively.).

A status word, located at address F806,s, is used
by the interface controller to inform the uP of a LAM
demand in the crate, a successful access to the
interface module from Camac, or the result of the last
initiated microprogram.

Exchanging memories

The Camac interface includes the hardware for the
interface controller to access the dataway (Fig. 5), and
the hardware and firmware (microprograms) for
Camac to access the interface memory. Camac com-
mands generated by the auxiliary controller will be
identified as “auxiliary” Camac commands.

The interface module is transparent to the central
computer, which sees only the 1-k words of memory.
A data transfer to or from this memory requires a
sequence of at least three Camac commands (Table
2);

To write from the Camac computer to the interface
memory, you need the following sequence of com-
mands:

1. F(16)A(1): Load the MAR with address (0 to 1
k) of the memory location where data are to be stored.
Bits W1 to W10 correspond to address bits A0 to A9.

2. F(16)A(0): Write the required data into the
memory location pointed to by the contents of the
MAR.

3. F(24)A(0): Inform the uP that a write sequence
to the interface memory has been terminated.

After each F(16)A(0) command the interface con-
troller increments the contents of the MAR, which
enables the central computer to write a block of data
to the memory.

When the central computer wishes to read data from
the interface memory, use the following sequence of
commands:

1. F(16)A(2): Load the MAR with the address of the
memory location from which data are to be read. This
command also causes a microprogram in the interface
controller to load the required data into the register,
getting it ready for the next Read command.

2. F(0)A(0): Read the contents of the register, incre-
ment the MAR and cause the microprogram to read
the next word of memory into the register. This is
the word to which MAR points.

3. F(24)A(1): Inform the uP that the read sequence
from interface memory has been completed.

To read a whole block of data from the interface
memory, only the F(0)A(0) command need be re-
peated.

An Am2909 microprogram sequencer and its as-
sociated 256 X 24=bit PROM (F'ig. 6) form the center
of the microprogrammed controller. In response to
decoded Camac commands, and to commands by the
uP, the sequencer generates the necessary control

117




5. Interface buffers provide two-way data transfer between the interface and the central computer.

MICROPROGRAM
SEQUENCER
(2xAm2909)

MICROPROGRAM
“MEMORY
(3x825114)

6. A microprogram sequencer and its associated PROM form the heart of the microprogrammed controller.

signals. The controller also checks for the occurrence
of a LAM demand in the crate, and informs the uP
when it happens.

The Am2909 microprogram sequencer is most suit-
able for the interface application because of its simple
operation, and its speed (16.6-MHz maximum clock
rate).’ The bipolar sequencer is a cascadable 4-bit slice
device, and you need two of them in parallel to address
256 words of memory.

A control bus regulates the three other main in-
terface blocks—memory, Camac buffers and uP in-
terface. The data on this control bus at any particular
instance depend on the microinstruction word that is
held in its respective register.

The sequencer contains a four-input multiplexer to
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select the source of the next microinstruction. It can
be an address register, a direct input, a microprogram
counter, or a four-word Push/Pop register file, as
determined by the code (Table 3) on the Sy and S, lines
in Fig. 6. The direct inputs form the D bus and are
connected to either four Camac command lines (A1,
A2, F8, F16), or the four ICA data lines (Figs. 4 and
6), or an address field that contains the destination
address in the microinstruction word for direct jumps.
The choice is made by the Camac N line and the Start-
microprogram line.

The four-word register file allows nested subroutine
calls up to four levels and temporary data storage.
The File Enable (FE) and Push/Pop (PUP) lines
control the use of this file; however, only one level
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of subroutine nesting is planned.

The microprogram counter holds the next sequen-
tial address, which in most cases will be the in-
cremented present address on the I bus (Fig. 6). Other
sources of the next microinstruction address are
selected during a jump to an address on the D bus,
a subroutine call or return, and a “forced” call from
either Camac or the uP to the address on the D bus.

The microprogram sequencer is controlled by four
bits—S,, S,, FE and PUP—which are contained in the
microinstructions as bits 20 to 23. Their possible
combinations are given in Table 3.

