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Pick an instrument for your task. powered types that match power
Want one that can diagnose and efficiency with portability? Do
calibrate itself? Or the one that you require an instrument that
combines several functions? How won’t hurt other equipment or
about the new breed of battery you. For more details, see p. 50.
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Now in the only full line
of super low profile
SIP Resistor Networks.

If you haven't designed in Single In-line Package resistor networks because
of their high profile, take another look. THE HEIGHT ON BOURNS SIPs IS
ONLY .190 INCH! And that's standard for all 6, 8 and 10 pin configurations
with:

e 5,7 or9resistors and 1 common pin

e 3, 4 or 5 isolated resistors

» 12 resistors, dual terminator (8 pin)
Now you can fit the same number of resistors into less area and yet main-
tain close P.C. Board spacing. Something you can’t do when using other SIP
networks with .250 or .350 inch high profiles.
And only Bourns SIPs offer the same reliable Krimp-Joint™ lead termina-
tion design as our DIP packages, high-copper alloy leads and uniform
molded package design. With added features like MACHINE INSERTABILITY,
COMPETITIVE PRICING AND DISTRIBUTOR AVAILABILITY —
Why specify other than Bourns?

Bourns Krimp-Joint™ offers both a
mechanical and electrical bond that
lap or butt joint construction can’t
provide. The lead is crimped on the
network element and a high-temp,
reflow-resistant solder is used to pre-
vent failure during wave soldering
and in circuit thermal cycling and
vibration.

FREE SIP and DIP SAMPLES!

Write on your company letterhead and let us know your requirements, we'll
rush you a SIP or DIP resistor network sample and complete specifications.
TRIMPOT PRODUCTS DIVISION, BOURNS, INC., 1200 Columbia Avenue,
Riverside, California 92507. Telephone 714 781-5415 —TWX 910 332-1252.
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MATCH THIS

WAVETEK
PROGRAMMABLE SIGNAL SOURCE

SPHCE POR DEIRILS

Q:Eé 128

T his is the face of our new
Model 172 program-
mable signal source.

It gives you 7 function
generator waveforms over a
frequency range of 0.0001 Hz
to 13 MHz. It's GPIB compa-
tible, has a microprocessor-
controlled interface, plus a
512 -digit synthesizer option

Well give you more details
in the next installment. Mean-
while, circle the mquiry card
or contact us direct. Wavetek,
P O Box 651, San Diego, CA
92112. Phone (714) 279-2200.
Or TWX 910-335-2007.
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The largest selection of “OFF-THE-SHELF”’
POWER SPLITTERS/COMBINERS Available!

We invite you to convince yourself... place your order now

and check our product performance, reliability and delivery ... at the lowest prices!

Isol. Isol,
be- be-
m:t' " inset “:t. " insert
out- ns on out- nsertion
Freq.  puts loss VeEpancs Freq.  puts loss Uskalance Freq.
Model No.  range  (dB) (dB) & Amp. Price Model No.  range  (dB) (dB) & Amp. Price Model No.  range
(MHz)  typ. (typical) (deg) (dB)  (Quantity) MHz) typ.  (typical) (deg) (dB) (Quantity) (MHz)
TVI0-WAY 0° TWO-WAY 180°
PSC 2-1 0.1-400 25 Odabove 1 01 z 9.95 (6-49) PSCI21** 1-200 33 06above 25 .15 $19.95 (s 49) PSC 4-1 0.1-200
25C 21 3d8 split 24.95 (4-24)  28C) 21 3dB split 2 Z5C 4-1
INSE #:1 $34.95(4-24)  psgya2 00120 33 03above 1 005 u gy IMSC a1
PSC2-2 000260 40 D3above 1 0.1 $19.95(6-49) 2sC) 2-2 348 split E 25C4-2  0.002-20
8¢ 2-2 3dBsplit 8: (424)  ZMSC) 22 ZMSC 42
ZMSC 2-2 95 (4-24) TWO-WAY 80° PSC 4-3 0.25-250
lzrsc 22 101000 25 O06above 0.8 0.08 $39.95 (4-241 PSCQ 290 5590 30 averageof 3 1.0 $19.95 (5-49) g,",t{,
3dB split coupled
PSC2IW 1650 25 Qsabove 3 020 31488 outputs PSC4-6 0.01-40
25¢ 2 3d8 split $29.95 (4 24) less 3d8 PSC 410 2175
ZMSC z 1w $39.95 (4-24) Sy E°*3A (s iy
PSC2175* 025300 25 4 fP0NE 1 0.05 $11.95(649) psc 31 1200 30 Jdsbove 2 01 $19.85(649)
0.4 above 2sC 31 4.8 split &: (4-24) PSC 61 1175
MSC 2-1 01450 30 400N 1 0.1 $16.95(624) ZMSC3-1 (4 24)
PSC2375 5585 35 0.3 above 005 s194 640 ot Rl R
SC 2375 3dB split .95 (4-28)  ZMsC 3-2 ; “ (a-28) ;Fsg‘:l-.i1 0.5-175
COMMON SPECIFICATIONS FOR ALL MODELS: Impedance all ports, 50 ohms. *Except 75 suffix denotes 75 ohms VSWR:1.1-1.2 typical 2FSC 16-1 0.5-125

Nominal phase difference between output ports, 0° **Except J suttix denotes 180° Q denotes 90° Delivery from stock; One week max.
P prefix denotes pin models, Z prefix denotes BNC/TNC connector models, ZM prefix denotes miniature-SMA connector models.

CIRCLE NUMBER 3

Isol.
be-
0 Insertion
puts
gua) (dB)
yp. (typical)
FOUR-WAY 0°
30 0.5 above
6dB split

33 0.45 above
6dB split

30 9.5 above
6dB split

32 0.4 above
33 0.6above
6dB split

SIX-WAY 0°

30 .75 above
7.8dB split
EIGHT-WAY 0°
30 0.8 above
9d8 split

37 0.8above
12dB split

Unbalance

& Amp. Price
(deg) (dB) (Quantity)
2 0.1 $26.95(649)
I.IS (4-24)
1.95 (4-24)
2 0.1 95 (4-24)
G" 5024)
2 0.1 3.95 (6-42}
”(4 -24)
0.05 $29.95 (6-49)
0.08 $26.95 (6-49)
4 0.2 $59.95 (1-5)
3 0.2 $59.95 (1-5)
$109.00 (1-3)
2 0.08 $174.95(1-4)

837-843 Utica Avenue, Brooklyn, NY 11203

- . . -
For complete specs, b+ Mini-Circuits Labor Atory (212)342.2500 int't Telex 620156 Dom. Telex 125460

performance curves and International Representatives: [‘7 AUSTRALIA General Electronic Services, 99 AIexandev Slree( New Sou|h Wales, Australia 2065; [] ENGLAND
< Dale Electronics, Dale House, Wharf Road, Frimley Green, Camberley Surrey: [] FRANCI E.S. 31 Rue George - Sand. 91120
drawings, see pgs 161-303 Palaiseau, France; [] GERMANY, AUSTRIA, SWITZERLAND Industrial Electronics GMBH, Kluberslrasse u sooo Frankfurt/Main, Germany: () ISRAEL
of the 1976-77 MicroWaves Vectronics, Ltd., 69 Gordon Street, Tel-Aviv, Israel; [] JAPAN Densho Kaisha, Ltd , Eguchi Building, 8-1 1 Chome Hamamatsucho Minato- ku Tokyo
] EASTERN CANADA B. D. Hummel, 2224 Mnynavd Avenue Utica, NY 13502 (315) 736 7821; [[] NETHERLANDS, BELGIUM, LUXEMBOURG: Coimex,

Product Data Directory. Velaweg |1, Hattem, Holland. [] NORWAY D , Ostensj 62, Oslo 6, Norway

US Distributors: [] NORTHERN CALIFORNIA Cam-wnne & Co., Foothill Office Center, 105 Fremont Avenue, Los Altos, CA 94022 (415) 948-6533
[ SOUTHERN CALIFORNIA, ARIZONA Crown Electronics, 11440 Collins Street, No. Hollywood, CA 91601 (213) 877-3550
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TECHNOLOGY

35 MICROPROCESSOR DESIGN

124 Get on the IEC bus. Soon to be an international standard for interfacing
instruments, the bus brings many benefits—and a few problems too.

130 Measuring capacitor loss: Are S-parameters any good? They’re not, but other
methods—Iike the use of Q-bridges or resonant coaxial lines—are acceptable.

136 Measure the characteristic impedance of almost any line with this two-load
technique, and avoid many of the limitations of traditional methods.

140 Measure pulse-rate ratios automatically to four-place accuracy. Simple circuit
handles steady or random signal rates with ratios greater or less than unity.

146 Don’t sweat with thermocouple thermometers. CMOS analog and digital devices
make it easy to design an inexpensive thermometer.

152 Low-cost data-acquisition systems need not transmit analog signals. Two-chip
integrating a/d converters need only two wires for data handling.

160 Consider v/f converters for data-acquisition systems. They offer high
resolution and accuracy when used as analog-to-digital converters.

168 Ideas for Design: Inverter circuit handles bidirectional signal flow without
latching up . . . Voltage-controlled oscillator provides symmetrical triangular
and square waveforms . . . Control the data rate of a uP system with software
instructions . . . Use TTY or CRT interchangeably on uP system . . . Stable
constant-voltage supply uses current source to establish reference.

178 International Technology

PRODUCTS

183 Instrumentation: DPM building blocks make 93 different instruments.
184 Instrumentation: Digital integrator reads watt or amp-hours.

209 Modules & Subassemblies: Compact 12-bit s/d converter cuts weight.
221 Packaging & Materials: Solderless breadboards handle 600-mil DIPs.

198 Components 228 Integrated Circuits

204 Discrete Semiconductors 236 Power Sources

216 Data Processing 238 Microwaves & Lasers
DEPARTMENTS

47 Editorial: The old man at the bar

7 Across the Desk 248 Bulletin Board

240 Application Notes 248 Vendors Report

243 Evaluation Samples 252 Advertisers’ Index

243 Design Aids 254 Product Index

246 New Literature 256 Information Retrieval Card
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n-circuit emulation
product can dowhile

The dream of design engineers is to
develop, debug, and integrate hardware and
software in their actual product environ-
ment—from day one. Thereby dramatically
shortening the development time —and
development cost—of their microcomputer-
based products.

The Intellec® microcomputer develop-
ment system makes the dream a reality.
Because the Intellec system has everything
you need to design microprocessor based
products using Intel® 8080, Series 3000
and future Intel microprocessors.

You reverse the traditional product
development flow which postpones hard-
ware/software integration until late in the
development cycle. Move from concept
through design, system integration and
debugging to production in a fraction of
the time normally required.

With ICE-80 and ICE-30 Intellec’s in-
circuit emulation modules, you exercise
your complete hardware/software proto-
type under control of high level diagnostic
software. ICE-80 plugs into the 8080 socket
in your prototype system and runs it in
real time. Under Intellec system control,
you single-step your system program, using
Intellecs memory and 1/O as though they
were part of the prototype system. Power-
ful debug functions are extended into your
system and you can examine or modify
your system memory or Intellec memory
using symbolic references instead of
machine addresses.

ELECTRONIC DESIGN 24, November 22, 1976



lets you see what your
its still on the bench.

The Intellec system includes its own
8080 processor, memory, and a full range
of peripherals designed to ease your de-
Vel%pment task. These include diskette
operating system, CRT/keyboard, line

rinter, universal PROM programmer,
Eigh speed papertape reader, the in-circuit
emulation modules, (ICE-80 and ICE-30)
and interfaces for teletypewriter and high
speed tape punch.

Under Intellec software you assemble,
edit, execute and debug programs quickly.
The diskette-based operating system, ISIS,
performs all your program and file manage-
ment tasks automatically. A wide range of
system commands gives you complete con-
trol of your prototype, including the ability
to set multiple hardware and software break
point conditions.

The Intellec system provides the con-
venience of a complete in-house develop-
ment system, backed with the quality sup-
port, service, training, and documentation

ou expect from the company that is the
Yeader in microprocessor systems develop-
ment. And the Intellec system is available
for immediate delivery.

If you've always wanted to see how your
product works while it’s still on the bench,
experience an Intellec system for yourself.
For a demonstration or for technical in-
formation use the reader service card or
write: Intel Corporation, 3065 Bowers
Avenue, Santa Clara, California 95051.

] ®

Microcomputers! First from the beginning.

CIRCLE 278 FOR TECHNICAL INFORMATION ONLY
CIRCLE 279 FOR A DEMONSTRATION & TECHNICAL INFORMATION
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Wolfe’s Law

Buried deep in some secluded
mountain cave, there must be an
archive where silent monks guard
the profundities of our industry.
This is where one should find
Murphy’s Law (if anything can go
wrong, it will) and its corollaries.
Here, too, one should find Wolfe's
Law, propounded by the Vice-Pres-
ident of Gould Inc. and General
Manager of the Centralab Elec-
tronics Div. Those less versed in
the philosophical underpinnings of
our industry should know that
Wolfe’s Law states that: “It re-
quires more effort to change some-
thing than not to change it.”

The principal corollaries belabor
the obvious:

m The effort expended by the
person who wants to change some-
thing is the square of the effort
expended by the person who
doesn’t want it changed.

m Success is inversely propor-
tional to resistance.

Engineers, wake up:
You are being raped

Recently, it seems, we have been
deluged with a flood of Engineer-
ing Design Contests. There have
been Microprocessor Contests,
FPLA Contests, PLL Contests, etc.
At first glance, these contests
would seem to be a way for the
engineer to exercise some creativ-
ity, while possibly winning a prize
for his efforts. In reality, they
are a great rip-off of the working
engineer.

Who benefits from these con-
tests? Clearly, only the contest
sponsor. The sponsor gains in
three ways. First, he obtains—at
virtually no cost—an enormous

library of applications data. Sec-
ond, those engineers submitting
contest entries are more likely to
use the sponsor’s product than the
product of a competitor. Third, the
sponsor can now attract even more
business because he can provide a
great wealth of applications liter-
ature.

The engineer is getting raped
and doesn’t realize it. If the engi-
neer charged a consulting fee for
the effort that goes into a contest
entry, he would likely do better
than if he had won first prize. Yet
the chance of ‘“getting something
for nothing” is enticing engineers
to give away their services.

This brain picking would never
work in any other profession. Im-
agine a large law firm asking
independent lawyers to prepare a
brief on a pending case. The law-
yer who prepares the best brief
wins a calculator.

Or think of a pharmaceutical
company asking doctors to develop
a new drug. The best one wins a
trip to Florida. How insane that
engineers don’t realize that these
so-called contests amount to th-
same thing.

If engineers are ever to obtain
a truly professional status, they
must start acting like profession-
als and stop giving away their
services.

Alan Rosenbaum

Manager of Computer Products
General Microwave Corp.

155 Marine St.
Farmingdale, NY 11735

You want to be better,
| want you to be better
I was intrigued by your edi-

torial, “We Want to Be Better” (ED
No. 17, August 16, 1976, p. 59), in

(continued on page 11)

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

Marcofiex.

The switch that
turns people on.

“...amazingly simple and reliable”’
“Why didn't | think of it?”

People are really getting turned
on by our new Marcoflex 650
switches.

Which doesn’t surprise us.
After all, its patented flexing spring
action is something of a break-
through.

An incredibly simple design
gives you electrical and mechani-
cal characteristics associated with ,
larger switches in a miniature, .625-
inph package at an economical
price.

Features include wiping action,
multiple-point (bifurcated) contact,
true snap action, high contact force,
and positive . 1ctile feel.

Plus aiternate or momentary
action, and excellent reliability.

Get turned on by Marcoflex
yourself. Contact us today for full
details.

R

2
4
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The patented Marcoflex
mechanism.

ILLUMINATED PRODUCTS INC.

A subsidiary of OAK Industries Inc.
2620 South Susan St., P.O. Box 11930
Santa Ana, CA 92711
Telephone: 714/540-9471 TWX 910-595-1504

GDM DK COMPONENTS GROUP
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The only microcomputer
with the power of a PDP-11.
The PDP-11/03.

If you’ve been looking fora
microcomputer with minicom-
puter power at a micro price, join
the hundreds of OEMs who've
already found it with the DIGITAL
microcomputer. The PDP-11/03.

The 11/03 gives you every-
thing you could ask for in a small
computer. High performance.
High reliability. And alow price —
just $1,357 in quantities of 50.
And that micro price buys you
mini features that quickly trans-

late into benefits OEMs appreciate.

Features like full PDP-11 instruc-
tions with eight general purpose

registers for fast program devel-
opment. RAM (MOS or Core) and
PROM memories that let you
match the memory with the appli-
cation. Hardware vectored inter-
rupts with stack processing for
real computer power. And
multiple-sourced components

for sure delivery.

Buying our 11/03 also buys
you the chance to start small with-
out staying small. Because you can
add up to 32K words of memory,
fast floating point instructions,
and more. Whenever you and
your customers are ready.

Besides growing biggerin
size, the 11/03 lets you grow big-
ger in scope. It’s software com-
patible with every other PDP-11
we offer. From our LSI-11 all the
way up to our medium scale
PDP-11/70. That means you can
take full advantage of Digital
PDP-11 software and services.

You can also take advantage
of Digital’s OEM Referral pro-
gram — your chance to take onan
international marketing and
support team without hiring
them. The OEM Referral program
can help you locate new custom-




ers and new markets around proven microcomputer with

townand around theworld. And  proven power and performance,

itcan all start with the PDP-11/03.  get the micro with all the power
Soif you're looking fora and performance of a PDP-11.

I—[_)igital Equipment Corporation, Maynard, Massachusetts

| [J I'minterested. Please send information.

[0 I'm more than interested. Please have your nearest Digital sales
I representative contact me.

|
IName_—_____—__Title I
Crovniiag 1 i e s IR Lot WU T ) e e N N A Ao e I
l pany
|
|

Address

Digital’s PDP-11/03. Call your
nearest Digital sales office.

Or send the coupon to Digital
Equipment Corporation, May-
nard, Massachusetts 01754.

(617) 897-5111. European head-
quarters: 81 Route del’Aire,

1211 Geneva 26. In Canada:
Digital Equipment of Canada, Ltd.

50,000 computerssaving
managers millions.




i

Price

RNLE

Save your skilled engineers for more important work
with mi Model 2370 Spectrum Analyzer. Simplify com-
plicated measurements such as response, level, gain,
signal purity, modulation and many more. Forget every-
thing you have heard about spectrum analyzers. mi
Model 2370 is unique. It employs advanced technology
to make it as easy to operate as a multimeter. The facts
speak for themselves.

@ Flicker-free high brightness TV display (No more stor-
age tubes to replace)

@ Electronic graticule can pin point position of wave-
form display for rapid analysis and measurement.

® Choice of vertical scales: linear, 10dB/div for 100dB
display, and 1dB/div for 0.1dB resolving power.

@ Counter automatically displays center frequency, iden-
tifies the frequency corresponding to the manually

mi

02 § 05 § 1§ -

educed \ \\jo've always had unique features and

better specs than our competition...
now, in addition, QOUR price is LOWER!

adjusted ‘bright line cursor’, or the difference fre-
quency between the two. All to an accuracy of 2Hz.

@ Integral synchronous signal source for measuring net-
works, filters, amplifiers, etc.

® For comparative measurements, memory storage can
retain one display indefinitely, for simultaneous dis-
play with waveform from items under test.

e Automatic adjustment of amplifier gain to optimize
noise performance .

@ Automatic selection of optimum sweep speed.

@ With the 5Hz filter, signals 100Hz from a response at
0dB can be measured to better than —70dB.

Such speed and accuracy must be seen to be believed,
call us for an enlightening demonstration.

* MARCONI

INSTRUMENT

DIVISION OF MARCONI ELECTRONICE INC

100 STONEHURST COURT, NORTHVALE, NEW JERSEY 07647 ® TELEPHONE: 201/767-7250 ® TWX: 710-991-9752
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ACROSS THE DESK

(continued from page 7)

which you stressed that ED, unlike
some of its competitors, admits to
its editorial gaffs. Such honesty is
commendable and certainly rein-
forces the reader’s faith in your
fine publication.

I wish to call attention to the
article on CRTs in the same issue.
Your editor wrote, “Almost as di-
verse a selection of CRTSs is avail-
able from RCA’s Industrial Tube
Div., Lancaster, PA, and RCA’s
Electronic Components Div., Har-
rison, NJ.” Historically, that state-
ment would have been redundant
since the Industrial Tube Division
in Lancaster was a part of Elec-
tronic Components, headquartered
in Harrison. But in March 1975,
when RCA reorganized its Elec-
tronic Components activity, the In-
dustrial Tube organization became
an integral part of RCA Electro-
Optics and Devices, now an organ-
izational entity within the Solid
State Division. It is therefore
proper to identify RCA Electro-
Optics and Devices, Lancaster, PA,
as the CRT supplier.

Walter B. Dennen

Manager, News and Information
RCA
Solid State Division
Route 202
Somerville, NJ 08876

Charlie and Clarence,
and Clark and Jack

You may have had a good reason
to oversimplify the concept of mod-
ern management in your “Scienti-
fic Management” editorial (ED No.
18, September 1, 1976, p. 61)—
possibly to make a point with a
specific segment of your readers.
However, I'd appreciate equal time
for the other viewpoint.

My position is Senior Engineer.
Contrary to the flavor of your
editorial, my preference, as a
worker, would be the modern con-
cepts. These include extensive
group interaction, group partici-
pation in management decision
making, self-scheduling and per-
sonal development.

A manager who claims to use
the latest tools, but in fact is using
only the latest bookkeeping meth-
ods, does not merit the manage-

ment title.

The management team I work
for claims to be from the modern
school. Nevertheless, the work is
done without planning, production-
line style, open door policy “with
authorization,” and one-way com-
munication with the single goal of
keeping the boss out of trouble. All
the management books I've read
place this philosophy in the old
school.

Concerning your editorial specif-
ically, you refer to ‘“Charlie” as
responsible for his staff, running
things smoothly, getting things
done and using the best tools.
“Clarence” on the other hand is a
production pusher with computer-
generated numbers to prove his
point.

If you would play engineer for a
while and list side by side the com-
parative philosophies from the old
and new schools, theory X vs the-
ory Y, oldest vs latest tools, your
own management articles possibly,
I think you’d find yourself forced
to put Clarence in the old school
sporting some fancy new gadgets.
Charlie would also be old-school.

If you want to meet a new
schooler, look at Clarence’s replace-
ment, “Clark,” who spent the first
2 weeks getting to know his staff,
meeting their families, outlining
their future objectives, organizing
their likes, dislikes, observations,
ideas. Clark identified “Chuck” as
the group’s self-appointed spokes-
man and asked him to help organ-
ize the group’s ideas into working
projects to iron out any bugs. Pro-
duction was in fact down because
so much time was being devoted
to organization and meetings.

Within a week, Clark came to
see Jack with a list of things to
discuss. Unfortunately, each item
had a price tag, some quite high,
at a bad time in the economy. But
unlike other VPs, Jack was deter-
mined to back his middle manag-
ers as.far as he could until they
either could handle the rope them-
selves or hang from it. After the
proposed machine modifications
were made, production began at
2000 subassemblies a day with 5
rejects. A week of fine timing
brought that to 2500 and usually
1 reject a week. And despite the
apparent radical appearance of the
get together, Jack himself showed
up at the bowling alley to pass out

(continued on page 16)
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"EXPRESS
DELIVERY”

PROTOTYPE OR
PRODUCTION RUNS-
ALL AT
STANDARD PRICING

Send For New ‘76 Catalog Or
Call our Hotline For Name
Of Your Local Representative
Or Stocking Distributor.

(201) 374-3311

AMF
RCL Electronics
General Sales Office:

700 So. 21st Street
Irvington, N. J. 07111
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10O YEARS FROM NOW,

WAL ST

L BEGLAD

YOU BOUGHT

Eleven hundred years from now,
our semiconductor memories will still
be going strong.

Because right now we'’re selling
MOS memories with MTBFs per
device of from 5 to 10 million hours.
Which is well over 1100 years.

Our bipolar memories, on the
other hand, will last a few centuries
longer. Their MTBFs go up to 14 million
hours.

And if you think these terrific figures
are just wild claims like you're used to
seeing in semiconductor advertising,
you probably haven’t heard about how
we spec our products: ina word,
conservatively.

Of course, all this industry-leading

T OUR MEMORIES.

reliability wouldn’t mean very much if
we didn’t deliver it in the kind of state-
of-the-art products you need.

But we do.

We sell a comprehensive line of
memories that includes everything
from a family of 4K MOS RAMs with
access times down to 135ns, to the
industry’s first 2K EEPROM that can
match the requirements of micropro-
grammed control applications.

For the full story, just contact one of
our reps or distributors.

Preferably within the current
millennium.

NEC Microcomputers, Inc.,

Five Militia Drive, Lexington, MA
02173. 617-862-6410.

NEC MICrocomputers, inc.

REPS: East - C & D Sales 301-296-4306, Contact Sales 617-273-1520, Trionic Assoc. 516-466-2300; South —

Merino Sales 214-233-6002, Perrott Assoc. 305-792-2211, 305-275-1132,

813-585-3327, Space Eng. Sales 205-837-6060, Wolffs Sales Serv. 919-781-0164; Midwest - K-MAR Eng. & Sales 816-763-3466, McFadden Sales 614-221-3363, R.C. Nordstrom 313-559-7373,

616-429-8560, R.F. Specialists 312-698-2044; West — Mike Duffy Assoc. 303-934-7392, Electronic Component Marketing 714-524-9899, 714-295-612:
R.F.Q. Ltd. 416-626-1445, 514-626-8324 DISTRIBUTORS: Century Elect., Harvey Elect., Intermark Elect.

Trdent Assoc. 415-967-7031, Tri-Tronix 505-265-8409, 206-454-0940; Canada -

0-1745, Summit Sales 602-994-4587,

(Sunnyvale, Santa Ana, San Diego, Seattle), Lionex Corp., G.S. Marshall (Sunnyvale), Mirco Elect., R-M Elect., Semiconductor Specialists.



When price and
performance
both count

Compact Timer/Counters at 80,520 and 1,000 MHz

Until now, if you needed a high performance
timer/counter with all the capabilities and
versatility of a lab instrument, you expected
a high price. That is, unless you could do
without time interval averaging capabilities or

if you could get by without trigger hold-off or

if you could compromise on triggering
capabilities or if you didn’t mind the short-
comings of a plastic case. But, that's the way
it was with timer/counters. Today, our new
PM 6620 series offers performance without
compromise in a compact, package at

compact prices.

PHILIPS

PM 6625
DISPLAY TIME

o Q p@T

Test & Measuring
Instruments

FOR INFORMATION CIRCLE #282

timer/counter 1GHz

RIGGER
LEVEL

All three models provide for:
e 80 MHz direct frequency counting
e Single shot period and time interval
measurements with 100 ns resolution
® Period and time interval averaging over
102, 104, or 10% intervals
* Ratio and conditional pulse counting
e Comprehensive trigger facilities with
accurate trigger level setting.
But that's notall ! ! Depending on your indiv-
idual needs, select one of three models:
® PM 6622 with trigger hold-off for even
more versatile T.l. measurements
® PM 6624 with 520 MHz frequency range
® PM 6625 with 1000 MHz frequency. range

TRIGGER

g0 LEVEL

°/ ov @

.
l—counr & ‘
1wt 08

RATIO A/Bor

PM 6622 timer/

ISPLAY TIME

— 1

Philips Test & Measuring Instruments, Inc.
A NORTH AMERICAN PHILIPS COMPANY

And it doesn’t end there ! Each model is
available with either of four time base
oscillators, BCD, IEEE Bus or analog output
options, internal battery/charger, single or dual
rack mounts and more.

Add it all up and you have the most versatile
family of timer/counters available . . . and they
are available at very attractive prices. Why settle
for less performance at high cost ?

For immediate detailed information on the

PM 6620 series untilze our HOT LINE number -
800 645-3043. N.Y.S. residents call collect-
(516) 921-8880., or contact Philips Test &
Measuring Instruments, Inc.

In the United States:

400 Crossways Park Drive
Woodbury, N.Y. 11797

In Canada:

6 Leswyn Road
Toronto, Ontario
Canada M6A 1K2

PHILIPS

PHILIPS

FOR DEMONSTRATION CIRCLE #1283



_ Our new Iow-cst
industrial converter products
are standard, too.

Standards, like that plug, make life less
complicated.

That’s why we’re leading the campaign to
standardize converter products.

And the group you see here is just part of a
growing family that starts as low as $19.50 in
the 100-piece quantity.

They’re on-the-shelf, for quick delivery. A new
line of DAC’s and ADC’s for designers who can
use standard functions. Plus thin-film ladder
networks and a precision voltage reference to
give exceptional design flexibility.

These competitively priced, industry-standard
converter products can save you engineering,
manufacturing, and inventory time and money.
And you have a wide selection of package types
and temperature ranges to fit your exact
applications.

Learn more about Beckman-quality, Beckman-
backed hybrids. They’ll make your life easier, too.

For data, write or call Helipot Division,
Beckman Instruments, Inc., 2500 Harbor Blvd.,
Fullerton, CA 92634. Phone: (714) 871-4848,

Ext. 1776.

BECKMAN-’

HELIPOT DIVISION
If you need hybrids, you should know about Beckman.

CIRCLE NUMBER 12
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Our

air variable capacltor S

As you can plaln o
see, our new air varlable
capacitor is nearly as small
as many sub-miniature ceramic
trimmers. It also features the
same mounting configuration
which means you can use it in
many of the same applications
But small size isn’t the only
reason for buying our new
Micro T™ capacitor. Because
it’s air variable, it offers you

E. F. Johnson Company/Dept. E.D., Waseca, MN 56093

[ ] Please send me technical

information on sub-miniature

air variable capacitors.

Name

newest

great S ity. Q
1000 at 100 MHz. TC i
=45 PPM /°C. And 1t’
available in maximum
capacities of 3, 6.5, 12.7, and
19.0 pF in either vertical or
horizontal tuning PC and
stripline mounting versions.
What’s more, it gives you all
this for a very small price.

[] Please send me samples.
You can call me at

Firm

Address

City

Zip
For fast service, contact your
local Johnson Distributor.

CIRCLE NUMBER 13

ACROSS THE DESK

(continued from page 11)

various awards, a few bonuses to
exceptional idea people and offer
the entire group one extra week of
paid vacation. In six months,
Chuck took over as supervisor and
Clark became manager of systems
engineering.

Come on, George, sign up for
some courses in the new school.
We don’t discriminate against old
timers, nor do we believe that old
gods can’t learn some and contrib-
ute some. Just beware of the
pseudo-new schoolers.

Bruce Nappi

Misplaced Caption Dept.

My company won't let us fly first
class anymore.

Sorry. That’s Honoré Daumier’s
“Third Class Carriage,” which
hangs in the Metropolitan Museum
of Art in New York City.

And it tasted great

I am trying to locate a source
for a product I used several years
ago. It consisted of a chemical
powder, which, when applied with
a dampened cloth to bare clean
copper, would deposit a plating on
the copper similar to a finely tin-
ned surface.

I vaguely recall a name like
AMP-ON, but I am not certain.

If you can advise me as to the
best way to track down such a
product, it will be greatly appre-
ciated. Thank you.

Peter J. Farrell
Sperry Engineer
60 Elliot Ave.
Centereach, NY 11720

CIRCLE NUMBER 243 »



m peoplé
I programmers than for
0 rgll. the 1500 com-
ogrammers —
gl el Y “Data I/O”
: opular programmer
is the quel 5 It is already out-
ng every other PROM pro-
%Iammer in the world (including
. e former world champ, the
) O Programmer ). It can program all PROMs
now available (165 at last count), and it’s approved
~ by the PROM manufacturers.

- Our Programmer VI lets you ™
program from one to eight MOS 4
PROMs simultaneously with: 4
the same, or different programs.
(It can program an entire memory board in less
than 30 seconds.)

Our new Programmer VIII is a completely
portable, mictoprocessor based unit. You can
take it anywhere and easily update
it year after year.

Our Programmer X is for
Programmable Logic Arrays
(PLA’s). It features CRT display,
multiple inputs and outputs, and
error detection through both
logical and array verification. It's also
microprocessor based.

Our Romulator lets you emulate
any PROM configuration on the
market today, develop a complete

/

Data 1/0 offices: New York area—201/832-1487; Washington D.C. area—

“turer’s specs—before you program—for
“yields and long term I-C reliability.

Data I/O total three point service -

1. Every Data 1/O customer receives a quarterly
update on currently available PROMs.

2. Through our direct (computerized) mailing
program, Data I/O customers are kept constantly
up-to-date on PROM specification changes and
technological innovations.

3. Nine field offices in the U.S. and 22 dlstnbu-
tors worldwide provide our customers with direct
sales support, installation, and operator training..

E
B
§

If you would like to know more about our products,
or want copies of our quarterly PROM Comparison Chart
and PROMBITS {our periodic technical bulletin on PROM
applications and innovations), mail this coupon or call one
of our offices. Data [/O Corporation, P.O. Box 308,
Issaquah, Washington 98027,

Name
£

Title

Company

Address M/S

City/State/Zip

16
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—301/652-7240; Chicago area—312/884-1335; Dayton area—

513/435-4440; Dallas area—214/349-0877; Tulsa area—918/865- 4111; Los Angeles area—714/998-9151; San Jose area—408/732-8246; Boston
area—603/888-3850; Seattle area— 206/455-3990; Europe: Amsterdam — 0207186855, TELEX —16616.






Biomation’s new
logic analyzers

give you
both.

When your job is to interface,
integrate and program a complex
new digital logic system, you
want as much information as you
can get.

That's why we're providing a new
set of tools which let you display
timing information as well as logic
word content—in the language of
your choice.

Our new 1650-D logic analyzer gives
you 16 channels at 50MHz. Our 851-D
gives you 8 channels at the same speed.
Accessories can now give you a logic state (1's
and 0's) display of any 16 stored words; hex

or octal translation; and a vector map of

memory contents. The 8 and 16-channel logic
analyzers feature:

» Pretrigger and delayed trigger recording

 Trigger point can be easily identified

* Latch record mode for fast pulse capture

» Combinational triggering (true or false)

* Movable display cursor that stays with the
data when you switch display modes

* Display expansion, mixed or full, X5, X10
or X20

These are complex instruments and we can't
give you all significant details here. But

please write, call, or use the reader service
card. We want to get this useful information
into your hands. Biomation, 10411 Bubb Road,
Cupertino, CA 95014, (408) 255-9500.

TWX: 910-338-0226.

HEX OR OCTAL
TRANSLATION

CURSOR
LOCATION

Biomation's new 1650-D produces a repetitive display output
reconstructing precisely 500 bits per line for a 16-line timing
diagram on a conventional oscilloscope or CRT display

Separate selection of individual channel outputs allows viewing
of 1, 2...16 channels at one time with automatic vertical expansion

CURSOR
WORD

CURSOR

Map —each word in memory is transformed via two DAC's to
form a unique dot which characterizes that word. All 512 words
of the 1650's memory can be accessed for mapping. The cursor
word is circled in the map as well as displayed at the top of the
screen in alphanumeric form. The cursor may be moved to any
of the points in the map for positive identification of that word
In addition, a map of only 16 words may be selected

CURSOR
WORD

RELATIVE
ADDRESS

TRUT:H
TABLE

Logic state —provides memory address location, binary output

of the 16 channels and selectable octal or hexidecimal translation
16 words are displayed at one time with the cursor address
location at the top of the screen. Movement of the cursor control
allows accessing any 16 words of the entire 512 words stored

in the 1650-D. The display control memory can store 16 words
while a different set of 16 is selected from the 1650's main
memory (or a new recording is made). These two sets of 16
words can then be overlayed on the CRT. Any differences will
blink and be easily identified

CIRCLE NUMBER 15



TEKTRONIX now has 5 ways
to look at logic.

Hexadecimal

00
)0 0014 0010
0110001100100

0101 010001010100 Cur

7603 DIONIOSCON

REF TRIG +83

00 xxccowamoom r; -

p 1000 01100011 ‘@ poot 003700
ru?nog;m 0611 0000 038. 1560

10 1001 100000110010 08 1608

0100 110003100100 094087

The New DF1 Formatter
First, we gave you the timing display and
binary readout with our 7D01 Logic
Analyzer. Now, with the DF1 Display
Formatter, which is dedicated to the
7D01, you have five display formats to
operate from, all in a 7000-Series main-
frame. Now you can convert a timing
display into tables of words in Binary,
Hexadecimal, Octal ... or a mapping
configuration ... whatever your applica-
tion requires.

A STATE TABLE mode of operation
produces standard tables of up to 16
lines of 16-bit words. Using the 7D01’s
cursor, you can step through these ta-
bles word-by-word in Binary, Hex, or Oc-
tal. A 17th word is added to each table
emerging from the 7D01’s memory, to
serve as a “key” and indicate you are
indeed scrolling correctly through the
long memory. The 7D01’s fine cursor

control steps the display line-by-line,
while the coarse control advances it
table-by-table.

One of the most powerful analytical
capabilities provided by the STATE
TABLE mode is that you can display two
tables—a reference table of “proved”
data plus a “new” data table drawn from
a system under test-on the same crt for
side-by-side comparison. New data that
is different from the reference data is
automatically intensified ... you im-
mediately know faulty data exists, and
you know its location.

With the DF1 you can map, not just
one, but three ways. The ability to map
FAST, SLOW, or MANUAL lets you
quickly recognize a word of interest,
track it, isolate it, then pinpoint it for de-
tailed analysis. The importance of map-
ping is derived from the speed with
which you can isolate problems.

