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Challenge of consumer
electronics engineering

“What’s new and challenging in Consumer Electronics Engineering?” is a question
often asked by engineers in other fields. The seventeen articles in this issue of the
RCA Engineer speak for themselves but are only a partial answer to the question.

They are a partial answer because they illustrate the application of new technology
but are silent as to the environment in which the technology is used. But as the
technology has changed so has the environment.

* The world is now our market place, not only as an outlet for finished product but
as a source of what goes into it. Our engineers and materials specialists now seek
and test parts from suppliers world-wide.

* Inflation is a fact of life. Our engineers succeed in overcoming its effect on product
costs. Nowhere is this better iilustrated than comparing the number of components
in RCA versus foreign designed products. Design ingenuity makes us the winner.

* Consumerism surrounds us with its demand for products which bring their owners
fulfillment rather than frustration, and our engineers add reliability and hazard analy-
sis to their collection of skills. We say design it so that it works well and, when
necessary, can be repaired easily and quickly. We trade-off cost of design against
cost of repair during warranty and seek the curve’s minimum.

And so we have risen to the challenge of the environment as well as the technology.

We are proud of the accomplishments of the authors of these articles in this RCA
Engineer. For the most part they are electrical engineers. But they would be the
first to say that what they have done is possible only because of the creativity of our
other specialists too—~mechanical, chemical, and plastics engineers, physicists, and
mathematicians.

We are proud also of the high level of interdivisional cooperation underlying these
accomplishments. Particularly significant was the team approach with the Solid State
Division in the application of monolithic technology in the products described in
these articles.

What's new in Consumer Electronics Engineering? Everything. Everything except the

pride and fulfillment our engineers experience by knowing that their work makes it
possible to bring entertainment to countless millions of people.

M. H. Glauberman

Chief Engineer

Consumer Electronics Division
Indianapolis, indiana
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Our cover

. represents two signiticant breakthroughs
in color tetevision. The receiver shown is RCA’s
new all-solid-state, modular chassis—the CTC-49;
this chassis and its several modules are de-
scribed in several papers in this issue. The Accu-
Cotor symbol superimposed over the photo rep-
resents our new system for color television,
offering the most dependable, consistently accu-~
rate, and automatic color in RCA's history.
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editorial
input

Most engineers are critical and in-
trospective while proving in their
new ideas, new circuits and new
products; and engineers know also
that even the best designed prod-
ucts and the most ingenious ideas
can be modified, refined and im-
proved.

Such traits characterize the pro-
fessional, and the high degree of
concentration in these areas of
quality, performance and reliability
often spells the difference between
product success and failure. A
proved-in, finished product that re-
flects the best collective efforts of
the engineering community en-
genders a "pride of product’ tech-
nically...an ingredient that can be
extended beyond the working en-
vironment, to one's family, friends,
community groups and profes-
sional associates. On these occa-
sions, RCA engineers and scientists
have the opportunity to represent
the company and all its producits.

Every member of the technical
staff shares credit with his asso-
ciates, in related activities, who
design the RCA-built electronic
systems for Apollo; the system
analysts and programmers who
conceive the software for RCA's
fourth-generation computers; the
scientists who are adapting the
faser and the hologram for home
use; the field engineers who keep
the nation’s early warning systems
operating; and the designers and
developers of RCA’s new genera-
tion of color television receivers
described in this issue.

Along with technical prominence
and engineering leadership comes
an equal share of responsibility for

Pride of Product

engineers to become the ambas-
sadors of good will for all of the
company's high-quality products
and services. The combined effect
of pride in product is a building of
confidence in RCA’s products and
its future . . . fostered and ad-
vanced through the professional
attitudes of RCA engineers and
scientists.

In this issue of the RCA ENGINEER,
the engineers of the Consumer
Electronics Division describe, with
justifiable pride, many of their re-
cent developments and product
designs. To meet the seemingly
contradictory demands of the mar-
ketplace for high-quality perfor-
mance, long life, and low cost,
CED engineers have made
dramatic advances in monolithic,
integrated circuits, modular con-
struction, compactness, per-
formance, reliability, and safety. At
the same time, CED engineers and
their peers in other divisions are
looking ahead with anticipated
pride tc consumer applications of
laser and holography techniques,
advanced video processing tech-
niques, broader use of ceramic-
thick-film technology, and further
improvements in integrated cir-
cuit technology.

The quality products of the Con-
sumer Electronics Division are
some of the best known RCA prod-
ucts in the world . . . that reflect
credit on technical and non-tech-
nical employees alike. Thus. by
understanding the challenges and
accomplishments of our engineer-
ing associates in CED, every en-
gineer will be better equipped to
represent RCA and his profession.

www americanradiohistorv com

Future Issues

The next issue of the RCA Engineer features
computer systems. Some of the topics to
be discussed are:

RCA and the computer industry

Computer peripheral simulation
Semiconductor cooling packages
Computer-aided design

Computer power systems

Optical memories

Computer performance evaluation

Large core storage

Computer communication processor

Discussions of the following themes are
planned for future issues.

Displays, optics, photochromics
Graphic systems

Systems programming developments
Computer peripherals

Advanced Technology Laboratories
Mathematics for engineering

Video playback systems
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New-generation color-TV
receiver

E. Lemke | J. A. Konkel

The design of an emtirely new color-TV receiver represents an irtriguing and unusual
challenge to the design engineer. Using several new technical advances—e.g., thick-
Kim ceramic circuits, high-component-density linear integrated circuits, wide-angle
picture tube—the designers of the CTC-49 color television have been able to develop
a product that should receive a high degree of customer acceplance for its perfor-
mance, reliability, and ease of mzintenance—yet a product that is opimitized for ease
of manufacture and its ability to accept design changes without being completely
redesigned. This design represents, perhaps, the greatest single departure from tradi-
tional circuitry and techniques in consumer electronics. The primary purpose has been
to reduce the total circuitry irto smzll, easily identifiable, independently aligned and,
therefore, totally interchangeable functional modules.
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circuits should constitute an inte-
gral module and how many modules
should be used was influenced by sev-
eral imporant factors. As a first ap-
proximation, these factors can be
classified as short-term and long-term
goals.

T HE FINAL DECISIONS as to which

Short-term goals define the extremes
of physical size of the modules. Each
module must be large enough to per-
form a minimum identifiable function,
so that in case of failure, a defective
unit can be identified based on certain
exhibited performance deterioration.
thus reducing some of the skills re-
quired in scrvicing. On the other ex-

Reprint RE-16-5-20
Final manuscript received November 23, 1970.

treme, the module should not become
so large as to burden the customer
with excessive replacement costs. In
fact, user cost should be low enough,
whenever possible, to preclude repair
in favor of replacement. Additional
module size limitations are imposed
by such consideration as interaction
among circuits, radiation, and capaci-
tive limitations in high-gain high-
frequency circuits.

Long-term goals. although somewhat
more difficult to define beyond, say, a
3- to 5-year time cycle, certainly have
to be included to allow potentially
advantageous future developments to
be included while retaining the same
module-terminal arrangement and gen-
eral form factors. Already. the parallel

J. A. Konkel, Manager

Instrumentation

Consumer Electronics Division

Indianapolis, Indiana

received the BSEE with honors from the Univer-
sity of Minnesota in 1950. Mr. Konke! joined RCA
in 1951 as an Engineering Trainee. He joined the
Home I[nstruments Division following his training
assignments, where he was engaged in IF, video,
and chroma circuitry design for color television
receivers. In 1960, as group leader, he became
responsible for circuit design for color television
receivers. Named to his present position in 1969,
he is responsible for development of console and
tabte model color television receivers. Mr. Konkel
is a member of Eta Kappa Nu and Tau Beta Pi.

Eugene Lemke, Mgr.

Color TV Engineering

Consumer Electronics

Indianapolis, Indiana

received BSRE from Tri-State College in 19855
and joined RCA as a Corporate Specialized Engi-
neering Trainee. He has been involved in various
aspects of black-and-white and color-TV design
and development. In 1965, he became Leader in
color-TV design, and in 1969, he was promoted to
Manager, where he has had project responsibility
for design of wide-angle solid-state color re-
ceivers. He is a holder of numerous patents.
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extensive development of specialized
monolithic- and ceramic-circuit tech-
niques within RCA have had signifi-
cant influence in module function
determination.

Technical description

The CTC-49 color television receiver
mects these design goals with a total
of cleven plug-in circuit modules. All
modules are positioned in the chassis
to face the back of the set and are
casily and independently accessible.
Except for the low-voltage power-
supply module, all modules are
plugged into phenolic master boards
utilizing specially designed edge con-
nectors.

The entire TV receiver can be divided
into five distinctive assemblies:

1) The tuner assembly which contains
the vH¥ and UHF tuners (both auto-
matically fine tuned) and the primary
customer controls—color, tint, bright-
ness, on-off, volume, AFT defeat, and
(continuously-variable) sharpness. The
total assembly can be removed easily
through plug connectors.

2) The complete signal-processing
master board with its eight modules.
3) The deflection master board with
its vertical and horizontal oscillator
modules.

4) The chassis proper, on which the
miscellaneous heavier components are
assembled. These include the low volt-
age transformer, deflection output de-
vices and their heat sinks, solid-state
high-voltage quadrupler, and a small
auxiliary circuit board containing kine-
scope set-up and the less-used customer
controls—horizontal hold, vertical hold
and contrast,

5) The kinescope itself with its deflec-
tion and convergence yokes, conver-
gence-wave-shaping circuitry with its
controls (purity and blue lateral), and
degaussing shield and coil.

Several of the circuit innovations that
represent important departures from
previous receivers are described in the
following paragraphs. Throughout the
description, references are included to
other papers in this issuc that dcal
with specific module or circuit func-
tions.

Tuner

The tuncr assembly is quite similar to
those wused in previous solid-state
chassis—employing a four-tuned-cir-
cuit, wafer-switch, vHF tuner with a
MOs-FET RE amplifier, a cascode-type
mixer, and automatic-finc-tuning
(aFT)-controlled local oscillator. The
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Fig. 1—Block diagram of the CTC-49 color television receiver; shaded blocks are modules.

most significant variation is elimina-
tion of the familiar “link circuit.” In
its placc is a terminated coaxial line
which interconnects the tuner and the
1F amplifier. This coupling method
makes the tuning of the mixer and the
1e-amplifier input independent of cach
other and of the length of the inter-
connecting cable. This results in total
interchangeability of the tuner and v
assemblies without requiring subse-
quent realignment of tuned circuits,
as has been the case in the past.

Signal processing

The signal-processing  assembly  ac-
counts for all the circuitry from the
tuner output to the kinescope. Five
monolithic integrated circuits are
used, replacing a substantial amount
of discrete components. The picture
1E-AFT module is completely self con-
tained, with the heart of the system
being a new complex integrated cir-
cuit specifically designed for this pur-
pose and used for the first time in TV
receivers."” This 1¢ performs the total
amplification function of the picture-
tF passband with outputs lor the 4.5-
MHz inter-carrier sound., low-level
video, and color information. Another
output provides reference for the auto-

matic fine tuning (AFT) integrated cir-
cuit which is also contained on this
module.

The video output from the 1F module
is fed into the video/sync module.”
The functions of luminance delay,
vertical and horizontal retrace blank-
ing, control of contrast and control of
video peaking are performed in the
first video amplifier transistor. The
sccond video amplifier is an emitter-
follower stage which provides an im-
pedance match between the first video
amplifier and the three parallel-driven
kine-drive modules.’

The tuned color input is fed into the
first chroma module. As is the case of
the picture-1F module, a specialized
integrated circuit has been developed
and used for the first time.' All active
devices in this module arc contained
in this single 1c which serves as a
chroma-bandpass amplificr burst am-
plifier, and reference oscillator as well
as automatic frequency and phase con-
trol (AFPC), automatic color control
(ACQC)Y, color-level, control and burst
blanking functions.

The 3.58-MHz output from the first
chroma module is then fed to the
second chroma module which con-

www americanradiohistorv com

tains the chroma-demodulator and
color-difference-amplifier functions.
Again, a new integrated circuit is
utitized.”

So far, the functional description of
chroma video system has borne at
least some resemblance to circuits
used in the past. The output of second
chroma module, however, consists of
three color-difference  signals—R-Y,
B-Y and G-Y—which are fed into
three identical and corresponding
kine-drive modules in which the ma-
trixing of luminance and chrominance
video is accomplished and the result-
ant output is used to drive the corres-
ponding kinescope cathodes." Thus.
three medium power devices in paral-
lel are used as compared to one high-
power video-output device and three
secparate  kinescope control-grid
drivers.

The kinescope drive module repre-
sents the first RCA application ol
thickfilm ceramic-circuit technology in
color receivers.” This allows bulk pro-
duction of discrete components by
chemical means directly on a ceramic
substrate. Also, due to the good ther-
mal characteristics of the ceramic, the
transistors are bonded directly to the
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substrate and require no further heat
sinks. The result is a package that is
small, clean, and offers good long-term
cconomic advantages.

The sound module is identical to onc
currently used in several other RCA
color receivers.”

This then represents the entire signal-
processing section; with minor dis-
crete-component value changes, it can
be used with any kinescope combina-
tion.

Deflection and kinescope

The deflection and kinescope assem-
blies represent another major advance
in color-kinescope drive eircuits. The
CTC-49 is the first domestic receiver
utilizing the new RCA 110° wide-
angle-deflection kinescope as com-
pared to the more common 90°
deflection angle. This results in a
substantially reduced depth in the
instrument package, and for the first
time, an 18-inch color receiver is avail-
able that closely resembles the slim
appearance of comparable black-and-
white television sets. The horizontal

deflection circuitry itself bears close
resemblance to that used in the CTC-
40 chassis and operates on the same
principles—except for modifications
to provide for the substantially in-
creased  deflection-power and  pin-
cushion-distortion requircments.” Note-
worthy is the utilization of a high-
voltage multiplicr which requires only
one-fourth the voltage input to pro-
vide the kincscope high voltage re-
quirements.

The vertical and convergence circuits
represent substantial departure from
previous practices. inasmuch as the
normal vertical-output transformer has
been eliminated through use of a com-
plimentary-symmetry output circuit.
similar to those used in high-quality.
high-power, audio systems. The verti-
cal convergence waveforms are
clamped at deflection center resulting
in substantial reduction in interaction
of the individual waveform shaping
controls.’

Conclusion

The CTC-49 represents a potential

building block for future RCA sets
and provides mecans for substantial
standardization of RCA circuit mod-
ules. It indicates the expanded usage
ol analog monolithic circuits custom,
tailored to unique color-tv needs. It
also opens the door, and perhaps gives
us a glimpse, of the future through
such innovations as ceramic circuits,
wide-angle deflection kinescopes, and
high-density lincar integrated circuits.
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IF-AFT module for the CTC-49 color
television receiver

D. Griepentrog

A new picture-intermediate-frequency (IF) amplifier and automatic gain control (AGC) system has been combined with an auto-
matic fine tuning (AFT) circuit in module form for use in color television receivers. Emphasis has been placed on quality per-

formance, independent of external circuitry.

HE IF-AFT MODULE described in
Tthis paper consists of two basic
parts: the picture-iF section and the
AFT section (Fig. 1). Each section en-
closed in its own separate shield. All
module components and both shields
are mounted on a single printed-circuit
board utilizing copper paths or. both
sides of the board and plated-thru
holes. All connections to external cir-
cuitry are made through edge-connec-
tors, facilitating ease of insertion and
removal from the master board; the
assembled module measures 614 %33g
X 1V3 inches. A complete schematic is
shown in Fig. 2; the performance of
the module is summarized in Table I.

The picture-1F section consists of one
integrated circuit (IC1) and two trans-
istors. The function of transistor Q1 is
to series regulate B+ for IC1 relative
to a 12-volt zener reference in IC1

Reprint RE-16-5-5
Final manuscript received November 24, 1970.

Transistor Q2 is an emitter follower
providing both a low impedance video
output source and isolation between
the 4.5-MHz video trap (T5) and the
chroma peaker (L7).

Table I—Performance summary.

Sensitivity 50 uV at module input (termi-
nal 16) to produce minimum of
2-volts video output.
12-MHz maximum bandwidth
at —50 dB. Attenuation at
35.25 MHz and 51.75 MHz is
minimum of 60 dB.
Adjacent picture (39.75 MHz)
60 dB minimum
CO-sound (41.25 MHz)
46 dB minimum
Adjacent sound (47.25 MHz)
60 dB minimum.
Response Shape Symmetrical haystack with the
chroma subcarrier (42.17 MHz)
and the picture carrier (45.75
MHz) at 50%.
6 volts p-p (85% carrier modu-
lation) as maintained by the
AGC system.
Gain Reduction 60 dB typical for input signal
ranging from 50xV to 50 mV.
1.2 volts p-p centered at 3.58
MHz.
Minimum of +700 kHz and
~1.00 MHz pull-in range (ef-
fective 1F bandwidth).

Selectivity

Trapping

Video Output

Chroma Output

AFT Range

www americanradiohistorv com

Dal F. Griepentrog

Consumer Electronics Division

Indianapolis, Indiana

received the BSEE from the Milwaukee Schcol of
Engineering 1n 1962. After graduation, he joined
the Home Instruments Division of RCA and was
involved with the application of solid state devices
to color television receivers. He has worked in all
phases of signal processing and has extensive
experience in the design of frequency selective
circuits. He is a member of the |IEEE.
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Fig. 2—Schematic diagram of IF and AFT module.

The integrated circuit IC1 is an IF am-
plifier, picture and sound carrier
detecter, video preamplifier, noise-
immune AGC circuit, and Acc-delay cir-
cuit. Five 1F-bandpass and three 1£-trap
tuned circuits are used in addition to
the 4.5-MHz trap and the chroma
peaker.

The AFT section consists of one inte-
grated circuit 1C2 and two IF tuned
circuits. A separate enclosing shield
was required to prevent IF bandpass
distortion and regeneration due to sig-
nal coupling from the AFT back into the
IF section of the module.

Tuner-IF link circuit

A primary design objective was to
make the r1F-bandpass response inde-
pendent of the tuner. This was neces-
sary to insure the interchangeability of
the tuner and the 1F module. As a re-
sult, all 1F-bandpass-response tuned
circuits are located in the module. The

ADLPIX
¢ 3875

TRIPLE
TUNER
FILTER

= Vm. SAD.
.25

SIGNAL
INPUT = =

MAK Module

KRK 165
Mixer Qutput Circuit Input Circuit

Fig. 3—Link circuit.

tuner provides skirt selectivity only be-
cause the mixer output circuit has
been designed for an essentially flat
response between the IF frequencies of
41.67 and 46.25 MHz.

Fig. 3 shows the mixer output circuit
of the KRK 165 vHF tuner. A low-Q,
single-tuned circuit is used to couple
signal from the output device to the
50-ohm link cable. The series connec-
tion of R (47 ohms), L and C pro-
vides the 50-ohm mixer output re-
sistance for the link cable input
termination since L and C are series
resonant.

Link cable output termination is pro-
vided by the module. The input impe-
dance of the module is nominally 50
ohms as provided by the series con-
nection of R1 (18 ohms), R2 (22
ohms), and roughly 10 ohms due to
R3 and the triple-tuned circuit (coils
L2, L3, and L4). The inductive react-
ance of coil Lt is large compared to
the resistance of R2 and therefore neg-
ligible. Thus, the link cable is termi-
nated by its characteristic impedance
at both ends over the range of fre-
quency for which the mixer has a flat
output.

IF filter circuits

The 1F response is determined by the
triple-tuned circuit with two traps pre-
ceding the integrated circuit and a
double-tuned circuit with one trap be-
tween sections A and B.

www americanradiohistorv com

CORRECTION VOLTAGE
TO TUNERS

CHROMA

— 4.5 MHz SOUND

In the triple-tuned circuit (Fig. 4),
the two bridged-T traps are used to
provide attenuation of the adjacent
channel picture carrier and opposite
adjacent channel sound carrier. A com-
mon bridged impedance consisting of
parallel connected L1 and R2 is used.
Adjustment of L1 for best null of the
47.25-MHz trap insures the desired 60
dB minimum attenuation.

The triple-tuned circuit provides, at
center frequency, a source resistance
to the integrated circuit of 800 ohms
and a voltage gain of three from the
module input to the integrated-circuit
input (pin 6).

The first tuned circuit of the triple
consists of L2 and C6 (Fig. 4) . Capaci-
tor C6 (430 pF) is series resonant
with its lead inductance (0.006 nH) at
100 MHz and parallel resonant with
coil L2 (0.024 pH) at 44 MHz. The
third tuned circuit consists of coil L4
(0.27 uH) and capacitor C14 (47 pF).
Coupling and voltage gain from L2 to
L4 is provided by the second tuned
circuit, coil L3 (1.8 pH) and capaci-
tors C10, C11, and C12. The inductive
reactance of L3 is 75 times larger than
that of L2 to provide a certain amount
of tuned-circuit isolation for ease of
alignment.

This circuit provides protection against
interference due to strong RF signal
introduction between the tuner and the
IF module. Parasitic resonances and
couplings have been minimized to
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Fig. 4—Triple-tuned circuit and circuit re-
sponse.

maintain high attenuation at frequen-
cies far from 1F resonance. The ampli-
tude response is also shown in Fig. 4.

The double-tuned bandpass circuit
(Fig. 5) with a bifilar-T trap at 41.25
MHz is similar to that used in the third
1IF stage of some color Tv receivers.
The sound and picture carriers are
coupled into the 1c at pin 12 io gen-
erate the 4.5-MHz sound-1F carrier.
Trapping action removes the 41.25-
MHz sound carrier at pin 13 of the 1c
to prevent formation of a 0.92 MHz
beat with the chroma subcarrier at
42.17 MHz. The picture carrier and
the chroma subcarrier entering at pin
13 are amplified, detected, and ampli-
fied again as video.

The two responses of the double-tuned
circuit are shown in Fig. 5. Fig. 6a
shows the overall picture-1F response
from module input contact 16 to out-
put contact 8.

Video trap

The detection of the sound and pic-
ture carriers will generate a large 4.5-
MHz difference signal in video, if the
sound carrier is not attenuated by the
41.25-MHz trap. This condition usually
occurs only when AFT is disabled and
the tuner oscillator is off frequency. A
4.5-MHz trap (T5 in Fig. 2) is in-
cluded in the module to prevent inter-
ference in chroma and luminance.

Chroma peaker

The chroma peaker compensates for
the slope of the video response as
shown in Fig. 6b and 6c. The actual
slope and the shape of the video re-

T0 SOUND DETECTOR
Ic1 N2
t =1C1PINI3
J e T0 PICTURE DETECTOR
i 1

b1}

iC1 PiN 16
TO INTERNAL BIAS

41.25 ""i_

DOUBLE TUNED FILER

CHROMA

CHROMA ™ —-—,
R & PICTURE
s 1

J_J"I \ 4125 N\

RESPONSE AT PIN 13

RESPONSE AT PiN 12

Fig. 5—Double-tuned filters and response.

sponse between 3.08 MHz and 4.08
MHz will vary from module to module
because of component tolerance. Since
an’ external peaker may not provide
the correct resultant response, the
peaker circuit was included in the
module.

The chroma peaker coil L7 uses two
cores. One adjusts inductance to cen-
ter the response at 3.58 MHz. The
other core controls circuit Q with little
effect on inductance to adjust chroma
output level and bandwidth.

Automatic gain control

All acc circuitry is included in 1C1
except time constants, maximum-gain
1F-bias components, and the AGc delay
control. The delay adjustment is nec-
essary for color Tv receivers to mini-
mize the “‘channel-6 beat™ generated
in the mixer.

A properly adjusted control will cause
RF gain attenuation to begin at an in-
put signal level of about 500 pV.
Tuner AGc starting below 300 xV will
result in a noisy picture for all input
signal levels up to about 50 mV (see
Fig. 7).

The acc delay curve must be close to
the noise curve not only to reduce

TUNER AGC VOLTAGE=+15V

TUNER AGC
VOLTAGE=+1V

(AGC|DELAY)
NOISE <=—— ) — TUNER OVERLOAD

n

RELATIVE GAIN- DB
&

500MV

SPV SOBY  S00pV  SMV  S0MV
SIGNAL STRENGTH AT ANTENNA TERMINALS

Fig. 7—Automatic gain control.
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“channel-6 beats” but also to reduce
adjacent channel carrier crossmodula-
tion in the mixer.

Automatic fine tuning

The AfT circuitry in this module is
similar to that used in a previous port-
able color-Tv receiver (CTC-42) except
for the manner in which input signal
is provided.

The AFT signal source is IC1 (pin 14).
The picture carrier source level is
nominally 10 mV, located on the side
of the steeply sloped I1F response. A
fixed tuned series peaker consisting of
R18, C28, and L12, tuned with the in-
put capacity of 1C2 reduces the slope
of the response at the 1C2 input. The
resultant AFT output correction voltage
response is shown in Fig. 8.

Conclusion

The 1F-AFT module is being produced
for use in the CTC 49X chassis which
uses a total of eleven plug-in modules.
Performance and interchangeability is
excellent. Receiver sensitivity typically
ranges between 3 xV and 10 uV. Cost
is about equal to the equivalent dis-
crete system. Power consumption is
low at about 1.5 watt (30 V, 50 mA).
- [e-50KHE

T~y 4118
[¥r}

AFT CORRECTION VOLTAGE OUTPUT

AFT INPUT

Fig. 8—Automatic fine tuning.
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struments Diviston, Indianapolis, where he worked
on convergence circuitry for color TV. He has since
recerved the MSEE from Purdue and is presently
employed in the development ard design of TV
sound systems. He holds two patents in the area
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Sound system for the
CTC-49 color TV

G. K. Sendelweck

The sound IF, detector, and amplifier for the CTC-49 color television receiver are incor-
porated into a single module board that can be used in several other receivers. Two
features of this sound system are the use of an integrated circuit as the heart of the
module and the application of an electronic attenuator circuit which eliminates electro-
mechanical drive mechanisms for remote-control receivers.

HE MODULE CONCEPT in RCA color
TT\' receivers was actually launched
during the summer of 1969 with the
introduction of the CTC-42, l6-inch
portable receiver. This receiver incor-
porated the sound 117, audio detector,
and audio preamp in an integrated cir-
cuit which was mounted on a plug-in
module similar to the one used in the
CTC-49. Presently, this module is being
used in four different color-Tv reccivers
and is scheduled for use in several
more.

Since this was the first module to
be used in RCA color Tv's, some
guidelines had to be established. Most
important was interchangeability. The
maximum number of components had
to be mounted on the module. vet with
sufficient flexibility to use the same
module in several different chassis with
various audio output and feedback sys-
tems. The second criterion was align-
ment: the module had to be capable of
being aligned in a test fixture and main-
tain that alignment when plugged into
the chassis. It must also be capable of

Reprint RE-16-5-2
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being aligned in the chassis (i.e. in the
customer’s home) by a serviceman if
the correct procedure is followed.

An integrated circuit—the RCA CA-
5065. developed especially for this ap-
plication by the Circuit Development
Group in Somerville—is the heart of
the sound system. In addition to the
1c, the module requires only twelve
components, thus making it onc of the
least complex modules in the color TV
receiver (see Fig. 1).

Circuit operation

The CTC-49 sound system is shown in
block diagram form in Fig. 2. The 4.5
MHz a1 sound-1¥ is recovered by sep-
arate circuitry inside the pix-1F inte-
grated circuit' and applied directly to
the input of the sound system for proc-
essing. The input capacitor Cl was
kept small enough so that variations in
the output impedance of the pix-11
integrated circuit would have little ef-
fect on the tuning of the input trans-
former: Tt and C2 comprise a high-Q
tuned circuit which resonates at 4.5
MHz and also provides impedance
matching.

Fig. 1—Sound-IF, detector, amplifier module.
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Fig. 2—Block diagram of the sound circuit.

The integrated circuit is quite complex
as cvidenced by its schematic diagram
in Fig. 3. The 1¥-limiter section consists
of three emitter-coupled stages, which
function particularly well as limiters
because cach hall of the differential
amplifier is alternately cut ofl on the
positive and negative hall cycles of the
input signal. Since the supply voltage
is regulated, this allows symmetrical
limiting without spurious phasec modu-
lation.*

The detector uses a frequency selective
network and, unlike conventional dis-
criminators, requires only a single coil
for tuning. This results in a lower cost
system which is considerably casicr to
tunc than a conventional discriminator.
The discriminator output is also high,
being nominally 820 mV with an input
signal deviation of 25 kHz.

Electronic attenuator

Probably the most unique feature of
the integrated circuit is the clectronic
attenuator which allows the use of a
single-wire volume control. The vol-
ume potentiometer is used as a rheostat
and is part of a voltage divider circuit
which changes the bias level on tran-
sistor Q0.

The resultant change in bias current in
devices Qo6 through Q10 will allow
more or less of the audio current to
pass through the load resistor R3, de-
pending upon the volume control set-
ting. providing morc than 6C dB of
volume-control action. The attenuator
is balanced so that pc¢ current through
the load resistor does not change with
volume control setting. thereby making
the circuit virtually immune to noise
from the volume potentiometer. Per-
haps the most significant use of the be

feature occurs in remote-control re-
ceivers. Since it is possible to control
the volume with a pc voltage con-
nected divectly to Pin 6 of the inte-
grated circuit, the geared motor and
motor rclay previously used can be
climinated and replaced by a storage-
capacitor/MOS type of remote system.
The cost and reliability advantages of
this typc of system are readily
apparent.,

Audio section

The attenuator output is coupled by
an emitter-follower buffer stage to the
audio preamplificr which provides 20
dB of gain and opecrates into the basc
of an emitter follower driver transistor.
The audio output stage is a fairly con-
ventional transformer-coupled power
amplificr which is capable of delivering
1.5 watts at less than 10% total

harmonic distortion into a 3.2 ohm
spcaker. The capacitor across the
transformer primary is used for high
frequency rolloff while the voltage-
dependent resistor (VDR) protects the
output transistor [rom voltage spikes
in case the speaker is disconnected.
Overall feedback is used to stabilize
the operating point and to decrecase
distortion.

Conclusion

The use of the clectronic attenuator in-
stead of a conventional volume control
is a significant departurce from previous
sound systems. In addition, the detector
on the CA3065 is onc of the best single-
coil detectors that the author has en-
countered in his work. Presently, sev-
cral other device manufacturers arce
developing this type of 1¢, so the CA-
3065 is well on its way to becoming
an industry standard.
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Luminance processing and
kinescope driver modules

for the CTC-49

D. H. Willis

This paper describes two modules used in the video system of the CTC-49 color
television receiver. One module provides the video processing, luminance control,
and sync separator functions; the other modules act as the kinescope driver. Both
modules are plug-in types; the kinescope driver has been produced using both
ceramic and phenolic printed-circuit boards (above, left); the luminance processing
module (above, right) is available in phenolic-circuit-board form.

N THE CTC-49 COLOR TELEVISION
I RECEIVER, the video envelope is
detected and preamplified in the 1F-AFT
module, which is described in another
paper in this issue.’ The video is then
fed to the video/sync module, which
contains the first and second video am-
plifiers as well as the sync separator.
The functions of luminance delay, ver-
tical and horizontal retrace blanking,
control of contrast, and control of
video peaking are performed in the
first video amplifier. Depending on the
setting of the contrast control, the
stage gain varies from about 0.3 to
unity or slightly more. A shunt filter
between the first and second video am-
plifiers attenuates 3.58-MHz video.
The second video amplifier is an
emitter-follower stage which provides
an impedance match between the first

Reprint RE-16-5-4
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video amplifier and the three parallel-
driven kine-driver modules.

The module that performs the func-
tions of the chroma-bandpass ampli-
fier, burst amplifier, reference oscilla-
tor, AFPC, AGC, color-level control, and
burst blanking are described in
another paper in this issue.

Matrixing of luminance and chromi-
nance video outside the kinescope
offers several advantages, the most sig-
nificant is that the load offered by the
three kinescope cathodes may be di-
vided cqually among three moderately
rated drivers instcad of one relatively
high-power device, and, of course. the
threc kine-control-grid drivers are
eliminated. Three identical modules
are used to drive the three kine
cathodes. Insofar as the luminance sig-
nal is concerned, they are driven in
parallel, but cach is driven by its re-
spective color-difference signal. Tn
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addition to an output amplifier, each
module contains a bias regulator stage
which stabilizes the bc operating point
of the output amplifier by returning
the output voltage to the same point
during each horizontal-blanking in-
terval.

Luminance processing circuits

The function of the video module, in
addition to sync separation, is to in-
troduce the proper luminance time
delay, to add horizontal and vertical
retrace blanking pulses, and to pro-
vide the amount of luminance power
gain required to drive the kine driver
modules. This module also contains
the interfacing between the luminance
channel and the contrast control,
brightness control, brightness limiter,
and the peaking control.
Approximately 7 volts peak-to-peak of
luminance-sync signal is applied to
terminal 1 of the video module (Fig.
1) from the 1F module. This signal
has essentially no attenuation of the
higher frequency components out to
3 MHz. There is a deep 4.5 MHz trap
in the 1F module to remove the inter-
carrier sound signal from the lumi-
nance channel.

From terminal 1, the signal is sent di-
rectly to the sync separator circuit. A
low-pass filter R2 and C5 provides
transicnt responsc tailoring and noise
bandwidth reduction. The C2-R3
clamping time constant is long enough
to satisfactorily pass vertical sync
without excessive sag under normal
signal conditions. However, under air-
craft interference conditions or in a
threshold horizontal pull-in condition,
low frequency modulation appears in
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the 1F signal output. The C2-R3 time
constant is too long to track the sync
tip envelope of such a signal cffec-
tively and is thercfore disabled under
these conditions by CR1: C1 and R1
then provide the clamping time con-
stant which is short enough to track
the horizontal sync tip cnvelope while
the adverse condition is present.

The luminance signal is first sent
through the delay line. It is then ap-
plied to the basc of Q3 which is the
first vidco amplifier. The cmitter cir-
cuit of Q3 includes the contrast control
R4207 which varies the Ac emitter de-
generation of the stage. The collector
load resistance for Q3 is the peaking
control potentiometer R4209. With the
peaking control maximum, the 15-volt
supply is connccted to module ter-
minal 8 providing a transicnt responsc
with large overshoots as a result of
high frequency emphasis from cmit-
ter bypassing through 1.2, R10, Ci1,
R7, and C12. L109, R123, and C112.
With the peaking control minimum,
terminal 2 is connected to terminal 1
reducing the emitter bypassing through
R7 and C12 and loading thc collector
through C9, C12. and R7. These cffects
combinc to reducc the overshoots in
the collector signal by a substantial
amount.

Retrace blanking pulses are added to
the signal at the Q3 collector through
diodes CR2 and CR304 which couple
positive vertical and horizontal re-
trace pulses, respectively, to the col-
lector during the retrace intervals. Di-
odes CR2 and CR304 arc reversc
biased during trace intervals insuring
decoupling between the deflection and
the luminance channel for thesc inter-
vals. Diode CR3 functions to restrict
the positive cxcursion of the retrace
pulses to +15.7 volts assuring a level
top to the pulses and a low output im-
pedance for the stage during retrace
intervals. This low output impedance
aids the clamping action occuring in
the pc restorer at the input to the
sccond video stage.

The e restorer for the second video
stage input (C7. CR4, and R14)
clamps the positive tip of the Q2 base
waveform to the bias voltage on the
CR4 cathode: the bias voltage is de-
termined by the brightness control
setting.

A simple cmitter follower (Q4) pro-
vides current gain for driving the kine
drive modules; Q4 is cut off during re-
trace intervals. The brightness control,
R4202.is part of a voltage divider from
B+ to ground through R4011, R4012,
R199, R321, and Q302; Q302 is the
brightness limiter and is normally
biased into saturation by base current
through R319. CR199 clamps the
junction of R199 and R321 to the emit-
ter of the luminance output stage as
long as Q302 is saturated. This con-
nection provides a controlled amount
of luminance pc regencration. Kine-
scope becam current passes through
R319, R320, and R115 before being
increased in potential by the high volt-
age multiplicr. When this current cx-
cceds 1.3 mA. there is no more base
current available for Q302 so it comes
out of saturation causing CR199 to
become reversed biased. Thus. the
clamp voltage on the CR4 cathode
riscs causing the sccond video stage
to be biased further toward a cut-off
condition in order to limit the beam
current.

Switch S601 disconncets the lumi-
nance drive to the kine driver modules
during the kince screen bias adjust-
ments. Rheostats R333. R335, and
R337 arc used to adjust the gain of the
red, green, and blue kine driver mod-
ules. respectively, to achicve gray-scale
tracking with various kinescope-gun
transconductances.

Kine driver

The CTC-49 employs a low-level ma-
trix kine-driver system. In this type of
system cach respective color-difference
signal (R-Y. B-Y. and G-Y) is added
to a luminance signal (Y) at a low
amplitude level to form the three color
signals (red. green. and blue). These
color signals arc then amplified to a
level suitable for application to the
gun clectrodes of a three-gun color
kinescope. The module functions can
thus be divided so as to have three
identical kine drive modules. cach re-
ceiving the same luminance signal and
its own color difference signal. with
cach module output driving one of the
three kine guns.

For the 18VANP22 110° kinescope, a
grid-cathode bias (E..) of —140 volts
was chosen as a threshold on condi-
tion, each gun conforming to this re-
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Fig. 1—Luminance processing module

quirement by individual adjustment of
its screen bias. Each kine driver mod-
ule drives one kine-gun cathode within
an operating range of +20 to +160
volts. with the kine-gun grids biased at
+20 volts. If the maximum screen bias
available is not sufficient to turn cn
onc or more guns while biased with
E..=— 140 volts. the grids can be col-
lectively biased more positively with
the bias control.

In the basic kine driver stage (Fig. 2)
Q1 operates in a fairly straightfor-
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ward manner as a common-emitter
amplifier for the color-difference signal
and as a common-base amplifier for
the luminance signal. The color dif-
ference signal, with an operating po-
tential of approximately 5 volts, is
applied to module terminal 2 and thus
to the base of QI.

Luminance signal voltage is applied to
module terminal 3 and thus to the Q1
emitter resistance R;=R7/(R,+R16).
Because the emitter voltage of Q1 fairly
closely follows its base, the signal volt-
age across R, is proportional to the
color difference signal minus the lumi-
nance signal. If the color difference
signal is R—Y and the luminance sig-
nal is ~Y, then the voltage across Ry
is R. Therefore, since the voltage
across R, is proportional to the red
signal, so also is the current through
R;: and the collector current through
QIl. This current produces an ampli-
fied —R voltage at the collector of Q1
and at the red-kine cathode.

A difficult problem inherent in low-
level matrix circuitry is providing, and
maintaining, the proper bias voltage
for the cathodes. The initial Kine-
cathode bias is subject to long-term
and short-term drifts due to the leak-
age current of Q1, the base bias of Q1,
the cut-in voltage of Q1, and the value
of B+ on terminal 6. The bias of one
kine cathode relative to the other two
cathodes is particularly critical as rela-
tive drifts of two volts or more can be
quite noticeable in the color content
of the Tv picture. The conventional
approach to this problem involves ad-
ditional potentiometers for initial bias
adjustment and oversized heat sinks to
keep device temperatures low. Such
measures are not compatible with the
modular circuit concept because mod-
ule replacements should entail the
barest minimum of subsequent chassis
adjustments and large heat sinks do
not fit easily onto modules. For these
reasons, the automatic bias circuit was
developed for the CTC-49 kine-driver
modules.

Automatic bias circuit

In operation, the automatic bias circuit
samples the voltage bias at the collec-
tor of Q1, compares this voltage to a
reference, and adjusts the current bias
of Q1 to correct the Q1 collector volt-
age bias if needed. Since the horizontal

retrace time is the only interval during
which the instantaneous voltage at the
collector of QI is equal to the voltage
bias of the collector, the collector volt-
age is sampled at this time. During the
retrace interval, the retrace blanking
circuit in the luminance channel drives
terminal 3 to its most positive level,
which is approximately equal to the
emitter voltage of Q1, regardless of the
scene, brightness control, etc. At this
time, most of the current through Q1
is passing through R5, this current
being a direct function of the collector
voltage of Q2 Capacitor C1 acts as a
Miller filter, so that the combination
of C1 and Q2 appears as a large capaci-
tance in parallel with a current genera-
tor. Thus, the collector of Q2 appears
to R5 as though it were a DC voltage
source, the magnitude of which is
determined by the pc component of
the waveform at the junction of R9
and C3 which provides pc base current
to Q2 through R9. This action of Q2 is
assured so long as Q2 is always con-
ducting, which is the case except for
very strong color-difference signals
applied to terminal 2.

A horizontal-rate waveform (shown
in Fig. 2 applied to module terminal
5) is completely Ac coupled to the
junction of R9 and CR1 by C3. With-
out conduction of CR1, pc current
through R8 and R9 is sufficient to sat-
urate Q2 because Q2 is a high-beta
device. This conduction of Q2 causes
a strong pc current through R5 and
thus through Q1 causing the collector
voltage of Q! to drop. After the col-

lector voltage of Q1 has been forced
to drop sufficiently, CR1 will conduct
on the positive tip of the horizontal-
rate waveform, which occurs during
the horizontal retrace interval, clamp-
ing the positive tip of the CR1 anode
waveform to the collector voltage of
Q1. Since the pc level of the hori-
zontal-rate waveform is 160 volts be-
low the peak positive level, the bc
voltage at the anode of CR1 is 160
volts below the collector voltage of Q1
once clamping is established. As stated
above it is this pc voltage that deter-
mines the pc current through Q2. The
negative feedback bias loop has now
been fully described. If the Q1 col-
lector voltage drifts upward or down-
ward from +160 volts, the pc level of
the CR1 anode drifts upward or down-
ward, respectively, from ground caus-
ing Q2 to conduct more heavily or turn
off so as to bring the collector voltage
back toward +160 volts. The loop
gain of the circuit is about 20 so that
if l.ss of Q7 suddenly increases by
ImA, the automatic bias restricts the
drop in collector voltage to 0.5 volts
whereas it would drop 10 volts if the
automatic bias circuit were not pres-
ent. By correct choice of R8, the CR1
current can be adjusted to TmA which
provides about 10 volts of positive
pulse at the collector of Q1 assuring a
“blacker than black” condition during
horizontal retrace.
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Chroma circuit design for

the CTC-49

L. A. Harwood | L. A. Cochran

This paper describes a modular approach to color processing circuitry for color tele-
vision receivers. Two silicon integrated circuits are described: the CA3066 chroma
processor and the CA3067 chroma demodulator. These circuits were first introduced in
RCA'’s new 110° deflection, 18-inch color TV receiver—the CTC-49.

