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Engineering is the big
difference in Power

ENGINEER :i:: 2. :
POWER tronic Measurements . . . more

power per cubic inch, more
power per pound,higher efficiency
(and less heat), ripple as low as 0.5 mV.

The table shows the 0.1%-regulation SCR models and
1%-regulation EM models, but Electronic Measurements has
a full line, bench-type and modular, with single and multiple
outputs, from 5V to 500V and from 2.5A to 650A.

And there’s more: remote sensing and programming,
automatic E/| crossover, stability within 0.05%, full over-
load protection, rugged construction that’s easy to service,
and a five-year guarantee.

In Power Supplies, the best is Engineer Power, from
Electronic Measurements. For a short-form catalog, use the
Reader Service card, or contact Electronic Measurements.
Price Price

SCR EM SCR

Price
EM SCR
$1,600 $2,000

Rating
6V-600A

Rating
160V-15A

Rating EM

40V-125A  $1,300

7.5V-300A

1,200

1,400

$1,600

$ 950

$1,100

10V-250A

1,200

1,400

40V-250A 1,975

2,500

160V-30A

1,300

1,600

10V-500A

1,600

2,000

50v-200A 1,975

2,500

160V-60A

1,975

2,500

20V-125A

1,050

1,200

80V-30A 950

20V-250A

1,275

1,500

1,110

250V-10A

950

1,100

80V-60A 1,200

20V-500A

2,050

2,650

1,500

250V-20A

1,300

1,600

30V-100A

1,050

1,200

100V-100A 1,975

2,500

250V-40A

1,975

2,500

30V-200A

1,450

1,800

120V-20A 975

1,300

500V-5A

1,300

1,500

120v-40A 1,200 1,500 500V-10A 1,600 2,000

40V-60A - 950 1,100

19”7 Rack, 20’’ depth. letagé and current adjustable over wide range.

See EEM Vol.1-791, 12792, 1.793 for additional information.

ELECTRONIC MEASUREMENTS INC.

405 Essex Road, Neptune, N. J. 07753
Phone: (New Jersey) 201 - 922-9300 + (Toll-Free) 800 - 631-4298
Specialists in Power Conversion Equipment

€
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150 waltts
al 70 MHz

Wwith the BLX15, Amperex has advanced the state of the art of
RF power semiconductors. This is the device that produces
150 watts CW at 70 MHz, Class B, with input power of less
than 19 watts...and develops peak envelope power of 150
watts at 30 MHz single sideband, Class AB operation, at a
power gain of more than 14 dB.
You won't find anything like it anywhere eise.
The BLX15 is only one of a whole family of Amperex RF power
semiconductors. The family inciudes individual power transistors
and impedance-matched, cascadeable, UHF amplifer modules.
With each device you get a special set of curves that pre-
cisely define the Safe Operating ARea as a function of total
power dissipation. We call them “SOAR’ curves; use any
Amperex RF power semiconductor
. within its designated Safe Operating
ARea and we'll guarantee you specified
performance ... or your money back!
There's an Amperex RF power semicon-
ductor to fill virtually any RF amplification
need in fixed and mabile transmitting equip-
ment...from 30 MHz single sideband through
470 MHz UHF FM. For details, including expert
applications engineering assistance, contact:
Amperex Electronic Corporation, Hicksville
Division, Hicksville, New York 11802.
Telephone: 516-931-6200.

Amperex

TOMORROW'S THINKING IN TODAY'S PRODUCTS

Sold through
North American Philips Electronic Component Corporation

SSB VHF UHF
P out 30 MHz 175 MHz FM 470 MHz FM
(watts) 28V 13.5V 28V 135V 28V
Ampl. Modules
2.0 BLX65
2.5 2N3553 BLX66
3.0 2N3924 BLX67 BLX92
4.0 BFS22A BFS23A BGY22
6.0 2N3375
7.0 2N3926 BLX68 BGY23 BLX93
8.0 BLX13 BLY87A BLY91A
12.0 2N3927
13.0 2N3632
15.0 BLY8BA BLY92A BGY24
20.0 BLX69 BLX94
25.0 BLY89A BLY93A
40.0 BLX95
50.0 BLX14 BLY90 BLY94
150.0 BLX15
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Need high frequency magnetic materials
for power handling applications?

Want Low Core Loss at High Temp.?

New F Material Power Ferrites. Initial permeability
of 3,000 +20% . Stable at operating temperatures
up to 125°C. High saturation flux density—5,000
gausses. Frequency range—10 KHz to 100 KHz.
Available in E cores, U cores, toroids and pot
cores. Magnetics makes a complete range of
magnetic materials for power handling
applications. Circle Reader Service #234

Need a Core that Won’t Saturate?

New Cut Coresin C and E shapes.

Inthree materials:

(1) Supermendur—for applica-

tions requiring highest possible

saturation flux densities (approx.

20,000 gausses). Weighs 30%

less than conventional 3% =
silicon-iron cores.

(2) Permalloy 80—has a saturation
flux density of 7,000 gausses, and
core loss approx. 14 that of a
silicon-iron C core of equal
thickness.

(3) Orthonol®—has a saturation

flux density of 15,000 gausses,

and acore loss approx. 1 that of a

silicon-iron C core of the same
material thickness.
Circle Reader Service #235

Looking for a Special Tape Wound Core

or Lamination?

Tape Wound Cores in all AIEE standard sizes,
plus 0.0005” through 0.014” material thicknesses.
Circle Reader Service #236

Fifty-one standard shapes (plus special designs)
of laminations—in sizes from DU-87 and El-11
down to solid state circuitry sizes.

Circle Reader Service #237

For information about other magnetic
alloys we make, Circle Reader Service #238.

MAGNETICS
w J J |

A DIVISION OF SPANG INDUSTRIES INC.

Butler PA 16001.
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COMMERCIAL ELECTRONICS: Not all seatbelt interlocks latch on, 39
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SOLID STATE: GI's MOSFETs get technology push, 40
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Highlights

The cover: Focus on optoelectronics, 109
Technologies and devices that exploit elec-
tronic reactions to the optical spectrum are
on the upsurge. This survey of the opto-
electronic hardware available today is corre-
lated with the ultraviolet, visible, and in-
frared wavelengths each device handles.

For rapid reference, the multicolor foldout
chart on page 115 lines up light sources,
detectors, and transmission materials under
the relevant portions of the optical spec-
trum.

Communication catches on in Alaska, 75
Long-distance direct dialing between towns,
telephone links to small, scattered villages,
and a domestic satellite program are updat-
ing Alaska's primitive communications sys-
tem. By year's end, $91 million will have
been invested in these and other projects.

How to switch from gates to microprocessors, 91
The once-and-for-all-time logic design is
giving way to the quickly alterable micro-
processor chip set. But this means the sys-
tem designer must learn the techniques of
programing the device.

One-layer package slashes ceramic DIP cost, 119
Replace three layers with one, make the
package reusable by sealing the lid with
epoxy, raise the yield—and you have a ce-
ramic DIP that's cost-competitive with plas-
tic.

And in the next issue . . .

The great takeover: the why and how be-
hind electronics’ revolutionary impact on in-
dustry, government, and the lifestyle of the
private citizen.

A special issue devoted to the growing
pervasiveness of electronics.
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Alaska, a state which is over

twice the size of fabled Texas, is
sparsely populated, containing only
some 350,000 people. It’s stitched
together by two things: a trans-
portation network and communi-
cations. And electronics is an essen-
tial element in both.

Recently, our Communications
and Microwave Editor, Lyman
Hardeman, a Texan, went to Alaska
and brought back the story (see
Probing the News, p. 75) on how a
group of isolated communities are
getting their first telephone service,
thanks to electronics. Harde-
man discussed communications
problems with the governor of
Alaska, William Egan, who stresses
that the economic future of Alaska
depends on progress in communi-
cations and transportation.

Says Hardeman: “One out of ev-
ery 7 or 8 Alaskans is a pilot, and
given the wildness and vastness of
Alaska, two-way radios are a neces-
sity rather than a luxury. Often a
bush pilot is the only link with the
outside world. Some of the towns
that are just being hooked into the
radio-based dial-telephone network
simply had no contact with the rest
of Alaska except when a plane
touched down.”

he optical spectrum is the

scene of a lot of activity these
days, what with lasers, light-emit-
ting diodes, fiber optics, and a host
of other developments of interest to
electronics engineers.

To give more clarity to the details
of what fits where in the optical
spectrum, we’ve put together a fold-
out, four-color chart of that area of
the electromagnetic spectrum.
You'll find it, and an accompanying

article starting on page 109. Suitable
for mounting on a wall, the chart re-
lates wavelength, energy, and fre-
quency and shows the range of op-
eration of a number of emission
sources, transmission materials, and
detectors. The presentation on the
optical spectrum, by the way, carries
the byline of Lyman Hardeman, our
Communications and Microwave
Editor, his second of the issue.

nd speaking of bylines, the

newest member of our staff has
his first Electronics byline in this is-
sue. Chronicling the latest, and big-
gest, step in the journey to the mar-
ketplace of silicon-on-sapphire
devices (see p. 85) is Joel DuBow,
Components Editor.

DuBow brings to our pages a
broad background of -electronics
training and experience. A holder of
a BSEE from Brooklyn Polytech, he
went on to earn a master’s degree at
Princetown and a PhD at the electri-
cal engineering and applied physics
department at Case-Western Re-
serve. He has worked for RCa,
where he was engaged in research
on MOS devices and processing,
among other things, and Radiation
Inc., where he was involved in work
on materials for optical memories.

His move to New York brings
him to a new territory for one of his
big interests—backpacking. Having
done most of his backpacking in the
West, he is looking forward to what
the trails of the eastern ranges have
to offer.
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programs faster-
functions better,
longer.
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The 5500R Programmable Function Generator utilizes
high-speed FET switches for greater reliability and
generates functions automatically in less than100u sec.

There are no relays to break down. And optical matically or manually. And the 5500R programming
coupling assures high isolation between system and interface is compatible with DTL, RTL, TTL logic
logic drive. Frequency range is 0.0001Hz to 5MHz. and relay closures..It’s ideally suited for automatic
Sine, square, triangle, pulse and sawtooth waveforms, calibration and test systems. For fast action, call
as well as frequency, amplitude, DC offset and pulse (617) 491-3211, TWX 710 320 6583, cr contact your
width control functions, can all be selected auto- local KH representative listed below.
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WL cnoHN-HITE

CORPORATION
580 Massachusetts Avenue, Cambridge, Massachusetts 02139

SALES OFFICES: ALA., Huntsville (205) 534-9771; CAL., Santa Clara (408) 243-2891, Inglewood (213) 674-6850; COLO,, Littleton (303) 795-0250; CONN., Glastunbury (203) 633-0777;
FLA,, Orlando (305) 894-4401; HAWAI!, Honolulu (808) 941-1574; ILL., Des Plaines (312) 298-3600; IND., Indianagolis (317) 244-2456; MASS., Lexington (617) 861-8620; MICH., Detroit
(313) 526-8800; MINN., Minneagolis (612) 884-4336; MO., St. Louis (314) 423-1234; N.C, Burlinggton (919) 227-2581; N.J., Bordertown (609) 298-6700; N.M., Albuquerque (505)
255-2440; N.Y., € Sgracuse (315) 437-6666, Rochester (716) 328-2230, Wappingers Falls (314) 297-7777, Vestal (607) 785-9947, Elmont (516) 488-2100; OHIO, Cleveland (216)
261-5440, Dayton (513) 426-5551; PA., Pittsburgh (412) 371-9449; TEX., Houston (713) 468-3877, Dallas (214) 356-3704; VA, Springﬁeld {703) 321-8630; WASH., Seattle (206) 762-2310;
CANADA, Montreal, Quebec (514) 636-4411, Toronto, Ontario (416) 444-9111, Stittsville, Ontario (613) 836-4411, Vancouver, British Columbia (604) 688-2619.
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Put on
a great

display...
00006

with Intronics’
new, fast
multiplying DACS.

The first in a line of fast multiplying digital to
analog converters from Intronics, specifically
designed for high speed graphic display
applications. The dynamic characteristics of
modeis MDI 1201 & 1202 are optimized to ensure
straight vector generation in your CRT displays,
by minimizing delay time variation. And these
models offer a fast settling time of 500ns, a
wide bandwidth analog input of 4MHz, a low
temperature drift of 5ppm/°C, and a high
output impedance, all with no external
trimming required.

Whether your application is graphic displays
(generation of vectors and alphanumeric char-
actersi, scaling analog signals by digital com-
mand, synchro conversion, data normalization,
or digital modulation systems, Intronics' fast
muitiplying DAC modules provide the speed and
accuracy you require at the right price. Don’t
settle for less. Specify Intronics’ MDI DACs for
your high speed data conversion applications,
they won't throw you a curve.

it

® 7 @
mntronies

57 Chapel Street, Newton, Massachusetts 02158 U.S.A.
617-332-7350, TWX 710-335-6835

Overseas Call:

Brussels, Belgium 35-97-91  Tel-Aviv, Israel 53459
Helsinki, Finland 11-123 Milan, italy 9043983

Paris, France 9077844 The Hague, Holland 678380
Munich, Germany 524181 Maidstone, England 54224
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Readers comment

Process boosts thin-film yield

To the Editor: The article by O.J.
Digiondomenico and Ted M. Foster
concerning thick-film hybrids [Elec-
tronics, Aug. 16, p.104] was an ex-
cellent comparison of thin- and
thick-film technologies. However, I
would differ slightly with the au-
thors about thin-film batch sizes.
There has been a recent rapid devel-
opment of cold high-rate sputtering
techniques.

This new generation of equip-
ment is being coupled with load-
lock or cartridge vacuum chambers
that greatly increase capacity per
batch. These two changes can re-
duce the cost per run. The use of
“cold” sputtering also reduces the
problem of film damage by second-
ary electrons while reducing sub-
strate heating at the same time.

The “sputter-gun” type of source
is available from Sloan Technology
Corp., and a new planar-cathode
source is available in complete sys-
tems from Airco Temescal Corp.
and Vacuum Technology Associates
Inc.

Ted Van Vorous

President

Vacuum Technology Associates
Boulder, Colo.

Back to the Bactometer

To the Editor: We are pleased that
you devoted space to our Bactome-
ter 100 in “Instrument hastens iden-
tification of disease-carrying micro-
organisms,” [Electronics, July 19,
p-35]; however, part of the article is
misleading.

The Bactometer 100 was devel-
oped by Bactomatic Inc., not by Ap-
plied Magnetics. Applied Magnetics
is not now marketing the instru-
ment, but it may do so in the future
for food applications only.

Finally, the opening statement,
although eye-catching, is mislead-
ing, as our method has potential
only for the detection of growing
micro-organisms, not their toxins.
Furthermore, to date, no work has
been done to detect Clostridium
botulinum in any type of sample.

Paxton Cady
President
Bactomatic Inc.
Palo Alto, Calif.

In Rochester,N.Y.

Here in this dynamic 9-county
area of Western New York, you
can shape up your business with
raw materials and ship your
finished products out. Take
your choice. You can ship by
air, by rail, by truck...even
ship by ship. Did you know we
are a seaport?

Could you use some solid in-
formation on transportation . ..
or any aspect of site or plant
selection? If so, shape up and
call collect or write to Bob Hall,
Director of Area Development,
Rochester Gas & Electric, 89
East Ave., Rochester, New York
14649. (Telephone: 716-546-
2700).

Nobody knows more about this
area than we do. And we're
eager to tell you more about
it. Shape up and ship out to
Rochester.,

Rochester is Shaping Up.

ase

ROCHESTER GAS AND ELECTRIC
89 EAST AVENUE. ROCHESTER N ¥ 14649 - 546 2700
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STEWARI=
WARNELER
VIICROCIRCUITS

FORDEIROIT

CUSIOM:-
*  DLSIGNED

*x GMOS

DO YOU HAVE A
PRODUCTION NEED FOR A
CUSTOM-DESIGNED C/MOS CIRCUIT?

You may not be in automotive electronics, but if we
can satisfy Detroit, we know we can satisfy you. So,
whatever business you are in, if you have a produc-
tion requirement for a custom-designed C/MOS
circuit —write Stewart-Warner Microcircuits,or call
(408) 245-9200 and ask for the C/MOS sales
department.

Specify your circuit requirements, and we'll design

the circuit and make it. One of the industry’s fore-
most suppliers of 7400 TTL's, 9601’s and 9602's, and
930DTL’s.

SYMBOL OF

3 STEWART-WARNER MICROCIRCUITS OIVISION

STEWART-WARNER CORPORATION

EXCELLENCE

730 £AST EVELYN AVENUE - SUNNYVALE, CALIFORNIA 84086
PHONE 408/245-3260 TWX 910-339-9210
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Higher component density...

Lower insertion costs...with
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MONOLYTHIC
CERAMIC
CAPACITORS
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TYPE 939C

(4 capacitor sections)

TYPE 934C

(7 capacitor sections)

TYPE 936C

(8 capacitor sections)

Compatible with ICs and other standard DIP devices. Bspecially
useful for noise bypassing and signal coupling in high-frequency
signal or data processing systems. Molded package provides
mechanical protection and reliability under severe environmental
conditions. Monolythic® construction . . . alternate layers of ce-
ramic dielectric material and metallic electrodes are fired into
an almost indestructible homogeneous block. Standard ratings,
18pF to 0.1 .F @ 100WVDC. Temperature range, —55C to +70C.

Sprague puts more passive component families into
dual in-line packages than any other manufacturer:

HYBRID CIRCUITS

TAPPED DELAY LINES

SPECIAL COMPONENT COMBINATIONS
THICK-FILM RESISTOR NETWORKS
THIN-FILM RESISTOR NETWORKS
ION-IMPLANTED RESISTOR NETWORKS

45T-3116

SPRAGUE

THE MARK OF RELIABILITY

TANTALUM CAPACITORS
CERAMIC CAPACITORS
TANTALUM-CERAMIC NETWORKS
RESISTOR-CAPACITOR NETWORKS
PULSE TRANSFORMERS
TOROIDAL INDUCTORS

For more information on Sprague DIP components,
write or call Ed Geissler, Manager,

Specialty Components Marketing,

Sprague Electric Co., 35 Marshall St.,

North Adams, Mass. 01247. Tel. 413/664-4411.

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS
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40 years ago

From the pages of Electronics, October 1933

No condition facing the radio in
try is more important to the pres.
and future prosperity of the a
than the unemployment situation in
which the average radio engineer
finds himself.

If he has a job at all, the technical
radio man is likely to have imposed
on him low wages, long hours, Sat-
urday and Sunday overtime, and in-
security of employment. In certain
plants, good men are temporarily
taken on at bare subsistence wages,
drained of their ideas, and then in a
few weeks turned out on the street
again—the process to be repeated
with a new batch of “laboratory fod-
der.”

It is clear that such a policy cannot
build for stability or real progress of
the art. New products and services
which the public buys, come from
engineering minds. It is poor econ-
omy to kill off the producers.

The Institute of Radio Engineers
has recognized this unsound em-
ployment condition by the appoint-
ment of a special committee to
study the problem, with no less a
chairman than the president of the
Institute, Dr. L.M. Hull himself
This committee can set out the facts
and propose solutions. It early de-
veloped that the NRA Codes had no
place to take up the radio engineers’
problems, but there is still hope that
out of the improved business condi-
tions resulting from NRA, the radio
engineer may benefit.

Meanwhile there is much talk
about organizing the engineers for
self-protection.

The visit of Senator Marconi to this
country, and his optimistic reports
of his successes in transmitting in-
telligence beyond the theoretical
horizon, on very short waves, have
focused attention again on this vast
region below 10 meters, perhaps
even below one meter, which is
being rapidly explored and ex-
ploited. From all appearances his-
tory is to be repeated; wavelengths
once thought useless are suddenly
found to be of great importance;
soon the scramble to stake claims in
this new goldfield will be on.

Electronics/October 11, 1973
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%/ syarnon €D Donnan DIGITAL MULTIMETER MODEL 7205

=1V resolution
> full functions
26 ranges

at this price!

Lead-compensated ohms

For immediate information on Systron-Donner’s new Model
7205 52 -digit Multimeter, call us collect on our Quick Reaction
line: (415) 682-6471. Or you may contact your Scientific
Devices office or S-D Concord Instruments Division, 10
Systron Drive, Concord, CA 94518. Europe: Systron-Donner
GmbH, Munich, W. Germany; Systron-Donner Ltd.,
Leamington Spa, U.K.; Systron-Donner S.A., Paris (Le Port
Marly) France. Australia: Systron-Donner Pty. Ltd. Melbourne.

SYSTRON @ DONNER

The Systron-Donner Instruments Group:

Concord Instruments [J Computer Systems [] Datapuise [] Kruse Electronics [J Microwave [] Trygon Electronics
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If youre doing digital signal
or special purpose arithmetic
processing and you cant
use one of these babies,




~

call Clive Ghest :
adtellhim .

The new Am25S05. A super high-speed,
four-bit by two-bit 2’s complement digital multiplier that multiplies
positive or negative numbers without correction.

A Schottky version of our Am2505, an industry standard since
1972.

A 12x12 array using our new Am25S05’s will typically have a
delay of 115ns and use 10.8W of power.

For you low-power fans, the same array using our new Am25L05’s
will typically use just 2.7W of power with a 335ns delay.

All of which means you really have no excuse not to use one of
our multipliers. If you do, please call Clive Ghest collect at (408)
732-2400. He'd really like to talk to you about it.

Cornering the high-speed digital multiplier market is just one of
the reasons why we’re going to be the sixth largest maker of
integrated circuits in the U.S. by 1975.

L .
Advanced Micro Devices,Inc.

(#15, going on #6.)

Advanced Micro Devices, Inc. 901 Thompson Place, Sunnyvale, California 94086 / TWX 910-339-9280/ TLX 346306.

For product or sales information, call the AMD sales representative nearest you. In Sunnyvale, Shel Schumaker ,
at (800) 538-7904 (toll-free from outside California) or (408) 732-2400. In the eastern United States, Steve Marks or
Bill Seifert at (516) 484-4990; in Washington/Baltimore, Ken Smyth at (301) 744-8233; in Boston, Paul Macdonald at

(617) 273-1196. In Mid-America, Chuck Keough at (312) 297-4115. In the Los Angeles area, Steve Zelencik or
Russ Almand at (213) 278-9700 or Larry Strong at (213) 870-9191. In the United Kingdom, Des Candy at Herne Bay
(Kent) 61611; and in Germany, Hermann Lichotka at (0811) 594-680.
Advanced Micro Devices is distributed nationally by Cramer and Hamilton/Avnet Electronics.
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THE MOS IK

4 MHz STATIC
SHIFT REGISTER
ISOPLANAR DID
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Our new 3355: 4 MHz guaranteed
minimum speed. Zero data hold time.
First MOS device made by Isoplanar.
And available now.

Our new 3355 is a single 4 MHz 1024-bit static
shift register with on-chip clock generator,
multiplexer, pull-up circuit. This is a high speed,
high reliability, instantly deliverable device for
designers working in low-cost sequential access
memories, low-cost static buffer memories,

CRT refresh (line and page), delay lines, or
drum memory replacements.

And our isoplanar process did it. As applied to
MOS, it provides a smaller,faster device geometry
with improved reliability and performance.

Voo SELECT Vao

oiolalinl

1024-BIT
REGISTER

CLOCK
GENERATOR

CLOCK

5v
v

Features:

« 4 MHz guaranteed minimum speed

o Zero data hold time (see Fig. 2)

« Total insensitivity to clock rise and
fall time

« On-chip pull-up device permits direct
interface with TTL without external
components (see Fig. 3)

+ Single-phase TTL clock drives on-chip
generator

* Low clock capacitance

« Input multiplexer selects from 2
input sources

 8-pin ceramic mini-DIP

Available now: 3355 data sheets and parts for
new high speed designs.

Fig. 2. Timing Diagram for

Data Hold (t;u)
Note that because t;,, =0, data can
be changed immediately after clock
goes LOW, This permits any com-
bination of TTL devices and 3355’s
to be clocked on the same negative-
going edge. Multiplexing 3355’s to

k_c Ds—3—toH (Ons)
 (50my)

o] meur K :‘:“‘:Y‘}x i achieve higher data rates requires
7| STABLE gcmneeu = no elaborate timing considerations.

Cascadability is guaranteed without
the need to specify a minimum out-
put delay. Built-in hysteresis in the

1 clock circuit permits the use of clock
l_I l DTSN '*?gv ] edges with long rise and fall times.
CLILTLITT]
Dy CLOCK 0, Vss Eay Fig 3. Typical Input
g0 Characteristics
5 ba 74 o2 The above V/I curve is character-
E N v 2 istic of the pull-up device on all 3355
g, V N 2 inputs, including the clock. Demon-
Fig. 1. Logic and Pin Diagram = ‘2 strably, this device presents no load
The 3355 is a single-phase static shift register. Data is loaded to a TTL LOW state (.4V), but
into the register on the negative transition of the external 0 5 101.520253035404550 turns on when a TTL output goes
clock. The SELECT input allows data to enter the register INRUTAVOUTAGE[(V) HIGH (2.4V) to pull the TTL out-
either from D, or D.. D, is selected with a LOW on SELECT : put above the minimum required
input; D. is selected with a HIGH on the SELECT input. — input HIGH voltage for 3355
The output will drive directly one unit TTL load (1.6ma @ .4V). { Vg minus 1.0V),

SEMICONDUCTOR COMPONENTS GROUP, Fairchild Camera & Instrument Corp., 464 Ellis St., Mountain View, Ca. 94040. (415) 962-5011. TWX : 910-379-6435.
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The new 420L
offers everything
but the pedestal
you'll want to
put it on.

The: pedestal's optional, but
the broad frequency coverage of
100 kHz to 280 MHz and a power

output up to 20 watts are
stancard in this state-of-fhe-art
RF power amplifier.
Linear Class A circuitry wi'l
fa:thfully reproduce input
moduiations including AM, FM,
3SB, TV and pulse with minimum
distertion. Completely solid-
state. the 420L will supply full
powes output into any loac
impedance (from an oper to a
short circuit
Driven by any sigral generator,
frequency synthesizer or sweeoer,
the 420L is a flexible and
versatile source of RF power for
ceneral laboratory work, RFI/EMI
tesling, signal distribution,
RF transmission, laser
moc Jlation and ultrasonics
The new 420L. Oftering
everything but the pedestal
you'll want to put it on. at $2890.

For turther informat.on or a
Jemonstration contact ENI, 3000
Wintom Road South, Rochester,
New ‘oka1E4623 (716) 473-6900

The world’s leader
in solid state
power amplifiers
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Lindmayer seeks
solar-cell power

“Let’s face it, the time for solar
energy has arrived,” asserts Joseph
Lindmayer, who believes that tradi-
tionally high costs and low effi-
ciency are not scientific gospel when
it comes to solar cells. To back up
his conviction, the solid-state expert
and his colleague, Peter Varadi,
recently quit their jobs at Comsat
Laboratories—where they headed
the physics laboratory and the ma-
terials science department, respec-
tively—and started their own com-
pany, Solarex Corp., Rockville, Md.

In a few months, Solarex will set
up a small production line to manu-
facture $50 panels 4 square inches
in area to charge batteries of unat-
tended yachts and cars, Lindmayer
says. Later, Solarex will build arrays
for buoys, lighthouses, and micro-
wave.repeaters.

“We’ve already talked with build-
ers of communications systems,” he
says. “In Brazil, for example, solar
panels could power small receive-
only television terminals” and be
designed with battery backup “so
they will always have the needed
power.” With those projects, some
$250,000 raised from backers, and
possibly help from the National Sci-
ence Foundation and some poten-
tial customers, Lindmayer and Va-
radi are mapping a careful strategy
for their entry into the market.

To succeed, they need more than
lofty goals. “I feel the time has come
to get over 20% efficiency,” Lind-
mayer declares. Today, most cells
hover around 11% efficiency, and
Lindmayer acknowledges that the
theoretical limit is 25%. But while at
Comsat, he designed the classic
“violet” cell [Electronics, May 22,
1972, p. 30], which the company
now claims to be 18% efficient. By
new techniques, Lindmayer is con-
vinced that he can attack the inter-
related problems of cheaper produc-
tion, higher efficiency, and the use
of less silicon to achieve more pow-
erful cells at one-tenth the cost.

How? Up to now, solar-cell tech-
nology has been “underdeveloped
simply because the sole users were

V' L 5 R
Cell maker. Lindmayer of Solarex is com-
mitted to cheaper, better solar cells.

the satellite makers,” Lindmayer
states. Such a limited market could
not support a serious R&D effort
and, consequently, terrestrial solar
arrays have been hand-crafted from
satellite rejects or cells made to
space requirements, he says.
Semiautomating the production line
and reducing the steps needed in
the vacuum-evaporation process, he
believes, would be a start toward re-
ducing costs.

Designing the cells for earth use
will help, too, Lindmayer asserts.
“We believe that silicon in almost
any size and form can be used,” he
says, “so we will lower our require-
ments for defect density, ori-
entation, resistivity control, and sur-
face quality.” Paying special
attention to interconnect techniques
and extremely simple solar panel
construction are among the other
tricks Lindmayer plans to use. An
R&D program will explore the use of
very thin layers of silicon. The job
won’t be easy, but “our basic com-
mitment is to make the cells
cheaper,” he says. O

Success begins
today, says Regis

Lawrence J. Regis, Signetics’ new
general manager for MOS products
doesn’t believe in “waiting until ma-
fiana” for success in the industry to
happen. After a month on the job,
he has been implementing some
structured, goal-oriented, plans for
his new department.

“Success in the semiconductor
business,” he declares, “is very sel-
dom the dramatic breakthrough.
The difference between a successful
company and a less successful com-
pany is the day-to-day attention to

Electronics/October 11, 1973
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MOSTEK

WILL WORK WITH

“Qur relationship with their quality
assurance has been frank and
excellent.” The words of Ed Minich,
Supervisor, Electronic Design
Group at SANDERS DATA
SYSTEMS, INC. of New Hampshire,
speaking about MOSTEK.
“MOSTEK'’s chips have proved very
reliable. They have contributed to
the successful acceptance of our
products, and MOSTEK has

YOU.
ASK SANDERS.

cooperated in maintaining quality
and performance levels to
SANDERS’ rigid purchase
specifications.”

SANDERS is known for those
“rigid”” requirements. They insist
on quality from the initial design

philosophy to the finished product.

That's why their 810 and 804
Programmable Terminal Systems

—
-
-
—
—
~

are in operation across the nation,
bringing fast, reliable data
processing to a wide variety of
businesses. And that's why they
turned to MOSTEK to utilize the full
advantages of MOS technology.
Utilizing the techniques of lon
Implantation, MOSTEK devices
have met SANDERS precise
requirements in areas such as
control memories, buffering
peripherals and refreshing displays.
On MOSTEK's use of lon
Implantation, Ed Minich says:

“ . .it has allowed us to design
circuitry with TTL compatible
memories and economical sense
amplifiers.”

We welcome the challenge to
develop MOS devices to meet the
most demanding specifications,
and when men like Ed Minich say
that our relationship has been
“frank and excellent”’. . . we feel that
says it all. It's a result of working
closely with our customers and
seeing the job through. Not words,
but facts. Just ask SANDERS!

MOSTER

1215 West Crosby Road
Carroilton, Texas 75006
(214) 242-0444

TWX 910-860-5975
TELEX 73-0423

© Copyright 1973 by MOSTEK Corporation

On the SANDERS assembly line, Nashua, New Hampshire: Ed Minich, Supervisor, Electronic
Design Group at SANDERS, holding a printed circuit board containing MOSTEK MK4006P 1K
RAMs; on the right, Gordon Hoffman, Applications Manager for MOSTEK Corporation.

Electronics/October 11, 1973 15
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SR-300 . . . the only complete unit for measuring shaft angle and
displaying your actual engineering units. The economical SR-300
synchro converter from DDC. With output already scaled to display
the engineering units you need to measure—so you don’t have to
take the time to read angle, then scale. The SR-300 does it for you
with custom scale factors—in psi, miles, degrees, temperature,
pounds, velocity . . . any engineering unit you require.

Features include: bright .6-inch display in compact (2x4.5x7.5-
inch) panel meter configuration; 3 or 4 decade resolution; all solid
state reliability; accepts 11.8V or 90V L-L, 50-440Hz and synchro
or resolver format; BCD output for computer interface and/or
remote readout, and self-contained power supply. Input is trans-
former isolated and transient protected. Accuracy is 30’ or +¢'
and is specified worse case over full environmental range.

8o, whether your application is in industrial machine controls,
batch weighing, processing systems, or data fogging, such as util-
ized in maritime and industrial data recorders, why not select the
indicator that speaks your language!

It's from DDC. The people who are shaping the future of data
conversion and high speed signal conditioning equipment. Send

for tree brochure.
B m B A subsldiary of ILC Industries, Inc.

ILC DATA DEVICE CORPORATION

100 TEC STREET, HICKSVILLE, N. Y. 11801 « PHONE: (516) 433-5330
Shaping the future of data conversion.
APPLICATION CENTERS

Washington, D. C.
(703) 536-2212

Long Beach, Calif.

Bruxelies, Belgium
(213)597-5744

Tel. 62.01.59

At last! A low-cost
synchro angle indicator
that speaks your language.

Circle 16 on reader service card

the nitty-gritty details.”

Discipline is Regis’ main tool. He
has already been “forcing people to
get together and cross parochial
boundaries” to enable marketing
people, for example, to understand
the problems of manufacturing per-
sonnel. Regis is also handing out re-
sponsibility. He is making the per-
son closest to a particular problem
responsible for indicating what
should be done about it, and for es-
timating the probability of success
or failure of the recommended
course of action. “There’s a heck of
a lot of human resources that
haven’t been tapped.”

First obligation. With the respon-
sibility for worldwide sales, market-
ing, and product areas for MoOSs,
Regis says, “the MOS department
won’t significantly depart from the
classic areas Signetics is in.”” He
wants to stick with the company’s
current line for now, since, he says,
“We haven’t scratched the surface
with the existing customer base. Our
first obligation is to support these
customers.” Accordingly, he says
that such things as seat-belt inter-
locks and watch circuits will have to
wait.

His expertise in such matters
stems from his work at Advanced
Memory Systems, Sunnyvale, Calif,,
as vice president and general man-
ager of OEM activities, and his 12
years at Texas Instruments.

Despite Regis’ strict plans for his
department, he admits that “orga-
nized recreation doesn’t make any
sense to me.” At his Los Gatos,
Calif., home, he, his wife Jackie, and
their four children, swim in their
pool, go to plays or movies, and
sometimes rent a camper to trek to
Carmel Valley.

Goal-oriented. Lawrence Regis pays atten-
tion to details and corporate interfaces.
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Now, view 12 data
channels in binary

HP’s new logic analyzer displays 15 consecutive
12-bit words before or after the trigger event.

HP’s new high-speed logic state an-
alyzerdisplays datadirectly on a CRT
in system format—ones and zeros in
octal, BCD or hexadecimal—giving you
truth tables at a glance. With this new
analyzer, you can design, test and ser-
vicedigital equipment faster and more
efficiently.

The 1601L analyzer captures data,
atrates up to 10 megabits/second, from
asmany as 12 channels. Data is dis-
played as 16 consecutive 12-bit words,
in 1’sand O's format. The information
is stored in shift registers and can be
displayed indefinitely, Four trigger
modes let you move the display window
anywhere in the data stream, from 15
states before the trigger to 99,999 states
after the trigger,

(Continued on page 3)



Six HP counters fit most
bench or system needs

If you’re looking for a single electro-
nic counter that satisfies almost any
need up to 550 MHz, try HP’s 5326/
5327 universal counters/timers. All are
excellent bench instruments that inter-
face simply and inexpensively with auto-
matic systems.

There are six models from which to
choose. The simplest counter is the
seven-digit 5326C that measures fre-
quencyto 50 MHz. Top of theline,
model 5327B measures frequency up to
550 MHz, has a built-in digital volt-
meter, includes time interval, and uses
HP’s unique time interval averaging to
measure down to 150 ps. The 5327B
also measures frequency ratio, period
and period average.

With a minimum gate time of 0.1 us, an HP
universal counter can make nearly 10,000
measurements per second:

After selecting the basic counter, you
can add options like 8-digitreadout, a
high-stability crystal time base with
agingrateofonly 5 X 10 " perday,
complete programmability, and digital
output. Every front panel control, even
the analog control trigger level settings,
can be programmed remotely.

Fordetails, check on the HP Reply
Card.

HP computers cut time and cost
with microprogramming

Asingle IC board lets you execute
programs 2 to 20 times faster, quickly
debug your programs, dynamically en-
hance your instruction set, and save
valuable memory space. Called
“Writeable Control Store,”” WCS al-
lows you to implement microprograms

100 ——
\
%0 —— y .
\\20 times faster
80 —— \
Software \
70 4 Program )
\
60 —— \
\
50 —{— \
\

' \

40 —— \
\\ Same program
30 —— \ with WCS
\
20— N /
1 T V5%
10 —— System T T T T[system
0 |Housekeeping Housekeeping
Without WCS With WCs

in HP 2100A and 2100S computers.

Microinstructions stored on WCS
work with FORTRAN [l and IV,
ALGOL, and Assembly language.
These microprograms execute at
196-ns cycle time, so you can run pro-
grams up to 20 times faster than using
conventional software.

Each WCS board stores 256, 24-bit
microinstructions—enough to effec-
tively double your machine’s instruc-
tion set. Up to three WCS boards plug
into the I/O slots of your CPU. When
you order WCS, you receive a com-
plete software package including core
and disc based assemblers, editors,
and utility routines.

Now, for half price, you can benefit
from microprogramming. WCS is field
or factory installed.

For details, check Qon the HP Reply
Card.

Solid-state plug-ins aid
VHF/UHF swept testing

Besides microwave frequency cover-
ageto 18 GHz, the HP 8620 solid-state
sweeper line includes two versions for
VHF and UHF applications. Each offers
the performance needed for stringent
swept tests yet these sweepers are
economically priced. For the
3-350 MHz range, insert the 862 10A
module into the 8620B mainframe. The
86220A plug-in covers 10-1300 MHz.
Both versions have 1% sweep linearity,
low spurious signals, high stability, and
fully-calibrated Start/Stop and AF
sweeps plus CW operation. A70dB
output attenuator is optional.