The logic analyzer package shown
(7603 Option 1, 7D01, DF1) starts as low
as $5790. If you already own a 7000-

7001 TRIG +204

CUR

Series mainframe, add the 7D01-1
(7D01/DF1 combination) for only $4390.
Also consider that your money buys you
these important 7D01 features: 1) Word
recognition, 2) 16 channel operation,
3) 15-ns asynchronous timing resolu-
tion, 4) 4k formattable memory (4, 8 or
16 channels), and 5) High Z probes.

For more information or a demonstra-
tion of the DF1, contact a Tektronix Field
Engineer near you. Or write Tektronix,
Inc., P.O. Box 500, Beaverton, OR
97077.

United States sales prices are F.O.B. Beaverton, OR. For
price and availability outside the United States, please con-
tact the nearest Tektronix Field Office, Distributor, or
Representative.

TEKTRONIX
- committed to
technical excellence

FOR TECHNICAL DATA CIRCLE # 241
FOR DEMONSTRATION CIRCLE # 242
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Mag tape systems plug
into IEEE 488 bus

The first magnetic tape systems
designed to plug directly into the
IEEE 488 standard bus and com-
patible with IBM and ANSI tape
standards use an 8080 microproc-
essor for full tape control and tape-
to-bus interface.

Designed by Information and
Applications, Beltsville, MD, the
type 4600 systems have an K080
control box with only 75 chips, ac-
cording to Scott McPhillips, system
designer. “An equivalent IBM type
of controller uses about 260 108"
notes McPhillips.

The microprocessor makes it
ecasy to interpret bus commands
from any 488 bus controller such
as a calculator or instrument. One
hus pair is dedicated to tape data,
while another provides a separate
channel for tape control and status
information, according to McPhil-
lips.

Addressed as a listener, the 4600
records data from the instrument
or calculator talking on the bus.
Addressed as a talker, it reads back
the tape.

“The microprocessor has allowed
us to implement everything that a
large IBM controller does, includ-
ing one-track error correction,”
adds McPhillips. More over, all of
the control for the tape drive is in
software.

Read errors are eliminated by a
system that recovers the data by
rereading with different thresh-
olds. If the error persists, the sys-
tem reconstructs the data with
IBM-compatible parity and error-
correction codes.

Should a tape defect cause a
recording error or even a marginal
signal, the data are automatically
erased and rewritten further along
the tape.

The error-correcting function re-
quires only two pages of the pro-
gram.

(==
—=
=
=

The 4600 mag tape system uses an
8080 uP for tape control.

Other low-speed, off-line tape
systems don't incorporate these
read and write error-correction

features. They may record compati-
ble-check characters, but they don’t
make use of them, according to
McPhillips.

The microprocessor also provides
full read and write data buffering
and free format-command process-
ing. The data buffer holds an entire
block of data and transfers it over
the bus, character by character,
whenever the appropriate instru-
ment calls for it.

The 4600 systems are available
with 7, 8-1/2 and 10-in. reels that
use 0.5-in. wide, 1.5-mil computer
tape. The 10-in. reels operate at 45
ips, and the other two at 25 ips.
Data-transfer rates are 0 to 3000
byte/s for the large-reel machine
and 0 to 2500 byte/s for the small-
er ones.
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JEDEC package outlines
are now available

A complete collection of JEDE(-
registered, solid-state package out-
lines and dimensional information
has been issued by the Joint Elec-
troni¢c Device Engineering Council
of the Electronie Industries Asso-
ciation (ETA)» and the National
Electronies Manufacturers Associ-
ation (NEMA).

“JEDEC Registered and Stand-
ard Outlines for Semiconductor
Devices” (JEDEC publication no.
95) supersedes and replaces EIA
documents 12F, 13, 76 and RS-389.

The 600-page loose-leaf volume
includes over 400 package outlines
for diodes and transistors, micro-
clectronic devices, uncased devices
(such as beam-leaded components),
carriers and magazines, gauges
and military devices.

Complete dimensional informa-
tion and detail drawings of all
registered and standard package
outlines come in both inch and
metric versions with manufactur-
ing tolerances. In addition, the vol-
ume contains illustrations, sym-
bology and a guide for preparation
of drawings. Indices and explana-
tory data are also provided for
quick and accurate reference.

The collection can be ordered
from EIA's Standard Sales Office,
2001 Eyve St., NW, Washington,
DC 20006, $42.50 per volume. An
optional subscription service, which
provides new and revised update
sheets, is available for an addition-
al $15 a year.

u C-based switchboard
helps cut phone bills

Promising to cut a large corpo-
ration’s telephone bill by 30 to
50¢;, a computer-based system that
controls and records a company’s
outbound, long-distance calls has
been announced by Datapoint
Corp., San Antonio, TX.

Infoswitch first checks the pri-
ority rating of a caller’s identity
number and tries to select the least
expensive route using WATS, FX
(foreign exchange), tie lines or
other voice-communications facili-
ties. Then, if all these circuits are
busy—and the priority number
warrants it—the call is put
through via Direct Dial.

21



After the call, Infoswitch records
the caller-identity number, the
number dialed, the facilities used
and the call’s duration on magentic
disc.

The heart of this economical sys-
tem is a dual processor that em-
ploys a dedicated microcomputer
for high-speed telephone switching
and a Datapoint business computer
for logging the calls, monitoring
the system and generating manage-
ment reports. A printer can be
added for hard-copy output; a mag-
netic tape can be included for
either storing accounting data on
a long-term basis or transferring
data to another processor.

The switching equipment con-
sists of a Datapoint uP with a 300-
ns cycle, a 16-k ROM program stor-
age, a 4-k RAM temporary storage
and a reed-relay switch matrix.

The processor—Datapoint’s 5500
—uses either diskettes, which store
250,000 characters each, or a car-
tridge disc system that stores 5-
million characters on each disc.
Copy is printed out at a speed of
80 copies per second.

Additional phone features include
3-digit code numbers for numbers
frequently called and multistage
call holding—the computer holds
the caller on a low-cost circuit un-
til a line clears. Length of the hold
depends on the caller’s priority
number.

A 6-trunk system costs $35,000,
a one-year lease $1113. A 55-trunk
system costs $175,000.

Army computer system
a super problem solver

A supercomputer with a demon-
strated ability to achieve process-
ing speeds of over 800-million in-
structions per second has been de-
veloped by System Development
Corp., at its Huntsville, AL opera-
tion, with the help of Burroughs
Corp. Known as Pepe (for parallel-
element processing ensemble), the
first system has been delivered to
the Army’s Ballistic Missile De-
fense Advanced Technology Center
in Huntsville, to carry out ballis-
tic-missile-defense experiments and
tests.

Although the Army’s Pepe sys-
tem has a CDC 7600 master com-
puter that is wired to control 288
slave elements, only 11 are operat-
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ing to date. Each ‘“slave” consists
of three processors sharing a com-
mon data memory, and each proc-
essor has an arithmetic capability
equivalent to a medium-scale scien-
tific computer.

In general, the Pepe system em-
ploys parallel processing and asso-
ciative-data techniques to take on
problems so complex that their
solutions require inherent parallel-
ism and extensive computational
power. Parallel processing allows
the system to solve many lengthy
scientific computations simultane-
ously. Associative data retrieval
enables Pepe to perform multidi-
mensional file searches.

Besides missile defense, weather
forecasting, air-traffic control,
image data processing, and signal
processing can also benefit from
the increased computational power.

While the Pepe system’s gate-level
logic design and the electrical and
mechanical design come from Bur-
roughs, the specifications and
architectural design to the regis-
ter level come from SDC. SDC has
developed the Army system’s sup-
port software and produced the
real-time programs, and plans to
run the ballistic missile defense
experiments and tests.

High-density RAM board
has a good memory

A RAM board with a capacity of
more than 1.3 Mbits has been de-
veloped by Intel Corp., Santa Clara,
CA. Unveiled at the recent Mini/
Micro Computer Conference and
Exposition in San Francisco, the
high-density memory board con-
tains 147 packages—80 of which
are 16-kbit dynamic RAMs—in a
board of area of less than 90 sq. in.

Designed for custom medical ap-
plications, the memory array is or-
ganized in 16-k words of 80 bits
each and includes CRT refresh
logic for up to five pixels. (A pixel
is the number of bits required to
support a single dot on the face of
a CRT.)

The very tight package spacing
is possible because the board con-
sumes only 70 W when operating
and 18 W in standby. Intel 2116
chips provide 400-ns access time
and 500-ns cycle time at the board
level.

This high-density memory board

costs about 0.4¢ per bit in small
quantities and 0.25¢ per bit in
large quantities.

Device emits all colors
with applied voltage

A new kind of light-emitting
device that produces light of all
the colors of the spectrum by sim-
ply changing its applied voltage
has been developed at the Ford
Motor Co. research laboratory in
Dearborn, MI.

A thin-film device consisting of
two layers of metals separated by
an insulator, the component is not
only compatible with silicon-fabri-
cation technology, but ultimately
should become mass-produced at a
low cost, according to Shaun L.
McCarthy, senior research scientist
and creator of the light source
with staff scientist John Lambe.

The device fabricated to date
employs a 500-A-thick aluminum
layer for one electrode, which is
separated from a 300-A-thick metal
electrode—silver, gold, lead, or
indium—by an insulating alumi-
num oxide layer 30-A thick.

Applying 1.5 V across the device
produces radiation at the red end
of the spectrum. Increasing the
voltage changes the color of the
light through the orange into the
blue at about 3 V. At 4 V, the opti-
cal energy radiated contains
quanta of the full spectrum, and
white light is visible.

The quantum efficiency of ex-
perimental devices is in the 0.001%
range, much less than the 0.1%
to 2% of off-the-shelf monochro-
matic LEDs. To excite radiation,
the current used by the Ford re-
searchers ranges from about 20 to
100 mA, which corresponds to the
range of standard LEDs. But the
Ford devices’ light output is sub-
stantially lower because of their
lower-quantum efficiency.

While the potential quantum ef-
ficiency of the thin-film devices is
estimated to be in the range of a
few percent, it is currently re-
stricted by having to couple energy
out of the device. The radiation is
produced by “inelastic tunneling”
of the electrons through the in-
sulating barrier.

The frequency of the emitted
light is related to within a few
tenths of a percent of the voltage.
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switch

pumbwheel

for 8-mm thumbs.

It’s a skinny switch

that we call

the 1800 Series.

It has many of the features of
our notorious 1776 Series
—but simpler,

more standardized,

and cheaper.

Forexample, just $2.50 for one,

less for more,

with a choice of five codes,
gloss or matte finish,

with or without stops,

and readable by 20/20 eyes
from 10 feet away.

It’s got PC board terminations

for plug-in or solder connections,

and it snaps into a panel for mounting

(no tools needed).

It mounts singly

or ganged (up to 20 stations),

and will give at least 500,000 detent operations
before it tires.

So now we’'ve left you with no excuse

for not choosing EECO

when you need a thumbwheel switch.
We've got more versions

for more applications

than any other switch maker in the country.
And more offices to buy from

(87 in the U.S. and Canada).

For any thumbwheel switch,

see us first.

WE'VE GOT YOUR SWITCH.

SWITCHES/PACKAGING/RERDERS

1441 East Chestnut Avenue, Santa Ana, California 92701 Phone 714/835-6000
Distributed in the U.S. by Hall-Mark, G.S. Marshall, and Schweber. In Canada by R.A.E.
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International Representatives

od Kennedy Electronics (03) 288-7100 Israel Ramat-Gan M.R.B.D., Ltd. 738701
~ . SaePaulo Labo 228-0224 Italy Milano Radiel S.p.A. 209888
a s Etablissements De Greef, S.P.R.L, 02) 34539 18 Japan Tokyo Chitose Corporation (03) 272-3321
Canada = . sauga, Ont. Webster Instruments (416) 275-2270 Malaysia Kuala Lampur E.M.1. (Malaysia) SDN. BHD. 23251
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When
you want
P the world’s
mosi,: accurate
multimeters...

L

3400

s -poe @ YOU Want

Data Precision
multimeters.

the world’s most accurate 4': digit lab and systems multimeter $795.

\-

Rermecaen il

For a demonstration or a copy of our
comprehensive Digital Instrumentation catalog
contact Data Precision Corporation,

Audubon Road, Wakefield, Mass. 01880, USA
Phone (617) 246-1600, Telex (0650) 949341

Price U.S.A.

/e (mbara PrRECISION

...years ahead

FOR DEMONSTRATION CIRCLE # 284
L] | ¢ FOR ADDITIONAL INFORMATION CIRCLE # 285
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Get Everything

You Always Wanted
For Switchers
From A Source That

Always HaEverything.
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Everything
for control...

Switchmode*linear
IC regulator MC3420

For the first time, there’s a
unique control circuit available with
everything you need to regulate the
simplest to the most complex
constant frequency switching supply:
reference...oscillator... PWM...
phase-splitter. .. dual alternating
outputs...and unique 0-100% dead
time comparator.

Just plug it in and your design
work’s done!

Specs include 10-30 V supply
range, 2-100 KHz operation, 0.5
V-at-40 mA output sat voltage and
40 V blocking capability. Best of all,

" the MC3420 is priced at just $5.75
(100 up).

Everything
for efficiency...

Switchmode*
Schottky rectifiers
IN5826-34 15A-40A

Efficiency like you've never seen
is yours with Motorola Schottky
rectifiers — at least 80% or more in
most high frequency designs. In a
500 W switching supply this can
mean a saving of 625 W of power!

Switchmode Schottkys offer
performance and price advantage —
lowest VF at rated current...guard
rings that protect barrier junctions
from spikes. .. thermal resistance that
doesn’t...speed you can't even
measure...super dv/dt...and,
believe it or not, lower cost.

And they're reliable. Mil-type
testing of standard units has shown
excellent results. Nobody else passed
initial screening.

Everything
for power...

- Switchmode* silicon power

2N6542-47, MJ10000/ MJE 13000
discretes & Darlingtons, 1.5-20 A, 300-400 V
These are the only devices
around designed and spec'd to bring
you into the switcher design cycle
instead of keeping you out!
Designers* Data Sheets
completely spell out all essential
parameters for high-frequency, 100°C
inductive use — RBSOA volt-ampere
capability ...high-temperature,
clamped inductive load switching
specs...switching times as functions
of collector current and temperature

.. spec'd limits for active region SOA.

No more “typicals” or empiricals!
Because no other source has
taken time and effort to completely
define necessary performance
data of this state-of-the-power art.
Switchmode specs are presented
with important applications info to
aid you in device selection and use
under actual operating conditions.

Put’em all
together...

They spell SWITCHER.
With a capital state-of-the-art.

The 20 KHz revolution in power
supplies has taken hold of the
designer’s imagination and Motorola
is the only semiconductor source able
to supply you with all the devices you
want to put your design skills to
work. .. from IC to zener.

Nobody else can make that
statement. Check it out.

And we can add an edge or two
to your particular switching supply
design through applications engineers
who work on nothing but. Call us.

CIRCLE NUMBER 20
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Everything else
for everythmg

72 Rectifier Bridges
from1Ato 35A
85 Fast Recovery Rectifiers
from 1 A to 40 A
132 Rectifiers from 1 A to 50 A
198 Triacs from 0.45 A to 40 A
377 SCRs from 0.5 A to 80 A
556 Small Signal Transistors
from 10mW to 1 W
764 Voltage Reference Diodes
from 6.2 V to 200 V
1,191 Zener Diodes
from 1.8 V to 200 V
..and one sensational, new unique
crowbar IC — MC3423 — that protects
against transients or regulator failure
with adjustable threshold voltage
and programmable overvoltage
duration for just a buck-and-a-half!**

Free Desngn Pack

EI I

1W¥ERM

De51gners Data Sheets, application
notes and engineering bulletins —
including our new, “Showcase”
switching supply — are available
through any franchised distributor
or Motorola Semiconductor Products,
Inc., Box 20912, Phoenix, AZ 85036.

Get it.
Then get everything you want
for your switcher from us.

MOTOROLA Semiconductors

**100-999 *Trademark of Motorola Inc.
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LED

auper-Brights

Ideal replacements for incandescents!

Here come the LED Super-Brights . . . red,
amber and green. Their high brightness (50
MCD @ 20mA — typical clear red) make them
the perfect cost and power saving replacements for
incandescents. Available with built-in resistors
for all popular voltage ranges.

PCB LED’s — Horizontal or vertical viewing . . .
optional built-in resistor for 5V applications.
Bi-Pin (T1-3/4) LED’s — Ideal for dead front panel

applications, e.g. DEC’s PDP Series computers.

Midget-Flanged (T1-3/4) LED’s — Direct re-
placements for incandescents in panel light and
switch applications.

Replacement Lenses — Specially designed for
use with Midget-Flanged LED'’s.

There’s lots more too, Send for our Catalog today:
Data Display Products, 5428 W. 104th Street,
Los Angeles, Ca. 90045, (213) 641-1232.

We're the original “little light”” people.

ma‘ra DISPLaY PRODUCTS e o e

CIRCLE NUMBER 21
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Electronic warfare to get more DOD attention

Procurement of electronic-warfare (EW) systems by the Defense Dept.
will average at least $500-million annually over the next five years, said
Dr. Malcolm Currie, director of defense research and engineering, at a
meeting of the Association of Old Crows at the National Bureau of
Standards, Gaithersburg, MD.

Two of the principal EW projects planned during this period are the
Navy’s Tactical Airborne Signal Exploitation Systems (TASES) and the
Air Force’s Compass Hammer program, which will take the lead in de-
veloping airborne electro-optical countermeasures. The two services will
join forces in the Compass Go program to develop a common internal jam-
mer for the Air Force’s F-16 -air combat fighter and the Navy’s F-18
naval strike fighter, as well as any future fighters.

In the past, EW systems have been almost an afterthought in the de-
velopment of new aircraft and other weapons, according to Currie. But a
recent Pentagon directive, 46003, stipulates that electronic counter
countermeasures (ECCM) be specifically considered in the design of every
new military system.

“ECCM must become an integral part of our planning—not a patch-
work, subsequent add-on,” said Currie.

Present plans call for research and development for electronic warfare
to increase 10% a year from its present base of about $250-million over
the next five years. '

More airports to get Category ll1 ILS

Eight more U.S. airports will be upgraded to Category III instrument
landing systems under a Federal Aviation Administration program to
provide all-weather landing capability at key airports.

Category III operations require ILS guidance signals to permit landings
without visual reference to the ground when the ceiling is zero and visi-
bility on the runway is 700 feet.

The landing system uses solid-state components and includes a dual-
channel localizer, dual-channel glide slope and three dual-channel marker
beacons. A far-field monitoring system detects any shift in localizer-
course alignment.

The system will be produced by Wilcox Electric Inc., Kansas City, MO,
according to the terms of a $3.7-million FAA contract. Deliveries will be-
gin in late 1977 at a rate of two a month to New York Kennedy, Chicago
O’Hare, Houston International, Kansas City International, Detroit Metro-
politan, Seattle-Tacoma International, Los Angeles International and
Portland International airports.

Four airports are already equipped with Category III equipment:
Washington Dulles, Atlanta International, San Francisco International and
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Denver Stapleton.

Under an earlier $8.7-million contract to Wilcox, the FAA’s largest
single purchase of instrument-landing systems, the company will deliver
122 Category-I ILS units to smaller airports in early 1978. Category-I
ILS requirements call for visibility of half a mile and the ability of the
pilot to descend to a “decision height” of 200 feet, where he can see the
runway and decide whether to land.

Missile guidance to use satellite data

A missile-guidance system that will use the future Navstar global posi-
tioning satellite to guide the missile to its target is being developed at the
‘Air Force’s Armament Development and Test Center at Eglin Air Force
Base, FL.

Small antennas on the missile’s surface will receive position informa-
tion from the Navstars at frequencies between 1.2 and 1.5 GHz (L-band),
which will help update the inertial systems during the mid-course portion
of the missile’s flight.

The missile-guidance system is expected to be applied first to the GBU-15
glide bomb, a winged version of the television-guided ‘smart bombs”
used in Vietnam, then to a number of other new tactical weapons, say
officials at Eglin.

Hughes Missile Systems Group and Teledyne Systems have been funded
about $1-million each for the first year of the three-year development pro-
gram. By mid-1978, breadboard hardware should be produced for captive
flight testing at Eglin on the F-4 fighter. Concurrently, the Air Force is
developing an airborne computer for the new guidance system under its
Digital Guided Weapons Program.

Weather radio growth predicted

By 1980, the National Oceanic and Atmospheric Administration’s
weather-radio service will serve 90% of the U.S. population with more
than 300 transmitters, predicts an Administration spokesman.

Limited originally to boaters and fishermen in the mid-1960s, the net-
work not only provides storm and flood warnings via 100 stations, but is
also, since 1975, the only Government-operated radio system designated
by the White House to warn against nuclear attack. Signals are broadcast
at 162.40, 162.55 and 162.475 MHz, and the average effective radius is
about 40 miles, according to NOAA.

Capital capsules: Nippon Electric has been chosen by Intelsat to develop a 14-GHz
mixer/intermediate-frequency amplifier with state-of-the-art microwave
integrated circuitry for communications-satellite applications. . . . Despite
a crash in a flight test on Oct. 4, the Air Force’s Air-Launched Cruise
Missile (ALCM) development and pilot production are expected to be car-
ried out concurrently next year to push up the initial operational capabili-
ty date from December, 1981 to January, 1979. The inertial platform is
being blamed for the crash, not the terrain contour-matching guidance.
... The Air Force’s Avionics Laboratory plans to develop an infrared
search-and-track system for continental air defense. . . . Texas Instruments
and Honeywell are in the final competition for the AAQ-9 common for-
ward-looking infrared (FLIR) to be used in the Pave Tack pods of the Air
Force RF-4. The winner should be seiected around the beginning of 1977.
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A storage oscilloscope that captures 1.4 ns rise time.

T
L

7834 STORAGE OSCILLOSCOPE

FOR TECHNICAL DATA CIRCLE # 289
FOR DEMONSTRATION CIRCLE # 290

Superior Performance. A stored writ-
ing speed of 2500 cm/us, enabling
you to capture single-shot rise times
to 1.4 ns, 3.5 cm high, at full reduced
scan amplitude (or 900 ps 2.25 cm
high). System bandwidths from 160
to 400 MHz, depending on plug-ins
selected. Four storage modes . . .
bistable and variable persistence,
FAST bistable and FAST variable
persistence . . . to cover a wide
range of storage applications. Auto-
erase for automatic display updat-
ing. A save control for 30 times
longer viewing. Gated readout,
which prevents the blooming that
tends to occur between sweeps with
nongated readout. Adjustable multi-
trace delay for varying the crt view
time prior to storing the next sweep
when using FAST transfer mode.

4-Compartment Flexibility. Perform
more than one measurement at the
same time without switching plug-
ins. For example, store a single-shot
event and simultaneously measure
pulse width with a digital counter.
Choose from over 30 7000-Series
plug-ins for the combination your
application requires. The selection
includes the 7A19 for full system
bandwidth, the 7D11 for digital de-
lay, the 7L5 for spectrum analysis.

Future Expandability. The 7834 rep-
resents a breakthrough in oscillo-
scope technology. It follows the
7633 mainframe which introduced
the then-highest stored writing
speed of 1000 cm/xs. The 7B80 and
7B85 time bases, establishing a con-
venient delta delay measurement
technique. The 7D01 Logic Analyzer
and DF1 Formatter transforming the
oscilloscope into a logic state—log-
ic timing analyzer with a choice of 5
display modes.

The 7834. For fast pulse analysis in
the laser fusion lab. For single-shot
or low-rep-rate fast pulse analysis,
glitch detection, or ECL logic analy-
sis in digital design. For single-shot
fast pulse analysis in destructive and
nondestructive component testing
When you buy into the 7000 Series,
you're assured of technological ad-
vances that help set the pace for the
oscilloscope world.

The 7000-Series . ..
more than an oscilloscope

For a demonstration or more infor-
mation, contact your local Field En-
gineer. Or write Tektronix, Inc., P.O.
Box 500, Beaverton, OR 97077. In
Europe, write Tektronix Limited, P.O.
Box 36, St. Peter Port, Guernsey,
Channel Islands.



VAC VDC KQ FILTER RATIO REMOTE INPUT

DIGITAL MULTIMETER MODEL 7115

~"Systron-Donner
s “smart’ DVM

Meet Model 7115, the industry’s first microprocessor-
based digital multimeter. It does what no conventional
DVM could hope to do:

Automatic zero/self calibration. Using its computing
power and built-in memory, Model 7115 continually cali-
brates itself against drift and component aging. Similarly,
it detects and corrects for zero
drift and offset error. Result:
accurate readings all the time!

Self-diagnosis. Microprocessor
power again. Out-of-limit con-
ditions or failures are signalled
on the front panel; internal LED’s direct the operator to their location inside.

High-speed autoranging. A rapid new S-D autoranging technique finds the
correct range, goes there immediately and reads. It's

not only a big improvement for bench use, but systems

users can now use autoranging.

Command performances. An optional keyboard for pro-
gramming the Model 7115 allows it to linearize and nor-
malize, run comparison programs for checking out-of-
tolerance conditions, multiply by a constant, average
readings...and much more.

These features, too. Up to 100 readings/sec. « DC accu-
racy of =0.002% rdg. + Parallel programming or ASCII
option « True RMS AC volts option « High accuracy
resistance measuring option.

Get the full story on the first SDVM from Scientific De-
vices, or contact us at 10 Systron Drive, Concord, Cali-
fornia 94518. Phone (415) 676-5000. Overseas, contact
Systron-Donner in Munich; Leamington Spa, U.K.; Paris
(Le Port Marly); Melbourne.

& SYSTRDNDDNNER | J

CIRCLE NUMBER 23
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N E E Dlow-pass passive devices that perform as well as

active filters but don’t cost nearly as much? Investigate Sprague Series JW33

Audio Filters . . . you’ll be pleasantly surprised at all they can
do foryou ... at a price you can afford.

AU D I Ofilters in this new

series utilize stock parts, permitting quick

and precise construction to your requirements
... your choice of attenuation characteristics
(Chebyshev or Cauer), your choice of

cut-off frequency (1 to 50kHz), and your choice
of operating impedance (2502 to 10K<).

FILTERS..

are metal-encased to reduce pickup or

cross-talk, hermetically-sealed to ensure
dependable operation at environmental extremes,
and solidly constructed to resist physical damage.
Standardized pin terminal spacing and low

profile (.500” height) make them ideal for PC boards.

I AS I B Because Series JW33 Filters are

pre-engineered and can be quickly customized to match the needs

of your equipment, all orders are efficiently processed for fast shipment.
Whether you want a few pieces for prototype use or a large run

for production purposes, you can count on rapid delivery.

For complete information, write or call
Harris Johnson, Sprague Electric Company,

4SF-6134

P.O. Box 39, Annapolis Junction, Md. 20701.
Telephone 301/792-7657

...and you thought we only make great capacitors.

SPRAGUE

THE MARK OF RELIABILITY

CIRCLE NUMBER 24
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Gotcha, DEC!

T
o W A ANt St eies
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SuperTerm

Yes, we gotcha DECwriter Il and we did it
with such standard features as: matrix
impact printing (no thermal paper!), 132
column print width, microprocessor
electronics, portability (SuperTerm
weighs less than 45 Ibs), high speed (10,
15, 30, 45 and 60 characters per second
are standard with 120 and 180 cps being
optional), an IBM Selectric configured
keyboard, a 33 key alphanumeric “gear
shifted” key pad and a quick loading
cartridge ribbon system.

In addition, SuperTerm’s unique “anvil”
printhead design is warranted for the life
of the terminal! This means that should
you ever encounter defects in printhead
workmanship, Intertec will replace or
repair the defective component(s).

OEM'’s will be pleased to learn that the
Intertec SuperTerm provides all of this
capability and more at an OEM price of
only $1,400.

Low cost options available on every
SuperTerm include: Super and sub-
scripting, horizontal and vertical tabs,
variable vertical pitch, forms control,
pagination, direct X/Y addressing, ad-
justable left and right margins, reverse
printing, double width characters,
automatic CR on end of line, and a font
programmable character set.

If your application calls for APL/ASCII,
SuperTerm has that too. In fact,
SuperTerm has got just about
everything—except competition.

Want more? You've got it A built-in
micro-cassette (Supercette) is available
to end users at only $700 in single
quantities with OEM discounts available.

In addition to unparalleled price and
performance, every SuperTerm is
backed by Intertec’s nationwide factory
trained service network with over 160
service centers strategically located
coast to coast.

For more information on the total
performance and unparalleled low price
that make the Intertec SuperTerm the
very best buy for your terminal dollar, just
call Intertec Data Systems, the only
company with international sales, ser-
vice and revolutionary SuperTerm.

INTERTEC DATA SYSTEMS

1851 Interstate 85 South « Charlotte, North Carolina 28208
Telephone (704) 377-0300 « TWX: 810-621-7831
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ficroprocessorDesigny

Can you evaluate uPs by examining
their register architecture?

Recently introduced uPs contain many more
internal data registers than the earlier ones.
Some of them have over 64 registers and are
apparently very powerful. But often the
number of registers is not as important as how
easily the registers can be addressed and their
data manipulated, according to one uP vendor.
So with differing considerations in mind, how
does the user evaluate the different register
architectures and decide which uP to use?
Opinions vary.

“The types of operations that you can perform
on registers, through the instruction set,
decides whether one set of registers is more
useful than another,” says Mark Eliot,

manager of applications at Zilog, Los Altos, CA.

“The simplest instruction would move data
into and out of the registers. The Z-80 can move
data to and from registers directly addressed as
part of the instructions. Another instruction
type permits registers to serve as pointers to
to memory—to hold addresses of memory
locations.

“Other instructions let the registers perform
ALU operations such as add, subtract, logic or
increment,” Eliot says.

“I think that evaluating uPs by looking at
their registers is pretty much nonsense,” retorts
Lionel Smith, applications engineer at Intel,

(continued on page 36)

Industrial microcomputer system doubles as development tool

A microcomputer system that is flexible enough to do

prototype development and still inexpensive enough to
serve as an OEM industrial controller has been developed
by Logical Services. At the heart of the Servant
microcomputer system is an 8080A-based CPU.

Some key features of the Servant 8 system include a
light pen and an oscilloscope-drive output in addition to
a full complement of front-panel controls and indicators.
The light pen and an oscilloscope make it possible to

examine and modify the contents of registers and memory

locations without the use of a terminal.

There are seven condition switches that allow breakpoint insertion in programs to permit
examination of registers and memory locations.

Software for the operating system consists of a monitor program that can be
automatically accessed when power is turned on. Also available are an assembler, a debug
routine, a text editor and specialized macro and application programs.

Among the optional plug-in modules currently available are: a 16-channel analog input,
8-bit output circuit; an IEEE Standard ASCII bus interface; and a universal breadboard

that permits customization.

Price of the basic development system, which includes the CPU, control panel, 4-k RAM,
a TTY interface, chassis and ROM software, is $2495. Individual module prices start at
$50 for the breadboard card and go up to $350 for the control panel card. Delivery of

all units is from stock.

Logical Services Inc., 711 Stierlin Rd., Mountain View, CA 94043. (415) 965-8365.
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MICROPROCESSOR DESIGN “But if you have to go to external locations,

and you don’t have the addressing modes to get
at the data, you are going to end up with a

(continued from page 35) cumbersome system.”

Santa Clara, CA. On the other hand, he says, “A machine that
“The only way you can really evaluate what has a lot of addressing capability and registers
an architecture can do for you is to try it out but needs to access only a few variables would
on some applications. A machine that has be a case of overkill. I don’t think there is any

lots of internal memory is a beautiful machine way of just looking at register architectures
if your applications require it,” Smith adds. and coming to a decision based on that alone.”

CMOS uP comes in a console with display and keyboard

Now you can get RCA’s CMOS wP in a console with
a hexadecimal keyboard and four-digit LEDs for inputting
and displaying data. The console, dubbed the UC1800
from Infinite, Inc., is available in kit form ($249.95) or
assembled ($495). The unit consists of a separate CPU
board and display, keyboard, and switch control modules
that plug together with flat cables.

The 5.5 x 8.5 in. CPU board contains the uP, all
control logic, a regulated power supply, and a 72-contact
rear-edge connector for system expansion.

The display module contains a voltage regulator, decoder and the seven-segment LED
readouts. It measures 6.75 x 2.75 in.

The keyboard model contains hex keyswitches and encoding logic. The switch module
contains additional pushbutton switches that control the UC1800.

With the console, you get a 200-page manual and debug software so you can examine
memory and modify programs.

Infinite, Inc., Dept. INR, P.O. Box 906, 151 Center St., Cape Canaveral, FFL 32920.
(305) 783-9600.

CIRCLE NO. 507

New bipolar chip eases system interrupt control

36

Hardware control of the priority interrupt inputs to a microprocessor system are now
possible with a new bipolar LSI chip introduced by Motorola. The device, called a Priority
Interrupt Controller (PIC), eliminates the software interrupt-polling routine in
systems containing eight or multiples of eight I/O devices.

Functionally, the PIC can change the interrupt vector, reserved in memory for
hardware interrupts, into one of eight alternate vectors assigned to the I/0 service
routines. It modifies the low-order bytes of the reserved interrupt addrzss. The second,
third, fourth and fifth LSBs of the system address bus are used as inputs to the PIC; a
bit pattern of 1100 (5th LSB to 2nd LSB, respectively) is required to initiate the vector
translation.

The interrupt output of each I/0 device is normally connected to one of eight
prioritized latching inputs on the PIC. When enabled, each interrupt will cause a unique
bit pattern to be generated and substituted for the 5th through 2nd LSB of the original
interrupt vector. These eight alternate vectors are used to start the interrupt subroutines
for the I/0 devices.

A mask, which is programmed via the 5th through 2nd LSBs of the address bus,
can be used to inhibit any or all of the interrupts at the eight inputs.

An output from the PIC, called the STRETCH signal, is available to lengthen a system
clock cycle when accessing slow memories. When unselected, the PIC is transparent on

(continued on page 38)
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How to get
alot

}e

First, with 3 rows of contacts on .100 centers, Viking’s
unique Nordic 2-piece P/C board connectors and I/O |.C.
panel plugs get a lot more contacts into a lot less space.

Second, our unusual polarizing system lets you key
each mating pair to prevent cross mating with adjacent
connectors of the same type. You can stack a series of
Nordic connectors next to one another in cramped space
and not worry that they might be cross mated.

Our full line includes 64 and 82 contact models as
well as the 120. Contacts on /O connectors are crimp, snap-
in, removable, gold plated and use MIL-T- 22520 tools.

Diallyl Phthalate is the insulator in most models. And
all connectors are designed to meet conditions of MIL-
C-55302.

If you need them right now, our distributors have most
models in stock. For details, use the coupon and get our
latest catalog.

I O K S d e [ Yourlatest catalog with details on the two-piece PC
en me. connectors ... : i

Name: =t = = . 3

I Position:__ - E

ity: State:

and your nearest rep. | have some questions for him.

CONNECTORS

@
L I B B B B B \iking Industries, Inc., 21001 Nordhoff Street, Chatsworth, CA 91311
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MICROPROCESSOR DESIGN

(continued from page 36)
the address bus and will not affect the reserved interrupt vector. The PIC is offered in
both ceramic and plastic 24-pin DIPs; the price is $7.50 (100-999 qty.) for the plastic
version.
Motorola Semiconductor Products, Inc., P.O. Box 20294, Phoenix, AZ 85036. (602)
962-2151.

CIRCLE NO. 508

u P-controlled time clock remembers data until queried

A 6800 uP-controlled time clock keeps track of
employee attendance and other information, then relays
the data to a central computer.

The Smart Clock first reads up to 16 digits of
Hollerith-coded data from an employee’s plastic ID
badge or IBM card. Then the employee punches in five
more digits via pushbuttons. The terminal stores this
information, as well as the time, in its own battery-powered
memory. It checks each transaction for validity, sounds
an alarm and activates visual indicators if an error
has occurred.

The unit communicates with the computer via RS-232C
serial lines or with a 600-baud modem interface.

If the central computer breaks down, the Smart Clock
S T - | °" holds all the accumulated data, up to 14,000 characters,
until the computer is again able to receive data.

Up to 64 Smart Clocks can be connected in series through one RS-232C, ASCII-coded,
20-mA current loop.

The unit price is $1600 for quantities of 10 to 24. Delivery takes 45 days.

Coastal Data, 1592 N.W. 159 St., Miami, FL 33169. (305) 625-7123.

CIRCLE NO. 509

Fortran compiler does its thing on an 8080 system

A Fortran compiler is reportedly the first to be resident on an 8080 system. The FORT ‘80
compiles a subset of ANSI Fortran IV, which produces 8080 machine-language object
code.

It requires 16 kbytes of memory : 12 k for the compiler and the remainder for work space.

The object code produced by the FORT/80 can be linked to additional machine language
subroutines to make a complete program.

Symbolic names containing 1 to 31 charactzrs may be used. However, only single and
double-byte integer arithmetic is permitted.

A library of useful subroutines and functions comes with the compiler, including
absolute values (ABS), random 8-bit numbers (RANDU), and the square root of positive
and SQRT integers (SQRT).

The software is supplied either on a floppy disc or on paper tape, and costs $750.