OLOR PROCESSING CIRCUITS have
C traditionally occupied a large
portion of the color television receiver
duc to the number of functions which
they were required to perform With
the advent of the integrated circuit,
this is no longer the case. Modular
construction, frequently used in mili-
tary clectronics, is now [linding
considerable attraction in consumer
products, and coupled with integrated
circuits, this technique has allowed the
design of a compact and reliable color
processing circuit. Table I compares
the areas occupied by chroma-process-
ing circuits in various RCA color
chassis currently being produced.

The chroma circuitry in the CTC-49
was designed utilizing a pair of high
performance integrated circuits—the

Reprint RE-16-5-9
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CA3066 for processing and the
CA3007 for demodulation. Two mod-
ules. each containing an integrated cir-
cuit. were used to achieve maximum
design flexibility. Each module was
designed so as to be aligned indepen-
dently from the main chassis and from
all other modules. Interconnections
between modules were made at a low
impedance level to insure interchange-
ability without realignment. All cus-
tomer controls were designed to be

Table |—Area used for chroma processing
circuitry in several RCA color TV receivers.

COMPOSITE
CHROMA IN

The primary function of a chroma
processing circuit in a color television
receiver is the restoration of the refer-
ence carrier and demodulation of the
chrominance signal. A number of sec-
ondary functions such as; chroma and

tint controls. killer, automatic chroma
control (acc), and other adjustments
are also necessary for satisfactory
operation. The various functions and
their relationships are shown in block
diagram form in Fig. 1. These lunc-
tions are now performed by the
CA30606 and CA3067 integrated cir-
cuits in conjunction with cxternal
components.

KEYING |IL

_ L]
1st CHROMA INORIIOMA[ __l ATTEN. sKIlL!R 2md CHROMA
AMP. GATING SWITCH AMP.

BIJRSV KILLER
AMP.

rﬂ OEY. OSCILlAIO;} KILLER DET.

GAIM CONTR.
STAGE

Chassis Approx. area (in*)
CTC-49X 17.5
CTC-44 38.0
CTC-43 38.5
CTC-39 31.5

pC operated to permit use with exist-
ing motorless remote control systems.

www americanradiohistorv com

& suiFr
omooumon
TINT CARRIER
CIRCUIT LIMITER
B swiFr cmlm
omooumon

FITER m
m YKANSL
C

Lo}

i

0 R—Y
=|J FILTER |~ TRANSL LOW 2 ouTPUT

Fig. 1—Block diagram of the chroma section.

Low Z OUIPIJI

LOw Z OHIPUT


www.americanradiohistory.com

16

Larry A. Cochran

Color Television Product Design

Consumer Electronics Division

Indianapolis, Indiana

joined RCA as a summer employee in June of
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Leo A. Harwood
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graduated from Munich Institute of Technology in
1949 with the BSEE and received the MSEE in
1959 from the Unwversity of Pennsylvania. Follow-
ing engineering experience at Pilot Radio and
Picathiny Arsenal, Mr. Harwood joined RCA in 1952
as an engineer in the Home Instruments Division
and was engaged in the development and design
of UHF and VHF tuners. From 1960 to 1963, he
was a member of the Home Instruments Affihated
Research Laboratory in Princeton. Since 1964, he
has been with the Consumer Electronics Division's
integrated-circuit development group in Somervllie,
designing integrated circuits for television and
radio receivers. He has been granted a number of
patents in his field of work; he is a member of the
IEEE.

The first chip, the CA3066, is 62 mils
square and provides the circuitry for
the gain controlled chroma amplifier,
gating of the chroma and burst signals,
pc-controlled chroma level adjustment,
chroma-output stage, burst-amplifier
stage, injection-locked oscillator driv-
ing the killer, and the acc detectors,
and killer and acc amplifier stages.

The second chip, the CA3067, is 76
mils square ardd receives the reference
carrier and the chrominance signal
from the previously described circuit
and delivers the three demodulated
R-Y, B-Y and G-Y color difference
signals to the kinescope driver mod-
ule.' The tint phase-shift circuit, com-
pletely integrated, allows for a 100°
angle adjustment by means of a
customer-operated pc control. An am-
plitude limiter provides a constant
amplitude carrier which drives two
individually phase shifted demodula-

tors. The chrominance signal, also
applied to the demodulators, is de-
modulated and matrixed to produce
the three color-difference signals.

Chroma | module—CA3066
First chroma amplifier

The composite chroma signal is de-
rived from a low-impedance source
located on a plug-in 1F module’ High
frequency roll off of chroma frequen-
cies in the 1F is compensated on the IF
module. The chroma signal is applicd
to the first chroma amplifier consisting
of transistor Q1 and the sclective filter
connected to terminal 16 (Fig. 2). This
filter, is conjunction with the filter
connected to terminal 13, provides the
selectivity required by the chromi-
nance signal. A low-Q core was added
to L1 to provide flexibility in contour-
ing of the frequency response. A cur-
rent divider formed by devices F1Q2
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controls the current flowing from the
collector of Q1 to the tuned filter. The
current divider is in the automatic
chroma control (acc) servo loop and
maintains a constant chroma level at
terminal 16. The signal is then applied
to the second chroma amplifier Q3
and the burst amplifier Q6. Both
stages are fed essentially in parallel by
means of a signal translator formed by
zener diode Z2, resistor divider R5
and R6, and the emitter follower F4.

Second chroma amplifier

The chroma signal, in its path to the
second bandpass filter, is controlled by
two current dividers formed by tran-
sistors F6Q4 and Q5F7. The first
current divider is energized by the
positive horizontal keying pulse ap-
plied to terminal 10 causing the second
chroma-amplifier stage to be disabled
during the burst interval. The second
current divider, Q5F7, performs two
functions:

1) It serves as an on-off switch when
operated by the killer amplifiers Q12
and QI3. In thc absence of a burst
signal, QI3 conducts. and the base of
the emitter follower F35 is at a low
potential with respect to the base of
transistor F8 causing transistor Q5 to be
cut of.

2) The stage Q5F7 serves also as an
attenuator when controlled by the vari-
able potentiometer connected to term-
inal 15. Capacitor C102 places the base
of transistor F5 at signal ground. The
pc voltage at terminal 15 can be ad-
justed by the customer to set color sat-
uration to a desirable level. The chroma
signal, developed across the selective
filter network at terminal 13. is trans-
lated to the output stage, F13. by the
zener Z6 and resistor R33 network.
The low impedance chroma at terminal
14 is ready to be applied to the demodu-
lators.

Burst amplifier

The composite chroma signal, avail-
able at the emitter follower F4, is also
supplied via resistor R7 to the burst
amplifier Q6. The on-off, Q7F9, switch
in the collector of Q6 passes the burst
signal to the burst tank circuit at ter-
minal 11, while the chroma signal
returns to ground through the power
supply terminal. The on-off switch is
operated by the horizontal keying
pulse applied to terminal 10. The func-
tion of the burst tank circuit is three-
fold:
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1) It provides selectivity necessary for
removing horizontal gating frequencies;

2) It provides some reactive impedance
in the oscillator loop in order tc satisfy
phase shift criteria; and

3) It provides a voltage needed for neu-
tralization of burst sidebands coupled
through thc crystal-holder capacitance.

The rc network connected to terminal
3 accurately sets the current in the
burst transistor Q6 and provides a
signal ground for its emitter.

Oscillator

The burst signal synchronizes the re-
ceiver and the transmitter by locking
a locally generated carrier both in fre-
quency and phase. The oscillator cir-
cuit developed for this function is of
the injection type as employed in many
presently used color reccivers. The
integration of this oscillator resulted
in a very stable signal source with
simple adjustments. Referring 10 Fig.
2, and 3, the oscillator consists of a
linear amplifier followed by a limiter
circuit and a crystal filter completing
the feedback loop. The linear amplifier
is formed by transistors Q9, Q10, and
Q11 and resistors R18 through R22
connected to form a feedback am-
plifier.

This circuit has several desirable fea-
tures important in this application.
The feedback stabilizes the operating

pc potential, which allows predictable
set up of the killer and acc detectors.
Both detectors are directly coupled to
this stage. The low input impedance at
the input terminal provides a non-
critical return path for the crystal
filter.

The frequency of the oscillator is set
primarily by the stable filter consisting
of the crystal and tuning capacitor
C106. The feedback amplifier re-
sponds linearly to applied signals, and
the amplitude of the oscillator signal
on terminal 8 increases proportionally
to the applied burst signal. The limiter
section consists of transistor Q8. the
re filter in the emitter of this tran-
sistor, and the collector load formed
by the burst tank. The phase shift in-
troduced in the limiter circuit is com-
pensated in the burst tank circuit. The
RC time constant is chosen so that this
stage amplifies linearly for small sig-
nals; however, large signals are recti-
fied, and the limiting which takes
place mantains the oscillator output at
a relatively constant level. The level at
which the oscillator signal is limited is
determined by the setting of potentio-
meter R106. The resulting voltage
drop across the burst tank is coupled,
through the crystal filter, to the input
terminal of the linear amplifier section.
Capacitor C105 filters harmonics of
the oscillator waveform.

11¥
c104

3
185 c103 R104
c106
LIMEAR AMP LIMITER
79,010,811 L]

huos c107

Fig. 3—3.58-MHz oscillator circuit.

The burst signal, amplified by Q6. also
appears at the burst tank on terminal
11 where it excites the crystal and
forces the oscillator into phase syn-
chronization. The burst energy stored
in the filter is amplified by the linear
amplifier section of the oscillator. The
increased cw amplitude, which de-
pends on the amplitude of the injected
burst signal, is detected by the killer
and acc detectors and used to supply
these functions with information.

Automatic chroma control

The ACC detector consists of tran-
sistor Q14 and the rc circuit in the
cmitter of this transistor; the RC net-
work integrates out the effects of loss
of signal during the vertical interval.
The oscillator peak signal is detected
to provide optimum noise perfor-
mance, and the DC component is used
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Fig. 2—Schematic diagram of the CA3066 chroma integrated circuit (Chroma | modute).
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to control the current in the acc am-
plifier, Q15. In the absence of burst
signal, the amplitude of the oscillator
signal is adjusted so that transistor
Q15 is cut off and the first chroma am-
plifier stage is at maximum gain. The
voltage offset developed across diode
D1 prevents the follower F1 from con-
ducting. Diode D2 compensates the
base-to-emitter offset of transistor F2.
In the presence of a chroma signal, the
rectified oscillator signal causes tran-
sistor Q15 to conduct thereby reducing
the potential on the base of transistor
F2. Through this action, transistor F1
is allowed to conduct, and the excess
chroma signal is shunted to ac ground.
The output signal from the first and
second chroma stages remains essen-
tially constant for relatively large
chroma input-signal variations.

Killer circuit

The rectified oscillator signal from
the limiter stage, Q8, provides the
information necessary for the Kkiller
action. This bpc information repre-
sents the average value of the signal
existing in the oscillator loop due to
the selected re time constant of the de-
tector; consequently, noise injected into
the oscillator through the burst chan-
nel will be integrated and not coupled
to the killer circuitry. In the presence

of a burst signal, the amplitude of the
oscillator signal increases and the cor-
responding rise in DC potential is trans-
lated to killer amplifiers Q12 and Q13.

The pc bias—translated through de-
vices F11 and F12—is proportioned so
that, in the absence of a burst signal,
transistor Q12 is cutoff and transistor
Q13 conducts. Threshold conduction
of Q13 is adjusted by means of poten-
tiometer R108 on terminal 4. Capaci-
tor C109 filters Ac information from
the killer circuitry. The collector cur-
rent in transistor Q15 reduces the
potential on the base of transistor F5
to a level sufficient to disable the
second chroma amplifier.

Chroma Il—CA3067

The Chroma Il module contains the
CA3067 integrated circuit with asso-
ciated external circuitry and a voltage
regulator which is referenced to a
zener supply located on the TA5625
(see Fig. 4). The series regulation cir-
cuit is connected as shown in Fig. 5.
The zener reference is located on the
TA5625 so that the biasing circuitry
on this chip tracks the zener supply
variations. The regulated supply is
disabled if either chroma module is
removed, insuring that no damage
occurs to the integrated circuits.

The chroma and carrier signals are
coupled to the TA5752 through appro-
priate coupling networks. The carrier
signal is phase shifted and attenuated
by R101 and C101 to establish correct
nominal phase at a level that will not
overload the tint control circuit. The
chroma and reference carrier signals
are processed in the TA5752 inte-
grated circuit to produce three color-
difference signals. A pc-controlled tint
network permits the customer to cor-
rect the phase of the reference carrier.

Tint circuit

The operation of the tint network is
based on a vector relationship as
shown in Fig. 6. Vectors A and B,
representing the instantaneous phase
of the carriers, are added geometrically
to produce a resultant vector C. Vec-
tors A and B are displaced by a con-
stant phase angle of 135°; however,
the amplitude of the vector A is con-
stant, while the amplitude of B can be
varied in a continuous manner from
zero to about twice the amplitude of
A. Thus, the phase of the resultant
vector C varies from 151.5° to 45° i.e.,
the phase variation is approximately
106.5°. The relatively small variation
of the amplitude is inconsequential.

The reference carrier is applied to
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Fig. 4—Schematic diagram of the CA3067 chroma integrated circuit (Chroma Il module).
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Fig. 5—Series regulator circuit for Chroma
I 'and Il modules.

terminal 3 (Fig. 4) which is the input
of the differential stage formed by
transistors Q2 and Q3. The R1-Cl
network in the collector of Q2 phase-
shifts the carrier signal by 45°. This
signal is then added, at the collector of
Q4, to the signal propagated along the
path Q3 and Q4. The latter signal is
180° out of phase with the signal on
terminal 3 and its amplitude can be
varied by adjusting the impedance of
diode D2. This diode shunts the refer-
ence carrier signal, and the diode im-
pedance is a function of the customer-
operated pc control current.

Carrier limiter and phase shift network

The reference carrier, which is con-
trolled by the tint circuit, is applied to
the limiter stage F3Q7 (Fig. 4) to
remove amplitude variations. A tuned
circuit in the collector of Q7 filters
the harmonics of the currentlimiter
carrier signal.

Separate reference carriers of approxi-
mately 90° phase difference are re-
quired for the R-Y and B-Y demodu-
lators. The two reference signals are
derived from the limiter tank circuit
and the components of this circuit con-
sisting of L2, R104, R105, C105, and
C106 are chosen to provide two
properly phase-shifted carrier signals
of equal amplitude. Both signals are
amplified by pc-coupled carrier ampli-
fiers which provide stable reference
bias potentials for the demodulators.
Since both carrier amplifiers are iden-
tical, only one will be described. The
amplifier for the R-Y carrier is formed
by transistor F9 and Q11 and resistors
R19, R14, R15, and R17. Resistors
R13 and R14 are approximately equal
in value; thus the pc potential at the
emitter of the transistor F9 is approxi-
mately one half the supply potential.
Using this low-impedance point for a

reference voltage, the base of transis-
tors Q22, Q23, Q24, and Q25 are
biased from two symmetrical supplies
formed by the R15-Q11 and R16-F8
follower circuits. This assures identi-
cal quiescent potentials for the demod-
ulator transistor.

The amplification of the carrier signal,
which is applied to terminal 12, is
obtained in the Q11-R13 amplifier.
This stage operates as a grounded-
emitter amplifier since terminal 11 is
bypassed for RF signals.

Demodulators

Two doubly balanced demodulators
detect synchronously the chroma sig-
nal and produce three-color difference
signals: R-Y, B-Y and G-Y.

In the R-Y demodulation, the chroma
signal is applied to transistors Q20
and Q21 and passes through two pairs
of alternately switched transistors
Q22-Q23 and Q24-Q25. The switching
signal is the previously described,
properly phase-oriented reference car-
rier. The collectors of the switching
transistors are connected so as to de-
velop two signals: R-Y and its com-
plement ~ (R-Y).

Similarly, in the B-Y demodulator, the
chroma signal is applied to transistors
Q13 and Q14 and passes through the
two pairs of switching transistors Q15-
Q16 and Q17-Q18, and the output
signals are B-Y and — (B-Y).

The detected signals are processed in
the following manner: The R-Y signal
is developed across R38 in series with
R39, filtered by C2, and translated to
a low-output-impedance driver. The
B-Y signal is developed across load
resistor R33, filtered by C3, and trans-
lated to a corresponding driver circuit.
The G-Y signal is obtained by matrix-
ing the two complementary signals in
the R32 and R37 resistor matrix. This
signal is also applied to a low output
impedance driver.

DC-translation and driver circuitry

Three identical driver stages are em-
ployed for the three color-difference
signals. The drivers exhibit a very low
output impedance achieved through
pc-coupled feedback. Referring to the
R-Y driver, the color difference signal,
applied to the base of Q36, is available
at the terminal 10. External loading,
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Fig. 6—Vector diagram of the phase rela-
tionships in the tint circuit.

such as may be exerted by the output
transistor, produces an error signal.
This signal is propagated through the
emitter collector path of Q36 to R62
and through zener Z3 and R59 to the
base of Q35. The collector of this tran-
sistor is returned to terminal 10 thus
completing the feedback path.

The three driver circuits operate at
equal and compensated pc potentials
to facilitate pc coupling to output
stages. The pc balance is achieved by
means of current sources which shift
the pc potentials. Thus, transistors
Q27 and Q34 introduce pc drops on
resistors R39 and R61, respectively,
thereby maintaining the base potential
of Q36 at a prescribed pc level. Similar
compensation is achieved in the B-Y
path by Q28 and by Q26 and Q31 in
the G-Y channel.

Summary

The circuit module concept, combined
with 1c technology, has resulted in a
significant step forward in the design
of color television receivers. The de-
veloped chroma circuit is superior
from a service, a manufacturability,
and a design standpoint. As a result,
the consumer benefits from a more
reliable and easily serviced product,
the manufacturer will be able to use
more efficient production methods,
and the designer will have the flexibil-
ity to improve his design without
affecting the remainder of the color
television receiver.
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Horizontal AFC and oscillator
for the CTC-49

J. K. Lin

This paper describes the horizontal AFC and oscillator circuits for the CTC-49 color
television receiver which are contained in a single module. The associated horizontal
deflection and high voltage circuits are describd in a companion paper in this issue.’

n general, the horizontal AFC and
I oscillator system for the CTC-49 is
similar to the one used in the CTC-40.
This circuit is chosen for its ability to
provide a rectangular pulse with low
output impedance and for its stability
of frequency and pulse width despitc
variations of ambient temperature and
line voltage. Some minor changes have
been made to minimize the effects of
excessive modulation on horizontal fly-
back pulse and the newer low gatc im-
pedance of commutating scr. A block
diagram of the system is shown in Fig.
1; the general performance character-
istics are summarized in Tablc I.

Table I—Horizontal AFC and oscillator

performance.
Pull-in Range: 15614 to 15887 Hz.
Hold-in Range: 15215to 16199 Hz.

Frequency stability
Versus line voltage (low to high line):
15703 to 15774 Hz.
Versus temperature (25 to 65° C):

+60 Hz.

Output pulse: 10 volts, peak to peak

Pulse width: 4.3 us.
Stability of pulse width

Versus line voltage: <0.1 us

Versus temperature: <0.1 us

Oscillator sensitivity: 2kHz/volt
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Fig. 1—Block diagram of horizontal AFC and oscillator

system.
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Fig. 2—Schematic diagram of horizontal AFC and oscillator system.

The horizontal oscillator is designed
with a free-running frequency of
15.734 = 60 Hz. The Arc circuitry as-
sociated with the sync pulse and hori-
zontal flyback pulsc is designed to hold
the horizontal frequency to exactly
15,734 Hz. Fig. 2 is a schematic dia-
gram of the cntire horizontal arc and
oscillator circuit.

Horizontal AFC and filter

The positive sync pulsc. scparated
from the composite video, is differen-
tiated by capacitor C1 and resistor R3
and supplied to the base of transistor
Q1 which acts as a phase splitter. A
referenced sawtooth voltage is then
compared with the negative- and posi-
tive-going sync pulses via a push-pull
type detector. The sampled sawtooth
voltage developed at the output of de-
tector is filtered by a low-pass filter and
supplicd as a control voltage io the
horizontal oscillator.

Reference sawtooth waveform

Duc to the requirement for the side-
pincushion correction with the 110°-
deflection tube used in the CTC-49, the
horizontal flyback pulses have more
modulation than thosc on CTC-40 (90°
deflection) . The feedback of excessive
modulation from horizontal output to
the input of horizontal AFc (automatic
frequency control) detcctor results in
a center-line bend. To minimize this
problem. an additional active device
Q3 is used to form the arrc {auto-
matic [requency and phase control)
reference voltage waveform. A posi-
tive going horizontal flyback pulse is
fed in the base of transistor Q3
through resistor R24. During the trace
time, capacitor C10 charges through
resistor R19, creating the positive
slopce of the reference sawtooth. When

the retrace time occurs, a positive-
going flyback pulse causes transistor
Q3 to conduct. Capacitor QI0 then
discharges through transistor Q3.

Horizontal oscillator

A blocking oscillator incorporated
with stabilization circuitry is cmployed
here. A damping diode CR8 and resis-
tor R23 have been added across the pri-
mary winding of oscillator transformer
T1 to protect the oscillator transistor
Q2 from the overshoot voltage at the
collector of Q2. Because of the lower
gatc impedance of the commutating
sCr, the oscillator transistor does not
go into saturation immediately at turn
on. This cflect has been climinated by
choosing a higher current gain /1w of
the oscillator transistor Q2.

Reference

1. Gries, R. .. ““Horizontal deflection and high-
voltage circuitry for the CTC-49."" this issue.
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Horizontal deflection and
high-voltage circuitry

for the CTC-49

R. J. Gries

This paper describes the horizontal deflection circuit and high-voltage system for the
CTC-49 color television receiver. The associated horizontal AFC and oscillator are
described in companion paper in this issue.

HE horizontal deflection circuit
Tused in the CTC-49 color televi-
sion receiver is very similar to that
used in RCA’s first solid-state instru-
ment, the CTC-40. The CTC-49 uses
the scr circuit invented by Mr. W.
Dietz, which is shown in schematic
form in Fig. 1. This type of deflection
circuit was selected since an SCRr is the
only consumer-type semiconductor
commercially available that can handle
the energy required to deflect the 110°
kinescope. Since the scr system has
already been fully described,’ only the
differences will be discussed here.

Horizontal deflection

The CTC-49 requires about 5.2 milli-
joules of energy in the yoke for hori-
zontal deflection; this compares with

Reprint RE-16-5-6
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SIDEPIN
CORRECTIDN
CIRCUIT

approximately 3.5 millijoules used in
the CTC-40. The extra energy was
achieved mainly by raising the current
level in the circuit while maintaining
the voltage constant because of the
voltage-rating limitations on the Scr’s
and deflection diodes. This also ex-
plains why there are two capacitors in
parallel several places on the sche-
matic (Fig. 1); one capacitor is not
able to carry the necessary current
reliably because the capacitors avail-
able during development did not have
sufficient area to dissipate the heat.
Also, the deflection diodes were stud-
mounted to the commutation-coil
bracket, and the heat sink for the scr’s
was greatly enlarged. It may be inter-
esting to note here that the current
flowing in the horizontal yoke winding
is a 15-amp peak-to-peak sawtooth,
and that an 18-amp peak current flows
through the commutating scr. The
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Fig. 2—Third harmonic circuit.

CTC-49 also uses a high-voltage quad-
rupler to develop the high voltage.

Third-harmonic tuning

Another difference between the CTC-
40 and the CTC-49 is that the third-
harmonic tuning is added to the
retrace pulse by discrete-component
circuits (Fig. 2). In the CTC-40, the
leakage inductance and the stray ca-
pacity of the high voltage winding are
tuned to the third harmonic of the
retrace pulse. However, since the
voltage pulse needed at the input of a
high voltage quadrupler is about one-
quarter of the voltage required when
a single high-voltage rectifier is used,
one-quarter of the turns on the high
voltage winding are required. Thus,
there is not enough leakage inductance
and stray capacity to tune the high
voltage winding in the CTC-49.

Although the third-harmonic tuning
could not be built into the flyback, it
was still needed to help turn off the
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Fig. 1—Schematic diagram of horizontal deflection and side-pincushion correction circuit.
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Fig. 3b—Current in the third har-
monic circuit just before and dur-
ing retrace.

trace scr before retrace could occur.
Third-harmonic tuning was also
needed to reduce the operating voltage
on the trace diode and trace SCR by
approximately 20%. For these reasons,
discrete components were required;
however, most of the required induc-
tance is built into the flyback by
winding-bucking turns on the bottom
leg of the flyback core. The resi of the
circuit consists of two capacitors in
series and a small tuning inductance.

The fact that the third-harmoric tun-
ing reduces the voltage applied to the
trace switch is well known and will
not be discussed. The manner in which
third harmonic tuning increases the
allowed turn-off time for the trace scr
may be seen by referring to Fig. 2
and 3.

Prior to retracc, the commutation
SCR is turned o#; the commutation cur-
rent turns the trace sCrR off and the
trace diode on. The amplitude of this
commutation current determincs the
length of time that this diode conducts,
which in turn determines the amount
of time allowed for the trace scr to
turn off. The commutation ecurrent
amplitude is determined by such con-
siderations as the B+ voltage, the re-
quired energy to be stored in the yoke,
the yoke impedance, the required
retrace time, a compromise with the
turn-off time of the commutaticn scr,
and the requirement that the trace
diode not turn-off again immediately
after the retrace period. By referring
to Fig. 3b it may be seen that the third
harmonic current is positive from ¢, to
t. while the trace diode is conducting.
Thus, there is a net increase in current
from the anode to the cathode of CR
101 (Fig. 2) with the extra current

82K TOP OF
—AA——= JERTICAL
‘ YOKE

1
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Fig. 4—Side-pincushion correction circuit.

flowing through the third-harmonic cir-
cuit back to ground. Although the cur-
rent induced in the primary of the
high-voltage transformer by the mutual
inductance tends to cancel this increase
in trace diode current, these windings
are very loosely coupled, and the can-
cellation eflect is not very large. Turn-
ofl time was a constant consideration
during the design of this system—even
more so than in the CTC-40 because
of the increased current in both scr’s.

Sidepin correction

Sidepin (side pincushion) correction is
achieved differently in the CTC-49
than it was in the CTC-40 since much
more sidepin correction is required for
110° kinescopes than is needed for the
90° tubes used with the CTC-40 chas-
sis. The 110° tubes have about a
30-inch radius uncorrected, while the
90° tubes have approximately a 50-
inch radius [curvature of outside ver-
tical lines on an uncorrected kinescope
as shown in Fig. 53]. The circuit used
to correct for sidepin distortion is
shown in Fig. 4. The regulator used in
the CTC-49 is similar to that which
was used in the CTC-40 and will not
be described here.

The amount of scan and high voltage
in the CTC-40 depends on the setting
of the high-voltage adjustment po-
tentiometer. The control transistor in
the sidepin-correction circuit automat-
ically changes this adjustment as far
as the regulator transistor is con-
cerned. When the control transistor is
made more conductive, more of the
feedback current flows through it;
thus, less current can flow through the
regulator zener diode, the regulator
transistor, and the control winding of
the regulator saturable reactor. As a
result, more yoke current, scan width,
and high voltage are produced. When
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BOTTOM

Fig. 5—Vertical lines in a raster with no
sidepin correction.

the control transistor is made less con-
ductive, just the opposite happens, and
less scan width (yoke current) and high
voltage are produced. Since the volt-
age at the cathode of the regulator
zener diode drops to a very low volt-
age during the horizontal retrace,
CR405 and the 3.6 ;F capacitor are
needed to keep the transistor turned
on during this time and thus maintain
a relatively high impedance across the
output of the vertical integrator. As a
result, :0 achieve sidepin correction,
all that is needed is to make the con-
trol transistor have the correct collec-
tor current.

If sidepin correction were not used,
vertical lines on the raster would ap-
pear as shown in Fig. 5; more scan is
needed in the center and less at the top
and bottom of the raster. Thus, a
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Fig. 6—a) Envelope of horizontal yoke cur-
rent at a vertical rate; b) envelope of the
horizontal retrace puise at a vertical rate; ¢}
high voltage AC or “ripple”.

parabolic current is needed in the col-
lector of the control transistor at the
vertical scan rate (with maximum cur-
rent occurring during the center of the
vertical scan). The required parabolic
voltage at the base of the control
transistor is easily generated by inte-
grating the voltage across the vertical
yoke windings and the vertical saw-
tooth feedback voltage. This is done
in the integrator. This works fine for
low beam currents, but causes bends
at high beam currents. The reason for
this can be seen by referring to Fig. 6.
If the yoke current and flyback pulse
are varied at a vertical parabolic rate,
the input to the high voltage quad-
rupler also is varied at this rate. How-
ever, the leakage inductance of the
flyback transformer, time lag of the
quadrupler, and the varying time con-
stant of the kinescope (due to chang-
ing beam current) cause the “‘ripple”
on the high voltage to be delayed and
filtered.

The amount of the delay and filtering
is strongly dependent upon the Rc
time constant of the kinescope where
C is the kinescope capacitance and R
is the equivalent kinescope resistance,
which is determined by the high volt-
age divided by the beam current. Since
the actual scan is directly proportional
to the yoke current and inversely
proportional to the square root of the
high voltage, at high beam current, the
top of the raster will be bent outwards
while the bottom of the raster will be
bent inwards (Fig. 6¢). However,
while the yoke current is close to being

correct, the high voltage is actually
lower than ideal at the top of the
raster and higher than ideal at the
bottom of the raster; this results in the
exaggerated effect shown in Fig. 7.
This effect can be overcome if a sam-
ple of the high-voltage ac portion is
used as feedback to the control tran-
sistor. Since a high-voltage quadrupler
is already being used, a sample of the
high-voltage ac is relatively easy to
obtain. Capacitors C5, C6, C7, and C8
usually are connected in series be-
tween the high voltage-output and the
D terminal which is effectively ground
potential. However, by disconnecting
C5 from the D terminal and by bring-
ing this lead out of the quadrupler
(see Fig. 8), a high voltage coupling
capacitor is created. This voltage is
divided down by connecting a 0.1uF
capacitor between point C on the
quadrupler and ground. The capacitors
inside the quadrupler are all 2000pF;
the 0.1uF divider capacitor and the
related components are shown in Fig.
4 as the Hv-error feedback. Thus, at
the top of the raster (at high beam
currents) where high voltage is low
and the scan width is too large, the
negative portion of the high-voltage
Ac is fed back into the base of the
control transistor which reduces its
collector current. This causes the cur-
rent in the regulator to increase, which
in turn reduces the yoke current. At
low beam current, the kinescope ca-
pacitance reduces the high voltage
ripple to the point where the effect of
this feedback voltage is negligible;
thus, it does not affect the raster where
it is already correct.

Fig. 4 also shows what is called a
size-control filter. This is used to
obtain a negative-going DC voltage
which is proportional to the beam
current. It does this by filtering the
voltage which appears across the
brightness limiter filter (beam current

flows through this filter). Scan width
is proportional to yoke current and in-
versely proportional to the square root
of high voltage. Therefore as beam cur-
rent increases, the high voltage tends
to drop at a faster rate than two times
the drop in yoke current. This is espe-
cially true when the B+ supply is
regulated against load variations. This
causes the raster size to tend to grow
or “breathe” as beam current is in-
creased. In the CTC-40, the effective
impedance of the supply was adjusted
by lowering the commutation induc-
tance until yoke current tracked high
voltage. However, lowering the com-
mutation inductance reduces the
allowed turn-off time for the commuta-
tion scr; this is undesirable. There-
fore, the regulator was used instead to
also regulate raster size. As beam cur-
rent increases the scan tends to in-
crease. However, the output voltage
of the size control filter goes negative,
decreasing the collector current in the
control transistor, increasing the cur-
rent in the regulator zener diode and
regulator transistor, and causing the
yoke current and scan width to be
reduced back to the desired values.
This circuit also causes the high volt-
age to decrease further than it would
have if feedback were not used. Thus,
vertical-scan tracking is more difficult
than if horizontal tracking were not
used. While horizontal tracking can
be made almost perfect with the
method mentioned above, the CTC-49
is designed so that the horizontal and
vertical scan change at approximately
the same rate. Thus, the high voltage
regulation is within performance lim-
its even though a significant amount
of size correction is used.
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Vertical
deflection
system
for the
CTC-49

L. E. Smith

This paper describes the design of the
vertical deflection system for the CTC-49
color television receiver. This system is
fully transistorized, transformerless, and
utilizes a complementary-symmetry out-
put circuit. A large amount of current
feedback is used to reduce the unde-
sirable effects of temperature, transistor
Beta non-linearities, and normal com-
ponent variations. Most of the circuitry is
located on one 12-pin plug-in module.
The two output transistors are located on
a common heat sink with the trace and
commutating SCR’s used in the hori-
zontal deflection circuit.

HE VERTICAL DEFLECTION SYSTEM
for the CTC-49 (110° kinescope)
must provide the following:

A 60-Hz, 1.4-A, p-p sawtooth of cur-
rent through a vertical yoke where
Ruoxe = 7.75 ohms and Luw. = 14.8
mH; The retrace time shall be 0.7 ms.
A 60-Hz, 1.5-A, p-p sawtooth of cur-
rent through the vertical-rate-conver-
gence circuitry, where Recone. = 5.5
ohms.

A 60-Hz, 50-V, p-p pulse to be used
for vertical blanking.

A 60-Hz 1.4-A, p-p sawtooth of current
through the top and bottom pincushion
correcticn circuitry where Rpin = 1.18,
Ly» = 1.7 mH.

A 60-Hz. 0.4-V, p-p parabola to be used
for side-pincushion correction.

A method of controlling the vertical
yoke current, so that changes in ultor
(high) and B+ voltages do not cause a
change in raster height.
A block diagram of the system that
satisfies these requirements is shown
in Fig. 1.

Output stage

Most vertical systems use a trans-
former to couple the yoke to the
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Fig. 1—Vertical deflection system block diagram.

power-output device. The CTC-49
uses two power transistors connected
in complementary symmetry and a
pc blocking capacitor to drive the
yoke. The elimination of the vertical
output transformer was important for
several reasons. The vertical output
transformer has an external magnetic
field which causes a purity shift if lo-
cated too close to the kinescope. With
the reduced cabinet thickness of a 110°
system, it is difficult to protect against
purity shift. Also, a vertical output
transformer is heavy and bulky which
is not desirable for a portable design.
As shown in Fig. 2, the complement-
ary-symmetry output circuit utilizes
one NPN transistor Q101, and one PNP
transistor, Q102. Since, for a given
power rating, NPN transistors are less
expensive than pNP types, the circuit
is designed so that the NpN dissipates
more power and requires a higher
V... rating—resulting in a significant
cost reduction. This would normally
be the case in any complementary-
symmetry circuit when the load is in-
ductive, but by proper clamping and
bootstrapping the difference in re-
quirements can be increased. A boot-
strapping capacitor, C11, and the
proper choice of R16 and R17, forces
V. to be nearly equal to the reverse
breakdown voltage of CR4 during re-
trace. Zener diode CR4 is chosen such
that its reverse breakdown voltage is
less than minimum B+; this voltage
determines the V.., of Q102. The V..,
of Q101 is determined by maximum
B+. Therefore, Q101 is a 90-V, 12-W
device, and Q102 is a 70-V, 3-W device.

Another advantage of bootstrapping
and clamping is that any change in
B+, such as line or load variations, do
not require C112 to be charged to some

new blocking voltage. The problem
with charging or discharging C112 is
that the transient charging current
flows through the yoke and the raster
moves up or down momentarily. In a
sense, Q101, in conjunction with CR4,
acts as a series regulator during re-
trace.

Bootstrapping and clamping have one
other advantage which is helpful in
vertical deflection. The maximum
peak-to-peak voltage swing across the
yoke is reduced for a particular re-
trace time. This allows transistors
with lower V..’s and lower power
supply voltages to be used.

Regarding the functions of the re-
maining components in this circuit
(Fig.2), CR104 is a bias diode used to
reduce crossover distortion, and R221
is a 1.8-ohm resistor used to generate a
voltage used in the frequency-control
circuit. Resistor R427 keeps CR104
conducting and allows Q102 to clamp
V. to the reverse breakdown voltage of
CR4; Q102 also keeps V, from ex-
ceeding this breakdown voltage and
Q101 keeps V, from dropping below
the breakdown voltage during retrace.
The driver is off during retrace.

Vertical-deflection module

Mounted on the vertical-deflection
module are the high-gain amplifier,
Miller feedback network, S-shaping
network, and oscillator circuits.

The Miller integrator provides a
linear sawtooth of current through the
yoke. This current has to be modified
because the center of deflection is not
located at a distance from the kine-
scope faceplate equal to the radius of
curvature of the kinescope faceplate.
Two very objectionable effects are
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noticed: 1) the raster is stretched at
the top and bottom; 2) pincushion
distortion occurs. The 110° kinescope
requires about 2 to 3 times as much
pincushion and “S” correction as the
90° system. However, both of these
corrections can be made in the same
manner as in prior TV receivers except
that the sawtooth must be increased
in amplitude.

S-shaping

S-shaping, or modifying the yoke cur-
rent to compensate for the stretch at
the top and bottom of the raster, is
done by generating a parabola of cur-
rent and coupling this into the Miller
integrator amplifier. The Miller circuit
integrates this parabola and modifies
the yoke current in the proper fashion
for S-shaping. The parabola is gene-
rated by rc integration of the yoke
voltage.

The pc voltage that is integrated to
obtain the ramp of yoke current is
coupled to the input of the Miller
amplifier from the height control. The
height voltage is a combination of a
zener-referenced source plus a voltage
which is proportional to the ultor vol-
tage. The reason for this combination
is that when ultor voltage changes,
the raster size changes. However, a
10% change in ultor voltage causes a
5% change in raster size. By combin-
ing the voltage proportional to ultor
voltage with a constant pDC voltage, a
height voltage is generated which does
not change as much as ultor voltage.
This system gives constant raster
height.

The Miller feedback network is shown
in Fig. 3. The feedback resistor R13 is
in series with the vertical yoke; C7 is
the Miller capacitor which couples the
voltage across R13 to the amplifier.
Diodes CR2 and CR3 are used to close
the Miller loop quickly after retrace.
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= o T0 CONY,
itz AND YOKE
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CONTROL

Fig. 2—Complementary-symmetry
output circuit.
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Fig. 3—Miller feedback network.

The voltage which appears across R13
is directly proportional to the current
through the yoke (C10 is a high fre-
quency bypass capacitor). Previous
feedback systems sampled the voltage
across the yoke instead of the current
through the yoke. In this sampling
system, the yoke voltage can be kept
constant, but the yoke resistance
changes with temperature, and causes
the yoke current to change. Therefore,
a thermistor is often needed in series
with the yoke. With current feedback,
the impedance of the yoke can change
with temperature; yet yoke current
does not change.

The switch transistor, in conjunction
with the rest of the vertical circuit,
works as an astable multivibrator. It
free runs at 40 to 80 Hz, depending on
the position of the hold control. Nor-
mal yoke-current variation and B+
changes have little effect on the free-

running frequency. The circuit pulls-

in to a sync frequency of 60 Hz when
it is free-running at approximately 50
to 60 Hz. The hold control is needed
because of component tolerances.

Top and bottom pincushion

Top and bottom pincushion correction
is done in a conventional manner. An

enlarged top and bottom pincushion

transformer with fixed magnetic bias,
a phase coil, amplitude control, and
capacitor can make nearly straight
horizontal lines at the top and bottom
of the raster. Sinewave type correc-
tion appears to be quite satisfactory
for an 18-inch 110° kinescope.

Convergence

Vertical-rate convergence currents are
shaped somewhat like 60-Hz tilted
parabolas. At the center of the raster,
the current should be zero and stay at
zero for various dynamic convergence
adjustments. This allows a minimum
of readjustment of static convergence.

IYoKE
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RASTER

I'cony.

EXICITER
con

RASTER
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Fig. 4 demonstrates the basic idea of Ly =

the new vertical convergence circuit
satisfies
ments. The convergence circuit is in
series with the vertical yoke. Most of
the yoke current goes through R1 and

which

VERT. RATE CONV.

the above require-

HORIZ. RATE CONV,

R2. However,

'couvl

Fig. 4—Vertical-rate convergence circuit.

the convergence coil
does conduct through R1, D1, and D4
when /,.., is positive, and through R2,
D2, and D3 when I,.. is negative.
With the inductive impedance of the
exciter windings, a nearly smooth para-
bolic current waveform can be ob-
tained. Notice that a tilted parabola
can be obtained by changing R1 or
R2. Notice that /... is equal to zero

at the center of the raster (when

0). Also notice that there is
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HORIZ . RATE

practically no interaction between I,
ctopy ANd Tpeak horeamy. A complete con-
vergence circuit schematic, including
the horizontal rate convergence circuit
is shown in Fig. 5.
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Kinescope driver modules mounted on
standard mother board for the CTC-49 color
TV. The module on the right has been pro-
duced using phenolic-circuit-board tech-
niques; the center module demonstrates the
combination of ceramic and silicon tech-
nologies; the module on the far left is a
coated version of the center module. The
modules are completely interchangeable.

Microelectronics Iin
consumer products

W. H. Liederbach

The principal advantage of using microelectronics in consumer products is that such
circuits can be manufactured at a luwer cost, enabling RCA to remain competitive
in a marketplace characterized by vigorous competition from abroad. However,
several other side benefits accrue: 1) In-house personnel become very knowledge-
able in all aspects of materials and design and, thus, are able to generate advanced
competitive designs; 2) There is better control of product quality, and 3) Stylists
have degrees of freedom which are not inhibited by the electronics. This paper
describes RCA’s ceramic integrated circuit facility that is presently manufacturing
plug-in and soldered-in modules for several of the new generation of consumer

products described in this issue.