The 86210A has +13 dBm maximum
calibrated output power levelled to
+0.25dB. Accuracy is £7 MHzinCW
mode and =10 MHz in all sweep
modes. A special frequency adjustment
control lets you maintain frequency
calibrations with changing ambient
temperatures.

The 86220A has + 10 dB maximum
calibrated output power levelied to
+0.5 dB. Accuracy is 10 MHz in
CW mode and =15 MHzin all sweep
modes.

Formore information, check N on the
HP Reply Card.

Easy to operate, HP's solid-state sweepers
stress high performance from 3 MHz to
18 GHz.

MEASUREMENTE COMPUTATION NEWS



New automatic system for fast
digital assembly testing

You don'tneedreference units becausethe 9560 system uses stored test patterns (truth
tables). You can test at rates up to 22,000 patterns/second.

Manufacturing and maintenance costs
of digital equipmentcan be sharply
reduced with HP’s new digital test sy-
stem. The 9560 is fast because it tests
all pins of a unit under test simul-
taneously. It's flexible, too: different
units can be tested without interface re-
wiring because pins are set up as inputs
by the test program. And you buy only
the capability you need, expanding from
60-pin capability upto 360 pins sim-
ply by adding 12-pin digital test
modules.

Logic reference levels are program-
mable, absolute, and independent for
inputs and outputs, so your assemblies

can be checked reliably at marginal
conditions. Test programs and fault
diagnostics are written in easy-to-use
ATS BASIC. Computer-aided genera-
tion of test programs is available as a
service or as a software package.

Choose either the 95608 paper
tape system or the 9560D dual re-
placeable disc system. The disc
memory offers virtually unlimited
storage of test programs, diagnostics
and test data.

To learn more about automatic digital
assembly testing, check 0 on the HP
Reply Card.

(Continued from page 1)

Included with the 1601L isa new
probe system for single- and multiple-
point probing of TTL, ECL and MOS lo-
gicfamilies. Itdistinguishes high, low
and floating levels with respect to a
TTLor variable (= 10V)threshold. And
the new probe system simplifies con-
nections to ICs: you can connect it
directly to back-plane test points with-
outany test clips or extender boards.

MEASUREMENTECOMPUTATION NEWS

Also available is the HP 5000A that
displays two channels of data 32 bits
long. Instead of aCRT, 32 LEDs display
32 successive clock cycles. The LEDs
turn on for alogic “’high”” and turn off
for a logic "low.”

For more information on HP logic
analyzers, check A or F on the HP
Reply Card.

Tiny quartz oscillators:
lab quality components

HP’s miniature quartz oscillators
ofter laboraiory quality with compo-
nentconvenience. Agingrateis < 5 X
10-'%/day; yet these accurate fre-
quency sources are small enough to
mount readily on PC boards for use in
instrunients, communications, and
navigation equipment.

The 10544A oscillator is an econo-
mical 10-MHz unitwith phase noise 125
dB below carrier frequency. Outputis
1V into 10004}

The 5-MHz 10543 A osciliator is bet-
ter suited for mobile, portable and air-
borne uses. It has its own built-in vol-
tage regulator, so it needs only asingle
15Vto 30V source. Phase noise is
down 145 dB, and the model 10543A is
better insulated so it’s less affected by
ambient teriperature changes. (Shift is
<5 partsin 10°over arange of -28°to
+65°C.) The 10543A also delivers
more output, 1 V into 50().

HP quartz oscillaturs can be ob-
tained in the range 5to 15 MHz. Quan-
tity discounts are available.

For muie information on crystal oscilla-
tors, check B on the HP Reply Card.

Good things come in small packages, like these
quality crystal oscillators in small board-
mounting units.



Now, get 4-in-1 meter
calibrator

The new 6920B ac/dc meter calibra-
tor combines in one package all the
outputs needed to test panel meters,
multimeters, and other meters having an
accuracy in the order of 1% or higher.
You can use the 69208B to calibrate:
e dc voltmeters from 10mV to

1000 V
o dc ammeters from 1 pA to 5A
e ac voltmeters (average reading)

from 1T mV to 1000V
e ac ammeters (average reading)

from 1 uAto 5 A.

Output is constant voltage for volt-
meters, constant current for ammeters.
DCaccuracyis0.2% plus one digit; ac
accuracy is 0.4% plus one digit. AC
output is rms-calibrated and hasthe
same frequency as the input line power
(except when an external ac inputis
used).

Ten-turn digital potentiometer read-
out control (to three significant digits)
determines output value within the limit
of the range switch setting. You can set
the outputto normal “On-Hold" or
spring-loaded ""On-Test’’ positions.

For details, check | on the HP Reply
Card.

/”

(] 69208 METER CALIBRATOR
MUELELT . batuans

One instrument—HP's new 69208 meter cali-
brator—can calibrate all your general-purpose
meters.

New pulse generator
for MOS testing

The new 8015A has an option called "counted
burst” that produces a precise number of pulses
regardless of rep rate.

When you need to test MOS logic,
try HP’s new 8015A pulse generator
with dual output. Each output can pro-
duce pulses as much as 16 V, or you can
combine outputs fora 30V range, from
+15to-15 V. Each output has asepa-
rate normal/complementary switch and
separate selectable source impedance,
50Q or 1 kQ, for reflections and vary-
ing loads. Graduated level controls ad-
justthe top and baseline of the pulse.
And if you don’t need dual output, a
lower-priced single-output pulse gen-
erator is available.

With such versatility, you can test
CMOS, low-threshold MOS and most
high-threshold MOS logic, as well as
TTL, HTL and discrete circuits. Repeti-
tion rates range from 1 Hz to 50 MHz.
To step through logic states one ata
time, you can generate single pulses or
set it to a very low rep rate.

Transition time varies from 6 ns to 0.5
sec. Usethefaster time for the different
IC families and the slower time for trig-
ger level detection and process control.

Fordetails, check Lon the HP Reply
Card.

New data generator for
digital circuit tests

Need to evaluate digital circuits or
systems at high bit rates? The new
3760A high-speed data generator sup-
plies psuedo random binary sequences
(PRBS) in ninedifferent lengths (23-1to
215-1 bits) at rates from 1.5 to 150 mega-
bits/sec. Or you can have the output in
word form, with word lengths from 3
to 10 bits selected at the front panel.
Datais available in normal or comple-
mented form with either RZ or NRZ
coding. For clock extraction tests in
PCM digital communication work, you
can periodically insert ablock of 1 to
99 zeros.

The generator can be triggered either
manually or automatically from an ex-
ternal clock, or an optional internal
clock can be used. Clock output can be
normal or complemented.

Both the clock and data are continu-
ously adjustable in amplitude from 0.1
to 3.2 Vp-pandinoffsetfromOto +3
Vdc. Data(and sync) can be delayed
up to 100 ns with respect to the clock
for easy equalization of cable lengths.
For digital communications systems
testing, the 3760A data generator com-
bined withthe HP 3761A error detector
becomes a versatile bit error rate test
set.

Check E on the HP Reply Card for de-
tails.

Test such digital circuitry as high-speed logic,
computer memories, disc stores and digital tape
recorders with this versatile data generator.

MEASUREMENT&E COMPUTATION NEWS



HP data acquisition systems sport
new software packages

HP’s new 96018 real-time BASIC data acquisition system includes 12K memory, system tele-
printer, punched tape reader, A/D interface subsystem, and operating software.

Now you can have real-time data ac-
quisition with all the convenience of
ATS BASIC programming. The new
9601B core-based Real-Time Executive
(RTE) system with built-in data acquisi-
tion capability measures up to 64
single-ended or 32 differential analog
inputs at sample rates to 45 kHz. This
isexpandable to 1056 single-ended or
528 differential inputs; and you can add
digital input/output and analog output
capabilities.

The 96018 relates system operations
to external processes and external
eventsoccurringinreal time. Asingle
teleprinter handles system control and
data logging; this is augmented by ad-
ditional data logging devices to which
output can be directed. Since output is
buffered, system operations aren’t de-
layed waiting for the completion of
printouts.

The 9601B is upward-compatible to
the core-based 9601C RTE-C system
which is programmable in FORTRAN or
assembly language, offers faster res-

MEASUREMENTECOMPUTATION NEWS

ponse, and has a wider choice of system
control functions. Or, upgrade the
96018 further to an HP 9601E disc-
nased RTE system that combines mass
storage and on-line program develop-
ment with real-time operations.

HP also offers amodular library of
FORTRAN subroutines for sensor-based
data acquisition and control applica-
tions. These ready-to-use subroutines
handle several tedious conversion and
statistical processingtasks, so you are
free to concentrate on the unique as-
pects of your application. Programs in-
clude thermocouple linearization, stat-
istical analysis, curve fitting, determin-
ing humidity, interpolation, integra-
tion, and code conversion. Except for
curve fitting and code conversion, these
subroutines can be used in BASIC in
the HP 9601B system.

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

New low-cost low-frequency
automatic network analyzer

Ideal for low-frequency analysis,
HP’s new calculator-based network
analyzer system measures amplitude
and phase in the frequency range of
1Hzto 13 MHz. Adesigner can use
calculator programs to create and ana-
lyze a circuit; then use the system to
compare a physical circuit to the theo-
retical one.

The HP 3043A low-frequency net-
work analyzer consists of a 3320C
frequency synthesizer, a 3575A gain-
phase meter, and a 9820A desktop cal-
culator. The calculator controls the in-
struments and processes data. Results can
be displayed, printed or plotted. HP al-
so provides an electrical engineering
software package, at minimal cost,
with programs on attenuator design,
transfer functions, component design,
and logic circuits.

Theinputsignal range is0.2 mV to
20 V rms. For amplitude measure-
ments, display resolution is 0.1 dB. Dis-
play resolution for phase measure-
ments is 0.1°,

Calculate how to save time and money
testing circuits and components. Check
Conthe HP Reply Card for more infor-
mation.

HP’s low-cost, low-frequency network ana-
lyzer system runs under calculator control.




Two-channel recorder ran

2K miles

without a trace of failure

A choice of input plug-ins means ver-
satility for HP's two-channel 7402A os-
cillographic recorder.

Start with 50 mm chart width and dur-
able stainless steel pens with carbide
tips. Then select a preamplifier plug-in
for the sensitivity you need: 1uV/divi-
sion with differential, floated and
guarded input; 1 mV/div. with adiffer-
ential, balanced to ground input; and
20 mV/div. with a single-ended input.
Chart speeds are 1to 25mm/second.
Frequency response is 2% of full-
scalefrom dcto 40 Hz, and overshoot
is <2%. Rise time is 7.0 to 7.5 ms.

Andyoudon’t have to worry about
pen fatigue or failure. Weran a stain-
less steel pen continuously for two
months (about 2000 miles or 3200 kilo-
meters), and there was no apparent
change in the trace.

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

Because the 50 mm chart width is 25% wider
than other comparably priced recorders, the
writing resolution is 25% better.

Let us give you our new
dc power supply catalog

Choosingtheright power supply for
your application is easy with HP’'s new
DC Power Supply Catalog. This 120-

page catalog contains product descrip-
tions, photographs, outline drawings
(with U.S. and metric dimensions), ter-
minal strip details, specifications, and
prices for HP’s complete line of power
supplies.

Products covered are:

® General-purpose lab and system
power supplies

® OEM modular supplies

® Precision voltage and current
sources

® Digitally programmable

power sources

Multiprogrammer systems

For your free copy, check S on the HP
Reply Card.

New card reader enhances
HP calculators

Now, you can input data on pun-
ched or marked cards to your HP 9810,
9820, or 9830 programmable calcula-
tor. The new 9869A companion card
reader reads 128-character Hollerith
code and converts itto 7-bit ASCli for
the calculator. And the new card reader
won't slow you down—itreads a fast
300 cards/minute.

Use either 40- or 80-column format.
You can even design your own card,
thanks to a special command that trans-
mits all the marks on the card with-
out regard to coding. Data is stored in
intermediate buffers for optimum trans-
mission, which means you operate on
blocks of data rather than stacks of
cards.

With the new card reader, users can
program a 9800 series calculator at
their desks or at home. Applications in-
clude payroll, quality control, inven-
tory control, education, medical re-
cords, and consumer surveys.

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

Increase your calculator mileage—the 9869A
card reader lets several people program simu!-
taneously on cards.

MEASUREMENTECOMPUTATION NEWS



COMPONENT

New optoelectronics devices
catalog now available
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Send for your free
LED display

The 7700 series LED displays are available in
common cathode and common anode con-
figurations.

That's right—check thereply card
and we'll send you a free 5082-7730
LED display. These single-digit seven
segment indicators feature a large (0.3
in.or 0.8 cm) red numeric plus right or
left-hand decimal point. High contrast,
continuous uniform segments, and wide
viewing angle ensure readability. These
low-cost LEDs are IC-compatible, too.

Also available is the new 5082-7740,
the common cathode version. This
choice of common anode or common
cathode lets the designer minimize his
display system cost by using the LED
that complements his drive electronics.

For your free sample, check G on the
HP Reply Card

MEASUREMENTE'COMPUTATION NEWS

HP’s new 100-page Optoelectro-
nic Designer’s Catalog isfilled with de-
tailed specifications and application
notes on our broad line of optoelectro-
nic products, including LED displays,
LED lamps, high-speed optically-coup-
led isolators, and PIN photodetectors.

For your free copy, check R on the HP
Reply Card.

New low-cost commercial
LED lamp

HP’s latest lamp is our lowest-priced
gallium arsenide phosphide LED for
high-volume applications. Use it in
calculators, cameras, appliances, or
automobile instrument panels. Power
requirementislow, only 20mA at 1.6
V. Model 5082-4487 has a typical
light output of 0.8 mcd while model
5082-4488 has a guaranteed minimum
output of 0.3 mcd.

For specifications, check H on the
HP Reply Card.

100 Clearlens and low profile make these new
LEDs ideal for high-density applications.

New application note on
microwave diode switches

If you are using or considering diode switches
and limiters for your system, this application
note is a must.

A new application note explains how
to select and use microwave diode
switches and limiters. In a practical tu-
torial style, this book covers:

® The effects of system mis-
matches and how to minimize these
effects.

® Howto select the proper switch
for switching, attenuating, or modu-
lating.

@ How to change the threshold and
slope of a limiter.

® Thetrade-offs in selecting coax-
ial modules, stripline modules, or com-
plete switches.

@ How to design bias networks.

® Multi-throw circuits and driver
circuits.

® How to test switches and limiters.

® How to construct module test
fixtures.

For your free copy of AN 932, check T
on the HP Reply Card.



New low-frequency
spectrum analyzer
has digital storage,
adaptive sweep, and
portability

Here, the 3580A checks mechanical vibrations
of the bearing on a 200-hp fan. You canalso

use the spectrum analyzer to characterize audio
filters, analyze voice and data communication

channels, and evaluate underwater

It's portable (only 35 Ibs/16 kg.) and
operates on batteries or line power, so
you can take the new 3580A spectrum
analyzer anywhere. This unique low-
frequency spectrum analyzer has digi-
tal storage, CRT display, 80 dB dyna-
mic range, “adaptive’’ sweep, and
-150 dB sensitivity.

The 3580A analyzes signals from
5 Hzto 50 Hz, with a minimum band-
width of 1 Hz for closely-spaced sig-
nals. Digital storage recalls the display
at high speed from a digital memory,
while adaptive sweep speeds up your

acoustical signals.

measurements. Sweep times can be set
from 0.1 to 200 seconds. When no sig-
nals are encountered, the sweep speeds
up to 20 times faster. When signals are
encountered, the sweep slows down to
reproduce thefull response. Youdon't
have to readjust the intensity and focus
controls—it’'sdone automatically. Look-
ing attwosignalsin a 10-kHz sweep,
HP’s adaptive sweep reduced analysis
time from 200 seconds toonly 14 sec-
onds.

Amplitude range in the linear mode
is 100nVto 20 Vfull scale; in the log

mode, from -150dB to +30dB. With
digital storage, you can store a trace,
then later recall and superimpose it
on a subsequent trace for compari-
son. We even connected the discrete
dots so the display is a sharp contin-
uous line that looks like an analog
display.

Portability added to capability
makes the 3580A an ideal field in-
strument.

To learn more, check D on the HP
Reply Card.

HEWLETT ﬁuﬁ PACKARD

Sales, service and support in 172 centers in 65 countries.

East—W 120 Century Road, Paramus, N.). 07652,
Ph. (201) 265-5000.

South—P.QO. Box 2834, Atlanta, Ga. 30328,
Ph. (404) 436-6181.

Midwest—5500 Howard Street, Skokie, L 60076
Ph. (312) 677-0400.

West— 1939 Lankershim Boulevard, North

Hollywoad, Calif. 91604, Ph. (213) 877-1282.
Europe —Past Office Box 85, CH-1217 Meyrin 2,
Geneva, Switzerland, Ph. (0.22) 41 54 00.

Canada—275 Hymus Boulevard, Pointe Claire,

Quebec, Canada, Ph. {518) 561-6520.

Japan—Yokogawa-Hewlett-Packard, 1-59-1,

Yoyogi, Shibuya-ku, Takyo. 151.
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PRICES

The following are U.S.A. domestic prices only:

5082-7730/7740
(1K)
5082-4487

.. $450
...$16,250

$2.70 each

(1Y) — $.10 each

5326

5327....

. $995—%2195

69208 .
7402.

8015.

86210..
86220..
9560....
96018
9869....

$995—$2195

HEWLETT

DIRECT >R'ESPONSE SYSTEM

For fast response; use the above reply cards. Please note that
you can choose two types of HP response:

€ Literature (You will receive more information on a
product.)

ﬂ.Please contact me. (You will receive product informa-
tion-and a follow-up call by an HP field engineer.)

If both reply cards on ths page have been used, contact
your nearest HP field office or one of the regional offices
listed on the preceding pag=. Or write directly to the Hewlett-
Packard Company, 195 Page Mill Road, Palo Alto, California
94306.

PACKARD
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- RFand Switching:
Win Big with D-MOS FETs

Your own application could win

aFREE VEGA in the bargain.

You really went for our first 1 GHz D-MOS FETs. So
we've expanded the line! Three more RF devices. Plus
two D-MOS FETs for switching. The only FETs ever
produced to combine bipolar speed, noise figure and
inter-electrode capacitance, with MOS linearity and
input leakage.

D-MOSFET Freq.  NF Power Gain Ciss/Coss/Crss 100-up

Device (GHz) (dB) (dB) (pF) price
SD200*/201 1.0 4.5 10.0 2.0/1.0/0.13 $4.00
SD202*/203 1.8 5.0 6.0 3.0/1.0/0.2 $5.25
SD300 1.0 8.0 13.0 2,0/1.0/0.02 $3.00
SD301 1.0 6.0 14.0 2.0/0.6/0.02 $3.35
SD304 0.5 50 16.0 2.0/1.0/0.03 $1.00

D-MOSFET 'S 'd(On)!r Analog Ciss/Coss/Crss 100-up
Device (On)2 (ns) Swing (pF) Price

sSD210" 30 0.670.7 =10V 2.6/1.3/0.2 $1.50
SD211 30 0.7/0.8 =5V 2.6/1.3/0.2 $1.50

“Unprotected inputs: all others diode-protected.

Check the chart, and match specs with your
system requirements. RF? Apply yourself to low noise,
lower cross mod and inter mod, for front end amplifiers
and mixers. Switching? Think what you’ll do with the
speed: 600 picosecond turn-ontime, with on-resistance
of30Q.

With so many new user-
opportunities, there’ll be no
stopping you. So we've
designed a fabulous Applica-
tion Contest, just to reward
your genius with D-MOS
FETs. And your application
could win.

First Prize: 1974 VEGA
Hatchback with all the
extras. Automatic, power steering, air, radio & heater,
white sidewalls. Delivered free anywhere in the
continental USA, for the best application submitted.

Two Second Prizes: HP-45 Scientific Pocket
Calculators. 25 Third Prizes: mini-calculators to pocket.

Idea startersforapplications: mixers & amplifiers
in VHF-TV, FM, CATV. Mobiles, aircraft, marine radios.
A &D function modules, instrumentation & test
equipment, computer peripherals.

-
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ATTACH THIS TO YOUR LETTERHEAD —TRY FOR A BIG WIN!

Signetics—D-MOS FETs
811 E. Arques Ave,, Sunnyvale, Calif. 94086

Show me how D-MOS FETs in RF and Switching help me win
system improvements and new product designs. Rush data
sheets! And don't forget my contest kit with rules, entry
blank, etc. Contest closes January 15, 1974, Prizes awarded
March 15, 1974,

Name

Title
Special! Send a sample to work with: #SD.

P o A

y of Corning Glass Works.

SilNDtics
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GENERAL PURPOSE RELAYS—Open or en- STEPPING RELAYS—Guardian ‘Steppers”
come in 11 basic series, including continuous

closed. Large, small, miniature or new “mini.”
rotation, electrical reset, add-and-subtract,
sequence and on/off.

AC or DC. You name it, Guardian’s got it—in
as large an array as you'll find anywhere in

the industry.

© GUARDIAN
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SOLID STATE RELAYS —Relays and time
delays that perform the function of electro-
mechanical relays with total isolation between
control circuit and switching output. Right
off-the-shelf orin

custom designs.

REED RELAYS—Six miraculous series of
newly-improved reed relays for low level to
15 watt applications. Form A or multiple
switching combinations. Encapsulated or
economy open-frame types.




your hest value is a

TRYGON

ySTRON-DONNER
S\OWER SUPPLY

QUALITY/RELIABILITY/SERVICE

A uniquely versatile precision
digital power supply in an
economical half rack package.
0to50VDC O0to 1 AMP

® Use it as a DC Calibrator

m Use it as a DC Reference Standard

m Use it as an Analog Amplifier

m Use it as a Programmable Precision Lab Power Supply

FEATURES ® Five decade digital voltage output selectors @
microvolt settability ® adjustable current limit control @
three-position meter control ® multi-versatile remote program-
ming, ohms/volt, volt/volt, analog voltage, analog current and
current limiting ® 0.001% regulation ® 250uV RMS ripple ®
900uV peak-to-peak ripple ® 0.002% stability ® less than 10
milliseconds fast programming . . . all for only $325.

Write directly or call your local Scientific-Devices sales office for complete
specifications and applications.

SYSTRON DONNER

COR PO MR AT I ON

1200 Shames Drive, Westbury, N.Y. 11590 (516) 997-6200

The Systron-Donner Instruments Group:
oncord Instruments [ ] Computer Systems [] Datapulse [] Kruse Electronics (] Microwave [] Trygon Electronics

30 Circle 30 on reader service card

Meetings
Instrumentation-Automation  Con-
ference: ISA, Astrohall, Houston,
Oct. 15-18.

Canadian Computer Show and Con-
ference: cIPS, Exhibition Park, To-
ronto, Oct. 16-18.

American Society for Information
Science Annual Meeting: Asis, Hil-
ton, Los Angeles, Oct. 21-25.

Connector Symposium: Connector
Study Group, Cherry Hill Inn,
Cherry Hill, N.J,, Oct. 24-25.

Northeast FElectronics Research &
Engineering Meeting (NEREM):
IEEE, Boston, Nov. 6-8.

Conference on Magnetism and Mag-
netic Materials: AIP, IEEE, Statler-
Hilton, Boston, Nov. 13-16.

Nuclear Science Symposium: IEEE,
Sheraton Palace, San Francisco,
Nov. 14-16.

National Telecommunications Con-
ference: IEEE, Hyatt Regency Hotel,
Atlanta, Nov. 26-28.

International Symposium on Com-
puters: MMG, Fair Grounds, Mun-
ich, West Germany, Nov. 27-30.

International Electron Devices
Meeting: IEEE, Washington Hilton,
Washington, D.C., Dec. 2-5.

Fall Conference on Broadcast and
TV Receivers: IEEE, O’Hare Inn,
Chicago, Dec. 3-4.

Vehicular Technology Conference:
IEEE, Sheraton Cleveland, Cleve-

Jland, Dec. 4-5.

Joint Conference on Sensing of En-
vironmental Pollutants: ISA, IEEE, et
al., Sheraton Park, Washington,
D.C, Dec. 10-12.

Reliability and Maintainability Sym-
posium: IEEE, Biltmore, Los An-
geles, Jan. 29-31.

Aerospace and Electronic Systems

Winter Convention (Wincon): IEEE,
Biltmore, Los Angeles, Feb. 12-14.
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Heres a dependable, quick-delivery source
for Zero Defect

High Voltage
Silicon Rectifiers

* MEETS STRINGENT ENVIRONMENTAL REQUIREMENTS.
® HIGH TRANSIENT VOLTAGE RATINGS.

® EXTREMELY LOW LEAKAGE.

®* WORKING VOLTAGE RANGE ... 200V. THROUGH 50kV.

If you're looking for on-time delivery of miniature and microminiature
High Voltage Silicon Rectifiers, look no further than ERIE. You simply can’t beat
our zero defect rectifiers since these units were first designed for high reliability
night vision, lunar and aerospace applications. Their small size makes ERIE
rectifiers ideal for thick film substrates, miniature power supplies, airborne
displays, CRT displays, color TV, microwave ovens and other industrial and
commercial applications where small size, reliability and superior perform
are critical. All ERIE High Voltage Silicon Rectifiers feature conservative
ratings, fast recovery time, fast turn-on time, wide operating temperatu
high transient voltage ratings, low reverse leakage and unsurpassed re
ERIE also offers double sealed, miniature Full Wave Bridge Rectifie
perfect for P.C. use, with ratings up to 1000 volts perleg. So think E
High Voltage Silicon Rectifiers. Write TODAY for our new 24-page
High Voltage Components and Devices.

B




Centralab

PEK: + - HtIVES

Even if 1975 circuit designs are frozen
it’s not too late for thick film hybrids.

Centralab can help design-

ers meet the challenge
of today’s technology
changes with two thick
film systems. Supplying
custom requirements,
from quick design to
volume production,is a
matter of weeks.

Quick turn-around time is only one
reason thick film circuits have gained
such a strong foothold in many prod-
uct designs. IC’s require longer
design lead time. Discretes can't
match hybrids for size or reliability.

A case in point. Late in the design
cycle for the 1974 passenger cars, gov-
ernmental safety regulations called
for changes in seat belt warning sys-
tems. A new seat-belt-ignition inter-
lock would be required on all 1974
models. One major automotive firm
brought their problem to Centralab.
Hybrids could be the answer. Within
two weeks, 8 packages had been de-
signed by Centralab and samples
shipped. Both active hybrid and pas-
sive circuits were included in the
Centralab modules that were a major
part of the interlock system. Two
weeks later, prototype quantities were
furnished and volume production
quantities were shipped five weeks
after that. From inquiry to mass pro-
duction took a total of just 9 weeks!
Tight scheduling. Exacting specs.
Volume orders for millions of pieces.
That’s the kind of challenge Centralab
meets best and the kind of service
customers have come to rely upon.

Centralab, a pioneer in thick film
circuits, is supplying the needs of
automotive, computer, data process-
ing, business machine, point-of-sale,

I -
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Backed by the experience of designing more than 50,000 custom hybrids, Centra-
lab can supply a wide variety of circuit combinations and package configurations.

consumer and industrial product man-
ufacturers. And they’ve proven, time
and time again, that they can meet
the needs for reliable circuits faster.

The two thick film systems Centra-
lab offers means broad flexibility to
accommodate custom requirements.
Their silver/carbon system of-
fers an economical approach for con-
sumer and industrial applications
where tight resistance tolerances are
not critical. Used to produce resistor,
capacitor or RC networks in a variety
of values and package configurations,
it also makes possible complete dis-
crete hybrid circuits by adding encap-
sulated semiconductors to the basic
thick film network.

The noble metal/cermet MEC sys-
tem is ideally suited to commercial
and industrial applications — for
high stability under extreme environ-

mental conditions, for high voltage
and high power applications as well.
It is the system used for stable resistor
banks and complex hybrid circuits.
It meets the need for high-density
packaging and is supplied in confor-
mally coated single in-line or plastic
molded dual in-line packages.

Customized circuitry is a Centralab
specialty. Whether it’s staircase net-
works, passive filters, frequency
dividers, pull-up networks, clock dri-
vers, video amplifiers, solid state
switches, motor speed control or other
special applications for hybrids. Why
not consider them for your product?

You can get complete information
and our latest thick film catalog by
writing A. R. Wartchow, Manager
Electroceramic Marketing or calling
414/228-1200.

@



Centralab
PErspecvEs

Centralab
PErspecveEs

Push hutton
switches.

Epoxy sealed
terminals.

Centralab push button
switches* feature optional
epoxy sealed terminals to
prevent flux penetration. No
special installation or han-
dling required. Switches de-
liver peak reliability because
soldering problems are elim-
inated. Available in 2, 4, 6,
and 8 poles. Other Centralab
advantages:

o Interlock/lockout variations
o Lighted push button options

e Modular LINE SWITCH —
mounts in any station

e 26 standard button styles and
18 colors

e Choice of 5 spacing options
Write Centralab for
Bulletin No. ELC2.

*|sostat licensed
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Ceramic
Substrates/
ScoreStrates:

Get your circuits
started right.

Need ceramic substrates for
your hybrid circuits? For re-
sistor networks? Capacitor
networks? Centralab’s got
them in every shape and size.
In aluminas of 99.5% and
959%. Plain or metallized.
With holes, slots, notches,
scorelines or plain. With ac-
curate dimensions and a sur-
face finish compatible with
your particular needs.

The pay off with Centralab
is high performance reliabili-
ty right from the start. So
start right and specify Sub-
strate / ScoreStrate ceramics
from Centralab. You’ll end
up with the same high reli-
ability substrate found in
Centralab thick-film circuits

For assistance on spec-
ifications, price and
delivery, call Chuck
Thompson, 414/228-2942
or write Centralab for
Bulletin No. 1057TC.
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Ultra-Kap™
capacitors.
Low dissipation.
High insulation.
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|
A dissipation factor as low
as 3 percent maximum and
high insulation resistance up
to 1,000 megohms are only
two critical design parame-
ters met by Centralab Ultra-
Kap capacitors. Also impor-
tant is Y5F stability which
is a maximum capacitance
change of £7.5% from +25°
C over a temperature range
of —30° C to +85° C.

Centralab Ultra-Kap ca-
pacitors cost far less than
Mylar® and multi-layer mon-
olithic types. With all the
function you want. In sub-
stantially smaller space, too.
For example, you can get a
.05 nFD, 16 V capacitor in a
.375 diameter disc.

Ultra-Kap capacitors are
available in voltage ratings
of 3, 12, 16, 25, and 50 V,
with a choice of lead size and
configuration, and in a selec-
tion of coating controls. Ask
about the ratings, sizes and
shapes you need.

Call Bob Michaels,
915/779-3964 or write

Centralab for Bulletin 1106CA
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Now our most popular thick-film
resistor networks are ready and
waiting, in quantity, at your A-B
electronics distributor. Pull-up
networks and terminator net-
works with tolerances of =2%
in popular values from 68 ohms
to 22K ohms. All in compatible

Actual Size
{
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resistor

SR now available
00 off-the-shelf

Pull ups or
terminators, — !
in popular '
values.

| 1|
tworks
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ous about quality.
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14 lead .300 series DIP's. Or if
you need something special we'll
quickly custom design any cir-
cuit that'll fit into a 14 or 16 lead
DIP. And we mean quickly. Over-
all specs include: absolute toler-
ances to *.5%. Tracking =*£50
ppm/°C (and lower). TCR to

+100 ppm/°C. Write for free
technical publications 5850 and
5851. Allen-Bradley Electronics
Division, 1201 S. Second St., Mil-
waukee, W1 53204. Export: Bloom-
field, NJ 07003. Canada: Cam-
bridge, Ontario. United Kingdom:
Jarrow, Co. Durham NE32 3EN.

Allen-Bradley

Milwaukee, Wisconsin 53204

Circle 34 on reader service card



Protection added
on the power chip

Disk for minis
has big storage

California law
defines taxes
on software

EIA challenges
FTC’s position on
audio advertising
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National Semiconductor will soon be offering a power-transistor inte-
grated circuit that contains on a single-chip the power device, as well as
all the overload protection and current- and thermal-limiting features
of most discrete power assemblies. The monolithic 1C, which can deliver
35 watts over a bandwidth of 1 MHz, works like an ordinary npn high-
gain transistor (3 of 106), but eliminates the need for external-protec-
tion circuits. The chip contains the equivalent of a power transistor, two
drivers, a biasing circuit, a current-limiting circuit, a power-limiting
circuit, and a thermal-limiting device—tough to get in discrete form.
The chip could be used in many applications, such as in audio equip-
ment and for power-supply regulators.

A high-performance disk-storage unit for minicomputers is to be intro-
duced in December by Diva Inc., Eatontown, N.J. The unit, reported to
have the same specifications as IBM’s big 3330 disk system, is intended
for use with such machines as DEC’s PDP-1 1, the Interdata machines,
and Data General’s Nova line. Like the 3330, it will store 100 million
characters per spindle on a maximum of eight spindles and transfer the
data to the computer at over 800,000 characters per second.

A nationwide controversy over whether or not computer software is
tangible property, and thus subject to taxation, may be resolved by a
new California law. The law incorporates a compromise, sponsored by
Wema on behalf of the western computer industry, that Wema hopes
will be followed in other states.

It restricts computer taxation to hardware costs, including the value
of software normally bundled with the computer and not separately
priced. This effectively limits taxable software to monitors, compilers,
assemblers, and similar basic software considered a permanent part of
the computer system, regardless of how the system is used. The bill
exempts processing programs, such as language translators and data-
management software and applications programs like accounting, com-
puter-aided design, and process-control, which are normally bought or
written separately. The State Board of Equalization (tax board) had
tried in 1971 to define programs as taxable property.

In a matter of weeks, the Federal Trade Commission will act to protect
the nation’s audiophiles by ruling out deceptive advertising about the
power output of audio amplifiers. But the Electronic Industries Associ-
ation argues that the FTC Bureau of Consumer Protection is going
about its ruling all wrong, employing fuzzy technological standards,
and proposing a multiplicity of statements that will confuse consumers
and generate unacceptable “advertising clutter.”

Manufacturers are disturbed by the FTC requirements that wattage
be expressed in minimums per channel at a load impedance of 8 ohms
across a rated power band of not less than 60 hertz to 10 kHz, as well as
to disclose total harmonic distortion at any power level from 250 milli-
watts to the rated power output. The EIA opposes this approach, ar-
guing that there is a substantial risk that different companies would use
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Zenith tests
acousto-optic
surface profilometer

Gl pushes
high-voltage
technology

Fast bonds for ICs
come off film strip

Electronics newsletter_

different measurement techniques to determine the power output of
their amplifiers.

A new instrument that will complement scanning-electron microscopes
by showing the profiles of plane surfaces is being tested by the Zenith
Radio Optical Systems group. The device uses an acousto-optic deflec-
tor, driven by two swept frequencies with a fixed difference between
them. The deflector splits a light beam into two parts, which are re-
flected off the target and recombined on a photodetector. This recom-
bination produces an ac signal whose phase is proportional to the dif-
ference in the length of the beam’s optical paths. This difference 1s
proportional to the slope of the surface.

By varying the drive frequency of the detector, the deflection angle is
varied, and it is possible to raster-scan surfaces for display on an oscillo-
scope. Resolutions of 100 angstroms in l-micrometer steps are possible.
Since slope is sensed, the system is insensitive to vibrations along the
instrument axis. Reflectivity variations on the surface are ignored be-
cause only the phase of the beat signal is sensed. Without a laser or os-
cilloscope, the system will sell for about $42,000.

Fueled by a recently granted patent on its zinc-modified borosilicate
glass encapsulation for diodes, General Instrument Corp. is developing
an 18-kilovolt, 1-microampere rectifier stack as part of its Glass Amp II
rectifier line. Conventional silicon dioxide does not have the dielectric
strength needed to withstand the fields across the junction. The glass,
which is applied as a slurry and fired, chemically bonds with the silicon
surface, passivates the exposed junctions, and forms a hermetic seal
around the device. Semiconductor division vice president M.I. Barbis
says the company is pushing the theoretical limits of device-breakdown
characteristics. Gl is also readying a leadless version of its rectifiers,
which will have two molybdenum contacts protruding from the glass
and will be useful for power-hybrid applications.

GU's Kiloglass technology, used for its high-voltage products, is a pro-
prietary process based on an alkali-free borosilicate glass, which con-
tains 5.8% zinc oxide and lesser quantities of aluminum and lead ox-
ides to block ionic diffusion and lower the softening point of the glass.

High-speed bonding of integrated circuit chips received a big boost last
week when Kulicke and Soffa Industries Inc., Horsham, Pa., showed
off its new Innerlead Bonder, which can bond up to 1,000 chips per hour
automatically; a manual operator can handle only 80 to 100. The ma-
chine, the model 1320, uses a sprocketed polyimide film strip to which
are laminated metal lead frames. This approach is the same as General
Electric Co. used in its Minimod system [Electronics, Feb. 1, 1971, p.
44). Although the GE design was taken over by Texas Instruments, the
K&S model is the first to be available commercially. Prices start at
$9,200 for a manual model and rise to $23,000 for an automatic unit
featuring an indexing X-Y table, TV camera and monitor, preforming
station, and eutectic bonder. Minnesota Mining and Manufacturing,
DuPont, and Amp Inc., are supplying the film strips to K&sS.
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. Unitrode hi-rel zeners
give you more surge protection...

up to 2500 watts for 100us.

