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60 Circuit Board Testing Update/No. 6 in a series from Hewlett-Packard. 

HOW DEPENDENT SHOULD YOU BE ON THE ATE SUPPLIER? 

Automatic board test equipment 
can provide a powerful solution to 
today's testing needs. But choosing the 
right system can be a complex and 
bewildering task, because of all the 
non-hardware factors to be assessed. 

Purchase alternatives. 
One factor is the question of sys-
tem responsibility. At one end of this 
spectrum is a turnkey system. Here the 
ATE manufacturer assumes total re-
sponsibility and the user is dependent 
upon the supplier for hardware, software 
and system implementation. At the 
other end is the do-it-yourself system 
tailored to your exact application, in 
which case the user is almost self suf-
ficient. Other alternatives also exist. So 
how can you choose the right one? 

Some helpful criteria. 
The three most important criteria 
are: your environment, departmental 
resources, and the system supplier. 

Production environment is critical. 
How high is the PC board volume? Are 
the boards extremely complex? How 
many new products are anticipated? For 
example, if you have fairly simple 
boards and few requirements for 
changes, a turnkey solution may be your 
answer. But for highly complex boards 
and a stream of new products, you 
may wish to keep ex-
pansion and revision 
control in-house. What 
about departmental 
resources? Do 
you have the tech-
nical people 
to assPmble 
and program a 
do-it-your-
self system? 

Finally, the 

system supplier should be evaluated. 
Does the company have knowledge 
of your business and applications engi-
neers familiar with your needs? Will 
service and support personnel be avail-
able when and where you need them? 

The concept of 
shared responsibility. 
HP's answer is shared responsibility . . 
a concept that minimizes both start-up 
difficulty and your dependence upon 
outside suppliers (see chart below). 

Do It 
Youtoolf 

Shared 
ReoponolbIllty 

Turnkey 

When you choose the HP 3060A 
Board Test System, you get a system 
designed to put you on the road to inde-
pendence. Here's why: 

First, you get two weeks of intensive 
training in system use and software 
development. Second, HP supplies the 
software aids that take the mystery 

out of programming. Non-technical 
people can easily program in-

circuit tests by entering node num-
bers plus parts values and toler-

ances. HP's In-circuit 
Program Generator (IPG) 
does the rest, selecting 
appropriate test 

methods, determining 
uncertainty, generating the 

test program and more. 
Then, your technical peo-

ple can easily master BTL 
(Board Test Language), 

using commands such as the 
one shown, to 

program functional tests. Because they 
know the circuit best, testing becomes 
more thorough and more meaningful. 

Third, you get reliable hardware 
that's ready to operate. Most sys-
tems are up and running the same 
day they're installed. And because the 
system is HP-IB compatible, you can 
modify and expand its capability 
right in your facility without a major 
software investment. 

If you have problems, HP doesn't 
desert you. Our specialists are avail-
able to help. And with the self-diagnostics 
built into the system, you'll be up and 
running again quickly. 

TRANSFER TEST EXAMPLE 
none "Bum %tent-. *Tar 1000. 

EXtelonetor 
Source Type 

Frequency 

3437A I, lOO. 

T T DeleCler Type 
Expected Amplitude 

Number of Readings 
D. 

AmpMude 

0111 

Supplier Independence. 
The net result is greater independ-
ence. With the HP 3060A, you learn 
to solve your own problems. That 
means faster response to changing 
needs. Direct control over expenses. 
And, generally, lower overall cost 
of ownership. 

For additional information. 
There are numerous other reasons 
to consider the HP 3060A ($85,000* 
for standard operating system). To 
get complete details, write: Hewlett-
Packard, 1507 Page Mill Road, Palo 
Alto, CA 94304. Or call your nearest 
regional sales office: East (201) 
265-5000, West (213) 970-7500, 
Midwest (312) 255-9800, South 
(404) 955-1500, Canada (416) 
678-9430. 
'Domestic USA price only. 

HP Circuit Testers — 
The Right Decision 

[ha HEWLETT 
PACKARD 
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HP's New Display 
is a Bigirellow Show Oft 
Yellow joins High Efficiency Red in HP'S popular 20mm (0.8") high displays. Both 

can be viewed clearly from as far away as 10 metres. They show off well too, with excellent readability 
in bright ambient conditions because of their gray body color and untinted segments. This is HP'S 

family of HDSP-3900 Series of red displays and HDSP-4200 Series of yellow. 
IC compatible, they're ideal for electronic instrumentation, point-of-sale terminals, TV's 

weighing scales, digital clocks, and other applications where you need a big, easy-to-read display. And power 
requirements are low since they utilize a chip made from GaAsP on a transparent GaP substrate. 

Units are priced at $2.55* in quantities of 1000. 
For immediate delivery, call any authorized HP components 
distributor. In the U.S. contact Hall-Mark, Hamilton/Avnet, Ira HEWLETT 

Pioneer Standard, Schweber, Wilshire or the Wyle Distribution 
Group (Liberty/Elmar). In Canada, call Hamilton/Avnet PACKARD 

or Zentronics, Ltd. 

01011 *Suggested U.S. Domestic Price Only. 
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qilable from stoat, . 

HI-REL MIXERS with a 
3-year  guarantee' 
' $8.95 SRA-1 

from 

te• 

Five years ago, Mini-Circuits 
offered a two-year guarantee for 
its industry-standard SR A-1 ' 
hermetically sealed 
Double-Balanced Mixer. . . note', 
used worldwide for a variety of 
military and industrial applications. . . ›4› ••• • % 

The two-year guarantee was made pos :by' the use of an accelerated-life screening test for diodes • . - 

generally reserved only for space applications*)•' 
The HTRB-screened Schottky diodes are subjecte to 
a one-volt negative bias at 150'C for 168 hours, 
a stress designed to accelerate ageing and force 
time-related failures— thus screening out potentially 
unreliable diodes. 

Mini-Circuits is proud to offer a three-year guarantee 
for the SRA-1 achieved by further stressing and testing 
the assembled unit. Each completed SRA-1 experiences: 

1. Burn-in for 96 hours at 100"C with 8 mA at 1 KHz. 
2. Thermal shock. 
3. Gross and fine leak tests per MIL-STD 202). 
And the three year guarantee SRA-1 is still only $8.95! 

Of course, the additional testing adds to our cost, 
'but our continuing commitment is to offer performance 

and reliability unmatched for off-the-shelf 
Double-Balanced Mixers. 
So, for space or rugged industrial applications, 

ensure highest system reliability by specifying 
SRA-1 mixers, the only Doubled-Balanced Mixers 
with a three-year guarantee. . . from 
Mini-Circuits where jow price goes hand in • 
hand with unmatched qualify. 'Ir Mini-Circuits 

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

• e • 

Model SFIII-1 
Freq. range (MHz) 
LO 0 5-500 
RF 0.5-500 
IF DC-500 

Conversion loss (dB) Typ. Max. 
1 250 MHz 5.5 7.0 
0.5-500 MHz 65 85 

Isolation (dB) Typ. Max. 
0.5-5 MHz LO-RF 50 45 

10-IF 45 35 
5-250 MHz LO-RF 45 30 

10-IF 40 25 
250-500 MHz LO-RF 35 25 

LO-IF 30 20 

Min. Electronic Attenuation (20 mA) 3 dB Typ. 

Signal. 1 dB Compression Level + 1 dBm 

Impedance All Ports, 50 Ohms 

LO Power + 7 dBm 

World's largest maeutacturer ot Double Balanced Mixers 

• 
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COMPUTERS 

The System/370 processor chip: a triumph of automated design, 139 
Implementing the architecture, 140 
Wiring the chip, 144 

Shortening long path delays, 146 
COMPONENTS 

Adding to PLL chips' functions speeds rf synthesizer design, 148 
COMMUNICATIONS 

Integration is on the way for fiber-optic receivers, 155 
COMPONENTS 

High linearity and video speed come together in a-d converters, 167 
MICROSYSTEMS 

Single-chip computer aims at multiprocessing, 172 

DESIGNER'S CASEBOOK: 162 

ENGINEER'S NOTEBOOK: 176 

39 Electronics Review 

MEMORIES: ROM cells hold 2 data bits each, 39 
MICROSYSTEMS: Mini makers face another challenge 
from a chip maker, 39 

SOLID STATE: Superconductivity reported at room 
temperature, 41 

COMMUNICATIONS: IC makers ready codec-filter 
combinations, 41 

COMPUTERS: Already there is competition for the 
newest IBM 4341, 42 

PACKAGING: Elastomers cushion prototype reworks, 44 
PRODUCTION: Laser-based system inspects printed-

circuit boards, 44 
BUSINESS SYSTEMS: Fujitsu quietly tests U. S. office-

computer waters at Wescon, 46 
SHOWS: Wescon encore set at Anaheim, 46 
NEWS BRIEFS: 48 

65 Electronics International 

JAPAN: The power is with a 16-bit silicon-on-sapphire 
microprocessor, 75 

FRANCE: Gallium arsenide to yield 5-GHz divider, 76 

GREAT BRITAIN: Adaptive echo canceler helps modem 
run at 9,600 b/s on noisy phone lines, 78 

AROUND THE WORLD: 80 
WEST GERMANY: Siemens aiming to sell more ICs 
abroad, 82 

91 Probing the News 

TEST EQUIPMENT: Instrument makers see market in 
fiber optics, 91 

MILITARY: Military purchases to slow, 95 
COMPONENTS: European components outlook dim, 100 
MILITARY: NATO dollars are flowing, 104 

189 New Products 
IN THE SPOTLIGHT: Storage oscilloscope samples at 
50 megahertz, 189 

Microcomputer has 32-K ROM on chip, 194 
16-K MOS ROM accesses in 80 ns, 202 

MICROCOMPUTERS & SYSTEMS: C-MOS version of 
8048 draws 10 mA at 6 MHz, 206 

SEMICONDUCTORS: Small PROMs access in 45 ns, 217 
DATA ACQUISITION: Hybrid 18-bit d-a converter 
contains reference, 228 

MATERIALS: Semiconductor-processing chemicals 
become 1,000 times purer, 240 

Departments 

Highlights, 4 
Publisher's letter, 6 
Readers' comments, 8 
News update, 12 
People, 14 
Editorial, 24 
Meetings, 26 

Electronics newsletter, 33 

Washington newsletter, 57 
Washington commentary, 58 
International newsletter, 65 
Engineer's newsletter, 180 
Products newsletter, 249 
Career outlook, 258 
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Reprints available, 8 
Employment opportunities, 262 
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Highlights 
Computer-aided design reduces mainframe CPU to a chip, 139 

Realizing very large-scale integration is no sure thing. To find out if its 
automatic gate-placement and -wiring system is up to the task, IBM went 
about fitting the central processing unit of the System/370 mainframe 
computer on a single chip. Three articles reveal, respectively, how the 
architecture was implemented (p. 140), how the gates and wiring were 
placed (p. 144), and how long path delays were shortened (p. 146). 
The cover design is by Art Director Fred Sklenar, the photographs by 

courtesy of IBM Corp. 

Market for fiber-optic measurement instruments is aborning, 91 

With agreement on how to characterize fiber-optic links drawing near, 
instruments to specify the link's components—fibers, sources (transmitters), 
and detectors (receivers)—will soon be forthcoming. One indication that 
fiber-optic measurement is a field whose time is approaching is the Sympo-
sium on Optical Fiber Measurements. The first meeting devoted to the topic, 
it is being organized by the National Bureau of Standards in cooperation 
with the Optical Society of America and the Institute of Electrical and 
Electronics Engineers. 

Enlarging PLL chips' functions eases synthesizer design, 148 

By putting more phase-locked-loop control functions on chip, a comple-
mentary-mos family offers designers noteworthy performance while cutting 
power consumption, cost, and space, as well as design time. The chips each 
contain one or two programmable divide-by-N counters; for those with two, 
dual-modulus prescaling can be used. 

Integrated fiber-optic receivers, too, are in the offing, 155 

Fiber-optic communications has emerged as a major technology, but slower 
to develop have been the monolithic optical receivers needed to make 
fiber-optic systems a commercial reality on a large scale. A few hybrid 
products are available, much work is being done around the world, and 
within five years many receiver components will be made in chip form. This 
special report looks at what is out and what is coming. 

One-chip computer enlists as multiprocessor, 172 

Ready to take on multiprocessing assignments is a series of 8-bit single-chip 
computers that include the control logic required to resolve the inherent 
problem of bus contention. What's more, special 16-bit instructions suit the 
parts for word-processing chores as well. 

And in the next issue . . . 

Electronics' annual technology update . . . the 1980 achievement award. 
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WHEREVER THE FRONT... 
THE EMERSON NAME 

IS ON THE LINE. 
It's been that way since 1940. 

That's the reason we build a variety 
of defense and industrial systems 
of frontline quality...of frontline 
reliability, including: 

000000® 

• Ship and aircraft gun mounts 
• Aircraft radar 
• Anechoic chambers 
• Communications systems 
• Anti-intrusion detection systems 
II Antenna feed systems 

• Electronic warfare systems 
II Anti-submarine warfare systems 
• Automatic test equipment 
• Air defense systems 
• Anti-tank weapons systems 

ELECTRONICS & SPACE FOURDEE 

For product information, 
please contact: 
Floyd C. Raynard 
V.P. Marketing 

Electronics/October 9, 1980 

IEMIERSON 

Government & Defense Group 
Emerson Electric Co. 
8100 W. Florissant Ave. 
St. Louis, Missouri 63136 
(314) 553-2000 TELEX 44-869 

For career opportunities, 
please call: 
(800) 325-0783 
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Publisher's letter 

Wide Band, Precision 
CURRENT MONITOR 
TRANSFORMER 

With a Pearson current monitor and an 
oscilloscope, you can measure pulse or 
ac currents from milliamperes to kilo-
amperes, in any conductor or beam of 
charged particles, at any voltage level up 
to a million volts, at frequencies up to 
35 MHz or down to 1Hz. 

The monitor is physically isolated from 
the circuit. It is a current transformer 
capable of highly precise measurement 
of pulse amplitude and waveshape. The 
one shown above, for example, offers 
pulse-amplitude accuracy of + 1%, -0% 
(typical of all Pearson current monitors), 
10 nanosecond rise time, and droop of 
only 0.5% per millisecond. Three db 
bandwidth is 1Hz to 35 MHz. 

Whether you wish to measure current 
in a conductor, an electron device or a 
particle accelerator, it is likely that one 
of our off-the-shelf models (ranging from 
Y?" to 10'4" ID) will do the job. Contact 
us and we will send you engineering data. 

PEARSON 
ELECTRONICS, INC. 
4007 TRANSPORT ST / PALO ALTO, CA 94303 
TELEPHONE (415) 494-6444 / TELEX 171 412 

H ow, far can computer-aided de-
sign, testing, and wiring proce-

dures for gate arrays be pushed? Is it 
possible to put the 5,000-plus cir-
cuits of an IBM System/370 data 
flow on a chip? In 1978 an engineer-
ing team organized informally at 
International Business Machine 
Corp.'s Data Systems division in 
East Fishkill, N. Y., set out on an 
experiment to answer those ques-
tions. 

Fascinated by the challenge, the 
group, representing diverse back-
grounds and talents, pushed gate 
array design to new levels of density 
and complexity. It took just nine 
months to encode the 370 processor's 
logic design, automatically place and 
wire the logic gates, and generate 
verified test patterns. 
A description of this project 

appears in the three-article cover 
series from IBM starting on page 
139. The experiment more or less 
coalesced around author Claud Dav-
is, senior engineering manager for 
advanced systems at East Fishkill. 
As the systems expert on the team, 

56-year-old Davis brought some 31 
years' experience in design work on 
some of tsm's large computers, 
including the System/360. In a 
sense, he personifies the progress of 
computational power from large ma-
chines filling a room to a slice of 
silicon. Thinking back, Davis ob-
serves, "It's strange to realize that 
we can build on one chip more com-
puting power than any machine we 
could make in the mid-'50s." 

Equally challenged by the audaci-
ty of the project was Allan Dansky, 
advisory engineer in advanced appli-
cations. At 42, Dansky remembers 
designing chips with five circuits for 
the 370/145. "We've increased bipo-
lar circuit capacity a thousandfold in 
13 years," he notes. "Without com-
puter-aided design, it could not have 
been done." 
To Michael Feuer (pronounced 

"foyer"), who was responsible for 
the automatic placement and wiring, 
the project proved that the gate 
array has a vital place in very large-
scale integration. Thirty-eight-year-
old Feuer, senior engineering man-
ager for VLSI physical design, points 
out that there is still a great deal 

more potential in the gate array. 
Everyone on the project was 

impressed by the team work and 
dedication involved. In part it was 
the fact that the IBM 370 was the 
benchmark. 
"No question about it, we were 

self-motivated. It was something 
special," Feuer recalls. 

For fiber-optic communications to 
spread its hair-thin web over the 

world, it will become necessary to 
integrate the components in the sys-
tems. Of the major parts that make 
up a fiber-optic system, the receiver 
is a natural for integration. 

But there are real problems to 
overcome. With this thought in 
mind, communications editor Har-
vey Hindin prepared the special 
report on fiber-optic receivers 
(p. 155). 

Basically, the way to make p-i-n 
diodes for these systems is incompat-
ible with silicon technology as we 
know it today, Harvey points out. 
Moreover, the avalanche photodiode, 
an alternative, is even harder to inte-
grate and requires several hundred 
volts to operate. "Nevertheless," he 
observes, "all concerned agree that 
present hybrid receivers will be 
replaced by ones with much greater 
degrees of integration over the next 
few years." 

This trend underscores the pro-
gress of fiber-optic communications 
from interesting concept to trial 
applications to operating systems. 
Development has been especially 
animated in Western Europe and 
Japan, so that the information from 
our overseas bureaus was particular-
ly important for this report. 

Considering the interest in inte-
grating receivers, Harvey was sur-
prised to note that, with a few excep-
tions, the large semiconductor 
houses are not addressing this mar-
ket. That situation will probably 
change as the dollar's value begins to 
grow, he predicts. 
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Angle 
accuracy 
to .02 degrees 
Our Model 6500 digital phasemeter measures typically 
to .02° accuracy. The broad bandwidth extending 
from 3 Hz to 5 MHz coupled with the wide voltage 
range from lo mV to 120 V makes it ideal for numer-
ous applications. Here's a 0-360 ° continuous non-
ambiguous display with resolution to .01 °. This unit 
requires no "extras" and is priced for only $2400. 
Going through a phase? Contact The WAVEMAKERSw at 
(617) 580-1660, or any of the offices listed. 

1/1 INIROE4N -HITE 
f 1 cofflopumoru 

ZVI 0I i=e 0 RATION 

0 l• I 2 1-12 10-120 

DEGREES 

PHASE MEIER 
MODEL 6500 

INS VOLTS RANGE WAVEFORM 

POWER 

Avon Industrial Park, Avon, Mass. 02322 • (617) 580-1660, TWX 710-345-0831 

RUS VOUS RANGE 

0 360 

GAMMA% I 

AL, Huntsville (205)534.9771; AZ, Phoenix (802)279-1531; CA, Inglewood (213)674-8850, San Jose (408)292-3220; CO, Denver (303)7731218; CT, Canton Center (203)693-0719; FL, 
Orlando (305)859-7450, Sunrise (305)742-2115; GA, Atlanta (404)455-1206; HI, Honolulu (808)941-1574; IL, Chicago (312)283-0713; IN, Carmel (317)844-0114; KS, Overland Park 
(913)649-8996; LA, Gretna (504)387-3975; MD, Towson (301{321.1411; MA, Chelmsford (617)256-9061; MI, Detroit (313)961-3042; MN, Minneapolis (612)835-4818; MO, St. Louis 
(314)569-1408; NM, Albuquerque (505)255-2330; NJ, Cherry Hill (609)482-0059, Englewood (201)871-3916; NY, Rochester (718)473-5720, Saratoga Springs (518)584-8519, Syracuse 
(315)437-8868; NC, Burlington (919)227-3639; OH, Chesterland (218)729-2222, Dayton (513)294-2478; OK, Jenks (918)299-2838; OR, Portland (503)297.2248; PA, Pittsburgh 
(412)261-2604; SC, Greenville (803)271-8543; TX, Dallas (214)661-0400, Houston (713)688-1431; UT, Salt Lake City (801)466-8729; VA, Falls Church (703)573-8787; WA, Bellevue 
(206)454-3400; WI, Milwaukee (414)545-8400; CANADA, Montreal, Quebec (514)744-5829, Ottowa, Ontario (613)725-1931, Toronto, Ontario (418)625-0800, Calgary, Alberta 
(403)276-7567. 
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Stretch your IEEE-488 
Bus to 300 Meters... 
28 Instruments. 

leEE-413 
National Instrument's new 

high speed GPIB-100 bus ex-
tender system adds flexi-
bility to your 
IEEE-488 in -
st rumentation 
bus. Increases 
the distance be-
tween instru-
ments up to 3110 
meters and 
raises the capac-
ity of the bus from 15 to 28 in-
struments. You can now imple-
ment test and measurement 
systems with either single or 
multiple controllers in a distant 
location at the rate of 250 
kbytes per second at 150 me-
ters. And when the extenders 
are connected in series. instru-

ments can be located at multi-
ple stations throughout your 
facility. 

The system 
consists of two 
GPIB-100 units 
and an intercon-
necting cable. 
Fourteen GPIB-
compatible in-
struments can 
he connected to 

each unit. The system supports 
all GPIB functions. The sys-
tem front panel has indicator 
lamps so you can see the status 
of the bus" at a glance. 

For more information on the 
GPIB-100 system, and the 
complete line of National's 
GPIB accessories call or write: 

>07 NATIONAL 
INSTRUMENTS 

8900 Shoal Creek Blvd. Building A-117 Austin, Texas 78758 • (512) 454-3526 
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Brochure describes Electronics 
editorial reprints, services, books... 
• More than 70 article reprints in 15 subject 
categories 

• Handy wall charts 

• Custom-made reprint services 

• Books especially for Electronics' readers 

• Convenient postoge-pad order cords 

Readers' comments 

Not this engineer 

To the Editor: I write in respose to 
Andrew Grove's "Finding tomor-
row's engineers today" [Aug. 14, 
p. 32]. 
I do not intend to proselytize for 

the engineering profession for these 
reasons: 

(1) Predictions of demand are 
notoriously unreliable. In July 1962, 
the Engineering Manpower Com-
mission stated that the supply of 
engineering graduates for each of 
the next 10 years would be at least 
11,000 short of the most conserva-
tive estimates of need. In February 
1971, an estimated 10,000 engineers, 
scientists, and supporting profession-
al workers were out of work in Mas-
sachusetts alone! Senator Brooke 
even announced a plan to retrain 
2,000 engineers and scientists for 
work in urban programs. 

(2) For better or worse, a person's 
place in this society depends as much 
on power as on ability. Electrical 
engineers have no power. We have 
virtually no unions and our "profes-
sional organization" is controlled by 
the industries that employ us. Conse-
quently, engineering labor is a com-
modity. Although demand is now 
high, the equilibrium total income 
for an engineer (as for anyone whose 
labor is a commodity) is equal to the 
subsistence income plus the cost of 
his or her education. 

George Caplan 
Newton, Mass. 

Corrections 

In "Transformerless inverter cuts pho-
tovoltaic system losses" (Aug. 14), 
total harmonic content should be 
slightly over 11% , instead of slightly 
over 5% as given on page 124. On 
page 126 the 256-bit read-only memo-
ry in the figure should have a 5-bit, not 
an 8-bit, address line. 

The price for the initial offering in 
Tektronix 8500 series (Sept. 25, p. 33) 
should be under $15,000. 
Some numbers were jumbled in "In-

tel and NEC heat up the race in 64-K 
RAms" (Sept. 25, p. 39). Intel Corp.'s 
64-K RAM is the 2164, not the 4164. 
Mostek Corp 's device is the MK4164, 
rather than the 4146. 
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Interested in 
higher performance 

software? 
The Mark Williams Company an-

nounces COHERENT:" a state of the art, 
third generation operating system. The 
design of COHERENT begins with the 
basic technology of the highly-acclaimed 
Western Electric UNIX operating system. 
From this starting point, it goes on to in-
clude further substantial software innova-
tion. The primary goal of COHERENT is 
to provide a friendly environment for 
program development. The intent is to 
provide the user with a wide range of 
software building blocks from which he 
can select programs and utilities to solve 
his problems in the most straightforward 
manner. 
COHERENT and all of its associated 

software are written totally in the high-
level programming language C. Using C 
as the primary implementation language 
yields a high degree of reliability, port-
ability, and ease of modification with no 
noticeable performance penalty. 

time applications, 
• reliable power failure recovery 

facilities. 
• fast disc accesses through disc buffer 
cache. 

• loadable device drivers, 
• process timing, profiling and debug-

ging trace features. 

Soliviare Tools 

Features 

COHERENT provides C language 
source compatibility with programs writ-
ten to run under Seventh Edition UNIX. 
enabling the large base of existing UNIX 
software (from numerous sources) to be 
available to the COHERENT user. The 
system design is based on a number of 
fundamental concepts. Central to this 
design is the unified structure of i/o with 
respect to ordinary files, external de-
vices, and interprocess communication 
pipes). At the same time, a great deal of 
attention has been paid to system perfor-
mance so that the machine's resources 
are used in the most efficient way. The 
major features of COHERENT include: 
• multiuser and multi-tasking facilities, 
• running processes in foreground and 
background, 

• compatible mechanisms for file, device, 
and interprocess i/o facilities, 

• the shell command interpreter—modifi-
able for particular applications, 

• distributed file system with tree-struc-
tured, hierarchical design, 

• pipes and multiplexed channels for 
interprocess communication. 

• asynchronous software interrupts, 
• generalized segmentation (shared data. 

writeable instruction spaces), 
• ability to lock processes in memory for 

real-time applications. 
• fast swapping with swap storage cache. 
• minimal interrupt lockout time for real-

In addition to the standard commands 
for manipulating processes, files, and the 
like, in its initial release COHERENT will 
include the following major software com-
ponents: SHELL, the command inter-
preter; STDIO, a portable, standard i/o 
library plus run-time support routines: 
AS, an assembler for the host machine: 
CROSS, a number of cross-assemblers 
for other machines with compatible 
object format with 'AS' above; DB, a 
symbolic debugger for C, Pascal. Fortran. 
and assembler; ED, a context-oriented 
text editor with regular expression pat-
terns; SED, a stream editor (used in fil-
ters) fashioned after 'ED';GREP, a pattern 
matching filter; AWK, a pattern scanning 
and processing language; LEX, a lexical 
analyzer generator; YACC, an advanced 
parser generator language; NROFF, an 
Nroff-compatible text formatter; LEARN, 
computer-aided instruction about com-
puters; DC, a desk calculator; QUOTA, 
a package of accounting programs to 
control filespace and processor use; and 
MAIL, an electronic personal message 
system. 
Of course, COHERENT will have an 

ever-expanding number of programming 
and language tools and basic commands 
in future releases. 

• XYBASICT" a state of the art Basic com-
piler with the interactive 
features of an interpreter. 

The unified design philosophy underly-
ing the implementation of these lan-
guages has contributed significantly to 
the ease of their portability. In particular, 
the existence of a generalized code gen-
erator is such that with a minimal effort 
(about one man-month) all of the above 
language processors can be made to run 
on a new machine. The net result is that 
the compilers running underCOHERENT 
produce extremely tight code very 
closely rivaling that produced by an expe-
rienced assembler programmer. Finally. 
the unified coder and conformable calling 
sequences permit the intermixture of 
these languages in a single program. 

Operating System 

Language Support 

The realm of language support is one of 
the major strengths of COHERENT. The 
following language processors will be 
supported initially: 
• C a portable compiler for the 

language C, including 
stricter type enforcement 
in the manner of LINT. 

• FORTRAN portable compiler support-
ing the full ANS Fortran 77 
standard. 

• PASCAL portable implementation of 
the complete ISO standard 
Pascal. 

In part because of the language por-
tability discussed above, and in part be-
cause of a substantial effort in achieving 
a greater degree of machine-indepen-
dence in the design and implementation 
of the COHERENT operating system, 
only a small effort need be invested to 
port the whole system to a new machine 
Because of this, an investment in 
COHERENT software is not tied to a 
single processor. Applications can move 
with the entire system to a new processor 
with about two man months of effort. 
The initial version of COHERENT is 

available for the Digital Equipment Cor-
poration PDP-11 computers with memory-
mapping, such as the PDP 11/34 
Machines which will be supported in the 
coming months are the Intel 8086, Zilog 
Z8000, and Motorola 68000. Machines 
for which ports are being considered are 
the DEC VAX 11/780 and the IBM 370, 
among others. 
Because COHERENT has been devel-

oped independently, the pricing is excep-
tionally attractive. Of course COHERENT 
is completely supported by its devel-
oper. To get more information about 
COHERENT contact us today. 

Mark 
Williams 
Company 

1430 W Wrightwood Ave.. Chicago, IL 60614 
TEL 312-472-6659 TWX. 910-221-1182 
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DON'T LET DRIVING 
YOUR MEMORY 

DRIVE YOU CRAZY. 



You're trying to drive a large, high-
performance memory array using 16K or 64K 
RAMs. And it's driving you nuts. 
What with the undershoot, the skew prob-

lems, the large number of packages, the boss 
expecting a faster system than last year's — 
what's a designer to do? 

Introducing the Am2964B: 
The Simple Solution. 

Now Advanced Micro Devices has a bipolar 
dynamic memory controller for use with 16K 
and 64K RAMs. It's easy to use. It's flexible. 
And it takes care of all your RAS, CAS and 
address problems on one chip. 
The Am2964B replaces about a dozen 

high-speed, high-power Schottky parts. And it 
not only does the job faster, it uses less power. 
But what about the interface to the RAM? 

We thought you'd never ask. 

Meet our Am2965/66 
RAM drivers. 

The faster you drive your memory, the 
faster your system. And that's where our new 
Am2965/66 come in. Together with our 
Am2964B, they achieve maximum perfor-
mance and completely eliminate undershoot 

The speed is specified up to 500 pf. Min's 
and max's, too. 
And if you need to upgrade your system, 

no problem. Our new RAM drivers have the 
same pin-outs as the S240 and 244, so it's 
easy to convert your existing system. 
The Am2964B and Am2965/66 are the 

newest members of AMD's dynamic memory 
support family — the family that makes 
implementing dynamic RAM systems easier, 
cheaper, simpler, faster. Like all our parts, 
they're MIL-STD-883 for free, the highest 
quality parts you can buy. 

Don't let driving your memory drive you 
up a wall. Send for all the facts on AMD's 
Dynamic Memory Support Family. 

Bipolar LSI: 
The Simple Solution. 

Advanced Mao Devices CI 
901 Thompson Place, Sunnyvale, CA 94086 (408) 732-2400 

Right, from the start. 
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The Pascal. 
Software ritiol 

OMSI PASCAL V1.ele 

The value of Pascal in computer software design 
is becoming widely recognized. And our new 
V1.2 version contains significant enhancements 
in ease of operation and reliability. Consider the 
V1.2 Symbolic Debugger. 

Pascal debugging should be performed in Pas-
cal, not with assembler listings and memory 
maps. Our Debugger knows your data names 
and structures. Values are accepted and dis-
played in Pascal notation, including scalars, sets, 
arrays, records, and pointers. 

Complete interactive control displays your 
original source lines, including embedded com-
ments. Breakpoints give statement numbers and 
procedure names, rather than octal addresses. 
The Debugger can show the program execution 
history, including all stacked procedure calls. 
Should fatal errors occur, they are intercepted by 
the Debugger instead of ending your testing. 

For more information on our approach, ask for 
the complete OMSI Pascal V1.2 Product Descrip-
tion. 

Oregon 
Software 

2340 S.W. Canyon Road • Portland, Oregon 97201 

(503) 226-7760 • TWX 910-484-4779 

INTERNATIONAL DISTRIBUTORS 

Australia: Sydney Japan: Tokyo 
Neiwurk Computer Services 211-2322 Bike' Corporation 03-345-1411 

Canada: Vancouver W. Germany: Aachen 
Vdlley Software (604) 291-0651 AC Copy 241/50-60-96 

England: London W. Germany: Munich 
Real Time Products 01-588-0667 PCS 089/68-10-21 
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only book of its kind in the 
1. If you haven't got it, 
re not in the market. 

nsure prompt delivery 
lose your check with 

Buyers! 
Yes, please send me copies of 1980 EBG. 

(1) I've enclosed $30 per copy delivered in USA or 
Canada. Address: EBG, 1221 Avenue of the Americas. 
New York. N.Y. 10020. 
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Berkshire S16, 201 England. 
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Company 

I Street 

News update 

III The MIT microchannel spatial 
light modulator will start moving 
towards commercialization with the 
signing of a licensing agreement 
between the Massachusetts Institute 
of Technology and Japan-based 
Hamamatsu Corp. in the next few 
months. Hamamatsu, which has 
built four MSLM units for develop-
ment work at MIT, plans to approach 
manufacturers of scientific instru-
mentation with evaluation samples 
in about two years, says J. Ralph 
Eno, executive vice president of 
U. S. operations in Middlesex, N. J. 

"Like the laser in its infancy, the 
MSLM is an answer looking for the 
right questions," says Eno. MIT 

researchers in Cambridge, Mass., 
developed the unit to speed data flow 
into and out of optical computers 
[Electronics, June 7, 1979, p. 41], but 
now foresee a number of other uses. 
The MSLM is a kind of phase mod-

ulator, converting incoming images 
into coherent light images. Incoming 
light strikes a photocathode, which 
gives up electrons. Amplified by a 
microchannel plate and accelerated 
by an accelerator planar grid, the 
electrons charge an electro-optic 
plate, changing its refractive index. 
When a coherent laser beam illumi-
nates the plate, these refractive 
changes induce phase changes in the 
laser's wave front, creating a visible 
readout of the original image. 
Smart sensor. Its real-time, im-

age-processing abilities suggest 
smart-sensor applications, says team 
leader Cardinal Warde, assistant 
professor of electrical engineering 
and computer science. It may also 
make possible reception in low visi-
bility in wireless optical communica-
tions systems, he adds. 
The MIT team has made the MSLM 

perform a variety of sophisticated 
image-processing functions, says 
Warde. These include contrast re-
versal and digitization of images. 

Improved materials and design 
will increase the msLm's processing 
speed—currently 20 hertz for full 
modulation—and will push its spec-
tral sensitivity further into the near-
infrared, Warde believes. He reports 
image-storage times of up to two 
months. -Linda Lowe 

City 

I State Zip Country 
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The fastest fingers can't outrun 
Cherry's new solid state keyboard 

Word processing ... phototypesetting ...key-to-disc ...no 
application exceeds the capability of this Cherry keyboard. 
Scan time externally adjustable to as little as 1.1 milli-
seconds accumulated total (entire keyboard). Burst rate 
speed is 1000 characters per second. 

Capacitive design delivers error-free operation...long 
life dependability. 

No chance for false signals. A unique noise immunity 
circuit tests continuously for valid key depressions. Elec-

tronic hysteresis circuit eliminates "teasing:' Reliable con-
tactless design gives long, trouble-free service life. 
Custom designs for your specific application, do-it-your-

self options and user assignable keys on standard models 
add surprising versatility at affordable price. 

Put solid state reliability to work in your data entry 
operation. 

Call or write Cherry today for your free copy of our 36 
page keyboard catalog and the "How To- book of detailed 
application data. 
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SOLID STATE KEYBOARDS 
CHERRY ELECTRICAL PRODUCTS CORP. 3608 Sunset Avenue, Waukegan, IL 60085 • 312/689-7612* TWX: 910/235-1572 
Our worldwide affiliates and phone numbers: Cherry Semiconductor Corp., Cranston, RI, U.S.A., 401/463-8000 • Cherry Mikroschalter GmbH, Auerbach, Germany, 1096431 18-1 • Cherry Electrical 
Products Ltd., Harpenden Merle England. 058-27-63100 • Cherco Brasil Industria E Comercio Lida., Sao Paulo. Brazil, 55 11 246 4343 • Hirose Cherry Precision Co., Ltd., Kawasaki. Japan. 10441933-3511 



TRIAC 
DRIVER 

OPTOCOUPLERS 
Now, you have a choice! 
This new TRW Optron series of 
optically coupled isolators features 
triac driver output in a standard six 
pin dual in-line plastic package. 

The OPI3009, OPI3010 and 
OPI3011 are directly interchangeable 
with Motorola types MOC3009, 
MOC3010 and MOC3011. 

Each device consists of a 
gallium arsenide infrared emitting 
diode optically coupled to a 
photosensitive silicon bilateral switch 
which functions like a triac. 

The OPI3009, OPI3010 and 
OPI3011 are designed for threshold 
trigger currents of 30 mA, 15 mA and 
10 mA, respectively, to latch the 
outputs. These trigger currents are 
design parameters over a 
temperature range of 0 to + 70°C 
with expected operation of 50,000 
hours minimum. The series can be 
used to control any power triac 
requiring a gate current of up to 100 
mA. 

A major application for triac 
drivers is to interface between the 
electronic controls of a home 
appliance and the power triacs which 
control solenoids, power supplies, 
motors, or heating elements. An 
added advantage is complete 
electrical isolation between the 
controls and the 120 VAC load. 

New triac driver optocouplers 
are immediately available from your 
nearest TRW Optron authorized 
distributor or the factory direct. 
Applications Note No. 110 on the 
triac driver series and information on 
upcoming 240 VAC versions, the 
01'13020 and OP13021, are available 
from TRW Optron, 1201 Tappan 
Circle, Carrollton, Texas 75006 
U.S.A. TWX 910-860-5958 • Tel 
214,323-2200. 

TR WOPTRON 
A DIVISION OF TRW INC. 

People 

Raphael wants to make 

modem design easier 

"Two areas that are seeing the most 
technology innovations are micro-
processors, and telecommunications 
and data communications. The sec-
ond area is a consequence of the 
first," believes Howard A. Raphael. 
That helps explain why the former 
group director of microprocessor 
operations at National Semiconduc-
tor Corp. recently joined Cermetek 
Microelectronics Inc., the Sunny-
vale, Calif., hybrid circuits manufac-
turer, as president. 
The 34-year-old Raphael expects 

that as more equipment incorporates 
microprocessors, making them more 
intelligent and decentralized, "there 
will be an increasing need for data-
communications capability." What's 
more, he continues, "the most widely 
available vehicle for data communi-
cations is the telephone." Thus it is 
clear why Raphael is excited about 
his new role at Cermetek, where he 
intends to focus the firm's hybrid 
microcircuits technology on supply-
ing equipment designers with mo-
dem chips and modules that perform 
complete modem functions in the 
low-speed (300-to-1,200-bits-per-
second) Bell-compatible market. 
"We are looking to put modem 

design capability into the hands of 
first-time modem designers—that is, 
microprocessor, digital, and telecom-
munications engineers," states Ra-
phael. By taking advantage of such 
modem modules and standard leased 
lines, "much equipment can be 
linked into a hassle-free network." 

Raphael hopes that by offering 
components implementing the RS-
232-C serial interface, among oth-
ers, Cermetek not only will reduce 
systems cost but also, he says, "get 
digital designers to think beyond 
RS-232-C. Most just haven't dealt 
with analog functions before. Thus, 
by integrating those functions into 
our modem module—a digital prod-
uct — we make them invisible to the 
digital designer." 
By capitalizing on the micropro-

cessor's acceptance and breaking 
new ground in other areas, Raphael 

Think analog. Cermetek's Raphael wants 

digital designers to think beyond RS-232-C. 

expects Cermetek's volume (current-
ly estimated at about $5 million) to 
grow an average of 50% annually 
over the next five years. 
A native of New York City, 

Raphael holds a bachelor's degree in 
electrical engineering from the Ro-
chester (N. Y.) Institute of Technol-
ogy. Upon graduating in 1969, he 
joined Singer Business Machines Co. 
as an associate engineer and left five 
years later as its manager of process 
development. Prior to joining Na-
tional Semiconductor in 1977, he 
was manager of low-end microcom-
puters at Intel Corp. 

Bumb sees backup memory 

as key to disk growth 

Few would dispute that the magnetic 
storage media market—disks, tape, 
cartridges, and the like—has ex-
panded at a dazzling 30% to 40% 
annual clip for several years—but 
can it continue? In the opinion of a 
28-year veteran of the business, 
Frank C. Bumb, "it's still one of the 
most exciting growth areas, and 
there's a lot of gold to be mined." 
Bumb stepped in as president this 

summer at Kennedy Co., a Monro-
via, Calif., firm whose products pret-
ty well cover the field. He takes over 
operating responsibility from found-
er Charles J. Kennedy, who remains 
as chairman. Acquired by Allegheny 
Ludlum Industries Inc. of Pittsburgh 
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PDP-1111® and LS111® 
TAPE and DISK CONTROLLERS 

AUTHORIZED EMULEX DISTRIBUTOR 
First Computer Corporation, the 
world's leading DEC computer system 
integrator now distributes the 
complete spectrum of EMULEX Tape 
and Disk controllers for the PDP-11 
and LSI-11 family of computers. 

HARDWARE/SOFTWARE 
TRANSPARENCY 
These microprogrammed, emulating 
Tape and Disk Controllers are fully 
software transparent to both the 
PDP-11 hardware and software. The 
use of these controllers protects you 
from the impact of future versions of 
the operating system software. They 
are so compatible you can plug them 
into your system and be up and 
running the standard DEC diagnostics 
and operating systems in minutes. 

ADDED FEATURES 
These controllers provide you with 
added features such as automatic self-
testing, onboard pack formatting, and 
programmable bandwidth control at 
no additional cost. 

Registered trademark of Emulen Corporation 

Registered trademark of Digital Equipment Corporation 

Trademark First Computer Corporation 

CE3 

BROAD RANGE OF DEVICES SUPPORTED 
It makes no difference which of the 
DEC PDP-11 or LSI-11 family you are 
using or which type of storage device 
is required for your application. We 
can support 59 different drives from 
13 different manufacturers. 

HIGHEST QUALITY AND 
SUPER RELIABILITY 
You can be assured of the quality 
and reliability of these Tape and Disk 
Controllers because First Computer 
Corporation specializes in PDP-11 
and LSI-11 computer systems, 
components, and peripherials. Over 
the years our reputation was built 
on the quality and reliability of the 
products we sell. We continue to 
protect this reputation by selling 
only the very best. 

SUPER FAST SERVICE 
Because we are the largest system 
integrator specializing in PDP-11 
and LSI-11 systems, components, 
and peripherials, First Computer 
Corporation can satisfy most 
of your Tape and Disk Controller 
requirements directly from our stock. 

first 
T f. 

GUARANTEED SATISFACTION 
Your satisfaction is fully guaranteed 
by First Computer Corporation. 
We believe in every product we sell. 
If for any reason these Tape and 
Disk Controllers do not meet your 
expectations, simply return them 
freight prepaid and insured, within 
10 days of receipt and we will 
refund your money in full. First 
Computer Corporation backs each 
of these products with a full one 
year warranty. 

AUTHORIZED REPRESENTATIVES 
AND DEALERS 
Authorized EMULEX Sales 
Representatives earn full commissions 
for orders filled by First Computer 
Corporation. Attractive Dealer 
discounts are available to all 
Authorized EMULEX Dealers. 

PRICE AND PERFORMANCE 
You pay no more for First Computer 
Corporation service. Write or 
call today for our free EMULEX 
Buyer's Guide. 

TWX NUMBER 910-651-1916 

computer corporation 
corporate square/825 north casa avenue / westmont, illinois 60559/(312) 9201050 
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You don't mess around 
with the Logic Timing Recorder. 

Eliminate the mess of writing, erasing and re-writing your timing 
charts until they're perfect. The Logic Timing Recorder is an inno-
vative and timesaving device for charting logic timing. It's an 
ingenious plastic board with 320 slides arranged in eight hori-
zontal rows. These slides can be moved vertically between two 
click-stop positions to represent the logic state in your circuitry. 

Look how easy it is to use the Logic Timing Recorder: 

ào 
Move the sliders between the 
logical 1' and '0' levels 

0 according to your signals. You 
can represent a maximum of 
eight signals simultaneously. 

_--- — @A neat copy of your final 
timing chart is now ready for 

0 presentation, or for your 
permanent files. 

You can easily reproduce the 
Logic Timing Recorder on 
your office copy machine. If it 
is necessary to identify the 
signal names near each row, 
you can write them on a piece 
of detachable, self-sticking 
paper or tape. 

Durable ABS Plastic —11-3/4" x 8-1/4" x 1/4." 
Part Number 923758 Model No. LIP 320 
$44.95 

T 
A P PRODUCTS 
INCORPORATED 
1359 West Jackson Street 
Painesville, Ohio 44077 
(216) 354-2101 
TVVX: 810-425-2250 

n Europe, contact A P PRODUCTS GmbH 
Baeumlesweg 21• D-7031 Weil 1 • W Germany 

Call Toll Free 800-321-9668 for the name of the distributor 
nearest you. In Ohio, call collect (216) 354-2101 
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The magazine 
you're reading now 
could be your own. 
Drop off the routing list. Get your own fresh, unclipped copy mailed 
to your home or office. Turn to the subscription card in the back of 
the magazine. If somebody has beat you to it, write: Electronics, 
P.O. Box 430, Hightstown, N.J. 08520. 

People 

Still digging. Frank Bumb says there is 

much gold to mine in magnetic media hills. 

in 1979, the company this year 
should see its sales approach $45 
million. 

Spurring such a pace is, of course, 
the ravenous demand for microcom-
puter memory. In the hottest market 
segment, Winchester drives, Bumb 
notes that "disk suppliers can't ser-
vice the market today." Projected 
disk drive sales by independent man-
ufacturers for 1981, of units having 
up to a 200-megabyte capacity, are 
nearly $185 million. "And this prod-
uct didn't exist five years ago." 

But disks are only part of it, since 
a clear-cut solution to the so-called 
backup question is still to be found. 
Disks must have a separate backup 
memory to take over in case of fail-
ure, "but the problem is a matter of 
price and access speed," explains the 
Kennedy president. The backup 
should not be as expensive as the 
disk, but it must be reliable and fair-
ly fast. Kennedy's approach is to 
offer a single package, with either its 
14- or 8-inch Winchester drive 
backed by a model 6809 tape 
"streamer" transport of its own or a 
model 640 cartridge drive. Bumb 
says Kennedy is the only firm selling 
its own package of disk drive and 
backup. 
A graduate of the California Insti-

tute of Technology in adjacent Pas-
adena, Bumb held his previous job in 
that town as well, where he was pres-
ident and general manager of Bell & 
Howell Co.'s Tape Products divi-
sion. 
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HP-41G. 
The calculator that 
changes with your needs. 

POWERFUL AND FLEXIBLE 
As your professional problem-solving 

requirements change and grow, you may 
find yourself having to upgrade to a more 
powerful calculator. Not so with the 
HP-41C. By itself, the HP-41C could easily 
be all the calculator you'll ever need. It has 
a resident memory of over 400 lines, or 
63 data registers, or any combination. 
It has over 130 functions. And any func-
tion, or any program, may be assigned to 
any key—allowing you to customize your 
HP-41C to meet your specific needs. The 
HP-41C Continuous Memory retains your 
programs, data, and key assignments 
even after the calculator is turned off. And 
it is alphanumeric: programs may be 
named, output can be labeled, error mes-
sages and prompts appear in words. 

PLUG-IN PERIPHERALS, TOO 
But if you need more problem-solving 

power, the HP-41C can become a com-
plete personal computation system. Expand 
memory to 2,000 lines. Add a Card Reader, 
an Optical Wand that inputs bar-coded 
programs, a Printer that also plots, and 
Plug-in Application Modules that provide 
solutions to problems in business, science, 
and engineering.The HP-41C Owner's 
Handbook can guide even novice program-
mers to problem solution with easy-to-
understand, step-by-step procedures. 

AVAILABLE NOW 
We urge you to see your dealer for a 

demonstration and "hands-on" experience 
with the HP-41C. We assure you, you'll 
be pleasantly surprised. And, of course, the 
HP-41C is immediately available for 
your productive use. For the address of your 
nearest dealer, CALL TOLL-FREE 
800-547-3400, Department 214F, except 
from Hawaii/Alaska. In Oregon, call 
758-1010. Or write Hewlett-Packard, 
Corvallis, OR 97330, Dept. 214E 

610/23 

HEWLETT 
PACKARD 
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8-131t Champion 
In price-performance, look to Intel's powerful iAPX 88 microprocessor 

to leave the pack behind. Both now and down the road. 
In price-performance races, 

the iAPX 88 is the one to beat. It's 
two times faster than the Z-80A 
and the 6809. And recent bench-
mark tests show that the iAPX 88, 
with its 8088 CPU, consistently 
outperforms its closest competi-
tors in memory efficiency, ease of 
programming and throughput—by 
as much as 4 to 1. This is especially 
important in high-performance 
tasks such as block moves, charac-
ter searches, word shifts, and 
16-bit multiplies. All critical for 
applications like word processing, 
terminal control, scientific 
instrumentation and industrial 
control. 
And because it's the only 8-bit 

microprocessor that addresses up to 
1 million bytes of memory, the 8088 
can take on large programs. Without 
having to slow down due to over-
lays or memory bank switching, 
like other 8-bit processors. 
Tough price competitor 

In price competition with other 
8-bit microprocessors, the iAPX 88 
has become the front runner. 

You save dramatically on 

8-Bit Microprocessor Price Trends 

memory chips, too. The iAPX 88 
takes—on the average-30% less 
memory than competitors for the 

III 

same programs. Then too, it allows 
you to use lower cost memory to 
get the same throughput as 
competitors. With a 5MHz 
8088, you can use our 45Ons 
memories and still outper-
form a 4MHz Z-80 requiring 
25Ons chips. Depending on 

the application, your cost savings 
here can be substantial. 
No contest now with new 
Intel software 
To unleash the new power that 

the iAPX 88 puts in your hands, 
it takes more powerful software— 
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the kind only Intel delivers today. 
Software that produces object code 
directly and gives you important ex-
tensions that allow you to fine-tune 
the software to your application. 

Software such as PASCAL-88, 
the block-structured application 
language rapidly becoming the 
one most widely used. With our 
PASCAL-88, you can do direct 
port I/O and interrupt handling, as 
well as independent program 
module compilation. And produce 
code that runs faster than other, 
P-code interpreter versions. 
Along with PASCAL-88, you 

get PUM-88, our systems imple-
mentation language, our ANSI-
compatible FORTRAN, and our 
ASM-88 macroassembler. So with 
more software capability than 
you've ever had before, now you 

can choose the right language tool 
for each application—whatever 
it calls for. 
Get out in front with complete 
development support 

All the development support 
tools you need are ready to go 
today from Intel. Start with the 
Intellec® Microcomputer Devel-
opment System. Add to that 
our ICE88TM in-circuit emulator. 
Together they give you CPU emula-
tion in real time, plus features like 
symbolic debugging, diagnostic 
commands and program trace 
capability. With these tools you'll 
get your products to market faster 
than by any other route. 

Looking down the road 
Best of all, with the iAPX 88, 

your investment in today's solution 
is protected. Since the 8088 is 
100% object-code compatible with 
the 16-bit 8086—plus its future 
generations, the iAPX 186 and 
iAPX 286 —you have the industry's 
only guaranteed headstart on the 
path to the future. Regardless of 
which language you're writing in. 

So if you want to outdistance 
the pack, choose the iAPX 88 — 
available today from your local 
Intel distributor. To get your copy 
of benchmark results, contact your 
local Intel sales office or distributor. 
For more information write Intel 
Corporation, 3065 Bowers Avenue, 
Santa Clara, CA 95051. Or call 
(408) 987-8080. 

inter delivers 
solutions. 

Europe: Intel International, Brussels, Belgium. 
Japan: Intel Japan. Tokyo. United States and Canadian 
distributors: Alliance, Almac/Stroum, Arrow Electronics, 
Avnet Electronics, Component Specialties, Hamilton/Avnet, 
Hamilton/Electro Sales, Harvey, Industrial Components. 
Pioneer, L.A.Varah, Wyle Distribution Group, Zentronics. 
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Hard sell. 
Just what you've been waiting for—another hardware 

manufacturer with another line of products. 
We understand the problems facing users, OEMs, and 

hardware manufacturers. So we make sure our systems 
are modular and flexible. They're expandable and upgrade-
able without reprogramming. And they can interface with 
other types of computers on the market. 

Choose from complete systems or from individual termi-
nals, printers, and disk drives— 54" or 8" floppies and 8" 
Winchester disks that offer from 630K bytes to 30 megabytes. 

We also offer our ZCB single board computer with 
PROM, RAM, serial and parallel ports. Plus High Resolu-
tion Graphic, Video Digitizer, and Precision Analog 
boards. You can get a memory-mapped video board 
for development of systems with fast, efficient 
screen handling. 

All our products are S-100 Bus compatible. 41111111, 
So you can build products with virtually any capa-
bilities by slipping in any board you want. 

We don't just make hardware, we make Mai 
it simple. 4111. Contact Gary Bennett, Vector Support Center, 
31364 Via Colinas, Westlake Village, CA 91362. Or 4111111/ 
call 213/991-2302. 

VECTOR 
Economy Sized Computer Hardware 
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Soft sell. 
We don't think software should be hard to use. 
To make things easier for you, we offer software expertise 

as well as software. 
Our Z80 assembly language comes with RAID (our memory-

mapped rapid interactive debugger) which saves debugging 
time, and SCOPE (our screen-oriented program editor) which 
provides advanced word processing in a program editor. It 
cuts 35% of the time it takes to create new programs. What's more, 
ZSM is a Z80 assembler that generates files compatible with 
higher level languages— including CIS COBOL, PASCAL, 
APL, and FORTRAN. 

We offer CP/M, the industry standard operating 
system. So transportable software developed on 
one system can run on others. 

Vector offers a great system for developing 
BASIC programs with an interpreter for on-line 
development and an optional compiler for end-
user programs. 

It's the least we could do. Because we make 
software development a soft job. 

111116 Contact Gary Bennett, Vector Support 
Center, 31364 Via Colinas, Westlake 

a n  Village, CA 91362. Or call 213/991-2302. 

SCOPE and RAID - trademarked Vector Graphic Inc Z80- trademarked. 
ZILOG Inc CP/M - Registered DIGITAL Research Inc CIS COBOL - 
trademarked Micro Focus 

VECTOR 
Economy Sized Computeim Software 
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3870 
momentum 
continues. 

For single-chip applications, no 
other microcomputer family offers 
you more design momentum than 
the 3870 family from Mostek. 
Now there's even more momentum 
because eight new parts give you 
ROM and RAM options never 
before available. A total of 16 
choices. You save by buying only 
what you need now, yet you'll also 
be designing in future flexibility. 

That's because all our 3870 

microcomputers are software com-
patible and basically pin-for-pin 
hardware compatible. So expan-
sion or upgrading from 1K ROM to 
4K ROM can be as easy as exchang-
ing one 3870 device for another. 
In the same socket. There's no new 
architecture to learn. No retooling 
of artwork. No new vendors to 
qualify. In other words, there's 
no loss of design momentum. 

This ongoing product line expan-

sion is all part of our commitment 
and response to your unprece-

dented demand for Mostek 3870 
microcomputers. A demand so 
strong for so many different appli-
cations that we literally ran out of 
3870 numbers for all the variations 
you requested. 
So to simplify identification of 

all our 3870 devices, we developed 
an expanded, easy to understand 
numbering system. In this system, 
the first four numbers designate 

three generic families: MK3870, 
MK3873, and MK3875. All three 
families have multiple combina-
tions of ROM and RAM. The first 
slash number indicates the amount 
of ROM available in 1K byte incre-
ments; the second slash number 

identifies the amount of executable 
RAM in multiples of 32 bytes. 
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3875/22 

3875 (Battery Back-up) 

8 new ROM and RAM 
options give you 
16 compatible 
single-chip choices. MOSTEK. 

Desvgnalan 

ROM 

,nyles, 

Executable 

RAM leyiesi 

ParaNet 

I 0 (taw 

Spectal 

i 0 

00 Pan 

Number 

M63870 10 16 0 32 • New 

MK3870 12 I K 64 32 • New 

M63870 20 26 0 32 M63870 

MK3870 22 26 64 32 6463876 

A1K3870 30 36 0 32 •New 

6163870 32 36 64 32 • Nev. 

1.103870 40 46 0 32 • New 

6163870 42 4032 64 32 6403872 

MK3873 11) 11( 0 29 

SI SO 

SCLK • New 

6163873 12 16 64 29 

SI SO 

SCLK •New 

/463873 20 2K 0 29 

S 

SCLK 6403873 

1.163873 22 2K 64 29 

SI SO 

SCLK • New 

A163875 22 26 64 30 

VSB 

Y 66 

MK3876 w 

Standby 

MIC3875 42 4032 64 30 

VSB 

V BB 

MK3872 w 

Standby 

1.1638P70 02 External 64 32 6103874 

610381473 02 External 64 29 

SI SO 

SCLK 61638P73 

387X/XX 
Genenic Part Type Amount 01 Amount of 

ROM in eaecutable 

16 increments RAM 

11( 

2 26 

3= 36 

4 = 4K 

32 byte 

increments 

0 - 0 

2 64 bytes 

Since all our 3870 devices have 64 
bytes of scratchpad RAM, that por-
tion of the memory isn't included 
in the part number. 
The basic Mostek 3870 micro-

computer family, with 32 bits (4 
ports) of parallel I/O, presently has 
8 versions. ROM options range 
from 1K to 4K bytes with an ex-
ecutable RAM option of 64 bytes. 

MOSTEX.. Matrix, MK3870, MK3873. MK3875. and 

P-PROM are trademarks of Mostek Corporation 
© 1980 Mostek Corporation 

The Mostek 3873 family has 29 
bits (4 ports) of parallel I/0 plus a 
hardware serial I/0 port capable of 
handling either synchronous or 
asynchronous data transfers. 'IWo 
different ROM versions are cur-
rently available, and executable 
RAM options are coming soon. 
The MK3875 microcomputer 

family features 30 lines (4 ports) of 
parallel I/0 and a standby power 
mode to protect the executable 
RAM during low-power situations. 
Both our 3875 versions have 64 
bytes of executable RAM; ROM is 
2048 bytes or 4032 bytes. 
Unique to the entire 3870 line are 

our piggyback EPROM (P-PROM' ) 
microcomputers. Designated 
MK38P70/02 and MK38P73/02, 
these devices let you prototype and 
field test your software programs 
prior to ordering masked-ROM ver-
sions. P-PROM microcomputers 
are also ideal as production cir-
cuits in low volume applications. 

lb simplify software as well, 
choose our Matrix" floppy disk 
development system with real-time 
in-circuit emulation. The Matrix 
system can support our entire 3870 
line, including low power CMOS 
versions now being developed. 
Three basic 3870 families. 

EPROM versions. And comprehen-
sive software tools to back it up. It 
all adds up to more momentum. 
The kind of momentum that can 
simplify your design, and extend 
your product life. To find out how, 
call or write Mostek Corporation, 
1215 W. Crosby Road, Carrollton, 
Texas 75006; phone 214/323-1000. 
In Europe, contact Mostek Brus-
sels; phone 660.69.24. 
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Editorial  

The new Sputnik: part 2 

The problems facing the U. S. electronics 
industries in the international marketplace 
are in many ways the outcome of a long-time 
adversary relationship between business and 
Government. The situation was described 
succinctly recently by Robert Herzstein, 
under secretary for international trade in the 
U.S. Department of Commerce, when he 
said: "Over the years, the Government's 
attitude was that business is a cornucopia 
that will continue to pour forth benefits 
without needing much attention and that the 
role of Government is to regulate business 
to keep it from having undesirable social 
impacts. We have to start looking at the other 
side of the coin now and examine ways in 
which Government policies and programs 
are an excessive burden on the competitive 
ability of business in world markets." 

Well and good. But the operative phrase 
here should jolt us all. We have to start. 
Herzstein's statement reflects enlightenment, 
but the rest of his speech is replete with 
suggestions for "analysis" and "evolving a 
new relationship" and "learning the facts." 
By now, the problems have been analyzed to 
a fare-thee-well, the need for a "new 
relationship" has been the cry of industry for 
years, and the facts have been laid before one 
congressional committee after another. The 
facts are these: 
• Japan and other nations have targeted 
specific high-technology industries like 
electronics as the major growth areas of the 
future and are supporting them with all the 
resources at their command. 
• Japan is outgunning the U. S. in producing 
engineering graduates-19,000 EES to the 
U. S.'s 14,000 annually. 
• The Japanese government's incentive and 
subsidy program makes capital available to 
its electronics industries at lower cost than 
is possible for the U. S. 
• Japan restricts access to its home market 

while it enters foreign markets aggressively 
by price-cutting and absorbing the added 
cost of high quality to capture market share. 
• With efforts like the VLSI program the 
Japanese are marshaling their technological 
resources for R&D on a national basis. 
• There's evidence that other nations are 
embarking on industry-government partnerships. 
What does U. S. industry require? 
Basically, industry leaders are asking 

Government to restore and augment incentives 
that fueled the growth of the industry in the 
first place. They don't want direct subsidies 
or infusions of cash. Rather, they want to 
foster an environment in which the unique 
American system can work effectively under 
the new international conditions. To do this 
requires, as Robert Noyce, vice chairman of 
Intel Corp., puts it, "the setting of a 
new national objective— to provide a 
commitment to favor development of new 
productive and innovative industry." Noyce 
and others have strongly urged specific steps: 
• Foster innovation by increasing R&D tax 
writeoffs and by channeling Government 
funds to applied research and R&D grants to 
universities on industrywide problems. 
• Give tax credits to firms that support 
technical education. 
• Offer incentives for saving in the U. S. to 
help capital formation —vital for expanding 
capacity —and incentives for new ventures. 
• Allow the formation of trading companies 
to increase U. S. effectiveness in export markets. 
• Press for equitable treatment in and access 
to foreign markets. 
The political ramifications of some of these 

steps are complex and forbidding. But we 
must get on with them. The situation calls 
for a new Sputnik reaction. As Charles Sporck 
of National Semiconductor Corp. said recently, 
"The time to do something is now—not three 
years from now, not a decade from now, 
either. By then it'll be all over." 
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Fluke Portable Test Instruments 

"We asked for a high frequency counter that 
accurately in tough RF environments. 
We weren't disappointed:' 

measures 

"Measuring frequencies on-site 
can be a difficult job. Signals from 
nearby transmitters can interfere 
with the frequency we're monitoring. 
But Fluke has packed all the 
features we need for high frequency 

11111011me, ,ffl1111fee 

measurements into their new 7220A 
Frequency Counter, and then some." 

"A full 10 Hz to 1300 MHz 
bandwidth through 2 input channels, 
and 5 mV rms basic sensitivity give 
us the full frequency coverage we 

need. The 7220A's X1 to X100 
variable attenuator, effective overload 
protection, and 100 kHz low-pass 
filter on the Channel A input help us 
take clean, stable readings of audio 
signals with RF contamination. And 

an integral stainless steel RF 
shield surrounds this $1050 U.S. 
counter." 

"We take accuracy with us." 
"An optional battery pack 

combines with a choice of 
ovenized oscillators for high-
accuracy, no- warm- up readings - 
even in the field." 

"And because the 7220A is a 
member of Fluke's Portable Test 
Instrument (PTI) family, this 
counter quickly stacks-and-
latches to any PT! Instrument. 
With the 1120A IEEE-488 
Translator, we can even afflemble 
an inexpensive, transportable 

system!' ïr -1,88 

Convincing Evidence. 
Communications specialists 

everywhere are finding that the 
new Fluke 7220A makes their 
tough frequency measurements 
on the bench or in the field. For 
more information on Fluke 
Counters, call toll free 
800-426-0361, use the coupon 
below, or contact your Fluke 
Sales Office or Representative. 

FLUKE 

Fast-Response Coupon 
IN THE US. ANI) NON. 
EUROPEAN COUNTRIES: 
John Fluke Mfg. Co.. Inc. 
PO Ron 43210 MS *25 
Mountlake Terrace. WA 9E1043 
(2061 774-2481 
Telex 152662 

IN El 1401'1: 

Fluke 'Holland) WV. 
P.O. Box 5053. 
5004 ER Tdburg, 
The Netherlands 
10131 673 973 Tlx. 52237 

D Please send me the 7220A Brochure. 
D Please have a Sales Engineer contact me. 

Name 

Title   

Company 

Address 

El 1 0/SO 

Mail Stop 

zip 
Telephone I 

For technical data circle no.25 
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Meetings 

21st Annual Symposium on the Foun-
dations of Computer Science, IEEE 

Computer Society, Sheraton 
Inn-Syracuse, Liverpool, N. Y., Oct. 
13-15. 

Annual Meeting, Optical Society of 
America (1816 Jefferson Pl. N. W., 
Washington, D. C. 20036), Pick 
Congress Hotel, Chicago, Oct. 
13-17. 

27th National Vacuum Symposium 
and Show, American Vacuum Soci-
ety (335 E. 45th St., New York, 
N. Y. 10017). Detroit Plaza Hotel, 
Detroit, Mich., Oct. 13-17. 

Mini/Micro Computer Conference 
and Exposition, Mini/Micro 80 
(32302 Camino Capistrano, Suite 
202, San Juan Capistrano, Calif. 
92675), Brooks Hall, San Francisco, 
Oct. 14-16. 

1980 Japan Electronics Show, Japan 
Electronics Show Association 
(3-23-5 Nishishinbashi, Minato-ku, 
Tokyo 105), International Fair-
grounds, Tokyo, Oct. 14-19. 

1980 Fall Conference on Emerging 
Technologies—Teletext and Viewda-
ta, Society of Cable Television Engi-
neers Inc. (1900 L Street N. W., 
Suite 614, Washington, D. C. 
20036), Playboy Resort and Country 
Club, Great Gorge, N. J., Oct. 
15-16. 

1980 Canadian Conference on Com-
munications and Power, IEEE, Queen 
Elizabeth Hotel, Montreal, Quebec, 
Canada, Oct. 15-17. 

First Brussels NATO Command, Con-
trol, and Communications Sympo-
sium, Armed Forces Communica-
tions and Electronics Association 
(5205 Leesburg Pike, Falls Church, 
Va. 22041), Brussels Hilton Hotel, 
Brussels, Belgium, Oct. 16-17. 

ISHM 80—International Microelec-
tronics Symposium, International 
Society for Hybrid Microelectronics 
(P. 0. Box 3255, Montgomery, Ala. 
36109), Hilton Hotel, New York, 
Oct. 20-22. 

isA/80 —International Instrumenta-
tion Automation Conference and Ex-
hibit, Instrument Society of America 
(I6A/80, P.O. Box 3561, Durham, 
N. C. 27702), Astrohall, Houston, 
Texas, Oct. 20-23. 

PC 80 West—International Printed 
Circuits Conference and Exhibition, 
Benwill Publishing Corp. (1050 
Commonwealth Ave., Boston, Mass. 
02215) et al., Convention Center, 
Los Angeles, Oct. 21-23. 

1980 Biennial Display Research Con-
ference, IEEE et al., Cherry Hill Inn, 
Cherry Hill, N. J., Oct. 21-23. 

Military Microwaves 80, Institution 
of Electronic Engineers (Savoy 
Place, London WC2R OBL, Eng-
land), Cunard International Hotel, 
London, Oct. 22-24. 

Integrated Circuit Quality Control 
Workshop, American Society for 
Quality Control, Electronics Divi-
sion (Ralph A. Evans, IC-QC, 804 
Vickers Ave., Durham, N. C. 
27701), Durham, Oct. 23-24. 

1980 Fall Meeting—Electronics Di-
vision of the American Ceramic 
Society (65 Ceramic Dr., Columbus, 
Ohio 43214), Sheraton Palace Ho-
tel, San Francisco, Oct. 26-29. 

10th Annual Monterey Conference, 
American Electronics Association 
(2600 El Camino Real, Palo Alto, 
Calif. 94306), Del Monte Hyatt 
House, Monterey, Calif., Oct. 
26-29. 

10th Annual North American Ther-
mal Analysis Society Meeting (Rob-
ert C. Johnson, Du Pont Central 
Research and Development Depart-
ment, Experimental Station, Bldg. 
228, Wilmington, Del. 19898), Cop-
ley Plaza Hotel, Boston, Oct. 26-29. 

1980 Conference on Electrical Insu-
lation and Dielectric Phenomena, 
National Research Council Assem-
bly of Engineering (2101 Constitu-
tion Ave., Washington, D. C. 
20418), Parker House, Boston, Oct. 
26-30. 

ACM Annual Conference, Associa-
tion for Computing Machinery 
(1133 Avenue of the Americas, New 
York, N. Y. 10036), Opryland Ho-
tel, Nashville, Tenn., Oct. 27-29. 

NEc-NcF/80, 36th Annual National 
Electronics Conference and National 
Communications Forum, National 
Engineering Consortium Inc. (Oak 
Brook Executive Plaza No. 2,1211 
W. 22nd St., Oak Brook, Ill. 60521), 
Hyatt Regency O'Hare, Chicago, 
Oct. 27-29. 

tccc/80 — Fifth International Con-
ference on Computer Communica-
tion, International Council for Com-
puter Communications (Iccc/80, 
Box 280, Basking Ridge, N. J. 
07920), Peachtree Plaza Hotel, At-
lanta, Oct. 27-30. 

1980 Photovoltaic Solar Energy 
Conference, IEEE et al., Palais des 
Festivals et des Congrès, Cannes, 
France, Oct. 27-31. 

17th Department of Defense-Asso-
ciation of Old Crows Electronics 
Warfare Symposium, AOC (15233 
Ventura Blvd., P-8, Sherman Oaks, 
Calif. 91403), Disneyland Hotel, 
Anaheim, Calif. Oct. 28-30. 

Fourth Annual Symposium on Com-
puter Applications in Medical Care, 
George Washington University 
(Janice W. Eldridge, Registrar, 
SCAMC, Office of Continuing Medi-
cal Education, 2300 K St. N. W., 
Washington, D. C. 20037), Capital 
Hilton Hotel, Washington, D. C., 
Nov. 2-5. 

Autotestcon '80, IEEE, Sheraton 
Washington Hotel, Washington, 
D. C., Nov. 3-5. 

MidCon/80, IEEE and Electronic Repre-
sentatives Association, Convention Cen-
ter, Dallas, Texas, Nov. 4-6. 

Electronica 80—Components and 
Assemblies Trade Fair and Micro-
electronics Congress, MMG P. 0. Box 
121009,8000 Munich 12, West Ger-
many), Fairgrounds, Munich: Fair, 
Nov. 6-12; Congress, Nov. 10-12. 
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Fluke Portable Mast Instruments 

SIVe••• 
What if we added calculating and programming capabilities 

to a versatile new 51/2 -digit multimeter? 

Our product designers are proud 
of the new Fluke 8860A, and rightly 
so. This excellent new DMM 
can be both a fully-programmable 
stand-alone system or an inexpensive 
411M) instrument. 
The concept is as practical as it is 

powerful. For benchtop use, the 
8860A combines the analog 
measuring precision of a 51/2 -digit 
DMM with an optional calculating 
controller similar to a programmable 
calculator. This allows you to 
develop software for your 

customers asked for a 
eful, easy-to-program 

computing multimeter We 
designed just that.. . a 

precision benchtop DMM 
with an optional calculating 
controller that transforms it 
into an incredibly versatile 
stand-alone measurement 

system." 

Calculating 
controller op-
tion uses RPN 
logic for fast, 
easy program-
ming. 

Five-function 
DMM with 
0.01% basic ac-
curacy features 
autoranging 
and four ad-
vanced math 
functions - off-
set, peak-to-peak, 
limits, and zero. 

/17-13LiS5 78 

Interchange-
able non-
volatile 
memory 
cartridges for 
convenient pro-
gram storage. 

Exclusive 
Portable Test 
Instrument 
Packaging lets 
you stack-and-
latch the 8860A 
with other PT! 
Instruments 
from Fluke. 

Excellent value 
as stand-alone 
or systems in-
strument. U.S. 
price for basic 
DMM $1395; 
calculating con-
troller $550; ex-
tra memory 
cartridges $50 
each; IEEE in-
terface $295. 

specific applications. 
Programmable power 
goes to work for you. 
Use the 8860A's math and 

programming talents to perform 
statistical analyses. Convert and 
directly display the output of 

transducers measuring 
temperature, pressure, power, 
and other physical events. The 
calculating controller can both 
configure and command the 
DMM, so the 8860A can make 
measurements, execute 
mathematical operations and 
branch on conditionals. 
When you need the 

measurement power of the 
8860A in an IEEE-488 system, 
choose the inexpensive interface 

option for full function/range 
programming. 
"Tell me more!" 
Either way you configure 

your new 8860A DMM, 
you'll have the power you 
need today with the 
flexibility you'll want 
for tomorrow. For more 
information, call toll free 
800-426-0361; use the 
coupon below; or contact 
your Fluke sales office or 
representative. 

LFL1JKE 

Fast-Response Coupon  
IN THE U.S. AND NON-
EUROPEAN COUNTRIES: 

John Fluke Mfg. Co., Inc. 
P.O. Box 43210 MS *2B 
Mountlake Terrace, WA 98043 
(206) 774-2481 
Telex: 152662 

IN EUROPE: 

Fluke (Holland) B.V. 
P.O. Box 5053, 
5004 EB Tilburg, 
The Netherlands 
(013) 673 973 Tlx: 52237 

12 Please send me complete 8860A specifications 
and applications literature. 

D I have to see this computing multimeter for 
myself. Please have a salesman call. 

Name 
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Bubble Price Break 
Intel reduces prototyping prices of 1-megabit bubble 

memories by 40% now. And guarantees a volume price 
of $595 for complete component sets by August 1981. 

Fast-breaking bubble technol-
ogy. You've been hearing about 
it for years. Now Intel announces 
the kind of break you've been 
waiting for: a price break. 
On August 11th, Intel lowered 

its 100-unit price for the BPK72 
Bubble Memory Kit by 40% to 
$995—less than 100 millicent, 
per bit. 

By August 1981, the price of 
megabit bubble memories ordered 
in 5,000-unit lots will be an 
unprecedented $595. That's 60 
millicents per bit. Not "projected!' 
Not "expected!' Guaranteed. 
One year later, for 25,000-piece 

orders, the unit price will be $295 
—cutting the per-bit price in half 
once more. Again, we guarantee it. 
How can Intel guarantee such 

a sharp price reduction? Simple. 
Intel was the first to bring produc-
tion 1-megabit bubble memories 
to market. We've been delivering 
them for over a year, for a wide 
range of applications, and now 
we're moving prices down the 
manufacturing learning curve. 

Get more than bubbles 
Intel's bubble memory is a 

complete set of bubble compo-
nents for microprocessor-based 
applications. This set consists 
of six special support ICs: a con-
troller, a formatter/sense amp., 
three packages for coil driving 
and a current pulse generator. It 
interfaces to Intel® and other 
microprocessor system buses via 
the controller, which handles up 
to eight bubble memory packages, 
and provides built-in power fail 
protection and error correction. 
The bubble element and its 

small set of associated ICs can be 

treated as a peripheral subsystem. 
This allows designers to con-
centrate on higher level system 
objectives, instead of spending 
time learning the intimate details 
of bubble device interfacing. Thus 
minimizing expense in hardware 
and software development. 

Add more value 
to your product 

With Intel's solid-state bubble 
memory, all that moves is the 
information. That means high 
reliability and low maintenance 
for your products, even in harsh 
or unclean environments—the 
kind where disks and tapes won't 
go. And since the memory is 
completely nonvolatile, your data 

remains secure when the power 
goes off. No battery backup or 
replacement is necessary. 

Furthermore, Intel's bubble 
memory system is small, light-
weight and silent. By packing 
over 1 million bits into less than 
100 square centimeters of board 
space, it allows you to reduce 
the size, weight and power con-

sumption of your products. 
As the natural mass storage for 

LSI microprocessor-based systems, 
Intel's megabit bubble memory 
makes it practical to design more 
features into your equipment. 
So now you can build in program-
mability. Portability. Reduced 
service and repair costs. All with 
ensured data integrity, even in 
hostile environments. Consider 
what that means in your 
applications. 

Start designing now 
Everything you need to start 

designing your next generation 
product is included in our Bubble 
Memory Prototype Kit (BPK72), 
available now from distributor 
stock. It contains all the compo-
nents necessary for a 1-megabit 
system, plus a printed circuit board 
and complete documentation. 
To find out how bubble mem-

ories can give you that competitive 
edge in your next project—and 
to receive our bubble brochure, 
contact your local Intel sales 
office/distributor. Better yet, have 
one of our field sales engineers 
give you a firm quote based on 
exactly what you need for your 
next product. Write Intel Cor-
poration, 3065 Bowers Avenue, 
Santa Clara, CA 95051. Or call 
(408) 987-8080. 

intel delivers 
solutions. 

Europe: Intel International. Brussels, Belgium 
Japan: Intel Japan. Tokyo. United States and Canadian 
distributors: Alliance. Almac/Stroum. Arrow Electronics, 
Avnet Electronics. Component Specialties. Hamitton/Avnet. 
Hamilton/Electro Sales. Harvey, Industrial Components. 
Pioneer, L.A. Varah, Wyle Distribution Group. Zentronics. 
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Compare this general purpose logic analyzer 
with the currently accepted industry standard, 

The K100-D wins over Hewlett-Packard's 16I5A hands down! 
Logic designers have made 
Gould's powerful Biomation K100-D 
our fastest selling logic analyzer 

ever. You'll see why once you com-
pare it to its nearest competitor, 
the 1615A from Hewlett-Packard. 

Compare clocking speed. 

With a 100 MHz clock rate, the 
K100-D gives you resolution to 
10 ns—five times better than the 
1615A's. Use the K100-D's latch 

Hewlett-Packard 1615A 
A very good logic analyzer 

mode to catch gliches as narrow 
as 4 ns. It gives you the most 
precise logic analysis for today's 
high speed minicomputer, main-
frame and microprocessor systems. 
Best of all, you're already prepared 
for faster designs as they arrive. 

Compare capacity. 

The K100-D's 1024 word memory is 
four times as deep as the 1615A's. 
This dramatically extends the 
length of data you can trap from 
your system at any one time. And 
that means faster, more accurate 
debugging. In addition, the 
K100-D's standard 16 channel for-
mat can be expanded to 32 
channels for work on the new 
generation of 16-bit micro-
processors. 

Compare your productivity. 

Finally, the K100-D makes 
designers more productive with 
convenience features superior to 
those of the 1615A. The K100-D 
has a larger keyboard, plus an 
interactive video display. Compre-
hensive status menu. Data domain 
readout in hexadecimal, octal, 

binary or ASCII. And the list goes 
on and on. 

The final analysis. 

To help you evaluate these two 
fine instruments before you buy, 
we've prepared a point-by-point 
competitive comparison of the 
two. If you're designing and 
debugging high-performance digi-
tal systems, you'll want to read 
this document carefully. To get 
your free copy, just use the reader 
service number or write Gould 
Inc., Biomation Division, 4600 Old 
lronsides Drive, Santa Clara, CA 
95050. For faster response, call 
408-988-6800. 

Biomation K100-D 
The industry's finest logic analyzer 

No° 
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1.> GOULD 
An Electrical/Electronics Company 
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Itrrroom to grows 
It started as a racehorse. 
It's becoming a workhorse. 
Because our Sentry® Series 
20 LSI test system is adding 
the capabilities to run more 
devices in more technolog-
ies. And still grow to meet 
the future head on. 

Modularity makes it work. 
Configure Series 20 to meet 
a variety of duties. Characterization. 
Production testing. Incoming 
inspection. Or a combination. Its 
designed-in expandability lets you 
get exactly what you need. 
When you need it. 

Start by testing a full 60 pins of 
microprocessor, peripheral chip and 
memory at 20MHz. Or 30 pins at 
40MHz. With full I/O operation on 
each pin. Then enjoy higher resolu-
tion and accuracy, with greater 
flexibility, because our Enhanced 
Timing Module is built in. 

If you're working with CMOS or 

Circle 32 on reader service card 

PMOS devices, try our new high 
voltage test head. You can run 28V 
at 5MHz, 16V at 15MHz or 10V 
at 20MHz. 

And if high speeds or high pin 
counts are in your future, Series 20 
should be on your line. Modular 
bays let you expand your system 
with surprising ease. 

Series 20 has an improved 
software system. You can convert 
Sentry VII and VIII programs to 
Series 20 format, usually within 
minutes. And you can test devices 

more thoroughly and efficiently. 
Getting better data while 
saving valuable time. 

So give our workhorse 
a workout. It's backed by 
the industry's largest 
service and support group. 
Call us at (408) 998-0123 
for more information. Or 
write Fairchild Test 
Systems Group, 1725 
Technology Drive, San Jose, 

California 95110. You'll see how 
Series 20 will grow on you. 

FAIRCHILD 

A Schlumberger Company 

The 
First Family 

of ATE. 

CESIGN 
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DEC to unveil 

its 32-bit 

VAX-11/750 

Hughes adds laser, 

sees true 3-D ICs 

as a possibility 

Bell uses LEDs 

as transmitters 

In 23-, 7-km lines 

Digital Equipment Corp.'s second 32-bit computer, well placed to compete 
with IBM's smaller 4300s and priced to appeal to original-equipment 
manufacturers, will bow Oct. 21. Originally code-named Comet, the new 
VAX-11/750 is compatible with VAX-11/780 software and peripherals 
[Electronics, Nov. 10, 1977, p. 36], but is slower and lower-priced. 
Expected to run at 650 to 700 whetstones (a measure of throughput) 
rather than the larger machine's 1,000 to 1,100, the 750 could be priced as 
low as $40,000 to $90,000 in minimal configurations. It will have a full set 
of commercial software, but many industry sources expect the 750's 
central processing unit also to be the Maynard, Mass., firm's first entry 
into the 32-bit OEM market. 
The 750's low price owes much to DEC'S heavy use of custom TTL 

large-scale integrated circuits. The resulting drastic reduction in parts 
count has allowed the firm to implement the 750's CPU on about six large 
circuit boards—about one fourth the number needed for the 780. Thus, 
the 750 fits almost entirely into a single 19-in, rack or a free-standing 
waist-high cabinet. Industry sources expect the mos main memory to be 
intentionally limited in size, probably to 2 megabytes, to avoid competition 
with low-end versions of the 780. However, given the 750's price, the 
similarly priced 16-bit PDP-11/70 — and, perhaps, even the 11/44 — may 
sacrifice market share to the new machine. 
The 750's introduction has been postponed repeatedly since 1979, say 

industry observers. Among the reasons mentioned are a desire to avoid 
fratricidal competition with the PDP-11 line (which is selling well and at a 
good profit), a large backlog for the 780, teething problems with DEC'S 
new LSI design and production facilities, and competitive considerations. 

Another big jump in integrated-circuit packing density appears closer to 
reality after further studies into laser annealing reported by Hughes 
Aircraft Co.'s Malibu (Calif.) Research Laboratories. Already a leader in 
developing laser annealing to replace the conventional furnace heating of 
ICs, Hughes says its scientists, in experiments, have rigged a second laser 
as a real-time instrument to measure the annealing process precisely. With 
the setup linked to a master minicomputer, they can monitor the growth 
of large-grain (25-µm) silicon crystals, which make it possible to stack 
circuit structures on top of each other. The potential, according to Laverne 
D. Hess, who directs the Hughes work: "It gives hope for the first time of 
fabricating true three-dimensional microelectronic circuits." 

As part of its work with long-lasting light-emitting diodes as transmitters 
for fiber-optic communications systems, Bell Laboratories has built both 
the longest and the highest-capacity line thus far achieved using LEDs. 
Researchers at Crawford Hill, N. J., attained 274 mb/s on a 7-km line 
with no need for an amplifier. The line can handle 4,032 telephone 
conversations simultaneously. The second line, 23 km long, carried 44.7 
Mb/second equal to 672 conversations, without regeneration. 
The main point of the work is that it appears to reduce the importance 

of laser diodes as components of fiber-optic systems. The LEDs are easier to 
construct and can be less costly, especially for the second-generation 
systems coming along to operate at wavelengths of 1.3 to 1.6 gm, where 
cable loss and dispersion are even less than in the 0.8-µm region now 
commonly used. 
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Electronics newsletter  
RCA to design 

its own codec 

RCA Corp.'s Solid State division plans to introduce a codec of its own in 
the last quarter of 1981. The complementary-mos device will have an 
on-board filter and thus enable the Somerville, N. J., operation to leap into 
the codec fray, though late, with a strong entry (see p. 41). Meanwhile, 
the company expects that samples of two codecs and two codec filters that 
it is second-sourcing from Motorola Semiconductor will be available this 
quarter, with production set for the first quarter of 1981. 

CP/M operating software Look for the introduction next month of CP/M-86, an extension of the de 
facto standard 8-bit operating system, to work on Intel's 8086 and 8088 

to be extended 16-bit microprocessors. Produced by Digital Research of Pacific Grove, 
to 16-bit systems Calif., CP/114-86 is a single-user operating system that maintains the file 

format of CP/M release 2, giving it file-structure compatibility with CP/M. 
CP/M-86 can also function in a slave mode in a multiprocessor network-
ing scheme controlled by cP/Net. 

National to make National Semiconductor Corp. will attempt to capture more of Intel 
Corp.'s market for board-level products by producing boards compatible 

boards compatible 
with Intel's Multimodule series. These are the small piggyback boards that 

with Intel's Multimode plug into sockets provided on the Multibus series to expand their capabili-
ties. The Santa Clara, Calif., company will ship parallel- and serial-
interface and the math-processor piggyback boards by the first quarter of 
1981. National's connectors will be identical to those Intel custom-
designed. 

Ethernet specs The long-awaited specifications for Ethernet, a local-area digital commu-
available from nications network, have been made available by its designers: Digital 

Equipment Corp., Maynard, Mass.; Intel Corp., Santa Clara, Calif.; and 
DEC, Intel, Xerox Xerox Corp., Stamford, Conn. Both a specification document for hard-

ware and a protocol description are available from any of the three 
companies. The documents will be submitted by the parties concerned to 
the Local Networks committee of the Institute of Electrical and Electron-
ics Engineers, which meets this month in its efforts to develop a local 
network standard. Hewlett-Packard Co. has already said that if Ethernet is 
accepted by the IEEE group, it will adopt the standard (see p. 48). 

Addenda After eight years of development and test, GTE Products Corp.'s Sylvania 
Systems group, Needham, Mass., has won a $190 million, four-year 
production contract for 300- and 600-line versions of its AN/TTC-39 
circuit switch and for the 50-line AN/TYC-39 message switch —both part 
of TriTac, the triservice tactical communications program. . . . A new 
family of intelligent desktop terminals from Data General Corp., based on 
the Westboro, Mass., firm's 16-bit microNova, will be software-compati-
ble with all Data General processors, including the Eclipse MV8000 
32-bit Supermini. . . . A 20-bit multipurpose computer to emerge soon 
from BBN Computer Corp., a Cambridge, Mass., subsidiary of consulting 
firm Bolt Beranek & Newman Inc., promises faster operation than 
machines three times its price. . . . Semiconductor industry pioneer 
Patrick E. Haggerty, honorary chairman and general director of Texas 
Instruments Inc., Dallas, is dead at 66. 
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An EPROM's a great off-the-shelf solu-
tion when you need an instant program. 
But as a substitute for a ROM, the num-
bers just don't work out. Especially when 
you can get quality ROMs in 4 to 5 weeks 
from Electronic Arrays. 

For instance if you're building 500 
systems using 32K of ROM, we can 
demonstrate how you'll save almost $5000 
using our EA8332 32K ROM instead of 
2716 16K EPROMs. If you're building 
2000 systems the savings climb to over 

$23,000— on ROM costs alone! 
And that's not counting savings on 

labor, extra sockets, PC board holes and 
space. Moreover, EA ROMs are more re-
liable than EPROMs, since there's no 
chance for your program to "leak away" 
with time. 

There's more to our story. Call us for 
details. Electronic Arrays, 550 East Mid-
dlefield Rd., Mountain View, CA 94041 
(415) 964-4321; Philadelphia (215) 
643-1447; Chicago (312) 858-8508. 

EPROMs ARE FUNNY. 
THE MORE YOU USE, 
THE MORE YOU LOSE. 

ELECTRONIC ARRAYS. 

THE HOUSE OF ROMs. 

Electronics/October 9, 1980 Circle 35 on reader service card 35 



Only one company 
can deliver octal interface 

in four weeks. 

.. 
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Get speedy delivery on Monolithic Memories LS and S 
54/74 buffers, latches, registers & transceivers. 

Monolithic Memories' 
broad family of octal 
interface devices is rolling 
off the lines right now, 
with up to five thousand 
pieces of each type avail-
able in four weeks...a frac-
tion of the delivery time 
quoted by other suppliers! 

Industry standard and 
multiple sourced. 
Many of these are the same 
enhanced parts developed by Monolithic 
Memories and formerly designated our 
57/67 series. We added such niceties as on-
board inverters, Schmitt triggers with true 
hysteresis and high-output-current options. 
We put them in our space-saving 20-pin 
SKINNYDIPTM packages. And now they're 

.51V5V/74£92‘10 

.5A15-44/74L5241 

Seig4/744a244 

SI/Se/7445340 
SN54 /74LS341 
sA154/7411-434151 

else/7482410 
iNsi,i/7es24.7 
sx5-41/74s244 

3A15-4/74eLe373 
3N57,1/7«35'33 

SN5W7e373 

SAINS537 
3N54/7q3S-33 

SN7#SS35 

esaiza, 
.5N.51i/74[5374 
eyez1/74i1SS34 

ridefulaifee _W541/745374 

>174 ss-32 
3N54/7435-34 

SNNSS3b 

•SA/Seet/74L4245" 
,SA/5"1//74L.5645 
SA/74Lséqe-1 

renumbered, part of the 
industry standard, wide-
ly second-sourced 54/74 
family. 

Now pick from three 
octal transceivers. 
To our 54/74LS645 
transceiver we've now 
added two brand new 
companions: the 54/ 
74LS245 and the hi-
drive (4 8mA) 

74LS645-1, allowing you to pick just the right 
transceiver for your application. 

Contact your nearest Monolithic Memories 
franchised distributor or sales representative 
for a complete brochure on our entire octal 
interface family. Monolithic Memories, Inc., 
1165 E. Argues Ave., Sunnyvale, CA 94086. 

TAI—SKINNYDIP is a (I-elm:irk til Monolithic Memories. Inc. 

Monolithic ED 
Memories 
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Memory 
Expert. 

Bubble Memory Data lèrminal 
5 x 7 matrix thermal printhead 

(30 characters-per -second) 

EIA RS-232-C 
or DC-current 
loop interface 

• 110-9600 baud 
transmission speeds 

Extensive file manager, 
editor (standard) 

20K to 80K characters 
of nonvolatile 

bubble memory 

TI's Silent 700* Model 763 Bubble 
Memory Data Terminal is ideal for 
remote data capture, and off-line data 
preparation and manipulation appli-
cations. Storing up to 20 typewritten 
pages of information in its built-in 
nonvolatile bubble memory, the 763 
eliminates the need for more costly 
data storage devices and allows 
users to batch transmit data at their 
convenience. A Data Entry Valida-
tion option on the 763 provides pro-
gram execution, file management 
interface, arithmetic operations 

and data verification. The 763 
with its other features and options, 
is a specialist when it comes to 
quick, accurate data entry and 
transmission. 