ICROELECTRONICS TECHNOLOGY

dates back to the 1940’s when
titanate ceramic substrates with pfinted
resistors were first used to form RC
combinations. But titanate ceramic was
found to be structurally weak and have
poor thermal properties. Nonetheless,
it was a start which was the precursor
of “Project Tinkertoy” of the early
1950s; this project compensated for
some early limitations of microelec-
tronics by designing a single-sized ce-
ramic substrate capable of being ma-
chine fed. Steatite ceramic was used for
the substrates, and although a good
choice from an economic and experi-
ence point of view, it was also limited
because of its marginal strength and
poor thermal conductivity. The project
began in the Washington Bureau of
Standards and was carried out in fur-
ther development by Kaiser Electron-
ics and Paktron. The approach was
further limited because silicon technol-
ogy was not available, requiring the
use of miniature vacuum tubes as ac-
tive devices.

In the late 50’s and early 60’s RCA
contributed a significant advance in
microelectronics technology through
the military “micromodule” program.
The concept was based on minia-
ture, standard-sized ceramic substrates
made of alumina which provided ex-
ceptional structural strength and ther-
mal conductivity. The program created
a recognition in the industry that
printed conductors, resistors, capaci-
tors, etc. were germane to a low-cost
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manufacturing system. Major partici-
pation by most of the electronics indus-
try during that period helped create
upgraded alumnia ceramic, conductor
inks, resistor inks, dielectric inks.
encapsulation materials, printing and
placement equipment, etc. The weakest
part of the program was the need for
attaching semi-conductor devices as
cumbersome prepackaged devices.

It is to the credit of the IBM Corpora-
tion that they had the vision to con-
solidate all of the gains made in the
technology to create, in the early
1960’s, a fully manufacturable system
of microelectronic modules, including
highly sophisticated yet production-
oriented flip-chip silicon devices. The
success of this program is well known
for digital applications.

Ceramic integrated circuits

In the early 1960’s, RCA decided to
exploit the same technology for linear
and power applications in consumer
electronics; these applications require
a more diverse range of components
than digital circuitry. A coordinated at-
tack by the industry at large has filled
this need with a new generation of ma-
terials and equipment. A completely
viable microelectronics system—ce-
ramic integrated circuits—has evolved
which joins the best of silicon and
ceramic technologies and offers signifi-
cant benefits for consumer electronic
products.

The Consumer Electronics Division is
using microelectronics in its products
mainly because of the potential for
manufacturing circuits at a lower cost,
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and the additional measure of in-house
control over quality and reliability
provided. Additionally, in-house proc-
essing allows us to develop a broad
knowledge of materials, processing,
and circuit design parameters—result-
ing in more intclligent design; en-
hanced response time, and increased
innovation. Plug-in functional modules
also reduce servicing costs—on the
production line as well as in the home.
As a side benefit, highly stylized de-
signs will be possible because of the
reduced space requirements.

To establish this capability in ceramic
integrated circuits five basic materials
technologies had to be developed:
alumina ceramics, titanate ceramics,
noble metals (e.g., Ag. Pd. Au, Ru,
R, silicon, and organic resins for
environmental protection.

Alumina

In the alumina ceramic area, we have
chosen to manufacture an 85%alumina
instead of the classical 96% alumina.
An 83% alumina is a very practical
compromise of cost and desirable fin-
ished properties. Tt is processed at a
lower temperature (1500° vs. 1650°C.)
with lower resultant stress on the kiln
and refractories. Involvement in alu-
mina ceramic technology creates a base
for contribution beyond circuit sub-
strates into multilevel ceramic packag-
ing, tuner substrates for high-frequency
low-loss application, trim potentiome-
ters, and ceramic interconnection
boards in place of copper-clad phe-
nolic.

Titanate

Products relating to research in titan-
ate ceramics include printed capacitors
in the 1 to 5000 pF range, discrete
capacitors in the 0.01 to 0.5 pF range,
frequency filters, and phonograph
pickups.

CIRCUIT
PRODUCTION

[ 11

Noble metals

Noble metal metallurgy is required to
provide the conductors, resistors, ca-
pacitor clectrodes, solder terminals,
and printed inductors.

Silicon

Silicon technology has historically
been the key to success in microelec-
tronics. This continues to be true in
consumer electronics for transistors
and diodes and multiple-device silicon
chips. The silicon 1¢ chips are in use
now as soldered-in prepackaged de-
vices. Beam-lead chips on ceramic will
probably be the next logical step fol-
lowed by a flip-chip “poor man’s 1¢”.
It will probably be an eight to twelve
bump [soldcr connection] device max-
imally designed as part of a functional
module encompassing the best virtues
of silicon and ceramic technology.

Organic resins

Encapsulation of the modules varies as
to whether it is a solder-in module,
dual in-line module, or a plug-in mod-
ule. We are presently using polycar-
bonate plastic boxes for our solder-in
module with a flexible epoxy fill. This
provides a nonflammable, sclf-cxtin-
guishing package. Plug-in modules are
flow coated on one side with the same
flexible epoxy used in our solder-in
modules, Evolution in the encapsula-
tion arca will be toward transfer mold-

ing.

RCA facilities

The organization for bringing the ce-
ramic integrated circuit technology into
fruition involves rescarch and develop-
ment labs, a sample lab (1 to 100
picces) and engincering pilot lab (1000
to 5000 picces), equipment develop-
ment, computer facilities (for engineer-
ing studics, environmental and stress
data, and process control), production,

Fig. 1—Floor plan of Rockville Road Plant—85,000

square feet.
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William H. Liederbach, Manager

Ceramic Circuit Engineering

Consumer Electronics

Indianapolis, Ind.

received tte BS in Ceramic Engineering from lowa
State Univarsity in 1948. He was employed by the
E. I. DuPant Co. from 1948 tc 1955 and the Cantra-
lab Division of Globe-Union from 1955-1958 befare
joining RCA in the Semiconductor Div'sion at
Somerville, N.J. in 1958, His work since 1950 has
been microelectronics with emphasis an packaging
systems. Materials, packaging, and systems con-
tributions include multilevel ceramic packages,
noble metal metalizers, hermetic ceramic pack-
ages for semiconductors, reliability studies on
silver migration and whisher growth, ultrasonic
cleaning technology, and high-speed low-cost
module systems for consumer applications. Mr.
Liederbach was chairman and Co-Founder of the
Indiana Saction of The American Ceramic Scciety
in 1965, and Vice-Chairman of the Charter Indiana
Section of ISHM in 1969. He was conferred the
Title of Fellow in the ACS in 1968 and passed
state exams for Registered Professional Engineer
in 1969. He is a Member of American Ceramic
Society, Naticnal Institute of Ceramic Enginz2ers,
Pi Kappa Phi Social Fraternity, Tau Beta Pi,
Knight of St. Patrick, and Keramos Honorary.
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Fig. 7—Back end of screen and fire system—"back into magazines.”

|

Fig. 8—Manufacturing process control—probes and computers. Fig. 10—Resistor adjust—amenable o change using lasers.
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and quality control. This organization
exists at the Consumer Electronic Di-
vision’s Rockville Road Plant which
has 85,000 square feet of floor space
(Fig. 1) devoted to this technology.

Raw material storage and ball mill
processing are part of the system (Fig.

2) with very efficient casting machines [

used for forming all-alumina and titan-
ate sheets at casting speeds up to 24
inches a minute in 8- and 16-inch-wide
belts. The dried alumina or titanate
sheets (Fig. 3) are laminated, and the
parts are punched out with carbide
tools for firing—in gas-fired kilns for
alumina and electric kilns for titanates.

A Tv set is classically a three-level
packaging system, comprising a mother
board, plug-in daughter boards and
solder-in components. To meet this
need we have created two standard
sizes (Fig. 4) of alumina substrates:

Size 1 for solder-in modules—1.4x0.75
X 0.025 inch.

Size 2 for plug-in modules—1.4x2.0X
0.050 inch.

Of major significance is the 1.4 inch
width which provides a common di-
mension for “railroad tracks” going
through our magazine-oriented manu-
facturing system. Modules made to
date with this philosophy include a
nine-lead solder-in module, an 18-lead
dual-in-line solder-in module, and one
version of plug-in module.

Screen printed capacitors are used for
values below 5,000 pF Multilayer ca-
pacitors (Fig. 5) are used for values
up to 0.5 pF. A standard size of 0.175”
X 0.125” is used with the thickness
parameter offering a degree of free-
dom. The thickness of dielectric and
the dielectric constant can be changed
for capacitance and voltage design flex-
ibility. Tantalum chip capacitors will
be used up to and including 50 uF.

All discrete components such as chip
capacitors, silicon devices, and lead
frames are reflow solder attached using
screen-printed solder cream.

13 LEADS 150 MIL CENTERS
19 LEADS 100 MIL CENTERS

=< 17 | g
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|- o750™] l— zo00" |

Fig. 4—Standard package sizes for high-speed
magazine manufacturing via the ‘“railroad-
tracks” system.
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Fig. 5—Multilayer capacitor structure.

The ceramic area is what we describe
as our “off-line” facility. It is backed
up in raw material process control with
a laboratory containing equipment for
differential thermal analysis, thermal
gravimetric analyses, and particle-size
measurements.

The “on-line” facility includes all those
items of production that are sequential,
such as the printing and placing steps.
The sclection of two standard sizes
with a common dimension of 1.4 inch
allows a manufacturing system with
magazine feed features (Fig. 6). The
loaded magazines act as the dispenser
to the first screen print station (Fig.
7). At the end of this print and dry
station, the ceramic wafers are auto-
matically re-inserted into magazines
for the next operation. All of this oc-
curs at a rate of 1 to 2 seconds per
piece. Three belt furnaces are used
for firing 1) metallizing layers at
850°C, 2) screen-printed capacitors
at 1050°C, and 3) screen printed re-
sistors at 740°C. At the discharge end
of both capacitor and resistor belt fur-
naces, automatic probing and feeding
data to a computer memory occurs for
on-line process control (Fig. 8). The
control mechanism is the belt speed of
the furnace which is the variable em-
ployed in the time-temperature firing
sequence. Changes in belt speed are
dictated by the program written into
the computer system for achieving
target values of printed components.
In the resistor system, for example,
the 8000 series of DuPont resistor
inks are used which have the same
resistivity-firing temperature slope
(Fig. 9) so that when more than one
resistivity per-circuit is employed, the
values will all track together. For val-
ues of resistors that require tolerances
better than *15%, an abrasion sys-
tem (Fig. 10) of adjustment is in use
which should be replaced, eventually,
by a laser device. Our transport sys-
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tem was designed with this in mind
several years before laser adjusting
became practical.

A computer center serves the ceramic
integrated circuit facility in three
ways:

1) For control process described;

2) For the accumulation and analysis

of environmental stress data; and

3) For engineering studies.
All circuits are 100% checked with
automatic testers.

An important facet of the system is
an engineering pilot area where every
circuit is run in quantities of 1000 to
5000 circuits so that it can be de-
bugged and the manufacturing speci-
fications established. In support of
development and production, the ana-
lytical services lab is equipped with
X-ray, metallurgical microscopy, sur-
face analysis, ink rheology, tensile test-
ing, and other chemical and physical
laboratory equipment.

Conclusions

There is no doubt that microelectronics
as a technology will continue to evolve
as it has for the past 20 years. How-
ever, for the technology to move ahead,
standardization in the industry must
take place. This is necessary to facili-
tate mechanical handling and to estab-
lish second sourcing without which
major markets can never be estab-
lished. This need for standardization
is complicated because there has al-
ready been considerable investment
in phenalic-circuit-board technology,
making it is impossible to introduce
traumatic changes in assembly pro-
cedures. Change must be evolutionary.

Further developments will include
dynamic circuit adjustment with las-
ers, multiple bump “poor man’s IC’s”,
printed coils with printed ferrites, and
printed ¢lectronic tuners—all with
military reliability at consumer prices.
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Advances in integration of
color television receivers

J. Avins

In 1965 RCA pioneered the first use of monolithic silicon integrated circuits in tele-
vision receivers in the intercarrier-sound 4.5-MHz FM amplifier-limiter-detector sub-
system. Since then much progress has been made in applying integrated circuits to
the signal processing functions in a color television receiver; for example RCA’s new
CTC-49 solid-state color TV receiver uses six monolithic silicon circuits.! In bring-
ing about this result, a team effort which effectively utilized the engineering resources
of the Consumer Electronics and Solid State Divisions has played a key role.

T WAS LOGICAL, back in 1964, to
I select the intercarrier-sound func-
tion as a test vehicle for examining
the viability of integrated circuits in
Tv receivers. The reasons for choosing
this particular part of the receiver
were that it presented a complex func-
tional block with an input signal at
one frequency (4.5 MHz) and an out-
put signal at another frequency (audio)
and in between a substantial amount
of signal-processing—I1F amplification,
limiting, Fm detection, and audio am-
plification. This large number of func-
tions was favorable to making the
integrated-circuit approach competi-
tive in cost with discrete technology.
An additional factor was the improved
performance obtainable because of the
removal of any limitation on the num-
ber of active devices.

The approach followed in the inter-
carrier-sound function has proved ap-
plicable to several other parts of the

television receiver with the result that
substantially all the signal-processing
functions in a color television receiver
have now been integrated:

1) The complete picture (and sound)

1F system (RCA CA3068)"*

2) The automatic-fine-tuning function

(RCA CA3064)*"

3) The complete chroma amplification

and color synchronization circuits

(RCA 3066)°

4) The color demodulation and tint

control (RCA 3067)°

5) The intercarrier sound function

(RCA CA3065)

6) The horizontal oscillator and arec

(RCA TA 5627)°

7) The remote control receiver function

(RCA CA3035)
Each of these integrated circuits stands
on its own as a separate and relatively
complete function (Fig. 1). In general,
the integrated-circuit partitioning fol-
lows the signal and control paths, with
the interfaces determined by several
factors—including the number of ex-

ternal pins required for a given group-

Jack Avins, Manager

integrated Circuit Development

Consumer Electronics Division

Somerville, New Jersey

received the AB with honors in math and physics
from Columbia College and the MSEE from Poly-
technic Institute of Brooklyn. Prior to 1941, he
was engaged in the design of radio test equip-
ment. From 1941 to 1946, he served as an officer
in the Signal Corps. In 1946, he joined the Indus-
try Service Laboratory, RCA Laboratories, where he
was engaged in research and development of FM
and TV receivers. From 1955 to 1956 he was Man-
ager of the RCA Industry Service Laboratory in
Zurich. Rejoining RCA Laboratories in 1957, he
served as Manager of the Research Applications
Laboratory and the Consumer Electronics Division
Affiliated Laboratory. Since 1964, he has been on
the staff of the Chief Engineer, Consumer Elec-
tronics Division, responsible for the development
of integrated circuits for TV and radio receivers.
Mr. Avins is a member of Phi Beta Kappa, a fel-
low of the I|EEE, a past chairman of the 1EEE
receivers committee, a member of the Administra-
tive Committee of the Broadcast and Television
Receivers Group, and chairman of its standards
subcommittee. In 1971, he was co-recipient of the

David Sarnoff Outstanding Achievement Team
Award in Engineering for his leadership in the
development of integrated circuits for use in tele-
vision receivers.
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ing of functions, the chip size (which
influences yield and cost), chip dissi-
pation, and adaptability to modular
design. Where possible, feedback
problems are eliminated by partition-
ing so that input and output signals
are at different frequencies.

Picture- and sound-IF channel

Prior attempts at monolithic integra-
tion in the picture-1F amplifier have
been limited to the integration of one
or two IF stages, the assumption im-
plicit in this approach being that the
feedback problems are so formidable
as to preclude the possibility of inte-
grating the complete ir amplifier which
requires a gain of the order of 70 dB at
45 MHz. In the RCA approach, this
problem has been overcome by inte-
grating the video-detector system as
well as the complete 1F amplifier on
the same chip, and by providing un-
tuned internal coupling between the
high-level 1¥ amplifier stages and the
video detector. In this way, the output
of the chip is at video frequency, and
high level 1F signals are never brought
out to an external pin connection so
the external feedback problem is
eliminated. The complete IF system
(Fig. 2) was integrated on a 65%X67 sq
mil monolithic chip.

Primary motivation in the partitioning
of the system was the desire to keep
the high-level 45-MHz signals confined
to the tiny chip area to avoid feedback
and stray coupling problems. To ac-
complish this, the gain normally pro-
vided by the second and third 1F stages
is provided by a broadband amplifier
which is directly coupled to the linear
video detector and to the video pre-
amplifier. The output fevel at terminal
19 is 7 volts p-p of video. sync nega-
tive. The input level to the second
video-1F stage (at terminal 13) is 10
mV; input to the first IF is 100 4V.

The chip layout allows for the intro-
duction of selectivity as required. The
interface between the first and second
IF stages is brought out to separate
pins so that a selective filter can be
introduced. Additional selectivity can
be provided in the coupling link be-
tween the mixer output and the first
IF stage input. Further flexibility exists
for the distribution of selectivity—

Reprint RE-16-5-16
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Fig. 1—Complete integration scheme for the CTC-49 color tele-
vision receiver; shaded blocks are integrated circuits.

ranging from broadbanding of the
mixer output to provide complete
tuner interchangeability, to the inser-
tion of two tuned circuits in the mixer
output followed by a transmission line
and a single- or double-tuned trans-
former preceding the integrated circuit.

In addition to the basic problem of
stability, which was solved by placing
the detector on the chip, a number of
special problems required solution:

1) Maintenance of white level in the
face of direct coupling to the wideband
resistance-coupled second and third 1F
amplifier stage

2) Provision for the sound takes-off de-
spite the inaccessibility of the second
and third 1F stages,

3) Provision for driving the automatic-
frequency-control discriminator with-
out bringing out the high-level IF signal,
and

4) Maintenance of stability despite pos-
sible parasitic internal couplings in the
chip as well as in the leads of the pack-
age.

The solutions to these problems are
described in the following paragraphs.
In a conventional discrete 1F amplifier,
white level (minimum carrier ampli-
tude) is identified by the fact that the
diode detector is easily referred to
either ground or a known bpc potential,
since the detector is driven through a
transformer with low bpc resistance.
In the integrated system of Fig. 2, the
problem of pc white-level uncertainty
is solved by using a “dummy detec-
tor”. The output of the active detector
is combined with the dummy detector
output in a differential network which
is insensitive to the actual pc level at
the output of the third IF stage to
which the detector is coupled.

KEYING SIGNAL

REMOTE AMP CA3035

3 STAGE 110 4B

H
ML 40 kHz AMPLIFIER

(CA 3068).

The sound problem is solved by tak-
ing off the 41.25-MHz carrier at a point
in the filter network between the first
and second IF stages and providing an
additional gain stage to bring up the
41.25-MHz and 45.75-MHz signal lev-
els so that they can be detected on
the chip to produce the desired 4.5-
MHz intercarrier beat. The filter net-
work is designed to boost the 41.25-
MHz component at terminal 12 while
attenuating the 41.25-MHz component
at terminal 13, so that the generation
of undesired 920-kHz beat compon-
ents between the picture and sound
channel in the wideband amplifier
driving the detector is prevented. The
single detector thus functions to pro-
duce both demodulated luminance and
chrominance components.

Automatic fine tuning (AFT) presented
a special problem since the drive to
the AFT circuit is normally taken from
the high-level last ¥ stage which is not
available externally in the integrated-
circuit approach. This problem was
solved by taking the AFT drive from a
buffer terminal at the input to the
second IF stage (where the level is low
enough not to cause feedback or in-
stability) and by designing a high-
sensitivity AFT integrated circuit which
requires only 10-mV drive to produce
the required AFT control voltage.

Automatic gain control (acc) is in-
cluded on the integrated circuit be-
cause it functionally belongs with the
1F amplifier; the acc is driven from
the video preamplifier in the chip,
and the delay information is derived
from the first 1F stage which is also
on the chip. The keyed acc maintains
sync peak level accurately in the out-
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Fig. 2—Complete picture and sound color television [F system

put of the video preamplifier; further,
the noise immunity inherent in clip-
ping close to the sync peak level is
enhanced by circuitry on the chip
which prevents AGc setup in the pres-
ence of impulse noise.

The acc is applied to the first IF stage
to provide more than 40 dB of acc
range in a cascode configuration which
maintains the passband. Tuner delay
information is taken from this stage.

In this brief description, the motiva-
tion behind the integration of the IF
and related functions has been indi-
cated. Detailed papers in this issue
describe the design and application
of this monolithic 1F system.” * *

Other subsystems

Substantial strides have been made in
designing monolithic integrated cir-
cuijts to perform the low-level signal
processing functions required in a
color television receiver. In particular,
the pivotal role performed by integra-
tion of the picture and sound 1F ampli-
fier and the related detector, video,
and acc functions on a single chip is
apparent in making possible a logical
partitioning of the receiver circuitry.
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Steven Steckler

integrated Circuit Development

Consumer Electronics Division

Somerville, New Jersey

received the BEE from the City College of New
York in 1960 and the MSEE from the Polytechnic
Institute of Brooklyn in 1967. At ITT Laboratories,
he developed thick-film modules for the AN/TRC
112 microwave equipment and the carrier channel
subsystem for the European Tropascatter Area
network. In 1967, he joined RCA at Somervilie in
the Integrated Circuit Development group of the
Consumer Electronics Division, where he has
worked on integrated circuit design, including
horizontal, vertical, and color camera television
synchronization systems. Mr. Steckler holds three
patents with a number of applications pending in
the area of solid-state circuit design.

Monolithic IC for automatic
horizontal frequency and
phase control of

TV receivers

S. Steckler

A monolithic integrated circuit embodying the horizontal oscillator, automatic fre-
quency and phase control (AFPC), and buffer for driving the horizontal deflection
circuit in color TV receivers is described. Through the use of a dual-mode system
with balanced sample-and-hold phase comparators, the need for the conventional
horizontal hold control is eliminated. The integrated circuit lends itself to the design
of a compact horizontal oscillator AFPC module.

UTOMATIC PHASE CONTROL SYS-
ATEMS arc used exclusively to syn-
chronize TV-line-scanning deflection
with the horizontal sync pulses trans-
mitted as part of the composite video
signal. By comparing the phase of a
voltage-controlled oscillator (vco) to
the phase of the incoming signal and
by controlling the oscillator from the
filtered output of the phase compara-
tor, the vco is locked to the average
frequency of the incoming signal. The
phase transfer function of this system,
or closed-loop response, is particularly
sensitive to the design of the low-pass
filter or compensation network. lde-
ally, a long integration time or narrow
noise bandwidth is desirable to mini-
mize picture disturbances from ther-
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mal and impulse noise sources.
Narrowing this bandwidth has the ad-
verse cffect of lowering the system
loop gain for the beat notes produced
by the AFpc phase comparator when
the picture is out of sync, decreasing
the pull-in range and increasing the
pull-in time. Oscillator drift can be-
come a major part or exceed a pull-in
range that is too narrow. The choice
cf system parameters thus becomes a
compromise between pull-in range and
noise performance.

In the integrated-circuit approach
shown in Fig. 1, a dual-mode system is
combined with a stable sinewave os-
cillator to eliminate the horizontal
hold control, and improve noise per-
formance without compromising pull-
in range. When the system is operating
in sync, the sync input at terminal 12
and the flyback pulse at terminal 11
occur at nearly the same time. Sensing
this alignment, the coincidence gate
operates the mode switch to disable
phase comparator B. In this configura-
tion, the I1c operates as a conventional
horizontal AFPC system with the ex-
ception that the low-pass filter has
been chosen so that the noise band-
width gives an equivalent pull-in
range of *20Hz. This bandwidth is a
practical limit determined by timing
instabilities duc to such sources as
trigger level uncertainties in the re-
ceiver’s horizontal deflection circuitry.
As in conventional systems, the rela-
tive phase of the integrated flyback
pulse and sync input is determined by
phase comparator A, creating an error
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Fig. 1—Block diagram of TA5627 horizontal APC system.

signal which is filtered to control the
frequency of the vco. The vco output
is wave shaped to drive the horizontal
output circuitry, which in turn gen-
erates the flyback pulse.

Switching channels or a noise burst
may causc the system to Jose phase
lock. Two possible situations can now
exist. Either the horizontal oscillator
may have drifted beyond the 20-Hz
pull-in range so that conventional
pull-in is impossible; or if the oscil-
lator is within this bandwidth, the pull-
in time will be unduly slowed by the
relatively long time constants inherent
in the compensation network. Loss of
phase lock will be detected by the
coincidence gate operating the mode
switch to enable phase comparator B.
Comparator B bypasses a portion of
the low-pass filter, increasing the sys-
tem bandwidth and increasing the
pull-in range to *450Hz. After ac-
quiring phase lock, phase comparator
B is disabled.

Typical system characteristics mea-
sured in a complete receiver are tabu-
lated below (T, is the pull-in time to
acquire phase lock).

Strong signal conditions
Maximum pull-in range:
15,078 to 16,411 Hz,
—656to +677 Hz
Pull-in range, Tr="Y5 s:
15,273 to 16,187 Hz,
—461to +453 Hz
Hold-in range:
14,973 to 16,423 Hz,
—761 to +689 Hz
Phase Lock:
t=1.1pus for Af=914 Hz

Weak signal conditions
Maximum pull-in range:
15,086 to 16.380 Hz,
—648 to +646 Hz
Pull-in range, T,=15 s:
15,275 to 16,190 Hz,
—459 to +456 Hz
Very weak signal conditions
(Picture is barely discernable against
noise.)
Maximum pull-in range:
15,349 to 16,123 Hz,
—385to +389 Hz
Pull-in range, T,= 15 s:
15,450 to 16,091 Hz,
—284 to +257 Hz
Single mode
The pull-in mode is disabled by connect-
ing a 2.3-volt power supply to the base of
F4 (Fig.2).
Maximum pull-in range, T,=15 s:
15,717 to 15,753 Hz,

— 17to +19 Hz
Horizontal Hold Control
Not required.

The integrated circuit schematic is
shown in Fig. 2. The following sec-
tions comprise the circuit and design
considerations.

Phase comparator

The phase comparator consists of a
keyed follower driven by an input fol-
lower. A pc-biasing dummy balances
the offsets of these two stages. A saw-
tooth generated by integrating the fly-
back pulse feeds input follower Q11-
Q12-Z4, Feedback holds the collector
current of Q11 essentially constant
preveniing variation in offset with the
sawtooth voltage excursion. Keyed fol-
lower Q13-Q14-Q15-Z5 is switched
by the sync driver Q2. Diodes QI3
and Q14, turn the pseudo-complemen-
tary gate off symmetrically by slowing
the switching rate at the high-imped-
ance base of Ql4, to a rate deter-
mined by the low-impedance collector
of Q14.. The keyed follower, in com-
bination with the compensation net-
work, forms an efficient sample-and-
hold comparator. Base-to-emitter off-
sets of Q11 and Q14, are matched by
the offsets of Q8 and Q9, respectively.
Transistors F1, Q1, and F2 interface
with the positive sync pulses found in
the NpN solid-state receiver environ-
ment. The Q8-Q9-Q10-Z3 combina-
tion is the pc dummy used to bias the
vco. Reference supply Q19-F12 is used
to bias the phase comparator and the
pc dummy. :
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Fig. 3—VCO tank circuit.

Compensation network and
mode switching

Phase-lock open-loop responses differ
substantially from the analagous re-
sponscs of frequency-lock loops or
feedback amplifiers. Due to the inte-
grating cffect of the phase comparator,
the open-loop phase characteristic
starts from 90° and the gain charac-
teristic rolls off inversely proportional
to frequency. Compensation networks
are necessary to make the loop stable
and optimize the pull-in performance.
The loop is usually designed to be
slightly underdamped taking advan-
tage of the small amount of overshoot
to reduce pull-in time.

Since compensation network R1-R2-
C1-C2 js driven by a follower that is
on only during the sync pulscs, the
average serics resistance is equiva-
lently twelve times R1; R3-C3 is an
additional scction effective in the pull-
in mode. Capacitors C1, C2, and C3
provide storage for the sample-and-
hold-type comparator. Wide frequency
deviation pull-in is accomplished by
keying on follower Q16-Q17-Q18-Z6
creating a parallel path around the R1-
R2-C1-C2 compensation nctwork.

Gate Q3.-Q3, detects coincidence be-
tween the sync and the negative fly-

back pulses at terminal 11 to key the
Q16-Q17-Q18-Z6 follower off or on

1 0SC

lﬁbo

Q22¢ | VREF

0218\|

Fig. 4—VCO schematic diagram.

when the sync and flyback pulses are
in or out of synchronism. respectively.
The gated pulses are averaged by F3-
R11-C4 to become the mode switching
control voltage. Amplified F4-Q5 com-
pares this voltage with a reference and
switches Q4.

Voltage controlled oscillator

Automatic phase control (APC) per-
pormance in a noisy environment is
intimately tied to the stability of the
vco. As the input signal-to-noisc ratio
becomes degraded, the pull-in range is
reduced and a point is reached where
pull-in is precluded by oscillator fre-
quency offset. An enlarged pull-in
range is not the solution for an un-
stable oscillator since the pull-in
threshold suffers.

The LC sinewave oscillator F7-F8-F9-
F10-F11-Q20,-L-C5 is a differential
amplifier with its input at terminal 1
connected to the in-phase output at the
collector of Q20,. The pc oscillator
bias is supplied through Q22,.

In the vco control circuit, Q22-Q21,-
Z7, the current in the upper transistor
is kept essentially constant so that all
current variations occur in the lower
transistor. Any Ac current into the low-
impedance junction of the emitter of
Q22,. and collector of Q21 is confined
to the lower device. The junction of
the emitter of Q22. and collector of
Q21,, is connected to the lower end of
the coil, thereby sampling the tank
quadrature current. The full alternat-
ing component of the coil current
flows in Q21,. One quarter of this

Fig. 5—Final chip fayout.
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current flows in Q23 which feeds
splitter F5-F6 Q20,-Q21,. The differ-
ential voltage on the bases of F5 and
F6 determine the quadrature current
at the top of the tank and the fre-
quency of the oscillator.

Some new circuit concepts are intro-
duced in the vco design and a more
detailed explanation follows. In Fig. 3,
the vco tank schematic, i,,. is the os-
cillator current supplying tank losses
and is in phase with the tank voltage
v.. The splitter current, i,, coil current
i.. and capacitor current i., are all in
quadrature with the tank voltage. It
can be shown that:

oscillator frequency _ wo
resonant LC frequency wi.r

=[f(a)]*

where the current splitter ratio a=1iy,/
(i:n.4+:n) and f (a) = (i,,"'i,,) /ll

Using the diode equation, it can be
further shown that for the splitter

1
«=7 +exp (—an/K_T—)

where v, is the differential voltage ap-
plied to the splitter bases.

Referring to Fig. 4, the vco schematic
and summing the current at the bot-
tom of the coil:

i=i,— (1—a)i/4 or i=4i./ (5—a)
fs+I'L=a'l'/4+1.l,=fl,5/(5—a)
fla)=(ix+i.) /i.=5/(5—a)

and finally, the oscillator control char-
acteristic:

_(5+5 exp (—qu/KT)) L
“\4+5exp (—qvn/KT)
0.029 g

21.05+Tlm

Output circuit

A 6-us pulse is generated by emitter-
coupled monostable multivibrator
Q24-25. Devices Q26-Q27-F13 com-
prise the output driver, while Q28 is a
multi-cmitter sink to discharge an ex-
ternal coupling capacitor providing
negative bias for driving scr deflec-
tion systems; Q28 can also be used to
discharge the base of an external
driver transistor in transistor deflec-
tion systems.
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Video-IF and AFT integrated
circuits

J. R. Harford

This paper describes a monolithic integrated circuit (type CA3068) which has been
developed to perform the video-IF and related functions in color television receivers.
To accommodate the low available signal levels (large video-IF signals exist only
internal to the integrated circuit and do not appear on the external signal leads), a
companion integrated circuit (type CA3064) has been developed. Integrated-circuit
designs allow greater use of active devices and tightly matched components but limit
the dissipation and number of external terminals. Therefore, some novel design ap-
proached had to be used to provide all the necessary functions within the system
constraints.

Jack “Rudy’ Harford
Integrated Circuit Development

Previous experience was gained at Aircraft Radio
Corporation in the design of air navigation aids,

Consumer Electronics Division including a VHF solid state AM transmitter, and an

Somerville, New Jersey

received the BEE from Union College, Schenec-
tady, New York, in 1958. He joined RCA in 1966 at
Somerville as an engineer in the Integrated Cir-
cuit Development group of Consumer Electronics
Division where he has contributed to the design
of several television-oriented integrated-circuit
subsystems, and has had project responsibility for
the RCA CA3068 picture-IF integrated circuit.

electric gyro amplifier. Mr. Harford also has proj-
ect responsibility for the B-15A “'Omni"’ converter
and the 105A transponder system. At Bendix Cor-
poration, York Division, Mr, Harford designed
microwave components including solid state trans-
mitters, phase shifters, and circulators spanning
the frequency range from 100 MHz to 35 GHz. Mr.
Harford has two patents issued and several others
pending.

www americanradiohistorv com

HE VIDEO-IF INTEGRATED CIRCUIT

(RCA type CA3068) supplics sig-
nals to the tuner, sound, chroma,
video, and sync circuits contributing
significantly to the total quality of the
Tv set. Therefore, as much of the de-
sign cifort was devoted to secondary
functions, such as impulse-noise per-
formance and airplane flutter, as to
the fundamental functions, such as
gain and distortion. The result is an
integrated circuit suitable for use in a
high quality color or black-and-white
Tv receiver. A block diagram of the
integrated circuit is shown in Fig, 1.
The first-1F amplifier achieves 40 dB
of voltage gain, and employs a dual-
mode cascode amplifier. The dual-
mode circuit enables performance to
be optimized for weak and strong sig-
nal conditions. The automatic gain
control (Acc) delay circuit senses the
gain cf the first 1¥ stage and reduces
the tuner gain for strong signals, pre-
venting tuner and 1¥ overload. The
combined gain of the second- and
third-video-1¥ stages is also about 40
dB and features feedback techniques
to provide an untuned low-impedance
signal to the detector, and a buflered
output to the automatic fine tuning
(AFT) circuit. The tinear video detector
is a transistor detector, specially biased
for optimum linecarity. The transistor
detector is directly connected to the
third-1F stage, and to achicve satisfac-
tory video dynamic range, the video-
amplifier limiter must cancel the
quiescent pc level from the detector.
This is done with a differential circuit
which provides large dynamic range
and excellent video limiting character-
istics. The Acc system is a relatively
simple high-gain circuit which requires
no external adjustments for video-
detector level sectting. A novel acc
impulse-noise-protection circuit cffec-
tively reduces the gain of the acc cir-
cuit during noisy conditions, and it
does not require the bulky external
capacitor normally associated with
such circuits, thus freeing two exter-
nal terminals for other uses. The
sound-1F amplifier and detector are
straight-forward, while the 4.5-MHz
sound preamplifier features a low-Q
filter to peak the desired 4.5-MHz sig-
nal. A zener reference is supplied for
use wherc an accurate bc component
on the video signal is required.

Reprint RE-16-5-10
Final manuscript received November 23, 1970,
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Fig. 1—Block diagram of the type CA3068 integrated IF circuit for color and black-and-white

television receivers.

The automatic fine tuning (AFT) inte-
grated circuit (shown in block dia-
gram form in Fig. 2) features a
high-gain cascode circuit to operate
directly from the CA3068, and an AGc
circuit which minimizes performance
variations due to normal video signals.

IF system—type CA3068
First-IF stage

The first-IF stage has been designed
with 40-dB gain, resulting in 100 uV
(at 85% A.M.) system sensitivity for
a 4-volt peak-to-peak video output.
Since previous high-performance 1F
designs range in sensitivity from 100
«V to 300 «V (85% AM.)), for a 2-
volt p-p output, the high gain should
make the circuit universally accept-
able. Dual signal paths are provided:
a high-gain low-noise path for weak
signals and a low-gain degenerated
path for strong signals—the signal be-
ing steered along the proper path by
the AGC circuit. The resulting circuit
has a modified cut-off characteristic
which improves the signal handling
capability over a non-degenerated
stage, and also enhances the delayed-
AGC characteristic. The reverse (G.)-
Acc-control mode was chosen for its
low power requirements, its precisely
known gain-versus-/, characteristic,
and its high and stable input and out-
put impedance parameters. The single-
ended cascode configuration was
chosen to achieve high gain and excel-
lent input-output isolation.

As shown in Fig. 3, Q6, and Q7 form
a conventional cascode circuit and are

the primary amplifiers for weak sig-
nals. The geometry of these devices is
optimized for high gain (G.) and low
noise. Transistors F2 and F3 raise the
circuit input impedance to a value
much greater than that of any prac-
tical tuned circuit, thus assuring the
stability of the tuned circuit over the
entire gain-control range. As the signal
increases and the gain of Q6,-Q7 is
decreased by AGC action, a signal
level is reached where the gain of
Q6,-Q7 is the same as the gain of the
degenerated stage Q2-Q6;. At this sig-
nal level, the circuit transfers to the
modified cut-off characteristic. Since
Q2 is a degenerated transistor due to
the resistor R5 in its emitter, this de-
vice can handle larger signals before
input distortion occurs, thus extend-
ing the acc range of this circuit com-
pared with conventional reverse-AGC
bipolar transistors.

Delayed AGC

The delayed-AGc circuit senses the in-
put signal to the tuner. When this sig-
nal reaches a satisfactory (S+N)/N,
the circuit applies AGC to the tuner.
The circuit must assure that a mini-
mum IF-gain reduction takes place
while the tuner RF stage is being gain
reduced, to assure freedom from un-
desired “beats” in the picture due to
mixer or IF overload. As shown in
Fig. 4, Q5 is connected to “sense” the
current, hence the gain of the cascode.
As stated previously, a very accurate
relationship exists between the gain
of the cascode circuit, and its collector
current (I.). An external adjustable

wWWW americanradiohistorv com

current is applied to the collector of
Q5 through terminal 8. This current
is such that at maximum gain (hence
maximum cascode current), Q5 is in
saturation. At reduced gain, the bias
on the base of Q5 reduces due to
AGC action. At some value of gain
reduction, as determined by the delay-
adjust bias, Q5 comes out of satura-
tion and turns on F5; F5 then applies
bias to the AGC circuit to compensate
for reduced acc-loop gain which oc-
curs when the cascode transfers to its
modified cut-off characteristic. F5 also
turns on Q4 forming a high gain
amplifier which applies delayed-acc to
the tuner. Only negative-going delayed
AGe is provided since no terminals
could be taken from the other func-
tions to provide both output polar-
ities. Since polarity inversion only
takes one inexpensive discrete transis-
tor, this is only a minor consideration.

Second and third IF

The second and third 1F stages are
combined in a feedback amplifier
(Fig. 5) which amplifies the signal
from the cascode stage to 1 volt RMS.
By virtue of the feedback, a low
output impedance of 500 ohms is
achieved, which contributes to the
excellent detected signal linearity of
the system. The feedback also extends
the 3-dB frequency response beyond
70 MHz. A separate output is taken
from Q8 to provide a low-impedance
signal to drive a high-gain AFT circuit,
such as the CA3064.

As shown in Fig. 5, Q9 is an emitter-
degenerated amplifier, with feedback

iz

ZENER
VOLTAGE
REGULATOR

DETECTOR
oc !
AMPLIFIER !
I

|

—0

IF
AMPLIFSER

AGC
AMPLIFIER

Fig. 2—Block diagram of the CA3064 inte-
grated AGC circuit.
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Fig. 3—Basic cascode circuit.

also applied to its collector via R59
and F7. This collector feedback modi-
fies the collector impedance seen by
Q9—hence its gain. The tuned circuits
are buffered from chip-to-chip imped-
ance variations by Q8, and pc biasing
and impedance buffering are provided
by Q23. Fixed-gain amplifier, Q10,
supplies the power required to drive
the linear peak detector.

Linear peak detector

The linear detector must detect the
chroma subcarrier without introduc-
ing differential phase errors as a func-
tion of the video signal and must
detect the video signal with a mini-
mum of amplitude distortion. Two
principles have been used to achieve
the desired results. First, the detector
is driven from a low-impedance un-
tuned source. In many conventional
transistor receivers, the detector is
driven from a high-impedance double-
tuned unequal-Q transformer. Any de-
tector impedance variations due to
normal video excursions can cause
noticeable phase shift, hence consid-
erable emphasis has been placed on
linear detection to minimize these

Fig. 4—Delayed AGC circuit.

phase shifts which can cause color dis-
tortions. The untuned low-impedance
drive circuit provides a near-optimum
detector driving condition. Secend,
the detector is biased in such a man-
ner as to provide detector linearity
comparable to an unbiased point con-
tact diode driven with fwice the sig-
nal. The result is a detector circuit
whose characteristics enable much
lower third-1F power to be used than
ever before in a quality instrument.

The detector transistor, F9 (Fig. 6),
is accurately biased to a low current
by F8, Q11, and R20. Transistor F8
is, in turn, biased to the same poten-
tial as the detector, F9, by the low-
pass filter, R19-C3. This low-pass filter
allows pc biasing while preventing F8
from detecting the 1F signal. Transis-
tor Q11 is also used to render the bias
currents in F9 and F8 independent of
the pc component at their respective
bases. The conventional detector time
constant, R20 and C4, is chosen for
optimum detector efficiency and de-
sired video bandwidth,

Video amplifier

The video amplifier also serves as an
impulse-noise limiter for the video sig-
nal and the sync circuits. Since lim-
ited power is available to perform the
many functions noted, the dynamic
range of the video and third-1F signals
is necessarily restricted. This leads
naturally to a limiting type of system
for impulse noise protection, as op-
posed to noise-inversion techniques
which require excessive dynamic
range and more external components
to assure proper detection of the
impulse noise. Since the detector is

L4 13
INPUT

Fig. 6—Linear peak detector.

directly connected to the video ampli-
fier, the video amplifier must also
cancel the pc level at the detector to
provide maximum video dynamic
range and reference the detected sig-
nal to ground potential. A unique
differential circuit has been developed
which has excellent characteristics for
this application.

