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HP’s 250 MHz 183:
Still The Performance Champ!
Ask For A Demo.

If you want to look at waveforms in
high-speed logic circuits, or to
photograph ultra-fast transients—
there’s still only one general purpose,
lab oscilloscope that gives you a
real-time window from DC to VHF.
Itis HP's 183, the 250 MHz 10 mV/div
scope (to 600 MHz with direct access
plug-in)—now available for demos
on your bench.

HP pioneered in the development
of the first useful, usable high-
frequency scope to give you these
features: 10 mV sensitivity, 1.5 ns rise
time, 4 cm/ns writing speed, negligi-
ble distortion frominput capacitance.
Balancing price and performance
the 183A system is a bargain—with
delayed sweep, $3900; without de-
layed sweep, $3400 (available in
either cabinet or 5%" rack-height
versions).

HP's technical leadership, cover-
ing a wide area of disciplines, made
it all possible. An in-house IC capa-
bility produced monolithic transistor
arrays for the vertical amplifier—

Electronics | May 24, 1971

key factor in achieving good transient
response with 250 MHz bandwidth
and high-fidelity reproduction of
waveforms.

HP's step-ahead CRT technology
produced a unique CRT to display
fast signals. The CRT uses two trans-
mission lines for the vertical deflec-
tion system, to provide distributed
deflection of the electron beam and
to give the CRT a cutoff frequency
well beyond present IC technology.

Since the 183A mainframe is not
limited by hard-wired, internal ampli-
fiers, you have freedom to take ad-
vantage of any existing HP 180 Series
plug-ins, plus any HP high frequency
innovations, as they become avail-
able—and higher bandwidth ampli-
fiers are now in HP development labs.

Meanwhile, the HP 183 250 MHz
Scope is a deliverable system, cap-
able of making your measurements,
now. And it's backed by almost two
years of successful, in-the-field per-
formance on customerworkbenches.

The same step-ahead thinking

exemplified in the HP 250 MHz
scope also exists in all HP scopes.
To find out all aboutthe most exciting
new developments in the rapidly
changing world of oscilloscopes,
ask your HP field engineer to show
you the whole HP 180 scope family,
including sampling and storage. Or
write, Hewlett-Packard, Palo Alto,
California 94304. Europe: 1217
Meyrin-Geneva, Switzerland.

f B

Scopes are
changing.
Are you?

\_ Y,
s
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The Spec Test: Check the specifications
you were quoted before delivery. Are
flutter and skew still within tolerance?
Tape speeds still on target? How about
signal-to-noise ratio and distortion ? How
hard would it be to bring everything
up to spec again? Any new recorder
should be able to pass a spec check. But
if yours is over a year old and flunks,
you're not getting what you paid for.
The Obsolescence Test: If your re-
quirements change, can your recorder
change with them? Can you ecasily in-
crease the number of channels? Mix
modes? Add accessories? How about

3960 instrumentation recorders.
One of them will fit your necds.
., And not just the first year you
have it, either. Prices begin at
$4300. Put us to the test and
check out our analog recorders
with your nearby HP field en-
gineer. Or for further informa-
tion write to Hewlett-Packard,
Palo Alto, California 94304,
Europe: 1217 Meyrin-Geneva,
Switzerland.

HEWLETT

changing prices? If you've got doubts
about the answers to any of these ques-
tions, maybe you should review your
supplier’s list.

The Manufacturer’s Test: You can’t
always afford the test equipment — or
the time — to check out every single
item on your recorder system. Can
you take the manufacturer's word on
performance? How about replace-
ment parts? How long will they
be available for your model?

Make sure you get all the
right answers the first time. You
can, with HP’s 3950, 3955 and

42103

, PACKARD
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Publisher’s letter

isplays are a hot subject. Nearly
every one of our news and tech-
nical sections has a story about
some new development in this fast-
growing sector of electronics. First,
there’s a big in-depth roundup
(see p. 65) on just what’s available
to equipment designers today—be
it LED, plasma, electroluminescent,
or incandescent. We think you’ll
find this a valuable reference tool.
Our New Products section leads
off with another display-based
story (see p. 91), this one about
the first commercial reactor for
epitaxial deposition of gallium-ar-
senide-phosphide film. And the
Electronics Review section has a
piece on plasma panels for ter-
minals (sec p. 26). For sheer num-
bers, though, the Electronics Inter-
national section takes some sort of
prize, with four significant new ap-
proaches to displays from as many
countries. Two of the new develop-
ments are based on electrolumi-
nescence—yellow, green, and blue
elements from Great Britain, and a
wide-screen display from West
Germany. French researchers have
built a liquid crystal display right
on top of its MOS drive IC. And
Japan’s Sony has come up with a
remarkable thick film, flat, multi-
digit glow tube. It all adds up to
some very illuminating reading.

Speaking of Japan, it may inter-

est you to know that the nation
that grabbed the transistor radio
and made it its own is priming its
computer industry with something
of the same goal in mind. Its large-
scale computer project (see article

’

on p. 42) is aimed at taking a giant
step forward into advanced com-
puters. Up to now five of the six
major domestic computer makers
in Japan have built their machines
through licensing and knowhow
agreements with U.S. makers. The
knowledge and experience gained
on the large-scale project is al-
ready beginning to change that.
And the project is not only spin-
ning off new ideas in computer ar-
chitecture, but in displays, semi-
conductor technology, and other
areas as well. This article is a must
if you're concerned about Japancse
competition.

ometimes our editors find that

reporting a story is educational
in more ways than one. In getting
the facts on the digital electronic
organ (see Probing the News, p.
79), Los Angeles bureau manager
Larry Curran had to jump some
unfamiliar linguistic hurdles.

Not being a musician, he had to
first master the special terms of the
organist. Words such as “great”
and “swell” that sound like slang
adjectives have much different
meanings to an organ buff. Great is
used to describe the lower set of
keys on an organ with two sets of
keys, for example. And “diapason,”
which sounds like it belongs on a
menu in an Italian restaurant, is
a term used to describe the distinc-
tive voice of an organ.

bl
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SOLID TANTALUM CAPACITORS

RIGHT ON THE MONEY

FOR PRINTED WIRING BOARDS
IN' INDUSTRIAL, COMMERCIAL,
AND ENTERTAINMENT
ELECTRONICS

L e - =

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS
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Sprague Type 196D Dipped Solid-Electrolyte
Tantalex® Capacitors cool the performance/budget
argument. Newly broadened line—now available
in all popular 10% decade values between 0.1 uf
and 330 uF. Voltage range: 4 to 50 vdc. Hard insu-
lating resin coating is highly resistant to moisture and
mechanical damage. Straight or crimped, long or
short leads. Operate to 125C with only V3 voltage
derating. Write for Engineering Bulletin 3545A.

SPRAGUE

Technical Literature Service
Sprague Electric Company
35 Marshall Street

North Adams, Mass. 01247

R STV

THE MARK OF RELIABILITY

454-0139
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Eight rays
of hope for the
incurably
trigger-happy.

You know how it is with conventional dual-chan-
nel scopes. You re-position a trace and you have
to re-adjust the trigger. A man can get trigger-
happy.

Well, Dumont's 1050 scope series puts an end to
all that. All eight models have trigger systems
that bypass the positioning circuits. Result: No
loss of trigger (in either channel, in any posi-
tion), no trace flicker in dual trace, and no re-
adjusting the trigger level after trace positioning.

Ask us about our 1050 Series. About the easy
operation, about the tremendous sensitivity, about
the excellent wide-band operation.

At prices that begin at $1845, they should shed
a little glow in the budget department too.

Write or call for details.

Dumont Oscilloscope Laboratories, Inc., 40 Fair-
field Place, West Caldwell, New Jersey 07006,
(201) 228-3665 /| TWX (710) 734-4308.

DUMONT

0SCILLOSCORE LABORATORIES INC
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Readers comment

SGS and MOS

To the Editor: I was very much sur-
prised to read in the International
Newsletter of April 12 that I was
quoted as saying I “would like SGS
to concentrate on MOS circuits for
the company’s [Olivetti’s] office
calculators.” I never made that
statement, which was wrongly at-
tributed to me, nor any statement
that could be interpreted in that
way. There is no change in the Oli-
vetti attitude toward SGS as well as
toward SGS products, strategies,
and policies. SGS is more than ever
determined to increase its total
effort, both in standard and custom
bipolar and”MOS ICs, for all appli-
cations.
Roberto Olivetti
President
Ing. C. Olivetti & C., SpA
Ivrea, Italy

Low-cost recorders

To the Editor: Re the article on us-
ing low-cost recorders for instru-
mentation data [April 12, p. 35], I
can see how arithmetical manipula-
tion during differential pulse-width
modulation can significantly reduce
errors caused by transport wow.
But I don't see how this relates to
achieving 60- or 120-inches-per-
second performance at 1% in./s.
The only reason for gobbling up
tape is to obtain large bandwidth,
and there is no magic that I know
of in DPWM that endows it with 32
to 64 tines the bandwidth capabili-
ties of other tape-encoding tech-
niques.
Frederick A. Stone
CBS Records
Milford, Conn.

» Electronics erred in implying that
a cassette deck could beat the band-
width capabilities of a 120 in./s
machine. Rather, the Setra deck is
designed for applications such as
industrial control bioengineering,
and environmental recording where
data rates are dc to 200 hertz. For
those jobs, buyers often must go
to expensive machines with broad-
band capabilities just to obtain low-
speed performance.
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Room
for

improvement.

Until now, most rack and panel and I/0 connectors came
with contacts spaced at .150”. Or wider.

Which meant that your dense forest of .100” center
connections had to spread out whenever it came to an
R/P connector.

Or your standard .125” center automatic-wire-
wrapping grid had to lengthen stride to accommodate an
1/0 connector.

No more.

Our new crimp-and-insert mini-Varilok™ contact
fits easily, with no sacrifice of electrical or mechanical
integrity, into .100” or .125” center plugs and
receptacles.

R/P connectors with mini-Varilok contacts on .100”
centers {Series 8026) are less than half the size of their
.150” counterparts. They’re suitable either for the rigors
of military service or the air-conditioned comfort of a
computer room. And they have all the options you’ll
need: 33-contact connectors with plastic covers;
75-or 117-contact connectors with metal covers;

cable clamps;
jackscrews; polarizing hardware.

For 1/0 applications you
can use the same connectors,
mating them with modular
receptacles (Series 5540). The
receptacles—a kcyed connector-
center module, contact modules, and
polarizing hardware modules—have
Varicon™ contacts, ready for wire-
wrapping. Your choice of 33, 75, or 117
contacts on .100” centers. 55 or 79 contacts
on .125” centers.

When you’re ready, you'll find all these
connectors, all ready, at your Elco distributor. In the
meantime, to get vour copy of our new 1971 R/P and 1/0
connector guide. write us at Elco, Willow Grove Division.
Willow Grove, Pa. 19090. Elco. Huntingdon Division,
Huntingdon, Pa. 16652. Elco. Pacific Division.
2200 Park Place. El Segundo. California 90245.

Improvements.

.100"/.125" square grid
input/output, rack & panel
and plate connectors

Send for your 1971 Design Handbook

Manufacturing in USA, Australia, Belgium, Canada, Denmark, England, France, Germany, Israel, and Japan. Sales offices throughout the world.
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Our passive components can be obtained from a well- '

stocked industrial distributor right near you, for even
tive people and products? Write Airco Speer Electronics,

faster delivery. Isn't it time you investigated our innova-
Bradford, Pennsylvania 16701.

/ IRCO Speer Electronic

The
at

passi
innovators

We do.
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People

When one man can evaluate a
new market, design the prod-
ucts to fit it, and muster the clout
to get it manufactured, he’s prob-
ably the president of a small elec-
tronics company. Joel Naive fits the
description, except that he had to
step out of the presidency of
Wavetek, San Diego, Calif., and
become chairman of the board in
order to get enough time to com-
plete those tasks.
Wavetek’s bread and butter has
been signal-generating equipment,
phase meters, and function gen-

Joel Naive: Back to the drawing board.

erators. From its founding in 1963
Naive, as president, was preoc-
cupied with getting the firm off the
ground. “However, I wanted the
freedom to spend time where I'm
most valuable to the company—in
technology and marketing rather
than business administration,” the
42-year-old EE explains.

A professional manager with
Harvard Business School creden-
tials became president and Naive
(thymes with rave) returned to his
first love—designing,

The result has been formation
of a new subsidiary, Wavetek Data
Communications, and entry into an
entirely different market. Naive did
most of the design and develop-

ment of a pushbutton audio re-
sponse system for point-of-sale
credit authorization, banking, and
industrial data communications.

The shift for Naive was primarily
from analog back to digital design,
which had been his specialty after
getting his MSEE from Stanford
University. But he adds, “I had no
formal training in logic design in
the conventional meaning. So I had
to brush up on NAND and NOR
gates, TTL, computer technology,
and the like.”

Turning the company’s engineer-
president-turned-chairman loose to
pursue new markets paid off in
speed, too. It took just six months to
move the audio response system
from concept to prototype and an-
other three months to produce and
install the first units.

“H ow glad | am that we moved,”

says Fred Becker, president of
tiny Becker Electronics in East
Durham, N.Y. “Everytime I go back
to the metropolitan area, I realize
more and more I don’t regret mov-
ing.” The speaker company founded
by his father in Valley Stream,
N.Y., in the heart of Long Island’s
electronics complex, has relocated
150 miles to the Catskills.

Though Durham might be de-
scribed as one of those places you
can’t get to from here, the ad-
vantages have been financial as
well as psychic. Though near a
resort area, the mountain locale is
also among the most economically
distressed spots in the nation. As
a result, the Small Business Ad-
ministration has helped finance
Becker’s $600,000 plant, and labor
has been plentiful. Now the com-
pany has shifted from its stance as
a basic OEM supplier to one offer-
ing direct consumer sales in stereo
speakers and radios. This required
an expansion of the original plant.

As for the mental rewards,
Becker sounds more like a local
tourist agent, “The engineers like
the country for the relaxed style
of living,” he boasts. “It’s quiet up
here away from the constant grind
and panic of doing business in the
metropolitan area. We have no
trouble getting people up here.”
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National presents the
Tri-State-of-the-art.

(A timely, information-filled discussion of the
National Tri-State* logic scene featuring

systems design input by Jeff Kalb and systems
applications data by Dale Mrazek with
introductory notes by Floyd Kvamme.) T

3 . " e . PR SN
*Tri-State is a Trademark of National Semiconductor Corporation SRR
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“The first DTL devices were designed good news for you. And good news for us,

with passive pull-up. Then, to improve speed, since it’s always nice to be followed.

you went to an active pull-up which caused Speaking of second-sourcing, it would

havoc with the bus OR able system. So, the be well to list our devices so you can see

next step in evolution was to use an what all the others are copying.

uncommitted collector output. Right now, we have eight Tri-State
Tri-State logic, then, is the next step logic devices. All available off-the-shelf.

beyond that.!. ¥rLOYD KVAMME. They are as follows:

DIRECTOR OF MARKETING DM8093N. ] .Tri-State Quad Buffer
To the designers of bus- iy DM8230N...Bus Line Demultiplexer
organized data systems, Tri- M D.M%Sﬁélggigarty L‘g%DﬁYerFl
State logic is good news. ) ...Quad- 1p Ilop

Tri-State logic devices give “.) DMB8O9AN...

{
{]

you all the speed, power " Tri-State Quad

and noise immunity of Buffer

TTL plus the ability to | DM8214N...

interconnect outputs |4 Dual 4-Line-to-1-

of similar devices to a i Line Multiplexer

common bus line. DM8598N...256-Bit
Expandable ROM

Three States,

A DM8599N...64-BitRAM
Explained

“Tvi-State logic is really
one of the very first
attempts to relate systems

performance fo circuit design,
not the other way around...

JEFF KALB. DIRECTOR OF DIGITAL
INTEGRATED CIRCUITS

Basically, a Tri-State
IC is a logic element with
three distinct output states:
“0” “1” (normal TTL levels)
and OFF which is a high
impedance state that can neither
sink nor source current at a definable
logic level. (At most, it may require 40uA
leakage current to be supplied to it from
other devices connected to the same
output line. But more on that later.)

The Advantages Of
Tri-State Logic

When you compare a
54/74 spec sheet to a Tri-State
IC spec sheet, there’s really little
difference. The difference lies in
Tri-State logic’s ability to improve
system performance by a ratio of
three-to-one (or more). In the end,
you get more speed with no effective
increase in cost. You also get more
work per unit time.
From a circuit standpoint,
there’s nothing spectacular or
mystical about Tri-State logic
since it doesn't require any
new processing techniques.
What we've done is incorpo-
rate all the things that
designers can do and have
o done into one overall systems
oriented concept. A refinement of existing

Tri-State Logic Is, At This Very Moment, techniques specifically aimed at solving the
Being Second-Sourced problems of bus-organized data systems.

Happily, other companies have jumped How It's Done
onto the Tri-State logic bandwagon. Which is Actually, the concept of creating a

There are a number of decided
advantages. For one thing, Tri-State
logic totally eliminates the need for a
pullup resistor in a bus-organized
system. Which means you save space
and money. You also get more speed
with no effective increase in cost.
Noise susceptibility is improved by
a factor of 10. And Tri-State logic
is completely compatible with all
existing 54/74 devices. (In fact,
we've made a special effort to make ¥+ |
conversion to Tri-State logic extremely easy.)
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Tri-State TTL device is relatively simple.
We've just provided a means of removing the
drive current from the totem-pole output of
the TTL device. The output then resembles
two semiconductor junctions biased in the
non-conducting or high impedance state.
The only load they offer to the common bus
line is the junction leakage which must be
provided by the output of the device that’s
driving the bus line.

In addition, the inputs of many Tri-
State circuits also dis- ;
able and, in doing so, i
load the driver with
only leakage current.
In effect, this makes
both output bussing
and fan-out into other
inputs virtually
unlimited.

Thus, all Tri-
State logic elements
have been designed
with a Darlington-
connected power stage
to provide a source
current of at least
5.2mA in the logic “1” .
state (13 times the
TTL norm of 400uA).
The lower output
transistor sinks the
16mA normally re-
quired for a fan-out of
10 in the “0” state.

Some Interesting
Calculations

A source current
of 5.2mA in the en-
abled “1” state means
that at least 128 Tri-
State outputs can be
bus-connected. If one
output drives while 127
other outputs on the same line are inhibited,
the maximum leakage current to be sourced
1s 127 x 40uA -5.08mA. Which means at
least three TTL loads can be driven with the
minimum of 120uA remaining.

Another Tri-State logic benefit is that
lines longer than 10 feet can be driven
reliably, while standard TTL can drive only
10 to 12 inches of line before noise immunity
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becomes a problem. The higher power of the
Tri-State IC output also improves “1” level
noise immunity by a factor of 10.

Finally, one of the unique things about
the Tri-Statelogic gating system is that it
runs in parallel with the existing logic func-
tions. It doesn’t slow down the logic function
itself while it’s operating, it just provides a
means of turning it off —in parallel. So,
you're not adding any time to the system,
you're really adding a control.

A “One of the functions
of Tri-State logic

(as we were designing
it) was to make any
previously-designed
MSI elements
bus-structurable!’.

DALE MRAZEK, DIGITAL
APPLICATIONS MANAGER

Reduced to its
most basic and flexible
form, a Tri-State IC
output is a special kind
of gate. And so, the
most universal Tri-State
devices we've designed
to date are the DM8093
and DM8094 Quad
Buffers. With these
buffers, any other TTL-
compatible device or
MSI module can be
given Tri-State input

Using Tri-State Buffers,
many logic circuits can
be saved. For example,
in Fig. 1, they operate
in pairs on a single
control line to perform
the two-wide multiplex
function so commonly
needed in logic design.
A comparison of this design with a standard
design will show that an inverter and four
2-input NOR gates are saved in just this one
subassembly. And, the subassembly can be
expanded modularly.

More Nice Things You Can Do
With Tri-State Logic

There are, obviously, many different

or output characteristics.
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bus-structured systems applications using of bus-organized systems, but improves
Tri-State devices. Some are relatively simple,  overall system performance by a factor of
others very complex. On this page we've three-to-one.
diagrammed some typical applications. Each
contains a Tri-State device or a series of VHOWOTO GfI._Y&ur'
Tri-State devices. All improve overall system e[z o) Uit U
b o gic Seminar

performance substantially in addition to
reducing the physical number of Obviously, there’s a lot more to talk
elements required. about when it comes to Tri-State logic.

