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J.J. Brandinger

RCA’s “CED”
“SelectaVision” VideoDisc

The RCA “SelectaVision” “CED” VideoDisc System is a miracle in
new technology. This miracle is best characterized by the discs on
which are recorded the equivalent of 200-billion information
elements representing two hours of colcr television program-
ming.

With the March 22, 1981 introduction of the “CED" VideoDisc
system, RCA launched another new industry. This breakthrough
will forever change our lives.

The ability to see and hear what we want when we want it, gives
each of us new freedoms of choice. Each of us can become the
discriminating connoisseur of what entertainment we will watch,
how we will be educated and what messages will inspire us.
Adventure, science fiction, comedy, mysteries, drama, sports,
information, and inspiration are literally as close and as immediate
as we desire.

| am personally proud of the team at Rockville Road and
Bloomington where we have assembled some of the best minds
from many other RCA divisions and elsewhere to create technical
and manufacturing skill centers second to none. To support these
efforts, our research laboratories in Princeton, New Jersey have
provided key inventions and developments. In addition, Consumer
Electronics melded their unique skills with ours to create a viable
product, and Bloomington has converted the engineered product
into a manufacturable, saleable player. | would also be remiss if |
did not acknowledge the support of the Record Division with their
unique disc packaging skills. If | seem proud of our team’s effort —
I am. | want to personally thank each of you who has participated
for your commitment and dedication, which has successfully
fulfilled the promise made two years ago when we told the world
that we would introduce our system in the first quarter of 1981.

Itis indeed exciting to be where history isin the making. We who
areinthe VideoDisc Operations are working asateam to introduce
and develop the best products and services for people the world
over. We are moving forward into the future, growing, evolving, and
creating. There are, virtually, no limits tc our potential for the
future, for we here at RCA are truly a “Tradition on the Move.”

J.J. Brandinger
Division Vice-President and General Manager
“SelectaVision” VideoDisc Operations
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in this issue...
VideoDisc player technology

& “[Members of the team] faced many alternative, undeveloped paths. They
would need to push the state-of-the-art in new technologies, just to get
started.”

@ “This paper provides an overview of the entire system, to help the reader to
understand how each of the detailed papers relates to others.”

® “The ‘CED’ system parameters have been carefully chosen to ensure that the
player can be manufactured at a cost that will make it available to the mass
consumer market.”

@ “The user was to provide operating forces where possible; thus, the player
became more mechanical in nature.”

® “The cartridge is the first critical building block in reproducing a TV picture
from recorded signals in a VideoDisc."”

m “Included in the VideoDisc signal retrieval system are the pickup housing
assembly and associated support circuitry of the PW500 control board as well
as the pickup-housing drive motor and gear assembly.”

m “The purpose of the nonlinear aperture corrector (NLAC), which is the first
circuit to process the signal emerging from the arm, is to reduce this
(nonlinear) distortion.”

® "The device was specifically designed for application in the VideoDisc
player and. . it efficiently replaces extensive discrete circuits.”

® “The use of a lower chrominance-subcarrier frequency ‘buried’ in the
luminance frequency band requires that comb-filter techniques be
applied....”

® “..we found that it was practical to implement a large portion of the
circuitry required for these functions on one integrated circuit, the video-
converter I1C.”

® “The digital control system, from stylus location via DAXI code to stylus
control via adaptive kicking, represents a significant new direction in the
design of a home entertainment product.”

® “In order to interface the VideoDisc player with the TV receiver, the
composite video and audio signals are modulated on an RF carrier.”

m “Radio frequency interference and safety were prime concerns for the
player's designers.”

m “The purpose of systems such as MACS is to provide manufacturing
management with information that will aid in improving the manufacturing
process.”

® “Everyone participating in the VideoDisc program wants to deliver to the
consumers a player of outstanding quality.”

® “We used these high-speed switching properties of the GaAs FETs to
develop low-power, medium-speed, medium-scale integrated circuits.”

@ “Several applications became apparent, but the most interesting and least
costly to me was the idea of transmitting international Morse code using a
microprocessor.”

in future issues...
disc technology, manufacturing engineering

Copynght © 1981 RCA Corporation
All rights reserved




J.K. Clemens|E.O. Keizer

The early days

of the “CED” system

“In 1960, a new concept for signal readout was proposed...."

Since then, the 1973 “February player,” shown here, was just
one step on the road to a marketable product.

Abstract: The authors present the
problems faced by the VideoDisc
engineering team, giving the
milestones on the path to market in-
troduction of the system. This paper
shows how the technology of the
“CED" system evolved to its present
form.

Before 1965

In the 1950s, fresh from helping launch
color TV, some people at RCA
Laboratories turned to the challenge of
home video recording. In 1956, they
demonstrated to RCA's Board Chair-
man, General Sarnoff, an experimental
“hear-see” player that used magnetic
tape. Magnetic tape appeared to be
well-suited for home recording and
playback of off-the-air programs.
Since it could be erased and used
again, its initial cost could be spread
over anumber of programs, making the
cost per program quite reasonable. For
prerecorded programs, however, the
total cost per program — for the
materials plus the recording process,
plus the program content — seemed to
be too high for mass acceptance. Thus,
there appeared to be a need for a less
costly way to deliver prerecorded video
programs to homes, programs that
could be selected by a consumer and
viewed at any time.

During 1953, RCA Laboratories
began a small effort to look into ex-
tending audio phonograph technology
to video storage and piayback. Disc
material and replication costs both
would be significantly less than for

Reprint RE-26-9-1
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videotape. However, recordings would
require much smaller signal elements
than audio recordings, signals with
smallest dimensions of less than one
micrometer —about the same as a
wavelength of visible light — and it was
not clear that they could be made and
reproduced. A report following this and
other work concluded that plastic discs
with such small signal elements
probably could be pressed, but no
practical means then existed for
recording or for recovering signals
from such smali signal elements.

In 1960, however, a new concept for
signal readout was proposed. By elec-
tronically sensing variations between
the disc and the edge of a thin con-
ducting film on a special stylus, very
small signal elements theoretically
could be detected. With this concept it
appeared that the player as well as the
disc couid be cost effective.

In 1964, RCA Laboratories organized
a four-man team to deveiop a home
video disc playback system. The
system would:

« Produce a high quality picture on a
home TV set.

« Be capable of high quality sound
reproduction.

« Use low-cost, long-play program
discs.

+ Use a low-cost player.

The team, at the outset, decided that a
player cost of not more than half the
cost of a home videotape recorder
would meet the “low-cost” requirement
for the player.

In spite of the earlier work, members
of the team knew they had a Herculean
task before them. They faced many
alternate, undeveloped paths. They

would need to push the state-of-the-art
innew technologies, just to get started.
They could get bogged down easily by
following too many paths, the wrong

paths or by meeting enormous difficul-
ty with a critical path. Colleagues un-
derstood the problems. About 90 per-
cent of them thought the project never
would succeed. Even later, after some
initial progress had been shown, one
colleague offered to “eat his hat” if the
system worked.

The team undertook a two-step
program to test and develop the basic
signal recovery method; and then,
based on the signal recovery, develop
technology to implement a basic full-
scale system, continuously improving
the signal channel and its use.

Gradually involving more people,
this program lasted for about five years
(1965-1970). Much of it was “blind”
because individual parts of the system
couldn't be tested until the full system
had been implemented.

1965-1971

Tests of the basic readout method
paced the entire project because the
form of implementation of all parts of
the system depended on the results.
Difficulty with attempts to test readout
with small signal elements led to tests
with model styli and disc signal
elements scaled up from proposed
sizes by a factor of 10,000.

These tests gave definitive results.
Along with concurrent theoretical
analysis, they showed that best resuits
would be obtained with a single-
electrode stylus configuration and with
dielectric-coated conductive discs.
They confirmed that the capacitance
readout technique with a conductive

RCA Engineer ® 26-3 » Nov./Dec. 1981




Tiny Tester.

microscopic
metallized Mylar tape moves back-

e

Embossed with a
signal pattern, a

and-forth across a stationary
“stylus” to test capacitive pickup in
this 1967 setup. To make the
“stamper” for embossing the Mylar,
the electron beam of a scanning
electron microscope exposed aline

.

pattern in a “resist coating” on a
half-inch diameter metal substrate.
After chemical development of the
resist, the resulting contour pattern
served as a mask during an r.f,
sputtering process by which cor-
responding contours were formed
in the substrate itseif, which then
was used as the "stamper.”

disc should have enough resoiution
and sensitivity to recover a
prerecorded video signal.

Following the initial tests, the
researchers concentrated on develop-
ing real-scale technologies so a com-
plete system could be tested. During
the late 1960s, they developed:

1. A method of recording spiral
grooves with fine pitches of
thousands of turns per inch.

2. Optical, mechanical, and electron
beam technigues for recording
signal elements as short as
1 millionth of a meter (1/25,000th of
an inch) in a disc master.

Clemens/Keizer: The early days of the “CED’

3. Signal systems for providing TV pic-
ture and sound signals at uniform,
slowed-down rates, precisely syn-
chronized for either mechanicai or
electron-beam recording of a disc
master.

4. Methods for making metal stampers
and plastic discs from the masters.

5. Processes for putting conducting,
insulating, and lubricating coatings
on the discs.

6. Technology for fabricating new,
composite types of styii, with tips 10
times smaller than tips on audio
styli.

' system

7. Ultra-sensitive circuitry to detect
capacitance variations.

8. Player mechanisms that include ac-
curate tracking of the fine-pitched
groove.

9. Player signal systems that
reprocessed the signals recovered
from full-color pictures and high
quality sound.

In 1970, the system produced its first
pictures — barely recognizable
monochrome pictures that took 200
times as long to record as to play back.
In 1971, it produced better ones and
even fairly good color pictures by the
end of the year.

The 1971 system used a disc the
same size as an audio record, but with
much finer grooves. The discs were
coated with conducting, insulating and
lubricating films. They were played
back using the capacitive pickup tech-
nique, with electroded sapphire styli.
The discs were made from either elec-
tron beam or electro-mechanical
recordings.

As developed, the capacitive pickup
technigue could detect sub-
micrometer-sized signal elements.
Resolution was limited only by the
thickness of the electrode along the
groove and the distance between the
edge of the electrode and the recorded
signal elements. Resolution did not
change significantly with wear. The
stylus body could wear, but the elec-
trode edge dimension along the groove
remained nearly constant. The high
resolution of the pickup relative to
other pickup types permitted use of
lower player turntable rotation speed,
which translated into longer play time
for a given groove pitch.

The signal encoding system used an
FM carrier for the video information
and separate FM carriers for the audio
information, the video and audio
carriers being combined to form a
single information track. A buried-
subcarrier color-multiplexing system
was devised. Using comb-filter
technology, it placed the color signalin
the same frequency band as the
luminance signal. This allowed use of a
iower frequency for the video FM
carrier, which increased playing time.

By 1971, a number of systems using
alternate technologies had become
known. As they were recognized, they
were carefully assessed, often by an
extensive building and testing effort.
Ultimately, RCA decided that the




capacitive pickup system, now known
as the “CED" system, would provide
the lowest-cost, longest playing time of
any known system, and would best
meet its guidelines for a home
prerecorded video player.

1971-1976

High priority product development
followed the system decision.
Additional people were assigned to the
research teams in Princeton and the
small supporting-type efforts at In-
dianapolis in the Record Division and
Consumer Electronics Division soon
became substantial co-efforts.

Recording technology

In one of the larger team efforts, the

following years saw step-by-step im-
provements in electron beam master-
ing speed. The speed doubled every

seven months until 450 rpm real-time
recording was achieved in 1974.

During the same period, a smail but
persistent effort was continued on
electromechanical recording. In 1974,
tests showed that copper could be cut
more smoothly than lacquer, and with
less loss of high frequencies. This, and
development of increasingly smaller
piezoelectric cutterheads, led to a few
experimental real-time elec-
tromechanical recordings being made
in 1976.

In the mid-1970s, using the latest
laser technology, optical mastering
was explored vigorously. From the
beginning, it achieved real-time
recording speed. However, there were
technical difficulties in obtaining the
optical resolution to make 0.25- um
signal elements and in avoiding un-
desired standing wave patterns caused
by optical reflections from the bottom
of the grooves.

Disc pressing methods

Throughout the early stages of the
project, all test discs had been pressed
by compression molding, the standard
production technique for 12-inch
diameter audio discs. For VideoDiscs,
with their shallower grooves, injection
molding had several possible advan-
tages. Thus, in 1973, injection molding
was chosen for production. The first
injection press was installed in the RCA
Rockville Road plant in July, 1975.

Making Tracks. Developed from a
commercial jigbore, the precision
disc lathe shown at the upper right
proved to be of great use throughout
the project. Normally equipped for
machining ultrasmooth surfaces on
14-inch diameter substrates, it easi-
ly was adaptable for other uses,
including slow-speed optical
recording of test signals. Equipped
with high quality optics, a high-
pressure mercury vapor lamp, and a
mechanical light-beam chopper, it
generated a circular track of high
resolution test signal contours with
wavelengths as short as 0.6 um.
These patterns were replicated in
metal and used in an audio record

press to make vinyl records. At the
upper left a scanning electron
microscope photo shows the sur-
face of such a pressed disc, with a
segment of a full turn of signal
pattern that had been pressed into
the disc. After the disc was coated a
capacitive pickup of the type shown
at the bottom of the composite
figure retreived the signal. In the
first such recording, a handling slip
caused a deep scratch that cut right
across the signal path. Suprisingly,
the pickup with its long, lightweight
tone arm was not derailed by the
scratch and successful pickup of a
4-MHz signal was achieved at a
turntable speed of 360 rpm.

Disc coating processes

In 1971, discs were made by first press-
ing them from a standard vinyl com-
pound, then coating them in
sequence — with a thin metal layer to
provide conductivity, with a thin
durabledielectric layer, and finally with

a lubricant layer to prolong the life of
the stylus and disc. Evaporated
aluminum, used initially, proved too
grainy. Evaporated gold produced
better pictures, but was too expensive.
In 1972, evaporated or sputter-
deposited copper replaced the gold. By
1975, however, it was confirmed, as

RCA Engineer ® 26-9 * Nov./Dec. 1981




Pattemns, pattems

Figs. A-F, illustrates the shifting
focus of the project. In the early

nique. The progress in recording
types of patterns that could be

generated, as well as ability to
generate them in full-sized grooved

D.

The array of signal patterns, shownin
stages, patterns such as (A) and (B)
served to test the signal pickup tech-

technology permitted flexibility in the

Patterns Patterns. A. Pattern produced in 1967 on the

masters. Patterns suchas (C) and (D)
supported the concurrent investiga-
tion of alternative signal modulation
schemes for the VideoDisc system;
frequency modulation was the
winner. Patterns (E) and (F) illustrate
electron-beam and electro-
mechanically generated patterns,
respectively.

Although high-power optical
microscopes were very useful in in-
spection of signal patterns, scanning
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electron microscopes provided the
greater resolving power and depth of
focus needed for evaluation of
micrometer-sized contours. It was
fortunate, then, that scanning elec-
tron microscopes became available
commercially just in time to be used
in the development of VideoDisc
technology. Thedemand for their use
was such that several of them were
purchased for, and used full-time, on
the VideoDisc project.

I

F.

in the first full-scale electron beam recorder.

ridges of a smooth groove nickel stamper by optical
exposure through a thin resist coating. The “signal
elements” were then built up on the stamper by elec-
troplating through the exposed areas after chemical
development had removed the resist from those areas.
B. Variable-width signal pattern produced in a scanning
electron microscope by scanning the beam from side-to-
side. C. Modulated variable-width pattern procuced in

D. Electron-beam generated signal pattern used in 1971
to test a balanced amplitude-modulation signal system.
E. Eiectron-beam generated sweep frequency pattern
used in 1972 system tests. F. Electromechanically
generated pattern. Note V-shaped groove used once
choice was made to use electromechanical recording for
production mastering.

feared, that under certain conditions,
the copper would corrode in spite of
being coated with a dielectric. With
considerable effort, a copper-inconel
bimetal sandwich conductive layer was
developed that passed all corrosion
tests.

In early disc-coating experiments,
coatings were applied layer by layer,
one side at a time, in individual bell-
jar setups. Soon it was clear that

RCA Engineer ® 26-9 ¢ Nov./Dec. 1981

coating of discs this way would be a
bottleneck in production. To coat discs
economically, a highly automated
process was needed. After engineering
studies with an outside firm showed
such an “Autocoater” was feasible, it
was ordered in 1974. During 1976,
Indianapolis teams pressed some
240,000 experimental discs and coated
about 120,000 of them.

Dust and environmental problems

In 1976, using 25 players from an
engineering pilot run and discs with
durable coatings, Indianapolis con-
ducted a private “field test.” This test
uncovered field problems sufficient to
cause an intensive reassessment of
production readiness. After exposure
to dust, high humidity, and high
temperature, the dust bonded to the




Early recording progress.

A is a photograph of a picture
reproduced in October 1970ona TV
screen while playing a disc made
from an electromechanical
recording. B shows the progress
made by April 1971 (electron-beam
recording). Whether made by elec-
tromechanical or by electron beam
techniques, early recordings were
time-consuming. At first, each
minute of play time required several
hours of recording time. To supply
signals at the slow rate, special
signal generating and processing
equipment was developed. A flying-

spot scanner provided high quality
signals from 35-mm film at rates
slowed down by factors in the range
of 20 to 400. Later, a video slow-
down processor, developed for the
video disc project by RCA's Missile
and Surface Radar Division in
Moorestown, New Jersey, was used
for recording rates slowed down by
factors of 5 to 20. These were not
needed for electron beam recording
after 1974. For production elec-
tromechanical recording, a two-to-
one slowdown was chosen; a third
type of slow-down equipment was
then developed for this rate.

Eugene Keizer, now Staff Scientist in the
VideoDisc Systems Research Laboratories
at Princeton, New Jersey, joined RCA in
1940. Since then he has worked in several
areas, principally radar, FM and television
receivers, television display systems and
prerecorded video disc systems. As the
responsible group head, he led the video
disc research team during its early years,
1964-1971, and continued to be responsible
for research in the video disc mastering and
pickup areas until 1979. In 1979 he became
associated with RCA “SelectaVision”
VideoDisc Operations at Indianapolis,
returning to RCA Laboratories in 1980.

He has sixty patents, an Achievement
Award for receiver circuit work, David Sar-
noff Awards for color TV work and for video
disc work, and an Eduard Rhein Award for
video disc work.

Contact him at:
RCA Laboratories
Princeton, N.J.
TACNET: 226-2528

Clemens is
Systems Research Laboratory. He joined
RCA Laboratories in Princeton, New Jersey,

Jon Director, VideoDisc

after receiving a Ph.D. in Electrical
Engineering from M.L.T. During the years
1965 through 1970, he worked on various
approaches to video disc systems and con-
ceived the capacitive pickup video disc
system used by RCA today. During the next
years, his work included all aspects of
system development. In 1975, he was ap-
pointed Head, Signal System Research, with
the primary responsibility for developing the
VideoDisc signal system for both mastering
and player design. He has received three
RCA Laboratories Qutstanding Achieve-
ment Awards, the Eduard Rhein Prize, and
the David Sarnoff Award for his con-
tributions to the "CED" VideoDisc system.

Contact him at:
RCA Laboratories
Princeton, N.J.
TACNET: 226-3121

discs, creating a plethora of defects
that caused severe stylus mistracking,
even stylus breakage, as well as
episodes of signal loss due to debris
under the stylus.

Later in 1976, intensive work began
on a protective sleeve or “caddy" for
the disc. A disc would always be in its
caddy except when automatically ex-
tracted for play within a dust-protected
player compartment. In laboratory
tests, caddies protected discs even
against prolonged exposure to wind-
driven dust.

1976-1979

The 1976 reassessment dealt with the
whole system, with particular
emphasis on manufacturing costs and
product reliability, and important
system decisions were made. Electron-
beam recordings were made with a
nearly doubled groove density, ex-
tending the playing time to two hours
per disc. Studies had shown that 90
percent of all feature-length movies
could be contained on one such disc.
The economic advantage was compel-
ling and the finer groove pitch (of
nearly 10,000 turns per inch) became
the *'standard.” However, since it cost
less and could produce recorded
masters with less noise and fewer
defects, electromechanical recording
was selected as the production
recording method.

The narrowed groove required a
smaller tip on the stylus, making it
more likely to break or wear out.
Sapphire styli, for which elegant
technology had been developed, were
replaced by diamond styli. The main
benefit of the switch was the much
greater resistance to breakage of dia-
mond styli.

In January, 1977, the first successful
discs using conductive compound
were pressed. With good dispersal of
tiny, 300-A diameter, carbon particles
throughout the vinyl, discs with ade-
quate conductivity characteristics
could be pressed. The signal-to-noise
of signals recovered from these discs
was within a few dB of that from coated
discs. The main advantage of the con-
ductive disc resulted from the elimina-
tion of all coatings except the lubricant.
The need for the expensive Autocoater
was thus eliminated. However, the
carbon-loaded vinyl was too stiff to be

RCA Engineer ® 26-9 ® Nov./Dec. 1981
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State-of-the-art in 1976 at the RCA
“SelectaVision” VideoDisc tacility in
Indianapolis. A. A pre-grooved
master is mounted in an electron-
beam recorder for mastering.
B. Finished discs are stacked by a
mechanical arm after leaving the
coater, where metal, dielectric and
lubricant layers were automatically
deposited on the surface of the

discs.

C. A bank of pencil-like
devices holds sapphire rods that are
being shaped into stylus tips. RCA

was growing its own supply of
sapphire rods at the time. D. An
automated tester screens finished
discs in one of several methods of
playback performance evaluation,
which also included field tests with
engineering model players.

injection molded, so pressing again
was done by compression molding
Beginning in the earty 1970s, many

succeeding generations of experimen-
tal ptayers were built —several hun-
dred players in all. Each generation

Clemens/Keizer: The early days of the "CED" system

came from intensive engineering ef-
forts to make the player better, simpler,
easiertouse, and more reliable than its
predecessors. By the late 1970s, when
home videotape recorders were being
marketed nationally by RCA, it was
clear by comparison that VideoDisc
players could be built with far fewer
parts, especially fewer critical parts,
and should cost only about half as
much to build

By the end of 1978, RCA had made
arrangements for a varied and ex-
tensive catalog of programs to record
In January 1979, after more than a
decade of homework, RCA announced
its plans to make "'SelectaVision”
VideoDiscs and Players and market
them on a nationwide basis starting
early in 1981. Two years is a very, very
shoritime for gearing up to 'arge-scale
production and distribution of an
entirely new product. The ensuing ef-
fort was even more intense than earlier
ones —some of the results are
described in the companion articles in
this and the next issue of the RCA
Engineer.

The development of the “CED"
system was characterized by the
dedicated efforts of many people both
technical and nontechnical, both
management and non-management
Throughout the years the authors have
had an exciting and rewarding time
working with them and wish to express
appreciation to all who have helped
bring the system to fruition.

Bibliography

Readers who wish to delve further into
the development of the “CED" system
may also refer to the March, 1978, issue
of RCA Review, Vol. 39, No. 1, which is
devated entirely to the RCA “SelectaVi-
sion” VideoDisc System



H.N. Crooks

Introduced to the American market in March 1981,

RCA’s best technology for

a major consumer electronics productis in...

The RCA “SelectaVision”
VideoDisc System

Thisissue of the RCA Engineer and the
issue to follow contain papers describ-
ing various aspects of RCA's recently
introduced “SelectaVision" VideoDisc
System. Each paper describes a
specific part of the system and an effort
has been made to eliminate non-
essential duplication of information.
This paper provides an overview of the
entire system to help the reader to
understand how each of the detailed
papers relates to others.

As described in the paper by Keizer
and Clemens (page 4), the VideoDisc
program has been underway at RCA
for about sixteen years. The system
that has evolved from this work has
resulted from many trade-offs in-
cluding technical, marketing, and
economic considerations. The system,
introduced to the American market in
March 1981, is RCA's best estimate of
what will be the basis for a major
consumer electronics product.

The disc

The VideoDisc System comprises a flat
circular plastic disc, 12 inches in
diameter, as shown in Fig. 1, upon
which television signals are recorded
in a spiral groove. Although similar in
appearance to an audio LP disc, the
details of the recorded information are
quite different. For example, there are
nearly 10,000 grooves per inch of
radius, which is about 40 times that of

Reprint RE-26-9-2
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an audio disc. Information is recorded
as vertical undulations of a V-shaped
cross-section groove, as shown in Fig.
2. These undulations are about 1500-
times smaller in amplitude and 15-
times smaller in wavelength than those
on an audio disc. Because of the very
small dimensions of the information
elements on the disc and in order to
protect the surface from dust, finger-
prints and other contaminants, we have
chosen to encase the disc in a plastic
cover, or caddy, as shownin Fig. 3. The
disc is kept there at all times except
when it is being played in a player.

Fig. 2. Photograph of a model of the
VideoDisc surface. Center-to-center
spacing of the grooves is 2.5 micro-
meters. Information is recorded as fre-
quency-modulated vertical undulations
in the bottom of the V-shaped groove.
On playback, the frequency varies from
4.3 to 6.3 MHz.

Fig. 1. The VideoDisc is 12 inches in
diameter and 70-mils thick. The TV
signal is recorded in a spiral groove —
10,000 grooves per inch —about 40
times as many as on an audio-LP
record. The disc material is made
electrically conductive by the addition
of 15 percent of finely divided carbon.
In playback, the disc rotates at 450
revolutions per minute.

Fig. 3. VideoDisc caddy. Because of
the very small dimensions of the
recorded information, the disc is kept
in a protective plastic sleeve, or caddy,
at all times except when being played
in a player. The plastic frame sur-
rounding the disc, called a spine,
serves to move the disc into and out of
the protective sleeve when the disc is
inserted into and retrieved from a
player.

RCA Engineer ® 26-9 » Nov./Dec. 1981




Recording and pressing

In the recording operation, television
signals read from a magnetic tape are
encoded into two FM signals, one for
video and one for audio, which are
added together to provide a composite
signal that is used to drive a recording
cutterhead. The cutterhead, fitted with
a super-sharp diamond cutting stylus,
cuts the undulating V-shaped groove in
a copper-coated aluminum substrate.
To increase reliability, the recording
operation is done at half the real-time
rate, that is, two hours are required to
record a one-hour program. The end
result of the recording operation is a
copper-plated disc containing the
same topographic signal pattern as
desired in a finished disc.

To press the signal patterns into a
plastic disc, a negative of the pattern
recorded in the copper substrate is
required. This negative is provided by
electroforming nickel on the copper.
As in the audio recording industry, we
call this negative a “master.” When the
master is heated and pressed into hot
vinyl, the topographic pattern of the
copper substrate is reproduced in the
vinyl surface. If the master is cooled
before being removed from the vinyl,
the pattern is retained permanently in
the vinyl.

Because only a limited number of
discs can be pressed from a set of metal
negatives (one for each side), we nor-
mally make positive metal copies,
called “mothers,” from the masters by
nickel electroforming, and from these
positive mothers, we make negative
replicas by nickel electroforming,
which we call “stampers.” The
stampers are then used for pressing
discs. The reason for using the master-
mother-stamper sequence is to enable
a greater number of discs to be made
from one recording operation. At each
stage of the process several elec-
troformed copies of the earlier partcan
be made. The fan-out is such that a
large number of stampers result from
one recording operation.

The vinyl compound from which the
discs are pressed is especially for-
mulated for the VideoDisc. It includes
finely dispersed carbon to make it
conductive and various additives to aid
in the molding operation. After the
discs are pressed in a multiton
automatic record press, they are
washed and then covered with a thin
film of oil to provide lubrication and

long playback life of both stylus and
disc.

Playback

In playback, information is retrieved
from the topographic signal patterns
pressed into the vinyl through the use
of a capacitive stylus, giving rise to the
system descriptor "Capacitance Elec-
tronic Disc” or “CED." The capacitive
stylus consists of a pointed diamond,
the end of which is shaped to fit the
grooves on the disc, and a thin metal
electrode affixed to one surface, as
shown in Fig. 4. The foot of the stylus
that rides in the groove is long enough
to cover several of the longest recorded
wavelengths. As a result, the stylus
rides on the crests of the waves pressed
into the grooves and, ideally at least,
suffers no high-frequency motion
either vertically or horizontally as the
disc is played. As a consequence, the
disc surface rises and falls under the
stylus electrode, giving rise to a stylus-
disc capacitance variation which can
be calculated to be about 1 x 107'¢
farads, or one ten-thousandth of a
picofarad, peak to peak. This very small
change in capacitance constitutes the
disc readout signal.

The stylus-disc capacitance is made

part of a resonant circuit with a reso-
nant frequency of about 910 MHz, as
shown schematically in Fig. 5. This
circuit is excited with a sigral from a
915-MHz oscillator. As can be seen in
the figure, the 915-MHz signal falls at
about the half-amplitude point on the
resonance curve. As the stylus-disc
capacitance changes, the frequency of
the resonance peak also changes,
causing a change in the response of the
resonant circuit to the 915-MHz os-
cillator signal. As a result, the 915 MHz
passed through the stylus’ resonant
circuit is amplitude modulated by the
capacitance variation. Demodulation
with a diode detector recovers the
modulating signal from the amplitude-
modulated wave. This signal rises and
falls as the disc surface rises and falls
under the stylus and thus reproduces
the signal that drove the cutterhead
during recording. The video and audio
signals are recovered from the com-
posite FM signals by FM demodulators,
compensation for disc defects is
applied to the signals, and the signals
are then converted to NTSC format
(U.S. television standard) to drive
television sets on either channel 3 or 4.

A disc is played by inserting the
caddy (containing the disc) into a slot
on the front of the player (Fig. 6),

Fig. 4. The stylus is made of diamond with a trin metal electrode on one face. The
end of the stylus is shaped to fit the groove and long enough to cover several of the
longest recorded waves. The sides are cut away to provide a “keel-lapped” shape
which gives long-play life as the end of the stylus is worn away. The end of the
metal electrode is one plate of a capacitor, the disc is the other plate, which varies
in value as the disc is played and provides the read-out signal.

Crooks: The RCA “SelectaVision” VideoDisc System
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Fig.5. Disc-stylus capacitance is made part of a circuit resonant at ~910 MHz.
As the capacitance changes, the resonant frequency changes, giving rise to a
variation in the response of the circuit to a 915-MHz signal and providing
amplitude modulation of this signal. The modulation is stripped off by a diode
detector to provide a voltage that rises and falls as the disc surface rises and falls

under the stylus.

removing the caddy, and then throwing
the function lever to the PLAY position.
At the conclusion of play, the disc is

retrieved by throwing the function lever

CADDY ENTRY SLOT
DISC-SDE  INDICATOR

DIGITAL LED.
PLAYTIME INDICATOR

to LOAD/UNLOAD and reinserting the
caddy into the player. When the caddy
is withdrawn, it brings the disc with it,
locked inside the protective cover.

THREE-POSITION
FUNCTION LEVER

PAUSE CONTROL

VISUAL SEARCH CONTROLS

RAPC ACCESS CONTROLS

Fig. 6. VideoDisc Player SFT-100. The controls and indicators on the VideoDisc
player make it simple enough that even a child can operate it.
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Other features

Mechanisms and circuits in the player
provide for the disc's removal and
retrieval, indicate which side of the disc
is uppermost in the player, rotate the
disc at the proper speed (450 rpm), use
time-base correction to correct for
non-centered disc conditions, and use
locked-groove correction to counter
the effects of unavoidable disc defects.
LED playing-time indicators, together
with controls for rapid (150-times nor-
mal advance speed), visual search (16-
times normal advance speed), and
pause (for program interruption) are
alsoincluded. The player measures 17-
inches-wide, 15'-inches deep, and
5%-inches high, weighs 20 pounds, and
draws 35 watts from the power line

H. Nelson Crooks is Director, Technical
Liaison, SelectaVision VideoDisc
Operations, Indianapolis, where he is
responsible for the technical interface
between RCA and VideoDisc licensees. He
joined RCA's Advanced Development Sec-
tion in Camden, New Jersey, in 1949. Since
then he has been associated with the
Applied Research Section in Camden:
Government Systems Division in Cam-
bridge, Ohio; Graphic Systems Division in
Dayton, New Jersey; and most recently,
RCA Laboratories in Princeton, New Jersey,
where he was involved with the development
of the VideoDisc system and research on
manufacturing-related problems.

Contact him at:

“'SelectaVision” VideoDisc Operations
Indianapolis, Ind.

TACNET: 426-3164

RCA Engineer ® 26-9 » Nov./Dec. 1981



W.M. Workman|T.J. Christopher
F.R. Stave|M.E. Miller|A.L. Baker

VideoDisc player design — an overview

Engineering
Model 3

Engineering
Model 2

February
Player

Fig. 1.

SFT100
in Production

SDT200
Design Tooled

SDT250
Design Tooled

The VideoDisc is the most exciting consumer electronics develop-
ment since color TV. Hundreds of engineers and scientists within
the RCA Corporation have been working during the last decade to
perfect the Capacitance Electronic Disc “CED"” system for the
playback of high quality video information. This article is a very
general overview of the introductory player with more technical
details of the design contained in the other papers in this issue.
Much of the information contained herein was first presented at
Electro/81 and then at the IEEE 1981 Spring Conference on
Consumer Electronics.

History

Before examining the details of the first
production player, it might be in-
teresting to quickly review some of the
key development steps in the evolution
of the player design (Fig. 1).

1973. The first model that had multi-
ple engineering samples was built.
Known by the engineering personnel
as''the February player,” it was the first
to use 900-MHz arm electronics and
had a playing time of 20 minutes per
side using discs with 4,000 grooves per
inch.

1975. A second engineering model
(EM-2) was built in 1975 and had

Reprint RE-26-9-3
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automatic push buttons to replace the
manual controls in the first model. The
EM-2 featured a line-locked turntable,
velocity-error correction, and defect

correction. Playing time had been in-
creased to 30 minutes per side using
discs having 5,500 grooves per inch.

1976. The EM-3 was the first player
to use a cartridge close to the final
form. This family of players was builtin
quantity using soft tooling.

1977. A design release for hard tool-
ing was completed, and 35 players
were built and designated as the
SDT250. Players, up to this point, were
operated with discs that were manually
placed on the turntable by opening a lid
on the player, much like manual audio
turntables. By this time it had become
obvious that the disc could not survive

without protection, and the newly
developed concept of a caddy allowed
the disc to be handled in the player
without exposing the disc to damage.

1978. A modified player, designated
the SDT200, accepted a disc with a
caddy. Playing time had been in-
creased to one hour per side, and a
diamond stylus was developed for im-
proved life to replace the sapphire
stylus used previously.

The cost and complexity of the
SDT200 required one more design
iteration to shrink the size mechanical-
ly and to reduce the electrical parts
count by designing several custom
integrated circuits. This program was
accelerated in January of 1979 with the
decision to go to market, and resulted
in product delivery on schedule on
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Fig. 2. The front-panel user interface features stylus-cartridge access locations.
Rear-panel antenna-lookup locations are shown.

March 22, 1981. There were three
primary design goals for consumer
use: affordability, simplicity of opera-
tion, and reliability.

The RCA “SelectaVision” VideoDisc
player, shown in Fig. 2, is a compact
instrument measuring 17-inches wide,
5%-inches high and 15%-inches deep.
its weight is 20 pounds and power
consumption is less than 35 watts.

Installation of the player by the con-

sumer is easy — rear-panel con-
nections provide AC power, an anten-
na output connects to the TV receiver,
and an antenna input provides signals
to the TV when the player is not in use.
A channel switch on therearallows the
user to select channel 3 or channel 4 for
viewing VideoDisc programs.
To play a VideoDisc, the function

lever is placed in the LOAD/UNLOAD
position, which opens the caddy entry

STYLUS

2.5 MICRON
.0001 INCH

VideoDisc
stylus tracking
force —

65 milligrams

Audio Disc = 1 Gram

Fig. 3. Disc, groove, and stylus geometry is shown at approximately 10,000 magnifi-
cation. Tracking force of the VideoDisc stylus is 15-times less than that of an audio

system.
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door. A VideoDisc, contained within its
protective caddy, is inserted into the
front-loading slot and pushed to the
rear until fully seated within the player.
The empty caddy is then withdrawn,
leaving the disc in the player and the
caddy jacket available for reference
during play.

After moving the function lever to
PLAY, the program will appear in ap-
proximately six seconds on channel 3
or4, as selected by the viewer using the
player's rear-panel switch. When view-
ing is completed, the function lever is
returned to the LOAD/UNLOAD posi-
tion, the empty caddy is reinserted into
the player to recover the disc, and the
process is repeated to play the second
side or to view another disc. Returning
the function lever to the OFF position
will remove power and reconnect the
external antenna input through the
player's antenna output to the TV
receiver.

Other front-panel controls provide
user convenience during viewing.
PAUSE provides muted audio and
video until either the button is
depressed again or one of the other
customer controls is activated. Visual
search, forward and reverse, allows
visual searching of the disc program at
approximately 16-times real time with
the sound muted. Rapid access,
forward and reverse, allows the user to
quickly move across the disc at ap-
proximately 150 times normal speed
with picture and sound muted, thus
allowing any portion of a one-hour disc
to be accessed in less than 30 seconds.
Visual indicators on the player’s front
panel provide the disc playing time in
minutes, referenced from start of play.
Side identification is also provided for
the disc being played.

Capacitance pickup

The RCA player uses capacitance
pickup techniques to recover signals
from a conductive disc. The audio and
video FM carriers are cut as vertical
modulation in a 140-degree groove
(Fig. 3). Groove density is just under
10,000 grooves per inch, which aliows
one hour per side of playing time.

A mechanical stylus, whose length is
several times the shortest wavelength
of the signal elements, rides along the
crests of the carrier (Fig. 4). An elec-
trode is deposited on the trailing edge
of the stylus. As the disc rotates, varia-

RCA Engineer ® 26-9 ® Nov./Dec. 1981
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Fig. 4. Enlarged side view of the diamond-stylus/disc interface. Details of the
metallization and signal depth are aiso shown. The signal generation, AC,is only 107

pF.

Fig. 5. The stylus cartridge is composed of the diamond stylus, the flylead, the
tipholder,.the aluminum tube, the arm-stretcher coupler, and a clamp spring. This

assembly is user-replaceable.

tion in the distance from the bottom of
the stylus electrode to the disc surface
changes the stylus/disc capacitance at
the FM-carrier rate.

Stylus cartridge

The stylus cartridge (Fig. 5) fits within
an arm assembly that is mounted over
the turntable and is driven radially by a
DC motor across the disc from the
outside to the inside.

The stylus is mounted on a small
plastic tip holder attached to the end of
a three-inch aluminum tube. Con-
trolled tracking force is provided by a
beryllium-copper flylead, which also
provides the electrical connection of
the stylus electrode to the electronics

located within the arm assembly. The
rear of the aluminum tube is connected
through a compliant rubber member to
a flat metal plate that is magnetically
latched to the arm-stretcher
transducer in the arm assembly. The
arm-stretcher transducer imparts
tangential motion to the stylus. This
motion partially corrects for time-base
errors that are encountered during
playback. Signal retrieval and groove
skipping are sensitive to side forces
exerted on the groove wall by the
stylus. These forces are minimized by
the arm servo and a very accurate
stylus-centering adjustment.

A small permanent skipper magnet is
located on the plastic tip holder. Stylus
skipper coils, located on each side of
the stylus inside the arm assembly,

Workman, et al.: VideoDisc player design — an overview

Fig. 6. The VideoDisc caddy is the
key element providing protection for
the disc from environmental and
handling-induced damage. Program
infarmation is provided on the front
and rear faces.

produce magnetic fields that impart a
force on the skipper magnet that moves
the stylus in controlled groove-to-
groove motion radially across the disc.

The stylus cartridge assembly is
designed for simple consumer replace-
ment and is accessibie through a door
in the top of the cabinet (Fig. 2).

VideoDisc caddy

The RCA VideoDisc caddy (Fig. 6) is a
component of the “"CED” system allow-
ing fulfillment of several basic design
goals. First, the caddy provides a con-
venient means for handiing and storing
the VideoDisc while protecting the disc
from dust, debris and other damage
which might impair playback. Second-
ly, the caddy design makes possible a
relatively simple mechanical player in-
terface to the disc.

Contained within the caddy is a
plastic spine that surrounds and cap-
tures the disc during insertion into the
ptayer. The spine has visual side
identification moided into the front
face with side reference always main-
tained between the disc and spine. A
molded-in key at the front edge of the
spine provides a means for
mechanically identifying, within the
player, the side being played. At the
outer front edge, locking tabs retain the
spine, thus holding the disc inside the
caddy when it is not inside the player.
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Fig. 7. Top view of the VideoDisc player with the cabinet shell removed. The
upper view also shows the control board (PW500), turntable, and pickup-arm

assembly removed (for clarity).

Mechanism

The mechanical design of the player
involves approximately 300 uniquely
tooled items. Extensive use of molded
plastic parts in the mechanism both
minimize weight and, on a number of
parts, achieve the needed precision
tolerances that are inherent in injection
molding.
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The player is a compact mechanism
built around a structural foam
injection-molded centerplate. The
mechanism incorporates a number of
disc- and spine-handling systems to
accurately position the disc during
operation. The pickup arm assembly is
mounted above the disc at the rear of
the centerplate and moves on acarriage
driven by a bidirectional DC motor and

gear reduction assembly. The turn-
table is driven by an AC motor and
rotates within two bearing assemblies.
The electronics are attached to the
centerplate above and below the
mechanism.

For ease in manufacturing, only the
player's signal processing circuit
board and three other parts attach to
the bottom of the centerplate. All
others are topside, mounted and
serviceable (Fig. 7).

The centerplate foam-molding
process was chosen for its ability to
produce parts with closely repeatable
dimensional accuracy combined with
favorable thermal stress charac-
teristics. In addition to providing
molded-in rails that control the vertical
and lateral motion of the caddy during
insertion, the centerplate provides
molded-in references and attachment
points for all components in the player
including the cabinet.

Consistent with the end goals of
simplicity and minimum cost, most of
the driving forces needed to interface
the mechanism to the disc are provided
by the user. This is partially illustrated
by the view of the function lever linkage
(Fig. 8). Manual operation of the func-
tion lever engages/disengages the arm
servo clutch, opens/closes the caddy -
entry door, raises/lowers the turntable,
and connects/disconnects the antenna
switch. In addition, AC and DC
mechanism position switches are
activated in the correct sequence to
ensure proper switching of the elec-
tronics.

Other moving components of the
mechanism that are activated during
caddy insertion include spindle pull
down, spine latching, pushback of the
arm assembly to the start position,
side-identification switching, arming
of the stylus sweeper, and activation of
spine-sensing switches to prevent
operation unless a disc is present.

Two major portions of the
mechanical assembly deal with han-
dling of the caddy, disc and spine, both
during insertion and extraction and
during the transition modes of LOAD-
to-PLAY and PLAY-to-UNLOAD. Vary-
ing forces, speeds and caddy-entry
attitudes are carefully considered. First
the front, side and rear receiver pads
are designed to accurately maintain
the vertical location of the spine and
disc while the turntable spindle con-
trols the lateral position. The spine
remains in a fixed postion while the

RCA Engineer ® 26-9 e Nov./Dec. 1981
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Fig. 8. The activation force of the mechanism and disc interface is provided by the
user. The function lever as well as the major components are illustrated.

turntable raises the disc to the PLAY

position. This allows the arm assembly
to be vertically fixed and placed into

the initial start position during caddy

insertion.

The second handling system con-
sists of the defeat tabs, the latch arm
and the caddy retainer, controlling the
spine latching and unlatching. Syn-
chronous engagement of each element
in this system was a complicating fac-
tor in its design, but recognized to be
needed to avoid failure modes
associated with only partial caddy in-
sertion and extraction by the user.

