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A frequency standard from color TV I 107 
Using the versatile C-MOS flip-flop / 123 

Low-cost solid state tern peratu re sensor I 1 27 
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HP CALCULATORS SOLVE YOUR PROBLEMS YOUR WAY-----------------

This free brochure will show you 
fresh new approaches to electronic design. 
Network analysis, control systems, logic 
simulation, magnetics, microwave ... whatever 
your engineering problem, our calculator-aided 
design brochure will show you how to 
slash days - perhaps weeks -from your design 
schedule. It describes fully-proven combinations 
of computing calculators and engineering 
software that can give you fast , accurate 
solutions to your most complex problems
perhaps to the very design problems that 
confront you now. 

From electronic super slide rules to the 
most powerful calculator-aided design system, 
there's a combination that fits your needs . . . 
and your budget. HP puts the computing 
power where you need it - right at your 
fingertips. Get out from under tedious number 
crunching and back to creative engineering 
design . We'd like to show you rather than 
tell you, so call your local HP Sales Office. 
Or send for our 12-page, illustrated brochure ... 
it's free . 

HEWLETT"' PACKARD 

Sales and service from 172 offices in 65 countries. 
PO Bo)(301 , loveland Colorado 80537 
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I O.K., I'd like to see how HP computing calculators can help \ 
I solve my design problems. Please send me your free brochure. 
I Name __________________ _ 

I Title __________________ _ 

I 
I 
I 
I 

Company _________________ _ 
Address _________________ _ 
City/State __________ Zip ______ _ 
Phone __________________ _ 

I HP-Cale. Inq. 
\ P.O. Box 301. Loveland. Colorado 80537 8 16J 
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Count on it with an HP display . .. 
includ ing new large-screen models 
wi th improved performance your 
O EM systems demand. The high 
writing speed and fast settling time 
of our 14- through 21-inch displays 
means simplified output program
ming and greater information densi
ty in co mputer graphics , analytical 
research , radar and other display 

·applications. Yoke less electrostatic 
deflection s implifies operation , 
eliminates geometric correction cir
cuitry and unnecessary delay lines , 

·and reduces required power by a 
factor of 5 or more . Rright , easy-to
read displays result from the 28.5 
kV accelerating potential. And dy-

~nou1am a LKI u1sp1ay 
reflect your system's 
true performance? 

I Model 131 7. 17" D iagona l Di splay) 

namic focusing assures a sharp 
trace at any screen location , over a 
wide range of intensities. 

You also get versatility in HP 
displays. A variety of standard op
tions allow you to tailor a display 
to your system's need s. Our rugged 
new 1317A and 1321A models give 
you options of TTL blanking input. 
differential inputs and gamma cor
rection to match your system design 
and simplify interface problems . 
You have a choice of CRT si zes 
and shapes for stand-alone or rack
mounted applications . And you can 
get various phosphors that range 
from slow P7 and P39 to fast P3 l 

In addition to top performance 

and versatility, you get the quality , 
reliability, and product safety you 
expect from a leader in CRT tech
nology. Optional UL listing is avail
able. Plug-in board construction 
simplifies servicing . . . and H P's 
worldwide support means rapid 
parts replacement and service - an 
import a nt consideration when 
you ' re designing a di splay into your 
system. So , for a di splay that re
flects your system's true perform
ance , look into H P's large-screen 
di splay family . For more informa
tion , contact your local HP field en
gineer. Or, write Hewlett-Packard. 

084 I 6A 

HEWLETT"' PACKA RD 

Sales and servtce f rom 172 off ices 1n 65 countries. 
1501 Page M ill Road Pa lo Alto Calitorn1a 94306 

for technical information c ircle 2 readers service card 

for immediate applications assistance c ircle 231 readers serv ice card 
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Thin-film resistor networks are sold off-the-shelf, 145 
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Highlights 

The cover: Confronting microprocessors, 101 
Would-be designers of microprocessor
based systems need first to familiarize them
selves with the chip characteristics. Also, 
they should either make a special study of 
low-level programing languages or hire a 
software consultant. Cover is by Art Director 
Fred Sklenar. 

What microprocessors can do for instruments, 76 
A microprocessor can simplify an instru
ment 's operation, improve its accuracy, and 
add novel self-test and self-calibration fea
tures. But the chips are too expensive to be 
worth designing into equipment costing less 
than $200. 

TV signal is a handy frequency standard, 107 
Accurate cal ibration of a crystal oscillator 
takes a quarter of an hour if the phase com
parison is made with a television color-refer
ence signal. With NBS radio signals, the 
same job takes days. 

lntercon/75 and IEEE shift their emphasis, 118 
The show will be more sales-oriented than 
before, and the technical sessions will 
stress straightforward engineering . In be
coming more career-oriented , IEEE is in
vestigating EEs' employment problems and 
is seeking to develop greater continuity of 
policy. 

A preview of products to be introduced at 
the convention starts on page 139. 

And In the next Issue . . . 
Special report on batteries 
chart of electronic symbols . 
evolution of data acquisition . 

. foldout 
the rapid 
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W ith winter officially over, 
can lntercon be far behind? The 

annual convention of the IEEE is 
about to open again, but the insti
tute's officials are wondering if ln
tercon's winter is over yet. 

According to associate editor 
Jerry Walker, who wrote the article 
starting on page 118, exhibit-space 
rentals are running even with last 
year, and officials even expect a 
slight increase. "If so, and if attend
ance matches or exceeds last year's 
figure of 25,000, it may be a har
binger of better times ahead." 

But if the institute's leadership is 
wondering about Intercon's future, 
its members are wondering about 
something else-when the IEEE's 
two-year-old mandate to be more 
active in career-related affairs will 
really blossom. As you'll read in our 
lntercon-time round-up, and in our 
editorial on page 10, most of the ini
tiatives that IEEE has undertaken 
since the members voted to change 
its constitution have yet to bear 
fruit. Still, important first steps have 
been taken as IEEE gingerly tries out 
its leadership role. 

Part of our lntercon coverage, in
cidently, is a preview of some of the 
more interesting new products that 
are due for their debut at the show. 
You'll find that report on page 139. 

M icroprocessors, among the 
fastest movers in the already 

fast-paced solid-state field , are rap
idly working their way into instru
ments. This issue, we have put to
gether a double-b arreled status 
report on how the microprocessor is 
changing the ways in which instru
ments are designed. 

First, on page 76 you'll find a look 
at what's here now and what's com-
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Publisher's letter 
ing as microprocessors add worth
while new capabilities to instrumen
tation. "For example," as we point 
out in the article, "they could be 
used for instrument self-test, diag
nosis, and calibration." 

Then, on page l 01 , we have a de
tailed presentation on just what to 
watch out for when working with 
microprocessors. "Hardware prob
lems, while formidable, can be 
solved by traditional methods," say 
the article's authors. "But not so for 
software. The problems associated 
with becoming familiar with the mi
croprocessor and its interfaces, and 
with learning programing, can, at 
best, lead to some extremely harried 
designers or, at worst, to a poor de
sign." 

Just how fast the microprocessor 
wave is moving in instrumentation 
is still not clear. But one thing is cer
tain: instruments will never be quite 
the same again. 

R arely has one of our periodic 
spot-checks of the economic 

health of the electronics industries 
meant so much to so many readers. 
With the national economy in such 
rocky shape- and amid predictions 
of worse things to come- what is the 
short-term outlook for electronics? 
For our latest "how's business?" re
port, company officials from all in
dustry segments were asked what 
they see now and what they expect 
in the months ahead. 

Their conclusion: things don't 
look as bad as expected. But turn to 
page 68 for their reasons. 
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theKEPCO I PTR I 

is an OEM modular power supply with a difference! 

115V/ 230V, 
50-60 Hz operation 
switch selected. 

Full access to all 
control points, 

for external 
programming 
of voltage or 

cu rrent, remote '----::;;m 
error sensing, 

mode flag, 
d-c output, 

a-c input . 

Size allows you to 
fit 3 PTA modules 
behind 3W' panel, 
or 4 units 
behind a 5Y." 
panel. 

Plug-in power transistors 
behind this removable shield 
for easy servicing. 

Optional internal 
overvoltage-sensing crowbar. 

The Kepco PTR is an OEM modular power supply . . . with a dif
ference. 

The difference is that for $273.00 you don't get a stripped-down, 
open-frame module with external heat sink fins, skimpy capacitors 
and a tricky derating chart versus ambient temperature-nor do 
you get a limited-range voltage stabilizer with fold back over
current protection. 

For $273.00, you get a Kepco PTR . . . a fully. programmable, 
automatic crossover voltage and current stabi lizer that functions 
with its self-contained, convection-cooled heat sink to produce full 
output to +11°C with no derating. 

PTR's produce from 0-7 volts at 5.5 amperes to 0-100 volts at 
0.6 amperes in six different models. All units have two control 
channels with plug-in 1-C control amplifiers for excellent stabiliza
tion (0.005%) and temperature immunity (0.01 %/°C) . 

For an extra $25.00, you can get a built-in overvoltage-sensing 
crowbar. 

The PTR is a truly remarkable value-the features and performance 
of lab and systems-type power supplies in an inexpensive, value 
packed OEM module. Write for Catalog 146-1278 for the full 
details. 

KEPCD@ For complete specifications, 
write Dept. E L- 14 

wit/JKEPCO 
you're in control/ 

KEPCO, INC.• 131-38 SANFORD AVENUE• FLUSHING, NY. 11352 • (212) 461-7000 •TWX ;'±710-582-2631 •Cable: KEPCOPOWER NEWYORK 
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Start Getting Your 
Money$vvorth 

Out of Povver Modules 
Now, you can really start getting your 
moneysworth out of power modules with 
Abb ott 's ne w LOW C OST seri es. 
D esigned to give you 100,000 hours of 
trouble-free operation ( that's l !Jf years), 
these reliable units meet the needs of 
OEM engineers. T heir purchase price is 
about $7 per year of service. The model 
LC series fea ture: 

• 47-420 Hz Input Frequency 
• 0 .1% Regulation 
• +50°c . Ambient Operation 
• Single and Dual Outputs 
• 1 Day Stock D elivery 

These units provide more quality per 
dollar compared to similar items on the 
market . See table below for prices on 
some of our LC models. ~Jany other LC 
models are listed in our catalog. 

5V@ 5V@ 12V@ 

If analyzing the many similar power 
supplies on the market is confusing; if 
you are concerned about the long-tenn 
reliability of those units, then decide on 
an Abbott power supply fo r your system. 
Your best buy in OE~! power modules 
is ABBOTT. 
Abbott also manu factures 3,000 other 
models of power supplies with output 
voltages from 5 to 740 voe and with 
output currents from 2 milliamps to 20 
amps . They are all listed with prices in 
the new Abbott Catalog with various 
inputs : 

15V@ 

60 ~to DC 
400 -l=tr to DC 
28 voe to oc 
28 voe to 400 ~ 
12-38 voe to 60 -Per . 

28V @ ± 12V@ ±15V@ 
6 Amps 10 Amps 10 Amps 4 Amps 1 Amp 1.2 Amps 4 Amps 

LC5T6 LC5TIO LC12TIO LC15T4 LC28Tl LLC12Tl.2 LLCl 5T4 

$79 $89 $108 $89 $79 $108 $148 

Please see pages 307-317 Volume 1 of your 197 4.75 EEM (ELECTRONIC ENGINEERS MASTER Catalog) 
or pages 853-860 Volume 3 of your 1974-75 GOLD BOOK for complete information on Abbott Modules. 

Send for our new 60 page FREE catalog. 

abbott t r a nsistor 
LABORATORIES, 

J.:;t•nt•rnl offit't'1'1 

5200 W . Jeff~rson Blvd ./ Los Angeles 90016 
(213) 936-8185 Telex : 69-1398 

6 Circle 6 on reader service card 

NCORPORATED 

1224 Anderson Ave./ Fort Lee, N.J. 07024 
(201) 224-6900 Telex : 13-5332 

Readers comment 

Wiii not crack 

To the Editor: In the new product 
writeup about our glass-tube heaters 
[Electronics , Feb. 20, p. 125] it is 
stated that these devices will crack 
when the applied power equals or 
exceeds their continuous power rat
ing. This is not true. Our tubes will 
definitely not crack at rated power 
or even at three times rated power. 
They must be significantly over
driven, as indicated in the second 
paragraph, to make them crack. 

As a matter of fact, a major mi
crowave-oven manufacturer, as well 
as a leading thermal-cutoff manu
facturer, are using our tube heaters 
to dissipate more than 50 watts for 
one-time-only operations. 

Prabodh Shah 
Corning Glass Works 

Corning, N .Y. 

'Dip effect' probed 

To the Editor: Your interesting ar
ticle "Gain up, size down" (Elec
tronics, Dec. 26, 1974, page 23] dis
cusses the phenomenon of the 
inhibited "emitter dip effect," but in 
my opinion the explanation seems 
either incomplete or incorrect. 

In early 197 l we conducted re
search on the emitter dip effect with 
the result that the observed increase 
of diffusion depth is, in fact , an oxy
gen-induced phenomenon. When 
using doped oxides as a source for 
the emitter diffusions in a neutral 
gas ambient (N2), the "emitter
push-out" disappeared completely, 
even for very high surface concen
trations of the base diffusion. The 
same result has been obtained by 
protecting the diffusion windows 
against oxygen (after a standard 
predeposition) by means of a nitride 
layer. 

In contrast to this technique, stan
dard emitter predeposition and 
drive-in diffusion cycles always pro
ceed in an oxygen ambient. 

It is evident that a layer of 
polysilicon will act in a similar way, 
protecting the surface of the 
monocrystalline silicon against the 
action of oxygen. 

R. Taubenest 
Neuchatel, Switzerland 
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Want a prime source for all your components? 

Consider the 
diversity in 
50 electronic 

product lines 
from a company 
called TRW 

The fourteen Electronic Components Divisions 
of TRW, Inc. produce over 50 major product 
lines. Passive, active and electromechanical 
components-we can supply virtually any 
part you need . High volume, high technology, 
or both. We either already make it , or we 
can make it to your specifications. If you 're 
looking for diversity in your prime source, 
you've just found it in a company called TRW. 

TRW ELECTRONIC COMPONENTS TRW.1Rc POTENTIOMETERS 

TRW.1Rc RESISTORS 

TRW. SEMICONDUCTORS 

Headquarters : 10880 Wilshire Bou levard , Los Angeles, CA 90024 

TRW.CAPACITORS TRW. CINCH-MONADNOCK TRW.GLOBE MOTORS 

TRW. c1NCH CONNECTORS TRW.coNSUMER INTERNATIONAL TRW. HOLYOKE WIRE & CABLE TRW. suPERMET PRODUCTS 

TRW. c1NCH-GRAPHIK TRW. ELECTRONIC FUNCTIONS TRW.1Rc NETWORKS TRW. uTc TRANSFORMERS 
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Only Sprague bantam 4-pin 
DIP capacitors can give you 
these advantages . .. 

20 
10 

guaranteed max. high frequency impedance 

low inductance and low ESH ... 
4-terminal connection mode option 

P.referred caP.acitance values to 
!JP.timize P.erformance when tantalum 
and ceramic capacitors are paralleled 

j automatic insertion capability 

your choice of layer-built ceramic 
or solid-electrolyte tantalum 

Type 935C MO NOL VTHIC ,, 
CERAMIC CAPACITORS 

Type 9350 TANTALEX 
SOLID-TANTALUM CAPACITORS 

............... J_ 2.0 

J_ 
(/)1,0 

I .......... ~.OlµF, tOOV 
~ .s 
0 .6 
z ""' 

.I 
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~ .4 
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2 3 4 5 6 8 1() 20 30 50 ICJO 
FREQUENCY IN MHZ 

Proven multi-layer construc
ti on. COG (NPO) and X?R tem
peratu re characteristics. Pre
ferred rat ings are .01 , .047, and 
.1 µ.F @ 100WVDC. Operating 
temperature range, - 55 C to 
+a5c. 

Circle 8 on reader service card 

For complete technical data on Type 
935C or 9350 Capacitors, write for 
Engineering Bulletins 6242.3 or 3542.3, 
respectively, to: Technical Literature 
Service, Sprague Electric Company, 35 
Marshall St., North Adams, Mass. 01247. 

I 
.3 3 Kl 30 ICJO 

FREQUENCY IN MHZ 

Dual in- line plastic package 
for mechanical protection and 
increased rel iabil ity. Preferred 
ratings are 6.8 µ.F @ 35 V, 15 µ.F 
@ 20V, 22 µ.F @ 15V, and 33 
µ.F @ 10 V. Operati ng tempera
ture range, - 55 C to +as C. 

Circle 118 on reader service card 

SPRAGUE-
THE 8ROAD-UNE PllODUCEll OF ELECTRONIC PAllTS 

THf MARK OF RELIABILITY 
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News update 

• Solarex Corp. had an idea, and 
the people who run the company 
figured that the best way to con
vince people that it was a good one 
was to start small. So the Rockville, 
Md., firm set out to prove tha t solar 
ce lls designed just for terrestrial ap
plications can do the job [Feb. 2 1, 
1974, p. 32]. The result has been a 
successful initial product and, now, 
an expanding line. Solarex started 
with a solar energizer designed to 
maintain the charge on batteries of 
parked cars and docked boats. A 
major factor in making silicon cells 
available for such jobs is to get their 
cost down, something that Solarex 
apparently has done in developing a 
cell with the surface electrode in 
chevron-shaped patterns. What's 
more, says president Joseph Lind
ma yer, the cells, sliced from an 
ingot that's lO mils thick, don' t need 
any structural support in mounting 
or anti-reflecting optical coating. 
Lindmayer says the cells are 15% ef
ficient even without the coating. 
Now, says Lindmayer, the product 
line includes larger arrays for re
mote locations such as lighthouses, 
and data buoys. 

• UGLI is getting prettier. UGLI, 
which stands for Universal Gate for 
Logic Implementation, is a joint 
project of the Air Force Avionics 
Laboratory at Wright-Patterson Air 
Force Base and Hughes Aircraft Co. 
A year ago, it had resulted in devel
opment of a prototype universal 
logic gate expected to be less expen-
5ive than custom-designed LSI cir
cuits, more powerful as a design tool 
than read-only memories and pro
gramed logic arrays, and as fast as 
MECL 10,000 [Feb. 7, 1974, p. 42]. 
Now, an improved version of UGLI 
has emerged. It can be used with 
LSI, where a large pad-relocation-in
terconnected wafer is used instead 
of individual gates. The new univer
sal logic gate forms a 4-by-4-bit 
three-stage multiplier with 34 cells 
and a delay of lO to 11 nanose
conds ; with conventional logic, up 
to seven stages- with a delay of 
more than 20 ns-would be needed, 
say the developers. 

-Howard Wolff 
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Why pay $2400 
for a TRUE RMS 
Digital Voltmeter 

Send for the "TRUE EVIDENCE" 
and/ or request a demonstration. 

I 
1kV 

RANGE 

100V 10V 1V 

The Ballantine Model 3620A measures pure 
sine, complex and pulse waveforms from 
over 1 MHz down to below 1 Hz . .. to 0.1 Hz 
optionally. Full scale ranges are from 1 O mV 
to 1 OOOV. Push " DC Coupled " button to read 
true rms of combined ac and de component 
present. 

Measures ac, de and ac+dc to 
beyond 1 MHz Accuracy ± (0.1 % RDG 
+ 0.1 % Range) Resolution to 1 µV ac 
measurements to 1 Hz Li ne or Batte ry 
operation Fully guarded input ; floating or 
grounded 90dB common mode rejection @ 
60 Hz No thermal lag - direct computation 
of true rms - fast response to 300 msec 

4V2 digits, high contrast, V2 " high; 19,999 
counts Automatic test equipment systems 
compatibility dB display 120dB total range; 
resolution to 0.01 dB. 

P.O. Box 97, Boonton, New Jersey 07005, 
Phone (201) 335-0900, TWX (810) 987-8380 
Four Decades of Innovation in Electronic Instrumentation 

I 
100mV 10mV 

flt!M 
PftOGllAlll 

DC 
COUPLED 

• 
10 KHt lF 
Flll£R MOOE 

' I 4 l I I · 1 1 4 • 
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AC/DC TRUE RMS VOLTMETER ~ J ___ _____.,, 

"See us at IEEE booth # 2632" Circle 9 on reader service card 



Editorial _____________ _ 

IEEE as professional activist 

It's been almost two and a half years since an 
overwhelming majority of its members voted to 
change the IEEE's constitution to permit the 
addition of career-oriented activities. In that 
time, the institute has been struggling to handle 
that mandate. 

On the positive side, it has taken membership 
surveys on salaries and fringe benefits and 
distributed the resulting averages as guides for 
members in job negotiations. It set up an office 
in Washington, D. C., as an outpost in dealing 
with the Federal Government on matters 
pertaining to technology. It also hammered out 
a set of ethical guidelines for engineers and 
recently used the guide as the basis for entering 
a trial as a friend of the court. 

And the IEEE has been working on pensions 
for the EE. Earlier this month, it joined the 
Pensions for Professionals operation to provide 
members with machinery for planning various 
kinds of retirement funds. All of these actions 
indicate a growing awareness of the professional 
aspirations of its members. 

On the negative side, the institute has still not 
come anywhere near establishing itself as the 
voice of EEs in the outside world. Because of an 
unsteady beginning, the Washington office has 
not yet made significant impact on Government. 

More important, however, members can 
wonder if the institute is living up to what might 
reasonably have been expected when the 
constitution was changed. Is the organization 
simply reacting to economic conditions, rather 
than promoting the profession? There are still 
conflicts within the IEEE between 
management-oriented and design-oriented 
members, between "town,, and "gown,,, and 
between technical-firsters and career-firsters. 
The result is that the leadership is still not 
completely comfortable with a professional 
activist role. 

Time will certainly solve some of these 

10 

problems, but there is room now for positive 
steps. These include: 
• Putting the general manager in the forefront. 
It's not practical to expect the IEEE president 
to articulate and carry out a professionalism 
program in one year. Instead, this role should be 
shifted squarely to the general manager. He 
should be responsible for initiating career
related plans, as well as ensuring continuity. 
• Beefing up the Washington office to make it 
the center for professional action. To be heard 
in Washington today requires a conscientious, 
all-out effort of the kind that is, so far, lacking 
from the IEEE. This step is being planned, but 
will require undivided attention and follow
through. 
• Refining the means of planning professional 
activities to open up ideas from rank-and-file 
members-and even outsiders. By now the board 
of directors and headquarters staff must realize 
that there are many sources of good ideas on the 
careers front. Committees headed by electronics 
companies' top brass or academicians from 
engineering schools may not be representative. 
There should be a permanent, top-level 'jobs 
committee,,, which would be active on behalf of 
working EEs in good times as well as bad. 
• Continuing the initiative begun a couple of 
years ago to get the IEEE's name before the 
general public. This effort has been 
discouraging, because the mass media are not 
knowledgeable enough when it comes to sorting 
out technology and engineering. It's still 
painfully true that newspaper and TV reporters 
think engineers run trains. 

Yet to be resolved is what to do about 
Intercon. It undoubtedly must change if it is to 
adjust successfully to a new environment. But 
we have reservations about the effectiveness of 
the regional fragmentation presently planned for 
Intercon. Possible alternatives will be the 
subject of a future editorial. 

Electronics/March 20, 1975 

... 

.. 

.. 

., 



... 

.. 

" 

-.. 

,. 

' -

The Fastest 21025 
and the easiest-to-use 21025 

are9102S . 
Specifications 9102C 91L02C 

Power (worse case) 290mW 330mW 175mW 

Access and cycle times 250ns 300ns 300ns 

Operating Temperature 
0 - 70° -55 - 125° 0 - 70° Range 

Data Hold Time Zero Zero Zero 

Address Hold Time 
Zero Zero Zero (Write Recovery Time) 

Blazing speed and design simplicity: Advanced Micro 
Devices' 1 K static RA M's. The 9102 's. 

Zero data and address hold times eliminate write cycle 
delays and extra timing slots in your system. You can 
change address & data and address & write pulses 
simultaneous ly. 

Get the full story. Write or call for a free copy of our new 
9102 Family brochure . . 

Get the best 2102's you can buy. Just ask for them by 
· name: Advanced Micro Devices' 9102 's. 

Advanced Micro Devices~ 
Corporate offices are at 901 Thompson Place, Sunnyvale, California 940B6. Telephone (40B) 732-2400 or toll free 
from outside California (BOO) 53B-7904/S@uthern California : Beverly Hills (213) 27B-9700/Mid-America: Oak 
Brook, Illinois (312) 323-9600/Edina, Minnesota (612) B35-4445/Dallas, Texas (214) 423-1502/Eastern United 
States: Roslyn Heights, New York (516) 4B4-4990/E. Syracuse, New York (315) 437-7546/Baltimore, Maryland 
(301) 744-B233/Wellesley, Massachusetts (617) 237-2774/Br ita in: Advanced Micro Devices , Telephone 
01-730-0B55/West Germany: Advanced Micro Devices, Mun ich, Telephone (OB9) 53 95 BB/Southern Europe: 
Advanced Micro Devices, S.A. Neuilly, France, Telephone 747-4194/Japan: Advanced Micro Devices, K.K., 
Telephone (03) 346-0363. Distributed nationally by Hamilton/Avnet, Cramer and Schweber Electronics. 
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lntefs 18-pin 16K 
single card memories~ 

Intel's new 2416 
CCD Serial 

Memory stores 
16,384 bits 

in a single 
18-pin 

package, 
allowing you 

to build bulk memories 
with a density of at 
least a million bits per 
card. Furthermore, the 
Intel 2416 is organized 
as 64 recirculating 256-
bit shift registers, so it 
has the speed and for
mat flexibility of an 
assembly of small reg
isters. In a program 
swapping operation, 
for example, your sys
tem could transfer data 
as fast as any CPU 
could use it. 

Any of the 16,384 
bits can be accessed in 
less than 200 microseconds at a shift -i 

cyde of 750 nanoseconds. Between 1,04s,s1s-e1rMeM0RvcARous1No 

shift cycles, you can read or write a bit, a byte or a word at serial data rates faster than 
2 megabits per second (a speed easily multiplied at the system level). A RAM-like 
I/O control with a cycle time less than 500 nanoseconds makes any register or a 
succession of registers accessible between shift cycles. 

Yet the Intel 2416 is economical to use, with its standard+ 12, -5V supplies and 
standard 18-pin plastic DIP (or 22-pin ceramic DIP). You can build fast, versatile 
bulk memories into computers or microcomputers, business equipment, POS 
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CCD makes me~ 
::a reality toda}t 
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~i'NTEL 2416CCD MEMORIES 

systems and program
mable calculators, or 
·replace conventional 
shift registers at low cost 
in CRT terminals, in
struments and com
munications buffers. 
And it readily emulates 
any small disc or drum 
system wherever the 
lower cost of CCD, 
better speed, high 
reliability, compactness 
and low power are 
needed. 

For instance, the 
single-card, million-bit 
serial memory system 
shown here can work 
in disc or drum modes 
with a maximum latency 
of 200 µsec and data 
rates to 64 megabits 
per second. The 64 Intel 
2416 packages are 
organized as 128 kilo

bytes. Eight identical cards would 
operate as a megabyte system. 

Start upgrading your bulk memories from electro-mechanical to solid state 
~ today. For immediate delivery of the Intel 2416, contact Almac/ Stroum, Component 

Specialties, Inc., Cramer, Hamilton/Avnet, Industrial Components, Inc., Sheridan, 
and L. A.Varah Ltd. For more information, phone an Intel regional office: (714) 
835-9642, west coast; (214) 661-8829, southwest; (513) 890-5350, midwest; (617) 
861-1136, New England; (215) 542-9444, east. Or write : Intel Corporation, 
3065 Bowers Avenue, Santa Clara, California 95051. 

)' inter delivers. 
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$ .29 
EACH 

PRINTED 
CIRCUIT 

MINIATURE 
ROTARY 

SWITCHES 

CHOICE OF TRUE PRINTED CIRCUIT 
BOARD MOUNTING OR EDGEBOARD 
CONNECTOR MOUNTING. 

Costs far less than regular miniature 
Rotary Switches, maintaining RCL's 
high quality standards. 

(Edgeboard type available in production 
quantities at $1 .29 each .) 

(Comparable low costs available on 
Printed Circuit Board Mounting Type) 

Call our hotline for prompt 
service and delivery. 

(201) 374-331 1 

RCL Electronics 

14 

General Sales Office: 
700 So. 21st Street 

Irvington, N. J. 07111 
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Zraket giving Mitre's touch 

to socially oriented systems 

Change of pace. Mitre 's Zraket looks 
toward energy, CAI, and urban transport . 

The Mitre Corp. is best known for 
its systems engineering for the Air 
Force and the Department of De
fense. But having made Charles A. 
Zraket the new senior vice president 
for technical operations, the com
pany is also out to make its mark in 
energy-especially photovoltaics, ur
ban transportation, and computer
aided instruction. Zraket himself 
initiated these programs when for 
12 years he headed Mitre's Wash
ington, D. C., operations. "They've 
been personal as well as business in
terests of mine for a long time," says 
the energetic Zraket. 

The 51-year-old electrical engi
neer, who has been with Mitre since 
it was founded in 1958, is respon
sible for all of the Bedford, Mass., 
company's technical and adminis
trative activities. 

"Obviously our first priority is to 
look at the future support of the Air 
Force," he says. "It has undergone 
major changes in the cost of doing 
business, in manpower constraints, 
and in applying advanced tech
nology. We must help decide how 
the electronics revolution can be ap
plied in more effective and less 
costly systems." Air Force and other 
DOD work accounts for about two 
thirds of Mitre's budget, which was 
$64 million in fiscal 1974. 

But he expects Mitre's budget in 
the energy field-now 10% of the to-

tal-to double in the next two or 
three years. Mitre is already in
volved with planning national 
energy R&D for the new Federal 
Energy Research and Development 
Agency. In Washington, Mitre has 
set up what Zraket says is the 
world's largest photovoltaic-cell test 
facility, and the corporation is talk
ing to ERDA about establishing a fa
cility to demonstrate the ability of 
photovoltaics to generate appre
ciable amounts of power. 

In computer-aided instruction, 
Mitre has developed a system for in
terfacing ordinary television sets 
with a computer through a wide
band cable, called Ticcit for time
shared interactive computer-con
trolled information television. 

Zraket also sees the computer 
helping urban transportation sys
tems increase their operating effi
ciency. "You have to talk computer
based automation," he says. "The 
problems are not in vehicles but in 
controlling them." 

Although Zraket doesn' t see 
many brand-new programs coming 
along for a while, he isn't worried. 
"We'll have our hands full in the 
next five years just doing what we've 
started." 

Bowmar 's new chief 

starts the cleanup 

Bowmar Instrument Corp.'s new 
chairman and chief executive officer 
is wasting little time or sentiment in 
trying to put the troubled company 
back on a firm financial footing. 
William M. Crilly, the former Pan 
American World Airways executive 
vice president who succeeded Ed
ward A. White at Bowmar's helm in 
New York a month ago, is already 
talking with several unnamed inter
ests about the company's prized 
(but expensive) MOS-production op
eration in Chandler, Ariz. 

"We'd rather not sell the Chan
dler facility , but that's something 
we'll just have to consider," says 
Crilly , an aeronautical engineer 
whose background also includes 
executive positions with Eastern 
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Howtoget 
more production out of 

your drafting room . 

Electronics/ March 20 , 1975 

We don't mean your draftsmen 
aren't working hard. Certainly they 
are! But what exactly are they doing? 
Probably a lot of their work involves 
revisions, repetitive elements, maybe 
even restorations. Much of which 
could be done in minutes instead of 
hours-photographically. 

We can explain how Kodagraph 
films and papers and modem photo
reproduction techniques can cut 
redrawing time to a minimum ... give 
you more de,sign time ... and probably 
make your drafting budget go 
further, too. 

And we can show you how to get 
reproductions back to your draftsmen 
faster, with a Kodak Supermatic-Star 
processor. This automated unit 
processes both wash-off and conven
tional films, quickly and with outstand
ing uniformity. 

For more information, write: 
Eastman Kodak Company, Graphics 
Markets Division, Dept. R57 l 2, 
Rochester, N.Y.14650. 

Kodak products for 
drawing reproduction. 

Ml 
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Cast-moulded 
capacitors 

require 
small 

WIMA FKS 3 
1 000 pF up to 0.04 7 µF 

WIMA FKC 3 
100 pF and up 

WIMA MKS 3 
Up to 0.47 µF 

WIMA FKS 2 min 
P.C.M. 5 mm 
1 000 pF to 0.04 7 µF 

are an excellent aid in designing your 
IC-equipped printed boards. Use the new 
plug-in WIMA® capacitors which are 
smaller and have regular e ® 
dimensions. , 
Write for our new catalogue. 
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WILHELM 
WESTERMANN 
Spezialfabrik 
tor Kondensatoren 
D-68 Mannheim 1 
Fed. Rep. of Germany 
Augusta-Anlage 56 
P. 0 . Box 2345 
Tel.: (0621) 40 80 1 2 

People 

Airlines and Douglas Aircraft Co. 
Bowmar filed for protection under 
Chapter XI of the bankruptcy laws 
last month after losing $23 million 
during the fiscal year ending Sept. 
30, 1974 [Electronics, Feb. 20, p. 26]. 

It may not be a seller's market, 
but Crilly says something has to go 
if Bowmar is going to survive its 
predicament. "At this point, it's a 
matter of dollars and cents at Chan
dler. There is no way you can run at 
20% capacity and make money. The 
least desirable approach would be 
to mothball the plant." 

Hopefully, he says, "We might 
find a joint-venture partner [for 
Chandler] . We might even take it 
outside the Chapter XI proceedings 
and still operate it with a partner. I 
can tell you one thing-we've been 
approached by a lot of bargain 
hunters." 

Dropped. Bowmar has already 
dropped its microwave-oven oper
ation in Newbury Park, Calif. Secu
rity systems for the home, produced 
at Bowmar's Fort Wayne, Ind., fa
cility, is a potential disposable . 
Desktop calculators are "under re
view" and may be dropped alto
gether. At this point, says Crilly, 
who appears to be going about his 
business with aplomb, "we would 
sell them in bulk if someone were 
interested." 

Of calculators-the company's 
mainstay and yet, ironically, the 
heart of its problems-Crilly has al
ready dropped the top-of-the-line 
MXlOO and MX140 and cut prices 
$10 to $20 on three of its middle
priced units. As for Bowmar's Euro
pean marketing activities, which 
have been criticized in the past as 
competitively weak, the new presi
dent says, "If anything, we'll step up 
foreign marketing in calculators, 
watches and light-emitting diodes." 

Most consolidations are already 
completed. Consumer activities 
have moved to the Phoenix area 
with most manufacturing now in 
Nogales, Mexico. The $1.5 million 
in financing recently received by 
Bowmar "looks adequate for six to 
eight weeks," Crilly concludes . 
"That's our long-term planning at 
this point." 
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The first 24 med l.iED lamp! 

And that 's 24 med at only 10 mA 
for our brightest red lamp. 
At 20 mA you can get over 48 med 

of light output. 

NARROW BEAM 
5082 -

WIDE BEAM 
5082 -

' • 

,1,. HP 's new high efficiency material makes these new bright LED's possible. 
With our brightest yellow you get 16 med at 10 mA. Our brightest green offers 16 med at 20 mA. 

Three colors, two beam angles, and two luminous intensity categories are avai lable 
in the popular T 1-3/4 package. Twelve new LEDs, one just right for your application. 

All are available for immediate delivery, just $0.89*each or $1.lS*each 
at the 100 piece level, depending on brightness category. 

Contact Hall-Mark, Schweber, Wilshire or the Wyle Distribution Group 
(Liberty/ Elmar) for immediate delivery. Or, write us for more details. They offer 

you new ways to apply solid-state technology 
in your products. 

01so2 ·Domestic USA Prices Only. 

HEWLETT. PACKARD 

Sales and service from 172 offices In 85 countrle1. 
1501 Page Mill Road. P1 lo A.Ito , Cal1forn111 94304 
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CHUPHUTUS 
I high-reliability-

ROBINSON-NUGENT "SIDE-WIPE" SOCKET 
CONTACT after 5 insertions of DIP lead frame. 
Contact has been spread apart to show inside faces of 

contact. See how the RN contact-because it 
mates with the smooth, flat side of the IC 

lead frame- retains its surface integrity. 
This 100% greater lead frame contact 

results in minimum electrical resistance 
- continued high reliability for your 
IC connections. 

Lead frame in place in RN 
"side-wipe" contact. 

AN ORDINARY EDGE-BEARING SOCKET 
CONTACT after 5 insertions of DIP lead frame. Con· 
tact has been spread apart to show inside faces of 

• 

• 

contact. Notice how the contact has scars and abra- " 
sions from rough, irregular edge of IC lead frame . 

Electrical contact is degraded and resistance is in
creased. Reliability is obviously reduced. 

Lead frame in place in an ordinary 
edge-bearing contact. 



REVEAL R SECRET 
~"s1aE-w1PE" DIP sockets 

... 

I -

Here's microscopic proof that high reliability Robinson-Nugent 
"side-wipe" DIP sockets make 100% greater contact than 
any edge-bearing socket on the market. This advance design 
provides constant low contact resistance, long term depend
ability-trouble-free IC interconnects. Yet RN high reliability 
DIP sockets cost no more than ordinary sockets! 

At 30X enlargement, all IC lead frames look like 
this. Because they are punched out of metal, the ~ 
edges are rough, jagged and irregular. In contrast, 
the flat sides of the lead frame are smooth, even 
and perfectly plated. Microphoto unretouched. 

WRITE TODAY for catalog and informative 
book "What to Look for in IC Interconnects'.' Free 
fromRobinson-Nugent-thepeoplewho make more 
kinds of high reliability IC sockets than anyone. 

800 East Eighth Street• New Albany, Indiana 47150 •Phone: (812) 945-0211 
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First Ever. 
A Point Plotter module 

For Generating CRT DiSPIBUS. 
Easily display digital information on CRTs or pen plotters ... from 
any computer or microprocessor. The DT212 Point Plotter does it 
all ... it interfaces directly to Tektronix, H-P, and DEC scopes ... 
also to analog instrument or control devices. 

Imagine, for $245 in 100's you get a 
complete point plotting system that: 
• Displays graphics and alpha

numerics 
•Yields more flicker-free data with 

high speed X, Y, and Z drive 
• Provides accurate position place

ment with dual 12-bit D/A 
converters 

• Interfaces directly to computer 1/0 

DATA TRANSLATION 
INC 

109 CONCORD STREET FRAMINGHAM MA 01701 

Call us at 617/879-3595 for a complete set of applications data. Or call your local representative below. 

205-539-4411 303-934-5505 904-243-6424 504-366-5766 215-337-1573 919-489-1546 713-688-9971 
602-947-7841 305-425-5505 305-723-0766 301-953-3724 505-299-7658 216-585-8421 214-231 -2573 
213-938-2833 305-776-4800 404-939-1674 314-997-1515 201-569-2230 615-584-2614 703-527-3262 
415-941-4410 913-6494000 716-334-2445 206-454-0900 
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You get a lot in a little package with 

General Electric 
Reed Switches 

Circle 235 on reader service card 

Meetings 

Reliability Physics Symposium, 
IEEE, MGM Grand Hotel, Las Vegas, 
Nev., April 1-3. 

Fourth Annual Symposium on Incre
mental Motion Control Systems and 
Devices, University of Illinois Elec
trical Engineering Department, Ur
bana, Ill., April 1- 3. 

Paris Components Show, (Salon des 
Composants Electroniques), Porte de 
Versailles, Paris, April 2-8 . 

Southeastcon '75, IEEE, Sheraton 
Center, Charlotte, N.C., April 6-9. 

Intercon-IEEE International Con
vention, Coliseum and Americana 
Hotel , New York, N.Y., April 8- 10. 

Intermag-International Magnetics 
Conference, IEEE, Imperial College, 
London, England, April 14-17. 

International Circuits & Systems 
Symposium, IEEE, Marriott Motor 
Hotel, Newton, Mass., April 21-23 . 

Reliabili ty Software International 
Symposium, IEEE, International Ho
tel, Los Angeles, April 22- 24. 

Society for Information Display In
ternational Symposium, SID, Shore
ham Americana Hotel, Washington, 
D.C., April 22-24. 

International Optical Computing 
Symposium, IEEE, Mayflower Hotel, 
Washington, D.C., April 23- 25 . 

National Relay Conference, NARM 
and Oklahoma State University, 
Stillwater, Okla., April 30- May 1. 

American Ceramics Society Elec
tronics division Meeting, Sheraton 
Park and Shoreham Americana, 
Washington, D .C., May 3-8 . 

International Microwave Sym
posium, IEEE, Rickey's Hyatt House, 
Palo Alto, Calif., May 12-14. 

Electronic Components Conference, 
IEEE, EIA , Statler H ilton Hotel, 
Washington, D .C. , May 12-14. 
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The HOWARD LIFETIME GUARANTEE fan vs. "the other fan" 

The new Howard Cyclohm fan matches the "other fan" in 
every way. It delivers the same volume of air in the same 
quiet way-even costs about the same as the "other" fan 
you are now using. But Howard includes a LIFETIME 
GUARANTEE with every fan. (See why we call the com
parison "unfair"?) 

HOWARD'S LIFETIME GUARANTEE 

In all fairness we admit this new Howard fan is exactly 
the same size as " the other fan ". They're interchange
able . And available " air away" and "air over" motor. 

Howard will replace any Cyclohm fan that fails in 
normal service for the life of your product. 
Accidents or intentional damage 
are not included . 

Be fair to yourself-Send for all the 
" unfair facts". Howard's new Fan 
and Blower Catalog is now avail
able- write today. 

HOWARD INDUSTRIES- Division of MSL Industries, Inc. -One North Dixie Highway, Milford, Illinois 60953 • Phone: (815) 889-4105 
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THE S634 LSl·11. 
You can stop worrying 

about who's c011lii.b out with 
what next in microprocessors, 
chip sets, microcomputers, 
and all the rest. 

You can stop worrying and 
start getting to work right now. 

The LSI-11 is here. 
The LSI-11 is an unbundled, 

honest-to-goodness PDP-11 
that LSI technology has 
enabled us to put onto an 
8112" x 10" board and sell for a 
mere $634 in lOO's. 

This single board contains 
an n-channel MOS CPU 
which executes the instruc
tion set forthe PDP-11 family 
up through the 11/40, a 4K 
word MOS random access 
memory (RAM), a 16-bit 

parallel buffered 1/0 bus, a 
real time clock input, power 
fail/auto re-start, and bootstrap. 

And best of all, the LSI-11 is 
truly flexible. You can expand 
the system with a minimum of 
additional hardware. Options 
include serial line interface, 
parallel line interface, 4K 
word programmable and 
masked read-only memory 
(PROM/ROM), lK word 
static RAM, 4K word dynamic 
RAM, 4K word core memory, 
fixed and floating point hard
ware multiply/divide, and 
four-slot backplane. 

Now that you have this 
kind of flexibility and per
formance, in this kind of size, 
and at this kind of price -

~nmnomo 
COMPONENTS 

GROUP 
Unbundling the world's most 

popular minicomputer systems. 

backed by Digital's experi
ence with over 15 ,000 
installed PDP-ll 1s-you can 
put real processing intelli
gence into a whole lot of 
places it's never been before. 

If you'd like to find out all 
the possibilities for the 
LSI-11, just give us a call: 
1-800-225-9480, (Mass. 
617-481-7400Ext. 6653). 

LSI-11. A $634 stand-alone 
PDP-11 on an 8112" x 10" board. 

Components Group, Digital 
Equipment Corp. ,One Iron Way, 
Marlborough, Mass. 01752. 
Digital Equipment of Canada, 
Ltd., Box 11500, Ottawa, 
Ont. K2H8K8, 613-592-5111. 
Europe: 81 Route de I' Aire, 
1211 Geneva 26, tel. 42 79 50. 



Our ';2" diameter variable resistors 
help you fight panel congestion . 
Type WR (lug terminals on side of 
case) and Type WRS (WR with rear 
mounted SPST switch) Both types 
give you famous Allen-Bradley hot 
molded composition resistance tracks 
for dependable, long term perform-

ance. Power rating 0.5 watt at 70° C. 
Linear taper available in values from 
100 ohms to 5 megs. Four other stan
dard tapers available from 500 ohms 
to 2.5 megs Tolerance ±20% or 
± 10%. Request specifications pub
lication 5220. Contact your Allen
Bradley Electronic Distributor or 
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write Allen-Bradley Electronics 
Division , 1201 South Second Street, 
Milwaukee, Wisconsin 53204. Export: 
Bloomfield , New Jersey 07003 . 
Canada: Allen-Bradley Canada Lim
ited, Cambridge , Ontario . United 
Kingdom : Jarrow, Co. Durham 
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The image-sensor race between Fairchild Camera and Instrument 
Corp.'s charge-coupled-device arrays and Reticon Corp.'s MOS photo
diode arrays is nearly a dead heat. Within a week or so of one another, 
both are announcing availability of 1, 728-element linear image sensors 
aimed at optical page-scanning systems like those used in facsimile. 

Fairchild's device, the CCD 121, contains 1,728 sensor elements, two 
charge-transfer gates, a pair of two-phase 866-bit analog shift registers, 
an output-charge detector/preamplifier, and a compensating output 
amplifier in a 24-pin dual in-line package measuring 0.52 by 0.004 
inch. Reticon's RL- l 872F contains 1,872 photodiodes, along with shift 
registers and multiplex switches for internal scanning and readout in a 
22-pin package measuring 0.40 by 1.6 in. Reticon says the array can 
scan a page in less than a second with better than 4.5-mil resolution, 
making possible facsimile transmission of highly detailed images. 

Watch for Texas Instruments to announce a new portable electronic 
printing calculator to its retailers within a month. Unlike other "hand
held" printing machines on the market, which rely on ticker-tape out
put, the TI unit will print up to nine digits on a 2-inch-wide roll of heat
sensitive paper. The 5-by-7-dot-matrix characters are printed a line at a 
time by a TI-built thermal print head. 

The calculator, featuring four functions with percent, also has chain
constant and fixed/floating decimal operation. High-level buffers per
mit multiple entries while the unit is in a printing mode, as well as two
key rollover-a second key can be pressed before the first one is re
leased. The unit is relatively large-8.7 by 3.9 by 2.7 in.-for a portable 
calculator and will run up to six hours on rechargeable batteries. 

A visit to Uranus Electronics in Port Chester, N.Y., by Soviet Electron
ics Ministry officials almost two years ago is finally paying off for the 
privately owned digital-watch maker. Uran us president Morris Levine 
returned from Moscow earlier this month with a signed agreement for 
his company to provide technical assistance in building a Soviet elec
tronic-watch factory. 

Levine says the Soviets will produce watches with both light-emitting 
diode and the liquid-crystal displays plus C-MOS chips of their own de
signs. Meanwhile, a group of Soviet electronics specialists visited facil
ities of General Instrument Corp.'s Microelectronics group in 
Hicksville, N.Y., and its corporate offices in Manhattan a few weeks 
ago to "talk a deal," although GI is keeping quiet about the visit. 

Sperry-Rand's Univac division has introduced two large-scale, high
performance computers-part of its venerable 1100 series. The new ma
chines are the first Univac mainframes to use semiconductor memory. 
Both were demonstrated this week at the Roseville, Minn. , 1100 facil
ity, along with new disk storage and general communications subsys
tems, as well as an improved version of the 1100 operating system. 

The 1100120 has an instruction-cycle time of 875 nanoseconds for a 
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Mostek to sell 

2-function unit 

for checkbooks 

Collins enters 

small-plane 

instrument market 

Electronics newsletter ___ _ 

possible 860,000 instructions per second. It also can be expanded from 
a unit processor with 13,072 words of storage to a multiprocessor with 
524,288 words of main memory. The 1100/40, which has 300-ns cycle 
time, has both primary and extended storage. 

CheckMaster, a two-function electronic checkbook calculator that will 
hold and display checking account balances for a year, will be announced 
early next month by Mostek Corp.'s new consumer electronics operation. 
The battery-powered machine, built into a plastic checkbook case and 
selling for $39.95, relies on a unique circuit design for its seemingly 
nonvolatile memory. 

In the "off'' position, the p-channel depletion-load chip is continu
ously supplied with less than 100 microamps, and the user's balance is 
maintained in a static shift register memory that is clocked only during 
operations requiring memory access. Even in the power-up mode, the 
chip requires less than 2 milliamps' current. The design also includes a 
power-up clear circuit so the balance isn't changed when the unit is 
turned on. 

Rockwell International's Collins Radio Group is expanding into instru
ments for single- and light twin-engine aircraft-the only avionics mar
ket area in which it does not already compete. Leading the drive is a 
new line of five solid-state communications and navigation instruments 
called the Collins Micro Line, with which the company expects to cap
ture a significant share of a business it estimates at about $75 million 
annually. 

The Micro line, which Collins says it will add to later, now consists 
of the VHF-251 transceiver, the VIR-351 receiver for vhf navigation, 
the AMR-350 audio center and marker beacon receiver, the IND-351 
VOR / ILS course indicator, and the GLS-350 glideslope receiver. 

Mostek's Corvus Mostek Corp. has sold its Corvus consumer electronics subsidiary to 
sold to Colex Col ex Ltd. of Hong Kong. Mostek will manufacture and market its new 

CheckMaster calculator, and digital electronic clocks, under its own 
name. 

Addenda National Semiconductor Corp. is planning to introduce by midsummer 
a Schottky bipolar version of its IMP-16 microprocessor. The new chip 
will be twice to four times as fast as the MOS device and will be fol
lowed by an 8-bit bipolar version later in the year. ... New FAA signs 
warning airline passengers of X-ray scrutiny aren't complete, says 
Frank Munley of Ralph Nader's Aviation Consumer Action Project. 
He says the signs do not warn of the cumulative effect of X-rays on com
mercial film; the Nader group may sue the agency to have the warning 
signs amended, says Munley .... Fairchild is closing its Shiprock, 
N.M., semiconductor facility in the wake of a recent takeover of the 
plant by militant American Indians. 
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The fastest 
data acguisition system. 

Anywhere. 
Our 4855 ultra-high speed 
sample-hold ahead of our 4133 
ultra-high speed 12-bit ADC. 
System aperture time is an 
ultra-low 1 nsec. Guaranteed 
throughput rate is 350 kHz. And 
you get this system speed at 
0.03% total accuracy. 

The 4855/4133 combination gives 
you a functional capability you can't 
achieve elsewhere. For example, 
the exceptionally low feedthrough of 
the 4855 allows you to multiplex dur
ing conversion without affecting 
system speed and accuracy. 

FFT, high speed data acquisition, 
video digitizing, radar pulse digitizing 
and multi-channel simultaneous sample 
and hold- applications where greater 
than nanosecond uncertainty slow 
you down. 

The 4855's 250 nsec acquisition 
time to 0.01% accuracy assures 
exceptionally high through
put rates for precision 
systems. The 4133 
gives you high linear
ity, excellent sta
bility and 2.5 f-Sec 
max. conversion 
time . 

Together they're 
unbeatable for highly 
accurate, high speed data 
acquisition. And they're only 
available from Teledyne Philbrick 
at unbeatable prices ($160 and $485 
in lOO's). 

For complete information, write for our 
Application Bulletin today. Or "DIAL" (our 
Direct Information Access Line) 617-329-1600. 
Teledyne Philbrick, Dedham, MA 02026. In Europe, 
Tel. 673.99.88, Telex: 25881. Or write, 181 Chausee 
De La Hulpe, 1170 Brussels. 

See us at Salon des Composants Allee F-93 

Electronlcs/March ·20 , 1975 Circl e 27 on reader service card 27 



.I. \..-All 111\..tU~UJ. "-' 

lower distortion 
than you've ever seen. 
I'll show you 
at INTERCON. 

' .. 
fi 

You'll like these other 1700A features, too: 
• Covers 10 Hz to 110 kHz 

Hi! • Has differential input 
• Measures signal ratios up to 100 dB Yes, I can measure distortion down to .002% ( -94 

dB) with this new Sound Tech system. • Measures 30 microvolts to 300 volts as a high-
And I can measure it in 5 seconds. sensitivity ac voltmeter 

• Reads power into 8 ohms That's because Sound Tech's new 1700A is push
button controlled-and it nulls automatically. 

What's more, the 1700Ais both an ultra-low-distortion 
signal source and a total harmonic distortion analyzer
a complete distortion measuring system. 

I'll be at INTERCON to show you how easily the 
1700A measures. 

Booth 2633. 
See you there. 

-Rosemary 

Ultra-low-distortion oscillator 
,., '""~.' ...... ~-;:~ .... See this at INTERCON, too. 

~ .... , .. 
(J - I It's an ultra-low-distortion oscillator for use in mea-. ~ - . 

11 
\ ... • suring lowest distortion amplifiers. Has less than .001 % 
~ .. .. distortion. Covers 10 Hz to 110 kHz. Push-button fre-

" quency selection. Output variable from less than l <: • -;;., •El ~ • 
- millivolt to 3 volts. 

S SOUND TECHNOLOGY -Circle 28 on reader service card I 
1400 DELL AVENUE 
CAMPBELL. CALIFORNIA 95008 
C40BJ 378-6 5 40 
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Significant developments in technology and business 

~, TRW Systems sets 
~ gate-density record 

~ for bipolar logic 
• Emitter-follower logic is 

applied to 11-chip, 1 6-bit 

microprogramable computer; 

50 ,000-device chip possible 

Emitter-follower logic, although IO 
years old, has been fashioned by 
TRW Systems Group into one of the 
industry's most powerful computer
circuit technologies. So the big pay
offs from bipolar LS may not all go 
to glamorous new processes like in
tegrated injection logic. 

Under the direction of the man
ager of the Microelectronics Center, 
Barry Dunbridge, one-chip proces
sors containing more than 17 ,000 
EFL devices (over 5,000 gates) have 
been built at the Redondo Beach, 
Calif., company. Such device den
sity is over 10 times that of today's 
most complex transistor-transistor
logic LSI processor chips. 

The improved EFL process was 
developed for in-house custom pro
grams under Air Force contracts, 
but can easily be transferred to com
mercial semiconductor production. 
TRW already has agreements with 
semiconductor manufacturers, who 
are enthusiastic about the high 
yields on large chips offered by the 
relatively simple three-diffusion 
(3D) process (see " Motorola 
readying LSI emitter-follower logic 
.. . " p. 30). For example, the on
wafer yield for a die measuring 300 
by 300 mils is 30%. 

Such high yields signal TRW's 
near-attainment of a major semi
conductor-de velopment go a l-a 
low-defect bipolar process capable 
of packing 10,000 gates on a chip 
[Electronics, March 6, p. 57]. This 
so-called IOK bipolar LSI excites 
computer and semiconductor manu
facturers alike, many of whom are 
counting on it for the step-function 
improvement in price and perform-

ance that will explode demand for 
medium and large computers even 
further. 

Hardware. Using only 11 chips, 
Dunbridge's group has built a high
p erform anc e 16-bit micro
programable parallel computer for 
an Air Force signal-processing sys
tem. A companion circuit for the 
system's front end is a signal-pro
cessing arithmetic unit that contains 
14,000 bipolar devices on a single, 
high-yield 302-by-360-mil chip 
[Electronics , March 6, p. 32]; it dissi
pates only 5 .1 watts at clock-cycle 
speeds of 120 nanoseconds. Better 
yet is another TR w processing chip, 
the MPY-1 , which, with over 17,000 
devices, must hold the bipolar den
sity record. 

According to Jim Buie, one of the 
key designers on the EFL project 
(and also the inventor of TTL in 
1961 ), the 16-bit computer has now 
reached the final debugging stage. 
The machine is composed of eight 

Speeder. Sixteen- bit computer bui lt wi th TRW's high-yield emitter-follower logic has a typical instruction cycle time of 120 ns. Under TRW li

cense, Motorola Semiconductor plans to start producing the parts and may announce a new MC5800 chip family by September. 

RAM 

LI NE 
RECEI VERS 

LI NE 
RECEI VERS 

LI NE 
DRI VERS 

PAU - PROG RAMABLE ARITHMETIC UNIT 
OAU - OPERAND ARITHMETIC UNIT 
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4-bit-slice microprocessor chips that 
make up both the central program
able address unit and the operand 
arithmetic unit (s ee p . 29) . The 
three remaining chips are a 16-bit 
parallel multiplier [Electronics, Jan. 
23, p . 29], a control chip for micro
programing, and a single jumbo in
put/ output chip. 

More coming. Buie points to even 
more impressive developments with 
a triple-diffused LSI process that has 
been extended into the higher-per
forming current-mode-logic config
uration. "With CML," says Buie, "we 
can boost the frequency range of 
our 3o transistors to approximately 
30% of the actual transistor cutoff." 
This permits the devices to operate 
two to three times faster than be
fore. And since CML and EFL can be 
made directly compatible, a de
signer can use them side by side on 

a chip to optimize the performance 
of different segments of the circuit. 

For example, CML is faster but 
more limited for combinational 
logic functions than EFL, so that in 
an EFL-CML D-type fiip-fiop , the in
ternal registers could be built with 
CML, the gates with EFL. The result
ing fiip-fiop runs with a propagation 
delay of only 25 ns (for a typical 
load of 80 picofarads) while dissi
pating only 32 milliwatts. 

Paralleling these circuit advances 
is the development of advanced 3D 
LSI designs that could improve still 
more dramatically the speed-power 
product of today's 3D techniques 
and lead to still higher levels of 
bipolar complexity. It all boils down 
to gates that occupy a quarter of the 
space of TRW's already tiny EFL 
structures. 

In addition, these gates may be 

Motorola readying LSI emitter-follower 

logic based on license from TRW 

30 

Motorola's Semiconductor Products 
division , Phoenix, is starting pro
duction of large-scale emitter-fo l
lower-logic devices . The company 
plans to announce a set of standard 
EFL minicompute r chips, probably 
in September. 

The 11-chip set forms a 16-bit 
miniprocessor with transistor-tran
si sto r- logi c speed and micro
processor size . The chip set is made 
from masks developed by TRW Sys
tems , which has granted Motorola a 
technology license . Jack Saddler, 
Motorola's government marketing 
manager , says , "We have been 
working on the EFL process for 
about one and a half years, and we 
know we can produce it. We have 
even enhanced it some ." 

The minicomputer set , says Sad
dler, is oriented toward military ap
plications, notably electronic coun
termeasures , speech, and radar 
processing . The firm is now check
ing out software for such functions 
as fast Fourier transforms and dig
ital filtering. As to commercial uses , 
"the compute r is a number 
cruncher," says Saddler. "We know 

the military needs this capability, 
but we aren 't sure whether many 
commercial applications do ." He 
adds that Motorola will only produce 
hundreds of the chips this year. 

Saddler notes that the micro
processor concept is especially ex
citing to military customers because 
they need sophisticated systems in 
small quant ities . " They've been 
wrestl ing wi th how to implement 
custom applications without the 
low-quant ity orders the semicon
ductor suppl iers don 't want. With 
microprocessors , the customizing is 
all done in software." 

Saddler pred icts wide app li 
cations of microprocessors in mili
tary systems-so wide , in fact , that 
the company wi ll also int roduce a 
special military version of its com
merc ial MC6800 series n-channel 
MOS microprocessor . Motoro la 
plans to discuss and show these 
products at the 1975 International 
Symposium on Military and Indus
trial Microprocessor Systems in San 
Diego , June 3 to 6. The symposium 
is sponsored by AH Systems Inc . of 
Chatsworth , Ca li f. 

built with transistors operating at 
cutoffs as high as 500 MHz, almost 
five times faster than in present EFL 
circuits. As a result, a typical 300-
by-300-mil processor chip dissipat
ing only about 5 w could accom
modate an incredible 50,000 de
vices-probably enough for a full 
16-bit miniprocessor. O 

Memory 

Superchip boosts 

RAM size to 40-k 

Large semiconductor-memory sys
tems are built up from lots of rela
tively small memory chips that have 
been cut from a silicon slice, pack
aged , and interconnected on a 
printed-circuit board. Obviously, 
things would be much easier if those 
chips could be interconnected while 
they're still in the slice. 

This is exactly what Honeywell 
Information Systems is trying to do 
with its developmental Superchip-a 
metal-oxide-semiconductor memory 
which, measuring 1.1 by 1.2 inches, 
occupies most of a 2-inch-diameter 
silicon wafer. The super-sized chip 
is fabricated with 256 arrays of shift 
registers containing 256 bits each for 
a total of 65,536 bits. Functionally, 
Superchip, designated the SC-2, is 
divided into four groups of 64 ar
rays all connected to each other via 
a common bus system. 

The result is that Honeywell 
doesn' t need a l 00% yield to pro
duce a useable device. Rather, only 
the good arrays are interconnected ; 
faulty arrays and even entire groups 
of arrays can be omitted without 
ruining the wafer. 

So far, the best chip Honeywell, 
working with a semiconductor man
ufacturer, has produced of the 
block-oriented , random-access 
memory had about 40,000 operating 
bits, although it hopes to produce 
100,000-bit devices. With its ap
proach, however, Honeywell hopes 
eventually to be able to produce a 
memory for its computer systems 
that falls between high-speed RAMs 
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game," he says. 
Bremer's goal is 
to obtain memo
ries for half to a 
quarter the price 
of commercially 
available semi
conductor 
memories and to 
keep assembly 
costs the same 
or lower. A 
packaged 4,096-
bit device will 
cost about 1/.i 
cent per bit in 
1975, he esti
mates. 

More bits. Honeywell 's Superchip contains 65 ,536 bits divided into 
four groups on silicon slice measuring 1.1 by 1.2 inches. Common 
buses for 256-bit array at at the top of each group. 

Each 256-bit 
shift register is a 
dynamic, p
channel, silicon
gate MOS device. 
Each register ar

and slow but inexpensive memories 
such as disks. 

Honeywell's work is reminiscent 
of Texas Instruments' discretionary
wiring and Hughes Aircraft Co.'s 
pad-relocation techniques of a few 
years back. These were efforts to in
crease the number of useable logic 
gates on a piece of silicon, as well as 
custom-design the gates ' inter
connections. 

Unfortunately, those systems re
quired an extra mask unique to 
each wafer, to lay down metal
ization that would connect good ar
rays and avoid faulty ones. And dis
cretionary wiring turned out tb be 
more expensive than the standard 
devices that semiconductor manu
facturers were beginning to turn out 
in large quantity. 

Step ahead. "We developed Su
perchip in an attempt to be a slight 
step ahead of the semiconductor in
dustry," says the director of ad
vanced technology programs, John 
W. Bremer. Primarily, Bremer 
wants to be ahead in cost. He notes 
that the support of a 1,024-bit chip
wiring, testing, assembly and pack
aging-can equal the price of the 
part. 

