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These days, everyone’s jumping up and down about
how they can put their computers on your receiving dock for
next tonothing.

But theydon’t talk about what happens after they arrive.
Because by the time youget their computers to do anything,
they won't be so cheap anymore.

When our Nova2’s come
throughthedoor,theyreready € 0T T
togotoworkforyou.Theyalready ** |Imese— - -—
have the operating systems you'l :
need to write your software and runyour hardware.

Andif you want to get the job done eventaster, you can
get systems with our low-cost 16K memory. Thenyour
programmers can work in high-level languages.

Interfacing goes alot smoother, too. You canuse any
of our general purposeinterfaces. Or build your own with
our wiring frames. Or get our standard peripherals. They
just plugin.

Andif the going gets rough anywhere along the way,
you canalways call our nearby applications engineers.
Theyrethereto help.

We do all this so you can get your products out inthe
marketplace faster. And sell more of them. Atabigger profit.

Other computer companies don’t go this far becauseit
would push the price of their computers up too highto be
competitive.

Whichmeans theyreally can’t compete with us at all.

DataGeneral

The computer company you can understand.
4» Data General Corporation Southboro, Massachusetts 01772, (617) 485-9100.
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Spectral lines

Energy crisis: Seeking the real alternatives

What should be the role of the technologist in com-
municating with the ‘“average citizen,” who knows
only that fuel and electric power are in such short
supply that his life style is affected? A desirable out-
come that could result from a more thorough delinea-
tion of the many tradeoffs available to the U.S. and
other developed countries in piloting their way to a
more stable and satisfactory world energy situation is
a citizenry that is “comfortable” in its knowledge
that options do exist. A public that is aware of the
real alternatives along with their consequences is less
likely to react in ways that cause the situation to de-
teriorate. Such was the conclusion of a workshop of
concerned engineers and scientists meeting recently
on the topic of energy resources.*

But by whom and through what means can the
public be brought to awareness? The mere reiteration
by the popular press of superficial analyses and panic
predictions may do little good, if not harm. Nor will
the promise of years-away technology help.

Understandably, the public is uneasy because of its
ignorance in areas such as the availability of energy
reserves; the role of an open market in making energy
policy decisions; economic factors that encourage or
deter a business enterprise from changing its ways of
doing business; and the status of alternative energy
sources. But who will, or is even capable of, assuming
this educational chore? As an example, the lay press,
as well as some technologists, fail even to make a dis-
tinction between oil/coal reserves (proven sources
that can be economically recovered) and resources
(probable sources inferred from data and knowhow).

Then too, the public often becomes enraged at
what appears to be just another ‘‘corporate ripoff”
when it is simply not in possession of the economic
facts of life. A typical comment concerns the oil com-
panies ‘“‘holding back” on the development of shale oil
extraction until the price of oil from traditional
sources rises to the point where shale becomes *“prof-
itable.” (Such a comment, while true, is often put in
such a way as to suggest that (1) the oil companies
have a choice, and/or (2) running a profitable opera-
tion is antisocial.) Is it possible that the U.S. Govern-
ment, as part of “Project Independence,” will subsi-
dize the production of oil from shale, or embargo the
importation of low-cost oil so that the higher cost of
shale oil can be passed along to the consumer? If so,
it will somehow have to assure the oil companies that
the rules of the game will remain fixed long enough
for them to make, and recover, investments they may

*Technology and social institutions,” an Engineering Foundation Con-
ference,”” May 20-25, 1973.
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be induced to initiate.

In any situation short of a crisis, the public seldom
favors the imposition of new restrictions by Govern-
ment intervention. Perhaps the citizen senses,
through a combination of intuition and awareness of
history, that change, particularly that which is leg-
islated, often foists on some segments of society un-
fair demands, and he fears that he may find himself
among the mistreated groups. What is a mere incon-
venience to most people may be a threat to his own
livelihood. Thus, gas rationing, black market prices,
and lowered speed limits threaten truckers, while
Sunday gas bans threaten the tourist industry.

On the other hand, a situation effectively outside
the control of a given country, such as the wielding of
oil supplies as political weaponry, can impose, directly
or otherwise, serious inequities in what may have been
a reasonably open and stable market. Then it is pos-
sible that some temporary intervention is desirable to
help spread the cost of economic adjustments. An ob-
vious danger is that once helpful intervention is in-
itiated, it may become institutionalized.

Finally, the public is frequently misled concerning
the feasibility of alternatives. In time of crisis, the cit-
izenry is told that there are not only other ways of
doing things (e.g., providing energy), but better ways.
Unfortunately, the time factor is too often overlooked.
(How long does it take to put a nuclear plant in
place, properly sited to ameliorate adverse environ-
mental effects? Or to prove the feasibility of fast
breeder reactors? Or to build the Alaskan pipeline?)

Too often the technical community itself does not
make this point clear in communicating with the
public. And when it does, and is then asked why such
programs were not initiated years ago, too often it
stammers over an answer, alluding to some obscure
“they”” who failed to act. In truth, no action can be or
could have been taken without not only an under-
standing of the particular option, but a subsidizing of
its development. Every technological process has its
own ‘“‘due season’ which is paced by economics. It
cannot be advanced in time (and often cannot even
be put in place when needed) without subsidy. In a
complex situation involving world energy policy, or
even national energy policy, such subsidy must al-
most of necessity stem from the Government. Even a
monopolistic industry—because of the uncertainties
involved—is not likely to make the investment as
early as it should to least disrupt service to its cus-
tomers. Furthermore, subsidy, for better or worse,
carries with it a degree of de facto control.

Donald Christiansen, Editor

29



30

Special report

Technology 74

The experts analyze the immediate past
tohelp define significant hard/soft-
ware trends for the year ahead. Solid-
state and computer technology per-
vade many of the most significant new
electrical/electronic developments.

Where does one start? So much happened during
the year just past in both the electrical and elec-
tronics arts that to rank order the developments by
“significance” is a virtual impossibility. Neverthe-
less, with the invaluable aid of literally hundreds of
members of IEEE Groups and Societies, as well as
inputs from other industry experts, the staff of
Spectrum has assembled this report on hardware
and software developments and trends. The em-
phasis is on existing products and equipment, and
near-term new equipment, as opposed to blue-sky
projections.

The report is divided into 12 technical sections,
covering subjects from computers to cybernetics,
and concludes with a discussion of the social impli-
cations of technology. Occasionally it ranges into
speculation about hardware that has not yet been
proven feasible, but these instances are clearly
spelled out. Because certain hardware (or soft-
ware) items may be mentioned in more than one
section, we have used a marginal indexing scheme
to help locate them,

The single device technology that cuts across

Donald Christiansen Editor

Data communications 36
Communications 32

Industrial systems 44  components/
Computers 39

almost all application areas is, of course, solid state,
while, in the case of systems, it is computer tech-
nology that dominates, with communications run-
ning a close second.

A good example of the pervasiveness of semicon-
ductor and computer technology is seen in large-
scale integrated microprocessors, which have ar-
rived on the shelves of semiconductor makers at
attractive prices. Coupled to companion semicon-
ductor memories, they become microcomputers for
instrumentation and production processing.

New supercomputers went into operation during
1973, including one at the Rome Air Development
Center (and the famed ILLIAC IV became par-
tially operational). The cost of computer terminals
has dropped significantly—particularly for the “in-
telligent” terminals. And small flexible plastic discs
have been developed for low-cost random access
storage for minicomputers.

The growth of computer networks and allied data
communications equipment is underscored by an
increase of expenditures of nearly 28 percent dur-
ing the past year. The Advanced Research Project
Agency (ARPA) network alone now includes 36
sites and 40 computers nationwide. Its operation is

subsystems 54
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based on ‘“‘packet” switching (messages are divided
into short segments called packets). Similar sys-
tems are under development elsewhere, including
Japan. The first nationwide commercial network de-
signed specifically for digital data transmission is
Canada’s “Dataroute” system; a similar system for
the U.S. is scheduled to go into service this year.

Meanwhile, in regard to general communications,
the technology is moving toward ever-higher fre-
quencies to make more efficient use of the limited
spectrum. Both better spectrum management and
improvements in hardware are aimed to help solve
this problem. At Hughes Aircraft, a 60-GHz space-
craft communications system, containing two sig-
nificant new types of upconverters, has been built.
For voice communications, PCM has come into its
own (new facilities are being added at the rate of
16 000 channel-kilometers per day).

The computer, too, more than anything else, has
contributed to advances in automation of industrial
systems. Programmable controllers are estimated
to have increased in usage more than a dozenfold
over the past two years. Last year, Digital Equip-
ment Corp. introduced one having single-unit-ex-
pandable inputs and outputs (to 512 and 256, re-
spectively) and modular construction. Modicon’s
new Model 184 monitors parameters such as tool
life and running time, FX Systems developed a re-
programmable-ROM-type programmer.

In the numerically controlled machine tool field,
computerized NC, as opposed to hard-wired (di-
rect) NC, is growing. rapidly. And, finally, solid
state has firmly taken hold in power utilization and
control, in the form of thyristors. Notable new ap-
plications of thyristor-based control systems are in
cement plants and glass manufacturing, as well as
for regenerative braking of rapid-transit equip-
ment. Use of automatic test and checkout increased,
particularly in the automotive industry for tasks
such as emission analysis and carburetor testing.

In the device area itself, developments and appli-
cations in both large and small displays abound. In
integrated circuits, new device isolation techniques
are under development that will shrink IC size and
increase switching speeds. Radiation-hardened
CMOS devices have been built that provide an order
of magnitude increase in resistance to ionizing
radiation. In the linear IC area, progress is evident

Military/

in the inevitable evolution to the fabrication of
television sets using a mere handful of IC packages.
Among the building-block components, monolithic
D/A converters are now available that have 10-bit
resolution, and an instrument maker has built a
nonlinear amplifier with an 80-volt swing and a
slew rate of 1.7 V/ns.

Highlights of recent developments in other elec-
trical/electronics areas include:

[0 Prototypes of cryogenic cables, for under-
ground applications, are under test, and the use of
gas-insulated conductors enables switching stations
to be assembled on a fraction of the land previously
needed.

O Sophisticated telemetry and supervisory con-
trol systems for power dispatching, load prediction,
and plant protection are being installed.

[J BART, soon to reach San Francisco via tun-
nel, is already moving as many as 70 000 passengers
daily.

[J The U.S. Department of Transportation is
testing high-speed tracked air-cushion vehicles on
a 5-km test track,

[0 Toronto is developing a Maglev personalized
rapid transit (PRT) system. :

[0 M.IL.T.s Lincoln Laboratory is probing a vari-
ety of discrete-address beacon systems (DABS) to
provide ground controllers with aircraft position
and identity information. Future systems are in-
tended to communicate advisories and commands to
aircraft automatically without controller involve-
ment.

[J Power systems for unmanned spacecraft are
undergoing improvements to cut weight and in-
crease efficiency.

[J Microwave ICs are helping reduce size and
cost of satellite ground stations.

[0 Competition looms for consumer attention be-
tween video disc recorders and video tape recorders.

[0 General-purpose microcomputers are replac-
ing hard-wired controllers for industrial uses.

O Oscilloscope writing speeds have reached 400
cm/ps and bandwidths, 1 GHz.

[J Minicomputer power and signal acquisition
capability are joined in new instruments.

O Ultrasound techniques are being exploited in
new diagnostic instruments as those for car-

diac examination and abdominal cancer detection.

Urban aerospace 71 Consumer
transit 66 _

Cybernetics 85
Instrumentation 82

Health care 80

electronics 78 Sociotechnology 86
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Ever-increasing demands for transmission bandwidth
are pressing communications technology towards
light-frequencies. The aim is to enlarge the strained
information-carrying capacity of atmosphere-borne
communications and, equally vital. to increase the
number and capacity of earth-bound channels.

Today, a half dozen Federal agencies are struggling
valiantly to find more efficient ways to apportion use
of precious spectrum space. Proposed measures in-
clude new, more nearly optimal strategies for fre-
quency assignments and a satellite system to monitor
spectrum use.

Even as these centralized plans are forming, com-
munications engineers throughout the world are
working to provide the new technology needed to sup-
ply the transmission bandwidth needs of the future.

Entering the 100-GHz region

Microwave technology, armed with new low-cost
semi-conductor devices, is moving rapidly into milli-
meter-wave communications, approaching the near-
infrared region of the electromagnetic spectrum.

During the past few years the art of solid-state mi-
crowave component fabrication has matured rapidly.
Acceptance of these components by communications
equipment designers and manufacturers has been
widespread, a development that is especially signifi-
cant in light of this industry’s conservative preference
for proven technology.

Requirements for improved cost-performance, for
high-speed data transmission, and for more effective
satellite channels have urged the development of new
millimeter-wave systems.

Solid-state technology made a number of signifi-
cant advances in the millimeter wave field during the
past year. Among the most important of these is a
60-GHz spacecraft communications system built by
Hughes Aircraft (Malibu and El Segundo. California).

The most highly developed component for this sys-
tem is a low-noise V-band mixer and I[.-band IF
preamplifier for the receiver front end. The single-
sideband noise figure for the entire front-end averages
less than 8.4 dB over a 500-MHz bandwidth.

Two types of upconverters, developed for the
Hughes system. represent significant advances. One
uses a silicon Schottky-barrier varistor to deliver
more than 3 mW of power over a 600-MHz band; the
other uses a silicon p-n junction varactor to deliver
more than 20 mW over the same bandwidth. Both
outputs are sufficient to drive directly a travelling
wave transmitter tube.

A parametric amplifier, capable of low-noise opera-

£ S S

Howard Falk Associate Editor

Communications
and microwaves

A good spectrum stretcher is hard to find. Reaching
toward light frequencies seems a good alternative

tion at 94 GHz, was developed this year at LLNR
Communications (Farmingdale, N.Y.) built around a
varactor with a 600-GHz cutoff frequency. The opera-
tion of this paramp is several times higher in frequen-
cy than that of previously available units and noise
temperatures of less than 1000°K have been obtained.

Millimeter wave sources for frequencies above 100
(GGHz are important as pump sources for such paramps
and also as local oscillators for mixer circuits. IM-
PATT diode oscillators for the 100-170-GHz range
have been developed at Hughes Aircraft. Continuous
output power of the devices is 120 mW at 130 GHz and
70 mW at 140 GHz.

At Bell Telephone Labs (Holmdel, N.J.), a family
of hybrid integrated circuits has been developed for
operation in the 100-200-GHz range. These circuits
are first modeled and optimized at a low frequency
(1-3 GHz), and then are scaled down in size for oper-
ation at the higher frequencies.

Solid state for microwave power

The bulk of the world’s existing microwave radio
relav transmission plant consists of point-to-point
links, and the most common type of equipment used
in long-haul high-capacity routes is the heterodyne
repeater. These repeaters downconvert the received
signal to an intermediate frequency (IF). then am-
plify and reconvert without ever demodulating the sig-
nals.