Turntable drive

In the RCA piayer, the rotational
speed is 450 rpm. With a 60-Hz
vertical field rate, there are eight
fields per revolution with sync aligned
radially on the disc. The constant
angular velocity system does not re-
quire a complex turntabie servo con-
trol, and resuits in minimal picture
disruption as the stylus is moved from
groove to groove.

A two-pole, shaded-pole syn-
chronous AC motor drives the turn-
table via a silicone rubber belt. A small
squirrel cage fan mounted to
the bottom motor shaft provides cool-
ing to the motor and electronics.
Accurate dimensional control of the
turntable pulley, turntable-drive step
diameter and beltlengthensure a free
running speed of450 ¢+ 2 rpm. Precise
speed control is then achieved by

coupling the stray AC motor flux
through two magnetic poles to a 16-
pole magnetic strip located within the
interior diameter of the turntable
drive step. This magnetic syn-
chronization has sufficient torque to
ensure that the turntable runs at 450
rpm + powerline frequency tolerance.
This operation is illustrated in Fig. 9.

VideoDisc signals

The video information recorded on the
RCA VideoDisc is a frequency-

modulated 5-MHz video carrier (Fig.
10). Sync tip causes the carrier to
deviate to 4.3 MHz, peak white causes
the carrier to deviate to 6.3 MHz, and
black level corresponds to zero devia-
tion. The video information bandwidth
of 3 MHz results in FM-modulation
sidebands that extend from 2 MHz to
9.3 MHz.

Inorder to limit the video spectrum to
less than 3 MHz, the chrominance
subcarrier is at 1.53 MHz. This com-
posite video signal is referred to as a
buried-subcarrier signal.

Audio information on the VideoDisc
is contained in a second carrier at 716
kHz. which is frequency modulated
with a deviation of + 50 kHz.

To optimize signal-to-noise ratio,
both audio and video signals are pre-
emphasized in recording. Complemen-
tary de-emphasis is provided during
playback.

Arm electronics

The electronics that interface with the
stylus are contained within the arm
assembly. The resonator circuit con-
tains the 915-MHz capacitance detec-
tion electronics. Inputs from the signal
processing circuits drive the arm-
stretcher transducer as part of the
time-base correction function. Stylus
skipper coils are located on each side
of the cartridge and are pulsed by the
control electronics when groove skip-
ping is desired. The stylus lifter is a

Drive poles are
reversed at A. C. line
rate (60 Hertz) to
maintain sync.

It

16 magnetic poles
around circumference
of turntable pulley

Fig. 9. The major drive components in the disc rotating system. Included are the
AC motor, compliant rubber belt, drive poles, and magnetic strip.

Workman, et al.: VideoDisc player design — an overview
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Fig. 10. “CED" VideoDisc signals. The audio FM carrier is centered at 716 kHz,
and the video carrier varies from 4.3 MHz to 6.3 MHz.

small solenoid that causes the stylus to
be raised within the arm housing when
the disc is not being played.

Capacitance detection

The FM carriers modulate the
stylus/disc capacitor, which
terminates a resonant line tuned to
approximately 907 MHz. When a
fixed 915-MHz oscillator is loosely
coupled into this tuned circuit, the
changing capacitance between the
stylus and disc varies the tuned-
circuit’s center frequency and causes
amplitude modulation of the 915-MHz
signal at the FM-carrier rate. Envelope
detection of the 915-MHz signal
provides recovery of the original FM-
modulated signals on the disc.

The detected output contains the
video FM carrier, the audio FM carrier,
and a 260-kHz arm servo signal. The
preamplifier raises the signal level from
a few millivolts to several hundred
millivolts. AFT circuits ensure stable
operation of the detector at the
specified point on the 907-MHz tuned-
circuit selectivity characteristic.

Audio demodulation

The 716-kHz FM audio carrier is
separated from the arm output by a
bandpass filter and then amplified,
limited, and demodulated within the
audio demodulator IC.

18

The recovered audio is then fed
through a squelch switch and
amplifier. To minimize ticks and pops,
a track-and-hold circuit is activated ty
a defect detector whenever a carrie'
dropout occurs. Audio is muted during
visual search, rapid access, pause, and
load functions.

Pickup arm servo system

The maximum lateral force exerted on
the stylus by the groove (=223 mg) is
inadequate to pull the pickup arm
assembly along with the stylus. A
bidirectional DC motor, through agear
reduction assembly, drives the arm
across the disc under control of a servo
that matches the arm-drive rate to the
stylus position.

Equal and opposite-phase 260-kHz-
rate capacitance modulation of varac-
tor diodes is coupled from sensors on
either side of the stylus to the flylead in
a balanced operation. This
capacitance information is detected
along with the disc information. The
260-kHz signal is separated from the
arm output signal with a bandpass
amplifier and is synchronously
detected. When the stylus is in the
center of the servo sensors, the 260-
kHz signal recovered by the stylus will
be zero. As the stylus moves closer to
one of the pickup sensors, a 260-kHz
error signal of a particular phase will be
detected. This error voltage is used to
drive the arm servo motor to reduce the

error signal to zero. This maintains the
correct relative stylus-arm position to
ensure optimum stylus tracking.

Baseband video recovery

The additive low-frequency audio FM
carrier on the disc causes amodulation
of the spacing between the stylus and
video signal. Because of the un-
symmetrical fields at the stylus/disc
interface, phase modulation of the
video carrier at the audio carrier rate
can occur, which causes an ob-
jectionable 716-kHz beat in the picture
if not eliminated. The nonlinear aper-
ture correction (NLAC) circuit in-
troduces phase modulation of the
video carrier by the sound carrier,
which cancels modulation introduced
at the stylus/disc interface. Any
residual 716-kHz component in the
demodulated video output is syn-
chronously detected and used to ad-
just the amplitude of the cancelling
signal.

The FM video carrier from the NLAC
circuit is demodulated in the video
demodulator IC and passed through a
squelch switch that blanks the video
whenever the stylus is not on the disc.
Defect detection is accomplished by
sensing carrier irregularities, produc-
ing a defect-gate signal used to control
the defect corrector.

Comb filter
and defect correction

Demodulated video is supplied to the
CCD comb-filter and defect-corrector
IC. ACCD 1-Hdelay line is utilized in a
comb filter to separate the interleaved
luminance and buried-subcarrier
chrominance information. When a
defect is detected, the 1-H delayed
signal from the delay line is recir-
culated to produce defect-free video.

Vertical detail information is ex-
tracted from the combed chroma
signal by low-pass filtering and added
to the combed luminance signal.

Video conversion

The luminance signal is de-
emphasized in the video converter IC
and added to regenerated 3.58-MHz
chroma to create a standard NTSC
composite video signal. Inverted low-
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level luminance is added to cancel
high-frequency noise before being fed
to the RF modulator.

NTSC standard 3.58-MHz chroma is
produced by mixing the combed
1.63-MHz chroma with the output of a
5.11-MHz voltage-controlled crystal

oscillator (VCXO). A gated phase
detector compares the up-converted
3.58-MHz burst signal to a 3.58-MHz
crystal reference oscillator, producing
a phase-error signal that controls the
VCXO. This signal is also used to
control the arm-stretcher transducer in
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the arm assembly, which drives the
stylus tangentially along the groove in
a direction to reduce time-base errors.

RF modulator

The RF modulator contains a 4.5-MHz
oscillator that is FM modulated by the
audio signal. The regenerated NTSC
video and the 4.5-MHz FM audio

meodulate a VHF oscillator producing
an RF signalon channel 3 orchannel 4.

Control system

A microcomputer IC controls overall
operation of the player. In response to
inputs from the user controls and
signals read from the disc, it operates
the stylus lifter, the stylus skipper, and
the pickup arm servo, and also
provides status information on an LED
display



The signal read from the disc is a
77-bit digital auxiliary information
(DAX}) code that provides field and
band number identification. The DAXI
code is recorded on line 17 of each
vertical field, in aNRZ (Non-Return-to-
Zero) format synchronized with the
1.53-MHz chroma.

The data is detected, stored, and
checked for errors by a DAXI buffer IC.
On command, it is shifted into the
control system microcomputer IC. The
field number is converted within the
control system microcomputer to a
playing time in minutes and is dis-
played on the instrument's front panel.
The field numbers are also checked to
verify that they are progressing in the
proper sequence.

Occasionally the stylus may en-
counter a disc defect or debris within
the disc groove that will cause the
stylus to jump to a previously played
groove. |f the defect is severe enough,
this could actually become a
repetitious or locked-groove condi-
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tion. When the field number sequence
indicates that a groove is being
replayed, the stylus skipper is activated
to move the stylus forward past the
defect.

When the visual search feature is
activated by the user with one of the
player front panel buttons, the control
system microcomputer again outputs
pulses to the stylus skipper coils. The
pulse is applied so that a nominal skip
of two grooves occurs during the
vertical interval where itis not visible in
the picture. This provides ap-
proximately 16-times real-time motion
in the picture.

When it is desirable to move more
rapidly, the user activates one of the
rapid-access buttons, causing the
microcomputer to lift the stylus and
move the arm at approximately 150-
times real time. Since the DAXI infor-
mation is not available in this mode, an
opto-interrupter coupled to the arm
assembly provides pulses to the micro-
computer. These pulses are used to

update the instrument's front-panel
display.

If the pause button is pressed during
the play of a disc, the microcomputer
raises the stylus, and stops the arm
drive. The end of the disc program is
recognized from the decoded band
number, which also causes the stylus
to be raised, and the arm drive to be
disabled.

Summary

A general description of the key
mechanical and electronic systems
within the RCA “'SelectaVision" player
has been presented. The “CED" sys-
tem parameters have been carefully
chosen to ensure that the player can
be manufactured at a cost that will
make it available to the mass consumer
market. The player is designed to be
easy for the average consumer to
operate, with features that will be use-
ful in the playback of all video program
material.
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C.F. Coleman|L.M. Hughes|L.R. Caswell

VideoDisc player
mechanical design considerations

Innovative mechanical design protects
the VideoDisc player from damage and

makes it easy to use.

Abstract: This article discusses the
mechanical design considerations
given to the player as an instrument
and describes some of the individual
mechanisms within the player. Plastic
materials selection and processing
considerations are also discussed.

The VideoDisc player is partially a
mechanical instrument by definition of
the task it must perform. The primary
design goals for consumer use were
affordability, simplicity of operation,
and reliability. The user was to provide
operating forces where possible; thus,
the player became more mechanical in
nature.

Mechanism: centerplate

The player is built around a structural
foam injection-molded part called a
centerplate, shown in Fig. 1.

The centerplate provides molded-in
references and attachment points for
allcomponentsin the player, including
the cabinet. It also provides molded-in
rails that control the vertical and lateral
motion of the caddy during insertion.
Since all components have a common
mounting plate, dimensional
tolerances between related assemblies
are minimized. With the exception of
the main signal board and three
mechanical components, all of the
player parts and assemblies are
assembled from the top. The
centerplate divides the player into two
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Fig. 1. Structural foam centerplate is a multifunctional mounting base for the

VideoDisc player.

compartments, isolating the major
heat-generating source from the disc.
The drawing describing this part is 3-
feet wide, 17'%-feet long and contains
approximately 1200 dimensions, but
only 30 are considered critical. A
general tolerance of 0.001inch perinch
of span applies to most dimensions.
The main requirements of the
centerplate are that it be lightweight,
rigid, dimensionally stable at
temperatures up to 150° F, flat, flame
retardant, and that it withstand
repeated insertions of self-tapping
screws. Polycarbonate structural foam
having a high strength-to-weight ratio,
a deflection temperature of 280° under
a66 PSlload,a U.L.94VO flammability
rating, and a low molded-in stress, as
compared to standard-injection
molding, satisfies these requirements.

Mechanism: caddy loading
and unloading

The very nature of the caddy dictated
some of the disc handling
requirements — to extract the spine
and disc from the caddy and to load
them back into the caddy atend of play.
The mechanism had to align the disc
and spine with the turntable and spin-
die so that the disc could be raised to
the play position, centered on the turn-
table, and be lowered back into the
spine for reloading into the caddy. The
mechanism is shown in Fig. 2.

The caddy loading and unloading
mechanism consists of two

components — a defeat device and an
arm assembly — that latch into two
recesses in the spine. The mechanism
is designed so that, unless both sides of
the spine are latched, the spine will
remain in the caddy assembly. The
mechanism is molded of foam
polyester to give it the stiffness re-
quired. A small radius at the top of the
latching ramp compensates for the
small amount of flex present in the
assembly.

The defeat assembly contains
fingers that enter the caddy to unlock
the spine and has cams that unlatch the
spine fromthe latch arm upon insertion
of an empty caddy. The polycarbonate
finger and cam combination is insert-
molded onto each end of a steel shaft.
Since the latching and unlatching
mechanism is duplicated on each side
of the player and since each side is
rigidly tied to the other, both sides
operate when only one side is activated
by the caddy. This design allows
operation with a broken caddy.

Operation of caddy loading and
unloading mechanism (Fig. 3).

Position #1 The mechanism is shown
in the unloaded position. The latch arm
is pulled against the round portion of
the defeat assembly and the cam is
pulled against the latch arm. This
aligns the finger so that it can enter the
caddy.

Position #2 Upon insertion of a
loaded caddy, the finger enters the
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caddy and unlatches the spine. The
caddy depresses the latch arm and the
ramp enters the recess in the spine,
thus locking it into the player. A leaf
spring holds the spine against the
ramps to maintain proper positioning
with respectto the turntable centerline.
The latch arm being held down by the
spine exerts a downward force on the
cam and finger, which is still held
inside the caddy.

Position #3 When the caddy is
withdrawn, the spine and disc remain
inside the player. The finger is freed
from the caddy and the cam is pulled
down to the latch arm. This positions
the finger for reloading the spine into
the caddy.

Position #4 When an empty caddy is
inserted, it forces the finger down as it
rides on top of it. The cam forces the
latch arm down and the spine is
released. The leaf springs force the
spine back into the caddy and it
becomes latched inside again.
Withdrawal of the caddy removes the
spine and disc from the player. The
mechanism then returns to Position 1.

The guide rails are provided so the
caddy assembly is guided into the
latched position. As the cover is
withdrawn, receiver pads spring up to
maintain the disc within and at the
same level as the now-latched spine.
This level and relationship is main-
tained during the load mode of the
playerso that the spine and disc can be
reinserted into an empty caddy. The
receiver pads activate individually as
the jacket is withdrawn, and support
the disc on its outer bead without
touching the play area. All receiver
pads retract sufficiently to clear the
label. The occasional warped spine
cannot cause improper loading
because the spine hold-down is
provided.

The turntable is a smaller diameter
than the disc and, unlike other horizon-
tally moving parts, travels vertically
within the receiver pads. These com-
ponents are shown in Fig. 4.

The bearings are affixed to the
centerplate, and below the bottom
bearing is a linear cam that the thrust
sphere of the turntable shaft rests
upon. The cam is mechanically linked
to the function lever. Shifting from load
to play thereby raises the turntable to
play position.

Shifting from play to load drops a
disc spinning at 450 r/min onto the
receiver pads and withinthe spine. The
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Fig. 2. Caddy loading and unloading functions remove the disc from the caddy
tor playing and reload disc into caddy after play.

turntable proceeds downward to a level
below the caddy insertion plane, but
the spindle remains within the disc to
assure stabilization during disc
deceleration, which is accomplished
by a friction pad attached to the rear
receiver. The spindle is subsequently
cam-activated by the caddy during
insertion.

The tracking of a stylus in a minute
disc groove puts heavy demands upon

LATCH DEFEAT
ASSEMBLY

FINGER
SPINE

S~ LATCH ARM

POSITION #1

the accuracy of the system. The turn-
tableitselfis afoam-moided part which
assures flatness and dimensional
stability. The turntable shaft is
induction-heated and fixture-inserted
into the turntabie to achieve
squareness and vertical runout.

The self-centering, service-
replaceable bearings are mounted in
two housings and are allowed to move
laterally with respect to each other for
adjustment purposes. A fixture aligns
these bearing housings on the
centerplate referenced to the plane of

= ~

POSITION =2

POSITION #3

POSITION #4

Fig. 3. Operation of caddy loading and unloading is accomplished using
mechanical logic rather than a sequencing mechanism.
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Fig. 4. Turntable and receiver pads set critical levels for play and for disc loading and unioading.

the arm travel and the spine latch.

The spindle must center the disc
within 0.005 TIR to the center of rota-
tion of the turntable. This was ac-
complished, firstly, by insert-molding
of the spindle assembly and, secondly,
by accurate machining of spindle and
turntable shafts.

Disc side identification is ac-
complished by a switch whose activa-
tion is sensitive to the edge of an
identifying notch in the spine (Fig. 5).

Stylus cleaning is accomplished with
a sweeper pad as the full caddy is
removed from the player. The
mechanism is shown in Fig. 6. This
occurs because the empty caddy
returns the arm housing to set-down,
which then pushes the sweeper arm to
a cocked position. The extraction
activates a switch and cam, which then
lowers the stylus onto the sweeper pad
and activates the sweeper arm through
the remainder of the cleaning cycle.

Player cooling

One design specification states that
the player must operate in an ambient
temperature range of 59° F to 90° F.
Within this range, the temperature rise
at the disc surface shall not exceed
14° F. Critical electronic parts must
operate below their maximum design
temperature for long life and reliability.
A blower wheel attached to the bot-
tom of the turntable motor shaft (Fig. 7)
provides adequate cooling. Air inlets

were located in the bottom player com-
partment to avoid depositing dust and
other contaminants in the top disc

BUS BAR

ﬁ e

CADDY
PLASTIC CONTACT CAM

PIVOT PIN

compartment. Inlets were also located
to direct air flow to the hottest com-
ponents.

SIDE ONE LEAF

COMMON LEAF CONTACT SPRING

SIOE TWO LEAF

Fig.5. Side identification switch indicates to the operator which side of the discis

being played.
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Fig. 6. Stylus-cleaner mechanism removes debris from the stylus to ensure

intimate contact with the disc.

Player packing

A player must survive the trip from the
factory to the customer’s home. The
player is designed to withstand drop
and vibration tests described in RCA
Procedure ENG202. The final packing
components are shown in Fig. 8.

The player is enclosed by top and
bottom polystyrene foam trays and is
covered by thin sheets of polyurethane
foam to protect the cabinet finish dur-
ing vibration. The polyethylene foam
piece is assembled through a cartridge
access door to secure the pickup arm
and turntable

The packaged player is vibrated for
30 minutes on a vibration table that

simulates the motion of a truck. It is
then rotated 90° about its vertical axis
and vibrated another 30 minutes. Next
the package is dropped 24 inches on
five sides, an edge, and a corner.
Engineering drops are made from 30
inches to determine weak design areas
and establish a safety factor. The
package is also subjected to the same
drop series ata height of 18 inches after
being cooled to -10° F

Player storage

The player is designed to withstand
storage at temperature extremes

of -10° F to 150° F. Storage problems
were avoided by allowing for

Fig. 7. Air flow through the player cools critical components.
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differences in coefficients of expan-
sion and contraction of dissimilar com-
ponent assemblies. An aluminum
overlay on a plastic crystal is an exam-
ple of such an assembly. Also, critical
plastic parts are made of materials
whose deflection temperature under
load is well above the 150° F extreme.

Plastic component development

Since plastics, due to their functional
versatility, were extensively used
throughout the design of the VideoDisc
player, it was recognized early in the
design cycle that extraordinary steps
must be taken in order to provide
Player Manufacturing with quality
cost-effective parts. This was ac-
complished by a close coordination of
Design Engineer, Tooling/Materials
Engineer, Purchasing and the vendor.

Materials Engineering guided the
materials specifications. Function
cost and safety were the three prime
requisites.

After completion of the functional
design and initial material identifica-
tion, the in-house tooling engineer
integrated the part with proper tooling
and molding requirements. This in-
cluded complete mold-cavity fills with
varying section thicknesses, non-
entrapment of air in the cavity, and
proper ejection of sections without
introducing distortions. The compo-
nent part was then detailed to reflect
these considerations.

When the first prototype of
fabricated components was assembled
and design evaluation completed, the
actual molding design commenced.
The tooling design considered part
shrinkage, glass fiber orientation, gate
location, knockout pin location,
parting line, draft angles, and factors
affecting physical properties. Ex-
perience showed that all of the above
items were interrelated — seemingly
insignificant changes in the part or
mold geometry might significantly
affect the part. It was decided to com-
pletely prototype mold the entire
VideoDisc player. Several techniques
were tested and used after the concep-
tion of the part and before hard tool
production. Aluminum soft tooling was
found to be the most powerful way to
examine injection molded parts. Soft
tooling was an important bridge
between prototypeand hard tooling. In
critical parts such as the turntable,
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Fig. 8. Player packing components protect the player during shipping from

factory to consumer’s home.

water lines were included. Analysis
during the soft tooling phase related to
areas such as shrink relative to gate
function, runner systems and gates in-

volved in system balance ot multiple

cavity tools, resin flow, press size, and
vents. Approximately 85 soft tools were

designed, fabricated and used to

produce the several prototype and
engineering pilot runs of the SFT100
VideaDisc player.

The extensive information gained
was then transferred to the part and
tool vendor. In many cases, the part
vendor experimented with the original
soft tools in order to satisly his own
concerns. In all cases, a very close
working relationship with all parties
was attempted

During the hard tooling phase,
Engineering requested copies of all
tool designs. The soft tooling ex-
perience could then be used to predict
the results of any part gecmetry
changes. In addition, last minute
changes could be rapidly implemented
since the intimate details of the mold
were known. An example of this would
be theintrusion of a newly added detail
into a water cavity. These problems
were avoided early on. Of the ap-
proximately 70 hard tools that were
designed and fabricated, only three
caused initial start-up problems. These
problems, however, were correctedina
reasonable amount of time
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The VideoDisc groove -riding

stylus cartridge

The stylus cartridge is an ingenious combination of human,
electrical, mechanical and material engineering that meets
demanding requirements on the microscopic and

macroscopic levels.

Abstract: The authors describe re-
quirements of the RCA VideoDisc car-
tridge. The VDC-3 Stylus Cartridge is
given as a means to satisfy these
requirements. A detailed description of
each part or assembly is provided.
Since mass is an “enemy"” in the
dynamic assembly, the minute
dimensions and forces are conveyed to
the reader in laymen's terms. The ac-
tual diamond stylus and its production
control are treated in depth.

The function

The "SelectaVision” VideoDisc System
requires a capacitive sensing element
in continual intimate contact with a
spiral groove of the plastic disc. The
sensing element must maintain, on a
micro level, the intimate groove con-
tact with spacing that is less than a
wavelength of visible light. Con-
currently, on the macro level, the entire
groove and sensing element must ex-
perience excursions approximately
500 times that, in both lateral and
vertical directions. In order to compen-
sate for these excursions, and for other
reasons, means must be included to
move the sensing element in an analog
manner both down agroove and across

Reprint 26-9-5
Final manuscript received June 25, 1981
<1981 RCA Corporation

26

grooves. A final requirement is that the
customer be able to replace the sens-
ing element without adjustment; thatis,
the cartridges must be player
interchangeable.

The pickup means

Figure 1isanexploded view of the RCA
VideoDisc signal pickup means, a
VDC-3 Stylus Cartridge. it contains a
variety of materials configured in a
unique manner, assembled with mass
production methods. The assembly
uses only three types of fasteners:
adhesives, solder, and one rivet. There
are three precision plastic moldings. A
stamped flat mylar sheet is provided as
a customer handle to be grasped dur-
ing replacement procedures. A rubber
assembly is used that comprises two
rubber types, an aluminum tube, and
soft-iron plate. Two springs are used.
One is a wire form, while the other is a
photo-etched conductive flat spring. A
gold-plated tubular rivet serves as an
electrical contact and reference point.
The tiny skipper magnet, which
responds to fields from small elec-
tromagnets in the player, provides a
means for control of the lateral position
of the diamond stylus so that it can be
made to jump one or more grooves in
either forward orreverse direction. The
last item, the diamond styius, encom-
passes a vast amount of technology in

both its microscopic shaping and its
conductive coating (the capacitive
sensing element). Due to its impor-
tance, the latter part of this article will
deal with it in depth.

The plastic moldings

The largest plastic part, of course, is
the case. This is a protective housing
for the entire pickup arm and stylus. it
must protect during manufacture,
handling, shipment, and installation.
When installed, it establishes the
global reference for the stylus with
three basic points. These reference
points are triangularly spaced with two
widely separated points at the rear and
a central point at the front. The iateral
case referencing is supplied by two
walls at the front and a groove at the
rear. The two holes in the top are used
during machine handling for stylus
micro-faceting. Later, the flat mylar
customer handle fits into these holes.

An expandable socket receives the
plastic cartridge ball. The ball-socket
affords an infinite combination of
three-axes rotation for the upper
termination of the conductive spring,
the flylead. This is the factory adjust-
ment that determines the exact lateral
and vertical forces that the stylus will
exert on the disc’'s groove walls.

The third plastic part is the stylus
holder. It mounts the diamond to the
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Fig. 1. Cartridge Assembly (exploded view). In the cartridge
assembly, the case is simply pressed onto the previously
assembled ball, pickup arm assembly, and stretched sus-
pension. The arm clamping spring is pushed in to retain the
stylus in a protected position. Ball adjustment within its socket

test.

provides the final positioning of the stylus tip, as dictated by

pickup arm, terminates the lower end
of the flylead, provides electrical and
mechanical isolation, and mounts the
skipper magnet.

The rubber assembly

The pickup arm and plate assembly
uses two rubber types to bond the
aluminum pickup-arm tube to the soft
iron latch plate and provide a con-
venient means of attachment within the
case. The rubber compound and shape
was designed to damp pickup arm
vibrations, minimize lateral, vertical,
and rotational forces, while main-
taining axial stiffness. Any lateral and
vertical stiffness here can adversely
affect the stylus-groove wall forces as
the stylus follows a non-planar and
non-circular groove. The axial
rotational forces must be controlled for
precise groove “skipping.” As the
stylus rides over occasional

microscopic imperfections in the
groove, sharp impulses are imparted to
the pickup arm system. The rubber
quickly damps out the resultant
vibrations.

The aluminum pickup arm itself is a
hollow tube with wall thickness less
than half that of acommon human hair.
This material configuration has a very
high strength-to-mass ratio. When the
cartridge is installed in a player, the
soft-iron latch plate is magnetically
coupled to the axial transducer. Player
electronics drives the transducer,
which imparts axial movement to the
pickup arm and finally results in stylus
motion along the groove. This pushing
and pulling of the stylus within a
groove occurs many times during each
disc revolution. The entire motion is
transmitted through the rubber on its
way to the stylus.

Another rubber suspension main-
tains registration of the pickup arm

Hackett/Taylor: The VideoDisc groove-riding stylus cartridge

the flylead orientation. This “force and bias adjustment”
determines the nominal stylus-groove wall forces. After
micro-machining the keel shape onto the stylus tip, the han-
dle is inserted to complete the assembly, ready for electrical

assembly within the cartridge case
before installation into a player. It is
molded to the latch plate at its center
and stretched taut into cartridge
pockets.

The springs

The aforementioned flylead spring is a
critical electromechanical member.
Beryllium copper was chosen for its
electrical conductivity and high
mechanical yield strength and elastic
modulus. This member is the electrical
link from the stylus electrode to player
electronics. It also provides the
mechanical spring force of the stylus-
groove-wall tracking force. This force
is roughly one-tenth that of a high
quality audio stylus. It would take ten of
these springs stacked one upon
another to equal the thicknessof a U.S.
doltar bill. The basic “C" shape and part
configuration was chosen to fulfill the
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The flylead spring design

Second only to the stylus itself, the
flylead is critical to the functioning of
the stylus cartridge system. This thin
(five VideoDisc-grooves thick) photo-
etched flat metal spring is deflected
into a unique “C" shape to force the
stylus into the grooves. The orienta-
tion of the upper end of the flylead is
the only assembly adjustment within
the cartridge. The vertical and lateral
spring rate of the stylus tip is largely
determined by the flylead. Its stiffness
is an order of magnitude greater than
the other compliant member, the
rubber tailpost coupling the
aluminum tube to the magnetic latch
plate. The flylead length is critical in
that it is a section of an electrically
self-resonant conductor at 915 MHz.

Extensive computer studies led to
the design of the flylead with com-
pliant sections near each end. This
was a significant stylus tracking im-
provement in that it allowed a three-
times reduction in side force
produced by a given lateral displace-
ment. It thus is more compliant
laterally and yet still supplies the
vertical force required within the fixed
electrical length restraint.

electrical and mechanical restraints.

The cartridge clamp spring is a
wireform that restrains the pickup arm
within the case prior to player installa-
tion. It is easily inserted into an
assembled cartridge and yet easily
released by a player.

The rivet

The only rivet in the cartridge is the
electromechanical link of the fiylead to
the player electronics. The flylead is
first soldered to it and then is
mechanically staked into the cartridge
ball. The gold coating assures a low-
resistance electrical contact. This con-
tact provides the front elevation
reference for the entire cartridge.

The magnet

The skipper magnet is bonded into the
stylus holder such that, in the player, it
is situated between two air-core coils.
When the coils are activated by a
current, the electromagnetic field in-
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Fig. 2. Stylus tip. This is a scanning
electron microscope photograph of
the stylus tip magnified 9000 times.
The tip of the stylus that plays the disc
is too small to be seen with an optical
microscope and must be observed
using the higher magnification of a

sophisticated scanning electron
microscope. The metal electrode
coated on the diamond surface is
used as one side of the capacitance
pickup of the VideoDisc signal with
the conductive disc used as the
second side. Sophisticated

metallurgical techniques ensure that
the diamond and metal electrode
wear rates result in an equilibrium
that maintains some stepback of the
electrode from the diamond tip (the
stylus shown here has not yet played
adisc, thus, no stepback isapparent).
If the electrode is flush to the dia-
mond, noise can be introduced to the
system. On the contrary, if the metal
electrode is stepped back from the
diamond excessively, loss of signal
will occur.

teracts with the skipper magnet to exert
a lateral force on the dynamic stylus.
The magnet is then a means to pull the
stylus out of a given groove, on com-
mand. The player electronics issues
these commands for, in response to
customer activated controls, forward
and reverse visual scans in addition to
automatically clearing occasional
repeating grooves.

The stylus

The stylus capacitance pickup is
achieved by a metal coating on the
diamond trailing surface. This metal
coating, that is, the electrode, is about
2000-angstroms thick. The metal is
coated onto the diamond surface using
vacuum deposition. The diamond final
tip geometry (Figs. 2 and 3) is
machined after the electrode is
applied. The resulting keel geometry
includes a shoe that resembles a boat
prow that plows debris out of the disc
groove ahead of the electrode.

The diamond shoe is long enough to
cover several of the longest disc-

recorded wavelengths and thus rides
smoothly on the crests formed by these
signais. The recorded signals below
the stylus are transferred to the stylus
as capacitance variations. As the stylus
tip plays the disc surface, diamond and
metal are eroded away at a very slow
rate, which results in a very long stylus
wear life. In order to achieve wear of the
metal film without chipping or flaking,
the metal film properties must be con-
trolled in a very precise manner.

In order to control the metal film
precisely, a number of quality control
tests are performed. These include
control of the metal thickness, resistivi-
ty, adhesion to the diamond, con-
tamination particle size and density,
and the metal film elemental makeup
and contamination. Surface particle
contamination is controlled by optical
microscopy such that the probability of
a contaminating particle being
anywhere on the tip is less than 0.2
percent. Metal thickness, which affects
signal pickup, is controlled to within
+ 25 percent by a metal etching tech-
nique and use of an interferometer.
Resistivity is monitored for consisten-
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cy using a four-point probe technique.
Four contacts are made to the metal
surface. Current flows through the out-
side two contacts and the resulting
voltage drop between the two inner
contacts is measured. The resulting
sheet resistance for the film can then
be calculated. Adhesion of the metal to
the diamond surface is measured by a
“scratch test” technique. The metal
film is scratched away from the dia-
mond with another diamond. Only a
“clean” scratch without metal flaking is
allowed; that is, no bare diamond
should be visible except at the contact
line.

Relative film thicknesses and
elemental constituents of the electrode
are measured by an electron
microprobe technique. The metal is
bombarded by high energy electrons.
The numbers and energies of the
resulting x-rays are measured to
determine a relative metal thickness
and the elements present. The ion
microprobe technique uses high
energy ions to sputter off secondary
ions from the surface of the sample.
The secondary ions are collected and
analyzed by a mass spectrometer to
determine the elements present. Since
this technique is used to essentially
bore through the sample, the elements
present and relative concentrations
can be determined as a function of
depth into the sample. The important
parameters monitored with these tech-
niques include oxygen and nitrogen
contamination levels.

Conclusion

The “SelectaVision” VideoDisc system
places a myriad of demands upon the
stylus cartridge. The cartridge is the
tirst critical building block in reproduc-
ing a TV picture from recorded signals
in a VideoDisc. As an electrical
capacitor, the edge electrode is of
foremost importance. The mechanical
framework constitutes and maintains
the intimate electrode-groove dynamic
relationship. The various materials en-
sure reliability and a degree of
environmental immunity for the
functions. The human factor is con-
sidered because, after prolonged
usage, the customer may want to
replace the stylus, without adjustment.
The VDC-3 groove-riding stylus car-
tridge represents a significant achieve-
ment.

oN
<X
<O
o SHOE
ELECTRODE
" STEPBACK
DIAMOND
METAL

Fig. 3. Stylus tip. This inverted view
of the stylus tip shows the shoe that
rides in the disc groove. The boat-
prow shape of the shoe plows debris

out of the disc grooves. The trailing
metal coating is the capacitance
pickup means.

\

Charles Hackett joined RCA as a Member
Engineering Staft, “SelectaVision”
VideoDisc Operations at Indianapolis in the
spring of 1979. His responsibilities within
the Stylus Cartridge Design group are main-
ly the diamond tip configuration and
metallization specification. His additional
tasks have been to analyze stylus failure and
to understand stylus/disc interface
problems.

Contact him at:

Consumer Electronics Division

Indianapolis, Ind.

TACNET: 426-3247

Hackett/Taylor: The VideoDisc groove-riding stylus cartridge

TAEYS
¥

B.K. Taylor is Member Engineering Staff,
“SelectaVision™” VideoDisc Operations, in-
dianapolis, where he is responsible for the
stylus cartridge design dynamics within the
Stylus Cartridge Design group. He joined
RCA's New Products Engineering area in
Indianapolis in 1969. After first aiding
design on the RCA holotpae laser player and
the Indianapolis recording facility, he has
been continuously involved with player
design of the VideoDisc system. He current-
ly holds six U.S. patents, ali relating to
VideoDisc.

Contact him at:

Consumer Electronics Division
Indianapolis, Ind.

TACNET: 426-3364

29




K.C. Kelleher|G.D. Pyles|M.C. Stewart

The VideoDisc signal retrieval system

Complex, interrelated systems convert the information on
the disc into a useable electrical signal from which audio,
video, and control information can be culled.

Abstract: /ncluded in the Video Dise signal
retrieval system are the pickup housing
assembly and associated support circuitry
on the PW SO0 control board as well as the
pickup housing drive motor and gear
assemblyv. The tasks of this system involve
positioning the stylus in the proper groove
and transporting it radially as the disc is
plaved, providing correction for time-base
errors and tracking defects, providing for
controlled groove skipping for special
effects, and converting the stylus-to-dise
capacity variations into electrical signals
that can be processed to recover the
recorded information.

Mechanical description of
the pickup housing assembly

The VDH-3 pickup housing assembly
provides the means to accurately locate
and house the stylus  cartridge in
relationship to the player turntable. Italso
contains  the electronics  (stripline
resonator/oscillator and preamplifier) for
the initial processing and generation of the
signal that the stylus generates in conjunc-
tion with the disc.

The stylus lifter. transducer (arm-
stretcher). skipper coils, servo sensors,
radiation shielding. cartridge cover. caddy
pushback mechanism, drive-gear rack and
the mounting/drive bracket are included in
this assembly.

VDH-3 pickup housing assembly

Figure 1 shows the relative locations of the
components  of  this  assembly.  This
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assembly is composed of various materials
and processes selected with manufacture,
reliability. serviceability, and performance
as the uppermost considerations,

Due to  stringent  FCC  emission
requirements, the stripline
resonator/ oscillator is factory aligned and
is not field serviceable. The stylus lifter,
transducer, preamplifier, pushback
mechanism and drive-gear rack are field
serviceable. The pickup housing assembly
is replaced as a unit if the other service is
required.

F'o maintain  the critical
perpendicularity-parallelism  parameters
between the cartridge and the disc. these
adjustments are also made at the factory
and are not field serviceable. The
assembled pickup housing is placed in a
fixture,  simulating  the  mechanism
mounting points. The adjustments are
made by means of an eccentric roller and
the adjustable mounting bracket. The
pickup housing assembly is then mated to
any player mechanism that has had the
turntable located by “fixturing” to the
same  common  mechanism  mounting
points. The final height relationship
between the pickup housing assembly and
the disc (turntable) is achieved by vertical
adjustment of the player turntable. A field-
service gauge is available to maintain this
height during mechanism service.

Housing

The housing is a thin-wall zinc die
casting — underplated with copper  for
conductivity. A cadmium overplate
protects the copper from oxidation and
provides adequate solderability. The hous-
ing is configured to provide separate
shielded areas for the stripline
resonator/oscillator.  preamplifier  and

stylus cartridge. FCC spurious harmonic
emission requirements dictate the use of
feed-through capacitors and close-fitting
shields over the electronics and cartridge
areas,

Resonator board

The resonator board is held in the housing
at the cartridge end by a molded plastic
support. The material for this block was
chosen for its diclectric properties. The
resonator board is soldered directly to the
housing casting at critical grounding
points. The resonator  board/support
assembly is fixtured to the casting during
assembly and then becomes one of the
reference points for housing alignment on
the player.

Cartridge area

I'he integrity of the height location of the
stylus cartridge in the housing is assured by
close dimensional control of the height
relationship between the mating contact
rivet on the resonator board/support
assembly and the two rear-cartridge
mounting surfaces in the pickup housing.
I'he contact end of the stylus cartridge is
received by close-fitting vertical surfaces
on the previously “fixtured” resonator
support. while the rear of the cartridge is
received by a locating rail in the housing
casting. By this method., the lateral and the
front-to-back location of the stylus car-
tridge to the housing is maintained.

Transducer

The locating rail also holds the transducer
in a side-to-side relationship with the
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Fig. 1. The pickup housing assembly, Model VDH-3. The pickup housing

assembly measures 14-inches long by 1-inch high by 6-inches wide at the driven

end, and weighs 1.5 pounds. The functions of this assembly, while similar to a

conventional audio tone arm, are varied and complex. In addition to housing the

stylus cartridge and providing the proper reference planes between the cartridge
and the disc as on a conventional audio tone arm, this assembly houses: the
mechanism for time-base error correction; the coils used for locked groove
correction and visual search; the mechanism used for stylus lifting and set down;
the electronics for initial signai retrieval and processing; the mechanism for return

to start of play by the caddy; and the drive-gear rack for powering the housing

assembly during play.

cartridge. The transducer is held against
the locating rail by a bias spring between
the pickup housing and the transducer
body. Since the transducer must be free to
move fore and aft. this spring cancels any
excessive “play™ between the rail and the
transducer. The transducer is held against
the rear of the cartridge by a coil spring
exerting a nominal 1-ib, force. This force
ensures that the cartridge properly contacts
the resonator support.

The transducer vertical movement inthe
housing is limited by the adjustment of two
ball-ended self-locking screws, lightly bear-
ing on opposite side tlanges of the
transducer housing. A stamped steel cover
over the transducer also serves asa receiver
for the cartridge cover latch. A beryllium-
copper shield under this cover aids in RF|
suppression.

The transducer corrects time-base errors
caused by vertical and lateral runout of the
disc. Itis a lincar actuator that extends or
retracts the stylus arm to maintain a
constant groove velocity. This device con-
sists of i stationary magnet structure with a
moving coil. The coil is mounted on a pair

of silicone  rubber diaphragms.  The
diaphragms  determine  the  natural
resonance ol the device. A permanent
magnet Jatch attached to the coil connects
the lincar actuator to the stylus-arm plate.

The transducers are tested  during
assembly for resonant frequency., sensitivi-
ty at resonance, sensitivity at 7.5 Hz. and
smooth response (phase lag)up to 2.5kHz.

Cartridge cover

The stamped steel cartridge cover. when
closed and latched. applies a spring force
downward and toward the resonator
block. The cartridge cover, when closed,
also releases the stylus handling/shipping
clamp spring by means of an integral tab
formed in the cover. A beryllium-copper
shicld attached to the underside of the
cover further contains REL by spring con-
tact along the top edges of the housing
casting. The cartridge cover, when opened.
uncouples the transducer from the car-
tridge by use of a connecting wire-form link
for casy cartridge replacement.
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Stylus lifter

The fanction of the stylus lifter is to lower
and raise the stylus from the disc as
required by the plaver mechanism for
pause. start of play. end of play. stylus
cleaning. and rapid scarch.

This device consists of a stationary coil.
and a moving magnet attached to a spring
lever that acts on the stylus pickup arm
tube. In the up position, the magnet is held
inside the coil by the spring lever. Upon
application ot the proper voltage. the
magnet is repelled from the coil at a lincar
rate. allowing the stvlus to descend. This
set-down rate is determined by the spring
rate of the lever and the applied voltage.
The styvlus lifter is tested. during assembly
to the pickup housing, for smoothness ol
operation and full downward excursion.

Skipper coils

The skipper coils are used to apply the
proper lateral inlluence to the skipper
magnet located on the stylus arm tube to
clear malfunctions that may occur because
of minute disc defects. The skipper coils are
also used Tor forward and reverse visual
scanning,

This device is composed of two smallair-
core coils in the pickup housing. mounted
on either side of the aforementioned per-
magnet on the arm tube. The
operational signal is received from the
plaver clectronies and provides a typical
displacement ol two grooves per pulse.

mancnt

Servo sensors

I'he servo sensors consist of two varace-
tor resistor devices located at the nose of
the resonator mounting block. When the
stylus cartridge is installed. the stylus
tlviead is located between opposing leads
on  these devices.  Differences  in
capacitance between cich of these sensors
and the cartridge flvlead are detected and
compared. This allows the entire pickup
housing assembly to be displaced. as re-
quired, to maintain the true clectrical and
mechanical centers of the stylus. Spacing
and attitude of the sensor leads in
relationship to the cartridge flvlead are
critical. Therefore, this assembly is “fix-
tured™ to ensure aceuracy.

Electromechanical
control systems
Stylus lifter

Current through the stylus-lifter solenoid is
controlled by the system microprocessor
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DIRECTION

KICK PULSE GENERATOR

Fig. 2. The triangular pulse is produced by a ramp generator in the stylus kicker
circuit. The amplitude of the pulse is dependent on the width of the control pulse
from the microcomputer. A direction control line, aiso from the computer, steers
the pulse into either the inverting or noninverting input of an operational
amplifier, to produce a pulse of the proper polarity for the desired direction of
stylus movement. A high-current buffer stage drives the skipper coils in the arm

assembly.

and two mechanism switches. In the play
mode. a control line from the processor
causes the lifter circuit to raise and lower
the stylus at controlied rates. Careful
studies have shown that a rate that is too
tast or too slow can result in damage to the
disc or stylus. In addition, during caddy
withdrawal, the stylus is lowered onto a
special pad for cleaning by a mechanism
switch, Another switch provides reverse
current through the coil in the load mode.
to assist the spring in holding the stylus up
inside the arm through the mechanical
shocks of the pushback operation.

Groove skipping system

Any defect or particle of foreign material
on the disc surface that causes the stylus to
skip outward to a previously played groove
can cause a small segment of the disc to be
repeated indefinitely if no corrective action
is taken. When such a condition occurs on
an audio phonograph, the listener must
normally move the arm ahead manually.
Because of the microscopic size of the
VideoDise grooves, defects large enough to
cause skipping are more likely to occur, It
is highly desirable to have a means
available to clear defects automatically.
The stylus skipping system is the primary
means for correcting such tracking defects.