"If we can get more bits per semi
conductor, even if the semicon
ductor is bigger, we are ahead of the 
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ray also contains a clock driver, a 
13-bit programable read-only 
memory and associated pads, an ad
dress comparator, and a 22-bit-wide 
common bus. 

Avalanched PROMS form one in
put to the comparator; the other in
put comes from the bus. After the 
wafer is fabricated with the PROM 

devices left open, each array is 
probed to determine if it works. If it 
does, 12 PROMS are programed with 
a unique address by applying cur
rent to the probe pads. If it doesn't, 
a 13th PROM is activated to discon
nect the array from the common 
bus. 

This connect/ disconnect philoso
phy can also be applied to the buses. 
Each of the four groups of arrays 
has its own bus with group clock 
drivers, for increasing speed, and 
bus disconnects. A faulty group can 
be disconnected from the main bus 
while the rest of the wafer continues 
to function. 

The address buses and compara
tor logic allow random access to 
each shift-register array, which then 
cycles through an entire 256 bits. 
Access time of the SC-2 is 5 to 10 
microseconds to set up all drivers 
and to go to the address compara
tor. The cycle rate is l megahertz, so 
the actual time it takes to transfer 

an array's worth of information is 
256 microseconds. The memory is 
refreshed every time that it is ac-
cessed. 

Industrial electronics 

Metal-rolling micro 
takes care of tuning 

D 

Computerized thickness controls 
have been available to the metal
rolling industry for probably 10 
years, but shops unable to justify 
the expense must use manually ad
justed analog systems. These are not 
only time-consuming to adjust, or 
tune-they must also be retuned 
each time, for example, the mill 
changes the metal or the thickness 
that it's rolling. 

At last week's IEEE Industrial Ap
plications of Microprocessors meet
ing in Philadelphia, Industrial Nu
cleonics Corp., Columbus, Ohio, 
introduced a system that brings 
computer control to the analog-sys
tems users. It's doing this by apply
ing the logic and memory capabili
ties of a microprocessor system to a 
gage controller that can be set for 
any metal and thickness merely by 
dialing two thumbwheel switches. 
The system itself takes care of the 
tuning-holding the metal to toler
ance by controlling the de motors 
that regulate the tension on the 
sheet-metal payoff reels, and the 
force on the bite rollers between 
which the metal is squeezed. 

"Tight tolerances have become 
increasingly important to the rolling 
industry because of a growing trend 
to specify sheet to a minimum in
stead of a nominal thickness," ex
plains John Underwood, senior 
product engineer at Industrial Nu
cleonics. "The customer pays for the 
sheet based on what it would weigh 
if it were the same minimum thick
ness throughout. Undertolerance is 
not acceptable, and any over
tolerance is money out of the mill's 
pocketbook." 

The new controller, priced at 
about $45,000-which is competi-
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tive, says the company, with analog 
gage controls-is used in conjunc
tion with Industrial Nucleonics' Ac
cuRay 510, an isotope-based thick
ness gage that determines thickness 
on the basis of the amount of radi
ation penetrating the metal. Its out
put, in volts per mil, is sampled by 
an analog multiplexer which also 
samples roll speed, roll force and 
sheet-metal tension. The values are 
fed to an analog-to-digital converter 
and made available to the micro
processor-an Intel Corp. 8008 in 
the initial field-test unit, but produc
tion systems may use the 8080. 

Dialed in. Also fed to the micro
processor are 33 bits that represent 
the metal-thickness set point and 
the type of material being rolled. 
These numbers, set by dials on the 
thickness gage control panel, are 
used in the special control algorithm 
which the microprocessor solves. 

Switches on the controller panel 
turn on simple or differential back
lash compensation for the screws 
that control the roll loading and re
set the metal tension. The switches 
also select the variables to be dis
played and can be used to modify 
operating constants during the ini
tial setup. But once the system is set 
up for a metal, the controller never 
has to be retuned if, for example, 
thickness must be changed. 

The controller memory typically 
consists of about 3,000 8-bit words 
of programable read-only memory, 
256 words of random-access 
memory, and 32 words of field-al
terable ROM. Because the controller 
must retain its memory without 
power, RAM is used only to hold cur
rent-variables and status bits. The 
bulk of the control program and in
formation relating to the installation 
are contained in PROM. Set points, 
limits and control algorithm con
stants which may be changed peri
odically are stored in the Farom. 

There also are on-line diagnostic 
routines for go/no-go self-checks 
that are run once per second. Bit 
patterns, outputted to a diagnostic 
port at points in the programs, pro
vide an oscilloscope or logic analy
zer trigger, as well as a visual indica
tion of controller operation. D 
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Memory 

French introducing 

domain memory 

Magnetic bubbles hold a great deal 
of promise for mass-storage of dig
ital data, but many observers say 
they won't hit the market in a big 
way until the 1980s. Meanwhile, a 
French company is poised to enter 
the market with a competitive tech
nology-moving-domain memories. 
The European entry is Crouzet SA in 
Valence, France, which will join 
Cambridge Memories Inc., Cam
bridge, Mass., a company that has 
domain-tip hardware on the market. 

Moving-domain memories are at
tractive for a number of reasons: 
they're nonvolatile, like core memo
ries, but much smaller; they operate 
reasonably fast; they need no exter
nal magnetic bias to form and hold 
the domains, as do bubble memo
ries; and they can be batch-fabri
cated using conventional micro
circuit techniques. 

This summer, Crouzet's aerospace 
and systems division will deliver a 
prototype 2-megabit image-refresh 
memory destined for a military dig
ital-TV system. The company also 
has in the works a refresh memory 

for a cockpit display, and for the 
French space agency there's a pro
totype study for a satellite memory. 

Disk replacement. Claude Batta
rel, the Crouzet technical executive 
who heads the memory program, 
also sees a potential commercial ap
plication, as a small high-perform
ance replacement for small disk 
memories. "By the end of 1975," 
says Battarel, "the cost on a memory 
card for MOD memories should run 
0.2 cent per bit, which looks com
petitive with 6-micrometer bubbles" 
(the size most people are working 
with). And Battarel is convinced 
that MOD can compete with a sec
ond contender-the charge-coupled
device semiconductor memory-as 
its prices go down the learning 
curve. 

Crouzet's current MOD has 35,000 
bits per substrate. But the company 
already is working on an improved 
MOD with a density four times that
geometry will change, magnetic 
tracks will be smaller, and conduc
tors will be smaller. At the same 
time, there'll be a significant cut in 
the memory's power consumption to 
about 2 watts per megabit from the 
30 w /Mb per second or so of the 
present version. 

Crouzet builds its MOD memories 
on glass substrates that measure 63 
by 54 by 0.8 millimeters. Each car
ries eight independent shift registers 

Magnetic-memory movement. Sequence of sketches shows, from left to right, how mag
netic fields created by currents in lateral and central conductors are able to move a magnetic 
domain from one finger-like area to the next in shift-register fashion. 
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If you 
can't bring 
~your 

·troubleshooting 
into your lab, 
·roll Tektronix 
~TM500 
·to the problem. 
..... digital multimeters 

• counters 

• generators 

• amplifiers 

• power supplies 

• oscilloscopes 

• a blank plug-in for your own circuitry 

• and more 

The TEKTRONIX Rollabout Configuration of 
-, TM 500 modular instruments helps you conven:

iently take your test and measurement "laboratory" right to the 
problem ... whether it's routine maintenance, calibration, re
pairs, QC or production testing, or whatever. TEKTRONIX 
TM 500 modular instruments are designed to fulfill your needs 
in such widely divergent areas as: computer circuitry and 

~ data handling equipment, numerically controlled machines, 
laboratory instrumentation, communications equipment, and 
medical instrumentation. 

The modular Rollabout Configuration provides up to six 
operating test and measurement instruments, which you can 
tailor from a growing line of 29, plus the TEKTRONIX portable 

.,. or plug-in oscilloscope of your choice ... all on a SCOPE
MOBILE ® cart. TM 500 modular instruments can work together 
through a common interface circuit board within their main
frame enclosures, and they can also function totally inde
pendently. Some are general purpose, such as DMMs, some 
are highly specialized, such as those for oscilloscope calibra
tion. They comprise a test and measurement system that 

· is difficult to duplicate with "monolithic" instruments. 

three, four, and six-compartment main
frames providing the common power sup

ply. The modular Rollabout Configuration can accommodate 
two TM 503, 3-compartment mainframes. Select the plug-ins 
from 11 signal sources, 5 counters, 2 digital multimeters, 5 
power supplies, 3 signal processors, 1 oscilloscope, and an 
X-Y monitor. There's also a blank plug-in kit to make it more 
convenient for you to assemble the specialized circuits you 
require. A TM 500 modular Rollabout Configuration lets you 
take the instrumentation you need where you need it. 

Find out what TM 500 instrumentation can do for you. Send 
for the TM 500 Booklet A-3072 with full specifications and 
suggested selections of instruments for typical applications . 
Or contact your local Tektronix Field Engineer for a demon
stration of how TM 500 instruments can 
solve your needs. Write to Tektronix, ~ 
Inc., P.O. Box 500, Beaverton, Oregon 
97077. In Europe write Tektronix Lim-
ited, P.O. Box 36, St. Peter Port, 

Guernsey, Channel Islands. 

The TM 500 Product Line is a growing, compatible family 
of 29 plug-in modular instruments, accessories, and one, TEKTRONIX@ 

-

committed to 
technical excellence 
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of 4,352 bits. The clock cycle is 2.8 
microseconds, and the average ac
cess time for an octet (the bits in the 
eight registers are transferred in 
parallel) is 6 milliseconds. By astute 
utilization of the memory, however, 
the access time can be cut when the 
full 32-kilobit bit capacity is not re
quired. Improved units will have 
512-bit registers, and average access 
time of about 300 µ,s . 

The shift registers are based on a 
magnetic track with a central path 
flanked on either side by "fingers" 
that store the domains. Actually, the 
track is made up of two 1,000-ang
strom-thick layers of nickel-cobalt, a 
continuous "soft magnetization" 
layer with a "hard" layer atop it. It's 
the pattern etched into the "hard" 
layer that guides the domains as 
they step along the register in re
sponse to writing and reading pulses 
fed to the register. 

Here's the cross section of a sub
strate from the bottom up: glass 
substrate, 8 millimeters; two layers 
of nickel-cobalt, each 1,000 ang
stroms thick; a 15-µ,m layer of insu
lation; the central conductor mean
der of copper 8 µ,m thick; a second 
15-µ,m layer of insulation, and on 
top the lateral conductor of copper 
15 µ,m thick. 

The width of the track, from the 
tip of one finger to the tip of the fin
ger opposite, is 200 µ,m. The width 
of the finger (along the track axis) is 
12 µ,m, and the pitch is 50 µ,m. These 
dimensions are well within the 
range of the thin-film microcircuit 
techniques Crouzet employs to pro
duce the substrates. D 

Consumer electronics 

Subaudible tone 
protects records 

Top recording stars are not only big 
business but big losers as well when 
their records and tapes are pirated 
and sold by "outside" interests. Lost 
sales and royalties could amount to 
as much as $200 million annually, 
according to industry estimates. 
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But a small company in New 
York, Audicom Corp. , thinks it can 
put an end to the pirating with a 
subaudible tone-coding system that 
would be tagged onto each record
ing. Originally developed by the 
late Murray G. Crosby, the inventor 
of fm multiplex stereo, for keeping 
track of radio and television com
mercials as they are broadcast, the 
tones could be used to identify a 
recording's original source, accord
ing to Audicom. 

Typically, says Alex J. Rutman, 
Audicom's executive vice president, 
a "pirate" of records or tapes will 
superimpose material onto the sto
len recording, such as an occasional 
guitar chord. When challenged, he 
usually claims that the entire 
recording was made by different art
ists as a "sound-alike" production, 
pointing to the minor differences as 
proof. The Audicom system is ex
pected to change all that. 

The system places a subaudible 
identifying code on the original 
master recording, actually a narrow 
frequency "notch" of 200-hertz 
bandwidth, centered at 2,877 Hz. 
The code runs for 2.5 seconds. 
Within this notch, a carrier 55 deci
bels below peak audio amplitude 
provides an 8-character signal code 
in frequency-shift form. A re
ceiver/monitor detects and decodes 

the signal and a built-in electronic 
clock adds time information. The 
code, which can be applied to any 
recorded medium, may be inserted 
several times in each recording or 
commercial. 

Unmistakable. Rutman says the 
same signal will appear on any 
recording produced by a pirate, 
thereby identifying the material as 
that of the original producer. And 
the signal can be detected when the 
recording is broadcast. This is im
portant, says Rutman, because 
broadcasters are required to pay 
royalties to the producers of the 
recording. In fact, he says that the 
final version of the proposed general 
copyright revision bill now before 
Congress includes an amendment 
that would force broadcasters to pay 
for every play of every record. Ob
viously, says Rutman, Audicom 
considers this will generate a major 
market for its system. 

Audicom is now in the midst of 
raising capital to complete the test
ing required by the Federal Com
munications Commission and to 
market its system to record com
panies, broadcasters, and advertis
ing agencies. The company plans 
eventually to place receiving sta
tions in the top 200 broadcast mar
kets in the country. 

Decoded signals would be re
corded daily and polled by tele
phone at the end of each broadcast 
day. The data would be fed into a 
central processing unit for gener
ation of proof of performance and 
billing and collection reports, sta
tion logs, competitive media reports, 
music-publisher royalty reports, and 
advertiser audits. D 

Packaging & production 

Flexible circuits get 
cheaper laminate 

A Los Angeles inventor has devel
oped a relatively inexpensive tech
nique for coating a thin plastic film 
on copper foil. The technique is said 
to make high-temperature flexible 
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TM - Contour Cable is a trademark of Hughes Aircraft Campany. 

We specialize in flat cable 
and flexible circuit problems 

nobody else can crack • 
A lot of people make flat cable. A lot of 

people make flexible circuits. We're one of the few 

who make both. 

But the big difference isn't only what we can 

manufacture, it's what we can design. 
TM 

Hughes CONTOUR Cable solved problems 

for the Viking Mars probe. We worked out 
solutions for the Minuteman missiles. We 

cracked tough packaging problems for 

shipboard and airborne systems, ra

dar, sonar, high-speed computers. 

And we can crack yo ur 

tough ones, too. 

Not wild-eyed, super-expensive, 

forever-and-a-day solutions. Practical solutions. 
Maybe even less-expensive-in-the-long-run solutions. 

And once we design it, we'll make it. In one 

of the industry's newest, most complete facilities. 

Think of it this way. If it's simple and 

easy, anybody can do it, including us. But 
the tough nut is our specialty. 

A tour? Or a consultation to discuss 

your design requirements? Just call (714) 

548-0671 and ask for Dave Cianciulli. 
Or write : 500 

Superior Ave., 

Newport Beach, 

California 92663. 

r------------------, 
I I 

i HUGHES i 
I I 

L------------------J 
HUGHES AIRCRAFT COMPANY 

CONNECTING DEYIC&a 

Cables, circuits, connectors . .. only Hughes puts it all together. 
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prin ted circuits cost-competitive 
with those manufactured for low
temperature applications. 

The developer, a chemist named 
George Wilhelm, claims an oper
a ting temperature higher than 
400°F for foil coated with polyi
mide, compared to the 120°F for 
low-temperature polyester. 

If the technique can be translated 
into large-scale production, it may 
be suitable for high-temperature ap
plications like kitchen ovens and, 
more significantly, for high-volume 
applications such as cameras and 
automobile dashboard assemblies. 
Flexible circuits are needed in these 
applications because of the tight 
space requirements that only they 
can meet. However, the fact that the 
circuits could be soldered in produc
tion is more important than their 
heat tolerance. Existing low-tem
perature circuits must be soldered 
under carefully controlled condi
tions to avoid peeling or melting of 
the dielectric. The auto industry, in 
fact, uses press-fit mechanical con
tacts to avoid the need for solder. 

High-temperature circuits now 
available use an expensive Kapton 
film laminated to the copper with an 
even more expensive sheet adhesive. 
But Wilhelm says his process should 
yield circuits 50% to 75% less costly 
than Kapton circuits. Other at
tempts have been made to coat cop
per with bulk liquid plastic, says 
Wilhelm, but, to his knowledge, 
they have been unsuccessful. 

Curling. When a plastic such as 
the polyimide is applied in liquid 
form it shrinks as it solidifies, caus
ing the laminate to curl. Wilhelm 
claims to have overcome this to a 
large degree with a proprietary pro
cess. He hopes to place the tech
nique in production or license it. He 
says a large computer company is 
now evaluating some of his circuits. 

Using the laminates he has made, 
Wilhelm has fabricated several flex
ible circuits, some of which were 
shown at a London trade show in 
December by Frank P. Recchia. 
Recchia is in market development 
at D .S. Gilmore Laboratories, the 
polyimide supplier in North Haven, 
Conn. 
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Although the dimensional stabil
ity of the laminate is not as good as 
one using Kapton, "it's still an ex
cellent high-temperature material 
and is acceptable for many appli
cations to upgrade Mylar," says 
Recchia. He adds that there was 
"much interest" in the circuits at the 
London show. 

Wilhelm sees some applications 
for the film in semiconductor pack
aging. In particular, he cites the 
tape-fed bonding techniques, such 
as Minimod, which are receiving in
creasing attention at integrated-cir
cuit makers. He says he has eutect
ically bonded silicon chips to a 
copper laminate with 30 seconds of 
scrubbing at 800°F without delami
nation. D 

Microwaves 

Microwave devices 
withstand VSWR 

Microwave transistors are usually 
judged by their gain and output, 
with electrical ruggedness coming in 
a distant third for consideration. But 
in transistors developed for the 
1,640-megahertz uplink transmitter 
for the Marisat marine satellite sys
tem, TRW Semiconductors Inc., 
Lawndale, Calif., has used a combi
nation of techniques to ensure that 
the devices can withstand an infinite 
voltage-standing-wave ratio. This 
means the transmitter output can be 
opened or shorted without damage 
to the output transistors- important 
in mobile and shipboard appli
cations where antennas are subject 
to damage or misuse. 

Thomas J. Kelly, project manager 
at Scientific-Atlanta Inc. , the prime 
contractor for the Marisat terminals 
[Electronics, Nov. 14, p. 39) says, 
"The other units we tried were ex
tremely delicate, but you can do 
anything to the TRW units and it 
doesn't hurt them. They work well 
even at the high temperatures." 

Contributing to the ruggedness 
are diffused emitter-ballast resistors, 
with monolithic zener diode protec-

tion. These resistors allow the tran
sistors to be operated without the 
expensive load isolators normally 
required, explains TRW microwave 
sales manager Bill Sebastian. In ad
dition, the transistors use a pro
prietary gold-metalization system 
for long life. 

The diffused emitter-ballast re
sistors equalize current drawn by 
each "finger" of the interdigitated 
structure normally used for such 
high-frequency transistors. Conven
tional microwave transistors either 
omit this step or use thin-film resist
ors. Sebastian points out that this 
thin film is, unfortunately, the hot
test part of the transistor; it is de
posited on an oxide layer that acts 
as an insulator, preventing heat dis
sipation. 

Better dissipation. The diffused 
resistor, being part of the silicon, 
has, unlike a thin film, better heat 
dissipation while also having the 
same thermal coefficient. The diffu
sion also can be designed to run out 
of carriers before the device draws a 
destructive level of current. Another 
advantage is that a higher resistance 
level is possible-SO ohms rather 
than the 10 ohms obtainable with 
thin films of nichrome. 

The diffused resistor, because it 
has a different resistivity than the 
substrate, also forms a zener diode 
to the collector. TR w uses the zener 
diode to provide overvoltage protec
tion. Another zener added between 
base and collector serves a similar 
function . Sebastian says the devices 
appear to have one disadvantage : 
"They're a little harder to broad
band because of slightly higher 
feedback capacitance." 

The gold metalization process 
substantially reduces metal migra
tion, a problem in fine-geometry de
vices such as microwave transistors 
if conventional aluminum is used. 
The transistor, for example, has 50 
3-micrometer-wide fingers spaced 1 
µ.m apart on a 20-by-20-mil chip. 
TRW uses a titanium-tungsten-gold 
system. Platinum rather than tung
sten had been used but led to pro
cessing problems, says Sebastian. 

The metals are sputtered onto the 
wafer, giving better coverage than 
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collimated deposition, especially 
over steps in the oxide. A pro
prietary plating process instead of 
back etching is used to define the 
metal, thereby reducing under
cutting and permitting thicker met
alization. 

The Marisat transistors are 10-
watt devices, but 1- and 3-watt units 
have already been designed. More
over, TRW is adopting the process 
for all of.its radio-frequency prod
ucts, including high-frequency 
single-side band devices. D 

Microprocessors 

Bipolar micro 
has two-port RAM 

Most semiconductor micro
processors to date have been MOS 
LSI devices aimed at controller ap
plications. Only recently have a few 
companies turned to developing 
comparable bipolar units that also 
meet the needs of computer design
ers. The latest firm to do so is Ad
vanced Micro Devices of Sunnyvale, 
Calif., which has used its low-power 
Schottky process to build the 
AM2901 4-bit slice microprocessor. 

AMO joins Intel Corp., Santa 
Clara, Calif., and Monolithic 
Memories, Sunnyvale, Calif., as 
suppliers of microprocessors based 
on conventional bipolar logic. These 
products offer a maximum potential 
of about 1,000 gates per chip and 
should not be confused with the 
more powerful bipolar LSI being de
veloped with newer processes like 
integrated injection logic and emit
ter-follower logic. Both I2L and EFL 
chips promise 10,000 logic gates per 
chip and minicomputer-like per
formance (see p. 29). 

AMO plans to start sampling the 
AM2901 next month and hopes to 
displace Intel's series 3000 2-bit slice 
[Electronics, Sept. 5, 1974, p. 89]. 
Monolithic Memories fabricates a 4-
bit slice. 

"For the applications we have in 
mind-emulating minis, CPUs, pe
ripheral controllers, and program-
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News briefs 
Squabble Intensifies between BART and Westinghouse 
The squabbling in San Francisco between the Bay Area Rapid Transit and 
Westinghouse Electric Corp. has intensified since BART's board of direc
tors voted to remove the Westinghouse gear from all of its 176 lead cars , 
the special cars in the front of each train that contain the propulsion equip
ment and train controls. BART says it 's making the move because of West
inghouse's refusal to provide detailed specifications for its equipment. At 
this point, says Harvey W. Glasser, chairman of BART's engineering com
mittee , the board decided " there was no point getting in deeper [with West
inghouse] , since the stuff was failing ." Next stop is in the courts , where 
BART and Westinghouse hope to settle the $1 09 million suit filed last No
vember by BART. Meanwhile , BART will continue to use the Westinghouse 
on-board equipment until it can redesign the system. 

Air Force plans new 1, 100-person lab 
A new Air Force Command , Control and Communications Laboratory will 
be created at Hanscom AFB , Bedford , Mass ., during fiscal 1976 if Congress 
approves . The new organization , with a proposed staff of 1, 117, will consol
idate 252 jobs at AF Cambridge Research Laboratories on the base with 
another 865 from Rome Air Development Center, Griffiss AFB, Rome, N.Y. 
which is to be closed . 

Canadians give up on semiconductor producer 
Microsystems International Ltd. , which has lost $45 million since it was 
formed in 1969, is phasing out of semiconductor production over the next 
three months. Operations of the 88%-owned Northern Electric Co. subsidi
ary in Ottawa, Ont ., and Penang, Malaysia, will close because of what 
Northern Electric officials say is an accelerated drop in demand for Mil 's 
products and a substant ial price erosion in semiconductor markets. 

Business data processing gets Data General system 
With its new C/ 300 data-base-oriented medium-scale computer system, 
Data General Corp. is after a market now being served to a large extent by 
big mainframe computers. The first business system from the Southboro. 
Mass., mini maker is aimed at data-processing users who want to expand 
centra l data bases downward to operational levels performing functions 
such as sales, manufacturing , and distribution . As such , the C / 300 , which 
ranges in price between $77 ,000 and $160,000, fills a gap between intelli
gent terminals and large general-purpose systems. 

Interdata 8/32 Megamlnl computer Introduced 
Interdata Inc . of Oceanport , N. J. introduced its 32-bit Model 8 / 32 Mega
mini computer [Electronics , Feb. 20, p. 26] , designed to compete directly 
with Data General Corp. 's Eclipse 200 and Digital Equipment Corp. 's 11170 
16-bit general-purpose minis . Available in June, 1975, and priced at 
$51 ,900 with 1 megabyte of memory, Model 7 / 32 , which the company con
siders to still be at an early stage of its product life cycle , will continue as In
terdata 's low-price entry in the 32-bit minicomputer market . 

Slgnetics sale to U.S. Philips proposed 
Hardly anyone was surprised when Signetics Corp. confirmed rumors that it 
was for sale by reach ing a preliminary agreement with U.S. Philips Trust, a 
majority owner of North American Philips . The proposed sale price is $43.8 
mill ion for Philips to buy Corning Glass Works' 70% interest in Signetics. 
Philips ' German component-producing subsidiary, Valvo Gmbh, which re
gards Signetics as a threat in the European market-especially in linear ICs 
for entertainment electronic products-is happy about the proposed move. 
One Valvo official says , " We've now gotten a strong competitor off our 
necks." The sale is still subject to Signetics , Corning, and U.S. Philips Trust 
approval . 
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D/A'S-
COMPLETE 
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REFERENCE & AMP! 

Forget about complex externa l vol tage refe rences and 
expensive high speed op amps - they ' re r ight on the chip! 

Prec ision Monolith ics monoDAC-02 's unique s ign / magnitude 
code or monoDAC-04's handy two's complement code allow a perfect 

match to any application. These DAC's are 100% tested for monotonicity over 
the entire 0/70°C temperature range. The other specs are just as impressive -

tight 60ppm /° C max tempco, fast 1.5 µsec settl ing t ime, low 225 mw power consump-
tion @ -+- 15V, .015% / V power supply reject ion - these DAC's are true performers! Don 't 

let the low cost fool you - these easy-to-use converters are 100% burned-in at + 125°C for 
assured rel iability. And they're avai lable. Get 'em from your Prec ision Monol ith ics d istributor today. 

7BITS 
SBITS 
9BITS 

10 BITS 

monoDAC-02DDUt(U2) * 
monoDAC-02CCU1 (U2) 
monoDAC-02BCU1 (U2) 
monoDAC-02ACU1 (U2) 

monoDAC-04DDU~* 

monoDAC-04CCU2 
monoDAC-04BCU2 
monoDAC-04ACU2 

$15.00 
$20.00 
$30.00 
$60.00 

* ±10 VOLT OUTPUT - U1 SUFFIX . . . ± 5 VOLT OUTPUT - U2 SUFFIX 

INCORPORATED 
1500 SPACE PARK DRIVE , SANTA CLARA , CALIF . 95050 

TEL. (408) 246-9222 • TWX 910-338-0528 • CABLE MONO 
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able microprocessors among other 
things-Intel's is far better than any
thing else previously on the mar
ket," says Sven Simonsen, AMD's 
technical director. "So in our design 
we felt it was necessary to go Intel's 
3000 series one better in every way 
we could. 

"For one thing," he says, "the 
AM2901 is fabricated using AMD's 
low-power Schottky process [Elec
tronics, Feb. 6, p. 142] which allows 
the dual in-line 40-pin package to 
dissipate typically only 750 milli
watts." 

Two-port RAM. Functionally, the 
AM2901 consists of a 16-word-by-4-
bit two-port random-access 
memory, a high-speed arithmetic
logic unit, and associated shifting, 
decoding and multiplexing circuitry. 

"Particularly important in our de
sign is the use of a two-port RAM, as 
compared to the one-port approach 
that Intel has taken with its 3000 
series," Simonsen says. "The two
port memory gives our system an 
edge in speed. Our total microcycle 
time is about 100 nanoseconds com
pared to the typical 125 ns of a one
port design. 

"But it is what you can do in the 
microcycle that is important, as well 
as how many microcycles it takes to 
do a particular operation. That is 
where the two-port approach comes 
in." 

In an operation like A+ B, for ex
ample, the AMD two-port device can 
read and add in 1 microcycle of 100 
ns. By comparison, says Simonsen, a 
one-port machine is quite a slow
poke: it must first take the A out of 
memory and put it in an accumula
tor and then in the next microcycle 
take the B out of memory, put it in 
the accumulator, and add the two. 

"What this means is that in most 
of the applications for this kind of 
device-add, subtract, AND/OR-a 
one-port design must go around the 
microcycle twice to do the same 
thing a two-port machine can do in 
one," he says. He adds that the 2901 
CPU should be available by early 
summer. 

Following its introduction, he 
says, work will begin on fabricating 
the elements to go with the 2901. 
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There will be three of these-a se
quencer to handle the 47 9-bit in
struction words, an address register, 
and an incrementer. D 

Lasers 

CO laser is built 
small enough to fly 

The Air Force Avionics Laboratory 
has developed a carbon-monoxide 
laser compact enough for use in air
borne avionics. Starting a year ago 
with an "enormous" lab version of a 
carbon-monoxide gas-dynamic la
ser, the laboratory stripped it of 
much of its size and weight by rede
signing the electric discharger and 
by modifying the laser's aerody
namic flow. The resulting 3-cubic
foot package produces the most 
power for its size of any laser in the 
Air Force inventory. 

Built under contract by Calspan 
Corp., Buffalo, N .Y., the new laser 
functions at outputs up to 500 watts 
with efficiencies greater than l 0%. 

Match. It's well suited for atmo
spheric transmission, say its devel
opers, because it's a good match for 
the 4.8-to-5.1-micrometer atmo
spheric window-a part of the spec
trum that allows laser transmissions 
unhindered by absorption in water 
vapor. The new version achieves 
90 % of its optical output at 
wavelengths below 5.1 µm, com
pared with previous carbon monox
ide lasers that have only 60% output 
in that range. 

Calspan has a $100,000 contract 
for optimizing the device and deliv
ering a prototype with even higher 
power levels by the end of the year. 

Lasing in gas dynamic lasers is 
ca used by electrical, chemical, or 
thermal excitation of the gas in a 
head-end chamber; the excited gas 
is pumped out of the chamber 
through a constricted throat and 
allowed to expand in a nozzle to 
yield supersonic velocities, as well as 
lowered temperature and pressure. 
It's this cold, excited gas-30 to 50 
kelvin in the co version-that gives 

the laser its characteristic spectrum. 
The optical cavity downstream con
sists of two internal mirrors 
mounted on the nozzle perpendicu
lar to the direction of gas flow. 

Conventional electrical discharges 
resemble fluorescent lights, achiev
ing full-volume excitation with very 
low pressures but requiring large 
pumps to pull the gas into the 
nozzle. But a redesign of the electri
cal discharger enables the new laser 
to work at higher pressure so that 
the size of the downstream gas 
pump and the size of the laser can 
be trimmed sharply. 

The co is injected through a nar
row orifice around an annular elec
trode, creating enough turbulence 
and sonic velocity to break up and 
sweep away the instabilities that 
cause undesirable arcing. With the 
new discharger, the designers found 
they could get large-volume excita
tion at the high pressures; the pro
totype chamber typically runs at 
two atmospheres. D 

Solid state 

Plastic package 
goes to 200 W 

With power semiconductors in plas
tic packages winning acceptance in 
automobiles, television, and com
puter and industrial power supplies, 
Texas Instruments has boosted the 
ratings of its plastic power devices. 
TI hopes it can cut further into ap
plications served by devices pack
aged in metal cans with a new plas
tic T0-3 package that will dissipate 
200 watts at 25°C. 

Previously, the top power dissipa
tion had been 125 w at that tem
perature. At l00°C, the TI package 
now being sampled will dissipate 65 
w. Moreover, the plastic parts will 
be priced 15% to 20% less than 
metal-can equivalents. 

The new high-power epoxy pack
age-roughly twice the size of the 
125-w unit and with a larger heat 
sink-has mounting holes that align 
with its metal-can equivalent. But 
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Get a Single Integrated Reading of the 
Total Power Density from Several Sources 

· 300MHz to 18GHz 

Now in one instrument you get 
more value, more measure
ments than ever before - at 
no extra cost. New Model 8306 
has 30dB dynamic range, full 
scale in three ranges 1mW/cm2

, 

10mW/cm2 and 100mW/cm2 

with the same probe. 

The Narda 8300 series are compact, easy-to-read, 
radiation monitors which accurately measure near 
and far field power densities over broad frequency 
ranges . .. they simultaneously respond to d ifferent 
polarizations and direction of incident power. Read 
the total power density at any one point from CW, 
FM, pul sed RF and m icrowave sources used in com
munication, radar, ECM and industrial applications. 

Write for complete information. 

"SEE US AT IEEE SHOW - BOOTH #24 18, 2420 & 2422." d 
Cicc le 41 onceadecsecvice cacd Jf!Ai!Q(!A h1l~ go ... nar a 
THE NARDA MICROWAVE CORPORATION · PLAINVIEW, L.I., NEW YORK 11803 
516-433-9000 • TWX : 510 - 221-1867 • CABLE : NARDACORP PLAINVIEW NEWYORK 
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Circle 40 on reader service card for either a salesman to call or for a demonstration. 
Circle 42 on reader seNice card 

Electronics review 

unlike earlier TI parts in plastic, the 
leads will not fit printed-circuit
board holes drilled for equivalent 
parts in metal cans. 

"Instead, we're giving the cus
tomer the option of below- or 
above-board assembly," notes Tom 
Palmer, consumer /industrial mar
keting manager in n 's power de
partment. "The leads are arranged 
to accept a slip-on connector." The 
three leads, however, are long 
enough to be bent and soldered be
low the board if the user drills the 
special holes. 

To connect the new package, Mo
lex Inc., Lisle, Ill. , has developed a 
lead-clip connector with flexible, 
stranded copper wires that can be 
mounted on the board. And Ther
malloy Co., Dallas, has a socket that 
will accept either the T0-3 metal 
can or the plastic package. 

But the price break contemplated 
by TI does not necessarily worry 
other semiconductor manufacturers 
working to bring down the prices of 
metal-can parts . For example, 
Thomas Ruggles, product planning 
manager for power transistors at 
Motorola Semi ~onductor, says 
Motorola is not planning to use 
plastic for anything above 100 w. 
"At that level, most of the cost is in 
the die and not in the package," he 
says. "Metal cans are not any more 
costly, but are more reliable because 
of the hermetic seal they offer. So 
we're concentrating on automating 
the assembly of metal-can devices." 

First devices in the new TI pack
age being sampled include a 1,400-
volt, 7. 5-A horizontal-deflection 
transistor for color-television sets. 
For the automotive industry, TI will 
be using the package for a 400-v, 
7.5-A high-voltage transistor. Since 
these are fast-switching devices , 
they can be used for switching regu
lators, as can a new 400-v transistor 
rated at 10 A. 

These parts will be in volume pro
duction by the third quarter, Palmer 
notes. Further down the road are 
general-purpose transistors, includ
ing a 400-v, 25-A, silicon-controlled 
rectifier, and 30-A npn-pnp comple
mentary pairs in 40-, 60-, 80-, and 
100-v versions. D 

Electronics/March 20, 1975 

r 





are 
c ual. 

We try to build an edge into GE panel meters come from a good family. 
General Electric panel meters. ~ 
For instance, you won 't see a GE panel They look good individually 
meter turn yellow, because we use a and they look good together. .. 

Choose the rounded BIG 
special white paint that stays white. 

LOOK® design for unique 
You won 't get eyestrain either. GE - .Jll....---• 

style and wide-eyed read-
pan el meters come with extra-wide bTt 0 h h 
scales , big numerals , tapered ~a 1 1 y. r c oose t e 
pointers, and shadow-free cover clean HORIZON 

LINE® case for its 
plates for qu ick, sure readings. We're fussy 
about things like that. 

Once you've installed them, 
forget 'em. 

behind-panel mounting 

GE's famous reliability just doesn 't happen, ~ 
we build it in! We designed-out a lot of extra 

flexibility (without the usual bezel) , and its 
snap-off mask available in six colors . GE 
makes panel meters to suit you and to add 
snap to your application. 

parts that might fail , just to give you extra instru
ment reliability. To make sure, we added a 20% 
overload capabil ity to our voltmeters and ammeters. 
Still not satisfied, we decided to measure instrument 
quality from parts to finished product in order to 
screen out anything marginal . Now, it 's just too 
tough for a lemon to squeeze through. 

For a complete catalog of competitively priced 
and readily available GE panel meters, see your 
nearby authorized GE distributor. Or write to General 
Electric Company, Section 592-43, One River Road, 
Schenectady, N. Y. 12345. ss2-43 

Specify 
Ceneral Electric ... 
just for good measure. 
Circle 45 on reader service card 

You can count on 
General Electric panel meters. 

They're built to help you do a better 
job. At GE, we 're not interested in prod
uct equality. We want ours to be better 
than the rest. 
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You can't see the LEDs in our opto
isolators ... but they're there. 

That's one reason why the No. 1 producer 
of LEDs has now become a high-volume 
producer of opto-isolators. Our opto-isolator 
production capacity has multiplied ten times 
in the past 12 months. And our line has 
become broad enough to satisfy nearly every 
application. For example: 

General J2!!!pose. Litronix has a full line 
of phototransistor /LED opto-isolators in 
standard dual-in-line packages. 

Low cost. If you're looking for opto
isolators at a really competitive price, we can 
offer units for less than 60¢ each in quantity 
orders of 1,000. 

High CTR. If you need plenty of output 
current, we have models that match an IR 
LED with a photodarlington sensor to give you 
a current transfer ratio of 300% . 
Hiw~ If you want ultra-fast 

response, we have an opto-isolator that uses a 
built-in IC to transmit data at rates up to 
5 megabits per second. 

Our innovative, solid-state line runs from 
the simplest to the most sophisticated. 

We're a dependable source for opto
isolators because we're a vertically integrated 
company-a fancy phrase meaning that we 
make everything in-house. We don't buy any 
high technology parts outside. This gives us 
better quality control. Better price control. 
And better delivery. 

So don't forget: our expertise in LEDs 
has made us a leader in opto-isolators, too. 
Solid-state reliability comes in many forms. 

For details on Litronix opto-isolators 
write us at 19000 Homestead Road, Cupertino, 
California 95014. Phone ( 408) 257-7910. 
TWX 910-338-0022. 

No wonder 
we're No.I 
in LEDs 

• • 1tron1x 
Circle 4 7 on reader service card 4 7 



If you've been looking for a 
function generator that plugs into 
an automatic system about as easily 
as it plugs into the wall, Wavetek is 
your stop. Our Models 152 and 
159 are both ASCII coded and are 
f.ully compatible, which means they 
can be used with the new general
purpose instrumentation bus ... 
and just about any computer. They 
also have pushbutton manual 

controls if you'd rather keep them 
on the bench. Either way, you'll be 
able to see what's happening with 
the LED digital display panels. 

Model 159 is a general
purpose low-cost function 
generator with programmable 
frequency, amplitude, offset and 
waveform. Its frequency range is 
1 Hz to 3 MHz. 

Model 15 2 provides two to 

eight separate outputs, each with 
individually programmable phase, 
amplitude, waveform and offset. 
Frequency is programmable from 
1 Hz to 100 kHz. For more informa
tion, contact Wavetek, P.O. Box 651, 
San Diego, CA,; 92112. 
Telephone (714) 279-2200, 
TWX 910-335-2007. 

WAVETE~ 
Circle 48 on reader service card 
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IBM takes itself 

out of the running 

for NASA contract 

Anti-skid suppliers 

brace for hearings 

Economy affects 

EIA member roll 
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Washington newsletter __ _ 

IBM Corp.-under heavy Government fire for a proposed takeover of 
CML Satellite Corp. - has taken its Federal Syst~ms division out of con
tention for the $600 million tracking and data-relay satellite system 
wanted by NASA [Electronics, Feb. 20, p. 50]. As an IBM marketing offi
cial put it: "Timing was the problem. With the CML deal questioned by 
the Federal Communications Commission and the spate of antitrust 
lawsuits against us, we couldn't afford to look ' like we were trying to 
muscle into another market." However, IBM has not withdrawn from 
the CML acquisition. Comsat General Corp., which owns one-third of 
CML stock, also would have been IBM's partner in the data-relay work . 

The IBM decision leaves two corporate combinations considered the 
leading contenders for the data-relay satellite work: one is Western 
Union with TRW Systems group, the other is an RCA/GE/Philco-Ford 
combine. 

Makers of electronic anti-skid hydraulic brake systems for medium
and light-weight trucks are girding themselves for an April I hearing 
called by the National Highway Traffic Safety Administration. A lot of 
business could be riding on it, for the NHTSA has agreed to consider a 
proposal to postpone indefinitely a Sept. 1 deadline for the installation 
of anti-skid devices on new light and medium trucks. Truck manufac
turers, who fear that the added $600 to $700 per vehicle for the brakes 
(including $I 00 for electronics) will further depress sales, are on the 
other side of the debate. It remains to be seen what the NHTSA will do, 
having previously refused to lift a March 1 deadline for air-brake anti
skid systems on heavy trucks. 

Questions of reliability have usually headed up attacks on the elec
tronic anti-skid requirements. In that regard, the chief engineer for 
brake safety at the NHTSA, Vernon Bloom, says the systems developed 
thus far are at the "half-way-decent point." 

The Electronic Industries Association, evidently reflecting the nation's 
economic condition, recorded the loss of 16 member companies at its 
Spring Conference in March. Some of them are big names, like Mon
santo Co. and the multi-division member International Rectifier Corp. 
Also quitting was Philco-Ford Corp. following its withdrawal from en
tertainment electronics. But it posted a gain of seven new membership 
applications, the most notable of which was one from Quasar Electron
ics Corp., successor to Motorola, Inc. , within the EIA Consumer Elec
tronics group. The changes leave EIA with somewhere between 185 and 
190 members. The association also stands to gain 100 or so members 
through its recent merger with the Association of Electronics Manufac
turers. The AEM is now part of EIA Distributor Products division. 

The EIA Board of Governors reallocated its 56 seats among the asso
ciation's eight divisions to reflect the changing membership. The 
March reallocation, performed every three years, doubled the number 
of seats allocated to Distributor Products to six to accommodate the ex
pansion following the merger with the AEM. At the same time, the 
Government Products and Solid State Products divisions each lost two 
seats, reflecting their declining income. 
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Washington commentary ____ _ 

Prospects and pitfalls for electronic funds transfer 

Electronic funds transfer or EFT is regarded by 
many in the banking and electronics communi
ties as a massive new market for computers, com
munications, and point-of-sale equipment, as 
well as a giant step toward the much-discussed 
"cashless society." Congress last year established 
a 26-person National Commission on EFT to 
study the issue and its impact on competition, 
credit, and privacy . The commission, still to be 
named, must report no later than November, 
1976. Donald I. Baker, deputy assistant attorney 
general for antitrust, recently proposed an 
agenda for the commission and speculated on the 
future of EFT. Highlights of Baker's presentation 
follow. -Ray Connolly 

Congress has created a big commission to do 
a big job: to tell us where to go in the bur
geoning field of electronic funds transfers. The 
job is big because it involves technology of yet 
uncertain dimensions. The job is also big be
cause any such change necessarily affects eco
nomic interests rooted in the past. 

The inquiry should start with what we have 
in the paper-based world. How does it work 
technically? What are its costs, its scale econo
mies, and its operating characteristics? What 
subsidies are built into it? How would it per
form and develop if left to carry on on a "busi
ness as usual" basis? These are just basic, tech
nical questions. 

Next, we must ask a parallel set of questions 
about EFT technology. What kinds of com
puter-communications systems are in place, or 
have been tried? In the financial sector, these 
must include both clearance systems between 
institutions, and various systems which enable 
the customer to direct financial transactions (in
cluding point-of-sale systems, automated tell
ers, check guarantee systems, and on-line ter
minals in the corporate treasurer's office). Each 
should be looked at separately and in relation 
to each other. 

Policies by design 

The relationship between technology and 
services must also be investigated. Does a par
ticular technical development change what is 
actually being offered to the public, or does it 
simply change the cost and operational charac
teristics of an old service? This distinction may 
prove important because it may well affect the 
incentives for introducing EFT technology. 

In a sense, these questions are simply di
rected to the engineer and the entrepreneur. 
They ask how would EFT be likely to develop if 

freed of either legal restraints or special subsid
ies. Nobody expects, in the real world, that this 
would be allowed to happen entirely, but it is 
important to rnake this "norm" clear. Only if 
we do so will we have a factual basis for design
ing public policies. 

Having developed a full factual record, the 
commission can then tum to the task of devel
oping policies and legal tools to implement 
those policies. This exercise in tum requires a 
very careful scrutiny into the whole issue of val
ues. The Congress has already given the com
mission some very general guidance in this area 
and no doubt will prove more willing to sec
ond-guess the commission's judgment on value 
questions than technical questions. 

The importance of the commission's mission 
is, alas, underscored by some of the sadder 
chapters of modem American economic his
tory. We have been among the most innovative 
people on earth in developing new technology. 
We have been [also] among the least successful 
in implementing those technological inventions 
in regulated environments where the tech
nology threatened the economic status quo. 

CA TV's message 

Cable television represents perhaps the 
best-or worst-example. About five years ago, 
everyone looked on cable the way we now look 
at EFT-as the wave of the future. Unfortu
nately, cable ran into the broadcasters and their 
regulators. The conflict was not compelled by 
technology or logic: our system of broadcast 
regulation exists because frequency spectrum is 
scarce and thus Government regulation was 
necessary to avoid interference. Cable tele
vision greatly reduced the spectrum scarcity as 
a practical factor. Unfortunately, cable thus 
threatened the economic value of the existing 
scarcity. This proved too much for the regu
latory system. The broadcasters' regulator, the 
Federal Communications Commission, as
sumed some de facto jurisdiction over cable sys
tems and placed on them legal limitations 
which increased their costs and severely limited 
their growth-especially in large metropolitan 
areas where broadcasting spectrum is both the 
scarcest and most valuable. 

The same thing can happen to EFT. It can be 
loaded down with legal restrictions to protect 
existing interests and with expensive obliga
tions to serve the dreams of social engineers. If 
this happens, it is likely to lose cost-effect ad
vantages it now has and to become a relatively 
minor factor in the muddled future. 
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of SIEP·MalE. 

This is an ad about an unusual tape 
reader : Step-Mate. And about what 
makes it even more unusual than it 
already is: our new spooler. 

With the spooler, Step-Mate can 
handle up to 1200 feet of tape at a 
time, on 71/2-inch spools. The whole 
unit, only 83/4 inches high, fits in any 
RETMA rack. And, with a choice of 
three different connector types (edge 
card, ribbon , or subminiature 25-pin), 
it's exceptionally easy to interface. 

Step-Mate, if you don ' t mind our 
reminding you, is our reader which 
reads one character per command 
pulse. And it does this at speeds up 
to 150 characters per second. In addi-

Electronics/March 20, 1975 

tion it has a life expectancy greater 
(probably) than yours, with LEDs for 
never-fail light sources, error-free 
phototransistor read sensors, a gentle
on-the-tape barrel sprocket, a genu
ine step-motor drive, and a self
cleaning read head. Finally, it reads 
virtually all 5, 6, 7, and 8-level tapes 
without adjustment. 

So there you are, a new tape reader 
without equal , at a price also without 
equal , $905 with power supply, $795 
without. 

Our brochure will tell you more. 
Write for it. Or, for instant action, 
call collect. 

EECD 
FOR READERS 

1441 East Chestnut Avenue, Santa Ana , California 92701 
Phone 714/835-6000 

Circle 51 on reader service card 51 



A lot of manufacturers give you a little 
something extra when they sell you 
gold sockets. 

It's called a gold adder. And it can 
cost you a lot of extra money. 

Not so with TI. 
TI has a policy of no gold adder. 

So when you order low profile solder 
tail sockets from us, the price we quote 
is the price you pay. 

No matter what the cost of gold. 
That's what you rkm't get from TI. 

Here's what you do get. 
• 100 rnicroinch wrought gold contact 

surfaces for maximum reliability, 
serviceability, and longevity. 

Circle 52 on reader service card 

• Universal mounting and packaging. 
• Stand-off tabs on the base for solder 

flush. 
• Redundant contact points for low 

contact resistance, high reliability, and 
repetitive insertion. 
• An anti-wicking wafer for better 

wave soldering. 
• And a price that even competes 

with many tin-plated sockets. 
We have a whole family of gold, 

low profile DIP sockets to 
choose from - all the way 
from 8 pins to 40 pins. 

But if gold is a little rich 
for your needs, we offer an 
identical family of sockets 
with a tough 200-400 rnicro
inch plating of tin. 

For literature, write Texas Instruments, 
Mail Station 10-5, Attleboro, Mass. 02703. 
For the name of your nearest distributor, 
or for information on our custom 
connectors, call Connector Systems~ 
Marketing, (617) 222-2800, 
Ext. 268 or 7216. 
TEXAS INSTRUMENTS 

I NCORPO R ATED 
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Electronics international ________ _ 
Significant developments in technology and business 

Oki's optoisolator can drive 

as many as 1 0 TIL stages 

Optoisolators are being used in ever 
increasing numbers to isolate data
processing and transmission systems 
from peripheral equipment. For this 
purpose, a device should have short 
propagation delays to avoid degrad
ing system characteristics and a high 
breakdown voltage to isolate and 
protect the equipment. Such a de
vice has been introduced by Oki 
Electric Industry Co. 

The configuration of the opto
isolator eliminates mechanical prob
lems of earlier devices, and the new 
device also has better electrical 
characteristics. The optoisolator, en
capsulated in an eight-pin dual in
line ceramic package, contains three 
semiconductor elements-a diffused 
gallium-arsenide light-emitting 
diode, a p-i-n silicon photodiode, 
and an integrated circuit that has 
two directly coupled stages of am
plification, a Schmitt-trigger circuit 
for waveform shaping, and a tran
sistor with an open-collector output. 
A strobe terminal is also available. 
The gain and current-handling ca
pabilities enable the optoisolator to 
drive as many as 10 stages of tran
sistor-transistor logic. 

Propagation delay of the device, 
developed under the supervision of 
Shigeo W ako, is less than 200 
nanoseconds. This is good enough 
for present requirements. Distortion 
of the pulse waveform is only 1 % at 
a transmission rate of 50 kilobits per 
second, and voltage is 1,500 v. 

Certain aspects of the develop
ment were guided by Kazumasa 
Ono of the Musashino Electrical 
Communication Laboratory of the 
Nippon Telegraph & Telephone 
Public Corp. This interest indicates 
an NTI desire for the device. 

Configuration. The diffused LED is 
planar, a handier configuration than 
that of the liquid-epitaxial devices 
usually used in photocouplers. Zinc 
is diffused into a portion of one side 
of then substrate to form a p region. 
Leads from both the p and n regions 
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are bonded to one side of the diode 
in the same manner as in other 
planar diodes. 

The diode radiates from the n, or 
substrate, side in the normal man
ner because the infrared absorption 
of the n side is smaller. The LED is 
separated by a sheet of glass 100 mi
crometers thick from the photo
diode to which it is optically 
coupled. The small spacing gives 
high coupling efficiency, and glass 
provides a high voltage breakdown. 
This allows for the precise align
ment of the LED and photodiode. 

Radiated output of the LED is 
maximum for junction depths of 
about 20 µm, which is close to the 
mean free path of minority carriers. 
The propagation delay time is de
graded as junction depth is in
creased, but impurity concentrations 
in excess of 1018 atoms per cubic 
centimeter give faster response than 
lower concentrations. The combina
tion of deep diffusion and the high 
concentration of impurities yields 
an adequate diode output while 
maintaining the desired response 
time of less than 100 ns. D 

Around the world 
Converter boosts gain in streak camera 
An image converter developed by Laboratoire d 'Electronique et de Physi
que Applique and produced in France by Hyperlec has made a startling im
provement in the gain of a streak camera being built by Thomson-CSF. Low 
light gain was a virtue in the original cameras, developed to record atomic 
bomb tests . Now the variable light gain of 2 to 30 in the original camera , 
marketed four years ago, has been boosted to as much as 5,000. However , 
the shortest exposure for the new TSN504 is 50 nanoseconds, compared to 
2 ns for the original TSN503, although Thomson expects to reduce that . 

BPO's modem cuts phone-line distortion 
Digital filtering is one way to equalize distortion on telephone lines. How
ever, the modems for the British post office 's upcoming 4.8-kilobit-per-sec
ond data-transmission system for the switched telephone network go a step 
further . Plessey Telecommunications Research Ltd. has developed a digital 
adaptive equalizer that acts as a small digital processor in a modem now 
undergoing BPO prototype testing . The time-division -multiplex modem also 
has export potential because its power and narrow bandwidth enable it to 
compensate for poor conditions on some dial-up connections. 

Computerized system sorts biological matter 
Two American researchers , Thomas Jovin and his wife Donna, working at 

the Max Planck Institute for Biophysical Chemistry in Gbttingen , West Ger
many, have now developed a computer-based setup for high-speed collec
tion and processing of cells and other micropartic les , as well as sorting ac
cording to various measured criteria. The computer operates on line so that 
measurements are performed while the particles are being processed. In 
prel iminary tests , the Jovins have automatically measured and sorted 
10,000 cells per second. Besides high speed , the equipment processes liv
ing organisms without destroying them. 

Image intensifiers have proximity focusing 
Proximity-focused diode-image intens ifiers are about to challenge such 
conventional intensifiers as inverter models . That 's the message from Eng
li sh Electric Valve Co ., which is about to market a range of the compact de
vi ces after overcoming some problems that had hung up the technology. 

53 



54 

ECONO /MATE ... SIN~LE OUTPUT 
DC Output DC Output 

Model Voltage Amperes Only Model Voltage Amperes 

EM-58 5 3.0 $39.95 EM-5C 5 6.0 
EM-6B 6 2.4 39.95 EM-6C 6 5.0 
EM-128 12 1.5 39.95 EM-12C 12 3.0 
EM-158 15 1.3 39.95 EM-15C 15 2.8 
EM-248 24 1.0 39.95 EM-24C 24 2.3 

EM-50 5 12.0 
EM-60 6 10.0 
EM-120 12 6.5 
EM-150 15 6.0 
EM-240 24 5.0 DEW 

LOW COSTs 
power supplies 

• 10 MODELS IN 2 CASE SIZES • EACH OUTPUT ISOLATED • SAME DAY DELIVERY 
• 100,000 MTBF PER MIL HANDBOOK 217 • VACUUM IMPREGNATED MIL-T-27 TRANS
FORMERS • 100% HERMETICALLY SEALED SEMI-CONDUCTORS THROUGHOUT • 
RUGGED OPEN FRAME CONSTRUCTION • COMPUTER-AIDED-DESIGN FOR ULTRA
RELIABLE OPERATION • COST LESS THAN DO-IT YOURSELF KITS • PERFORMANCE 
GUARANTEED. 

514 S. River Street , Hackensack, N. J .07601 Pho'le (201) 343-6294 
TWX 710-990-5023 

ECONO /TWIN ... DUAL OUTPUT 
Power Outputs Power Outputs 

Model Output 11 A11 Output 11811 Only Model Output 11 A11 Output 11811 

Only 

$59.95 
59.95 
59.95 
59.95 
59.95 

$99.95 
99.95 
99.95 
99.95 
99.95 

95• 

Only 

ET-12C + 12V@l .5A - 12V@l .5A $59.95 ET-120 + 12V@3.0A -12V@3.0A $99.95 

ET-15C + 1 5V @ 1.3A - 15V@ l.3A 59.95 ET-150 + 15V@2.8A - 15V@2.8A 99.95 

5V @3.0A 5V @3.0A 5V @6.0A 5V@6.0A 
ET-5-C or or 59.95 ET-50 or or 99.95 

6V @2.5A 6V @2.5A 6V@5.0A 6V@5.0A 

5V @3.0A 12V@1.5A 5V@6.0A 12V@3.0A 
ET-515C or or 59.95 ET-5150 or or 99.95 

6V @2.5A 15V@l.3A 6V@5.0A 15V@2.8A 

*QUANTITIES OF 1000 SEND FOR FREE CATALOGS WITH FULL SPECIFICATIONS 
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YF-16 gains favor 

as decision nears 

on NATO's fighter 

Awacs future may 

depend on aircraft 

orders from NATO 

Plan to merge Cll 

and Honeywell-Bull 

threatens Unidata 
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International newsletter __ _ 

The U.S. YF-16 from General Dynamics appears more and more 
likely to shoot down the French Mirage in the battle to replace NATO's 
350 antiquated F-104 Starfighters. The Swedish Viggen has been vir
tually ruled out because of its high cost. Defense ministers of four 
NATO countries-Belgium, Holland, Norway, and Denmark may de
cide the winner as early as March 24, when they meet in Brussels. The 
partners must act before March 31 to avoid asking for an extension of 
the French off er. 

The YF-16 has shown up favorably in the competition. The four-na
tion steering committee reported that the aircraft is "technically supe
rior, lower in price, and about equal in compensation. The YF-16 was 
priced from 20% to 29% below the Mirage, depending on how you cal
culate." If the YF-16 is chosen, Belgium's Fabrique Nationale will be 
"compensated" with about $190 million of engine business from Pratt 
& Whitney, and manufacturers in the NATO nations electronics manu
facturers will get heavy avionics and airframe computer contracts. 

The future of the Airborne Warning and Control System may depend 
on the North Atlantic Treaty Organization. If by year's end NATO 
doesn't buy about 20 of the E-3A jets to be built by the Boeing Co. for 
tactical command and control, the other 15 Awacs planes being sought 
by the U.S. Air Force may never fly, say Air Force officials. That is the 
reaction of Air Force officials to Defense Secretary James R. Sles
inger's decision to bow to the request of the Senate Armed Services 
Committee and not award the contract for the first six Awacs produc
tion models until Congress had held more hearings. 

Cost per plane, including research and development, would run to 
$111 million for 34 planes-the number the Air Force eventually would 
like to buy. However, if it buys only 15, the price climbs to more than 
$180 million each, a figure unlikely to please congressmen. The price to 
NATO, which would include only a "nominal" charge for R&D, would 
be about $65 million, say officials, who are confident of the sale . 

Unidata is in trouble. The three-nation European computer combine 
linking West Germany's Seimens, Holland's Philips, and the French 
Compagnie Internationale pour l'Informatique is at odds over a 
French plant to merge e n with Honeywell-Bull. Yet in spite of open op
position from its European Unidata partners, the French Ministry of 
Research and Industry is recommending a go-ahead for the merger. 

The deal, which would give the French 51 % control of Honeywell
Bull at a price of about $50 million, would turn the Unidata concept in
side out. Instead of being a barrage against U.S. computer technology, 
the merger would oblige Unidata to accept a strong U.S. partner that 
would dominate the combine both in marketing and in technology. 

The French government is hoping that en's German and Dutch 
partners will accept the U.S. firm, since Honeywell-Bull has developed 
some of its Series 60 machines in Europe. But Philips and Siemens are 
already talking about finding other European computer firms to re
place en. 
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French, UK firms 

market short-range 

fiber-optic links 

Piezoelectric unit 

selects TV channel 

at finger touch 

Plessey aims unit 

for data capture 

at U.S. makers 

Audio tape sets 

fidelity record 

International newsletter -------

With practically no fanfare, France's Thomson-CSP and the UK's 
Pilkington Brothers Ltd. have begun marketing the elements needed to 
build short-range fiber-optic transmission systems. The pair offers 
ready-to-hook-up emitter and detector modules, as well as the fiber-op-

I 

tic cables to interconnect them. Initially slated to go into aircraft and r

ship data-transmission systems, the modules can transmit at 20 mega
bits per second as far as 100 meters. Runs of 200 meters are possible at 
lower bit rates. 

Each module, which sells for about $400, comes in a metal package 
with an electrical connector at the rear. A 24-pin dual in-line version in 
a plastic package costs one third less. The fiber-optic cables, including 
the couplings, are roughly $9 per meter. 

Television-receiver designers will soon have a new component to work 
with-a piezoelectric element that serves as an electronic channel se
lector with no moving parts. Developed by Siemens AG, the element, 
the B399l0, is to be introduced at the mid-April Hanover Fair. The 
new piezoelectric element can replace the more expensive touch-sensor 
plates used on many European-built TV sets for selecting channels. A 
finger pressure of around 150 grams produces a pulse of roughly 0.8 volt, 
which is enough to drive bipolar circuits. 

The element consists of a piezoceramic body containing a resistor
capacitor low-pass filter. The B399 l0, designed to suppress any signals 
caused by vibration or jarring, is protected by encapsulation in epoxy ,,... 
from moisture and dirt particles. Besides being less expensive than sen
sor plates, the element allows greater freedom in set design and layout, 
Siemens says, and it requires little peripheral circuitry. 

In a campaign to snare a third of a European market in portable stock- ,. 
inventory recorders, Plessey Communication Systems is introducing a 
portable data-capture unit. This market is estimated at $75 million a 
year. Plessey is challenging two U.S. competitors, MSI Inc. and Telxon 
Inc., by selling its $1,800 units through its continental subsidiaries. In 
June, the device is to be introduced in the U.S. 

The new 6Y2-pound unit has a light-emitting pen that reads a special • 
16-digit code on 2114-inch labels. A Burroughs Corp. microprocessor 
translates the results onto a magnetic-tape cassette. To transfer the re
sults into a computer, customers may either buy a $15,000 converter or 
use a service bureau. Plessey says that U.S. units will be adapted to 
read the recently adopted Universal Product Code for use by super-
markets and drug stores. 'l' 

A new high in fidelity of sound reproduction is being achieved by an 
audio tape introduced by West Germany's BASF. The new tape, LH
Super, exceeds German hi-fi standards, even at a speed of only 4. 75 
centimeters per second. The high reproduction quality is achieved by in- " 
creasing the tape's dynamic range through a ferric-oxide material hav
ing oxide particles shorter than 1 micrometer- 15% to 20% smaller and 
more densely packed than in previous tapes. ,) 
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""Virtual storage helped us 
handle increasing production 

while maintaining high 
standards of customer service!' 

Few developments so greatly enhance the usefulness of the computer as does virtual 
storage. By increasing the effective or "virtual" capability of the IBM System/370 to manage 
information, virtual storage opens the way to a wide range of user benefits. 

Here one company reports on its experience with a virtual storage system . 

Motorola's Thomas Koch demonstrates communications 
equipment at Schaumburg, Ill. division headquarters. 

At Motorola, "it's the key 
to our worldwide data system:' 

"We strive to maintain a tight de
livery schedule for our customized com
munications systems - worldwide. Our 
two Model 158s with virtual storage are 
the key to a worldwide data system that 
helps make such quick deliveries possible:' 

So says Thomas Koch, manager of 
international manufacturing operations 
of the Communications Division of Motor
ola at Schaumburg, Illinois. Plants in the 
United States and abroad now share a 
common data base for order entry, pur
chasing and material control, with the 
application running under virtual storage 
at Motorola's Chicago computing center. 