Unified Technologies, Inc., 4800 Dundas St. W., Suite 209, Islington, Ont. M9A 1B1.
(416) 236-1159.
CIRCLE NO. 510

Micro Capsules
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A new version of a popular software language, called Basic Etc., is optimized for
business and game programming. It comes from Binary Systems Inc., Richardson, TX. . ..
An 8-bit uP that contains ROM, RAM, I/0O and clock chip will be introduced by General
Instruments, Hicksville, NY. The PIC-1650 fits in a 40-pin DIP. ... A $60 prototyping kit
from Intel Corp., Santa Clara, CA, contains chips for a 4-bit system. It has a 4040 uP,
4269 keyboard/display interface, and EPROM, RAM and I/0O chips.
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DARLINGTON
JER TRANSISTORS

NPN — HIGH GAIN — %2 AMPERE

Pr hge @5V, 200 mA
GE TYPE Tc = 25°C V.CE(C\’, = COMMENTS
Max. (W)  Min- (V) MIN.  MAX.
D40C1 6.25 30 10,000 60,000 ® Very High Gain- 60k typical;
= High input impedance — 50k
- e . apane ohm typ; 1.2 watts P+ @ 25°C
D40C3 6.25 30 90,000 — ambient.
D4oc4 6.25 40 10,000 60,000 e Applications: |IC Interface
D40C5 6.25 40 40,000 = audio output, touch switch,
oscillator, buffer, high power
D40C7 6.25 50 10,000 60,000 transistor driver, relay replace-
D40C8 6.25 50 40,000 - ment.

COMPLEMENTARY — 2 AMPERES

GE TYPE 5 v hgg @5V, 200 mA
o 25°C Min by} COMMENTS
NPN PNP  Miax. (W) 3 MIN.
D40K1 - 10 30 10,000 Typical Applications:
® |C Interface
- D41K1 10 -30 10,000 e Driver
® Regulator
D40K2 - 10 50 10,000 & Touoh Switeh
i, D41 1 L 1 ® Lamp Driver
2 9 2 G080 ® Audio Output
- D41K3 10 -30 10,000 ® Relay Substitute
® Servo-Amplifier
— D41K4 10 -50 10,000 ® TO0-202 Package

COMPLEMENTARY — 10 AMPERES

B
GE TYPE T hgg @5V, 5 Amps
Tc=25°c  VcEo e, COMMENTS
NPN  PNP  Max. (W) Min. (V) MIN.
D44E1 - 50 40 1000 Typical Applications:
® |C Interface
= D45E1 50 —40 1000 ® Relay and Solenoid Driver
® Regulator
D44E2 i 50 60 1000 ® |nverter Power Supply Switch
i o ® Audio Output
PAGE2 50 60 o8 ® Relay Substitute
D44E3 — 50 80 1000 ® Oscillator
® Servo-Amplifier
— D45E3 50 —-80 1000 ® TO-220AB Package

We'd like to show you our DARLINGTON POWER TRANSISTORS; for free sample, identify GE type
and write on company letterhead to: General Electric Company, Semiconductor Products Dept.,
Electronics Park, 7-49, Syracuse, New York 13201.

GENERAL 3 ELECTRIC
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Ask

CONTROL DATA

for the Floppy Disk Drive
more major O/=)\'s specify.

We
have it.

One major OEM after another
tested our Floppy Disk Drives. Ran
them through rigorous evaluations.
Compared them with competition.
And chose ours. Either our Model
9400; or our Model 9404 with
double-density capability.

Both have true IBM compatibility, with
the write-current switched at track 43. Both
offer ceramic heads; and hard and soft-
sector capability. The 9400 has a star interface;
the 9404 a daisy chain interface plus power
reduction, write-protect option, and double-density
capability.

Whether large OEM or small, we invite you to
make your own tests and comparisons. Let us
demonstrate our Floppy Disk Drives, right in your
facility. Evaluate them, just as many major OEM’s did.
We know you'll make the same choice.

Two configurations available. Choose Model 9400
for single; Model 9404 for multiple drive applications.
Model 9404 also offers double-density capability.

P

Call (405) 946-5421 or return coupon to: Terry J. Hardie, -
Control Data Corporation, 4000 NW 39th Street, Oklahoma City, OK 73112 ASK the CDC OEM peop'e

[] Please have your salesman bring me [] Tell me more about your I
a Floppy Disk Drive for evaluation. OEM Floppy Disk Drives.

@ 5 CONTROL DATA |

e CORPORATION |

CITY STATE ZIP AREA CODE PHONE

CIRCLE NUMBER 28
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' HUGHES

1
S o Pl e ot o Gl SN S J
HUGHES AIRCRAFT COMPANY

CONNECTING DEVICES DIV,

Today we
supply the spark
for America’s
defense.

Connections were much simpler
200 years ago. Torch the fuse
and the cannon fired.

Supplying the vital spark
that makes a modern weapon
system do its job is a lot
more complicated.

That's where we come in.
For many years, primes and
OEMs for military and aero-
space products have depended
on us to provide the vital links
in their electronic systems—
flat cable, etched circuitry,
connectors, and total inter-
connection systems.

Our high-rel connections
have to be the best. They're
used in systems like Phoenix,
Maverick, Lance, Minuteman,
AWACS, F-14, F-15, Space Shuttle,
Viking, Sonobuoy, F-4, A-7,
Condor, Standard Missile, F-18,
AAH, Cruise Missile, F-8, Trident,
Hobo, Sprint and many more.

To learn how we can serve
your interconnection needs,
contact Jack Maranto or Dave
Cianciulli: Hughes Connecting
Devices, 17150 Von Karman
Ave., Irvine, CA 92714.

Or call (714) 549-5701.

Hughes
Connecting Devices

CIRCLE NUMBER 29




HR-40
3 and 4 Channel
Strip Chart Recorder

»

*
s
.

OMNIGRAPHIC’

New from Houston Instrument

. Standard options available

« 10” or 250 mm recording width

. Disposable fiber tip cartridges in four
colors

« All pens cover full chart width (Writing
distance between channels only 2 mm)

hEeUSECIn
instrument

ONE HOUSTON SQUARE (at 8500 Cameron Road) AUSTIN, TEXAS 78753

(512) 837—2820 TWX 910-874-2022 iy Gcable HOINCO
ochesterlaan istel Belgium
EUROPEAN HEADQUARTERS pp 0" 059/277445 Telex Bausch 81399

“the recorder company”
CIRCLE NUMBER 30

® A registered trademark of Houston Instrument

DIVISION OF BAUSCH& LOMB (@)

Price from $3200.
Full scale response % sec.

Choice of 2 interchangeable, plug in,

input modules. 0.5mv to 200v full scale

Either English or Metric chart speeds

16 Switch selectable chart speeds
1 inch/min. to 24 inches/hr.

FLircTRONIC DESIGN 24. November 22.

1976



O.K., you guys,
back to the old drawing board.

Just when you’ve made all your panel
lamp decisions Monsanto comes along with
LED lamps so light-efficient, with choice of
color, that you’ll have to take another look.
They’ll give you the same light with less power,
or more light with the same power—whichever
will do your application the most good.

They’re the result of our patented nitrogen
doping process for GaAsP on GaP substrates.
We don’t think you can find a better LED
lamp, anywhere.

They come as T-1 and T-1% replacement
lamps in standard red, bright red, green, yellow
and orange. All those colors will give you great
flexibility in design. And you’ll get still more
flexibility from their two lens choices and two

lead lengths.

S R T S S T e A A T P e P SaaserealOy
Model Luminous Viewing

Number Color Size Intensity Angle
5174B° Orange T-1 5.0 mcd 90°
5274B° Green T-1 1.0 mcd 90°
5374B° Yellow T-1 4.0 mcd 90°
5774B° Red T-1 5.0 med 90°
5152°° Orange T-1% 40.0 mcd 28°
252" Green T-1% 15.0 mcd 28°
5352°° Yellow T-1% 45.0 mcd 28°
5752"" Red T-1% 40.0 mcd 28°

‘Models are also available with 1" lead lengths, low profile
(.138" high) lens, or 180° viewing angle.
“*Models are also available with 24° and 65° viewing angles.

It used to be that some sockets demanded
filament lamps in spite of their failure and
replacement problems. But now you may find
all the brightness you need in our long-life
LED lamps.

In short, Monsanto LED’s can add value
to your product. Because of their long life, high
reliability, and low power requirements.

To find out more, call your local Monsanto
man. Or simply send us the coupon.

r---------------------l

I Please send me information on your newest i
1 LEDs. |
onsanto: :
@ | 1
i Name Title 1
e science '
j§ Company Street 1
compan ' ;
° 1 City State  Zip i)
1 Mail to Monssanég El(lzlctronixs Dil\;isliog.l |
. Dept. MCD, 3400 Hillview Ave., Palo Alto, ]
IN EUROPE CONTACT: Monsanto Europe S.A.. B e
Electronics Division, Avenue de Tervuren 270-272, 1 CA 94304. Phone (415) 493-3300. b

= ). © Monsanto Companv Electronics Division. 1976,
B-1150. Brussels. Belaium § it i e G i

CIRCLE NUMBER 31
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4 bits wide —
fully expandable

16 powerful
microinstructions

Control cycle 52 ns'

4 on-chip
subroutine levels

Instruction or
subroutine repeat

Standard MECI* LSI
from the ECL leader

8 on-chip registers —
including expandable
4 X4 LIFO

Speed alone would place the
MC10801 in a microprogram
controller class by itself, but with
this remarkable MECL LS| building
block, speed is just the beginning.

Its 16 microinstructions and
on-board registers make the
MC10801 the most powerful
microprogram controller as well as
the fastest. Maximum system
flexibility is ensured by five data
ports. Generation of the next
control.memory address is possible
from any of seven different sources;
either | or @ bidirectional bus,
next address field, incrementer,
either repeat or instruction register,
or LIFO stack.

When the MC10801's four

ELECTRONIC

he worlds fastest
processor family

on-chip subroutine levels are not
sufficient, expanding the LIFO
stack via the | and @ buses
accomplishes nesting of more than
four levels.

And there's still more. The
repeat register permits big savings
in control memory, particularly in
large multiply or divide routines.
Repeat capability for an instruction
or subroutine is 2*", with “n” as
the number of 10801s in the
system. So with just two, you get
256 repeats. The number 256
points out another MC10801
feature, Page Addressing. Using
the status register, multiple pages
of 256 words can be addressed,

DESIGN 24, November 22, 1976



MC10801

Din( EXTENDER™, /NEXT (" INSTRUCTION CONTROL b
\ BUS, 'y ADDRESS ) ~ T s
P |
";_,—:“ O —
T £ BRANCH
STATUS X
STATUS —™1 conTROL NEXT ADDRESS LOGIC e
CONTROL —— *| heie BRANCH
ke —> ENABLE
| S A / [
- ot =~ ‘
- - ¢
\ REPEAT [* in
) REGISTER > INCREMENTER oy
Y o ‘ out
CLKS %1 STATUS
REGISTER
RESET* — > ONTROL ™
vy ‘ \ < MEMORY
BUS ADDRESS
INSTRUCTION A
CONTROL REciE QEGISTER 1
*TO ALL REGISTERS LOGIC -
Vi 1 BUFFER
0 Ink A g & ‘{ ‘{
{ V™ VN : ) 4
4 | ’ ST ( ’w TN T /""" b\\
o (_ STATUSOUTPUTS ) (| sus/) BUS SELECT (e B_lh CONTROL MEMORY
o S o N i 21 ADDRESS

the worlds most nowerful
mi troll
icroprogram controller.

Sspeed culation
(logic delays — typical)

The MC10801 is the fastest
microprogram controller by any
measure, but nothing demon-
strates that fact better than a
system speed calculation like this.

l Eourﬂm ‘
CLK MC10801 MC10801
lAuuness
= S\ T 4
'CYCLE MCM10149 PROM NA
CONTROL MEMORY ERdiesson
CONTROL
CLK  —  Address Outputs (delay) 10 ns
PROM > Access (delay) 2005
ic > Cour (delay) 18ns
Cin —*  Address Register (setup) 4 ns
teycle = 52nms

again with only two units in most
systems.

We could go on, but you get
the idea. Just a final word about

« hrk‘w
“\\ﬂ o L s —
Biaiovectionald

M10800 Family Product
railability

MC10800 Now

MC10801 Now

MC10802 2nd Qtr 77
(Timing Function)

MC10803 1st Qtr 77
(Memory Interface)

MC10805 2nd Qtr ‘77

(Bus Translator)
MC10806 (32 X 9 Dual 2nd Qtr '77
Addressable Register)
MC10808 (Expandable 2nd Qtr ‘77
16-Bit Shifter)

prices. Our introductory MC10801
price (100-up) is just $50.00, and
we've already been able to cut our
MC10800 price 40%, to $30.00.

Whether your processor
application is in disk controllers,
radar and guidance, video or
speech processing, minicomputers,
signal processing, or whether you
simply want to emulate your
favorite instruction set...the
performance of the MECL LS|
M10800 Family mandates your
consideration, now.

MC10801

Control Instructions

INC  — Increment

JMP — Jumpto N.A. Inputs

JIB — Jumptol Bus

JIN  — Jumpto | Bus and Load
Instruction Register

JPI  — Jump to Primary Instruction

JEP — Jump to External Port (Q Bus)

JL2  — Jumpto N.A. Inputs and Load
Instruction Register

JLA — Jumpto N.A. Inputs and Load Address
into Repeat Register

JSR  — Jump to Subroutine

RTN — Return from Subroutine

RSR — Repeat Subroutine

RPI — Repeat Instruction

BRC — Branchto N.A. Inputs on Condition
otherwise Increment

BSR — Branch to Subroutine on Condition
otherwise Increment

ROC — Return from Subroutine on Condition
otherwise Jump to N.A. Inputs

BRM — Branch and Modify Address with
Branch Inputs (Multiway Branch)

For data, circle the reader
service number or write to Motorola
Semiconductor Products, Inc., PO.
Box 20912, Phoenix, AZ 85036.
For real action, contact your
favorite authorized Motorola
distributor or Motorola sales office.

MOTOROLA Semiconductors

— and you thought we were just a production house “rademars of Motorota n

CIRCLE NUMBER 32
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YOURS59 DPM

Choose Datel's DM-350 for your next design. ..
And take a look at these Datel Digital Panel Meters:

MODEL NUMBER OF DIGITS POWER SUPPLY ~FEATURES PRICE (1-9)
DM-350D1  3-1/2 +5VDC@.3A  UNIPOLAR, LOW POWER, DISPLAY ONLY $69 (1-9) $59 (100's) »
DM-350D2  3-1/2 +5VDC@.3A  BIPOLAR, LOW POWER, DISPLAY ONLY $75
DM-350A1  3-1/2 115/230 VAC UNIPOLAR, XFMR-ISOLATED, DISPLAY ONLY ~ $79
DM-350A2  3-1/2 115/230 VAC BIPOLAR, XFMR-ISOLATED, DISPLAY ONLY ~ $89
OPTOISOLATED RATIOMETRIC AUTO $219 less BCD
) : VDC@.
QNG e *5VDC@ BA - 760 XTAL LINEFILTER $239 with BCD
OPTOISOLATED RATIOMETRIC AUTO $235 less BCD
; : VDC@ .
i S e *SVDC@BA  ZeR0 XTAL LINE FILTER $255 with BCD
3-1/2 DIGITS AUTORANGING . AUTOMATIC RANGING OVER +200mV, $169 less optoisolation
DM-2000AR  GyER 3 DECADES tSVDC@8A 1oy +20V FULL SCALE $218 with optoisolation

m‘ 1020 Turnpike St., Canton, Ma 02021 - Phone (617) 828-8000

Y ® Santa Ana, Calif. (714) 835-2751 ¢ Santa Ana (L.A. Exchange)(213) 933-7256
= SYSTEMS, |NC * Sunnyvale, Calif. (408) 733 2424 * Gaithersburg, Md. (301) 840-9490
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RECOGNIZED BY
AMERICAN REVOLUTION
BICENTENNIAL
ADMINISTRATION

ELECTRONIC DESIGN is
deeply honored to have
received official recogni-
tion as a participant in the
American Revolution Bicen-
tennial Celebration, with
authority to display the
Bicentennial Symbol.

The old man at the bar

Jack and Charlie were having one or two
while watching the old-timer drink his lunch.
“What do you suppose keeps that guy going?”
Jack wondered aloud. “He’s at least 80.”
“Well,” Charlie began, pausing half a second to
give the question the cogitation it deserved,
“it’s got to be the booze. Look at him. He's
just finished his fourth martini, and he’s still
going strong.” Then, getting philosophical,
Charlie added that contrary to the advice of
people concerned with health—even doctors—
alcohol keeps you young. The living proof (80,
at least) was lunching (or lurching) at the
end of the bar.

“I don’t know,” Jack mused. “I think it’s the womanizing. Heck, that
guy’s here every day with a different gorgeous gal. That’s got to keep a
guy going. It would keep me going.”

“No,” Charlie asserted. “It’s got to be the smoking. I’ve never seen a
guy smoke so much. He burned up half a dozen cigarettes in the last
hour, and now he’s on his second cigar. I guess tobacco must keep you
young.”

Before the discussion was allowed to die, Charlie approached the old
gentleman. “Excuse me, pop,” he said graciously. “To what do you at-
tribute your venerable age?”’ And when the man muttered, “Well, son,
mainly to the fact that I was born so long ago,” Charlie chuckled, then
tried again. “I mean, old-timer, how old are you?”

“I'm 29,” the old man wheezed.

Well, everybody got a large charge out of the story when Bill told it
at lunch. But some began to wonder if we don’t all make similar mistakes.
Too often we spend our time developing plausible theories for facts before
the facts are all in. We try to discover why a circuit behaved a certain
way before we determine if the circuit behaved that way. We sweat out
the solution to a problem only to discover that the problem never existed.
So we end up doing penance for sins that haven’t been committed. And
we offer theories to explain why Joe did something when, in fact, he
didn’t.

Jumping to conclusions is risky business.

GEORGE ROSTKY
Editor-in-Chief
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Want simpler |
backplane connections”

Come 1o the source

Now, a unique Scotchflex
brand Socket Connector and
Keying Header system lets
you interface directly with
backplane wire wrap pins and
provides for easy, positive
polarization and keying.

The header design allows for
thousands of unduplicated
polarizing combinations
without loss of backplane
pins. The 50-position
connector mates with .025”
square pins on .100” x .200”
grid spacing. Header allows
space for and protects two
layers of wrap below it. System
also provides polarizing keys
and strain relief handles.

48

Need some other

ways to simplify wiring and
increase circuit density?
3M'’s Scotchflex line offers
you a broad choice of
mass terminating socket
connectors, plus wire wrap
or solder tail headers to
suit your specific design
problem. Keying capability
is also provided.

CIRCLE NUMBER 34

There are several

more things you can get only
from 3M. The broadest range
of flat cables and complete
system components. Best
off-the-shelf availability.
Proven performance.

And the unmatched
experience of the people
who pioneered this reliable
mass termination system.

**Scotchflex" is a registered trademark of 3M Co.

Scotchflex
systems

from 3M.
The source

See our
catalog in EEM,
COMPANY page 1056
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Interested in network variety?
Select from a spectrum of 347 standards.

Allen-Bradley has the popular configurations you need. Pull-ups, Pull-downs. Line
Terminators. Networks to complement Core Memory Sense Amplifiers. TTL to
ECL Translators. O-Pad Attenuators. All styles available from your Allen-Bradley
Electronic Distributor. Call for specs or check your EEM Catalog. If you
need specials, contact your local Allen-Bradley district office for fast
turn-around. Ask for Publication 5840. A-B is an experienced twin-
film manufacturer, i.e. precision thin film and thick film.

20, (F2OCr?
N\ (G748

...room for more
resistors, higher
power ratings, larger
resistance values.

L 15

as a special feature.

2 A

for mechanical stability. for visual inspection.

aids orientation and indicates

number of pins. Blue-14 pin;
green-16 pin.

uality inthe best tritn.

@ ALLEN-BRADLEY

Electronics Division
X7 Milwaukee, Wisconsin 53204

EC111
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True, but more buttons do not
make a better analyzer. The 80-M
Logic Analyzer from Digital
Broadcast Systems can do many
of the things the more expensive
analyzers can do, such as, “‘snap
shot”’ eight channels of digital
logic, store the information in a
1K per channel memory and play
it back on your scope or CRT.
The 80-M has spike detection,
real time and memory operation,

eight bit word recognition, 10Mhz

operation and much more.
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Now that's a lot of analyzer
with fewer buttons at a price of
only $1,595.

If you are interested in a good
analyzer that will fill your needs
with easier operation, circle the
reader service card number or fill
out the coupon and mail to us for
faster response.

Digital Broadcast Systems
4306 Governors Drive, Huntsville, Alabama 35805 (205) 837-2183

CIRCLE NUMBER 192

" SUr€..s
butour logic '}
analyzerhas |

more buttons Vi
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®
Q© | have an immediate need and @

would like to see the 80-M. ®

O Please send me more information @

on the 80-M. :

My application would be: ®
@

NAME :
COMPANY. p
PHONE °
ADDRESS @
CITY. ®
STATE zIp b
°

°

dbs :

°

Digital Broadcast Systems @
4306 Governors Drive ®
Huntsville, Alabama 35805 b
(205) 837-2183 :

®
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WER MATCHED OR |
FOR YOUR DISSIMILAR
pPROCESSOR| |DUAL OUTPUT

s

Terminal sirip input/ouput connections on Order multiple output power systems without Single, dual, and triple output power supplies Select the combination of matched or dis-

o pply
these miniature power modules eliminate the searching through a catalog, preparing in a broad selection of output voltage com- similar cutputs that you require. Hundreds of | unusually high isolation, such as for powering
need for sockets or soldering. They mount in mechanical layouts, item-by-item pricing and sinations. Output current ratings from 30ma ratings avallable, from 1.5 10 150 volts. Oul- 2 strain gage or other lransducer circuis,
a only 35 x 25 ings: 5 voit detailed purchase requisitions. Instead, call arious package styles su puts are isolated, and may be used in the Acopian offers models with ratings from 5 to

odels 10 2.5 amps, 15 volts 10 .5 amps. Acopian. We'll listen to your needs, quote a ion. same or opposite polarities. Acopian’s 3-day | 36 voits. Input-output isolation: 10,000 meg-
Other models from 110 75 volts, all with 3-day firm price, and then ship your built-to-order select will shis shipment promise applies for any combi- ohms minimum. 1 pF maximum. Guaranteed

shipment guaranteed system, fully wired and tested, in just 9 days. rack mounting models, within 9 days. nation. 3-day shipment

Drive relays, lamps, small motors and similar
Acopian unregulated
power modules. Built-in fusing protects Output reliability is maximized by including
against overloads or shorls. Series U models : two power modules for each voltage. If either

terminal strip connections. Plug-in mod- fails, the other will continue to provide an
ules mount in standard octal gockets; many uninterrupted output. Ratings from 3.6 o 28
have adjustable outputs. Guaranteed 3-day volis, to 32 amps. Shipment. 9 days after
shipment. receipt of your order.

B

RAECK NT 5VOR:I5V
PO# POWER
ooo“ “ I'S ,. FOR PCB’S

Designed for mounting in standard 19
RETMA cabinel racks, these power supplies
o available in 76 different output ratings
from 1 to 50 volts. and from 5 to 60 amps.
Regulation, =0.05% or better; ripple, 1 mv
rms or better. Options include metering and
overvoltage protection. Shipment, 9 days
after receipt of your order.

Mount these mini power modules, as small as
23" x1.8" x 1.0, directly on printed circuit
boards 10 save space and simplify wiring.
Ratings at § volts from 250 to 2.5 amps; at
=15 volts from .025 10 .5 amps. Short circuit
protected. Prices start at $24. Gu
3-day shipment.

3

Series A offers premium performance, with
regulation to ~ 0.005% ripple of 0.25 mv max-
imum and electronic current limiting. Series
B supplies provide a lower-cost approach.
with regulation typically ~ 0.1%. Ratings to
200 volts, to 32 amps. Guaranteed 3-day
shipment.

For applications where hard wiring is desired,
Acopian offers modules with solder terminals.
Included are single output models (regulated
and unregulated) duals with two like or dis-
similar voltages and high isolation supplies.
Guaranieed 3-day shipment

Reliable ye! low-cost power suppli

MiL-tested power supplies nd unusu- cuit development and component Measuring only 1.68 high. Acopian narrow A plug-in power module can be instalied in
ally severs ntal conditions. These Single. dual and triple output models. Ratings protile power supplies fit where many others seconds. Simply plug it into a standard octal-
extended-temperature plug-in modules ex trom 0-7 to 0-50 volts. All have adjustable cannot. Available in a wide range of ralings type socket. Single output models from 1 to
ceed MIL specs for humidity. altitude, vibra- current limiting, coarse and fine voltage from 1 10 150 volts. 1o 4 amps. Regulation to 200 volts. Duals combining two matched or
Triples have two balanced, tracking outputs. tion and shock. Hundreds of single output adjustments and two melers. They may be 0.005%. Tracking dual output models for dissimilar outpuls in one case available in
a third for powering other circuits. Guaran- models, thousands of dual oulpul combina- stacked to conserve bench space. Regula op amps aiso available. Guarantoed 3-day over 10,000 combinations. Warranty: 5 years.
teed 3-day shipment. | all guaranteed for 3-day shipment L tion. 0.01% or 2 mv. Ripple. 0.25 mv rms. 3] L shipment. ) Shipment: 3 days. 5,

Write for your copy of the Acopian 48-page catalog

IFI@ WS
S Corp., Easton, Pennsylvania 18042 « Telephone (215) 258-5441

CIRCLE NUMBER 193
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We said,
“OK, Angel,

PASS US

A MIRACLE’

and she
produced the

AMAZING

1360
RELAY

"’s SMALL... all terminals

on .1” grid spacing for standard PC board,
weighs about an ounce.

IT’S BlGooo rated up to 25 amps

continuous. .. 50 amps inrush at 12VDC.

lT’s HIGHQ.. in quality to

meet uncompromising dependability
demands.

IT’S w.oo in price to keep

your product competitive.

IT’S VERSATILE...

DPDT, DPST-NO; DPST-NC, SPDT,
SPST-NO; SPST-NC... half amp to
25 amps, AC or DC. Solders right on
PC board. .. or use mating socket.

. < . gk,
Way to go, Angel..way to go!
SEND FOR... the complete story on the new 1360...

plus all the other miraculous Guardian Relays. Circle the reader
service number for your just-off-the-press RELAY CATALOG.

[G] GUARDIAN"

GUARDIAN ELECTRIC MANUFACTURING CO. 1572 West Carroll Ave., Chicago, lllinois 60607
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THUNDER SCIENTIFIC CORPORATION

0 % (010 )74

MODEL HS"'CHDT-IA

Linear Humidity and Temperature
Measurement System

Solid State Humidity Technology is Here

Readout in Direct Engineering Units . . .
Solid State Thin Film Humidity Sensor . . .

e Forget the Cal Curves
e No Mirrors to Clean
e Humidity Measurement Simplified

Digital Systems Now Available Other economical modular or complete
Model HS-1ICHDT-1A —Relative humidity systems . .. accurate and reliable for
and temperature all humidity requirements.
(Temperature com-
pensated 0—50° C) Monitor—Measurement
Model HS-1CHD-PPM —0—200C PPM Alarm—Control
Model HS-1CHD-WS —Wind Velocity
Model HS-1CHDT-DP — Dewpoint and Call Thunder for an Applications Engineer . .
Temperature we can fabricate to your exact need.
BCD Option Available 505-265-8701

THUNDER SCIENTIFIC

623 Wyoming. S.E. Albuquerque, New Mexico 87123
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 Engineers gotta have fun, too!

Here are 10 hobby and project books that let the engineer use his
special talents for improving his home or just having fun.

1. HOW TO SELECT AND INSTALL ANTENNAS,
#0786-8, $4.90. All aspects of antenna selection
and installation. Instructions for putting up UHF,
VHF, FM antennas or complete master TV systems.
2. 20 SOLID-STATE HOME AND HOBBY PROJECTS,
#0134-7, $4.55. Two-station intercom, electronic
siren, power regulator, metal detector, water-
operated alarm, etc. Complete instructions, parts
lists, diagrams.

3. 25 SOLID-STATE PROJECTS, #5881-0, $4.90.
Auto burglar alarm, programmable auto-speed-
minder, indoor-outdoor electrothermometer, tele-
phone call timer, electronic dice, TV remote-sound
system, etc., etc.

6. COLOR TELEVISION: Principles and Servicing,
#5929-9, $5.70. Receiver troubleshooting and
servicing techniques. Charts listing trouble symp-
toms, causes, and remedies. Instructions for using
the latest test instruments.

7. HOW TO BUILD A LOW-COST LASER, #5934-5,
$4.95. How to build a laser at home, from readily
available parts, for approximately $100! Includes
a collection of laser experiments.

8. BENCH-TESTED COMMUNICATIONS PROJECTS,
#0788-4, $3.75. Telephone broadcaster, party
line listening, canned light music, rollaway ham

shack, VHF extender, 6-meter solid-state trans-
mitter, etc.

9. HOW TO BUILD A WORKING DIGITAL COM-
PUTER, #0748-5 $5.45. Step-by-step instruc-
tions for building an inexpensive digital computer
simulator. Includes parts lists, theory of opera-
tion, and fundamental programming techniques for
solving simpie problems.

10. 110 THYRISTOR PROJECTS USING SCR’S AND
TRIACS, #5096-8, $4.30. Burglar, fire and water
level alarms, power control devices for electric
tools, and other useful projects built and fully
evaluated by the author.

Hayden Book Company, Inc., 50 Essex St., Rochelle Park, N.J. 07662

4. 50 IC PROJECTS YOU CAN BUILD, #0723-x,
$4.95. Hi-fi headphone amp, auto tachometer, in-
tercom, TV commercial killer, etc. Each project
can be put together in one night with these simple
instructions.

| wanna have fun!Please send me the books I've circled to read and use for 15 days FREE.
At the end of that time, I'll send payment, plus postage, or return the book(s) with no further
obligation. (To SAVE MONEY, enclose payment now. Publisher pays all shipping and
handling charges. Same 15-day returh guarantee.)

5. BUILDING THE AMATEUR RADIO STATION, Name

#0709-4, $4.30. Complete construction of am- Address

ateur radio station. Schematic and wiring diagrams

and chassis layouts for Novice and General Class  City State Zip

stations. Prices subject to change without notice. 75-42
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7 Ourinventory. It’s the biggest in the

dustry, with over 8,000 items of electronic
test equipment in stock and ready to go. And
it’s getting better all the time, because we add
more state-of-the-art equipment every month.
This means we can deliver one special instru-
ment . ..or a dozen...within hours of the time
you place your order.

Now, more than ever, renting makes
sense. . . to stretch your equipment budget, to
fill temporary needs, and to avoid the long
delivery lead times associated with purchasing.
And renting from REI makes even more sense
... because we’re better equipped to fill your
needs than any other rental company.

REI is backed by the tremendous re-
sources of the PepsiCo organization, which
gives us the financial strength to keep on hand
whatever test equipment you may need. And
renting from us helps your financial strength,

too. Since e By only for the time you have
your instruments, you’ll never have to spend
your money on idle equipment.

Send for our catalog today for a de-

scription of our rental, rental/purchase and
leasing plans, and for our low rental prices. Or
call the instant inventory center nearest you
for immediate assistance.

Rental Electronics, Inc., —'
99 Hartwell Avenue, Lexington, Mass. 02173.

Please send me your free instrument rental catalog:

Name Title

Address

City State Zip

|
|
Company - :
I
|

Tel. Number _I

Rental Electronics, Inc.

A REPSI(O LEASING COMPANY
Burlington, MA (617) 273-2770 e Gaithersbur%i MD (301) 948-0620 ¢ Oakland, NJ (201) 337-3757 e Ft. Lauderdale, FL (305) 771-3500

Des Plaines, IL (312) 827-6670 e Dallas, T

(214) 661-8082 ¢ Mountain View, CA (415) 968-8845 e Anaheim, CA (714) 879-0561

Rexdale, Ontario (PLC Leasing Ltd.) (416) 677-7513
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150” PROFILE

high density DIP sockets from R-N
ICL SERIES

CUT COSTS, SPEED PRODUCTION

with these new IcL low-profile DIP sockets from Robinson-Nugent. De-
signed for high speed automatic assembly and maximum shock and
vibration resistance. Has famous R-N ‘‘side-wipe” single

leaf contacts, body meets UL94V-0 flammability rating. 8

thru 40 leads available.

Check the advantages of these high density sockets today!
Write for complete specifications on this new R-N low- 1
profile ICL DIP socket now. : e

s .

For maximum package density with traditional
R-N reliability, specify this new low cost,

”ﬂﬂﬂlﬂSﬂ”
e NUGENT ING.

800 East Eighth Street, New Albany, Indiana 47150 « Phone: (812) 945-0211—TWX: 810-540-4082
CALL ME, I'M INTERESTED CIRCLE #178 SEND PRODUCT INFORMATION CIRCLE #269




SEND FOR THE NEW CELCO YOKE GUIDE

LISTING OVER 175 TYPES. SELECT THE ' ,@(/

cAmerican
°YOKE
(ompany~

1150 E. Eighth Street, Upland, CA 91786 70 Constantine Drive, Mahwah, N J 07430

CONSTANTINE ENGINEERING LABORATORIES COMPANY m

CIRCLE NUMBER 35
ELECTRONIC DESIGN 24, November 22, 1976
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INSTRUMENTS 76

Today’s instruments
are smart,

versatile
and safe
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Smart instruments may have arrived, but
they have brought problems with them. One
of these is pinning down a definition of what
smart means. To some a smart instrument
means one that has memory, while to others
it means the unit has a calculator chip or a
microprocessor in it.

But a “brainy” instrument is not neces-
sarily better than its “dumb” predecessor.
Like the 21-transistor radio that used tran-
gistors for everything from diodes to resist-
ors, instruments often contain a microproc-
essor simply for its promotional value.

But some instruments do take advantage
of the added power a uP affords. And many
of these use the uP to provide an interface
between the instrument and the newly adopt-
ed IEEE Standard 488 Digital Interface
Bus. The combination of microprocessors
and the 488 bus is leading to a total system
capability far beyond that originally en-
visioned for the bus. For example, it permits
distributed computing systems to be built
where processing can be done at the relative-

ly slow rate of 1 Mbyte/s.

Another trend in instrumentation is a
move toward synergistic instruments, de-
vices that integrate a variety of different
functions into a single unit. Unlike other
multifunction instruments that are simply
a collection of individual units in one pack-
age, the more compact synergistic instru-
ments have a capability that is generally
greater than that provided by individual in-
struments being used together.

But are today’s instruments safe? Manu-
facturers are going all out now to answer
that question. The first thing one notices on
new instruments is warning labels every-
where, especially where there is high volt-
age or even where there might be. Some
companies have even gone to the extreme of
putting illuminated warning labels on their
equipment. These are particularly helpful on
instruments being used by someone who is
unfamiliar with the equipment.

To really appreciate these instrument
changes, just turn to this special section.

ELEcTRONIC DESIGN 24, November 22, 1976

51




struments have finally acquired a brain. The

newly acquired smartness or intelligence
promises no less than to revolutionize the entire
test and measuring industry. But what is a smart
instrument? What is an intelligent one?

As it turns out, it's just as difficult to define
“smart” in equipment as it is in people.

To some, smart means memory. To others, it
means an internal uP. Yet some instruments,
which boast the use of those ICs, appear to do
little more than conventional instruments of their
clags. The uP seems to be there strictly as a sales
gimmick, merely to replace existing logic, with
little additional benefits. In other cases, the uP
either serves as an interface or does internal
control chores.

A more satisfying definition of smartness re-
quires a look beyond form to function. Such prob-
ing also helps distinguish between smartness and
intelligence. To some, then, a smart instrument
recognizes a preprogrammed situation and re-
sponds accordingly. Smart, in this case, can be
likened to the on-off response of a relay that
switches at a predefined level.

An intelligent instrument, on the other hand,
goes farther. One viewpoint: An intelligent in-
strument makes decisions based on previous
actions; it can manipulate in-
formation, crunch numbers,
then choose an action based up-
on the results.

More than a few instrument
designers see programmability
as a key aspect of smartness—
that is, the equipment can go
through a sequence of opera-
tions under external -control.
For example, a user can ‘“key-
board in” numbers and tell the
smart equipment to wuse the
values in one of several ways.
Or the human operator can be
replaced by a minicomputer or
some other controller.

Like the scarecrow in the Wizard of Oz, in-

Brainy instruments
take top honors
~with computer power
‘that boggles the mind

The impact of microprocessing

Features like self-diagnosis,
automatic calibration, autorang-
ing and automatic zero don’t
necessarily make a machine

Stanley Runyon
Senior Associate Editor
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Slide the calculator-like keyboard out of the front panel,
and you'll know immediately that the Dana 9000 is dif-

smart. These functions were around when uPs
weren’t. And in spectrum analyzers, at least,
arithmetic with standard TTL logic predates the
LSI microprocessor concept.

Whatever distinctions are made between smart-
ness and intelligence, two things are immediately
clear:

1. Microprocessors have just begun to have an
impact on instrumentation.

2. The features and capabilities now possible
are more than can be handled reasonably from
both an economic and a user’s viewpoint—even
at this early stage of application.

The advantages of digital processing over ana-
log have been known for some time. But now,
with the availability of low-cost computers on a
chip, the processing can be moved inside the in-
strument. Theoretically, at least, whatever a mini
can do externally, a uC can do internally.

For the user, the immediate benefits of digital
processing include a reduction in physical size,
and capabilities and features hitherto impossible
or uneconomical. The user also gains more func-
tions and features per dollar, and easier instru-
ment interfacing.

All is not roses for users, however. Although
the potential exists in uP-based equipment to
clear up front-panel clutter and make an instru-
ment easier to use, just the opposite can occur.