The system control microcomputer
monitors the field identification number,
which is recorded along with the video and
audio information during the vertical inter-
val. A skip. either forward or reverse, can
immediately be detected by a change in the
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field number sequence. When a reverse
skip is detected. the processor generates a
stylus kick pulse that is shaped by the
kicker circuits and fed to the coils in the
pickup housing assembly (Fig. 2). These
coils act on a small magnet on the stylus
arm and cause a forward kick of two
grooves, which moves the stylus to the
groove beyond the defect. The entire
process oceurs in less than a thirticth ot a
second and is normally imperceptible to
the viewer,

The current pulse delivered to  the
skipper cotls is roughly triangular and has
an energy content determined by the
microcomputer, which controls the width
ol the pulse. This control capability enables
the system to compensate for several
variables that aftect the number of grooves
skipped by the stylus. The computer can
also generate reverse skips of one or two
grooves for special effects such as a
“groove-repeat”™ mode or visual search.

The dynamics of the stylus skip are quite
complex and dependent upon a surprising
number of interacting forces. The basic
mechanism involves a rotation of the stylus
assembly about the diamond tip during the
slow rise time of the pulse that moves the
center of mass of the stylus assembly to a
position over the target groove. A sudden
reversal of the torque then causes the stylus
to snap back to a vertical position. This
movement is resisted by the inertia of the
stylus assembly. As a result. the rotation is
primarily about the center of mass and the
tip is pulled tfrom the original groove and
ends up below the center of mass  in the
target groove.

Pickup housing servo system

The pickup arm on an audio turntable is
normally mounted on a low-friction pivot
and guided across the disc by the force
exerted on the stylus by the groove walls. In
the VideoDisc player. this is not practical
for several reasons. For example, the
pickup arm is considerably heavier due to
the circuitry and various mechanical
transducers that must be present, the re-
quirements for stylus tracking are much
more exacting, and the side force available
from the groove walls is extremely small.
For these reasons, the pickup arm is
mounted on a guide rail and driven across
the disc by its own motor. The motor is
controlled by a servo system that responds
to the position of the stylus flylead relative
to the pickup housing. such that the proper
arm position is maintained (Fig. 3). Thus,
the pickup arm follows the stylus as it
moves across the disc.

Constraints on the Servo Svstem. The
VDC3 stylus/cartridge has an upper limit
of about a 0.5 mg;mil spring constant
laterally as the stylus is displaced from its
relaxed (zero side force) position. Under
ideal conditions the stylus could operate at
about 30 mils off center, but registration
errors between the relaxed flylead position
and the arm-housing centerline reduce the
practical range to about £ 20 mils.

Since the arm servo is not fast enough to
follow disc TIR, which occurs at a 7.5-H/
rate, the centering performance must be
such that the stylus remains within 20 mils
of the arm centerline while experiencing a
side-to-side movement of about 10 mils p-
p. Thus. the average error should not
exceed 15 mils (0.015 inch) under any
operating conditions,

Control and Drive Circuitry. Any dis-
placement of the stylus flylead from the
arm centerline is detected by the stylus
position-sensing system (sce box). which
produces a DC voltage proportional to the
positioning error. This error signal is first
passed through a low-pass filter that is
essentially an integrator.

This provides a very high loop gain at
DC and forces the average error to be
extremely small. Since the slew rate of the
integrator is slow, a clamp is included to
hoid the output near its nominal value
when the loop is opened by the lifting of the
styvlus. This allows a fast recovery when the
loop is closed again,

The integrator output is then fed to a
bridge-type amplifier that drives the DC
permanent-magnet motor. For reasons to
be discussed later, only one side of the
bridge is active in any player mode and the
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other is essentially a low-impedance
ground. Transistors on the noninverting
inputs to the bridge amphitiers “turn oft™
the outputs. In anv motor-stop mode, both
amplifiers aare turned oft to provide
dynamic braking. Another switching
transistor is active whenever the stylus is
raised and causes either side of the bridge
which is not disabled to produce maximum
voltage for rapid access. These switches are
controlled by the microcomputer.

Another control line. the defect exit line.
is used by the processor in the play mode it
a disc defect isencountered that 1s so severe
that normal Kicking will not work. A low
voltage on this line causes the servo to
move the arm housing forward until a large
enough side force is available to force the
stylus to kick through the defect.

Performance and Stabilii
Considerations. A fully lincar
bidirectional servo system could provide
very accurate centering and even correct
for TIR by moving the pickup arm back
and forth at a 7.5-Hz rate in response to the
position-error signal. Unfortunately. this
would require a reduction-gear assembly
with very tightly controlled backlash and a
high-pertormance motor. Both are un-
necessarily expensive in this application.
The compliant tlylead and groove guidance
of the stylusallow proper operation as long
as the average position of the stylus is
within 10 mils ot the electrical center of the
arm.

The pear-reduction assembly used s
constructed of low-cost plastic parts and
can have backlash that is much larger than
the distances involved in arm positioning.
11 the motor were allowed to run in both
directions. this would cause a nonlinear
variation in loop gain that would make
stability ditficult to achieve. Consequently.
the motor 1s limited to movement in one
direction at a time.

T'he position error signal normally has a
FR-induced 7.5-Hz component that is
much larger than the DC error. As a result
of the one-directional motor drive. this AC
component is effectively rectified and
motor conduction occurs only during some
portion of the positive halt cycle ol the
error signal. This process results in a
nonlinear gain factor that 1s dependent on
the amount of TIR in a given disc and
turntabie combination. The induced loop-
gain variation can be as much as L8 dB.
Maximum gain occurs with minimum
TIR. Fortunately. the allowable position-
ing error can be larger when TIR is very
small. Therefore. in this maximum gain
condition. the loop is allowed to become
shightly unstable. Because of the one-
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Fig. 3. Stylus position sensing.

The basic input to the servo
system is an error signal that
relates the position of the
stylus flylead to the
centerline of the arm. This
position is detected by two
sensors, an either side of the
flylead, that are capacitively
coupled to the flylead and
coupled to ground by varac-
tors. The capacitance of the
varactors is modulated at a
260-kHz rate, but in opposite
polarities. Thus, a capacitive
load on the flylead is es-
tablished This load is
parallel with the disc-to-stylus

capacity, and is detected by
the pickup circuitry as an
additional signal component.
When the flylead is elec-
trically equidistant from the
two sensors, the 260-kHz
variations cancel out. As it
moves away from this elec-
trical center, a 260-kHz com-
ponent appears on the arm
output having the polarity of
the nearest sensor and an
amplitude related to the dis-
tance from the electrical
center. Synchronous detec-
tion of this signal by the
original 260-kHz source

produces a DC error signal
proportional to the distance
from electrical center. This
sensing systemis quite linear
and has a transfer gain of
about 50 mV/mil.

The use of opposing sen-
sors tends to cancel out most
of the temperature variations
and provide a very stable
electrical center. The
tolerancesinvolvedin setting
the electrical center to a point
matching the mechanical
centerline of the arm,
however, can lead to an error
of + 10 mils.

directional drive. the instability takes the
torm of a start-stop operation of the motor
at about a 1-Hz rate and the peak-to-peak
cerror produced is much less than the
normal TIR error

The gear backlash comes into play when
the direction of movement is reversed. The
worst case 18 a change from normal play to
visual seareh reverse. The stylusis kicked in
areverse direction at 16 times normal speed
but the arm housing cannot fotlow it until
the motor has unwound the backlash. This
results in a temporary positioning error
which. if it exceeds 10 mils, can resultin a
momentary jerkiness in the search pertor-
mance. In the current design. the max-
imum reversing error is held to about 4
mils.  This  represents  the  worst-case
positioning error of the system.

Arm-stretcher transducer

Operation ol the time-base correction
system 1s discussed in detail in another
article (sce page 64). The transducer serves
to move the stylus tangentially along the
groove to compensate for errors in the
relative disc-to-stylus velocity caused by
TIR. warp. and vibration. The transducer
is  essentially  a  permanent  magnet
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loudspeaker movement that is mechanical-
ly adapted tor coupling to the stylus
assembly.

Limitations. The transducer char-
acteristics are not the imiting factors in the
bandwidth of the time-base correction
system. Other factors limit this to about
200 Hz. The main limitation imposed by
the transducer 1s a maximum excursion of
about 20 muls p-p. This excursion is ade-
quate tor use in this player

Signal recovery circuits

the approach of converting the small
change 1n capacity (10 ‘pF) at the stylus
and disc interface to a corresponding
change ol trequency resonance has proved
to be an efficient and practical means of
signal detection. This approach was chosen
for implementaton in the VideoDisc
player.

Figure 4 is a block diagram of the signal
retrieval system built into the pickup arm
housing. The circuits designed to perform
the indicated tunctions are constructed on
two printed circuit boards. The separate
boards and functions are as noted by the
dashed lines. These circuit boards have
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capacitance to corresponding changes in frequency resonance.

Fig. 5. Resonator board, copper view. Circuits designed to perform the resonator
and preamplifier functions, indicated in the signal retrieval system biock diagram,
are constructed on two printed-circuit boards.

been dubbed the Resonator and the
Preamplifier and will be referred to as such
in the following discussions.

Resonator

I'he resonator circuit board contains the
functions. 915-M U2z oscillator, 907-M 1/
resonant circuit, part of AF1T (automatic
frequency tuning) and detector. The circuit
is printed on one-sided copper glass-filled
" Teflon 0.031-inch board. The choice of
material will be discussed later. Board size
is 1.4 in. by 2.9 in. Printed circuit board
design and construction was chosen for the
well-known reasons relative to any circuit
but the essential accuracy and repeatability
required for stripline parameters were
paramount in the choice. Furthermore,
these essentials can be maintained in mass
production processes. The completed
board is tested and then installed in a
partitioned cavity in the arm housing by
soldering to strategic points on the copper
pattern. Figure S is a photo of the copper
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side of a completed board. Figure 6 is a
schematic of the circuit.

Resonant line and detector

The concept of a capacitance, with a fixed
and variable component. existing at the
stvlus electrode and disc interface. is well-
developed and documented. The small
variable component is consistent with the
signals encoded in the disc. The conversion
technique used in the VDH-3 pickup
assembly evolved from development work
formulatinga high-frequency. high- Qreso-
nant circuit as an effective means for
converting A C to A}, Further develop-
ment work resulted in the stripline reso-
nant circuit used in the VDH-3 resonator
circuit.

The mechanism of conversion is slope
detection. Detection is achieved by using
the off-resonance slope characteristics of a
resonant circuit. The transmission line plus
cartridge flylead. varactor diode and stylus
electrode capacity in combination make up

a resonant circuit at approximately 907
MH.. The small change in capacitance
(10 ‘pF) at the stylus electrode due to
interaction with the disc-encoded signal
clements cause a shift in resonance at the
encoded signal rate. Energy from a fixed
915-MHz oscillator is coupled via the
resonant circuit to a detector loop. The
characteristics of the resonant circuit and
the operating point on the universal
resonance curve determine the
proportional energy coupled to a detector
diode. The sensitivity of the resonance to
A Ctransforms a change in energy to the
detector at the signal rate. Figure 7 is a
representation of A (-to-\ } conversions.
A filter in the detector output stores the
peak value of the 915-MHz voltage to the
detector. This value corresponds to an
operating point on the resonant curve and
is used to provide control information to
an automated frequency tuning circuit that
will be discussed later. Also present at the
detector output, are the desired signal
components. They are much lower in
frequency than the 915-MHz switching
frequency and are passed as an output.
Figure 4 exaggerates the amplitude
relations of the 915-MHz frequency and
the signal components. The DC term,
resulting from rectification and filtering of
915 MHuz. is:
Vo= 1,8 ()
where 17, is peak voltage at resonance and 8
is a factor depending on the point of
operation off resonance. These are 3.3 volts
and 0.52 respectively in the design., yielding
a bpot 1.72 volts. The signal terminvolves
the parameters of the circuit and system
that must be optimized within constraints
to maximize output level and response.
The choice of parameters and constraints
will be discussed later. The signal at the
detector in terms of the foregoing is:

Vsn = Q
2 C

where Q = Freq./3dB B.W.. }} is peak
voltage at resonance, a is a proportional
constant depending on the operating point
oft resonance and equals 0.43 in the design,
Cis fixed or stray capacitance of electrode
and flylead, AC is the previously
mentioned principal element in conver-
sion. For the circuit as designed. these
particulars are typically: @ = 55, AC=
1x10 *pF.C=0.5pF.}, =33 volts. a =
0.43. From these, a recovered signal }sp
at the detector output typically equals 7.8
mV peak-to-peak. This signal plus the DC
level are present at the detector load.

ACY ) o (2)
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Fig. 6. Resonator schematic. Energy from a fixed 915-MHz oscillator is coupled, via the resonant circuit. to
detector loop. The sensitivity of the resonance change in capacitance transforms a change in energy to the

detector at the signal rate.

Referring to the Fig. 6 schematic. an
emitter follower provides isolation and a
low driving source from the detector-to-
resonator output (preamp input).

The detector diode is a Schottky-barrier
diode. selected tor the low noise and good
detection sensitivity it offers. The part is
specified for a low-leakage current and
reverse-bias capacity to minimize degrada-
tion of Q for the resonant system.

915-MHz oscillator

The 915-MH7 source to provide excitation
for the resonant line is constructed on the
same printed circuit board. With reference
to the Fig. 6 schematic, the oscillator
circuit 1s Q202 and associated components.
The transistor is a silicon epitaxial device
commonly used in UHF tuners. Circuit
configuration is common base with the
tuned circuit in the collector. A stripline
with capacitance end load is the 915-MH/.
resonant circuit. Part of the capacitance is
variable to adjust the oscillator precisely to
915 MH /.

An intermediate stripline loop is tightly
coupled to the oscillator stripline but
loosely coupled to the resonant line and
detector. This loop is primarily a means to
get energy from the oscillator to the reso-
nant line, necessitated by the practical
layout of the overall copper pattern. Only a
small part of the oscillator power is re-

quired at the stylus capacitance, theretore,
the atforded loose coupling minimizes the
effect of the resonant line on the oscillator
stability and noise.

Resonator adjustments

The only factory adjustments to the
resonator are two in the oscillator circuit,

Variable resistor R207 in the emitter of

Q202 sets the power in the oscillator as
measured at the detector output by ob-
taining desired peak voltage (},) while
sweeping the resonant line around 915
MH/. Variable capacitor €209 accurately
adjusts the oscillator frequency to 915

MH:. These adjustments are factory set
and not field serviceable to ensure com-
pliance with certification requirements.
Varactor diode CR202 in the resonant
line circuit is an automatic control means
of adjusting to a constant operating point
on the resonance curve ( ). A change in
diode capacitance and a  consequent
change in resonance become controlled
parameters as established by the AFT
amplifier on the preamplifier circuit.

Preamplifier

The preamplifier circuit board contains
three  functions: signal amplification:

OPERATING POINT SETS
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automatic frequency tuning: and the tun-
ing search oscillator. The circuit is printed
on a 2.3-by-2.8-inch conventional glass-
filled epoxy printed circuit board. Figure 8
is a schematic of the circuitry on the board.
The signal amplification path is rather
straightforward. Transistors Q901 and
Q902 amplify the AC output of the detec-
tor and provide a low impedance drive
source to the connecting signal processing
clectronics. Voltage gain is 37 = | dB.
The AFT circuit consists of Q903 and
Q904 and the associated components. The
input signal is principally the DC compo-
nent of the detector output. The desired
level of this component is set by resistor
ratio to the base of Q904. Error voltage
from the desired level is amplified. filtered
and fed to the varactor diode by the
resonator AFT connection. The connected
circuit forms a closed loop to maintain the
desired operating point off resonance (1.72
volts as previously mentioned). This AFT
action compensates  for  reasonable
resonator circuit component tolerances but
significantly compensates for the stylus
cartridge parameters that affect resonance:
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for example. flylead length, flylead and/or
stylus fixed capacitance to disc. flylead
position in arm housing, and so on. The
closed-loop response also  passes low-
frequency components caused by
variations of these parameters that may
occur at rates related to rotational speed
due to disc warp and runout.

I'he tuning search oscillator is somewhat
related to the AFT in that it enables the
circuit to recognize the corresponding
point on the opposite side of the resonant
curve that would yield 1.72 volts at the
detector. This point lies on an opposite
slope of the curve (Fig. 7). which yields an
error voltage to the varactor in a relation
that essentially opens the loop. This cor-
responds to an increasing voltage at the
emitter of the Q905 unijunction transistor.
When the voltage reaches the turn-on point
of Q905. C906 at the emitter is discharged
to ground. The low or ground potential to
the varactor adjusts the resonant circuit to
a low frequency and sets the conditions for
the proper slope and operating point to be
detected as C906 charges through R909,
R914 and the AFT loop again becomes

closed. The relaxation oscillator mode of
the entire AFT circuit will continue until
the entire resonant circuit can be properly
adjusted. The search mode of the circuit
sweeps a resonant window somewhat
greater than the approximate 50-MHz
window over which the AFT can accurate-
ly control the resonant circuit. Forcing a
high reference voltage at the base of Q904
will cause a continuous sweeping, and is in
fact, the method used to obtain a peak
injection from the oscillator by factory
adjustment.

Design options and constraints

I'he foregoing has related to the circuitry as
designed for the VIDH-3 pickup housing to
achieve a conversion of A C at the stylus
clectrode to a useable signal at the output.
Regardless of construction. lumped ele-
ment or stripline. the ultimate goal is to
maximize practical performance within the
realistic constraints. A cursory examina-
tion of equation (2). }sp =Q/27A¢/Clpa
suggests the parameter options and con-
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straints. The AC is a constraint with
practical limitations that can be achieved
by the stylus- and disc-encoded signal
properties. C, fixed capacitance, also has
limitations. ¥, must be constrained to a
value that will ensure oscillator frequency
components do not provide excessive
energy to the stylus electrode to cause
destruction. A proportional constant a
must be selected to compensate for non-
linearities in the overall system so as to
provide an overall response with minimum
distortion. It must be selected in accor-
dance with Q. The problem resolves to
obtaining the highest Q possible along with
a proportional constant that will provide a
high output-signal level while maintaining
adequate undistorted signal bandwidth of
approximately 10 MHz.

In the case of a stripline construction, it
can be shown that this resolves to a choice
of characteristic impedance, Zo, of the
transmission line and corresponding
angularlength for resonance. The cartridge
flylead is a large part of this length. A
flylead design providing adequate spring
rate and compliance to properly track the
disc grooves resulted in a Z, of ap-
proximately 300 ohms. Total transmission
line (flylead plus stripline)with this Z,
proved to meet the performance re-
quirements. To achieve consistency in
production, Zo and angular length must be
predictable. Printed copper patterns
definitely can be consistent, but the printed
circuit board material’s 1-GHz properties
become very significant in maintaining Zo
and angular length. The relative dielectric
constant and dielectric losses (loss tangent)
become very important. Glass-filled teflon
boards (with 2.5 % .05and 0.002 dielectrics,
respectively) adequately meet the re-
quirements as opposed to the more
economical conventional glass-filled epoxy
material which proved to be inadequate
and inconsistent at | GHz.
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Performance of recovery circuits

Using a signal injector cartridge, the com-
pleted VDH-3 signal recovery system has a
noise floor of typically —69 dB relative to 1
volt peak-to-peak in a 30-K H7 bandwidth
over a 3-dB response to at least 10 MH..

Kelleher, et al.: The VideoDisc signal retrieval system

Intermodulation products are —60 dB or
better (sidebands of sound carrier on video
carrier). Performance from a carbon-
loaded test disc and typical stylus provides
approximately 700 mV peak-to-peak out-
put of video FM carrier with approximate-
ly 48-dB C/N in a 30-kHz bandwidth.
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J.J. Gibson|F.B. Lang|G.D. Pyles

Nonlinear aperture correction
in the RCA VideoDisc player

What is it and why is it needed?

Nonlinear aperture correction (NLAC) is needed to reduce
nonlinear distortion — sound beats, for example —
generated at the disc-stylus interface.

Abstract: The capacitance pickup system
has nonlinear properties. One conse-
quence is phase modulation of the video
FM carrier by the sound carrier, resulting
in “sound beats™ in the picture. The
mechanism of sound-beat generation and
the principle for sound-beat correction in
the plaver are discussed. The NI.AC
(nonlinear aperture correction) circuit
used in the plaver for sound-beat reduction
is described. With the help of a feedback-
control circuit, the NLAC is adapted 1o
minimize the sound beats.

I'he capacitive stylus used in the RCA
VideoDisc player can resolve a recorded
signal having a wavelength shorter than the
wavelength of light. This remarkable
resolution, whichenables the player to read
discs with an enormous information pack-
ing density, is obtained because the elec-
trode is very thin and because it rides very
close to the surface of the disc. Figure | is
an idealized illustration (to scale) of a
profile cut through the stylus and recorded
video carrier. 1t shows that the wavelength
of the carrier may be as short as 5000 A
(0.5 um), that the peak-to-peak amplitude
of the carrier is about 850 A, and that the
distance from the electrode to the crests of
the carrier is typically 200 A. The electrode.
which is supported on one side by the
diamond stylus, has a thickness that tapers
off from about 2000 A to become very thin
at its closest point to the disc.

Reprint RE-26-9-7
Final manuscript received Aug 10. 1981
<1981 RCA Corporation
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Nonlinear distortion
and the NLAC

The system operates by detecting the
variations in the capacitance between the
electrode and the conductive disc. The
detection system yields an output signal,
from the “arm.” that is proportional to
these capacitance variations. However,
because the electrode rides so close to the
relief pattern recorded in the surface of the
disc. the capacitance does not vary in
proportion to the depth of the recorded
pattern, This is quite obvious, if the stylus-
disc capacitance is simply modeled as a

METAL ELECTRODE

°
850A

CONDUCTIVE DISC

o
5000A

plane-parallel capacitor that has a
capacitance inversely proportional to the
height of the electrode above the disc
surface. For this case, it is clear that when
the electrode rides close to the crests of the
recorded relief signal the relative variations
in this height are large and as a conse-
quence the response is very nonlinear. In
reality, the response of the stylus is more
complex but nevertheless nonlinear,
thereby generating nonlinear distortion
products, which appear in the output from
the arm. The purpose of the nonlinear
aperture corrector (NLAC), which is the
first circuit to process the signal emerging
from the arm. is to reduce this distortion.

DIAMOND

Fig. 1. Profile of stylus and disc along a groove. Recorded video carrier is shown

with its shortest wavelength.
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Sound beats

A particularly disturbing distortion is
“sound beats™ in the picture. which appear
when the 716-kH7z sound carrier in-
advertently appears in the video signal. To
explain how sound beats are caused by the
nonlinear response of the capacitive stylus,
it is necessary to describe the signal
recorded along the grooves of the disc. This
signal consists of the sum of two sinewave
carriers that are frequency modulated, one
by the video signal and the other by the
audio signal. When they are un-
modulated.the nominal frequency of the
video carrier is f, =5 MHz and the nominal
frequency of the audio carrier is f, =716
kHz. A signal consisting of unmodulated
carriers recorded ina groove of the rotating
disc. as seen right under the electrode of the
stylus. can be expressed as

s=Ccosct Acosa, n

where 2C is the peak-to-peak amplitude
(about 850A) of the video carrier, 2 4 is the
peak-to-peak amplitude of the audio
carrier (about 80 A), and ¢ = 2mfu1 + ¢oand
a = 2mf. are the instantaneous phases of
the video and audio carriers,
respectively.  Ata tracking radius of three
inches, which is almost at the inner radius
of the disc that rotates at 450 rpm, the
tracking velocity is v = 3.6 m/s. The
wavelength of the video carrier is A, = v//f;
= (.72 um (7200 A). and the wavelength of
the sound carrier is Ay = v/f, =5 um. Thus,
even at the inner radius, the wavelength of
the sound carrier is much larger than the
resolving aperture of the stylus. [he stylus,
therefore. sees the sound carrier as a slowly
varying bias added to the video carrier.
Figure 2 illustrates the video carrier
under the stylus for two extreme levels of
the sound carrier, that is. a sound-carrier
crest and a sound-carrier valley. The
vertical scale is greatly amplified. At the
sound crest. the capacitance variations
caused by the video carrier will be stronger
than in the sound valley. This results in an
amplitude modulation of the video carrier
by the sound carrier. a harmless distortion
per se since the video carrier later will be
limited before FM  detection. A more
serious distortion is a phase modulation of
the video carrier by the sound carrier
caused by the fact that the diamond on one
side of the electrode has a larger dielectric
constant than the air on the other side. Asa
consequence. the electric field energy is
concentrated on the diamond side causing
the aperture response to be unsymmetrical.
The asymmetry of this aperture depends on
the height of the stylus above the disc.

ELECTRODE DIAMOND
EQUIVALENT
READING
ANGLE
PAST 2A tan8

AT AUDIO
CARRIER
VALLEYS

AT AUDIO CARRIER CRESTS

e
DISC MOTION

FUTURE

Fig. 2. Heuristic explanation of sound beats. Electric field energy concentrated
on the diamond side of the electrode causes an effect very much as if the stylus
were reading the disc at an angle, causing a delay modulation of the video carrier

by the sound carrier.

Overall, the effect is very much as if the
stylus is reading the information on the disc
“at an angle.™

As can be seen from Fig. 2, the effect of
such “angle-reading™ is to delay the video
carrier at the audio crests and advance itin
the audio valleys. The instantaneous phase
of the video carrier leaving the arm is
therefore not “¢™ as it should be, but
¢+ b cos a, where b is the amplitude of the
disturbing phase modulation in radians. It
can be seen from Fig. 2 that for a given
“reading angle™ 6 the peak-to-peak delay
variation is 2.4 tan 6. Consequently, the
amplitude of the phase deviation of the
disturbance is

h=2m kAJA. (2)

where & = tan 6 is the tangent of the
cquivalent reading angle 6. A, is the
wivelength of the video carrier. and A is
the amplitude of the audio carrier.

The instantancous frequency deviation
of the disturbance is 1/ 2 multiplied by the
time derivative of the instantancous phase
deviation, that is

—hf. sin . 3

Relative to some nominal frequency devia-
tion D. the amplitude of the disturbing
frequency deviation (the sound beats) is

bl D= 2w kA [,/ DA, (4)

Fork=3.24=80A. A =T200A./, =
0.715 MHz. and D =1 MHy, the relative
sound-heat level is 8 percent or —22 dB.
which is typically the sound-beat level
obtained on the inner plaving radius
without an NLAC. At this level. the sound
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beats in the picture are quite visible and
disturbing.

Sound-beat reduction
in the NLAC circuit

In the styvlus, the nonlincar process that
generates the sound beats acts as a phase
modulator operating with a single input
delivering asignal s consisting of the sum of’
two carriers. The NLAC is also such an
“additive™ phase modulator, modulating
the video carrier with the audio carrier to
cause a phase deviation that tends to cancel
the phase deviation, b cos g, generated by
the styvlus. In principle. the NLAC works as
follows.

Assume a perfect styvlus-arm  system
vielding an output signal gs. where s is the
recorded signal and ¢ is the arm sensitivity
in m\V/A. The video carrier is phase shifted
by 90° while the audio carrier is phase
shifted by an angle o <€ 90°. "The video
carrier is also attenuated with respect to the
sound carrier by a factor of <1, The
resulting signal is squared to vield a signal

plegClrysin e+ gArcos (a + a)]'(5)

where p is a constant of dimension (mV) .
Ihis signal has d.c. terms and second
harmonices of the video and audio carriers.
but the important term is the intermodula-
tion product 2pg ACsinccos(a+a). It r
is sufficiently large to make the second
harmonic of the video carrier negligible.
this intermodulation product is the only
signal of concern in the video band. This
intermodulation product is added to the
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video carrier ¢C cos ¢. If the 2pgA term is
much less than one, the resulting signal isa
phase-modulated video carrier:

qCcos[c—2pg Acos (a+ a)). (6)

Sound-beat cancellation theoretically
occurs when @ =0 and 2pg A = b, that s,
when the constant p is

p=po=mwkl/qA. (7N

The fact that a is quite predictable, and
theoretically zero, greatly simplifies the
design of the NLLAC. Itis also noted that p,
a parameter which controls the amplitude
of the phase deviation to be generated by
the NLLAC, is theoretically independent of
the recorded video-carrier amplitude C as
well as the recorded audio-carrier
amplitude A. It is only dependent on the
wavelength A, of the video carrier, whichis
proportional to the track radius on the
disc, and on the ratio ¢/k, which primarily
depends on the gain of the capacitance-
detection system in the arm and on the
geometry of the stylus and its position
relative to the recorded relief signal. These
simple properties of a and p suggest that
fairly good sound-beat cancellation can be
obtained if these parameters are preset to
fixed values, as they are in a so-called
“fixed NLAC." and that very good
cancellation can be obtained if a is fixed
while p is adaptively varied for best
cancellation, as it is in the so-called

“adaptive NLLAC.” which is used in the
player.

In practice, a cannot be predicted
perfectly, partly because the stylus is more
complex than its theoretical model and
partly because sound beats are generated
by other mechanisms in the VideoDisc
system, for example, in the recording
process and in the FM demodulator. In the
fixed NLAC, the imperfection of the
cancellation is caused primarily by an
incorrect gainsetting whereby g=p/po# 1.
Figure 3 shows that sound-beat reduction
has magnitude £= (I +g°—2gcosa) " ofa
vector obtained by vectorial subtraction of
a vector ge" from the unit vector. Figure 3
also shows the sound-beat reduction, 20
log E, in decibels as a function of the gaing
with the phase error « as a parameter. It is
seen that if the phase error is less than 109,
an adaptive NLAC can reduce the sound
beats by more than 15 dB. Numerous tests
of fixed NLACs—at different radii,
different discs and different styli — showed
that worst case sound beats could be
reduced from —22 dB to about —30 dB,
which was considered marginal. The
adaptive NLAC reduces the sound beats to
be less than —37 dB.

The NLAC circuit

The NLAC circuit is a phase modulator
where both the modulating and carrier

-10

-20

Fig. 3. Sound-beat reduction. It can be described as a function of errors in the
gain g and phase a of the compensating signal.
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signals come in as one input. This input is
the arm-output signal, which contains the
716-kHz sound carrier that becomes the
“modulating signal” and the 4.3- to 6.3-
MHz video carrier that is the “carrier” to be
phase modulated. The phase-modulation
technique is the one frequently used to
generate narrowband FM, where a
balanced modulator generates sidebands
that are added to the carrierin quadrature.

Figure 4 shows the NLAC circuit with
the components grouped by function. The
input network performs four tasks:
attenuation, trapping, sound-carrier phase
control, and video-carrier integration. R,
and R: attenuate the input so that the
diodes in the modulator section will be
operated over only a small portion of their
I-V curve. L, and C; together with the
source resistance provided by R, and R
form a series-resonant trap at 260 kHz.
This trap is necessary to prevent the arm-
tracking servo signal from reaching the
balanced modulatorand phase modulating
the video carrier at a 260-kHz rate. L;, G
and C: become parallel resonant near the
sound-carrier frequency. The “Q" of the
network is very low so the sound-carrier
amplitude is relatively insensitive to the
actual resonant frequency. The network’s
parallel resonance, which is set by the value
of (.. is critical because of its effect on the
sound-carrier phase. The reason that the
phase is so important is that the modulator
section uses the sound carrier to generate
sidebands on the video carrier. It is these
sidebands that cancel the sound-beat
sidebands and proper phase is needed for
good cancellation.* At video-carrier fre-
quencies, well above resonance, the reac-
tance of (: dominates and the input
network becomes an integrator. Conse-
quently, the video-carrier portion of the
input will have a decreasing amplitude
response and lagging phase with increasing
frequency. This compensates for the in-
creasing amplitude and leading phase of
the 90° phase shifter, Ce, which is used to
add the video carrier in quadrature to the
sidebands generated by the modulator
section.

C3, Ryand Raform a high-pass filter with
a 72-kHz cutoff to reject low-frequency

* Two sinusoidal signals will cancel each other com-
pletely if they have equal amplitudes and are 180° out of
phase. If githerinput’s amplitude changes 10 percent, or
if either input’s phase shifts by 5.7°, the resulting partial
cancellation will have a residual that is 20 dB below the
original input-signal amplitudes. The parallel
resonance of the NLAC input network would have to
shift downward by 52.7 kHz in order to shift the phase
of the sound carrier 5.7°. However, in order to change
the sound carrier amplitude by 10 percent, resonance
would have to shift downward by 131 kHz or ap-
proximately 2.5 times further.

RCA Engineer ® 26-9 o Nov./Dec. 1981




INPUT NETWORK
FILTER

ARM QUTPUT
SIGNAL

15k

Cc3
220¢t

1
|
|
I
I
I
|
| R3
I
I
|
I
|
|

30k

Fig. 4. The NLAC circuit. It can be divided into sections

that have six distinct functions.

noise that could generate video-carrier
sideband noise if allowed into the
modulator. The buffer stage — Q1. R« and
R — provides a high-impedance load for
the input network and high-pass filter, and
a low driving impedance for the modulator
and 90° phase-shifter sections that follow.

The modulator and phase-shifter
sections are connected in parallel. These
sections are driven from a low impedance
or voltage source and are terminated by the
low input impedance of the summing
amplifier feedback pair, Qv and Qs The
summing amplifier converts the sum of its
input currents to an output voltage. The
operation of the phase shifter is straight-
forward: the current through capacitor Ce
is the differential of the voltage across it.
The main signal, which is the video carrier,
and all its sidebands including the sound-
beat sidebands, go via this path and are
phase-shifted 90°. This is the quadrature
function required to give the NLLAC circuit
its phase-modulator characteristic.

The balanced modulator section can be
thought of as three parallel current paths,
two conductances and one transconduc-
tance. Diode CR: is the first path, a
nonlinear conductance. with Cs and Cx
providing signal coupling and bias network

HIGH PASS

V+

BALANCED MODULATOR

MODULATION CONTROL BIAS

FROM SYNCHRONOUS
SOUND BEAT DETECTOR

o
PHASE SHIFTER

isolation. Transistor Q: is the second path.
a nonlinear transconductance which is a
function of the conductance seen by its
emitter. C Ry in parallel with Ry. The third
path is Ry with coupling capacitor (s A
positive-going signal voltage from buffer
(i causes the current in C'R: to decrease
and the current in CR, to increase. As a
result, CR:'s conductance decreases while
CR's increases. This effect is the non-
linearity that provides modulation. A com-
ponent of Q:'s collector current is the
inverse of CR/'s current so it tends to
cancel the signal coming through CR:. In
fact, if CRy and CR: were linear devices,
the signal current through the two paths
would cancel completely. This is the
feature that makes the modulator balanced
and only the products of the input signals
appear atits output, not the original signals
themselves. Resistor Ry adds a linear signal
current to cancel the linear component of
Q:'s collector current due to resistor Ry in
the emitter circuit. If Ry were replaced by a
high-impedance current source, Cs and Ry
would not be necessary. Resistors Rii. Ry
and capacitors Cs. Ci. Cx provide a.c.
signal isolation between the diodes while
allowing them to be biased with the same
d.c. current.
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The balanced modulator mixes  the
sound and video carriers,  thereby
generating sidebands that are 716-kH/
above and below the video carrier. As a
result of the input network’s “phase
processing.” these sidebands are exactly
180° out of phase with the sound-beat
sidebands that are also arriving at the input
node of the summing amplitier via Ge. If
the amplitude of the sidebands generated in
the modulator are equal to the sound-beat
sideband amplitudes. cancellation will oc-
cur and the sound beat will be removed
from the signal. Modulator-generated side-
band amplitude is a function of diode
conductance, which, in turn, is a function
of diode-bias current. This provides a
means of controlling the NLLAC so that it
can cancel a wide range of sound-beat
amplitudes.

Adaptive NLAC circuit

Adaptive control of the bias current to the
modulator diodes is achieved in  the
player's NLAC control ¢ircuit. The sound-
beat variations from the outside to the
inside radius of the disc. as well as
differences between styli, are sensed and
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Fig. 5. Adaptive NLAC control circuit.

the  modulator-generated  sideband
amplitudes adjusted to optimize reduction.
Figure 5 is a schematic of the adaptive
contro! circuit.

1C U701 1s a synchronous detector, The
two inputs to the detector are the sound
carricr and the sound-beat component
present in the demodulated video from the
video M demodulator. The filtered sound
carrier from the “pickup arm™ composite
signal 1s used as the reference-signal
input to the synchronous detector. A sim-
ilar filter separates the sound-beat com-
ponent from the video and inputs it to the
synchronous detector via an amplifier cir-
cuit in {'701. The synchronous detector is
sensitive to amplitude and phase relations
between the sound beat and the reference
sound carrier. A phase-shift  network
between pins 12 and 2 sets the relative
phase to optimize this sensitivity. Video-
frequency components that fall within the
pass band of the sound-beat filter are not
svichronous with the reference carrier,
therefore. error voltages due to these com-
ponents are small. The sound-beat compo-
nent is synchronous with the reference,
hence, the amplitude variations result in a
significant error signal at the detector
output, particularly as the closed-loop
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action of the adaptive control with the
modulator adjusts to minimize or null the
sound beat. Low-pass filters (713 and
C719 in the output of the detector and the
error voltage  amplifier remove  the
spurious components caused by video and
average the synchronous sound-beat error
voltage to a principally d.c. control voltage
for modulator diodes C Ry and CR».

Ihe closed-loop action of the control
circuit, in connection with the modulator.,
is as follows, starting with the condition of
two inputs (sound beat and sound carrier)
applied to the adaptive control circuit, as
would be the case when the stvlus drops
onto the dise. The synchronous detector
sees the two required inputs. An output
error signal will develop. the amplitude
primarily  dependent  on  sound-beat
amplitude refative to the reference sound
carrier. Phase (negative or positive going)
is dependent on what is causing the beat
component  nonlincar behavior from the
disc or modulator action. Assume the
condition is caused by a beat component
from disc. This corresponds to a negative-
going error voltage at the synchronous
detector output (pin 1 of U701). The error
is amplified and level translated at the
(2703 collector. This error signal is in the

direction to cause an increase in the current
of CRi and CR:. effecting an increase in
modulator action. T'he consequent increase
in  out-of-phase.  modulator-generated
sidebands adds to the stylus-generated
sidebands in the NLAC, as previously
explained. to cause a decreasing sound
beat. The continuing closed-loop action
proceeds until the crror signal becomes
sero. signifving  that  the modulator-
generated sidebands equal the sidebands
from the disc signal. At this point. the
sound beat is at a minimum. The closed-
loop control of adaptive circuit on the
NLAC willcontinue to track out variations
to keep the system running optimaily.
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G.D. Pyles|B.J. Yorkanis

VideoDisc's video and audio demodulation,
defect detection, and squelch control

One custom-developed IC in the VideoDisc player does the

job of several discrete circuits.

Abstract: The demodulation circuits for
video and audio FM carriers on the signal
processing board use a custom-developed
integrated circuit in the Video Disc player .
The integrated circuit contains all of the
Sunctional blocks for phase-locked-loop
(PLL) demodulation and signal
amplification for further processing by
other circuits in the system. Also, several
other functions unique 1o the Video Disc
svstem are designed on the 1C. Defect
detection, recovery of carrier recognition,
squelch. and squelch logic are performed
by the device.

Video and audio signals for the VideoDisc
player are recovered via appropriate
demodulation of FM carriers. The in-
tegrated circuit designed to perform the
demodulation also performs several other
functions essential to the performance of
the VideoDisc player. Detection of defects
in the FM carrier, defect-pulse generation,
carrier recognition, squelch logic, and
baseband-signal amplification are all
achieved by one [6-pin IC and peripheral
components (Fig. 1). The device was
specifically designed for application in the
VideoDisc player and, as such, itefficiently
replaces extensive discrete circuits.

Audio and video baseband signals are
recorded on the disc as FM modulation of
carriers at 716 kHz (mono) and ap-
proximately 5 MHz, respectively. The
audio channel is rather straightforward —
716-kH7 carrier, maximum deviation * 50
kH7. audio bandwidth of 20Hz to 15 kH/
with 75us pre-emphasis. The video channel
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CUSTOM DESIGN I.C.
VIDEO DEMODULATOR

\'-\ .

DISCRETE CIRCUIT
VIDEO DEMODULATOR

Fig. 1. Custom IC and discrete circuit equivalent for video demodulation. A
custom-designed integrated circuit for the VideoDisc player performs the
extensive tasks required for video and audio signal recovery. Significant
reduction in size and complexity along with substantial cost reduction make the
1C a vital part of the VideoDisc player.

is more complex in description — sync tip
(—40 IRE) is 4.3 MHz, blanking (0 IRE) is
4.87 MHz, black level (7.5 IRE) is 5.0
MH~, white level (100 IRE) is 6.3 MH/,
and video bandwidth is 3 MHz with
luminance pre-emphasis (maximum of 21
dB at 3 MH7). Deviation clip levels are 3.9
and 6.9 MH/ (—66. + 144 IRE). Figure 2 is
a spectrum representation of these signal
and parameter specifications.

Despite the gross differences between the

video and audio signals, the custom-
designed integrated circuit for use in the
VideoDisc player satisfactorily fulfills both
applications.

Demodulator
The principle of demodulation for both

video and audio signals is a phase-locked
loop (PLL). Figure 3 shows the functional
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blocks as connected in the 1C and to the
external circuits to perform as a
demodulator. The same configuration
applies to both video and audio signals
with only external components adjusted to
appropriately agree with the FM signal
parameters and the modulation informa-
tion, video or audio. The phase detector
and voltage-controlled oscillator are fun-
damental in this PLL demodulator. With
the addition of an external loop filter, these
two functions in a closed-loop system
provide a demodulated output response.
namely,

- KKiFGo)
jw + Ko Ky F(jw)

H(jw)

where H(jw) is the closed-loop output
response, F(jw) is the loop-filter response,
Au is the voltage-controlled-oscillator
(VCO) conversion gainand Kyis the phase-
detector conversion gain. The latter two
are significant constants determined by
circuits designed internally in the IC. The
design intricacies are beyond the scope of
this article but a general description of
performance properties enhancing applica-
tioninthe VideoDisc player is appropriate.

The phase detector is a multiplier type. A
doubly balanced construction provides
good cancellation of the two input signals
(FM signal and VCO reference) in the
output. This is especially important in the
video demodulation application where the
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Fig. 2. Frequency spectrum. The signals recovered from the disc contain
frequencies extending to nearly 10 MHz. Selective filters inputthe appropriate FM
carriers and sidebands to the video and audio PLL demodulators to recover the
baseband information. Note the wide tracking required by the video demodulator
due to large overshoots caused by pre-empnhasis. These extreme deviations are
limited in the modulation process to a maximum change of 3 MHz.

upper baseband signalis close to the carrier
frequency. The conversion gain ( Ay) is
designed to avoid saturation but adequate
to combine with the VCO conversion gain
( Ku) to give an overall loop gain sufficient
for design optimization in both
applications.

The VCO is a R(C-type multivibrator
noted for good linearity of voltage-to-

frequency conversion and having a wide
dynamic range. Again, this is particularly
important in the video demodulator
application — refer to Fig. 2 and note the
required tracking range. The VCO center
frequency is set by adjustment of an
external timing capacitor. The rate of
voltage change (d}./dt) across the
capacitor, which determines the conse-
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Fig. 3. Functional block diagram of the custom-designed IC used as video and audio
demodulators in the VideoDisc player.
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quent frequency. relates to the current in
the capacitor as
= /0 I
Lo=c )
di

where the current. /. is controlled by
current sources in the multivibrator. The
sources are controlled by error voltage
from the phase-detector output. The steer-
ing of the current by the phase-detector
output results in instantancous frequency
control of the VCO to track the input
frequency.

The integrated PLL. demodulator also
has a limiter circuit that precedes the input
of the phase detector. T'he pre-filtered FM
carrier typically may vary 20 dB in level,
but with adequate C/N to provide a good
picture or sound. The limiter serves as a
gain block with constant level output
compensating for the variations, and it
provides a constant level input to the phase
detector, resulting in a constant phase-
detector conversion gain and good AM
rejection.