TI is dedicated to producing 
quality, innovative products like the 
Model 763 Bubble Memory Data 
Terminal. TI's hundreds of thousands 
of data terminals shipped worldwide 
are backed by the technology and 
reliability that come from 50 years 
of experience, and are supported 
by our worldwide organization of 

Intelligent data entry 
validation (optional) 
• table look-ups 
• field validation 
• +, x, +, functions 
• branching 

Full ASCII 
typewriter-like keyboard 

factory-trained sales and service 
representatives. 

For more information on the 
763 terminal, contact the TI 
sales office nearest you or write 
Texas Instruments Incorporated, 
R O. Box 1444, M/S 7784, 
Houston, Texas 77001 or phone 
(713) 937-2016. 
In Europe, write 
Texas Instruments, 
M/S 74, B. P. 5, 
Villeneuve-Loubet, 
06270, France. 

'Trademark of Texas Instruments Copyright e 1980, Texas Instruments Incorporated 

TEXAS INSTRUMENTS 
We put computing within everyone's reach. 
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Electronics review  

Four-state cell 
doubles ROM 
bit capacity 
by John G. Posa, Solid State Editor 

Read-only-memory cells on 

two new microprocessors 

have three transistor sizes 

with varying voltage levels 

By varying the size and resistance of 
the transistor—and hence the volt-
age level—in each cell of on-chip 
read-only memory, Intel Corp. is 
able to store 2 bits of information in 
the ROM cells of its latest micropro-
cessors. Since each cell can therefore 
hold double the information of an 
ordinary cell, the Santa Clara, 
Calif., chip maker can multiply stor-
age capacity without restoring to fin-
er lithography. 
The new cells, found in the 8087 

mathematics coprocessor [Electron-
ics, May 8, p. 114] and the forth-
coming iAPX 432 [Electronics, May 
22, p. 39], can be manufactured with 
the company's standard high-per-
formance mos, or H-MOS, process. 
In fact, the 2-bit cell idea is simple, 
almost bordering on the obvious. 

Sizes. In a standard read-only 
memory, there is only one size of 
transistor and there is at most one 
transistor per bit, explains Moty 
Klein, engineering coordinator for 
Intel Israel, where the 8087 was 
designed. "If there is a transistor, 
there is a 1; if not, you store a 0. 
When you raise the select line, cur-
rent flows if you have a transistor, 
and it doesn't if you don't." 
The key to the new ROM is that 

"there are three sizes of transistor," 
continues Klein, "one that conducts 
large currents, one medium, and one 
small." At each cell site in the ROM 
array, one of these three transistor 

Four voltages. On Intel's newest microprocessors, each read-only-memory cell has one of 

four voltage levels. Two comparators determine which output is at a given address. 

types—or no transistor at all—is 
placed during programming. 
To determine which type of tran-

sistor is at a selected memory loca-
tion, a specially designed sense 
amplifier is used. When a cell is 
chosen, it is effectively connected 
through a resistance to a logical high 
voltage. The potential developed 
across the cell—which corresponds 
to the size of the transistor—is fed to 
two comparators (see figure). 
One comparator's second input is 

tied to a voltage between the two 
that would be generated by a small 
and a medium-sized transistor. The 
other comparator's second input has 
a voltage between those of the medi-
um-sized and large devices. 

Consequently, the two outputs of 
the comparators will reflect which of 
the three voltage levels (or lack of 
voltage) is at that address. The sens-
ing is done in parallel, so that there 
is no need to cycle through the four 
voltages in the sense amplifier, says 
Klein. 

Because room must be allocated at 
each ROM cell for the largest transis-
tor, even if a smaller device or no 
transistor is placed there, there is 
some wasted silicon area. However, 
says Klein, "it is more than made up 
for by not having to store the 4 states 
separately." 

Microsystems 

Mini makers facing 

another IC challenge 
Another heavyweight entry into the 
16-bit microcomputer board busi-
ness weighed in at last month's Wes-
con, when Motorola Inc. announced 
its board computer line based on its 
68000 microprocessor. A major new 
direction for the company's Semi-
conductor Group in Phoenix, Ariz., 
the Monoboard Microcomputer 
draws even more sharply the battle 
lines between the two camps contest-
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Caged. Motorola's Versamodule boards include, from bottom, the 68000-based Monoboard 

Microcomputer, a floppy-disk controller, and 128-K bytes of random-access memory. 

ing this burgeoning business. 
Defending the traditional 16-bit 

ground are the minicomputer mak-
ers. These are led by Digital Equip-
ment Corp., whose LSI-11 board 
computers hold more than half the 
market. The attack is coming from 
the chip makers, led by Intel Corp. 
with its iSBC 86/12A line, Texas 
Instruments Inc. with its TM990 
line, and now Motorola. Also getting 
attention is Zilog Inc.'s new 16-bit 
board based on the Z8000. 

Powerful. A key issue will be soft-
ware—but since Motorola's entry 
has the high-performance 68000 
going for it, it is the most powerful 
16-bit hardware yet in terms of sheer 
throughput and flexibility, as most 
competitors admit. 

Operating at 3 megahertz, the 
processor board holds 32 or 64-K 
bytes of random-access memory, as 
much as 64-K bytes of read-only 
memory, serial and parallel in-
put/output circuitry, and program-
ming counter-timers. With peripher-
al boards, it can be configured for 
mass storage, for data communica-
tions and networking, and by adding 
another microcomputer board, for 

high-throughput array processing. 
What might be the typical mini 

maker view of a semiconductor 
firm's microcomputer board comes 
from DEC. "The hottest, niftiest chip 
isn't always equal to the best board," 
says Lloyd Fugate, planning manag-
er for the microcomputer products 
group. "Building a new board is not 
that big a thing; software is more 
important in the 16-bit world." 
He says operating and applica-

tions software accumulates in value, 
especially if it is transferable to new 
machines. DEC has been building its 
library since the LSI-II came along 
in 1977, and it remains for Motor-
ola, Intel, and others to achieve such 
a track record, he argues. 

Coming. For Motorola's part, it is 
bringing out operating software to 
go with the Monoboard, which sells 
for $1,300 apiece in volume. A mem-
ory-resident multitasking software 
package will be ready for first ship-
ments of the microcomputer in 
November, and a disk operating sys-
tem is slated for completion in 1981. 
The remainder of the family— 

called Versamodules— will be a 
board with 128-K bytes of RAM, a 

floppy-disk controller, a multichan-
nel communication module, a uni-
versal peripheral controller, a chas-
sis, and a power supply. Plans for 
1981 include an advanced micro-
computer and a 1-megabyte bubble 
memory module. 
Chip makers argue that they have 

a hardware advantage over the mini-
computer makers. The Motorola 
board illustrates "the industry's two-
or three-year technology lead," says 
Robert Brannon, marketing manag-
er of Intel's OEM Microcomputer 
Systems division, Hillsborough, Ore. 

Upward. He firmly believes mo-
mentum lies with the chip firms, 
which "represent VLSI versus 1St, 

multiprocessing against uniprocess-
ing." He downplays the mini mak-
ers' software lead, claiming it will 
dwindle as his company and others 
put more programming onto chips. 

However, Intel is moving to make 
it easier for original-equipment man-
ufacturers by introducing soon a 
lower-cost, stripped-down develop-
ment system that contains only the 
software tools necessary to write 
these programs. At present, the sem-
iconductor-supplied microcomputer 
boards use high-ticket full-scale de-
velopment systems. DEC's LSI-II, on 
the other hand, has a resident editor 
for assembling applications software 
as part of the board price. 

Closing. As the two sides increas-
ingly battle, most observers expect 
the semiconductor houses to close 
the gap. "They can give DEC and the 
others a run for their money," says 
one industry consultant. "The bot-
tom line will be how easy they make 
it to write software." 

Sales in this market are still fairly 
small—in the $100 million range for 
1980—but growing, says G. S. Bush-
ee, vice president for small computer 
services at Dataquest Inc., the 
Cupertino, Calif., market research 
firm. fle and other market analysts 
agree that DEC is the clear leader 
and that Intel has likely overtaken TI 
for second place this year. Overall, 
the 16-bit board business is a tough 
one to categorize "because it is so 
evolutionary at the moment," Bush-
ee says. "It's neither quite a system 
nor a chip." -Larry Waller 
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Solid state 

Superconductivity at room temperature 

reported by Air Force researcher 
The dazzlingly fast supercomputers 
envisioned for the 1990s ordinarily 
are thought of in terms of Josephson 
junctions, which require supercool-
ing to near absolute zero. However, 
Fred W. Vahldiek, a materials 
research engineer at Wright-Patter-
son Air Force Base in Dayton, Ohio, 
may have stumbled upon supercon-
ductivity at room temperature. 
Such a discovery could lead to 

uncooled computers with picosecond 
machine cycles, to 100% delivery of 
the power from generating stations 
without loss or heat in transmission, 
and to a whole world of new applica-
tions based upon extremely efficient 
superconducting magnets. 

"It was an accident," says Vahl-
diek. He was trying to obtain ductili-
ty from titanium bromide crystals, 
ordinarily extremely brittle. "I did 
get the ductility after all these years. 
Then we looked at some other prop-
erties, and . . . the superconductiv-
ity came along as a gift." 

Materials. Vahldiek was working 
with bondes of titanium "because 
they are very good conductors, yet 
they have boron in there, supposedly 
an insulator. How do you explain a 
conductivity five, six, seven times 
better than the host metal's—titani-
um, in this case?" 
The composition change was 

found by accident through deforma-
tion at room temperature under 
hydrostatic conditions. "The inner 
core of the crystals had a quite dif-
ferent composition—there was a 
change in the structure. . . . That's 
when I found the ductility," Vahl-
diek explains. 

Resistance. He used a four-point 
probe to test for electrical resistance, 
and "in two directions the resistance 
appeared normal." But in the third 
direction, to his amazement, "the 
resistance was zero." 
A fluke that could never be dupli-

cated? "No, I've got 15 or 16 crys-
tals by now," he reports. Each time, 
the measurements show a complete 
absence of resistance. 

Vahldiek has patents pending both 
on the methods used to grow the 
crystal and on the deformation pro-
cess. The Japanese and Russians, 
too, have been growing titanium bro-
mide crystals, but not in same size 
and shape. 

Usually, titanium bonde adheres 
to the formula TiB2 with a hexago-
nal or quazi-cubic structure, explains 
the researcher. After deformation, 
the ratio of boron seemed to drop 
from 2 to about 1.5 or 1.6, "and 
X-ray data show a possible ortho-
rhombic structure, with crystal sym-
metry that will boggle your mind." 

'It's possible,' says IBM 

Prominent among the researchers investigating superconductivity are those 
at International Business Machines Corp.'s Thomas J. Watson Research 
Center, Yorktown Heights, N. Y., and a scientist there acknowledges that 
Fred Vahldiek's claim could be sound. If electrical conduction is supported 
by normal electron-phonon interaction, he says, the upper temperature line 
for superconductivity is from 30 to 40 kelvin. But if conduction is carried out 
by another means, such as through exciton interaction or electron-hole pairs, 
superconductivity could occur even above room temperature, he says. 
He does warn that a superconductor must pass two tests. It must not 

impede current flow, of course; but it must also repel magnetic flux, a 
property known as the Meissner effect. Vahldiek says that he is "setting up a 
coil right now to test for the Meissner effect." He has already seen magnetic 
repulsion caused by the fields in his electron microscope, he says. -J. G. P. 

Vahldiek feels that this symmetry, 
together with the change in composi-
tion, brings about the ductility and 
the superconductivity. "And these 
bondes are supposed to be very sta-
ble," he says. 
As for the prospect for room-

temperature Josephson junctions for 
future supercomputers and the like, 
Vahldiek observes, "That's only one 
of dozens of other properties that 
will need further investigation. I'll be 
busy for about six, seven months at 
least." -John G. Posa 

Communications 

IC makers readying 

codec-filter combos 
Having successfully launched coder-
decoder and filter integrated circuits 
for digital telecommunications 
equipment, ic makers are readying 
the next step: putting codec and fil-
ter, as well as peripheral functions, 
on the same chip. The merits of their 
various approaches already are 
sparking industry speculation and 
discussion. 
No fewer than three major semi-

conductor houses— Motorola Inc., 
Mostek Corp., and Intel Corp.—are 
expected to provide samples of 
codec-filter ICs during the first quar-
ter of 1981. Officials at Motorola's 
Integrated Circuit division and at 
Mostek are ready to discuss their 
designs, though not in detail. 

Close behind that trio will be 
National Semiconductor Corp. and 
Advanced Micro Devices Inc. 
What's more, industry sources re-
port that American Microsystems 
Inc. is already shipping samples of 
its single-chip codec and filter. 

Still c-mos. For increased density, 
Motorola will build the new 
MC14400/01/02 series in silicon-
gate complementary-MOS [Electron-
ics, Sept. 25, p. 34], packing codec, 
filter, a voltage reference, and other 
functions on a 30,000-square-mil ic, 
says Bob Karasch, product manager 
for standard telecommunications de-
vices at the Austin, Texas, division. 
The present metal-gate c-mos codec 
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More on chip. Motorola's forthcoming codec and filter on a 30,000-m02 silicon-gate C-MOS 
chip may be used in such setups as the pulse-code-modulated voice channel shown. 

and filter are 35,000 and 20,000 
mils', respectively. 

Motorola will continue its contro-
versial approach of offering separate 
chips to assign time slots to the 
codec [Electronics, June 5, p. 125]. 
Karasch maintains that some sys-
tems will not need time-slot assign-
ment, and for those that do, software 
assignment may be the solution in 
some applications. 

Mostek says its forthcoming co-
dec-filter, the MK5300, will inte-
grate the circuitry for time-slot 
assignment, as Intel has already 
done with its codec lc. However, the 
Carrollton, Texas, firm will also 
offer a 5300 chip without the assign-
ment function, says Robert J. 
Paluck, vice president of data and 
communications products. 
N-MOS next. Though the current 

MK5116 codec is fabricated in 
c-mos, Paluck says the 5300 will be 
done in n-channel mos for improved 
density and cost. Designers intend to 
hold down dissipation through inno-
vative circuit techniques like those 
used in the MK5912, an n-mos filter 
ic unveiled earlier this year. 
Though final specifications are 

not yet available, Paluck expects 
typical active power dissipation on 
the 5300 to come in at around 50 
milliwatts. Motorola is specifying a 
50-mw typical active power dissipa-
tion for its combined codec and fil-
ter, half that of its two-chip set. 

At Intel, "our customers continue 
to find time-slot—assignment circuit-
ry to be of great value, and one 
should expect future Intel products 
to have it," says Anthony R. Living-
ston, telecommunications marketing 
manager. Although the Santa Clara, 
Calif., company has made great 
strides in reducing the dissipation in 

its n-mOS communications chips, it 
is likely that its codec-filter Ics will 
be available in c-mos as well, drop-
ping dissipation to the 50-mw range. 

National Semiconductor will not 
disclose its approach on time-slot 
assignments; in fact, it will only say 
that its codec-filter chip will be 
available in samples around mid-
1981. It is believed that the lc will 
be fabricated in the Santa Clara 
company's proprietary double-poly-
silicon c-mos (Fac-mos) process. 

In the works at AMD is what the 
Sunnyvale, Calif., firm calls a sub-
scriber-loop audio-processing circuit, 
or SLAC [Electronics, June 19, p. 35]. 
It will be an n-mos codec filter with 
a 150-mw active dissipation. 
At AMI, also in Santa Clara, a 

spokesman will not comment on 
reports that the firm will be in pro-
duction with its c-mos chip by year's 
end. The part is expected to dissipate 
100 mw when active. 
The AMI chip is said to have been 

developed for Hitachi Ltd. for use in 
a subsystem in telecommunications 
equipment being designed by Nip-
pon Electric Co. Ami's initial version 

Competition already for the newest IBM 4341 

Barely three weeks after its announcement, IBM Corp.'s 4341 group 2 
processor has evoked a plug-compatible response. Moreover, the 4446 from 
IPL Systems Inc. is not only software- and microcode-compatible with the 
upgraded IBM machine, but it also runs 10% to 20% faster, says Stephen J. 
1ppolito, president of the Waltham, Mass., firm. 
The 4446 executes instructions typically in 50 nanoseconds. Other specifi-

cations match those of the new 4341: 8 megabytes of maximum main 
memory, 16-K bytes of cache memory, and six standard channels. 

Pricing is just a matter of deciding how much to undercut IBM, according 
to 1ppolito. He expects shipments to get under way in the third quarter of 
1981, soon after the scheduled first shipments of the 4341 group 2 
[Electronics, Sept. 25, p. 51]. "We're counting on the old pattern, where a 
flood of orders forces IBM to announce longer and longer delivery times," 
1ppolito says. "The 4446 will be for customers who just can't wait for IBM." 
The seven-year-old company has always been in the plug-compatible 

business, but in a break with the past, it will market the 4446 itself rather 
than through original-equipment manufacturers. Now beefing up its sales 
and service forces and offering remote maintenance, the firm has already 
begun going directly to end users with slightly modified versions of two earlier 
IPL processors, familiar in the U. S. as Control Data Corp.'s Omega series 
and sold in Europe under the Olivetti nameplate. These machines are the IPL 
4443 and 4436, which are plug-compatible with IBM's 4341-1 and 4331-2, 
respectively. Like its predecessors, the 4446 incorporates high-speed emit-
ter-coupled-logic circuitry, a modular, bus-based architecture, and IBM-
compatible microcode control. The full line can be upgraded in the field, 
Ippolito says. -Linda Lowe 
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There's a 
powerful new source 

in the electronic 
fuse market. 

We're Gould Shawmut', and we've been making 
fuses exclusively for the electrical industry since 1893. 

In fact, we manufactured the wire for the first 
fuse invented by Thomas Edison. In more recent 
history we introduced the first complete line of low 
voltage current limiting fuses in America. The first 
single element time delay fuse, the first miniature 1000 
volt fuse for Nautilus class atomic submarine service 
and much more. Our leadership in fuse technology is 
recognized throughout the electrical industry. 

Now we're extending our expertise into the elec-
tronics industry, so you have an alternative source: 
A new line of miniature fuses for low voltage, over-
current protection. In stock. Ready for immediate 
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delivery. And made by Gould Shawmut. 
You'll be hearing a lot from us in the future. 

For more information about our glass and miniature 
fuses write: Gould Inc., Electric Fuse Division, 
Newburyport, MA 01950. 
Tel: (617) 462-6662, 462-3131/Telex: 94-7427. 
In Canada: 406 Adelaide St., E., 
Toronto, Ontario M5A IN4. 
Tel: (416) 366-1981/Telex: 
06-219717. 
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will offer the µ-law companding code 
for the North American market and 
an A-law part is in design. 
-Wesley R. Iversen and Bruce LeBoss 

Packaging 

Elastomers cushion 

prototype reworks 
Thanks to a solderless assembly 
method, circuits and ceramic moth-
erboards damaged by the breaking 
of soldered connections during re-
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Easily altered. To avoid soldering chip-

carriers to prototype boards, DEC uses a 

temporary elastomer connection and a tem-

plate to hold them in place. 

work may become a thing of the 
past. Developed by Digital Equip-
ment Corp. for prototype work, the 
new technique uses conductive elas-
tomers to make temporary electrical 
contact between leadless chip-carri-
ers and the ceramic substrates. 
The soft assembly and test ap-

proach, as it is called, makes it possi-
ble to remove and replace faulty 
components both quickly and safely 
when a module fails in testing, says 
George A. Katronge, senior applied 
engineering manager of DEC's Ap-
plied Manufacturing division in 
Westboro, Mass. 

Saves money. "Until you achieve 
full correlation between incoming 
electrical test programs and a device 
systems application—and this can 
take months— [hybrid subassembly] 
yields run extremely low," Katronge 
points out. "During that period, you 
have to rework continually, and a lot 
of ruined circuits have a large 
impact on the cost of introducing a 
new product." 
At such an early stage, he says, 

soft assembly and testing pays high 
dividends. "Another plus is that 
when you return defective circuits, 
the maker can't claim they don't 
work because you damaged them." 

Elastomer materials, from compa-
nies like Tecknit and Amp, have 
been used as connectors in products 
like digital watches and calculators. 
Using them as connectors in proto-
typing with leadless chip-carriers is a 
notion that has been around, but. 
only now has the need arisen as the 
carriers are moving into more gener-
al use [Electronics, July 3, p. 45]. 
As the figure shows, the DEC 

scheme uses a Teflon nonconducting 
template between the ceramic sub-
strate and the chip-carriers. The 
template also houses the elastomer 
elements, which make electrical con-
nection between the carrier's pads 
and corresponding substrate pads. 

Strips of the same elastomer also 
connect input/output pads on the 
subassembly with those of a test 
interface board in an electrical test 
system. A cover board containing 
spring-loaded pins clamps the whole 
assembly together with sufficient 
force to close all connections, and 

the package is ready for testing as a 
complete module. 

Unclamping and reclamping the 
package to replace defective parts 
may be repeated many times without 
harm to any of the components, 
Katronge says. When production 
begins, the chip-carriers can be sol-
dered on ceramic motherboards, as 
DEC is doing with its LSI-11/23 
minicomputer, which was the initial 
tryout of soft assembly and test. 

Several manufacturers have ap-
proached DEC for details about soft 
assembly and testing, which pleases 
Katronge. "This is by no means a 
proprietary thing," he says. "The 
materials we use are readily avail-
able, and it's an easy matter to tool 
custom templates—anybody can do 
it." -Linda Lowe 

Production 

Laser system speeds 

pc-board checks 
Chrysler Corp.'s Huntsville (Ala.) 
Electronics division is teaming an 
automatic component inserter with a 
Chrysler-designed laser scanner that 
automatically inspects printed-cir-
cuit boards. The scanner, which the 
company plans to market, replaces 
human inspection and promises 
much higher throughput. 

"This is the first time we have had 
a machine to do this kind of inspec-
tion," says Philip Geise, an engineer-
ing supervisor in the Electro-Optics 
Systems group at the division. Chry-
sler is applying the minicomputer-
controlled scanner to a component 
inserter that stuffs boards for auto-
mobile spark-control computers. The 
5-by-10-inch boards are scanned at 
the rate of 20 a minute. 

Setup. As the figure shows, the 
system scans the bottom of each 
board with a 2-milliwatt helium-
neon laser deflected by an X-Y mov-
ing-iron galvanometer and several 
folding mirrors. As each board 
moves off the insertion line, it is 
positioned to form the final side of a 
boxlike enclosure. The laser, inside 
the enclosure, scans the board and 
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MPP 80S Programmer 

Well save you money from the very 
start. Why? Because we program 
following the PROM manufacturers 
specification . . . and we have 
approvals to prove it! No more lost bits 
in the field and expensive field service 
because of poor programming 
Also, if you have to go to the field to 
update software, our MPP 80S goes with 
you. It is no larger than a briefcase. 

Kontron's MPP 80S programmer is: 

• Easy to operate 

• Programs over 250 different devices 

• Utilize RS232C interface 

• Can be computer and remotely 
operated 

• Have 17 data formats 

• Offer auto baud and polarity 
select via key board 

• Can be easily interfaced to IC 
handlers 

• PROM manufacturer 
approved 

• I.t.P controlled (Z80)TM 
• Have standard UV lamp 

• Full data manipulation 

Now, Kontron offers° new 
EPROM gang programmi 
module with interchange-
able identifiers. Program an 
check via pass/fail Led's 
all popular EPROMS: 
8 at a time. 
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Kontron 
630 Price Av 
Redwood City, CA 94063 
(415) 361-1012 
Outside CA (800) 227-8854 

PROM PROGRAMMERS: 
For data on Kontron° Computer/Controllers, Digital Multimeters, Counters, PROM 

Programmers, Logic Analyzer and Printers, call (800) 227-8834. In California 
call (415) 361-1012. 
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Law Inspection. Chrysler's Electronics division has devised an automatic inspection system 
that uses a laser to look for incorrect or absent welded leads on stuffed pc boards. 

the reflected beam is sensed by sili-
con photodiodes, whose signal feeds 
a General Automation 16/45 16-bit 
minicomputer. 
The beam is programmed to scan 

the leads of the board's components 
according to a pattern stored in 
memory. A correctly clinched lead 
causes a characteristic null in the 
reflected beam; the lead blocks the 
laser beam from the photodiode sen-
sor. If the lead is clinched in the 
wrong direction, is the wrong length, 
or is missing (perhaps because the 
component is missing), the charac-
teristic signal fails to appear. 
Memory sizes. The Chrysler setup 

has 32 kilowords of memory, even 
though 16 kilowords would be suffi-
cient to store the scan patterns 
expected on a board, Geise says. The 
system includes a magnetic-tape 
reader for loading a board's scan 
routine and a cathode-ray-tube ter-
minal. The minicomputer will alert 
the operator when a failure is 
repeated excessively. 
The system can also be pro-

grammed to detect other circuit-
board faults, Geise points out. On 
bare boards, for example, it can 
check hole location, line-run separa-
tion, over- and under-etching, super-
fluous conductors, and copper 
bridges. On flow-soldered boards, it 
can look for solder bridges. In that 
case, the insides of the scanning 
enclosure are coated with highly 
reflective paint. Since the bridges 
are also reflective and generate 

glints on the reflective sides, the 
photosensors detect them. 

Chrysler calculates its system can 
inspect at least 25 components or 50 
component holes per second. "To 
reach this speed, a great deal of 
effort was needed to optimize the 
scan patterns," Geise reports. "We 
might not scan an entire lead, for 
example, but jump-scan from one to 
another. If a board were really 
bad—no leads at all, for example—it 
would take longer to scan than if it 
had no defects at all." 

Right now Chrysler is completing 
tests of the system for the U. S. 
Army Missile Command, which 

helped pay for its development as 
part of its manufacturing methods 
and technology program. When it 
goes on the market, it will sell for 
between $80,000 and $100,000 and 
be built around another General 
Automation processor, the GA-220 
microcomputer. Geise described the 
scanner in a paper at a Huntsville 
meeting last week sponsored by the 
Society of Photo-Optical Instrumen-
tation Engineers. 
The Army's program manager in 

Huntsville for the laser scanner, 
Robert L. Brown, is quite pleased 
with the results. He points out that 
the scanner has been better than 
99% effective at detecting failures on 
the Chrysler production line and 
that this is "an impossible percent-
age [to achieve] with human inspec-
tors." -Alfred Rosenblatt 

Business systems 

Fujitsu office unit 

tests U. S. waters 
Situated in an out-of-the-way corner 
at the recent Wescon show was what 
may be the tip of another Japanese 
iceberg: a 16-bit office business sys-
tem to which Fujitsu Ltd. sought 
U. S. reactions. The Facom 9450 has 

Wescon encore set at Anaheim 

Pleased by the turnout for the first Wescon held in Anaheim, Calif., last 
month, show directors have voted to bring it back for an encore in 1982. The 
unaudited attendance total was 63,000; though that will drop, the final figure 
will still be well above the 35,300 audited total for the 1978 show at the Los 
Angeles Convention Center. 

Also important in the decision by the board of Western Electronic Conven-
tions Inc. was how well the show came off in Anaheim's convention center, 
says a spokesman. "Parking, more booth space, and convenient hotel 
locations all played a part," he notes. 

Booths for exhibits numbered 1,150 this year, up from the 921 sold in Los 
Angeles in 1978. Also, most of the large hotels in Anaheim are within walking 
distance of the center, whereas the Los Angeles arena is in a rundown 
central-city location. 
The biggest drawback of a permanent shift to Anaheim, some 35 miles 

south of downtown Los Angeles, however, is that the show is farther away 
from the major southern California population center, observers say, though 
they admit that criticism would be blunted by another good attendance total 
in 1982. As usual, the show in odd-numbered years will continue in San 
Francisco, at Brooks Hall for 1981 and afterwards at a new, bigger arena 
slated to be completed for the 1983 gathering. -Larry Waller 
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Easy 
Data Acquisition 
and Control. 

PROSYS I 

Here's an intelligent data acquisition and 
control system that is so simple to use even 
a child could operate it. One of its secrets is its 
English-language software that allows users 
with little or no programming training to easily 
communicate with PROSYS I. Standard 
application program aids are readily available 
for a wide variety of uses. 

Its flexibility makes the PROSYS I ideal for 
laboratory, industrial control, test and measure-
ment applications. PROSYS I offers cost effec-
tive solutions that fill the gap between large, 
expensive CPU based systems and less pow-
erful programmable controllers. 
The basic system includes a CPU, memory, 

a dual-port serial interface, a double-density 
floppy-disk drive, and a CRT terminal. This 
comprehensive system can accommodate 
any of 38 ADAC I/O devices. The entire system 
is DEC-compatible which makes it even more 
flexible for future modification. 

Simple to use software. Field-proven hard-
ware. The capability to handle practically any 
I/O function. That's what makes PROSYS I a 
remarkable tool. 
And PROSYS I sells for only $14,000 plus 

optional I/O. 

CORPORATION 

70 Tower Office Park • Woburn, MA 01801 

617-935-6668 
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been on sale in Japan as a terminal 
and is being introduced as a personal 
computer by its maker, Panafacom, 
a joint venture of Fujitsu and Matsu-
shita. In the U. S., it is likely the new 
Fujitsu-TRW joint venture will mar-
ket it. 

For some time, industry observers 
have been expecting the Japanese 
electronics industry to jump into the 

U. S. very small business systems 
market, just as it has in consumer 

electronics, semiconductor memo-
ries, and the like. If the Facom 9450 
is indeed the first of many such Jap-
anese products in this market, it sets 
a high mark for those to follow. 

Target. While withholding per-
formance figures, Fujitsu says the 
9450 is much more powerful than 
top-of-the-line U. S. personal com-
puters, whose makers are advancing 
into the market for very small busi-
ness systems. If so, the expected 

Ethernet stade to grow 
Even as Hewlett-Packard Co. signaled its intention to adopt the Ethernet 
standard for local data networks, the protocol's originator, Xerox Corp., 
announced its second product that will link up with such a net: a 43-
page-per-minute, laser-scan printing system for word and data processing, 
copying, and electronic mail. Novel in the Stamford, Conn., company's 5700, 
which accepts inputs from both Xerox and IBM word processors, is a 
touch-control screen similar in concept to the Proteus of Solid State Technol-
ogy Inc. and Massachusetts Institute of Technology [Electronics, June 5, 
p. 39]. A typical system with two stations that accept input from an 
RS-232-C line, magnetic media, or Ethernet, plus copying facilities, forms 
compiler, and automatic stapler, has a purchase price of $91,050. Mean-
while, HP added its stamp of approval to Ethernet by announcing that it 
plans to use a controller chip designed by Intel as part of a three-company 
pact with Xerox and Digital Equipment Corp. [Electronics, June 5, p. 89]. The 
Palo Alto, Calif., company says, however, that it will not adopt Ethernet unless it is 
accepted by the committee working on standards for local data networks. 

Nester's local net goes European 
Cluster/One model A, a local network for hooking up as many as 65 Apple 2 
microcomputers, is now being offered for sale in 17 European countries. The 
Model A was introduced earlier this year [Electronics, Jan. 31, p. 43] by 
Nestar Sytems Inc. of Palo Alto, Calif., and is being supported in Europe by 
Zynar Ltd., a subsidiary of the Rank organization in England headed by Colin 
Crook, of Motorola Semiconductor fame. Users may communicate with one 
another and share both resources and files with the system, whose cost may 
be as low as $4,800 per station for a 10-station network. 

EE to head National Science Foundation 
The Senate has confirmed John G. Slaughter, former academic vice presi-
dent and provost of Washington State University, as head of the National 
Science Foundation. From 1977 to 1979, Slaughter, now 46, was the NSF's 
assistant director for astronomical, atmospheric, earth, and ocean sciences. 
He has a Ph. D. in engineering science from the University of California at 
San Diego; a bachelor's in electrical engineering from Kansas State Universi-
ty; and a master's from the University of California at Los Angeles. 

E-Systems looks to digital teleconferencing 
By year-end, an E-Systems Inc. demonstration video teleconferencing setup 
using digital transmission will be in operation at the McLean, Va., headquar-
ters of Satellite Business Systems Inc. The system, being developed under 
contract to SBS by the Dallas firm, is designed for sale to SBS customers and 
others with on-premise earth stations using digital satellite channels. In 
contrast, AT&T's Picturephone meeting service [Electronics, March 13, 
p. 12] uses land analog phone lines, and AT&T expects many users to come 
to its facilities in key cities, renting them on a per-conference basis. 

Chicago, Illinois 60641 (312) 282-8626 
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$8,500-to-$10,000 price tag that 
includes a terminal, two minifloppy 
disk drives, and a matrix printer 
should be highly competitive. 
The disk drives hold 320-K bytes 

each, and the processor addresses 
128-K bytes of random-access mem-
ory, though between 26- and 56-K 
bytes of the RAM accommodate the 
operating system and utilities that 
Fujitsu designed. In contrast, the full 
128-K bytes of RAM in the new 
Apple III are user-accessible. 
The 9450's power lies even more 

in its software. It features fore-
ground/background job processing, 
as well as real-time control and full-
duplex communications capability 
over RS-232-C and IEEE-488 links. 
It also uses an intermediate code to 
separate editing, compilation, and 
execution modes into three clock 
phases that can run concurrently. 
On top of this is the development 

software, which initially consists of 
business Basic and single- or double-
precision scientific Basic. The soft-
ware package also pays considerable 
attention to error detection. 

Crucial. There are 12 user-defin-
able keys for easy reference to 
often-used functions and commands, 
and the software is oriented towards 
a number of office functions, al-
though it does not include word-
processing features. In fact, applica-
tion software is the crucial factor in 
the success of the Facom 9450 and 
other Japanese entries into the very 
small business systems market. 

Already the leading American 
producers, notably Apple and Radio 
Shack, can point to impressive 
libraries of applications software— 
both their own offerings and those of 
software houses. They may not blan-
ket the market, as Japan discovered 
IBM does with its mainframe appli-
cations software, but they already 
enjoy a healthy lead. 

However, Fujitsu and its Ameri-
can partner, TRW Inc., are well 
aware of the importance of the appli-
cations software. TRW-Fujitsu Co. 
[Electronics, Sept. 25, p. 102] is hard 
at work writing the software for its 
initial offering, the Facom V-830 
business computer aimed at the IBM 
System/34 market.-Martin Marshall 

Now with a narrower input range. 

The 
DC to DC jewel 

The Tecnetics HC Series unregulated DC to 
DC power supplies are more of a jewel than ever. 
We've optimized performance by adding a more 
efficient core and narrowing the input range. 
And it still weighs only 0.45 ounces. 
Choose from a wide variety of input voltages 

and single or dual outputs. HC Series power sup-
plies are available in a non-hermetic package for 
industrial and commercial applications, a her-

metic package for military, space and industrial 
applications that require protection from severe 
environmental conditions, and a fully-encap-
sulated package for use where extreme shock 
and vibration are expected. 

Write for our 28-page catalog that gives full 
specs and prices on the HC Series and over 1000 
other power supplies. 

HC SERIES UNREGULATED ISOLATED DC-DC CONVERTER 

INPUT VOLTAGES 5VDC ±1V to 28VDC + 4V 
OUTPUT VOLTAGES 
OPERATING TEMP. 
DIMENSIONS 
EFFICIENCY 

PACKAGE OPTIONS 
AND PRICES 

5VDC @ 3 watts to 300VDC @ 3 watts 
-55° C ambient to 100° C case, without derating 
1.05 x 0.94 x 0.32 inches 
65% to 75% typically at full load 
55% to 60% typically at half load 
HCN (Non-hermetic) 55.00 
HCH (Hermetic) 65.00 
HCE (Encapsulated) 75.00 

tecnetics 
I NCOR PORATED 

The Power Conversion 
Specialists 1 P 0 Box 910 6287 Arapahoe Avenue. Boulder, Colorado 80306 

(303) 442-3837 TWX 910-940-3246 

Circle 51 on reader service card 

HOPE 
The project 
a ship launched. 
First there was the hospital ship S.S. HOPE. now retired. 
Today HOPE Is on established project which has corded 
Its goal of improving health through education to 24 
developing countries of the world and the United States. 

Give to: 

EDT Deportment Fl 
Washington. D.C. 20007 
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Time is precious 
hy lose it? 

,L. 

PDP 1111111# 

' 

U-100 .$495 
g> U-150 -$460 

LS1-101 CU-50D • $325 
Multi-Bus 2  TCU-410 -$325 
EXORcisor  TCU-68 .$325 
HP 2100  TCU-2100 .$395 
Lockheed SUE  .TCU-200 .$550 
Naked Mini 4  TCU-310 -$385 
If automatic and accurate date and time entry 
is important to your system on power-up — 
you need a Digital Pathways battery sup-
ported calendar clock. All Digital Pathways' 
TCUs have on board NICAD batteries to maintain 
date and time during power down (typically up to 

I Trademark of Digital Equipment Corp. 
2 Trademark of Intel Corp. 
3 Trademark of Motorola Inc. 
°Trademark of Computer Automation Inc. 

RY SUPPORTED 
NDAR CLOCKS 

Serial Line Clock . .SLC-1 .$640 
(RS 232 or 20mA) Microprocessor controlled. 
Auto message intercept and response. 
10 Digit display option $190. 

three months). Timing is provided by a crystal 
controlled oscillator. Prices are U.S. domestic 
single piece. Quantity discounts available. 

For more information on these timely products, 
contact: 

Digital Pathways Inc. 
4151 Middlefield Road 
Palo Alto, CA 94306 
Phone: (415) 493-5544 

DIGITAL PATHWAYS 
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Corcorn is the world leader 

in BF1 pollution control\ 

Our SP sd to allow 
eries titers have 

been designe  
switching power supplies 

as to comply with the 
new FCC rules as well  
\JOE 0875A. Write tor 
complete technical data. 

Ttli PoWei 
Corcorn Inc. 1 Winchester Fload Libertyville, IlVinoS 60048 

600 U.S.A. 

312-680-7400 INNX 910-684-3269 © 
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"If you're 
on the verge of 
an ATE buying decision, 
you must consider 
three things:" 

Robert E. Ward, President 
Instrumentation Engineering, Inc. 

ATE may be one of your company's most important 
investments this year. You will want to be certain 
that the system you select results in the lowest 
overall cost to you and will not be obsoleted by the 
explosive growth of technology. 

As ATE pioneers, we at IE incorporated these cri-
teria in conceptual studies of our System 390 over 
a decade agdWe concluded that, for lowest overall 
cost and proof against obsolescence, an ATE must 
meet three criteria: 

It must be MODULAR; it must be able to interface 
between the Unit Under Test—the "(JUT" —and a 
wide and ever-changing library of stimulus and 
measurement devices. 

It must be FUNCTIONAL; it must surround the (JUT 
with an input-output environment closely simulating 
the one in which it will actually operate. Stimulus 
signals and response measurements must be made 
in the real-time environment of your product to 
prevent faulty product escapes through your ATE, 
often a large and uncalled for expense. 

It must be FLEXIBLE; it must be easily reprogram-
mable so that it can quickly respond to redesign of 
the UUT or to changes in field conditions. 

MODULARFTY, FUNCTIONALITY, FLEXIBILI1Y. 
These have been the key words in the IE design 
philosophy since our founding which has led to the 
IE System 390 family of ATE. It lets us create full 
test system configurations ranging from a stand-
alone program development facility on up to an 
analog, digital or hybrid tester with its own program-
ming capability. It means that you can test UUT's 
ranging in complexity from PCB's, to higher assem-
blies, to completely integrated, advanced electronic 
end products/systems. 

769 Susquehanna Avenue 
Franklin Lakes, N.J. 07417 

201-891-9300 

This capability is essential in the commercial field 
where a test facility must remain viable for the maxi-
mum number of years, thus reducing to a minimum 
its Life Cycle Cost. A similar concept has emerged 
in recent military programs such as the Air Force's 
MATE (Modular Automatic Test Equipment) and 
the Army's DS/ATSS (Direct Support Automatic 
Test Support System). 

Modularity means upgradeability. For this reason 
System "390s" built years ago can be made cap-
able of testing today's most sophisticated circuits 
and systems worldwide ... that "390s" originally pur-
chased for purely analog or digital testing are being 
upgraded for hybrid testing ...that "390s" incorpo-
rating IE's powerful time domain MICROSIM" 
simulator are aiding the design phase for new 
circuits insuring product testability. 

If you have an ATE requirement, consult IE at your 
earliest opportunity. Just write or phone Frank 
Montenes, W Business Development It will prove 
well worthwhile. 

Instrumentation a 
Engineering :9 

Visit IE in Booths No. 178-179 at the Cherry Hill ATE conference. 
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HOW'S 
YOUR 

MEMORY? 
Our MEMORIES Have Made US Famous! 

WHY? 
Reliability! 

That's the secret of our success. 
We are dedicated to producing the 
most reliable memories possible for 
the S-100 bus and the new IEEE 
S-100 bus. 

Flexibility! 

No matter what CPU you use, we 
have the memory for you. 
SUPERAM' 2—We've delivered 

over 5,000 of these 64K dynamic 
RAM boards to OEMs worldwide. 
This board sets the standard for 
reliable operation. 
SUPERAM' 4• —Now available 

for Z80A and 8085A users, with 
bank select and optional parity bit. 
SUPERAM' 5• —Our forthcom-

ing IEEE-696 (S-100) compatible 
RAM will provide 64 Kbytes of 
dynamic RAM as either 32K x 16 or 
64K x 8. 

With ECC, too! 

Announcing the SUPERMEMTm 
ECC! This is the ultimate in memory 

56 Circle 56 on reader service card 

Shown Left to Right: 
SUPERAM 4 
SUPERMEM-ECC 
SUPERAM 2 

data protection: built-in automatic er-
ror correction. The SUPERMEM 
transparently corrects single bit errors 
and detects double bit errors. 

We'll Design One for You! 

If you have a special situation 
that calls for a custom design in-
volving memory, processors, con-
trollers, or even complete systems, 
give PIICEON a call. We might have 
the answer to your product need. 

And That's Not All! 

We also supply the following 
Microcomputer Boards: 

• C-86 — 16-bit 8086 processor 

board with multi-processor arbitra-
tion logic, on-board PROM and 
RS-232 port. 

• V-100 — 80 x 24 high-speed 
video output board. 

• D-100 — Coming soon, the 
answer to 51/4 and 8-inch Win-
chester control. 

WRITE FOR OUR NEW BROCHURE 

OEM Computer Products 
2350 Bering Drive 
San Jose, CA 95131 
(408) 946-8030 - PlICEON. INC 1980 
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Washington newsletter  

AT&T to seek American Telephone & Telegraph Co.'s Long Lines department says it 
corn petitive bids will solicit competitive industry bids in about a month for the Bos-

ton-to-New York leg of its proposed 611-mile, digital fiber-optic linking 
for fiber-optic link . . . of the Northeast Corridor, pending Federal Communications Commission 

approval of the plan. The first leg of the net, connecting New York, 
Philadelphia, and Washington, D. C., will be built by AT&T's Western 
Electric Co. Atlanta works. AT&T'S initial application for the system, filed 
in late January, estimated the cost of the system at $79.1 million and an 
operational goal of 1983 for the Washington-to-New York and 1984 for 
New York-to-Boston routes. AT&T Long Lines officials say the competi-
tive proposal requests will specify system bids to include fiber optics and 
light-emitting-diode signal sources and regenerators. 

. . . as advances Innovations and advancements in lightguide technology and manufactur-
ing since the January filing with the Federal Communications Commission 

change plans, led AT&T Long Lines to seek competitive systems bids for the Bos-
Long Lines says ton-New York link, according to Thomas W. Scandlyn, network engineer-

ing vice president. Though the initial application sought authority to use a 
90-Mb/second system known as FT3LC, Scandlyn told the FCC Common 
Carrier Bureau at the end of September that the unavailability of that 
system at the time of filing led the company to plan the New York-Wash-
ington route using the 45-Mb/second FT3L with light-emitting diodes 
operating at 820 nm. "Refinements in manufacturing, the quality and 
yield of fiber," Scandlyn wrote the FCC, "now permit operations at 1,300 
nm, using LEDs in the 90-mb/s regenerators. Further, we expect those 
innovations to be available for the initial service." 

IBM wins three International Business Machines Corp.'s Federal Systems division won 
three key military system development contracts totaling more than $127 

key military jobs million, as awards by the services rose sharply at the end of September to 
worth $127 million beat the Federal fiscal year-end deadline. The biggest award was $95 

million from the Air Force Space division for full-scale engineering 
development of the operational control system for the long-stalled Naystar 
Global Positioning System. 

NIOSH to research A research study on potential occupational health hazards in the electronic 
components industry is being initiated by the National Institute of Occu-

possible hazards 
pational Safety and Health. NIOSH, an arm of the Department of Health 

at component plants and Human Services, says the effort, set for completion on Sept. 2, 1981, 
will begin collecting data at open meetings at 1 p.m. on Nov. 5 at the New 
York Academy of Sciences in New York City and at 9 a.m. on Nov. 7 at 
the State Office Building in San Francisco. 

Project director Mark Boeniger at NIOSH offices in Cincinnati, Ohio, 
says the study group—assisted by North Carolina's Research Triangle 
Institute under a $110,000 contract —plans approximately 15 visits over 
the next year to manufacturing operations in California, Texas, and a 
northeastern belt ranging from Boston to Pennsylvania. Boeniger said 
when asked for examples of potentially hazardous substances that the 
arsenic in dust generated during the production of gallium arsenide 
light-emitting diodes might be harmful. 
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Washington commentary  

Stemming the U. S. decline in R&D 

Over the next several years the Department of 
Defense will pursue force readiness—more mon-
ey for pay, munitions, spare parts, and fuel, for 
example—at the expense of research and devel-
opment, much of it in electronics. That is the 
disturbing forecast of the Electronics Industries 
Association in its latest look at the U. S. mili-
tary electronics market over the coming decade 
(see p. 95). 
The EIA judgment is one that coincides with 

the Aerospace Industries Association's latest 
examination of the national R&D decline, a 
trend that could prove disastrous for the nation-
al economy overall if allowed to continue. AIA's 
litany of the interrelated issues is by now famil-
iar to industry: capital investment in technologi-
cal progress is down; U. S. funding of R&D is 
lower than a decade ago, with no substantial 
growth in sight; and the number of scientists 
and engineers in proportion to the population is 
down, as is the number of patents issued to U. S. 
citizens. 

Other indicators confirm the decline, such as 
a drop in the productivity growth rate and an 
overall negative balance of trade despite the 
positive contributions of high-technology prod-
ucts. The recitation recalls "The Decline and 
Fall of the Roman Empire," with Edward Gib-
bon's pronouncement, "All that is human must 
retrograde, if it does not advance." 

The U. S. has no policy 

The AIA's valid conclusion that the United 
States has no long-range policy for R&D, inno-
vation, and technology is one that deserves more 
attention than it has received, like similar warn-
ings by other groups of industrialists, academi-
cians, and professional societies in recent years. 
Although some citizens are misled by the fact 
that Federal R&D funds have recently been 
increasing in terms of current dollars, the 
national effort is actually declining in terms of 
inflation-adjusted dollars. 

"Constant dollar figures," AlA says of Feder-
al R&D, "show total funding in the last 10 years 
(fiscal 1972-81) to be 9% below the level of the 
previous decade. Instead of a steady upward 
trend, defense R&D has actually decreased 17% 
and the space effort is about half the total for 
the fiscal 1962-71 period." 

Beyond calling for the establishment of a 
long-range national R&D policy—as a collabora-
tive effort between the White House Office of 
Science and Technology, the National Science 
Foundation, and the Department of Com-
merce—the AIA also urges Federal rules that 

would permit formation of industry consortiums 
to develop international markets with high 
potential, without the threat of antitrust action. 
On the congressional side, AIA wants "full and 
stable" R&D funding levels based on a national 
policy, plus passage of a variety of legislative 
incentives for R&D that are also supported by 
other high-technology industries. Tax credits for 
R&D investment are, of course, at the top of the 
list of incentives (see p. 24). 

What industry must do 

What is refreshing to some Government offi-
cials who have examined the new AIA study of 
America's R&D problem is, one points out, that 
"it calls for positive action by industry, too, and 
doesn't lay everything at Government's door-
step." Indeed, AIA does urge industry to 
increase its own R&D outlays as well as "in-
crease capital investment to improve productivi-
ty, encourage innovation, enhance product qual-
ity, and lower unit cost, in order to be more 
competitive in world markets." It also recom-
mends that manufacturers "promote and sup-
port more imaginative job-training programs— 
such as internships—to attract young people." 

Perhaps the only option ignored is one that a 
number of electronics manufacturers favor—the 
provision of tax-free funds for encouraging more 
university R&D in either separate or joint efforts 
with corporations. Such a program would not 
only turn around declining student enrollments 
in technology but also diminish the number of 
university faculty departures for better-paying 
jobs in industry. 
On the charge that America's decline in inno-

vation is a product of "corporate short-sighted-
ness," AIA responds that "the general economic 
climate certainly offers some rationale for 
defensive planning. In an uncertain domestic 
economic and political environment, a prudent 
businessman is forced to invest cautiously; that 
undoubtedly means a trend toward short-term 
investments for greater low-risk profits—and a 
de-emphasis on basic and exploratory research." 
To break that trend toward pettifogging pru-

dence, the nation does need the long-range 
national R&D policy, with appropriate industrial 
incentives, that AIA and others are calling for. 
But it also needs more in the increasingly com-
petitive global marketplace if it is to maintain 
leadership. It needs to cultivate "the concept of 
a partnership between government and indus-
try" that does not now exist. As developments in 
both Europe and Japan demonstrate, the time 
for more study has expired. -Ray Connolly 
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WE'VE GIVEN 
THE WORLD 
THE GREEN LIGHT. 
Sprague Electric offers you the finest 
and broadest choice of interface ICs 
for driving fluorescent displays. 
From the outset, Sprague has led the way in IC 

interface for fluorescent display panels. Its UDN-
6118A was the pioneer. Today. Sprague product 
capability spans low voltage performance (required 
for automotive and aircraft dimming), to split supply 
operation (permitted by the latest Sprague VF 
drivers—UDN-6138 & UDN-6148). to the highest volt-
age operation obtainable (110V guarantee for 
UDN-6118A-1—also often used for gas discharge 
displays). 

Sprague VF drivers incorporate output pulldown 
resistors and are guaranteed for less than 1.0V output 
OFF voltage (frequently a filament biasing concern). 
The use of proper interdigit blanking (7220µS) elimi-
nates ghosting problems. Sprague VF ICs also have a 
maximum turn-off delay of 51.IS (under normal 
display loads). 

Recognized as the industry standard. Sprague VF 
display ICs are compatible with TTL & MOS logic. 

Plastic DI Ps are supplied for 0°C to +70°C operation 
while both extended temperature range and hermetic 
versions are also available for automotive and other 
challenging applications. 

For additional information or application assist-
ance. write or phone Paul Emerald. Sprague Electric 
Co., Semiconductor Division, 115 Northeast Cutoff, 
Worcester. Mass. 01606. Telephone 617/853-5000. 

. 1 

DEVICE TYPES CHANNELS/DIP MIN BV (OUTPUT) DIP 

UDN-6116A-2, 6126A-2 

UDN-6116A. 6126A 

6 

6 

+ 60 V 

+ 80 V 

16 lead 

16 lead 

UDN-6118A-2, 6128A-2 8 + 60 V 18 lead 
UDN-6118A, 6128A 8 + 80 V 18 lead 

" 1 UDN-6118A-1, 6128A-1 8 +110V 18 lead 
Anode driver, gas discharge 

displays 

UDN-6138A-2, 6148A-2 8 60 V* 20 lead 
Split supply ( +20 V. — 40 V) 

- 0 UDN-6138A, 6148A 8 80 V* 20 lead 
Split supply (+40 V. — 40 V) 

'Output L3V rtiteretIGed LO V EE Max VEE —40 V 

FOR FAST INFORMATION, CALL YOUR NEAREST SPRAGUE SALES OFFICE: 
ALABAMA. Sprague Electric Co 205 883,0520 • ARIZONA. Sprague Electnc Co 602 244-0154 602 966-7233 • CALIFORNIA. Sprague Electric Co 213 649-2600 
714 549-9913, R Meer Co 714 421-5586. Wm J Purdy Co 415 347-7701 • COLORADO. Wm J Purdy Co 303 777-1411 • CONNECTICUT. Sprague Electric Co 
203 261-2551 Ray Perron Co Inc 203 268-9631. 203 673-4825 • 01ST, OF COLUMBIA. Sprague Electric Co Goat bales only) 202 337,7820 • FLORIDA. SPuque 
Electric Co 305 831-3636 • ILLINOIS. Sprague Electr( Co 312 296-6620 • INDIANA. Sprague Electric Co 317 2514247 • MARYLAND. Sprague Electric Co 
301 797657 • MASSACHUSETTS. Sprague Electric Co 617 899-9100 413 664-4411 Ray Perron 8 Co Inc 617 969-8100 • MICHIGAN. Sprague Electric Co 
517 787-3934 • MINNESOTA. HIAR Inc 612 831-7400•MISSOURI. Sprague Electric Co 314 781-2420 • NEW HAMPSHIRE. Ray Perron 8 Co Inc 603 742-2321•NEW 
JERSEY. Sprague Electric Co 201 696-8200, 609 795-2299 Trinkle Sales Inc 609 795-4200 • NEW MEXICO. Wm J Purdy Co 505 266-7959 • NEW YORK. Sprague 
Electric Co 516 234-8700 914 834-4439 315 437-7311 Wm Run Inc 914 834-8555 Peton -Hunter Co Inc 315 437-2843 • NORTH CAROLINA. Electronic Marketing 
Associates 919 722-5151. OHIO. Sprague Electric Co 513 866-2170 Electronic Salesmasters Inc 800 362-2616 • PENNSYLVANIA. Sprague Electric Co 215 467-5252 
Tinkle Sales Inc 215 922-2080 • SOUTH CAROLINA. Electron( Marketing Associates 803 233-4637 • TEXAS. Sprague Electric Co 214 235-1256 • VIRGINIA. Sprague 
Electric Co 703-463-9161 • WASHINGTON. Sprague Electric Co 206 632-7761* CANADA. Sprague Electric of Canada Ltd 416 766-6123 or 613 238-2542 

4 

SPRAGUE® 
THE MARK OF RELIABILITY 
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A blockbuster 
in technology 
and price. 

Designing with op amps just 
became much easier. Announcing 
Intersil's ICL7650: A totally new 
generation of low-level differential 
operational amplifiers. With specs 
that approach perfection. And all 
for an unheard-of $2.75! 

Yes, $2.75. In 100-piece quantities. 
Our intention? Quite simply to 
create a new industry-standard op 
amp. With the best technology and 
the best cost-effectiveness. 
Anywhere. 

The universal 
op amp. 

Now there's one monolithic op 
amp that's a smart choice for 

virtually any amplifier design you 
can think of. The ICL7650 beats all 
other precision op amps hands 
down, both in ac and dc parameters. 
It even gives general purpose op 
amps a run for their money. 

Especially when you consider that 
it eliminates the need for potentio-
meters. And all the adjustments and 
reliability worries that go along with 
potentiometers. 



The ICL7650 streamlines design 
because you don't have to worry 
about error parameters. It stream-
lines manufacturing because you 
just put it in a system and forget it. 
No assembly people tweaking 
potentiometers. And no field ser-
vice people recalibrating potentio-
meters later. The ICL7650 constantly 
self-corrects — so the specs don't 
change with time or temperature. 

Incredible specs: 

• Input Offset Voltage: -1- 5µ,V, max. 
• Offset Drift w/Temperature: 
0.01 p.V/°C 
• Offset Drift w/Time: 
1 00nV/ "month 
• Large Signal Voltage Gain: 130dB 
• Input Bias Current: 10pA, max. 
• Common Mode Rejection Ratio: 
120dB 
• Power Supply Rejection Ratio: 
120dB 
• Unity Gain Bandwidth: 2MHz 
• Slew Rate: 2.5V/,us 

Goodbye bipolar 
op amps. 
Goodbye BIFETs. 
The ICL7650 has lower offset and 
lower drift than the best of the 
bipolar op amps. As for BIFETs, the 
CMOS ICL7650 beats their input 
current, and totally outscores them 
on offset and drift. Making it ideal 
for amplifying very low-level signals 
very accurately. With the speed to 
handle just about any application. 

From the data 
acquisition 
innovators. 
Leading-edge op amp performance 
with no compromises. At a price 
guaranteed to please your boss. 
From Intersil — the data acquisition 
innovators. 

The ICL7650 is a good deal, pure 
and simple. To get the complete 
specs, just call us. Or send in 
the coupon. 

Intersil 
Sales Offices: 

CALIFORNIA: Sunnyvale 

(408) 744-0618, Long Beach 

(213) 436-9261 • COLORADO: 

Aurora (303) 750-7004 • 
FLORIDA: Hollywood 

(305) 920-2442 • ILLINOIS: 

Hinsdale (312) 986-5303 • 

MASSACHUSETTS: Lexington 

(617) 861-6220 • MINNESOTA: 

Minneapolis (612) 925-1844 

• NEW JERSEY: Englewood Cliffs 

(201) 567-5585 • OHIO: Miamisburg 
(513) 866-7328 • TEXAS: Dallas 

(214) 369-6916 • CANADA: 

Brampton, Ontario (416) 457-1014 

Intersil 
Franchised 
Distributors: 

Advent (IN, IA) • Alliance • 

Anthem • Arrow • Bell Industries 

• Cardinal • CESCO 'Component 
Specialties • Components Plus 

• Diplomat (FL, MD, NJ, UT) • 
Harvey (upstate NY); • Kierulff • 

LCOMP • Newark • Panda • 
Parrott • R.A.E. Ind. Elect. Ltd. • 

RESCO/Raleigh • Schweber • 
Summit • Western Micro-

technology • VVyle • Zentronics 

Analog Products—Data Acquisition 
10710 N. Tantau Avenue 
Cupertino, CA 95014 
Tel: (408) 996-5000 TWX: 910-338-0171 

Dear Intersil, 

The ICL7650 sounds like one 

incredible op amp! Please send me 

all the product data, fast. 

Also, please send me a Henrik Ibsen 

poster from your "famous 

quotations" ad series. 

Name 

Company 

Address 

City/State/Zip  

Phone  

E10980 



We have a very simple philosophyabout 
high performance16-bit micros. 

They shouldn't fail. 



Since 1975, Digital Equipment Corporation 
has sold more 16-bit micros than any other 
company. 

More than 100,000 of them. 
And from the very beginning, our goal has 

been simple: to build failure-free microcomputer 
products. 

To-approach this goal, we use what we be-
lieve is the most comprehensive reliability pro-
gram in the industry. In fact, we've adapted the 
same program we developed for our minicom-
puter and mainframe systems. 

And it starts while a product is still on the 
drawing boards. 
Reliability as a de.g» 

We actually design reliability into Digital's 
micro products. 

The original design team includes engineers 
from product assurance, diagnostics, product 
safety and field service. They make sure a micro 
design is inherently reliable to begin with. 

Then before a component is qualified to go 
into one of our micros, it has to pass evaluations 
and tests lasting six months or more. 

In production, we give every component a 
complete battery of functional and package tests. 
As the micro board moves through manufactur-
ing, we test extensively at every important stage. 

Even after a product is in the field, we con-
tinue to study its performance and failure rates 
so we can make design and manufacturing 
improvements. 

All this effort has paid off in extremely high 
MTBFs. And an industry wide reputation for 
reliability. 
The industry's most mature software. 

Reliability is just as important for micro 
software as it is for hardware. 

At Digital, we've been refining and enhanc-
ing the RY-11 family of development and applica-
tion software for more than seven years. 

RT-11 provides a wealth of high level lan-
guages and development aids. Plus you have the 
flexibility of using RT-11 with a wide range of 
LSI-11 hardware configurations. 

RI-11 family capability ranges from multi-
tasking, multiterminal support for larger config-
urations to a very small kernel for single-task 
applications. There's also a subset of RT-11 de-
signed specifically for PROM applications. This 
subset, called SIMRT, is an integral part of FOR-
TRAN IV. 

And RT-11 development software is exactly 
the same as RT-11 target software, so you can 
debug your programs with complete confidence 
right on the development system. 
The total approach to miaos. 

Reliable performance is just one of the ways 
we make micros easier to work with. 

We also offer hundreds of hardware prod-
ucts to choose from—micro boards, boxes and 
development systems. Memory and interface 
boards. Terminals and printers. 

And we back it all with over 13,000 service 
people worldwide, technical consultation and 
training, and support agreements that can be tail-
ored exactly to the way you run your business. 

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

To learn more just send the coupon for a 
copy of our free brochure, "The Story Behind 
LSI-11 Microcomputer Reliability." 

For more information, contact: Digital Equip-
ment Corporation, MR2-2/M65, One Iron Way, 
Marlboro, MA 01752. Or call toll-free 800-225-
9220. (In MA, HI, AK, and Canada, call 617-467-
7000.) In Europe: Digital Equipment Co. Limited, 
Acre Rd., Reading, RG2 OSLT, England. In Can-
ada: Digital Equipment of Canada, Ltd. Or con-
tact your localliamilton/Avnet distributor. 

I'd like to know 
more about Digital's 
reliable micro products. 

El Please send me your brochure, "The Story Behind 
LSI-11 Microcomputer Reliability." 
Please have a Sales Representative call. 

Name  

Title  

Company 

Address __ 

Oty   St IR. 

My application is 

Send to Digital Equipment Corporation, Microcom-
puter Products Group, MR2-2M65, One Iron Way, 
Marlboro, MA 01752. L DFC-C-149 N-10-9- 1 

It took the minicomputer company 
to make micros this easy. 

d D Nan 
Electronics/October 9, 1980 Circle 63 on reader service card 63 



Now RCA offers an interactive 
data terminal with color graphics 
for only $255.* 

RCA's new VP-3301,— is a professional quality, ASCII 
encoded, interactive data terminal, suitable for a wide 
variety of industrial, educational, business and individual 
applications requiring interactive communication 
between computer and user. Connects directly to a 
computer or to a standard modem for over the phone 
access to time sharing networks and data bases! Micro-
processor intelligence and LSI video control integrated 
circuits bring performance, features and flexibility at a low 
price. Operates from 5 volt power supply (included). 

Unique color locking circuitry creates sharp, jitter 
free, true color graphics and rainbow free characters. 

Displays the entire field of characters in any of 8 
colors against any of 8 background colors (8 gray scales 
with monochrome monitors). 

Individual letters, words, or lines in different colors or 
in reverse video can be displayed. 

The VP-3301 offers a choice of two software-
selectable display formats: Either 40 characters by 24 
lines. Or 20 characters by 12 lines. 

The terminal's resident character set consists of 52 
upper and lower case alphabetics, 10 numerals, 32 
punctuation/math symbols, and 31 control characters. 
Including: Greek letters and other foreign alphabets, 

• OEM Price 
"Available Dec. 1980 

graphic symbols, large graphics building blocks, playing 
card suits, and unique character fonts. 

The keyboard section features flexible-membrane 
key switches with contact life rated at greater than five 
million operations. A finger positioning overlay and 
positive keypress action give good operator "feel". 

An on-board sound generator and speaker provides 
aural feedback for key presses and may also be 
activated with escape sequences to provide an audio 
output. 

The sealed keyboard surface, is spill proof and dust 
proof. This combined with high noise immunity CMOS 
circuitry makes the VP-3301 ideal for hostile 
environments. 

Output is industry standard asynchronous RS232C 
or 20 mA current loop with six switch selectable haud 
rates and 8 selectable data formats. 

The terminal can be connected directly to a 525 line 
color or monochrome monitor. Or to a standard TV set 
using an RF modulator. 

For more information, contact RCA Microcomputer 
Marketing, New Holland Avenue, Lancaster, PA. 

Or call our toll-free number: 800-233-0094. 

RCA 
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International newsletter  
2-megabit capacity The use of 100% redundancy has increased the yield of a 1-Mb Japanese 

b read-only memory from 1% to more than 20%. The huge 31-by-19.2-mm 
oosts of yield  (1,220-by-756-mil) device, developed by the Musashino Electrical Corn-

1-Mb ROM from Japan munication Laboratory of the Nippon Telegraph and Telephone Public 
Corp., will be used in a portable terminal that employs a 15-by-18-dot 
thermal head to print Chinese and other characters. Both the terminal and 
the ROM are made by Oki Electric Industry Co. 
The ROM employs a double level of polysilicon and is programmed by 

the enhancement or depletion ion implantation of individual memory cells. 
In the memory matrix, 47 memory cells in series each share a source-drain 
region with an adjacent cell. The resulting device has an equivalent cell 
area of only 99 µ,m2, dissipates only 420 mw for the entire chip, despite 
8-µm design rules, but accesses in 12 eis. That slowness and its large size 
mean the device will probably be used only in specialized applications like 
graphics displays, voice synthesizers, and dictionaries. 

Bell Canada 

goes to market 

Plagued by problems with its regulatory agencies in the Canadian govern-
ment and faced with strong competition by vendors selling equipment that 
connects to its lines, Bell Canada, much like its U. S. counterpart, has said 
that it is going to be an aggressive marketer. It has taken the first steps in 
that direction by establishing a subsidiary called Bell Communications 
Systems. Customers will be able to buy new private-branch exchange and 
key equipment directly from the subsidiary, which Bell says will be 
"totally independent and completely separate" from the parent. 

CAD begets A huge filter and detection circuit, one of the first examples of the 
computer-aided design of a telecommunications chip, will decode the 

filter-detector chip Touch-Tone calls entering Britain's System X local exchange when it goes 
for System X into operation at Woodbridge, Suffolk, later this year. Designed and 

fabricated by British Telecom, part of the British Post Office, at its 
Martlesham Research Centre, the silicon-gate mos device uses 5-µm rules 
to pack 8,500 transistors into a 25-mm2 (38,750-mil') area. It comes in a 
24-pin dual in-line package and runs on a single 5-v supply. The second-
order filter incorporates four 16-by-13-bit multipliers and is designed to 
handle System X's basic 64-b/s channel rate. However, it is entirely 
general-purpose, as different multiplier coefficents may be programmed 
into the external programmable read-only memory. 

Speech generator Watch for the ITT Semiconductors Group to announce at the Nov. 6-12 
Electronica components exhibition in Munich a one-chip speech generator 

on a chip utters in silicon-gate n-mos technology. Designated the UAA 1103, the device is 
up to 32 words mask-programmable for a vocabulary of up to 32 words in different 

languages, according to Intermetall GmbH, the Freiburg-based lead house 
of the group. With that vocabulary, it is suitable for use in telephone-
answering equipment, alarm systems, and other gear to give short 
announcements and warnings—to car drivers, for example. By combining 
several complex methods of data reduction and by doing away with 
redundant circuitry, the Intermetall designers have accommodated 30 
kilobits of memory as well as the control, decoding, and digital-to-analog 
conversion functions on a 31-mm2 (48,050-min chip. The device operates 
off a 5-v supply and consumes about 25 mA. It will be available next year. 
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Spanish trains to Spain will be the first country to provide video-taped movies on trains. As 
part of its $17.5 billion 10-year modernization scheme, the Spanish 

show movies National Railways (Renfe) has awarded a contract to Jusan SA, an 
on TV screens affiliate of Rediffusion International Ltd., to install the video system on 

1,000 coaches over a 5-to-10-year period. Jusan president Samuel Toleda-
no estimates that it will cost $20,000 to equip each coach with eight 16-in. 
color TV monitors suspended along the length of the aisle, plus a coupler 
for headphones in each armrest. The image and sound source is a video 
cassette system plus audio amplifier. One prototype is now undergoing 
tests. 

LSI slashes cost An adapter for recording extremely high-fidelity music in the video 
channel of standard consumer video cassette recorders will shortly be 

of adapting VCR 
selling for about a third of its present $3,400 price in Japan. Hitachi Ltd. 

to record hi-fl music and Victor Co. of Japan cooperated on the design of a set of five 
large-scale integrated circuits for pulse-code-modulation audio-signal 
processing, and Hitachi has produced them. The complementary-mos 
devices help cram the adapter onto a board about a fifth the previous size 
because they replace 500 to 600 small- and medium-scale ics. 
The PCM audio format standardized in Japan for video tape recording 

requires all this logic to compensate for the signal dropout experienced 
with VCRs. The technique has not been available to consumers before 
because it works only with a bandwidth as large as the video one. 

Flat-screen TV Clive Sinclair's flat screen Tv has moved a stage nearer to mass production 
following the successful demonstration in a pilot production line of the proves economical 
low-cost techniques involved in the manufacture of the miniature sardine-

to manufacture can—shaped cathode-ray tube [Electronics, July 19, 1979, p. 67]. But 
Sinclair's contract research company —Sinclair Research Ltd., Cam-
bridge—has no plans to go it alone and will likely seek a licensee to 
mass-produce it. The U. S. watch manufacturer Timex Corp. is reportedly 
interested. The tube could form the basis of a paper-back-sized radio-Tv 
combination with a 3-in.-diagonal black and white screen selling for 
approximately $200. 

Addenda Perhaps to enhance Japan's position in the impending talks with the U. S. 
on liberalizing Nippon Telegraph and Telephone Public Corp.'s procure-
ment policies, NTT has announced plans to buy at least 40 IBM 5280 data 
entry units. Eventually it may buy up to 450 of the units, which will be 
imported through IBM Japan Ltd. . . . The French government is planning 
to enlarge its components plan, the five-year, $180 million project 
designed to endow the country with a first-class integrated circuits 
industry. An interministerial committee is deciding whether to add others 
to the five companies already involved or to boost government aid to those 
five. . . . The first commercial satellite to move to the 14-GHz band 
from the crowded 6-GHz one is the Canadian dual-bank Anik-B, which has 
just begun relaying TV programs to Quebec. . . . By adding still-picture 
and slow- and fast-motion modes, West Germany's Fürth-based Grundig 
AG has upgraded its version of the Video 2000 eight-hour video cassette 
recorder it developed with Philips. The Video 2 X 4 Plus, as it is called, will 
cost about $85 more than the earlier Video 2 X 4. 
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ONL ONE OF THE LEADING 
TEST EQUIPMENT MANUFAC1 URERS 

HAS THE TOTAL SOLUTION TO THE ATE PU77LE. 
Until now, buying automatic test equip-

ment was a puzzle. You had to work with 
whatever pieces were available. But who 
has time for hit-or-miss problem solving? 
And who has unlimited resources? 

ComputerAutomation's 4000 Series 
of CAPABLE testers is a totally integrated, 
interlocking solution to the ATE puzzle. Truly 
modular in design, a CAPABLE tester meets 
your need now. And later CAPABLE makes 
test equipment affordable today so that 
you can relax, knowing you won't have 
to buy a whole new tester every time 
your product changes. 

For example, a basic system can be 
reconfigured to include higher pin capa-
cities and new logic families. Hybrid 
boards? Add the analog option. Memory 

Pattern Generation (MPG) with easily pro-
grammed, hardware algorithms is avail-
able as an add-on for highly repetitive 
functions like memory testing. 

All configurations allow you to add 
emulation, the most powerful technique 
for speeding up manual program genera-
tion using ComputerAutomation's Inte-
grated Circuit Description Language 
(ICDL). Want to eliminate manual pro-
gram generation entirely? Try Automatic 
Test Generation (ATG-II) with its automatic 
fault analysis. 

And the CAPABLE Real-Time is the 
best piece of all to complete the puzzle 

for all those devices you can't touch with 
a static tester: microprocessors and their 
interface chips, dynamic/static memor-
ies, UART's, shill registers — all types of 
LS! and VLSI devices. 

No other ATE company is pushing 
technology for your productivity and flex-
ibility like ComputerAutomation. But 
then, ComputerAutomation is the only 
ATE company that's CAPABLE of solving 
the ATE puzzle. 

Contact ComputerAutomation, Indus-
trial Products Division, 2181 Dupont Drive, 
Irvine, California 92713, (714) 833-8830 
Ext. 522. 

gtComputerAutomation Industrial Products Division 
For productivity...today and tomorrow. 

LI S regional offices in Santa Clara. CA (408) 727-6800: Bensenville, IL (312) 860-1830, Bloomfield. NJ (201) 338-8870. District Offices in Newport Beach. CA: Boston, MA: Raleigh. NC: Dayton. OH: 
Dallas, 1X In Europe CAI Ltd., Rickmansworth, Herts., England 011-44-9237-712IL Offices in Frankfurt. Germany and Rue Foumy. France. 

ComputerAutomation and CAPABLE are trademarks of Computer Automation. Inc. 
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Our latches,flip-
flops and counters 
are unsurpassed 
for speed and low-
power requirements. 

Fairchild's new FAST 
devices are fast 

being designed 
into more 

and more logic 
systems. That's 

because they 
clock in with the 

fastest times and 
some of the lowest 

power requirements in 
TTL history. 

Our speedy specs. 
LATCHES 
74F373 and 74F533 
(inverted output version) 
3-state transparent octal 
latches 
Setup time  2 ns min 
Hold time  3 ns min 
Enable/disable 
time  11 ns 
Data-to-output propagation 
delay. . 74F533 — 9 ns max 

74F373-6.5 ns max 
lcc. . 74F533 — 61mA max 

74F373 — 55mA max 

FLIP-FLOPS 
74F374 and 74F534 
(inverted output version) 
3-state octal D-type flip-
flops with common Clock 
and Output Enable 
Toggle 
frequency.. . 110 MHz typ 
Setup time  2 ns min 
Hold time  2 ns min 
Clock-to-output prop-
agation delay . . . 9 ns max 
Enable time . . . 10 ns max 
ICC 86 mA max 

Both our 3-state 
latches and flip-flops 
contain a patented 
output structure 
for easier bus 
interface 
and 
design. 

COUNTERS 
74F190 Series high-speed 
up/down counters 

Count 
frequency. . . 130 MHz typ 
ICC 38 mA typ 
Clock-to-output 
delays  5 ns typ 
Clock-to-terminal 
count delays  5 ns typ 

This series of counters 
offers virtually twice the 
count frequency and less 
than one-third the power 
requirements of their 
Schottky counterparts. 

All of this FAST talk adds 
up to just one thing. If you 
want a faster, more efficient 

system, call your local 
Fairchild sales office, 
representative or distribu-
tor. Or write to FAST, 
Fairchild Semiconductor 
Products Group, P.O. Box 
880A, Mountain View, 
California 94042. Tele-
phone: (415) 962-FAST. 
TWX: 910-379-6435. 
Fairchild Camera and Instrument Corp 

across the board. 
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Graphics on the powerful 
computers: a fast way 

Today's complex computation and design 
tasks call for some very sophisticated graphics 
tools to help you peer into the heart of a problem. 
At HP, we build most of these capabilities right 
into our 9800 Series desktop units. 

For example, our top-of-the-line 9800 
Series System 45C includes a greatly enriched 

graphics language that 
lets you manipu-

late 4,913 shades of color with remarkable 
ease. A light pen and high-performance digi-
tizer give you flexible options for entering 
data. And 3-D rotations allow you to view 
objects on the CRT from any desired angle. 

For monochromatic applications, the Sys-
tems 45B and 35, as well as our new, low-cost 



HP Series 9800 desktop 
to focus on the facts. 

HP 85, also provide advanced graphics soft-
ware. And when you add an input peripheral 
and our four-color plotter, you've got a full-
function graphics workstation —a completely 
integrated computing system that operates 
under your own personal control. 

Power you can get 
your hands on. 

To compliment graphics capability a 
powerful data base management package on 
the disc-based System 45 models, you can 
store, retrieve, sort, modify and analyze large 
amounts of technical data—quickly and 
efficiently. User-addressable memories to 449K 
bytes give you plenty of room for complex 
manipulations. And hooking up to measuring 
instruments is a simple matter of choosing 
from among four protocols available: HP-IB, 
Bit-Parallel, BCD or RS-232-C. 

As friendly as ever. 
Even with major increases in power and 

graphics capabilities, HP desktop computers 
retain the easy-to-use features that have always 
been their hallmark. These include simplified 
programming in our HP Enhanced BASIC 
language (or optional assembly language on 
some models); built-in operating systems 
that let you start solving problems as soon 
as you turn the computer on; and reliable, 
low-maintenance operation. 

Plenty of room 
for growth. 

If your applications require a larger data 
base, you can link your desktop computer to 
our powerful HP 1000 or HP 3000 minicom-
puter systems (and to non-HP computers as 
well). Communication is easily managed—both 
async and bisync protocols are available —and, 
by combining the relative strengths of desk-
tops and minis, you get a remarkable degree 
of flexibility for processing scientific, 
engineering, and managerial information. 

If you'd like to find out more about how 
HP Series 9800 desktop computers can help 
improve your engineering productivity, just 
contact your local HP sales office listed in 
the White Pages. Or write for more informa-
tion to Hewlett-Packard, Attn: Pete Hamilton, 
Dept. 685, 3404 East Harmony Road, Fort 
Collins, CO 80525. 

HEWLETT 
PACKARD 

37004 HPDC9 
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Minicomputers 

Microcomputer modules 

micjjtaisnatter 

Evolutionary computing power 
from Texas Instruments continues with 
a major milestone in 16-bit technology... 



TMS9940 
16-bit single-chip microcomputer. 
World's first. Here. Now. Available. 
With the TMS9940, Texas Instruments 
significantly advances its 16-bit 
leadership. 
With the TMS9940, Texas Instru-

ments expands on what is already by 
far the industry's most complete 16-bit 
family. The 9900 Family of microproces-
sors, microcomputers, peripherals, mi-
crocomputer modules and software and 
hardware development systems, offers 
a unique software compatibility. So you 
can move from one product level to 
another, confidently, protecting your 
development system and software in-
vestment with no need for translators, 
code convertors, etc. 

TI's 9900 Family is the only family 
that maintains architectural and 
software compatibility from single-
chips to multi-chips to modules to 
systems — all the way to the object 
code level. 
With the TMS9940, Texas Instru-

ments brings you high-volume, cost-
effective solutions to tough system 
design problems, combining the com-
puting power of a multi-chip 16-bit 
system with the reliability and com-
pactness of a single-chip solution. 
With its high-speed processing, bit 

I/O, and advanced memory-to-memory 
architecture, the TMS9940 offers com-
putation power unequalled by any other 
single-chip product on the market, 
while retaining the programming ease 
of 16-bits. 

High-speed number 
crunching and bit I/O 

Powerful instructions — like BCD add, 
BCD subtract, 16-bit multiply with 32-
bit results, and compatible divide — 
provide a number-crunching capability 
unsurpassed by any single-chip 
product. 

Thirty-two on-chip, flexible, individ-
ually configurable input/output bits are 
addressable for manipulation by power-
ful bit I/O instructions. 

I/O expansion modes permit up to 
256 bits of external I/O to be added, 
allowing easy interface to 9900 Fam-
ily peripherals and most industry 
peripherals. 

Advanced 
memory-to-memory 

architecture 
Advanced memory-to-memory archi-
tecture makes the TMS9940 ideal for 
interrupt-driven and extensive I/O 
applications. 

This innovative architecture features 
multiple register files that provide ease 
of programming and unsurpassed inter-
rupt response time. 
The TMS9940 memory consists of 128 

bytes of RAM and 2048 bytes of ROM. 
Other features include 4 levels of inter-
rupts, plus an internal decrementer 
which can be programmed as a timer or 
event counter. 

TMS9940 — Key Features 

• 16-bit instruction word 
• Instruction set includes 16-bit 
multiply and divide, BCD add 
and BCD subtract 
• 128 bytes of RAM on chip 
• 2048 bytes of ROM (or EPROM) 
on chip 
• 64 general-purpose 16-bit 
registers 
• Program execution from RAM 
or ROM 
• 4 prioritized interrupts 
• On-chip timer/event counter 
• 32-bits integral general-purpose 
I/O bits— expandable to 256 
external I/O bits 
• 4 MHz crystal operation — up to 
117,000 interrupts per second 
• 5-volt MOS technology 
• Offered in a 40-pin, 600-mil DIP 

Here-and-now availability 
Perhaps just as important as the un-
matched capacity for design flexibility, 
the 9900 Family is here-and-now and 
readily available. It's the lowest cost 
16-bit CPU family. And proven where it 
counts most. In the marketplace. The 
choice of hundreds of companies for a 
wide range of systems and end 
products. 
Microcomputers mean high volume 

and TI has unequalled production ca-
pacity and experience. In fact, TI is the 

largest supplier of single-chip micro-
computers and has shipped more than 
the next two suppliers — combined. 

9900 Family 
development tools 

Reliable, available, economical develop-
ment systems designed to boost pro-
grammer efficiency and cut costs. 
The AMPL* prototyping lab: A com-
plete set of the software and hardware 
development tools for the TMS9940 as 
well as for other 9900 Family CPUs. 
The AMPL system provides a real-time 
TMS9940 emulator and a logic-analyzer 
function to solve complex programming 
and hardware debug problems. 
TMS9940E: This EPROM version of 
the TMS9940 is the ultimate prototyp-
ing tool, allowing in-field system check-
out, reducing turnaround time and 
expense for code revisions. 

Leadership staying power 
TI has paced the industry through 
generations of semiconductor in-
novation, pioneering the lion's share of 
major milestones. 
The 9900 Family is an important part 

of that leadership tradition. The 9900 
Family is a fact. A production-proven, 
available, deliverable fact. 
The continuing introduction of new, 

advanced 9900 Family CPUs, with TI's 
state-of-the-art technology and proven 
production resources, demonstrates 
TI's total commitment to 16-bit 
leadership. 

That's why you can design with the 
TMS9940, confident in a family that's a 
reality today. Confident that the family 
will grow with your needs to keep your 
systems competitive at the leading 
edge of tomorrow's technology. 
For more information about the 
TMS9940, or any other 9900 Family 
member, contact the TI field sales 
office nearest you. 
For details and spe-
cifications, write to 
Texas Instruments 
Incorporated, P. 0. Box 
1443, M/S 6404, Houston, 
'Ibxas 77001. 

•Trademark of Texas Instruments Incorporated 
© 1980 Texas Instruments Incorporated 

TEXAS INSTRUMENTS 
INCORPORATED 85609 
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Now you can get 
high performance colors 

in low cost sticks. 

GENERAL 
INSTRUMENT 

There's good reason to 
celebrate. 

For the first time you 
can get low-cost, high-
quality display sticks in 
four high performance LED 
colors: green, yellow, 
orange and high-efficiency 
red. Use them to upgrade 
your read-out. Or differ-
entiate products in your 
line or your product from 
the competition. 

General Instrument per-
formance sticks have other 
advantages. You can use 
lower current drive circuits, 
for example, and still get a 
bright display. Each digit 
is pre-matched for bright-
ness. That eliminates a 
step in your production. 
And since they are de-
signed to meet automotive 
standards, they offer a 
degree of quality that can 
reduce rework and replace-
ment costs. 

And they're end-stack-
able so you can make a 
display as long as you need. 

Want a custom stick? 
Tell us your quantity and 
ideas and we'll go to work. 

For more information 
write to General Instrument, 
Dept. MCD-3, 3400 Hillview 
Ave., Palo Alto, CA 94304. 

The -AgM 
heavyweight 
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The power is with 
a new 16-bit SOS 
microprocessor 
by Charles Cohen, Tokyo bureau manager 

Silicon-on-sapphire 

technology, hardware 

functions, two internal 

buses, enhance throughput 

Mixed calculations done with three 
to six times the speed of Intel's 8086 
or Zilog's Z8000 — that's Toshiba 
Corp.'s claim for its new 16-bit 
T88000 microprocessor. The use of 
silicon-on-sapphire technology, 
which reduces the average propaga-
tion time of a gate to a mere 0.7 
nanosecond, contributes to some of 
that computing power, and a multi-
plicity of hardware features supplies 
the rest. 
Two internal parallel 16-bit buses 

roughly double the processing speed 
possible with a single bus. The 32-bit 
input/output bus can be used in both 
time- and space-multiplexed fashion 
to increase throughput. Further-
more, an 8-bit buffer can store 
instructions prefetched from main 
memory—a desirable feature be-
cause it makes pipeline execution 
possible. 

Moreover, instruction execution 
speed is enhanced by performing 
many functions not in software but 
in hardware, including floating-point 
and decimal processing. The chip 
features a hardware 16-by-16-bit 
multiplier that can perform fixed-
point multiplications in 1.6 micro-
seconds, or four machine cycles. The 
built-in barrel shifter provides 1-to-

15-bit shifts in only one machine 
cycle, or 400 ns. 

Moreover, because most of the 
151 user instructions are completed 
in one machine cycle, the processor 
can also perform conditional 
branches in as little as one machine 
cycle, although some take up to four 
machine cycles. 

Lots of software. Unlike many 
recently introduced microprocessors, 
the Toshiba device has available a' 
large library of software, because it 
is compatible with the company's 
series 7 minicomputers. But its 
application capabilities go much fur-
ther than the series 7's, and it will be 
used in a wide spectrum of other 
applications, including small-busi-
ness computers and equipment, ter-

REGISTER 
FILE 

ADDRESS BUS 

INSTRUCTION 
DECODER 

16-BIT 16-BIT 
ARITHMETIC BARREL 16-BY-16-BIT 

AND SHIFTER MULTIPLIER 
LOGIC UNIT 

T 88000 

MICROPROGRAM 
CONTROL 
MEMORY 

BUFFER 

INPUT/OUTPUT 
BUS 

DATA BUS 

BUFFER 

DIRECT-
MEMORY. 
ACCESS 
BUS 

Master of many trades. Toshiba's 16-bit microprocessor owes much of its computing power to hardware features like two internal buses and 

a 16-by-16-bit multiplier. It is also versatile: different microprograms stored in its external ROM readily adapt it to different applications. 
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Not speed alone. Silicon-on-sapphire technology makes the T88000 easier to fabricate: 

3.5-µm rules are adequate, and fewer masks are used than for bulk-silicon devices. 

minais and other peripheral equip-
ment, and industrial applications 
such as single-board computers. 

Toshiba expects to be able to opti-
mize the same chip for all these dif-
ferent applications because the 
T88000 is designed for micropro-
grammed instruction control—the 
microprogram resides in 80-K of 
standard external read-only memo-
ry. Prototype systems use six chips of 
16-K capacity, but production sys-
tems will be supplied with three 32-K 
devices. 
C-mOS and n-MOS. The new micro-

processor has about 12,000 gates, 
almost equally divided among n-
channel mos gates, where speed or 
density is required, and comple-
mentary-mOs gates elsewhere. The 
high speed of the sos process made 
it possible to design this device with 
3.5-micrometer lithography rules 
and fabricate it using conventional 
unity-magnification full-wafer pro-
jection equipment. 

For the same speed, a similar 
device on bulk silicon would need 
less-than-2-µm rules and be much 
more difficult to fabricate. It would 

require higher-precision lithography 
than the Toshiba device and more 
masks, because the sos design 
requires neither channel stoppers nor 
p wells. Worse yet, the bulk device 
would probably eat up something 
like 3 watts rather than the 700 mil-
liwatts of the sos device. 
The device is fabricated in a 0.6-

µm-thick epitaxial layer on the sap-
phire substrate. To stop leakage cur-
rent in the interface region, the epi-
taxial layer has been given a deep 
implantation. To achieve a higher 
breakdown voltage, the surplus sili-
con between transistors is converted 
into silicon dioxide. 
The n-mos transistors are given 

four different threshold voltages by 
receiving two different ion implanta-
tions, one or other of the implanta-
tions, or neither of them. Silicon 
gates are used, but interconnection 
resistance is not the problem it is in 
memories because long connections 
are made in the aluminum level of 
interconnection. There is also a dif-
fusion interconnection level and a 
polysilicon-gate one, making three 
levels in all. 

France 

Gallium arsenide 

to yield 5-GHz divider 
Researchers at the main Philips 
group laboratory in France believe 
they have got what may well be the 
fastest frequency divider around. 
The gallium arsenide device devel-
oped by a team at the Laboratoires 
d'Electronique et de Physique Appli-
quée in the Paris suburb of Limeil-
Brévannes should prove capable of 
performing binary frequency divi-
sion from dc up to more than 5 giga-
hertz. What's more, the LEP re-
searchers have placed a clock gener-
ator and complementary clock gen-
erator on the same chip—which 
means that the only input needed is 
the frequency to be divided. 
"For the moment, we have not 

optimized the two elements [the 
logic and the clock], so that the 
entire chip now functions at a maxi-
mum frequency of 3.5 GHz," ex-
plains Jean-Paul Hurault, scientific 
director for the LEP'S solid-state 
physics department. -But we are 
confident we will be able to optimize 
the circuit up to 5 GHz." 
The basic logic gate in the fre-

quency divider differs little from the 
buffered field-effect-transistor logic 
gates developed elsewhere, notably 
by Hewlett-Packard (see circuit dia-
gram). What makes the LEP version 
special is the fact that it has been 
done in planar self-aligned technolo-
gy with a standard photolithographic 
process. The active layer is made by 
implanting selenium ions directly 
into a gallium arsenide substrate. 
There is no need for a buffer layer. 

"Typical design rules are gate 
width of 1 micron, with 3 microns 
between source and drain," says 
Marc Rocchi, an engineer on the 
design team. Using the GaAs tech-
niques it has devised, the lab has 
managed to get actual gate width 
down to 0.6 micrometer with 1.9 gm 
source-drain spacing. 
The buffered-FET gate, sometimes 

known as a multiplexing gate, has 
four inputs (ABCD in the circuit 
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Why do both 
Hurco and 

Web Printing Controls 
count on Electro-Craft? 

PRECISION, THAT'S WHY. 

One is a CNC machine 
tool leader. The other, a small, 
successful manufacturer of 
printing controls. What they 
have in common is precision. 
They design it into their 
products. They count on it 
from Electro -Craft. 

THEY BOTH COUNT ON 
ELECTRO- CRAFT 
SERVOMOTORS 
AND MOTOR-TACHS. 

Hurco equips their high-
accuracy CNC machining 
centers and Autobende metal 
fabrication equipment— 
industry 
standards— 
with the 
power and 
precise 
feedback of 
our motor-
tachs. Web 
uses them to provide 
their alignment control 
systems with unheard-of 
accuracy...a new industry 
standard. Both use our motor-
tachs because they can count 
on Electro -Craft precision. 

Electro -Craft servomotors 
and motor-tachs are industry 
standards, too. According to an 
independent survey, Electro-
Craft servomotors and motor-
tachs are preferred over all 
others. 

No one can provide a 
broader selection. Iron core, 
moving coil or brushless—in a 
broad range of torque, speed 
and horsepower. A range that 
assures precision drives 

precisely matched to your 
needs. A range that often 
delivers the unexpected. Like 
our new 30 motors with 
continuous torque ratings of 
55 lb-in. They can routinely 

provide higher peak output 
than their continuous rating. 
And, that's the kind of 
performance manufacturers 
like Hurco need when their 
mills are operating at peak 
throughput. 