A special microinstruction set for the interface
controller eases the task of writing microprograms.
Each 24-bit microinstruction word is divided into a
number of control fields (Tables 4 and 5), which are
selected by an operational code (bits 16 to 19). There
are 10 possible microinstructions for this application:
1. Move a word (MOV §;, Dj).

2. Branch if condition is true (BRIF Tj Dj).

3. Load destination with immediate data (LDI DA;,
Dj).

Increment or Decrement (INCR Dj; DECR Dj).
Interrupt the uP (INT STj).

Camac operation (CAM CAj, S2, S1).

No operation (NOP).

Jump to subroutine (JSR Dj).

. Unconditional jump (JMP D;j).

0. Return from subroutine (RTS).

k5000 =1 Oyihe

One clock runs the show

The controller’s timing is provided by one two-
phase, 5-MHz clock. Phase 1 (®1) drives the micro-
program sequencer, and phase 2 (®2) the micro-
instruction register. Since the access time of the
N825114 PROM microprogram memory (256 X 8) is
60 ns, and the delay time from clock (®1) to the output
of the Am2909 about 40 ns, the microinstruction is
strobed by ®2 into its register after 100-ns delay.

Because this instruction cycle relates directly to the
timing of the Camac dataway, the interface controller
can easily generate the 200-ns Camac timing signals
(e.g. S1 and S2). The S2 signal must, however, be
generated 700 ns after the start of a Camac dataway
cycle, which can therefore not be on an instruction
boundary (Fig. 7). The S2 signal is therefore generated
by the 4th instruction after the start of a Camac
dataway cycle, and delayed 100 ns by hardware before
being clocked onto the dataway.

To allow use of the Am9130 1-k X 4-bit, 200-ns RAM
memory, all read microinstructions must be repeated
twice—the ®1 clock strobes data into the destination
register, but the memory’s access time requires that
the data remain valid for the next ®1 strobe.

Protocol may cause delay. . .

To transfer data between the central computer and
the uP, you need a certain protocol. If the uP expects
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Table 4. Command field descriptions

Bits Mnemonic Meaning

76 Sources (S;)

00 MEM | The contents of the memory
location whose address is
held in MAR

01 LAM The contents of the LAM
register .

10 CNTR |The contents of the counter

1] MAR The contents of the memory
address register

54 3 Destinations (D;)

000 MEM The memory location whose
address is held in MAR

001 MAR The memory address register

010 NAF The NAF command register

011 SGLE |The SGLE register

100 CNTR |The counter

15071 RREG |The CAMAC read register

1140 MARB | The memory address register
buffer

21050 Test (T;)

0 00 | AUXLOC |Test the state of the auxiliary
lockout bit

0 0 1 |AUXREAD |Test the state of the auxiliary
read bit

0 1 0 |[AUXTEST |Test the state of the auxiliary
test bit

(0331 kala | CNTRZ |Test the state of the counter
= zero bit

100 Q Test the state of the Q bit

1051 DBSY [Test the state of the demand
BUSY bit

19150 X Test the state of the X bit

A B | LAM Test the state of the LAM bit

6 5 Camac (CA))

000 MEM(R) |Auxiliary receive, read from
the dataway to memory
pointed at by contents
of MAR

001 MEM(W) |Write to memory location
whose address is held
in MAR

010 MAR Memory address register (write
only from CAMAC)

0111 RREG |Read the contents of the CAMAC
read register

100 MEM(T) |Read the contents of memory
location pointed at by MAR
and transmit to CAMAC
(auxiliary transmit)

1=:0-1 NAF Enable the NAF command
register/buffer onto the
dataway

i B4 B, ZCl Generate the dataway common
control signals
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Table 5. Status field descriptions

15140 SSRGS 089518
[ST1[ST2[ST3[STA[ST5[ST6[ST7[ST8|

Data available (DTV)—
Data read (DTR)

LAM demand (LAM)

End of cycle (EOC)
No Q response (NQ)
No X response (NX)
Demand busy (DBSY)
Auxiliary lockout (AUXLOC)

7. The timing relationship of S1 and S2 is imposed by
the Camac specification. This example shows a read cycle.

data from the central computer, the uP must wait
until it knows that the data transfer is completed. The
interface controller uses the first bit in the status field
description (ST1) to signal “data available” (DTV in
Table 5).