In summary, the fundamental operation
of demodulation is as follows, The pre-
selected FM carrier inputs to the 1C PLL.
demodulator. A gain-block limiter en-
hances performance by accepting a large
dynamic range of input levels. A doubly
balanced phase detector and a voltage-
controlled oscillator with wide dynamic
range. connected in a closed loop., track the
input signal via control of current sources
in the multivibrator oscillator that have a
linear sensitivity to the averaged phase-
detector output error signal. The instan-
tancous phase error between input signal
and VCO is the demodulated output signal.
Addition of an external loop filter to the
loop gain constants Ay and Ky provides
design flexibility to optimize the PIl.1.
response  for both video and audio
applications.

Defect detection

Similar to the disturbance or interference
experienced in a radio or TV receiver.
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— ] ]
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.. - - .- - -
HIGH —
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TME
FUNCTIONAL TABLE
CASE| INPUT RELATION DEFECT GATE
1. A@= >0<~r HIGH (NO)
2. A@= <0 LOW (YES)
3. AQ= 27 LOW (YES)
4, D=0;C=X LOW (YES)

Fig. 4. Defect detection. Signal input conditions, A and D, are normal input-phase
(A ¢) relations between VCO and input signal. Case 1 shows the functional
response of no defect gate. Condition B, Case 4, is a loss of input signal — note
thata defect gate is generated. Condition C goes through relations of Case 2 and 3
after signal is recovered, holding the defect-gate low. Note the input half-cycle (D
and D) is read for each half-cycle of clock (C and C). A generated defect starts one
clock half-cycle late, but this is compensated for by group delay in baseband

phase-corrector circuits.
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signals from the VideoDisc sometimes
exhibit disruptions or distortions in the
FM carriers to the demodulation circuits.
Unless corrected, the abnormalities,
termed defects, result in undesired distur-
bances in video and/or audio. The
VideoDisc player incorporates circuits to
detect and correct for defects in video and
audio. The correction to video iscovered in
another article in this issue (see page 54).
The audio correction will be covered in this
article along with the means for defect
detection.

The defect-detection circuit, as part of
the 1C performing demodulation. is depen-
dent on the performance characteristics of
the PLL. demodulator. Reference to Fig. 3
shows the two inputs to the defect detector
to be the same as those to the phase
detector — the limited FM signal and the
VCO. The defect-detection mode is es-
sentially monitoring these two inputs to
validate that they indeed have the correct
relation to demodulate as coherent video
or audio information. If not, a defect-gate
pulse is generated to enable corrective
circuits,

One of the criteria for defect recognition
is based on the signal relations in the
operation of a PLL demodulator using a
phase detector as previously described. The
input-output relationship of the phase
detector

Ey = K cos (d:— ¢n) (3)

shows the output £ to be zero with the
input relations at 90° and increasing
negatively or positively for differences
greater than or less than 90°, respectively.
In other words, the PLL closed loop
maintains a phase lock with the two signals
in quadrature at zero error voltage and will
maintain lock with an increasing error
voltage = 90° from quadrature. Beyond
these extremes, the loop will lose lock and
fail to perform properly as a demodulator.
The defect-detection circuit is designed to
recognize these two extremes and generate
a defect-gate pulse upon recognition.
Restated. if the input signal exceeds devia-
tion limits or a rate of deviation to cause
the PL1L to lose lock. a defect-gate pulse is
generated.

A second condition causing defect-pulse
generation is momentary loss of the input
signal. The limiter output is essentially zero
with only the VCO signal present at the
defect detector, resulting in a defect-gate
pulse for this momentary loss. This
response holds true for losses as short as
one-half cycle of the input frequency.

A third condition causing defect-pulse
generation is excessive noise present on the
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carrier, that is, a poor carrier-to-noise
(C/N) ratio. This condition causes a failure
mode in the same manner as the first case in
that the noise is randomly phase additive to
the carrier, and hence causes random
excursions that exceed the £ 90° degrees
relation.

Figure 4 is a graphical presentation and
functional response table of the defect-
detection circuit as described. The input
relations between the VCO and input
signal are read in a time-serial manner. Any
exceptions to the relation (positive input
when the VCO goes positive) result in a
defect-gate pulse output.

Audio defect correction

As mentioned. the VideoDisc playerincor-
porates circuits to reduce audio distur-
bances caused by signal input conditions.
These are not part of the demodulator 1C
but depend on its derived pulse to ac-
complish  correction.  The  amplified
demodulated output is passed through a
track-and-hold circuit, which gates off
when a defect pulse appears. The gated
state causes the output audio to remain at
the level prior to disruption. Although this
breaks the coherence momentarily. it is
normally not detected in complex
wavetorms. The small discrepancy is much
less noticeable than the large outputs of

defects that normally exceed signals
greater  than  100-percent  modulation
amplitudes. This track-and-hold tech-

nique is very effective in reducing “tick-
and-pop” disturbances. especially noted
during low-modulation passages.

Squelch logic and recovery
of carrier recognition

One of the operational conditions of the
player is to blank the 'V screen and mute
audio when the player lever is in the
PAUSE or LOAD position, or during
initial turn on, and maintain this condiiion
until the lever is returned to PLLAY and a
good picture and audio are recovered.
This squelched state acts on  the
amplifiers in the demodulator [C to reduce
the gain to zero. The amplifiers are
particularly designed to reduce gain with a
minimum change in DC quiescent level
present in the video or audio signal. The
overall result is that the operating quies-
cent level is maintained. but demodulated
output (principally noise) is blocked to
avoid spurious inputs to the video or audio
processing circuits that follow. Secondly.
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the defect-gate pulse is inhibited to avoid a
recirculating substitution mode. Thirdly.
the video conversion and time-base correc-
tion system uses squelch to precondition its
servo loop for rapid acquisition.

The state of squelch (true, logic 1 aslow:
false. logic 0 as high) is determined by logic
circuitry  from two  inputs —carrier
recognition and the player’s function-
control switch. The squelch output port
serves as a bidirectional data port. When
the player-control switch is closed. this
switch closure acts as an input to the
squelch-logic circuit to hold its output ata
low level. When the switchis open, itallows
the output of the squelch logic to be passed
to squelch circuitry. Carrier recognition
necessary  for the logic function is
developed by integrating the pulses at the
defect-detector output. A high rate exists
for no carrier, but this rate becomes low or
essentially zero for a good carrier. An
external network integrates the pulses and
sets a threshold for the rate below which
carrier recognition is established. Based on
the foregoing. the explanation of the
squelch and not-squelch response is as
follows.

Assuming a condition of play. the logic
circuit and memory are setina condition to
respond only to the simultancous presence
(logical product) of forced squelch (switch
closure) and loss of carrier. Squelch is
begun by a user operation ttat closes a
controi switch and pulls squelch low.
Simultaneously, the stylus lifts from the

disc. causing loss of carrier. The flip-flop
sets and conditions the logic circuit to now
respond only to the inclusive logical sum of
two variables — recovery of carrier and
sauelch. The latter (squelch) is read as
false. due to the previously set condition of
the flip-flop.

Return to play requires a user command,
which releases the control switch that
initiates squelch. With the opening of this
switch, the stylus drops to the disc but
squelch is maintained by the latched state
that has been set by tke flip-flop. This
latched state inputs to the logic circuit as
squelch being false (logic 0. high). Carrier is
recovered when the stylus contacts the disc.
hence the logic sees carrier recognition as
true. This changes the output state to “not
squelch™ and play resumes. This resets the
tlip-Nop and conditions the memory and
logic circuits to respond only to the logical
product of forced squelch and loss of
carrier.

Design considerations

The design  considerations  for  the
demodulators logically had to start with
the modulation characteristics of the FM
signals, stated earlier. Secondly. the C/N
ratio of the signals from the disc had to be
considered and they are reasonably predic-
table. These two fundamental con-
siderations suggest an appropriate noise
bandwidth for the demodulation loop. In
both cases. video and audio. this becomes
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the determining factor establishing the
loop-tracking performance, S/ N ratio, and
loop response best suited for the applica-
tion. Optimization of each of these re-
quired compromises yielding the overall
best performance for each application. We
designed each demodulator within con-
straints by selection of loop-gain constants
(VCO and phase detector) and the PLL
loop filter.

The video demodulator was chosen to be

a first-order loop due to the wide tracking
requirements (recall that encoded signal
clip levels are 3.9 to 6.0 MHz) and large
baseband bandwidth (3 MHz). The gain
constants, as designed in the IC, are
adjusted down by external resistors (see
Fig. 3, Ko limit control) to give tracking
performance slightly greater than devia-
tion requirements, but limited to a range
that will enhance defect detection — recall
that defect detection results when the loop

fails to track. Also, a good S/N ratio and
response were achieved by this loop.

The audio demodulator was chosen to be
a second-order type-two loop. Within the
modulation parameters and input signal
C/N ratio constraints, this type of
demodulation loop allowed a choice of
loop-filter design, in combination with the
conversion gain, yielding a minimally com-
promised performance.
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D.H. Pritchard|D.J. Sauer

CCD comb-filter and defect-corrector
system for VideoDisc application

IC design advances minimized the external circuitry —and
the cost — required for this crucial signal-processing job.

Abstract: The use of the * buried-
subcarrier™ signal in the “ SelectaVision™
Video Disc system requires that the
luminance and chrominance components
of the signal be processed for subsequent
translation to standard NTSC format . The
necessary processing of luminance and
chrominance can only be accomplished
through the use of comb-filter techniques .
By taking advantage of recent
developments in the application of charge-
coupled device (CCD) technology to comb
Jilters in television receivers, a cost-
effective integrated-circuit approach to the
Video Disc comb filter was made possible .
This comb-filter implementation also
pravides a 1-H delayed signal suitable for
correction of picture drop-outs caused by
small defects in the disc.

To conserve bandwidth, maximize playing
time. and minimize beat and interference
effects. the “buried-subcarrier™ signal-
encoding technique was developed for the
“SelectaVision™ VideoDisc system. This
signal formatis very similar to the standard
NTSC format, except that it uses a
chrominance-subcarrier frequency of 1.53
MH7 instead of 3.58 MHz. The use of a
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Fig. 1. Basic comb-filter circuit. The resulting amplitude responses for luminance
(Y) and chrominance (C) outputs are shown on the right.

lower chrominance-subcarrier frequency
“buried” in the luminance frequency band
requires that comb-filter techniques be
applied to encode and subsequently to
decode the luminance and chrominance
components so that the signal can be
translated to standard NTSC format.

The comb filter

Since a comb filter was required in the
VideoDisc player, it became necessary to
develop a cost-effective implementation.
Figure 1 shows the basic elements of a
comb filter with a single delay line suitable
for separating luminance and chrominance
components of a video signal. Although
the concepts of comb filters have been well

known for many years, technology has not
been available to allow a cost-effective,
highly reliable implementation in IC for-
mat, of a comb filter for video signal
processing (that is, one with the necessary
63.5-us delay). Fortunately, at the time
that the introductory VideoDisc player was
being developed. RCA was making ad-
vances in the application of charge-coupled
device (CCD) technology to comb filters in
television receivers. This approach is
particularly attractive since it allows a
complete 1-H comb filter to be im-
plemented in a single integrated circuit. In
addition, the availability of a I-H delayed
signal allows for correction of signal drop-
outs caused by small defects in the disc that
are detected in the FM demodulator.
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+15V (VDD)

Fig. 2. VideoDisc CCD comb filter. Block diagram of CCD
IC indicating delay elements and associated circuitry.

RCA developed an advanced n-channel
process that combines high-performance
buricd-channel CCDs with lincar and
digital NMOS circuits. This process makes
it possible to include all of the support
circuits needed to operate a -1 CCD delay
(such as clock driversand video amplitiers)
on a single low-cost chip thatis suitable for
consumer clectronics. The major features
of the VideoDise Comb Filter/ Defect Cor-
rector 1C are as follows:

» Combines a buried-channel CCD delay
line with analog and digital NMOS cir-
cuits.

e Double-poly n-channel selt-aligned gate
process.

e On-chip  “timwes-6"  clock-multiplicr
phase-locked loop (PEL),

o 585-stage 1-H CCD dcelay line for 9.2-
MH7 clock frequency (6 x 1.53 MHy,).
 Transfer inetficiency of approximately

2 x 10 7 per transter,

e On-chip clock drivers,

« Self-adjusting CCD input and output
biasing circuits,

e On-chip substrate bias generator (=5
volts).
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o I-H tap with phascinversionat .53 MH/
to provide a signal suitable for defeet
correction,

« On-chip input switch to choose cither
incoming video or 1-H delayved video by
external “on™ trigger,

The comb-filter IC's functions

A block diagram of the VideoDise €CCD
comb-filter 1C is shown in Fig. 2. A single
1.53-MH 7 reference sinewave input (0.5 V
p-p) is required to lock the times-6 PLL
multiplier. which in turn provides a 9.2-
MH/ output to drive the on-chip clock
generator. The PLL employs a digital
phase comparator with an external two-
pole RC loop filter designed to minimize
I/ noise components generated by the
MOS transistors in the comparator’s
voltage-controlled oscillator (VCO). The
clock-generator circuitry includes a two-
phase CCD clock driver and clock phase
comparator feedback circuit to maintain a
S0-percent clock-duty cvele for optimum
charge-transter  efficiency.  The  clock-
driver circuitry used in this 1C is very
similar to comparable circuits developed
for the CCD comb-filter 1C used in some

RCA ColorTrak TV receivers.' he comb-
filter 1C operates from two power supplies:
Pee=9Vund F'pp= ISV, ' supplies the
times-6 PLL and clock-driver output cir-
cuitry. and  Fppo osupplies  the  clock-
generator logic cireuitry and video output
amplifiers on the chip. In addition. a =5-V
substrate bias is developed on-chip by a
capacitive inverter operating at 9.2 MHy.
The purpose of the substrate bias is to: (1)
increase  parasitic  ficld-transistor
thresholds. (2) lower junction-depletion
capacitance to inerease circuit speed. and
(3) avoid  nonlincar MOS  threshold
characteristies  in the  video  output
amplifiers.

FThe comb-filter function is implemented
direetly on-chip by using a unique CCD-
channel configuration. Highly accurate
signal addition is accomplished by merging
two CCD channels together. The lumi-
nance comb is formed by adding signals
from a short delay line and a long delay line
(Fig. 2). The difterence in delay between
the short and long lines is 585 clements.
which is exactly 1-H. The chroma comb is
formed in a similar manner, except that an
additional unitv-gain inverter is  used
before the chroma short-line input. To
provide separate 1-H delayed signals for
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the ¥ and € adders, the signal charge is
split equally into two channels at the
output of the long line. At the input of the
long line. two separate inputs followed by
channel merging are used to provide
optimum tracking to the short-line inputs.

The video output amplifiers used on this
1C have improved performance compared
to the carlier TV comb-filter 1C design.'
The output signal-to-sampling-clock-noise
ratio has been improved by about 10dB by
using a double sample-and-hold configura-
tion operating from opposite-phase clocks.
In addition, a novel switched-capacitor
differential amplifier is used to set the video
amplifier’s  DC operating  point. This
differential amplifier provides high DC
gain without saturating on video or clock
components and only requires a single
external capacitor for loop compensation.

The on-chip video input switch that is
used for defect substitution is controlled by
a TTL level-defect gate-input signal (DG).
Video switching transients that could occur
during substitution are minimized by syn-
chronizing the DG input signal to the on-
chip clocks with a D-type flip-flop so that
the switching transients at the input only
oceur between the CCD input-sampling
windows.

External circuitry minimized

Minimization  of  external  circuitry
associated with defect substitution was
accomplished through innovative design of
the I-H tap on the delay line. Before the
I-H delaved signal from the delay line can
be used to substitute for signal drop-outs
(that is. defect correction). the 1.53-MHy
chrominance must be phase inverted to
match the chroma phase on the present
line. To do this, the outputs from two taps
on the CCD delay line at elements 579 and
58S are summed to form a transversal filter
with the amplitude and phase response, s
shown in Fig. 3. This configuration creates
a “comb-shaped™ filter. The delay between
the two taps is as follows:
o Time delay = (6 clements) (1/9.2 MH7/)

= (6 clements)(208.6 ns per clement)

= 6519 ns.

Frequencey of second response peak
= I time delay = /(6519 ns)
= 1.53 MH~.

Asindicated in Fig. 3. the phase response
during the second lobe of the filter is
reversed 180° relative to the previous lobe,
which  accomplishes  the  desired
chrominance-signal phase inversion. Thus.
with no external circuitry, the t-H delayed

180°
0dB —
90°
-10d8 —
-20d8 — 0°
Z w
Py 77}
& <
-300B — g
_90°
-40d8B —
-50d8 — -180°
-60d8 —

0 767 kHz

T
1.53 MHz

2.30 MHz

FREQUENCY (Hz)
Fig. 3. The amplitude and phase response of the 1-H output, gives the necessary
180-degree phase inversion at the chrominance subcarrier. This phase
relationship is required to substitute “previous” line video for defects occurring

on the “present” line.

signal is put into the proper phase
relationship with the present line of video
so that defect substitution is possible, The
amphtude response is somewhat com-
promised by this technigue. but since
defects are fleeting phenomena of rel-
atively  short  duration.  the overall
response turns out to be quite satisfactory
for the application.

Applications and performance

At this point, it is appropriate to comment
on some application requirements and the
performance  of the CCD  Comb
Filter. Defect Corrector. FThe combing per-
formance of the device. when adjusted for
optimal combing at 1.53 MH/. yiclds
comb-null depths of more than 23 dBat the
passhand cdges. This level of combing
pertormance  provides very acceptable
separation of luminance and chrominance
signal components. Since the CCD s
effecuvely a sampled data system, the
frequency response of the signal channels
has a (sin x)/ x rolloff characteristic with
the Tlirst sero oceurring at the clock fre-
queney. At 3 MHy. this only contributes
about 2.0 dB of rolloff. Some additional
losses in the CCD are attributed to the
transfer inefficiency.

Another characteristic of the deviee that
had to be carefully taken into account in
the application is the relatively  large
amount of clock signal that appears on all
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outputs and the power-supply inputs. | he
clock drivers on the chip must supply fairly
large amounts of current in order to
achieve the necessary  clock-signal rise
times on all of the clocking gates of the
CCD. This results in spikes of heavy
supply-current drain especially from the 9-
Vo (Feo) supply.  As a result, the deviee
tends to radiate a broad spectrum of radio
frequencies at the clock rate and its har-
monics. In the VideoDise player. this
problem is dealt with by judiciously
shielding the 1C and filtering the power-
supply leads and all of the signal outputs.

Figure 4 is a block diagram representing
the  external  signal-processing  filters
associated with the Comb Filter/ Defect
Corrector in the VideoDise player. The
luminance low-pass filter is a fifth-order
0.1-dB Chebyshev filter with a 3-dB down
point of 3.5 MH/. This results in suppres-
sion of 9.2-MH7 clock components by
more than 50 dB while passing tull
bandwidth luminance information. A
third-order 0.5-dB  Chebyshev low-pass
filter with the same corner frequency is
used in the chrominance channel to
provide an initial 30 dB of attenuation of
clock components. This filter then feeds
three other networks.,

The first network is the chrominance-
bandpass filter. which is a first-order filter
with a center frequency of about 1.45MHv.
The center frequency is chosen lower than
the buried-subcarrier frequency so that a
uniform passband results after the chroma
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Fig. 4. Block diagram of external circuitry associated with ti’le signal ouputs.

signal is translated to 3.58 M/ and
bandpass-filtered in the video converter
circuit (Fig, 4).

The second  network  fed by the
chrominance low-pass filter is the vertical
detail low-pass  filter. To  successfully
separate chrominance-signal information
from the luminance-signal information,
the combed frequency range could simply
be limited to approximately 500 kH/ on
cither side of the buried subcarrier, thereby
leaving the low frequencies uncombed. [,
however,  luminance combing is  ac-
complished down to zero frequency (as is
the case with the CCD comb filter), one-
half” of the vertical resolution is removed.
‘The low-frequeney combed output of the
chrominance channel consists of exactly
the  vertical detail  content  that  was
removed from the luminance signal. An
advantage can be realized by reinserting
this vertical content into the luminance
channel to restore the vertical resotution.
‘The vertical detail low-pass filter is here for
expressly this purpose. The filter was
svathesized to have a passband of about
500 kHz. a notch at 1.53 MHz, and a
constant delay in the passband of 500 ns.
The delay was chosen so that the signals
from the luminance filter and the vertical
detail filter would arrive at their respective
outpits at the same time for proper signal
stummation.

The final network connected to the
chrominance low-pass filter is a buffer
circuit that sends the combed chrominance
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signal to the Digital Information Bufler 1C.
Since the special digital control informa-
tion (DAXI) contained on the disc consists
of a 1.53-MH/ pulse stream, the combed-
chrominance output is the ideal point to
tap the video signal path for the digital
signal.

One more filter is required to complete
the signal processing associated with the
Comb Filter Defect Corrector circuitry. A
low-pass filter is placed between the 1-H
delayed output and the 1-H delayed input
to filter out clock components on the signal
and to add the necessary amount of delay
for proper signal time coincidence between
the delayed line of video and the incoming
line.

Figure 4 also shows all of the factory
adjustments  required  in the Comb
Filter/Defect Corrector  circuitry.  The
luminance and chrominance channels must
be independently  adjusted for optimal
combing performance and the levels must
be separately adjusted on the vertical
detail. chrominance, and [-H delayed
signals.  Thus, through innovative 1C
design and careful design of the external
cireuitry. only five adjustments are re-
quired to achieve optimum performance
from this important tunctional block of the
VideoDise player.,

Summary

In summary, a selt-contained CCD Comb
Filter Defect Corrector  1C has  been

developed for use in the RCA “Selecta-
Vision™ VideoDise player. The device
cffectively separates the luminance and
chrominance components of the buried-
subcarrier  VideoDise  signal and  also
provides defect correction for enhanced
player performance. Design advances in
the [C help to minimize the amount of
external circuitry required. and therceby
minimize the cost of implementing this
crucial signal-processing function in the
VideoDise svstem.
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Video conversion
and time-base correction
In the VideoDisc player

Abstract: The authors give a technical
discussion of the processing required in the
Video Disc player 1o convert the recovered
huried-subcarrier-encoded signal with its
time-hase errors 10 the NTSC signal with
sufficiently reduced time-base errors.
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Although video conversion and time-base
correction could be treated as independent
subjects, we found that it was practical to
implement a large portion of the circuitry
required for these functions on one in-
tegrated circuit, the video-converter 1C.
Some functional blocks are actually shared
between video conversion and time-base

balanced mixer used in translation of
chroma from 1.53 MHz to 3.58 MHz,
which is a video conversion function, is
also an error-summing point for the time-
base-correction loops. In the discussion
that follows, we will begin with the simpler
video-conversion functions and then
proceed through the more complex time-
base-correction functions.

Video conversion

Video conversion is necessary due to the
way in which the video signal is encoded on
the disc (see box, “Video signalencoding”).
Video conversion really begins with the
separation of the buried-subcarrier chroma
from the luminance, discussed in the paper
on the comb filter and defect correction
(page 49). Then the remaining video con-
version process includes the following
functions:

X correction. For example, the doubly » Summation of the vertical detail and
<1981 RCA Corporation
SYNC W
IRE
o
—— CLAMP REFERENCE
VERTICAL DETAIL 00— VOLTAGE LEVEL
(PRE-EMPHASIZED) ] Cl 2R3
VAVAA 100
R4

COMBED LUMINANCE
(PRE-EMPHASIZED)

IRE
100—
o—
-40 — —— SYNC T
SYNCHRONOUS
CLOCK

(1.53 MHz + 3F)

=F3

COMBED CHROMA IN

o

LUMINANCE OUT {DE-EMPHASIZED, VERTICAL
DETAWED RESTORED, D.C. RESTORED)

Y

CLAMP
REFERENCE
VOLTAGE
SOURCE
REFERENCE
VOLTAGE

DOUBLY BALANCED
f{; MIXER CBM2
X

(1.53 MHz + AF) |
L \A
L

CHROMA FILTER

AMPLIFIER

3.58 MHz

3.58 MHz
BURST KEY
REFERENCE
OSCLLATOR GENERATOR
BURST KEY
/
o] PHASE DETECTOR
3.58 MHz REFERENCE PO

5.11 MHz
5.11 MHz+JF

VCX0

DOUBLY BALANCED

VOLTAGE CONTROLLED
X ¢ CRYSTAL OSCILLATOR

CHROMA

MIXER DBM1

3.58 MHz CHROMA

CHROMA FILTER
F2

}_.
F1 /%S

SIMPLIFIED BLOCK DIAGRAM OF VIDEO CONVERTER IC.

54

RCA Engineer ® 26-9 e Nov./Dec. 1981




combed luminance signals to achieve the
complete luminance signal.

« Removal of the RC pre-emphasis from
the luminance signal (de-emphasis).

» Translation of the 1.53-MHz buried-
subcarrier chroma (with static and
dynamic time-base error) to the stabilized
3.58-MHzchroma required for the NTSC
system.

» Bandpass filtering of the chroma signal.

o Summation of the 3.58-M H/ chroma and
complete luminance signals to form the
video signal.

o DC restoration of the video signal.

I'hese functions are achieved using the
video-comverter 1C and associated discrete
components (Fig. 1).

Static time-base error
and correction

1 he turntable rotation is synchronous with
power-line  {requency  and. thus. the
recovered video and audio have the power-
line frequency error. If left uncorrected. an
error of only 0.03 pereent could cause loss
of color on some TV receivers. The
chroma-correction circuitry (Fig. 1) phase

locks the translated chroma to a stable
3.58-MHz crystal-controlled reference os-
cillator, and thus removes this static fre-
quency error from chroma. The design
assures  color-subcarrier correction for
power-line frequency error up to *0.1
percent. l.uminance and audio are not
corrected for this error.

Dynamic time-base error
and correction

The dynamic time-base error is the un-
desirable frequency modulation of signals
recovered from the disc. caused by changes
in the relative velocity between the disc
groove and stylus tip. This relative velocity
fluctuates due to non-ideal centering of the
disc groove about its rotational axis (Fig.
3). warps. surface imperfections of the disc.
and vibrations. For the most part, these
disturbances occur at the disc rotational
frequency of 7.5 Hz (7.5 revolutions per
second) and its harmonics. These distur-
bances result in a frequency modulation as
high as 0.1 percent at 7.5 Hy.

The magnitude of the disturbance
decreases  significantly  at  higher har-
monics. This modulation, if uncorrected.
would cause large side-to-side movement
of the picture on a typical TV receiver. The

Before and after. Time-base error
causes the distorted display shownin
photo A. Photo B shows the same
signal with time-base error removed.

Fig. 1. Video conversion.
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The amplifier A, is connected in an
operational configuration to achieve
a low-impedance summing junction
for the combed luminance and
vertical detail signals. The RC de-
emphasis is accomplished with the
feedback network Rji, Ry, and Cs.
Thus, the inverted, amplified, and de-
emphasized luminance signal, with
vertical detail restored. appears at the
amplifier output.

DC restoration is achieved at the
amplifier A; also. When sync at A;
output goes more positive than the
clamp reference at Q; base, clamp
current / flows into C, clamping the
amplifier output and setting a charge
on capacitor Cy. During the time
between sync pulses, the charge is
removed by the bias current /4 into
A1. Noise pulses at A; output going
more positive than sync would cause
restoration to the peak-noise pulses.
Diode D, and resistors R< and Re

limit the clamp current on those noise
pulses that go more positive than
sync tip, so that restoration to noise-
pulse pcaks does not occur.

Chroma translation is achieved by
mixing the 1.53-MHz chroma signal
with the output of the S.11-MH~
VCXO at the doubly balanced mixer
DBM,. The resulting 6.64-M H/ side-
band is removed and the 3.58-M H7
chroma is selected by the filter Fo.
The 3.58-MHz chroma is amplified
and summed with the luminance at
summing amplifier SA;.

The desired chroma bandpass is
achieved by the combination of filters
F,. F2, and the linear phase de-
emphasis network discussed under
“*Video and Audio Demodulation.”
Figure 2 shows how the de-emphasis
network response and F, response
translate and add to F: response to
achieve the desired chroma-bandpass
response.

Wilber, et al.: Video conversion and time-base correction in the VideoDisc player
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Fig. 2. Chroma responses.

shown.

2A Chroma filtering at the 1.53-MHz subcarrier fre-
guency occurs in two parts. Linear phase de-emphasis
occurs in the video FM demodulator circuitry causing a
response with attenuation in decibels equal to the square
of frequency in megahertz. This response is shown with
the response of filter Fy. The sum of these gives the
VideoDisc player response to the 1.53-MH/ chroma

Py O

1

1 11| [ 1 1}

3.08

FREQUENCY IN MHz

2B Theoverall chroma response includes the response of
the 1.53-MHz chroma processing. translated to 3.58 MHz
by doubly balanced mixer DBM,, and the response of
filter F2. The figure shows these two responses added to
achieve the overall chroma-channel response, which
typically results in a chroma bandwidth slightly greater
than * 500 kH/ as shown.

3.58 4.08

modulation at 7.5 Hz has to be reduced
about 25 dB to reduce this effeet to the
threshold of visibility in luminance. Since
only a few degrees of color-subcarrier
phase shift cause noticeable hue shift. the
modulation of the color subcarrier has to
be reduced about 70 dB.

The complex frequency-domain block
diagram (Fig. 4) shows how the time-base
correction is achieved in two parts. The
arm-stretcher transfer function, plotted in

Fig. 5A. relates the frequency error after
arm-stretcher correction Feq(s) to the
frequency disturbance Fn(s). This is the
only correction required by the audio and
luminance signals. The chroma receives the
additional correction of the color-
correction loop. The color-loop transfer
function, plotted in Fig. 5B, relates the
frequency error after color-loop cos-
rections Fe (8) to the frequency error after
arm-stretcher correction Fra(s). The total

Video signal encoding

The video signal is encoded in the
buried-subcarrier' format, which
means that the combed chroma is
placed within the combed
luminance band at a color-
subcarrier frequency of 1.53 MHz.
This is done to reduce the
bandwidth required in recording
the signal on the disc, and to allow
increased playing time.?
Inaddition, the luminance signal
is pre-emphasized to improve the
luminance signal-to-noise ratio.

This means that the high-
frequency components of the
luminance are recorded at higher-
than-normal amplitude. The pre-
emphasis is performed in two
parts. First, the RC pre-emphasis?
boosts the high frequencies at a
rate of 6 dB per octave between
249 kHz and 995 kHz: and second,
the linear phase pre-emphasis
boosts the higher luminance fre-
quencies by a number of decibels
equal to the square of the frequen-
cy in megahertz.
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color correction is the sum of corrections of
the arm-stretcher and color-correction
loops shown in Fig. 5C.

The arm-stretcher loop's bandwidth
must be limited on the high-frequency side
to prevent instability due to delays and
spurious resonances. About 100 us of delay
results from a compliant coupling between
the transducer and stylus tip. About 32 us
of delay results from the comb filter that is
in the loop but not shown in Fig. 4.

As shown in Fig. 5. the arm-stretcher
correction is from about 2 H/ to 200 Hz.
The response of the loop is shaped to
provide the most error reduction
(minimum error transfer) at 7.5 Hz. shown
as fi. The null in error transfer at 60 Hz is
due to the transducer resonance, shown as
S

It may be seen from Fig. 4 that the arm-
stretcher loop gain varies inversely as the
chroma wavelength A.. Figure 3 shows that
the wavelength of a recorded signal
decreases by a factor of two from the
outside groove to the inside groove, and.
thus, if the electronic gain were left un-
changed from outside to inside, the total
loop gain and correction would be boosted
about 6 dB at the inside groove. To run the
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VERTICAL SYNC PULSE LOCATIONS (8 PER REVOLUTION)

Fig. 3. Dynamic time-base error and arm-stretcher correction.

The simplest cause of dynamic time-base error is improper centering of
the disc due to tolerances in the player and disc, illustrated by the

Ao = WAVELENGTH OF VERTICAL SYNC
SIGNAL AT OUTER GROOVE

A, = WAVELENGTH OF VERTICAL SYNC
SIGNAL AT INNER GROOVE

w = DISC ROTATIONAL FREQUENCY
OF 2xx(7.5 REV./SEC.]

C = TRUE GEOMETRIC CENTER

C = ACTUAL AXIS OF ROTATION

displacement of the axis of rotation (" from the geometric center C. If

the stylus were stationary at point Py, it would see vertical sync pulses (or
any other signal elements of interest) come by at a velocity given by

Iy = wR\. But if it were stationary at point Pi, it would see the sync
pulses come by at a greater velocity given by V2= w R:(since R: s greater
than R;). This results in undesirable velocity modulation A V' sin wt,

which can be expressed as equivalent frequency modulation given by
A=AV sin wt)/A.

The arm stretcher corrects this undesirable moduation by causing
stylus motion forward and backward along the groove to keep the
relative velocity, between sync pulses and the stylus, constant. In other
words, if the velocity of the stylus is the same as the velocity modulation
of the sync pulses. then the velocity modulation will be removed from
the recovered signal.

This figure can be used to demonstrate the —6-d B change in gain of the
arm-stretcher transducer from the inside groove to the outside groove of
the disc. Consider the stylus to be in the inside groove with a motion
A V sin wf caused by the transducer-drive voltage. This motion would
correct frequency modulation of (A} sin wt) + A, = Af. If the stylus
now moves to the outside groove with the same drive voltage
to the transducer, then the frequency modulation would become
(A} sin wf) + Ao = No. Since the wavelength A¢ is twice A, only half as
much frequency modulation could be corrected.

loop at constant gain and constant phase
margin. an adjustable gain stage of gain AR
modifics the transducer drive as a function
of playing radius R so that the arm-
stretcher loop gain is constant for any
radius.

Synchronous clock

Because power-line frequency variation
causes uncorrected, static-frequency error

in the recovered video signal, a continuous
clock with the same frequency error is
needed for two purposes: to clock the
charge-coupled device (CCD) at a rate that
makes its delay match the horizontal sync
period of the recovered video signal, and to
synchronously clock the digital auxihary
information (DAXI) data bits into the
DA X1 buffer. Consider that the power-line
frequency is in error such that the 1.53-
MHz color burst is actually at 1.53 MHz +

Wilber, et al.: Video conversion and time-base correction in the VideoDisc player

A where A Fis the frequency error. A
continuous (restored) color subcarrier of
the same frequency is needed for the clock.
Fiom Fig. L. it is seen that this clock is
derived by mixing the VCXO output at a
frequency of 5.1 MHz + AF with the
stable 3.58-MH/ reference oscillator at
DBM.. The difference frequency. selected
by filter Fi is the desired synchronous
clock at a frequency of 1.53 MH/ + A £
=

Color-correction loop

The color-correction loop (Fig. 4) consists
of the following: phase detector PD.
voltage-controlled  crystal  oscillator
VCXO0, and a summation point that is the
doubly balanced mixer DBM,. These com-
ponents form a phase-locked loop that
develops an error-signal voltage FEg(s)
proportional to the phase error ¢, (s) of
the 3.58-MHz chroma burst (when
referenced to the phase of the 3.58-MH/
reference oscillator ¢«). This error voltage
Fe(s) adjusts the VCXO frequency Feels)
in the direction to reduce the frequency
error Fra(s) to the value Feo(s). Because
the phase detector includes a sample-and-
hold function for sampling only burst, a
delay is introduced that limits the stable
bandwidth. We chose the loop constants
that made the bandwidth as wide as possi-
ble without sacrificing stability.

This loop develops the error signal Ex(s)
used to drive the transducer-drive elec-
tronics Hp(s). The color loop acts as a
frequency discriminator (below 3 kH2)
providing an error signal Fi(s)
proportional to the frequency error after
arm-stretcher correction Fga(s).

Armm-stretcher time-base
correction loop

The arm-stretcher loop consists of the
color-correction loop (used as a frequency
error Fra(s) to voltage Eg(s) converter),
drive electronics Hp(s). transducer Hr(s).
and the stylus riding in the disc groove. The
frequency-error signal Er(s). modified by
the drive electronics, drives the transducer
with a voltage proportional to frequency
error Fra(s) to cause stylus motion along
the groove in the direction to reduce the
frequency error.

The arm-stretcher loop must be limited
in bandwidth to disturbances above DC,
because it cannot move the stylus con-
tinuously around the disc to compensate
for turntable-speed errors. The active low-
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SUMMATION PONT IS DUE TO
RELATIVE FREQUENCY (OR
RELATIVE VELOCITY) BETWFEN
STYLUS AND DIS(

TMEBASE DISTURBANCE

STABLIZED SIGNAL USED FOR
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{OYNAMIC ERRORS CORRECTED)

STABLIZED 358 MHz
CHROMA (DYNAMC AND
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K
AA VARIABLE GAN AMPLFER,
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Fr (S) + Fea (S) 358 MHz
= B2 = : e REFERENCE
AL OSCLLATOR
TP (S
cA (S
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DEM1 OF FIG 1
1
[ %4
5.11 MHz VOLTAGE
ve s CONTROLLED CRYSTAL Eg (S)
>| - ARMSTRETCHER ~ OSCLLATOR (VCXO
TRANSDUCER O FIG 1)
E(S]
ACTIVE LOW PASS FLTER
[ o [Hp Sfa—
KREp (5) €D (S)

£ DRIVE ELECTRONICS

Fig. 4. Time-base-correction system.

The diagram shows the nested servo loops com-
prising the time-base correction system. At the left
is the frequency-disturbance input Fn(s). which is
a frequency modulation of the disc time-base. At
the first summing junction a frequency correction
signal Fca(s). due to the stylus motion caused by
the arm-stretcher. subtracts from the frequency
disturbance leaving a frequency error. after arm-
stretcher correction. of Fea(s). This signal is the
stabilized signal used for audio and luminance.

Near the center. a second summing junction
receives as its disturbance input the frequency
error after arm-stretcher correction Fea(s) and a
frequency -correction signal Fee(s) from the
VCXO. This summing junction outputs the
diftference. leaving a frequency error after color
correction of Fec(s). This is the stabilized signal
used for chroma.

pass filter /1, (s) increases the gain of the
color-correction loop at DC. so that the
VCXO does the correctionat DC with very
little DC appearing in the transducer-drive
signal.

The synchronous clock, in addition to
tracking the static error of the recovered
video signal. tracks the dynamic error that
remains  after arm-stretcher correction.
I'his can be seen from Fig. 4 at DBM,.
where it is shown that the correction signal
from the VCXO. Fee(s). tracks the fre-
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quency error of the 1,53-MHz color burst

correction  phase-locked  loop acquires

Fra(s) within a small error Fec(s). Since
the 1.53-MH7 synchronous clock is derived
from the VCXO output, it tracks the
dynamic error of the color burst with the
same small error,

Acquisition considerations

I'he dead-zone amplifier.  which s
necessary to guarantee that the color-

lock. is shown in Fig. 6. The 1C Pin 24 has a
voltage £, which in the normal in-lock
condition, is equal to the phase-detector
output Epp. and the feedback-limit voltage
£ = 0. This occurs because the VCXO DC
control voltage Fix is within the £0.7-V
thresholds of the dead-zone amplifier. The
DC control voltage Eix is essentially equal
to the DC part of the VCXO-control
voltage £ because, for the in-lock condi-
tion, the gain of the active low-pass filter
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causes Lo to be much less than Eix. Fora
given trequency oftset A Fof the 1.53-MH/
color burst, Eix = AF/K). The design
allows for A /- of 1.53 kH/ with A} within
the * 0.7-V thresholds of the dead-7one
amplifier,

Should the loop be allowed to lose lock
(for example. if the stylus were removed

during play of a disc). the phase detector
would develop only a small oftset voltage.
I'his voltage would be greatly amplified by
the transducer-drive electronics. Hp and
the active low-pass filter H; which, without
the dead-7one amp. would cause Eix to be
very large. driving the 5.11-MH7 voltage-
controlled oscillator beyond the pull in

range of the loop (or ¢ven bevond the
Jdynamic range of the oscillator).

When the DC control voltage £«
exceeds 0.7 V. a feed-back-limiter error
voltage  F; is developed. which  feeds
through the drive electronics and active
low-pass filter to regulate Fix at the ap-
propriate threshold (2 0.7 V). This voltage

DBM1 OF FIG. 1 PHASE

DETECTOR PD1
x

3\58 MHz REFERENCE
l'

DRIVE ELECTRONICS

~

- oL
L COLOR BURST AT N

Kd L] :f/i\ =

\ZD. Ha

358 MHz
153 MHz + af COLOR BURST .
L
511 MHzZ + Ky Ev—/
25V ! ‘
2 [
H
Lo sedEe B = 38| ovf I |
>
o -.25V i I —
5.11 MHz VOLTAGE Kv
CONTROLLED cavsr;«i/ -7V ov Y
OSCLLATOR(VCXO)
E1g. VOLTS
DEAD ZONE AMP.
AND LMITER
= + 4 ~
Ev=E24 + E18 {2
Eq Ed
PART OF VIDEO CONVERTER 1C. 8 4 (e H

Fig. 6. The color-correction loop with dead-zone amplifier and limiter.

ACTIVE LOW PASS FLTER

The dead-/one amplifier. required for acquisition. is shown in the not=squelched mode. In the squelched mode. the
dead zone is narrowed from the 0.7 V shown to £ 0 V so that the circuit becomes an amplifier. Al voltages shown
are normalized to their nominal values.
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keeps the VCXO within 2100 Hz of
nominal. When this is added to as much as
a 1500-Hz error in the 1.53-MHz color
burst, the loop is still within its acquisition
range so that lock can be achieved when the
1.53-MH7 color burst reappears.

Note in Fig. 6 that the feedback-limiter
error voltage £; from the dead-zone amp is
itself’ limited to *0.25 V. This is chosen
within the *1.5-V dynamic range of the
phase-detector output Epp so that the in-
lock phase detector can track through any

noise disturbance that might erroneously
activate the dead-zone amplifier.

One additional function achieved with
the dead-zone amplifier is the centering of
the voltages Ep and K from the
transducer-drive electronics and the active
low-pass filter when the player is in the
squelch mode. If this were not done, a
significant delay would be required to slew
these voltages to their proper operating
points when signal was received in the play
mode. This centering is achieved by chang-

ing the limits of the deadzone amp from
$0.7 V to 20 V during the squelch, forcing
regulation of £ix to its nominal value, and
thus £p to its nominal value, also.
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The VideoDisc playet’sa :
digital control system ﬂ(

How does it work? |

Looks can be deceiving! These words ring true when one
observes the VideoDisc player for the first time. The straight-
forward operation of the customer controls and the apparent
simplicity of operation give no hint of the sophisticated
microcomputer system that monitors every action occurring

in the player.

Abstract: The control system has evolved
Srom discrete logic and a few simple
switches 1o a sophisticated micro-
computer-based control system, which
oversees every function of the plaver. This
article will briefly explain the operation
and interaction of the main elements of the
digital control system now used in the
SFT100 W Video Disc player.

The “SelectaVision™ VideoDisc player's
control system represents a new dimension
in control of disc play. To show just how
different the system is, compare it to a
regular audio-record player.

One could imagine an audio-record
player with an LLED display that flashed the
letter 1. before you put on a record,
played the record to the end. and then
picked up the needle and flashed the letter
“E.” One might even imagine a system
where minutes of play time were shown on
the LED display.

But audio record-players suffer from
several unfortunate control problems.
First, they have no way of getting out of
locked grooves —there is no positive
method of detecting when the needle is
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“stuck.” To prevent stuck grooves, the
audio-record pickup cartridge must track
with higher tracking force. Audio-record
manufacturing must have tight quality
control specifications to prevent locked
grooves. Another problem arises because
the start and end of play is specified by a
mechanical location. If a record is out of
tolerance, the setdown may cause an
abrupt start of the music — and the record
player's stylus may never be picked up at
the end of play. The VideoDisc player

performs tasks similar to this conceptual
record player, butitdoessoinatotally new

way.