As a result, manufacturing operations are closely adjusted to product demand, production 
can be scheduled with closer tolerances and shipment dates made with assurance. 

"Growth is a fact of life at Motorola:' says Koch. "We wanted to be able to handle constantly 
increasing production while maintaining our high standards of customer service. Virtual stor
age has been of immense help in enabling us to achieve this:' 

For further information, call your local IBM Data Processing Division office. Or write IBM 
Corp., Dept. 83F-E, 1133 Westchester Avenue, White Plains, N.Y.10604. I BM 

Computers help get things done. . . . . ® 
Data Processing D1v1s10n 
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Yaur Guardian Angel presents an all-new relay thats 

Law slung ... and ready 
la turn an . 

This new "flat-pack" 
relay for high density 

packaging switches currents that 
could weld contacts on other small 
relays ... and reeds. And it comes in 
your choice of SPOT or DPDT. 

Guardian's new Serles 1475 low profile relay 
is spec ifically engineered for use on printed 
circuit boards. Or, where usable output load 
to be controlled is inductive or of higher 
value than practical for reed relays or even 
solid state controls. This compact little relay 
switches low to intermediate currents by han
dling up to 3 amps at 120VAC resistive or 
correspondingly higher curren ts at lower 
voltages. 

All this action inside a sealed thermoset 
housing and cover that lets you wave or 
hand solder at up to 650°F without contact 
contamination or damage during normal 
soldering time. Mechanical life of this little 
miracle? 107 operations. (What else would 
you expect from your Guardian Angel?!!) 
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Toggle Switches 
Bat, lever lock , Designer 
Line, sealed. Big, broad 
choice. 

Designers' 1. 

Rocker Switches 
Singles and multiples. 
Wide, colorful selection 
range. Legends, too. 

Cutler-Hammer, of course! The broadest 
line. Styled to meet today's and tomorrow's 

requirements. They're solid quality, look 
great, work long and hard. Carried in stock 
for local availability by Switch Distributors. 

Backed by Cutler-Hammer sales engineers 
who can deliver innovative design help for 

Pushbutton Switches 
Choice of sizes, colors, 
circuits, ratings. Styled 
to " turn you on". 

Tool Handle & 
Slide Switches 
Variable speed, reversing. 
Double insulated. 

I' 



• 
Choice. 
the exact switch or relay you need
when you need it. 

It's no wonder so many designers specify 
Cutler-Hammer. For quality, reliability, 
availability, and style. For commercial, 
industrial, and military applications. 

We simply offer more-of everything! 

Snap Switches 
Lever, roller, leaf, and 
pushbutton actuators. 
Four terminal styles. 

Switch Accessories 
Guards. Boots. Seals. 
Caps. Decorator 
facenuts. And much 
more to protect, code 
or customize. 
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Rotary Switches 
Precision and general 
purpose. Single and 
multiple wafer. 

D 
I m 

c 

Relays 
Hermetics, non-sealed, 
potted . Power, latching, 
and timi ng functions. 
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CUTLER-HAMMER 
SPECIALTY PRODUCTS D I VISION. M ilwaukee. Wis. 5320 1 
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battery for at least 
you finally do, it'll cost 

you a cent.s.) 
You can take it out in the field 

and kick it around. And a year from the 
day you buy it, The Danameter II 
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works better than multilayering. 
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Two major systems-wirewrapping and multilayering
have been used for complex electronic interconnection in the 
last 15 years. Despite improvements and refinements, each 
still has inherent disadvantages. That 's why Multiwire was 
created by Photocircuits. It overcomes the disadvantages of 
wirewrapping and multilayering. 

A Multiwire board is basically a customized pattern of 
insulated wires laid down on an adhesive-coated substrate 
by a machine operating under numerical control. 

Multiwire vs. wirewrapping. 
Today, interconnection costs are more important than 

ever. So take a long, hard look at a key advantage of Multi
wire panels. They cost much less than wirewrapping in small 
or production quantities. 

Here's an example of how much less: a Multiwire 
replacement of a 60 DIP wrapped-wir6: panel. Total tooling 
costs were just $750. In order quantities of 1000 pieces, the 
Multiwire boards at $45 each were more than $30 less than 
the wrapped-wire panel. (A 40% cost savings.) Mu ltiwire 
prices also include a 100% continuity check. 

But cost is not the only reason for the superiority of Multiw1re over wirewrapping. There are al so design 
advantages. For example, Multiwire offers two-dimensional packaging density equal to wirewrapping. But 
with Multiwire panels, you reduce board-to-board spacing. And Multiwire weighs much less too. So it can 
contribute substantially toward improving the envelope or three-dimensional package of your product. 

Electrically, Multiwire is also superior. The extreme repeatability of the manufacturing process provides 
much higher electrical reliability as received-this is an important cost-saving factor. In addition, you get the 
controlled impedance characteristics required without variations. 

Multiwire vs. multilayering 
With Multiwire, reliability goes up and inspection cost 

goes down. Multiwire doesn't need extensive inspection
like multi layering does - for nicks, pinholes, hairline cracks, 
spacing violations and bridging. Yet Multiwire regularly 
yields better than 99% reliability at incoming inspection. 

Compared to multi layering, designing a new Multiwire 
board is a far simpler operation. Component locations and a 
wiring list are all we need. Our computer-aided system does 
the rest. 

Since the computer also takes care of deletions and/ or 
additions, engineering changes are simplified. What 's more, 
Multiwire makes it easier to find paths for interconnections, 
because the insulated wires can cross one another. For these 
reasons we can deliver finished Multiwire boards to your 
door in weeks rather than months. 

The advantages of Multiwire over wirewrapping and 
multi layering vary from case to case. We'd like to help you 
evaluate possible time, cost, design and reliability benefits. 
For information and price estimates, call the Multiwire 
Marketing Department at 516-448-1111. 

Design & tooling cast 

Design & tooling time 

1st piece delivery 

Board cost in 
small quantities 

Board cost in 
production quantities 

2 dimensional 
packaging density 

3 dimensional 
packaging density 

Weight 

Ease of changes 

High speed electrical 
characteristics 

Interchangeability 
with other techniques 

Repairability 

Controlled impedance 

Electrical reliability 
as received 

Wrapped Multi-
panels layers 

Low Very High 

Short Very Long 

Short to Long 
Very Short 

High High 

High Medium 

High High 

Medium High 

High Low 

Excellent Poor 

Foirto Excellent 
Poor 

Foir Excellent 

Excellent Poor 

Poor Good 

Fair Good 

Multiwire from Photocircuits 
Division of Kollmorgen Corporation, Glen Cove, New York 11542 

Multi-
wire 

Low 

Short 

Short 

Medium 

Medium 

High 

High 

Low 

Good 

Excellent 

Excellent 

Good 
Good 

Excellent 
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Probing the news __________ _ 
Analysis of technology and business developments 

NASA seeks standard parts 
Important savings expected in planning for 41 spacecraft in the 

Earth Observatory Satellite series; electronics worth $200 million 

by Larry Marion, Washington bureau 

NASA is trying to counter rising costs 
by asking contractors to use stan
dard parts for the 41 Earth Observa
tory Satellites (EOS) to be launched 
from 1979 to the 1990s. Contracts 
for more than $200 million in stan
dard EOS electronics modules will be 
sought beginning in July for appli
cations such as command- and data
signal transceivers, electric-power, 
and attitude control systems, ac
cording to Frank J. Cepollina, man
ager of NASA's modular spacecraft 
program. 

The EOS series, which evolved 
from the Applications Technology 
Satellites (now called Landsats), will 
include land, air, and water survey
ing missions. The Land~ats are lim
ited to land observation. 

NASA estimates EOS cost, includ
ing modules, assembly, and testing, 
at approximately $7 .2 million per 
spacecraft. But the three design con
tractors involved have come up with 
their own numbers. The TRW Sys
tems group says $5.7 million, Grum
man Aerospace Corp. estimates $6.3 
million, while General Electric's 
space division is high guesser at 
"less than $8 million." William A. 
White of NASA's modular spacecraft 
staff says redundancy requirements 
were revised after corporate cost es
timates were prepared, and that a 
high-level NASA committee is re
viewing them for comparable fig
ures. Industry and NASA officials 
agree, however, that the final costs 
will be a bargain. 

Standardized spacecraft can save 
"hundreds of millions of dollars" 
compared to the cost of custom-de
signed spacecraft, Cepollina says. 
"This program can reduce system 
costs by one-third to one-half." 
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Grumman's project manager, John 
Marino, and Aerospace Corp.'s Er
nie Pritchard, who is director of a 
cost review for NASA, hold similar 
expectations. Marino figures that 

TRACKING AND DATA 

"cost benefits can be expected after 
two missions, while for 10 missions 
the savings would be on the order of 
$100 million." And Pritchard says: 
"Standardization of EOS satellites 
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MISSION 
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MODULE 

COMMUNICATIONS 
AND DATA HANDLING 
MODULE 

......--- ORBIT ADJUST/ REACTION 
CONTROL SUBSYSTEMS 
MODULE 

Standard parts. That 's the way NASA wants to handle its EOS family in an effort to cut costs. 
Three contractors-Grumman , TRW, and GE-are in the running . This is Grumman 's version . 
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significantly reduces design, devel
opment, test, and evaluation costs. 
There will be a 36% to 54% savings 
for EOS projects." 

While the economies are not 
questioned, some NASA project 
managers do not relish standard 
parts in experimental spacecraft. 
"When do standardized spacecraft 
become standardized missions?" 
wonders a deputy project manager 
for a major NASA earth study pro
gram. "I'm worried about what hap
pens during the interim phase, be
tween custom design and the 
availability of standard parts." 

Another manager questions 
whether NASA would be able to 
maintain a warehouse of parts for 
up to five years to amortize develop
ment costs. And a 15-year veteran 
of spacecraft design wonders, "Have 
they studied the problems involved 
in guaranteeing shelf-life for five 
years?" 

Three design contractors sub
mitted similar EOS configurations to 
NASA in December 1974, recom
mending that the basic modules be 
matched with various earth-scan
ning sensors on a metal skeleton. 
Although all three contractors rec
ommended a command- and data
control signal-transceiver module
consisting of a central processor and 
memory modules, plus S-and Ku- or 
X-band transponders-system ca
pacities differed. Contractors also 
recommended a twisted-pair data 
bus to connect the command mod
ule with "mission-peculiar" instru
ments. 

How many bits? Grumman sug
gests a CPU with 32 kilobits of 
memory, GE suggests 40 kilobits, 
while TRW suggests 16 kilobits . 
"With an on-board computer, EOS 
can execute a mission by itself," says 
NASA's White. Grumman's Marino 
says the CPU will permit faster sig
nal processing-up to 120 megabits 
per second-compared to currently 
operating spacecraft transmitting 
similar data at up to 15 Mb/ s. 

NASA says the computer will be 
one of the most sophisticated ever to 
be placed on a satellite, and cer
tainly the most independent one. 
Moreover, its MTBF will be at least 
two or three years, with an upper 
limit of four years. 

Between 1,000 and 2,000 watts of 
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BASIC COST TO OESIGN ANO BUILO ONE EOS 

- - - - COST TO OUPLICATE HARDWARE OF ONE EOS 

¥'COST PER CRAFT TO DESIGN AND BUILD ONE EOS AND ONE SMM 
WITH SAME BASIC MODULES 

- - - - HARDWARE FABRICATION COST OF SMM 

- COST OF DESIGNING ONE CRAFT FOR 3 MISSIONS 
(EOS, SMM, AND SEASAT), PLUS HARDWARE PER CRAFT 

Coat curve. NASA would save more than $100 million over the course of 1 O missions if it 
standardizes spacecraft parts, according to this chart from Grumman Aerospace Corp. 

peak power will be needed for EOS 
in most cases, says White. TR W's de
sign includes up to four, 40-
amp/hour batteries with a total out
put of 333 watts of peak power. 
With solar arrays directly adding 
power to the system on a power bus, 
total system output is 2,000 watts. 

GE's power system includes up to 
five batteries with a total of 100 
amp/hr. capacity- up to 2,250 
watts from a full-up system, includ
ing solar arrays. Grumman's power 
system promises up to 3,500 watts 
peak power, with an average power 
rating of 1,500 watts. 

Precision pointing and stability 
for EOS is vital for accurate earth 
scans, so three-axis stabilization is 
required. A gimbaled star tracker, 
three momentum wheels, and three 
magnetic torque bars are recom
mended by Grumman to provide 
attitude pointing accuracy to within 
0.01 °, and stability to within I0-6 de
gree/second. GE has a fixed-head 
star sensor coupled with three mag
netic torque bars and three momen
tum wheels for 0.006° stability. 

TRW predicts 0.009° stability with 
three of each-wheel, bars, and star 
trackers. Accuracy is estimated to be 
within 30 seconds of arc. Electronics 
in the attitude-control module are 
linked via the data bus to the com
mand module's on-board computer 
for position correction. 

The first standardized EOS mis
sion will be "Egret," a low-orbit sat
ellite to monitor gamma radiation in 
the atmosphere. Egret modules will 

be sought in a request for proposals 
due close to July I. "The RFP will be 
worth about $4 million," says Ce
pollina. 

Egret's first sibling, called the So
lar Maximum Mission (SMM), will 
measure radiation during solar 
fl.ares. The White House has prom
ised NASA that the agency could be
gin hardware procurement of SMM 
in the 1977 fiscal year beginning Oc
tober 1976, important for develop
ment of sophisticated electronic 
controls to enable the satellite to 
focus on the sun during solar fl.ares 
expected in the next few years. Fol
lowing SMM will be the EOS-A twins, 
improved versions of Landsat 1 and 
2 already in orbit. EOS-A will have a 
mapper capable of 30-meter resolu
tion, compared to the 80 meters of 
Landsat. A more sophisticated EOS
B will have speedier data rates of up 
to 240 Mb/s. 

Other EOS missions include water
and air-pollution monitoring, called 
EOS-C and E. Another series of 
monitors will be launched into 
geosynchronous orbit around earth. 
The National Oceanographic and 
Atmospheric Administration has re
quested a cloud-monitoring satellite, 
called Tiros-0, to be launched in 
1983 or later. Included in NASA 
plans is a biomedical experiment 
with an instrumented monkey, 
reminiscent of the 1960s. 

Despite this return to the past, in
dustry officials say standardized 
spacecraft are the beginning of a 
new era. O 
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Probing the news 

The economy 

Optimism edges in 
Some companies see business improving as customers' 

inventories have been brought into line and money eases 

Don't uncross your fingers yet, but 
business for the electronics indus
tries doesn't seem to be as bad as 
generally expected. While 197 5 
won't be a good year, and some 
companies surveyed are not too op
timistic, others are beginning to see 
some light penetrating the reces
sion's gloom. 

In the semiconductor industry, 
layoffs and production cutbacks 
during the second half of 1974 
apparently have had the desired ef
fect. Robert Noyce, Intel Corp.'s 
chairman, believes that the industry 
is headed for improvement and will 
turn around late in the year. "Un
less there is a continued decline in 
the general business environment," 
he says, "we have probably reached 
bottom." Contributing to this feel
ing, says Noyce, is the fact that "cus
tomers' inventories are getting down 
to a minimum.'' 

Noyce says that Intel's shipments 
have been "down but firming." Last 
year's third and fourth quarters 
were down l 0% each from the 
previous quarter, but 1975's first 
quarter was only 5% behind the last 
quarter of 1974. 

Fairchild sees "no V-notch recov
ery" for the industry, but rather a 
gradual one that should start in the 
second half. For the first two 
months of 1975, bookings are up 
from last year's corresponding pe
riod, and though Fairchild's sales 
dropped last year, "inventories 
came down as well," says an official. 
And compared to the 1970 recession, 
when it lost $18 million, the com
pany is in solid shape because it 
earned $26 million last year, says 
the official. 

At Advanced Memory Systems, 
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How's business? At Zenith Radio Corp., president John J. Nevin (top) predicts industry
wide TV sales will be down slightly from last year. As for semiconductors, Intel 's president 
Robert Noyce (above) is more optimistic , predicting business will turn around late in 1975 . 

inventories for the quarter ended 
Dec. 31 were down $800,000 from 
the $7 million total of the previous 
quarter. Shipments, meanwhile, 
were valued at $7.5 million, the 
same as those of the comparable 
year-ago quarter. AMS' backlog is up 
12% from a year ago, but president 
Orion L. Hoch says that "part of 
that is because we're working with 
longer lead times" of six to nine 
months due to the need to order 
critical materials. 

"Some weeks we see signs of turn
ing up," says Hoch, "others, I'm not 
so sure. But compared with three 
months ago, Hoch says, "There are 
more positive signs but no trends. It 
was hard to close orders three 
months ago; now, there is a little 
more activity.'' 

Mostek Corp.'s Berry Cash, 
executive vice president, sees a re
luctance on the part of customers to 

build up big inventories. "Distribu
tors are beginning to buy a little," 
he says, "and customers' inventories 
are in better shape, so they are be
ginning to buy." But orders are 
small ; customers are buying only for 
two to three months at a time. 

Inventory buying was forecast 
in January, points out J. Fred 
Bucy, chief operating officer at 
Texas Instruments Inc. [Electronics, 
Jan. 9, p. 67]. Warning of false indi
cation of growth, Bucy said, "In the 
first half of the first quarter we'll see 
some increase in orders because cus
tomers just did not buy for in
ventory in the last quarter of 1974. 
They'll be buying for replacement 
in inventory in the first quarter. 
Some people will read this as an up
turn, but I think that history will 
show that this is just a flash in the 
pan, and we'll continue to slide." 

Among components makers, Les-
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What's new in sol id state ... 

Four RCA o~ amps . 
that make the CA3130 
Y1hat it is. 

Our CA3130 gets many of its winning ways 
from four very capable relatives. Four RCA op 

.. amps that can fill special requirements you may 
have. If you need programmable linear gain 
control , check the CA3080. For high crossover 
frequency plus high slew rate , there 's the 
CA3100T. For high output current and easy 
programmability, the CA3094E. For low power 
supply drain , the CA3078T. 

The CA3130 is the ideal choice when you 're 
looking for a goOd measure of all of these 

" characteristics in one device. That 's what makes 
the CA3130 so great. Its versatility comes from 

r 

• 

the unique combination of MOS/FET, bipolar 
and COS/MOS on the same chip. And its 
surprisingly low 1K price of 75¢. makes it a 

natural for your high-volume products. 
Beyond the table, here 's more typical data 

about the CA3130: 
Input Impedance: 1.5 TO (1 .5 x 10 12 !1). 
Input 'current: 5 pA. 
Input Offset Current : 0.5 pA. 
Input Offset Voltage: 0.8 mV (CA3130B). 
Settling Time : 1.2 µsec. 
An output voltage swing to within 10 mV of 

either supply rail. 
Strobing terminals. 
If you are interested in one or all of these op 

amps, contact your local RCA Solid State 
distributor. Or RCA. 

Write : RCA Solid State. Box 3200, Somerville, New 
Jersey 08876; Ste. Anne de Bellevue 810, Canada; 
Sunbury-on-Thames, U.K. ; Fuji Bldg. ,Tokyo.Japan. 