At present, travelling-wave tubes are used as out-
put power amplifiers in most of these repeaters, but
solid-state amplifiers are already competitive in per-
formance and cost. At RCA (Princeton, N.J.). for ex-
ample, device designers have produced gallium arse-
nide field-effect transistors (GaAs FETSs) that deliver
0.63 watt at 6 (GHz with 3 dB gain.

Improved low-noise FET amplifiers are becoming
available for use at X-band frequencies near 10 GHz.
Wide-band amplifiers developed at Hewlett-Packard
Co. (Palo Alto, Calif.) have exhibited gains of 8.5 dB
over a band of 8-12 (iHz, and noise figures as low as 3
dB have been achieved.

At Raytheon Corp. (Waltham, Mass.), (GaAs M-
PATT devices have produced 4-5 watts of X-band
power with efficiencies approaching 30 percent. This
is very significant since it is a power increase of two
tothree times over past efforts.

Other major recent trends in more conventional mi-
crowave svstems include use of digital modulation
techniques and design of equipment to supply broad-
er transmission bandwidths.

Narrow beams for efficient transmission

Antennas, like microwave systems and components,
are meeting the requirements of the crowded spec-
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trum with new and more sophisticated designs.

Communication satellites, sitting high above the
earth, are in a position to cause widespread interfer-
ence with earthbound communications. One way of
minimizing this interference is to use narrow multi-
beam antenna patterns to trunk information between
cities and countries. Some progress in using focal re-
gion optical methods to produce switchable high-gain
beams has been made.

Small, linear bilateral antennas with short-backfire
have been produced at the Air Force Cambridge Re-
search Laboratories (AFCRI.) with gains of 10-25 dB.
There have been substantial improvements in side
lobe reduction and in the impedance and pattern
bandwidth characteristics for these cost-saving anten-
nas, used in VHF satellite ground stations and in
higher-frequency satellite-to-satellite ~communica-
tions.

Higher gain antennas help considerably in reducing
the radiation interference among users of the congest-
ed radio spectrum. Sidelobe reduction has been a rec-
ognized help in meeting this problem, and more re-
cently, deep nulls in the antenna patterns have been
used to blank out interfering sources, and relieve inten-
tional or unintentional jamming. Such nulls can now
be steered by self-adapting systems to reduce or elim-
inate unwanted signals from unpredicted sources.
This development is based on antenna synthesis that
generates and guarantees nulls at some angles with
minimum deterioration of antenna gain in the desired
directions. Recent progress in these antennas includes
phased-array designs with minimum losses in gain or
pattern shape and also wire antenna designs. Similar
capabilities are being sought for reflector and lens an-
tennas.

Phased arrays meet new needs

Dramatic progress in phased arrays has moved
these versatile antennas into significant new applica-
tions. Phased arrays are multielement antennas, and
a great variety of different characteristics can be ob-
tained by varying the shape, size, and spacing of the
elements as well as the sequence in which they are
activated or scanned.

After a decade of struggle to eliminate *“‘blind
spots’ on wide-angle scanning arrayvs, there are ac-
ceptable specialized solutions, and attention has
shifted to new problems such as broadband solutions
for phased-array radars. Rather dramatic progress has
taken place in the use of waveguide radiators loaded

{1] For the 94-GHz parametric amplifier assembly shown at
the top of the page, electro-forming and split-block machin-
ing techniques were used to achieve needed tight-coupling
joints.

[2] Low-noise figures have been obtained for FET amplifiers
at X-band frequencies, as shown in the graph above.

[3] High-gain, low-cost antennas for satellite ground stations
like the one shown at the left, now use short-backfire linear,
bilaterial designs.

“
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[4] Flush-mounted phased-
array antennas, now used in
micsile work, are being
adapted for aircraft commu-
nications.

to increase bandwidth, with dielectric coverings to
control blind spots during wide-angle scanning.

Demand for “limited scan” capabilities has led to
arrays-—produced at AFCRL—that perform with high
gain and precise pointing in a limited angular sector
for applications like glide path control of aircraft. and
satellite scanning of the earth. The major drawback
of phased-array technology has always been the cost
of the elements and their phase shifters. By using
large aperture horns and controlling the odd modes in
the horns, the grating lobes—which are the nemesis of
arrayvs with widely spaced elements— can now be con-
trolled to preserve gain, and maintain low sidelobes
over many beamwidths of array scan. This novel ap-
proach could make phased arrays very cost competi-
tive for limited scan services.

Phased arrays, with flexible (arbitrary) control of
polarization, are finding application in the fields of

interference reduction and in military electronic war-
fare. Recent work has demonstrated the electronic
control of polarization with only two or three parame-
ters for a planar array of several hundred elements.

Flush-mounted phased arrays have become serious
candidates for use in aircraft communications, par-
ticularly for air-to-satellite work. Clever choice of ele-
ment parameters and dielectric laver covering have
produced designs in which antenna gain can be main-
tained over a hemispheric sector.

important antenna advances, in addition to phased-
array developments include the development of
compact, active antennas designed for automobilé
radios. There have been important gains too-—based
on advances in wire-antenna theory-—in the perfor-
mance of log-periodic antennas for radar applications.

As for the future, current work in phased arrays
and in comformally shaped arrays may lead to digi-
tally controlled antennas. Here we can envision mi-
crowave integrated circuits combined with digital in-
tegrated circuits to solve antenna feed problems.

Forward §
array

Cablesto
diode control
system

Modeling and heating the ionosphere

The years 19721974 will likely be known in rad-
iowave propagation history as the heyvday of iono-
spheric models. Empirical, statistical. and morpho-
logical models, as well as those that embody basic
propagation theory. have synthesized. integrated. or-
ganized. and placed into usable form the material
supplied by rocket experiments, satellite measure-
ments. and ground observations. Although model
studies are still in their infancy. system designers now
have numerical and predictive tools tor such applica-
tions as high-frequency propagation, over-the-horizon
detection systems, and evaluation of error in radar
systems. Added detail, such as irregularities which
produce scintillations at microwaves over the magnet-
ic equator, the trough of low electron density at auro-
ral latitudes, and the polar behavior pattern, are now
being inserted into these models to make them more
accurate and useful.

Spectacular success in controlling nature has bheen
achieved by using high-power transmitters to heat the
ionosphere. At Boulder, Colo.. 2 MW of 5 10-MHz
power was used to create spread effects in the F-layer
(200-600-km altitude). so that pulse returns were re-
ceived from altitudes ranging from 250375 km. At
Arecibo. a high-powered 40-MHz transmitter raised
the temperature of the E-layer (100-200 km) by tens
of degrees.

Telephone transmission developments

In our gigantic. interconnected telephone systems
there is a growing need for plentiful. low-cost, broad-
band transmission facilities, to keep pace with ex-
panding telephone use. While coaxial cables and mil
limeter-wave pipes are being developed to meet these
needs, hopes for dramatic improvements now center
on the use of fiber optics technology.

What is envisioned is transmission of modulated
light through glass fibers about 0.01 inch in diameter.
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[5]) lonosphere models allow forecasting of propagation
conditions. This curve describes the mid-latitude daytime
profile of electron density.

Fibers have recently been produced having an atten-
uation of less than 20 dB per kilometer. Such optical
fibers are much smaller than pairs of wire or coaxial
cables, and thousands could be packed into a small
diameter sheath. Furthermore, the transmission
bandwidth of the fibers is almost unlimited so they
seem the ideal transmission medium for providing
broadband circuits within a city. If digital transmis-
sion techniques are used. the signals will not be im-
paired with distance, making very wide-band long-
distance transmission feasible.

Some idea of the potential of such optical systems
can be gleaned from the present growth of wire-hased
digital lines.

Surprising PCM

Recent growth in digital facilities for telephone
voice-transmission has gone far bevond what anyone
in the field thought possible only a few vears ago.
Pulse-code modulation (PCM) facilities are now
widespread, not only in telepbone cable transmission,
but over coaxial and microwave links as well.

Use of frequency-division multiplexing and other
analog techniques is decreasing while PCM continues
to come into ever wider use. During the past decade,
over a million PCM digital voice channels have heen
placed in Bell System service in the U.S., and new
facilities are being added at a rate of about 16000
channel km per day.

Adaptive delta modulation, an alternative to PCM,
is finding application in telephone systems in Japan
and the Netherlands, as well as in local loop tele-
phone transmission in the U.S.
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[6] In U.S. metropolitan areas, the network of PCM digital
voice channels is extensive. Shown here are the T, digital
lines linking central telephone office facilities in the Chica-
go area. The density of this network is typical of that in
urban areas throughout the U.S.
[7] Convolutional techniques have provided a substantial «<
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With increasing use of PCM channels, like the T,
digital line with a capacity of 1.544 Mb/s, new equip-
ment for PCM has been developed.

For example. a PCM scheme is now being used by
GTE Lenkurt (San Carlos, Calif.) to make microwave
channel use more efficient for telephone transmission.
This system allows transmission of two standard TI.
1544-Mb/s bit streams over a single 3.5-MHz micro-
wave channel.

The quiet evolution

Alongside the dramatic developments in transmis-
sion technology, there has been a quiet evolution in
the telephone loop plant that may well change the
face of this huge part of the telephone industry.

For the first time, low-cost integrated circuit tech-
nology is making it possible to place economically so-
phisticated electronic multiplexer systems in many
locations where they can help to provide transmission
between the customer and his central office.

Until very recently. the cost of electronics equip-
ment prohibited its placement except in the toll plant
where it could be shared by many customers. The
new move to use of electronics in the loop plant
means an overall saving in copper, significant because
copper is a rapidly dwindling natural resource, and a
large portion of the yearly U.S. consumption is in the
telephone loop plant. Loop electronics also means a
more sophisticated telephone plant, where test func-
tions and administrative and bookkeeping chores will
more and more be turned over to minicomputers or
Microprocessors.

By the way, electronics does not necessarily mean
digital electronics, for the availability of integrated
arrays of charge-coupled devices (CCDs) may soon
make feasible an analog time-compression-multiplex
(TCM) communication system. These CCD) arrays
are analog shift registers which can simultaneously
sample and store the level of an analog signal, since
the charge stored in the devices is proportional to the
signal voltage levels. If many baseband telephone
channels are sampled. these samples can be read out

Data

Millions of computer terminals are expected to dot
the U.S. landscape during the next few years, and
they will tie into tens of thousands of interconnected
computers in hundreds of different commercial, in-
dustrial. Government. and educational networks. The

Howard Falk Associate Editor

of the CCD registers at a fast rate and multiplexed so
that all samples occupy the same sampling-time in-
terval. The composite transmitted signal is essentially
analog with a bandwidth ideally equal to that of a
single sideband FDM system. However, terminal
equipment for generating and detecting the TCM sig-
nal is essentially digital. Such a system therefore
takes advantage of the best qualities of both a digital
and an analog system —namely. the cheap digital ter-
minal and the cheap analog transmission medium
and may have wide applicability in loop transmission
applications.

Convolutional coding arrives

Coding techniques offer a practical method of ex-
panding the usefulness of available bandwidth re-
sources, for, with coding, desired digital or analog in-
formation can be communicated with an effective ex-
panded bandwidth that allows lower transmission
power.

Convolutional coding. using the Viterbi encoding
algorithm. has achieved a reduction of 5.6 dB in trans-
mission power requirements for error rates of one in
105 bits, with a bandwidth expansion of 3to 1.

Improved feedback decoders for convolutional codes
have also become available recently. These offer sim-
plicity of implementation and adaptability for burst-
error correction through use of internal inter-leaving.
Using inexpensive read-only memories (ROMs), much
more elaborate, and hence somewhat more powerful,
feedback decision logic functions have been imple-
mented in place of previous threshold logic.

During 1973. experimental video compression sys-
tems operated satisfactorily using only one bit per
picture element. This means that relatively high-
quality digital television can now be transmitted in
the same bandwidth as conventional TV,

Information for this article came from many sources. Key
contributors include: Harold Sobol, |IEEE Microwave Theory
and Techniques Society; Carl Sletten, President, |EEE An-
tennas and Propagation Society; and Ralph Wyndrum, |EEE
Communications Society.

communications

“I’'m all digital,” said one computer to the other.
“So’m 1,” the other replied, “Let’s trade packets!”

needed links between widely dispersed equipment
will be provided by data communications facilities.

Between 1972 and 1973, U5, data communications
expenditures have grown 27.5 percent to a total of
about 81.45 billion: they are believed to be headed
towards a total of about $70 billion by 1980. And sim-
ilar growth is taking place in (Canada, Japan, and
many European countries.
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[1] The rapid growth of the Advanced Research Project
Agency (ARPA) network continues to accelerate with no
end yet in sight. Shown here is the average daily traffic be-
tween ARPA nodes.

Data transmission over existing telephone links is
getting faster and more efficient, and special digital
links, specifically designed for data transmission, are
coming into widespread use. But the most exciting
recent development has been the appearance of a
growing variety of practical. operating computer net-
works—the forerunners of future networks.

Packet switching, the networking key

Perhaps the most significant of these is the Ad-
vanced Research Project Agency (ARPA) network.
Begun as a research project in 1968, the ARPA net-
work now includes 36 sites (nodes), with about 40 dif-
ferent computers—actually 19 different tvpes of com-
puters—linked by nationwide communications.

The key ARPA network concept is packet switch-
ing. Data messages are divided into short segments or
packets, each containing about 100 characters. Every
packet carries its own identification and destination
address. As packets arrive at a network node, they are
routed along a path that minimizes transmission
delay. The packets are handled by special minicom-
puters called Interface Message Processors (IMPs) or
Terminal Interface Processors (TIPs). Kach computer
in the network is connected to one of these interface
processors (terminals can be directly connected to
TIPs) which perform all necessary communication
tasks including formating, handshaking, and error
control. Since all these functions are performed rap-
idly and automatically, the entire process of sending
a complete error-free message from source to destina-
tion in the ARPA network takes only a fraction of a
second over the 50-kb/s leased lines that form the

Falk T'echnology *74: Data communications
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2] Packet communications will be speeded by th[s Inu?r-
face Message Processor (IMP) designed for operation with
1.3-Mb/s links.

communication links between ARPA nodes.

The ARPA network allows the unique capabilities
of a computer in Santa Barbara to be shared by an-
other computer in Cleveland or Boston. Other net
works like ‘Tymnet. Infonet, Cybernet, and the GE
Information Services Network connect remote termi-
nals to a central computer. There are also many oper-
ating inquiry networks, like the airlines’ reservation
systems, and the National Association of Security
Dealer’s systems for automatic quotation (NASDAQ).
in which terminals enter and retrieve information
from a central data store.

Helter-skelter development

The tremendous proliferation of computer networks
has been happening so fast that growth is rapidly
outstripping the available technology. There has been

L
interface

message
processors
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so much pressure to bring new networks rapidly into
operation, that little time or energy has been devoted
to consolidate or refine design techniques. Instead.
much of the work has been done with seat-of-the-
pants methods.