That's the surge capability of our popular 6 watt series which is A sleeve of hard glass is then fused to the exposed silicon surface
equal to or greater than conventional 50 watt tyoes. Unitrode T watt, resulting in a voidless, monolithic structure that exceeds the

1.5, 3,5, 6 and 10 watt zeners will all give you more in a smaller, environmental requirements of MIL-S-19500. The 1.5 watt 1N4461

more rugged device. And most series are available up to 400 volts. series is available as JAN and JANTX devices to MIL-S-19500/406
Unitrode also provides compact custom moided assemblies of and the 5 watt 1N4954 series is available as JAN and JANTX devices
zeners in series/parallel arrangements to meet any surge require- to MIL-S-19500/356. And Unitrode can really service these
ment. These unmatched capabilities are achieved through specs. Shipment is from inventory. Send for your free zener data
Unitrode’s unique fused-in-glass construction. A silicon waferis packet containing specification sheets and prices on our

bonded directly between the terminal pins, eliminating the whisker. complete line of high surge capability zeners.

mum UNITROD

Unitrode Corporation Dept18 Y, 580 Pleasant Street, Watertown, Mass. 02

Il

~

2,USA

Unitrode Franchised Distributors: ARIZ., Phoenix, KIERULFF (602) 273-7331; CAL, Los Angeles. KIERULFF (213) 685-551L, Palo Alto, KIERULFF (415) 968-6292, San Diego, KIERULFF
(714) 278-2112; CANADA, Toronto, SCHWEBER (416) 925-2471; COLO.. Denver, KIERULFF (303) 343-7090; FLA., Hollywood, SCHWEBER (305) 927-0511; GA., Atlanta, SCHWEBER (404)
449-9170; ILL, Elk Grove, SCHWEBER (312) 593-2740; MD., Rockville, SCHWEBER (301) 881-2970, Baltimore, TECHNICO (301) 828-6416; MASS., Waltham, SCHWEBER (617) 890-8484;
MICH., Troy, SCHWEBER (313) 583-9242; NJ., Somerset, SCHWEBER (201) 469-6008; N.M., Albuguerque, KIERULFF (505) 272-1055; N.Y., Rochester, SCHWEBER (716) 3284180, West-
bury, SCHWEBER (516) 334-7474; N.C., Raleigh, SCHWEBER (919) 832-8881; DHIO, Beachwood, SCHWEBER (216) 464-2790; TEX., Garland, KIERULFF (214) 271-2471, Dallas,
HAMILTON-AVNET (214) 638-2850, Houston, HAMILTON-AVNET (713) 5264661, Houston, LENERT (713) 225-1465; UTAH, Salt Lake City, ALTA ELECTRONICS (801) 486-7227; WASH.,
Seattle, KIERULFF (206) 763-1550.
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LOW VOLTAGE
TRANSIENT PROBLEMS?

6 NEW Low Voltage MINI-MOV™ varistors offer economical circuit protection against voltage transients for
operating voltages as low as 40V RMS or 53V DC...and better clamping ratios than competitive selenium or
silicon carbide types. ..and greater power handling capability than conventional zener diodes (4 joules). Typical
applications for Low Voltage MINI-MOV™ varistors include relay protection, motor controls, test equipment,
communication electronics, and instrumentation.

MINI-MOV™ varistors are symmetrical voltage depen-
dent resistors employing new zinc oxide technology.
At rated voltage impedance is high, dissipation is neg-
ligible, and circuit performance unaffected. Under
surge conditions, impedance falls abruptly, surge en-
ergyis absorbed and destructive transients eliminated
by the conducting MINI-MOV™ varisto

ﬁ Free Low Voltage MINI-MOV™ varistor sampie, spec-
ificatior sheet and the complete story on GE-MOV™
' varistors by writing on company letterhead to:

GE Semiconductor Products Department
i Electronics Park, Bldg. 7-49
Syracuse, N.Y. 13201

| —  MINI-MOV varistors

L ASSURE YOUR EQUIPMENT WILL ENDURE

GENERAL &R ELECTRIC
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Significant developments in technology and business

Seat belt interlocks
flow smoothly to
auto manufacturers

But a small random
sample shows that
new car buyers are
leery of the device

That Federally mandated piece of
electronic cunning, the seat-belt in-
terlock [Electronics, March 1, p. 70},
is reaching consumers in 1974 autos
with a minimum of problems. There
are isolated complaints of improper
interlock function, but a sampling
of 10 greater New York auto dealers
indicates no dissatisfaction.

In one instance, the seat-belt sys-
tem on a new Ford sold in Revere,
Mass., failed after only 12 miles and
the car had to be towed to a garage.
The driver couldn’t complain too
loudly, however—he was a salesman
at the local Ford dealership.

In California, a Ford dealer in
Los Angeles reports that some cars
have their interlock systems wired
up wrongly at the factory, and his
mechanics have had to straighten
things out. A similar situation is re-
ported by a Chrysler-Plymouth
dealer in the New England area. On
one car the engine started without
the belt’s being buckled. Another
dealer had the opposite happen—the
car wouldn’t start, no matter how
the belt was connected.

Rebellion. In most cases, however,
the interlock systems are working
well, although some customers are
rebelling at the idea of being re-
quired to wear seat belts. A New
Hampshire congressman has even
introduced a bill to ban the interlock
systems on grounds that they’re an
invasion of privacy. But automakers
report that despite some early prob-
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lems, alleviated in part by shifting
orders to backup suppliers, seatbelt
components and modules are being
delivered on schedule. But the auto
industry, coming off a record 11.8
million unit production year in 1972,
is being faced with short supplies in
many types of parts. “The 73s had
run us out of everything,” points out
a Ford man. '

Delco Electronics division of
General Motors Corp., Milwaukee,
for one, says it has made more than
a million interlock units, and pro-
duction “has been going great,” ac-
cording to a divisional purchasing
agent. A spokesman at Chrysler
Corp. reports things are “‘going
good,” and another at Philco-Ford
division, which is supplying roughly
70% of the interlocks for Ford Mo-
tor Co., says he has “an ample sup-
ply of parts.” Also, C-MOS circuits
are already being designed for 1975
model vehicles.

At the semiconductor suppliers,
whose remarks tend to defer to their
auto industry customers, business is
generally running smoothly. Com-
ments H.B. Shannon, manager of
market planning for MOs IC prod-
ucts at RCA Solid State division,
Somerville, N.J., a supplier of
C/MOS circuits to Ford and Chrys-
ler, “It’s a simple circuit and really
doesn’t require special accom-
plishment in order to make it and
hit anticipated yields.”

Perhaps the biggest problem re-
ported thus far was with the c-Mos
parts from Solid State Scientific des-
tined for Chrysler Corp. Solid State
Scientific could not get into ade-
quate production with the Chrysler
design, although the company is
successfully turning out hundreds of
thousands of a similar circuit for
Ford. Even Chrysler is nonplussed.
“They’ve been supplying us with a
C-MOs chip for a digital auto clock

Complicated. At least 15 interconnections in the 1974 cars are involved with the seat-belt
interlock system. Some new-car buyers are complaining about the system, which was man-
dated by the Federal Government to ensure driver safety.
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for two years now and everything’s
just fine,” says a Chrysler spokes-
man. Industry sources say that de-
sign changes required at the last
minute by Chrysler could have low-
ered yield as Solid State Scientific
rushed to meet production dead-
lines.

Who. Apparently, however,
Chrysler ordered most of its C-MOS
chips from RCA’s Solid State divi-
sion, Somerville, N.J. A supplier
both of C-MOs chips for Chrysler
and Ford and of completed inter-
lock modules for General Motors,
RCA is probably one of the biggest
and most successful semiconductor
suppliers of interlocks.

Another supplier of C-MOS cir-
cuits for Chrysler is National Semi-
conductor Corp., which began ship-
ping parts last month. National also
supplies bipolar ICs for General
Motors, and transistors for Ford.
Other IC suppliers include Texas In-

Commercial electronics

struments, Fairchild Semiconductor,
Motorola, Signetics, Delco Semicon-
ductor, Sprague Electric and Stew-
art Warner.

The final word on the success of
the seatbelt interlocks will come
from the customers. Says one semi-
conductor supplier who declines to
be quoted: “It’s possible real prob-
lems may crop up later. Apparently,
none of the “big three” finalized
their designs until early this year
which means they have not been
able to complete the customary
year-long field testing under sum-
mer and winter conditions.” Success
is of critical concern to semicon-
ductor houses. Says Joseph Obot,
marketing manager for consumer
products at National Semicon-
ductor: “Seatbelt interlocks could
prove to be the test of how pervasive
semiconductors become in automo-
biles. If a lot of problems arise, it
could decelerate the swing to 1Cs.” (]

Word processing system uses
CRT to display edited text

The most recent firm to challenge
IBM’s majority share of the word-
processing market is Lexitron Corp.,
Chatsworth, Calif. The firm’s Video-
type I system is claimed to be the
only CRT-display-editing typewriter
on the market now, except time-
shared and dedicated computer sys-
tems used for typesetting publica-
tions.

The CRT permits a full page of
type to be displayed, with a consid-
erable saving in paper, as well as
time. And the system can display
about 7,000 upper and lower case
proportionally spaced characters
just like those in the IBM Executive.
Although the Videotype I includes
extensive editing and justifying ca-
pability, the unit is so similar to a
typewriter and so automated that a
typist can use it immediately with-
out extensive training,

Lexitron says an independent
study found that its Videotype I sys-
tem takes 36 minutes to type and

40

edit material that takes an hour on
the IBM systems. The IBM MT/ST
word processing system can typi-
cally increase a typist’s output from
250 to 400 lines per day to 700 lines
per day. That system rents for about
$300 a month.

But while the Lexitron system
raises the rental to $400 a month, it
also raises the average number of
lines typed to 1,000 to 1,200 per day.

The machine was “adapted to the
person—we don’t make the person
adapt to the machine,” says Jon
Pugh, marketing vice president at
Lexitron. Except for a few special
keys, the keyboard is arranged like
the popular 1BM Selectric, with pla-
ten knobs used for advancing the
copy which rises from the bottom of
the screen like a typed page. All typ-
ing and corrections are made on the
screen. Data is stored in a cassette.
The output is printed on a modified
Executive typewriter. One page is
stored in a semiconductor memory,

not the cassette, so that page can be
printed while another is being typed
or edited.

The Lexitron machine has the
ability to insert or delete any mate-
rial, including paragraphs from
pages other than the one displayed.
Justification to even up the right-
hand margins and automatic de-
cimal-point tabulation for columns
of figures are inexpensive options.
Pugh claims that the editing capa-
bility reduces the average number
of pages that must be typed for each
finished copy from 3.5 to 1.75.

Shift register now. Pugh says that
the system became practical only
because the cost of its extensive
electronics has dropped dramati-
cally in the last few years. It con-
tains several dedicated single-board
processors tied in through a com-
mon data bus, so that functions can
be added or changed, and newer,
less expensive circuitry can be
adapted, simply by changing
boards.

For example, J. Niles Puckett, di-
rector of engineering, says that the
system uses three long shift register
memories instead of random-access
memories: “RAM wasn’t cost-effec-
tive when we began the design three
years ago, and it still isn’t. Until the
4,096-bit RAMs become available in
quantity in 1975, the shift registers
make more sense.”

Most of the logic is hard-wired
TTL, with some ROMs, but the com-
pany is continually looking at new
LSI circuits that could be designed
into future systems. Puckett adds,
“We could do the job with a small
computer and a large memory, but
we couldn’t sell it for under
$40,000,” The Videotype 8 lists at
$17,950. O

Solid state

Gl's MOSFETSs get
technology push

Although Mos IC technology has
been capturing most of the head-
lines, discrete-MOS technology is
also growing, and the fastest growth

Electronics/October 11, 1973
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is in television, radio, and communi-
cations applications. General Instru-
ment Corp., Hicksville, N.Y., is aim-
ing at these markets with its new
line of MOS discretes that are pro-
cessed by ion implantation, have

fine-line geometries, and utilize
other high-technology techniques.
GI has developed a series of MOS-
FET devices that it believes could
well beat monolithic chips into new
automotive a-m/fm radios. Called

the MEM G40-G45 series, these en-
hancement/depletion devices are
n-channel tetrodes with the second
channel doped to produce zero volts
cutoff and sharp, linear, 15 dB/volt
(Vesz vs Gm) automatic gain-controi

Even as West and East Bloc coun-
tries discuss relaxing the trade em-
bargo on high technology, a sharp
disagreement has developed between
two major semiconductor manufac-
turers on how far this relaxation should
extend. One viewpoint is exemplified
in last month's Wescon speech by
C. Lester Hogan, president of Fair-
child Camera & Instrument Corp.,
who wants few restrictions made in
East-West semiconductor trade.

Hogan stands ready to sell semi-
conductor products as well as the
production equipment, technology,
and management know-how to the
Communist countries. This would
mean the Communists would manu-
facture high-level semiconductor
products themselves. The French
company, Sescosem, a division of
Thomson-CSF, has already broken
the ice with the first turnkey semi-
conductor plant—sold to Poland—
and Fairchild, waiting for the trade
detente, does not deny having one
quote outstanding on an MOS plant
for Poland, and another two behind
that for Russia.

On the opposite side is Texas In-
struments, whose executives take a
dim view indeed of trade agree-
ments with the Communist bloc, on
the grounds that such agreements
are not protected by patent rights
and do not offer either open markets
or the opportunity to build a decent
market share. J. Fred Bucy, vice
president of Texas Instruments,
points out that "'it's one thing to sell
high-technology products in the for-
eign market, but quite another to
sell the know-how to make these
products.”” He is adamant against
turnkey contracts, and sees an
equal risk in selling the Communists
such pieces of production equip-
ment as line-and-expose towers,
diffusion furnaces, epitaxial reac-
tors, and the like. “It's axiomatic in

TI's Fred Bucy warns against selling technology know-how
and turnkey semiconductor plants to Communist nations

high-technology industries,”” says
Bucy, '‘that the only adequate pay-
ment for know-how is market share.
No lump-sum payment or turnkey-
service fee can be great enough to
fund the research and development
necessary to enable the seller to
maintain his advantage. You can be
sure,” he emphasizes, ‘‘that if we
give away the know-how without
obtaining a market share, they
won't buy a dime from us—devices
or equipment. We will be giving
away the crown jewels."

In Bucy's eyes, a big question
with East-West trade is patent rec-
ognition. Because of the long-
standing embargo on high-tech-
nology trade, few Western semicon-
ductor patents are recognized by
the Russians or other Eastern Euro-
peans. “‘Since we can sell into the
Communist community only through
their governments,’" says Bucy,
“the only way we can participate in
their markets is for them to agree to
recognize our patents retroactively,
pay us full royalities, and/or give us
access to sell directly in their mar-
kets on an equal footing against
their state-owned factories.”

Bucy also feels that if the free
world is footloose with its tech-
nology, it may be building a monster
that soon will gobble up domestic
markets. The Communist countries
will build their semiconductor capa-
bility with Western-supplied produc-
tion equipment and know-how,
and/or with Western-built turnkey
plants protected by high tariff bar-
riers,”” he says, and when they get
their costs down and their own mar-
kets saturated, they will be ‘'right
out there exporting into ours.”’

Con game. As for the potential
size of the Comecon market, Bucy
thinks the anticipated market size
has been exaggerated by almost a
third, and puts the East Bloc market

potential at $1.5 billion to $2 billion
for the period from 1973 to 1980, in
contrast with the Fairchild estimate
of §5 billion [Electronics, Sept. 27,
p. 42]. This means that any semi- |
conductor plant set up in Eastern
European countries capable of any-
where near the capacity of typical
Western manufacturing facilities will
quickly saturate the domestic Com-
munist market and be ready to ex-
port their overcapacity to the West.
The semiconductor capability of
the Comecon has been greatly ex-

aggerated as well, according to
Bucy. “The shell game they're play-
ing,” says Bucy, "is taking small
quantities of laboratory-developed
devices, giving them to people who
are visiting Russia, and saying 'look
at our capability—now why not sell
us the equipment to manufacture
this, because we can do it ourselves
anyway.' If they can, let them do it
The truth is, they don't have the ca-
pability of producing in large quan-
tities at high yields. And that's what
they want us for."”
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nel bilateral switches with decoding.

The company also plans a C-MOS
quad multiplex driver, the MEM-
4900 series, which can also serve as
a TTL-to-MOS logic level converter.
Gl is also working on C-MOS in mul-
tilayer hybrid circuits to increase the
packing density by reducing power-
dissipation function. The company
already makes a 50-chip 5-kHz low-
and high-pass audio filter with 500
dB/octave roll-off. d

Sharp cutoff. GI's enhancement-gate tet-
rode allows single-polarity agc. Previous tet-
rodes needed negative voltage for complete
cutoff and had flattened gain control.

characteristics. The series forms the
basis for GI's Autodyne a-m/fm
tuner, which is currently under eval-
uation by major auto companies
and which will be announced at this
winter’s Consumer Electronics Show
in Chicago.

These devices enable construction
of a positive-polarity agc and a one-
polarity radio with agc down to zero
volts. Previously, either first-stage
agc wasn’t used, which can lead to
interference problems in big cities,
or a voltage pedestal was used to
raise the source potential, utilizing
three power resistors that are cur-
rently hard to obtain. Although
aimed at automotive markets, Ed
Kramer, product manager for MOS
devices, believes they will also have
land-mobile-communications appli-
cations. Quantities of 1,000 will sell
for 66 cents each in TO-72 packs or
38 cents each in plastic packages.

Another development is the use
of ion implantation to obtain a
I-GHz discrete n-channel MoOs for
uhf circuits. Narrow channel width
is essential for the device, planned
for announcement this winter.

Frank Garbis, Components divi-
sion vice president, says GI will en-
ter the C-MOS market by selectively
second-sourcing the RCA-4000 series
and introduce some discrete MOS
products of its own in the multiplex
and high-speed analog-switching
areas. Products soon to be an-
nounced include four-channel,
eight-channel, and dual eight-chan-
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Thermo-optic effect
iS new device hope

If the experimental work on a new
optical-detector mechanism is suc-
cessful, a new generation of ultra-
fast, inexpensive, and sensitive pulse
photodetectors that are compatible
with most IC technologies may be
the result. The new work stems from
an incident of scientific serendipity

at 1BM’s Thomas J. Watson Re-
search Center, Yorktown Heights,
N.Y.

As Robert Van Gutfeld, research-
staff member and Philip Seiden, di-
rector of the physical sciences labo-
ratory, were studying thermal ef-
fects in tungsten and molybdenum
for possible bolometer applications,
they noticed that a laser beam pro-
duced on the film a voltage that was
perpendicular to the direction of
light propagation. Recently, they
observed signals as large as 150 mil-
livolts for a 1-kilowatt, 5-nano-
second optical pulse at 4,600 ang-
stroms.

The output voltage is propor-
tional to the light intensity, indepen-
dent of contact material, and it is
not affected by magnetic fields, by
moving of the light beam across the
film, or by polarization angle. The
voltage is rotationally periodic in
the plane of the film. By analyzing
the thermal profiles, Van Gutfeld
found that the time constants, signal
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Thermo-optic effect. Using the setup in (a), the new effect can be observed. The response
to a 1-kW pulse in (b) and (c) shows the voltage dependence in the plane of the film.
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INTRODUCING

THE TEKTRONIX TRANSIENT

DIGITIZER

The new way to look at transients.

Not all transients are created equal.

But then again, neither are all transient
measurement systems.

Some transients don’t need much more than
just normal methods of observation.

Others require something special. Because
the faster the transient, the more difficult
it is to observe.

How, what, where and when it all happened
is a tough job when it's your responsibility to come
up with fast answers.

But no device can help you quite like the
Tektronix R7912 Transient Digitizer: the revolutionary,
new addition to our versatile 7000-Series
measurement instruments.

It puts you on the right track to fully analyzing
the transient within seconds of its occurrence.

And all you get blamed for is saving time and money.

The Tektronix Transient Digitizer can digitize
single events with subnanosecond risetimes. It lets
you focus accurately on transients with speed and
convenience never before attainable.

It gives you complete waveform data.

Fast and easy. By offering more resolution than ever
before. By providing a writing rate equivalent to

8 div/ns. And an optional local memory of 4096
words. By generating an electronic graticule

For a demonstration circle 42 on reader service card

whichincreases visual measurement accuracy. By
displaying visually on a large, bright TV monitor.
By expanding to multi-channel performance for low
cost-per-channel operation. And by eliminating
slow, tedious camerawork.

See how much more you can see with the
Tektronix Transient Digitizer.

It's the new way to look at transients.

For many transients, it's the only way.

Prices vary with options and plug-ins selected.

An operating system is available for as low as
$10,460. To obtain a copy of ““New Ways to See Fast
Transients” contact your Tektronix Field Engineer or
use the reader service card or write TEKTRONIX,
Inc., PO Box 500A, Beaverton, Oregon 97005.
Phone: 503/644-0161. In Europe: TEKTRONIX Ltd.
Guernsey, C.I., UK,

TEKTRONIDC
- “mmm:cl':rlcal excelience

Circle 43 on reader service card
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shapes, and reversal of voltage po-
larity with illumination from the
back of the film are determined by
the temperature gradient normal to
the direction of the film.

Considerable evidence supports
the hypothesis that film stress causes
an anisotropy in these otherwise
isotropic films. Sputtered films, films
evaporated onto substrates heated
to 450°C, and films annealed at
800°C show small or no transverse
voltage effects. Annealing at lower
temperatures (less than one fourth
the melting temperature) increases
stress and enhances the effect. Heat-
ing the films to 250°C increases the
voltage, which is consistent with the
increase of Seeback coefficient (the
open circuit voltage caused by a
temperature difference) with rising
temperature.

Lack of a thermal gradient sets
the minimum thickness at 500 A,
and leakage paths limit maximum
thickness to a few micrometers. The
longest wavelength occurs at 10 pm,
when the film totally reflects the in-
cident light, although work is going
on to enhance the absorption at that
wavelength. Short pulses are needed
to establish the temperature
gradient, and this limits maximum
optical pulse width to a few hun-
dred nanoseconds.

Since detectors made from th :se
films require no bias, and detectors
can be made readily by single evap-
oration, masking, and bonding
steps, applications for low-cost ar-
rays and detectors at 1.06 um are
feasible. Since the effect is only a
function of temperature gradient,
the position of the beam on the de-
tector is not critical. O

Instrumentation

New chip could
halve DPM prices

The digital panel meters that have
been rapidly replacing analog de-
vices have mostly had separate
analog and digital portions, and
they have needed peripheral display
decoder/drivers and reference sup-
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Block of cnip. Diagram of IPL's MC 804 DPM/DVM chip. An off-chip capacitor cancels the
accumulated offset voltage and allows the combination of analog and digital features on a

single chip.

plies—but all these components and
interconnections lower reliability
and raise costs.

This month that situation should
brighten, when Integrated Photo-
matrix Ltd., Dorchester, U.K., and
its newly established subsidiary, In-
tegrated Photomatrix Inc. of Moun-
tainside, N.J., introduce a com-
pletely monolithic 3'2-digit DPM
chip, the MC 904. It will have a 300-
microampere, 24-volt BCD output
for digital system applications. An-
other version will soon be available
with straight binary output. Accord-
ing to Gerry Parsons, manager at
IPL, the addition of an integrating
capacitor, a reference voltage and
four discrete decoder/driver transis-
tors is all that is needed to make up
a complete DVM. According to IPI
marketing vice president James
McCormick, the chip will sell for
$7.50 in large quantities, thus allow-
ing DPMs to be built for about half
the current price of $100. The chip’s
small-lot price should be about $15.

The main innovation in the de-
vice is in system design, not LSI
technology. An on-chip capacitor is
used to cancel out the offset voltage
that remains after each frame in the
dual-slope integration technique
used in DPMs. Other than that, stan-
dard p-channel MOS techniques with
10-micrometer design rules are used
to produce the 130-by-130-mil chip.
The DPM has dual-polarity 100-mv
and 1-v scales, 0.01%/°C of reading,

temperature coefficient accurate to
0.1% of reading *1 digit, and re-
quires *15-v supplies. O

Commercial electronics

LSI chip helps meter
fuel-oil deliveries

This winter, a truck-mounted com-
puting unit that is based on an MOS
LsI chip will begin metering fuel oil
and giving customers their invoices
on the spot. The first electronic fuel-
ing system—the result of a colla-
borative effort by three parts of the
Emerson Electric Co.—eliminates
fuel-oil dealers’ clerical and billing
expenses, the company says.

In fact, “the tank-truck market is
just a part of it,” says Rodney P.
Buffington, product manager for
Brooks Instrument division, States-
boro, Ga., since the Brooks Tank
Trunk Transaction Computer is de-
signed so that it can handle any pe-
troleum or cryogenic liquid. The
computer works on an electrical sig-
nal, and it can monitor any type of
meter that generates pulses, he ex-
plains. Buffington predicts a $10
million domestic market for elec-
tronic tank-truck meters within five
years. The complete system, includ-
ing valves and pumps, will be com-
petitive with present mechanical
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a handful
of measurement
solutions...

With the 212, A completely new
DUAL-TRACE, 500-kHz, 3 x 5%
x 9-inch scope that weighs
only 3.4 pounds and costs just
$725. The high-impact plastic
case withstands severe en-
vironments — double-insulated
construction helps protect you
while making high-voltage
measurements.

Many other benefits are avail-
able in our first dual-trace
mini: (1) 500 kHz and 1 mVv/
div; (2) Designed, developed
and manufactured within the

United States; (3) For clarity,
probe bodies and vertical de-
flection controls are color-
matched; (4) When not in use,
the permanently connected
probes and power cord store
in an easy-to-use compartment;
(5) There are only two trigger
controls, one for level and
slope, the other for source
selection; (6) Controls are re-
cessed to prevent accidental
damage; (7) Up to 5 hours
operation are provided from
rechargeable internal batteries;
(8) Vinyl carrying case . . .

For a demonstration circle 45 on reader service card
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For complete information or to
arrange a demonstration, con-
tact your local Tektronix, Inc.
Field Office. Or, write Tek-
tronix, Inc., P.O. Box 500,
Beaverton, Oregon 97005. In
Europe, write Tektronix, Ltd.,
P.O. Box 36, St. Peter Port,
Guernsey, C.I., UK.

212 Oscilloscope $725

U.S. Sales Price FOB Beaverton, Oregon

_ @TRONIX@

committed to
technical excellence




(e

Electronics review

m A projected price of $650 (the
present range is $600 to $1,500.

® A 19-ounce weight, versus 43
ounces for some models now.

» Half the usual size.

® A 4.5-mile range (compared with
1.5 for most models).

® Vhf and uhf channel reception
capability.

8 Four channels.

m Compatibility with existing police
equipment.

m Better performance in saturated
city environments.

» Operating performance to -40°C.
Solid-state design also gives the ra-
dio longer duty cycles.

In drawing up the specifications
for the radio development, LEAA
surveyed 500 law enforcement
agencies to find out what their needs
were. As the specifications are read-
ily available, LEAA hopes all manu-
facturers will meet them in their
sets. Even so, “some goodies could
be added,” Shollenberger suggests,
“such as a lower profile antenna”
and a design “to make the radio
even more hands-free.” O

Industrial electronics

Minicomputers boost
elevators’ efficiency

Now elevators have joined the
many kinds of equipment controlled
by general-purpose minicomputers.
U.S. Elevator, San Diego, Calif, a
subsidiary of Cubic Corp., recently
installed a complex computer-con-
trolled system at the Security Pacific
Bank in San Diego—one of the most
advanced systems available.

Called the CMC-1200, the system
can control up to 12 cars with 48
levels of service. In practice, few
buildings have this many elevators,
and the floor limitation is not a
problem, since in muitistory build-
ings certain floors are served by only
one bank of elevators.

The computer used so far is the
Data General Nova 1200, with
4,096 words of memory. But U.S.
Elevator has developed an interface
board that permits the use of other

48

computers. Early last
year, the largest com-

pany in the field, Otis
Elevator of New York
City, installed a com-
bined elevator-con-
veyor system at the
Colgate-Paimolive
Co. in Jersey City,
N.J. That system, ac-
cording to Arnold
Mendelsohn, assistant
manager of research
and development at
Otis, uses a Digital
Equipment Corp.
PDP-8 minicomputer.
Most of the other
elevator manufac-
turers equip their in-
stallations with com-
puter logic controls,

On the rise. U. S. Elevator Co. uses a minicomputer to con-
trol its CMC-1200 elevator system.

which are actually hard-wired con-
trollers rather than general-purpose
computers.

In developing its system, U.S.
Elevators drew heavily on Cubic tal-
ent. A major aim was better re-
sponse, and average waiting time
has in fact been reduced to 10 to 15
seconds.

Spoof-proof. The system monitors
status and requests 10 times a sec-
ond, while maintaining and consult-
ing an “activity history” to insure
fast service. It will mass cars at the
lobby in the morning, for example,
and at areas of heavy demand such
as where a large conference has
ended. The system also checks to
make sure that the cars it dispatches
arrive; if they are held up, another
car is sent.

The computer gives priority ser-
vice to selected floors, such as VIP
suites, and a spoof-proof feature
prévents people from interfering
with car assignment, as by reversing
an up car when people are waiting
for it: a weight-sensing mechanism
(monitoring the current in the motor
that holds up the elevator) notifies
the computer, which cancels the
false call. This device also foils the
practical joker who pushes all the
buttons in an empty car, then jumps
out of it.

The CMC-1200 meets all state
and Federal safety standards, with
redundant mechanical, electrome-

chanical and electronic safety fea-
tures. If power fails, a slower “street
car” system operating on auxiliary
power sends the cars from the lobby
to the top floor and back, stopping
along the way as needed. The com-
puter back-up system uses logic of
medium complexity and provides
fair to good service, during periods
when the computer might be down
for service, says U.S. Elevator.

A major advantage of a mini-
computer is that the control is easily
modified by changes in the software
program. This simplifies elevator
system production because standard
controllers can be used, and the
software can be changed for differ-
ent building requirements. It also
means that programs can be
changed quickly if building needs
change.

However, at Otis, Mendelsohn
says that “in most cases, the basic
minicomputer is designed to per-
form arithmetic calculations and not
to operate in an elevator environ-
ment where there is a lot of in-
put/output information.” To adapt
such a system requires input/output
ports and also main buffers, which
increase the cost. Otis is now design-
ing a parallel processor to its own
requirements, which Mendelsohn
says will fit the elevator environ-
ment at an economical cost.

U.S. Elevators contends that the
cost for the system depends on its
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» RELAY LIFE TEST,

Take an idea...or do your own thing. Applications
for Bourns Cermet Controls turn up everywhere.

Cermet resistance elements offer you a wide advan-
tage in performance over their old-fashioned carbon
counterparts, Look for:

* BETTER STABILITY
* HIGHER POWER RATING
* SUPERIOR TEMPCO (%150 ppm/°C)

Bourns Controls save space, too. The 3" diameter
models extend only %" behind the panel — that's not
far out.

Take a look at our new brochure on Panel Control
Potentiometers — 24 pages of cutaways, photos, speci-
fications and prices. Ask for it anywhere Bourns prod-
ucts are sold, or direct from the factory.
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HIGH PERFORMANCE

Series 3852: 34" dia.; metal bushing, locking or non-locking; 2 watts at
70°C; res. to 5 meg., £10%. Typical price per piece $2.40; (2M) $0.81.
Series 3862: 2" dia.; 1 watt at 125°C; res. to 5 meg., 10%. Typical price
per piece $4.20; (2M) $1.18.

COMMERCIAL

Serles 3859: 34" dia.; plastic bushing or quickly installed snap-in version; 2
watts at 70°C; res. to 5 meg., +10%. Typical price per piece $1.95; {(2M)
$0.66.

MULTI-TURN VERNIER DRIVE
Series 3856: 34" dia.; metal bushing; 3% turns; 2 watts at 70°C; res. to 5
meg., =10%. Typical price per piece (2M) $2.01.

Now look at the Controls.  Stocked in depth by Bourns
distributors all over. 24-hour delivery on standards.

77A, A~

—

TRIMPOT PRODUCTS DIVISION «» 1200 COLUMBIA AVE., RIVERSIDE, CALIF. 92507
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size. In a 12-story building it investi-
gated, the company says the cost for
the computer system would be sig-
nificantly less because it permits
better use of elevators and therefore
reduces the number required. O

Con{buters

A microcomputer 10
bypass the compiler

For many years computer engineers
have tried to design a practical ma-
chine that would directly execute

programs written in a high-level
language, such as Fortran, without
the use of a computer. Research lab-
oratories have produced some ex-
perimental models, but they usually
worked with a subset of one of the
better-known languages and were
not commercially feasible.

Now a small Canadian firm, Mi-
cro Computer Machines Inc., Wil-
lowdale, Ont., has developed a ma-
chine, the MCM/70, which is
programed in APL (A Programing

Language, developed some years

ago by 1BM). The MCM/70 inter-
prets APL statements with the help
of an extensive microprogram, but
bypasses the time- and memory-

News briefs

IBM contests Telex damages
Balking at paying damages of $352.5 million in an award by Federal Court

i |
One drop goes
along way in fas-

tening almost any- Judge A. Sherman Christensen in Tulsa, Okla., to the Telex Corp., 1BM

i Corp. has filed for a new trial before the original court in an attempt to re-
thmg FO almost duce thé amount of the judgment. IBM says it does not want to reargue the
anythlng- “fundamental core’’ of the decision, but asks to correct the award "‘with re-

Metals, for in-
stance. And

— ' spect to the issues of damages and equitable relief.” IBM cites errors of
fact or legal procedure in the original trial as its reason for the retrial peti-
tion. If successful, the request would eliminate the award to Telex, and lift

plastics. And ce- the injunctions that prevent IBM from collecting penalties on prematurely
ramics. And | terminated long-term leases.
rubber. o | Sprague sells thin-film operation

Eastman 910 Sprague Electric Co. has sold its thin-fim hybrid-circuit operation in

Worcester, Mass., because, according to president Bruce Carlson, the divi-
sion did not fit in with Sprague’s product line. The buyer is Hybrid Systems
Inc., Burlington, Mass., which will lease the space in Sprague’s semicon-
ductor plant where the division is based. Sprague wil retain a ‘‘minority po-
sition’" however, which is said to gross about $3.5 million annually

adhesive bonds
fast, too. Almost
instantaneously. With only
contact pressure.

Tensile strength? Up to

2 DIP logic array is leadless
5,000 psi at room temper-

Billed as perhaps the first integrated-circuit device to be offered in a lead-

ature less dual in-line version, a programable logic array from Rockwell Inter-
) national [Electronics, Sept. 13, p. 39] will be configured to mate with the
New Eastman 910 MHT Burndy zero-insertion-force, leadless, gas-tight, high-pressure receptacle
and THT grades hold when Moreover, the device is said to be the first of its kind available off the shelf
i Leadless DIP sockets have been available on a custom basis, manufactured
the heat is on. Even over by both Amp Inc. and Amphenol
400°F.
For further data and Sierra awards total $700,000

Sierra Research Corp., Buffalo, N.Y., has received awards totaling more
than $700,000 for various models of its SAMS Air Navigation System and
associated test equipment. Contracts totalling $442,000 were received
from the Royal Norwegian Air Force, and other awards totalling $236,000
have been received from The U.S. Navy, Canadian Defense Ministry, Royal
Danish Air Force, and the Federal Aviation Agency. According to the com-
pany, sales of the SAMS equipment have passed the $3 million mark as of
this May.

technical literature, write:
Eastman Chemical
Products, Inc., Kingsport,

Tennessee 37662. @
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What's DAFL stability?
1ppm/24 hrs.

The Model 6201 Signal Generator continuously adjustable and metered
offers you a new experience in preci- over a 166-dB range, high enough (20
sion testing over the 61-kHz to 1024- dBm) for saturation data and low
MHz range. Simply set your desired enough (—146 dBm) for critical sensi-
frequency on the six-digit counter, flip tivity measurements. And it’s a clean
the lock switch, and enjoy the confi- signal with broadband noise at least

denceofalocked, crystal-stable output 130 dB down in a 1-Hz bandwidth. Re-
signal. That's what DAFL — Digital sidual FM is less than 5 Hz peak.

Automatic Frequency Lock —is all We invite you to treat yourself to
about. It means 1 ppm stability, all day, DAFL stability and discover a new era
all night. in signal generators. Send for more in-

You can use thissignal generator formation now. Contact Singer Instru-
with the assurance that it will take mentation, 3176 Porter Drive, Palo

your toughest tests in Alto, Calif. 94304, Phone
stride. Output power is S l N G E R (415) 493-3231.

INSTRUMENTATION
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For most
filter needs—
AEL provides 4 mgs A
off-the-shelf, E

For customized filter needs—AEL’s computer banks have the an-
swers. This, combined with AEL's ENGINEERING EXCELLENCE,
provides filters such as: '

Lumped-Constant Filters ¢ Tubular Filters ¢« Combline Filters ¢ Inter-
digital Filters * Low Pass Filters « High Pass Filters * Bandpass Filters
* Band-reject Filters

Call or write today for more information about our filter line. Our
product, as well as our ideas, are off-the-shelf.

WASHINGTON DIVISION

.A.MERICAN ELECTRONIC IIABORATORIES. INC.
2901 TELESTAR COURT, FALLS CHURCH, VA. 22042 . TWX: 710-831-0833 « TELEPHONE - (703)573-8240
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consuming step of compilation, or
translating the program from APL
into machine language.

Shoebox-size chassis. The ma-
chine has a standard 50-key key-
board, plus a 10-key numeric key-
board for input, and it displays
results on a one-line gas-plasma
panel. It has a 2,000-byte metal-ox-
ide-semiconductor memory as work-
ing storage, expandable to 8,000
bytes, as well as another 150,000
bytes on an optional magnetic-tape
cassette. The microprogram is kept
in an extensive read-only memory;
logic circuits are a mixture of MOS
and transistor-transistor logic. The
entire machine is completely self-
contained in a chassis measuring 13
by 15% by 5% inches, including the
cassette drive; provision is made for
externally connecting a strip printer,
a cathode-ray-tube display, or a
communications interface.