IT'S MORE THAN JUST 
PRODUCT PERFORMANCE. 

Product performance 
starts with people. People with 
the experience, expertise and 
willingness to provide you 
with solutions. 

That's the kind of people 
who stand behind Electro-
Craft products. They draw 

upon applications as varied as 
Hurco and Web and couple it 
with unmatched expertise. The 
result is precision products 
matched precisely to your 
applications. It's a combination 

that works for leaders like 
Hurco, with all of their 
resources, and for smaller 
manufacturers who need 

both the products 
and the people. 
That's why both 
Hurco and Web 

count on Electro -Craft. 
Large or small or in 
between, you 
can count on 
Electro-Craft. 
Count on us for 
servomotors 

and motor-tachs, 
for over one 
million dollars of 
standard 
inventory ready 
for shipment or 
for our full line 

of Motomatic Speed 
Control Systems, Amplifiers, 
Digital Positioning Systems 
and Optical Encoders. 

For complete information, 
call our Standard Product Sales 
Department toll free, 800 - 
328-3983 or circle our 
number on the reader service 
card in this publication. 

Count on us. 

ELECTRO-CRAFT 
CORPORATION 

1600 Second Street So.. Hopkins, MN 55343 
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All together now. Basic to a frequency divider capable of handling up to 5 GHz is a buffered FET gate shown in the circuit diagram (a). Four 

of them, linked as shown in the logic diagram (b), fit on one gallium arsenide chip together with a clock. 

diagram), and four of the gates are 
arranged in a gated master-slave 
flip-flop configuration (see logic dia-
gram). The clock frequency is the 
frequency to be divided and is the 
input to the pair of AND gates in the 
master. The complementary clock 
frequency (f in the diagram) controls 
the slave. The AND gate controlled 
by the complementary clock fre-
quency (i) in the master ensures a 
correct counting sequence when the 
clock frequency switches from high 
to low. 
The pair of AND gates controlled 

by the clock frequency in the slave 
fulfills the same function for the 
complementary clock frequency. The 
typical logic-gate propagation time 
is less than or equal to 100 picosec-
onds. And the power consumption is 

40 milliwatts per gate, for a total 
consumption of 160 mw. 
"We believe we could reduce dissi-

pation to 5 mw per gate," says Roc-
chi, "but we would of course lose 
some speed." The LEP researchers 
feel they could build a frequency 
divider that would operate at 3 GHz 
with a total power consumption of 
20 mw. "The technology is fine for 
medium-scale integration," com-
ments Hurault. "But it is not good 
enough for very large-scale integra-
tion, because the consumption is 
simply too high." That explains why 
the LEP researchers are now turning 
toward a nonplanar technology,  — 
specifically, recessed Schottky gates. 
In fact, their first circuit using 
recessed gates will be a frequency 
divider. -Kenneth Dreyfack 

Great Britain 

Adaptive echo canceler helps modem 

run at 9,600 b/s on noisy phone lines 
Envisioning a future abuzz with 
packet switching, digital facsimile, 
slow-scan television, and other digi-
tal services, British Telecom, part of 
the British Post Office, wants to be 
able to transmit data at high speeds 
anywhere over the public telephone 
network. To this end, its Martlesham 
Research Centre is developing a 
9,600-bit-per-second modem that 
will double the data rate at present 
available and use large-scale integra-
tion to keep its cost low. 

In terms of the two-wire 3-kilo-
hertz standard phone connection, 
9,600 b/s is a high speed, attained 
only by the use of advanced signal-
processing techniques like adaptive 
echo canceling, say the center's engi-
neers. In contrast, they note, com-
mercially available modems with the 
same transmission rate require high-
grade four-wire leased circuits, while 
those operating at 48 and 56 kilobits 
per second take up an entire group-
band circuit from 60 to 108 kHz— 

enough for 16 speech channels. 
The new modem incorporates an 

adaptive line equalizer that can com-
pensate for poor-quality lines and 
prevent intersymbol interference. 
The technique is powerful: Plessey 
Digital and Network Systems Ltd. 
employs it in its new 16-kb/s modem 
for use on four-wire leased lines. But 
for two-wire operation and to cope 
with worst line conditions, adaptive 
echo cancelation is also necessary. 

Answering echoes. In two-line op-
eration, a hybrid transformer in the 
modem separates the transmitting 
and receiving paths, and discontinui-
ties and mismatches between the 
transformer and the line cause talker 
echoes that can swamp the incoming 
signal. One solution is half-duplex 
operation, in which each end talks in 
turn, but that halves the data rate. 
The post office therefore employs 
an echo canceler network (see fig-
ure). The net's output models the 
echo response of the two-wire con-
nection and, when subtracted from 
the line signal, removes the echo. 

Precision digital signal processing 
is needed to achieve the 60-decibel 
echo suppression required. Conven-
tionally enough, British Telecom 
employs a transversal filter that, 
to avoid aliasing distortion, has 
a sampling rate double the highest 
frequency present in the signal spec-
trum. Less conventionally, it imple-
ments the circuit in custom LSI. To 
cut chip complexity, the filter sam-
pling clock is locked to the transmit 
clock and is a simple multiple of it. 
As a result, the amount of signal 
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High Speed Connector 
Assembly Machines 
NEW CONCEPTS 
FOR AUTOMATION 

Eliminate costly labor and increase 
production. 

Dependable, all mechanical, 
cam-operated, machines; tooled to 
assemble your products. 

Automatic and semi-automatic designs 

available. 

Submit drawings and samples for our 

recommendations. 

e•-• 

MI utomation, Inc. 
SPECIAL MACHINES AND ASSEMBLY EQUIPMENT 

350 HOLBROOK DRIVE 
WHEELING, ILLINOIS 60090 U.S.A. 
(312) 541-3570 • TELEX NO. TWX 910-651-0072 

Circle 79 on reader service card 

Robert Bosch announces 
a new Mini-Giant built 
to help resist moisture, dust 
and galloping inflation 
Here's a new 30-amp, 12 VDC plug-in relay 
engineered to do the job better than ever. Yet it's 
available at or below our 1979 price. The secret is in 
the housing of rigid polyamide plastic. 

Robert Bosch engineers chose this tough, impact-resistant 
plastic to replace traditional galvanized steel as the housing 
material. That helps explain the savings—in production costs 
for us, purchase price for you. 

The relay is protected by a seamless housing. Neither 
moisture nor dust can easily penetrate. 
The bottom of the unit is vented with a 
single hole to avoid heat buildup. But 
for extra heavy-duty, outdoor appli-
cations, even this vent can be closed with 
a Teflon plug that filters out foreign matter 
while allowing air to circulate. PCB Relay 

0.56 cu. in. 

Plug-in Relay 
1.2 Cu. in. 

For free specifications on 
the full line of Mini-Giant 
relays, both plug-in and 
PCB, write: 

Robert Bosch Corporation 
Dept. 0/PGE 4 
2800 So. 25th Avenue 
Broadview, IL 60153 
or phone Dave Robson, 
(312) 865-5459 

OBE RT BOSCH 
1,N1 Robert 11,.+sch Corporatum 
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Canceled. British Telecom's modem uses a hybrid transformer to split incoming from 
outgoing data. Echoes that result are copied by this circuit and subtracted from the signal. 

processing may be considerably re-
duced by driving the canceler 
directly from the source data. 

For use on the switching phone 
network, the canceler must be 
adaptive, and an algorithm has been 
developed for this purpose. The cir-
cuit can cancel echoes having up to a 
20-millisecond delay. 
Custom LSI appears throughout 

the modem. It uses the Martlesham 
center's 5-volt silicon-gate n-channel 
mos process with 6-micrometer de-

sign rules. Samples of the first chip 
have already been received, and 
delivery of all seven LSI circuits plus 
two shift registers is targeted for the 
end of 1981. 
Good grades. Trials have already 

been carried out on the phone net-
work with a prototype system using 
two- and four-wire connections. 
They were almost entirely success-
ful. In only 3 of the 133 line tests 
were there residual uncanceled ech-
oes, and these, believes British Tele-

Around the world 

VHS video cassette system wins another convert 
Victor Company of Japan says that its VHS video cassette recorders have 
been officially adopted by Standard Electrik Lorenz and will be supplied the 
West German firm on a private-label basis. Other non-Japanese firms that 
have private-label or technical assistance agreements with Victor include 
Saba-Werke GmbH, Norddeutsche Mende Rundfunk AG, and Telefunken 
Fernseh und Rundfunk GmbH in West Germany; Thomson-Brandt in France; 
Thorn Consumer Electronics Ltd. In the UK; Rank Industries Australia Pty in 
Australia; and Grupo Industrial Alfa SA in Mexico. 

Ferranti trades micropackaging for V-MOS technology 
Add another name to the growing list of semiconductor companies moving 
into the V-MOS power field-effect-transistor market. Through a marketing 
and technology exchange agreement with V-MOS manufacturer Supertex 
Inc. of Sunnyvale, Calif., Britain's Ferranti Electronics Ltd. is to diffuse, 
assemble, and test n- and p-channel discrete power FETs with a vertical 
double-diffused MOS structure for sale in Europe and the U. S. It will 
introduce its first branded parts at the Electronica exhibition in Munich in 
November. In the deal, which involved no transfer of money, Ferranti traded 
in its microminiature packaging technology for discrete devices. The technol-
ogy competes with Siemen's Sipmos and International Rectifier's Hexfet 
proceses, among others, for high-speed, high-power applications in the 
industrial and consumer sectors. 
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Using bipolar PROMs? 
Check out the Fast CatROM. 
Speed is only half the story. 

The bipolar PROM market wit 
never be the same. Introducing the 
SY3316 Fast Cat m ROM. It's not only 
fast —80nsec --it also slashes costs 
wherever high performance, large bit 
storage and simple interface are impor-
tant design considerations. 

Synertek's engineering team 
designed the Fast Cate ROM that way. 
Now you can make a quick cost-
effective move from bipolar PROM pro-
totyping into volume production—with-
out costly PC board redesign. The 
SY3316 can do it because its directly 
pin compatible with industry standard 
16K bipolar PROMs. 

There's even more to this cat. Like 
a single +5V supply, full input/output 
TTL compatibility, fully static circuitry, 
asynchronous operation, industry stan-
dard 2048x8 organization, three mask 
programmable chip selects and three-
state outputs to facilitate system 
expansion. 

We make ROMs our business. 
So that you get total commitment to 
servicing your ROM needs. With wafers 
waiting at contact mask, we can meet 
fast delivery requirements—just four 
weeks for your SY3316 prototype. 
That's flexibility. Already at work for you 
now. And we back it all up with high 
performance scaled N-channel MOS 
technology. 

Need 8K bipolar PROMs? Then 
check out the SY3308 8K ROM, an-
other fast member—at 7Onsec —of the 
Fast Cat Tm ROM family. And fully com-
patible with industry standard 1Kx8 bi-
polar PROMs. We've got a family of cats 
that's only going to get bigger. And 
better. Get a jump on the competition. 
And go with the MOS company. Go with 
Synertek. Call your area Synertek dis-
tributor now. 

SY3316 8Onsec 

Coming in November: A series of Fast Carle ROM seminars coast to coast. 

Ei* SYNERTEK 
3001 Stender Way P.O. Box 552 
Santa Clara, California 95052 
(408) 988-5600 
TWX: 910-338-0135 
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THERMAL PRINTERS 
FOR THE OEM 

Telpar uses multiple print-
head technologies and 
mechanism designs to cover 
the full range of hard-copy 
applications: 

• Computer terminals 
• Data logging 
• CRT "dumps" 
• Test equipment 
• Instrumentation 

KEY FEATURES PL12E PL20E PS48E PPS80E PL80E 

Columns 12 20 48 80 80/132" 
Speed. cps 30 50 30 50 120 

Interfaces Serial and parallel furnished as standard 

Baud Rale• 110. 110. 110 or 50 to 50 to 

300 or 300 or 300 0600 9600 

600 600 

Buffers — — — 4K or 16K 4K 

Invert Mode • • — — — 

Graphics — — — • • 

Reverse 1.F • • • • 

'Beech selectable 
••132 cOlumn3 win Cfflpf•alled Pnr11,1112 

High reliability 

• Few moving parts 
• Computerized PCB testing 
• 100% burn-in 

Call or write for applications 
assistance or other 
information: 214/233-6631 

teipar, 
The thermal printer company 

4132 Billy Mitchell Road, Box 796, Addison, Texas 75001 
Telex 73-2561 (TELSERV) DAL 

Circle 82 on reader service card 

FREE 
Brochure describes Electronics 
editorial reprints, services, books... 
• More than 70 article reprints in 15 subject 
categories 

• Handy wall charts 

• Custom-made reprint services 

• Books especially for Electronics' readers 

• Convenient postage-paid order cards 

Becttoriceemm 30c.t 

For your free copy, 
circle #275 on the 
reader service card. 

Electronics international 

corn, could certainly be remedied by 
an improved version of the echo can-
celer. -Kevin Smith 

West Germany 

Siemens aiming to 

sell more ICs abroad 
The opening of yet another mos fab-
rication center at Siemens AG's 
Munich-based components division 
is further evidence of the West Ger-
man firm's determination to become 
a powerful force on the international 
market for very large-scale inte-
grated circuits. Right now, it rates as 
the No. 2 lc supplier in Europe 
(after Philips of the Netherlands) 
and as No. 10 worldwide. 
The new VLSI center, together 

with a similar one now nearing com-
pletion at Villach in Austria, "is to 
help Siemens stand up to the mighty 
competition of Japan and the U. S.," 
says Friedrich Baur, head of the 
components division and a member 
of the company's managing board. 
More than that, he is convinced it 
will help shift IC market shares from 
those countries to West Europe. The 
new Munich facility is equipped to 
fabricate devices with 2-micrometer 
geometries and 150,000 components 
per chip [Electronics, Sept. 25, 
p. 63]. 
Above average. Adds Gernot Os-

wald, sales and marketing manager 
for ICs and head of microcomputer 
activities at Siemens, "We are-aim-
ing to grow more rapidly in ICs than 
the world average, and the addition-
al percentage points we will have to 
get abroad because our share of the 
West German market allows only 
moderate gains." In 1979 Siemens 
had a roughly 20% share of that 
market and a 12% share of the West 
European one. 

Favoring its ic sales growth in the 
rest of Europe, Baur believes, is 
steeper expected growth of the 
equipment production industry 
there, plus the fact that ICs as yet 
pervade systems and equipment to a 
far lesser extent in Europe than in 
the U. S. -John Gosch 
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MEET THE FIRST FAMILY 
OF PIN PROGRAMMABLE 
INSTRUMENTATION AMPS. 

ONLY ANALOG 
DEVICES OFFERS 
5 INDUSTRIAL 
PERFORMANCE 
GRADES. 
Our new AD612 and 
AD614 comprise the 
most complete family 
of self-contained, high 
speed, industrial grade (-25°C to 
+85°C) PGIA's available today. For 
the first time, the industrial data 
acquisition designer has a real 
choice of hybrid instrumentation 
amplifiers to fit his specific applica-
tion requirement. 

This new family of PGIA's is avail-
able in 5 versions: AD612A, our 
lowest priced amplifier ($38.50*), 
our AD612B where accuracy and 
price are important (±2V/°C max-
imum input voltage drift, $43.50), 
our AD612C for applications requir-
ing the highest accuracy 
(±1V/°C max, $52), 
our AD614A 
for high 
speed 
applications 
(settling 
time of 
40µS maxi-

fe W2.8- lei pu:ce, tope I etp12, e- dzeelitey-
fo- ").t.4pe,tiewte,fece. th 

*All prices in 100's 

1>444 4te,„-,, 

mum to 0.01%, $49.50), and our 
AD614B for high accuracy and high 
speed (±2µV/°C max; 40pS maxi-
mum settling time, $61) 

DESIGNED BETTER 
TO PERFORM BETTER. 
Every AD612 and AD614 contains a 
precision thin-film resistor net-
work that allows you to pin program 
gain in binary steps from 1 to 

1024 V/V. Each offers 
low gain non-

linearity of 
0.01%, gain 

temper-
ature 

stability 

?itaimeó 
oily cilia 

of 0.001°/0/°C maximum, 
low input voltage noise 
of 1/2.V pk-pk, high CMR 
of 94dB minimum 
gain = 1024 V/V, and low 
power requirement of 
240 mW. 

AA VERSATILE 
AMPLIFIER 

WITH VERSATILE 
APPLICATIONS. 
The wide dynamic input range 
(-±-10mV F.S. to ±-10V F.S.) com-
bined with fast settling time (20µS 
max to 0.05%; AD614A/B), makes 
these amplifiers a perfect choice 
for data acquisition systems, ana-
lytical instruments, transducer 
interfacing. Their high CMR, input 
protection, low noise and excellent 
temperature stability also make them 
a good choice for precise measure-
ments in harsh environments. 

If you want a broad selection 
and versatility, Analog Devices' 
AD612 and AD614 family is the 
answer. 

ANALOG 
DEVICES 

WHOUT IN FRONT 
Analog Devices. Inc.. Box 280, Norwood, MA 02062, East Coast (617) 329-4700, Midwest (312) 894-3300 West Coast 
(714) 842-1717; Texas: (214)231-5094; representatives around the world 
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Technological leadership. 

Now there's a CMOS 8-bit 
Motorola's economical high-

The MC146805E2 is the first CMOS micro-
processor for the new era of the '80s. a merger of 
Motorola's strengths in microprocessors and 
CMOS standard logic. 

It's the first CMOS MPU with the muscle and 
finesse to handle the tough demands for low-power 
systems in the '80s. 

It's in volume production, and available now. 

More than a processor. 
The MC146805E2 is more than a powerful 

8-bit CMOS processor. Also on-chip are two 8-line 
I/O ports. 112 bytes of RAM. an oscillator and a 
programmable 8-bit timer with a 7-bit prescaler. 
A multiplexed address/data bus permits 
addressing up to 8K bytes of external memory. 
For implementation of real-time applications. the 
MPU operates with two hardware interrupts. 
timer underflow and an external signal. plus a 
software interrupt. 

The MC146805E2 is fabricated in silicon-gate 
CMOS to match NMOS speeds-1 MHz cycle (from 
5 MHz oscillator). Power is still conserved with 
anticipated CMOS efficiency. Typical full-speed 
power consumption is less than 20 mW. and in 
standby is less than 100 W. 

Two power-saving, software initiated standby 
modes. STOP and WAIT, are used in the MC146805E2. 
In STOP. all internal processing and the timer are 
halted for the lowest possible power consumption. 
In WAIT, the timer is allowed to count in a normal 
sequence and power use is greater than in STOP. 
but still an order of magnitude below that of the 
operating mode. 

Efficient use of program space. bit manipula-
tion. memory mapped I/O and versatile interrupt 
handling are just a few of the programmable 
features of the MC146805E2. Single instructions 
modify any RAM bit or I/O pin. Even more 
unusual are single instructions which branch on 
the condition of any such bit. Three program-
efficient indexing modes allow single-instructions 
access to memory tables. All of the powerful 
memory reference instruction functions of the 
MC6800 are incorporated into the MC146805E2. 

A powerful two-chip system. 
Complementing the MC146805E2 is Motorola's 

MCM65516 mask-programmable. byte-organized 
16K CMOS ROM designed for use in multiplexed 
bus systems. The small 18-pin package is a tidy 
space saver. too. Like the MPU. the ROM also is in 
volume production. 

Put them together for the ideal compact. 
cost-effective low-power CMOS two-chip system. 



microprocessor for the '80s. 
speed, low-power, MC146805E2. 

Stop 5V 

MCM65516 
ROM 

3-6 V 

I Mil.' 

Family ties. 
All CMOS and HMOS M6805 Family MPUs and 

MCUs are closely related. and share a common 
heritage as extensions of the best aspects of the 
original MC6800. 

Just as the MC6805P2 was the first in a family 
of HMOS MCUs. so the MC146805E2 is the first 
of several products on the CMOS side of the 
family. An MC146805E2-based single-chip MCU. 
two CMOS Real-Time Clock plus RAM units and a 
CMOS Parallel Interface are on the drawing board. 
with others not far behind. 

All M6805 Family MPUs and MCUs share 
many key features. They use the same optimized 
8-bit processor architecture. based on the M6800. 
but with more indexing modes and true Bit 
Modify and Test instructions. Additionally. 
automatic external and timer interrupts. 
programmable timer with 7-bit prescaler. 
ROM-based look-up tables, multilevel subroutine 
nesting. and a variety of memory and I/O 
combinations are provided. 

MORciser®-based support system. 
An MC146805E2-based hardware and software 

system. MEX146805. is now available for the 
Motorola EXORciser system. 

The MEX146805 extends the EXORciser's 
powerful debugging capability to the user's target 
system. It also provides multiprocessor support. 
real-time emulation. and stand-alone operation. 
A Macro Assembler allows use of relocatable 

object code and provides for conditional assembly. 

Innovative systems 
through silicon. 

MOTOROLA INC. 
IMM.111.1MMIMIMMMUIMMIIIIIIMMIIMIMMMMMM 

TO: Motorola Semiconductor Products Inc.. P.O. Box 20912. Phoenix, AZ 85036. 1  
69E10 9 80 

Please send me information on the MC146805E2. I 

Name 

Title 

Company 

• Address 

City 

• State   ZIP  
mommomimmmmmammmummmmulmmimmommum 



The NM 4/90 
Twice as fast as the 4/30 and with a beefed up 
instruction set With a hefty 128K bytes worth 
of direct addressing, its an ideal choice for high-
performance applications like industrial control 
and data communications systems. 
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The NM 4/10 
A half-card 16-bit mini 
with half-cost economy 
Four on-board distributed 
1. 0 channels, hardware 
multiply/divide and DMA 
are standard. Cost' 
Even less than 
many micro-
computers. / 

The NM 4/04 
SCOUT,' the little 
fella that's had OEM's 
buzzing for months. 
Through the wizardry • .9.3.*•;-.;S _ 
of ISOLITE," SCOUT ejje.• 
can test himself every time he's 
turned on. And a 16-bit CPU, I/0, 32K 
byte RAM, and card cage costs less than $1,000 

NAKED MINI®1 
EVERYTHING Yarn 

The NM 4/30 
A midrange beauty Twice 
as fast as the 4/10 and with 
a larger instruction set 
Double register shifts, 
multiple-word mem-
ory reference 
instructions, 
and more. 

ComputerAutomation has just 
what you need to cut a path through 
to your computer solutions. 

You need compatibility? We've got it, with 
software compatibility from SCOUT through 
our 4/90. And I/O compatibility across the 
family, from the 4/10 through the 4/95. All with 
up to 128K Bytes of directly addressable 
memory. And up to 8 megabytes of physical 
memory for the 4/95. 

The NM 4/95 
Top of the line. Memory manage-
ment unit for expansion to 8 
megabytes. ECC RAM memory 

for reliability High speed 
cache memory for faster 

throughput. And Page 
Protection to prevent 

destruction of 
another user's 

space. 
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ComputerAutomation 
NAKED MiNli DiviSion 

• • You want software and development tools 
We've got all the operating software to get you 
up and running. And our PROTOS system pro-
vides multi-user development support. 

You demand reliability? We've got a track 
record of success in applications as diverse 
as automated bank tellers, aircraft control simu-
lators, blood analyzers, laser welders and 
missile tracking systems. 

Best of all, it's all part of CA's OEM philo-
sophy that says to protect our profitability, 

Cit, NAKED MINI, SCOUT, ISOLITE, PROTOS and ComputerAutomation are trademarks of Computer Automation, Inc 



NEED IN THE OEM JINGLE. 
Interfaces 
Our famous Intelligent Cables 
offer low-cost interfaces for async 
and bisyric communications, 
CRT's, line printers, magnetic 
tapes, IEEE-488 and 16- and 32-bit 
parallel I/O. 

Software 
Operating Systems, a Real-Time 
Executive, FORTRAN IV, 
COBOL, PASCAL editors, 
assemblers, and communication 
software. 

Memories 
The family never runs short of memo-
ries. Core, RAM, and E/PROM. Plus 
battery back-up and parity or error 

correction. From 8K bytes to 
256K bytes per card. 

ni/000010/1/ 
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we've got to protect yours Which means com-
petitive prices, a hassle-free software policy, 
timely deliveries and the best warranty in 
the business. 

We've got everything you'll need to battle 
your way out of the OEM jungle. 

And the path out begins on the right. 

CornputerAutomation 
NAKED MINI Division 

Where OEM's come first. 
18651 Von KdIllidll, Irvine, California 92664 
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I Send help fast. 

Please send the lastest full-color 
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Peripheral Controllers 
Provides interfaces for floppy 

disks, high capacity disk systems, 
communications and digital I/O. 

It7 Please call me at 
( )  

If you're really in a hurry to 
fight your way out, give us d 
call at (714) 833-8830 X455 

Narne  

Company  

IAddress  

State_  Zip  
Le mu mu um BM BIM MN IBM IIIMPhone 
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In a few short weeks Exar can 
into an I2L custom 

Semi-custom—a fast, 
easy, reliable and 
inexpensive way to 

transform your digital or 
combined linear/digital 
designs into reality. 

Exar's standardized 
semi-custom digital cir-
cuits combine high density 
I2L logic arrays and bipolar 
transistors on the same 
partially fabricated chip. 
You interconnect the gates 
and bipolar I/O interfaces. 
The end result: a cus-
tomized digital circuit pro-
duced at a fraction of the 
cost of a full custom cir-
cuit, and in far less time. 

These semi-custom I2L 
circuits perform exactly 
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Easy 3-stage design. Logic diagram to worksheet layout to finished chip. 

the same as bipolar LSI 
chips. Plus, FL technology 
gives you high functional 
density and easy intercon-
nection. Bipolar compati-
bility lets you interface 
with existing TTL and MOS 
logic families or retrofit 
into existing systems. A 
computer-generated three 
mask customizing tech-
nique eliminates mask 

errors. And it packs more 
circuitry onto each chip. 

Exar's alternative 
source agreements with 
other IC manufacturers let 
you specify and order cus-
tom circuits with confi-
dence. 

Go to full custom later. 
As your product ma-

tures and your need for 



trans o your inspirations 
digital circuí 
circuits increases, Exar 
can convert your semi-
custom chip to a full-
custom IC, reducing chip 
size, saving money, and 
often providing added per-
formance benefits. 

Design kits make it easy 
to get started. 

Exar's digital kits in-
clude circuit components 

CHIP 
TYPE 

IL 
GATES 

SCHOTTKY 
BIPOLAR I/O 
INTERFACES 

AVAILABLE 
BONDING 
PADS 

LINEAR 
COMPO-
NENTS 

XR-200 192 24 30 NO 

X R-300 288 28 34 N 0 

X R-400 256 18 40 YES 

X R-500 520 40 42 NO 

for breadboarding, com-
prehensive design manual 
and layout worksheets 
corresponding to Exar's 
master chips. 

Exar also has 
six bipolar semi-custom 
linear chips. 

All provide a wide vari-
ety of NPN and PNP tran-
sistors, Schottky diodes, 

various resis-
tors and am-
ple bonding 
pads. These 
chips are di-
rect replace-
ments for 
other master 
chips. 

Learn the economics 
and advantages of semi-
custom. 

For a copy of our 40-
page data book, "Semi-
Custom IC Design Pro-
grams," and our product 
guide, write on company 
letterhead to Exar, 750 
Palomar Ave., Sunnyvale, 
CA 94086 or phone (408) 
732-7970. 

7..evÁ.EXAR 
Choose from four chips. 



New current mirrors ... 

Matched bipolar transistors. 
First time in monolithic form. 
More linear leadership from TI. 

TI's new family of three-terminal cur-
rent mirrors gives the engineer some-
thing to be thankful for. Flexibility. The 
flexibility to use these innovative cir-
cuit techniques without sacrificing 
matching or accuracy. 

The TL011, TL012, TL014 and 
TL021 are Wilson current mirrors with 
fixed current ratios, of 1 to 1, 1 to 2, 1 to 
4 and 2 to 1, respectively. 

These devices provide à constant cur-
rent output proportional to the refer-
ence current input and independent of 
output voltage or operating tempera-
ture changes. 

The key is tight matching. That 
means making use of the tight matching 
properties of identical bipolar transis-
tors produced on a monolithic IC to 

Current Mirror 
Design Contest. 
Chance to win a 

TI-99/4 Home Computer. 
We'll select the three most practi-
cal designs. The first prize is the 
TI-99/4 Home Computer. In addi-
tion, two TI-59 Programmable 
Calculators will be awarded. For 
entry information and data 
sheets write to TI Current 
Mirror Design Contest, P.O. 
Box 225012, M/S 964, Dallas, 
Texas 75265. 

achieve current ratio accuracies to 
within 1% typical. 

All devices will operate with refer-
ence currents up to 1 rnA (2 mA for 
TL021) and output voltages up to 35 V. 
Operating temperature range is 0 to 
70° C. 
Output currents for the TL011, 

TL012, TL014, and TL021 are equal to, 
two times, four times, and one-half the 
input currents, respectively. All with 
an accuracy of ± 1%. 100-piece prices* 
are $0.26, $0.30, $0.37, and $0.30, 
respectively. 
For more information about TI's new 
current mirrors, call your 
local TI field sales office, 
authorized distributor, or 
write to Texas Instru-
ments Incorporated, P.O. 
Box 225012, M/S 308, 
Dallas, Texas 75265. 

Fiftyjears 

Innovation 

45 

•U S pnces sublect to change without notice 
2. 1980 Texas Instruments Incorporated 
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Probing the news  
Analysis of technology and business developments 

Meter makers see market in optics 
This month's first-ever meeting devoted to fiber-optic measurement 

indicates that industry is finally moving toward standards 

by Richard W. Comerford, Test, Measurement & Control Editor 

As the engineering and scientific 
communities near agreement on how 
to characterize fiber-optic links, 
instrument makers have their anten-
nae out. With the prospect of low-
cost fibers, sources, and detectors 
with increased telecommunications 
applications, they anticipate the de-
velopment of a sizable market for 
instruments that will measure atten-
uation, the ratio of incident to 
reflected signal, bandwidth, and pos-
sibly core diameter and numerical 
aperture. Indeed, some small compa-
nies have already committed them-
selves. 
A milestone is an upcoming meet-

ing, the first dedicated to fiber-optic 
measurement. Called the Sympo-
sium on Optical Fiber Measure-
ments, it will take place in Boulder, 
Colo., Oct. 28-29. The organizers— 
Douglas Franzen of the National 
Bureau of Standards with the aid of 
the Optical Society of America and 
the transmission systems subcom-
mittee on fiber optics of the Institute 
of Electrical and Electronics Engi-
neers—have attracted a roster that is 
a who's who of telephony. 

Papers will be presented by repre-
sentatives of Nippon Telegraph & 
Telephone Public Corp.'s Yokosuka 
Electrical Communications Labora-
tory, the Netherlands Postal and 
Telecommunications Laboratory, 
British Telecom Research Laborato-
ries, Bell-Northern Research, and 
Bell Laboratories. In the words of 
one participant, the symposium will 
bring together "the top people in the 
world in fiber optics." 

These will include representatives 
of some of the major standards 
groups: the International Electro-
technical Commission, the Interna-

tional Consultative Committee for 
Telephony and Telegraphy, and the 
Electronic Industries Association. 
The upshot, says Roy Love, will be 
the emergence of a standard ap-
proach for measurements of multi-
mode fibers. Love is chairman of the 
EIA's P6.6 group, which is working 
on such standards. 
Name it. According to Love, one 

of the fundamental debates in fiber-
optic measurement is over whether 
to measure waveguide properties like 
scattering and absorption or some 
other property that would yield data 
more vital to the user. "What we are 
beginning to want now," Love be-
lieves, "is just to measure a number 
and call it attenuation." The major 
criterion for that number is that if a 
series of cables is concatenated—or 
linked—the attenuations of the indi-
vidual cables add up to the concate-

nated attenuation. "That thought 
may seem obvious," Love agrees, 
"but, though in the background all 
the time, it has really just begun to 
crystallize." 

Round-robin tests conducted by 
the NBS on a cable resulted in differ-
ent measured attenuations mainly 
because of differences in the angle at 
which the light was launched. A sec-
ond round of tests is now being con-
ducted in which launch conditions 
are specified in accordance with pro-
posed EIA test procedures. 

"That's all that's really at issue 
now," says Love, "and anyone who is 
knowledgeable can see where that's 
going" — toward a specification of 
launch conditions that produce the 
most accurate concatenation predic-
tions. He believes that it is the small 
size of the market that is holding 
back large instrument makers, and 

Some standards already in place 

The measurement standards generated by the Electronic Industries Associa-
tion are included in RS-455, Standard Test Procedures for Fiber Optic Fibers, 
Cables, Transducers, Connecting and Terminating Devices and in addenda 
to it. The basic document contains three test procedures dealing with 
physical properties such as cable flexing, retention, and humidity effects on 
devices and one on insertion loss for fiber-optic bundles. Addendum 2 also 
deals with physical properties such as air leakage and crush resistance. 
Addendum 1 is still undergoing approval and addresses testing for impact, 
acceleration, and temperature cycling (thermal shock). 
Joseph Neigh, EIA coordinator for the P6 standards group, says RS-455 

"is a living document; it will change and grow as long as we have fiber 
optics." Therefore, rather than hold up test procedures until they can all be 
published, "which might be a couple of years," the members of P6 elected 
to use the addenda method. 
Roy Love, chairman of the P6.6 subgroup, says that his unit will have a 

proposed test procedure dealing with attenuation measurement in single-
mode fibers ready by January. This procedure will have to be approved by 
the entire P6 group, a procedure that can take as long as two years. But, he 
says, "there aren't going to be too many changes in the end from the general 
consensus of opinion that's emerging now." 
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Probing the news 

that for field instruments—optical 
time-domain reflectometers that can 
find line breaks—the launch angle 
need only be adjusted. 
Along with measurement practice, 

some basic fiber dimensions seem to 
be approaching standardization. A 
standard long-distance telecommuni-
cations fiber, one with a 125-
micrometer outer diameter and a 50-
gm-diameter core, is currently in the 
approval cycle of the EIA fiber-optics 
group. Love's opinion is that, given 
the relatively large demand in tele-
communications for this fiber and 
related long-wavelength detectors 
and light-emitting-diode transmit-
ters, many will find ways to use them 
in applications like process control 
and computer links, where noise 
immunity and data integrity will 
make them attractive. 

Steve Storozum, senior engineer 
at McDonnell Aircraft Co., St. 
Louis, Mo., also sees things begin-
ning to move. "It's starting to break 
out of the chicken-or-egg syn-
drome," he says, referring to a lack 
of applications due to a lack of stan-
dards and an absence of standard 
instrumentation due to an absence of 
applications. Not only is the 125/50 
fiber becoming a long-distance stan-
dard, he says, but also the 140/100 
fiber seems to be gaining acceptance 
for short distances. 

However, instrument makers may 
not have to wait for the market to 
develop, according to Storozum. "I 
believe the fiber-optic measurement 
industry is ripe for de facto standard-
ization," he says. If an instrument 
maker produces a versatile, low-
priced optical time-domain reflec-
tometer, users will start to write pro-
cedures around it, he feels. 
With these properties percolating 

to standardization, the measurement 
tool market may approach critical 
mass in the not too distant future— 
as early as 1981, according to Love. 
The NBS's Franzen notes that 
already "a lot of big companies are 
putting a fairly large effort into it 
[development of fiber-optic instru-
mentation] —like Tektronix and 
Hewlett-Packard—but they are not 
saying anything about it publicly." 
He feels that they are waiting 

until standards settle a bit, but more 
importantly, until they can accurate-
ly predict where the market is going. 
"The big companies are doing 
things, but they want to see more of 
what the market is, to be more cer-
tain of the success of their instru-
ments," Franzen believes. 
Work at HP. That a large effort is 

currently under way at Hewlett-
Packard is a "fair statement," 
according to Michael Cunningham, 
marketing manager for a variety of 
microwave instruments at the firm's 
Stanford Park (Calif.) division. He 
thinks that "steps in the direction of 
standard fiber diameters and con-
nectors would make the instrument 
maker's job as well as the systems 
people's jobs easier," but "test pro-
cedures will have to become more 
cookbooklike." In fact, he thinks 
that instrumentation may have to be 
specified, as well. As to where the 
market may be in the next year or 
so, he comments, "We've done blue-
sky projections based on some ratios 
that traditionally apply between end 
system expenditures and test equip-
ment, but it remains to be seen 
whether that ratio will hold if fiber 
optics are as reliable as they promise 
to be." 

Tektronix Inc., on the other hand, 
although following developments 
closely, says it is not involved in a 
major effort. Jean-Claude Balland, a 

On the market. Optical meter from Photo-
dyne resembles 31/2-digit hand-held multi-

meter, runs for 150 hours, costs under $600. 

marketing program manager for the 
Beaverton, Ore., firm, notes, how-
ever, that there is some promotion of 
existing general-purpose instruments 
for such applications. 

Balland sees the market shifting 
away from research and develop-
ment as fiber optics go into manu-
facturing quantities. "The plan is 
now toward a more manufacturing-
oriented [test] system. I don't think 
field service will begin to emerge for 
two or three years," he says. Right 
now, he believes, fiber-optics users 
are looking for such instruments 
only as samples. "Large companies 
are not coming in because the mar-
ket isn't enough to justify designing 
an instrument." 

Another company that has noted 
the shift into manufacturing produc-
tion is EG&G Inc. Earlier this year, 
the company's Brookdale operation 
in Bracknell, Berks., England, intro-
duced a microprocessor-based sys-
tem for operation by unskilled per-
sonnel, able to measure attenuation 
in the 600-to-1,600-nanometer wave-
length band [Electronics, March 13, 
p. 63]. The $16,000 instrument is 
IEEE-488—compatible and so can be 
part of an automated test system. 

Moving ahead. As many large 
companies hold back, smaller ones in 
the U.S. and abroad, hoping to ride 
fiber optics to new fortunes, are tak-
ing the risk that measurement trends 
will firm up. According to Dennis 
Horwitz, vice president of Photodyne 
Inc. of Westlake Village, Calif., the 
company predicts $1 million sales 
for the current year with 30% to 50% 
growth in the next. 
The only company selling optical 

instruments at this year's Wescon, 
two-year-old Photodyne introduced 
a new family of fiber-optic tools 
aimed at field service, the XE series. 
The series—two optical power me-
ters and a fiber-optic power source— 
resembles 31/2 -digit hand-held multi-
meters. They can run for 150 hours, 
are autoranging, and display power 
in decibels relative to a milliwatt —a 
measurement that fits well with the 
current view of such measurement. 
Among Japanese companies, An-

ritsu Electric Co.'s instruments are 
directly aimed at fiber-optic com-
munications. The company has a 
fault locater that will likely go to 
market in another year or so. CI 
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QTP ROMs... More Mileage 
From Your EPROM Dollar. 

GENERAL 
INSTRUMENT 

Simply switch to 16K and 32K 
OTP ROMs. 

QTP ROMs are pin-compatible 
replacements for EPROMs. They 
offer the same performance at far 
less cost, plus the proven reliability 
of General Instrument's "dedi-
cated" ROM facilities. 

If you're using 16K EPROMs, 
consider the incredible cost advan-
tages of ROMs. If you're designing 
with 32K EPROMs, consider the 
cost advantages and fast delivery 
of our QTP ROMs, and ask 
yourself, "Why not ROMs instead?" 

QTP (Q uick Turnaround Produc-
tion) means we can start delivering 
your masked ROMs in quantity 
within 4 to 6 weeks. How can we do 
it? With vast dedicated ROM mask 
and wafer facilities, dedicated auto-
matic assembly, dedicated and 
experienced QTP planning staff, 
and a personalized, computer veri-
fication service (ask about it!). 

Check the pin-compatible replace-
ment chart below. Then call 516-
733-3107 for details. Or write 
Microelectronics Division, General 
Instrument Corporation, 600 West 
John Street, Hicksville, New York 
11802. We'll help you get more 
mileage from your EPROM dollar. 

PIN-COMPATIBLE 
REPLACEMENT CHART 

QTP ROMs EPROMs 

2516 
RO-3-9316 16K, 2K x 8, 24-pin 2716 

2708 

RO-3-9333 32K, 4K x 8, 24-pin 2732 

RO-3-9332 32K, 4K x 8. 24-pm 2532 

We help you 
cornpete»' 
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THE TELEPHONE 
DESIGNERS' COLLECTION 

3 OF THE MOST INNOVATIVE 
TELEPHONE COMPONENTS 
IN THE WORLD 

Our designers at Mitel 
Semiconductor know the telephone. 
That's because they work side by side 
with Mitel Telecom engineers. The 
application of our semiconductor 
technology to the telephone has 
produced the most efficiently 
integrated phone components in 
the world. 

The MT4320 Pulse Dialer 
The MT4320 allows the rotary dial 

to be directly replaced by a push button 
pad. This pin for pin equivalent to the 
industry standard DF320 has an 
operating voltage range of 2 to 7 volts, 
2501.4W operating power dissipation, and 
a stand-by current consumption of less 
than 11.4A. The MT4320 stores up to 
20 digits, has last number redial, pin 
selectable line break/make ratio and 
pin selectable impulsing rate of 10, 
16 or 20 PPS. 

The MT4325 
Programmable Dialer 

The MT4325 has all of the features 
of the 4320. In addition it has an audible 
key tone and access programming for 
automatic dialing pause in redial mode. 

The ML8204 Tone Ringer 

r This replacement for the telephone 
bell, with a minimum of external com-
ponents, provides a pleasant warbling 
sound, and interfaces to the telephone 
line. The ML8204 has low power con-
sumption, an on-chip regulator, positive 
switch-on and is packaged in an 8 pin 
minidip. 

MITEL SEMICONDUCTOR, we've got 
the goods for you. 

MITEL SEMICONDUCTOR 
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Probing the news 

Military electronics 

Military purchases to slow 
EIA study shows that system startups will be cut 

and inflation will outpace increases in R&D funding 

Regardless of who occupies the 
White House next year, the military 
spending scenario is already set for 
the foreseeable future, and defense 
electronics contractors view it as one 
that limits the growth of their mar-
ket to 2% per year after inflation. 
The picture, says the Electronic 

Industries Association, is a grim one 
in which military leaders and Con-
gress are pushing improvements in 
force readiness- including better 
training and salaries-at the expense 
of new weapons starts and an 
upsurge in strategic offensive sys-
tems at the expense of tactical 
requirements. 

Military electronics research and 
development looms as the biggest 
loser over the next decade as budget 
increases are offset by an annual 
inflation rate ranging upward from 
7% - perhaps as high as 10% - 
according to EIA's 10-year forecast 
of the military market (see table). 

by Ray Connolly, Washington bureau manager 

After interviews with 30 senior Pen-
tagon and service officials, as well as 
with members of Congress and the 
Office of Management and Budget, 
the Washington, D. C.-based asso-
ciation's Government division pre-
sented its forecast during a Los 
Angeles symposium Oct. 7-9. 

Nevertheless, the outlook is better 
for military electronics than for the 
defense industry overall. The reason: 
emphasis on readiness will call for 
product improvements of existing 
weapons platforms in lieu of multiple 
new starts- improvements with a 
high electronics content, according 
to EIA forecaster Jim Lee of Hughes 
Aircraft Co., Culver City, Calif. 

Tactical aircraft upgrades are a 
prime example of where electronics 
firms will benefit, explains Lee, even 
though the aircraft industry itself 
will be "the most depressed area" 
because of the lack of new starts. 

Using fiscal 1981 dollars, the 

EIA's figures indicate that the $25.4 
billion available in the new fiscal 
year that began this month will be 
nearly 15% greater than the $22.1 
billion for fiscal 1980's total for 
R&D, procurement, and operations 
and maintenance. But in fiscal 
1982, the market will grow only 7% 
to $27.2 billion, slipping further the 
following year to 6.2%. Moreover, 
the largest slippage in percentage 
growth from prior years will come in 
monies for research, development, 
testing, and engineering rather than 
procurement. 
The biggest single dollar share in 

the EIA's forecast goes for what the 
association calls E&C, for electronics 
and communications, which the ana-
lysts define as hardware "not dedi-
cated to the support of one single 
weapons system or not classified 
elsewhere." For example, a system 
peculiar to a single type of weapon, 
like an aircraft or missile, is included 

U.S. DEFENSE 
(Total 

ELECTRONICS: 
oblwational authordy 

R&D AND PROOUREMENT 
In bdhons of dollars) 

Fiscal 
year 

Aircraft Missiles Space Ships Ordnance Electronics and 
communications 

Other Operations 
and 

maintenance• 

Overall 
total 

R&D Proc R&D Proc R&D Proc R&D Proc R&D Proc R&D Proc R&D Proc 

1981 0.6 4.6 1.8 2.2 1.1 1.3 0.2 1.7 0.3 1.3 2.5 3.1 0.4 0.5 3.8 25.4 

1982 0.5 4.8 1.9 2.7 1.2 1.4 0.3 1.8 0.3 1.5 2.6 3.3 0.4 0.5 4.0 27.2 

1983 0.5 4.9 2.0 3.2 1.3 1.6 0.3 1.9 0.3 1.6 2.8 3.4 0.4 0.5 4.2 28.9 

1984 0.5 5.0 2.1 3.4 1.3 1.8 0.3 2.1 0.3 1.9 2.9 3.5 0.4 0.5 4.4 31.4 

1985 0.5 5.1 2.0 3.7 1.4 1.9 0.3 2.2 0.3 2.1 3.0 3.7 0.4 0.5 4.5 31.6 

1986 0.5 5.2 2.0 3.9 1.4 2.1 0.3 2.4 0.3 2.3 3.1 3.9 0.4 0.6 4.6 33.0 

1987 0.6 5.3 2.0 4.2 1.6 2.2 0.3 2.6 0.4 2.5 3.2 4.1 0.4 0.6 4.7 34.7 

1988 0.6 5.4 1.9 4.4 1.7 2.5 0.3 2.7 0.4 2.7 3.3 4.4 0.4 0.6 4.8 36.1 

1989 0.7 5.6 1.9 4.5 1.9 2.7 0.3 2.8 0.4 3.0 3.4 4.7 0.5 0.7 4.9 38.0 

1990 0.7 6.0 2.0 4.7 2.1 3.0 0.3 2.8 0.5 3.2 3.5 4.8 0.5 0.7 5.0 39.8 

•No R&D funds SOURCE ELECTRONIC INDUSTRIES ASSOCIATION 
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InstoMork 
Loser Engraver 
... combines speed, versatility, 
flexibility, permanence, non-contact 
operation, production adaptability 
and operator simplicity! 
If you need to mark a product, consider the features of 
Holobeam's InstaMark laser Engraving System. Because 
it is computer-controlled, InstaMark's laser beam has the 

full contouring capability necessary to inscribe alpha-
numeric characters, symbols and graphic designs at up 
to 8 in./second. In addition, computer control permits 

the system to be easily adapted to fully automatic 
operations, such as required for serializing components 
on o high-speed production line. Being a non-contact 

process, laser engraving does not apply pressure to the 

surface which could deform or fracture a workpiece. 
Through use of software programs and simple teletype-
writer instructions, on operator trained only from a 
manual can put the system through its paces. If this 

sounds like the marker you should be using, contact one 
of our knowledgeable sales engineers. 

* - CHoCeLejoarB FeCemulan ER CORPORATION  sAESR, INC. 
1 1 222 Astronaut Blvd. • Orlando, Florido 32809 

(305) 851-2540 TELEX • 564407 

Probing the news 

under that weapon's category. On 
the other hand, the EIA explains, 
items that are "unique or used as a 
building block for several sys-
tems"—say, a command center, nav-
igation and guidance, or electronic 
warfare—fall into the E&C category. 
Funds for E&C are forecast to grow 
by only 5% in fiscal 1982 from the 
current year, which reflects a 12% 
growth from just ended fiscal 1980. 
And that percentage growth rate in 
the decade's later years will slip even 
more, according to the forecast. 

Missile drain. Modernization of 
strategic missiles is seen as con-
straining spending for tactical forces 
despite the political controversy and 
uncertainty still surrounding the Air 
Force's costly Mx intercontinental 
ballistic missile and replacement of 
the old, liquid-fueled Titan ICBM 

force with solid-fueled D-5 versions. 
To the EIA analysts, the tradeoff 
between strategic and tactical priori-
ties raises questions about the Penta-
gon's widely advertised Rapid De-
ployment Force. They question 
whether the RDF effort to move a 
tactical force into small conflicts 
quickly is not largely a "cosmetic" 
effort. In any case, the RDF is seen as 
offering few electronics opportuni-
ties compared with the program's 
need for new large cargo aircraft and 
ocean transports. 

In the tactical ground forces area, 
the EIA's analysts see continuing 
heavy investment in antitank sys-
tems — with good potential for 
IMAAWS, the Infantry Man—portable 
Anti-Armor Weapons System, now 
initially contracted to Honeywell 
Inc.—and the possibility of develop-
ment of a lightweight tank for large-
scale production at relatively low 
cost. The army sees such a tank, as 
well as a "high-mobility multiple-use 
vehicle" as candidates for airlifting. 

Copter felled. For tactical air sys-
tems, however, the forecast describes 
as "dead" the prospect for an 
advanced Aerial Scout Helicopter 
(AsH), long pushed by Hughes Air-
craft, to extend the reconnaissance 
range. Similarly, the Air Force is 
showing little interest in a two-seat 
version of the A-10 ground attack 
aircraft. However, the analysis also 

 • 
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SOLID STATE IMAGER 
shows that the F-15 fighter may res-
urrect the need for a new electronics 
warfare tactical system using that 
airframe. Another tactical air loss 
for U. S. producers will the 
Asraam —Advanced Short Range 
Air-to-Air Missile—which is to be 
produced by North Atlantic Treaty 
Organization partners in Europe, 
although the medium-range version, 
Amraam, will stay in the U. S. (For 
an examination of NATO program 
opportunities, see p. 104.) 

Avionics makers will face a big 
Air Force push for integration and 
standards development in the com-
ing decade, the EIA says. It is an 
issue that some producers say they 
have mixed feelings about, with one 
company's Washington representa-
tive noting that "it is an old story, of 
course. Everyone wants standards 
provided that those adopted are his." 

Tactical naval forces still face a 
"numbers problem" — not enough 
ships—says the EIA. It notes that the 
lead entry is the DDGX/Aegis class, 
a ship smaller than the existing 
DDG-993 destroyer but equipped 
with the Aegis air-defense system. 
This employs phased-array radar 
and automated fire-control systems 
using an upgraded Standard Missile, 
the SM-2, that has a longer intercep-
tion range and is more lethal than its 
predecessors. 
Gold watch. In the area of c31— 

command, control, communications, 
intelligence—the EIA sees the Air 
Force still pushing hard for approval 
of JTIDS, the Joint Tactical Informa-
tion Distribution System for triser-
vice combat use by air, ground, and 
naval forces, even though Congress 
cut funds for the program in the 
fiscal 1980 appropriations. After 
several years in R&D, the spread-
spectrum JTIDS uses frequency hop-
ping in the 960-to-1,125-megahertz 
band to prevent jamming. The EIA 
calls it an Air Force "gold watch"— 
a needed and wanted program to 
which the service regularly attempts 
to overcome congressional objections 
by annually resubmitting it for 
funding. The EiA's forecast sees "lots 
of gold watches this year," noting 
that the Patriot and Stinger tactical 
air defense missiles were the only 
gold-watch survivors of the fiscal 
1980 budget process. Li 

ACTUAL SIZE: 
s 3" PRINTED 

CIRCUIT CARD 

DIODE ARRAY IN 
16 PIN DIP PACKAGE 

SCAN RATE 
ADJ. POT. CONNECTOR PINS: POWER SUPPLY IN 

VIDEO OUT 

ACTUAL PRICE: 

'98 or 125 
RC301 Circuit Card 
with 128 Element 
RL128G Array - 

RC301 Circuit Card 
with 256 Element 
RL256G Array - 

Now all engineers can afford to evaluate optical scanning 
techniques for their system application. For just $98/$125 
RETICON offers the RL128G/RL256G self-scanning photodiode 
array with 128/256 diodes on 25 pm (1 mil) centers and a complete 
interface circuit (model RC301) which allows the diode array to be 
operated over a wide range of scan rates and integration times to 
fit any system requirement. Just connect your standard power 
supply and get a wide dynamic range video signal out. 

Applications include OCR, pattern recognition, noncontact size 
and position measurement, inspection for defects, spectrometer 
readouts and many more. 

For higher resolution requirements, other RETICON self-
scanning photodiode arrays are available with up to 2048 diodes 
in a linear configuration and 100 x 100 diodes in a matrix 
configuration. 

This special offer valid only in the U.S. and Canada for a period 
of 60 days from publication. Don't delay—evalute this exciting 
new technology today. 

AEsgo RETICr.)1 
345 POTRERO AVENUE 
SUNNYVALE, CALIFORNIA 94086 
TWX: 910-339-9343 

For assistance call: Boston (617) 7417400, Chicago (312)640-7713, 
San Francisco (408) 738-4266, Tokyo, Japan 01343-4411, 
Wokingham, Berks, England (0734) 790772 
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All electronic 
problems are 

MS-180 FREON 8 TF Solvent — High purity, 
low surface tension and fast evaporation. For 
critical cleaning of electronic components. 

FAS-190 

Preon'TMC 
Solvent 
X Remover 

Na. 01° 
MS-190 FREON TMC Solvent — Fast cleaning 
action removes all types of organic flux. 
FREON is Du Pont's registered trademark for its fluorocarbon compounds. 

MS-165 FREON TMS Solvent — Outstanding 
for removal of activated rosin flux, ionic soil 
and particulate matter. 

MS-176 FREON TES Solvent — Offers long 
term compatibility with reactive metals and 
other solvent-sensitive materials. 



MS-160 FREON T-P 35 Solvent — Excellent 
for precision cleaning and water film displace-
ment. 

MS-185 FREON TA Solvent — Stronger sol-
vent action for oil film removal and other 
tough cleaning applications. 

cleaning Arll 
not alike.' 
That's why we offer 15 different solutions 

We've developed and perfected 15 different 
precise solvent cleaners. Miller-Stephenson 
spray cleaners are specially designed to meet 
the toughest kind of cleaning problems you'll 
encounter on printed circuit boards or any 
other electronic application. 

For years we've recognized industrial cleaning 
as a vital link in maintaining component and 
system reliability. That's why we take every 
possible precaution to make sure that every 
Miller-Stephenson product has the lowest re-
sidual contamination in the industry — some 
approaching 5-7 parts per million. The general 
industry range is 50-130 ppm. 

We use only the highest grade manufacturer 
certified solvents and nonflammable propel-
lants and we double filter our solvents and 
propellants, first with a 5 micron filter, then 
with a Millipore 0.2 absolute filter. The filter-
ed product goes directly into seamless cans, 
eliminating any possibility of flux contamina-
tion from seamed cans. We have complete 
quality control, from tanker to customer. 

Send for free 
Solvent Selection Guide... 
To help you quickly and easily find the precise 
solvent cleaner for your particular application, 
we're offering a FREE booklet. Simply circle 
the Miller-Stephenson reader service form in 
this magazine — or write to us. 

miller-stephenson 
chemical co„inc, 
George Washington Highway, Danbury, CT 06810 

Phone: (203) 743-4447 

• LOS ANGELES • CHICAGO • TORONTO • DANBURY, CT. 
WORLDWIDE DISTRIBUTION 
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Probing the news 

Components 

European components outlook is dim 
Inflation, energy, unemployment woes dampen market growth 

as manufacturers prepare for next month's Electronica 

"It's going to be a very tough year." 
That prediction, from Gernot Os-
wald, sales and marketing manager 
for integrated circuits and head of 
microcomputer activities at West 
Germany's Siemens AG in Munich, 
pretty much sums up how Europeans 
feel about the components business 
in 1981. 

Thus, despite all the fanfare over 
new product introductions at the 
Nov. 6-12 Electronica components 
exhibition in Munich, apprehension 
will be the prevailing mood among 
the nearly 1,700 companies prepar-
ing to display their wares. 
The causes for their concern are 

numerous. The continuing high rate 
of inflation, the nagging unemploy-
ment problem, and the climbing fuel 
prices in Europe's major economies 
are all directly or indirectly affecting 
Western Europe's $10 billion—plus 
components markets. Compounding 

by John Gosch, Frankfurt bureau manager 

the problems are the uneasiness over 
current world affairs and the protec-
tionist tendencies in some countries, 
which could stifle free trade, and the 
uncertainty about whether the U. S. 
economic rebound is a real upswing. 
Taking the outlook for components, 
particularly semiconductor markets, 
on a country-by-country basis, the 
pervasiveness of concern is apparent. 
Among the West German market-

ing people for example, there will be 
no arguing at Electronica over where 
one major problem for components 
producers lies: stagnating sales of 
color TV sets, traditionally the big-
gest single outlet for everything from 
electromechanical devices to inte-
grated circuits. 
As a result, semiconductor sales to 

the entertainment sector will creep 
upward only 2% to 3% in 1981, pre-
dicts Hans de Haan, market re-
search administration manager at 

Looking ahead. With Electronica opening next month in Munich, European producers are 

wrestling with problems in their respective economies. The scene is from 1978's show. 

Texas Instruments GmbH in Freis-
ing, West Germany. The moderate 
business with entertainment equip-
ment makers will partly be compen-
sated for by brisk semiconductor 
sales to original-equipment manu-
facturers-10% over this year's lev-
el, according to de Haan. Overall, he 
sees West Germany's 1981 semicon-
ductor market going up 5% to 10%. 
Considered separately, ICs will do 
better, 12% to 15%, he says. 

Rüdiger Karnatzki, marketing di-
rector for continental Europe at ITT 
Semiconductors Group in Freiburg, 
is a bit more sanguine about next 
year. Semiconductor sales should 
rise at least 15%, he says. Behind the 
growth will be the OEM sector, with 
telecommunications providing par-
ticularly strong impulses. 

French fog. "Right now, business 
is very good in France," says Michel 
Brunet, research and development 
director at RTC—La Radiotechnique-
Compélec, a components-making 
subsidiary of the Philips group. "But 
there is a fog hanging over the end of 
the year." As far as semiconductor 
devices are concerned, he sees the 
biggest question mark for standard 
ICs. "Everyone is wondering how 
consumers will act at Christmas 
time," he says. 

Data processing, however, is one 
area where industry watchers expect 
continuing healthy growth. "Overall, 
the market is in good shape, largely 
because of the pressure for distrib-
uted data-processing equipment, es-
pecially minicomputers and termi-
nals," explains André Rivière, depu-
ty general manager for Paris-based 
CH-Honeywell Bull. 

British layoffs. In the UK, the 
recession's effect on semiconductor 
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"Every time we ask a MOS/LSI 
company about their custom experience, 

they change the subject:' 

That's no surprise. Most MOS/LSI companies 
take on custom work only when market conditions 
force them to. And, no matter how big they may 
seem, they're usually only willing to handle a 
few limited jobs. So they really don't have much 
custom experience worth talking about. 

AMI does. As the leader in the field, we have 
14 years of successful custom work behind us. 
Since we opened for business in 1966, our engineers 
have designed over 1,300 LS! circuits. And for the 
entire period of time, custom has been the major— 
and most important part—of what we do. 

We've designed circuits for appliance and 
consumer electronics companies, the telecommuni-
cations and EDP fields, the automotive industry and 
the military In fact, we've created custom solutions 
for virtually every kind of company. 

Which means that whatever business you're 
in, you can be just about certain that we'll under-
stand your problems. And that we'll be able to offer 
you a MOS system solution tailored to the exact 
needs of your application. 

We can design a MOS peripheral circuit for 
you that will interface with any standard micro-
power memory and 4-, 8- or 16-bit microprocessor 
(ours or someone else's). Or we can offer you one 
of our own standard circuits customized to your 
specific requirements. 

We've also designed complete systems on a 
chip with as many as 60,000 devices, and we're able 
to combine both linear and digital circuitry on the 
same piece of silicon. So if you need a chip with 

Name  

Company 

Address  

switched capacitor filters, AID and DIA converters 
and other linear type circuits, we can give it to you. 

What's more, our SIDS (Symbolic Interactive 
Design System) is the world's most advanced 
design system. It's the reason we've been able to 
cut design time while producing increasingly more 
complex circuits. 

We're  very flexible. AMI's engineers work in 
14 variations of the three major MOS processes: 
the very mature P-channel, high speed, state-of-
the-art N-channel and CMOS. So when the time 
comes for you to choose the process you want, 
unlike other companies, we have no limitations to 
impose on you. 

But AMI's flexibility doesn't end there. 
If you want to design your own LSI circuits, 

we make it easy for you to work with us. We can 
interface with you at any stage of chip development, 
and we have the industry's only group specially 
organized to handle customer designed circuits. In 
six years, they've managed the production of 
over 750 of these circuits. 

You'll be in good company. AMI's list of 
satisfied customers includes some of Fortune 500's 
biggest companies. But we work for a lot of 
small and medium size companies, too. That's 
another part of our flexibility. We're set up so that 
we can provide cost-effective, state-of-the-art results 
for just about any size company—and just about 
any size job. 

If what AMI has to offer sounds like what 
you've been looking for, mail in the coupon. We'll 
send you two books that will help you decide if 
custom MOS is right for your application and tell 
you everything you should know about AMI's 
custom capability. 

It's really the quickest way for you to start 
taking advantage of our experience. 

I want to know more about AMI's custom LS! capabilities. 

D Send me the books. D Have your applications engineer 
contact me. 

Title  

City State Zip  

Phone  

What is your application?  

Send to: American Microsystems, Inc., 
Dept. El 0-9, 3800 Homestead Road, 
Santa Clara CA 95051. 

AMERICAN MICROSYSTEMS. INC 
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CUSTOMIZED CABINETRY AT PRODUCTION LINE PRICES 
TEN-TEC's OEM cabinet line gives you affordable customizing freedom. 51 different sizes 
Two construction styles: all-aluminum or aluminum and molded Cycolac. Two color styles 
beige with walnut-grain end panels or gray with black pebble-grain (or choose your own) 
Custom chassis punching. Custom silk-screening. Your cabinets arrive ready for your 
product. For less than you think. Ask for a quotation. 

Write or call: lrilr „,..liEwa Ny ' -TEC INC.  
411 E., Sevierville, TN 37862 

(615) 453-7172 
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Still The MOST USEFUL and 
MOST USED Handbook on the 
Design of Reliable Equipment! 
Especially Written for Design Engineers 
and their Managers! 

RELIABILITY DESIGN 
HANDBOOK (RDH-376) 
• Reliability Theory and Application 
• State-of-the-Art in Avionics 

Reliability 
• Reliability Design Data and 

Guidelines 
• Part Selection and Control 
• Design Simplification and Analysis 
• Design-to-Cost Goals and 

Achievement 
• Over 400 pages: Ordering No. RDH-

376, $36 per copy ($46 non-U.S.) 

o Reliability Analysis Center 
RADC/RB.RAC • Gotfiss AFB, NY 13441 • Tel. (315) 330-4151. Autovon 587-A151 

Probing the news 

sales has been patchy. Deliveries of 
color TV sets have stood up well in 
the first half of this year, while the 
total unit market for black and white 
receivers is the highest since 1972. 
But a truer picture may be coming 
from the audio sector. There, Phil-
ips, Grundig, and Rank all have 
announced layoffs or closures in the 
UK, and other companies have 
shown signs of distress. 

Telecommunications, led by a 
modernization program undertaken 
by the British Post Office's British 
Telecom, is still a strong growth sec-
tor, but government borrowing limits 
may eventually affect this program 
and slow components purchases. The 
cash limits have also led to a damag-
ing moratorium on military pur-
chases and distress to Britain's 
instrument makers, according to 
Colin Gaskell, managing director of 
Marconi Instruments Ltd., St. Al-
bans. The computer sector, normally 
a bright spot, is showing its first 
signs of trouble, though the full 
impact has not yet shown up in com-
ponent deliveries. 

Italy is vague. The immediate 
future for the Italian components 
market is difficult to pin down. Pros-
pects for the next six to eight months 
depend on a number of imponder-
ables, many of them outside the 
influence of producers. Angelo Teli, 
secretary of the National Electronics 
Industry Association in Milan, ex-
plains the Italian state telephone 
company's long-discussed plans for a 
$550 million investment program 
have finally been given the go-ahead 
on paper but that producers have yet 
to see the first order. 

Teli adds that the video and audio 
sectors have been in a slump since 
April but, he says, producers are 
now hoping for a pre-Christmas lift. 
However, even if business picks up, 
sales during the final months of this 
year will only keep the components 
market stable, according to Enrico 
Villa, international sales and plan-
ning manager at SGS-ATES Electron-
ici spA in Agrate, near Milan. The 
only really bright spot for Italian 
components makers, then, is the 
industrial sector. There, consump-
tion is growing at 15% to 17%. III 

RAC is a DoD Information Analysis Center Operated by ¡IT Research Institute 
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Tektronix 7854 Oscilloscope 

The first scope that makes 
waveform measurements 
a simple process. 

Now there's a digital scope that 
provides solutions to common 
waveform measurements, at the touch 
of a button. The 7854 Oscilloscope, 
featuring de to 400 MHz digital and 
analog bandwidth. Its Waveform 
Processing, Keystroke Programming 
and IEEE-488 Bus can help you make 
significant advances in test and 
measurement productivity. 

Waveform Processing. 
The 7854 keyboard increases effi-

ciency by reducing common mea-
surements to push-button simplicity 

You'll save time and improve accu-
racy on rise time, fall time, delay, 
width and other pulse parameter 
measurements. 

And for the first time, you'll have a 
scope that can automatically perform 
arithmetic functions, integration, dif-
ferentiation, smoothing and signal av-
eraging. Plus there's a Cursor Mode to 
parameterize any area for measure-
ment. It even provides A-11me and 
voltage readouts. 

Keystroke 
Programming. 

It's as simple as a hand-held cal-
culator. The keyboard lets you make 
several measurements automatically 
or generate routines for your own 
tailored measurement tasks. For 
example, you can use Keystroke 
Programming to automatically find 
the area of an X-Y display. 

IEEE-488 Bus. 
For even further processing 

capabilities or for mass storage, use 
our Bus to transfer data and programs 
to or from the 7854. 

In fact, you may want to consider 
the Tektronix WP 1310 Waveform Pro-
cessing System. It lets you combine the 
7854 with the Tektronix 4052 Graphic 
Computing System for automation of 
extended waveform tests and mea-
surements. 

Want more information on the 
7854? That's a simple process, too. 
Just call or write Tek at the address 
nearest you. 

U.&A., Ada, Australia, Central fo South 
ArnerIca,Japan 
Tektronix, Inc. 
PO. Box 1700 
Beaverton, OR 97075 
Phone: 800/547-1512 
Oregon only 800/644-9051 
503/644-0Í61 
Telex: 910-467-8708 
Cable: TEKTRONIX 

, Africa, 
Luita: East 
Tektronix International, Inc. 
European Marketing Centre 
Pcutbox 827 
1180 AV Amstelveen 
The Netherlands 
Telex: 18312 

Canada 
Tektronix Canada Inc. 
BO. Box 6500 
Barrie, Ontario L4M 4V3 
Phone: 705/737-2700 

leictrontx 
Copyright (:)1980,1ektronix, Inc. All rights reserved. 912 COMMITTED TO EXCELLENCE 



Probing the news 

Military electronics 

NATO dollars are flowing 
American firms continue to pick off prime contracts 

despite the unhappiness of their European rivals 

Despite European concerns that 
U. S. firms are walking away with 
too many prime high-technology 
contracts, opportunities for electron-
ics business with the North Atlantic 
Treaty Organization have never 
been better. If funding requests to be 
submitted to defense ministers next 
December are approved, NATO will 
probably lay out $1 billion over the 
next five years for fresh programs 
and updates of existing communica-
tions and military command and 
control systems. And spending will 
continue apace into the 1990s. 
Among the projects: 

• ACECCIS (Allied Command Eu-
rope Command and Control Infor-
mation System), an update and par-
tial automation of present manually 
operated information systems. 
• Ongoing modernization of Nadge 
(NATO Air Defense Ground Envi-
ronment) through replacement of 

by James Smith, McGraw-Hill World News 

radars, addition of computer capaci-
ty, and updating of control centers. 
• ACCS (Air Command and Control 
System), a new system and part of 
NATO's long-term defense program. 
It can be considered a subsystem of 
ACECCIS, incorporating both Awacs 
(Airborne Warning and Control 
System) and the updated Nadge. 
• A mammoth 15-year moderniza-
tion of NICS (NATO Integrated Com-
munications System), the basic com-
munications network for the organi-
zation's civil and military authori-
ties. It uses satellites, national tele-
phone links, and NATO's own trans-
mission facilities. 

Bundle for Britain. Contracts for 
the programs are rolling in. Last 
month a consortium consisting of 
Hughes Aircraft Co., Plessey Co., 
and Marconi Radar won a $240 mil-
lion contract to update Britain's air 
defense system. This award comes 

Americans' success annoys NATO partners 

European firms are unhappy about the growing dominance of U. S. electron-
ics and aerospace firms successful in snatching choice North Atlantic Treaty 
Organization business. For example, practically all key prime contractors for 
NICS 1, the NATO Integrated Communications System, were Americans, 
exceptions being Siemens AG and AEG-Telefunken of West Germany. There 
has also been what some Europeans find a disturbing tendency for U. S. 
rivals to obtain repeat business. 
One of these, Hughes Aircraft Co., which was system contractor for the 

Nadge (NATO Air Defense Ground Environment) consortium in the late 
1960s, not only has piled up $230 million in British and West German Nadge 
updates this year, but has also won contracts for integration of Awacs 
(Airborne Warning and Control System) with Nadge ground stations—not 
part of the Nadge program but closely associated with it. Also, Ford's 
Aerospace Corp. Gap Filler award came on top of its Satcom 3 business. 
Much of the U. S. firms' success, of course, comes from greater cost 

competitiveness, especially on systems being produced for the U. S. military. 
But another key reason appears to be their greater willingness, compared 
with Europeans, to meet NATO's often highly complicated specifications, 
even though it means increased development costs. -J. S. 

on top of a $150 million contract to 
modernize the West German air 
defense network awarded exclusively 
to Hughes last summer. 
The U. S.'s General Electric Co. 

sold two radars worth $20 million to 
the UK last month, and Hughes, 
Plessey, and the French firm Thom-
son-CSF are competing for two oth-
ers. Burroughs Corp., Computer 
Services Co., and Hughes are bid-
ding on a $60 million command and 
control system (eventually part of 
ACECCIS) for NATO's northern re-
gion, Denmark and Norway. Also, 
last month the NATO infrastructure 
committee awarded Ford Aerospace 
Corp. a $90 million contract for a 
so-called Gap Filler communications 
satellite to bridge the time gap 
between the existing NATO Satcom 3 
program and Satcom 4. 
Some of the biggest programs will 

hit their stride after the 1980-85 
funding period. Planning for the new 
ACCS system is only getting under 
way with establishment of a man-
agement agency. There is as yet no 
system architecture. But NATO mili-
tary experts think procurement will 
start by 1985 and perhaps earlier. 

NICS dollars. In addition, procure-
ment for the 15-year phase 2 NICS 
modernization, the cost of which has 
now been increased from $1.5 billion 
to $2 billion, will start in earnest in 
1985-86. If requests for an addition-
al $3 billion in infrastructure funds 
are met by NATO ministers in 
December, the organization will 
probably spend about $500 million 
on NICS over the next four years. 
This sum will include some funds for 
additions to the first-phase program, 
which is now expected to cost nearly 
$1.1 billion and to be operational in 
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Now, 
EAROM is airborne. 

Applications for General 
Instrument's popular and 
proven non-volatile EAROM 
memory chips are soaring. 
In fact, they're on today's 
most advanced aircraft. 

Our Hi-Rel EAROMs meet full 
military temperature requirements 
(- 55°C to +125°C) and are 
processed and screened per 
Mil-M-38510/Mil-STD-883B. 
Quality assurance and reliability 
are guaranteed by manufacturing 
controls which are certified to 
Mil-Q-9858A and Mil-I-45208A. 

The design maturity and perform-
ance reliability of General 
Instrument's EAROMs are proven 
facts. Over 6-million devices 
have been shipped. Enough to 
position our EAROMs at the 
forefront of available technology, 
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replacing  memory 
devices listed 
on the table 
here. With bit 
densities from 512 to 8192, 
EAROMs offer significant size, 
weight, reliability and power 
advantages over rotating memo-
ries and core, as well as 
clearcut advantages over RAMs 
and UV PROMs. The electrical 
alterability of EAROMs also facili-
tates in-system re-programmability. 

GENERAL 
INSTRUMENT 

General Instrument's Hi-Rel 
EAROMs are currently used in 
flight recorders, navigation and 
guidance systems, industrial 
instrumentation and measure-
ment...wherever data recording 
and retention are needed. 
Unpowered data retention is 
guaranteed for one year over the 
Hi-Rel temperature range. 

For more information on our 
Hi-Rel and Industrial EAROMs, 
write to: Microelectronics Divi-
sion, General Instrument Corpo-
ration, Dept. LD, 600 West John 
Street, Hicksville, New York 
11802, or call 516-733-3358 for 
applications assistance. 

We help you 
compete. 
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Our 
Alphanumeric 
Ticket Printer 

For total versatility use 
our DMTP-9 program-
mable ticket printer to 
print the full alphanumer-
ic ASCII character set. Print 
with ribbon on standard 
tickets, cards or single-sheet 
forms, or use impact-sensitive 
paper for multiple copies. Even 
program character pitch to 
handle standard or enhanced 
printing of up to 48 characters per 
line on 39- to 59-line tickets. Stepper 
motor advance for 6 lines to the inch or .110" for graphics. 

Mountable on tabletop or wall, the DMTP-9 does it all with ad-
vanced stepper motor control electronics and a long-life needle 
matrix print head. For still more versatility, get it with the optional 
controllers, power supplies and interconnect cables systems for 
cornplete microprocessor/microcomputer compatibility, too. 
But first, write or call to get more details. Ask for Bulletin 924. 

A 
PRACTICAL 
AUTOIVIATK3N, INC. 
Trap Falls Road, Shelton. Conn 06484/Tel (203)929-53811 

Circle 106 on reader service card 

liNiaYSTAL OSCILLATOR fl1,11 II  
International's OE 
Series of Crystal 
Oscillator Elements 
provide a complete 
crystal controlled 
signal source. The 
OE units cover the 
range 2000 KHz to 
160 MHz. The standard OE unit is de-
signed to mount direct on a printed 
circuit board. Also available is printed 
circuit board plug-in type. 

The various OE units are divided into 
groups by frequency and by tempera-
ture stability. Models 0E-20 and 0E-30 
are temperature compensated units. 
The listed "Overall Accuracy" includes 
room temperature or 25°C tolerance 
and may be considered a maximum 
value rather than nominal. 

All OE units are de-
signed for 9.5 to 15 
volts dc operation. 
The 0E-20 and 
0E-30 require a 
regulated source to 
maintain the listed 
tolerance with 

input supply less than 12 vdc. 

Prices listed include oscillator and 
crystal. For the plug-in type add the 
suffix "P" after the OE number; cg 
0E-1P. 

0E-1, 5 and 10 can be supplied to oper-
ate at 5 vdc with reduced ri output. 
Specify 5 vdc. when ordering. 

Output — 10 dbm min. All oscillators 
over 66 MHz do not have frequency ad-
just trimmers. 
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035218 
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0E-5 
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035219 0E-10 122.91 , .0005% 
-10° to +60°C 

Zero 
trimmer 

035220 0E-20 S33.65 

S69.63 

+ .0005% 
-30° to +60°C 

— Zero 
trimmer 

035221 0E-30 + .0002% 
-30° to +60°C 

Zero 
trimmer 

DI 4illJ 
INTERNATIONAL 

CRYSTAL 
MFG. CO., INC. 

10 North Lee 

Oklahoma City, OK 73102 
405/236-3741 

Probing the news 

1984, about five years late. 
One of the problems spotted 

quickly in NICS planning—in the 
early 1970s—was the technical diffi-
culty of obtaining nodal switches 
capable of accommodating the jum-
ble of subsystem interfaces. These 
included analog, digital 64-kilo-
bit/second pulse-code modulation, 
and digital 16-/32-kb/second delta 
modulation, as well as interfaces for 
narrowband speech-processing ter-
minals and for emerging data ser-
vices. It was decided to settle in 
stage one for separate voice and data 
systems—the IVSN (Initial Voiced 
Switched Network) being installed 
by irr North Electric Co. and TARE 
(Telegraph Automatic Relay Equip-
ment) by Litton Industries Inc. The 
third major subsystem, three Satcom 
3 satellites, was launched by Ford 
Aerospace, which is installing 21 
ground stations and modifying 12 
others. 

Questions. The upcoming debate 
over transition strategy will treat 
several critical questions, including 
how much of the NICS 2 system will 
eventually be scrapped and how 
much updated, and what technolo-
gies NICS should aim toward. NATO 
experts are divided between two 
switching technologies — 16-/32-
kb/second continuous-variable-slope 
delta (cvsD) modulation, the stan-
dard toward which NATO tactical 
military systems are moving, and 64-
kb/second PCM, the direction of the 
European national telephone author-
ities. CVSD standards are already 
written into the NICS architecture 
and are also being defined for 
national tactical communication sys-
tems for the 1990s. 

If NICS moves in this direction, 
some U. S. and British suppliers will 
probably be in a good position with 
CVSD hardware that will become 
available during the NICS 2 pro-
curement period: the New U. S. 
unit-level switch TCC 42 and Brit-
ain's Ptarmigan tactical communica-
tions system. However, there are 
growing concerns that CVSD technol-
ogy may be becoming dated and that 
NICS modernization could be more 
economically ensured by an evolu-
tionary growth based on PCM. 
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SPFA'L11, ADVERTISING SECTION 

HIGH-TECHNOLOGY 
ELECTRONICS 
IN JAPAN 

A LOOK AT 
ITS ORIGINS, 
ITS PRESENT STATE, 
ITS FUTURE 

•   • 4.0fiftuil _ 
, 
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NEC. citte 
THE COMPUTER 

AND / 
COMMUNICATIONS 

CO Mlt e fh. as its own 
advanced smTonductor technology. 

t •'%_‘k • 
7 

\t, t % •,.. , ,--,,,.. ----
*IF'••••er.:7- a .. 

-111= «-:- ---'.». 

'let 11131 

i - 

The reputation of a company can rest on a few square millimeters. 
To assure that our satellite earth stations, computer terminals 
and other electronics products would perform to our standards, 
we began making our own electronic parts and components. 

Now NEC is a leading manufacturer of semiconductors in the world. 
The large and the small. NEC does it all with a professionalism and pride 
that have earned it the confidence of customers in over 130 countries. 

ftee7(e 

Nippon Electric Co., Ltd. , 
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SPI:11.U. Ain't:truistic, SECTION 

GROWTH HAS ITS REASONS 
By Yumi Murakami 

The dynamism and potential of the Japa-
nese electronics industries is almost with-
out parallel. Last year, these industries 
achieved a total production figure of 
$32.5 billion, which means they ex-
panded 3.7 times during the past 10 
years and registered an average growth 
rate of 12.6%. Japan's total economy 
grew at an unprecedentedly high rate 
during the 1970s, too, primarily because 
of its electronics industries, which profi-
ted by an upgrading of component quali-
ty, reliability, and production. 

Unlike developments in other coun-
tries, the electronics industries' progress 
in Japan is attributable to specialization in 
consumer appliances. The introduction 
of merchandise like TV sets that appeals 
to the needs of consumer households 
worldwide and continuing innovative 
technology following the successful mar-
keting of the transistor radio in the 1950s 
are factors in the growth. 

Also, Japan's concentration on con-
sumer electronics development, rather 
than on military reseach and develop-
ment, is important. Whereas the industri-
al electronics industries in Europe and the 
U.S. developed with the support of large 

government projects, the Japanese elec-
tronics industries did not. For example, 
technological advancement by the 
American industrial electronics industry— 
including the development of integrated 
ciTcuits—was largely supported by an 
enormous U.S. budget for R & D in such 
areas as national defense and space 
exploration. Until recently, development 
of industrial electronics technology, re-
quiring huge advance investment for 
large projects, was not required in 
Japan. 

Another contribution was Japan's high 
economic growth between 1%0 and 
1970, combining with the substantially 
increased income levels to create a 
demand for leisure goods. Unlike the 
trend in Europe and the U.S. toward 
widely varied leisure activities, Japanese 
households fixed on consumer electron-
ics for leisure activities. 

The growth of the Japanese electron-
ics industry faced a turning point in the 
mid-1970s. Because of the saturated 
domestic market and import restrictions 
by developed countries, a high growth in 
production volume was not to be 
expected. Furthermore, the driving force 

of developing countries' industries was a 
potential threat to the competitive 
strength of Japan. 

In response, Japanese industries intro-
duced products with high value added. 
They achieved further growth, accompa-
nied by an increase in nonprice-competi-
five strength, through the application of 
production and management techniques. 
In the future, the consumer electronics 
industry, which has reached substantial 
maturity, will probably not experience 
further rapid growth. High technology 
definitely will be the key to the expan-
sion of electronics applications from con-
sumer products to industry usage. 

Certainly, integrated-circuit technology 
represents the leading edge of the devel-
opment of the electronics industries in 
Japan, as in any industrially developed 
country. What follows is a look at the 
semiconductor industry in Japan, with 
particular attention to the industry's 
quest for mass-production volumes and 
high-quality products. Components are 
important too, and a discussion of a very 
important class—tubeless electronic dis-
plays—follows the section on the semi-
conductor industry. 
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An Advanced Memory Test System for the 1980s. 

ri 

nezazon 

Minato Electronics new 9300M Automatic 
High-Speed, Large Capacity Memory Test 
System has surpassed present memory de-
velopments with a high 30MHz memory 
testing speed and four simultaneous paral-
lel test functions. In addition, a pin matrix 

function increases 
yields. And hybrid cir-
cuits and a pattern 
generator for free test-
ing of memory capa-
city are also featured. 
The 9300M Memory 
Test System has exten-
sive functions and 
capabilities which meet 
stringent memory test 
requirements of the 

flea de' b 1980s. 

• 

• Test speed: 30MHz 
• Hybrid circuits: Driver, comparator, etc. 
• Four tests including a function test and DC 

test can be accomplished simultaneously 
• A pin matrix function which eliminates test 
board wiring 
• A memory test pattern generator 

Microprogramming is facilitated with 700 
commands 
Control memory capacity is expandable to 
1K words 

• Address multi memory measurement 
An address multi scramble function is uti-
lized 

• Fault analysis 
Expandable 256K bits of failure memory 
A real time memory is utilized 

• Timing generator 
Resolution: 100ps 
Split level: 16 levels 

• Partial and area inversion test are possible 
• Built-in auto-skew adjustment 
• Software 
RX-1 1 with high through-put is employed 

Automatic High-Speed Testing at 30MHz 

9300 
Memory Test System 

MINATO ELECTRONICS INC. 
4105, Minamt Yamada -cho, Kohoku-ku 
Yokohama 223, Saban 
Phone 045-591-5611 
Cable MINATOELEC YOKOHAMA 
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SPEC LII, .ADVERTISING SFA'l'ION 

SEMICONDUCTOR 
INDUSTRY 
MOVES 
BEYOND 
HIGH 

TECHNOLOGY 
There are two major national semiconductor industries, but 
they are very different. It is not surprising that the modus 
operandi of the Japanese semiconductor industry should differ 
from that of the U.S. The development of any industry usually 
differs from country to country, due to differences in the 
availability of skilled labor, capital, and technology and, at other 
times, due to the competitive situation and economic environ-
ment of a given nation. In any case, it is not necessary for a 
country that learned the methodology of a new industry from 
another country to structure its own development process 
identically to that of the place of origin. 

If we compare the structures of the American and Japanese 
semiconductor industries, we find some clear differences 
between "starter" and "follower." The semiconductor industry 
in the U.S. developed as a typical technology-intensive effort. 
The most important factor was technology to produce pure 
crystalline silicon and to design accurate and efficient circuits. 

If a new U.S. company had the technology to develop a new 
product, it could sell the product at a price that not only 
absorbed the cost of production, but also created profits. This 
is one reason why many excellent technical experts could start 
business ventures. Furthermore, many investors were attracted 
to these businesses because of their high profitability and need 
for relatively small amounts of capital. 
The Japanese, who have more recently entered the semi-

conductor market, must insure that the industry is more than 
simply a high-technology operation. The Japanese manufactur-
ers of semiconductors, of necessity, must put great effort into 
lowering production costs and developing the highest-quality 
products, since they face stiff American price competition. 
To compete in the world market, the Japanese had to build 

large facilities in order to receive increasing returns of scale. As 

is well known, the technological revolution in the semiconduc-
tor industry is moving at a very rapid pace, thereby causing 
technology, products, and facilities to become outdated quick-
ly. In order to survive, then, it is necessary for semiconductor 
manufacturers to receive reasonable returns on their invest-
ments by selling products as quickly as possible and by 
reinvesting money in research and development and in new 
and updated production facilities. 

This pace makes the business quite risky. In 1974, for 
example, the investment of Japanese manufacturers in R&D 
was approximately 22% of sales, and the investment in their 
facilities was approximately 21% of sales. 

It is a special kind of Japanese company that enters the 
semiconductor business. It is not a venture company as in the 
U. S. The Japanese companies that entered the business are big 
corporations that have stable internal demands for integrated 
circuits and that also have other highly profitable divisions, 
namely, telecommunications, computers, and consumer elec-
tronics. They have survived their startup periods in the highly 
competitive semiconductor market by investing profits from 
their telephone, microwave, television, and other businesses, at 
the same time that they benefited from in-house demands for 
their new products. This distinctly different environment that 
surrounded Japanese semiconductor manufacturers at the 
beginning has influenced their competitive stance. 

Controversy between the Japanese and American semicon-
ductor industries started about 1977. The most extreme criti-
cism against the Japanese IC companies was raised by semicon-
ductor manufacturers in the areas around Boston and Santa 
Clara, Calif. Their criticism focused on the strategy the Japanese 
used in their R&D. 
The arguments were that the Japanese manufacturers copied 
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Toshiba. . creating new electronic horizons. 

The power of Toshiba microelectronics. 
• • • • • • • • • 

airborne electronics radio/TV VHF/UHF satellite educational equip microwave telephone systems airfield navigational aids 
broadcasting communications communications communications lighting systems 

• 
ATC systems automatic ticket ticket issuing machines radar equip, facsimile systems mobile 

inspection equip. Communications 

• • 
mail processing TV telephone equip. small business 

machines computers 

automatic vehicle CA TV computer-aided banknote processing closed circuit TV air cargo 
identification systems message switching machines terminal systems 

systems 

• 41111 • 
dictating machines, automatic cash dispensers 

teller machines 

• 
automatic depositors diagnostic CT scanners 

ultrasound equip. 

• • • • 
multi-phasic health radiotherapy equip. computer terminals computer peripherals nuclear medicine equip. optical 
check-up systems character readers 

• • • • • • • • • 
word processors calculators biomedical personal computers biochemical minicomputers patient monitoring teleprinters data entry systems 

systems measuring/monitoring analyzing equip. 

• • • • • • • • • 
document filing copying machines diagnostic process computers hospital automation auto tiling systems distributed data timepieces nuclear 

systems X-ray equip. systems processing turbines/generators 

• • • • • • • • • 
power generating industrial motors industrial AC/DC electric eeevalOrS/eSCalatOrS steel & paper air conditioners VTlis/TV cameras/ hi-fi components 

equip. automation systems locomotives mill equip, video tuners 

Microelectronic components being developed at Toshiba today are 
shaping the lifestyles of the future. They form the very core of powerful 
ideas and applications which reach out to satisfy human, environmental 
and economic priorities. 
You can see the gigantic role they are playing in everything from brain CT 

scanners and optical character readers to satellite communications 
and computers that verbally instruct. Sitting at the controls for 
these 20th century wonders is a complex network of 

semiconductors. Miniaturized, thinking electronic elements that 
are epitomized by Toshiba's world-first C2MOS-LSI. 

That's the technological power that Toshiba emits. And as the 
level of expectations continues to rise, people will continue to 
look to Toshiba for new electronic directions. 

TOSHIBA 
TOSHIBA CORPORATION TO« VO JAPAN 

• Communications Systems (broadcast/telephone/facsimile) • Information Systems (computer/word processor/data entry/computer peripherals 8. terminals) • Business 

Machines (copying machines/calculators) • Labor-Saving Equipment (mail processing/banknote processing machines) • Medical Equipment • Electronic Components 
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SPECIAL ADVERTISING SECTION 

American technologies and received aid from the Japanese 
government in order to develop their own technology. Thus, 
the argument went, it is not fair for American corporations to 
try to compete with Japanese corporations in the same market. 
Therefore, U. S. semiconductor houses reasoned, that the 
Government has some obligation to assist the American com-
panies so that they can compete with the "Japanese alliance of 
corporations and government." 

It is well recognized by many people in the U. S. that the 
purposes of these arguments are not only to criticize the 
strategy of the Japanese corporations, but also to obtain some 
assistance from the American government. As a matter of fact, 
one of the main reasons why the position of a venture 
company has weakened in the U. S. market is that the semicon-
ductor industry has developed into a capital-intensive industry 
that utilizes mass production. It is no longer at the stage of 
being a technology-intensive industry. 

This is also apparent in Japan, where development of very 
large-scale integration is dominated by five big corporations; 
other smaller companies are concentrating on specialized IC 
products. Therefore, American semiconductor companies' 
positions in the U. S. market were weakened by the entry of 
corporations that have mass-production and mass-distribution 
systems; that the new entries are foreign companies is a 
secondary consideration. 
The competitive conditions in the semiconductor industry, 

which has become very highly developed, are quite similar to 
those in the consumer electronics industry. One of the impor-
tant factors allowing a corporation to compete successfully in 
this market is its ability to offer a product of high quality at a 
low price. To satisfy these conditions, a company should have 
a mass-production technology that also can produce high-
quality products. Moreover, it should have a strong mass-
distribution system in order to market these products. It is 
equally important for a corporation to acquire technology that 
can develop semiconductor products, applied semiconductor 
products, or both for user needs. Thus a big company, which 
has integrated its production system from semiconductors to 
some finished goods based on ICs, will have a stronger 
competitive position in the marketplace. 

As mentioned above, companies in Japan that satisfy these 
conditions are enjoying good positions in the market. It is not 
an overstatement to say that, along with the development of 
the industry, competitive conditions changed—and this change 
unexpectedly created greater demand for Japanese semicon-
ductors. Also, needless to say, American corporations that 
satisfy these conditions are enjoying great success in the 
market, even as difficulties increase for the venture companies 
that achieved success with their technological excellence but 
with small amounts of capital. 
The technological development of the semiconductor in 

Japan can be seen in such products as the one-chip microcom-
puter and the random-access memory. If a system of many ICs 
is replaced by a single-chip microcomputer, the resulting design 
would be smaller and sell at a lower price at the same time that 
some complicated functions could be added. When products 
are redesigned to exploit these functions, many kinds of 
mass-produced products such as consumer electronic equip-
ment, office equipment, automobiles, etc., are able to sell more 
competitively. This is important for the Japanese makers of 
these products, and so the demand for microcomputers has a 
high growth potential, especially since mass production is the 
strongest point of Japanese technology. 