Communications software provides a prime exam-
ple of this helter-skelter development. Almost all
communications is becoming computerized—even if it
doesn't involve data. For example. ordinary telephone
calls are routed through computer-type electronic
switching systems. Despite the fact that software has
been found to be one of the biggest bottlenecks in
computer communications, operating systems with
standardized communications features are still lack-
ing, and higher-level languages specifically designed
for communications have not vet been widely and
successfully applied.

Hardware progress has been more tangible. For ex-
ample, specialized minicomputers used as network
communications processors, have been rapidly devel-
oping. The latest version of the IMP, designed for the
ARPA network by Bolt Beranek and Newman, Inc..
can accommodate as many as 20 “host” computers,
and permits direct connection of communications
links operating at about 1.3 Mb/s.

Traditional computer manufacturers are now plac-
ing greater emphasis on computer communications.
In 1973, for the first time, IBM made a lower-cost
programmable communications processor available.
The IBM 3704/5 remote communications controller
can be used to concentrate low-speed. remotely gener-
ated data for high-speed transmission; it can also
serve as the communications front end for a central or
remote computer.

During 1974, IBM is expected to introduce a syn-
chronous data link control (SDLC) language which
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@ Slave clock

Vancouver St. John

@ Prime master clock

will make full-duplex line control widely available.
The result should be more flexible, efficient use of a
wide variety of communications links.

Needed: more data links

With the rapid growth of computer communica-
tions has come increased awareness of the limited
ability of the existing telephone network. and tariff
structures, to serve data transmission needs. Direct
distance dialing telephone facilities. for example, now
take several seconds to make a cross-country connec-
tion. but a typical data message is transmitted in a
fraction of a second. Worse vet. telephone tariffs are
still based on a minimum 3-minute billing unit. com-
pletely inappropriate for data.

Dataroute, recently put into service by the Trans
Canada Telephone System, is the first nationwide,
commercially available communications system de-
signed specifically for digital data.

Planned by the Bell System for introduction in
1974 is a similar U.S. Digital Data System. By more
complete use of existing microwave transmission fa-
cilitiesusing a technique called “‘data under voice™
—and by using existing local digital lines Bell plans
to avoid large new capital investments. The Bell Sys-
tem could therefore be in a position to offer users very
attractive data communications tariffs. .JJapan. and
many Kuropean countries have specific plans for in-
stalling nationwide data transmission systems in the
near future.

In addition, the advent of special service common
carriers have given U.S. users the brand new option of
obtaining communication lines from sources outside
the telephone systems. By the end of 1973, a host of
carriers like MCI Telecommunications. Inc.. and
Western Union were supplying customers with both

[3] Canada’s Dataroute stretches across the en-
tire continent. The network already includes six
added nodes not shown in this diagram, and
continues to grow at the rate of about one node
per month. A hierarchy of clocks maintains net-
work synchronization even if individual links are

Moncton broken.

[4] A biplexer unit in Chicago accepts data from
a remote job entry terminal at 19.2 kb/s and
splits the data into two 9.6-kb /S streams. At the

. U/ receiving end in Minneapolis, a second biplexer

Secondary clock O Terminal clock Halifax recombines the two streams to feed the data to
a computer.
Minneapolis Chicago
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voice and data communications links.

Two companies, Telenet and Packet Communica-
tions, have filed for FCC permission to make ARPA-
style packet-switched services available—with fea-
tures such as improved error control, the ability to
easily interface many different computers and termi-
nals, and with tariffs based only on number of pack-
ets, independent of distance-——while Datran and the
MCI Data Network plan to offer direct digital trans-
mission services.

Satellite-based telecommunications channels are
scheduled to become available to users in late 1974.
These promise price reductions for very long distance
transmissions, but they will also pose new problems.
For example, satellite line-control software will have
to cope with one-way propagation delays of 400-600
ms.

Data on the voice network

Despite the boisterous growth of new facilities
supplying all-digital transmission, most current needs
for data communications are still met by voice-band-
width facilities developed for telephone service. For
effective transmission over such facilities, digital
pulses must be converted to a modulated-wave format
that fits the voice-transmission band, and they must
then be recovered at the receiving end. This signal-
conversion process is usually carried out by devices
called modems (modulator-demodulators). Since
1960, when commercial data communications over
telephone lines began, modem speeds up to 2400 b/s
have been available.

It is a somewhat easier task to send data over pri-
vate, permanently connected lines, than to venture
out into the wider, noisier world of the direct-dial
telephone network. For some time, it has been possi-
ble to send digital signals at 9600 b/s over private-
line voice band channels, but not until very recently
have modem speeds of 4800 b/s been attained for di-
rect-dial network use.

The great new fact in computer technology is that we
now have large-scale integrated microprocessors.
Major semiconductor manufacturers are beginning to
supply off-the-shelf microprocessors, and sixteen-bit
units with 2- to 3-us instruction times are now avail-
able in chip form for about $150.

Make no mistake, these are full-fledged processors

Howard Falk Associate Editor
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Higher speeds for the dial network

A major problem in transmitting data over tele-
phone lines at speeds above 2400 b/s has been delay
distortion—which causes signals to smear and over-
lap. Automatic equalizer circuits are now used to
compensate for such distortion, but these circuits re-
quire a “‘training” period of about 50 ms, before
model transmission can begin.

During the past year, several modems capable of
4800-b/s operation over the dialed network have be-
come available—all with training times of 50 ms or
less. Bell System’s version, called the 208B, has a 50
ms training time and uses an eight-phase modulation
scheme. A similar modem, the International Com-
munications Corp. model 4700/48 uses a vestigial side-
band modulation technique and has a 40 ms training
time. A third unit, the Codex 4800 dial modem, also
has a 40 ms training time, but uses a scheme called
quadrature amplitude modulation.

Merging bit streams

As discussed in another article in this issue, the
general task of multiplexing—merging many low-
speed bit streams into one higher-speed line—is re-
ceiving considerable attention. Many new pieces of
multiplexing equipment, such as statistical multi-
plexers, are appearing on the market and, as these
grow more complex, the boundary between the multi-
plexer and the communication processor is fading.

To push data transmission to 19.2 kb/s over ordi-
nary leased-lines, Codex Corp. has a clever technique
that uses two voice-grade channels simultaneously.
Their 296 Biplexer unit splits the original data into
two 9600-b/s streams. Each of these is transmitted
and received using conventional 9600-b/s modems. At
the receiving end, a second 296 biplexer recombines
the two streams into a single 19.2-kb/s stream.

Special thanks to Ray Pickholtz and Adam Lender of the

IEEE Communications Society for supplying information for
this article.

Computer
hardware/software

Hardware: microprocessors and memories marry
Software: modular programs and “kernels” arrive

~“‘micro”’ refers to physical size and cost, not to
computational capability. Their instruction repertoire
is as rich and powerful as that of the computers of the
early 1960s.

Led by Intel Corp. (Santa Clara, Calif.) several
manufacturers are now producing microprocessors.
Intel has both a 4-bit and an 8-bit processor, the lat-
ter comes in an 18-pin circuit package less than one
inch long, containing a single MOS chip. The smaller
processor is an outgrowth of a printing calculator de-
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[1] All this or one chip. Intel’s complete 8-bit microprocessor fits in a standard 18-pin circuit
package-size 0.915 inch X 0.25 inch.

velopment program, while the larger one evolved from
an intelligent terminal application.

Other manufacturers, like National Semiconductor
(Santa Clara, Calif.) have taken a modular approach
to microprocessors. In the National processors, 4-bit
register and arithmetic unit (RALU) chips are assem-
bled to create 8-bit, 16-bit, or larger configurations.

Microcomputers in the marketplace

Mated with high-density semiconductor memory
packages. these microprocessors become full-fledged
microcomputers, potentially capable of taking over
many traditional computer tasks—and of moving
computer use into entirely new areas.

For several years, minicomputers—low-cost systems
made up of assemblies of integrated circuits—have
been available to users who cannot afford full-sized
computers and their application has been breaking
new ground in computer use. Now. with the advent of
microcomputers, a flood of new applications is sweep-
ing into every aspect of daily life.

We are all familiar with small special-purpose com-
puters in the form of hand-held electronic calculators,
but it is less well-known that GM, Chrysler. and Ford
have all had negotiations with semiconductor manu-
facturers, looking forward to the near-future use of an
on-board microcomputer in every car that comes off

the assembly line. Much more easily than their larg-
er. more-expensive predecessors. microcomputers will
find their place in homes and offices. Virtually every
form of service that is repeatable can potentially be
aided by mini- and microcomputers, which can be
used even by the smallest of businesses.

Micro- and minicomputers promise also to revolu-
tionize instrumentation, and are expected to quickly
find use on production lines and in processing plants
as well as in medical electronics, transportation, and
energy conversion applications.

Design problems still ahead

These are indeed exciting prospects, but between
the present state of the microcomputer art and its
widest future application. there remain some signifi-
cant problems to be solved. First, these machines
lack applications software. Microprocessor manufac-
turers now supply cross-assembler programs that are
executed on any computer capable of handling the
Fortran language. These cross-assemblers generate
code which can be loaded into and executed by the
microcomputer. There are even a few simulator pro-
grams by which the microcomputer code routines can
be debugged on a larger machine, but these tools are
still limited in power and will have to be extended
and sharpened to meet the oncoming tide of applica-
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More realistic computer graphics

Shaded computer graphics in color are here, and
soon they will be animated. The images shown
above were photographed directly—untouched—
from a CRT display screen. Graphic displays with
shaded surfaces, color, visual texture, transparency,
and similar sophisticated effects are now becoming
available. Black and white shaded displays with
moving images have already been produced, and it
is expected that moving color displays of the sort
shown here will also be produced—having rates of
about 10 frames per second—within a few months.
This technology has received much recent attention,
with some of the best work being done at the Com-
puter Science Department of the University of Utah.
Such displays are important because they provide a
basis for man-machine graphical communication at
a level that line-drawings cannot convey. Applica-

tions to design of tools, parts, and structures as well
as to the visual arts seem likely. In fields such as
flight simulation, real-time moving images are al-
ready having a profound effect.

The realistic shading and highlighting in the im-
ages shown above are results of the most recent im-
provements in these techniques, developed by Phong
Bui-Tong, now Assistant Professor of Computer Sci-
ences at Stanford University.

Images such as these are modeled geometrically in
a computer memory. This model may be changed A
dynamically as part of a simulation or design proce- |
dure. lllumination and viewing geometries are then
used along with the dynamic model to drive real
time, digital, hidden surface and shading hardware
which produces video signals for a moving color dis-

play.
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{2] This floor-full of equipment is the illiac IV supercompu-
ter, recently installed at NASA's Ames Research Center.
The giant machine not only services local computation
needs, but is connected—via the ARPA network—to many
computers and terminals in other locations.

tions for these tiny machines.

A second problem area, probably more acute, is to
interface microprocessors with other processors, with
input-output devices, and with shared memory facili-
ties. In general, there seems to have been too little at-
tention given to systems use of microprocessors. For
example, it is not clear how present-day microcompu-
ters will share an interconnection bus or communi-
cate with peripheral devices. These interface prob-
lems can, however, be rapidly solved, and the solu-
tions may open new possibilities for hierarchical, dis-
tributed computer equipment configurations.

Third. low-speed is a serious limitation of micro-
processor applications. Even electronic calculator de-
sign is hindered by the multimicrosecond cycle times
of MOS logic—almost too slow to satisfactorily com-
pute elementary functions like sine and tangent.
However, during this coming year we can look for-
ward to the appearance of several microprocessors
with cycle times of 1 us or less. As multiprocessor in-
terconnection problems are solved. speed is likely to
be less of a problem.

MOS memories break the cost barrier

To complement the microprocessor. semiconductor
technology has produced low-cost memory circuits—
the high-capacity MOS memory, bipolar high-speed
memory, and even higher-performance memories
using Schottky-diode clamped transistors.

The recent, key breakthrough has been in cost and
vield of MOS devices for memories, and this is a cul-
mination of several vears of processing experience. As
a result, 1973 has been the year in which the thresh-
old of practical application for semiconductor memo-
ries was reached in many application areas.

A 4-kb MOS read-only memory chip now sells for
about $20 in quantity. With continued price declines
of 20 percent a vear expected., the time seems very
near when cores will be replaced by integrated circuit
chips on a wholesale basis.

Standardized 2- and 4-kb MOS memory chips have
recently become available from at least a half-dozen
suppliers, so equipment manufacturers now have
multiple sources of supply.

100 units

|
|
10 74 units
Hardware 14 19%
40 Programming 40 54%
20 Planning and operations 20 27%
!
~, 1970 Late 1970's

[3] Radical improvements in hardware are sharply dropping
the costs of computer apparatus, but programming, plan-
ning, and operations’ costs continue to grow.

{4] Intelligent cash registers with built-in microcomputers
are finding widespread application in retail trade. This su-
permarket register contains a microprocessor with both
core, and read-only MOS memories.

Toward distributed systems

L.ow-cost, compact memory technologies, together
with newly available microprocessors are fueling an
evolution in computer system design. According to
Jack Shemer, Technical Editor of Computer mag-
azine, the trend is towards distribution of computer
functions so that incoming problems are divided into
their constituent parts and a separate portion of the
computer’s capabilities is dedicated to solving each of
those parts. Thus, separate processors within the
computer would handle functions like main memory
management, file processing. unit record input-out-
put, and arithmetic processing,

Such distributed architectures are by no means a
new idea. but with a mature MOS large-scale integra-
tion technology at hand, use of many processors in
each computer will probably become commonplace.
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Several companies are now developing machines in
which a large central memory is shared by a number
of separate processors.

Supercomputers in action

Side by side with revolutionary microcomputer de-
velopments, long, patient computer development ef-
forts have also been paying off.

Three new supercomputers went into operation in
1973. The ILLIAC IV began limited operations at
NASA’s Ames Research center, and a Texas Instru-
ment ASC computer was delivered to the Anti-Ballis-
tic Missile Defense Agency installation in Huntsville,
Ala., while a second ASC machine went operational
in Europe. Still another supercomputer, the Goodyear
Aerospace S'TARAN became fully operational in 1973,
at Rome Air Development Center, N.Y,

Powerful as these machines are, further progress is
needed in hardware for highspeed operation of parallel
memories and switching of parallel data streams. Ac-
cording to David Kuck of the Computer Sciences
Department, University of Illinois, present difficulties
in programming parallel computations would be
greatly relieved by such hardware improvements. In
the near future we can expect to see even more-pow-
erful supercomputers, combining pipeline hardware
with the ability to handle tens of thousands of bits in
parallel. With the advent of low-cost microprocessors,
machines containing 8000 or more processors seem
feasible.

Software kernels to handle input-output

In mini- and microcomputers, in parallel computa-
tion and computer networking, hardware develop-
ments have been breathtakingly fast. Unfortunately,
in each of these cases, the full application of hard-
ware advances still awaits more slowlv-developing
software innovations.