Mers Kutt, president of Micro
Computer Machines, says he isn’t
quite ready to accept orders yet. He
plans to market the machine
through regional representatives in
the U.S. and Europe, as well as in
Canada. He hopes to have both his
patents and his distribution network
completed by the first of the year,
by which time he expects also to
have his production line geared up
to the point that deliveries can be
made quickly. At $3,500 each, he
expects sales to be brisk. O

Fabrication

IBM study aims at
super-dense devices

The ability to fabricate devices
smaller than the wavelength of light
for high-density memory appli-
cations may be a result of a new
technique being studied at IBM’s
Thomas J. Watson Research Center,
Yorktown Heights, N. Y. This work
in scanning electron microscopy in-
creases the resolution of such instru-
ments by a factor of three over what
had been achieved previously. By
using SEM as a process-control tool,
sub-micron-size devices can be more
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We've
stretched the
state of the art

(Announcing the Matrix 20 inch electrostatic plotter)

And we did it without pushing the price of the art.

For only $8,900 you get the Matrix 2000 Plotter. And for only $10,900,
the Matrix 2000A Printer/Plotter.

So now for the cost of competitive 11 or 15 inch electrostatic machines,
you canreally get the big picture.On paper 20 inches wide by 500 feet long.

You can turn out size C engineering drawings on one sheet. (We have
translucent paper that reproduces on your diazo machine.)

Do big, roomy weather maps. Or contour maps. Or architectural draw-
ings. Or printed circuit board layouts. Or logic diagrams. Or seismic plots.
Or ... or...you know what you’d use a 20 inch machine for.

Our MEWT™ writing offers the highest resolution in the industry — up
to 160 points/inch.

For on-line operation we offer 30 controllers to interface most com-
puters to a Matrix unit. Or our MAPPS™ system permits fow cost off-line
operation from IBM compatible mag tapes. And flexible Fortran graphic
plotting software packages are available.

Delivery 60 days. - -
For details write Versatec Inc., v VERSATEC

10100 Bubb Road, Cupertino, . . 3
California 95014, (408) 257-9900. ST aeaInCHIEloctostatic]
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clearly examined, a crucial factor in
making super-dense storage cells.

The new technique permits a
solid specimen to be placed inside
the high-field region of the con-
denser-objective lens in a high reso-
lution SEM and collect the elastically
scattered high-energy electrons in-
stead of the low-energy secondary
emitted electrons usually collected.
In the conventional scheme, the
sample must be located away from
the lens because the magnetic fields
which focus the incident electron-
beam would otherwise greatly de-
flect the low-energy secondary elec-
trons. In the new technique, the
secondary and back-scattered elec-
trons are deflected away from the
detector. Resolution is improved by
adding external energy filters. But
more important, by changing the
voltages on the filters, the secondary
or the low-loss electrons can be ob-
served with the same instrument.

Alec Broers and Conrad Broemer,
who developed the technique, be-
lieve that the major impact of the
development is to put surface scann-
ing and transmission SEM together
in a single instrument. It could sig-
nificantly influence semiconductor-
device process control by allowing
one instrument to view first the top
100 angstroms with the new tech-
nique and the next micrometer or so
using standard SEM techniques.

Broers described how this tech-
nique was used to solve the electro-
migration problem. By collecting
the low-energy electrons, holes
caused by electromigration could be
observed. By looking at the top 100
angstroms of the surface, research-
ers could also examine the oxide on
the top of the wafer and conclude
that migration wasn’t along grain
boundaries as was commonly sup-
posed. This led to using copper in
metalization to prevent aluminum
migration.

Thirty-angstrom resolution has
been attained, and ultimate resolu-
tion should be about 8 angstroms.
The developers believe that the
technique will also see extensive
biological applications since thin
membranes may be nondestruc-
tively observed without special
sample preparation. O
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PROM

MMI —first with 1K and 2K PROMs—is e And a faster (60ns) 4K ROM. too—

doing it again: Announcing another H6240.

industry first: 4096-bit TTL PROM. * Availability: NOW.

e The part number: Commercial — 6340 * Price: 595 (100-999) for the 6340.
Military— 5340. $140 (100-999) for the 5340.
Fan-in: a low 250pA. If you need parts, call, TWX or write Dale
Access: 90ns guaranteed over temp and ~ Williams. 1165 East Arques Avenue,

Vee. Sunnyvale, CA 94086, (408) 739-3535/

e Configuration: 512 x 8 bits. TWX 910-339-9229.

¢ ROM-Mate: pin-compatible 4K TTL
masked ROM.

Monolithic Memories, Inc. XA

EASTERN AREA SALES OFFICE: (617) 653-3158 « NEW ENGLAND REGION: (617) 653-3158 « NEW YORK REGION: (607) 748-3211 « CENTRAL AREA SALES
OFFICE: (317) 844-3241 « WESTERN AREA SALES OFFICE: (714) 556-1216
Representing your best buy in memories: ALABAMA, Huntsville (205) 539-1771. ARIZONA, Phoenix (602) 264-7971; CALIFORNIA. San Diego (714) 747-3015;
Palo Alto {415) 369-4671;; COLORADO, Denver (303) 623-8713; CONNECTICUT, North Haven {203} 239-9762; FLORIDA, Orlando (305) 423-7615; ILLINOIS,
Chicago (312) 593-0200; INDIANA, Ft. Wayne (219) 744-4331; KENTUCKY, Louisville {502) 893-7303; MARYLAND, Baltimore (301) 825-3330; MASSACHUSETTS,
Boston (617) 444-2484; MICHIGAN, Detroit (313) 358-2020; Grand Rapids (616) 451-8901; MINNESQOTA, Minneapolis (612) 929-6721; NEW JERSEY, Teaneck
(201)692-0200; NEW MEXICO, Albuquerque (505) 298-1875; NEW YORK, N.Y.C./L.l. (201) 692-0200; NORTH CAROLINA, Raleigh (9194 834-6591; OHIO, Cincinnati
(513) 521-2290; Dayton (513) 298-9546; Cleveland (216) 228-7525, OKLAHOMA, Tulsa (918) 627-4159; OREGON, Portland (503) 292-5656;, PENNSYLVANIA,
Willow Grove (215) 674-3850; Pittsburgh (412) 242-0100; TEXAS, Dallas (214) 239-9148; Houston {713) 721-1054; WASHINGTON, Seattle (206) 455-2778.
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Raytheon Semiconductor Update |

Announcing Monometallic
Silicon Nitride
Passivated Glassivated

Wireless Bonded

Semiconductors
in conventional packages.

Technically speaking that describes
the new Raytheon Semiconductor
line of super-ultra-reliable transis-
tors and diodes available for the
first time ever in standard packages.
But we simply refer to them as our
SURE praoducts. They're specifically
designed for critical applications
calling for extremely reliable per-
formance, or for operation under
the most severe environmental
conditions.

The SURE packaging innova-
tion combines the latest advance-
ments in beam lead technology with
assembly techniques that are truly
state-of-the-art (and that’s not just
the usual cliché). In this unique
process there are no "flying” wire
interconnections between the ter-
minal post and the silicon chip.

Instead, external leads for the base -

and emitter are formed to permit
bonding directly to the beam leads
of the device. Both collector beams
are common to and bonded directly
to the header.

This means there are two less
interconnections than a standard
transistor to- worry about. Another
plus factor: The bonds are the gold-

56

to-gold compression type, well
known for their excellent reliability.
So you end up with a device that's
capable of much higher operating
temperatures, higher shock, g's and
vibration than comparable die-
mounted semiconductors. (And
we've yet to reach the ultimate

Actual scanning electron microscope picture
of a SURE transistor mounted on the newly
developed TO-18 header.

limits in these areas. Not an idle
brag, but a fact.)
The beam lead chip is, of course,

silicon nitride surface passivated. It
does not require additional sealing
to protect the surface of active sili-
con from contamination. And if you
are a real purist, you can specify
beam leads that are glassivated over
the metalization.

As you can see in the actual
scanning electron microscope pic-
ture, the unique, perfectly shaped
edges of the chip form a precise
54-degree angle with the vertical.
This is a result of Raytheon Semi-
conductor’s exclusive V-ATE process
which ensures more accurate, repeat-
able separation of chips without the
inherent stress producing scribe-and-
break or irregular etch methods
commonly practiced. In this way we
can also maintain a thicker, more
rugged device with superior thermal
characteristics.

At present Raytheon Semi-
conductor SURE products include
bipolar PNP and NPN transistors
and switching diodes. They are
available in a TO-18 3-lead metal
can and a TO-86 14-lead quad-
transistor flat pak.

SURE products are without a
doubt the highest quality semi-
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conductors of their kind ever built.
In fact they're so good that maybe
Monometallic - Silicon - Nitride -
Passivated-Glassivated-Wireless
-Bonded-Semiconductors is a more
deserving name. But for our sales-
men’ssake if you want more informa-
tion on Raytheon Semiconductor’s
new super-ultra-reliable transistors
and diodes, just ask us for SURE.
Reader Service No. 231 °

RAYTHEON SEMICONDUCTOR

The cover for the new Raytheon
Semiconductor linear catalog really
says it all: TOTAL LINEARS. That
simply means we can fill 9 out of 10
of your needs for linear integrated
circuits.

For example, Raytheon Semi-
conductor offers more than 50 op
amps, a half-dozen wideband amps,
16 voltage regulators, two-dozen
comparators and sense amps, 19 line
drivers and receivers, as well as
assorted memory drivers and low
power audio amps.

Many of these linear devices are
proprietary with Raytheon Semi-
conductor. Like the 1556A Beyond
Super Beta Op Amp. Or the new
4194 adjustable and 4195 fixed
voltage regulators you've probably
read about. And the only true Quad
741 High-gain Op Amp; we call it
the 4136.

Also we have a score of linear
chips and beam lead circuits you
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won't easily find elsewhere.

So that you can easily choose
the right linear IC for a particular
application, we've included special
Selection Guides that give you a
quick way of comparing key para-
meters of similar devices within each
product group.

To get your personal copy of
this new comprehensive 192-page
catalog, send us your request on
your company'’s letterhead. And for
one-stop-shopping for your total
linear IC needs, contact your nearest
Raytheon Semiconductor salesman,
representative, or franchised
distributor.

New Low-level Audio Amp
Doubles Battery Life

Raytheon Semiconductor is
now producing a new low-level
audio amplifier that outperforms
anything in its class. Designated
the 8341, it's ideal in battery
powered circuits such as hearing
aids, remote microphones, tape pre-
amps, and other milliwatt amplifier
applications.

The quiescent current of the
8341 is only 0.5mA. So you'll get
twice as many hours from your bat-
tery supply than you would with a
similar device. The voltage gain is
a healthy 70dB — even over a supply
voltage range of 1.1V to 1.7V. And
the total harmonic distortion is only
1%. What's more, it has AGC with a
dynamic range of 30dB.

From a design standpoint, the
first and second differential gain
stages are biased with current sources
that are independent of supply volt-
age changes. So you can expect less
than a 2dB change in gain over the
entire battery life cycle. The output
stage is a single-ended class AB type
to minimize battery current drain.
It's also biased to provide a maxi-
mum AC output swing of plus or
minus one-half of the supply voltage.

With an external resistor you
can set the maximum gain below the
nominal 70dB level. Or if desired,
you can vary the gain by means of
an external volume control.

\RAYTHEON g

The AGC threshold is adjust-
able by means of an external resistor,
and its transient response is deter-
mined by a small external capacitor.

RV
MICROPHONE +VBAT
1

I 10
3 9
EJ]—O—+ RM8341

o
=

RECEIVER

= 8341 Low-level Audio
= Amplifier with AGC.

Don't put a drain on your next
low-level audio design requirements.
Ask a Raytheon Semiconductor
salesman, representative, or distrib-
utor about the new 8341,

Reader Service No. 232

54R/74R:
The Hot Ones

As you know, Raytheon Semicon-
ductor is a reliable second source
for the 54/74 MSI line. However, we
also offer our own version with an
“R" designation.

The "R’ version gives you
higher performance but with no
change in price or operating re-
quirements. Take for example the
comparison of some important para-
meters between these popular
counters and shift registers.

tpd

f Max. | Average
54/74192, 193 35MHz | 44ns
54R/74R192,193 | 45MHz | 31ns
54/74194, 195 25MHz | 24ns
54R/74R194, 195 | 55MHz | 19ns

We have a new catalog describing
more than 30 other 54R/74R devices.
It's yours for the asking. Just contact
a Raytheon Semiconductor sales-
man, representative, or franchised
distributor. And if you want a hotter
54/74,put an“R” on your next order.

Reader Service No. 233

Raytheon Semiconductor, 350
Ellis Street, Mountain View, Cali-
fornia 94042. Phone (415) 968-9211.
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The new step that will sweep the country.

All the way to 30 MHz,
people will be doing the new
step from Wavetek. Ramping
up, ramping down. Stepping
up, stepping down.

They'll be making grace-
ful 1,000:1 frequency sweeps
smoothly and in discrete 109,
steps.

And thevy'll be doing it
with one of the most sophisticat-

ed function generators ever
built . . . the Wavetek 164.

Circle 58 on reader service card

Not only does the 164 do
fancy steps, it can show off a
trapezoidal waveform with ad-
justable rise and fall time, dip
as low as 3uHz with con-

tinuous, triggered
or gated modes,
and give you a
choice of 9 output
waveforms. All
that talent for

just $995 should be

music to your ears.

@

WAVETEK:

P.O. Box 651, San Diego, California 92112
Telephone (714) 279-2200, TWX 910-335-2007
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Chinese experts
on EDP start tour
of 12 U.S. firms

RFPs expected for
improved Personal
Rapid Transit setup

Delays in postal
automation worry
several companies

Addenda
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Washington newsletter

Fourteen top computer specialists from the Peoples’ Republic of
China, interested in “big machines, their architecture, technology, and
applications,” will also be exposed to integrated circuits, mini-
computers, and system networks during a month-long tour of the U.S.
computer industry just beginning in Boston. A dozen U.S. companies
and several universities will be visited by the members of the Chinese
Society of Electronics, whose tour is sponsored by the National Acad-
emy of Sciences as part of a series of scientific exchanges arranged by
Henry Kissinger, now Secretary of State, during his February trip to
Peking. NAS officials say it’s the only exchange relating to electronics.

The Chinese group arrived Oct. 5 in Washington. The visitors are led
by Yen Pei-Lin, CSE council member and director of the Institute of
Computing Technology of the Chinese Academy of Sciences, and
Wang Tsung-Chin, deputy manager of the China Radio Appliances
Corporation. After Boston, they are scheduled to visit New York, Min-
neapolis, Texas, and California.

Requests for proposals for development of a second-generation Per-
sonal Rapid Transit operating testbed will be issued soon by the Urban
Mass Transportation Administration. Expected to cost between $15
million and $20 million, the project encompasses two new design ve-
hicles and three stations along several miles of track northwest of
downtown Denver and is to be the forerunner of a regional system
being planned locally. In contrast with UMTA’s first automated system,
in Morgantown, W. Va,, the new line is to move twice as many passen-
gers, using smaller vehicles but doubling the frequency of service.

Some research and development contractors complain that the U.S.
Postal Service’s continuing delays in launching its long-heralded billion-
dollar-plus automation of preferential mail centers [Electronics, May 10,
p- 49] are giving them fits as development programs draw to a close and
funds dry up. Although the postal service has told industry it expects to
finish re-examining its plans in December, its five-year phased procure-
ment of the massive amounts of electronics-directed hardware most
likely won’t begin before sometime next year, say postal and industry
sources. Two major reasons for the delay are that the service wants to
evaluate the prototype equipment more thoroughly before committing
the money, and that right now it’s more worried about better service
than automation because of public complaints about slow mail. Lead-
ing competitors for postal funds include Burroughs Corp., E-Systems,
IBM, Philco-Ford, and RCA.

The Office of Federal Aviation administrator, Alexander P. Butterfield,
has categorically denied that he has any plans to resign [Electronics,
Sept. 27, p. 53]. ... . A potential for electronics was spelled out in two
strong recommendations from a Law Enforcement Assistance Admin-
istration advisory commission. It advised every police agency to develop
a communications subsystem that would answer emergency calls within
30 seconds and dispatch a patrol car to arrive within three minutes, and
to “immediately implement a full-time telephone service.”
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Washington commentary

Opposing a consumer protection agency: EIA’s view

The Consumer Electronics Group of the Elec-
tronic Industries Association (EIA/CEG) is oppos-
ing passage of legislation to create a Consumer
Protection Agency within the Federal Govern-
ment that would advocate consumer interests. In
recent congressional testimony, GEC special
counsel J. Edward Day advanced some strong ar-
guments of interest to readers of Electronics. Ex-
cerpts from his testimony follow.— Ray Connolly.

The Consumer Electronics Group is principally
concerned with two aspects of the bill. Section
204(A) would authorize CPA participation and
intervention in rule-makings and adjudications
to represent “the interests of consumers” which
the cpa finds may not otherwise be “ade-
quately protected.” This section is of concern
on two grounds. First, how will the proposed
CPA choose the particular “interests of con-
sumers” it will represent from among the nu-
merous competing interests? Second, . . . the
CPA authority to participate in informal agency
proceedings . . . could be seriously disruptive
of the day-to-day operations of administrative
agencies.

Choosing sides

It is unclear whether the CPA is to present
several different interests to the host agency or,
as under the Senate version, S. 707, present
only one “important interest of consumers.” If
the former is the case, we do not see how the
cPA would add to the decision-making process

because such proceedings traditionally
draw numerous parties representing many dif-
fering positions. In such a case, therefore, the
cpA would only add repetitive exhibits and tes-
timony and further lengthen and delay the al-
ready lengthy time between the inception and
conclusion of administrative proceedings.

On the other hand, if the CPA is to present
only one interest of consumers to an agency,
CEG has grave doubts as to how, in an age of
competing consumer interests, the CPA is ex-
pected in many situations to select a single con-
sumer interest to represent. For example, in a
proceeding looking towards the establishment
of more efficient automobile-emission-control
devices and standards, which side would the
CpA represent? On the one hand, there is the
position which, in the name of public health
and environmental protection, calls for ever
stricter standards and ever more exacting de-
vices. On the other side, there is also another le-
gitimate consumer position: the economic cost
to the car owner.

In a time of continuing inflationary and in-

ternational pressures on the cost and avail-
ability of gasoline, and having in mind proper
concern for the energy crisis, where should the
cpA stand: with the environmentalist-priority
consumers or with the economic-priority con-
sumers?

Neither liberals nor conservatives are able to
agree within their own groups as to which is the
pro-consumer side in tariff cases or cases under
the antidumping law or the countervailing-duty
law. Does the consumer side support low con-
sumer prices for imported products, or does it
support protection of American workers against
unfair foreign competition?

Acquiring expertise

I have heard various attempted rebuttals to
this concern about how the CPA would deter-
mine which of competing consumer interests
was the one to be espoused with all the power,
prestige, and publicity advantage of a Federal
Government agency.

Some of the rebuttals say it is only a matter
of judgment and that the CPA can be expected
to make proper judgments and strike the
proper balance.

Another attempted rebuttal is the claim that
the CPA would be more independent and free
of industry pressure. I don’t go along with the
idea that when a Government agency agrees
with industry it has caved in to pressure, but
when it agrees with professional consumerists,
it has acted in the public interest. I don’t think
the cpA would be independent at all. It would
come to each proceeding with a built-in bias
and through its special potential for attracting
publicity would impose the pressure of that
bias on every step of that proceeding.

Agency rules against ex parte communi-
cations, Government-wide rules against conflict
of interest, high ethical standards in selecting
appointees, congressional and media oversight,
are the ways to keep agencies independent and
objective.

CEG submits that the better approach to pro-
tecting the interests of consumers lies in
amendments, where needed, of the various
enabling acts for the Federal agencies in order
to specify more precisely what those agencies
must do in order to regulate even-handedly and
satisfactorily. Thus, the better answer lies in
seeking to improve the host agencies and in
continued, but even more effective, congres-
sional oversight; not in delegation of the basic
oversight function to a new untried agency that
would be subject to its own *“growing pains”
and temptations to empire-building.
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>31% Faster...

For TTL Speed At Low MOS Prices

The claim to “fastest 1K MOS RAM available” has
been made before, and will be again. But today, now and
for some time to come, the MCM7001 owns that title with
a 55 ns maximum access time. It’s only $22.00 (100-999).

The MCM7001 is a dynamic memory with charge
pump, so the effect is that of a static RAM with ultra-low
standby power. To be specific, 68 »W/bit, max. Cycle
time is 180 ns. Not bad. It’s TTL compatible. As a direct
second cource of an AMS product, an alternate supply
is built in.

Naturally, the MCM7001 is first thought of as the
fastest MOS RAM for add-on memory systems. At 55 ns,
it’s fast enough for most main frame applications, too.
The MCM7001 is clearly the 1K MOS RAM leader. And
Moterola is readying a new leadership 4K NMOS RAM
as well, to provide designers with the industry’s lowest
standby power, fastest speed of any major 4K RAM, and
even a ready-made second source,

These RAMs, and the 8K NMOS ROMs introduced
recently, make Motorola the leader in NMOS memory.

MOTOROLA NMOS MEMORIES

Avzilable Now

1024 bit RAM

8192-bit binary ROM

8192:bit Row Select Char. Gen. ROM
8192-bit Column Select Char. Gen. ROM

MCM7001L
MCM6E560/61L
MEMB570/71/72L
MCM6580/81L

MC6565L Quad 80-bit static SR
Available Soon
MCM6605/06L 4096-bit high-speed RAM
MCM6602L 1024-bit single 5 V supply, static RAM

For additional information on the MCM7001L, or
other available NMOS memories, please address your
request specifying types of interest to Motorola Semi-
conductor Products Inc., P. O. Box 20912, Phoenix,
AZ 85036

Follow The NMOS Memory Leader. Follow MOTOROLA

Electronics/October 11, 1973
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Need a highly
stable function
ator? Digital
synthesizer? Digital
phase genera

Py E’T
s ®"

Scuneiper Erecrrosoue

Get all three in the GF106

which outperforms all others, while saving money
in offering: Square, Sawtooth, Triangle, Squared
Sine, outphased sine signals / Crystal-driven /
Constant output level and phase’ throughout the
range. / Three simultaneous outputs / Burst opera-
tion / Full programmability (option) / Automatic
Frequency Scanning (option) / 0.001 Hz to 100 kHz
Frequency Range. / Accuracy: 0.0001%. Sold and
serviced throughout the U.S. and Canada. U.S.
distributorships available.

SCHNEIDER [N LECTRONICS

c/o PERMAL INTERNATIONAL, 919 3RD AVE., NEW YORK, N.Y. 10022

62 Circle 62 on reader service card Electronics/October 11, 1973



Electronics international

Significant developments in technology and business

Bosch readies IC-based

fuel-injection system

When Robert Bosch GmbH intro-
duced its electronically controlled
fuel-injection system back in 1967,
there was little doubt that the com-
pany would some day come out
with a redesigned version. Using
some 300 discrete components, the
system’s control unit begged to be
integrated.

It took six years and nearly two
million units, but West Germany’s
leading automotive-accessory pro-
ducer has finally readied an injec-
tion system using integrated circuits.
Incorporating three ics, the system’s
control unit has but 80 components.
It measures only 6% by 6% by 2
inches and easily fits into tight
spaces around the car.

Bosch calls its new version L-Jet-
ronic. The L points to a different ap-
proach in system design and stands
for Luft, the German word for air,
which is the main parameter in con-
trolling the fuel-to-air ratio. The
amount of air needed for an opti-
mum ratio is metered in an air-flow
meter.

Fundamental. The use of air is a
radical departure from the principle
employed in the original injection
system, the D-Jetronic. There, mani-
fold pressure—the D stands for
Druck or pressure—was the main
controlling parameter.

An air-metering system, as op-
posed to manifold pressure sensing,
offers several advantages, Bosch
men say. For one thing, it compen-
sates for any degradation in engine
performance that occurs with in-
creasing engine life and thereby in-
sures a clean exhaust over virtually
unlimited periods. Furthermore, the
L-Jetronic’s control unit allows the
system to be easily adapted to ac-
commodate future control devices,
such as sensors that can spot oxygen
content in the exhaust.

Still another advantage is that the
system can handle its job with less
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electronic hardware and at less
overall cost than the D-version. The
electronic circuit requirements, a
Bosch sales engineer says, are down
by roughly 35%. “Depending on car
type and other factors, the system is
from 30% to 40% less expensive than
its forerunner,” he adds.

The Jetronic’s redesign was
prompted in large part by the
tougher exhaust-gas emission stan-
dards in the U.S. that are to become
effective in 1976. “With air metering
being more accurate than manifold-
pressure sensing, a much cleaner ex-
haust can be obtained,” says one

Bosch man. The redesign and devel-
opment job, which took about three
years, also explains the delay in go-
ing from discrete components to an
IC version.

Customers. With the L-version
entering volume production, Bosch
is discontinuing its D line, which is
currently being used in some 18 car
models. The company’s first L-Jet-
ronic customer is Adam Opel AG,
the German subsidiary of General
Motors. Opel will use the system on
its Manta GT/E models, a passen-
ger car to hit the market within the
next few months. O

Around the world

Triangular LED fits in small case

Liquid-crystal display runs off C-MOS chip

Liquid-crystal displays with low voltage threshold and high contrast, now
under development at Hitachi Ltd.'s Hitachi Research Laboratory, should
be capable of being driven efficiently and directly by the C-MOS chips in
battery-operated calculators. The devices have a threshold of about 5 volts
and reach a contrast peak in the order of 60:1 at about 8 v.

Hitachi achieves the tower threshold voltages by adding up to about 0.6%
by weight of cholesteric liquid crystal to a nematic liquid-crystal mixture.
The decrease in threshold voltage becomes significant with the addition of
0.3% of cholesteric material, and is optimum in the range of 0.4% to 0.5%.
The experimental liquid-crystal material used is a conventional nematic mix-
ture of methoxy benzyldene butyl aniline and ethoxy benzyldene butyl ani-
line with about 0.1% ionic dopant to which small amounts of cholesteryl
nanonate has been added. The display configuration is conventional, with a
transparent conductive front electrode and mirrored rear electrodes sand-
wiching a thin layer of liquid-crystal material, which has a resistivity in the
order of several megohms per square millimeter of area.

Sharp Corp. has succeeded in fabricating an inexpensive gallium-arsenide
infrared-emitting diode in an all-glass package with maximum diameter of
only 2 millimeters and length of 6 mm. This size makes the LED ideal for
such applications as tape and card readers, where diodes must be located
on 0.1-inch centers. Sharp earlier developed a diode in a microwave-type
pill package for these applications, but it cost more than three times the
price, which is about $2.50, of the new GL-200 diode

The improved design of the semiconductor device gives the diode more
than three times the output of the earlier device at the same 30-milliampere
forward current. It is rated for infrared output, centered at 9,400 angstroms,
of 0.4 milliwatts typical, 0.2 mW minimum. This higher output is obtained by
using a triangular diode chip arranged with the junction perpendicular to
the lens, and one corner of the triangle closest to the lens. Thus, infrared
radiation along two sides of the triangle is emitted without attenuation and
either goes directly to the lens or is reflected from the glass wall
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WHY Choose
Rental Electronics
When You Rent, Lease,
or Rental-Purchase?

Because REI is the recognized leader when
it comes to supplying you the most complete
selection of electronic/scientific test equipment
—to rent, to lease, or to rental-purchase—at
the most attractive costs.

Now, more than ever, you must expand along
with the pace of economic and technological
development. To avoid the handicap of obso-
lete equipment, to help you maintain a flexible
budget, to keep abreast of the competition, to
assure growth with increased production and
sales—Rental Electronics offers you the instru-
ments you need, when you need them, for as
long as you need them.

REI offers you precisely the right instru-
ments—everything from amplifiers to oscil-
loscopes to synthesizers—with a plan custom-

designed to meet your specific requirements!

Our staff of sophisticated financial planners
is ready to help you choose the rental, lease, or
rental-purchase package that best fits your
situation.

And your needed equipment is ready for
almost instantaneous delivery, direct from one
of nine strategically-located ‘“‘Instant Inven-
tory”’ Centers across the U.S. and Canada.

Every Rental Electronics customer is our
very special customer, receiving the service he
needs under a rental, lease, or rental-purchase
plan custom-tailored especially for him. The
results are increased PROFITS for you!

Complete and Mail This Coupon for our new,
1973 Catalog — Today!

. E101173
Rental Electronics, Inc.

99 Hartwell Avenue, P.O. Box 223

Lexington, Massachusetts 02173

Gentlemen:

[0 YES! Rush me your latest complete Catalog.
0 My primary interest is equipment rental.
[0 I am primarily interested in leasing equip-

ment. .
O I need the following types of equipment:

NAME TITLE
ORGANIZATION
ADDRESS

CITY STATE Zz1p

GR

Rental Electronics, Inc.

A EEpSl@ LEASING COMPANY

99 Hartwell Avenue, P, O. Box 223
Lexington, Massachusetts 02173 Tel. 617/861-0667

Circle 64 on reader service card

Electronics/October 11, 1973



Sagging prospects
for planes hit
French avionics

New tube brings
consumer video
color camera closer

French government
to control private
phone exchanges
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International newsletter

Avionics suppliers in France are revising their plans downward to take
into account the disastrous drop-off in civil aircraft sales. The produc-
tion pace for the Franco-British Concorde program is expected to be
cut back later this month, the Franco-German Airbus program is inch-
ing along with only 13 firm orders, and Dassault-Brequet has started on
the job of phasing out its short-range Mercure transport program alto-
ether.

c Although Concorde and Airbus officials maintain outward confidence
that their orders will pick up later, the Mercure program seems doomed.
Dassault management has ordered a halt in procurement of all mate-
rials beyond the 10 aircraft ordered by France’s subsidized domestic
airline, Air Inter. In the aircraft business this is the first step toward
canceling a program.Dassault people are passing the word in Paris that
they have lost hope of competing with Boeing’s 737, the Mercure’s near-
est rival, due to the dollar devaluation and the French plane’s high pro-
duction costs.

Watch for the upcoming parade of one-tube color television cameras to
add color to the Japanese electronics industry next year. Several are ex-
pected to use a new l-inch vidicon with integral color-stripe filter just
announced by Matsushita Electronics Corp., and scheduled to go on
sale this month. Initially, single engineering samples will be sold for
about $380 each, but part of this price is development cost and the
company hopes to greatly reduce the price for large production lots.

The tube has an integral color-stripe filter with repeating groups of
red, green, blue, and index stripes to enable phase separation of the
three primary colors. This method, with an external stripe filter, was
pioneered by NHK for the chroma channel of its two-tube color cam-
eras developed about 10 years ago. But since the single Matsushita tube
must pick up both chroma and luminance signals, the width of each
group has been reduced to 75 micrometers to give a total of about 170
groups across the 12.7-millimeter effective width of the tube for better
resolution. Stripes are composed of organic dyes, which give the lowest
cost.

In the not too distant future, customers in Japan should have a choice
of products, with Toshiba, Hitachi, Sony, and Matsushita tubes, from a
larger number of camera manufacturers. The variety of products at as-
sorted prices and perhaps with assorted quality should encourage the
consumer market.

The French postal and communications ministry has warned makers of
private telephone-exchange equipment that the French market will
soon be placed under its surveillance. The ministry is setting up a con-
sulting company that will advise future buyers of electronic exchange
equipment which systems are most appropriate for the user’s needs.
The consultation will be obligatory. This is the first sign of restriction
on the private exchange market in Europe, which has mushroomed in
the past three years. One wary U.S. executive calls the plan “an affront
to the free-enterprise system.” The move seems aimed against IBM and
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Bowmar’s LEDs
light up
Britain’s calculators

Japanese group
acquires license for
German video disk

Matsushita buys
into Spanish
TV maker

Grundig expands
its line of
four-channel gear

International newsletter

La Compagnie Générale des Constructions Téléphoniques, an ITT sub-
sidiary, which dominate the French market. Industry observers expect
the ministry to act as a protectionist influence, helping along CIT-Alca-
tel and SAT, the only French companies trying to get into the lucrative
electronic exchange market. Thus far, 1BM has about 60 electronic
PABX systems installed or on order in France, handling about 30,000
lines, CLT-Alcatel has only two systems ordered, and SAT has one.

Bowmar Instrument Corp.’s British subsidiary, Bowmar Instrument
Ltd., has contracted to supply LED calculator displays worth $2.5 mil-
lion over the next year or so to the British calculator maker Sumlock
Anita Electronics Ltd., a subsidiary of Rockwell International. This
move makes Bowmar virtually the sole supplier of LED displays to the
two major British canculator makers, Sumlock Anita and Sinclair Ra-
dionics Ltd.

Telefunken-Decca’s TED video disk is about to establish itself on Far
Eastern markets now that Japan’s Asahi Shimbun—the country’s big-
gest newspaper publisher—Nippon educational television, and Asahi
Sonorama have acquired the rights to produce the disk under license.
The licensor to the Asahi-NET group—which, according to Telefunken,
is one of Japan’s biggest audio-visual software suppliers—is Switzer-
land-based TED-Bildplatten AG, a joint venture of Telefunken, Decca,
and Teledec. TED AG was recently set up to handle worldwide licensing
of the Telefunken-Decca system.

Japan has acquired its first significant share in Spanish electronics.
Matsushita Electrical Industrial Co. has purchased an 80% interest in
Anglo Espafola de Electricidad, which was previously held by Lear
Siegler Inc. Anglo Espaiiola, based in Barcelona, had $10 million sales
in 1972, mainly in TV receivers.

Matsushita’s entry into Spain’s TV industry is well-timed, say sources,
because the Spanish government is expected to decide in 1974 the color
system to be adopted by the state TV-broadcasting company, Tele-
visionespafiola. The company has the exclusive franchise for TV broad-
casting in Spain, and it is operated as an arm of the information min-
istry. When the decision comes, color-Tv sales are expected to boost
total receiver sales, which have flattened out in recent years as con-
sumers waited for color TVv.

Grundig AG has widened its lead over other German entertainment-
electronics producers by introducing yet another piece of four-channel
sound equipment. With its Studio 2040 Hi Fi unit—the first quadro-
matrix system produced in Germany—already on the market, the com-
pany has unveiled its RTV 1040 HiFi Quadro tuner-amplifier. To be
available in the spring of next year and expected to sell for about $600,
the equipment is designed to handle four-track quadro tape, CD-4
records and SQ-matrixed programs on records, tape, cassettes, or fm
broadcasts. The equipment features touch controls for tuning stations.
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it's

good to undersell.

It's great to out-perform.

Only in this new group of Cinch connectors with
031”7 x .062" wire wrap* terminals do you find all of
these key features: readily removable contacts;
switching contacts; preloaded cantilevered, bifur-
cated contacts; and shorting protection. Yet,
Cinch’s unique capabilities in selective plating,
substantially reducing the amount of gold in non-
wearing areas, and the simultaneous insertion of an
entire row of contacts get the price of these new
P.C. Edge Connectors way down.

Three termination lengths are available for one,
two or three wraps that will also accept clip type
attachments for rapid wiring modifications. Con-
tacts are pre-loaded to provide gap uniformity and
shorting protection when the board is removed.

New Cinch
P.C. edge connectors

-
.'{ e
==

l L/ >

Contacts are phosphor-bronze, selectively plated

with 30 micro-inches of gold in the contacting area.

GP impact phenolic is used for the insulator. The
new Cinch connectors have the same cross sec-

tional area as .045” square tail terminals, and can

generally be supstituted for .045” units.

These connectors are available from stock in 10
15, 18, 22, 25 and 30 position double readout, through
all TRW/Cinch edge connector distributors. Con-
tact them, or your local TRW/Cinch sales office,
or write to TRW/Cinch Connectors, an Electronic
Components Division of TRW Inc., 1501 Morse Ave.,
Elk Grove Village, Illinois 60007; phone (312) 439-8800.
Ask for Product Bulletin PBC-183, CM7306

*Trademark Gardner-Denver

TRMW/ cincH connvecTors
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A good engineer
can change jobs with impunity.

If youre technically currentin
any of the several disciplines —
especially electro-optics —
that are vital to today's
aerospace/electronics
industry, youve got the
mobility of a master chef:

the past several years, and
our employment record has
been remarkably stable.

We believe a large measure
of this is due to the recog-
nition by our customers

of the high quality

you can pretty much work performanc;e pf our
where you want to. sophlstlcated
So, if you're living in equipment.

Dullsville and stuck in a
s0-s0 job, why not
strike out for

Southern California
{(where the life style

is great) and

Hughes Aircraft
Company (where the
future is very bright)? processing, and packaging
You have nothing to lose ! - engineers who have a working
but your boredom. knowledge of hybrid and LS|

Right now we

especially need senior

staff engineers to perform
conceptual design, analysis,
and test of integrated
infrared focal planes using
charge couple devices for
readouts and signal

What if you dont like it at Hughes? That's technology, high density packaging
not likely, but it could happen. In that case, techniques, and microminiaturization for
you'll find a host of excellent companies eager space-qualified units and subsystems.
to hire you in Southern California. If youre a good systems engineer or creative

Once you join us, however, we dont think conceptual mechanical, optics, or electronics
you'll ever want to leave. We make things too desugn engineer you are, of course,
interesting. And we do everything we can to always in demand here. So please airmail
keep our engineers growing — like frequent us your resume. It could be the best 11¢
in-house seminars and generous tuition you ever spent. Write: Mr. Robert A. Martin,
allowance at nearby universities. Head of Employment, Dept. 40

Hughes Aircraft Company, Equipment
Engineering Divisions, 11940 W. Jefferson
Blvd., Culver City, CA 90230.

If you have qualms about the aerospace/
electronics industry, consider this: Hughes
has been setting new records for both sales
volume and backlog orders for
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REGULATED
A.C.toD.C
POWER MODULE

power supplies for op-amps...$14

These 2.3x1.8x 1-inch modules have tracking
outputs of 15V with regulation of £0.1% and ripple
of 1 mv. The Model D15-03 (25 ma outputs)
costs $14.00 in 1000 lots and only $24.00 for one.
The Model D15-05 (50 ma outputs) is $39.00.

For +£12V, the model numbers are D12-03 and D12-05.
Same prices. Three-day shipment guaranteed.

Acopian

Acopian Corp., Easton, Pa. 18042
Telephone: (215) 258-5441
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Reduce Custom Power Electronics Time and Cost

With a handful of Powercube’s new Cirkitblock™
modules and a few clip leads, you can quickly
synthesize a virtually infinite variety of power
control circuits and power supplies.