The VideoDisc control system ap-
proaches the problem of disc playback
from a new direction. Enhanced features
are provided thanks to two new com-
ponents. The first is the stylus kicker, a
small magnet on the stylus cantilever that
can lift the stylus tip from a groove and
push it ahead one groove or back one
groove tseveral microns). This allows ac-

1.53 MHZ — gl 1-5SIMEZ

DAXI
BUFFER
DAXI DATA —— @

 S—

SWITCHES ——— =

PHOTON -

—— = STYLUS LIFTER
—® STYLUS KICKER

—® SERVO MOTOR

DECODER | 4, LED
DRIVER DISPLAY

DM-COVIONO0DO-Z

INTERRUPTER

Fig. 1. Digital control system. The principal parts of the control
system are shown above. The system comprises three custom
integrated circuits with the microcomputer as the main control
element. The stylus-lifter signal is used to lift or lower the stylus. The
stylus-kicker signal energizes a kicker coil that kicks the stylus
forward or backward several microns. The servo-motor signal ac-
tuates a motor that moves the stylus carriage backward and forward.
The switch inputs include the rapid access, visual search, pause, and
load functions. The photon interrupter consists of a light beam that is
interrupted by the arm every time the arm moves a distance equal to
one minute. The resultant signal is sent to the microcomputer.
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DAXI buffer integrated circuit

A single integrated circuit provides
the interfacing between the
VideoDisc's analog signals and the
microprocessor. The DAXI buffer in-
cludes: a bit detector, a clock
generator for the microcomputer, a
correlator for detecting the start
code, error-detection circuitry and
storage for the 24 bits used in the
current VideoDisc player. As shown
on this page, the DAXI buffer IC can
be separated into two parts. The
analog interface circuits comprise the
bit detector and clock regenerator,
while the digital signal processing
circuits include the start-code detec-
tor. the error detection, the timing,
and the storage.

The analog interface circuits (see
the figure on the facing page) make
use of the CMOS linear operating
region. The microcomputer clock
generator uses a CMOS inverter with
afeedback resistor as an AC-coupled
amplifier/limiter. The 1.53-MHz
sinewave from the player's chroma
processing circuitry is amplified to
provide the time base for the micro-
computer and the buffer IC. Bit detec-
tion is performed by an integrate-
and-dump circuit composed of an
inverter and transmission gate. When

| | TO THE
MICROCOMPUTER
e ide I CE LS R Rl e 1
| t ] |
VIDEO IN BiTs | % BARKER/CRC | |
| |oeTECTOR [T 1™ REGISTER [ ™ STATUS
| | |
CONTRO
24 BIT
i ciRCUIT DATA REGISTER | DATA Y
163 MHz CLOCK| | crock |
! REGEN o "—~—'—A| |
SINE WAVE ATOR ' —FUNTER [
| f }— conTROL
| ! = CLOCK
|

The DAXI is a custom IC designed especially for the VideoDisc player. The IC’s analog
circuits. the bit detector and clock regenerator, make use of the CMOS linear operating
region to convert small analog signais to logic level outputs. The digital circuits are

mostly shift registers and counters.

the transmission gate is short-
circuited, the capacitor is charged to
the inverter's threshold voltage. When
the transmission gate is an open
circuit, charge may be accumulated
or withdrawn depending on the in-
stantaneous video-input voltage. If
the charge remaining after the in-
tegration is greater than the original
threshold level, the bit is judged logic
oneandifitisless than threshold, itis
judged logic zero. Biasingis provided
by using “vertical detail” video —the
difference output of the player’s video

comb filter. This signal has no DC
component at all and the average
level is logic zero. To compensate for
this, abias current/, iscontinuously
withdrawn from the circuit. This
current makes the threshold lie about
midway between logic zero and logic
one.

The remainder of the DAXI buffer
IC consists of two shift registers, a
counter, and other control circuitry.
The first shift register searches the
output of the bit detector for the
Barker sequence. When this is found,

curate control of stylus position. The
second component is called the digital
auxiliary information (DAX]I) circuit. It is
a communication link that informs the
player of the precise location of the stylus
on the disc. The combination of stylus
control (by the kicker) and position sensing
(from the DAXI) leads to all the advan-
tages of teedback control.

Closing the feedback loop with a micro-
computer allowed us to include several
features not otherwise possible, such as
locked-groove correction, quick start-up
and smooth visual search.

The control system

The control system consists of  three
custom-integrated circuits:  the DAXI
buffer. the microcomputer, and the
decoder driver (Fig. 1). The 1.53-MH/
sinewave, which is phase-locked to the
buried-subcarrier burst recorded on the
disc. is the system clock tor the DAXI
butfer and the microcomputer. A com-
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munication link from the recorded disc to
the control system is provided by the 77-bit
DAXI signal embedded within the video
signal. The DAXI information identifies
cach video field on the disc and is used by
the microcomputer to precisely locate the
stylus position on the disc. The DAXI
butfer 1C detects the 77-bit DAXI code.
performs error checking and stores the last
24 bits of the code word.

A 3870 single-chip &-bit microcomputer
responds to the DAXI code and various
switch inputs, and thereby controls the
movement of the stylus. The micro-
computer also controls the information
sent to the LED display and other player
circuits.

A decoder driver decodes the outputs
from the microcomputer and drives a low-
current, high-brightness 1.LED) display.

The digital control system is connected
to an array of sensors and manipulators. A
micro switch indicates the position of
the plaver's function lever. A “photon-
interrupter” code wheel measures relative

arm-carriage motion. Arm-carriage mo-
tion is controlled by an arm-drive DC
motor under microprocessor supervision.
The stylus position can be controlled by the
stvlus-kicker circuits described above.

The digital auxiliary
information code (DAXI)

The design of a digital data link from disc
to player presents an unusual array of
design criteria. The system’s primary pur-
pose is to associate a unique number with
cach of the “CED™ VideoDisc's 216.000
video fields on one side of the disc. The
player need not read every field’s number
but it must never read a number incorrect-
Iv. The coding system has to be casily
decodable.  implementable  entirely  in
CMOS, and must have a minimum number
of connections to the analog processing
circuitry in the player. The data link should
also provide space for program-band infor-
mation to allow the segmentation of
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Analog interface circuits include a clock regenerator and a bit detector. The clock
regenerator is a limiter-amplifier impiemented in CMOS. The bit detector averages
sections of the input waveform to produce a logic output by integrating and dumping
charge. When the clock, V, is low, the transmission gate, TG, sets the voltage on
capacitor C to CMOS logic threshold voltage. When V , is high, chargeis added or taken
from C. The integration of this charge flow changes voltage V; away from threshold.
The offset tfrom threshold is amplified and applied to the D-input of flip-flop FF, which
stores the logic level when V goes low. Because the video-input signal is vertical detail,
the average signal voltage is very near to the logic-zero voltage. This causes very little
current flow through resistor R during logic-zero bits. To equalize current flows for the

two logic levels, a bias current /5 is added.

digital feedback is added, which
switches the register's function from
a synchronization detector to a CRC
check register. The bit-detector out-
putisalsoshifted into the other 24-bit
shift register for the duration of the
DAXI signal. After the seventy-
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seventh DAXI bit has been shifted in
the CRC, the check register can judge
if the data is error-free and the 24-bit
shift register will contain the last 24
bits of DAXI data — the field and band
numbers. These data are now ready
to be read-in by the microcomputer.

programming recorded on a disc side as
well as space for other auxiliary informa-
tion to be defined. T'hese data do not need
the absolute reliability of the field number.
so error correction should be available if
we wish to make a “best guess™ at the cost
of allowing some incorrect data output.
While the decoder must be as simple as
possible and allow for wide variations in
component tolerances. the same restriction
does not apply to the encoder. The en-
coder, which resides in the dis¢c mastering
studio. may have hundreds of extra logic
gates if this saves one flip-tlop in the
player's decoder.

The digital auxiliary information coding
system meets these design criteria. “CED”
plaver interfacing has been simplified to
require no adjustments or close-tolerance
parts and only one all-CMOS 1C to inter-
face a microcomputer to the player's
analog signals.

Early studies' had shown that the
“CED™ VideoDisc¢ video tormat could
store digital data at 3 Mb sand play it back

at a lower than 0.1 percent error rate. This
data rate corresponds to about 160 bits per
horizontal line, assuming that horizontal
sync and color burst are left undisturbed.
The unigue identification of every field ina
60-minute disc requires only I8 bits. The
digital data rate could therefore be con-
siderably less than 3 Mb/s and still allow
storage of the tield number and a lot more
data on a single horizontal line in the video
signal’s vertical blanking interval,

The VideoDdise plaver produces its own
1.53-MH/ sinewave. which is phase-locked
to the buried subcarrier burst recorded on

the disc. Data which is recorded at 1.53
Mb/s using non-return-to-z¢ro (NRZ)
waveforms can be digitally sampled at
precise times. eliminating the need for selt-
clocking waveforms, such as Miller codes.
Use of a 1.53-MH7 clock allows transmis-
sion of the 77-bit DAXI code in 50.2 us.
T'he DAXI code (Fig. 2) includes a large
amount of redundancy and still has 27 bits
for use in future products.

The DAXI] code is divided into five
sections  svnchronization, error  detec-
tion, auxiliary information. video field
numbers, and band numbers. The usual
method of locating a signal recorded in the
vertical interval of a video lield uses the
vertical synchronization pulse and a line
selector. Video test signals such as VIRS
and VITS are often located in this way. The
VideoDdise plaver does not contain cir-
cuitry 10 locate vertical svne. so the playver
control system  obtains  synchronization
from a 13-bit Barker' sequence. which
takes up the first 13 DAXI bits. This 4.7-
ws-long bit stream is “borrowed™ from
radar technology. where it has been used to
reduce the interfering effects of impulse
noise und to improve signal detection
reliability. The player control system at-
tains synchronization by looking for an
exact mateh to this pattern in the detected
data stream. The Barker sequence has
another  advantage —it produces  a
waveform that is not normally found in
video. Because of this, the DAXI code need
not be separated from  video before
svnchronization. This simplifies detection
by allowing the player to continuously scan
the entire video signal for the Barker
seguenee.

I'he DAXI code includes error protec-
tion for the 64 bits following the Barker’
sequence.  T'he most common error-
protection system in use today is the
“parity check.” A parity check is one bit,
added to the end of a bit stream. that is
chosen to produce an odd (or even) number
of ones in the entire bit stream. The parity
bit does not produce or change the existing
data stieam, just the final addition of the
bit stream is modified to give even or odd
parity. Any single error will be detected

100 IRE —
3BT (2787 18 BIT 6 BIT
CRC UNASSIGNED FIELD BAND
ERFOR NUMBER NO.
0 IRE CooE
3 LsB

13 BIT
BARKER
SEQUENCE

Fig. 2. DAXI code. Thisline drawing graphically describes the DAXI 77-bit stream
as it would appear on Line 17. The 13-bit Barker sequence is transmitted first,and
the least significant bit of the band number is transmitted last. The clock rate of

each bit is 1.53-MHz.
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Fig. 3. Microcomputer flowchart briefly describes the functions performed by the

microcomputer software.

because the parity bit will have the wrong
value. The same error protection could also
be provided by inserting the parity bit at
the beginning of the bit stream rather than
the end. This is uncommon because it
complicates the encoder just to save a few
gates in the decoder.

The DAXI error-protection system is
more powerful than the simple parity
check. [t employs 13 parity bits in a cyclic
redundancy check (CRC). One parity bit s
capable of detecting every single-bit error
and one-half (0.5) of all errors. The 13-bit
CRC is capable of detecting every error
that affects 13 orfewer adjacent bits and all
but (0.5)" or 99.987 percent of all possible
errors. CRC bits are usually placed at the
end of a bit stream to simplify theencoding
hardware. The DAXI code includes the
CRC bits at the beginning of the bit stream
because, since there will only be a few
VideoDisc mastering studios compared
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with millions of VideoDisc players, every
effort has been made to simplify player
circuitry even at the cost of a more complex
encoder.

Errors caused by microscopic defects on
the disc tend to affect only one or two
microseconds of signal, producing a burst
of biterrors four or five bits long. The CRC
code will detect the presence of up to two
burst errors in a DAXI code. The player
circuitry is wired to perform this type of
error detection. With a different decoder,
the CRC bits could be used to locate and
correct any single burst affecting six or
fewer bits. This error correction capability
is not presently implemented because any
reduction in the discard rate (percent data
that is correctable but not used) increases
the false alarm rate (data distorted beyond
correction which looks as if it is another
correctable codeword). The error protec-
tion works so well that in over two years

and thousands of players, no known false
alarms have occurred.

The remaining 51 bits of the DAXI code
are data. The first 27 of these are unused
bits that are reserved for future use. The
next I8 bits are the field number, a binary
number that uniquely identifies each video
field. The VideoDisc is recorded with eight
fields per revolution, so the three least
significant bits provide a method of dis-
tinguishing the eight wedge-shaped sectors
on the disc.

The final six DAXI bits provide band-
number information. Audio records are
often recorded with several musical
selections per side — these are commonly
separated into bands of grooves with un-
recorded spaces between them. The greater
density of grooves in the “CED™ system
along with the closed environment of the
VideoDisc player would make the visual
location of program bands impractical.
Digital band location provides up to sixty-
two program bands per side.

Microcomputer

The SFT100 player uses a microcomputer
with internal ROM to manage control
system processes. Some of these processes
are straightforward and could easily be
performed without a microcomputer. For
example, when the function lever is in
“LOAD?" position, the LED display shows
the letter “L” also; when the function
level is moved from “LOAD™ to “PLAY",
the microcomputer waits six seconds
before lowering the pickup stylus. Either of
these tasks could have been implemented
more cheaply with wired circuitry.

We use a microcomputer because some
tasks —such as time display, adaptive
kicking and locked-groove correction —
cannot be implemented with simple
hardware. Once we have included a micro-
processor in a system, other processes can
be included at practically no cost. In our
final design, the microcomputer was given
control of: the stylus lifter, stylus kicker.
arm servo, DA X1 buffer, LED display, and
audio mute line.

Microcomputer programming

The microcomputer program is a con-
glomeration of routines and subroutines
carefully fit into two kilobytes of read-only
memory. The variety and complexity of the
tasks implemented in software preclude a
description in this paper; instead we shall
mention a few of the programming
highlights.
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to the kicker coils.

the proper position.

Microcomputer functions

s Calculates minutes and seconds played.
= Displays the minutes played.
» Corrects for locked grooves.

s Maintains a two-groove kick during visual search by
changing the width of the kick pulse sent

« Generates a signal to lift the stylus when required.
« Stores the current band number.
» Stores the previous field number.

s Controls the servo motor during the rapid-access
mode, to move the stylus carriage to

The microcomputer operates in five
basic modes: LOAD, SPINUP, PAUSE,
PLAY,and RAPID ACCESS. LOADand
PAUSE are similar in that the micro-
computer keeps the stylus up, while dis-
playing a flashing “L” or “P” on the
display. SPINUP mode is entered after
LLOAD. It is simply a waiting routine that
counts out six seconds before lowering the
stylus.

PLAY is the most complex mode. The
program structure in the play mode was
dictated by the need to read DAXI codes
from the disc 60 times per second.

In every field, a new DAXI code arrives
and the microcomputer must be ready to
catch it. There are exactly 195/2 times
525/2 cycles of the clock in one video field.
Therefore, the microcomputer’s internal
timer can be set into a mode in which its
free-running period is very nearly one field.
The error in the timer rate is 0.025
percent. Whenever a DAXI code is read,
the time at which the next code is expected
is calculated and stored in the scratch-pad
RAM. All processing takes place quickly
enough to be completed well before the
next DAXI code is expected. The micro-
computer then can loop, waiting for the
timer to indicate that a new DAXI code is
due soon. A few hundred microseconds
before the code is due, the microcomputer
puts the DA X1 buffer IC in its “get-data”
mode. If the data arrives when expected,
the next time is recalculated from the
arrival time. If the data has not come in a
few hundred microseconds after the ex-
pected time, the DAXI buffer is turned off
and the next arrival time is calculated from
the previously stored value. The worst-case
tolerances are such that many more than 16
codes can be missed before the read win-
dow drifts away from the correct time.

After 16 bad reads, timing is reacquired
through an interrupt process.

The primary job the microcomputer
must do during PLAY is to prevent the
“locked-groove™ phenomenon, whereby a
defect forces the stylus back, and one or
more revolutions later, the stylus hits the
same defect. To do this task, the DAXI
information is used. The DAXI codes
indicate the current field. Anexpected field
is maintained by incrementing a value
every sixtieth of a second. If the current
field matches the expected field, no action
is required. If the current field is greater
than the expected field, the expected field is
changed to the actual value. If the current
field is a lower number than expected, the
stylus has been moved back. The micro-
computer emits a kick pulse to advance the
stylus by two grooves. Depending upon the
severity of the defect, several kicks may be
needed to advance the stylus past the
disturbance. As a result of various
manufacturing tolerances, the width of
kick pulse required to move the stylus two
grooves cannot be predicted. The micro-

computer knows where the stylus was
before and after emitting a kick pulse and.
therefore, adapts the width of future kick
pulses to produce exactly the desired two-
groove effect.

The visual search function. at 16-times
normal speed. is obtained by kicking the
stylus in the user-selected direction by two
grooves every field. The kick pulse is
delayed to the bottom of the field to
minimize the visibility of the effects of the
groove change.

There are two special bands encoded in
the DA X1 information on the disc. Band 63
(all & bits are ones) means end of play.
When the microcomputer reads this band
number, it picks up the stylus. stops
playing and displays a blinking “E” on the
LED display. This is simple enough todo,
but there are interesting complications that
arise if the user then presses some buttons.
It is reasonable to take no action if the user
tries to visual-search forward or to rapid-
access forward. Itis less obvious what todo
for exception cases such as: the user,
having reached the end of play, starts a
rapid-reverse access and then suddenly
switches to rapid access in the forward
direction. For all of the imaginable excep-
tion cases, we have tried to do what would
seem most natural without risking any
harm to the disc or player. The other
special band is Band 0. Mechanical
tolerances leave a possible uncertainty
about where the stylus is first put down.
This uncertainty may be more than a
minute. A user would not like to start the
play process and then wait a minute before
the picture appears. The “set-down” band
is encoded with Band 0. The micro-
computer, upon recognizing this band,
kicks the stylus ahead at the visual search
rate to make the picture show up within
five seconds of stylus set down.

Another important function of the
microcomputer in PLAY mode is the

Choice of the microcomputer

resources were used.

page, 4,2000-line listing.

Whenever a computer is selected for a task, the question arises: “Why
did they pick that one and not brand R, brand I, or brand N?" The
microcomputer used is a 3870 single-chip machine with 2 kbytes of
ROM, 64 bytes of RAM, 32 1/0 pins and an internal 8-bit timer. It was
selected because it has a proven record (it was used in the Auto-
Programmer TV set), it was available from many sources, and it had
more than enough capability for the job as initially envisioned. By the
time the product was completed, essentially all of the microcomputer

The final program yielded over 2,000 bytes of object code and a 59-
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calculation and display of play time. The
field numbers in the DAXI code start at 0
at the beginning of the disc. Minutes of
play are obtained by dividing the field
number by 3600. Actually, tens of minutes
is calculated by dividing the field by 36,000,
and then the units figured out by dividing
the remainder by 3600. In the RAPID
ACCESS mode, the microcomputer lifts
the stylus and commands the arm-servo
motor to move the arm at full speed in the
appropriate direction. In this mode, there
is no DAXI input. An optical interrupter
input is debounced and produces one
transition (positive or negative) for each
minute’s worth of arm movement. The
previously calculated value of play-time
minutes is incremented (or decremented).
and displayed.

Conclusion

The digital control system, tfrom stylus
location via DAXI code to stylus control
via adaptive kicking. represents a signifi-
cant new direction in the design of a home
entertainment product. Our first model,
the SFTIOOW  player, represents a
restrained implementation of such a con-
trol system. We at “SelectaVision™
VideoDisc Operations, Indianapolis, and
at RCA Laboratories, Princeton, have
only begun to exploit the many features
possible using the VideoDisc control
system.
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R.S. Batra

RF modulation in the VideoDisc player

The system requirements and the design approach for the RF
modulator in the VideoDisc player ensured a high quality
RF signal that met FCC regulations.

Abstract: This article describes the system
requirements and the design approach
for the RF modulator used in the

Video Disc plaver .

In order to interface the VideoDisc player
with the TV receiver, the composite video
and audio signals are modulated onan RF
carrier. A simplified block diagram shown
in Fig. I. describes the operation of the
modulator section.

The audio signal from the audio
demodulator frequency modulates the 4.5-
MHz sound oscillator. This signal, along
with the video signalamplitude, modulates
either the channel-3 or channel4 os-
cillator. The resultant modulated RF
carrier is passed through the filters and
applied to the antenna switch assembly.
The switch, which is operated by the player
function lever, connects either the player’s
RF output signal or the external antenna
signal to the player’s RF output connector,
which in turn is connected to the TV
receiver.

System requirements

To ensure that the RF signal is of high
quality, the RF modulator must meet the
following performance criteria:

« Stable RF carrier frequencies within £50
kHz over a range of temperature and
power-supply variations.

« Stable sound-subcarrier frequency within
+5 kHz.
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Fig. 1. Block diagram of the modulator section. The composite video signal —
combined with the FM 4.5-MHz sound signal — modulates either the channel-3 or
the channel-4 video carrier. This RF signal is connected to the TV receiver after it
is passed through a filter network and an antenna-transfer switch.

 Linear modulator, with intermodulation
and other beat products to be at least 48
dB lower than the video carrier.

« High carrier suppression.

o Customer-selected operation on either
channel 3 or channel 4.

» Compliance with the FCC regulations,
which demanded: RF output not to
exceed 3 mVrms into 75 §); sound carrier
to be at least 13 dB below video carrier;
out-of-band signals at greater than 3
MHz from the channel edge should be at
least 30 dB down from 3 mVrms into 75
); and antenna switch isolation with RF
signal on the antenna input jack to be no
greater than 3 uv into 75 ().

RF oscillators

An integrated circuit is used for oscillator
and modulator functions. Figure 2 shows
the simplified circuit for the RF oscillators.

Positive feedback is achieved by cross-
coupling the collectors of the differential

+15v

Fig. 2. Basic oscillator circuit. The
frequency of oscillation is determined
by the parallel tank.
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amplifier to the bases. The oscillator fre-
quency is defined by the parallel tank,
which in the case of channel 3. is resonant
at61.25 MHz. and for channel 4 is resonant

at 67.25 MHz. The peak-to-peak oscillatar
amplitude is determined by the load
resistors, which also set the ¢. An
optimum value of Q will be high enough for

+15V
RF OQUT
0OSC NPUT 0—{
Vi Vo  COMPOSITE
VIDEO INPUT

Fig. 3. Basic modulator circuit. A double-balanced modulatoris used to modulate
the RF carrier with the composite video signal.

+15V

R402

Q401
\
Q402

— A

Fig. 4. Video buffer stage. R402 provides a means for adjusting the video
modulation depth by changing the DC voltage of the video signal.

+15v

—

AUDIO IN

uso1 IC

+15V

Fig. 5. Sound modulation. The 4.5-MHz oscillator is frequency modulated with
the audio signal by using a varactor diode.
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the frequency stability criterion and will
also satisfy the output requirement.

RF modulator

Figure 3 shows the conventional doubly
balanced mixer used for the modulator.
Output of this modulator is proportional
to the product of the oscillator input signal
and the offset voltage V' - V2. Vi is the DC
reference. while 13 is the video input
voltage from the emitter-follower 0401, as
shownin Fig. 4. Composite video isapplied
to the base of Q402. which is an inverting
amplifier stage. R402 changes the DC
voltage of the collector. which in turn is
connected to the base of Q401. 3. the
output of the emitter follower Q401. is the
composite video signal with negative-going
sync. This signal is applied to Pin 13 of
U'S01. ¥ (Pin 12) and 15 (Pin 13) are so
adjusted that the maximum offset and
hence the maximum RF output occurs at
sync peaks. At peak white. the offset
voltage approaches the balance condition.
giving the lowest RF output. In produc-
tion, the modulation depth is controlled so
as not to exceed the NTSC broadcast
standard of 90 percent.

DC switching of the channels is ac-
complished by switching the supply voltage
to the load resistors of the oscillator tank
circuits. This. in addition to turning the
oscillator off, cuts the current source to the
modulator. Thus, at one given time, only
one oscillator; modulator combination is
turned on.

Sound modulation

The 4.5-MH 2 sound oscillator is similar to
the RF oscillators with the difference that
the tank circuitis connected between +15 V
and one output of the differential
amplifier. This oscillator is frequency
modulated by the audio signal from the
audio demodulator by using a varactor
diode. as shown in Fig. 5. The frequency
deviation is set to £25 kHz by adjusting the
audio input level to the varactor diode. The
modulated subcarrier is connected to Pin
12 of 1C US01. The AC voltage at Pin 12
determines the sound RF carrier level,
while the DC voltage at this pin, as
explained earlier, is used to set video
modulation depth.

Filter network

Output of channel 3 is passed through a
bridged-T trap and a bandpass filter (Fig.
6). The trap is of medium high Q and is
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Fig. 6. Filter network. The RF filter network used inthe VideoDisc player consists
of two bridged-T traps and a bandpass filter that is common to both channels 3
= and 4.
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adjusted to give a mmimum of 20-dB
attenuation at 56.75 MH/. which is the
lower sideband of the sound subcarrier,
Since the sound carrier is already 15-dB
lower than the video carrier. total attenua-
tion achieved is greater than 35 dB, thus
giving more than 5-dB margin to the FCC
limit of 30 dB.

The bandpass filter response is very
nearly flat to within £0.5 dB for fre-
quencies between 60 MH/z to 72 MHz, as
shown in Fig. 7. The need for the bandpass
is to filter out the baseband signals and the
channel harmonics caused by the RF
modulator.

Channel-4 output (pin 11) is passed
through a bridged-T network similar to the
one used for the channel-3 section, with the
difference that itis adjusted to trap out the
62.75 MH/, the lower sideband of the
sound subcarrier for channel 4. The output
is passed through the bandpass filter before
being connected to the antenna switch.
Figure 8 shows the channel-4 (filter
response. The insertion loss of the filter
network is approximately 20 dB. giving an
RF output of 2 mVrms that is well within
the FCC limits.

Antenna switch

The antenna switch is made of two stan-
dard DPDT switches, mechanically linked
and electrically connected to act as a high-
isolation SPDT switch. The switches are
mechanically linked to the player function
lever. In the OFF position, the external
antenna is connected to the RF output
connector of the player. In LLOAD and
PILAY positions, the antenna is isolated
from the RF output connector by at least
60 dB. while the RF modulator output is
connected to the RF output connector.

Batra: RF modulation in the VideoDisc player
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Fig. 7. Channel-3 filter-network response. A minimum of 35-dB attenuation is
achieved at 56.75 MHz, the lower sideband of the sound subcarrier of channel 3.
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Fig. 8. Channel-4 filter-network response. A minimum of 35-dB attenuation is
achieved at 62.75 MHz, the lower sideband of the sound subcarrier of channel 4.
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R.L. Lineberry

Regulatory considerations

In player design

Radio frequency interference and safety were
prime concerns for the player’'s designers.

Abstract: Plaver Engineering is
responsible for designing the SFT100 B to
comply with all relevant regulatory re-
quirements, and for securing all necessary
regulatory approvals. For video disc
plavers, these regulations fall into two
categories: radio frequency interference

( RF1) and safety. RFI requirements are
established by the Federal Communi-
cations Commission ( FCC). Safety
requirements are established by Under-
writers Laboratories (UL)., the

Canadian Standards Association (CSA),
and RCA Product Safery .

Radio frequency interference (RF1) and
product safety were two important con-
siderations in the design of the SETTO0OW
“SelectaVision™  VideoDisc  Player.
Meeting the Federal Communications
Commission (FCC) requirements for RFT
performance involved construction of an
REL measurements facility, as well as
considerable design effort in reducing the
player's  RF  emissions.  Safety  con-
siderations were factored into the design
from the player’s conception, and were
regularly reviewed with RCA Product
Safety as the design developed.

Radio Frequency
Interference (RFI)

The RFI regulations for video disc
players are contained in Part 15 of the FCC
Rules and Regulations. These regulations

Reprint RE-26-9-13
Final manuscript recewved Sept 8. 1981
<1981 RCA Corporation

70

are intended to prevent various users of the
RE spectrum from interfering with one
another. Other devices governed by this
part include radio and TV receivers, fow-
power communication devices, and com-
puting devices.

Until September, 1979, the FCC classified
the **SelectaVision™ VideoDisc Player as a
Class | TV Device and a Field Disturbance
Sensor. At that time, the FCC proposed to
amend Part IS by abolishing the Class I
TV Device classification and creating a
new classification, the TV Interface De-
vice. As will be shown later in this article,
this proposal had a major impact on the
SFTI100W.

A Class | 'V Device is an electronic
device which produces an RF carrier that is
modulated by a video signal and is in-
tended to be fed into the antenna input
terminals of a television receiver. This
classification  includes  video cassette
recorders, TV games, and video disc
players.

The FCC defines a Field Disturbance
Sensor as any device that creates an elec-
tromagnetic field and detects changes in
that ficld due to movement of objects
within the field. This classification was
originally created to regulate intrusion
alarms  and  theft  detection  devices.
However, by definition, it also applies to
the 915-M Hz pickup system in the “Selec-
taVision™ VideoDisc Player. This system
creates 1 915-MHz field in the area between
the stylus tip and the grooves of the disc. As
the disc spins, variations in the depth of the
groove create a change in the relative
height of the stylus electrode above the
disc. This change in height creates a change
in the clectromagnetic field, which is
detected by the pickup circuitry.

TV Interface Device

The TV Interface Device was created in a
Notice of Proposed Rule Making (NPRM)
in FCC General Docket 79-244 (adopted
September 18, 1979). This NPRM resulted
primarily from a petition filed by RCA
Corporation in 1977, requesting the FCC
to amend the Class | TV Device Rules.
RCA filed this petition because it was
anticipated  that  the “SelectaVision™
VideoDise Player would be difficult to
market under the existing Class 1 1V
Device rules for two reasons:

1. Class 1 TV Devices are required to be
type approved under the FCC Equip-
ment Authorization Program (Table I).
RCA proposed certification as a sub-
stitute procedure.
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. No provision is made in the Class 1 TV
Device rules for other types of devices
(such as a Field Disturbance Sensor) to
be included within the Class I TV Device
package.

The proposed TV Interface Device rules
addressed both of the RCA concerns.
Under the proposed rules, video disc
players are now permitted to be certificated
rather than type approved. This is signifi-
cant because. under the type-approval
process, the manufacturer is obligated to
make no design changes to the approved
device without first obtaining FCC reap-
proval. This reapproval may or may not
involve retesting, depending on the Com-
mission’s perception of the nature of the
change. Under the certification procedure,
the manufacturer provides measurement
data. taken on an FCC-approved measure-
ment  site, to the Commission. The
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Table I. FCC Equipment Authorization Program. The FCC Equipment Authorization Program
contains four procedures by which various types of equipment receive FCC approval. The SFT100W
was approved under the certification procedure. For certification, “permissive changes” include any
changes which do not degrade RFI performance.

Procedure

Test Requirements

Applicability

Example Devices

Type Approval

laboratory.
Type Acceptance

Certification Based on test data
supplied by applicant.
Verification Manufacturer responsible

for verifying compliance.
Submission of data or

Based on FCC testing of
sample unit(s) at FCC

Based on test data
supplied by applicant.

Applies to all subsequent
units that are identical
to tested sample.

Applies to all subsequent
units that are identical
to tested sample except
for permissive changes.
Applies to all subsequent
units that are identical
to tested sample except
for permissive changes.
Applies to all subsequent
units that conform with
tested sample.

samples to FCC generally

not required.

Class 1 TV Device

Ultrasonic Equipment

Medical Diathermy Equipment
L.and Mobile Transmitter
Broadcast Transmitter

TV Interface Device (proposed)
Field Disturbance Sensor
Radio TV Receiver

Home Computing Device
Hand-held Calculator

Digital Watch

Commercial Computing Device

Table 1l. Summary of RFI limits. TV Interface Device requirements are contained in (proposed)
Subpart H of Part 15 of the FCC Rules and Regulations. Field Disturbance Sensor requirements
are contained in Subpart F of Part 15. In practice, Field Disturbance Sensor measurements are
made at a distance of 3 m, and the results extrapolated to 30 m by assuming an inverse linear
relationship between field strength and distance.

TV Interface Device

RF Carrier Output Signal 1.evel

RFE Output Terminal Conducted Interference
Antenna Transter Switch lsolation

Field Strength of Emissions

Power Line Conducted Interference

Visual
Aural
RITAY
30- 88 MH:/
88 - 216 MH,

216 - 1000 MH~
450 kHz - 30 MHz

3000 gV at 754
At least 13 dB below visual
95 uV at 7541

at 7541

100 uV/m at 3m
150 uV/m at 3m
200 uV/m at 3Im

250 uV

Field Disturbance Sensor

Field Strength of Emissions
Fundamental

Harmonics
Spurious

915 * 13 MH,
1-10 GH7
1-10 GH/s

50.000 uV/m at 30m
160 uV, m at 30m
1S uV;m at 30m

manulacturer may make design changes
under the permissive-change rules without
notifving the Commission, provided that
the manufacturer verifies that no degrada-
tion in RFl performance results. The
certilication procedure places the burden
ol responsibility on the manufacturer to
maintain  compliance, but affords him
much greater tlexibility to make changes.
This tlexibility proved to be very crucial in
bringing the SETI00W to market on time.
Many design changes had to be made in the
carly stages of production. These changes
could not have been made under the type-

approval procedures without jeopardizing
production schedules.

The proposed TV Interface Device rules
also allow for the combining ol various
types of regulated devices, which may be
used to generate the video signal. into a
single package. Furthermore. the proposed
rules allow that when a TV Interface
Device is contained in a package which also
contains other regulated devicees. the entire
package must meet the ficld strength ot
cemissions limits of cach individual device,
with the exception that where an overlapin
requirements occur, the deviee with the

Lineberry: Regulatory considerations in player design

greatest allowable level ol field strength
governs.  This  provision  allows  the
VideoDise player to emit higher RE levels
at 915 M1/, where the Field Disturbance
Sensor rules apply. than would otherwise
be wllowed fora TV Interface Device alone.

Iy addition to cemission  limits,  the
proposed TV Interface Device rules con-
tain a himit on RF interference voltages
which can be injected onto the AC power
line. The proposed rules also contain
spectfications on signal levels and in-
terterence levels allowable on the R cable
which attaches to the TV receiver. These
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rules are designed to maintain compatibili-
ty with NTSC TV receivers. Finally, a limit
s placed on the signal level that the RF
modulator can inject onto the antenna
input terminals of the player. This limit is
intended to prevent the player from becom-
ing a miniature TV transmitter through the
customer's TV antenna,

The RET Limits for TV Intertace Devices
and Field Disturbance Sensors arg sum-
marized in lable |1,

RFI design considerations

I'he chiel sources ol emissions in the 30- to
1000-MH/ region are the RF modulator,
CCD comb fikter. DC servo motor., and
915-MH/ oscillator. The RF-modulator
and comb-(lilter ¢missions are controlled
using metal shields, ferrite beads. RF
bypass capacitors, and carcful  con-
siderations of printed circuit layouts. DC
motor emissions are primarily controlled
by RI- bypass capacitors internal to the
motor.

I'he harmonic emissions of the 915-MH
oscitlutor are controlled by shields. lerrite
beads. leedthrough capacitors, and adjust-
ment ol the layout of the resonator printed
circuit board. The fundamental emission
tadls tar below the FCC limit without any
special design effort,

Lhe limits on the RE emissions on the
modulator terminals were met by using
lilters and by caretul attention to lavout
(sce RE-modulator design article. page 67).

I he emissions on the AC power cord are
controlled by a toroidal line choke. Both
leads of the AC power line are wound ona
toroidal ferrite core. The leads are con-
nected ina start-start, tinish-finish con-
liguration  to  supress
signals.

common-mode

RFI measurements facility

The certification process by which the
SETT00W was approved requires the sub-
mission of RFI data taken on an approved
test site. The RCA Tfacility located at the
Rockville Road plant consists of three
parts:

1. An enclosed screen room for  line-
conducted RFl  voltage and RF
modulator output measurements.

t9

. A 3-m open-field site for measuring field
strength of emissions from 30 to 1000
MHy..

3. A large indoor room for measuring field
strength of emissions from 1 to 10 GHy,
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Line-conducted RF1 voltage is measured
using a Line Impedance Stabilization
Network (LISN). The LISN provides a
standard termination for the device under
test as well as a means of coupling the RFI
signal to the measurement device. A spec-
trum analyzer is used to measure line-
conducted RFI voltages as well as RF
modulator output characteristics.

The open-field site is built on a platform
raised approximately two feet above
ground level. The platform is 6 m wide by
9 m long and is covered with galvanized
steel sheets to provide a constant ground
surface. I'he measurement antenna (either
a half-wave dipole or biconical antenna) is
attached to a mechanical “monkey™ which
can be raised and lowered on the antenna
mast over a height of | to 4 m above the
metal ground plane. The device under test
is located on a turntable 3 m from the
antenna. Both the antenna height and
turntable rotation are motor driven and
remotely  controlled  from  within  the
measurements house. which is located ad-
Jjacent to the platform. This house contains
the measurement instrumentation, which
consists of a spectrum analyzer and a Field
Strength Meter,

Spurious and harmonic emissions from
I to 10 GH7 were originally measured on
the open-field site. However, several im-
plementation problems made this ditticult,
and an alternate location was desired. A
large indoor room (4.5 m by 12 m) inside
the plant was transformed into a measure-
ment site. Because horn antennas with high
directivity are primarily used. reflections
rom the walls. ceiling, and floor are many
decibels below the primary-path emissions
and are not significant. Microwave ab-
sorbing material is used to cover two metal
structures (a steel door and girder) located
behind the device under test. A microwave
spectrum analyzer is used to measure the
field strength of emissions from | to 10
GH /.

Steps in the approval cycle

Player Engineering worked closely with the
Washington. D.C. office of the RCA Fre-
quency Burcau during atl steps in the
approval process. The Frequency Burcau
provided guidance in the preparation of all
required documentation. and submitted
the documentation to the Commission.
The first stepin the approval process was
to receive a waiver from the Commission to
allow the SFTI0OW to be certificated
under the proposed TV Interface Device
rules. As previously noted. these rules were

proposed in September of 1979: however,
as of July. 1981, they have not been
formally approved by the Commission.
Therefore, to avoid the complications of
the existing Class | TV Device rules. a
waiver was required. A request for a waiver
was filed by the RCA Frequency Bureauin
May. 1980. and was granted by the Com-
mission in June of that year.

The next step was to receive approval for
the measurement site. Details of the site,
including a list of equipment, photographs.
and site attenuation measurements, were
submitted to the FCC. Approval of the site
was granted in August of 1980,

The final step was submission of the data
on the player itself. In addition to the RFI
data. the FCC requires that photographs,
circuit descriptions, and other details be
submitted. Because of an FCC policy of
making comparative measurements on all
new types of devices. a sample player was
requested by the Commission and
provided by RCA. The Grant of Certifica-
tion for the SFTI00W was issued by the
Commission on September 26, 1980),

Safety

RCA's policy states that “all products
madce or sold by the company shall con-
form to the highest practical standards of
safety and shall comply with all applicable
safety requirements.”™ For the SFT100W
VideoDise Player, these requirements are
established by Underwriters Laboratories
(UL) and RCA Product Safety. In addi-
tion. since the player is intended to be
marketed in Canada, the requirements of
the Canadian  Standards
(CSA) must be met,

The basic UL safety requirements for
video disc players are contained in Ul-
1409, “Standard for Low-Voltage Video
Products  Without  Cathode-Ray-Tube
Displays.™ This standard is supplemented
by other standards which cover many of
the individual components used in the
player. These documents contain construc-
tion, performance. and test requirements
necessary to insure that the product will
not likely become a personal injury, shock,
lire, or casualty hazard.

CSA requirements are contained in CSA
Standard C22.2 No. 1-M1981. “Radio,
Television, and Electronic Apparatus.”™

RCA Product Safety requirements are
documented on various RCA drawings.
guidelines, and internal standards. These
requirements  generally  are  structured
along the same lines as those of Ul and

Association
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AC LINE

‘HOT" CIRCUITRY

POWER
TRANSFORMER

TURNTABLE LINE-BYPASS SPACINGS,
MOTOR CAPACITOR LEAD WIRE DOUBLE PROTECTION
INSULATION,
ETC.

DESIGNED FOR

ANTENNA AND RF, -}

OUTPUT JACKS

‘COLD’ CIRCUITRY

CABINET WRAP, PUSHBUTTONS, FUNCTION LEVER, ETC.

SINGLE ISOLATION

'

POINTS READLY ACCESSIBLE TO CUSTOMER

DURING NORMAL OPERATION

Fig. 1. Block diagram of SFT100W safety system for
protection from electrical shock. The SFT100W provides
two levels of protection against electrical shock. The first
level has been designed for double protection (see text)
between “hot" and “cold” circuits. The second level

provides a single isolation barrier between points readily

CSA. However. in many cases. the RCA
requirements are more stringent.

Safety aspects of the
product design

There are many aspects of the SET100W
which were influenced by safety con-
siderations. Only some of the major con-
cerns will be mentioned here.

I'he safety system of the SFT100W_ as it
pertains to shock hazards, is illustrated in
Fig. 1. All circuits on the secondary of the
power transiormer are “cold™ (no shock
hazard). One of the decisions made early in
the development of the SFTT00W was to
design all line-isolating components and
interfaces to UL’s double-protection re-
quirements.  These  requirements  are
specified in Section 38 of UL 1410. “Stan-
dard for Television Receivers and Video
Products.” As such. double protection is
not required for a video disc player. and the
SF1100W is not qualified by UL for
double protection. However, the double
protection features have been designed into
the SFT100W.

Additional shock hazards within a
product may exist if the customer can gain
access to “hot™ components. To test for
accessibility, UL has developed a three-

jointed finger probe and a set of coin
probes, These are designed to simulate a
person’s finger and a person holding a coin
between two fingers, respectively. CSA has
its own version of the finger probe which
has only one joint butis smaller indiameter
than the Ul. probe.

All openings in the player cabinet, such
as ventilation slots. must be small enough
so that access to “hot™ circuits cannot be
made with these probes. The stylus access
opening in the cabinet top posed special
difficulties because it is large enough foran
entire hand to enter. Special covers were
designed for the AC spine-sense switchand
the AC-input printed circuit board to
prevent customer access of “hot™ com-
ponents through the stylus access opening.

UL requires that all polymeric parts that
exceed a minimum size requirement be
constructed of a Ul.-1ecognized material
which meets one of several flammability
classitications. The exact classification re-
quired depends on the use and location of
the part. In the SFT100W. there are over 70
polymeric parts that must be properly
documented with respect to material con-
tent. This documentation consists of two
notes on the part drawing. one which
specifies the material flammability reguire-
ment and another which specifies the
approved materials.

Lineberry: Regulatory considerations in player design

accessible to the customer during normal operation and
the “‘cold” circuitry. Thissecond level is intended primarily
to reduce the possibility of electrical shock in the event
that a device connected to the player (via the RF jacks)
becomes a shock hazard.

Steps in the approval cycle

Both UL and CSA require that a sample of
the product be submitted for testing before
approval is granted. Additional samples of
components which are likely to fail during
testing, including fuses, limiting resistors,
and power transistors, are supplied upon
request. A complete  set  of circuit
schematics is required. UL also requires a
list of all polymeric parts and the name of
the material from which they are con-
structed. Approval times range from 3 to 6
months, depending somewhat on how
similar the device is to a previously ap-
proved device. Since the SETI00W was the
first of its kind. UL and CSA approvals
both took approximately 6 months.