1 gt So, were prepared to offer you your

Future very own Tri-State Logic
Tri-State \ Seminar. In your very own
AN office. Conducted by one of
Our eight / N our very own Field Appli-

Tri-State devi-
ces are just the.
beginning of a
logic family
which will con-
tinue to expand
at a rapid rate.
And as
we expand our
line of devices, we
are looking at each new
function not from the

cations Engineers who'll
show up with an arm-
load of Applications
Notes and a headful of
answers to just about
any question youre
likely to come up
with.

: Our Operators
& Are Standing

_ _ By For
standpoint of “Is this a You! Calls
nice function?”; but,
rather, how does it fit into To get the ball

the system to make the
system work better.

As a result, there
are a variety of RAMs,
ROMs, Low Power TTL
devices and more systems-
related MSI functions, on
our drawingboards.

Very soon, too, we
will offer Tri-State logic de-
vices which feature com-
mon I/0, which will give
even more performance in
an already small package.

rolling on your very
own Tri-State Logic

Seminar, or simply

get more information,

call (408) 732-5000.

Or write National
Semiconductor Corporation,
2900 Semiconductor Drive,
Santa Clara, Calif. 95051.
TWX: (910) 339-9240.
Cable: NATSEMICON.

A Summary

Tri-State logic is an innovative e
new concept in logic design that combines
the speed, power and noise immunity of
TTL with the wire-OR’able flexibility
required for real-life bus systems.

But even more importantly, Tri-State
logic is a systems-oriented concept that not
only simplifies the design and construction
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40 years ago

From the pages of Electronics, May 1931

Soviet Russia is now building a
broadcasting station at Noghinsk, a
suburb of Moscow, which will have
a power of 500 kw, the largest in
the world. The Soviet government
also hopes to have eleven new 100,-
000-watt stations and twenty-eight
10,000-watt broadcasters in opera-
tion before the end of 1933. Amtorg,
the official Russian trading agency
in the United States, further re-
ports that 47 stations are already
built and operating, that about
2,746,000 receiving sets are in use,
and that 14,000,000 will have been
distributed by 1933.

Ot the first 15 states and District
of Columbia thus far reported, the
number of families owning radio
sets, according to the latest U.S.
Census Bureau reports, was less
than 33 per cent. Connecticut and
the District of Columbia are well
in the lead of the states so far
reported, their percentage totals
being 54.9 and 53.9 respectively.

A tiny automatic radio transmitter
that is attached to free balloons and
then tracked by radio direction-
finding apparatus to trace air cur-
rents has been developed by Major
W. Blair of the Army Signal Corps.
Believed to be the smallest and
lightest radio transmitting outfit
ever built, the weight of the com-
bined transmitter, antenna, and
battery is only 17% ounces. It is
said to be capable of sending on
a frequency of 2,300 kilocycles
(130.4 meters) up to 25 miles.

Activity in many directions indi-
cates that the selenium cell is any-
thing but “dead.” In England it is
being used to detect smoke in
steamer holds, to turn on and off
street lights, to control the flow
of oil in oil-burning furnaces, and
generally to perform all the multi-
tudinous functions for which the
phototube is being sold.

In this country selenium is being
used in a large chain of sound-
picture theaters, and a device is
ready for the market which, by
means of a selenium tube, regulates
the amount of illumination.

Circle 13 on reader service card—>
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(Patented)
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Coaxi

the new Bausch & Lomb StereoZoom 7

Youre looking at

a Mmajor
advameement in
microelectronics
cost reduction and
quality assurance

Now—speedily, surely—you can examine reflective
micro-objects for the first time as they really are.
Full-color definition. Without flare, glare, shadowy
ambiguity. With image quality comparable to the
best monobjective microscope ... and in 3-D.
One-step visual quality control is now possible, for
example, in assembling microelectronics. And
quality assurance checking of multi-layer elements
is swift and conclusive. Results: significant time
and cost reductions.

New, unique, vertical illumination is the reason. The
Bausch & Lomb StereoZoom 7 Coaxial Illuminator
supplies uniform-intensity, full-aperture, on-axis
illumination to both sides of the optical system. Better
than ring lighting. Better than ordinary vertical

and incident light systems.

But words can only hint. See it for yourself. Ask

for Catalog 31-2368 and a demonstration of

the Bausch & Lomb StereoZoom 7 Microscope

with Coaxial lllumination . . . now.

BAUSCH & LOMB (@)

SCIENTIFIC INSTRUMENT DIVISION
99741 Bausch St., Rochester, N. Y. 14602



Meetings
We ma ke them Calendar
pure and B & Bl eseoreriegte

Skyline Hotel, Ottawa, Ont., Canada,

Simple. June 1-3.

Conference on Laser Engineering &
Applications, |IEEE; Washington

e ANTIMONY Hilton Hotel, Washington, June 1-4.
Symposium on Applications of
e ARSENIC Ferroelectrics, IEEE; IBM Research

Center, Yorktown Heights, N. Y., and
Holiday Inn, White Plains, N. Y.,

* BISMUTH June 7:8.
Conference on Aerospace Antennas,
IEE; L 1) -10.

° CADMIUM ondon une 8
International Conference on
Communications, IEEE; Queen

* COPPER Elizabeth Hotel, Montreal, June 14-16.
Cost Engineering Symposium, American

¢« GOLD Association of Cost Engineers; Hotel
Bonaventure, Montreal,
June 19-23,

e INDIUM
Temperature, its Measurement and
Control in Science and Industry,

e LEAD American Institute of Physics,
Instrument Society of America, National
Bureau of Standards; Washington,

¢ SELENIUM June 21-24.
Pollution Engineering & Equipment
Exposition and Conference, McGraw-

[} v

SILVER Hill Inc., Technical Industry

Expositions, Inc.; Conrad Hilton

pe SULFUR Hotel, Chicago, June 22-24.
Design Automation Workshop, IEEE;
Shelburne Hotel, Atlantic City, N.J.,

* TELLURIUM June 27-July 1.

Reliability and Maintainability Confer-

e THALLIUM ence, American Society of Mechanical
: Engineers; Disneyland Hotel, Anaheim,

Calif., June 27-30.

e ZINC

International Symposium on Electro-

magnetic Compatibility, IEEE; Bellevue

. . . . Stratford Hotel, Philadelphia,

High purity elements readily available. Asarco offers the July 13-15,

widest selection in the business. For semiconductors, electron- Power Engineering Society Summer

] e 5 : 2 . oW Ty Meeting and International Symposium

ics, r.netallul gy, and other applications. In research or pro on High Power Testing, IEEE; Portland

duction quantities. Hilton Hotel, Oregon, July 18-23.
New facilities are on-stream to meet the rising demand. Conference on Nuclear & Space

Our purity capabilities meet ultra (or lesser) requirements. | Radiation Effects, IEEE; New England

. K . Center for Continuing Education,
For data sheets, or further information, on Asarco high Durham, N.H., July 20-23.

purity elements, write our By-Products Department. Intersociety Energy Conversion

Engineering Conference, |IEEE; Boston

-A—S/—AQR\CG Hilton Hotel, Boston, Aug. 2-6.
\S European Microwave Conference, IEEE;

Royal Institute of Technology,

. 23.28.
AMERICAN SMELTING AND REFINING COMPANY | Stockhoim, Sweden, Aug. 23-28

120 BROADWAY, NEW YORK, N.Y. 10005
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HC-1000, TA7625A, and TA7926  TA7631 and TA7632 TA7955, TA7956, and TA7957

Up to 7 A peak current IC levels to 300 amperes 5,8, and 12 volts

® Servos : * High power inverters * 4 A current capability

e Tape drivers * Power supply regulators ® [ntegral crowbar trigger

* Stepper motors * Variable-speed inductance motors e Booster capability to 12A
® Linear motors e Stepper motors

* Magnetic deflection
* HF amplifiers to 100 kHz

TA8141

-fezo.
Dual 5 A Darlingtons \pw/

e Hammer drivers
* Solenoid drivers
® Stepper motors

If your design requires power amplifiers, or power control [ nca
circuits, or power suppiies or something else you don’t see o
here, call your local RCA Representative. For a copy of ‘
catalog 211149, along with product sheets detailing design , .
concepts on various RCA power hybrid circuits, write:
RCA, Commercial Engineering, Section 70E-24/UC3, Harrison,
N.J. 07029. International: RCA, Sunbury-on-Thames, U.K
or P.O. Box 112, Hong Kong.

Solid State
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Evervthing’s
submlmat.ure
except therr

capac1ty.

Our subminiature switches
may be tiny, but there’s nothing
small about their electrical capacity,
long life expectancy, or application
versatility.

Our SM series, for example, has a switching capability to
10 amps, bifurcated gold contacts for high reliability and a wide
choice of integral or auxiliary actuators. Available are several
terminal styles, including new flat quick-connects. To meet your
other design needs, there’s now a sealed version of the SM.

And if that’s not enough, our smallest snap-action switch—
the 1SX series—combines precision operation and long life in a
1 gram package. Plus it offers most of the features found in the SM.

For more information, call your MICRO SWITCH Branch Office
or Authorized Distributor (Yellow Pages, ‘‘Switches, Electric’).

Or write for Catalog 50.

b i
% Shown actual size.

MICRO SWITCH

FREEPORT, ILLINOIS 61032
A DIVISION OF HONEYWELL

MICRO SWITCH products are available worldwide through Honeywell international.

16 Circle 16 on reader service card Electronics | May 24, 1971



Bell to open digital
link in 2 cities in'74

Multiplex system
‘changes’ door locks

Phillips’ firm plans
CAD setup for circuits

Electronics | May 24, 1971
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The first cities to get the Bell System’s dlgltal data service will be Wash-
ington and Boston, but they will have to wait until Jan. 1, 1974. By May
of that year, an additional two or three cities—probably New York and
Philadelphia—will be added. But the digital network serving 60 cities,
announced by New York Telephone Co. president William M. Elling-
haus last August, won’t be in service until 1976, according to latest
estimates. Bell spokesmen refuse to confirm the details.

The system will use point-to-point transmission via short haul Tl
and the recently announced T2 links, which have a capacity of 6.3 mega-
bits per second. For transmission paths over 500 miles long, digital
equipment will be installed at L4 coaxial cable and TD2 microwave
stations, By adding repeaters and changing terminal equipment, any
of the 10 TD2 broadband channels can be fitted out to carry 20 mega-
bits per second.

Meanwhile, Datran of Falls Church, Va., is waiting for the FCC deci-
sion on its prOposed 35-cities switched data network. “We are planning
on offering services in 1974,” says a company spokesman, “but we can’t
pinpoint that date until the FCC makes its decision on competition vs.
monopoly and we get all the permits” for frequency approval and con-
struction of microwave towers.

Aiming at the market created by the hundreds of new hotels and motels
built each year, the Telephonics division of Instrument Systems Corp.
in Huntington, N.Y., is developing a door lock that can be changed elec-
tronically from a central console. ISC also has its eye on the retrofit
potential—via the TV cable already installed in each room in most large
hotels.

In the so-called Muxlock system, multiplex signals are sent over a
common set of wires from a central console at, say, the hotel’s registra-
tion desk to the lock. There, the signals set magnetically coded “tum-
blers.” At the same time, the console modifies the room key to give it
the magnetic code. The system will make it impossible for potential
thieves to use duplicate keys; a new magnetically coded lock and key
can be set up as soon as a guest checks out.

Listen for the other shoe to drop soon at General Digital Corp., the
Newport Beach, Calif., MOS/LSI firm founded and headed by Alvin B.
Phillips. General Digital surprised observers by introducing an LSI
tester as its first product [Electronics, March 15, p. 119], but activity
in custom array design and sales shouldn’t be far behind. Phillips says
the firm is using its silicon gate process to produce test devices with
thresholds at 1.8 volts in its newly completed 35,000-sq.-ft. manufactur-
ing facility.

Further, the company is touting a low-cost computer-aided design
system for circuits that cost more than $200,000 to develop. It’s built
around a PDP-11 computer, an interactive CRT graphics terminal, and
a mask pattern generator that sells for about $40,000. Applicon Inc.,
Menlo Park, Calif., takes full system responsibility, including software.
The system is operating in Menlo Park and should be completely
installed at General Digital by mid-July.
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Helium-neon laser
produces 5 mW

Narisco to help N.Y.C.
keep eye on landlords

Federal weather men
seek to improve
local forecasts ...

...as SDM Corp.
wins first award

Addendum

18

Electronics Newsletter

The predicted low-cost, high-performance helium-neon laser with an
internal mirror is ready for the market. Spectra-Physics of Mountain
View, Calif., has developed such a plasma tube, which will sell for as
little as $165 and puts out as much as 5 milliwatts c-w (the most power-
ful comparable devices now available produce 1 and 2 mW).

The tube is also very stable—the internal mirror and the absence of
an external resonator mean that it doesn’t display any troublesome
frequency jump. It can be used to scribe wafers, align machine tools, and
record data, and will be available within 60 days.

New York City landlords will soon have to be more responsive to their
residents’ complaints or be denied permission to raise their rents. North
American Rockwell Information Systems Co. (Narisco) has won a one-
year, $400,000 competitive contract from the city’'s Housing & Develop-
ment Administration that makes two demands: first, create a data base
on landlords and keep it current; second, update the owner/resident file
and enter landlord violations.

The computerized system will match a landlord’s request to raise
rents against his file, permitting the housing administration to grant his
request only if he has rectified any deficiencies in the dwelling.

Funds for an experimental network using sophisticated hardware to
improve the speed and accuracy of short-term local weather forecasting
will be sought by the National Oceanographic and Atmospheric Admin-
istration (NOAA) in the fiscal 1973 budget. The field test facility, which
will comprise 16 remote automatic meteorological observing stations
dubbed AMOS 3-70, and priced around $50,000 apiece, will attempt to
forecast short-term weather events within a six-hour period in a 100-
mile range, none of which is now routinely observed by the National
Weather Service. NOAA officials say the $1 million budget request also
will cover evaluation of other hardware such as radar digital data
terminals, automated weather message composition equipment, and
radar-satellite mosaic equipment that superimposes radar returns on
area satellite photographs.

The NOAA effort represents the first step toward building the AMOS
system into a dense national weather network.

In the first AMOS contract set for award in June, existing NOAA money
will be used to begin upgrading earlier automated weather equipment,
and replacing weather stations recently closed by the Federal Aviation
Administration and Coast Guard, in about 100 locations across the
country. Low bidder was SDM Corp., Woburn, Mass., which will build
16 stations, each a $25,000 stripped-down version of the AMOS 3-70.

As if in answer to IBM’s recent introduction of the 3735 programable
buffer terminal and 3270 terminal system, Digital Equipment Corp.
announced at the Spring Joint Computer Conference its Decdatacenter
—a CRT terminal with 30-character-per-second hard copy printout built
around its PDP-11/20, 16-bit minicomputer. The terminal uses a type-
writer/adding-machine type keyboard, instead of a Teletype keyboard.
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Volt

omparators.
(I we can handle a30-volt differential,

you can forget about us.)

We have a voltage compara-
O 111’ . tor that still makes sense
ur S. at 30 volts.
o .' How many companies make
! INPYT BYAS CARRENT y Cotmnp o
<o .‘ AS A FUNCTION OF a comparator like that?
VFFERENTIAL
Tl «e\“s fvﬁvrwms-e- One. Us.
5 ) Ly TA=25% We have them now; so does
§ o} ‘E;Df' Hamilton/Avnet.
w0t S Wh
g p T -*w 11/211 31
| 1211 3
§w- O‘ﬂy Offset Voltage 07mV 2mV
B3 ‘ Offset Current 4nA 6nA
-26 =5 o <€ © +¢ 7bows | | InputBias Current 60nA  100nA
Vin— Voits | Voltage Gain 200V/mV 200V/mV
: |
Are you thinking about your l Circle 306 on reader service card

voltage comparators more

than you want to? So if you’re thinking about
Does a 7-volt input voltage comparators

send your bias more than you

currents wandering want to,

above 300nA? think about us.
Then, talk to us. Just once.

Advanced Micro Devices, Inc.x

Telephone 800-538-7904 toll free, and ask for Shel Schumaker. in California, call 408-732-2400. In Los Angeles, cail Steve Zelencik at 213-360-2102.
In the eastern United States, call Steve Marks at 212-343-2220,
901 Thompson Place, Sunnyvale, California 94086/TWX 910-339-9280/TLX 346306
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Designing computer memory systems?

20

Choose industrys only TTL
compatible 1024-bit RAM

It's the most advanced semiconductor memory component available.

You can improve performance and reduce
costs of memory systems for mini-computers
and peripherals—mainframes too! —with
MOSTEK's new MK 4006 P dynamic random
access memory. This new design is made
possible through MOSTEK's exclusive ion-
implantation process...enabling both depletion
and enhancement mode devices to be
incorporated on the same silicon chip. In the
MK 4006 P MOSTEK has combined process
leadership with creative design to bring you a
whole bag of new features.

MK 4006 P FUNCTIONAL DIAGRAM
C) C2 C3 Ca Cs

?z ?' Ds s Qe

DECODER DRIVER

13 e
CE c-
12
COLUMN REFRESH
AMPLIFERS BUFFER [P0 Dour
I }T“l L—‘l

Vss Voo

To ?o

CELL
MATRIX
1024 bins

[‘oecooen oriver
L

Circle 20 on reader service card

Consider a few:

e Full TTL compatible decoding on the chip
e No precharging or clocks required

e First 1024-bit RAMin a 16-pin package

e Fast access time —300 ns typical

MOSTEK makes it easy for you to use
MOS. All products are designed with the
system designer’s job in mind. Simple cycle
timing: read. write. or read - modify - write.

No need for interface circuitry like level shifters
and clock drivers. (You don't even need pull-up
resistors!) Result: you avoid noise problems
and at the same time realize big savings in
component costs and board space.

If you're ready to consider the advantages
of solid state memories, make a smart move...
to MOSTEK! Call Gordon Hoffman at (214)
242-1494, or your nearest Sprague Electric
Company representative, for more reasons why.

MOSTEK

CORPORATION

Applications literature
available on request

An affiliate of Sprague Electric Company.
1400 Upfield Drive, Carrollton, Texas 75006
The Calculator-on-a-Chip Company
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Electronics review

Government will
give job-seeking
EE up to $4,000

Technical personnel in areas
hard hit by defense-aerospace
unemployment are eligible
for Labor Department aid

The Labor Department has handed
out the first awards to unemployed
engincers — including  EEs—scien-
tists, and technicians in the 14
arcas where defense-aerospace un-
employment is concentrated—the
first of its $42 million Technology
Mobilization and Reemployment
Program. As part of the $16 million
in initial allocations, the awards are
to be used for job scarches, retrain-
ing, and relocation. As much as
$4,000 is available per cligible
individual.

Since registration began in mid-
April, more than 15,000 have signed
up for the program, which will
provide job-search grants of up to
$500 for interviews with companies
that will not reimburse travel costs
for the interview; up to 80% of the
cost of relocation, as much as
$1,200, for persons who obtain
jobs beyond normal commuting
range; and up to $2,000 for on-the-
job training up to 20 wecks, or
institutional training up to 26
weeks, for persons who find jobs
dependent upon that training, and
even more for both on-the-job and
academic training.

To qualify for the Labor De-
partment’s assistance, a jobless
professional must show that he
was employed for at least 12 of the
last 24 months and two of the last
five years with companies in the
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target arcas whose products and
services were at least 40% de-
rived from defense or aerospace.
If employed, he must show that his
employment is stopgap work, pay-
ing considerably less than his pre-
vious job and not using his primary
capabilities and experience in his
profession.

Advanced technology

Charge-coupled imager
now covers area

Following up quickly their charge-
coupled imaging device [Elec-
tronics, March 29, p. 19], rescarch-
ers at Bell Laboratories have put
together a more sophisticated and
useful version—an area imager.
Though still far from commercial
introduction, this 64-bit, 8-by-8§ ar-
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ray shows that CCD technology can
be applied to camera-type imaging,
and thrusts solid state concepts
deeper into picture tube country.

The Bell Labs development
should hearten those who, im-
pressed by promised low cost and
reliability, want to employ solid
state in picture devices but have
found the only such device com-
mercially available so far—the sili-
con diode target tube—is largely
lacking on both counts.

The €Cp device, using standard
metal-over-silicon  CCD  construc-
tion, has two scctions: the 8-by-8
image section where the picture is
focused and the light integrated,
and an 8-by-8 storage section where
the integrated image is stored and
read out line by line, a bit at a
time. The last line of this section
(a 1-by-8 array) is the readout line.
Transformation from image section

1,500

$ 598,000

10,000 2,993,000
2,400 1,196,000
700 837,000
1,300 837,000
3,100 598,000
2,500 957,000
700 957,000
2,200 1,196,000
800 1,196,000
2,900 1,436,000
2,500 1,436,000
2,400 957,000
1,700 1,156,000
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Glow. Area imager, of which only
three vertical “lines” are shown, has
three sections: imaging, where the
charge is integrated; storage, where
charge is then transferred and read
out line by line; and linear readout,
where final action occurs.

to storage section is done by par-
allel transfer—all lines at the same
time, bit by bit. Thus, the overall
scheme successfully achieves paral-
Jel-to-serial transformation of data,
something never done before.