ELECTRONIC DESIGN 24, November 22, 1976

ferent. The world’'s first microprocessing tirner/counter
measures at the push of a button.

Microprocessor control brings new power to data loggers.
With the Fluke 2240A, you can mix voltages, thermo-
couples and thermocouple types on adjacent channels.

A cursory survey of existing instruments uncov-
ers at least one high-IQ box with nothing up
front but a power switch; at the other extreme
sits an instrument with 50 pushbuttons and half
as many indicators.

Although comparing the two extremes is a bit
unfair, the two pieces of equipment. do serve to
demonstrate the possibilities.

Ease of use isn’t easily pinpointed from front-
panel design. A blank front panel might signal
nothing more than a remotely programmable
instrument; 40 pushbuttons might be easier to
use than 40 rotaries—but not necessarily. Once
a button is punched, in some cases, the user is
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Check a yP-based system with a u-P-based system. The
DF1 display formatter boosts the capabilities of the
Tektronix 7D01 logic analyzer.

Interactive digital plotting is a new concept brought to
realization by the microprocessor. The Tektronix 4662
digitizes and transmits its pen position.

stuck with the entered number. Or the sequence
of pushing is crucial—the wrong order brings
weird results. Other limitations of smart instru-
ments center around price or speed or reliability.

The price of brain power

Even though costs are dropping, the user must
still pay a premium to own a uP-based instru-
ment, because the cost of development is tacked

54

Graduates from
the college of knowledge

Intelligence has touched practically every class
of measuring equipment today, and the honor
roll gets longer each year. Those with digital
processing power include the following:

Counters: Dana Laboratories Series 9000 Micro-
processing Timer/Counter; Ballantine Labora-
tories 5506B Universal Counter/Timer.

Data loggers: Fluke Summa II Series; Doric
Scientific Digitrend; E2 Thermodot DDF-200
(turns a DMM into a smart data acquirer) ; also
units from Acurex and Esterline Angus.

DMMs and wvoltmeters: Systron-Donner 7115
DMM; Hewlett-Packard 3455A; Fluke 8500A;
Keithley 6900; Data Precision 7500.

IC testers: Offered by Fairchild, Hewlett-Pack-
ard, Mirco, Testline and others.

Impedance bridges: Boonton Electronic T6A;
GenRad 1657 ; Electro Scientific Industries 296.

Oscilloscopes: Nicolet Explorer; Hewlett-Packard
1722A; Norland 2001; Tektronix Digital Proc-
essing Oscilloscope.

Signal sources: Fluke 6010A Synthesized Signal
Generator; Fluke 6011A Signal Generator.
Wavetek 172 Programmable Signal Source.

Others: Rohde & Schwarz Automatic Radio Test
Set; California Instruments CP70 Calculating
Processor; GenRad 2230 Component Tester;
Moxon Microcomputer Gauging System.

on. Speeds of smart instruments are still restrict-
ed, and until uPs get much faster, these restric-
tions will remain a fact of life.

What about reliability? With brainy instru-
ments at present just babes in swaddling clothes,
reliability figures are hard to come by. But, re-
portedly, complaints aren’t.

Incongruously, a greatly accepted virtue of
LSI is the seemingly contradictory promise of
greater reliability with increased complexity.
That premise may be true. But if the user
can’t fully test a chip, how can he be sure of its
reliability? If he can’t pin down all possible
states at all possible temperatures and voltages,
what then? And if the user marries a uP to a 4-k
RAM plus 4 k of ROM or PROM. . ...

Counterpoint to the question of reliability is
the increasing use of self-testing and self-diag-
nosis, brought about by dedicated LSI and uPs.
If reliability doesn’t increase, then serviceability
certainly will.

The designer of smart equipment—once he’s
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Is this the harbinger of tomorrow’s instrument? In the
Fluke 8500A, measurement and control modules sit on
a computer-like bus structure.

¥

Two uPs in the Hewlett-Packard smart DMM control
measurements, compute correction factors, handle the
HP-IB interface and perform mathematics.

passed the learning period—can enjoy a new-
found freedom of design flexibility. As software or
firmware takes over from hardware, the options
to do any single measuring job or internal control
function are practically limitless. But there are
new headaches, too.

Design decisions now include how to partition
the product—that is, what to do in software,
what to do in hardware. Which RAM, ROM or
PROM to use, and which new memories or uPs
will soon appear are questions a designer must
continually answer to maintain his product’s com-
petitive edge. And the increased difficulties in
evaluating and testing LSI components are a
new source of insomnia to already beleaguered
engineers.

Marketers of smart instruments must also play
a lead role in deciding which of all the possible
features are important, what the front-panel
should look like, and what performance will ap-
peal to potential customers. In fact, many of the
basic design decisions now fall squarely in the
marketer’s lap, not the designer’s.

Still, designers are to be envied for several
reasons :

1. wP-instruction sets are now powerful
enough to produce the most complex algorithms

ELECTRONIC DESIGN 24, November 22, 1976

when the sets are combined with ROM-stored
programs and data-handling RAMs.

2. One uP can take over all control jobs, from
refreshing a display to managing data output to
interpreting controls.

3. Discrete operations, in many cases, can re-
place analog processing, with all its inherent
problems.

Analog takes a back seat

One instrument that typifies the advantages of
the new technology is the Fluke 8500A DMM.
More a measurement system than a DMM, the
8500A is designed around a computer-type bus
structure, with individual modules for measure-
ment and control residing on the bus. Even the
Fluke unit’s unusual front panel can be consider-
ed a limited-use peripheral that occupies one slot
of the bus.

Control is handled by an 8080 wP, and the
major operating characteristics are defined by
software, not hardware.

Filtering noisy signals—ever a problem in meas-
uring equipment—is implemented digitally in the
8500A by averaging many readings taken at a
sample rate synchronized with the line frequency.
Advantages: less hardware, the ability to pro-
gram the number of samples per reading and,
most important, greater noise rejection at oper-
ating speeds faster than analog circuits.

Other analog functions are ripe for simplifica-
tion or even elimination. Circuits for tweaking or
compensation (zero or offset) are candidates for
the former category. Comparison, integration and
sample-and-hold functions can all be performed
digitally—as is done in GenRad’s 1657 Digi-
bridge.

The 1657 is a uP-based automatic bridge that
measures R, L, C, D and Q in less than 1/3 s. A
sample-and-hold function is achieved in the
bridge with software, not hardware, and errors
are stored and minimized by digital techniques.
The wP also computes and makes decisions—it
directs both the instrument and the user to
achieve optimum ranging.

Besides speed, the Digibridge user also enjoys
maximum resolution, repeatable results and low
cost. With component count two-thirds less than
conventional circuitry, the 1657 sells for $995.
Without the uP, says GenRad, the equivalent
bridge would cost about $6000.

Another bridge with the new look is the Elec-
tro-Scientific Industries 296. Because of the in-
ternal uP, the 296 can be programmed for limit
comparison (up to 10 values), can display per-
centage or absolute deviation and can be con-
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Computer power brings a new dimension to everyday
optical measurements. Gamma Scientific's CR-1A is an
intelligent radiometer with programmable response.

Turn your DMM or DVM into a smart data-acquisition
system with the DDF-200 control unit from E2 Thermo-
dot, Carpinteria, CA. The unit handles up to 20 inputs.

trolled through the IEEE 488 bus.

Still another instrument—the Gamma Scien-
tific CR-1A computing radiometer—further dem-
onstrates the power of internal digital processing.

Checking light with delight

Anyone who has made light measurements
knows the problems of making adjustments for
drifting zeros and dark currents. With the CR-1A,
zero offset, dark current and ambient levels are
digitally and automatically subtracted out. With
eight keyboard-programmable constants, the user
can punch in, update or change correction factors
to shape response at various wavelengths. Each
of eight registers stores a 3-1/2-digit number, a
1-1/2-digit exponent with sign and selected di-
mensional units.

The CR-1A takes further advantage of the uP
with a self-calibrating algorithm, digital signal
averaging and autoranging, among other features.
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Self-calibration is a growing trend that may soon
be a feature of all measuring instruments.

The designers of one smart instrument, Hew-
lett-Packard’s 8455A digital voltmeter, have
taken special pains with the “auto cal” fzature
of the unit. The user unplugs a removable refer-
ence, makes four adjustments, then plugs the
reference unit in again. The meter then checks
its own de and ohms circuits and corrects for
errors. :

Controlling the calibration process and comput-
ing correction factors in the HP unit is, of course,
a uP—one of two in the instrument. The two
microprocessors also take care of mathematical
computations and controlling both the measure-
ment process and the unit’s programmability—
that is, the HP-IB, or IEEE 488 interface.

To circumvent the speed limitations of commer-
cial, serially oriented uPs, HP has designed a uP
with parallel architecture to control the measure-
ment functions. Such uPs may soon be available
commercially from other sources. But one prob-
lem designers face with such architecture is the
increase in support chips as the uP grows more
parallel. Thus, speed may be gained at the ex-
pense of cost, size, power consumption and re-
liability. Somewhere along the line, compromises
will have to be made.

A new force in uP testing

Those who design with uPs must also decide
how to test the little buggers. To that end, uP or
logic analyzers have appeared on the market,
some uP-based themselves. One of the uP-based
analyzers is HP’s 1611A.

In appearance, the keyboard-controlled 1611A
resembles a programmable calculator with a CRT
display. In operation, the internal 80£0 controls
the keyboard, tests for trigger points, keeps
hierarchical order and performs other housekeep-
ing chores.

What makes the 1611A smart? Software does
much of the work according to HP—counting
events, measuring execution time, looking up
tables for mnemonic readout, and performing
other computations. Thus the 1611A relieves the
user from much of the test burden. In effect, the
1611A fights fire with fire: Software checks soft-
ware; a uP tests a uP.

Other manufacturers recognize the power of
the uP as the basis for equipment meant to test
other uP-based equipment. Two such tools are the
E-H Research Labs 1330 and the Tektronix DF1.
In the guts of the Tektronix DF1 display format-
ter sits a uP, along with four ROMs and nine
RAMs, one RAM serving as a scratchpad memory.
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The new look in signal generators: Fluke's 6011A stores
frequencies and amplitudes and lets the user edit or
modify the output from a keyboard.

When used with the company’s 7D01 logic ana-
lyzer, the DF1 turns any 7000-series scope into a
measuring tool that displays timing diagrams,
logic maps and state tables in binary, octal or
hexadecimal codes.

Using a SC/MP P, the 1330 offers a wide va-
riety of .triggering criteria to perform both logic
timing and state analysis.

Not only can smart equipment lift a load from
its user, it can even do the same for other smart
equipment—a host computer, for instance. Con-
sequently, more and more peripherals are under-
going brain “transplants.” Conversely, with uPs
combined with the IEEE 488 standard interface,
measuring instruments—when connected in a
system application—are beginning to look more
and more like peripherals.

One “peripheral” is smart enough to speak for
itself. The Tektronix 4662 interactive digital
plotter—the first with built-in processing, thanks
to the MC6800 uP—prints alphanumeric char-
acters as well as draws whatever curve, plot or
schematic the host processor dictates.

But give a machine a brain, and what happens?
It talks back. The 4662, through use of an X-Y
joystick, can send back current pen coordinates
and other information.

Thanks again to the uP, the 4662 can work at
high speeds, with acceleration, deceleration and
vector generation all handled by the 6800. And
the plotter can rotate or scale characters, change
plot size and self-test its internal buffers.

With this kind of performance now being
squeezed out of a design tool (the uP) that’s
barely five years old, the question arises: What
next? New wPs and memories are coming, with
on-board complexities and functions that signal
even more radical changes in instrument design.

Is the Fluke 8500 voltmeter, with its internal
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Microprocessor-directed ranging removes the guesswork
in this automatic bridge, the GenRad 1657. Maximum
resolution is always achieved on the readout.

bus structure and functional modularity, the
forerunner, the symbol of things to come? Per-

haps. But the Fluke design raises more questions

than it answers.

Are instrument designs all heading toward a
common finale, focusing on a single, universal in-
strument capable of becoming anything a user
would like merely by a change in programming
or the dropping in of a few memory chips? One
instrument—the RS-432 data and timing genera-
tor from Interface Technology, Covina, CA—al-
ready permits the user to program the uP section
to control the word-generator section.

Or will instrument systems dominate, with
clusters of dedicated (perhaps even dumb) equip-
ment chatting away at each other over remote
lines, busily measuring, chewing up data, spitting
out final results?

Perhaps some other, hitherto unknown, concept
will prevail. In the more immediate future, more
“conventional” intelligence can be expected to
show up in yet untouched or barely influenced
equipment—small, low-cost portable DMMs,
scopes or spectrum analyzers. Signal generators
have just begun to show the effects of the uP.
Wavetek’s 172 13-MHz synthesizer, for example,
uses a uP to simplify programming, to handle
formatting and to permit keyboard numeric entry
of frequencies. And dynamic RAMs or PROMs
in the 172 store programs or subroutines.

Other sources are sure to follow. Whatever
happens, it will be exciting to watch. ==
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NEW FROM KEITHLEY:
TWO “BEST BUY” DMMs.

bt ST
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Advanced features are found in both these general-purpose DMMs:

Clear, bright S-function
1/2-inch digits capability
30000 count hi?l:::%dn
displa
- g indicator
Superior speed:

3 readlngg Calculattor/
per secon computer
Outstanding compatible
basic accuracy: 2 or 4-terminal

*0.01% =1 digit resistance
measurement
Automatic
or manual
ranging on &
all functions Hi-Lo ohms

Take a look at the remarkable features of the
new Keithley Digital Multimeters. They're
unmatched in the industry.

Now consider price. At $499 we think you'll
agree the Keithley 172 is the best buy in a
general purpose 4Y-digit DMM.

There isn't another 4% that matches the
price-performance value of the 172. Except for
its higher-rated companion, the Keithley 173.

For $499: the exceptional 172.

To begin with, you get a dependable, durable,

portable, easy-to-use, autoranging instrument

with five functions. Designed for research,

engineering or production applications.
Measure from 10 microvolts to 1200 volts dc,

10 microvolts to 1000 volts ac, 10 milliohms

to 300 megohms, 10 microamps to 2 amps,

ac or dc. DC accuracy is 0.01% = 1 digit.
There’s more: 3 month recal cycle. No-

nonsense, full-year guarantee on parts,

workmanship, and specs. 30000-count display

yields maximum accuracy for 15, 18, 24 and

28-volt measurements.

For $625: the even more exceptional 173.

The Keithley 173 is our top-rated 4'-digit DMM.
It gives you all the performance and accuracy
of the 172 plus superior autoranging current
measurements from 10 nanoamps to 3 amps.
This makes the 173 the most complete and
versatile general purpose 4'%-digit DMM in the
world—at any price.

More versatility. Now or later.

Options and accessories expand the 172 or 173
to your specific needs: Rechargeable battery
pack you can buy now or add later. Digital
output/control. RF probe. 50-amp shunt. Clamp-

on ammeter. High-voltage probe. Rack mount
kits. Test lead sets. Carrying case. IEEE 488
interface.

Make this easy decision.
For most 4'>-digit DMM applications, the new
Keithley 172 is your best buy. When you require
more current measuring capability, the 173 is.
For convincing proof, send for detailed specs
or request a demonstration. Or if you're already
convinced, send your order to: Keithley Instru-
ments, 28775 Aurora Road, Cleveland, Ohio
44139. (216) 248-0400. Europe: Heiglhofstrasse
5, D-8000 Munchen 70, West Germany. (089)
7144065.
DMMs for all your needs.
We know you have a variety of measurement
requirements. So we offer a growing family of
DMMs to meet your application and price
objectives. Send for details.

3% digits 4%, digits | 5% &6% digits j
Model 168 | Models 172 and 173 E Model 190 }
General purpose. | Two “Best-Buys’’ : Multi-function. |
Low cost. . Model 171 g Low cost. ﬁ
Model 160B 1 uV sensitivity. ! Model 5900 i
14Vand 10 pA 5-functions. 0.001% accuracy. |
sensitivity. Model 174 High stability. |
Model 616 0.1 1V sensitivity. Model 6900 ¥
Super-sensitive. (coming soon) Accuracy, stability |

0.1pAfull-scale. | Model 180

30 nV sensitivity.

and sensitivity |
measured in ppm. |

KEITHLEY

The measurement engineers.

FOR DEMONSTRATION, CIRCLE 36
FOR TECHNICAL DATA, CIRCLE 37




oday’s battery-powered portable instruments

—multimeters (DMMs), counters, chart

recorders and waveform generators—are
finding an increasingly prominent place on the
designer’s lab bench. Complex ICs within the in-
struments ensure high speeds, low power con-
sumption, dense packing and combined functions.
And the portable instruments can perform as
well as some of the older, line-operated design
equipment—at the same cost.

The latest packaging techniques have been
combined with efficient, low-cost components to
improve the general circuit design and the result-
ant savings in production costs have been passed
on to the user.

The new portables contain the following cus-
tom or standard LSI circuits or specialized MSI:

= Entire analog-to-digital converters on one or
two MOS chips.

s Complete four-to-eight decade counting cir-
cuits in a single package.

m Single-chip instrumentation amplifiers and
low-power op amps.

s Specialized control circuits that do all the

“internal housekeeping” for the instrument.
= High-efficiency switching regulator circuits.
= Battery-level indicators.
Battery-powered portables are no panacea,
however. They often have a
limited battery lifetime, a re-
stricted operating temperature
range and a high susceptibility
to surrounding electrical fields.
However, some new battery de-
signs are overcoming these
common power limitations.

ICs cut parts, cost & power

MOS LSI circuits, with their
high packing densities, have en-
abled instrument designers to
reduce the number of compo-
nents needed. Custom MOS cir-
cuits still predominate in use
among instrument manufactur-
ers, although many of the new
off-the-shelf circuits (probably
last year’s custom circuits) are
starting to offer designers the
functions necessary to build
their instruments.

Dave Bursky
Associate Editor
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Delivering true rms ac readings in addition to ohms and
dc, the 7003 DMM by Systron-Donner can operate for
up to six hours from its internal battery pack. Inside the

Single and multiple-chip a/d converters in
PMOS, CMOS and I®L technology reduce the size
and power requirements of DMMs. Converter cir-
cuits, such as those developed by Analog Devices,
Norwood, MA; General Instrument, Hicksville,
NY; Intersil, Cupertino, CA; Motorola, Austin,
TX; Siliconix, Santa Clara, CA; and Teledyne
Semiconductor, Mountain View, CA, require
only 100 to 200 mW. Many of these circuits are
designed for single-supply operation, and so
eliminate the drain caused by a de-to-dec converter
to get the second supply level. (For more infor-
mation about a/d converters, see the Focus on
data converters” in ED No. 19, September 13,
1976, p. 68, and the special report on mono-
lithic a/d and d/a converters in ED No. 13, June
21, 1976, p. 28).

Almost every DMM manufacturer incorporates
one form of these IC a/d converters in his meter
—and if he hasn’t found one suitable, he has de-
signed his own. Hewlett-Packard, Palo Alto, CA,
for instance, has designed a special conversion
circuit and thin-film resistor network for its
3476B DMM. At a cost of $275, with the built-in
battery pack, the meter offers V and I on ac or
de and ohms, autoranging, autopolarity and a
special range-hold feature.

HP’s special circuit is a hybrid consisting of
an NMOS control chip and a tantalum-nitride-on-
sapphire resistor network. The control chip con-
tains the counters, buffers, display scanner, 3500
bits of ROM program storage and all analog
switches. The resistor chip contains 19 laser-
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DMM, a single-chip a/d converter takes three readings
per second that are displayed on a 3-1/2-digit, 0.4-in.-
high light-emitting diode display.

trimmed resistors matched to within 0.02%.
Another DMM, the Danameter from Dana
Laboratories, Irvine, CA, has only two ICs—a
digital CMOS circuit and a bipolar analog chip.
This DMM is one of a few using liquid-crystal
displays instead of LEDs or gas-discharge digits.
Going this route keeps power requirements to a

. bare minimum—the Danameter can operate with

a 9-V battery for about a year. Weston in Newark,
NJ, also offers a DMM with an LCD readout.
Making wide use of CMOS, Logical Technical
Services in New York has developed the Model
12T, a combination DMM and thermometer, for
$259. The unit fits in the palm of the hand, much
like the hand-held DMM developed by Hewlett-
Packard several years ago. The 12T uses not only
digital-CMOS devices to cut power drain, but also
tri-technology products like RCA’s (Somerville,

Using a specially designed hybrid circuit, the 3476B
DMM developed by HP measures ac or dc voltage and
current and ohms. Batteries provide an eight-hour life.
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You can operate this scope and over a dozen other mod-
els from almost any voltage because Philips has incorpo-
rated a high-efficiency switching supply that eliminates
the power transformer.

NJ) CA3130 op amp, which combines MOSFETS,
JFETs and bipolar devices. MOSFETSs on the op
amp’s front end provide high input impedance;
the JEFTs provide the current source; the bipo-
lar devices in the middle provide gain; and the
CMOS output provides up to 20 mA to within
several millivolts of the power supply or ground
level.

Power consumption is dependent on the num-
ber of readings taken per sscond—a factor often
overlooked when portable DMMs are evaluated or
designed. The slower the conversion and counting
circuits operate, the less power consumed.

When monitoring signals that change at sev-
eral hertz, DMMs designed for line operation will
always have an edge over battery-powered units.
For example, most portable DMMs, like the
Logical 12T or the Hewlett-Packard 3476B, take
only two or three readings per second, while line-
operated units often take five or more readings.
Slow, periodic fluctuations can easily be missed if
the meter’s converter is too slow.

Other portable DMMs have been recently intro-
duced: the 8030A and 8040A 8.5 and 4.5-digit
DMMs by Fluke, Mountlake Terrace, WA ; the
Model 248 4.5-digit DMM by Data Precision,
Wakefield, MA, and the 172 and 173 30,000-count
DMM by Keithley Instruments, Cleveland. In
addition to the normal V/I/R functions, Fluke’s
8030A has a diode-test capability and can
run for eight hours on a single charge. The
8040A has an autoranging capability and does
true rms-ac measurements at frequencies up to
20 kHz. Data Precision’s Model 248 also has true
rms capability. Similar to Data Precision’s older
245, the 248 also makes use, internally, of a cus-
tom digital circuit originally designed for the
company’s inexpensive Model 175 DMM to do all
the display control.

LSI counting circuits, such as the MK50395
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Packing a bandwidth of 0.02 Hz to 2.2 MHz, Exact's
Model 119P function generator delivers 10-V pk-pk into
a 60-Q load. The generator can operate from any 12-V-
dc source, an internal battery or the ac line.

series of six decade counters from Mostek, Car-
rollton, TX, the ICM 7208 seven-decade unit from
Intersil can form the heart of many compact,
battery-operated frequency counters. These cir-
cuits can replace as many as 15 to 20 MSI
devices and draw only about 200 mW.

Several companies are using this approach to
make inexpensive, but very compact, frequency
counters—but not all. “Non Linear Systems, Del
Mar, CA, looked at this approach and decided not
to use it,” says Roland Johnson, chief engineer.
“We decided we could get even better perform-
ance by using low-power Schottky TTL and
CMOS to build our FM-7 seven-digit frequency
counter.” The FM-7 and its four rechargeable
batteries all fit in a 4.5 X 6.5 X 9.6-cm (=~ 2 X
2.5 X 4 in.) case. The FM-7 can handle input fre-
quencies from 10 Hz to 60 MHz (100 mV rms
sine-wave sensitivity) and has an accuracy of =1
digit +time-base accuracy.

While most of the portable counters have simi-
lar accuracy specs, input sensitivities vary from
model to model. Most portables have sensitivities
of 10 to 100 mV rms, whereas lab-bench units
often have sensitivities down in the microvolt re-
gion—direct measurement of rf is commonplace.

Portable instruments with combined functions
are on the rise. Both HP and Vu-Data offer port-
able oscilloscopes with built-in DMMs or frequen-
cy counters. Tektronix, Beaverton, OR, goes so
far as to use the CRT screen of its Model 213
1-MHz scope to display the reading. The entire
combined scope/DMM weighs only 3.7 1b and can
operate for 3.5 hours with internal batteries. Inside
the 213, Tektronix uses several custom circuits to
do the display generation and control all the tim-
ing. Very-high-efficiency switching circuits are
used to provide the acceleration voltages.

Philips, which has gone to great lengths to
make an efficient switching regulator, now in-
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With over 150 components crammed into a hand-held
DMM/thermometer, Logical Technical Services’ Model
12T offers autoranging, autopolarity and 0.19 accuracy
(V dc). The 12T provides a 3-1/2-digit answer and meas-

cludes its regulation circuit in almost every scope
it sells. The circuit permits the Philips scopes to
be used from almost any ac voltage source rang-
ing from 90 to 270 V at 46 to 440 Hz or any dc
source from 100 to 200 V. Power consumption,
depending upon model, ranges from 20 to 30 W,
and unit weights average about 20 lb.

Function generators demand power

Generating signals in portable packages takes a
bit more than simply measuring them. Only a few
manufacturers offer any signal source with a self-
contained battery pack. With its Model 30, Wave-
tek, San Diego, CA, is probably the best known.
But pressing Wavetek is Exact Electronics, Hills-
boro, OR, with its Model 119P.

The Model 30 operates from a single 9-V tran-
sistor radio battery and delivers sine, square and
triangle waves over a 1-Hz-to-100-kHz range. It
can deliver 5-V pk-pk into a 600-Q load (or about
41 mA, maximum). Of course, delivering that
much current will drain the battery pretty quick-
ly, so a $25 rechargeable battery option is avail-
able for the $150 instrument.

Although Exact’s 119P is larger than the Mod-
el 30 and costs about twice as much—$295—it of-
fers more than 10 times the frequency range aad
twice the output voltage. The 119P spans 0.02 Hz
to 2.2 MHz, delivers 10-V pk-pk into a 600-Q load,
and has a variable-time-symmetry adjustment.

While the battery-powered function generators
deliver signals, the portable chart recorders can
keep signal records. The go-anywhere recorders
are available from such companies as Gulton,
East Greenwich, RI; Hewlett-Packard in San
Diego; Lab Data Control, Riviera Beach, FL, and
Esterline-Angus, Speedway City, IN.

The HP 7155B runs from ac (85 to 130 V, 48
to 440 Hz), external de (10.5 to 36 V) or from
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ures resistance from 1 Q to 19.99 MQ, dc volts from
1 mV to 750 V, ac volts from 200 mV to 750 V and
temperature from —55 to 153.5 C. The NiCd batteries
permit approximately 3-1/2 hours of use.

Capable of operating in any position, HP's 7155B chart
recorder offers 16-input voltage ranges and 7 chart
speeds. It can run for 9 hours off the internal batteries.

Although originally aimed at the hobbyist market, the
IM2202 designed by Heathkit has an accuracy of 0.5%
on dc and 1% on ac, which makes it suited for many
lab-bench applications.
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The just announced Model 248 DMM developed by Data
Precision offers a 4-1/2-digit LED display and true-rms
ac measurement capability.

internal, rechargeable batteries (up to nine hours
on a full charge). There are 16 switch-selectable
scale settings for the span (from 0.1 mV/cm to
10 V/em) and seven chart speeds (from 10 s/cm
to 30 min./cm). Scale accuracy is =0.4% of full
scale, and chart speed is controlled to within
+1%. This “Cadillac” of portable recorders goes
for a stiff $1400 and $1700 with the internal, re-
chargeable battery pack.

Portability problems are far from solved

No matter which portable instrument is used,
the greatest annoyance is to turn it on and find
the batteries either weak or dead. So some manu-
facturers are incorporating ‘“quick-charge” re-
chargeable batteries, long-shelf-life lithium cells,
push-to-read controls and low-battery indicators.
But no vendor has yet come up with an inexpen-
sive way to determine how much operating life
is left in a battery.

Since instrument manufacturers apparently
are doing all they can to cut power consumption,
the only other alternative is to increase battery
capacity. To this end, many battery manufactur-
ers have developed the sealed gel-electrolyte units
and fast-charge nickel-cadmium cells. For instru-
ments that sit on the shelf for long periods be-
tween use, the lithium battery is the answer for
improved shelf-life. It has a shelf-life of 5 to 10
yvears. The lithium batteries are also the same
size as carbon-zine, but offer twice the voltage.

Specially designed circuits and batteries are
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Combining both a DMM and a scope into a small, hand-
held package, Tektronix’ Model 213 uses the CRT to
display the DMM reading.

starting to eliminate some of the guesswork in
determining available battery life. Several low-
power comparators from Intersil can be externally
set to trigger whenever the battery voltage drops
below a predetermined level. Once triggered, the
circuit can be used to drive a LED indicator.

Battery manufacturers have developed several
cells that have abrupt voltage drops when about
T0% of their expected life has passed by. The
drop is abrupt enough to trigger a circuit that
can drive an indicator. Other batteries such as
“super-fast”’-charge NiCds nearly eliminate the
problem. With charge times as short as 15 min-
utes—and typical NiCd charge times ranging
from 4 to 16 hours—these new NiCds appear
ideal for portable applications. mm
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Hewlett-Packard presents
the first family of calculators for Christmas.

Hewlett-Packard built the world’s first advanced pocket calculator
back in 1972. And has led the way ever since. Today, Hewlett-
Packard still offers a combination of technology, features, human
engineering, backup support and lasting value not available any-
where else. More than a practical gift—it’s an investment in the
career of someone important in your life. Hewlett-Packard calcu-
lators: recognized as the first family of advanced scientific and
business calculators by more than one million owners worldwide.
Here’s why:

First family design. Hewlett-Packard was first—and continues to
lead —in the translation of state-of-the-art technology into advanced
pocket calculators. The result: professional products with innova-
tive features that solve problems more easily.and extend the user'’s
capabilities beyond previous limitations. By design.

First family performance. Hewlett-Packard means performance.
The kind of performance that includes RPN logic with fout-
memory stack. A full range of advanced functions. Powerful pro-
grammability on some calculators. On others; Continuous Memory
CMOS tecl-ﬁlogy. And more. In a word: };érformance. In acal-
culatof+Hewlett-Packard.

\k 4 y
P

First family reliability. When you buy a Hewlett-Packard calcula-
tor you get one year's protection on parts and labor. And a quick
turn-around on most repairs. When Hewlett-Packard builds it,
Hewlett-Packard backs it.

First family support. Every Hewlett-Packard calculator comes
with a comprehensive Owner’s Handbook. In addition, a complete
selection of optional accessories increases the versatility of the cal-
culator of your choice: Application Pacs with programs, program-
ming worksheets, rechargers, battery packs, cases and desk-top
security cases. Hewlett-Packard offers you more than just

a calculator.

The first family. A heritage. A commitment. A promise. Your
assurance that the pocket calculator you buy from us is first in
technology, performance, reliability and value. Because we're
willing to put our company behind it when we put our name on it.

Look over our calculators on the following pages and you'll
begin to appreciate why.




Hewlett-Packard Calculators:

The HP-91 scientific portable printing calculator

$425.00*

The HP-91 is a completely portable scientific calculator with

integrated printer. Now you can generate a permanent

record of each calculation to document your work, in the

office, or at a job site in the field.

* Lightweight briefcase portability. Operates on battery
power or AC.

+ Full range of scientific and arithmetic functions complete
with printed record.

* Built-in, sophisticated, quiet thermal printer.

+ Extra large, easy-to-read display.

* Four dozen built-in functions and data manipulation
operations.

* Pre-programmed for science, mathematics and statistics.

+ 16 addressable memories.

The HP-21 scientific

$80.00*

The HP-21 makes short work of

technical calculations. If you

seek a calculator that does more

~ than simple arithmetic, this is it.

3‘{’:\2 built-in functions and operations.

* Performs all standard log and trigh.
functions (in radians or degrees).

+ Performs rectangular/polar conversion,
register arithmetic and more.

+ Addressable memory. \

+ Two selectable display modes: fixed point ™
and scientific.

+ Lowest-priced HP scientific calculator.

The HP-22 business management
$125.00*

The HP-22 easily handles the kinds of
calculations most often faced in business
management today. It can breeze through
business math calculations and build existing
statistical data into reliable forecasts. If you want
a business management calculator, here it is.

+ Combines financial, mathematical and statistical

capabilities. x

¢ Performs complex time-value-of-money including
interest rates computations.

+ Performs rates of return and discounted cash flows for
investment analysis.

¢ Performs extended percent calculations, accumulated
interest, amortization and more.

+ 10 addressable memories.

¢ Full decimal display control.

The HP-27 scientific/plus

$175.00*

The HP-27 is for the scientist, engineer or business
person responsible for budgets, cost analysis,
resource allocations and more.

It features a comprehensive set of statistical and
financial functions for planning, forecasting and
analysis. For the first time, they've been added to
HP's complete set of scientific functions.

+ 10 financial functions for investment analysis.
NEW —internal rate of return and net present

value for uneven cash flows.
+ 15 statistical functions for planning and forecasting.

+ NEW —normal distribution and correlation
coefficients.

+ 28 pre-programmed exponential, log and trig
functions for scientificand engineering calculations.

+ 20 memories with selective clearing options for
greater flexibility, 10 of which are addressable
memories.



The First Family:

The HP-97 & the HP-67 powerful fully programmable

calculators HP-97 $750.00%* HP-67 $450.00*

The HP-97 and HP-67 are the most powerful fully program-

mable battery-operated portable scientific calculators you can

buy. In fact, both offer about 3.4 times** the programming

power of our classic HP-65—the industry standard. Programs

written for either the HP-67 or HP-97 can be run on the other

without modifications of any kind. The HP-97's thermal printer

is also remarkable —and unusually quiet.

+ Handles upt0 224 steps.

- All'prefix functions and operations are merged.

* Directly records programs or contents of all 26 data storage
registers onto magnetic cards.

+ 10 user-definable keys.

+ 3 types of addressing—Label, Relative and Indirect.

* 3 printing modes—Manual, Normal and Trace. (HP-97 only)

+ Standard Application Pac with 15 programs efbroad appeal

included free. Optional Pacs in.engineering, finance and other

dlsc1plmes avaxlable at$35 .00 each.

The HP-25C scientific programmable

with continuous memory

$200.00*

The HP-25C is our keystroke pro-

grammable. It can solve automatically

the repetitive problems every scientist

and engineer faces. What's more, its

Continuous Memory capability lets you

retain programs and data even when it's

turned off.

+ Continuous Memory capability.

+ 72 built-in functions and operations.

+ Keystroke programmability. \

+ Branching, conditional test and full editing |
capability. ‘

+ 8 addressable memories. e

+ We also offer the HP-25 (without the EwLETT: PAC
Continuous Memory feature) for $145.00% ¥ -

The HP-80 financial

$295.00*

The HP-80 performs calculations involving the relationship between time

and money: bond prices and yields, conversions, trend line analysis,

interest calculations and more. A built-in 200-year calendar figures
number of days in bond or loan calculations.

* Financial functions: simple interest, payment per period,
number of periods, present and future values, sum-of-the-
years-digits depreciation.

+ Bond functions: prices and yields, 200-year calendar.

* Statistical functions: mean, standard deviation, trend line.

* Mathematical functions: percentages, X*y=serial or chain calculati

+ Addressable memory.

+ Selectable display modes: fixed point and scientific notation.

stt-Packard calculators and the name of
\nearest dealer, simply telephone toll-free
48-4711 (in Nev. 323-2704 collect).
Or write: Hewlett-Packard, Dept. 215B ,
1000 N.E. Circle Blvd., Corvallis, Ore. 97330.

HEWLETT hp PACKARD

Sales and service from 172 offices in 65 countries
Dept.215B, 1000 N.E. Circle Blvd., Corvallis, Oregon 97330.

CIRCLE NUMBER 39

*Suggested retail price — excluding applicable state and local taxes — Continental U.S., Alaska and Hawaii




able than change. So it’s not surprising that

some people see the oscilloscope relinquishing
its position as the primary test and measurement
tool of the electronics industry. They point to the
explosive proliferation of LSI chips, so inexpen-
sive that it’s sometimes cheaper to replace a
faulty circuit board than troubleshoot it.

They say that conventional oscillography is too
cumbersome for analysis of digital problems.
And, as always, some argue that the oscilloscope
has reached its limits in operating parameters
and measurement versatility. Though we agree
with many of the premises on which such argu-
ments are based, we disagree with many of the
conclusions.

Tomorrow’s first line oscilloscopes will have
good sensitivity and real-time bandwidths in the
gigahertz area, as opposed to today’s 500 MHz
maximum. We are solving many of the CRT
writing-rate problems associated with high band-
widths. Our input limitations due to capacitance,
loading, and so forth, are being steadily reduced.
We are developing better FET probes for imped-
ance translation and we have passive probes that
put 450 ohms in front of the scope’s 50 ohms.

There has been a lot of progress in semicon-
ductor technology in terms of gain-bandwidth
product, impedance transfer
function and noise reduction.
And when today’s 7-7.5 GHz IC
processes (which make 1-GHz
scopes possible) reach their ex-
pected limits at about 10 GHz
f, we can turn to gallium arse-
nide, gallium phosphide or other
compounds now in development.

I n today’s electronics, nothing is more predict-

Computer-aided design has
come along at a fortunate
time, too. In the days of dis-
crete circuits, it wasn’t too
useful because you couldn’t
put in all the strays.

If you added the strays with
CAD, the problem became too
complex, and if you didn’t
your circuit wouldn’t work. But
with ICs, the strays are smaller
and more predictable. And we
can work not only with surface

George Rostky
Editor-in-Chief
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Chatting with a visitor are (I-r) Bill Peek, Wim Velsink
and Howard Vollum. In the background are the 511,

geometries, but also in the third dimension, de-
signing resistivities along with metal patterns
and mask layouts.