ncn 
CA3080E CA3100T CA3094E CA3078T CA3 1 3 0 

,. 

~~~~~~~~~~---,.--~~-,.--~~-

Gateable plus p.-ogrammable 
gain control 

Unity gain crossover 
frequency, MHz 

Slew Rate. V /µsec 

Output, mA (peak) 

Power consumption. mW 

Single supply voltage 
required, V 

Price ( 1 K), $ 

>GO dB 

40 

l 
.0015 

1.5 

1 .25 

RCA. A full house in linear ICs. 
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Probing the ne~s 

lie W. Chapin of Helipot says, 
"most manufacturers are still exper
iencing pretty much of a downturn." 
Chapin, vice president and manager 
of the Beckman Instruments divi
sion, says that sales to the military 
are strong, but that high-end con
sumer and industrial products are 
off. "The distributor business," he 
says, "is firming just a shade." He 
attributes this to the working off of 
excess inventory. As for an upturn, 
Chapin says, "Everyone is exhib
iting a little wishful thinking and 
talking about the last half," but 
he believes 197 6 will be a good year. 

Business at the Amphenol divi
sion of Bunker Ramo Corp. has 
been improving ever since last fall's 
low point was reached. Herbert F. 
Motz, president of the division, says, 
"We've seen what I believe to be a 
trend since about November- busi
ness is improving in very, very small 
steps." Motz adds, "A good part of 
the downturn was the reduction of 
inventories at distributors and 
OEMS. Now they're getting their in
ventories in order, so the climb that 
we're seeing reflects actual usage 
out in the field. After we get back up 

to the actual usage plateau, growth 
will depend on the economy and the 
confidence of people." But Amphe
nol's figures reflect Motz' conviction 
that this recession is much deeper 
than 1970's. In the first two months 
of t~is year com pared to the same 
period in 1974, inventories are up 
15%, shipments are down 15%, and 
bookings are down 20%. 

Edson D. de Castro, president of 
minicomputer maker Data General 
Corp., is cautiously optimistic. The 
order rate, he says, is "tough to read 
because of stretch-outs and cancel
lations, but we see some signs of 
this unrest subsiding. People have 
gotten a little better reading of 
where they are, and they know the 
level they'll be operating on." De 
Castro says Data General's in
ventory of components and subas
semblies is too high-at the end of 
December it exceeded that of the 
previous quarter and year. Despite 
this, de Castro expects Data Gen
eral to grow by about 25% this year 
from last year's $83 million in sales ; 
he says that minicomputer trends 
are so steep and strong that business 
cycles don't have much impact. 

Also holding its own is mini 
maker Computer Automation Inc. 
President David H. Methvin says, 

'Not as bad as you think' 

70 

With inventory playing such a big role in determining when the recession 
hits bottom , distributors should have a pretty good line on the condition of 
business. "It's not as bad as you think it is ," says Paul Carroll , president of 
Semiconductor Specialists Inc. of Chicago . " We hit our low in November , 
and since then we've seen shipments increase at a steady 10% per month . 
And bookings are climbing even more dramatically." 

However, says Carroll , inventories are still too high . " The only way to get 
them down is to sell , since manufacturers have taken back all they will. And 
they're still unbalanced, particularly in 7400 [TIL] and C-MOS." 

Carroll attributes the growth since November-which is still 20% less 
than the peak a year ago-to the depletion of customers ' inventories and the 
drop in interest rates . As for a turnaround at the manufacturers ' level , he 
says, wait until the second half. And he expects midyear shortages in C
MOS and certain memories-like the 1103 and 2102. 

In Newton , Mass ., Timothy X. Cronin , president of Cramer Electronics 
Inc ., says Cramer is about 10% ahead of 1974 's fourth quarter in sales and 
15% ahead in shipments and bookings. 

Cronin says that he thinks there is a lot of inventory on manufacturers ' 
shelves, but they have reduced capacity about 25% to 30% . Demand is flat 
now, but in the near future it will outstrip the capacity to produce , he fore
casts. Starting in June, manufacturers will find themselves in a shortage po
sition , says Cronin , adding that "selective holes " will develop during the 
summer months . 

"We planned for $5 . l million in vol
ume for each quarter this year, and 
we should just about make it." He 
says sales for the year will be up a 
little over last year's, but they will 
be down this quarter from last 
year's comparable period. 

"I don't see any upturn," says 
Methvin, "but I don't see things go
ing to hell in a handbasket, either." 
The company president says that his 
gut feeling is that business will turn 
up toward the end of the year. 

Methvin notes that the order rate 
is pretty steady. "Backlog has been 
drifting down for several quarters 
with the big guys stretching out 
some. We've also redefined some of 
our backlog to make it more con
servative." He says that new cus
tomers seem to be healthy, and that 
bright spots include oil-related in
dustries-"They 're still spending 
money at a prodigious rate ." 

Hewlett-Packard Co. is "right on 
target," says Alfred P. Oliverio, vice 
president of marketing, even though 
first-quarter 1975 sales dipped to 
$212 million from the $245 million 
of the previous quarter. The reason, 
he says, is traditionally slow first
quarter buying. First-quarter orders 
are up over the previous period, 
$240 million to $203 million, and 
H-P anticipates a 1975 order growth 
rate of 15%, although 10% of that is 
for inflation. 

Perhaps hardest hit by the reces
sion has been the consumer elec
tronics industry. It 's a highly com
petitive arena where manufacturers 
consider disclosure of backlogs, or
der rates, and inventories aid and 
comfort to the enemy. However, Ze
nith Radio Corp. , the nation's larg
est maker of color television sets, ex
pects to see the industry's sales to 
dealers this year in the range of 7 
million to 7.5 million sets, slightly 
less than 1974's 7.8 million and dra
matically less than 1973's record 9.3 
million. 

Zenith's president, John J. Nevin, 
says that at the end of 1974, indus
try inventories were 15% a hove 
year-end 1973 levels. Of this, Nevin 
says, Zenith had 12%, with 20% of 
industry sales. Zenith production in 
January was down 23% from the 
previous January's totals, compared 
with 49% for the entire industry, 
says Nevin. O 
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Now readily 
available : RCA 
thyristors with our 
no-strain solution to 
lead torque problems. 

It's flexible-lead 
packaging , and it works 
this way. We attach long 
flexible leads to the cathode 
and gate terminals - and then 
completely embed those coupling 
plus the glass hermetic seal in epoxy. 
Device leads are solidly locked in posi
tion , so there can be no strain on the glass-
to-metal seal . You have an extra barrier 
against dust, dirt, o il and moisture. Wiring 
into your equipment is much easier. And 

• so is meeting UL and IEC creepage specs. 
On short notice, you can have flexible

lead packaging on any RCA standard 

commercial press fit 
thyristor, mounted either 

on a stud or T0-3 base, 
f and in both isolated and 
, non-isolated versions. 

• Many are avai I able off 
the shelf: Triacs (10, 15, 

30 and 40 amps ; 200-600 
volts} , and SCRs (20-35 

amps ; 200-600 volts) . For 
availability information 

and prices, contact your ~E3====~ 
local RCA Solid State distributor. Or RCA. 

Write: RCA Solid State, Box 3200, Somerville, New 
Jersey 08876 ; Ste. Anne de Bellevue 810, Canada ; 
Sunbury-on-Thames, U.K. ; Fuji Bldg .,Tokyo,Japan. 
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Probing the news 

Solid state 

'Partial' devices being revived 
Some memory makers find that RAMs with only 1 .5, 3, or 6 good kilobits 

help recover development costs along low part of learning curve 

by Bernard Cole, San Francisco bureau manager 

Back in the mid-1960s, Texas Instru
ments sold a "relaxed" transistor
transistor-logic family-devices had 
fanouts of 6 or 4 instead of the nor
mal 10, and counters had one bad 
flip-flop . The advantage of these so
called partials to the buyer was, of 

" course, a lower price. But as TTL 
climbed the learning curve, yields 
improved and the price per device 
dropped. The profits from TTL par
tials became marginal, and TI dis
continued the practice. 

Now, history appears to be re
peating itself, this time, with memo
ries-particularly random-access 
memories. Companies are looking 
to partial devices as a way to recoup 
the substantially increased cost of 
developing memories as early as 
possible in the learning curve. As 
the industry digs out of the recession 
at the time it is moving toward 
larger-scale integration, manufac
turers are selling partially defective 
2,048-bit or 4,096-bit devices-they 
will eventually sell 8,192-bit parts
as memories with capacities of l or 
1.5 kilobits, 2 or 3 kilobits, 4 or 6 
kilobits. 

Many companies-including Intel 
Corp., Mostek Corp., Motorola 
Semiconductor, Fairchild Semicon
ductor, and National Semicon
ductor-have started to use and sell 
partials, or they are considering the 
step. A few others-among them 
Advanced Memory Systems Inc. 
and Cambridge Memories Inc.
have been using and selling partials 
for a number of years. Some, like TI 
and American Microsystems Inc., 
have studied the problem and de
cided it is not worth it. 

"There's a lot of good memory 
being thrown away at present," says 
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Partially good. The sale of pa rtial memories raises some questions: How good must they be? 
What's the profit cut-off point? Some makers, as a result , are staying out of the business. 

Durrell Hillis , n-MOS marketing 
manager at Motorola Semicon
ductor Products Inc., Phoenix, Ariz. 
"But setting up a system to use them 
is not as simple as it seems at first. " 
He says that Motorola is investi
gating, but has not decided what to 
do. 

Identify and test. The reasons for 
this hesitation are clear from the be
ginning, when it is necessary to first 
identify and then test and separate 
partials from fully operational de
vices. Mike Markkula, Intel's North 
American marketing manager, says, 
"First, it 's important to determine 
the reasons for the defects in the 
partials. If the reason is related to a 
lousy process, selling or using all the 
partials in the world won't help you. 
If it 's a random defect, it is just a 
matter of determining which quad
rant and marking it." 

But how many quadrants of a 
RAM can be defective before it be
comes uneconomical to use? That 

depends on a delicate balance be
tween component cost and system 
cost. Motorola's Hillis estimates that 
it takes at least a 2: l price advan
tage for partials to be attractive. 
Certainly, all three kinds of par
tials-those with one, two, or three 
quadrants out-fill the bill . Ron Liv
ingstone, memory marketing man
ager at National, points out that sys
tem cost is something else 
altogether. "From this point of view, 
three fourths is the best rule of 
thumb," he says. 

TI approached. Edwin S. Huber 
Jr., MOS memory marketing man
ager at TI, says the company has 
been approached by several custom
ers-principally makers of fairly 
large add-on memories-to supply 
them with "three-quarter" good 4-k 
RAMs, but TI has turned them down. 
The major reason for this, he says, is 
the reliability problem. 

"We took our parts that were par
tially good and ran accelerated life 

Electronics/March 20 , 1975 

.. I 

• 



' 

.. 

• 

.. 

SIEMENS 

The complete system for 
handling/testing digital IC's 
guaranteed by Siemens 

Model 721A Digital Circuit Tester/Model 2203 IC Handler 

Buying a digital IC tester from one source 
and an IC handler from another and then 
interfacing them to perform as a func
tioning system can be a very frustrating 
experience. Siemens has developed a 
system to end your frustrations. Now you 
can get a 16-lead IC tester capable of 
performing functional and DC parametric 
tests on digital IC's together with an IC 
package handler that handles dual-in-line 
IC's at a rate of 6,000 devices-per-hour. 
The two units are completely interfaced 
and checked out to function as a unified 
system for high-speed testing. 

Now there is no need to negotiate be
tween two different equipment vendors 
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when either machine needs service. 
Siemens provides a complete system 
guarantee and will supply any needed 
service or applications assistance. Call 
us today and ask about "The Complete 
System" for testing digital IC's. And if you 
happen to need a tester for linear IC's or 
semiconductor memories, we can supply 
that too. We make an entire line of IC 
test equipment and back it up completely. 
Contact Cliff Small, 609-424-2400. 

Siemens Corporation 
Power Engineering Division 
Computest Products 
3 Computer Drive, Cherry Hiii, N.J. 08002 (609) 424-2400 
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Probing the news depends on how reliable your part is 
in the first place. Our studies show 
that partials are just as reliable as 
fully goods." tests on them at 125°C. The failure 

rates were two to three times worse 
than it was for good parts, and that's 
significant enough that we don't 
want to see those parts in a cus
tomer's system." Tl's experience, 
however, doesn't jibe with that of 
most other RAM makers. Intel's 
Markkula says, "I think most of it 

The big problem is a marketing 
one, says Berry Cash, executive vice 
president of Mostek Corp., Carroll
ton, Texas, which plans to offer a 3-
kilobit RAM. "It's a matter of assur
ing the customer that the 3-k part 
has the same quality and reliability 
as the 4-k," he says. "If the part fails 

Automatic 0.25% 
impedance 

measure
ment: 

Our 
new Model 
251 Digital 
Impedance Meter 
provides the most accu
rate measurements of in
ductance (L), resistance 
(R), capacitance (C), and 
conductance (G) avail
able in any instrument up 
to five times the cost
plus it's fast and reliable. 

$1200. 
Big, fat claims, right? 

But consider this: Accu
racy of 0.25% + 1 digit, 
measurement speeds of a 
fraction of a second, high
intensity 3%-digit read
out has overload blanking 
to prevent false readings. 
solid-state construction 
packed into a rugged 10-
pound frame. And simple 
to operate. 

You might consider this. 
Our reputation. We've 
led the building of preci
sion impedance measur-

Ing instruments for labo
ratory and quality control 
applications for 25 years. 

Check us out, then call 
or write for the com
plete story. Ask about otlr 
discrete IC testers, too . 
Electro Scientific 
Industries 
13900 N. W. Science Park 
Drive 
Portland, Oregon 97229 
Phone: (503) 646-4141 
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because the threshold has drifted or 
because of leakage, it won't work as 
a 3-k part. But if it fails because one 
of the sense amps doesn't work, it 
will be O.K. as a 3-k." 

However, the experience of at 
least one user, Cambridge Memo
ries Inc., Boston, belies this. Its vice 
president, Richard Egan, says Cam
bridge has been using partial 1-k 
RAMs from Fairchild Semiconductor 
and a number of other companies. 

Using partials, says Egan, re
quires packing more devices on a 
board to achieve the same memory 
size, but there is no problem with 
board layout. "By using an intelli
gent layout, we can use all-100% 
memories or a mix of partial memo
ries," he says. "Specs and reliability 
aren't compromised, and the cost is 
considerably lower." 

Motorola's Hillis adds, "Partials 
are attractive on the leading edge of 
the production curve, but become 
marginal as production increases 
and yields improve." Then the ques
tion becomes: what is the cutoff 
point beyond which partials are no 
longer profitable? National's Liv
ingstone suggests that a good rule of 
thumb for cutoff is when package 
cost equals chip cost. 

But, asks n's Huber, how does a 
company keep from painting itself 
into a corner with a large customer 
using partials? He points out that it 
would be easy for his company, be
cause of its volume, to supply lots of 
partial 4-k RAMs. "But the partially 
good 4-k is only a short-term 
patch," he says. "Over the long 
term, those rejects are not going to 
be generated by manufacturers . 
They'll disappear as yields continue 
to improve, and then the manufac
turers will be stuck with a volume 
market that he'll have to downgrade 
4-ks for, to continue to sell." 

What it may require, says Intel's 
Markkula, is marketing partials and 
complete devices as a package, 
rather than separately. "This ap
proach relieves both the user and 
supplier of a number of problems. 
The supplier can be assured he isn't 
cutting his own throat, and the user 
will know he's getting good parts. 
He'll know the supplier runs the risk 
of losing his contract for fully goods 
as the yields improve if he messes 
up on the partials." O 
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HD/CMOS achieves LSI 
circuit densities unmatched 
by any other CMOS process. 

HD/CMOS II is even better. 
Our High-Density CMOS process for custom Large-Scale 
Integration was an innovative development that made CMOS ideal 
for use in dedicated LSI subsystems. Since its introduction over 
two years ago, HD/ CMOS has been used in volume production for a 
wide variety of applications in the fields of electronic timekeeping, 
portable instrumentation, medical and consumer electronics. 

Continuing refinement of this unique processing technology has 
resulted in a major new breakthrough. We call it HD/ CMOS II. It 
gives you even greater circuit densities, lower power operation, and 
faster switching speeds. In fact , it's presently providing the highest 
density of circuit integration yet attained for random logic designs. 

HD/ CMOS may be ideal for improving your product. If so, it can 
produce exciting and profitable rewards in the marketplace. 

Applying the advanced technologies of LSI to customer products is 
our sole business. We can help you answer questions about 
cost/ quantity tradeoffs, long-term profitability of the host product, 
and choosing the right processes to optimize performance and 
reliability. 

If you're considering LSI, consider Micro Power. We sell more than 
circuits. We sell solutions . 

Contact us for complete details: 

MICRO POWER SYSTEMS 
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3100 Alfred Street 
Santa Clara, CA 95050 
Telephone (408) 247-5350 
lWX 910-338-0154 

MPS/ Japan 
21 Mori Bldg., 2-2-5 Roppongi 

Minato-ku, Tokyo, Japan 
Telephone 586-0471 
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Instrumentation 

Microprocessors await the call 
Instrument makers agree that the devices will play big role , 

although some jobs appear to be out of their bailiwick 

Despite some reser
vations, instrument 
makers are excited 

. ~~?1:1t th~possi
~icro
processor-based 
designs and are ea
ger to apply them 
in a wide variety of 
products. And 
while most instru
ment houses are 
designing and even 
testing such prod
ucts, few executives 
will say precisely 
how their com
panies are using 
semiconductor mi
crop roc ess ors . In
stead, they prefer 
to save their en
thusiasm for the general concept. 

Microprocessors do not only sup
ply internal and external controls, 
they are also reducing maintenance 
problems by providing internal 
equipment diagnosis, self-test, and 
self-calibration. The devices are also 
improving reliability and accuracy. 
And the microprocessor can convert 
instrument-output codes into dig-

/it.al-transmission form or for com
puter use. 

However, the designer must as
sure himself that the microprocessor 
offers the best operation for his in
strument-microprocessors are rela
tively slow- and that the expense is 
justified. 

The most obvious applications 
would be to have microprocessors 
handle the same kinds of tasks as 
minicomputers, but on a smaller 
scale. If a minicomputer gives a sys
tem flexibility because its operation 
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by Andy Santoni, Instrumentation Editor 

J 
can be changed by software, a mi
croprocessor can provide the same 
kind of capability to an instrument. 
Such instruments as digital scanners 
can employ microprocessors so that 
one design can be adapted to many 
jobs, says Albert Frowiss, vice presi
dent of Doric Scientific Corp., San 
Diego, Calif. 

Control. Also, like mini
computers, micr_oprocessors can 
control processes, either internal or 
external to the instrument. Inter
nally, a microprocessor can scan 
front-panel controls, stimulate the 
appropriate circuitry, and turn on 
the proper displays and other out
puts, as does the John Fluke Mfg. 
Co. microprocessor-controlled fre
quency synthesizer (see p. 104). Ex
ternally, a microprocessor can per
form many process-control 
functions, as in Dorie's instruments. 
"The real need is in an area where 

you have a number 
of variables that 
bear some relation- . '" I 
ship to one an
other," says Fred 
L. Katzmann, pres
ident of Ballantine 
Laboratories Inc., 
Boonton, N.J. Pro-
cess control, for ex
ample, may require 
monitoring pres-
sure, volume, and 
temperature sig- • 
nals. 

Functions. 
Within instru
ments, micro
processors can per
form certain 
functions that ~ 

would be too ex
pensive or cumbersome to perform 
any other way. For example, they ... 
could be used for instrument self
test, diagnosis, and calibration; an 
estimated 25 million man-hours are 
devoted each year to calibration in 
the United States alone. Normally, 
says Alan B. MacLane, general 
manager at Systron-Donner Corp.'s 
Instrument division, an instrument 
has to go in for calibration every 90 
days or so, and it stays in the shop 
for about a week. "Many companies 
might spend 10% of the value of the 
test equipment in calibration and .,.. 
maintenance," or $100 per instru
ment per year, he notes. Using a mi
croprocessor for self-calibration 
could cut calibration time by 25%, 
says MacLane, and could lower the 
price of some components within 
the instruments because high preci
sion would not be necessary. 

Self-calibration would not only 
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HERMES 
LOOP 
ANTENNA 

THREE SAMPLE SITES 
ON THE NORTH AMERICAN 
CONTINENT-

DIFFERENT LATITUDES 
"' DIFFERENT CLIMATE 

: 

• FROBISHER BAY, CANADA 

.. 
MARSHFIELD, MASS. 

"""--..},. 
NEAR SAN DIEGO, CALIF. 

Elec tronics / March 20 , 1975 

Even in the solitude of the forest depths, from rooftops , 
arctic tundra , swamps to sweltering tropics, 'neath snow, 
sand or ice , 
the Hermes Loop antenna keeps an ear to the sky. 
The amazing aperiodic antenna does away with vast log 
period ic and rhombic arrays - those towering antenna 
farms . 
Excellent directional characteristics in rosette 
configuration , the Hermes loop antenna provides an 
omnidirectional broadband receiving array in space 
merely 1/100th that of the trad itional antenna farm . 
More than 53 government agencies around the wor ld have 
pressed the loop antenna into service. 
A new, even more compact version is available. 2-32MHz 
Only Hermes Electronics makes it . BROADBAND 

ASK US Send for our Brochure 
Hermes Electronics Limited 
Suite315 
2020 F Street NW 
Washington, DC 20006 USA 
202-296 2978 
TWX 710 822 1106 
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And here's what we built into it : It has six different plug-in heads 

• solid state circuitry 
• short and open circuit protection 
• frequency stability ± 0.1 db 

Model 
6047 
6048 

• external pu lse or AM modulation 6049 
• internal square wave modulation 6050 
• low tube cost/operating hour 
• qualified to MIL-STD-461 and 810 

6051 
6052 

You have now 
ended your search 
for a stable, reliable 
65 watt oscillator. 
Just call or write for 
detailed engineering data. 
Or ask for a demonstration 

MCL, INC., 

Freq. 
(MHz) 
10-50 
50-200 

200-500 
500-1000 

1000-2000 
2000-2500 

10 North Beach Avenye, 
LaGrange, Illinois, 60525. 
(312) 354-4350 

M-6~ 
\:, INC __, 

/' 

Pwr. 
(MIN) 

65 
65 
65 
65 
40 
25 

Now on GSA contract GSOOS-27086 See us in EEM-Vol. 1 pp. 284-291 
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Cost Cutter 
NEW Electronics Buyers' Guide ... 

Easy-to-use, single volume 
source for: 
• Data on over 4,000 products 
•Over 6,000 company listings and phone 
• EBG EXCLUSIVE: quick access to over 800 

catalogs through a Direct Inquiry Service. 
numbers 

The international world of electronics at your 
fingertips. Find suppliers ... fast ... accurately 
.. . and locally! For your copy send $15.00 
(USA and Can ada only_; elsewhere send 
$25.00) to address shown below. 
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A McGraw-Hill Publication 
1221 Ave. of the Ame ricas, New York, N.Y. 10020 

Probing the news 

save money, but also improve mea- .. 
surement accuracy because the in
strument's accuracy would not be 
affected by calibration drift. Micro
processors can improve accuracy in 
other ways, too. They can average .. 
large numbers of readings and ig
nore "outliers"-erroneous readings 
far from the average. They can also 
eliminate arithmetic errors by per
forming mathematical operations 
and displaying answers directly. 

Accuracy. Walt Fischer, group 
leader at the Colorado Springs divi
sion of Hewlett-Packard Co., notes 
that a microprocessor significantly • j 
improves the measurement accuracy 
of the firm's model 1722 oscillo
scope. Obtaining accurate measure
ments from an oscilloscope, he says, 
generally requires a great deal of 
ability on the part of the operator. 
He must be able to interpolate read-
ings and make decisions, and he can 
make significant errors if, for ex
ample, he leaves switches in uncali
brated positions. Microprocessors 
can help because they can improve 
bookkeeping by tracking switch po
sitions, says Fischer. 

One other function a micro
processor can perform in an instru
ment, says Wim Velsink, vice presi
dent of Tektronix Inc., Beaverton, 
Ore., and director of Tektronix Lab
oratories, is output-code conver
sions. Simple software changes 
would permit an instrument to de
liver data in any of many forms: 
binary, BCD, ASCII, or others. Today, 

I ' 

says Velsink, "you have a choice of 
building several interfaces or saying 
goodby to segments of the market." 

Reliability. And while improving ' ~ I 
instrument performance in all these 
ways, says Hamilton Chisholm, en
gineer at HP's Stanford Park divi-
sion in Palo Alto, Calif., micro-
p r o c es so rs can also improve 
reliability. Microprocessor-based 
circuits may contain fewer parts, 
leaving less to go wrong, and they 
may dissipate less power, keeping 
the instrument and its internal com
ponents cooler. 

Fischer adds one note of caution: 
microprocessors should be used only 
where they improve the instru
ment's performance. "You can't get 
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line-powered 3% digit DPM you can 
buy ... with the performance and 
dependability you need. Big %" LED 
display for long li fe and wide-angle 
viewing. Autozero for long term 
stability. High CMRR/ NMRR for noise 
and ground-loop immunity. Very low 
bias current (1 OOpA max) , for error
free high- impedance. Super
regulated power suppl ies. All this 
adds up to usable ± 0.05% accuracy. 

But price and performance are 
only part of the breakthrough. The 

1 u •u ... ...ivu laf\o~ 1u11 auva1 lle1Yt: VI IL::> 

monolithic circuitry. It runs excep
tionally cool (5 °C rise) and operates 
over - 10°C to + 70°C. It has the 
longest MTBF ever achieved in a 
3%-digit DPM-enhanced by a 
96-hour, 50 °C burn-in cycle. Its tough 
LEXAN® case meets both NEMA and 
DIN standards. It has a universal 
power transformer, for worldwide use. 

Last year, we broke through the 
interface problem with our 
AN2533/53 pluggable interface, 
premium-performance DPM ... still 

u 1t:: ut:::st 1u1 1 rnmy a.µp11ca11ons. 1 ne 
AN2538 reflects Analog ic's 200,000-
DPM experience . . . experience 
unmatched by any other source. 

Want complete data? Ready to 
evaluate a sample? Call Analogic's 
Marketing Dept. at (617) 246-0300, or 
your local Analog ic sales office, or 
write today: Analogic .Corp., Audubon 
Road, Wakefield, Mass. 01880. Also 
available, new 70 page Circuit 
Application Handbook, write on 
letterhead. 

ANALOGIC®• 
. .. The Digitizers 

Circle 79 on reader seNice card 

.. 
.. 

This new 
AID 

converter 

.•• makes 
thisnewDPM 
today's best 
value <569. CHIP: •. 

• Buildi ng instead of buying? The MN2301 is a complete, 
autozeroed, dual-slope-integrating A/ O monolithic con
ver ter with multiplexed BCD output. It's your best bet 
for any 3V2 digit DPM or DVM requirement. Attractive 
quanti ty discounts. Send for complete application data! 

f (in OEM quantities) 



The amazing self-powered, 
self-contained, pocket-size 
Logic Monitor requires no 
adjustments or calibrations as 
it simultaneously displays static and 
dynamic logic states of DTL, TTL, HTL 
or CMOS DIP ICs. Now you can watch your 
signals work their way through 
counters, shift registers, timers, 
adders, flip-flaps, decoders, ~ven entire 
systems! High intensity LEDs turn on when 
lead voltages exceed the threshold (2V). 
No power supply is needed! The 
power-seeking gate network locates 
DIP supply leads and feeds them into 
the Logic Monitor. Forget about grounds, 
pin counting or sync polarity. 

Simply clip the Logic 
Monitor to any DIP IC 

up to 16 pins. Precision 
plastic guides and a flexible 

plast ic web ''' insure positive 

connections between non-corrosive 
nickel/silver contacts and the IC leads. 
Logic levels appear instantly on 16 
large (.125" dia.) high intensity LEDs. 
Logic "I" (high voltage)-LED ON. Logic "O" 
(low voltage or open circuit)-LED OFF. 
Yes, now you can see your designs come 
alive. Order your fast, versatile, accurate, 
indispensable Logic Monitor today! 

" Deliveries starting March 15." 

ORDER TODAY! 84 95 
Add $2.50 postage/handling. 

Foreign orders add 15%. 
Prices subject to change. 

Continental Specialties Corporation 
Box 1942, New Haven, CT 06509 • 203/624-3103 

w. coast Otl.: Box 7809, S. Fran., CA 94119 • 415/383-4207 Canada: Available thru Len Finkler ltd., Ontario 
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Probing the news 

so involved in the cuteness that you 
don't make a measurement contri
bution," he says. 

Ballantine's Katzmann adds that 
microprocessors are of questionable 
use in one- or two-dimensional sys
tems like most test and measuring 
instruments. Like voltmeters, which 
measure in one dimension- volt
age-and oscilloscopes, which mea
sure in two-voltage vs time-few 
test and measurement instruments 
operate in three dimensions. How
ever, microprocessors could simplify 
operation by monitoring control set
tings and input levels and indicating 
when settings are right, wrong, or 
there is not enough information. 

,. I 
I 

• 

" I 

But microprocessors can't solve 
all measurement problems. Says 
HP's Chisholm, "One of the draw
backs of microprocessors is lack of 
speed." Processes within an instru-
ment often require more speed than 
microprocessor software gives. 

And microprocessor design re
quires a greater understanding of 
software than many users may real
ize. There's an insufficient aware
ness of the software impact of mi
croprocessor-based instrument 
design, says John Brady, vice presi
dent for engineering at Dana Labo
ratories in Irvine, Calif. 

Price. Price can also be a draw
back. Says a marketer for a French 
instrument manufacturer, " You 
can't put a microprocessor in a low
cost instrument." The lowest-priced 
instrument using a microprocessor 
has to cost $200, he says. 

And while " with a micro
processor, you approach the frontier 
between an instrument and a test 
system," says a designer for another 
French instrument maker, who 
wants to pay for a test system when 
he needs only an instrument? 

Says Colin S. Gaskell, chief of 
new development and processes at 
Marconi Instruments Ltd., St. Al
bans, England, microprocessors may 

.. 

' 

be too expensive or less efficient 
than other parts. Analog methods ~ 
may be cheaper in some appli- /( 
cations, and, even in digital systems, 
a better solution may be dedicated 
logic , a stripped-down min i
computer, or a custom chip. D 
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There's more tci 

Putting a microprocessor to work for 
you involves a whole lot more than buying 
a few LSI chips and slapping them 
together. 

You need LSI chips, of course. And 
National Semiconductor is the only com
pany that makes them all: the IMP family 
for 4, 8, and 16 bit applications. 

But to meet your cost objective, you 
need more. You need tools - the kind of 
tools that can make things easy for you. 
National has them. 

National offers the best Prototyping 
Systems around; plus the only Micropro-

tha11 
gram Development System in the industry, -- 1 
to help you develop new machine instruction .. 1

1 
sets. On top of that we supply the kind of 
software, documentation, and technical 
support that helps bring designs in on 
time and under budget. 

No other microprocessor supplier offers 
you all that. 

For the production end, there's our new 
POWR I/O,™ an instruction set option that 
doubles your I/O 
speed while it 
cuts your memory 
requirements; a 
Floating-Point 
Math Package, 
so you don't have 
to invent One; IMP Prototyping System. 

and everything else you'll need in your 
system ... right out to the sensors. 

No other microprocessor supplier offers 
you all that, either. 

The Blue Chips™ 
and the Green Chips~M 

Something new. 
The Blue Chips let you put together a 

complete 16-bit processor with only 9 chips 
for less than $140.00 in volume. And the 
optional Green Chips simplify your I/O 
interfaces. 

The result: more bang per buck ... 
more throughput with fewer components 
than any other microprocessor. 
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- e microprocessors. 
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Here's a diagram of how it all goes 
together: 

Clock 

j l 

K 
IMP-8, 16 ~ 

~ 
Flag/Jump 

CPU M UX 

l l 
Bus Address r------, 

Transceiver Latch 
B·hit/16-bit /-- ,--1 8-bit/ 16·bit /--

----- - --- --- - -- -- - -

T L 
T A 
L T 

System c 
s '--i r----' H 

~ ,--1 
Memory 

/-- 5 ROM/ pROM/ RAM 
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~ '--i VO r----' ~ Register 
A r--1 16-bit r-, s 
B B 
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s I I s 

,-------.... 
I \ 
I 16-bit I 
I Peripheral I 
\ I .._ _____ _} 

'--i VO r----' 
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Register 
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I \ 

VyJ I 8-bit I ~ 
Peripheral 

\_ _____ _} 

J 
Interrupts 
and User Jump 
Conditions 

User Flags 

0 
BLUE CHIPS 

---
G REEN CHIPS 

0 

We've got it a ll. 
A flock of companies are now trying to 

make hay out of the fact that they've just 
entered the microprocessor chip business. 

We've been in it more than two years . 
Two years during which we've devel

oped microprocessors with unmatched 
performance. Microprocessors that do 
more useful work per dollar than any 
other you can buy. 

Two years during which we've devel
oped everything you need to get into 
microprocessing, right down to the inter
faces. And we're the only company that has. 

We offer the strongest support package 
in the industry- hardware, software, 
firmware, field technical support, and 
training. 

Before you commit yourself to a com
pany that offers you anything less than 
everything, you really ought to write for 
our microprocessor brochures. 

r----------------------------- ----, 
Please send me a copy of your Microprocessor Brochures. 

Name ______ _______ _ 

Company ____________ _ 

Address --------- ----
City _______ State ___ Zip __ 

Mail to: Nat ional Semiconductor, 2900 Semiconductor Dr., Santa Ciara, Ca. 95051. 

National 
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The AMI Electronic Watch Works is the 
leading producer of one-chip CMOS 
digital watch circuits. And we're way 
ahead of the field in the design and 
fabrication of high-quality liquid 
crystal displays. 

Now we have two new reasons 
why you should buy your watch 
components from us: we give you two 
versions of the time. date and second. 

Our Sl410 circuit and S23610 
six-digit display work together to show 
the time and <late constantlv. Push the 
button and the date turns to seconds 
until you want the date back again. 

The four-digit design ( Sl420 
circuit and S23 590 display) shows the 
time. Push the button once. and you get 
the date for two seconds before it 
returns back to the time. Push the 
button twice. and you have the seconds. 

Which is best? Ifs really a matter 
of individual preference. Some people 
enjoy the convenience of six figures. 
Others prefer the compactness of four. 
with its built-in-four-year cr-idar. 

second watch ( S 1420 circuit and 
S23600 display ). 

That's the top of y~ur line. 
Here's the rest of 1t. 

No retailer wants to sell just one or 
two mcxlels. So we give you all the 
different circuits and displays you need 
to suit every taste and budget. 

The standard hours and minutes 
watch can now be produced for an 
incredibly low price. using our Sl400 
circuit and S23 5 70 display. (Right now, 
we have a special deal on these 1400 
chips. Ask us about it!) 

The next step up is to the Compact 
Watch display and its back-lighted 
version (S23590 and S23595 ). And our 
regular ladies' model ( S23600 display) 
is smaller and more feminine than any 
other LCD watch on the market. 

We make it easy for 
you to make watches. 

ln addition to individual 
circuits and displays. our 
c.i_wuits come packaged in th~e 

A few words about quality. 
We've always had a strong 

reputation for making reliable MOS 
circuits. And we've carried this strength 
over to our displays. 

Four years ago. \Ye set up a separate 
division for Liquid Crystal Display 
development. This experience resulted 
in several significant milestones. We 
developed a new photo process for small. 
sharp displays. We pioneered hermetic 
frit-sealing of Field Effect Displays to 
eliminate contamination and guarantee 
a strong mechanical package. We 
produced the first three-volt material 
in volume (the original ultra-low-power 
display). which lets us design 
a second generation 
watch module. 

t 

We've already designed special 
circuits for a couple of large watch 
manufacturers. We already supply 
complete modules ready for casing. as 
well as cased LCD and LED watches to 
marketers. And we.re working on new 
generations of chips. displays and 
modules. So \vhen you come to us. you 
always stay ahead of the times. 

So call your nearest AMI sales 
office for information. 
Manhattan Beach. CA • 1213) 379-2452 
Mountain Viel\'. CA • I 415) 969-0610 
Altamonte Springs. FL • ( 305) 830-8889 
Elk Gro'e Village. IL • () 12) 43 7-6496 
Norwood. MA • ( 6171 762 -0726 
Livonia. Ml • I 313) li78-9339 
Minneapolis. MN • (612) 546-3354 

Monsev. NY • (9 14) 352-5333 
Ambler. PA • (2 15)64 .1-0217 

Richan.lson. TX • (2 1412.11-572 1 

Circle 84 on reader service card 

The beautiful simplicity 
- · of our leadless ceramic 

2 •"" r. . circuit carrier (left ) lets you fit ii ... .,.. _ 
~ _. easily into all)' watch desif{n. The ultimate 

size reduction (right) has the circuit 1 

mou"flled<()n a pre-dtsif{ned ml}r/ule PC h(Jard. • 



You can o rder both ve •. . ~) f 1s •· 

back-lighted. And we have the makings 
of a petite, fou r-digit ladies time. date, 

A 

different w~s. The 1'1 rcul t catrier ( 1 )~ • Besides stalidard fo1it desig1's. we 
gives you a great deal of design flexibi lity. offer you complete freedom of choice in 

The PC board subassembly ( 2) font styling, package sizes, silver or gold 

B 

eliminates inter- reflectors, and back-lighting options. 
connects. so you In fact these displays are so flexible that 
can wind up with a they're fully compatible not only with 
very thin watch. It our circuits and IC chip packages, but 
also has a compatible also with most other watch chips on the 
display. with a back- market. 
lighted option . This Need something special? 
slim design lets Just ask. 
you use a variety We were the first producer of 
of cases and styles. MOS/ LSI circuits. And we intend to 

Third (and least in remain the Number One supplier to the 
price) is our ceramic electronic watch market. That means 

The six-dif?il: a) 1l'ilh time and date b) 1l'ilh lime and seconds. 
subassembly. being flexible. 

~ 

B 

Hou• lo Rel the time. date and second on four d~r;its: a) standard time mode b) the 
temportll)' date mode c) the seconds mode. 

A ll displays shown actual size. 

T he re isn't a 
smaller, more 
feminine 
ladies watch 
display 0 11 the 
market. And 
we have a 
T ime/Date/ 
Second 
version, too. 

~ Or for technicat details ~n circuits, 
phone Dick Barck at (408) 246-0330; 
for display data, it's John Dunn at 
(408 ) 73 5-9210. Or write to AMI, 
3800 Homestead Road. Santa Clara. 
CA 95051. 

We'll give you all the time you need. 

AIM 1I Watch Displays 
Model Description Special Features 

S23570 Man's standard Operates on 
4-digit 3 volts 

S23590 Compact. Operates on 
4-d191t 3 volts 

S23595 Compact. back- Operates on 
lighted 4 -d1g1t 3 volts 

S23600 Ladies . 4 -d1g1t Operates o n 
3 volts 

S23610 Time/Da te/ Operates on 
Second. 6-d1git 3 vol ts 

S23615 T /D/S. back - Operates on 
lighted 6 -dig1t 3 volts 

AIM ii Watch Circuits 
Model D escription Special Features 

S1400 Hours/minutes Ceramic 
subassembly 

S1404 Hours/minutes Chip carrie r 

S1407 Hours/minutes Printed circu11 
assembly 

S1410 6-d191t Time/ Chip carrier 
Date/Second 

S1412 6-dig1t T /D/S Printed circuit 
assembly 

S1420 4 -d1g1t T / D/S Chip carrier ; 
4-year calendar 

S1422 4-dig it T/D/S PC assembly; 
4 -year calendar 



I nese sem1conauc1or coo11ng 1aeca:s 
improve circuit performance 

and reliability, cut costs. No. 7 of a Series 

Engineers use Staggered Finger heat dissi
pators, Thermal Links, Fan Tops, and other 
IERC therma l management devices to solve 

a wide ra nge of ci rcuit design a nd packag
ing problems dealing with power, reliability , 
switchin g speeds, circui t density , stabi lity, 

reproducibility , and cost. Here are four ideas 
that may suggest new ways you can put 
IERC di ssipators to work for you. 

More power, higher reliability from the same T0-66s is a paradoxical 
requirement, but designer met it in this a mplifier circuit wit h LB 
Series Staggered Finger diss ipators. Nomina l case ri se above ambient 
of 90°C for bare case T0-66s permits 3 watts dissipation per device. 
Adding LB s doub led transistor life by giving I 0°C temperature drop 
while increasing power to 5.5 watts per device. 

Erratic flip-flop in high -G environm ent posed problem until IERC 
Thermal Links came to the rescue. Thermal Links held the T0-5s 
firm, increased their thermal mass, and lin ked th e two cases to a 
common heat sink. Resultin g lowe red junction temperatu re per
mitted more stable opera tion and higher re li ab ilit y while therma l 
matchin g assured a balanced circu it. 

For more information 

Design-to-cost cri teria were missed in a touchy se rvo am
plifier because 4 parallel devices required too much testing 
and matchi ng. Designers went to single T0-6 cooled by 
nested HP 1 and H P3 Staggered Fi nger dissipators. At 
I 00 °C case rise above ambient , the single T0-6 dissipates 
36 watts , plenty for the application. 

Faster switching speeds and lower junction temperatures 
at the same power levels without spending a bu ndle was 
called for after bread board testing of this ci rcuit. Adding 
I ERC Fan Top dissipators to the T0-5s held junction tem
peratures well below m a ximums and substan tially 
improved rise and fall times. And the press-on Fan Tops 
cost just pennies. 

on heat sinks and dissipators for milli wa tts to kilowatts , 
semi for the IERC Short Form Catalog today. It covers 
the most complete line of thermal problem solving devices 
avai lable anywhere. 

l1ERC l~I 
Heat Sinks/Dissipators 

I NTER NATI ONA L EL ECTRO N IC RESEARCH CORPOR ATION / A SUBS I DIA RY OF DYNA MIC S CORPO RAT ION OF AM ER ICA / 135 WEST MAGNOLI A AVENU E. BURBAN K.CALIFORNIA 9 15 02 
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IF YOU USE RELAYS, 
YOU CAN'T AFFORD 
NOT TO HAVE THIS 
CHART! 

IF THE CHART IS 
- MISSING, YOU CAN 
STILL GET ONE 
FREE! 

------------------------------------------

' T ' - .... - .. . ' .. ..... ·,,, .... . · 
~---· 

~agnecJ:'a£t" Relay-s 
88 Ci rcle 88 on reader service card 

PLEASE SEND MAGNECRAFT/NEWARK 
STOCK RELAY SPECIFICATION CHART 
SEND COUPON TO : 
NEWARK ELECTRONICS, 500 N .Pulaski, Chicago, ll linois 60624 

NAME ~~~~~~~~~~~~~~~

TITLE ~~~~~~~~~~~~~~~

FIRM ~~~~~~~~~~~~~~~~ 

PHONE ~~~~~~~~~~~~~~~ 

ADDRESS~~~~~~~~~~~~~~ 

CITY~~~~~~~~~~~~~~~~ 

STATE~~~~~~-ZIP ~~~~~~~-

NE\NARK 
ELEC I RONICS 
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Valuable additions to your electronics library are now available thru this exclusive reprint 
service. Just check the articles you wish to order and enclose check or money order for 
prompt service. 

No. of 
Copies 
Wanted 

---

---

---

---

R- l l Computer-Aided Design 

R- 15 Special Report on LSI Packaging 

R-016 Special Report on The Transistor: 

.. $4.00 

.. $3.00 

Two Decades of Progress . . . . . . . . ... $3.00 

R- 18 Reshaping the EE for the Seventies ........... $1.00 

R-023 Special Report : Tomorrow's Communications. ... $3.50 

R-027 Consumer Hazards : Why They Happen , 
How They Can Be Fixed . . . . . $2.00 

R-03 l Circuit Designer's Casebook IU .S. Only) ........ $5.50 

R-032 Active Filters .. $4.00 

Infra-Red Detector Chart 

R-101 Special Report : The Right Numeric Readout, 
a Critical Choice for Designers . . . . . . . . . $2.00 

R-l 04 The New Concept for Memory and 
Imaging : Charge Coupling . . . . . . . . . . . .... $2.00 

R-l 07 Wanted for the '70s : Easier-to-Program 
Computers .......................... . 

R-1 10 Automation for Survival and Profit ... . 

. . $4 .00 

' .. $2.00 

R-113 Optoelectronics Makes It At Last 13 part se riesl. . $4.00 

R-203 East Europe Market Report ...... , ............. $2 .00 

R-205 Bridging the Analog & Digital 
Worlds with Linear I Cs . . . . . .......... . .... $4.00 

R-207 Technology Gap Starts to Close for 
Computer Peripherals 

R-209 Semiconductor RAMs Land Computer 

.. .. ... '. $3.00 

Mainframe Jobs .................... . .. . •.... $2.00 

R-21 l Electromagnetic Spectrum Report 
and Foldout Chart . . . . . . ... . .. ..... . . .. . ...... $4.00 

R-213 Electromagnetic Spectrum Chart 
(rolled in mailing tube) .... . . .... . .. . ......... $2.00 

R-306 Charge Coupling Improves Its Image, 
Challenging Video Camera .... . .............. $2.00 

R-308 Program for Transition from Nonlinear 
lo Linear Transistor Model .................. .. $2.00 

No. of 
Copies 

Wanted 

R-310 Penetration Color Tubes are Enhancing 
Information Displays ........... . . . . .......... $2.00 

R-312 Leadless , Pluggable IC Packages Reduce Costs .. $2. 00 

R-316 Hybrid Circuit Technology Solves 
Tough Design Problems ..... .. . . .. . ....... $3 .00 

R-318 Buckl ing Up for the Bumpy Road to Detroit. ... . $3.00 

R-320 Planar Interconnection Techniques !Designer 
Musi Plan Early for Flat Cable ) .. .. $3. 00 

R-322 Special Report : The New Displays 
Complement the Old ..... $2.00 

R-324 Semiconductor Memories Are Taking Over 
Data-Storage Applications ... . . . . .. . . $3 .00 

R-326 Optical Spectrum Report and 
Optical Spectrum Chart . . . . . . .. . .. .... $4.00 

R-328 Pervasivene ss of Electronics 
Entire Issue of Electronics . . .... . ........... $2.00 

R-500 Japanese Forecast 1975 .....•...... 53 .00 } 
3FOR 

R-502 European Forecast 1975 . .... . .... .. $3 .00 
$750 

R-504 U.S. Forecast 1975 .. .. ............ . . $3 .00 

R-406 Logics New Design Tools . . . . . . . . . . . . . . . .. $3.00 

R-408 Bringing Sight to the Blind ... . ................ $2.00 

R-410 Passive Components ................ . ......... $3 .00 

R-412 Liquid Cooling Semiconductors .. . . ... ......... $3.00 

R-4 l 4 Simplified n-Channel Process . . . . . . . . .... .. $3 .00 

R-416 Optical Waveguides Look Brighte r .... . . . . .... $3.00 

R-418 Computer Analyses of RF Circuits . ... ......... $3.00 

R-420 Compute rized Text-Editing and Typesetting . .. . $3.00 

R-422 A Microprogramable Minicomputer .. . ......... $3.00 

R-424 Microprocessor Applications . . .............. . .. $3.00 

R-426 'special Issue-Technology Update-1974 ..... $4.00 

Payment must accompany your order ... USE THIS PAGE AS YOUR ORDER FORM 
Make check or money or
der payable to Electron
ics Repr ints. All orders 
shipped prepaid via parcel 
post. Allow two to three 
weeks for delivery. 

Back Issues Now Avail
able. 1960 to 1969 $5.00 
each. 1970 to 1973 $3.00 
each. 

Mail Your Order To 
Jan ice Austin 

ELECTRONICS REPRINTS 
P.O. Box 669 
Hightstown, N.J. 08520 

Amoun t of Order 

Plus 10% Handling Charge 

TOT AL AMOUNT ENCLOSED 

SEND REPRINTS TO 

$ ___ _ 

$ ___ _ 

$ ___ _ 

City ______ _______ ____ State _ _________ _ Zip _ _ _ 
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~·iy of Product 
is in the Stre 
of the Producer. 

,.,._; 

Today a product must perform the first time! There's no·~: 
budget for a second try and no time for a second go around. 

It's called product quality. Easy enough to say. Not so easy 
to produce. And product quality is usually in direct ratio to its 
producer's strength. Strength to acquire top grade raw material 
- even when scarce. Strength to acquire competent people. 
Strength to afford the best, most advanced technical equipment. 

And back up strength; financial, administrative. 
. ; 

Advanced Circuitry of Litton Systems, Inc., has this strengt~:l 

The strength to deliver quality in our total operation -
from inspection of art to final assembly. 

That's why we're the largest resale house in the industry - ". · 
today. And that's why we're expanding to be the largest • - -;. • 
in the future. ~ ·-;-~ 
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Technical articles __________ _ 

Preparation: the key to 
success with microprocessors 
Unwary system engineers can fall victim to time-consuming mistakes, 
not to mention cost, when building on new breed of semiconductors; 
help is available, however, for those ready to pause and pay heed 

,. by Robert Lewandowski , John Fluke Mfg. Co., Inc , Seattle, Wash. 

• 

... 

.• ... 

,.. 

I ~ ; 

D A design team that takes its first crack at devising a 
system based on a microprocessor can be in for a trying 
experience. But many of the usual pitfalls can be traced 
to two basic oversights; they involve ( 1) a precipitous 
plunge into a project with a design group inadequately 
prepared for the task, and (2) failure to obtain the dif
ferent kinds of help available from manufacturers, 
time-sharing services, and consultants. 

Hardware problems, while formidable, can be solved 
by traditional methods. But not so for software. Micro
processor manufacturers say it is easier to turn a digital 
designer into a microprocessor programer rather than 
the other way around. While this may be true, it doesn't 
give a realistic picture of what can happen while a hard
ware designer is in the process of learning. The prob
lems associated with becoming familiar with the micro
processor and its interfaces, and with learning 
programing, can at best lead to some extremely harried 
designers or, at worst, a poor design. 

Hardware problems 

Analog designers probably will not be affected, but 
the digital designers must become familiar first of all 
with the capabilities, limitations, and characteristics of 
the many microprocessor-system components.- In addi
tion to the central processing unit, there is a clock gen
erator-driver, which supplies timing and synchro
nization to most parts of the system. There is a ROM, 

which contains the actual program statements executed 
by the CPU. There may be a memory interface device to 
provide address information in the correct format to al
low a general-purpose memory chip to be used with a 
specific processor. And most systems will contain a RAM 

Closing the loop 

Readers who have questions about microprocessors 
and would like to discuss the problems of using them 
with author Lewandowski may call him during the 
week of March 31 at (206) 774-2211 , extension 2257 , 
between 9 a.m. and noon, Pacific time . 
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to store transient data generated by the processor dur
ing program execution. 

Also, inputs and outputs will usually require interface 
hardware to provide timing and multiplexing so that 
peripheral circuitry can access the processor's data bus. 
In some systems, memory interface and 1/0 may be 
handled by the same hardware; other systems provide 
interface adapters for various types of110 operations. 

Additional hardware may also be required to inter
rupt processor operation for service requests, to change 
program flow, and to handle special modes of oper
ation. And since the devices used within one system 
may span several technologies-p-MOS, n-MOS, C-MOS, 
and TIL- there are many different interface problems
voltage levels, propagation times, etc.- with which hard
ware designers must be familiar. 

The software problem 

Many hardware designers assume that because they 
have done some programing with high-level languages 
like Basic or Fortran, their experience will be directly 
applicable. Such programing is, however, a world away 
from the low-level languages required by most micro
processors. So while digital designers may have devel
oped the logical way of thinking necessary to become 
proficient programers, the time allowed them in project 
schedules to get up to adequate speed in programing is 
frequently grossly underestimated. 

If a project is on a schedule in which sufficient time 
cannot be given to design-team members to thoroughly 
learn about the device to be used, an alternative to con
sider is the use of a consultant. 

Many consulting firms are spinoffs from micro
processor manufacturers. These people have worked on 
many specific applications and are familiar with both 
hardware characteristics and programing techniques. 
Some consultants will undertake the whole design
hardware and software- while others will only do the 
software and advise on hardware implementation. This 
course will allow in-house people to become experi
enced as they work with the consultants. 

If, on the other hand, time does permit the education 
of staff designers, where can the education be obtained? 
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While there is a great deal to be said for self-made men, 
there are definite limits imposed when it comes to mi
croprocessors. The information available for self-study 
from vendors, for example, is usua lly non-existent, and 
much of what is available is in the form of specifications 
not really helpful for the task at hand . 

Many colleges and some community colleges now 
offer short courses in microprocessors and even courses 
on machine- or assembly-language programing. These 
can be useful-as can the general information available 
on programing minicomputers (in view of the similarity 
between the simple mini and a microcomputer system). 

A better approach is to take advantage of seminars 
offered from time to time by vendors or consultants in 
various locations around the country. These usually last 
two to five days, are very concentrated, and cover the 
basics of hardware operation and the instruction sets 
used by specific devices or families of devices. The semi
nars usually include some "hands-on" time employing a 
hardware simulator, which allows students actually to 
write and execute simple programs. Under no circum
stances, however, should it be assumed that these semi
nars are guarantees of expertise. 

When it comes down to a matter of practice, time
shared computer services can be useful. Many such ser
vices offer proprietary programs supplied by the micro
processor vendors- programs that allow the assembly of 
"source" programs into "object" code suitable for exe
cution in a microprocessor. 

The source program, written in the assembly lan
guage peculiar to a particular microprocessor, consists 
of symbolic operation codes corresponding to the actual 
bit patterns that cause a given operation to occur. It also 
consists of symbolic labels corresponding to the actual 
binary addresses at which the instruction op-codes will 
reside during program execution. The assembly lan
guage frees the programer from keeping track of the ab
solute address of an instruction to which the program 
transfers control or to which the program branches after 
a logical or arithmetic test. The assembly language also 
keeps track of the start addresses of subroutines that 
may be utilized by various parts of the main program. 

The object code generated by an assembler is the set 
of binary numbers that, when loaded in the correct se
quence in the microprocessor's instruction memory, 
causes the processor to act in the desired manner. These 
bit codes are permanently "burned" or "hard-wired" 
into the system ROM during manufacture and provide 
the instructions for a microprocessor to execute. 

To develop a microprocessor program, the first step 
generally is to establish the logical sequence of events to 
occur by using a flow chart or similar aid. Each oper
ation is then converted into one or more microprocessor 
instructions written in an assembly language. The se
quence of instructions is then keyed into a data file in 
the time-shared computer, and the program, or source 
file , is acted upon by the assembler program in the 
time-shared system. If there are no errors in the source 
program, the assembler generates an output record con
sisting of the object file in a suitable format for storage. 
This object file can be sent to a vendor who can convert 
the bit patterns into a usable ROM . 
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Since ROM manufacture is an LSI semiconductor pro
cess, the initial setup is rather costly and time-consum- • 
ing. It is of critical importance, therefore, that the 

~ 
program be debugged and operational prior to ROM 
manufacture. In the case of production-LSI parts, little ., 
or nothing can be done to correct errors in the original 
hardware. The entire process of mask generation and 
fabrication of new parts has to be repeated- with time 
delays of two to four months for each correction. 

To determine whether a program is operational or ~ 
not, the time-sharing services also offer a simulation 
program that can execute the object program on the 
host computer in a manner similar to the actual micro
processor. A wide variety of information is available to 
the operator about the execution of his program, such 
as program timing, current contents of internal storage 
registers, addresses, and the actual instruction currently • 
being executed. The simulator can stop operation at ,. 
various places in the program and force conditions to 
occur within the simulated microprocessor. These fea
tures, combined with on-line editing programs that al-
low rapid modification or correction of source pro- • 
grams, make an extremely powerful system for 
developing microprocessor programs. 

1 

One drawback of time-shared services is their high re
curring costs. In addition to the rental fee of a terminal 
for access, there are charges for connection time, and 
execution charges for use of the host computer. Also, 
there usually is a royalty for use of the microprocessor 
vendor's proprietary assembly and simulation pro- .. 
grams. Time-sharing services also have a seemingly infi-
nite variety of billing rates and schedules, so that com
parison of costs of one service to another is virtually • 
impossible. One can easily expect costs of $1,000 to 
$3,000 per month for a program development, which 
can easily take two to four months of peak demand .. 
time. 

Prototyping systems 

An alternative to the strict use of a time-sharing sys
tem (and one that provides a real-time operating-hard
ware situation) is the prototyping system. These are sold 
by various microprocessor manufacturers or indepen
dent proprietary microcomputer-systems vendors. Cost 
can be $3,000 to $10,000, depending on complexity and 
features. The prototype system can provide an oper
ating setup that has the capability of entering and edit
ing source programs in assembly language and execut
ing the resultant object programs with the actual 
microprocessor hardware. These systems allow direct 
hardware interface to the instrument under develop
ment via plug-in "kluge" cards, and can contain the 
hardware to be used in the final system. 

The main differences in comparison with the time
shared approach is the prototyping system's slower 
speed of execution and its lack of software or program 
features. Also, the editing capability is usually very lim
ited, and in some cases nonexistent. That , together with 
the fact that most prototyping systems operate via a 
conventional ASR 33 Teletype and paper tape, make 
their use very awkward. 

During operation of a prototyping system, the assem-
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Why a microprocessor? 
To name three of the chief advantages of a micro
processor-based instrument, a microprocessor can pro
duce the following results: 
• Reduction of the cost and complexity of hardware by 
replacing existing random-logic designs with fewer parts. 
• Addition of arithmetic or computational capability 
unavailable with random logic. 
• Achievement of a "smart" instrument that can execute 
a sequence of instructions under program control, and 
possibly to control or interact with other instruments. 

The question remains : when is a given application suit
able for a microprocessor? The rule of thumb today is 
that a microprocessor-based system is worth considering 
if an existing design uses 50 or more packages of me
dium-scale integration. But there are also other neces
sary preconditions , namely, that: 
• There is sufficient product sales volume to approach 
the " knee " of the vendor's price curve. 
• The application is bus-oriented , thus requiring a min
imum of peripheral support hardware . 
• There is a significant market advantage to be gained 
by features that come "free " with the addition of a micro
processor. 
• There is the potential for future extension of the design 
techniques to other applicat ions. 

The desirability of a bus-oriented structure is based on 
the microprocessor 's limited input/ output capability. 
Most microprocessors transmit data on a character-serial 
bus (that is some multiple of 4 bits). This can, unless the 
system is already bus oriented, necessitate a large 
amount of outboard hardware to multiplex and distribute 
the data over wide parallel input and output structures. 
The extra components would seriously reduce the cost
effectiveness of the microprocessor solution. 

The addition of computational ability greatly increases 
an instrument 's usefulness, allowing it to convert mea
sured electrical parameters-volts , ohms , etc.-into eng i
neering units-pounds per square inch , pH , feet per sec
ond-while also performing self-calibration and fault 
diagnosis . It should be noted , however, that although 
most available microprocessors have some arithmetic ca
pability , high speed " real-time " computation is severely 
limi ted because devices generally available have no 
hardware arithmetic features and must use repetitive pro
gram techniques. Speeds of execution under these con
ditions are well-suited for human interface , but not for 
high speed machine-to-machine interactions. 

Front-panel controls are areas in which a micro
processor can be used to great advantage in the design 
of a "smart" instrument . Compare , for example , the elec
tron ic calculator to a mechanical calculator of five years 
ago . The mechanical calculator required that the entered 
data be justified with respect to the decimal location , and 
frequently required adjustment or re-entry of the data to 
accommodate the limited dynamic range of the machine. 

bly program (punched on paper tape) is read into stor
age in the system via some sort of monitor or control 
program which resides in the system's ROM. Program 
control is transferred to the assembler and the user's 
source program is read in from pape r tape. The com
plete assembly of the source program takes two or three 
entries ("passes") of the entire tape, depending on the 
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A similar problem can be seen in a keyboard-pro
gramed frequency synthesizer that has a seven-decade 
display. 

Entry of a number significantly smaller than full scale 
requires entering a number of zeros ahead of the most 
significant digit , making data entry rather clumsy. To im
plement the free-form entry with random logic requires a 
complex and costly design . But a microprocessor can 
meet the requirements easily. 

One of the bonus features is the microprocessor's abil
ity to store and recall various front-panel control settings 
or programs at the touch of a button. This makes it pos
sible , for example , to store all the specific frequencies 
and signal levels required for production testing a nar
row-band filter . A single button recalls the data previously 
stored , and allows the operator to examine or adjust the 
device under test at each critical frequency . 

This technique can be extended to allow the user to 
enter his own programs into the microprocessor for spe
cific applications. This requires both a complex keyboard 
or program entry method and a user who is familiar with 
programing the particular microprocessor in the instru
ment. Nevertheless, it can result in an extremely powerful 
instrument suited for a variety of applications. 

A microprocessor-controlled instrument can offer so
phisticated remote programing capabil iti es, especially 
when equipped wi th the proposed international Electro
technical Commission general-purpose bus interface 
[Electronics, Nov. 14, 1974 , p. 95]. The structure of the 
IEC bus is ideally suited for use with a microprocessor , 
allowing the instrument to take the role of listener, talker, 
and possibly system controller when used in the appro
priate application . 

At present, in instruments designed with random-logic 
controllers, a high price must be paid for the IEC bus op
tion because of the large amount of additional circuitry 
necessary to receive or send the ASCII control charac
ters. But the only hardware needed when interfacing a 
microprocessor to the bus are the bus drivers and receiv
ers, and the random logic for both timing and recognition 
of addresses and universal commands. The recognition 
and interpretation of ASCII control characters (in the 
case of a listener) and the encoding of data to be trans
mitted by a talker are all done under program control. 
They may even be handled by the same methods using 
the same subroutines, as are used to process signals 
from the front panel control. 

An instrument with microprocessor control can be pro
gramed to perform the controller funct ion in a bus sys
tem, although an instrument with programing flexibili ty of 
a calculator is usually assigned this task. The control pro
grams for a microprocessor in an application as a system 
controller could be very complex, requiring significant ex
ecution time , but it could represent a cost-effective solu
tion for certain applications . 

system. The object tape is generated during the final 
"pass" and can then be read into program storage 
within the system and executed by the microprocessor. 

Loadi ng the assembler, assembly, loading the object 
tape, and execution of the object program can easily 
take from an hour, for a small program, to well over 
eight hours for a large program . And the program stor-
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Synthesizer. In a new application , a microprocessor has been built 
into a 10-hertz to 11-megahertz frequency synthesizer to handle a 6-

digit display, a dozen LED annunciators, and a 24-button keyboard. 

The chip set consists of five parts: a CPU , ROM, RAM , clock gener

ator , and a memory interface circuit . In addition , about 30 TIL ICs 

are needed to handle the interfaces with other components . 

age within the system is volatile. So when the system is 
powered down, the stored object program is destroyed 
and the object tape must be re-loaded for a new execu
tion. Data on the object tape is usually densely packed 
so that reading a large object program is usually less 
than half an hour. 

Some shortcuts are available-but they cost. Some of 
these are: storing the assembler on PROM (programable 
read-only memory) within the system; the use of a high
speed paper-tape reader and punch for data input and 
output (five to 15 times faster than a teletypewriter); or 
the use of minicomputer peripherals adapted for micro
processor systems, such as cassette tape systems, floppy 
disk systems, CRT terminals, and line printers. These de
vices can reduce system operating times by factors of 50 
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-, OTHER INPUT PORTS 
(REMOTE INPUTS) 

to 150. They can also provide other benefits, such as 
mass data storage and low-cost/high-speed hard-copy 
data. But the added peripherals can easily bump system 
costs by more than $10,000 and require a large amount 
of custom interface hardware and software. 

Keep in mind that assembly of the source program is 
not necessary each time a change or correction is made 
in the object program. Most prototyping systems pro
vide for "patching" or making program corrections via 
direct entry of machine code into memory. For small 
changes, this provides a means of keeping the original 
program running to check for other errors. Large 
changes (such as relocation of large blocks of code 
within memory) are very difficult and can create more 
problems than they solve. 

Another factor that can keep the assembly of large 
source programs from becoming a man-killing job is 
that the main program can be assembled in blocks with 
vacancies inserted for future "patches." Only an af
fected block need be reassembled to correct errors. 
When the program is completely de-bugged, the blanks 
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can be removed and the program reassembled, creating 
one continuous program with no wasted space. 

One frequently hears that microprocessor systems 
offer greater fl exibility fo r design changes because all it 
takes is simple modifications to the program . This ca n 
lead the programer into days or weeks of debugging the 
"simple" program modifica tions. This is particularly 
true when the person ma king the changes did not write 
the original program. A densely packed, effi cient pro
gram is like a fi nely " tweaked" analog circuit in which 
significant problems can be caused by subtle changes. A 
change to one part of the program can cause ca ta 
strophic occurrences in totally unrela ted areas. 

In-house computers 

There is still another alternative, the use of an in
house computer system for program development. Mi
croprocessor vendors have ava ilable assembly programs 
written in languages like Fortran, which can be used on 
a variety of computer systems and provide essentially 
the same capabilities as the time-shared services, in 
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many cases the programs being the same. H owever, 
note that the computer required for such applications is 
large, costly, and may not be availa ble. 

Last of the alternative program development meth
ods a re the high level programing languages, like PL!M 
[Electronics, June 27, 1974, p. 103], available for some 
processors now on the ma rket. They are similar in com
plexity to Basic or Fortran, where one progra m sta te
ment will generate many microprocessor instructions d i
rec tly, as opposed to asse mbly languages wh ic h 
genera te one microprocessor instruction from each pro
gram sta tement. These languages are rela ti ve ly easy to 
learn. They are cla imed to be within a small percentage 
of the effi ciency of an experienced programer writing in 
assembly language, at least as far as the number of in
structions to accomplish a particula r task is concerned. 
However, the compilers for these languages are very 