Cirkitblock modules have demonstrated capability
to meet most design needs and are packaged within a
1"x 1" x 2" basic building block so you can assemble
power circuits and supplies of any complexity to any
form factor you need in building block fashion.

Design time to operable prototype can be reduced
by more than half because conventional breadboard-
ing is eliminated. Your quickly assembled
“breadboard” of Cirkitblock modules
becomes your operable prototype.

Cirkitblock modules use space technology,
but are specified and priced for industrial
applications. They can sub-
stantially reduce the "“as
installed”
power elec-
tronics cost in

Original Powercube Maui®iNSETUMENtS,

calculators, computer periph-
erals, process control equipment,
and communications gear.

Cirkitblock functional modules not only save
design time and money; they're also a lot of fun to
work with. Circle reader service
number to learn more about Power-
27 cube’s Cirkitblock functional

% modules.

COnm T P o

New! Application Handbook.
Write on your company letterhead
to obtain your copy.

Breadboard
Custom Power

Supplies In
Minutes

e ——————— ' f

POWERCUBE CORPORATION .

214 CALVARY STREET, WALTHAM, MASS. 02154 (617) 891-1830

sSuUBSIDIARY OF

70 Circle 70 on reader service card

UNITRODE CORPORATION
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This is Konektcon

No other printed circuit interconnection system
on the market can match it for cost reduction!
Four features make Konektcon so economical:

4.

You make use of .025 or .045-inch rigid square pin termi-
nals that permit stacking of multiple boards to the same
circuits.

. Only nine basic modules handle all your interconnection

needs: cable-to-board; board-to-board, parallel and
perpendicular; board-to-chassis; board-to-component.

. All components are value-engineered to cut your costs

without sacrificing performance or reliability.

Choice of crimp or solder tail female terminals for added
flexibility with hand or high-speed automatic crimping.

Konektcon does so many interconnection jobs so well,

molex

we'll make you this promise: No matter what you now pay
for printed circuit interconnections, we will lower your cost.

And it takes only a few minutes of your time to find out if
we're right. Just mail this coupon.

Molex Incorporated, Lisle, Hlinois 60532

] I'll take you up on the Molex promise. Please send
me more details on the Konektcon system.

Name . ___Title

Company name____

Address _ — —

City. ~_ State
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ON OCTOBER 25, ELECTRONICS
MAGAZINE WILL PRESENT:

THE GREAT
TAKEQVER

AN ENTIRE ISSUE DEVOTED TO THE
PROLIFERATION OF ELECTRONICS
INTO INDUSTRY, GOVERNMENT
AND OUR PERSONAL LIVES

Our editorial purpose is to inform you of the potential economic
power of the work you are doing, alert you to the vast opportunities
for technical and market growth in the future, and, in effect, to fuel
that growth by encouraging engineers and managers to be more
aggressive about turning advanced technology into exciting new
businesses.

“The Great Takeover” is being put together by the editors of Elec-
tronics under the direction of Associate Editor, Howard Wolff. Vir-
tually hundreds of leaders and movers of electronics technology
throughout the world will make their presence known through
essays, interviews, and opinions appearing in this special issue.

Covered in the October 25 issue:

Review and forecast of key technologies that are making and
will make proliferation of electronics possible. Covering basic semi-
conductor technologies, displays, instrumentation, computer tech-
nology from large machines through microprocessing, communica-
tions and production.

" How large, medium, and small companies are taking advantage
of technologies, how they organize to penetrate new markets, what
their objectives are, lessons that have been learned, the role of
venture capital.

Why has electronics penetrated new markets? Unsuccessful
attempts. Disappointments explained. Lessons to be learned. De-
tailed examination of the exploding point-of-sale business and its
implications as example of how proliferation happens.

[l Takeovers of the future and what has to be done to make
them happen.

What we can expect in science, labor, trade and tariffs, mili-
tary R&D, legislation related to consumerism, auto regulation, etc.

If you aren’t already a subscriber to Electronics, fill out and mail us
the subscription application located in the back of this issue. And,
be sure to join us in "'The Great Takeover' — October 25.

o
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Man, did you inundate us with

applications for the 555 single timer.

You used it for every possible
function from light switches to audio
generators to RF outputs. And
then, you often used a second 555
to control the function you'd

generated with the first one.

We got the message: put two of
these babies on one chip. Here it is
—the 556 dual timer. Two 555's on
a chip. Twice the product at less

than twice the cost. 100 up: $1.25.

How’s that for responsiveness?

Think of what you can do. Each timer on the 556
chip is independent, and needs only the appro-
priate values of C and R to function as a time delay,

oscillator, pulse detector, power modulator, or what

have you. Any kind of output you can dream up

from one side, and the control from the other side.

Go wild-it can become anything from a toy to a house-

hold appliance to a communications breakthrough.
Run free or latch with external triggering. You've

got a time span from microseconds to an hour, and

Electronics/October 11, 1973

556:

The timer of 1001 uses.

(Priced so low its measured in cents.)

SilNDLES

A real IC two-timer.

duty cycles are adjustable from 50%
down to 0.01%. If you're a knob
twirler, enjoy yourself by changing
timing at will on a 10:1 ratio.

No sweat on power, either. Any-
where from 5 to 15 volts does the
job, with only 1% maximum timing
change from bottom to top. And
what you get out will source or sink
100mA. Temperature stability is
instrumentation grade, 0.005%/°C.

Intrigued? Curious? Want to try
one for yourself? For our own
amazement, send us any applica-

tion diagram you can think up for the 556 dual timer.
We'll reward you with a FREE sample to tinker with.
In timely fashion.
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fgured theirW3ll
month payback.

We fgured rlght”

John Thome
Manager, Microelectronic Engineering
Allen-Bradiey Ca.

Milwaukee, Wisconsin

Fast payback on high throughput. That's
what Allen-Bradley demanded when the com-
pany went shopping for a laser trimmer a year
ago.

“And that’s why we settled on Teradyne's
W311,” says John Thome. “We were confident
the system would live up to its billing. Teradyne
people never have been the promises, promises
type."”

Now, 6,000 grueling hours later, John Thome
can report that “‘our payback is right on sched-
ule.”” Up to 15,000 resistors an hour go through
the W311—24 hours a day, six days a week.
Downtime is minimal. Remarkably, what few
service problems have cropped up have usually
been solved by a single phone call to Teradyne’s
service bureau.

What Allen-Bradiey is trimming is thick-
film resistor networks to be DIP-packaged.
Typical trim accuracy required is 1 to 2%, with
some 0.5%. If you know Allen-Bradley, you know
each trim has to be every bit as clean as it is
accurate and fast.

Would Allen-Bradley buy the W311 again?

“We not only would, we did,” says Mr.
Thome. “Our second system was delivered in
April to increase capacity.”

Fast payback is one good reason why more
than 50 Teradyne laser trimming systems are
now working overtime all over the world. To get
the full story, write: Teradyne, 183 Essex Street,
Boston, Massachusetts 02111. In Europe:
Teradyne Europe S. A., 11 bis, rue Roquépine,
75 Paris 8¢, France.

f ERADYNE

CHICAGO (312) 298-8610 / DALLAS (214) 231-5384 / NEW ENGLAND (617) 458-1256 / NEW YORK (516) 364-9797 / SUNNYVALE (408) 732-8770
LONDON (093-28) 61111 / PARIS 285 72 62 / ROME 59 47 62 / MUNICH (0811) 33 50 61 / TOKYO (03) 406-4021
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Probing the news

Analysis of technology and business developments

The wiring of Alaska

With its severe weather and widely scattered population, 49th state
is scene of multiple programs to meet unique communications challenges

by Lyman J. Hardeman, Communications and Microwave Editor

The Baltimore Colts of the National
Football League were tired but
happy late in the afternoon of Jan.
17, 1971—they had just become the
champions of the solar system by
defeating the Dallas Cowboys in the
Super Bowl. But far to the north, in
the State of Alaska, the event
brought joy of another kind: trans-
mitted via satellite, the football
game was the first live commercial
television broadcast ever seen there.

While routine live-TV coverage
has not become economically fea-
sible since then—videotapes of net-
work newscasts are flown in daily
from Seattle—that telecast can be
considered a signal to begin the vast
communications expansion going on
in the 49th state. And plans call for
still further expansion to meet the
growing needs of a state whose pop-
ulation is expected to increase at the
rate of 5% per year from the present
level of 350,000, while communi-
cations needs increase at about four
times that rate.

Alaska’s rugged terrain, harsh

winters, and vast wilderness work
together to present the communi-
cations-system designer with a chal-
lenge different from that of the
lower 48 contiguous states. But since
the challenge is like that offered by
numerous other relatively unpopu-
lated areas of the world, the solu-
tions to communications problems
in Alaska may well serve as models
for other developing areas.

To 8eTwel 3
AT
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Hello, world. Alaskans in the remote village of Ksigluk, above, gather around their newly in-
stalled village telephone. In other developments: below, a microwave link interfaces with tro-
pospheric-scatter terminals of Air Force’s White Alice network; right, electronic switching has
replaced traditional plug-in boards in Anchorage, Fairbanks, Juneau, and Ketchikan.

The backbone structure of the
Alaska communications network
was developed and operated by the
military almost from the turn of the
century to serve both commercial
and military communications re-
quirements. The system that
evolved consisted mostly of tropos-
pheric-scatter links, but there are
also terrestrial-microwave, subma-
rine-cable, and open-wire installa-
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tions, as well as a limited amount of
manually operated switching equip-
ment.

In January 1971, about half the
long-haul facilities were purchased
for $28 million by RCA Alascom
Inc., a subsidiary of rRcA Corp., for
operation as a commercial common-
carrier system. The remaining facil-
ities—known as the White Alice Sys-
tem, which includes about 680,000
transmission-channel miles—is still
operated by the U.S. Air Force to
meet military needs.

Spending. In the two and a half
years since the purchase, RCA has
invested about $36 million in pro-
grams for the state’s commercial
communications network and has
commitments to spend another $55
million before year-end. Other
plans will further raise the total in-
vestment beyond $110 million by
1974, says RCA chairman Robert W.
Sarnoff. These programs include:

® Automatic toll switching systems
to bring direct long-distance dialing
to subscribers in key population
centers.

® A village telephone plan, called
the bush program, to take telephone
service to more than 140 isolated
villages through the state.

8 The construction of terrestrial mi-
crowave routes between isolated
points through the state to supple-
ment the original backbone system.
® Plans for a domestic satellite sys-
tem to augment, and eventually re-
place, troposcatter systems for intra-
state voice and video traffic, and to
allow communications with the
other 49 states.

In addition, a gridwork of vhf ma-
rine-radio base stations has been in-
stalled to promote more efficient use
of Alaska’s waterways. And earlier
this summer, RCA Alascom and
Western Union completed negotia-
tions to extend Mailgram and a
store-and-forward data-trans-
mission capability compatible with
that of Telex and TWX subscribers in
the cortiguous 48 states.

In still another program, RCA is
planning to construct a redundant
satellite/terrestrial microwave sys-
tem to follow the route of the 800-
mile trans-Alaska oil pipeline [Elec-
tronics, April 24, 1972, p. 40], which
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is expected to gain congressional ap-
proval in time to allow construction
to begin next spring. The redundant
communications design assures a
higher level of reliability than more
conventional pipeline systems. The
design has been a key factor in satis-
fying environmentalists who fear
an undetected pipeline break
would seriously upset the critical
balance of conditions that support
life in the northern wilderness.

Toll switching. As the state’s long-
lines common carrier, RCA Alascom
interfaces with operating companies
in each local area to build an inte-
grated direct-dial network. These lo-
cal companies may be municipally
owned, such as the City of Anchor-
age Telephone Utility, or operated
by ‘private interests, such as the
General Telephone Co. of Alaska, a
subsidiary of General Telephone &
Electronics Corp. In all, there are
some two dozen local entities with
which to coordinate long-lines
trunks.

Since RCA has gained control of
the long-distance network, four toll
centers—at Ketchikan, Juneau, An-
chorage, and Fairbanks—have been
equipped with NX1D switches, which

are electromechanical toll machines
built by North Electric Corp., Ga-
lion, Ohio, for automatic direct
long-distance dialing. All long-dis-
tance calls made in Alaska, whether
intrastate or interstate, are now
routed through these switching cen-
ters.

To augment these switching sys-
tems and provide for future growth,
estimated at greater than 20% per
year for the next five years, two new
switches—one in Anchorage and one
in Fairbanks—are being installed,
The new switch, type SP-1, built by
Northern Electric Co., Ottawa, Ont.,
is similar to the Bell System’s TSPS
electronic switching system.

The Anchorage switching office
completes 19,000 toll calls on an av-
erage day in August, Alaska’s bus-
iest month. This is 62% of the state’s
total. To keep up with the mainte-
nance requirements of the expand-
ing facility, the office recently in-
stalled automatic test equipment
built by Northeast Electronics
Corp., Concord, N.H. The equip-
ment, called Trace (transmission
routine automatic checking equip-
ment), makes daily checks of each
voice circuit terminated at the
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% x 1% inch Nor-
mal Blowing Fuses
AGC GLH MTH
From 1/500 to 30
amps, for 32V,
125V, or 250V

% x 1% inch Time
Delay Fuses — From
1/180 to 830 amps,
MDL MDX for 32V,

125V, or 250V

need BUSS" has a quality
Fuse and Fuseholder

HWA Fuseholder
for CMW Submin-
iature Fuses

HKL Lamp Indicat-

ing - Panel - mounted
Fuseholder for % x 114”7
Fuses

A = Terminals

Series HH and
HI In-the-Line
Fuscholder for % x
1%” Fuses

HMR RF-Shield-
ed Panel-Mounted
Fuseholder far 1% «x
1%” fuses and HMS
for 4 x 17 fuses —
Solder or Quick-Conunect

HTA Space-
Saver Panel-
Mounted Fuse-
holder for 1% x 1%"”
Fuses (solder termi-
nals) also HTA-DD,
15" Quick-Connect Ter-
minals and HTA-HH, %”
Quick-Connect Terminals

HLD Visual-Indi-
cating Panel-Mount-

ed Fuseholder — for
Y x 1%"” Fuses — Sol-

der or Quick-Connect
Terminals

NEW: BUSS SNAP-LOCK rear
panel mounted fuseholder for Y% x
1%” fuses —a “snap” to install

Ask for BUSS Bulletin SFH-14
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The BUSS line of fuseholders is as complete as the BUSS line of fuses,

covering

all applications.

If you’ve got a circuit to protect, BUSS has the fuseholder as well as the fuse
to protect it.

For more information on the complete line of BUSS fuses, fuseholders,
fuseblocks, and fuse clips, write for a free copy of BUSS Bulletin SFB.

BUSSMANN MANUFACTURING
a McGraw-Edison Company Division
St. Louis, Missouri 63107

PPLIED THE ECONOMICAL Wra(
W

e

“THE QUALITY LINE
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New Time Code Translator/Gen-
erator — Precision unit provides simul-
taneous and independent generation
and translation of any time code format.
All modular plug-in design and wire-
wrap interconnection eliminates "*mother
boards’ for easier maintenance and
field modification. Seven-segment gas
discharge displays present outstanding
readability. Days, pulse rate and parallel
outputs are standard.

MOXON/SRC CIRCLE 242

New Search and Control Unit—
Fully automatic, self-contained unit con-
trols magnetic tape transport. It features
multiple search modes for wider system
applications plus adjustments for best
search operation characteristics. Auxil-
iary outputs included for control of data
reduction processes. Plug-in circuit
boards replace difficult to service
'mother boards."

MOXON/SRC CIRCLE 243

New 16-BIT Digital Generator for
Bread-Board Testing — Simple-to-
operate Model 901 has three power sup-
plies built-in for fast, easy broadboard
testing (0 to 7 VDC, 0 to +15 VDC and
0 to —15 VDC). Latching pushbutton
switches quickly program 16 digital bits
in serial, dynamic parallel or "‘hard-
wired"' parallel form. Outputs offered are
repetitive, non-repetitive and popular
“walking"” combinations. Rates to 15
MHz.

MOXON/SRC CIRCLE 244

Snc Moxon Inc/SRC Division
2222 Michelson Drive
Irvine, California 92664
Phone: (714) 833-2000
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switching office and prints out the
conditions of all faulty and de-
graded lines.

When completed, the bush tele-
phone system will provide at least
one centrally located subscriber
telephone in each Alaskan commu-
nity of 25 or more persons. About
31 villages, housing a total of fewer
than 10,000 persons, have so far
been incorporated into the total sys-
tem, which, when completed, will
include some 150 villages and a to-
tal of 23,000 persons.

The bush telephone system is
based around conventional IMTS
(improved mobile telephone ser-
vice) equipment supplied by Gen-
eral Electric’s Communications Sys-
tems division, Lynchburg, Va. The
system includes signaling gear, lo-
cated at remote centers, and tele-
phone terminals in each village.
Other parts of the network include
2-gigahertz short-haul microwave
links. These links, supplied by Wes-
com Inc., Downers Grove, Ill, com-
bine the circuits of serveral villages
for interconnection with the state’s
backbone transmission system.

Special permits are required from
the FCC to operate the vhf radio-
telephone at fixed locations. In ad-
dition, land-use permits for relay
sites must be obtained from the U.S.
Department of the Interior. But
regulatory problems aren’t the only
ones facing the bush program. For
example, heat and electricity must
be supplied to the isolated control
centers, which are unmanned and
must endure subzero winters.

In most cases, these problems
have been solved by using well-
insulated enclosures and propane-
fueled thermoelectric generators to
provide power throughout the long
winter months. The waste energy of
the generators provides necessary
heat within the enclosure. Access to
electrical power is also often a prob-
lem, even in the villages.

Operation of the community
phone is necessarily rudimentary.
An attendant, who may also serve as
village storekeeper, postmaster, and
school-teacher, logs all calls and as-
sists with making calls when neces-
sary. He must also collect toll
charges and somehow have enough

left over to pay a monthly base rate
of $35.

Charges or no charges, villagers
often log 50 calls a week and more,
reports John O’Lary, who heads the
Nome facility, a repair and control
center for 22 bush phone installa-
tions in western Alaska. He adds
that villagers, especially in coastal
areas, now phone each other with
information about where fish are
biting and what kind of prices
they’re fetching. Residents also use
the phones to help follow the ca-
ribou and reindeer herds.

Space communications. Because
of increased use of the communi-
cations facilities throughout Alaska,
many segments of the state’s long-
haul transmission facilities have
been filled to capacity. As a result,
Howard R. Hawkins, an RCA execu-
tive vice president, responsible for
the Alascom operation, says that the
greatest need now is for long:-lines
trunking, especially in the barren
western part of the state.

A convenient way to solve these
transmission problems would be to
use communications satellites. The
multipoint thin-route nature of
Alaska’s telephone-communications
needs match well with the demand-
access multichannel-type systems
being developed for many of today’s
satellite systems. And a communi-
cations satellite, unlike conventional
terrestrial microwave systems,
makes possible network-television
distribution that is about as eco-
nomical for transmission from New
York to a small village in Alaska as
for transmissions to major cities
within the contiguous 48 states.

Recognizing these benefits of sat-
ellite communications, RCA in Sep-
tember received FCC approval to set
up a domestic satellite system with
earth stations near Juneau and An-
chorage, as well as stations near
New York City, Los Angeles, and
San Francisco. Additional appli-
cations are being prepared for earth
terminals in Nome, Bethel, and the
Prudhoe Bay area on Alaska’s
North Slope.

For an interim period of about
two years, these terminals will oper-
ate with transponders in Telesat
Canada’s ANIK-2 satellite, launched
earlier this year. The system will
later use RCA-owned satellites, to be
operational by mid-1975. a
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A monolithic chopper-stabilized op amp
An offset voltage drift of 0.2V/°C.
An offset current drift of 1pA/°C.

This new device is a true beginning. The device incorporates  160db. Together, these features

breakthrough—the industry’s first
monolithic chopper-stabilized op
amp. And, in addition to its single-
chip advantages it offers the
precision advantages of almost
unbelievably low offset current and
voltage drifts. And that's only the

All on one chip

WHERE TO BUY THEM: ARIZONA: Phoenix—Liberty, Weatherford; Scottsdale —
(213) 426-7687, Mountain View—Emar; Palo Alto—Weatherford, HAR {4 15) 964-

a fully differential input, an initial
offset voltage of less than 50uV, an
offset current of 0.05 nA, and an
open loop gain of 5 x 108. The gain
bandwidth product is 3 MHz and
the slew rate is 2.5 V/uS, while
the CMRR and PSRR are both

A DIVISION OF HARRIS- INTERTYPE CORPORATION
P.O. Box 883, Meibourne, Florida 32901
(305) 727-5430

permit design applications in
precision linear systems not
feasible before with conventional
monolithic amplifiers and hybrids.

This new device represents a
major landmark in the development
of Harris’ expanding family of
highly diversified monolithic
linears. lts innovative design is the
result of combining a number of
advanced technologies into a
standardized process, which
permits volume production of a
superior quality product. For more
details see your Harris distributor
or representative.

Supplied: TO-99 can with standard

pin-out
100-999 units
HA-2900
—55°C to +125°C $88.00
HA-2904
—25°C to +85°C $71.50
HA-2905
0°C to +75°C $55.00

/i)

HARRIS
SEMICONDUCTOR

HAR (602) 946-3556 CALIFORNIA: Anaheim—Weatherford: EI Segundo—Liberty, Giendale~Weatherford; Long Beach—HAR
6443, Pomona—Weatherford: San Diego—Weatherford, Western COLORADO: Denver—Elmar, Weatherford WASHINGT ON,D.C.:

HAR (202) 337-3170 FLORIDA: Hollywood-Schweber; Melbourne—HAR (305) 727-5430 GEORGIA: Atlanta—Schweber ILLINOIS: Chicago— Schweber; Schaumburg—HAR (312) 894-8824 MARY LAND:

Rockville—Schweber MASSACHUSETTS: Lexlngton—H&D Waltham—Schweber; Wellesley—|
Syracuse—HAR (315) 463-3373; Rochester—Schweber; Westbury—Schweber OHIO: Beach

Weatherford. HAR (214) 231-9031; Houston —Weamerford WASHINGTON: Seattie—Liberty. Weatherford.
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(Schweber); R. V. Weatherford Co. (Weatherford); Western Radio (Western).
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Solid state

SOS surges into picturé

Watch and clock circuits due from Inselek and RCA mark entry
of technology into volume production for wide market

by Joel DuBow, Components Editor

When silicon-on-sapphire watch and
clock circuits are announced this
winter by the Inselek Corp. and
RCA, it will mark another giant step
for that high-performance MOS tech-
nology: the move into volume pro-
duction for widespread applications.
With that, the market is expected to
grow to $20 million by 1975 from its
1973 total of $5 million—the major
pacing factors being sapphire price
and supply.

Robert Burlingame, Inselek’s ap-
plications manager, believes that
some time between 1976 and 1978,
the price of sapphire, which is still
about $10 per wafer, will be low
enough for the technology to begin
replacing silicon in high-volume,
low-cost applications. At that point,
he says, many manufacturers will
switch from silicon to sapphire, and
business volume should increase
dramatically from today’s beach-
head: mainly high-performance
Mos devices, such as high-speed
digital and timer circuits.

As for customer resistance to the
new technology, Burlingame says
it’s based largely on fears of engi-
neers who use C-MOS to provide
noise immunity that the speed of
sos will increase noise and dissipate
more power. Burlingame says this
just isn’t so, but that it will take
some time for engineers to accept it.

The next few years also should
see more companies joining Inselek,
RCA, and Rockwell International,
plus improved performance as man-
ufacturers gain enough experience
in production techniques to push
the state of the art in packing,
power, and processing technologies.

Inselek’s head of materials, David
Dumin, says that his company has
agreements with Optel Co. to manu-
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facture watch circuits, with the
Chrysler Corp. for clock circuits,
and with Rockwell to second-source
other developments. RCA has a siz-
able effort in the timer area and
plans to announce liquid crystal dis-
plays to go along with its clock and
watch circuits. And by early 1974,
both companies plan to have the
watch circuit and liquid-crystal
driver on one chip mounted on the
display. Separate timer and display
circuits also will be marketed.
Rockwell also is working on
watch circuits, but doesn’t plan an
announcement for about a year.
Emile Eschay, a Rockwell vice-pres-
ident for product marketing, feels

that MOS devices using sOS will lend
themselves readily to the watch
market but that watch makers will
not be able to assimilate IC tech-
nology and mass produce watches
with sOS for another year. Rockwell
is a pioneer in SOS technology and
has two key 1968 patents on field-ef-
fect-transistor fabrication and epi-
taxial deposition on insulating sub-
strates.

On the other hand, Inselek’s Du-
min declares that SOS timers are en-
joying a seller’s market. Chips that
could sell for $3 are going for $8, he
says, with customers paying the go-
ing price or not getting circuits. The
major difficulty in producing the

From Anaheim. Rockwell's new SOS programable logic array, shown in a 30-times blowup,
effectively contains 128 AND gates. it's designed to go into digital control systems.
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DIAL (714)565-1155. COLLECT.

You’ll be in the perfect frame of
mind to talk to us about our Elgard
Uninterruptible Power Sources. When
we tell you they can provide up to ten
minutes of reserve power instantaneously
or that they supply 40 db line transient
reduction and +2% voltage regulation
you’ll be interested. You’ll probably
even buy one.

Of course if you’d rather not
wait for a power failure, call us now.
While you can still see the phone.

Elgard Uninterruptible Power
Sources are available in .5kVA, 1kVA,
2.5kVA, 5.0kVA and 10kVA models. They
supply up to ten minutes of instantaneous
reserve in case of power failure; and they
have self-contained, maintenance-free
batteries. Ideal for IBM Systems 3 and 7,
DEC PDP/8, PDP/11, and Data General
Super Nova. Priced from $1,895.

ELGAR

8159 Engineer Road, San Diegv,
CA 92111 Phone (714) 565-1155.
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chip is not just its complexity, but
the combination of 1.5-volt oper-
ation with a complex function.

In the works are central-processor
chips, sos versions of the 4000
series, and larger memory products.
Major efforts in high-frequency cir-
cuits for telecommunications are
currently going on at Rockwell and
Inselek. Rockwell, which specializes
in LSI and high-performance cir-
cuits, plans to announce a 1,024-bit
random-access memory with 60-
nanosecond access time and 300-mil-
liwatt dissipation. The company is
also developing a 4,096-bit RAM for
announcement at the end of next
year.

Dumin feels that the emphasis
has changed from optimizing per-
formance to low cost and better
cost-performance mix. For example,
SOS might potentially be as fast as
emitter-coupled-logic, and it may be
worth the effort to find out. But in
any event, says Dumin, speeds
should match those of TTL. As for
cost performance, SOS should be
competitive with bulk C-MOS but
not with dynamic MOS memory cir-
cuits such as the 1103 simply be-
cause the latter have a four-year wa-
fer experience lead. Inselek is
readying a 256-bit C-MOS RAM and
an equivalent sapphire 74/200 TTL
device to work in conjunction with a
standard 4000 series C-MOS device
for announcement around the first
of the year.

Further down the road is intro-
duction of three-inch wafers. Ion
implantation is already in produc-
tion at Inselek and is in pilot runs at
RCA. Also expected is that current
design rules of about 0.3 mil will be
refined as better masks become
available and production experience
accumulates. And looking irito the
far future, Inselek is working on de-
positing silicon on ceramics related
to beryllia and sapphire to increase
the substrate thermal conductivity.
What’s more, optoelectronic arrays
are a natural for the transparent
sapphire substrates and are begin-
ning to receive attention. Sapphire
costs are going down.

Essential to the growing maturity
of sapphire technology was the pro-
longed trench warfare involved in
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defeating material and processing
problems in order to get the process
out of the lab. There were no dra-
matic breakthroughs; rather, steady
progress led to the present commer-
cial promise of SOs. There were im-
provements in epitaxial deposition,
and better polishing, cleaning, and
diffusion. These led to solution of
the auto-doping problem—contami-
nation of the silicon film by alumi-
num and oxygen fusing up from the
sapphire substrate—and to increased
field-effect mobility.

Of course, when materials and
processes are perfected, then device
performance is brought closer to its
theoretical value. The upshot has
been an accumulation of production
experience permitting silicon-on-
sapphire devices to compete with
bulk silicon counterparts on a price-
performance basis.

In fact, says Dumin, “Aside from
the first epitaxial deposition step,
processing of silicon on sapphire is
virtually identical to processing sili-
con on bulk. Conventional metal-
ization and thermal oxidation are
used throughout the process.”

What are the advantages inherent
in the technology that have kept
companies working on the sapphire
technique? For one thing, sOS has
speed, packing density, and isola-
tion advantages over conventional
MOS technology. For IC circuits us-
ing the same design and processing,
the SOS circuit will be five to ten
times faster and 20% denser than its
conventional silicon counterpart.

Elimination of parasitic capaci-
tances is the key to the speed advan-
tage. For a typical 1-micrometer sili-
con film, the source and drain
diffusions go right through the sili-
con to the sapphire. There are thus
no source and drain to substrate ca-
pacitances.

Furthermore, all metalization sits
directly on the sapphire, eliminating
the wiring capacitance and diffused
cross-under capacitance found in
conventional MOS technology. Thick
oxides are not required for isolation
since the devices are sapphire-iso-
lated.

Also eliminated is the field-inver-
sion problem. This is accomplished
by having a thin channel so that
wider channel concentrations are
possible. And since designers usu-
ally float— that is, do not make elec-

trical contact—to the channel region,
parasitic transistor action is elimi-
nated. The channel always floats 0.7
v above the source volume, doing
away with source bias effects on
threshhold voltages.

What’s more, sapphire has inher-
ent advantages that mean higher
yields, especially with the larger 3-
in. wafers. For one thing, its melting
point is much higher than that of
silicon; this means it doesn’t warp
during high-temperature processing
and introduce the misalignment and
breakage common in 3-in. silicon.

For another, a sapphire wafer
that has been misprocessed and has
low yield can be reworked easily by
stripping off the silicon, repolishing,
and starting all over. Yields also are
increased because SOS processing
uses two photomasks less and has
seven or eight fewer processing
steps.

But production barriers had to be
hurdled before SOs achieved a com-
petitive position. These included de-
velopment of a process unique to
silicon on sapphire, and improvement
of device reliability. Previously, high
leakage currents were reduced by
improving sapphire quality and pol-
ishing the substrate. However, with
the process now under control, leak-
age current is no longer a function
of process cleanliness. In fact, SOS
devices are approaching their
theoretical leakage current limit of a
factor of two greater than bulk.

Also, taboos against thermal oxi-
dation no longer exist. Inselek re-
ports achieving bulk field-effect
mobilities in films as thin as 0.2 mi-
crometer thick. The key to good epi-
taxial layers, according to Inselek’s
Dumin, is microscopic substrate
smoothness so that the deposited
silicon atoms only see oxygen as
they descend.

The major present limitation of
SOS is its low heat capacity, about
four times worse than silicon’s. This
will limit its application for large
RAMs, since the speed advantage of
sos will be outweighed by its inabil-
ity to get the heat out. In addition,
the thin silicon films and rapid dif-
fusion to either of the film interfaces
leads to very low (I to 5 nano-
seconds) minority carrier lifetimes,
making SOS technology unsuitable
for manufacture of bipolar transis-
tors. O
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When
a motor that doesn't

Synchron motors are made in five
major styles. Speeds from 900 rpms
to one revolution per week. Torque
from 8 thru 98 oz-in at one rpm. Hun-
dreds of output options.
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exist, make sure it’s
the best in the world.

Odds are about 1,000 to 1 that you won't find a
ready-made synchronous motor that meets your
exact specifications. On anyone’s shelves.
Anywhere.

In that case, what do you do?

You look for a company with a track record you
can depend on. A company that has demonstrated
its capability time after time after time. That has
built a solid reputation for delivering a product of
unsurpassed quality. That keeps its promises.
That company is Hansen ... manufacturers of the
Synchron motor.

We custom-make every Synchron motor because
it's the only way to guarantee that its design,
torque, speed and output option exactly meet
customer requirements. Sure, it takes a little
longer, but it's how we know our motors will do
what we say they will do. Every motor. Every-
time. And we can still deliver in about the same
time as off-the-shelf suppliers.

So next time you need a quality synchronous
motor, specify one that doesn’t exist. Specify a
genuine Synchron motor.

J—— Wl [LANSEN MANUFACTURING CO.
MALLD RY %,E a division of P. R. MALLORY & CO. INC.
* Princeton, Indiana 17670

We make every Synchron motor as if our name were on your product.
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Who makes
more than 21types of
display drivers?

Whether you're driving cold cathode, incandescent, gas dis-
charge or LED displays, ITT is your most promising source
of drivers. Some time ago, sensing the coming growth in
digital display applications, we accelerated our driver de-
velopment program. As a result we now offer nine different
types of decoder drivers, with output currents from 6.4 to
80 mA and output voltages from 15 to 55V. Qur 12 types of
segment/digit drivers range from 9 to 90 V and 3.8 to 250
mA. Some accept multiplexed inputs. Remember, the first

step toward solving display driver problems is to find the
common denominator.

We're doers, not talkers!

|conductors

ITT Semiconductors is a division of International Telephone and Telegraph Corporation, 3301 Electronics Way, West Palm Beach, Florida 33407. Phone 305/842-2411.
Factories in West Palm Beach, Florida » Lawrence, Massachusetts » Footscray, England © Colmar, France e Freiburg, Germany e Cascais, Portugal ¢ Sydney, Australia.
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Government

Aerospace goes up Hill

Industry leaders come away from Senate hearing on condition

of industry with promise of technology resource study

by William F. Arnold, Aerospace Editor

Although it’s still strong, the U.S.
aerospace industry is worried about
its future. This growing concern sur-
faced quickly during Senate hear-
ings in late September on what the
future role of NAsA should be when
leaders of most of the nation’s aero-
space companies focused on a larger
question: Will Congress come to the
aid of the commercial aerospace in-
dustry?

Although Congress isn’t likely to
answer the question soon—the reply
is vital to the aerospace and elec-
tronics industries—the body seems
willing to consider new ways to bol-
ster the slowing pace of the coun-
try’s aerospace market. Thus, the fi-
nal outcome of the industry-
legislative dialogue may mean a
new set of roles for Government, in-
dustry, and NASA on its 15th anni-
versary.

Faced with declining Federal
funding for research and develop-
ment, increasing competition from
foreign companies that are actively
backed and subsidized by their gov-
ernments, and the rising costs of
new-aircraft programs, the industry
leaders discussed several proposals
with the Senators:
® Create a Federal agency in the
Treasury Department with funding
up to $3 billion to guarantee private
loans for the research, development,
and production costs of starting new
commercial transports, suggests
Karl G. Harr Jr., president of the
Aerospace Industries Association.
® Guarantee loans to airlines so
that they can afford to buy new
transports to compete with foreign
carriers, proposes Oliver C. Boileau,
president of Boeing Aerospace Co.

m Stabilize and possibly increase
NASA’s budget levels so that com-
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panies can adequately plan for pro-
grams and manpower levels, says
Sanford N. McDonnell, president of
McDonnell Douglas Corp.

® Get NASA back into communi-
cations-satellite research because no
private company will spend $100
million on R&D for new technology,
urges Daniel J. Fink, vice president
and general manager of General
Electric’s Space division.

® Broaden NASA’s role to become
the over-all civilian-technology
problem-solver for Government and
to ease the transfer of technology
from Government R&D into civilian
use, suggest several others, includ-
ing William B. Bergen, president of
Rockwell International’s North
American Aerospace group.

® Unless the Federal Government
increases its R&D support to indus-
try, the country will lose its competi-
tive edge internationally, warns Da-
vid S. Lewis, chairman of General
Dynamics Corp.

Uneasiness prevails. While none
of the leaders expressed panic, the
scope of their suggestions indicates
a growing uneasiness about future
competitive prospects with foreign
companies. In opening the hearings,
Sen. Frank E. Moss (D. Utah)
ticked off some signs of the indus-
try’s condition: Employment has de-
clined a third since 1968, foreign
aerospace imports have increased
70% since 1958, domestic mergers
may wrest control from some aero-
space companies, and international
alliances between U.S. and foreign
companies are becoming common.

To Moss’s list, the company lead-
ers added such considerations as the
declining number of prime contrac-
tors that can undertake larger Gov-
ernment programs; the low level of

Lending an ear. Utah Democrat Frank E.
Moss opened Senate hearings.

NASA’s aeronautical programs,
which is likely to continue with the
agency’s commitment to the space
shuttle; the parallel contraction in
defense spending; the difficulty of
getting engineers and scientists back
when a company wins a major pro-
gram, and the general threat of a
potential technology gap.

Bleak year. At stake ultimately in
the industry-Congress dialogue is
the survival of a strongly competi-
tive U.S. aerospace industry that
contributed $3 billion to the coun-
try’s shaky balance of payments in
1972. Yet, warns the AlA, total U.S.
aerospace sales are expected to de-
cline this year. And European com-
panies are coming on with competi-
tive products.

To underscore their plight, the
leaders gave the senators some com-
parisons. Lewis of General Dynam-
ics pointed out that the United
Kingdom announced in August that
it would put up $100 million of the
$200 million necessary to develop a
new wide-bodied commercial jet
transport for 70 to 100 passengers, a
practice of government subsidies to
industry R&D widely followed in Eu-
rope. Yet, Boeing’s Boileau con-
firmed that his company began its
$750 million development program
for the giant 747 when its net worth
was only $400 million. He added
that he didn’t know how the com-
pany could develop a new plane
without Government help.

However, while everyone at the
hearings understood the problems,
the proposed solutions to create a
Federal agency to grubstake com-
panies in new-aircraft development
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6-digit electronic
counter/timer

ELECTRONIC COUNTER

Nmpmt 2726A

Direct measurement to 32 MHz
Period averaging, single or multiple
Frequency ratio, single or multiple
Time interval and count totalization
Switch-selectable sensitivity control
Solid state . . . integrated circuits

7 time bases, crystal controlled
Automatic overrange indication

9 digit resolution

Also available with 10 ppm Aging Rate and
same features as above: 6-digit Model 2726
only $475, and 5-digit Model 2725A only $425

For further information or demonstration, see your local
instrumentation products distributor or write for Catalog 369.