Low-pass filters R23-C5 and R21-C7
(Fig. 7) reject the 45-MHz signals
present, while allowing the video com-
ponents to pass. Transistors Q12 and
F10 are impedance buffers. In the
absence of a signal, points C and D
are at the same potential, while R25
and R27 are essentially the same
value. Diode-connected transistor D3
has the same geometry as Q13. By vir-
tue of the diode equation, then, the
current in Q13 is the same as the
current in D3. Since the available cur-
rents are the same, no current is avail-
able for D2, and Q14 is cut off. In
the presence of a detected signal, the
voltage at points D and C remains
fixed. The resulting excess current in
R27 is now shunted into D2, and Q14
conducts. Thus, in the absence of a
signal, Q14 is cut off and the video
output voltage is a maximum near the
B+ supply. In the presence of a de-
tected signal, Q14 can saturate result-

e T DETECTOR

Fig. 5—Second and third IF are combined in a feed-

back amplifier circuit.
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Fig. 7—Video amplifier and limiter.
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Fig. 8—AGC circuit.
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TO'R", FIG.8

Fig. 9—AGC noise protection.

+5v

Fig. 10—Intercarrier sound amplifier and
detector.

Fig. 11—4.5 MHz sound preamplifier.

ing in a video output voltage of ground
potential. It is this ground potential
which is used as the clipping level in
the presence of impulse noise. F12 is
an impedance buffer, and Q15 en-
hances the fall time of the circuit.
Wherever they appear, resistors in the
collectors of emitter followers are
generally placed there for short-circuit
or impulse-noise protection.

Automatic gain control

The AGC circuit is a switching-type cir-
cuit, keyed by the horizontal deflection
system for the conventional keyed-aGc
improvement in impulse-noise per-
formance and for reduced Acc loop
gain during the vertical sync interval.
No adjustments are required for the
AGC, since sync tip level is set very
accurately to 0.8 volt above ground
by this circuit.

As shown in Fig. 8, R32 is a current-
limiting and filtering resistor con-
nected to the video output. When the
video signal falls below about 0.8 volt,
Q16 starts switching off and allows
current to flow into D4, turning on
Q17—the discharge transistor for the
AGC circuit; this removes charge from
the accfilter and bias network. Posi-
tive horizontal keying pulses are sup-
plied to D4 through Z5; Z5 is used to.
develop a 5-volt offset voltage which
prevents false acc action during the
normal ringing which occurs on the
horizontal pulse. Current limiting re-
sistor, R35, protects the 1c from exces-
sive dissipation.

AGC noise protection

High-performance Tv receivers require
AGC noise protection to prevent the
picture from ‘“washing out” or “set-
ting up” on impulse noise. Since
objectionable impulse noise has the
characteristics of very high amplitude
and high frequency components, a cir-
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cuit which senses this information and
reduces the acc-amplifier gain accord-
ingly has been developed. This circuit
is free from ‘““lock-out” yet requires no
additional terminals or external com-
ponents. This is accomplished by C10
(Fig. 9) which will only allow high
frequencies and not a pc component
to pass from the video system to the
AGC system.

Video signals are fed into the high-
pass filter, C10-R36, and the resulting
high frequency signals are peak de-
tected by F13-Cl11. If the detected
signal is great enough to overcome
the offset potential of F14 and Q18
(about 1.4 volts peak), Q18 turns on
and “hogs” current from the horizon-
tal keying circuit resulting in reduced
Acc loop gain—thus preventing AGC
system “set-up.”

Sound-IF subcarrier

The sound IF subcarrier (41.25 MHz)
is trapped out of the video-1F system
—preventing beat interference prob-
lems due to the sound subcarrier inter-
acting with the chroma subcarrier.
To recover the 4.5-MHz intercarrier
sound signal, a separate IF amplifier
and detector is required. Since the
detection level is lower than in con-
ventional sets, a 4.5-MHz preamplifier
is also included, to provide compatible
signal levels with existing sound-1F
circuits.

The sound-1F detector circuit is shown
in Fig. 10. This circuit consists of a
single-stage amplifier, Q20, with im-
pedance buffer Q19 driving the peak
detector, F15. The only special con-
sideration here is in the bandwidth of
the amplifier, Q20, where low capaci-
tance geometry was used.

Intercarrier sound preamplifier

The 4.5-MHz signal passes through
the low-pass filter, R41-C13 (Fig. 11),
which removes the video-1F signals.
The remaining signals are then ampli-
fied by the degenerated differential
amplifier, F16-Q21. Negative feedback
is applied to the base of Q21 through
a filter network, which boosts the gain
of the amplifier at 4.5 MHz, while
maintaining low bpc gain. It is impor-
tant to maintain low pc gain since this
circuit receives its bias in an open-
loop manner from the main video-1F
amplifier.
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that measures 65 x 67 sq. miles.

Internal reference voltage

An internal zener diode reference is
available which can be used to pro-
vide excellent pc stability. Alternately,
the circuit can be powered from an
11.5-volt 30-mA externally-regulated
supply. The low-voltage low-power
single voltage requirement makes this
integrated circuit readily adaptable to
battery-powered Tv receivers as well
as conventionally powered Tv
receivers.

Applications

The complete schematic of the CA-
3068 (shown in Fig. 12) demcnstrates
the complexity that can be achieved
in a monolithic I1c that measures only
65X67 sq. mils using standard high
volume ic process. The use of this
integrated circuit in the high-perfor-
mance CTC-46 and CTC-49 color re-
ceivers and their scheduled use in the
high-performance KCS-186 black-and-
white receivers demonstrate the ac-
ceptance of this 1c as a competitive
component.

&)
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RA7
*400n.
@
ihs R48
R39 iR64 845 i i
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14K 40 ﬁ).: St Il?.! 131
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Fig. 12—Schematic diagram for the type CA3068 integrated IF amplifier. The entire circuit is contained on a single monothlitic silicon IC
integrated circuit. Its high-gain char- biasing for the amplifier. The detector
acteristic (only an 18-mV peak signal is a high-efficiency differential peak
is required to drive it to full output) detector consisting of Q7-Cl, and
makes the circuit very versatile, lead- Q13-C2: Q8 and Q12 provide sharply
ing to its early introduction in the defined pull-in characteristics as seen
CTC-42. This circuit differs from its on the swept-system response. The pc
predecessors primarily in its sensitiv- amplifier is the familiar differential
ity characteristic, and only a brief amplifier configuration consisting of
description of the circuit will be made. Q9, Q11, Q10 and D4. The Acc ampli-
fier, Q6, senses the detected signal at
The 1F amplifier (Fig. 13) is the fa- the emitters of Q9 and QI! and re-
miliar cascode circuit Q1-Q3, with Q2 duces the gain for the signal peaks
acting as an impedance buffer. Tran- and for airplane-flutter conditions re-
sistors Q4 and Q5 provide “dummy” sulting in improved performance.
! (q 5) ®
T)

AFT circuit—type CA3064

The CA3064 Art circuit was designed
specifically for use with the CA3068

RIO RIl
8K 8K

Rl

Q13

C2
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Dé’szj Ti

R7
500

R9

15K
Fig. 13—Schematic diagram for the type CA3064 integrated AFT circuit.
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William J. Greig, Ldr

Packaging Technology

Solid-State Division

Somerville, New Jersey

received the BS in physics from Fordham Univer-
sity in 1953, Mr. Greig joined RCA Electronic
Components in 1953 as a specizlized trainee.
After completion of his training prcgram, he was
assigned permanently to the Semiconductor De-
partment. He was called to military service from
1954 to 1956. He has been active in the develop-
ment of diffusion techniques for both germanium
and silicon. He was responsible in particular for
deveiopment of the phosphorus oxychloride,
boron nitride, and doped-oxide diffusion tech-
niques for silicon. He has been involved in the
application to device fabrication of various tech-
nologies, such as sputtering, vacuum evaporation
and chemical vapor deposition. He has alsc been
engaged in deveiopment of advanced assembly
techniques which have included the early develop-
ment of ultrasonic wire bonding, fabrication and
assembly of flip-chips, and development of the
beam-lead technology. It 1s the latter area where
he has been most active having participated in
the Safeguard Program as well as the earlier de-
velopment work. He is presently responsible for
development of thin-film technology as it applies
to advanced packaging techniques. Mr. Greig has
had one patent issued and has several patents
pending. He has also authored or co-authored
several technical papers. He is a member of the
American Vacuum Saociety.

Beam-lead technology—
a status report

W. Greig | J. Banfield | R. R. Soden

Because beam-lead technology is a relatively new area of microcircuitry, this paper
reviews the progress made in the field to date. Such items as processing steps, manu-
facturing techniques, film deposition, chip separation, and bonding are covered.
Beam-lead devices have already found acceptance in computer assemblies, and more
uses and applications are being discovered. Because of their high reliability and
integrity, such devices are becoming more commonplace.

Joseph Banfield

Advanced Materials and Processes Lab.
Solid-State Division

Somerville, New Jersey

received the BS in physics from Fordham Univer-
sity in 1965. He worked at Philips Laboratory in
Briarcliff Manor, New York, for three years before
coming to RCA. At Philips, he worked on the
deposition of thin films by sputtering. At RCA, he
has been responsible for the thin film lab in the
Advanced Materials and Processes group. He has
done extensive work on the beam-lead metal
system and associated processing. He s presently
an Engineer in the Advanced Materials and Pro-
cesses Lab involved in multilevel interconnections
and dielectric sputtering. He has two patents
pending and is a member of the American Vac-

uum Society.
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Ralph R. Soden

Metallization Technology

Advanced Materials and Process Lab.

Solid State Division

Somerville, New Jersey

received the AB in Chemistry in 1961 from
Rutgers University and the MS in Metallurgy in
1967 from Stevens Institute of Technology. From
1956 to 1961, Mr. Soden worked for Bell Tele-
phone Laboratories. From 1962 to 1963, he was
with the Isomet Corporation, where he worked on
the research. development, and production of
laser crystals. With Bell Laboratories from 1963
to 1968, where he did research on high-purity
metal single crystals. Mr. Soden joined RCA's
Solid State Division in 1969 where he was a
project leader on ROM and LS| technologies. He
s presently project leader responsible for metal-
lization technology. Mr. Soden has eleven patents
issued and has published extensively.
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HE FABRICATION of discrete and
Tmonolithic integrated-circuit chips,
highly reliable and hermetically passi-
vated, is the end result of direct appli-
cation of the planar-process technology
and the more recently developed beam-
lead technology. The planar process
involves the combination of oxidation,
solid-state diffusion, and photochemi-
cal process techniques to form devices
of various configurations that have de-
sired clectrical properties. Beam-lead
technology involves the utilization of
a passivation layer and a multilayered,
metallized, interconnecting system of
unique design which is metallurgically
sound, highly corrosion-resistant, and
readily bondable for attachment to
a suitable substrate or package.

The use of beam leads significantly re-
duces assembly costs and improves
reliability as compared to the wire
bonding method. The reliability factor,
which is dominant in beam-lead tech-
nology, is optimized by use of proper
materials in the fabrication processes.
Current technology uses silicon nitride
as the passivating or sealing layer and
PtSi-Ti-Pt-Au as the metal system for
interconnections and lead attachment.

Beam-lead processing and
techniques

In the strictest sense, beam-lead tech-
nology encompasses a passivating
layer, a multilayered metal system,
and uniquely-designed metallization.
The metallization consists of a layered
structure of platinum silicide, titanium,
platinum, and gold (PtSi-T+Pt-Au).
The metallized pattern and subsequent
processing are designed to yield a chip
in which the attaching leads extend
over the edges of the chip. Fig. 1 shows
typical wafers and illustrates the dif-
ference between a standard or conven-
tionally-metallized pattern (ir which
final lead attachment is accomplished
by wire bonding) and the beam-lead
metallization. In the beam-lead method,
Fig. 1b, the metallized pattern is
brought out into the grid. Subsequent
processing involves removal of the
silicon and the oxide in the grid to
leave the beams cantilevered aver the
edges of the chip and available for easy
attachment to a package or substrate.
The term beam-lead is derived from
the description of the cantilevered

Reprint RE-16-5-19
Final manuscript received December 4, 1970.
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Fig. 2—Metallization system using aluminum with beams of Ti-Au.
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Step 2—Application of platinum and titanium.
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Step 3—Platinum pattern definition.

Step 4—Gold electroplating.

Fig. 3—Process steps in forming contacts and interconnections.

structure and has cvolved as a generic
term identifying any device having
connections designed with an cxtended
beam for ready attachment to a sub-
strate package of similar configuration.

Becam lead connotes the unique con-
nection scheme only, and implies
neither chip hermeticity nor the usc of
any particular metal or combination of
metals. The beam-lead circuit in Fig. 2

Fig. 4—Photomicrograph of an angle lap of
sputtered Pt and PISi.

is similar to that in Fig. tb, but has a
mctallization system consisting of
aluminum with beams of Ti-Au. Al-
though the device shown in Fig. 2 is
identical in eclectrical properties and
operation to that of Fig. 1b, it is not
hermetic in chip form.

The beam-lead process actually com-
plements the well-established silicon
planar technology and consists of the
following processes: a) dielectric
deposition, b) contact opening, ¢)
deposition and formation of contacts
and interconnections, d) chip separa-
tion, and e) beam-lead bonding.

Dielectric deposition

The silicon nitride (SiN,), which
functions as the sealant or passivating
layer, is deposited over the surface of
a silicon wafer upon completion of all
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Step 5—Final pattern definition.

the diffusions and oxidations needed
to preparc the device. This layer is
formed by introducing silane and am-
monia (together with nitrogen as a car-
rier gas) into a reaction tube in which
the silicon wafers are heated to ap-
proximately 800°C. Techniques such
as radiotracer analysis and etch rate
studies arc employed to provide quan-
titative as well as qualitative data on
passivation properties of the film; i.e.,
its ability to act as an effective barrier
against ionic contamination.

Fig. 5—Photomicrograph of an angle lap of
a finished metallized device.
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Fig. 6—Separated chips.

Contact openings

Because of the slow etch rate of silicon
nitride, normal photoengraving tech-
niques cannot be used (o open con-
tacts. When buffered hydrofluoric acid
is used as an ctchant, etch rates arc
typically 1000 angstroms per minute
for thermally-grown silicon dioxide
and 10 angstroms per minute for sili-
con nitride. Silicon nitride on the other
hand is etchable in hot phosphoric
acid, while SiO. is not. Because of this
solubility difference. a process is em-
ployed which makes use of a deposited
and defined SiO. layer as an etch mask
to permit selective removal of Si,N, in
the contact areas.

Deposition of contact and interconnections

Titanium. platinum, and gold are the
basic metals used for the beam-lead
contacts and interconnections. The T
and Pt are deposited by sputtering,
rather than by the more conventional
thermal-evaporation technique used
extensively in the microelectronics in-
dustry. The gold is electrodeposited.

The sequence of steps for deposition of
contacts and interconnections is shown

VACUUM

/

:BEAM-LEAD CHIP

{0) CROSS- SECTION

(b) BOTTOM VIEW

Fig. 7—Beam-lead bonding tool.

schematically in Fig. 3, and is de-
scribed as follows:

Step 1—With contact windows opened,
a thickness of appoximately 500 ang-
stroms of Pt is sputter-deposited over
the surface of the wafer. The wafer is
then heated to 650°C, either in a vac-
uum chamber or in a muffle furnace in
an argon atmosphere, to form platinum
silicide in the contact areas. In the
areas protected with silicon nitride, the
platinum is unreacted and must be re-
moved by chemical etching in aqua
regia.

Step 2—Ti and Pt are sputter-deposited
sequentially, cach to a thickness of ap-
proximately 1500 angstroms.

Step 3—The platinum is defined by
photoresist and chemical etching to
leave a wafer having a continuous layer
of Ti and the interconnection pattern
etched in Pt

Step 4—The Ti layer is then coated
with another photoresist layer and,
with the continuous 77 film used as a
conducting layer and the photoresist
as a plating mask. gold is clectroplated
on the Pt to a thickness of approxi-
matcly 2 to 3 micrometers.

Step 5—A further photoresist step de-

fines the beams, and gold is electro-

plated to a thickness of 12 to 15

micrometers. The 77 layer is chemically

etched to complete the metallization.
The metallurgy of the structured
metals system is extremely sound. The
P1Si used for contact to the silicon is
stable, and forms a low-resistance con-
tact. The PtSi is formed by a solid-
phase reaction and therefore is not
prone to the “spiking” frequently en-
countered with aluminum. The system
is casily controlled: its thickness is
determined by the thickness of the
deposited Pt and to a lesser degree by
the sintering temperature. Fig. 4 is a
photomicrograph of an angled cross-
section of a wafer following Pt deposi-
tion and sintering. Relative thicknesses
of the Pt and PtSi are apparent.

Titanium. because of its high affinity
for oxygen, reacts readily with PtSi,
SiO., and Si,N,, and therefore provides
cxcellent adherence. The platinum
layer is used as a barrier to prevent the
top layer of gold from coming in con-
tact with either the T7 or the silicon at
high temperatures and causing deteri-
oration of the interconnections or
degradation of the device characteris-
tics. The choice of Au as the outer
metal provides the desired standards
of high conductivity and corrosion re-
sistance: in addition, gold is readily
bondable to a wide variety of sub-
strates and materials. Fig. 5 is a photo-
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Fig. 8—Photomicrograph of a typical beam-
lead-bonded chip on a metallized ceramic
header.
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Fig. 9—Typical electronic component as-
sembly.
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Fig. 10—(top) Typical diffusion station and
(bottom} chemical cleaning station.
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micrograph of an angled cross-section
through the active regions of an actual
device; the photo clearly shows the
layered structure described.

Chip separation

After completion of all the metalliza-
tion steps, the process of separating
the chips begins. In the beam-lead
process, this separation involves re-
moval of the silicon from the “streets”
or grids between the chips. The com-
plete process includes a precision
backgrinding or backlapping, a front-
to-back alignment, and a chemical etch
to remove the silicon from the grid.
Fig. 6 shows a section of a wafer fol-
lowing chip separation. Removal of
the chips for bonding following electri-
cal testing can be accomplished in
several ways. With respect to chip sepa-
ration, if (100)-axis crystal is used,
etchants such as potassium hydroxide
can be employed to provide a highly
selective and precisely controlled high-
yield etching process. This type of
anisotropic etch also permits fabrica-
tion of air-isolated integrated circuits
with closely spaced components. This
latter feature is accomplished without
any additional processing steps, re-
quiring only a change in the final chip
separation photomask.

Beam-lead bonding

The actual beam-lead bonding is per-
formed in such a manner that the labor
involved is completely independent of
the number of beams to be bonded,
which is quite unlike the wire-bonding
process. Because all beams are bonded

Fig. 11—Modular in-line concept.

in a single operation, the number of
beams per chip to be bonded is imma-
terial. Although the cost saving real-
ized from the use of beam leads is
rather small on discrete-device chips
because of the additional processing
required, the savings arc significant
in the case of large-scale integration,
medium-scale integration, or conven-
tional integrated circuits in which the
number of bonds increases with in-
creasing complexity.

The actual bonding of the beam leads
to a metallized package or substrate is
performed by a thermocompression
technique. As shown in Fig. 7, the chip
itself is not contacted by the beam-lead
bonding tool during the bonding
operation; therefore, no stress is intro-
duced. In addition, when the bonding
tool is heated to a temperature of ap-
proximately 300°C, little heat is trans-
ferred to the chip itself. The bond

L
Fig. 13—

Beam-lead bonder.
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Fig. 12—Sputtering equipment.

integrity of the beam-lead bonding
operation is readily evaluated by both
visual and mechanical inspection, and
any faulty bonds can be rebonded.
Another feature of the beam-lead
bonding is that chips can be com-
pletely removed and new chips bonded
in place, which is highly desirable in
multi-chip hybrid circuits. Fig. 8 shows
a microphotograph of a typical beam-
lead-bonded chip on a metallized
ceramic header.

Present facilities

Fig. 9 shows a typical beam-lead
integrated-circuit. This assembly, com-
monly referred to as a hybrid inte-
grated circuit, consists of individual
active and passive device chips inter-
connected by a metallized pattern on a
common substrate. Strict in-process
controls and extensive environmental,
mechanical, and electrical testing are
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Fig. 14—Typical device bonded on ceramic
substrate.

used in the manufacture of beam-lead
devices to assure the highest level of
reliability.

The actual manufacturing facility for
such devices, located in Somerville,
N.J., is of the latest design and uses
laminar flow equipment extensively in
all processing areas. The plant equip-
ment, utilizing modular design, is ar-
ranged to complement product flow. A
typical diffusion station and a chemical
cleaning station are shown in Fig. 10.
Fig. 11 illustrates the modular in-line
concept utilizing laminar flow equip-
ment. Pass-throughs are provided be-
tween modules to ease the flow of the
work from station to station. Fig. 12
shows the sputtering equipment and
an inside view of the apparatus, while
Fig. 13 shows a beam-lead bonder.

Samples of beam-lead devices can be
subjected to a series of tests to estab-
lish their integrity and reliability, in-
cluding deliberate contamination with
sodium chloride followed by a 300°C
heat treatment in forming gas with a
bias voltage applied to the devices. A
300°C reverse-bias check can also be
included as part of the final testing.
This type of testing results in devices
of extremely high electrical, mechani-
cal, and structural reliability.

Fig. 15—Developmental 64-bit read-only
memory,

Applications of beam-lead
technology

The use of beam-lead technology has
been extended to a wide variety of
applications. For example, several in-
tegrated circuits have been redesigned
for beam-lead fabrication, and an
increasing number of developmental
circuits are being designed with beam-
lead structure. Fig. 14 shows one of
the devices bonded to a ceramic sub-
strate package.

The assembly methods and the relia-
bility of beam-lead technology are
important factors which make the
technology readily adaptable to large-
scale integration, either for monolithic
single chips with multiple leads, or for
hybrid multi-chips. For example, a
read-only-memory (rRoM) array has
bcen designed and developed which
utilizes the beam-lead technology ex-
clusively.

The roM array consists of an X—Y
bipolar array and includes a fusible
link as part of the interconnection pat-
tern. The fusible link is constructed so
that it is ficld-alterable; i.e., the mem-
ory can be set by the user by “blow-
ing” the appropriate fuse or fuses
within the array. A photomicrograph
of a developmental 64-bit RoMm with a
fusiblc link is shown in Fig. 15. The
fusible-link process has been devel-
oped so that the fuse material is an
integral part of the interconnections
and thus provides a high level of re-
producibility and reliability. This ap-
proach also provides a great deal of
flexibility and is compatible with
either approach to large-scale integra-
tion. For example, a multi-chip array
has been developed utilizing the beam
lead 64-bit RoMm and a thin-film-on-
ceramic interconnection technology.
This latter technology makes use of
techniques such as the “micro-bridges”
or “beam cross-overs’ as well as
“cross-unders.” Both techniques are
illustrated in the Fig. 16. The “beam
cross-over” requires additional proc-
essing: however, the cross-under re-
sults from the beam-lead bonding
process. Upon being bonded. beam-
lead chips will lift from the substratc
and thus permit lines to run under the
chips.

Beam-lead technology also appears to
be adaptable to multilevel metalliza-
tion in monolithic large-scale inte-
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Fig. 16—Multi-chip array with thin-film-on-
ceramic interconnections.

gration where the reliability and
metallurgical integrity of interconnec-
tions are prime considerations.

Fig. 17 shows a high-speed memory
utilizing multilevel metallization
which has been experimentally pro-
duced by beam-lead technology. Sev-
eral other programs investigating
further applications of beam-lead
technology are under way. Additional
work is directed not only toward the
extension of the technology, but also
to the arcas of process improvement
and development.
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Fig. 17—Experimental 16-bit high speed
lead processing.
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Seven RCA
men elected
IEEE Fellows

The seven RCA men cited herein have been
honored for their professional achievements
by being elected Fellows of the Institute of
Electrical and Electronics Engineers. This
recognition is extended each year by the
IEEE to those who have made outstanding
contributions to the field of electronics.

Editor’'s note: In addition to these seven re-
cipients, three recent past RCA employees
received the grade of Fellow from [EEE:
David K. Barton, formerly with Missile and
Surface Radar Div., “for contributions to
precision tracking radar and radar systems
engineering”; Dr. Murray A. Lampert, for-
merly with RCA Laboratories, ‘‘for contri-
butions in the understanding of injected
currents in insulators and semiconductors’’;
Dr. Richard B. Marsten, formerly with Astro-
E'ectronics Div. ‘“‘for contributions to the
development of radar and communications
satellite systems.”

Eugene D. Becken . for contributions to management of
engineering and to the use of computers in international com-
munications.

Eugene D. Becken, Executive Vice President, Operaticns. RCA Global Com-
munications, Inc., New York, N. Y.. received the BSEE from the University
of North Dakota and the MSEE from the University of Minnesota. In 1952, he
received the MS in Business and Engineering on a Sloan Fellowship at
M.I.T. Mr. Becken joined RCA Communications in 1935 as Transmitting
Engineer at the Rocky Point transmitting station. The following year he was
transferred to the New York headquarters where he he'd a number of oper-
ating and engineering positions He became Plant Operations Engineer in
1948 and Assistant Vice President in 1953 He was elected Vice President,
Operations Engineering in 1959, Vicz President and Chief Engineer in 1960,
Vice President, System Operations in 1968, and Executive Vice President,
Operations in 1970. Recently. he has been very active in RCA Global Com-
munications, !nc. automation programs which include the provision and
operation of computers for message and circuit switching systems for
international message traffic and telex services. Mr Becken is a registered
Professional Engineer in New York and a member of the Society of Sloan
Fellows of M.1.T., Newcomen Society of North America. Bankers Club of
America, RCA Institutes Board of Technical Adviscrs, American Association
for the Advancement of Science, New York Academy of Sciences, Armed
Forces Communications and Electronics Association, and Commerce and
Industry Association of New York, Inc. He has been Chairman and member
of the Radic Communications and Space Communications Committees and
a member of Communications Committee of the |EEE. He has published
several technical papers and is a contributor to the Communication System
Engineering Handbook and the Encyclopedia of Science and Technology.

Loren F. Jones, Il . . . for contributions to AM and TV broad-
cast engineering, air navigation, computers, and evaluations of
new technology.

Loren F. Jones, formerly Director, Education Services, Cherry Hill, N. J.
(now retired and serving as a consultant}) graduated from Washington
University and attended the Graduate School of Business of Stanford Uni-
versity. Scon after joining RCA in 1930, he undertock engineering assign-
ments in several European countries. On his return to Camden, New Jersey,
he was active in broadcast and asscciated fields. During 1937—1938,
Mr. Jones was in Russia heading an RCA team on a TV project. During
World War |l, Mr. Jones represented RCA in the marketing and ccordinating
of government research and development projects. He served as chairman
of the Direction Finder Committee and as a member of the Communications
and Radar Divisions of the Office of Scientific Research and Development,
for which he was awarded the Presidential Certificate of Merit. He was a
member of the Scientific Advisory Board of the United States Air Force.
tn 1951, he originated and organized the New Products Division of RCA.
As a result of one of the programs of that division, RCA established
Electronic Data Processing as a new business. Mr. Jones became Marketing
Manager of that business. Later he became Manager, Engineering, New
Business Programs, and finally Director, Educational Development. Mr. Jones
is a member of Sigma Xi, and the Franklin Institute. He is an Associate
Fellow of the American [nstitute of Aeronautics and Astronautics.

Thomas M. Gluyas . . . for technical leadership in the develop-
ment and design of television transmitters and radar equip-

ment.

Thomas M. Giluyas, Jr., Administrator, Transmitting Equipment, Systems
Engineering, Communications Systems Division, Camden, N. J., received the
BSEE from Pennsylvania State University in 1935 where he was president of
the [RE student branch and a member of Eta Kappa Nu. After working on
television research at the Philco Radio and Television Corp., he joined RCA
in 1941. During World War !l, Mr. Gluyas was the responsible engineer in
the design of a series of aircraft search radar antennas. After the war, he
was a senior engineer in the design of the first television transmitter pro-
duced in guantity in the United States. Mr. Gluyas was responsibile for the
development of the first experim2ntal UHF-TV transmitter in the United States,
paving the way for opening of the UHF band to commercial television broad-
casting. He also developed TV transmitter circuits necessary to enable color
broadcasting. Mr. Gluyas has held engineering management positions in
charge of development and design of military airborne fire control radar,
airborne television and infra-red systems, commercial broadcast studio
products, audio equipment, and broadcast transmitters. He is a member of
Eta Kappa Nu. He was chairman of IRE 15.6 and EIA TR4.1 committees on
standards for television broadcast transmitters. He has published technical
papers relating to color television broadcasting equipment and techniques,
and he has been issued 20 U. S. patents in the fields of radar and television
transmitters and antennas.
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Rabah A. Shahbender ... for contributions to magnetic and
ultrasonic devices and computer memories.

Rabah A. Shahbender, Head, Digital Device Research, Digital Systems Research
Laboratory, RCA Laboratories, Princeton, N. J, received the BEE from Cairo
University, Cairo, Egypt, in 1946. He received the MSEE from Washington
University, St. Louis. Mo., in 1949 and the Ph.D. in Electrical Engineering
from the University of !llinois in 1951. From 1946 to 1948, he was employed
by the Anglo-Egyptian Oulfields Ltd and undertook work n seismic explora-
tion. From 1951 to 1955, Dr. Shahbender was on the staff of Honeywell,
Brown Instruments Division, Phila, P2nna, where he conducted research
in the behavior of nonlinear ciosed-locop systems. He joined RCA in Camden,
N.J . in 1955, and worked In the areas of adaptive systems, nonlinear filters,
electron-beam devices, ultrasonic devices, and airborne fire controf systems.
Dr. Shahbender transferred to RCA Lzboratories, Princeton, N. J., in 1959
and has been active in the area of higr-speed digital memory systems He is
presently Head of the Digital Device Research in the Digital Systems
Research Laboratory. Dr. Shahbender received the AFIPS Best Paper Award
in 1963, IR-100 Awards 1n 1964 and 19€9, and RCA Laboratories Achievement
Awards 1n 1960 and 1963. From 1960 to 1966, he was Chairman of the
Department of Electronic Physics. at La Salle College, Evening Division,
Phila., Pa. Dr. Shahbender is a memkter of Sigma Xi, and Eta Kappa Nu,
and a Fellow of the University of lllinois. He has published a number of
papers relating to his work, and holds several U. S. Patents.

Dr. James Vollmer . . . for contributions to radiation, physics,
and quantum electronics, for applied research, and for leader-
ship in engineering education.

Dr. James Vollrer, Manager, Advanced Technology Laboratories, Camden,
N. J.. received the BS in General Science at Union College in 1845, and
the MA and Ph.U. in Physics at Temple University 1n 1951 ard 1956, respec-
tively. His research nterests, publications, and pazents cover a wide
variety of fields, ranging from intrared properties of materia s to plasma
physics to quantum electronics. His professional experience includes, in
order, five years of teaching at Temple University, eight years of supervising
a research group at Honeywell, Inc., and twelve years of research and
development supervision at RCA. Currently, Dr. Vollmer is Manager of
RCA's Advanced Technology Labcratories, a group of 130 engineers and
physicists charged with translating the recent advances of bhasic research
into useful techniques and devices. Typical areas of effort are electro-optics,
optics, lasers, holography, sensors, microwave physics, microscnics, thermal
management, advanced recording tachnigues, pattern recogniticn, LSI-hybrid
crrcuit technigues, semiconductor device characterization, and computer
systems, analysis, and technigues. Dr. Vollmer is a Fellow of the AAAS and
a member of the American Physical Society. His honors include membership
i Phi Beta Kappa, Sigma Xi, Sigma P: Sigma, and Eta Kappa Nu. He is
currently listed in American Men of Science, Who's Who in the East, &nd
Leaders in American Science.

Donald J. Parker . . . for contributions to the field of electro-
optical engineering.

Donald J. Parker. Chief Engineer. Government Communications Systems,
Communications Systems Division, Camden, N. J., received the BS in Optics
from the University of Rochester in 1950 and joined the Applied Research
department of RCA, His early experience included electro-optical engineering
on calor television broadcast, recording, and projection equipment; radar—
IR scan and track equipment; televis on aerial reconnaissance; and high
resolution radar recording. He became supervisor of the Optics Group in
1954 and Manager of Applied Physics in 1957. As Manager of Applied Physics
and iater (1963) Manager of Applied Research, he directed engineering
development and design in electro-cptics, electrostatic printing, super-
conductivity, molecular resonance, and plasma physics. He was responsible
for the initiatiocn of state of the art developments in laser communications
and detection, ultra-wideband video recorders, automatic speech recognition,
thermo-electric cooling and power generation, and a wide scope of applied
research work in computers including circuits, memory, packaging, software
and design automation. Mr. Parker also directed the product design of a
family of classified special purpose computers later produced in large
volume, as well as the advanced product design of classified sophisticated
electro-mechanical systems and communications systems. Mr. Parker was
appointed Chief Engineer of Government Communications Systems in Sep-
tember 1968. He is responsible for engineering efforts covering a broad
scope of advanced techniques, systens design, and product engineering.
Mr. Parker is a member of the American Physical Society, the Optical
Society of America, and the Society of Motion Picture and Televisicn
Engineers.

C. Price Smith . . . for contributions to the processing and
fabrication techniques for large-scale manufacture of shadow-
mask color television picture tubes.

C. Price Smith. Manager, Power and Electro-Optic Products, Industrial Tube
Division, Lancaster, Pa. received the BSEE from the Universitv of Missouri
in 1942, Mr. Smith joined RCA in Harrison, N. J., in 1942 as a production
engineer and transferred to the newly-established RCA plant in Lancaster,
Pa., in 1943. He became Group Supervisor in the Tube Develogment activity
and, in 1948, was made Manager of the Development Shop., In 1954, Mr.
Smith was named Manager, Black and White Kinescope Engineering, Marion,
Indiana; that same year, he becamz Manager, Color Kinescope Engineering,
Lancaster. From 1955 to 1961, he was Manager, Engineering of all picture
tubes. From 1961 to 1963, he was on special assignments for :he Executive
Vice President, Research and Ergineering. He was appointed Director,
Process Research and Developmen: Laboratory, Princeton in 1963, and was
named Director, Consumer Electronics Research Lab. in 1965. In 168, Mr.
Smith was named Manager, Conversion Tube Operations, Lancaster Plant
and in February, 1970, he was promoted to his present position in which
he is also responsible for operations services for all activities at the
Lancaster Ptant. Mr. Smith holds a number of important U. § Patents. In
1952, he was cited in an RCA Victor Award of Merit for centributions to
the development of metal kinescopes. He is a registered professional
engineer, and an advanced class radio amateur. He is President, Lancaster
Chapter, Society for Advancemert of Management; and a Member, |EEE
committee on Manufacturing Technologies, Penn State Sciemce Advisory
Committee, American Association for Advancement of Sciencs, University
Club, and Sigma Pi Sigma.
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A modular system for
consumer electronics

L. P. Thomas

Pre-aligned and pretested modular “black box” functions are the building blocks
of the consumer electronics system described in this paper. Flexibility of design,
ease of manufacture and test, and consumer demands—including serviceability,
reliability, and styling—were paramount considerations in development of the sys-
tem. Naturally, profit optimization is also a strong motive implicit in all these con-

siderations.
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L. P. Thomas, Manager

Advanced Product Development

Black and White Television Engineering

Consumer Electronics Division

Indianapolis, Indiana

received the BSEE from Ciemson University in 1947. He has since taken
courses In Business Administration at the Wharton School of the University
of Pennsylvania. He joined RCA televison engineering in 1947 and became
responsible for the design and development of video-sync-separator, AGC,
and noise-cancellation circuitry for black-and-white television receivers. He
has also designed remoie control circuits and automatic contrast and bright-
ness control circuits and other items related to the television field. He has
23 issued patents. plus patents pending. and has written a number of tech-
nical articles and lectures. He is a senior member of the IEEE.
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ONSUMER ELECTRONIC PRODUCTS

have traditionally followed con-
servative design and packaging phi-
losophies while incorporating, within
that framework, technological ad-
vancements as rapidly as possible. In
today’s marketing-oriented business
environment, traditional techniques
are no longer responsive enough to
maintain RCA’s historical promin-
ence. Therefore, a new and more via-
ble concept has been initiated to help
insure RCA’s future position of lead-
ership in the market place. This con-
cept may best be described as “‘a
modular system for consumer elec-
tronics”’.

The costs associated with this system
arc based on the total costs of doing
business, rather than cost optimiza-
tion in any one department. For ex-
ample, if the solder department were
to use a lower-cost ‘‘rosin-joint-
special” material to make its internal
budget look good, the few thousand
dollars saved in an inferior solder
could conceivably cost the company
millions. A slight increase in material
content to reduce factory, warranty,
engineering, and other costs is one of
the major concepts of this system.

Why the modular approach?

New market possibilities are opened by
our ability to adapt already tooled in-
struments to other uses; the modular
approach provides the flexibility neces-
sary to change models without waiting
for the “annual changeover.” Thus,
new technology or new market re-
quirements can be incorporated with-
out traumatic instrument redesign. For
example, the hybrid-type KCS-176
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Three different production instruments using identical tuners, picture IF modules, sound modules, and video modules. Left is the 9-inch KCS-176
packaged with an AM/FM radio and digital clock; center is the 9-inch KCS-185; right is the 12-inch KCS-177.

modular television was recently re-
designed as an ac/pc portable (Fig.
1); the time for this project was sub-
stantially less than previously required
—due mainly to the modular ap-
proach.

In addition, the availability of skilled
troubleshooters to the consumer as
well as to the factory is an obvious
problem alleviated, to some degree, by
the modular system. Factory rejects
which, for some conventional produc-
tion sets, could be measured in acre-
feet are just as unacceptable as an out-
of-service Tv measured in time units
of weeks by the consumer. In addition,
the cost of a repair call resuliing in a
“shop job” and the cost of repairing
instruments by the acre foot are both
rather disturbing to the people in-
volved.

Engineering
Design objectives

One design objective is to keep the
number of connections to each module
to an absolute minimum; a further
objective is to avoid splitting up func-
tions on different modules. For cxam-
ple, if the 1F malfunctions, it should
not be necessary to change three dif-
ferent modules to find out which one is
defective. Economics and circuit
limitations do not always permit com-
pletely secparate functions for each
module; however, this is atterpted in
so far as practical.

Complete interchangeability of any
given module as well as standardiza-
tion of modules between different
instruments are additional objectives.
The modules are designed as self-

contained “black boxes” such that dis-
crete-component, integrated-circujt, or
ceramic-circuit technologies can be
used interchangeably to perform the
same function. This feature allows
the rapid introduction of new tech-
nology as it becomes available.

Standardized, interchangable modules
can also save many hours of valuable
engineering time. Using traditional
construction methods, identical IF cir-
cuits on printed boards having differ-
ent form factors (to accommodate
various kinescope sizes) have often
resulted in considerable e¢ngineering
cffort. However with the modular con-
cept, the same picture-lF module has
already been used in three different
telcvisions.

Design concept

The design objectives have been ful-
filled by a system that uses prealigned,
pretested, standardized black-box-type
modules, with low-impedance input
and output connections. The 1F mod-
ule is a good example. The input link
circuit is designed such that no addi-
tional alignment or touch up is re-
quired, regardless of the tuner used.
The output of the 1F module is low-
impedance video that can be fed to
various functions on the mother board
in a relatively noncritical manner.
Thus, the 1F module, as well as all
other modules, are at least as inter-
changeable as standard nuts and bolts.
The sound-1F module is another good
example. Its input is 4.5 MHz, and its
output is audio. This module, which
contains a dual-in-line integrated cir-
cuit, is used in four different instru-

www americanradiohistorv com

ments and is planned for several oth-
ers.

The video module provides a good
example of the utilization of different
techneologies within one module with-
out the necessity of retooling an entire
instrument, or having to wait for a
completc model changcover. This
module can be manufactured with
discrete components or ceramic cir-
cuits. The discrete and ceramic circuit
versions would be completely inter-
changeable. The cost comparison of
two different technologies can also be
readily made. In addition, only the
latest versions need to be stocked as
replacements parts.

The 9-inch KCS 176, 12-inch KCS 177
and 9-inch KCS 185 all use identical
tuners. picture I1F-modules, sound-1F
modules, and video modules. Never-
theless, the mother board in the KCS
185 is substantially different from
previous instruments.

The instruments are designed such
that only the low-failure-rate passive
components are mounted on the
mother board. All chassis transistors
are on modules, or arc mounted in
sockets on heat sinks.

Many of these advances increase the
material cost of the receiver. The
connector development in black-and-
white Tv, for example, cost approxi-
mately one cent per contact. The total
area of printed-circuit board material
used in production increased slightly.

Merchandising

The modular approach offers several
advantages to the merchandising ac-
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tivity. Existing modules can be used
with new and different kinescopes or
styling innovations. As mentioned pre-
viously, the use of existing modules
also reduces the time required to in-
troduce new models. Existing models
can also be adapted to special uses if
a special demand arises; whereas,
conventionally built instruments, may
not be adaptable for the quantities in-
volved in an acceptable time span.

There are other interesting possibili-
ties as modules are used in larger
numbers of instruments. If the total
annual market could be predicted
more accurately than the market for
specific models, the factory could be
scheduled to build the total module
requirements without regard to spe-
cific models. The sales plan could be
flexible enough to increase or de-
crease various individual models with
a constant supply of common mod-
ules. Further, if too many modules
were built in any one model year,
they could be used in those future
models that use the identical module
or could be sold as replacement parts.

Manufacturing

Each time a new model is started in
the factory, there is some loss in pro-
duction before the line can be oper-
ated at rate. The number of rejects is
usually higher during start up than
after a line has been running. The first
instrument to use the modular ap-
proach had a minimum of start up
and reject problems compared to con-
ventionally designed instruments.

Let us assume that cold solder joints,
broken and defective parts, etc. are
uniformly distributed throughout an
instrument. One defect in a conven-
tionally built instrument necessitates
the entire instrument being sent for
troubleshooting; production decreases
and reject stores increase. However,
defective modules can be easily re-
placed. The flexibility of changing
modules can be shown statistically
(and in practice) to put more instru-
ments in finished goods—with a given
reject rate. Faults are not uniformly
distributed throughout an instrument,
but the illustration is valid.

Also, a defect in the 1F or tuner sec-
tion in a conventionally built instru-
ment requires considerable effort and
expense to repair, if the defect occurs

late in the production cycle. In a
modular receiver, a tuner or 1F mod-
ule can be replaced without the ne-
cessity of sending the entire instru-
ment to the alignment position a
second time. In addition, a defect in
a module is easier and less costly to
repair than the same defect in an
assembled instrument.