Before the CCD imagers can be
called practical devices, Bell has
to build more complex arrays, and
this means smaller line geometry.
Right now researchers are using
60-by-18-micron lines spaced 2
microns apart, well within current
photolithographic limits. But nar-
rower stripes at closer spacing may
stretch production-line fabricating
technology. Also, the smaller elec-
trodes mean weaker transfer sig-
nals because the storage area under
the eclectrodes will be smaller;
techniques may have to be devel-
oped to handle these signals in
commercial devices.

How far from the real system
ballpark is the imager? Here are
the numbers: character recognition
can be accomplished with a 32-line
system, Picturephone with 250
lines, and commercial TV with 525
lines. So a factor of 4 would get
the line imager into the picture;
significantly, density for at least
Picturephone is within reach.
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Oceanography

General Dynamics poised
for data buoy splash

After more than 10 years of design-
ing and developing ocean data
buoys, General Dynamics Corp.
appears to be on the verge of get-
ting into the buoy business in a
big way. A $5.5 million contract
awarded by the National Oceanic
and Atmospheric Administration
for six ocean platform systems may
open the flood gates of considerable
future business from the National
Data Buoy Program, which even-
tually will require hundreds of plat-
forms [Electronics, April 27, 1970,
p. 46].

Under the contract, whose initial
funding is $3.3 million, the Electro
Dynamic division in San Diego,
Calif., will deliver six systems be-
tween January and April of 1972.
The 40-foot-diameter, instrumented
platforms will be anchored in the
Gulf of Mexico in water about 12.-
000 feet deep and will provide tele-
metered meteorological and ocean-
ographic data.

After an evaluation of these sys-
tems lasting about two years,
NOAA’s plans call for a preproto-
type phase to upgrade specific
subsystems as required, then devel-
opment and production of 35 proto-
type buoys to be placed off both
coasts. This will be followed by
an operational program that may
involve 100 to 150 buoys and even-
tually hundreds. The operational
program will start by 1978. General
Dynamics will not necessarily get
all the business, which will be
awarded through competitive bid-
ding.

In addition to the NOAA project,
the company has just installed
seven large operational navigation
buoys for the Coast Guard; de-
livered a buoy to the British Light-
house Service to replace a light-
ship; and has signed up a Japanese
licensee, Matsushita Communica-
tion Industrial Co.

The British are evaluating the
buoy, along with another unit from

Hawker-Siddeley. And the Japa-
nese meteorological agency says it
intends to deploy environmental
data buoys, just the sort of business
General Dynamics hopes to land
through Matsushita.

The six ocean platform systems
being built for NOAA will be steel
structures, each 40 ft in diameter
by 7.5 ft thick, with a superstruc-
ture extending about 33 ft above
the water line in the center. Mete-
orological sensors on the super-
structure will measure solar radia-
tion, rainfall, dew point, wind speed
and direction, and barometric pres-
sure, and take dry-bulb tempera-
ture readings.

Oceanographic sensor packages
will be attached to the mooring line
at up to 13 levels, to a depth of
1,700 ft. They will gauge water
temperature, pressure, electrical
conductivity, and water current
speed and direction. Hull-mounted
oceanographic sensors also will
check these parameters, as well as
water sound velocity. Other hull-
mounted equipment will measure
buoy heave, pitch and roll attitude,
and directional orientation.

An onboard data-processing sys-
tem consisting of a basic minicom-
puter adapted to buoy needs will
sample the sensors, format and
store the data in digital form, and
relay it via an onboard high-
frcquency communications system
that will be periodically interro-
gated from shore. Power will come
from diesel generators.

Medical electronics

Solar cell helps make
patient monitoring safe

For medical electronics companies,
an increasingly important question
is how to isolate patients from po-
tentially damaging leakage currents
in monitoring probes. One possible
answer is telemetry to isolate the
patient from ac lines and other cur-
rent sources by transmitting signals
from body probes to a receiver built
into measuring equipment. But this
would require frequent battery
checks and replacements, and in-
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troduce the danger of a battery
failure during a critical measure-
ment,.

Gilson Medical Electronics Inc.
feels it has solved the problem by
getting rid of the batteries. In its
isolator, solar cells driven by an
incandescent lamp power the trans-
mitter. Although the Middleton,
Wis., firm developed the scheme
specifically for medical work,
there’s no reason it couldn’t be
adopted for other measuring ap-
plications where isolation is
needed.

The signal being measured goes
to a tiny transmitter where it fre-
quency modulates a very-low-
frequency carrier. The modulated
signal is transmitted to the re-
ceiver, 0.75 inch away, where it’s
demodulated, amplified, and sent
to the appropriate measuring in-
strument, such as an electrocardio-
graph. Power for the receiver
comes from 115-volt ac lines.

In the same package as the re-
ceiver is an incandescent lamp im-
bedded in a piece of clear plastic.
It acts as an optical bridge be-
tween transmitter and receiver. Ac
line power turns on the lamp,
whose light travels through the
bridge to a bank of 12 solar cells
in the transmitter. The output of
this bank (approximately 6 volts at
2 milliamperes) runs the transmit-
ter, including the vif oscillator. In
other words, ac line power drives
the transmitter without introducing
the danger of line leakage.

Besides transmitting light, the
plastic bridge maintains the trans-
mitter and receiver a fixed distance
apart, and acts as a support for
the receiver’s antenna. This an-
tenna is imbedded in the plastic,
and is only 3/16 in. from the trans-
mitter. The entire isolator—trans-
mitter and receiver—can fit into a
package that is as small as a 3-in.
cube.

Company president Warren Gil-
son says that the isolator will be
included in his firm’s polygraph
and electrocardiograph, and will
be offered as a separate product
(tentative price: $450). The unit is
undergoing clinical testing at the
University of Wisconsin.
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Tight loop. In this scheme to isolate patients from line leakage in
monitoring probe, solar cells replace batteries as transmitter power source.

Lasers

Hospital link
moves color TV

Neither rain, nor sleet, nor gloom
of night will stay the transmission
of color TV signals over a l-mile
laser link between Cleveland’s
Lakeside and Veteran’s Adminis-
tration Hospitals. While a number
of laser communication systems are
now being marketed and still more
are under development [ Electronics,
Dec. 21, 1970, p. 91], the com-
munications link in Cleveland is
an example of how the once exotic
laser is being used in a practical
system.

According to the developer of
the system, Dr. Yoh-Han Pao, head
of the Division of Electrical Sci-
ences and Applied Physics at Case
Western Reserve University, the
reason for high system reliability
is the use of a helium-neon laser
and an intensity-modulated fm
scheme. While some optical com-
munication systems now being
marketed use inexpensive nonco-
herent light emitters, such as gal-
lium arsenide diodes, the disper-
sion of such light makes them un-
reliable in poor weather, says Pao.
Also, he points out that am signals
are subject to phase shifts as they
pass through the atmosphere, mak-
ing for significant distortion at the
receiving end.

Pao says that broadcast-quality
color TV pictures are achieved with
the CWRU system “99.999% of
the time, regardless of weather con-
ditions.” The two-channel system

costs about $10,000 and could span
six miles. Pao says that he expects
the cost to be “quite a bit lower
than that in the very near future.”

The system uses a subcarrier of
30 megahertz with 10-MHz modu-
lation for the two TV channels
which are multiplexed. The laser,
which emits strong red light at
6,328 angstroms, has an output
power of 5 to 15 milliwatts. The
cutoff limit at the receiving end
is less than 1 nanowatt, according
to Pao.

A laser communication system
developed by Lockheed Missiles &
Space Co. last year is similar to
the CWRU link, but that system
orerates at a frequency of 1 giga-
hertz and thus requires traveling
wave amplifiers and sophisticated
modulators at about double the
cost of his setup, says Pao.

Manufacturing

Scan scope, spectrometer
give failure answers

Auger spectrometers, with resolu-
tion of about half a millimeter in
diameter, and scanning electron
microscopes, which give resolu-
tions as fine as 200 angstroms,
make a powerful tool when com-
bined and put under digital con-
trol. Scientists at North American
Rockwell Corp.’s Science Center in
Thousand Oaks, Calif.,, are using
this happy marriage to pinpoint
potential failures in semiconductor
devices and to probe the critical
surface phenomena that can cause
faulty bonds, among other things.

In addition to the conventional
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detectors that monitor the low-en-
ergy (0-50 electron-volt) secondary
electron emissions from a specimen
in a scanning electron microscope,
the Science Center team incorpo-
rated a cylindrical velocity anal-
yzer (Auger detector) in the instru-
ment’s ultrahigh-vacuum chamber.
The analyzer can monitor all the
electrons coming from a specimen
being bombarded with the electron
beam, and measure their velocities,
which is critical for Auger spectro-
scopy.

Using a Digital Equipment
Corp. PDP-8I computer, scientists
can move the scanning electron
microscope beam, turn it on and
off, process the signals coming
from the cylindrical velocity an-
alyzer that give Auger information,
and store or display the output of
that detector as they wish.

One important offspring of this
combination is a voltage map of
a specimen. Early work with an
MOS device produced one-dimen-
sional voltage maps of metal elec-
trodes separated by about 100 mi-
crons, demonstrating that fine reso-
lution is possible using the com-
bined technologies. The next step
will be two-dimensional maps. To
do this, the scanning electron mi-
croscope first will make a conven-
tional topographical scan to pin-
point the region of interest on a
circuit. Then the computer will
drive the beam in a raster scan
across that region, with the cylin-
drical velocity analyzer pro-
gramed to look for, say, carbon.
That element has an energy of 270
eV without any potential applied,
and may be only one atomic laycr
thick.

The scientists say they can pick
out an energy range near that peak,
and direct the computer to look
at all points on the resulting curve
to locate the carbon peaks, when
voltage is applied to the MOS cir-
cuit, the carbon peak shifts in
energy (but not spatially) propor-
tional to the potential at the point.
The energy of the Auger peak is
independent of the electron-beam
energy, but there’s a linear rela-
tionship between the applied volt-
age and the shift in energy of the
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carbon peak; it may rise to 280 eV,
for example. The method could
yield a quantitative measure of the
potential of a circuit’s area, with
submicron spatial resolution, that
could predict a failure at certain
points where the voltage is too
high.

Science Center staffers haven’t
yet made two-dimensional voltage
maps of semiconductor devices.
However, they’re confident they
can do it reliably because they’ve
produced a two-dimensional digital
surface chemistry analysis of a re-
gion in a metal sample—copper
imbedded with 1-mil iron rods.

Sperry test looks
beyond Mil standards

A pair of military standards has
gone a long way toward weeding
out bad devices before they get into
systems. But at least one systems
manufacturer, the Flight Systems
division of Sperry Rand Corp.,
Phoenix, Ariz.,, has gone several
steps further to insure that its de-
vice suppliers’ processes remain
under control consistently.

The standards are Mil-Std-883,
which sets forth test methods, and
Mil-M-38510, the specification that
must be met by manufacturers to
be accepted as suppliers to mili-
tary equipment makers.

The Sperry division has come up
with a modification and extension
of specified test methods that helps
characterize hermetically sealed de-
vices and their manufacturers.
Sperry says it’s particularly helpful
in determining how much of a
safety factor the IC supplier has
built into his parts in comparison
with specified maximum ratings.

Eugene Thoennes, staff engineer
for solid state technology, says
Sperry engineers have found they
can rely on one test—a high-stress
thermal shock test, with repeated
cycling until failure—to exercise the
five major environmental failure
mechanisms: faulty interconnect
wire bonding, defective metaliza-
tion, surface contamination, faulty
package sealing, and improper die
bonding.

The division, a manufacturer of
high-reliability avionics equipment,
formerly relied on thermal and me-
chanical shock tests, temperature
and power cycling, and centrifuge
checkouts for environmental char-
acterization. But the high-stress
thermal shock test induces enough
mechanical fatigue by itself to help
categorize a supplier’s quality and
monitor his process control. Cou-
pled with the analysis performed
after the devices fail, the test data
allows Sperry to pinpoint suppliers’
problems.

In the Sperry test, a batch of ICs
is dunked in a dry-ice-and-alcohol
bath at —65°C, held there for 90
seconds to allow the device tem-
perature to stabilize, then trans-
ferred within 5 seconds to a silicone
oil bath at 4-250°C. These devices,
which have been accepted as elec-
trically good at incoming inspec-
tion, and which again have been
checked electrically to all data
sheet specifications before the ther-
mal shock test, are held in the hot
bath for 90 seconds, too, then
pulled out and immersed back in
the cold bath.

After 10 such cycles, the devices
are removed and electrically tested
once more, but this time not to full
specs. For linear operational am-
plifiers, Thoennes says, Sperry may
be primarily interested in input
voltage offset, input current offset,
and open loop gain; in digital gate-
type ICs, the parameters of prime
concern after such a stress test are
threshold voltage and output volt-
age saturation.

After these checkouts, thermal
shock cycling is resumed. After
each 100 hours, the test lot is
brought back to room temperature,
and electrically tested—but again,
not to the limits of all specifica-
tions.

Sperry repeats the thermal cy-
cling until half the devices in the
test batch have failed. The limited
electrical tests are continued at
room temperature every 100 hours.
Thoennes rcports that devices made
by a supplier with good controls on
his process usually pass 500 cycles.
But once half the devices have
failed, complete electrical tests arc
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performed on the remaining good
devices, and a failure analysis is
done on the dead ones. “The criti-
cal data we’re looking for,” Thoen-
nes says, “is how the devices failed
and when.” Without failure analy-
sis, he says, this would not be a
good test,

Avionics

Luneberg lens called cure
for small-plane invisibility

To an air traffic controller, a small
aircraft means a dangerously low
level of radar visibility. It’s so low
that the National Transport Safety
Board has requested that the FAA
solicit interest in passive reflectors
to increase radar cross-sections in
order to decrease the danger of
mid-air collisions.

Working in-house, Emerson &
Cuming Inc. of Canton, Mass., has
adapted a bit of radar sophistica-
tion called the Luneberg lens to the
job of identification and at a po-
tential cost of only about $200 to
$300 per aircraft.

The Luneberg lens is a sphere
with a dielectric constant varying
with distance from the sphere’s
center. Because dielectric materials
refract radar waves in the same
way that glass refracts light, it’s
been possible to use the lens ap-
proach to build very efficient pas-
sive beam-shaping elements for
high-powered radar systems. The
Navy’s Typhon missile system, for
example, was to have used Lune-
berg spheres to shape and help
steer the beam of one of the most
powerful shipboard radar systems
ever considered.

Emerson & Cuming has turned
the lens into a reflector by wrap-
ping a reflective metal coating
around one of its hemispheres. As
it’s bounced off the metal, the radar
beam is tightly shaped and aimed
when re-emitted, giving a strong
return.

“It’s more effective than a corner
reflector,” says E.J. Luoma, Emer-
son & Cuming’s senior physicist.
“While the corner reflector re-
sponds best to radar beams striking
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it from only a 30° to 40° conical
viewing angle, the Luneberg lens
returns beams from a full hemi-
sphere,” he says. And while the cor-
ner reflector’s return is about 6
decibels weaker than the incoming
beam, the lens’ return is weakened
by only about 4 dB.

Initial flight tests used four 9-
inch spheres faired, fore and aft,
into the wheel covers of a two-seat
Cessna 150. (The 150 probably is
FAA radar’s original invisible air-
craft; pilots continually get requests
from ground controllers for tight
turns or course changes to help
make their weak blip more visible
on the screen.)

In tests near Boston’s Logan Air-
port, the FAA’s S-band radar was
able to find lens-equipped 150s
more than 50 miles away from the
transmitter, a range at which 150s
previously had been invisible.
Luoma says detection range was
sometimes doubled.

Later tests using a larger Cessna,
a four-seater 172, compared the
lenses with active transponders,
and indicated that if the transpon-
der’s signal could be picked up, a
weaker but usable signal also could
be brought in from the lenses.
These tests sometimes were con-
ducted in severe rain with the same
good results; Luoma claims that
“as long as we were within line of
sight of the radar, the lenses were
about as effective as the transpon-
der, except for the lack of an identi-
fication coding function.”

He lists other pluses for the lens
system: no wiring or power to fail,
no possibility of human error (with
a transponder a pilot can select
the wrong code), and a weight
penalty of only 10 pounds in a four-
lens setup.

This month, Emerson & Cuming
is scheduling tests of a belly-
mounted model for retractable gear
aircraft. Though it’s only a single
18-inch  diameter = hemisphere
backed by a metal ground plane,
the unit is expected to do as good
a job for retractables as a four-
sphere system did for smaller
planes. And this time, the weight
penalty would be reduced to 4
pounds.

Commercial electronics

Prism print reader
does it with digits

The Autonetics division of North
American Rockwell Corp. may not
have won a hardware follow-on for
its feasibility study contract to de-
velop a fingerprint reader [Elec-
tronics, March 30, 1970, p. 52], but
the FBI didn’t send the team home
empty-handed. The agency told of-
ficials at the Anaheim, Calif., divi-
sion that their work on a small,
low-cost fingerprint reader could
be a boon to municipal and state
law enforcement agencies in need
of a digital system compatible with
the FBI's, but with fingerprint files
much smaller than the FBI's 20-
million-print book.

Autonetics went back to the
drawing board, and is discussing
its latest version—a direct finger-
print reader—with at least eight
state and city policy departments.
It looks like Tulsa, Okla., will be
the first city to try the hardware,
which already has been assembled
a~d demonstrated.

The system developed for the
FBI was far less mobile than the
current version, and use a flying-
spot scanner and six photomulti-
plier tubes to read a fingerprint
on paper. The new unit uses an
edge-lighted prism on which the
suspect’s finger is placed. His print
features then are scanned by a vidi-
con tube that doesn’t look for
shades of gray, as did the earlier
model. Rather, the distinctive
ridges in a fingerprint whorl are
digitally recorded as black data,
and the valleys that don’t come into
contact with the prism are recorded
as white features.

The vidicon looks through the
prism at the print as it’s made, and
does a raster scan. The system re-
cords features with a signal value
above a certain preset level as
digital 1s, meaning these are
ridges, or black features. Portions
of the finger that make little or no
contact with the prism registra-
tion block have a value below the
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preset signal level, and are re-
corded as Os, or white data. This
technique results in a simplified
print, but it’s sufficient for positive
identification.

Cedric F. O'Donnell, vice presi-
dent and general manager for re-
search and technology at Auto-
netics, points out that there may
be more than 100 minutiac in a
fingerprint, but that only nine to
12 are necded for a positive iden-
tification when a set of fresh prints
is compared with prints on file.

While 50,000 bits of data may be
required to store the original print
in the police files, only three num-
bers of about 12 bits each are
needed to get the X, Y, and theta
information about a given ridge
feature, or 300 12-bit numbers for
the usual 100-minutiae print.

Ultimately, the digitized data is
sent from a remote police station
to central headquarters and com-
pared with the digitized file there.

Autonetics doesn’t have firm
prices for the direct fingerprint
reader, but O’Donnell believes a
central police headquarters instal-
lation would cost well below $1
million. Moreover, the remote sys-
tem is quite simple, consisting of
the block, vidicon, and simple
logic. The data link already exists
—it’s the patrol car’s transmitter.

Displays

Plasma panels appear
in display terminals

Gas discharge panels, otherwise
known as plasma display panels,
are suddenly becoming a potent
force in display technology. By the
end of May, 10 operational display
terminals built around them will be
delivered to the University of Il-
linois by the Magnavox Corp. If
they live up to expectations, Mag-
navox will build 250 more for the
university. The terminals, which
use new Owens-Illinois panels 10
inches square with a line density
of 60 lines per inch, follow close on
the heels of recent developments
in plasma panels with color and
with gray-scale capability [Elec-
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tronics, March 15, p. 31; May 10,
p. 35].

Each terminal can draw lines at
over 600 inches per second, and can
display up to 2,048 characters and
write them at 180 per second, in
any language including Chinese. It
contains a slide projector that
projects on the rear of the screen
unchanging information like coor-
dinate axes, against which com-
puter-generated curves can be
traced. The terminal can also trans-
mit and receive data on voice-
grade telephone circuits, permit-
ting it to be used with a remote
computer.