Another market expected to grow rapidly is that for the 
RAM. Lowering the cost of information units by increasing 
memory density gives more options for a computer memory. 
For example, many systems can be organized so that parts of 
their memories can be used as a buffer—increasing necessary 
microcomputers, and, therefore, the number of multipurpose 
ICs. This is a strategy that lowers the cost of existing products, 
rather than developing ground-breaking new products. Of 
course, the added demand for the ICs increases production 
efficiency for their makers. 

Looking over the revolution in random-access memories, we 
see the greatest demand in the RAM market is for the 16-K 
part, which is expected to reach its peak in popularity in 1980. 
Technologically, it is possible to begin the mass production of 
64-K RAMs by then. However, the return on investment in 
16-K products has not been sufficient, so their life cycle should 
be extended. Because of this, the production of 64-K chips is 

Since denser integration means more 
and more memory bits can be fitted 
into a RAM package, the popularity of 
these chips continues to grow. 
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limited to very special-purpose products, which makes the cost 
of these memories still higher. 
However, the 64-K RAM is expected to begin replacing the 

16-K part in 1981 and 1982 and to reach its peak in popularity 
in 1984. It is expected that the 128-K RAM will reach its peak in 
popularity by about 1988. Furthermore, a prototype of a 256-K 
memory has been presented, but it will take some time to 
develop it to the production stage. 

Production technology has played an important role in 
increasing RAM densities. Ultraviolet light was utilized for 
photolithographic patterns in LSI memories; however, there is a 
limit of 1 micrometer for each pattern feature. It is necessary to 
use electron beams or X rays instead of UV rays in order to 
draw a pattern with less-than-1-gm features. For instance, the 
256-K RAM developed by the Nippon Telegraph and Tele-
phone Public Corp. utilizes electron beams. 
What is more, a 1-megabit RAM cannot be produced by 

making a photolithographic mask and transcribing a circuit 
pattern on a silicon wafer by using beams. So it is necessary to 
develop a method for directly transcribing a pattern on a wafer 
with electron beams. This technological development has been 
pursued by a VLSI research group, the national project group 
that has contributed in finishing the fundamental research into 
this technology. Now each manufacturer is researching utiliza-
tion of the technology. 

As mentioned, the mass-production technology of semicon-
ductors is the major strength of the Japanese semiconductor 
industry in this very competitive market. Of course, one of the 
most important impetuses for the development of mass-
production technology is lowering the cost of the product. 
One of the methods many American corporations used to 

lower cost was to move their assembly lines to Southeast Asian 
countries. In the case of Japanese manufacturers, however, this 
strategy was not taken. They tried, instead, to automate their 
assembly lines by improved mechanization. 

For example, they have developed automatic machines for 
installation of chips and wire bonding in their assembly lines, 
and they utilize these newest machines in their factories in 
order to reduce labor requirements. This automation of the 
assembly line has contributed not only to improving productiv-
ity, but also to increasing the reliability of the products by 
minimizing human error. 

There are generally two ways to increase the reliability of 
products. One is to eliminate inferior products by strict inspec-
tion and screening. Another is total quality control in order to 
prevent inferior products. 
The first method makes the cost of products higher by 

adding the costs of the inspections, screening, and loss of 
rejected products. On the other hand, the latter method 
increases the yield of products and reduces the cost of 
inspections. Therefore, it produces more reliable products at 
lower costs and has been utilized by most of the Japanese 
manufacturers, including those in the semiconductor industry. 

Thus reliable mass-production technology is supported by 
the automation of production and by high quality control, 
which is as important in design as in production. To begin with, 
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Automatic zero adjustment of medical instruments 
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Automatic zero adjustment of electronic balances 
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agents for America and S. E. Asia. 

We welcome all inquiries. Please contact: 

XEBEC TRADING CORP. 
No. 21-12, Kasuya 4-chome, Setagaya-ku, Tokyo, 157 Japan, 
Cable: XEBEC JAPAN 
Telex: 2324788 XEBEC J. 
Telephone: (03) 326-1771 

Electronics/October 9, 1980 Circle 115 on reader service card 115 



V-550B DC50MHz DUAL-TRACE DELAYED SWEEP 

V-202 DC20MHz DUAL-TRACE11.. 1Ile DC-,-,15MHz 

• Economically priced oscilloscope 

SINGLE-TRACE 

Hitachi Oscilloscope, having reached a 
new level of high performance at an 
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the problem of cost performance, and in 
June 1980 succeeded in developing a 
new oscilloscope. 
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designers are often encouraged to learn new ways of increas-
ing the reliability of products. After the design has been 
finished, they meet with related departments like engineering 
and quality control. The engineers in charge of engineering and 
production try to prevent any trouble on the production lines 
and to increase production capability. The engineers in charge 
of design try to make designs that are well fitted to the 
production process. 
The second step is trial production. Any abnormality is 

completely analyzed through statistical and physical methods. 
Products that could not reach the necessary level of quality are 
eliminated at this point. 
The last step is mass production. Many kinds of faults found 

in this step, such as dirt on products, directly affect the yield 
rate and reliability of products. It is imperative that production 
processes give close attention to prevention of dirt contamina-
tion. Furthermore, data on the yield of products is periodically 
checked to improve the stability of the production process. 

As part of this quality control, a very important factor is 
education for the workers. A wide variety of education is 
offered, ranging from specific production problems to the 
building up of morale. A QC circle, which is a small-group 
activity, is especially effective in strengthening morale. 

For the realization of this highly reliable mass-production 
technique, the operations of the inspection system during the 
manufacturing process must be given close attention. The 
inspection of photomasks, for example, has been performed 
visually by microscope. This method, however, can hardly be 
applied to the current complicated mask patterns of a 2-
to-3-gm minimum feature width. 

Automatic inspection equipment has been developed and is 
being widely utilized in Japan and to some degree in the U. S. 
This equipment enables automatic inspection by the combined 
use of a TV camera, a processor, and display equipment. When 
a flaw is detected in a mask, automatic correction is carried out 
by a laser adjustment device which is directly connected to the 
equipment. Alternatively, flaw information is initially stored in 
the memory and later corrected by a separate adjustment 
device that has received input flaw data. 
Today there are several detection methods that can screen a 

minimum flaw size of 1.5 to 0.75 m at speeds between 15 and 
60 seconds per square centimeter. This highly efficient auto-
matic detection system plays a significant role in the achieve-
ment of a mass-production technique that continuously yields 
highly reliable products. 
We have been discussing the present situation in the Japa-

nese semiconductor industry. Now let us turn the discussion to 
its future, concentrating on new applications that represent 
increased use of ICs. 

Needless to say, the major new application area is in 
computer products. One kind of computer development will 
be to shrink the computer while speeding up information 
processing at the same time that memory size is increased. As a 
result, the capability of computers will be enhanced. 

Another development will be to make the computer simpler 
to use. For instance, it could be programmed in the spoken and 
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Nonvolatile magnetic bubble memories are finding a slot between magnetic disk and core memories and the IC memory. 

written languages of people rather than programmed in com-
puter languages and with keyboards. What's more, the com-
puter output could be in natural voice, common alphanumeric 
characters, or both. The latter development, especially, could 
extend the usefulness of the computer to office and home 
users. This we consider to be very important. 

In order to develop these new uses, we have to produce a 
computer that has such functions as running a very complicat-
ed program, recognizing patterns and voices, and synthesizing 
voice. It will be necessary to have high-density ICs, and this is 
the area on which VLSI designers should concentrate. 

In software, we should develop systems that can recognize 
alphanumeric characters, understand the meaning of sen-
tences, and fulfill the potential needs of users. The Japanese, 
who have such a complicated language, have a special interest 
in developing this kind of software. It also is the key for 
corporations seeking to win the Japanese market, which is 
potentially the second largest in the world. 

For computer memories, the IC is related to the system's 
internal memory. In addition, the system has an external 
memory that files and stores input data in accordance with 
their usage. Relatively large and voluminous magnetic compo-
nents like a hard disk, core system, floppy disk, or a cassette 
tape, have been commonly used for external memory. How-
ever, in anticipating the whole computer system reduced in 
size with a larger memory capacity for broader functions, it is 
inevitable that these external memories be minimized in size. 

For this purpose, a promising medium is the magnetic bubble 
memory. Following its announcement by Bell Laboratories in 
1967 in the U. S., research and development has been con-
ducted in many countries to achieve higher integration and a 
larger memory capacity. The objective is to minimize the 

diameter of the magnetic bubble that controls the overall 
memory capacity. 

In the past 10 years, the diameter of the magnetic bubble has 
been reduced from 50 to 100 pm to 2 to 3 gm. This reduction 
also led to a change in the memory structure from multi-chip to 
single-chip. The majority of magnetic-bubble memory systems 
presently manufactured around the world have a 64-K capaci-
ty. However, those with a 256-K capacity are also in the 
marketplace, and a few 1-megabit systems can be found. 
The bubble memory is a highly integrated external system of 

compact size and broad capacity. It is a nonvolatile memory 
that permits easy replacement and alteration of data. Different 
from the conventional file memory, it is a complete solid-state 
system having no detachable sections, which means strong 
mechanical and environmental durability. Its compactness 
enables direct application to a printed-circuit board. Benefits of 
low electrical consumption also are a factor. 

In a sense, this memory system is a medium-speed medium-
capacity memory located between the conventional magnetic-
disk or magnetic-core memory—those with large capacity but 
slow speed—and the IC memory—those with relatively small 
capacity but very high speed. It may be possible to boost 
capacity, and it is anticipated that demand by users of medium-
speed systems will increase. 

In light of the recent increases in demand for numerical 
control, computer terminals, minicomputers, and office com-
puters utilizing cassettes and floppy disks, the production of 
bubble memory systems will increase. Furthermore, develop-
ments such as mass production, cost reduction, and higher 
integration are expected through future R & D. In two to three 
years, the 1-megabit chip will be a major product, while a 
10-megabit chip will be achieved in the future. 
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lation probe by combining it with a 
higher level machine, such as mini-
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• Compact and light, • 48K memory: map-
ping ICD and target at a 1K byte block. • All 
256 I/O ports can be used. Each serial port is 
equipped with 2 channels as standard 
(RS232C/Current Loop/TTL). 

SPEC ZATION5 
• Dimensions, weight: 300(W) x 210(D) x 

'80(H)mm, 3.2 kg • Processor: Z80* (10 kHz 
to 4MHz) • System memory (for OS): 6K 
byte Debugger OS, 8K byte Option (self-
assembler, etc.), 1K byte System RAM, 1K 
byte Memory Map, I/O • User memories: 
48K byte built-in (dynamic RAM), 1K byte 
block mapping possible (EXT for connection 
of static RAM) • Communication ports: 

1) Model 178/Z80* 

3) TTY 

• For mor(, ,nlormatoon write to   

BELL CORPORATION 

RC232C/20mA current loop/TTL x 2CH/110 
to 9600BPS in 8 increments • Break points: 
Hardware 2 points, Break modes: Instruction 
fetch/memory read-write/I-0 read-write/ 
external signals • Trace: Real time/branch/ 
1-step • Memory mapping mode: 1) All 
memories of ICD 2) All memories of targets 
3) 1K byte block mapping 

APPLICATIONS: 
• \ticrocomputer system development 1- 3 
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TUBELESS DISPLAYS GROW 
The story of tubeless electronic displays and their uses illus-
trates various trends in the highly technological electronics 
industries of present-day Japan. In fact, the display market has 
grown as the applications for advanced electronic components 
have grown. 

In 1979, the market for tubeless dis-
plays experienced sudden and rapid 
expansion, and the demand for several 
types, including the light-emitting-diode, 
liquid-crystal, plasma, and fluorescent dis-
plays, increased by more than 50%. It is 
anticipated that the markets for the 
products utilizing these parts will exhibit 
substantial growth. 
An important factor is that the techno-

logical development of these electronic 
displays was closely interrelated in the 
past with the development of integrated 
circuits. Until recently, production short-
ages of large-scale integrated circuitry 
created problems in expanding the elec-
tronic-display markets. However, it is 
expected that these problems will be 
alleviated. 

Let us review 1979. The primary items 
on the market quickly shifted from elec-
tronic calculators in the first half to 
watches at the midyear and to diversified 
products at year-end. Such rapid shifts in 
demand and the diversification of display 
types for various purposes have created 
good results for manufacturers. These 
developments formed sound bases for 
further diversification in the 1980s. A 
glance at products like calculators and 
watches supports this conclusion. 
To take electronic calculators as an 

example, the type of the display has 
varied from the gas-discharge tube to 
fluorescent and liquid-crystal displays 
(LED displays are common). Watches 
employ LED and liquid-crystal displays, 
and electrochromeric displays have been 
introduced quite recently to the market. 

Technological developments in the use 
of large-scale integrated circuits and elec-
tronic displays in watches and calculators 
are at present expanding the scope of 
these components. Moreover, since the 
microcomputer first made its appear-
ance, the display market has been grow-
ing at a rate of 30% to 50% annually, a 
rate similar to that of the microcomputer 
market (including other LSI chips). 

Conventionally, the cathode-ray tube 

is employed as the display for computers. For the new small 
applications of computing power like point-of-sale terminals 
and personal computers, however, use of the LED, liquid-
crystal, and fluorescent displays is relatively widespread. The 

MD brings power supply with 
quality and low . price. 

. . • -ffler,dir,dedr 

. „Ñfjear 

" 

You don't have to 

- sacrifice quality for cost 

Total quality assurance-That's 

what motivate our qualified technicians 

We are the leading manufacturer of 

power supplies in Japan-for quality and price. 

We are convinced that you will benefit most from us 

Call us for more information about our fine line of products 

tl.00 CO LTD. 1-6-43 Kamiakae-machi Toyama city . Toyama Japan 
Phone.i 0764)32-8151 Telex.51 52911 
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NY Type ANY Time 

SHARP PHOTOCOUPLERS 

• Plenty Model 

Sharp's photocouplers have 3 series of PC-500, PC-600, PC- 700 

(High withstand voltage), so that you can choose for your purpose. 
• Compatibility 

Since Sharp's photocouplers are pin Compatible type, they are ex-
changeable for those TI's, GE's, Monsant's, Fairchild's and other makers. 

• High Quality 

Sharp's photocouplers adopt GaAs emitting diode as light emitting 
device and Si planar phototransistor as photo sensitive device. 

• Wide Application 

Sharp's photocouplers are useful in interface and noise cut for sy-
stem appliances, and also useful in conveying signals of unmatching 
voltage or impedance. 
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PC 508 Tubular 5P (base) 50 45 50 67 5 30 60 1 100 
PC 525 DIP 6P (Darlington) 70 200 350 1 5 600 2 5 25 20 100 
PC 627 DIP 8P (2 ch) 70 35 200 20 120 5 5 40 2 100 
PC-637 DIP 12P (3 ch) 70 35 200 20 120 5 5 40 2 100 
PC 713 DIP 6P 50 35 170 50 100 5 5 40 2 100 
PC 714 DIP 6P 50 35 170 50 100 5 5 40 2 100 
PC-715 DIP 6P 50 35 170 50 1.600 2 1 60 10 100 
PC 716 DIP 6P 50 35 350 50 3 000 2 1 130 20 100 
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SHARP CORPORATION 
International Division 

Electronic Components Export Sales Department 
22-22, Nagaike-cho, Abeno-ku, Osaka 545, JAPAN 
Phone: (06) 621-1221 Cable: LABOMET OSAKA 
Telex: J63428 Attn: OSKPA (LABOMET A-D) 
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U.S.A. : SHARP ELECTRONICS CORPORATION 
10 Keystone Place Paramus Nee, Jersey 07652 

Tel 12011 265 5600 For further informatlorr. 
write to Mr M Miyagawa 

EUROPE: SHARP ELECTRONICS IEUROPEIGMBH 
Sonninstrafle 3. 2000 Hamburg 1 F R Germany 
Tel (040) 28511 Attention Mr H Asano 

SPECIAL 
ADVERTISING 
SECTION 

power consumption, the size, and the 
high-voltage requirement of the CRT mil-
itate against its use, especially when dis-
playing large amounts of information is 
unnecessary. Yet, the tubeless displays 
are technologically inferior to the CRT as 
large-capacity information displays, al-
though they function adequately when 
applied to microcomputers. 
To develop effective demands for var-

ious tubeless displays, segmenting the 
market is effective to a certain degree. 
For example, the U.S. automobile indus-
try is expected to become a major mar-
ket for fluorescent displays since they are 
considered most appropriate for the 
electronic and digital car clocks and dash-
board panels. Liquid-crystal manufactur-
ers, at the same time, are strengthening 
their sales activities in order to find new 
applications that can ignore the material's 
limited temperature range, which hinders 
their use in such areas as automobiles. 
Manufacturers of LEDs are maintaining a 
relative calm even though there is need 
for several LED technological improve-
ments, such as brightness. 

Requirements in future displays include 
a wider range of colors and multicolored 
panels. Developments here have been 
advanced by individual manufacturers, 
and some have introduced products. 
However, the realization of full-scale 
practical applications is expected in the 
latter half of the decade. 

In regard to multicolored designs, it is 
expected that the problems still remain-
ing, such as quality of displays, brightness 
of the light-emitting type, and prices of 
elements, will be solved in the near 
future. It is certain that multicolored units 
will play a significant role in the develop-
ment of display markets. 

Japan produced 866,788,000 LEDs in 
1979—an increase of 75% over the pre-
vious year. In monetary terms, a value of 
$85 million was recorded—a rise of 64% 
from the previous year. An analysis of 
this substantial growth was carried out 
by major manufacturers, and some of 
their conclusions follow. 
The rapid increase in applied products 

is regarded as having contributed to the 
growth. Improvement and sophistication 
in certain products are considered to 
have increased demand for LEDs. Appli-
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DyNAsyN 
STEPPING MOTOR 

HYBRID PM STEPPING MOTORS 

WANT TO MAKE RELIABLE COMPUTER 
PERIPHERALS INEXPENSIVELY? 

START EXAMINING THE DyNASVAI STEPPING 
MOTORS. 

DyNASel will provide you with highly accurate posi-
tioning, sufficient holding torque, high reliability, 
and cost saving, too. 

If your positioning application requires frequent 
repetitive stops / starts operation and accurate 
multiple positioning, try ojollisym to achieve higher 
performance and lower production costs. 

OplASyll is available 4-phase, bi-directional, 1.8 
step angle. 

We'll work to your specifications and furnish pre-
production sample for your testing. 

4 JANOME ELECTRIC CO., LTD. 
146 3 Hazama-cho, Hachioji-shi, Tokyo, Japan 
Tel: 0426-61-2121 Cable: -JANOME HACHIOJI" Tokyo 

Circle 34 on reader service card 

New 
PBB LAMP 
Bayonet Base Subminiature Lamp 

Directly Replaceable on P.C. Board 
No soldering or socket required. 
Just insert and turn 90 deg. to mount. 
•Mountable to either side of P.C. Board *Bulb can be 
provided on either, or both ends on request. 

• For detailed literature and sample, call or write: 

WAMCO TECHNICAL SALES, INC. 
705 \Al 16th Street. Costa Mesa, California 92627 

TEL (7141 833-9361 TELEX 678459 

OSHINO ELECTRIC LAMP WORKS, LTD. 
Shinagawa, Tokyo, Japan 

Circle 36 on reader service card 

NEW LONG SCREEN PRINTING MACHINE 
Hydraulic-powered Precision Screen Printing Machine 

for Printed Circuit !loads. 

MODEL LS-50A 

Hydraulically driven mechanism ensures 
high printing pressure resulting in clear and 
in uniform printing. 
• Printing area: 10 x 22 in. (500 x 500mm) 
• Frame size: 37 in. (950 x 950mm) 
• Squeegee stroke: Max. 28 in. (700mm) 
Variable 
• Squeegee speed: O-12 in. (0 —300mm) 

05. 

Automatic Precision Screen Printing Machine 
for Thick-flies, LCD, LED, and Silicon Wafers. 

MODEL LS-15GT 

Desinged to give precise and accurate 
printing. It's equipped with an automatic 
ejector. 
• Printing area: 6 x 6 in. (150 x 150mm) 
• Frame size: 12.6 x 12.6 in. (320 x 320 mm) 
• Squeegee stroke: 2 —8 in. (50 —200mm) 
(Variable) 
• Squeegee speed: 0 —4 in. sec. (0 —100mm sec.) 

In 30 years as the leading manufac-
turers, we have developed from our 
own technology a complete line of 
over 20 standard models. Our pro-
duction total of more than 5,000 
units gives us a 70% share of the 
Japanese market, the most competi-
tive and demanding in the world. If 
our present models do not fill your 
needs, tell us your requirements. 
Our engineering department can 

meet any challenge. 

Distributors 
U.S.A. 
The Christpher Group 
231'42 South Pointe Drive Unit D 
Laguna Hills Ça. 92653 U.S.A. 
Phone: 714-581-7491. Telex: 9105952462 
EUROPE & W. GERMANY 
Gunze Düsseldorf GMBH 
4. Dusseldorf Ktinigsallee W. Germany 
Phone: 0211-80271- 2 Telex: 8587450 
HONG KONG 
Kong King Trading Co., Ltd. 
Wongs Industrial Bldg.. 6/FL., 4.2 Hung To Rd 
Kwun Tong, Kowloon, Hong Kong. 
Phone 3-450111 Telex' 36810 

Manufacturer 

NEW LONG 
NEW LONG SEIMITSU KOGYO CO., LTD. 

4-6. NISHIGOTANDA, 7 CHOME, SHINAGAWA KU 
TOKYO 141, JAPAN 
PHONE: (031492-7571 TELEX 2466040 NEWLON J 
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State-of-the-art 
for the '80s! 
LATE for LSI and MEMORY ICs from ANDO1 

With the growing demand and the rapidly increasing complexity of ICs, 
manufacturers and users are becoming more concerned about throughput, 
reliability, costs and profits. The need is urgent for automatic test equip-
ment (ATE) that will handle ICs with high pin counts at high speeds at 
no sacrifice in quality. 
ANDO ELECTRIC COMPANY, LTD. has been designing, developing 
and manufacturing and delivering ATE for ICs since 1968. Responding 
to the industry's needs for quality, capability and economy, ANDO is 
proud to offer the SERIES DIC-8000 . . . planned for the future as well 
as for today's requirements. 

FEATURES OF THE DIC-8000 SERIES 
• Hierarchical / distributed system. technology. 
The host computer is a stand-alone main- • Simplified startup and operation. A new 
frame. It is designed to preclude techno- language has been developed for program. 
logical obsolescence through its ability to ming the DIC-8000 Series of ATE. Based 
be updated readily. on a conversational mode, it is easy to 
• System configuration is modular, enabl- learn, easy to use, and readily updated to 
ing expansion and flexibility to meet the meet changes in technology. 
changing needs of production and IC 

ANDO DIC-8000 SERIES ... ATE FOR IC! 
• DIC -8010 SSI/MSI Test System (Parallel testing) 
• DIC -8020 MEMORY IC Test System (64k or more, 10 MHz) 
• DIC - 8030 LSI Test System (128 pins, 10 MHz) 
• DIC -8032 LSI Test System (Economy type of DIC-8030) 

DI A FA ID C)  
DIC-8032 LSI Test System 

ANDO ELECTRIC COuLTD. 
For details and technical data, contact or write to: 

L.A. Wortman Associates 
536 Weddell Dr., Ste #1 

Sunnyvale, California 94086 
Tel: (408) 734-4336 

Ando Electric Co., Ltd. 

19-7, Kamata 4-chome, Ohta-ku 

Tokyo, 144 Japan 

Telex: 246-6425 

SPECIAL 
ADVERTISING 
SECTION 

cations in home appliances, sound equip-
ment, and industrial products will be-
come major markets. The resulting 
growth rate is expected to exceed that 
of last year. 

It is rather difficult to forecast the next 
major market from the above. However, 
it is most likely that the automobile indus-
try will develop into a significant market. 
At the same time, display manufacturers 
will increase their efforts to promote the 
application of light-emitting diodes. That 
market, on the whole, is expected to 
grow at a higher rate than those of other 
tubeless displays. 

In regard to the problem of brightness, 
some improvements were made by the 
manufacturers, who have announced 
that LEDs are able to compete with other 
light-emitting displays. Aided by improve-
ments in the output power of LSI chips, 
light-emitting diodes have found their 
way into automobile clocks and digital 
displays of car radios. The expansion of 
applicable fields, attributable to the 
improvements in brightness, permits cus-
tom production according to user specif-
ications, although it indicated unfavor-
able trends in standardization. 

liquid-crystal displays are most fre-
quently seen in calculators and watches. 
Major advantages of LCDs are low pow-
er consumption and relatively low oper-
ating voltage. Moreover, their nonemis-
sive characteristics avoid problems re-
sulting from lack of contrast under sun-
light, due to insufficient brightness. In 
fact, the brighter the ambient light 
becomes, the more readily a high con-
trast is obtained. 
The demand for LCDs has increased 

substantially in recent years because of 
growth in calculators and watches and 
remarkable increases in their application 
of liquid-crystal displays. Although the 
LCD industry had at one time encoun-
tered some problems due to shortages 
of ICs, the demand for liquid-crystal pan-
els has been stable. 
Many LCD manufacturers are confi-

dent that calculators and watches will 
continue to use many liquid-crystal dis-
plays. However, the majority of these 
manufacturers have reached the conclu-
sion that the makers of both products 
already have established their LCD 
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sources. Therefore, new fields of appli-
cation will be sought. 
One application is in portable electron-

ic games, which have a high degree of 
variation in display patterns. These LCD 
panels are rather larger than convention-
al panels and are capable of providing 
the most appropriate display patterns to 
meet the respective game requirements. 
It is predicted that LCD panels made for 
this purpose will undergo an increase in 
growth rates over the next few years. 

Dot-matrix panels were developed for 
wider applications, including cash termi-
nals at banks, ticket reservation termi-
nals, and electronic translators. Most of 
these applications used CRT displays in 
the past. However, it is expected that 
LCD panels will rapidly replace CRT dis-
plays, since they are better suited to deal 
with restricted power and physical 
space. Additionally, extensive use of col-
or will be rapidly demonstrated in the 
future. 

In June and July of this year, the Eighth 
International Liquid Crystal Conference 
and the Liquid Crystal Exhibition were 
held at the Kyoto International Confer-
ence Hall. Eighteen Japanese and Eu-
ropean companies that have establish-
ments in Japan participated. Their exhib-
its included dot-matrix LCDs with three 
or four rows of 20 to 40 characters, 
game panels, and many experimental 
automobile dashboard panels with multi-
colored displays. 

In a separate conference sponsored 
by the Society of Automotive Engineers, 
practical automobile dashboard panels 
with LCDs were viewed as a likely trend. 
This indicated the appropriateness of 
applying liquid crystals to automobile dis-
plays. Not emitting light, they do require 
alternative lighting sources at night. LCDs 
are brighter than light-emitting displays in 
the daylight. 
The application of liquid-crystal dis-

plays to portable TV displays has been 
tried by sandwiching liquid crystal be-
tween glass plates and a silicon substrate 
with transistors manufactured by IC tech-
nology as a switching component. Cer-
tainly, LCDs have gained a firm position 
through use in watches and calculators. 
Further developments are expected to 
multiply their fields of application. 

DC BRUSHLESS FAN 
AC MINIATURE FAN 
Newly Designed 
for cooling Portable or 
Miniaturized Equipment. 

FEATURES: 

1. PORTABLE TYPE, 
OVERALL DIMENSIONS: 80 x 80 x 32 MM 

92 x 92 x 25 MM 
120 x 120 x 38 MM 

2. LONG SERVICE LIFE: OVER 10,000 TO 15,000 
HOURS 

3. LOW POWER CONSUMPTION AND HIGH OUTPUT 
4. UL APPLIED 
5. FRAME MATERIAL: ALMINIUM DIECASTING 

ois 
ete e‘ es 

For details, 
please contact: 

SPECIFICATIONS 

RATED FREOLI- MAX. AIR MAX. AIR RATED RATED 
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TOYO CORPORATION 
P.O.B. 5014, Tokyo International, Tokyo 100-31 
JAPAN Telex: 222-2973 TOYOCO J 

Circle 39 on reader service card 

Incandescent Digital 

Display Devices ewtr 
1 inch display 
readable from 
or t 

**** 
* * 

DA•2500 

DR 2000 Series circuit 

Apollo 
CORPORATION 

(Actual size) 

SINCE 1948 
10-13, Nishishmagawa 2-chome. Shmagawa-ku Tokyo 141 

Tel. 03-491-0615 Telex -APOLLO J27842 
Cable. APOLLOHAGITA TOKYO 
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SPFAIAL ADVERTISING NEW PRODIXTS SECTION 

Stanley Electric Co. uses temperature-difference 
liquid-phase epitaxial growth to produce its 

Superbright light-emitting diodes for seven-seg-

ment numeric displays. With character heights of 

10, 15, and 25 mm, the displays come with red, 

green, yellow, or amber LEDs. They feature low 

current drive with extremely high light-emitting 

efficiency, and they are excellent for dynamic 

driving applications because of the nearly linear 

characteristics of the GaAlAs red diode in the 

current vs. brightness tradeoff. (501) 

lepico Corp. offers the UT series of miniature 

switches, which can be mounted on printed-

circuit boards. Developed for dry-circuit applica-
tions, the switches have contacts and terminals 

that are 1.3-µm gold or silver plate over 3 Cr11 of 
nickel. Case material is Valox/94V-0 U/L. (505) 

Mina fo Electronics Inc 's Z-80-equipped model 
taw programmer for programmable read-only 
memories can be used with single MOS and 

bipolar PROMs. Personality modules adapt it to 
different memories, and the microprocessor 

gives a wide range of functions. (502) 

Xebec Co. converts linear signals into nonlinear 
and vice versa using a piece-wise linear-approxi-

mation method in the XE-400 series function 

converter modules. Ease of use comes from the 
simple, independent adjustment of the various 

settings, such as overall span. (504) 

Toyo Corp. employs ball bearings in its ac and dc 
miniature fans, giving an operating life of at least 

15,000 hours. Intended for office equipment, 
computer peripherals, medical equipment, and 

the like, the fans come with a variety of per-

formance specifications. (506) 

''""""`"•••\""\\Z`\"""""_""-,, 
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The 1%1 PROM programmer from A4inato Elec-

tronics Inc. can gang-program as many as eight 

MOS memories It has a 16-kilobyte memory 

capacity. Like the model 1%0, it has parallel and 

serial interfaces and check functions, such as 

memory test and improper-circuit test. (503) 

Sankyo Seki Manufacturing Co. makes its dou-

ble-sided flexible disk-head assembly to exceed 

required drive life expectancy. The assembly is 

designed to operate at zero penetration, and the 

gimbal upper fixture maintains head stability dur-

ing load and unloading. (507) 

The STC-8000-2A read-after-write cartridge 
drive from Sank yo Seiki Manufacturing Co. oper-

ates from a single supply, consuming less than 

700 mA during normal running and less than 2 A 

during start/stop/reverse. It has an inter-record 

gap of less than 0.7 in. nominal. (508) 
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Sankyo 
speaks 

your language. 
When you need magnetic heads and super-efficient DC motors for mini-floppy disc 

equipment, Sankyo speaks your language with a fluency that is hard to match: Custom designs. 
Variety in type. Compact size. Long-life performance. And competitive prices. 

The performance of Sankyo magnetic heads and efficient DC motors is well-proven 
in the latest mini-floppy disc equipment. Put us to the test and see if the quality 

doesn't come shining through. 

immIltyo 

Sankyo 
Sankyo Seiki Mfg. Co., Ltd. 
Electronic Equipment Div. 

Export Dept. 17-2, 1-chome, Shinbashi, Minato-ku. Tokyo 105, Japan. Tel: (03)502-1157 Telex:29548 
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SPECIAL ADVERTISING NEW PRODUCTS SECTION 

Bell Corp. offers a portable computer terminal, 
the Microcommunicator 177 Mark II, that is 

compatible with Teletype's ASR 33. With an 
ASCII full keyboard, a 32-digit printer, and a 

16-digit display, the MC 177 II has built-in RS-

232-C and current-loop interfaces. (511) 

Mania 

The ICD 178/Z80 in-circuit debugger offered by 
Bell Corp. is a portable in-circuit emulator that is 

essentially a low-cost, compact microprocessor 
development system for debugging, field ser-

vice, etc. The Z80 ICD is available now; coming 

are models for the 8085 and 6809. (512) 

Anritsu Electric Co combines optical power 

meters and sensors for the ML93A digital meter 

shown and the ML94A analog meter, both with 

wavelength ranges of 0.4 to 1 gm or 0.75 to 1.7 

gm and with a variety of measuring ranges that 

go as low as — 90 dBm up to + 10 dBm. (513) 

Sharp Corp. fits its ultra-compact liquid-crystal-
display clock module into a 19.8-by-9.8-by-4.7-

mm package. The LX-3101X micro-digital clock 
operates from a single 1.5-V power supply and 

incorporates a complementary-MOS large-scale 
integrated circuit on a thin-film-carrier substrate. 

It features simple time setting with two buttons 

and signals the passing seconds by flashing the 

colon between the hours and minute digits. It is 

intended for consumer applications, such as pen-

dant clocks and ball-point pens. (509) 

The ML442A selective-level meter from Anritsu 
Electric Co. covers a wide frequency range from 

200 (20) Hz to 30 MHz with a ± 0.1-dB level-

measuring accuracy and a 70-c18 intrinsic distor-

tion. A microprocessor plays a role in level 

measurement, autoranging, etc. (514) 

Ando Electric Co. has developed its AE-4100 

series microprocessor system analyzers for use in 

development, product inspection, and mainte-

nance of hardware and software of setups using 

the 8080A, 8085A, and Z80 processors and their 

equivalents. The AE-4100 performs tests directly 

on the processor, and, in addition to its monitor 

functions, it tests units while controlling them, 

permitting reading and writing to and from regis-

ters and memories. It is easy to operate, since all 

required functions may be performed with the 

16-key function and numerical keyboards; also, it 

may be connected through its trigger output to 

an oscilloscope or logic analyzer for detailed 

analyses. Available options include an input/out-

put interface card, a keyboard printer, and a 

user-mode random-access memory. Clock rate is 

0 to 3 MHz. (510) 
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Quality Reliability Performance 
Hakuto delivers 

Highly reliable precision tantalum 
alloy resisters. 

Pr - ism 1r 
rim 
_ 

TS-60 1/4W at 70°C, 10 ohm-1 Mohm, ±0.10%—*2.00% 

TS-65 1/2W at 70°C, 10 ohm —1 Mohm, *0.10 % — *2.00% 

TM1/4 1/4W at 70°C, 10 ohm-1 Mohm, * 1.00% — *2.00% 
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Electric characte istics of 
TS-60 and TS-65: Unique 
heat treatment o surface 
of spattered element enables 
conformance to MIL-R-10509F 
for molded type resistors. 

SELCON photoelectric lighting control 
switches. 

• Save money and energy roadway or similar outdoor 
through efficient on-and-off lighting systems. 
operation. • Many types to meet a wide 

• Extremely low power require- range of specifications—a few 
ment to automate street-side, are listed below. 

• Operating level: 20-125 Lux ON; under 400 Lux OFF. 
• Operating temp. range: — 10°C to 40°C. 
• Rated voltage.AC 100V, 120V, 200V, 220V, 240V; 50 or 60Hz. 

TYPE RATING 

MAXIMUM LOAD 

INCAM. 
DESCENT 
LAMP 

FLUORIMCENT 
LAMP 
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High reliability. Micro-chip capacitors 
for RF applications. 

• world's smallest size—Height 
0.2 mm or less x 0.25 x 0.25 mm 
—with high dielectric withstand-
ing voltage. 

oe3 

Unit: mm 

• Proven performance  
excellence up to4OGHz. 

• Au electrode assures the best 
bondability. 

Standard specifications 
Type Ceramic monolayer 
Electrode  Au, single and binary type 
Model  Hi -K or temperature 

compensating 
Dielectric withstanding voltage 600 to 800V 
Capacitance  0.7 to 100pF 

Versatile, high quality silicone rubber 
connectors. 

• Outstanding durability, com-
pression sets and resistance 
to temp.. humidity, moisture 
and corrosion. 

• High quality conductive silicone 
rubber connectors between 
LCD and PCB, PCBs and 
between LSI and PCBs. 

• Top advantages in assembly 
and in your finished products. 

• Easy, simple assembly saves 
costs, decreases rejects. 

• Superior elasticity to absorb 
shock and vibration. 

HAKUTO CO., LTD. 

Product lines includes S, SS, SG, 
H,HL,E,G,K,M and AF connectors 
made to your length, height 
and width specifications. 

2-29, Toranomon 1-Chome, Minato-ku, Tokyo 105, Japan Telephone: (03)502-2211 Telex: J22912 BRAPAN Cable Add.: BRAPAN TOKYO 
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PC 

MINI DIP SWITCH 

MOUNTABLI SWITCH 

Choice of 2,4,5,6,7,8,9 and 10 poles 

Slide: B-2,4,5,6,7,8,9,10A 
(Tape sealed is available) 
DNS04,06,08-GF 
(Tin alloy plated is available) 
DNF4,6,8 
(Light touch version) 

Piano: DNP4,8 DNT4,8 DNP1 
Rocker: SPC002,4,5,6,7,8,10 
Transfer: NP2,4 B-AX (2,4,6,8,10) 
PC mountable switch: UT series 

Representatives 

ALFRED NEYE.ENATECHNIK GMBH 
2085 Hamburg, Schdterm. 14. W. Germany Phone: 04106/612.1 
COMEPA 
34, Rue Jacquart-93500 Pantin, Franee Phone: 844-87-39 
DOTT. ING. GIUSEPPE DE MICO S. P. A. 
20121 Mdano.Vta Manzoni. 31. Italy Phone (02) 65.31.31. 
INOTEC A/S 
Marselundvei 46 A I)K-27.30 Marv. Denmark Phone: (02) 948033 
INTERNATIONAL TECHNOLOGY RESOURCES INC. 
One Wotld Trade Center Suite 345. New York, N.Y. 10048, U.S.A. 
Phone. (212)839.0988 
MEMOTEC AG 
C11.4932 lotzwil, Switzerland Phone' 063 28 11 22 
NORDSWITCH AB 
Sodio Kungsvagen 236 lachnito. Sweden Phone: 08/7665410 
P. CARO AND ASSOCIATES LTD. 
2347 Coventry Road, Sheldon, Birmingham B26 31..S, 
United Kingdom Phone 021.742.1328 
SAEN 
Apartado 50 San fugal Del Vallé, (Barcelona) 
Phone (93)674 10 12 
SAHKOLIIKKEIDEN OY 
Sahkometta PL 88/P.O. Box 88 01301 Vantaa 30, Finland 
Phone 90.8381 
TELEREX NEDERLAND B. V. (Holland Netherland Luxemburg 
Belgium) P.O. Box 180 5680 AD Best, Nethetland 
Phone 049984295 
TELEREX N. V. 
Koinvenbetadreef, 6 2230 Schilde. Belgtum Phone. 031/83.33.50. 
CHEMICO TRADING COMPANY 
RM. 1102. New Seoul Bldg.. No. 62.7, 2.km. Chungmu-ro. 
Chung-ku. Seoul. Korea Phone 102) 777.5768 
KAREN ELECTRONIC SUPPLIES CO., LTD. 
RAI. 100 1.2 Chow Sang Sang Bldg.. 229 Nathan Road. Tsimshaisui. 
Kowloon. Hong Kong Phone: 3-668338 (69532)) 
MICROTRONICS ASSOCIATES PTE LTD. 
35B Block 1003 Aliumed Avenue 5 Singapore 1438. Singapore 
Phone 447.1835 
XENITEK PTV LIMITED 
P.O Bes 128 2. 10 Wattle Road, Brookvale, N.S.W. 
Australia Phone 932 4311 
H. KOPP AND CO. (PTV) LTD. 
P.O. Box 2944 Johannesburg 2000, South Africa Phone: 216511 
TELSYS LTD. 
12 Kehilat Veneisia Street Tel Any, Israel Phone: 482126-7.8 
INDUSTRIAS ELECTRICAS " NAZA" S. R. L 
Urguay 267.1870 Avellaneda. Buenos Aires. Argentina 
Phone: 208.5914 

CO 
JEPICO CORPORATION 
Overseas marketing section 

Shinjuku Dai-lchi Seimei Bldg., P.O. Box 5016 

Shinjuku-ku, Tokyo 160, Japan 

Telex: 2323167 JEPICO J 

7) • 

Yokogawa Electric Works Ltd. employs an inter-

active programming system with a built-in cath-

ode-ray-tube display in the 3848 universal data 
logger. The result is simplified operation through 

menu programming. The 3848 also provides 

comprehensive computational ability. (515) 

o 
0'1 

The 2433 ac power meter from Yokogavva 

Electric Works Ltd measures true rms voltage, 

current, and power in single-phase or balanced 

three-phase circuits—without interrupting ser-

vice. Voltage range is 20 to 600 V; power ranges 

are 2 to 200 kW and 0.2 to 20 kW. (516) 

Nippon Electric Co. offers two read-only memo-

ry options in its µPD8048 family of single-chip 

8-bit microcomputers. The µPD8048 has 1 K by 

8 bits of maskable ROM, and the µPD8035L uses 

an external program memory. Both microcom-

puters are compatible with standard 

8080A/8085A peripherals, which may be used, 
for example, for the µPD8035L's ROM. Their 

n-channel MOS technology requires only a single 

+ 5-V supply, and cycle time is 2.5 µs. Of the 96 

instructions, 70% take 1 byte; the rest take 2. 

The two microcomputers each have a 64-by-

8-bit random-access memory, an eight-level 
stack, 27 input/output lines, an interval 

time/event counter and an internal clock gener-

ator. They function efficiently in control, as well 
as arithmetic applications, and the flexibility of 
their instruction set allows direct set and reset of 

individual data bits within the accumulator and 
I/O port structure. Standard logic-function 

implementation is facilitated by the variety of 

branch and table look-up instructions. (517) 

Hitachi Dens/si Ltd. 's V-352 dual-trace portable 

oscilloscope has a vertical sensitivity of 1 mV/di-

vision and a frequency range of dc to 35 MHz. A 

companion V-202 scope has a dc-to-20-MHz 

range. They offer high-accuracy voltage and 

time axes set at ± 3%. (518) 

oi 

The KP-500 color video camera from Hitachi 

Denshi Ltd uses solid-state MOS sensors, giving 

greater sensitivity than charge-coupled-device 

sensors, which drop in transfer efficiency in dim 

light. Also, each picture element is larger for a 

given image area, aiding sensitivity. (519) 
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Carrousel Type 
MAGNETRON SPUTTERING 

SBH-5000 SERIES 
This extremely compact system features water-cooling of 
the substrate, low temperature rise, and multi-layer coating 
of metal-to-metal and metal-to-oxide. One, two, and three 
layer models are available. The Model SBH-5115 has a 
capacity of forty-eight 3 inch diameter substrates and the 
Model SBH-5112 has a capacity of thirty-six 3 inch 
diameter substrates. 

TWO NEW HIGH THROUGHPUT COATERS 
FROM ULVAC 

ULVAC, Japan's pre-eminent vacuum specialist, has been 
making substantial contributions to the advancement of the world's 
science and industry through the development of superior vacuum 

technology and equipment since 1952. 
The SBH-5000 and EBX Series introduced here are new high 

throughput coaters developed to meet the ever increasing worldwide 
demand for more and better vacuum equipment. 

U121JeLC 

ULVAC CORPORATION 

This large capacity box type coater features an interior 
20% smaller than that of conventional systems, thus 
making it easy to clean and outgas. One, three, and four 
layer models that can be operated from inside a clean 
room are available. Capacity is seventy-five 3 inch 
diameter substrates. 

International Division 
1-10-3, Kyobashi, Chuo-ku, Tokyo 104. Japan Tel: (03) 535-6381 Telex: 252-2215 
ULVAC North America Corp. 
P.O. Box 799 (105 York Street) Kennebunk, Maine 04043 Tel (207) 985-2973 Telex: 944344 
ULVAC Europe S.A.R.L. 
66 Boulevard Napoleon. 00352 Luxembourg. g.d. LUXEMBOURG Tel 446536 Telex: 2649 
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Hitachi Dens/it Ltd provides oscilloscope users 

with a delayed sweep, variable trigger hold-off, 

and automatic focus correction in its V-550B 
50-MHz dual-trace scope. Other features include 

a single-sweep mechanism and third-channel dis-

play. Sensitivity is 1 mV/division. (520) 

The SK-91 color video camera from Hitachi 

Denshi Ltd weighs only 4.4 kg and runs for over 

two hours on a rechargeable battery belt. A new 

F1.4 prismatic beam splitter, together with low-

noise preamplifiers, provides high sensitivity and 

an excellent signal-to-noise ratio. (521) 

Newlong Seimitsu Kogyo Co. combines a TV 

monitor with its screen printer in order to let 

users check mask alignment and make the neces-

sary adjustments. Since the monitor is then set to 

the right alignment, placing subsequent wafers in 

the right position is easy. (524) 

Hakuto Co. exports the model 1861 gang pro-

grammer for programmable read-only memo-

ries. The unit can program the Intel 2716 and 

2732 and Texas Instruments TMS 2532 PROMS 

and equivalents and has RS-232-C and 20-mA 

current-loop interfaces. Among its check func-

tions is a system check that tries out the 1860 to 

see if it is working properly, as well as checking 

to see that the PROMS are programmable Data 
inputs for the programming may come from a 

master device, a computer program, or a 

paper-tape reader. (522) 

• 1 

• 

• 

Utvac Corp. designed its System 1200 vacuum 

deposition and evaporation unit to process, at 
one time, 78 3-in. or 51 4-in wafers under fully 

automated control. A high-capacity electron gun 
and a planetary jig provide excellent step cover-

age and uniform film thickness. (525) 

• 

Toshiba Corp. incorporates laser-beam technol-

ogy in its document filing system, which easily 

and speedily records and reproduces printed 

image information. There are four parts to the 

system: a laser scanner that converts input infor-

mation into electric signals; an optical disk mem-

ory that permanently records the signals; a laser 

printer that reproduces the data on plain paper; 

and a microcomputer-controlled operation and 

control unit. Capacity is 10,000 pages per 30-cm 

optical disk; random-access time is 0.5 s; read 

and record time is 3.5 s; and reproduction and 

output time is 10 s. Resolution in reading and 
output is 8 linesimm. (523) 

The MLH-6000 high-rate sputtering system from 

Ulvac Corp. consists of a loading/unloading 

chamber and a sputtering chamber. As one tray 

of substrates is being sputtered, the previous 

one may be unloaded and the next one loaded, 

contributing to the high sputtering rate. (526) 
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SUPER RIGHT. 
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• 

8.8. 
egram--

Actual Size 

Stanley now for all low-current-drive display applications 
calling for a super-bright and colorful face. 

Super bright LED Seven Segment Displays 
Stanley quality is here now—Stanley is twice as bright as ordinary 
displays. So the readout is easier to see, the equipment that much 
more applicable to the use it is designed for. Color adds the final touch — 
red, yellow, green and amber —while various combinations of digit with 
plus figure, 1-digit or 2-digit configurations mean wide-ranging uses for 
measuring equipment, testing and audio equipment. computer, digital 
clock, office equipment and other applications. 

See the brighter side of Stanley LEDs  
at ELECTRONICA '80 

Hall No. 20, Booth No.22027, 22028  

STANLEY 
ELECTRIC CO., LTD. 

SrittET, LED Sales Sec, 
2-9-13, Nokumeguro, Meguro-ku, Tokyo 153, Japan 

 l Tel Tokyo 03-710-2531 Telex 2466623 
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High Performance on Display 
From Hitachi, the Reliable Performer 

High-resolution Color Display Tube 

Features 
• High-resolution in-line electron gun 
• Fine pitch dot type screen 
• Self-convergence, preset deflection yoke 
Applications 
• Character and graphic display, picture monitor 

Main Specifications 
Size 
(in.) 

Type No. 
Spot 

Dia. (mm) 
Brightness 

(fL) 
Anode Beam 

Voltage (kV) i Current (µA) 
Dot Trio 

Quantity (K pair) 
Character 
Numbers 

14 370JYB22 0.5 50 23 450 750 3000 

14 370JSB22 0.8 70 23 700 380 2000 

20 510XJB22 0.8 26 27.5 450 1,350 6000 

20 510XTB22 1.2 55 27.5 1,000 600 4000 

Liquid Crystal Dot Matrix Display Module 

Features 
• Alpha-numeric display module having 5 x 7 
dots/characters with cursor 
• Compact and slim design 
• 1-chip control C-MOS LSI (HD43160A) which 
has 160 characters (ROM) and character memory 
(RAM) is available. 

• Easy-to-use TTL or C-MOS level interface 
• Suitable for battery drive and portable use 

Main Specifications 

Note: The Hitachi LC display module 
can be manufactured to meet special 
design specifications. Please contact 
Hitachi for special modules. 

HITACHI 

Note: Monochrome display tube is available. 

Applications 
• Small-sized terminal displays, microcomputers, 
measuring instruments, POS terminals, telephone 
receivers, machine translators 

Module 
Number of 
Characters 

Module Size 
(WxHxD),mm,max. 

Power 
Supplies, V 

Power Dissipa-
tion, mW 

Weight, g 

H2532A 16x1 84x44 x 15 +5, —5 2 (typical) 40 

H2535 16x2 84x44x15 +5, —5 2 (typical) 40 

H2538A 40x1 220x53x15 +5, —5 2 (typical) 100 

H2539 40x2 220x53x15 +5, —5 2 (typical) 100 

H2555 40x1 227x38.5x15 +5, —5 2 (typical) 90 

Head Office: Hitachi, Ltd. Electronic Devices Group, 6-2, Otemachi 2-chome, Chiyoda-ku, Tokyo 
100, Japan, Telephone: Tokyo (03) 270-2111, cable: "HITACHY" TOKYO, Telex: J22395, 
J22432, J24491, J26375/ U.S.A.: Hitachi America, Ltd. Chicago Branch Office P.O. Box 973, 
Arlington Heights, III. 60005/ United Kingdom: Hitachi Electronic Components (U.K.) Limited 
P.I.E. Building, 2 Rubastic Road, Southall, Middlesex UB2 5LF/ West Germany: Hitachi Electronic 
Components Europe GmbH 4000 Düsseldorf 1, Kónigsallee 6 
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More new products and Professional Program sessions than at any 
high-technology convention in the Southwest. 

Involvement by the major electronics firms in the Southwest and across 
the nation. Joint sponsorship by units of IEEE and ERA. 

Demonstrations...the hands-on kind, that is. 

Concentration on leading-edge technology, with more than 120 
Professional Program presentations and upwards of 700 exhibit booths. 

Opportunity to examine what's new in state-of-the-art ideas and products. 

Needed by every electronics professional seeking to advance his 
company and its technology...and himself. 

Join us at Midcon/80 at the Dallas Convention Center next November 4-5-6. To make it easier to 
attend-and get a $2 discount over at-the-door admission - complete the registration card below and 
mail it with $3 before October 17 to: 
Midcon, 999 North Sepulveda Boulevard, El Segundo, California 90245. 

---------------------------
CIRCLE APPLICABLE BLOCKS 
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YOU KNOW THE LARGEST 
ELECTRONIC COMPANIES 
IN THE WORLD. 
DO YOU KNOW ISKRA? 

lskra group has some 29,000 employees including 2,000 research and development engineers in 81 factories, research, marketing 
and other organizations, and the most up-to-date technologies to work with. With a total turnover of 1.294 billion dollars last year, 
it has been classified among 16 largest manufacturers of electronic products in Europe. 

In its development, lskra is oriented towards tomorrow's activities which go far beyond the traditional limits of electromechanics 
and extend to the widest application of electronics with priority being given to the promotion of the development of computers, 
communications, automation, microelectronics, optoelectronics and engineering activities. All to ensure that every project we 
handle comes within schedule and budget requirements and meets performance and client expectations. 

lskra has 24 trading companies, representative offices and production plants in 18 countries all over the world. In the period 
1974-1979, Iskra's exports increased by 153% reaching 120 million dollars in 1979. In 1980, the total turnover is expected to be 
1.486 billions of dollars and the export figure approximately 145 million dollars. 

For more information call or write: 
Iskra Commerce, Trg revolucije 3, 61001 Ljubljana, Yugoslavia, Telephone-international: + 38 61 324 261; Telex: 31 356 yu iskexp 

USA: lskra Electronics Inc., 8 Greenfield Road, Syosset, N.Y. 11791, Tel.: (516) 364 2616—Germany: lskra Elektronik, GmbH, Furtbachstrasse 2b, 
7000 Stuttgart 1, Tel.: (711) 60 30 61—CEFRA, GmbH, Ungererstrasse 40, 8000 Munchen 40, Tel.: 39 20 61—Italy: lskra Elettronica Italiana, S.r.I., 
Piazza de Angeli 3, 20 146 Milano, Tel.: 49 80 036—France: lskra France, 354, rue Lecourbe, 75015 Paris, Tel.: 554 04 27—United Kingdom: 
lskra Limited, Surrey CR 3 2 HT, Redlands, Coulsdon, Tel.: 66 87 141— Switzerland: lskra Electronics AG, Stalden 11, CH 4500 Solothurn, 
Tel.: (065) 22 81 22—Czechoslovakia: lskra, Lazarska 5, 11000 Prague, Tel.: 20 27 71—Poland: lskra, Swietokrzyska 36 m 15, Warsaw, 
Tel.: 20 12 53—Germany DR: Iskra, Hermann-Maternstrasse 46, 104 Berlin, Tel.: 28 28 322—Rumania: lskra, Str. Visarion nr. 6, Bucharest, 
Tel.: 50 26 75— U.S.S.R.: Iskra, Mosfilmovskaja 42, Moscow, Tel.: 147 84 03—Egypt: lskra, 34 Adly Street, Cairo, Tel.: 74 76 95—Iran: lskra 
Teheran, 9th Street No. 6, Maydan Sanai, Teheran, Tel.: 82 67 65—Turkey: lskra Istanbul, Yenicarsi Biltez Han No. 40, Galatasaray, 
Tel.: 44 75 00— Venezuela: Eurocommerce S.A., Apartado 68901, Altamira, Caracas, Tel.: 72 88 21. 

lskra 
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The System/370 processor chip: 
a triumph for automated design 

Programs for wiring up a complex gate array 

surmount the challenge of very large-scale integration 

D In the fall of 1978, a team at International Business 
Machines Corp.'s Data Systems division in East Fishkill, 
N. Y., mobilized to reduce the central processing unit of the 
System/ 370—the most prominent computer in the main-
frame class—to a piece of silicon. In other words, the group 
was asked to position and wire nearly 5,000 logic gates on a 
master slice measuring 7 millimeters (276 mils) on a side. 
The gates comprise over 45,000 components on what might 
be the most complex bipolar integrated circuit built to date. 

This audacious experiment was undertaken to assay the 
effectiveness of IBM's automatic placement and wiring sys-
tem for gate arrays by pushing it into the realm of very 
large-scale integration. The company wanted to know if this 
was a reasonable way to build an advanced microprocessor. 

The three articles that follow outline the proceedings of 
that trial. To be sure, the undertaking was a success; but the 
jury is still out about the degree. One criterion is the 
definition of central processing unit, for IBM points out that 
its VLSI processor embodies only the data flow portion of the 
CPU. The accomplishment is nevertheless remarkable. 

The first article in the series describes the architecture of 

the machine—that is, the paths over which the data flows 
between registers and arithmetic units. The second describes 
the automated design process used to position and intercon-
nect logical blocks in the array. The third deals with the 
array's physical characteristics. It describes the internal cell 
and shows how such cells and the input receivers and output 
drivers are arranged on the die. This article also tells how 
the speed and power of the internal cells were adjusted to 
compensate for long on-chip interconnections. 

The technology here is impressive, though it had really 
been proven previously—albeit with fewer gates and larger 
geometries. The points to ponder are that only nine months 
was required for logic entry, computer-assisted cell place-
ment and interconnection, and test-pattern generation and 
verification; that these steps were carried out on a Sys-
tem/370, the same architecture that was being cloned; and 
that future turnaround time will be markedly reduced now 
that the CAD tools are in place. 

Overall, this achievement is reassuring to everyone in the 
U.S. semiconductor industry who wants it to retain its 
position of technological leadership. -John G. Posa 
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Gate array embodies 
System/370 processor 
by C. Davis, G. Maley, R. Simmons, H. Stoller, R. Warren, 
and T. Wohr, IBM Corp., Data Systems Division, East Fishkill, N. Y. 

The central processing unit of a System/370 mainframe 
computer now sits on a single chip (see Fig. 1). The goal 
was to see if the computer-aided design of gate arrays 
could meet the challenge of very large-scale integration, 
and it can—only nine months were required to encode 
the processor's logic design, automatically place and 
wire the logic gates, and generate and verify the test 
patterns. No commercial production of the device itself 
is planned, however. 

On the chip . . . 

Figure 2 shows how the chip connects to other system 
components, and Figs. 3 and 4 explain the chip architec-
ture. A circuit count of nearly 5,000 and a 2.2-nanosec-
ond NAND circuit—conservatively clocked at 4 ns —gives 
the machine a cycle time of 100 ns. The rich instruction 
set of the IBM System/370 requires a weighted average 
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1. Master mainframe. Along 1,405 wiring channels and through 

33,516 vias, 4,923 Schottky bipolar gates out of a possible 7,640 

were automatically interconnected. The third and final metal level on 

the 7-by-7-millimeter (75,950-mil2) die ties to 200 I/O solder dots. 

of 50 machine cycles for each instruction, resulting in a 
system performance rating of 200,000 instructions per 
second. 
An 8-bit arithmetic and logic unit is all that can be 

permitted if hardware assists such as program relocation 
are to be included. A shared incrementer/decrementer 
OM is used rather than counters, because sequential 
circuits can be difficult to test. 

. . . and off the chip 

An off-chip control store, assumed to be read-only 
memory, provides overall control of the processor (see 
Fig. 2). The ROM word is 54 bits wide, including 3 parity 
bits. On the assumption that up to a quarter of a million 
bits of ROM would be required, a full 2 bytes of ROM 
addressing, gated off the CPU chip, is provided. 
Enough pads (200) were supplied on the master slice 

to allow horizontal microprogramming. This means that 
system resources are controlled by microcode bits direct-
ly, without the need for vertical microprogramming. The 
directness of such an approach should reduce timing and 
logic errors, while its horizontal nature should lessen the 
testing problem and in general add to the flexibility of 
the chip. 
The System/370 architecture requires many active 

registers that could not fit on the chip, so an off-chip 
high-speed local store is instead used for this purpose. 
Given the performance of the bipolar processor chip, this 
local store complies nicely with the requirement for a 
100-ns machine cycle time. (The access time of the 
register bank is 60 ns.) 

Data flow 

The 8-bit ALU, incrementer/decrementer, and both 
off-chip memories are controlled by the 54-bit microcode 
word, as shown in Figs. 3 and 4. The microcode is also 
responsible for its own sequencing. 
The ALU performs its arithmetic and logic operations 

on two 8-bit binary numbers, producing one 8-bit binary 
result with carry and overflow signals. It can also per-
form the same operations on two packed 4-bit binary-
coded decimal numbers or on 8-bit binary numbers that 
represent alphabetic characters. It produces negative 
numbers in the 2's complement form. 

Its three 8-bit logical operations are OR, AND, and 
exclusive-OR. Its arithmetic operations may be con-
trolled directly from a microcode ROM field or indirectly 
through a bit located in the status register, S. This 
indirect control allows microprogramming routines to be 
shared for adding and subtracting operations. 
The output of the ALU is connected to a bus that is 

used to pass the data to a series of machine registers. As 
for the input, two registers, A and B, each hold a byte for 
the ALU. Fields in the Rom word decide how the contents 
of the A and B registers are presented to the ALU. This 
gating is important to decimal operations because it 
gives easy access to each of the two 4-bit hexadecimal 
digits in each byte. The two hexadecimal digits in the A 
register can also be swapped—a feature that is very 
useful for the packing and unpacking instructions 
required by the System/370 architecture. 
The incrementer/decrementer is really a 24-bit binary 
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arithmetic unit having limited capabilities. It can per-
form only eight arithmetic operations: add or subtract 
the values 0, 1, 2, and 3. The primary input to the I/D 
comes from the 24-bit memory-address register. A ROM 
field selects which of the eight arithmetic operations is to 
be performed, as well as which set of registers is to feed 
the memory-address register (MAR) and thus the I/D. 

The output of the I/D is always returned to the same set 
of registers that feed the MAR. 
A 24-bit shifter with a very limited number of com-

plex instructions is connected in parallel with the I/D. 
The shifter primarily handles the 12-bit address field 
used for page addressing in a virtual storage system. 

Memory control 

Twenty-four address lines from the processor chip 
address 16 million bytes of main storage—another 
requirement of the System/370 architecture. The chip 
can accept or transmit memory data in either 1- or 
2-byte increments. For reasons of performance, however, 
a 2-byte interface is preferred and is assumed here. 
The parity of each data byte from the main store is 

checked by the chip. Parity generators affix a parity bit 
to each memory data byte leaving the chip, and these 
bits are tested when the bytes return. 
The two main memories with which the chip works 

can have different speeds. Since they share the same 
address and data buses, they cannot be referenced on the 
same cycle. Two independent signals, generated by a 
ROM field, leave the chip and select either memory or 
neither memory. This arrangement allows ho devices to 
be affixed to the same set of address and data lines as the 
main memories. 
The CPU will operate at almost any memory speed, 

since the memories are asynchronous with it. Any mem-
ory reference causes the processor to enter a wait state 
that lasts until a data-valid signal is received from the 
referenced memory. A separate control line from the 
chip requests a read or write operation. 
A 16-bit ROM address is generated very early in each 

machine cycle to ready the next 54-bit microcode word 
(see Fig. 3). Thus, while one word controls the chip, the 
next word is being fetched. As the generation of the next 
ROM address requires 25 ns, the access time of the 
microcode ROM must be 75 ns for the 100-ns machine 
cycle time. 

ROM addressing 

The CPU generates 2 low-order bits of ROM address by 
examining conditions internal to the chip. Two fields in 
the ROM data word, one field for each bit, dictate which 
internal conditions the CPU is to consider. This technique 
provides a four-way conditional branch that appears to 
be adequate for a 1-byte CPU. 
The next-higher 6 bits of the address are taken direct-

ly from a 6-bit field in the ROM data word, thereby 
enabling the ROM programmer to read any one of 64 
words without consideration of the 2 branch bits. By 
setting each of the 2 branch bits to 0 or 1, a programmer 
can read any of 256 words without branching. 
The memory address register is 3 bytes wide (refer to 

Fig. 4). Any bit pattern in this register will appear on the 

24 address lines from the chip. The immediate source of 
the data to be placed in either the high-speed local store 
or the main memory is derived from one of four pairs of 
registers. Any of the 2-byte R, G, L, or H register pairs 
may be used as a memory-data register (MDR), signifi-
cantly reducing the need for data transfer among regis-
ters. The G register pair has special ROM branching 
capabilities that dictate its use as an operation-code 
register. 
A 3-byte instruction counter (the I register) is updated 

by having its contents passed through the I/D. Another 
3-byte register, U, serves as an operand-address register 
for main store; it, too, can be updated by the I/D. The 
2-byte T register is used for addressing local store, 
limiting the size of the local store to 65,536, or 64-R, 
words. Although this feature is not shown in Fig. 4, the I, 
U, T, and R registers can pass 2 bytes of data—with or 
without displacement information —among themselves 
to aid in implementing the virtual storage requirements 
of the System/370 architecture. 

More registers 

As mentioned, the S register is a CPU status register. 
The microprogram uses it for branching by altering the 2 
low-order bits of the ROM address generated by the chip. 
The higher-order byte of the S register can be set and 
reset by external inputs. 
The 1-byte F register is for interrupts, and all 8 of its 

bits may be set in accordance with external conditions. 
The response to the setting of these bits is under control 
of the microprogram, and action is usually delayed until 
the end of a System/370 instruction. This delay time can 
therefore vary from a few to hundreds of machine cycles. 
The execution of some System/370 instructions may 

require hundreds of microinstructions. It is therefore 

2. In its place. To complete the System/370 architecture, the 

processor chip talks to main memory, a high-speed local store, and a 

separate I/O channel processor over a multiplexed memory bus. 

Microcode is brought in directly over a separate 54-bit bus. 
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3. Decoding. The 54-bit microcode gets divided up for control and 

sequencing of the microcode ROM itself. The next address is based 

upon bits from the ROM, from trap inputs, and from backup registers 

holding return addresses if a trap was taken. 

advantageous to provide a hardware-forced micropro-
gram-entry, or trap, system to transfer control between 
microprograms on a microinstruction boundary rather 
than on a macroinstruction boundary. Once included, 
this hardware can be expanded to solve other difficult 
control problems such as the handling of parity errors, 
push-button interrupts like those generated through a front 
panel, and memory wraparound. 

Eight trap levels 

The processor chip incorporates eight trap levels, each 
of which forces a different address onto the ROM address 
lines. The eight levels are executed in the following 
order: 
• Parity errors. 
• Initial program load (IPL) request. 
• Page overflow (virtual storage operation). 
• Memory wraparound. 
• Memory-protect violation. 
• Stop request. 
• tio control. 
• 1/0 control. 
The last two levels are intended to handle high-speed uo 
devices that cannot wait until the end of a System/370 
instruction. 
Once a trap has been taken, a latch is set and all 

future trapping is suspended until a microinstruction is 
executed to reset the latch. In addition, each of the seven 
low levels (all below parity error) can be individually 
masked off. As shown in Fig. 3, the ROM address register 
has two backup registers to save return addresses when a 

0, 1, 2, OR 3 

24-BIT 
INCREMENTER/ 
OECREMENTER 

16 BIT 
SHIFTER 

2-BYTE 
STATUS 
REGISTER 

(S) 

EXTERNAL Le 
STATUS 

trap instruction is in progress. 
No macrocircuits are used in the physical design of 

the logic. Every logic function on the chip—whether a 
register, latch, or one-shot—is created exclusively out of 
NAND gates. 

Furthermore, every function was designed so that the 
placement program could locate the component NAND 
blocks anywhere on the chip. For example, the latches 
were designed to operate even if the four NAND blocks 
comprising the network were located at each of the 
corners of the chip. This approach was adopted because 
it gave maximum flexibility to the automatic placement 
and wiring programs. 

Redundant logic can improve performance and reli-
ability. Unfortunately, it cannot be used if high test 
coverage of stuck faults is desired. 

Performance enhancement was therefore achieved 
without redundancies. For instance, clock timing was 
used to eliminate logic glitches (noise). In addition, for 
easier testing, all clock lines can be activated by test 
input signals, allowing data to be flushed through the 
registers. As a result, the entire chip becomes one large 
combinatorial — rather than a sequential — network. 
Moreover, all registers may be loaded directly from 
input pads and read directly from output pads, which 
further enhances testability. 

Testing details 

Manually generated test patterns were used to test the 
microprocessor chip. The initial objective was to select 
reasonably good chips from the first fabrication run 
through flush testing. Chips that passed this preliminary 
screening would then be mounted on modules and func-
tionally exercised. The exerciser would clock the chips at 
full speed while executing test microcode. 
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A limited number of flush tests caught 40% of the 
stuck faults. Close to 100% may be caught by exercising 
the registers and propagating the stuck faults through 
the sequential circuits. Some test patterns could cause 
the chip to oscillate or lock up. These were spotted by 
means of a simulator and avoided. 
The fault simulator produces an updated listing of the 

untested fault conditions. In working with this list, new 
test patterns are generated to cover the untested faults. 
Thus any degree of test coverage may be obtained. 

The physical design 

In the case of this gate array, 4,923 circuits had to be 
placed within 7,739 cells and 10,605 interconnections 
had to be wired on a 800-by-600-channel grid. 
Two placement methods were pursued: fully automat-

ed placement and iterative structured placement. The 
automatic method ignored the functionality of the logic 
and instead grouped and placed the logic blocks on the 
basis of the interconnection matrix. This was possible 
because the basic logic gate had been designed to operate 
independently of the position of its constituent NAND 
blocks. Since not all the cells of the chip had to be used, 
rows of horizontal cells were kept clear of NAND blocks 
in order to provide avenues for additional horizontal 
wiring channels. 

Three different automatic placement passes were 
made, and the most promising was chosen for automatic 
wiring. Each placement pass required approximately 
three hours of IBM System/370 model 168 data-
processing time, as well as several hundred cylinders of 
disk space. 
The structured, iterative placement method was pur-

sued as an alternative in case the fully automatic method 
was unsuccessful. In addition, this method gives the 

4. Architectural details. An 8-bit arithmetic and logic unit adds and 

subtracts, ORs, ANDs, and exclusive-ORs. The 24-bit memory 

address register feeds a 16-bit shifter and a 24-bit incrementer/de-

crementer that is actually an ALU with limited functions. 

designer greater control during failure analysis and 
greater freedom to correlate the physical placement of a 
set of NAND blocks and their logical function. 
The same automatic wiring program was used on 

placements resulting from both methods. The best fully 
automatic placement was wired with only 68 overflows. 
Wiring for the best structured method produced over 
200 overflows. The detailed printout of the wiring 
required a plot measuring about 4 by 5 meters. Using 
this printout, and with the aid of a card input language 
to describe the wire additions and deletions, the 68 
overflows were imbedded manually. 

Few errors 

After wiring, a sophisticated pattern-recognition pro-
gram for checking circuit shapes was used to test for 
ground-rule (geometry) violations and for logical and 
physical errors. The first pass through this program 
ferreted out just five errors in a total of 750,000 shapes 
involved in the design. Two of the errors were in the 
definition of the gate array and the other three were 
wiring violations. 
The second pass was error-free. The shape-checking 

procedure required about four hours of processing time 
on the IBM System/370 model 168 and several hundred 
cylinders of disk space. 
The physical design took about three months to com-

plete. Allowance should be made for the fact that this 
was the first time that this array and automatic place-
ment and wiring programs were used. A second-pass 
design would take much less time. EJ 
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Computer-aided design 
wires 5,000-circuit chip 
by M. Feuer, K H Khokhani, and D Mehta 
IBM Corp., Data Systems Division, East Fishkill, N. Y 

Automatic design aids that work well at one level of chip 
complexity may not succeed at a much higher level. 
Gate-placement and -wiring programs are crucial to the 
success of gate arrays much less complicated than the 
one needed to realize a System/370 microprocessor. 
Fortunately, with relatively minor modifications, the 
same design aids proved capable of organizing the logi-
cal elements into a 7-millimeter-square area. 

Experience at IBM in the design of gate arrays dates 
back 10 years to the layout of 130-circuit bipolar chips 
and extends through the design automation of the 700-
circuit logic chips in the System/38 and 4300 series to a 
I,500-circuit bipolar gate array used in microcontroller 
applications. With its 5,000 gates, therefore, the Sys-
tem/370 processor chip quadruples the number of cir-
cuits and connections to be placed and wired. This adds a 
valuable empirical data point to a plot of the data-
processing times required for the automatic placement 
and wiring of increasing numbers of circuits. 

Wirability analysis 

The feasibility of wiring so many circuits was tackled 
from many angles. Various master-slice elements and 
cells were evaluated in terms of the difficulty of wiring 
them. Overall wiring requirements were estimated from 
a wirability model. At meetings with chip designers, the 
details of cell topology were optimized. A test chip, one 
quarter the size of the proposed chip, was described to an 
automatic design system and the gates of a small micro-
processor were placed and wired. Finally, a wiring analy-
sis tool, consisting of simplifed automatic placement and 
global wiring programs, was used on an early version of 
the logic to estimate how hard it would be to wire. In 
each case, the results confirmed the wirability of the 
proposed System/370 processor. 
The various activities involved in designing and devel-

oping a gate array overlap considerably. The design and 
verification of the logic for this device began before the 
definition of the gate array and continued to within two 
months of its final layout. The wirability analysis was 
performed concurrently with both the design of the gate 
array and the coding of the data into the computer-aided 
design system. Necessary CAD programming changes 
began before the gate array data coding was completed, 

and these changes were tested on preliminary logic when 
the gate array data became available. 

In parallel with the CAD programming changes, a 
special test chip was both designed and manufactured to 
verify the electrical characteristics of the gate array. In 
the end, with the design system and the gate array both 
in satisfactory condition, a final version of the Sys-
tem/370 microprocessor logic was placed and wired. By 
that time a stockpile of gate array wafers had collected, 
awaiting the metalization patterns that were all they 
required for completion (see figure). 

Automatic placement and wiring 

The design process consisted of the following 11 steps, 
of which all but the tenth were automatic: 
• Clustering. The 5,000 circuits were clustered into 144 
supernodes of highly interconnected gates. 
• Constructive placement of supernodes. The super-
nodes were assigned in sequence to various regions of the 
chip, called supercells, according to the degree of their 
connectivity to neighboring supernodes. 
• Supernode interchange. Pairwise exchanges of super-
nodes were evaluated and accepted if they decreased the 
number of wires crossing supernode boundaries. 
• Supernode decomposition. Each individual logic gate 
was placed in sequence in, or as near as possible to, the 
region to which its supernode was assigned. 
• Iterative interchange. Initial placement was improved 
through several efficient interchange techniques. Inter-
change algorithms were used to balance horizontal- and 
vertical-channel utilization, improve channel crossings of 
boundaries, reduce total conductor length, and attempt 
to reduce congestion of wires by moving gates from 
crowded into uncrowded zones. The iterative process 
ended when a highly wirable layout was generated. 
• Global wiring. Wires were assigned to groups of chan-
nels to produce a feasible overall wiring pattern. 
• Vertical assignment. The entry points of vertical wire 
segments into horizontal channels were determined. 
• Horizontal line packing. A channel router wired the 
horizontal segments. 
• Clean-up maze runner. A local maze runner, which 
exhaustively searched a small region of the chip for all 
possible routes, completed special unwired connections. 
• Manual wire embedding. The remaining wires were 
routed manually. 
• Checking. A series of topological and electrical tests 
was performed. 
The final logic became available on June 15, 1979. 

Automatic placement and wiring were completed rough-
ly one month later for all except 68 of the 11,000 
connections. Manual wire embedding of these 68 and 
checking was completed on Aug. 15, 1979. The elapsed 
time of two months is long, compared with production 
schedules. Even so two months compares favorably with 
the time needed to design a VLSI chip manually. 
The running time for automatic placement (the first 

five steps in the design process) was 208 minutes on an 
IBM System/370 model 168, and wiring time (the next 
four steps) was 87 minutes. 
These placement and wiring running times, Tp and T,„, 

in relation to the number of circuits involved, C, can be 
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Complex. This is just the first layer of metal wiring on the System/370 processor chip. If the individual segments were laid end to end, they 

would span 2.4 meters. The second metal layer is even more complex: it would stretch 3.4 m. The third level is used for power and ground. 

combined with the experience gained from previous 
chips to yield the empirical scaling formulas: 

T, cc C'.2 
T„, cc C' 

Evidently then, the hierarchical nature of the placement 
and wiring algorithms leads to only a mild increase in 
running time with increasing chip complexity, given 
constant intrinsic wirability. The overall running times 

could be greatly reduced if more wiring channels were 
provided, but then chip size and manufacturing costs 
would be adversely affected. 
The versatility and rapidity of designing with gate 

arrays has been proved yet again. Continuing advances 
in hierarchical automatic design tools, the inclusion of 
memory arrays, and technological advances that provide 
more wiring channels will further ensure this design 
style's future in very large-scale integration. CI 
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Halving load resistances 
shortens long path delays 
by A. H. Dansky 
IBM Corp., Data Systems Division, East Fishkill, N. Y. 

Long interconnections spell a high capacitance that can 
damage the performance of a very large-scale integrated 
circuit. In the case of the chip version of the System/370 
central processing unit, some of the 5,000 logic gates are 
linked by interconnections more than 7 millimeters 
long—an unavoidable consequence of large functional 
chips. The microprocessor comprises 45,000 components 
at a density of 110 circuits per square millimeter. 
To compensate for a long path's high capacitance, the 

drive capability of the basic logic circuit may be 
increased by lowering its output load resistance. This 
technique must be applied judiciously, however, as it also 
raises the gate's power dissipation. 

It was to combine maximum performance at low 
power with minimum area that Schottky-clamped TTL 
was chosen for the basic CPU logic circuit. The circuit 
resembles the one used in the IBM 4300 computer series, 
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1. Arrangement. The array has 96 rows, 4 of which contain receiver 

circuits, and 92 columns, including 12 for drivers. Three metal levels 

provide interconnections. Only about 65% of the internal logic gates 

are used, but the unoccupied cells provide extra wiring channels. 

except for the fact that it consumes less power. 
In fact, the semiconductor process used for the Sys-

tem/370 gate array is virtually identical to the one 
developed for the bipolar random logic chips contained 
in the 4300 series [Electronics, March 15, 1979, p. 105]. 
Its main features are a 2-micrometer-thick epitaxial 
layer, recessed oxide isolation, and three levels of metal 
for interconnections. For this chip, however, the circuit 
geometries have been scaled down from 3 to 2.5 gm. 
The gate array consists of a matrix of 96 rows by 92 

columns of basic cells (Fig. 1). Each cell may accommo-
date one circuit—either the internal logic gate or a 
driver or receiver circuit for input and output. As Fig. 1 
shows, these drivers and receivers are interspersed with 
the internal logic gates, with the drivers arranged in 12 
columns and the receivers in 4 rows. 

Altogether there are 7,640 internal cells, but only 
about 65% of them will be occupied by circuits. The 
unoccupied 35% of the internal cells provides additional 
wiring channel capacity. Each occupied cell provides 5 
horizontal channels on the first level of metal and 10 
vertical wiring channels on the second metal level. An 
unoccupied cell supplies an additional 4 horizontal chan-
nels, since no contacts to it are opened. The third metal 
level is used mainly for power distribution and lio. 

Wiring statistics 

There are 1,404 wiring channels available on the chip 
after placement. This equals 80 columns of 10 vertical 
channels per column, or 800, plus 56 occupied rows of 5 
horizontal channels per row, or 280, plus 36 unoccupied 
rows of 9 horizontal channels per row, or 324. Simula-
tions and logic diagrams used logic macros such as 
registers and parity trees to simplify the logic descrip-
tion. But the physical design used only single circuits for 
maximum flexibility of placement and wiring. 
The basic internal logic gate shown in Fig. 2 has a 

speed-power product of 0.7 picojoule and requires a low 
power-supply voltage of 1.7 volts. The receivers and 
drivers for off-chip data, however, require a higher sup-
ply voltage of 3.4 v to cope with the greater external 
voltage swings. The total nominal power dissipated by 
the chip's 5,000 or so circuits is 2.3 watts, of which 1.6 w 
is consumed by the logic gates. 
The total interconnection length is 5.8 meters, com-

2. Ohm's law. About 13% of the paths on the chip exhibited 

capacitive loading in excess of 1 pF. To circumvent speed degrada-

tion, two load resistances were given to the cells. When both are 

wired in, the pull-up value is halved and drive increased. 
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3. Histograms. One of the advantages of computer-assisted design 

is that statistical information is conveniently generated. It was decid-

ed to judiciously alter some load resistances in the circuit for more 

speed. Yet power consumption increased by only 0.1 W. 

pared with the 2.2 m (typical) for the 704-circuit gate 
array used in the 4300 System/38. The average length of 
an interconnection path is then equal to 5,800/4,437 m, 
or 1.3 mm. To design for an optimum speed-power 
product, it is necessary to know not just the average but 
the distribution of path lengths also, since lengths signifi-
cantly greater than the average increase the turn-off 
delay and degrade system performance. 
The automatic placement and wiring programs were 

used to calculate the length, including stubs, of each of 
the 4,437 routes. As Fig. 3 shows, almost 6% of the paths 
exceed 7 mm. 
The next step was to translate path length into total 

interconnection capacitance, so the distribution of circuit 
delay could be calculated. Given a single active load on a 
path, the sensitivity of the turn-off delay to load capaci-
tance works out at 1.5 nanoseconds per picofarad for RI 
-= 8 kilohms and 0.75 ns/pF for RL = 4 ka 

Estimating capacitance 

Using a wiring capacitance of 0.63 pF/mm for the 
first level of wiring and 0.2 pF/mm for the second, a 
capacitance histogram was calculated from the path-
length histogram. The step height of this histogram is 
the same as for the length histogram, and it also has a 
long tail, with 6% of the paths, or 265 of them, having a 
total wiring capacitance greater than 3.0 pF. Such a high 
capacitance, if not counteracted, would slow down those 
265 paths and degrade performance. 

In fact, in this design, long paths with capacitance 
values of almost 10 pF occurred in the output bus of the 
arithmetic and logic unit, which drives 19 working regis-
ters. So these circuits were powered up by reducing the 
collector pull-up register from 8 ka to 4 Ica (Fig. 2). In 
fact, all 13% of the circuits exhibiting a capacitive load 
greater than 1 pF used the 4-ka pull-up resistor. 

Figure 3 gives the distribution of turn-off delay for all 
of the circuits on the chip. The delay variation includes 
only the difference in turn-off delay due to the load 
capacitance that each internal circuit must drive on chip. 
Even with the 4-ki2 pull-up resistor, 6% of the circuits 
have a turn-off delay more than twice the average. But, 
if the 8-ka pull-up resistor had been used exclusively, the 
turn-off delay for 6% of the paths would be greater than 
three times the average. In sum, then, the turn-on delay 
distribution is narrower, since its sensitivity to load 
capacitance is less. 
The increase in average power for the 13% of the 

circuits utilizing the 4-ka pull-up is 0.17 milliwatt. Thus, 
total chip power increases by only 4.5%-0.13 times 
4,700 times 0.17 mw, or 0.1 W. The selective use of the 
4-ka pull-up resistor, therefore, gives a good power-
performance gain. 0 
The three articles presented here are based on papers prepared for the Institute of Electrical 
and Electronics Engineers' International Conference on circuit and Computers '80 (Oct. 
1-3). The papers are "Bipolar Circuit Design for VLSI Gate Arrays." by A. H. Dansky: 
"System/370 Bipolar Gate Array Microprocessor Chip." by C. Davis el al.; and "The Layout 
and Wiring of a VLSI Microprocessor." by M. Feuer et al. The copyrights to the papers 
belong to IEEE. 
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Adding to PLL chips' functions 
speeds rf synthesizer design 

Programmable phase-locked-loop ICs contain reference oscillator 

and divide-down counters, offer dual-modulus prescaling 

by John Hatchett, Motorola Inc., Semiconductor Group, Phoenix, Ariz. 

D A new family of large-scale integrated circuits is now 
available to provide those designing rf synthesizers with 
breakthroughs in performance, power drain, cost, and 
space. Each chip in the family provides large blocks of 
phase-locked-loop circuitry, thus reducing the effort in 
designing all kinds of radio-frequency equipment. By 
using complementary-mos technology, this family of 
circuits has the added appeal of drawing a minimum of 
power over a wide range of supply voltages. 

Applications abound for these easily implemented 
phase-locked-loop ics. They include avionics, navigation 
and communications equipment, mobile radio transceiv-
ers, marine radio and sonobuoys, amateur radios, scan-
ner receivers, cable and broadcast television tuning sys-
tems, and a-m/fm radios. 

Each member of the MCI 45100 family of PLL synthe-
sizer chips contains a reference oscillator, a selectable 
reference-frequency divider, a digital phase detector 
with a lock-detection output, and at least one program-
mable divide-by-N counter. 
Some of the chips have a dual-modulus prescaling 

capability for extended frequency range (see "Dual-
modulus prescaling"). With the loop filter, voltage-
controlled oscillator, and suitable dual-modulus prescal-
er needed to complete the PLL circuit, these Ics can 
synthesize frequencies to over 500 megahertz. 

Frequency is selected by programming the divide-

by-N and, where applicable, the divide-by-A counters 
with either a serial bit stream, a fully parallel word (14 
or 16 bits wide), or coding on a 4-bit bus. The family's 
variety of frequency-selection schemes and other on-chip 
features allow the designer to minimize the need for 
additional components for an application (see Table 1). 

Highlights of the synthesizer family are: 
• 30-MHz input capability (typical at 25°C, 5 volts dc). 
• Operation at 3 to 9 volts dc. 
• Low power drain. 
• — 40° to +85°C operating temperature. 
• Linear detector response. 
• Low input drive level (500 millivolts peak to peak). 
• On-chip latches and shift registers for serial and 
4-bit-bus designs. 

Interfacing the frequency synthesizers with micropro-
cessor or microcomputer controllers is best accomplished 
employing the chips offering serial or 4-bit-wide inputs: 
the parallel-programmed devices interface best with 
mechanical switches, diode matrixes, and programmable 
read-only memories. The parallel input designs are 
housed in 0.6-inch-wide, 28-pin packages, and the other 
units come in narrow-lead-frame, 0.3-in.-wide, 16-, 18-, 
or 20-pin packages. 

There are seven chips in the family. Each of the three 
programming methods (serial, parallel, and 4-bit data 
bus) is represented by both a single- and a dual-modulus 

TABLE 1: FEATURES 

Programming 
method 

OF THE MC145100 FREQUENCY -SYNTHESIZER CHIP FAMILY 

Modulus Number 
of pins 

Features Part number 

4-bit data bus • latches 

• enable/chip-select 

• software-programmed 
reference divider 

MC145144 single 16 

MC145145 single 18 

MC145146 dual 20 

Fully parallel • pull-up resistors 
on all programming 
lines 

MC145151 
(receive/transmit 
shift function) 

single 28 

MC145152 dual 28 

Serial bit stream • shift registers 

• latches 

• enable 

• latched outputs for use 
as system switching 
functions 

MC145155 single 18 

MC145156 dual 20 
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Dual-modulus prescaling 

Dual-modulus prescaling, used with three of the 
MC145100 family of large-scale integrated circuits, is a 
well-established method for designing high-performance 
high-frequency synthesizers. The technique allows the rel-
atively low-frequency programmable counters on the syn-
thesizer chip (the divide-by-A and divide-by-N functions of 
the MC145156, -52 and -46 devices) to function as a 
single high-frequency programmable counter. Actually, 
the lower-frequency counters on these ICs are used to 
control external high-speed chips called dual-modulus 
prescalers. The prescaler consists of one or sometimes 
two ICs made for this purpose. This control is done with 
the aid of special logic on the LSI chip for selecting one of 
two prescaler division values, either P or P + 1. 
The division control signal generated by the synthesizer 

chip is supplied to the prescaler in a specific, timed 
format: the division value is P + 1 while A is counting down 
and P when A has stopped and N is counting the rest of 
the way down. Thus the low-frequency on-chip counters 
control the high-frequency prescaler. Note that NA is a 
requirement for using dual-modulus prescaling. 
The greater the total system division value, Nt.tm, the 

higher the output frequency of the synthesizer. Nic.im is a 
function of three input values: the prescaler division value, 
P; the value of A, programmed into the divide-by-A count-
er; and the value of N, programmed into the divide-by-N 
counter. The relationship is: 

Nwt., = NP + A 

To see how this equation is applied, consider the prob-

lem of tuning a radio receiver. A maximum resolution over 
the widest possible frequency range is desirable. For the 
minimum frequency increment. N is therefore held con-
stant and A is varied between 0 and P — 1 in integral steps. 
N is then incremented to N + 1 and A is again incremented 
sequentially from 0 to P — 1. In effect, the system performs 
tuning in two stages—first coarse, then fine. The proce-
dure is used over the entire Na range. The actual tuning 
increment is equal to the reference frequency, fR. Without 
dual-modulus prescaling —that is, with fixed prescaling— 
the tuning increment is P' xf„ where P' is the division 
value for the fixed prescaler. 
A dual-modulus prescaler can operate up to the speed 

capability of the prescaler chip without sacrificing system 
resolution or performance, which would occur if a fixed 
(single-modulus) divider was used for the prescaler. High 
frequency is achievable because the dual-modulus pres-
caler must divide by only two different values (P or P + 1) 
and can therefore be designed for high operating speeds 
comparable to those of fixed dividers. 

Motorola's dual-modulus prescaler chips, off-the-shelf 
parts, offer speeds to over 500 megahertz. They are used 
individually or in some cases combined with an additional 
counter IC to provide a variety of P and P+ 1 values to 
best serve the application at hand. Figures 4 and 5 (pp. 
153 and 154, respectively) show two examples. 
The 145156, -52, and -46 chips can control prescaler 

division values that range from 3 and 4 through 128 and 
129 (for the -56 and -46 devices) or 3 and 4 through 64 
and 65 (for the -52). 

version, and chips with 4-bit-wide data input include an 
extra single-modulus version designed specifically for 
television tuner applications, bringing the total number 
of chips to seven. Figure 1 depicts the internal functions 
of the chips, the variations available, and the external 
components required to complete the PLL. Table 2 sum 
marizes the chips' basic characteristics. 

Dual-modulus requirements 

The MC145156, -52, and -46 are for use in synthesiz-
ers that employ the dual-modulus prescaling concept. 
Each contains the circuitry for all the lower-frequency 
functions, along with the modulus control signal for 
operating the prescaler in the divide-by-P or divide-
by-P + 1 mode in the properly timed format for perform-
ance to over 500 MHz. 

Synthesizing high frequencies using the dual-modulus 
concept requires a special high-speed counter, or prescal-
er. By matching a synthesizer chip with one or more of 
the ics that make up the prescaler (Motorola makes a 
series of them), a designer may tailor a system to meet a 
variety of speed, performance, and cost goals. 
The MC145156 and -46 contain 10-bit divide-by-N 

and 7-bit divide-by-A counters and can control prescal-
ers having division values (P and P + 1) ranging from 3 
and 4 through 128 and 129. Depending on the prescaler 
selection, a range from 9 to 131,199 in steps of unity can 
be achieved for the total system division value, Ntotal. The 
availability of only 6 bits in the MC I45152's divide-
by-A counter restricts it to controlling prescalers having 

division values of 3 and 4 through 64 and 65. In this 
case, the upper Nwtid limit is limited to 65,599. 
The other four devices, the MC145155, -51, -45, and 

-44 are used when programmability at higher frequen-
cies using dual-modulus prescaling is not required. Since 
a modulus control signal is not generated, these ics 
employ a single counter for the divide-by-N function. 
Except for the MC145144, the counter contains 14 bits 
and can be programmed to divide by 3 through 16,384. 
The 145144, although similar to the -45, is optimized 
specifically for TV tuning system designs and employs a 
fixed divide-by-256 prescaler. 

Typical frequency characteristics are given in Fig. 2. 
As shown in Fig. 2a, the use of high-amplitude drive 
levels will have little effect on the maximum operating 
frequency for dra;n supply voltages, VDD, less than about 
5 V. However, for higher VDD levels, high drive levels can 
increase the maximum frequency significantly. 