Of course higher bandwidths present trigger-
ing problems, but we see progress along this
line, too. One of the basic departures from the
historical approach for greater stability is the
use of high-speed ICs, as opposed to tunnel
diodes. And faster amplifiers with shorter delays
have made it possible to use shorter delay lines
with better performance.

Sensitivities in the millivolt region can be an-
ticipated, even at the higher bandwidths. Ampli-
fier noise is the limiting factor here, but semi-
conductor technology has made great strides in
reducing this problem.

Obviously none of these developments would
mean much without parallel advances in CRT
technology. We’ve made great progress in this
area too. CRTs with bandwidths of 3 to 4 GHz
and deflection factors of 1 to 2 V/em in both
vertical and horizontal are a present reality, with
photographic writing rates up to 3 em/ns. You
can actually see a single-shot trace with the naked
eye. And we haven’t reached the limits yet.

Research is pointing away from the mesh scan-
expansion CRT toward designs that will give us
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Tek’s first oscilloscope, dating from about 1946, and the
7834, a superspeed storage scope, just introduced.

the nice crisp spot sizes we used to get with in-
struments like the 547—about 7 mils. And we’ll
eventually see these new CRTs in wide-bandwidth
portables, where finer traces are much in demand.

Looking at the CRT as a display, we see an in-
creased use of alphanumerics. We’ll see new kinds
of information displayed—information that will
help the scope user do his job. It may be an in-
struction on what to do next, or a coded display—
one/zero, hex, maps, signature, etec. A program-
med logic analyzer might show you a picture for
so many seconds and then ask you what you
wanted next. Or a scope might instruct you to
hook up this probe at this point and then tell you
whether the reading is good or bad.

The storage scope is really coming of age,
too. Ideally, we'd like to make every oscillo-
scope a storage oscilloscope.

Storage almost always works to your advan-
tage. It lets you compare things, eliminates flick-
er and eases photography tremendously. Because
you have a stationary picture of known bright-
ness, there’s no hassling—you know you’re going
to get it. If storage could be incorporated basical-
ly into every oscilloscope, even if it cost a little
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more, probably everybody would use it.

Of course there were good reasons in the past
for not doing this. But today we are getting to
the point in storage technology where we can
store as fast a signal as we can get on a conven-
tional CRT. The new 7834 is spec’d at 2500 cm/s
—fast enough to store a signal at its rated 400
MHz bandwidth. And our future advances in
stored writing speed are expected to keep pace
with bandwidth advances.

Storage is still the cheapest way to memorize
a waveform. In spite of the many cheap A/D con-
verters available, you still need a digital memory
to take advantage of them.

The future of the sampling oscilloscope is less
clear. One of the problems is that the sampling
scope is useful only with repetitive waveforms,
and there just isn't a multiplicity of fast, re-
petitive waveforms that people want to look at.

Really fast waveforms are usually single-shot,
and the few exceptions can usually be handled by
other techniques. Then, too, there has been a race
between samplers and real-time scopes for a long
time, and though real-time scopes haven’t actual-
ly won it, in terms of being able to do everything
the sampling scope can do, they have covered
enough of the applications so that sampling has
taken a back seat. And sampling has always had
a problem in terms of the operator’s confidence
that what he sees is what is really there. Sam-
pling scopes aren’t easy to use, and there are
modes you can get into that give a picture com-
pletely different from the real one. False trigger-
ing, for instance, and other operator traps. You
might say that sampling scopes won the battle
but lost the war.

Actually today’s sampling scope is easier to use
than it was in the past. The computer people, as
they get into higher and higher speeds, will be
using sampling techniques for some waveform
analysis, especially in CPUs and communications
links, where the highest speeds are encountered.
To do this though, they’ll have to program the
computer to run in a repetitive mode in most
cases.

Sampling techniques will also be used for a
good while in time-domain reflectometry instru-
ments like the Tektronix 1502 and 1503 portable
TDR cable testers. This application is a natural
for sampling. You generate a repetitive pulse
and send it down a coax line, then display the
reflection to determine the nature of any dis-
continuity or anomaly. You also measure the
elapsed time between pulse and reflection and
convert this to distance. With sampling techniques
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Howard Vollum

Charles Howard Vollum has been involved
with oscilloscopes since 1933, when he designed
and built one for the radio-repair work that
helped finance his education at Reed College
in Portland, Oregon. In March 1941, five years
after graduating with a BS in Physics, Howard
was drafted into the infantry. December of
that year saw him commissioned 2nd Lieuten-
ant in the Signal Corp and sent to England to
work on high-resolution radar, in a lab direct-
ed by Sir John Cockecroft, the first man to split
the atom. Working on a display for a 0.1 us
radar, he became expert in wideband video-
amplifier and fast-sweep techniques.

In 1946, when Howard left the Army, the
fledgling oscilloscope market was dominated by
one company, the big electronics companies
having decided the oscilloscope didn’t merit
significant investment. Howard, though, saw
a need for a scope that could measure (not just
display) electrical waveforms. With a small
group of newly released veterans he formed

you achieve the gigahertz bandwidth necessary
for resolution measured in inches, at a relatively
low cost.

The other dimension of sampling lies in its use
in A/D converters—rapid acquisition and reten-
tion of a bit of information, long enough to con-
vert it to digital information. We’ll see a lot of
development continuing in that area.

So much for the idea that the oscilloscope has
reached its technological limits. Now let’s look at
the argument that it’s becoming obsolete in the
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Tektronix. The first product, the Type 511, a
10-MHz, triggered-sweep, calibrated scope us-
ing many of the wartime technological ad-
vances, was an immediate success.

Today Tektronix occupies more than 500
beautifully landscaped acres in Beaverton and
Wilsonville, Oregon, employs more than 13,000
people, and reported over $360 million in sales
for fiscal 1976. The oscilloscope still accounts
for the largest part of these sales, although
Tektronix does a flourishing business in other
electronic test and measurement instruments,
TV monitors and signal processors, and a
growing family of computer peripherals.

Despite his success, Howard remains a soft-
spoken, mild-mannered individual, with an ac-
tive concern for the welfare of his employees
and a youthful enthusiasm for progressive
ideas. He shuns public attention and attributes
the success of Tektronix to the “wonderful,
hard-working people” who work with him.

Nevertheless, he has been honored many
times by his community, his country, and his
peers in the academic and business worlds. He
received the Legion of Merit with Oak Leaf
Cluster for his contributions "to military elec-
tronics projects during WW II. He has hon-
orary doctorates in Science, Law and Humane
Letters, is an honorary member of the ISA,
and received a Medal of Achievement Award
from the Western Electronic Manufacturer’s
Association. He is a Fellow of IEEE and re-
ceived its Morris Leeds Award in 1973. He has
received several distinguished service awards
from various colleges, universities and insti-
tutes, and is a trustee or board member of -
three local colleges and one of Portland’s larg-
est hospitals.

Howard is married and has five children,
ranging in age from 10 to 24 years. In his
home, he has installed a full-size pipe organ,
which he plays, he says, not nearly as well as
his 22-year-old son. His other hobbies include
photography and hi-fidelity magnetic recording.

world of the cheap integrated circuit and the
smart microprocessor.

There is no doubt that the scope of today is in
for some significant changes. But wherever
electronics goes, you find the oscilloscope
follows.

Remember the old fears that the computer
would put everyone out of work? The idea that
the oscilloscope will join the unemployed is no
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more apt to see realization.

As we see it, there will be two main thrusts to
future scope development. One is the use of in-
telligence. It’s in this area that the microproces-
sor will have its greatest impact. What form this
will take isn’t clear yet. There are plenty of real
opportunities here, but also a lot of problems to
be solved and decisions to be made.

The other thrust will be toward cost reduc-
tions. We expect some severe price competition in
segments of our product line. There is strong
demand for a multifunction, 50 MHz, 5-mV, dual-
channel, delayed-sweep oscilloscope at a lower
and lower price. The situation may develop into
a repeat of the minicomputer business. Today
minis are not getting much faster, but you can
get for $2375 what you paid $15 K for when DEC
first came out with the PDP-11 series. We haven’t
seen much of this in the oscilloscope business in
the past, but it’s probably going to be with us in
the next 10 years.

But let's get back to the intelligent scope.
Right away we run into a whole chain of con-
siderations. You see, so much depends on how
the oscilloscope is to be used.

In the lab, for instance, you don’t often know
in advance what you want to do with a wave-
form. You just see what’s there, and that leads
you to step two and on to step three and so
on. It’s not a predetermined situation. So, except
for very broad mathematical manipulations like
FFT, signal averaging, etc., it is difficult to pre-
dict in advance what digital processes you are
going to need—and you can’t build enough of
them into a scope to cover every contingency.

On the other hand, there are significant appli-
cation areas—servicing and production mainly—
where the need is well defined. Like measuring
rise time, time delay, time between pulses, etc.
The scope could be programmed to make these
measurements automatically and provide a read-
out on the CRT. Then if something came out
wrong, the same scope could be used to trouble-
shoot the device.

It’s in this area that the microprocessor will
have its biggest impact. But we’ll still have the
problem of deciding what we want the scope to
do. This means we’ll probably have to provide
custom programming software. Or we’ll have to
make it awfully easy for the customer to do his
own programming. Probably we’ll do both, in dif-
ferent kinds of instruments.

Some portable scopes may be designed for spe-
cific service applications. That is, a computer
manufacturer may design a set of computers and
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Wim Velsink

Wim Velsink has been in the front lines of
R&D at Tektronix for most of the 16 years he
has worked there. After taking his BSEE from
Hogere Technische School in 1960, and short
stints with Philips and Siemens and Halske in
the Netherlands, Wim came to the U.S. He
started with Tektronix as a design engineer in
the accessories division in 1963, became Project
Manager, Advanced Circuitry, in 1965 and
Manager, Advanced Project Development, in
1966. One of his more important responsibili-
ties in this position was the development of
the 7000 series oscilloscope line. Wim is now
Director of Tektronix Laboratories, General
Manager, New Ventures Division and Manager,
Advanced Display Techniques Development. He
became a vice president in 1973.

Wim is a bachelor and an outdoorsman who
relishes the many opportunities for skiing, hik-
ing and camping in Oregon.

we’ll provide a scope that is identical to last
yvear’s model, except that there’ll be new cards
with PROMs or ROMs and a special service
manual for that set of computers and peripherals.

In other scopes we may provide the basic arith-
metic functions and a few others that you can
operate on a waveform with. You could multiply
voltage and current to get instantaneous power,
or integrate a current waveform to get charge.
These capabilities are useful to a design engineer.
And a lot of single-value functions would also be
useful—rise time, aberration amplitude, period of
aberration ringing, pulse-width, integral under
the curve, and many others.

These kinds of functions are valuable in char-
acterizing and documenting circuits, aside from
testing them in production or incoming inspec-
tion. This kind of a scope would eliminate much
of the present drudgery, say, in integrating a
waveform. Now the operator must measure the
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waveform, digitize it point by point, then feed it
into a computer, or use his calculator.

But building these functions into a scope isn’t
as easy as it seems. At first glance, it looks as if
you'd only have to sample the waveform at a
couple of points, measure the difference digitally,
and show the readout on the screen. With this in-
formation, plus an examination of the waveform,
you’d have a measurement you knew was valid.
And this technique wouldn’t be complicated or
expensive. Actually it’s not that easy.

We've found that many times it’s just as easy
to digitize the whole waveform and store it for
viewing as it is to remember the two points and
then try to correlate them back to the waveform
position. Even the time required to turn the
Z-axis on and off creates all sorts of problems in
circuit and CRT design.

So let's say we digitize the input signal. By
what method? Well, with A/D conversion, if we
want to stay within reasonable costs and power
requirements we need emitter-coupled logic.

This means a word rate of about 256 MHz or
below, which gives us a 10-MHz scope at best.
Or we can use scan-conversion techniques, as we
did with the 7912. There’s virtually no bandwidth
limitation here, and you don’t need a repetitive
signal as you do with sampling. The principal
limitation of the scan converter is in the length
of the memory. How long a waveform can it re-
member? You're also limited to one sweep, at
least presently, and the cycle between sweeps is
relatively long compared to sweep time.

Of course, this limitation applies to all scopes.
The only way to get around it is through con-
tinuous A/D conversion, and here you run into
bandwidth limitations again. Even at a 25-MHz
word rate, you fill a memory awfully fast. So you
have to let the waveform run through the memo-
ry, decide what time slot you're really interested
in, and pre- or post-freeze it, depending on the
application.

This, incidentally, is one thing you can’t do
with the scan converter. Of course in the next
five years we’ll see the word-rate go up by an
order of magnitude. We'll also see relatively low-
speed scan converters being used as less costly
A/D converters. Charge-coupled devices will
probably play a big part in this.

One nice thing about scan conversion is the
opportunity it affords in the display area. You
can get any number of traces on one display in
different colors if you have a scan converter in
each channel and a color tube. And alphanumeric
CRT readout could be color-coded to correspond
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to the color of the trace it applied to. This would
really make a readout a lot easier—reduce oper-
ator error and generally make the scope easier
to use.

In any event, once A/D conversion becomes a
standard item in waveform analysis, a whole
spectrum of operations is opened. Relatively, you
have all the time in the world to decide what you
want to do with the stored waveform—how you
want to display it, what kind of information you
want to add to it or get from it, ete.

One thing is clear. We're not going to have a
universal scope that’s the equivalent of a hand-
held calculator.

There are too many differences in customer
needs and too many limitations on digital conver-
sion techniques to make that possible. There is no
doubt that new instruments will supplant the
oscilloscope as the principal troubleshooting tool
in some applications. We've recognized this by
entering the logic analyzer field. There is a pos-
sibility that within the next 10 years, due to the
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tremendous impact microprocessors will have on
all areas of industry, logic-analyzer sales may
equal those of oscilloscopes.

Or a new instrument may appear that is even
more suitable for the design, test and service of
microprocessors. But eventually you still have
pulse aberrations and timing relationships to
troubleshoot, and power-supply circuits to debug
in your microprocessor circuit. You're going to
have a whole array of EEs designing controllers
for sewing machines, washing machinss, automo-
bile carburetion and braking systems, etec.

Electronics, especially the microprocessor, is
penetrating new areas every day—areas pre-
viously dominated by mechanics, hydraulics,
fluidics, etc. And the oscilloscope will follow,
maybe not as the principal, but nevertheless as
an indispensable troubleshooting tool. For al-
though a logic analyzer or similar instrument
may tell you what is wrong, it takes a scope to
find out why it’s wrong.

Incidentally, when it gets down to servicing in
these new areas, a few people are skeptical that
a car mechanic may be using an oscilloscope to
troubleshoot a microprocessor. Well, perhaps he
won’t. But the trouble may not be in the micro-
processor itself. It may be in the wiring or in the
connections, at the inputs and outputs of the de-
vice. Probably most of the problems will be of
this kind. Diagnosing these problems will require
a fair level of sophistication, and this brings up
an interesting point.

Some years ago, when radio and television
were coming along there was serious consider-
ation given to the proposition that they would
never be a success because there wouldn’t be a
group of people who could service them. With
color television, it was considered impossible. Yet
there are now thousands of people who are doing
it. And auto mechanics aren’t all that different
from other people. Look at the military. They
have to maintain all sorts of complex, sophisti-
cated electronic equipment. People rise to a chal-
lenge in their profession or vocation. In the
future it may be a common sight to see an auto
mechanic with a special-purpose oscilloscope,
finding out what’s wrong in an electronic device.

In any event, we believe the oscilloscope has a
bright future. Its general configuration, operat-
ing parameters, and variety of functions will
change to meet the needs of our advancing elec-
tronics technology. But its primary function as a
basic diagnostic tool will remain. Such tools have
a way of staying with us. Remember that in spite
of the millions of dollars expended each year on
sophisticated medical diagnostic equipment, the
physician still carries his stethoscope. ==
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The introduction of AMP Coaxial Ribbon Cable assemblies
represented a major breakthrough in interconnection
technology. Lower costs with no compromise in performance.
Now, AMP has broadened the line to give you an extremely
wide range of high speed, low noise interconnections.

AMP ribbon coax is available in 50-, 75- and 93-ohm ratings,
6 to 26 positions, on .100-inch centers. Or in a 95-ohm
rating on .125-inch centers.

Multi-position connectors mate with .0252-inch posts, either
90° board-mount pin headers or I/O posts. Included are
the new paddle-card and flanged types.

We can supply complete ribbon coaxial cable/connector
assemblies of any length to fit your requirements. Or provide
all the cable, connectors, and tooling you need to make

your own.

Either way you get professional back-up by AMP field and
home office engineers. They work with you from the
prototype stage through production—and on to future destgn.

For more information on the design opportunities you get
with AMP’s extended range of Coaxial Ribbon Cable
assemblies, call Customer Service at (717) 564-0100. Or
write AMP Incorporated, Harrisburg, PA 17105.

ANMP
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AMP is a trademark of AMP Incorporated.
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The IEEE 488 hus
plays a major role in

instrument systems

ard 488 Digital Interface Bus by program-

mable instrument manufacturers is getting
even wider. Enthusiastic acceptance of the bus by
instrument buyers is creating a new generation
of test instrumentation, the vast majority of
which is designed to be controlled by program-
mable calculators via this general purpose inter-
face bus (GPIB). Moreover, use of the bus
doesn’t end with programmable instruments.

A principal factor in the rising tide of GPIB
acceptance has been the proliferation of micro-
processors in the last year or so. Increasing use
of these microprocessors has permitted the in-
strument makers to provide, among other things,
a low-cost, instrument-to-bus interface.

After a somewhat hesitant start a year and a
half ago, the IEEE Standard 488 bus has now
been adopted by some 50 instrument manufac-
turers as a firm option for their product lines.
Typical of these manufacturers is the John Fluke
Manufacturing Co., Mountlake Terrace, WA.

“As far as product planning,” says John Fluke,
Jr., “all of our new products that have a digital
output or remote control capability will have an
IEEE 488 option. The only possible exception
would be in very low-cost portable products. And
in these cases, they would have a crude form of
data output to drive a simple
bus converter.”

The Fluke Model 8500A, a bus-
structured, 8080-microprocessor-
controlled DVM, is a prime ex-
ample of the new generation of
488-bus-compatible instruments.
“We built the voltmeter very
much like a computer system,”
Fluke explains, ‘“where each
function to be performed by the
voltmeter has a corresponding
module that plugs into an inter-
nal bus. The digital interface to
the outside world plugs into
slots provided for that purpose.”

Three interface cards are
available for the instrument: an
RS-232-C serial module, a du-
plex-parallel interface designed
for interfacing directly to mini-
computers, and the IEEE 488
interface.

The widespread adoption of the IEEE Stand-

Jim McDermott
Eastern Editor
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Microprocessors and the 488 busses are being
combined in instrumentation to provide a total
system capability far beyond that originally en-
visioned for the bus, according to Pete Silvernail,
group engineer at Wavetek, San Diego. Distribut-
ed processing or networking makes use of the
intelligence scattered throughout the system in
each instrument interconnected by the bus, Sil-
vernail explains.

The original intention for the 488 bus develop-
ed by Hewlett-Packard was that it enable the
user to assemble a group of bench-top measuring
instruments and signal sources into systems that
could be easily assembled or reconfigured.

But now the bus is finding a home in military
radar systems, process-control systems, interfac-
ing with the IEEE Standard 583 Standard Modu-
lar Instrumentation and Digital Interface System,
usually called Camac (Computer-automated
measurement and control), as well as in large-
scale automatic test equipment systems.

Bus gives distributed processing capability

The distributed processing capability of a sys-
tem configured around the 488 bus provides a
powerful tool for the instrumentation-system
user, which means, according to Silvernail, that
processing is shared by the calculator and the
various microprocessors throughout the system.
Thus, processing done at the relatively slow
1-Mb/s maximum speed of the 488 bus is sub-
stantially higher.

So Silvernail doesn’t see any significant need
for superspeed on the GPIB bus. But what he
does see is a great need for the ability to tell
instruments exactly what to do and for the in-
struments to respond by telling what they're
doing.

These “command structures” have been in-
corporated into the Wavetek Model 172 Program-
mable Signal Source, according to Silvernail. The
172 is ‘a combination oscillator, waveform gener-
ator, pulse generator and synthesizer, all of which
are manually or remotely programmable. The
instrument can generate sine, square, triangle,
pulse, ramp, haversine, havertriangle and de-level
waveforms on command.

The 172 has the widest frequency range of any
programmable function generator today, says
Silvernail, and operates from 0.0001 Hz to 13
MHz, with the synthesizer portion operating
from 10 Hz to 13 MHz.

In the 172’s command structure, the instru-
ment receives and stores a set of instructions
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This 5-1/2-digit programmable multimeter provides
1000 conversions per second. The Model 7500, by Data
Precision, is also a universal ratiometer accepting any
input combination.

——

Up to 10 of these Wavetek Model 172 prog-ammable
function generators can be controlled at one time
through a 488 interface with optical isolation.

from the calculator (or controller) during slack
or initialization time. Only then is it necessary
to use a hand-wave signal that essentially says:
“Now do this or that.” This type of distributed
operation reduces traffic on the bus significantly.

The 172 talks back

The 172 is the first machine to have an alpha-
numeric display that states what is happening
within the instrument in English, French or
German. For example, upon entering either a
front-panel or remote frequency, the display
reads: “Frequency is XX kHz,” in one of the
three languages.

On the other hand, if the range is exceeded, the
display states: “Frequency range exceeded,” and
the excess is not indicated by the usual blinking
LED, as with other instruments.
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This automatic test set for transceiver measurements,
by Rohde & Schwarz, is controlled through the IEEE bus
by a programmable calculator. Card readers can also
be used for system control.

While the 488-bus interface has been imple-
mented initially in measuring and signal-gener-
ating instruments, Silvernail foresees the bus be-
ing adopted by display and storage systems as
well.

“Within five years, every printer and plotter
will be interfaced with the GPIB,” he predicts.
“I also say that many magnetic tapes and floppy
discs will have that interface.”

The move is to larger systems

In addition to being incorporated into pro-
grammable instruments, the 488 interface is be-
ing incorporated into computer-operated systems,
according to Don Loughry, a Hewlett-Packard
corporate interface engineer. Several other manu-
facturers are now providing bus-port interfaces,
he adds.

A computer-controlled test system in Fair-
child’s new Logic System VII that uses multi-
processor techniques employs the 488 bus to
simplify the -addition of programmable instru-
mentation. And the latest disc-based Logic-Cir-
cuit Test System from GenRad, Concord, MA—
the 1795—has an optional 488 instrumentation
port.

The 488 bus’s distributed-processing capability
that links a group of microprocessors has been
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adapted to an application for which it was not
originally conceived—an aircraft search system
under development at MIT’s Lincoln Laboratory.
The bus’s ability to connect several components
of the radar system has simplified the systam by
eliminating the central computer needed in pre-
vious systems.

“While we’ve already used the bus on a small
airborne radar, we have five or six other radar
projects that we're going to use it on,” says C.
Ed Muhe, leader of the radar-techniques group
at the Lincoln Laboratory.

Bus is central system element

“With the usual digital system, the first thing
yvou think about is the central computer,” Muhe
notes. “But with the bus, we do just the op-
posite, we think of the bus as the central element
of the system. And all the functional modules tie
onto the bus.

“The basic idea is to functionally divide the
system into parts that require the minimum
amount of communication between them. We put
enough microprocessor intelligence into each part
so that communication on the bus is fairly small.

“As an example, the digital display has to be
refreshed about 30 times a second, and the re-
fresh function is put into the display with a local
microprocessor. The display is updated only when
there are changes in it, and this update is easily
handled by the bus using rates of about 0.5
Mbytes per second.”

Slow or fast uPs are used, depending on the
requirements, Muhe points out, and the 8080 and
2901 are Lincoln Laboratory’s favorite choices.

The bus saves substantial design time—a major
advantage, according to Muhe. Using the 488
with standard building blocks to construct the
radar systems means, for example, that a display
can be connected with its uP into another radar.
With the standard interface, it’s necessary only
to plug it into the bus.

“While I know the bus offers a tremendous ad-
vantage in designing several systems using the
same functional units, I think that the bus means
less design work even for one system,” Muhe
concludes.

Programming is still a problem

Eugene Fisher, design engineer at the Uni-
versity of California’s Lawrence Livermore
Laboratory, Livermore, CA, is enthusiastic about
using the 488 for interfacing instruments to mini-
computers at the laboratory. With the proper bus
interface, Fisher points out, he can acquire an
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A microprocessor-based digital plotter, the Tektronix
4662, is a leader in the trend to provide plotters with
the IEEE 488 general purpose interface as standard.

instrument for a particular instrumentation set-
up and simply plug it in.

“All T have to do then,” he notes, “is learn
how to program it,” notes Fisher, adding: “This
is a continuing problem with each new instru-
ment because each instrument manufacturer is
interpreting the bus specification slightly dif-
ferently.”

Programming individual instruments has been
a problem for some time because it has not been
spelled out in the original specs.

“Work is continuing in the standards area rela-
tive to software,” says Don Loughry. “I prefer
to call software ‘codes and formats.” Draft docu-
ments are being generated and will be reviewed
this month at the International Level in Europe
in the parent committee of Technical Committee
66.”

Historically, the interface of early program-
mable instruments has been the parallel, four-bit
BCD bus, which is still available in standard
form in the majority of today’s instruments. But
the demand for it is falling while the demand for
the 488 interface rises.

As a result, instruments already on the market,
but still reliable and highly useful, are now being
retrofitted with IEEE 488 interface cards or
modules. The Model 605-145 ASCII interface de-
veloped for Exact Electronics Models 605 and 606
Programmable Waveform Generators is a good
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The status of the HPIB bus as well as the range and the
function to which the meter is set are provided auto-
matically by this Hewlett-Packard 3455A DVM.

Fully automatic frequency measurements from 0.02 to
24 GHz can be made with this Systron-Donner 6054B
Microwave Counter. The |IEEE interface is optional.

example. Only an inch and a half high, the new
488 interface module of the Hillsboro, OR, firm
sits on top of the 3-1/2-in. rack package of the
605 and 606. The total package is only 5-1/4-in.
high and fits into a 19-in. rack.

Keithley’s new portable 4-1/2-digit, 30,000-
count DMMs, Models 172 and 173, are being pro-
vided with a 6800 uP-based IEEE 488 interface
module (available in January, 1977).

Because these instruments are small, the inter-
face module of the Cleveland manufacturer is a
separate unit, not a plug-in card.

Three DVMs from Dana Laboratories—the
5000, 5900 and the 6900—are designed with in-
tegral BCD outputs. A piggyback package of the
Irvine, CA, firm, the 55, designed with a micro-
processor-controlled interface, is used for inter-
facing between the BCD outputs and the IEEE
488 bus.

For the Dana 9000 Counter-Timer, which uses
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A complete automatic measuring system for production
or incoming inspection is provided by this Electro Scien-
tific Industries LCR bridge. It has a 6800 uP.

an Intel 4004, the interface is incorporated with-
in the box.

The number just gets bigger

Microprocessor interfaces are found in a num-
ber of other instruments. For example, the Model
296 wide-range LCR bridge from Electro Scien-
tific Industries, Hillsboro, OR, incorporates a
6800 wP to provide calculating power in the in-
strument as well as provide the 488 interface.
The 2961 is not yet supplied with the standard
BCD outputs.

“The instrument can be programmed remotely,
including sequencing a mixture of tests,” accord-
ing to Jim Currier, instrument product manager.
“For example, a capacitor can be measured, fol-
lowed by a resistor. Or it can be controlled to pro-
vide multiple-component, high-speed testing.

“A 10-limit sorting capability is available,
using a plug-in option card,” Currier continues.
“So, with one instrument you have a complete
measuring system for production or incoming
inspection.”

A special feature incorporated in the digital
bridge is the ability to do either percentage devia-
tion or absolute deviation. Instruments have tra-
ditionally come with either deviation measure-
ment.

The instrument program can be changed easi-
ly by simply substituting another program ROM
in the uP, notes Currier.

The SMPU Test Assembly by Rohde &
Schwarz, Fairfield, NJ, is a microprocessor-con-
trolled, IEEE-bus compatible automatic test set
for transceiver measurements. The system, whose
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A calculator-controlled automatic test system for four-
point probe applications, the Keithley System 53 con-
tains a current source, DMM, 10-channel scanner and
interface units.

deliveries have just begun, contains multiple in-
struments required to test both transmitters and
receivers automatically.

Control comes from a card reader or through
the Tektrenix TEK 31 programmable calculator.
Where more elaborate programming facilities are
required, the Tektronix 4501 Graphic Computer
system is used.

The SMPU is connected to the calculator
through the IEEE bus.

The microprocessor is used for setting up and
maintaining subroutines and for preventing er-
roneous and potentially destructive measure-
ments. For example, if the transmitter test is
selected by pushing the “transmitter” button, no
type of receiver test can be called up, because the
system will refuse it.

Not all microprocessors used in instruments
function as a part of the bus interface. For ex-
ample, the 4004 uP in the Systron-Donner 7115
DMM provides intelligence for internal data cal-
culations, self-calibration and troubleshooting.

In the 7115—and in three other of the Concord,
CA, manufacturer’s instruments that interface
with the 488 bus—the DPS 50 Power Supply, the
1600-series Microwave Synthesizers and the
6054B Microwave Counter are normally supplied
with the BCD and the 488 interfaces as plug-in
card options.

Camac systems take the 488 bus

The influence of the GPIB is spreading to the
process-control field. Users of the Camac systems
(IEEE 583) are providing the 488 bus with in-
terfaces so that instruments that are physically
incompatible with the Camac modular system of
hardware—programmable attenuators, DVMs,
and displays, among others—may be added.

Use of the Camac system is pretty much divid-
ed between nuclear instrumentation and process-
control instrumentation. ==
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Trace quality.

GOULD/Brush Recorders
have it.
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egardless of pen velocity.
The exclusive GOULD pressur- with GOULD low cost chart For more information write Gould
ized fluid writing system assures paper,yourtraces are permanent. Inc., Instrument Systems Division,
you constant width traces They won’t fade or deteriorate 3631 Perkins Ave., Cleveland,
regardless of pen velocity. The as do other writing methods. Ohio 44114. Or Gould Allco S.A.,
ink is injected into the paper and An event that may only occur 57 rue St. Sauveur, 91160

pen pressure seal. In combination quality you can buy ... GOULD.

For brochure, call Gould toll-free at (800) 325-6400, Ext. 77.
In Missouri: (800) 342-6600
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is wiped dry instantly by the high  once demands the highest trace Ballainvilliers, France.
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Instrument as
shown has pulse-burst
option and optional handles.

CMOS parametric testing

makes special demands...
Meet them with HP’s S015A Pulse Generator.

This pulse generator has standard
features and options that make it
ideal for MOS and CMOS para-
metric testing. For example:

You get dual-channel outputs,
each variable to 16V. Or, they com-
bine into a single 30V channel
adjustable within a = 16V window.
That versatility makes the 8015A
compatible with CMOS, and most
MOS devices. You can delay chan-
nel B with respect to A for gener-
ating 2-phase nonoverlapping
clocks. And combine the adjust-
ible B delay with A + B to generate
three-level signals.

Selectable source impedance
on both channels lets you choose
the best output termination config-
uration for your application. Of
course you can vary the width
(10ns to Is), transition time (6ns

to 0.5s), and rate (1Hz to 50 MHz).

High-speed capability lets you

work with advanced TTL and HTL

logic as well as MOS. And low rep.
rates or manual operation let you
slowly step through logic states.

The 8015A options makes
CMOS testing even easier. Pulse
Burst (option 002) eliminates con-
ventional gating problems. Just set
the exact number of pulses you
want (from 1 to 9,999) on thumb-
wheel switches. That’s exactly
the number you get...independent
of pulse-rate settings.

Upper Output Level Tracking
(option 006) automatically keeps
clock and data-pulse amplitudes at
the proper level relative to the sup-
ply voltage. This prevents CMOS
circuit damage due to overvoltage
on the inputs, even if the power
supply is turned off.

Direct Output Amplifier Ac-
cess (option 004) lets you convert
word generator outputs, or TTL
signals, to MOS/CMOS levels,
or amplify low-level analog control
signals to MOS/CMOS levels.

With Remote Control (option
003), you can build the 8015A into
a test system and control all pulse
parameter ranges with digital sig-
nals. Verniers are controlled by

CIRCLE NUMBER 42

current or voltage inputs.

And TTL Output (option 005)
gives you a separate TTL com-
patible, 50-ohm output that tracks
channel A output with fixed
TTL levels.

The 8015A, starting at $2,250%,
gives you parametric testing flexibil-
ity and saves valuable setup time.

Or, if your need is for func-
tional CMOS testing, consider HP’s
8011A. Priced at just $525*, it gives
you high amplitude (to 16V) pulses
at rates from 0.1 Hz to 20 MHz,
and offers the Pulse-Burst Option.

Contact your local HP field
engineer for all the details. Or, write
for the 8015A and 8011A data sheets
and our Application Note 195 —
“Pulse Generator Techniques in,
CMOS Applications.”

*Domestic U.S.A. prices only.

HEWLETT |hﬁ' PACKARD

Sales and service from 172 offices in 65 countries.
1507 Page Mill Road, Palo Alto, California 94304




Accuracy.

GOULD/Brush Recorders

haveiit.

Only GOULD Recorders offer element having infinite resolution,
you this exceptional accuracy and a unique servo drive system
because only GOULD Recorders which anticipates changes in
give you a 100 gm/mm High signal amplitude and velocity.
Stiffness Pen Motor, anon contact Accuracy is built into every

METRISITE® position feedback GOULD direct writing recorder.

For brochure, call Gould toll-free at (800) 325-6400, Ext. 77.
In Missouri: (800) 342-6600
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For more information on the best,
write Gould Inc.,3631 Perkins Ave.,
Cleveland, Ohio 44114. Or Gould
Allco S.A., 57 rue St. Sauveur,
91160 Ballainvilliers, France.

== GOULD

The product development company
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Trigac VI digital-to-synchro
convertergives you accuracy
and power without
raising yourtemperature.

The closest thing yet to a Solid State Synchro,
Kearfott’s Trigac VI Modular Digital-to-Synchro/
Resolver Converters provide the accuracy and power
you need, with a bonus. In addition to standard 4 arc
minutes of accuracy at 1 volt ampere, the transforma-
tion ratio remains constant within ==.25% . We also
have units constant within #==0.1% . That can make
the difference between delivering power or just
throwing it away.

Let us help you be cost effective. Standard options
range from industrial grades thru hi-reliability units,
from accuracies of =20 arc minutes to ==1 arc minute
and, in addition, special designs and packaging as
you require.

J0AGI- 8 @

ON9 dMd 9@
aN9 9IS S @
JASIH | @

AMPLIFIER
BUFFER

KEARFOTT

RESOLVER TO SYNCHRO

ITEM

e 05088- C703185202
ol 200

THE SINGER CO s l N G E R

KEARFOTT DIVISION
LITTLE FALLS N.J
MADE IN U.S.A.

Need more power? Try our line of
compatible synchro amplifiers.

Our 3185 Series is designed to perform the synchro
power buffering or resolver to synchro (Scott-T) func-
tion. They provide matched power amplifier channels
and transformer coupled outputs capable of driving
torque repeaters or multiple control transformers up
to 5va. These fully potted units feature overload
protection, low-quiescent currents and transformer-
isolated outputs. Models available range from
industrial to full MIL-SPEC high-reliability grades.

NEED ADDITIONAL POWER? We have units avail-
able with power outputs to 50 va, 60 or 400 Hz
operation, and options of built in digital converters
and/or power supplies.

For details on our converters and amplifiers,
contact The Singer Company, Kearfott Division,
1150 McBride Avenue, Little Falls, New Jersey 07424.

SINGER

AEROSPACE & MARINE SYSTEMS

CIRCLE NUMBER 44

84

ELECTRONIC DESIGN 24, November 22, 1976



GOIIYI)e/rBsruaslllilIll!ovrders

have it.

You can: amplify, convert,attenuate, suppress,
reject, filter, expand, add, ‘linearize, subtract,

dis Iay, multi n invert square divide mtegrate
isolate, detect al arm, conirol demodulate. ..

Its modular design and inter- parameters at will through the Ave., Cleveland, Ohio 44114.
changeable signal conditioners  addition of appropriate plug-in Or Gould Allco S.A., 57 rue St.
mean you get a recorder system conditioners. Let us tell you more.  Sauveur, 91160 Ballainvilliers,
“customized” to your needs Write Gould Inc., Instrument France.

with the ability to change input ~ Systems Division, 3631 Perkins

For brochure, call Gould toll-free at (800) 325-6400, Ext. 77.
In Missouri: (800) 342-6600
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How To Transmit
Precision Data...

Even where Isolation is a problem

4715

4 L~

ik 10kHz |—| LED
V/F Fiber
Optic
Cable

Step-Up Transformer

Use Teledyne Philbrick Voltage-to-
Frequency and Frequency-to-Voltage
Converters.

Whatever your analog data transmission
application, mated pairs of TP V/F’s and F/V’s
provide unique, cost-effective performance.

Difficult isolation problems are easily
solved by connecting fiber optics, optical
isolators, ete., between the V/F’s and F/V’s.

Just check our guaranteed V/F/V
performance.

For Highest Precision, Low Frequency
data, the 10 kHz 4715 series V/F’s and 4708
series F/V’s provide 0.005% nonlinearity, a
Full Scale TC of 5 ppm/°C, and V/F operation
from 6V to 18 V power.