One key development is that input-output (I1/0)
interface problems for mini- and microcomputers are,
in part, now being solved by software 1/0 handlers
written as standard program kernels. With these, the
user doesn’t have to be concerned about writing his
own software for much of his peripheral equipment.
Some initial progress in software operating systems to
manage minicomputers (similar to systems long-
available for larger machines) is a second important
recent development. Development of the standardized
higher-level languages that now seem a necessity for
many industrial and service applications of minicom-
puters is also making progress, but slowly,

In the computer communications area, specialized
operating systems and higher-level languages have
not yet made their appearance. As for supercompu-
ters, software for parallel computation is still in its
infancy.

To enter: fill the blanks

The past year has seen the cost of computer termi-
nals drop dramatically, particularly those “intelli-
gent’’ terminals that possess some degree of computer
processing power- -usually in microcomputer form.

Terminals such as those supplied by Four Phase
Systems (Cupertino, Calif.) allow easy input of data,
from their original source into the computer, without
the need for punched cards. People using these key
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data-entry terminals are cued by terminal-generated
requests for needed information. In effect, the termi-
nal provides a questionnaire form, with blanks to be
filled in by the user.

Intelligent terminals are being widely used for data
entry, but they are also capable of word processing,
including text editing. With built-in processors and
ample low-cost memory, such terminals are finding
increased application to automated typing as well as
to input preparation for information retrieval and
computer-controlled typesetting.

Use of intelligent cash registers at retail points of
sale has become widespread, and the food industry
has adopted a Universal Product Code that allows op-
tical scanning of color-bar coded information at the
supermarket checkout counter.

Disks, floppy and dense

Floppy disks, about the size of 45-rpm records but
made of flexible plastic, have brought large, random-
access storage within the price range needed for mini-
computer systems. Since the disks are interchange-
able and easily transported they open the way for
more-powerful, free-standing terminals and systems.

Floppy disk equipment capable of storing 2 million
bits, and operating at 250-kHz bit-serial rates now
sells at under $800 in quantity lots. Even compared to
lower-cost tape cassette storage, the floppy disk’s ran-
dom access times—less than one half of a second.
make them a very attractive choice for a wide variety
of systems and peripherals.

One limitation on floppy disks is their useful life:
after about 10000 accesses at any given location,
physical contact with the read-write heads tend to
wear out the disk surface. Noncontact floppy disk
equipment is appearing, but this added feature is ex-
pensive.

More conventional disks like the IBM 3330, with
200 tracks per in carrving 4000 b/inch-—a recording
density twice as great as previously available ~have
prompted a widespread movement away from tape
files and toward bigger, faster disc-based on-line
data bases in large computer systems.

Printing without impact

Development of hard-copy output equipment,
priced to match the needs of a broad variety of com-
puter users, continued during 1973. Several different
types of nonimpact printers recently became avail-
able including the Xerox 1200. which uses electropho-
tographic imaging techniques to produce 132-charac-
ter lines at 4000 lines per minute. Other noncontact
printers use ink-spitting jets, electrostatic operation
of closely-packed wire ends. and thermal outputs
from thick-film arrays.

The general trend in output devices appears to be a
resurgence of electronic, or light-beam scanning tech-
niques using single, or multiple beams to generate
patterns of dots and thus form characters or graphical
elements.

Many individuals and organizations contributed informa-
tion for this article. The efforts of Robert A. Short, Editor of
the IEEE Transactions on Computers; Jack Shemer, Tech-
nical Editor of Computer magazine; and True Seaborn, Edi-
tor of Computer magazine were especially helpful.
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Automation was the key to progress for industrial
systems during 1973, with the second-generation
controller emerging as the most exciting system and
the thyristor the all-pervasive device.

One of the major reasons for the general accept-
ance of automated techniques has been their wider
applicability at decreasing cost—which has led in
turn to increased sales volumes for automatic sys-
tems. The computer—one of the primary compo-
nents of automation—has contributed to this de-
creasing cost with a whopping cost-reduction factor
of 102 over a span of 23 years. In a period when
manufacturers and processors are faced with de-
mands for better quality and higher reliability, the
increased use of computers to monitor and control
industrial operations has been wholly justified.

Yesterday’s tolerances of such parameters as di-
mension, weight, consistency, temperature, and
speed are just not realistic given today’s rigid spec-
ifications and competitive atmosphere.

The computer has done more than contribute to
lower costs and better products, however. Its capa-
bility of interfacing with the entire industrial en-
vironment gives it a flexibility unknown to most
technologies. Not only is the computer used for
such obvious functions as production control, prod-
uct assembly, and material transfer, but for inspec-
tion, testing, scheduling, warehousing, resource al-
location, and management information systems
(MIS). Computer use in MIS becomes doubly effec-
tive and profitable once part of the control process
rather than a separate system.

The trend toward automation can be seen no more
clearly than in the machine tool industry. Accord-
ing to a long-range study by Chase Econometrics, a
subsidiary of the Chase Manhattan Bank, today’s
predominating emphasis on automated machine
tools indicates “that automatic factories will be in
widespread use by 1980.” Based on existing tool
data, an analysis of over 150 companies, and an
evaluation of all new equipment, Chase’s econo-
metric forecasting shows that computer control of
every operation from machining and handling to
scheduling and ordering can only lead to greater
speed, increased quality control, and lower costs.

It should be understood that the computer is only
the upper level of an identifiable pattern in the de-
velopment of automation, each step of which has
brought the state of the art further along toward
greater reliability, faster speed, and a higher degree
of control. As the increasing use of automation de-
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“Computers and solid state are in...Computers and
solid state are in...Computers and solid state...”

mands more levels in the hierarchy of control and
control systems, the need for more sophisticated
control methods such as parallel processing and
hierarchical arrays should become more pronounced.

Industrial control

1978 was a year of increasing automation in the
area of industrial control. Although conventional
relay panels had already given way to more efficient
solid-state modules in many control applications, in
1973 such dedicated logic systems were themselves
being replaced by the programmable logic controller
(also called programmable controllers, PCs), which
offered the user an easily programmed, reliable sys-
tem capable of direct interface with high-power in-
put/output devices (see Fig. 1). Basically a simple
specialized form of minicomputer with the arith-
metic functions omitted (aside from basic add and
subtract circuits to execute fundamental pro-
grams), the programmable controller’s primary ap-
peal to the industrial user is that he is not required
to learn a computer language as he would for more
sophisticated computer-based controllers.

Originally spawned by a General Motors decision
to equip their engineers and technicians with a
small, reliable, and easily programmed and main-
tained machine-tool controller that would be cost-
competitive with relay and solid-state panels, the
programmable controller made its greatest initial
impact on the metal-working and automotive in-
dustry. According to Jackson & Associates of Co-
lumbus, Ohio, the largest segment of growth in
controller use will be in the chemical, metals, pe-
troleum, and electric power industries, in that order.
Others agree that this priority listing is correct for
minicomputer control, but insist that the major
areas of controller use ave metal working, welding
and fabrication, discrete manufacturing, petroleum
and chemical, and power, in decreasing order.

Since 1970, over 2000 programmable controllers
have been installed to perform a variety of indus-
trial functions, with market projections indicating
that 3000 will be operational by the beginning of
1974. Considering that in January 1972 only 200
installations existed throughout the U.S., this con-
stitutes an amazing two-vear rise of 1400 percent.
In 1972, controller sales were estimated at $12 mil-
lion, a figure expected to exceed $20 million for all
of 1973 and represent a five-fold increase by 1976.

Second-generation controllers

Several new second-generation programmable
controllers were introduced in 1973. At Digital
Equipment Corp. (DEC), Maynard, Mass., two
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models—the Industrial 14/30 and Industrial 14/35
—starting at a basic price of $3600 (minimum 1/0
modules and no programming panel) began being
delivered in November. Not only have timers, count-
ers, shift registers, and retentive memory elements
been included within the basic unit, but a new read
write core memory of 4096-8192 words provides
added flexibility. [Users who prefer read/write
memories are usually attracted by the ease of re-
programming, while read-only memory (ROM)
and programmable read-only memory (PROM)
users prefer a program that is hard-wired and fool-
proof.] DEC’s Industrial series also have the ca-
pability of adding input and output points one at
a time, a significant feature, since most program-
mable controllers expand by adding modules of
from 8 to 32 inputs and outputs.

Also introduced in the fall of 1973 was DEC’s
VT14 ($5990), a separate programming terminal
or panel that displays all control circuits on a CRT
screen, either for checking before entry into the
controller memory or for problem spotting of an
already entered circuit. After plugging the VT14
into the controller to be programmed, the control
engineer simply enters the system schematic in
terms of relay ladder diagrams one output at a time
and observes each contact connection on the CRT,
which provides a visual matrix of up to 80 contacts
and branch points. Both the controller memory and
punched tape can serve as storage for ladder dia-
grams. To troubleshoot, the user recalls an existing
circuit from the controller memory and observes the
control display. Since relays that carry current ap-
pear brighter on the CRT, a contact that is supposed
to conduct and doesn’t can be spotted immediately.

At Modicon Corp., Andover, Mass., the Model 184
programmable controller was introduced in April
1973 with a read-write core memory capacity of
1000, 2000, 3000, and 4000 words (a key-lock mem-
ory-protect system prevents accidental alteration
or loss of program due to power loss), status lights
for each input and output circuit, a remote control
that allows input/output equipment to be located up
to 600 meters from the controller, and increased
diagnostic capability in the form of operations-
oriented status lights. Perhaps the most unique fea-
ture of the 184 is its capability of monitoring such
production parameters as running time, tool life,
machine degradation, and down time when used
with Modicon’s separate programmable printer.
The first of its kind on the market, Modicon’s
printer has a memory of 1000 prestored messages
and is priced at approximately $3000, A General
Electric programming panel (PC-15), used to pro-
gram, monitor, and debug the 184, costs $1000; the
184 itself starts at $3460.

Other programmable controllers that appeared in
1973 include the Allen-Bradley Systems Division
(Highland Heights, Ohio) Bulletin 1750 PMC with
a 1000 9-bit word, read-write core memory (suc-
cessor to the old PDQ 1T controller) for $1250, and
Reliance Electric Company’s (Cleveland, Ohio)
AutoMate 32 (a smaller version of their AutoMate
33) for $2000, which provides for up to 191 relay
points rather than the 512 total inputs and outputs
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of the older AutoMate 33.

At FX Systems Corporation. Saugerties, N.Y.,
two new controllers—the PMT-10160 and SP series
—were introduced in October. In the PMT (preci-
sion multipoint timer) model, a single unit with up
to 160 timed outputs may be cascaded with three
other units for as many as 610 controlled time in-
tervals (320 “windows”) for timing, sequencing,

[1] Before deciding what type of control system to buy,
an industrial user must carefully evaluate such parameters
as cost, reliability, ease of implementation, and degree of
sophistication to suit his needs.
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monitoring, or controlling events and devices over
varying and numerous (10 000) time intervals. The
SP (sequence programmer) series model is a time-
and sequence-based machine that replaces drum,
crossbar, matrix, and stepping switch programs
(15, 30, and 60 outputs) at greatly increased relia-
bility and capacity and lower cost per function.

Perhaps the most appealing aspect of the easily
loaded FX controllers isthat the programming funec-
tions—simple thumbwheel switches and pushbut-
tons—have been placed directly on the front panel
of the unit, thus eliminating the need for leasing or
buying expensive programming terminals. These
units also employ the jargon of conventional elec-
tromechanical drum programmers and relays to
simplify the control programming. In addition,
manual override, fault signalling, and immediate
program access via a front panel display are pro-
vided. Prices for the PMT and SP systems begin
at about 82400 and $2350, respectively.

A good indication of the types of controller sys-
tems that are presently available and the costs that
may be encountered to set them up may be obtained

from Table I. It should be noted that the base price
of a system usually includes the central processor,
power supply, a minimum number of input-output
channels, and limited memory; price ranges for a
practical control system are usually much higher.
(Not all systems in Table I were introduced in
1973.)

Low-cost controllers

Aside from the fact that programmable control-
lers are becoming easier to operate and smaller
(e.g., the FX Systems PMT and SP models are
19 x 16 x 7 inches), they are also falling drastically
in price—enough to establish a separate line on a
cost-function chart (see Fig. 2).

One such controller is the Struthers-Dunn (Bet-
tendorf, Towa) S-D77, which is 12 x 7 x 16 inches
and costs less than $1500. Equipped with 20 inputs,
12 outputs, 32 internal storage (scratch-pad) loca-
tions, and four timers, the S-D77 has a multiple-
slaving capability that enables several units to com-
municate directly with one another, thus allowing
for distributive control functions for such applica-
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Ease of implementation at low cost is the main feature
of programmable controllers. Instructions are loaded by
three different methods: relay-ladder (far left, bottom) or
symbolic-logic statements typed on teletype-punched
paper tape (as in the Allen-Bradley PDQ-Il, DEC PDP-14,
and FX Systems Mark series), programming terminals (mid-
die left, bottom), by far the predominant programming
mode, and front-panel thumbwheel/pushbutton controls
located on the controller itself (such as FX Systems’ new
PMT and SP units). Essentially a highly specialized mini-
computer, the basic programmable controller (far left, top)
can be expanded from a simple on-off system to include
digital and even analog control functions, as in the FX
Systems 700, 800, and 900 Mark series shown at the left.
Highly sophisticated ‘“‘industrial” controllers approach the
complexity and versatility of minicomputer systems
(above).
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[2] Costs on this controller comparison chart are based
on overall estimates, including hardware, panel wiring,
etc., but not programming terminals (used with program-
mable controllers) or computer software.

tions as transfer lines and printing presses. One
unique feature of the S-D77 is the use of COS,/MOS
logic, which not only has low power requirements
but is relatively immune to noise. To program the
S-D77, the memory boards (256 to 1024 12-bit
words, ROM) must be removed from the controller
and placed in a portable programming terminal,
where the program is entered by simple pushbutton
procedures. Light erasable, the S-D77 can be repro-
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Automating the automotive industry

It's a practical certainty that today's quality-controlled, mass-
production automotive industry could not survive its highly
competitive market environment without intense application
of automated manufacturing and testing methods. Such sys-
tems provide no end to increased productivity, improved
quality control, and reduced labor costs.

At present, systems that have been designed and installed
for use by the automotive industry include those for
e End-of-line emission analysis
Carburetor testing
Evaporative emission canister automated production
Machine tool control
Electrical wiring harness testing
Fuel injection prototype testing
Engine testing
Production MIS broadcasting (factory data collection)
End-of-line quality control inspection
Crash testing
The experience of such companies as General Automa-
tion, Inc., Anaheim, Calif.. a leading manufacturer of mini-
computers and computer systems for science, business.
industry, communications, and data processing. serves 10
illustrate the inroads that automation has alieady made.
Based on Gencral Automation’'s System 18/30 supervisory
computer, the SPC-12 and SPC-16 minicomputers and auto-
mation interface minicontroliers, many users in the auto
industry are not only able to automate production lines, but
implement quality control and product testing as well (see

illustration).

In safety testing, an SPC-12 collects data through spe-
cially designed high-speed analog scanners in burst modes
for storage and future analysis by a central computer.