The big 10-inch panels represent
an improvement on the basic
plasma display units, 4 inches
square and with 33 lines per inch,
that Owens-Illinois has been mar-
keting in small quantities for two
years [Electronics, March 31, 1969,
p. 133]. In addition to the higher-
density lines, they use less elec-
tronic circuitry for driving the pan-
els. They’ll be manufactured in
Owens-Illinois’ new plant near
Toledo, Ohio; the University of
Illinois has a commitment for the
first several hundred produced.

The university will use the Mag-
navox terminals in its Plato com-
puter-assisted instruction project,
for which the plasma panel was
invented five years ago. Magnavox
is making the first 10 terminals
for about $5,000 apiece, and hopes
to get the cost down to about $2,-
500 within two years—compared to
$8,000 or so for cathode-ray tube
terminals with equivalent capacity,
which Plato has had to use.

Magnavox will probably develop
the new terminals into a line of
commercially available units.

[See Special Report on displays,
p. 65.]

Patents

Gl to press

silicon gate rights

Another semiconductor patent fight
may be brewing—this time over
who developed the silicon gate
MOS structure and the self-aligned

gate manufacturing process. Tak-
ing the lead against patents owned
by Hughes Aircraft and Western
Electric is General Instrument
Corp., Hicksville, N.Y., which pur-
chased patents only last month
from Philco-Ford. Altogether, GI
acquired more than 200 patents, in-
cluding a number for MOS devices.

Wasting no time, GI early this
month requested the Patent Office
in Washington to set up an inter-
ference with a patent (3,544,399)
issued on Dec. 1, 1970 to Hans
Dill of Hughes and dealing with
sclf-aligned silicon gate devices.
Also, GI expects an interference
will be declared in an action in-
itiated against a Western Electric
self-aligned manufacturing process
patent. In addition, GI has a patent
for the silicon gate MOS structure
issued on April 27, 1971 to Watkins
and Selser for work performed at
General Microelectronics  Inc,,
Santa Clara, Calif. The company
was acquired by Philco-Ford in
1966. This patent also “has claims
which cover silicon gate devices
as presently made,” explains a GI
spokesman.

Gl also says it will press for
licensing agreements based on
other newly acquired patents, par-
ticularly those describing MOS
logic circuits.

Computers

H-P 2100A compatible,
but has bipolar ROM

When Hewlett-Packard computer
designers sat down 18 months ago
to design a new small computer,
they split into two camps: one
opted for new architecture, the
other wanted to retain compati-
bility with existing H-P machines.
But because improved performance
from a new design didn’t justify the
higher price, the designers went the
compatible route in the 21004,
introduced May 18 at the Spring
Joint Computer Conference.

Still, it’s innovative. The 16-bit
word machine may well be the first
minicomputer to have its complete
instruction set microprogramed in
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Bell & Howell &
The Kitchen Sink

2
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Not long ago, | was sitting around having
a few and swapping lies and business cards
with an R&D type. §

“Oh, Beli & Howell,” he says. “The

motion picture projector guys.”

"We're also in data acquisition.”

"Who isn’'t?"” he chuckles. “What'd

you do, come out with a new little

oscillograph and figure you'd tear up the market?”
“So happens we have the most complete line of

stuff in the business. Everything you need.”

“Come on. Like what?"

“Well, like our 5-130. A direct print out, 12

channel recorder with 10 transport speeds.

Only weighs 33 pounds. !s real inexpensive.
And it works off 12 volts DC.

He raises an eyebrow. “Not bad for openers.
But you got anything that’s real precise? Like

we use in R&D7?"

"Sure. A thing we call the 5-133. The great

mother of all recorders. Does up to

4

52 channels. Has 12 speeds,

5 recording modes and'll meet

MIL specs.

“Then we've got a 5-134
portable that works up to 18 channeis.
At writing speeds up to 125,000

ips. Very sharp output. And a not so
fancy version of it, the 5-135, a 9 channel

number they use for industrial and medical.”

I can see | got him going, now. “What

about system hook-up capability?”

© Copyright 1971 Bell & Howell
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“We got it. We can sell you a stock DG 5000
data recording system. Or design custom.
Everything's easy to update, too. You see with
us, when you buy one of our oscillographs,
you get more than just metal. You get all the
support equipment you need. You even

get help. Our guys are all over the U.S. The

world. They can get to your problem in hours.”
"What other support equipment?”

"Oh, bridge signal conditioners. Galvo drivers.
Amplifiers. For instance, we've got a new

low cost bridge power suppiy/amplifier

that's got remote or internal calibration and
filtering features just like the high

priced babies.

"We've got paper processors, too. Even
portable. Anybody can run 'em. They don't need
an outside water circulating system either.

Just plug it in. And we even supply the paper.
High speed stuff. Reads in seconds. No

chemicals.

‘ "O.K,, OK, I'm impressed. You guys got

everything but the kitch..”

“No, man. We've got everything. Period.
Even the but.”

"Send me the poop.”
“"Done. Let's have another. I'm buying.”

If you'd like alt the fine points on our
oscillographs, data systems, amplifiers,
signal conditioners, processors and paper,
just write The Works. Bell & Howell
Instruments Division. 360 Sierra Madre

Villa, Pasadena, California 91109.

INSTRUMENTS DIvISION

¥ BeLLsHOwELL
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semiconductor read-only memories.
Also, everything fits into a 12-inch-
high package, including a new type
of power supply and up to 32,768
words of memory.

Power supply problems though,
nearly forced H-P to go to a 19-inch-
high package and a standard power
supply. The original silicon-con-
trolled-rectifier design was causing
heat-transfer problems, particularly
after potting. However, H-P’s labo-
ratories speeded up development
for a new transistor-switched
power supply which not only re-
quires fewer components and costs
less, but requires half the power
input of existing supplies. Patents
have been applied for and the com-
pany expects to use the supply in
its instrument line.

The read-only memories are 1,024

bit bipolar ROMs, six to a pack. One
pack of 256 words (24 bits) contains
the complete control and instruc-
tion set for the machine. The
machine is capable of accepting
three more packs, or 18,432 bits, for
future expansion of the machine’s
“hardwired” instruction set.

H-P will undoubtedly produce
customized instruction sets, but not
right away. For now it plans to
have a committee of H-P divisions
that use computers come up with a
way of using the ROMs for special-
ized instruction sets without inter-
fering with the standard operation
of the machine. Instruction sets
that are “potentially promising”
says Robert Bond, H-P Data Prod-
ucts Group planning manager, in-
clude such repetitive routines in
communications as error correction,
and many tasks in instrumentation
systems such as interrupt process-
ing routines.

While he maintains the company
is not moving away from the OEM
market, Robert Yeager, marketing
manager for the Cupertino division,
says the machine is not aimed at
the OEM customer who needs a 2K
controller or a stripped minicom-
puter. Its wired-in, extended arith-
metic, its minimum memory of 4K
words (980-nanosecond access),
and memory protect circuits and
automatic power-fail restart make
it suitable for larger systems in

28

data acquisition, instrumentation,
and automatic control.

The 2100A uses MSI and LSI TTL
logic from Texas Instruments, plus
H-P’s own design in the folded-
planar core memory. “The only
reason we didn’t use semiconductor
RAMs was the cost,” Bond says.
“We’ll sure use them when they get
down to a half cent to one cent a
bit.” Though reports persist [Elec-
tronics, April 26, p. 17] that H-P will
introduce a computer with a semi-
conductor mainframe memory by
this fall, Bond sees RAM prices
dropping to the 1- to 3-cent range
no sooner than “within 24 months,”

The 2100A is “reasonably asyn-
chronous, so its could be redsigned
with RAMs,” Bond says. “We could
buffer the input/output and make it
fully asynchronous.” The plan is to
“keep the 2100A alive indefinitely
by incorporating new technology
when it is ready,” he says. Base
price of the 2100A is $3,750 without
memory; 4K of memory costs
$3,500.

For the record

Advice. Arthur D. Little Inc. is
getting a chance to do unto itself
what it’s been doing for others all
along. The Cambridge, Mass., firm,
with a long history of defining and
drafting solutions to customers’
problems, is forming a new affiliate,
ADL Systems Inc., to supply such
EDP-related services as turnkey
systems, proprietary software pack-
ages, “integrated systems,” facili-
ties management, and processing
functions.

No sale. Corning Glass Works is
taking its 904 interactive computer
graphics display [Electronics, April
13, 1970, p. 45] off the market. The
reason, says the company, is that
demand was less than anticipated
and was growing too slowly. The
904 utilized photochromic glass as
a medium for short-range storage.

Sign of the times. The Western
Electronic Show and Convention
(Wescon) has been moved from
San Francisco’'s Cow Palace to

Brooks Hall and Civic Auditorium
in downtown San Francisco. Robert
M. Ward, chairman of the Wescon
board of directors and general man-
ager of Perkin-Elmer Corp.’s Ultek
division, tried to put the best light
on the action in saying he is proud
“that in a year of restraint for our
industry, we are able to move posi-
tively to produce a better, more
effective and more economical ma-
jor show.” But the fact is that the
Cow Palace is too big for the antici-
pated 700 to 750 booths that will
be occupied. It will be no small
feat, however, to make the switch
only three months before the Aug.
24-27 convention opens,

Into the Bay. In a move that gets
it a foothold in the San Francisco
Bay area, Tektronix Inc. of Beaver-
ton, Ore., has purchased Cintra Inc.
of Sunnyvale, Calif. Cintra, a sub-
sidiary of Physics International,
makes a line of scientific calcula-
tors [Electronics, Aug, 17, 1970, p.
126] and associated peripherals.
Cintra couldn’t buck the marketing
and service organizations of Wang
Laboratories and Hewlett-Packard.

Pay cuts. Due to a decline in new
orders, Collins Radio Co. is reduc-
ing the salaries for administrative,
professional, and management per-
sonnel by 1% to 14%. The action
affects approximately a quarter of
the employees on the Dallas pay-
roll. Production employees are not
affected; some recently received
raises under union contracts.

Big chip. Honeywell Information
Systems, Waltham, Mass., is fund-
ing a multicompany development of
a 2,048-bit MOS random access
memory chip. The reason: because
of the very large demand antici-
pated for these chips the firm will
require ‘“a number of alternate
sources,” says a company spokes-
man. In the past, Honeywell had
from two to four or more alternate
sources for the scratchpads. Also,
it wants chips with sufficiently
similar performance and organiza-
tion to be compatible with one
another, despite manufacturing
differences.
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PLASTIC SCRs

A simple case of putting
. 12 years of thyristor know-how
in a simple case.

‘A
It's Elementary.
We offer plastic SCRs at competitive prices for those who don’t
require the optimum environmental protection of our hermetically
sealed metal packages. In either case, there’s the same Unitrode
high quality inside. The kind you expect from a company that makes
thyristors a major part of its effort . . . not just a sideline. Our
expanding line of SCRs offers a wide range of choices for easy
interchangeability in literally hundreds of applications, including
lamp and relay driving, or as sensors in pulse generators, tuning
circuits, motor controls and process controllers. We can build an
even more convincing case for these IP100-IP104 series industrial
SCRs when you request complete specs, pricing and samples.
For fast action, call Sales Engineering collect at (617) 926-0404
Unitrode Corporation, 580 Pleasant St.,
‘ Watertown, Mass. 02172

mmm U N T RO D E quality takes the worry out of paying less

™ em D D En S T D D T I S R G G D T T S G S S SN S S e

Unitrode Corporation, Inquiry Processing Dept.6C,
37 Newbury St., Boston, Mass. 02116

[0 Please send me two free samples of IP100 Series plastic SCRs in
[ 30V, [J 60V, [J 100V, ] 150V, [J 200V models.

NAME TITLE

COMPANY

ADDRESS

CITY STATE ZIP.
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Eight for One
ROM Sale

Introducing the world’s first replace eight 1K ROMs or 32, 256 Bit

8K bit bipolar read only memory. ROMs. Quite a savings when you consider
one masking charge vs. eight, reduced P.C.

card area, fewer interconnections, lower
power requirement, lower insertion costs,
and so on and so on.

On top of all that, it’s got 100 nsec access
time and nibbles only 60 microwatts per bit
of power. It has four enable lines so you
can go to 16K words without adding
additional decoding. And no clocks are
required because it is static.

What can you do with this big bipolar
ROM? Plenty. You can use it to store the
full 128 ASCII character set, row or column
scan, put multiple trig functions in one
package (including sine, co-sine, tangent
and co-tangent) ; build a mighty powerful
microprogrammed CPU or achieve high
accuracy look-up tables.

A few detail specs:

1024 words by 8 bit

60 microwatts per bit

100 nsec access time

4 enable lines

160 microamps address input current
DTL/TTL compatible

Fantastic price: .7¢/bit in hundred quantity

Sooner or later someone was bound to do Pick a winner, write, call, TWX or
good things with bipolar memories. We did telex for full data. Do it quick!
it sooner. Think about it. That’s a lot of M g ® .
; : , onolithic Memories
memory O httle Chlp' Even MOS L2 t Monolithic Memories, Inc., 1165 East Arques Avenue, Sunnyvale, Ca 94086

touch it. With our new MM6280 you can (408) 739-3535 TWX: 910-339-9220 Telex 346 301
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Domsat filers see
18-30-GHz systems
replacing 4-6 GHz

Comsat wants FCC
to bar satellite
competitors...

. . . but hints rate cut
that could expand
data terminal market

ABM computer gains
from PEPE net
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Washington Newsletter

May 24,1971

Domestic communications satellite competitors now see the approved
4-6 GHz frequencies as inadequate for future needs and useful only
on first-generation satellites, pending development of 12-13-GHz and
18-30-GHz satellites. AT&T and Communications Satellite Corp., a
leading team in the competition pending before the Federal Com-
munications Commission, are independently forecasting such a move,
despite the higher frequencies’ well-known problem with the severe
interference that local storms create in ground station reception. Obser-
vations by sources in both companies indicate the problem can be
handled by increasing and diversifying the number of ground stations.
Moreover, they believe that the politics of frequency allocation are such
that higher frequencies now unused are the only ones that will be
available in future,

International blessing for expansion of satellite frequencies upward
is expected to come at the World Administrative Radio Conference,
which convenes at Geneva in June. And AT&T suggests that 12-13-GHz
systems, which could be developed in three years for about $60 million,
should be bypassed in favor of a six-year program to develop 18-30 GHz,
which has “compensating bandwidth and multiple frequency reuse
advantages” lacking at the lower band.

By urging the Federal Communications Commission to keep makers of
satellites and related electronics, as well as firms with terrestrial com-
munications interests, out of the domestic satellite competition because
of “anti-competitive questions,” Communications Satellite Corp. has
both amused and angered industry sources. Comsat’s request would
eliminate Fairchild Industries, Hughes, Lockheed, and Microwave Com-
munications of America, RCA, Western Tele-Communications, and
Western Union from the domsat race. “With its plan to run a satellite
system for AT&T and another for all comers,” huffed a competitor’s
executive, “they’'ve got to be kidding. Comsat’s coming on as one of the
biggest monopolies in town.”

While Comsat’s domestic satellite comments irked most manufactur-
ers, an almost simultaneous suggestion—the hint of a cut in its inter-
national tariffs—is pleasing the terminal equipment makers, who see it
as a spur to their sales. Comsat has been ordered to tell the FCC by
early next month if it can reduce rates, now that the commission has
ruled that carrier customers must use satellite circuits on a 5-to-1 ratio
with cables. Comsat chairman Joseph McConnell's observation that the
company is “interested in reducing our charges for satellite services
consistent with appropriate returns” is being widely construed to mean
charges will drop. Not incidentally, such a move would also appease the
Pentagon, a major Comsat customer unhappy with its charges.

A new antiballistic missile computer concept (dubbed PEPE for parallel
element processing ensemble) under way at Bell Laboratories has one
large commercial computer running many small-scale processors. Goal
of the PEPE program is have up to 16 small, Bell-developed computers
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Navy study
questions future
of bubble stores

“‘Wired city” test
proposed to FCC
for 1973 start

Search to test
holographic aids
for fingerprints

32

Washington Newsletter

tied into the net, although Army sources say their aim is “as many com-
puters as you want.” Industry sources report that Bell has successfully
tested three of the small computers under control of an IBM 360/67
with a simulated missile attack problem. Economy and speed are reported
advantages of using the small computers for sensor processing and the
modified, larger, commercial machine for ABM command functions.

Army officials don’t expect PEPE to be ready in time for first-gener-
ation Safeguard or Hard Site systems, although it could be incorporated
later if the program pace is maintained.

Serious doubts about the potential of magnetic bubble memories for
commercial as well as airborne computer systems have been raised by
an in-house study made by the Navy Air Systems Command. The
study, which will be outlined at an industry briefing on the Advanced
Avionics Digital Computer in June, indicates that their projected costs
are too high to make them competitive with ferroacoustic memories
in mainframe applications [Electronics, July 6, 1970, p. 49].

Ronald S. Entner, AADC system manager, concedes that costs could
be driven down by placing many storage loops on a common substrate
and using a single sensor to detect bubbles. But this, he says, would
preclude access time faster than 5 microseconds and the use of data
blocks shorter than 500 bits.

Although™ Bell Labs hasn’t pinned itself down, the company con-
siders bubble technology to have its most immediate application to
moderately large disk files—10 million to 100 million bits—in which it
yields the most evident savings in space, power and costs [Electronics,
April 26, p.21].

To start the first full-scale test of “wired city” concepts in late 1973,
twenty U.S. companies and Arthur D. Little, Inc., are working up pro-
posals for the Federal Communications Commission. Covering an esti-
mated 10,000-20,000 homes, the test system will require only 10 kilowatts
to operate with a proposed bandwidth of more than 1 megahertz, says
an ADL spokesman.

Approval of a test probably will be needed from the Justice Depart-
ment and the Federal Trade Commission as well as the FCC because of
the potential for antitrust and unfair competition charges. A second
hurdle will be the location of the test site, since established cable tele-
vision and local communications interests in a given area could raise
enough opposition to stall the effort.

To assess the statistical effectiveness of holographic fingerprint systems,
the Law Enforcement Assistance Administration’s Project Search has
awarded $150,000 to the quasi-governmental California Crime Tech-
nological Research Foundation for the funding of up to four identical
contracts from the 20 companies that now claim holographic capability.
The foundation will provide a reference data base of 10,000 full print
cards, and will duplicate the operational flow of prints with a test set
of 500 cards. From an evaluation of the contractors’ holographic aids
and test demonstration programs, the Search staff will design and recom-
mend a holographically assisted system.
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When it comes to survivability...

missilemen come to SAMS.

You're looking at Amphenol Space and Missile
Systems Division’s solution to three of the most
critical problems of strategic missile design: EMC/
RFI/EMP Shielding survival, Field Repairability
and Weight.

Our shielding on this electrical interconnection
system protects against interference by radiation
and electromagnetic fields. The system is designed
in segments. So field repairability is easy. Repro-
ductibility, too. And segmented design permits effi-
cient modification of systems for update. Finally,
advanced materials and techniques reduce weight.

This system is a product of Amphenol SAMS
Division —in every sense of the word. Because of
our total in-house capability, we designed, devel-
oped and manufactured it here.

it's been the same story with other electrical
interconnection systems since America’s space
and missile programs began. And the story will be
repeated as even more sophisticated designs are
required in the future.

In fact, we're working on those designs now.

We not only have the facilities and talent. We
have a proven Program Management capability,
which has traditionally helped us turn out the most
advanced products in the field. All under one roof.
All the time. Come to SAMS. You’ll find out.

Write for information. Amphenol Space and Mis-
sile Systems, 9201 Independence Avenue, Chats-
worth, California 91311. Or call (213) 341-0710,
TWX 910-494-1211.

“=as ] AMPHENOL
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New Triacs/MAC10/11

Energize Economically In 500 V Plastic!
o Reliable, 8 A Thermopads*
¢ Symmetrical,2or4 quadrant switching
o Lower-cost heat, light, speed control

New Triacs/MAC35/36/37/38
Control 6,000 Full-Wave Watts!
» Symmetrical gating and holding
« Big, 25 A, 500 V capability
¢ Quick, 1.0 usec turn-on

€
«
[
[
.
[
)
'
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New Triacs /MAC1/6

Pick 2 or 4 Mode

Switching In 3 Cases!
o Hermetic, 8 A Elf* reliability
» Secure, 100 A surge capability
« Minimized, 1.0 V “on” voltage

ristor Power

Take your pick of the newest of the new in
thyristor power control . . . from 6 SCR

New SCR's/2N5164-71(R)
Economize Medium-Current!
« Broad, 20 A, 600 V application
» Safe, 240 A surge protection
« Consumer-industrial cost

Th

New SCR's/MCR3835/3935

Step Up To 35 A Stepless Control!
» Brawny, 600 V energy-handling
o Practical, 10 mA gating/holding
s Low, 1.2 V “on” voltage

less, full or half-wave power control you
want . . . from 25 to 800 volts in 17 dif-

and Triac families that combine the latest
performance with the best packaging!