DIVISION

TnsTrominTs AT Ay acoomar ] 9200 W. Kinzie St., Chicago, lllinois 60644
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has several problems, in light of the
controversial loan guarantee to
Lockheed for the L-1011. Since the
Government probably wouldn’t
pour dollars into both a DC-10 and
L-1011, how would it have decided
whether to give McDonnell Douglas
or Lockheed the needed $400 mil-
lion? The problem was discussed by
Lewis and Sen. Howard W. Cannon
(D., Nev.). And Harr acknowledged
in answering a question by Sen.
Cannon that the proposal raises the
“serious and disastrous threat” of
nationalizing the aerospace indus-
try, as Europe has done.

Also, the promise of funding the
controversial supersonic transport
(ssT) came up when Sen. Warren G.
Magnuson (D., Wash.) asked Harr:
“If the bill passes, you could start an
SST, couldn’t you?” Harr reluctantly
admitted, “Yes.” Congress may be
powerless to increase any funding
anyway, Sen. Cannon said, explain-
ing that the Office of Management
and Budget probably wouldn’t let
NASA have any funds beyond those
approved.

But, although the company
executives didn’t get a $3 billion
funding agency or more money for
NASA, they didn’t come away
empty-handed. Sen. Magnuson in-
troduced a bill, as a “working pa-
per,” he said, to set up a technology-
transfer office within NASA and a
National Technology Resources
Council within the Executive Office
of the President to make a national
technology resources survey. He
proposed to give the council $10
million for the next two years and
NASA $200 million this fiscal year.

Moreover, Sen. Barry Goldwater
(R., Ariz.) suggested that the Senate
Armed Services Committee ought to
hold the same type of hearings and
that Moss’s committee should hold
other hearings solely on the issue of
R&D priorities. Perhaps Wernher
von Braun, vice president for engi-
neering and development, Fairchild
Industries, summarized the indus-
try’s concern when he told the sena-
tors that “world leadership and
technological leadership are insepa-
rable. A third-rate technological na-
tion is a third-rate power—politi-
cally, economically and socially.” ]
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VERSATILITY

[] Models to measure Voltage, Current, Resistance,
Temperature & other transduced parameters.

[ 20 selectable scan points standard, expandable to 200.

(] Real-time digital clock with program interval for unattended
operation, standard.

1 Digital printout arranged for quick, easy reading.

1 BCD and system interlocks brought out to interface
peripherals such as: comparators, tape punch, and
mini-computer.

(] Loss of power indication.

1 All LED long-life displays.

UNDER $1900

To see the DigiTec 1200 or 1500 series Data Loggers, simply
contact your DigiTec representative. Or, you can call or write;
United Systems Corporation. 918 Woodley Rd., Dayton, Ohio
45403 Phone (513) 254-6251.

] : - ‘R
All DigiTec instruments are available for rental or Eﬁ‘éﬁs;é’} a§r\yf' sTjF‘rWS“é‘Gﬁ'FEWWN
jease through Rental Electronies, Inc. Mﬁﬂsanto
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Look what 5 volts
can get you.

A low-cost 32 digit DPM for OEM appli-
cations. An advance in price/performance
capabilities for 3Y2 digit DPMs, LED dis-
play. Bipolar, single-ended input. Full scale
range of 0 to £199.9mV. 0.05% =1 digit
accuracy. Automatic zero and polarity.
Normal mode rejection of 40dB at 60Hz

or 50Hz. Common mode rejection of 60dB
at =200mV. Fully-latched DTL/TTL com-
patible outputs and control interface
signals. Optional ratiometric input.
Only 34" deep. $89 in 100's. AD2010.

A high-performance 42 digit DPM for
systems applications. Capable of per-
forming precision measurements of float-
ing differential voltages in noisy environ-
ments. LED display. Full scale range of
010 +1.9999V.0.01% =1 digit accuracy.
Automatic zero and polarity. Normal mode
rejection of 60dB at 60Hz or 50Hz.
Common mode rejection of 120dB at
+300V. Optically-isolated analog section.
Fully-latched DTL/TTL compatible BCD
outputs and control interface signals.
$199 in 100’s. AD2004.

A simple, reliable 32 digit DPM for high-
visibility display applications. Incandes-
cent display. Bipolar, single-ended input.
Full scale range of O to £199.9mV.
0.05% =+ 1 digit accuracy.

$89in 100's. AD2001.
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N

These five DPMs use the same 5VDC sup-
ply that powers the digital logic in your
system.

This simplifies your design and improves
reliability. It saves space, saves money,
and reduces the amount of heat that's
generated. And, because there's no line-
power voltage near the DPM, internally
generated noise is virtually eliminated.

So you get more reliable readings.

And here's what eise you can get for
5 volts. BCD outputs. Overvoltage,
polarity, and status indication. Automatic
zero correction and programmable
decimal points. Aluminum cases that
install in a snap.

Each meter is given a seven-day burn-in
before shipping. And we're shipping right
now.

Our 5 volt DPMs are a whole new class
of digital panel meters —a whole new way
of thinking. Because now you can think of
the DPM as a component, just like any
other component in your system.

Take a look below. You'll find a meter
that sotves your particular problem. Then
give us a call. Order a sample.

ANALOG
DEVICES

ANALOG
DEVICES

A high-performance 3'2 digit DPM for
systems applications. The kind of per-
formance you need for complex system
interfacing and data grocessing. Incan-
descent display. True differential instru-
mentation amplifier input. Full scale range
of 010 +£199.9mV. 0.05% =1 digit accuracy.
Automatic zero and polarity. Normal

mode rejection of 40dB at 60Hz or 50Hz.
Common mode rejection of 80dB at
+2.5V. Fully-latched DTL/TTL compatible
BCD outputs and control interface

signals. $99 in 100's. AD2003.

A low-cost 2V2 digit replacement for analog
meters. Incandescent display. Unipolar,
single-ended input. Full scale range of
0to+1.99V.0.5% =1 digit accuracy.
Optional: variable reading rates, BCD
outputs, and control signals. $59 in 100's,
AD2002.

ANALOG
DEVICES

Norwood, Mass. 02062.

ANALOG
DEVICES

Call 617-329-4700

for everything you need to know about 5 volt DC-powered DPMs.

Circle 90 on reader service card
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Technical articles

Designing with
MICroprocessors
iInstead of wired
logic asks more
of designers

When engineers accustomed to
hardware logic gates tackle a job

with the new microprocessors—

as they're almost sure to do sooner
or later—they’ll need to know

some of these programing techniques

by Bruce Gladstone, varitel inc., Sherman Oaks, Calif.

Electronics/October 11, 1973

0 The microprocessors recently introduced by various
semiconductor companies foreshadow wide changes in
the design of many electronic products and systems.
These miniature computers substitute programing for
logic design—an alternative that seems to surface for all
but tiny specialized systems and ultrahigh-speed sys-
tems. The primary advantage of microprocessors is the
short design turnaround time they make possible.

But to realize this advantage, as well as the corollary
advantages of easy field alterations and inexpensive
customizing, the logic or system designer will need to
use new tools—some of which may be unfamiliar to him.
Thus, instead of gate networks, he will use masks, com-
parisons, and jumps; and instead of time delays, he will
use circulating loops.

Basically a microprocessor is no more—and no less—
than a full-fledged processing unit essentially like the
processor at the center of any computer system of any
size. It has three major differences from a conventional
processor: it is fabricated entirely as one integrated cir-
cuit or as a small number of such circuits; it is relatively
slow, compared to most minicomputers, partly to enable
its fabrication as an IC; and it sells for $300 or less. Re-
quired with the microprocessor in any working system
are a read-write memory for data, another memory—
possibly read/write but usually read-only—for a pro-
gram, and circuits for obtaining access to limited-per-
formance input/output gear. Generally, these periph-
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eral circuits, each on its own IC, are used in larger
quantities than the microprocessors, so that the working
system fills up one or more good-sized printed-circuit
boards.

When a designer uses a microprocessor instead of
hard-wired logic, he determines the system functions by
a program—a sequence of instructions—stored in a
memory. If he uses a read-only memory, the program is
immune to inadvertent alteration. Replacing the pro-
gram can completely alter the function of the machine
that contains the microprocessor.

Using a genuine read-only memory, of course, would
run counter to the flexibility advantages of using a
microprocessor, except in large-volume applications.
But using a programable read-only memory, or better
yet, a reprogramable read-only memory, allows an

existing system to be altered quickly—in a matter of
hours. As a result, a manufacturer can become much
more responsive to his market.

Microprocessor characteristics

The most significant characteristics of today’s micro-
processors (not counting calculator sets and serial pro-
cessors) are their speed, addressing modes, interrupt ca-
pabilities, and the number of internal registers. These
and other characteristics are summarized in the table on
this page.

The value of speed, in those applications that require
it, is obvious. (Some techniques for speeding up the
slower microprocessors are described later.) The more
addressing modes and the more internal registers that
are present in the microprocessors, the less external

TABLE 1. MICROPROCESSOR CHARACTERISTICS

Intel Rockwell Intel Intel Signetics National AMI
MCS-4 PPS MCS-8 8080 PIP GPC/P 7300
Word
size (bits} 4 4 8 8 8 416 8
Instruction
time 10.8 - 5 TAS=a%S <5 B 4-
! 216 10 12-44 2-6 <10 96 32
{microseconds) . {Note 1) : {Note 2)
Pgm | 4,096 bytes 16,384 bytes 4,096 words
16,384 65,536 8,192 65,536 (Note 4)
Memory byt byt b byt
size 1280 8,192 ytes yies s yies
Data nibbles nibbles 65,536 bytes
{Note 3) {Note 3)
No. of 45 54 48 48+ 64 Micro Micro
instructions program program
Interrupt Reset None 1-level Multi 1-level 1-level 3-level
capability to vector level stack to stack to
0 to vector to store store
only 8 locations 8 locations machine machine
state state
(Note 5)
Address Pointer Pointer Pointer Pointer Direct Direct Direct
modes Indirect Immediate immediate Immediate Indirect Indirect Indirect
Immediate Register Register Relative Relative Relative
Register Immediate Immediate Immediate
Register Register Register
Indexed Indexed Indexed
Registers 16 x 4 bits 2 x 4 bits 5 x 8 bits 5 x 8 bits 4 x 8 bits 4 x 16 bits 16 x 8 bits
pc + pc + pc + pc + pc + pc + pc +
3 stack 2 stack 7 stack unlimited 7 stack 16 stack 32 x 8 stack
1 pointer 1 pointer stack (Note 7) (Note 7)
1 pointer
(Note 6)
RAM & Special Special Standard Standard Standard Standard Standard
ROM or and
standard special
{Note 8} microprogram
TTL Clock None 20-40 Clock 4-6 15-20 Clock
chips only & &
buffers buffers
Notes (1) 8008-1 instruction times are 0.6 x {8008 instruction times)
(2} Executes microinstructions from 512 x 22 microprogramed ROM at 4 us/micromsteuction
(3) One nibble = 4 bits = 2 byte
{4) Microprogram
(5} Conditional jump MUX external to chips allows 2-level interiupt very simply
{6) Pc stack is stored in main memory and is accessible to programer
(7) Stack is general-purpose to store pc, registers, and flags
(8) 4008 & 4009 chips allow easy interface to standard RAM & ROM
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memory capacity is likely to be required. The require-
ment for external memory is important because, in most
systems, the memory cost dominates all other considera-
tions. If the microprocessor can handle interrupts, it can
perform more than one task at a time, and it can also do
single tasks more quickly because it can overlap pro-
cessing and input/output.

Many microprocessors, as indicated in the table, have
a pointer-address mode. This permits a machine with a
short word length to address a large memory array. And
because such large arrays may require more bits in an
address representation than can be contained in an in-
struction word, the address is kept in a special register
or pair of registers preloaded by an instruction in the
program. Subsequent instructions then refer to locations
in the memory, which are addressed by the contents of
the pointer register. However, the preloading instruc-
tion adds to the overhead in machine operation, reduc-
ing the over-all performance.

Some microprocessors also have immediate and indi-
rect-address modes. These modes are to be distin-
guished from direct addressing—the simplest and most
common. In any processor, an instruction word consists
of an operation code (op code) and an operand code
(that which is to be operated upon). When the operand
code is a direct address, the processor executes the in-
struction on data in the location specified by that ad-
dress (Fig. 1). When the operand code is an immediate
address, the processor executes the instruction on the
operand code itself. And when the operand code is an
indirect address, the processor executes the instruction
on data found at the address specified by the operand.

INSTRUCTION: AOD 2TO CONTENTS OF ACCUMULATOR REGISTER

MEMORY
ADDRESS CONTENTS
14282

ACCUMULATOR
BEFORE

INSTRUCTION

SEQUENCE RETER

14283 [[oo002] [ o000a
14284 \
DIRECT 14286( 00002 f——[ AODER
ADDRESS —»| ADD | 14285 14286
14287
14288
IMMEDIATE /
ADDRESS —#| ADD | 00002
57140 [0o002 ] (00004 ]
57141
57142 00002 ——[ ADDER
57143
57144
INDIRECT
ADDRESS —>| g
ADD | 71428 71425
71426
71427
71428 57142
71429
71430

1. Address modes. Three ways of addressing memory are in com-
mon use, and some microprocessors use all three. Direct mode is
the simplest, immediate is handy when working with constants, and
indirect often simplifies the handling of subroutines.
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Indirect addressing and pointer addressing are similar,
except that the address pointer is in an internal register
instead of in a main-memory location. The particular
mode of address is identified by the op code itself or by
a flag bit associated with the op code.

Indirect addressing is a powerful tool in all software
systems. It’s particularly powerful in minicomputers,
where the limited word length prevents direct access to
more than a small part of the memory, and for the same
reason, it can be equally powerful in microprocessors.

Some microprocessors are microprogramed—that is,
their control sequences are stored in read-only memo-
ries in the same way as object programs, which deter-
mine each machine’s function. These microprograms
are functionally similar to those used in large machines
and minicomputers, in which, during the last few years,
they have largely replaced hard-wired control.

Available software is an important aspects of the use
of microprocessors. Writing a program in machine lan-
guage (directly in binary notation) is—like walking from
Portland, Maine, to Portland, Ore.—not impossible, but
exceedingly difficult. At the very least, an assembler or
cross-assembler is necessary to convert a program writ-
ten in a symbolic language into machine language.
Even new assemblers are written in symbolic notation.

An assembler is executed on the same machine that is
to run the object program; a cross-assembler would be
executed on a different machine—most likely a mini-
computer—but would produce a machine-language pro-
gram that is executable on the microprocessor. Simula-
tors, debuggers, and canned subroutines are other
desirable software packages. Here, a microprogramed

INPUT = SUBROUTINE

WORD 17

INPUT = SUBROUTINE

WORD 27

" INPUT -
WORD 3?

SUBROUTINE

INPUT =
WORDN?

SUBROUTINE

2. Sequential test. An external signal can be identified and used to
trigger an internal routine by comparing it successively with several
test words. A match causes a program jump out of comparing se-
quence to a subroutine that processes the external signal.
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STORE AS
INOIRECT ADORESS

JUMP INOIRECT

SUBROUTINE

3. Indirect jump. To simplify the task of locating a subroutine,
sometimes an incoming signal can itself identify the location, and the
program jumps indirectly to the subroutine via the input buffer,

microprocessor has a distinct advantage—because the
microprogram can be recast to make one machine emu-
late another, the microprocessor may be able to utilize
existing software at minimal cost.

Design tools

Logic designers are accustomed to using a number of
standard tools, including gate networks, time delays,
counters, and discrete input/output controls. Each of
these has its counterpart in a microprocessor program,
but applying the programed counterparts by rote may
yield an uneconomical solution to a design problem.

OPERAND 1000101110
REGISTER 1001011010
AND 1000001010 =
OR 1001111110 [«
EXCLUSIVE OR 0001110100

HAS 1 WHERE OP OR REG (NOT BOTH) HAS 1

HAS 1 WHERE OP OR REG (OR BOTH) HAS 1

HAS 1 WHERE OP AND REG (BOTH) HAVE 1

4. Logic operations. These instructions can be used to mask cer-
tain unwanted bits in a register or to generate signals that are to be
sent outside the microprocessor.

However, careful analysis of requirements and knowl-
edge of microprocessor programing techniques will
simplify design of an optimum system.

For example, programed logic is time-shared—it
works only when the program reaches a particular point
in its execution. But gate networks are always available;
when the correct combination of inputs appears, they
generate outputs, whether the rest of the system is ready
for them or not.

Gate networks consist of ANDs, ORs, and NOTs; their
inputs combine in the way determined by the combina-
tion of logic blocks to produce either an output from the

Features of microprocessors

Two widely used microprocessors are the Intel 4-bit
MCS-4 and 8-bit MCS-8 chip sets, which can be put to-
gether in various combinations to produce systems of dif-
ferent capabilities.2:3 The processor chips in these two
sets are, respectively, the 4004 and the 8008, for which
several program routines are listed in this article. To
make these routines more intelligible, brief functional de-
scriptions of these two chips follow.

The Intel 4004 contains five functional sections: an ad-
dress register and stack with an address-incrementing
circuit, a set of 16 4-bit registers for indexing and gen-
eral-purpose temporary storage, a 4-bit arithmetic and
logic unit, an 8-bit instruction register and decoder, and
peripheral circuitry.

The 16-bit registers and the instruction register are the
most important sections in the present context. The index
registers can be used either singly for temporary storage
during computations, or in pairs to address memory and
to store data fetched from the read-only memory.

The 8-bit instruction register can hold at any one time a
4-bit operation code and a 4-bit operand. Some instruc-
tions in the 4004 are of double length (16 bits instead of
8), have multiple operands, and are stored in successive
read-only memory locations; they take two system cycles
for execution instead of one.

The 4004 has a total of 45 instructions in its repertoire,
plus a no-operation dummy instruction that uses up one
instruction cycle but doesn't do anything. The 4-bit oper-
and code in an instruction can specify, among other
things, one of the 16 individual registers, or, with 3 bits,
one of the eight register pairs. The upper end (most sig-
nificant bits) of the register pair is the same as one of the
even-numbered individual registers.

The Inte! 8008 contains four functional sections: an in-
struction register, a local memory, an arithmetic-logic
unit, and input/output buffers. The arithmetic-logic unit
includes four control flip-flops—carry, zero, sign, and
parity—which indicate conditions that arise during each
instruction execution and are the basis for executing sub-
sequent conditional jumps.

Part of the local memory consists of seven 8-bit regis-
ters. Of these, one, designated A, is the accumulator,
which contains one of the operands and the result of ev-
ery arithmetic operation. Four others, registers B, C, D,
and E, may be used for any temporary storage, while the
remaining two, registers H and L, contain respectively the
high- and low-order bits of an indirect address in external
memory. (Because external memory is limited to 16,384
words, addressed by 14 bits, register H in this application
contains only 6 bits.)
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processor itself or an alteration in the execution of the
program. These functions are executed in a micro-
processor by three basic operators—MASK, COMPARE,
and JUMP. (A specific microprocessor may not have
these particular instructions, but it should be able to ex-
ecute their equivalent in some form.) The MASK ex-
cludes from subsequent operations any bits in an oper-
and that are unwanted or are optional or “don’t-care”
bits, the COMPARE matches the operand against another
bit pattern, and the JUMP transfers the sequence of in-
structions being executed in the program to one that
will perform the desired action as a result of the
COMPARE operation.

Instructions are ordinarily executed directly in se-
quence, as they occur in the program; this sequential
operation continues undisturbed if, for example, the
match attempted in a COMPARE is unsuccessful. But if
the match succeeds, the operation executed after the
JUMP (second operation after the COMPARE) is not the
one immediately following the JUMP (Fig. 2). Here the
microprocessor receives a signal from the outside world.
This signal may be a pulse or level on a single wire, a
series of pulses placed in order in a shift register to
create a processor word, or a word received simulta-
neously in parallel on a group of wires.

This input, in whatever form, is compared succes-
sively with each of several previously stored words in
the memory. Whenever any comparison shows that the
input and a stored word are equal, the program, instead
of executing the next comparison, jumps directly to a
sub-routine stored elsewhere in the memory. The ad-
dress of the beginning of this subroutine is the JUMP in-
struction’s operand. Although the diagram doesn’t show
it, in many applications the subroutine would return to

TABLE 2. JUMP INDIRECT ROUTINE

{INTEL 4004 CODING)
Action

Mnemonic Operand

FIM 1P 2 FETCH IMMEDIATE, A TWO-WORD INSTRUCTION;
TRANSFERS CONTENTS OF 2ND WORD TO REGIS-
TER PAIR SPECIFIED BY OPERAND IN FIRST
WORD. (P IN AN OPERAND DESIGNATES A.
REGISTER PAIR.) HERE REGISTER PAIR 1 IS
LOADED WITH THE NUMBER 2 -- AN ARBITRARY
NUMBER THAT DEPENDS ON PREVIOUS ACTIONS
IN A PROGRAM OF WHICH THIS ROUTINE IS A
PART.

SRC 1P SEND REGISTER CONTROL; ADDRESSES THE
READ-ONLY OR READ-WRITE MEMORY WITH THE
CONTENTS OF THE REGISTER PAIR SPECIFIED.
HERE PAIR 1 IS SPECIFIED; SINCE PAIR 1
WAS PREVIOUSLY LOADED WITH THE NUMBER 2,
MEMORY LOCATION 2 IS CALLED FOR.

RDR READ DATA FROM THE SELECTED MEMORY LOCA-
TION INTO THE ACCUMULATOR.

XCH 4 EXCHANGE THE CONTENTS OF THE ACCUMULATOR
AND THE INDEX REGISTER SPECIFIED. HERE
REGISTER 4 IS SPECIFIED; IT IS THE UPPER
HALF OF PAIR 2. THUS WHATEVER WAS READ

FROM MEMORY IS NOW IN REGISTER 4.

JIN 2P JUMP INDIRECT TO THE ADDRESS CONTAINED
IN REGISTER PAIR SPECIFIED -- HERE PAIR
2. PAIR 2 COMPRISES REGISTERS 4 AND 5;
SINCE REGISTER 4 CONTAINS A NUMBER
BROUGHT FROM MEMORY, AND REGISTER 5 IS
EMPTY, PAIR 2 CONTAINS A MULTIPLE OF 16.
THE JUMP IS TO THE BEGINNING OF A 16-
WORD SUBROUTINE.

the next comparison at its completion.

In an alternative procedure (Fig. 3), the input signal,
whatever its nature, causes an indirect jump to the
proper subroutine. The input signal loads an address in
a particular location in the memory, which is not the lo-
cation of the JUMP instruction. Then, following a suc-
cessful comparison, the program jumps indirectly to the
subroutine via this intermediate location.

Logic operators

In some microprocessors, pure logic operators, corre-
sponding to the gate functions of hardware logic, are
available. These operators, usually the AND, OR, and
exclusive-OR functions, are convenient to generate sig-
nals to be sent out from the microprocessor in response
to incoming signals. (These functions are not to be con-
fused with the AND, OR, and NOT of hardware logic.) In
a program, the AND operator is the most straight-
forward way to perform the MASK function.

Logic operators retain 1 bits in a specified register
where called for by logic 1 bits in the operand (Fig. 4)—
in both the register and the operand for an AND, in ei-
ther that register or the operand, or both, for an OR, and
in either that register or the operand, but not both, for
an exclusive-OR.

Not all microprocessors have all three of these logic
operators in their instruction sets, but the designer will

TABLE 3. LOOPING ROUTINE — MULTIPLE WORD TEST
(INTEL 8008 CODING)
Action

Mnemonic Operand

LCI LOAD REGISTER IMMEDIATE (2 WORDS).
HERE DATA FROM THE 2ND WORD OF IN-
STRUCTION IS PLACED IN REGISTER C.

LLI THE SAME; REGISTER L.

LHI THE SAME; REGISTER H.

READ DATA SUPPLIED BY INPUT DEVICE 1
INTO ACCUMULATOR (REGISTER A).

INP 1

NDM FORM LOGIC "AND" OF MEMORY LOCATION
SPECIFIED BY CONTENTS OF REGISTERS
H&L WITH ACCUMULATOR.

INL INCREMENT REGISTER L, TO SPECIFY LOCA-
TION OF TEST WORD.

CPM COMPARE CONTENTS OF MEMORY LOCATION
SPECIFIED BY H&L WITH THE ACCUMULATOR;
IF THEY ARE EQUAL, SET THE ZERO CONDI-
TION FLIP-FLOP.

JTZ  MATCH CONDITIONAL JUMP, A 3-WORD INSTRUCTION;

JUMP TO INSTRUCTION (SYMBOLIC ADDRESS

"MATCH") SPECIFIED BY 2ND AND 3RD

WORDS OF THIS INSTRUCTION IF THE ZERO

FLIP-FLOP IS ON.

DCC DECREMENT REGISTER C; IF RESULT IS
ZERO, SET THE ZERO FLIP-FLOP.

JTZ  NMATCH  CONOITIONAL JUMP TO THE FIRST INSTRUC-

TION (SYMBOLIC ADDRESS "NMATCH") OF

NEXT ROUTINE.

INL INCREMENT REGISTER L AGAIN.

JMP - *-12 UNCONDITIONAL JUMP, A 3-WORD INSTRUC-

TION, TO THE ADDRESS SPECIFIED BY THE

2ND AND 3RD WORDS; * MEANS THIS IN-

STRUCTION AND *-12 MEANS THE INSTRUC-

TION 12 WORDS BACK -- THE "INP" IN-

STRUCTION.
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TABLE 4. LOOPING ROUTINE — TIME RELAY

(INTEL 4004 CODING)
Action

Mnemonic Operand

FIM OP 12 FETCH IMMEDIATE {2 WORDS). LOADS 2ND
WORD OF INSTRUCTION -- 12 -- INTO REG-

ISTER PAIR SPECIFIED -- PAIR O.

INCREMENT AND SKIP IF ZERO (2 WORDS).
INCREMENT CONTENTS OF REGISTER SPEC-
IFIED. IN OPERAND OF FIRST WORD, AND IF
THE RESULT IS 0, EXECUTE THE NEXT IN-
STRUCTION IN SEQUENCE (SKIPPING 2ND
WORD OF THIS INSTRUCTION). IF THE RE-
SULT IS NOT O, JUMP TO THE ADDRESS
SPECIFIED IN THE 2ND WORD. HERE THAT
ADDRESS IS THIS INSTRUCTION'S OWN, IN-
DICATED BY *, SO IT KEEPS JUMPING BACK
TO ITSELF UNTIL REGISTER O AGAIN CON-
TAINS O -- 16 REPETITIONS.

Isz 0 ~*

INCREMENT AND SKIP IF O (2 WORDS).
THIS HAPPENS JUST ONCE BEFORE RETURN-
ING TO THE PREVIOUS ISZ FOR 16 MORE
REPEATS, AND FOUR TIMES BEFORE EXITING
PERMANENTLY -- A TOTAL OF & STEPS IN
THE DOUBLE LOOP.

BBL O BRANCH BACK AND LOAD; THE OPERAND IS
PLACED IN THE ACCUMULATOR. THIS RE-
TURNS TO THE ROUTINE DELAYED BY THIS
DOUBLE LOOP; THE O OPERAND CLEARS THE
ACCUMULATOR.

soon find that at some cost in memory space and run-
ning time, almost any operator not explicitly included
can be made up from available instructions. Because of
this cost, implementing the gate functions is likely to be
more economical in hardware outside the micropro-
cessor than in the program, if their outputs are required
externally. These functions pay off, however, if there is
some regularity in the task they perform—for example,
if one group of bits is to be compared to many test
words.

In some microprocessors, this multiple comparison
can be programed very compactly. For example, in the
Intel 4004, the contents of any memory location can be
loaded into a general-purpose register, which is speci-
fied in a JUMP INDIRECT instruction. Thus, data can
modify the flow of instructions, and a multiple branch is
no more than a simple procedure of looking up num-
bers in a table.

The routine (Table 2) requires only five instructions
occupying six words. Four instructions identify the
memory location—in this case an input/output device—
and they bring data from that location into the accu-
mulator and then put it into an even-numbered regis-
ter—one of 16 4-bit registers in the 4004 that can also be
addressed as eight 8-bit register pairs. Each even-num-
bered register is the upper half of a register pair, so that
loading anything into an even-numbered register and
leaving Os in the lower half is equivalent to loading a
multiple of 16 into the register pair. The last instruction
in the routine is the JUMP INDIRECT, which refers to the
register pair for the address of its destination—the be-
ginning of a 16-byte subroutine. A maximum of 16 such
subroutines can be selected.

Programed AND-OR

Another very useful technique in microprocessor pro-
graming is the use of a routine that branches back to it-
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CONTROLS ~ LAMP BANK

TABLE S DISCRETE EXTERN

(INTEL BOO
Mnemonic Operand Action
LAC LOAD ACCUMULATOR WITH CONTENTS OF REGIS-
TER C.
LLI LOAD REGISTER IMMEDIATE; 2ND WORD OF THIS

INSTRUCTION TO REGISTER L.

LHI SAME; REGISTER H. L&H NOW CONTAIN THE
ADDRESS OF THE LAMP-BANK IMAGE IN THE
MEMORY .

ORM FORM LOGIC "OR" OF MEMORY LOCATION SPEC-

IFIED BY REGISTERS H&L WITH THE ACCUMU-

LATOR. LOCATION CONTAINS LAMP-BANK
IMAGE .

NDD FORM LOGIC "AND" OF REGISTER D WITH THE
ACCUMULATOR.

LMA MOVE CONTENTS OF ACCUMULATOR INTO MEMORY

LOCATION M (SPECIFIED BY H&L).
THE NEW IMAGE OF THE LAMP-BANK.

THIS IS

LAI 4 LOAD ACCUMULATOR WITH CONTENTS OF 2ND

WORD OF THIS INSTRUCTION -- THE NUMBER 4.
OUT ADD MOVE CONTENTS OF ACCUMULATOR TO OQUTPUT
CHANNEL , IDENTIFYING THE DEVICE FOR A
SUBSEQUENT OUTPUT OPERATION. THE DEVICE
IS THE LAMP-BANK.

LAM MOVE MEMORY LOCATION M INTO THE ACCUMU-
LATOR. THIS BRINGS OUT THE NEW IMAGE OF
THE LAMP-BANK AGAIN.

OUT  WR MOVE CONTENTS OF ACCUMULATOR ONTO PREVI-

OUSLY SELECTED OUTPUT CHANNEL, THUS AL-

TERING THE CONDITION OF THE LAMP-BANK TO

MATCH THE NEW IMAGE IN MEMORY LOCATION M.

self in a continuous loop, together with a provision to
count or otherwise limit the number of times the pro-
gram executes the loop. (Without such a provision, the
processor will continue executing the looped program
indefinitely—chasing its tail, so to speak.)

The equivalent of an extensive hardware AND-OR net-
work can be implemented with a looped program. Us-
ing the Intel 8008, the program (Table 3) can be written
in 12 instructions occupying 21 words, only 15 of which
are actually part of the loop.

First, the number of times the loop is to be executed
is entered in one of the general-purpose registers; this
corresponds to the number of AND gates in the hard-
ware equivalent. Each pass through the loop brings an
8-bit word into the accumulator register, masks out any
unwanted bits in that word, and compares it with a test
word previously stored in the memory.

For each input word, the mask and the test word are
stored in adjacent locations in the memory. Masks and
tests for successive inputs are stored in successive pairs
of locations. Thus, after specifying the number of passes
through the loop, a pair of general-purpose registers is
loaded with the address of the mask to be applied to the
first input (one register can’t hold a complete address).
Then the program enters the loop for the first pass.

During each pass, the program fetches an input word,
forms the logic AND of that word with the mask in
memory, and compares the result with the test word
next to the mask. If the two match, the program
branches to a routine to process the input word. If the
match is unsuccessful, the loop counter is decremented
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by 1 and tested to find out if it now contains 0. If it does,
the loop has been executed the prescribed number of
times, and the program branches to another task; if not,
the two pointer registers that track the masks and test
words are incremented, and the program goes back to
fetch another input word.

Looping is also the obvious way to generate time de-
lays. For example, to program a delay with the Intel
4004, a four-instruction seven-word routine (Table 4)
can be used. Initially, the number 12 is loaded into reg-
ister pair 0, which then contains 0000 1100. (In fact, the
number is in the single register 1, while register O—the
upper half of pair O—contains four 0s.) A one-instruc-
tion loop then increments register 0 over and over
again, testing the contents each time until the register
again contains 0000—a total of 16 steps. Another single
instruction then increments register 1 once and returns
to the one-instruction loop, unless the increment has
placed four Os in register 1.

Because register 1 initially contains 12, it is incre-
mented four times—each time preceded by 16 repeti-
tions of the incrementing of register O; therefore, a total
of 64 incrementing steps are taken by these two instruc-
tions alone. Finally, when register 1 turns up with con-
tents 0000, the program returns to the routine that has
been waiting for the completion of this time-delay
loop—perhaps to permit some mechanical operation to
take place. As described here, the delay is slightly more
than 1.5 milliseconds, but it can be set to any amount
by changing the numbers loaded into the registers and
fine-tuned to a certain extent by inserting dummy in-
structions (no-ops) in the routine. A no-op uses up one
instruction cycle—10.8 microseconds in the 4004—but
doesn’t do anything.

Input-output images

In designing such logic systems as digital controllers,
sensing discrete conditions and generating discrete out-
puts are important. The conditions include switch clo-
sures, status bits, and the like. Typical outputs perform
such functions as lighting lamps and energizing relays,
tasks that data-processing systems rarely perform.

A microprocessor controls and monitors these signals
in a unique way—it maintains an image of them in its
memory. For example, one 8-bit word can sense eight
status lines, treating each input signal as new data to be
read and stored in one bit position of the word. And by
programed bit manipulation, another word can control
the lighting of eight lamps.

For instance, a program to light lamp No. 3 and ex-
tinguish lamp No. 4 in a bank of eight lamps can be
written for the Intel 8008 with 10 instructions that oc-
cupy 13 words. The program (Table 5) assumes that one
general-purpose register—say, register C—has previously
been loaded with 0000 0100, which identifies lamp 3
(counting from the right) as the one to be turned on,
while another register, D, contains 1111 0111 to point
out lamp 4 as the one to be turned off; a location in
memory contains an image of the bank of eight lamps,
with their prior on-off status.

The contents of register C are first loaded into the ac-
cumulator, where the logic OR is formed with the image
of the bank of lamps, and then the logic AND is formed
with the contents of register D. The OR operation leaves
a 1 in the accumulator for each lamp that should be on
at the end of the routine; the AND leaves a 0 for all
lamps that should be off. Because the accumulator con-
tained only a single 1 bit before these two logic steps,
only one lamp changes from O to 1; and since register D
contains only one 0, only one lamp changes from 1 to 0.

Now the accumulator contains the updated image of
the bank of lamps, which is stored back in the main
memory temporarily, while the address of the actual
bank is sent out through the output port. The image is
then brought back into the accumulator and sent out af-
ter the address to switch the lamps.

Functions like these can be implemented with a small
input/output card or subassembly containing two 8-bit
registers. One of these, an input register, stores changes
in external conditions that are to be sensed, and input
commands transfer its contents, as required, into
memory. Similarly, output commands transfer data into
the other register, from which output signals can be
generated as needed.

Designing systems around microprocessors

Electronic lock illustrates power of chip set to handle complex operations;
adding such capabilities as 1/0 controllers and interrupts can expand a system

Translating logic-gate networks into program se-
quences, as described in the previous section of this ar-
ticle, is the first step toward a microprocessor-based sys-
tem—but only the first step. Program sequences must
then be gathered into a completed design that will per-
form the desired function.

An example shows how to accomplish this conver-
sion. The logic design! is an electronic lock—the buzzer
type often used in apartment houses, banks, and other
secure areas—with a sequential combination instead of
a simple button. In its standby state, the lock is closed.
To open it, a button is pressed, starting the sequence.
After a short time delay—a few seconds—a light begins
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to flash on and off at a low frequency, several seconds
for each half-cycle. During each half-cycle, the button
must again be pressed a prescribed number of times. If
the sequence is executed correctly, a signal energizes the
lock and opens it one half-cycle later, and then the cir-
cuitry returns to its standby state, reclosing the lock. A
mistake in the sequence returns the circuit to standby
without opening the lock.

For a half-cycle time of 4 seconds and a combination
of 3-6-5—the number of times the button is pressed dur-
ing each half-cycle—the state diagram appears in Fig. 5.
This diagram defines the successive states the sequential
circuit must occupy, and it is the starting point for either

97



STANDBY
LAMP IS OFF

COUNT FIRST
COMBINATION
LAMP IS ON

COUNT SECOND
COMBINATION
LAMP IS OFF

WAIT
LAMP IS OFF

COUNT THIRO
COMBINATION
LAMP IS ON

WAIT
LAMP IS ON
WAIT
LAMP IS OFF

5. Electronic lock. Lock opens only when button has been pressed
the correct number of times during three successive time periods. Its
operation is described in this state diagram, which is the starting
point for either a hardware or a programed design.

OPEN LOCK
LAMP IS OFF

a hardware-logic design or a microprocessor program.

Because the diagram contains eight states, the se-
quential logic would require a minimum of three flip-
flops, which together have eight combinations of on and
off. The system control also would require input and
output gates for these flip-flops, a four-stage binary
counter, four more flip-flops, and a decoder, although
all of these can be obtained as small- or medium-scale
integrated circuits.

Another flip-flop or latch circuit is necessary to take
the inevitable “bounce” out of the pushbutton contacts.
Beyond these are a clock, which would be most easily
made from an oscillator running at a kilohertz or so and
another counter—more flip-flops—to divide the oscilla-
tor output down to the fractional-hertz level.

Finally, either the combination must be fixed when
the lock circuit is put together, which calls for a rewiring
job to change the combination, or additional complica-
tions— such as rotary switches on the protected side of
the locked door—would have to be included in the de-
sign. (Driver circuits for the lamp and the electric lock
are also required, but the microprocessor design will re-
quire them too.)