large and usable only on large machines. Some ti me
sharing services offer them, and they may be more cost 
effective than asse mbly la nguage methods. 

Once the program development is complete and the 

105 



Speedy look-up tables 
Most microprocessors do not have built-in , hardwired 
arithmetic routines. They must use slower, software-con-
trolled methods of computations. But there is a way to 
overcome th is handicap, at least partially . Some compu-
tations can be done significantly faster with memory look-
up techn iques, in wh ich tables of precomputed answers 
are arranged for rapid access by the processor at the 
time of program execution . 

For example , in multiplication , the products , Z , of the 
single-digit BCD numbers X and Y can be stored in read-
only memory, as shown in the accompanying table . The 
values of X and Y are first combined to form an offset ad-
dress , XY, which is then added to a base address to form 
the actual address of the product . For example, if X = 2 
and Y = 7, then XY is 27 , which is added to 157 (an arbi-
traril y chosen base add ress) to form 1 7E (a hexadecimal 
number-sixteen d1g1ts , O through 9, plus A, B, C, D, E, 
and F represent decimal 0 through 15). The product , 14 , 
is in storage location 1 7E . 

There is much redundant information in the table (7 x 
2 and 2 x 7 have separate locations), but any extra logic 
that would be required to remove the redundancy would 
probably slow down the process . 

One problem with th is method is that the offset ad-
dresses are handled in decimal code (actually BCD) , while 
the actual addresses of the ROM sequentially step up in 
bi nary (actually hexadecimal) . Therefore, between 09 and 
10 in the offset address, there are six addresses that 
have no meaning in th is process (OA, OB, OC , OD , OE , 
and OF) . These correspond to the unused storage loca-
tions shown on the table . Thus it takes 260 sequential 
binary addresses to handle the 100 offset addresses . 
Again , extra logic could be used to test values and elimi-
nate the unused storage locations, but this would also 
slow down the process . 

Although large amounts of memory could be required 
with this type of computation , semiconductor memory 
prices are coming down. Today one can buy ROMs con-
taining 2,048 8-bit words for less than $30 , equivalent to 
less than 1 cent per binary-coded-decimal digit. 

hardware design operational, the next step in the design 
process will be the stand-alone prototype instrument. 
To make this transition, a programable ROM is used to 
store the object program (typical PROMS have capacities 
of 256 eight-bit words) . These devices can be pro
gramed on the prototyping system or by peripheral pro
graming units, depending on the compatibility of. the 
devices being used. Some PROMS can even be erased 
and reprogramed. Other PROMS can be programed only 
once , by using destructive programing methods, and 
once a bit is set, it cannot be erased. 

An alternative method is to go directly from the pro
totyping system to a mask-programed ROM. However, 
the major disadvantage in the design cycle of this route 
is that they require a lead time for manufacture, which 
can vary from about 12 weeks for a first mask device to 
8 for a last mask device. It is also possible to use PROM 

program storage on a production basis for a small quan
tity of instruments with a minimal amount of program 
storage in each. 

The final problem area is that of production testing of 
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xv z 
OFFSET ADDRESS ACTUAL TABLE 

INTO TABLE ADDRESS ENTRY 
IBCD) (HEXADECIMAL) !BCD) 

00 157 00 
01 15B 00 
02 159 00 
03 15A 00 
04 15B 00 
05 15C 00 
06 15D 00 
07 15E 00 
OB 15F 00 
09 160 00 -· 10 167 00 
11 168 01 
12 169 02 
13 16A 03 
14 16B 04 
15 16C 05 
16 16D 06 
17 16E 07 
18 16F 08 
19 170 _ .. 09 
20 177 00 
21 178 02 
22 179 04 
23 17A 06 
24 17B OB 
25 17C 10 
26 17D 12 
27 17E 14 
28 17F 16 
29 180 

-*** 
18 

30 187 00 
31 188 03 
32 189 06 

97 24E 63 
98 24F 72 
99 250 81 

Unused storage locations: 
*161 , 162, 163, 164, 165, 166 

** 171 , 172, 173, 174, 175, 176 
*** 181 , 182, 183, 184, 185, 186 etc. 

the components, sub-assemblies and finished instru
ments. Of course, complete measurements of all param
eters on microprocessor components can require ex
tremely complex and costly test equipment. But 
comparable results can be attained with relatively 
simple functional testing, and with a minimum of addi
tional test-equipment cost. This can be done by using a 
prototype instrument as a test bed and checking its per
formance with each new microprocessor component. 

Troubleshooting and repair of functional modules or 
final assemblies can be best accomplished-with a min
imum of aids- by direct component substitution. A 
word of warning, however, on preliminary inspection 
and handling of circuits : caution is needed so that 
solder bridges or other short circuits, or failed or im
properly inserted parts, do not destroy expensive CPU or 
ROM ships at the moment of turn-on. It is relatively 
easy, while substituting components, to destroy several 
devices before a fault is located. And since most proces
sor components are MOS, careful handling is required to 
prevent damage due to static electricity. o 
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Calibrating crystal oscillators 
with TV color-reference signals 
Phase-comparison with networks ' rubidium standards yields resolution 
in minutes that would require days of checking against WWV or WWVH ; 
National Bureau of Standards has designed simple measurement circuitry 

by Dick D. Davis , National Bureau of Standards, Boulder. Colo. 

D A crystal oscillator can be calibrated accurately in 
about 15 minutes by comparing its phase to that of the 
color-reference signals broadcast by the four major tele
vision networks. It would take days of comparing the 
frequencies of the oscillator to those of the signals 
broadcast by National Bureau of Standards radio sta
tions wwv and WWVH to achieve accuracy of that order. 

And since NBS monitors network signals and pub
lishes offsets with respect to its standards, oscillator cali
brations by such phase comparisons can be traced to 
NBS. What's more, NBS has applied for patents on a 
number of circuits that make phase comparison with 
color-TV subcarriers relatively simple. Among them are 
the color-bar comparator, the digital-subcarrier com
parator, and the frequency-measurement computer, 
which are described in this article . 

A TV receiver tuned to a network color program is a 
highly accurate reference because ABC, CBS, NBC , and 
PBS all use rubidium oscillators to generate 3.58-mega
hertz signals, and every color-TV set phase-locks to 
those references. A scheme for comparing the phases of 
the two signals is shown in Fig. 1. 

If the frequency of the reference signal is 3.58 MHz, 
the full-scale reading on the phase meter, one 360° 
cycle, is about 279 nanoseconds. If the oscillator's fre-

( ( -300 .. o-'" OFFSET( 

\ NETWOR K 
RUBIDIU M 

5 MHz 
g x 5 = 3 58 88 . 

1. Compar~ng phases. An oscillator can be calibrated by comparing 
the phase of its output signal , here tuned to 5 MHz, with the phase of 

the 3.58 MHz oscil lator signal generated in a color-television set. 
Since the TV receiver's oscillator is phase-locked to one of the net
works' highly stable and accurate rubidium oscillators , it provides an 
accurate, stable, and convenient reference. 
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quency differs from the reference, the phase difference 
varies with time. For example, if the two frequencies 
differ by one cycle per second, the meter would deflect 
from zero to full scale in one second, return to zero, and 
start over again in the next second. 

If the crystal oscillator is set to within one part in 
1010, or l x 10- 10, of the 3.58-MHz reference frequency, 
the phase meter will accumulate l x 10- 10 nanose
conds of phase difference after l ns of observation time, 
or 0.1 ns per second of observation time. Since the me
ter will move full-scale, or 279 ns, in 2,790 seconds, a 
high measurement resolution is possible. For example, 
if the 2,790-second period is measured with an uncer
tainty of ± 10%-279 seconds-the resolution is ± 10% of l 
X 10-10, or ±1 x io-n. 
Taking advantage of offsets 

Several years ago, the networks began using rubi
dium atomic oscillators to increase the stability of their 
color subcarriers. These were standard 5-MHz rubidium 
oscillators with added circuitry that synthesized 
3.5795454 . .. . MHZ by multiplying 5 MHz. by 63 / 88. 
Some time after these units were put into service, the in
ternational standard of frequency, the reference tracked 
by NBS, was changed by +300 x 10- 10 . The network 

TV 
RE CI EVER 

5·MHz 
OSCILLATOR 

CO MPARE 
PHASE 

3.58 (LOCAL) 

~ x 5 
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2. Phase plot. The phase difference between signals from an oscillator under test and the network's color subcarrier is never constant for 

more than a brief period . This must be considered when calibrating an oscillator to a TV color-subcarrier reference . 

rubidium oscillators are therefore offset with respect to 
these standards. 

Thanks to the offset of the networks' oscillators with 
respect to NBS standards, a crystal oscillator can be 
checked for accuracy in less than 10 seconds with reso
lutions in the range of a few parts in 1010 . The time re
quired to accumulate 360° of phase shift in these net
work standards is 

P = TI Q 

where T is the period of the reference signal and Q is 
the offset of the unknown. With a 3.58-Mttz reference 
and 3 x lQ-8 offset, the period of the beat note is 9.31 
seconds. 

If the offset were 3.01 x l0-8, the period of this beat 
note would be 9 .28 seconds, a change of 0.03 second. 
Conversely, an error of 0.03 second in making a period 
measurement yields an error in the frequency measure
ment of only one part in 1010 . What's more, the mea
surement has only three digits- the 9.31- and 9.28-sec
ond intervals of these examples. A measurement error 
of ± 1 digit (±0.01 second) results in a frequency-mea-

3.58 MHz 
vcxo 

FREQUENCY 
DOUBLER 

surement error of only ±3 x 10- 11 . 

The ultimate resolution of this measurement tech
nique is limited by a slow continuous net change in the 
path length the signal travels between the network's 
standard and the receiver (Fig. 2). In most cases, resolu
tion is limited to about 10 ns in 15 minutes, which corre
sponds to a resolution of 1.1 x 10-11. 

Figure 2 also illustrates three types of phase insta
bilities that must be considered: large and small phase 
jumps and local station originations. Large phase jumps 
are caused by switching from one video-tape machine 
or camera to another, as different lengths of cable are 
inserted in the path. Small phase jumps result from 
phase distortion in the microwave system that carries 
network programs and from multipath between the lo
cal station's transmitter and the receiver, as well as dif
ferential phase distortion in the receiver. 

Most large phase jumps coincide with changes from a 
program to a commercial and back again. During sta
tion breaks, the 3.58-MHz teference originates from the 
local station, rather than the network. Since few local 
stations are equipped with rubidium oscillators, their 

PHASE 
MODULATOR 

ANTE NNA 

MODULATOR 

3. Comparator. The output of a crystal oscillator , operating at the frequency of the color subcarrier and phase-locked to an oscillator under 
test , is combined with the signal entering a TV set so that the phases of the two signals can be compared . 
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references cannot be used for calibration to the same 
accuracy as with network signals because they are often 
offset by 1 X 10-7 or more. 

Using the color-bar comparator 

The simplest NBS circuit, the color-bar comparator, is 
shown in block-diagram form in Fig. 3. The input sig
nal, at a frequency of 5 MHz or an integer submultiple, 
is divided by 88. This divided-down signal drives a 3.58-
MHz voltage-controlled oscillator. The 3.58-MHz output 
is doubled, then divided by two to provide a phase-lock
ing feedback signal. The frequency-doubled signal is 
also divided by 455 , which provides a signal at the TV 

receiver's horizontal-oscillator frequency. That signal 
ultimately generates a stationary vertical bar on the 
screen (Fig. 4). 

The color of the vertical bar changes as the phase 
relationship changes between the network rubidium 
and the oscillator under test. The phase modulator 
changes the color of the bar across its width so that 
times between these color changes can be measured. 
For example, the time between one solid red bar and 
the next can be measured. 

Without the modulator, the entire bar would change 

10 kQ 0.1 µ F +5 v 
47 kQ 200 kQ 

+5 v 

3.58 MHz 

+5 v B B 
33 kQ 

+5 v 
2.2 kn 

Jl 
5 MHz >-I 

N 0.01 µF 
10 kn 

OSCILLATOR +5 v 
IN 

(H SYNC PHASING) ~t(NO) +5 v 

4. Display. The color-bar comparator generates a vertical bar on a 

television screen, and colors move across the bar . By timing one 

complete cycle- from solid red to solid red, for example-the fre

quency offset of the oscillator under test from the National Bureau of 

Standards oscillator can be determined . 

+5 v 

+5 v 

!="21 
~ 

8280 

+5 v 

1 kn 

4.7 kSl 

10 pF 

13 

RAINBOW PHASE 
MO DUL ATOR 

+5 v 

H SYNC 
MODULATING 
VOLTAGE 

SYMMETRY 
ONE·SHOT 

9 

+5 v 

ONE OR THE OTHER NOT BOTH 
+5 v 

FROM TV 47o Q 

ANTENNA 75 Q 

~OlµF 

0503 

CHROMA 
BANDPASS 
AMPLIF IER PARTS 
---------,;?'ADDEO 
f 1 00 p F j TO TV 

' 
\,~~~!'! ___ _,' ~---+--B+N,,_c ____ .... ,.,, l kQ 

~------->----------------+-___,,B~ 
ANTENNA INTERFACE TYPIC AL CHROMA INTERFACE 

5. Generator. After division by 88, the signal from an oscillator under test phase-locks a crystal oscillator. The output of the color-bar gener

ator can be interfaced to a color-TV receiver, either through the antenna terminals or directly into the chroma circuit. 
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PHASE 
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6. Alternate. A sample-and-hold circuit can compa re the phase of 

the 3.58-MHz color-subca rrie r standard with the phase of the signal 

from the osci llator under test every 88 cycles of the test input . 

color at one time, making it difficult to tell exactly when 
a given change takes place. It would also be difficult to 
tell whether the frequency of the test signal is higher or 
lower than that of the reference signal because it would 
be necessary to remember in what order the colors 
change. 

In the schematic of the color-bar comparator (Fig. 5) , 
the input signal is divided by 8 and then by 11 in the 
two 8281 input dividers. The output of the second 8281 
drives the base of Qi , a phase-locked-loop comparator. 
A 74 1 opera tional amplifier connected as an RC in
tegrator tunes the voltage-controlled crystal oscillator at 
the color-subcarrier frequency of 3.58 MHz. 

The vcxo's output signal drives a 74123 one-shot cir
cuit that shapes the pulse. Two signals are taken from 
the one-shot, and the positive-going transitions are 
coupled through a 7402 NOR frequency doubler to a di
vide-by-two (part of an 8280) and fed back to Qi for 
phase lock. The crystal oscillator, operating at the color
su bcarrier's frequency and phase-locked to the oscilla
tor under test, is required because the necessary 3.58-
MHz signal cannot easily be synthesized from the input 
signal. Part of the 8280, which divides by two, also di
vides by five. Subsequent dividers at ratios of 7 and 13 
provide a total division ratio of 455 (5 x 7 x 13). 

Making the presentation clear 

Although this system can be used without access to 
the inside of the TV set, the rainbow will be of higher 
quality if the signal is injected into the receiver's video 
circuits. This eliminates modulation of the receiver's 
audio carrier, which causes a beat note that varies with 
the audio content of the program. An example of the 
circuitry required to inject the signal directly into the 
chroma-bandpass amplifier is shown in the schematic. 

After an oscillator is connected to the color-bar gen
erator and the color-bar generator is connected to a 
te levision set, the oscillator is adjusted so that the rain
bow appears to move across the bar from right to left in 
abut 10 seconds. If the oscillator frequency is far off, the 
colors in the rainbow pattern will change rapidly, and 
the entire bar will move in the direction of the color 
change. 

Since the period of the beat note equals the period of 

11 0 

the reference divided by the offset, the frequency of the 
color comparator output signal is ~ 

f= l ! PQ 

where P is the period of the beat note and Q is the offset 
of the network signal as published by NBS. 

When the oscillator under test is adjusted for an out
put of 5 MHz, the frequency of the color-comparator's 
output is 3.58 MHz. The period of the beat note in sec
onds is then approximately 279 I Q , where Q is ex
pressed as parts in 10- 9 . 

Measuring the subcarrier digitally 

The digital subcarrier comparator shown in the block 
diagram of Fig. 6 and schematically in Fig. 7 allows 
measurement of the period of a beat note to ±0.01 sec
ond. To obtain a measurement precision of ±! x J0- 10, 

an average of at least I 0 readings , representing about 90 
seconds of data , must be taken. A measurement to this 
precision using the 60-kHz transmission of WWVB would 
require two to eight hours under stable conditions. To 
improve the subcarrier-comparator measurement to ±2 
x J0- 11 would require averaging 100 sample-period 
measurements-about 15 minutes of data recording. 

The digital subcarrier comparator provides an analog 
readout of phase on the screen in the form of a narrow 
vertical line that moves slowly from left to right, then 
retraces rapidly right to left when the local oscillator is 
high in frequency. This sawtooth response allows posi
tive setting of the local oscillator because, if the local os
cillator is low in frequency, the cursor line will move 
right to left and fly back from left to right. 

This comparator is somewhat different from the 
color-bar comparator in that it does not synthesize 3.58 
MHz from the oscillator under test. Instead, a sample
and-hold circuit compares the phase of the 3.58-MHz 
standard with the phase of the signal from the oscillator 
under test, which is at a frequency of 5 MHz/ N, once ev
ery 88 cycles of the input. If N = 1, the comparison rate 
is approximately 56.8 kHz, and the phase of each 88th 
cycle of the 5-MHz signal is compared with the phase of 
each 63rd cycle of the 3 .5 -MHz television signal. 

The effect is the same as if 63 / 88 X 5 MHz were 
synthesized and compared with the TV receiver's 
3.5 MHz. The sample-and-hold comparator output pas
ses through a low-pass filter to eliminate sampling and 
other high-frequency noise from the beat note . 

The beat note is processed through a Schmitt trigger 
to provide a start-stop signal for a digital counter. If dif
ficulty is experienced in adjusting the counter start-stop 
circuits to trigger on the same slope (both positive or 
both negative), a flip-flop may be added to the Schmitt
trigger output. This will give a symmetrical square-wave 
output, and each half cycle will be equal to one cycle of 
the beat note. 

The steps in calibrating an oscillator with the digital 
comparator are the same as for the color bar. The phase 
cursor is used to make a coarse adjustment of the os
cillator, and then the oscillator is adjusted to the period 
computed from the offset published by NBS until the 
readout equals this period. 

Another version of the digital-subcarrier comparator 

Elect ronics /March 20, 1975 

( 

'"( 



computes the offsets corresponding to 10 10-period av-
• erages and displays them directly on the TV screen. By 

averaging 10 of these 10-period averages, accuracies ap
w preaching ± 1 x 10- 11 can be achieved. 

lated in the two 4-digit counters in the data-store-and
display section. After each cycle of beat-note measure
ment, the single-period counter is gated on for 2.79 sec
onds. The accumulated single-period count is then 
dumped to the single-period store for readout. The 10-
period 4-digit counter is preceded by a divide-by- IO, so 
from each single-period average, it accumulates 1110 of 
its total count. At the end of 10 one-period averages, 
contents of the IO-period counter are dumped to the IO
period store for readout. 

.. 

... 

The frequency-measurement computer determines 
" the period of the 3.58-MHz beat note , computes the off

sets, scales the results for 4-digit readout in parts in 1011 , 

and displays the one- and 10-period averages. A block 
-<1 diagram of the instrument is shown in Fig. 8. 

The phase-comparator-and-cursor-generator section 
is equivalent to the digital-subcarrier comparator. It 

~ compares the 3.58-MHz TV signal with the signal under 
test and generates a beat note and a cursor. The offset 
scaler accepts the beat and the 3.58-MHz reference sig

., nal, f1. The rate generator provides pulses at R = Llf x 
I04, which is 10,000 times the beat frequency. These 
rate pulses are gated on for a time Ta equal to I07/ f1 . 
The count output to the data-store counters is therefore 

~ 

Rx Ta = Cif x 104 x (107 1/1) = (Cif !/ 1) x 1011) 

The gated frequency from the offset scaler is accumu-

33 k.11 

5 MHz 2.2 k.Q -- H l---'\Nv---1--1 

N 0.01 µ F 

TV 3. 58 M Hz 0 UT )---j 1---'VV'v----<1,.........,.., 

0.01 µ F 2N4275 

+5 v 

NOTE : VA LUES SHOWN WITH * ARE SELECTED 

- 5V 
18 k!1* 

~--"N"v---+---"Nv- +5V 
220 k.Q 

3.9 k!1 
f.- ( ~ ~!: ) --I 

r:\ I " _ __.!_ COMPAR E 
\:.J --U l\. >' u RESET 

: "' (~) i 
: 3.58 MHz 1 

' I 
(:;\~SAMPLE 
\:..J : 1 DISCHARGE 

' I 

: /TRIGGERED BY 7 BB : 
:.J' : COMPARE 0 ~ ~:AL~rF LOP 

TRIGGERED BY 3.58 MHz OUTPUT 

The readout data is presented as two columns of 10 4-
digit numbers (Fig. 9). The left column represents 
single-period offset readouts, and the right column rep
resents IO-period offset readouts . To start a measure
ment sequence , the user pushes the reset button. All 
readouts are reset to zero, and the top 4 digits in each 
column are intensified, indicating that data will be 
loaded in these positions. 

At the end of approximately 13 seconds, the first 
single-period measurement is completed, and the data 
is loaded into the top 4 digits in the left column. The 

100 k.Q 

+5 v 

+ 5 v---~ 

1 k.Q 

2N4275 

2N4275 

0.00 1 µ F 
MY LAR.J 

330 k.Q 

PHASE· 
t=-_ _,.,,.,,'lr---~ COMPARE 

2-4-5 
10·12·13·14 +5 v 

1.EVEL DETERMINED BY 3.58 PHAS E 10 µ H 

17\ ~ ,.--- -- >-------------· ,r · --- SAMPLE·ANO·HOLO - 12 V.j't"YY\ _ _.~-------->-1 
\::../ =: ;. -- ------ -----------,, , INTEGRATOR 6.8 V 22µ F 

~68 pF 
1.8 k.Q 

t.o' \/ 1N5235 

_J !iiiL MAX = 2 CYCLES 3.58 MHz 
. · 1 ::::I MIN = 1 CYC LE 3.58 MHz 

2N4275 
H SY NC 

7. Digital comparator. One output from the sample-and-hold comparator can generate a cu rsor on a television screen while a second out

put feeds a counter for digital readout of offset . Waveforms at four points in the ci rcuitry are also shown here. 
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8. Signal flow. A signal of unknown frequency (A) can be compared with either the color-subcarrier 3.58-MHz signal or another reference 

signal (B) for on-screen display. The B-input offset generator provides the offset necessary to make accurate measurements quickly, a self

check capability for the computer, or a means to make compar isons to a zero-offset color subcarrier. 

9. Computer. Frequency offsets and averages of 10 offset readings 

can be computed . The values can be displayed, along with a phase 
cursor, on a television screen . 

second 4 digits in the left column are then intensified. 
On each following 10-second interval, data is loaded 
into succeeding positions in the left column until 10 
single-period averages have been accumulated. The first 
IO-period average is then loaded. The process continues 
until all IO 10-period averages ha.ve been loaded. 

Adding refinements 

One feature added to the frequency-time computer in 
use at the National Bureau of Standards permits the 
user to leave the instrument unattended during its 15-

11 2 

minute run. A circuit compares the result of the latest 
single-period measurement with the expected value 
and, if there is a significant difference, ignores the mea
surement. This compensates for large phase jumps that 
may occur in the broadcast signal if, for example, the 
broadcast switches between network and local origin. 

The frequency-time computer also contains circuitry 
that allows the comparison of two oscillators with each 
other. A reference oscillator connected to one input is 
compared with a + 3,000 x 10-11 offset replica of the 
second input. If the two signals have no offset with re
spect to each other, the on-screen readout will be 3,000. 
Readout accuracy is within ± l x I0- 11 for 22 minutes 
of data, which represents 10 10-period readouts at a 
sampling frequency of 2.5 MHz, with 3,000 x 10-11 off
set. This mode is also useful for comparing oscillators 
against zero-offset color subcarriers. WTTG-TV in Wash
ington, D.C., for example, uses an oscillator stabilized 
with a cesium reference by the U.S. Naval Observatory. 

If the offset and direct inputs are connected to the 
same oscillator, the readout should be 3,000. This pro
vides a simple check of the frequency-time computer's 
circuitry. D 

Closing the loop 

The author will answer questions about this article at 
the National Bureau of Standards booth at IEEE Inter
con. He will also answer calls on April 22 at (303) 499-
1000, Ext. 3639. His address is National Bureau of 
Standards, MS 277.06, Boulder, Colo . 80302 . Manu
facturers interested in producing phase-comparator 
circuits should also call or write NBS. 
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Systems Supermarket 
., 

ii! 

If you are in the market for a computer-controlled auto
mat ic testing/troub leshooting system, GR is the place to 
do you r shopping. Here you wi ll fi nd a w ide selection of 
automatic systems for testing digital, ana log, or hybrid 
{d igital and analog) circui ts. And the new CAPS-VI I soft
ware package that is now avai lab le is the current state-of-the
art for testing/troubleshooting soft ware. 

For a guide to help you compile you r shopping l ist. 
request a copy of our new Systems Brochure. It concisely 
describes and i 11 ust rates t he several standard GR systems 
you'll find any day being assem bl ed of f the aisles of ou r 
systems supermarket. 

1792-D Logic-Circuit Test System 
For high-speed, parametric digital 

• 

1790 Logic-Circuit Analyzer 
h and analog testing. A basic functional and diagnostic 

test system for logic elements. 

1792-B Logic-Circuit Test System 
Designed for the production 

environment, where low-cost tes ting 
and troubleshooting are mandatory. 
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2214 Analog Test System 
A commercial-electronics 

analog test sys tem. 

Photo above shows several systems in production at the 
Concord plant's Systems Center, one of three such centers. 

2210-C Analog Test System 
A general-purpose 

analog test system . 

.. 
/ 

1793 Logic-Circuit Tester 
2210-A Analog Test System 

A low-cost dedicated 
analog test system. 

A "starter system" - provides rapid 
digital testing of complex logic 

circuits at minimum initial cost. 

I® General Radio 
GRTest Systems Division 

300 BAKER AVENUE , CONCORD, MASSACHUSETTS 01742 

NEW YORK .N .Y.) 212 964 -2722, CN .J.) 201 791-8990 • BOSTON 617 646-0550 • DAYTON 513 294-1500 
CHICAGO 312 992·0800 • WASHINGTON , D. C 301 948-7071 •ATLANTA 404 394-5380 
DALLAS 214 234-3357 • LOS ANGELES 714 540-9830 • SAN FRANCISCO 415 948-8233 

TORONTO 416 252-3395 • ZURICH (01) 55 24 20 
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Silent timer warns 
of tape run-out 
by Vernon R. Clark 
Applied Automation Inc., Bartlesville, Okla. 

At concerts and lectures especially, a cassette tape often 
runs out unnoticed. One solution is to install timing cir
cuitry in the cassette-recorder case that will cause a light 
to flash when it's time to reverse or replace a cassette or 
to switch to another recorder. This silent warning sys
tem is also useful in duplicating cassette masters, where 
a preset recording time is important. 

The alarm circuit operates from any voltage in the 5-
to-15-volt range and can either be connected to the 
recorder bus or use its own battery. When the circuit is 
turned on, a light-emitting diode begins to blink once or 
twice per second, indicating that the circuit is functional 
and ready to start timing. When the start-timing button 
is pushed, the LED stops flashing and stays off for the 
duration of the timing period. At the end of the timing 
period, the LED begins to flash again, giving the signal 
to flip the tape . 

The two main components of the circuit are a 14536 
programable-timer integrated circuit and a 74COO quad 
NANO gate IC. The timer contains an oscillator and a 24-
stage counter. It counts pulses from the oscillator and, 
when some specified counter stage goes high, delivers a 
positive output pulse from the decode-out terminal (pin 
13). Which of the counter stages triggers the output is 

specified by the voltages on pins 9, 10, 11 , and 12. If 
these pins are high, high, low, and low, respectively 
(logic 1100), an output appears every time that stage 12 
of the counter goes high. With all four pins high (logic 
1111), output appears when stage 24 goes high. 

Since this system was designed for a standard C90 
cassette, which runs for 45 minutes a side, the timer is 
adjusted to provide a timing period of 44 minutes, or 
2,640 seconds.Therefore the oscillator frequency is set at 

/osc = 223 12,640 = 3.2 kilohertz 

so that counting stage 24 will go high 44 minutes after 
the counter starts counting pulses from the oscillator 
(provided the decoder logic is 1111 ). 

With this oscillator frequency, if the decoder termi
nals are set at logic 1100, stage 12 goes high after 211 

pulses, or 

211 / 3.2 kHz= 0.65 second 

The oscillation frequency is set by the time constant 
of C1 and (R1 + R 2). A frequency meter is connected to 
pin 5, and R 2 is adjusted till the meter shows 3.2 kHz. 

The circuit operates as follows : while the on-off 
switch is off, all pins are low. When the switch is turned 
on, pins 9 and 10 of the timer go high because they are 
wired to the positive-voltage bus. Therefore the decoder 
is programed with logic 1100, and the LED begins to 
flash every 0.65 second. When the start-timing button is 
pushed, the quad NANO circuit sets the decoder to logic 
1111 , so the LED stops flashing and the 44-minute count 
begins. After 44 minutes , the decode-out terminal (pin 
13) goes high, resetting the decoder to 1100 so that the 
alarm signal flashes again. D 

~N~..-~~~~~~~~~~---...~-+-...-~~~~~~- ---- +9 V BU S 

-=- 9 v 

osc 16 

INH 14 

14536 

8 

GN i 

0.00 1 µ F 

114 

12 11 10 9 
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+9 v 
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STAGES 9 THRO UGH 24 
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MULTIVIBRATO R 

OE CODE 
13 OUT 

+9 v 

Siient warning. LED starts to flash 44 minutes afte r start-timing but

ton is pushed , warning that cassette tape is about to ru n out. Circuit 
is useful at concerts, lectures, and tape-duplicat ion sessions. It can 
be built into recorder case and uses either its own battery or the 

power source of the recorder-it draws on ly a matter of 200 micro

amperes in the timing mode and 4 mill iamperes in the fl ashing mode. 
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Antilog function generator 
keeps VCO output linear 
by J. A. Connelly and C. D. Thompson 
Georgia Institute of Technology, Atlanta, Ga. 

Accurate voltage control of oscillator frequency is cru
cial for such applications as electronic music synthesi
zers, filter test circuits, and phase-locked loops. In the 
voltage-controlled oscillator (vco) described here, each 
I-volt change in the control voltage changes the output 
frequency by one octave with a maximum deviation of 
±0.4% over the entire audio range. This precision is 
achieved by temperature-compensation and buffering. 

Circuit can be built with readily available parts, and 
the design equations allow adjustability and flexibility 
to meet a variety of specific needs. The total range of os
cillation frequency can be shifted down one octave, for 
example, by doubling the capacitance of C1 in the vco. 

This vco is basically a relaxation oscillator: current 
source Q5 charges low-leakage polystyrene capacitor C1 
until unijunction transistor Q4 fires (at about 9 v); C1 
then discharges rapidly , and th:;: cycle starts all over 
again. The sawtooth output voltage essentially results 
from the voltage across C1 minus a couple of junction 
voltages, buffered by high-impedance MOSFET Q2 ; by 
Q3, which carries the current to fire Q4 ; and by the 
unity-gain op amp. Most of the resistors limit transistor 
currents to safe levels. 

The oscillation frequency is determined by the charg
ing current into C1. This current, which is the collector 
current from Q58, depends upon the control voltage be
cause the base-to-emitter voltage V BE in both halves of 
Q5 is derived from the control voltage, thus, 

l e = /3l s exp(qVBElkT) 

lOQ pF 

CONTROL 
VO LT AGE -~vv'v-----'\A/\,--

le 

V TRIM 

Voltage-controlled oscillator. Basic circuit is relaxation oscillator 

built around timing capacitor C 1 and uni junction transistor . Antilog 

function generator (i n shaded area) supplies charging current that 

varies exponentially with control voltage. Tuning curve is 1-octave

per-volt straight line. If R1N were 31.4 kilohms. tuning curve would be 

one-decade-per-volt straight line. 
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where f3 is the short-circuit current gain, Is is the reverse 
saturation current, kT/ q is 0.026 per volt at 27°C, and 
V BE is scaled from the control voltage V in a voltage
divider network : 

VsE = VRTel(Rr N + RTe) 

Therefore, the collector current is given as a function of 
the control voltage by 

I _ Pf [ qRTe V ] _ fJ V\ . 
e _ ,, s exp kT( Rr N + RTe) - ,fsI\. . 

In this expression, the scale factor K is just a substitu
tion that replaces several terms : that is, 

K = exp [ qRTe ] 
kT(RrN + RTe) 

Current le is an antilog function (or exponential func
tion) of voltage, and therefore the current source is 
called an antilog function generator. 

Because the frequency is directly proportional to le, 

J -KV = foKV 

where f0 is the free-running frequency (i.e. , the oscilla
tor frequency when control voltage Vis zero). The fre
quency f0 depends on the parameters of Q5, the firing 
voltage of Q4 , and the capacitance of C1. 

The value of scale factor K is set by the resistors RIN 
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lt's4K! 
It's fast! 

It's static! 
It's a whole 

R 
system! 

It 's all of those and more, much more. It's our new Microram 3400N - a 32K x 16 or 18 bi t 
memory system using our own SEMI 4402, 4K STATIC RAM components ... the only pro
duction 4K STATIC RAM's available today. The 4402 is fast, with a worst case access time 
of 200 nsec. And . .. it's second-sourced, of course! 

The Microram 3400N is form , fit, and functionally compatible with all core and NMOS mem
bers of the Micromemory family , and is completely contained on a single printed circuit 
card. Optional features include chassis and power supply. The Microram 3400N is immedi
ately available with a worst case access time of 275 nsec. 

Call your nearest EMM sales office and discover how " The Memory Company" can give 
you system building block flexibility , 4K to 32K, core or NMOS. 

EmmsEM/ 
A division of Electronic Memories & Magnetics Corporation • 3883 North 28th Avenue, Phoenix , Arizona 85017 

(602) 263-0202 

EMM OFFICES: WESTERN REGION, Regional Office, San Francisco, (408) 247-9711, Los Angeles Area, (213) 644-9881, Orange 
County Area (71 4) 639-5811, Minneapolis Area, (612) 941-2404, Phoenix Area (602) 968-2492, Oallas Area (214) 231-7207, EAST
ERN REGION , Regional Office, Boston , (617) 861-9650, Chicago Area, (312) 297-7090, Washington , D.C. Area (703) 941-2100 , 
New York Area 516) 423-5800, Cleveland Area (216) 842-8920 INTERNATIONAL OFFICES, European Headquarters, Belgium(031) 
76.69.75, United Kingdom (01) 751-1213, West Germany (089)7t4.30.40. 
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and RTc in the divider network. If K is 10, the oscilla
tion frequency changes by one decade when V changes 
by 1 v. With the resistance values shown in the circuit 
diagram, however, K is 2, so the frequency changes by 
one octave when V changes by l v. 

The temperature sensitivity of le is compensated by 
the temperature coefficient of thermistor RTc, 
+0.34%/ °C, which is equal in magnitude and opposite 
in sign to the effect of q/kT in the expression for K. 

Radiation monitor has 
linear output 
by Paul Prazak, Burr-Brown Research Corp. , Tucson , Ariz, 
and Lt . William B. Scott, Edwards AFB, Calif. 

A commercial silicon diode can be used as a direct
reading detector of gamma rays and high-energy X rays 
in radiotherapy. Besides generating an output that is 
linearly proportional to the radiation intensity, the 
diode makes a small enough probe to map the radiation 
field accurately. The monitoring system of diode plus 
two operational amplifiers provides an output voltage 
that varies linearly from 0.1 volt to 10 v as the dose rate 
varies from 10 rads per minute to 1,000 rads/min. 

The l N3 l 9 l or other off-the-shelf diode is operated 
in a zero-bias short-circuit mode. Irradiation of the 
diode junction creates electrons and holes that are col
lected by the depletion gradient, producing a nanoam
pere current which is proportional to the intensity of the 
radiation. 

To amplify the small signal from the diode, a 3521L 
operational amplifier with low bias current (10 picoam
peres maximum) and ultra-low offset voltage drift (± 1 
microvolt/ °C maximum) is used. As shown in Fig. 1, 
the 3521 L is connected in a current-to-voltage configu
ration where the inverting input appears as a virtual 

200 kn 

Thus, scale factor K is independent of temperature if 
the thermistor and Q5 have equal temperatures. To en
sure this condition, the thermistor is mounted in ther
mal contact with the header ofQ5 . 

The tuning curve shows the experimental perform
ance of the vco. The maximum departure from the 
straight-line relationship is only ±0.4% over the audio
frequency range from 20 Hz to 20 kHz. Outside that 
range, the voltage control becomes less precise. D 

ground. This FET-input op amp delivers output voltages 
of 100 µv to 10 millivolts, which are well above the 
noise level. The 200-kilohm resistor between ground 
and the noninverting input serves to balance the ampli
fier, and the 0.1-microfarad capacitor stabilizes the am
plifier by shunting out noise and preventing oscillations 
resulting from positive feedback. 

An additional stage of gain amplifies the signal to the 
desired level. The offset-voltage drift of this stage must 
be extremely low because it is amplified along with the 
signal. Therefore the chopper-stabilized 3292 op amp, 
which has a maximum offset drift of only ±0.3 µV/ °C is 
used here. The 100-ohm resistor again balances the in
puts to the amplifier. The gain of this stage should be 
around 1,000; it is adjusted by means of the 20-ohm po
tentiometer so that an output voltage of0.10 v to 10.00 
v corresponds to a dose rate of 10 rads/min to 1,000 
rads/min at the detector, as shown in Fig. 2. 

The output voltage can be displayed on a 3V2-digit 
panel meter, so that the numerals directly indicate radi
ation intensity. An alternative is to use an ultralinear 
voltage-to-frequency converter, an optical coupler, a 
counter, and a display to completely isolate the radio
therapy patient from the monitoring and recording sys
tem. An advantage of this approach is that the integrat
ing input of the voltage/frequency converter would 
average out any high-frequency noise in the system. D 

Designer 's casebook is a regular feature in Electronics. We invite readers to submit original 
and unpublished circuit ideas and solutions to design problems. Explain briefly but thor· 
oughly the circuit's operating principle and purpose. We'll pay $50 for each item published. 

100 k.11 

0 200 400 600 800 1000 
DOSE RATE (RADS/MIN) 

1. Dosage-rate meter. Commercial diode is detector in this highly accurate radiation moni
tor. Low-drift FET-input op amp amplifies detector current to usable level, and chopper-stabi
lized amplifier then provides additional gain while minimizing any error caused by ambient
temperature fluctuations. Gain is adjusted so that output vol tage is 1 % of incident rad iation 

intensity in rads per minute; therefore voltage can be displayed on 3 Y2 -digit DVM for direct 
reading of dosage rate . Cost of parts for this monitor is about $90. 

2. Linear response. Output voltage from 

monitor is linearly proportional to radiation 
intensity at diode . Over dosage rate range 
shown , total system error is less than 1 %. 
Small size of diode probe permits accurate 
mapping of rad iation field. 
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D A successful outcome for the 
upcoming international conven

tion of the Institute of Electrical 
and Electronics Engineers is only 

one concern of the IEEE in these 
times of economic gloom. There is 

also the problem of what to do for the 
growing number of out-of-work mem

bers, and the problem of meeting orga
n iz at io na l expenses as hard times 

threaten to shrink the institute's income. 
As for Intercon/75, to be held April 8 

through 10 at the Coliseum and Hotel Amer
icana in New York, there have been signs of optimism. 
The organizers note that, as of late February, the 
amount of exhibition-space rentals was keeping pace 
with last year. In fact they say they expect a slight in
crease-to 200 paid exhibitors from 180 last year. If so, 
and if attendance matches or exceeds last year's figure 
of 25,000, it may be a harbinger of better times ahead; 
that is, it may indicate that electronics engineers are out 
shopping once again. 

After this year, this show will no longer be held only 
in New York City. It will be held in 1976 in Boston un
der a new title , Electro, and thereafter alternate be
tween New York and Boston, much the way Wescon al
ternates between San Francisco and Los Angeles. 
Electro, scheduled for May 11 through 13, 1976, will 
also absorb the Nerem show. 

The decision to alternate between two cities was an 
outgrowth of some of the new realities the IEEE lead-
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lntercon/75 
will find IEEE 

toiling against 
the economic slump 

Institute ponders its fiscal woes 
and the problems of idle members, 

while show organizers foresee 
slight increase in exhibition rentals; 

optimists hope that good attendance 
will signal the beginning of a 

turnaround in electronics business. 

by Gerald M. Walker, Associate Editor 

ership has had to face. First, the cost and inconvenience 
for exhibitors putting up a show in New York have 
been escalating sharply. Second, lntercon attendance 
has become increasingly regional- in character if not in 
name, although a thousand foreign registrants are ex
pected this year. And the show is no longer the center 
stage for unveiling new products. However, it maintains 
its draw as a major industry meeting ground. Semicon
ductor companies, for example, still send marketing 
people to Intercon even though they dropped out of 
booth-buying long ago. 

All of these points argued for a change of scene to 
bring the show to more engineers. Extrapolating from 
this, there's good argument for launching a Midwestern 
version. And eventually it may be feasible for manufac
turers to buy East Coast, West Coast, and Midwest 
booths with one commitment covering three separate 
IEEE shows. This move, of course, depends on how well 
the Boston-New York plan works. 

Right now, Intercon/75 promises a few innovations 
of its own. There 's the timing for one thing. Not only 
are the dates changed from March to April , but there 
will be three days of show and technical sessions rather 
than four. There will be one late night, April 9, for the 
show at the Coliseum. This will make it easier for exhib
itors to get their gear in and out of the two show floors 
at minimum cost and also shorten the time attendees 
will need to spend away from their benches. The num
ber of show hours, however, will be virtually the same. 
A second change is moving the technical sessions up
town from the Statler Hilton to the Americana, which is 
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closer to the Coliseum and away from the rather dreary 
neighborhood that bothered some out-of-towners last 
year. There will be more booths for distributors and 
sales representatives this year, which will bring in prod
ucts from manufacturers who did not buy their own 
booths. It will also continue to give the show a decid
edly more sales-oriented aura than it had in the boom 
years of the 1960s. 

As part of the selling emphasis, Intercon/75 will fea
ture an area on each of the two floors designated Appli
cations Forum. Individual exhibitors can apply for use 
of a forum for one hour at no charge to make a product 
demonstration to a crowd that would be too large to fit 
into a regular booth area. 

A meat-and-potatoes program 

Technical sessions this year have been purpose
fully kept to solid engineering fare. There are no way
out subjects or career topics. Marketing-type talks are 
also getting the soft pedal. The reason, as attendance 
last year clearly indicated, is that peripheral subjects are 
duds. Topics like pension plans, the engineer and social 
values, incorporating human values in decision analy
sis-all on the program in 1974-flopped. 

So it's down-to-earth, nuts-and-bolts engineering this 
year (see "The program at a glance," p. 120). Program 
chairman Peter H . Goebel of Motorola Inc. explains : 
"Engineers come to Intercon to see some positive devel
opments, to find out what their fellow professionals are 
doing. They don't want to hear more problems; they get 
enough of that at work." 

The technical program is divided into five general 
areas : computers, control and test equipment, compo
nents, communications, and instruments. Each area has 
six or seven sessions arranged so that EEs can catch all 
of the talks related to one of the five categories in two 
days-either Tuesday and Wednesday, or Wednesday 
and Thursday- and not have to hang around for all 
three days. 

A new feature this year, the one-on-one technical fo
rum, will bring some of the flavor of the technical ses
sions at the Americana over to the floors of the Coli
seum. Each afternoon, some speakers from a panel 
representing each group listed above will be on hand at 
a large area on the second floor so attendees can discuss 
the topics in depth. Space will be allotted for the speak
ers to display their illustrations and talk to EEs on a one
on-one basis, a kind of extension of the exchanges at the 
meeting-room podium that follow delivery of a paper. 

The six topics to be aired at the one-on-one sessions 
are the "Microcomputer Revolution," "Advanced Tech
niques for Automatic Test Equipment," "Trends in 
Electronic Measuring Instruments," "Electronics in 
Modern Transportation," "Satellite Communications 
Systems," and "Computer Technology During Hard 
Times." 

Hard times in the industry have had an impact on the 
technical program. As Goebel explains, lining up speak
ers during the uncertain months in the last quarter of 
1974 was more difficult than usual. A would-be speaker, 
particularly in the semiconductor industry, might ex
press interest in presenting a paper but add that he 
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might soon be out of work. By the same token, Goebel 
has been concerned about the impact on total attend
ance from the recession and industry retrenchment. Ex
pecting a drop in the number of engineers able to travel 
from the Midwest and the West, lntercon organizers 
have intensified promotion in the New York area (see 
"Intercon's version of 
WIN ," p. 119). 

The technical program 
has gradually acquired 
its own personality 
rather than being simply 
a rehash of papers deliv
ered earlier. Once again 
there's been an effort to 
provide fresh material. 

Among the highlights 
will be discussions by 
suppliers and users of 
microprocessors. In the 
control and test equip
ment section will be talks 
on fault diagnosis of 
analog circuits and test 
generation , plus stan
dardization of automatic 
test equipment. A couple 
of instrumentation meet
ings will be off the 
beaten path-these deal
ing with medical elec
tronics and robotics . 
Among the components 
topics will be application 
of monolithic linear cir
cuits. And engineers fol
lowing communications 
technology will find a 
session devoted to loop 
electronics as an alterna- Hopeful. With the number of ex

tive to wire transmission. hibitors holding even , William We

in all , there will be 36 ber hopes lntercon will do well. 

lntercon's version of WIN 
One of the attendance promoti on ideas that lntercon is 
trying this year is the " pink card " plan , also called the 
" uninflated " prepaid registration order. Designed for 
companies that may be sending several persons to the 
show, it works this way : after approximating how many 
people it wants to send , a company orders a stack of 
pink registration cards . lntercon then bills the com
pany $1 for each card that is actual ly presented at the 
show, but not fo r unused cards. The regular regist ra
tion fee is $8 for IEEE members and $1 O for nonmem
bers. 

When the company receives its bill, it also receives 
a printout of who used the cards and their affiliations . 
The maximum charge to a company is $1 ,200 . The 
only hitch is that the pink-card users still have to get in 
line with users of the prepaid cards at the Coliseum 
registration counters. 
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sessions, plus one evening highlight based on a panel 
discussion of the implications of nuclear power. 

In addition to the regular technical program, various 
groups and societies will convene l l special sessions on 
Monday, April 7, before Intercon. Two such programs 
will deal with a systems approach to energy manage
ment, which should be a hot topic in light of the Ford 
Administration's energy program. These sessions, spon
sored by the Systems, Man, and Cybernetics Society, 
will include speakers from Federal agencies. 

The program at a glance 
With 36 sessions covering five product categories, the ln
tercon/75 technical program this year offers a number of 
down-to-earth engineering discussions. Here are some of 
the more important ones: 

Microprocessors will get a large measure of attention . 
At Session 1, the topic will be the " Microcomputer Revo
lution," and talks will cover microprocessors for general
purpose computation, microcomputers, and solid-state 
mass memories. Session 7, on " Microprocessors: An Al
ternative to Random Logic Design ," will explore field re
pair of microprocessor-based systems, a new and grow
ing problem. And " Microprocessors in Instrumentation ," 
Session 19, will focus on reports from the John Fluke 
Manufacturing Co., Tektronix Inc., Norland Instruments, 
and Hewlett-Packard Co. The papers will advise on why, 
where , and how to use microprocessors. 

Test equipment and systems will also get a good share 
of the limelight. Standardization of automatic test equip
ment , a controversial topic these days , will be discussed 
in session 9 by a panel from the U.S. Navy, Army , and 
NASA. It will touch on hardware and software and the in
terface between various ATE systems . 

" Test Generation Techniques for Digital Circuits ," Ses
sion 15, and " Diagnostic Techniques for Logic Circuit 
Boards," Session 21 , will yield a total of eight papers with 
nuts-and-bolts information emphasizing the automation 
of fault diagnosis. Session 32 , " Testing LSI Devices," will 
include a talk on charge-coupled devices. This is a rare 
opportunity to hear about testing CCDs, a subject here
tofore largely ignored. 

In communications , Session 1 O will touch on inter
national digital-transmission standards, new data-net
work viability, regulatory aspects of spectrum use, and 
packet switching . Analog and digital transmission sys
tems will be covered in Session 8 , including talks on a 
digital carrier subscriber system , a frequency-division
multiplex subscriber system, and a single-channel sub
scriber carrier. 

Advances in computer technology are bringing on new 
storage devices like high-speed cache memories , solid
state drums , and very large stores . The technology of hi
erarchial storage systems will be presented in Session 20 
by papers from Honeywell Information Systems Inc., IBM , 
Sperry Univac , and Digital Equipment Corp . 

A panel discussion that 's bound to provide verbal fire
works from speakers and audience alike is Session 6, 
concerning component specs and applications, entitled 
" What You Don 't Know Can Hurt You ." Viewpoints of 
users and suppliers in specifying, testing , and applying 
semiconductors and passive components will be heard . 
And attendees will get a chance to chime in about their 
particular problems. 
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The Technology Forecast and Assessment Project will 
sponsor two pre-lntercon forums, too. One will cover 
"Energy-View From the Year 2000,"-and the other 
will be a forecast of the future of components. Solid
state devices, electron tubes, power devices, and passive 
components will be discussed in the components forum . 

Finally, the IEEE Educational Activities Board will 
sponsor four special-fee, one-day courses during Inter
con week covering microprocessors, data processing, 
computer-interface standards, and computer networks. 
The admission price of $60 for IEEE members or $75 for 
non-members to any course includes registration to the 
show and technical sessions as well. 

Recession alert 

Like the industries its members serve, the IEEE is under 
pressure to cut costs. This comes at an awkward time
when the rising number of unemployed and under
employed EEs is causing more and more concern. 

IEEE membership has been increasing for the past two 
years, reaching 173,523 last December, compared with 
168,000 the previous year. However, the rising costs and 
an expected drop in income from sources other than 
dues will squeeze this year's budget. Meanwhile, the in
stitute's leadership has been criticized for such alleged 
extravagances as holding its Annual Assembly in Ber
muda and for pushing ahead with plans to move into 
new administrative quarters in Piscataway, N.J. 

To deal with the cost problem, the institute's execu
tive committee has asked the general manager to study 
all expenses and programs with a sharp eye for savings. 
The main objective is to head off another increase in 
dues that would no doubt stir up more grumbling from 
members. At present, however, it appears that 1975 op
erations can break even without an increase. There is a 
pitfall in this, in that if more members become unem
ployed, and thereby be given a break on their dues, ac
tual income will fall short of the projected figures . 

Since the membership voted in November 1972 to 
amend the constitution permitting the institute to take 
up career-related projects, IEEE has become active in 
promoting the profession. As a result, employment 
problems are high on the institute's priority list this 
year. And while it is not yet certain that unemployed 
EEs will be as numerous as they were during the 
1969-71 slump, the difference this time is that the insti-
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tute has some machinery to bring into play in this re
gard, at least to find out how bad the problem is. 

The IEEE has started making monthly surveys of 
members to get an idea of the number of EEs having 
employment problems. And, since merely collecting 
data seemed too lame an approach by itself, the IEEE 
executive committee decided in December to revive a 
program that was tried in 1972. It involves workshops 
set up at the grass-roots level. These have two objec
tives : first, to help out-of-work EEs overcome the psy
chological and procedural hurdles of looking for jobs, 
and second, to uncover job openings by word of mouth 
from other members. 

The latter objective may be the more beneficial. As 
the new IEEE general manager, Herbert A. Schulke, puts 
it: "A key lesson learned in 1970-71 was the need to 
unearth engineering opportunities. Starting at the local 
level gets the best results. They [at the local level] know 
of the vacancies better than any national data bank. We 
want a kind of buddy system, where those with jobs 
help find opportunities for those unemployed." 

President Stern sets goals 

Since the IEEE has expanded its scope of activities 
into career matters, the role of the president has 
changed greatly from its previous ceremonial or honor
ary aspect. Yet there are limits imposed by the one-year 
term that cut into how much a president can accom
plish. Arthur P. Stern, this year's IEEE president who is 
vice president and general manager of Magnavox Co.'s 
Advanced Products division, hopes to do something 
about this problem. 

Stern feels that the institute needs greater continuity 
from year to year. "In these times, the environment is 
tough," he says. "Members are demanding more. So we 
can't afford a parade of people 
marching through, assuming re
sponsibility at the beginning of the 
year and dropping it at the end. I 
will be actively engaged in develop
ing ways to improve continuity." 

His first objective will be to make 
sure that the chief operating officer 
is the general manager and to keep 
the staff free of interference in its 
daily operations from the policy
makers on the executive committee. 
This will require "restraint on the 
part of the executive committee not 
to meddle ," he emphasizes. Stern's 
second goal is to provide close coop
eration with his successor to reduce 

Stern plans to concentrate on career-related tasks, Dil
lard will emphasize the technical and educational side. 

IEEE's constant gadfly 

For the last few years a burden that goes with the 
IEEE president 's job has been dealing with Irwin Feerst. 
An abrasive critic, Feerst is also a source of some con
structive ideas. He's never been able to muster enough 
support to get on the presidential ballot, but Feerst of
ten raises issues close to the heart of working EEs as he 
jousts with the established leadership . 

This year Stern and the executive committee will be 
hearing from Feerst on three topics. One is to get the 
IEEE out of being an international organization and 
make it solely American. Feerst argues that the goals of 
a professional career-oriented organization cannot be 
met unless the predominantly American membership is 
the sole focus . This proposal ranks with the proverbial 
snowball in hell in the view of the present IEEE leaders. 

Second, Feerst wants IEEE to set up a legal-defense 
fund to help EEs over 40 who have been fired or cannot 
get jobs because of age discrimination. He charges that 
middle-age engineers have often borne the brunt of lay
offs in electronics companies, based on the attitude that 
younger graduates bring the latest technology at lower 
salaries than the veteran designers. This type of discri
mination is more subtle than race or sex discrimination 
and is far more difficult to prove, Feerst says ; therefore, 
EEs ought to have a legal-aid fund . 

His third cause is to establish stronger protection for 
the patent rights of EEs working for employers. Feerst 
believes that engineers should have contracts giving 
them more control over their patented products than in 
the past. It would be a means of establishing a stronger 
sense of professionalism among EEs, he argues. D 

"' ' the abruptness in the change of 
command next December. 

.. 

Stern also feels that the IEEE does 
not need a second president- one 
for professional activities beside one Retrench ing. H. A. Schulke , IEEE general 
for technical programs-as he now manager (lef t) , and A. P. Stern. president , 

has help in the form of an executive have tough job of cutting costs when mem

vice president (a new position held bers are demanding more services. High on 

this year by Joseph K. Dillard of their priority list for this year is dealing with 

Westinghouse Electric Corp.). While rising unemployment among members. 
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C-MOS flip-flop can do 
more than logic tasks 
The high impedance and threshold properties of the complementary-MOS 
flip-flop enable it to handle several unconventional jobs, such as 
pulse generation, duty-cycle modulation, and limit detection .. 

,...,. by Thomas T. Yen , Statham Instruments Inc., Oxnard. Calif. 

• ... D The advantages of complementary-MOS logic-like 
high noise immunity, low power dissipation, and wide 
operating range- are well known by now. What may 

• not be as well known is the versatility of the C-MOS flip
flop. Because of its high threshold voltage and high in

.... put impedance, it can be made to perform tasks other 
than the logic applications for which it normally is in·• tended. Its input impedance, which is on the order of 
1012 ohms, means that source loading is never a prob

"' lem, and its logic-high threshold level, which is typically 
about 45% of the supply voltage, permits very large 
time constants to be realized. 

For example, the model 4013 , a dual data-type flip
-. flop with set/reset capability, can operate as a one-shot 

with an output-pulse width that can be adjusted over a 
"' 10,000: 1 range. The device can also be wired for use as 

a limit detector for sensing pulse rates, as a tempera
ture-level alarm, or as a go/no-go diode-leakage tester. 

>- Other possible applications include use as a duty-cycle 
modulator or as a pulse generator having an output

...,. duty cycle adjustable over a wide range. If a second 
., 4013-type flip-flop is used, the result can be a simple 
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pulse-rate discriminator or even a logic-controlled duty
cycle modulator. 

This sort of flexibility is not limited to the 4013-type 
flip-flop- other C-MOS flip-flops can also be used in a 
similar variety of circuits. A closer look at the appli
cations just mentioned for the 4013-type device will 
help to illustrate how it's done. 

As shown in Fig. 1, the 4013-type integrated circuit 
consists of two identical D-type flip-flops, each having 
independent data, clock, set, and reset inputs, as well as 
complementary outputs. It is intended for use as an R-S 
flip-flop , a toggle flip-flop , or a D-type flip-flop , as well 
as in shift-register or counter applications. As indicated 
by the unit's truth table (Fig. 1), the logic level present 
at either D input is transferred to the corresponding Q 
output during the positive-going transition of a clock 
pulse. Either flip-flop can be set or reset independently 
of the clock pulse by placing a logic high on either the 
set or reset line. 

To wire this C- MOS IC as a one-shot, an RC network is 
connected to the Q l output with a feedback path to the 
R l input , as shown in Fig. 2. When a trigger pulse is ap-

CLK D R 0 a 
_/ 0 0 0 0 

_/ a 

~ x a 0 NO NO 
CHANGE CHANGE 

x x a 

x x a 0 

x x 

X = DON 'T CARE 

1. The basic device. The 4013-type C-MOS integrated circuit is a dual data-type flip-flop offering set / reset capability. Each of its two flip

,, flops has independent data (D) , clock (CLK), set (S), and reset (R) lines, plus independent complementary outputs (0 and 0) . As the truth 
table shows, a logic signal is transferred from the D input to the 0 output during a positive-going clock transition. 
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plied to the S 1 input, the output will be a pulse having a 
width (T) of approximately 0.66RC second . Because of 
the flip-flop 's high input impeda nce, the maximum 
value of resistor R can be as high as 10 megohms. The 
resistor's minimum value, on the other ha nd, is limited 
by the flip-flop 's maximum output current capability. 
Typically, resistor R can be as low as 20 kilohms. Just 
by varying the value of resistor R, then, the output 
pulse width of this one-shot can be adjusted over at 
least a 500 : 1 range. 

The lower limit of capacitor C is determined by the 
flip-flop 's minimum reset pulse width, which is about 
125 nanoseconds. When the capacitor is discharged, its 
voltage should remain higher than the flip-flop 's reset 
threshold voltage for a very short time. This duration is 
the minimum reset pulse width. A typical value of ca
pacitor C is 0.033 microfarad. When the triggering fre
quency is low, capacitor C can be quite large, provided 
that its discharge current does not exceed the flip-flop 's 
maximum output drive current. The diode in the circuit 
ensures that the capacitor discharges quickly. 

If the values of both resistor R and capacitor C are 
varied, the output pulse width of the one-shot can gen
erally be adjusted over about a 10,000: 1 range. When 
the triggering pulse to the S 1 input is longer tha n 
0.66RC, the output voltage will stay high as long as the 
trigger voltage remains high. The one-shot can be reset 
by applying a voltage to the flip-flop's C LKI input, in
stead of returning this pin to ground as shown in the 
diagram. 

Building detector circuits 

If the 4013-type flip-flop is wired as shown in Fig. 
3(a), the device becomes a multifunction limit detector. 
Here, input D 1 and output Q 1 are tied together and 
then run to the S2 input. The clock 
inputs, CLK I and C LK2, are triggered 
simultarieously by the same train of 
narrow pulses. Part of the flip-flop 
remains wired for one-shot oper-
ation, as illustrated in Fig. 2. 
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OUTPUT 

IL 
~TI-

Jl 
_IC ~-
-=-

2. One-shot hookup. Only one of the flip-flops in the 4013 type is .. 

needed to realize a monostable multivibrator . Because both resistor 

Rand capacitor C can have a wide range of values, the output-pulse r• 
width of this one-shot can be varied over a 10,000:1 range. 

1N914 INPUT 

R 
~ 

I C2 
.. 

-=-
(a) "' 

..... 
...--- RCA CD4000 

OUTPUT "' 

• 
... 

• 

The circuit can be used as a pulse
rate limit detector. When the period 
between input pulses (T 0) becomes 
equal to or less tha n the one-shot's 
timing period (T1) , outputs Q2 and 
Q2 will change state, producing a n 
output pulse for every other input 
pulse. As long as this input off-time 
period is greater than the one-shot's 
period, outp~ Q2 will remain high, 
and output Q2 will remain low. The 
period of the one-shot is approxi
mately equal to 0.66RC1• 

! '-------+-------' ! ....____--+------' 
1N914 

C2_I 

Capacitor C2 delays the pulse to 
the S2 input so that the pulses to the 
CLK2 terminal are not overridden. 
Increasing the value of this capaci
tor, which is typically 0.0068 µF , not 
only widens the circuit's output 
pulses, but also introduces a small 
amount of hysteresis arou nd the cir-

124 

1N914 ..I c, 

(b) INPUT 

3. As a detector. The 4013-typ~ip-flop can also operate as a limit detector . In (a), output -
pulses are produced at 02 and 02 when the input pulse off-time is less than the one-shot's 
period (T 1 = RC, ). If resistance Risa thermistor or a photocell . the circui t will perform as an 
ambient-level alarm. Adding a second 4013 type, as in (b), creates a simple pul se-rate dis- ,. 

criminator whose output is sync hronized with the input and has the same period. 
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cuit's detection point. (Depending on the application, 
... this hysteresis may or may not be desirable.) 

In addition to being used as a pulse-rate detector, the 
• circuit can be adapted for other applications. Since 

.. resistance R can have a wide range of values, a resistive 
• element, such as a thermistor or a photocell, can be sub

stituted for a resistor. If the input pulse rate is kept con
stant and resistance R varies instead, the circuit C<'.n 
function as an ambient-level alarm for sensing tempera
ture or light. When the preset ambient level is exceeded, 
an output-pulse train will be produced. 

The circuit can also be part of an automatic control 
~ system. Suppose, for example, that the input-pulse rate 

corresponds to motor speed. Suppose also that resist
ance R is a temperature-sensitive element. In this ar
rangement the circuit can be used to lower the limit of a 

' .. 

.. 

• 

+V 

RCA C04013--.. 

~ r ._______..._~ 
1N914 

1N914 

(a) 

OUTPUT2-----

RCA 
CD4013 -

OUTPUT1 

OUTPUT2 

(b) 
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1N914 

Re Cc 

motor overspeed alarm on a hot summer day. 
Resistance R in the one-shot's timing network can be 

eliminated altogether, leaving only the diode and ca
pacitor C1. Here the output-pulse width is determined 
by the diode's leakage current, which is an exponential 
function of the ambient temperature. At a controlled 
temperature, the circuit can be used as a go/no-go tester 
for diode leakage. It can also operate as a temperature
level alarm. And if a photodiode is substituted for the 
junction diode, the circuit can become a light-level 
alarm or a dark-current tester for photodiodes. 

There are also medical applications for this detector 
circuit. For instance, with appropriate modification, it 
can be operated as a tachycardia detector for monitor
ing heart beat. 

By adding a second flip-flop to the circuit of Fig. 3(a), 
as in Fig. 3(b ), a pulse-rate discriminator is realized. 
When the input period is less than the one-shot period, 
the Q2 output of the left-hand flip-flop ~nerates pulses 
at every other input pulse, while the Q2 output of the 
right-hand flip-flop produces pulses for those inputs 
missed by the left-hand flip-flop. 

The OR gate at the output of the circuit remains in
hibited until the input-threshold frequency is reached. 
Once this happens, the gate will produce a pulse train 
that has the same period as the input signal and that is 
synchronized with the input. Because the discriminator 
circuit operates in real time, its response has an unusu
ally sharp cutoff, but practically no delay. 

Generating pulses and modulating duty cycle 

Another application for the 4013 flip-flop is as a pulse 
generator, as in Fig. 4(a). Different time constants are 
introduced into the device's set and reset lines. Resistor 
RA and capacitor CA control the delay from the QI out
put to the RI input, while resistor Rs and capacitor Cs 
determine the delay between the QT output and the S 1 
input. 

The circuit's output will be a square wave having an 
on-time (TA) of approximately 0.66RACA and an off
time (Ts) of about 0.66R8 C8 . The output pulse fre
quency is simply I /(TA+ Ts). Since TA and Ts can be 
adjusted separately, the circuit's output duty cycle can 
be varied over nearly a full 100% range. The values of 
the timing resistors and capacitors have the same limita
tions as those for the one-shot circuit of Fig. 2. Again, 
the diodes assure fast capacitor discharge. 

This simple pulse generator can be made to produce 
delayed trigger pulses by utilizing the other half of the 
4013-type flip-flop , as shown in Fig. 4(b ). Additionally, 
the on-time of the pulse generator can be extended. 

With the switch in the TRIGGER position, the QI out
put will remain high for a period (TA) of approximately 
0.66RACA seconds. This signal activates the S2 line so 
that Q2 goes high and resets QI. The Q2 output stays 
high for a period (Tc) of about 0.66RcCc second, and 
the QI output stays low for a period (Ts) of around 

4. Generating pulses. Half of the 4013-type flip-flop can be wired 

as a pulse generator (a) having an output duty cycle that can be 

adjusted over a wide range . By using both halves of the flip-flop , 

it can be made to produce a delayed trigger pulse, as in (b) . 
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0.66R8 C8 second. The cycle repeats after the T 8 period 
is complete. 