In engine testing, SPC-12s are being used to measure
RPM, torque, temperature, pressures, and other variables
related to engine operation, as well as for fuel and lubricant
testing, siynature analysis, and other performance study
applications.

In fuel injection research, 18/30 systems test pilot-model
injection assemblies, monitoring pressure, flow, and tem-
perature of key variables associated with the pilot device.

In carburetor syst=ms, SPC-12 systems test and adjust
auto carburetors on muitiple test stands, measuring pressure
and fiow, calculating design parameters, and logging reject
data for factory management.

In wire-harness testing, quality control is assured by a
functional check of all wiring on a vehicle production line
by an SPC-12, with correct system operation and fauit loca-
tion displayed on an indicator panel, and rework action
defined by printout data

in a management information system (MIS). data is cb-
tained from rachines and work systems throughout a factory
floor to give management a comprehensive view of snop
efficiency and matenal flow by way of an SPC-16 computer.

In fuel evaporation canister production an SPC-12 con-
trols assembly and testing, indexing the rotary assemoiy
stand, checking completed operations and tool positioning.

»

direct
numerical
control

»»
computer
numerical
control
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by using a portable programming panel (MCP-10)
that requires no programming experience. (On the
other hand, once programmed [using panels to burn
diode paths to produce ROMS], PROMS are no
longer programmable and must suffice for one con-
trol need only. At $30 a chip, this can become a
costly method of building a control apparatus.)

The analog controller

The standard programmable controller is a rug-
gedly simple Boolean-logic computer that is de-
signed strictly for on-off sequential operations.
There are, however, a whole group of more sophis-
ticated programmable industrial controllers that
differ from standard controllers in that they are
able to process analog signals, provide hard-copy
readout and CRT displays, and, in general, inter-
face with most minicomputer peripherals. In fact,
these systems give such good control capability, at
a price much lower than general-purpose minicom-
puter systems, that a major U.S. corporation has
opted for such a system (FX Systems’ Mark II) to
control two of the world’s largest electric furnaces.

Equipped with A/D A interface PC card mod-
ules, high-level inputs and outputs, an add-on mem-
ory with.a possible capacity of 32000 words, and
a unique priority-interrupt module that protects
against power failure and program interruption,
the Mark IT systems will interface and control an
entire industrial process—conveyors, weighing and
batch feeds, skip cars, moving belts, and hoppers.

In short, the state of the art for controllers is
leading toward two distinct areas—one represented
by a vast, hitherto inaccessible but diversified ma-
jority of users in need of inexpensive controllers
with limited application, the other represented by

sophisticated users who need more peripherals,
memory, and arithmetic capability but cannot af-
ford minicomputer pricing and knowhow.

Progress in numerical control

Of the “subindustries” that exist in the auto-
matie siachine tool field—numerical control (NC),
direct numerical control (DNC), and computerized
numerical control (CNC)—CNC, introduced in
1972, is expected to be one of the fastest growing
automation markets in the near future.

In 1973, events helped to extend the spread of
automation methods developed in the United States.
Given approval by the U.S. Department of Com-
merce to export three CNC systems to the U.S.S.R.,,
General Automation, Inc., sold SPC-16/40 CNC
systems to Messer Griesheim, a West German flame-
cutter manufacturer, who in turn supplied the Rus-
sians. In addition, the world’s first commercially
available “true” computer-controlled lathe was un-
veiled in September 1973. Essentially a marriage of
General Automation’s Adapt-A-Path CNC system
to an American Tool Co. (Cincinnati, Ohio) Hustler
lathe, the combined system differs from standard
minicomputer systems that front-load a standard
hardwired controller.

Offering programming advantages comparable to
those of DNC systems, CNC is cheaper, more reli-
able, and more suitable to present machine tool
capabilities than DNC. In addition, since a CNC
system typically controls 1-1 machine tools as op-
posed to 10-15 for DNC systems, a malfunction can
be much more costly for DNC than for CNC.
Hence, CNC systems helped increase overall ma-
chine tool sales by over 25 percent for all of 1973.

Nevertheless, NC systems are still anticipated
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making final quality-control checks, and providing data to
the shift foreman on reject rates.

In emission analysis systems, SPC-16 systems are now
on-line performing both end-of-line and HEW Certification
emission test cycles. Analyzer operation is fully controlled,
thus eliminating the need for full-time operators

.. and more

Supplementing General Automation’s automation control
product line are three numerical control systems that use an
SPC-16 minicomputer to perform 95 percent of all machine
tool functions currently needed, including drilling, stamp-
ing, routing, winding, milling, and lathing. Called Adapt-A-
Path, these systems feature point-to-point (at a basic price
of $6000), continuous-path ($9975), and three-dimensional
($30,000) contouring tasks, resulting in cost savings of over
40 percent, and—at one West Coast moldmaking firm—im-
proving productivity by over 700 percent.

Recognition of the advantages of automation is not re-
stricted to the United States alone. In 1973, Subaru of
America and Fuji Heavy Industries, Ltd., Japan, importer
and manufacturer of the Subaru car, installed an SPC 16/30
to monitor exhaust emissions at the Subaru Emission Labora-
tory, Huntington Beach, Calif

The future

According to Raymond J. Noorda, General Automation
executive vice president, the total market for numerical con-
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Modern automatic control and testing is the basis of to-
day’s competitive automobile industry.

trol systems—including hard-wired devices—exceeds $70
million annually, of which computer-based systems repre-
sent 10 percent. If he is correct, the total available market
for numerical control systems will be $125 million by 1975,
with computer-based systems representing more than 25
percent—no small share of what appears to be one of the
most viable markets around!

to hold their own for the next eight years, Pro-
grammed and directed by coded punched-paper-tape
instructions, hard-wired NC logic units—despite
the stiff opposition from computerized systems—
have been restored to life by relatively new low-price
versions that have afforded manufacturers with
basic equipment automation at reasonable costs,

Introduced in 1970, DNC systems offer com-
puterized control in the form of temporarily stored
machine programs that are much faster and of
higher quality than NC programming, which re-
quires repunching of new paper tape for each new
operation. Because machine tool users lacked both
the expertise and confidence in dealing with large
computerized systems, however, sales performance
of DNC systems has been disappointing and is said
to have contributed to the depressed level of machine
tool sales during the early 1970s. It is forecast that
sales of DNC systems—especially with the intro-
duction of less-expensive minicomputers—will rise
to large numbers by 1976.

Manufacturing technology

In its race to produce competitive high-quality
products—now estimated at over $23 billion a year
—the electronics industry made significant
improvements in automating production during
1973.

In manufacturing alone, the assembly of printed-
circuit (PC) boards—practically the bread and
butter of the industry—has been greatly enhanced
by automation, with axial-lead components now
being inserted at the rate of 7000 per hour, ICs at
3000 an hour, and equipment shortly available that
will be able to insert transistors, disc¢ capacitors,
and even assemble parts onto PC boards. Although

Eleccion- "Pechnology '74: Industrial electronics

semiconductor manufacturing is being forced to im-
prove productivity to satisfy an exploding market,
special emphasis is being made in improving yield
in wafer fabrication—in fact, computers are now
being used to monitor and control furnaces to in-
crease wafer yield.

One area of great concern to the manufacturer is
testing. With testing costs ranging from 5 to 30
percent of manufacturing cost, «wtomatic test

At Genera!l Motors’ Rochester Products Division, an IBM
System 7 supervisory computer transfers data into an
IBM 370/145 for hierarchical control of as many as 31
carburetor-flow test stands, each of which is controlled
by a General Automation SPC-16 minicomputer.

testing
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equipment that is easily programmed is being
sought to increase production speeds and lower
costs. With the new varieties of equipment such as
that described in this article now appearing, manu-
facturers are now more than ever concerned with
the throughput and cost of such equipment.

The use of modeling is finding increasing appli-
cation in process design, preanalysis of machinery
characteristics, and improving cost effectiveness, In
the glass industry, the modeling of parts is being
given serious consideration, and in the steel, min-
ing, and cement industries modeling is extensively
used not only to control processes but to determine
the cause of excessive machinery wear and vibra-
tion in order to “design” these problems away,

Another technology that found wide application

Control applications from space

Some of the modern contro! techniques that original-
ly found application only in the most sophisticated
systems of the billion-dollar space program are be-
ginning to be used more and more in industrial
systems. Of the several factors contributing to this
trend, success of pilot programs and the continuing
reduction in price and size of computers make im-
plementation of some of the more complex strategies
more feasible.

One of the first modern control techniques to be
practiced was the optimal lincar regulator, which is
the solution to the problem of a linear plant with a
quadratic performance index. Similar to classic tech-
niques and easily implemented, this promising con-
trol method is presently being used by engineers at
Babcock & Wilcox (Lynchburg, Va.) to design con-
trols for advanced nuclear steam generators to be
used for marine and utility power generation.

Pole-nlacement techniques are also being studied
and an experimental project is now in progress to
apply this method to a pool reactor. A microcom-
puter will be used to implement the resulting control
law.

Also finding application is the optimal linear track-
ing solution, which requires the on-line solution of a
vector differential equation for the feed-forward con-
trol—not an impossibility with present-day computer
capability. This method shows promise in controlling
generaling station power, which must vary to meet
the demands relayed by a central dispatcher. What
the dispatcher now does is command not only the
new power level, but the time history to be followed
in driving to this new level

In applying computer power to modern estimation
and observation techniques, Kalman filtering has been
used to estimate inaccessible states of a nuclear
reactor steam generating system. Such estimates
are required both for monitoring and feedback con-
trol, although problem-dependent approximations
may be necessary to permit real-time estimation
Along with filtering techniques, an observer may be
used if noise levels are low. Babcock & Wilcox has
used Luenberger observer theory as the basis for a
new reactimeter design used to determine nuclear
reactivity through an indirect measurement

Babcock & Wilcox has also used adaptive-type
control strategy to automate the welding process
After establishing empirical relationships between
variables measured during welding and weld quality,
control variables are then manipulated in such a way
as to drive the measurable variables to the values

yielding a high quality weld.

in 1973—with even more expected in 1974—is the
combining of digital techniques with the control
of drives themselves. Most of the float glass process
drives in the glass manufacturing industry use dig-
ital methods to control the thyristor manipulated
drives for the very high accuracies needed in con-
tinuous manufacture of float-process plate glass.

In just a few vears, the float glass process—vir-
tually precipitating a technological revolution—has
lowered costs so markedly that the flat glass manu-
facturing industry now uses it for over half of its
production.

Solid-state technology

One of the most dynamic areas to emerge in in-
dustrial electronics during 1973 has been the appli-
cation of solid-state devices—especially the thyris-
tor—and systems to power utilization and control.
Not only has integrated circuitry made possible the
development of complex control functions com-
patible with large power converters, but more so-
phisticated large-area thyristors were developed to
keep pace with the technology.

Specifically, 1973 has seen all major U.S. manu-
facturers offer practical families of 50-mm diam-
eter thyristors (the record thyristor size was 100
mm). While the art has developed to the extent that
the industry expects new devices to have a spectrum
of ratings that trade voltage capability for current
capacity within a given pellet size and design, at the
same time these devices have compatible dynamic
properties (e.g., dv/dt and di ‘dt) that are a direct
result of highly developed gate structures and fabri-
cation techniques.

Since 10-mm devices employving amplifyving gates
have now become widely available, logical areas
of exploitation include high-frequency high-power
induction heating, which is universally applied
throughout semiconductor materials processing.

One new power integrator and controller for in-
duction heating that was conspicuous during 1973

[3] The first application in North America of a thyristor-
driven, very-low-speed, hi-torque, adjustable-frequency,
synchronous motor driving a wrap-around gearless aerofall
ball mill. Located at the St. Lawrence Cement Company
mill in Clarkson, Ont., Canada, the 8750-hp, 1900-volt unit
is totally enclosed and features an air-to-water heat ext
changer.
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because of the high power levels obtained was de-
veloped by Park-Ohio Industries’ Tocco Division,
Cleveland, Ohio. Called an energy controller, the
device integrates a kilowatt signal with time and
displays the value as a percentage of kilowatt sec-
onds. Pre-set to a desired energy value, the con-
troller will interrupt the power circuit when that
value is reached. Hence a part that is induction
heated can be rejected if it is over or under power
level conditions; actual energy in kilowatts is digi-
tally displayved during operation.

In the area of power generation, Hydro-Québec
of Canada (IREQ) has already demonstrated the
theoretical possibility of applyving direct light-fired
thyristors to HVDC (high-voltage de) valves for
rectification; neodymium lasers would be used.

1973 turned out to be a vear of significant firsts
for power utilization and control systems.

As an example, in the summer, the St. Lawrence
Cement Co. put a cement grinding mill into opera-
tion, supplied by an adjustable-frequency thyristor
cycloconverter and driven by an 8750-hp synchron-
ous motor at 14.5 r ‘'min. The synchronous motor
receives energy from the cycloconverter—or fre-
quency changer—of slightly under 5 Hz at top
speed. The first such installation in North America,
the technological breakthrough involves not only
the large horsepower made possible by thyristors,
but the complete replacement of the traditional
high-constant-speed driving motor and large gear
reducing unit by a single motor mounted directly
on the grinding mill itself (see Fig. 3), thus elim-
inating the gear and various flexible couplings be-
tween the conventional higher speed motor and the
mill. Seventeen cycloconverter units were installed
or ordered in Europe by the end of 1973.

Optical isolation

With today's trend toward highly sophisticated com-
puter control and solid-state circuitry, more and more
attention is being given to disrupting ambient and line
voltages, signals, and inductances than ever before.
Whereas stray surges were disregarded in systems
designed around electromechanical retay banks,
where undesirable tripping of contacts was highly
improbable, modern control systems must be de-
signed for isolation and filtering by such techniques
as photocoupling, choking, and filters.

Especially severe is the industrial environment, and
for this reason such systems as programmable con-
trollers are not only optically isolated but encased in
heavy steel cabinets. Thus, it is particularly welcome
when a company provides cabinet structures that can
survive a rugged environment

An example of the type of optical-isolation devices
that were introduced in late 1973 can be had from
such companies as General Electric Semiconductor
Products Department and the Monsanto Commercial
Products Company.

At the General Electric Company, Syracuse,
N.Y., three new high-isolation-voltage photon-
coupled isolators of up to 3500-volt peak isolation
voltages and 100 percent current transfer ratios were
announced in November. Fabricated from GaAs
LEDs optically coupled to silicon phototransistors
in dual-in-line packages, the 4N35/36/37 series
utilize GE's glass isolation process of precise align-
ment and controlled spacing between LED and de-
tector to optimize photon coupling and minimize the
inverse relationship of isolation voltage and current
transfer ratio. Retail price of the 4N35 is $1.85 in
1000-lot quantities (see Fig. H, this box).