This list of parts that the electronic lock would re-
quire—nearly a dozen packages of small-scale and me-
dium-scale integrated circuits—is intended to emphasize
its complexity if it is designed with hardware logic. On
the other hand, it is quite simple if programed for a mi-
croprocessor, which has its own counting capability.

In the Intel 8008 microprocessor, for example, the
controller requires only an 85-byte program, for which a
flow chart is shown in Fig. 6. The program can be stored
in either an alterable or a read-only memory. In a ROM,
at about 2 cents per byte, the incremental cost is $1.70.
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| TURN OFF LAMP
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6. Counting signals. The sequence of events in the electronic lock
is defined in this flow chart, which describes exactly what happens
from the internal viewpoint, as opposed to the external view, of the
state diagram. Blocks in the flow chart are readily translated into a
program routine in any machine code or symbolic code.
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Furthermore, the combination can be changed simply
by reprograming. The new program could be stored in a
read-only memory, to be inserted in place of the old
one, or in an alterable memory that is reloaded. In the
same way, more complex combinations or additional
functions can be added through programing.

[hus, new functions are inexpensive, once the basic
cost of the microprocessor has been paid, and the hard-
ware logic diagram shows why the microprocessor is so
powerful. The most important parts of the electronic
lock are the 16-line decoder and the gate elements that
compare the decoder outputs with the previous state of
the three sequential-logic flip-flops. But the bulk of the
logic is in the counter itself, and the microprocessor can
generate any counter sequence trivially—that is, the pro-
gram itself is the counter.

Input/output controllers

To do anything useful, any processor, micro or other-
wise, must have one or more input/output devices con-
nected to it so that it can acquire data to process and it
can dispose of the results. 170 devices may be as simple
as lamps and switches or as complex as disk storage
units, but for microprocessors, they fall generally into
three distinct groups: serial-bit-stream devices, single-
character devices, and block-transfer devices. The first
class is not discussed further here because, for those de-
vices, the microprocessor is its own 1/0 controller, but
for the other two classes, external control logic is re-
quired.

Many designs for 170 systems are possible, and there
are many tradeoffs between cost, speed, number of lines
serviced, and so on. But all controllers share four com-
mon functions; buffering, address-recognition, com-
mand-decoding, and timing and control. All these func-
tions can be included in a rather simple design.

Buffering is necessary in the path along which data is
transferred in either direction between an 1/0 device
and the microprocessor because the two units have sep-
arate clocks and therefore are not synchronized. Syn-
chronizing, or equivalently controlling the 1/0 unit from
the microprocessor clock, is not advisable because the
connection between the two units may be lengthy and
therefore subject to difficulties with noise and delays.

Address-recognition is necessary when (as is usually
the case) more than one 1/0 unit is used with a micro-
processor. Command-decoding is necessary for 1/0 de-
vices that are capable of actions other than the transfer
of data—for example, rewinding a tape drive. Finally,
all of these functions require timing and control.

For a typical microprocessor system, the controller
diagramed in Fig. 7 provides all four functions. It in-
cludes three buffer registers, which store input data,
output data, and device status. A typical write sequence
involves four steps:

First, the microprocessor sends out the address of the
device in which it wants to write. This address travels
along a common bus that also carries data, and serves
the memory, as well as the 1/0 system. Therefore, the
address is accompanied on separate lines by an address-
command and an 170 request. The address-command
identifies the signals on the bus as an address, and the
170 request directs it to the controllers instead of to the
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memory. A synchronizing signal strobes the address
into the selected controller and effectively establishes a
temporary link between the separate clocks of the mi-
croprocessor and the controller at the moment the ad-
dress is transferred.

Second, the addressed controller sets its address flip-
flop, which generates a ready signal to the micro-
processor. All the signals sent out by the microprocessor
went to all the controllers, but the address identified
only one of them. That controller, with ready signal,
thus acknowledges receipt of the address command and
indicates that it is in a condition to begin operation.

Third, the microprocessor sends out a write command
and a word or block of data—again with an 170 request
and a synchronizing pulse. Only the previously selected
controller responds to these signals. The data goes to
the controller’s storage register, and it returns another
ready signal. The data goes to the controller on the
same lines as the address, but the write command iden-
tifies it as data instead of an address. This step may be
repeated as many times as needed to complete the write
operation, and between write steps, the controller for-
wards the data to the device it is operating.

Finally, the microprocessor sends out another address
command to select a different controller. This resets the
address flip-flop in the previously selected coniroller
and takes it out of operation until it is again selected.

The first two steps of a read sequence are the same as
those for write. But in the third step, the read command
goes out, and the microprocessor waits for data to come
back. The presence of data on the lines for the micro-
processor to accept is announced by a ready signal. This
cycle can be repeated as many times as needed—until a
new controller is selected.

Generally, a read operation requires a delay while
the mechanical device providing the data accelerates to
its normal operating speed. The microprocessor can also
request the controller to transfer its status information
into the memory—an operation essentially identical to a
read, except for the delay. The status is always immedi-
ately available in the controller, and finding it involves
no mechanical processes.

Figure 7 shows the four commands—READ, WRITE,
ADDRESS, and STATUS—as coming to the controller on
four different lines. These could be encoded on two
lines, or the four lines could be encoded with as many
as 12 more commands if the 170 functions are to be ex-
panded.

interrupt

One such expansion might be the addition of inter-
rupt capability to the system. In the example of the elec-
tronic combination lock, a loop at the start of the pro-
gramed sequence represents the standby state. While in
this loop, the microprocessor effectively runs around in
circles waiting for something to happen—for someone to
push the button. Similar standby loops are often in-
corporated in programs, but if the events they wait for
are infrequent— less than once every 50 instructions or
every 100 to 1,000 microseconds—the microprocessor
could be doing useful work while waiting for the exter-
nal event. That event must be able to cause the micro-
processor to change its course of action. This capability,
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7. Input/output controller. This simple assembly provides all basic functions of any controller: buffering, address recognition, command de-
coding, timing, and control. These functions are required, regardless of its speed or how many lines it services.

available on some microprocessors, is called interrupt.

Interrupt is especially valuable in communications
applications. Since the microprocessor often has no con-
trol over when data is to be transmitted or received, the
capability to work while waiting is desirable.

Resolving an interrupt is a rather complicated proce-
dure. First of all, once an interrupt has been recognized,
the microprocessor can’t afford to recognize any others
until the first one is out of the way. (In large computers,
interrupt priorities are sometimes installed so that a
high-priority interrupt can bump a low-priority inter-
rupt. Such complex design seems undesirable with mi-
CrOprocessors at present.)

Second, before the microprocessor can process an in-
terrupt, it has to store its own state— that is, effectively
to take note of where it was when it was interrupted so
that it can pick up where it left off after the interrupt
processing is finished. This involves transferring into a
reserved part of the memory the instruction counter,
which identifies the next instruction, the contents of the
accumulator, and other key registers and flip-flops. The
existence of only one such reserved area is the reason
for recognizing only one interrupt at a time.

In general, the implementation of an interrupt system
consists of replacing the wait loop in the program with
an equivalent loop in hardware, which tests for the pres-
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ence of an interrupt at regular intervals during machine
operation. For example, the test might occur just before
every instruction fetch so that the fetch is blocked if an
interrupt has occurred.

An interrupt-processing routine is shown in the flow
chart in Fig. 8. The degree of complication varies widely
from one microprocessor to another—some have pro-
cessing interrupts that are more automatic than others.
For example, the National Semiconductor GPC/P has a
stack memory that can completely store the machine
state in only five instructions. This highly efficient tech-
nique qualifies the GPC/P for excellent real-time pro-
cess control.

Daisy-chain signal

After disabling further interrupts, as described pre-
viously, the microprocessor must acknowledge the cur-
rent interrupt and determine its source. For this pur-
pose, the interrupt-acknowledge line passes through all
controllers in a “daisy-chain” fashion—the acknowledge
signal passes from each one to the next until the source
of the interrupt stops it. By this means, I/0 priority is es-
tablished by proximity to the microprocessor. Arrival of
the interrupt-acknowledge signal triggers the sending
by the controller to the microprocessor of its address,
from which the microprocessor determines the location
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of the routine to service the interrupt. In some systems,
the controller can send, not its own address, but the ac-
tual address of the routine, so that the microprocessor
can reach the routine via an indirect jump instruction;
this is called a vectored interrupt.

In all interrupt routines, the machine state must be
stored before anything else happens. Then, after much
ado, the interrupt itself can be processed. When it is fin-
ished, the previous steps must be undone—the machine
state is restored, and the interrupts are re-enabled. De-
pending on how the word “disabled” is defined, new in-
terrupts that occurred during the previous interrupt
process may have been ignored totally, or they may
merely have been kept waiting. In a completely inter-
rupt-oriented system, when re-enabled, the disabling
signal can start the whole interrupt-resolving cycle
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8. Sleeve puller. A microprocessor need not stand idle while wait-
ing for an external event—if it can keep track of what it was doing
when the event finally occurs. This flow chart outlines how it can
mark its place in a secondary routine while processing an interrupt.
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again before the microprocessor can get back to its main
routine. If such new interrupts are unlikely, the micro-
processor may get an automatic chance to execute one
more instruction in its main program before checking
again for interrupts.

By adding the logic shown in Fig. 9, the previously
described 170 controller can be easily modified to work
on an interrupt basis. Usually the interrupt signal is the
result of something that happens in the controlled 1/0
device, although it can be an event in the controller it-
self. Either way, the signal sets the flip-flop FF,, and
sends an interrupt request to the microprocessor. The
microprocessor’s acknowledgment passes, daisy-chain
fashion, through all controllers via gate G until it
reaches the one that originated the request, where G is
blocked by the ON state of FF;. The trailing edge of the
acknowledge pulse resets FFy, and the turning-off ac-
tion sets another flip-flop, FF2, which, in turn, opens
gates admitting the controller’s address to the data lines.
FF; also generates a ready signal to the microprocessor,
and the ready, delayed, turns off FF,.

When interrupts aren’t wanted

Because the entire process of handling interrupts may
require many hundreds of microseconds, external
events that occur, on the average, more than once every
4 or 5 milliseconds, will severely impede the main pro-
gram if they depend on interrupts to obtain service.
Therefore, if progress in the main program is important,
or if many interrupts are expected, another technique
should be used to service the external events.

An example of a process that can’t depend on an in-
terrupt for service is the refreshing of a cathode-ray-
tube display. Suppose that the display has a capacity of
30 lines at 60 characters per line—a total of 1,800 char-
acters to be refreshed 60 times per second. Refreshing
requires 108,000 characters per second to be delivered
to the display, or one character every 9.2 microseconds.

Many high-speed 10 processes, such as the preceding
example, can tolerate relatively slow processing if the
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9. Additional logic. These logic blocks must be added to the simple
input/output controller of Fig. 6 to enable it to handle interrupts.
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data transfer to and from the unit can be fast. These
processes can therefore make use of a direct memory-
access channel, or DMA, the next step up in complexity
and performance from a simple interrupt.

A DMA channel in a microprocessor system requires a

" few more controls than those in the individual 1/0-de-
vice controllers, which are not affected directly by their
connection through a channel to memory instead of to
the processor. The microprocessor obtains access to its
own memory through these channel controls in the
same way that the input/output controllers do, and,
since conflicts can arise, the channel’s main function is
to detect and resolve them. They are less likely to occur
with microprocessors than with minicomputers and
large computers, however, because the MiCroprocessor
usually runs slower than its memory, not faster. Con-
flicts in systems of any size are always resolved in favor
of the input/output, because the device is usually in
mechanical motion and can’t afford much delay.

Once the channel is under way, the channel controller
takes over the task of selecting addresses, 1/0 sequences,
and data handling. As a result, both 170 and processing
operations are expedited—the first because it is limited
only by the memory cycle rate, not the instruction rate,
and the second because the microprocessor need not
pause in its own work to run an /0 operation.

Block input/output

Channel input/output leads quite directly to block
1/0, in which large blocks of data are transferred in or
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10. Block input/output. To transfer large blocks of data to or from
memory, this logic is added to the basic input/output controller. It
must not interfere with other microprocessor tasks, yet it must work
with both internal device addresses and with memory.
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out of the microprocessor by a single command se-
quence. Additional logic in the 170 controller is required
to work, not only with addresses in the main memory
and addresses of individual devices, but also with ad-
dresses within the device—such as tracks and sectors on
a disk drive, files on tape, and so on.

Three major elements (Fig. 10) must be added to a
basic 170 controller to permit it to handle block in-
put/output: an 1/0 device-address counter, a main-
memory counter, and a block counter. At the start of an
operation, the device-address counter is loaded with the
device’s internal address—such as the sector number—
the main memory counter has the address to or from
which the transfer of the block begins, and the block
counter contains the number of blocks to be transferred.
The first READ or WRITE command sets a BUSY flip-flop.
As each word is transferred, the main-memory counter
is incremented, and as each block is transferred, the
block counter is decremented until it passes 0, gener-
ating a borrow signal. This signal resets the BUSY flip-
flop and sends an interrupt signal to the microprocessor,
which is thus informed that an 170 operation has been
completed.

A drum-printer controller

The preceding sections have shown how a few com-
mon logic-design problems can be solved with a micro-
processor, and how controllers for use with micro-
processors can be easily and quickly designed. Many of
these concepts can be combined in the design of a con-
troller for a drum printer that takes advantage of a mi-
croprocessor to control the format of the data transfer
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11. Drum printer. Rotating drum carries complete alphabet on its
surface, repeated for each printing position across page. Separate
actuator-hammer pairs for each position press the paper against the
drum to pick up the imprint as the desired character passes.
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12. Printer control. Microprocessor translates data from central processor into bits in map. These, in turn, identify the hammers to be ac-
tuated to print the data in the prescribed format. Two maps are used alternately; one fills with data while the other is printing.

between a larger central processor and the printer.

Microprocessors aren’t suitable as controllers in every
1/0 application. For example, many magnetic-tape or
disk units have data transfer rates that are far.beyond
the capabilities of any present or contemplated micro-
processor. In fact, the fastest microprocessor now on the
market is the National Semiconductor GPC/P, capable
of a maximum of about 30,000 bytes per second, and
the forthcoming Intel 8080 is limited to about 60,000.
But since disks and tapes routinely spew forth data at
hundreds of thousands and even millions of bytes per
second, controllers for these devices must be built out of
conventional logic circuits, and high-speed ones at
that—emitter-coupled logic, in many cases—using mi-
croprocessors at best within the controller for certain
process-monitoring tasks that do not involve data-
handling.

But other 170 systems and subsystems are well suited
for control by a microprocessor—among them, data-
communications channels using telephone lines, card
readers and punches, tape cassettes, floppy disks, and
drum printers.

A typical drum printer prints a maximum of 132 col-
umns of characters from a 64-character set at 1,800 lines
per minute. To achieve this level of performance, the
machine contains a drum (Fig. 11) with 132 complete
sets of 64 characters in circumferential columns, and
like characters in each set are lined up along an axial
row. Close to its surface is a bank of 132 electromechan-
ical hammers that can be driven toward the drum as it
spins on its axis. But between the hammers and the
drum is the web of paper upon which the printed char-
acters are to appear, plus an inked ribbon to record the
imprints. .

As the drum turns, its position is monitored by the
controller. As each of its character slugs to be printed in
the 132 positions of a line approaches a point opposite
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the corresponding hammer, the hammer is driven for-
ward— timed in such a way that as it reaches the limit of
its travel, it prints in the desired position by pinching
the paper and the ribbon between it and the drum when
the desired character slug is exactly opposite it. When
the drum has made one complete revolution, a com-
plete line has been printed on the paper, and the paper
moves up into position for printing the next line. To al-
low time for paper movement, the characters do not fill
the entire circumference of the drum.

One common controller design contains 132 6-bit
counters. The controller translates the data in each
printing position into a particular counting step. Such a
straightforward but complex controller is not necessary
when a microprocessor is employed.

Instead, the data to be printed is loaded in the form
of a map into a large area of the microprocessor’s main
memory. This area can be visualized as a rectangular
array of bit cells, 132 wide and 64 high (Fig. 12). Each
64-cell vertical column corresponds to one of the 132
printing positions on the paper, and each of the 64 cells
in the column corresponds to one of the characters in
that position on the drum. Two such maps in the
memory enable the processor to fill one while a line is
being printed from the other, and their roles are rever-
sed for alternate lines of printing.

At 1,800 lines and 1,800 revolutions per minute, the
drum makes one revolution in 1/30 second; during this
interval the central processor must provide the map
with up to 132 characters. This is 3,960 characters per
second or one character every 252 microseconds—a data
rate that is well within the capabilities of a micro-
processor.

The microprocessor, working as a controller, uses
simple arithmetic and masking instructions to translate
data received from the central processor into bits placed
in the map. The character to be printed identifies the bit
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Cranking up the microprocessor

Now that the engineer has read how to apply micro-
processors to every-day design problems, assume that
he orders one—from Intel, or National, or anybody. The
microprocessor has an adequate quantity of read-only
and read-write memory and all the necessary extraneous
parts. Now, suppose that the engineer writes a program
tofit his application; and assume that the program is right
the first time and that it's been put into a programable
ROM connected to the microprocessor system. Now,
how does he start the machine?

Large general-purpose computers always come with
software that helps load programs into the memory and
ensures that the computer starts running the program
when it is turned on. This software is so cleverly designed
that it seems to melt right into the scenery. The rules fol-
lowed in writing the program may have been imposed, in
part, by the computer hardware, but some of them were
imposed by the software. However, the microprocessor
doesn't have any software like this.

To start any processor, some kind of number must be

loaded into the program counter, which will then indicate
the first instruction in the program, and the processor
clock has to be started. In Intel's 4004 microprocessor,
this is brutally simple—an external line, when grounded,
forces the program counter to 0, and when the ground is
removed, the clock starts running. If the first instruction
of the program has been placed in memory location O,
grounding the reset line makes the program counter point
to that first instruction, and removing the ground starts
the processor.

The 8008 is also simple to start, but the process is not
quite so straightforward. Essentially, the machine can be
made to execute an instruction that is not in the program,
but which forces the program to jump to a location whose
address is a multiple of 8. Any address between 0 and 56
can be used; if the first instruction of a program is in that
location, the processor starts running as soon as the
jump has been executed. ‘

Other microprocessors also have similar simple means
of starting.

cell in the column of 64, and sets that cell to 1; all other
cells in that column remain Os. Successive characters in
the line set corresponding bits in successive columns in
the map.

When the map has been filled with bits correspond-
ing to data to be printed, the map turns to the control of
the spinning drum. Once per revolution, the drum gen-
erates a synchronizing signal that says the first character
in the set of 64 is in a position to be printed anywhere it
may be required along the line—possibly, but improb-
ably, in all 132 positions at once. This synchronizing sig-
nal sets a pointer at row | in the map. If any of the 132
bits in that row is 1, the hammer corresponding to the
bit position fires to print the first character in the proper
column. The pointer then is incremented to row 2 as the
drum continues to rotate into the next character posi-
tion. This process is repeated for all 64 rows in the map
and all 64 print positions on the drum.

But in reading out these map cells, the micro-
processor can take, say, 8 bits at a time (assuming that it
is an Intel 8008 or similar system). Thus, to print in 132
character positions, the microprocessor can take 17
memory accesses— 16 of 8 bits each and one of 4 bits. (A
standard line length for printers is 132 characters, but
unfortunately, 132 is not divisible by 8.)

Meanwhile, the spinning drum passes one of the 64
character positionsin 1/30 X 1/64 = 171,920 second,
or about 521 microseconds. However, during this pe-
riod, for accurately aligned smudge-free printing, all the
hammers that are to be pulsed to print a given character
must be pulsed within a 66-us window. This ratio of 66
to 521 represents a rather relaxed duty cycle for the
printer mechanism, allowing plenty of time for the
hammers to settle back into position after firing, but
during the window, the microprocessor must peel off 17
8-bit bytes from the map—Iless than 4 us per byte. To
handle this data rate, the microprocessor must have a
DMA channel.

This printer-control algorithm can be coded for the
Intel 8008 microprocessor or the new 8080 with only 72
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bytes in the program. The memory maps—two—require
2,176 bytes. The 8008 isn’t fast enough to run the hy-
pothetical printer, but it can handle about 500 lines per
minute, a respectable speed for some applications. The
8080, on the other hand, can handle about 5,000 lines
per minute.

In an actual application, of course, a full controller
would be required—with other functions, such as se-
quencing, vertical forms control, and various alarm
functions. But the basic simplicity of a controller built
around a microprocessor is apparent.

This design has several important aspects. No gate-
level logic design was necessary, and no state diagrams
were used. Also, only slight program changes would be
necessary to control a printer with a larger or smaller
character set, a different input code from the central
processor, or even a more complex printer, such as a
chain printer. O
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Closing the loop

Readers who wish to discuss microprocessor system
design with the author may eall Bruce Gladstone dur-
ing business hours, Pacific Daylight Time, during the
week of Oct, 15 at (213)872-0959.
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Designer’s casebook

Miller-effect integrators
act as signal separator

by Dale Hileman
Sphygmetrics Inc., Woodland Hills, Calif.

Complementary Miller-effect integrators are better than
biased diodes for rectifying a signal and separating it
into its positive and negative components. The diodes
require enormous integrating capacitors when a dc level
in the base line must be retained, and big capacitors
commonly have leakage or polarization problems.

In the signal separator shown, each of the Miller-ef-
fect integrator stages serves as a half-wave rectifier. To-
gether with two small 0.05-microfarad integrating ca-
pacitors, C; and Co, they simulate a large effective
capacitance that maintains the dc level of the signal’s
base-line potential.

Negative-going signal excursions cause transistor Q,
to conduct, clamping the output to the base-line poten-
tial. Positive-going excursions, on the other hand, cut
off transistor Q; and pass directly to the output. The op-
eration of complementary transistor Qz, which is the
other integrator-rectifier stage, is the same as that of
transistor Qs, but signal polarity is reversed. A high-im-
pedance load should be used to avoid an excessive volt-
age drop across either resistor R, or resistor R.

The voltage divider set up by resistors R3, Ry, and Rs
holds the base voltages of both transistors close to their
conduction threshold so that output signal transitions
can be maintained near the base-line potential. Resistor
Re acts as a collector load for both Q; and Q to min-
imize the effect of their collector-emitter leakage cur-
rent. Diode D is included to minimize the effect of
changing ambient temperature on this leakage current.

Signal separation is best at low frequencies, within

the audio range and down to about 3 hertz. Even lower
operating frequencies can be achieved by increasing the
values of capacitors C; and C, but the rate of base-line
integration becomes slower. a
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Separating the ups and the downs. Signal separator employs com-
plementary Miller-effect integrators to keep capacitor values low.
The circuit permits input dc base-line potential to be retained so that
it also is present at the output. Transistor Q, prevents negative-going
inputs from reaching the output, while transistor Q, stops positive-
going inputs. The circuit’s load impedance should be kept high.

CATV transistors function as
low-distortion vhf preamplifiers

by Paolo Antoniazzi
Societa Generale Semiconduttori, Milan, Italy

A standard cable-TV transistor makes an excellent vhf
preamplifier, minimizing signal distortion over a wide
dynamic range. Generally, FETs or MOSFETs are used
rather than bipolar transistors because of the cross-
modulation distortion created by the nonlinear behav-
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ior of the bipolar’s base-emitter junction. CATV transis-
tors, however, operate at currents of 20 to 80 milliam-
peres, so that their intrinsic emitter resistance is kept
small and the effects of input-junction nonlinearities are
eliminated.

The single-stage antenna preamplifier shown is in-
tended for mobile fm communications applications and
is particularly suitable for use with double-balanced
Schottky-diode mixers. It obtains 13 decibels of gain at
175 megahertz from a medium-power CATV transistor.

The circuit can handle 0.5-volt inputs with less than
1% cross-modulation, as indicated by the performance
plot. Noise figure depends on how large the operating
current is. But even for a transistor collector current of
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50 mA, the noise figure is typically 5 dB or less.
The transistor used here is designed principally for
line-amplifier applications. Its crossover frequency is

12pF (159
to = 175 MHz out
BANDWIDTH = 40 MHz -
3 TURNS
BFR36
1,000 pF
56 Q2
?309 1,000 pF
— =
-18V
(55 mA)

1.5 gigahertz, its operating current can range from 20to
150 mA, and its feedback capacitance is typically 1.7
picofarads at a bias voltage of 15 v.

fy = 175 MHz
f, = 160 MHz
|

Linear performer. Bipolar CATV transistor is heart of vhf antenna
preamplifier that can process 0.5-volt inputs with under 1% cross-
modulation. The nonlinearities that are normally associated with a
bipolar transistor's base-emitter junction and that cause signal dis-
tortion are practically eliminated in the CATV transistor because of
its high operating current. Circuit gain is 13 dB at 175 MHz.

Electronic switch controls
automobile air conditioner

by L.G. Smeins
Ball Brothers Research Corp., Boulder, Colo.

Stalling and overheating often plague an air-condi-
tioned automobile in which the refrigerator compressor
continues to run while the engine idles. The solution to
the problem is simple—turn the compressor off when

the engine is idling, and turn it on again when the car
picks up speed.

The control circuit shown in (a) does this by monitor-
ing the engine’s rpm and electrically disengaging the
compressor clutch for as long as the engine is idling.
The circuit works well for the electromagnetic compres-
sor clutch found in most cars.

Compressor drop-out and pull-in are controlled by an
operational amplifier that is connected as a Schmitt
trigger and that drives a series bipolar switch. When en-
gine rpm falls below the drop-out voltage level, which is
determined by potentiometer R;, power is removed
from the magnetic clutch. Hysteresis in the Schmitt trig-
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ger prevents the clutch from engaging again until the
engine rpm is approximately double the drop-out rpm.
The simple charge-pump pulse-rate network, consisting
of diode Dy, resistor Rz, and capacitor C;, performs the
Ipm sensing,.

After the circuit is installed as suggested in (b), the
drop-out point should be adjusted for optimum per-
formance. To do this, first start the engine and let it idle
with the air conditioner turned on. If the compressor
clutch is not engaged, turn potentiometer Ry (in the di-
rection for decreasing rpm) until the clutch engages.
Now turn this same potentiometer (in the direction of
increasing rpm) until the compressor clutch just dis-
engages. At this potentiometer setting, the compressor
should turn on when engine rpm increases to approxi-
mately 1,700 and should turn off when the engine drops
back to an idle. O

COMPRESSOR
onN
() — H| OROP
oFF Uﬁ'll'JEOL
C
DASHBOAROD L
CONTROLS CIRCUIT
4+ -
IGNITION 17 IGNITION
SWITCH  BATTERY QISTRIBUTOR
{b)

Keeping cool. Controt circuit (a) monitors engine rpm and turns off
air conditioner when engine drops to idle, preventing stalling or over-
heating. The operational amplifier is connected as a Schmitt trigger,
whose hysteresis provides the voltage differential needed between
compressor turn-on and turn-off. A bipolar switch drives the com-
pressor's clutch. The circuit can be installed easily (b).

Digital-to-analog converter
is built from low-cost parts

by Phitlip J. Storey
Jands Pty. Ltd., Marrickville, N.S.W., Australia

An economical but reliable digital-to-analog converter
can be made from readily available IC transistor arrays
and general-purpose op amps. The converter is in-
tended to interface with decimal or hexadecimal
up/down counters, as well as directly addressed memo-
ries. It provides a positive-going output voltage that
ranges from 0 to 10 volts and that can be used to control

audio attenuators or light-dimmer units.

Each input transistor clamps its precision resistor to
ground when a binary bit is applied to that input line.
Input words can be up to 8 or 12 bits in length. Poten-
tiometer Ry allows the maximum output voltage to be
varied about the nominal 10-v level. Additionally, as
long as resistors Rz through Rs have at least a 1% toler-
ance, the output dc offset voltage will be only on the or-
der of millivolts.

The converter works best within the frequency range
of 3 hertz to 1 kilohertz, but can operate at clock rates as
high as 100 kHz, However, output glitches become evi-
dent at the faster clock rate. O

Designer's casebook is a regular feature in Electronics. We invite readers to submit originai
and unpublished circuit ideas and solutions to design problems. Explain briefly but thor-
oughly the circuit's operating principle and purpose. We'll pay $50 for each item pubtished.
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Ready-made DAC. This digital-to-analog converter can almost be put together from a spare-parts box, since it is made up of components
that are usually right on hand. Input words can be 8 or 12 bits long, and the positive-going analog output varies from 0 to 10 volts. If 1% re-
sistors are used in the output stage, the output offset voltage is within millivoits of zero without any prior adjustment.
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Meet our new series of
high-frequency problem solvers . . .

High-Performance
VHE/UHF FET Emily

Now we’ve extended the U310
technology to produce an entire family
of high-performance N-channel
junction FETs. They’re ideal for
VHF/UHF applications such as the
two circuits shown below:

Remember the U310? Some people
call it the SuperFET. We introduced
it a year ago: worst-case 75{) input
match VSWR of 1.25:1. Figure of
merit 2.35 x 10° typical. Third order
intercept point of +29 dBm.

Single-balanced active mixer — 100 dB dynamic range, Wideband amplifier — 225 MHz center frequency,
+ 2.5 dB conversion gain, + 32 dBm intercept point, 50-250 MHz, 1 dB bandwidth of 50 MHz, 24 dB gain.

U310 family characteristics Tope Fackege Feature T eplieations =
include: E308 ;:Poc:&, I P s 057
: . Metat | Yeon = 1210 60mA r" —
e High power gain (common gate)— v | Eoi,, " I ot i
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e Noise figure = 3 dB typical at oo Metl fie= 241060 mA [
TO-52 i
450 MHz. B U310 family dual FETs have Vy |,.ap. and g, paramelers maiched 1o (0% .
. [ . ___Packages designed for easy insertion into printed circuit boards. . |
e High transconductance = 10,000 to [ Epony V= L0t 40V s170
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application from this array:

Get the complete story on this advanced high-frequency FET family.
For application notes and technical information

write for data

Applications Engineering: (408) 246-8000 Ext. 802

Siliconix incorporated

2201 Laurelwood Road, Santa Clara, California 95054
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How optoelectronic components
fit In the optical spectrum

As optoelectronic applications muitiply, optical sources, detectors,
and transmission media are becoming increasingly available; this guide
relates the more important of them by their operating wavelengths

by Lyman Hardeman, Communications & Microwave Editor

O Many optoelectronic devices that till recently were
the playthings of a few curious researchers have by now
become standard building blocks to a good many de-
sign engineers. And as the growing demand further low-
ers prices, still more EEs will want to exploit the inter-
action of light and electronics in industrial and
consumer as well as military equipment.

A convenient approach to surveying the optoelec-
tronic technologies and devices that are available today
is to categorize them as optical sources, optical detec-
tors, and materials through which optical waves are
transmitted, The portion of the electromagnetic spec-
trum over which they function extends from ultraviolet
wavelengths of a few nanometers, through the visible
spectrum of about 400 to 700 nm, and far into infrared
wavelengths that measure up to tens of thousands of na-
nometers (see foldout chart on p, 115).

Optical sources

The most important sources of light are the sun, vari-
ous man-made lamps, lasers, and light-emitting diodes.
The sun operates as a blackbody, or thermal, radiator
which emits broadband optical energy due to its inher-
ent temperature. But in fact any substance is a black-
body radiator and emits light with a peak intensity that
gets stronger and shorter in wavelength as temperature
increases (see Fig. 1). At room temperature (300° K),
the wavelength of peak light intensity of a blackbody
radiator is about 10 microns (micrometers), while at
6,000° K, the peak occurs around 0.5 pm. The sun’s
peak corresponds to a temperature of 5,900° K.
Tungsten lamps are the chief sources of man-made
visible light based on blackbody radiation principles.
Depending on the amount of electrical power dissipated
across its filament, the typical lamp will radiate with a
blackbody temperature ranging from 2,500° K to over
3,000° K. The broadband nature of this radiation, how-
ever, is the major factor that reduces the lamp’s over-all
efficiency in the visible spectrum to only about 3%.
Thermal radiators are also very important in infrared
applications—and becoming more so as the security bar-
rier imposed on military infrared technology in World
War II has gradually been lowered. In the last few
years, many nonmilitary applications have emerged
that exploit the natural infrared radiation of such
sources as thermally polluted water, diseased crops in a
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field, or forest fires. In these applications, the sources
are blackbody radiators and serve as inputs for highly
sensitive remote sensors placed in aircraft or satellites.

Other artificial light sources include arc and glow dis-
charge lamps, and fluorescent tubes. Almost all of these
lamps emit in or near the visible spectrum, and each has
its own applications niche. The arc and glow discharge
types, for instance, are generally efficient sources of
high-intensity light that serve both as illuminators in
the visible spectrum and as exciters for laser sources.

Coherent sources

The only source of coherent light—the laser—yields
extremely high radiance. But of the hundreds of differ-
ent types of lasers that have been evaluated since the
device was first shown to work in 1960, only a few have
left the laboratory and entered general use.

Today’s most common lasers are based on gasses such
as carbon dioxide, helium-neon, argon, and krypton, or
else are solid-state, using mainly either gallium-arsenide
semiconductors or neodymium-doped yttrium-alumi-
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1. Blackbodies, Substances emit broadband electromagnetic

energy depending upon their temperature. At room temperature, the
wavelength of peak intensity is in the infrared region, at about 10 mi-
crometers, while at 5,900°K (about the temperature of the sun) peak
intensity falls at just about the middle of the visible spectrum.
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TABLE: LASER SUMMARY

— WA‘:/RETE?\IRGY'I‘H . TYPICAL szvpslgpf\l/'v) COMMENTS/PRINCIPAL
EFFICIENCY (%
() (%) CW/PEAK APPLICATIONS
Argon 0.49 0.1 5/100 Emits at visible blue-green; used in
0.52 cutting films in artwork design;
efficiency and wavelength make it useful
as pump for dye lasers for tuning in the
visible spectrum.
He-Ne 0.63 0.01 0.1/2 Primary spectral line at 0.63 micro-
1.15 meter convenient and inexpensive source
3.39 of red light for precision distance
measuring, communications, and plasma
physics studies.
Nd: YAG 1.06 3 50/1,000 High-power laser that is easy
1.30 to control; used in cutting and welding
and has potential in communications.
CO, 10.6 20 200/75,000 Practical high-power laser; used
extensively in cutting and welding;
possible source for nuclear fusion
HeCd 0.44 0.5 0.1/2 Recently became commercially
0.33 available for applications requiring
blue light; is being considered for use
as light source in facsimile equipment.
Ruby 0.69 1 5/50 Material used in first laser demonstrated
in 1960; used some in cutting and melting.
GaAs 0.91 1 0.04/1 Promising solid-state laser for
communications, but must improve
reliability.
Krypton 0.64 0.1 5/100 Source of red and green light.

num-garnet. Primary operating wavelengths of each of
these sources, along with their main application fea-
tures, are summarized in the table.

Lasers are finding the bulk of their commercial appli-
cations in manufacturing and the construction industry.
Here, they are useful for drilling holes, cutting, measur-
ing precise distances, and surveying. But as optical com-
ponent performance and modulation techniques ad-
vance, lasers will be used more in such areas as
communications, optical data storage, and pollution
control.

LEDs offer lower costs, higher speed

Light-emitting diodes have also made remarkable in-
roads the last few years. They are found in displays for
everything from digital panel meters to pocket calcu-
lators. Their low cost, high reliability, and switching
speeds on the order of a few tens of nanoseconds also
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make them attractive for use in optical isolators and as
transmitters in fiber-optic communications systems.

While light-emitting diodes can be made from many
semiconductor materials, gallium-arsenide-phosphide
and gallium-phosphide diodes are much the most ad-
vanced. The wavelength of GaAsP LEDs can theoret-
ically be varied from about 560 to 910 nanometers by
growing crystals of varying ratios of concentration of ar-
senide and phosphide. But practical GaAsP devices—
those used in most of today’s LED displays—are con-
structed to operate in the red region, at 655 nanometers,
a wavelength that represents the optimum tradeoff be-
tween the device’s operating efficiency and the response
of the human eye. Bandwidth of the light emitted from
GaAsP devices is approximately 30 nm.

GaP diodes, however, are being made in increasing
quantities, for green and yellow as well as for red dis-
plays. GaP is always doped, partly to increase its illumi-
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nating efficiency and partly to extend the bandwidth or
alter the wavelength of the light it can emit. Doped with
nitrogen, it will emit a broad range of wavelengths in
the green and yellow portion of the visible spectrum.
Doped with zinc-oxygen, it emits red light.

Another important type of LED is made from GaAlAs
and is found in fiber-optic communication systems. The
operating wavelength of this semiconductor is deter-
mined by the particular combination of aluminum and
arsenide chosen. In these devices, practical efficiencies
of approximately 3% are achieved over a range of
wavelengths from 800 to 900 nm.

Optical detectors

Light sensors fall into three basic categories—photo-
emitters, photoconductors, and junction devices. In ad-
dition, several broadband temperature-sensing devices,
such as the thermocouple, bolometer, and Golay cell,
are used in light measurements, but these serve mainly
laboratory and calibration purposes.

The photoemissive-type light sensor measures light
by converting the energy of incident photons directly
into free electrons, which are then accelerated in a vac-
uum under a strong electric field. Applications are
chiefly in the visible and ultraviolet region—examples
are the photocathode coating at the input of photo-
multiplier tubes, image-converter tubes, and low-light-
level image intensifiers.

The more popular photoemissive materials today are
silver-cesium oxide (AgCsO), cesium antimonide
(CsSb), potassium-cesium-antimonide (K-Cs-Sb, re-
ferred to as a bialkali photoemitter) and sodium-potas-
sium-cesium-antimonide (Na-K-Cs-Sb, a trialkali).
Recently, GaAs photoemitters have become available
and have stirred much interest among electro-optic sys-
tem designers mainly because of their high sensitivity,
especially at wavelengths between 600 and 900 nm.