Now more than 250 Motorola SCR’s and
Triacs give you the exact degree of step-

ferent, optimized metal and plastic package
designs.

Now more devices are available than ever
from the volume-oriented thyristor sup-

plier to win the “power vs. price” contest
in your heat, light and speed controls,
vending machines, automotive applica-
tions, tools, welders and power switching
systems.

Now there are informative new data sheets

on any of these six new types — waiting

for your response — plus off-the-shelf

evaluation units from your Motorola dis-

' tributor and immediate production-lot

. quantities from the biggest discrete device
warehouse you can find.

ik
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New Triacs/MAC77-1 to -8

Close the 1,000 W Power-Gap!
e 4 A/600 V capability
o Symmetrical, 30 mA gating, holding
e 86¢ (100-up), 200 V price

Now there's more in Motorola thyristor
power.

Use it today!

—300 ways to get control

(R} Reverse Polarity
*Trademark Motorola Inc.
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Up-to-Date Technology
Overcome Environment With Hermetic
Chips!
» Uncontaminated, sealed junctions
= Higher plastic blocking voltages
¢ Increased cost savings

CATHODE

HERMETIC SEAL

)

BASE ANODE

~ N

New Bilateral Switches

MBS4991-92 [2N4993
Phase-Control Triacs . . . Fast!
e Nimble, 1.0 us turn-on
 Uniform characteristics both ways
+ Moderate, 8 V switching voltage

New Signal SCR’'s /2NV5060/MCR101/115
Choose Optimized fu!
« Flexible,85°,110° or 125°C application
« Sensitive, 200 pA triggering
» Low-as-30¢ prices (100-up)
New Programmable UJT's
2N6027-28
Do Your Own Thing In Plastic!
¢ Variable, Rux, eta, Iv and I
» Top, 15 V typical output voltage
» Negligible, 5 nA leakage

New Unilateral Switches/MUS4987, 88
Trigger Full Control In Half-Wave!
¢ Ideal, 8 V SCR controller
» Excellent, 0.02%/°C temperature
coefficient
» Low, 1.5 V, “on” voltage

Trigger It On

The ideal SCR and Triac complement is a
triggering or signal thyristor optimized to
meet design and cost considerations.

e

New Unijunctions /MU851-53
Compact Computers With Micro-T
High Frequency!
» Prompt, 1 MHz frequency
* Tiny, 0.4 1A peak point current
« Convenient, color-coding

MOTOROLA THYRISTORS

Motorola Semiconductor Products Inc P O Box 20912 » Phoenix, Anzona BS036

Electronics | May 24, 1971

And Motorola has the broadest line of
signal thyristors!

New unilateral switches for SCR trigger-
ing, bilateral switches for Triac control,
unijunctions for half-wave triggering with
a timing function — there are now more
than 3 dozen Motorola signal thyristor
devices available that enable you to pick
the right metal or plastic device for virtu-
ally any thyristor power control applica-
tion . . . at prices low as 30¢, 100-up.

You can select new, low-current signal
SCR’s that have 3 operating temperature
ranges, switches with Te’s low as 0.02%/°C,
and UJT’s that are fixed or “program-
mable” and cased in popular Unibloc,
Micro-T" or TO-18 metal packages.

Motorola has the right triggering device
for your next half or full-wave power con-
trol design.

Turn on with one today!
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electronic arrays silicone shift

Any bit length you need. Don’t
be embarrassed by an odd bit
length problem (all our
inquiries are held strictly con-
fidential). You can select
off-the-shelf registers from EA
that will give you any bit length.
By combining any EA variable
length register, you can trim
your final length to the number
of bits you want. The EA variable
length register allows you to
select from 1 to 64 bits simply
by varying the control line
connection, And it's now in
silicone DIP.

\_

)

Best speed/power product. If
you need the maximum number
of bits with the best possible
speed/ power product, EA
dynamic registers are the way
to go. We have registers with
speeds up to 3MHz and ones
with power dissipation down to
.12mW/ bit. You can select from
20 different registers, in bit
lengths from 1 to 512. And

you have the option of the new,
low cost, silicone DIP, ceramic
DIP or TO package.

DC to 3MHz—no sweat. And
that's in a static shift register
and you just can't get that
anywhere else. The EA1004,
dual 100 bit static dissipates
only 2mW/bitat 3MHz. It'sa Tl
second source, but not a second
best. We just introduced a

new dual 80 bit static for card
reader applications. It's avail-
able with.single phase low level
or two phase clocking operation.
Eight static registers are
available from dual 32 to

duat 100.
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registers offer a little bit for everyone

Choice of clocks. EA is the only
company in the world that has
single phase dynamic registers.
So you can reduce your clock
driving to a single TTL circuit, if
you only need 1MHz speed.

But if you want more speed, use
one of our two phase registers.
The EA 1206, for example, is a
two phase 512 bit register

that operates up to 5SMHz at .35
mW/ bit. It's now in silicone

DIP.

Electronics | May 24, 1971

MOS at non-inflationary prices. EA silicone MOS registers are our
contribution to help fight inflation. Call your local EA distributor or
representative for prices on new low cost silicone MOS line.

Here’s the new silicone MOS line.

Quad 32 bit dynamic, 2 phase EA1200SD
Quad 32 bit dynamic, 1 phase EA1201SD
1-64 bit variable dynamic, 2 phase EA1202SD
1-64 bit variable dynamic, 1 phase EA1203SD
512 bit recirculating dynamic, 2 phase EA1206SD
Dual 256 bit dynamic, 2 phase EA1210SD
512 bit dynamic, 2 phase EA1212SD
Dual 100 bit static, 2 phase EA1004SD
Dua! 100 bit static, 1 phase EA1005SD

More on the way.

They have undergone extensive processing and acceptance testing
using Mil-Std-883 criteria. Write for a full list of EA shift registers

oraciver oS st alaplrOiC arPays, Inc. [

(

501 Ellis Street, Mountain View, California 94040
Telephone (415) 964-4321, TWX: 910-339-6985

Stocking Distributors: Computer Components Corp., Cramer,
Intermark, K-tronics/Wesco, Schweber Electronics

Circle 37 on reader service card
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lllﬂ Sllﬂlll [reatment

ﬂlﬂ worst treatment for the disease of ﬂlﬁll

When one out of 20 employees in America—
including executives—has alcoholism, it’s time
for some plain talk about alcoholism. The
alcoholic’s family, friends and employer may
mean well, but the silent treatment is no way
to treat a disease. And alcoholism is a disease
from which recovery is possible, rather than a
moral weakness for which the alcoholic should
be pitied—or fired. It’s a disease which ranks
with heart disease, cancer and severe mental
disorders as a public health menace.

The National Council on Alcoholism has
ploneered in setting up joint union-manage-
ment alcoholism programs. In these programs,
industry is achieving recovery rates averaging
60 to 70 percent. Management profits by re-

taining its experienced employees and regain-
ing lost productivity—estimated at six billion
dollars. Unions profit by increasing health and
welfare protection for members and keeping
them in the active work force.

If you think alcoholism is affecting your
business, talk it over with the Director of
Labor Management Services, National Coun-
cil on Alcoholism, 2 Park Avenue, New York,
N.Y. 10016.

National
Couneil

Micondlism..
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DESIGN

Look for the silicon lining.

Even though we’ve stopped making devices, GTE
Sylvania still has a slice of the semiconductor business.
We're continuing to make the stuff that diodes, transis-
tors, IC’s and MOS’s are made of.

Silicon.

We’ve been working with the hyperpure material since
its birth. And we’ll produce any kind you need. P-type.
N-type. With resistivities ranging from .008 to 100 ohm
cm. Diamecters to 3 inches. Sliced from 13 to 20 mils
thick. Doped to your specs.

And polished by our special combination of mechani-
cal and chemical steps so that you get a surface second
tonone in the industry.

Something to grow on.

(Your devices can’t be any better than the silicon they
start with. Our material is made for maximum yields.)

Now we supply you with the same top-notch material
we always made for our own people when we were mak-
ing devices.

Our cloud, maybe. But your silicon lining.

Our silicon people can be reached at 717-265-2121.
Ask for Al Alexander. Or write to him at: GTE Sylvania,
Chemical & Metallurgical Division, Towanda, Pa. 18848.

Single-crystal silicon by the slice.
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FROM

SYLVANIA

Getting it all together.

What a relicf when you’ve finished the excruciating
business of mass-producing IC and LSI chips. You're
tempted to lcan back, but there’s one more step that’s just
as critical as making them: putting those micro-leads in
contact with the macro world.

We’ve got the packages to help you do it.

Our one-picce lead frames bring strong metal fingers
to the edge of the chips. (We manufactured more than
100 million lead frames last year. )

We embed the frames in molten ceramic and end up
with a high-strength monolithic sandwich. (Our special
glass-ceramic has the same coefficient of expansion as
the metal, so they stick together like Siamese twins. )

We make all our own parts and assemble the packages
oursclves. (Some manufacturers have to buy frames, lids
and bases for asscmbly.)

We test our packages till they beg for mercy. We
cxamine them for insulation, thermal shock resistance,
hermeticity, internal shorts and strict conformity to blue-
print.

We have a full line of packages with 14, 16, 24 and 28
leads, and we have different versions of each. We’re in
the midst of developing other variations to meet the fore-
secable nceds of MOS/LSI users.

Chances are we’ll have what you nced right off the bat.

Our prices are reasonable; you don’t have to pay a
bundle for a package.

Sound good?

Then Ict’s get together and get them together:

Our packages. And your chips.

For more about IC packages, call Bill Williamson at
207-947-8386. Or write to him at: GTE Sylvania, Parts
Division, Bangor, Maine 04401 .

SYLVANIA

We're always glad to talk to you about our electronic
paris, processes and high-purity chemical products.
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When space is at a
premium turn to our
stable % diameter

cermet pots

Allen-Bradley Type SP. Tiny
panel-mount pots for solving
your severe space problems.
These cermet pots give you ex-
ceptional stability in high-
temperature or high-humidity
environments. A lot of perform-
ance, in asmall pot. Rugged, too.
Handles 1 watt loads to 70°C.

»

»

v
v Actual
Size

”
gcn-23 © Allen-Bradtey 1971

Operational range —65° to
+150°C. Rotational life 25,000
cycles with less than a 10% re-
sistance change. Resistance
range 50 ohms to 1 meg. For
panel or PC board mounting.
Leads fit standard 0.1 inch spac-
ing. Immersion-proof, can be
encapsulated. Plain or locking

NEW DIMENSION ELECTRONICS

ALLEN-BRADLEY

bushings, all watertight. Several
shaft and bushing options.
Allen-Bradley SP. Available
from your A-B electronics dis-
tributor, or write: Allen-Bradley,
Electronics Division, Milwau-
kee, Wisconsin 53204. Export:
Bloomfield, N. J. 07003. In
Canada: Galt, Ontario.

AL
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Technical articles

The rising sun shines on Japan’s large computer project: page 42

To improve Japan's competitive position in electronic data processing, the
government is funding a large-scale, state-of-the-art computer. The project,
nearing completion, integrates most of the newest electronic techniques,
and already is paying handsome dividends, says author Charles Cohen, in
the commercial sector. There, the nation’s six computer companies are
developing models around the advances embodied in the national project.

Solid state comes to light detection: page 50

The photomultiplier tube, once the undisputed king of low-light-level
sensing jobs, is being challenged by an upstart solid state combination

of silicon photodiodes and operational amplifiers; together they’re capable
of detecting infrared radiation levels as low as 10— 3 watt/cm?.

The solid state duo features better linearity, stability, and frequency
response than the tube, says author Paul H. Wendland, and should be ideal
for star tracking and optical character recognition.

Keep your receiver in tune with computerized frequency control: page 60

Need fast acquisition, wide frequency coverage, and high accuracy in
frequency monitoring applications? Try using a closed-loop computer-
controlled system, recommends author Josef Osterweil. Thanks largely to a
dynamic digital-to-analog converter, the system is able to correct fre-
quencies for up to eight radio receivers, with sharp tuning accuracy.

And time-shared digital circuitry helps keep its cost at

a reasonable level.

Numeric readouts: the choice is yours, but choose right: page 65

The hot competition in display technology has given designers an abundance
of devices to choose from. But since displays are taking electronics into

new and competitive areas, cautions author Owen Doyle, this choice is
critical, and the designer must be familiar with all of the advantages

and tradeoffs involved in gas-discharge and incandescent tubes, light-
emitting diodes, and liquid crystal readouts.

And in the next issue.. ..

Special report: an in-depth look at the engineering career in the 1970s
.. . designing an active RC bandpass filter the easy way.
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Japan is packing everything
into large computer project

A government-funded program for bringing Japan’'s computer technology
up to date integrates most of the newer electronic techniques;
already the country’s commercial machines are benefitting

by Charles Cohen, Tokyo bureau manager

] Nearing completion in Japan, and paid for almost
entirely by the government, is a national project to
build a large, state-of-the-art computer. Intended to
raise the level of Japanese computer technology and
to reduce the country’s dependence on foreign com-
panies, it has already begun to pay off. The country’s
six domestic computer manufacturers have already
begun to develop commercial models around tech-
nological advances that were first made in the primary
machine.

Two major aims of the effort were to develop a
means of making different kinds of software compat-
ible with one another and to standardize the input-
output interface.

Software compatibility is intended to reduce the
percentage of the total cost of an individual installa-
tion that presently goes on software. This cost, and
the cost of hardware development, is remarkably high
in Japan, because of the peculiar statistics of computer
production there. Although the value of computers
produced by Japanese companies, as everywhere clse,
has risen rapidly from year to year, it is only about 2%
of the world total. When this is divided among six
companies, clearly only a small number of any given
model is produced, and the entire cost of hardware
and software development has to be borne by the
purchasers of this small number,

A word to the wise . ..

Obviously, if Japans national project succeeds, she
will depend less on foreign firms to supply her com-
puters, and those firms will lose a portion of their
market. They would do well, therefore, to keep an
eye on what the Japanese are doing, and to profit from
it technologically if not monetarily,

For the most part, the Japanese appear only to have
closed the technological gap between themselves and
the West—they have not opened a reverse gap. How-
ever, the national project computer has a buffer memory,
a multiprocessor configuration, and a virtual-address
scheme, all in the same system. Each of these can be
found in a U.S. computer, but no one U.S. computer
contains them all. Combining them is difficult at best;
so the Japanese success in this respect alone is enough
to put the rest of the computer world on notice. —W.B.R.
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To permit more users to share software costs, the
national project includes a specification for a common
language that should enable a user to run a program
from any manufacturer or software house on any
machine. It takes the form of an intermediate lan-
guage, into which programs written in conventional
source languages, such as Fortran, Cobol, or PL/1,
are compiled and from which they are then recompiled
into machine language for a specific make and model
of computer. (Conventional source languages, of
course, were originally conceived as similarly machine-
independent, but in use have turned out to be con-
siderably less so than had been hoped.)

The price of the double compilation is increased
overhead from inefficient use of storage space, awk-
ward sequences of machine-language instructions, and
the simple-minded but minutely detailed process of
compilation itself. However, though this overhead is
50% to 70% greater than that of a conventional For-
tran compilation, it is still small compared with the
order of magnitude difference in overhead between
late and early versions of Fortran,

Standardizing the input-output interface will permit
users to attach to their computers whatever peripheral
equipment they consider best, whether or not it was
made by the same firm as manufactured the computer.
It will also simplify the connection of computers to
existing data communication networks.

The standardized interface could be either that be-
tween the input-output device and its controller—the
device interface—or that between the controller and the
central processor—the channel interface. Most efforts
toward standardization have been directed toward
the channel inteiface. This standard has been sub-
mitted by Japan to the International Standardiza-
tion Organization [Electronics, Oct. 26, 1970, p. 115].

The crux of Japan’s entire national project is a large-
scale computer configured as a multiprocessor with
time-sharing capability (Fig. 1). It can have up to four
central processors, each of which comprises a basic
processing unit and an input-output processor. The
latter performs all input-output functions and is made
of TTL integrated circuits. All other processing func-
tions are carried out in the basic processor, which is
made of current-mode logic in hybrid packages.

The basic processor’s speed is enhanced by its use
of advance control, a technique which enables it to
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separate each instruction into several parts and ex-
ecute different parts of several instructions simul-
taneously. A typical separation might be fetching the
instruction from memory, interpreting it, computing
the address of its operand, fetching the operand from
memory, and finally executing the indicated opera-
tions. The computer is divided into several indepen-
dent parts corresponding to the instruction parts. For
example, it might be made up of an instruction fetcher,
an instruction decoder, an address calculator, an
operand fetcher, and a simple arithmetic and logic unit.

As Fig. 2 shows, computation begins when the in-
struction fetcher calls for the first instruction in a
program. As soon as it arrives, it is transferred to the
instruction decoder, and the fetcher calls for the sec-
ond instruction. When the first instruction has been
decoded, the address calculation begins; the decoder
starts to work on the second instruction, and the
fetcher calls for instruction number three. The se-
quence continues until eventually all five sections of
the machine are working on five different instructions
simultaneously.

This method of advance control is called pipeline
processing. In actual practice it can become quite
complex since the exact pipeline connections are not
always the same but differ according to the partic-
ularly instruction being processed. Nor can the various
parts of the machine be guaranteed always to finish

their parts of an instruction at the same instant.

Nevertheless, to refer back to the example, once the
system has been in operation for a while, the time it
appears to take to process an instruction is one-fifth
the time it actually takes. In the national project the
minimum apparent time is 50 nanoseconds, which is
the time required for addition after all the fetching
and decoding is finished. The average apparent time
for a typical mixture of instructions is over 100 ns.
When the pipeline is disrupted or a reference to main
memory is necessary instead of to the buffer (see
below), this average can grow to 250 ns.

As Fig. 3 shows, the actual basic processor consists
of 10 elements connected to five buses, plus a large
number of specialized data and control lines, not
shown in the diagram.

The input-output processor transfers data both ways
between the basic processor and the controllers for
specific input or output devices and performs various
types of diagnostic routine. It consists of several chan-
nels and a common control section. The channels may
be either multiplexors, selectors, or high-speed selec-
tors.

The multiplexer channel can simultaneously con-
trol many low-speed units such as printers, card read-
ers, and the like. The selector channel is for faster
units such as magnetic disk files; it controls only one
such unit at any given time, but transfers data to or
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1. Time-sharing multiprocessor. One version of Japan’s large-scale computer has two processors and two
sets of input-output equipment; but the system can be expanded to include as many as four processors

and eight memory units, totaling 8,388,608 bytes.
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2. Pipeline. National project computer divides each instruction into several parts and executes
different parts of consecutive instructions concurrently. By this means it enhances its performance considerably.

from it at a maximum rate of a million bytes per sec-
ond. The high-speed selector is for the very fastest
devices, usually magnetic drums, and has a maximum
transfer rate of four million bytes per second.

The common control, which renders the input-output
processor independent of the basic processor, contains
a microprogram that switches data paths between the
basic processor and the various channels, checks the
operation of the channels, and diagnoses malfunctions
when they occur. If one channel fails, the micropro-
gram can disgnose the cause while maintaining normal
operation on other channels.

The main memory is a million-byte core memory
unit comprising four banks of 262,000 bytes each (ca-
pacities are powers of two, rounded off). Hitachi makes
the memory units using 16-mil cores of lithium man-
ganese ferrite developed within the company. Up to
eight of these million-byte units can be included in a
single computer system. Each unit has a 600-ns cycle
time—the interval between two successive read oper-
ations—but actual access time is about 800 ns; the
increment is created by intervening connections.

In addition to the main memory, each basic proces-
sor has an internal buffer memory through which all
data and instructions pass between itself and the main
memory. Either a woven-wire design or a metal oxide
semiconductor design can be used as the buffer; at
the start of the project much experience had already
been accumulated with woven wires, but the rapid
development of semiconductor memories was cor-
rectly foreseen and provided for.

The wire version of the buffer has a capacity of
32,768 bytes of eight bits each and a cycle time of

125 ns, while the MOS version’s capacity is 16,384
bytes and its cycle time is 100 ns. Both versions are
divided into two banks capable of independent oper-
ation. The versions are organized into blocks of 64
bytes and sectors of 16 or 32 blocks, with 16 sectors
per buffer, During a single cycle each bank of the
buffer receives eight bytes from the memory, or trans-
mits one to eight bytes to the basic processor. The
wire memory compensates in part for its lower speed
by not being compelled to call on the main memory
as often. The two may not perform equally at the
system level, but it is not obvious which will be better.

A similar buffer is used in the input-output proces-
sor, but its capacity is only about 4,000 bytes and its
cycle time is about 500 ns—considerably slower than
the buffer in the basic processor and not much faster
than the main memory.