Current drain is predominantly set by the counters 
and the driving-signal frequencies. Except at extremely 
low frequencies, the other on-chip functions will produce 
only secondary current-drain effects. This results in 
about the same total drain current value, IDD, for all 
members of the family under the same operating condi-
tions. From Figs. 2b and 2c a characteristic plot of ID!) as 
a function of voltage and frequency can be drawn to 
determine the current requirements with large-ampli-
tude (rail-to-rail) input signals. 
With low-amplitude drive levels (500 mv p-p), the 

current will remain essentially as shown in Figs. 2b and 
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1. Integrated. The MC145100 family of C-MOS frequency synthesizer chips contain the bulk of the circuitry needed to implement a 

phase-locked-loop design. Dual-modulus prescaling for higher-frequency operation is optional on three of the family's seven members. 

2c for a VDD of 3 v. For the 5- and 9-v conditions and for 
operating frequencies in excess of a few hundred kilo-
hertz, higher current drain results. 
The reference oscillator and buffer on each chip is 

used for developing a crystal-controlled reference signal 
by connecting an external fundamental-mode crystal 
that is parallel-resonant at the desired operating fre-
quency and by loading the crystal with two capacitors, 
C. and Co., to ground (see Fig. 1 again). 
The acceptable loading capacitance, CL, seen by the 

crystal depends upon the oscillator frequency. For a VDD 
of 5 v, CL should not exceed 32 picofarads for frequen-
cies up to approximately 8 MHz, 20 pF for frequencies in 
the range of 8 to 15 MHz, and 10 pF for frequencies 
above 15 MHz. 

These guidelines for CL take into account ic-capaci-
tance drive capability, variations in stray and 1c 
input/output capacitance, and realistic crystal load-
capacitance values. The load capacitance, CL, presented 
across the crystal can be estimated to be a CMt,,I in series 
with a C...., where: 
COI total = Cal Cinic+ Cin stray 

Cout total = Cout Cout IC + Cout stray 

with Cin1c and Cin stray representing the capacitance to 
ground at OSC1,, contributed by the integrated circuit 
and stray circuit effects, respectively. Similarly, C.tic 
and C.d.., apply to the OSCO. pin. C. and C.,„t are 
capacitors that are added to achieve the proper CL value. 
They should be chosen to make C in total and Caul total 

approximately equal. In practice, C. and Cet will be 

nominally equal. The oscillator can be trimmed to fre-
quency by making a portion or all of C. variable. 
The 145156, -55, and -45 provide a buffered oscillator 

output, REF., for use in other system functions. For the 
145152, -51, and -46, the oscillator signal can also be 
obtained by lightly coupling to OSC... This can be done 
by using a capacitor-tap impedance-transformation net-
work for Cout. 
An off-chip reference source can also be used to drive 

the oscillator input. The reference signal is applied to 
OSC1, and the crystal, and C. and Co. are omitted. The 
oscillator circuitry now behaves as a buffer amplifier. 
The external reference signal will typically be ac-coupled 
to OSC., but for high-amplitude signals (standard 
c-mos logic levels), dc coupling may be used. 

The reference counter's role 

The reference counter divides down the high-frequen-
cy reference signal to the desired comparison frequency, 
fR, which is fed into the phase detector. When using the 
145156, -55, -52, and -51, the user chooses one of eight 
possible division values with a 3-bit code applied to 
division-value select pins RAR, RA I, and RA2, 
The reference counters in the 145146 and -45 are fully 

user-programmable for integers 3 through 4,096 with a 
12-bit binary code. Typically, the desired division value 
is selected by software through a microprocessor or 
microcomputer interface with the synthesizer's 4-bit-bus 
programming structure. 
The digital phase-frequency detector on the synthesiz-
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er chips compares positive-going edges of its two phase-
compared input signals (fR and fv) and generates output 
error signals PD., OR, and (kv as pulses of varying 
widths whenever the fR and fv edges are not in alignment 
(Fig. 3). 
The error signals are filtered by the loop filter and 

thus establish the control voltage for a voltage-controlled 
oscillator. Except with the 145152 and -44, the user is 
provided a choice of either double-ended (OR, tv) or 
single-ended (PD.) error information. The -52 offers 
only OR and (pv and the -44 only PD„„,. 

Outputs OR and (ky are well suited for use with loop 
filters that provide common-mode rejection and sum-
ming properties such as those employing operational 
amplifiers. PD,.,, is a three-state output and presents a 
high impedance and a minimum of error-signal energy to 
be filtered when the loop is locked—in other words, 
when fR and fv are equal in frequency and phase. 

Previous detectors for frequency-synthesizer applica-
tions have typically exhibited large changes in gain 
(sometimes changing by an order of magnitude) near the 
zero, or phase-lock, point. This can result in many 
system design difficulties and compromises in loop per-
formance. The detector used in the 145100 chips pro-
duces a linearized response that provides a relatively 
constant detector gain through the phase-lock region and 
synthesizer performance better than that of previous 
designs. 
The user can maintain some flexibility in indicating an 

in-lock or out-of-lock condition by using the lock-
detection output. When 'the loop is locked, a lock-
detection pin, LD, is high except for a narrow low-level 
pulse (normally 100 nanoseconds wide for a VDD of 5 y). 
When the loop is not locked, LD pulses low during the 
time an error signal of either polarity is generated (see 
Fig. 3 again). Typically, output LD is integrated and 
used to bias a transistor switch on and off. In this way, 
the user can assign the point when a phase-lock condition 
is actually to be indicated. 

Programmable counters, too 

The 145155, -51 and -45 contain a single I 4-bit count-
er for the divide-by-N function. Those that control an 
external dual-modulus prescaler—the 145156, -52, and 
-46—must have this function made up of two separate 
counters. This is implemented using a 10-bit counter, 
designated divide-by-N, and either a 7-bit or 6-bit 
(145152) counter, designated divide-by-A. In addition, a 
fully programmable 12-bit reference counter is provided 
in the 145145 and -46. The division value of each count-
er corresponds to the number (in binary code) applied to 
the counter's programming inputs. The only exceptions 
are when binary codes having a value of less than 3 are 
applied to the divide-by-N and reference counters. For 
these cases, a binary zero code gives a division value of 
2b, where b is the number of bits of the counter. Division 
values for binary codes of 1 and 2 are not specified. 

All the counters are preceded by buffer stages to allow 
the use of low-amplitude inputs (500 mv p-p) when ac 
coupling is used. If a large-amplitude signal is available 
(standard c-mos logic levels), dc coupling may also be 
used. For optimum performance when ac coupling is 

TABLE 2: CHARACTERISTICS OF THE 
OF FREQUENCY-SYNTHESIZER 

MC145100 FAMILY 
CHIPS 

Operating voltage 3 to 9 V dc 

Typical current drain, with f IN = 
OSCIN = 10 MHz and VDD = 5 V, 
at 25°C 

4 mAdc 

Operating temperature —40° to +85°C 

Maximum fiN ,with 500-mV 
peak-to-peak sine wave and 
VDD = 5 V 

15 MHz minimum 

System frequency > 500 MHz 

Dual-modulus prescaler range 
MC145156, -46 

MC145152 

divide by 3 or 4 
through 128 or 129 

divide by 3 or 4 
through 64 or 65 

Maximum total division value 
IN-roTAL 1 with dual-modulus 
prescaling 

MC145156, -46 
MC145152 

131,199 
65,599 

Time required to generate 
modulus control signal, 
at 25°C, with VDD = 5 V 

50 ns typical, 
100 ns maximum 

Divide-by-N range, 
MC145145, -51, and -55 3 through 16,384 

employed, input signals should be symmetrical. 
The control logic generates the modulus control sig-

nal. This signal is used to establish the divide-by-P and 
divide-by-P + 1 format of an external dual-modulus pres-
caler and therefore allows the 145156, -52, and -46 to 
function in dual-modulus prescaling modes. 
The modulus control is dc-coupled to the prescaler's 

control input and will interface directly with most exist-
ing dual-modulus prescaling Ics. The prescaler should 
divide by P for a high signal on its control line and by 
P+ 1 for a low signal. The prescaler's output should 
make a low-to-high transition after each group of P or 
P + 1 input cycles to the prescaler. This action provides 
the proper interface to the positive-edge—triggered 
divide-by-A and divide-by-N counters, maximizing the 
time available for generating the modulus control signal 
and thus optimizing system frequency capability. 
The modulus control signal is low at the beginning of a 

count cycle and remains low until the divide-by-A count-
er has counted down from its programmed value, A. At 
that time, the modulus control signal is set high and 
remains high until the divide-by-N counter has counted 
the rest of the way down from its programmed value, N. 
This will be N — A additional counts, since both divide-
by-N and divide-by-A counters are decrementing during 
the beginning of the cycle. The modulus control signal is 
then set back low, the counters are preset to their respec-
tive programmed values, and the sequence is repeated. 
This order of timed events results in a total program-
mable divide value for the system defined by NJ., = 
N x P+ A, where N 
When using dual-modulus prescaling, the maximum 

input frequency, fin, for the 145156, -52, or -46 is usually 
not limited by the speed capability of the divide-by-A or 
divide-by-N counter, but is dictated by the propagation 
time through the prescaler (period a), the prescaler's 
control-input setup or release time (period b), and the 
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2. Performance. Maximum operating frequency (a) is achieved by 

increasing both supply and drive-signal voltages. Current drain is 

primarily a function of reference oscillator frequency (b) and input 

frequency (c). The total current is the sum of loo and 1002. 

time required for the LSI synthesizer to generate the 
modulus control signal (period c). 
The fin signal must be low enough in frequency so that 

its period is greater than the sum of periods a, b, and c. 
Two of these factors (a and b) are determined by the 
user's dual-modulus prescaler implementation. Period c 
is a factor determined by the LSI device and is typically 
50 ns for a VDD of 5 v (see Table 2 again). 

For added flexibility, both the 145155 and -56 provide 
two latched open-drain outputs, SW, and SW2, for sys-
tem switching functions. These functions are controlled 
by the first 2 bits in the serial data stream used to 
program the ics and may be used in any way to aid the 
designer or enhance the system. 
A logic 1 in the control bit causes the respective switch 

output to assume a high-impedance state, and a logic 0 
causes the output to sink current and provide a low 
impedance. Both switches use an open-drain configura-
tion capable of controlling dc levels to over 15 V, and as 

a result off-chip pull-up resistors are required. 
The 145151 provides an on-chip receive/transmit off-

set function that, when activated, adds 856 to the pro-
grammed divide-by-N value. Applications for this offset 
value include transceivers having intermediate frequen-
cies of 10.7 or 21.4 mHz and channel steps of 12.5 or 25 
kilohertz, respectively. 
The divide-by-N counter output of the 145151 is 

buffered and brought out to a package lead. This allows 
access to a relatively fast, low-current programmable 
counter for general-purpose applications. The counter 
has all 14 of its programming lines available and can be 
programmed to divide by any integer from 3 to 16,384. 

In the 145146, both inputs to the on-chip phase detec-
tor (fR, iv) are buffered and brought out. This allows an 
external detector to be employed. Also, it offers two 
relatively high-frequency, low-current programmable 
counters for general-purpose applications—the 12-bit 
reference counter and the 10-bit divide-by-N counter. 
Both are programmed using a 4-bit data-bus structure. 

Programming the counters 

The serial and 4-bit—bus devices are typically used in 
systems employing a microprocessor or microcomputer 
for the programming interface. The parallel units can 
serve in these applications also but are frequently at a 
disadvantage because they require a large number of 
interface connections. 

For the serial devices, the 145155 and -56, program-
ming involves only three interface lines: the data, clock, 
and enable lines. Programming is accomplished by clock-
ing data serially into the on-chip shift registers and then 
transferring their contents into latches with the enable 
line. Each low-to-high clock transition causes the regis-
ters to shift right 1 bit as each data bit is shifted in on 
the data pin at the time of the clock transition. (As 
mentioned, the first 2 bits control the two open-drain 
switch outputs, SW 1, and SW2, instead of programming 
the counters.) 
An inhibiting feature, activated by holding enable low, 

allows new data to be entered without affecting the 
previously programmed information. The programming 
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3. Phase-locked. When the divided-down frequencies of the refer-

ence oscillator and the input are locked in phase, the detector output 

assumes a high-impedance state; the double-ended outputs and the 

lock-detector ouput are reduced to narrow slivers. 

interface can be reduced to only two lines, the data and 
clock lines, by holding the enable line high. However, 
under this condition all program changes are continuous-
ly transferred to the latches and counters, resulting in 
erroneous information being entered during the pro-
gramming time-frame. Depending on the application, 
such errors may or may not be acceptable. 

A fully parallel input 

For parallel devices 145151 and -52, all counter pro-
gramming points are brought out to the package pins. 
Programming is accomplished by taking the appropriate 
pins high or low. There are 14 programming lines for the 
MC145151 (14-bit divide-by-N counter) and 16 for the 
-52 (10-bit divide-by-N and 6-bit divide-by-A counters). 
In applications in which lines will not be changed, they 
can be hardwired to the appropriate level. Built in pull-
up resistors are provided on all the programming inputs. 

Finally, for the 145145 and -46, which use 4-bit data 
buses, programming is done using eight interface lines— 
four for the data word, three for the address that directs 
data to one of eight latches (seven for the -45), and one 
for an enable/chip-select function. Although eight lines 
are involved, only the chip-select line, ST, must be 
dedicated to the synthesizer chip. The remaining seven 
can share the bus with other system functions, since they 
assume an inactive, high-impedance state when ST is 
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f V f IN N 
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1111P 
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held low. They need to be activated only when program-
ming changes are made. 
Three data words program the reference divider. Five 

data words are used to program the divide-by-N and 
divide-by-A counters in the 145146, and four words 
program the divide-by-N counter in the -45. The 
addressable on-chip latches store the information 
between program changes. 
The 145100 chips can be used in a variety of synthe-
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4. Uhf. Good tuning ability is easily implemented at ultrahigh frequencies. With the reference-divider code inputs RAo, RA,, and RA2 set as 

shown, the reference oscillator division value is 1,024. Frequency can be stepped in 12.5-kHz increments for the 12.8-MHz oscillator shown. 
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NAVIGATION: NTOTAL = 1,946 TO 2,145; 10.7-MHz LOW-SIDE INJECTION 

TRANSMIT: NTOTAL = 4,720 TO 5,439 

RECEIVE: NTOTAL = 5,576 TO 6,295; 21.4-MHz HIGH-SIDE INJECTION 

5. Multifunction. Both navigation and communication functions are incorporated in a single synthesizer. Different tuning increments are 

programmed into the reference frequency divider and a microcomputer serially programs the division values of the counters. 

sizer designs. Figures 4 and 5 show samples of some 
possible implementations. Any of the three programming 
methods discussed can usually be chosen without major 
concept changes. 

Applications 

Figure 4 illustrates an approach for a high-frequency 
synthesizer employing dual-modulus prescaling intended 
for an ultrahigh-frequency mobile radio. As with all PLL 
frequency synthesizers, a comparison, or reference, fre-
quency is compared in phase with the output of a 
voltage-controlled oscillator, and any difference gener-
ates a corrective signal that is fed to the vco. 
The countdown circuits discussed earlier allow the 

output frequency of the vco to be many multiples of the 
comparison frequency. The exact multiple equals the 
effective division value of the countdown circuits 
between the phase detector and the vco. Thus, changing 
the division value changes the output frequency, making 
the circuit tunable in discrete increments. Using the 
dual-modulus prescaling technique as shown in Fig. 4, 
the vco tuning-increment resolution is equal to the 
comparison frequency, fR, fed into the phase detector— 
in this example, 12.5 kHz. 

Dual-modulus prescaling ICS with a maximum-
frequency specification in excess of 500 MHz over the 
temperature range of — 55° to +125°C are available. 
These devices may be used individually or combined with 
an additional divider to increase the prescaling divide 

factor and thus lower the input frequency, f,„, to a value 
within the specifications of the LSI device. The 
MC10178 and MC10131 emitter-coupled-logic ICs in 
Figs. 4 and 5 perform this function. 

For the navigation or communication synthesizer in 
Fig. 5, it is also possible to use a rri device for the 
dual—flip-flop function in the prescaler. To facilitate this, 
an on-chip ECL-to-TTI. translator is available in some 
dual-modulus prescaler ICs such as the MC12009, -11, 
and -13. In the circuit shown, the vco's output ranges 
from 97.300 to 107.250 mHz in 50-kHz steps; for com-
munications transmission, it is 118.000 to 135.975 MHz 
in 25-kHz steps; and for reception, it is 139.400 to 
157.375 MHz, also in 25-kHz steps. 
The 145145 and —46 synthesizer chips provide the 

user with the access to fully program the 12-bit reference 
divider for values from 3 to 4,096. This feature can be 
used to obtain divide-by-R values not available with 
other family members. Selecting a divide-by-R value 
allows the frequency of the reference oscillator to be 
chosen to serve multiple functions, such as the injection 
signal for a receiver's second mixer stage. 

Another feature of these two chips is that they require 
only one dedicated program line. This is because four 
data lines and three address lines can share the data-bus 
system with other ics. This sharing makes multiloop 
synthesizer designs more practical. Three or even more 
loops may be controlled without undue complexity at the 
programming interface. El 
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Integration is on the way 
for fiber-optic receivers 

The slow takeover from hybrid designs 
will occur first in low—data-rate systems 

by Harvey J. Hindin, Communications & Microwave Editor 

Fiber-optic communications systems have won 
acceptance as a practical technology, but before they 
make it big in the marketplace, costs must drop. In 
particular, systems designers are looking for the makers 
of optical receiver parts to move beyond the present 
hybrid designs to monolithic implementations. 
Such efforts are already under way, with some prod-

ucts offering varying degrees of integration available for 
systems with low data rates. Since fiber-optic technology 
has spread around the world, these efforts are taking 
place in many countries. Within five years, say industry 
participants, many receiver components will be imple-
mented monolithically: integrated transmitters will lag 
because of the difficulties in producing laser or light-
emitting diodes in this way. 
With the first generation of integrated receiver com-

ponents available or in the design stages, designers and 
users of both digital and analog optical communications 
systems can foresee industry trends for low—data-rate 
systems by looking at the state of design around the 
world. Some attention to hybrid designs of receivers is 
also valuable, for these receivers are likely to predomi-
nate for some time in high—data-rate systems where 
maximum performance is a must. 

No one path 

However, discerning trends is complicated by the fact 
that there is no one path to receiver integration. Just 
what can be achieved is a complex interaction between 
the intended system's data rate or bandwidth, digital 
bit-error rate or analog signal-to-noise ratio, modulation 
scheme, and other electrical parameters. Thus what may 
work in one application may fail in another. 

Furthermore, state-of-the-art technology problems are 
only part of the story. Engineers may merrily combine 
more and more circuits on an integrated circuit, but just 
how far they may go can depend on competitiveness with 
the cost and electrical performance of the hybrid 
approach to receiver design. 

For the engineer wanting some form of integrated 
optical receiver, there are but a few choices today. 

1. Special detector. In the MFOD403F Motorola monolithic fiber 

optic receiver, a 10-mil-diameter collector-substrate diode (a) per-

forms the functions of a p-i-n diode. Complete receiver chip (B) 

contains diode detector (circle) and preamplifier, minimizing noise. 

Motorola leads the field, with Spectronics and TRw/Op-
tron right in behind. Other efforts in the U. S., in 
Europe, and in Japan are still in the early stages but they 
do indicate the direction the technology is taking. 

Perhaps the most sophisticated integrated receiver 
available comes from Motorola Inc.'s Semiconductor 
Group, which offers several types of p-n detectors inte-
grated with preamplifiers (Fig. 1). One has a 35-
megahertz bandwidth and a 5-millivolt-per-microwatt 
sensitivity; another has a 10-MHz bandwidth and a 25-
mv/i.tw sensitivity, says Patrick O'Neil, a principal engi-
neer at the Phoenix, Ariz., group, which has other 
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Optical receivers: light from within 

The receiver is the key element in the design of a fiber-
optic system, as important in long-distance communica-
tion as in busing data over short distances, and at low as 
well as high data rates. It detects the incident light and 
converts it into an electrical signal containing the informa-
tion impressed at the transmitting end of the system. 
The design goal is to minimize the amount of optical 

power that must reach the receiver in order to achieve a 
predetermined bit-error rate for digital systems or signal-
to-noise ratio for analog systems. The minimization is 
necessary since neither transmitter power nor low-attenu-
ation glass fiber comes cheap. 

This minimum power level, the receiver sensitivity, is a 
complex function of the parameters of the design. There 
are other design considerations, and practical receivers 
have less than optimum sensitivity. For example, sensitivi-
ty may be traded off with receiver dynamic range, a 
measure of just how much the receiver input signal may 
vary and still provide usable outputs. 

Essential components. As the figure shows, an optical 
receiver consists of a photodetector that acts as an opti-
cal-to-electrical converter, a low-noise preamplifier and 
post amplifier that convert the detector's weak signal into 
a usable level, and filtering to remove extraneous signals 
and noise. The design may be adapted to either digital or 
analog signals by adding such specialized circuits as deci-
sion logic to the digital device and demodulation to the 
analog. 
The photodetector and preamplifier incorporate semi-

conductors and present problems for the designer who 
wishes to integrate them into one or two chips. Still, this 
front end is receiving most of the attention in the drive to 
integrate. The postamplifier can follow, and in any case, it 
does little to influence receiver sensitivity since it operates 
at an already high signal level. Next will come the filters, 
but as passive devices, they present few problems. 
The photodetector may be either a p-i-n or an ava-

lanche diode, although in present first-generation designs, 
it is more likely a p-n diode. Also, research is under way on 
other structures like field-effect phototransistors. Today, 
the diode is made from silicon, which provides a spectral 
match for the 0.8-to-0.9-micrometer wavelengths emitted 
from the aluminum-gallium-arsenide transmitters that are 
commonly used in fiber-optic systems. 
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1 HIGH-VOLTAGE SUPPLY (AVALANCHE ONLY) 

PHOTODETECTOR 
(OPTICAL-TO-
ELECTRICAL 
CONVERTER) 

OR 
AVALANCHE 

DIODE 

INTEGRATING 
OR 

TRANS-
IMPEDANCE 
AMPLIFIER 

BIPOLAR 
OR 

FIELO-EFFECT 
TRANSISTOR 

However, other options are being studied, notably GaAs 
FETs that have better noise performance than their silicon 
equivalents, but introduce a second substrate into a sili-
con world. It is likely that future receivers will take advan-
tage of the lower fiber attenuation in the 1.3-to-1.6-gm 
region of the spectrum and be made from materials 
absorbing in this spectral region, which include several 
GaAs compounds. 

Choice. For now the choice is between a p-n or p-i-n 
diode or an avalanche device. For its part, the p-n or p-i-n 
diode merely converts the optical into an electrical signal. 
In contrast, an avalanche device adds internal current gain 
but requires applying several hundred volts to make it 
function. Such voltages are undesirable if the goal is to 
integrate the avalanche detector on a substrate with other 
important devices. 
The current generated by the photodetector must be 

converted into a usable signal level for further signal 
processing by the receiver. It is critical that the preamplif-
ier do this with a minimum amount of noise added to the 
system—since the lower the noise, the more sensitive the 
receiver. So the first stage of the amplification is per-
formed by either a FET or a bipolar transistor. As is the 
case with the photodetector, the choice depends on the 
application at hand. In digital systems, for example, high 
data rates favor a bipolar device since its noise perform-
ance is better. 
Whether a FET or bipolar device is used, there are two 

choices for the preamplifier configuration: either the high 
impedance (integrating) version that is a current amplifier 
or a transimpedance amplifier that is a current-to-voltage 
converter. Either type, with its associated circuitry, may be 
integrated onto a silicon substrate. 
The integrating amplifier reduces all sources of noise to 

an absolute minimum. However, each receiver has to be 
tuned and temperature-compensated individually, making 
integration difficult. In addition, the dynamic range of such 
a design is limited. However, where the ultimate in sensitiv-
ity is required, this amplifier is the preferred approach. 
The transimpedance amplifier is the most common 

design for either the hybrid or the monolithic approach. It 
can provide wide bandwidths and a greater dynamic 
range than the integrating amplifier approach, though its 
noise performance is somewhat inferior. 
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versions with still different specification tradeoffs. 
System design is eased by an input fiber strand fed 

through a specially designed connector and leading to 
the light-sensitive area of the IC. The connector is a joint 
development of Motorola and Amp Inc. 

The most common approach to a fiber-optic receiver is 
the combination of a p-i-n photodetector diode or variant 
like a pn detector and a transimpedance preamplifier 
(see "Optical receivers: light from within," p. 156). Such 
a design is relatively easy to implement and can be made 
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with specifications almost as good as the more exotic 
alternative devices: avalanche detectors and integrating 
preamplifiers. 

In the Motorola design, an emitter-follower amplifier 
is included with the transimpedance preamp so that the 
receiver's output voltage is available from a low-imped-
ance source. Thus the receiver can easily match and 
drive other signal-processing circuitry. What's more, this 
approach yields an output voltage directly proportional 
to the incoming light power over a wide range of input 
levels—the already mentioned sensitivity measured in 
millivolts per microwatt. 

Benefits anticipated 

Most engineers in the fiber-optic receiver industry 
believe that the integrated detector-amplifier will cost 
much less in large quantities than the hybrid compo-
nents. However, it is too early in the game to make exact 
comparisons. Costs for both types are strongly dependent 
on specifications and quantities, and experience in pro-
ducing large numbers of these parts is lacking. 

However, the systems designer will find his or her task 
simplified by the integrated offerings. For one, the 
design of a transimpedance amplifier is a tough nut to 
crack, but it need not worry the user of an integrated 
detector-amplifier. For another, this integrated receiver 
front end comes enclosed in a shielded container, elimi-
nating difficult-to-do and expensive shielding of printed-
circuit boards. 

Another design problem that the integrated front end 
can solve is electromagnetic and radio-frequency inter-
ference. The key here is a short lead length—the Motor-
ola design has an equivalent detector lead length of only 
about 0.25 millimeter in the connections on the lc. 

Both emi and rfi are problems for p-i-n diode receivers 
because they have high impedance. The shortest of leads 
will act as a pickup antenna, and the energy coupled into 
the receiver is amplified by the high-gain transimpe-
dance preamp. Thus the shortest possible lead lengths 
are highly desirable in the fiber-optic receiver. 
Such noise problems in the receiver are particularly 

frustrating to the system designer, who may be attracted 
to an optical transmission scheme because the dielectric 
fiber is totally free from emi or rfi pickup (unlike metal 
cable or wire). Worse yet, the interference tends to be 
random, so the only compensation is increasing the sig-
nal or transmitted power to maintain a satisfactory 
bit-error rate or signal-to-noise ratio. 

The U. S. effort 

After Motorola, the two manufacturers furthest along 
the integrated path are TRW/Optron, one of TRW Inc.'s 
Electronic Components divisions, and the Spectronics 
Inc. subsidiary of Honeywell Inc. Both manufacturers 
have already made their moves toward establishing an 
industry position. 
The basic strategy at Optron in Carrollton, Texas, is a 

step-by-step integration of the signal-processing ele-
ments in the preamp stage, varying the elements inte-
grated with the diode detector to determine the mix 
customers need. The company expects that the first true 
monolithic receiver will combine the detector with two or 

2. Lots of modules. TRW/Optron is preparing for the advent of 

monolithic fiber-optic receivers by developing a line of integrated 

devices. Here engineers Ben Wagner and Joel Van Antwerp check 

photo mask artwork for accuracy on a light table. 

three of the amplifier's building blocks, such as threshold 
detectors, comparators, linear amplifiers, automatic gain 
control, and phase-locked loops. 
"By 1983 or 1984 the technology will be available for 

production of a very large-scale integrated fiber-optic 
receiver, but it will take until 1985 for these to become 
commodities," says Michael F. Ehman, vice president of 
materials technology and development. "Probably three 
of the modules [the building blocks] will be integrated 
with the detector. If you go much beyond three, the 
circuit is going to be too complex for the business/com-
puter systems market. The dice would be too big and the 
yield would be reduced to a point where nobody could 
afford them." 

A beginning 

Optron introduced an ic family this year (Fig. 2) that 
features a threshold detector on a chip with a photodi-
ode. But it is used for optical switching applications, not 
in fiber-optic receivers yet. The company plans to inte-
grate other amplifier modules with a detector, eventually 
including several of the modules in a package designed 
specifically for fiber-optic receivers. Ehman expects the 
package's detector will be a p-i-n device (see "No rush to 
integrate an avalanche photodiode," p. 158) for low-
performance systems in the industrial-control, office-
of-the-future, and automotive markets. 
Such low-performance systems are the only area 

where integration of the receiver will take place quickly, 
says J. R. ("Bob") Biard, chief scientist of Spectronics in 
Richardson, Texas. For systems needing 5-MHz speed or 
more, the basic incompatibility between high-speed 
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No rush to integrate an avalanche diode 
Avalanche photodetectors, superior to p-i-n diodes in sev-
eral respects, are being ignored in the race to integrate the 
fiber-optic receiver. The industry view is that, for the 
foreseeable future, they will not be seen on chip with other 
circuitry. 

"The complexity of the avalanche photodiode process 
is so far away from the integrated-circuit processes of 
today that the two don't appear to be really compatible," 
says Michael F. Ehman of TRW/Optron. "The materials 
processes needed to fabricate avalanche devices and 
integrated circuits are going in opposite directions. Aval-
anche photodetectors tend to be high-sheet-resistance 

devices, while low sheet resistance is needed for inte-
grated circuits." 
Texas Instruments' Shaun Shaunfield says flatly that 

"avalanche and IC technology just don't mix." Further-
more, the high voltage needed to make the avalanche 
function is an insurmountable stumbling block for Spec-
tronics, whose Bob Biard sees no hope of integrating it 
into an IC. Add to this the device's problem with voltage 
control and temperature compensation (since the aval-
anche gain varies strongly with voltage and temperature), 
and it appears that the fiber-optic receiver designer can 
forget about it for now in integrated designs. 

3. Check It out. The Spectronics fiber-optic photodiode with inte-
grated preamplifier is checked for both optical and electrical parame-
ters. Data obtained depends on such fiber parameters as cable 

diameter and numerical aperture, as well as the diode characteristics. 

detector and IC processes is going to require hybrid 
implementation "for a long time to come," he says. 

Like Motorola, Spectronics actually is producing inte-
grated detector and amplifier products. One part, the 
SD3323 (Fig. 3), incorporates a photodiode with a tran-
sistor as a first-stage amplifier. It comes in a metal or 
plastic can and can be used to directly drive a rrL output 
if a short fiber line and a large-diameter cable are used. 
The SD3323 sells in the $10 range for the metal-can 

version. "Due to compromises in detector performance 
that had to be made in relation to the IC technology 
needed to put everything on the chip, the bandwidth is 
specified at 2 MHz," says William F. Stephen, the com-
pany's product manager. "This is significantly lower 
than our discrete devices." 

Spectronics also offers what it calls a fiber-optic 
Schmitt-trigger detector. This chip integrates a photodi-
ode, a preamplifier, and a Schmitt threshold and output 
compatible with TTL or complementary-mos logic. The 
IC is made with what Biard calls a linear complementary 
bipolar process and is available in a plastic can or a 
metal can suitable for direct coupling to a fiber. The low 
speed of 200 kilohertz is a tradeoff for a better response 
than in the 2-MHz SD3323. 
As in the Motorola offerings, the integrated Spectron-

ics designs do not use a p-i-n device for the detector 
diode. In the case of the 3324 Schmitt trigger, the 
detector is formed at the junction between the epitaxial 
layer and the substrate. 

"For the ic epilayer technology, the substrate is fairly 
high resistivity p-type material," Biard says. "You grow 
on it the epilayer that forms the collector of all the 
transistors on the circuit. That epilayer is the cathode of 
the photodiode and the substrate is the anode. So it 
really is just an n- or p-type diode. This has to be done 
because there just isn't any way to make a true p-i-n 
diode compatible with silicon IC technology." 

This procedure makes the receiver slow to respond and 
only suitable for low data rates. "Since it is a p-n diode it 
has a fairly small depletion-layer width at the bias 
voltage that is available for it on the chip," Biard says. 
"So a lot of the response of the photodiode is from 
undepleted material. Those carriers have to diffuse to 
the junction before current flows in the external circuit, 
and that makes the detector slow." 
The inherent bipolar collector's substrate junction is 

used as the photodetector in the Motorola devices, points 
out semiconductor industry consultant Lawrence A. 
Murray of Murray Consultants, St. Louis, Mo. "This is 
neither a low-capacitance approach nor highly efficient 
insofar as conversion efficiency is concerned, but meets 
the needs of low—data-rate baseband or computer links," 
he says. 

Spectronics says the demand for these low-end inte-
grated receivers is very strong for process-control and 
instrumentation applications. It adds that 50,000-unit 
production projections bring integrated devices to half 
the price of the discretes. 

A dissenting view 

Not all U. S. makers of optical receiver components 
embrace integration enthusiastically. "While there is a 
trend toward integrating signal-processing circuitry with 
the detector in a fiber-optic receiver, there is no particu-
lar urgency," says W. N. ("Shaun") Shaunfield, manag-
er of electro-optical components at Texas Instrument's 
Optoelectronics department in Dallas. 

"TI has no specific program under way right now to 
integrate detectors on chip with circuitry elements," he 
says. Cost is a major factor, he adds. "Since detectors 
are likely to take up large portions of a chip, it's not 
economical to use valuable wafer real estate that could 
be used for more complex functions. It would probably 
be cheaper to process the simple two-to-three-mask 
detectors separately and go the hybrid route." 
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The fundamental physics is a problem too, Shaunfield 
says. He notes that integrated p-i-n diodes do not collect 
all the light incident on them, because their active 
regions are on the surface half mil or so and the incident 
light goes down several mils. The resulting efficiency 
problems might degrade responsivity as a function of 
wavelength by a factor of four or five. 

Still, Shaunfield admits the integrated receiver will 
come along—especially for short fiber runs where lower 
performance is more acceptable. But five years from now 
such parts will be hard-pressed to capture as much as 
30% of the market and will probably have to settle for 
something like 15% or 20%, he says. 

Overseas action 

With lead lengths causing grief over noise, it is no 
surprise that, as the receiver community investigates 
pure monolithic designs, it is attacking the lead-length 
problem with other clever approaches. Typical is the 
Hitachi Ltd. design consisting of a discrete p-i-n photo-
diode and a two-transistor integrated monolithic tran-
simpedance amplifier (see Fig. 4). It can provide a 
30-MHz bandwidth with a sensitivity of — 35 dem at the 
commonly used 0.83-micrometer wavelength. 
The lead length is only 2 mm, so noise is no problem as 

long as the metal can is used. "The design might prove 
usable up to a bandwidth of several hundreds of mega-
hertz," says its designer, Mitsuo Tanaka, senior 
researcher at Hitachi's central research laboratory in 
Tokyo. It has already been employed in a 4.2-kilometer, 
10-megabit-per-second data highway that carries signals 
controlling a continuous casting steel mill, he says. 
Not to be outdone, another Japanese group has built 

an IC with six p-i-n diodes as part of its effort to 
construct a compact receiver. The Yokoshuka Electrical 
Communications Laboratory of the Nippon Telegraph 
and Telephone Public Corp. built the array to match an 
experimental six-conductor fiber cable. Researchers 
there say that the lead lengths are such that there are no 
special problems with reduced frequency response or 
noise. Their experiments have been carried out at the 
6.3-mb/s rate used in Japan for transmission and at the 
8.2-mb/s rate used between telephone exchanges. 

In another experiment the Yokoshuka group built a 
receiver front end with a silicon field-effect transistor 
mated to a p-i-n detector. The 6.3-mb/s part has a 25-de 
dynamic range and a sensitivity of —46.7 dem. A 
gallium-arsenide FET would be more attractive for the 
amplifier's first stage because of its low noise—but its 
incompatibility with silicon causes integration problems. 

However, GaAs fiber-optic receiver work is going on 
all over the world. For example, the Thomson-CSF Cor-
beville Laboratories near Paris have developed a fiber-
optic transceiver dubbed EROS for emitter-receiver opti-
cal system (see "A timely conference for receiver fans," 
p. 160). A discrete GaAs diode functions both as a 
receiver and transmitter in a half-duplex scheme. The 
lab is far from having any prototypes of integrated 
fiber-optic receivers, a spokesman says. 
The French are, however, busy in fiber-optic receiver 

integration, as they see its potential for more efficient, 
less expensive, and noise-free systems. At the Thomson-
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4. Two in one. In one Hitachi experimental fiber-optic receiver, a 

discrete p-i-n diode is mounted alongside a two-transistor monolithic 

transimpedance amplifier (a). Both are enclosed in a metal case (b), 

so that electrical noise is not a problem. 

CSF Lignes Télégraphiques et Téléphoniques subsidiary 
in Paris, a group headed by Michael Eve has started to 
investigate the integration of a p-i-n detector with a FET 
amplifier, both being GaAs devices. So far "the problem 
is getting the device capacitance low enough for suitable 
amplification," Eve says. It will be as much as two years 
before anything is ready to market, he adds. 

Even further away from a product is the effort at 
Compagnie Générale d'Electricite. The word from its 
central research laboratory in Marcoussis near Paris is 
that engineers are starting to look into an all-silicon 
photodetector and amplifier combination, but they will 
have nothing to report until 1981. 

Meanwhile, West Germany's Siemens AG has been 
busily developing integrated photodetector amplifiers at 
its Munich operation, but it has not devoted much effort 
to the fiber-optic integrated receiver. Instead, the com-
pany has chosen to go after the now more lucrative 
market for camera exposure meters, electronic flashes, 
and the like. Its TFA 1001 W is typical: an ic with 
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A timely conference for receiver fans 
Designers and users of fiber-optic receivers, whether inte-
grated or in hybrid form, will find much to ponder in 
presentations recently at the FOC-80 fiber optics and 
communications conference in San Francisco. The confer-
ence offered three papers directly concerned with receiv-
ers and others that touched on the subject. 
The French EROS hybrid transceiver was discussed by 

its authors L. d'Auria and P. Richin of Thomson-CSF. They 
emphasized a description of the discrete module system. 

National Semiconductor Corp. sent Eric M. Miller to tell the 
audience he designed a hybrid fiber-optic receiver for 
medium performance because such general-purpose units 
have been ignored in the past. 

For its part, Motorola's Semiconductor Group presented 
two papers on the system use of its integrated fiber-optic 
receivers. Also, Lawrence A. Murray of Murray Consul-
tants presented his prediction of the evolution of the 
fiber-optic receiver business. 

photodiode and an amplifier. The technology has enough 
in common with the requirements for integrated optical 
receivers so that Siemens will probably introduce a line 
of monolithic receiver products when the time is ripe. 

In England, development of integrated fiber-optic 
receivers is also in the beginning stages. Researchers are 
devoting their efforts to optimizing hybrid designs with 
the experience gained being transferable to integrated 
designs. Typical is a hybrid p-i-n photodiode plus gal-
lium-indium-arsenide FET receiver operating at the high 
data rate of 140 mb/s [Electronics, Sept. 25, 1980, p. 73]. 
The p-i-n diodes were fabricated at Plessey Co.'s Allen 

Clark Research Center in Caswell. The system itself was 
put together by the Post Office research center in Mart-
lesham Heath and has sensitivities at the 1.3-arn wave-
length of —44.2 and —40.1 dBm for 140- and 280-mb/s 
data rates respectively. A system bit-error rate of 10 -9 is 
maintained. Such second generation fiber-optic systems 
are important because they exploit the lower fiber atten-
uations available at the 1.3-to-1.6-µm wavelengths. Thus 
longer fiber runs between repeaters are possible. 

Still life in hybrids 

The pace of worldwide development is such that it will 
be three to five years before the integrated approach 
takes over from the hybrid receiver designs running the 
show now. As well as fundamental technical reasons, the 
size of the markets the receivers serve and their cost are 
factors. 
The important technical factor is that "you can't do 

monolithic photodetectors right now for the high band-
widths," says David B. Medved, president of Meret Inc., 
a Santa Monica, Calif., maker of fiber-optic components 
and subsystems. He defines this as 30 mHz and up and 
sees hybrids as the answer for the next two or three 
years, at least. "Nobody has found a way to put a 
high-speed p-i-n photodiode onto low-resistivity silicon," 
he explains. 

Dennis Haynes, marketing manager for analog prod-
ucts of Burr-Brown Research Corp. in Tucson, Ariz., 
agrees that the detector-amplifier integration is the hard 
part. "What has held back the development of integrated 
fiber-optic receivers is disappointment by manufacturers 
with the slowness of the fiber-optic market to become 
important," he adds. Only as the market matures will 
research and development into integration pick up its 
pace, he believes. 

Burr-Brown, Meret, Spectronics, and other manufac-
turers have lines of hybrid receiver components avail-

able. They cost $100 or more, depending on specifica-
tions and quantities. These prices are high because the 
sales volumes are not yet enough to attract the mass 
semiconductor producers, says consultant Lawrence 
Murray, although he expects a change in the next few 
years [Electronics, July 17, 1980, p. 44]. 

Furthermore, "a push toward integrated fiber-optic 
receivers will require expertise that the small suppliers of 
hybrid devices just don't have," he says. Only a few of 
the six dozen suppliers of optical receiver parts could do 
an integrated receiver he says, mentioning TI, RCA, 
Hewlett-Packard, Hughes, Motorola, Spectronics, and 
Optron. However, only the last three companies will 
admit to ongoing R&D programs in integrated optical 
receivers. 

Costs may tumble 

Murray points out that a standard discrete p-i -n sili-
con diode is made with three masks on a 50-by-50-mil 
substrate and may sell for $7. "This is twice the selling 
price of a 200-by-200-mil chip with thousands of transis-
tors, so there is certainly room for prices to fall, especial-
ly when you consider that the larger device has much 
tighter tolerances." 

That inexpensive integrated fiber-optics receivers will 
first make their mark in low—data-rate systems is clearly 
the industry viewpoint. For example, Eric N. Randall, 
vice president of engineering and director of optical 
communications products for Galite Inc., a Wallingford, 
Conn., division of Galileo Electro-Optics Corp., says that 
he suspects that integrated devices will be especially well 
suited to the sort of short links that exist in minicomput-
er setups or between computers and peripherals where 
maximum bandwidth is not a problem. In fact, "wide-
spread availability of monolithic detectors with an 
amplifier stage would make the short link market even 
more active than it is now." 

While agreeing with Randall's assessment, Stephen C. 
Lang, senior marketing specialist at systems maker Val-
tec Inc. in West Boylston, Mass., says the key question is 
not price but reliability. He says that Valtec's discrete 
optical modulator-demodulators have mean times 
between failures in the field of more than 100,000 hours 
and "we wouldn't consider retreating from that to save a 
few dollars." 

Inputs to this article came from Electronics staff members 
Arthur Erikson, James B. Brinton, Charles Cohen, John 
Gosch, Wesley R. Iversen, Kevin Smith, and Larry Waller. 
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Designer's casebook  

Opto-isolated line monitor 
provides fail-safe control 
by Eric G. Breeze and Earl V. Cole 
General Instrument Corp., Optoelectronics Division, Palo Alto, Calif. 

Because of the degree of isolation they provide, optically 
coupled ac-line monitors serve well as a small, reliable 
low-power interface in ac-to-dc control applications, 
where status information of the ac line is crucial. When 
a type is used that is rn.- and microprocessor-compati-
ble—like the MID400, which performs the basic moni-
toring function on a single chip—a circuit can be built 
that ensures fail-safe control under the most difficult 
monitoring assignments. And when combined with a 555 
timer, the monitor will have improved drive capability, 
more precise control of the turn-on and turn-off delay 
times, and better noise immunity than units that are 
typically available. 
As shown in Fig. 1, two gallium arsenide infrared-

light—emitting diodes connected back to back and opti-
cally coupled to an integrated photodiode and high-gain 
amplifier make up the MID400, which is encased in an 
eight-pin dual in-line package. In operation, each LED 
conducts on alternate half cycles of the ac-input wave-
form, together producing 120 pulses of light per second. 
Thus the photodiode periodically conducts, causing the 
amplifier to drive the npn transistor at the output to its 

on state. As the amplifier's switching time has been 
designed to be slow, it will not respond to an absence of 
input voltage lasting a few milliseconds; therefore it will 
not respond to the short zero-crossing period that occurs 
each half cycle. 
The MID400 operates in one of two basic modes: 

saturated or unsaturated. It operates in the saturated 
mode when the input signal is above the minimum 
required current of 4 milliamperes root mean square and 
the photodiode pulses keep the output of the MID400 
low. It operates in the unsaturated mode if the input 
current drops below 4 MA rms. Under these conditions, a 
train of pulses will appear at the output. In this way, a 
clean clock generator, devoid of power-line transients 
because it is isolated, may be realized. 

If the input current drops below 0.15 mA, the device 
turns off. This causes the output of the MID400 to 
remain high. 
Adding an external capacitor, C, to pin 7 of the device 

produces a time-delay circuit. The amount of delay on 
power-up is short because the photodiode has a low 
impedance when conducting. When ac is removed, how-
ever, the delay is long because the capacitor must 
discharge through the leakage resistance of the amplifier 
and photodiode. The larger the capacitor, the longer the 
delay. 

In lieu of capacitor C, the use of a 555 timer also 
provides pulse shaping by yielding faster rise and fall 
times at the output. Here, the 555 is used as a Schmitt 
trigger with well-defined thresholds, the high state being 
2/3 Voc and the low state being 1/3 Vœ. Besides providing 

MID 400 

41,1•• 

5V 

à 

RL 

4.7 ks2 
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L — 

Cx 

1 kS2 

e 
Vcc 

THRESHOLD DISCHARGE 

555 

TRIGGER OUT 0 OUTPUT 
GROUND 

7 

1. Control chip. Opto-isolated power-line monitor on single IC provides hash-free driving signals for ac-to-dc control applications. When 

united with 555 timer, circuit provides precise control of on and off delay times, improved driving capability, and good noise immunity. 
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2. Immune. Monitor is easily modified for fail-safe control tasks, such as are required in industrial applications. Diode prevents component 

failures from creating output glitches. MID400's output circuit design inherently prevents generation of glitches caused by supply anomolies. 

noise immunity, use of the 555 also minimizes oscilla-
tions that might occur if a TTL device were to drive a 
minicomputer. 
Timing elements R. and C. set the delay. With appro-

priate choice of the time constant, the circuit can be 
made to respond to, or to ignore, one or more ac input 
cycles. Diode D. permits the fast charge and slow 
discharge of C. or, if the diode's polarity is reversed, the 
slow charge and fast discharge of the capacitor. The 
actual delay time will depend on the operating mode of 
the MID400. 

For industrial, military, or medical applications in 
which fail-safe operation is important, the circuit's 
response must also be considered for the cases where 
either the ac input or the MID400 supply is removed. 

Fortunately, the MID400 has been designed so that its 
output transistor is on (low) only when both the ac input 
voltage and the supply voltage are present, thus simplify-
ing the problem of providing a valid fail-safe control 
signal. Consider the case where the MID400 is powered 
by a separate 5-volt supply and the monitor drives a 
TTL-compatible interface through a twisted-pair line 
(Fig. 2). Normally, the inherent truth table of the device 
will prevent an erroneous output to the TTL interface 
circuit. Should R1 fall below 1 kilohm for one reason or 
another, however, and the power supply be off, the TTL 
input of the minicomputer will appear low because of 
excessive current flow through 121. Diode DB in series 
with R1 blocks any reverse current, eliminating the 
problem. 111 

Three-level inverter 
conserves battery power 
by Geert J. Naaijer 
Laboratoires d'Electronique et de Physique Appliquée, 
Limeil-Brévannes, France 

Converting 12 volts dc into a well-regulated 220 v ac at 
high efficiency is especially desirable when the input 
power source is derived from solar cells or a car battery. 
Often, too, output harmonics generated by the conven-
tional square-wave inverter must be reduced to a point 
where it does not create other practical drawbacks. 
These design requirements are met with this inverter, 
which maintains efficiency and reduces harmonics at all 
power levels by ensuring that the driving current is 

almost linearly proportional to the output power and by 
producing a three-level output waveform that more 
closely approximates a sine wave. 
As shown, the CD4013 dual flip-flop generates a 

100-hertz pulse train (duty cycle is V6) and a 50-Hz 
square wave (the oscillator is easily modified for 60 Hz), 

both of which are independent of input voltage and load 
variations. The AND gates formed by the diode-resistor 
networks at the output of the flip-flops apply these 
signals to the power transistor drive circuitry (BC548, 
MJE801, etc.), which, configured in a two-phase 
switched-mode arrangement that sends a pulse through 
the primary of the line transformer every quarter cycle 
at 50 Hz, generates a three-level waveform. 

Because the positive and negative output swings each 
last one third of a cycle, separated by sixth-period inter-
vals at the zero crossings, third-harmonic attenuation is 
theoretically reduced to zero. By appropriate modulation 
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HERE AT LAST! 
A Standard"Custom"Data 

Collection Device 
The Memodyne M80 
Cassette Computer 

The M80 is a general purpose Z80'" based 
computer combined with a rugged, high-speed digital 
cassette drive in a compact, panel mounting module. 
Modem and terminal RS232C and TTY current-loop 
serial ports are provided for easy interfacing. A 2K 
PROM is programmed to implement completely inter-
rupt driven control of the recorder and communica-
tions functions. A 1K RAM provides data buffering 
which allows the M80 to handle continuous streams 
of data up to 9600 BAUD. 
TM 780,s a ,ractemark of ZILOG Corp 

FEATURES: 
• Standard program in CPU Card Prom implements 
30 recorder and communication commands plus 
numerous mode selections. 

• A Microprocessor based computer that is small and 
compact, a rugged module that can operate in hos-
tile environments with its own removeable medium 
memory, immune to hazards that disable disks, 
printers, and other peripherals. 

• High speed: Can read or write continuous data 
streams at up to 9600 Baud with block size of 100 
bytes or more. 

• 500,000 Byte formatted capacity. 

• ANSI/ECMA-34 compatible tapes, both tracks 
accessed. 

• Programmable block size up to 256 Bytes. 

• Recorder control and communications are interrupt 
driven and transparent to user programs. 

• Small cards make for sensible modularity with 
modern high density ICs and are easily inserted 
and extracted. 

• Small module fits behind standard 5 inch panel. 

IF YOU NEED: 
1. A Process Control Computer. 
2. A Computing Data Logger. 

3. A Custom Cassette Recorder. 

4. An Airborne Recording Computer. 

5. The Highest Speed RS232C Cassette Recorder. 

6. A Medical Data Acquisition System. 

7. A Numerical Controller. 

8. An Intelligent Cassette Terminal. 

9. An Analytical Instrumentation Recorder. 

10. An Automatic Tester. 

. An application we haven't thought of ... 

THEN ALL YOU HAVE TO DO 
IS PROGRAM OUR PROM 
(AND IF YOU DON'T WANT TO 
WE WILL). 

WRITE FOR COMPLETE DETAILS INCLUDING 
COLOR BROCHURE TO: 

Illemodyne 
CORPORATION 
220 RESERVOIR STREET 
NEEDHAM HEIGHTS, MA 02194 U.S.A. 
TELEPHONE (617) 444-7000 
TELEX 922537 
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Cell saver. Switched-mode inverter attains high efficiency and low harmonic distortion over a wide range of power levels, thus conserving 

solar cells and batteries. Output frequency is independent of input fluctuations. Current limiting and voltage regulation are provided. 

of these zero-voltage intervals, good regulation is 
achieved at low loss without reintroducing excessive 
third harmonic energy. Although this method is not as 
elegant as the transformerless method of summing 
phase-shifted square waves or stepped sine waves,' it is 
much simpler. 
DI and CI ensure reliable startup. Current limiting is 

provided by Q1, which diverts drive current if output 
current soars. Output impedance is kept virtually con-
stant during all parts of the cycle, including zero-voltage 
periods, where Q2 saturates Q3, thus feeding an inductive 
current back into the battery via diodes D2 and D3. The 
zener diode provides spike suppression. A neon lamp or 
similar symmetrical-breakdown device allows simple 
voltage regulation. When V0,1 soars, C, attains break-
down before the normal zero-voltage period, and Q4 or 
Q5 diverts current. 

Because this is a switched-mode inverter, efficiency is 
excellent at nominal output power. But, in contrast to 
other inverters, its high-efficiency characteristic extends 
down to very low output-power levels. This is achieved 
by forcing output current to flow not only through the 

transformer's secondary, but also through the base-
emitter junctions of the 2N5685 power transistors. Thus, 
base drive closely tracks the output power requirements. 
As long as the transformer winding ratio is compatible 
with the gain needed to saturate the power transistors, 
significant power can be saved at the lower power levels. 
Efficiency exceeds 88% at 120 volt-amperes, 75% at 175 
VA, and 50% at 15 VA. No-load loss is only 12 watts. 

Still better performance can be obtained by adopting 
the power Darlington configuration, as shown at the 
upper left. Using the Darlington, the inverter's efficiency 
will be 89% at 150 VA, 70% at 225 VA, and 50% at 15 
VA. Lower transformer step-up ratios further improve 
performance, because the output transistors switch more 
totally into saturation. Thus, 12-v de-to-1 10-v ac and 
24-v-dc-to-220-v-ac designs are more efficient than this 
12-v-dc-to-220-v-ac circuit. 

References 
Geert J. Naaijer. "Transformerless inverter cuts photovoltaic system losses." Electronics 

Aug. 14. 1980. p. 121 

Designers casebook is a regular feature in Electronics. We invite readers to submit original 
and unpublished circuit ideas and solutions to design problems. Explain briefly but thoroughly 
the circuit's operating principle and purpose. We'll pay 850 for each item published. 
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Bussmann speaks your 
language in miniature fuse protection. 

And selection. 

When you think small. 
think Buss. With today's 
miniaturization of elec-
tronic equipment and 
components, you don't 
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for size. Not if you get 
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application data And 
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High linearity and video speed 
come together in a-cl converters 

Digitally corrected subranging in analog-to-digital converters 
ensures high precision at no loss in speed 

by William J. Pratt, Analog Devices Inc., Computer Labs Division, Greensboro, N. C. 

Ill Conversion speed is obviously paramount for analog-
to-digital converters meant to operate in the 1-to-20-
megasample/second range. But linearity is also a most 
important parameter. Unfortunately, a tradeoff must 
usually be made between top speed and maximum con-
version precision in the design of such converters. The 
result is a less-than-ideal transfer function. 

Increasing the resolution of the first encoder in a 
conventional subranging a-d converter is the basis of a 
digital error-correction technique, called digitally cor-
rected subranging, that extracts superior performance 
from 9- to 12-bit a-d converters. As a bonus, this better 
performance can be achieved with components that are 
less accurate, smaller, and dissipate less power than 
those needed in conventional designs, since less attention 
need be paid to system errors. Examples of a-d convert-
ers using the DCS approach include the 10-bit, 20-
megahertz MOD-1020 and the 12-bit, 5-MHz MOD-
1205, both from the Computer Labs division of Analog 
Devices Inc. 
Subranging a-d converters are widely used at conver-

sion rates of 1 megasample/second and higher and for 
resolutions of 9 to 12 bits. The conventional subranging 
a-d converter circuit (Fig. 1) employs two encoders, 
connected in series with one another. The encoders quan-
tize the analog input signal and produce a binary output. 

They can be flash (parallel) or Gray (foldback ampli-
fier) encoders. The digital error-correction scheme 
described here is useful only for subranging a-d convert-
er circuits. As such, it is best understood by a closer 
examination of the error factors in a subranging a-d 
converter circuit. 

Encoder accuracy 

A conventional subranging a-d converter produces a 
binary output with a resolution of 2", where N is the 
total number of converter binary bits, or NI plus N2, the 
respective resolutions of the first and second encoders. 
The first encoder must be at least as linear as the 

converter is overall, even though its resolution may be 
much lower. For example, a 10-bit subranging a-d con-
verter with 10-bit linearity must have a first encoder 
whose minimum linearity is 10 bits, even though its 
resolution may be, say, 8 bits. A closer look at the circuit 
reveals why this is so. 
The first encoder quantizes the analog input signal. 

The resulting digital word drives the digital-to-analog 
converter, whose output is subtracted from the original 
analog input signal and the difference amplified by the 
operational amplifier. The op amp's output is a compo-
site signal, consisting of a "residue," or unquantized 
portion of the original analog input signal, plus any 

EQUIVALENT STATIC (dc) OFFSET 
ERROR DUE TO OPERATIONAL-

- 4- AMPLIFIER, d-a CONVERTER, ANO 
FLASH-ENCODER OFFSETS AND 
TEMPERATURE DRIFT 

1. Subranging. A conventional 9-to-12-bit analog-to-digital converter operating at rates of 1 megasample/second and higher uses a 

subranging conversion circuit. A common variation is the use of a Gray code (foldback amplifier) encoder in place of the first flash encoder. 
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2. Errors. In a conventional 4-bit subranging a-d converter using two 2-bit flash encoders, the error at 0011-0100 is due to static offset 

effects, while the error at 0111-1000 is due to bias effects as well (a). The test circuit (b) measures converter input-signal linearity. 

errors resulting from nonideal behavior of the encoding 
circuitry. These errors must be removed from the output 
signal if a low-accuracy (and thus low-cost) encoder is to 
be used. The second encoder quantizes the composite 
signal, producing an output byte that is combined with 
the digital output of the first encoder to form the final 
output of the a-d converter. 
The circuit works much like a successive-approxima-

tion a-d converter circuit. The difference is that more 

than 1 bit at a time is encoded and the input to the d-a 
converter digital is in parallel. Such an arrangement 
allows operation at much higher speeds. 
The required resolution can be provided only if the 

input range of the second encoder is equal to one quanti-
zation step of the first encoder and if the residue signal 
at the input of the second encoder is always within that 
encoder's input conversion range. Should the residue 
signal exceed the limits of the second encoder, signal 
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3. Elimination. Digital correction (a) can be used to eliminate conventional subranging a-d converter linearity errors. Note the error reponse 

(b) of the conventional circuit in Fig. 1 Is within at least ± t/2 least significant bit, after the use of digital error correction. 
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4. Residue. When second-encoder input range is exceeded by residue and error signals in a conventional subranging a-d converter, 

Information is lost (a). Digital correction improves signal linearity in the presence of the same signal errors and residue (b). 

information is lost. On the other hand, a smaller residue 
signal than what the second encoder can handle results 
in the encoder's underutilization and subsequent loss of 
resolution. Consequently, the range of this encoder is set 
after amplification exactly equal to the ideal quantiza-
tion error of the first encoder. Any other error causes the 
residue signal to exceed the bounds of the second encod-
er's input range. Irrevocable a-d conversion errors result 
and signal information is lost. 

Sources of error 

The linearity of a conventional subranging a-d con-
verter must generally reflect the sum of all the error 
sources in the design, including those contributed by the 
second encoder. 

Figure 2a shows typical output errors of a convention-
al subranging a-d converter, as measured in the test 
setup of Fig. 2b. Those errors include: 
• Track/hold droop errors (dV/dt during hold time). 
• First-encoder gain error. 
• First-encoder offset error. 
• First-encoder linearity error. 
• Operational-amplifier offset error. 
• D-a converter offset error. 
• Second-encoder offset error. 
• Operational-amplifier gain error. 
• D-a converter gain error. 
• D-a converter linearity error. 
• Second-encoder gain error. 
• Second-encoder linearity error. 
• Noise generated by all components. 
• Inadequate-settling-time errors due to the d-a convert-
er and operational amplifier. 
The first seven of these error sources can be ignored 

with the digital error-correction scheme to be described. 

A digitally corrected subranging a-d converter circuit 
(Fig. 3a) is similar to the conventional subranging con-
verter, save for the first encoder. An error-free, or ideal, 
waveform would appear as in Fig. 3b. In the digitally 
corrected circuit, the first encoder has 1 more bit of 
resolution. The residue input to the second encoder con-
sists of the same elements as in the conventional circuit, 
but the quantization error is halved because of the 
doubled resolution. Figure 4a shows the residue signal 
for a conventional subranging a-d converter, and Fig. 4b, 
the results of adding another bit to the first encoder. 
Note that since the same error sources will not cause the 
residue signal to exceed the input range of the second 
encoder, provided that they add up to less than half the 
maximum input range (the other half is needed to quan-
tize the ideal residue of the first encoder), no signal 
information is lost. Errors can be corrected by measuring 
them and subtracting their digital effect from the digital 
output. Error measurement is performed by the second 
encoder, which also provides its normal function of 
increased resolution for the a-d converter. 
The digitally corrected circuit permits the existence of 

errors that, in a conventional design, would cause gross 
nonlinearities at the a-d converter output, at the cost of 
only 1 extra bit of resolution in the first encoder. 
Furthermore, the linearity of both the first and second 
encoders need only be commensurate with their resolu-
tions. 

Since component tolerances and accuracies are signifi-
cantly relaxed in a digitally corrected design, monolithic 
flash encoders with conventional accuracies of within 
0.2% may be used, reducing design costs, power dissipa-
tion, size, and failure rates. A flash encoder—of any 
resolution— for a conventional 12-bit a-d converter, for 
example, must be accurate to within 0.01%. Such a 
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5. Digital correction. This circuit can be used to correct linearity errors of conventional subranging a-d converters. In practice, the circuit can 

be simplified further by inserting an offset error at the first-encoder's input, so that its output is always less than ideal. 

converter cannot be built without precision resistors, 
comparators, and potentiometers. 

Furthermore, the accuracy of conventional designs is 
difficult to maintain in harsh environments; frequent 
recalibrations are needed. No such constraints hobble 
digitally corrected designs since their errors are com-
pletely corrected. 

Making corrections 

The output of the digitally corrected converter's sec-
ond encoder provides the additional resolution required 
to meet the converter's specification. It also contains a 
quantization of the linear and nonlinear errors that must 
be identified and corrected. 

Linear errors include gain and offset errors, as well as 
track/hold droop. They appear as additive signals (in 
other words, they shift the output of the second encoder 
but do not cause linearity errors), provided the residue 
signal stays within the bounds of the second encoder. 
These errors (the first seven listed above) are rendered 
relatively harmless in a digitally corrected subranging 
design, appearing in the output as an equivalent dc offset 
that is easily adjustable to zero with a single offset 
control at the a-d converter input. No digital processing 
is required to correct these errors. 

Nonlinear errors contributed by the first encoder— 
incorrect digital words at the encoder's output—require 
some digital processing. The digital-to-analog converter 
must be as linear as the overall a-d converter to ensure 
that the first encoder's nonlinearity is measurable. 
Hybrid d-a converters are available that take care of this 
aspect. Correcting the output bits of the first encoder 
simply involves subtracting the error from the output 
digital signal. 

The nature of the digital processing can be seen most 
easily for the case where gain and offset errors are zero, 
and first-encoder linearity error is as shown in Fig. 4. It 
is assumed that the digitally corrected circuit is biased 
such that a perfect first encoder produces a residue 
signal ranging from 1/4 to 1/4 scale on the second encoder. 
If the residue signal is less than 1/4 scale, the first 
encoder's output must have changed state too soon 
because of the error, that is, two of its transition zones 
are too close together and its output code should be one 
count less than it is when the residue signal is less than 1/4 
scale. When the residue signal returns above 1/4 scale, the 
output code is correct again. It is at this point that the 
first encoder should have changed state. The binary 
output codes are always correct, then, if left unchanged, 
except when the second encoder produces an output of 
less than 1/4 scale (when one count will be added to the 
first encoder's output) and when the second encoder 
produces a result in excess of 1/4 scale (when one count 
must be subtracted from the binary output of the first 
encoder). 

Some modifications 

Correction is implemented with the circuit of Fig. 5. 
This circuit may be simplified further by introducing an 
offset error at the input of the first encoder such that the 
encoder's output will always be less than ideal. Thus the 
circuit need never perform subtraction. Leaving the bits 
unmodified or adding them suffices. 

In a further modification, the range of the second 
encoder is offset so that only its most significant bit is 
used to indicate whether or not a count is to be added to 
the first encoder's digital word. In practice, the correc-
tion circuit involves one or two adder chips. 

170 Electronics/October 9, 1980 



64K byte mass storage data memory user area. 

Introducing the 

SUPER ANALYZER 
Ono Sokki Dual Channel FFT Sound 
and Vibration Analyzer 

The CF-500 is an all new FFT Analyzer 
with dual-channels, multi-functions, high 
accuracy and low cost! It incorporates a 
64K byte large-capacity mass storage data 
memory, and features improved real time 
FFT analysis. Features include a digital 
oscilloscope which displays an amazing 
twenty-eight thousand 12-bit words, and 
running to 3-dimensional recording of 
power spectra, and coherence-and-transfer 
functions. All switches are feather-touch, 
which combine beautifully with the many 
functions to make the CF-500 a powerful, 
highly accurate, easy-to-use analyzer. 

Distributors and Sales Representatives wanted 

CALL TOLL- FREE 8001323-0315 
in Illinois 312 /640-8640. 

• 

Exclusive Agents 
80 Martin Lane • Elk Grove Village. IL 60007 

WESTERN HEADQUARTERS 
2471 East Bayshore Suite 501 
Palo Alto, California 94303 
Telephone (415) 328-3351 

Manufacturer ONO SOKKI Co. LTD Tokyo, Japan 

Specifications 

• Dual-channel, real-time FFT 

• 14 ranges from DC to 1 Hz and from DC to 20 
kHz, plus external control 

• Resolution-401 lines overall 

• 12-bit AID, dynamic range is 68 dB or more 

• Transient recording (Memory capacity: 28K words) 
Power spectrum (2 ch. simultaneously) 
Linear spectrum (2 ch. simultaneously) 
Y3 octave analysis 
Coherence function 
Transfer function (gain/phase) 
Multiplication and subtraction of each spectrum 

• Provision of a 64K-byte user area data memory 
Twenty eight block continuous memory spectrums 
are possible. 

• Complete copies of CRT information with 
the CX-445 X-Y recorder. Three-dimensional 
recording is possible. 

• GP-1B interface (optional) 
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Single-chip computer 
aims at multiprocessing 
16-bit instructions also help bring word processing, 

personal computers, and smart terminals within reach 

by Phillip Hughes, Thomas Dugan, James Handy, and Ronald Pasqualini, National Semiconductor Corp., Santa Clara, Calif. 

Many single-chip microcomputers aim only at low-
end control applications, a high-volume market where 
they have found wide-ranging success. But as more 
memory becomes available on chip because of increasing 
semiconductor densities, they can set their sights high-
er —at terminals, personal computers, word processors, 
and even machines that speak only a high-level language. 

Perhaps the most exciting openings lie in multipro-
cessing applications, in which several processors operate 
simultaneously on different programs while sharing com-
mon memory and peripherals. With their on-chip pro-
gram and data memory, microcomputers are admirably 

1. Single-chip solution. Series 70 microcomputers have identical 

pinouts. These govern the data, address, and control lines that make 

up the bus common to all multiprocessors as well as serial inputs (SA 

and SB), serial outputs (Fo, F,, and F2), and the bus priority control 

pins (MÉT),ÊFiii, and MITT) essential for multiprocessing. 

suited to these situations because they seldom need to 
use the common bus and consequently all run at nearly 
full speed. 
To serve this emerging market, National Semiconduc-

tor has developed its series 70 of 8-bit microcomputers, 
complete with on-chip read-only and read/write (ran-
dom-access) memory. More distinctively, the devices 
include the control logic needed for handling the bus 
contention problem that is a part of multiprocessing. In 
short, they are ideal for applications requiring the econo-
my of a single chip, the flexibility of multiprocessing, 
and the power and convenience of special 16-bit arithme-
tic instructions (Fig. 1). 

Multiprocessing purposes 

In a multiprocessing application the data, address, and 
control lines of several processors are tied together, so 
that they form a common bus. However, only one proces-
sor at a time is allowed to use the bus, the other 
processors meanwhile keeping their pins in the high 
impedance state. 

Ordinarily a substantial amount of extra hardware is 
needed to prioritize use of the bus and to ensure that no 
two processors attempt to use it simultaneously. On the 
series 70 microcomputers only a single additional pull-up 
resistor is needed on the bus request line (BREQ), no 
matter how many processors happen to be sharing the 
bus (Fig. 2). That is made possible by the control logic 
built into the chips. 
The enable output (ENouT) of the higher-priority 

microcomputer is connected to the enable input (EN1N) 
of the one next in priority, thus forming a daisy chain of 
bus priority. Whenever a processor wishes to use the bus, 
it first checks to see if the (BREQ) is active. If  it is not, 
then it pulls ----BREQ low and checks to see if ENIN is active 
as well. If no other processor has made a bus request 
during the same clock cycle, then it receives control of 
the bus. Other processors that subsequently wish to use 
the bus will delay issuing their request until they observe 
BREQ going high. 
However, it is possible for more than one processor to 

make a bus request simultaneously, especially if they 
have all been waiting for BREQ to go high. In this case, 
they will be granted use of the bus in the order deter-
mined by a hardwired priority scheme. 
To illustrate, the top processor in Fig. 2 has the 
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highest priority  in the system because its BREQ line is 
connected to its ENIN. It will maintain a high level on its 
ENOUT line  until it has finished using the bus, and by 
passing this ENOUT signal along down the daisy chain of 
ENOUTs to ENINs, it will prevent any other processor 
from attempting to use the bus. 
When the highest-priority processor finishes with the 

bus, it releases its hold on BREQ and drives the ENOUT 
low. That output propagates to and enables the processor 
next in priority that is requesting use of the bus. This 
action continues down the daisy chain until all the 
processors that have simultaneously requested the bus 
have been granted its use. When the last of these proces-
sors releases BREQ, the pull-up resistor brings it high, 
signaling to the ones that have been waiting that the bus 
is now available for them to issue their own bus requests, 
and the cycle repeats. 

In this way no processor is locked out of using the bus 
even though it may have a low priority as determined by 
its position in the daisy chain. Regardless of priority, all 
waiting processors that issue their requests simulta-
neously will be serviced before any new requests are 
allowed. 

The architecture 

Fabricated with a standard silicon-gate n-channel 
mOS process and requiring only a single 5-volt supply, 
members of the series 70 family include the INS8070, 
with 64 bytes of on-chip RAM for data and no program 
ROM; the INS8072, which adds 2.5-K bytes of ROM; and 
the INS8073, with a Basic interpreter stored in the 2.5-K 
bytes of ROM. 
Each contains an 8-bit arithmetic and logic unit and 

an 8-bit accumulator (with an 8-bit extender for double-
precision arithmetic). Also on the chip are four 16-bit 
registers for storing addresses—a program counter, a 
stack pointer (sP), and two other pointers (P1 and P2) — 
as well as a temporary register (T), used in multiply or 
divide operations, and a status register (Fig. 3). 
The series 70 instruction set contains several special-

ized instructions, two of which are especially helpful in 
word-processing applications. The ssm instruction, used 
to search and skip if a character is matched, scans 
memory for the character that matches the one being 
held in the accumulator. It searches the 256 bytes above 
one of the pointer registers and skips the next 2 program 
bytes if a match is found. This is handy for searching an 
ASCII file for an end-of-line marker, usually a carriage-
return code. Since the instruction uses indexed address-
ing, the pointer register will be left pointing to the next 
character after the end-of-line marker when the match is 
found; nothing could be more appropriate for processing 
the next line in a text file. 

Another ASCII-oriented instruction (BND) tests the 
character present in the accumulator and converts it into 
its BCD equivalent, if there is one. If it is not a valid 
ASCII decimal numeral, then a conditional branch is 
executed to a user-supplied service routine. Word-
processing applications can employ this instruction for 
doing ASCII-to-BCD conversion while simultaneously 
checking for valid decimal characters. 

For multiprocessing, the ILD and DID instructions are 

especially useful. The former increments the contents of 
any memory location while the latter decrements, thus in 
effect performing a read-modify-write operation. In mul-
tiprocessor applications, several processors may perform 
these operations on the same flag (memory location) in 
order to determine the next task to be performed and/or 
which processor will execute it. In order to ensure that 
tasks are correctly assigned, the ILD and DLD instruc-
tions retain the bus throughout the complete read-
modify-write period. 

Multiplying fast 

In applications that are number-intensive, the slow 
process of performing double-precision multiplication 
and division in software has been a bottleneck for 8-bit 
microcomputers. The series 70 processors have therefore 
been equipped with instructions that multiply and divide 
16-bit integers directly. With a 4-megahertz clock, mul-
tiplying two 16-bit integers to obtain a 32-bit result can 
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2. Multiprocessing made easy. Several series 70 microcomputers 

may be connected to a common external bus quite conveniently. Bus 

use priority is a hardwired function built into the chips and needing 

only a pull-up resistor on the bus request line. The enable outputs are 

daisy-chained to the enable inputs of the various processors. 
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4. Smart slave An intelligent disk controller may be formed by complementing the Western Digital 1791 disk handler with a series 70 

microcomputer. The processor handles disk formatting, track and sector assignment, and file management, freeing the main processor. 

be done in a fast 37 microseconds. A similar division 
takes 42 µs. Such speeds are comparable with those of 
many 16-bit microprocessors. 
The key to the high speed achieved by these processors 

lies in their use of a programmable logic array acting as 
the internal microprogram that specifies the cycles nec-
essary to execute each instruction. The speed of a PLA is, 
for all practical purposes, independent of the complexity 
of the logic equation that it realizes. In contrast, the 
speed of random logic implementations is usually 
inversely proportional to the complexity of the logic 
equation realized. Comparatively, then, the PLA Makes 
faster work of the complex operations that many of the 
instructions mentioned above perform. 

Ordinarily with these parts, input/output is memory-
mapped so that all processors may use the memory 
reference instructions to communicate with the common 
peripherals. However, serial iio may be performed 
directly, without using the common bus, by utilizing the 
two input pins, sense A (sA) and sense B (Ss), along 
with the three output pins (Fo, F1, F2). In this way 
private serial 1/0 channels can be readily implemented, 
under software control, to communicate with devices like 
teletypewriters, terminals, and modems. 
The series 70 microcomputer family has been designed 

to be especially effective in applications where high-level 

processing needs to be coupled with a low parts count. A 
case in point is a dumb terminal, which can be imple-
mented with as few as 16 extra rn. packages. Intelligent 
terminals and personal computers need only the addition 
of external memory and mass storage interfaces. 

Another application 

In fact, another series 70 device could be used as an 
intelligent controller acting as a slave for the main 
processor. An intelligent floppy-disk controller, for 
example, can be economically designed by adding a 
Western Digital 1791 (Fig. 4). While the 1791 actually 
handles the floppy drive, the slave processor can be 
performing the necessary housekeeping tasks such as 
diskette formatting and track and sector assignment, as 
well as general file management. Since the main proces-
sor is free to execute programs and released from the 
need to handle interactions with the disk, and since data 
transfers between host and slave are being carried out 
through direct access to common memory, system 
throughput is greatly increased. 

Stand-alone applications, such as home appliances, 
often require that the processor communicate with 
untrained human operators in a high-level English-type 
language. The large ROM of these processors (up to 
2.5-K bytes) suits them to these applications as well. 
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Engineer's notebook  

Transistor probe simplifies 
solid-state gaussmeter 
by Shanker Lai Agrawal and Rama Swami 
Banaras Hindu University, Department of Physics, Varanasi, india 

As a result of the subatomic energy exchanges that take 
place in many semiconductors because of particle-wave 
interaction, the electrical characteristics of the unijunc-
tion-transistor oscillator can be significantly changed by 
an external magnetic field. This property makes the 
low-cost unijunction transistor ideal for use as a probe in 
a gaussmeter or other flux-measuring instrument. 
Although it is not as linear, is not as easily calibrated, 
and does not provide the readout precision of some of the 
more elegant designs,' this circuit is simpler, just as 
sensitive, and virtually as accurate. 

As shown, the gaussmeter is based on the comparator 
technique, wherein the frequency of the relaxation oscil-
lator-probe is matched against a reference whose nomi-
nal frequency is about 400 hertz. Both generate positive-
going spikes, which are lengthened by the pulse-stretch-
ing 74121 one-shot multivibrators. The NAND gate 
serves as a digital comparator, turning off the light-
emitting diode when frequency f = f2. 

In operation, the frequency of the reference oscillator 
is adjusted by resistor R until f2 equals the free-running 
(free-field) frequency of the probe. Placing the oscilla-
tor-probe within the field to be measured will cause its 
frequency to change; potentiometer R in the reference 
must then be adjusted until the difference between fl and 
f2 is minimized. The change in resistance of R from its 
nominal position may then be related to the strength of 
the magnetic field with the aid of the unit's individual 
calibration curve, which is shown at the right side of the 
figure. 
As for calibration, at least three standard magnets will 

Flux finding. The low cost of the rudimentary unijunction transistor, which is sensitive to externally applied magnetic fields, makes it ideal for 

use in comparison-type gaussmeters. The circuit range is 0 to 1.5 Wb/m2, with circuit response linear to 1.0 Wb/m2. 
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be required over the range of 0 to 1.5 weber per square 
meter, which is the range of the instrument. The circuit 
response is not likely to be linear above 1.0 wb/m2, and 
depending on the particular Urr used, the standard-
marker points will vary considerably as a function of R. 

Still, the circuit will hold calibration and will serve well 
in most general-purpose applications. D 

Rorterencoze 

I. Henno Normet. "Hall-probe adapter converts OMM Into gaussmeter." Electronics, Jan. 3. 

1980. p. 179. 

Appliance-controller interface 
aids the paralyzed 
by David Rye 
BSR (USA) Ltd., Blauvelt, N. Y. 

The popular BSR System X-10 controller, which serves 
so well in home-security systems, can be easily adapted 
for use by the paralyzed with this interface, whose 
puff-and-sip switches enable the handicapped to turn on 

appliances. Here, the switches are used to activate the 
desired output device via a stepped counter, instead of 
the push-button console normally required. Light-emit-
ting diodes provide the visual feedback to the user. 
The heart of the X-10 controller is BsR's 542C chip, 

which transmits a common-carrier code on the ac power 
line corresponding to the user-defined location of the 
desired appliance in the system, when it is appropriately 
addressed. The control signal is then decoded by plug-in 
modules connected to the individual appliances. This 
standard scheme is modified by adding circuitry to 
accommodate the sip switch, which is used to select the 
desired appliance, and the puff switch, which is used to 
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Handy. BSR X-10 controller, the heart of the Sears Home Control System, is easily adapted for the physically handicapped with interface that 

uses tongue-depress, head-activated, or sip and puff switches. Eight appliances can be activated. Eight additional commands provide all-on 

and all-off functions, light-dimming duties, and so on. Light-emitting diodes supply user with required visual feedback of controller's state. 
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TRUTH TABLE CONTROLLER FOR USE BY THE NIOTION-HAN ICAPPED 

Count Counter 

A 

4051 

B C 
4051 0/P K S Code sent 

A 8 C D 

0 0 0 0 0 0 0 0 0 K7 §-1 1 

1 1 0 0 0 0 0 0 0 K7 §3 2 

2 0 1 0 0 0 1 0 2 K3 §i 3 

3 1 1 0 0 0 1 0 2 K3 -§3 4 

4 0 0 1 0 0 0 1 4 K2 SI 5 

5 1 0 1 0 0 0 1 4 K2 §-3 6 

6 0 1 1 0 0 1 1 6 K6 §1 7 

7 1 1 1 0 0 1 1 6 K6 §-3 8 

8 0 0 0 1 0 0 0 0 K7 §-2 • 

9 1 0 0 1 1 0 0 1 Ki3 §2 • 

10 0 1 0 1 0 1 0 2 K3 .2 on 

11 1 1 0 1 1 1 0 3 K4 §2 off 

12 0 0 1 1 0 0 1 4 K2 §-2 all on 

13 1 0 1 1 1 0 1 5 K1 .2 all off 

14 0 1 1 1 0 1 1 6 K6 §2 bright 

15 1 1 1 1 1 1 1 7 Ks S2 dim 

‘ 

transmit the corresponding code onto the power line. 
The modification is made with the aid of a 74C161 

4-bit counter for stepping and a 4051 demultiplexer for 
code selection, as shown. In this configuration, the 
address lines of the 4051 are controlled by the divide-
by-16 counter, whose outputs step through a count of 0 
to 7 twice in each 16-count cycle when advanced by the 
sip switch, which serves as a clock (see truth table). The 
eight K inputs of the 542C will therefore be selected in 
sequence, twice for each complete cycle of the counter. 
The circuit is wired so that numbers 1 to 8 corresponding 
to the numbered wall module are transmitted during the 
first eight clocked states of the counter. The D output of 
the counter is low at this time, and odd numbers are sent 
when g, is at logic 1. Even numbers occur during the 
time that g3 = 1, meaning that SI or g3 can be selected 
by the A output of the counter, which is high on odd 
counts and low on even counts. 

Alternatively, the 555 timer can be used for the clock 
to yield automatic code selection. This eliminates the 
need for the sip switch, making the controller easier to 
operate. An external potentiometer is included to set the 
scanning speed to the user's preference and ability. 

In either case, outputs 0 to 7 of the 4051 are enabled 

Calculator notes 

in sequence. Note that each is connected to the K inputs 
of the 542C in such a manner as to ensure that the 
transmission of numbers is in the correct order. It is seen 
that the proper sequence can be transmitted by using the 
counter's A output to select g, or g3, using the D output 
to disable the A input of the 4051 so that only even-
number outputs on the multiplexer are enabled, and 
connecting the four even-numbered outputs to the appro-
priate K inputs of the 542C. 

Eight additional functions can be sent on the second 
eight counts, including the off, on, all-off, all-on, bright, 
and dim commands. The D output of the counter is set 
high during this time. g2 is selected when D = 1. Under 
this condition, the input to the 4051 is a binary number 
that steps from 0 to 7, and all its outputs will be enabled 
in sequence. 
Note that during counts 8 and 9, the 542C transmits 

invalid codes. It is therefore suggested that these states 
be avoided. To achieve this, it is necessary to preset the 
counter to 10 after count 7 is decoded. 
The 4-to-16-line decoder (74C154) monitors the state 

of the counter. Fourteen light-emitting diodes indicate 
the function addressed, thus providing the user with the 
necessary feedback information. 

TI-59 inverts Laplace transforms 
for time-domain analysis 
by Kin-chu Woo, Texas A&M University, 
Department of Electrical Engineering College Station, Texas 

Performing quick mathematical inversion of Laplace 
transforms so that they may be instantly analyzed in the 
time domain, this short program will be highly useful to 
engineers engaged in network design. Many transforms 

can thus be converted and evaluated, with the only 
restriction being that of the user's ability to express the 
terms with the limited set of key functions available. 
Taking the given Laplace transform, F(s), the pro-

gram finds the function's corresponding value for any 
specified time, t, from the following equation derived by 
Gaver:' 

t 
, Rt.) = In 2,1° „r., ( 'r lnt 2.1) 

— 2, v—.  
1=1 

where the set of V, coefficients are constants, and it is 
assumed that f(t) is suitably bounded and well behaved. 
As for the mechanics of introducing the functions, 
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TI-59 PROGRAM FOR REAL-TIM ANALYSIS OF LAPLACE TRANSFORMS 

Location Code Key Location Code Key 

000 76 ' LBL 028 71 SBR 
001 11 A 029 16 A' 
002 35 1/x 030 65 X 
003 65 x 031 73 RCL • Ind 
004 53 I 032 oo oo 
005 02 2 033 85 4 
006 23 In x 034 43 RCL 
007 54 I 035 12 12 
008 95 = 036 54 ) 
009 42 STO 037 42 STO 
010 11 11 038 12 12 
011 25 CLR 039 97 Dsz 
012 42 STO 040 00 oo 
013 12 12 041 12 8 
014 01 1 042 53 I 
015 oo o 043 43 RCL 
016 42 STO 044 12 12 
017 00 oo 045 65 X 
018 76 •LBL 046 43 RCL 
019 12 B 047 11 11 
020 53 ( 048 54 ) 
021 43 RCL 049 91 R/S 
022 11 11 050 76 • LBL 
023 65 X 051 16 A' 
024 43 RCL 
025 oo oo • • • 
026 54 I • • • 
027 53 ( • 92 INV SBR 

Registers 

Ri 0.0833333333 

R2 —32.08333333 

R3 1279.000076 

R4 — 15623.66689 

R5 84244.16946 

R6 —236957.5129 

R7 375911.6923 

R8 —340071.6923 

R9 164062.5128 

R10 

— 

32812.50256 

Instructions 

• Key in program and place equation coefficients V. in registers 1-10 

• Enter the desired Laplace transform in the program subroutine: 

GTO 'A', LAN, (enter function), /NV SBR, L RN 

• Specify the time for which the function is to be evaluated: 

(t), A 

The calculator will display the corresponding value of the function. 

 • 

2 

3 

4 

5 

6 

7 

EVALUATION OF 1/s4 t3/6 

True value 
It function) 

0.1667 

1.3333 

4.5000 

10.6667 

20.8333 

36.0000 

57.1667 

Calculated 
Is function) 

0.1657 

1.3254 

4.4732 

10.6030 

20.7090 

35.7852 

56.8256 

they are entered via a subroutine, with the keyboard 
functions serving to represent the operations performed 
on the variable s. A large class of functions containing 
the expressions s1/2, s", and es may thus be represented 
with little difficulty, with the only precaution being that 
the user appropriately isolate the terms of the function, 
especially the variable s, by using parentheses key-

strokes. For example, with F(s)= (1/sle —21', the expo-
nential term is first entered with STO 13 ((12CL 13) X 0.5), 
i/X, ±, INV ln x, X. Then, for the remainder of the 
function, ((RcL 13) ../x), 1/x, =. Note that the program-
ming of a function always begins with the variable s 
(specified by the program itself) and that it is usually 
advantageous to store it in a register (for example, STO 
13), as shown. 
Consider the simple example where the short-term 

output voltage of a network is given by Vo(s) = 1 /s4. 
This function can be simply expressed with the key 
sequence 1/x, x2, x2. Entering this sequence into the 
subroutine as instructed and specifying the times over 
which the function is to be evaluated yields the results 
shown in the table. The results compare favorably with 
the equivalent time-domain function, t3/6. LI 

Referiences 
1. D. P. Gayer, "Observing Stochastic Processes and Approximate Transform Inversion," 
Operational Research. Vol. 14. No. 3, 1966, pp. 444-459. 

Engineer's notebook is a regular feature in Electronics. We invite readers to submit original 

design shortcuts, calculation aids, measurement and test techniques, and other ideas for 
saving engineering time or cost. We'll pay $50 for each item published. 
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Engineer's newsletter 
Check out Want to find out if your data-encryption chip is working properly? 

data 
Unfortunately, it is not easy to know if something is going wrong, since 

encoding  determining if an encryption is as good as it might be is laborious. The 
with new tests National Bureau of Standards has come to the rescue, however, with four 

readily applied in-service tests that are fast enough to test the chips in 
actual operation. Send $2 for Stock No. 003-003-02225-0 to the Superin-
tendent of Documents, U. S. Government Printing Office, Washington, 
D. C. 20402. The 29-page publication tells how to make sure that unclas-
sified data transmission is secure. 

Keep your 

LCD warm 

Connector standard 

extended to 75 11 

Make a precision 

pot decision 

With winter coming, there's word that existing printed-circuit heaters can 
help protect liquid-crystal displays used in cold environments. With the 
heaters, for example, LcDs can replace mechanical counters and light-
emitting-diode readouts in gasoline pumps. In fact, when the devices are 
placed behind the LCD, high-contrast digital readouts are possible at 
temperatures as low as — 45°F. Only low voltage is needed, and the 
etched-foil heaters consume a low 2 to 5 w. 

High-volume prices are approximately $1 for heaters measuring 1 in. 
wide and 4 in. long. They are made from Kapton, silicon rubber, and 
neoprene dielectric material and can be applied to the LCD using pressure-
sensitive adhesive or liquid adhesives. Alternatively, they can be simply 
held in place with a pressure mounting. 
The heaters are designed to custom requirements and can be supplied 

with an integral thermistor for temperature sensing. Information can be 
obtained by writing Sierracin/Thermal Systems, 13920 South Broadway, 
Los Angeles, Calif. 90061, or calling (213) 321-4350. 

If you're a microwave or radio-frequency engineer concerned with the new 
generation of standard 14-mm rigid precision coaxial lines and associated 
hermaphroditic precision coaxial connectors, you'll want the new Interna-
tional Electrotechnical Commission standard on such devices. An updated 
version of IEC Publication 457-3 (originally issued in 1974 and covering 
only connectors with a characteristic impedance of 50 St), the latest 
edition has been extended to cover connectors of the same design but with 
a characteristic impedance of 75 a 
The standard describes mechanical, electrical, and environmental spe-

cifications of the 14-mm precision connector, the reflection coefficient 
and attenuation of which has to be measured up to 8.5 GHz for 50 SI and to 
9.5 GHz for 75 cl. For a copy, write to the LEC at 1 rue de Varembé, 1211 
Geneva 20, Switzerland. The 13-page document costs 18 Swiss francs. 

A small but mighty slide rule offered gratis by Beckman Instruments' 
Helipot division allows design engineers to select standard single-turn and 
multiturn potentiometers easily. The desktop reference guide gives vital 
information on Beckman's standard line of pots, consisting of some 44 
model numbers. Among the specifications included are number of turns, 
starting and running torque, resistance ranges, linearity, tolerance, power 
rating, ambient temperature ranges, and rotational load life. The slide rule 
also is an aid in comparing Beckman pots with those of the competition. 

Write Beckman Instruments Inc., Helipot Division, 2500 Harbor Blvd., 
Fullerton, Calif. 92634, or phone (714) 773-8355. -Harvey J. Hindin 
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Do you need to convert manual, 
electromechanical, or pneumatic 
control of mechanical motion to a 
precision microprocessor based 
system? Or, do you want to simplify 
and reduce the cost of your sensing 
interface? 

The logical solution to your design 
problem is TRW Optron's unique 
new family of photosensitive IC's 
with TTL compatible logic outputs. 
We call them PHOTOLOGICTN. 

Direct Drive TTL 
PHOTOLOGIC devices contain a 
monolithic IC which incorporates a 
photodiode, a linear amplifier, and a 
Schmitt Trigger. Capable of directly 
driving up to 8 TTL loads, PHOTO-
LOGIC features data rates of up to 

250 KHz and typical output rise and 
fall times of 25 ns. Hysteresis is 
included on-chip for high noise 
immunity. 

Family Available Now 
PHOTOLOGIC devices are avail-
able now, in many different package 
styles and logic configurations 
including totem pole and open 
collector outputs. PHOTOLOGIC 
assemblies have optically matched 
GaAs emitters in either standard or 
custom mechanical configurations. 

Optoelectronic Innovations 
Look to TRW Optron for the opto-
electronic IC innovations you have 
wished someone would make. 
We just might be working on them 
right now. 

Broadest Range 
TRW Optron has the broadest 
range of high performance infrared 
design solutions available to you 
when you need them. If your design 
requires the sensing of motion or 
precision switching, chances are 
we can save you time and money, 
out front and in the future. 

Standard PHOTOLOGIC devices 
are available immediately from your 
local TRW Optron distributor. For 
your special PHOTOLOGIC solution 
call TRW Optron (214) 323-2200. 
TRW Optron, a division of TRW Inc., 
1201 Tappan Circle, Carrollton, 
Texas 75006. 