A convenient measure of performance of a photo-
emissive-type detector is its quantum efficiency, or ratio
of output electrons to input photons. The theoretical
maximum of one electron per photon defines a quan-
tum efficiency of 100%. The quantum efficiencies for
several commercially available photoemissive materials
are plotted in Fig. 4 as a function of wavelength. The
S-code numbers refer to standard devices defined by the
Electronic Industries Association.

Both the quantum efficiency and the long wavelength
cutoff of a photoemitter are determined by the semicon-
ductor material it uses. Short wavelength cutoff is deter-
mined primarily by the cutoff wavelength of the win-
dow material through which light must pass before
interacting with the photoemitter in a vacuum.

Photoconductors for longer wavelengths

As seen in Fig. 4, most photoemissive materials have
a long-wavelength cutoff near the infrared edge of the
visible spectrum, in the 600-800-nm region. Photocon-
ductive-type detectors extend these detectable
wavelengths well into the infrared range.

In a photoconductive detector, incident photons
cause an increase in the current from an external bias-
ing circuit to flow through the detector. The detector
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2, Commercial lasers. Numerous lasers have been introduced in
the past few years at prices below $3,000. The He-Cd unit shown
can be operated at one of two spectral outputs (442 nm or 325 nm)
and is expected to find applications in facsimile recording systems.

may be either intrinsic, with its sensing properties inher-
ent in the photoconducting material itself, or extrinsic,
in which case one material-usually germanium—is
doped with one of a group of elements to make it sensi-
tive to light at longer wavelengths.

Intrinsic photoconductors include lead sulfide (PbS),
lead selenide (PbSe), indium arsenide (InAs), and in-
dium antimonide (InSb), all of which operate in the vis-
ible spectrum and to longer wavelengths out to about 3
to 5 pm at room temperature. The long-wavelength sen-
sitivity of these detectors is increased when they are
cooled to the temperatures of dry ice and liquid nitro-
gen. InAs and InSb are generally more expensive than
PbS and PbSe, but take only microseconds instead of
milliseconds to turn on.

For applications in the visible spectrum—in camera
light meters, home furnaces, and automatically oper-
ated street lights—cadmium sulfide (CdS) and cadmium

|

Photometry-radiometry units

The many terms that have been developed to define
properties of propagating radiant energy are summa-
rized in the table. For a detailed discussion of the units
of photometry (light radiation normalized to the re-
sponse of the human eye) and radiometry (radiation at
any spectral frequency), and how these quantities are
measured, see Electronics, Nov. 6, 1972, p. 91.

T
. Radiometric Photometric
Definition : - -

| t* t*
| Name | Symbo Unit Name ] Symbol Unit
Energy | radiant a joule luminous ‘ lumen-s |
energy energy |
Energy per unit radiant P watt luminous . F lumen
time=power=flux | flux flux
Power input per | irradiance| H | W/m? | illumin- E | Im/m?
unit area | ance | {lux)
Power output per | radiant W | Wm? | luminous L | Im/m?
unit area exitance exitance
1
. R | -
Pawer per unit radiant J r w/ | luminous | candela
solid angle intensity [ steradian | intensity
|
Power per unit radiance N | W/m? fluminance B candela/
solid angle per steradian m?
| unit projected J‘
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3. Display breakthrough. Advances in semiconductor production
techniques in the iast few years have helped bring down the costs of
GaAsP and GaP light-emitting diodes so that they are now widely
used for display applications ranging from digital panel meters to
pocket calculators. Recent alphanumerical digits come in many col-
ors and sizes, some with built-in drive circuitry.

selenide (CdSe) are also used extensively and are sup-
plied by several manufacturers. CdS has the greater
sensitivity, CdSe responds at longer visible wavelengths,
and both function at room temperature.

Two other intrinsic photoconductors—mercury cad-
mium telluride (Hg-Cd-Te) and lead tin telluride (Pb-
Sn-Te)—have been developed more recently as detec-
tors to operate to wavelengths out to about 14 pm when
cooled to liquid-nitrogen temperatures (77° K). Such a
spectral response makes these detectors attractive for
use with the CO; laser, which emits at 10.6 pm.

Extrinsic photoconductors must usually be cooled to
liquid-nitrogen temperatures or cooler and can be sensi-
tive at still longer infrared wavelengths. Most practical
extrinsic photoconductors employ a germanium host
crystal. Depending on dopant and operating tempera-
ture, infrared wavelengths to over 100 pm can be de-
tected (see foldout chart).

Junction-type detectors

Light-sensing devices that depend on a semicon-
ductor pn junction include photovoltaic devices, photo-
diodes, and phototransistors. In the photovoltaic sensor,
a voltage is generated across the junction as a function
of the light impinging on the junction. The photovoltaic
cell, or simply photocell, is usually made of selenium or
silicon and is most notably used in space, where the rel-
atively high cost of the device is offset by the fact that it
is the only self-generating light sensor available (i.e.,
one that requires no external power supply).

Photodiodes and phototransistors are finding increas-
ing popularity at visible wavelengths. Because of their
faster response and the high gains achievable when
biased in a transistor circuit, these devices are compet-
ing more and more with photomultipliers operating to
wavelengths as long as about 1.1 pm.
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4. Photoemitter response. Photoemitter-type detectors are used at
untraviolet and visible wavelengths. Material performance is typically
compared in terms of quantum efficiency—the ratio of actual elec-
tron output to the maximum output possible determined by photon
flux. S-code numbers refer to standards designated by the Electronic
Industries Association.

5. Photomuitiplier edge. To stay half a step ahead of recent devel-
opments in solid-state detector technology, makers of photomuiti-
plier tubes have recently introduced units with improved photo-
cathode materials to achieve unprecedented combinations of speed,
broad bandwidth and high quantum efficiency. Applications include
optical-character readers and fiber-optic communications.
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Reverse-biased silicon photodiodes typically respond
to reset times of about 100 ns. Other semiconductor ma-
terials, including germanium, indium arsenide, and
mercury-cadmium-telluride, are also used in making
photodiodes, mainly to extend response to longer
wavelengths, but often at a loss in response speed.

Seeing the light

As evident in the spectrum chart and the discussion
so far, the wavelengths to which the human eye is sensi-
tive form a middle reference area in the over-all optical
spectrum. As a photodetector, the human eye has some
peculiarities that become important in the context of
photometry.

507 nm 555 nm
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6. Day and night. Peak optical response of the human eye shifts
about 50 nm as the eye adjusts from the brightness of normal day-
light (photopic vision) to nighttime starlight levels (scotopic vision).
There is no color perception under scotopic conditions.

The retina contains two types of receptors, responsive
to two different ranges of wavelengths (Fig. 6). In day-
light, one set of receptors responds to wavelengths from
about 400 to 700 nanometers, with a peak response cen-
tered in the green region at 555 nanometers. This is the
eye’s light-adapted or photopic response.

When adapted to darkness, the other set of receptors
comes into play, with a peak response at 507 nm. This
dark-adapted or scotopic eye is color-blind, whereas the
light-adapted eye is able to discriminate between color
wavelengths. Photometric units of light intensity (see
“Photometry and radiometry defined,” p. 111) are
weighted by the photopic eye’s normalized response.

Transmission materials

Light travels between a source and a detector through
a transmission medium which may substantially alter
the light’s properties and usually passes only a portion
of the optical spectrum. Transmission materials include
glass, plastics and other transparent compounds, and
function as protective windows, lenses, or optical filters.

In the visible portion of the spectrum, common soda-
lime glass is used extensively as a window material. Its
transmittance is very nearly 100% over the entire visible
range, but falls off quite rapidly on each end (30%
transmittance cutoff points are approximately 350 and
3,000 nm).

Injection-molded plastics, however, are ousting glass
in many applications in the visible spectrum [Electron-
ics, July 3, 1972, p. 77]. While plastic is more susceptible
to temperature and abrasion than glass, its low cost of

7. Plastic optics. For an increasing number of production applications, the low cost of molded plastic lenses and windows more than offsets
their high-performance limitations when compared to glass or other optical transmission materials.
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8. Atmospheric windows. Transmittance through 1,000 feet of atmosphere is high throughout the visible spectrum, but periodically falls to
zero in the infrared region between 1 and 20 micrometers. Window from about 8 to 13 pm is region of special interest to equipment design-
ers,; it peaks at about 10.6 micrometers, which is also the wavelength of the CO, laser,

production more than compensates for these limitations
in many commercial and industrial electro-optic sys-
tems. The most popular plastics—acrylic, polystyrene,
and polycarbonate—transmit over the entire visible
spectrum, and some plastics become transparent again
at the very long infrared wavelengths past 50 to 100 pm.

Widening the window

Since glass and plastic are opaque to ultraviolet
wavelengths below about 350 nm, more exotic window
materials must be found for equipment operating in the
ultraviolet region. For this purpose, fused quartz, sap-
phire, and lithium or magnesium fluoride are com-
monly used.

Fused quartz passes ultraviolet wavelengths as low as
180 nm, besides being transparent at all visible
wavelengths. It is relatively inexpensive and is commer-
cially available from several manufacturers. Sapphire
(Al203) and lithium fluoride (LiF) are more expensive.
Sapphire is the most abrasion-resistant of all windows
and has good ultraviolet transmitting properties to 180
nm, and lithium fluoride is most attractive for appli-
cations requiring transmittance at wavelengths down to
about 104 nm,

As for far-infrared wavelengths beyond about 4 pm,
one optically good material is sodium chloride, NaCl.
Windows or lenses made of NaCl transmit IR
wavelengths to a little beyond 20 pm, but because they
absorb moisture from the air, must be frequently re-
placed or stored in dessicators to keep them dry.

A more durable group of IR transmission materials is
the commercially available line called Irtran, developed
by Eastman Kodak Co. The spectral transmittance of
these materials is approximated on the foldout chart,
and they are made of MgF2, ZnS, CaF3, ZnSe, MgO,
and CdTe respectively for Irtran-1 through Irtran-6.

Other infrared-transmitting materials include barium
fluoride, cesium iodide, and thallium bromide. Barium
fluoride is often used in systems operating at 10.6 pm,
the wavelength of frequently used CO. lasers. Cesium
iodide and thallium bromide both transmit at
wavelengths to about 50 pm.

Atmospheric properties

Depending on its wavelength, light energy is select-
ively scattered, absorbed, or refracted as it passes
through the earth’s atmosphere. These effects can be se-
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vere in optical communications, infrared radiometry,
and, in fact, viewing by the human eye, whenever the
atmospheric path extends more than just a short dis-
tance.

For gas molecules and particles that are extremely
small in relation to the light wavelength, the degrading
process is known as Rayleigh scattering. Such scattering
is the cause of the blue of the midday sky and the red of
sunsets. Rayleigh scattering is wavelength-dependent,
increasing with shorter wavelengths, and it has a negli-
gible effect on infrared wavelengths longer than about 1
pm.

For larger aerosol particles, the process is called Mie
scattering and is relatively independent of wavelength.
The nonselective nature of Mie scattering is what makes
fog and clouds appear white. Its effect on visibility is to
reduce contrast to the point where an object’s outline
can no longer be resolved. Visibility in haze, then, is
commonly defined as the distance at which contrast is
reduced below 2%.

Attenuation through the atmosphere is never con-
stant. It depends on such parameters as temperature,
pressure, and amount to water vapor and other impu-
rities. However, a typical attenuation as a function of
wavelength is shown in Fig. 9. The attenuations shown
are for a 1,000-foot atmospheric path, at sea level, con-
taining relatively little moisture and impurities. The
curve identifies the important atmospheric window in
the visible region from 400 to 700 nm. It also shows the
6-um-wide window centered at about 11 pm, which is of
much current interest to infrared systems designers,

Tight fit

In conclusion, it’s interesting to note the relationship
between the (humanly speaking) most important
source, detector, and transmission medium found in na-
ture. The peak spectral output of the sun (about 555
nm) coincides with the center of a major optical window
in the earth’s atmosphere. The peak response of the hu-
man eye is conveniently adapted to this wavelength. [J
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Single-layer packaging slashes
ceramic-DIP costs in half

By eliminating two layers of material from the traditional
package, device manufacturers are reducing the costs and
boosting the reliability of the resulting ceramic packages

by James Barnett, American Microsystems inc., Santa Clara, Calif.

O A new ceramic packaging technique offers the inte-
grated-circuit manufacturer the best of two worlds—the
st advantage of plastic and the reliability of ceramic.
e package is a single-layer ceramic structure, rather
han the traditional three-layer configuration, and the
d is sealed by epoxy (Figs. 1 and 2).

The single layer of ceramic means a cheaper package,
d adhesive sealing assures that the package can be
'used in the event that an assembled device proves to
> defective. The cost of a reliable 24-lead ceramic
ckage has been cut to about half the cost of the three-
er package—and cumulative package yield has been
reased from 0.70 to 0.95. Finally, test results, which
e conducted according to applicable military re-
ements, are so promising that manufacturers hope
new packaging concept will meet the stringent spec-

tions of military applications.

e new package, termed SLAM (for single-layer met-

tion), has proved to offer as good or better environ-

al and performance characteristics than the current

try standards. Better yet, this new package can be

ssed with existing production equipment. And the

ary ancillary equipment costs a good deal less

hat would be required to convert to other com-

nics/October 11, 1973

1. Cost-cutter. Single-layer ceramic package, shown above in a 40-
lead version prior to wire bonding and sealing, reduces ceramic con-
tent and eliminates processing steps required in a three-layer struc-
ture, lowering price in volume by about 25%. The reputation of ce-
ramic packages for reliability is retained.

peting packaging techniques—including plastic.
Single-layer packages in several different product
types were evaluated with about an equal number of
three-layer-packaged devices for control to determine
the field reliability that could be expected. Only one
single-layer device failed in more than half a million
hours of tests. Analysis indicated that the failure was
caused by electrical-test damage and not by any inher-
ent deficiency in packaging.
Down-bonding

Abandoning the traditional triple-layer package
meant that the bonding geometry was also changed. In
the conventional DIP (Fig. 3a), each lead wire leaves the
chip and rises to the same or to a slightly higher eleva-
tion to attach to the lead frame. But in the single-layer
package, the top surface of the die becomes the highest
point in the unsealed package (Fig. 3b). Since the lead
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SINGLE-LAYER vs THREE-LAYER PACKAGE

A COST COMPARISON

- 24-lead packages Three-layer Single-layer
Cost items ~— ceramic ceramic
Package cost
from supplier 3.70 $.50
Lid | .05 ‘ .02
{Kovar} (alumina-
ceramic)
e — ——e )
Materials subtotal $.75 $.52 |
Typical cumulative
yield at final test 0.7 0.95
(eutectic- (adhesive-
sealed lid) sealed lid)
—— i —— "=l |
Yield cost [ $1.07 $.55
|

descends from the chip surface to the substrate floor,
lead attachment is called down-bonding. To prevent
short circuiting, the edge of the wire must be prevented
from touching the scribe line at the die edge.

The wire is bonded first to the package-lead metal-
ization and then to the die pad. The bonding tool pre-
loads the wire, thereby developing a compressive force
upon the package-lead metalization bond (Fig. 3¢). This
improves the strength of the bond.

SLAM measures up

Test results have disclosed no bond failures. Pull
strength is comparable to that of conventional bonds,
within experimental limits. After the final seal heating,
it was found that three-layer packages experienced a
40% decrease in average bond strength versus a 20% de-
crease for the adhesive-sealed, single-layer package.

The bonds were also temperature-cycled and sub-
jected to thermal shock tests in accordance with the
tough MIL-STD 883, Condition C, Method 1011. The test
requires temperature cycling 200 times from -65°C to

+150°C, liquid-to-liquid. Again, there were no failures
of the 5,760 bonds in the 67 devices tested.

Two methods of sealing the die cavity were devel-
oped. In an earlier method, a plated Kovar ring was
placed about the periphery of the package cavity, and a
conventional gold-plated Kovar lid was soldered to it.
Hermeticity tests, which were conducted according to
MIL-STD 883 at 10-% atmosphere cubic centime-
ters/second and beyond, showed no signs of leakage.
But, despite the success of the tests, further reductions
in component and processing costs seemed possible. Ac-
cordingly, epoxy-sealing was attempted and found to
achieve the desired objectives.

However, epoxy attachment of a ceramic lid required
that chip contamination be avoided. After an intensive
search, in which hundreds of epoxy glues and sealants
were examined, researchers finally found an epoxy that
not only is contamination-free, but it also provides a
hermetic seal equal to the metal seals.

Long-term reliability testing has disclosed no detec-
table difference between the field performance of the
epoxy-sealed device and the device sealed by soldered
metal. In addition to the cost advantage of the epoxy ce-
ramic lid, 2 cents vs 5 cents, bond wires cannot short to
the nonconductive lid.

Seal passes shear tests

Customer skepticism as to the ultimate strength of an
epoxy seal stimulated an investigation of ultimate shear
strength. A shear load of 200 pounds per square inch,
applied at the edge of the lid, failed to produce detec-
table lid movement with respect to the substrate. Any
failures of devices subjected to this test were not caused
by broken seals. And subsequent hermeticity-testing of
these devices disclosed no ioss of seal performance.

Would the epoxy adhesive degrade circuit perform-
ance? In worst-case tests. passivated devices were first
sealed conventionally ar.d tssted for control purposes.
Single-layer packages witn chips protected by vapor-de-
posited passivation and unpassivated chips in both
metal- and adhesive-sealed packages were tested for
performance, reliability, and device contamination. A

2. Fewer layers. Three-layer package (a) and new single-layer package (b) are shown in cross-section. Note that the die no longer sets in a
cavity in the single-layer package. Bonding wires descend from the chip to the package floor. This is known as down-bonding.
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Single-layer DIPs are available

American Lava Corp. has tooled for a limited volume
of 22- and 40-lead ceramic packages. The maximum
volume of current facilities is estimated at 200,000
units a month for the 40-lead version.

Kyoto Ceramic Co. is delivering several hundred
thousand large-lead-count single-layer packages per
month in both side-braze and top-braze lead configu-
rations. Kyoto, which has been building single-layer
packages in volume since September 1971, is now
tooled for 16-, 18-, 24-, 28- and 40-lead packages and
lids.

microprobe analysis of the surface of each die after test
cycling disclosed that no carbon was detectable in either
package type. Absence of carbon confirmed that no sig-
nificant amount of epoxy migrated from the seal area to
the die surface. A more sensitive Auger analysis of dice
that had been sealed both ways showed a reproducible
carbon-to-nitrogen ratio of 2.7 and 9.2 for the metal and
the adhesive seals, respectively.
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In yet another test, large amounts of epoxy were de-
liberately placed on the surface of the dice in a lot of
single-layer adhesive-sealed packages. The dice were
then subjected to a standard C-V (capacitance-voltage
vs temperature) test. This test, which would have re-
vealed the presence of migrating ionic species, failed to
show any such contamination at temperatures as high
as 300°C.

Package reusability

The high yield of the single-layer package (table,
p. 120) is a direct result of the reusability of the pack-
age. Because the epoxy adhesive can be unbonded and
unsealed rapidly, a defective die can be removed and
replaced after final test.

Such reusability greatly enhances final yield, as is
amply demonstrated in the table in comparing the yield
costs for the single-layer and three-layer packages. For
three-layer conventional packages, the raw cost might
be multiplied by approximately 1.4 to include final test-
yield losses, but with the single-layer technique, this fac-
tor is only 1.05, again thanks to package and lid reusa-
bility. O
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3. The old and the new. Microphotograph (a) depicts a three-layer
package with leads ‘'up-bonded’ from the chip to the metalized
pads on the second layer of the package. In (b), chip is attached to a
single-layer package. Each bond wire leaves the chip bond pad and
forms an arch, which develops a compressive force that enhances
the bond strength on the metalized pad on the package floor. The
bond interface at the metalized pad is shown further magnified in (c).



One-stop memory source

Whatever you need in memory,
chances are you'll find it here.
Arrays, stacks, complete single-
card memories, megabit systems.
Standard or custom designs. Wide
temperature core or semiconduc-
tor. EMM is the one-stop memory,
source.

Take our Micromemory 3000, for
instance. It's a complete TTL com-
patible memory on a single card —
up to 8K by 18 bits with a 650
ns cycle time. You can put them
together to getany system capacity
you want. And the Micro-Ram 3000
is a compatible 200 ns semicon-
ductor memory on a single card.
Standard muiti-card chassis,
including power supply and other
options, are available.

EASTERN REGION: (617) 861-9650; CE

Then there's the Micromemory
2000. Also a total system on one
card with edge connections that
allow it to be treated just like a logic
circuit. Not quite as high perform-
ance. Even lower cost. It operates
from plus five volts input only.

Or if your need is for large mass
memories, consider the Micro-
memory 6000. It is a multiple board
module with 16K sense. In its basic
configuration of 16K by 40 or 32K
by 20, it uses only two boards.

122 Circle 122 on reader service card

And there are more to come. But
we won't talk about them now
because they're still in field test.
After all, we promise only what we
can deliver, and we deliver only
proven hardware.

If you'd like to know more about
our proven hardware, and how it
can fit your needs, call Phil Harding
at (213) 644-9881. Or contact your
local EMM sales office.

E m m ELECTRONIC
MEMORIES
COMMERCIAL PRODUCTS

A Division of Electronic Memories & Magnetics Corporation
12621 Chadron Ave., Hawthorne, Calif. 90250

N: (213) 477-3911
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Engineer’s notebook

Varying beam thickness
in CRT display systems

by P.V.H.M.L. Narasimham
Indian Institute of Technology, Kanpur, India

Though computer-driven CRT displays have many pro-
gramable parameters, including intensity, blinking, and
dashed- or dotted-line generation, beam thickness is not
among them, except indirectly through the display’s
brightness control. Thickness variability can, however,
be provided if the control circuit shown is inserted in
the display’s stroke vector generator. The circuit super-
imposes equal-amplitude sine and cosine waves on the
generator’s X- and Y-deflection ramp signals.

When the CRT beam is stationary, the sine and cosine
waves produce a circle. As this circle is moved by the
generator ramp signals, a straight line with the thickness
of the circle’s diameter is displayed. The thickness of the
stroke can be programed through digital control of the
sine and cosine wave amplitudes.

Since a circle is symmetrical, the stroke thickness will
be independent of the slope of the stroke. The circles,
however, must be closely spaced to prevent ragged
edges from being produced in the display. The fre-
quency of the sine and cosine waves, therefore, must be
high enough to complete a full circle before the gener-
ator ramp signals displace the beam by a distance that
is equal to the diameter of the cathode-ray spot.

The stroke vector generator must be the constant-rate
type, so that the velocity at which the beam moves over
the CRT screen is constant, no matter the length and
slope of the stroke being generated. The beam displace-
ment rate for only an X or Y increment is then equal to
the displacement rate for any combination of X and Y
increments. If the displacement is in either the X or Y
direction alone, the corresponding ramp slope will be
maximum.

To find the minimum signal frequency of the sine and
cosine waves, the maximum X or Y ramp signal slope
must be known, as well as the X and Y deflection sensi-
tivity, and the cathode-ray-spot diameter. Suppose
these values are 0.01 volt per microsecond, 1 centimeter
per volt, and 0.01 cm, respectively. This means that a
0.01-cm displacement can be produced by a 0.01-v sig-
nal in 1 ps (for a slope of 0.01 v/ps). The period of a full
sine or cosine cycle must then be 1 ps at most, making
the minimum signal frequency equal to 1 megahertz.
For this case, the maximum stroke thickness is limited
to 2.5 millimeters; beyond this, the circles become con-
spicuous.

In the thickness control circuit given, a 1-MHz sine
wave is employed as the reference input to a three-bit
digital-to-analog converter, permitting the sine-wave
amplitude to be digitally controlled. The phase splitter
then produces the sine and cosine waves, which are su-
perimposed on the vector generator’s X and Y ramp sig-
nals by a pair of op-amp summers. These summing am-
plifiers drive the X and Y inputs of the CRT display,
producing straight-line segments the thickness of which
can be varied digitally. O

Controlling display thickness. Circuit converts CRT beam thickness to a digitally programable display parameter. Beam thickness is con-
trolled by superimposing sine and cosine waves to create a circle with a diameter that can be varied in response to a digital input.
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Automatic test setup
checks thermal resistance

by Robert W. Bolvin
Signetics Corp., Digital Products, Sunnyvale, Calif.

Measuring the thermal resistance of microelectronic de-
vices is usually a tedious one-device-at-a-time oper-
ation—it takes a long time to calibrate temperature-sen-
sitive elements, to apply power to individual devices for
long stabilization periods, and to calculate the thermal
resistance. But with the technique described here, test-
ing time can be cut significantly so that the thermal
resistance of 40 devices can be determined in the time it
previously took to measure just one device.

The equipment primarily includes an automatic dc
digital IC tester, a special sequencer circuit, a modified
oven setup, a liquid bath, and a high-current power
supply.

The sequencer allows the thermal resistance of a
large number of devices to be measured almost simulta-
neously. As noted in the block diagram (a), three 4-line-
to-16-line decoder/demultiplexers interpret the pro-
gram inputs from the automatic IC tester. These deco-
ders provide a total of 40 output lines, one for each de-
vice being tested. Each output feeds a NAND inverter
gate, a relay driver transistor, and a double-pole single-
throw relay.

The circuit of (b) shows the hookup between the relay
and the device under test, which, in this case, is a simple
resistor/diode die. When a relay is activated by a pro-
gram input, its contacts switch from their normally
closed position to a normally open one. The test se-
quence here is designed to find diode slope with chang-
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ing temperature, as well as forward voltage drop both
before and after a power soak period.

Forward voltage drop is measured at six tempera-
tures covering the expected operating temperature
range, and diode slope is measured without any supply
voltage applied. The dies are then brought to a specified
test temperature for initial forward-voltage readings,
before being exposed to a power soak period of 15 min-
utes. (This is long enough to allow the devices to stabi-
lize at a constant junction temperature.) At the end of
the soak period, each device is sequentially removed
from the external “soak” supply and re-energized by an
internal supply to determine what forward voltage it
has because of power dissipation.

All the information needed to compute the slope and
thermal resistance of each device is now available: the
forward voltage at six temperatures, the initial forward
voltage at a specified test temperature, the power ap-
plied, and the final forward voltage due to heating from
the power applied.

The photos show the special door used for mounting
the dies and their holders; it fits the oven and the tub
employed for the liquid bath. To find the thermal resis-
tance between a device’s junction and ambient tem-
perature, the door is placed in the oven. To measure
thermal resistance between junction and case tempera-
tures, the door is placed upside down in the liquid bath.
The sequencer circuit is also mounted on the door, but
can be removed by disconnecting the edge connectors
on the front of the door.

The bath is made up of a stainless-steel tub that rests
on two hot plates. Cooling is achieved by forcing carbon
dioxide through copper tubing at the bottom of the tub.
To obtain high temperatures, from 25°C to 125°C, the
liquid used is ethylene glycol; for cold temperatures,
from 25°C to -55°C, the liquid is Freon.

Only the extreme tips of the leads to the devices un-
der test should be soldered, so that little or no heat sink-
ing is provided by the solder joints, Also, it is a good
idea to put cutouts in the pc board around the holder
for each test device, to improve the flow of air and lig-

uid around it, O
TO OTHER
o 34 DIES
b RELAY
EXTERNAL 'C"LTRERRENNATL
— SDAK
| SUPPLY MONHIOR
| DIE UNDER i3
INTERNAL —= TEST
SUPPLY —
|

| o

Sequencing cireultry. Sequencer (a) enables the thermal resistance of 40 devices to be determined at the same time in response to pro-
gram commands from an automatic tester. In this case, resistor/diode dies (b) are measured for slope and forward voltage drop.
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Mounting. Devices to be tested are mounted on modified door (left photo), which fits an oven (right photo) as well as a heating/cooling bath.

Oscilloscope triggered sweep:
another job for IC timer

by Robert M. McDermott
U.S. Army Korea Support Command, San Francisco, Calif.

For less than $10, you can add a triggered sweep to up-
grade the low-cost type of oscilloscope. The circuit,
which essentially consists of an IC timer and an op amp,
can be powered from the scope’s supply and fits on a
small pc board that can be placed inside the scope.
When an input signal from the scope’s vertical ampli-
fier rises above the circuit’s trigger-level voltage setting,
the op amp switches, causing its output to go from
+Vce to -Vee. This voltage change is coupled to the
trigger input of the IC timer as a negative spike, which
sets the flip-flop and cuts off the discharge transistor.

The switch-selected timing capacitor, C, now charges
exponentially through timing resistance R until capaci-
tor voltage reaches the level of control voltage existing
at pin 5 of the timer. (Timing period is 0.4RC, and con-
trol voltage level is 0.33Vcc.) The circuit’s output fre-
quency will be 2.5/RC and, in this case, can be varied
from 1 hertz to 1 megahertz.

Once capacitor voltage is equal to the timer’s control
voltage level, the flip-flop resets and the output transis-
tor discharges timing capacitor C. Pulses occurring be-
fore the flip-flop resets do not affect the circuit’s output
voltage. The flip-flop controls the discharge transistor
and can only be reset by the timer’s comparator, which
is operated by the capacitor and control voltages.

Over-all cost can be reduced still further if the vari-
able .controls for trigger level and input sensitivity are
replaced with fixed components. O

Engineer's Notebook is a regular feature in Eiectronics. We invite readers to submit ongFal
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

Add-on triggered sweep. IC timer holds down the cost of adding a triggered sweep to an economy oscilloscope. The circuit's input op amp
triggers the timer, setting its flip-flop and cutting off its discharge transistor so that capacitor C can charge. When capacitor voitage reaches
the timer's control voltage (0.33Vcc), the flip-flop resets and the transistor conducts, discharging the capacitor.
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For three pins,
you can multiply,
divide, square . . .

A bipolar switch
may be a better
bet than a FET

Getting the signal
past the noise

Tweezing picoamps
from instrumentation
amplifiers

For bulls
in china shops

Engineer’s newsletter

A powerful new tool for the analog system designer is the multiple-
function integrated circuit made by half a dozen or so semiconductor
manufacturers. In a single package, it combines standard dual or quad
op amps or comparators or transistor and/or diode arrays, giving more
flexibility with fewer power supplies for a variety of amplifier, filter, os-
cillator, and signal-conditioning jobs.

Another, less standard, multiple-function block is Intech’s mathe-
matical module, which can be programed to give a wide range of single-
quadrant computations: multiply, divide, square-root, square, square a
ratio, raise a voltage ratio to an arbitrary power, and so on. The circuit
contains a log, log ratio and antilog circuit, plus a reference voltage
source, and simplifies interconnection since all the operations can be
gotten by simply programing three pin connections with two resistors.

When you need a transistor switch, don’t automatically specify the low-
noise field-effect device. Although noisier and less linear, a bipolar
switching transistor is good enough for many signal-processing needs—
and costs much less. Packaged arrays of four or more bipolar transis-
tors may cost half as much as FETs. And for those applications where
stability is necessary, as in data multiplexing and digital-to-analog sys-
tems, some of these bipolar transistor arrays are prewired to accept dif-
ferential inputs, and some contain an on-chip compensating diode.
Furthermore, bipolar transistors can handle higher power levels, allow-
ing them to process signals over a broader dynamic range.

Although complementary MOS circuits are known best for their ability
to operate in portable equipment at moderate speeds with low power
consumption, communications system designers are beginning to look
into that technology’s noise immunity as well. C-MOS logic circuits can
operate in noise levels as high as 50% to 75% of supply voltage, making
them good components in crosspoint switches, for level-detecting and
wave shaping in modem applications, and in data acquisition systems
as voltage comparators or for low-level analog-to-digital conversion.

Getting the full performance out of an instrumentation amplifier (ex-
tracting picoamperes from large common-mode voltages) is not so
easy. Here are some shielding tips that have saved many a low-level
system: (1) ground the input circuit at one and only one point—prefera-
bly at the source; (2) don’t use a standard coax shield to carry input sig-
nals—an independent shield is much better; (3) if the signal source is
elevated above ground potential, don’t ground the input cable shield—in-
stead, connect it to the low side of the signal source.

Designers who’ve cracked more ceramic substrates than they’d care to
admit because their model-shop drill press is too slow to handle the ma-
terial will want to check out the miniature high-speed drill from
Aremco Products, Inc., Box 145, Briarcliff Manor, N.Y. It develops
30,000 rpm and can drill holes 0.005 to 0.250 inch in diameter in ce-
ramic substrates up to 3 inches thick.
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Some of the best things
about our new Digivac 1000
are what you can't see.

When you look at our
vacuum fluorescent readout,
you won’t see the low voltage re-
quirements making it directly
compatible with available
MOS IC logic packages.

You won’t see the exclusive
mica substrate which supplies
mechanical strength and helps
emphasize lighted segments
through a desirable halo effect.

You won’t see the low cost,
lower than competing read-
outs with fewer customer
advantages.

Of course, there are things
about our Tung-Sol® Digivac
1000 you can see.

Like the Digivac 1000’s
brightness. 50% more bright-
ness and greater uniformity
than ever before.

®T-ademarks Wagner, Tung-Sal and Digivac, Reg. U.S. Pat. Off. and Marcas Registradas
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You can see the flexible
language with alpha, numerical
and symbolic figures.

You can see the wide range
of colors, including white,
available with common types
of filters.

And because of the unique
construction, you can see the
accurate viewing assured

from virtually any angle.

With the Digivac 1000
readout, whether you see it or
youdon’t...it’s still nice to
know it’s all there.

For additional informa-
tion on the Digivac 1000, write
to: Tung-Sol Division, Wagner
Electric Corporation, 630 W.
Mt. Pleasant Avenue, Living-
ston, New Jersey 07039.

Wagner makes other quality
products in volume for the elec-
tronics industry, including bridges,
power supplies and subsystems,
silicon rectifiers, resistors, minia-
ture lamps and status indicators.
And Wagner offers contract
manufarturing.

We've got a lot more riding for you.
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There’s never been a klystron quite like our TH 2054.
Specifically designed for industrial and scientific RF-
heating applications, it boasts a CW output of up to 50
kW of microwave power in the 2450 MHz ISM band, at
a highly economical electrical efficiency of better than
60%.

Keeping both the microwave-heating
system maker and the eventual industrial
or scientific user in mind, we've designed
an extremely rugged tube, capable of operat-
ing into processing loads whose RF imped-
ance may randomly vary over quite a wide

range. At the same time, to lower amortization costs,
we built in long-life features such as a dispenser cath-
ode and an ion pump.

Whatever the size of your microwave-heating job,

look to THOMSON-CSF to supply the tube you need.

In addition to the TH 2054 Klystron, we have
1.5 kW and 5 kW magnetrons, avail-
able in ready-to-use power packs, if de-
sired. For complete information on all
these tubes, just circle the appropriate num-
ber on the Reader’s Service Card, or contact
us directly.

The
TH 2054:
S50KW, CW.

Better than
60% efficiency.

Unsurpassed
for RF heating.

S’
>
"\ >
THOMSON-CSF .

THOMSON-CSF ELECTRON TUBES, INC. / 50 ROCKEFELLER PLAZA / NEW YORK, N.Y. / TEL. (212) 489-0400

France - THOMSON-CSF Groupement Tubes Electroniques/8, rue Chasseloup-Laubat/75737 PARIS CEDEX 15/Tel, 566 70.04

Germany - THOMSON-CSF Elektronenréhren GmbH/Am Leonhardsbrunm 10/6 FRANKFURT/MAIN/Tel, 70 20.99

italy - THOMSON-CSF Tubi Elettronici SRL/Viale degli Ammiragl; 71/ROMA/Tel. 638 14.58

Japan - THOMSON-CSF Japan K.K./Kyosho Building/1-9-3 Hirakawa-cho/Chiyoda-ku /TOKYO/1102/Tel. (03) 264.6341

Sweden - THOMSON-CSF Elektronrér AB/Box 27080/S 10251 STOCKHOLM 27 / Tel. (08) 22 §8.156

United Kingdom - THOMSON-CSF Eiectronic Tubes Ltd./Bilton House, Uxbidge Road, Ealing /LONDON W 5 2TT/Tel. (01) 579 55.11/Telex: 25 659
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New products

Portable tester
checks LS| arrays

Low-priced unit includes

microprocessor that runs routines

atrates upto 1 MHz

by George Sideris, San Francisco bureau manager

Isolating faults in products made
with MOs chip sets and other large-
scale logic arrays often demands
long, unique sequences of data
words and control pulses. To check
the subassembly cards of an elec-
tronic cash register, for example,
may require exercising runs that
simulate the operations of a micro-
computer and asynchronous periph-
erals, such as indicators, printers,
and tape or disk recorders.

But programable testers capable
of testing whole families of chip-set
assemblies and systems need not be
big and expensive. Data Test Corp.
proves that with a portable unit suit-
able for both factory-testing and
field use. Priced at $6,950, the Data-
tester 2400 (above, at right) contains
a high-speed TTL microprocessor
that runs test routines at step rates
from 1 hertz to 1 megahertz. It is
programed with small, plug-in cards
carrying up to 4,096 words in PROMS
or EROMs (field-programable or
erasable read-only memories). Each
card can store the test routines for a
family of small systems.

Writer. A companion portable
unit, the 2400-PDS program devel-
opment station (above, at left, with
keyboard taken out), is an optional
$5,950 accessory. It also serves as a
high-speed, general-purpose PROM
writer (pulse-programer). The test
programs are first entered into a
random-access memory in a high-
level language equivalent to For-
tran. They are checked on a display
and debugged by running them
through the Datatester, while the
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tester exercises, for instance, subas-
semblies that are known to be good.
Then, the PROM card is plugged in,
and the programs in the RAM are
automatically written into the
PROMs. Users who don’t want this
aid may have software and cards
prepared by Data Test’s service sub-
sidiary or, since the PROMS are stan-
dard devices, use their own PROM
preparation equipment. Software is
also available in the field through a
time-shared computer service.

Repertoire. Unlike the mini-
computers ordinarily used in pro-
gramable test systems, the book-
sized microprocessor in the Datates-
ter 2400 doesn’t do arithmetic com-
putation. It has a hardwired reper-
toire of 16 test-oriented instructions,
which are executed at high speed
(300 nanoseconds cycle time). The
instruction