Progressive alignment is onc of the
efficient methods of aligning television
receivers in mass production. This
technique requires an operator to con-
nect an assortment of leads to each
instrument as it progresses down a
conveyer line. After the leads are
connected, the operator aligns the in-
strument and then removes the assort-
ment of required leads. An appreci-
able time of the entire procedure is
consumed in connecting and discon-
necting leads. A socket performs the
connections in a module, with the con-
sequent savings in time.

The amount of skill required to repair
a module is an important considera-
tion in the factory. The number of
parts on a module is relatively small.
A troubleshooter learns the possible
faults rather rapidly and can accu-
rately diagnose the defect. The same
defect in an instrument, as a practical
matter, is more difficult to diagnose
and repair, due to the interaction with
other circuits and the sheer number
of parts in a complete instrument.
Also, modules isolate faults to a par-
ticular area in the manufacturing proc-
ess. A specific example could be a
blank raster on a newly-wired tele-
vision instrument caused by an open
IF coil. In a conventionally built in-
strument, the same kinescope appear-
ance could be caused by the tuner,
AGC circuit, power supply, or video
amplifier. The same fault in a mod-
ule just wired is already confined to
the module under test.

Testing

The investment in factory test equip-
ment is another consideration. Auto-
mation of a modular approach versus
automatic testing and assembly of a
conventionally built instrument must
be considered. The entire subject of
automation is too complex to go into
detail in this article. However, expe-
rience has indicated there is less need
for expensive test instrumentation in
the modular instrument.
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Warranty

Warranty includes labor as well as
parts for certain time periods. The
expense of replacing a soldered-in
component in a repair shop is con-
siderable. The most expensive module
for black-and-white receivers can be
discarded at a lower cost than would
be required if a single carbon re-
sistor were to be replaced in a service
shop. Modules are as ecasily replaced
as a tube in most instances, Also, the
risks of damaging other parts in a
repair shop is less when plugging in
a replacement module.

Serviceability

A large user of television receivers
such as a school or motel could keep
several sparc modules on hand for
rapid service. The ability of a service-
man or dealer to replace modules
without the use of test equipment is
a major advantage. Considering the
expense of time and skill, the advan-
tage of area troubleshooting with
modules as opposed to exact part
trouble shooting should be obvious.

The possibility of a “drug store” type
module tester can be considered as
modules are more widely used. The
serviceman or service center then need
only stock the latest version of a par-
ticular module.

The consumer

The consumer desires quick service.
Replacement of a plug-in module is a
very rapid means of effecting a repair.
The consumer who can replace tubes
can also replace modules.

Summary

The “black box™ concept of plug-in,
pre-aligned, and pretested modular
functions in consumer products has
demonstrated its usefulness as well as
considerable promise for the future.
Actually, this concept has been applied
in several RCA black-and-white televi-
sion receivers in production over the
past year. Factory construction ex-
perience on similar models (built
conventionally and with modules)
demonstrates the validity of the fac-
tory cost assumptions. Although the
concept may be improved with addi-
tional engineering development, the
present marketing flexibility inherent
in this concept is extensive.
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Design trends in solid-state
black-and-white television

J. C. Peer

The design of all-solid-state black-and-white receivers in recent years has been char-
acterized by three major trends: 1) the modular concept, 2) greater emphasis on
reliability and safety, and 3) development of two basic chassis types. These design
approaches, coupled with several significant circuit innovations, have produced a
new line of black-and-white sets that meet higher performance, safety, and reliability
criteria and, at the same time, offer the consumer a wider range of model types and

styles.

HE MARKETS for RCA solid-state
black-and-white televisions have

been expanding rapidly in recent ycars.
One of the nccessary ingredients of
this success has been a new engincering
design approach, which is character-
ized by three major trends:

1) Applications of the modulc concept,

2) Greater cmphasis on sct reliability

and salety, and

3) Evolution of a basic large-screen

chassis and a basic small-screen chassis.
In addition. these major trends which
affect the whole chassis design, there
are noteworthy individual circuit de-
sign trends, including:

1) Added tuner complexity with “com-

patible UliF and vIIF tuning ease,

2) High-performance video-1F inte-

grated circuit.

3) Improved vertical cireuit,

4) Improved horizontal oscillator, and

5) Solid-state high-voltage rectifiers in

all sets.

Reprint RE-16-5-15
Final manuscript received November 23, 1970
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Modular concept

The basic idea of the modular concept
is to build cach major circuit function
on a small separate plug-in module.
An entire set consists of five or six re-
placeable modules which plug into
sockets on the main or ‘“‘mother”
printed-circuit board. The small added
cost of sockets and extra printed-
circuit board material is well offset by
the advantages of: 1) easier factory
troubleshooting and fewer line rejects,
2) faster rcpair in the field, 3) com-
mon modules used in several scts, and
4) added design flexibility. The mod-
ule concept is described more fully in
another paper in this issue.!

The block diagram in Fig 1 shows how
extensively modules are used in our
KCS-183 solid-state nine-inch instru-
ment. All six modules are independ-
ent of 2ach other and the mother board.
Any module may be replaced in the
ficld or the factory in a matter of min-
utes. with no alignment necessary ex-
cept adjustment of a few customer
controls. In our large-screen sets, only
five modules are currently planned
because the audio output circuitry is
too small to warrant a separatc mod-
ule.

Reliability and safety

Naturally reliability and safety of all
our consumer products are very im-
portant. All new solid-state black-and-
whitc instruments carry a one-year
warranty on both parts and labor, and
cvery cffort is being made to continue
to produce the most reliable instru-
ments in the ficld. In addition, special
cmphasis is placed to safety-related
aspects of the design to help insure
dependable performance. As always.
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MODULAR CIRCUITRY
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Fig. 1—KCS-185 modular chassis.

the circuit designs are made as con-
servative as possible consistent with
stringent performance standards and
reasonable cost. Given a conservative
design in which a transistor is well
within its safe operating area, the
solid-state device should outlast most
passive components. Consequently,
morc emphasis is being placed on the
rcliability of some passive compo-
nents, such as capacitors and switches
which must withstand hcavy stresses
every time the instrument is turned
on. In addition to carefully studying
the reliability of individual compo-
nents, considerable effort is being ex-
pended in examining the instrument
as a system to removc safety hazards
that might occur as a result of cata-
strophic failure of any single com-
ponent.

Safe x-ray radiation levels of the
instrument are also important. The
replacement of tube high voltage rec-
tificrs with solid-state devices has
climinated one source of x-ray radia-
tion. To further insure that this radi-
ation remains at safe fevels, limiting
circuits are being used to insurc that
high voltage remains at predetermined
levels even if therc is a catastrophic
failurc in horizontal output circuitry.
Kinescope arcover presents a special
reliability problem in solid-state scts
because of the susceptibility of tran-
sistors to voltage and current transi-
cnts. The circuitry in our solid state
instruments is designed to withstand
higher voltage arcs than the set can
possibly gencrate.

Two basic chassis

Another design trend is the evolution
of a basic chassis for 16-, 19-, and 21-
inch sets and another basic chassis for
7- and 9-inch sets with overlap in the
12-inch screen size. The main deter-
mining factor herc is power.

In the large-screen sets, economics re-
quire a transformless “off the line”
power supply providing a B+ of 140
volts pc. The audio, video, and hori-
zontal output stages operate from 140
volts; the vertical output requires from
15 to 25 volts; and the small-signal
circuits use 12 volts. In these “off the
line” sets, thc low-voltage supplies
are conveniently derived from the fly-
back transformer which reduces power
dissipation and makes power-supply
filtering easier. Of course, the 140-volt
supply becamc practical with the de-
velopment of 1400-volt horizontal out-
put transistors.

The advantages of transformerless *“off
the line™" operation disappear in small-
screen scts because the power and
high voltage requirements are lower.
These sets can be run with a 12-volt
supply from a power transformer. By
adding a power-supply regulator, Ac/
nC operation (as well as constant pic-
ture size) can be offered. The audio,
vertical, and horizontal output stages
use the regulated 12-volt supply, but
the video output still requires a 100-
to 150-volt supply derived from the
flyback transformer.

Most of the small-signal circuitry is

common to both large and small sets.
The video-iF, sound 1F, and video-
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output modules are already used in
several sets including hybrid chassis.
The particular small-signal module
used is mainly determined by perfor-
mance requirements and not chassis
size.

Our design goal, especially in the
large-screen chassis, is to develop a
“standard” mother board and a flex-
ible set of modules that can be pack-
aged into scveral cabinet styles and
with several screen sizes. Performance
can be tailored for the exact screen
size and desired specifications by vary-
ing the modules and using different
components and/or printed circuit
patterns on the same mother board.
Hopefully, this goal will increase stan-
dardization and decrease design time
for new sets.

Individual circuit trends

Added tuner complexity with “compatible
UHF and VHF ease”

Present transistorized VHF tuners gen-
crally have four tuned circuits with a
common-base or common-emitter RF
input stage and with a cascode mixer.
Most UHF tuners use a passive tuned
input circuit with a transistor oscilla-
tor and diode mixer. During UHF re-
ception, the VHF tuner doubles as an
1F amplifier.

The recent F.C.C. requirement to pro-
vide compatible tuning ecase for both
UHF and VHF reception will change
the present system of detented-vHF
and continuous-UHF tuning. Either
more complex mechanical displays
will be used with the present transistor
tuners to provide detented tuning on
both UHF and VHF reception or varac-
tor tuners will be employed for con-
tinuous tuning through the UHF and
both the VHF bands.

Undoubtedly, both systems will be
tricd. The transistor tuners have
proven themselves in the field, but
their mechanical switching requires
mounting directly behind the tuning
controls which is usually near the front
of the cabinet. The varactor tuners,
although more expensive, allow more
styling flexibility because they require
only a control voltage and, therefore,
can be mounted away from the tuning
controls.

High performance video-IF integrated circuit

RCA’s video-1F integrated circuit is
scheduled for our new 19-inch solid-
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state instrument. The inclusion of the
AGC circuitry in the chip itsell helped
make this circuit cconomical for
black-and-white television. This chip
is used in RCA deluxe madels now,
and, cventually, will appear in all
solid-state¢ instruments. This chip’s
advantages and design problems are
described in another paper in this
issue.”

Improved vertical circuit

An inherently lincar vertical amplifier
circuit has been developed and is cur-
rently uscd in the CTC 40C-color re-
ceiver and all solid-statc black-and-
white instruments. Fig 2 is the basic
block diagram. The vertical oscillator
is a switch controlling the class-A pc
amplificr. The amplificr is connected
as a Miller integrater by C1, which
samples the yoke's sawtooth current.
The large ac feedback through Cl
insures a good current sawtooth. With
S-shaping added in the feedback loop,
lincarity of 2% or better is cbtainable
which has allowed elimination of the
vertical lincarity control. However, it
is the lincarity clamp transistor which
makes the circuit practical by quickly
biasing the amplificr into lincar opcra-
tion as soon as the vertical tracc be-
gins. Once the amplifier is in class-A
operation, the linearity is insured.

Another advantage of this closed-loop
system is its immunity to component
variations. This rcpeatability is ideal
for mass production and does not re-
quire tight componcnts tolcrances.

Improved horizontal oscillator. .

Another design innovation is the im-
proved horizontal oscillator using just
one capacitor and no coils (refer to
the block diagram in Fig. 3). The out-
put of the differential amplifier con-
trols the two states of transistor

switch Q1. In one state, the switch
presents a high trip voltage to input
2 of the differential amplifier and
charges C1 toward B+. In the other
state, switch Q1 presents a low trip
voltage at input 2 and discharges C1
toward ground. Assume the first statc
of switch QI. When the differential
amplifier senses that C1 has charged
to the high trip point, the amplifier
actuates switch QI. Now QI starts
discharging, and the low-trip-point,
voltage is applied to input 2. When
C1 discharges to the low trip point,
the differential amplifier flips switch
Q1 back to its original state to rcpeat
the cycle. Automatic frequency con-
trol (Arc) is added by varying the
low trip point.

The differential amplifier and a few
incxpensive glass  resistors  provide
good frequency stability with temper-
aturc and supply voltage variations.
The oscillator’s self-starting character-
istic is inherent, and its horizontal hold
control is a simple potcntiometer. By
contrast, the previous multivibrator
oscillator required a separate starting
circuit as well as a thermistor and
sincwave horizontal hold coil for fre-
quency stability. However, the sine-
wave coil also introduced bothersome
magnetic pick-up problems.

Thus, at about the same cost as the
old circuit, the improved oscillator
provides good stability, no starting
circuit, and no magnetic pick-up prob-
lems. In addition, the new circuit can
more readily be built as a ceramic or
integrated circuit in the future,

Solid-state high voltage rectifier in all sets

Ovecr the last several years, more reli-
ablc sclenium and silicon high voltage
rectifiers have been marketed at more
favorable prices. They are now used

in all solid-statc scts as wcll as most
tube chassis.

Onc arc ol a tube-type high-voltage
rectifier in a solid-state sct will destroy
the horizontal output transistor on the
primary of the flyback transformer.
Thus, tube rectificrs require elaborate
protection circuitry., The solid-state
high-voltage rectifiers do not have this
problem.

Solid-state high-voltage doublers and
triplers arc also available now. The
use of these devices requirces less high
voltage from the flyback transformer
which allows smaller and less expen-
sive flybacks. Assuming the doublers
and triplers are rcliable, they will
probably be uscd in black-and-white
tclevisions when they become cost
competitive with the larger flyback-
tvpe single-stack rectificr combination
now in usc.

Conclusion

RCA is marketing more solid-statc
black-and-white sets. By broad appli-
cation of the modular concept and
greater emphasis on reliability and
safety, RCA will quickly cstablish a
rcputation for reliable operation and
quick repair in all their solid-state
instruments. The use of modular con-
struction and two basic chassis should
reduce manufacturing problems. There
is a continuous cngincering cffort to
improve the performance and/or cost
of individual circuits. As improvc-
ments are developed, the modular con-
cept will cnable us to more quickly
design the new circuits into our pro-
duction solid-statc instruments.
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Modular video-IF systems
for monochrome TV

M. W. Muterspaugh

The advantages of modular construction in consumer electronic products have been
discussed in several papers in this issue. The design of the IF module presented in
this paper illustrates these advantages. The module, which uses the RCA type
CA3068 integrated circuit,? is currently being used on several black-and-white tele-
vision receivers produced by the Consumer Electronics Division.

OST HYBRID AND SOLID-STATE

black-and-white television sets
built by RCA wuse modular con-
struction. Pre-aligned and pretested
modules have reduced production
troubleshooting and simplified field
servicing. Integrated circuits are na-
turally adaptable to such construction.
At present, all modular chassis use a
common sound module encompassing
a 4.5-MHz IF strip, discriminator, and
audio preamplifier in a single RCA in-
tegrated circuit. A new RCA inte-
grated circuit, presently in production,
is being used in a video-IF module
which includes a high-gain 45-MHz IF
amplifier, gated-ACC system, video
driver, and separate 4.5-MHz sound
takeoff amplificr.

Design Goals
Interchangability

Factory production and field servicing
both benefit if modules arc interchang-

Reprint RE-16-5-14
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able without realignment and, prefer-
ably, without readjustment. The tuner
provides a double-tuned transformer
output matched to a 75-ohm link
cable. The IF strip must then provide
a good wideband match to this cable,
or any mismatch will detune the tuner
output transformer. The tuner and IF
module alignment must be held to
close tolerance since errors will not be
correccted by an overall instrument
alignment.

Few adjustments

Elimination of excessive alignment ad-
justments saves labor as well as parts
cost. In a discrete system, an extra
tuned circuit is usually required. The
first stage must be broadband duc to
impedance changes and detuning
when automatic gain control (Acc) is
applied. Double-tuned circuits are
usually difficult to align when only a
minimum number of devices is used
and each must be coupled for maxi-
mum gain. In designing the 1c, extra

stages can be included to produce high
gain and high impedance to minimize
loading of the filter circuits.

Adaptable to several models

It is advantageous to use the same
module in several chassis, saving tool-
ing and production setup time. Since
the same basic integrated circuit is
also used for RCA color, similar sav-
ings are realized in the production of
the integrated circuit itself.

Portability

It is desirable to use a 12-volt supply
and provide means of regulating this
supply. Thus, the module can be used
with a battery pack in a small set.

Size and number of external components

Small size is necessary in a nine-inch
set and often helpful in a larger one.
However, complex coils or transform-
ers can offset the size advantage of the
integrated circuit. It must use small,
easily produced, external components
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—and as fcw of these components as
possible.

Interference protection

Harmonics gencrated in the 1F and
video detector can cause interference
on Channels 6 and 8. All 45-MHz cur-
rents must be well isolated te prevent
interference on UHF channels.

Cost

Cost is always a major consideration
in the highly competitive industry that
television has becomec. Cost savings
can be realized in several ways. The
integrated circuit must incorporate
several related functions and not
merely the high-frequency 1F devices.
For example, the AGc system for a
solid-state 1F strip is costly requiring
three to four transistors. A video
driver can be included to drive the
high power output device directly.
The 4.5-MHz sound must be derived
without cxcessive amplitude modula-
tion and of sufficient amplitude to feed
the sound 1F.

Design

The IF system shown in Fig. 1 was
developed in response to these design

R6
270

goals. Specific design features are de-
scribed in the paragraphs that follow.

Filters

The selectivity is provided in two sec-
tions: the input single-tuned circuit
and trap, and the double-tuned inter-
stage circuit.

A resistive pad is used to terminate the
link cable and isolate the cable from
the high-Q input circuit. The bridged-T
trap circuit is used to give maximum
attenuation to an adjacent-channel
sound carrier that might be present.
Precision components achieve a good
null at 47.25 MHz without the use of
extra nulling adjustments. The input
coil is actually two coils: a small air-
core spring, and a shielded adjustable
coil. This circuit is nearly the equiva-
lent of a tapped coil and provides the
inductive load needed to minimize the
effect of the trap on the passband. This
configuration is realized using minia-
ture, high-Q coils. The circuit Q is
controlled by R; and the resistive in-
put network to give a 3-dB bandwidth
of 3.0 MHz, centered at 44.25 MHz.
Losses in the input circuit are also ad-
justed to center the signal levels within
the 1F-AGe and dynamic ranges.

AGC 11.5V

KEYING ZENER
4.5MHZ it
SOUND VIDEO

FB2

RS
3.3K

R17

= c13 L
= = ci4
OUF T 501

ALIGNMENT
BIAS

r
[—

TUNER AGC
BIAS

Fig. 1—IF amplifier schematic diagram.
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The “T equivalent” circuit is used
for intcrstage coupling to realize a
precision, miniature  double-tuned
transformer. Magnetically coupled
transformers at this frequency are diffi-
cult to manufacture and are physically
large. The mutual element is an air-
core spring winding which is accu-
rately controlled by physical dimen-
sions. In addition, this coil may be
“knifed” to provide simple and effec-
tive coupling adjustment if needed.
The circuit Q’s are each set at 21 and
are controlled by R16 and R18 which
also feed bias for the broadband am-
plifier and sound channels, respective-
ly. The ratio of C7 to C8 is adjusted to
drive the sound channel with a proper
signal level. The spring coil is then set
for critical coupling producing a 3.0-
MHz bandwidth. This is not the opti-
mum Butterworth filter but is chosen
to give proper relationships of the
various IF signals. Picture carrier at
45.75 MHz is set at 50% (depending
on the finc tuning) to give proper re-
ception of the vestigial sideband.
Color subcarrier at 42.17 MHz is
placed low on the response since the
resulting beat frequencies with 45.75
MHz and 41.25 MHz can produce an-
noying patterns on the screen. Sound
at 41.25 MHz is placed fairly low,
between 5 and 10%, to produce an
adequate sound-1r signal at 4.5 MHz
(the hcterodyne of 45.75 and 41.25
MHz) and yet keep intermodulation
low. In addition, there is a printed
“gimmick” capacitor between the in-
terstage and input circuit. This pro-
vides a controlled regeneration at max-
imum gain, causing the double-tunc to
broaden and enhance picture and
sound carriers at very weak signal
levels. Overall sensitivity of the 1F is
approximately 150,V for full video
output.

In general, each section of the filter is
being used to best advantage since
extra components inside the integrated
circuit serve to isolate the tuned cir-
cuits from the stages that have Acc
applied.

AGC system

The acc system is almost completely
contained in the integrated circuit. A
single transistor is used externally to
supply Acc voltage to the tuner RF
stage, and this may be included in later
versions of the 1c. The keying pulse
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Fig. 2—Integrated-circuit and discrete-component IF-amplifier modutes. Note the size reduction with

the integrated version.

is fed in through a series resistance,
the current controlling the amount of
keyed-acc versus average Acc. Time
constants are externally variable by
C13 and C17. Noise immunity is good,
and airplane flutter rejection is ex-
cellent. The integration of the Acc
function is a real cost savings since
discrete systems usc three to four
transistors, precision components, and
often a threshold control for the Acc
gate. A delay or “noise’ control is still
necessary to adjust the ratio of acc
attenuation between the tuner and 1F
strip, but this can be set during align-
ment in a test fixture and need not be
made in cach individual instrument.

Other features

The video output signal is high (7
volts peak-to-peak) at a low imped-
ance suitable for driving the output
device dircctly. This has also elimi-
nated the video bias control.

The sound channel provides a 4.5-
MHz output suitable for use with the
integrated circuit sound module in
present use. The sceparate detector
and amplifier help prevent intermodu-
lation beats with the color subcarrier
and exccssive AM modulation of the
4.5-MHz sound carrier. This is espe-
cially important with the high-level

video output and the relatively low
supply voltage.

A zener diode reference is provided
on a separate pin within the 1c. A
similar discrete component would be
expensive.

Special considerations

As in any high gain system, the ground
pattern and layout are very critical.
Stray couplings and common ground
impedances must be minimized in the
printed board if stable operation and
consistent results are to be obtained.
The basing of the 1c is very impor-
tant.

Interference from the 45-MHz high-
level signals and its harmonics is pre-
vented by careful bypassing and filter-
ing. A 2.7-uH choke, sell-resonant at
the fourth harmonic, is used in the
video output lead. The sound output
contains a ferritc bead. The B+ sup-
ply must be bypassed to give a low-
impedance source for the video driver
stages and also provide a great deal of
high-frequency filtering. The 1.0-xH
choke is made very lossy to prevent
resonance with C10. A high frequency
filter, especially for harmonics of 45
MHz, is made of the ferrite bead and
C12.
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The 1c has advantages in this area in
confining most harmonic currents to
the small area of the chip and then
shielding the 1c package.

Conclusion

The size and component reduction of
the integrated-circuit module com-
pared to the discrete component mod-
ule it replaces is shown in Fig. 2. The
1c module has one less tuned inter-
stage circuit, and the double-tuned in-
terstage is more easily aligned. The
video bias adjustment, which was on
the instrument chassis, has been elim-
inated. The acc gate circuit, which
was on another module in the discrete
system, has been included on the new
1F module—producing size and cost
recductions in several arcas.

The integrated circuit has become a
very practical device for television,
especially when used with a modular
chassis construction using prealign-
ment and testing. The performance is
first-rate at a cost of the most simple
discrete-component system.

References
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Homefax—a consumer
iInformation system

W. D. Houghton

The Homefax concept of producing, in the home, printed copies of information
coordinated with a particular television broadcast would undoubtedly enhance tele-
vision programming services. So, to demonstrate the concept, RCA Laboratories has
developed the various elements required for such a system, including an in-home-type
electronic printer to produce panels of hard copy on Electrofax paper.

OMEFAX, a new concept in home
H information services developed
by the RCA Laboratories, utilizes
existing television channels to pro-
vide additional information compat-
ibly with, and in support of, regular
television programming. In operation,
separately identified panels of infor-
mation are transmitted to the Fome for
display either as still pictures on the
TV screen or as printed copy from an
electronic printer. To achieve com-
patibility with regular television pro-
gramming, the Homefax signals are
multiplexed into the vertical blanking
interval of the standard television sig-
nal at a scan-line-per-field rate. Differ-
ent panels of information are selected
for display by the use of specially
coded signals. For 1v display, the re-
ceived signals—which are stored as
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Fig. 1—Major components of a complete TV-coordinated Homefax system.
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William D. Houghton, Head
Consumer Information Systems Research
RCA Laboratories

Princeton, N.J.

has been associated with RCA for more than
30 years. Mr Houghton was instrumertal in the
development of time division multiplex systems
for RCA communications anc took an active part
in the sarly research on the RCA compatikie color
television system. He headed a team that devel-
oped the first expernimental video tape system (o
record color television signals for broadcast over
a televizion station. Presently his group is en-
gaged in research on home information systems.
One of these systems is the subject of this paper.
Mr. Houghton hotlds over forty U.S. patents in
the fields of time division, celor television, video
tape recording, and communication systems. He
has delivered papers at the National Convention
of the IEEE on time division multiplex system
research anc has co-authored several paners on
both time division multiplex and video tape re-
cording systems. He also deslivered a paper on
Homefax at the 1970 Fall Technical Conference
of the Society of Motion Picture and Television
Enginears. Mr. Houghton is a member of the
Princeton Section of the IEEE where he has held
the positions of Treasurer, Vice Chairman, and
Chairman, and he is active at the National IEEE
Convention as a member of the Information Com-
mittee. He is also a member of the American
Academy for the Advancement of Science and
Sigma Xi.
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complete Tv frames in an electronic
memory—are recalled repetitively at
standard Tv-ficld rates to form a vidco
signal that represents a still picture.
For hard copy, the received signals ac-
tivate the Homefax electronic printer
to produce panels of printed and
graphic material built up at a scan-
line-per-field rate.

Some cxamples of how these hard-
copy pancls could be coordinated with
the tclevision program are: athlete
line-ups for reference during sports
telecasts; cooking recipes produced
during cooking programs; cut-outs or
coloring sheets to accompany chil-
dren’s programs; and cxamination or
homework sheets accompanying cdu-
cational broadcasts.

Homefax concept

As a basis for the discussion that fol-
lows, consider a tclevised cooking
program where the printed copy out-
put is a serics of recipes. As shown in
Fig. 1, the television camera is focused
on the chef, who is preparing a meal,
while the copy-reading camera scans
the various rccipes passing in front of
the lens. The scanning is accomplished
in the samec manner as in conven-
tional television but the scan ratc is
onc scan line for cach frame of the
televised picture. As the different
recipes advance under the camera, a
special code generator produces sig-
nals that identify their content. This
identification signal permits the viewer
to sclect any or all of the recipes being
transmitted. A common timing unit
svnchronizes the code gencrator with
the copy-rcading camera to permit
both the code and information signals
to be multiplexed into the vertical
blanking interval of the program sig-
nal produced by the studio camera.
The composite signal consisting of the
program plus the code plus the
information is coupled to a standard
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Fig. 3—Laboratory test terminal block diagram.

television picture transmitter. A mic-
rophone and an aural transmitter,
together with an RF signal mixer; com-
pletes the transmitting part of the
system.

The reccived signals arc applied to a
television recciver and a Homefax
receiver through a conventional multi-
set coupler from a standard TV an-
tenna. The signals arc compatible with
both color and black-and-white tele-
vision. Included in the Homefax re-
cciver—besides the conventional RF.
iF and video circuitry—arc special
code selecting networks and electronic
controls for the fast-acting clectronic
printer.

VBI Homefax channel

To make the Homefax signals com-
patiblc with regular ftelevision pro-
gram signals, so that the television
nctwork can provide a signal path into
the home, the wunused horizontal
spaces that occur during the vertical
blanking interval (vBI) of a television
signal arc used. As shown in Fig. 2
the first threc spaces of the vertical
blanking interval contain cqualizing
pulses, while the next threc spaces
contain the wide vertical synchroniz-
ing pulses. The following three syn-
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Fig. 2—Horizontal time spaces that comprise the vertical blanking interval.
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chronizing spaces contain another set
of cqualizing pulses. Thus, the first
nine horizontal spaces in the vertical
blanking interval are used for the
vertical synchronizing, while the next
cleven spaccs contain no signal; some
ol these spaces are uscd for the trans-
mission of Homefax information.

These cleven spaces were provided in
the original tclevision signal specifica-
tions to allow the clectron beam in
the receiver picture tube to return to
thc top of the screen to start a new
vertical scan.

Early Tv scts used Dc restoration tech-
niques to maintain reduced return-
scan-linc visibility. However, since the
visibility was a function of the back-
ground controls, and accurate settings
were rarcly obtained by the viewer,
the modern trend in receiver design
is to incorporate vertical-retrace-
blanking circuits that bias the electron
beam ofl while it is being deflected to
the top of thc screen. This type of
vertical retrace  blanking not only
climinates return-scan-line visibility,
but it also makes possible the inser-
tion of modulation in some of the
spaces of the vertical blanking interval.

In the Homefax system described in
this paper, one¢ of the unused spaces in
each vertical blanking interval is used
as a communications channel to send
successive television-type scan lines
from the copy-reading camera. Thus,
the added information is coupled to
thc home receiver at a scan-line-per-
field rate over existing television dis-
tribution facilities.

When one vBr space in cach field is
used to carry one horizontal Tv scan,
then 360 complete 600-scan-line mes-
sages can be transmitted every hour.
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If only three vBI spaces were uscd
for Homefax signals, then over 1000
messages per hour could be irans-
mitted along with the regular televi-
sion program, and no additional vidco
bandwidth, radio frequency spectrum,
or transmission power is needed for
the additional information.

Laboratory test system:
Transmitting system

The signal generating and multiplex-
ing equipment required to test the
technical feasibility of th¢ Homcfax
concept are shown in Fig. 3. The sta-
tion sync gencrator, vidco switcher,
film scanncr, vidco-tape rccarder, Tv
camera, and vidco tape recorder can
be found in most well-equipped tele-
vision program originating facilitics,
The copy timing unit. copy reader,
copy drum, copy linc sclector, copy
catcgory detector, and copy code gen-
crator, together with the copy signal
multiplexer, however, had to be de-
veloped for the laboratory sysicm.

The copy timing unit is a modified
RCA-TG-3 synchronizing pulsc gen-
crator that locks in with thc station
sync generator through a phasc-slip-
ping network that permits the center
scan lines in the odd and cven ficlds
to coincide with a particular space in
the vertical blanking interval of the
video signals produced by the primary
program source.

The copy reader is a modificd RCA
TK-22 television camera that is fo-
cused on the copy fastened to a rotat-
ing drum. Thc copy drum was designed
to accomodate two copy panels; a
cam mechanism triggers the copy cate-
gory detector to produce the appro-
priatc copy identification signal in the
code generator.

The rotational speed of the copy drum
was made variable so that tests could

Field tests.

Bob Sanford of RCA Laboratories with author checking Homefax pr.inters prior to

be conducted to determine the op-
timum value. Nominally, the speed
was adjusted so a complete copy panel
could be scanned in ten seconds. Since
the copy linc sclector selects only the
center line of the video frame from
the copy-reading camera, only the linc
appearing at the top of the drum (as it
rotates in front of the lens) has to be
in focus.

The copy code generator contains cir-
cuits that produce bursts of six difTer-
ent frequencies in two halves of a
singlc VBI spacc. giving a total selec-
tion capability of 36 possible mes-
sages. In the laboratory system, a
scparate vB1 spacc was used for the
code to provide flexibility for the pro-
posed tests. However, it is possible to
produce a large-capacity code in the
form of short bursts that precede the
copy information in the samc vBI
space.

The sclected lines from the copy se-
lector together with the code from the
code generator are multiplexed into
the video signal from the vidco
switcher by a special signal combiner
network. The multiplexed signal is
coupled to a standard closcd-circuit
transmitter for distribution to the tele-
vision and Homefax receivers.

Laboratory Homefax receiver

The rF, 1¥, 2" detector, video ampli-
fier, sync scparator, and horizontal
deflection circuits in the Homefax re-
ceiver (Fig. 4) are basically the same
as thosc in most standard television
receivers. The copy code sclector, the
copy line gate, and the high-voltage
generator, together with  the  thin-
window cathode-ray tube, papcr-trans-
port mechanism and clectrofax toning
unit had to be developed.

In the stand-by condition, the rF, 1¥,
2" detector, video amplifier, svnc

=
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Fig. 4—Homefax receiver—block diagram.

scparator, and horizontal-deflection
circuit arc made operative. When the
recciver is tuned to an active televi-
sion channel, the video signal appears
at the output of the video amplifier
while the horizontal deflection focks
to the received synchronizing pulses
produced by the sync scparator. The
copy sclector is preset to rccognize a
particular code. When this code ap-
pears in the appropriate vBI space in
the received video, operational signals
are coupled to the printer drive motor
contral and the copy-line gatc. The
drive motor moves the paper from the
supply reel to the storage reel, and
the copy-line gate connccts the control
clectrade of the thin-window cathode
ray tubc to the information signal ap-
pearing in a predetermined space in
the vertical blanking interval. Thus,
when the code sclector receives the
proper code, the electron gun in the
printing tube is connected to the copy
signal for the duration of one hori-
zontal scan for each successive blank-
ing interval. Thc copy signal intensity

Fig. 5—Thin-window cathode ray tube.
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Fig. 6—Homefax receiver and electronic
printer.

modulates the electron beam in the
thin-window tube.

As the Electrofax paper is drawn from
the supply reel to the storage reel, it
passes first a charging unit that bathes
the paper in an ion field, charging the
zinc oxide surface to saturation. When
the charged paper passes in front of
the thin-window tube, the light from
the phosphor screen discharges the
zinc oxide coating in a pattern corres-
ponding to the light variations. The
“cxposed” paper then passes through
a liquid reversal toning unit that de-
posits black toner particles in the
arcas that were discharged by the
light. As the paper is drawn from the
toning unit, the volatile toner carricr
dries quickly leaving a permanent
copy of the selected information on
the Electrofax paper.

A viewing window permits immediate
observation of the printed-copy panel
as it passes onto the storage reel.
When the complete message is trans-
mitted, the code signal ceases, and the
printer motor and copy-line gate in the
receiver are automatically shut off,
while the remainder of the circuitry
returns to a stand-by condition await-
ing the arrival of another preselected
cole signal in the chosen vBI space.

Thin-window cathode-ray tube

The thin-window cathode-ray tube,
which exposes the Electrofax paper,
was invented by Roger Olden,' a
former member of the RCA Labora-
tories. now retired. Although the
original metal-funnel tube, which
used mica for the thin window, had
the potential of exposing the Electro-
fax paper at the necessary scanning
rates, further development was ncces-
sary to make it satisfactory for Home-
fax use. The required developments
were:

Dennis Dorsey of RCA Laboratories at
control point of field tests.

1) An all-glass tube containing a glass
thin window to reduce the manufactur-
ing costs;
2) A bulb design that would permit
mass production;
3) A match between the spectral re-
sponse of the Electrofax paper and the
spectral characteristics of the thin-
window tube phosphor; and
4) A controlled spot size that would
permit resolving at least 100 lines per
inch on a window 4 inches long and
1/10 inch wide.
A number of these tubes (Fig. 5) were
produced by Electronic Components
in Lancaster, Pa., for usc in Homefax

system tests.

System tests

By the mid 1960’s, most of the units
that required rcsearch and develop-
ment were built, and a complete
Homefax signal genecrating facility
was set up in the laboratory. Also sev-
cral experimental receivers (Fig. 6)
were constructed to operate with the
laboratory signal source.

For approximately one yecar, tests
were conducted on the system. and
modifications and improvements were
incorporated to establish satisfactory
operation. Since test results proved
technical feasibility in a laboratory
environment, plans were made to initi-
ate a series of on-the-air tests, using
the commercial television broadcast
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Fig. 7—Experimental Homefax terminal de-
veloped for NBC.
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Bill Bruce (also of RCA Laboratories) re-
cording information on received copy dur-
ing field tests.

facilities of WNBC-TV in New York
City, to obtain operational data.

Before interconnecting with the tele-
vision system at NBC, a more elabo-
rate and ruggedized copy-reading and
signal-multiplexing cquipment had to
be constructed. Fig. 7 shows the
Homefax terminal that was con-
structed by the Broadcast group in
Camden, New Jersey. This cquipment
contains four copy-reading cameras
that scan cight copy panels to provide
information signals for four VBI
spaces. For test purposes, the identi-
fication code unit was designed to
insert the codes in any onc of the
unused VBI spaces. Also included at
the request of NBC operations per-
sonncl, was a remotc switching cap-
ability that permits the equipment
to be operated from the television
master-control center. Another feature
incorporated in the equipment is an
automatic fail-safe arrangement that
would completely remove the Home-
fax signals from the transmitted video
should unlocked timing or any other
malfunction occur.

Field test

The five racks of equipment were set
up in a special room at NBC in the
RCA Building in New York City, and
video signals originating in one of the
NBC studios were sent from the tele-
vision master control to the Homefax
unit, where code and information sig-
nals werc added. The composite video
signal from the Homefax signal adder
was then sent back to Tv master con-
trol over coax cables installed for
this purpose. Since all signals were
coupled through master control, NBC
operating personnel had complete con-
trol of all signals being sent to the
Channel 4 WNBC-TV television trans-
mitter located in the Empire State
Building.
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Fig. 8—Homefax mobile unit ready for
travel.
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Twenty Homefax receivers were con-
structed at the Home Instruments
Division in Indianapolis, Indiana, for
distribution in the New York, Con-
necticut, Pennsylvania and New Jersey
receiving locations.

A mobile receiving unit, shown in its
ready-for-travel condition in Fig. 8,
was constructed to provide flexibility
in the choice of receiving sites. Fig. 9
is an interior view of the mobile unit
showing the black-and-white televi-
sion receiver, the color receiver. two
Homefax receivers and an oscillo-
scope. plus miscellancous test equip-
ment. A telephone was included to
provide communications to the Home-
fax test control center at RCA Labora-
torics in Princeton.

Fig. 10 is an exterior view of the
mobile unit, setup to receive signals
picked up by the rotatiblc tclevision
antenna atop the 40 foot telescoping
mast.

Test results

A series of test transmissions were con-
ducted from Junc 29, 1967 through
November 3, 1967, with recciving lo-
cations at Farmingdale, L.I., Princc-
ton, N.J., New York City, N.Y..
Norwalk, Conn., Harrison, N.J., Lum-
berton, N.J., Langhorne, Pa.. Asbury
Park, N.J., Lakewood, N.J., Moores-
town, N.J., Suffern, N.Y., Livingston,
N.Y. and Kingston, N.Y. The King-
ston tests included a CATV system to
receive the distant signals from New
York City.

Although these tests proved the tech-
nical feasibility of the system, they
also cxposed some arcas neceding in-
novation and improvement. Rescarch
is continuing on improved coding,

J Mia ]
Fig. 9—Interior of Homefax mobile unit.

synchronization systems, and elec-
tronic printers. As with any new idea.
the problems determining whether or
not a profitable business can be estab-
lished are indeed complicated and are
outside the scopc of this paper.
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Single-vidicon color
camera for home use

C. D. Boltz | J. H. Wharton

The development of a single-tube color TV camera for use in the home involved the
close cooperation of several RCA divisions. The camera is based on the principie of
color encoding stripes which generate amplitude-modulated color carriers in the
camera output signal. This concept was first described by Ray Kell of RCA Lab-
oratories, Princeton, N.J., in the early 50’s. The device can be used as the pickup
device for a home video tape recorder, home theater systems for viewing color slides
or movies, and in prerecorded video systems. It is presently being applied to the
SelectaVision system. Area-sharing color systems provide some unique problems not
found in multi-tube color cameras. These problems plus problems associated with the
development of a color camera specifically for the home market are discussed.

HE DEVELOPMENT OF A COLOR TV

CAMERA which uses a single pickup
device represents a significant building
block from which several new product
concepts can be derived. In December,
1965, the New Products Activity of
Consumer Electronics began such a
development. The original intent was
to develop a basic single-vidicon color
tv camera which would eventually be-
come the core of a family of new
products. The production evolution
chart of Fig. 1 indicates the original
product concepts envisioned for such
a device. Initially the camera, in port-
able form, would constitute the pickup
device for a home video tape recorder
(vTrR). In this capacity, the camera
could serve as a home movie camera
or could be used for home surveil-
lance. The camera/vTrR combination
would undoubtedly find its way into
many high schools and colleges to
serve educational or sporting func-
tions. For the amateur photographer,
a package which will display 35-mm
slides or 8-mm home movies, or both,
would permit convenient daytime
viewing. The color camera core also
provides another method whereby the
concept of prerccorded video systems
can be implemented, either through
the use of film or holographic record-
ing techniques. Products also can be
conceived which combine two or more
of these functions.

History

Original system studies were begun in
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1966 by the Stanford Research Insti-
tutc in Menlo Park, California, under
the direction of, and by contractual
agreement with, Consumer Electronics
Division. In February, 1967, equip-
ment was initiated by CE in Indiana-
polis in close coordination with the
research effort at Stanford Research
Institute. In addition to the interest in
such a device for the consumer mar-
ket, the potential for a single-tube
camera was also realized by the
Broadcast and Communications Di-
vision; and by midyear, 1967, coop-
erative development effort was under-
taken by the Division at the Burbank,
California, location.’

It should be noted that there are

significant differences in development
concepts for equipment designed for
the consumer market and those devel-
oped for the commercial market. The
most significant difference is in the
skill level of the eventual operator of
the equipment. Where Tv cameras for
professional or semi-professional use
can be equipped with many controls,
and a certain degree of operator skill
can be assumed, little or no skill must
be assumed when designing a similar
camera for the consumer. Consequent-
ly. the camera must be designed for
automatic operation. A second signifi-
cant difference concerns eventual sell-
ing price of the device. Where the pro-
fessional camera can be priced in the
$2,000 to $20,000 range, the camera
for the consumer must be priced at
perhaps less than $250.

Color encoding system

Since the color encoding system of the
single-tube color camera has been de-
scribed in much detail in various
publications, it shall be only briefly
reviewed here.