TRW OPTRON 
— Trademark TRW Inc .1980 TRW Inc Circle 181 on reader service card 



Technological leadership. 

The most advanced one-

now user-programmable. 

Motorola's new MC68701 is the user-programmable 
version of the industry's most advanced single-chip 
microcomputer in production today. the MC6801. 

The MC68701 microcomputer has all the power. 
speed and design flexibility of the MC6801. and the 
original combination of on-chip functions. too. But 
where the MC6801 has mask-programmable ROM. 
the MC68701 provides 2K bytes of MCM2716-
equivalent EPROM. 

This on-chip EPROM adapts the MC68701 
especially well for prototyping, because the control 
program is easily evaluated and changed during 
development. User programmability also makes the 
MC68701 ideal for low-volume systems where factory 
programming isn't practical, for initial production 
field test units of a user's system. and for systems 
that require reprogramming in the field. 

Filling out the powerful complement of MC68701 
on-chip functions are, of course, the high-efficiency, 
enhanced MC6800-type CPU. 128 bytes of RAM, 
29 parallel I/O lines, a serial communications 
I/0 port. a clock and a 16-bit programmable timer. 

User-selectable operating modes. 
The unique flexibility of the MC6801-MC68701 is 

rooted in the wide range of built-in, user-selectable 
operating and test modes. Among them are the 
three basic operating modes. 

In the single-chip mode, all ports are configured 
for I/0-29 I/0 and two control lines. The expanded 
multiplexed mode enables an impressive 64K-byte 
addressing capability. And, in the expanded 
non-multiplexed mode, no external logic is required 
to directly address 256 external locations, including 
any and all M6800 Family peripherals. Thirteen to 
20 I/O lines are still available. 

Additional modes permit testing and other special 
operations. In all modes, the 16-bit timer can count 
or time events and generate or measure pulses. The 
complete combination represents an unparalleled 
advance in design convenience. 

The on-chip, fully-buffered Serial Communications 
Interface (SCI) offers operation at four baud 

rates—full duplex asynchronous 
formats. The SCI operates at over 

75K baud, and other special 
features—such as wake-up 

capability, NRZ and 
biphase—promote efficient 

multiprocessor system 
configuration. 



chip microcomputer is 

Motorola's MC68701. 

Timer 
rial   
I/0 

The MC6801-MC68701 CPU is an enhancement 
of the highly-capable MC6800 which puts seven 
addressing modes at the designer's disposal. An 
MC6800 machine-code-compatible instruction set 
is expanded by 16-bit instructions, including a 
10 m's hardware multiply. Execution time of most 
instructions has been reduced by reducing the 
instruction cycle count to increase throughput. 

Compare the MC6801-MC68701 to any other 
general-purpose. single-chip microcomputer for 
on-board functional capability, programming ease 
and system performance. We believe the 
MC6801-MC68701 can get you to market faster. 
with more competitive designs. 

Total hardware, software and 
training support. 

Motorola fully supports the MC6801-MC68701 
in every way. The entire, fully-compatible M6800 
Family provides a broad range of microcomponents 
and memories for system expandability. One of the 
highest VLSI production capabilities in the world 
and the Motorola training course curriculum back 
up the product. EXORciser® development systems 
and Motorola development software support all 
M6800 Family units, including MC6801-MC68701. 

For additional information, contact your Motorola 
sales office or authorized distributor, or write to 
Motorola Semiconductor Products. Inc.. P.O. Box 
20912. Phoenix. AZ 85036. 

Motorola's MC6801-MC68701 is the world's most 
versatile single-chip microcomputer. representative 
of Motorola's dedication to product excellence. 

Innovative systems 
through silicon. 

MOTOROLA INC. 

TO: Motorola Serruconductor Products Inc P 0 Box 20912 Phoenn, AZ 85036. 

Please send me information on MC68701. 

Name 

Title   

Company __ 

Address 

City   

State   ZIP   



Rapid Solderless Termination 4-point 
Contacts Eliminate Wire Stripping. 

Super D Adaptor System 

For D-type Connectors 

Choose From Four Standard Super D Connector Sizes... , 
9 (on left). 15. 25. and 37 (right) contacts. 



A unique all plastic snap-locking 
connector system that costs less 
and does more than standard D-Subs. 

Here's Why 
Super D* is 
"The D With 
The Difference". 

fferent? Youlet! ARW Cinch's all 
w Super D connector system has 
exlusive design features and 
-saving benefits that move it to 

of an D-Sub line! 
Let's b • ' • :with cost savings. 

Most 0-sub :require soldering or 
crimping. Not Supere connectors. 
Our new pre-loaded pin/socket con-
tacts provide solderless insulation 
displacement 4-point termination. 

This unique contact also gives you 
twice as many contact points at mat-
ing end as other 0-sub designs. All 
without wire prepping or stripping. 
Result? Immediate assembly time 
reduction and a positive cost sav-
ings with increased reliability! 

But that's not all! Besides fast, sol-
derless termination, Super D con-
nectors also have snap-on plastic 
hoods that feature an exclusive 
Latch-N-Lock design for positive, 
audible locking with no additional 
tools, parts or labor. Just push to 
connect, squeeze and pull to dis-
connect. It's that easy! 

To convert standard TRW Cinch 
D-subs to the Super D system, ask 
us about our special adaptor system 
for D-type connectors. 

Looking for style and design? 
Look no further! Super D's cost-
effective all-plastic assembly is both 
smooth and functional to comple-
ment the styling of your computer', 
peripheral, data communication, in-
strumentation or video equipment., 

This plastic design effectively in-
sures against shock hazards. 
Super D connectors employ 

selective gold plating only where it is 
needed. We've eliminated expen-
sive gold from non-functioning sur-
faces. So you get performance with-
out added cost. 
The Super D connector is avail-

able in four sizes (9, 15, 25, and 37 
contacts) for cable-to-cable and 
cable-to-panel modes. Each will 
intermate with existing D-type con-
nectors. And, you'll be glad to know 
that the Super D system is designed 
to meet EIA Standard RS449 plus 
IS04902 and 4903 for your DTE and 
DCE equipment. 

To further speed your termination 
time, TRW Cinch has designed three 
terminating tools specifically for the 
Super D connector system. Use 
Auto-Clinch D* for high volume; 
Certi-Clinch 0* for moderate pro-
duction and field installation; and 
Uni-Clinch D for field repair. 
So take a long, hard look at the 

D-subs you're using now. Then, take 
a look at Super D connectors. There 
is a big difference! To get the Super 
D difference, write or call your TRW 
Electronic Component-Sales Office 
...listed in EEM, or TRW Cinch Con-
nectors, A Division of TRW Inc., 1501 
Morse Avenue, Elk Grove Village, IL 
60007. 312/981-6000 

TRW CINCH CONNECTORS 
elet "'t .1% ''4114 "See us at dcor Booth rnbers 12*, 1206‘ 

1208, 1210 at 1211,12." dimi;4.411101/4, 4141  4111kb, 
1N4 Circle 185 on reader service card 
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"For engineers who wont ell 
AMP DIPLOMATE 175 Sockets feature: 

• 8 to 40 position sizes 
• reliable interconnect in tin or select-gold plate 
• large entry target area 
• dual wipe contacts 
• internal contact anti-overstress stop wall 
• closed bottom design 
• compatibility with automatic insertion equipment 
• immediate delivery via a computer-linked regional 
inventory system 

For the delivery details or for more information, call the 
DIPLOMATE .175" Profile Socket Information Desk at 
(717) 780-8400. Or write us. AMP Incorporated, 
Harrisburg, PA 17105. 

AMP & DIPLOMATE ere trademarks 0f AMP IncorporMed 

Anti overstress 
stop wall 

Large 050" 
target entry 

Dual wipe 
contacts 

Closed bottom 
design 



the best tentures-plus choice:' 
AMP 160 Sockets feature: 

• 8 to 44 position sizes 
• lowest economical profile available (.160 ins.) 
• anti-wicking, anti-bridging contact design 
• ladder housing construction 
• tin or select-gold plated contacts 
• single row versions for packages with non-
standard spacings 
• qualification to MIL-S 83734 

For the delivery details or for more information, call 
the AMP .160" Profile Socket Information Desk at 
(717) 780-8400. Or write us. AMP Incorporated, 
Harrisburg, PA 17105. 

AMP has a better way. 

Circle 187 on reader service card 



When Sheik Ahmad heard we were 
famous for our custom work, 

he asked us to hand-tailor 100 suits. 
Sorry Sheik. M custom MOS/LSI. 

Hand-tailoring custom suits is a bit far afield for us. 
But tailoring MOS/LSI circuits for a customer's special 
needs — that's roughly half our business today. 

Over the past couple of years, in fact, we've designed 
and built well over 100 different custom LSI circuits for 
America's leading companies. In every field, from data 
communications and computer peripherals to business 
machines, avionics and entertainment. 
A leader in creating new MOS/LSI technology, we 

pioneered high performance n-channel silicon gate 
devices with our patented COPLAMOS@ technology. 
We also introduced another technological break-
through that's fast becoming a buzzword in the industry. 
It's called CLASP® which stands for COPLAMOS 
Last Stage Programmable. 

With CLASP we can complete all of the wafer 

processing steps including metalization before defining 
the bit pattern for read-only-memories. 

Standard Microsystems provides a total capability. 
We design, develop, process, assemble and test state-
of-the-art MOS/ LS! circuits. That means we can 
design from scratch, or enter the custom cycle at any 
point you want. And assisting us at every step is the 
latest computer-aided design and diagnostic equipment. 

So, whenever you have a need for custom LSI, come 
to Standard Microsystems. We can suit you. Perfectly. 

STANDARD MICROSYSTEMS 
CORPORATION 

35 Marcus 81yd . Hauppauge. NY 11787 
(5161 273 3100 TWX -510-227- 8898 

We keep ahead of our competition so you can keep ahead of yours. 
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New products  

Storage scope samples at 50 MHz 
Special CCD helps digital oscilloscope achieve sampling rate 

without expensive high-speed analog-to-digital converter 

by John Gosch, Frankfurt bureau manager 

Many oscilloscope makers have 
beaten NV Philips Gloeilampenfa-
brieken to the punch with digital sto-
rage scopes, but the Dutch electron-
ics giant is determined to make a 
virtue of its tardiness. By biding 
their time while the Philips compo-
nents specialists developed their new 
scope's key element, a so-called pro-
filed peristaltic charge-coupled de-
vice (Pccp), designers at the Eind-
hoven-based Scientific and Industri-
al Equipment division have leapfrog-
ged the competition with a dual-
channel digital storage scope that 
offers higher performance at a lower 
price. 
The PM 3310 has a sampling fre-

quency of 50 MHz and an analog 
bandwidth of 60 MHz. Repetitive 
signals with frequencies up to the 
analog bandwidth limit can be 
stored, as well as single-shot events 
that occur at frequencies within the 
Nyquist-criterion limit. The scope 
will sell for about $5,900 in the 
U. S., less than the price of other 
digital scopes with lower sampling 
rates. 
The new instrument, from the 

division's Test and Measuring 
Equipment group, is being shown for 
the first time at Interkama, the 
international instrumentation and 
automation exhibition being held in 
Düsseldorf, West Germany, Oct 
9-15. It can be had in small quanti-
ties in Europe and the U. S. right 
after that event, "with larger num-
bers available early next year," says 
Rob van der Werf, the group's prod-
uct manager for oscilloscopes. 
The P2CCD used in the scope 

evolved from a purely experimental 
component in the Philips research 
labs a few years ago [Electronics, 

Sept. 4, 1975, p. 53 or 5E] into a 
product ready for commercial use at 
the company's Electronic Compo-
nents and Materials division. "This 
is another example of a development 
in one division having a stimulating 
effect on equipment design at anoth-
er," van der Werf notes. 

In a name. The P2CCD is called 
profiled because the charge-transfer 
layer includes an extra surface-
transfer layer on top: a thin, heavily 
doped region over the less-doped 
bulk layer. Charge packets are trans-
ferred down the line in peristaltic 
movements reminiscent of the alter-
nating waves of contraction and dila-
tion that move food through the 
digestive tract —hence that part of 
the name. The P2CCD can operate at 
a higher clock rate and higher trans-
fer efficiency than conventional 
charge-coupled devices. 
The new device replaces the 

expensive high-frequency analog-to-
digital converters used in other sto-
rage oscilloscopes—converters that 
can cost as much as $1,000. The 
P2CCD is effectively an analog shift 
register with a short transfer time 
and large charge-handling capacity. 
The signal is fed in as a high-
frequency series of charges; it is read 
out at a much lower frequency, 
yielding a signal typically at 78 kHz. 
A low-cost, low-frequency a-d con-
verter can then be used to change the 
signal into digital form for storage in 
solid-state memory. The contents of 
the memory are reconverted into 
analog form for display as discrete 
dots on the screen. 
"The savings achieved by employ-

ing a P2CCD were partly passed on to 
the customer and partly used to pro-
vide the PM 3310 with some special 
features," van der Werf says. The 
instrument has a remote-control 
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A PERFECT 
MATCH 

Get the 
design advantage— 

match up with Triad. We manufacture one of 
the world's largest and most complete lines of 
transformers and related magnetic deflection 
components, both OEM and replacement. In 
all probability we can serve your needs from our 
vast parts inventory. But if your requirements are 
specialized, our professional team will custom 

design to your specifications. 
Either way, you'll have the 
Triad advantage. 

I. 
TRIAD-UTRAD 

Litton Distributor Services 

305 North Briant Street 
Huntington, Indiana 46750 
219-356-6500 
TVVX 801-331-1532 

Circle 190 on reader service card 

You (and we) are in a quick-moving business. 
News breaks frequently. Change is the name of 
the game. Awareness is the way to win. 

Give us one hour of your time every two weeks 
and we will keep you aware of what's going on 
around you and around the changing world of 
electronics technology 

Keep ahead of the pack. Send in one of the 
subscription cards in this issue. 

New products 

facility, four separate 2-K (2,048-
bit) banks of random-access memory 
for storing digitized waveforms, an 
output for X-Y and chart recorders, 
and pre- and post-triggering extend-
ing from — 9 to + 9,999 divisions. A 
roll mode for analyzing slow-moving 
phenomena allows samples to be 
taken every 0.2 s; at that rate, 40 
hours' worth of data may be stored. 

In addition to those of a conven-
tional analog scope, the prime appli-
cations of the PM 3310 are in ana-
lyzing single-shot events that may be 
encountered in destructive tests and 
in investigating multiple-shot events 
like spikes occurring at unknown 
intervals in power supplies. 

Single shots. The PM 3310 pro-
vides a good representation of single-
shot signals up to 5 mHz with virtu-
ally no loss of information and a 
reasonably good representation of 
such signals up to 12.5 mHz with 
only a small loss of information. Sin-
gle-shot bandwidths up to 25 MHz 
can be handled with computer analy-
sis. The scope feeds the data via its 
IEEE-488 or IEC-625 bus interface 
to the data-processing system. 

Either or both inputs to the dual-
channel instrument are stored in the 
four memories as needed—by manu-
ally selecting the signal from the 
first accumulator memory for guard-
ing in one of the other three or by 
automatic transfer in sequential 
fashion until all memories are filled. 
The contents of all four memories 

can be displayed simultaneously, 
with each occupying one fourth of 
the 8-by-10-cm screen. The display 
is a 250-by-250-dot matrix for the 
content of each memory bank, or a 
250-by-1,000-dot matrix (1,000 dots 
in the vertical dimension) for the 
whole screen. In the scope's dot-join 
mode, the dots are linked to give a 
continuous and clear display of the 
waveform. 

Separate light-emitting—diode dis-
plays indicate the attenuator and 
time-base settings at the time of 
recording of each stored waveform. 
NV Philips Gloeilampenfabrieken, Scientific 

& Industrial Equipment Division, TO III-4, 

Eindhoven, the Netherlands [351] 

Philips Test and Measuring Instruments, 

85 McKee Dr., Mahwah, N. J. 07430 [352] 
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The 1800 series keeps expanding: 
Our new CMOS EPROM is another 
reason to consider RCA. 
When it comes to low power con-

sumption and low heat, no NMOS 
microprocessor line can match 
RCA's all-CMOS 1800 series. 

Now, with our new UV-erasable 
EPROM, getting into CMOS micro-
processing is easier than ever. 
The new CDP 18U42 is a 256-

word x 8 bit, static, asynchronous 
EPROM that interfaces directly with 
our 1802 microprocessor. Other 
benefits are low power dissipation 

(20 mW typical), 5-second program-
ming time (typical), and write erase 
endurance of more than 300 cycles. 
Our new EPROM 

is supplied in a 
24-pin, hermetic, 
dual-in-line 
ceramic package. 
New databook. 
The RCA COS-

MOS Memories, 
Microprocessors, 

and Support Systems databook, 
SSD-260. Price $7 (optional distrib-
utor resale price). 
Send check or money order to 

RCA Solid State, Box 3200, Somer-
ville, NJ. 08876. 

For more information on the CDP 
18U42, contact your local RCA Solid 
State Distributor. 
Or contact RCA Solid State head-

quarters in Somerville, New Jersey. 
Brussels, Belgium. Tokyo, Japan. 



A good OEM computer can be 
easily tailored to your needs. 

The same goes for OEM service. 

DEC service Agreement' 

Basic Service Agreement 

Worldwide Service 

Module Mailer 

OEM Service Agreement 

Self Maintenance 

Software Consulting 

Remote Diagnosis 

Terminals Agreement 

Educational Services 



That's why we offer you so many 
different ways to buy it. Or offer it to your 
customers. Everything from our most 
comprehensive DECservice" agreement 
that can provide service people on site 24 
hours a day seven days a week, to training 
schools for your staff if you want to do all 
the maintenance yourself. 

And this capability is supported 
worldwide by over 8,000 specialists and a 
field inventory of over $250 million in 
spares. 

You can take advantage of Remote 
Diagnosis if you're a large system user. 
Seventeen worldwide product repair 
centers. Module Mailers if you're into 
self-maintenance. We even have software 
specialists to help you with applications 
software development. And advice on the 
right product/service combinations for 
your market. 

At Digital, our approach has always 
been to give OEMs more than just great 
product. Just as important are the extra 
quality features, the extra testing that can 
make your design and marketing job 
easier. The software compatibility that 
can take you from micros to 32-bit large-
scale computers, from one generation 
to the next. 

You probably already know a lot 
about Digital performance. To find out the 
rest, send for our new brochure, "The 
Thinking Behind the Industry's Largest 
Selling Line of OEM Computers." 

Digital Equipment Corporation, 
Technical OEM Group, 129 Parker St. 
(PK3/M-86), Maynard, MA 01754. (617) 
493-5997. In Europe: 12 ay. des Morgines, 
1213 Petit-Lancy/Geneva. Tel. 93 33 11. In 
Canada: Digital Equipment of Canada, Ltd. 
We build a lot more than performance 
into an OEM computer. 

d 
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New products 

Microcomputer has 32-K ROM on chip 
Fully pin- and op-code-compatible with the 8048, 

the single-chip 8050 has four times as much memory 

by Bruce LeBoss, San Francisco regional bureau manager 

The 8048 microcomputer has been a 
favorite with designers for several 
years, ever since Intel Corp. intro-
duced the 8-bit chip with 1-K byte of 
read-only memory. Now National 
Semiconductor Corp. has built a ver-
sion with four times the program and 
data memory, which is bound to dra-
matically reduce systems costs. 
With the INS 8050, which carries 

4-K bytes of masked ROM and 256 
bytes of random-access memory, 
"complex applications requiring 
large amounts of program space can 
now be implemented on a single 
chip," claims Tom Dugan, the firm's 
product marketing manager for sin-
gle-chip microcomputers. For such 
jobs, users would previously have 
had either to use multichip proces-
sors or add external ROM, RAM, and 
latches to their one-chip system. 

Fabricated with National's propri-

etary x-mos technology—a scaled-
down n-channel mos process with 
single polysilicon loads and 3-12m 
spacing—the 8050 has a die 35% 
bigger than National's own 8048 
design. 
The 8050 is also a cost-effective 

alternative for multipattern 8048 
users. It is possible, Dugan says, to 
put up to 10 8048 programs into one 
8050, including routines for displays, 
keyboard controls, input/output, 
mathematics, and self-diagnosis. 
Thus when large production runs of 
the 8048 are not justified, the 8050 
may be ordered in volume instead, 
and routines called up for specific 
market needs. 
Many users have a lot of engineer-

ing time and money invested in 8048 
software. Unlike Intel's recently 
introduced 8051, an extension of its 
MCS-48 family with 4-K bytes of 

ROM and 128 bytes of RAM, the 
8050 does not require a separate 
converter to use 8048 assembly 
source code; it is both operating-
code— and pin—compatible with the 
8048. In-circuit emulation of the 
8050 is available on National's Star-
plex development system. 
The 8050's 8-bit central processor 

has an internal register and stack 
array, three programmable 8-bit ho 
ports, eight control and timing lines, 
a programmable counter/timer, pri-
ority interrupt controls, and a system 
clock generator. It can operate as a 
byte processor or a binary or binary-
coded decimal arithmetic processor, 
with RAM and ROM independently 
addressable and expandable. 
The 8050 executes one of the 96 

instructions in its set in 2.5 gs, typi-
cally, when operating at a 6-MHz 
clock rate. That is about half as fast 
as the 8051, which is tailored to 
higher-speed applications, executing 
most instructions in 1 /Is when using 
a 12-MHz clock. However, National 
does plan to have an 11-MHz version 
of the 8050 available by year's end. 
Operating off a single 5-v power 
supply, total supply current of the 
8050 is 75 mA maximum, 25 MA 
typical, at 6 MHz. 

Available from stock to 30 days 
after receipt of order, the 8050 is 
priced at approximately $19 each in 
quantities of 1,000, packaged in a 
standard 40-pin dual in-line pack-
age. A version without ROM, desig-
nated the INS8040-6N, sells for 
$21.55 each in lots of 100. Both are 
available in ceramic packages for 
approximately $3 more each. 
National Semiconductor Corp., 2900 Semi-

conductor Dr., Santa Clara, Calif. 95051 

[338] 

194 Electronics/October 9, 1980 



Buy now and get FREE Solid State Software Libraries. 

E 
INVESTMENT 
MODULE 

SURVEYING 
MODULE 

Choose from these. 

or more value 
1 FREE module 
with purchase 
of a TI-58C 

TI Programmable 58C —$130* 

APPLIED 
STATISTICS 
MODULE 

SECURITIES 
ANALYSIS 
MODULE 

BUSINESS 
DECISIONS 
MODULE 

MATH 
UTILITIES 
MODULE 

ELECTRICAL 
ENGINEERING 
MODULE 

1 

MARINE 
NAVIGATION 
MODULE 

re* 

FARMING 
MODULE 

TI Programmable 59 —$300* 

or more value 
2 FREE modulesqd 
PPX Membership 
with purchase 

of a TI-59 

AVIATION 
MODULE 

RPN 
SIMULATOR 
MODULE 

POOL 
WATER 

ANALYSIS 
MODULE 

TI Programmables lead the field 
in performance, quality and value. 
When you're choosing a program-
mable calculator consider: Power. 
Total software support. Flexibility. 
And price/performance. You'll dis-
cover a clear-cut answer. A TI Pro-
grammable 58C or 59. 
The TI-59 has up to 960 program 

steps or up to 100 memories. Mag-
netic card read/write capability lets 
you record your own custom pro-
grams or those received from 
PPX (Professional Program 
Exchange). 
The TI-58C features up to 480 

program steps or 60 memories. And 
it has TI's Constant Memory" fea-
ture that retains data and program 
information even when the calcula-

tor is turned off. 
And now free modules give you 
that added productivity you need. 
From August 15 to October 31, 1980 
is your special opportunity to pur-
chase one of the world's most ad-
vanced programmable calculators. 
And get a minimum of $40 worth of 
free software modules with a TI-
58C. Or, when you buy a TI-59, get 
a minimum of $80 worth of software 
modules and an $18 one-year mem-
bership in PPX. This will allow you 
to select up to 3 programs (from 
over 2,500) written by professionals 
in your field. 

Visit your TI retailer for more in-
formation, and let him help you se-
lect the TI Programmable and free 
software that's right for you. 

Til I've bought a TI-58C, send me my free module Here in my first choice and an alternate 
3111ve bought a TI-59, send me my two free modules and 
my membership (which entitles me to select three pro-
grams from the source catalog at no charge) Here are my 
module choices and an alternate 
1   2 
3   
Send to: TI Library Offer, P.O. Box 1984, Lubbock, 
TX 79408. 
Return this coupon (1) with customer information card 
(packed in box). (2) a dated copy of proof ol purchase. 
between Aug 15 and Oct 31. 1980 — items must be post-
marked by Nov 7. 1980 

Name 

Address 

City Slate Zip 

Calculator Serial Number (from back of unit) 
Please allow 30 days for delivery Offer void 

prohibited 011er good in US only. 
MOM VW NIX to subtle', mcOules  

where 

t U.S. suggested retail for all Li-
braries is $40, except Farming, 
$55, and Pool Water Analysis, $45. 
**For use with TI-59 only 

EL 

FiTtyorars 

Innovation 

Texas Instruments technology — bringing affordable electronics to your fingertips. 

TEXAS INSTRUMENTS 
SUS suggested retail price. 
© 1980 Texas Instruments Incorporated INCORPORATED 
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Regional Headquarters 

Western 
20430 Town Center Lane, Suite 5-F 
Cupertino, CA 95014 
(408) 255-8991 
TWX 910-339-9502 

Central 
6200 Savoy Drive. Suite 704 
Houston. TX 77036 
(713) 974-0534 
TWX 910-881-7043 

Eastern 
594 Marrett Road. Suite 22 
Lexington. MA 02173 
(617) 861-1642 
TV( 710-326-1413 

Stocking Distributors: 
Anthem • Bell • CAM/RPC • Diplomat • Future 
Jaco • Marshall* Milgray • RC Components 
Resco • PM Electronics • Sterling 
Time • Western Micro Technology 



Hitc chi's Just V oc e \VOS Oosolete With 

-C VOS" Technology 
"Hl-CMOS"... a technology so unique, it yields the 
high speeds of HMOS...the high bit densities of 
NMOS at the low power dissipations of CMOS. 
This new technology permits us to produce our 
16K, 12Ons static memory in an all-new cost-
effective plastic package today ...and allows 
plastic packaged 64K and 128K static RAMs for 
tomorrow. Hitachi has just made NMOS obsolete! 

The bottom line ...unparalleled performance, plus 
the freedom of being able to design your system 
without the burden of costly cooling systems or 

Sy 

high current power supplies. And, all at a price 
that rivals NMOS cerdip RAMs. 

The Hitachi commitment to advanced technol-
ogy carries "Hl-CMOS" still further ...with devices 
that can meet your design needs today . and for 
years to come. 

Compare the NMOS device you're now using with 
any Hitachi "Hl-CMOS" RAM ...the difference is well 
worth your consideration. 

Part No, Organization Speed 

TYP. 
Operating 
Power 

Max. 
Standby 
Power 

Max. 
Power 
Down Availability 

HM 6116 2K x8 120/150/200ns 200mW 60mW 0.5mW Now 
HM 6147 4K x 1 55/70/85ns 75mW 60mW 0.5mW Now 
HM 6148 1K x4 55/70/85ns 150mW 60mW 0.5mW Samples 
HM 4334 1K x4 300/450ns 20mW 5mW 0.5mW Now 
HM 4315 4K x 1 450ns 20mW 5mW 0.5mW Now 

Now that you know more about Hitachi 
"Hl-CMOS" technology, don't let NMOS technology 
keep you behind. Call your local Hitachi represen-
tative or distributor sales office for complete in-
formation, or circle the reader service number be-
low. 

HITACHI 
Hitachi America, Ltd., Electronic Devices Sales and Service Division 
1800 Bering Drive, San Jose CA 95112 (408) 202-6404 

ool of Se -niconc uctor Quo 11-y Worlc wic e 
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In a look-Mace field, Gordos-
and cooperation make the 

-3=1 

Ai 
. , Imma. • . 

e-f,e1 41111:iler 

Its true. Due to industry 
standard specifications and 
packaging, our products may 
look like their products. But 
when your company is setting 
industry standards of its own, 
an off-the-shelf product may 
not meet your needs. 

Interface with 
Intelligence 
This is where Gordos comes 
in -- with the depth of 
experience and the 

engineering modifications or 
design services. With our 
expertise in both reed and 
optical devices, you and 
Gordos can make the best 
decision together. 

Materials and 
process control 
Gordos is a totally integrated 
manufacturer. We specify our 
own materials and 

manufacture our own reed 
switches The payoff to you 

comes in subtle but important 
ways -- such as special 
contact materials and higher 
insulation resistance needed 
in the automatic test 
equipment field. Our 
reputation for custom 
miniaturization and reliability 
in the medical field has made 
us the leading manufacturer 
of reed devices for today's 
heart pacemakers 

In-house thick film 
manufacturing 

Gordos was the first solid 
state relay manufacturer to 
offer certain models with the 
higher reliability and cost 
advantages of hybrid thick 
film construction. Advanced 
laser technology allows 
tighter production tolerances; 
component values laser-
trimmed to 0.3%. In harsh 

responsive attitude to deliver 
the right product, on time and 
on budget; and with a 
refreshing willingness to 
listen and to help solve new 
challenges in the relay, reed 
switch, and control field. 

Call us. Youll find there are 
specific advantages to doing 
business with Gordos. 
Among them: 

Broad standard line 
Part of the applications 
engineering function is to 
know when a standard part 
will be adequate — and when 
it won't. With literally 
hundreds of standard 
models, our engineers can 
often meet your 
requirements from stock 

Unbiased assistance 
In some cases, your 
application may require 
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applications experience 
difference. 

environments, thick film 
affords superior thermal 
properties, noise immunity, 

and superior resistance to 
shock and vibration. 

VDE compliance 
Experience in thick film 
helped Gordos become the 
first U.S. manufacturer of 
relays and I/O modules to 
conform to VDE 

specifications for the 
European market. In certain 
cases, this line of SSR 
products permits OEMs to 
eliminate expensive isolation 
transformers which were 
previously needed to comply 
with VDE requirements. 

Computer interface 
systems 
Gordos was one of the 
earliest developers of a plug 
compatible I/O module 
system. Newly available 

are buffered, bus compatible 
I/O boards to complete your 
signal and power level 
interface with the real world. 

Distributor network 
When one of our standard 
models will suffice, take 
advantage of immediate 
availability from your nearby 
Gordos Distributor. 

NAME 

COMPANY 

ADDRESS 

CITY/STATE/ZIP 

PHONE ( 

TITLE 

MY APPLICATION IS  

CHECK BOXES FOR BROCHURES DESIRED: 

E] REED RELAYS " ' DRY AND WET SWITCHES 
250 GLENWOOD AVENUE. BLOOMFIELD, NJ 07003 USA • TWX 710 994-4787 

El REED COUPLED AND ALL SOLID STATE SSRs 
E I/O SYSTEMS [I] VDE SPEC SSRs 

L000 N SECOND STREET, ROGERS, AR 72756 USA • TVVX 910 720-7998 El 080 

Quick-Response 
Coupon and 
Toll-Free Hotlines 
Fill out the coupon, or simply 
attach your letterhead or 
business card and mail to the 
appropriate address. Or use 
our Toll-Free Hotlines for 
applications and ordering 
assistance. 

CALL TOLL-FREE 
Reed Relays 
Dry and Wet Switches 

1-800-526-1392 
In New Jersey 201 743-6800 

SSRs and I/O Systems: 

1-800-643-3500 
In Arkansas 501 636-5000 

Look for Gordos at Electronica. Booth 19045-Hall No. 19 



DRESSED FOR SUCCESS. 



SUCCESSFUL FRONT PANELS 
DRESS IN DIA LIGHT 

Even the most demanding indus-
trial designer or design engineer 
will occasionally take switches, 
indicators and optoelectronics 
for granted. That's a mistake. Be-
cause they are often the first com-
ponents people see and the ones 
they use most frequently. 

That's why so many designers 
insist on Dialight standard prod-
ucts and custom designs. They 
know that precision Dialight prod-
ucts will give their computer, 
machine or instrument the look 
and feel of qualify. 

Choose from over 
1,500,000 indicator lights. 

Dialight is the world's largest manu-
facturer of incandescent, neon 
and LED indicator lights. For over 
40 years we've introduced new 
sizes, styles and colors. 
So there's a good chance our 

collection includes exactly the 
light you need. If it doesn't, we'll 
be happy to work with you on an 
original. After all, we didn't create 
over a million different designs 
by refusing special orders. 

Rockers and toggles for 
panel and PC board mounting. 

Dialight meets your needs for 
miniature switches with thousands 
of different designs in rockers, 
toggles and levers. All are 100% 
tested and made in the U.S.A. 
Our rocker and toggle line con-

tains a wide selection of actuators, 

terminations, mountings and 
contact ratings. Included are 
dozens of styles for mounting on 
front panels and sub-panels as 
well as styles for snap-in and 
printed circuit board applications. 

If our catalog doesn't show 
exactly the switch you need, we'll 
design and build it to order. All it 
takes is a call to our Applications 
Engineering department. 

100% testing of 

every illuminated switch. 

Dialight offers a complete line of 
computer-grade illuminated 
switches at reasonable cost. And 
to make sure they all work perfectly, 
we test every switch both elec-
trically and mechanically before 
it's shipped. 
Other switch suppliers may settle 

for sample testing. That's like leav-
ing reliability to chance. You don't 
take chances with your designs, 
and we never will with our illumi-
nated switches. 
Depend on Dialight to supply 

exactly the switch you need, 
either from our catalog or on spe-
cial order. Since we manufacture 
the entire assembly ourselves, we 
can respond faster and still main-
tain complete quality control. 

BE 
LEDs ready to mount on 
panels and printed circuit boards. 

When it comes to optoelectronics, 
once again Dialight offers a wide 

.dL).,401)600001›. 
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selection plus many unique ad-
vantages. For example, we now 
package LED indicators singly and 
in arrays for mounting on PC 
boards. As soon as you insert them 
into the board, they're precisely 
positioned and ready for wave 
soldering. Installation is far faster. 
And production costs are dra-
matically reduced. 

For front-panel LED readouts, 
we package 7-segment displays 
with their associated decoder-
driver circuitry and mounting bezel. 
The entire assembly, with as many 
digits as you need, is ready for 
instant panel mounting. 

Dress your products for success. 

Your products never get a second 
chance to make a good first im-
pression. So send them into the 
marketplace looking their best. 
Dress all your front panels and PC 
boards in quality indicator lights, 
rockers and toggles, illuminated 
switches and optoelectronics from 
Dialight. 

Dialight, 203 Harrison Place, 
Brooklyn, New York 11237. 
Phone: (212)497-7600. 

DESIGN IN 

DIALIGH 
A North American Philips company. 

"See us at Midcon, Booth 113" Circle 201 on reader service card 



New products 

16-K MOS ROM accesses in 80 ns 
Read-only memories made with selective-oxidation process 

are as fast as bipolar PROMs but use less power 

by Bruce LeBoss, San Francisco regional bureau manager 

Makers of mos random-access mem-
ory have been able to challenge the 
performance of their bipolar coun-
terparts with high-performance mos 
technology. Now Intersil is applying 
its H-MOS technology to read-only 
memories, reducing cell size and 
improving performance. 
Two basic ROMs, available in 1-

K-by-8-bit and 2-K-by-8-bit configu-
rations and designated the 82HM-
181 and 82HM191, respectively, are 
fabricated using the company's Sel-
ox selective-oxidation arsenic-diffu-
sion process, which has a single 
layer of polysilicon and 3-um geome-
tries. With it, the company can "pro-
vide ROMs that operate at sub-100-
ns access times, equivalent to that of 
industry-standard bipolar PROMs," 

while using "only 75% of the pow-
er," claims Bob Gardner, director of 
product marketing for large-scale 
integrated digital products. 
Whereas the standard 82HM181 

has an access time of 70 ns when 

operating off a 5-v ±5% power 
supply at 175 mA, the standard 
82HM191 accesses in 80 ns maxi-
mum when operating at those volt-
age and current levels. Each of the 
24-pin devices consumes a maximum 
of 965 mw. The inputs and three-
state outputs of the ROMs are TTL-
compatible and, Gardner notes, al-
low direct interfacing with common 
bus structures. Three chip-select 
inputs ease memory expansion. 

Using the Selox process, Gardner 
claims, the MOS ROMs have a 50% 
smaller die area than their bipolar 
counterparts. The reduced size con-
tributes to high-speed performance 
and results in "close to an order of 
magnitude improvement in yields." 
That is largely because the Selox 
H-MOS process reduces, by about one 
fourth, the number of mask steps 
used in producing bipolar program-
mable ROMs and, he adds, "because 
we are able to avoid the tough front-
end [epitaxial growth] and back-end 

1 1,, 1" -'1 .1 .*1 V • '1 1-,4 1,, 1 1-.4 1 , 4 1 .1 1 11 

. . .. 

. ..... , • 

[metalization] problems normally 
associated with bipolar processing." 
The yield improvements have led 

Intersil to offer the H-MOS ROMs at 
approximately 10% to 20% less than 
equivalent bipolar PROMs. For ex-
ample, the 82HM181 and 82HM191 
will be priced under $10 each and 
under $40 each, respectively, in lots 
of 10,000, when all are to be deliv-
ered over a 120-day period with at 
least 2,000 pieces per code mask. 

However, "the total cost savings 
to the user will be on the order of 
30%," Gardner says, because a 
PROM needs to be tested and pro-
grammed, among other things. With 
a ROM, "the user has got a finished 
part that's programmed, marked, 
and burned in where appropriate, 
ready to use in his equipment," he 
points out. In large-volume applica-
tions, for which the H-MOS ROMs are 
tailored, the user gets a part that 
"falls right into a bipolar socket." 
Faster turn-around times are possi-
ble when reordering ROM code. 

Intersil also plans to offer an 
82HM141, a 4-K (512-by-8-bit) ver-
sion of the 82HM181. Eventually, it 
will also produce the 82HM185, a 
2-K-by-4-bit ROM, and the 82HM-
137, a 1-K-by-4-bit part as fallout 
from the 16-K ROM. Later, "we will 
produce 32-K [4-K-by-8-bit] and 64-
K [8-K-by-8-bit] versions of those 
parts," says Gardner. 
The availability of both the 

82HM181 and 82HM191 is 8 weeks 
for prototypes, 16 weeks for produc-
tion quantities, with reorders ex-
pected to slip to about 6 weeks by 
the second quarter of 1981. 
Intersil Inc., 10710 N. Tantau Ave., Cuperti-

no, Calif. 95014. Phone (408) 996-5000 

[3391 

Electronics/October 9, 1980 



Hand-held computer power is here! 
An autoranging DMM breakthrough 

from B&K-PRECISION. 
B&K-PRECISION's new microcomputer 
controlled Model 2845 is a major advance 
in digital multimeter technology. At a price 
comparable to ordinary manually operated 
units the 2845 brings microcomputer intel-
ligence to a handheld portable DMM. 
When applied to a circuit, its computer 
selects the range providing maximum 
resolution without the slow "hunting" 
action characteristic of many bench-type 
autoranging DMM's. 
The 2845 is certainly the most user 

oriented hand-held DMM available. 
No other DMM can match its speed and 
simplicity of operation. With tilt stand, 
large display and optional AC power 
adapter, it becomes a remarkable inex-
pensive bench DMM. 

Model 2845 $175 

• Microcomputer autoranging speeds 
operation and stabilizes readings 

• Auto-skip program for best resolution in 
least time 

• Easiest, fastest-to-use DMM available 

• 0.1% basic DC accuracy 

• 31/2 digit,0.5" LCD display 

• Continuity test "beeper" 

• Range-lock, holds selected range 

• Measures AC/DC voltage; AC/DC current; 
resistance 

• Meets tough U.L. 1244 
safety standards 

For immediate delivery, contact your 
local distributor or phone toll-free 80°-
621-4627 (except in Illinois) for detailed 
technical information. 

0KPRECISION 
DYNASCAN 
CORPORATION 

6460 West Cortland Street 
Chicago. Illinois 60635 • 312 889-9087 

Intl. Sls.. 6460 W Cortland St . Chicago°. IL 60635 
Canadian Sales: Atlas Electronics. Ontario 

Circle e202 for free Demonstration 
Circle ii203 for Additional Information 



Flying an aircraft is an 
exacting job 

HUD will help 

Aircraft Symbol 

Air Speed 

to 

— 0-- 125 80 

10 

We supply deflection yokes to theini 
major manufàcturers of Head-up 
(HUD) display systems for aircraft, 
including the DC-9 Super 80. These 
displays enable pilots to focus 
attention straight ahead, and to 
see computerized flight info 
tion without looking away towar 
indicators and digital readouts for 

10 

Fuselage Reference 

Altitude 

Horizon Line 

10 

DS airs fuel consumption, alti-
tude, . 
Syntronic also designs and makes 

precision yokes and focus coils 
for navigatiOn systems, weather 
radar. weapo)% systems and other 
CRTs used on most aircraft flying 
today 

Precision yokes for exacting displays 

Syntronic Instruments, Inc., 100 Industrial Road, Addison, IL 60101 (312) 543-6444 

Head-up display with 
flight symbols and digital 
information 

is visible to pilot through 
half -silvered mirror 

from CRT display below 
pilot's field of view 

'. 1 
Syntronic yoke provides 
sharp resolution at high 

. - 
me/LAN/me.  

Circle 204 on reader service card 

r- New evidence 
of precision from 

Switzerland 

According to the legend, our national hero 
William Tell pierced an apple with his 
crossbow at 100 paces. Since then we have 
devoted ourselves to precision. We carry on 
these traditions even with new technology. 
Take our printed circuits for instance — they 
are a typical Swiss product. Repeatedly we 
offer drilling diameters having a precision 
of 0.22 mm — and that with a packing 
density of 4.7 connections per qcm. 

Alongside this dimensional work, we offer 
additional quality features such as 

\ I...electrically protected circuit 
paths with defined values, 

. prevention of solder 
bridging, no 
blockages in the 

metal plating, 
solderability in each required 

direction, etc. etc. Request further 
information. 

lela 
FELA E. Uhlmann, 
AG for Printed Circuits 
CH-8531 Thundorf/Switzerland 
Tel. 054/98271 Telex 76130 

Marketing office in Germany: 
D-7750 Konstanz 
Gottlieb-Daimler-Str. 7 
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® Registered trademark of the AT&T Co. 

You may be wondering 
why I called you all together" 

The business of manufacturing electronics can run you around the clock and 
all over the globe, taking you to meeting after meeting with marketing and support 
personnel, systems engineers and plant managers. 

Bell can help manage one of your company's most important resources—your 
time. We do it by bringing many of those meetings to wherever you are. Electronically. 

This is information management by teleconferencing—increasing profitability 
by improving productivity, conserving energy, controlling travel expenses. Participation 
is encouraged by a range of sophisticated voice, visual and facsimile systems. 

The conference call is teleconferencing at its simplest. Conference calls can be 
enhanced by a speakerphone or portable conference telephone. Our innovative 
Gemini 100 electronic blackboard can project visual representations to any group with a 
TV monitor. And Picturephone® meeting service,* the ultimate in teleconferencing, 
allows face-to-face meetings between groups in different cities. 

Consider teleconferencing in the light of today's soaring costs and tight 
energy situation. 

Consider, too, how our knowledge of advanced communications 
technology can answer still other information management needs in the electronics 
manufacturing business. 

The process starts with one call to your Bell Account Executive. 

The knowledge business 

• Currently available in twelve trial cities equipped with public InIs room ,: Atlanta. Boston, Chicago, Dallas, Detroit, Los Angeles, New York, Philadelphia, 
Pittsburgh, Sacramento, San Francisco and Washington, D.C. 



New products 

Microcomputers & systems 

C-MOS 8048 uses 
10 mA at 6 MHz 

Power-saving NEC version 

needs only 1 mA when halted, 

operates at — 40° to + 85°C 

Although the chip remains essential-
ly nonexistent, many circuit design 
engineers nonetheless know what an 
80C48 is: a complementary-MOS 
version of the popular and widely 
sourced 8048 single-chip microcom-
puter. The designation is familiar 
because at least two U. S. semicon-
ductor companies have promised c-
mos 8048s. But they have so far 
been unable to muster production 
volumes. Now Japan's Nippon Elec-
tric is crashing into that market with 
its µPD80C48, a part that it will ship 
in quantity by year's end. 

Architecturally, the c-mos coun-
terpart is nearly identical to the orig-
inal n-channel mos microcomputer 
with its 8-bit central processing unit, 
1-K byte of read-only memory, 64-
byte random-access memory, and 27 
input/output lines. Also like the 
n-channel device, the 80C48 features 
an internal timer/event counter, two 
interrupt modes, over 90 instruc-
tions, and bus compatibility with the 
wealth of peripheral chips that have 

been designed for the 8080 and 8085 
microprocessors. 

But, of course, the key difference 
here is power consumption. Of the 
three new high-performance mos, or 
H-MOS, cousins of the 8048 recently 
introduced by the originator of the 
part, Intel Corp., the lowest-power 
version—the 8048L —draws an ac-
tive current of 40 mA at 3 MHz and 
just 4 mA on standby—admirable 
for n-moS. 

However, NEC's chip draws a 
maximum of 10 mA at a full 6 MHz. 
Through an added halt instruction 
(01 16 ), this can be taken to 1 mA. "In 
addition, for further power conserva-
tion, there is a stop mode," beams 
Dwain Aidala, manager of the prod-
uct at NEC Microcomputers Inc., the 
Wellesley, Mass., marketing and 
sales connection for NEC in the U. S. 
Upon reaching the halt instruc-

tion, the µPD80C48 keeps its on-
chip oscillator running but denies 
clocking to internal logic. Either the 
interrupt or the reset pin on the 40-
pin package can be lowered to bring 
the chip out of its halted state. The 
stop mode is initiated by reducing 
the supply voltage to the chip to 
about 2 V. This anesthetizes all but 
the RAM. Restoring 5 v on the sup-
ply pin will rouse the oscillator, and 
after a short stabilization period a 
reset will restart program execution 
at address zero. The block diagram 
depicts the standby control logic. 

Besides being power-conscious, 
the c-mos microcomputer offers 

Full stop. In its halt mode, the 80C48's oscillator runs on, and the chip draws 1 mA. 

Dropping the supply to 2 V shuts down all but RAM, saving even more power. 

other benefits. The clock can be 
slowed right down to dc, unlike the 
n-channel chip, which "will go down 
to a little under 1 MHz," Aidala 
comments. The 80C48 also operates 
at — 40° to +85°C, compared with 
the 8048's 0° to 70°C. 

Like the n-mos 8048, the µPD-
80C48 carries a Rom-masking fee. It 
is $1,000. For this reason, develop-
ment versions of the chip have 
become important. So NEC will also 
produce, in c-mos, the Rom-less ver-
sion of the chip, the µPD80C35, and 
the erasable programmable ROM 
version, the 87C48, is also planned, 
says Aidala, adding that there is no 
reason why development cannot be 
done on an n-mos 8035 or 8748. 

Pricing is not yet firm, but Aidala 
expects the unit price to be below 
$20 in 1,000-piece lots. Orders will 
be taken in December for 12- to 
14-week deliveries. 
NEC Microcomputers Inc., 173 Worcester 

St., Wellesley, Mass. 02181. Phone (617) 

237-1910 [371) 

Industrial controller handles 

16 control loops in 200 ms 

The iSBC 88/40 measurement and 
control computer based on the 8088 
16-bit microprocessor is Intel's first 
single-board computer designed for 
industrial and laboratory applica-
tions such as real-time process con-
trol, production monitoring, supervi-
sory control, and data acquisition. 
The board can concurrently process 
and update 16 control loops in 200 
ms using a traditional proportional-
integral-derivative (P1D) control al-
gorithm. Analog input capability 
consists of 32 single-ended or 16 dif-
ferential channels. In addition, the 
board has 24 programmable parallel 
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est drive our ig pe ormance 
ompact. 

ver 20 million Aromat NF relays in use 
ilt for high performance with a low profile 
at s perfectly suited for the busy traffic patterns 
today s high density PC boards 
Responsive handling is the key to the NFEBs 
lability with shock absorbing construction to 
sure smooth long lasting performance 
Aromat was the pioneer in plastic sealed 
ays over 10 years ago. and is now producing 
e NFEB in the U S Extensive test data, 
athered here and abroad, prove the 
ependability of these relays 

SPECIFICATIONS 
Contacts 
Arrangement 2 4C 
Rating resistive load 
Max. switching power  60W 100VA 
Max. voltage  220V AC. DC 
Max. current 2A 

UL rating 05A 125V AC, 2A 30V DC 
VDE rating   1A 65V AC, 2A 30V DC 
Expected life. min. operations 
Mechanical  NF2/3 x 106. NF4/106 
Electrical (2A 30V DC Resistive)   106 

(1A 30V DC Resistive)  5 x 106 
Initial contact pressure  approx. 8.5g (0.3 oz) 
Contact bounce  approx. 1.5 msec. 
Contact material 
Movable contact Gold-clad silver 
Stationary contact  Gold-clad silver 
For telephone circuit applications 
gold-clad silver-palladium type is available 
rated 0.1A 50V DC 10 x 106 operations 

initiai contact resistance 
Maximum 50 mil 
Typical  25 mii 

Coll 
Min operating power (at 25°C) approx. 

NF21 50mW, 
NF4'240mW 

Nominal operating power (at 25`C)  approx. 
NF2/300mW, 
NF4/480mW 

Max. operating power appros. 
for continuous duty  1W at 40°C 104°F 
Characteristics (at 25°C, 50% R.H. sea level) 
Max. operating speed 50 cps 
Operate time  approx. 10 msec. 
Release time approx. 5 msec. 
Electro static capacitance 

Contact/Contact  approx. 4 pF 
Contact/Coil approx. 7 pF 
Contact/Ground approx. 6 pF 

Breakdown voltage 
Between open contacts 750Vrms 
Between contact sets 750Vrms 
Between live parts and ground 1  000Vrms 
Between contacts and coil 1  000Vrms 

Initial insulation resistance ..1,000Mn at 500VDC 
Ambient temperature  - 40 to 65°C 

-40 to 4 149°F 

Shock/Vibration resistance 
Deenergized condition 8G8G 55 cps 
Energized condition  20G,20G 55 cps. 

Unit weight  approx. NF2/14g (0.5 oz.) 
NF4/16g (0.6 oz.) 

Specifications for MBB contact types 
Expected life, min. operations 

Electrical (1A 30V DC Resistive)  10° 
Breakdown voltage 
Between open contacts 200Vrms 

All other characteristics are the same as those of 
standard types. 
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NFEB Amber Relay 

ii 

Nee 

Free Samples. Write to Aromat or your regional 
distributor today, and get a free sample and test 
data on the NFEB relay . Once you've driven this 
engineering marvel, you'll never turn back , 

e 
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Over 20 million 
Aromat NF Relays 
in use 

Aroma 
Mp,ter Matsushita Grou 

Corporation: 
250 Sheffield Street 
Mountainside NJ 07092 
(201) 232-4260 

Mid-Western Office: 
311 Lively Blvd 

Suite Grove 
ite 

l  Village. IL 60007 

1312) 593-8535 

Western Office: 
10400 North Tantau Avenu 
upertino. CA 95014 



AVOID THE HASSLE. 
BUY JAN RECTIFIER BRIDGES. 

Qualifying your own rectifier bridge 
isn't worth the trouble anymore. 

Because Unitrode now offers you a 
whole line of JAN and JANTX Rectifier 
Bridges right off the shelf. 

They're already qualified, so you 
don't have to worry about time-
consuming approvals. And you don't 
have to worry about reliability, either. 
Our rectifier bridges are assembled from 
the same Unitrode discrete military 
rectifiers that have been designed into 
every major defense project of the last 
two decades. 

Simply choose the JAN orJANTX 
bridge you need from Unitrode's three 
families: 3-phase, 25A (MIL-S-19500/ 
483); single-phase, 25A (/446); or 
single-phase, 10A (/469). Up to 600V. 

Unitrode'sJAN and JANTX Rectifier 
Bridges. Available now, in high volume. 
Without any hassles. 
For more information, call or write: 

Unitrode Corporation, 5 Forbes Road, 
Lexington, MA 02173. 
Tel. 617-861-6540. 

UNITRODE 

UNITRODE RECTIFIER 
BRIDGES 
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UNITRODE 

Unitrode Representatives: 
Alabama: Conley & Assoc. 205-882-0316 
Arizona: Fred Board Assoc. 602-994-9388 
California: 12 408-988-3400; Great American Rep 
Company 714-832-8113; Great American Rep 
Company 213-990-4870; SR Electronics (San Diego) 
714-560-8330 Colorado: Component Sales 
303-759-1666 Connecticut: Kanan Assoc. 
203-743-1812 Florida: Conley & Assoc. (Oviedo) 
305-365-3283; Conley & Assoc. (Boca Raton) 
305-395-6108; Conley & Assoc. 813-885-7658 
Georgia: Conley & Assoc. 404-447-6992 Illinois: 
Carlson Electronic Sales 312-956-8240 Indiana: 
Carlson Electronic Sales 317-842-3740 Iowa: 
Carlson Electronic Sales 319-377-6341 Kansas: 
Rush & West Assoc. 913-764-2700 Maryland: 
New Era Sales 301-768-6666 Massachusetts: 
Kanan Assoc. 617-944-8484 Michigan: Miltimore 
Sales 313-349-0260; Miltimore Sales 616-942-9721 
Minnesota: Electronic Innovators 612-941-0830 
Missouri: Rush & West Assoc. 314-394-7271 
New Mexico: Reptronix 505-881-8001 New York: 
Lorac Sales 516-681-8746; Reagan/Compar Albany 
518-489-7408; Reagan/Compar Albany 
315-732-3775; Reagan/Compar Albany 
716-271-2230; Reagan/Compar Albany 
607-723-8743 North Carolina: Conley & Assoc. 
919-787-8090 Ohio: Baehr, Greenleaf & Assoc. 
(Cincinnati) 513-891-3826; Baehr, Greenleaf & 
Assoc. (Dayton) 513-293-1102; Baehr, Greenleaf & 
Assoc. 216-221-9030; Baehr, Greenleaf & Assoc. 
614-486-4046 Oregon: Vantage Corp. 
503-297-1714 Pennsylvania: GCM Assoc. 
215-233-4600; Bacon Electronic Sales 
814-796-2381 Texas: Sundance Sales 
214-699-0451; Sundance Sales 512-250-0320 
Utah: Component Sales 801-484-4222 
Washington: Vantage Corp. 206-455-3460 
Wisconsin: Carlson Electronic Sales 414-476-2790 
Canada: Kaytronics 514-487-3434; Kaytronics 
416-669-2262; Kaytronics 403-276-9844 

Unitrode Distributors 
Alabama: Hall-Mark Arizona: Kierulff Electronics; 
VVyle Distr. Group California: (Northern) Arrow 
Electronics; Components Plus; Kierulff Electronics; 
VVyle Distr. Group California: (Southern) Arrow 
Electronics; Components Plus; Kierulff Electronics; 
VVyle Distr. Group Colorado: Arrow Electronics; 
Bell Industries; Kierulff Electronics; Wyle Distr. 
Group Connecticut: Arrow Electronics; Lionex 
Florida: Arrow Electronics; Hall-Mark; Kierulff 
Electronics; Pioneer Georgia: Arrow Electronics 
Illinois: Arrow Electronics; Hall-Mark; Kierulff 
Electronics; PM Electronics Indiana: Pioneer; 
PM Electronics Kansas: Hall-Mark Maryland: 
Arrow Electronics; Hall-Mark Massachusetts: 
Arrow Electronics; Kierulff Electronics; Lionex 
Michigan: Pioneer; PM Electronics Minnesota: 
Arrow Electronics; Hall-Mark; Industrial 
Components; Kierulff Electronics Missouri: 
Hall-Mark New Hampshire: Arrow Electronics 
New Jersey: Arrow Electronics; Kierulff Electronics; 
Lionex Corporation New Mexico: Arrow 
Electronics; Bell Industries New York Arrow 
Electronics; Components Plus; Lionex North 
Carolina: Arrow Electronics; Hall-Mark; Hammond 
Electronics Ohio: Hall-Mark, Pioneer Oklahoma: 
Hall-Mark Pennsylvania: Arrow Electronics; Hall-
Mark; Pioneer Texas: Arrow Electronics; 
Components Plus; Hall-Mark; Lenert Utah: Bell 
Industries; Kierulff Electronics Washington: Arrow 
Electronics; Kierulff Electronics; Shannon, Ltd.; 
Mile Distr. Group Wisconsin: Hall-Mark; Kierulff 
Electronics; Taylor Electric Canada: Future 
Electronics 

New products 

input/output lines. 
The on-board dual port and 4-K 

bytes of static random-access memo-
ry, in conjunction with Multibus sys-
tem bus-control logic, enable the 
iSBC 88/40 to function as a stand-
alone, multimaster, or intelligent 
slave analog preprocessor. The board 
also has support for electrically eras-
able programmable read-only mem-
ory; sockets for up to 32-K bytes of 
E-PROM; and a 12-bit analog-to-digi-
tal converter that works at 20 kHz 
and has programmable gain and 
multiplexed inputs. 

Intel will introduce the computer 
board at the Instrument Society of 
America's isA/80 conference and 
exhibit, Oct. 20-23 in Houston, but 
the unit can be ordered now for 
deliveries starting in March 1981. 
From then on, it will be available 
from stock for the U. S. price of 
$2,000. 
Intel Corp., 5200 N. E. Elam Young Pkwy., 

Hillsboro, Ore. 97123. Phone (503) 640-

7147 (373] 

MC6809 processor 

rides the S-100 bus 

The ADS 6809 S-100 single-board 
computer brings the capabilities of 
Motorola's MC6809 to the S-100 
bus. The board features provisions 
for 2-K bytes of random-access 
memory; 4-, 8-, or 16-K bytes of 
erasable programmable read-only 
memory; RS-232 serial communica-
tions with switch-selectable trans-
mission rates; parallel input/output 
ports; and simulated 8080-type uo. 
A monitor 2-K bytes in size called 

Adsmon allows the examination and 
modification of memory and regis-
ters, as well as the testing of memo-
ry, the calculation of relative offsets, 
and the setting and display of break-
points. The ADS 6809 S-100 com-
puter is sold as a silk-screened sold-
er-masked printed-circuit board, 
with a comprehensive manual in-
cluded. The price is $69.95, plus 
shipping. 
Ackerman Digital Systems, 110 N. York Rd., 

Suite 208, Elmhurst, Ill. 60126. Phone (312) 

530-8992 (374] 

Microprocessor supports 

16 users on S-100 bus 

The CSSN system 1000-MP is a 
multiprocessor microcomputer sys-
tem that supports up to 16 users on 
an S-100 bus. It provides each user 
with an independent operating sys-
tem to eliminate response degrada-
tion and to simplify debugging. The 
Z80A-based system is expanded by 
adding single cards that contain a 
processor, memory, and a dual-port 
memory window. Special cards for 
high-speed communications are also 
available. 
The system 1000-MP supports up 

to four 8-in. Winchester hard disks 
with a maximum storage of 96 

megabytes and with file backup on 
cartridge tape drives. The PDOS 

hard-disk operating system offers 
large-scale file management facili-
ties and user and file security. PDOS 
is upward-compatible with CP/M 1.4 
and can run a variety of industry-
standard languages and applications. 
With four users and 24 megabytes of 
storage, the 1000-MP is priced at 
$25,000. It is available as a desktop 
or 19-in, rack-mounted model. 
Computer Service Systems Network, 120 

Boylston St., Boston, Mass. 02116. Phone 

(617) 482-2343 [376] 

6800-based controller needs 

only power supply, terminal 

The applications controller series 12 
single-board computer features the 
Motorola 6800 microprocessor fami-
ly and requires only a power supply 
and terminal to operate. The ACS-
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New products 

12-PRO provides two programmable 
16-bit timers, software-controlled 
asynchronous communications inter-
face adapter/modem interface on an 
RS-232 serial port, and two 8-bit or 
one 16-bit parallel port with hand-
shake control. 
The computer contains up to 4-K 

bytes of static random-access memo-

ry and 6-K bytes of programmable 
read-only memory. The ACS-12-
PRO is supplied with 4-K-byte D-
Forth software, a task-driven operat-
ing system that is a derivative of 
Forth. A 6-K-byte D-Forth version 
includes a 6800 assembler and a line 
editor. The 4.5-by-9.6-by-0.5-in. 
board's STD bus interface provides 

'The 
lsotronics 

Difference' 

Thermet... it's more than 
just a power package. 

The problem with a power circuit is heat Heat 
that can destroy the very circuit that produces it 
And that can be a very serious problem 

After years of research and development, 
Isotronics came up with a powerful packaging 
solution to this hot problem Thermet A series of 
bonded-metal combinations offering up to 27 times 
the thermal conductivity of Kovar 

We've also designed a line of power packages 
using Thermet But virtually any one of our 
thousands of packages — flatpacks. plug-ins, 
DIPs, standard headers, and AlDs — can become a 
power package if the bottom is made of Thermet 

Heat is a serious problem. We worked on it 
until we solved it That's the Isotronics difference 

AUGAT 

).001114141stb 

lsotronics 
Isotronics, Inc., Industrial Park, New Bedford, Mass. 02745 
(617) 998-2000 • TWX 710 344 1961 • Cable — Isofronlcs 

Augat SA , 9 Allee de la Vanne. (Z I Sothic). B P 440 Ceden 94263/ Fresnes, France/Tel 668 30 90/Telex. 201.227 

7*e, 

FLATPACKS • PLUG-INS • DUAL IN-LINES • AID'S • STANDARD HEADERS • MICROWAVE MODU 
LI 

the user access to a large selection of 
input/output devices. With 1-K byte 
of static RANI, the 4-K-byte D- Forth, 
and a manual, the ACS-12-PRO 
lists at $495 from stock. The ACS-
12-OEM lists at $395. 
Datricon Corp., 7911 N. E. 33rd Dr., Suite 
200, Portland, Ore. 97211. 1377] 

Signetics' IFL family can be 

programmed in one step 

By using the 950-0800 Logic Pro-
gramming Pak, logic designers can 
prepare programming data for Sig-
netics' 28-pin Integrated Fuse Logic 
(IFL) in a single step. The Pak is to 
be used in Data I/o's System 19 
programmable read-only memory 
programmer. It accepts logic-vari-
able data expressed as input- and 
output-state combinations. Integral 
software translates the data into the 
programming format for Signetics' 
IFL devices. The programming se-
quence, including a blank check, an 
illegal-bit check, and an array verifi-
cation, takes from 3 to 15 seconds, 
depending on the device. Once a 
design is completed and tested, the 

fuse-logic devices can be pro-
grammed using a master device or 
other memory as a data source. 
The 950-0800 is priced at $1,050, 

with a delivery time of six weeks. 
Users of Data I/o's existing Signe-
tics' IFL Programming Pak, the 919-
1542, may add the new data-prepa-
ration capabilities by ordering an 
update kit, 960-0800, for $750. 
Delivery for the kit is seven to nine 
weeks. 
Data I/O Corp., 1297 N. W. Mall, Issaquah, 

Wash. 98027. Phone (206) 455-3990 [378] 
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Want to cut your 
PC design cost by 50%? 
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System 80 costs less: 
$84,300 to buy. 

$2192 per month to lease: 
And System 80 offers more 

capability for the money: more 
time-saving to cut lead time, more 
versatility, more options and 
more return on investment. In fact, 
you can recover the initial cost 
within a year. 

So if you'd like to cut 
your PC design costs in half and 
double or triple your output, 
get in touch with Nicolet. Today. 

*Based on one of our five-year plans 
now available. 

TI check out Nicolet's 
revolutionary System 80. 
t's a compact, easy-to-use 

electronic drafting table that fits 
right into your design department 
to speed work through faster 
than you thought possible. 

Multiply your output 
without extra effort. 

Your drafting department 
will become an efficiency center 
in no time. Because the System 80 
does the drafting while you do 
the designing. You can work on 
any of 12 layers—and differentiate 
all the layers at once through 
instant color selection. If you move 
a DIP, you have simultaneous 
correction of all the layers of the 
drawing—including assembly 
drawing, silk screen, solder mask, 
ground plane, drill drawing and 
foil art. You pan over or zoom in 
on large drawings for fast close 
work. Draft and revise layouts 
quickly and easily. And automate 
tedious handwork. 

All of which gives your 
staff more time for designing. 
And lowers your drafting costs 
tremendously. 

NICOLET A Subsidiary of 
CAD 
CORPORATION Corporation 

2530 San Pablo Avenue 
Berkeley, CA 94702 
(415) 848-6600. Ask for Jim Hirst. 

Nicolet Instrument 
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Can we be sure 
they won't 

disappoint 
us? 
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When it's TRW, 
the answer is 
yes. 

At TRW, we think we have an enviable 
record for dependability and client 
concern. The need to meet your de-
livery dates, with the right product, 
is foremost in our thinking, at all in-
volved levels within the organization. 

Because we produce similar product 
lines in more than one facility, we'll 
even shift production to meet emer-
gency situations. But we don't wait 
for the emergency to add people, 
production lines or extra shifts. It's 
a regular procedure when we know 
our products are needed. 

TRW CAPACITORS 
TRW CINCH CONNECTORS 
TRW CINCH-GRAPHIK 
TRW GLOBE MOTORS 

TRW INDUCTIVE PRODUCTS 
TRW IRC NETWORKS 

As the first step in establishing a 
confidence-based relationship with 
a supplier that won't let you down, 
call any TRW/ECG sales office or 
Renfrew Electronics in Canada. 

You'll find them listed in EEM, 
Gold Book, Electronics Buyers' 
Guide, Who's Who in Electronics, 
the Electronic Industry Telephone 
Directory and the Electronic Buyers' 
Handbook. 

new ffic RESISTORS 
TRW LSI PRODUCTS 
TRW OPTRON 

TRW POWER SEMICONDUCTORS 
TRW RF SEMICONDUCTORS 

TRW ELECTRONIC COMPONENTS GROUP 
DIVISIONS OF TRW INC. 

5725 East River Road • Chicago, Illinois 60631 



THINK 
BAUSCH & LOMB 
VALUE 
For more than twenty years, StereoZoom" Microscopes have 
been the first choice of electronics assembly, packaging, and 
inspection operations. 
The reasons all relate to Bausch & Lomb value. Like a 

dedicated effort to respond to your constantly increasing 
performance requirements. Persistent attention to quality to 
help you improve your product reliability. And versatile, high 
performance features that reduce operator fatigue and 
increase productivity. 

This attention to your requirements has made 
StereoZoom Microscopes your best value year after year. 
Call or write today for a detailed catalog, applications 
assistance, or a personal demonstration. 

Performance. Quality. Reliability. 
Three good reasons to... 
THINK BAUSCH & LOMB VALUE 

BAUSCH & LOMB 0 
uierlLiIiu Upt.cd1 Products Division 

ROCé IF !;1 EH NFW YORK 14602 

Consult Yellow Pages under "Microscopes" 

Circle #214 for more information 

TOP EFFICIENCY TSK-
125A 
Unit 

in continuous heat treatment drying and thermal fixing 
of ropes made of synthetic and natural fibers in UHF field: 
Physical and mechanical properties 
synthetic ropes 
SIGNIFICANTLY ENHANCED: 

• relative extension 
REDUCED BY 20 to 40 0/0 

• mass of linear meter 
REDUCED BY 6 to 12 CVO 

• breaking load 
INCREASED BY 6 to 12 0/0 

Circumference of 
handled ropes, 
mm 50 to 125 

of Throughput, kg/h 

Extension of ropes 
during thermal 
treatment 

Parasite radiation 
level within 
operating area 

Overall dimensions, 
mm 16,000 x 2,500 x 2,000 

not below 150 

at 10 to 20 CVO 
of tensile strength 

within accepted 
norm (10 mmW/cm2) 

THE OPERATION IS SIMPLE, WITH 
AUTOMATIC CONTROL THROUGHOUT. 

TECHMASHEXPORT 
35, Mosfilmovskaya Ul. 117330 Moscow, USSR. Tel. 143-86-60. Telex: 411 068 TEHEX SU 
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Specifying both resistors and trimmers? 
Here's a single solution from CTS. 

CTS proudly presents 
a single solution to 
many of the problems 
you face in specifying 
resistors and trim-
mers ... the Series 
380 thru 384 Cermet 
Resistor/Trimmer 
combinations. 

Have Board Space Problems? The Series 384 
offers you up to eight fixed resistors plus a 
trimmer in a .46" square (.275" high) package. 

Need Hefty Power Capability? All units in this 
Series can handle one watt at 70°C and 3/4 watt 
at 85°C. 

Need Cermet Stability? ±250 ppmf3C is the 
standard temperature coefficient in this Series 
with ±100 ppm available for your critical needs. 

Want Rock Bottom Prices? The Series 383 
(shown above) provides you combinations of 
three fixed resistors plus a trimmer for only 35e 
in production quantities. The Series 380 trim-
mer only is priced under 250. This economical 
space saving form factor is available as a trim-
mer only, in resistor/trimmer networks, and as 
resistor networks only. Let the Application 
Engineer from CTS Microelectronics help you 
decide which Series is best for your design. 

CTS MICROELECTRONICS, INC., 1201 Cum-
berland Avenue, West Lafayette, Indiana 47906. 
Phone (317) 463-2565. 

CTS CORPORATION 
Elkhart. Indiana 

A world leader in cermet and variable resistor technology. 
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It Doesn't Cost More... 
It Does More! 
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This autoranging supply uses high frequency switching technology 
to provide expanded capability in systems and laboratory applications. 

Until now, you had to buy different power sources to satisfy your ever 
changing power requirements. Today, you have a better choice with the 
new HP AUTORANGING POWER SUPPLY. Autoranging provides you 
with continuous coverage — 200 watts from 0 to 60 volts at 0 to 10 amps — 
eliminating the need, cost and inconvenience of having many supplies. The 
circuitry, employing a switching regulator with state-of-the-art FET's, can 
be considered revolutionary. But what is more important is the versatility, 
high performance and features: 0.01% regulation; 3 mV rms/30 mV p-p 
noise; and status indicators for constant-voltage, constant-current and 
out-of-regulation conditions. All for only $875 (domestic U.S.A. price 
only). 

For more information on the many benefits of the 6024A Autoranging DC 
Power Supply, write to Hewlett-Packard, 1507 Page Mill Road, Palo Alto, 
CA. 94304. Or call the HP regional office nearest you: East (201) 265-5000, 
West (213) 970-7500, Midwest (312) 255-9800, South (404) 955-1500, 
Canada (416) 678-9430. 

Circle 216 on reader service card 
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PACKARD 

SYSTEM 
OPTION 
Convenient system interfacing 
board allows complete remote 
control of output voltage and 
current — also provides isolated 
readback of supply status. 
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AMranging 
gives a continuous 
range of voltage 
and current 
combinations 
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The HP 6024A Autoranging Power 
Supply provides maximum output 
power over a wide and continuous 
range of voltage and current com-
binations without having to manu-
ally select the proper output range. 
This feature, differs from conven-
tional constant-voltage/constant-
current power supplies which yield 
maximum output power at only one 
combination of output voltage and 
current. For example, an engineer 
would need a 20-volt 10-amp sup-
ply, a 40-volt 5-amp supply, and a 
60-volt 3-amp supply to approxi-
mate the ranges available from the 
6024A. 

The HP 6024A is a convenient and 
cost-effective unit capable of satis-
fying many different dc require-
ments. Either in the lab or in a sys-
tem, the consequent savings in 
space, interface complexity and 
equipment expense are significant. 

HEWLETT K ARD 
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New products 

Semiconductors 

Small PROMs 
access in 45 ns 

1-, 2-K bipolar PROMs have 

titanium-tungsten fuses; 

low-power parts are coming 

At a time when manufacturers of 
bipolar programmable read-only 
memories are concentrating on 
supplying devices with 4,096 bits or 
more, at least one firm aims to 
quench the market's still consider-
able thirst for smaller PROMs—and 
with some performance improve-
ments at that. Monolithic Memories 
Inc. is making available two families 
of bipolar PROMs with titanium-
tungsten (TiW) fuses that access 
more quickly and dissipate less pow-
er than PROMs using nickel-chromi-
um fuses. 

mmi's new Schottky (S) and low-
power Schottky (LS) families are 
fabricated with a new platinum sili-
cide process that, claims Shlomo 
Waser, manager of product planning 
and applications, "allows designs 
with the highest speeds over operat-
ing temperature ranges." The high-
performance PROMs use a new pro-
gramming technique that does not 
require a separate programming pin 
as in standard PROMs with NiCr 
fuses. The TiW fuses store a logical 

low and are programmed to the high 
state. 

Initially available in 1-K (256-by-
4-bit) and 2-K (512-by-4-bit) config-
urations, both the S and LS families 
have pnp inputs for low input cur-
rent, full Schottky clamping, and 
three-state (suffix: 1) or open-collec-
tor (suffix: 0) outputs. Additionally, 
they are specified for operation over 
the commercial (prefix: 63) as well 
as the military (prefix: 53) tempera-
ture and voltage ranges. Thus, the 
two new families comprise a total of 
16 devices. 
Real-time switching speed. Ac-

cording to Waser, the S family of 
memory devices consumes the same 
amount of power (0.65 w) as do 
mmi's earlier NiCr-fused PROMs, 

but their 45-ns switching speed, he 
notes, represents a 25% speed 
improvement over the 60-ns rate of 
the older devices. Such switching 
speeds, he continues, are being de-
manded by "minicomputer manufac-
turers and some others who are 
building systems to perform real-
time signal processing." 

Furthermore, Waser points out 
that PROMs, if fast enough, can be 
used as programmable logic ele-
ments. "The majority of random 
logic can be replaced by PROMs if 
these devices are fairly fast. At 45-ns 
switching speeds, that becomes a via-
ble approach." 

In contrast, the LS family of 
devices maintains the 60-ns switch-
ing speeds of mmes earlier PROMS 
with NiCr fuses, but they "nearly 
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New products 

halve power consumption" (0.35 w 
compared with 0.65 w) of the older 
devices. "The need for such low-
power PROMs," Waser says, "is basi-
cally in two market areas: the tele-
communications industry, which 
normally doesn't push speed to 
extremes; and the military, which 
needs low power for airborne sys-

tems," among other applications. 
Waser expects the new devices to 

alleviate what he calls a worldwide 
shortage of bipolar PROMs. Further-
more, because of the limited capaci-
ty to make such devices, he adds, 
many companies have stopped 
supplying smaller PROMs and in-
stead are manufacturing 4-K and 

BEGONE 
CURSED 
ALIAS 

The new Precision 616 cuts 
clean with programmable 

ease. 80 dB/octave attenua-
tion slopes and time domain 

filters superior to Bessel. 
Up to 16 filter channels, 
programmable for gain 

and cutoff frequency 
Interfaces with mini, 

micro or GPIB Typical 

phase match is 
with worst case of 2°. 
You get performance that 
used to require a custom 
instrument, without paying 
a custom price. 
Call Don Chandler, 
607-277-3550, 
or write for complete 
specs and a demonstration. 

PRECISION FILTERS, INC. 
303 W. Lincoln, Ithaca, N.Y. 14850 
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larger PROMs, with the 8-K bipolar 
PROM being the most popular at pre-
sent. Thus, those bipolar PROM users 
that have designed smaller PROMs 
into their systems, Waser says, "are 
having difficulty in getting them." 

Pin-compatible with standard 
Schottky PROMs, the new 16-pin 
devices from mmi will cost more. For 
example, the 63S140/1 commercial 
1-K PROM will be priced at $5 each 
in lots of 100, whereas their counter-
parts with NiCr fuses are priced at 
$3.50 each in like quantities. Simi-
larly, the 63S240/1 commercial 2-K 
device will be priced at $7.50 each, 
as compared with $5.83 each for 2-K 
NiCr PROMs in the same quantities. 
The LS family of bipolar PROMs will 
be priced "slightly higher" than the 
S series. 

Small quantities of the S family 
are available off the shelf from dis-
tributors; large quantities (up to 
5,000) are delivered 12 weeks after 
receipt of order. The LS family will 
be available by the end of this year. 
Monolithic Memories Inc., 1165 E. Argues 

Ave., Sunnyvale, Calif. 94086. Phone (408) 

739-3535 [411] 

TI 92-K bubble memory 

system and kit available 

Texas Instruments has two new 92-K 
single-board magnetic-bubble mem-
ory systems that are compatible with 
the STD bus—the TBB7090 and 
TBB7091. In addition, the company 
is offering two kits—the TIBK090 
and TIBK091 — for engineers who 
prefer to do their own board layout. 
The TIBK091 kit contains the 

parts required to construct one mini-
mum memory system and consists of 
one 92-K bubble memory, a sense 
amplifier, two coil drivers, a function 
driver, two diode arrays, one therm-
istor, one function-timing generator, 
and one controller. It sells for $191. 
The 090 kit contains all these parts 
except for the function-timing gener-
ator and controller. It sells for $151. 
The completely assembled and 

tested single-board memories — 
TBB7090 and 7091—are supplied 
with one, two, three, or four 92-K 
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TIB0203 bubble memories for 11.5, 
23, 34.5, or 46 kilobytes of storage. 
The 7090 contains 11.5 kilobytes of 
nonvolatile memory storage and all 
the necessary support circuits. The 
7091 is designed to expand the stor-
age capacity of the 7090 to a maxi-
mum of 104 kilobytes. Each 7091 
contains up to 46 kilobytes of memo-
ry. Both boards are compatible with 
such microprocessors as the 8085, 
6800, and Z80. They are available in 
two temperature ranges: from 0° to 
50°C, and from 0° to 70°C. Depend-
ing on memory capacity and temper-
ature range, they sell for $610 to 
$1,580 and are available within four 
weeks after receipt of order. 
Texas Instruments Inc., P. 0. Box 225012, 

M/S 308. Dallas, Texas 75262 (413] 

2-K C-MOS E-PROM 

dissipates 20 mW 

The CDP18U42C complementary-
MOS 2-K (256-by-8-bit) erasable 
programmable read-only memory is 
erased with ultraviolet light (2,500 À 
typical). The E-PROM is useful for 
asynchronous ROM applications and 
will interface directly with the 
CDP1802 microprocessor. It has 
common data inputs and outputs and 
utilizes a single 4- to 6.5-v supply 
during read operations. Three chip-
select inputs are provided. Access 
time is a maximum of 1 gs and pro-
gramming usually takes 5 seconds. 
The E-PROM dissipates 20 mw typi-
cally during read operations. It 
comes in a 24-lead hermetically 
sealed dual in-line ceramic package 
and sells for $38.70 apiece in 100-
unit lots. It is available from stock. 
RCA Solid State Div., Box 3200, Somerville, 

N. J. 08876 [4141 

Real-time clocks are 

Microbus-compatible 

Designed with a bidirectional data 
bus in order to facilitate interfacing 
with microprocessor systems, the 
MM58167 and MM58174 real-time 
clocks are Microbus-compatible. 

Both devices feature addressable 
real-time counters. The 174 mea-
sures from tenths of seconds through 
months and includes a write-only 
register for leap year calculation; the 
167 measures thousandths of sec-
onds through months and has corre-
sponding addressable latches for 
alarm functions. Each counter and 

latch is divided into 4-bit words. The 
two chips' time bases are generated 
with 32,768-Hz crystal-controlled os-
cillators. The model MM58174 is 
housed in a 16-pin dual in-line pack-
age and is priced at $8.50 in quanti-
ties of 100. The MM58167 comes in 
a 24-pin DIP and is priced at $9.25 in 
the same quantities. Both devices are 

GOODBYE 
ALIAS, 
HELLO 
GAIN 

The new Precision 416 com-
bines filter and amplifier in 

16 programmable channels. 
You save 35% by buying one 
instrument instead of two for 

conditioning analog data 
for digital conversion. 

Time delay filters superior to 
Bessel. Elliptics with 80 dB/ 
octave attenuation. DC dif-

ferential input stage with 

cF) 

0 dB 

BO dB/ 
Octa ve 

.80 dB 

100 db CMRR. Both pre-filter 
and post-filter gain are pro-
grammable for optimum 
signal quality. Both include 
overload indicators. Inter-
faces with mini, micro or GPIB. 
Phase match is less than 2° 
Call Don Chandler, 
607-277-3550, or write for 
demonstration and 
complete specs. 

PRECISION FILTERS, INC 
303 W Lincoln, Ithaca, N.Y. 14850 
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Keep Up 
With Change 

Ferranti-Packard Electromagnetic Modules 
Let You Create the System 
Three new additions to the Ferranti-

Packard 7 Segment Readout Displays-
9, 12 and 18-inch characters are ideal 
for remote-controlled numeric readouts 
for gas pricing signs, time/temperature 
signs, speed limit signs, scoreboards 
and industrial displays. 
The light-reflecting display compo-

nents come in white or fluorescent 
fade-resistant colors. They're designed 
to ensure visual impact over an extreme 
ambient light range, even direct sunlight. 
Our Modules are rated for 400 million 

operations and there are no lamps to burn out. 
Save energy too! Magnetic latching retains the data 

displayed with :ero power input. 
Ferranti-Packard !Nodules. Visibility. Reliability and 

Economy no other readout component can match.- Before 
you specify a display. call Ferranti-Packard. 

The Pioneer in electromagnetic Ferranti-Packard Electronics Ltd. 
displays. 

6030 Ambler Drive, Mississauga 
Ontario, Canada L4W 2P1 
Telephone: (416) 624-3020 
Telex: 06-961437 

Circle 58 on reader service card 

Make tracks 
to Ma Nobel Prize winner, Max Planck did much of the work on his 

X  Quantum Theory of Radiation while a 

Professor in Bavaria That 

same tradition of scientific inquiry lives on at ten Max Planck 

Institutes throughout Bavaria. Germany's largest state 

More importantly. Bavaria has emerged as one of 

the leading technological centers for Germany Here you 

will find for example manufacturing facilities of leaders in 

electronics, mechanical engineering and aerospace 

industry or production plants of wellknown chemical, 

pharmaceutical and automotive companies 

In electrical engineering and electronics 

alone. Bavaria is "home for fully one-quarter 

of nearly one million German workers in this 

growing industry sector. A network of 

nine universities and ten technical colleges, 

as well as vocational and secondary schools 

supplies Bavaria with a labor force at once 

welltrained. industrious, dependable and stable. 

Energy, communications, transportation 

and some of Europe's most desirable 

recreational facilities combine with generous 

government programs of incentives, grants 

and loans in the development areas to make 

Bavaria first choice for overseas plant location 

If modern technology is your stock 

and trade. Bavaria is the place for your 

European facilities 

Make tracks to Max 

There's room for many morel 

3avan"a I Industry Location Advisory Service Bavarian State Ministry of Economics, Postiach, D-8000 Munich 22. West Germany 

in LIS KALOAAN ASSOCIATES 30 Journal Square Jersey City. NJ 07306 Phonel201) 653-3304 

This material distributed by Kaman Associates, 30 Journal Square. Jersey City. N J 07306. a registered agent of the Bavarian 
Ministry of Economrcs. Munich. German . under the Foreign Agents Registraron Act Copy IS filed with the Department of Justice 
where the required registration statemen is available for public inspection Registration does not indicate approval of rois material by ELC 
the U S Government 

New products 

currently available from stock. 
National Semiconductor Corp., 2900 Semi-

conductor Dr., Santa Clara, Calif. 95051. 

Phone (408) 737-5000 [415] 

250-ns 64-K E-PROM comes 

in Jedec-approved 28-pin DIP 

The Intel 2764 64-K erasable pro-
grammable read-only memory with 
a 250-ns worst-case access time con-
forms to the new industry standard 
for high-density byte-wide memo-
ries. The E-PROM's 28-pin configura-
tion matches the one recently 
approved by the JC-42 mos memory 
standardization committee of the 
Joint Electron Device Engineering 
Council. This format permits two-
line control to assure proper system 
operation at high speed. It can be 
used as a univeesal pinout for all 
byte-wide memories, including 
ROMs, E-PROMS, and random-access 
memories of 2-, 4-, 8-, 16-, and 32-K 
size to be interchanged in the same 
28-pin socket. 

Intel claims that by applying its 

HMOS-E process technology to non-
volatile memories it has made the 
32,400-mil2 2764 the smallest 64-K 
E-PROM currently in production. The 
process has 3-µm channel lengths. 
The 2764's speed eliminates the need 
for wait states in a central processing 
unit's program, so the CPU'S per-
formance is maximized, the compa-
ny points out. Faster and slower ver-
sions, the 2764-2 and -3, are avail-
able with worst-case access times of 
200 and 300 ns. The U. S. price for 
the 2764 is $163 each for 100-piece 
purchases. Volume shipments will 
begin in the first quarter of 1981. 
Intel Corp., 3065 Bowers Ave., Santa Clara, 

Calif. 95051. Phone (408) 987-6742 [417] 
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New iSBX Multimodule boards 
Intel introduces a whole new dimension 

in configuring single board computer systems. 
Intel pioneered the concept of 

flexible microcomputer system design 
in 1976, with our family of iSBerm 
single-board computers interfaced via 
the MultibusTm system bus—presently 
accepted as the industry standard. 
Now we've extended this well-

accepted concept to board-level 
design: A new generation of Multi-
module boards interface to iSBCs via 
the new iSBX bus. So now you have 
a second design option. You can 
expand systems in large increments 
with Multibus boards. Or in smaller, 
more economical increments with 
Multimodules. 

The key to configuration 
flexibility 
The iSBX bus—the first physical/ 

electrical interface for direct on-
board expansion of iSBC systems— 
assures compatibility between these 
systems and the emerging Multi-
module product line. 

Present on all future Intel 
single-board computers, the 
iSBX bus saves design time and 
space, and facilitates fast, easy 
upgrading. System performance is 

New Multimodules and iSBX Bus-compatible ISBCs 

- ISBC Bonn Single Board Computer -.------ 
0 0 01X0000000 , 

000ó-a[1.-,- :1,[i]Riá 
boo r-_--Œn0Eanoa 
000 1j nu 0900000DH 

- ..... • • 

8080A-based microcomputer with one 
ISBX bus connector. 48 programmable 
I/O lines, one USART, timer, capacity 
for 1K-4K bytes RAM. up to 16K 
EPROM 

iSBC 80/24 Single Board Computer 
8085A-2 based microcomputer °per-

,'" me- -0011,9 " 
E0 cE)—_•00 c 00 

d0880,00020LEM 
r -loco op on Dom 

ating at 4 8 MHz (2 4 MHz optional), 
two ISBX bus connectors, 48 program-
mable I/O lines, one USART, three 
programmable timers. programmable 
interrupt controller, capacity for 4K-8K 
bytes RAM, up to 16K EPROM 

ISBX 350 Parallel I/O MultImodula 
0 (jOODO 
II-- --) 

24 programmable I/O lines, sockets for 
inverting and noninverting trans-
ceivers 

ISBX 351 Serial I/O MultImodule 
Programmable synchronous/asynch-
ronous communications channel, 
standard RS232C or RS449/422 com-
patibility, software-selectable baud-
rate generation, two programmable 
16-bit BCD or binary timers/event 
counters 

ISBX 331 Filed/Floating Point Math 
Muitimodule 
Fixed point single- (16-bit) and double-== = 

== = 
OM dTTI' 

(32-bit) precision arithmetic. floating 
point single- (32-bit) precision func-
tions. floating-to-fixed and fixed-to-
floating point conversions, transcen-
dental functions 

ISBX 332 Floating Point Math 
MultImodule 
Single- (32-bit) and double- (64-0d) 
precision arithmetic, compatible with 

IEEE format proposed and existing 
Intel floating point standard 

also improved because Multimodules 
tie directly to the iSBC internal bus. 
Connection to the iSBX bus is made 
with a set of rugged connectors— 
one on the iSBC board, the other 
on the Multimodule itself. 

The new Multimodule family 
Multimodules represent a whole 

new family of plug-in expansion 
boards. They allow you to add a 
variety of special performance 
features to your existing iSBC system. 
Currently available add-ons are 
shown below. Soon you'll also be 
able to add other Multimodules for 
D-to-A and A-to-D conversion, 
communications, peripheral inter-
faces—and more. 
With those modules 

you can now 
respond 

quickly 
to new ap-
plications 
opportunities. Examples? Take data 
acquisition or industrial control: to add 
extensive I/O processing power, you 
simply plug in the iSBX 350 board. Or 
consider communications networks. 
Now there's no need to add entire 
USART boards; just use the iSBX 351 
unit. In laboratory control applica-
tions, instead of an independent 
math processor, now you can choose 

ISBX 960-5 Connector 

the more economical iSBX 331 or 
332 math modules. 
New Multimodule-compatible 

iSBC boards 
Intel's new 

8-bit iSBC 80/10B 
and 80/24 single-
board computers 
are the first of 
many iSBCs to 
offer iSBX Multi-
module expansion 
capabilities. Both 

are improved versions of widely used 
iSBC boards. (See table). 

Custom tailoring, too 
For users who want to design their 

own Multimodule boards, Intel offers 
iSBX 960-5 connectors. When used 
in conjunction with the iSBX specifi-
cations, this set of connectors lets 
you create modular boards that meet 
your own unique requirements. 

Available from Intel today are 
the first four iSBX Multimodules and 
two iSBX-compatible iSBCs. For 
further information, or to order, 
return this coupon or call your local 
Intel sales office or distributor. Or 
contact Intel at the address below. 

inter delivers 
solutions. 

Europe: Intel International, Brussels, Belgium. 
Japan: Intel Japan. Tokyo. United States and 
Canadian distributors: Alliance, Almac/ 
Stroum, Arrow Electronics, Avnet Electronics, 
Component Specialties, Hamilton/Avnet, 

Hamilton/Electro Sales, Harvey, Industrial 
Components, Pioneer, L.A. Varah. 

Wyle Distribution Group, Zentronics. 

Please send information on: 
iSBX Multimodules D iSBC 80/10B 
iSBC 80/24 D Configuration Guide 

Other   
D Please have a Sales Representative call. 

Name  

Title/Organization__  

Address  

City/State/Zip  

Phone   

Intel Corporation, 3065 Bowers Avenue, Santa 
Clara, CA 95051. Telephone (408) 987-8080. 
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The foremost solution 
to switch design flexibility... 

Modular Pushbutton 
and Key Switches 

from 

CENTRAI-AB 
4 i! 

The secret to widening your choice of pushbutton 

switches is the unusual flexibility of Centralab's 
modular pushbutton switch systems. We 

offer the versatile PBS Series for horizontal 

mounting; the MPS Series for vertical 
mounting. Our long list of options help you 
meet the most demanding requirements, 

including microprocessor applications. You'll 

find lighted and non-lighted switches for 

pc board or snap-in panel mounting; single 
station or ganged assemblies with 10 to 

25mm spacings; 2-4-6 or 8 pole designs 
for push-push, push-pull, momentary or 

interlocking operation with lockout 
options; silver or gold contacts; 

epoxy sealed terminals; and a variety 
of switch housing materials. An 

outstanding choice of other options 
includes buttons, colors, lenses, filters and legends. 