Both UL and CSA use a follow-up
service that consists of unannounced in-
spections  of the manufacturing plant.
These inspections occur at least four times
a vear. I'he inspectors check to see that the
product being built is equivalent to the
sample previously tested. Processes related
to safety are inspected. Components that
must be approved are inspected to insure
that they are properly marked as being UL
recognized and/or CSA certified. The
dicleetric withstand test is inspected.

RCA Product Safety is kept abreast of
the product design al} through the design
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cycle. Sample players from each engincer-
ing build are sent to Product Safety for
evaluation. Product Safety and Design
Engineering work closely together during
the design phase to insure that the final
product meets RCA safety requirements.
Formal RCA safety approvals are given via
two documents, the Product Safety Start
(authorization for production start and
factory hold) and Product Safety Release
(authorization for shipping release).
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MACS: A computer-based system

for manufacturing analysis
of VideoDisc player production

As the VideoDisc players go through the manufacturing
process, MACS collects and analyzes data from the
numerous test stations, so that production quality can be

monitored in real time.

Abstract: MACS ( Manufacturing
Analvsis and Control System) is a
computer-based information systent used
Jfor manufacturing analysis of Video Disc
plaver production in real time, for the
timely detection of problems and trends.
To accomplish this, a minicomputer,
located at the RCA facility in
Bloomington, Indiana, automatically
collects production test data from a large
number of test stations, processes the data
and generates a variety of reports on vields,
tailure patterns and other information of
interest 1o manufacturing mandgement .
This system was developed by a team
composed of personnel from four RCA
locations: Consumer Electronics, In
dianapolis, Indiana. Consumer Electronics
manufacturing facility, Bloomington,
Inciana:. David Sarnoff” Research Center,
Princeton, New Jersev, and Video Disce
Operations, Indianapolis, Indiana.

In March 1981, RCA introduced to the
United States a new consumer product —
the VideoDisc system. To accomplish such
a nationwide introduction, RCA started
production of the discs and the players
several  months  earlier.  The player,
produced at the RCA manufacturing facili-
ty in Bloomington, Indiana, requires the
fabrication and test of many subassemblies
prior to its integration and test. To
successfully manage such a large and com-
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plex manufacturing operation, particularly

during a new product start-up. a means of

obtaining up-to-the-minute manufacturing
information must be provided so that the
managers can quickly identify and solve
assemblv-line  anomalies. MACS
(Manufacturing  Analysis and Control
System) is the system used to provide this
information in nearly real time. A
prototype of this system, called DARTS'.
had previously been developed to provide
similar information for the TV-chassis
manufacturing facility in Bloomington.
MACS is a minicomputer-based system
that collects data from a myriad of test
stations. It reduces the data so that useful
information can be provided in timely
tashion. These reports contain such infor-
mation as production summaries, test-
station vields, failure patterns. and most-
frequent repairs. As shownin Fig. 1. datais
collected by MACS from two kinds of
sources: automatic test equipment (ATE)
and bar<ode readers at the manual test
stations. A large number of automatic test
stations are used for the alignment and test
of the player's circuit boards. Each ATE
transnrits test data to the MACS computer
automatically. Each transmission of test
data includes anidentifying number for the
unit under test: this number is provided to
the ATE by a bar-code reader. There are
also many manual test stations at which
other circuit boards. the arm, and the
players are tested. Near each of these test
stations is a bar-code reader, through
which an operator can transmit test codes
and identifving numbers to MACS. In

addition, these bar-code readers are used to
transmit repair information to MACS. All
information relating to a given unit is
collected in the computer's data base and
can be retrieved during the generation of
the required reports.

Data collection

As previously mentioned. MACS collects
data from two kinds of sources: the
automatic test equipment (ATEY and the
bar-code readers at the manual test
stations.

Automatic test equipment (ATE)

MACS collects ATE data by constantly
“listening” to all ATE stations (Fig. 2)
simultaneously. Fach ATE is connected
directly to the MACS computer through a
20-mA current-loop line operating at 9600
baud.

T'he computer has buffered communica-
tion controllers to allow simultaneous data
reception. This method was necessary to
prevent loss of production data. since the
ATEs cannot afford to wait for MACS.

During the ATE test cycle, the operator
is requested by the ATE to enter the unit’s
identifying number. To ensure the entry of
the serial number, the ATE will not release
the unit under test until the identifying
number is entered. The operator uses a
hand-held bar-code reader to make the
entry. The identifying number and the
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MACS (MANUFACTURING ANALYSIS & CONTROL SYSTEM)

i_ _________ 1
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| ! CAT CART CART
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| : (FIG. 4)
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] | J
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r 1 || —aT™ T 7T T T 71 _ _ __ .
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el | R e et
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—| I PORTABLE BCR
' omeosC [— | NOTES:
| | (1) AUTOMATIC TEST EQUIPMENT (ATE), LASERS & SOME
BARCODE READERS HAVE INDIVIDUAL LINES TO MACS.
| s | RemoTE BARCODE READERS GENERALLY INTERFACE WITH MACS
' mMop VIA MULTIPLEXER.
! | ACCESS (5 ALL EQUIPMENT (ATE, MULTIPLEXER, etc.) EXCEPT AS
L N NOTED, IS LOCATED IN THE MANUFACTURING AREA.

Fig. 1. MACS system block diagram. The heart of the MACS systemis a Prime 550
Minicomputer with 160-million bytes of disk storage. Each of the automatic test
equipment (ATE) units automatically transmits test data to the computer.
Operators use the bar-code readers to transmit other test and repair information.
The CRT terminals, located in various places, are used for system operations, as
well as to control the label printers, and to obtain reports.

results of the testare transmitted to MACS
at the conclusion of cach test cyele.

Each time an ATE is turned on. it
transmits its unigue identity, and the test
limits and procedures with which it is
operating. MACS stores this information
to be used for report generation. Thus,
MACS can relate test results to a specific
tester configuration.

The Test Technology Department of

Consumer  Electronices  (designers  and
builders of the ATE systems) developed the
ATE software to communicate  with
MACS,
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Manual data collection

Bar-code readers (Fig. 3) are used to
transmit test data to the computer from the
many (approximately 30) manual test
stations  positioned  throughout  the
manufacturing area. and they are used to
transmit all repair information for both
manually tested and automatically tested
assemblies. Bar-code readers were chosen
to transmit this data, rather than other
devices (for example, CRTs), to ensure
accuracy of the data and to minimize data-
collection labor.

Bar-code readers are connected to the
MACS computer via multiplexers. Data
transmission is in an asynchronous bit
serial mode via a 20-mA current loop: data
is in ASCI format. The data rate between
the multiplexer and the computer is 4800
baud: the data rate between the bar-code
readers and the multiplexer is 2400 baud.

Each bar-code reader can perform multi-
ple functions, including: lot pass: test pass:
test failure: and repair information. The
computer determines the function to be
performed by examining the first message
(after unit 1D) transmitted. and it then
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Lessons We Leamed

unified goal prevails.

start-up.

maintenance of the system.

@ Theuser mustbeinvolved in making system decisions. If the
user is notinvolved, the project will fail. But even if the user is
involved in early decisions, design changes must be ex-
pected after the use of the system begins.

® Inamanufacturing environment, direct labor applied to data
collection must be minimized and justified.

m A team of people from different locations can be used
efficiently to develop a complex system if a team spiritand a

B The system design is dynamic and will continue to grow as
the user becomes more involved. The system designers must
realize that their work is never complete, even after system

® Documentation, training, and system simplicity are essential
if the developers ever wish to transfer responsibility for

prompts  accordingly.  Fhe  computer
prompts the bar-code-reader operators.,
step-bv-step.  through the data-entry
process. By this prompting, such informa-
tion as “unit 1D or “test code.™ is re-
quested from the operator. Generally. the
operator enters the required information
using a bar-code reader: other information,
such as “operator number™ or “part
legend.” is entered by kevboard. ‘The
operator selects the desired test codes or
repair codes from a book that contains a
series  of  bar codes.  corresponding
numbers. and descriptions. There is such a
book near cach bar-code reader. and its
contents are appropriate for the station.

All bar codes (for example. unit 11, test
codes. and repair codes) are of the 14-digit.
2-0f-5 interleaved type.' The bar code for
the player unit 1D includes model-number
information as well as date code. assembly
line, plant. and serialization data. ‘T'he bar
code for cach subassembly unit ID con-
tains the unique descriptor designating the
subassembly (lor example. the arm. signal
board. control board, and so on) as well as
a serialization.

Some data is transmitted to the com-
puter using laser scanners. Theyare used to
record the serial numbers of players that
have passed all testing and are being moved
along the assembly line to the packing area.
Laser scanners were installed to help
minimize data-collection labor.

Portable bar-code readers are used to
collect data at the shipping dock (Fig. 4).
They record the serial numbers of all

piacked  players  being  sent to the
warchouse. Portable units are used so that
the operator can move to the skids of
players. Data stored in the portable bar-
code readers (serial numbers of several
hundred players can be stored) can be

[ S
Fig.2. Automated test equipment. This
automated tester is one of several that
align and test the major printed-circuit
boards of the VideoDisc player. It
transmits the test results directly to
MACS.

transmitted to the computer ata later time,

Iwo label printers (Fig. S) are tocated in
the VideoDise player-manufacturing arca.
and they are driven by the MACS com-
puter. Lhe label printers are used to print
all bar-code tags. including player serial-

1

Fig. 3. Bar-code reader. This bar-code reader is one of several located on the
manufacturing line. It is used to transmit instrument serial numbers, test codes,
and repair information via bar code to the computer. It transmits part legends and

operator numbers via keyboard.
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Fig. 4. Portable bar-code reader. The
operator is using a portable bar-code
reader to record the serial numbers of
completed players being shipped to
the warehouse. The information is
stored in the reader memory (a max-
imum of about 500 fourteen-digit
numbers can be stored). The reader
will later be connected to the computer
interface so that the stored information
can be transferred to the computer
data base.

Sorting It Out: D & DB & DBM & DBMS
DBMS is the common acronym for data-base-management
system. Each successive word in this phrase implies additional
functionality. In the simplest case, data may be manipulated by
a program to produce useful information. By organizing data
into a structured data base, applications can more readily take
advantage of the relationship between data items. If the data
base is structured according to a data model, then a general-
purpose data-base manager can be used to interface
applications to the data base. At a minimum, reliability is
improved when access to the data base is controlled by such a
consistent and debugged interface.

The full potential of data management is achieved by use of a
data-base-management system. A good DBMS will include the
facilities necessary to define the data-base structure, allow

substantial data/program independence, provide for con-
current access, maintain consistency and integrity, assure
data security, and aid in data-base backup and recovery.
The three most important data models on which DBMSs
have been based are: hierarchical, network, and relational.s A
network model is used for MACS. A network DBMS provides
additional flexibility in data structure compared to hierarchical
systems. And for large data bases, systems based on the
relational model have yet to achieve the necessary efficiency.
The data-base-management system used for MACS is Prime
Computer's DBMS. Itis based on the 1971 proposal of the Data
Base Task Group of CODASYL (the Conference on Data
Systems Languages, the same organization that defined
COBOL)e. Other implementations of CODASYL-compatible
data-base-management systems used within RCA include
Cullinane Corporation's IDMS (on IBM computers) and

Univac’'s DMS1100.

§ «

Fig. 5. Label printer and CRT terminal. This label printer, which is driven by the

computer, is one of two located in the manufacturing area. It is used to print
instrument multi-part labels, subassembly-iD tickets, and test-and-repair code
charts. All of these tickets and charts contain bar codes, corresponding numbers,
and other information. The CRT terminal is used to transmit the required
parameters of the tickets and charts to the computer, and it can be used for
systems operations as well as for displaying reports.
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number tags, subassembly tags. test-code
charts.  and  repair-code  charts, CR|
terminals (g, 5). located on the manutac-
turing floor. are used to control these
printers as well as to access MACS reports
and to perform system tunctions.

Data storage

Data-base management

All MACS  data is stored. updated.
retricved, and maintained under control of
a vendor-supplied data-base-management
system. Fhis decision was the cornerstone
of the overall system architecture. ltallows
a highly organized. but flexible, data struc-
ture: it permits significant data program
independence: and it provides the facilities
necessary for data integrity. concurrent
aceess control, and data-base security,
The data-base-management system used
in MACS is of the CODASYIl.-com-
patible network data model type (see box.
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Sorting It Out, page 78). In this data
model. the structure of the entire data base
is defined by a schema and is usualily
described by a schema diagram (Fig. 6).
I'he rectangles represent data-record types
and the arrows represent relationships
between records. called sets. A setdefinesa
one-to-many relationship between an oc-
currence of the record type at the tail of the
arrow, and zero or more occurrences of the
record type at the head of the arrow.

Data-base structure

The actual MACS schema consists of more
than 30 record types and more than 40 set
relationships. Figure 6 is a simplified ver-
sion of this schema that includes its most
important data structures. An explanation
of this schema diagram will help to clarify
the notions of record and set.

Starting from the top left. the diagram
shows a “product™ record type: an oc-
currence of this record type will exist for
cach product (final product or sub-
assembly) being produced in the factory.
For each product. a set relationship defines
all the >*parts™ that comprise that product
(note  the one-to-many relationship).
Similarly. each product type is connected

to every unit of that product that is
manufactured (the “serialized units™). And
finally. all “manufacturing lines™ that
assemble each product are identified.

Moving to the right half of the schema
diagram, you see the “plant™ record. Each
plant consists of a number of manufac-
turing lines and also identifies every “tester
type” that may be used in the factory.
(Indirectly, the manufacturing-line records
can be used to determine which products
are produced at which plants.) For ecach
tester type. the collection of “test limits”
that have ever been used in production are
identified. Each active “test station™ is
connected to the unique manufacturing
line to which it belongs and to the current
test limits.

The heart of the data structure consists
of the “serialized-unit,” “reject-repair.” and
“pass” records. For each piece of product.
the history of its progress through the
various test positions is identified cither as
a “pass.” or as a “reject” and subsequent
“repair.” In the case of a reject-repair, the
repaired part and the “troubleshooter™ are
identified. In both cases. the reject. repair.
and pass actions are date-time stamped.
collected into “date-time windows.” and
connected to the particular test station that
performed the test.

Data-base maintenance

In addition to the programs that update the
data base on the basis of incoming trans-
actions and those that report on its con-
tents. a number of data-base utilities exist
to maintain the data base. Among these are
a number of vendor-supplied utilities for
data-base backup and restoration. data-
base consistency checking. and other
administrative aids.

Two MACS-specific editors —the fac-
torv and the product editors —were
developed to maintain two relatively static
portions of the data base. The factory
editor is used to define and revise those
portions of the data base that describe the
layout of the factory: the manufacturing
lines. the testers. and their parameters. The
preduct editor is used similarly for the
products and their parts. Both of these
editors are interactive. using multiple-
choice menus and “fill-in-the-blanks™ for-

* mats.

A data-base purge routine is used
periodically. as the data base fills, to delete
accumulated detail data for the finished
product. Summary information for some
of this data is maintained.

PRODUCT

PLANT

PART

MFG-LINE

SERIALIZED UNIT

TESTER-TYPE

TESTER-LIMITS

REJECT-REPAIR

PASS

TEST-STATION

DATE-TIME
WINDOW

TROUBLESHOOTER

Fig. 6. The structure of a network data base is defined by a schema. A schema
diagram aids visualization of the kinds of data items within a data base, and their
relationships. This simplified schema diagram for the MACS data base shows
product data (on the left) and plant data (on the right) and their relationships to
serialized units of product as they pass through test stations.
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Reports

MACS has over 40 reports available to all
levels of management. These reports give
information about product. components.
process, equipment, and people. These
reports are summarized in the box, Des-
cription of Reports, page 80.

Reports may be generated on a schedule
that can be altered by the user or by special
request. The user must specify the name of
the report from a menu, the time period
that the report should include. and the
schedule on which it should be generated
(hourly. every 4 hours, end of shift, or only
once). To request a report, the user follows
a fully prompted set of instructions.

As each report is generated. it is kept on
file until it is updated. This file can be
accessed from any remote location on a
phone line at 1200 baud. This phone
connection is protected by a security-code
system similar to that of a time-sharing
network. A user with proper code
clearance can access 37 of the reports on
cither video terminal or printer at his
remote locations. A remote user cannot
request a special report or change the
schedule of reports. To do either, he must
contact the system operator.

Computer system

MACS system development, begun in
January 1980, was performed by a team of
personnel from four RCA locations (see
box, Team. page 82). and it provided some
interesting lessons during the project (see
box. Lessons, page 77). The development
was accomplished using a Prime 550 com-
puter located at VideoDisc Operations
headquarters  in  Indianapolis:  team
members at the RCA Laboratories in
Princeton  accessed the computer by
telephone.

Design considerations

The architecture of MACS — hardware
and software — was driven by three major
considerations:  system  performance.
development schedule, and flexibility and
expandability. The critical performance
requirements included the ability to handle
uncontrolled communication from the
ATE minicomputers (arbitrary bit streams
at 9600 bits per second. perhaps sim-
ultancously), and an average transaction
rate of more than one per second. To meet
manufacturing commitments with ade-
quate safety margin, only four months
were available for software development.
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Description of Reports

The summary report (Fig. 7) gives a list of the pass, fail, and
yield percentages for each of the nine major production areas
that comprise the VideoDisc player assembly process.

The repair reports (Fig. 8) consist of two parts, one for
component repairs and one for workmanship repairs. In each
part, the repair codes are shown across the top as headers to
columns. Down the page, the components associated with the
repair are listed. The components are sorted, with those most
frequently repaired at the top.

The unit-history report shows a complete history of each entry
to the data base for the unit specified.

The commodity reports give the pass, fail, and yield by hour for
each test station on each assembly line for all the major
subassemblies in the VideoDisc player.

The failure-pattern report provides a list of the 20 most
frequent test rejects by station, the corresponding repairs, and
the retest results.

The station-yield report shows a summary of pass and fail for
each active test station.

The shipping report gives a serialized listing of every player
shipped to the warehouse from the production area during the
requested time interval.

The top-ten reports present the most frequent occurrences of
failures in the plant, at ATEs or at manual test stations. These
reports also show where the failures occurred, by test station.

The EMS-guide reports tell the repair operators the most
frequently effective repairs for a specific test-failure symptom.
This report is based on recent history of successful repairs in
the data base.

Other reports are available showing efficiency of repair
operations.

Finally. since MACS was to be a partofa  general-purpose data-base-management
new manufacturing process, it would have  system, preferably with CODASYI .-

to be able to respond to the evolving needs
of this process. Furthermore, success of
MACS in its initial application would
likely result in its being applied to future
manufacturing situations, with different
specific needs. Indeed. the features of
expandability and flexibility became es-
sential after commencement of the evalua-
tion period in September 1980. Thereafter,
many new capabilities were incorporated.,
such as: remote communications;
automatic counting: and many new
reports.

These considerations led to the following
criteria for computer-vendor selection:
minimum custom soltware to be written: a

compatible network architecture: large ad-
dress space with minimum addressing
overhead (32-bit architecture): intelligent
asynchronous 1/OQ (not character in-
terrupt). and an etfective software develop-
ment  environment.  Our  evaluation
resulted in the selection of a Prime Com-
puter system.

Hardware

MACS operates on a Prime 550 mini-
computer with 1.25 megabytes of main
memory. Two 80-Mbdisks provide storage
for the data base and MACS software. A
magnetic tape unit is used for data-base
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TITLE: PLAYER PRODUCTION SUMMARY

GENERATION DATE: SEPT XX, 1980 TIME: 16:04:13
REPORT PERIOD:

START DATE: SEPT XX, 1980 TIME: 07:00
STOP DATE: SEPT XX, 1980 TIME: 16:00

ALL PRODUCT
PASS FAIL YIELD

CURRENT PRODUCT
PASS FAIL YIELD

ACINBD TOTAL 480 480

ACINBD LINE 5 480 0 100 480 0 100
ARM TOTAL 106 278

ARM LINE 1 106 8 93 278 15 95
BURNIN TOTAL 37 69

POST BURN-IN 1 37 2 95 69 2 97

POST BURN-IN 2 0 0 0 0 0 0
CTRLBD TOTAL 205 491

CTRLBD LINE 4 205 13 94 491 26 95
NLACBD TOTAL 491 491

NLACBD LINE 5 49 15 97 491 10 98
PLAYER TOTAL 1430 1770

INST LINE 1 540 40 93 760 50 94

INST LINE 2 890 80 92 1010 100 91
PREAMP TOTAL 585 585

PREAMP LINE 5 585 6 98 585 36 94
RES BD TOTAL 426 446

RES BD LINE S 426 18 95 446 18 96
SGNLBD TOTAL 168 464

SGNLBD LINE 1 168 15 92 464 24 95
SHIP TOTAL 43 72

SHIPPING DOCK 43 0 100 72 0 100

Fig. 7. Player production summary. Thisis atypicalreportavailable from MACS. It
provides information about production counts, failure rates, and process yields.

TITLE: INSTRUMENT REPAIR REPORT (ALL PRODUCT)

GENERATION DATE: SEPT XX, 1980 TIME: 16:21:07
REPORT PERIOD:
START DATE: SEPT XX, 1980 TIME: 07:00
STOP DATE: SEPT XX. 1980 TIME" 16:00
LINE" INST LINE 1 FAILURE GROUP: WORKMANSHIP
X

PART TOTAL

C3215 4
PLAYBACK
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42% WORKMANSHIP DEFECTS

58% COMPONENT DEFECTS
Fig. 8. Instrument repair report. This report provides repair-analysis information
showing repair location and required repair action, for example, replacement of a
missing part (MP), wrong part (WP), open part (OPN), or off value (OV). It also
displays the percentage of component and workmanship problems.

backup and for software updates.
Asynchronous communication controllers
connect to the ATE minicomputers. bar-
code readers and their multiplexers, CRls,
and bar-code printers. A svstem console
termunal  and  line  printer, used for
reporting, complete the hardware con-
figuration.

Software

MACS is built on the vendor-supplied
PRIMOS operating system, and is written
entirely in FLECS'. a FORTRAN pre-
processor that provides structured control
features.  The highly  etficient  task-
exchange mechanism and shared-program
facilities offered by PRIMOS led to a
software architecture based on a large
number of independent concurrent tasks,
cach dedicated to a relatively small and
specialized function. For example, com-
munication with each ATE minicomputer
is handled by a separate task: all such tasks
share an identical code, and only one copy
of this code exists in memory.

Communication  between  tasks  at
different levels, for example between an
ATE handler and an associated data-base
update task. is accomplished by message
queues. These queues are global to the
sending and receiving tasks. but are not
accessible to other “foreign™ tasks. Storage
for the queues is dynamically assigned.

An event scheduler and a master timer
initiate the constantly executing tasks at
system startup, and control other time-of-
day-driven events. An event editor is used
to define the master time table. Reporting
programs are single-streamed by a batch
monitor. This improves performance by
eliminating data-base contention by mul-
tiple requestors. System security is aided
by a facility that constrains certain ter-
minals to execute only a very limited
subset of system functions.

Future directions

The purpose of systems such as MACS isto
provide manufacturing management with
information that will aid in improving the
manufacturing process. MACS has made
the first steps toward this goal: rapid and
accurate data collection, reduction. and
reporting. The next steps include more
efficient. accurate and reliable data entry,
more sophisticated analysis, and improved
information presentation. Efforts are un-
derway both at the Laboratories and at
Consumer Electronics to address these
issues:  configurable input stations to
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minimize the direct labor associated with
data entry and reduce the possibility of
operator error; query systems for ad hoc
data-base inquiries and analyses; statistical
analysis and control technigues; and
graphical displays for better user inter-
facing.

MACS has proven its abilities in meeting
the evolving needs of VideoDisc player
manufacturing, and will be used as the
prototype for larger manufacturing infor-
mation systems. To meet the requirements
of those systems, a number of distributed-
processing approaches are being explored
which may improve reliability, integrity
and performance. Some of these ap-
proaches are:  distributed mass-data
buffers, to avoid data loss in case of central
processor  failure:  coaxial-cable-based
data-communications systems for higher
speed and more reliable data collection:
computer networking for integration with
divisional information systems: and back-
end data-base hardware for improved per-
formance.
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System Developed by Team

The MACS computer system was developed by a team
composed of personnel from four RCA locations: Consumer
Electronics, Indianapolis; Consumer Electronics manufac-
turing facility, Bloomington; RCA Laboratories, Princeton; and
VideoDisc Operations, Indianapolis.

The team concept was used to quickly provide the talents
needed to develop the system and to ensure that the user was
involved in system decisions. The team performed a myriad of
interrelated tasks including: system specification; software
system design and development; user requirement definition;
bar-code system definition; system installation; project
management; training; and documentation.

The team spirit and the use of the development computer has
continued during the writing of this paper. Each of the authors
has used this computer to record and edit his part of the
original draft. Storing the text in the computer made it easy for
the authors to obtain copies of each other’s work in spite of
each being located in a different RCA location.

Authors (left to right) Limberg, D'Arcy, and Korenjak.
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the Dielectric Tape Camera. Joining RCA in
1959, he worked in the Broadcast Division,
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the CCTV system for the Nuclear Ship
Savannah.

Contact him at:
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Research.
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F.T. Scearce

Product assurance
for the VideoDisc player

Product Assurance uses mathematical
modeling to evaluate player reliability in
advance of production, and then puts
selected manufactured players through a
rigorous gauntlet of tests in advance of

shipping.

Abstract: The Product Assurance
department’s role in the introduction of
the plaver to the consumer market has been
to ensure that the quality of the plaver
exceeds that of any previously introduced
consumer electrical| mechanical system.
Product Assurance conducted a rigorous
reliability program on early models, and
Sollowed through with the acceprance
testing and life testing of samples from each
day's production for distribution,
Following the release of the player, field-
service reports were evaluated to determine
the effectiveness of the quality program.

Everyone participating in the VideoDisc
program wants to deliver to the consumers
a plaver of outstanding quality. The
Product  Assurance department has
assisted these participants in producing a
quality product.
Product Assurance has performed this
assistance in the following ways:
» Performed player-stress tests
o Performed player- and component-life
tests
» Produced a reliability model with its
projection of the player reliability

e Performed tests to ensure compliance
with regulatory agencies

« Obtained approvals from regulatory
agencies and Underwriters Laboratories
« Controlled player and manufacturing
compliance with corporate safety re-
quirements

Reprint RE-26-9-15
Final maruscnpt received Aug. 10. 1981
< 1981 RCA Corporation
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Fig. 1. Caddy exerciser for player life-test cycling.

o Performed materials evaluation

* « Assisted in establishing a quality-control

program

 Performed vendor-quality surveys and
ratings

Assisted in rectifying vendor-quality

problems
Performed engineering-approval testing
of all integrated-circuits from vendors

Performed part-failure analysis

testing of all

Performed acceptance
manufactured player lots

Provided field-service support through
analysis of field problems. in conjunction
with design engineering.

Reliability

Player reliability was evaluated through a
mathematical reliability model for the
system and through extended life and stress
testing. The player-reliability model was
developed to predict the expected service
calls per 100 players during the first three
and twelve months of player use by the
consumer. Table | gives the principal
aspects of the mathematical model. The
numbers used in the mathematical model
were developed using data from one or
more of the following sources:

« Voltage, current and temperature
measurements made on a VideoDisc
player,

» Demonstrated failure rates for passive
electrical components experienced in
television field failures.

e Demonstrated failure rates for similar
mechanical and electromechanical com-

ponents experienced in VCR field
failures,
« MIL-HDBK-217G "Reliability Predic-

tion of Electronic Equipment.™

« RADC-TR-74**Non-¢lectronic Reliabili-
ty Handbook.™

« KADC-TR-73-248 “Dormancy & Power
On-Off Cycling Effects on Electronic
Equipment & Part Reliability.”

The initial voltage, current and
temperature measurements made on early
engineering model players were subse-
quently refined as the engineering and
factory pilot players were built.
Temperature measurements made in one of
the early engineering models and their
assessment in the reliability model showed
that the player's internal ambient
temperature would need to be reduced in
order for several integrated circuits to have
satisfactory expected life. Consequently, a
small fan was added to the turntable
motor.

Results from stress testing of the early
engineering and pilot player models were
used to understand player deficiences and
to make necessary changes to the player's
design. Stress tests performed on the player
were:

o lemperature cycling tests

» Resonance vibration (search and dwell)
tests

» Drop-and-shake shipping tests
» User error-and-abuse tests
« Electrostatic discharge tests

« Electrical transient (antenna and line)
tests

» Thermal shock tests
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« Temperature-step stress tests

« Voltage-step stress tests

Pilot players were life tested for 3000
plaving hours. Portions of the player's
mechanical system have been life cycled up
to 40.000 times. Figure | shows one of the
caddy cexercisers used for extended hile
cvcling of the plaver

Vendor quality

Suppliers of parts and materials must have
guality standards that are up to the quality
level of the player design and its manufac-
turing processes if a quality productis to be
produced

Betore a vendor's component or material
is used. his manutacturing tacility is given a
quality survey and quality rating as to his
ability to produce a product at an accep-
table quality level. The elements of the
vendor-quality survey are:

e Quality organization
« Quality documents reports

o lest-cquipment calibration and  gauge
control

« Receiving, incoming inspection

o In-process control

o Final acceptance shipment

« Configuration control

e Reliability test program

 Facility conditions

The vendor is given a rating for each of

these quality-survey elements, and the sum

of these ratings determines the vendor's

acceptability.

During production, problems trequently
develop with vendor materials and com-
ponents. Product Assurance works with
engineering. manufacturing, and purchas-
ing to determine the nature of the problem.
and then these groups work with the
vendor to establish corrective action. ltis
frequently necessary to make trips to the
vendor to correct a quality problem.

Consumer
acceptance laboratory

The Consumer Acceptance lLaboratory
(CAL)is one of the most important parts of
Product Assurance’s role toensure that the
consumer will receive a quality product.
CAL is sct up to evaluate players using a
check to determine if all performance
functions operate  properly. In  this
functional test, the player is connected to a
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Table I. Mathematical reliability models.
Svstem Reliability Model

Ar= (A1) 100 + (A212) 100
Where:

Ar = Total number of service calls per 100 players
(over 3 or |12 months).

A Active failure rate for player (“Power On™).
1, = Time for “Power On™ (over 3 or 12 months).
A> = Dormancy failure rate (“Power Off™).

t» = Time for “Power Off™ (over 3 or 12 months).

Inregrated Circuit Reliability Model

IC active failure rate =
(Aa TTrmwQ) ar ()\bTTT‘ITQ‘ITE) ar (Acmrmome) ar (Aumg) ar
(Aemome) T (Armrmome) + (Agmo) + (Anmp)

Where:

>
2
|

= Failure rate due to oxide-layer failures.
A» = Failure rate due to faulty bonds.

>
-
|

= Failure rate due to metallization failures.

As = Failure rate due to fauity ditfusion.

A. = Failure rate due to foreign materials.

As = Failure rate due to die-header bonding problems.

>
»
Il

Failure rate due to surface defects.

=
[

= Failure rate due to crystal imperfections.
mo = Quality factor.

mr = Environmental application factor.

mr = Temperature factor.

Discrere Semiconductor Reliability Models

« Transistors (pnp or npn) and Silicon Diodes
Ar= A (MemaTmRTS2TC)

. Voltage Regulator and Voltage Reference
(Zener) Diodes
Ar= Ay (memaTQ)

Where:

Ar = Total failure rate

A» = Base failure rate (temperature versus
electrical stress).

me = Environmental application factor.

ma = Application factor.

mo = Quality factor.

mr = Power rating or current rating for diodes.
ms: = Voltage rating.

mc = Complexity factor or contact construction
for diodes.
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Fig. 2. Consumer Acceptance Laboratory (CAL) tests being performed on part of

the player sample taken from the daily production.

color television set. a disc is inserted into
the player and all player operations are
tested for performance as if in the typical
consumer's home. The CAL functional test
is shown being performed on several
players in Fig. 2.

CAL. determines the releasibility of each
day's production of players. Player
samples are taken throughout the produc-
tion day after the players have been sealed
in their carton and prepared for delivery to
the warehouse. The day's production is
held from being delivered to the warehouse
until CAL has completed the testing of its
sample of players. The players are released
for delivery to the warehouse if they meet
CALl’s acceptance criteria. If the players
sampled from a production line do not
meet CAL’'s acceptance, then the players
from that production line must be retested
by the manufacturing department and the
defective players must be repaired. CAL
takes a new sample from this retested lot,
and this retested lot must meet CAL's
acceptance criteria before it is allowed to be
delivered to the warehouse.

A portion of each CAL sample is givena
simulated shipping test, before the car-
tons are opened and the players are
functionally tested. The simulated shipping
test consists of a shake-and-drop test. The
players that have been tested this way must
also pass the same functional test-
acceptance criteria as the other CAL
samples.

Following the CAL functional accep-
tance test, a significant number of players
from the CA L sample are put on life testing
for the equivalent of the time that a

consumer would be expected to use the
player over its first three months. These
players are operated continuously and,
once a day. they are given the initial CAL
functional test. This life test provides an
ongoing audit of the players to uncover any
defects that could develop after a number
of operating hours.

Field support

The true quality of the players is un-
derstood if we know how the players are
performing in the consumer’s environ-
ment. Product Assurance, therefore,
collects field information for appropriate
evaluation. The principal sources of infor-
mation from the field on the VideoDisc
player performance are:

« Warranty-service invoices
« Parts returned under warranty
« Warranty registrations

« Field-service-engineer reports

The warranty-service invoices provide
information on the nature of the player
problem, any part failures, days in use, and
the manufacturing date from the serial
number. Analysis of returned parts can
help to identify possible part problems,
application problems or environmental
problems. Warranty registrations, in con-
junction with warranty service invoices,
can be used to establish the player reliabil-
ity in the field on the basis of service calls
per 100 players over the warranty period. The
assessment of player reliability in the field

Scearce: Product assurance for the VideoDisc player
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can be compared to the original player-
reliability-model projection made during
the design phase, and also compared to the
player life-test results for determining the
effectiveness of the reliability model, the
CAL functional test and the life test. The
field-service engineers provide the most
rapid access to field problems — especially
thase of a repeating nature. The field-
service-engineering reports can frequently
lead to corrective action long before a
reoccurring problem can be recognized
through the warranty-invoice system.

Product Assurance works with
Engineering and with Field Service Sup-
port to decide whether special field Service
Bulletins are needed as more information
about player performance becomes known
through field information, parts analysis,
and CAL testing. These Service Bulletins
are sent out to assist the field-service
technicians in their diagnosis of field
failures and special service requirements.

Product Assurance informs people at
RCA Distributor and Special Products
(D&SP), Deptford. New Jersey, of ex-
pected failure rates for the parts in the
player. These failure projections are based
on failures experienced during CAL
tests — both the initial tests and life tests.
This information helps D&SP to project
their flow of parts to the distributors. Also,
D&SP is alerted to potential part demand
increases that are caused by a reoccurring
field problem identified early by the field-
service-engineer reports.

Frank Scearce joined “SelectaVision”
VideoDisc Operations in 1979 as a Senior
Member of Engineering Staff in the Product
Assurance Department in Indianapolis, In-
diana. He started with RCA in 1958 at Astro-
Electronics in Princeton, New Jersey. He
has managed the Integration and Test
Groups for the TIROS, SATCOM, At-
mospheric Explorer and Dynamic Explorer
spacecraft programs. He is currently the
Manager of Player Product Assurance for
VideoDisc.

Contact him at:

Consumer Electronics Division
Indianapolis, Ind.

TACNET: 426-3175
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L.C. Upadhyayula|R.J. Matarese|R. Smith

Technology development for
gigabit-rate GaAs integrated circuits

Using a few medium-scale integrated circuits, the authors
show that multigigabit-rate logic applications are a

demonstrated reality.

Abstract: his paper gives an overview
of GaAs MSI circuit applications,
characterizing the advantages of GaAs,
detailing the fabrication and application
requirements, and reviewing experimental
results of circuits made at RCA.

Multigigabit-rate logic capability tor real-
time signal processing is rapidly becoming
i major requirement for modern strategic
and tactical military systems. There are

vital needs for digital integrated circuits -~

operating at data rates of 1 to 10 Gbys for
application in radar, electronic warfare,
and communication systems of the 1980s,
I he need for such circuits to operate in
hostile  radiation  environments is  also
becoming critical. GaAs MSI circuits have
the potential for fulfilling these stringent
requirements.

The principal requirements of the 1C
technology in the development of ultra-
high-speed. medium- or  large-scale in-
tegrated circuits are: high speed (that is,
low propagation delay); low dynamic
switching energy (that is. speed-power
product): and high process vield. In the
past two decades, impressive progress has
been made insilicon (Si) 1Cs. Propagation
defays of about 64 ps and 200 ps have been
rcpurlcd' “in NMOS and CMOS;SOS.
respectively. These improved performance
resuits in Si 1C technology were obtained
mainly by improvements in fine-line
lithography and clever fabrication tech-
niques. However, these impressive results
have not been translated into circuit per-
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formance. Although propagation delays
obtained  from  ring-oscillator  meas-
urements (with fan-in = I and fan-out = I
are impressive, rise-and-fall times may
limit clock rates in Si 1Cs. One way to
circumvent this problem is to replace Si
with another semiconductor, one having
superior  clectronic properties, such as
gallium arsenide (GaAs). The clectronic
properties of GaAs that are superior to
those of Si are: its very high, low-ficld
clectron mobility, which results in smaller
series resistance in the devices: the low
clectric field for velocity saturation (7 to 10
KV cem tor GaAs versus 20 kV/em for Si),
which results in lower operating bias: and
its excellent semi-insutating property of the
substrate. which makes possible inter-

minimum losses. Recent work on GaAs
FETs showed' ™ that  voltage  gain-
bundwidth products of 15 to 18 GGHz and
propagation delays of the order of 34 to 150
ps are feasible. We used these high-speed
switching properties of the GaAs FETs to
develop  low-power.  medium-speed,
medium-scale integrated  circuits,  Qur
program goals were: to develop GaAs-
based technology with micrometer-sized
geometries: and to design and Tabricate
MSI circuits to operate at gigahertz clock
rates.

Technology development o

A cross-section ot an 1Cis shown in Fig. L.
I'he 1C consists of & MESFET (metal

connections  between  circuits  with semiconductor  field-effect  transistor).
MESFET CROSSOVER SCHOTTKY DIODE
I_% ’_A—

Source Gote Droin

Anode Cothode

Semi-Insuloting GoAs Substrote

Fig. 1. GaAs IC cross section. A MESFET and a Schottky diode are the active
devices. Interconnections with two-level metal lines and dielectric isolation layer

tor crossovers are aiso shown.
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The two logic families commonly
referred to that use depletion-mode
MESFETs are: buffered-FET logic
(BFL) or transistor-transistor logic
(TTL); and Schottky-diode FET logic
(SDFL). Each of these has its own
merits.

Buffered-FET logic. A basic in-
verter and several logic functions
(NAND, NOR) areshownin Fig. (a). A
negative gate voltage is required to
turn offan n-channel D-MESFET. But
the output voltage produced at the
drainis positive and must be dc-level-
shifted so that the output logic levels
are compatible with the input levels.
This is accomplished by the three
level-shifting diodes in the source-
follower output stage of the logic
gate. Since the diodes are in the
source-follower section, which is
conducting all the time, the power
dissipation is relatively higher. But,
the availability of NAND/NOR gates
makes it possible to implement com-
plicated logic functions such as
EXCLUSIVE-ORand INCLUSIVE-OR
with one gate delay. Also, the fastest
circuit performance reported to date
used BFL architecture. The level-
shifting diodes require the same dop-
ing profiles as the MESFETSs.
Therefore, BFL circuits can be
fabricated with a process similar to
that used for conventional GaAs
microwave FETs.

Schottky-diode FET logic. A four-
input SDFL NOR gate is schematical-
ly shown in Fig. (b). In this approach
the logic function and the level
shifting is performed in the diodes.
Gainandinversion are providedin the
MESFET output stage. As the level
shifting is done at the input stage
where the current is low, substantial
power economy is achieved in SOFL
circuits. Typically, 1- um by 2-um
diodes are used for the logic and 3-

Depletion-mode GaAs FET logic families

+4.5v

LOAD

SOURCE
FOLLOWER

A
+05 SWITCH
-2V n LEVEL e
INPUT !
PULSE = _3v_[_L
e ——
AMPLIFIER AND OUTPUT
LOGIC SECTION PULSE

e ————
OUTPUT DRIVER
AND VOLTAGE
LEVEL SHIFTER

Fig. (a). Buffered-FET logic (BFL) or transistor-transistor logic (TTL) gates.

DA-DD : VERY SMALL

(LOW C,) SCHOTTKY~- Vgo
SWITCHING DIODES
0 !

Ql

Fig. (b). Schottky-diode FET logic (SDFL) gate.

um by 3-u m diodes for the level
shifting. The small size of these
diodes requires special doping
profiles, different from those used for
MESFETs. The active layers have to
be produced by selective ion implants
only — epitaxial growth techniques
are not suitable. Relatively low-power
dissipation in SDFL circuits leads to
denser circuits. Fan-out is limited to

o0

| I Pu FeA+B+C+D
—

W—o—

Z:AB+CD 2+(A+CKB+D)
b C )
C A B
=Z'AOB- =ZIAOB=

WHEN C=A AND DB

OUTPUT

+ OPTIONAL: A HIGH
CONDUCTANCE LEVEL-SHIFT
DIODE (D)

three, and buffering is needed for
higher fan-out.

Even though these two approaches
are different from the viewpoint of
circuit design, there is no significant
ditfference in the technologies in-
volved. One can readily switch from
one approach to the other if desired.
At present we are developing the
technology for BFL circuits.

Schottkyv-barrier-diode  active  elements.
and two-level metal interconnections. Uni-
tormity of device characteristics, isokation
lavers with good dielectric properties. and
micrometer-sized geometry control are the
kev lactors in the technology development
for 1C fabrication. Fhe need for thin active
lavers (0.1 to 0.25 um) with good electrical
properties  (for example. high clectron

mobility, freedom from interface traps.
and so on) on semi-insulating substrates
need not be overemphasized for realizing
aperating 1Cs.

A process schedule developed for the
fabrication of GaAs 1Cs is ilustrated in
Fig. 2. The starting walers for 1C process-
ing hanve a thin (0.4- to 0.6-um) active layer,
with from 0.8 0 LOx10' em * carrier

Upadhyayula. et al.: Technology development for gigabit-rate GaAs integrated circuits

density on the semi-insulating substrates.
I he active n-lavers are produced by epitax-
iul growth or ion-implantation and anneal-
ing. Ihe majority of the wafers processed in
onr  program were  epitaxially  grown,
although ion-implanted  walers
were also processed recently. Fhere are
eight critical steps in GaAs [C fabrication
and these are brietly discussed below.

several
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STARTING WAFER

n/SI SUBSTRATE

SCHOTTKY GATES

ELECTROLYTICALLY

FIRST-LEVEL

THINNED

INTERCONNECT

OHMIC CONTACTS

METAL

DIELECTRIC

ISOLATION LAYER

VOLTAGE ADJUST

722 g 2020 .-« 0272 SECOND-LEVEL
ISOLATION ETCH 7 m\\\\’l \\h_.m INTERCONNECT
METAL
PINCH-OFF

Fig. 2. Process schedule for IC fabrication. It takes seven masking steps to complete the IC.

. Electrolvtic Thinning. Unacceptable
variations in doping density and thickness
can exist in “as-received” wafers, These
are.  therefore,  celectrolytically
thinned by anodic oxidation and oxide
stripping.” This is a self-limiting process
that stops when the active-laver thickness
reaches the maximum breakdown
thickness corresponding to the local dop-
ing density in any region. Thus, a uniform
doping-density-thickness  product  (nr)
across the wafer is realized. In the range of
doping densities of interest (8x 10"
1.0x 10" ¢m ). the variation in mr of
clectrolytically thinned walers is less than
10 pereent.