If the data are located in a contiguous block of
memory, it is necessary that one of the following three
conditions be satisfied:

1. The data block’s start address is known to the
uP beforehand.

2. The MAR, having been loaded by Camac, is
pointing at the start address.

3. The start address is stored in memory at DSA
(11) and is ready for a load MAR command from the
uP.

The second and third cases occur when the data in
memory are to be written immediately to another
module in the Camac crate. The first case, however,
will probably be used most often, with the data block’s
size and start address specified in advance for any
particular application.

While the uP uses the interface, the central com-
puter must be prevented from interrupting. This is
achieved when the uP sets the Inhibit Camac bit. With
this bit set, the interface module gives X responses
to all Camac commands, which signals that these
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commands have not been executed. Before the central
computer can load a second block of data into the
memory, it must repeat the initial command until it
receives both X and Q responses.

When the central computer expects data from the
uP, the uP writes the data into the interface memory
and informs the central computer of that by either
transmitting a demand message or “dropping’ the
Inhibit-Camac bit. Transmitting a demand message
is more efficient because the central computer then
does not have to keep on testing the state of the
interface module.

The data block’s start address must either be known
to the central computer beforehand, or the MAR must
point at it. If the address always remains in the MAR,
the central computer need not load this register prior
to reading the data. It must, however, inform the uP
that the data have been read, by sending the Camac
command F(24)A(1).

. .and barricade the dataway

In a serial-crate controller, you may have to deny
auxiliary controllers (interface and uP) access to the
dataway, by setting an “auxiliary lockout” bit (ACL).
When a crate controller recognizes its address in an
incoming message, it sets this bit automatically (Ref.
1, p. 81) and keeps it “on” until the required dataway
cycle terminates or an error is detected in the message.

The interface controller tests the condition of the
ACL line before each uP-requested dataway cycle. If
ACL is active, the interface controller doesn’t start
the cycle but informs the uP by sending an interrupt,
and setting the AUXLOC bit in the status register
(Fig. 4).

In a 5-MHz byte-serial crate system, the maximum
time that the ACL bit can be set is 4.7 us; thus, the
uP should wait that long before reinitiating the Camac
command. In systems that use the bit-serial mode,
or have slower clock rates, the delay will be propor-
tionately longer, and the uP will spend more time
waiting for Camac commands to be executed. How-
ever, with an intelligent auxiliary controller in the
system, the central computer should access the crate
infrequently, and minimize uP delays. am
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Flukemeter II.

¢ ” = 23,

Like the classic “Flukemeter” differential voltmeter of the fifties (inset), the new 8020A DMM offers a superb combination of performance and

value for the seventies. Only $169*

You know Fluke for innovation in
precision test and measurement in-
strumentation. For almost 30 years
we’ve anticipated the measurement
problems that come with fast-chang-
ing technology.

And we’ve done it again. Introduc-
ing the new 8020A digital multimeter.

The 8020A is built to the same high
standards we've designed into its pred-
ecessors. The only difference is that
the 8020A is smaller. And, of course,
it costs a lot less.

You’ll find the 8020A is the only
DMM around with such impressive
features for only $169* now and for

some time to come. Features that mean
value and versatility, like 26 ranges
and seven functions, including conduct-
ance (which measures leakage to
101°Q2). And three-way overload pro-
tection. Hi-lo power ohms. And more.

In fact, the 8020A is 13 ozs. of pock-
etable benchtop instrument perform-
ance, in the Fluke tradition. Perform-
ance you can count on for up to 200
hours of use with its inexpensive 9V
battery, single custom CMOS LSI chip
and low-power, razor-sharp 3%-digit
LCD display.

Great performance, low cost: That’s
Fluke tradition. Where else can you

get a field reliable tool built to preci-
sion lab standards? Or, factory cali-
bration that’s NBS traceable, with
0.25% dc accuracy? And, of course, the
Fluke 8020A has a full year warranty
including all specifications, with world-
wide service backup.

The quickest way to get one is to
call (800) 426-0361, toll free. Give us
your chargecard number and we’ll ship
one immediately. Or, a “Ten-Pack”
for only $1521* And we’ll tell you the
location of the closest Fluke office or
distributor for a hands-on demonstra-
tion.