With the switch in the EXTEND position, the QI out
put remains high for a period of TA+ Tc before it is re
set. The Q2 output again goes high at the end of the TA 
period until Tc seconds have passed . Then the off-time 
period of T 8 begins. The position of the switch, there
fore, determines whether the delayed pulse at Q2 is 
within the on-time frame of the QI pulse or occurs im
mediately after the QI pulse. 

A variation of this delayed trigger-pulse circuit en
ables a single 4013-type flip-flop to perform as a duty
cycle modulator, as in Fig. 5(a). When 0 l is low, the 
circuit behaves exactly like the one of Fig. 4(b) with the 
switch in the TRIGGER position-
namely, the output at QI will be 
high for TA seconds and low for T 8 

seconds. However, if T 8 is greater 
than Tc and 0 I is high, the on-time 
of the QI output will still be TA, but 
the QI off-time will be Tc because 
of the feedback path between Q2 
and CLKI. 

used to implement low-power pulse circuits with rela-
tive simplicity. The device's four input terminals- data, 
clock, set, and reset- in addition to its high input imped
ance and threshold voltage levels, permit its inputs and " · 
outputs to be connected in a variety of ways. 

The 4027-type C-MOS flip-flop, a dual J-K device hav-
ing set/reset capability, offers even greater flexibility ~ 
than the 4013 type because its J and K logic inputs are 
additional controls over the clock input. Another versa- ,. 
tile C-MOS flip -flop is the 4043-type quad R-S unit. With • 
this, it is possible to build a low-power wide-range four
stage ring counter, in which all four timing periods can 
be adjusted individually over a broad range by simply 
varying resistor and capacitor values. D 

1N914 

Cc 

The circuit, therefore, can be used 
to modulate the duty cycle of the 
control signal at 0 I. The off-time of 
the output will be alternated be
tween T 8 and Tc, and the ratio of 
T 8 to Tc can be very large. Capaci
tor C1 , which is typically I 50 picofa
rads, is needed to delay the pulse to 
CLK 1 so that the reset signal does 

OUTPUT---- - -

not override the clock signal. 
With a second flip-flop package, a 

more complex duty-cycle modulator 
can be built. In the circuit of Fig. 
5(b), the control signal is applied to 
the 0 I terminal of the left-hand 
flip-flop. The on-time of the output 
waveform remains unchanged at TA 
seconds, but the off-time depends 
on the voltage level present at the 
LOGIC IN data terminals of the flip
flops when the QI output is reset. 

If the 02 data input of the left
hand flip-flop and both data inputs 
of the right-hand flip-flop are all 
grounded, the off-time will be T 8 

seconds. Placing a logic high on the 
02 input of the left-hand flip-flop 
produces an off-time of Tc seconds. 
Similarly, a logic high on either the 
0 I or 02 input of the right-hand 
flip-flop gives an off-time, respec
tively , of either To or T 8 seconds. 
The circuit, therefore, performs as a 
logic-controlled duty-cycle modu
lator. 

Other C-MOS flip-flops 

As this article has demonstrated, 
the 4013-type C-MOS flip-flop can be 
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CA I I Cs INPUT 

(a) 

1N914 1N914 

CE 
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RCA 
C04013 

1N914 RA 1N914 

t 
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~A c~ 
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(b) 

5. Modulating duty cycle. A single 4013-type flip-flop can be wired as a duty-cycle modu

lator (a). With two flip-flops, a logic-controlled modulator (b) can be built. Here, the off-time 

of the output depends on the logic level present at the three LOGIC IN ports. The output on
time is the same for both of these circuits. 
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Solid-state temperature sensor 
outperforms previous transducers 
Temperature detector profits from linear heat sensitivity of a 
transistor's base-emitter voltage; the result is a low-cost 
package with a stable, accurate output that needs no amplification 

by Robert A. Ruehle , Re/co Products Inc, Denver, Colo. 

D Although the inexpensive silicon transducer has be
come available to industry only in the past year or so, 
the military has used it for nearly 10 years. It has trav
eled aboard scientific satellites and high-altitude bal
loons, survived the steam and hot water of an active 
volcano, and dived into the ocean to measure tempera
tures in an underseas habitat. 

Until the past cou pie of years, the costs of the high
quality components required for the silicon transducer 

A 

-

I Rr Vot T 
t 

(, 

1. Solld-state transducer. A self-ad justing bridge circuit holds base 

cu rre nt constant ; the base current , in turn , keeps the collector cur
rent constant. As a result , the em;tter-base voltage is a linear func

tion with respect to temperature. 

have been so high that the device was impractical for 
the commercial market, which could be served by 
cheaper, existing transducers. What's more, the military 
until recently bought most of the output from the man
ufacturers that were making the unit. 

But now the new transducer, which can be purchased 
for about $ 15, is being built into instruments- among 
them a digital thermometer. Although thi s transducer 
outperforms traditional temperature-measurement de
vices, its temperature range is limited to a range of 
- I 00°C to 150°C. Its most notable characteristic is its 
large and highly linear output, adjustable from 10 milli
volts per degree celsius to 360 mv /°C. Measurements 
made with the instrument are highly accurate, and the 
output remains exceptionally stable for long periods. 

Good sensitivity and a wide range of temperatures 
have been offered for many years by thermocouples, 
thermistors, and resistance-temperature devices. How
ever, the thermocouple requires cold-junction tempera
ture compensation, the thermistor is extremely non
linear, and the RTD is relatively expensive. 

The silicon temperature transducer takes advantage 
of the characteristic that a transistor's base-emitter volt-

V = 0.0507 T - 0.015 + 0.091 Co t05T ~ 

2. Linear output. Nonlinear port ion of transfer funct ion becomes negligible at higher outputs . And between 1 and 5 volts, output deviates 

from straight line by less than ±0.1 %. The value of constants in transfer function depends on the specific transistor used . 
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3. Temperature transducer. Units come in a variety of sizes, 
shapes, and housings to fit the application . 

+15 V de 
R, 

DIGITAL + 
..,..

5
-
00

- ,n--t VOL TM ETE R 1------ -----+-o 

TEMPERATURE 
TRANSDUCER 

COMMON 

(a) CELSI US: R1 = 12. 7 k.11 FA HRE NHEIT: R1 = 13 k.11 

(b) 

R2 = 1. 7 4 k.11 R2 = 1.43 k.11 
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~~~ VOLT· 
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COMMON 

3.01 
2 k.11 kQ 

GA IN 

47 pF 

75 k.11 

TEMPER ATURE 
TRANSDUCER 

4. Dlgltal thermometer. Adjustment of potentiometer and internal 
gain of digital panel meter in (a) trims out manufacturing variat ions in 
slope and zero- intercept. Where it is not practical to adjust the 
DPM's gain to trim system sensitivity, the circu it in (b) can be used . 
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age varies directly with temperature. In a transistor, the 
collector current, I, is proportional to the emitter cur
rent , le. 

- l e = Yle - l co (1) 

where the constant y is the short-circuit forward-trans- .. 
fer ratio, and Ico is the collector reverse current. The 
emitter current, in turn, is proportional to the emitter's ,,.. 
reverse current lea, the absolute temperature, :r, and the 
emitter-base forward-bias voltage, Yeb· This relation- ,.. 
ship is shown by the equation 

(2) 

where q is the electronic charge, n is a number ranging 
from 1 to 2, and K represents the Boltzman constant. ..., 

Taking the logarithm of Eq. 2 and rearranging the re
sult yields 

Veb = nK In [ l e + l eo ] T (3) 
q l eo 

If the emitter current is held constant , the term in 
brackets becomes a constant, and the emitter-base volt- ""'~ 
age becomes a linear function of temperature . As a re- .., 
suit, theoretically, a transistor can serve as a linear pre
cision temperature transducer. 

Applying the theory 

Although this phenomenon of the transistor's emitter
base voltage to vary linearly with temperature has been 
known for some time, its application hasn' t been prac- "
tical because the proportional relationship between .. 
temperature and voltage differs from one transistor to 
the next. Within a production run, the Vbe for a particu- • 
Jar temperature may vary as much as ±100 mv. To fac-

" tor out this variation, a self-adjusting bridge circuit with 
negative feedback has been developed (Fig. 1 ). In this .... 
circuit 

(4) .... 

Now the voltage drop between the emitter and base ~ 
of transistor Q can be considered to be made up of three " 
parts. 

(5) 

where Yeb is the emitter-base forward bias, ie is the -
emitter current, re is the emitter resistance, ib is the base . 
current, and rb is the base resistance. 

Combining equations 4 and 5 produces 

(6) ,.,. 

Since the base and emitter currents of a transistor are • 
related by a constant of proportionality f3 

ie = (J + /3)ib (7) 

where /3 is termed the forward-current-transfer ratio or 
amplification factor and ~ 

(3 = iclib 

Eq. 7 can be substituted into Eq. 6 to yield 

VAB = VAD + Veb + ib[( I+ {3)re + rb] 

(8) -

(9) 

By definition, the term inside the brackets is the emit-
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5. Sensitive unit. A remotely located 2N2484 serves as the temperature-sensing element . To eliminate collector-base leakage current , the 
•., collector-base voltage is adjusted to zero with the linearity potentiometer; the sensitivity pot adjusts circuit gain . Linearity is typically within 

±0 .05%. If better linearity is required, the open-loop gain must be increased by using an amplifier with a higher gain feedback . .. 

.... 
ter-base resistance , reb; therefore, Eq. 9 can be ex
pressed as 

VAB = VAD + Veb + ibreb (IO) 

The circuit is set up initially at some operating point 
so that any change in the collector current appears 
greatly amplified as the current, iA through the resistor, 
R . And any change in V AB is accompanied by an 
equivalent change in V,\D. V AB is constant for a constant 
supply voltage and fixed values of Ri. Rz, R3, and R4, 

so that 

( 11) 

Since the operation of the circuit is based on main
taining the transistor current at a constant level, Eq. 11 

~"' reduces to 

.. 

. ... 

Further mathematical manipulation can show that 
the change in the current iA is proportional to ti Veb· By 
making the output voltage of the amplifier, QA, equal to 
the change in iA, the output of the transducer can be ex
pressed as 

VoUT = MGT 

~ where Mis a constant equal to the value in the brackets 
._ of Eq. 3 and G is a constant determined by the closed 

loop gain of the circuit. This equation shows that it is, 
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indeed, possible to obtain a linear voltage signal pro
portional to temperature by using a transistor operated 
under constant-current conditions . 

Experimental results 

Tests made on several hundred silicon tern perature 
transducers fabricated in various configurations have 
verified that the transfer function can be expressed by 
the equation 

VouT = AT + B + Ce-a<T-To) 

where A, B, C and a are constants and T is equal to or 
greater than T 0 • 

Figure 2 graphs the output of a typical transducer at 
various temperatures, along with its transfer function. 
While the mathematical analysis assumes that the 
closed-loop gain is much greater than unity, this is not 
true at very low output voltages. 

A drop in the open-loop gain initially causes a small 
nonlinearity to appear in the output. This nonlinearity 
becomes negligible at higher outputs, and between I to 
5 volts, the output deviates from a straight line by less 
than ±0.1 %. 

At first , all transducers were bu i It for tern pera ture
telemetry applications where an output of 0 to 5 v was 
typically required. As shown in Fig. 3, these transducers 
are built in a variety of sizes, shapes, and housings to fit 
the applications for which they were designed. 
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COMPARING TEMPERATURE TRANSDUCERS 

Nonlinearity Long-term 30-day accuracy 
Type of transducer Range (%of span) stability Sensitivity ( ° C absolute) 

(Note 1) (Note 2) (Note 3) 

Transistor temperature - 100 to + 150° C ± 0.05 ± 0.1° C Adjustable from ± 0.1 
transducer (Fig. 5) - 150 to +300° F less than 10 mV /° C 

to 360 mV /° C 

Platinum RTD - 200to +600 ° C ± 0.5 ± 0.1 ° C 0.4 mV /° C ± 0.1 
(100-ohm ice point) - 330 to + 1,100° F (1 mA through sensor) 

Thermistor composite - 55 to +85 ° C ± 0.8 ± 0.1 ° C Adjustable to ± 0.15 
(dual thermistor) - 70 to + 185° F 20 mV /° C max 

Silicon diode - 100to+150° C ± 1.0 ± 0.1° C 2.5 mV /° C ± 0.5 
- 150 to +300 ° F 

I ron -constantan - 200 to + 750° C ± 2.0 ± 1.0° c 0.05 mV /° C ± 1.2 
thermocouple - 330 to+ 1,400° F 

National Semiconductor - 55 to + 125° C ± 1.0 ± 0.2° C 10 mV /° C nominal ± 3.8 
Model LX5700 ( Note 4) - 70 to +257 ° F 

·1. Nonlinearity is speci f ied for t he span, which is t he lesser of either the range or - 100 to + 150 ° C. 

2. Data on IC thermocouple is es t imated from limits o f error given in ISA Standard C96.1, together wi th sta bili t y data on commonly used re ference juncti ons . 

3. Accuracy figures are based on using external si gnal~cond i t ioni ng and readout electronics having approximately equ al cos t . Self·heat ing erro r is inc luded for each device. 

4 . Data taken from Nat io nal Semiconduc tor data sheet dated August 1974. Accuracy figure includes uncertai nty caused by self -hea t ing devi ce, which is 2 ° C minimu m, 
but does not incl ude errors from re ference dr i ft and ampli f ier instabil ity. 

Recently, a number of requirements have been met by a 
standardized version of the aerospace design. Comparing transducers 

" .. 

• 

One of these applications was a low-cost precision 
digital thermometer with a slope of IO mv / ° C and an 
intercept of + 2 v at 0°C. A digital panel voltmeter con
nected to the transducer output as shown in Fig. 4(a) is 
calibrated so that the display changes one unit for every 
10 mv change at the input so that temperature can be 
read directly to within ±0. I 0 C. 

Another version of the solid-state temperature trans
ducer can be seen in the LX5600 and the LX5700 
from National Semiconductor [Electronics , Nov . 14, 
197 4, p. 130] . These units exploit the temperature 
sensitivity of the emitter-base voltage, but in an en
tirely different manner from Relco's device. National 
uses a pair of matched transistors operating at differ
ent collector currents. The difference in their base
emitter voltages can be shown to be proportional to 
the absolute temperature of the transistors and to the 
natural logarithm of the ratio of their collector cur
rents . 

,. , 

To calibrate the DPM , the temperature is held at 0°C 
while the potentiometer is adjusted until the display 
reads zero. This trims out the manufacturing tolerances 
on the zero intercept. To trim out the manufacturing 
tolerance on the slope, the temperature is raised to 
I00°C, and the gain of the DPM is adjusted until the dis
play reads 100.0. 

In applications where it is not practical to adjust the 
gain of the digital panel meter to trim system sensitivity, 
the circuit of Fig. 4(b) can be used . Here a buffer ampli
fier at the transducer output and a 2-kilohm poten
tiometer correct system sensitivity to yield I 0 millivolts 
per degree at points A and B. 

The circuits in (a) and (b) both require a regulated 
voltage source, divider networks, buffer amplifiers, and 
trimming potentiometers, together with a transducer 
and readout. All these items have been combined into a 
single instrument that operates off either ac line power 
or internal batteries. 

Figure 5 is a schematic diagram of one version of the 
new transducer. This design uses a remotely located 
2N2484 as the temperature sensor. As was pointed out 
in the theory of operation, the circuit maintains a con
stant base current in the sensing transistor in order to 
obtain a linear output signal proportional to tempera-
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Since the National unit is packaged as one IC, a 
self-heating error amounts to several degrees. Relco 
uses discrete components to reduce self-heating and 
also mounts the temperature-sensing transistor away 
from the amplifying circuit. -Margaret Maas 

ture. To do this, the collector-base leakage current must 
be eliminated from the collector circuit. This is accom- ,..._ 
plished by adjusting the collector-base voltage to zero . -with the linearity potentiometer. The sensitivity poten-
tiometer is used to adjust the circuit gain for an output 4 

signal sensitivity of 10 mv /°C. The linearity of the cir- _. 
cuit is typically ±.05%. If better linearity is required, the 
open-loop gain must be increased by substituting a 
higher gain feedback amplifier, such as the type AD508. 

The table, which compares the transistor temperature _ 
transducer with other common methods of measuring 
temperature, shows that the circuit of Fig. l provides 
the best performance within it's range of operation. This • 
new transducer system is also the most economical. D 
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When your hybrid designs call for semi
conductor ch ips , your first choice should 
be Solitron . We have an immediate supply 
of chips for power transistors , planar 
diodes and field effect transistors. You 
can order individually tested silicon 
chips. Complete wafers . Chip on moly
tab with ultrasonically bonded aluminum 
leads. Just about everything you need to 
build your own hybrids. 
Sol itron offers epitaxial , triple-diffused 
and single-diffused mesa dice, including 
a full line of NPN/PNP complementary 
devices , and planar power Darl ington 
transistors. Our capabilities can meet 
design requirements up to currents of 200 

amps, gains of 10,000 and reverse 
breakdown voltages of 1 ,000 volts. 
The very latest state-of-the-art technology 
combined with exhaustive qualification 
testing guarantees the quality and reli
ability of Solitron chips. For example, our 
diceare100% tested to meet the rating of 
the die either in chip or wafer form . 
Solitron engineers are also available to 
assist you with your hybrid circuit 
designs. 

Today, contact Joe Bilger, our Marketing 
Manager. He'll immediately send you a 
free copy of Solitron's new Semiconduc
tor Chip Catalog. 

E3olitron 

SAN DIEGO, CALIF. 
92100 
8808 Balboa Avenue 
CMOS Devices 
FET & Dual FET 

Transistors 
MOS Devices 
MOS/ FET Memory Arrays 
Shift Registers 
Diodes/ Rectifiers 
Zeners 
High Voltage Rectifier 

Stacks 

DEVICES, INC. 

1177 BLUE HERON BLVD./ RIVIERA BEACH, FLORIDA 33404 
(305) 848-4311 I TWX: (510l 952-7610 

RIVIERA BEACH , FLA. 
33404 
1177 Blue Heron Blvd. 
Hi-Rel Power Transistors 

(Silicon) 
Industrial/Commercial 

Power Transistors 
(Silicon) 

Power Hybrids (Standard) 
Custom Hybrids 
Schottky & Planar Diodes 
Semiconductor Die 

(Silicon) 

TAPPAN , N.Y. 10983 
256 Oak Tree Road 
Diodes & Rectifiers 
Zeners 
High Voltage Assemblies 
Power Rectifiers 
Thick Film Hybrid 

Circuits 

THE LEADER IN HYBRID TECHNOLOGY 
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Now You Can Record Data On 70mm Film 
From 4600 Line CRT With CELCO's DSC-Ill 
Photo Recorder. 

132 Circle 132 on reader service card 

Everything you need for data recording is 
here for you to start producing 
high-resolution photographs on 70mm film. 
Right now! Our Photo Recorder is fully 
integrated to accept digital and /or 
analogue inputs . All the necessary power 
supplies, electronics, and logic ore 
included to operate this self-contained 
system. 

The CELCO digitally controlled camera 
includes transport drive, lens, shutter and 
photomultiplier assembly which con be 
directly interfaced to TTL control lines 
from a computer . Film transport speeds 
ore available from one second per frame, 
and foster . Unique camera optics of the 
CELCO camera occomodotes a variety of 
film transports and magazines . 

THE CELCO DSC-Ill 70mm photo recorder 
provides new flexibility for diverse 
applications. Satellite "Quick Look" 
monitors for immediate recording or ERTS 
photos . Complete systems for 
Lorge-Format Scanning ( "MASTERSCAN") 
to digitize photos, letter masters and 
x-roys con be recorded on this 70mm 
Photo Recorder for hard copy and/or 
digital storage and retrieval . 

Operate on digital data obtained in 
biological experiments from a scanning 
CRT microscope or other method for hard 
copy selective storage and retrieval . 

If you hove a data recording application, 
write or coll CELCO today for more 
information on how you con start 
producing your own high-resolution 
photographs on 70mm film . 

CONSTANTINE ENGINEERING LABS CO. 

UPLAND, CA 91786 714-986-9868 
MAHWAH, NJ 07430 201 -327-1123 
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~· Engineer's notebook _ ________ _ 

• Multiplying factors correct 
power for ac waveforms 

r ,... 

by William D. Kraengel , Jr. 
~ Valley Stream, N. Y. 

The growing use of waveform generators, voltage-con-..,. 
trolled oscillators, and multivibrators as signal sources 

, ~ means that engineers often have to measure currents 
and voltages in the form of rectangular, triangular, or 

" sawtooth waves or pulse trains. (Conversion factors for 
,. voltmeter measurements on such waveforms were tabu

lated in Electronics, Aug. 30, 1973, p. 104.) The average 
..... power that one of these waveforms dissipates in a re

sistor (R) over an integral number of cycles is given by 
- ..,. , the root-mean-square voltage across the resistor (Vrms), 
., therms current through the resistor (lrms), or both: 

P = Vrm slrms 
= Vrms21 R 
= lrms2R 

If measurements are made with meters that give true 
rms readings, the correct value for power can be calcu

. ,., lated from the equations given above. But if the re
sponse of the ammeter or voltmeter is not truly rms, 
power values must be calculated from equations that 

• contain a factor to correct for the meter response: 

P = (Vmlm) x M 
= (Vm21R) X M 
= (Im 2R) x M 

,,,. In these equations, Vm and Im are voltage and current 
values shown by the meters, and M is a multiplier that 

.... provides the correct value for power. Thus M is a com
bination of the conversion factor for meter response and 
the form factor for the waveform. Multiplier M is di

. • mensionless. 
The accompanying table shows values of M for vari

p ous waveforms and various meters. For example, if a 
• sawtooth voltage across a resistor is measured with a 

meter that responds to average voltage and is calibrated 
~ to rms for sine waves, then the power dissipated in the 

resistor is given by 

P = (Vm2 1 R} X (32 / 3TT 2) .... 
For meters with a true rms response, M is always l, so 

~ no column for true rms is included in the table. 
If power is found from readings of both current and 

..... voltage meters, and the two meters have different re
.,. sponses, the power must b'e calculated from 

P = Vml m (M vM1) 11 2 

• where M v is the multiplier in the table that corresponds 
to the voltmeter response, and M1 is the multiplier that 
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MULTIPLIER (M) FOR POWER CALCULATION 

Waveform 
Ammeter or voltmeter response (see below) 

I II Ill IV v 
Sine: 

o~ 1 1 ,,218 1/2 1/8 

Full -wave rect ifi ed sine: 

ol"VVVVV'\ 1 1 "' / 8 1/2 1/2 

Half-wave rectifi ed sine : 

o/"\_f\__ 2 1/2 " ' / 4 1/4 1/4 

Sine pul se: 

~ Ti t t/T ,,2T/8t t/2T t/2T 

Segmental si ne: 

~~ 4E/C E "' E/2C E/2 E/8 

Full ·wave rectified 
segmental si ne: 

4E/C 7r 2 E/2C E/2 E/2 
o~ 

E 

--+j 0 I--
Half ·wave rect ified 
segmenta l si ne: 

8E/C E/2 7r2E/C E/4 E/4 ~ 
~ o i--

Sine squared : 

o.A_A 12T/ 7r 2 t 3t/4T 3T/2t 3t/8T 3t/8T 
~T--1 t i+-

Fract ional sine pul se: 

o-v=-rr 
48/7rA 8/7' 7r8/2A B/ 27r 8/ 2,, 

T~ t l'--· 

Triangle o r saw tooth : 

ol\/\J'v 32/37'2 2/3 4/ 3 1/3 1/12 

Fu ll -wave recti f ied 
tria ngl e or sawtooth : 

32/37'2 2/3 4/3 1/3 1/3 
o/VVVVV\ 

Half -wave rect ifi ed 
tr iangl e or sawtooth : 

64/37'2 1/3 8/3 1/6 1/6 
01\.J\_ 

Triangl e or 
sawtooth pu lse: 

32T/37r2 t 2t/3T 4T/3t t/3T _/\_A_ t/3T 
O f. T+j t !+-

Square: 

orisLJ 8/7'' 2 1 1 114 

De and full -wave 
rect ified square: 

8/ 7r ' 2 1 1 1 
0 

Ha lf-wave 
recti fi ed square: 

16/7' 2 1 2 1/2 
orLJL 

1/2 

Rectangular pulse: 

oJLJL 
8T/7r 2 t 2t/T Ti t t/T t/T 

Exp<;> ne nt ia l pu lse: 
(critically damped ) 

2 T /7r2 e2
t e2 t/2T T/4e2 t e'tl4T e2t/4T 

o~ 

A= [(sin a - acosa ) /( 1 - cosa )] 2 } 

B = [ 2a + acos2a - (3/2)sina] / (1 - cosa) 2 a = 7Tt I T rad ians 

C = (l -cos 0)2 

} 0 = Conduction angle (degrees) 
E = (7'0/ 180) - (sin 20 /2) 

e = 2.71828 . "= 3.14159 . 

Ammeter or voltmeter response 

I = Ave rage-respondi ng , ca libra ted rms for si nes 
11 = Peak-responding, c alib rated rms fo r sines 

111 = True average 
IV = True peak 
V = Peak-to -peak 
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corresponds to the ammeter used in the measurement. 
The accuracy of some of these correction factors de

pends on how nearly the actual waveform approaches 
the ideal. Also, most ac meters do not give accurate 

HP-45 calculator speeds 
rf amp I if ier design 
by William J . Martin 
Motorola Communications Division , Fort Lauderdale, Fla. 

Important characteristics of an rf transistor amplifier 
can be evaluated quickly from the two-port scattering 
parameters of the transistor by using a Hewlett-Packard 
HP-45 scientific calculator. The calculations of stability, 
gain, and matching impedances use special programs 
for handling the complex terms in the amplifier analysis 
on the HP-45. 

In using these programs, the designer should enter his 
data exactly as shown in the left-hand column and key 
it as shown in the center column. The result will appear 
as shown in the right-hand column after the last key in 
the center column is pressed. 

The design of a 500-megahertz amplifier is carried 
through here to illustrate the procedure. This amplifier 
uses a Fairchild 2N2857 transistor with V C E = lO volts 
and le = 2 milliamperes; manufacturer's data give the 
S parameters in polar form (R,8) as 

Su=0.394 I - 1581 
Si2=0.048 I 63.5° 
S2i = 2.084 I 79.2° 
S22 =0.816 I - 20.4° 

The first step is to determine whether the transistor is 

readings for frequencies below 10 or 20 hertz, and they 
do not give any indication for de. Thus the full-wave- , • 
rectified square wave may produce zero readings, de- ' 
pending upon the meter used. O ~ • 

With the S parameters given above, this program yields 

ii=0.251 I - 164.8° 

Stability factor K is readily calculated from 

1 + liil 2 - 1Sul2 - IS2212 
K = 2IS2iSi2I = i.2os 

,... 
... ' 

Because K has a positive value greater than unity, and .., 
S11 and S22 are less than unity, the 2N2857 is uncon
ditionally stable; i.e., no source or load reflection coeffi- • • 
cients exist that can cause instability. If the 2N2857 had 
not satisfied the stability criteria, the calculations would • 
have been repeated for other transistors until a stable • 
device was found. 

To achieve the maximum possible power gain from ..._ 
this amplifier, the source and load impedances must be 
conjugately matched to the transistor. Therefore the " 
next step in the amplifier design is to find these imped- .. 
ances. First a complex quantity, Ci, must be found. It is " 
given by 

Ci = S11-iiS22* 

(The asterisk indicates a complex conjugate.) The ,._ 
HP-45 routine for Ci is 

s 11 0 t 

S11R --> R, L+ 

.o.o t 

S220 CHS,+ 

.0.R t i 

stable under the given operating conditions. Calculation ...,. 
S22R X, --> R, L-, 

of the stability factor, K, requires complex quantity ii, 
given by 

ii = S11S22-Si2S2i 

The program for obtaining ii on an HP-45 calculator 

RCL L, --> P C1 R 

- C1 0 

is as follows In this example, the value of Ci is 

S110 t 

S220 + 

S11R t 

S22R X, --> R, L+ 

S120 t 

S210 + 

S12R t 

S21R X, --> R, L -, 

RCLL ,--> P 

__. 
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.0.R 

.o.o 

Ci =0.202 I - 173.2° 

Another necessary quantity is Bi, given by 

Bi = 1 + IS111 2 - IS2212 - liil 2 = 0.427 

The input reflection coefficient PMs that is required to .. · 
conjugately match the transistor is 

[ 
Bi±(Bi2 

- 41Ci1 2)112
] 

PMs=C1* 21cil2 

The plus sign is used before the radical if Bi is negative. 
The minus sign is used if Bi is positive (as in this ex- · 
ample). The value of PMS here is 

PMs=0.719 I 173.2° 

To compute the output reflection coefficient that is re-
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quired to conjugately match the output of the transistor, 
~ · complex quantity C2 must be found. 

~ C2 = S22-AS11 * 
The HP-45 routine for C2 is completely analagous to 

,. that for Ci and yields 

Cz=0.721 I - 22.3° 

"'1 Quantity Bz is also required. It is given by 

Bz = 1 + IS221 2 - IS1112 - lill2 = 1.448 

The output reflection coefficient PML for conjugate 
.,. match to the transistor is 

- *[ B2±(B22 - 41C2i 2J112 ] 
.,. PM1. - Cz 2lc2l2 

.,. The plus sign is used for negative values of Bz, and the 
minus sign for positive values of Bz. Here 

.. PML = 0.910 I 22.3° 

Reflection coefficients PMS and PML can be converted to 
4-

~ Matched circuit. Source and load impedances shown produce 
maximum possible power gain (13.6 dB) from 2N2857 operating at 
500 MHz with VcE - 1 O volts and le = 2 milliamperes. Calculations 

_,, of impedances and gain , as wel l as verification of ampl ifier stabil ity, 
require only transistor S parameters and HP-45 scientific calculator . 

SOURCE 

0.93 nH 8.2 n 

.. 

.. 

76.2 nH 59.2 n 

LOAD 
.. 
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source and load impedances, respectively, by a graph
ical method (plotting on a Smith chart) or by the follow
ing HP-45 routine, which gives polar, series, and paral
lel forms for the impedance. 

Pe t 
t--

PR --+ R, 1, +,--+ P 
1---

0 t, 1,--+ R,L+,t,t 
t---

Pe t 

PR --+ R, L-, 

t, L RCL L+, -> P, 

<--+, CHS,t, 7, 

t, LL +, - , 50, X MAG . 

+-> e 
>POLAR 

~. ~ R , Rs 

<----> Xs 
> SERIES 

..-., --+ P,L t.L COS, 

7 , 50, x Rp 

i , +->, SIN , 7, 50, X Xp 
>PARALLEL 

The results, in series form, for this example are 

Z source = (8.19 + j 2.91) ohms 
Z1oad = (59.23 + j 239.15) ohms 

Thus, the circuit shown in the accompanying diagram 
provides maximum possible power gain from this am
plifier at the given values of frequency, voltage, and 
current. 

The final step in the design analysis is to calculate the 
value of this maximum possible power gain. It is given 
in decibels as 

Is I 
G max = ls:~ I IK±(K2 -1)112

1 

The plus sign is used in front of the radical if Bi is nega
tive. The minus sign is used if Bi is positive. In this ex
ample the minus sign is used, and 

Gmax = 13.6 dB 

for a Fairchild 2N2857 transistor operated at 500 MHz 
with VcE = 10 v and le = 2 mA. 

This brief presentation has shown HP-45 routines for 
only the complex quantities il, Ci, and Z. Routines in 
the same format for the other quantities discussed (K, 
Bi, Bz, PMs, and PML) are available from the author. 
Also available are routines for PMs' and PML' · Quantity 
PMs' gives the complex source impedance once the com
plex output impedance is known (from constant gain 
circles if a power gain other than Gmax is desired). 
Quantity PML' gives the complex output impedance 
once the complex input impedance is known (e.g., for 
best noise match). D 

Engineer 's Notebook is a regular feature in Electronics . We invite readers to submit original 
design shortcuts, calculation aids , measurement and test techniques, and other ideas for 
saving engineering time or cost. We'll pay $50 for each item publ ished. 
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There's virtually no door in metal finishing that OMI can't open 
In three operating divisions, OM I offers the most 
extensive source of metal finishing expertise , equip
ment, processes, chemicals , and supplies anywhere. 
There 's Udylite, largest and best known supplier of 
complete plating systems. Parker, originator of com
mercial phosphate rustproofing and a host of other 
surface treatments . And Sel-Rex , the acknowledged 
leader in processes and equipment for precious 
metal plating . 
What's more, OMI is constantly expanding this capa
bility, opening new doors in metal finishing , with pol
lution control and waste treatment systems to meet 
ecological requirements , base metal recovery and 
Circle 236 on reader service card 

.. 
sludge disposal services, materials for microcircuit 
production, as well as precious metal recovery and ~ 
refining services, continuous process equipment ... • 
we 're growing in every direction. 
For more information on OMI and how we improve • 
products and make profits grow, write for our brochure 
"The World of OMI .'' 
Oxy Metal Industries Corp ., 21441 Hoover Rd ., Warren , 
Michigan 48089. 

OMI 
OXV METAL INDU STRIES C ORPORATION 
UDYLIT E• SEL REX · PARKER 
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Add to your 

retirement income 

How to avoid 

drilling holes when 

mounting pc boards 

Stamp out that 

pure-gold plating 

Two books discuss 

logic-circuit testing 

and heat removal 
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Engineer's newsletter _ __ _ 

The IEEE has just joined Pensions for Professionals Inc., a pension
management agency whose services will now be available to IEEE 
members. The pension services are complicated and should be checked 
out pretty carefully, but the range is extensive, including everything 
from the well-established Keogh plan for the self-employed to conven
tional corporate pension plans for small companies that lack their own. 
PFP is also looking into the new sheltered Individual Retirement Ac
count (IRA) pension activity of banks and insurance companies, which 
grew out of the pension reform bill (Employee Retirement Income Se
curity Act) recently passed by Congress. And by the way, the IEEE is 
still working on trying to set up an employer-funded plan designed ex
clusively for engineers- but nothing's definite yet. 

You can mount printed-circuit boards on a prototype chassis without 
drilling holes in either the boards or the chassis. Simply use ordinary 
rubber grommets as pc-board standoffs, says Bill Schweber of Nor
wood, Mass. The pc board can be slid into the grooves of the grommets, 
and the grommets then glued to the chassis with contact cement. If one 
grommet does not provide sufficient clearance between the chassis and 
the underside of the board, two or more grommets can be glued to
gether until they are high enough. You can even mount boards verti
cally, rather than horizontally, using only three to four grommets. This 
technique is especially handy if the final board locations are not defi
nite or if the boards must be removed frequently for modification . 

If you're managing an equipment-assembly operation, you'll want to 
know that the use of connector contacts inlaid with a gold alloy will vir
tually eliminate one of the biggest causes of assembly failure. Nor
mally, contacts are plated with pure gold, but pure gold cracks or be
comes porous when bent, causing the connector to fail sooner or later. 
Recently, however, when Technical Materials Inc. tested alloy inlays 
against pure-gold-plated contacts, it was found that the gold-plated 
samples flunked the 180° bend test at all radii (0.003 to 0.125 inch), 
while the alloys generally passed with flying colors . 

The 15 gold alloys tested were rolled to varying degrees of hardness 
and then bent 180° over mandrils of varying radii. The softer the alloy 
and the more gold it contains, the easier it is to forrri. 

And here are two new books to check out. For test engineers, a mul
tivolume handbook on logic-circuit testing has been developed by a 
Phoenix company recently founded by the former president and vice 
president of test-system maker Mirco Systems. The volumes are in
tended to shorten evaluation time, and they give detailed data about the 
suppliers and their test systems. They are priced at $50 to $100 from 
Omnicorp., 7101 N. 12th Place, Phoenix, Ariz. 85020. 

A 180-page book from heat-sink supplier Aham Inc. discusses heat 
removal. Author Jack Spoor presents methods of removing heat, calcu
lations and precautions. Write Aham Inc. , 968 W. Foothill Blvd. , Az
usa, Calif. 91720. -Laurence Altman 
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EIP 350D 
20 Hz to 12.4 GHz 
Below $5,300' 

EIP 331 
825 MHz to 18 GHz 
Below $4 .000' 

EIP 351D 
20 Hz to 18 GHz 
Below $5, 700' 

EIP E01-351D 
MIL-T-21200 Counter 
Below $8,000' 

... 

•• 

Get more than. you PC\V for 
withEIP 

microwave counters ... 
Across the board, EIP counters cost less than comparable 
counters, yet they' re simpler, can handle any application, 
and are systems compatible. 

OUR COUNTERS AND WHAT THEY COST 
The 331. 825 MHz to 18 GHz. Sensitivity -15 to 

-20 dBm. Minus 20 to -25 dBm optional. Below 
$4,000. * No comparable counter made. 

The 3500. 20 Hz to 12.4 GHz. Sensitivity -20 to 
-25 dBm. -30 dBm optional. Below $5,300.* Com
pares with counters costing hundreds of dollars more. 

The 3510. 20 Hz to 18 GHz. Sensitivity -20 to 
-25 dBm. -30 dBm optional. Below $5, 700. * Com
pares with counters costing hundreds of dollars more. 

The EOl. A 3500 or 3510 designed to MIL-T-
21200 environmental specifications. Below $8,000. * No 
comparable counter made. 

WHAT THEY GIVE YOU FOR YOUR MONEY 
Simplicity-EIP counters are all fully 

LEDs, sectionalized to eliminate decimal positioning, fre-
... 

quency range annunciators, and confusing overflow. And fl ' 

EIP counters all have leading zero suppression. 

The ability to handle any application-EIP's 
.. 

Autohef'.® technology allows measurement of signals with ... . 
FM deviation to 200 MHz at FM rates to 10 MHz. Using 
an EIP microwave counter, you can easily test high den- ...., 
sity communications links without removing them from 
service, and test EW/ECM circuits, too. 

If you' re measuring signals only in the microwave 
range, EIP makes the Model 331 so you don't have to ·
pay for more capability than you need. 

If you need a ruggedized/environmental counter, 
EIP has the EOl, the only such counter in the industry. 

Systems compatibility-Parallel digital output ~ 
and programing plus high speed reading rates up to 
900/second make EIP counters ideal for use with 

automatic test equipment. 

automatic. Simply apply the signal to the 
appropriate input, and the counter does the 
rest. EIP's displays use bright, non-flickering IOOr:J[i]r:JI 

It'll take us only 5 minutes to prove .. 
you really get more than you pay for with 
EIP microwave counters. Call Rick Bush col- -
lect at ( 408) 244-7975 for a demonstration. • 

138 Circle 138 on reader service card 

IElilPI 
EIP, Inc. 

3230 Scott Boulevard 
Santa Clara, CA 95051 

Telephone (408) 244-7975 *U.S. Prices, FO.B. Sanro Clara • 
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tr 
New products ___________ _ 

lntercon/75 target: 
I I 

pr1ce-consc1ous 
buyers' market 

Exhibitors at IEEE show, 
April 8-10 at N.Y. Coliseum, 

to stress cost-effectiveness 
in instruments, other items. 

Following are some of the 
products to be introduced . 

Low-priced portable scope has modular design 
~ Not all measurement applications 

require the kind of performance
.., wide bandwidth, high sensitivity, 

and maximum flexibility-presently 
... available in state-of-the-art instru

ments. It is often advisable to accept 
somewhat less than the highest per
formance in exchange for a more 

.. modest price. 
Tektronix engineers had this kind 

• of cost-effectiveness in mind when 
designing the model 455 portable 
oscilloscope. Its capabilities are suf-

• ficient for most scope applications, 
and its price is kept low by limiting 

-+ some of its performance-band
width, for example. 

" Bandwidth of the 455 is 50 mega
~ hertz. Tektronix' model 465, similar 

to the 455 in most other respects, 
,. has 100-megahertz bandwidth. But 

the 455 is priced about $300 to $400 
less than the $2,000 465. 

Like the 465 , the 455 offers dual
channel operation, vertieal sensi
tivity from 5 millivolts per division 

• to 5 volts/div, and delayed sweep. 
An optional battery pack is avail-

Electronlcs/March 20 , 1975 

able, and all accessories for the 465 
fit the 455. 

Although the 455 does not have 
the plug-in flexibility of Tektronix' 
5000- and 7000-series laboratory os
cilloscopes, it does have more flexi
bility than many other portable 
scopes because of its modular con
struction. Its distinct display, ver
tical amplifier, and sweep generator 
modules are also designed to make 
field repairs easier. 

But more important, modular 
construction permits the design of 
oscilloscopes customized for specific 
applications. An entire new series of 
oscilloscopes based on the 455 pack
age could easily be built by design
ing variations of each module. 

The 455's package marks another 
departure for Tektronix. Unlike ear
lier Tektronix scopes, which have vi
nyl-clad aluminum housings, the 
455's case is made from a reinforced 
plastic, similar to that used in Tek
tronix' 200-series miniscopes. The 
plastic case is lighter and less expen
sive than aluminum, but still rugged 

enough to withstand the rigors of 
field-service use. It also insulates the 
user from being shocked acciden
tally by the scope circuitry . 

Other features of the 455 include 
trigger view, beam finder, lighted 
deflection-factor indicators, and an 
8-by-10-centimeter display. 

The major market for the 455, as 
with any portable oscilloscope, is in 
field service. Application areas in
clude computers and computer pe
ripherals, office machines, industrial 
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New products 

control systems, communications 
equipment, and military electronics. 
Because of its price and perform-

ance, some 455s should also find 
their way to electronics assembly 
lines. 

Delivery time is eight weeks. 
Tektronix Inc., P.O. Box 500, Beaverton , 
Ore . 97005 (371] 

LSI multimeter warms up in 10 milliseconds 

In March of 1969, when Schneider 
Electronics started selling its Digi
test 500 multimeter, the instrument 
included its logic and counting cir
cuits on a single custom-built chip. 
Three years ago, a new version had 

a chip that carried the analog-to
digital converter as well. Now, the 
French company has put practically 
everything on a single custom-made 
chip. 

As a result, the Digitest 200 has 
only 100 components, counting ev
erything down to the screws and 
washers. Because this is about a 
quarter of the parts needed for the 

previous version, assembly costs are 
slashed, and the instrument has the 
highly competitive price of $199. 
And because of large-scale integra
tion, Schneider has packed features 
into the instrument that were not 
possible before for low-cost, por
table 3Vi-digit 2,000-count multime
ters. 

What's most unusual about the 
instrument is its warmup time-10 
milliseconds or less, compared with 
seconds or even minutes for conven
tional multimeters. The chip also 
carries a circuit that signals when 
the count on any range is 199 or 
less, meaning a more accurate read
ing can be had on the next lower 
range. The chip corrects automati
cally for zero drift and full-scale 
voltage. Finally, a lamp automatic
ally warns of unacceptably low bat
tery voltage. 

It's the low thermal inertia of the 
chip plus the method used for a-d 
conversion that make for the fast 
warmup. The chip, which carries the 
equivalent of 4,000 field-effect tran
sistors, measures 4 by 5 millimeters. 
The conversion technique is based 
on the constant-charge-discharge 
principle. Essentially, the unknown 
voltage charges a capacitor, which is 

then discharged in discrete steps in 
order to get a digital count. r 

Capacitors for the conversion are 
outboarded, along with two IC oper- .,. 
ational amplifiers and a comparator. 
Also outboarded are a capacitor for 1 

an on-chip oscillator, a voltage divi
der for the power supply, and an in
terface transistor for the display. All • 
the other circuitry is on the chip, a 
p-channel MOS device with low- '-f

threshold voltage and gates that are 
doubly isolated by oxide and ni-

,_ 

tride. The 40-pin package is made of • 
ceramic. 
Schneider Electronique, 27 rue d'Antony, 
94150 Rungis, France (372] 
Schneider Electronics, 11 Riverside Ave ., 
Medford , Mass. 02155 [338] ~ 

.. 
Major specifications 

De volts 1 00 µV to 1 ,000 V 
Ac volts 100 µV to 750 V 
Ac I de current 100 nA to 2 A 
Resistance 0.1 n to 2 Mn 
Temperature -55 ' C to + 200 ' C 
Accuracy From within ±0.2% of -. 

range to within 1 .5% 

Weight 

of reading, depend-
ing on range 
600 g (without bat
teries) 

'Calculating oscilloscope' is programable 

What do you call an instrument that 
takes almost any input waveform, 
can be programed to do almost any
thing to it or nothing at all, and then 
displays it in analog and/or al
phanumeric form? Cordis Corp.'s 
Norland Instruments subsidiary 
calls its product a "programable cal
culating oscilloscope," but that's not 
nearly a complete description. 

The NI2001 digitizes each inp~t 
waveform and displays it either as-is 
or after further processing, in analog 

140 

form and/ or as an array of signal 
parameters, on a 4-by-5-inch Hew
lett-Packard monitor. (The 5-by-7-
in. monitor shown in the photo
graph at the top of page 143 is un
der development at Norland and 
should be available later this year.) 

Inputs to the NI2001 are routed 
through plug-in data-acquisition 
units with controls similar to those 
of a standard oscilloscope. Provision 
is made for two plug-ins with up to 
four channels of data and 8-, 10-, or 

12-bit resolution, at sample rates up 
to l megahertz. ,. 

Digitized input data is stored in a 
4096-by- l 2-bit random-access 
memory, so that the NI2001 also re
sembles a digital signal monitor. 
For example, it can display wave
form data acquired before a trigger 
signal. 

The NI200 l's keyboard permits 
programing of such functions as 
plotting power dissipation of a cir
cuit as a function of frequency. Pre-
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Better looking Beckman Displays 
are a natural for clocks and 
clock-radios 

There are several 
big reasons why 
Beckman Displays 
are being used in 
more and more elec
tronic clocks and 
clock radios. First, 
there are special 12 
and 24-hour clock 
modules which help 
make application and 

production assembly easier. Secondly, the better looking 
Beckman Displays help attract buyers, help build sales. 
Next, in addition to multiplex mode, the displays can be DC 
driven to reduce RFI to a minimum. 

For electronic clocks and clock radios you can choose from 
a variety of 1/2" clock display combinations from Beckman: 
hour and minute readouts; hour, minute, second displays; 

even with AM and PM indicators. Beckman Displays pro
duce crisp, clear, unbroken numerals that add "buy appeal" 
to ahy product. They have a pleasing neon orange color 
(filterable to red) and are bright enough (210 foot lamberts) 
to be read in all ambient light conditions including direct 
sunlight. 

Add to this the low cost (as low as $.70 per digit in large 
OEM quantities), the proven reliability, and you have the 
ideal display for today's new designs. See for yourself. Com
pare Beckman Displays side-by-side with LEDs or any other 
readout. You'll choose Beckman because they look better, 
are better. 

For the telephone number of your Beckman/Helipot sales 
office, or the name of your Beckman stocking distributor, call 
toll free (800) 645-9200 (in N. Y. State call collect 516-294-0990). 
Or write, Beckman Instruments Inc., Information Displays 
Operations, P. 0. Box 3579, Scottsdale, Arizona 85257. 

Beckman · 
INFORMATION DISPLAYS OPERATIONS 

There's more eye appeal in Beckman Displays! 
Circle 141 on reader service card 



\Vhyyou can afford 
the very fmest 

in function generators. 

B ecause Interstate's new F77 
truly is a universal signal source. 
With F77's 0.00002 Hz to 20 MHz 
range, you can test with frequen
cies from infrasonics through 
video, and beyond. There are 6 
output waveforms, 7 operating 
modes , and precision interface 
controls (waveform inversion and 
a 5/ 95% waveform variable sym
metry vernier, for example) that 
can be actuated with remarkable 
variations. And output amplitude 
is specified at 15 volts p-p into 50 
ohms - that's 50% more voltage 
swing than most 20 MHz function 
generators provide. 

B ecause the F77 also incorporates a very capable, 
independent sweep generator offering linear and log
arithmic performance, with a selection of auxiliary out
puts. Sweep up or down, sweep reset control, and 
continuous, triggered, burst, sweep-and-hold modes, 
too. Interstate's special frequency dial has a direct
reading sweep limit cursor, plus two calibration scales 
(Xl and X2) to improve resolution and permit contin
uous tuning across the 20 Hz-to-20 KHz audio band. 

B ecause this function generator is the first of its 
kind to deliver real pulse generator capability. The F77 
produces a 15 ns rise time pulse to 20 MHz with 

constant width setability from 30 
ns to 10 milliseconds , and full 
offset and mode flexibility. The 
generator's fully-calibrated atten
uator gives you 15-volt unipolar 
pulses into high impedance loads. 
particularly useful for testing MOS , 
or millivolt pulses down to 1.5 mv. 

Because there's also a con
stant duty cycle pulse (in addition 
to F77's standard pulse) for a 
variety of digital signal response 
applications. Circuit sensitivity to 
duty cycle on / off times can be 
tested using varying pulse rates 
without adjusting the width control. 

Because the F77 can be used as an analog power 
amplifier to amplify externally applied signals as much 
as 600%. Even TTL pulses can be amplified to drive 
50-ohm loads. and the resulting output has controlled 
de offset and attenuation. 

Because the F77 gives you many other high per
formance and human engineering features, like VCF 
capability for sweeping frequency-sensitive devices, 
and "oscillosco pe-style " triggering with a variable 
start-stop phase control to generate haversines and 
havertriangles. There's even a "brown-out" switch to 
allow the instrument to operate at low line voltages. 

Because the F77 only costs $1,095. * 

*U.S. price; other 20 MHz Series 70 models available from $695. 

Subsidiary of A-T-0 Inc. 

INTERSTAT E ELECTRONICS CORPORATION 
707 E. Vermont Ave., P.O. Box 3117, Anaheim. California 92803 

Circle 142 on reader service card 
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\Vhere you can fmd out 
more about the fmest. 

t 
UNITED STATES 
General Radio Company: N.C .. Fla .. Ala .. Ga .. 
Tenn .. S.C .. Miss.: 404/394-5380. 813/531-0148. 
919/722-4819. 205/883-7538 

5c~i:.'.i~l4~~~T~6~J'i'. Ji~iJ.i~~5f~ EI Paso I. Ark .. La .. 

Measuremenl Consuhanls: N.M .. Ariz .. Colo .. Ida., 
Wyo .. Uta h. El Paso. Tex .. Mt .. and Clark County. 

ev.: 505/265-6471. 602/ 994-95 19. 505/ 526-2491. 
13/449-5294. 8011268-3181 

Loren F. Green & Assoc. : No. Ill .. Ind .. Minn .. 
"~owa. K~ .. N.D .. S.D .. Wisc.: 312/593-0282. 
, , 317/293-9827. 612/781-1611 

g~:.~r:115'9'Jll~f:i~~fJ'~})~~-8i~ali f .. Nev .. Wash .. 

Sel-Tronics, Inc. : D.C .. Md .. Va.; 301/589-3391 
KLS Associales, Inc.: L. l .. Metro. N.Y .. No. N.J.; 
201/227-2900. 2121233-4849 

i- ri3ii~11,'5j'1 ?Ft~/4fli'.~~iio~j 1~/Wi'.3~iova.: 
J & J Associales: New England States; 6171272-2606. 
203/624-7800 

~rs'i~5,\'.~11!~~!~~68~~ti'1~£"ii~4ifl-0'50l0rk : 
• 518/372-6649. 914/471-2806 

Technical Represenlalives~ Inc.: Mo .. Kan .. So. Ill .. 
el Neb.; 314/731-5200. 913/78L-l 177, 

319/363-2489 
R1s~H~~6'i?Jers Associales: E. Penn .. So. N.L Del.; 

easuremenl Associales: So. Calif.: 714/540-7160. 
213/671-7651. 714/284-2511 

t!1CAN ADA 
Radionics Limlled: Montreal. Que.: 514/735-4565 . 

.._ Telex; 05-827558: Downsview. Ont.; 416/ 638-0218. 
Telex: 06-22144: Ottawa. O nt.: 613/ 521-8252. 
613/728-4624; Vancouver. B.C.: 604/732-7317. 
Telex: 04-54573; Win nipeg. Man.: 204/ 475-1732 

EU ROPE AND T HE MIDDLE EAST 
Inf.!. 0110 Foler : Vienna. Austria: 57/3387 
Ref.! ulalion-Mesure S.P.R.L: Brussels. Belgium: 
771-20-20. Telex : 21 520 
Havulinna Oy: Helsinki. Finland: (9{)) 661-451. 

#. Telex: 12426 Havul Sf .. Cable: Havula Helsinki 
Tekelec Airtronic: Sevres. France: 6264)2-35. 
626-24-38. Te lex : Protec 25.997F 

• Radal lnlernational Co .. Lid.: Tel-Aviv . Israel; 
474412. 478216-7, Cable: RADATCO Tel-Aviv. 
Telex: 032-143 (radat ill 

't Tekelec Airlronic Spa : Mi lan. Ital y; (()21 7380641. 
Telex: 33402 Tekelec 

;f--1 Jik-9~e~7~~/~~~~~l~; ~ii4t.~\J9dam . Nt: t herlands ; 

Unilronics, S.A.: Madrid. Spain; 266.34.09. 
Telex: 22596 UTRON 
M. Stenha rdl AB: Vallingby. Sweden; 08/87 02 40. 
Telex: 10596. Cable Address: Stenhardtao 
T raco Tradinl! Co. Lid. : Zurich. Switzerland; 
01 /36071. Telex: 54Jl8. Cahle: Traco T rading Zurich 

«~Euro Electronic lnslrumenls, Lid. : London. England: 
01-267-2748/9. Telex: 23920 (Livi ngshirel. Cahle: 
Euroinst 

f't Tekelec Airlronic GM BH: Munich. West Germanv: 
08 11/594621. Te lex: 5/ 22241 -

-. AFRICA, ASIA. AUSTRALIA 
Paramelers Pty. L1d.: Victoria. Australia; 439-3288 

, ~'hi'~a':"~i9/~~~~,a~t /bJri · Taiwan. Repuolic of 

David J. Reid (N.Z.) Lid.: Auckland. New Zealand ; 
492-189. Telex: Davredak N.Z . No. NZ2612 
S'Eleclronics (Ply) Limiled: Joha nnesourg. South 
Afr ica: 83/l-2169. Cable: Seletric. Johannesourg 

EAST ERN EUROPE 

I 
General Radio Co.: Zurich. Switzerland; Poland. 
Czechoslovakia. G erman Democratic Repuolic . 

..-.i ~1'/'5',. 2'4i2<i.'1-~W:,r~.3n~os lavia . Bulgaria. Albania: 

New products 

programed, fixed functions include 
rise-time, integral, differential, 
peak-to-peak, and rms calculations. 

Other capabilities include expan
sion of the display about a selected 
data point and optional output of 
an analog signal (through ad-a con
verter) or digital control pulses. 

Price of the NI2001 is about 
$13,000 to $15,000, depending on 
options chosen. Deliveries of the 
"calculating oscilloscope" are ex
pected to begin in May. 
Norland Instruments, P. 0 . Box 47 , Fort At

kinson , Wis. 53538 [373) 

Digital voltmeter offers versatility 

Combining the stability of a labora
tory standard with the convenience 
of a system-oriented instrument, a 
precision voltmeter from Dana Lab
oratories offers multifunction capa
bilities. 

The series 6900 digital voltmeter 
has 6'h-digit ( 1.6 million-count) res
olution, five de voltage ranges from 
1 v to 1,000 v full scale, and a 3-
wire ratio capability. Base price is 
$4,995. 

Accuracy, including the uncer
tainties of Dana-specified calibra
tion sources, over a 90-day period 
and measured at 23°C ±5°C, is 
within ±47 parts per million of read
ing ±50 parts per million of full 
scale on the 0.1-v range; 12 ppm of 
reading, 6 ppm of full scale on the 
10-v range; and 25 ppm of reading, 
8 ppm of full scale on the 1,000-v 
range. Relative accuracy, assuming 
perfect calibration sources, over a 
24-hour period and measured at 23 ° 
± 1°C ambient, is ±3 ppm of reading 
±3 ppm of full scale on the 10-v 
range. 

To achieve these accuracies, Dana 
uses a standard dual-slope conver
sion technique "with a few tricks," 
says John Brady, engineering vice 
president. One trick is designed to 
eliminate misreadings caused by 
transients that may occur when the 
integrator switches from the input to 
the reference. At that point in the 
measurement cycle, a fixed number 
of pulses is ignored before the 

counter circuits start to operate. In
stead, a de offset corresponding to 
that number of counts is fed into the 
unit's comparator. Another way to 
do the same job would be to filter 
the integrator signal, but this would 
slow the instrument's response to a 
changing input, says Brady. 

Analog and BCD outputs are stan
dard features of the 6900. An op
tional remote-programing capabil
ity, priced at $300, can be added. 

Other options for the 6900 in
clude 4-wire ohms-measurement ca
pability, priced at $350; 4-wire ratio 
circuitry, $200; and two ac voltage 
measurement options: true-rms or 
average-responding calibrated in 
rms sine wave. Either ac option pro
vides full-scale readings from 1 v to 
1,000 v in four ranges and operation 
from 20 hertz to 1 MHz. 

Also at the IEEE show, Dana will 
introduce its first portable counters. 
Unlike earlier Dana units, which 
were for benchtop and system use, 
the 525-MHz 7570, priced at $799, 
and the 1-GHz 7580, priced at 

143 
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New products 

$1,099, are for field service. They 
have die-cast aluminum cases and 
operate from 115-v and 230-v 

(± 10%) lines at 50 to 440 hertz. 
Dana Laboratories Inc., 2401 Campus Dr ., 
Irvine, Calif. 92664 [374] 

Precision resistor arrays from stock 
Because of their specialized nature, 
high-quality thin-film resistor net
works are regarded as custom de
vices having lengthy delivery times. 
However, Hybrid Systems Corp. of 
Burlington, Mass. will be offering 
six new standard networks that are 
available from stock or within four 
weeks. The company is also promis
ing delivery times of six to eight 
weeks for custom networks. 

All the standard circuits are made 

up of high-stability nichrome resis
tors. The model HSD 4200 is an 
eight-resistor network in which each 
resistor can be accessed individ
ually; the value of each resistor is 10 
kilohms. 

The HSD 4300 is an R/2R cur
rent divider consisting of 200-and 
500-ohm resistors. The HSD 4400 
summing network contains thirteen 
5-kilohm resistors. The HSD 4700 is 
a five-decade divider made up of six 
resistors ranging in value from 100 
ohms to 9 megohms. The model 
HSD 4800 is an R/2R ladder net
work of 25- and 50-kilohm resistors. 
And the HSD4900 is a 12-bit binary 
ladder. 

These standard models can be 
supplied either in hermetically 
sealed ceramic dual in-line packages 
or in chip form. They are also avail
able in versions that are fully pro
cessed to MIL-STD-883. 

The absolute value of an individ
ual resistor can be laser-trimmed to 
an accuracy of within ±0.1% or bet
ter, and resistor ratios can be 
trimmed to within ±0.01%. Typi
cally, untrimmed resistors exhibit an 
absolute tolerance of± 1 %. The tem
perature coefficient of absolute re
sistor values ranges from 0 to + 50 
ppm/°C, and noise is held to less 
than 0.1 microvolt/volt. 

The long-term stability of ni
chrome resistors is excellent-after a 
year at room ambient, absolute val
ues drift less than ±0.1% and ratios 
less than ±0.01%. Tracking accuracy 
between resistors in the same net
work is also very good-it's better 
than ± 1 ppm/° C over the tempera
ture range of -55°C to + 125°C. 

In quantities of 100 to 499, the 
HSD 4200 is priced at $2.90 each; 
the HSD 4300 at $16.55; the HSD 
4400 at $4.10; the HSD 4700 at 
$7.30; the HSD 4800 at $35.50; and 
the HSD 4900 at $37.50. In the 
same quantities, prices for the fully 
processed military units range from 
$3.90 to $69 for individual net
works. There's a flat fee of $500 (in
cluding tooling costs) for prototype 
quantities of custom networks, the 
company says. 
Hybrid Systems Corp., 87 Second Ave ., Bur
lington, Mass. 01803 [375] 

41/2-digit meter measures true rms 
With the introduction of its model 
7224, Systron-Donner Corp. of Con
cord, Calif., claims to be one of the 
first to offer a true-rms converter in 
an inexpensive 4Vi-digit multimeter. 

Electronics/March 20, 1975 

A true-rms converter, according to 
Chuck Bishop, multimeter product 
manager, is the only device for mea
suring ac signals accurately when 
the signal is either a sine wave with 
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DES~GNERS 
PANEl METER 

9 PM-4 

$83.00 
In large OEM qty 

See coupon offer 

Features Include: 

• Full four digits; 1 vdc full scale 
with 0. 02% accuracy 

e Large 0.31" LED display 
• Automatic zeroing 
• Automatic polarity 
• Low power consumption; 5V@ O. SW 
• MOS/ LSI construction 
• Small Size: l"H x 2-1/2" Wx 3-l/4"D 
• Programmable decimal point 

Options Include: 

• Ranges of 10, 100 or 1000 vdc 
• Operation as voltmeter/counter 
• BCD output; MUX or parallel 
• Current measurement 
• Ratio operation 
• Display dimming/Inhibit 

Call our distributor, the G. S. Marshall Co., for 
more Information. 
For Immediate delivery, fill In below and mall 
direct to NLS. 

NON-LINEAR SYSTEMS, INC. 
Box N, Del Mar CA 92014 
PH (714) 755-1139 - TWX 910-322-1132 

0 Special offer of $153 with your check 
and coupon. 0 Single unit price of $170 
C. 0. D. or valid purchase order. 

One year guarantee . 

Name 

Company 

Address 

City state Zip 

California Residents Add 6% Sales Tax 
Offer expires In 90 days 

1 2 4 5 6 7 8 9 10 11 12 * l 3 4 5 6 7 8 9 10 11 12 
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, 
more than I% to 2% distortion or 
has another shape, perhaps triangu
lar or rectangular. 

The 7224 is a 20,000-count auto
ranging instrument that is suitable 
for both bench use and, with an op
tically isolated binary-coded-deci
mal output, for use in small systems, 
the company says. 

The specially designed "Accu
Ohm" resistance-measuring circuit 
allows the convenience of two-wire 
resistance measurements with accu
racies usually equivalent to those of 
four-wire systems. A front-panel 
control allows lead resistance to be 
nulled to zero. In addition, the 
model 7224 has a 10-ohm range 
with 0.00 I-ohm resolution-per
formance usually associated with 
more expensive five-digit instru
ments, Bishop says. 

The 41/i-digit multimeter features 
a seven-segment planar display with 
0.55-inch characters. The readout 
includes automatic polarity, decimal 
point, and units annunciator. 

The instrument measures de and 
ac voltages, and resistance. Max
imum de voltage is I kilovolt, and 
resolution varies from 10 microvolts 
to 100 millivolts in decade steps. 

Full-scale step response is less than 
I second to rated accuracy. Normal
mode noise rejection is about 60 dB 
at 50 hertz and 60 Hz. Common
mode noise rejection is about 120 dB 
on de and about 100 dB at 50 Hz and 
60 Hz with a I-kilohm source unbal
ance. Offset current is ±20 picoam
peres. 

In either the ac voltage averaging 
converter mode (option 07) or the 
true rms mode (option 08), the 
model 7224 can take 500 volts max
imum with a IO-microvolt to 0.1-
volt resolution in decade steps. In
put impedance is I megohm 
shunted by l 00 picofarads. 

Input configuration is fully float
ing and guarded on all functions . In 
the fast-sample-rate mode the 
model 7224 is capable of 2.5 read
ings per second at 10,000 counts and 
1.6 readings per second at 20,000 
counts. The slow-mode sample rates 
are an eighth of the fast rates. 

The 4V2-digit multimeter is about 
3.5 by 8.5 by 13 inches and weighs 
about 10 pounds. Warmup time to 
rated accuracy is about half an 
hour. The unit needs a maximum of 
15 watts at 100, 115, 200 or 230 v 
over a 48-to-440-hertz range. 

As a standard unit, the model 
7224 costs $699. With option 07 (ac 
averaging) the price is $725. With 
true ac rms (option 08) the price is 
$850. If added later, the ac aver
aging option is priced at $50 and the 
true ac rms at $200. 
Concord Instruments Division , Systron-Don
ner Corp ., 1 O Systron Drive, Concord , Calif. 
94518 [376] 

Synthesizer switches in 2 µs 

Intended primarily for frequency-ag
ile applications, including radar, 
electronic warfare, and automatic 
test systems, a direct frequency syn
thesizer operates from 10 kilohertz 
to 180 megahertz and switches in 2 
microseconds. 

First of a family of synthesizers 
that will eventually reach 1.4 gi
gahertz, the model 360 consists of a 
main frame, an rf plug-in section, 

and a modulation module. A fre
quency extender with a fully synthe
sized signal and a 10 MHz range is 
available if the rf section is to be op
erated above 180 MHz. 

The main frame provides 11 
front-panel decade switches for 
manual setting of frequencies and 
can also be remotely programed 
through the rf plug-in rear connec
tor. Frequency resolution depends 
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605 Third Avenue, New York, N.Y. 10016 • In Canada: 22 Worcester Road, Rexdale, Ontario 
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Mail coupon to Dept. 657 

WILEY-INTERSCIENCE, a division of JOHN WILEY & SONS, Inc. 
Box 4569, Grand Central Station, New York, N.Y. 10017 

D Please send me the book(s) I have checked below. My check (money 
order) for $ ___ is enclosed. 

D Please bill me. (Restricted to the continental U.S. and Canada.) 

1D1-82531-X 2 D 1-79997-1 3 D 1-43720-4 4 D 1-40111-0 

Please inform me of the earliest availability of-

0 Blakelee: 1-07937-5 D Finkel: 1-25884-9 D Connelly : 1-16854-8 
D Please send me a list of local bookstores carrying your titles . 

Company/Institution, ____________________ _ 

Address _________________________ ~ 

City/State/Zip _____________________ _ 

• Prices subject to change without n0tice. 092-A5003-WI 
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MONOLITHIC 
CRYSTAL FILTERS 

NEW FM DISCRIMINATORS ..• 
One hang-up in designing a single
conversion NBFM receiver is demod
ulation. Until now you 've had the op
tion of making a second conversion, 
using phase-locked loop techniques, 
or designing your own discriminator. 
Now PTI has made demodulation 
simple with two new monolithic 
crystal discriminators offering low 
distortion - typically 1% - and 
high recovered audio-typically 
800 mV-when used with the 
CA3089E IC quadrature detector or 
equivalent. 

Detailed spec sheets are available. 
Ask for Models 2283F (10.7 MHz) 
and 2378F (21.4 MHz). 

SOME THINGS NEVER CHANGE 
Five years ago, when this ad series 
began, we offered some 20 low-priced 
standard monolithic crystal filters at 
10.7 MHz. Since then the number has 
grown to 60 at 10.7 and 21.4 MHz 
(not to mention standards at other 
frequencies). Even though it's five 
years later, we still offer those orig
inal models - and at prices no 
higher now than in 1970. Times may 
be changing, but our quality and 
price aren 't. 

SOMETHING OLD, SOMETHING NEW 
Our new discriminators and our orig
inal standard models are two good 
examples of PTl 's leadership in mon
olithic crystal filters. If you have a 
problem calling for monolithics we 
may have the answer already on the 
shelf. 

Piezo Technology Inc. 

2400 Diversified Way Orlando, Fla . 32804 
(305) 425 -1574 

The standard in monolithic 
crystal filters. 

New products 

on the rf section installed but typi
cally it is 1 Hz. 

The rf section has an output level 
of 0 to + 13 dBm, continuously vari
able. Modulation is external a-m, 50 
Hz to 2 kHz for 95% modulation (un
calibrated). The modulation mod
ule, which provides the circuitry 
necessary for amplitude, frequency, 
or phase modulation of the output 
signal, is physically a replaceable 
part of the plug-in section. If modu
lation is not a requirement, a sim
pler module providing only external 
a-mis available. 

For slow-switching applications at 
vhf, Ailtech says the frequency ex
tender can be removed and an rf 
plug-in containing a phase-locked 
loop can be driven directly from the 
output of the main frame. Two op
erational frequency standards are 
offered with aging rates of 3 parts in 
ws and 1 part in 109 per 24 hours. 
Alternately, the unit can be driven 
from an external 5 or 10 MHz source 
at 0 dBm. 

The control format is binary
coded-decimal (BCD) parallel logic 

with no need for code conversion. 
The inputs are ITL•compatible. Ail
tech says that reduction of the num
ber of comb line frequencies from 
lO to two, through the company's 
BCD synthesis technique, eliminates 
about 80% of the comb frequency 
generating circuitry. Another ad
vantage of BCD, says Ailtech, is the 
necessity for no more than 40 dB of 
isolation between the comb lines to 
achieve a spurious-response level of 
-100 dB. Ail tech is quoting 60 days 
delivery time at $8,995. 
Ailtech , Cutler-Hammer Co ., Farmingdale , 
N. Y. 11735 [377) 

350-MHz analyzer resolves 1 kHz 

Spectrum analyzers can make a 
wide variety of measurements, but 
their high cost and complicated op
eration often make them unsuitable 
where many of them are required, 
or where unskilled operators must 

use them-as in production-line test
ing. Generally, one high-perform
ance spectrum analyzer is purchased 
for the lab, and that instrument has 
to be time-shared among a group of 
engineers. 

The model 8557A spectrum 
analyzer from Hewlett-Packard Co. 
is designed to be simple enough to 
use and low enough in price to be 
practical for production use, but it 
performs well enough for most lab 
applications. 

As a plug-in for H-P 180-series os
cilloscope mainframes, the 8557A is 
priced at $3 ,450. Complete with a 
182T mainframe, which provides a 
7-inch cathode-ray-tube display, the 
unit is priced at $4,650. 

The 8557A is comparable in 
many ways to H-P's 8558B, which is 
about $500 higher. At least part of 
the price differential is attributable 
to the more limited bandwidth of 
the less expensive unit. The 8558B 
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We feel a little flag-waving 
is called for 

After all, it's not every day a Spanish company 
opens a manufacturing plant in the USA. 
Especially in the highly competitive world of 
electronics. 

But that's just what we've done. Bearded the 
electronic giants in their own dens. 

Our new American den is in Boston . Right 
now we're manufacturing carbon fllm resistors 
-with other component lines to follow - on our 
own specially designed machi·nes, drawing on 
the identical advanced technology and 
production techniques that have taken us to the 
top in Europe . 

And we know this little bit offlag-waving will 
catch the eye of our European customers. 
They'll appreciate how the extra production 
from our US plant will ease their own deliveries 
in Europe. We will no longer have to divert so 
much of our European capacity across the 

Atlantic. So everybody benefits. 
To our American friends we say, "Happy to be 

in the USA" . We know all our customers are 
going to be happy we are. 

Find out more about Pi her. A leader in 
component technolog y. 

PIHER International Corp ., (Sales Office) 
1239 Rand Road, Des Plaines, lllinois60016. 
Tel: 312-297 1560 Telex: 282514 

PIHER Corp., (Manufacturing Plant) 
399 Washington Street, Woburn, Mass. 01801 
Tel: 617-935 8750 Telex: 94-9382 

PIHER 
Circle 149 on reader service card 



Instruments comes ca ing, you may ave 
more and better reasons to see him than you 
ever realized. 

He sells solutions, and if your problem 
can be solved best by a simple plug•in 
module, that'll be his recommendation. 

But if your needs require sophisticated 
oscillographs, magnetic tape recorder/ 
reproducers or custom analog measuring 
and recording systems, he has the breadth of 
line and combinations of instrumentation to 

I 

Witfi comp ete confRlen , a-us-e-.n~------

addition to his own expertise, he's backed by 
the best design, production, application and 
metrology experts in the instrumentation 
business. 

Honeywell Test Instruments Division
the top trouble-shooters. Call on them when 
you have any test instrumentation problem. 
For a quick look at our complete line of test 
instruments, write for FREE 20-page 
condensed catalog. Dept. 218, P.O. Box 5227, 
Denver, Colorado 80217. 

.. ~ . ·~--- •• tt t . 

I ,o. P . 
. • .. •. . .. 
! . ! . L !. 
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New products 

operates from 100 kHz to 1,500 MHz, 
while the 8557A operates from 100 
kHz to only 350 MHz. But the 8557 A 
can still handle many of the same 
jobs as the more expensive unit, and 
is as simple to operate, the company 
says. 

For most measurements, only 
three controls are used. Either the 
center frequency or the start fre
quency of the display, indicated on 
a digital readout, is set with the 
TUNING control. The FREQUENCY 
SPAN control is then used to set the 
width of the frequency window to 
be viewed. Optimum resolution, 
from 1 kilohertz to 3 MHz, is then 
determined either automatically by 
the analyzer or by manual override. 
A REFERENCE LEVEL setting then 
calibrates the display in absolute 
power units. 

The reference-level setting is the 