When the basic processor requests a byte of data
from the main memory, a full block of 64 bytes is
transferred automatically into its buffer, eight at a
time, in four buffer cycles per bank, by two banks si-
multaneously, They come from the main memory at
100- or 125-ns intervals, following an initial pause for
800 ns for the first bank to get itself cranked up and to
get addresses and data through the cables and
switches between the processor and the memory. Thus
in just over one and one-half main-memory cycles, 64
bytes are transferred into the buffer, the first byte—the
one called for in the beginning—has been processed,
and the computer is ready for another.

This use of the buffer would not make sense were
not the second and several subsequent requests almost
certainly for data somewhere in that 64-byte block, so
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3. Subdivision. These 10 elements and five buses are
the principal components of the Japanese computer,
which uses them to implement pipeline control.

that the lengthy delay while the main memory turns
over and the block is transferred should occur only
rarely. Furthermore, after several 64-byte blocks have
been transferred, references to main memory will occur
even more rarely. The probability that requests for
data will occur according to this pattern is 95% or
more in most applications, with the result that the
entire main memory appears to be capable of operat-
ing with the speed of thc buffer.

Hardware interlocks insure that new data replacing
old goes directly to the main memory as well as to
the buffer, so that when different processors are using
the same part of the memory, the second processor is
protected from the risk of working with stale data.

This mechanism will be recognized as similar to
that first implemented commercially by IBM in the
System 360 modcl 85 in 1968. Similar buffers have also
been used by IBM in subsequently introduced com-
puters, and are being studied by other manufacturers.

To permit the various basic processors to gain ac-
cess to different main memory units, switches are
interposed between the processors and the memories.
There is one switch for each memory unit, providing
all four basic processors in the system with access to
all four banks within that unit. Furthermore, each
basic processor can be connected to as many as four
switches, and therefore to up to four memory units. If
a very large system requires a basic processor to have
access to five or more memory units, additional mem-
ory switches can be connected in series to a single
interface at the processor—at the cost, of course, of
additional delay through the extra switching unit.

The transfer rate designed into the switches, allow-
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4. Hybrid. Like the other 15 arrays used in
the national computer project, this one is made
from five basic monolithic ICs.

ing for a safety factor to prevent overloading, is 50
million bytes per second, passing through in groups
of eight. At this rate the transfer time through the
switch must be 8 divided by 50 million, or 160 ns.
Peak rate can rise to 100 million bytes per second.

Also in the national project computer are a memory
protection scheme and error correction circuits. Al-
though they control the main memory operation, they
are actually in the memory switch. The memory pro-
tection prevents faulty programs from erasing val-
uable data in the memory by means of a four-bit key
accompanying the address whenever a store operation
is attempted. If the address key doesn’t match the
key in storage, the operation is blocked. Error correc-
tion uses the parity bit that goes with every byte;
when transferred in groups of eight bytes, the parity
bits are redefined to correct single-bit errors and de-
tect double-bit errors anywhere in the eight bytes.

In accordance with design specifications of the na-
tional project, the computer can execute a simple ad-
dition of two numbers in 50 nanoseconds, exclusive of
fetching and decoding operations, as described pre-
viously. In general, simple operations such as addition
require about 10 logic gates to be connected in cas-
cade, so that each gate must have a delay time of no
more than 5 ns. Of this delay, about one-third, or 1.5
ns, is in the individual logic circuits.

But in fact, the intrinsic delay per gate is only about
1.2 ns. These gates are emitter-coupled integrated cir-
cuits bonded face down on a ceramic substrate with
two layers of wiring. On the IC chips themselves, the
gate delay is actually less than 1 ns.

Sixteen different kinds of hybrid arrays are used in
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5. Shallow for speed. 2.5-micron epitaxial layer
with low-temperature passivation is thin enough to
keep capacitance low and therefore speed high.

the national computer project—all made of five differ-
ent kinds of monolithic ICs mounted in rectangular
36-pin packages (Fig. 4). In addition, the five ICs are
used individually in 16-pin dual in-line packages, along
with interfacing circuits that match the ECL in the
basic processor to the TTL in the input-output proc-
essor. Hitachi makes all the ICs, except those for the
semiconductor memory and the sense amplifiers for
the wire buffer memory, made by Nippon Electric Co.

Hybrid integrated circuits were chosen because, at
the time the project was begun, the technology showed
.no promise of being able to produce monolithic ICs
of sufficient size with the necessary characteristics—
notably the cutoff frequency of the transistors—within
the expected time span of the project. Furthermore,
even if they could have been produced, there would
have had to be many more than the five types used in
the hybrid approach; and changes in the partitioning
of logic among chips would have been difficult and
time-consuming, whereas with the hybrid approach
the chips need only be juggled around in the package.

Using the hybrid approach, a 36-pin package was
chosen that can hold a maximum of 10 chips having
30 to 40 gates each and dissipating about 200 milli-
watts, or a total of 2 watts for the entire package.

The circuit’s high speed is enhanced by an epitaxial
layer only 2.5 microns thick, and by shallow junctions
such as a base junction only 0.8 micron below the chip
surface. Similarly, the distance between the emitter-
base junction and the base-collector junction is only
0.17 n, while the emitter itself is only 8 x across, and its
metalization window is 4 u wide (Fig. 5).

These dimensions are made possible by Hitachi’s
low-temperature passivation process [ Electronics, Aug.
5, 1968, p. 269], in which the oxide layer that forms
on the surface of the IC during diffusion is removed
and replaced by another oxide coating at low tempera-
ture. The high-temperature oxide layer has an irregular
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6. Substrate. Successive layers of glass and metal
on alumina ceramic make up the substrate on which the
monolithic chips are mounted in the hybrid package.

surface on which it is difficult to deposit narrow met-
alization patterns. But the low-temperature oxide layer
has a planar surface, in which small windows can
readily be opened and on which it is relatively easy
to deposit narrow metalization patterns.

The ceramic substrates on which the chips are
mounted measure 0.39 by 0.79 inch and consist of a
slab of alumina 570 g thick plus a 30-u-thick layer of
silicon glass. On this smooth surface is deposited the
first conductor pattern of etched aluminum, 2.5 p thick,
followed by a 4.5-u sputtered layer of insulating glass.
In this layer approximately 200 holes are opened to
interconnect the wiring patterns above and beneath
it, and on the surface of the layer pedestals of alumi-
num are fabricated, about 6 p high and shaped like
truncated pyramids. A second layer of aluminum, this
time 5 p thick, is deposited on the glass and connects
with the bottom aluminum layer through the holes;
the pedestals form bumps to which the integrated
circuit chips can be bonded. Finally this upper layer
is etched to form a second conductor pattern (Fig. 6).

This completed substrate, slightly over 600 n or
0.6 mm thick, is glued to a 1.5-mm-thick ceramic base
with silver epoxy adhesive; this base has a 4-mm-high
rim. The IC chips are placed face down on the bumps,
one bonding pad per bump, and ultrasonically bonded;
and the package cover is attached to the rim.

Because the chips are standard in every way, they
can also be conventionally wire-bonded in individual
packages. No special fabrication processes are applied
to the chips intended for the hybrid arrays.

Both hybrid LSI circuits and individual ICs are
mounted on six-layer printed-circuit boards which use
50-ohm striplines as signal lines. These boards in turn
are mounted on eight-layer backboards through which
the smaller boards are interconnected.

Work on an even faster series of ICs, with propaga-
tion times of 500 picoseconds, was begun during the
project but temporarily shelved because it could not
be completed in time for use in the prototype. Hitachi
has now resumed work on this faster series, and hopes
to make a commercial line out of it.

The semiconductor version of the buffer memory is
made of MOS chips, each containing 16 words of nine
bits each. Each basic cell is a static flip-flop, as shown
in Fig. 7, where Q, and Q- form the flip-flop itself,
Q; and Q, are switches for write-in and read-out,
and Q; and Qg are resistances. The chip measures 140
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by 119 mils and is mounted in a 40-lead package.

Access time at the chip level of these circuits is 5 ns
for read-out and 15 ns for write-in. For the entire time
that an address signal is applied to an MOS cell, a dc
readout signal appears at its output terminals. Thus
the read-out is nondestructive, and data taken out
need not be rewritten. Because the cells are static, no
internal clocking is necessary; an address applied at
the input ripples throngh and brings the output to the
terminals in the shortest possible time.

The memory’s peripheral circuits are made with
nonsaturating bipolar ICs. Individual dual in-line pack-
ages contain four word drivers, or three digit drivers,
or three sense amplifiers. The word and digit drivers
must generate larger voltage swings than are ordi-
narily required of bipolar circuits, and must feed these
voltages into a relatively large capacitance. This ac-
counts for the long write time of 15 ns.

Sixty-four memory chips form a subunit of 1,024
bytes, organized as 128 words of 72 bits each. The
word drivers are addressed by an 8-by-16 matrix
driven by three-bit and four-bit subaddresses, and
then subaddresses are fed in parallel to all eight sub-
units in the basie, 8,192-byte unit of the buffer. Con-
sequently the same 72-bit word is addressed in all
subunits at once. A third subaddress of three bits
selects one of the eight subunits by enabling one set
of 72 digit drivers and one set of 72 sense amplifiers.
By this means 72 bits, corresponding to eight 9-bit
bytes, are transferred in or out of one subunit at a
time, to or from one of 16 corresponding locations in
each of eight chips.

The 64 packages forming a subunit of the buffer are
on two identical boards, each 13.4 by 9.1 inches, and
each having five layers of wiring to interconnect the
chips. Sixteen of these boards make up a basic unit of
the buffer memory; each basic processor contains
two of these units. The basic unit measures 16.5 by
18.0 by 11.8 inches.

At the unit level the reading cycle and the writing
cycle are each less than 60 ns. Following any write
cycle, however, a 30-ns wait is required before a new
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7. Static flip-flop. Semiconductor version
of the buffer memory is made of MOS chips each
containing 144 circuits like this one.
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read cycle can be initiated, because a proper level
must be restored to the digit lines. These lines have a
time constant of about 107ns, so that they do not re-
turn to a reasonably close approximation to the proper
level for 30 ns, or three time constants. Awkward as
this waiting time may seem, it is still within the speci-
fied cycle time of 100 ns.

The optical character reader included in the national
project is based on a spatial network technique for
processing topological information, as opposed to the
digital electronic computer techniques required for
processing logical information. The technique pro-
duces a chain of transformations of a pattern while
retaining the pattern’s topological properties, and in-
volves electrical networks that have analog and par-
allel properties as distinguished from purely digital
properties. It is based on theoretical work done since
1960 at the Electrotechnical Laboratory by Taizo
lijima; the hardware prototype was built at To-
shiba’s Central Research Laboratory.

The national project’s optical character reader is
called Aspet, an acronym for analog spatial processor
that also manages to recognize the Electrotechnical
Laboratory (e) and Toshiba (t). A prototype, Aspet/70,
was completed last year (Fig. 8); an improved model
with a modified optoclectronic front end and an auto-
matic paper feed, called Aspet/71, is just complete.

This model is capable of reading the 26 capital let-
ters of the roman alphabet, 10 numerals, and eight other
symbols, all in the 1SO-B font. Its circuits are capable
of processing 2,000 characters per second, faster than
the paper-feed mechanism can provide them. These
specifications represent a cutback for budgetary rea-
sons from the original plans, which called for the
reading of 26 capital and 26 lower-case letters, 46 Jap-
anese katakana characters, 10 numerals, and up to 20
miscellaneous symbols, in a variety of fonts,

The optical character reader is composed of an
optoelectronic conversion unit, a preprocessor, and a
recognition unit (Fig. 9). The first two units use digital
circuits, and convert the incoming data into multiple
analog signals at the output. The recognition unit

Who's who in the national project

The national project started officially on April 1, 1966,
and its completion is planned for March 31, 1972. The
Agency of Industrial Science and Technology, a part
of the Ministry of International Trade and Industry,
has jurisdiction over the project. The Electrotechnical
Laboratory, which is part of the Agency of Industrial
Science and Technology, is responsible for the project’s
technical aspects. Actual research and development is
shared by the Electrotechnical Laboratory with the six
native computer manufacturers in Japan: Hitachi Ltd.,
Nippon Electric Co., Fujitsu Ltd., Tokyo Shibaura Elec-
tric Co. Ltd. (Toshiba), Oki Electric Industry Co.,
and Mitsubishi Electric Corp. Hitachi is the principal
hardware contractor, and the Nippon Software Com-
pany, a joint venture of Fujitsu, Hitachi, and Nippon
Electric, was established specifically to develop software
for the project. Component manufacturer Toko Inc. and
Tokyo, Kyoto, Osaka, and Tohoku Universities have
also participated in the effort.
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compares these multiple signals with fixed patterns
by a method called multiple similarity: the pattern
providing the highest output is identified as the char-
acter being read at that moment. This process requires
a large number of operational amplifiers, and wouldn’t
be economical without the availability of linear ICs
for these amplifiers.

In the optoelectronic conversion unit a flying-spot
scanner converts the printed characters into electrical
signals and quantizes these into binary, zero-onme,
black-white signals. Quantization also removes most
of the noise from the signal.

At the input of the preprocessor is a two-dimen-
sional shift register, a 39-by-27 matrix of flip-flops. The
array stores an entire character and is capable of shift-
ing it up, down, or sideways to center it properly for
the next stage of the recognition process. This shifting
is controlled by circuits that sense thc edges of the

character, No size normalization is necessary because
the characters are all in a standard font.

Next the signal is summed, partly to remove more
noise and partly to reduce the number of inputs to the
recognition unit to a practicable minimum. For sum-
ming, the 39-by-27 matrix is divided into 117 sub-
matrixes of nine flip-flops each, in a 3-by-3 array. The
40 submatrixes around the outside of the main matrix
are ignored, because after centering all or almost all
of them are off; this leaves 77 submatrixes in an 11-
by-7 array, or 693 flip-flops in a 33-by-21 array. One
submatrix of nine flip-flops, plus the three nearest flip-
flops in each of the submatrixes above, below, and on
each side, makes a group of 21 flip-flops. From each
group, 21 resistors and one operational amplifier add
up the number of flip-flops in the group that are on.
The values of the resistors are such that the summa-
tion is gaussian—in other words, the center flip-flop in
the group contributes most to the summation, those at
the perimeter of the group contribute least.

At this point the stroke widths of the characters are
normalized, using the summations from the opera-
tional amplifiers. If the summations are not zero but
less than the voltage reference, the flip-flops that are
on, corresponding to black areas in the character being
read, transfer their states to adjacent “off” flip-flops,
and the new summations again are compared with the
reference. If necessary, the process is repeated once
more, This is equivalent to blurring the character
being read (Fig. 10); it improves the accuracy of read-
ing mutilated characters. Such blurring is diametri-

8. Aspet/70. Prototype optical character reader
includes a two-dimensional shift register whose contents
appear on the large display at right in the photo.

9. Optical character reader. Conversion unit

and preprocessor are digital subsystems generating
data for the recognition unit, which is largely
analog. The system’s operation is based on a spatial
network technique announced in 1965.
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cally opposed to the aim of most other optical char-
acter readers, which is to sharpen characters.

Following the blurring or broadening operation, the
character is identified. A particular subset of the 77
summations, corresponding to a recognizable char-
acter, is fed through weighting resistors to an opera-
tional amplifier with a squaring characteristic. Three
subsets corresponding to variations of one character
drive three of these amplifiers, whose outputs then
pass to another amplifier that has a square-root char-
acteristic. The result is the root-mean-square value of
the three patterns for that character. This rms com-
putation compensates for irregularities such as im-
proper printing of the original character, which would
result in its being improperly centered. Since the
reader can recognize any of 44 characters, 44 rms
values are being computed all at once. One of these
values is considerably larger than any of the others;
and it identifies the character.

The graphic display system that was developed as
part of the national computer project comprises onc
display console, with a screen and a keyboard, and
a controller that is capable of running four consoles
(Fig. 11). The computer communicates with the con-
troller itself through a set of 18 input-output in-
structions, and with the display console through the
controller with 22 more instructions. The display gen-
erates vectors from points in a grid of 1,024 by 1,024
The two coordinates in this grid are addressed by 10
bits each, while another 4 bits denote control infor-
mation for the display.,

10. Stroke width normalization. To simplify recognition
process, narrow strokes in the character are broadened
or blurred, as shown here in two representations

of the character in the shift register.

11. Graphic display system. Control unit, at left,

can run up to four consoles like the one diagramed

at right below. Vectors and alphanumeric characters are
traced on a grid of 1,024 by 1,024 points.

| EXTERNAL |,
CONTROL

Vectors of any length are traced out at a constant
speed, to maintain a constant brightness. The data
specifying the pattern to be traced out is stored in a
buffer memory, in which the displayed material is re-
freshed 40 times per second without interfering with
the computer. If the entire display cannot be traced
out in 1/40 sccond, the refreshing is slower.

Firmware wired into the display causes a line to be
drawn as solid, dashed, dotted, or as alternate long
and short dashes. Other firmware controls three levels
of brightness in the display and can cause any speci-
fied part of the display to blink four times per second.
The display also contains a hardware character gen-
erator that can create 54 different characters on the
screen.

The graphic display system was developed by Mit-
subishi, and is for the most part only a small improve-
ment on a design completed by Mitsubishi in 1967. It
included an alphanumeric keyboard, program function
keys, and a light pen. O
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Solid state combo senses light
well enough to vie with tubes

Advantages that the silicon photodiode/op amp has over photomultipliers
include better linearity, stability and frequency response; the pair
is ideal for star tracking and for optical character recognition

by Paul H. Wendland, united Detector Technology inc., Santa Monica, Calif.

[J The photomultiplier’s monopoly in low-light-level
sensing systems is being challenged by an all-solid-
state combination. The sensitivity of silicon photodi-
odes has been steadily increasing, op amp perform-
ance has also been upgraded, and the two elements
when paired are now capable of detecting light levels
as low as 10—1® watt per square centimeter of infra-
red radiation or 10=7 foot-candle of visible radiation.
The combination is therefore ideal for many applica-
tions not previously open to phutodiodes alone, among
them optical character recognition systems, commer-
cial photometric and radiometric instruments, and
earth resources scanning systems.

Although the photomultiplier is more sensitive than
a photodiode, since it can detect individual photons,
the photodiode/op amp combination has the com-
petitive advantage in just about every other device
specification. Photodiode/op amps have two to three
times greater linearity—1% maximum deviation from
absolute linearity of output current over nine dec-
ades of input light intensity. They are more stable,
showing only a 0.5% maximum deviation in respon-
sivity over six months compared to 1 to 2% for mul-
tipliers. Their light tolerances are higher, and they
avoid overloading and saturation. They have a wide
range of spectral response (2,000 to 11,000 ang-
stroms in one detector), better shock and vibration
tolerance levels, smaller power supply requirements
(= 15 volts for an op amp as against 1,000 vV for a
photomultiplier), superior packaging capability, and
easier geometrical control (for high density arrays).

Figure 1 is an example of a commercially available
silicon photodiode/op amp combination. Effective
utilization of the low-noise characteristics of the photo-
diodes depends upon proper selection and coupling
to available low-noise op amps. The coupling scheme
shown in Fig. 2 has several advantages: the output
of the photodiode is a constant current, and therefore
the op amp functions as a simple current-to-voltage
converter. For an op amp with open loop gain A and
impedance Ry, the impedance presented to the photo-
diode by the op amp is R; = R/A, which is typically
less than 10 ohms. This optimizes response time be-
cause photodiode capacitance is shorted out, and it
also optimizes signal linearity, because the load line
on the I-V curves is vertical and falls in the linear
or photoconductive region of the curves (see load lines
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1 and 2 in Fig. 3). However, when an unbiased photo-
diode is coupled to an amplifier that does not present
a low load impedance, the load line falls in the non-
linear or photovoltaic portion of the I-V curve, as
shown in load line 3.

Design parameters for typical photodiode/op amp
combinations also are as shown in Fig. 2. The signal
current out of the photodiode is linearly related to
the input light intensity; thus:

is = RIL (1)
where i, = signal current in amperes or microamperes,
R = responsivity of the photodiode in amperes per
watt, and I;, = input light intensity in watts or micro-
watts. The voltage out of the op amp is the product
of the current in the feedback loop and the feedback
resistance. If the open loop gain A> >1, the feedback
current and input signal current are equal, and the
op amp output voltage is

€, = ist (2)
Combined with Eq. (1),
Co = RR(IL . (3)

Table 1 lists typical values of op amp voltage out-
puts for various light levels striking the photodiode.
It is clear that as the light intensity is reduced, the

1. Tough competitor. This photodiode/op amp combination
is ousting the photomultiplier in many areas. Large
photodiode areas and low noise of op amp make unit
capable of detecting 1012 watt/cm? of radiation at
wavelengths from 2,000 to 11,000 A.
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feedback resistance must be increased to preserve
output voltage, From this is derived a great advantage
of photodiode/op amps: by switching different feed-
back resistances from 100 ohms to 100 megohms, light
levels from 10— W to 10—3 W can be registered on
a simple millivolts meter.