At Monsanto, Palo Alto, Calif., the MCT10 was in-
troduced in October and designed to match the size
of the largest chip capacitor presently used in hybrid
work. Compatible with hybrid circuits using reflow
soldering and with TTL logic without additional inter-
face circuitry, the MCT10 features 1500-volt isola-
tion and a typical dc transfer ratio of 80 percent;
nonsaturated rise time is 3 us, with a corresponding
fall time of 16 us. Aimed at such applications as digi-
tal logic coupling, triac control, line receivers, and
control and monitoring circuitry, the MCT10 is per-
fectly suited to isolate voltage transients, floating
grounds, and logic signals, and eliminate groundloop
feedthrough. OEM price is $3.15 for orders of 1000
or more
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The numerous photocouplers offered today are
based on neon-lamp, tungsten-lamp, or LED (shown
here) inputs, and a variety of outputs, including
photodiodes (A), phototransistors (B), Darlington
amplifiers (C), and photo SCRs (D). Variations such
as photocoupled encoding (E) and reflective photo-
couplers (F) provide important control functions.
AC or bidirectional control is obtained triac or diac
configurations (G); a typical device (from General
Electric) is shown in H.

J
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I. Some programmable controllers on the market

Company Model Price* 1/ 0 Capacity

Advance Technolo—g;& Test- Series $—2000 I 8-un-
ing, Wilson Engineering, 500 ($3-30k) limited
Livonia, Mich. O: 8-un-

limited

Allen Bradley Co., Systems  Bulletin $1250 . 4-24
Division, Highland 1750 PMC  ($4.7-20k) O: 4-62
Heights, Ohio Bulletin $3900 I: 16—-442

1760 PDQ-1l ($6.8-23k) O: 16-250

Datrak Corp., South Neuron $2220 I: 8-512
Windsor, Conn. 800 ($6.7-18.6k) O: 8-512

Digitat Equipment Corp., Industrial ’83600 1. 1-256
Maynard, Mass. 14/30 ($7—16k) 0: 1-128

Industrial $4800 i: 1-512
14/35 ($8-17k) O: 1-256

Eagle Signal, Gulf & Controlpac  $2418 i: 16-512
Western Industries, 600 ($6.4—23k) O: 16-512
Davenport, lowa

Entrekin Computers, Type GF $6440 I: 16-256
Cutler-Hammer Inc., Mini- ($8.7-13.5k) O: 16-128
Fenton, Mich. controlter

Entron Controls Inc., En-210 $1350 l: 16—un-
Glen Eliyn, Il ($1.35-8k) limited

0. 1-un-
limited

FX Systems Corp., MC-A-16 $845 I 8-32
Saugerties, N.Y. (NA) 0: 8-32

PMT-10160  $2400 I: 1-160
($2.4-3.5k) O: 1-160

SP series $2350 I 9-72
($2.35-3.5k) O: 9-72

Mark I/1] $3755 I 8-512
($7.7-17.8k}) O: 8-512

General Electric Co., Logitrol $5180 I 16-1023
Bloomington, Il ($7.5—16.5k) O: 8-1024

Industrial Solid State IPC-400 - I: 16-1000
Controls Inc., York, Pa. ($8~16k) 0: 16-1000

Modicon Corp., Andover, 184 $3460 I 16-512
Mass. ($6.8—18.4k) O:16-512

Reliance Electric Co., AutoMate $2000 I 1-191
Cleveland, Ohio 32 ($8k) 0: 1-191

Rybett Controls Inc., 1-100 $525 I: 36 fixed
E! Segundo, Calif. ($1.7k) 0: 2-20

{-200 $663 I: 10-180
($1.8-5k) 0O: 4-36

Sperry-Vickers, Umac AP 1000 $1800 I 16-512
Division, Burlington, Vt. ($3.8-8.7k) O: 8-256

Square D Co., Industrial Sycom $2500 I: 16-2048
Control Division, (7.5-18k) 0: 16-2048
Milwaukee, Wis.

Struthers-Dunn Inc., VIP $2264 I: 16=-512
Systems Division, ($6.7-19k) 0O:16-512
Bettendorf, lowa S-D77 <$1500 I: 20-32

(<$2500) 0:12-24

Westinghouse Electric QB-11 $750 I 6-120
Corp., Pittsburgh, Pa ($5-15k) O: 4-80

Worcester Controls Corp., SC $950 I. 4-28
West Boylston, Mass. (NA) 0: 2-26

“Prices in parentheses reflect costs of small (

outputs) applications.

=40 outputs) to large (=150
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The world’s first “true’” computer-controlled lathe, this
American Tool Hustler (above) uses a General Automation
Adapt-A-Path CNC control system for direct control of
its 137-cm turning center; more than 90 percent of the
conventional magnetics used for control interface have
been replaced by solid-state devices. Other CNC systems
now provide automatic interchangeability and operation
of as many as 30 machine tools. The two programmable
controllers below (FX Systems’ SP unit and Struthers-
Dunn’s S-D77) show how compact these systems can real-
ly be—the SP is 19-in wide, the $S-D77, 12-in wide.
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Making the draftsman obsolete?

| Draftsmen, watch out—the IBM Thomas J. Watson
i Research Center (Yorktown Heights, N.Y.) has de-
= veloped an electronic drawing experimental system
i that converts rough sketches into finished drawings

in one fifth the time required by conventional methods

Consisting of a TV screen, electronic tablet and
pen, paper keyboard, and IBM 1800 data acquisition
and control system, the technique can also be used
in filing and updating maps, engineering drawings,
and other types of graphic material. It works this way:
after the designer randomly places his rough sketch
and paper keyboard anywhere on the tablet to suit
his work habits, he traces his design and indicales
all dimensions, circles, labels, broken and dotted
lines, etc., by touching the appropriate computer-
function area on the keyboard with the pen. When a
view of the results is desired, a “‘display’” function on
the keyboard is touched and the transformed finished
sketch appears on the screen. If a paper copy of the
completed drawing is needed, all that is required is a
touch on the “finished drawing” function box, and
voila, the drawing appears.

The designer needn’t chuckle too . however,
for it looks as if some of his basic func. .ns wili be
preempted as well. McDonnell Douglas Corp., St
Louis, Mo., has built an automatic drafting machine
that not only generates three-dimensional geome-
tries, but uses CAD software to integrate specified
parameters into basic designs

Also installed in 1973 was a thyristor eyclocon-
verter for the testing of large turbine generators.
Ranging to 20 000 hp at top speed, this equipment
maintained adjustable drive speeds by application
of adjustable frequencies through thyristors to the
secondaries of wound rotor drive motors.

At the Dundee Cement Company, Dundee, Mich.,
two 500-hp adjustable frequency induced draft fan
drives were recently installed to meet newer dust
emission standards. At smaller horsepowers, ad-
justable-frequency PWM (pulse-width modulation)
systems are sharing a larger portion of the variable-
speed-drives market previously dominated by thy-
ristor-controlled direct-current drive systems.

Another example of solid-state intrusion into the
industrial controls area is seen in the application
of thyristors to provide soft starts for long conveyor
belts for materials handling. Although several of
these systems went into service in 1973, the chal-
lenge to ac drives is expected to increase in 1974.

In the electric furnace area, the glass industry
is undergoing a major upheaval in the process of
melting glass. Not only are such systems ecological-
lv acceptable, but thermal efficiencies of up to 80
percent can be obtained in large furnaces, as com-
pared to melting efficiencies of 25-30 percent for
commercial fuel-fired glass processes. In the wake
of the current fuel crisis, even the relative high
cost of electric heating does not seem unreasonable.

During 1973, several thyristor-controlled glass-
melting furnaces were described, one with a 4300-
kW power supply and another with a total con-
nected capacity of over 10000 kVA. The latter
system was so highly proprietary that no further
information could be obtained.

Eleccion Technology "74: Industrial electronics

Arc furnaces also received attention last year,
with the first switched shunt reactor using thyris-
tors for metal melting placed into service late in
the year. This process involves switching a 25
MVAR, 13.8-kV reactor one-half by one-half cycle.
The installation was to compensate for the voltage
flicker problem inherent in electric melting of scrap
by arc furnaces at Nucor Steel, Norfolk, Nebr.
Other even larger systems are being installed else-
where.

Under a Federal grant, an advanced pulse-width
modulated inverter ac propulsion system was dem-
onstrated in 1973 on the Cleveland Transit System.
With obvious benefits of such a system including
acceleration, high performance, and low mainten-
ance—all inherent in solid-state control—a prin-
cipal feature is its capacity for full-power re-
generative braking, which has been shown to
consistently recoup over 36 percent of the input
energy. Such a system is a direct response to the
energy crisis and yields savings in power costs.

Perhaps the most valuable and least obvious ben-
efit of regenerative braking is the significant re-
duction in tunnel heating. The cost of alternate
methods such as tunnel ventilation is substantially
higher by comparison. While regenerative braking
has been utilized in the past and on de¢ systems, this
is the first full-scale revenue-service application,

The author gratefully acknowledges the valuable contribu-
tions of Gerald Cook, University of Virginia, Charlottesville,
Va.; S. N. Levy, RCA Corp., Cherry Hill, N.J.; Robert Mayer,
Sun Oil Co., Newtown Square, Pa.; Boris Mokrytski, Westing-
house Air Brake Co., Wilmerding, Pa.; Edward A. E. Rich,
General Electric Co., Schenectady, N.Y.; Robert B. Spooner,
Spooner Associates, Pittsburgh, Pa.; and T. J. Temin, Park-
Ohio Industries, Inc., Cleveland, Ohio.
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The growth of consumer electronics, especially in
hand-held calculators, electronic watches, and the
burgeoning automotive market has spurred develop-
ment of low-cost, low-power displays. The leading
contenders at this time are light-emitting diodes,
liquid crystals, and plasma displays. Also, under-
going serious development are potential substitutes
for the cathode ray tube in large displays and in
television. The strong interest in this new field,
coupled with rapid strides being made in developing
new display techniques and lowering production
costs, makes display technology one of the most
dynamic areas of electronics.

Progress in integrated circuits continues un-
abated. Much of the recent work in the digital area
is centered around developing new computer mem-
ories (now that semiconductor storage is becoming
established), with the lion’s share of attention
focused on methods of building larger and faster
memory chips. Also significant are attempts at re-
ducing the cost of bipolar circuits and increasing
the speed of MOS.

Linear IC development has been accelerated by
the consumer electronics boom in much the same.
way as displays. Recent progress suggests that the
TV set built from a handful of ICs is just a few
yvears off and that before the end of the decade, the
average automobile will contain many linear (and
also digital) ICs in fuel injection, antiskid braking,
and other safety and pollution control systems. The
use of linear 1Cs is also growing rapidly in instru-
mentation, control systems, and communications
equipment.

Another newcomer with great potential is the
charge-coupled device, which may someday replace
TV camera tubes and other image sensors. It is also
taking aim at the mass memory market.

Other areas undergoing extensive development
are superconductivity, hybrid ICs, active filters,
magnetic materials, and computer-aided design.

Displays: A wide-open race

The increasing use of specialized computer
terminals in laboratories, classrooms, industrial
plants, military and aerospace systems, hospitals,
and countless other applications has opened a vast
new market for displays of all types. This, coupled
with the phenomenal growth of calculators, the in-
satiable demand for color TV, and the anticipated
use of displays in automobiles has made display
technology one of the most dynamic areas.

Gerald Lapidus Associate Editor

Circuit/system
building blocks

Recent new devices are faster, and cheaper,
and provide a higher function density

The main contenders for leadership in the nu-
meric display field are dc excited gas discharge dis-
plays, liquid ecrystals, and light-emitting diodes
(LEDs). Gas discharge displays offer good appear-
ance, can be quite large, exhibit a broad range of
colors, and have proven reliability. An important
disadvantage of today’s gas discharge devices is
that they are not directly compatible with MOS ICs.
LEDs offer good appearance and have the closest
compatibility with ICs, but are limited in size.
Liquid crystals require the lowest power (an ex-
tremely important factor in watches and portable
calculators), but have the poorest appearance and
reliability. Many observers believe that the com-
petition between the three technologies will con-
tinue unabated, but that LEDs may be edged out
of competition for large size or multicharacter
(greater than 10) displays.

Pressure for new displays comes from users of
both large and small displays. In large displays, most
commonly served by the cathode ray tube, attempts
are underway to develop a display having all of the
versatility of the ert—that is, cheaper, smaller, con-
sumes less power, and operates at a lower voltage.

A prime contributor to such pressures has been
the progress of integrated circuits, which have
made rapid gains in these areas, causing displays to
stand out as major contributors to cost, bulk, and
power consumption.

In applications for small displays, such as hand-
held calculators and electronic watches, display
costs, readability, and power requirements have be-
come leading factors in selection of one type of
display over another. Still other requirements may
be addressability, linearity, intrinsic memory, and
flat packaging.

As might be expected, much of the work in dis-
plays—especially for small devices requiring read-
out only of numeric or alphanumeric characters—is
related to developing easily integrated, planar
structures that can be readily batch-fabricated, as
15 the case with integrated circuits. Among the
technologies undergoing this type of development
are liquid ecrystals, plasma panels, light-emitting
diodes, thin-film electroluminescent devices, electro-
phoretic displays, and projection light valves.

Substantial work continues in plasma discharge
displays to reduce costs, improve contrast, and to
make these displays directly compatible with MOS
ICs. Burroughs plans to introduce an MOS-com-
patible “Panaplex” display in 12-18 months, with
which it will attempt to put plasma devices squarely
in competition with LEDs and liquid crystals for
the hand-held calculator market.
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Plasma displays also are undergoing development
as possible replacements for the crt, especially in
the long-awaited tlat, color picture tube for tele-
vision. The phosphors of such these tubes are ex-
cited by photoexcitation from ultraviolet photons,
generated in the discharge. Another approach is
for the phosphors to be excited directly from low-
energy discharge electrons. A major hurdle yet to
be overcome is inadequate brightness. There also is
a limit on the number of lines that can be scanned
in a given frame. Present devices produce 280 lines.

Displays may be classified into two categories:
light-emitting and light-controlling. An example of
a light-controller is a liquid crystal display, in which
characters are read out by changing the reflection
characteristics of the material and readability is
determined by the amount of incident light.

Light-emitting diodes (LEDs) have been one
of the most successful of the new display technolo-

The first commercial CCD. Fairchild’s 1 < 500 linear image
sensor contains 500 photosensitive elements that collect
light striking the device. Individual charge packets, pro-
portional to the amount of light at each photoelement are
then transferred to one of the 250-element, three-phase,
charge-coupled shift registers at either side of the photo
gate. Alternate charge packets are simultaneously shifted

gies, having found broad acceptance in numeric
displays for calculators, watches, and instrumenta-
tion. The commercial strength of these devices is
based on their brightness, low price, and low power
consumption. The largest commercially available
devices are 1V, inches for readouts built with dis-
crete diodes and % inch for integrated devices.
Individual lamps are limited in size to 0.2 inch
and magnifiers are used to increase the apparent
size. The original red LEDs have been joined by
green (late in 1972) and yellow (early in 1973).