*U.S. price only.

Command Performance: Demand Fluke.

1809-7016
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MODEL 70

The new standard for the CRT terminal
industry from the first independent
commercial CRT manufacturer.

Microprocessor controlled
80 characters X 25 lines
Upper/Lower case
Eight function keys
Tilt/ Swivel screen

AND MUCH MORE

Stability”
“Age
Beau t

ey
- ‘w X

2727 N. FAIRVIEW AVENUE e TUCSON, ARIZONA USA 85705 e (602) 792-2230 e TWX 910-952-1377

AN EQUAL OPPORTUNITY EMPLOYER M/F, COMMITTED TO AFFIRMATIVE ACTION — A TEC INCORPORATED CORPORATE POLICY

CIRCLE NUMBER 41
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A leading manufacturer of roller coaster cars had a
serious problem: defective axles. After futile attempts
to pinpoint the cause, engineers installed strain-gages
on one of the cars, put a Honeywell 1858 Visicorder
and portable power source aboard, and sent the car
around the track. Within minutes they had a complete
graphic record of the stresses and strains encoun-
tered. And this pointed them toward a solution.

For such on-the-spot data acquisition, the 1858
is an obvious choice. It's exceptionally compact;
18 data channels with plug-in signal conditioning in a

package only 8-3/4 inches high. It's light and durable
enough for field use, and it gives you the performance
you expect from the most advanced lab system:
frequency response from dc to 5000 Hz with no trace
overshoot, input sensitivity from 100 uV to 300V.

The 1858 can be expanded to 32 channels and offers
a complete selection of signal conditioning modules.
For more information on the 1858, or other
Honeywell instrumentation recorders, call or write:
Lloyd Moyer, Honeywell Test Instruments Division,

Box 5227, Denver, CO 80217. (303) 771-4700.

WE'LL SHOW YOU A BETTER WAY.

Honeywell
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Technology

Speed up PLLs in digital synthesizers.
At least three methods can boost VCO slew rate
in locked loops. Choose the best for your system.

You can speed up a phase-locked loop (PLL) in
digital frequency synthesizers at least three ways:

s Select circuit values to optimize the slew rate
without sacrificing the other loop characteristics.

= Detect large changes in the count N and slew the
VCO at a rate faster than normal loop dynamics allow.

= Tune the VCO frequency coarsely with the channel
information along with frequency lock-in by the loop.

Fast lock-up—increasing the speed at which a
digitally programmed frequency source moves be-
tween channels—is important, for instance, when a
synthesizer generates both transmitter driver and
receiver local-oscillator signals, and when the output
must change by the i-f frequency of the receiver (when
switching from transmit to receive).

Fast PLLs are also important in scanning receivers
in which preprogrammed channels—perhaps widely
spaced in frequency—are scanned, and receivers that
time-share local-oscillator frequency. In each of these
cases the maximum scanning or sharing rate is
determined by how quickly the loop dynamics will
allow the synthesizer-output frequency to change and
stabilize between acceptable limits.

Analyzing the PLL

A typical PLL is composed of a phase detector, loop
filter and VCO (Fig. 1). Since the detector is a digital,
three-state circuit, its output is a pulse that lasts as
long as the phase difference of the input signals—
provided the input frequencies (more accurately, repe-
tition rates) are identical. When the input rates differ,
the output-pulse width changes between limits at a
rate equal to the difference of the input rates.

A useful approximation relates the average output
voltage to the input phase difference. If the frequen-
cies are locked and the phase difference is 180°, you
get the waveform in Fig. 2. If the height of the output
is V), the average voltage is, of course, V,/2. Since
a three-state phase detector is linear from —2x to +2
« radians, the average voltage relative to the phase
difference is V,, = Vp¢p/2r, which yields a gain
constant of K¢ = V,/2x volts/rad.