Tn operation, a color scene is focused
on the faceplate of a vidicon through
a set of encoding filters. The encod-
ing filters are generally dichroic-type
filters which pass certain light wave-
lengths and stop others. One filter,
which passes blue and green light but
blocks red light, is made into a set of
stripes such that there are 260 stripes
of filter material separated by equal
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stripes of clear area. These stripes are
aligned at right angles to the horizon-
tal scan of the camera such that dur-
ing the beam-scanning actiorn of the
vidicon, they causc an electrical signal
at 5 MHz to be generated. Since the
stripes block red light, the resulting
amplitude of the 5-MHz signal is pro-
portional to the instantancous amount
of red light being blocked by the filter.
A similar stripe filter is made up of
bluc-light-blocking material. ts spatial
frequency is such. or it is oriented as
such, that an clectrical signal at 3.5
MHz is generated by the vidicon scan-
ning action. The amplitudc of the 3.5-
MHz signal is thercfore proportional
to the instantaneous amount of blue
light being blocked by the filter. In
the clear areas of the stripe filters, the
cntire signal is allowed to pass. This
signal contains the red. blue, and green
information of the scenc, and therefore
provides the remaining information to
recreate the original scene.

The composite video signal from the
vidicon thus consists of wideband
scenc luminance information from nc
to beyond 5 MHz. The red informa-
tion is contained in amplitude modula-
tion of a 5-MHz carrier on this signal,
and the blue information is contained
in amplitude modulation of a 3.5-MHz
carricr on the signal. The luminance
information is band-limited in the
camera circuits to 3 MHz. and the two
color carriers arc extracted from the
composite signal and amplitude-de-
tected to recover the red and blue
signals. In appropriate matrix circuits.
the proper signals are developed and
fed to a color monitor or receiver.

Developmental problems

It was recognized carly that the color
camera system being developed pre-
sented many unique problems. Two of
the most significant problems previ-
ously mentioned are those of provid-
ing a completely automatic. ‘““hands
off* system and of providing the de-
vice at a selling pricc compatible with
consumer products. The low pricc as-
pect of the development almest auto-
matically ruled out any design which
required the extensive usc of high-
quality optics. For this reason major
cmphasis was placed on the develop-
ment of a vidicon with encoding
stripes included as a built-in featurc.
This climinates the need for optics of
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a quality necessary to image the high
spatial frequency of the encoding fil-
ters on the vidicon photoconductor.
Through the cooperative cffort of Elec-
tronic Components at Lancaster. Penn-
sylvania, a program was initiated to
develop appropriate filters and the
techniques for fabricating them into
the vidicon. This effort is discussed in
greater detail in the section entitled
“Spectraplex Development.™

The extreme light sensitivity of the
vidicon makes it possible. in principle,
to provide a live color camera capable
of operation in normal room light (ap-
proximately 50 Im/ft* scene illumina-
tion). It is desirable to preserve this
fcature. One problem which ariscs in
this regard is the climination of lumi-
nance-to-color crosstalk. As  with
NTSC, there arc certain luminance
signals within a scene which cause the
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color sensing circuits to respond since
they do not know if a 3.5 MHz or a
5-MHz signal is actually caused by
encoding filter action or by scene cen-
tent. The most cffective way of avoid-
ing this problem is to slightly dcfocus
the scene ahead of the encoding filters
such that spatial frequencies cquiva-
lent to color carricrs are attenuated.
Because of picture vertical resolution
requirements. it is desirable to defocus
only in the horizontal plane. An astig-
matic lens can be used for this pur-
posc: however, for the consumer. it
provides a focusing problem because
there are now two points at which the
image can be focused, only onc of
which is correct. A vertical grating of
opaque and clear stripes which dif-
fracts the light and cffectively provides
a “notch” spatial filter can also be
used where ample scene illumination
is available. It does. however. reduce

65


www.americanradiohistory.com

the available light to one half. To ac-
complish the luminance-to-color cross-
talk elimination with the least light
loss, a phase grating was used in direct
contact with the vidicon faceplate.
When properly designed, this tech-
nique practically eliminates the cross-
talk problem with a light loss of less
than 20%.

Although size and weight were not
particularly of concern for the devel-
opmental prototype and feasibility
models, in the final version these two
factors will be quite significant. For
this reason, all design and develop-
ment concepts had ultimate size and
weight considerations as factors. Co-
operation between styling, marketing,
and engineering will be required to
arrive at a satisfactory solution to this
problem.

One of the more serious problems as-
sociated with the development is that
of camera resolution. Perhaps the
most undesirable feature of the encod-
ing system chosen for this work is the
fact that it is an unbalanced system.
The reproduction of grey steps through
white all require the proper balance of
the three decoded signals: luminance,
red, and blue. A loss of focus results
in a loss of the color carriers, a result-
ing loss of red and blue signal, and a
consequent “fail to green” condition.
By the same token, poor focus uni-
formity over the vidicon photocon-
ductor can result in green shading
problems. Two serious problems are,
therefore, vidicon rolloff characteris-
tics due to beam spot size and electron
ballistic problems which result in
focus, or focus uniformity, problems
aggravated by beam shape distortion.
The solution to these problems is dis-

cussed in more detail in later para-
graphs.

Certainly not the least of the develop-
mental problems associated with the
color camera is that of providing the
proper colorimetry.

Colorimetry

Faithful reproduction of scene colors
is, of course, of paramount importance
in any color imaging system. It is, per-
haps, even more important in a live Tv
camera in the hands of the consumer.
In a Tv broadcast situation, there are
very few scene details about which the
viewer knows the true colorimetry.
Where both the object and its repro-
duced image can be viewed simul-
taneously, the viewer is more aware of
errors and may be much less forgiving.

In an area-sharing system such as the
one being described, electronic correc-
tion of color signals is perhaps more
difficult to achieve than in a device
containing 3 or 4 pickups. The receiver
is predesigned to assume signals pro-
duced or corrected for a particular
color temperature for white, which
assumes the proper luminance con-
tribution from each of the primary
colors. To avoid additional matrix cir-
cuitry which adds cost to the final
product, and the additional signal
handling which contributes to a lower
signal-to-noise (S/N) ratio in the final
signal, it is advantageous for the sig-
nals, as detected, to have their proper
relationships. Unfortunately, anything
in the optical path which has other
than a flat spectral output, response,
or transmission characteristic alters
this relationship. For this reason, it is
necessary to have control over the
color temperature of the illumination
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source, the spectral transmission char-
acteristics of the encoding filter stripes,
the spectral response of the vidicon,
and even the spectral characteristics
of any antireflective coatings on the
optics used in the camera.

For the home camera, it was assumed
that a color correction filter of some
sort would eventually be used to cor-
rect for indoor (tungsten) and outdoor
(daylight) differences. In order to pre-
serve the low light sensitivity of the
camera, it is desirable not to reduce
sensitivity by the application of a filter
during indoor operating conditions
where light level may already be mar-
ginal. For outdoor operation, light
levels will normally be more than ade-
quate, and a filter can be used with
little sacrifice of sensitivity limitation.
It is therefore desirable to tailor the
remaining parameters for tungsten il-
lumination (approximately 3200°K).

Once the illuminant is known, the
spectral characteristics of the encoding
filters can be calculated, based on the
assumption that the vidicon spectral
response is known and that there are
no other spectral changes taking place
in the optical path.' Typical response
curves for the encoding filters are
shown in Fig. 2 by the dotted lines.

Perhaps one of the most important
considerations in the design of the en-
coding filters is the spectral response
characteristics of the vidicon. During
the development of the camera, it very
soon became obvious that vidicon
spectral response was not uniform
from one tube to another. It became
possible to correlate, to some degree,
the spectral characteristic to the vis-
ually observed color of the faceplate.
Those that appeared blue did, in fact,
reflect blue light and were conse-
quently low in blue sensitivity. These
slight differences in spectral response
which were insignificant for black and
white cameras present more of a prob-
lem in the area-sharing color system.
These slight differences are also insig-
nificant for 3- and 4-vidicon devices
where each tube is only concerned
with a single color detection, and not
the relationship between colors. In ad-
dition to colorimetric errors in the
make-up of the luminance signal, the
color S/N ratio and the luminance-to-
color crosstalk problem are aggravated
by the increased gain necessary to re-
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Fig. 3—Typical vidicon signal transfer char-
acteristics as seen by camera encoding-
decoding system.

store the loss of a particular color sen-
sitivity. Too much sensitivity in the
near-infrared region is also a problem
because the encoding stripes encode
the infrared as a visible red signal. In
strong infrared illumination, such as
with tungsten light sources, colorim-
etry can be affected quite seriously.
The effect is also noticeable with out-
door lighting and infrared reflective
objects such as foliage. Through inter-
divisional cooperation, some new tech-
niques have been found which afford
better control of the spectral charac-
teristics of the vidicons.

Considerable effort went into the anal-
ysis of the vidicon nonlinearity prob-
lems. The dynamic signal character-
istics of the vidicon contribute greatly
to the accuracy of the reproduced
colors. Although the average gamma
of the 8507A vidicon is quoted as 0.65,
the variation in gamma under some
operating conditions is not negligible.
The resulting effect of this variation in
gamma, with this color encoding sys-
tem, is that the nonlinear color signals
developed do not have the same rela-
tionship with respect to illumination
as does the luminance signal. Thus it
is impossible to have grey scale track-
ing without some degree of signal
modification. Fig. 3 shows the non-
linear relationship.

It is the variation in gamma with
luminance level that causes the great-
est problem. Since the color signals are
generated as increments of the vidicon
transfer characteristic, the changing
gamma causes a marked difference be-

tween the transfer characteristic of
the color signals and the luminance
signal. The solution to this problem
was to cause the gain of the color
channels to be controlled as a function
of luminance. This solution provides a
good grey-scale tracking and does not
deteriorate color S/N ratio.

Obviously, many parameters affect the
colorimetry of the entire system. It
was found advantageous to establish
a computer program to calculate out-
put signal changes as the various sys-
tem parameters were changed at will.?
The program simulates the camera
looking at an illuminated slide of a
saturated color bar pattern. It calcu-
lates the result of the vidicon scanning
action and the signal processing cir-
cuitry and provides information to
describe the output signals. Even if
the computer program had not been
used as an aid in the design of the
encoding filters, the effort involved in
obtaining correlation between the
computerized system and the labora-
tory system led to the understand-
ing and eventual solution of many sys-
tem problems. Once correlation was
achieved, the program did become a
valuable tool in the overall develop-
ment program.

The input data for the program con-
tains the following information:

1) The date of the particular run.

2) Description of the run.

3) Type of illuminant incident on the
color bar slide and its spectral distribu-
tion.

4) Description of the color bar slide
and the spectral transmission character-
istic of each of the bars.

5) Vidicon data and its spectral re-
sponse characteristic.

6) Red-encoding filter spectral transmis-
sion characteristic.

7) Blue-encoding filter spectral trans-
mission characteristic.

The output information from the com-
puter run consists of the following in-
formation:

1) Luminance signal (Y).

2) P-P red carrier signal.

3) P-P blue carrier signal.

4 R-Y,B-Y, and G-Y signals.
5) Green signal.

6) X and Y coordinates for Vectorscope
presentation.

7 )Relative red and blue S/N ratios in
dB.

8) Relative red and blue luminance-to-
color crosstalk figures in dB.

A typical plot of the most useful out-
put information is shown in Fig. 4. As
a result of many test runs on the com-
puter program, the desirable vidicon
spectral response was defined, limits
were established on the spectral char-
acteristics of the encoding filters, and
the effectiveness of the gamma correc-
tive circuitry was determined. Encod-
ing filter limits are shown in Fig. 2 by
the solid lines. Fig. 5 shows the desir-
able vidicon spectral response for this
system.

Choice of camera tube

The camera tube must be small, in-
herently inexpensive, and suitable
with modifications for mass produc-
tion. It must also be capable of suf-
ficient output at 400 Tv lines to give
good S/N. These requirements dic-
tate the use of the 1-inch vidicon
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Fig. 5—Desirable vidicon spectral response.

camera tube. The high sensitivity,
low lag, low dark current, and linear
transfer characteristic of lead oxide
photoconductors would also be advan-
tageous. However, this type of photo-
conductor is unlikely in the near future
to be inexpensive. The tube chosen is
therefore the 1-inch vidicon with the
antimony trisulphide photoconductor.

There remains the choice of electro-
magnetic or electrostatic deflection
vidicons. Electrostatic vidicons do not
require a focus coil with its attendant
power consumption; also, they have
more uniform but lower resolution.
Electromagnetic vidicons have higher
resolution and the capability of sim-
pler construction, but would require
close control over both the operating
voltages and the focus current to pro-
vide focus stability. Tests using exter-
nal optical filters with both types of
tubes led to the choice of the 8507A
electromagnetic vidicon for its super-
ior resolution characteristic.

The dark current of antimony trisul-
phide photoconductors varies with
target voltage and temperature. This
produces a pedestal in the green signal
but not in the red and blue signals
derived from carriers. The result is a
background and grey-scale tracking
problem. The solution is the elimina-
tion of the pedestal in the green signal.
The simplest solution, that of cancella-
tion, was employed in the feasibility
cameras with the amount of cancella-
ation dependent on target voltage and
temperature. Clamping on scene black

rather than dark current is a more
elegant but more costly solution.

Gamma correction

As already explained the red and blue
signals from the camera output do not
track the luminance signal, and the
carrier signals must be gamma cor-
rected as a function of luminance.
Another possibility is to linearize the
composite camera signal. A nonlinear
circuit of this type, however, could in-
troduce beats between the carrier fre-
quencies of 3.5 and 5 MHz. Additional
gamma correction would then also be
required to compensate for the kine
gamima. For these reasons, and in the
interests of simplicity, it was decided
to correct the carriers as a function of
luminance. This was accomplished
with the circuit of Fig. 6. In this cir-
cuit the composite camera signal is
clamped to ground and applied to the
base of transistor Q1. The collector
load comprises the tuned circuit tuned
to one of the carrier frequencies. Di-
ode DI in the emitter circuit can be
biased by VR2 to conduct when the
signal at the junction of R1 and R2
exceeds the voltage set by VR2. The
emitter resistor R2 is then bypassed
by the diode, VR1, and capacitor C.
The gain, when the diode is conduct-
ing, can be varied by VR1. The gain
of the stage can therefore be made
dependent on the amplitude of the
luminance signal at the emitter. By
adjustment of VR1 and VR2, the de-
tected red and blue signals can be
made to track. However, there are still
some errors due to gamma. Theory
shows that the green vector amplitude
is too low." The simplest solution
found is to amplify the negative-going
portions of R-Y and B-Y more than

SIG OUT

Fig. 6—Color gamma correction circuit.
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the positive-going portions. This can
be performed by diode resistor com-
binations across the collector loads in
the R-Y and B-Y matrix amplifiers.

Vidicon focus and deflection

The most difficult problem in any
camera of this type is uniform resolu-
tion of the filter stripes. The camera
tube must resolve the vertical and dia-
gonal stripes equally over the entire
scanned area if a uniform white or
magenta field, for instance, is to be
reproduced. In addition the carrier
amplitude recovered by the camera
tube must be of large enough ampli-
tude to give an acceptable S/N ratio.

Striped filter cameras particularly il-
luminate all the electron optic prob-
lems of camera tubes. Examination of
the recovered carriers from the camera
using existing focus-deflection units
shows poor corner focus and severe
astigmatism to be present. While some
of the defects can be attributed to the
camera tube, the major errors are in
the focus-deflection assembly.

For a home instrument, a low-cost
solution to generation of the vidicon
high voltage would be to use a flyback-
type of high-voltage supply. To main-
tain focus, very good regulation of the
vidicon electrode voltages is required.
In addition, scan amplitude must be
kept constant to maintain the carrier
frequencies in the center of the pass-
band; otherwise color smearing and
even loss of carrier amplitude can re-
sult. Horizontal scan linearity also
must be good, and it was decided that
a total variation due to nonlinearities
and scan amplitude changes of +2%
was probably acceptable. Coupled
with this, the vidicon voltages must
be controlled to better than 12%.

Calculations showed that there was in-
sufficient stored energy in the existing
deflection assembly to provide a usable
high-voltage supply, and some addi-
tional scan energy would have to be
expended to provide enough flyback
energy for the vidicon voltages. It was
also unlikely that the focus uniformity
problems in the existing assembly
could be solved satisfactorily.

Otto Schade at the Harrison, N.]J.,
plant showed us a vidicon focus and
deflection assembly that solved the
electron optic problems and would
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be most suitable for a striped filter
camera. Unfortunately, the power re-
quirements were too high for a home
instrument.

Castleberry and Vine in 1959 disclosed
a vidicon focus and deflection assem-
bly with the deflection yoke outside
the focus coil to improve the resolu-
tion and eliminate the beam landing
error, at that time a problem in vidi-
cons.' The beam landing error has
since been solved by the use of an
electrostatic lens between G3 and G4,
but it was thought possible that this
type of inside out assembly could be
tailored to improve corner focus and
spot shape” It was also felt that a
cheaper assembly could be made this
way. Valuable assistance was given by
the CE’s Magnetics section in sclecting
and modifying an existing yoke. The
vidicon G3, G4 voltage ratios were
kept at their standard values. Previous
work had shown this ratio to be about
optimum for minimizing the beam
landing error. The best focus coil field
for minimum spot was found by trial
and error. The improvement in focus
uniformity was very marked. With
some vidicons, corner carrier ampli-
tude went from 20% of center to 75%
of center. While there is still plenty of
room for improvement, the design was
considered satisfactory to show feasi-
bility.

Scan nonlinearity was corrected by
integrating the yoke sawtooth and
adding the resulting waveform to
the sawtooth in the correct phase to
correct the nonlinearities. Carrier
frequency changes due to scan nonlin-
earity were kept to Iess than 1%.

It was found desirable to add hori-
zontal dynamic focus to G3. The
waveform for this was produced inex-
pensively using color receiver tech-
niques.

Spectraplex development

Spectraplex was the name given by
Lancaster to vidicons with integral-
color stripe filters, with the goal being
a low-cost color camera tube. Dichroic
filters were initially made in two parts
on very thin glass cemented together.
The thickness of glass restricts the
maximum lens opening. In fact, about
one f-stop is required for each mil of
glass between the filters. As we had
the potential of a color camcra that

would make good pictures in much
lower light levels than a movie cam-
cra, the f-stop restriction could only
be a temporary measure. The second
stage was the formation of an integral
faceplate. The faceplate had first one
dichroic deposited, then etched to pro-
duce stripes. This was followed by the
other set of dichroic stripes, a conduc-
tive coating, and the photoconductor.
There was a great deal of interchange
between the materials processing group
at Lancaster and Indianapolis with re-
gard to these faceplates. Faceplates
would be sent to us for evaluation at
the dichroic filter stage, returned to
Lancaster for application of the TIC
coating, further evaluation here. back
to Lancaster to have the photoconduc-
tor added and be made up into vidi-
cons, which were again returned to us
for test. Much new knowledge was
gained from this cooperative process.

From the many tests carried out here
on vidicons, several suggestions to im-
prove the performance and reduce the
price of vidicons have been made to
Lancaster. More accurate gun align-
ment would help the electron optics
problems. The lead length of G4 in-
side the tube causes unwanted hori-
zontal glitches in the signal which
would be reduced if G4 was brought
out as a separate connection at the
target.

If the mass of the target ring were re-
duced, the target capacitance could
hopefully be reduced. From a signal-
to-noise standpoint, every pF of capac-
itance at the target is worth fighting
for. In our yoke-focus assembly, the
target connection terminal capacitance
was reduced as much as possible.

Signal-to-noise

This is possibly the next most scrious
problem to electron optics in an area-
shared color camera.

A coil tuned by the preamplifier input
capacitance is an often-used technique
in Tv cameras, usually called a Perci-
val coil after its inventor. Great care
must subsequently be taken to correct
the frequency and phase response at
some later stage in the camera ampli-
fier. The advantage is to increase the
amplitude of high-frequency video be-
fore the major noise producer—the
preamplifier.
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In the color camera being discussed,
the blue carrier was at 3.5 MHz and
the red carrier at 5 MHz. The reason
for this is that luminance transicnts
cause false signals in the color chan-
nels—crosstalk—and this is most se-
vere in the 3.5-MHz channel. Eyes, for
instance, arc “white-black-white,” the
transitions causing unwanted color
signals. If the resultant color signal
causes blue eyes. this is less objection-
able than red eyes. the so-called “red
cyc glint” defect.

Unfortunately red noise is very no-
ticeable. To improve this, the Percival
coil technique was elaborated on.
Two coils were used (see Fig. 71; L1
between the target capacity and the
preamplifier board capacitance; 12
between this and the FET-preamplifier
input capacity. An improvement in
S/N of 15dB at 5 MHz was obtained.
The peak in the response at the input
to the preamp now becomes part of
the bandpass for the 5-MHz carrier.

To enable the total camera frequency
response to be measured, a special
test chart was prepared. This chart,
Fig. 8, produces in the camera output
a frequency sweep which shows the
response of the entire camera includ-
ing the lens and vidicon. This chart
has been found to be a very useful
tool in the development of video am-
plifiers and in the investigation .of
crosstalk.

Automatic target control

In color cameras of this type, ampli-
fier or vidicon overload will result in
loss of carriers, leaving only lumi-
nance and green. In other words, the
highlights in scenes will turn green.
To prevent this and to enable the
camera to operate in differing light
levels, an efficient automatic target

L > .
)TW

: lc YY) LC l—]

:J:: TARGET 1 STRAY I INPUT

Fig. 7—Preamplifier input network.
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Fig. 8—Video sweep test chart.

control is required. However, most
automatic target controls used in
broadcast cameras are quite elaborate
and unsuited for an inexpensive in-
strument.

The circuit finally used was a peak
signal detector following a black level
clamp. The output was the pc target
voltage operating to keep a constant
peak voltage out of the camera. A
double time constant was used; fast
acting when the camera output was
increasing to prevent green highlights
and slow, of the order of ten seconds,
to a decreasing signal. This was found
to be a good compromise on both
movie film and live scenes.

Live camera

Although not completed, work was be-
gun on the refinement of the camera
core in the configuration of a live cam-
era for VTR or home surveillance
work. For this purpose the camera was
packaged for tripod mounting, and
some initial tests were made to investi-
gate the problem of automatic color
correction for outdoor-indoor lighting
conditions. Techniques being consid-
ered werc those of color correction
filters which could be manually or
automatically inserted into the optical
path, and a system whereby color
signal gains could be automatically
adjusted to provide a reasonably ac-
ceptable compromise for the two situ-
ations. The problem of automatic iris
control and vidicon protection from
direct sunlight was also being consid-
ered at that time. Fig. 9 shows a single
package version of the camera used
for live tests, and Fig. 10 shows a
modified version which illustrates a
two-package concept being considered
for ease of portability. Fig. 11 shows

a “styled” mock-up of the portable, [

two-package concept of Fig. 10.

Slide and home movie player

The color camera was made up into a
unit with a slide projector and a movie
projector. A proprietary Super 8
movie projector was obtained. The
shutter was modified so that the “flash-
ing rate” of the projector was a multi-
ple of the 60-Hz field rate while the
film was run at 18 frames per second,
the standard Super 8 film speed. Ac-
ceptably flicker-free results were ob-
tained. The alternative of running the
film at 20 frames per second was con-
sidered, but it proved simpler to modi-
fy the projector shutter. For the final
product some form of continuous mo-
tion projector was envisioned. The
noise of an intermittent movement was
considered undesirable in a piece of
TV equipment.

Current status

The color camera core development
program undertaken by CE has been
very beneficial. In addition to proving
the technical feasibility of such a de-
vice, it is also felt at this time that the
initial price goal can be achieved, con-
ingent upon vidicon cost. While a
single-tube color camera was operat-
ing at Indianapolis in TJuly, 1967,
throughout the development effort, for
competitive reasons, a certain degree
of security was maintained concerning
CE’s involvement. The first demon-
strable product concept was shown at
a meeting of the RCA Board of Direc-
tors in May, 1968.
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Simplified video processing

techniques

J. O. Schroeder | D. R. Paiterson

The availability of modern semiconductor devices, including integrated circuits,
makes it practical to achieve a high degree of simplification in the design of tele-
vision circuitry for black-level satting and blanking insertion. In this paper, some gen-
eralized concepts of video processing are discussed, and illustrative circuits are
shown using bipolar, MOSFET, and IC devices. An extremely simple video line/pro-
cessing amplifier is described in detail to fully illustrate the principles involved in a

practical situation.
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Company’'s Broadcast and Government Equipment
section. After joining the David Sarnof Researcn
Center in 1961 as a Member of the Technicel
Staif. he was instrumental in developing circuitry
for use in RCA's commercial line of FM-stereo
recewvers  He received the 1962 David Sarnoff
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opay many different types of com-
Tmunications systems usc various
video processing techniques. Many of
these are highly specialized, however,
and this paper will only discuss pro-
cessing as it relates to television video
signals and, more specifically, the re-
insertion of “black-level” after the sig-
nal has passed through amplifiers in
which this component has been lost.

Outlined in this paper, are a few sim-
ple techniques for accomplishing the
desired objectives, taking advantage
of active components which are read-
ily available today. All of these tech-
niques are variations of the basic
scheme which will be presented.

The old way

Not too many years ago, in the days of
the vacuum tube, video processing
was often accomplished by the typical
circuit illustrated in Fig. la. There
were variations on this circuit but,
in general, circuits of this type were
used for black-level setting and blank-
ing insertion. In theory it performed
well, but in practice its performance
ranged from good to poor, depending
on the stability of certain critical re-
sistors, the quality of the diodes, and
the stability of the plate current of the
vacuum tube with age. heater voltage.
and other variables. One obvious dis-
advantage of this classic approach is
the presence of the diodes in the video
signal path. To preserve lincarity in
the “black™ portion of the video sig-
nal, it is necessary to make the plate
load resistor, R, large so as to provide
a “constant current’ drive source for
the diodes. As a result. the pc gain of

Reprint RE-16-5-18
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the pentode amplifier is very high and
the circuit is susceptible to drifts in
black level arising out of very small
drifts in the potential(s) of the tube
clements. Nevertheless, since vacuum
tubes make relatively poor switches,
there was no alternative to using di-
odes to do the switching.

The new way

Today, the designer has at his finger-
tips numcrous active devices which
would have staggered the imagination
only a few short vears ago. The avail-
ability of these devices makes it possi-
ble to accomplish the desired goals
with precision and circuit simplicity.

All of the circuits to be discussed are
based on the concept outlined in Fig.
1b. The raw input signal is fed to an
emitter-follower or an 1C amplifier
with a high degree of overall negative
feedback. Either one of these provides
a building block which has high input
impedance, low output impedancce, and
very stable pe output voltage. Depend-
ing upon whether artificial or true
black-level insertion is to be achieved,
the signal input may be cither RC
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Fig. 2-—Processing with MOSFETs.

coupled as shown, or pc sct through
the use of a keyed clamp or be restorer.

The stable pc level upon which the
vidco signal is riding at the output of
the cmitter-follower (or 10) is then
shifted through the use of a simple
resistor network so that this level is
in the vicinity of + 2 volts. The output
impedance of the circuit is raised to
1000 ohms with a series resistor. and
a switch which is driven by the kine-
scope blanking pulse shorts the signal
to ground during the blanking period.
The output signal appears here with
re-inserted pe levels as shown in Fig.
1b. Note that this simple scheme pos-
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D
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1K SET-UP BLANKING
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Fig. 1a—Typical vacuum tube circuit.
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Fig. 1b—Simplified video processing concept.
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sesses the excellent linearity of the
emitter-follower or 1C negative feed-
back amplifier and the important fur-
ther advantage that the output signal
is firmly shorted to ground during the
blanking period which corresponds
to picture “black™. No extraneous sig-
nals such as noisc, deflection tran-
sients. clamp spikes, or the like can
appear in the output during blanking
time.

Use of MOSFETS

Field cffect transistors of cithcr the
insulated-gatc or junction type lend
themselves extremely well to the
scheme outlined above, because of
their high input resistance and their
excellent switching capabilities.

Fig. 2 is an cxample of an extremely
simple circuit which achieves true
black-level reinsertion. The input sig-
nal is applied to the gate ol source-
follower. Q1. a depletion-mode device.
Transistor Q2. an enhancement-mode
device, performs the clamping func-
tion. During picturc time, when the
gate of Q2 is at ground potential, its
source-drain resistance is extremely
high. During the clamping interval
the positive gate pulse causes the tran-
sistor to switch to its “on” condition
and this resistancc drops to about
100 ohms. Truely idecal clamping is
achieved if the impedance of the input
signal source is low.

The signal at the sourcc of Q1 follows
the gate input with a pc offset of about
one volt, as indicated on Fig. 2. To
achieve blanking inscrtion, this signal.
with its black-level clamped at +1
volt, is applicd to transistor Q3
through a 1000-ohm series rcsistor.
Transistor Q3. like Q2, is an enhance-
ment-mode switching type MOS which
is “off”" when its gate is at ground po-
tential and switches to a very low
resistance state when its gate is driven
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Fig. 3a—Processing with bipolar transistors.

positive. This switching action re-
sults in the output signal shown on
the drawing, where black-level is at
ground and the “set-up” or pedestal
upon which the white signal com-
ponents ride is at a positive potential
determined by the position of the sct-
up control. Since resistor R is large
compared to 1000 ohms it causes neg-
ligible attenuation of the signal dur-
ing picture time. The diode connected
across Q3 prevents black spikes in the
picturc from “punching” below black-
level. This could cause sync instability
in conventional television systems.
Ideally, the diode should be a ger-
manium type so that these negative
spikes arc caught and limited at a few
tenths of onc volt below zero.

Use of bipolar transistors

Conventional bipolar transistors arc
also well suited for use with this proc-
essing scheme and a typical example
is shown in the circuit of Fig. 3a. In
general, it is quite similar to the MOS
cireuit shown and described above.
A few points of difference are worthy
of mention, however.

First, there will be some base current
flowing in cmitter-follower Q2 and
this current will tend to change the
charge on the input coupling capacitor
during line time. To prevent clamp
problems, it is nccessary to obscrve
the following precautions:

1) Usc a high-beta, low-leakage tran-
sistor for Q2.

2) Use a larger value of input coupling
capacitor, typically 0.1 xF for standard
TV rates.

3) Usc cnough base drive inte QI so
that it behaves as an ideal zero-resist-
ance switch during “on” time.
4)Drive Q2 from a very low impedance
signal source.

i o = 5
1K
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y
i ) I
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Figs. 3b and 3c—Alternate pulse coupling schemes.

If these rules are observed, the charge
Teak-ofl of the coupling capacitor will
be minimized and easily restored by
the low clamp switch and driving im-
pedances. Of course, if true black-level
reinsertion is not required, Q1 can be
replaced by a 1000-ohm resistor. In
this case, the input coupling capaci-
tor is chosen to provide the required
low-frequency response and the pre-
cautions mentioned above arc not
necessary.

Note also, that the usc of bipolar tran-
sistors places ccrtain restrictions on
the input signal wave-shape. Typical
black-and-whitc tclevision signals are
fine, but wavcforms having informa-
tion which extends both above and
below “black™ level can cause trou-
ble if the ncgative excursion cxceeds
0.6 volts. Since the base of the clamp-
ing transistor, Q1. is at ground poten-
tial during picture time, conduction
will occur in the base-collector junc-
tion whenever the instantancous col-
lector voltage drops to a negative
voltage which c¢xceeds the contact
potential, roughly —0.6 volts. This con-
duction will result in strcaking and
other undesirable effects in the picture.
There is a simple way to avoid this
difficulty, however, and this is shown
in Fig. 3b. If the switching transistors,
Q1 and Q3. arc driven from a pulse
source which swings both plus and
minus, and clamp diodes arc added
from their bases to ground, the basc
voltage during the picture interval will
be clamped at —0.6 volts. This mcans
that the collector voltage has to drop
to about —1.2 volts before unwanted
conduction occurs. If two clamp di-
odes are used in scries, a negative
swing of —1.8 volts can be tolerated.
As an alternative, the diodes may be
omitted entirely if the base line of the
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driving pulse is firmly established at
some negative potential, such as =3
volts, for example. This would allow
the video to swing down to about
—3.6 volts. However, care must be
taken to see that the emitter-base
reverse breakdown voltage is never
approached during turn-on or under
other transient conditions.

Still another possibility is the use of
clamp diodes in conjunction with ca-
pacitive coupling from the pulse source
to the base. This technique is illus-
trated in Fig. 3c.

Compiete bipolar amplifier

An example of how the techniques dis-
cussed above were put to practical use
is shown in Fig. 4. This processing
amplifier, although originally designed
for a rather specific purpose which
called for *“artificial” black-level in-
sertion, has found widespread use for
other applications because of its sim-
plicity. versatility, and stable perfor-
mance. If it is operated without drive
pulses, it scrves as a video line ampli-
fier with a maximum gain of about 5,
a bandwidth cxceeding 6 MHz, and
good lincar output capabilitics exceed-
ing | volt peak-to-peak into 75 ohms.
Either polarity of video input signal
may be accommodated, as long as the
output signal is “whites positive.”
Sync may be added to the output sig-
nal if it is applied to the sync input
connector. Finally, if blanking pulsecs
are applicd to the blanking pulse input
connector,  black-level insertion s
achieved.

An RCA CA-3001 integrated-circuit
video amplifier is used as the input
stage. Although no overall negative
fecedback is uscd, it possesscs the pc
output level stability and the low out-
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Fig. 4—Complete bipolar amplifier circuit.

put impedance desired. The actual pcC
level at the output of the IC (pin 8)
is about + 2.7 volts. This level is
shifted downward to about +1 volt by
the 1000-ohm output resistor and the
2.7-kilohm resistor and set-up poten-
tiometer which are returned to the
minus supply. The input blanking
pulse, which is negative 4 volts ac-
cording to convention, is inverted and
limited by the 2N4124 pulse input
transistor. 1t is then applied to the
2N2475 switching transistor which
shorts the signal at its collector to
ground during the blanking interval,
providing the pedestal.

The processed signal is fed to a pair
of complementary emitter-follower
output transistors through an emitter-
follower driver stage to provide the
75-ohm drive capability with good
linearity and frequency response.
Composite sync is added to the video
signal at the base of the 2N4126 out-
put transistor. If a potentiometer is
used to terminate the sync pulse input
connector the amplitude of added sync
may be varied from zero to whatever
maximum limit may be desired, as de-
termined by the value of the 3.3-hilohm
limit resistor. The amplifier draws
about 30 mA from a supply of plus
and minus 6 volts.

One big virtue of an “artificial” black-
level system such as this one is that
clamp streaking and noise intermodu-
lation effects arc completely absent,
even with raw input video which con-
tains large-amplitude extraneous sig-
nals in the blanking interval and/or
a large white pedestal upon which is
superimposed a low-amplitude picture

signal. This is illustrated by the oscil-
logram shown in Fig. 5a. The input to
the amplifier consisted of a 100kHz
sine wave running continuously. Stan-
dard television sync and blanking
pulses were applied to the pulse input
connectors. The photo shows the ex-
cellent switching capabilities of the
system and its ability to provide a per-
fectly clean blanking interval, without
chewing up the desired signal com-
ponent, even though the input signal
contains large-amplitude excursions
during the blanking interval. This ca-
pability is useful in certain tyes of
television systems which do not pro-
duce the ideal “textbook” video signal
waveforms that one would like to
present to the processing amplifier.

The remaining oscillograms in Fig. 5
show the output of the amplifier under
typical television signal conditions, the
input signal consisting of the raw video
from a vidicon camera preamplifier.
The *‘glitches” which are present in
Figure 5S¢ are not caused by the proc-
essing amplifier. They were present
on the incoming sync signal, the only
one available when the photos were
taken.

Conclusion

Thanks to the excellent switching char-
acteristics and stability of modern
semiconductor devices, the circuit de-
signer has a wide choice of methods
to achieve processing of a video signal.
One general concept of processing has
been presented and the implementa-
tion of this concept illustrated, using
both- Mos devices and conventional
bipolar transistors.

www americanradiohistorv com

Fig. 5a—Amplifier output (input 1s 100-kHz
sine wave).

Fig. 5b—Raw video input (vertical sweep
rate).

Fig. 5c—Processed video output (vertical
sweep rate).

Fig. 5d—Raw video input (horizontal sweep
rate).

Fig. 5e—Processed video output (horizontal
sweep rate).
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Fig. 1—SKAMP aftoat.

SKAMP —a station keeping
and mobile platform

E. W. Schlieben

SKAMP, or Station Keeping And Mobile Platform, is an unmanned, self-navigating
boat potentially capable of self-deployment to any ocean area or station. Some of the
considerations that led to the present boat configuration are discussed and the pro-
totype is described. Data are given for the sail characteristics, indicating that it
resembles a conventional sail. A brief account is given of the experience gained to
date from sea trials. In conclusion, some operational and economic aspects of this
type of boat are discussed. The operationat flexibility and the economy of this unique

type of boat are high-lighted.

BUOY is defined as a “distinctively
A shaped and marked float—an-
chored to mark a channel, anchorage,
navigation hazard, etc., or to provide
a mooring place away from the shore.”
In recent years the word “buoy” has
been used also to designate moored
instrumented surface or subsurface
platforms.

Reprint RE-16-5-17
Final manuscript received October 2, 1970.
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SkAMP is not moored and, therefore,
is not a buoy. It is instead an un-
manned, self-propelled, self-navigating
boat that can move from place to
place, and can take up a station or
progress from one station to another.
In the station-keeping mode, it can
perform like a buoy. And in the transit
mode it can perform as an instru-
mented boat.

This paper contains a rationale for the
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Fig. 2—SKAMP structural configuration.

Skamp concept, a description of the
prototype boat, a status report on the
current program, and a discussion of
the economics of Skamp systems.

Rationale

Although buoys are cost-effective for
many measurement needs, compared
to manned aircraft and ships, persis-
tent mooring system difficulties, han-
dling problems, and systems opera-
tional problems have contributed to
delays in the deployment of networks.
There are, of course, other considera-
tions of an economic, political, and
utilitarian nature, that have hampered
buoy use.

The two most troublesome aspects of
buoy systems are the awkwardness of
the mooring system and the rigid lo-
gistics support required to implant and
retrieve buoys on the high seas.

It seemed prudent to examine other
possible solutions. Why not, for ex-
ample, consider a self-navigating, self-
propelled platform, thus avoiding the
need for tender vessels and mooring
systems.

It quickly became apparent that any
platform capable of precise self-
navigation anywhere on the high seas
must make use of satellitc navigation
information, and must therefore be
equipped with a satellite navigation

receiver and a computer for determin-
ing position fixes, computing on-board
steering commands, ctc. Further, be-
cause power is a precious commodity
on an ocean platform intended for
long-term operation, the propulsion
system capable of driving the plat-
form over long distances must be ex-
tremely efficient or must draw on ¢x-
ternally available sources. Finally, the
navigational and propulsion equip-
ments must exhibit high reliability
with mean failure times of at lcast
a year.

Two arts are combined in the Skamp
concept—a new one and an old one.
The use of LsI arrays in linear and
digital clectronics and low-powered,
highly reliable cos/mos integrated
digital circuits, are having a profound
effect on the size, volume, power re-
quircments and reliability of new
clectronics equipment. Such subsys-
tems as the navigation receiver and
computer can now be developed spe-
cifically for unattended operation on
remotely located platforms. Power
requirements have been reduced from
1200 watts to 12 watts. The new elec-
tronics art therefore strongly under-
pins the SkAMP concept and gives it
viability.

The old art is reflected in the use of
sails for propulsion. For the expendi-
ture of a small amount of power to
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operate sail and rudder hydraulic
servo controls, a Skamp vessel can
use wind derived propulsion power
up to several hundred times greater
than the on-board power consumed.

But, although the power gain realized
by the use of sails is high, it was
recognized that cloth sails are imprac-
tical for an unmanned platform. Fur-
ther, it was known that experimental
attempts to use rigid wing-like sails
had been less than successful because
of abkrupt stall problems and other
difficulties.

Therefore, a new type of rigid sail was
developed, combining the desirable
aerodynamic characteristics of cloth-
sail propulsion systems with the in-
herent ruggedness and simplicity of
operation of rigid sails. Thus a 7000-
year-old art has been updated and in-
corporated in an advanced vehicle
system.

The prototype

So much for the preamble.

Figs. | through 4 show the third proto-
type Skamp, currently being used for
performance cvaluations. [Fig. 1
shows a later model of Skamp; thus,
the difference in appearance.]

The boat comprises a rigid sail made
of cambered wing-like sails; a buoy-
ant, elastic, foam hull boundcd by
deck and bottom plates; a center body;
and underwater fins with rudders.

The sails are made of reinforced plas-
tic skins and are foam filled. They ex-

PO e = 3 .

Fig. 3—SKAMP fin and rudder detail.
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Fig. 4—SKAMP prototype configuration.

hibit the aerodynamic characteristics
of cloth sails and are tolerant to nor-
mal rapid changes in wind direction
without developing excessive varia-
tions or loss in propulsion force.

The hull is a discus shape made of
a closed-cell clastomer-foam body
clamped between upper deck and bot-
tom rlates. The foam provides most
of the buoyant force. The deck plate
is cut out and the foam body contains
recesses to elastically support the
equipment containers. The hull is
clastically connected to the center
body through compliant ring zaskets.

The hull configuration and materials
used result in an unusually compliant
structure capable of withstanding
wave pounding and heave, surge, and
sway loading imposed through wave
action. In addition, the elastic-hull
connection to the center body acts as
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a low-pass filter, blocking high-fre-
quency hull pitch and roll motions
normally shared by the center body.
In low-frequency waves, the hull and
center body follow the local wave
slopes. In a short choppy sea. the hull
and center body are effectively de-
coupled. Masts and antennas are de-
flected only a few degrees from the
vertical and appear to be mounted on
a much larger hull.

The underwater fins and rudders are
made of reinforced plastic. The fins
have a cambered span to improve low-
speed operation. The rudders are pro-
tected from direct impact loads by the
fins. The twin-fin configuration per-
mits one to suspend sensor strings on
a cable aligned with the vertical axis
of rotation of the platform. The rud-
ders and sail are rotated by hydraulic
actuators.

The sail is made of two cambered span
wings, comprising thick symmetrical
airfoils. The thick sections were chos-
en to provide reserve buoyancy in the
event of a knockdown. In fact, the
boat can recover from a 180° roll.

The aerodynamic characteristics of the
sail, tested at several Reynolds Num-
bers, are shown in Figs. 5, 6, and 7.
These tests were undertaken by the
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Fig. 5—3Sail, support cone, and hull; lift coefficient versus angle of attack.
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Department of Aerospace and Me-
chanical Sciences of Princeton Uni-
versity as part of a broader research
program.

The lift and drag characteristics of the
SkAMP prototype sail, including mast
and deck drag, are similar to typical
clothsail systems:

The maximum lift occurs at approxi-
mately 30°.