For Lowest Cost, use the 10 kHz 4721 V/F
and 4722 F/V and still retain better than %%
accuracy (without external trims).

For High Frequency data, the1 MHz 4705
V/F and 4706 F/V (with simple offsetting)

Counter Computer
Photo 1310122 Strip
Detector FIV Chart

Power Station

transmit de to 50 kHz data or sub-millisecond
transients.

All V/F’s accept a wide variety of voltage or
current inputs while providing outputs com-
patible with all standard logic types. F/V’s
accept virtually any input wave shape or logic
signal and provide any output voltage span
between +13 Volts.

Teledyne Philbrick’s leadership in V/F/V
technology is available to you. A new series of
V/F/V application notes can ease your design
problems. Write for them today.

Teledyne Philbrick, Allied Drive, Dedham,
MA 02026 — Telephone (617) 329-1600, TWX
(710) 348-6726.

In Europe, Telephone 673.99.88, Telex
25881, or write 181 Chaussee de la Hulpe,
1170 Brussels.

/" TELEDYNE PHILBRICK

CIRCLE NUMBER 46
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Reliability.

GOULD/Brush Recorders

haveit.

When you need it.

cut the element of risk. Write
Gould Inc., Instrument Systems
Division, 3631 Perkins Ave.,
Cleveland, Ohio 44114. Or Gould
Allco S.A., 57 rue St. Sauveur,
91160 Ballainvilliers, France.

When there are no second proven design. Pressurized fluid
chances, you need us — for a writing for consistent trace
measurement you must have quality. Very little maintenance
reliability. Gould gives it to you required. It's what you’d expect
in every recorder. Rugged from the leader.

structural components and Let us show you how we've

For brochure, call Gould toll-free at (800) 325-6400, Ext. 77.
In Missouri: (800) 342-6600
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now integrating a variety of different
test functions into a single unit. The
goal? A synergistic instrument with features that
go beyond the result of simply putting together
two single-function instruments.

The resulting instrument is usually more com-
pact (less bench space needed), easier to use (not
only in the lab but also in the field), and often
considerably cheaper than if each component in-
strument had been purchased separately.

One element of the combined device can often
be used to check another. In a combined oscillo-
scope-frequency meter, for example the frequen-
cy-counting element can provide a digital readout
of the scope unit’s sweep rate. This capability
thus establishes a separate verification of the ac-
curacy of the scope’s sweep-speed dial setting.

M any major instrument manufacturers are

All but the kitchen sink

The digital multimeter-counter-miniscope, Mod-
el PS 915A/975A ($1295) by Vu-Data Corp., San
Diego, CA, is an example of this new breed of test
instrument. Small despite its lengthy title, this
test instrument is the first to combine a digital
multimeter (DMM), a frequency counter and an
oscilloscope in one package.

Each of these measurement
functions possesses its own dedi-
cated display, and each may be
used independently or simul-
taneously, or to complement each
other.

The PS 915A/975A provides
synergistic convenience by con-
necting all three component
units internally. Only a single
probe (to the item tested) is
needed to permit test m-asure-
ments. This arrangement elimi-
nates the often cumhersome
external wiring interconnec-
tions required among the three
instruments when used sepa-
rately or even together.

Performing a conventional
set of measurements on a power-
supply circuit provides a good
example of the convenience of-
fered by such a combined in-
strument. The DMM portion can

Samuel Derman
Associate Editor
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Measuring time intervals (to 19 accuracy), voltage, re-
sistance, and even temperature (all digitally) is possible
with the Tektronix DM 44 scope option.

measure and display the dc level, while the ac-
ripple amplitude is displayed on the scope’s CRT.
At the same time, the ripple frequency is moni-
tored and displayed digitally by the counter.

The Vu-Data PS 915A /975A is basically three
instruments in one:

= An autoranging DMM, with its readings dis-
played on a 3-1/2-digit LED panel, measures ac
and dc voltage as well as resistance.

m The scope, which carries its own model num-
ber, PS 915, provides vertical sensitivity of 10

A DMM, frequency counter and scope, all in one compact
package, Vu-Data Corp.'s Model PS 915A/975A can be
used on ac, dc, or battery.

ELEcTRONIC DESIGN 24, November 22, 1976

Tektronix Model 213, a combined DMM oscilloscope,
weighs 3.7 Ib. The 3-1/2-digit display appears on the
CRT of the dc-to-1-MHz scope.

mV per division at a 20-MHz bandwidth. Fastest
sweep rate is 100 ns per division with the possi-
bility of an increase to 20 ns per division by a
five-times magnifier.

= The frequency counter, which is activated by
the scope’s trigger pulses, digitally presents the
frequency of the signal displayed on the scope’s
CRT:

An “external-trigger” scope mode is also avail-
able, so that the frequency of the externally ap-
plied signal can be measured, whether this signal
is displayed on the scope or not. A full four-digit
LED display supplies the frequency readout.

In the “ac volts” mode, the device’s DMM will
give the RMS value of a sine wave appearing on
the scope, so “eyeball” measurements of the peak-
to-peak voltage amplitude, followed by the usual
calculation to reduce this measurement to RMS
value, are unnecessary.

Compact capability

A serious competitor in the combined-instru-
ment race is the Versatester by Systron-Donner
Corp., Concord, CA. Designed not only for R&D
work but also as a production and service test
instrument, Versatester combines a multimeter, a
signal generator and a frequency counter in a
compact package. A single four-digit LED dis-
play with automatic decimal point supplies the
readout for all component instruments.

Versatester offers a useful variety of devices
and functions:

» 20-MHz frequency counter with autoranging.

= 20-MHz pulse generator.

89




Systron-Donner’'s Versatester generates pulse, square
and sine waves from 20 Hz to 20 MHz. It also functions
as a dc power supply and as a 4-digit multimeter.
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Lab-All, manufactured by UFAD Corp., uses a precise
filter to perform a wide variety of signal phase, spec-
trum and distortion analyses.

m 20-MHz square-wave generator.

m 20-MHz sine-wave generator.

= Dc-power supply (available voltages are +5
V, =15 V. and £30° V).

s Multimeter (ac, dc and ohms) with a four-
digit readout. In ac-voltage mode, voltages can
be measured whose frequency is as high as 20
MHz.

Versatester’s instruments all run continuously.
For example, a sine-wave output is available
simultaneously with pulse or square-wave output.
Also, the multimeter modes can operate at the
same time any one of the signal-generating modes
is used.

The digital readout permits precise digital set-
ting of sine-wave amplitude, upper and lower
levels of the pulse and square-wave outputs, and
power-supply output voltage to =10 V. Resolu-
tion in the dc-measurement mode is 0.1 mV and
0.1 mV RMS for ac.
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The Versatester’s synergism results in cost ef-
fectiveness, convenience, and portability. The
cost is appreciably less than the sum of the costs
of Versatester’s individual components, says
Norm Whitla, Systron-Donner’s product man-
ager. There are hidden savings too, Whitla adds.
Fewer spare parts need be stocked, and only the
one, basic instrument must be calibrated.

Pint-sized test package

Joining the race is a digital multimeter (DMM)
and oscilloscope ($1200) from Tektronix, Beav-
erton, OR.

Weighing in at 3.7 Ib and occupying a space
3.0 x 5.2 x 89 inches, the Model 213 is small
enough to be held in a hand, or carried in a brief-
case or tool kit.

Unlike the Systron-Donner Versatester and the
Vu-Data PS 915A/975A, which use LEDs for
the digital display, the 213’s numeric figures are
projected directly on the CRT face (in 3-1/2-
digit format). Although this arrangement does
not permit the operator to view the waveform
and read the voltage simultaneously, a single
pushbutton switch permits instant changeover
from one type of display to the other.

The DMM can measure voltage (dc and RMS
ac), ohms and current. Measurable dc voltages
range from 0.1 V to 1000 V, and measurable cur-
rent from 0.1 mA to 1 A full-scale. Resolution
of the DMM is specified as 100 puV for voltage
measurements and 100 nA for current readings.
Frequency range of the 213’s scope is from dec to
1 MHz. The scope can also display current wave-
forms, unlike most field scopes of this type.

A second multifunction test device from Tek-
tronix, the DM 44, is not a complete piece of test
gear, but an attachable module for the Tektronix
464, 465, 466, 475 and 475A portable oscillo-
scopes. This optional feature provides:

s 3.1/2-digit LED readout.

® Direct numerical readout (with 1% accu-
racy) of the time interval between two signals
presented on the scope’s CRT.

m Delta-delayed sweep for very fast time meas-
urements (i.e., pulse width, rise time).

= Dc-voltage measurements with 0.1% accu-
racy.

= Resistance measurements with 0.25% accu-
racy.

s Temperature measurement from —55 C to
+150 C.

Linking the DM 44 module to an oscilloscope
produces a highly versatile piece of test equip-
ment—one that can make precise timing meas-
urements (1% accuracy) and can perform gen-
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eral circuit troubleshooting. The DM 44 option
adds $410 to the price of the selected oscilloscope.
The temperature probe can be omitted if not re-
quired, however, and the price drops to $335.

A DMM you can count on

For applications that require a frequency
counter combined with the capabilities of a DMM,
Valhalla Scientific Inc., San Diego, CA, has a
4-1/2-digit multimeter counter Model 4440.

For $299 (plus an extra $50 for the counter
option), the purchaser gets several capabilities:
de and ac (RMS) voltage measurements from
200 mV to 1000 V, input impedance of 1000
megohms on the 200-mV and 2-V ranges and 10
megohms on all other ranges, current measure-
ment (dc and ac) from 200 pA to 2000 mA, re-
sistance measurements from 200 Q to 20 kQ, and
frequency counting from 2 kHz to 20 MHz, with
accuracy of 0.01% =0.005% of full scale.

The frequency counter is actually usable 7 MHz
beyond its 20 MHz limit for measuring citizens
band (CB) signals, says Harold Clark, Val-
halla’s president. Above 20 MHz, the counter in-
dicates “overflow,” and the first significant digit
of the readout is missing. However, since CB
frequencies all fall into the 26 and 27-MHz range,
the value “2” for the first digit is understood.

A variety of available options extends the
capability of the Model 4440.

For data-communications measurements, the
user can determine the time duration of the tone
burst signal—a low frequency sine wave burst
sent over telephone lines to indicate that a remote
operator wishes to communicate with a computer.
The duration of such signals must be precisely
controlled, and in cases where dozens, even hun-
dreds of telephone lines link up to a central com-
puter, checking out these time intervals can be
exceptionally tedious. The 4440’s data-communi-
cation option speeds up this testing process.

Temperatures can be measured via an optional
probe that generates a de voltage of 1 mV/°C.
When the user switches the digital multimeter to
the 200-mV range, the meter becomes a direct
reading thermometer up to a maximum of 150 C.
Temperature resolution is specified as 0.01 C,
but over-all temperature accuracy is limited to
2.6,

A pulse generator/power supply package, the
Logiklab 151 ($79.50) from Integral Electronics
Corp., Commack, NY, is designed to be both a
lab-testing device and a teaching tool.

The power supply is highly regulated, short-
circuit proof and capable of delivering 1 A at
5 V dec. The signal source in the astable mode
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A combined frequency counter and DMM with 4-1/2-
digit readout, Valhalla Scientific's Model 4440 measures
voltages to 1000 V and freqqencies up to 20 MHz.

simultaneously provides true and complementary
TTL-compatible square waves and pulses ranging
from 10 Hz to 100 kHz.

In the monostable mode, single pulses whose
widths vary continuously from 5 us to 50 ms are
produced by either a manual or remote trigger.

Multimeter race is on

A tendency within the combined-instrument
trend is to add temperature-measuring capability
to the gamut of multimeter functions. Harold
Clark, president of Valhalla Scientific, explains:

“Let’s say a design engineer—one who typical-
ly uses a multimeter—has designed something
that uses a power transistor. The power transis-
tor gets hot, and the engineer needs to know just
what the temperature rise is. That's a pretty
universal need.

“Now he’s not willing to go out and spend
$1000 on a temperature-measuring digital meter.
So if you (the manufacturer) have a low-cost
temperature-measuring option on your multi-
meter, the engineer will buy your product.”

Philips Test and Measuring Instruments,
Woodbury, NY, and Logical Technical Services
(LTS) Corp., New York City are just two of a
growing number of firms that currently offer a
multimeter that can measure temperature.

Philips has two models available, the PM2513
and the PM2527. Using an LSI circuit, the 2513
multimeter functions with 26 ranges and a tem-
perature-measuring option (—50 to 200 C)—all
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within its 3-lb package. A 3-1/2-digit LED read-
out provides the display.

Higher accuracy, autoranging, extended dec-
voltage range, 4-1/2-digit display, and wide band-
width on ac measurements (30 Hz to 100 kHz)
come with Model 2527. This version not only can
read surface temperatures between —60 and
+200 C, but also can measure the surface tem-
perature to 99% of final value within 10 seconds
(See ED No. 11, May 24, 1976, p. 137).

A small hand-held DMM from LTS uses a
semiconductor junction tip to provide tempera-

Philips Model PM 2513 DMM is also equipped to meas-
ure temperatures. Temperature range is —50 C to +200
C, with resolution to 0.1 C and accuracy of +1 degree.

ture-measuring capability. Autoranging and
autopolarity also come with this Model 12T,
which supplies readings via a 3-1/2-digit LED
display. Accuracy for dc-voltage measurements is
specified as 0.1%, and temperature-measurement
range is —55 to +153.5 C.

Four AA-sized rechargeable NiCd batteries pro-
vide power for the 12T, which also has an ac
adaptor/charger. (See “Portable Instruments:
The Specs Are Fine, but Their Batteries Are Still
Short-Lived,” p. 60.)

A new phase in measurements

A single low-cost ($2495) instrument from
UFAD Corp., Grand Rapids, MI, simultaneously
measures phase shift, voltage gain, and network
distortion.

Known as Lab-All, the device uses a filter to
select a precise band of frequencies. The exact
bandwidth can be set to customer’s specifications
anywhere from 0.01 to 3000 Hz.

Determining the frequency components of a
complex signal is just one of the many functions
this filter can perform. Not only can the filter’s
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center frequency be positioned manually any-
where in the band from 30 Hz to 100 kHz with
a front-panel control, but the filter can also be
caused to sweep through a range of frequencies—
in the manner of a spectrum analyzer—Dby inject-
ing an external sawtooth voltage.

Lab-All comes with the following :

®m Tracking bandpass filter (constant area fil-
ter). Shape of bandpass is such that at 60 dB
down, bandwidth is only twenty times the 3 dB
bandwidth.

= Quadrature outputs. At the selected fre-
quency, dc voltages proportional to both the sine
and cosine components of the signal are available
as separate outputs.

= Tracking notch filter.

= Sweep filter.

s Wave analyzer.

s Spectrum analyzer.

= Distortion analyzer. (The rejected frequen-
cies are available as a separate output.)

In addition to its wide variety of general appli-
cations, the Lab-All has been used in many spe-
cial situations, according to Tony Heibel, UFAD’s
vice president:

= “Nondestructive testing” of humans to de-
termine the degree of hardening of the arteries.
A broadband noise signal was applied to a por-
tion of a human limb in an experiment conducted
at Michigan State University. After the signal
had passed through the subject’s body, Lab-All
examined its frequency spectrum. The research-
ers discovered, interestingly enough, that the
blood flowing through arteries coated with fatty
deposits affected the transmitted signal so that
its frequency spectrum differed measurably from
a similar signal passing through subjects with
lower arterial deposits.

Lab-All was used because its precise narrow-
band capabilities could pick out the frequency
differences.

s Balancing rotating machinery, such as crank-
shafts. Lab-All can accurately determine the
amount of unbalance by measuring frequency
variations.

® Tracking signals buried in noise or meas-
uring signal phase with the aid of a scope. Lab-
All is such a precise tracker, Heibel points out,
that it can track a signal as low (relatively) as
the 101st harmonic of a square wave.

® QOther applications include measurements of
noise and doppler frequency shifts and speak-
er and microphone testing.

= A scope CRT overlay, calibrated in both am-
plitude and phase is provided. By varying Lab-
All’s frequency, a Nyquist plot is generated on
the scope screen. um ¢
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from the people who brought you the EMI-Scanner.

SERIES

Instrumentation
Recorder

Designed to match
laboratory-quality per-
formance in a compact
modular portable.

® Complete electronics for
14-channel record and
reproduce...FM, DR, or PCM
in any mix.

m Built-in, auto-switched cali-
brator...eliminates all
external test gear.

m 8 standard speeds (15/16-
120 ips)...up to 25 hours
confinuous recording time
at 15/16 ips.

® ntegral all-solid-state-
switched filtration, equaliza-
tion, and calibration at all 8
speeds...not a patch lead
required.

u Up to 42-channel capability.

= Thousands of dollars less than
comparable units.

CIRCLE NUMBER 295

MODEL
SE6150

Ultra-Violet
Oscillograph

Lowest price everin a
quality high-speed multi-
channel oscillographic
recording system.

m 12 channels...é with built-in
signal conditioning.

® Wide range of linear, servo-
regulated chart speeds...
0.008 to 40 inches/sec.

m Superior optical system...
self-generates grids, tim-
ing/reference/event
markers

m High writing speed...to
50,000 inches/sec.

® Economical and easy to
operate.

m Extremely competitive pric-
ing...in all capacities and
modular combinations.
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MODEL
SM215

MODEL
SM2001A

Programmable
an
Autoranging
Transfer-
Standard DVM

A true secondary transfer-
standard instrument.

m 6'2-digit display, with
autopolarity.

m Stability: 2PPM (short term);
1IPPM (3 months); 15PPM/
year...all without any
adjustment.

u Linearity: significantly better
than 1PPM; Resolution: TuV.

® High common-mode and
noise rejection.

= |nput Impedance: 100,000
MQ; Input Current: 10pA.

& Unequalled performance
and reliability.
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High-Performance
Transfer-Function
Analyzer

Most convenient, eco-
nomical, and versatile in
its class.

= Frequency Range: 0.00001
to 999 Hz...optionally
to 1 MHz.

m Digital display in Cartesian,
Polar, and Log/Polar Modes
(for Nyquist, Bode, or Nicholls
plots).

® |ntegral harmonic analysis
capability...measures
system non-linearity.

m 0.1° Resolution.

= Unbelievably easy to use...
can be readily operated
by unskilled personnel.

CIRCLE NUMBER 298

Why haven't you heard of
these 111 instruments before?

Because they have never before been marketed in America. Throughout Western Europe they have establish-
ed new standards of quality and performance in direct competition with the same instruments available to
you in the U.S. They are typical of the superb-quality electronic devices which come from the EMI Group.
EMI Limited is a diversified billion-dollar multi-national company with more than four decades of achievement
in a broad spectrum of high-technology research, development, and manufacturing. Its electronics activities
range from aifbormne radar to computerized x-ray scanning, from color-TV cameras to laboratory
instrumentation, and from data-processing to electronic security systems.

The revolutionary EMI-Scanner, acclaimed world-wide for computerized x-ray diagnosis
of brain conditions and abnormalities in other parts of the human body, is just one
of many examples of the creative talent and development skill that go into all EMI products.

The Instrumentation Division of EMI TECHNOLOGY INC., a US-based member of the EMI Limited Group,
now brings selected EMI-developed data acquisition/

measurement/analytical instrumentation to the US. market. EM' TECHNOLOGY INC
L]

P.O. Box 1264, Danbury, Connecticut 06810 (203) 744-3500 - TWX 710-456-3068
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When logic demands

variable persistence, storage

plus third channel
trigger view...

HP’s the Answer.

HP’s new 1741A variable persis-
tence/storage scope, with 100 cm/us
writing speed, gives you the combina-
tion of features you need in a 100
MHz scope. Storage for studying
single-shot events; variable persis-
tence for clear viewing of glitches and
low-duty-cycle traces; and third-
channel trigger view for accurate
trigger-to-event timing.

Excellent variable persistence
means a bright, sharp trace you’d
expect only on a non-storage scope.
The result is a bright display of fast,
low-duty-cycle repetitive signals.

Auto erase/Auto store. In Auto
erase you adjust the number of dis-
plays per second up to 10 seconds.
After that, it's all automatic, which
means you simplify your set-up time
and you eliminate smeared displays
of digital data. It's a powerful tool
for capturing those elusive glitches in
data streams.

In Auto store, your
1741A is armed, _

ready to trigger and store those
random, single-shot events when
they occur.

Third-channel trigger view lets
you observe an external trigger signal
simultaneously with Channel A and B
traces. This gives you a simple way
to make accurate timing measure-
ments from the trigger signal to events
on either or both channels. In most
applications you can consider this

to be a third channel. (The center
horizontal graticule line is the internal
and external trigger level point.)

For measurement convenience,
the 1741A has a selectable 502
input in addition to the standard 1 MQ)
input. A 5X magnifier permits two
channel measurements as low as
1 mV/div. to 30 MHz, without cas-
cading. The 1741A is priced at
$3,950%*.

Call your local HP field engineer
today for all the details.

*Domestic U.S.A.
price only.

HEWLETT W PACKARD

Sales and service from 172 offices in 65 countries.
1507 Page Mill Road, Palo Alto, California 94304

677-0400 086 11

CIRCLE NUMBER 49
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counterparts are both engaged in the same
thing : designing. But they go at it in very
different ways.

American engineers and their European

The American engineer has a way of cost-
thinking that the European doesn’t. He has a
better feeling for how much money he should
put into the design of a new instrument.

I know of one European company whose prod-
uct planning meetings always started at the
wrong end : They began with the customer’s needs
when they should have begun with his money.
How much was the customer prepared to spend?
How much performance and reliability could he
get for this amount? How much resolution? How
many functions?

The American engineer is a master of com-
promise and of doing things inexpensively. The
color television set, for example, is a remarkably
complicated machine that is produced very inex-
pensively.

Europeans haven’t really learned compromise
yet: they look first at performance. They get a
block diagram and say, “let’s design this instru-
ment.” Only later, after it is produced, do Euro-
peans try to see how to make it cheaper.

The American engineer is
much more adjusted to reality
than the European. The Euro-
pean engineer wants to design
the best in the world. The
American engineer wants to de-
sign the most marketable.

European pride in design is
overvalued and runs up the
cost. Not only does this pride
cause more performance to be
designed into an instrument
than the customer needs or
wants to pay for, but it even
stifles teamwork.

I recall once when two groups
of engineers were designing
synthesizers—each group was
building ‘“the best synthesizer
in the world.” Eventually, they
became so competitive they
wouldn’t speak to each other.
No one wanted to give any tips
away to the opposing team. So

John F. Mason
Associate Editor
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Ulrich L. Rohde, whose father is co-founder of Rohde &
Schwarz, Munich, not only markets company products in

they ended up with two excellent synthesizers—
both so expensive no one would ever be able to
afford them. So they had to be redesigned.

In America, the two groups would have talked
with each other—possibly at lunch or while play-
ing baseball—and they would have turned out
one synthesizer in half the time and at a much
lower cost.

European engineers—and the Japanese, appar-
ently—are brought up to think that to earn
money, they have to spend years and years de-
signing something that’s never been equalled be-
fore. But by the time it is finished, the product
is no longer needed or new. European engineers
should settle.on some in-between point of view
that’s less theoretical and more practical.

Another reason Europeans design instruments
with high performance specs is that most Euro-
pean governments require them.

This “excellence” works to the Europeans’ dis-
advantage when they try to sell in America.

ELECcTRONIC DESIGN 24, November 22, 1976

the United States, but also designs instrumentation to be
built in the United States.

Americans say, “You have a fantastic machine,
but it does too much; we don’t want to pay for
what we're not going to use.” For example, Rohde
& Schwarz has an excellent signal generator used
for blocking tests as required in Germany, but
such stringent tests and specifications are not re-
quired here. Hewlett-Packard has a similar ma-
cine that does only what the FCC now requires
and costs less than Rohde & Schwarz’s. So how do
we convince an American to pay more for some-
thing he doesn’t need?

European manufacturers will probably adopt
American practicality in the next five years or
so, anyway, because of the increasing availability
of information. Not only are the American jour-
nals like ELECTRONIC DESIGN well read in Europe,
because so many European engineers learn Eng-
lish in school, but now there’s more personal con-
tact with Americans. With the devaluation of the
dollar, Europeans can now afford to travel to the
United States to attend symposia and trade fairs,
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and visit U.S. government agencies and indus-
tries. The dollar was devalued in 1968. So, ac-
tually Europeans have only had eight years of
this personal exposure to American ideas.

One thing I don’t understand is how American
engineers can buy an instrument that not only
barely does the job, but becomes obsolete in a cou-
ple of years.

Europeans like to have instruments that go far
beyond their needs. But I suppose the American
engineer can’t be blamed completely; it’s the
management point of view that prevails.

The difference between the European and
the American engineer begins:in school. The
American’s educatioi is more practical, the
European’s more theoretical.

I'm sure the German engineer, fresh out of
school, typically knows more mathematics than
the American. He goes more deeply into things.
I’d also bet that the European engineer in gener-
al knows much more, mathematically, about the
circuit he designs, and why he did it that way,
than the American.

I have talked with people who admire me for
some particular detail I happen to know. But,
actually, the detail has very little meaning; I just
learned it in school because I had to. Anyone can
memorize a lot of formulas and equations—and
later forget them or not even need them.

The Japanese have a similar in-depth back-
ground. Look at any copy of Proceedings of the
IEEFE and you’ll find that most of those articles
that contain those almost unreadable mathemati-
cal descriptions are authored by Japanese.

After the first two years in a German engi-
neering school, every student must take on a spe-
cial project—usually a mathematical problem—
that he must finish successfully in order to get
his diploma. Here in America, the special project
would be to build a product, not solve a mathe-
matical problem. The result is that the American
is much better prepared for his job than the
European; indeed, he’s about two years ahead of
a German engineer. If a German engineer is hired
right out of school, it usually takes about a year
before he can be used.

Another way the American engineer and the
European differ is in their motivation. The
American wants excitement and glamour. He
likes to move from one job to the other. And he
wants to work where he can play golf or swim or
whatever it is he likes.

The American is more extroverted than the
German. He dresses better, and—this is a meta-
phor for his whole point of view—his house and
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car are more flamboyant. He’s more caught up
in status than the German.

The European in general is more interested in
job security, fringe benefits and retirement plans.
He also wants to excel at his work and be recog-
nized for his engineering skills and achievements.

American engineers differ radically from their
European counterparts in their wvillingness to
exchange information.

Americans like to talk about what they're
doing, while in Europe everything is a big
secret.

I have seen things at Hewlett-Packard, for ex-
ample, that I would never see at a German company
as a visitor.

Maybe Americans are more open because of
pride—they like to show people what they’ve

“I'm here to learn how to sell European products in
America, what changes in design and philosophy are
needed to be successful here.”

achieved. More likely, however, Americans realize
—whereas Europeans don’t—that most proprie-
tary secrets don’t mean very much. If Rohde &
Schwarz, for example, learned all of American
Company X’s techniques for making better oscil-
loscopes, Company X would still make better
oscilloscopes. It would probably have its own
IC department, make its own CRTSs, and would
have evolved its own manufacturing proced-
ures. However, I'm sure that Company X
wouldn’t find it so easy to produce military com-
munications to compete with Rohde & Schwarz
in Europe.

Communication is important because people
are like wolves. They occasionally like to be by
themselves, but they do best when they're togeth-
er. If someone is isolated, he’s either sick or in
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trouble. Once when I was a development manager,
I instituted weekly meetings where engineers
could tell their colleagues what they were doing.

Are Americans good salesmen?

I used to meet American salesmen who had
come to Germany to sell semiconductors or in-
struments. And I admired them tremendously.
They had the courage to come to a foreign coun-
try where they couldn’t speak the language. They
had to rely on finding enough German engineers
who spoke English to be able to function.

If these men didn’t make a sale, howe er, it
was usually because their company didn’t back
them up. The company couldn’t assure its sales-
man that the component he was trying to sell
would still be in production by the time the Euro-
pean customer needed it in large quantities. It
has also happened that by the time the European
company has finished a design, the desired com-
ponent was no longer being produced, and we had
to start over again.

American salesmen are even good in America,
considering the red tape everyone must go
through to sell to an American firm.

In Germany, a department head often needs
about five internal signatures to buy instrumen-
tation for his company. Here in the United States,
I've seen companies that require 10 or 12. Any
salesman who can get through all this red tape
has to be admired.

European engineers also differ from Ameri-
cans in their approach to writing specs; the Euro-
peans are more conservative than aggressive.
European engineers promise the very minimum a
product can achieve so the customer who gets the
one product out of a hundred that falls to that
level won’t be disappointed.

Americans, on the other hand, pride them-
selves on their ‘“specsmanship.” A clever sales
force can put an instrument’s best spec forward,
so to speak. Or specs can be written in a way
that’s hard to interpret for all cases. Europeans
haven’t done this yet.

How do Europeans sell to the American mar-
ket? That’s what I'm here to find out.

Back in 1967, before the dollar was devalued,
American instruments were expensive in. Europe
and European products were cheap in America.
Rohde & Schwarz sold easily in America, but
Europeans found it difficult to buy American
products. I remember the HP spectrum analyzer
—it was practically the only one being made, and
it was unbelievably expensive.

Then the dollar went down, and American
products were in great demand in Europe. They
hadn’t suddenly become better, just cheaper.

European-made products are more expensive to
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Who is Ulrich Rohde?

Ulrich L. Rohde is winding up his second
year as president of Rohde & Schwarz Sales
Co. (USA), which has offices in Fairfield, NJ,
and a territory that covers the entire United
States including Puerto Rico.

Besides marketing products manufactured by
Rohde & Schwarz, Munich (Rohde’s father, Dr.
Lothar A. Rohde, is one of the company’s
founders), Rohde himself is also designing
products for manufacture here in the United
States.

Born in 1940, Rohde studied communications
engineering at the technical universities of
Munich and Darmstadt, and after working for
other companies became head of the Research
and Development Div. for Military Communica-
tions Equipment of AEG-Telefunken in Ulm,
West Germany.

A Senior Member of the IEEE, Rohde has
published more than 40 articles in the field of
communication engineering. While still in
school, he wrote a book on the behavior of
transistors at very high and ultra-high fre-
quencies.

“My father had always said that if you
wanted to become an expert in a subject, write
about it. I did and it was a great success; it
sold 20,000 copies, which is a lot for a book
published in German. But it didn’t win me any
friends at school. People thought I was pre-
sumptuous, I suppose, writing a technical book
while still an undergraduate.

“How did I get from Munich to Fairfield,
NJ? I'm here to learn how to sell European
products in America, what changes in design
and in pnilosophy you need to be successful
here. Because once you are successful in Amer-
ica, you’re successful worldwide.”

produce than American-made products because,
first of all, European labor is expensive—there
are so many fringe benefits that Americans don’t
have. For one thing, it’s almost impossible to fire
a German engineer. Germany is probably the only
country I know that has a strong engineer’s
union.

Also, some European products contain Ameri-
can-made high-technology components, which
means the factory in Europe has had to wait to
receive the shipment from the Unitad States; it’s
no doubt had to hassle with customs, and it has
had to deal with, and pay, distributors.

The solution is to produce a reliable product
that’s in demand and that’s economically com-
petitive, which rules out digital voltmeters and
counters right away. I'd like to know how many
people got burned making these devices. The
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number of them being offered is unbelievable.

Rohde & Schwarz’s latest really successful in-
strument is not an inexpensive, bread-and-butter
product; it is the SMPU, a fully automatic, radio-
telephone test set assembly.

Rohde & Schwarz is selling the SMPU for
less than HP’s comparable Bigfoot. Our SMPU
is about $45,000. We’ve sold to RCA and General
Electric, which use them in the production of
their communication equipment.

How did we do it? It was very simple. We used
a lot of things we already had available, and
we put them all into one box, using only as
much of a device as we needed and no more.

We took the most significant assemblies of a
digital voltmeter, an audio-distortion analyzer, a
power meter—only those portions that we needed
—and automatically, the SMPU became cheaper.
Basically, we ended up with a computer-con-
trolled magazine full of PC boards and one uP.
The main cost was for the software.

Learning to produce more for less is the only
way to compete. And we're learning. We have
several more instruments in the works that we
also feel will be successful.

Why did I go with the competition? I didn’t go
with my father’s company for several good rea-
sons.

I wanted to be on my own. I didn’t want people
to think that I was qualified by heritage alone.
I knew I was a good design engineer, and I want-
ed to prove it. At Rohde & Schwarz, I knew I'd
be handicapped in my day-to-day work by being
the president’s son. If you were my boss, for ex-
ample, you'd feel a little funny knowing that my
father was president. Also, I knew if you and I
should reach a roadblock on a technical issue, and
we went to my father, he’d side with you.

I thought it was better to gain experience by
working in a company other than Rohde &
Schwarz, Munich, which my father and Dr.
Schwarz started in 1933.

My first contact with an outside company,
however, would never have turned out well if I
hadn’t been able to deliver the goods—if I hadn’t
been a good designer at 19, when I was still in
school.

One day, one of Telefunken’s top engineers,
Prof. Werner Nestel, came to our house for lunch
and, noting my studied silence, asked me after-
wards what was wrong. So I told him. After
school, I had built an amateur radio receiver in
the cellar of the house, and it had worked like a
charm. But when my father came down to see it,
he unfortunately grasped an uninsulated wire.
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To teach me a lesson for my negligence, he locked
the cellar door when we left, and I couldn’t get
back in.

Don’t worry, the professor told me. He would
do something. What? Get the key ? No, he couldn’t
do that. But a few days later, I received a hand-
ful of transistors—the very first vhf/uhf tran-
sistors ever built in Germany. And with them I
built an FM radio, probably one of the first in
Germany. I sent it, and my thanks, to the pro-
fessor, who in turn sent me his thanks and a
check for the design. Telefunken then produced
the radio.

After finishing my education and working for
several small companies I was hired by Prof.
Nestel at Telefunken as a design engineer and
division manager.

Here in New Jersey, I'm a salesman. But I
spend quite a few week-ends here in the office
building synthesizers. One was for a microwave
project. I have already sold the first piece.

Now I couldn’t have done this at Rohde &
Schwarz in Munich or at Telefunken. They’re
both too big. I'd have ended up with difficulties.
And that’s normal. There must be rules. Every-
one can’t go around doing whatever he likes. But
I’m the boss here in this sales office and I can do
what I like—on week-ends.

Do you know what I always wanted to do? I
had good experience in Europe with big com-
panies and I would really have liked to see how a
big American company works from the inside. I'd
like to have worked as vice-president of engi-
neering for something like Hughes Aircraft, or
another big company, where I could work with
radio communications designers.

But now I enjoy promoting Rohde & Schwarz
and other companies in the United States and
have even organized some manufacturing here.

America spoils me. If T had the choice of going
back or staying here, I think I'd be in trouble. I
like it here, my wife does. We have a 15-month
old daughter who has an American passport. I
have a house here I couldn’t have near Munich
—there’s not that much space near Munich. No
one there has a one-acre lot.

I am able to keep in touch with my friends in
Germany. I get up every morning at six and talk
to them by my short-wave radio at home. It’s
their lunch time then. And would you believe that
just outside of Fairfield, here in the woods of
New Jersey, there’s a very good little German
restaurant? Good German beer, wurst, sauer-
braten—whatever you like. Let’s go! And when
we come back, I'll give you some Leberkise to
take home; there’s a good German butcher not
far from here. mm
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Powerhouse.

Dale makes more power wirewounds...E-Rel, precision, industrial, commercial...
has more QPL'’s...more ways to meet your special housing and performance
requirements...and just plain works harder to make sure you're satisfied.

Here are four ways to prove it:

B For Complete Cross Reference Guide, Circle 351

B For Comprehensive Wirewound Resistor Wall Chart, Circle 352
® For Guide to Non-Standard Wirewound Resistors, Circle 353
B Call 402-564-3131 for immediate information.

DALE ELECTRONICS, INC., 1300 28th Avenue, Columbus, Nebr. 68601
In Canada: Dale Electronics Canada Ltd.

In Europe: Dale Electronics GmbH, 8 Munchen 60, Falkweg 51, West Germany
A subsidiary of The Lionel Corporation

Our complete product line can be found in Electronic Design’s GOLD BOOK.
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We help keep your world turned on.

A great name in automobiles, CB's, stereos, electronic ignitions,
digital clocks, gauge alert devices, testing equipment,
burglar alarms, electronic fuel injections, engine sensors,
infermittent wipers,\. cruise controls, fraction controls,

wheel lock

If you're in automotive related elec-
tronics, Nichicon (America) Corpo-
ration can offer you one of the
broadest lines of highly reliable
capacitors for mobile circuit appli-
cations . . . under the dash, under
the hood, on the axle or in test
equipment.

We can provide you with aluminum
electrolytic capacitors, ceramic
discs, polyester film and metalized
polyesterfilmcapacitors,aswell as
mica capacitors at high reliability
levels to meet automotive demands

. . . higher engine operating tem-
peratures and on-the-road use.

In fact Nichicon’s R-10 Series Alu-
minum Electrolytic Capacitors
were specifically designed and
tested for under-the-hood elec-
tronic applications calling for an
extended temperature range

&2

nichicon

controls, light dimmers...

(—40°C thru 105°C), low imped-
ance at low temperature, a tighter
capacitance tolerance, an all-
welded construction and improved
electrolyte and end seal.

And remember, Nichicon also
offers a wide choice of commercial
grade capacitors. For complete
specifications and free engineer-
ing samples, write to Nichicon
(America)Corporation,6435N.
Proesel, Chicago, IL. 60645, Phone
(312) 679-6530, NICHICON LCWD
Telex: 72-4374.