C.A. Sharpe, Project Engineer, Bendix Avionics Division,
2100 Northwest 62nd St., Fort Lauderdale, FL 33310.
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DEP'I.'*EACST%R (SEE FIG 4) oxr
LOOP FILTER
SCRyp +I vCOo
fis)* ~ScR; Koo
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L
N
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rad /sec
v Vv

= VCO GAIN CONSTANT

K@ IN VOLTS /rad = PHASE DETECTOR GAIN CONSTANT

Fis) -LOOP FILTER TRANSFER FUNCTION

1. The most popular PLL synthesizer design consists of
three major elements: a phase detector, a filter and a
voltage-controlled oscillator.

Average pump voltages for dualand quad-D three-
state phase detectors

st g quad "p"
FA/FB Nax Width  Min width Vo Max Wideh Min Width Voo
1 360° - > 50% 360° 0° 50%
2 360° 180° 75% 360° 360° v,
3 360° 240° 83.3% 360° 360° v,

4 360° 270° 87.5% 360° 360° v,
5 360° 288° 90% 360° 360° v,

o ) Rl o Gl
N 360/ (I - FA“,“) (1 S 360/ 360! ¥
DUAL D
FA O—
FB O—
QUAD D

FA O-

5V0—

5V O—

FB O—
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When the input frequencies differ, the gain constant
(not the same as the phase gain constant) may again
relate the average output voltage to the frequency
difference. The second PLL element, the loop filter,
is often called a low-pass filter because of its general
transfer function.

However, in the synthesizer of Fig. 1, the filter
serves as an integrator that accepts the phase-detector
pulse and raises or lowers a control-line voltage until
there is zero phase error or no further input pulse (Fig.
3). The transfer function of the loop filter-integrator

INPUT | I I I I
INPUT 2 I | I L

Vo
OUTPUT I|I|ll|!

2. When the inputs to the phase detector are 180° out
of phase, the output at lock is a pulse train.

is given by (sCR, + 1)/sCR;.

The VCO is specified in units of Aw/AV, since the
frequency usually varies about a value far removed
from zero. In this case, the actual VCO frequency is
wg + Ky (V=Vk). To get the transfer function, the
most useful quantity in loop analysis, run through the
following operation:

wyco = wg + Kygo (V = V),
wVCO = g i Aw

V - Vg AV
B rad/s i
Vv

Since phase is the integral of frequency,

Kyoo(©) = L Kycolf).

In most analyses, the VCO-gain constant is taken
to be
K rad/s/volt.

In Fig. 4, assumes the two inputs have the same
repetition rates, but that input 1 leads input 2in phase.
That is, switch S connects to V, with each positive
transition of input 1, and opens with a positive
transition of input 2. Note that the phase detector now
alternates between a “pump” state in which the output
equals V;, and a high-impedance state, in which the
output line floats (see Table).

(A similar analysis holds if input 1 lags input 2.
The output line alternates between open circuit and
ground, for example, in a three-state phase detector:
Vp, open circuit, —V,,.)

While the output line is high, the filter integrates

ELECTRONIC DESIGN 24, November 22, 1977

the input voltage, and lowers the control-line potential
to that of the VCO. The equation for this mechanism

18
T
EZ+ 1 fdt]

v = Vil Vp R R.C
1 1 o

control line

= Vinitial — Vp[ transient + steady state] :

Note that the transient part of the solution comes
from the pulsed output of the phase detector. Since
there will be no output pulses either before or after

¢ DET R2 |€_‘“

o VP
P Rl
INPUT | LE AWV -
3 =0
s 5 veco
i L
INPUT 2

3. The filter in the synthesizer of Fig. 1 serves more as
an integrator than a low-pass circuit.

the phase error appears, the steady-state part ac-

counts for the change in control-line voltage, which

moves to a new level to re-establish lock.
Therefore,

A\]control line x Vp _t'
R,C
or
AV
t R.C

The result of this last equation can be considered
the control-line slew rate—the maximum speed at
which the control line can move to the new required
voltage. Multiply the slew rate by the VCO-gain
constant and the result is the maximum rate at which
the VCO frequency can change:

7 L
R,C V 271'

Sveo Hz/s.