High lift coefficients (above 0.8 C.
max.) are realized over an angle of at-
tack ranging from approximately 15 to
40°.

The maximum lift-to-drag ratio, L/D,
is approximately 4.5.

Although the prototype SKAMP sail
compares favorably with good cloth-
sail performance, maximum lift and
L/D can be increased through the use
of thinner airfoils, higher aspect-ratio
wings, and wing-camber shaping.
However, because hull and fin L/D
ratios are typically low for all boats,
the gain from sail improvements in
sailing performance is not too signifi-
cant for most Sxamp applications.
Significant improvements in perform-
ance can be obtained, if desired,
through sail and hull optimization.

Fig. 8 shows a characteristic set of
calculated performance curves for a
SkAMP-type vehicle; V. and V, are
Skamp speed and true wind-speed.
respectively, and « is the sail angle of
attack. These curves do not describe
the prototype performance and are not
valid beyond a Froude number of 0.3,
because they do not account for wave-
making drag. They are principally of

1.20

interest in depicting the pattern of
sailing speeds along selected courses.

One may end the brief description of
the prototype boat by pointing out that
Skamp sailing performance can be
tailored to the mission. For short sail-
ing distances and long stays on sta-
tion, sailing performance is secondary
to other considerations. For long dis-
tances and limited station keeping, it
is desirable to emphasize sailing per-
formance.

Current status

To date, three SkAMP prototypes have
been tested to evaluate sailing per-
formance, directional stability, and
seaworthiness. These tests have been
conducted in winds up to 40 mi/h
during sailing trials and up to 60 mi/h
at rest, Early tests revealed some di-
rectional instability due to the limited
rotational damping of the round hull.
Later tests were quite satisfactory after
hull rotational dampers were added.
In general, the SxamPp prototypes
have sailed and handled well. “Ghost-
ing” or very-low-wind sailing perform-
ance shows that Sxamp can hold
course even when the wind ap-
proaches a calm. There have been no
structural failures.

In the current series of tests being
conducted under U.S. Navy auspices
in the Atlantic and Pacific oceans, the
objective is to extend test experience
in heavy seas and to develop opera-
tional procedures.

q=2.6 psf
g=15.6 pst

q=20.8 psf =~ ——-

q=26 psf —_—

In the tests under way, the prototype
is locally commanded, based on posi-
tion information obtained by visual
observation or radar tracking, and
telemetered wind and boat-speed data.

Another planned Skamp configura-
tion incorporates a satellite navigation
subsystem. The station-keeping doc-
trine employed is to dead reckon be-
tween satellite fixes and to reset sail
and rudder settings so as to return to
station at time intervals that are a
function of distance off station.

On the basis of several sea trials of the
Sk AMP prototypes, the evidence points
to the conclusion that a stable un-
manned sailboat, with the potential
for operation in rough seas for long
periods, is technically and practically
feasible. Indeed, at this point in time,
it is more comforting to contemplate
the prospect of realizing an unmanned
boat capable of long-term operation
than to dwell on the performance of
some of the subsystems. Problems re-
main to be solved in both the power
supply and the sensor subsystem.

A number of missions for which
SkAmp configurations are being de-
veloped require long-term power in
the range from a few watts to several
hundred. Unfortunately, there are no
available off-the-shelf power supplies
or power conditioning systems. Power-
supply subsystems must be developed
for each new application. Further, re-
liability data is not available for the
more promising fuel cells, thermoelec-
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tric generators, and solar-celi power
supplies. There is not enough accumu-
lated experience available on which to
base long-term performance predic-
tions. At the present time, we are de-
veloping a solar-cell power supply.
This program draws heavily on the
Astro-Electronics  Division’s experi-
ence in space technology.

In the sensor domain, it is clearly
evident that existing electromechani-
cal wind indicators, anemometers, and
water-current meters are inadequate,
They are not capable of long-term un-
attended use and abuse on the high
seas on a SkaMmp-type platform.
Rugged solid-state sensors are badly
needed. Their development should be
strongly supported by all user groups.

The pacing technologies therefore, in
the SKAMP program, are thcse sup-
porting long-term, economical power
sources, and atmospheric and ocean-
ographic sensors.

The electronics subsystems can be
brought to any desired level of relia-
bility through proper design, parts
selection, choice of manufacturing pro-
cesses and environmental testing. Wit-
ness the performance of spacecraft
electronics in meteorological satellites
and in communications satellites, some
of which have been operating contin-
uously for several years.

Operations and economics

Mobile platforms differ markedly in
capability and performance from
moored fixed platforms. Each has an
operational domain that overlaps the
other. Both can be used gainfully in
the service of those who have a need
to place instruments at sea. Paint and
synoptic measurements are required
by many groups engaged in ocean-
related activities. Fixed buoys or
SkAMP’s can provide fixed platform
capability and Sxamp-type boats can
provide moving platform capability.

Mobile, unmanned, instrumented plat-
forms—equipped with rocketsondes,
and winches for lowering instrument
capsules—can perform synoptic meas-
urements in three dimensions. Operat-
ing as buoys or as transiting boats, will
allow measurements in highly resolved
geographical coordinates.
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Fig. 8—SKAMP characteristic performance.

The economic and operational virtues
of wind-driven self-navigating ocean
platforms are many. Such platforms
require little logistics support and min-
imize recurring costs.

A typical SkAMP sea-based network
would be based at a depot chosen to
place it at a reasonable distance from
the furthest SkAMP station or patrol
area. SkAMP’s would be serviced, re-
paired, and maintained in readiness at
the depot. When one or a group of
boats are deployed, it is necessary only
to put them in the water and tow them
to open water, using readily available
tugs, range boats, or work boats. Once
in open water, they can be cut loose
and allowed to proceed on their own
to their respective assigned stations or
their patrol areas.

Recovery operations are carried out in
a similar fashion. Skamp’s would be
programmed to abandon station (or
sweep area) after a set time and pro-
ceed to an offshore rendezvous area
where they can be located and then
towed back to the depot.

Because of their mobility, it also is
possible to consider shorter tours of
duty on station than would be eco-
nomically feasible for moored, non-
mobile platforms. By adopting a
“bucket brigade” doctrine of opera-
tion, SKAMP’s may be rotated as often
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as usage experience dictates. If, for
example, system mean-time-between-
failure for an experimental network
indicates a high survival probability
for six months, then a four- or five-
month tour of duty may be decided
upon—to be extended as system re-
liability grows.

On station, mobile platforms may be
used in a flexible manner. As data
from a network is analyzed, the need
may arise to change the network con-
figuration to increase geographical
density in areas of special interest.
This can be accomplished easily by
commanding new station locations.

Finally, single SkAMP’s or a small
group of three or four can be dis-
patched to distant stations for special
investigations, when it would not be
feasible or economical to commit a
buoy tender to transport fixed moored
platforms.

If one considers the gross economic
aspects attaching to the use of SKAMP-
type platforms, it is evident that ship-
tender logistic support costs are greatly
reduced. This is a recurring opera-
tional cost and can be a substantial
part of the lifetime costs of a fixed,
moored, ocean-platform system.

Another significant recurring cost
avoided in a mobile platform is that
for mooring systems. Replacement,
warehousing, and handling costs cited
by others, on a one-year replacement
schedule, are substantial.

The sail and sail-servo cost and the
electronic tether system cost are one-
time, non-recurring costs. New low-
powered satellite navigation systems
will be produced in quantity in the
near future, at a cost comparable to
a deep-ocean mooring system for fixed
platforms.

In most networks, it is anticipated
that SkAMP equipment and operations
costs will be one-third to less than one-
half the costs of a fixed, moored-plat-
form system.

The SkaMp concept, which first re-
ceived moral support from the U. S.
Navy, is currently being evaluated by
the Meteorological Division of the
Naval Air Systems Command and by
others. Rough-sea experience is being
accumulated, as well as experience in
transit and station keeping operations.
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Mechanical design of a
portable air traffic control

tower

W. H. Neve | W. D. Ogle | M. J. Sheedy

This paper describes the mechanical design, development and testing of a portable
Ailr Traffic Control Tower, AN/TSW-7. The design was particularly challenging in that
the equipment shelter walls consisted of approximately 50% glass, yet had to survive
the rigorous environmental and mechanical testing of MIL-STD-810A, 18-inch drops
to concrete, the Aberdeen Proving Ground Munson Road Course, and railroad hump-

ing at 9 miles per hour.

N THE DEVELOPMENT of equipment
Ishelters and cargo pallets, several
requirements greatly influence the de-
sign: environmental, service, transpor-
tability, weight, and configuration. The
goal in the design of the AN/TSW-7
was to satisfy these requirements and
at the same time maintain an optimum
strength-to-weight ratio to capitalize

Reprint RE-16-4-18
Final manuscript received September 25, 1970.

on $200/pound weight incentive. Spe-
cifically, some of the requirements are
as follows:

1) Operating temperature, —40°F to
+125°F;

2) Non-operating temperature, —80°F
to +160°F:

3) Altitude, operating 10.000 ft., non-
operating 50,000 ft.;

4) 10-day humidity per MIL-STD-810A;
5) Munson road test on an M35 truck
and XM-720 transporter;

6) 18-inch flat and rotational drops to
concrete;

7) Railroad Hump at 9 miles per hour;
8) Fording and rain testing per MIL-
$-55286 and MIL-S-52059;

9) Shock and vibration per MIL-STD-
810A; and

10) Winds 100 knots operating, 130
knots non-operating.

System description

The complete system configuration in
its operational mode is shown in Fig.
1. The system consists of an equipment
shelter, a cargo pallet, a power gener-
ator (60 or 400 Hz), a UHF/VHF com-
munication antenna, a radio direction
finder antenna, a wind measuring set,
and dolly transporters which can be
mounted to the pallet or shelter for
transport.

The shelter is a modified S-141 shelter
and meets all the requirements of MIL-
S-52059. Its modification includes the
addition of glass panels and jacks to
elevate it to 4 ft above the ground.
Stairs and a platform are provided for
shelter entry in this mode. The bottom
of the shelter and pallet is equipped
with longitudinal skids to permit tow-
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ing and fork-lifting. The cargo pallet is
equipped with jacks to elevate the en-
vironmental control unit (EcU) so that
the air ducts between the ECU and the
shelter approximate a straight line.
The antennas are integral units which
are capable of autonomous deploy-
ment; identical items such as ground
anchors, winches, guy wires, etc. are
utilized in different areas.

Shelter internal configuration

The shelter configuration is approxi-
mately 8 ft wide, 8 ft high, and 12 ft
long and weighs 4000 pounds. The
upper half consists mainly of nine
sheets of laminated glass.

Internal to the shelter are racks and
consoles with solid-state radios, land-
line telephones, meteorological equip-
ment, and other hardware used to
maintain a complete and up-to-date
visual flight rules (vFR) capability
comparable to that of any large air-
port. Located in the forward part of
the shelter is a rack and conscle sys-
tem which consists of one basic con-
sole frame supported by, and tied to,
four radio and filter racks (Fig. 2). On
the floor at the rear of the shelter are
located a power supply rack, a power
distribution panel, radio direction
finder equipment, and a storage rack.
Attached to the ceiling above the con-
sole are 16 speakers, a digital clock,
and two light guns. Fixed to the ceiling
at the rear of the shelter is a system
block diagram and a high frequency
radio mount. All this equipments, ex-
cept the power distribution pancls, are
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Fig. 1—Operational configuration.

Fig. 2—Shelter internal configuration.

of modular construction and can be
plugged in and out of the system for
ease of maintenance or replacement.
Each of three control panels on the
console—the local, the data and the
ground control—folds down to enable
connector disengagement. Strip lights
of variable intensity arc located at
both sides of each of the control
panels. These lights are supplemented
at each control position by gooseneck
lamps. All the modules on each of the
control panels are equipped with cap-
tive hardware and are easily remov-
able; all similar equipments on each
panel are interchangeable. A desk
writing surface is provided at each op-
erator position, equipped with a plas-
tic snap-out section under which pro-
cedural maps may be placed.

Cargo pallet configuration

The basic pallet configuration is shown
in Fig. 3. Aluminum hat section mem-
bers are attached to the pallet surface
via stainless screws into flat head riv-
nuts. The riv-nut heads recess into
counterbored holes on the bottom of
the hat section flanges.

All the equipment, except the ECU is
sccured to the pallet with straps (not
shown). The central cases contain the
radio direction finder antenna. The top
case is provided with aluminum frames
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to support the communication antenna
mast sections. When all equipments
are assembled in place, one set of lift-
ing slings is used to securc the load,
with an additional set used in railroad

transport.

Preliminary development and test

Two approaches to the structural de-
sign were considered: one where most
cquipments would be mounted in rack
systems which in turn would be shock-
isolated from the shelter, and the other
where all equipments would be hard-
mounted to an isolated shelter. Since a
significant weight savings could be
realized if it were possible to isolate
the rack structure, the first approach
was investigated.

Information on previously employed
shelters equipped with aluminum
crushable skids, which had been gath-
ered from various sources. indicated
that a shock-pulse magnitude in the
order of 30 to 40 g could be cxpected.
Isolators were selected which would
attenuate their pulse to approximately
20 g, the design limit of the equipments
to be isolated. A sway space of 1.0 inch
was required and available.

The opportunity to substantiatc the
backup information gathered and the
subsequent design that evolved from
this information presented itself via
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Legend

. Stairway
. Wind mast transit bag
. AN/TSW-7 tool kit

. Center-of-gravity diagram

g W N

. Communication antenna mast modules (con-
sisting of three UHF-VHF modules, two mast
base modules, an obstruction light module,
and a gin pole)

6. DF antenna assembly transit case No. 2
7. DF antenna assembly transit case No. 1
8. Platform and handrail

9. ECU plenum

10. Anchor transit bag

11j ECU

Fig. 3—Transit position of equipment on pallet.

the contract for the AN/TSW-7. One
requirement in that contract was that
the shelter had to be qualified at the
drop and railroad hump tests at both
the component level and the system
level.

A deliverable shelter was fabricated
and installed with a complete rack-
console shock-isolated structure, a
mock-up speaker support structure,
and lead ballast to simulate the re-
mainder of the equipment weight.
Mounted to the rack and console and
ceiling speaker structures were dummy
loads of the same weight and distribu-
tion as the deliverable equipments. The
shelter system was instrumented inside
and out with a total of 12 accelerom-
eters. Figs. 4 and 5 show the shelter
instrumentation distribution. The ac-
celerometer outputs were recorded on
an electro-magnetic galvanometer con-
tained in a direct readout oscillograph.
The shock levels of the drop and hump

12. Battery pack

13. Auxiliary generator transit case

14. Cable transit case

15. Pallet jacks

16. Pallet jack frame

17. Ladder

18. Loading diagram

19. Shelter grounding stake

20. Tool kit frames

21. Shelter jacks

22. Communication antenna erection support
23. Communication antenna transit bags (5)
24. Communication antenna erection support

25. ECU ducts and attached adapter flanges

tests are available, and Tables I and 11
of this document contain the results.

One 18-inch flat drop and four rota-
tional drop tests were conducted at
Craig Systems in Lawrence, Mass. Test
results indicated that the shelter, with
crushable aluminum skids, received a
shock pulse of 80 g at one point on the
outside and up to 70 g at various points
on the inside. This loading was twice
as high as was expected, and an analy-
sis indicated that it would be impos-
sible to attenuate the pulses to safe
levels within the sway space available.
A decision was made at this point to
consider the second option, which was
to hard-mount everything inside the
shelter and change the aluminum skids
to elastomer skids.

Final mechanical configuration
Skids

As was pointed out previously, the
aluminum crushable skids on the shel-
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ter, during an 18-inch flat drop to
concrete, transmitted a shock pulse of
approximately 70 g to the rack isola-
tors. This was a greater pulse than
could be attenuated to safe levels
within the space limits available. Be-
yond this, the equipments that orig-
inally had to be isolated, such as
ceiling-mounted speakers and the DF
set, would certainly be destroyed by
such a shock. Therefore, the crushable
skids had to be replaced with skids
that would transmit no more than 20 g
to the shelter in an 18 inch drop to con-
crete. A skid was developed which
provided the necessary isolation. Some
characteristics of the skid are:

1) Payload range—500 to 14,000 1b;
2) Deflection—30% initial load height;
3) Damping—considered excellent; and
4) Weight—31 1b each (3 used on shel-
ter, 2 used on pallet).
The skid design meets the following
test requirements:
1) 18-inch flat and rotational drop—
maximum 20 g shock pulse transmitted
to interior of shelter;
2) Towing and bearing—per MIL-S-
55286; and
3) Vibration—per MIL-STD-167.
The first use of this particular elasto-
mer skid design was on the AN/TSW-7,
and it greatly contributed to the suc-
cessful passing of all shock tests.

Shelter internal structural configuration

The final rack-console structural con-
figuration differs somewhat from that
used to support the dummy loads dur-
ing the preliminary shock tests. The
bottom of the racks had to be altered
to facilitate the change from a shock
isolation mounting system to a hard
mounting system. A realistic look at
the floor construction (Fig. 6) indi-
cates that it is, by itself, not well suited
to carry the side loads induced by the
rail hump test.

If R is to react L, then a combined
bending and shear stress will cxist on
the fastener as well as a tensile stress
due to torquing the fastener. The total
stress will fail the fasteners unless an
extremely large number of them are
used to share the load.

If R’ reacts L, then the assumption
must be that the 0.04-inch thick floor
skin will carry the side loads without
buckling; this it will not do.

In the final design, structural members
were used at the top and bottom of the
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rack system which carried the rail
hump loads to the shelter side walls
with the floor serving only to position
the lower rack structural ties. Two
top-hat sections, running almost the
entire length of the shelter and spaced
a distance apart equal to the depth of
the racks, are fixed to the shelter floor
structural members which run normal
to them. These top-hat sections were
sized by the drop test loads in that the
vertical webs had to be adequate to
resist buckling. The size chosen to
resist buckling proved more than ade-
quate to carry the shear loads intro-

o 10 duced during the rail hump tests. The
Moy 2 No-? 7 No.s rack structure is fixed to the top-hat

/
P4 No. 7 section via bolts which carry into the
/ hat sections the loads imposed by the
y drop tests. Pins are used to carry rail-

—F— =7 | Mot hump-induced shear loads from the
¢ / < racks to the top hats.
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Fig. 4—Accelerometer orentations and directions for drop shock tests.
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The top-hat sections at the bottom of
the racks serve to collect part of the
rail-hump shear and carry it to the side
walls as tension or compression. The
remaining shear is collected at the top
of the racks by members which also
run the full length of the rack con-
No. 6 figuration.

These members and also those at the
Fig. 5—Accelerometer orientations and directions for railroad hump tests. bottom of the racks terminate at cach
end at structural members which fix
the rack-console system to both side
Table I—TSW-7 shock test data. walls. The upper members, of which
the console itself is considered a part,

Drop No. 2 Drop No. 3 Drop No. 4 Drop No. 5 , . X
Drop No. 1 (flat)  (rotational) (left-to-right)  (rear-to-front)*  (front-to-rear) were sized using the assumption that
Jiiime jiime jhime Jliing i they would react the applied shear as
Channel No. Peak g (ms) Pecak g (ms) Pcak g (ms) Peak g (ms) Peak g (ms) . ) . .
; 35 5 G : — — — — & 5 tension from the wall opposite the side
2 60 20 32 14 20 18 — — 50 10 that was hit rather than compression
3 70 15 10 3 30 18 == = 50 3 . . .
" - = 25 5 35 20 — — 20 6 against the side that was hit.
5 37 24 4 11 (Hz) 55 20 — — 22 25
— — 22 25 ! .
s ;g 2(5) gg :g ? ?g . _ 27 25 Pallet structural configuration
8 53 47 50 20 23 60 == = 40 45 .
9 % 47 25 0 A 50 - _ i 35 The equipment on the pallet was de-
10 12 10 22 45 10 50 — — 20 42 signed to withstand a 20 g shock pulse.
80 20 1 15 = = 20 . . . . .
1‘; 25 ;2 f{; 32 22 40 _ _ 30 40 This maximum level is ascertained in
*Loss Of Power Prior to Drop No. 4 drop test by employing elastomer skids
as discussed previously. During the
Table II—TSW-7 hump test data (flat-bed car with shelter impacted with coal car traveling at preliminary design phase, a standard
DL PGS MIL-D-27295A pallet was considered.
Hump No. 1 Hump No. 2 Hump No. 3 Hump No. 4 However, this was abandoned since
Time Time Time Time it was designed to carry 8500 1b, a
Channei No. Peak g (ms) Peak g {(ms) Peak g {ms) Pcak g {ms)
1 _ — _ — — — — —
2 = = 21 60 10 60 15 70
3 = = 15 70 10 60 15 70
4 = — 19 65 12 60 17 40 CHUIELYTY
5 = = 22 72 12 90 16 90 - I
6 = — 22 40 18 90 27 90 - = s
7 — — 17 80 18 85 28 70 R LAzl e
8 — e 27 72 23 90 36 82 BOTTOM SKIN =— AL. TOP HAT .12 THK
9 == = 27 72 18 90 21 80
10 = = 17 72 15 80 20 80
11 = — 30 12 40 14 62 10 i _
12 — —_ 22 70 20 80 25 70 Fig. 6—Floor construction.
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1. Obstruction light module 15. Mast short guy (with ¢lip)
2. UHF-VHF antenna module 16. Base mounting plate
3. Mast long guy 17. Lower mast base module
4. Mast sling 18. Base mounting plate guy
5. UHF-VHF antenna module 19. Upper mast base module
6. UHF-VHF antenna module 20. Electrical cables
7. Winch extension rope 21. Gin pole guy
8. Anchor 22. Mast short guy (with clip)
9. Gin-pole guy . . 23.  Anchor
10.  Mast short guy (with ciip) 24, Mast short guy (with clip)
10A. Mast short guy (with ring) 25, Mast long guy
11. Gin pole 26. Mast sling
12. Winch rope 27. Small mast erection support 2~
13. Winch 28.  Anchor ™
14. Anchor 9. Mast short i i
2 short guy (with ring) ANCHOR
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much heavier load than required for
AN/TSW-7 which is 3000 lb. A new
design could be made which would be
tailored to the equipment.

Designing for the hump test presented
more of a problem than the shelter in
that there were no end walls to trans-
fer the loading. Mechanical constraints
were considered but their sizing be-
came out of proportion.

The final design, which proved suc-
cessful, was to provide aluminum hat
sections on the pallet floor which
would act as shear carrying members
and as additional pallet stiffeners. The
shear was carried from the hat sections
to the pallet floor via counterbored
holes on the back of the hat sections
interfacing with the heads of riv-nuts.
Holes were made in the hat sections to
interface with studs on the equipment
cases. The load was then secured to
the pallet with nylon straps which tie
to the stanchions, and a lifting sling
which ties to lifting rings at the pallet
sides. The nylon straps were able to
give under impact offering some shock
absorption features not available when
employing metal restraints.

Environmental control system

The following design requirements had
to be met for environmental control
internal to the AN/TSW-7 shelter:

1) Maintain +70°F in the shelter am-
bient with an outside ambient of
—40°F;

2) Maintain +80°F in the shelter with
an outside ambient of +125°F;

3) Melt 2 inches radial ice from the
shelter glass while attaining require-
ment 1) above;

4) Limit the noise input to the shelter
which could not exceed curve NC-45 of
MIL-STD-803-A-2; and

5) Limit excessive condensation on the
glass and equipment.

The final design of the environmental
control system was derived as a result
of past experience, analysis, and prod-
uct development. Considerable knowl-
edge and data were gianed from the
earlier AN/TSW-6 program—prede-
cessor 1o the AN/TSW-7. The
AN/TSW-6 shelter employed electri-
cally heatced glass for defrosting and a
one-point source was used for air dis-
tribution throughout the shelter. Dif-
fusers arc used in the AN/TSW-7 to
defrost the glass, and there is a com-
plete circumferential air distribution
system. The advantages of the new
design are as follows:

1) Electromagnetic interference prob-
lems causcd by thermostat switching
prevalent with electrically heated glass)
are eliminated;

2) Positive control of defrosting is pro-
vided (c.g.. all flow can be directed to
front glass picces if desired) :

3) Basic cost of glass is less expensive
than electrically heated glass;

4) The new circumferential air plenum
provides more uniform air flow, en-
hancing human comfort.
Other salient factors of the final design
arc described with reference to the
basic design requirement.

The noise and vibration requirement
was met by mounting the Ecu to the
pallct and directing air flow via flexible
air ducts. To supplement the sound-
absorbing characteristic of the air
duct, the shelter air plenum was lined
with acoustically absorptive material.

Condensation in the shelter was re-
duced by the introduction of air ducts
and by the remote location of the ECU
from the shelter. This eliminates the
“raining cffect” of the Ecu into the
shelter. which would occur had the
Ecu been mounted directly to the shel-
ter wall. Moisture from the ecu tends
to condense in the ducts. The ducts act
as traps which tend to condense mois-
ture into the ducts before it enters the
shelter.

The temperature requirements were
met by selection of an EcU which could
provide the necessary heating and cool-
ing capacity. The ECU was a model
AF/32-C-24 for 60-Hz operation or
AF/32C-25 for 400-Hz operation. This
selection provided a minimum of
28.600 BTU/hr in heating and a nomi-
nal of 36,000 BTU/hr in cooling.

Legend for Figs. 7 & 8

Fig. 7—Communications antenna before erection.
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Deployment conditions

The following requirements had to be
met as deployment requirements for
the AN/TSW-7 systems:

1) Erection and teardown of the sys-
tem under adverse field conditions, in-
cluding high winds, heavy rains, etc.

2) Set-up and operation within one
hour after arrival at a site utilizing no
special tools other than those found in
the Standard Military Tool Kit.

The fully operational system configura-
tion is depicted in Fig. 1. The system
in its transit mode is depicted in Fig. 3.
Many factors contribute to the success-
ful meeting of the deployment require-
ments. The following basic concepts
were employed in the AN/TSW-7:

1) Antenna guying concept

2) Commonality of equipment

3) Quick release devices

4) Captive hardware

5) Plug-in sections

6) Systematic stacking arrangement

Antenna guying concept—The anten-
nas—UHF/VHF comm. (42 ft high)
and RDF (26 ft high)—are elevated
using a basic gin-pole method as de-
picted in Figs. 7 and 8. During field
conditions, a pulley had to be added to
the top and bottom attachments for the
winching side to prevent uncontrol-
lable oscillations induced by the
winching action. Two sets of guys
are employed for the comm. antenna
which are necessary under conditions
of 130-knot winds. For system use, a
common removable grip hoist winch is
employed. Dual lines and attachments
are provided at the winching pulley of
both the RDF and comm. antennas to
facilitate winch removal.

Commonality of equipment—Wher-
ever possible, identical equipment is
employed to serve a similar function.
Arrowhead anchors are used through-
out the system for all soil and environ-
mental conditions. The same winch is
used for antenna erection. Identical
guy lines, attachments, and pulleys are
used for erecting the antenna equip-
ment and anchors. Identical hardware
for similar applications is used on
equipment panels, drawers, ducts and
consoles throughout the system.

Quick-release attachment devices—
Hold-down nylon straps that secure
the palletized load are provided with
a quick-release mechanism. Other

nylon straps provided for the shelter
and pallet in transit are of the NAS
quick-release type. As an example of
the time savings resulting from the
use of quick-release devices employing
nylon straps, the EcU redesigned to
employ these devices resulted in an
assembly time savings of 15 minutes.

Captive hardware—Captive hardware
is provided in all normally removable
equipments. Quarter-turn fasteners and
Southco captive studs are employed
extensively. The RDF antenna and
comm. antenna both employ quick-
release pins.

Plug-in sections—The RDF antenna is
provided with plug-in dipole arms
which snap in and out readily to facili-
tate assembly. The arms also plug into
polyethylene foam sockets in their
designated transit case for immediate
accessibility.

Systematic stacking arrangements—
The pallet is loaded for transit on an
equipment first-need basis. The tool
box, which is needed for disassembly,
is the first equipment disassembled and
therefore is readily accessible. The
UHF/VHF comm. antenna, which is
the fitst unit to be erected, is topmost
on the palletized load. Other equip-
ments are stacked and available as
needed in the scheme of assembly.

Transportability

The AN/TSW-7, in its transit config-
uration, can be transported in the
following ways:

1) Rail

2) M-35 truck

3) Fixed-wing aircraft (C-130A)

4) Demountable dolly set (XM-720)
5) Rotary-winged aircraft

To meet the requirements for Munson
Road testing and the lifting and
towing-eye tests of MIL-S-52059, it
was necessary to add a compression
bar across the shelter door. This bar is
readily removable for shelter entry.
Analyses also proved that it was neces-
sary to add compression bars across
the pallet stanchions to meet the condi-
tions of Munson Road testing.

Two sets of lifting slings are provided
for helicopter lift and towing. These
slings are also used to secure the pallet
load in transit and railroad humping.
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In addition, for Munson road testing
on an M-35 truck, the slings secure the
shelter and pallet.

The capability of the shelter and pallet
to be loaded into a C-130 aircraft has
been demonstrated analytically. A
maximum weight requirement was
levied by specification of 5000 Ib per
unit or 10,000 Ib total. The final weight
of the shelter is 4120 Ib and 3540 1b for
the pallet for a total of 7660 1b.

Final mechanical tests

During the summer and fall of 1969,
the AN/TSW-7 systems successfully
passed the following tests:

1) Low temperature;

2) High tempcrature;

3) Altitude;

4) ECU performance and ice melting;
5) Fungus;

6) Watertightness;

7) Sand and dust;

8) Salt fog;

9) Winds;
10) Snow;

11) Rail hump;

12) Drop;

13) Munson road;

14) Humidity;

15) Leveling;
16) Center of gravity;

17) Assembly and disassembly; and
18) Helio deployment.

The successful completion of this test-
ing resulted in a contract for an addi-
tional twenty-one systems.

Summary

The following salient factors are rec-
ommendations in the design of systems
similar to the AN/TSW-7:

1) Design for 18-inch drops to concrete
hardmount equipment inside the shelter
and shock-mount the shelter outside by
using elastomer skids;

2) Provide compression bars across the
shelter door and on the sides of the pal-
let for transit;

3) Provide a pulley arrangement for the
antenna winching cables for erection;
4) Locate the EcU remote from the
shelter for operation;

5) Employ pre-stretched nylon straps to
secure equipment;

6) Employ a diffuser system to defrost
glass (this system is generally more effi-
cient than heated glass);

7) Employ flathead riv-nut heads to
carrv most shear loads produced by pal-
let railroad hump testing; and

8) In basic shelter-wall construction,
the thermal barrier should be on thc
outside rather than inside.
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Engineering and
Research
Notes £

Brief Technical Papers
of Current Interest

Gordon F, Rogers, Manager
Advanced Development Programs
Consumer Electronics Division
Indianapolis, Indiana

PUSH-PULL

SQUARE WAVE Foyt= 2F

SOURCE . ST
uu

R, =R, = 10008 SRD = IN6634 (GEN. (NSTR.)
Rz= 3300 D = DICKSON

Fig. 1—Frequency doubler.

The square-wave frequency-doubling circuit employs two step-
recovery diodes (SRD1 and SRD?2 Fig. 1) and two conventional
fast-switching diodes (D1 and D2). The step-recovery-diodes
arc sclected with a life-time which is long compared to the sum
of the time durations of 1) an applied forward conduction pulse
and 2) an immediately following reverse conduction pulse. For
such a diode, the product of forward current and forward con-
duction time is substantially equal to the product of reverse
current and reverse conduction time.

The switching diodes D1 and D2 are coupled to a common out-
put load R3 and to their respective step-recovery diodes, SRDI
and SRD2. The step-recovery diodes conduct alternately in their
forward direction on opposite half cycles of push-pull square
waves supplied from a source at a frequency F1. The switching
diodes D1, D2 each conduct only during a portion of the ap-
plied squarc waves immediately following forward conduction
of the associated step-recovery diode (SRD1 or SRD2). The
switching diode current flows through the respective step-recov-
ery-diode in the reverse direction. Resistors R1 and R2 are
cqual. The reverse current of each step-recovery-diode is selected
as twice the amplitude of its forward current by selection of
the value of R3. The reverse current of each step-recovery-diode
(and therefore the forward current of the associated switching
diode) flows for one-quarter of each cycle of the square wave.
The currents of diodes D1 and D2 are combined in output load
resistor R3 such that squarc waves are produced across the
output resistor R3 having a frequency F: twice that of the input
frequency F,.

Additional doubling circuits of this type may be cascaded to
provide output signals at frequencies 2" times the input signal
frequency. where n is the number of cascaded doublers.

Reprint RE-16-4-23 ' Final manuscript received May 6, 1970.

Square-wave frequency multiplier employing
inductors or capacitors as storage elements

Gordon F. Rogers, Manager
Advanced Development Programs
Consumer Electronics Division
Indianapolis, Indiana

In the circuit shown in Fig. 1, transistor Q1 is driven into
saturation as the applied square-wave input swings positive. At
the same time, Q3 is cut off. The current in inductance L1 in-
creases substantially linearly at a rate determined primarily by
the regulated voltage V.. At the end of each positive half cycle
of the square wave, transistor Q1 is turned off and the voltage
across L1 reverses polarity. The main regulated supply voltage
(such as +30 volts) and the resistor divider R1-R2 are selected
with respect to the voltage V. so that the voltage across L1 dur-
ing this interval is substantially twice the voltage (and of oppo-
site polarity) as compared to the preceding interval. Transistor
Q2 is turned on to saturation conduction as its base rises suffi-

PUSH - PULL
SQUARE WAVE
SUPPLY
L

+30V REG.

hd
3

Fig. 1—Frequency multiplier.

ciently positive with respect to its emitter. The current in L1
declines to zero in onc-half the time interval required to increase
to its peak value, and transistor Q2 then turns off (i.e., tran-
sistor Q2 conducts during one-half the negative half of the input
squarc wave or for one-quarter cycle). The collector current of
Q2 passes through a load RL to produce an output voltage
pulse. While transistor Q2 conducts, transistor Q3 is supplied
with positive base input and also conducts to store energy in
L2. In a manner similar to that described previously, L2 dis-
charges through Q4 (thus producing a current in RL) during
the first half of the next succeeding positive inpit to QI. A
square wave of twice the frequency of the input square waves
is produced across RL.
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A4

+SUPPLY

SQUARE
WAVE
SUPPLY

Fig. 2—Frequency doubler using capacitive storage.

Half of a square-wave frequency doubler circuit employing a
capacitive storage element is shown in Fig. 2. A mirror image
of the illustrated circuit coupled to load resistor RL is also
required to provide the desired frequency doubling. In Fig. 2,
transistors Q3 and Q6 are operated as switched current soutces
with emitter resistor R5 twice the value cf emitter resistor R6
so that, when conducting, the current of transistor Q5 is one-
half that of transistor Q6. During each positive half cycle of the
input square wave, transistor Q5 conducts to reduce the voltage
across capacitor C with respect to ground. During each negative
half cycle, transistor Q6 conducts to increase the voltage across
capacitor C during the first half of the negative half cycle.
During the latter half of that half cycle, transistor Q7 is turned
on to produce an output across Ipad resistor RL. The second
half of the circuit (not shown) produces conduction in a sim-
ilar manner through resistor RL but displaced in time by an
amount such that the frequency of the output square wave is
twice that of the input square waves.

Reprint RE-16-5-23  Final manuscript received May 8, 1970.

Logic-circuit carrier-generation for 90° colorplexer
system

Charles D. Boltz, Jr.
Advanced Development
Consumer Electronics Division
Indianapolis, Indiana

A technique is described for developing an accurate 90° rela-
tionship between carriers of the same frequency. The circuitry
is useful, for example, in a signal encoding device which pro-

vides NTsC-type chroma signals. A block diagram of the system
is shown in Fig. 1. The 14.32-MHz output of the oscillator is
applied to a squaring circuit which serves to limit the oscillator

L.P. .
_|-—o F.F#2 FILTER CARRIER f0®

SQUARING | o C N

0SC. | ol of TRIGGER -8 F.F.#i i 6

14.31818Mc CKT, . 15 17

N N

10 il 12 Lp

FF#3 | i Titr [ CARRIER /90°

Fig. 1—System block diagram.

signal, tiius providing a squars wave at the output. The square
wave is applied to the input of a bistable multivibrator (FF #1).
The bistable multivibrator thus provides two signals at half the
frequency of the signal applied to the inputs. Each of these sig-

A |
0SC. OUTPUT

10

.
sogme w7 AL LT
|

FF. #1g {12)

F.F.#1)012) |

/

F.F.#2 OUTPUT

F.F.#3 OUTPUT

4
~ N

CARRIER /90° '

CARRIER /0° ™
el
/-E ot
1

1} I
Fig. 2—System Waveforms.

nals is 180° out of phase with the other as shown in Fig. 2. The
signals are respectively applied to separate bistable multivi-
brators, designated as FF #2 and FF #3. The bistable multi-
vibrators, as triggered by the output signals from the bistable
multivibrator 12, produce twa square waves at a frequency of
5.58 MHz. This frequency is the chrominance sub-carrier fre-
quency. The output waveforms of the multivibrators are filtered
via suitable low-pass filters to provide, at the respective filter
outputs, two distinct phases of the chrominance subcarrier sig-
nal, each of which is 90° out of phase with the other. The wave
shapes at the outputs of the various circuits are shown in Fig. 2.

Reprint RE-16-5-23 | Final manuscriot received December 10, 1970.
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Directory of RCA licensed
professional engineers

This Directory is based upon an

of previously

ings in lhe ARCA

Engineer and is a compilation based solely on the voluntary submission of this infor-
mation lo our Editorial Offices. Therefore, if you hold a professional engineering license
in any state {regardless of where you may actually now work) and your name does not
appear below, then send your name, PE number (and state in which registered}, RCA
division, location, and telephone number to: RCA Engineer, Bldg. 2-8, RCA, Camden,

N.J. As new inputs for this Directory are

d they will be i in future issues.

Editor's note: Since this list was com-
pited, several division names have been
changed. The new division names are
as follows:

Prior Division New Division
Designator Name

CES Communications
Systems Division
(Commercial)

DCSD Communications
Systems Division
(Government)

EC, Somerville Solid State Oivision

csD Systems Development
Division

Advanced Technology
Laboratories

J. M. Brumbaugh, ATL, Camden, N.J., PE-
013148: Pa.

M. L. Levene, ATL, Camden, N.J. PE-
6257E;

W. F. Meeker. ATL, Camden, N.J. PE-
23710; N.Y.

P. C. Scott, ATL, Camden, N.J. Chartered
Engineer: United Kingdom

8. w yi, ATL, Camden, N.J.. PE-

13855-

N. R. Stewart, ATL. Camden. N.J. PE en-

gineer: Ontario, Canada

;aul Wright, ATL, Camden, N.J. PE-17027;
.

Aerospace Systems Division

I. C. Akerblom, ASD, Burl.. Mass. PE-
20810; Mass,

T. 1. Arnold, ASD, Burl., Mass., PE-21793;
Mass. PE-1041; N.H. PE-1389; Calif,

R F Barry, ASD, Burl., Mass., PE-23091;

R S Braden, ASD, Burl., Mass., PE-15003;

P S Braunslem ASD, Burl.. Mass . PE-
16553; Mass.

H. A, Brown, ASD, Burl,, Mass.. PE-20702;
Mass.

R. L. Cahoon, ASD, Burl.. Mass., PE-
20369; Mass.

H. Chin, ASD, Burl., Mass.,, PE-21819;

Mass.
Jo G Colt, ASD, Burl., Mass., PE-10995;
W C Curlis, ASD, Burl, Mass., EE-901;

D B Dobson, ASD, Burl., Mass.. PE-
22852; Mass.
L. W. Eisener, ASD, Burl., Mass,, PE-
15889; Mass.
A. J. Ellopoulos, ASD, Burl., Mass., PE-
23709, Ohio, PE-10462; N J.
H. E. Fineman, ASD, Burl., Mass., PE-
6747; Md.
H. L Fischer, ASD, Burl., Mass., PE-
12791; Mass.
J. McN. Fletcher, ASD, Burl., Mass., PE-
19721; Mass. PE-Ontario; Canada
P. T. Frawley, ASD, Burl Mass PE-
21429 Ma

S. Fumslahl ASD, Burl, Mass., PE-
HO
E. B. Gallon ASD, Burl., Mass., PE-19751;
Mass.
P. F. Glbson, ASD, Buri, Mass., PE-
008210; P
R. K. Gorman. ASD, Burl., Mass., PE-
20701 Mass.
W. R, Hall, ASD, Burl., Mass., PE-144429;
Mass.
J. S. Harrison, ASD, Burl., Mass,, PE-
21663; Mass.
JoL Herzlmger, ASD, Burt, Mass., PE-
6095;
A J Kenl ASD, Burl., Mass., PE-20030;

H. Kaller, ASD, Burl., Mass., PE.22677;
Mass.

F H Krantz, ASD, Burl., Mass., PE-22744;
RHP LeBIond ASD, Burl.. Mass., PE-1368;

R. L. McCollor, ASD, Burl., Mass., PE-
21006; Mass, and PE-1944; N.H.
N. Meliones, ASD, Burl.. Mass PE-15536;

Mass.
R, Micol, ASD, Burl., Mass, PE-16182;
Mass.

I. Nepo, ASD, Burl,, Mass., PE-36453; N.Y.
K. E. Palm, ASD. Burl.,, Mass., PE-20720;
Mass.

W. A. Pharris, ASD. Burl, Mass., PE-
21786; Mass.

H. J. Publicover, ASD, Burl, Mass.. PE-
7435 Mass. Land Surveyor 6362; Mass.
E. W Richter, ASD, Burl., Mass., PE-
16238; Mass.

GJT Ross, ASD, Burl., Mass., PE-11562;

Howard Ruuell ASD. Bur!l., Mass., PE-
21504; Mas:

J. W Schaa' ASD, Burl,, Mass., PE-15608;
1 YShare, ASD, Burl., Mass, PE-42317;

F R Shirak, ASD, Bur!, Mass.. PE-20125;

A. W. Sinkinson, ASD, Burl., Mass., PE-
15548; Mass. and PE-1207; Vi,
C E Small, ASD, Burl., Mass , PE-22737:

J Smllh ASD, Burl, Mass.,, PE-20965;
A C Spear. ASD, Burl., Mass., PE-20458;

w M Swarthout, ASD, Burl.,, Mass., EE-
5352; Calif. F’E-29940: NY.
L. Swartz, ASD. Burl., Mass.. PE-14343;

Pa.