One feature of Centralab pushbutton switches 

that's not an option is our outstanding service. 
A nationwide network of Pushbutton Switch 

Distributors offers custom assembly and fast delivery 

of standard switches and options. And there's a Centralab 
Representative near you, ready to supply 

application help with your design. 

Discover why the foremost source for switches 

is Centralab. Call your Centralab Distributor, 

Sales Representative or write Centralab, Inc., 

a North American Philips Company, 

5855 N. Glen Park Road, P.O. Box 2032, 

Milwaukee, Wisconsin 53201. 
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San Diego   
Sherman Oaks  
Tustin  

CO Evergreen  
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FL Ft. Lauderdale   

Orlando   
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HI Honolulu   
IA Cedar Rapids . 
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IN Indianapolis   
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MO St. Louis   
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New Hartford   
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Raleigh  

OH Brecksville   
Worthington  

OR Beaverton  
PA Narberth  
TN Knoxville   
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El Paso  
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VA Lynchburg   
WA Bellevue   
WI Milwaukee   
PUERTO RICO 

Hato-Rey   
CANADA 
B.C. North Vancouver 
ONT Ajax   
QUE Ste. Dorothee Laval 

CA Brisbane. 
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Los Angeles 
Palo Alto 
San Diego 

CO Denver 
CT East Haven 
FL Orlando 
IN South Bend 
MA Waltham 
MN St Paul 
NC Winston-Salem   
NE Omaha 
NY Buffalo 

Hempstead 
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OH Cleveland   
Dayton 
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Philadelphia 
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WA Seattle 

CARTWRIGHT & BEAN (205) 533-3509 
CLEMICK-NEENAN (602) 279-7649 
BROOKS TECH GROUP   (415) 328-3232 
CLEMICK-NEENAN   (714) 268-8540 
CLEMICK-NEENAN  (213) 990-3150 
CLEMICK-NEENAN  (714) 547-0966 
CENTRALAB  (303) 674-1092 
CENTRALAB  (203) 235-0766 
CARTWRIGHT & BEAN   (305) 735-4900 
CARTWRIGHT & BEAN   (305) 422-4531 
CARTWRIGHT & BEAN   (404) 233-2939 
DOUGHERTY ENT  (808) 847-4144 
JERRY VRBIK CO  (319) 366-8733 
CENTRALAB  (312) 827-4487 
LES M OeVOE CO   (317) 842-3245 
LOWELL-KANGAS   (913) 631-3515 
CARTWRIGHT & BEAN   (504) 835-6220 
CENTRALAB  (617) 444-4781 
BRESSON ASSOC  -(215) 664-6460 
CENTRALAB  (313) 559-9095 
CENTRALAB  (616) 983-0233 
CENTRALAB  (612) 831-5212 
LOWELL-KANGAS   (314) 821-4050 
CARTWRIGHT & BEAN   (601) 981-1368 
REAGAN COMPAR  (518) 489-7408 
REAGAN COMPAR  (607) 723-8743 
REAGAN COMPAR  (716) 271-2230 
CENTRALAB  (516) 466-6570 
REAGAN COMPAR  (315) 732-3775 
CARTWRIGHT & BEAN   (704) 377-5673 
CARTWRIGHT & BEAN   (919) 781-6560 
CENTRALAB  (216) 526-1205 
CENTRALAB  (614) 888-2150 
CENTRALAB  (503) 643-5516 
BRESSON ASSOC  (215) 664-6460 
CARTWRIGHT & BEAN   (615) 693-7450 
CARTWRIGHT & BEAN   (901) 276-4442 
CENTRALAB  (512) 454-9529 
CENTRALAB  (915) 779-3961 
CENTRALAB   (214) 243-8791 
BRESSON ASSOC  (215) 664-6460 
CENTRALAB  (206) 454-7754 
CENTRALAB  (414) 228-2122 

M ANDERSON CO   (809) 751-2026 

AR WIN TECH SALES   (604) 980-4346 
McHUGH ELECTRONICS   (416) 683-1540 
HARNETT ENT   (514) 689-4184 

DISTRIBUTORS 
U S I.   (415) 468-4900 
BELL INDUSTRIES  (213) 515-1800 
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  HAMMOND ELECTRONICS   (305) 849-6060 
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  STERLING ELECTRONICS   (617) 894-6200 
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KIRKMAN ELECTRONICS  (919) 722-9131 
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SUMMIT DISTRIBUTORS   (716) 884-3450 
ELECTRONIC EQUIPMENT  (516) 538-5510 
PEERLESS RADIO CORP. . (516) 593-2121 
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  STOTTS-FRIEDMAN  (513) 298-5555 
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  HERBACH & RADEMAN  (215) 426-1700 
  CAM:RPC IND. ELECTS   (412) 782-3770 

  SOUTHWEST ELECTS.  (713) 491-4900 
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In Celebration 
of the 50TH Anniversary of 
Electronics Magazine... 

The most exhilarating, comprehensible 
look at past and future developments in 
electronics that has ever been published. 

AN AGE OF 
INNOVATION 

The World of Electronics 1930-2000 
by the Editors of Electronics 

The editorial edition of Electronics' 50th An-

niversary issue of April 17, 1980, beautifully 
clothbound and jacketed for your permanent 

pleasure. 300 illustrations, many in full color. 
274 pages, $18.50 

Painstakingly researched and written, 
AN AGE OF INNOVATION gives you an 
unforgettable overview of electronics. 
Everything from the individuals whose 
foresight and daring led to the great 
advances... to the origin of specific 
technological breakthroughs you use 
in your own work and home...to the 
challenges and discoveries we will face 
tomorrow. 

Order your copy today! 

Electronics Magazine Books 
P.O. Box 669 
Hightstown, NI 08520 
Tel. (609) 448-1700, ext. 5494 

MO! 
itniu 

Please send me copies of AN AGE OF INNOVATION @ 818.50 

Name 

Company 

Address 

City/state/zip 

McGraw-Hill pays regular shipping and handling on pre-paid orders. 
Ten-day money-back guarantee on all books. ELV 



THE EVOLUTION 
The assignment: design a small, attractive, low-cost 

keyswitch for single-sided PC boards requiring 
complex circuit designs such as X-Y coding. 

The result: ITT Schadow's "D-6" series. 

At ITT Schadow we specialize in 
designing switches that can be 
adapted to your specifications 
and front panel requirements. 
Our "D-6" keyswitch series is a 
good example. 
The "D-6" is a normally open 

SPST keyswitch especially de-
signed for digital electronic 
control. Its strapped terminals 
offer the possibility of X-Y coding 
with a single-sided PC board. 
Built-in square or round buttons 
fit directly through panel open-
ings and come in a variety of 
appealing colors to suit any 
equipment decor Positive tactile 
and audible feedback is pro-
vided to minimize input errors 
Also available is a new "D-7" 

keyswitch which will accept 
most standard Schadow buttons 
or your custom-designed buttons. 
A wide variety of styles, colors, 
and graphics are available to 
suit your preferences. For more 
information on these and other 
Schadow switches, see your 
ITT Schadow manufcturer's 
representative or distributor. 
Or contact ITT Schadow Inc., 
a subsidiary of International 
Telephone and Telegraph 
Corporation, 8081 Wallace Road, 
Eden Prairie, MN 55344. Phone 
612/934-4400. 

ITT Schadow 

LT I 501 

*èb 
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TECHMASHEXPORT 

solid-state laser of 
proved efficiency in 
e scribing semiconductor 

plates 
e matching resistors 
e dimensional working 
e sputtering in vacuum 
e conducting research in 

laser communication 
systems 

Beam wavelength, 
nm 1,064 1 

Radiated power, 
single-mode 
operation with 
30 ± 10 O/0 kHz 
pulse repetation 
rate, W 8 ± 20 0/0 

Beam diameter at 
0.5 energy level, 
mm within 3 

Beam divergence at 
0.5 energy level, 
rad within 3 • 10 -3 

Single-mode oper-
able within pulse 

repetation rate 
from 5 to 50 kHz, 
with power output, 

at least 6 

Power supply, V 220/380 + 10 °A 
Mass, kg within 222 

35, Mosfilmovskaya Ul. 117330 Moscow, USSR. Tel. 143-86-60. Telex: 411 068 TEHEX SU 
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YOU'RE 100% RIGHT 
WITH DIT-WICO ATE 
RIGHT PERFORMANCE. 

DIT-MCO has continuity and short test sys-
tems to meet your testing needs. Total 
Systems Capability from low voltage MPU 
controlled testers to high voltage CPU driven 
analyzers. Termination capacities are avail-
able from 128 to over 100,000 points. Select 
from a broad range of analyzer-fixture com-
binations providing speed, versatility, flexi-
bility, and over-all test performance. 

RIGHT PRICE AND PAY-BACK. 

Price performance factors of DIT-MCO ana-
lyzer fixture systems are cost effective. 
Increased operator efficiency, faster product 
throughput, and reduced TEST/ QA costs 
contribute to a readily apparent and highly 
justifiable return on investment. 

RIGHT SOURCE. 

DIT-MCO analyzer-fixture systems are 
backed by over a quarter century of on-the-
line field proven use. You're 100% right 
when your planning includes DIT-MCO, the 
worlds leading manufacturer of inter-
connect test systems. Call our toll-free 
number or your closest international repre-
sentative today. Well tell you how DIT-MCO 
Total Systems Capability can satisfy your 
interconnect test requirements accurately, 
efficiently, reliably. 100%. 

DITAnco TOTAL SYSTEMS CAPABILITY 

iijoprr 
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:1114.814/én 

414)48/011:1: 

4'Ynn  
nn. a 

n n n e 

DIT-MCO 
INTERNATIONAL CORPORATION 
QUALITY TESTING QUALITY! 

5612 Brighton Terrace • Kansas City, Missouri 64130 
Telex Number: 42-6149 

DIT-IVICO MODEL 
1042 INTERCONNECT 
TEST SYSTEM 

Fully Automatic, Microprocessor Controlled, 
High Speed, With Floppy Disk... 

• Powerful CP/M and DIT-MCO software 
and software maintenance support. 

• Separate Continuity and Short Test Levels. 
• Creates Own Test Programs. 
• Product Error Printout in Both Analyzer 
and Product Language. 
• CRT Test Program Edit. 
• Reliable H igh SpeedSol id State Switching. 
• TEST Program Listing on Printer. 
• Communications Link with Host Computer. 

ACCESS FIXTURE: 
Select from the series of versatile standard 
DIT-MCO fixtures to complete the system. 
Model shown at left is Model AF-100 and 
Model AF-160 is above. Both feature quick 
change product adaptation through Tran-
sition Boxes or Offset Pin Boards. 

DIT-VICO PATENTED 
OFFSET PIN BOARDS 
The most cost effective method of inter-
facing product. As little as $1 per point. Also 
available in kit form. 

Call TOLL FREE 1-800-821-3487 
(In Missouri Call 816-444-9700) 

RADIX HOUSE • Central Trading Estate 
Staines Middlesex • TW18-4-XA • England 
Tel.: (0784) 51444 

TEL • Shinjuku Nomura Bldg. • 26-2, 
1-Chome, Nishishin¡uku, Shinjuku-ku 
Tokyo 160, Japan • Tel.: (03) 343-4411 
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DATA ACQUISITION: THRU- PUT AT 488 kHz 

You can obtain true 12-bit performance . . . 
by combining Teledyne Philbrick's 4855 high-
speed sample-hold with our new 4134 12-bit, 
progressive approximation A-to-D converter. 
Data acquisition thru-put rates of 488 kHz 
are achieved without the sacrifice of accuracy. 
With these and our other data conversion 
products, combinations of thru-put/resolu-
tion trade offs can be attained to solve your 
design problems. 

For additional information and special OEM pricing, 
contact the Marketing Department at (617) 329-1600 

SELECTED 
CHANNEL 

MUE 
OUTPUT 

SAMPLE 
HOLD 

SAMPLE 
& HOLD 
OUTPUT 

ADC 

CH 4 

ATA DATA 
VALID VALID 

irTELEDYNE PHILBRICK Data Converters, V/FN Converters, Linears, Nonlinears, Power Supplies 

_31.• Allied Drive at Route 128, Dedham, MA 02026 

= Tel: (617) 329-1600 TWX: . (710) 348-6726 Telex: 92-4439 
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An invaluable, time-saving library of design facts and figures. 

Circuits for Electronics Engineers 
From Electronics' highly respected "Designer's Casebook," 346 circuits from all over the 
world—arranged by 51 of the most useful functions designers use to implement their 
systems, including ... • Amplifiers • Analog to digital & digital to analog converters • Counters 
• Detectors • Discriminators • Display circuits • Function generators • Integrators • Logic 
circuits • Memory circuits • Operational amplifier circuits • Power supplies • Protection circuits 
• Switching circuits • Temperature control • Timing circuits • Voltage regulating circuits ... and 
many more. 396 pages, $15.95. 

Design Techniques for Electronics Engineers 
The best of Electronics' popular "Engineer's Notebook," a host of proven design problem 
solutions to assist you at every point in the development of an engineering project—when 
you're making measurements... interpreting data... making calculations ...choosing 
materials... controlling environment... laying out and purchasing components, and 
interconnecting them swiftly and accurately. The professional edge you can use to solve 
design problems fast, avoid tedious manual calculations, cut bench and development time. 
370 pages, $15.95. 

Order today! And don't forget the other valuable Electronics Magazine Books on the coupon below. 

r  — 

Electronics Magazine Books P.O. Box 669, Hightstown, NJ 08520 
D Payment enclosed D Bill firm Bill me 

I must be fully satisfied or you will refund full payment if the book is Charge to my credit card: 
returned after ten-day trial examination. Send me: D American Express n Diners Club 

g Visa n Master Charge 

  copies of Microprocessors @ $8.95 Acct. No   Date Exp 

 copies of Applying Microprocessors @ $9.95 
On Master Charge only, 

  copies of Large Scale Integration @ $9.95 first numbers above name 

copies of Basics of Data Communications @ $12.95 

copies of Circuits for Electronics Engineers @ $15.95 Name  

copies of Design Techniques for Electronics Engineers @ $15.95 
Company 

copies of Memory Design: Microcomputers to Mainframes 
@ $12.95 

Street 
copies of Personal Computing: Hardware and Software Basics 
@S11.95 City State Zip 

Title 

L Discounts of 40% on orders of 10 or more of each book. Signature  
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When you design circuitry 
this tight, you need the 
protection of yelft.DERg. 

05 ea ho r) 0) 

Board courtes) of Multi-Circuits. Inc. 

o 

n , 
n. 

Fine line printed circuit board 
designs call for tight conductor 
spacing. And with spacing toler-
ances of less than 0.3mm (0.012 
inch), you need circuitry protection 
beyond the capability of ordinary 
screen printed solder mask. You 
need VACREL dry film solder mask. 

In the cross sectional illustra-
tion below, VACREL uniformly 
covers the circuitry with no skips. It 
provides maximum protection of 
fine line circuitry, even below 
0.2mm (0.008 inch) conductor 
spacings, resulting in electrical, 
environmental and mechanical 
protection. 

Uniform coverage 
with VACREL Solder Mask 
0 2mm (0 008 m )— 

Skips with conventional 
screen punted solder mask 
o 2mm (0 008 in )— .4 1 

emern_t_a_e9 

Conventional screen printed 
solder mask has limited utility in the 
protection of fine line circuitry. 

Interested? Ask us to show you 
how VACREL dry film solder mask 
can protect your tightest circuitry 
designs. Write: VACREL Solder 
Mask, RISTONe Products, DuPont 
Company, Rm. 38014, Wilmington, 
DE 19898. 

Innovations for Electronics 

*Joe 
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REDUCE 
CIRCUIT 
COSTS 

E WAYS 
ERIE ',fibular 
& Feed Thru 
Ceramic 

Capacitors 

ERIE TUBULAR CAPACITORS 

Low cost 

Tubular shape is ideal for 
automatic insertion 

, Low profile blends with 
high density packaging 

ERIE Tubular Ceramic Capacitors 
are truly "a better way" to reduce 
circuit costs. In addition to these low 
cost, reliable capacitors, ERIE 
offers a broad range of Feed-Thru 
Ceramic Capacitors in mounting 
styles, capacitance ranges, TC 
types and voltages to suit any 
application. 
These two ERIE-pioneered 

capacitor families are the finest 
quality in the industry. But then they 
should be, we've been building 
them for decades. 
So check ERIE on your next 

capacitor buy. We probably have 
a standard design for your 
application. 

Write for our new Fixed Capacitor 
catalog .. . or call 602-624-8231. 

ERIE TECHNOLOGICAL PRODUCTS, INC. 
Erie, Pennsylvania 16501 

602-624-8231 

New products 

Data acquisition 

18-bit d-a unit 
contains reference 

Hybrid converter also 

includes op amp, latches, 

as do low-cost 16-bit parts 

Only 18 months ago, Hybrid Sys-
tems introduced its first 18-bit digi-
tal-to-analog converter, the DAC 
374-18, packaged in a dual-width, 
32-pin dual in-line package [Elec-
tronics, April 26, 1979, p. 180]. 
Claimed at the time to be the first 
hybrid of this resolution in such a 
small package, the DAC 374-18 has 
since been followed by units with 
fewer parts and improved price-per-
formance ratios. 
Now the firm is introducing two 

more converters, the 18-bit DAC 
377-18 in a 28-pin hermetic package 
suitable for military environments, 
and the DAC 9377-16 (shown in 
photo), a 16-bit unit in a low-cost 
24-pin package aimed at commercial 
sockets; they are available from 
stock. Both are equipped with an 
operational amplifier for voltage-
output applications; both contain a 
variable-feedback 10-v reference 

with a 5-ppmtC temperature coeffi-
cient; and both have latches, or input 
registers, for interfacing with mini-
or micro-computers. 

Both converters use the large-scale 
integrated converter circuit intro-
duced in the DAC 370-18 [Electron-
ics, March 27, p. 199]. This comple-
mentary-mOS chip contains all con-
verter electronics except a laser-
trimmed resistor network, voltage 
reference, and operational ampli-
fiers. Thus the parts count has 
dropped to about a quarter that of 
the DAC 374-18. 

Analog 1st. The chip contains 29 
tightly matched dual field-effect-
transistor switches, 29 latches and 
drivers, 18 exclusive-OR gates, 16 
decoders, and temperature-compen-
sating electronics. All this packed 
into a single chip adds up to low 
price: for example, the DAC 9377-
16, in 100-unit lots, costs $65. 
Much of this low price is due to 

Hybrid's proprietary glass-filled ep-
oxy package, said to save the firm up 
to 95% of the cost of other commer-
cial packages. The level of monoto-
nicity achieved also affects the price: 
the $65 figure applies to units with 
14-bit monotonicity. Units with 15-
bit monotonicity go for $94 in the 
same quantities, while 16-bit mono-
tonic units cost $129 in hundreds. 
DAC 377-18s are monotonic to 16 

bits and are offered in two price and 
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IAN tendix Tri-Start 
Tough enough to tackle MIL-C-38999 
And then some! 

«IF 

dimmit 

or 

Bendix-designed and DOD-preferred, our 
high performance Series Ill Tri -Start 
connector meets the challenges of new 
technology. Challenges that depend on 
Tri-Start's ability to: 
• withstand vibration (60G peak at 
temperatures up to 2000C) 

• suppress electrolytic erosion 
• provide superior EMI shielding 
• resist corrosion (by withstanding 
500 hour salt spray) 

A new breed in connector capability, the 
general duty MIL-C-38999 Series Ill 
Tri-Start eliminates lock-wiring, couples 
in a 360° turn of the coupling nut, and 
intermounts with standard MS connectors. 
Tough and dependable, Bendix Tri -Start is 
available in a variety of shell styles and *rp 
service classes, including class K firewall. 

Insert arrangements cover contact sizes 
12 through 22D. 

For complete information, call 607-563-532 
or write The Bendix Corporation, Electrical 
Components Division, Sidney, N.Y. 13838. 

e speak connectors. 

% 

• 
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All 
the 
moves 
in 
mono-
lithics! 
With the industry standard in selectiv-
ity on your side, our monolithic crystal 
filters give you the jump on the toughest 
of communications opponents. These 
interference-checkers are available to you 
now in 60 stock models at 10.7 and 21.4 
MHz saving you design time and production 
cost. Others are available from 5 to 180 
MHz. Make the first move and well send 
you the complete specs! 

The standard in monolithic crystal filters. 

EXCELLENCE AC SS THE BOARD 

Plezo Technology Inc. 
2525 Shader Rd., Orlando, FL 32804 

(305) 298-2000 
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DTMF-MODEMS 
You are looking at the world's most 
complete line of DTMF receivers. 

Low power 
BCD roçoiver' 

tete 
SSL's unparalleled performance in 

reliability, precision 

and competitive pricing 

have all come together 

to bring you the 

smallest and most 

advanced DTMF 

receivers 1 of 

available 

DTMF Modem 

Prog. Sel. 
Call Modarti.,.". 

Hex recaer " 

tee--

Selectable 11.19. "e. 
BCD rectef 

16 receer 
tes • 

No additional 

components 

required. 

Whenever your applications 

include industrial control 

PABX's, KTU's, or remote signal 

& selective calling, the SL 

DTMF's will solve your problem now! 

Call or write for a complete product specifications brochure. 

SCIENTIFIC 
SYSTEMS 
LABORATORIES 

2031 E. Cerritos, Suite J, Anaheim, CA 92806 
(714) 776-5003 

New products 

temperature ranges. For units oper-
ating over the 0°-to-80°C range, the 
100-unit price is $199, $11 less than 
Hybrid's own six-month-old DAC 
370-18, a current-output device with 
no voltage reference. For the — 55°-
to- +125°C military temperature 
range, the 377-18 sells for $520 in 
hundreds. Much of the difference 
results from manufacturing to MIL-
STD-883 reliability specifications 
and from the cost of documentation. 

Both the 9377-16 and the 377-18 are 
expected to sell for so-called insur-
ance applications: the 9377-16 to 
users who need a dependable 12 or 
14 bits of resolution and the 377-18 
to those needing a sure-fire 16 bits. 
User plans already are said to 
include high-resolution radar, sonar, 
and automatic-testing applications. 

Both units accept either binary or 
offset-binary inputs and are compat-
ible with diode-transistor-logic, 
and complementary-mos. Input 
leakage current is rated at about 1 
µA maximum. Output is 0 to 10 V 
with current compliance of ± 5 mA 
and output impedance less than 1 n. 

Relative to full scale, the scale 
factor is 0.1% and initial offset is 
± 0.05%. Integral linearity for 377-
18 and for the 16-bit-monotonic ver-
sion of the 9377-16 is to within 
± 0.0008%. Differential linearity 
typically is about half that figure. 

Major-transition settling time (to 
0.006% of full scale) is 20 µs — faster 
than for most 16-bit converters and 
quite respectable for a voltage-out-
put device. Power-supply require-
ments are a standard ± 15 V dc 
± 5%. Power dissipation varies with 
model from a typical figure of 400 
mw to a maximum of 500 mw, with 
most power going to the reference 
and output operational amplifier. 
Hybrid Systems Corp., Crosby Dr., Bedford, 

Mass. 01730 Phone (617) 275-1570 [381] 

16-bit a-d unit digitizes 

analog signal in 2 eis 

The ADC-1600 16-bit analog-to-
digital converter will digitize an ana-
log input signal in a maximum of 2 
his. The converter can be configured 
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Wire Wrapping tools: Manual, battery, electric and pneumatic 

Wire Wrapping bits and sleeves: Wire sizes 18 to 30 AWG(1,00 to 0,25mm) 

Semi-automatic Wire Wrapping machines: Compact bench mounted systems to large 

floor mounted systems 

LAutomatic graphic data entry systems for generating N.C. program tapes 

3455 Conner St., Bronx,N.Y. 10475 U.S.A. __... 

Just part of our comprehensive range — want to know more contact: 

OK Machine & Tool Corporation 

Tel. (212) 994-6600 Telex 125091 

Component Preforming equipment 

Automatic Continuity Test equipment: 0-32,000 points 
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High Speed 
Analog Memories 

de" 

PEAK SENSE AND HOLD 
Sinusoidal Bandwith: DC-10MHz 
Aeq. Time, +10V Step, 3Ons 
Reset Time: 1ms Gate Time: 1s 

Model 5030A $102.00 (3-9) 
2.5" x 1.5" x 0.5" Module 

MIL Packages also available 
Request 72-page Op Amp, 
Function Module Catalog. 

Tr. Mode Bandwidth: 100MHz 
Tr. Slew Rate: 150Vims, Cx = 
Aperature Time: 3ns 
Acq. Time, 10V: 1ms, Cc= 100pF 
Decay Rate: 100 Vísec, Cc= 10pF 

Model 5021 $85.00 (3-9) 
2" x 1" x 0.6" Module 

OE1• Box 11140 • Tucson. AZ 85734 • (602) 624-8358 • TWX 910-952-1283 
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If you'd like your career to get back in the saddle again, 
watch for the Texas Career Opportunities Section in 
ELECTRONICS' October 23rd Issue. 

New products 

with either single-ended or differen-
tial inputs in its basic form, offering 
conversion times of 2 or 4 gs. It 
comes with sample and hold inputs, 
and options include either a 2- or a 
5-µs sample-and-hold in a single-
ended input configuration. Tempera-
ture coefficients are ± 7 ppmfC and 
maximum nonlinearity error is -I-1/2 
least significant bit. All inputs are 
diode-transistor-logic— and TTL— 

compatible. In quantities of one to 
nine, the ADC-1600 is priced from 
$2,050; delivery is from stock to 12 
weeks. 
lntech Function Modules, 282 Brokaw Rd., 

Santa Clara, Calif . 95050. Phone (408) 727-

0500 [383] 

Monolithic data-acquisition 

system includes RAM on chip 

A monolithic data-acquisition sys-
tem includes on-chip random-access 
memory. The AD7581 contains an 
8-bit successive-approximation ana-
log-to-digital converter, an eight-
channel multiplexer, an 8-by-8-bit 
dual-port RAM with address latches, 
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Cost Effective Systems for the 
Microcomputer OEM. 

Ohio Scientific has been building small 
business microcomputers and personal 
computers since the beginning of the 
microcomputer revolution. Most Ohio 
Scientific products incorporate a bus 
architecture utilizing modular circuit 
cards mated to a multi-slot backplane. 
Ohio Scientific's 48 signal line bus is 
designed to effectively marry the versa-
tility and modularity of bus architecture 
with the economies of consumer products 
producing an ultra-low cost yet reliable 
system. Many industrial users of micro-
computers recognize the economy and 
versatility of Ohio Scientific's modular 
computer boards and utilize these boards 
and subsystems as well as customers 
who purchase complete computer 
systems on an OEM basis. 

Ohio Scientific's 
New OEM Program 

Ohio Scientific now recognizes the 
importance of the OEM marketplace and 
is introducing a complete program for the 
board level OEM user as well as the 
system OEM. The program starts with our 
standard products including three CPU 
boards, a broad range of static and 
dynamic memory boards, mini and 8" 
floppy disk controllers, printer controllers, 
multiple RS-232 port boards, a hard disk 
controller, and video interface with 
optional keyboard. Backplanes with two, 
four, eight or sixteen slots are available. 
These standard products are now being 
supplemented by a broad range of 

Circle 233 on reader service card 

products specifically for the OEM user 
including: 

• New universal telephone interface 
board which has auto-dial capability, 
auto-answer capability, tone encoding 
and decoding, answer and originate 300 
baud modem and voice I/O via tape 
recorder or optional phonetic voice 
output system. 

• New calendar-clock with several month 
battery backup capability which can be 
programmed to automatically restart 
the computer or shut off the computer at 
set times. The circuit board also 
includes automatic power-fail restart 
capability. 

• Instrumentation quality high speed, 
12-bit analog AID - D/A module with a 
16-channel input multiplexer and two 
12-bit D/A converters. 

• A large range of parallel interface 
options including circuit cards contain-
ing 48 parallel I/O lines. 

• New solderless prototyping board which 
connects to the computer system 
and allows rapid prototyping of new 
interface ideas. 

• System PROM blaster which accepts 8K 
through 64K bit industry standard 
EPROMS and a universal EPROM-ROM 
card. 

• A card edge extender, bus analyzer and 
bus compatible breadboards. 

Documentation 
All of Ohio Scientific major circuit boards 
are now fully documented by Howard 
Sams (the originator of the Sams Photo-
fact series for Consumer Electronics) 

servicing manuals which include 
block diagrams, schematics, 
detailed pictorials, parts place-
ment diagrams and parts lists 

\ 

er..te 

providing the designer, systems integrater 
and serviceman with detailed hardware 
information. Ohio Scientific is offering 
qualified OEM users its principal disk 
operating system (0S-63D V3.2) which 
supports multiple languages, mini-floppies, 
8" floppies, printers, modems and other 
accessories in documented Source Code 
and machine readable form which can be 
reassembled on standard OSI computers. 
This gives the product developer the 
ultimate flexibility in integrating these 
components into his total system design. 

Best of all is the Price 

Because of Ohio Scientific's hundreds of 
thousands of boards per year volume for 
the consumer and small business market, 
these products cost a mere fraction of the 
corresponding LSI-11, SBC or S-100 bus 
boards. This economy allows you to utilize 
a floppy subsystem in your product at a 
total cost typically less than an EPROM 
based system from other vendors. 

Ohio Scientific's reasonably priced 
universal telephone interface and voice 
output capabilities allow you to integrate 
advanced telecommunications, remote 
control capabilities and/or unlimited 
vocabulary voice response in your 
systems at the same price as a "bare 
bones" implementation with other bus 
architectures. 

Easy to Start With 

Getting started with the OSI bus architec-
ture is now easy with documentation, off 
the shelf availability, and economical 
computer systems for in-house software 
development using Assembler, BASIC 
FORTRAN or PASCAL. Ohio Scientific's 
new OEM contract provides easy to start 
with terms and generous volume 
discounts. 

For more information and the name and 
phone number of your local Ohio 
Scientific OEM representative call 
1-800-321-6850 toll free. Please specify 
your interest as an OEM user. 

SIIIENT1FIG 
1333 SOUTH CHILLICOTHE ROAD 
AURORA, OH 44202 • [216)831-5600 



Digital 
accuracy in 
an analog 
recorder: 

Goulds ES 1000. 
Our new fixed linear array writing system gives 
you trace precision and reliability unmatched 
by conventional writing methods. 
The ES 1000 electrostatic analog recorder 

provides faster rise time, higher resolution, 
full-scale overlapping display of all channels at 
user's discretion, excellent square wave and 
peak capture, simultaneous grid generation, and 
complete annotation of necessary information 
from internal and external sources. It produces 
high contrast, permanent records on low cost 
electrostatic paper (% the cost of photo sensitive 
paper). 
For more information, write Gould Inc., 

Instruments Division, 3631 Perkins Ave., 
Cleveland, Ohio 44114. For brochures call 
toll-free: (800) 331-1000. In Oklahoma, call 
collect: (918) 664-8300. 

Circle 66 on reader service card 
An Electrical/Electronics Company 

Nov' t( l ) quality Snup-on electronic u )ols ,irc• 
offered in four standard or individually tailored tool 
kits for tlw professional electronic technicians and 
manufacturers of electronic components and 
equipment. Kits are available in various styles of 

attache cases and t()ol holding inserts. For full 
details write us or call y( sir nearest Snap 
I ranch. Snap-on Tools Corporation. 8051J 28th 
Avenue. Kenosha. ‘Vis. 53140. 
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New products 

control logic, comparator, and three-
state buffers. The system connects 
directly to the 8080, 8085, Z80, 
6800, and other microprocessors; the 
converter is transparent to them. 
Input channels are scanned sequen-
tially and continuously, averaging 
680 iLs for eight channels. On-chip 
logic provides interleaved direct 
memory access. 

Six versions are available, all in 
28-pin dual in-line packages: the JN, 
KN, and LN grades are specified for 
the 0°-to-70°C temperature range 
and come in a plastic DIP; AD, BD, 
and CD grades are specified for the 
— 25°-to-85°C range and are housed 
in a ceramic DIP. Differential nonli-
nearity is ± 1/4 , ±7/13, and ± 1% least 
significant bit maximum over the 
specified temperature ranges for LN 
and CD, KN and BD, and JN and 
AD versions, respectively. Relative 
accuracy is to within ± 1/2, ± 1/4 , and 
±1 7/8 LSB maximum within given 
temperature ranges. The AD7581 
sells for $13.90 in 100s and large 
quantities can be delivered 90 days 
after an order is received. 
Analog Devices Semiconductor, 804 Woburn 

St., Wilmington, Mass. 01887. Phone (617) 

935-5565 [385] 

15-bit sample-and-hold has 

300-ps aperture uncertainty 

The model 1569 is a digital gain-
controlled differential-input sample-
and-hold amplifier suitable for up to 
15 bits of resolution. Really two sep-
arate differential sample-and-hold 
amplifiers contained on one printed-
circuit board, it exhibits low offset 
and drift characteristics in both sam-
ple and hold modes. Its low aperture 
uncertainty time of less than 300 Ps 
permits the acquiring of analog data 
containing high frequencies while 
the unit maintains high accuracy. 
The model 1569 has been designed 
for installation into the TEC AID 
x-1500 Data System and is available 
from stock. The fixed-gain model is 
priced at $200 per unit and the pro-
grammable-gain version at $250. 
Tustin Electronics Co., 1431 E. St. Andrews 

Place, Santa Ana, Calif. 92705 [384] 

554 

234 Circle 234 on reader service card Electronics/October 9, 1980 



LRC test and evaluation. 
IN 
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12. Dissipation Factor 
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Now you get the full picture 
...at LED prices. 

Get the complete view of your 
LAC measurements with the new 
2100 and 2110 VideoBridges from 
ESI. They're the first LAC meters 
to combine effective software, 
memory, a CRT and keyboard, to 
give you interactive operation... 
with a price comparable to LAC 
meters with only LED readout. 

Both VideoBridges will 
display 12 impedance and loss 
characteristics, measureable at test 
frequencies from 20 Hz to 20 kHz, 
at programmable voltage or current 
levels, with accuracy from 0.05%. 
With the 2110 VideoBridge, you 

can program your test conditions 

on cassette, acquire the data, store 
it, and manage and display your 
test results. You can store test 
programs for different components, 
for repetitive testing needs. 

Find out how our VideoBridges 
can fill your impedance measuring 
requirements, both today and 
tomorrow. Call your nearest ESI 
representative or circle the reader 
service number below. 

ESI VideoBridgeeYou can communicate with them. 

PP, 

I %CMG 

UP 

%TM 

All 

Aur-.) 

SORT 
DISPLAI 

• • • 

mp.h.:46-11MIMIBM1111.11 
.dh. 

Electro Scientific Industries • Portland, OR 97229 • (503) 641-4141 
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AILTECH high-quality, high-power 
Broadband Linear Amplifiers. 

Frequency range 10 kHz 
to 1 GHz in 4 bands, 8 
models available 
• ALC signal provided. 
• Dual directional true wattmeter 
reads true forward and 
reflected power. 
• Up to 50 watts output power. 
• All Solid State. 
• Positive no-load protection. 
• True linearity (ask for a side-
by-side comparison before 
you buy). 

Applications: Wattmeter calibra-
tion, EMI susceptibility testing, 
high power testing of transistors, 
amplifiers, components, NMR 
systems. 

AILTECH RF Power Signal 
Sources 

• 10 kHz to 
2.5 GHz 
• Plug-in versa-
tility 
• Up to 50 Watts 
output 
• AM/FM options 

Modules for OEM 
applications. 

Broadband amplifier modules 
tailored to customer 
requirements are supplied for 
OEM applications at 
considerable cost savings. 
They are packaged in RFI proof 
modules and operate from a 
standard 28 volt power supply. 
For further information on 
AILTECH products, contact 
Eaton Corporation, Electronic 
Instrumentation Division, 19535 
East Walnut Drive, City of 
Industry, CA 91748. 
Telephone (213) 965-4911 

Advanced 
Electronics 
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AMAZINGLY SIMPLE R&D EFFORT 
YIELDS UP TO 20 PERCENT 

EXTRA MOLDED DIP PRODUCTION. 

} 

}T' Dllee'Pcra()Icileluccie dly 

Incrementaj Ffysel 
MDIlee DIP 
Pr old t Ile4ty 

The amazingly simple 
research works like this. 

You pick up the 
telephone. 

You call Hysol and ask 
for facts on our state-of-the-
art semiconductor transfer 
molding compounds. 

These advanced epoxy 
compounds are formulated 
for optimum production 
characteristics as well as 
superior device performance. 

For example, Hysol 
epoxies develop a higher 
hot hardness than 
conventional epoxy 
compounds. So instead of 

Circle 237 on reader service card 

an average three minute 
mold cycle, the same mold 
press can produce a finished 
shot in two. 

Hysol epoxies can also 
significantly reduce the need 
for deflashing. Or eliminate 
it completely. 

They can help reduce 
post-cure time by a hefty 
60 to 70 percent. 

And because they leave 
your molds clean more than 
twice as long, they can reduce 
cleaning maintenance from 
once per shift to just once 
every two shifts or three. 

Result? 
You get five, ten— up to 

20 percent extra molded DIP 
production per shift. With no 
extra investment. 

Along with better 
productivity, of course, you 
get the extra assurance of 
Hysol quality. 

Plus all the advantages 
of Hysol performance. 
Like improved moisture 
resistance, better thermal 
cycling characteristics and 
increased thermal stability— 
for better reliability. 

Hysol is the leader 
in semiconductor epoxy 
technology. And to prove it, 
we'll supply the Hysol epoxy 
and qualified field support 
for a full productivity and 
performance comparison 
on your test line. 

So if you're looking for 

a major breakthrough in 
molded DIP production, just 
call Hysol. 

The best discoveries are 
always simple. 

HYSOL DIVISION 
THE DEXTER CORPOFtATION 

15051 East Don Julian Road, 
Industry, CA 91749. 
Telephone (213) 968-6511. 

1111118» 
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CABINET DECISION. 
When you're considering small cabinets, instrument cases and 
utility boxes, consider Bud. These sleek, clean, contemporary 
cabinets and our reputation for value make Bud Standard 
enclosures the outstanding choice. 

And, there's a Bud Authorized Distributor near you to deliver 
these standard products from stock. Now, in most cases, you 
won't have to wait to get the most respected name in enclosures. 

Bud offers the industry's largest, most diversified line of 
standard enclosures, accessories and hardware...from stock. 
For full information on the Bud family of enclosures, write or call: 
Bud Industries, Inc. 4605 East 355th Street, Willoughby, Ohio, 
44094. Phone: 216/946-3200. Bud West, Inc. 3838 North 36th 
Avenue, Phoenix, Arizona 85019. Phone: 602/269-3151. 

by MI 
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NEW 1980 Electronics Bu 
Guide 
The only book of its kind in the 
field. If you haven't got it, 
you're not in the market. 

To insure prompt delivery 
enclose your check with 
this coupon. 

Yes, please send me  copies of 1980 EBG 

LI I've enclosed $30 per copy delivered in USA or 
Canada. Address. EBG, 1221 Avenue of the Americas. 
New York. N Y. 10020. 

El I've enclosed $52 for air delivery elsewhere. 
Address: EBG, Shoppenhangers Road. Maidenhead, 
Berkshire S16. 201 England. 

Name 

Company 

Street 

City 

For more 
information 

call these Bud 
Representatives 
AL Huntsville, Cartwright EJ Bean Co. 205-533-3509 
AZ Scottsdale, Summit Sales Co. 602-994-4587 
AR Memphis. TN, Cartwright Et 

Bean Co. 901-276-4442 
CA Ingelwood, Jack Berman Co 213-649-6111 
CA Santa Clara, David Ross Co. 408-988-8111 
CO Denver, Lindberg Co. 303-758-9033 
CT Needham, MA. Mullin Technical 

Sales. Inc. 617-444-4780 
DE Cherry Hill, N.J. Trinkle Sales, Inc 609-795-4200 
DC Cherry Hill, N.J. Trinkle Sales, Inc 609-795-4203 
FL Ft. Lauderdale, Cartwright Et 

Bean Co. 335-735-4900 
FL Orlando, Cartwright Et Bean Co. 305-422-4531 
GA Atlanta. Cartwright Et Bean Co. 404-233-2939 
ID Denver, Co. Lindberg Co. 303-758-9333 
IL Chicago, Industrial 

Representatives, Inc. 312-647-7755 
IL Maryland Heights, MO, PMA Corp 314-569-1220 
IN Carmel, Rich Electronic 

Marketing, Inc 317-844-8462 
IN Ft. Wayne. Rich Electronic 

Marketing, Inc 219-432-5553 
IA Cedar Rapids, PMA Corp. 319-362-9177 
KS Overland Park. PMA Corp. 913-381-0004 
KS Wichita. PMA Corp 316-684-4141 
KY Louisville, Rich Electronic 

Marketing, Inc. 502-239-2747 
LA Metane, Cartwright Et Bean Co 504-835-6220 
ME Needham, MA, Mullin Technical 

Sales, Inc. 617-444-4780 
MD Cherry Hill, N.J. Trinkle Sales, Inc. 609-795-4200 
MA Needham, Mullin Technical 

Sales, Inc. 617-444-4780 
MI E. Detroit, Jack M Thorpe Co. 313-779-6363 
MN Minnetonka. Gibb Electronic Sales 612-935-4603 
MS Jackson, Cartwright Et Bean Co. 601-981-1170 
MO Maryland Heights, PMA Corp. 314-569-1220 
MT Denver, Co. Lindberg Co. 303- 758-9033 
NE Maryland Heights. MO, PMA Corp 314-569-1220 
NV Santa Clara, CA, David Ross Co. 408-988-8111 
NV Scottsdale, AZ, Summit Sales Co 602-994-4587 
NH Needham, MA, Mullin Technical 

Sales, Inc. 617-444-4780 
NJ Cherry Hill, Trinkle Sales, Inc. 609-795-42C0 
NJ E Rockaway, N.Y. Willgold 

Sales Corp 516-764-4022 
NM Albuquerque, Lindberg Co. 505-881-1006 
NY E Rockaway, Willgold 

Sales Corp 516-764-4022 
NY Rochester, Marchese. Mersey Et 

Barden 716-544-43X) 
NC Charlotte, Cartwright Et Bean Co. 704-377-5673 
NC Raleigh. Cartwright Et Bean Co. 919-781-6560 
ND Minnetonka, MN, Gibb 

Electronic Sales 612-935-4603 
OH Cleveland, Marlow Assoc.. Inc. 216-991-6500 
OH Columbus, Marlow Assoc., Inc 614-885-7643 
OH Dayton, Marlow Assoc., Inc. 513-435-5673 
OK Dallas, TX, Erickson Sales, Inc. 214-739-5833 
OR Portland, Earl Et Brown. Inc. 503-245-2283 
PA Cherry Hill, N.J. Trinkle Sales, Inc 215-922-M 
PA Pittsburgh, Marlow Assoc., Inc 412-831-6113 
RI Needham, MA, Mullin Technical 

Sales. Inc. 617-444-4780 
SC Charlotte, N.C. Cartwright 8 

Bean Co 704-377-5673 
SD Minnetonka, MN, Gibb 

Electronic Sales 612-935-4600 
TN Knoxville, Cartwright Et Bean Co. 615-693-7450 
TN Memphis, Cartwright Et Bean Co. 901-276-4442 
TX Austin, Erickson Sales. Inc 512-327-5486 
TX Dallas, Erickson Sales, Inc. 214739-5833 
TX Houston, Erickson Sales, Inc. 713-498-2959 
UT Salt Lake City, Lindberg Co. 801-534-1503 
VT Needham, MA, Mullin Technical 

Sales, Inc. 617-444-4780 
VA Cherry Hill, N.J. Trinkle Sales, Inc. 609-795-42W 
WA Seattle, Earl Er Brown, Inc 206-284-1121 
WV Cleveland, OH, Marlow Assoc , Inc. 216-991-65C0 
WI Milwaukee, Industrial 

Representatives, Inc. 414-259-0965 
WY Denver, Co Lindberg Co 303-758-9033 

BUD INDUSTRIES, INC. 
4605 East 355th Street 
Willoughby, Ohio 44094 
12161 946-3203 

BUD WEST. INC. 
3838 North 36th Avenue 
Phoenix, Arizona 85019 
16021269-3151 
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Vactec photodiodes 
are the Gateway* to 
solutions for 
detection problems 
requiring: 
Blue spectrum 
response, high signal 
to noise ratio, 
excellent linearity, 
superb stability, 
high voltage 
operation, 
fast rise times, 
low shot noise, 
low cost 

•St. Louis Arch in background. 
"The Gateway to the West." 

Circle 239 on reader service card 

Just a few of the applications for which Vactec photodiodes 
have found solutions are: 
light pens, colorimeters, spectrophotometers, analyzers for 
color film processing, blood analysis, color sorting, camera 
exposure controls, and hand held exposure meters. 

Packages for our photodiodes cover the complete range from 
hermetic with glass or U-V transmitting windows, isolated 
detectors, to ceramic headers epoxy coated. Custom arrays 
are readily fabricated and packaged in dual-inline 
configuration. Write for Bulletins VTB-1B and VTP-1. 

Vactec, Inc. 
2423 Northline Ind. Blvd. 
Maryland Heights, Mo. 63043 
(314) 872-8300 
TWX 910-764-0811 



The use of our large 
experience in the 
electronic industry for 
know-how, engineer-
ing, licences, tech-
nology, studies, design, 
manufacturer's marks, 
complete assembling 
lines, technical assist-
ance, training of the 
staff, services, would 
certainly give you a 
complete satisfaction. 

High qualified special-
ists of a large experience 
are ready to answer 
accurately your most 
exigent demands just 
contact them! 

Ask for technical data 
and any other informa-
tions on the following 
address: 

ELECTRONUM 

EXPORT — IMPORT 
Specialized Foreign 
Trade Company 

70317 Bucharest-Romania 
11-15, Olari Street 

P.O. B.: 34-36 
Telex: 11547, 11584 

ELECT ONUM 
BUCHAREST - ROMANI 

New products 

Materials 

Chip-processing 
chemicals become 
1,000 times purer 
The materials used in making semi-
conductors, especially fine-line 
large- and very large-scale inte-
grated circuits, must be kept fanati-
cally clean. Allied Chemical's new 
line of chemicals caters to that need. 
The Particu-lo low—particle-grade, 
low-mobile-ion processing chemicals 
are filtered and packaged to deliver 
a purity 1,000 to 10,000 times great-
er than that of products currently on 
the market. They are virtually free 
from many of the particles found in 
other low-mobile-ion—grade process-
ing chemicals and are already in use 
in the fabrication of devices with 
2-µm geometries, reports Gary J. 
Clancy, manager of marketing for 
electronic chemicals in Morristown, 
N. J. 
A 30% hydrogen peroxide solution 

will typically have about 8.3 million 
1-am or larger particles per liter if it 
is classified as a low-grade, low-
mobile-ion substance. The same 
chemical when processed to Allied's 
Particu-lo standards will contain 
only 10,000 particles/I maximum, 
5,000 typically. 
The line runs the gamut of pro-

cessing chemicals for etching and 
cleaning and includes sulfuric acid, 
hydrogen peroxide, and isopropyl 
alcohol, as well as a variety of strip-
ping solutions. Altogether nearly 30 
chemicals are being offered. "Any 
product that would be used in a 
semiconductor processing line is 
available in the Particu-lo line, with 
the exception of photoresists," notes 
Clancy. 
The chemicals may be completely 

substituted for any products now 
being used, according to Clancy, 
with no changes needed in the manu-
facturing process. "We recommend 
that tanks and process vessels be 
kept as clean as the wafers are kept, 
however," he advises. The products 
are available in 2.2-1 glass bottles, 

3.8-1 amber glass bottles, and 3.8-1 
polyethylene bottles, depending on 
the particular chemical. The bottling 
is done in a controlled, clean atmo-
sphere, and each filled container is 
wrapped in two plastic bags to pro-
tect its exterior. 

Clancy estimates that the Particu-
lo products sell, on average, for 
about three times the price of 
low—mobile-ion-grade chemicals. For 
example, sulfuric acid now sells for 
about $5 per 2.2-1 bottle, whereas 
the Particu-lo product will sell for 
about $19 for the same size bottle. A 
3.8-1 bottle of isopropyl alchohol 
sells for about $5 now, and the Par-
ticu-lo product will sell for about 
$16. He notes that for most semicon-
ductor manufacturers, a yield in-
crease of up to 10% will often offset 
this additional expense. 

Particu-lo products are now avail-
able in sample quantities for produc-
tion use. 
Allied Chemical Corp., Chemicals Co., P. 0. 

Box 1139R, Morristown. N. J. 07960 [476] 

Thick-film resistor material 

ranges to 1 MO per square 

The 1800 series of thick-film resistor 
compositions developed for potenti-
ometers and trimmers includes eight 
members, ranging in value from 1.5 
S2 per square to 1 m9/sq. The Birox 
1800 materials exhibit low contact 
resistance variation even in the low-
resistivity compositions. The temper-
ature coefficient ratio for the 1-162/sq 
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WE TURN OUT MORE LIGHTS 
THAN ANYBODY ELSE. 

• 1k 

do,  

We've developed the industry's 
broadest and most advanced line of 
infrared LEDs and detectors. We also 
offer more opto package configura-
tions. And more products available in 
volume orders. 

That's everything you need for 
precision switching and sensing func-
tions in applications requiring encod-
ing, card and tape sensing, object 
positioning and detection. 
On the emitter side, our LEDs 

e 

4110. 

utilize power efficiently to provide 
reliable and accurate operation in a 
variety of packages. We match that 
capability with ugh performance 
photodiodes, phototransistors, pho-
todarlingtons and photo ICs. Plus, 
we manufacture the only opto 
Schmitt component with internal 
voltage regulation that's compatible 
with TTL, CMOS, and other standard 
logic families. 

All Spectronic; parts are available 
in volume from a nationwide net-
work of distributors. And our staff of 

TYPICAL SPECS FOR SPECTRONICS' EMITTERS AND DETECTORS 
LED 
Near IR Emission 

High efficiency 

solution grown 

Po 
High pulse current 

PHOTODIODE 
T, 

Application 

C 1980 Spectron,cs 

930 nM 

0 6 µS 

5 mW I, = 100 mA 

30 A 

5 nS 
40 µA (a H 5 TW/Crill Va = 20V 

Linear, analog or hi-frequency 

r 

4E. 

highly trained engineers is available 
to answer any questions you may 
have about the design or implemen-
tation of our products. 

So, if you've been in the dark 
about opto design, give us a call. We 
turn out more lights so you can turn 
out better designs. 

For more information, call us at 
214/234-4271. Or write to Spec-
tronics, 830 East Arapaho Road, 
Richardson, Texas 75081. 

Stiectromes 
Adivision of Hone»vell 

Light years ahead. 
PHOTOTRANSISTOR PHOTO IC 
T, 5 µ.5 Schmitt Trigger Output 

12mA (a H = 5 rnwrcm2 VcE = 5V T, T, 

VcE (SAT) 0 2V (a k = 4 mA Output Sink 
Application General Purpose Detectors Propagation Delay 

Tse 
PHOTODARLINGTON Application 
T, 
1, 

100 µS 
5 mA (a H = 0.2 mw/cm2 
VcE = 5V 

Vci (SAT) 1V (a lc = 1 rnA 
Application High current or high light 

sensitmty requirements 

50 n S 

10 TTL loads (a Va e 4V 
5 'LS 

- 55 to + 100.0 

Opto Switching 
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NEW,ROM venoire 
OSC 94-2 SERIES OF 
CRYSTAL OSCILLATORS 
VALUE ENGINEERED TO 
PROVIDE UNPARAL-
LELED PERFORMANCE 
FOR THE PRICE. 

Combines a precision 10MHz, third overtone, vacuum 
baked, HI-0 glass enclosed crystal and Ovenaire's 
unique thermal environment resulting in outstand-
ing control of output frequency. Retrace error due • 
to loss of input power is controlled and specified 
within tight limits. The crystal, two buffer stages and 
all critical components are housed inside a high mass 
proportional controlled oven. Precise mechanical 
frequency adjustment is made possible by a 17 turn 
piston trimmer capacitor and an external potentio-
meter. The oscillator package is ruggedly con-
structed and sealed against humidity. Internal 
voltage regulation and trimmer reference voltages 
are provided. Four output configurations are 
available - OSC 94-2-0 5MHz Sinewave; OSC 94-2-1 5MHz 
Squarewave; OSC 94-2-2 10MHz Sinewave; OSC 94-2-3 
10MHz Squarewave. 

OVENAIRE-AUDIO-CARPENTER 
- doe inc 706 Forrest St. Charlottesville Va. 22901 

KIDOE 804-977-8050 TWX510-587-5461 

New products 

through 1-mn/sq materials is ±50 
ppm. 
Du Pont Co., Electronic Materials Division, 

Wilmington, Del. 19898. Phone (302) 774-
2358 [477] 

Substrates feature high 

dielectric constants 

Sapphire, quartz, and alumina sub-
strates for microwave and microelec-
tronic applications feature high di-
electric constants. From 104 to 
9 x 109 HZ, sapphire has a 9.3 to 10.3 
constant perpendicular to the optical 
axis, 11.5 to 13.2 parallel to the opti-
cal axis. From 0 to 30 GHz, quartz 
has a 3.7 to 3.8 constant, and from 
60 HZ to 25 GHz, alumina has a 9.8 
to 10.1 constant. The substrates are 
parallel within 1 mil and provide tol-
erances of ± 1 mil on length and 
width and 10 waves/in, on flatness. 

Sapphire substrates range from 1/4 
in. per side to 2 by 11/2 in. (5 to 25 
mils thick); quartz goes from 1 to 3 
in. per side (5 to 25 mils thick); and 
alumina ranges from 1 to 4 in. per 
side (10 to 25 mils thick). Standard 
finish is 1 µinfside, but sapphire and 
quartz are also offered with one side 
chemically polished to be scratch-
free. Small quantities of the sub-
strates can be delivered in three to 
six weeks. 
Adolf Meller Co., 120 Corliss St., Providence, 

R. I. 02940. Phone (401) 331-3717 [478] 

Copper-nickel-tin alloy 

comes in three versions 

A copper-nickel-tin alloy, marketed 
as spinodal 770, was developed for 
use in high-performance connector 
applications. The alloy consists of 
77% copper, 15% nickel, and 8% tin. 
Two other compositions of the alloy 
are also available: spinodal 850 with 
85% copper, 9% nickel, and 6% tin; 
and spinodal 920 with 92% copper, 
4% nickel, and 4% tin. The spinodal 
alloys have unusual properties of 
strength, formability, and electrical 
conductivity as well as excellent 
spring and resistance to stress relax-
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ENGINEERS: WANT BIG MONEY, EXTRA LONG 
VACATIONS, JOB CHALLENGE? MAIL THIS CARD. 
Aramco is offering outstanding incentives to get the outstanding engineers 
we want. Tell us about yourself. We'll keep it confidential. 

'3
H3

1-
1 
1-

10
V1

30
 3
S
V
3
1
d
 

Name 

Address   

City   

State  Zip  

Phone (Horne): 

(Office):   

High School, year  

D College degree(s): 

B.S. in  

School   

M.S. in   

School   

D Ph.D. in   

School 

Present Employer (will not be contacted): 

Job Title   

Employment Dates (From):   

(To):  

Salary Range D $15,000 + D $20,000 + 
$25,000 + D $35,000 + 

Job Responsibilities   

Past Employer   

Job Title   

Employment Dates (From):   

(To):  

Years professional experience: 
3-5 years D 5-10 years D 10 years + 

PLEASE DETACH HERE. 

ElectronicsIELT10Ci980BRCT 
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With 40 days' paid vacation every 12' z months, Aramco people can see the 
heart of Asia, from Delhi to Bangkok to Hong Kong, and still have time for an 
African game park. Paris in the spring, or ski trips in the Alps. 

The money isn't the only reason so many top people 
are going to Saudi Arabia with ARAMCO 

As great as the money is, it's the 
travel opportunities, the challenge, 
and casual living in American-style 
hometowns that make Aramco 
people stay on. 
Aramco employees in Saudi Arabia 

have travel opportunities that most 
people only see in daydreams. They 
get 40 days' paid vacation every 12 1/2 
months. And in Saudi Arabia they 
are already halfway to wonderful 
places in Europe, Asia and Africa. 

Equally as important as money and 
travel are the challenging jobs and 
secure, comfortable living conditions. 
Aramco is the world's largest oil-

producing company. Our projects 
and operations are huge, complex 
and professionally rewarding. Many 
are the largest of their kind ever 
undertaken. 
We need more first-rate people to 

join the 4,000 North Americans who 
work for us. We have openings for 
qualified engineers, technicians and 
professionals of all types. 

North Americans and Saudi 
Arabs have worked together for 
over 40 years 
Since the early 1930's, North Ameri-
cans have worked very closely and 
successfully with their Saudi hosts in 
developing the energy resources and 
infrastructure of this friendly, conser-
vative nation. 
These North Americans live in a 

4,000 North Americans work for Aramco in 
Saudi Arabia. They're helping the Kingdom 
develop energy resources that are being used 
all over the world, 

foreign country, yet they still find it a 
very comfortable place to live and 
work. American-style communities, 
housing, schools, medical services and 
recreation facilities have prompted 
a long line of Aramco professionals 
to stay on and on. 
What kind of compensation pack-

age accompanies all this? Aramco 
employees earn a competitive base 
salary, plus a cost-of-living differen-
tial. They also get a tax-protected 
premium for overseas work of up to 
40 percent of the base salary, and a 
one-time bonus of up to $5,000 for 
signing up for overseas work. 

Interested in more information about 
Aramco and Saudi Arabia; or in a 
job with us? Write: Aramco Services 
Company, Dept. ELT100980MCLA 
1100 Milam Building, Houston, Texas 
77002. 

ARAMCO 
SERVICES COMPANY 



Superior X-Yvalue. 
Now—a high performance recorder 
without a high price. 

The versatile Gould 3054 has value superior to any other 
analog X-Y recorder in its price or performance ranges. 
• X- and Y-axis sensitivities to 2000V/cm 
• Minimum slewing speed of 85 cm/sec 
• Acceleration of 7700 cm/sec, in Y-axis and 5100 cm/sec2 

in X-axis 
• Plus calibrated zero offset, switchable low pass filter, 
switchable input polarity reversal, superior trace quality and 
an optional time base. 

For information write Gould Inc., Instruments DiviSion, 3631 
Perkins Avenue, Cleveland, OH 44114. 
For brochure call toll-free. 

800-331-1000. In Oklahoma, 
call collect. 918-664-8300. 

An El.frocal EiecfronIcs Company 
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LARGEST 
SYSTEMS 
SPARES 

AN/ALT-6-7-8 
AN-APG-33 
AN/APG-51 
AN/APN-69 
AN/APN-102 
AN/APN-169 
AN/APO-50 
AN/AP0-55 
AN /APS-20 
AN/APS-31A 
AN /APS-42-45 
AN/APS-64 
AN/ASB-4/9 
AN/CPS-6B 
AN/CPS-9 
AN/DPN-32 
AN/FPS-6-8 
AN 
AN/FPS-20-75 
AN /FRC-39 
AN /FRT-15 
AN/GPA-30 
AN/GPA-126 
AN/MPO-4A-10 
AN/MPO-29 
AN 
AN/I8PX-7 
AN/MS0-1A 
AN/SPA-4A 
AN/SPA-8 
AN/SPN-5 
AN/SPS-5B 
AN /SPS-6C 
AN/SRW-4C 
AN/TPN-12/17 
AN/TPS-1D,E 
AN/TPS-10D 
AN /TPS-28 
AN IT PS-34B 
AN /TPS-37 
AN/TPX-21 
AN/UPA-25-35 
AN/UPX-4-6 
AN/UPX-14 
HIPAR 
MK-25 
Nike Ajax 
Nike Hercules 
SCR-584 

RADAR INVENTORY IN THE WORLD 
AUTOTRACK ANTENNA SCR-584 

RADAR SYSTEM 

360 deg AZ 210 deg EL. 1 mil. accu-
racy. Missile vet. accel, and slew rates. 
Amplidyne control. Handle up to 20 It. 
dish. Compl. control chassis. ALSO in 
stock 10 cm. van mounted rad. system. 
Conical scan. PPI. 6 It. dish. 300 pg. 
instr. bk. on radar. $50. 

  RF SOURCES   
17-27 KHz 200 W CW 
125-450 KHz 4 KW CW 
2-30 MHz 3 KW CW 
4-21 MHz 40 KW CW 
24-350 MHz 100 W CW 
80-240 MHz 500 W 2-5 uS 
175-225 MHz 300 KW 1. 20 uS 
200-2000 MHz 40 W CW 
210-225 MHz 1 MW 5 uS 
385-575 MHz 1.5 KW CW 
400-700 MHz 1 KW .03 DC 
950-1500 MHz 1 KW .06 DC 
900-1040 MHz 5-10 KW .006 DC 
1.2-1.35 GHz 500 KW 2 uS 
1.5-9.0 GHz 150 W CW 
3.2-3.3 GHz 10 KW .002 DC 
2.7-2.9 GHz 1 MW 1 uS 
3.1-3.5 GHz 1 MW 1.3 uS 
2.7-2.9 GHz 5 MW 2-3 uS 
4.4-5.0 GHz 1 KW CW 
5.4-5.9 GHz 5 MW .001 DC 
6 GHz 1 MW 1 uS 
6.2-6.6 GH: 200 KW .37 uS 
8.5-11 GHz 200 W CW 
9.375 GHz 40 KW .5-1-2 uS 
8.5-9.6 GHz 250 KW .0013 DC 
15.5-17.5 GH: 135 KW .33-1-3 uS 
24 GH: 40 KW .15 uS 
35 GHz 50 KW .1 uS 

 MODULATORS   
25 KW 5.5 KV 4.5 A; .0025 DC 
144 KW 12 KV 12 A; .001 DC 
250 KW 16 KV 16 A; .002 DC 
405 KW 20 KV 20 A; .1 DC 
500 KW 22 KV 28 A; .001 DC 
1 MW 25 KV 40 A; .002 DC 
3 MW 50 KV 60 A; 30 uS 
10 MW 76 KV 135 A; .001 DC 
66 MW 160 KV 400 A; .00 

TRACKING SYSTEMS 
K BAND MONOPULSE 40 KW E-34 
X BAND NIKE AJAX/HERCULES 
X BAND HI-RES MONOPULSE MOD IV 
X BAND GCA PAR II 
X BAND FIRE CONTROL 250 KW M-33 
X BAND MOBILE 40 KW AN MPO-29 
X BAND BEACON 100 W AN/DPN-62 
S BAND 10' DISH 500 KW AN/MPO-18 
S BAND 250 KW AN/M130-10A 
S BAND 250 KW AN/MPS-9 
X BAND HAWK MPO-34 
X BAND HAWK MPO-33 
C BAND 1.5 MW MPS-19(C) 
S BAND 14' DISH PRELORT 

SEARCH SYSTEMS 
KU BAND AIRBORNE 135 KW B-58 
X BAND WEATHER 250 KW AN/CPS-9 
X BAND WEATHER 40 KW AN/SPN-5 
X BAND 7 KW AN/TPS-21 
X BAND CW DOPPLER AN/PPS-9/12 
C BAND HGT FDR 1 MW TPS-37 
C BAND 285 KW AN/SPS-5B/D 
S BAND HGT FINDER 5 MW AN/FPS-6 
S BAND COHERENT 1 MW AN/FPS-18 
S BAND 1 MW NIKE AJAX/HERC 
L BAND 40' ANT 500 KW AN/FPS-75 
L BAND 500 KW AN/TPS-1D/GSS-1 
UHF 1 MW HELIHUT TPS-28 

C BAND TRACKER 
Pwr: 1.5 MW Range: 250 miles 
Racy: paramp Display 5" "A" scopes. 
10' dish willnear or circ. polarization. 

NIKE HERCULES 
SPARES/MAINTENANCE 

Over 10,000 major components In stock 
w/repairs and overhaul facilities inct: 
SHOP 1 & 2 MAINTENANCE VANS, 

SEND FOR FREE 24 PAGE CATALOG 

Et 

AR 

Radio 
Research 
Instrument 
Co., Inc. 

New products 

ation, says the manufacturer. Other 
advantages the company claims are 
better corrosion resistance and fa-
tigue strength than beryllium-copper 
alloys, good joining characteristics, 
and nontoxicity. 
Handy & Harman, Industrial Products Divi-

sion, 850 Third Ave., New York, N. Y. 10022. 

Phone (212) 752-3400 [479] 

Conductive adhesives offer 

high performance, low cost 

Four Eccobond conductive adhesives 
offer high performance at a reason-
able cost. One, 57C, is a silver-based 
solder that cures at room tempera-
ture to a typical volume resistivity of 
6 x 10-4 9-cm. With bond strength in 
shear of over 700 lb/in.' (49 
kg/cm2), it is priced at about $350 
per pound. Solder 72C is about $108 
per lb; its resistivity is 6 x 10 -3 9-cm. 
A one-component carbon-based 

adhesive, 60C, sells for about $15.50 
per pound and provides a volume 
resistivity of 50 9-cm. A two-part 
60L is similarly priced but resistance 
through a thin film of it is less than 5 
9, whereas through the 60C it is less 
than 1 9. 
Emerson & Cuming, W. R. Grace & Co., 

Canton, Mass. 02021 [480] 

Sprayable acrylic emi shield 

satisfies FCC requirements 

An acrylic coating that provides 
effective shielding against electro-
magnetic interference for consumer, 
commercial, and industrial electron-
ic products can be sprayed on. Elec-
trically conductive, the Enforcer 
complies with FCC and VDE require-
ments for electrical components 
housed in plastic. Offering a surface 
resistance of less than 2 9/sq, it 
withstands continuous-use tempera-
tures from — 54° to + 82°C. When 
coating approximately 35 ft2/1b to a 
thickness of 2 mils, it dries tack-free 
in 30 minutes and is fully dry in 2 
hours at 65° to 82°C. 
Chomerics Inc., 77 Dragon Court, Woburn, 

Mass. 01888. Phone (617) 935-4850 [481] 
2 Lake Avenue Ext., Danbury, CT 06810 

\„, (203) 792-6666 • Telex 962444 } 
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The Spectrol Model 15 Dials 

There's nothing on the horizon to match the 

smooth operating mechanism and the quality "feel" of 

the Spectrol Model 15 turns-counting dials. These good looking, 

low-profile dials are available as 3-digit 10-turn models and in 4-digit 100-turn 

versions, with satin chrome or black finish. All models feature large, highly readable 

numerals ... positive braking action... and a handsome removable knob that 

conceals setscrews and permits access to pot shaft after mounting 

for fast accurate phasing. These Model 15 dials make natural 

companions for our popular Model 534 10-turn 
potentiometers. Send for data sheet or 

Short Form Catalog today. 

SPECTROL ELECTRONICS GROUP 

UNITED STATES Spectrol Electronics Corporation P o. Box 1220, City of Industry, Calif. 91749, U.S .A. • (213) 964-656s • TWX (910) 584-1314 
UNITED KINGDOM Spectrol Reliance Ltd. Drakes Way, Swindon, Wiltshire. England • Swindon 21351 • TELEX: 44692 

ITALY SP Elettronica SpA Via Carlo Pisacane 7, 20016 Pero (Milan) Italy • 35 30 241 • TELEX: 330091 

GERMANY Spectrol Electronics GmbH Oberauerstrasse 15. 8000 Munich 70 West Germany • (089) 7145096 • TELEX: 52/3014 

PUERTO RICO Spectrol Caribe Corporation Las Marias Industrial Park, Anasco, Puerto Rico • (809) 826-3012 • TELEX SCC PR 3452012 
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Sequence and insert radial lead 
devices fast and reliably. 
One of the last barriers to total automation of PC board assembly has fallen. 
In a single computer-controlled program, Universal's Model 6341 Radial 
Lead Component Sequence/Inserter sequences, feeds, orients and inserts 
capacitors, peaking coils, resin-mold transistors, and stand-up axial lead 
components. Your boards are filled reliably and accurately at a rate of 7,000 
insertions an hour. 

For greatest possible productivity, the Model 6341 can be equipped with 
Universal's new Pass-Thre automatic board handling system. This keeps 
the machine's X-Y table supplied with fresh boards while delivering 
assembled boards to a magazine loader. If the versatility and speed of the 
Model 6341 are more than you need, we can equip you with the 40-station 
3,600 an hour Model 6385. 

Ask your Universal sales engineer to show you our Radial Lead Insertion 
video tape, or send for literature on these remarkable new machines. 

""LniversaL Subsidiary of DOVER CORPORATION 

Universal Instruments Corporation • Box 825, Binghamton, New York 13902 • Tel: 607/772/7522 • T‘n/X: 510/252/1990 
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Products Newsletter  

Precision trimmer Vishay Resistive Systems Group of Vishay Intertechnology Inc. is ready to 
market a 1/4 -in. precision trimmer potentiometer at $2.92 each in 100-unit 

Po tentiometer quantities. The 1280 features a temperature coefficient of resistance of less 
sells for $2.92 than 15 ppmrC between —55° and + 125°C and can be set to within 

0.05%. The group in Malvern, Pa., says that the 1280 "has all the critical 
characteristics of a precision trimmer at an economical price." 

Digital scope The need to retain more data on the low-frequency phenomena that are 
investigated by digital storage oscilloscopes may be met with Gould Inc.'s 

stores four times OS 4020. The latest addition to its scope line, to be introduced in 
more data November by the firm's Cleveland, Ohio, instruments division, will feature 

a 4-K-by-8-bit memory that holds four times more waveform data than 
other portable digital scopes. It will be priced at about $5,500. 

Microprocessor 

prevents auto theft 

A microprocessor and a programmable read-only memory packed into an 
automobile's starter can protect the vehicle from theft. When activated, 
the Phantom system from Elpac Automotive Systems Inc. of Santa Ana, 
Calif., prevents engine startup unless the car's key is turned to the ignition 
position the number of times required by the unit's factory-programmed 
three- or four-digit code. Phantom sells to original-equipment manufac-
turers for $45 to $50 and retails for $299. 

Teledyne Philbrick Teledyne Philbrick claims that its version of the military-grade model of 
National Semiconductor's LH0032 operational amplifier, the model 

second-sources TP0032, has more consistent performance over the full temperature range 
military LH0032 of — 55° to +125°C. Though most specifications tally with the 

LH0032's, the TP0032 has typical power-supply and common-mode 
rejection ratios of 75 dB and a typical dc open-loop gain of 85 dB, versus 
about 60 and 70 dB for the original, says the Dedham, Mass., firm. The 
TP0032 costs about $50 in lots of 100 or more. 

National cuts National Semiconductor Corp., Santa Clara, Calif., is slashing prices as 
much as 45% on its microprocessor-compatible 8-bit analog-to-digital 

prices for 8-bit converters. For example, the ADC0806, an eight-channel multiplexing a-d 
a-d converters unit with a maximum error of 0.5 least significant bit is going from $17.95 

to $9.96 apiece in 100-piece quantities. Also, the ADC0801, a single-
differential converter with 0.25-LsB maximum error, is reduced from 
$16.90 to $12.25. 

NTC thermistors Monolithic ceramic negative-temperature-coefficient (NTc) thermistors 
have been developed by Sierracin/Western Thermistor, Oceanside, Calif., 

come in the form in two diameter ranges: 0.010 to 0.025 in. and 0.050 to 0.100 in. 
of ceramic chips Designed for a temperature range of — 50° to + 150°C, they feature 

sensitivities from — 3%/°C to + 0.7%/°C. They are available with toler-
ances of ±0.05°, ±0.1°, ±0.2°, ±0.5°, and ± 1.0°C. 
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Turrourruuís 
IFNI I. In to 
PHASE CONTROL 
& INVERTER 
POWER THYRISTORS 

As a dedicated manufacturer who understands  
we offer in-depth availability of Phase Control and 
Inverter Grade Thyristors covering an rms current 
range of 390 to 2400 Amps with VDRm ratings 
up to 2600 Volts. All products incorporate 

‘41,Center Amplified Gate Geometry 
with high di/dt, dv/dt characteristics an 
in the case of inverter devices, f 
switching times (down to 10 µSecs) 
meet all power conversion regui -

We can supply complementary 
Conventional and Fast Recove 
Power DIODES too 

Why not contact us 
for in-depth details. 

electronica 80 

FE Wu 
ELECTRONICS 
& ENERGY 
TECHNOLOGY 

MUNICH 
Hall 19 
Stand No 19055 

2352 UTAH AVENUE o EL SEGUNDO CALIFORNIA 90245 o TELEPHONE (213)675 9141 ci TELEX 664455 
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ltron Advanced Alphanumerics. 
They'll put your readouts upfront. 
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DIGIT SCANNING 
DECODER 

DIGIT 
COUNTER 

INTL RHATIOHAI RIPPISDMJIVII 
WES' GERMANY Neumuller GmbH. Eschonstr 2. 8021. Taullurchen. 
Munich Phone 089/6118-245 Telex. 522106 

FRANCE Europavia France. 5 Avenue Leon Harmel 92167 
Antony Cedex Phone 666-21-10 Telex 42204381 

UNITED KINGDOM ITT Meridian. West Road. Harlow. Essex CM20 
28P. Phone 0279-35351 Telex. 817202 

SWEDEN'. AB Nordqvist & Berg. Box 9145 S-10272. Stockholm 
Phone 08-690400 Telex 10407 

DENMARK. E V Johanessen Elektronik A-S. Titagade 15-2200. 
Copenhagen Phone' 01/839022. Telex. 16522 

HONG KONG Phone. 5-232420 TAIPEI Phone. 351-0293. 
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With itron's evolutionary 14-segment and dot matrix alpha-
numeric displays, your readout designs are sure to be front-
runners everytime. They're offered in a wide selection of 
character heights from 5 mm to 15 mm, and character counts 
that range from an 8-character 14-segment mini-package 
array, all the way up to the unique 240 character, 5 x 7 dot 
matrix (6 line x 40 characters/line) plug-in panel—and even 5 
x 12 dot matrices for upper/lower case fonts. 

Their long-term field-proven reliability, even under severe 
environments, further enhance their desirability for most 
every application where bright, easy-to-read legibility (even at 
a distance and under high ambient light), wide viewing angles 
and flat-glass simple-to-mount 
packages—plus low voltage and 
low current-drain are paramount. 
So, since brevity is called for, con-
tact us to find out all the parti-
culars on how to put your read-
out designs in the forefront with 
itron's Advanced Alphanumerics. 

e 

FLUORESCENT DISPLAYS 
Patented and Manufactured by 
ISE ELECTRONICS CORP 

NORITAKE ELECTRONICS, INC. 
EASTERN OFFICE: 41 Madison Avenue, New York. NY 10010 • (212) 481-3440 • Telex: 12-5469 
CENTRAL OFFICE: 16250 Northland Drive. Southfield. MI 48075 (313) 569-0088 
WESTERN OFFICE: 22410 Hawthorne Boulevard, Torrance. CA 90505 • (213) 373-6704 • Telex: 67-4910 

Nortrun COMPANY, LIMITED 
JAPAN: 1 - 1. Noritake-Shinmachi. Nishiku. Nagoya-Shi • (052) 562-0336 • Telex: J59738 
EUROPE: Burotel Belgium SA. Rue de la Presse 3-5, 1000 Bruxelles • (02) 217-83-60 • Telex: 4626962 

e. 
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ELECTRONICS ENGINEERING FOR 
PROFESSIONAL ENGINEERS' EX-
AMINATIONS. By C. R. Hafer. 336 
pp., more than 200 illus. Actually 
two books in one—a quick prepara-
tion manual to help you pass your 
RE. exams on the first try and a 
rich source of practical electronics 
engineering information and 
know-how. 
254/303 Pub. Pr.. $19.50 Club Pr., $15.50 

ELECTRONICS ENGINEER'S HAND-
BOOK. Editor-in-Chief, D. G. Fink. 
2,104 pp., 2,026 illus. Huge in 
every sense. this instant-reference 
volume gives you every latest es-
sential in the field. 2,100 formulas 
and equations, a 2,500-item bibli-
ography, and every illustration you 
need to clarify all of modern elec-
tronics! 
209/804 Pub. Pr., $57.50 Club Pr., $40.50 

ELECTRONIC DISPLAYS. By E. G. 
Bylander, Texas Instruments In-
corporated. 172 pp., illus. The 
book describes current electronic 
displays by family types, discus-
sing their operation, application, 
and circuit requirements. You 
cover photometry and contrast en-
hancement, together with such 
critical components as mounts and 
drives, interface requirements, 
and other necessary engineering 
information. 
095/108 Pub. Pr., $24.50 Club Pr.. $18.50 

HANDBOOK OF ELECTRONICS 
CALCULATIONS FOR ENGINEERS 
AND TECHNICIANS. Edited by M. 
Kaufman and A. H. Seidman. 653 
pp., 725 illus. This first com-
prehensive tool of its kind includes 
hundreds of worked-out problems 
in analog and digital circuits. In-
cludes more than 700 diagrams, 
curves, tables, and graphs. 
333/920 Pub. Pr.. $24.50 Club Pr., $18.95 

MICROCOMPUTER-BASED DE-
SIGN. By J. B. Peatman. Expanded 
4th printing. 604 pp., over 400 
photos and other illustrations. Do 
all your best day-to-day designs, as 
well as your supercreative and spe-
cial designs, around the new mi-
crocomputers and the specific 
"how to" help you get here! 
491/380 Pub. Pr., $28.95 Club Pr., $20.95 

MICROPROCESSORS/MICROCOM-
PUTERS/SYSTEM DESIGN, By 
Texas Instruments Learning Center 
and the Engineering Staff of Texas 
Instruments Inc. 634 pp., illus., 
outsized 71/4  x 10 ,/o format. This 
practical, authoritative guide de-
tails the versatile, proved-in-action 
methods and technical features of 
the 9900 minicomputer architec-
ture that can be employed to create 
outstanding products and sys-
tems. 
837/580 Pub. Pr., $24.50 Club Pr.. $19.50 

BUY ONE of these 
great professional books when 

you join McGraw-Hill's 
Electronics and Control 

Engineers' Book Club 

and GET ONE FREE 
(values up to $62.50) 

Choose any one of these books at 
the special Club discount, and 
select any other as your gift 
free-of-charge when you enroll! 

HANDBOOK OF OPERATIONAL 
AMPLIFIER CIRCUIT DESIGN. By D. 
F. Stout; edited by M. Kaufman. 
434 pp., 223 illus. Compact, con-
cise, highly concentrated, and con-
taining a storehouse of informa-
tion, this one-stop volume will help 
you quickly solve any op amp circuit 
problem! 
617/910 Pub. Pr.. $31.50 Club Pr.. $20.50 

PRINTED CIRCUITS HANDBOOK, 
2/e, By C. F. Coombs, Jr. 256 pp., 
327 illus. Blueprints every impor-
tant phase of printed circuitry. 
Provides the information you need 
to establish a production facility 
and control the processes. A virtual 
encyclopedia in the field, five 
major sections cover engineering, 
fabrication, assembly, soldering, 
and testing. 
126/089 Pub. Pr.. $32.50 Club Pr., $24.50 

TRANSISTOR CIRCUIT APPROXI-
MATIONS, 2/e. By A. P. Malvino. 
371 pp. Makes your arrival at an 
ideal solution to problems in your 
transistor work much easier than 
you ever dreamed! Using the "ideal-
ize and improve" approach, the 
book shows you how to arrive at a 
working degree of accuracy in the 
shortest time. All transistor top-
ics—from power supplies and 
linear ICs to types of coupling, 
JFETs. and MOSFETS—are cov-
ered. 
398/780 Pub. Pr., $15.95 Club Pr., $11.95 

INTRODUCTION TO RADAR SYS-
TEMS, 2/e, By M. I. Skolnik. 698 
pp., 244 illus. This new edition of a 
widely used text on radar from the 
systems engineer's point of view 
brings you full discussions of the 
many major changes that have oc-
curred in the field recently. 
579/091 Pub. Pr., $34.95 Club Pr., $27.95 

MICROELECTRONICS: Digital and 
Analog Circuits and Systems. By 
J. Millman. 881 pp., 700 illus. This 
giant book takes you step by step 
from a qualitative knowledge of a 
semiconductor, to an understand-
ing of the operation of devices, and 
finally, to an appreciation of how 
these are combined to form mi-
croelectronic chips. 
423/270 Pub. Pr. $28.95 Club Pr.. $22.50 
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ELECTRONICS and CONTROL 
ENGINEERS' BOOK CLUB 
MEMBERSHIP ORDER CARD 

Please enroll me as a member and send me the two books 
indicated, billing me for my first selection only at the dis-
counted member's price, plus local tax, postage and han-
dling. If not satisfied. I may return the books within 10 days 
and my membership will be canceled. I agree to purchase a 
minimum of 3 additional books during the next 2 years as 
outlined under the club plan described in this ad. Member-
ship in the club is continuous but cancelable by me any time 
after the four book purchase requirement has been fulfilled 

Write Code of 
FREE selection here 

Write Code # of 
FIRST selection here 

Orders from outside the U.S. must be prepaid with 
international money orders in U.S. dollars. 

Signature 

Name   

Address 

City, State. Zip   

This order subject to acceptance by McGraw-Hill. All prices 
subject to change without notice. Offer good only to new 
members. A postage and handling charge is added to all 
shipments. 

ELECTRONICS and CONTROL 
ENGINEERS' BOOK CLUB 
MEMBERSHIP ORDER CARD 

Please enroll me as a member and send me the two books 
indicated, billing me for my first selection only at the dis-
counted member's price, plus local tax, postage and han-
dling. If not satisfied. I may return the books within 10 days 
and my membership will be canceled. I agree to purchase a 
minimum of 3 additional books during the next 2 years as 
outlined under the club plan described in this ad. Member-
ship in the club is continuous but cancelable by me any time 
after the four book purchase requirement has been fulfilled. 

Write Code # of 
115 

Write 
FREE selection here  FIRST 

Orders from outside the U.S. must be prepaid with 
international money orders in U.S. dollars. 

Signature   

Name  

Address   

City. State. Zip   

This order subject to acceptance by McGraw-Hill. All prices 
subject to change without notice. Offer good only to new 
members. A postage and handling charge is added to all 
shipments. 
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BIT-SLICE MICROPROCESSOR DE-
SIGN. By J. Mick and J. Brick. 320 
pp., 230 illus. All in one place-the 
crucial information you've been 
needing about the 2900 family of 
bit-slice microprocessor compo-
nents! A remarkable "first," this 
book designs right before your eyes 
not just one but two complete 
16-bit machines! 
417/814 Pub. Pr., 118.50 Club Pr., $14.50 

MICROCOMPUTER INTERFACING. 
By B. Artwick. 352 pp., illus.. 7 x 
914 format. Here's your passkey to 
trouble-free, low-cost interfacing! 
The book gives you the data and 
describes the techniques you need 
to conceptualize, select, mate and 
match, build, and interface micro-
computer systems-no matter 
what the application. 
789/436 Pub. Pr.. $18.95 Club Pr.. $14.95 

ELECTRONICS DESIGNERS' HAND-
BOOK, 2/e. Edited by L. J. Giaco-
le t to . 2,344 pp., 1,686 illus. Now 
doubled in size and with 90% of its 
material new, this famous classic 
(first edition by Landee, Davis, Al-
brecht) has been thoroughly re-
vised and updated to give you not 
only the how and the why of all your 
design work but also the how much 
of every design step you take! 
231/494 Pub. Pr.. $62.50 Club Pr.. $46.50 

Why YOU should join now! 

standard 
g Handbook 
4sbk.h, for 

Eiectrica. 

INTRODUCTION TO THE THEORY 
AND DESIGN OF ACTIVE FILTERS. 
By L. R Huelsman and R E. Allen. 
430 pp., illus. Once you add active 
filter design to your repertory of 
specialties, you'll possess a skill 
that's in great demand today. 
Here's one of the best texts we 
know on the theory, design. appli-
cation, and evaluation of modern 
active filters and the various tech-
niques used today. 
303/543 Pub. Pr., $25.95 Club Pr., $19.95 

PHASELOCK TECHNIQUES, 2/e, By 
F. M. Gardner. 285 pp., illus. This 
edition of the standard working 
reference shows you not only better 
methods of analysis and better 
procedures for deciding on loop pa-
rameters, but also the circuits and 
the results. 
582029-3 Pub. Pr.. $21.58 Club Pr., $16.95 

SEMICONDUCTOR DEVICES AND 
INTEGRATED ELECTRONICS. By A. 
G. Milnes. 816 pp., 605 illus. The 
main secret of this book's quick 
and tremendous success with en-
gineers is the way its logical group-
ing and handling of the material 
builds and strengthens your in-
depth grasp of the subject, plus its 
real-world application of just the 
right amount of theory. 
789/487 Pub. Pr., $26.50 Club Pr., $20.95 

ELECTRONIC COMMUNICATION, 
4/e. By R. L. Shrader. 801 pp., 870 
illus. This thoroughly updated edi-
tion offers all the theory and fun-
damentals you need to prepare 
yourself for the FCC commercial 
and amateur grade license exami-
nations-and pass them the first 
time! 
571/503 Pub. Pr., $19.50 Club Pr., $15.50 

DESIGN OF SOLID-STATE POWER 
SUPPLIES. 2/e. By E. R. Hnatek. 
640 pp., illus. A total revision and 
expansion of an essential, ready-
to-use sourcebook on the design of 
power supplies, particularly of the 
switching variety. Incorporates the 
latest developments in the field 
while emphasizing the how-to help 
designers want. 
582054-4 Pub. Pr., $27.50 Club Pr., $21.50 

STANDARD HANDBOOK FOR 
ELECTRICAL ENGINEERS, 1 1/e. By 
D. G. Fink and H. Beaty. 2,448 pp., 
1.414 illus. Today's most widely 
used source of electrical engineer-
ing information and data serves 
you as no other single work when 
you need detailed, timely, and reli-
able facts and how-to on the gener-
ation, transmission, distribution, 
control, conversion, and applica-
tion of electric power. 
209/148 Pub. Pr., $54.50 Club Pr., $41.95 
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• BEST BOOKS IN YOUR FIELD-Books are selected from a wide range of 
publishers by expert editors and consultants to give you continuing 
access to the latest books in your field. 

• BIG SAVINGS-Build your library and saw money too! We guarantee 
savings of at least 15% off publisher;' list prices on every book. Usually 20%, 
25%, or ewn higher! 

BONUS BOOKS - You ‘vill immediately begin to participate in 
our Bonus Book Plan that allows you savings between 70-80% off 
the publisher's price of many bUoks. 

• CONVENIENCE-14 times a year vou receive the Club Bulletin FREE, 
fully describing the Main Selection aird alternate selections, fowl her with 
a dated reply card. If you want the Main Selection, you simply do 
nothing- it will be shipped automatically. If you want an alternate selec-
tion -or no book at all -you simply indicate it on the regular reply card 
and return it by the date specified. You will have at least 10 days to decide. 
If, because of late mail delivery of the Bulletin you should receive a book 
you do not want, just return it at the Club's ex-pense. 

As a Club member, you agree only to the purchase of four books 
(including your first selection) over a two-year period. 
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Be sure to 
consider these 
important 
titles as well! 
DIGITAL FILTERS. By A. Antoniou. 
021/171 Pub. Pr.. $26.95 Club Pr., $20.50 

HANDBOOK OF ELECTRONIC SYS-
TEMS DESIGN. By C. A. Harper. 
206/1132 Pub. Pr. 539 50 Club Pr.. $29.50 

ELECTRONICS DICTIONARY, 4/e. By 
J. Markus. 
404/313 Pub. Pr., 524.50 Club Pr., $19.511 

ENGINEERING FUNDAMENTALS 
FOR PROFESSIONAL ENGINEERS' 
EXAMINATIONS, 2/e. By L. M. 
Polentz. 
503/1100 Pub. Pr.. $22.50 Club Pr., $16.95 

ENGINEERING MATHEMATICS 
HANDBOOK, 2/e. By J. J. Tuma. 
654/2911 Pub. Pr.. $24.95 Club Pr., $19.95 

RADIO HANDBOOK, me. By W. Orr. 
772/630 Pub. Pr.. $21.50 Club Pr.. $16.60 

TRANSFORMER AND INDUCTOR 
DESIGN HANDBOOK. By W. T. 
McLyman. 
718/755 Pub. Pr.. $35.00 Club Pr.. $26.30 

CRYSTAL OSCILLATOR DESIGN AND 
TEMPERATURE COMPENSATION. 
By M. E. Frerking. 
7114/973 Pub. Pr., $10.95 Club Pr.. $14.95 

NATIONAL ELECTRICAL CODE 
HANDBOOK, 16/e. By J. F. McPart-
land. 
456/909 Pub. Pr., $19.95 Club Pr.. $14.50 

NOISE REDUCTION TECHNIQUES IN 
ELECTRONIC SYSTEMS. By H. Ott. 
769/630 Pub. Pr.. $27.95 Club Pr.. $20.95 

MAIL THIS COUPON TODAY 

NtrGratx -Hill Book Clubs 

Electronics and Control Engineers , 
Book Club 

BO. Box 582, iiightstown, New Jersey 08.520 

Please enroll me as a nwnsher and send me Iln• two 
books indicated. billing mi. Ir r nw first select inn only 
at the disc llllll juice, plus local 
postage and handling. It nut satisfied. I may return 
the books within 10 days and my membership will he 
canceled I agree to purchas, u minim lllll of 3 addi-
tional lu inks during the nest 2.Vudrs as outlined under 
the club plan ilimiibed in this ad. Membership in the 
club is continuous but cancellable by me anytime 
after the four book purchase requirement has been 
fulfilled. 

U'rill• Lode # of 
1.111.Fsslr'n'ljrnun lieue' 

%Mite Code # of 
1311.1' NvIertion liii r' 

Orders from outside the t trust be priipaid %vit lu 
international  ey orders in 'S. dollars. 

Signature  

Name   

Address   

City   

ite  Zip   

This order subject to acceptance by McGraw-Hill. All 
prices subject to change without notice. Offer g  
only to new members. A postage and handling charge 
is :lidded to all shipments. 
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Are your products 
Aehr conditioned? 

ram 

1 

V11101113 

Functional test during burn-in saves money 
in test time and product reliability. 
Aehr Test Systems, a leader in dynamic burn-in systems, has 

designed a new product line of functional tester/burn-in systems. 
These systems can utilize the necessary burn-in cycle to generate' 
all combinations of patterns without the concern for shortening 
test times as is the case with memory testers. 

Device outputs are continuously monitored and errors are 
datalogged. This permits the detection of soft errors in real time and 
accurate analysis of the mean time to failure never before available. 

For more information on these or our standard dynamic burn-in systems contact. 

/HR AEHR TEST SYSTEMS 
160 CONSTITUTION DRIVE • MENLO PARK • CALIFORNIA 94025 

PHONE: (415) 321-1580 • TWX: (910) 373-2040 
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records your data at the 
world's highest resolution and 
fastest speed on color film. 

Today the world is looking to 
CELCO for answers to the problems 
arising in the exciting field of color 
graphic arts. And now you can create 
your own color slides on THE CELCO 
MACHINE. CELCO's High-Speed, 
High-Resolution Color Film Recorder. 