When shifting from receive to transmit, the VCO
frequency must change by 10.7 MHz. The time(T)
required to do this is the fastest rate you can get and
is found from

p

T = 10.7 MHz ’
SVCO

But since the average input to the loop filter is less
than V), the actual time required will be longer than
the calculated value. However, you can determine a
worst-case lock time by assuming that V, has the
lowest possible average value with a frequency dif-
ference and that the lock-up transient occurs after the
VCO frequency reaches the proper value. Thus,
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Time (worst case) = lowest slew rate of VCO + lock-
up transient
= _AfVLO I i

2Svco Wy

where w, = the natural frequency.

The actual time required falls between the best and
worst-case values and depends upon the damping
factor and the type of phase detector. With a quad-
D detector, the average output voltage is very close
to V, and produces a much faster slew rate.’

Speeding the slew rate

The analyses show that using the normal loop
dynamics to get a large VCO slew is slow. What you
need is a mechanism that gets the VCO frequency to
the right vicinity immediately and then lets the loop
lock itself.

The simplest way to get a fast transition is to switch
between two VCOs in the loop. If, for instance, two
VCOs are tracked with the same control voltage
between separate frequency ranges (Fig. 4), no major
control-voltage transition is required for a large fre-
quency change.

When transmitting, VCO 1 is active and tuned by
the control line. When receiving, VCO 2 is active and
requires the same tracking voltage to generate a
frequency that is 10.7 MHz lower than VCO 1 (in this
example). The time required for lock, therefore, is the
time required for the control line to compensate for
any tracking error plus the regular lock-up transient
of approximately four w,t units from the second-order
curves. .

You may want to simplify Fig. 4 when you can
switch one VCO in range—add capacitance to the tank
circuit (Fig. 5). Normally, the circuit is designed for
a certain tracking response in the transmit mode. In
keeping with Fig. 4, select values so that 2 V tunes
the tank to 150 MHz and 8 V to 160 MHz. Energize
the receive line to switch Cy in parallel with the tank
and to lower the resonant frequency.

Next, adjust C; so that the output frequency is
exactly 10.7 MHz lower with the same control-voltage
input. Now when the device switches from transmit
to receive, you don’t require much more control
voltage than is needed for a single-channel change.

However, the techniques in Figs. 4 and 5 are very
restrictive—you must know the exact frequency shift
beforehand. This requirement is no problem for simple
Ry = Tx operation, but when the frequency shift
continually changes, it can be.

More sophisticated approaches

In the optimization approach, the constraints on the
loop’s natural frequency and the damping factor
define the lock-in performance for small frequency
changes and determine the spectral purity of the VCO
output. However, in any system using a three-state
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VCo
F(MHz)  VconT
TO Xmtr —— o—— 150 2.0
TRANSMIT 160 8.0
CONTROL LINE
FROM INTEGRATOR
VCO 2
F(MHz)  Vcont
T0 Rx MIXER —— o—| 1393 20
RECEIVE 149.3 8.0

4. An easy way to speed operation: Switch between two
VCOs working at different frequencies.

VCO TANK CIRCUIT (e |

CONTROL —WW\ ' ? 1 i
LINE VARACTOR ! Aé’ﬁ?,g |
| DEVICES :

a5

BYPASS

<

5V
IN RECEIVE

5. An alternative to two VCOs: Range-switch one VCO with
capacitors in the tank circuit.

phase detector and an integrator, both w, and v are
free variables that can be specified by R, R, and C
in the integrator for any combination of N, K,, and
K¢. Thus,

wnz = K—'—¢ Kv ’
NR,C
and
il wnch
y = 2=
2

Usually, you must decide whether to use an offset
oscillator with a mixer, a fixed prescaler, or do direct
counting. To decide, consider the usual tradeoffs: cost,
space or availability. See if any of the loop constants
can be optimized for slew rate:

Ty, (approx) = 16/w,® (from second-order curves),
where T, equals the lock time.

From your analysis of absolute maximum slew rate,

V.max T,
AVyeo = %lz—— .
and
TZ = Achoz R;]z(]2 :
\fp(max)2

where T equals the slew time and Vyco equals the
voltage change required to slew the VCO from one
end of the band to the other. However, Vpmax)= 2
Ko,

T Heat VVCOZ Rlz CZ )
; 472 Kg?
and o ¢
T_sz £ AVyco? Ry? C? X wy?
2 472 K¢2 16
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Substituting for w,?
s
T,2

let M

2 (AVyeo®)(Rs? CZKqSKV)
(47%)(K$?16NR,C)

(AVy) RiCK,
K¢y 6472 N

with Tg/Ti, representing a measure of slew rate vs
lock time.