absolute power level of a signal that 
reaches the top of the display. The 
range is -110 dBm to +20 dBm. The 
analyzer indicates optimum and 
maximum power input level for the 
chosen amplitude setting, min
imizing the possibility of .over
driving. 

Frequency response of the 8557 A 
is ±0.75 dB, over-all absolute ampli
tude-measuring accuracy is ±2.25 
dB, and frequency readings are cor
rect to ±3 MHz. Dynamic display 
range exceeds 70 dB. 

Standard input impedance is 50 
ohms. An optional 75-ohm imped
ance is available at $100. H-P's cur
rent delivery estimate is 30 days. 
Inquiries Manager, Hewlett-Packard Co, 
1501 Page Mill Rd ., Palo Alto , Calif. 94304 
[378] 

~nalog voltmeter spans 12 MHz 

Although digital instruments are 
handling more and more voltage 
measurements, analog voltmeters 
are still more suitable and economi
cal in some applications. Analog 
meters are better for making peak
ing and nulling adjustments, for ex
ample, and lend themselves more 
readily to special, nonlinear scales. 

Sometimes a unit of measure such 
as the decibel is more convenient 
than the volt, in communications 
and acoustical measurements, to 
name two important areas. The 
model 3056A ac voltmeter, to be in
troduced at IEEE lntercon by Ballan
tine Laboratories Inc. , is designed 
for just such applications. 

The 3056A is an average-re
sponding, rms-calibrated voltmeter 
that operates from 5 hertz to 12 
MHz. Its mirrored scale reads deci
bels linearly and 
volts on a loga
rithmic scale. 
The dB range is 
150 dB, from -90 
to +60 dB, in 
20-dB steps. The 
wide range of 
each step min
imizes switching 

when making measurements that 
cover wide dynamic ranges-such as 
amplifier frequency-response stud
ies. 

Corresponding full-scale voltage 
ranges are 100 microvolts to 1 kilo
volt. An accessory probe to extend 
the instrument's capability to 2 kv is 
available as an option. 

Priced at $410, the 3056A features 
a front-panel control that makes it 
possible to set the meter at a conve
nient cardinal scale mark at the start 
of a procedure. This relative refer
ence control allows continuous re
duction of the meter's gain by a 
maximum of 3 dB below its cali
brated value. When the relative ref
erence control is set to its detented 
position, 0 dB is referred to 1 milli
volt across 1,000 ohms. 

The instrument also has a front-
p an el switch 
that allows the 
input signal to 
float as much as 
500 v above or 
below chassis 
ground. A built
in 100-kHz low
pass filter allows 
meaningful 

THE 
P H~TER~ 

ETER 
K~LLER 
• DIGITAL PM-3 

$49.95 
Features Include: 

In large OEM qty 

See coupon offer 

• Full three digits; 1 vdc full scale 
with 0 ~ 1% accuracy 

e Large O. 31" LED display 
• Automatic zeroing 
• Lowpowerconsumption; 5V@ O. SW 
• MOS/LSI construction 
• Unipolar 
• Small size: l"H x 2-1/2"Wx 3-1/4"D 
• Programmable decimal point 

Options Include: 

• Ranges of 10, 100 or 1000 vdc 
• Operation as voltmeter/counter 
• BCD output; MUX or parallel 
• Current measurement 
• Ratio operation 
• Display dimming/inhibit 
• Overload and negative indication 

Call our distributor, the G. S. Marshall Co., for 
more Information. 
For Immediate delivery, fill In below and mall 
direct to NLS • 

NON-LINEAR SYSTEMS, INC. 
Box N, Del Mar CA 92014 
PH ('714) 755-1139 - TWX 910-322-1132 

0 Spec ial offer of $78. 50 with your check 
and coupon. 0 Single unit price of $85. 00 
C. 0 . D. o r valid purchase o rde r . 

One yea r gua rantee. 

Name 

Company 

Address 

City State Zip . 

California Residents Add 6% Sales Tax 
Offer expires In 90 days 

12 456789101112 * l 3456789101112 
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Tolerance 

SCHAUER 
1-Watt 

ZENERS 

Kit contains a 51-piece assortment 
of SCHAUER 1 % tolerance 1'-'("att 
zeners covering the voltage range 
of 2. 7 to 16.0. Three diodes of each 
voltage packaged in reusable poly 
bags. Stored in a handy file box. 
Contact your distributor or order 
direct. 

A $54.57 value for 

ONLv$24~ 
Semiconductor Divisio n 

SCHAUER 
Manufacturing Corp. 

4514 Alplne Ave. Cincinnati, Ohio 45242 
Telephone: 513/791-3030 

New products 

measurements to be made when 
reading low-frequency signals in the 
presence of high-frequency noise. 

Accuracy of the model 3056A 
across the 40 Hz to 2 MHz range is 
±0.2 dB of reading or ±I% of full 
scale, whichever is better. As an ac 
amplifier, the 3056A provides a 
maximum voltage gain of 10,000 
over the frequency range from 10 Hz 
to 10 MHz. Two ac amplifier outputs 
are provided: l v at 600 ohms and 
150 mv at 50 ohms. A de output 

proportional to meter deflection is 
also provided. This signal, measur
ing at least 1 v at full scale, is suit
able for driving chart recorders, dig
it al panel meters , and control 
devices. 

The instrument can operate from 
either 115 or 230 v ac lines or from 
one external 28 to 38 v battery or 
other de source. Delivery is two to 
four weeks. 
Bal lantine Laboratories, Inc ., P.O. Box 97 , 
Boonton , N.J. 07005 (379] 

Unit sweeps from 0.01 to 18.5 GHz 

One of the difficulties of broadband 
testing is that it is often necessary to 
employ massive sweeper systems 
with a rack full of plug-ins in order 
to cover the full frequency range. 
Now, users of Wiltron's model 610B 
or 61 OC mainframe sweep gener
ators will not be burdened with this 
handicap. The model 6247 sweeper 
plug in makes it possible to cover 
the entire 10-megahertz to 18.5-gi
gahertz frequency range with a 
single plug-in module. 

The rf plug-in, says 
Walter Baxter, Wil
tron sales manager, 
weighs only 14 
pounds and is de
signed to operate in 
the seven-inch Wil
tron sweep-generator 
mainframes. 

The 10-MHz-to-
18 .5-GHz coverage is 
produced by sequen
tially sweeping 
through four rf 

• • •• . . 

bands-0.01 to 2, 2 to 8, 8 to 12.4, 
and 12.4 to 18.5 GHz. The four os
cillators are multiplexed to a single 
precision type-N output connector 
by means of a p-i-n diode switch. 
They can all be swept in less than 30 
milliseconds to produce a fticker
free display. 

Coverage above 2 GHz is attained 
through the use of YIG-tuned os
cillators. The lO-MHz-to-2GHz range 
uses a heterodyne converter consist
ing of a 4.1-GHz cavity-tuned os
cillator, a balanced mixer, and a 10-

MHz-to-2-GHz amplifier. The 2-8-
GHz oscillator is used as the vari
able-frequency input into the mixer 
and is swept from 4.1 to 2.1 GHz 
during the 10-MHz-to-2-GHz sweep. 
Both the harmonics and spurious 
signals from the heterodyne module 
are 30 dB down. 

Key factors in allowing the min
iaturized component design of the 
6247 plug are in wideband (10 MHz 
to 18.5 GHz) p-i-n diode switches, 

" . •. .. 

2- 8-GHz fundamental YIG-tuned os
cillators and quad IC operational 
amplifiers. 

Combined weight of the main
frame and plug-in is about 32 
pounds. Drive circuitry for the mi
crowave oscillators and related con
trol circuitry is modularly con
structed on three main printed
circuit boards, which are removable 
for servicing ease. 

The plug-in has a + 7 dBm lev
eled power output and a maximum 
internally leveled power variation of 
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FMC 40C Thyristors are available for 
off-shelf delivery and immediate 
installation. Designed in a T065 case, 
this power semiconductor replaces 
bulky T094 and T083 packages and 
upgrades 35 amp devices to 40 amp . 
The FMC 40C Thyristor is equivalent to 
IR-40RCS and GE-C147 and operates 
at a higher case temperature of 95°C. 
For detailed information, contact : 
FMC Corporation 
Semiconductor Products Operation 
Homer.City, Pa. 15748 
(412) 479-8011 

Circle 155 on reader service card 155 



156 Circle 156 on reader service card 

New products 

1 dB. It also has a front-panel slope 
compensation adjustment which al
lows the user to compensate for fre
quency-dependent losses of the test 
setup. Residual fm is a maximum of 
32 kHz peak in the cw mode. 

Price of the model 624 7 is 
$19,000. 
Wiltron Co ., 930 East Meadow Dr ., Palo Alto , 

Calif. 94303 [379) 

D-a converters 

Power consumption is as low as 525 
milliwatts for a pair of 12-bit dig
ital-to-analog converters developed 
by Micro Networks. The models 
MN3850 and MN3860 are pin-com
patible with the Burr-Brown model 
DAC-85-CBI-V. 

Micro Networks uses its own lad
der switching networks and resistor 
networks made from thin-film 
nickel-chromium which, with a tight 
temperature-coefficient tracking of 1 
ppm/°C, allows a linearity of ±1h 
LSB over a range ofO to 70°C. 

The d-a converters are housed in 
miniature 24-pin hermetic DIPs that 
measure only 0.79 by 0.60 by 0.14 
in. They provide user-selectable 
bipolar output ranges of ±2.5 volts, 
±5 v, and ±10 v, and unipolar out
put ranges of 0 to + 5 v and 0 to 
+ 10 v. Absolute accuracy, includ
ing offset and gain, is within ±0.05% 
maximum. 

The MN3860 contains input stor
age registers, increasing its power 
consumption to 675 mw. An output 
operational amplifier with a settling 
time of 3 microseconds is provided 
with both models. A precision inter
nal reference is also included, but 
the user has the option of operating 
from an external reference. The 
converters are laser-trimmed for 
zero and offset, eliminating the need 
for tweaking. 

The MN3850 is priced at $90 
each in quantities of 1 to 24, and the 
military version, the MN3850H, at 
$195 each. The MN3860 sells for 
$140 each; and the military version, 
the MN3860H, for $225 each. 
Micro Networks Corp., 324 Clark Street, 
Worcester , Mass. 01606 [339) 
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3,500,000 boards 
prove one thing . 

. ~ -

.. A logic tester you install 
today and use 
tomorrow. 

.. Programming delay is no delay for 
Trendar. Software is all but eliminated . 

.,, Operator training is a matter of hours. 
The track record of the TRENDAR 

~ 2000A shows test stations are 
" typically testing boards within 48 

hours of delivery. And boards tested 
•• and passed by the TRENDAR 2000A 

work in the end product. Millions of 
•• boards of thousands of types have 

been accurately diagnosed and 
,. passed . The competition doesn 't 

... mention that other testers pass 

.. 

a significant number of still 
defective boards. 

Don't take our 
word for it. 
Ask compan ies like Tektronix, Hazel

.. tine , Honeywell , or Datapoint 
_. about Trend ar. They and 

compan ies like them have tested 

1 . over 3,500 ,000 boards on our 
testers. Ask them why they' re willing 

-; · to put their reputation for quality 
on the line through reliance on 

· · the 2000A. They'll gladly tell you why 
.. they chose Trendar over 

systems costing three times more . 

... 

1 

.. 

You don't need 
a computer 

to test 
logic boards. 

(Fl.:uK1?)TFIENCAFI 

You get more 
than you pay for! 

In these days of tight money, the 
$100,000 for a tester and $200,000 for 
programs just aren 't there to be spent. 
Fluke-Trendar logic testers are priced 

from only $6,000. to $26 ,000 ~ They 
save user companies thousands of 

dollars a month wh ile they test tough 
sequential boards with up to 240 IC's. 

They find multiple and loop faults 
that cause other diagnostics to crash . 

You have to see it 
to believe it . 

We've said the TRENDAR 2000A w ill 
test your most difficult boards, w ith no 
software hassle, faster and for thou
sands of dollars less per month than 

computerized testers. If you ' re like 
most, it sounds too good to be t rue. 

Make us prove it right in your own 
factory. Call us. Collect. 

Fluke- Trendar. (415) 965-0350 

·u.s. price 

a subsid iary of John Fluke Mfg. Co ., Inc. 

500 Clyde Avenue Mountain View, CA 94043 

Circle 157 on reader service card 
Logic testers so sophisticated they don't need a computer. · 
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Components 

Stable ac source 
is all-passive 

Transformer-capacitor 

combination handles 

±15% inputs, has ±3% output 

The need for regulated ac sources 
has been increasing lately because 
of the greater frequency and sever
ity of power-utility brownouts. If ac
line variations exceed the input 
range for which a system is de-

signed, the system can be over
driven and damaged, underdriven 
and unstable, or so underdriven that 
it simply never. turns on. Regulated
ac sources can even mean a power 
and cost savings for de regulated 
supplies. With a regulated ac input, 
the de circuit can be built for a nar
rower range of regulation, making 
possible a less expensive design that 
generates less heat. 

In response to this increasing 
need, Frequency Technology's TDC 
division in Littleton, Mass., is intro
ducing its series OCI ac sources, 
which operate over an input range 
of 120 v ±15% and produce an out
put of 120 v ±3%. The sources are 
entirely passive ferroresonant induc
tive-capacitive circuits, each consist
ing of a magnetic component and 
an external capacitor. The magnetic 
part is made by Frequency Technol
ogy, but the company also supplies 
the complementary capacitor. 

158 

Although constant-voltage trans
formers do offer similar perform
ance specifications, they are gener
ally bigger, heavier, and more costly 
than the new series of OCI sources. 
These new units are intended for a 
broad range of applications, includ
ing computers, motor control sys
tems, copying equipment, printing
press controls, automatic drafting 
systems, textile-machine controls, 
air-traffic-control systems, and light
ing circuits. 

Two standard models are avail
able-one is rated at 2 kilovolt-am
peres, while the other is rated at 3 
kVA. (Other kVA ratings and voltage 
outputs other than 120 v can be 
supplied.) The operating efficiency 
of either model is excellent-ranging 
between 75% and 85% for all combi
nations ofline and load variations. 

Output regulation is typically 
±3% about the nominal level of 120 
v ac. If only the output changes 
from half load to full load, regu
lation can become ±5%. When the 
line fluctuates by ± 15% and the load 
also varies from half load to full 
load, the output will still be regu
lated to within ±6%. 

The units hold maximum har
monic output content to only 7% 
and provide electrical isolation be
tween input and output circuits. 
They can drive low-impedance 
loads, such as incandescent lamps 
and motors that have just been 
turned on. 

Both open-construction and 
metal-enclosed versions are avail
able. Prices for the open-construc
tion 2- and 3-kVA models are $309 
and $438, respectively. The enclosed 
versions sell for $376 and $479. De
li very time is three weeks after receipt 
of order. 
Frequency Technology Inc ., TDC Division , 
Box 365 , Whitcomb Ave., Littleton , Mass. 
01460 (341] 

Corona shield cuts erosion 

in high-voltage resistors 

The use of a built-in corona shield 
in the model MH 711 high-voltage 
resistor eliminates the erosion which 

severely limits the lifetimes and 
stabilities of other high-voltage pre
cision film resistors. The shield, 
which is grounded to one of the re
sistor leads, bleeds off corona 
energy which would otherwise erode 
the resistance element and possibly 
cause electromagnetic interference 
at the same time. Available in volt
age ratings up to 2,000 volts (with 
the ability to take 50% overloads for 
five seconds), the MH 711 measures 
1.25 inches long by 0.22 inch in 
diameter. The resistor is available in 
values from 800 ohms to 50 meg
ohms and has a power dissipation 
rating of 1 watt. Its extremely high 
stability, as demonstrated in tests 
that have been ongoing for over five 
years, makes the MH 711 partic
ularly well suited for critical appli
cations in scientific instrumentation, 
airborne equipment, precision high
voltage power supplies, and the like. 
The unit price of the device varies 
from $2.67 to $2.94 depending upon 
resistance value . Delivery time is 
four to six weeks. 
Caddock Electronics Inc ., 3127 Chicago 
Ave., Riverside, Calif . 92507 (343] 

Optically controlled stepper 

motor has no resonances 

Stepper model SSl is a hollow-rotor 
de servo motor with an optical feed
back system built in. As a result it is 
a true servomechanism that can be 
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The first 
interactive graphic 
calculator. 
Just$8500 . 
It's the 31 / 10 system. 
A powerful calculator, graphic 
terminal and software combination . 
The first ever to place math-power, 
graphics and alphanumeric display 
at your fingertips! 

The 31/1 0 is personal. Fast. And 
highly interactive. It lets you explore 
ideas and concepts on the spot. Plot 
single variable functions , specify 
X-Y coordinates and a lot more. 
Corrections and plot changes 
are immediate. From data 
entry to display, your ideas 
are quickly brought to light. 
That 's responsive' 

Plug in our software 
packages. They put the 
31 I 10 to work. No heavy 
programming experience 

-. - -

·= ... -.. --~-.. ------·= ~ .. ...... 

needed . So you can deal in your 
concepts and not the mechanics of 
programming . And get graph ic and 
alphanumeric output from natural 
math input. 

There's more to our 31/10. Such as 
add-on memories for long programs. 
The optional silent thermal printer for 

listing and keeping track. 
Peripherals like our 

hard copy unit to 
put in hand what 's 

on the screen . 

The costs are 
low, the 

results are 
priceless. 

Get the facts about the 31 / 10 
and the Tektronix reliability 
and worldwide service behind it . 
See your Tektron ix sales engineer 
for a demonstration or write : 
100 Calcul ators, Tektroni x, Inc . 
P.O. Box 500, 
Beaverton, Oregon 97077 

Our programmable calculators. 
Natural. Powerful. Significantly 
fess expensive. 

•• T EKTRON IX® 
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Delevan proudly announces another 
first in hybrid circuit component design. Only .1" square by 
.075" high , the newest member of the Delevan Micro-i, inductor 
series was engineered to withstand the hi-temperature 
exposure of reflow soldering used for thick film processing. 

High temperature insulated magnet wire is thermal 
compression bonded to gold plated metallic 
solder rails. The solder rails wrap 
around the sides of an alumina 
substrate to provide a visual 
ind ication of the so lder bond. 

Thermal exposure 
during assembly or 
rework is a severe 
test of component 
capability ... and can 
be a controliing 
factor in reliability 
and performance. 

When 
dependability is first 
priority, check out the 

new series 103 miniature lead less 
chip inductor .. . built to stand the heat. 

Ask for bulletin 103. 

Delevan •-·~ AMERICAN PRECISION 
Divisio n I N DUSTR IE S INC 

270 QUAK ER RO / EAST AURORA NY 14052 
TELEPHO NE 716/652-3800 TELEX 091 · :?93 

OT HE R QIVIS!ONS OF AMERICAN PRE C ISI O N NDUSTRlfS INC 

BASCO • OU STE,, 
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fine-tuned to optimize start/stop 
speed, damping, or accuracy at the 
expense of the other two parame
ters. Further, unlike conventional 
steppers, the SS 1 has no low-speed 
resonances at which it can lose step. 
The unit's damping ratio is adjust
able from 0.1 to 1.0. With full 
damping it can run as fast as 1,400 
steps per second in the start/stop 
mode, and 5,000 steps per second 
while slewing. Under no load it can 
take one step and settle within 5 
milliseconds. Settling time, when 
stopping from multiple steps at ~igh 
speeds, is the same as the single-step 
settling time. The Synstep SS 1 
moves in increments of 1.8° and 
only draws current when it moves. 
Dahmen Burnett Electron ics Inc ., Gren ier In
dustrial Village, Londonderry , N. H. 03053 

(344] 

Coating makes variable 

inductors more reliable 

Called Cor-Guard, a proprietary 
coating baked onto the iron or fer
rite core in a variable inductor or. 
transformer is said to eliminate the 
problems of low torque and core 
breakage long associated with vari
able-inductance devices. Cor-Guard 
has no effect on the components' 
electrical properties and is essen
tially unaffected by such industrial 
solvents as trichlorethylene, methyl 
ethyl ketone, and alcohol. The coat
ing, which operates over the tem
perature range from - 55 to + 125°C 
will be used on all of Vanguard's 
variable coils and transformers. 
Vanguard Electron ics, 930 West Hyde Park 
Boulevard , Inglewood, Calif. 90302 (346] 

Delay module for ECL 

can drive 70 loads 

Capable of driving 70 emitter
coupled logic loads, the ECLDM is 
a 250-nanosecond delay device 
tapped at increments of 25 ns. 
Housed in a standard dual in-line 
package, the device has a maximum 
error of 3 ns or 5% (whichever is 
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Mter your 360/370 
massa es the information, 

a Gould lotmaster'Can draw 
you a picture within 3 seconds. 

If alphanumeric information is what you want, a 
Gould Plotmaster can print it for you. At speeds up to 
3000 lines per mjnute. But there are times when alpha
numeric listings are just too much. Too much paper to 
handle, too tough to read, too difficult to digest. 

And it's at times like these that a Gould Plotmaster 
can draw you a picture. A line chart, a bar chart, a pie 
chart, a graph. A picture that tells your story at a 
glance. 

Employing high-speed electrostatic print
er/plotters, Gould Plotmaster Systems 

charts. And there's our PLOT package which, due to 
the speed and flexibility of our printer/plotters , lets you 
do background grids, variable line weights, automatic 
stripping, text annotation, and allows you to erase pre
viously programmed line segments. 

In addition to business graphics, a Gould Plotmaster 
can add engineering/scientific graphks and computer
aided-design capabilities to your operation. These op
tional software packages include DADS (Data Acqui-
sition Display), PAL (Precision Artwork Language) 
and FAST-DRAW.™As for the hardware itself, our 
Plotmaster Systems can provide on-line/off-line 
operation, paper widths up to 22 inches , resolution 

give you power and versatility for both (* , -, 
on-line and off-line operation. And ~ l 
they're designed to run on any IBM r-- l -
System/360 or 370 operating under ' t '-

DOS or OS, real or virtual. ~~:;, 

, , up to 200 dots per inch, output speeds up to 7 inches 
'~~ per second. And, of course, a printing capa

bility, as well. 
Easy-to-use software packages help our 

Plotmaster Systems do the whole job. 
There's our DISPLAY™ package that pro
vides even non-programmers with the capa
bility of easily generating line, bar and pie 

Electronics/March 20, 1975 

Get all the facts on Plotmaster Sys
tems from Gould Inc., Instrument Systems 
Division, 3631 Perkins Avenue, Cleve

land, Ohio 44114 U.S.A. or Kouterveld
straat 13, B 1920 Diegem, Belgium. 

•} GOULD 
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GEORGIA 
MOVES THE SOUTH. 

As the transportation and distri
bution center of the Southeast, 
Georgia provides industry with 
extensive rail, trucking, air and 
deepwater facilities . 

other state-wide developers. To 
accumulate and analyze all perti
nent data, provide appraisals on 
suitable locations, arrange for 
your personal inspection and 
further assist in any way possible. As a state seriously cultivating 

new industry, Georgia will also 
provide you with a customized 
site selection program. 

No cost. No obligation. Com
plete confidentiality. 

Mail in the coupon. See how 
quickly we move to expedite your 
site selection process. 

Based on your requirements, 
we'll work closely with all the 

'G~e~t~~v~t~· 
I
. Industry & Trade Division, Dept.EL-56 .~~ 0... I 

Box 38097 z ~ "' 
Atlanta , Georgia 30334 't, .l.f, J 

I 
Name ;r~'lr .,«>" I 
Title _____________ _ 

I Company--- I 
I 

Street 

City ______ State ___ Zip __ I 
I GEORGIA. I 
• WE MEAN BUSINESS. I ·------162 Circle 162 on reader service card 
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greater) of the nominal delay at any 
tap. All required driving and pick
off circuitry is contained in the 14-
pin DIP. ,. 
Engineered Components Co ., 2134 W. 
Rosecrans, Gardena, Calif . (345) 

Beckman introduces line of 

standard LCDs for watches 

·• 

Beckman Instruments is now pro
ducing a line of standard field-effect 
liquid-crystal displays for time
pieces. Three series of the very-low
power displays are offered: two 3Vi 
digit models (series 70 l and 703) for 
12-hour applications, and one (702) .... 
for 24. One of the 12-hour units, the 
model 703, is slightly larger in over .. 
all size and viewing area than the 
other displays. 

The displays consume very little 
power (typically 1 microwatt) and 
are easy to read in bright ambient 
light. All are made for C-MOS drive 
and are available in 3-or 6-volt ver
sions. The firm also claims that the 
liquid-crystal materials used are 
stable and insensitive to moisture. 
Operating temperature range is 0 to 
50°C. 

The displays are 0.19 inch high -
and 0.815 or 0.860 in. wide. Their 
packages measure approximately l ., 
by 0.55 by 0.1 in. thick. The 3Vi-digit 
models have 24 terminal pads, and 
the 4-digit, 24-hour models have 26 
terminal pads. 

The displays are designed for 
square-wave drive, with a maximum 
of 26 millivolts de-drive component 
allowed. Operating-frequency range 
is 25 to 100 hertz-the lower limit to 
avoid flicker, and the upper because 
of increased power consumption at 
higher frequencies . Dynamic cur
rent with all segments on is typically ' 
300 nanoamperes. Capacitance for 
all segments is 225 picofarads for 
the 6-V version, 325 pF for the 3-V 
one. De resistance is typically over 
300 megohms. 

Response time for the displays at 
25 ° C is typically 250 milliseconds to 
turn on, 400 ms to turn off. Contrast 
ratio is 20 to 1. 

The standard 6-v display is priced 
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t-or engineering, production or field service 

New PROM Programer uses 
riiicroprocessor for simplified, 
automatic programing of any 
MOS or bipolar 
PROM . 

Pro-Log's new Series 90 micro
processor-based PROM Programer is a 
small, flexible, simple-to-operate system 
ideal for use in engineering, manufactur
ing, quality assurance, or general in-the
field type applications. 

Gives engineers design 
flexibility . 

The Series 90's microprocessor con
troller gives design engineers a wide 
range of operational flexibility. Using the 
Series 90 an operator can program any 
MOS or bipolar PROM directly from the 
unit's hexadecimal keyboard. The Series 
90 uses a conversational language. It has 
four operating modes; program, list, du
plicate and verify. A duplicate-with
substitution capability allows an operator 
to make corrections in a copy PROM. 
The unit has a six digit hexadecimal dis
play. Display and formating adjust au
tomatically to accommodate any PROM 
type or size. 

Ideal for production. 
Automatically programs more than a 
hundred 2048-bit PROMs per hour. 

The Series 90 automatically duplicates 
or programs PROMs directly from tapes 
or pre-programed master PROMs. Under 
production-line conditions, it can dupli
cate a l 702A in 30 seconds. Verifying the 
accuracy of a programed PROM by 
comparing it with a master takes about 
two seconds. 

The system has a light indicator to tell 
at once whether or not a PROM is com
pletely blank. 

Fully portable, weighs less than 15 
pounds. 

The complete Series 90 system comes 
in an attache case making it as easy to 
use in field service as it is on the produc
tion line or engineer's bench. 

Series 90 reduces MOS PROM 
programing time, guards against 
data loss. 

The Series 90 uses adaptive pro
graming techniques developed and per
fected by Pro-Log and proven in two 
years of field use in the Pro-Log Series 81 
MOS PROM Programer. Instead of 
charging each bit with a fixed number of 
voltage pulses the way other programers 
do, the Series 90 tries to charge with a 
single pulse. If it doesn't reach the bit's 
threshold, it tries again. When the bit 
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256 
27S08 
27S09 
1256 
8256 

5600 
Program• any MOS 5610 

MICROSYSTEMS or bipolar PROM INTERNATIONAL Through the use 
6530 of plug-in personality MONOLITHIC 6531 

modules, the Series 90 MEMORIES 6330 
can program all of these, 6331 

or any PROM with MOTOROLA 
capacities from 64 to 

32, 768 bits. NATIONAL 

SIGNETICS 8223 
82S23 

82S123 
10139 

TEXAS 74188 
INSTRUMENTS 

reads programed, the Series 90 automat
ically overcharges the bit by at least 40% 
with additional programing pulses to 
guard against data dropout caused by 
short term charging loss, long term leak
age current, and losses resulting from var
iations in operating temperatures and 
power supplies. 

Most bits reach this 40% overcharge 
after fewer than the fixed number of 
pulses other programers deliver. In those 
cases, the Series 90 reduces programing 
time. The few slow bits other programers 
leave to drop data through insufficient 
charging, the Series 90 programs longer 
so data is ·retained. 

And if the Series 90 can' t reach a bit's 
threshold in a pre-determined number of 
tries, it rejects the PROM. 

Low-priced. 
Price for a Series 90 control unit is 

$1,800. Personality modules range from 

MOS 
4096 2048 4096 8112 

27S10 
27S11 

0512 1024 2048 

93416 93436 
93426 93446 
3601 3602 3604 

3622 3624 
5603 5604 
5623 5624 

. 6300 6305 6340 
6301 6306 

6335 

5303 
5304 

8573 5202A 5204 
8574 203 

82S126 
82S129 82$114 82S115 
10149 

74186 74S287 
74S387 

$350 to $500. Quantity and OEM dis
counts are available. Paper tape reader, 
teletype interface, computer interface, 
RS-232 communications interface, and 
MOS PROM erase light are standard op
tions. 

For more information, including a copy 
of our latest publication, "How to use 
MOS PROMs reliably" , contact Edwin 
Lee at Pro-Log, or circle Reader Service 
number 230. 

PRO-LOG CORPORATION 
852 Airport Road 
Monterey, CA 93940 
Telephone (408) 372-4593 
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The Precision 
metal film 

resistor with 
90%greater 

stability. 

Available to S failure rate level 

Wagner metal film resistors exceed MIL-R-55 182 specs by 90% 
or more. When subjected to therma l shock (-65° to+ 150°C), 
humidity or overload (2 .25 to 5 times rated wattage), average 
changes in resistance are in hundredths of a percent, not tenths. 

Their exceptional long-term stability is due to unique con
struction: nickel-chromiumfil m, vacuu m deposited over an inner 
glazed surface of Steat ite cerami c tube. 

Two types: Hermetica ll y-sealed (seal wi t hout an outer sleeve) 
and Non-hermetic. Both types are contamination-free, conform
ally coated with non-flammable epoxy, exceed MIL specs, give 
high heat di ss ipation and ensure highest reliability. 

Mil types avail able from 1/10 watt to 1 watt and from 24.9 
ohms to 2 megohms. Commercial equivalents to MIL types ava il
able to 2 watts and 6 megohms. Tolerances: 1%, 0.5%, 0.25% 
and0.1%. 

Write for Wagner Metal Fil m Resistor Catalog: WAGNER 
ELECTRI C CORPORATI ON, 630 West Mount Pl easant Avenue, 
Livingston, New Jersey 07039. 

WAGNER® 
We've got a lot more riding for you. 

Check your Wagner distributor: 
ARROW ELECTRON ICS 
480 1 Benson Ave. 
Balt imore, Md. 21227 
301 -247-5200 

COMMAND ELECTRONI CS 
114 Al len Bl vd. 
Farmingdale, NY 11 735 
516-293-1212 

L&S ELECTRONI CS 
139 N. Central Ave. 
Va ll ey Stream, NY 11380 
516-561-2474 

NRC 
4 151 State Rd. 84 
Fort Lauderda le, Fla. 333 14 
305-792-3610 

TEX-TRON I CS 
1108 E. Lancaster 
Fort Worth, Texas 76102 
8 17-335-8 111 

MIL-CO MM 
1616 Cotner 
Los Angeles, Ca 90025 
213-4 78-0525 

®Trad emark Wagner, Vami~ror, U.S. Pal . Off . & Morcos Regi strodos. 
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• 
at $8.80 in quantities of 1,000, and 
the 3-v version, $8 . Many custom 
variations are available, including 
units for test instruments and calcu
lators, special front styles, different 
sizes, and variations in threshold 
voltage, materials, terminal arrange
ments, and background polarizers. 
Beckman Instruments Inc ., Helipot Division, 
2500 Harbor Blvd., Fullerton, Calif. 92634 
[347] 

.. 

• 
• 

Constant-impedance filters 

work from 300 Hz to 20 kHz 

A line of constant-impedance filters 
for use in telephone systems, alarm .... 
lines, data-transmission facilities, 
and similar audio-band applications 
spans the frequency range from 300 
hertz to 20 kilohertz. The high- and 
low-pass filters come with standard 
input and output impedances of 600 
ohms, although other values can be 
had on request. The MLH-1100 
series comes in a standard package 
that measures 1.69 inches by 1.625 
in. by 6.5 in. 
Electro Networks Division of Chloride Con
rex Corp ., Maple St., Caledonia, N. Y. 14423 
[348] 

Hall-effect switches 

come in V3 packages 

Housed in the traditional Micro 
Switch V3 package, a line of Hall
effect switches can work off unregu
lated de supplies in the range from 6 

• 

to 16 v de. Using no mechanical 
contacts . it has an inherently 
bounce-free output. The switches in 
the line are available with either 
current-sinking or current-sourcing 
outputs. Having the same mounting 
dimensions as the traditional V3, 
they can utilize all of the latter's ac
tuators. Intended for vending ma
chines, automotive applications, 
timers, measuring instruments, busi
ness machines, home appliances, .. 
etc., the XL units sell for $1.50 each 
in large quantities. 
Micro Switch , a division of Honeywell, 11 " 
West Spring St ., Freeport , Ill. 61032 [349] 
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If your counter looks this good ... 
• ~I I ~110 '11 
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EASY TO READ 
9-digit LE D display 
Large 7-segment 
charac ters 
Ful l leading zero 
suppression 
Automatic 
annunciation 
and ove rflow 

IUHWAf!i!UI 
!"JJ,tJJ',:: 
WlfQJll&iOJ.ltM• 

O fl \H,f WI-· 
ornn • 
0"'" "" -
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DISPLAY 
CH ECK 
Pressing reset 
button when 
counter is in self 
check mode 
lights all digit 
segments 

WIDE RANGING 
Six choices of : 
• Gate times 
• Period 

averages 
• Time interval 

resolution 

VERSATILE 
Measures : 
• Frequencies 
• Frequency ratios 
• Period and period 

averages 
• Time in tervals 
• Gateable totals 
• Self check 

'" 

FULL 
TRIGGERI NG 
CONTROL 
Preset or vari
able trigger level 
controls with 
status indicators 
Slope, coupl ing, 
and attenuation 
switches 

TWO INPUT 
CHANN ELS 
Direct coupled 
amplifiers with 
30 mV sensitivity 

and gives you these options ... 

- e 

• 011n 11 n 11mm•• 
Qj.(.!IJ!fltll-- CLO CK OUT 
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HIGHER 
ACCURACY 
Higher 
stability 
timebase 
Opt ions 04 
and 10 

PRESCALERS 
520 MHz 
prescaler. 
Option 07 
1000 MHz 
prescaler. 
Option 13 

1250 MHz 
prescaler. 
Option 14 

NORMAL 

TIM EBASE 
MULTIPLIER 
For operation REMOTE 
from 1 orS MHz PROGRAMM ING 
in addition to Basic remote 
standard 1 O MHz programming. 
external refer- Option 11 . 
ence clock. 

Full remote Option 05. 
programming. 
Option 12. 

MARKER • BURST 

BURST 
MEASUREMENTS 
Select normal 
or burst 
measurements. 
Burst measure-
ments made on 
Freq A or 
Freq C modes. 
Option 05. 

FUSE TYPE : 
I A, 100/ U SV 
0.5 A, 230V (j 

DIG ITAL 
OUTPUT 
Parallel BCD 
output. Option 02 

it must be a Fluke 

REAR INPUTS 
Three rear panel 
mounted BNC 
jacks for A , 8 and 
C input channels, 
A and B are in 
parallel with fron t 
panel inputs. 
Option 16 

1953A Programmable Universal 
Counter /Timer $849. oo* 
IFLUKEI 
COUNTER DIVISION 
John Fluke Mfg. Co. Ltd. 
Counter Division 

·U.S. price F.0.8 . Buffalo, N.Y. 
Remote programming and other options extra. 

P.O. Box 1094 Station D Buffa lo, N.Y. 14210, Phone (716) 842-0311, TWX 610-492-3214 
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LY MACRODATA 
LL SPECTRUM! 

Over 450 people dedicated to digital 
test systems. Only Macrodata has the 
experience- 5 years of success in digital 
testing with over 500 systems in the field 
enables us to successfully bridge the gap 
between the device manufacturer and the 
device user. We offer the right system 
for your job at the right price to optimize 
cost effectiveness of the solution. Only 
Macrodata has available seven different, 
·reliable, field proven, mature systems 
keyed to specific applications and budgets. 
No compromises are necessary with our 
solutions. You have a cost-effective choice 
available only at Macrodata. 

We provide in-depth application· 
support, program libraries, experienced 

MD·l04M 

MACRODATA 

Jhi: 

local service, local spares and repair 
depots all over the world. By design, 
executed over the past five years, we've 
set ourselves up to be truly responsive. 
No empty claims. No irrational promises. 

We stand on our record of proven 
performance to provide you the backup 

MD-107 

you need- in depth. 
For more information, 

write on your company 
letterhead for your copy 
of the new Macrodata 
brochure on "Cost
effective MPU and 
Memory Testing'.' 

MD-150 

Macrodata Corporation, 6203 Variel Avenue, Woodland Hills, California 91364, Phone: (213) 887-5550, Telex: 65-1345 
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Broadband coverage with 
narrowband precision is here! 
There's never been a more compact, convenient, and 
accurate way to go from 2 to 18 GHz. In fact, HP's 
8620A sweeper with the new HP 86290A RF plug-in is 
the best buy on the market, whether your need is for 
broadband sweeping or narrowband precision over 
a wide range. 
Never before has one broadband sweeper combined 
so many desirable features: 
• Frequency accuracy is ±20 MHz at 18 GHz - more 

precise than a wavemeter. 
• Linearity is 0.1 % - more than five times better than 

most octave band sweepers. 
• CW stability typically is 50ppm/10 minutes - com

parable to cavity-tuned sources. 
• 5 dBm output, with internally leveled flatness of ± 0.9 dB 

over the entire band- the best flatness available. 
• Excellent signal purity - harmonics typically 35 dB 

down, low residual FM. 
• Small and light - 51//' high ; 33 lbs. (133 mm., 15 kg.) ; 

convenient for field use . 
• Start / Stop and l:. F sweeps plus CW. Calibrated l:. F's 

as wide as 1.6 GHz, as narrow as 1 MHz. Calibrated 
CW vernier can set 1 MHz increments. 

• Phase locking is simple and inexpensive. Full range 
sweeping with fixed offset tracking now possible. 

• Remote digital programming option can program up to 
3000 frequencies simply - gives you versatility 
for ATE applications. 

You can get all these features and performance at a 
value price - $13,250* for the plug-in; $1750* for the 
mainframe. Write for complete details or contact your 
nearby HP field engineer. •us Domestic Prices. 

New Capabilities in Network Measurements 

Reflection plot of broadband 
circulator, 2-18 GHz. 
(Full scale, p = 1.0) 

When you use th e HP 86290A with 
the new HP 8410B Network 
Analyzer, it is now possible to 
measure and display from 2 to 
18 GHz in one con tinuous sweep! 
Network Analyzer/ Sweeper track
ing assures spurious free 60 dB 
dynamic measurement range. 

When you use the 86290A with the 
HP 8755 Frequency Response Test 
Set , direct modulation of sweeper 
makes full power available at test 
device for greater measurement 
range. The HP 86290A/ 8755 swept 
measurement system is an eco
nomical, versatile, and accurate 
way to make wideband measure
ments in production , lab , and field . 

HEWLETT. PACKARD 

45505A 

168 

Sales and service from 172 offices in 65 countries. 
1501 Page Mill Road . Pa1o Alto , Cal1torn1a 94304 
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New products 

Communications 

Laser system 
runs at 1.5 Mb/ s 

Voice and data 

communications system can 

be set up in 15 minutes 

Laser communications is often 
thought of as an exotic, high-priced 
activity that's useful mainly in se
cure military systems and other spe
cial situations. Actually lasers can 
often provide the cheapest way to 
solve a communications problem. 
The latest communicator from 
American Laser Systems, for ex
ample, is being marketed as a low
priced, easy-to-install alternative to 
conventional transmission links. As 
company president Duncan Camp
bell points out, if a company has 
two plants located across the street 
from each other, it will usually be 
cheaper to link them with laser 
beams than to dig up the road to 
bury a cable. And aligning the 
transmitter and receiver takes ap
proximately 15 minutes, Campbell 
reports. 

The new unit, called the model 
741 laser voice and data communi
cator, uses a gallium-arsenide laser 
diode to transmit digital data at 
speeds up to 1.5 megabits per sec
ond. Operating at the infrared 
wavelength of 9 ,000 angstroms, its 
range, of course, depends upon local 
climatic conditions. For most of the 
United States, Campbell says, 10 
miles is a reasonable maximum. For 
99 .99% reliability, three miles is per
haps a better number. It depends 
upon the amount of fog and smog in 
the area; rain and snow are less im
portant at 9 ,000 A 

0

• 

In addition to accepting digital 
data, the laser communicator has an 

. input connector for an analog voice 
signal which it can digitize and 
transmit instead of the digital data 
at any time. 

The system, which can be oper
ated without any FCC licensing, puts 
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out 1.5-watt pulses approximately 
10 nanoseconds long. This results in 
a 1.5% maximum duty cycle which 
keeps the average power below the 
level at which it might cause eye 
damage. 

The units, which operate on C-MOS 

logic levels, can work with virtually 
all types of digital data streams: the 
transmitter triggers on the leading 
rising edge of the input pulses. With 
a minor modification, TIL and bal
anced TIL can also be accommo
dated. 

The communicator consists of two 
parts-a transmitter and a receiver
one of each being required for a sin
gle one-way, one-hop transmission 
link. For duplex operation, two 
transmitters and two receivers are 
required. Both come complete with 
optics and alignment and mounting 
bases, and both sell for $2,500. De
livery is currently running about 90 
days, although the company's older 
model 736 IO-kilobit system is avail
able from stock. 
American Laser Systems Inc., 106 James 

Fowler Rd ., Santa Barbara Airport , Goleta , 

Calif . 93017 (401 ] 

201-type modem recognizes 

accidental disconnects 

Designed to solve a frequent prob
lem with dial-up 201 -type modems, 
the GDC 201-5 modem can save 
money by eliminating the dedica
tion of business machines and 
phone lines to dead channels. Most 
modems cannot recognize when a 
circuit has been inadvertently dis
connected-whether because of line 
failure, failure to transmit EOT (end 

of transmission), or because the 
modem answered a wrong number. 
That is because most modems are 
designed to terminate connections 
on command from a business ma
chine; no EOT, no disconnect. The 
result, many times, is that both 
phone lines and computers can be 
tied up, sometimes for considerable 
periods until an operator notices 
what's happening, running up bills 
and accomplishing nothing. 

In addition to overcoming this 
problem, the 201-5, available in 
both stand-alone and rack-mount 
versions, permits the circuit to be 
switched repeatedly between voice 
and data modes. It is designed to 
operate on the dial network via 
automatic-originate-and-answer 
data couplers at rates of 2,000 and 
2,400 bits per second. The price of 
the 201-5 is $1,331; delivery time is 
30 days. 
General DataComm Industries Inc ., 131 

Danbury Rd ., Wilton , Conn . 06897 [403] 

Front-end-processor switch 

requires no power 

Using rotary switches instead of re
lays for increased reliability and de
creased cost, the model 8506-12 is a 
12-channel front-end-processor 

'( ] 
{' 
~ 

switch that requires no operating 
power and is therefore immune to 
power failures. The unit allows an 
operator to switch a maximum of 12 
modems from their on-line proces
sors to back-up processors at a cost 
of $87 per channel. The unit 
switches all 25 lines in each EIA RS-
232 channel interface. The switch 
may be expanded, one channel at a 
time, as requirements grow. It mea
sures 5V2 inches high by 19 in. wide 
by 7V2 in. deep. Priced at $1,040, the 
model 8506-12 has a 30-day deliv-
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• Frequency Range: 0.01 Hz to 111 KHz 
• Frequency Selection: 

Digital, with 3 Digit Resolution 
• Cutoff Frequency Accuracy: ±-2% 
• Responses: Butterworth and Linear Phase 
• Functions: Low Pass, High Pass, 

Band Pass, Band Reject 
• Dynamic Range: 90 dB 
• Passband Gains: 0, and 20 dB 
•Low Noise 

ROCICl.Rl\ID 
Rockland Systems Corporation 230 W. Nyack Road, West Nyack, N. Y. 10994 

(91 4) 623-6666 • TWX 710-575-2631 

Circle 1 70 on reader service card 

Own your own holder to hold your own! 
Hold your own copies of Eleetronics in specially de

signed slipcase holders. They'll keep your Electronics 
library neat and handy-a permanent information file, 
issue by issue. 
Just complete the coupon and mail to Jesse Jones. 

He 'll process your order upon receipt, postpaid. 

ELECTRON ICS BOXER 
Jesse Jones Box Corporation 
2250 E. But ler St., Philadelphia, Pa. 19137 

Please send me : O boxes @ $4.25 each; D 3 boxes @ $12.00; O 6 boxes @ $22.00. 
My check or money order is enclosed. 

Name : _____________________ _ 

Address: _____________________ _ 

City : ___________ State: _____ Zip : ____ _ 
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New products 

every time from receipt of order. 
International Data Sciences Inc ., 100 
Nashua St. , Providence, R. I. 02904 [405) 

Multimeter is designed for 

digital-transmission testing 

Combining the functions of a fre
quency counter, noise- and level-test 
set, capacitance bridge, decade box, 
and voltmeter, the model 430 dig
ital-transmission multimeter is a 
diagnostic tool for detecting and iso
lating problems on voice-grade and 

program telephone channels. The 
digital instrument has built-in filters 
for measuring noise and signal lev
els on both voice and program lines. 
Battery-powered for portability, the 
430 sells for$ l,395 . Delivery time is 
30 days. 
Wavetek, Telecommunications Products , 
P. O. Box 651, San Diego, Cal if. 9211 2 

[404) 

C-MOS FSK transmitters and 

receivers need little power 

The series 5600 line of frequency
shift-keying transmitters and receiv
ers uses complementary-Mos logic 
so that a bank of 12 modules can be 
operated from a single 10-volt, 
I-ampere power supply. Designed 
for use on wire-line and carrier, 
links, the 5600 FSK units are capable 
of two- and three-frequency oper-
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This may look 
like a multimeter ... 
but it's really 
an autoranging 
multi-function counter 
We've had a lot of comments that our new 1900A 
multi-function counter looks like our BOOOA multi
meter. We agree. In fact we planned it that way. 
Both are attractively styled and designed for user 
convenience. But inside they're vast ly different 
instruments. 

The 1900A is an advanced LSI/MOS multi-function 
counter with .. . autoranging in both frequency 
and period mode ... 5 Hz to 80 MHz range with 
25 mV sensitivity . . . event counting to 106 

.. . automatic overflow ... six digit LED display 
with automatic annunciation .. . all for the 
unbelievably low price of $349.* 
Plus you can order a rechargeable battery option , 
or a data output opt ion that lets you use the 1900A 
in systems applications. 

And just in case you 're wondering - here is what 
the 26 range, 5 function BOOOA 
multimeter looks like. 

Phone your local 
Fluke distributor 
to-day for a 
demonstration, 
or contact us direct. 

"U.S. price F.O.B. Buffalo , N.Y. 

IFLUKEI 
COUNTER DIVISION 

John Fluke Mfg. Co. Ltd. 
Counter Division 
P.O. Box 1094 Station D 
Buffalo, N.Y. 14210 
Phone (716) 842-0311 
TWX 610-492-3214 
For a demonstration circle 217 on reader service card . 
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New products 

ation. Transmitter input is compat
ible with unipolar, HTL, relay drive, 
and C-MOS logic levels. Receiver 
outputs can work into DTL, TTL, HTL, 
and C-MOS devices. The MT603 
transmitter is priced at $154, and 
the MR603 receiver sells for $235. 
Delivery time is eight weeks. 
Bramco Controls Division , Ledex Inc ., Col
lege and South Streets, Piqua, Ohio 45356 
(406) 

Simulator replaces datasets 

for short-hop links 

A dial-up dataset simulator replaces 
both datasets and telephone lines 
for data communications over dis
tances as long as 1,250 feet. In
tended to provide inexpensive ser
vice between local terminals and 
computers, the device emulates all 
dataset originating and answering 
functions and can handle data rates 
as high as 9,600 bits per second. The 
unit is completely self-contained 
and sells for less than $300. Delivery 
time is 30 to 45 days. 
Computer Transm ission Corp . (TRAN) , 
2352 Utah Ave , El Segundo, Cal if. ( 407] 
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And mold with 
standard injection 
equipment 
Few thermoplastics can retain long
term performance at temperatures 
of 300° C (572 ° F ]. Ekkcel can. 
Ekkcel is the only thermoplastic that 
can be easily molded on standard 
injection molding equipment and 
also resist these temperatures. That's 
important to you - because you're 
interested in both the performance of 
a material and the costs of molding. 
Ekkcel performs ... 
A wide variety of high-performance 
electrical and mechanical compo
nents are being designed and molded 
in Ekkcel. Ekkcel has extremely 
low moisture absorption, good 
friction and wear, outstanding 
electricals, very high radiation and 
chemical resistance, and superior 
flammability resistance - Ekkcel 
satisfies Underwriters Laboratory 
specification VE-0. 

Combine these properties with 
excellent dimensional stability and 
strength up to 300° C, and you have 

Design for 300° C with 
Carborundum Ekkcel™ 
thermoplastic 

Ekkcel, an exciting thermoplastic 
for most any electrical and 
mechanical design. 

Effect of Heat Aging on 
Tensile Properties of Ekkcel 12000 
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The other half: moldability ... 
Ekkcel molds -on standard injection 
molding equipment. So you don't 
have to worry about expensive 
special molding equipment. Ekkcel 
resin runs easily, so you get high 
production rates - even with 
difficult-to-mold designs. You can 
also regrind Ekkcel-and that means 
lower costs. 

?: .24% 

What's your application? 
If you have an application requiring 
performance at high temperatures, 
tell us about it. 
Carborundum Plastics, Inc., 
Ekkcel Division, 
5785 Peachtree Industrial Blvd. 
Atlanta, Georgia 30341. 

·
0001

, 10 100 
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CARBORUNDUM 
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You get exadly the resistor you need 
for your application. 

No compromises. No "favorites." Just quality. 

>.,
' Carbon comp. 

~ ·Billions used in consumer, industrial, military 

, applications. TRW / IRC carbon comp . 
.._ capability ranges from standard commercial 

types through established reliability RCR's, 
to ultra-high range ( 1 0 11 ohms). Where 
you're using carbon comp. 's in automated 
assembly, TRW / IRC packaging options can 

~ help cut the cost of interfacing with your 
,machines. Card packs, lead tape reels, cut 
and formed leads . .. we'll be glad to explore 

.,, the potential economies with you . 

r Metal Film 

• TRW /IRC has brought the state of the art in 
~ thin-film to a performance level equaling 

high-stability wirewounds. Capabilities 
~ include resistors with tolerances to-+- 0.01 % 

and-+- 3 PPM T.C. ... high-rel units . .. 

" precision subminiatures ... and, of course 

the popular RN 's. You can also look 
at alloy films offering high-temperature and 
high-voltage capability at low cost. 

Resistive Networks 

Advanced resistor technology here. These 
IC compatible, precision tantalum-film 
circuits provide inherent low noise, excellent 
stability, and hermetic performance without 
hermetic cost. Tolerances from 5% to 0 .05% 
available in custom designs. 
TRW / IRC also offers the industry's most 
complete line of discrete fixed resistors. 

Wirewound 

The line starts with molded wirewound 
resistors- "space-savers" that bridge the 
cost-performance gap between composition 
resistors and precision wirewounds. 
It proceeds to standard, non-insulated types 

for appliance/ automotive use ... to precision 
subminiatures offering high power density . .. 
to low cost fusible, flameproof units for 
consumer and industrial applications ... 
to tubular and flat power wirewounds 
with ratings to 250 W. 

Metal Glaze'M 

This is TRW / IRCs thick-film technology-for 
all types of low power resistor applications. 
Metal Glaze is widely accepted for its built
in power handling reliability, resistance 
range, and cost effectiveness. Numerous 
standard and special designs-precision, 
semi-precision, flameproof, high-rel, high
voltage. 

All types ... all technologies .. . 
one source 

To wrap it up, TRW / IRC offers you the 
most complete line of fixed resistors in the 
business, with many of the popular types 
available from one source-your local 
TRW / IRC distributor. Having a direct 
pipeline to each of our plants, he can give 
you fast delivery. 

Contact your local TRW so/es office for 
application assistance, custom designs, and 
special engineering help when you need it. 
TRW / IRC Resistors, an Electronic 
Components Division of TRW, Inc. Plants at 
Boone, N.C., Burlington, Iowa, and 
Philadelphia, Pa. Write TRW / IRC Resistors, 
401 N. Broad St., Philadelphia, Pa. 19108. 
Or call (215) 923-8230. 

TRW /RC RESISTORS 
Circle 175 on reader service card 



The new Keithley 
Model 168 autoranging DMM ... 

.. Yive la difference! 
There really is a difference in Digital Multimeters, 
and once you 've experienced Keithley 's 168 you'll 
know why we say vive! If you 're tired of "general
purpose " promises that turn into run-of-the-mill 

two-terminal 
input 

Simple to 
connect. You 

performances; if you want that bit extra that'll make 
your job easier, then vive la difference ... here 's the 
DMM for you' Send for our DMM Selector Guide or 
call us for demo now. Phone (216) 248-0400. 

HI ID 

can 't get it wrong. Eliminates the word 
"whoops" from your vocabulary. Saves 

&functions 
100 µV to 1000 V de 
100 µV to 500 V ac 
0.1 µA to 1 A de 
0.1µAto1 Aac 
100 mnto 20 MO 

price 
Enough said? Order 
one ... or two . .. or 
three now! 

;, 
hi-lo ohms ,.... 

Select either of two 
voltage levels, 1 V or ~ 

100 mV, for ohms mea- • • surements . You can 
have your PN junc-

tions either way .... 
you want 'em ,., 

... on or off. 

,~ 

" 

temper, too. 

options & accessories 
Rechargeable batteries ·---_.-.._

11111 that you can install 
anytime. An RF probe for high frequencies. Test leads. 

A 50-amp current shunt too. 

·• 

• 

.. 

·• 

automatic ranging . • 

176 Circle 176 on reader service card 

You just connect the signal and push the function . The 
decimal point j1ops into position automatically and the 
display is direct reading . That does save time 1 

IB
KEIT:r-1LEY 
INSTRUl'lllE NTS 
U.S. A., 28775AURORA ROAD, CLEVELAND. OHl0441 39 
EUROPL 14. AVENUE VILLAROIN, 1009 PULLY, SUI SSE 
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The general-purpose configuration 
of programable logic arrays (PLAs) 
gives them broad flexibility of appli
cation: they can be used to manage 
combinatorial logic; as controllers 
for sequential-state networks ; as 
large high-speed read-only memo
ries; as high-speed character gener
ators for large or unusual fonts; or 
for several of these at the same time. 
What's missing from conventional 
PLAs is field programability-a fea
ture that adds greatly to the useful
ness of read-only memories and simi
lar devices. 

Recognizing this deficiency, two 
semiconductor companies-Signetics 
Corp. and Intersil Inc.-are intro
ducing field-programable logic ar
rays. Though both companies use 
bipolar arrays, each approaches the 
problem of field-programability dif
ferently. 

The Signetics device contains 16 
inputs, 8 outputs, and 48 minterms, 
with standard nickel-chromium 
fused links programed by blowing 
the proper links to establish min
terms or their inverted comple
ments. The Intersil 14-by-8-by-48 
product-term device, on the other 
hand, is built with conventional 
gold-doped transistor-transistor 
logic, and links are fused by the 
company's avalanche-induced mi
gration, or AIM, technique. 

In Intersil's IM5200 PLA, the basic 
operating circuit consists of 56 input 
inverters, which generate the true 
and complement of the 14 inputs; 
48 28-input AND gates, eight 48-in
put NOR gates, and three arrays of 
AIM programable elements. Addi
tional circuitry is dedicated to pro
graming and testing before pro
graming. All outputs have 4-kilohm 
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resistor pull-ups that permit wire
ANDing. 

In the Signetics 82S 101 PLA, each 
output function can be programed 
either true active high or true active 
low. The true state of the output 
functions is controlled via an output 
sum (OR) matrix by a logical combi
nation of 16 input variables, or their 
complements, up to 48 terms. In ad
dition to being fully TTL-compat
ible, both the 82Sl00 and a tri-state 
version called the 82S 101 include a 
chip-enable clocking input for out
put deskewing and inhibit. 

Housed in 28-pin ceramic dual in
line packages, the Signetics devices 
are priced at about $40 each in 100-
lots and will be available in June. 
The Intersil IM5200, available now, 
is · priced at $25 each for 100-999 
plus a nominal programing charge. 
lntersil Inc ., 10900 North Tantau Ave., Cu
pertino , Calif. 94014 (411] 

Signetics Corp ., 811 East Arques Ave., Sun
nyvale , Calif . 94086. 

Chip with phase-locked loop 

cuts communications costs 

Builders of communications equip
ment who are on the lookout for 
cost-saving monolithic components 
will welcome Exar ' s FSK de
modulator and tone decoder chip 
for data mod~ms, remote control 
and telemetry systems. The 14-pin 
integrated circuit makes available 
inexpensive monolithic phase-

locked-loop technology in narrow
band, high-performance communi
cations systems. 

The XR-2211 is optimized for fre
quency-shift-keyed modem de
modulation and carrier detection 
but also has advantages in tone and 
fm communications in remote con
trol and telemetry systems. In FSK 
modem applications, the company 
says, it offers higher performance, 
circuit simplification, and therefore 
lower cost, than other monolithic 
demodulators. 

With its frequency stability and 
response speed, the XR-2211 can 
operate at bandwidths as narrow as 
± 1 % without sacrificing transmission 
rates or reliability. In addition, the 
XR-2211 is the first PLL demodula
tor with simultaneous carrier-detec
tion capability. Also, it operates 
with a simplified RC network, elimi
nating many external components 
that adds costs to system design. 

As shown in the diagram below, 
the chip includes a phase-locked 
loop with an extremely stable volt
age-controlled oscillator, a lock-de
tect subsystem, internal voltage ref
erence, and comparators to generate 
demodulated FSK data and carrier 
detection or decoded tone data out
puts. In modems, the carrier detec
tion output can be used to enable or 
disable the FSK data output. Also, 
the PLL has an analog signal output 
for applications such as fm telem
etry and control systems. 

Simple calculation of five or six 
resistor and capacitor values, which 

100 kl1 0. 1 µ F 
V+ 

10 

a v 
QUADRATURE 6 

TONE· 
DETECTOR DETECTO R 

5 Q 
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JlJl... 
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POWER SUPPLY PREDICAMENT #13 

Eaten alive by 
the high cost 
of inventory? 

(714)757-1880 
lfor survival information.I 

If you're manufacturing computers, 
peripherals, instruments or systems, 
you may have a problem today, You 
need an inventory of power supplies 
to meet your shipping schedules, but 
they represent a significant invest
ment and tie up a lot of cash. 

delivery. Over 100 U.L. recognized 
models from 4 to 36 volts, up to 36 
amps. High current power supplies 
up to 500 watts. Flea powered units 
down to 250 milliwatts. Dual and tri
ple output models. They feature the 
outstanding value and performance 

What can you 
do about it? 

you expect from AC DC. 
r-;:::~--- 115 VAC input or 

You can or
derthe power 
supplies at the 
last minute and hope that they arrive 
on time ... or ... you can juggle your 
funds and put a few in stock ... or ... 
you can call ACDC. 

We have 3,000 modular OEM Series 
power supplies ready for immediate 

115/ 220/ 230. 
0.1% regulation, 

overload protection 
and 71°C rating. 

So, call tomorrow for five ... or ten 
... or a hundred. They're on the shelf. 

Incidental Iv. they're priced and spec'd 
out in our new short form catalog. 
Circle the bingo card or write for it. 

acdc electronics inc 
401 Jones Road, Oceanside, California 92054 !714) 757-1880 

Circle 178 on reader service card 

Cost Cutter 
NEW Electronics Buyers' Guide ... 

Easy-to-use, single volume 
source for: 
• Data on over 4,000 products 
• Over 6,000 company listings and phone 

numbers. 
• EBG EXCLUSIVE: quick access to over 1000 

catalogs through a Direct Inquiry Service. 
The international world of electronics at your 
fingertips. Find suppliers ... fast ... accurately 
.. . and locally! For your copy send $20.00 
!USA and Canada only ; elsewhere send 
$30.0Q) to address shown below. 

178 

Electronics 
Buyers' Guide 

A McGraw-Hill Publication 
1221 Ave. of the Americas , New York, N.Y. 10020 

New products 

can be rounded off to standard com
ponent values, allows center fre
quency, bandwidth and output de
lay to be established independently. 
Only a few values need to be ad
justed to change communications 
bands or tone frequencies, facil
itating the use of a basic design for 
many different applications. 

The XR-2211 's typical frequency 
stability is 20 ppm/°C over the op
erating temperature range, com
pared with 200 ppm/°C for previous 
designs. Supply stability is 
0.05%/volt and 0.2%/volt at 5v. In
put dynamic range is 2 mv to 3v 
rms; frequency range, 0.01 Hz to 300 
kHz; adjustable tracking range, ± 1 % 
to ±80%; and power supply range, 
4.5 v to 20 v. The unit is compatible 
with DTL, TTL and ECL logic. 

Housed in a 14-pin plastic or ce
ramic dual in-line package, the XR-
2211 is available in three tempera
ture ranges. Prices start at $6.02 
each in quanties of 100 to 499. 
Exar Integrated Systems Inc., 750 Palomar 
Ave., Sunnyvale, Calif. 94086 [ 412] 

High-power Darlingtons 

are rated up to 300 volts 

Two series of monolothic Darling
ton power transistors are available 
with breakdown voltages (BV cEo) as 
high as 300 volts. The 2-ampere 
U2TIOO series and the 5-A U2T800 
series have provision for external 
biasing of both input and output 
transistors for greater flexibility. 
With typical gains of2,000, the units 
can switch high-power de loads di
rectly from low-level logic signals. 
Applications range from drivers for 
stepper motors and print hammers 
to switching power supplies and de-
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SIEMENS 

The world of Siemens capacitors 
spotlight on 
D Series and Mil-C-39003 tantalums 
Enter " The World of Siemens Capacitors" and discover our 
D Series and Mil-C-39003 tantalums. Siemens offers you CSR-13, 
CSR-91 and CSR-09, available in all voltages - all cap values 
- all case sizes, with full qualification to the M-P-R&S levels 
of Mil-C-390031 E, 28, and 48. This rugged line of capacitors 
comes to you directly from our manufacturing facility in 
Arizona- at competitive prices and with excellent availability. 

But, if your capacitor requirements go beyond D Series 
and Mil Spec tantalums, you can still think Siemens. Join 
the growing number of capacitor buyers who are discovering 
"The World of Siemens Capacitors." Call us for film 
and metallized film with dielectrics of paper, lacquer, 
polyester, polycarbonate, polypropylene, polystyrene; 
tantalum and aluminum electrolytes and ceramics. 

For the phone number of your nearest Siemens 
Component Group sales office, PHONE TOLL FREE 
(800) 645-9200 (call collect in New York (516) 294-0990). 

And remember .. . 

Electronics/March 20, 1975 

Siemens Corporation 
Components Group 
P.O. Box 1390, Scottsdale, Arizona 85252 
(602) 947-2231 TWX 910-950-1292 Telex 667-406 
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Send today 
for your 

FREE 
brochure, 

price list and 
dealer list. 

Model 51 12-1 
Sing le Pen 
Recorder with 1, 2, 
5, 10 in/min. chart 
speeds and 10 mv 
fixed input spans 

$395 

TOP SELLING STRIP CHART RECORDER $395 
Here's America 's number one strip chart recorder for 1975! And for a $395 
rock bottom price in an age of inflation. Yet look at these features : 

Dual channel recorder 
with 1, 2. 5. 10 in/min 
chart speeds and 5 in
put spans of 10 mv up. 
$690. 

•Multi-speed chart drive - field adjust
able for English /Metric scaling. 

• Self-aligning sprocketless paper drive 
• New patented transducer eliminates 

troublesome slide wire . 
• Two-pen models available at $595 up 

Pick a winner for 1975! Write for details today. 

DlJ@M@'lli@o=u 
1ns'frumen1' 

1 mv dual channel re
corder with elect ronic 
integrator, 2.5. 5. 10. 20 
cm/in charl speeds. 
$945. 

ONE HOUSTON SQUARE ,., 8500 c ame•on Roao i AUSTIN, TEXAS 78753 
(512) 837-2820 TWX 910 - 874-2022 cable HOINCO 
EUROPEAN OFFICE Aochesterlaan 6 8240 G1ste l Belgium Phone 059127U 5 Tele .. Ba~h 19399 

Tiii trademark of Houston Instrument 

Circle 180 on reader service card 

WORLQ'S LIGHTWEIGHT CHAMP! 

I 

A 9V2 pound, dual-trace 20 MHz scope 
that fits in a briefcase ... 

• Mini-portable Oscilloscope • Battery, AC or DC powered 
• DC · 20 MHz bandwidth • Computerized triggering • Delay line 

• 10 mV / div sensitivity • 21 sweep ranges to 100 nsec/ dlv 
If you're tired of working with the "Heavyweights," but still need a high 
performance portable scope that can handle your trouble-shooting needs, then 
consider Model PS940A. This dual-trace "mini-scope" provides all the basic 
features and quality of a sophisticated lab scope, yet its weight and size make 
it easy to carcy to every job!-at the plant or in the field. And it is simple to 
operate. Computerized triggerintr guarantees a stable CRT display at all times. 
Also, both traces can be vertically positioned in the DC coupled trigger mode 
without the need for trigger level readjUJ1tment. 

AVAILABLE NOW FOR ONLY $1145 
INTERESTED? Call Hal Wardein at (714) 
279-6&72, or write to us at 7170 Convoy 
Court, San Diego, California 92111. For 
local ordering information, dial TOLL
FREE 800-645-9200; in N.Y. State call 
collect (516) 294-0990. 

" See us at IEEE Booth No. 2609" 

from a Leadu In Mint-Portable Oscilloscopes 

\/U-DATA Q 
y_CORPORATION \ ~ 
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New products 

flection circuits. Prices, in hundreds, 
range from $3 .40 to $6.00 depend
ing upon packaging and rating. De
livery time is two to three weeks. 
Unitrode Corp ., 580 Pleasant St ., Water
town , Mass. 02172 [414] 

EGL sense amplifier has 

1 0-ns propagation delay 

Made using emitter-coupled-logic 
fabrication techniques, the MC346 l 
sense amplifier is designed to inter
face n-channel MOS memories with 
ECL 10,000 logic elements. The am
plifier has a maximum propagation 
delay of 10 nanoseconds (5 ns typi
cal) and contains on-chip latches 
with typical response times of 1.0 ns. 
The pullup resistors required for the 
current-sinking outputs of such 
memories as the MCM700 l are con
tained on the MC346 l chip. The de
vice has an operating temperature 
range of 0 to 75°C. It is housed in a 
16-pin ceramic dual in-line package 
and sells for $8.95 in hundreds. De
livery is from stock. 
Technical Information Center, Motorola 

Semiconductor Products Inc ., P.O. Box 
20924, Phoenix, Ariz. 85036 [413] 

Serial CCD memory stores 

1 ,024 nine-bit words 

Intended for use as a display refresh 
memory, in data communications 
networks, in smart terminals and 
the like, the CCD 450-a 1-kilobyte 
serial storage element-is the first 
charge-coupled-device (cco ) 
memory to be produced in large 
quantities. The memory uses Fair
child's Isoplanar buried-channel, 
ion-implanted barrier structure in 
its storage registers, with n-channel 
MOS structures used for the timing, 
charge-detection, and level-conver
sion circuitry. The result is a 9,216-
bit (l,024 words by nine bits) 
memory with an average access time 
of 200 microseconds and a max
imum power dissipation, in the read 
and write modes, of 250 milliwatts. 
In the standby recirculate mode, the 
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~ · Get on board 
" with Tuledyne 
:. 1/0 converter modules 
.. 

.. . 

. , 
.. . 

.. 

Now Teledyne Relays offers its proven I/ 0 converter 
modules in low profile packages for direct PC board 
_mounting. The versatile Teledyne 675 series allows 
you to design programmable controllers, process and 
machine tool controls with flexible and economical 
I/ 0 interface 
circuitry. The full 
line includes both 
ac and de, input 

and output modules. All versions are 
optically isolated, with 1500 VRMS 
isolation, to protect logic lines from ac or 
de power circuits. The AC output modules 
feature zero voltage turn-on to reduce 
switching noise and high dv I dt ratings 
to prevent false triggering in tough 
industrial environments. 
Get on board with Teledyne Relays. 
We've got thousands of I/ 0 modules 
at work in the field. Call your nearest 
Teledyne Relays office for location of 
your local representative or distributor . 

_.,~ TELEDYNE RELAYS 
3155 West El Segundo Boulevard, Hawthorne, California 90250 
Telephone (213) 973-4545 

AC Input 

Trigger 
Circuit 

... o ...... !:_ .. _, ~ ~~~::-f~ut 
Time 
Delay 

Typical Functional Diagrams 

Photo courtesy of Datametrics 
a subsidiary of ITE Im perial Corporation. 

Burgstrasse 6-8, 62 Wiesbaden , West Germany 
Telephone : 06121-302031 / 2 Telex: 04-186851 (Trel-D) 

Heathrow House, Bath Road, Cranford, Hounslow, Middlesex, U.K. 
Telephone : 01-8972501 Telex: 935008 
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oon•t be fooled 
by ··1ow-cost•• 

claims and low 
value equipment! 

Compare before you buy. 

Model 9300 Time Code Generator/ Reader 

The Datum Model 9300 
Time Code Generator/Reader provides: 

• Forward and reverse reading 
• Large, solid-state LED display 
• Tape-Search compatibility 
• Day-of-Year at no additional cost 
• Wide dynamic range 
• Plug-in components 

Plus! 
An almost infinite variety 

of custom options 

Consult the Datum Timing staff for help with any problem. 
They've been in the 'tick' of things since the 

beginning of time. Digital time, 
that is. 

1363 S. State College Boulevard, Anaheim, California 92806 • 714/533-6333 

182 Circle 182 on reader service card 

New products 

power consumption drops to 30 mw. 
Housed in a standard 18-pin ce
ramic dual in-line package, the 
CCD 450 can handle data rates 
from 50 kilohertz to 3 megahertz. Its 
price, for small evaluation quan
tities, is $90 each. Production quan
tity prices are expected to be about 
a tenth by the end of the year. 
Fairch ild Camera and Instrument, Integrated 

Circuits Group, 464 Ellis St ., Mountain View, 
Calif. 94042 [ 415] 

Single IC contains 

complete TV sound channel 

The TDA1190 is an integrated 
circuit that contains all the active 
circuitry needed for a complete TV 

sound channel. Functions per
formed by the unit include i-f am
plifier I limiter, active low-pass filter, 
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Now! A 5V, 120-amp switcher 
with forced-air cooling, up to 3 outputs, 

75% efficiency, measures only 8"W x 10"L x 5"H, 
and weighs less than 12 lbs . 

line of switching regulated 
power supplies is the 
super-compact 
forced-air cooled 
120-amp series. 
With dimensions 
ideal for computer 
memory system 
installations, these 
switchers are avail
able in single or 
multiple output 
models with ex
tremely high efficien
cies: 80% on primary 
output, an average of 75% 
on all others. 

Up to three outputs 

Primary output is 5 VDC, 120 
amps; second and third outputs are 
± 12, or ± 15 at 8 amps. Combined 
load on all outputs is limited to 600 
watts. All outputs are fully regulated 
as a standard feature, and all are 
adjustable from the front panel. 

Outstanding features 

Over-temperature protection and 
RFI line filtering are standard fea
tures; over-voltage protection is 
standard on primary output, optional 
on secondaries. Other options in