2. Ohmic Comracts. We are using the
AwGe Ni Au system to make ohmic con-
tacts onto the n-layers. These metals are
sequentially evaporated onto the wafer.
Metal lift-off” or the ion-etching technique
was  used delineate ohmic  contact
regions. The metals are then sintered at 420
to 450°C for one minute to obtain good
ohmic The specific  contact
resistance is typically 2x10° to 2x10°
ohmcm’. For the 10-um by [0-um contacts
on the 1C, the ion-etching process yielded
much smoother surfaces than metal lift-off.

3. Device Isolation. Device isolation is
achieved by mesa etching. Due to a low
power-dissipation requirement, the small-
est width of the MESFET used is 7.5 um.
Chemical  etching  techniques  are  not
suitable for defining such small devices.
Theretore. 1on etching is used for mesa
The eteh rate for GaAs is about
600 A/min. The end point of the etching is
determined by measuring either the surfuace
breakdown or the
breakdown,

4. Pinch-Off Voltage Adjustment. The
nt product realized using this technique is
about 4x 10" em *
carrier concentration,

walers

to

to

contacts.

isolation,

mesa-to-mesa

This results in a
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in the desired range of

channel pinch-off voltage of 10 to 18 V,
which is too high. We have developed a
procedure to monitor the open-channel
current in test devices on the water and
selectively eteh the channel until the final
current is a specific fraction of the open-
channel current. This procedure makes
possible the adjustment of the pinch-oft

4+

4
+
'

voltage for logic-array FETs to between
1.5and 2.5 V and for comparator FETs in
the A/D circuit to between S and 6 V.

5. Schounky Barriers. Schottky barriers
are used in both FE'T gates and level-
shifting diodes. We are using  ceither
Ti/Pt Au or 1/ Pd/Au metallization tor
Schottky barriers. For FETs, we are using

mzﬂt Hrats

Fig. 3. Current-Voltage characteristics of test FETs. The plots show: (a) recessed
gate device; (b) uniform channel device. Vertical is 0.2 mA/div.; and horizontal is

0.5 V/div.; 0.5 V/step.
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a recessed-gate structure. This reduces the
channel resistance between the source-gate
and gate-drain regions. Also. this geometry
decreases the high electric field in the gate-
drain region. The gate regions are defined
by means of optical photolithographic
techniques. While monitoring the FET
channel currents, the gate regions are
etched by means of a touch-up chemical
etch. For the level-shifting diodes. the
regions under the Schottky contacts may
or may not be recessed. Ti/Pt/Au is
evaporated with an electron-gun system.
Direct  lifti-oft using photoresist is
employed to define Schottky-barrier gates.
To ensure the continuity of metal across
the mesa edges, a total metal thickness ot
3000 to 4000 A was used.

The /-V characteristics measured on
discrete test FETs are shown in Fig. 3. The
current-saturation voltage ( ¥ ns4r) is about
1.2 V for the recessed-gate structure and
2.0 V for the planar structure.

6. Dielectric-Isolation Lavers. Two-
level metal interconnections are required
for GaAs 1Cs. Dielectric layers are used for
isolation in defining the crossovers. In the
early program phase, we used plasma-
deposited Si:Ny as the isolation layer. The
composition of the Si:Ny varied from run
to run, and thus the etch rates were

different. This variance resulted in severe
undercutting of the isolation islands, mak-
ing it difficult to define small Si:N islands
for crossovers. The step coverage of the
Si:Ns on mesa edges was poor. It appears

that this isan inherent problem, and silicon
oxynitride must be used to obtain better
step coverage. Therefore. we investigated
polyimide as an alternative. Dupont Pl-
2555 polyimide with 3 : | dilution by weight
in pyrrolydinone was found to be excellent
for isolation layers on GaAs ICs. This
polyimide requires low-temperature curing
(~200°C) and can be patterned by either
oxygen plasma or chemical etching. Both
these processes are compatible with our
GaAs IC-tabrication process. The smallest
isolation islands defined in this program
are of the order of 7.5 um by 10.0 um.

7. Imterconnections. Two-level metal
interconnections are required to complete
the GaAs ICs. In order to carry the desired
currents, particularly in the bias lines, a
metal thickness of about 0.7 to 1.0 um
should be used. The minimum width of the
interconnect (signal) linesis 3 um. Defining
thick interconnect metal lines using contact
printing and lift-off was difficult.
Procedures were developed using a |.5- to
|.7-um-thick photoresist and
chlorobenzene soak for defining the inter-
connect pattern. Ti Pd, Au or Ti/Pt/ Au
metal systems are used for inter-
connections.

Figure 4 shows a typical two-level inter-
connect pattern with a polyimide isolation.
I'he first-level metal line is about 3.0 pm
wide.

8. GaAs Integrated Circuits. We have
fabricated three types of ICs: ring os-
cillators; type-D or R-S master/slave flip-

-,II.'. il 1

Fig. 4. Photomicrograph of atwo-level
intercocnnect pattern. Polyimide dielec-
tric layer used for isolating the
crossovers. The width of the smallest
line is 3.0 um. Polyimide islands as
small as 7.5 to 10 um were used

flops: and 2-bit analog-to-digital con-
verters. Figure 5 shows photomicrographs
of the three types of GaAs ICs fabricated.
The chip size is 0.65 mm by 0.450 mm for
the logic arrays and 1.3 mm by 1.0 mm for
the A, D converter. |.0-um gate-length
FETs are used inthe A/ D 1C and 1.5-um
gate-length dual-gate FETs are used in the
ring oscillator and type-D flip-fop ICs.
I'he width of the smallest (constant current
load) FET is 7.5 um.

Fig. 5. Photomicrographs of GaAs ICs. (a) Ring oscillator—fan-in = 2, fan-out = 2; (b) D-type master/slave flip-flop: and (c) 2-
bit A/D converter. The 1.0- um gate-length devices are used in A/D and the 1.5- um gate-length devices are used In ring

oscillators and flip-flops.

Upadhyayula, et al.: Technology development for gigabit-rate GaAs integrated circuits
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Fig. 6. DC-transfer characteristics of
an inverter. The noise margins for both
LOW and HIGH are about 1.0 V.

Experimental results

Inverters. Test inverters fabricated on the
1Cs were evaluated up to 950 MHz. Figure
6 is a typical de-transfer characteristicof an
inverter. FPhe noise margins for logic LOW
and HIGH arc approximately 0.5 to0 1.0 V.
The response of the inverter fora 950-MH 7
sinewave input is shown in Fig. 7.

Ring Oscillators. Ring-oscillator cir-
cuits are used todetermine the propagation
delay and de dissipation per logic gate.
Many of the results reported in the
literature are for a fan-out of one. In
practical circuits, a fan-out of two or more
is desired. We, therefore, used a ring-
oscitlator circuit with a fan-in of two and a

fan-out of two in our experiments. The
ring-oscillator  output  frequency  was
measured on a spectrum analyzer and also
identified by use of a frequency meter.
Propagation delays between 170 and 210 ps
were obtained from these measurements,
and the corresponding power dissipation
was 7.0 to 9.5 mW. I'he delay-dissipation
product is 1.4 to 1.6 pJ. It is important to
note that L.5-um gate-length FETs were
used in these circuits and also that the
second gates of the dual-gate MESFETs
were connected to form the ring. These
results are plotted on the propagation-
delay and power-dissipation chart shown
in Fig. & Our results (marked with an
asterisk) are in good agreement with
published data on GaAs (ITL or BFL)
circuits. Based on these results. we can
confidently project a 100- to 120-ps delay
when 1.0-um gate-length devices are used.

R-§ Flip-Flops. These flip-flops have
been externally connected as divide-by-two
or divide-by-four circuits. The input-
output waveforms of these divide circuits
are shown in Fig. 9. The divide-by-four
circuit operated satisfactorily up to an
input  frequency  of 280 MH/. The
parasitics due to the bonding pads and
output measuring probe were limiting the
performance. We are trving to improve our
probe system to facilitate measurements
into the GH7/ region,

AL D Converters. The two-bit A/ D con-
verter was tested with input pulses as small
as 0.5- to 0.8-ns wide. Such an input pulse

10ns
- = (31)s] .
: MESFE 5

% NORMALLY-OFF 5
o (A58 \ O ]

=} GaAs E-JFET

{ o N\ © NORMALLY-OFF
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Fig. 8. Speed-power performance chart for various IC technologies. Published
data on GaAs BFL devices are shown by the box. Qur experimental results are

shown by an asterisk.
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Input
2V/ Div.
Qutput
0.5V/Div.
500 ps/Div.
Fig. 7. Response of an inverter to a
950-MHz sinewave input signal.

Sharpening of the rise and fali times
can be seen in the output puise.

corresponds to the sample-and-hold pulse
which the comparators see. The response
of the A/D (that is. comparators and
coding logic) to a pulse input is shown in
Fig. 10. The 1C works satistactorily at a
1.0-GH/s sampling rate. However, the
resolution of this type of A D is limited to
3 or 4 bits.

Conclusions

GaAs MSHtechnology has been developed.
Several types of 1Cs were fabricated and
evaluated. The potential of GaAs-based
integrated circuits for multigigabit-rate

Sns/div
Fig. 9. Performance of divide-by-two

and divide-by-four circuits. D-flip-
fiops were externaily interconnected to
form divide circuits. Divide-by-four cir-
cuits operated at 280 MHz. Parasitics
due to external bonding connections,
and reflections at discontinuities in the
probe station limited the test frequency
range.
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logic applications has been demonstrated.
A viable, cost-cffective MSI/'LS! tech-
nology for system applications seems cer-
tainly feasible. For example. prescalers,
pseudorandom code generators, program-
mable delay lines. and A D converters
operating at 1.0-GHz clock rates are a few
of the MSI! circuits that can be im-
plemented with our present technology.
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on the job/off the job

J.W. Safian

A microprocessor application
for amateur radio

Learning how microprocessors work is one challenge.
Practical application of the theory is another. This author
chose to consolidate his newly acquired knowledge by
designing a microprocessor system for his ham radio
operation that transmits Morse code uniformly

and accurately.

| became interested in amateur radio
through an electronics shop teacher
while attending high school. |

remember listening in fascination to

the "'dits” and “dahs” coming from the
school-owned receiver. Amateur radio
is still appealing because it offers
hands-on experiences in designing

and troubleshooting electronic equip-
ment and provides the means to com-
municate directly with those who share
similar interests.

| recently took a course in micro-
processors to help me understand and
design computer equipment for use in
manufacturing. In addition, |
purchased a small development

D, Aupio

I
|
|
I
I Tore | system to perform lab experiments.
’ : When the course was completed, |
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Fig. 1. This block diagram shows how the basic microprocessor system is
interfaced to an external keyboard and driver circuit. Memory-mapped I/0 is used
in the development system.
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COMPARE

Fig. 2. Software flow diagram. The first and second

column shows how a key closure Is decoded and masked.
Finding a closure, the row and masked bytes are software
manipulated so that an addressis formed which pointstoa
memory location, which specifies the character informa-

faced the problem of how to utilize the
equipment. Having both a technical
background and interest in amateur
radio, it seemed natural to incorporate
the microprocessor into a design
which could be used withmy ham gear.

Several applications became ap-
parent, but the most interesting and
least costly to me was the idea of
transmitting international Morse code
using a microprocessor. In this way,
code would be sent uniformly and
more accurately. The task of
transmitting a character would be ac-
complished by interfacing a typewriter
keyboard to the input of the micro-
processor. When the radio operator
depressed any letter on the keyboard,
the Morse-code equivalent output from
the microprocessor would key the
radio transmitter.

WITH STARTING
NUMEER

LOAD ACCU.A-USE ADDRESS
W INDEX REGISTER
UPPER CHARACTER BYTE )

LOAD ACCU. B-USE ADDRESS
N INDEX REGISTER
{LOWER CHARACTER BYTE )

B OF 8IT ONVES
TRANSMITTER (PW )

System development
and description

I divided the design into several phases
in order todevelop the software and the
keyboard interfacing in gradual steps.
The interfacing of the output to the
transmitter was left for the final phase.
The design progressed from a system
that had a2 x 2 keyboard matrix to the
present system that has a4 x 7
keyboard. This task took four main
revisions. The main program uses 126
words of memory while the alphabet
lookup table uses 52 words of memory.
Figure 1 is a block diagram of the
present system. Note that an audio
tone and a visual indicator allow the
dits and dahsto be both heard and seen
when a character is keyed.

To understand the software-

Safian: A microprocessor application for amateur radio

LOAD WNDEX REGISTER

tion. The third column is a software time delay that
controls the speed of the bit transmission. The final
column shows how the chatacter bytes are used to key the
transmitter by shifting the information between ac-
cumulators A and B, and Port A.

hardwareinterrelationship, referto Fig.
2, which is the software flow diagram,
and to Fig. 3, which is the hardware
interface diagram. To begin, the PIA
6820 must be software initialized. The
program makes Port A an output and
Port B an input. The first portion of the
program is dedicated to decoding the
keyboard. A “01" is stored at Port A.
This takes row one to a low state. If
there is a key closure, one of the bits at
Port B willgo froma high to a low state.
The program will detect the transition
and branch from the decoding portion
of the program.

If no closure is detected, a "02" is
stored in Port A. This takes row twotoa
low state. The same process takes
placeasin rowone and continues until
all four rows have been tested. If there
is no key closure after the fourth row is
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Fig. 3. This schematic diagram shows the hardware interconnections between
the PIA 6820 and the 4 x 7 keyboard. One 7404 hex buffer, a solid state relay, a
control relay, and 28 single-pull-single-throw push buttons were used.

tested, row oneistaken low again. This
process is repeated until a key closure
is found. When that happens, the row
number, which was in Port A, is stored
at memory location 91 for future use.

The task of the next portion of the
program is to retrieve the proper digital
information from the table in memory
that corresponds to the key that was
depressed. This retrieval task is ac-
complished by taking the number in
accumulator B which specified the
column that was selected and rotating
the accumulator to the right until a low
level is found. Every time the byte is
rotated once, accumulator A is in-
cremented by one. When zero is found,
the number in accumulator A is stored
in memory location 92. Accumulator B
is cleared, and the row information
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which was stored in memory location
91 is compared to accumulator A.
Accumulator B will be incremented by
20 until both the memory location and
accumulator A numbers are the same.
When this occurs, accumulator B and
memory location 92 are added
together. This forms an offset address
from which the full address will be
Created. The offset address is stored at
memory location 94.

The next step is to load the index
register from memory locations 93 ana
94. These locations together will point
to the character address in the table.
The upper byte of the selected
character is loaded into accumulator A
using the address in the index register.
The character's lower byte is loaded
into accumulator B by adding 10" to

the index register and using that ad-
dress as the memory address for that
byte.

The purpose of the final portion of
the program is to take the character
information which resides in ac-
cumulators A and B and shift it to Port
A. The upper byte is loaded into Port A
from accumulator A. Immediately the
most significant bit appears at PA7.
Figure 3 shows how this bit drives the
transmitter through SSR1 and CR1. A
software time delay subroutine is used
to control the time duration that the bit
appears at the output line PA7. This
effectively controls the speed of bit
transmission. When the delay ends, the
byte in accumulator Ais shifted one bit,
and stored at Port A. The next bit
appears at PA7.
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This process continues until all bits
are shifted out of accumulator A and
loaded into Port A. Immediately after
accumulator Ais zero, the lower byte is
transferred to accumulator A and ac-
cumuiator B is set to zero. The lower
byte is loaded into Port A. The
previously mentioned process is
repeated until all bits are shifted out of
accumulator A. When both ac-
cumulators contain zeros, then the
character has been transmitted, and
after a time delay at the end of the
character, the program jumps back to
scan the keyboard for another key
closure.

Summary

This system has been used on the air
with very good results. Fellow hams
comment most frequently on code
uniformity. At present, only letters can
be sent with the existing keyboard. To
make the system more flexible, there

John Safian is Member of the Technical
Staff, EQuipment Development, in the Pic-
ture Tube Division. He joined RCA in 1977
after receiving a Bachelor's Degree in Elec-
tronic Engineering from the University of
Toledo. He has beeninvolved in mechaniza-
tion programs at Marion and is currently
involved with microprocessor and program-
mable controller equipment designs.

Contact him at:
Picture Tube Division
Marion, Indiana
TACNET: 425-5506

are several improvements which are
recommended:

1. Add a thumb-wheel switch so that
the transmission speed can be
varied externally.

2. Develop a larger keyboard to in-
clude the alphabet, several punctua-
tion marks, and numbers.

In this application, a Motorola 6800

Safian: A microprocessor application for amateur radio

was used although other micro-
computers could be utilized. The
additional cost of the hardware was
sixty dollars. The development
system’s cost was under two hundred
dollars.

Readers interested in this accessory
can get detailed schematics, program
listings, and wiring diagrams from the
author.
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Astro-Electronics

C.E. Chao
Modal Analysis of Interior Noise Fields
(Abstract)—ASME  Design Engineering
Technical Conference, Hartford, Conn.
(9/20/81)

F.H. Chu
A Direct Integration Technique for the

Transient Analysis of Rotating Shafts
(Abstract)—ASME Design Engineering
Technical Conference, Hartford, Conn.
(9/20/81)

H. Curtis|W.P. Manger

Simplitied Parametric Cost Trade-Offs in
Satellite System Design (Paper)—
International Astronautical Federation 32nd
Congress, Rome, Italy (9/6/81)

R. Hartenbaum

Specifications for a Large Thermal Vacuum
System (Abstract)—28th AIA Working
Group on Space Simuiation, Noordwijk,
Nethertands (9/15/81)

Automated Systems

F.F. Martin|H.A. Eiabd (RCA Labs)

IR Schottky Barrier Focal Plane Array
Technology—SPIE's 25th Annual Inter-
national Technical Symposium, San Diego,
Calif. (8/81)

F.F. Martin

An Anti-Tank Missile Seeker Employing
Infrared Schottky Barrier Focal Plane
Arrays—SPIE's 25th Annual International
Technical Symposium, San Diego, Calif.
(8/81)

P.E. Seeley|V.J. Stakun

Electro-Optical Calibration Considerations
at Intermediate Maintenance Levels—
SPIE’s 25th Annual International Technical
Symposium, San Diego, Calif. (8/81)

Broadcast Systems

L.J. Bazin
Design Advances in a Very Portable Color
Camera—IEEE, Washington, D.C. (9/17/81)

M.R. Johns (retired)|M.A. Ralston

The First Candelabra for. Circularly
Polarized Antennas—(9/17/81)

M.R. Johns (retired)|M.A. Ralston

The First <Tandelabra for Circularly
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Polarized Antennas—/EEE Transactions,
Cable & ConsumerElectronics Society, and

presented at |EEE, Washington, D.C.
(9/17/81)

Globcom

D. Tugal|O. Tugal

Data Transmission: Analysis, Design

Applications (Book)—McGraw-Hitl (1 1/81)'

Laboratories

D. Botez|J.C. Connolly

D.B. Gilbert|M. Ettenberg

Very Low Threshold-Current Temperature
Sensitivity in Constricted Dcuble-
Heterojunction AlGaAs lasers—J. Appl.
Phys.. Vol. 52, No. 6 (6/81)

C.R. Carlson|R.W. Klopfenstein

C.H. Anderson

Spatially Inhomogeneous Scaled
Transforms for Vision and Pattern
Recognition—Optics Letters, Vol. 6, No. 8
(8/81)

D.J. Channin|M. Ettenberg

InGaAsP sources and detectors for the 1.0-
1.7 um wavelength range—SP/E, Vol. 266,
infrared Fibers, (1981)

W.R. Curtice

A Temperature Model for the GaAs
MESFET—/EEE Transactions on Electron
Devices, Vol. ED-28, No. 8 (8/81)

Franz Edelman
Managers, Computer Systems,
Productivity—M/S Quarterly (9/81)

and

H.A. Elabd|F.F. Martin (AS, Burl.)

IR Schottky Barrier Focal Plane Array
Technology—SPIE's 25th Annual Inter-
national Technical Symposium, San Diego,
Calif. (8/81)

T.J. Faith

Hillock-Free Integrated-Circuit
Metallizations by Al/AI-O layering, J. Appl.
Phys. Vol. 52, No. 7 (7/81)

T.J. Faith|R.S. Irven

J.J. O'Neill, F.J. Tams

Oxygen Monitors for Aluminum and AI-O
Thin Films—J. Vac. Sci. Technol., Vol. 19,
709 (1981)

B. Goldstein|D. Redfield

D.J. Szostak|L.A. Carr

Electrical Characterization of Solar Cells by
Surface Photovoltage—App!. Phys. Lett.,
Vol. 39, No. 3 (8/1/81)

J.J. Hansk|V. Korsun|J.P. Pellicane

Optimization Studies of Materials in
Hydrogenated Amorphous Silicon Solar
Cells, Il, Proceedings of the 15th |EEE
Photovoltaic Specialists Conference (6/81)

F.Z. Hawrylo
LPE Growth of 1-3um InGaAsP CW Lasers

on (110) InP Substrates—E/ectronics
Letters, Vol. 17, No. 8 (4/16/81)

M.L. Hitchman

Heterogeneous Kinetics and Mass

Transport in Chemical Vapour Deposition
Processes, Part I: Theoretical Discussion—
Prog. Crystal Growth Charact. Vol. 4 (1981)

M.L. Hitchman|B.J. Curtis
Heterogeneous Kinetics and Mass
Transport in Chemical Vapour Deposition
Processes, Part Il: Application to Silicon
Epitaxy—Prog. Crystal Growth Charact.
Vol. 4 (1981)

E.W. Maby|C.W. Magee|J.H. Morewood
Volume Expansion of lon-Implanted
Diamond—App!. Phys. Lett., Vol. 39, No. 2
(7/15/81)

C.W. Magee|E.M. Botnick

Hydrogen Depth Profiling Using SIMS-
Problems and Their Solutions—J. Vac. Sci.
Technol., Vol. 19, No. 1 (5-6/81)

G.H. Olsen

Low-Leakage, High-Efficiency, Reliable
VPE InGaAs 1.0-1.7um Photodiodes—/EEE
Electron Device Letters, Vol. EDL-2, No. 9
(9/81)

D. Redfield

Grain Boundaries in Silicon as Analogs of
Surfaces—Proceedings of the 15th |EEE
Photovoltaic Specialists Conference (6/81)

D. Redfield

Heavy-Doping Effects in Silicon: The Role
of Auger Processes—Solar Cells, Vol. 3
(1981)

M. Toda

Voltage-Induced Large Amplitude Bending
Device —PVF, Bimorph—Iis Properties
and Applications—Ferroelectrics, Vol. 32
(1981)

J.L. Vossen
VLS| Metallization: Some Problems and
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Trends, J. Vac. Sci. Technol, Vol. 19, 761
(1981)

J.L. Vossen

VLS| Metallization Problems and Trends,
Semiconductor Int., Vol. 4, No. 9 (1981)

J. Zelez

Electron Beam Deposition of Thin Films—
Nikon Camera Seminar, Tokyo, Japan
(9/18/81) and Univ. of Kanazawa,
Kanazawa, Japan (9/16/81)

J. Zelez

Optical Thin Film Formation Techniques—
Nikon Camera Seminar, Tokyo, Japan
(9/4/81; Univ. of Osaka, Osaka, Japan
(9/9/81); Univ. of Kyoto, Kyoto, Japan
(9/11/81); and Univ. of Kanazawa,
Kanazawa, Japan (9/15/81)

Missile and Surface Radar

F.J. Buckley

Software Quality Assurance—Lecturer,
ASQC Energy System Division Annual Con-
ference, Phoenix, Ariz. (/122/81)

F.J. Buckley

Software QA Standard—A Status Report—
IEEE Software Engineering Standards
Applications Workshop, San Francisco,
Calif., Proceedings (9/81)

F.J. Buckley
IEEE Software Quality Assurance Seminar,
Instructor, Dallas, Texas (9/14/81)

W.T. Patton

Phased Array Alignment with Planar Near-
Field Scanning or Determining Element
Excitation from Planar Near-Field Data—
1981 Symposium on Antenna Applications,
Univ. of lllinois, published in the Sym-
posium Digest (9/23-25/81)

T.M. Shelton
Testing of Properties for Soldered Leadless
Chip Carrier Assemblies—/EEE Trans-
actions on Components, Hybrids, and
Manufacturing Technology, Vol. CHMT-4,
No. 2 (6/81)

S.A. Steele|W.J. Paterson
Ada Implementation on the Nebula ISA:
Ada/Nebula Compatibility—1981 EIA Data
and Configuration Management Workshop,
Orlando, Fia. (9/21-25/81)

S.A. Steele

Software/Firmware

Productivity Quality and Standards—I|EEE
Software Engineering Standards Applica-
tion Workshop, San Francisco, Calif.
(8/19/81)

Solid State Division

A. Blicher (retired)

Field-Effect and Bipolar Power Transistor
Physics (Book)—Academic Press (6/81)
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Engineering News
and Highlights

Joseph T. Threston to head Naval Systems Department

Joseph T. Threston has been appointed
Division Vice-President of the Naval
Systems Department of RCA's Missile and
Surface Radar business unit.

Mr. Threston, appointed by Division Vice-
President and General Manager, William V.
Goodwin, succeeds Lawrence J. Schipper,
who was promoted to head RCA's Govern-
ment Communications Systems unit.

Mr. Threston is responsible for the
management, development, integration,
and test of the U.S. Navy's AEGIS Ship
Combat System and for the definition phase
of the new Guided Missile Destroyer project,
as well as other government programs. His
department also is responsible for develop-
ing and producing the AEGIS Weapon
System, the core of the Combat System.

Since 1979, Mr. Threston had been
Manager of System Engineering and Test

for the AEGIS Weapon System. Between
1959, when he joined RCA, and 1968, Mr.
Threston participated in or directed system
studies for ballistic missile defense, ship-
board instrumentation radar, test-range
instrumentation, and land/sea-based anti-
air warfare systems.

Since 1968, Mr. Threston has held several
management positions within the AEGIS
program, primarily in system engineering.

Mr. Threston graduated from Villanova
University in 1957 with a bachelor's degree
in mechanical engineering. In 1959, he
received a master's degree in mechanical
engineering from the University of Southern
California.

Before coming to RCA, Mr. Threston
worked for Hughes Aircraftand participated
in the development of the Falcon missile.

Staff Announcements

Thornton F. Bradshaw, Chairman of the
Board and Chief Executive Officer, an-
nounces that Herbert S. Schlosser,
Executive Vice-President, in addition to his
current responsibilities for “SelectaVision”
VideoDiscs. wiil assume responsibility for
the RCA Records Division.

Mr. Schlosser will continue as President,
RCA International Audio-Visuals, Inc., the
RCA subsidiary company involved with the
Columbia Pictures joint venture, and as
President, RCA Cable, Inc., the RCA sub-
sidiary company involved with the RCTV
joint venture.

Consumer
Electronics Division

Larry A. Cochran, Director, Signal Systems
and Components, announces his organiza-
tion as follows: Roger W. Fitch, Manager,
Component Engineering; Jack S. Fuhrer,
Manager, Signal Processing; Ronald R.
Norley, Manager, Taiwan Coordination and -
Competitive Analysis; and Robert P. Parker,
Manager, Television Tuning Systems.

James A. McDonald, Director, Display
Systems Engineering, announces the ap-
pointment of David E. Laux as Manager,
Advanced Yoke Development.

Robert P. Parker, Manager, Television Tun-
ing Systems, announces his organization as
foliows: David J. Carlson, Manager, RF
Processing.

Globcom

Joe T. Swaim, Vice-President, Engineering,
announces his organization as follows:
John P. Shields, Manager, System Planning;

Alexander Avanessians, Manager,
Customer Engineering; Leo A. Tita,
Manager, Engineering Administration;

Solomon J. Nahum, Manager, Construction
and installation; Richard H. Roth, Director,
Computer Programs (KCC); Anthony J.
Falco,Manager, Central Office Engineering;
and Joel A. Spanier, Administrator, Project
Control.

Laboratories

Arthur Kaiman, Director, Advanced
Systems Research Laboratory, announces
the appointment of Ted N. Altman as Head,
Microsystems Research Group.

Fred Sterzer, Director, Microwave
Technology Center, RCA Laboratories, an-
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nounces the appointment of Barry S.
Periman as Manager, Computer-aided
Design and Testing.

Picture Tube Division

Carmen A. Catanese, Director, Picture Tube
Systems Research Laboratory, announces
the appointment of David L. Staebler as
Head, Kinescope Systems Research Group.

Solid State Division

Heshmat Khajezadeh, Director, Bipolar and
MOS Logic IC Operations, announces his
organization as follows: Stephen C. Ahrens,
Manager, Product Engineering Bipolar and
MOS Logic; Richard E. Davey, Manager,
Manufacturing, Findlay; James L. Dunkley,
Manager, Engineering Bipolar and MOS
Logic; John R. Kowalak, Administrator,
Bipolar and MOS Logic; and Arthur M.
Liebschutz, Manager, Product Marketing
Bipolar and MOS Logic.

Joseph J. Fabula, Manager, Production
Engineering, Solid State Technology
Center, announces the appointment of
Charles D. Mulford as Manager, Equipment
and Facilities, Solid State Technology
Center

Donald J. Ransom, Manager, Product Safe-
ty. Quality & Reliability, announces the
appointment of Jorge Davin as Manager,
Tube Processing — Quality and Reliability
Assurance.

Professional activities

Automated Systems Engineers
Head Chapter Activities

Automated Systems is well represented in
the Boston Section of the IEEE. For the
1981/1982 operational year, Norm
Laschever is Vice-Chairman and Roger
Plaisted is the IEEE Chairman of the Educa-
tion Chapter. Jack Anderson is the IEEE
Membership Coordinator for Automated
Systems.

Blicher writes about
power transistors

Adolph Blicher, formerly with the Solid
State Technology Center, has published
Field-Effect and Bipolar Power Transistor
Physics. The retiree's book, from Academic
Press, is available from the author and
through bookstores. The book covers:
general considerations, bipolar power
transistors, and field-effect power
transistors. It assumes a general knowledge
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of small signal transistor operation theory
and partial differential equations.

RCA scientist receives
international award

Dalton H. Pritchard, Fellow of Technical
Staff, RCA Laboratories, has been honored
by the Edward Rhein Foundation of West
Germany for his contributions to improved
television picture sharpness and quality.

Mr. Pritchard was the only American
among the nine co-receipients of the Rhein
Prize 1980 — the most prestigious and richly
endowed award for research in the con-
sumer audio-visual field.

He was honored for numerous con-
tributions in the field of video techniques
and particularly as a leader in the RCA
development of the Dynamic Detail
Processor incorporated in RCA ColorTrak
TV receivers. The device employs a charge-
coupled device (CCD) in an advanced in-
tegrated circuit. The RCA processor,
through optimization of horizontal and
vertical sharpness, produces a clear and
sharp picture free of dot crawl and cross
color associated with conventional color
receivers. See page 49 in this issue for CCD
IC applications in the RCA VideoDisc
System.

Most of Mr. Pritchard’s 35-year career
with RCA has been devoted to research in
color television systems and devices. He has
received nine RCA Laboratories Out-
standing Achievement Awards for his
research in television and related areas. This
work included the planning and testing of
systems and circuits proposed for adoption
by the National Television System Com-
mittee (NTSC). The author of numerous
technical papers, he has been granted 36
U.S. Patents, with several others pending. In
1975, Mr. Pritchard was appointed a Fellow
of the Technical Staff of RCA Laboratories.

In 1977, he received the Vladimir
Zworykin Award of the Institute of Electrical
and Electronics Engineers for “significant
contributions to color television
technology.” Recently, he was a member of
a team receiving RCA's highest technical
honor, the David Sarnoff Award for Out-
standing Technical Achievement, for "the
development and implementation of a CCD
comb filter integrated circuit in color TV
receivers.”

Symposium on VLSI

Walter F. Kosonocky was the Chairman and
Maureen Czarnecki the Symposium
Administrator of the 1981 Symposium on
VLSI Technology sponsored by the IEEE
Electron Devices Society and the Japan
Society of Applied Physics. The Symposium
was held on September 9to 11, 1981 at Maui
Surf, Maui, Hawaii. Kosonocky is Fellow of
Technical Staff, IC Technology Research;
and Czarnecki is Senior Secretary, RCA
Laboratories. The Symposium participants
included 147 from the United States, 65 from
Japan, and 3 from Europe.

Dr. Hillier honored

James Hillier, retired Executive Vice-
President and Chief Scientist of RCA, was
honored at an official reception by the Brant
Historical Society and the Brant County
Museum, Brantford, Ontario, on September
19, 1981.

The reception marked the opening of a
new display entitled "Smaller than a Grain of
Sand: The History and Development of the
Electron Micrascope.” The central item on
display is an early production model of an
RCA electron microscope donated to the
Museum by the University of Toronto's
Department of Physics.

Dr. Hillier is best known for his con-
tributions to the development of the electron
microscope. He was elected to the Inventors
Hall of Fame in 1980 for this development.

RCA NASCOM
engineer honored

Ed Mellen, a senior member of RCA Service
Company’'s NASCOM engineering team,
headquartered in Riverdale, Maryland, was
honored on September 2 by the Washington
Telecommunications Society for his con-
tributions during the past 40 years to the
development of the nation's telecom-
munications industry. Among his many
achievements were design and develop-
ment of automatic and semiautomatic
teletypewriter switching systems and a 10-
year plan for U.S. Air Force com-
munications. During his initial association
with RCA, which spanned the 1950s, he
developed the specifications for network
transport of operating signals from neutral
to polar for the Airways and Air Com-
munications Service and wrote the military
exhibit for the worldwide Quick Fix
program. He was a consulting engineer
prior to joining RCA’'s NASCOM project in
1973. Since joining RCA's NASCOM
organization, Mr. Mellen has devoted his
efforts to updating NASA's global com-
munications capabilities. He conducted a
study of expansion capabilities applied to
network switching and has prepared a user's
guide for the tracking and data-relay
satellite ground system, which is due to
become operational in 1982.
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Automated Systems
Professional Recognition
dinner

On June 25, 1981, Automated Systems held
the fourteenth annual Professional
Recognition dinner at Anthony’'s Pier 4
Restaurant, Boston, Massachusetts to
honor their people for achievements in
professional activities. These achievements
include papers published and presented,
patents awarded, and Engineering Ex-
cellence Awards. The people honored have
exemplified the outstanding individual ef-
torts required to continue successful oper-
ations in Burlington.William C. Hittinger,
Executive Vice-President, presented to Dr.
Harry Woll, RCA Staff Vice-President and
Chiet Engineer, his twentieth patentaward for
“Patching Tape for Diffractive Subtractive Fil-
ter Viewgraphs.”

Globcom engineer
publishes book

Data Transmission Analysis, Design,
Applications, a McGraw-Hill book co-
authored by Dogan A. Tugal, Principal
Member, Engineering Statf, RCA Giobal
Communications, is available from the
author and at bookstores nationwide.
Together with Osman Tugal, a Staff
Engineer at GTE Satellite Corporation, the
RCA engineer aims at concisely, yeti
thoroughly, explaining data communications
for engineers, managers, and others in data
communications.

Edelman wins author prize

“Managers, Computer Systems, and
Productivity,” an article written by Franz
Edelman and published in the September
1981 MIS Quarterly, is the first-place-
winning article chosen in the Society for
Management Information Systems Award
Paper competition.

Gary W. Dickson, Senior Editor of the MIS
Quarterly, cites the article as one of few
demonstrating the cost/benefit relationship
of a systems application. He writes that
"Edelman notonly does this, but provides us
with documentation of an application
affecting large numbers of employees of a
large corporation, RCA."”

Before entering the consulting field and
joining Index System, Inc., Dr. Edelman
spent over thirty years at RCA Corporation,
where he rose to the position of corporate
staft vice-president for business systems
and analysis, with responsibilities for
company-wide computer applications and
business analysis. Dr. Edelman retired from
RCA in 1977.
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Professional society activities from RCA Laboratories

Douglas F. Dixon is |IEEE Chairman, and
Rebecca T. Mercuri is Treasurer of the
Princeton Chapter of the ACM/IEEE Com-
puter Society.

Ronald E. Enstrom, Display Processing
and Manufacturing Research Laboratory,
has been elected to a two-year term as
Chairman of the Electronics Division of the
Electrochemical Society. The 2500-member
Electronics Division sponsors Spring and
Fall sympaosia on the growth, processing,
technology and science of silicon and other
materials for electronic device applications.

Thomas T. Hitch received the Technical
Achievement Award of the International
Society for Hybrid Microelectronics, "tor his
studies of the relationship between phase
morphology and conduction and adhesion
mechanisms of thin and thick ftilms on
ceramic and porcelain-enameled-steel sub-
strates.” The Award is given in recognition
of technical contributions that have been
made to the hybrid microelectronics in-
dustry.

K.W. Hang, A.N. Prabhu, and A. Sussman

were Principal Investigators and L.S.
Onyshkevyck was Project Leader on work
reported in their award-winning article,
"RCA Porcelain Coated Steel Substrate and
Compatible Thick Film Ink Systems for
Electronic Applications.” The “Award of
Excelléite” for this entry in the 1981 Top
Twenty awards competition was presented
by the editors of Materials Engineering.

Dorothy M. Hoffman has been appointed
to a 3-year term on the Committee for Public
Policy. an advisory committee of the
American Institute of Physics.

Frederick J. Tams, I, is the publicity
chairman of the Delaware Valley Chapter of
the American Vacuum Society.

Joseph Zelez is the chairman of the
Delaware Valley Chapter of the Optical
Society of America and vice-chairman of the
Delaware Valley Chapter of American
Vacuum Society.

John L. Vossen has been elected to a 3-
year term on the Governing Board of the
American Institute of Physics

technical excellence

Technical Excellence Committee formed .
at “SelectaVision” VideoDisc Operations

First members of ‘‘SelectaVision” VideoDisc Operafions’ Technical Excellence Committee,

seated (left to right): Nelson Crooks, Jim D’Arcy, John Amery, Ned Kiser, Ron Tilford, and
Mary Voelker (who is filling the unexpired term of Barry Stevens). Standing (left to right): Tom
Strauss, Charlie Weaver, Mike Mindel, Waldo Feldmeyer, John Kowalchik, Dick Castle, and

Dick Marks.

In December, 1980, a Technical Excellence
Committee was chartered at “SelectaVi-
sion” VideoDisc Operations to further
technical and professional growth at “Selec-
taVision" and to encourage and recognize
outstanding technical performance among
“SelectaVision" technical personnel.
Eleven members of the technical com-
munity (see photo) were appointed by their
respective managers to serve on the com-
mittee for prescribed terms. Officers were
elected (Jim D'Arcy, Chairmar; John Kowal-
chik, Vice-Chairman; and Charlie Weaver,
Secretary/Treasurer) for eight-
month terms. Then the committee, com-
mencing operations on January 1, 1981,

-

K

began to formulatg_plans for its various
actiwities. On Janu r? 19, 1981, a Technical
Excellence Kick-C;\D( inrer was held at a
nearby restaurant the technical com-
munity; Mr. William C. Hittinger, RCA Execu-
tive Vice-President, was the keynote speaker,
and Dr. Jay J. Brandinger, who had initiated
formation of the committee, reiterated his
enthusiestic support of the committee’s
purpose.

On April 13, the first Technical lecture
(VideoDisc Systems by J. Clemens, RCA
Labs) was presented. On June 23, the first
technical ekcCellence award was presented.
Notice of thetirst two awards will appear in
the next issue of the RCA Engineer. Since
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then, the technical lecture series has con-
tinued with lectures from within and outside
VideoDisc; plans for the fall education series
have been finalized; and the first of a series
of dinner lectures is being finalized.

On August 24, with the first eight-month

Automated Systems announces
Technical Excellence Awards

A team of engineers at Automated Systems
received the Technical Excellence Team
Award for their work on Wing Automation
Graphics.

The significant achievement by this team
of hardware and software engineers
resulted in the successful development and
demonstration of an automation of the
flight-planning phase for a tactical mission.
The team designed, assembied, integrated,
and tested an intelligence subsystem that
contained a microcomputer, two cathode-
ray tubes and a color-graphics generator. in
addition to the hardware, 8500 lines of
source code were written integrated and
tested. The team demonstrated a high
degree of technical excellence by applying
theoretical and practical understanding of
Automated Data Processing and its integra-
tion with display hardware.

The team’s enthusiasm and dedication to
their tasks meant that all milestones were
met on schedule, even though difficuit
probiems had to be solved. The probiems
included:

» The ability to superimpose digital graphics
over an analog presentation.

« The ability to access files automatically
and perform computations without
operator intervention.

* The ability to identify the manual tasks
involved in mission planning, in order to
implement the correct automated
methods.

Automated Systems also recently an-
nounced a Technical Excellence Award
given to George E. Miller for his Wake
Homing Torpedo Study.

Mountaintop Technical
Excellence Award

The Mountaintop Technical Excellence
Award is designed to recognize and reward
members of the technical community who
have consistently exhibited qualities of in-
itiative, leadership, technical competence,
attitude, and follow-up. The Technical Ex-
cellence Committee has reviewed
candidates at the requestand recommenda-
tion of fellow technical staff members and is
proud to announce that Blll Hepp and Ken
McDowell are recipients of the Mountaintop
Technical Excellence Award for September,
1981. The committee will honor these
recipients at a luncheon and also at an
annual dinner.
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term nearing completion, the second elec-
tion of officers was held. Those elected
were: John Kowalchik, Chairman; Ned
Kiser, Vice-Chairman; and Waldo
Feldmeyer, Secretary/Treasurer. Currently,
the other members of the committee are:

Mr. Armstrong receives his First Patent
Plaque for work done on “Engine Fauit
Diagnosis.”

by

Left to right: M.E. Spencer, D.M. Priestiey (Chief Engineer), M. McCuller, P.W. Westcott, D.F.

John Amery; John Bowen; Jim D’Arcy; Mike
Mindel; Ron Tilford; Mary Voelker; Charlie
Weaver; Don Wierschke; Dick Marks (I.R.
Liaison); and Nelson Crooks (Management
Liaison).

Left to right: A. Hospidor, George Miller,
and D.M. Priestley.

Dion, A. Hospidor (Vice-President and General Manager), C.J. McLarney, and R.S. Fishman.

Mr. Miller is Senior Engineering Scientist.
His contributions were commendable in both
the writing of the winning proposal and the
resulting study contract.

The contract ran a short eight months. Mr.
Miller was the principal investigator, and in
this brief period, he devised methodologies
to explore and evaluate a wide range of
concepts and technologies.

Hepp

The evaluation measures ranged across
the full spectrum of analyses, that is,
probability of effectiveness, reliability, false
alarm rates, system response time, and unit
production costs. The study results are highly
regarded by the Navy and a follow-on phase
is being planned.

McDowell
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Second Quarter 1981 Consumer Electronics

Technical Excellence Awards

Dr. D.J. Donahue, Division Vice-President,
Operations, has notified the foilowing peo-
ple of their selection by the Technical
Excellence Committee for receipt of
Quarterly Awards:

Bobby Rooks. Leadership and essentiai
contribution in controlling and soiving the
soldering problems in Juarez on the
CTC107/108/110 chassis.

Voldemars Rage. The successful design
and implementation of a new cost reduced
concept of clamping ferrite cores for 110°
yoke manutacture.

Sai Naimpally. Significant state-of-the-art
advances in the practical application of
computer-aided circuit design to television
transient response.

John Nicholson. Development, documen-
tation, and implementation of a “universal
chassis” system employed on XL100 and
ColorTrak | family (CTC107, 108, 110, 120).

Paul Filliman. Successful and innovative
design and layout of an advanced integrated
circuit for color TV application.

Walt Speer. The development of a new
series of cable connectors to eliminate
tactory and field contact reliability problems
by their ability to tolerate distorted pins.