Nichicon (America) Corporation: 6435 N. Proesel * Chicago, IL. 60645 « (312) 679-6530
New York Branch: 40 Orville Dr. « Bohemia, N.Y. 11716 « (516) 567-2994

Division NICHICON CAPACITOR LTD., Kyoto, Japan

CIRCLE NUMBER 51

CIRCLE NUMBER 52 »



Just as you can count oh
water to freeze at 32 K

ou can count on
nchron motors.

When you buy a motor for installation
in your product, the last thing you want
is a troublemaker. You want te

install it and forget it.

Despite many similarities, all synchronous
motors aren't the same. Not by a long
shot. No matter what anyone may claim.

You can't judge performance and
dependabilig by data sheets alone. Or
by price. Or delivery. Or the flip of a
coin. The big difference often is the
brand name. And what's behind it. The
integrity of the company that

makes the motor. The expertise

MALLORY § %

of the designer and the people who put
it together and test it.

We make Synchron motors as if our
name were on your product. Total quality,
total dependability. Designed right and
built right, to do the job right. That's

the only way we do business. ]

Call or write for our specification sheets
and the name and location of our
representative in your area.

Choose from five principal styles of Synchron
motors —60 or 50 Hz—from one revolution per

~ week to 900 rpm—from 8 thru 98 oz-in torque at

1 rpm—from hundreds of different outputs.

HANSEN MANUFACTURING CO.
a division of P. R. MALLORY & CO.INC.
Princeton, Indiana 47670

We make every Synchron motor as if our name were on your product
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laboratory, on the bench and on the pro-

duction line continues in the face of the
tightening budgets that design engineers must
face. Competition is forcing engineers not only
to squeeze more information capability onto ever
narrower frequency bands and more bits into
conversions, but also to interface with more
powerful computers.

These competitive advances require improved
standards and.measuring equipment, and, fortu-
nately, many basic standards can now be speci-
fied to greater accuracies than ever before. The
basic standards for voltage and capacitance, and
from these, standards for resistance and current,
are now very precise. Frequency and its recipro-
cal, time, the most precise parameters, are in-
creasingly available in standalone hardware and
in a variety of existing broadcast or planned
orbiting satellite distribution systems.

T he demand for ever greater precision in the

NBS—keeper of the keys

The U.S. legal standards, maintained by the
National Bureau of Standards (NBS), approxi-
mate the accepted international (MKS system)
definitions of electrical measuring units. Volt,
farad, ohm and ampere standards are set by the
Electricity Division of NBS in
Gaithersburg, MD; the nation’s
master clock is the responsibility
of the Time and Frequency Divi-
sion in Boulder, CO. The stand-
ards are stringent: for electric-
ity, NBS measures accuracy
down to parts per million; for
the master clock, accuracy is a
matter of picoszconds.

NBS makes every effort to
disseminate these extremely ac-
curate values to industry; con-
versely, secondary (industrial)
standards sent to NBS by its
industrial customers are -cali-
brated against its primary
standards. Measurement Assur-
ance Programs (MAPs) ensure
that industrial total measure-
ment processes are reliable.
Time and frequency are distrib-
uted via VLF radio transmis-
sion and satellites.

Sid Adlerstein
Associate Editor
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Repeatable color performance from monitors is obtained
with Tektronix’ J16 photometer. Any number of moni-
tors corrected to a color temperature of 6500 K can be
matched for color even at separate locations.

But how accurate are the values of the basic
standards themselves? The entire measurement
process depends on the precision of the NBS
standard. Fortunately, some of the basic stand-
ards have recently been made extremely precise.

The volt is now more precise

Increased precision for the standard volt has
been achieved by using the ac Josephson effect
to calibrate the average value of the voltage stand-
ard itself, a bank of Weston cells. The ac Joseph-
son junction is the most accurate voltage source
ever, and its voltage, a series of steps, is known
to a few parts in 105

The Josephson junction is a frequency-to-volt-
age converter in which, the tunnel junction of
two super conductors—separated by a thin in-
sulator, properly biased with dc current and ir-
radiated with microwaves—produces a series of
voltage steps proportional to the microwave fre-
quency. Its proportionality constant depends on
the values of the electron’s charge and Plank’s
constant, and is known to better than one part
in 10",

As a standard, the Josephson reference has
three advantages:
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Calibration skills are maintained in the cassette library
of Julie Research’'s Locost test system. Programs ques-
tion the operator who responds via the keyboard.

m The junction itself is readily reproduced.

®= The thin films are permanent structures that
require no mechanical adjustments before cali-
bration.

® The junction requires no cleaning or recon-
ditioning.

There are drawbacks, however. The supercon-
ducting junction requires nearly absolute zero
temperature; output voltage is only 5 mV per
junction; and the process is time-consuming. NBS
uses two junctions in series for 10-mV output,
but the circuitry needed to scale the output up
to the 1-V level at cryogenic temperatures is a
source of error. Because calibration with the
Josephson effect takes so long, even the NBS
doesn’t calibrate its standard cell bank more than
once a month.

Capacitance is the most precise electrical unit

Currently, the most attainable electrical stand-
ard is the unit of capacitance, the farad. With
the Thompson-Lampard capacitor as the basis
for calibration, the U.S. legal farad standard is
calibrated to 0.02 parts per million of the inter-
national definition.

The Thompson-Lampard is a variable-cross-
type capacitor, with a grounded conductor rod
passing through its center. Moving the rod be-
tween its extremes results in a 1/2-pF change in
capacitance. This value is precisely calculable to
less uncertainty than two parts in 10%, in terms
of only one variable—the distance the rod is
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moved. This distance is measured on a stabilized
laser interferometer built into the device.

The U.S. legal farad standard consists of a
bank of five fused-silica dielectric capacitors,
each with a value of 10 pF.

Resistance is calibrated to the capacitance
standard. The equipment used to perform this
calibration is so accurate that the U.S. legal ohm
is less than 0.06 parts per million from the inter-
nationally defined ohm—despite the numerous
calibration steps involved.

The precision to which the ohm and volt stand-
ards are known have limited the fluctuation in
yet another standard—the ampere. An absolute
determination of the ampere is carried out at
NBS only once every ten years or so because the
procedure is so cumbersome and inexact. A bal-
ance measures the force produced by current
flowing in two conductors. But this method has
as much as 15 parts-per-million error. The volt
and ohm standards can be used to produce the
ampere to an accuracy of 0.07 parts per million.

Frequency is the most precise standard

The most accurate standard available, fre-
quency, is derived from the hydrogen maser. The
hydrogen maser is capable of stabilities of 1 part
in 10'* for 100-s averaging and 2 parts in 10"
for 1000-s averaging.

While they are ultra-precise, hydrogen masers
are also expensive, large, heavy and sensitive to
shock and vibration. But precision hydrogen
masers have been made that have a diameter of
only 19 in., a height of 30 in. and a weight of 80
Ib. These have been applied in airborne-relativity
experiments.

Since, for most applications, the maser’s ulti-
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Tantalum nitride fine-line resistors (righ?) provide long-
term accuracy and temperature stability for HP's 3465A
five-function bench or field DMM (left). Fine-line resis-
tors and MOS ICs in its a/d converter give the unit a
one-microvolt sensitivity for dc voltage.

r.ate precision is superfluous anyway, the less
precise atomic-frequency standards, cesium and
rubidium, are widely used in industry. Also,
quartz-crystal standards are now available that
offer surprising stability and spectral purity.
The frequency stability is usually of the order
10" for rubidium standards and either 10'* or
10** for cesium, standards. On the other hand,
quartz-crystal oscillations boast stabilities of
10 and even better.

In addition to atomic and crystal standards,
precise frequency is available through WWVB,
a VLF standard broadcast station run by NBS.

An alternative to WWVB for obtaining precise
frequency is the use of a ‘TV color sync-burst
comparison. All four major TV networks (ABC,
NBC, CBS and PBS) have extremely stable car-
rier frequencies. The frequency in their color
bursts (3.58 MHz) is synchronized with atomic
clocks.

The TV-color-sync-burst technique is accurate
to 1 part in 10*'. TV network time is offset from
the rest of the world’s agreed time (UTC time)
by 3000 parts in 10'. Normal TV-network-
broadcast signals are the NBS signal minus 3000
parts in 10,

Two NBS stationary Geophysical Orbiting
Earth Satellites (GOES) now broadcast to the
earth and cover the North American continent.

Industrial low-frequency standards

Today, low-frequency electrical instrumenta-
tion offers the variety of a flea market. Stream-
lined and softly colored five-and-six-digit meters
stand alongside the walnut and black of the old-
er, more staid analog devices, while stable com-
ponents, using new materials and processes re-
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Accurate rms measurements at zero dBm and zero dB
levels are provided by W & G's EPM-1 milliwatt test set.
Probe circuitry prevents thermocouple burn-out.

place prosaic wire wound resistors. In the pre-
cision-instrument bazaar, a new generation of
automatic equipment vies with the older, manual
hardware. Nearly ultimate accuracy and lower,
but cheaper, precision come in almost every in-
strument.

A reference that can maintain a unit of volt-
age with a 1-ppm precision at the one-volt level
is now available from Superconducting Technol-
ogy, Mountain View, CA. It consists of a Joseph-
son junction with low-temperature Dewar, micro-
wave and dc-bias junction sources, and a poten-
tiometer.

In addition to its line of impedance standards
and precision bridges, GenRad of Concord, MA,
has introduced an inexpensive capacitance stand-
ard with 0.25% accuracy over seven range selec-
tions, from 1 uF to 1 F. The GR 1417 costs $775
and can be used as a standard for dissipation
factor (D).

A fine-line process at Hewlett-Packard, Palo
Alto, laser trims resistors on a sapphire sub-
strate to ratios of 0.01%. The fine-line process
was first used in HP’s 3465 multimeter. Now,
every DVM on the HP drawing boards uses the
stable fine-line processed resistors whose values
range from 5 Q to 10 MQ.

Automated standards are the trend at Ballan-
tine Laboratories, Boonton, NJ. Ballantine’s Model
1500A auto-balance ac-to-de transfer standard,
for measuring true rms-ac voltage, brings the
precision of the standards lab to the calibration
and manufacturing areas. Featuring 0.005% pre-
cision and calibration from 2 Hz to 30 MHz, this
remotely programmable instrument reportedly
can be used even beyond 100 MHz.
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Removable reference assembly simplifies calibration of
dc functions and ohms in Hewlett-Packard's 3455A, a
guarded integrating 5-1/2 or 6-1/2-digit multimeter.

Seven ranges of capacitance from 1 uF to 1 F can be
selected with the GR 1417. The four-terminal standard
also acts as a standard for dissipation factor.

The feeling at Electro Scientific Instruments,
Portland OR, about measuring dc resistance in
the ppm range is that the measuring instru-
ment’s long term stability is degraded when its
size is reduced and its speed increased. Conse-
quently, the calibration cycle must be shortened.

Architectured systems for test and calibration
are a major involvement at Julie Research Labs
in New York. Its Locost line of automated pre-
cision test and calibration systems are controlled
by master programs on cassettes. The software
asks the operator a series of questions to which
he replies via keyboard entries.
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The world’s most accurate voltage standard, the Joseph-
son junction (left) is mounted in a microstrip enclosure
for microwave irradiation while held at —77 K or less.
Capacitance is a distance function in the Thompson-
Lampard variable cross capacitor (right).

Time bases for counters and local oscillators
(LOs) for communication systems require pre-
cise frequency. Frequency counter time bases
require frequency stability, while modulated-
carrier communications devices are concerned
primarily with having a phase noise (spectral
purity) of low spectral density, especially near
the carrier. This is especially true of digital sys-
tems where channels are spaced only 10 to 15
kHz apart; obviously, phase noise near the car-
rier is a crucial consideration when information
is phase-modulated onto a carrier. And in the
upcoming area of gigahertz timing, both phase
noise and stability are important.

Frequency hardware is available

Fortunately, industrial frequency sources
abound. New component quartz-crystal oscillators
from Austron of Austin, TX claim a phase noise
of —110 dB at 1-Hz deviation —155 dB at 10 Hz
and —180 dB at and beyond 1 kHz.

For Austron’s 2010B Disciplined Frequency
Standard, stability of a few parts in 10'* per
day is maintained for several months by the in-
strument’s third-order servo loop. The unit’s
quartz oscillator is corrected from an input, say
a cesium-beam standard or a Loran-C signal. The
device then “learns” its frequency offset and
aging rate and constantly corrects itself.

Hewlett-Packard’s quartz oscillators emphasize
long-term stability rather than spectral purity.
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HP’s 10544A instrument is intended for use in
communications systems as a counter’s time base
rather than a LO. The unit has a long term sta-
bility of 5 parts in 10'° per day. However, the
10544A has pretty respectable phase noise char-
acteristics——83 dB at 1 Hz to —145 dB at 1 kHz.

The —145 dB noise floor is partly the fault of
the unit’s switching regulator. At the beginning
of 1977, HP's 10544B quartz oscillator will be
available. This new instrument will have its in-
ternal dc generated by a linear regulator, and the
noise floor for the unit will be lowered to —150
dB at and beyond 1 kHz from the carrier.

Arbiter Systems of Goleta CA, markets a Model
1011B frequency comparator for under $3000,
which compares a unit under test to the standard
TV broadcast color burst. The comparator re-
quires eight cycles of the 3.58-MHz color burst
to phase-lock. No warm-ups or adjustments are
needed, and like any phase locked system, the
uncertainty (error) is reduced by increasing the
sampling time (averaging). However, averaging
times with this system are in seconds rather than
days, as with VLF systems. For example: a fre-
quency may be tested to an accuracy (=1/2 LSB)
of 10°in 1 s or up to 10 in 1000 s. ==
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HAVE YOU EVER NEEDED
STORAGE 'SCOPE RESOLUTION
THAT JUST WASN’T THERE?

In a storage 'scope you need better, not lower \
resolution, because what you capture will be all
you'll ever see if the signal occurs just once.

Nicolet’s general purpose storage oscilloscope
provides 20 times better resolution than the next
best storage 'scope. And you don’t need binoculars
or a microscope. You can electronically zoom in on
any detail of interest. Quickly and easily, whether
the signal is stored or live.

b 4

110 ELECTRONIC DESIGN 24, November 22, 1976



Gide a Waveform??? \

Some storage oscilloscopes can hold a trace,
without fading, for so long a time that the instrument
specifications merely say ‘‘holds until erased”’.

This is true of Nicolet’s storage oscilloscope,
EXPLORER. And a fineadditional feature is that you can
cause the stored information to be hidden away, out
of sight, until you want to see it again. This means
that you can use the EXPLORER for normal operations
in the meantime. It isn’t tied up by the holding
process. You can tuck away several waveforms, out
of sight. And can recall any of these, or all of them at
once superimposcd, for examination and
comparisons. A minute, an hour, days, or weeks
later.

k. 4

/Write-through Storage! \

If you want to see the effects of small changes
while they are occurring in a circuit system, it’s
great to be able to store the original waveform
and continue to see live, ongoing signal
waveforms superimposed on
the original waveform.

Especially in the case of the EXPLORER, which
allows up to 64X expansion of corresponding
regions of both the stored and live waveforms.
Changes of as little as 0.02% can be clearly seen
and there’s no limit to the length of time this can
be continued. The stored signal

kdoesn't degrade in the least. /

/

What’s Automatic Persistence?

Variable persistence storage oscilloscopes are
useful for observing signals that don’t occur
often. The persistence time can be adjusted so
that the trace fades by the time the next signal is
expected.

Automatic persistence is better. The trace
remains, without fading, right up to the time the
next signal occurs. It doesn’t matter how long or
short the interval between signals, and no NICOLET
adjustments are needed. Nicolet’'s EXPLORER E INSTRUMENT
koscilloscope has automatic persistence. J CORPORATION

ELECTRONIC DESIGN 24, November 22, 1976



A o

Simple Signal Capture!

To capture a signal with the EXPLORER just press a
“hold’”’ button. To return to live action, press the
“live”” button.

There’s no mode switching, no enhancement, no
beam adjustment, no erase step and no sweep
arming. The EXPLORER is much quicker and much
easier to use.

To speed up reaction time, use a remote sensor
to choose the interesting signal. It can
decide before, during or after. That’'s important
because sometimes neither you nor the sensor
know that the signal should be held
until the signal has started or ended.

L i

/ Store a Week-Long Signal! \

Storage oscilloscopes are handy for observing
very slow signals. Sweep times as long as a minute,
in a non-storage scope, result in a display that’s not
much more than a slowly moving dot. But a storage
scope generates a clear trace representing the
signal waveform, which is much better.

For longer sweep times you’'d better borrow a pen
recorder. Or use Nicolet’s storage oscilloscope
which has sweep times that range from
microseconds to days.

Even if very slow signals are not your immediate
interest, it's handy (fun, in fact) to record overnight
or over-weekend changes in such variables as
temperature or line voltage. With high accuracy and
Qetter resolution than a high precision pen recordey

( These are half a dozen significant new capabilities of the EXPLORER . \
There are half a dozen more, and a few more of less importance.

Hundreds of pleased EXPLORER users find them easy and natural to
operate. In the words of one, “Anyone who has ever actually used an
EXPLORER in his work will never want to go back (to the older 'scopes)
again.” Evaluated by one of the nation’s largest laboratories, “An excellent
oscilloscope — providing significant advantages.”

EXPLORER is a low frequency, general purpose oscilloscope.
Bandwidth, 1, 2 or 5 MHz depending on plug-in.

The EXPLORER s pictured here with the Model 96A plug-in for two-
input, 1 MHz applications.

To discuss details, order a brochure, or arrange a demonstration please

Qontact Applications Engineer John Gericke. /

NICOLET
= INSTRUMENT
CORPORATION 5225 verona Road « Madison, Wisconsin 53711 « Telephone: 608/271-3333
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SEMTECH NEWS =

Published from time to time by SEMTECH CORPORATION « 652 Mitchell Road, Newbury Park, California 91320 / Phone: (805) 498-2111

New! Bi-polarity
Silicon Transient
Suppressors!

LOWEST DYNAMIC IMPEDANCE!

Can be supplied as JAN, JANTX or JANTXV

to MIL-S-19500/516 (EL)

This new series of silicon bi-polarity transient suppressors is unique

in that a single device will provide voltage transient protection
symmetrically (i.e., provide protection for A.C. signals in addition to D.C.).
This new series of devices has peak pulse power ratings of 500 to
1500 watts for 1 millisecond and its response time is effectively
instantaneous (less than 1 x 102 sec.). Therefore, these versatile
devices have many protection applications where large voltage
transients can permanently damage voltage-sensitive components. The
devices are encased in Semtech’s Metoxilite, fused directly to the high
temperature metallurgically bonded assembly. For use in commercial,
industrial, military and space programs.

500 Watt

Peak Pulse Power

= .__‘._

Types: IN6102 through IN6137
Break down Voltage V(BR):

From 6.8 to 200Vdc +=10%
Peak Surge Voltage (Vsm): 11.0 to 286.0V
Peak Surge Current (Ism): 45.4 to 1.7A
Temperature Coefficient of (VBR): .05 to.11%/°C
Case Size (Max.): .140" D x.165" L

1500 Watt

Peak Pulse Power

Types: 1N6138 through 1N6173
Breakdown Voltage V(BR):

From 6.8 to 200Vdc +10%
Peak Surge Voltage (Vsm): 11.0 to 286.0V
Peak Surge Current (Ism): 136.4 to 5.2A
Temperature Coefficient of V(BR): .05 t0.11%/°C
Case Size (Max.): .180 " D x .165" L

ooy g S« g M G+ G 0 e
4-LAYER DIODE IN METOXILITE!

Reduce circuit costs and increase reliability!

Semtech’s 4 Layer Diode (PNPN) is a silicon
switch that is controlled by the amount of
voltage applied. The application of this diode
to a circuit often reduces the number of
associated components which in turn, leads
to cost reduction and increased reliability.
Now available in Semtech’s proven Metoxilite
construction as two terminal, fast-switching
devices specifically designed for low
voltage applications such as logic circuits,
pulse generators, memory and relay drivers,
relay replacements, alarm circuits,
multivibrators, ring counters, and telephone
switching circuits.

Types: 1N5779 thru 93, 1N5158 thru 60
Switching Voltage: 10 to 15V

Switching Speeds: t(on)=75ns, t(off)=250ns.
Junction Capacitance: 150pF

Case Size (Max.): .070" D x.165" L

1975 NATIONAL SBA SUBCONTRACTOR OF THE YEAR

/ CORPORATION
652 Mitchell Road. Newbury Park, Califormia 91320
(805) 498)2111 @ (213) 628 5392 @ TWX 910 336 1264
CHICAGO (312) 352 3227 e DALLAS (214) 387 3551
FLORIDA (305) 644 5404 e MARYLAND (301) 424 6663
NEW JERSEY (201) 654 4884 e SAN FRANCISCO (415) 494 0113
FUROPEAN SALES: Bourns AG Zug. Switzerland (042) 232 242
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to your health
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Instruments designed
with safety in mind
may be hazardous

rounds of the instrument manufacturers

deals with the manufacturer’s responsi-
bility for both safe use and safe misuse of his
product. The story goes something like this:

A man buys a power lawnmower and has no
difficulty mowing his lawn. After a while, he no-
tices that his hedge needs trimming, so feeling,
quite logically, that he already owns a power-
driven, leaf-cutting tool, he starts up the mower
and lifts it to do the hedge. But before he can
cut the hedge, he cuts off a couple of his fingers.
So the man sues the lawnmower manufacturer for
not placing a warning label on the mower indi-
cating that the grass-cutting blade is to be used
to cut grass alone and is hazardous to fingers.

Now comes the horror part of the story: The
man wins his suit.

An interesting horror story making the

Danger: high voltage

Warning labels are a step toward safe instru-
mentation that most companies are taking. Labels
are being placed on high-voltage probes to warn
the user about putting his hands in certain areas
—for example, too close to the tip of the probe.
Labels are also being attached on outside covers
of high-voltage instruments, and internal cages
that cordon off the specific high-
voltage sections.

A red lightning-bolt design
is becoming standard on front
panels of instruments with
high-voltage connectors. Some
companies are even using the
lightning bolt where lethal volt-
ages may appear—for example,
on voltmeter-input connectors.
Here, the instrument doesn’t
generate high voltage on its in-
put, but the input terminals be-
come ‘“hot” when high voltages
are measured.

Liberal warnings can now be
found within the text of specific
measurement or calibration pro-
cedures outlined in instruction
manuals. To make their point,
these warnings are often print-
ed or outlined in red and set off
from the rest of the text.

Some companies have even

Jim Gold
Western Editor
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A lighted warning label that tells the user to be careful
of high'voltages is a new safety feature that is starting

gone to the extreme of putting lighted warning
labels on their equipment. For example, an auto-
mated test system developed by John Fluke,
Mountlake Terrace, WA, is capable of perform-
ing preprogrammed tests on many pieces of
equipment. A good number of these tests have
potentially lethal voltages crossing between the
automatic tester and the tested device. The inter-
face between them is a transition panel with a
lightning-bolt label that lights up when the pro-
grammed test involves dangerous voltages.
Illuminated warning labels are especially use-
ful when an instrument is meant to be used by
someone unfamiliar with high voltage and its
effects. But what about those who are supposedly
familiar with high voltage—the engineers and
technicians who deal with it every working day?
Has anyone not been zapped by a ‘“‘familiar”
piece of equipment at one time or another?
Familiar with the moral of the story of the
man and his lawnmower, most instrument manu-
facturers provide safety interlocks on their equip-
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DANGER
HIGH VOLTAGE

T LETHAL vouTacES

to appear on instruments such as this precision power
amplifier from Fluke.

ment that are designed to protect the user. Many
even go to the extent of incorporating double
interlocking switches in situations where lethal
high voltage exists.

Double interlocks maintain integrity

Double interlocks are used to guard against
the failure of any single interlock switch to main-
tain the integrity of the protective interlock
system.

Clear plexiglas shields are commonly employed
with the interlocks over internal portions of the
instrument where high voltages may be present.
Besides permitting the area to be inspected and
the curiosity of the purchasing engineer to be
satisfied, the shield prevents access to the high-
voltage area.

The exacting requirements of the medical elec-
tronics industry have led to the production of
clear plastic, ac-line-cord plugs. The visibility of
all connections from the insulated line cord to the
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metal prongs of the plug helps ensure that the
cord wires are connected to the proper prongs.

The instrument manufacturer’s concern for
safety has expanded to include his own safety
devices. Fuses, which are included in equipment
design for safety, are now being analyzed them-
selves by cautious instrument manufacturers.
Fuse holders are being incorporated into equip-
ment as an integrated fuse-hold-and-line-cord-
receptacle combination that sometimes includes a
cover-interlock switch for the instrument. This
combined fuse holder and line-cord receptacle is
outfitted with its own fuse cover, which prevents
contact with the fuses while the equipment is
plugged in. The cover slides over the receptacle
in which the fuse is located. This ensures that the
power is physically disconnected from the
instrument.

Since the fuse cover is generally clear plastic,
the fuses may be observed while the equipment is
in operation to check for any burn-outs.

Similarly, when an old-style, black-bakelite,
panel-mounted fuse holder is used in an instru-
ment, the power (hot) line of the fused circuit is
generally connected to the rear (tail) of the fuse
rather than the front (head). So the fuse clamp
ed into the holder by its head can be removed by
unscrewing the front of the fuse holder and
avoiding any directly exposed line voltage. The
hot line is deep inside a hole in the fuseholder
and can only be reached by touching the bottom
of this hole with a probe whose diameter is limit-
ed to a quarter of an inch.

Proper grounding a must

Properly grounding all exposed metal parts on
the outside of an instrument is essential to the
safety of operating personnel. Standard practice
requires that a solid connection be established be-
tween all exposed metal parts and the ground
wire in a three-wire ac line cord. In fact, one pro-
posed international specification requires that all
exposed metal parts on an instrument measure
not more than one ohm to the ground pin on the
ac line plug.

Instrument power-line switches are also being
scrutinized by safety engineers. Double-pole-
single-throw switches that break both the hot and
neutral sides of the power line are replacing the
old single-pole-single-throw ac line switches to
assure complete isolation from the power line
when the equipment is switched off. Only the
ground connection is left intact. The neutral side
of the power line is not at ground potential in
many cases, and allowing ‘“power-off” adjustment
of switched-off equipment with a portion of the
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instrument’s circuitry at other than ground is a
risk many instrument manufacturers are choos-
ing not to take.

Volt-ohmmeter goes boom

Volt-ohmmeters are particularly suited to mis-
use and potential failure. Since they generally
have multiple ranges and sensitivities, they can
be easily connected to large voltages even while
set improperly. This usually happens while at-
tempting to measure voltages with the meter set
to measure either resistance or current.

Traditionally, ohmmeter manufacturers have
protected their products by building them to
withstand up to 30 V on the input when inad-
vertently connected to a live circuit, then have

Double  insulated cases make battery operated instru-
ments safer. Used in instruments such as this dual trace
scope from Philips, the double insulation permits the
user to float the instrument so that signals riding on
high voltages can be displayed.

relied on a fuse to save the meter above 30 V.
Now ohmmeters are equipped with semiconductor
protection circuits that enable them to withstand
a guaranteed 250-V application, on the theory
that the meters should not be harmed when con-
nected to the ac power line accidentally.

However, as illustrated by the case of a man
measuring voltages with a volt-ohmmeter held
between his knees, meter manufacturers have
more to worry about than protecting their own
products. The man had the range switch set for
current, and as he probed a power line, the volt-
ohmmeter exploded. Fortunately, the man was
not injured, and the volt-ohmmeter manufacturer
learned the same lesson as the lawnmower manu-
facturer, but at a much cheaper cost.

But attempts to solve safety problems must be
considered for their own safety value. The acci-
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With a line of minis and micros like ours,
we don't have topush any one of them.

With other companies, you might set out to buy a micro-
processor chip and end up with the whole chassis. Or get a
box when all you need is a board.

But Data General doesn’t work that way. We don’t have
to push you into buying something you weren't really looking
for. Because we can let you choose from microprocessor chip
sets, microcomputer boards, completely packaged MOS
minis and full-blown NOVA 3 systems. All four are compatible.

And they give you a range of performance with a range of prices.

So, if you're a component user, there are both high-per-
formance microNOVA chip sets and microcomputer boards
that feature Data General’s mN601 microprocessor. The
mN601 is a full 16-bit NOVA-on-a-chip. And the microcom-
puter is a full 4K-word computer-on-a-board. You package
them yourself, for greatest economy. (Speaking of economy,
the board costs only $589 in OEM quantities of 100.)

And if you're not ready for components yet, there’s our
fully-packaged microNOVA MOS minicomputer. It’s available
with up to 32K words of MOS memory and peripherals like

our diskette subsystem. And it’s supported by our Real-Time
Operating System and diskette-based Disc Operating System.
You can get our mini with 4K words of MOS memory for
only $1995. Or as a complete development system with the
diskette.

If you need bigger systems capabilities, take a look at
our NOVA 3 computer. It’s compatible with our microNOVA
family. And it runs with high-performance peripherals,sophis-
ticated software like Real-Time Disc Operating System, high-
level languages like FORTRAN 5 and BASIC, and memory
expansion to a full 128K words.

We've got it all. But we won't try to sell it all. Unless it’s
what you really need. If you don’t believe that line, call us.
Dial 800-225-9497 (in Massachusetts, 1-617-485-9100, ex-
tension 2509 ) and ask for information on microNOVA and
on the free half-day microNQVA seminars that happen this
fall all over the country.

Or write for our microNOVA and NOVA 3 brochures.
And see for yourself.

DataGeneral

Data General, Route 9, Southboro, Mass. 01772 (617) 485-9100. Data General (Canada) Ltd., Ontario.
Data General Europe, 15 Rue Le Sueur, Paris 75116, France. Data General Australia, Melbourne (03) 82-1361
NOVA is a registered trademark of Data General Corp.
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dent just described caused one volt-ohmmeter
manufacturer to install a 250-V rated protective
fuse in one probe of his meter. But this in turn
caused other problems. In one instance, a mainte-
nance man was probing a 480-V busbar with his
volt-ohmmeter accidentally set on current instead
of voltage. The fused probe blew up in the man’s
hand, although the meter was apparently saved
from damage.

Placing a guard chassis within the main cabi-
net of the instrument is a technique well suited
to making measurements float with respect to
ground. Typical proposed breakdown specifica-
tions for this application are 1000 V rms plus
twice the maximum voltage expected between the
guard chassis and ground. Since standard oper-
ating procedure in the United States is to use
input-power transformers with 1.5-kV dielectric
breakdown voltages, the guard’s chassis-to-
ground potential is limited for the immediate
future to a ratable 250 V.,

Floating exposes trouble

Currently, there are few instruments in the 3-
to-5-kV, common-mode-input rating range, but
many more will be available within the next two
years, as safety standards become more common.

But now the standard laboratory technique for
floating measuring instruments from ground, dis-
connecting the ground pin of the equipment’s ac
power-line cord, is coming under fire from the
safety engineers. When this floating takes place,
every exposed metal part of an oscilloscope, for
example, rises to the common-mode voltage of the
measured signal and presents a great opportunity
for electrical shock. Because of this shock hazard,
safety engineers are talking of redesigning the
BNC connector to eliminate its exposed metal.

The alternative is to redesign the inputs to the
oscilloscope and make all measurements differen-
tially. This alternative, however, would raise the
price of the oscilloscope from a few hundred to
a few thousand dollars and reduce the bandwidth
from a few hundred megahertz to a few mega-
hertz.

To permit floating at virtually any potential,
many companies are going to battery operation.
But one specification is extremely important for
the safe use of battery-powered instruments:
leakage. If a battery-operated voltmeter, for ex-
ample, is being used to measure voltage between
the legs of a three-phase powerline, every part of
the meter is above ground potential. If there is
any leakage current flowing through the instru-
ment’s case, it may end up flowing through the
person making the measurement.
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Safety specifications for this type of test equip-
ment are not easily generated. For example, ca-
pacitors must be tested to see if they withstand
a certain voltage. And, if they are of the oil-filled
variety, the dielectric may become polarized dur-
ing the testing process. When discharged, these
capacitors will present a safety hazard in them-
seleves after—as well as during—the measure-
ments. The reason: the oil-filled recharge without
connection to external circuitry.

Binding posts are hazardous too

Even the lowly binding post is due for a rede-
sign, because its exposed metal parts allow all
too easy contact between an instrument user and
hazardous voltages. Hazardous voltages are cur-
rently defined by safety engineers as 30-V rms
for sinusoidal signals and 60 V for de, with vari-
ations for nonsinusoidal waveforms.

Today’s thinking is that ordinary five-way
binding posts are unsafe for use with these volt-
ages, and that something without exposed metal
must be designed to take their place. But so far
no one has designed anything that can connect
to wires and banana plugs as efficiently as the
standard five-way binding post.

Providing banana jacks recessed from the
mounting panel so that only the mating banana
plug can make contact with the jack has been
reasonably successful. This method solves the
problem at one end of the cable, but the other
end of the cable needs to make contact, too. Thus
either the other end of the cable has banana
plugs with unsafe voltage on them, or some other
connector is devised.

Binding posts are a safety problem whether
they are located on sources of power or on the
inputs to measuring instruments that never act
as a source. Once the connection is made between
the source and measuring circuit, all of the bind-
ing posts in the completed path are live.

Sinking sources save

Two notable ways to prevent instruments from
damaging one another by misconnection are mak-
ing sources capable of sinking current as well as
sourcing it, and alternatively, disconnecting
themselves from devices under test if required
to sink current.

An ac calibrator from John Fluke has a tran-
sient detector that shuts down the calibrator and
equipment under test before a destructive arc can
occur. The calibrator does this by detecting the
corona discharge that precedes an arc dis-
charge. um
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Protection that adds value. . .

You came
to the
right place.

Because a Heinemann circuit breaker just might solve that
design or procurement problem you're wrestling with right now.

You'd be surprised at how many things we can do so well in
the general area of circuit protection, on/off switching, remote
actuation, and even limit control.

We back this claim with competent application assistance
from your nearby Heinemann representative and an open line
to Sales Engineering Services at the factory. Plus a choice
of three protection technologies geared to helping youget *
the job done right the first time at the lowest possible A‘ '
cost. . .just one more way our prod- \ £9
ucts add value to your products. Ry

Read all about it in your free « .r-'ve.
Protector Selector—a handy .
reference chart loaded with
specs, capabilities, and even di-
mension drawings for twelve top-
selling protector lines. Get it from your
nearby Heinemann representative (listed
in EEM) or Heinemann Electric Company,
Trenton, NJ 08602. (609) 882-4800.

Hydraulic- Solid- Clever

magnetic state hybrids,

circuit breakers—invented protectors for electronics like the patented JA o®

and perfected by Heinemann. applications requiring combining the best of

For precise, temperature- superfast tripping and remote  electromechanical and solid-

stable protection at any reset, and for regulator state operation, to guard

integral or fractional rating protection of motor-generator  semiconductor circuits

from 0.010 to 225 amp loads. against spike damage and
protect inductive loads
against brownout

another reason Heinemann
is No. 1in OEM
circuit protection.

<=HEINEMANN 50,

We keep you out of trouble.

Factories in Trenton, Montreal, Dusseldorf,
Johannesburg, and Melbourne
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Borrow my coffee cup...
but never my C-Meter.

a new route to efficient
designing. It's so handy
that you'll find yourself
measuring capacitorsasa *
matter of course. Why?
Because its pushbutton speed,
high accuracy (.1%), small size and?®
versatility (.1pf to .2 farads), make

capacitors easier to measure than resistors.

With the C-Meter, you'll waste no time twiddling, and nulling, and
you'll cut the need for expensive tight-tolerance capacitors or
tweak pots in your circuits. You'll be a much more efficient
engineer. And popular too, because people just can’t keep their
hands off the C-Meter.

You owe it to yourself to try one. Our reps are stocking them at $289.

(C ECD CORP.
186 BROADWAY, CAMBRIDGE, MASS. 02139
(B17) 661-4400

SALES OFFICES: AL, Huntsville (205) 533-5896; AZ, Scottsdale (602) 947-7841; CA, Costa Mesa
(714) 540-7160; CA, Sunnyvale (408) 733-8690; CO, Denver (303) 750-1222; FL, Winter Haven
(813) 294-5815; GA, Chamblee (404) 457-7117; IL, Elk Grove Vill (312) 593-0282; IN, Indianapolis
(317) 293-9827; MD, Silver Spring (301) 622-4200; MA, Burlington (617) 273-0198; MN, Minne-
apolis (612) 781-1611; NJ, Camden (215) 925-8711; NM, Albuquerque (505) 299-7658; NY, Great
Neck (516) 482-3500, (212) 895-7177, Syracuse (315) 446-0220; NC, Raleigh (919) 787-5818;
OH, Centerville (513) 433-8171; TX, Houston (713) 688-9971; TX, Richardson (214) 231-2573.
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Industry asked us for hundreds of g
variations of these switches.
Evidently we're pushing the right buttons.

And we intend to keep
pushing them.

So that every time one of
your new ideas creates a design
problem, MICRO SWITCH will
be ready with the miniature
manual switch that solves it.

At last count, we offered
hundreds.

The Series 8 lineup of
miniature manuals includes
toggles, pushbuttons, paddles
and lighted or unlighted rock-
ers. They're UL listed at 6 amps,
125 VAC. And every one is
available in a low energy
version as well.