Liquid crystal displays thus far are the only light
controllers to achieve a measure of commercial ac-
ceptance. To some extent, this is due to their modest
drive requirements, which have attracted more de-
velopment activity to these devices than other light-
controlling displays. Among the other matrix ad-
dressed light-controlling devices that have been
demonstrated are electrochromic devices using thin

to the left and right shift registers. The packets are then
transferred vertically through the shift registers to a two-
element horizontal selection register, which interleaves
alternate packets from the left and right vertical registers,
to restore the proper sequence of image elements. These
elements are next applied to an output gate, which in
turn feeds the image signal an NMOS preamp.
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films of transition metal compounds, colloidal di-
pole suspensions, and electrophoretic suspensions.
Until recently, most liquid crystal displays have
operated by dynamic scattering, in which scattering
is induced by ionic flow in a thin film of moder-
ate-resistivity nematic liquid crystal. The require-
ment for current flow had led to some concern over
lifetime, although evidence is mounting that care-
fully prepared, hermetically sealed cells can have
adequate lifetime especially with ac operation.

A dynamic-scattering reflective liquid crystal dis-
play is usually backed with a reflecting mirror. This
means that the angle of the observer relative to the
display and the source of ambient light is critical
if good contrast is to be obtained.

Digital ICs: faster, denser, and cheaper

Recent work in the two major digital IC technol-
ogies, bipolar and MOS, has been aimed at widening
and second-sourcing product lines, as well as im-
proving on shortcomings.

In bipolar circuits, the emphasis is on developing
smaller devices to improve performance and to in-
crease integration levels. Two of the processes being
developed to meet these goals are Isoplanar II and
OXIM (oxide-isolated monolithic technology). An
important objective of these and other processes
has been to reduce isolation areas to shrink tran-
sistor sizes. Another goal is to minimize collector-
to-substrate capacitances for greater speed.

The original Isoplanar technology eliminated
space between the base and the isolation layer. Iso-
planar II also eliminates space between emitter
ends and the edge of the base. One circuit built with
Isoplanar II is a dual ECL gate made by Fairchild
Camera and Instruments, which sports a subnano-
second propagation delay. Even more important
than its speed is that the inherently reduced para-
sitics of Isoplanar II structure achieve a propaga-
tion delay as low as 650 ps with standard ECL power
supply voltages and logic levels.

The OXIM structure is part of an evolution of
bipolar processes that began with the standard
buried collector (SBC) structure in which isolation
is achieved with a diffused P-type guard ring. The
next rung in the evolutionary ladder was the col-
lector diffusion isolation (CDI) structure in which
the collector contact diffusion surrounds the active
transistor to achieve collector contact and isolation
in the same operation. This structure is smaller
than the SBC. However, parasitic capacitances are
not reduced in the same ratio as the area, because
of high capacitance between the collector contact
and the extrinsic base diffusion.

In the OXIM process, isolation is achieved by
selectively oxidizing the region around the transis-
tor using silicon nitride as an oxidation mask. This
technique produces a transistor that is slightly
smaller than the CDI transistor and yet has sub-
stantially smaller parasitic capacitances. The re-
duction in capacitances can be as much as a factor
of 10 in some cases.

An important trend in MOS has been the transi-
tion from P-channel devices to N-channel. This is
due to the better operating characteristics obtain-

Not as much glamor,
but continuing progress

Significant progress in materials has produced new
products and improvements in existing devices.
Among the material areas making important gains are
permanent magnets, recording media, silicon steels,
and microwave ferrites.

Recent work in cobalt-rarc earth permanent mag-
nets has resulted in Co,R magnets having an energy
product greater than that of any previously known
substance and having resistance to a demagnetizing
field a full order of magnitude greater than the best
Alnico alloys. The Co;R magnets, announced about
1966, were first used in traveling wave tubes (about
1970) to reduce their size and weight significantly.
More recently, they have gone into wrist watches in
place of the very expensive CoPt.

A number of new products have been made pos-
sible only through the use of this new material. They
include: a bearingless tachometer generator, a mini-
aturized torque motor for aircraft instrument display,
a strap-down gyro, a gimbaled gyro, and a four-pole
permanent magnet generator for jet engine ignition.

Improvements in conventional tape and disk digital
magnetic recording systems for computer applica-
tions are continuing, due in large part to gains in tape
quality, head quality, and mechanical design and
fabrication of drives. The magnetic material on the
tape or disk is still essentially gamma-Fe,0,, un-
changed, except for its quality, since the early 1950s.
During 1973, new high-performance disk recording
systems and tape recording systems were announced,
based on a significant improvement in linear density,
on a new coding scheme, and on improved error
correction capabilities.

able with NMOS because the mobility of electrons
in these devices is higher than holes. The reason
NMOS development is only now reaching maturity
is that there was the problem of sensitivity of N-
channel devices to positively charged mobile con-
taminants. However, processing improvements have
alleviated this difficulty.

Other advantages of NMOS over PMOS are com-
patibility with TTL inputs, power can be obtained
from a single +5-volt supply, and for comparable
speeds NMOS requires less silicon area than PMOS.
Proponents of NMOS also claim that it has the
best speed-power performance of all single channel
LSI technologies.

Silicon-on-sapphire (SOS) technology applied to
MOS circuits is seen as a way in which MOS circuits
may become competitive with the speed of bipolar.
In these devices, sapphire is substituted for con-
ventional bulk silicon substrates. This drastically
reduces the parasitic capacitance of the drain-to-
substrate diodes and that of the metal over silicon
wiring found in conventional bulk silicon devices.
The only significant capacitance is due to the active
channel of the driven MOS device. The internal
array time constant approaches that of bipolar
devices, which may be as low as a fraction of a
nanosecond. The major problem with SOS is sub-
strate cost—$20-$30 compared to $2-$4 for con-
ventional MOS.

Still another participant in the MOS race is
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CMOS, for complementary svmmetry MOS, (also
commonly called COSMOS). This type of circuit
brings to ICs, the advantages of complementary
symmetry circuit configurations that originated
with discrete devices, which include low power,
quiescent operation, fast propagation delay, high
noise immunity, large fanout, well defined 1 and 0
levels, and operation from a single power supply.
However, to achieve symmetry the circuits must be
built with matched P and N channel devices, which
makes the device designer’s job more difficult.

Comparing NMOS and PMOS memory technol-
ogies, we find that the biggest advantage of CMOS
is low power dissipation. A static CMOS cell re-
quires one percent of the total power of an an-
alagous dynamic NMOS device. CMOS also oper-
ates over a wider power supply range, starting at
about the N--P threshold voltages and going up to
the maximum voltage. NMOS, however, has the
edge in lower cost and greater packing density.

However, in logic arrays, a dynamic PMOS or
NMOS array can have power dissipation almost as
low as dynamic CMOS. But static PMOS or NMOS
has much higher dissipation than static CMOS.

One aspect of MOS development that has received
a large measure of attention is combining CMOS
and SOS, Such a device could not only equal, but ex-
ceed the speed of bipolar devices, with switching
rates of 300 MHz possible.

Semiconductor components are sensitive to both
the displacement effects created by neutron bom-
bardment and the ionizing effects of gamma radi-
ation, Studies on MOSFETS show them to be rela-
tively immune to displacement effects. However,
they are severely degraded by ionizing radiation,

which causes changes in surface states. Large
threshold voltage shifts result from radiation
damage.

Recent advances in the radiation hardening of
MOS devices and circuits center around the use of
ion implantation techniques for accurately con-
trolled impurity doping of bipolar P and N regions,
and for the controlled introduction of traps in
oxides leading to a reduced susceptibility to ioniz-
ing radiation.

Linear ICs spurred by new markets

The pace of linear (analog) IC technology has
traditionally lagged behind that of digital technol-
ogy because of the tighter performance require-
ments of linears. Much of the effort in linears is
aimed at accommodating more circuit functions on
a chip, to reduce the cost per function to the user.
Another important trend is the recent combination
of bipolar and MOS circuits on the same substrate
to enhance further the degree of integration.

An example of how increasing integration has
gobbled-up discrete circuit functions is in the tele-
vision receiver, long a holdout from solid-state
technology. Although the sets being manufactured
today have just completed the evolution from tubes
to solid-state components, the receivers built a few
vears from now will have almost all circuits on a
few 1C chips. Thus, a single IF syvstem chip, such
as one recently developed by Plessey Semiconduc-
tors might contain the video IF amplifier, a syn-
chronous detector, video amplifier with noise in-
version, and gated AGC functions. The Plessey de-
sign also contains a limiting amplifier and quadra-
ture detector that can be used as a sound detector or
AFC generator,

One of the biggest potential markets for linear
1Cs is the automotive field. With electronic fuel
injection, antiskid braking, collision-avoidance
radar, vehicular diagnostic systems, and other elec-
tronic devices in the offing, automotive manufac-
turers are faced with the question of whether to
build these devices with standard ICs or to develop
customized circuits. The standard devices offer the
advantages of a short development cycle and more
predictable yields than do custom devices, However,
standard ICs are not usually designed to operate
from a power supply which may vary from 4 to 24
volts, Nor are they designed to handle the environ-
mental rigors of the engine compartment. There-
fore, the long term answer may lie in custom ICs
for the automobile.

An important element of the design of these new
circuits is preventing the substantial voltage tran-
sients found in automotive electrical systems from
disrupting circuit operation and possibly even de-

Computer-aided design going commercial

Computer-aided design (CAD) is turning away
merely from the generation of new theoretical results
by expanding towards the application of existing
technigques to practical problems.

The need for practical implementation is especially
acute in MOS/LSI, which is the first area to be com-
pletely dependent on computer-aided circuit simula-
tion. As a result, there is strong interest in FET
mode!ing.

A continuing problem in the application of computer
aids to the design of practical circuits is adapting the
aids to fit the real world. As pointed out by Stephen
W. Director and Barry J. Karafin, guest editors of the
November, 1973 special issue on computer aided
design of the /EEE Transactions on Circuit Theory:
The design of practical circuits often requires a guru

—a CAD expert who can make changes in the CAD
programs, link the right ones together, and make the
necessary simplifying assumptions. They cite, for ex-
ample, a common occurrence in which optimization
and sensitivity packages require that the designer
specify a figure of merit for his circuit. But often, he
does not have solid requirements of any kind. Even
when a performance function is established, it might
be more complicated than a single transfer function,
involving gain-bandwidth products, distortion per-
formance, noise performance, pulse shape, degrada-
tion, etc. Therefore, it is often an art where experience
of a given design may not be transferable.

However, despite the difficulties, much successful
work continues. Notable among recent progress is
CAD applied to nonlinear circuits.
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stroying ICs. Negative transients in particular can
cause electrons to be injected into the substrate,
thereby activating a parasitic lateral PNP transis-
tor, which can seriously degrade performance. In
addition, high frequency voltages are especially
troublesome in bipolar circuits, due to the wide
bandwidths of these devices.

Some common linear building blocks

Among the basic building block circuits used
throughout the electronic industry are amplifiers,
A/D converters, D/A converters, and multipliers.
All of these product areas are continuing to receive
a great deal of attention. Monolithic D/A convert-
ers are now available with 10-bit monolithic resolu-
tion. An inherent problem in designing such high-
accuracy converters is one that has always plagued
linear IC designers, that of producing precisely
matched components. Although IC processing tech-
niques have for a long time produced well-matched
components (which sometimes outperform their
discrete counterparts) the need for 10-bit pre-
cision nevertheless presented a great challenge.
Engineers at Signetics Corp. have obtained suffici-
ent accuracy and matching through the use of ion-
implanted resistors, combined with standard bipolar
processing methods. Therefore, the converter can
be manufactured on the same process line as high-
volume products, with only a small amount of ad-
ditional handling. Another approach to building
a 10-bit D/A converter was taken by Precision
Monolithics, Inc., by refining diffused resistor
matching techniques.

Amplifier frequency characteristics continue to
be pushed far and wide. Some examples are a mono-
lithic amplifier built by Tektronix that is capable of
an 80-volt swing and 1.7-V /ns slew rate. The ampli-
fier was designed to drive capacitive loads such as
electrostatic deflection systems. A totem pole circuit
arrangement is combined with active feedback to
produce the large voltage swing without excessive
power consumption. The amplifier ix fabricated with
standard IC techniques.

An amplifier with a uniform bandwidth from dc
to 1 GHz has been developed at Philips Research
Labs. This wide bandwidth was obtained by a
number of sophisticated processing techniques in-
cluding microwave transistor diffusions, double-
layer interconnections, beam leads, air isolation,
and microstriplines on ceramic substrates. The cir-
cuit itself is otherwise conventional.

In the power area, long a deficiency of IC technol-
ogy, a 15-watt monolithic operational amplifier has
been designed at the University of California
(Berkeley), based on a new transistor structure
that includes emitter degeneration transistors as
part of the emitter structure.

Increasing use is being made of RC active filters
in linear ICs. The low cost and small size of these
filters now have made them competitive with dis-
crete, passive filters. Previously, voice frequency
amplifiers containing RC active filters were built
with discrete amplifiers, resistors, and capacitors,
with component selection requiring time-consuming
testing of components from normal production runs.

Monolithic circuits eliminate much of this effort and
so today, tantalum, thin-film RC networks can be
precisely built with batch fabrication methods. Im-
portant factors in this development have been re-
finements in photolithographic processes and in
the selection of materials for circuit elements and
interconnections. Also contributing is the ability to
combine the silicon amplifiers with the thin-film RC
networks.

Charge transfer devices enter the market
Charge transfer devices, consisting of charge-
coupled devices (CCDs) and bucket brigade devices
(BBDs) were announced four and five years ago,
respectively, and the first commercial CCD devices

Emitter function logic (EFL) is a new form of LSI that is
said by its proponents to combine the performance ad-
vantages of emitter coupled logic (ECL) with the com-
pactness of multiemitter structures. The simplified gate
design has been found to reduce propagation delay,
power dissipation, and the number of logic levels required.
The differences between ECL gates and EFL gates are
indicated by the numbered labels.

ECL gate
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were introduced last year. The basic function of
these devices is to transfer a quantity of charge
from one part of the circuit to a neighboring ele-
ment. The uses arising out of this mechanism are
collecting charge from photosensors, delay lines,
filters, and serial memories.

In 1973, Fairchild Semiconductor introduced the
first commercial image sensors: a 500-element,
linear, self-scanned device and a 100 X 100 array.
The linear sensor can provide a single line of a TV
picture at a time, while the area device views an
entire picture simultaneously. The array has been
built into a miniature TV camera about the size of
a package of cigarettes.

CCD image sensors offer the advantages of small-
er size and lower power requirements than vacuum
tube image sensors. The array operates tfrom a 20-
volt power supply, compared to about 2000 volts
for typical vacuum tube sensors. Nominal power
consumption is 50 mW,

Memories undergoing technology shift

Magnetic core memories are beginning to lose
ground to semiconductor storage, with many new
computers featuring semiconductor memories. At
present, core memories are still competitive in cost
at the system level, but semiconductor prices are
continuing to drop much more rapidly than core.
Semiconductors are also surpassing core memories
in speed. However, cores are far from being obso-
lete and they still account for the largest share of
the memory market.