Larry Leonhardt. Major picture tube
socket design improvements, virtually
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Back row (left to right): W. Speer, B. Rooks, V. Rage, J. Lufkin, J. Keeth. Front row: H.
Becker, J. Nicholson, S. Naimpally, S. Mehta, R. Lancaster, B. Gries, P. Filliman. Not
pictured: L. Leonhardt.

eliminating separation of housing from
terminals, deformed contacts and retention
problems.

Jim Keeth/Bob Gries. Development and
implementation of a high-speed spectrum
analyzer for use with the VideoDisc ATE
system.

John Lufkin. The design and implementa-
tion of a diagnostics system for ATE
maintenance purposes.

Robert Lancaster. The upgrading of
RCA's mechanical design evaluation
procedures with a quantitative, computer-
aided approach leading to improved quality
and product reliability.

Shirish Mehta/Hollis Becker.
Improvementsin CE's approach to materials
analysis, selection and process control. Of
particular significance is the solution of a
serious dial drive reliability problem.
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Subject Index

We asked the authors to classify
their own articles‘nder three
principal subject headings. Under
these subject headings you will
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followed by author name (s),
volume and issue numbers, issue
date, and page number.

Author Index
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alphabetically, then printed themiin
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boldface. Some authors wrote
several articles. We chose the key
word in each title, then used it to
alphabetically list the author's
articles.

For multiple-authored articles, un-
der the first author's name you will
find the main entry — listing all
coauthors, title, volume and issue
numbers, issue date, and page
number. Under coauthor names
complete bibliographical citations
are given. But the listing refers you
to the first author's entry for the

1. Reach the author

We give authors several
reprints of their own articles.
Often they order additional
copies.
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Publications Administrator
(TPA) in the aLuthor's bg,siness
unit
If the author is not available,
the TPA often can get the
paper. The TBA is ready to
assist you, ei‘r with a
reprint or relat®d material. A
current list of TPAs is printed
on the insile back cover of the
RCA Engineer. -

How to get a copy of a paper
e

3. Use your RCA Technical
Library

The librarian has all back
issues of the RCA Engineer
and can give you photocopied
articles.

4. Buy a back issue of RCA
Engineer
They can be purchased for

$2.00 a copy from the RCA
Engineer office in Cherry Hill.

RCA Engineer

Bldg. 204-2

Cherry Hill, NJ 08358
TACNET: 222-4254

102 %

names of all other authors of the
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We show the title, author, volume
(preceded by v), issue number
(preceded by n), date and initial
page number.

Subject Index

Acoustics

Predicting the acoustic response of the SD-2 satel-
lite Voorhees. C. R., v26n4, Jan/Feb 1981, p23.

Teleconferencing is a telecommunications alterna-
tive to travel Acampora, A. A., v26n3, Nov/
Dec 1980, p73.

Analog-to-digital converters

Gigabit-rate GaAs integrated circuits, technology
development for Upadhyayula, L. C., Matarese,
R. J. and Smith, R., v26n9, Nov/Dec 1981, p86.

Automated design

Automated design of complex integrated circuits, a
system for the Heath, A. E. and Lydick. R. P.,
v26n2, Sept/Oct 1980, p42.

Automated universal array Borgini, F.. Noto, R.
and Suskind, B. A., v26n6. May/June 1981,
p43.

Computer-aided wafer processing McFarlane, R..
v26n2, Sept/Oct 1980, p29.

Automated testing

A look at ATE in the 1990s Carver, O. T., v26n7,
July/Aug 1981, p48.

Mecasurement and inspection, clectro-optical tech-
niques for Bortficld, D. P.. Gorog. |.. Southgatc,
P. D. and Beltz, J. P.. v26n2, Sept/Oct 1980,
p7s.

Mcemory design in a microprocessor-based test set,
for Army vehicles Milley, D. A. and Resnick,
H. L., v26n8, Sept/Oct 1981, p36.

Multimicroprocessor-based transistor test equip-
ment Hepp, W. J. and Isham, R. H., v26n8,
Sept/Oct 1981, p4l.
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Computer-aided analysis

Pattern recognition techniques for automatic
evaluation of hybrid microcircuits Laskey. J. M.
and Wildenberger, R. J., v26n6, May/Junc 1981,
pS8.

Precision in large mechanisms — the near-field-an-
tenna test scanner Harmening, W. A, v26n4,
Jan/Feb 1981, p46.

Automotive electronics

Memory design in a microprocessor-based test sct,
for Army vehicles Milley, D. A. and Resnick,
H. L.. v26n8, Sept/Oct 1981, p36.

Awards

David Sarnoff Awards for Outstanding Technical
Achievement (1980) RCA ENGINEER staff,
v26nl, July/Aug 1980. p4.

David Sarnoff Awards for Outstanding Technical
Achicvement (1981) RCA ENGINEER staff,
v26n7, July/Aug 1981, pd.

Broadcasting

TR-800 helical VTR: A computer-based total-sys-
tem design Hedlund. L. V., v26n7, July/Aug
1981, pS3.

Capacitance

Signal retricval system, VidcoDisc Kelleher. K. C.,
Pyles, G. D. and Stewart, M. C., v26n9, Nov/
Dec 1981, p30.

Cathode ray tubes
Large-screen flat-pancl television: A new approach
Credelle. T. L., v26n7, July/Aug 1981, p7S.

Charge coupled devices (CCDs)

CCD comb-filter and defect-corrector system for
VidcoDisc application Kiser, N. J., Lambert, E.
F.. Pritchard, D. H. and Sauer, D. J., v26n9.
Nov/Dec 1981, p49.

Circuit design

Fully automatic custom LS| design: Present and
future Feller, A. and Noto. R., v26n6, May/
Junc 1981, p4.

RF modulation in the VideoDisc player Batra, R.
S.. v26n9, Nov/Dcc 1981, p67.

Circuit design, modular
Microboard equipment control Schilp, W. H., Jr.,
v26n8, Sept/Oct 1981, pS1.

Circuit design, oscillators

Motorcycle turn-signal becper Traub. K., v26nS,
Mar/Apr 1981, p73.

Circuit wiring
Automatic wire-wrap control system Peters, J. K.,
v26n6. May/Junc 1981, p66.

CMOS technology

CDPI1800-series peripherals arc building blocks of
a complete processor family Paradise, J. P..
v26n8, Sept/Oct 1981, p23.

CDPI1805 microprocessor upgrades CDP1800-
basced systems Paradise, J. P., v26n8, Sept/Oct
1981, p17.

CMOS static memory development, advances in
Stricker. R. E. and Dingwall, A. G. F., v26n2,
Sept/Oct 1980, p71.
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CMOS/SOS technology

Automated universal array Borgini, F.. Noto. R.
and Suskind. B. A, v26n6, May/June 1981,
p43.

Gatc-universal-array for digital CMOS Skorup. G..
v26n2, Sept/Oct 1980, pS8.

Color television

Computer tool evaluates horizontal transient re-
sponse of the NTSC color TV system Periman,
S. S., v26n6, May/Junc 1981, pl5.

Comb filters

CCD comb-filter and defect-corrector system for
VideoDisc application Kiscr, N. J., Lambert, E.
F.. Pritchard. D. H. and Saucr, D. J., v26n9,
Nov/Dec 1981, p49.

Command and control systems

Multiple-processor solution for the advanced
AEGIS signal nctwork Horsley, J. O. and Clap-
per. S. L., +26n8. Scpt/Oct 1981, p81.

New renaissance man: Can we find a “'super-
manager” for C2 systems? Tindall, J. B., v26nS,
Mar/Apr 1981, pl4.

Communication equipment
REMBASS repeater Chin, G. D. and Kaye. L. C.,
v26n8, Sept/Oct 1981, p66.

Communication satellites
Satellite television distribution Inglis, A F., v26n7,
July/Aug 1981, p20.

Communication systems

Communications — a mild explosion Powers, K.
H., v26n3. Nov/Decc 1980, pd.

Data communications via satellite Langhans, R. A.
and Mitchell, T. H., v26n3, Nov/Dec 1980, p26.

Digital transmission and switching systems Bakas,
J. W.. v26n7, July/Aug 1981, pl02.

Electronic mail for the U.S. Postal Service Rob-
bins, M. A, v26n3, Nov/Dec 1980, p8.

Fiber-optic-cable data network Decutscher, D.,
Mann, M R.. Patrusky. B. E. and Sergi, J. B.,
v26n3. Nov/Decc 1980, pS4.

High-accuracy ranging over voice radios Brader, R.

H., v26n3, Nov/Dec 1980, p88.

Telephone terminal technology. evolutionary fac-
tors in Bukas, J. W., v26n3. Nov/Dcc 1980,
pS9.

“Two-for-one” microwave systems for video Ya-
blonski, S. and Klicnsch, R. J.. v26n3. Nov/Decc
1980. p32.

Communication systems, video
Teleconferencing is a telccommunications alterna-
tive to travel Acampora, A. A., v26n3. Nov/

Dec 1980. p73.

Communications

Communications — a mild explosion Powers, K.
H., v26n3, Nov/Dec 1980, p4.

Telephone terminal technology. evolutionary fac-
tors in Bakas, J. W., v26n3, Nov/Dec 1980.
pS9.

Compcunds
Electronic packaging for an artillery-delivered sen-
sor Kutina, M. J., v26n4, Jan/Fet 1981. p63.

Computer applications

CRITIC tighlights errors in 1C-mask artwork
Aucrbach. R. A.. v26n6, May/June 1981, p34.

MACS: 2 computer-based system for manufactur-
ing analysis of VideoDisc player production
D'Arcy. J. A.. Korenjak, A. J. and Limberg. C.
J.. v26n9, Nov/Dec 1981, p75.

Microprocessor-based lighthouses Alvero, E. J.,
v26n8, Sept/Oct 1981, p60.

VideoDisc player’s digital control system: How
does it work? Fisher, V. W., Wine, C. M. and
Dicterich, C. B.. v26n9. Nov/Dec 1981, p61.

Computer equipment

Personal computers pervading RCA's engincering
population Jenny. H. K., v26n5, Mar/Apr 1981,
p40.

Computer graphics

Three-dimensional interactive computer-aided de-
sign and manufacturc of mechanical structures
Wiegand. B. A.. v26n6, May/Junc 1981, pSI.

Computer programming

CLIP-3 is a high-level controlier language for 1802
microcomputers Wright, J. K., Jr., v26n8, Scpt/
Oct 1981, p29.

Multi-image programming: Using microprocessors
to “movce” people Papke, F. E., v26n8, Scpt/Oct
198;. p73.

Personal computers pervading RCA's engincering
population Jenny, H. K., v26n5, Mar/Apr 1981,
p40.

Computer programs

Automatic wire-wrap control system Pcters, J. K.,
v26n6, May/June 1981, p6é.

Micraprocessor network in operation Ricker, C. L.
and Moran, R. J., v26n8, Sept/Oct 1981, p87.

New renaissance man: Can we find a “'super-
manager” for C2 systems? Tindall, J. B., v26n5,
Mar’Apr 1981, pld.

Software from CISS for the engincering communi-
ty S:einmeyer, R. E., v26nS, Mar/Apr 1981,
p28.

SUPPOSE: A microcomputer opcrating system for
distributed applications Britton. D. E. and Stick-
el. M. E., v26n8, Sept/Oct 1981, p76.

Computer simulation

Computer tool evaluates horizontal transient re-
sponse of the NTSC color TV system Perlman,
S. S., v26n6, May/Junc 1981, ol5.

Computer systems

Electronic mail for the U.S. Postal Service Rob-
bins, M. A.. v26n3, Nov/Dec 1980, p8.

Glossary of CAD programs and terms Rosenberg,
L. M.. v26n6, May/Junc 1981, p84.

Computer-aided analysis

Automatic wire-wrap control system Pcters, J. K.,
v26n6, May/June 1981, p66.

Comsumer Electronics’ automated drawing list sys-
tem Monat, R. A. and Roberts, W. C., v26n6,
May/Junc 1981, p72.

MACS: a computer-based system for manufactur-
irg analysis of VideoDisc player production
DArcy. J. A., Korenjak. A. J. and Limberg. C.
J.. v26n9, Nov/Decc 1981, p75.

Predicting the acoustic responsc of the SD-2 satel-
lite Voorhees. C. R.. v26n4, Jan/Fcb 1981, p23.
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Computer-aided deisgn (CAD)

Computer-aided design (CAD)
Automated design of complex integrated circuits, a
system for the Heath, A, E. and Lydick, R. P.,

v26n2, Sept/Oct 1980, p42.

Checking program for large-scale integrated cir-
cuits based on standard cells. a multi-technology
Wagner, B. S., v26n2, Sept/Oct 1980, p46.

CRITIC highlights errors in [C-mask artwork
Auerbach, R. A., v26n6, May/Junc 1981, p34.

Custom LSI: an effective tool for digital communi-
cations equipment design Mozzi, E. J. and
Schmidt, C. A., v26n2, Sept/Oct 1980, p64.

Evolution of design automation toward VLSI
Rosenberg, L. M., v26n2, Sept/Oct 1980, p33.

Fully automatic custom LSI design: Present and
future Feller, A. and Noto, R., v26n6, May/
June 1981, p4.

Glossary of CAD programs and terms Rosenberg,
L. M., v26n6, May/Junc 1981, p84.

LSI: The computer connection Judice, L. J.,
v26n6, May/June 1981, p24.

MASK automates mask making for wafer exposure
Rifkin, H., v26n6, May/June 1981, p38.

Numerically controlled machining of cams Reid-
Green, K. S. and Marder, W. Z., v26n6, May/
June 1981, p80.

Three-dimensional interactive computer-aided de-
sign and manufacture of mechanical structures
Wiegand, B. A., v26n6, May/Junc 1981, pS1.

What electron-beams can do for LSI Geshner. R.
A., v26n2, Sept/Oct 1980, pl18.

Computer-aided documentation
Consumer Electronics’ automated drawing list sys-
tem Monat, R. A. and Roberts, W. C., v26n6,

May/June 1981, p72.

Computers, manufacturing

MACS: a computer-based system for manufactur-
ing analysis of VideoDisc player production
D'Arcy, J. A., Korenjak, A. J. and Limberg, C.
J., v26n9, Nov/Dec 1981, p75.

Microprocessor-based lighthouses Alvero, E. J.,
v26n8, Sept/Oct 1981, p60.

Pattern recognition techniques for automatic
evaluation of hybrid microcircuits Laskey, J. M.
and Wildenberger, R. J., v26n6, May/June 1981,
pS8.

Three-dimensional interactive computer-aided de-
sign and manufacture of mechanical structures
Wiegand, B. A., v26n6, May/Junc 1981, p51.

Consumer applications

Motorcycle turn-signal beeper Traub, K., v26n5,
Mar/Apr 1981, p73.

Signal retrieval system, VideoDisc Kelleher, K. C.,
Pyles, G. D. and Stewart. M. C., v26n9, Nov/
Dec 1981, p30.

Twenty-five years from now Webster, W. M.,
v26n1, July/Aug 1980, p8.

VideoDisc’s video and audio demodulation, defect
detection, and squelch control Pyles, G. D. and
Yorkanis, B., v26n9, Nov/Dec 1981, p44.

Control equipment

Microprocessor-based lighthouses Alvero, E. J.,
v26n8, Sept/Oct 1981, p60.

Slurry control equipment uses microprocessor Wo-
estman, J. W., v26n8, Sept/Oct 1981, p56.

Control systems

CLIP-3 is a high-level controller language for 1802
microcomputers Wright, J. K., Jr., v26n8, Sept/
Oct 1981, p29.
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Microboard equipment control Schilp, W. H., Jr.,
v26n8, Sept/Oct 1981, pSI.

VideoDisc player’s digital control system: How
does it work? Fisher, V. W., Wine, C. M. and
Dieterich, C. B., v26n9, Nov/Dec 1981, p61.

COS/MOS technology

Road to LSI: a photographic journey Bosenberg,
W. A, v26n2, Sept/Oct 1980, p24.

Cost estimating
PRICE System — the engincer’s flexible tool
Burmeister, M. H., v26n5, Mar/Apr 1981, p21.

Cost reduction
PRICE System — the engincer’s flexible tooi
Burmeister, M. H., v26n5, Mar/Apr 198:, p21.

Data communications

CI1SS means worldwide communications Smoker,
F. R., v26n3. Nov/Dec 1980, p68.

Data communications via satellitc Langhans, R. A.

and Mitchell, T. H., v26n3, Nov/Decc 1980, p26.

Demodulators

VidcoDisc's video and audio demodulation. defect
detection, and squelch control Pyles, G. D. and
Yorkanis, B., v26n9, Nov/Dec 1981, p44.

Design
Moackups, the role of, in improved equipmernt de-
sign Tipple, C. H., v26n4, Jan/Feb 1981, pS2.

Digital communications

Custom LSI: an effective tool for digital communi-
cations equipment design Mozzi, E. J. and
Schmidt, C. A., v26n2, Sept/Oct 1980, p64.

Digital transmission and switching systems Bakas,
J. W, v26n7, July/Aug 1981, p102.

Digital electronics
Gate-universal-array for digital CMOS Skorup. G.,
v26n2, Sept/Oct 1980, pS8.

Display systems
Large-screen flat-panel television: A new approach
Credelle, T. L., v26n7, July/Aug 1981, p75.

Distributed processing

Microprocessor network in operation Ricker, C. L.
and Moran, R. J., v26n8, Sept/Oct 1981, p87.

SUPPOSE: A microcomputer operating system for
distributed applications Britton, D. E. and Stick-
el, M. E., v26n8, Sept/Oct 1981, p76.

Editing
The art of videotape editing Muller, R. F. and
Haggart, J. A., v26n7, July/Aug 1981, p64.

Editorials
Voice your ideas, cditorial King, T. E.. v26nl,
July/Aug 1980, p74.

Education

Corporate Engincering Education Resource Guide
Burris, F. E., v26nS5, Mar/Apr 1981, p60.

Electrical Engineering Education: From static to
what's current Eiscnstein, B. A., v26nS5, Mar/
Apr 1981, p66.

Education systems

Corporate Engineering Education Resource Guide
Burris, F. E., v26nS. Mar/Apr 1981, p60.

Electro-optics, systems and

techniques

Measurement and inspection, electro-optical tech-
niques for Bortfield, D. P.. Gorog, [.. Southgate,
P. D. and Beltz, J. P., v26n2, Sept/Oct 1980,
p7S.

Pattern recognition techniques for automatic
evaluation of hybrid microcircuits Laskey, J. M.
and Wildenberger, R. J., v26n6, May/June 1981,
pS8.

Electromechanical convertors

VideoDisc groove-riding stylus cartridge Hackett,
C. F. and Taylor, B. K., v26n9, Nov/Dec 1981,
p26.

Electronics

Aperture correction, non-linear, in the RCA
VideoDisc player Gibson, J. J., Lang, F. B. and
Pyles, G. D., v26n9, Nov/Dec 1981, p38.

Engineer and society

Mechanical engineering — for broader clectronics
applications Metzger, W. W, v26n4, Jan/Fcb
1981, p4.

Professional socicties: Why not go active? Buckley,
M. W, v26n5, Mar/Apr 1981, p52.

Engineering ideas
Mockups, the role of, in improved equipment de-
sign Tipple, C. H., v26n4, Jan/Feb 1981, pS2.

Engineering management
Focal point for the eighties Lemke, E., v26nl,
July/Aug 1980, pl7.

Engineering profession

Electrical Engineering Education: From static to
what's current Eisenstein, B. A., v26n5, Mar/
Apr 1981, p66.

Professional societics: Why not go active? Buckley,
M. W, v26n5, Mar/Apr 1981, p52.

Technical excellence programs support engineers’
viability Jenny, H. K., v26n1, July/Aug 1980,
plo.

Engineering tools and techniques

Designing and building microcomputer-based sys-
tems Caracappa, D. N., Ny, N. O. and Ripley,
G. D., v26n8, Sept/Oct 1981, p4.

Mockups, the role of, in improved equipment de-
sign Tipple, C. H., v26n4, Jan/Feb 1981, p52.

Numerically controlled machining of cams Reid-
Green, K. S. and Marder, W. Z., v26n6, May/
June 1981, p80.

Personal computers pervading RCA’s engincering
population Jenny, H. K., v26n5, Mar/Apr 1981,
p40.

RCA engineering evolution Engstrom, R. W,
v26nl, July/Aug 1980, p7.

Software from CISS for the engineering communi-
ty Steinmeyer, R. E., v26nS5, Mar/Apr 1981,
p28.

Technical excellence programs support engineers’
viability Jenny, H. K., v26én1, July/Aug 1980,
plo.
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Manufacturing equipment

Etching
Acrylic sculpture: A precise craft Mirsch, J. W.,
v26n7, July/Aug 1981, p104.

FCC regulations
Regulatory considerations in player design Line-
berry, R. L., v26n9, Nov/Dec 1981, p70.

Fiber optics

Fiber-optic-cable data network Deutscher, D.,
Mann, M. R., Patrusky, B. E. and Sergi, J. B.,
v26n3. Nov/Dec 1980, p54.

Field engineering

Intracorporate Support Services: Worldwide sup-
port to Government Systems Haik. J. A., Bloes-
er, J. N., Calvert, M. O., Courter, D. A,,
Strinkowski, N. W, and Tracy, R. G., v26n7,
July/Aug 1981, p86.

RCA Service Company: a review Alnutt, R. W',
v26nl, July/Aug 1980, p50.

Finite element analysis

Computer analysis for shock testing of AEGIS wa-
ter coolers Pschunder, R. J., v26n4, Jan/Feb
1981, p41.

Modal vibration test of the 5D-2 satellite Chu, D.
F., v26n4, Jan/Feb 1981, p28.

Structural evaluation of plastic parts for television
receivers Keneman, S. A. and Mooney. R. T.,
v26n4. Jan/Feb 1981, p34.

Gallium arsenide technology

Gigabit-ratc GaAs integrated circuits, technology
development for Upadhyayula, L. C., Matarese,
R. J. and Smith, R., v26n9, Nov/Dec 1981, p86.

Graphic arts

Muiti-image programming: Using microprocessors
to "move” peopic Papke, F. E., v26n8, Sept/Oct
1981. p73.

Image storage
Air-lubricated thermal processor for dry silver film
Siryj, B. W.. v26n4, Jan/Feb 1981, p56.

Information processing

Hertz car rental management systems and services
Curry, B. G.. Edelstein, M.. Melnyk, M., Wil-
liams, P. L., Parks, J. M., Hammeu, T. G. and
Sumner, W. E., v26n1, July/Aug 1980, p57.

Information sciences

On-line computerized literature scarch at RCA
Chu, W. and Honig. R. E.. v26n5, Mar/Apr
1981. p34.

Inspection

Mecasurement and inspection, electro-optical tech-
niques for Bortficld. D. P., Gorog, !.. Southgate,
P. D. and Beltz, J. P., v26n2. Sept/Oct 1980,
p7S.

Integrated circuit engineering

Checking program for large-scale integrated cir-
cuits based on standard cells, a multi-technology
Wagner, B. S., v26n2, Sept/Oct 1980, p46.

LSI: The computer connection Judice, L. J..
v26n6. May/Junc 1981, p24.
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Integrated circuits

CRITIC highlights errors in [C-mask artwork
Auerbach, R. A., v26n6, May/June 1981, p34.

Evolution of design automation toward VLSI
Rosenberg, L. M., v26n2, Sept/Oct 1980, p33.

Glossary of CAD programs and terms Rosenberg,
L. M., v26n6, May/June 1981, p84.

MASK automates mask making for wafer exposure
Rifkin, H., v26n6, May/June 1981, p38.

Telephony — in digital evolution Rodman, D. V.
and Waas, G. J., v26n7, July/Aug 1981, p92.

VLSI dimensions. designs and decisions Kalish, 1.,
v26n2, Sept/Oct 1980, p4.

International business

RCA Solid State in Europe Glaser, W. A, v26nl,
July/Aug 1980, p39.

Introductions (to issues)

A shared engineering and management responsibil-
ity Rittenhouse, J. D., v26n5, Mar/Apr 1981,
(inside front cover).

A vision of excellence Rosenthal, H., v26n7, July/
Aug 1981, (inside front cover).

Communications — A service that launched a
business Inglis, A. F., v26n3, Nov/Dec 1980,
(inside front cover).

Human resources interconnect for VLSI Kressel,
H., v26n2, Sept/Oct 1980, (inside front cover).

Mechanical enginecrs: building the future Wright,
P. E., v26n4, Jan/Feb 1981, (inside front cov-
er).

Microprocessors: a revolution put into practice
Santoro, C.. v26n8, Sept/Oct 1981, (inside front

cover).

Our technological tradition and promise Hittinger,
W, C., v26nl, July/Aug 1980, (inside front cov-
er).

RCA's CED "SelectaVision" VidcoDisc Branding-
er, J. 1., v26n9, Nov/Dec 1981, (inside front
cover).

The computer-aided path to productivity Felier, J.
B.. v26n6, May/Junc 1981, pé6.

Large-scale integration

Advanced process technology at the Solid State
Technology Center Douglas, E. C., v26n2, Sept/
Oct 1980, p8.

Automated design of complex integrated circuits, a
system for the Heath, A. E. and Lydick, R. P.,
v26n2, Sept/Oct 1980, p42.

Automated universal array Borgini, F, Noto, R.
and Suskind, B. A., v26n6é, May/June 1981,
p43.

Checking program for large-scale integrated cir-
cuits based on standard ceils, a multi-technology
Wagner, B. S., v26n2, Sept/Oct 1980, p46.

Fully autormatic custom LSI design: Present and
future Feller, A. and Noto, R., v26n6, May/
June 1981, p4.

Gate-universai-array for digital CMOS Skorup, G..
v26n2, Sept/Oct 1980, p58.

LSI testing methods and equipment Bergman, R.
H. and Mayhew, T. R., v26n2, Sept/Oct 1980,
pS53.

Road to LSI. a photographic journey Bosenberg,
W. A, v26n2, Sept/Oct 1980, p24.

What electron-beams can do for LSI Geshner, R.
A., v26n2, Sept/Oct 1980, pl8.

Lasers, injection

Fiber optical communications: concepts, compo-
nents and systems Olsen, G. H., Channin, D. J.
and Etterberg, M., v26n3, Nov/Dec 1980, p42.

Law
RCA, patents and you Tripoli, J. S., v26n5, Mar/
Apr 1981, p5S4.

Learning

Corporate Engineering Education Resource Guide
Burris, F. E., v26n5, Mar/Apr 1981, p60.

Electrical Engineering Education: From static to
what's current Eisenstein, B. A., v26a5, Mar/
Apr 1981, p66.

Libraries

On-line computerized literature search at RCA
Chu, W. and Honig, R. E., v26n5, Mar/Apr
1981, p34.

Literature searching

On-line computerized literature search at RCA
Chu, W. and Honig. R. E., v26n5, Mar/Apr
1981, p34.

Logic circuits

Gigabit-rate GaAs integrated circuits, technology
development for Upadhyayula, L. C., Matarese,
R. J. and Smith, R., v26n9, Nov/Dec 1981, p86.

Magnetic tape recording

TR-800 helical VTR: A computer-based totai-sys-
tem design Hedlund. L. V., v26n7, July/Aug
1981, p53.

Maintenance

A look at ATE in the 1990s Carver, O. T., v26n7,
July/Aug 1981, p48.

Intracorporate Support Services: Worldwide sup-
port 1o Government Systems Haik, J. A., Bloes-
er, J. N., Calvert, M. O,, Courter, D. A.,
Strinkowski, N. W. and Tracy, R. G., v26n7,
July/Aug 1981, p86.

Management

Advaneement and management of technology for
Government systems Latham, D. C., v2énl,
July!/Aug 1980, p27.

Carpet business, engineering the Clement, H. L.,
v26n1, July/Aug 1980, p6S5.

Hertz car rental management systems and services
Curry, B. G., Edelstein, M., Melnyk, M., Wil-
liams, P. L., Parks, J. M., Hammett, T. G. and
Sumner, W. E., v26nl, July/Aug 1980, p57.

PRICE System — the engineer’s flexible tool
Burmeister, M. H., v26n5, Mar/Apr 1981, p21.

Program planning for a commercially oriented
division Milier, J. C. and Kelley. W. T., v26n5,
Mar/Apr 1981, pll.

Quality and cost attitude in production Ratay, J.
M., v26n7, July/Aug 1981, p82

Manufacturing
Carpet business, engineering the Clement, H. L.,
v26nl, July/Aug 1980, p65.

Manufacturing engineering
Technology Transfer Laboratory — the vital link
for picture tubes Williams, B. F., Leedom, M.
A., Van Hekken, F., Moscony, J. J., Shisler, R.

W. and Potter, L. E., v26n1, July/Aug 1980,
pl9.

Manufacturing equipment

Robots for industry Carrell, R. M., v26n4, Jan/Feb
1981, pé6.
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Marketing

Marketing

RCA Solid State in Europe Glascr, W. A., v26nl,
July/Aug 1980, p39.

Video 90 Drysdale, J. K., v26n7, July/Aug 1981,
pl2.

Materials, mechanical

Advanced composite structures for satcllite sys-
tems Gounder, R. N., v26n4, Jan/Fcb 1981,
pl2.

Mechanical devices

Precision in large mechanisms — the near-ficld-an-
tenna test scanner Harmening, W. A., v26n4,
Jan/Feb 1981, pd6.

Mechanical engineering

Advanced composite structurcs for satellite sys-
tems Gounder, R. N., v26n4, Jan/Feb 1981,
pl2.

Electronic packaging for an artillery-delivered sen-
sor Kurina, M. J., v26n4, Jan/Feb 1981, p63.
Mechanical enginecring — for broader electronics
applications Metzger, W. W, v26n4, Jan/Feb

1981, p4.

Numerically controlled machining of cams Reid-
Green, K. S. and Marder, W. Z., v26n6, May/
Junc 1981, p80.

VidcoDisc player — Mechanical design considera-
tions Coleman, C. F., Hughes, L. M. and Cas-
well, L. R, v26n9, Nov/Dcc 1981, p21.

Mechanical structures

Advanced composite structures for satellite sys-
tems Gounder, R. N., v26n4, Jan/Fcb 1981,
pl2.

Memory devices, MOS technology

CMOS static memory development, advances in
Stricker, R. E. and Dingwall, A. G. F., v26n2,
Sept/Oct 1980, p71.

Microcomputers

Automatic thruster control for Satcom, microcom-
puters in space Malyszka, S., v26n8, Scpt/Oct
1981, p63.

CDP1805 microprocessor upgrades CDP1800-
bascd systems Paradise, J. P., v26n8, Sept/Oct
1981, p17,

CLIP-3 is a high-level controller language for 1802
microcomputers Wright, J. K., Jr., v26n8, Sept/
Oct 1981, p29.

Designing and building microcomputer-based sys-
tems Caracappa, D. N., Ny, N. O, and Ripley,
G. D.. v26n8, Scpt/Oct 1981, pd.

SUPPOSE: A microcomputer operating system for
distributed applications Britton, D. E. and Stick-
el, M. E., v26n8, Sept/Oct 1981, p76.

Microelectronics

Road to LSI: a photographic journey Boscnberg,
W. A., v26n2, Sept/Oct 1980, p24.

Microprocessor applications
Automatic thruster control for Satcom, microcom-
puters in space Malyszka, S., v26n8, Sept/Oct

1981, p63.

CDP1800-scries peripherals are building blocks of
a complete processor family Paradise, J. P.,
v26n8, Sept/Oct 1981, p23.

Designing and building microcomputer-based sys-
tems Caracappa, D. N., Ny, N. O. and Ripley,
G. D., v26n8, Sept/Oct 1981, p4.

106

Fiber-optic-cable data nctwork Deutscher, D.,
Mann, M. R., Patrusky, B. E. and Sergi, J. B.,
v26n3, Nov/Dec 1980, p54.

Memory design in a microprocessor-basced test set,
for Army vchicles Milley, D. A. and Resnick,
H. L., v26n8, Sept/Oct 1981, p36.

Microboard equipment control Schilp, W. H , Jr.,
v26n8, Sept/Oct 1981, pS1.

Multimicroprocessor-based transistor test equip-
ment Hepp, W. J. and Isham, R. H., v26n8,
Sept/Oct 1981, p4ti.

Multiple-processor solution for the advanced
AEGIS signal nctwork Horsley, J. O. ané Clap-
per, S. L., v26n8, Scpt/Oct 1981, p81.

REMBASS repeater Chin, G. D. and Kaye, L. C..
v26n8, Sept/Oct 1981, p66.

Slurry control equipment uses microprocessor Wo-
estman, J. W, v26n8, Sept/Oct 1981, p5e.

Microprocessors

CDP1800-scrics peripherals are building blocks of
a complete processor family Paradise, J. P,
v26n8, Sept/Oct 1981, p23.

CDP180S5 microprocessor upgrades CDP1800-
bascd systems Paradise, J. P., v26n8, Sept/Oct
1981, pl7.

Microprocessor nctwork in operation Ricker, C. L.
and Moran, R. J., v26n8, Sept/Oct 1981, p87.

Microwave relay systems

“Two-for-one™ microwave systems for video Ya-
blonski. S. and Klensch, R. J., v26n3, Nov/Dec
1980, p32.

Military systems

Advancement and management of technology for
Government systems Latham, D. C., v26nl,
July/Aug 1980, p27.

MOS arrays

Custom LS1: an effective tool for digital communi-
cations cquipment design Mozzi, E. J. and
Schmidt, C. A, v26n2, Sept/Oct 1980, p64.

On the job/Off the job

Acrylic sculpture: A precise craft Mirsch, J. W,
v26n7, July/Aug 1981, pl104.

Bringing radio to the rural home Rogers, G. F.,
v26nl, July/Aug 1980, p69.

Motorcycle turn-signal beeper Traub, K., v26n4,
Mar/Apr 1981, p73.

Operations research

Hertz car rental management systems and services
Curry, B. G., Edclstein, M., Mclnyk, M., Wil-
liams, P. L., Parks, J. M., Hammett, T. G. and
Sumner, W. E., v26nl, July/Aug 1980, p57.

Optical communications

Fiber optical communications: concepts, compo-
nents and systems Olsen, G. H., Channin, D. J.
and Ettenberg, M., v26n3, Nov/Dec 1980, p42.

Patents

RCA, patents and you Tripoli, J. S., v26n5, Mar/
Apr 1981, p54.

PERT (Program evaluation and

review technique)

Program planning for a commercially oriented
division Miller, J. C. and Kelley, W. T., v26n5,
Mar/Apr 1981, pl 1.

Phase locked systems

Video conversion and timebase correction Wilber,
J. A., Kelleher, K. C. and Yorkanis, B., v26n9,
Nov/Dec 1981, p54.

Photodiodes

Fiber optical communications: concepts, compo-
nents and systems Olsen, G. H., Channin, D. J.
and Euenberg, M., v26n3, Nov/Dec 1980, p42.

Photolithography
What electron-beams can do for LSI Geshner, R.
A., v26n2, Sept/Oct 1980, pi8.

Photomasks
Computer-aided wafer processing McFarlane, R.,

v26n2, Sept/Oct 1980, p29.
MASK automates mask making for wafer exposure
Rifkin, H., v26n6. May/June 1981, p38.

Pickup, records

VideoDisc groove-riding stylus cartridge Hackett,
C. F. and Taylor, B. K., v26n9, Nov/Dec 1981,
p26.

Picture tubes

Technology Transfer Laboratory — the vital link
for picture tubes Williams, B. F., Leedom. M.
A., Van Hckken, F., Moscony, J. 1., Shisler, R.
W. and Potter, L. E., v26n1, July/Aug 1980,
pl9.

Planning

Program planning for a commercially oriented
division Miller, J. C. and Kelley, W. T., v26nS5,
Mar/Apr 1981, pll.

Plastics

Acrylic sculpture: A precise craft Mirsch, J. W,
v26n7, July/Aug 1981, p104.

Structural cvaluation of plastic parts for television
receivers Keneman, S. A. and Mooney, R. T,
v26n4, Jan/Fcb 1981, p34,

Process control

Slurry control equipment uses microprocessor Wo-
estman, J. W, v26n8, Sept/Oct 1981, p56.

Product design

Engincering challenges in communications systems
Luther, A. C., v26nl, July/Aug 1980, p35.

Product engineering

Carpet business, engincering the Clement, H. L.,
v26nl, July/Aug 1980, p6S.

Regulatory considerations in player design Line-
berry. R. L., v26n9, Nov/Dec 1981, p70.

Productivity

Quality and cost attitude in production Ratay, J.
M., v26n7, July/Aug 1981, p82.

Quality and productivity: The case for motivation
Adams, F. G., McGough, F. T. and Rogers, B.
F.. v26nS5, Mar/Apr 1981, p48.

Professional societies
Professional socicties: Why not go active? Buckley.
M. W, v26n5, Mar/Apr 1981, p52.
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Signal processing

Projectors

Multi-image programming: Using microprocessors
to “'move” pcople Papke, F. E., v26n8, Sept/Oct
1981, p73.

Publishing
Voice your ideas, editorial King, T. E., v26nl,
July/Aug 1980, p74.

Quality control

Quality and cost attitude in production Ratay, J.
M., v26n7, July/Aug 1981, p82.

Quality and productivity: The case for motivation
Adams, F. G., McGough, F. T. and Rogers, B.
F.. v26n5, Mar/Apr 1981, p48.

Radar, computer controlled

Multiple-processor solution for the advanced
AEGIS signal network Horsley, J. O. and Clap-
per, S. L., v26n8, Sept/Oct 1981, p81.

Radio relay systems
REMBASS repeater Chin, G. D. and Kaye, L. C.
v26n8, Sept/Oct 1981, p66.

Radio, amateur
Bringing radio to the rural home Rogers, G. F.,
v26n1, July/Aug 1980, p69.

Radio, history
Bringing radio to the rural home Rogers, G. F.,
v26n1, July/Aug 1980, p69.

Range finding
High-accuracy ranging over voice radios Brader. R.
H., v26n3. Nov/Dec 1980, p88.

RCA Advanced Technology
Laboratories

Air-lubricated thermal processor for dry silver film
Siryj, B. W., v26n4, Jan/Feb 1981, p56.

RCA Automated Systems
A look at ATE in the 1990s Carver, O. T., v26n7,
July/Aug 1981, p48.

RCA Computer Services

Software from CISS for the engineering communi-
ty Steinmeyer, R. E., v26n5, Mar/Apr 1981,
p28.

RCA Consumer Electronics

Consumer Electronics’ automated drawing list sys-
tem Monat, R. A. and Roberts, W. C., v26n6,
May/June 1981, p72.

VideoDisc player — Mechanical design considera-
tions Coleman, C. F., Hughes, L. M. and Cas-
well, L. R., v26n9, Nov/Dec 1981, p21.

VideoDisc player design — An overview Work-
man, W. M., Christopher, T. J., Stave, F. R.,
Miller, M. E. and Baker, A. L., v26n9, Nov/
Dec 1981, pl3.

RCA Corporation

Technical excellence programs support engineers’
viability Jenny, H. K., v26nl, July/Aug 1980,
plo.

RCA ENGINEER

RCA engineering evolution Engstrom, R. W.,
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v26nl, July/Aug 1980, p7.
Voice your ideas, editorial King, T. E., v26nl,
July/Aug 1980, p74.

RCA Government Systems Division
Advancement and management of technology for
Government systems Latham, D. C,, v26nl,

July/Aug 1980, p27.

RCA Missile & Surface Radar

Professional societies: Why not go active? Buckley,
M. W., v26n5, Mar/Apr 1981, p52.

Putting AEGIS to sea Adams, F. G., v26n7, July/
Aug 1981, pa0

Quality and productivity: The case for motivation
Adams, F. G., McGough, F. T. and Rogers, B.
F.. v26n5, Mar/Apr 1981, p48.

RCA Picture Tube Division
Robots for industry Carrell, R. M., v26n4, Jan/Feb
1981, pé6.

RCA "SelectaVision” VideoDisc

Operations

CCD comb-filter and defect-corrector system for
VideoDisc application Kiser, N. J., Lambert, E.
F.. Pritchard, D. H. and Sauer, D. J., v26n9,
Nov/Dec 1981, p49.

Product assurance for the VideoDisc player
Scearce, F. T., v26n9, Nov/Dec 1981, p83.

RF modulation in the VideoDisc player Batra, R.
S.. v26n9, Nov/Dec 1981, p67.

“SelectaVision” VideoDisc System Crooks, H. N..
v26n5, Mar/Apr 1981, pd.

“SelectaVision™ VideoDisc System Crooks, H. N.,
v26n9, Nav/Dec 1981, pl0.

VideoDisc groove-riding stylus cartridge Hackett,
C. F. and Taylor, B. K., v26n9, Nov:Dec 1981,
p26.

VideoDisc player — Mechanical design considera-
tions Coleman, C. F., Hughes, L. M. and Cas-
well, L. R., v26n9, Nov/Dec 1981, p21.

VideoDisc plaver design — An overview Work-
man, W. M.. Christopher, T. J., Stave, F. R..
Miller, M. E. and Baker, A. L., v26n9, Nov/
Dec 1981, pl3.

RCA Service Company
RCA Service Company: a review Alnutt, R. W,
v26n1, July/Aug 1980, p50.

RCA Solid State Division
RCA Solid State in Europe Glaser, W. A., v26nl.
July/Aug 1380, p39.

RCA Solid State Technology Center

Advanced process technology at the Solid State
Technology Center Douglas, E. C., v26n2, Sept/
Oct 1980, p8.

Recording, digital

VideoDisc player’s digital control system: How
does it work? Fisher, V. W., Wine, C. M. and
Dieterich, C. B., v26n9, Nov/Dec 1981. p61.

Reliability
Product assurance for the VideoDisc player
Scearce, F. T., v26n9, Nov/Dec 1981, p83.

Research and development
Technology Transfer Laboratory — the vital link
for picture tubes Williams, B. F., Leedom, M.

A., Van Hekken, F., Moscony, J. J., Shisler, R.
W. and Potter, L. E., v26n1, July/Aug 1980,
plo.

Research management
Video 90 Drysdale, J. K., v26n7, July/Aug 1981,
pl2.

Robots
Robots for industry Carrell, R. M., v26n4, Jan/Feb
1981, p6.

Safety engineering
Regulatory considerations in player design Line-
berry, R. L., v26n9, Nov/Dcc 1981. p70.

Satellite communication

Advanced Satcom: RCA's ncxt-generation domes-
tic satellite system Braun, W. H. and Keigler. J.
E., v26n3, Nov/Dec 1980, p18.

Data communications via satellite Langhans, R. A.
and Mitchell, T. H,, v26n3, Nov/Dec 1980, p26.

Satellite communications system, the RCA Ameri-
com Christopher, J. and Keigler, J. E., v26nl,
July/ Aug 1980, p42.

Satellite networks

Satellite communications system. the RCA Ameri-
com Christopher, J. and Keigler, J. E.. v26n1l,
July/Aug 1980, pd2.

Satellite television distribution Inglis, A. F., v26n7.
July:Aug 1981, p20.

Satellite technology

Advanced Satcom: RCA's next-generation domes-
tic satellite system Braun, W. H. and Keigler, J.
E., +v26n3, Nov/Dec 1980, pi8.

Satellite communications system, the RCA Ameri-
com Christopher, J. and Keigler. J. E., v26nl,
July/Aug 1980, p42.

1981 RCA space constellation Schnapf, A., v26n7.
July/Aug 1981, p28.

Satellite, synchronous

Advanced Satcom: RCA'’s next-generation domes-
tic satellite system Braun, W. H. and Keigler. J.
E., v26n3, Nov/Dec 1980. p18

Satellite, weather
Modal vibration test of the 5D-2 satellite Chu, D.
F.. v26n4, Jan/Feb 1981, p28.

Semiconductors

Computer-aided wafer processing McFarlane, R.,
v26n2, Sept/Oct 1980, p29.

VLSY dimensions, designs and decisions Kalish, 1.,
vZen2, Sept/Oct 1980, p4.

Servomechanisms

Video conversion and timebase correction Wilber,
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