The CELCO MACHINE provides 
rapid production of high resolution 
color film from 16mm to 105mm. 4 x 5 
and 8 x 10 inch color Polaroid is also 
available for instant monitoring. 

CELCO MACHINES in the field 
are now producing over 180 (35mm) 
color slides per hour, 24 hours per 
day. day after day, month after month, 

eqf 

year after year. At 4600 line resolution 
and in less than 20 seconds per slide. 
For black and white requirements, 
THE CELCO MACHINE provides even 
faster speeds and higher resolution. 

Unequalled performance. In an 
independent survey for the U.S. 
government, THE CELCO MACHINE 
was shown to provide the highest 
resolution and speed of all the laser 
and CRT film recording systems 
available in the world. Think what this 
can mean in savings alone to your 
organization. Instant data manage-
ment from your own computer-
generated image data. 

Picture your imaging require-
ments on THE CELCO MACHINE. 
Whatever the demands of your unique 
software for business slide genera-
tion, CAD/CAM applications, Landsat, 
animation, microfiche and micro-
publishing. Or for other applications 
... from architecture and design to 
city planning. You can record it on 
color film on THE CELCO MACHINE. 

Send for our colorful and de-
tailed data brochure. Or call Paul 
Constantine, Vice-President, at 
201-327-1123 in Mahwah, NJ for im-
mediate information on THE CELCO 
MACHINE for YOU. (CELCO Pacific 
Division: 714-985-9868) 
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Leaders in 
Electronics 

The only reference devoted solely 
to biographies of the most 
influential people in electronics 

• corporate executives • technical 
managers • designers/developers • 
government and military officials • 
academics • consultants • editors/ 
publishers • trade/professional 
group directors • securities analysts 

Plus an 80-page index of biogra-
phees by affiliation, including 
independent consultants in every 
electronics specialty. 

Prepared by the staff of Electronics 
magazine. 5,240 biographies. 651 
pages, clothbound. $39.50 

Electronics Magazine Books 
PO. Box 669. Hightstown, NJ 08520 

Send me... 

copies of Leaders in Electronics @ 
$39.50 plus applicable sales tax. McGraw-Hill 
pays regular shipping and handling charges on 
pre-paid orders. 

I must be fully satisfied or you will refund full 
payment if the book is returned after ten-day 
trial examination. 

: Payment enclosed 1_ Bill firm Bill me 

Charge to my credit card: : American Express 
Diners Club : ' Visa Master Charge 

Acct No. Date Exp 

On Master Charge only. 
first numbers above name 

Name 

Company 

Street 

City State Zip 

Signature 

Career outlook 

Government fellowships. The Nation-
al Science Foundation plans to 
award nearly 550 fellowships in the 
spring of 1981 for advanced study to 
help meet the continuing national 
need for qualified scientific person-
nel. Included will be 400 graduate 
fellowships, 50 minority graduate 
fellowships, 50 postdoctoral fellow-
ships, and 50 North Atlantic Treaty 
Organization postdoctoral fellow-
ships. Application materials for all 
programs are now available. 
Open to all qualified citizens and 

nationals of the U. S., the awards 
will be made on the basis of merit in 
all fields of science, including inter-
disciplinary and multidisciplinary 
areas. The application deadline for 
the graduate fellowships is Nov. 26, 
1980, and for the postdoctoral, Nov. 
3,1980. 

For more information on the three 
NSF fellowships, write to the Fellow-
ship Office, National Research 
Council, 2101 Constitution Ave. 
N. W., Washington, D. C. 20418. 
For the NATO fellowship, write to 
the NATO Fellowship Program Of-
fice, Division of Scientific Personnel 
Improvement, National Science 
Foundation, Washington, D. C. 
20550, or call (202) 282-7154. 

Computers and the law. A special 
two-issue set of the Computer/Law 
Journal will be published in early 
1981, and a call for papers has been 
issued. The set, "Law and Informa-
tion Policy," will contain papers on 
all areas of information processing, 
from the legal aspects of fact gather-
ing to those of information storage, 
retrieval, and transmission. Topics 
include privacy, protection of data 
bases, cryptography, and antitrust 
polices in the telecommunications 
industry. Articles about internation-
al information law and policy are of 
particular interest. 

Authors who wish to submit 
papers should write to Dr. Jon Bing 
at the Norwegian Research Center 
for Computers and Law, Oslo Uni-
versity, Karl Johans Gt. 37, Oslo 1, 
Norway; or to Michael Scott, Edi-
tor-in-Chief, Computer/Law Jour-
nal, 530 West Sixth St., 10th floor, 
Los Angeles, Calif. 90014. 

Hybrid tutorial. For those able to 
attend the International Society for 
Hybrid Microelectronics technical 
symposium later this month in New 
York who have no solid grounding in 
hybrid technology, a one-day course 
is being offered. Aimed at execu-
tives, engineering professionals, 
technicians, and students, "Introduc-
tion to Hybrid Technology" will give 
a fundamental understanding of the 
field. 

Robert J. Ost, hybrid technology 
group leader for the Sperry division 
of Sperry Corp., Great Neck, N. Y., 
will outline what is currently avail-
able in production equipment, mate-
rials, and components, as well as the 
latest assembly and quality assur-
ance techniques in both thick- and 
thin-film microelectronics. Emerging 
technologies will also be covered. 
Enrollment will be limited to 120 

people; the registration fee for the 
tutorial is $30 per person or $15 for 
full-time students. The course will be 
held on Oct. 21, from 9:00 am until 
5:00 pm. Additional information is 
available by writing ISHM Head-
quarters, P. 0. Box 3255, Montgom-
ery, Ala. 36109, or by calling (205) 
272-3191. 

Considering the ergonomics. A spe-
cial session at the Eastern Design 
Engineering Conference—to be held 
this year Oct. 28-30 at the New 
York Coliseum—will focus on the 
relationship between machines and 
the people who operate them. En-
titled "The Human Factor in De-
sign," there will be four presenta-
tions in the session: "Human Factors 
Considerations in Computer-Aided 
Design of Mechanical Parts," "Inte-
grating Human Factors Engineering 
into Product Design: A Case Study," 
"Practical Applications of Human 
Factors Engineering," and "Human 
Factors in Control System Design: 
From Simple Machines to Large 
Processes." 

For more information on this ses-
sion, or on the conference, write to 
Clapp & Poliak Inc., 245 Park Ave., 
New York, N. Y. 10017. 

Cryptology as a practiced art. The 
need to protect data by coding or 
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For switching power su siles the 
evidence is conclusive, ere a 
filter capacitance of 50 m or I 
will do, metallized polyprop e 
(film) capacitors far surpass electro-
lytics in impedance characteristics. 

100 000 

[ 
10.000 

E I 
1,000 

100 
< . 
u 

”" MEDIUM GRADE 
ELECTROLYTIC (typ) 

1 10 100 1,000 10,000 
ESR (rnallohms) 

TRW-35 VS. ELECTROLYTIC ESR LIMITS 

Here's why: 
At resonance, ESR for a film 

capacitor is less than one-tenth that 
of an electrolytic. The film's 

Circle 259 on reader service card 

capacitance won't dwindle at higher 
switching rate frequencies, so you 
can design with a lower value cap. 

With a constant 2 amp ripple 
current, a film cap will cut l'R 
losses—by orders of magnitude. 
Its current-carrying capacity is 
greater, so paralleling is usually not 
required. And ripple voltages are 
significantly less. 

Film caps can be round or flat— 
you gain design versatility. And weight 
reduction: 16 grams/cu. in. vs. 26 
for electrolytics. The bottom line: 
maximum current, minimum size and 
minimum loss. 

At TRW, we're past pioneering 
a superior concept. We're delivering 
a buttoned-down product: the 
TRW-35 film capacitor is available 
now for input/output filtering in your 
state-of-the-art SPS design. 

And, in addition, we offer a 
complete custom film package for 
your specific needs in the 40KHz 
and above SPS range. 

Get the evidence in hand—send 
for the TRW-35 data sheet. And we'll 
provide you a reprint of the technical 
article that triggered the switch to 
a new SPS technology. 
Send in coupon or call us at 
(308)284-3611. 

TRW Capacitors 
An Electronic Components Division of TRW Inc 
301 W. -0" Street. Ogallala, Nebraska 69153 

Please send data on your SPS Capacitors. 

Name 

Company 

Doi/ Dept Mad Code 

Adeess 

City 

State Z•i3 

E-10 

TRW CAPACITORS 
ANOTHER PRODUCT OF A COMPANY CALLED TRW 



MULTIPLE OUTPUT SWITCHER 

$9600 
MODEL 4027-2 
5V @ 4A, ±12V @ 0.4A 
(other output 
voltages available) 

SINGLES 
(OEM discounts available) 

• Up to four outputs, 30 watts, 
0.1 to 0.5% Regulation 

• True off-the-line switcher 

• Wide input voltage range 
90-130 VAC/180-260 VAC 

• 75% efficiency 

• 16 oz. total weight 
• No heat sink required 

• RFI filtering 

• Alternate source for 
Conver 2000, 2000/I and 
Bochert OL-50 

SEND FOR NEW POWER SUPPLY HANDBOOK 
3 t POWER 152 Will Drive, Canton, Ma. 02021 
GENERAL Tel. 617-828-6216 

TWX: 710-348-0200 
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SOLID STATE 
TEMPERATURE 

MONITORING DEVICES 
MOXIE AND TFT 

• TCR slopes from 4% to 300%/CC 
• Temperature range —20°C to + 140'C 
• 1% precision tolerance available 
• High reliability, excellent lifetime stability 
• Direct device to device interchangeability 
• Fast thermal response Time (approx. 
.5 sec) 
• Standard TO-18 and TO-92 packages 

CANADIAN THERMOSTATS AND 
CONTROL DEVICES LTD. 

8415 Mountain Site Avenue 
Montreal P.O. H4P2B8 

(514) 739-3274 TELEX 05-25277 

Also manufacturing a complete line 
of bi-metallic switching devices 

CALLS From indep Reps Invited 

111111MIM 

IN-PLANT 
OFFICES 

Design Space International has 
gained leadership by being first 
where it counts. 

In-plant singles and multiple units 
respond to the changing needs of 
business. Need a guard house, 
in-plant office, inspection room, first 
aid station, locker room or a quiet 
place in a noisy plant, etc.? DSI offers 
a wide range of 8, 10 and 12 foot 
wide units. 

For free brochure and additional 
information. 

Name   

Address 

Title 

Company   

City   State  Zip 

Telephone/Area Code 

Call toll-free In Pennsylvania 
800-523-7918 215-581-0400 

DESIGN SPACE 
INTERNATIONAL 

PO Box 7100, Bala Cynwyd, PA 19004 

1.1 1.11 MI la Me 

Career outlook 

ciphering is becoming more neces-
sary as computer crime escalates. A 
one-day seminar for executives and 
managers responsible for data pro-
cessing, telecommunications, corpo-
rate operations, security, or planning 
is being given Oct. 20 in Los Angeles 
and Nov. 10 in Palo Alto, Calif. 
"Cryptology and Data Security" is 
normally a three-day seminar, but 
this shortened version is intended to 
give the executive a perspective on 
the types of threats companies are 
facing in these areas, the counter-
measures that may be taken, and the 
costs of these measures. 

For more information, write to 
Hellman Associates, 299 California 
Ave., Palo Alto, Calif. 94306, or 
phone (415) 328-4091. 

Prototyping the future. For those 
design engineers who cannot wait to 
begin prototype work on Intel 
Corp.'s soon-to-be-available family 
of single-chip microcomputers made 
with its HMOS technology, the EM-
51 emulation board is now being 
offered. The functional and electri-
cal equivalent of the 8751, the EM-
51 may also be used for development 
work calling for the 8051 and 8031 
microcomputers. 
The board plugs directly into the 

8751 sockets without a cable. It 
includes sockets for 2716 or 2732 
erasable programmable read-only 
memories, which substitute for the 
on-chip memory during prototyping. 
The EM-51 sells for $950, with 

delivery in six to eight weeks. For 
more information, write to Intel 
Corp., 5200 N. E. Elam Young 
Pkwy., Hillsboro, Ore., 97123. 

Boston job fair. A specialized career 
open house for technical and profes-
sional people in the fields of elec-
tronics and commercial data pro-
cessing will be held in the Boston 
area, Oct. 27-28, at the Northeast 
Trade Center. More than 50 compa-
nies are expected to participate. 

Contact Jim Peck, Managing Di-
rector, Technical Job Mart, North-
east Trade Center, 100 Sylvan Rd., 
Woburn, Mass. 01801, or call him at 
(617) 935-8090, for more informa-
tion. 
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WHY NEW YORK 
IS A SOLID STATE 

FOR THE o 
ELECTRONICS • 
INDUSTRY_ 

Look at what New York 
State offers the electronics in-
dustry, and you'll agree: It's 
more profitable to do business 
in New York State. 

It costs less 
to do business in 

New York State sites 
than in San Jose, California. 

And we can prove it. 
An independent study ana-

lyzed the four critical costs of 
taxes, wages, power and con-
struction for a model new elec-
tronics firm. It showed that 
New York State offers sites 
where these costs are less than 
they are for choice electronics 
industry sites around the 
country. 

For example, these costs 
would total $7.6 million annu-
ally in San Jose, versus only 
$6.4 million in, say, Brook-
haven, New York. 

New York has the best 
business advantages 

in America. 
Our costs are lower because 

we have the best tax incentives 
and credits. We have on-the- job 
training and job incentive 
programs. Long-term, low-cost 
financing. And, we've cut per-
sonal and business taxes by 

$2 billion per year. 
Our labor force is 
#1 in productivity. 

New York ranks #1 in elec-
tronic components productivity 
(value added per production 
wage dollar) among the sites 
analyzed. And in the past five 
years, New York's number of 
idle man-days due to work stop-
pages was half that of the na-
tional average. 

We graduate more 
electronics engineers than 

any other state. 
Thanks to universities like 

RPI and Cornell —and dozens 
of other fine colleges —more 
electronics engineers are grad-
uated each year in New York 
State than any other state in-
cluding California or Massa-
chusetts. And since many of 
the largest electronics firms are 
already doing business here — 
GE, IBM, to name only a 
couple —our graduates are 
quickly turned into seasoned 
professionals. 

When you look 
into New York, 

you'll love New York. 
We have an abundance of 

electric power. Lots of afford-

able housing for your employees. 
And our 30 million acres in-
clude thousands of available 
plant sites. Not to mention 
some of the most magnificent 
outdoors and year-round 
recreation on the American 
continent. 

Tell me more about why New York is a 
solid state for business. lam particularly 
interested in information on: 

0 Electronic Components 
D Small Computers 
D Semiconductors 

William D. Hassett, Jr. 
Commissioner of Commerce 
New York State Dept. of Commerce 
230 Park Avenue 
New York, New York 10169 

Name  
Title  
Company Name  

Address  
City  

7ip  

MSEl 

NEW YORK STATE. 
The best place in the world 
to do business. 



Hardware 
Engineers 
and 
Software 
Engineers: 

MIR 
YOUR 
RESERVATION 

Take your place with the Strategic Systems 
Division engineering staff. In 1981, we'll be 
occupying a new 300,000 square foot design 
and development facility in Westborough, 
Massachusetts. This suburban location, con-
veniently close to Boston, will be the new 
home of the talented professionals responsi-
ble for the MX C3 and Minuteman programs. 

Our MX C3 program, as well as the continu-
ing development of the Minuteman System, 
is creating new roles for those who are 
capable and ready to accept them. MX C3 
will involve the world's largest fiber optic 
cable network, over 15,000 Kilometers; a 
radio communications system incorporating 
over 600 VLF, MF, HF, VHF, UHF and SHF 
radios; a hierarchy of over 5000 computers; 
and one of the largest software communica-
tions networks ever developed. 

By joining us now, you reserve your place in 
a program that offers all you're looking 
for...and more. 

You're looking for the excitement-charged at-
mosphere of a really new project? Our MX 
program is venturing into advanced areas 
most engineers only read about. The term 
"state-of-the-art" takes on new meaning 
here. 

You want flexibility? You can work in any or 
all of the areas listed below, as your in-
terests change. We'll give you the freedom 
to explore every function, every discipline, 
every one of your strengths. 

You like the visibility of a small work en-
vironment? Our engineers cluster in balanced 
teams, for maximum creative interaction. 
Those who join us now will always play a 
crucial role in our activity. 

You're looking for technical growth? The in-
tense involvement, front end development, 
advanced techniques, and exceptional talent 
associated with this program make one or 
two years here worth many times that 
anywhere else. And to enhance ytur growth 
you can participate in in-house training and 
instructional programs. 

You want a rewarding lifestyle? Our salary 
and benefits progam is highly competitive 
and our location offers all the attractions... 
the educational, the cultural, the recrea-
tional amenities that New England and the 
Boston area in particular are famous for. 

If you have what it takes, you're already in-
terested. So make your reservation now to 
join us...GTE's Strategic Systems Division. 
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Hardware Engineering 
You will have your choice of assuming a leader-
ship role and direct the efforts of other profes-
sionals or if you prefer, you can be a major 
individual contributor in one, or more of the 
following areas: 

• Distributed Processing 
• Modems 
• Data and Voice Multiplexing 
• Switching 
• Microprocessor Hardware and Firmware Design 
• Power Supply Design (High-Efficiency, 
Switching) 
• Analog Design 
• Frequency Synthesizers 
• Digital Radio 
• Digital Signal Processing 
• Fiber Optics Interfaces 
• Electronic Surge Arrestors 
• Display and Control 
• Telephone Switching 
• I/O Controller Design 
• Antenna Design: VLF-SHF 
• Equipment Integration 
• COMSEC Interface 

State-of-the-art development involvement will 
include: 

• Timing Analysis 
• Synchronization Techniques 
• Worst Case Analysis 
• Computer-Aided Design 
• Circuit Simulations 

We're seeking the hardware professional with 
between 2 and 10 years experience in 
Analog and/or Digital circuit 
design or logic design. 

Systems (EEO 

You should have the technical depth to 
make you a strong leader or major contributor. 
You should be able to interpret system requirements, 
and translate them into viable implementation. 
Microprocessor design and firmware background 
would be a distinct asset. 

Software Engineering 
You will have your choice of working in one, 
some, or all of the following areas: 

• Real-Time Command and Control 
• Telecommunications/Computer Networking 
• Real-Time Simulation 
• Diagnostics/ATE 
• Operating Systems and Compilers 
• Microprocessor Development 

Your involvement will be in all phases of state-of-
the-art development: 

• Requirements Definition 
• Specifications 
• Design 
• Implementation 

You should have anywhere from 2 to 10 years ex-
perience, be a self-starter, with the relaxed at-
titude and sense of humor that works well with 
others, under pressure. Your background should 
include real-time software engineering, preferably 
with minis and micros. 

An equal opportunity employer 
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ENGINEERING MANAGER 
PRODUCT DEVELOPMENT 

To Become A Part 
Of Our Management Team. 

We are an advanced technology company with a 
substantial R & D Budget, dedicated to designing 
and manufacturing electro-mechanical systems for 
the military. Technology involves lasers, radar, navi-
gational systems & integration with weapons & de-
livery systems. 

We need a director for our applied R & D effort. The 
challenge is two fold. First, develop new products or 
advanced versions utilizing new combinations of 
state-of-the-art electronics. Second, perform busi-
ness planning with presentations to top manage-
ment & contractors, for a multi-million dollar 
program. 

This position is located in suburban St. Louis, 
reports to a senior vice president, and is a member 
of the Strategic Management Team. Salary will be 
around $50,000 depending on qualifications, plus 
substantial benefit package. 

The successful candidate will probably have a 
degree in EE, Physics, or ME. Experience will 
consist of 10 or more years designing military 
hardware involving advanced technology. 
Component or systems background is desirable. 
Specific experience with microprocessors com-
puters, software, lightweight mechanical devices, 
automatic test equipment, electronic warfare, and 
vehicles would be helpful. 

Please forward resume to P-2859, Electronics 
Class. Adv. Dept., PO Box 900, NY, NY 10020 

All replies will be received by our personnel 
consultants and none revealed without your per-
mission after a preliminary review of mutual 
interests. 

An equal opportunity employer. M/F 

NOINEERS b 
ELECTRONICS ENGINEERS, 
$60,000. Choice entry level to 
management positions imme-
diately available in Pennsyl-
vania & national locations. 
Reply in strict confidence to 
J. G. Weir, President, WEIR 
PERSONNEL SERVICES, 535 
Court St., Reading, PA 19603 
(215/376-8486). 

GROWTH POSITIONS, $22K-
$50K. 25+ yrs exp placing 
EE's nationwide. Many ex-
clusive clients. Design/Mfg/ 
Mktg/Mgmt. Reply to Gordon 
Hassell, V.P., LONGBERRY 
EMPLOYMENT SERVICE, 911 
Main Place, Niles, OH 44446 
(216/652-5871). 
'ELECTRONICS ENGINEERS, 
$18,000-$40,000. Suburban NJ 
and Nationwide. Numerous 
choice positions in co's util-
izing the latest State-Of-Art 
methods & equip in areas of 
data & telecommunications & 
navigation. Reply in confid-
ence to Jim Mann, VP/Eng, 
Suite 06, 8 Forest Ave., Cald-
well, NJ 07006 (201/226-
4555.) 

DESIGN ENGINEERS to $38K. 
Central Penna. & nationwide. 
Design connectors/terminals, 
microprocessors & controls. 
Reply in confidence to Z. A. 
Gonglewski, MECK ASSOC. 
PERSONNEL, 1517 Cedar Cliff, 
Camp Hill, PA 17011 (717/ 
761-4777). 

NATIONAL 
PERSONNEL 
CONSUL TANTS 

ENGINEERS TO 50K 
EXECUTIVES TO 100K + 

Were one of the leading technical 
recruitment firms in S.E. Mass. 
Our professional staff of ten spe-
cialists have specific choice 
career opportunities within 150 
mile radius of Boston—national 
opportunities also exist. Call 
collect or send your resume in 
strict confidence to John B. Ruck. 
V.P. Engineering, for a confi-
dential discussion. 

eareepA 
—Áhiociale5, inc. 
583 State Road 

P.O. Box 86 
North Dartmouth, MA 02747 

Area 617.997-3311 

SOFTWARE/HARDWARE 
SPECIALISTS 

We urgently need high technology 
Engineering & Data Processing can 
didates to be considered for superb 
career opportunities in multi-facets 
of microelectronics field. Hardware-
Computers/Datacom Eqpmt./Perf 
erals—Software—for varied micro• 
electronic computer systems, $23-
$45,000 range. Client companies 
nationwide—Hundreds of lob list 
irigs—Never a fee to an applicant. 
Contact CORPORATE RECRUITERS, 
Ste. 525, 2120 S. 72nd Street. 
Omaha, NE., 68124. 402/393-5515. 

Test 
Engineers 
RCA Avionics Systems, a leader in the 
commercial manufacture and development of 
radar related equipment, has an immediate need 
for Test Engineers. 

The individuals we seek will formulate, design 
and program automatic test systems for avionic 
products, as well as evaluate production test 
performance and automatic test equipment for 
radar (color displays) data navigation 
production. 

Join RCA for a leading compensation program 
and total benefit package that includes family 
life and health insurance, income savings plan, 
retirement plan and much more. Please send 
your resume in confidence to Randall Takahashi. 

RCA Avionics Systems 
Dept. E 
8500 Balboa Blvd. 
Van Nuys, CA 91409 

We are an equal opportunity employer. 

Solid State Research 
Group Leader 

Tektronix Laboratories has need for an experienced 
professional in the area of advanced silicon IC process 
technology. The individual will be responsible for 
contributing to and leading (5 to 10 engineers) a growing 
research effort in new materials and advanced IC 
structures and circuits. Primary focus will be high power 
laser processing techniques. Background must include 
significant R & D experience in all aspects of device 
oriented materials and processing. A well equipped 
research oriented IC cleanroom facility is available for 
R & D work as well as others for engineering 
development and manufacturing. We feel this position 
represents an excellent opportunity for someone to join a 
respected company that has been developing and 
manufacturing high performance custom IC's for over 
13 years in the Portland metropolitan area. 

For consideration, please call Gary Hecht at 
(800) 547-1164, or send resume to Gary Hecht, MS 55-033, 
Tektronix, Inc., P.O. Box 500, B-4, Beaverton, 
Oregon 97077. 

An equal opportunity employer m/f/he. 

Itictroni-x • 
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Í-.. At the new brazilian 
national telecommunication 

R & D centre several 
interesting development 

projects are now 
in progress. 

These projects 
are being 

carried out 
with 
the aid 

of 
international 
experts recruited 

(on contracts 
ranging 

from 2 months 

to 3 years) 
through the 
International 
Telecommunication 
Union — ITU. 

At present there 

are several openings 

for high level 

telecommunication 
specialists 

in the 
follow-

ing 

areas: 

UNIQUE 
OPPORTUNITY 

IN 
BRAZIL 

SPC TIME DIVISION 
SWITCHING 
• Electrical/mechanical packing 

UM System testing 

Software testing 

Special components 

Operation and maintenance 

System reliability 

Production 

Documentation 

Software documentation 

A minimum of 5 years experience with a major telecommunication 
industry and evidence of having completed at least one major 
switching product development in the field of speciality is required. 

SATELLITE COMMUNICATION 
• Design of Ground Control Equipment for Satellite communication 

A minimum of 5 years experience is required in system design 
of GCE and SCPC/FM equipment. 

ENGINEERING SERVICES 
II Semiconductor component reliability 
• Technical documentation 

The right men will have experience in both setting-up and running 
respective laboratories for semiconductdr reliability evaluation, 
modern technical information and/or technical documentation centres 

LOCATION 
The R & D centre is located in Campinas in the State of São Paulo. Campinas was some years ago the 
coffee centre of the world, but it is known today as an important brazilian scientific and cultural centre, 
where there is rapid growth of light industry. The town has some of the best medical service facilities 
in South America and excellent educational facilities (among the latter an excellent American school). 

For information about the posts and contractual conditions please contact: 

MRS. INA WICKIHALDER 
Caixa Postal 1579 

13100 — Campinas 
Brazil 

Telex: 191 070 

265 Electronics/October 9, 1980 



RESEARCH & DEVELOPMENT 
OPPORTUNITIES 
Digital Voice 
Products 

These are opportunities to join a group of professionals 
working on advanced data communications systems 
and equipment. Codex is a world leader in data 
communications technology, making these positions an 
opportunity for advancement in your field. 

Hardware Design 
Engineer 
The responsibilities are Design and Development of real-
time microprocessor/signal processing hardware for low 
bit rate digital voice products. Requires a BSEE, and two 
years experience in Digital Design, Computer Architec-
ture, Bit-Slice Design, Telecommunications or Signal Pro-
cessing. 

Software Design 
Engineer 
Responsibility is for the Design and Development of 
Systems and Applications Software for real-time low bit 
rate digital voice products and multiprocessor architec-
tures. Requires a BS, (MS preferred) in EE or CS and ex-
perience in Real-Time Micro-ComputerBased Systems, 
Real-Time Operating Systems, Micro Programming or 
Signal Processing. 

In addition to a competitive salary, we offer a comprehen-
sive benefits package including profit sharing and dental 
insurance. 

Please reply in confidence to Jerry Dombrowski, CODEX 
CORPORATION, 20 Cabot Boulevard, Mansfield, MA 
02048. 

code( 
A Subabchary of Racyroatcad.A INC. 

An Equal Opportunity/Affirmative Action Employer M/F 

We're a world leader in the manufacture of ( 

electronic components and are proud of our 
commitment to keep pace with advancing technol-
ogy. Join us at Sprague! 

We have outstanding career-growth opportunities 
for you in the following positions: 

PROCESS ENGINEER - Precious Metals Area - 
Process engineering on precious and non-precious 
metal powders. 

SR. PRODUCT ENGINEER - Ceramic Materials - 
Technical responsibility for chemical and physical 
property specifications for ceramic powder com-
positions. 

PROCESS ENGINEER - Finishing monolythic chip 
capacitors requiring mechanical aptitude for 
designing jigs. fixtures 

EQUIPMENT DESIGN ENGINEER - Design and 
monitor construction of process and engineering 
equipment for multilayer capacitors 

Norma M. Hays, Recruiting Coordinator 
Sprague Electric Company 

87 Marshall Street. North Adams, MA 01247 

An Equ•I Opportundy Employer 1111/F 

SPRAGUE® 
.4á miliept (11 11¡11.1111LITY 

New England Is 
Our Area Of Expertise . . . 
AND The Best Place 
For Yours. 
Since the birth of the electronics industry, "New England" has 
been an instant synonym for state-of-the-art research and 
development, for explosive growth, for unique professional 
challenge and satisfaction. 

Now, "Carpenter Consultants" is quickly becoming syno-
nymous with professional search and placement services in 
the electronics field, everywhere in our six-state region. Our 
clients include many of New England's largest employers and 
some that soon will be, offering immediate R&D, Applications 
and Marketing Support opportunities in a wide variety of 
computer peripheral and instrumentation environments. 

If your area of expertise is: 

Software Design Applications 
Data Base Design Systems Prog. 
TelecommunicationsCompiler Design 
Minicomputers Analog Design 
Programming Diagnostics 
Signal Processing Data Communications 
Digital Systems Microprocessor 

Design 
our area of expertise is waiting. 

Carpenter 
Consultants, Inc. 

824 Boylston Street 
Chestnut Hill, Mass. 02167 

(617) 731-3730 
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MASSACHUSETTS CAREER OPPORTUNITIES 

ENGINEERS: 

FIND OUT WHAT 
WANG HAS TO OFFER. 
YOU'LL BE MOVED. 
You'll like the company. Wang is the $500 million leader 
with the state-of-the-art reputation that's made us #1 in CRT-
based word processing systems, and #2 in small computers. 
We're Fortune 576. Our sales have risen spectacularly from 
$78.5 million to $321.6 million in four years. And the future 
looks better than ever. 

You'll like the opportunity. VVang technology is already 
revolutionizing office work. And when it comes to Integrated 
Information Systems no other manufacturer comes close to 
having the variety of processors, terminals, communications 
software and simplicity of operation to make this concept 
a reality. 

You'll like the rewards. VVang offers excellent salary and 
benefits including profit sharing and stock bonus plan; stock 
purchase plan; medical, dental and life insurance; tuition reim-
bursement and, more importantly, a real chance to make your 
mark on the office of the future. 

A number of challenging opportunities are 
immediately available for: 

• Analog Engineers 
• Circuit Design Engineers 
• Electro-Optical Engineers 
• Electronics Packaging Engineers 
• Mass Storage Engineers 
• RF/Radio Frequency Engineers 
• Reliability Engineers 

Interested applicants should contact Steve Eldridge at (617) 
459-5000 Ext. 3736; or send your resume, complete with 
salary history to Steve's attention at VVang Laboratories, Inc., 
MS 1106, One Industrial Avenue, Lowell, MA 01851. But you 
better get a move on. 

Imm‘ WANG 
Making the world more productive. 

We are an affirmative action employe-
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SOFTWARE ENGINEERS. 

WITH US, 
YOUR PROJECT IS 

THE WHOLE-PROJECT. 
LOCK, STOCK AND 
BARREL. 

At Coulter Electronics, we have a total 
systems approach to engineering. 

You'll take special pride in your own 
projects. Because you're involved from start 
to finish. From concept to production to 
marketing. 

It's an approach that's helped make us 
a recognized and expanding leader in bio-
medical electronics and instrumentation. 

When you apply your micro-proces-
sor/mini-computer experience in our 
top-down design, structured program-
ming environment — you'll see your ideas 
take full form. 

When you utilize your degree in Math, 
Computer Science or Electrical Engineer-
ing — you'll be improving the state of health 
care worldwide. 

It's a big job. A thorough, complete, far-
reaching job. It could be your job. 

Send your resume and salary history to: Employment Manager, 
Coulter Electronics, Dept. E, P.O. Box 5-2794, Miami, Florida 33152. 

e e COULTER ELECTRONICS, INC. 
INNOVATING A VITAL TECHNOLOGY. 

An Equal Opportunity Employer M/F 

SOUTH & SOUTHWEST POSITIONS 
Engineering and Management posi-
tions throughout the South. 
Southwest and U.S. Employers pay 
all fees. Send resume or call Bob 
Hogue. PE (531658 3525 

Segaetaa "Zeit.gze.4e 
P.O. Box 33070, 

San Anton, Texas 78233 

SPECIAL SERVICES 

Arabic Technical Translations from 
English and French, electronics, radio 
communications, computers, related 
disciplines. Call (evenings) 312-693-
2931. 

EMPLOYMENT SERVICES 

Electronic engineering growth posi-
tions with clients located nationally. 
Our service is enhanced by the fact 
that I am an EE with 20 years in in-
dustry and over 10 years in placing 
professionals on an employer fee 
paid basis. Send your resume to Joe 
Torcassi, Director, J. Anthony & 
Associates, PO Drawer AD, Lynch-
burg, OH 45142. 513/364-2305. 

Engineers: Electrical-Civil-Mech. Na-
tionwide openings—all levels—$15-
60K Energy. Environment, Chemical, 
Power, Oil/Gas, HVAC, Piping etc. 
Send resume w/salary requirements 
to: Engrg/Mgmt Recruiting 
Services-416 E. Downs, Stockton, 
CA 95204. "Mitch" (209) 529-
8145—All Fees Paid. 

EMPLOYMENT SERVICES 

Engineers—EE/CS. Engineers—M/E. 
Engineers —C/E. Immediate open-
ings National and Overseas. Micro-
processor/Applic. Programmers/ 
Analysts/Systems . Designers/Sys-
tems/Analysts . Avionics Electronics 
.Microwave Components . Rel./ 
Maint.-QC/QA . Switching/Telecom 
Also .Power*HVAC*Piping*Oil/Gas 
Estimators & Sales*R&D. $20-50K. 
Send resume w/salary requirements 
to: Engrg/Mgmt Recruiting Services-
416 E. Downs St., Stockton, CA. 
95204. "Mitch" (209) 529-8145. 
All Fees Paid. 

Analog 
Software 
Test Equipment 

• Design 
• Development 
• Project 
• Software 

S20,000-S50,000 
Riddick Associates Engineering 

Division specializes in placement of 
electrical and electronics engineers 
with top companies in the Southeast 
and throughout the U S We provide 
advice on careers, resumes and inter-
views for a position tailored to your 
skills Chentcompanies payall fees 
For details call or send resume in 
strict confidence to Phil Riddick 
President 

Fliddlck 
Associates, Ltd. 
9 Koger Executive Center 

Norfolk, VA 23502 
Area 804-461-3994 

r $20,000 - 
Q:.  $40,000 

Specializing in 
I.0 those critical 

1st through 3rd 
moves upward 
for all types 
Electronic and 
Computer 
experience 
(Degree). We cover 
the Southeast and 
Southwest like a 
blanket — with over 
$8.000,000 of success 
behind us. Client 
companies pay 
.nterview, relocation GOD .ind our fee. For fast, 

personal attention, send 
your resume to 
Mike Howard, 

Mike Howard Personnel 
608 S. Gay St. Suite 206 

Knoxville, Tn. 37902 

(615) 546-9446 

ENGINEERS 
Quality Control Industrial 

Maintenance/Instrumentation 

DESIGN 
Digital 
Micro Processing 
Instrumentation 

Salary ranges are $20-45,000 per year. 
Our firm is associated with a leading net-
work & all costs are paid by client com-
panies including interviewing, fees, reloca-
tion & free resume service. Call Dan 
Wheeler at 1-317-899-1777 or send 
resume to 

TWT & Associates Inc. 
3724 N. Mitthoefer Rd. 

Indianapolis. Indiana 46236 

RESUMES 

Resumes—Complete instructions 
and examples: $4, Consultants, Box 
567—J. Bergenfield. N.J. 07621. 
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At MITRE, we value your 
informed perspective on the 
future. And we appreciate 
broad vision as well as sharp 
focus on detail. As General 
Systems Engineer in 
Command, Control 
and Communica-
tions (Cs) systems 
for the US Air Force's 
Electronic Systems 
Division, we offer you a 
chance to help shape to-
morrow's technology— 
defining problems, finding working solutions 
and translating them into comprehensive 
recommendations for action. 

You'll be challenged by a variety of proj-
ects, in an environment of professional coop-
eration and pride. And you'll enjoy stability 
as the nation's emphasis on C 3 expands and projects increase in num-
ber and importance. 

If you have a BS degree in EE, Math, Physics or Computer Science 
and several years of appropriate experience, try MITRE. Career posi-
tions are immediately available in the following areas: 

COMPUTER SYSTEMS 
Requirements Analyses 
Simulation and Analytical Modeling 
Systems Analyses 
Technology Assessment 
Software Acquisition Management 
Systems Acquisition 
Performance Analyses 
Specification and Verification 

COMMAND AND 
CONTROL 
Air Defense Systems 

(Deployable and Fixed) 
Tactical Air Control Systems 

(Deployable and Fixed) 
Systems Analysis and Specification 
Software Development 

SYSTEMS ARCHITECTURE 
Advanced Systems Design 
Intersystems Engineering 
Advanced Planning 
Systems Inter-Operability 
Cost Analyses 

COMMUNICATIONS 
System Design and Analyses 
Digital Communications 
Microprocessor Applications 
Communications Processors 
(Hardware & Software) 

Modulation/Coding Techniques 
Secure A & D Communications 
Systems Test and Evaluation 

RADAR SYSTEMS 
Digital Signal Processing 
Radar System Surveillance 

Techniques 
Radar System Analyses 
Anti-Jam Analyses 
Intelligence/Operations 

Analysis 

Send your resume to 
David L. Finnegan, The MITRE 
Corporation, 3909 Middlesex 
Turnpike, Bedford, MA.01730. 

U.S. Citizenship or resident 
alien registration required. 

...SHAPING TOMORROW'S 3 SYSTEMS 

MITRE is an equal opportunity employer actively seeking applications under its affirmative action progra , 
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Creativity Stifled? 
Switch to Nixdorf. 
Ifs pointless to work where you can't make an 
impact. 

That's why you should consider a career with 
Nixdorf Computer. We're ready for some 
creative professionals to take the initiative in im-
plementing and extending our vision. In fact, 
were at just the right point for you to have a 
significant influence on our technological future. 

Nixdorf is moving ahead aggressively. Our sales 
exceeded $100 million, last year, a 25% jump. 
Our product lines reach from state-of-the-art 
business system mainframes right down to hand-
held personal computers. So there's variety, 
choice and technical challenge. And the oppor-
tunity to let your creativity loose. 

When you factor in Nixdorf's competitive 
salaries, full benefits package and Burlington, 
MA location just 20 miles from Boston, a switch 
to Nixdorf is a pretty creative career move. 

Hardware Engineering 
Hardware Design Engineer 
Define and create the logic for a new state-of-
the-art data and word processor. 

Principal Diagnostic Engineer 
Act as project leader involved in remote 
diagnostic efforts. Management experience and 
excellent system software design skills required. 

Project Engineer 
If you're a hands-on problem-solver with at least 
8 years hardware experience in minis, diskdrives 
and displays, here's your leadership opportunity. 

Additionally, we seek seasoned hardware 
talent to become involved in terminals, inter-
faces. peripherals and firmware. 

Software Engineering 
We seek a wide variety of software professionals 
with Assembly language experience for these 
project areas: 

• Source Data Processing • Multi-Functional 
Processing • Communications • Networking • 
Word Processing 

Even if you don't see your specific area of ex-
pertise represented here, if you're a hardware or 
software professional whose creativity is stifled, 
forward your resume, with salary history, 
to Steven E. Anderton, Nixdorf Computer 
Corporation, 23 Fourth Avenue, Burlington, MA 
01803. 617-273-0480, or outside of 
Massachusetts call 1-800-225-1484. 

We are an equal opportunity employer m/f/h. 

Committed to Success. 

exemmoreseessmaffle 
NIXCIORF 

.07 • "0. , 
COMPUTER 

Engineering 
Marketing 

Opportunities 
YOU'LL BE VISIBLY 

DIFFERENT AT MODICON. 
Ever feel that your work's the best-kept secret since the 
Manhattan Project? You'd like to say something to some-
body, but you're not sure what — or to whom. How about 
speaking to us? 
We went the "industry leaders" one better when we 
created the Programmable Controller industry. And now 
that productivity has become a national concern, our 
40% share of the market is growing every day. 
More important for you, the people who count know who 
they can count on, what everyone's doing, and what 
everyone's done. At Modicon, there are no invisible 
contributors. 
There's the difference. 
We also offer excellent salaries, generous benefits and 
an informal atmosphere for growth and advancement. 
Please send your resume to George E. Street, Technical 
Recruiter, Gould/Modicon Division, P.O.Box 83, Shaw-
sheen Village Station, Andover, MA 01810. Equal oppor-
tunity employer m/f/h. 

> Modicon Division 

GOULD 

ENGINEERS 

ENGINEERING PROFESSIONALS 

JOIN OUR TEAM and LIVE IN BOULDER, 
COLORADO 

Ball Aerospace Systems, a Division of the Ball Corporation. is seeking 
engineers who want challenging career opportunities in the aerospace 
industry 

We have become a leader in the development of space science 
instrumentation, electro-optics. antennas. military electronics. satellite 
systems and subsystems 

We would like to talk to qualified individuals in the following areas 

Electrical Engineers Ouallty Engineers 
Mechanical Engineers Antenna Engineers 

Ball Aerospace Today People and Ideas working together in Boulder --a 
community nestled in the foothills of the Rocky Mountains Nearby you can 
hike, fish, hunt, ski and enjoy some of America's greatest recreational areas 
You and your family will have time to relax in cool. colorful Colorado 

We offer an excellent salaryand benefits package including medical, dental. 
life insurance, stock purchase plan, credit union. 100% tuition 
reimbursement and FOUR WEEKS VACATION alter one year. If you are 
seeking a career with a leader in the industry. send your resume to the 
attention of Joni Coffin 

AEROSPACE SYSTEMS DIVISION 
Employee Relations Department 
P 0 Box 1062 
Boulder. Colorado 80306 
Call Collect (303)441-4111 

Equal Opportunity Employer AA'F 
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WHY ON EARTH 
WOULD ANYONE WANT 
TO WORK FOR US? 

No one would. Unless they 
were interested in the excitement 
of major new product developments 
in instrumentation tape recorders, 
graphic and imaging recorders, digital 
data acquisition systems, and 
ultrasound systems. 
No one would unless they 

were intrigued by a company 
offering challenges, growth and a 
rewarding career within a broad 
and sophisticated spectrum of 
new technology. 
No one would unless they preferred 

a variety of opportunities as opposed 
to being locked into one single project. 
And no one would unless they 

liked the idea of living and working 
on the high, dry plains at the foot 
of the Rocky Mountains, with a 
magnificent climate, a wonderful 
view, professional sports, culture, 
and golf, tennis, skiing and other 
outdoor endeavors. 

At present, we have choice 

openings for engineers and scientists 
experienced in 
• Pulse Code Modulation Systems 
• Video (Helical Scan) Recording 
Technology 
• High Density Digital Recording 
• Graphics and Imaging Recorders 
using Dry Silver Technology and 
Toner Based Writing Techniques 
• Digital Data Acquisition 
• Analog/Signal Conditioning 
• Digital and Digital/IC Design 
• Software and Systems Design 
• Ultrasound Transducers 
We've got everything you're 

looking for if you've got what we're 
looking for. 

Interested? Call Sue Wells at 
303/771-4700. Or write Personnel 
Dept., Honeywell Test Instruments 
Division, Denver Operations, 
Box 5227, Dept. E., Denver, 
Colorado 80217. 

Find out about us. And about some 
of the best living and working on earth. 

virru SHOW YOU A BETTER WAY. 

Honeywell 

n Equal Opportunity Employer .14 I Fl II 
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ENGINEERS 

Expanded 
career opportunities 
are at your fingertips 

call 800-321-6980 
(In Ohio 800-362-6120) 

Talk to Tom O'Brien 
about your skills and background for, 
positions such as... 
Software Engineers Capitalize on your Comp. Sci. or related 
degree and apply your software experience — assembly lan-
guages, PASCAL, FORTRAN. Utilize our VAX 11/780 
DEC 11/34 or TEKTRONIX Development Systems to support 
your designs. 
Hardware/Firmware Design Engineers Design NC and PC 
systems employing advanced digital techniques. Degree and 
2+ years experience desired. Your involvement would in-
clude design verification using VAX 11/780, DEC 11/34 or 
TEKTRONIX Development Systems. 

Application Engineers Define customer control system 
requirements, prepare proposals and assist new product 
planning. 

Product Marketing Engineers Research and identify product 
opportunities based on industry requirements utilizing your 
degree and 2 + years of electronics or industrial experience. 
These are opportunities with a future. 
We are a dynamic part of an international corporation em-
ploying over 17,000 people. Our products apply "leading edge" 
computer and microprocessor technology that increases pro-
ductivity for all types of industry. 
Our careers are challenging and rewarding... 
Let's Talk About It — Call Today: or if you prefer, send your 
resume to 

ALLEN-BRADLEY 
747 Alpha Drive 
Highland Heights, Ohio 44143 
An Equal Oppurtunlly Employer M F 
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rENGINEERW 
COMPUTER PERIPHERALS 
Magnetic Peripherals — Oklahoma City, a subsidiary of Control Data Corporation. is a 
facility dedicated to the design and manufacture of computer peripheral devices such 
as disk drives (both flexible and rigid), high speed reader/sorters and non-impact 
printing systems 

Continued expansion of our business and our people in the growing mini-computer 
market has created a variety of technically challenging opportunities for engineers 
and experienced technologists. 

Our facilities are located in Oklahoma City. a growing metroplex in the heart of the 
Sooner State Our city offers a number of desirable advantages that you owe to your-
self to investigate Included are reasonable cost of living (including taxes and energy 
COStS), moderate year-round sunbelt climate, excellent educational facilities at all 
levels, immediate access to outstanding recreational opportunities. and much more 

ELECTRICAL ENGINEER 
(3 required per "A", "B" & "C" 
below) 
"A" Design of phase locked loop, closed loop sys• 

toms and linear phase filters and amplifiers. Pro-
fer familianty and experience with LSI design for 
disk products or similar technology background 
BSEE required or MSEE preferred and 4.9 years 
expenence or equivalent expenence. 

"8" Design of analog and digital circuits. Ability to 
analyze problems and develop practical solu-
tions. Exponente in the area of read amplifiers 
required. BSEE degree required or MSEE pre• 
tened plus 9 years expenence. 

"C" Ability to handle all phases of design on rotary 
positioning systems, including electro mechan  
ical design of positioning motor and all electron. 
its related to 8" rigid disk design BSEE required 
or MSEE preferred A minimum of 9 years design 
expenence or equivalent required 

ELECTRICAL ENGINEER 
(2 required as per "D" and "E" 
below) 
-D" Analyze, design and develop analog circuits re. 

quired for new products. Involves servo meth 
anism circuit design) A/D and D/A techniques. 
optical, ultrasonic, and magnetic transducers. 
bar code and character reading) ink let circuitry. 
and use of micro processors as related to above 
BSEE required: MSEE desirable plus 9 years de 
sign experience emphasizing analog circuit de 
sign 

"E" Proiect Engineer responsible for the design and 
development of test equipment and test sys 
terns Will include Design and Design Leadership. 
Prolect Planning. Scheduling and Monitonng, 
and Development Coordination for a group of 
Engineers and Development Technicians BSEE 
or BSME required plus 6.9 years of equivalent 
expenence 

MANUFACTURING ENGINEER 
—PLATING & PAINTING 
Knowledge of paint and plating processes: must in-
clude electroplating of zinc on steel anodizing alu. 
minum and paint systems 

DESIGNER 
Create. design, and prepare layouts of products from 
wntten or oral information. Should be creative and 
well-versed in drafting techniques, as well as engi 
neenng and manufacturing processes and pince 
dures Should have 6.9 years related experience 

MECHANICAL ENGINEER 
Mechanical design, development, evaluation, manu 
factunng release and continuation of new flexible 
disk dnve products Experience in cost reduction 
programs desired BSME required. MSME preferred 
plus 6 years related experience or equivalent ex 
penence 

If you have been thinking that 1980 might be your year for a change 
in the direction of your career, we invite you to investigate the tech-
nical careers available with us in Oklahoma We have immediate 
opportunities for 

SENIOR SYSTEMS ENGINEER 
Responsible to develop systems requirments and 
specifications for new non-impact printer products 
as well as analyze and propose potential hardware/ 
software design approaches. You will be a proiect 
leader for custom and special customer interfaces. 
Requires three (3) years of logic/system design ex 
penence in the held of minicomputers or mainframes 
with knowledge of disk/tape/terminal controller de-
sign and operation and knowledge of IBM or Honey-
well operating system A BSEE or BS Computer Sci-
ence degree or equivalent is desired with MS degree 
preferred 

MANUFACTURING ENGINEER 
—MECHANICAL ASSEMBLY 
Mechanical Assembly Tool Designer Will design 
small to medium tools and fixtures for Mechanical 
Assembly Minimum of three (3) years tool design 
expenence preferred and drafting techniques are re 
qurred 

QUALITY ENGINEERS 
—INSPECTION 
Responsible to develop and evaluate quality plans 
and inspection procedures. Will investigate corn 
ponent part problems and initiate corrective action 
May provide supervision of assembly inspection per-
sonnel. Good communication skills essential. Should 
have BS degree in technical discipline plus minimum 
of 3 years quality control experience. especially in 
high.volume precision electromechanical devices 

AUTOMATION ENGINEERS 
Experienced in design, creation and implementation 
of automation tooling, systems and methods Strong 
background in mechanical, hydraulic and pneumatic 
applications in design of sophisticated assembly de-
vices for automatic assembly of electro-mechanical 

devices Desire experience in design of machines to 
assemble small linkage mechanisms and experience 
in tool and die design or control systems background 
using microprocessor controllers in automatic as 
sembly equipment Desire technical degree with 6 or 
more years related expenence 

MANUFACTURING ENGINEER 
—SHEETMETAL 
Delineate sheetmetal process instructions Tooling 
lustifications. work planning revision update and 
problem solving 

MANUFACTURING ENGINEER 
—PWA TEST 
Design PWA Test programs, procedures and equip-
ment Circuit analysis worse case. interface with 
Design Engineenng Analysis of repair data on PWAs 
for failure modes and corrective actions circuit anal-
ysis to provide PWA test diagnostics Should have 
69 years expenence 

TEST EQUIPMENT 
DESIGN ENGINEER 
Will design special test equipment of sophisticated 
analog/digital instruments for total electncaVelec 
tronic measurement system Will create specifica-
tions. design equipment, checkout designs and create 
operating procedures. Skills desired include digital/ 
analog circurt design, hardware/firmware/software in-
corporation techniques. Desire BSEE with test equip-
ment design experience 

SOFTWARE ENGINEER 
Expenence in development of systems software. es• 
penally as it relates to peripherals (disks, Reader/ 
Sorters. pnnters) Assembly language programming 
skill a must Should be experienced in microproces-
sor firmware/software development Degree in Engi-
neering discipline or Computer Science required with 
2-4 years software/firmware design background 

If you are interested and qualified for any of these 
career opportunities, please forward your resume to 

Magnetic Peripherals, Inc. 
P.O. Box 12313, Oklahoma City, OK 73157 

Attn: Dick Hill, Dept. E-1 

or contact us on our TOLL FREE line 

1-800-654-3685 

MAGNETIC PERWHERALS INC. 
6E0 a subsidiary of CONTIpL DATA CORPORATION 

.3iddressing society's major unmet needs 

An Affirmative Action Employer 
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S.W. & SUNBELT 

FOXBORO... 
OUT FRONT. 

With the introduction of the SPECTRUM series of electronic sys-
tems Foxboro continues on the leading edge of the Process Manage-
ment and Control industry. 

Embracing a variety of existing Foxboro products including SPEC 
200; VIDEOSPEC operator workstation; FOX 1/A and FOX 3 com-
puters; MICROSPEC Digital Control Systems and FOXNET a major 
step forward in data communication links, SPECTRUM can meet the 
present and anticipated needs of large and small users alike. 

At Foxboro you'll find an environment for research that is truly 
state-of-the-art. Put your career where Foxboro is. Out front. To stay. 

These are immediate openings: 

RESEARCH ENGINEER, DISPLAY 
TECHNOLOGY APPLICATION 

You will work as a member of a research team responsible for the 
application of new display concepts to assist in the control of industrial 
processes. Applications include single loop displays, multiloop displays, 
and sophisticated color graphic displays for the person-process interface. 

You should have a BSEE. MSEE or the equivalent and two or more 
years experience in the evaluation and application of display technolo-
gies. Experience in the design of controllers for keyboards, hardcopy 
devices, printers, plotters, etc. is desirable. 

SENIOR RESEARCH ENGINEER, 
COMMUNICATIONS NETWORKS 

You will work as a key contributor in research projects concerned 
with the design of sophisticated distributed process control systems. 
You will provide leadership in the design of suitable communications 
networks, which will interconnect such multiprocessor-based systems. 

You should have a BSEE. MSEE or a computer science back-
ground. Your expertise should be in these areas; analysis of today's 
communication protocols (SDLC, El-SYNC, etc.), definition and design 
of software for the efficient use of such protocols, design of multiproces-
sor networks for distributed processing: analysis of failure modes, relia-
bility and loading of such networks. Design experience using today's 
commercial microprocessor would he a plus. 

SENIOR RESEARCH ENGINEER, 
LINEAR CIRCUIT DESIGN 

You will design sensor electronics and analog front end for new 
concepts in the measuremcnt of pressure, temperature, flow, level, etc. 
while working with a team of research engineers engaged in the devel-
opment of new measurement techniques using ultra-sonic, infrared, 
optics and other technologies. You will also interface the basic mea-
surement devices with microprocessors to produce intelligent measure-
ment systems. 

You should have a BSEE, MSEE or the equivalent with at least 
five years of concentrated experience in linear circuit design using state-
of-the-art semiconductor technology. Experience in digital design using 
microprocessor technology would be a plus. 

Foxboro offers excellent salaries and a complete benefits program 
featuring cash profit sharing, employee investment plan, promotion 
from within, paid pension plan and tuition assistance. 

Forward your resume to Dan McCoy, The Foxboro Com-
pany, Dept. E925.38 Neponset Avenue, Foxboro, MA 02035. 
Foxboro is an equal opportunity employer, M/F. 

PDXBORd 

• System EE's 
• Design EE's 
• Product EES 

• Software 
• Design ME's 
• Communications 

$20,000 to SS0,000 
100% Fee Paid 

Specializing in placing technical people 
with data acquisition and peripheral 
equipment manufacturers located 
across southern U.S. Send complete 
resume, salary history and geographic 
preferences to. 

j rObert "Monism' companies. inc 
MM. Management 8. Employment Consultants 

I I 2200 West Loop South Stole 800 Htwston. Texas 77027 713/627 1940 

ENGINEERS 
S20,000-S60,000 
Nationwide fee-paid opportunities 
Iri aerospace, defense electronics. 
weapon systems. microwave com-
munication systems 

• DIGITAL & ANALOG 
• MICROPROCESSOR 
• MARKETING 
• CONTROL 

Call collect or send resume to 
Glenn English. President 

GLEnn EDGLISFI AGEncv 
7840 Mission Center Court 

San Diego, CA 92108 
(714) 291-9220 

POSITIONS VACANT 

Positions available in the aerospace, 
military & industrial fields for 
electronic & electrical engineers. Re-
quire degree + U.S. experience in 
design, development, QA, QC or re-
liability of hardware or software. Fee, 
interview & relocation paid by client 
companies throughout the U.S. since 
1959. U.S. citizens or permanent 
residents send resume & current 
salary or call collect 12151735-4908 
for application. Atomic Personnel, 
Inc., 1518-L Walnut Phila, PA 
19102. 

Electronic Engineers—Sunbelt/ 
Southwest. Opportunities in Design 
Software, Digital/Analog, Micro-
processing. Personalized representa-
tion. Employer fee paid. J. Gifford 
Inc., 5310 East 31st Street, 4225 
Tulsa, Oklahoma 74135.19181 665-
2626. 

Electrical Engineer—Will design, 
construct, test and perfect 
components of new NMR spec-
trometers and associated instru-
ments. Requires good knowledge of 
digital pulse and RF circuitry and 
knowledge of digital pulse and RF cir-
cuitry and knowledge of computer 
hardware structure and program-
ming. Salary $18,000-$22,000. Ap-
ply Carnegie-Mellon University. 
Personnel Services, 5000 Forbes 
Ave.. Pittsburgh. PA 15213. An 
equal opportunity/affirmative action 
employer. 

Writer Wanted—Regis McKenna PR 
Agency, Palo Alto, CA., seeks 
professional writer with EE back-
ground and/or solid trade book 
experience to loin writing depart-
ment. New product releases, news 
and application stories for technical 
clients. Growth opportunity for right 
person. John Kane, Regis McKenna. 
Inc.. 1800 Embarcadero Road, Palo 
Alto, CA 94303. EOE. 
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PERFECT CLIMATE 

YOUR FUTURE 

E L Located in the Technology Square complex in Cambridge, Draper Laboratory 
is a world renowned research center with a volume of nearly $100 million a 
year and nearly 2000 employees, 850 of whom are scientists and engineers. 

We're a hands-on laboratory solving pressing national problems. 
Here, you'll find all the facilities you need to develop your ideas to 

the fullest. Working in close proximity to MIT, you'll have all the 
freedom you need. To think. To pursue the goal of excellence. To 1 b. rind gtyoulr idelasaito proof in an academic environment. And, still take home an 

II THE  We do fascinating and rewarding work, attracting some of the world's most 
imaginative, inventive people. If you're one of thèm, arrange 
for a Draper interview. Once you experience our climate you 

.k may decide to make it home. 
w We currently have the following openings both at the entry 

level and for persons with advanced degrees at all levels of experience. 

ELECTRICAL ENGINEERING • CONTROL SYSTEM DESIGN • ANA-
LOG/DIGITAL DESIGN ENGINEERING • ELECTRONICS SYSTEMS 
ENGINEERING • COMPONENT TESTING AND ANALYSIS • ELEC-
TRONICS PACKAGING ENGINEERING • NAVIGATION SYSTEM 
ANALYSIS AND DESIGN • COMMUNICATIONS SYSTEMS ENGI-
NEERING • AERONAUTICAL ENGINEERING • QUALITY ASSURANCE 
ENGINEERING • AVIONICS • COMPUTER SCIENCE 

Please forward your resume to John McCarthy at The Charles Stark 
Draper Laboratory, Inc., 555 Technology Square, Dept. E9, Cambridge, 
MA 02139. 

The Charles Stark 
ILJ Draper Laboratory, Inc. 

We are an equal opportunity/affirmative action employer. 

AT GCA...BEHEARD. 
The Burlington Division of OCA is a 
leader in designing and building 
manufacturing equipment improving 
productivity for the semiconductor in-
dustry. At OCA, you can sound out 
your creativity in electronics. 

We need fresh talent like yours on 
our industry-leading team. If you've 
got bright new ideas, we're ready to 
listen. 

These positions are based at GCA's 
facilities right in the heart of the 
famed Massachusetts Route 128 high 
technology belt surrounding Boston. 

Current opportunities 
include: 

Sr. Design Engineer 
Design, debug and document various 
digital equipment using TTL logic and 
microprocessors. CMOS experience 
helpful. BS EE plus 3 years design 
experience. 

Senior Electronic 
Technician 
Develop high speed and accurate 
deflection circuitry required in design-
ing a direct-writing E-Beam 
Lithography system for semiconduc-
tor processing. Requires knowledge of 
linear analog circuitry and transistor 
parameters. 

Electronics 
Manufacturing Engineer 
Strong background in the design of 
analog and digital circuit test equip-
ment plus testing procedures and 
methods. Degree or equivalent and 
programming background desired. 

Engineering Technician 
Layout, build, test prototype digital 
and analog circuits. Troubleshooting 
experience a must as well as ASEE or 
equivalent. 

Electro-Mechanical 
Designer 
Prepare layouts of new products and 
modifications to existing products as 
well as perform various tasks related 
to R&D projects. 

P.C. Design Drafter 
Prepare design layouts and art work 
masters for both digital and analog 
P.C. boards. Minimum 5 years 
experience. 

We offer excellent salaries, a 
trend-setting benefits package and 
generous relocation assistance. To 
apply, please send your resume to 
Ray Church, GCA/Burlington 
Division, 174 Middlesex Turnpike, 
Burlington, MA 01803. 

• OA 
G CA 

an equal opportunity employer rn/f 
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ENGINEERS 
AND PROGRAMMERS 
Lockheed Engineering & Management Services Company is seek-
ing qualified applicants for immediate positions at NASA's 
JOHNSON SPACE CENTER in Houston, Texas. These positions 
are in support of the Space Shuttle and Earth Resource Programs 
and require applicants U.S. Citizenship or permanent residency 
experienced in the following areas: 

• MICROWAVE ANTENNA DESIGN/ 
ANALYSIS/TEST ENGINEERS: 
With experience in design, development, analysis, and/or 
testing of antenna systems. Preferable in S-Band through K-
Band frequency range. 

• ENGINEERING ANALYSTS: 
Responsible for developing and evaluating math models of 
spacecraft/aircraft sub-systems including control surface ac-
tuators, landing gear systems, etc., for use in large scale 
digital simulation. Applicants should have a knowledge for 
modeling dynamic systems. 

• P.9 NTROL SYSTEMS ENGINEERS: 
With experience in digital control systems to perform simula-
tion and analysis of spacecraft/aircraft flight control systems. 
Applicants should have the knowledge of FORTRAN and be 
familiar with the use of digital and computer analysis of con-
trol problems. 

• SCIENTIFIC PROGRAMMERS: 
Analyze scientific, engineering and mathematical problems 
and develop numerical models and programs for their solu-
tions on high speed digital computers. Applicants should have 
a thorough knowledge of FORTRAN and be familiar with the 
use of large scale computers. 

• SIMULATION APPLICATIONS: 
Support the development, evaluation and operation of a large 
dynamic simulation dedicated to Shuttle Flight testing. Appli-
cants should have worked with spacecraft/aircraft 
GUIDANCE, NAVIGATION AND CONTROL SYSTEMS. 

• MECHANICAL/AEROSPACE ENGINEERS: 
Responïible for development and use of programs for 
structural, thermal or environmental Control Systems 
analysis. Applicants must be familiar with and capable of ef-
fectively utilizing large scale digital computers in the analysis 
of engineering problems. 

• CŒMNICATiONS ENGINEgRS: 
Support performance analyof various communications and 
tracking links accessed by spacecraft/aircraft. Applicants 
should be familiar with TACAN, MSBLS, and GPS SYSTEMS, 
have the ability to develop and evaluate math models, have a 
high level of competence and written communications and 
have a knowledge of FORTRAN. 

• DIGITAL DESIGN ENGINEERS: 
With experience in design and development of digital/analog 
equipment including computer interface, display, control and 
signal conditioning hardware. 

• WaP_UIERIIAINTENANCE ENGINEERS:  
To be cross-trained to support a large, diverse simulation 
laboratory. Facility includes analog computers, mini-com-
puters and second and third generation medium-to-large 
scale systems manufactured by several companies. 

Send resume in confidence to William R. Jancha at Lockheed 
Electronics Company, Dept. C-20-E, 1830 NASA Road ”1, 
Houston, Texas 77058 

LOCKHEED 
ENGINEERING & MANAGEMENT 

SERVICES COMPANY 
An Equal Opportuna lf 1h III 

NEW ENGLAND 
POSITION OPENINGS 

Client companies with numerous openings in 
the electronics/computer manufacturing in-
dustry. Require product development, 
firmware and systems engineers, program-
mers, analysts, data communications spe-
cialists and marketing personnel. Candidates 
with appropriate experience send resumes in 
confidence to: 

W. Garner Bee 
C.O.S.T. Inc. 

212 Worcester Rd., Wellesley, MA 02181 
617-237-1247 Lilt 

* ATTENTION ELECTRONIC ENGINEERS!!! 
Electronic Design Engineers 
Design Engineers (Digital) 
Analog Design Engineers 
Systems Design Engineers 
Electrical Design Engineers 
Instrumentation Design Engineers 
Test'Design Engineers 
Our clients are aerospace and electronic firms who p_ay 
our fees for locating engineers. For more information, 
send note or resume to Gregg Whitt. 

CORPORATE PERSONNEL CONSULTANTS, INC. 
5950 Fairview Road, Two Fairview Plaza, Suite 608 

Charlotte, North Carolina 28210 
(704) 554-1800 

24-36K 
25-35K 
-25-35K 
-28-35K 
-24-40K 
-25-40K 
-24-35K 

HIRE NEXT YEAR'S 
GRADUATING ENGINEERS 

—THIS SUMMER!— 
First, it's in our industry's 
best interest to provide 
career-conscious under-
graduate engineering stu-
dents with meaningful sum-
mer job experience in their 
future profession. 

Second, since there'll al-
ways be more anxious appli-
cants than openings, you'll 
be able to select the cream 
of the crop, then evaluate 
them under "game-condi-
tions" with an eye towards 
hiring them next year, when 
as coveted graduates, the 
job market may well be in 
their favor. 

By filling out and returning 
the coupon below, your orga-
nization will be included in 
summer job listings to be 
featured in the January/Feb-
ruary 1981 issue of 
McGraw-Hill's GRADUATING 
ENGINEER. 

This edition, edited espe-
cially for next year's 
graduates, will be distributed 
on approximately 500 
campuses by engineering de-
partment heads, directors of 
computer centers, place-
ment officers, and minority 
advisors. Students will then 
contact you directly. 

Free summer job listing 
MAIL TO, ELECTRONICS/POST OFFICE BOX 900 NEY/ YORE NY 10020 

NAME/TITLE of individual to be contacted 

ADDRESS: Mailing address of your personnel office) 

ORGANIZATION: Firm, Company, Government Agency Of Institution 

TYPE AND NUMBER OF STUDENTS SOUGHT: Electronics Avionics fj 

  fell II 
Computer Science Other: Draftsperson, etc Technician 

Note Last date coupons can be accepted for this year's summer lob listings is 11, 24,8u 
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Our Most Important 
Resource Is Our People 
Burroughs Corporation, an innovator in the exciting field of Laser Based Optical Computer 
Memories, has career opportunities for problem-solving oriented individuals interested in 
developing project and technical leadership skills. These positions offer exciting opportunities to 
contribute technically in this unexplored area of technology. 

Error Detection & Correction Engineer 
The error detection & correction engineer shall be responsible for the development and 
implementation of an error detection and correction (EDAC) system for the optical disk memory. 

A minimum of a BA (MS preferred) in Electrical Engineering or Computer Design and at least 2 
years experience in the design of EDAC systems for data storage devices is required. 

Lead Test Equipment Engineer 
The lead test equipment engineer will be responsible for the design of the test equipment necessary 
to fully test all phases of manufacturing and assembly of a laser based computer memory. 
Additional responsibilities include the development of special test requirements during the 
development phase of the product. 

Experience in the design of automatic test equipment and test fixtures for analog and digital 
electronics as well as electro-mechanical devices and BSEE is required. 

Diagnostic System Engineer 
The diagnostic system engineer will be responsible for the design and development of the 
diagnostic systems for an optical computer memory. Responsibilities include the definition of 
diagnostic and maintenance philosophy for both manufacturing and field test programs. 

Experience in diagnostic system for electro-mechanical devices and microprocessors as well as 
extensive software experience in diagnostic systems is required. A BS in Engineering, Physics, or 
Computer Sciences is required 

Servo Writer Project Engineer 

BSEE or MSEE and 5-7 years experience with precision electro-mechanical systems. Specific tasks 
will include coordination of the development of systems to initialize and certify optional recording 
disks, includes precision mechanics, servo systems, logic design, micro-processor control, wide 
band D/A and A/D circuits, and optics. Experience in all of these areas with strength in analog 
circuit design as well as project level experience is required. 

Read/Write Engineer 
BS or MSEE with 2-5 years experience in communications and signal processing theory and circuit 
design and analysis of low noise, wide bandwidth (20MHz) amplifiers, and worst case analysis. 
Experience in computer modeling of these areas is desirable. 

Lead Analog Design Engineer 
BSEE or MSEE and 5-7 years experience. Candidate will act as section head, and be responsible 
for the technical performance of about 6 analog design engineers in addition to own design 
responsibilities. Specific tasks will require experience in the analog signal processing, wide band, 
low noise amplifier design and hybrid circuit design, with a strong background in worst case design 
theory. 

We offer you these unique opportunities and challenges with an outstanding growth company in a 
perfect climate for both personal and professional growth. Our Westlake Village facility is only 20 
minutes from the beach, less than an hour from Santa Barbara, and 35 minutes from metropolitan 
Los Angeles in a new, growing, prosperous, smog-free. progressive, recreational community. Call 
COLLECT to speak with Ed La Budde right away. (213) 889-1010, ext. 1035. Or send resume to: 

Burroughs Corporation 
Dept. ELECT 
5411 N. Lindero Canyon Rd. 
Westlake Village, CA 91361 

An Equal Opportunity Employer 

Burroughs 
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,223 Mostek Corporation 22, 23 
222 : Centralab, Inc. • Fujitsu, Ltd. 195 

Motorola Semiconductor 49, 50, 84. 85. 182 
• Cherry Electrical Products 13 General Instrument Microelectronics 93. 105 Products 183 

• Citel 24E General Instrument Opto Electronics 74 $ National Instruments 8 

• Clinton Electronics Corp. 20E Golden River Corporation 281 NEC 108 

Computer Automation, Inc., IPD 67 • Gordo. 198, 199 • Neohm SPA 222 

Computer Automation, Inc. MND 86,87 Gould, Inc., Biomation Division 30,31 New Long Seimitsu Kogyo Co., Ltd. 125 

$ Control Laser Corporation 96 Gould, Inc., Electric Fuse Division  43 New York State Department of Commerce 261 

• Corcom 53 Gould Inc., Instruments Division 234. 246 $ Nicolet Cad Corporation 211 

$ CTS Corporation 215, 242 Hakuto Co., Ltd. 131 Noritake Electronics, Inc. 251 

279 •• Hamlin, Inc. 22E v • Custom Electronics Novotechnik KG 21E 

Design Space International 260 • Hewlett Packard 2C. 1, 17. 70. 71, N.R.D. Div. of Mark IV Industries, Inc. 282 
216,217,279.281 

• Dialight 200.201 t Hitachi America, Ltd. 196, 197 Ohio Scientific 233 

$ Digital Equipment Corp., Microcomputer 62, 63 Hitachi Denshi, Ltd. 116, 117 OKI Electric Industry Co.. Ltd. 118 
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HP 9825 owners: 
don't get a new computer if all 
you need is more memory! 

If you find that your applications are 
starting to outgrow your 9825's memory, 
we've got good news for you. 

For a fourth the cost of a new model, 
HP'S new upgrade kit lets you more than 
double the 9825's existing memory. 
Check out these powerful features: 
• 62k bytes read/write memory— 

completely compatible with all of the 
option ROMs. 
• No speed degradation — the1-1139825 

retains its high-speed performance. 
• 100% software compatibility — no 

modifications to your HPL programs are 
necessary. 

• Option ROMs, now standard— 
you can use all ROMs simultaneously. 

So if you're looking for an economi-
cal way to keep up with expanding appli-
cations, call your local HP sales office 
today (we're listed in the White Pages). 
Or write for more information to Hewlett-
Packard, Attn: Larry Inman, Dept. 684, 
3404 East Harmony Road, Fort Collins CO 
80525. 

18 

Semi-Finished 
Quartz Crystals 
Choose from the largest 
inventory in the U.S. 

P R Hoffman is one of the worlds largest pro-
ducers of semi-finished quartz crystal wafers 

For nearly 40 years. we specialized in providing crystal blanks 
to finishers Today we grow our own High-0 pure Z cultured quartz 
and process natural and cultured quartz to meet customer require-
ments for electronic and electro-optical applications We supply 
crystal blanks lapped to the customers final frequency tolerances We 
can also meet the most stringent specifications supplied with 
regards to dimensioning and orienting to precise angles 
P R Hoffman maintains an inventory of over 2.000.000 crystals 

and can often ship from stock to meet your requirements For 
information and prices, send your specifications to . 

P.R. Hoffman A Norlin Technology Co. 
321 Cherry Street. Carlisle, PA 17013 Telephone 717-243-2011 

HEWLETT 
PACKARD 

LC: HPDC 1 

Circle 262 on reader service card 

olb 
for energy storage 

specify Custom MICA Capacitors 

Energy Density .05-.25 
Joules/In at high voltage 
Capacitance to 40 uf 
Voltage to 50 KV 
Temperatures to 125"C. 
without derating 
Custom's C Series mica 
capacitors will meet your 
requirements for a totally solid 
capacitor. Dielectric inspected 
before production for max-
imum reliability. 

Available in three basic types: 
CMR (-wrap and fill"): CER 
(epoxy housed): CEM (epoxy 
molded). Quick quotation and 
delivery. 
Also available: High Voltage K 
Series mica for maximum vol-
umetric efficiency and Low 
Voltage T Series film for high 
temperature applications. 
Write for FREE C. K. T Serle 
TechniTips. 

N ( C7,16USTOM CUSTOM ELECTRONICS. INC 
12 Browne Si.. Oneonta, NY 13820 

• PH: 807-432-M80 TWX: 510-241-8292 
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Advertising Sales Staff 

Advertising sales manager: Norman Posen 
3200 Wilshire Blvd.. South Tower 
Los Angeles Calif. 90010 (213) 487-1160 

• O.K. Machine & Tool Company 

Optical Electronic•, Inc. 

Oregon Software 

• Oshino Electric Lamp Worke, Ltd. 

Ovo noire-Audio-Carpenter 

• Pearson Electronic. 

• PEP GmbH 

• Philips Elcoma Market Promotion 

•• Philips TAM 

• Piezo Technology 

Pliceon, Inc. 

Power General 

Practical Automation 

• Precision Filters 

• Preh Vertriebsge• mbH 

• Racal Dana Instruments, Ltd. 

• Radio Research Instrument Company 

RCA Corporation Lancaster 

RCA Solid State 

RAC Reliability Analysis Center 

• Rhopoint 

• Rohde Ei Schwarz 

Sankyo Seiki Manufacturing Co., Ltd. 

• Schlumberger Munchen 

Scientific Systems Laboratories 

Sharp Corporation 

Shigma, Inc., GEC Division 

• Siemens AG 

Snap-on Toole Corporation 

• Solarex 

• Solartron, Ltd. 

• Spectrol Electronics 

▪ Spectronice 

Sprague Electric 

Standard Microsystems 

Stanley Electric Company 

Synertek 

• Syntronic Instruments, Inc. 

• TEAC Corporation 

Techmashexport 

Tecneticit 

Tektronix 

Teledyne Philbrick 

4E. 5E. 30E. 311 

56 

260 
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218,219 

32E 

33F 

246 

64 

191 

102 

241 

1E, 25E. 40F 

129 

39F 

230 

124 

171 

Classified and employment advertising 
6E F. J. Eberle, Manager 212-997-2557 

Allen Bradley 272 
234 Bell Aerospace Textron 270 

Burroughs Westlake 277 
Career Assoc., Inc. 264 

282 Carpenter Consultants Inc. 266 
Charles Stark Draper Lab. 275 
Codex Corp. 266 
Corporate Personnel Consultants 276 
Corporate Recruiters 264 

247 COST. Inc. 276 
Coulter Electronics 268 
Foxboro Co. 274 

241 GCA /Burlington 275 
Glenn English Agency 274 
GTE Sylvania Systems 262. 263 
Gould Medicon 270 
Honeywell 271 
International Telecommunications 265 
Lockheed Engineering E. Management Service Co. 276 
Magnetic Peripherals Inc. 273 
Mike Howard Personnel 268 
Mitre Corp. 269 
National Personnel Consultants 264 
Nixdorf Computer 270 
RCA Avionics Systems 264 
Riddick Assoc., Ltd. 268 
Sprague Electric 266 
Southwest Technical Personnel 268 
Tektronix 264 
Robert J. Thompson Consultants. Inc. 274 
TWT di Assoc., Inc. 268 
Wang Laboratories, Inc. 267 

231 

232 

Telpar, Inc. 

Ten-Tec, Inc. 

12 $ Texas Instruments Calculator 

125 Tex,» Instrument., Digital Systems Division 

242 Texa• Instrument. Semiconductor 

6 • Thomson CSF DSC 

34E-35E 

2E. 3E 

17E 

Toshiba Corporation 

Toyo Corporation 

Triad Utrad 

230 • Trio Kenwood Corporation Test 
Instrument Div. 

TRW Capacitor* 

TRW Cinch Connectors 

eg TRW Electric Componente 

TRW Optron 

Ulvac Corporation 

9 Unitrode Corporation 

Universal Instrument* 

• Vactec, Inc. 

• Vacuumschmelze 

Vector Graphics 

• Wendel un Goltermann 

82 

102 

195 

38 

72. 73, 90 

12E. 13E. 15E 

112 

127 

190 

36E, 37E 

259 

184, 185 

212.213 

14, 181 

133 

208, 209 

248 

239 

38E 

20.21 

45 

• Wavetek Sen Diego 161 

Weckmer Company. Inc. 48 

Mark Williams Company 9 

Xebec Co., Ltd. 115 

Yokogawa Electric Works 114 

59 

188 

135 

80, 81 

204 

208 

214. 224 

51 

103 

226 

• For more information of complete product line see 
advertisement in the latest Electronics Buyers Guide 

• Advertisers in Electronics International 
9 Advertisers in Electronics domestic edition 

Market managers: 
Componente William Boyle, Rochester, N.Y. 
Computers & Peripherals: Flank Mitchell, Boston 
Test & Measurement: Don Farris. San Francisco 
Semiconductors: Norman Rosen, Los Angeles 

Atlanta, Gla. 30309: Peter Stien 
100 Colony Square. 1175 Peachtree St., N.E. 
(404) 892-2868 
Boston, Maas. 02118: Frank Mitchell 
Paul F. McPherson, Jr. 
607 Boylston St., [617] 262-1160 
Cleveland5, 602hlo 44113: William J. Boyle 
[716) 248- o 
Rift LauderdaN, Fla. 33308: Peter Slice, 
3000 N.E. 30th Place. Suite *400 
[305) 563-9111 
New York, N.Y. 10020 
1221 Avenue of the Americas 
John Gallee [212) 997-3616 
Matthew T. Reseska (212) 997-3617 
Philadelphia, Pa. 19101 Matthew T. Reseska 
Three Parkway. (212) 997-3617 
Pittsburgh, Pa. 1522 Matthew T. Reseska 
4 Gateway Center, (212) 997-3617 
Rochester, N.Y. 14534: William J. Boyle 
Powder Mill Office Park. 1163 Pittsford-Victor Rd., 
Pittsford. N.Y. 14534 [716) 248-5620 
Chicago, Ill. 50011 
645 North Michigan Avenue 
Jack Anderson (312)751-3739 
Robert M. Denmead [312] 751-3738 
Detroit, Michigan 4820:b Jack Anderson 
1400 Fisher Bldg.. (313) 873-7410 

T 75201: John J. Uphues 
2001 Bryan Tower, Suite 1070 
(214) 742-1747 
Denver, Colo. 80203: Harry B. Doyle. Jr. 
655 Broadway, Suite 325 
(303) 825-6731 
Houston, Texas 77002: John J. Uphues 
601 Jefferson Street, Dresser Tower 
(713) 659-8381 
Los Angeles, Calif. 90010: Chuck Crowe 
3200 Wilshire Blvd., South Tower 
(213) 487-1160 
Costa Mesa, Calif. 92828: Edward E Callahan 
3001 Red Hill Ave. Bldg. st 1 Suite 222 
[714] 557-6292 
San Francisco, Calif. 94111: Don Farris, 
Larry Goldstein. 425 Battery Street, 
(415) 362-4600 

Paris: Michael Sales 
17 Rue-Georges Bizet, 75116 Paris, France 
Tel 720-16-80 
United Kingdom: Simon Smith 
34 Dover Street, London WI 
Tel: 01-493-1451 
Scandinavia: Andrew Karnig and Assoc. 
and Simon Smith 
Kungsholmsgatan 10 
112 27 Stockholm, Sweden 
Tel 08-51-68-70 Telex: 179-51 
Milan: Ferruccio Silvera 
1 via Baracchini, Italy 
Tel; 86-90-656 
Brussels: 
23 Chausses de Wavre 
Brussels 1040, Belgium 
Tel: 513-73-95 
Frankfurt/Main: Fritz Krusebecker 
Liebigstrasse 27c, Germany 
Tel: 72-01-81 
Tokyo: Akio Saijo and Hirokazu Nakamura 
McGraw-Hill Publications Overseas Corporation, 
Kasumigaseki Building 2-5, 3-chome, 
Kasumigaseki. Chiyoda-Ku. Tokyo. Japan 
(581) 9811 

Business Department 
Thomas M. Egan 
Production Director 
(212) 997-3140 
Carol Gallagher 
Production Manager 
(212) 997-2045 
Betty Preis 
Production Manager Domestic 
(212) 997-2908 
Thomas Kazich 
Production Manager Related Products 
(212) 997-2044 
Karen Walpole 
Production Assistant 
(212) 997-2843 
Frances Balton, 
Reader Service Manager 
(212) 997-6057 

Electronics Buyers' Guide 
H.T. Howland, General Manager 
(212) 997-6642 
Regina Hera, Directory Manager 
(212)997-2544 

Classified and Employment Advertising 
Frank Eberle. Manager 
(212) 997-2557 
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HP 9825 owners: 
optimize performance with 
flexible disc storage. 

Now you can break out of the restraints of 
tape storage by adding high-performance ran-
dom access storage to your HP 9825 computer. 

The 9885 single-drive flexible disc adds 1/2 
megabyte per disc to your HP 9825 A/B (up to 
2 megabytes through optional slave drives). And 
our new double-sided, double density 9895 
floppy gives the model 9825T up to 2-1/2 mega-
bytes in a single package. 

In both cases, you'll be able to access any 
file on the disc in less than 1/3 of a second. And 
file referencing is done through a smart directory 
by simply designating the file name. 

The result? You'll be assured of rapid and 
complete analysis of your data for better prob-
lem-solving and more confident decision-making. 

So check out what better data management 
is all about. Just call your local HP sales office 
listed in the White Pages. Or write for more 
information to Hewlett-Packard, Attn: Larry 
Flaherty, Dept. 684, 3404 East Harmony Road, 
Fort Collins, CO 80525. 

Circle 265 on reader service card 

HEWLETT 
PACKARD 

CRYSTAL 
CLOCK 
OSCILLATORS. 
• We have more than 50 standard frequencies 

• We can ship within 48 hours from receipt of 
your order. 

• All Oscillators feature hermetic DIP 
Packaging. 

• Included are direct replacement for 16 
manufacturers, such as the following series: 
K1100, MXO, XO, M1100, HS, CM, BW, 1300, 
7400, and OT 

• Specify these Hytek Part numbers: 

TTL HY 4550 - 250 KHZ to 75 MHZ 

CMOS HY 4560 - 600 HZ to 5 MHZ 

Z80 (A) HY 4580 - 4 MHZ 

hytek 
16780 LARK AVENUE. LOS GATOS. CALIFORNIA 95030 

PHONE (408) 358-1991 TWX 910-597-5393 

riPH( 

AVAILABLE EX-STOCK 

FOR FAST, EFFECTIVE PROGRAMMING 
OF 1802 APPLICATIONS 

• Typically 20% of time and cost compared 
to programming in Assembler 

• High efficiency of code with minimum 
overhead 

• Natural structured programming 
II Full 16 Bit Arithmetic Package included 
la Executes in standard 1802 development 

system CDP 18S005 and CDP 18S007 

Price: 
Compiler-$1450. User Manual -$20 

Other Products 
Low Powered Single Board Computers 
4K Ram Card for CDP 18S005 Development Systems 

1 Ilit 1111 
7G3015RLeDdfEleiNdcRoulrVt FE,IIRscChuOrcRh firgOoRa2A20T4130N 
AVAILABLE FROM 

Telephone (703)827-9090 
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PERMANENT 
EXHIBITION 

Scandinavian Electronics Mart 

Europe's first 
permanent exhibition 

of Scandinavian 
electronics. 

Here a number of leading Nordic producers 
show the latest achievements of the Scandi-
navian electronics industry within the fields of 
research, know-how and production. 

Scandinavia's high technical standard is 
demonstrated through quality and functional 
electronic products. 

Visit the new centre for rational purchasings 
and concentrated information on electronic 
components, instrumentation and manufac-
tured equipment when you pass Copenhagen. 

Open Monday - Friday from 10 a.m. - 4 p.m. 

Jorgen Andersen Ingenrorl erne A/S. DK - Arcodan Antenne Systemer A'S. DK - Bang 8 
Olufsen A/S. DK - Chemrtale A/S. DK - Danavoz ArS.DK - Dancorn DK Danrca Elektronrk 
A' S. OK - Dance Supply ApS. OK Dansk Droller Tekruk ApS. DK - Drplohmate A'S. DK - PISA 
Elektronrk A/S. OK. A/SElektrosk Bureau. N Élektrorukcentraren.DK - ELMI A'S. DK -EMRIApS. 
DK - Fossnot A/S. DK - ONT Automate A'S. DK - Hellesens. OK • Helvdeq-Mrkkelsen Instrument 
AS. DK A/S Tams Jensen. DK - Karnstrup-Metro AIS. OK - LK-NES 
A/S. DK • Luzor Industn AB, S H S K Lubcke Akteselskab. DK Logstrup-Steel. OK - 
Mrcro Male AS. DK - Mortryk ApS. OK. Modulohm I'S. DK •Jorgen R Muller A/S. DK - Neseeo 
A 'S. DK • OY Nokra AB. SF - Peerless FabrrkerneArS. DK - Prerodan ApS. DK - Polyamp AB. 5 - 
PozyprInt ApS. DK Rae:Javier Electrones AS. DK - Chrrstran Rovsrng AiS. OK SalcompOY. 
SF - Sabra OY. SF - Seas Fabrrker A S . N - Skandrnatesk Elektroakustrk Ara DK - 
Del Store Nordiske Telegral-Selskab AIS. DK Storno A. S. DK - K Suhr A/S. 
OK - Transduktor A/S. OK • Aktreselskabet Velebark Horttalerfabrrk. OK • 
Vrtrohm Elektronrsk Fabnk AS. OK Wrcon Kondensatorfabnk A/S. OK - 
Zodrac GOmmuneatens ApS, DK 

Please send me further information on 
the Scandinavian Electronics Mart. 

Send to: 

EE 
Bella Center 

Marketing dept 
Center Boulevard 
DK-2300 Copenhagen S 
Denmark 
Tel + 45-1-51 88 11 

•Çe 

'leek 
»Eliminator 

REDUCES 
ELECTRONIC 
COMPONENT 
ASSEMBLY 
LOSSES 

MODEL 2061 
NUCLECEL 
SLOWER 

PROTECTS STATIC-SENSITIVE MOS 
AND IC DEVICES WITH CONDUCTIVE 
IONIZED AIR 
• Costs pennies per day to operate 
• Can save dollars per hour in components 
• Preferred method for neutralization 
• Low volume blower on swivel stand 
• Controls both low and high level 

static charges 

NRD DIV. MARK IV INDUSTRIES 
if 2937 ALT BOULEVARD N. / GRAND ISLAND. NEW YORK 14072) 716-773-7634 , TELEX 91-578 

Circle 272 on reader service card 

POWERFUL 

World's leading maker of 
electricity generating 

solar cells, panels, systems. 

• 
SOLAREX 

SOLAREX CORPORATION Industrial Products Div. Dept 100EG 
1335 Piccard Dove, Rockville, Maryland 20850 
301-948-0202 TWX 710-828-9709 Cable. Solarex 
Western office 
SOLAREX CORPORATION 8141 1-70, Frontage Road North 
Arvada, Colorado 80002 Telephone. 303-425-5992 
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Never before.. 
200 watts of RF power 

with incredible versatility. 
Now there's a completely solid 
state power amplifier that pro-
vides 200 watts of linear power 
over a frequency range from 
250 kHz to 120 MHz. And at 
175 watts, the range extends to 
150 MHz. 

Imagine the wide range of appli-
cations you can cover with this 
single Class A linear unit. All you 
need is any standard signal or 
sweep generator and you have 

3200 L spans 250 kHz to 150 MHz. 

the ultimate in linear power for 
RFI/EMI testing, NMR, RF Trans-
mission, and general laboratory 
applications. 

And, like all ENI power ampli-
fiers, the 3200 L features 

ENI 

unconditional stability, instan-
taneous failsafe provisions, and 
absolute protection from over-
loads and transients. 

The 3200 L represents a break-
through in RF power versatility 
and packaging. Never before has 
there been anything like it com-
mercially available anywhere! 

Contact us for a demonstration 
of the 3200 L and our complete 
catalog on the other amplifiers 
in our wide line. ENI, 3000 
Winton Road South, Rochester, 
NY14623. Call 716/473-6900, 
or Telex 97-8283 ENI ROC. 

The advanced design line of RF power amplifiers 
Circle 901 on reader service card 



Rep!aces network and switch 
in a single, cost saving package. 

Bourns, Inc. has combined switching and resistor network functions in a single, 
permanently sealed integrated package to save you time . . . and money. The new 
Bourns® Model 3100 switchable attenuator replaces a resistor network and DIP switch, 
or up to 16 discrete resistors and associated switches. The result: Reduced component 
count, lower assembly costs, increased reliability and PC board space savings. 

Available in both 'T' and "0" pad configurations, the Model 3100 switchable 
attenuator has a standard impedance rating of 600 ohms for telecommunications 
applications such as voice frequency repeaters, line amplifiers, Central Office carrier 

equipment, voice transmission and recording studio use. Four rotary-type 
switches are ratioed in a 1, 2, 4, 8 binary sequence to permit 
selection of attenuation in dB steps for each of the three ranges 

available: 0-1.5dB (0.1dB steps); 0-15dB 
(1.0dB steps); and 0-24(113 (1.6dB steps). 

An unbalanced 'T' pad config-
uration with an input impedance 
of 75 ohms and a O-15dB range 
is also available for applications 
such as CAW. 

DIMENSIONS: 

Sealed for board washing and 
dip wave soldering, the Model :',100 

switchable attenuator withstands a variety of 
058x1 34x025 environmental conditions. Gold switch contacts 

assure low insertion loss and long-term operating 
stability. It is pre-tested and designed for direct PC board 

mounting with no DIP socket required. Special and custom 
versions are available, including additional impedance values 

and increased ranges and steps. 

Call or write today for complete details on the Model 3100 switchable attenuator . . . 
another innovative multi-function component from Bourns. 

TRIMPOT DIVISION, 1200 Columbia Avenue, Riverside, CA 92507. 
Phone: 714 781-5235. TWX 910 332-1252. 

European Headquarters: Boums AG, Zugerstass9 74 6340 Baar, Switzerland. 
Phone: 042 33 33 33. Telex 78722. 

For Immediate Application—Circle 120 For Future Application—Circle 220 