Core makers are lowering production costs by
automating production, by mounting more cores on
a plane, and by greater integration of supporting
circuits. Performance improvements are coming
from the use of smaller cores and new stringing
arrangements such as 2.5D or 2D organization.
Other attempts at improvement are based on stor-
ing more than one bit per core using multiple flux
levels. Improved core uniformity may help this to
come about.

Projections for 1973 were that cores took 69 per-
cent of the mainframe market, down 10 percent
from the previous year. Two areas in which semi-
conductor memory technology has had limited suc-
cess are in noise immunity and volatility, both
strongpoints for magnetic core technology and
plated wire. Plated wire, with an estimated -1 per-
cent of the field is seen as finding continuing use in
military and some industrial control systems, where
its superior noise immunity relative to other read-
write memories is unmatched,

MOS and bipolar ICs are vying for the lead in the
semiconductor storage competition, with MOS cap-
turing the low cost, but slower applications and bi-
polar hitting the faster systems. MOS leads in the
number of bits that can be stored in a single chip,
with J1-kb devices in production and 8-kb units still
in the laboratory. MOS access times are below
300 ns and costs per bit are well below 1 cent.

Bipolar RAMs (random access memories) have
been developed in 1-kb sizes, with access times under
50-ns (for KCL) and bit costs approaching 5 cents
(for TTL).

Lapidus—'l'echnology *74: Circuits,/devices

Work continues in read-only memories (ROMs),
with selectively erasable ROMs being the focus of
attention, MNOS (metal nitride semiconductor—
not to be confused with the aforementioned NMOS)
are entering production and may someday evolve
into a nonvolatile form of read—write memory, pro-
viding the write voltage can be reduced and speed
increased. The level of integration of ROM chips is
16 kb in MOS and 10 kb in bipolar.

Among the memory technologies being primed
for the future are magnetic bubbles and charge
transport devices, both serial. These memories are
expected to meet needs for medinm-speed, low-cost
mass storage devices, whose funetions are being
performed by magnetic tapes and disks. Magnetic
bubbles are moving towards production, now having
reached the stage where operating prototypes are
being described in detail and fabrication capabili-
ties are being scaled up from singular experiments
towards laboratory run capabilities. The most sig-
nificant new developments include single mask
fabrication methods and the demonstration of
amorphous bubble materials which do not require
single-crystal substrates.

Charge-coupled devices offer extremely high civ-
cuit densities, possibly exceeding the density of the
1D MOS cell by a factor of four. A 4-kb device has
been developed by Bell-Northern Research of Can-
ada and its 8-kb successor is well along.

Hybrid ICs benefiting from monolithic advances

Hybrid integrated circuits (IICs) have bene-
fited by, rather than suffered from, rapid advances
made in monolithic silicon integrated circuits.
Monolithic IC developments such as sealed junc-
tions, beam leads, and flip chips having expanded
rather than limited the capabilities of 1{ICs. Fore-
casts for the total dollar volume of HIC production
indicate a 20-percent growth in 1974 to $690 million.

Digital circuits are the most volatile portion of
the HIC business. The HIC technology and package
design is dominated by the scale of integration and
type of terminations used on monolithic ICs. To-
day, the typical digital IIC is a multichip package
containing up to about ten small ICs. Some designs
have 50 or more [Cs which makes the interconnec-
tion technology used in the HIC extremely import-
ant. Either multilayer thick films or plated beam
thin-film crossovers are being used on the ceramic
substrates which support the ICs. As the sizes of
ICs increase, the same electronic function can be
achieved with fewer chips per package which will
simplify the HIC interconnection problem. (On the
other hand, it will still be possible to have a large
number of 1Cs and provide more functions per HIC
package.) The optimum [TIC design in this situa-
tion involves many tradeoffs which are sensitive to
the cost of assembling and testing. Diagnostic test-
ing and repair procedures are becoming more im-
portant considerations as the complexity of the
package grows,

In analog circuits, HICs provide high-quality,
passive elements which are not available in silicon.
Joth thick and thin films are used to provide inte-
grated arrays of resistors which can be readily

«
charge-
couplec
device

«
magnetic
cores

digital HICs

«
1C memories

analog HICs

59



"

Josephson
devices

60

Tomorrow’s solid-state headlines

For a preview of what's going to be unveiled at the
1974 International Solid-State Circuits Conference
next month, see the article beginning on p. 98.

adjusted to provide the proper circuit function. For
frequencies up to 1 MHz, thin films are also used to
provide as much as 0.05 uf of capacitance.

Film technologies provides unique capabilities
for microwave HICs in the form of microstrip wir-
ing and precision lumped element geometries. Both
thick and thin films are used for frequencies up to
about 1 GHz. The thin-film capability extends up
to about 30 GHz because of the precise patterns
obtained by photolithographic pattern generation
techniques.

What changes in HIC technology will 1974 bring ?
One of the most important and controversial points
which remains to be resolved is the best method of
connecting an IC to the film circuitry of the HIC.
The dominant method used today is conventional
wire bonding. Flip chips and beam leads offer con-
siderable assembly cost savings to the HIC manu-
facturer, but unfortunately these devices are still
not readily available. A recent survey conducted by
Raytheon indicates that, although the present use
of beam leads is relatively small, it is the preferred
configuration of HIC manufacturers.

Another controversial point which will receive a
lot of attention is the acceptability of plastic en-
capsulation as an alternative to the hermetically
sealing of HIC packages. As the reliability and un-
derstanding of materials used to encapsulate HICs
improves, there should be fewer applications where
hermetisity is considered necessary.

It is doubtful that the question of choosing be-
tween thick- and thin-film technologies will be re-
solved any further this yvear than it has been in the

At the outset of this new year, electric power engi-
neers are still confronted by a forecast of increased
electric energy requirements that, apparently, have
not been modified by the tightening fuel /energy bind.

Gordon D. Friedlander Senior Staff Writer

past. Thick film has dominated the HIC market be-
cause it requires less capital investment and is often
a lower cost process. Thin film, however, offers
smaller size and higher packaging densities which
may become increasingly important. Also, thin film
presently has the unique capability of integrated
capacitors for analog circuits and a higher fre-
quency range for microwave applications. As the
HIC technology matures, there will be an increas-
ing emphasis on standardization of HIC package
designs and of the form of the ICs used in those
packages.

Engineers entering the superconductivity loop

Although the Josephson effect has been known
since 1962, until recently there was little work done
in developing equipment using Josephson junctions
and the superconducting coil. And most of this work
has been done by physicists. Some observers at-
tribute the reluctance of engineers to get involved
to resisting reliance on refrigeration systems,
which require substantially more development be-
fore superconductivity can become a viable tech-
nology. Also, EEs generally have little background
in this area. However, there is increasing interest
in superconductivity, especially with the compelling
need to develop new methods of power generation,
energy storage, and high-speed ground transporta-
tion.

Already on the market are sensitive instruments
to measure magnetic fields and gradients. Detection
with simple Josephson point contacts at millimeter
wavelengths has produced sensitivities equal to the
best competitive devices. The possibility of the
superconducting computer has been reopened by
the approximately 10-'! second switching time of
the Josephson junction.

The author wishes to acknowledge the help of Frederick
Luborsky of General Electric Co., David Feldman of Bell
Labs, Robert McCoskey of Harry Diamond Labs, and Thomas
Maloney of Burroughs Corp.

Power/energy:
problems and progress

Global politics has fueled an overdue search
by the industrial nations for new energy sources

In short, they envisage a doubling of the ability of the
power industry to generate and deliver electric energy
over the next ten years. The diminishing supplies of
fossil fuels, coupled with public concern for the envi-
ronment, will require massive changes in technology
to meet the requirements in an acceptable fashion.
And the power industry has already begun the imple-

IEEE spectrum JANUARY 1974



Life style of a profligate society. Manhattan by night is a
glorious spectacle of wasted electric energy. But many of
these lights will have to be turned off because of the deep-
ening fuel-shortage emergency.

mentation of massive R&D programs to meet the
known -and unknown—challenges of the rapidly
changing fuel picture.

Shortages of petroleum and natural gas are focusing
keen attention on finding acceptable ways to use coal
reserves to meet energy needs. Research is under way
and pilot plants are operating that generate clean
gaseous or liquid fuels from coal (NG, coal gasifica-
tion). These new derived fuels can operate power sta-
tions and meet the desired clean air standards. There
is also much interest in the potential of geothermal
power, but the technological problems are still vast,
and harnessing this natural power will be costly. Nev-
ertheless, at least three geothermal plants are pres-
ently in operation (in California, Mexico. and Italy).
But by 1985 or sooner—we may see a number of geo-
thermal power plants on the line, capable of generation
in the megawatt range (see ‘“‘Energy: crisis and chal-
lenge,” IEEE Spectrum, May 1973, pp. 18-27).

In the burning of all fossil fuels. considerable prog-
ress is being made in the control of stack emissions.
For example: particulate matter can be removed by
means of high-efficiency electrostatic precipitators;
considerable work is being done on stack-gas scrub-
bers for the removal of sulfur oxides; and. combus-
tion-chamber techniques are making significant re-
ductions in the generation of nitrogen oxides.

The power industry believes that nuclear fission re-
actors provide clean electric energy; however, the nat-
ural uranium basic fuel supply is available in limited
amounts. Although we presently have sufficient ura-
nium ores for nuclear fission (see Table), we could be
in trouble by 1990 unless an operational fast-breeder
reactor (FBR) is commercially developed, or a nuclear
fusion breakthrough occurs. However, the industry has
already funded a major demonstration project of a
FBR, with a fuel-conversion efficiency that will provide
for hundreds of years of projected electric energy re-
quirements.

Overall electric generation economy is being made
by systems that store energy during off-peak periods.
As one example, in an air-storage gas-turbine power
station, air is compressed during off-peak hours and
held in underground storage tanks. During daytime
peak-load periods. the stored compressed air is used
for the operation of a versatile gas turbine. Such a
plant. generating about 200 MW, under a working air
pressure of 25 bars, is undergoing R&D in Sweden.
Operation in this mode would be about 10 hours in
every 24. Another concept being actively investigated
is that of superconducting inductors, with energy-
storage capacities of 50 to 450 MW over a 6-hour peri-
od. Both techniques, however, require electric energy
to replace the peaking energy supplied. The savings
are in equipment, not energy.

Pumped-storage hydroelectric plants continued to
be built during 1973 (and. parenthetically, Con Kdi-
son’s long-delayed Cornwall Plant on the Hudson
River has finally been cleared for construction) wher-
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ever the water storage in the high reservoir is accept-
able to the local environment.

Significant research is being conducted on high-
efficiency electric storage batteries (lithium-sulfur,
etc.), and fuel cells to help meet peak-load demands.

In the field of electric transmission, substantial ef-
forts and progress are being made to improve the
economy of underground systems. The Edison Elec-
tric Institute, for example, is operating a major re-
search facility at Waltz Mill, Pa., to test 500-kV cable
systems. Prototypes of cryogenic cables, for under-
ground use, operating at temperatures near absolute
zero are being tested at other R&D sites. And a num-
ber of compressed-gas (SFg, etc.) insulated conductor
systems for UG transmission are now being placed in
service at voltages up to 500 kV.

Research projects are under way to advance the
technology of ultrahigh-voltage (UHV) alternating
current (above 1000 kV). The Pacific Intertie, operat-
ing at 800-kV dc is providing the experience to deter-
mine the future applications of UHV dc transmission.

As electric power systems become ever more com-
plex, automatic control and management systems are
needed (and are continually being developed and in-
stalled) for effective load-dispatch operations. Fur-
thermore, sophisticated telemetry and supervisory
control systems are providing for overall computer
system management of economic dispatching, load
prediction, and power-system protection.

An important technological development in the use
of gas-insulated conductors permits switching stations
to be assembled on a small fraction of the land area
previously required for such installations. The use of
such stations is coming into significant commercial
acceptance in 1974.

The United States’ breeder program envisages the
utilization of a liquid-metal coolant (in other
countries either gas or water coolant approaches are
favored). The U.S. announced plans for the construc-
tion of a demonstration LMFBR two years ago. Late
in 1973, the Government awarded the reactor contract
to Westinghouse Electric. The demonstration plant will
generate 300 to 400 MW and is scheduled to be in op-
eration by 1980, with follow-on full-scale commercial
plants to go on the line in 1985. (A discussion of this
topic will appear in the February issue of Spectrum.)

The lead time for conventional land-based nuclear
power plant licensing—because of the opposition of
the public and environmental groups—has stretched

Industrial fuel |
and reducing gas J

Synthetic chemicals
and liquid fuels

Domestic fuel

Simpiified block diagram illustrating elements of the "hy-
drogen economy.” Hydrogen would be produced as a sec-
ondary fuel by means of electrolysis in large nuclear (or
even solar-power) stations. The Hz would be transmitted by
means of an underground network of pipelines, which
would include facilities for storing the gas under pressure
underground, or in the highly compressed liquid state
above ground. The H: could then be distributed, as re-
quired, for use as a fuel for the production of electric, heat,
or mechanical energy.

to as much as ten years. And suitable land siting for
large nuclear generating stations has become very dif-
ficult to find. One solution considered viable is the
offshore nuclear power station (see “‘Foating reactor:
‘crisis’ solution?”’ IEEE Spectrum, Feb. 1973 pp. 44~
51), which can be situated near power stations with-
out competing for valuable land. At the present time,
commitments for the first two offshore plants have
been made by New Jersey's Public Service Electric
and Gas Company. Called the ‘“Atlantic Generating
Station,”” the twin plants would be situated 4.5 km
off the Jersey coast, approximately 19 km northeast of
Atlantic City. They will be on line in 1979.

Hydrogen, in many ways, is the ideal fuel. It can
easily be extracted from oil, coal or natural gas. And,
easier still, it can be produced from the electrolysis of
water by means of convéntional or nuclear-energy
sources. It provides a potential for relatively inexpen-
sive underground energy transmission, of storage near
load centers in tremendous amounts, and of use as a
fuel with remarkably low environmental pollution ef-
fects. (When hydrogen burns, its only combustion
product is water,) If energy options are restricted to
the use of effectively "'unlimited materials,”” hydrogen
is, by far, the most readily synthesized fuel.

During the past year, considerable research was
given over to the investigation of a possible hydrogen
economy in which this element is produced from
water by means of electric energy: then. it is stored in
highly compressed liquid form until needed. It may
then be transmitted by underground pipeline to its
point of use and there burned as a fuel to produce
electric, heat, or mechanical energy. For example, in
one feasible scheme, power generated at a nuclear
plant during off-peak hours could be used in the elec-
trolysis of seawater (this would be particularly appli-
cable in the offshore concept) to produce hydrogen
that could be bottled under pressure and employed in
conjunction with a fuel-cell program.

The transmission of electricity is expensive and re-

1IEEE spectrum JANUARY 1974
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