Eq. (3) shows that, for any given light intensity,
the op amp output voltage is related only to the
feedback resistance value and responsivity of the
photodiode. Consequently, if a feedback resistor with
low temperature coefficient is chosen, temperature
compensation is required only for the variation of
photodiode responsivity with temperature. Typical
variation is +0.05%/°C when the photodiode is in
the unbiased mode (V, in Fig, 2 is zero). The re-
sponsivity will first increase, then decrease, then
increase again as temperature is raised, so that its
variation between 0 and 125°F never exceeds 4%.

When the coupling scheme of Fig. 2 is used for
very-low-light sensing applications, one factor that
must be taken into account is the voltage developed
at the output when there is no light on the input.
This output offset voltage originates from: the input
offset voltage of the op amp (e;), which is reflected
directly to the output; the input bias current of the
op amp (i,), which flows through the feedback re-
sistor; and any dark current (ig) generated by the pho-
todiode when a bias voltage is applied to it. The
expression for the total output offset voltage is:

em:ei+Rf(id+ib)

For low-light-level dc applications, where large feed-
back resistors must be employed, input bias current
and photodiode dark current must be kept as small as
possible, to hold offset voltage down. Field effect
transistor op amps are therefore preferred here, as
well as low-leakage PIN photodiodes. A typical ar-
rangement is shown in Fig, 4,

Although the output offset voltage can be mini-
mized, the temperature variation of e, is, and i, still
remains a concern. The photodiode dark current i,

Ry
MV
_'s
1]
LIGHT is
) ——
5
Ry< | oP avp S
<
PHOTODIODE ! + .
)
Vv, —

2. Happy couple. In this scheme of a typical coupling of
photodiode and op amp, the output of the photodiode is

a constant current, iy, enabling the op amp to function as

a current-to-voltage converter. The op amp’s low impedance
minimizes capacitance and optimizes response time.
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doubles with every 10°C rise in temperature; for this
reason, in many applications the photodiode is un-
biased (V, = 0 in Figs. 2 and 3), so that iy = 0. Also,
chopper-stabilized op amps can be used when tem-
perature variation of e; and i, presents a problem.
For high-speed ac light sensing applications, the
op amp can be ac-coupled to the next stage, so that
temperature drift of dc output offset is not a problem;
here the photodiode is often voltage-biased to reduce
capacitance and increase response time.

The frequency response of the circuit of Fig. 2
to sinusoidally varying or pulsed light sources is
determined principally by the feedback resistance
and capacitance of the op amp. Capacitance values
between input and output of FET op amps typically
range from 1 to 10 picofarads. A 1-megohm feed-
back resistance and 5-pF feedback capacitance would
yield a 3-decibel frequency response of 60 kilohertz,
Reducing the RC product with a smaller feedback
resistance increases the frequency response corre-
spondingly. The upper limit of frequency response
is fixed by the slewing rate of the op amp. A typical
upper limit for low-noise FET op amps is 1 MHz.

One of the key advantages of the circuit in Fig. 2
is that the photodiode looks into a virtual short cir-
cuit, and any charge on it is pulled immediately into
the op amp. For this reason, photodiode capacitance,

Table 1: Solid state sensor performance at various
input light levels

Input conditions | Photodiode ' Op amp | Resultant
 responsivity feedback output voltage
resistance
‘1 uw radiation | .25 A/w 1k .25 mv
at 6,328 & 10k 2.5 mv
100 k 25 mv
.ﬂ‘w_r‘a.drigftion .05 a/w 10m 5 mv
at 3,000 A
100 foot candles .2 za 10k | .2v
(approx. ft candle
room itlum.)
OI10OVO PHOTOCOND
R 0 R 0
N 2
" RADIANT POWER - 600 uW
i 500 uW
‘ 400 uW
i 300 uW
200 uW =

3. Vertical. In these |-V curves of silicon photodiodes,
vertical load lines 1 and 2 for devices with minimum
capacitance fall into linear region of the curves. Unbiased
photodiodes with significant load produce load line 3 which
fall into nonlinear zone, resulting in longer response times.
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Table 2: How photodiode/op amp parameters shape up

Parameter Symbol Desired upT-500 photodiode (typical)
Responsivity R Large for maximum signal 0.4 a/w (8,500 ;)
_§ Dark current ia Small, for low noise 107 A (—5v)
(3}
Q
3 Capacitance: Ca Small, for low noise 150 pF (—5v)
v
'-'.3 Area A |Large 1 cm? (0.44 in. dia)
2
= Photovoltaic source impedance R: Large, for low noise 1-5 megohm
Spectral response width A\ Wide as possible 2,000 :-12,000 A (uv)
Noise equivalent power NEP |Small, for low light detection 10" w
Input offset voltage e Small, for fow dc adjust 5 mv, adjustable to zero
Input bias current ib Small 5 pa
Input offset current io Small .5 pa
g Noise (rms) €on Small 7 uv (4-10 Hz)
§ Output resistance R, Small 75 ohms
a
E Slew rate Large 6 v/us
Q
© | Unity gain bandwith GB Large 1 Muz
Supply current Small 3ma
Supply voltage Small + 12to % 20
Cost Small $90 (1-9)/$65 (101-up)
which can run as high as 1,000 pF in the unbiased
5pF condition, is not a direct factor in determining fre-
[_—4 quency response,
AAA However, photodiode capacitance does have one
Ry=18M] subtle and important effect on the noise spectrum.
+15 At the frequency where the capacitive impedance of
10pF the photodiode is less than the feedback impedance,
2k the amplifier input noise voltage is multiplied by the
36k 36k ratio of the latter impedance to the former. Beyond
> this frequency the noise spectral density can increase
~ 3 at a rate of 6 dB per octave, depending on the rela-
oP 7 OUTPUT tive values of the op amp input noise, photodiode
aMP S —- : p 2mp input I D
. noise, and feedback resistor noise involved.
The effect of detector capacitance on noise can be
minimized by choosing an op amp with as small a
o e GROUND capacitance as possible or, when active detector
+ _L areas of one square centimeter or greater are re-
= quired, by using a PIN-type silicon photodiode rather
36k S si-PHOTODIODE than a p-n type. It should be emphasized that this
PIN-10 e capacitance-noise interaction has no effect on signal
PHOTODIODE output as a function of frequency.

4. Error offset. FET op amp’s low input bias current
combined with low photodiode dark current minimizes
detector’s overall offset voltage and noise.
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Table 2 lists representative characteristics of a
photodiode/op amp combination typified by the UDT-
500 system. Large area (1 cm? and greater), low-
capacitance, high-performance PIN silicon photodi-
odes are available at unit prices at $39 to $120 in
small quantities, and drop below $25 in quantities of
1,000. In addition, suitable high-performance op amps
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UDT-500
PHOTODIODE

S 20 SURFACE
PHOTOMULTIPLIER

S1 SURFACE
PHOTOMULTIPLIER

5. Flat out. Photodiode/op amp spectral response
{quantum efficiency) is fiat over severa! octaves, while
photomultiplier surfaces (S1 and $20) have narrower range.

—FET op amps, chopper-stabilized op amps, and
varactor bridge op amps—range in price from $25
to $125 in small quantities and from $10 to $60 in
100-lot quantities.

It’s instructive to compare a photodiode/op amp
combination with a typical phototube. Table 3 dem-
onstrates that on all key design factors—spectral range,
stability, linearity—the former has a clear advantage.
In more detail, Fig. 5 compares the spectral responses
of S1 and S20 photomultiplier surfaces and a solid-
state sensor, and shows that a single photodiode/op
amp combination covers the spectral range of both
photomultiplier surfaces with a quantum efficiency
higher than that of either of them.
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I
A limit to noise

Clearly, if very low levels of light are to be detected,
noise must be minimized. Noise at the output of the
photodiode/op amp combination arises from shot or
thermal noise from the photodiode (isn), voltage noise
from the op amp (eon), current noise from the op amp
(ion), and thermal noise from the feedback resistor,
(irn). The combination of these four factors is the
total output noise voltage, which is given by:

€nt = [ezon + (izdn + izon + izm)sz]ll?' (1)
where for a voltage-biased (photoconductive) photodi-
ode isn = (2ei4B)* and for an unbiased (photovoltaic)
photodiode isga = (4KTB/Rs)%. B = bandwidth in
cycles per second, and Rs = unbiased equivalent im-
pedance of the photodiode.

The values of em and i, can be obtained from
manufacturers’ data sheets. But since in today’s de-
vices these terms are small in relation to photodiode
and feedback resistor noise, (1) reduces to

€t = [(izdn + izrn):RvZf]”2 (2)
From (2) and from the signal output voltage of e, =
RR(Iy, the signal-to-noise voltage ratio works out at
S/N = RIp/(i%3, + i%..)%. If the photodiodec is un-
biased, and R is chosen to be larger than Rs, ign >>
irn and the signal-to-noise ratio reduces to

S/N = RIL(4KTB/Rg)~"? (3)

The minimum detectable light level is that which pro-
duces a signal voltage equal to the noise voltage.
This level is called the noise equivalent power, NEP,
and is obtained from (3) by setting S/N = 1, and
solving for Iy:

NEP = (I, when S/N = 1), or
R-14KTB/Rs)!?
1.28 X 10-YR-!(B/Rg)!/?

The factors that determine the noise equivalent
power in this limiting situation are responsivity (R),
and unbiased photodiode source resistance (Rs). For
low-light-level sensing, the photodiode must have high
responsivity, low dark current, and high zero bias
resistance. As an example of what can be obtained
with presently available equipment, a photodiode with
a responsivity of 0.5 ampere/watt and source imped-
ance of 5 megohms, coupled to an op amp with feed-
back resistance greater than 10 megohms, would have
a noise equivalent power in unit bandwidth (B = 1) of
only 1.1 x 10—13 watt.

Applications of the combination are growing rapidly.
There are several low-light-level systems now oper-
ating in which silicon photodiode/op amps are out-
performing photomultiplier tubes. Photometer/radio-
meter instruments, which are used as a transfer stand-
ard between a standard and an unknown light source,
have for a long time depended on photomultiplier
tubes as their basic sensors. But these tubes do not
have the long-term stability necessary to maintain
an absolute calibration over a period of months or
years. The photodiode/op amp, however, permits a
radiometer to hold a calibration to within 1% for
years, independently of ambients, high light levels,
or voltage overloads. Figure 6 is a photograph of
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Table 3: Comparison of solid state and

photomultiplier characteristics

Characteristic |

Photodiode/op amp

: Photomultiplier

in one detector

Spectral range 2,000 A to 11,0004 | 2,000 A to 10,000 A

|in several different
units

Stability

Unaffected by time,
light, or temperature
extremes

Variable with time,
light, and tempera-
ture extremes

Response time,

Less than 5-ns
response in the
detector, 50-ns to
1-us in the op amp

Less than 5-ns rise
'and decay; but up to
several microsecond
delay in dynode
transit

Minimum
detectable
light level

10"winlcm?
5.10"*win 20 mildia

Will count single
photons

Power supply

+ 6vto x 20 vand
insensitive to power
supply fluctuations

|

1600-3,000 v and
|output sensitive to
|voltage fluctuations

Cost

$30—$150

$15—$250

Power supply
cost

$15—-$35

$75—~%$200

Geometry
variation

Can be made in

single continuous

strips up to 10 in. in

length, or as small

as 2 mils in diameter,
| or on curved surfaces

Glass envelope
restricts very large
areas and small
precision arrays

6. Long term. Commercial photometer/radiometer with
solid state sensor achieves long-term stability and wide
light-level range. The insert, a 2V/2-inch-long curved
silicon photodiode for star tracker, achieves

detection level of 1012 watt.

one instrument that’s suitable for calibration uses.
The spectral region between 8,000 A and 11,000 A

is particularly suitable for silicon photodiodes. The
quantum efficiency for silicon in this region is greater
than 75%, while that of photomultipliers is less than
10%. Because of this spectral range, two earth re-
sources scanning satellites now being built use silicon
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7. Reader. These quarter-inch-wide single-element
Schottky barrier photodiodes, 2, 4, and 9 inches long,
are used in high-speed laser scanning and OCR
applications. Uniformity of response over the 9-inch
span is 10%. Leakage is less than 10 microamps

at 50 volts reverse bias.

photodiode/op amps capable of detecting 10— W,
well within the necessary operating margins for using
the incident light available from the earth.

Star trackers previously used photomultiplier tubes
because of the low-light-level detection requirement,
but one designed for the Grand Tour of the outer
planets has been built with solid state sensors. Mini-
mum detectible light levels of 10—13 W are achieved.
Silicon is particularly advantageous here because of
its size, weight, stability, and power characteristics.
The insert of Fig. 6 shows a star tracker silicon sensor
in which the active junction is located on a precision-
curved surface, with a radius of curvature of 4 inches.

Many designers of optical character recognition
systems have also made the switch to silicon photo-
diode/op amps. The 9-inch long silicon photodiode
strip shown in Fig. 7 has found a unique application
as a page reader. A laser beam is moved across a
page so that the spot travels just below the strip
photodiode, which is placed above and across the
width of the page. The reflected light from the page
is recorded by the photodiode, and the information
transferred to a computer or remote location for iden-
tification or reproduction. O
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FREON and save.

You can lower cleaning cost per board
with FREON cleaning agents because
they’re compatible with most materials of
construction, including polycarbonates. You
can clean completely assembled boards
without damage to substrate, components
or markings. Remove all rosin-based flux
and other contaminants at the same time.
Get clean, dry, residue-free boards.

Flux Removal. A typical cleaning
cycle for cleaning p.c. boards in a four-stage
vapor defluxer is (1) gross removal of flux
and contaminants in boiling FREON (below
118°F), (2) liquid rinse in FREON, (3) spray
rinse, (4) final vapor rinse in vapors of
freshly distilled FREON.

Low Solvent Replacement Cost.
FREON cleaning agents are constantly

FREON is Du Pont's registered trademark for its fluorocarbon
cleaning agents,
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recovered and purified for reuse. In a
properly designed and operated defluxer,
solvent losses are minimal.

Purity. FREON cleaning agents are
electronic grade materials and chemically
stable. No stabilizers or inhibitors are
needed.

Safety. FREON cleaning agents have
a low order of toxicity. They are non-
flammable and nonexplosive and do not
require any special safety equipment.

See what a difference a properly
designed FREON cleaning system can make
in your cleaning costs. Write for more
information about FREON and cleaning and
defluxing systems. DuPont Company,
Room 22443C, Wilmington, Del. 19898.

QUFOND FREON

cleaning agents

Circle 55 on reader service card
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CDesigner’s casebook

Flip-flop pair synchronizes
pulses and floats clocks

by Lee E. Baker

University of Wisconsin, Madison, Wisc.

Two J-K flip-flops can do the work of a digital one-
shot—and more. They can synchronize random events
with clocks, change a square-wave signal generator
into a pulse generator, and with a frequency divider
modulate clock frequencies. Unlike a one-shot, pulse
lengths and separations are widely and easily varied.

In the basic pulse separator’s standby state, the
two flipflops are latched so the Q; output is low.
When a reset pulse is applied, both flip-flops are
unlatched. A trigger pulse to FF; causes Q; to go
high (logic 1) and relatches FF,. The action resem-
bles a monostable multivibrator’s, but the on time
varies with the trigger period, the off time with the
reset pulse period.

This action results from the J; and K; inputs to
FF; changing state with FF, while the J, and Ka

inputs are grounded. During standby, Q. and J; are
0 and Q. and K; are 1. Therefore Q; remains low
regardless of the trigger pulses (a J-K flip-flop’s Q
output is forced to 0 by a trigger if J if 0 and K is 1).

A reset pulse on the R input changes FFy’s state

and resets J; and K;. This allows FF; to change state
on the next trigger-pulse trailing edge (the »L923
triggers on a trailing edge). Because J; is 1 and K;
is 0, Q; goes high immediately. The drop of Q: is
seen by FF, as a trigger trailing edge, and FF;
changes state, reverting to the standby condition.
Consequently, Q; returns to 0 with the following
trailing edge. FF, cannot be triggered again, nor

can FF;, because Q; rises to 1 and stays there. The
pulse output on Q; closely coincides with the trigger-
pulse period, synchronizing the trailing edges. The
trailing edge can therefore be used to change counter
states or for other control functions.

Reset pulses must be noise-free and shorter than
the trigger period if double triggering is not to
occur and FF; is not to be locked in the on state.
A circuit like the “noiseless” pushbutton shown will
shape and clean up switch inputs. It normally oper-
ates from dc to 75 kilohertz, but can be extended to
at least 1 megahertz by changing the RC timing
network on the p1.914 dual RTL gate.

The timing diagram shows what happens when
reset pulses occur randomly. But if reset is periodic,
the pulse-separator output will be periodic and the
timing of the output pulse train will depend on the
trigger and reset periods.

This circuit was developed through a research
grant from the National Air Pollution Control Ad-
ministration, Consumer Protection Environmental
Health Service, Public Health Service.

More than a one-shot. Two flip-flops operating as a pulse separator (A) align reset pulses with a trigger pulse train.
FF; cannot change state until FFq is reset and changes the state of J; and K;. Then FFg triggers and causes
FF, to return to the standby state. Applications include “noiseless” pushbutton control (B).
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Bootstrap boosts gain
of low-noise rf preamp
by R.J. Turner

Radio Corporation of America, Moorestown, N.J.

An easy way to improve the gain of a low-noisc rf
preamplifier while increasing bandwidth is to put
a bootstrapped transistor between the input and
output stages. The input stage can be operated at
a higher load-resistance level, producing better gain
and bandwidth due to the lower input capacitance of
the output buffer.

The preamplifier shown has a gain of 20 decibels
and a first stage designed for a bandwidth of 380
megahertz. Without the bootstrap connection between
Qs’s emitter and Q.’s collector, the cutoff frequency
is only 150 MHz, but with the the cutoff jumps to
275 MHz. The physical capacitance of Q.’s base is
mostly C.,,. It is typically 0.5 picofarads but is reduced
to an effective capacitance of less than 0.1 pF by the
bootstrap action of C;.

This method is useful in vhf receivers that need
a low-noise, high-gain preamp to overcome losses
when low-level signals are mixed or gated. The
design will detect 5-microvolt signals, doesn’t hang
up on strong signals, and recovers in less than 50
nanoseconds from a 40-dB overload.

As usual, the gain-bandwidth tradeoffs are

gah] ~ f3 I{L

bandwidth = 1/(2 = R.C)

Here, beta is Q,’s high-frequency current transfer
ratio, Ry, its collector load, and C is Q,’s collector-base
capacitance. The bootstrap divides C by (1/1 —A,).
A, is the voltage gain between Q.’s base and collector
via Qg’s emitter. Typically, this gain is over 0.95.

Some compromises are needed if larger values of
Ry are wanted at the input stage. Collector current
has to be high enough to give good gain, but low
enough to reduce shot noise.

Also, it’s desirable to have a high impedance look-
ing into the base of Q,, in order that a physical
resistive termination may be used to provide a low
input VSWR. (For this case R; equals 390 ohms.)
The cffective resistance appearing at Q,’s base should
be 100 ohms for the optimum noise figure. But in
practice, when a compromise must be made between
noise figure and VSWR, and with Q,’s emitter biased
at 2.25 milliamperes, this resistance is 130 ohms.

A toroidal, wideband transformer, T, transforms
a 50-ohm input to an impedance of 200 ohms at
the base of Q,. Resistor R; and inductor L, are se-
lected to optimize the input VSWR. R, is typically
390 ohms and L, 0.33 microhenries.

The net result is a first-stage gain of 20 dB, a
noise figure of 4.5 dB and a VSWR of less than 1.2
from 130 to 170 MHz.

Q: has enough feedback (emitter degeneration) to
provide a first-stage bandwidth of 380 MHz. How-
ever, the shunt-peak networks on the collectors of
Q: and Q3 are tuned to 150 and 300 MHz, respectively,
to keep the response flat within 0.5 dB from 90 to
250 MHz. The corresponding 0.1-dB points are 100
and 200 MHz. Finally, the Q,-Q; state isolates the
input stage from a normal 50-ohm output load.