Now examine the equations for M and wy,.

You can readily see that to minimize M and keep
wp constant, the confining variables are N and the R,C
product. If N is made very large to reduce M, wy can
be kept constant by reducing the R,C product—which
further reduces M. Since w, determines the adjacent-
channel lock time, selecting the system with the
largest N results in the minimum slew rate. Note that
the damping factor has not been mentioned. It is a
free variable, a function of R,, and can be left for last.

Consequently, the slew rate in a direct counting
system with a large N is greater than in a system
designed around an offset oscillator. With an offset
oscillator, the arrangement feeding the highest-dif-
ference frequency into the logic (requiring a larger
N than with counting) will be the fastest. If the slew
speed is still not fast enough, look into changing the
loop dynamics.

Since w, and vy are constrained, by tradeoffs of
spectrum purity and lock time, a combination of R;,
R,, and C is specified at lock. However, while the loop
is slewing to a new frequency, spectral purity is
unimportant and w, can be raised to a higher value.
This operation is quite simple. See Fig. 6.

Select R; and R, to give the desired w, and v when
the system is locked. Then select R;5 to give a much
higher w, when the system is slewing. Finally, select
Ros to give an acceptable ¥ when Rg is switched in.
The switches can be FETs or inexpensive CMOS.

To determine when and how long to activate the
switches, monitor the channel lines and detect any
change occurring above a selected value. Or, for Ry
= Ty switching, use the key line. Either method can
fire a one-shot for a fixed interval that you determine:

1. Select R; and R, for desired w, and v when the
PLL is locked.

2. Select Rig and v4 to give the desired slew time.

3. Fire the one-shot to activate the switch for
slightly less than Ts.

When the PLL is out-of-lock, use the R,s and
Ry constants for w, and . To use them, activate the
one-shot with an instantaneous loss-of-lock detector.?
If the one-shot period is slightly greater than that of
the reference, Ris and Ry will switch-in as soon as
lock is lost and out when it is re-established.

Finally, should you decide to coarse-tune the VCO,
set the VCO frequency approximately at the correct
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6. One way to speed-up a PLL is to select circuit resistance
to give the desired natural frequency (w,,) and loop gain.
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CONTROL T ]_;YPASS
VOLTAGE = - L

7. Coarse-tuning gets the VCO into the desired range fast.
A summing network (a) does the tuning with channel
information; varactors (b) do it with a tuning voltage.

frequency with an analog voltage determined by the
selected channel. The control voltage supplied by the
integrator maintains phase lock but only over a
restricted range. The primary advantages of coarse-
tuning are that you can set the frequency instantly
to anywhere in the range with the coarse tuning, and
the lock-up time becomes essentially the same as that
of the adjacent-channel case. Two ways to coarse-tune
the VCO are shown in Fig. 7a and 7b.

The summing circuit in Fig. 7a can be a passive
resistor network or an op-amp configuration. If in the
PLL of Fig. 1 the 150 to 160-MHz spread must be
divided into 1-MHz increments on the coarse-voltage
generator, the advantages of coarse-tuning become
apparent. And since the dynamic range of the control
line—hence the varactor-capacitance change—is
much smaller than a direct method (which covers the
full 10 MHz), VCO-temperature drift (encountered
with offset mixing) is easily controlled.

Using two varactors as in Fig. Tb will usually save
some space. Regardless of the method, however, take
care to keep the coarse-voltage line as noise-free as
possible. Any garbage on the line will directly mod-
ulate the VCO and substantially decrease spectrum
purity. Of course, if you want FM (as in the case of
an FM transmitter), it’s easy to couple-in audio
through a capacitor. as
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In a world of claims and counter-
claims, one thing is clear. EMM
SEMI is still in the lead. Of course,
we not only had a healthy head
start, but we field a whole family of
4K siatic RAMs.

We Jelivered the industry’s first
4:{ static RAM in 1975, a full year
ant a half before anyone else. We
ar¢ now delivering 7 basic static
RAM types with many versions

of each, and producing them at a
greater monthly rate than our
nearest competitors combined.