clude remote on-off, master-slave 
paralleling, and paralleling of up to 

10 units. Mounting is by side or bo -
tom in any direction. They operate 
in ambient temperatures of up to 
50°C without de-rating. 

Selectable AC inputs 

AC inputs can be externally se
lected 115/230V, 47 to 63 Hz, 
simply by changing a jumper on the 
front terminal strip. 

Easy maintenance, 
high reliability 

In single-output models all com
ponents are mounted on just two cir
cuit boards, multiple-output models 
use three, so the entire switcher can 
be disassembled in less than five 
minutes. Through the use of ribbon 

cable, intercon
nections have 
been reduced 
90%, greatly en
hancing reliability. 

Ask for 
full-line 
folder 

Our new 6-page 
folder fully describes 

the new 120 amp units 
and other · standard LH 

Most comprehensive 
switcher line made 

LH Research makes several hun
dred standard switchers, with single 
and multiple outputs from 250 to 
600 watts, and AC or DC inputs. 
All are extremely cop1pact and light
weight, with six package shapes to 
suit your assembly: Efficiencies are 
75-80%, and costs are as low as 75 
cents a watt. Among the newest is 
the double dual model, which has 

two isolated 250-watt out

LH puts plus two low power 
outputs, and weighs only 
16pounds. 

RESEARCH 

LH RESEARCH, I NC., 2052 South Grand Avenue, Santa Ana , CA 92705 • (714) 546-5279 
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We can delive rld's smallest 
180° air variable capacitors. 

On time. 
And since we're nice people, we don 't even charge much 

for them. So if you have an application that calls for a 
sub-miniature capacitor that you can "tweak" to a specific 
frequency, these Johnson trimmers are ideal. 

You can choose from either PC or strip! ine mount. either 
vertical or horizontal tuning. These Type "T" capacitors are 
about one-third the size of the fami I iar type " U" capacitors. 
so you can save space, cut costs and insure improved 
performance in the most compact electronic equipment. 

Rotors and stators are precision-machined from sol id brass 
extrusions, resulting in exceptional stability and uniformity. 
High a-typically 2000 at 150 MHz. Temperature coefficient 
is a low plus 30 ± 15 ppm/°C. High torque (1)12to8 oz./ 
inches) holds rotor securely under vibration. They're designed 
to meet or exceed EIA-RS 204 and MIL Standard 202C 
Methods 204A and 201 A. 

In short. these capacitors may be just what you 've been 
looking for. It'll only cost you a stamp to get more information. 
And if you give us your phone number, we'll call you and 
send free samples after we have clarified your application. 

-------------------------E. F. JOHNSON COMPANY 

184 

3005 Tenth Ave. S.W. I Waseca. MN . 56093 
D Please send me technical information on the type T. 
D Also , include information on your entire line of variable 

capacitors. 
DI want test samples. Please call me at ______ _ 
NAME _________________ _ 

TITLE-----------------~ 
FIRM _________________ _ 

ADDRESS 
CITY _______ STATE ZIP __ 

E. F. JOHNSON l:OMPANY 

Circle 184 on reader service card 

New products 

fm detector, de volume control, and 
power output amplifier. Requiring 
only a small number of external 
passive components, the TOA 1190 
is noteworthy for its very wide de 
volume-control range (typically 90 
dB), its high output-power capabil
ity (typically 4.2 watts into 16 
ohms), and the fact that it radiates 
no electromagnetic interference and 
therefore requires no external 
shielding. Price of the TDAl 190 is 
$2.80 in lots of 100 to 999 pieces. 
SGS-ATES Semiconductor Corp ., 435 New
tonville Ave ., Newtonville, Mass. [416] 

C-MOS watch circuit drives 

liquid-crystal displays 

A monolithic C-MOS timekeeping 
circuit, the model 5022, is designed 
for use in watches with Sh-digit liq
uid-crystal displays. The circuit, 
which drives the displays directly 
without external components, pro
vides outputs for displaying hours 
and minutes continuously. Either 
seconds or the date may be dis
played on the other two digits. All 
timesetting is achieved without roll
over, and advancing the date or 
hours does not affect circuit ac· 
curacy. Price of the 5022 is $20 in 
lots of 100 pieces. Delivery is from 
stock. 
Nortec Electronics , 3697 Tahoe Way , Santa 
Clara, Calif . 95051 [ 41 7] -

Voltage-compensated RAM 

has 1 5-ns access delay 

Intended for add-on memory ap
plications where only limited supply 
voltages are available, the SN10144 
is a 256-bit random-access memory 
made of emitter-coupled logic and 
sporting a typical address access de-
1 a y of 15 nanoseconds . The 
memory, which dissipates 500 milli
watts, is priced at $22.50 in hun
dreds. Small-quantity delivery is 
from stock; large orders will take 
eight weeks. 
Texas Instruments Inc., P. 0 . Box 5012 , MS-
308, Dallas, Texas 75222 [418] 
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Light-Reflecting Electromagnetic 
Display Components 

SE RI ES 32 SE RIES 30 SERIES 50 
0.3 inch (7.62 mm) 
dual 

0 .3 inch (7 .62 mm) 
single 

0.5 inch (12.7 mm) 
single 

STATUS INDICATORS 

MEMORY - inherent remanent magnetism maintains the 
display state . 

LOW POWER - one mil Ii-watt second set/reset energy. Zero 
power to retain state. Drive voltages from 3-48 volts. 

VISIBILITY - rotating fluorescent discs· and flags provide 
excellent visibility over a wide range of ambient light conditions 
and wide viewing angles . 

RELIABI LITY - only one moving part rated for over 20 million 
operations. No lights or mechanical linkages to wear out . 
Virtually maintenance free . 

FERRANTI-PACKARD STATUS INDICATORS 

Ideal for 
• Transient Recorders 
• Industrial Process Dis.plays 
• Contact Status Indicators 
• High Density Matrix Displays 
• Portable Field Equipment. 

Fluorescent discs and flags 
available in a range of colors. 

The electromagnetic operation 
requires zero energy to maintain 
status . 

ENCAPSULATED 
COIL ASSEMBLY 

ANO DIODES 

POLARITY 
INDENTATION 

Unique memory retention eliminates 
the need for memory circuits and 
reduces power supply and 

lfESET SERIES 30 

circuitry costs. Indicators are fully operational over a 
wide range of environmental conditions . 

Ferranti-Packard 's status indicato rs are light weight 
(Series 30, 0 .17 oz (5 grams)) and are ideal for mounting 
on printed circuit boards and high density matrices. 

For full information and specifications, contact the 
Display Components Department, 

FERRANTI-PACKARD 
LIMITED 
ELECTRONICS DIVISION 
121 Indu stry Street. 
Toronto, Ontario, M6M 4M3, Canada. 
Telephone: (416 ) 762 -3661 . 
Telex: 06 -22007 . 7304 

Circ le 246 on reader service card 

The MN5210 Series of 
12 bit A/D converters 
guarantees total con
version time of 13µSec 
maximum .. . a clock rate 
of 1 MHz. 

Micro Networks 12 bit A/D's are: 
Totally adjustment free and factory trimmed. 
The need for range and zero adjustments 
is total ly eliminated, thereby effecting 
savings in space, component count, 
assembly, and test labor. 
Hermetically sealed 24-pin dip package
guarantees high reliability and space 
savings. · 
Low power (700 mw) - reduces system 
power drain. 
Guaranteed ± 112 LSB linearity over the fu ll 
temperature range - assuring no missing 
codes. 
Avai lable to the full MIL temperature operat ion 
of - 55to + 125C. 
Optionally available processed to MIL-Std-883, 
Class B. 

Prices: MN5210 (1 -24) .. . $275 
MN5210H (1 -24) .. . $425 

Available from stock. 
Technical data available 
on request. Write or cal/ 
... today. 
Tel : 61 7-852-5400 

MICRO NET\NDRKB 
CORPORATION 
324 Clark Street• Worcester, Mass. 01606 

Circle 185 on reader service card 185 
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t25 
bargain. 

It's MMl's 6701 bipolar microcontroller. 
Replaces up to 25 packages of 7 400 logic. At 
standard TTL cost per gate- but without the 
interface problems and costly PC real estate 
required by smaller devices. Whether they 
want it to emulate a CPU or replace a lot of 
MSI TTL, your designers can design with our 
6701, not around it. At $125 each in small 
quantities, it's a real bargain. Now available 
from stock at: 

ALMAC/STROUM : Oregon, Portl and (503 ) 292-
3534; Washing ton, Sea ttl e (206) 763-2300. 

ARROW: Connecticu t, Hamden (203) 
248-3801; Mary land, Balti more A rea (202) 

737-1700; Massachusetts, Boston Area 
(617) 273-0100; M innesota, M in nea pol is 
A rea (612) 888-5522; New Jersey, 
Saddlebrook (201) 797-5800; New York , 
New York City A rea (516) 694-6800; 
Ohio, Cleveland (216) 464-2000, Dayton 

(513) 253-9176; Pennsy lvania, 
Philade lphia A rea (609 ) 23 5-1900. 

COMPONENT SPECIALTIES: Texas, Dallas 
(214) 357-4576, Houston (713) 77 1-7237. 

FUTURE: Canada, Montrea l (514) 735-5775, 
Ottawa (613) 232-7757, Toronto (416) 677-7820, 

Vancouver (604) 261-1 335 . 
HALL-MARK: A labama, Huntsvi ll e (205) 539 -0691; 
Florida, Orlando (305) 855-4020; Ill ino is, Chicago (3 12) 
437-8800; Kansas, Kansas City Area (913) 888-4747; 
Mi nnesota , Minneapolis (612) 884-9056; Missouri , 
Kansas City Area (913) 888-4747, St. Louis (3 14) 
521-3800; North Caro lina, Raleig h (919) 832-4465; 
Ok lahoma , Tulsa (918) 835-8458; Texas, Dallas A rea 
(214) 231-6111, Houston (713) 781-6100; Wi sconsin, 
Mi lwaukee (414) 476-1270. 
INTERMARK: Ca liforni a, Sa n Francisco Bay A rea ( 408) 
738-11 11, Los Angeles Area (213) 436-5275, Sa n Diego 
(714) 279-5200; Colo rado, Denver (303) 936-8284; 
Wa shi ngton, Seattl e (206) 767-3160. 
KIERULFF: A ri zo na, Phoen ix ( 602) 273-7 331; Ca li forn ia , 
San Franc isco Bay A rea ( 415) 968-6292, Los An geles 
A rea (213) 685-551 1, Sa n Diego (714) 278-2 11 2; 
Co lora do, Denver (303) 343-7090; Distr ict of Colu m bia 
(301) 948-0250; M aryland , Baltimore A rea (301 ) 
948-0250; Massachusetts, Boston A rea (61 7) 935-5134; 
New J ersey, Ru therford (201) 935-2120. 
PIONEER: Indiana, Ind iana polis (317) 849-7300; 
M ich igan, Livon ia (3 13) 525-1800; Ohio, Cleve land 
(216) 587-3600, Dayton (513) 236-9900; 
Pennsylvania, Pitts burgh ( 412) 782-2300. 
SUMMIT: New Yo rk, Bu ffalo (7 16) 884-3 450, Rochester 
(7 16) 334-8110. 
TECHNICO: Mary land, Baltimore Area (301 ) 828-6416. 
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New products 

Instruments 

Cable testers 
are portable 

Rugged time-domain 

reflectometers weigh only 

18 pounds, occupy 0.6 ft3 

In an effort to give field-service per
sonnel a portable instrument that 
can make meaningful checks on 
power- and information-carrying 
cables, Tektronix has developed a 
pair of rugged time-domain reflec-

tometers, each weighing about 18 
pounds and occupying about 0.6 
cubic f6ot. 

Unlike resistive and swept-fre
quency testers, which can identify 
cable faults but not locate them, a 
TDR test set can pinpoint problems 
to within a few feet or inches. And 
according to John Trudel, market
ing manager for the 1500 Series TOR 
portable cable testers, the instru
ments can test just about any cable 
assembly as well as verify the 
proper operation of broadband 
components. It can test all types of 
avionics cables (radar, radio, iff, 
DME, audio, fuel-sensor, etc.); ship
board cabling; all types of phone 
cables; antennas and matching net
works; equalizers; petroleum-indus
try cabling for well-logging and 
communications; and many types of 
power-distribution cables. 

The series consists of two instru
ments-the 1502 and 1503 . The 
1502, says Trudel, gives the user the 
performance of a high-resolution 

Electronics/March 20 , 1975 

lab instrument. It is calibrated di
rectly in reflection coefficient and 
distance, and is therefore simple to 
operate. It uses 110-picosecond-step 
excitation signals which provide dis
tance resolution to within 0.6 inch at 
distances up to 2,000 feet, depend
ing on the rise time and degradation 
characteristics of the cable. 

The limited bandwidth and losses 
common to long cables (particularly 
twisted pairs) require special high
energy controlled-bandwidth test 
signals, says Trudel, so the 1503 was 
developed for these applications. It 
provides IO-volt sinusoidal pulses 
and is calibrated in decibels for di
rect reading of return loss. The 1503 
works out to 50,000 feet and re
solves faults down to 3 feet. Provi
sion is made for selecting imped
ance levels of 50, 75, 93, and 125 
ohms by the press of a button. 

Whereas earlier TOR testers have 
been bulky, fragile, sensitive to en
vironmental changes, and difficult 
to operate out in the open, the new 
machines are not only compact and 
portable, but rugged as well. De
signed to military standard MIL-T-
28800, type II, class 2, style A, the 
150211503 is resistant to water, salt 
spray, snow, sand, dust, heat and 
cold, bumps, and vibration. 

Both versions are equipped for 
recording "signatures" of equip
ment characteristics by means of an 
external X-Y recorder. Signatures 
can be checked on a routine basis, 
says Trudel, allowing problems to 
be identified and corrected before 
catastrophic failures can occur. An 
optional plug-in chart recorder is 
available. 

The 1502, to be available in May, 
and the 1503, in June, are priced at 
$2,750 each. The optional plug-in 
recorder sells for $475. 
Tektronix Inc., P.O. Box 500, Beaverton, 
Ore. 97005 [351] 

Small 4 %-digit meter 

is accurate within 0.01 % 

Since "tradeoff' is the name of the 
engineering game, it is reasonable to 
expect that a 4Vi-digit panel meter 

that fits into a package 3 by 1.75 by 
2.25 inch must be either expensive 
or rather inaccurate, or possibly 
both. This conclusion is not neces
sarily true, however. The model 
DM-4000 from Datel Systems Inc., 
which sells for $219 in single quan
tities, has a maximum error of 
±(0.01 % of reading + I count) at 
25 °C, and the temperature coeffi
cient doesn't exceed 15 ppm/°C 
from 0 to 50°C. 

Despite its small size-it mounts 
in a 1.75-by-3-in. front-panel cut
out-the meter uses seven-segment 
light-emitting-diode readouts with 
characters that are 0.43 in. high. The 
5-volt meter has an input resistance 
in excess of 100 megohms and an in
put range of± 1.9999 volts. 

A stable crystal oscillator, ad
justed to a multiple of either 50 or 
60 hertz, gives 60 decibels of nor
mal-mode rejection. The unit's auto
zero correction eliminates residual 
offset errors, and its internal refer
ence of 6.4 v is brought out to a 
three-wire ratiometric output for 
temperature-coefficient tracking. As 
an option, Datel offers full parallel 
binary-coded-decimal outputs and 
automatic polarity and overflow dis
play. Decimal points may be indi
vidually selected by means of the 
rear 18-pin dual printed-circuit
board connector. Full TTL-compat
ible BCD outputs, controls, and flags 
are also included. 

Analog specifications include 120-
dB common-mode rejection over a 
±300-v common-mode range. The 
input settling time for rejection of 
60-Hz hum is 50 milliseconds; the 
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TACAN Simulators ... 
off the shelf! 

Only Republic can solve your TACAN test equipment 
problems virtually overnight. Because we stock for immediate 
delivery three TACAN Beacon Simulators that meet MIL , FAA 
and airline requirements for testing airborne TACAN 
interrogators and DME. No one else does . For one 
very good reason: test and simulation equipment 
isn't a sideline with Republic ; it's our principal 
business. And Republic is the world's 
leading manufacturer of 
navigation equipment 
simulators. 

Write for details on 
Republic off- the
shelf DTS Series 
T AGAN Beacon 
Simulators. 

republic electronic 
••••• ••• ••••• ••• ••••• ••• ••• ••••• 

industries corp. 
575 Broad Hollow Road , Melville , New York 11746 

Circle 188 on reader service card 

188 Circle 24 7 on reader service card 

New products 

60-ms integration for 50-Hz noise is 
optional. The DM-4000 has an in
ternal two-samples-per-second start 
clock, but an external clock of 0-5 
hertz may be used. 

A sister model, the DM-4300 is 
available with a 43/.i-digit 0.3-in. LED 
display and ±3.999-v input. 

The DM-4000 is priced at $219 
each in quantities of one to nine; 
adding optional BCD boosts the 
price to $239 in unit quantities. De
livery is from stock. 
Datel Systems Inc., 1020 Turnpike Rd ., Can
ton, Mass. 02021 [352] 

Voltage calibrator is 

accurate within 0.003% 

A de voltage calibrator with a range 
of 100 nanovolts to 311 v has a 
maximum error, calculated by the 
limit-of-errors method, of 0.003% of 
setting. The seven-digit instrument 
has four ranges with full-scale volt
ages of 300 millivolts, 3 v, 30 v , and 
300 v . Broadband noise and ripple 
on the model 330D do not exceed 50 
microvolts rms on the 300-v range 

6 6 0 0 0 0 

or 5 µv on the 300-mv range. There 
are no random spikes. When used as 
a voltage source, the 330D can de
liver up to 100 milliamperes at 100 
v and up to 25 mA above 100 v. Its 
output impedance is less than 20 
milliohms. The unit's no-load to 
full-load regulation is within 
0.0015%, and short-term stability is 
better than 0.001 %. 
Electron ic Development Corp ., 11 Hamlin 

... 

.. 

f ' 

., 

St , Boston, Mass. 02127 [353] i. 

1 .5-kVA polyphase power 

source spans 4 7 to 500 Hz 

Suitable for both laboratory testing 
and OEM applications, a three-phase 
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To find ov r 1000 rating 
at Old Fashion d prices! 

on th sh If 

First we'd like to put a 
" Plug-In " f or our 
Printed Circu it Power 
Transformers since 
they are the most com
plete and diversified 
selection available . 
There are 5 basic sizes, 
each available with 

115V or 115/230V 50/60 Hz primaries and sec
ondary voltages from 5V to 120V. Our smallest is 
rated 1 VA and is 0.83 inches high. This allows 
1 inch board spacing. The largest is rated 24 VA 
(e.g., 24V @ 1A) which is virtually impossible to 
find as a standard item (except at Signal) and, it 
is only 13/s high . 

A special " plug" is warranted for our " LP" series 
of Flat Plug-Ins which is designed for 6VA with 
a height of only 0.85 inches . Special features are 
humbucking construction, non-concentric wind-

. ing, dual 115/230V pri

and 
Electronics/March 20, 1975 

maries and outputs 
from 5 to 230V. This is 
a Signal exclusive! 

You will also find on 
Signal 's shelves the 
most extensive line of 
Rectifier Power Trans
formers and Chokes (5 
to 300V, 0.1 to 200 A). 
They are ideal for use 
in single or dual output 
DC power supplies. 
The real heavy stuff is on the floor nearby with 
ratings such as 12V at 1000 Amps and 3 phase 
transformers with DC output ratings like 24V at 
200 Amps. 

Something really new is our "2-for-1 " series of 
small power transformers with ratings from 2.4 
to 60 VA. A fresh design approach has cut weight, 
size and cost almost in half with improved per
formance. Special fea
tures include non-con
centric winding , solder 
or quick-connect term
inals, and 2500V hipot. 

signal translormer co., Inc. 
1 Junius Street, Brooklyn, N.Y. 11212 
Tel: (212) 498-5111 • Telex 12-5709 

' • it in to 
Circle 189 on reader service card 189 



AUTOTRACK ANTENNA II 
SCR-584 RADAR SYSTEM 
360 deg AZ 210 deg EL. I mil. ac-
curacy. Miss ile ve l. acce l. and slew. 1 ra tes. Amplidyne conrol. Hand le up 
to 20 ft. dish. Corn pl. cont rol chassis. 
A L SO in stock 10 cm. van mounted 
rad . system . Conical scan . PPL 6 ft. • 
di sh. 300 pg. in str . bk . on radar S25 

RF SOURCES 
CW, 300-535 KH L 500W; 2-30M H z 3KW; 4- 21 MHL 40KW; 

24-350MHL, lOOW; 385-585MHz lKW; 750-985 MH z 
lOKW; .95-8.8G H z 150W; 1-1.SGH z llOW; 1.7-2.4G H z 
lOKW; 4.4-5G H z lKW; 8.8- 1 IGHz 200W. M any more. 

UHF, 1 Megawatt 210-225 MH z 5µsec 180 PPS: 14KW 
400-420MH z .0002DC lKW 400-700MH z .002DC . 

L BAND, lKW l -l.5G H1 . IDC: 500KW l.2-l.35G H 1 
2µsec 400PPS. 

S BAND, lKW 2.4-2.6G H 1 .75µsec 1200PPS: 250KW 
2.7-3.3G H z .8µsec 1600PPS: 500KW 2.7-3. IGHz 
.8µscc 1600PPS: 1 Megawatt 2.7·2.9G H z lµsec 
1200PPS: 5 Megawatts 2.75-2.85G H1 2.5µsec 400PPS. 

C BAND, 225KW 6275-6575MHz .4µsec 680 PPS: 250KW 
5.4-5 .8G H z .5µsec 680PPS: 1 Megawatt 6G H 1 lµsec 
IOOOPPS. 

X BAND, lOOW 9.2-9.5G HL .5µsec IOOOPPS: 1 KW 
8.9-9 .4GH z .OO IDC: 65KW 8.5-9.6G H z .OO IDC 
250K W 8.5-9 .6G H z .0013DC. 400KW 9. 1 GH1 l.8µsec 
450PPS. 

Ku-K BAND, 50KW 16.4-16.6GHz .001 DC. 135KW 
15.5- 17.5G H1 .0006DC 40KW 24GH 1 .0007DC: 40KW 
35G H 1 .0004 DC. 

PULSE MODULATORS + H.V.P.S. 
245 KW LI NE Output 16KV 16A .. 25µs 4000PPS. 
405 KW FLOATING DECK Output 20 KV 20 A I µ s to 

10 millesec pulse. 
500 KW LI NE Output 22 KV 28 A . .4/ 1.75/ 2.25 µs 

2500/550/ 300 PPS. 
I MW H ARDTUBE M IT MODEL 9 Output 25 KV at 40 

A . . 25 2 µ s .002 D.C. 
2.0 MW LI NE 30 KV 70 A . 1/2 µs 600/300 PPS. 
3 MW LINE Output 39 KV 75 A .. 25/ 1µs500 PPS. 

IOMW LINE 76 KV 135A . 2.5 µs 350 PPS. 
17 MW LINE 17 KV 1000 A . 2-5 µs 150-2000 PPS. 

SEND FOR FREE 24 PG. CATALOG 

Circle 190 on reader service card 

190 Circle 249 on reader service card 

Instrumentation rada r; freq . 8.5-9 .6 G Hz. Pwr: 250 KW. 
. I mil accu. Trk . Rng. 50 or 200 mi. 

RADAR SYSTEMS 
K BAND MONOPULSE 40KW E-34 
KU BAND SEARCH 135KW B-58 
X BAND MISSILE CONTROL NIKE AJAX/HERC 
X BAND FIRE CONTROL 250KW M-33 
X BAND WEATHER/SEARCH 250KW AN/CPS-9 
X BAND AIRBORNE TRACKER 50KW B-47 
X BAND MOBILE TRACKER 40KW AN/MPQ-29 
X BAND WEATHER/SEARCH 40KW AN/SPN-5 
X BAND TRANSPONDER IOOW AN/OPN-62 
C BAND HGT. FOR. 5MW FPS-26; lMW TPS-37 
C BAND SEARCH 285KW AN/ SPS-5B/O 
S BAND HEIGHT FINDER 5MW AN/ FPS-6 
S BAND SEARCH COHERENT lM.W AN/ FPS-18 
S BAND ACQUISITION lMW NIKE AJAX/ HERC 
S BAND TRACKER 10' DISH 500KW AN/MPQ-18 
S BAND MORTAR LOCATOR 250KW AN/MPQ·lOA 
S BAND TRACKER 250KW AN/MPS-9 
L BAND SEARCH 40' ANTENNA 500KW AN/ FPS-75 
L BAND SEARCH 500KW AN/TPS-10/GSS·l 
UHF SEARCH lMW TPS-28 

DRONE CONTROL SYSTEMS 
UHF COMMAND SYSTEM AN/URW·l4 
X BAND DATA LINK AN/ UPW-1 
X BAND TRACKER AN /MPQ-29 
X BAND TRACKER AN / MSQ-51 

SHORAN Type CPN-lA Freq 290-330 MHz 
Pwr 30K W consists of trans .. rccv .. monitor. etc. 

SPARE PARTS IN STOCK 
1'1h 1\JJ\ . '\like Hcn.:ulc ... M-.l J . MPS- 19 T PS-10 TPS-
10 0 I PS-fo . S PS8. SC R -584. H I PAR Man~ murc. 1.o.rne 

IB ~:~!~rch 
Instrument 
Co., Inc. 

3 QUINCY ST., NORWALK, CONN. 06850 
12031 853-2600 

"Trademark l 
US Pal No 3577 196 

COLOR TELEVISION 
AND RADIO FM ANTENNA 

Patented rollable slotted array design with PERFECT 
COLOR BAND-WIDTH. Uses no masts, no dangerous Rab· 
bit Ears or plugging to AC lines; and NO SIGNAL SPLIT· 
TERS, since the UHF-VHF-FM terminals are available 
(ANO USABLE! at the same time. CAN BE USED OUT· 
SIDE IF YOU GUNK TO SURFACE FACING BROADCAST· 
ING STATION'S ANTENNA. Made of heavy decorative 
plastic burlap I metal slots not seen I rugged enough for 
YACHT or RV. OPTIONAL plain plastic or with acrylic 
painting of a GALAXY by artist. Antenna size is 18" by 48" 
(long side hangs verticallyi, Standard TV twin-line I 300 
ohm ) furnished. NOTHING ELSE TO BUY OR NEEDED TO 
INSTALL, just hang on wall and you have a 40 mi. range 
16 db. above dipole ) antenna. ORDER POSTPAID BY CO., 
insured, airmail, GUARANTEED, for $15 for plain model or 
$20 for antenna with hand-made GALAXY design from, 
!COD is OK ). 

ANTENNA DESIGN CO. 
l1621 Hughes Ave., NE 
Albuquerque, NM 87112 

Circle 250 on reader service card 

New products 

ac power source can put out up to 
1.5 kilovolt-amperes over the adjust
able frequency range from 47 to 500 
Hz. In addition to its continuously 
variable frequency-control, the unit 
has three push buttons for 50, 60, 
and 400 Hz. Each output phase can 
be adjusted in amplitude from 0 to 
125 v rms. The 55-pound model 
315, which is claimed to be nearly a 
fifth the weight of comparable 
power sources, is priced at $3,995 in 
unit quantities. Standard units are 
available from stock. Specials can 
take up to four weeks for delivery. 
Pacific Electronics , 2643 N. San Gabriel 
Blvd , Rosemead , Calif . 91770 [354] 

300-MHz spectrum analyzer 

has 72-dB dynamic range 

Sporting a 72-decibel dynamic 
range and covering the frequency 
band from 1 to 300 megahertz, the 
model 9040 spectrum analyzer is 
made in two versions-as a plug-in 

module for 9000-series Kay-Scopes, 
and as a self-contained unit with 
vertical and horizontal outputs that 
allow it to use any oscilloscope as a 
display. The analyzer's display flat
ness is within 1.0 dB across the full 
frequency range. Spurious responses 
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lnterelectronics all-silicon thyratron-like gat· 
ing elements and cubic-groin toroidal magnetic 
components convert DC to any desired number 
of AC or DC outputs from 1 to 10,000 watts. 

Ultra-reliable in operation (over 260,000 
logged hours), no moving parts, unharmed by 
shorting output or reversing input polority. 
High conversion efficiency (to 92%, including 
voltage regulation by lnterelectronics patented 
reflex high-efficiency magnetic amplifier cir· 
cuitry.) 

light weight (to 6 watts/ oz.), compoct (to 
8 watts/ cu. in .), low ripple (to 0.01 mv. p-p), 
excellent voltage regulation (to 0.1 o/o ), precise 
frequency control (to 0.2% with lnterelectronics 
extreme environment magnetostrictive stand
ards or to 0.0001 o/o with fork or piezoelectric 
standards.) 

Complies with Mil specs. for shock (IOOG 
11 misc.), acceleration ( 1 OOG 15 min.), vibra· 
tion (lOOG 5 to 5,000 cps.), temperature (to 
150 degrees CJ, RF noise (1-26600). 

AC single and polyphase units supply sine 
waveform output (to 2% harmonics), will 
deliver up to ten times rated line current into 
a short circuit or actuate Mil type magnetic 
circuit breakers or fuses, will start gyros and 
motors with starting current surges up to ten 
times normal operating line current. 

Now . in use in major missiles, powering 
telemeter transmitters, rodor beacons, elec· 
tronic equipment. Single and polyphose units 
now power airborne and marine missile gyros, 
synchros, servos, magnetic amplifiers. 

lnterelectronics- fi rst and most experienced 
in the solid-state power supply field produces 
its own all-silicon solid-state gating elements, 
all high flux density magnetic components, 
high temperature ultra-reliable film capacitors 
and components, has complete facilities and 
know how-has designed and delivered more 
working KVA than a ny other firm! 

For complete engineering data, write Inter· 
e lectronics today, or call 914 Elmwood 8-8000. 

INTERELECTRONICS CORP . 
700 U.S. Route 303 Congers, New York 10920 
Circle 248 on reader service card 

Dia light 
sees a need: 

(Need: The widest choice for your every appli cat ion .) 

panel mounting. Alternate, momentary and snap-action 
tacts with ratings to 5 amps. N.O., N.C. and two circuit (one 
N.O., one N.C.). Low level switches also available. Round, 
square and rectangular bezels in four colors; caps from ¥.!" 
to llh" in more than 12 colors. Illuminated caps with or 
without legends. UL listed. 

PUSH BUTTON , square 
and rectangular shapes in wide variety of siftS and colors. 
With hot stamped, engraved or film legends. 

Dialight, the company with the widest 
choice in switches, LEDs, indicator lights 
and readouts, looks for needs ... your 
needs ... and then they develop solut ions 
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 
free new copy of Dia light's 
cu rrent catalog. 

11/ALIGl-IT 
Dia!ight, A North American Philips Company 
203 Harrison Place, Brooklyn, N. Y. 11237 

(212) 497-7600 

See Dialight_, 
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Instrument rental. .. besides the 
obvious economy and capital dollar 
savings, service is a big, big factor. 

GE has over 100 major city 
sales/service centers ... with 

the world's largest inventory of 
test instruments ... over 5,000 

from many different manufacturers. 
So, when you need an instrument, 

call the GREAT Rental Program 
(518-372-9900 collect) for your 

nearest sales/service center and a 
FREE Rental Catalog. We could be 
the only source you'll ever need. 

(((Quick-rental* 
1n11rumena 

"Trademark General Electric 

GENERAL fl ELECTRIC 

New products 

and intermodulation products are 
more than 72 dB down. 
Kay Elemetrics Corp ., 12 Maple Ave., Pine 

Brook, N. J . 07058 (356] 

Liquid-crystal DPMs offer 

1 µVI digit sensitivity 

Tekelec's series TA 300 liquid-crys
tal-display digital panel meters are 
now offered with maximum sensi
tivities of I microvolt per least sig
nificant digit, making them suitable 
for use with low-level transducers 

that typically put out only 20 milli
volts full scale. With the l µv I digit 
option, a 4V2-digit meter sells for 
$152 in 100-piece lots. The high
sensitivity option results in 10 
µV /digit sensitivity when it is ap
plied to the company's 3V2-digit me
ters. 
Tekelec Inc. , 2623 Saddle Ave ., Oxnard, 
Calif. 93030 (355] 

Five-speed chart recorder 

is priced at $335 

A line of low-cost chart recorders 
has a five-speed chart drive and full
scale sensitivity ranges of lO milli
volts and 100 mv with a contin
uously adjustable vernier between 
ranges. The recorders are designed 
around the features most frequently 
requested by users, the company 
says. The single-channel 5-inch 
model 160 sells for $335, while the 
10-inch single-channel model 260 
and dual-channel model 290 are 
priced at $395 and $595 , respec
tively. Delivery is from stock. 
Linear Instruments Corp ., 17282 Eastman 
Ave , Irvine, Calif. 92705 (358] 

192 Circle 192 on reader service card 

logic , linear, 
and hybrid 

breadboard ing 

PC card testing 
and simulation 

aa 
LSI and MSI IC IC burn-in 
module testing 

ca 
op amp testing Computer 

interfacing 

Now, how would you like an instru
mentation system that does them all, 
starting at $400? . ~ . 
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That's right, the Elite Breadboarding 
systems from E&L Instruments can -.. 
make your job go a"whole lot faster 
and easier, without breaking your 
budget. 
In combination with E&L's analog +. 
and/or digital software packages, 
the Elites make great teaching sys- .. 
terns, too! 
Write today for full details . 

E l• j ~N8s\RUMENTS, • 
INC. 

61 First Street, Derby, Conn. 06418 
(203) 735-8774 
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NOrth delivers Power ret~bitity! 
MODEL 11000 ·- 13000 14000 1 ..... 1 ..... 11000 ...... 
voe AMPERES 

5 0 3 9 S.3 11 . 13.0 10,0 32,5 49.0 82.0 
12.0 2.8 4 .2 8 .0 10.5 160 230 360 680 
150 ,. 3.7 7 5 9.5 14,0 205 27 .0 47.0 
18.0 21 33 60 80 130 18.0 26 0 400 
24 .0 1.5 2.8 • 2 7,0 110 150 21 0 330 
28 .0 14 2.4 4.0 6.J 9 0 14 .0 200 290 
360 I 2 2.2 31 5.6 8 0 II 0 ULO 23.0 
48.0 95 1.8 2.6 4 .2 60 8.0 10.0 180 

Listed here are the more popular models
many other voltages are available. 

MODEL 10000 

voe AMPS 

0- 7.5 2 10 
0- 16 1 25 
0- 25 0 85 
0- 33 0 .68 

DUAL OUTPUT 
SUPPLI ES 

North Electric Company / Gal ion . Oh io 44833 / A United Telecom Co. 

Circle 266 on reader service card 

Many O.E.M's agree that it just doesn' t make sense to risk the 
reputation of a major piece of equipment over a minor compo
nent-especially, when the cost difference is so little. 
If you're one of them, we'd like to quote your next power sup
ply order. Whether you need one unit- or one hundred, North 
has the product selection and the production capacity to 
deliver more standard power reliability for your dollar. 
To back it up, we offer the industry's finest technical special
ists and over 40 years experience as the leader in custom power 
supplies. 
Send for a catalog today, ot call 419/468-8874. 

SP-16 

Circle 193 on reader service card 

FLAT-OUT VALUE ON 
FLAT BED RECORDERS 

icated and lab potentiometric strip 
chart recorders offer these advantages. 

0 1 or 2 pen models 0 Feed Z fold or roll paper without adjustment 
0 Tear bar adjacent to pen tips for immediate data access 0 Up to 10 
chart speeds independent of line frequency 0 Optional TTL proportional 
drive 0 Rugged die cast construction 0 Electronic overrange protection 
0 3200' of trace from snap-in fibre tip pens 0 Optional event markers 
0 .25% accuracy 0 .5 sec response 0 Prices from $595.00 with 
OEM discounts 

Call or write Ron Gosk for complete details: 

II• ~ • Mi ~II ~:,:~:~~::;.~:;: 1GW 
TWX 710-366·1887~ 

Jl.4FE CORPC>R.ATION TELEX 94-7477 
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Expanded capobility for burn
in/ screening of d evices. Our 
new system, coupled with our 
environmental capabilities, af
fords you a complete facility 
to meet the most stringent pro
duction schedules. 

&
ociated Testing 

aboratories, Inc. 

Northwest Industr ial Park 
Burlington, 

Massachusetts 01803 
(61 7) 272-9050 

BUY · $ELL 

MODULE$ 

CARD$ 

BOARD$ 

MICRO PAC$ 

IBM-UNIVAC 
DEC·CDC·HISI 

617-261-1100 
AMERICAN USED COMPUTER CORP. 

P.O. Box 68, Kenmore Sta .. Boston, MA 02215 
member COMPUTER DEALERS ASSOCIATION 

194 Circ le 268 on reader service card Circle 269 on reader service card 

New products/ materials 

Sapphire and ruby substrates for 
microwave integrated circuits, sili
con-on-sapphire circuits, and other 
hybrid applications are available in 
squares up to 6 by 6 inches, and in 
rectangular, round, or domed con
figurations. Finishes as fine as 250 
angstroms can be supplied when re
quired. The material is available in 
all popular crystal orientations: 60°, 
30°, 90°, and 0°, or 1102, 1120, and 
0001. 
Marketing Department , Bird Precision Jew
els , One Spruce St ,, Waltham, Mass. [476) 

A silver-cleaning solution designed 
to remove tarnish and oxidation 
from silver and silver-plated parts is 
nontoxic and nonflammable. Called 
TC-100 Silver-Kleen, the product 
leaves no residue and hence has no 
effect on subsequent operations 
such as soldering. 
Techform Laboratories , 215 West 131 St ,, 

Los Angeles , Cal if. 90061 [ 477) 

A multilayer dielectric material, 
which can be used with thick-film 
resistors without affecting their re
sistivity or temperature coefficients, 
promises greater packaging density 
for hybrid circuits. The new compo
sition, number 4901, fires at 930° to 
l,000°C. Resistors printed on it 
show virtually no change in their 
properties compared with resistors 
printed on bare alumina substrates. 
Electro-Science Laboratories Inc ,, 1601 

Sherman Ave ,, Pennsauken , N. J, 081 1 O 

[478) 

An ultraviolet window for use in 
erasable PROMS (programable read
only memories) can be hermetically 
sealed to metal window frames . 
Made of a specially developed glass 
which has high transmissivity in the 
ultraviolet region of the spectrum, 
the windows should help overcome 
the reliability problems of early 
E-PROMS which did not have her
metically sealed windows. 
lsotronics Inc,, New Bedford, Mass. [479) 

A conductive adhesive for bonding 
conductive gaskets in place, Ec
coshield VCA is recommended for 
use with Eccoshield SV gaskets 
which are widely used for connect-
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The ALMA 760 is the only moderately 
priced; full capability RAM tester. 
It _completely tests MOS, TTL and EGL RAM 's. The only 
thing you change are low cost limit and adaptor boards. 
Features: A powerfu l pattern generator, device clock tim
ing generators, device bias supplies, high performance 
drivers , comparators , programmable reference level sup
plies .. . and , because of its versatile test deck, the ALMA 
760 readily interfaces with automatic handlers and probers. 
Plug-in options include a DC parametric test unit, a variable 
program panel , and a class ification unit for device sorting. 
Production testing. Easy to use, low-cost, plug-in program 
boards contain al l set up values for production testing. 
The 760 can be operated by non-technical personnel with 
a minimum of training . A classification unit option provides 
convenient multi-limit testing and RAM device sorting. 
And rapid changeover from one type of device to another 
is made possible by a plug-in device fixture board . 

Engineering evaluation. The 760's built-in flexibil ity in
cludes programmable MOS, TTL or ECL peaking , to 
achieve maximum pulse fidelity for all types of RAM 's. The 
variable program panel option permits adjustable contro l 
of all timing and voltage parameters . . . a convenient and 
powerful diagnostic tool. 
Optimized cost and performance. The ALMA 760 has 
been carefully designed to solve your memory test problems 
with the optimum trade-off between low cost and high 
performance. Circle the number below and let us send you 
our Model 760 brochure. ·under$25,000!(U.S.priceonly) 
If it tests IC's, we probably 
make it. The ALMA 550 tests •I ... 
both standard and complex ........ 
linear IC's. The ALMA 4808 tests 
most d igital IC's, with 700 free test Division of Develco. Inc. 

Th ALMA 38oc . 530 Logue Ave. 
programs. e IS our Mountain View. CA. 94043 
low-cost, dedicated digital IC tester . (415) 968-3903 
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PTS 1 

Wire Cutting - Stripping Tool 
Suitable for. cutting and stripping conduc
tors from 0.2 to 1.5 sq. mm (PTS 1-Al 0.2 
to 6· sq mm. (PTS 1-Bl in a single operation 

PTS1-A 

1 = cutting 
blades 

2 = stripping 
blades 

PTS1-B 

PR-1 

METAL 
CASE 

Cuts lead 
wires from 0 
0.3 to 1.5 mm . 

EIMEC 

Components 
Bending Tool 

Bending lenght: 
min. mm. 12 

Cut and 
Bending 

Tool 

PRINTED 
CIRCUIT 

HOLDER 

SASSO MARCONI - (Italy) 
P.O. BOX N. 1750 
40100 BOLOGNA 

AGENTS AND DEALERS REQUIRED 

New products/materials 

ing waveguide flanges. The pres
sure-sensitive adhesive has a vol
ume resistivity of less than 1 
milliohm-centimeter. It allows the 
flange connection to be broken and 
remade many times with the same 
gasket without impairing the rf seal. 
Emerson & Cuming Inc ., Microwave Prod
ucts Div., Canton , Mass. 02021 (480) 

A flexible epoxy system designed to 
replace silicone rubber does not 
harden with age, extreme heat, or 
extreme cold. Called Epoxsilrub, the 
two-component materials system 
cures at room temperature, and is 
especially recommended for potting 
applications where shrinkage and 
curing stresses could crush delicate 
components. The resin sells for 
$2.32 per pound in 55-gallon drums, 
while the hardener is priced at 
$2.12/ lb in similar quantities. 
lsochem Resins Co., Cook St., Lincoln , R. I. 

02865 (361) 

Sealing and cushioning washers, 
produced by a special process of 
bonding rubber to metal, ensure 
uniform concentricity, material 
thickness, and over-all thickness. 
The washers' sealing material is 
EPDM (ethylene, propylene-diene
terpolymer) which the manufacturer 
says is superior to neoprene in sta
bility and ozone resistance and in 
resistance to extreme weather condi
tions. The Barseal washers can be 
made with galvanized steel, alumi
num, or 18-8 stainless steel as the 
metal member. 
Barwood Manufacturing Corp., 18-32 Wil
liams St ., Everett , Mass. 02149 (362) 

A thermally conductive epoxy adhe
sive system is intended for staking 
transistors, diodes, ICs and other 
heat-generating components to radi
ators and heat sinks. Tra-Bond 2151 
is supplied in premeasured Bipax 
packages for convenience and mix
ing accuracy. The thixotropic mate
rial cures overnight at room tem
perature yielding a rigid plastic that 
is electrically insulating and ther
mally conducting. The cured prod
uct is very impact-resistant. 
Tra-Con Inc ., Resin Systems Division , 55 
North St. , Medford, Mass. 02155 (363) 
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about 

5<;/yr.* 
buys a lot 
of reliability 
with 
Angstroh111's 
new 
SAR, 
2oyear 
end·of·life 
precision 
metal film 
resistors! 

;,, 
I I 11 I 

•Based on a ty pi cal i 
11

,,' 

cost of $1 .00 each 1 

~ I 
® angs.tr.ohrn 

prec1s1on, inc. 
one precision place 
hagerstown , maryland 21740 
telephone : 301-739-8722 
twx: 710-853-6834 
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The EDMAC Hi-Q Tun a ble 
Filters a re ge nera l purpose 

ac tive two pole filt ers w hich 
ca n be used in either a bandpass 

or a bandrejec t mode of opera tion. 

FEATU RES 

= Tunabl e bandwidt hs corres
ponding to circuit Q 's of 
1000. 

= Tuna bl e fr equencies from 
1 H z. to 30,000 H z. 

= Independent contro ls for 
banrlw ;dth and center 
frequency. 

= Simult aneous bandpas s and 
bandrejec t fi lt er fun ctions. 

= Controll ed input-o utput 
phase rela ti onship . 

= Zero ph ase s hift a t center 
frequ enr.y . 

= Selec ta bl e a ut oma ti c trac king. 

= Circui t ove rdri ve indi cati on. 

= Selecta ble ca lib ra ti on mode. 

WRITE FO R CO MPL ET E SPECIFICATIONS 

EDMAC Associates Inc. 
333 West Commercial Street, 
East Roches ter, New York 14445 
(7 16) 385- 1440 

New books 

Photometry and Radiometry for En
gineers, Allen Stimson, Wiley-Inter
science, 446 pp., $ 19.95 . 

Decimal Computation, Herma nn 
Schmid, Wiley-Interscience, 266 pp., 
$ 16.95 . 

Guidebook of Electronic Circuits, 
John Markus, McGraw-Hill, 1,067 
pp., $24.50. 

Laser Interaction and Related 
Plasma Phenomena, Vol. 3A and 
3B, ed. Helmut J. Schwarz and 
Heinrich Hora , Plenum, 932 pp., 
$32.50 each. 

Applications of Linear Integrated 
Circuits, Eugene R. Hnatek, Wiley
Interscience, 5 18 pp., $26.95 . 

Automated Design of Control Sys
tems, C.W. Merriam III, Gordon & 
Breach, 339 pp., $32.50. 

Linear Integrated Networks: Funda
mentals, George S. Moschytz, Van 
Nostrand Reinhold , 583 pp., $29.95. 

Industrial Lasers and Their Appli
cations, John E. Harry, McGraw
Hill , 189 pp., $ 15.00. 

Semiconductor Devices: Testing and 
Evaluation, C.E. Jowett, Cahners 
Books, 134 pp ., $18.50. 

Radar Precision and Resolution, 
G.J.A. Bird, Halsted Press, 151 pp., 
$18.50. 

Fundamentals of Television, 2nd ed., 
Walter H. Buchsba um, Hayden, 280 
pp., $9.95 cloth, $6.95 paper. 

Introduction to Electronic Tech
nology, Richard J. Romanek, Pren
tice-Hall, 355 pp., $ 14.50. 

High Energy Lasers and Their Ap
plications, ed. Stephen Jacobs, Mur
ray Sargent III, and Marian 0. 
Scully, Addison-Wesley, 411 pp. , 
$17.50. 

Approximation Methods for Elec
tronic Filter Design, Richard W. 
D a niels, McG raw-Hill , 388 pp ., 
$ 19.50. 
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NEW SERIES OF 
LIQUID CRYSTAL 

WORKSHOPS 
2-DAY CHOLESTERIC-MAY 6 & 7, 

1975 
2-DAY NEMATIC TECHNOLOGY-

MAY 13& 14, 1975 
1-DAY LIQUID CRYSTAL DISPLAYS

MAY 15, 1975 

CONDUCTED 
IN 

PITTSBURGH, PA. 
BY 

JAMES FERGASON 
AND 

STAFF 

For Further Information or Brochure : 

The P ennsylvania S tate Uni•ersity 
Continuing Education 
3550 Se•enth Street Road 
New Kensington, Pa. 15068 
412-362- tO 12 

Circ le 271 on reader se rvice card 

Top Quality 

MAGNETIC HEADS 

model 

SM·SIS 

transformer type 

ultra high sensitivity magneti c 
head for paper money exchanger, etc. 

m o d e l 

MSP-6 

• 6 in 1 
cassette st ereo head fo r 
auto reverse 
pl ay I record I erase 

II SAN-E DENKI CO.,LTD. 
11 0 -1 , Mi nami Kawahori, T ennoj i-ku. 

OSA KA, JA PAN 
PHONES : OSAKA (06) 779-1591 
CABLE · SANMAGNETI CS OSAKA 
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Mary Lou, Martha, Mollie an :J 
are sold on the AO STEREOSTAR® Zoom Microscope. 

Here's why. 
The AO STEREOSTAR Zoom stereoscopic micro
scope was specifically designed for convenience, 
working ease and optical performance. 
Zoom controls are located on both sides for 
convenience. It eliminates awkward reaching 
when changing magnification. The high resolu
tion optical power pack may be rotated 360° to 
accommodate most any assembly or inspection 
situation. Full optical equipment offers a 
magnification range of 3.5x through 210x. 
Working distance of 4.0 inches is main-
tained at all magnifications in basic models, 
and if that's not enough, add a 0.5x 

Electronics/March 20. 1975 

auxiliary lens to make it 5. 7 inches. 
STEREOST AR Zoom microscope assures a wide 
field of view, up lo 2.25 inches with the lOx 
high eyepoint eyepieces. It also features an 
extremely efficient illuminator that stays cool 
even after long hours of continuous use. 
See for yourself. Contact your AO dealer or 
sales representative for a convincing 
demonstration. 

(in AMERICAN OPTICAL 
~ CORPORATION 

SCIE NTIFIC INSTRUMEN T DIVISION • BUFFALO . N .Y. 14215 
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Energy 
Saver 

N Ew ELECTRONICS BUYERS' 
GUIDE ... EASY· TO-USE, 
SINGLE VOLUME SOURCE FOR: 

• Information on over 4,000 products. 

• Over 6,000 company listings and phone num
bers - both home and fie ld offices. 

• EBG EXCLUSIVE: quick access to over 1000 
helpful catalogs through a timesaving Direct 
Inquiry service. 

• More than 1,400 pages of data. 

Here is the international world of electronics at 
you r fingertips . Find suppliers ... fast . .. accu
rate ly .. . and locally! Don 't have a copy? Use 
cou pon below, today. 

r---------------1 
Electronics Buyers' Guide 

A McGraw-Hill Publication 
1221 Ave. of the Americas, New York, N.Y. 10020 

Yes, send me copies (copy) of the energy 
saving Electronics Buyers' Guide. I've enc losed 
$20.00 (USA and Canada on ly~ elsewhere send 
$30.00). Full money back guarantee if not satisf ied. 

NAME 

COMPANY 

STREET ---------------

CITY 

STATE ZIP 

L---------------~ 

New literature 

Sampling oscilloscopes. A 72-page 
book put out by Philips Test & 
Measuring Instruments Inc., 400 
Crossways Park Dr., Woodb~ry, 
N. Y. 11797, explains and g1~es 
practical examples of how to denve 

maximum benefit from use of a 
sampling oscilloscope. Circle 421 on 
reader service card. 

Thick films. "The Fundamentals of 
Thick-Film Hybrid Technology," a 
600-page loose-leaf textbook is 
being sold for $100 a copy. Pub
lished by State of the Art Inc., 1315 
South Allen St., State College, Penn. 
16801 , the text is based on a series 
offive-day seminars. [422] 

Terminating flat-ribbon cable. Gen
erously illustrated with line draw
ings and photographs, a four-page 
booklet tells how to terminate 
bonded and laminated round-con
ductor fiat-ribbon cable. The book
let can be obtained from Spectra
Strip Corp., 7100 Lampson Ave., 
Garden Grove, Calif. 92641 [423] 

Measuring microscopes. A detailed 
four-page application bulletin en
titled "The Microscope as a Shop 
Tool" describes several types of 
measuring microscopes and many of 
their applications. Available from 
Gaertner Scientific Corp., 1201 W. 
Wrightwood Ave., Chicago, Ill . 
60614, the bulletin includes simple 
formulas for calculating the magni
fication of various microscopes. 
[424] 

Marketing manuals. A 16-page cata-
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Circuit pattern reduced to final size and 
reproduced in un ique circular array format 
by Electromask Image Repeater. 

ELECTRO MASK 
COMBO 2500 

A 
COMBINATION 

PATTERN GENERATOR/ 
IMAGE REPEATER 
for IC maskmaking 

Now, system and instrument manufacturers and laboratories 
can enjoy the same kind of IC maskmaking capability previously feasible 
only for large volume semiconductor manufacturers. Electromask has 
introduced a new combination pattern generator/image repeater which sells 
for almost $100,000 less than two independent units. No longer must you 
risk the exposure of your propri etary designs and be dependent upon 

I 
I 
~ 

outsi de se rvices for your maskmaking. Now you can 
do it all in-house at low cost and with fast turn
around time . The new Electromask Combo 2500 
makes it possib le. 

The 2500 gives you the complete 
capability of the independent Series 2000 Pattern 
Generator for making 1 OX reticles directly from 
digital data . Then in a matter of minutes, the 2500 
switches over to duplicate the operation of the 
independent El ectro mask Series 1000 Image 
Repeater, reducing the 1 OX reticle image to final 
size and producing. by step-and-repeat process, a 
photomaster. 

The new Combo 2500 incorporates the 
same Lasometric™ control and frictionless vacuum 
air bearings found on Electromask's field-proven 

independent P.G. and l.R. systems . For both 
P.G . and l.R. operations, stage positioning 
is by laser beam, eliminating mechanical 
wear and providing non-degradable 
accuracy and precision. As an image 
repeater, resolution of 0. 1 micron and 
absolute accuracy of 0.385 micron are 
achieved . And as a pattern generator, the 
P.G.'s independent scale factor for X-Y 
position and for aperture size, along with its 
minimum programmable increment of 0.10 

micron , dramatically 
increases circuit 
fl exibi lity. 

So if yo u've 
been avoiding the 

purchase of equipment 
because it was too expensive, and if you 

want to eliminate your dependency on outside 
services - here 's an economical ly feasible 
alternative. If you wou ld li ke to know more - or 
if you need help in convincing your boss -
just give us a call. 
™ Trademark of ELECTROMASK, INC 

ELECTROMASK, INC. 
A subsidiary of TR E Corporation , 6109 De Soto Ave., Woodland Hills, Calif. 91364, Phone: (213) 884-5050, Telex 67-7143 
Image Repeaters • Pattern Generators • Mask Savers • Environmental Chambers • Mask ID Printers • Precision Glass Cutters • Photomasking Services 
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THE 
NE 
D~G~ L 
V LKSMETER 
World 's lowest priced digital multimeter. 
Designed to be a more accurate replace
ment of del icate pointer-type meters. 

LM-3 

Features Include: $99.95 
• Rugged - ideal for field service use 
• Auto polarity - no more lead revers

ing or switching 
• Three digits with 1 % accuracy on all 

functions 
• 13 ranges: 4 vac, 4 vdc & 5 resistance 
• 1 millivolt resolution with 500 volts 

and 20 megohms full scale 
e Small Size: 1. 9"H x 2. 7"W x 3. 9" D 

Options Include: 

• Rechargeable batteries with charger 
unit - $15 

• Leather case - $16 
• High voltage probe - $30 
• Current shunts - $6 each 
Call our distributor, the G. S. Marshall Co., for 
more Information. 
For Immediate delivery, fill In below and mall 
direct to NLS. 

NON-LINEAR SYSTEMS, INC. 
Box N, Del Mar CA 92014 
PH (714) 755-1139 - TWX 910-322-1132 

D Special offer of $99. 95 with your check 
and coupon. D Single llllit price of $1l0 
C.O. D. or valid purchase order. 

One year guarantee. 

Name 

Company 

Address 

City state Zip 

California Residents Add 6% Sales Tax 
Offer expires In 90 days 

1 2 4 5 6 7 8 9 10 1112 * 1 3 4 5 6 7 8 9 10 1112 

New literature 

log gives detailed descriptions of 10 
marketing handbooks such as "A 
Handbook of Corporate Perform
ance Criteria" and "A Statistical 
Handbook for Electronic Market
ing . The catalog is put out by 
Mainly Marketing, Drawer M, 
Coram, N. Y. 11727 [425) 

Spectral analysis. A 32-page work
book provides an introduction to 
the more widely used types of mod
ulation and their time- and fre
quency-domain characteristics. The 
booklet, "An Introduction to Time 
and Frequency Domain Modulation 
and Waveform Analysis with Lab 
Experiments," ·can be obtained from 

All Introduction to ... 

• 

• 

Tektronix Inc., cl o Art Andersen, 
P. 0. Box 500A, Beaverton, Ore. 
97077 [426) 

Relay interchangeability. A relay 
cross-reference list , which covers in
dustrial and general-purpose relays 
made by Potter & Brumfield, Mag
necraft, Midtex, Sigma, Deltrol, 
Clare, Line, Guardian, Milwaukee, 
and Struthers-Dunn, has been re
leased by Struthers-Dunn Inc ., 
Lambs Rd., Pitman, N. J. 08071 
[427) 

Soldering tips. An explanation of 
how a soldering tip is constructed, 
how to re-tin one, and other point
ers on the use and care of iron
plated soldering tips are included in 
a folder offered by Plato Products 
Inc., 4357 N. Rowland Ave., El 

202 Circle 202 on reader service card 

LEGAL NOTICE 

U.S. POSTAL SER VICE 
STATEMENT OF OWNERSHIP, MANAGEMENT 

AND CIRCULATION 
(Act of August 12, 1970: Section 3685, Title 39, 

United States Code) 

l . Title of Publication : Electronics 
2. Date of filing : 9/6174 
3. Frequency of issue: Bi-weekly 
4. Location of known office of publication: 1221 Avenue 

of the Americas, New York , New York 10020 
5. Location of the headquarters or general .business offices 

of the publishers : 1221 Avenue of the Amencas, New York , . 'ti 
New York 10020 

6. Names and addresses of publisher, editor and managing 
editor: Daniel A. McMillan, IIl - 1221 Avenue of the Amer
icas, New York, New York 10020/Kemp Anderson / Sam 
Weber 

7. The owner is McGraw-Hill , Inc. 1221 Avenue of the 
Americas, New York , New York 10020. Stockholders holding 
1% or more of stock are: Donald C. McG raw; Donald C. 
McGraw, Jr. .: Harold W. McGraw, Jr.; John L. McGraw; 
William H. McGraw : June McGraw McBroom; Elizabeth 
McGraw Webster ; all of 1221 Avenue of the Americas, New 
York, New York 10020: Way & Co. c/ o The Bank of New 
York, P.O. Box 11203, New York, NY 10049; Pere & Co. c/o 
Northwestern National Bank of Minneapolis, 7th & Mar
quette, Minneapolis, MN 55480; Sabat Co. c/ o Savings Banks 
Trust Co. 200 Park Avenue, New York NY 10017; Roms & 
Co. c/o Bankers Trust Company, P.O. Box 704, Church St. 
Station, New York, NY 10008; Sior & Co. c/o Bankers Trust 
Company, P.O. Box 704, Church St. Station, New York , NY 
!0008; Stanford E. Taylor, Lloyd Harbor, Hunt ington, NY 
11743; American National Insurance Company, P.O. Box 
2664, Church St. Station, New York , NY !0008. 

8. Known bondholders, mortgages. and other security 
holders owning or holding I percent or more of total amount 
of bonds, mortgages o r o ther securities: None. 

9. Permission requested. 
10. Not applicable 
11. Extent and nature of ci rculation: 

Actual No. 
Average No. Copies Of 
Copies Each Single Issue 
Issue During Published 

Preceding Nearest To 
12 Months Filing Date 

A. Total No. Copies Printed 93,872 95,989 
B. Paid Circulation 

I. Sa les throu gh dealers 
and carriers, street ve n-
dors and counter sales . 

2. Mail subscriptions 88,63 1 89,937 
Total Paid Circulation 88.63 1 89,937 
D. Free distribution by mail , 

carrier or other mea ns: 
I. Sampl es. comp limen-

tary. and other fre e copies 3,281 3,149 
E. Total Distribution 9 1,912 93,086 
F. Office use. left-over. unac-

counted, spoi led after 
printing . . 1.960 2,903 

G. Total 93,872 95,989 

I certify that the statements made by me above are 
correct and complete. 

McGRAW·HILL. INC. 
Robert N. Landes 

Help your 
Heart ... 
Help your 
Heart Fund 

American Heart Association 
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~~ introductory offer to new members of the 
ELECTRONICS AND CONTROL NGINEERS' BOOK CLUB 

404/445 

ELECTRONIC 
CIRCUITS 
MANUAL 
by J. Markus 

Pub. price, $24.75 
Club pri ce, $15.75 

637/458 

DESIGNING 
WITH TTL 
INTEGRATED 
CIRCUITS 
by Texas 
Instruments 
Inc. 
Pub . price , $24.00 
Club price, $13.50 

404/437 

SOURCEBOOK 
OF ELECTRONIC 
CIRCUITS 
by J. Markus 

Pub . price, $23.50 
Club price, $17.50 

389/756 

SEMI
CONDUCTORS 
MEMORY 
DESIGN AND 
APPLICATION 
by Texas 
Instruments Inc. 
Pub. price , $22.50 
Club price , $13. 75 

491/364 

THE DESIGN OF 
DIGITAL 
SYSTEMS 
by J . B. Peatman 
Pub. price, $17.50 
Club price, $11.75 

286/ 515 

INTEGRATED 
CIRCUITS: 
A Basic Course 
for Engineers 
and Technicians 
by R. G. Hibberd 

Pub . price, $12.50 
Club price, $8.45 

100/8 10 

MOS/LSI 
DESIGN AND 
APPLICATION 
by Carr & Mize 
Pub . price, $22.00 
Club price, $13.50 

388/458 

MAGNETIC 
RECORD IN!: 
by 
C. E. Lowman 
Pub. price , $1 7.50 
Club price, $9. 75 

287/341 

STANDARD 
HANDBOOK OF 
ENGINEERING 
CALCULATIONS 
by T. G. Hicks 

Pub . price, $19.50 
Club price, $14.25 

124/ 035 

HANDBOOK OF 
PHYSICS, 2/e 
by Condon and 
Odishaw 

Pub. price, $39.95 
Club price, $14.95 

Save time and money by joining the fJ~I 
Electronics and Control Engineers' Book Club • 

HERE is a professional club designed specifically to meet your 
day-to-day engineering needs by providing practical books 

in your field on a regular basis at below publisher prices. 

How the Club operates: Basic to the Club's service is its publi
cation, the Electronics and Control Engineers' Book Club 
Bulletin, which brings you news of books in your field. Sent to 
members without cost, it announces and describes in detail the 
Club's featured book of the !llOnth as well as alternate selections 
which are available at special members' prices. 

When you want to examine the Club's feature of the month, 
you do nothing. The book will be mailed to you as a regular part 
of your Club service. If you prefer one of the alternate selec
tions-or if you want no book at all for that month-you notify 
the Club by returning the convenient card enclosed with each 
Bulletin. 

As a Club member, you agree only to the purchase of four 
books over a two-year period. Considering the many books pub
lished annually in your field, there will surely be at least four 
that you would want to own anyway. By joining the Club, you 
save both money and the trouble of searching for the best books. 

Electronics/March 20 , 1975 
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M $8 45 to $39.95 
VALUES FRO . 

Special $1.00 bonus book 
comes to you with your 

first club selection 

238/901 

APPLICATIONS 
OF OPERATIONAL 
AMPLIFIERS 
by J . G. Graeme 
Pub. price , $14.00 
Club price, $10.50 

353/387 

MINICOMPUT
ERS FOR 
ENGINEERS & 
SCIENTISTS 
by G. Korn 
Pub . price, $21.50 
Club price, $13.95 

649 / 170 

OPERATIONAL 
AMPLIFIERS 
by Tobey, 
Graeme & 
Huelsman 
Pub . price , $18.00 
Club price, $11.50 

287/ 597 

MANUAL OF 
ACTIVE FILTER 
DESIGN 
by Hilburn & 
Johnson 
Pub. Price, $12.50 
Club Price, $8.95 

MAIL ATTACHED POSTPAID CARD 
(If card removed, send coupon below) r-------------------------1 

ELECTRONICS AND CONTROL ENGINEERS' BOOK CLUB 
P.O. Box 582, Hightstown, New Jersey 08520 

Please enroll me as a member and send me the two books 
indicated below. I am to receive the bonus book at the spe
cial introductory $1.00 price and my first selection a t the 
discounted member price, both to be shipped on a pproval. I 
may return them in 10 days and request to have m y mem
bership cancelled without obligation. If I keep the books, I 
agree to take three other club books of m y own choosing 
during the next two years, at the low club prices, guaranteed 
to be a minimum of 15% (often more) under publishers' 
prices. (Postage and 25¢ handling charge is added.) 

Write Code No . of 
Book You Want 
for $1.00 here 

Write Code No . of 
Your 1st Book 

Club Selection here 

Name _ _____ _ ··- ------------

Address _____________ _ ____ _ 

City·-------- - - --------- --

State, _____ _ ________ ZiP·- - ---

I E33271 

L-------------------------J 
Circle 205 on reader service card 205 
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NEWPMDUIT' 
FLAT CABLE MOUNT 
Economical, versatile method of 
mounting or bundling flat cable 
• Secures stacked cabl es, folds and breakouts 

·• Maintai ns flat cable 's inherently uniform 
transmission characte ris tics • Mount to 
any surface using screws or commercial adhesive 
• Low profile • Removable and 
reusable • Stack ing up to 5%" high ; 
cable width s to 3" . 

Tinley ParK ,11 1. 60477 
Phone : (312) 532-1800 
In Canada: Panduit (Canada) Limited 

Circle 206 on reader service card 

SOLDER CLAD 
PMC is currently producing both soft and hard solder 
clads on ferrous and non ferrous alloys. Alloys of tin
lead as well as silver-copper alloys are routinely 
bonded to a variety of base metals. If you have a join
ing problem, why not call Mr. Harry Friedman at 
(617) 695-9312. Or write, Polymetallurgical Corp., 
262 Broadway, North Attleboro, MA 02761. ::i::w::= 

Ci rcle 273 on reader service card 

New literature 

Monte, Calif. 91731 [ 428] 

Etching thin films. Procedures for 
etching thin-film-coated substrates 
are outlined in a four-page appli
cation note published by Analog 
Devices Inc., Route 1 Industrial 
Park, P. 0 . Box 280 , Norwood, 
Mass. 02062. The procedures apply 
to three-film (nichrome-nickel-gold) 
and two-film (nichrome-gold) sys
tems. [429] 

Interface bus. The Hewlett-Packard 
interface bus, the model for the pro
posed international interface stan
dard now being considered by the 
International Electrotechnical Com
mission, is discussed in a recent is
sue of the Hewlett-Packard Journal. 
The entire January 1975 issue of the 
journal is devoted to the bus and to 
the solution of problems that may 
arise in connection with its use. 
Copies are available from Inquiries 
Manager, Hewlett-Packard Co ., 
1501 Page Mill Rd., Palo Alto, 
Calif. 94304 [ 430] 

Solenoids. A 72-page catalog gives 
information on the line of Guardian 
solenids and also includes a guide 
to solenoid selection, tips on increas
ing life expectancy, and an ordering 
checklist. The catalog is put out by 
Guardian Electric Manufacturing 
Co., 1550 West Carroll Ave., Chi
cago, Ill. 60607 [ 431] 

• 
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If these new testers do half what we promise, it'd be well worth your time 

and effort to prove it. 

These testers cost tens of thousands less than other production test systems. 

They fit under an airline seat, travel easily to field applications. They enable drastic 

reductions in set-up costs by combining normal programming with psuedo-random 

patterns, by being compatible with other logic testers. They dramat ically increase 

throughput on even the most complex boards by automatic testing up to 100 t imes 

faster than other computer-controlled 

testers. They significantly reduce 

troubleshooting costs by providing 

many more fault-isolation techniques . 

The most incredible 
See? Half that would be extraordinary. 

logic testers 
ever devised? All that is ordinary - with the new 

MIRCO 500-Series Logic-Circuit Testers. 

Join the growing list of companies 

who 've put these testers to the test. 

Then bought. 

Putyourbesthands 
on them. 

J,\IRCD MIRCO SYSTEMS 
INCORPORATED 

Circle 207 on reader service card 

2106 WEST PEORIA AVENUE • PHOENIX , ARIZONA 85029 • (602) 944-4691 • TE LEX 668 -403 
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Technical Advertising Agency 
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& Public Relations 

Advanced Micro Devices 
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Corilp~re J'IS NEW SR-51 .... 
9 Mea1:1; variance and standard deviation. 
9Aufumatic linear regression. 920 _programmed 
~onvetsions. e Percent and percerit difference . 
9Random number generator. i-:-r=~~.=~~=10""--------+.:8=~~=~1-\,__P;:=is 
93 accessibl~ memories. And ~~~;~~~~!~~~n~o:~~~~ot~nh , Inv) m ~~: · h ~· 1 · Deg/rad mode selection yes yes ffiUC . · .l0r on y Decimaldegrees-deg-min-sec yes yes . $224~5 r""'"'"'"""""''" m g; 

More math 
power for the . 
money. More · 
than log and trig 
arid hyperbolics 
and functions of x 
... the SR-51 has 
these and also has 
statistical functions .. 
like mean, variance an 
standard deviation, ran 
dom numbers, factorials 
permutations, slope and inter
cept, a.nd trend line analysis. 
Check the chart above-compare 
it. With the HP-45 or any othe 
quality calculator. Then try it-at 
no risk. We're sure you'll agree that 
the SR-51 offers extraordinary value. 

Vx yes yes 
V'Y yes no 
1/x yes yes 
x! yes yes 
Exchange x with y yes yes 
Metric conversion constants 13 3 
% and ti% 
Mean and standard deviation 
Linear regression 

Trend line analysis 
Slope and intercept 

Store and recall 
I to memory 
Product to memory 
Random number generator 
Automatic permutation 
Preprogrammed conversions 
Digits accuracy 

Algebraic notation (sum of products) 
Memory (other than stack) 
Fixed decimal option 

Keys 
Second function key 

Constant mode operation 

yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
yes 
20 
13 rs 
yes 
40 
yes 
yes 

yes 
yes 
no 
no 
no 
yes 
yes 
yes 
no 
no 
7 
10 
no 
9 
yes 
35 
yes 
no 

. Test the SR-51 at no 
risk. Full refund 

if not satisfied. 
Master Charge 

or Bank 
America rd 

accepted. 

/,;---------E;i-
/ / If Master Charge is used indicate 

------------------- / 4-digitBankNumberappearingon 
TO: Texas Instruments Incorporated '\~ ,. /'tard just above your name: I I I I I 
P.O. Box 22013, MIS 358, Dallas, Texas 75221 '\ / 

'\ ,,,-" Name ____________ _ 

Try it 15 days. Return with all accessories if not satisfied. 

Enclosed is my D check , D money order, D company 
purchase order for$ ___ for the purchase of _ SR-51 (s) . 

Please add state and local taxes where applicable.· 

' ,,, ', 91'"-~ Street _ _ ___________ _ 

• ' . ,~'?-" '\ ,/'' City _ ___ _ _ _ State ___ ZIP ____ _ ,,,, 
Please charge this order to myD Mast~r Charge. Or, 0 BankAmericard Authorizing Signature (If billed to Credit Card Must be signed by card holder) 
My Card Number is: I I I I I I I I I I I I I I I I 

.AL, Al. , CA, CO, CT, FL , GA, IA, IL. IN , KY, MA, MO, Ml , MN, MO, NC, NM. NJ, NY, PA, 

LW_!h~:;x!~~d~e.;_ ___________________ ~ ! i:: ~ ~· : · ~e!~o! '.:'.:~ --_ --____ ...J 

© 1975 Texas Instruments Incorporated 
13500 Nonh Central Expressway 
Dallas, Texas 
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16E-t 7E 
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Nolan, Keeler & Stites 

• S . E. Lab1. (EMI) Ltd. 
Graphic l>ublicity Ltd. 

• Selmart 
CPM Studio 

• Seaco .. m 
Bazaine Pubhc1te 

• Technabexport USSR 
O!lice Pubhotane De France 

198 

154 

60-61 

12E 

11E,t8E 

10E 

• Tekelec Alrtrontc 
SPFD 

13E,15E,29E,31 E 

•Tektronix, Inc. 
Tektronix Advertising 

• Tektronlx-IDD 
Young & Roehr . Inc 

Teledyne Philbrick 
Ingalls Associates 

• Teledyne Relays 
S. Michelson Advertising 

• Teradyne, Inc. 
Ouinn & Johnson, Inc 

Texa1 lnllrument1 Incorporated-
Scientific Calculatoro 
Tracy-Locke 

*• Texa1 lnstrum1nt1, Incorporated 
Kenyon & Eckhardt Advertising, Inc. 

Thom1on CSF 
Bazaine Publ1cite 

• TRW, Electronic Component• Dlvl1lon 
The Bowes Company 

• TRW/IRC RHl1tor1 
Gray & Rogers, Inc. 

•• u.s.c.c. 
S. Michelson Advert1S1ng 

•Vu-Data 
Manning-Bowen and Associates 

• Wagner Electric Corporation 
Coordinated Communications, Inc 

• Wandel und Goltermann 
Werbeagentur 

•• Wavetek Indiana Inc. 
Chapman Michetti Advertising 

Wavetek San Diego 
Chapman Michetti Advertising 

*• John Wiley & Soni, Inc. 
605 Advertising Group 

Wlma, Weatermann 
Oliver-Beckmann Gmbh 

• Yokogawa Electric Works Ltd. 
General Advertising Agency, Inc. 
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181 

149 

209 

52 

43 

174-175 

t36 

180 

164 

58-59 

73 

48 

147 

16 

28E 

• For more mformat1on on complete product hne see ad
vertisement in the latest Electronics Buyers' Guide 

Advertisers in Electronics lnternat1onal 
Advertisers 1n Etectron1cs domestic ed1t1on 

Advertising Sales Staff 
Pierre J . Braude New York [212] 997-3468 
London 01-493-1451 
Director of Marketing 
Atlanta, Ga. 30309: Warren H. Gardner 
100 Colony Square. 1175 Peachtree St .. N.E. 
[212) 997-3617 

Boston, Mass. 02116: James R. Pierce 
607BoylstonSt [617)262-1160 

Chicago, Ill. 60611 : 
645 North Michigan Avenue 
Robert W. Bartlett (312) 751-3739 
Paul L. Reiss (312) 751-3738 

Cleveland, Ohio 44113: William J. Boyle 
[716) 586-5040 

Dallas, Texas 75201 : Charles G . Hubbard 
2001 Bryant Tower, Suite 1070 
[214) 742-1747 

Denver, Colo. 80202: Harry B . Doyle, Jr. 
Tower Bldg .. 1700 Broadway 
[303] 266-3863 

Detroit, Michigan 48202: Robert W. Bartlett 
1400 Fisher Bldg . 
[313] 873-7410 

Houston, Texas 77002: Charles G . Hubbard 
375 Dresser Tower, 601 Jefferson St. [713) CA 4-8381 

Los Angeles, Calif. 90010: Robert J . Rielly 
Bradley K. Jones. 3200 Wilshire Blvd .. South Tower 
[213) 487-1160 

New York, N.Y. 10020 
1221 Avenue of the Americas 
Worren H. Gardner [212] 997-3617 
Michael J. Stoller [212] 997-3616 

Philadelphia, Pa . 19102: Warren H. Gardner 
Three Parkway , 
[212] 997-3617 

Pittsburgh, Pa. 15222: Warren H. Gardner 
4 Gateway Center, [212) 997-3617 

Rochester, N.Y. 14534: William J. Boyle 
9 Greylock Ridge, Pittsford, N.Y . 
[716) 586-5040 

San Francisco, Calif. 94111 : Don Farris 
Robert J. Rielly, 425 Battery Street. 
[415] 362-4600 

Paris: Alain Offergeld 
17 Rue-Georges Bizet. 75 Paris 16, France 
Tel· 720-73-01 

Geneva: Alain Offergeld 
1 rue du Temple. Geneva. Switzerland 
Tel. 32-35-63 

United Kingdom & Scandinavia: Keith Mantle 
Tel: 01-493-1451, 34 Dover Street, London W1 

Miian: Luigi Rancat1 
Robert Saidel (Middle East) 
1 via Baracch1ni. Italy Phone 86-90-656 

Brussels: Alain Offergeld 
23 Chaussee de Wavre 
Brussels 1040, Belgium 
Tel. 13-73-95 

Frankfurt / Main: Fritz Krusebecker 
Dieter Rothenbach (East European Countries) 
L1eb1gstrasse 27c, Germany 
Phone 72 01 81 

Tokyo : Tatsumi Katagrn, McGraw-Hill 
Publications Overseas Corporation, 
Kasum1gasek1 Building 2-5. 3-chome. 
Kasum1gasek1, Ch1yoda-Ku. Tokyo, Japan 
[581] 9811 

Australasia: Warren E. Ball. IPO Box 5106. 
Tokyo. Japan 

Business Department 
Stephen R. Wei ss, Manager 
[212] 997-2044 

Thomas M. Egan, 
AsSJstant Business Manager [212] 997-3140 

Carol Gallagher 
Production Manager International [212] 997-2045 

Dorothy Carter, Production Manager Domestic 
[212] 997-2908 

Frances Vallone, Reader Service Manager 
[212] 997-6057 

Lisa Hoenig , Secretary 
[212] 997-6481 

Electronics Buyers' Gulde 
George F. Werner, Associate Publtsher 
[212] 997-3139 

Regina Hera, Directory Manager 
[212] 997-2544 
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COILTITE BITS 

HAND WRAPPING 

CABLE 
STRIPPER 
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's than 1I10 ol a second 

Circle 211 on reader service card 

PREMIER ELECTRONIC CABINETS and CASES 
• RUGGED-FUNCTIONAL CONSTRUCTION • ESTHOICS KEYED TO MODERN SYSTEMS 

•PROMPT SERVICE & AVAILABILITY• ECONOMICAL PRICING 

PREMIER METAL PRODUCTS CO. 
337 Manida Street, Bronx, New York 10474 (212) 991-6600 

Assorted rear panel accessory 
options 

t , Side Hinged Door Panel 
(SHP Series) 

2, Formed Panel (FP Series) 
3. Perforated Formed Panel , 

1/ 16" dia . holes on 1/s" stag, 

4. J~~~e~e~~~~~e~~nW\WL 
Series) 

Standard l/s" & 3/ 16" flat panels 
also available (ARP, MAP, RP 
Series) 

0 . 

0 
o ·· 
o .. · 

TIC Series Construction Details 
(front and rear identical ) 

5. Trim : Extruded, anodized 
aluminum with black vinyl 
inlay 

&. Chassis / Shelf Support 
(accessory) 

7. Welded st iffener channel and 
hand grip support 

8. Full extention slides with 
mounting hardware (acces
sory) 

9. Recessed panel mounting 
channels and structural sup
ports (4 per case) 
Standard EIA & WE hole spac
ing provide for fron tal 
mounting and internal equip
ment mounting. Hardware 
supplied 

10. Carrying Grip with vinyl inlay 
11. Case Body , welded , formed 

steel (20 ga.) with welded 
16 ga. channel gusseting and 
channel stiffeners 

12. Non-marring feet 
Stand1rd Finishes : Textured 
Vinyls, 13 colors 
Semi-gloss Enamels , 10 colors 

0 
f 

'sit our booth # 1207 & 1209 at the IEEE INTERCON-75 SHOW APRIL 8th-10th Circle 27 4 on reader service card 
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... LOW ENERGY ELECTRICAL 
PRECISION CONTACT COMPONENTS. 

Like switch assemblies, welded and 

staked assemblies, wire forms, flat spring 

contacts, plastic molded brush and 
contact assemblies, rivet head contacts 
and complete assembled components. 

Our series of PALI NEY® and NEYORO® 

alloys have become synonymous with 

quality in the field of precious metals. 
Our Design Engineers are always avail

able to assist in the design of parts 
and/or complete assemblies to your 
specifications. For our catalog, write The 

J.M. Ney Co., Bloomfield, Conn . 06002 

Booth no. 1523 & 1525 
Circle 212 on reader service card 

OPTICAL TRANSMISSION 
OF INFORMATION 

«TIS» OPTICAL FIBRE 
For industrial applications. Maximum length : 30m ; 
absorption : 0,70 dB/m, fitted with either with a TTL/DTL 
compatible transmit-receive unit operating . 

«LD» OPTICAL FIBRE 
Low-absorption fibre less than 30 dB/km for a diameter 
of 180/120 microns ; plastic sheathing on BNC connector. 

15, rue d'Argenteuil 
75001 PARIS FRANCE 
phone : ( 1) 260.62. 75 

( 1) 260.64.53 

SOLE AGENCIES IN: 

FOURTEEN COUNTRIES 

Circle 275 on reader service card 

NO-BOUNCE, PISITION-FREE 
MERCURY Fil . REED RELAY. 

This fantastic Form A relay switches 
1 A, 24 VDC; 0.2 A, 110 VAC; or 10 µ,A, 
100 mVDC. Mount it up-hill, down-hill , 
upside down, floating - any way you 
want it. It will switch your load without 
bounce or chatter. And its initial 150 
milliohm contact resistance will remain 
virtually constant over a life that exceeds 
109 mechanical operations. DL is small : 
. 787" L x .433" W x .413" H, hermet
ically sealed, and magnetically shielded. 
So pack them on your PI C board 
(terminals are 16-pin DIP format). DL's 
rugged, too. Welded internal compo
nents resist high G shock and vibration 
forces. There's no other relay like it 
in the world. Send for complete specs. 

Relays for advanced technology. 

m 
Arrow-M Corp. 250 Sheffield St. tvbuntarnide, N.J. 07092 USA 

Telephone 201232 4260 

Circle 215 on reader service care' 
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