Low C, low noise. Low noise, large bandwidth, and low input VSWR are achieved by optimally loading
input stage Q. Qs collector is bootstrapped from Qg's emitter. This lowers the capacitance seen

by Q; and allows gain or bandwidth to be increased.
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High-voltage pulser
spares battery supply

by W.J. Orr
National Research Council of Canada, Ottawa

A high-voltage one-shot will make its batteries last,
thanks to a big capacitor and a small output duty cycle
that enable it to time and generate pulses with large
peak values while draining very little current. Pulse
delays are variable between 0.5 and 20 microseconds.

The circuit is much more convenient to use in laser-
and plasma physics experimentation than line-powered
pulsers and coaxial-cable delay lines. It can’t upset in-
strument synchronization with line transients, and de-
lay adjustment is easy.

Transistors Q, through Q4 form a monostable multi-
vibrator timed by Ry and C,. The multivibrator is
triggered within 50 nanoseconds by dropping the input
level to —3 volts. Zener diode D, is selected for the
negative trigger level desired; a pulse-inverting trans-
former can be used for positive triggers. After Qi
turns on, a 15-V step pulse is generated.

The pulse level is maintained by electrolytic capac-
itor C, until the current charging C; through R, drops
enough to bring Q: out of saturation. On time is
approximately R;CiIn(0.4hrg), where hgg is Qg's dc
current gain. For this circuit, on time is 400 ps.

The voltage step across zener diode D; charges Cs

through R,. When the current through Rj reaches the
peak-point current of tunnel diode Ds, the diode
switches to its higher-voltage state. This saturates Qs,
releasing the charge stored in C4 and triggering thy-
ristor D;. Thus, C; is discharged, generating the out-
put pulse. The pulse has a rise time of 30 ns and
peaks at more than 300 V when transformer T} is used.
D, can switch 30 amperes in 30 ns.

Cs’s charging slope (and therefore the time D3 and
Qs delay the pulse output from the trigger input) is
adjusted by varying Rs. Delay time is

1
Cs In [—1- - —(_R'Z + Rs) Ip/Vzen—e_r_]

where V,ener is 15 V and I, is 1 milliampere for Ds.

The batteries mainly supply bias currents to their
circuit stages during the pulse times; they recharge
Cs, C4, and C; during recovery times. C: gives up only
a fraction of its energy in charging C; and Cs, so the
recharging current from battery By is low. Cy is small
and Cj can be trickle-charged through a large resistor,
R,, keeping output pulse duty cycle (and therefore
average dissipation) low.

On standby, the current drain is a mere 2 micro-
amperes, due mostly to leakage of Cz and Q5. Timing
jitter is within ==0.01 ps; temperature stability is ex-
cellent. A drop of 5 V in B; changes the delay only
0.05 us at the 20-ps delay setting.

Designer's casebook is a regular feature in Electronics. Readers are
invited to submit novel circuit ideas and solutions to design problems.
Descriptions should be brief. We'll pay $50 for each item published.

R: Rs

4= R+ R,

Delay generator. An input pulse triggers a sequence of charge transfers that delay and generate a high-voltage
pulse output. C; pulls energy from Cs to time the one-shot's basic period while Cs charges through Rs to
set the pulse delay time. Then C, switches the thyristor to discharge Cs, which has been storing output pulse energy.
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25-MHz BANDWIDTH
DELAYING SWEEP
3% ACCURACY
10-mV SENSITIVITY
DUAL TRACE &
SIGNAL DELAY LINE
ALL FOR ONLY

.....

The new Telequipment D67
Oscilloscope offers the

truly

remarkable

performance you have always

@

desired at a price that is several - J ' din

hundred dollars lower than any / = aoon:

W WS
other comparable model.

In addition to its impressive array
of specifications, the D67 has
other features not usually found
in low-priced scopes: regulated
power supplies, FET inputs to
keep vertical trace drift to a
minimum, fully solid-state design
to improve reliability, transistors
in sockets to make servicing
easier and faster,

Bright displays are obtained by
using 10-kV high voltage on the
rectangular 5-inch CRT which has
a big 8 x 10 cm display area.

A wide range of sweep rates
from 2s/cm to 0.2 us/cm (40 ns
with X5 magnifier), delayed sweep,
3% accuracy and 14-ns risetime,
make the D67 ideal for high
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resolution analysis of pulse
sequences. And if some of the
pulses are jittery, that won't be
a problem because the delayed
sweep can be triggered. Those
who have a need to view
television signals will be pleased
with the D67’s ability to trigger
at TV field and line rates. This
feature allows viewing a selected
line in a field.

Even if portability is not a prime
consideration, you are certain

to like the D67's lightweight—

it weighs only 25 Ibs,

CH2 ‘@ ‘6‘ a anx —our |

Telequipment Oscilloscopes are
marketed and supported in the
U.S. through the Tektronix network
of 67 Field Offices and 30
Service Centers. The instruments
are warranted against defective
parts and workmanship for one
year. For more information call
your nearby -Tektronix field
engineer or write: P. O. Box 500,
Beaverton, Oregon 97005.

Telequipment Oscilloscope prices
start as low as $245.

U.S. Sales Prices FOB Beaverton, Oregon

a subsidiary of TEKTRONIDC
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Computerized frequency control
keeps many recelvers in tune

Automatic system computes correct frequencies for up to
eight radio receivers, tunes them with 2-kHz accuracy;
time-shared digital circuitry keeps system cost down

by Josef Osterweil, watkins-Johnson Co., CE! division, Rockville, Md.

el

B .cEmEm o 0 0
PRI L L

Programed surveillance. Heart of the CAFC system is
represented by rack-mounted equipment at left, shown
hooked up to a panoramic receiver—one of eight that
can be controlled automatically. Tape punch and reader
at top is used as input/output device, primarily for
entering and updating programs in the PDP-11 computer
below it. Control unit completes the rack assembly.
Operator is seated at teleprinter which enters
instructions to computer and prints out system status.
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[J Frequency monitoring in applications like surveil-
lance or rfi analysis requires fast acquisition time, wide
frequency coverage, accuracy, and extremely good
stability. All four of these characteristics are pres-
ent in a recently developed, computer-controlled, auto-
matic system, which is capable of simultaneously
controlling the tuned frequencies of up to eight radio
receivers operating in one or more bands from hf to
uhf (2-1,000 megahertz).

Called CAFC (for computed automatic frequency
control), the system uses a closed-loop technique
to achieve digital frequency acquisition and stabili-
zation of voltage-tuned receivers. Time sharing of
its digital control circuitry also provides considerable
cost-savings over systems based on frequency syn-
thesizer control methods.

Basically, CAFC computes the diffcrence between
the desired frequency for a receiver and its actual
tuned frequency, and then translates this difference
information, including its sign, into a voltage step.
This voltage step is applied to the receiver local
oscillator, tuning it to the desired frequency. A sim-
plified block diagram is shown in Fig. 1.

At the heart of the system is a dynamic digital-
to-analog converter, consisting of an integrator that’s
driven by pulsed current sources and controlled by
the computed-difference information. The integrator’s
output voltage is the control voltage for the receiver.
Current pulses at the integrator’s input produce pro-
portional voltage changes at the integrator output, and
these in turn produce proportional changes in the
receiver local oscillator frequency. The remainder of
the CAFC system consists of digital circuitry neces-
sary to produce current pulses of the right magni-
tudes.,

The desired-frequency information is stored in
binary form within the control unit. Binary informa-
tion representing the actual tuned frequency of the
controlled receiver is obtained from a binary counter.
By serially subtracting these two binary numbers,
the frequency difference information is obtained that
is used to control the duration, amplitude, and polarity
of the current pulses applied to the integrator.

This entire process is repeated periodically, and
the repetition rate determines the frequency acqui-
sition time. Limiting factors on the repetition rate
are the counting interval required to determine the
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receiver’s tuned frequency to the required resolution,
and the number of receivers being controlled.

This technique lends itself to time sharing, since
only a small portion of the system—the integrator—
is tied to the receiver continuously. The remainder
of the system can be time-shared between many
receivers—just how many depends only on the acqui-
sition time requirements for a given frequency reso-
lution, and on the quality of the integrators (inte-
grator drift rate dictates a minimum frequency update
repetition rate).

An important advantage of the CAFC system is
that the time-shared binary frequency counter is
the only rf handling device, and hence the only
device that may require modification as the frequency
range of the system is changed. The rest of the sys-
tem consists of logic and dc control circuits which
would not require modification. With existing fre-
quency counting techniques, the system can be used
into the gigahertz region. In addition, the receivers
under the control of the system do not have to be
operated in the same band, but several operating
on different bands can be controlled simultaneously.

The CAFC system is implemented with a Watkins-
Johnson DCU-8 digital control unit, cight W-J 205
voltage-tuned receivers, and a PDP-11 minicomputer
(Fig. 1). Besides driving the digital control unit,
the minicomputer controls many receiver functions,
such as signal strength, average fm output, inter-
mediate-frequency bandwidth, and automatic gain
control.

Figure 2 is a dectailed diagram of the control
unit. Two operating modes are provided: regular,
and priority. Each interlaces the execution of count-
ing and information-processing events.

In the regular mode, the unit processes the error
information for the receiver (n) at the same time
as it is determining the actual frequency information
for the receiver (n + 1), thus halving the required

COMPUTER
TELETYPE

A/D CONVERTERS

operating cycle time. The receiver for counting is
selected by commutator state code A, the receiver
for processing by commutator code B. Code B lags
code A by one cycle.

In the priority mode, one receiver is given pri-
ority and processed every other cycle, alternately
with the other receivers being dealt with in numerical
order. The priority receiver is selected by applying
the relevant binary code to the priority-receiver ad-
dress lines.

Figure 3 illustrates the sequence of ecvents in
the 512-microsecond control cycle. They are timed
by three 20-bit clock pulse burst sources derived from
a highly stable crystal source. Data flow in the control
unit is serial, with the least significant bit first.
Clock A controls both the subtraction process and
the comparison process necessary for arriving at the
error sign. Clock B controls the absolute-error com-
putation, the serial-to-parallel conversion of the ab-
solute crror, and the comparison of the absolute
error to two predetermined programable frequency
tolerances, ¢ and 8. The memory clock generates
a pulse burst every 64 us, enabling new desired-
frequency information to be rapidly entered into the
memory.

Both ¢ and & arec four-bit binary numbers. Tol-
erance ¢ is determined for each opcrating band
of the associated receiver. In the process of cor-
recting voltage generation, the absolute error, Af, is
compared to ¢ to determine whether a fine or “super-
fine” correction current should be used. (The “super-
fine” current is employed to prevent the statistical
counter error of *+1 count from causing incidental
fm in the receivers.) Tolerance § is programable and is
used in certain applications to reduce the frequency
acquisition time. The comparator provides an output
whenever the tuned frequency is within the tolerance
limits and the receiver output data is deemed usable.

The complete operating cycle for the control unit

RECEIVER 1
RECEIVER 2

RECEIVER 3
DCu-8
DIGITAL

CONTROL
UNIT

RECEIVER 4

RECEIVER 5

RECEIVER 6

RECEIVER 7

RECEIVER 8

1. Digital receiver control. Input frequency commands go tc computer which drives digital control unit. In sequence,
desired frequency for each receiver is compared with actual tuned frequency and corrected to within 2 kHz.
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NER CODE 3 BITS
Lo THNER C 3 PRIORITY PRIORITY
-~ T OON~D -N®MTOONO ADDRESS CONTROL
VUL LVOLOVY OO UuULOLUL OV 3IBITS
tiiiitid iiiite | |
COMMUTATOR ]
COMMUTATOR 1 LO MULTIPLEXER
COMMUTATOR PRESET COMMUTATOR __| TIMING
CODE 3 BITS GENERATOR CODE 3 8BITS GENERATOR
Lo
COUNTER
PRESET ]
LO COUNT COMMUTATOR
CODE 3BITS
A
CoMBoe 1 > INTEGRATOR |—>REC 1
AF
FREQUENCY 0|1 SUBTRACTOR = [ NTEGRATOR |—>RECZ |
oIl A £ |+ INTEGRATOR |—>REC 3 g
RECEVER 1 PROGRAMABLE | & || INTEGRATOR|—>REC4 | &
FREQUENCY WORD CURRENT E e
20-8BIT SERIAL « | RECEIVER 2 GENERATOR I&J |—4 INTEGRATOR —> REC 5 g
2 b & |} iNTEGRATOR |—>REC 6 | S
RECEIVER CODE __,| & | RECEVERS J U > 3
4 BITS W T RECEIVER 4 W | rrequency worp | —»{ INTEGRATOR |— REC 7
& o |+ INTEGRATOR |— REC &
COMMUTATOR & LaneceWERE 1E
CODE 3 BITS S [Fecewer s | 2
Z | ReceIvER 7 FREQUENCY TOLERANCE FREQUENCY IN
DATA IN CLOCK  ~— TOLERANGE
RECENVER 8 COMPARATOR
T FREQUENCY
TOLERANCE
NEW DATA READY TOLER

2. Digital controller. Desired frequencies for receivers are stored in frequency storage registers and

released to subtractor by 3-bit commutator code. Actual local oscillator frequencies of receivers are counted and then
placed in subtractor. Preset generator sets counter prior to start of LO frequency count. Subtractor calculates
difference frequency, Af, feeding it to programable current generator which drives integrators that develop
frequency tuning voltage. Frequency tolerance comparator determines the amount of correction necessary,

while timing generator develops address codes.

takes 512 us, of which 500 ps goes to determining
the selected receiver’s actual frequency (counter
gate) and the remaining 12 us is used to generate
three pulses in the following sequence:

m A “commutate” pulse, which shifts the A and
B state codes to the next position,

m A “transfer” pulse, which transfers the counter
information to the parallel-to-serial converter.

m A “preset” pulse, which sets the counter preset
for the next receiver count.

At the end of clock B’s processing burst, ¢ and
5 data for the next cycle are entered into the
appropriate registers. Next, a “correction” pulse
strobe starts the width-programable pulse generators
by transferring the Af parallel information to these
generators, They in turn activate the input signal
current to an integrator, which thereupon produces
the corrected tuning voltage for its associated re-
ceiver.

For data entry in the control unit the format
selected is a 20-bit binary word presented in serial
form, with the least significant bit first. Since the
frequency resolution of the system is 2 kilohertz, the
input frequency word represents the desired fre-
quency in 2-kHz units, i.e.

frequency word = binary <f d eS;EESHg]EZ))

This word is presented in buffered form to the FREQ
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WORD input, accompanied by a four-bit address
indicating the memory location (Receiver Number)
and by a positive-going pulse edge to the NEW
DATA input. Upon receipt of the “new data ready”
signal, the sync logic circuit starts the first avail-
able complcte train of 20 pulses from the mem-
ory clock. These pulses will be delayed 64 ps or
less and then appear at the “data in clock” output,
where they are applied to the buffer shift registers
to synchronize the buffered frequency-word input
with the memory cycle. (In frequency-word terms
the memory is organized in a random access, read-
write format, where both the read and ‘write func-
tions are independent, but within the frequency
word itself it is organized in a serial-access format.)

The “actual” frequency now has to be obtained in
the same word form as the desired frequency. For
anything up to 321.4 MHz, the actual-frequency
counter is a direct 20-bit binary counter preceded
by a broadband amplifier and driven by an rf multi-
plexer that’s controlled by commutator state code A.
Above 321.4 MHz, a frequency-translating extender
pushes the upper frequency limit of the system to
1 GHz.

To compensate for the difference between the
actual tuned frequency of the receiver and the
frequency counted, the counter is preset before it
starts to count the input signal. The preset gen-
erator consists of a preset matrix controlled by
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the receiver tuner code and commutator state code
A inputs, plus circuitry to develop a four-bit « tol-
erance for each tuning band. Tuner code inputs are
preassigned for each frequency band and each tuner.
Changing receiver tuners or receiver location in the
system automatically changes the tuner code input
to the preset generator, and therefore the preset
output. The preset output is multiplexed by the code
A input.

After 500-us gated counting is completed, the infor-
mation is applied to a parallel-to-serial converter when
a “transfer” command occurs. This information is now
in the same format as the input frequency word, i.e.

2kHz

The error word or difference between the desired
and actual frequency is derived by a serial subtractor
during 20 pulses of the clock A pulse burst. By the
end of that burst, a 20-bit parallel-to-serial converter
acting as an accumulator has stored the error word.
A comparator, also controlled by clock A, stores the
sign of the error. When the error is positive, its
format is straight binary. When it is negative, its

format is 2’s complement in the accumulator, The
error word is clocked out of the accumulator by the
clock B burst and applied to a 20-bit serial-to-parallel
converter.

For further processing, sign-magnitude format is
required. Therefore, the error word is transferred
directly when positive and complemented when nega-
tive. While being transferred to the serial-to-parallel
converter by the clock B burst, the absolute error
word | Af | is compared both to the frequency toler-
ance binary number § and to the binary word e de-
veloped in the preset generator. Next, it is applied to
the coarse- and fine-width programable pulse gener-
ators, which are then triggered by a correction strobe
pulse.

The fine-current-width programable pulse gener-
ator has eight-bit resolution, i.e., generates current
pulses programable in a 1-to-256 width ratio. The
narrowest pulse width is 800 ns, the longest 204.8 us.
The coarse-current-width programable pulse gener-
ator has nine-bit resolution and generates pulses
from 0.8 us to 409.6 us long. Since the difference in
weight between the fine- and the coarse-current-width
programable generators is 28 — 256, the coarse cur-

I‘G—ZO (TYF!)-—"'

CLOCK A
f—a2 us (TYP.)——"<—O.8;4S (TYR)
CLOCK B
BURST 1 fe—32.8us (TYR) —-{ BURST 2 BURST3 — 4 » BURST8

MEMORY CLOCK | | ‘ "

64us {TYR) 32us TYP)—ef i  mEm i
PRESET
TRANSFER
COMMUTATE

CORRECTION PULSE STROBE

¢ & 3 TRANSFER STROBE

G—IZpS—P‘

COUNTER

GATE

500 us |

TIME COORDINATION CYCLE (512 us)

3. Timing pulses. Control unit timing is accomplished by 20-bit clock bursts derived from 5-MHz crystal
oscillator. Complete operating cycle takes 512 ps, where 12 ps is allotted to preset, transfer, and commutate
pulses, and 500 us is used to determine selected receiver’s actual frequency. Clock A controls subtraction
process and process of arriving at error sign. Clock B controls frequency error computation and programable
frequency tolerances. Memory bursts, generated at same time as clock A, enable rapid entry of new desired

frequency information to proper memory location,
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FINE- AND
SUPERFINE-

CURRENT
GENERATOR .

COARSE-
CURRENT
GENERATOR

INTEGRATOR

INTEGRATOR

INTEGRATOR

4. Fine and superfine. Current pulses from programable generators are applied to fine- and coarse-current switches at
integrator inputs. Result is step voltage output with amplitude proportional to duration and magnitude of current pulse at
integrator input. Step voltage applies correction to voltage-tuned receivers in accordance with commutator state code B.

rent is 256 times greater than the fine current.

These current pulses are directed by commutator
state code B to the fine- and coarse-current switches
at the input of the integrator for the appropriate
receiver (Fig. 4). Both coarse and fine currents
may be applied to the integrator simultaneously. The
error word sign stored earlier determines their polarity.
The result at the output of the integrator is a voltage
step whose amplitude is determined by the duration
and magnitude of the current pulse from the switch
at the integrator input.

When the error is zero, both switches remain open,
and no voltage change should occur at the output
of the integrator. Because of leakage currents in the
switches and integrators, however, some drift must
be expected. This drift is one of the limiting factors
on the “refresh rate” and consequently on the number
of receivers that the system may control.

Instead of a fine correction current, the “super-
fine” correction current may be applied. It’s needed
because the counter’s least significant digit is subject
to a statistical ambiguity of =1 count. When fre-
quency acquisition has occurred, there will be a
random error of =1 count—or of =2 kHz in the DCU-8,
If an immediate response by the correction mechanism
were permitted, a random incidental +2 kHz fre-
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quency modulation would therefore be produced.

To prevent this occurrence, the “superfine” cor-
rection technique compares the absolute value of
Af to ¢, which represents a safe margin of the ran-
dom error and is different for different frequency
bands. When | Af | = , the “superfine” mode achieves
a fractional correction by allowing only a small por-
tion of the normal fine correction current to flow. This
“superfine” mode correction must be capable of over-
coming all combined drifts for the worst-case con-
ditions of environment and aging, and yet be small
enough to maintain low incidental fm.

In a similar manner, | Af | is compared to 8. Fre-
quency tolerance § is generated by an external
source and is a four-bit word, expandable to any
desired length. When using the system for wide-
band applications, the value of 8, which represents
on-frequency tolerance, allows an increase in acqui-
sition speed. When | Af | = §, “on frequency” is
registered for that 