Choose terminal varia-
tions ranging from solder to
quick-connect to PC board or
wire wrap. There's also a choice
of panel and bushing-sealed
pushbuttons and toggles. And
non-threaded bushings on PC
mounted toggles. Even colored
sleeves and integral colored
tips for the toggles.

And of course, you'll
find one feature you won't find
anywhere else —the quality
you've come to expect from
MICRO SWITCH. Series 8
switches are inspected to a 1%
Acceptable Quality Level
(AQL).

That's quality you can
put your finger on.

For your immediate
product needs, see your nearest
MICRO SWITCH Authorized
Distributor. If you have other
requirements, contact a
MICRO SWITCH Branch
Office or call 815/235-6600.

MICRO SWITCH

FREEPORT.ILLINOIS 61032
A DIVISION OF HONEYWELL

MICRO SWITCH products are available world-
wide through Honeywell International.
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“"HEY, BUD.

WANNA
MAKE

SOMETHIN’

OUT OF
IT?™




YOU BET!

Tell us about that special
enclosure you need -- basic
specifications or a brief
description, even a rough
sketch will do -- and we’ll
make something out of it.
Something special.

It's your
brainstorm.

You did it: designed a
new instrument or system.
Now you need a special en-
closure to house it. One
designed, built and priced ™
right. Get it -- get 2

it all. From Bud. p

R contvily
T g

The last thing you need.

A local ““metal bender’’ could bang out your
enclosures. Trouble is, his business isn’t
enclosures. Why risk amateurism?

You have too much riding on that

new instrument or system. Get
what you want -- professionalism.
From Bud.

We steer you
the right
way.

Tell us what you need and
Bud gives you options. We
can take any one of our
standard enclosures and
convert it into a special. Or
we can design and build a
custom model. Get what you
want -- a choice. From Bud.

A dOOde’“ Mail us a sketch of the

do it enclosure you want. Our design

® people will take that idea and
design your enclosure. They‘ve designed
hundreds. They know what they’re doing.
Know what to do for you. Get what you want --
someone who will take your idea and
turn it into a fact.
From Bud.

Sharp¢n their Every m

- 3 5 1
pencils. cconomy is worked into your specia
enclosure. Our production capabilities

keep costs down. Our tremendous selection of dies
are on hand to help form your enclosures -- which,
alone, means considerable savings. Get what
you want -- economies. Phone Bud, toll free.

Thcn it happzns- Your job is plugged

into a sophisticated manufacturing facility.
Everything’s on hand: high-production machinery,
knowledgeable people, tight quality controls, tighter
inspection, plus nearly 50 years experience. Get
what you want -- when you want it. From Bud.

Give us a buzz.

Phone Bud, toll free! We’ll mail you a folder describing
our special enclosure capabilities, some of the specials
we’ve built for other groups -- and a simple form

you can use to spec-out and sketch the enclosure

you have in mind. If you have
something urgent afoot, give us
your ideas over the phone.
Either way, Bud will make
something out of it. Something
special. Bud'’s toll-free
numbers: (800) 321-1764;

in Ohio, (800) 362-2265.

BUD RADIO, INC.
4605 East 355th Street
Willoughby, Ohio 44094

BUD WEST, INC.
3838 North 36th Avenue
Phoenix, Arizona 85019
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Get on the IEC bus. Soon to be

an international standard for interfacing instruments,
the bus brings many benefits—and a few problems too.

Think international when you interconnect test
equipment. An interface for measuring instru-
ments will soon be a world standard of the Inter-
national Electrotechnical Commission (IEC).
The Standard has been adopted by the IEEE (Std.
488-1975), with a change in the connector pro-
posed by the IEC.

Many benefits accrue from the standard. With
it, you can connect up to 15 different instruments,
spaced up to a total of 65 cable feet (20 meters).
The instruments can come from practically any
vendor—only minor software adjustments are
sometimes necessary (Fig. 1).

The proposed IEC standard uses a byte-serial,
bit-parallel format, with bidirectional lines for
both data flow and addressing. Alterations to ac-
commodate special needs can be made with simple
and inexpensive reprogramming. And since the
system is modular in concept, you can start
small and work up as necessary.

Other advantages of an international standard
include the following:

= No engineering costs are tied up in develop-
ing special interfaces.

o Instrument manufacturers can concentrate
on producing instruments, not interface systems.

m Specialized modules can be easily produced;
for example, power-supply makers can concen-
trate on power supplies and not worry about de-
signing a system for the supplies to fit into.

s Instruments can be optimized internally to
satisfy the international standard.

Details of the IEC standard

Maximum speed of the standard is 1 Mbyte/s
with three-state drivers and 250 kbyte/s with
open-collector drivers, speeds high enough for
most applications. Transfer of one 8-digit word
(8 characters) takes about 32 us.

The specified cable has both male and female

Manfred Richter, Interface Engineer, Philips Electronic
Industries GmbH, Hamburg, Germany.
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1. With the new IEC standard, ‘‘small’’ test systems are
just as easy to interface as large ones (top). How the
equipment interconnects is shown at the bottom.

connectors, so that plugs can be stacked piggy-
back fashion, thus saving space on instrument
back panels (Fig. 2). This makes expansion of
the system very simple.

In general, any communications link requires
three active devices: a listener, a talker and a
controller. The controller decides the role each
device plays at any time; any device not ad-
dressed remains inactive. Of course a device can
perform more than one role at different times.

The proposed IEC bus system carries all mes-
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Why an international interface standard?

The basis of the IEC standard is a set of ob-
jectives that define the bus but leave designers
free to select the necessary interface capability.
The objectives are:

m To provide -cost-effective capability for
simple bench systems.

m To be compatible with simple controllers.
However, a system limited to just two devices
must be able to use the link without controllers.

m To serve the needs of a wide variety of
products—such as controllers, processors and
instrumentation.

® To be compatible with the ISO, a 7-bit code
for address and command data that’s easy to
generate, display and read.

m To provide for flexible data rates and com-
munication paths with a minimum of timing re-
strictions.

® To provide capability to accommodate multi-
ple listeners and direct communication paths—
without buffering in the controllers.

m To permit a mode for transfer of basic
data with unrestricted codes.

® To minimize the number of wires.

DATA BUS
8 SIGNAL LINES

2. Space is saved and system expansion is easy with
connectors that allow piggy-back stacking.

sages on a set of 16 lines: eight data-input/out-
put lines, three data-transfer lines and five bus-
management lines (Fig. 3).

The three data-transfer lines carry informa-
tion from an addressed talker to an addressed
listener or listeners. The Data-Valid (DAV) line
indicates the availability and validity of data,
the Not-Ready-For-Data (NRFD) line indicates
the condition of readiness to receive data and the
Non-Data-Accepted (NDAC) line indicates ac-
ceptance completed. These three lines operate in
what is called a three-wire interlocked handshake
process to transfer each data byte across the in-
terface (Fig. 4). The sequence of operations runs
as foilows:

1. Initial conditions are set up in talkers and

DATA BYTE TRANSFER
CONTROL BUS
3 SIGNAL LINES

GENERAL INTERFACE
MANAGEMENT BUS
5 SIGNAL LINES

&

DIOI-8 DATA INPUT-OUTPUT

DAV DATA VALID

NRFD NOT READY FOR DATA

2 0 T

NDAC NOT DATA ACCEPTED

ATN ATTENTION

IFC INTERFACE CLEAR

SRQ SERVICE REQUEST

REN REMOTE ENABLE

X7 EOl END OR IDENTIFY

DEVICE 'A'
ABLE TO TALK,
LISTEN AND CONTROL

DEVICE '8'
ABLE TO LISTEN
AND TALK

DEVICE 'C' DEVICE 'D'
ONLY ABLE ONLY ABLE
TO LISTEN TO TALK
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3. What the various bus wires do: 16 lines take care of data flow, data transfer and general housekeeping chores.




listeners—the DAYV line is set to high (data not
valid), the NRFD set to low (no listener ready
for data) and NDAC to low (no listener has ac-
cepted data).

2. The talker checks the line conditions, then
puts a data byte on the lines.

3. Listeners are ready to accept data, so the
NRFD line goes high—this cannot happen before
all listeners are ready.

4. When a talker senses that NRFD is high, it
sets DAV low to indicate that the data are valid.

5. The first listener sets NRFD to low to indi-
cate that it is no longer ready and starts to ac-
cept data. The other listeners follow at their own
pace.

6. First listener to finish sets NDAC to high
to indicate it has accepted the data.

7. When the final listener has indicated that
it has accepted the data, NDAC goes high.

8. The talker senses NDAC high and sets DAV
high to indicate that the data are no longer valid.

9. Talker removes the data from the line.

10. The listeners, sensing DAV is high, set
NDAC low in preparation for the next cycle.

11. All three lines are now in the initial states.

A typical example of how the IEC data bus
can be used is demonstrated by a system for the
analysis of the stresses in prototype railway cars
and passenger carriages. (Fig. 5).

A practical example of the bus

Upwards of 300 strain gauges are connected
to the vehicle under test. Bridges and voltmeters
process and read the transducer outputs.

A manually controlled test system requires set-
ting each bridge value, selecting the relevant
transducer, measuring the output, then perform-
ing a further calculation to establish the load at
each point. One way to avoid the tedium of these
time-consuming chores: Design a computer-con-
trolled, automatic system to collect and process
the data and produce a printout.

Even trying to connect the series of necessary
instruments in a star system—scanner, scanner
control, bridge, digital voltmeter, computer, tele-
typewriter—involves serious wiring problems.
Since a computer is necessary anyway, it’s no
problem to use it to control a data bus.

Operation is simple. The computer, as a con-
troller, addresses the scanner—the listener—and
requests data from a selected-strain transducer.
The bridge—also a listener—is addressed to set
up the relevant bridge components to take the
information from the scanner. So the bridge can
present the analog signal to the DVM.

The voltmeter is instructed to act first as a
listener, second as a talker to pass the informa-
tion to the computer. The computer processes the
information and commands the printer to listen
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4. Timing of the three-line handshake process, in which
data bytes are transferred across the interface. Only one
data line is shown.

SCANNER
CONTROLLER
LISTENER)

SCANNER

DIGITAL
VOLTMETER

LISTENER AND
TAI

| PriNTER I
| (LISTENER)

5. A practical use of the bus involves stress analysis of
railroad cars. Strain gauges collect the raw data, a
bridge forms the analog outputs, and a DVM reads and
converts the signals. A computer controls the entire sys-
tem automatically.
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and do its job. Of course, if the information is
wanted only for external processing, the printer
can control the system and produce a series of
output-voltage readings for later use.

The operation of the strain-gauge test system
conforms to the following sequence:

1. The computer—as a controller—uses the
IFC (Interface Clear Line) to start the system.

2. The controller sends a DCL (Device Clear)
message to set all devices to an initial state.

3. The controller sends the listen address of
the scanner control, followed by data, to select
a particular strain gauge.

4. The controller sends an ‘““unlisten” command,
then the listen address of the bridge, followed
by data for matching a selected strain gauge.

5. The controller again sends an ‘“unlisten”
command, then the listen address of the DVM,
then data to read the output of the bridge on the
analog line.

6. The controller sends an unlisten command,
sets itself to listen, then sends the talk address
of the DVM.

7. When the DVM has the measurement infor-
mation, it sends the data to the computer.

8. When the computer has processed the infor-
mation, it again clears the interface and sends
the listen address of the printer, followed by the
required output information.

9. When the printer has typed all information,
the controller can restart the sequence.

Sometimes, output information is needed in
several forms—say, in a tape memory as well as
a printout. If so, bear in mind that a tape drive
is obviously much faster than a printer and can
supply a data-accepted signal as soon as it is
finished. But a controller will not react until all
devices receiving information have sent data-
accepted signals, that is, the controller must wait
until the NDAC line goes high.

Unresolved problems

For distances longer than 20 m, the problem
becomes more complicated. The present IEC sys-
tem can be applied up to 330 ft (100 m) with
some upgrading of hardware. For much longer
distances, from 2000 up to 3000 m (2 to 3 km),
it is necessary to go to full serialized busses with
only one or two wires.

Much more work is necessary before all the
interconnection problems are solved. But the
IEC bus is the most practical step yet taken. Its
success depends on people making an effort to
understand and use the bus.

Further work is also underway in the field of
“software,” for example, data formats. The
problem here is to decide where to stop. If the
description is taken too far, individual designers
can be unnecessarily restricted. mm
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Dialight

INDICATOR LIGHTS

The widest choice for your every application.

MINIATURE INCANDESCENT OR
NEON INDICATORS—1,500,000 varieties to choose from.
MIL-L-3661 and UL approved. Red, green, amber, blue,
white, yellow or colorless lenses in wide range of shapes,
legends, finishes. Stocked by local distributors.

LARGE INCANDESCENT OR NEON
INDICATORS—As above, but larger size. Unlimited
varieties to choose from. Stocked by local distributors.

Dialight, the company with the widest
. choice in switches, LEDs, indicator lights
and readouts, looks for needs . . . your
needs . . . and then they develop solutions
for your every application. No other com-
pany offers you one-stop shopping in all
these product areas. And no other com-
pany has more experience in the visual
display field. Dialight helps you do more
with these products than any other company in the
business, because we are specialists that have done
more with them. Talk to the specialists at Dialight first.
You won't have to talk to
anyone else. Send for your DIA LIGHT
free new copy of Dialight's  piaiight, A North American Philips Gomeany
current catalog 203 Harrison Piace Brooklyn N

See Dialight.
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Whether you design or build circuits
for fun or for profit, you owe it to
yourself to discover how fast and
easy CSC solderless breadboarding
can be. Now, more than ever. Be-
cause of three new breakthroughs
in breadboard design. And our new
EXPERIMENTOR™ sockets**that
make the most of them.

4. Price Wnhosays aquality bread-
board has to be expensive? For as
little as $9.95, CSC's EXPERIMEN-
TOR sockets let you design, as-
semble and modify circuits as fast

as you can push in—or pull out—
component leads. On a rugged
one-piece socket with 550 solder-
less tie-points (94 five-point termi-
nals and two 40-point bus strips).

Sockets lock together, snap apart to
handle any size circuit with ease.
But don't let the low price fool

you: EXPERIMENTOR sockets are

precision-molded of durable, abra-
sion-resistant material, and feature

CSC's non-corrosive, prestressed

nickel-silver contacts for positive

connections and longer life. All
contacts are identified, too. . .with
molded-in designations for easier
circuit assembly and diagramming.

2. Compatibility csc
EXPERIMENTOR sockets end the
“big-chip blues:” They're the only
ones with full fan-out capabilities for
microprocessors and other larger
DIP’s, as well as 4-16-pin units. EX-
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PERIMENTOR 600's 6/10" center

is ideal for microprocessor's, clock
chips, RAM's, ROM's, PROM'’s, etc.
While EXPERIMENTOR 300's small-
er 3/10" center is perfect for smaller
DIP’s. Both units, of course, accept
transistors, LED's, resistors, capaci-
tors, pot's—virtually all types of com-
ponents with plug-in ease. As well
as #22-30 solid hook-up wire for
interconnections. Eliminating heat
and lead damage to expensive com-
ponents. And saving you more
money, on parts.

Mix or match both models; arrange
them vertically or horizontally.

3. Flexibility with CSC Ex-
PERIMENTOR sockets, you can
arrange your breadboard to suit
your circuit...instead of vice versa.
An exclusive snap-together inter-

CIRCLE NUMBER 65

locking system lets you instantly
connect them. Vertically or hori-
zontally. So you can mix or match
3/10 and 6/10" centers. .. expand-
ing or contracting to meet your
requirements.

CSC EXPERIMENTOR sockets
can be used alone, or mounted on
any convenient flat surface, thanks
to molded-in mounting holes and
vinyl insulation backing that pre-
vents shorts. You can mount them
with 4-40 flat-head screws from the
front, or 6-32 self-tapping screws,
from the rear. But however you use
them, EXPERIMENTOR sockets are
an unbeatable way to build and test
twice the projects in half the time.

of == — =AY ENTOR“L'
o —=1— T
fl==— P
= = eSIINHIOAAAIAININ =

Both models feature 94 five-point
terminals (vertical lines) and two
48-point bus strips (one strip shown).

WHY WAIT? CSC EXPERIMEN-
TOR sockets are available now from
your CSC dealer, or by phone from
CSC, at $9.95* for the 300 and
$10.95* for the 600. Call 203-624-
3103 (East Coast) or 415-421-8872
(West Coast) —major credit cards

are accepted.

*Manufacturer's suggested list price
Prices subject to change without notice
U.S Pat No D235.554

CONTINENTAL SPECIALTIES CORPORATION

5] —

44 Kendall Street, Box 1942, New Haven, Ct 06509
203-624-3103/TWX: 710-465-1227

West Coast office: Box 7809, San Francisco. CA 94119

415-421-8872/TWX: 910-372-7992
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Who provides the
industry’s broadest

line of electronic
packaging hardware

... including ,
Edgeboard Connectors?

SAE does! Our injection molding equipment produces an
almost endless variety of connector configurations.

You can choose between .100", .125", .150"" or .156"
contact spacings. Single or dual readouts. Pierced eyelet,
dip solder or wire-wound terminations in one, two or three
levels. Even right-angle terminals if that's what you need.
You can pick either 10, 30 or 50 mils gold over nickel
plating; thru-hole or tapped insert mounting styles; in-
contact or between contact polarizing keys; and phenolic
or thermoplastic housings.

And if we haven't described one you like, we'd be
pleased to quote a custom connector to your specification!
Our new 128 page packaging handbook gives complete
details, and also describes our entire line of electronic
packaging and interconnection hardware.

For an immediate reply, call the following toli-free
~ZIP QUOTE" number at the factory ... 800-538-6843.




TECHNOLOGY

Measuring capacitor loss: Are S-parameters
any good? They're not, but other methods—Iike the use
of Q-bridges or resonant coaxial lines—are acceptable.

In determining the losses of microwave capaci-
tors, the Q values calculated from measured S
parameters are worthless. Perhaps this is the
reason that articles endorsing S parameters for
capacitors emphasize the importance of low series
resistance, but seldom give measured values of
r. or Q.. »** In the few instances when such data
can be found, no hint is given of the origin of the
valucs.

Valid techniques do exist, however, those using
Q-bridges or resonant transmission lines, for
example.

The two S parameters usually published to de-
scribe microwave capacitors are S, —the input
reflection coefficient of a series capacitor and a
termination, Z,, and S.,—the forward insertion
loss of the same combination. The Q of the ca-
pacitor relates to these parameters through the
expression:

Bk 2[S::]]S.]
Ql‘_ 1_ |S”l:.’_ ISL’I[:' (1)

A recent treatment* of the subject states that
the Q of a capacitor can be found from S,, alone,
giving :

sin ©
Q"_cos 6e— S’ l
where © is the phase angle of S,,.

Although Q is acknowledged as a key param-
eter, no values are given. Instead, the “insertion
loss” is tabulated for several capacitors over a
wide range of frequencies. The loss is correctly
defined as the sum of the reflective and dissi-
pative losses, but the insertion loss is based on
the expression for the reflection loss only.

For capacitors of high, or even modest Q values,
it is true that the dissipated power is extremely
small compared to the reflected power, but the
correct relationship includes both and is given by :
Insertion loss = 10 log,, (1 — [S1:]?)
reflected

+ 10 logs (25— ) (3)
dissipated

R. E. Lafferty, Vice President and Engineering Manager,
Boonton Electronics Corp., Route 287 at Smith Road,
Parsippany, NJ 07054.
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1. Using a transmission line to measure capacitor loss:
An rf millivoltmeter reads the line output at resonance
and also reads the output at two points on either side of
resonance. The Q of the capacitor is then calculated from
the frequency deviations.

or Insertion loss = 10 log,, |S..|*

You may well wonder why insertion loss for
capacitors is emphasized. For small values of ca-
pacitance, at frequencies in the order of a few
hundred megahertz, the insertion loss is naturally
high. The loss drops as either the capacitance or
frequency increases, and it is almost entirely a
function of the reactance.

Is insertion loss of any value?

To attribute a low Q factor to a high insertion
loss would be folly. The only redeeming value of
insertion loss, other than characterizing reac-
tance as a function of frequency, is to discover
resonances in the capacitor or the test fixture.

The equations already given by Q. are correct.
Then where does the problem lie? The limitation
is in the measuring system. Most equipment can-
not resolve the small values of resistance and the
resulting small differences of phase. Remember,
the capacitor loss must be detected in the
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presence of a total resistance equal to twice the
characteristic impedance of the system (100 Q).
What little effect the series resistance has on
both S., and S,, is lost in the uncertainty of S-
parameter measurements.

Example: A 22-pF capacitor with a Q of 200 at
300 MHz has calculated values of 0.234160 for
S.; and 0.971028 for S.,. If the series loss could
be reduced to zero, calculated values would be
0.234424 and 0.972134, respectively, a change of
only 0.11 %, or approximately 0.01 dB. In a meas-

10-FT 4"DIA.

18 CM. 5/8" DIA.

2. How the Q's of ceramic capacitors vary with fre-
quency: At high frequencies, the slope of the plots vary
approximately with the —1 power of frequency. At very
high frequencies, when the skin depth becomes less than
the plate thickness, Q will vary as (f)-1-5.

uring system with two-digit resolution, there
would be no detectable differences in the S values.

The failure of S parameters to provide signifi-
cant values of Q is clearly illustrated in a table
of calculated Q values for several capacitors.
Measured values of S;, and S., have been taken
from published data, and the results of both
equations (1) and (2) are listed. The absurd
values of Q. obtained with either equation are a
convincing argument against using S parameters
to measure capacitor loss.

Is there a better way?

How can the high-frequency loss of a capacitor
be measured? A Q-bridge is a good means of
directly measuring Qs up to 10,000 for capacitors
from 20 to 1000 pF at frequencies of 0.1 to 50
MHz.

For frequencies above 50 MHz, the only suit-
able method known to the author requires a reso-
nant coaxial transmission line. A quarter-wave
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coaxial line is coupled loosely to a stable signal
generator. The outer-to-center conductor spacing
of the line should be compatible with the termi-
nal spacing of the capacitor to be measured, pro-
vided the Q of the line can be held to a high
value. The generator should have a digital dis-
play of the output frequency; if it doesn’t, a
counter must be used.

An rf millivoltmeter, lightly coupled to the
open end of the line, detects the voltage at the
resonant frequency, f,, and on each side of reso-
nance (Fig. 1).

The Q of the line at f, may be calculated from:

Q= (fo/af) Ym? — 1, (4)
where Q, denotes the measured Q of the unload-
ed quarter-wave line, m equals the ratio of reso-
nant to off-resonant voltage, and Af equals the
total bandwidth between the off-resonant voltage
points. If the half-voltage points are used, Eq. 4
reduces to:

Q. = V 3 (f,/af) (5)

Measuring Q.

Connect the capacitor to be tested across the
open end of the line. Resonance will now occur
at a lower frequency, f,, where the reactance of
the line equals the reactance of the capacitor. The
generator frequency is again adjusted above and
below resonance where the coupled voltage falls
to half of its resonant value. Q. can now be calcu-
lated using the following equation:

o cos B
" VD.D./8 — (=/4Q.)V ./f, D,)’

where D, = cos B — sin Bsf [&:l !

(6)

tan B, | £,
sin Bof [ £,
o= — |— COS G.f,
- tanpgy [ fl] il
g cos B4
D=l Bl

and B, B.f, and B are the electrical lengths of
the line at frequencies f,, f,, and f,, respectively.
,311 — (fl/fc) 90°
B4 = (f./1,) 90°
Bat=(£;/£.):90°
Example: With a 6-ft copper line having an
L.D. of 4 in. and an O.D. of 1.125 in., the natural
resonant frequency is 41 MHz, and Q, = 2190.
When a 22-pF capacitor is connected across the
open end, the resonant frequency drops to ap-
proximately 31.76 MHz. The measured frequen-
cies at which the voltage falls to half of the reso-
nant voltage are:
f,=31.7766 MHz and f; — 31.7448 MHz.
Therefore f, = (f. + f;) /2, which equals 31.7607
MHz.
With the aid of a calculator the following
terms can be found:
Bt = (31.7607/41) 90° = 69.718610°
B = (81.7766/41) 90° = 69.753512°
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Bsl = (31.7448/41) 90° = 69.683707°
and sin, = 0.938002
cos, — 0.346631
tan, = 2.706052
sin, = 0.938213
cos, = 0.346060
sin; = 0.937790
cos; — 0.347202
You can now solve for D,, D., and D,, and then

Q.:
) —8.2292 10+
D, = 8.2299 x 10+
D, = 1.066097
Q. = 2500.

An investment in a stable signal generator, a
sensitive rf millivoltmeter and a programmable
calculator will be well worth the cost if you in-
tend to use this technique. Incidentally, if you
use a generator with phase lock, be sure that the
display of frequency follows the vernier control
in the locked mode.

Because of the rigorous interrelationship of the
measuring frequency, the capacitance and the
length of the line, an unfortunate constraint is
imposed with this method. For a given line, you
may select capacitance or frequency, but not
both. The parameters are related as follows:

1
e @i tan (L9l e 0 Y wiltah) & (7)
It is convenient to draw a graph of capacitance
vs frequency for each line.

Sources of error

For the signal source, the major requirement
is frequency stability. Accurate measurements
can’t be made with a generator that drifts. Re-
sidual AM or FM will not affect the measurement.

A small loop inserted at the shorted end of the
line should be sufficient to excite the line and give
a good reading on a loosely coupled rf millivolt-
meter without introducing noticeable loss in the
. line. A terminating resistor in series with the
loop will reduce the SWR on the connecting cable.
Whether or not the induced voltage is a function
of frequency is of little consequence because of
the small deviation needed for the measurement.

There are a few requisites for the rf millivolt-
meter: a high-impedance probe is important; it
should be coupled loosely to the open, or test end
of the line; and both the full-scale and half-scale
readings on the ranges to be used (probably 1, 3,
and 10 mV) should be calibrated.

For large-diameter lines, you can thread the
probe directly through the outer wall. For small-
er lines, a threaded bushing can be soldered to the
outer wall, with some form of insulated feed-
through connector to couple the probe tip to the
center conductor of the line.

Probe loading with loose coupling does not in-
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fluence the measured Q. This is proven by cou-
pling the millivoltmeter at both the open end and
as far down as a sixteenth of a wavelength.
There is no measurable difference in the results.
Calculations made with the measured capacitance
between the probe and the line, and with the in-
put resistance of the probe, also confirm a negli-
gible contribution by the probe to line loading.

Errors of a few percent in the millivoltmeter
calibration will cause similar errors in the meas-
ured Q and, with calibration, errors should re-
main less than 2%.

Eq. 6 assumes that the entire line loss is from
series resistance and that this resistance, and
hence the attenuation constant, is proportional to
V f. To satisfy this requirement, the line material
must be uniform throughout and should not be
plated. If insulated screws are needed to support
the center conductor, the number should obvious-
ly be minimized.

Repeatability and accuracy

Measurements of the unloaded Q of several
coaxial lines, taken over a period of 18 months,
repeat within 2%. Loaded Q measurements are
less repeatable but with regular cleaning of the
terminals, measurements usually agree within
10%. At frequencies below 50 MHz, the correla-
tion between coaxial line and Q-bridge measure-
ments (not to be confused with a Q-meter) are
usually within 15% for Q values under 2000.

For Q values less than 2500, and assuming the
Q of the line is greater than that of the test
capacitor, the accuracy of this method may be
within 15 to 30%. All factors considered, it is
not now prudent to place a better figure of un-
certainty on the outlined measuring technique.
Regardless of the absolute accuracy, the meas-
urement provides reasonable Q data—S-param-
eter measurements do not.

A plot of Q vs frequency for a few ceramic
capacitors approximates the expected slope of
1/f at high frequencies for capacitors of low
dielectric loss and with effective plate thickness
less than the skin depth (constant r.). Such a
plot is given in Fig. 2.

Users of Q-meters who have experienced dif-
ficulty in measuring the loss of capacitors may
be concerned that the transmission line measure-
ment suffers from the same deficiencies. Two im-
portant differences between the two techniques
vield a significant improvement in accuracy for
the transmission line.

First, when you connect a capacitor to a line,
the attendant lowering of the resonant frequency
is accompanied by a predictable change in line
loss (within a few percent). But when you con-
nect a capacitor to the Q-meter, the internal vari-
able capacitor is reduced to restore resonance.
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Tabulated Q values calculated from published data forS,;; and S ,,

C (pF) f (MHz) S.. (Re) S.. (Im) S.. (Re) S.. (Im) Q. grgn')l . Q.(from S,))
100 0.54 -0.65 0.29 0.44 109 3.7
110 0.47 -0.67 0.33 0.46 % 3.3
120 0.41 -0.69 0.37 0.47 —480 2.9
130 0.36 -0.70 0.41 0.49 -36 2.7
140 0.30 -0.69 0.44 0.50 - 103 2.6
10 150 0.25 -0.68 0.47 0.50 237 2.5
160 0.20 -0.67 0.50 0.49 47 2.3
170 0.15 -0.66 0.53 0.49 47 2.1
180 0.11 -0.65 0.55 0.49 43 2.0
190 0.07 -0.64 0.58 0.48 52 1.9
200 0.04 -0.62 0.61 0.48 84 1.8
100 0.17 -0.55 0.68 0.46 -175 3.4
200 -0.09 -0.32 0.89 0.31 482 1.6
300 -0.14 -0.18 0.94 0.22 28 0.94
400 -0.15 -0.09 0.97 0.16 119 0.50
22 500 -0.15 -0.03 0.98 0.13 —432 0.17
700 it 0.04 0.98 0.09 13 10,32
1000 -0.02 0.09 0.98 0.05 6.3 =3.2
1500 0.07 0.03 0.99 0.03 1 0.47
2000 0.03 -0.05 0.99 0.01 7.0 1.
2500 -0.04 -0.03 0.99 -0.01 5.7 0.71:
100 -0.02 -0.16 0.97 0.15 30 3.5
110 -0.03 -0.14 0.98 0.14 —567 2.8
100 120 -0.03 -0.13 0.98 0.13 54 i
130 -0.03 <012 0.98 0.12 25 2.7
140 -0.04 =011 0.98 0.11 17 5.1
150 -0.04 -0.10 0.99 0.10 -126 1.9
100 -0.01 -0.03 0.99 0.01 33 2.7
200 -0.02 -0.03 1.00 0.00 -55 1.4
1000 300 -0.03 -0.03 0.99 -0.01 4.7 0.94
400 -0.05 -0.02 1.00 -0.02 -33 0.38
500 -0.05 -0.01 1.00 -0.02 ~30 0.16
600 -0.06 0.01 0.99 -0.03 7.9 -0.16

The change in the capacitance affects the loss
of the internal capacitor, but the extent of the
change is difficult to determine, and the repeat-
ability is suspect. As a result, it is usually ig-
nored, and the measured Q is generally higher
than the correct value—and it may even be
negative!

Second, the intrinsic Q values of transmission
lines are substantially higher than those of the
work coils used with a Q-meter. Consequently,
capacitors of moderately high Q have a pro-
nounced influence on the effective loss of a coaxial

ELECTRONIC DESIGN 24, November 22, 1976

line. The same capacitor on a Q-meter may barely
change the reading. ==
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TECHNOLOGY

Measure the characteristic impedance
of almost any line with this two-load technique,
and avoid many of the limitations of traditional methods.

Here’s a two-load method for determining the
characteristic impedance, Z,, of almost any audio
or rf transmission line of any length without
having to assume a no-loss condition. The new
method avoids most of the disadvantages of tra-
ditional approaches.

Traditional methods of determining Z, of uni-
form transmission lines (Fig. 1) include:

® Calculating from the geometry or distributed
constants of the line.

® Measuring open and short-circuited line im-
pedances.

m Measuring a shorted eighth-wavelength line
section.

Traditional methods have practical disadvantages

All three approaches have practical disadvan-
tages that limit accuracy, convenience or both.»»3
In the first method, the constants must be found
over the frequency range of interest—mnot an
easy task, since distributed resistance, capaci-
tance and inductance are all frequency sensitive
to some degree. Also, calculating the impedance
from line-material properties and cable geometry
is tedious, unless simplifying assumptions are
made.

The open and short-circuit method is the most
widely used, but is accurate only for short lengths
of low-loss sections. Furthermore, it’s unusable
for lengths near quarter-wave multiples, because
the extreme impedance values obtained lead to
poor accuracy. And when lengths are very near
the critical quarter-wave multiples, the high im-
pedance values are usually outside the measure-
ment range of most commercial bridges.

Finally, only the magnitude of Z, is measured
directly with the shorted eighth-wavelength
method. And not only is the eighth-wavelength
method limited to very low-loss lines, but also the
length must be determined precisely.

Except for the calculation method, these tradi-
tional methods assume low-loss lines. However, a

James E. McKay, Project Engineer, WSB Radio, 1601 W.
Peachtree St. NE, Atlanta, GA 30309.
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Traditional ways of determining Z.
Calculations from line geometry

REPRESENTATIVE EXAMPLES

LINE CHARACTERISTIC
GEOMETRY IMPEDANCE

OPEN TWO-WIRE LINE IN AIR I D
= Zgy = 120 cosh —-

~ 276 IogIo -Zd—D

SINGLE COAXIAL LINE 138 D
Zp = 77 log,o 5~

@ :
= lin air

€= dielectric constant

BALANCED SHIELDED LINE For D>>d,h >>d,

For d <<D,

'zo-gi.ogb‘g (-G )

For ¢/D <</ this is the Zg of coaxial

D
< diminished by approximately
N 240
d

\/; (g)aohms

ECCENTRIC LINE

D

OPEN AND SHORT— CIRCUIT METHOD
I} 1
O L o)
Z' TRANSMISSION LINE Z, j
o— )

MAKE TWO MEASUREMENTS — Z; = Zo WHEN Z, = O
AND Z,=Zo WHEN Z, =00
Zo =/ ZscZoc
Zc (open circuit) = Z, coth Yk
Z ¢ (shortcircuit)= Zo tanhy/

SHORTED 1/8 — WAVELENGTH LINE
12 2 sl

L = \/8

1. Traditional methods of determining a line's charac-
teristic impedance usually require assumptions not al-
ways true in practice, especially for long lossy lines oper-
ating at audio frequencies.
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| (Zi=R IR Z— (Z-RRIR 2y |
° . Z=Z,-R|+R,

2. Using two known load impedances, R, and R, to
produce easily measured line input impedances, over-
comes most of the shortcomings of the traditional meth-
ods for determining the Z, of a line.

low-loss condition can’t be assumed for low fre-
quencies as in many telephone voice and data
lines.

Several special techniques are also used, includ-
ing the use of slotted lines to compare Z, with a
standard, time-domain reflectometry* and the comn-
plicated Chipman method®? of resonance-curve
plotting. These methods are generally limited to
microwave frequencies and require that line
losscs be negligible.

New method needs two measurements

Using two different known load impedances
avoids many of the previously mentioned limita-
tions (Fig. 2). The new method applies to both
audio and rf lines of any length, and no assump-
tion of negligible loss is required. The method
uses te general-transmission line equation,

R + Z,tanh vy

L= Rty i (1)

where
Z, = characteristic impedance
R = load impedance
vy = propagation constant
¢ = line length
7Z — impedance at a distance § from the load

Solving Eq. 1 for tanh vy ¢ yields

Z, (Z—- R
tanh y ¢ = 5 &
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Two measurements are made at the frequency
of interest. The first is a measurement of the line
impedance, Z,, with a known terminating imped-
ance, R,. The second measures an impedence, Z.,
with another known load impedance, R,. Imped-
ances or, preferably, resistances R, and R. are
chosen to yield readily measurable values of Z,
and Z.; otherwise, they are arbitrary.

Note that y depends entirely on the line con-
stants, and ( is a fixed length, hence tanh vy ¢ is
the same for both measurements. Writing Eq. 2
for each measurement and equating them results
in

Z”(Zl Fy Rl) Re4) Z“(Z'.: P R_’) (3)
Z'..’“ =7 R|Z1 - ZE(, = R:Z: 3

Solving for Z, yields

e = (Zl T RI) R:Zz R (Z_' e R-) RIZI L/
Z“_[ ZI_Z:_R1+R2 } : (4)

The R, and R. quantities on the right side of
Eq. 4 are selected for easy measurement. Note
that Z, is independent of line length or losses. The
error sources in Eq. 4 involve the normal meas-
urement tolerances, not theory or assumptions.

If terminating impedances R, and R. are
chosen to be pure resistances, the measured im-
pedances Z, and Z. are, in general, complex;
therefore, Eq. 4 can yield complex values for Z,.
This result is expected for some lossy lines, and
all practical lines at low frequencies.

In the special cases of half-wave, low-loss
lines or extremely short sections, be particularly
careful when selecting the load impedances, R,
and R.. They should be selected to best resolve
the differences, (Z, — R,) and (Z, — R.), be-
tween the measured and load impedances. u=

tanh y =
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Basic T-35 Series

Two modestly-priced, slim subminiature thumbwheel
switches offering substantial savings in panel space.
The more switches you need, the more space you save.
Available in two new designs:

The easy and accurate to use Series T-35 Basic Thumb-
wheel with all the high quality engineering and construc-
tion features that establish Cherry Thumbwheels as the
standard by which you judge other thumbwheels.

The Series T-38 Dustproof Thumbwheel with a clear

~ Dustproof T-38 Series

e

S~

.

¥
:

12 switch assembly
uses only 1" x 4%2" front panel space.

plastic window that covers the dial character opening
to keep dust and dirt outside where they can’t foul or
contaminate the mechanism and contacts inside.

Best of all, these narrow new thumbwheels are available
in 8, 10, 12 and 16 positions in your “most wanted” ou<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>