By now we have more 4K static
RAMs operating in a wider range of
customer equipment than anyone
else in the semiconductor memory
business — from 10 Megabyte IBM
add-on memory systems to hobbyist
microprocessor kits.

Memory at work

Whatever your application, from
mass storage to telecommunica-
tions, from medical electronics to
toys and games, chances are there'’s
an EMM SEMI static RAM just
right for you. Please call or write
today for full details — and ask
about our byte oriented RAMSs, too.

Emm SEMI, Inc.

a subsidiary of Electronic Memories & Magnetics Corporation e 3883 N. 28th Avenue, Phoenix, Arizona 85107 e (602) 263-0202
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A SCOPE FOR ALL REASONS

Finally a professional oscilloscope to fit your basic needs.
High quality, easy to maintain, and easy to use.
Ideal for production, design laboratories, field service and schools.

Ballantine Model 1010A
Dual Channel and X-Y oscilloscope

FREQUENCY: DC to 15 MHz each channel
24 nanosecond rise time. 15 MHz full scan

SENSITIVITY: 2 mV/cm to 20 Volts/cm
Continuously variable gain.

TIME BASE: 100 ns/cm to 1.25 s/cm
X10 Magnifier, Trigger beyond 20 MHz

PORTABILITY: Only 7 Kg. (15 pounds)

DISPLAY: 8 x 10 cm CRT with 3600 volts ]
allentine
Available on GSA Contract GS-00S-04619, Stock Number 6625-00-472-9910. Ballantine Laboratories, Inc., Boonton, New Jersey 07005 USA
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Technology

Let your scope measure its own rise time—almost.
Using the scope’s internal generator, you not only
can pin down an accurate tr, but do it for less money.

You can easily measure your oscilloscope’s rise time
by using the scope’s own square-wave generator as
a signal source. Since the results are independent of
the rise time of the source, you avoid one possible
source of error.

Conventionally, scope rise time is determined by
watching the output of a fast pulse generator on the
scope and assuming that the observed delay time is
the desired rise time. This method is costly and faulty
because you need an expensive pulse generator and
because you have to assume that the rise time of the
pulse generator is many times faster than that of the
scope—often an unwarranted assumption.

An equivalent circuit illustrates a scope’s
bandwidth limitation and points the way to measuring
its t, (Fig. 1). With most scopes, the input impedance
given includes the probe’s. An impedance of 10 MQ
in parallel with 10 pF is quite common. With the scope
driven from a voltage source (zero impedance), the
result is similar to a Bode plot (Fig. 2).

Working out the math

In Fig. 2, point f, represents the corner frequency
associated with R and C,. With R equal to 10 M,
the problem is to find that value of C, that limits the
bandwidth and increases the rise time. Start by
finding the output voltage, e, (Fig. 3):

efs) = —u®)_
RSCTRC:
¢ i
o+ SCRARCHRC) . 1
R,RC,C; RRC,C; _|
with Cp >> Ca,
i
eo(S) = ein(s) 1 .
R.RC,C; (s + PSR
RC:)( &CT) g

Raymond Pizzi, Electronics Engineer, Maintenance Direc-
torate, Fort Monmouth, NJ 07703
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1. An oscilloscope’s equivalent-input circuit shows the
elements that limit the scope's bandwidth.

Let the input voltage, e, (s), be a step function. Then
e,.(s) = e,/s, and using partial fractions,

RC, R-Cr
where
A = RCZRSCT ’

= RSCTR:C:Z

B )
RC~R.G

- ROR.CAy
RC3—RSCT

After simplifying those equations, and taking the
inverse Laplace transform, then the partial of e,(t)
with respect to C,,

det) _
aCy

C

t t

(RC.C;R,+tRC,—tR,Cy) e RCr— C,CoR,Re RC
CT(RSCT—RCZ):

1)

Now take the partial derivative of e (t) with respect
to t. At the moment the measurement is made, e,(t)
can be considered constant (Fig. 4):
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2. The frequency response of a scope’s input circuit
resembles that of a low-pass filter when the scope is driven
from an ideal voltage source.
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