R. J. Therrien, ASD, Burl, Mass., PE-
18366; Mass.

P. M. Toscano, ASD. Burl,, Mass,, PE-
20714; Mas:

H. D. Twllchell Jr. ASD, Burl., Mass., PE-
19758; Mas:

J.W. Vlckroy ASD, Buri.. Mass, PE-
20726; Mass.

N. B. Wamsley, ASD, Burl., Mass., PE-
20985; Mass

J. M. Warnick, ASD, Burl., Mass., PE-
19251: Mass and PE-D0784; Pa.

G. W. Wong, ASD, Burl., Mass., PE-17153;

Mass.
G. J. Zertas, ASD, Burl.. Mass., PE-20967:
Mass.

Astro Electronics Division

R. J. Ansell, AED, Princeton, N.J.. E-
12002; Ohig
I Brown AED, Princeton. N.J., EE-1536-E:

D Buckmgham AED. Princeton, N J., PE-
13472; N.J.
C T Cole AED, Princeton, N.J., PE-7182;

R P Dunphy, AED Princeton, N.J., PE-
2283; Wash.,
J. J. Frank, AED Princeton, NJ., PE-
14571; N J.
E. D, Goodale AED, Princeton, N.J., PE-
019080; N.Y.
M .Iarws, AED, Princeton, N.J., PE-15586;

J McClanahan. AED, Princeton, N.J , PE-
5820;

T. d. McKnlghl AED, Princeton, N.J., PE-
5762-E; Pa

B. P. Miller, AED, Princeton, N.J.. EE-
21598; Ohio

C. C. Osgood, AED, Princeton, N.J.. PE-
09279; N.J. and ME-651; Maine

W. J. Poch, AED, Princeton, N.J.,, PE-
9232; N.J.

J. Rebman, AED, Princeton, N.J.. PE-
14234; N J

D Roda. AED, Princeton, N.J.. PE-7990-E;

S Russell AED, Princeton, N.J., PE-
15962, N.J

A Schnap! AED, Princeton, N.J.. PE-3310
H. L. Schwartzberg, AED, Princeton, N.J,
PE-4532-E; Pa.

R. J. Scussel, AED, Princeton, N.J., PE-
15332; Mass.

E. Selescak AED, Princeton, N.J.. PE-
12650; N.J.

G. L. Stitely AED, Princeton. N.J.. PE-
1952; Del. and 13634: N.J.

Aviation Equipment
Department

H. Azaren, EASD, Los Angeles, Calif,
ME-10710: Calif. and PE-17596, (Il

G. A. Lucchi, EASD, Los Anasles, Caiif ,
PE-5662; Calif.

A. Vose, EASD, Los Angeles. Calif., PE
4844, Catif.

Central Engineering

D R Crosby, CE, Camden, N.J., PE-8401;

J w Kautman, CE, Camden, N.J., PE-
069 N.J. PE-4572-E: Pa.

S. gsbury, CE. Camden, N.J., PE-
009729 Pa.

Communications Systems
Division (Commercial)

P. Bergquist, CES, Camden, N.J., PE-
1189; Wash.,

J. B, Bullock, CES, Camden, N J., PE-
8639; N.J.

R. W. Clayton, CES, Camden, N.J., PE-
14841; N.J.

S. J. Combs, CES, Camden, N.J. PE-
EE2787; Calitf.

E. J. Frosl, CES, Camden. N.J.. EE-3521;
alif.

W. F. Hanway. CES. Camden, N J., PE-
B956E;

C. E, Hmle. CES. Burbank, Calif., ME-
10001; Calit.

D. G. Hymas, CES, Camden, N.J.. EE-
9830; Can.

A, F. Inglis, CES Meadow tands, Pa, PE-
168; Wash.,

B. K, Kellom CES Camden, N.J., PE-636;
Maine

Dr. E. Li Chun Yang, CES. Camden, NJ.,

EE-030496; Ohio

A Mason, CES, Camden, N.J., PE-15334,
NJ.

C. R. Monro, CES, Camden, N.J.. PE-
10782; N.J.

W. R. Murphy, CES. Camden, N.J.,, PE-
16336; Mich.

R. J. Newman, CES, Camden, N.J.,, EE-
1078; Calif.

J. L. Pettus, CES, Burbank, Calif., ME-
4252; Caltf.

R. S. Putnam, CES, Meadow Lands, Pa..
PE-8839; N.J.

W. F. Schacht, CES, Gibbsboro. N.J., PE-
12594; N.J.

J. W. Seymour, CES, Camden, N.J., PE-
14609; N.J. and PE-12479-E; Pa.

H, S. Wilson, CES, Camden, N.J.. PE:
10302; Ont.

R. E. Woll, CES, Gibbsboro. N.J. PE-
12568; N J.

C. H. erghl. CES, Gibbsboro. N.J., PE-
11877,

Communications Systems
Division (Government)

R. W. Allen, DCSD. Camden, N.J.. PE-
7826; N J.
M. E. Ames, DCSD, Camden, N.J., PE-
8695-E; Pa
P. Anzalone. DCSD. Camden, N.J.. PE-
11837
G. Ashendorl DCSD, Camden, N.J. PE-
7701, N.J.
J. J. Ayres, DCSD, Camden, N.J., PE-
7820; N.J.
R. Bergay, DCSD. Camden, N.J., PE-
11805; N.J.
A. E. Berzon, DCSD., Camden, N.J.. PE-
10988E; Pa.
A. L. Black DCSD. Camden. N.J.. PE-
13820; N.J. and PE-10368E: Pa.
H. W. Bvown Jr., DCSD. Camden, N.J..
PE-14672;
Dr. T.T. N, Bucher DCSD. Camden. N.J.,
PE-14341; N.J.
R. A. Buck, DCSD, Camden. N.J.. PE-
13521 NJ
G. B. Bumlller DCSD. N.Y., NY. PE-
37788; N.Y.
H. H. Chapman, DCSD, Camden. N J,, EE-
020793; Ohio
J. Cola, DCSD, Camden, N.J., PE-11727E;
Pa.
A, Comnmos. DCSD. Camden, N.J.
PE- 10857;
s. Z. Davo" ‘'DCSD, Camden, N.J.. PE-
14769; Pa
G. P. Davis, DCSD, Camden N.J., PE-
14297; N.J. PE-10690-E;
Al Dmke DCSD. Camden NJ PE-11060;
NJ.

F H. Fowler, Jr., DCSD. Camden, N.J.,
PE-3206; Wash., D.C. PE-20943; NY,

K. 0. Frawley, DCSD. Camden. N.J., PE-
9084-E

M. M Gerber, DCSD. Camden, N.J.. PE-
1275

W Hall. DCSD Camden, N.J., PE-11650;

F A Hartshorne, DCSD. Camden, N J..

PE-2022-E; Pa.
W, W. Haswell‘ Jr., DCSD. Camden, N.J.,
PE 14928;

Hallman. DCSD. Camden, N.J., PE-
22392E
c. Hemer. 'DCSD, Camden, N.J., PE-
14241,

S. H. Herman‘ DC8D, Camden, N.J., PE-
1855-E; Pa.

E. Je[llnek DEP, Camden. N.J.. PE-
22650

J. C. Johnson. DCS8D, Tucson, Ariz.. PE-
2775-E: Pa.

A. G. Jones, DCSD., Camden. N.J, PE-
9735-E; Pa

8. S. Kingsbury, DCSD. Camden, N.J.,
PE-009729; Pa.

J. Klapper, DCSD, N.Y., PE-37927; N.Y.
w. D. Kouns, DCSD, Camden, N.J., PE-
13257;

M. J. Kozak DCSD, Camden, N.J., PE-
12050: N.J

H. .l Laiming, DCSD, Camden, NJ, PE-
624 J.

J. J nggell DCSD, Camden, N.J.. PE-
9325; N.J

H. N. Lmngslon, DCSD. Camden, N.J.,
PE-1505-E;

R. D. Lynch DCSD Camden. N.J., PE-
5659E; Pa.

L. P. Magasmy. DCSD. Camden, NJ., PE-
10422E; Pa

E. S, Mccauley, DCSD. Camden. N.J.,
PE-11153E; Pa.

W. F. Meeker, DEP, Camden. N.J., PE-
23710; N.Y.

M. E. Meer, DCSD. Camden, N.J., PE-
12191; N.J. and PE-36986; N.Y,

L. N. Merson, DCSD, Camden, N.J,, PE-
12497: N.J.

R. S. Milne, DCSD. Camden, N.J., PE-
10347-E: Pa.

B. B Mobhr, DCSD Tucson, Ariz., EE-2256;
Okt

I K Munscn DCSD, Camden. N.J., PE-
2321-E; Wash,

L. P, Nahay, DCSD, Camden, N.J., PE-
35259; N.Y.

J. R. Neubauer, DCSD, Camden. N.J.
PE-14344; N.J

Dr. W, Y. Pan, DCSD. Somerville, N.J.,
PE-13594; N.J.

P. A, Rey. DCSD, Camden, NJ. PE-
5194-E;

R. A. Rlue DCSD, Camden, N.J., PE-
37050;

T. Roseman. DCSD, Camden N.J., PE-
9032; N.J. and PE -3716;

D. Rosenthal, DCSD. Camden N.J., PE-
13994; N.J.

H Ruben DCSD. Camden, N.J., PE-150086;

E .l Sass, DCSD, Camden, N.J.. PE-
17217, NJ.

H. F, Schnelder. DCSD, Camden, N.J.,
PE-15093; N.J

H Shay. DCSD. Camden, N.J., PE-10836;

S S Silberg, DCSD, Camden N.J., PE-
9931-E: Pa. and PE-10792;
H. Sokolov, DCSD, Camden, N.J.. PE-

www americanradiohistorv com

3507E; Pa. and PE-3938; Conn.
S. M. Solomon, DCSD. NY NY. PE-
38663 N.Y. and PE-13053;

S. Splegel DCSD, Camden NJ, PE-
1031
N. Slelnberg. DCSD. Camden. N.J., PE-
16537: N.J
s. Stimler. DCSD. Camden, N.J., PE-
04864-E; Pa.
R. F. Trump. DCSD. Camden. N.J., PE-
13842;
R. C. Ubben, DCSD. Camden, NJ.. PE-
5366; Md
c. N, Vallene, DCSD. Camden, N.J.. PE-
2811-E
A. A anloram. DCSD. Camden. N.J.
PE-14955;
P. G. Van Oslen, DCSD. Camden, N.J.,
PE-1335
B. F. Wheeler DCSD, Camden, N.J.. PE-
8083:
E. Wllkln. DCSD, Camden, NJ., PE-
2491-E; Pa
L. Wo!in, DCSD, Camden, N.J., PE-13432;
N.J. and PE-9723-E; Pa.

Consumer Electronics Division

W. W. Beyers, CED. Indpls., Ind., PE-6005;
Kansas
R. C. Graham. CED, Indpls., Ind., PE-
10786; (nd.
T. E. Herbsl CED. Indpls., ind. PE-
13127E:
LM, Krugman CED. Indpls., Ind., PE-
09460: tnd. and PE-7700; N.J.
W. H. Liederbach, CED, Indpls., Ind.,
PE-13256: Ind.

K. obenland. CED. Indpls., Ind., PE-
12739
J Osman CED. Indpls.. Ind., PE-3731;

Ind.
E. W. Riedweg. CED. Indpls., Ind., PE-
8470; Ind. PE-19434; Ohio
D, E. Roeschlein, CED, Indpls.. Ind. PE-
11214; Ind.
C F. Rose, CED. Indpts.. Ind., PE-12619:

Ind.
R. E. Secor, CED, Indpls., Ind., PE-13342:

Ind.

P. W. Wolverton, CED, Indpls., Ind., PE-
5548; Ind.

J. C. Wood, CED, Indpls., Ind. PE-12083;
Ind.

Corporate Staff

Dr. E. W. Engstrom, CS, 30 Rock., NY.,
PE-33755, N.Y.
D. Mackey, CS. Camden, N.J., PE-13627;

NJ.
L. A. Shotliff, Patenls & Licensing, 30
Rock.. N.Y., PE-40390; N.Y.

T. A. Smith, CS, Camden, N.J., PE-012225;
Pa

Electronic Components

W. T. Ackermann, ECD, Harrison, N.J., PE-

13007: N.J.

B. B. Adams, EC. Lancaster, Pa., PE-

009293E; Pa.

D. F. Aiello, ECD. Woodbridge, N.J., PE-

15147; N.J,

R. A. Alleman, EC. Lancaster, Pa., PE-

2750-E; Pa.

B. Antoniades, EC. Lancaster, Pa, PE-

010353E; Pa.

R. B. Ayer EC, Lancaster, Pa. PE-

011731,

w. P. Bennen EC. Lancaster. Pa. PE-

N09249E, Pa.

H Blust, EC, Harrison. N.J.. PE-13226;
N.J.

R. C. Boyer, EC, Lancaster, Pa.. PE-
9259E: Pa.
F. W. Brill, EC. Llancaster. Pa. PE-
006673 E: Pa.

R. Bumke, EC, Marion, Ind., PE-7550;
In
R. E Byram, EC, Lancaster, Pa., PE-
01Q707E: Pa. )
1. T. Cimoreili. EC RCA Labs., Princeton,
N.J.. PE-12797; N.J.
J. §. Class, EC, tancaster, Pa. PE-
6583-E: Pa.
L. M. Clutter, EC, Marion, Ind., PE-11632;

Ind.

A. W. Comins, EC, Lancaster, P2., EE-
011808; Pa.

R W. Cox, EC. Lancaster, Pa., ME-6212E;

F T DAugusllne EC. Lancaster, Pa., PE-
9312-E;

Mrs, J. L Decken EC. Woodbridge, N.J.,
PE-7944: N.J.

J. AL DiMauro. EC. Mountaintop, Pa., PE-
A-9989; N.J.

C. E. Doner, EC, Lancaster, Pa. PE-
012073E: Pa.

L. P, Dvmock, EC. Lancaster, Pa., PE-
7417E; Pa.

H Eichhorn, EC, Harrison, N.J., PE-13486;

J.
Pa,
E. D. Fleckenstein, EC, Lancaster, Pa,

PE-010197E: Pa.
.l L Folly, EC. Lancaster. Pa., ME-14153;

. Fanale, EC. Scranton, Pa., PE-7009E;

.l ‘M. Forman, EC, Lancaster. Pa., PE-
11347, Pa.

J. J, Free, EC. Lancaster, Pa. PE-
012070E; Pa.

N. S, Freedman, EC, RCA Labs., Prince-
ton. N.J., PE-13350. N.J.

G. S. Gadbois, EC, Lancaster, Pa., PE-
N10538-E; Pa.

J. Gale, EC, Harrison. N.J., PE-14086:
N.J.

R. S, Goldberger, EC. Lancasler Pa..
PE-D01696E; Pa. and 7943;

4, T, Gote, EC. Lancasler Pa., PE-
974800-E; Pa.

. M, Graetz, EC, Lancaster, EE-2356;

C. Grimm, EC. lancaster, Pa.. PE-
: Pa

L. Gruber, EC, Lancaster, Pa. PE-
10316E Pa.
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L. B. Hall, EC, Marion, Ind., PE 7084; Ind.
G. A. Humlllon, EC, Lancas(er Pa.. PE-
7435E; Pa.

F. G. Hammersand, EC, Lancaster, Pa,,
PE-010163E; Pa.

R. R. Handel, EC, Lancaster, Pa., PE-

F. A. Haivy. EC, Lancaster, Pa., PE-

W. G. Handeuon, EC, Lancaster, Pa., PE-
5323-E; Pa.

J. W, Hensley, EC, Marion, Ind., PE-
10812; Ind.

A. P. Hummer, EC, Marion, Ind, PE-
17848; Il

W. J. Kastner, EC, Lancaster, Pa. PE-
010767E; Pa.

W. E. Kautman, EC. Harrison. N.J., PE-
12408; N.J.

W. C. Kulp, EC. Lancaster, Pa. PE-
013223E; Pa.

H. W. Kuzminski, EC. Lancaster, Pa., PE-
8736E; Pa.

M, B, Lemeshka EC, Harrison, N.J.. PE-

H.W. Lichl, EC. Lancaster. Pa, PE-
. Pa.

C Llndsley, EC, Harnson, N.J. PE-13355;

T C Loser, Jr., EC, Lancastar, Pa., PE-
009246E; Pa
A L Lucarelli, ECD., Lancaster, Pa.,
ME-11877; Pa.
W. J. Maddox, EC, Lancaste:, Pa., PE-
011173E; Pa.
J. A. Markoskl, EC, Lancaste-, Pa., PE-
012146: Pa.
D. Mawhinney, EC, Harrison, N.J.. PE-
13246; N.J.
A F, McDanIe, ECD. Lancaster, Pa., PE-
010693-E:
Lol Mengle, ECD. Lancasteir. Pa., PE-
3778E
E. G. MI"I’. ECD, Lancastei. Pa.. PE-
Q011001E; Pa.
J. H. Moyer, Jr., ECD. Mountaintop, Pa.,
PE-8784E; Pa.
D. N. Myers, ECD, Lancaste’, Pa.. PE-
002812-E; Pa.
M. S. Nachbu, ECD, Woodbridge, N.J.,
PE-13492; N.J.
T. E. nh EC. Mountainlop, Pa. PE-
6951-E:
S. N, ano, ECD. Harrison. N.J., PE-
13493; N.J.
A, G, Nekul EC, Lancaste~. Pa. PE-
010276

F. Nullagn EC, Lancaster, Pa., PE-
01 2035;
M. J. Nlnrenbcrg. EC. Lancaster, Pa., PE-
012291E; Pa.
J. G. Ottos, EC, Lancaste:, Pa., PE-
009741-E; Pa.
D, W. Palmqulsi' EC, Lancaster, Pa., PE-
007925-E; P:
W, N. Parker. EC. Lancaster, Pa, PE-

010155E; Pa.
W. H. Paul, EC, Lancaster, Pa. PE-
010304-E; Pa
W, E, Pederson, EC, Lancaster, Pa., PE-

010017E; Pa.
W. R. Percivale, EC, Woodbridge, N.J.,
PE-11018; N.J
H. Parry, ECD, Lancaster. Pa., PE-

A C. Porath, EC, Marion, Ind., PE-11031;
nd.

W Preuss, EC, Harrison, N..., PE-12829;
N.J.

D, O. Price, EC, Lancaste-, Pa, ME-
6203E; Pa.
D.R. Puvdy. EC, Harrison, N.J., PE-13247;

P. A Richards, EC, Lancaster, Pa.. PE-
012198; Pa.

E. L Ramero, EC, Lancast.r, Pa., PE-
010301E: Pa. and 19979; Mass.

M. R. Royce, EC, Lancaster, Pa., PE-
010005E; Pa,

E. Rudolph ECD, Harrison, N.J. PE-
13349:

R. E. Salvenler Je, EC, Marion, Ind.,
PE-7373; Ind,

G. Sarauels, EC. Harnsors N.J., PE-

LJ.
H. R. Seelen, EC, Harrisor, N.J., PE-

N. Seidman, EC, Lancaster, Pa., PE-
010014E; Pa.

A. W, Shannon, Jr., EC, Lancaster, Pa.,
PE-013208; Pa,

€. P, Smith, EC, Lancaster, Pa., PE-
009714E; Pa.

E. C. Smith, EC, Lancaster, Pa., PE-
12060E; Pa.

E. E. Spitzer, EC. Lancast=r, Pa., PE-
011809. Pa.

W. Stonaker, EC, Harrisor, NJ., PE-
11275; N.J.

7. E. Swander, EC, Harrisen, N.J., PE-
18667; Ohio
A. P. Swee
(009251; Pa.
H. A, Torre, EC, Lancaster, Pa., PE-7950;

EC, Lancastsr, Pa., PE-

'A“J Torre, EC, Lancaster, Pa., PE-7950;
’:A Tunlo, EC, Harrison, N.J., PE-12794:
F Vnccaro, EC, Harrison, N.J., PE-14931;
H JWaIlku, EC, Harrison, N.J., PE-14483;

H. B‘ w-llon, EC, Lancaswr, Pa., PE-
005083E;

M. R, w.hgurhn, EC, Lancaster, Pa.,
ME-012069; Pa.

C. C. Wilson, EC, Woodbridge, N.J., PE-
10783; N.J.

Hubert H. wmonbcrg, EC, Lancaster Pa.,
10188-E;

Electromagnetic and Aviation
Systems Division

A. C. Blaney, EASD, van Nuvs, Calif., EE-
1987; Calif.

B, Case, EASD, Van Nuys Calif, ME-
5112; Catlif.

H. T, Rochcleau, EASD, Var Nuys, Calif.,
MT-396; Cal

H. L. Sand-r, .lr EASD, Vaa Nuys, Calil.
PE-6976; Ala.

Computer Systems—
Systems Development Division

R. H. Baker, CSD, Cherry Hill, N J,, ME-
9114; Calif PE- 9980;

J. A. Brooks, Jr., CSD ‘W, Palm Beach,
Fla., PE-011154; Pa.

A. L. Christen, CSD. Cherry Hill. PE-
32559: N.Y. PE-12730; N.J. PE-9638E: Pa.
E. J Dmgle, Jr., CSD, Camden, N.J., PE-
16322; N.J.

D.A.V. Eckhardt, CSD, Cherry Hill, N.J.,
PE-10242; N.J,

J. J. Feierbacher, CSD, Palm Beach Gar-
dens, Fla.. PE-7932; Fla.

R. S. Fow CSD, Marlboro, Mass., PE-
004391E:

T. 8. Frankl, CSD, Cherry Hill, N.J., PE-
14881: N.J

G. Gnschnlg, CSD, Camden. N.J.. PE-
16926: N.J

T. Havns, CSD, Palo Alto, Calif., PE;
Province of Ontario

K. D. Lawson. CSD, Cherry Hill, N.J., PE-
10203 Fla. ME-23182; Ohio

J. 'Ncll CSD, Marlboro, Mass., PE-
11044 N.J

J. F. Page CSD, Marlboro, Mass., PE-
8876 N.J.

P. A. Plano, CSD, Marlboro. Mass., PE-
E305; Pa

P. G, Rhoaden CSD. Cherry Hill. PE-
5471; Conn.

P. Slahl Peripheral Engineering. CSD,
Marlboro, Mass., PE-17090; N.J.

J. Stevens, CSD W. Palm Beach, Fla..
PE-01451-E; Pa.

F. H. Symes, CSD. W. Palm Beach, Fla.,
PE-3127; Ind.

S Tow CSD. Camden, N.J., PE-22360;

D w’lghl Peripheral Enginearing, CSD.
Marlboro. Mass.. PE-2742; N.C.

Graphic Systems Division

A. H, Coleman, GSD, Dayton, N.J., PE-
6375; N.J.

J. J. Dishler, GSD, Dayton, N.J., PE-
14767, N.J.

F. R. Goldammer, GSD, Dayton. N.J., PE-
041695;

5. A. Racl(i GSD. Dayton. N.J.. PE-
039124

Government and
Communications Systems Staff

D. A, Wilkinson, Marketing, Camden, N.J.,
PE-2865; Washington, D.C.

Magnetic Products Division

A. L. Slancel, Jr,, MP, Indpls., Ind., PE-
5583; Ala./Ind.

R. L. Sullivan, MP. Indpls., Ind., PE-5629:
Ala.

Memory Products Division

D. F. Caldwell, MP, Martboro, Mass., PE-
5346; Ariz.
W, E. Golder, MP, Needham. Mass., PE-
15442; N.J.

Missile and Surface Radar
Division

S. L. Abbon MSR. Moorestown, N.J., PE-
10084
H. w. Abums, MSR, Moorestown, N.J..
PE-2538-E;

F. G, Adums MSR Mooresiown N.J.. PE-
9007-E; Pa. & 13504; N.J.

L. R. Andm:, MSR Moorestown, N.J.,
PE-13798; N.J.

S. Aron, MSR. Moorestown. N.J., PE-

H. F, Baker‘ MSR. Moorestown. N.J.. PE-
8113; N.J.

A, W. Barnett, M&SR, Moorestown. N J.,
PE-14987: N.J. and 14550-E; Pa. and
042529; N.Y.

T. J. Boerner. Moorestown, N.J. PE-
12164 N.J.

R. L. Boertzel, MSR, Moorestown, N.J.
PE-14398; N.J

J. T. Bohn, MSR, Moorsstown, N.J., PE-
1599: Maine

J. Boyle, M&SR, Moorestown, N.J. PE-
004783E:

M. E. Bu u M&SR, Moorestown, N.J.,
PE-E022759; Ohio and PE-039719; N.Y.

H. A Brelslord MSR, Moorestown, N.J.,

PE-5538;

A Broalund M&SR, Moorestown, N.J.,
PE-14643;

T.J, Burke, MSR, Moorestawn, N.J., PE-
16533; N.J.

P. W, Coben, MSR, Moorestown, N.J..
PE-9004-E; Pa.
J. A, Dodd M&SR, Moorestown, N.J., PE-
12988;
J. D, Dumn, MSR, Moorestown, N.J., PE-
8653; N.J.
C. Felheimer, MSR, Moorestown, N.J., PE-
1617: Ala.
G. R. Field, M&SR, Moorestown, N.J., PE-
13595; N.
D. Frosdmnn, MSR, Moorestown, N.J.,
PE-11641;
R. M. Frllx 'MSR, Moorestawn. NJ., PE-
1341E; N.J. and 14956 Pa.
E. M. Gvoman, M&SR, Moorestown, N.J.,
PE-11557; N.J.
H. B. Gmuman MSR, Moorestown, N.J.,
PE-11840
N. E. Hlonh M&SR, Moorestown, N.J.,
PE 1363

c. Johnson. MSR, Moorestown, N.J..
PE 11845; N.J.
F. T. Kay, MSR, Moorestown, N.J. PE-
11053: NJ.
J.C. Kohv. MSR. Moorestewn. N.J., PE-
2520-E;
A.D. Korhln, MSR, Moorestown, N.J., PE-
17394; N.J.
I. D. Kruger, MSR, Moorestown, N.J,, PE-

P. Levi, MSR, Moorestown, N.J.. PE-
37438: N.Y

E. G. Lurcoll M&SR. Moorestown, N.J .,
PE-14435; N.J.

J. Magun, MSR. Moorestown, N.J.. PE-
13002; N.J.

H. S. Markstone, MSR, Moorestown, N.J.,
PE-010865; Pa.

M. McCord, MSR. Moorestown, N.J., PE-
20813: Ohio

J. V. Melooy, MSR, Mrstn, PE-17589; N.J.
G. V. Metzger. M&SR. Moorestown, N.J..
PE-14170; N.J.

S. G. M|Iler MSR. Moorestown. N.J., PE-
15407;

F. H. Morris, M&SR Moorestown, N.J.
(H{Zq040008

T. G. Neular MSR Moorestown, N.J.
PE-13187; N.J

J. T, Neumllh MSR, Moorestown. N.J.,
PE-10285;

W. H. Pa'rl "MSR, Moorestown. N.J.. PE-
8986-E:

R, Pschunder, MSR, Morrestown, N...
PE-13141; N.J.

P. Ray, M&SR, Moorestown, N.J., PE-
14403; N.J. and PE-4922; Fla.

N, M. Rlzzo, MSR, Moorestown, N.J.. PE-
4583-E;

A. S, Roblnson MSR, Mrstn, PE-029222;
N.Y. PE-14026; NJ

G. J. Rogers, MSR, Moorestown, N....
PE-15073: N.J.

M. Rubin, MSR, Moorestown, N.J., PE-
30763: N.Y.

L. P. Schaefer, MSR, Moorestown, N.J.,
PE-7642-E; Mich

D. P. Schnorr, M&SR, Moorestown. N.J..
PE-12703-E; Pa.

E. N. Scott, MSR. Moorestown. N.J.. PE-
8853; N.J.

1. Sco“, MSR. Moorestown. N.J., ME-
1439

P.T. Scully. MSR, Mrstn, PE-9845; N.J.

J. 7. Shieids, MSR, Moorestown, N.J..
PE-16545; N.J.

fA. S. Shultz, MSR, Moorestown, N.J.,
PE-2060; Wash., D.C

H. J, Siegel, MSR Moorestown. N.J..
PE-21548; N.Y ME-! 3148 Fla.

G. L. Tnle, MSRA. Mooreslown N.J., PE-
13267; N.J.

F. H, Tillwick, M&SR, Moorestown. N.J.
PE-E-022556; 'Ohio and PE-12856; N.J.

M. Weiss, MSR, Moorestown, NJ., PE-
04796E; Pa.

W, D. Wells, MSR, Moorestown, N.J.. PE-

5 N.J.
C. C. Wright, MSR, Moorestown, N.J.,
S Yates, MSR, Moorestown, N.J., 2021-E

A ‘D. Zappacosta, M&SR, Moorestown.
NJ PE-11206; N.J.

V. Zinn, Jr., MSR, Moorestown, N.J.
PE 7876-E; Pa.

National Broadcasting
Company

W. F. Lanterman, NBC, 30 Rock., N.Y.
PE-773; Il

T. H. Phelan, NBC, 30 Rock., N.Y, PE-
13438; NY.

H. L. Pulll:k NBC, 30 Rock., N.Y., PE-
042746;

Jo L. Sleberl, NEC, N.Y., N.Y.. PE-4732EE;
Calif.

F. J, Somers, NBC N.Y.. N.Y., PE-19732;
N.Y, E-4973; Calif.

A. A, Walsh, NBC 30 Rock., N.Y., PE:
22368; N.Y. and PE-6539: N.J.

Government Plans and
Systems Development

E Jelllnak PSD, Camden, N.J., PE-2265C:

M A Keller. PSD, Camden. N.J., PE-
15407: N.J
A, J Llslcky‘ £SD. Camden, N.J., PE-
17396; N.J
M. w Mllchell PSD. Camden, N.J., PE-

8493 N.J

W. A. Roaa. PSD, Camden. N.J., PE-
E022538; Ohi

I. Saffitz, PSD Camden, N.J., PE-1483;
Wash.,

DC
D Shore PSD, Camden, N.J., PE-1617¢;

RCA Global Communications,
inc.

E. D, Becken RCA GlobCom, N.Y., PE-

21033;

L. Corrurd RACA GlobCom, 60 Broad,

N.Y.. N.Y., PE-41632; N.Y.

L. Hu"man, RCA GlobCom, N.Y. PE-

39507; N.Y.

L. J. Kelly. RCA GiobCom, 60 Broad St.,

N.Y. N.Y. PE-40769; N.Y.

J. Murhn RCA GlobCom 60 Broad Si.

N.Y., N.Y. PE-38519; N.Y.

s M. Solomon‘ RCA Globcom, 60 Broad
N.Y.. N.Y., PE-038663; N.Y. and PE-

13053 N.J

G. H. Stagner, RCA GlobCom, Hawaii, EE-

4119; Calif,

\g”E Thiele, GlobCom, Calif., PE-2756;

alif.

J. M. Walsh, RCA GlobCom, N.Y. P£.

24590; N.Y.

E. J. Williamson, RCA GlobCom. N.Y., PE-

12575; N.J.

RCA Laboratories

D. J. Blattner, Labs., Princeton, N.J_, PE-
16183; N.J.

A. N. Curtlu, Labs., Princeton, N.

730 N.J.

o
5183 Kan.
F. H. Evdman, Labs., Princeton, N.J., PE-
872; Wash.,

R. J. Farquhurson. Labs.. Princeton, N.1.,
PE-11352; N.J.

S, V. Forgue, Labs., Princeton, N.J., EE-
011525 Ohio.

N Goldstein, tabs., Princeton, N.J..
PE- O1000|E Pa. and PE- 19599; Mass.
W. R. Haldane, Labs, Princeton, N.J.,
PE-15158; N.J.

. PE-

an, Labs., Princeton, N.J., PE-
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H. W. Kuzminski, Labs., Princeton, N.J..
PE-8736-E; Pa.
W. R. Lile, Labs., Princeton, N.J., PE-
17467; N.J.
L. Maray Horvalh Labs., Princeton, N.J..
PE-35088004; Ontario
E. O. Nester, Labs., Princeton, N.J., PE-
43967: N.Y.
A. Rosen, Labs., Princeton. N.J.. PE-5506:
Canada
Roger E. Schell, Labs., Princeton, N.J.
PE-13629; N.J.
G. Taylor, Labs., Princeton, N.J., PE#;
Chartered Australia and England
J. E. Volkman, Labs., Princeton, N.J., PE-
044193 NY

M. Zulleu Labs., Princeton, N.J, PE-
13695 N.J.

RCA Service Company

A. S. Baron, Service Co.. PE-3183; Md.

F. E. Cockerham, Service Co. Patrick
AFB, Fla., PE-11327; Fla.

R. P. Cowan Service Co., Camden, NJ.,

PE-8556;

H.C. COx, Serwce Co., Patrick AFB, Fla,
PE-10778; Fla.

N. Feldman Service Co., Riverton, N.J.,
PE-35764; N.Y.

E. M. Fetner, Servrce Co.. Patrick AFB,
Fla., PE-4461;

6-2-4 7 Helvehca Reg. & Bold x 12

R. H. Gompt, Service Co., Patrick AFB.
Fla.. PE-10807; Fla.
Joseph T. Kane, Service Co., PE-207%;

Vt.
R. Klimoft, Service Co.. Riverton, N J.
PE-12232; N.J. and PE-8098-E; Pa. and
PE-3622; W. Va.
A. L. Lea, Service Co., Cherry Hill, N.J.,
PE- 18415 Ohio
J. Leo old, Serwce Co.. Springtield,
Va, FE 4795 .
K. R. Lewln Serwce Co., Riverton. PE-
5916:
E. MncDanaId Service Co Riverton. N.J.,
PE-37614; N.Y. PE- 6268; Pa. PE-2503; va.
P. G. Maser, Jr, Service Co., PE-62-
20925: 111,
T. May, Service Co. Riverton, N.J., PE-
32057 NY.

B. McVemon, Service Co., Riverton,
NJ PE-37470;
G. A Mc!x Service Co., Riverton, N.J.,
PE-5824E;
M. Mllnlck Sevvlce Co., Moorestown,
N.J.. PE-1180E
Emit A, Roloﬂ Semce Co., Riverton,
N.J.. PE-10262;
D. H. Rudd Serwce Co., New Mexico,
PE-3654;
G. R. Sauer. Service Co., Neb., PE-2251;

Neb.
J. D. Sellers, Service Co., PE-28903:
Texas
Kenneth L. Shaw, Service Co.. PE-18606;
Texas
H. A, Sieman, Service Co., Patrick AFB,
Fla PE-3732; Fla.

. Siler, Patrick AFB, Fla. PE-4791:

J w Spratlin, Service Co., PE-5090;
Wash., D.C.

J. H. Tumbow, Service Co., Riverton. M.J.,
PE-19463; Texas

John W, Tyler Service Co., Riverton, N.J.,
PE-24581;

Murray Wnulars. Service Co., Riverton,
N.J.. PE-29959; N.Y.

F. W. H, Wehner, Service Co., Riverton,
N.J., PE-9674; Texas

Record Division

S w. ledle. Record Div.. Indpls.. ind.,
PE-7671:

F. P. Werhl ‘Record Div.. N.Y., PE-43637;
NY

Research and Engineering

G. B. Cranston, Res. and Eng.. Camden,
N.J.. ME-11919; Pa.

F. W. Dickel, R & E, Cherry Hill, N.J.. PE-
002868E; Pa.

C. E. Rudu, R & E, Cherry Hill, N.J.,
PE-16499;

JoW. Wonlwanh Res. and Eng., N.Y.
PE-10342; N.J.

F W. Widmann, Res. and Eng., Camden,
N.J.. PE-8131; N

Patents and Licensing

Dr. G. H. Brown, Patents and Licensing,
Princeton, N.J., PE-11889; N.J.

Solid State Division

D Cohon, EC, Somerville, N.J., PE-7818;
B R Czomy, EC, Somenrville, N.J.. PE-

13518; N.J.
T. E. Daegan, EC. Somerville, N.J., PE-

037829; N.Y.

A. Fltchar, EC, Somerville, N.J.. PE-
14533;

wm. A, G|nu, EC, Somerville, N.J.. PE-
8417; Mich.

R. D. Gold, EC, Somerviite, N.J., PE-
40291 NY

S.
PE 11061 Mass.
J. R. Mlyl, EC Somerville, N.J., PE-
13737; N.J.
Dr, J. Hillbrand, EC, Somerville, N.J., PE-
37383P-E; N.Y.
R. Mendelson, ECD, Somerville, N.J.,
PE-27175; N.Y.
R. H. Polllck EC, Somerville, N.J., PE-
6181-E;
D. A. Puolln-n, EC. Somerville, N.J., PE-
14276; N.
M, J Sarullo EC, Somerville, N.J.. PE-
10272; N J.
F. E. Schellnu, EC, Somerville, N.J., PE-
14184; N.J.
H. A. Stern, EC, Somerville, N.J.. PE-
8459E; and PE»22704: Ohio
G. J. Waas, EC. Somerville, NJ., PE-
31494; N.Y. |
R. L. Wilson, EC, Somerville, N.J, PE-
12968

nberg, EC, Somerville, N.J.,
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AMPLIFICATION

PARAMETRIC AMPLIFIER, Integretad
X-Band—P. Bura. W. Y. Pan, S. Yuan
(GCS, Cam} Government Microcircuit
Applications Conl. (GOMAC). Ft. Mon-
mouth, N.J.; 10/7-8/70.

CIRCUITS, INTEGRATED

A1,0, COS/MOS INTEGRATED CIR-
CUITS, F of—F.

P. E. Norris, K. H. menger {Labs, Pr)
RCA Review, Vol. 31, No. 2; 8/70

BACK SCATTERING of Malerial Emitted
from RF-Sputtering Targets—J. L. Vos-
sen, J. J. O'Neill Jr., K. M. Finlayson, L.
J. Royer (Labs, Pr) RCA Review, Vol. 31,
No. 2: 8/70

CLEANING SOLUTION Bssed on Hydro-
98n Peroxide for Use in Sillcon Semi-
conduclor Technology-—W. Kern, D. Puo-
tinen (Labs, Pr} RCA Review, vol. 31, No.
2:8/70

COMPLIMENTARY MOS TRANSISTORS
on Insulating Substratas, The Perfor-
mance of—E. J. Boleky (Labs, Pr) RCA
Review, Vol. 31, No. 2; 6/70

DEEP VERTICAL-WALLED PATTERNS in
Silicon, The Etching ot—A. |. Stolier
{Labs, Pr} RCA Review, Vol. 31, No. 2;
8/70

ELECTROLESS NICKEL PLATING
BATHS, Two Room-Temperature—N.
Feldstein (Labs, Pr) RCA Review, vol. 31,
No. 2: 8/70

ETCH-THINNING SILICON WAFERS, A
New Technique for-—A. I. Stoller, R. F.
Speers. S. Opresko (Labs, Pr) RCA Re-
view, Vol. 31, No. 2: 6/70

EVAPORATION OF ALUMINUM with RF-
fnduced Substrate Blas—J. L. Vossen,
J. J. O'Neill Jr., (Labs, Pr) ACA Review,
Vol. 31, No. 2; /70,

GLASS-TO-METAL SEALS Using a Silicon
Nitride Inlerface Layer—A. |. Stoller, W.
C. Schitp Jr., J. Benbenek (Labs, Pr) RCA
Review, vol. 31, No. 2; 6/70

INSULATING FILMS in integrated Circuit
Technology, The Role of-—K. H. Zsininger
{Labs, Pr) Symp. Ukrainian Engineering
Soc. of America, New York City; 12/12/70

MINOS MEMORY DEVICE, Optimization
of Charge Storage in the—A. M. Good-
man, E. C. Ross (Labs, Pr} RCA Review,
vol. 31, No. 2; 8/70

PHOTORESIST EXPOSURE CONTROL
SYSTEM, An Inexpensive integrating—G.
A. Riiey (lel Pr) RCA Review, Vol. 31,
No. 2; 8/70

SELECTIVE ELECTROLEIS FLATING D’

S. Lancsek (Labs, Pr) RCA Review, Vol
31, No. 2; 6/70

SILICON ON SAPPHIRE AND SPINEL
SUBSTRATES, The Epitaxis) Growth of:
Suppression of Changes in the Film
Properiles During Devic Processing—G.
W. Cullen, G. E. Gottlieb, C. C. Wang
(L/abl Pr} RCA Review, vol. 31, No. 2:
/7

SILICON TETRACHLORIDE CONCEN-
TRATION in Hydrogen Csrrier Gas,
Monitoring—G. A. Riley, J. A. Amick
(L/Ibl, Pr) RCA Review, vol. 31, No. 2;
6/70

SURFACE CONTAMINATION |, Absorp-
tion of Resgent Components Il. Deposi-
tion of Trace Impurllies on Silicon snd
Sllica, Rediochemical Siudy of—W. Kern
(Labs, Pr} RCA Review, Vol. 31, No, 2;
8/70

VAPOR DEPOSITED TUNGSTEN as s

and Mate-
rial tor slllcon Devices—J. M. Shaw, J
A. Amick (Labs, Pr) RCA Review, vol. 31,
No. 2; 6/70

COMMUNICATIONS COMPONENTS

CIRCULATORS. Above Resonance Di-
electrically Loaded Integrated S-Band—
R. Ernst, W. Schroeder, S. Yuan. A. Block
{GCS, Cam) !nt'l Etectron Devices Mtg.,
Washinglon, 0.C.: 10/28-30/70

MICROWAVE EQUALIZER, Synthesis of
Optimum Reflection Type—C. M. Kudsia
{L1d, Mont) RCA Review, vol. 31, No. 3;
9/70

OSCILLATORS, Self-Puised High-Effi-
clancy Avalanche-Diods—S. G. Liu, J. J.
Risko (Labs. Pr) Proc. of the IEEE, vol.
58, Ni. 7; 7/70

COMMUNICATIONS SYSTEMS
LASER COMMUNICATIONS— R. Green,
A

DC-ELECTROLUMINESCENT TV FANEL
Dasign C. tor & Ful

G. Fischer (Labs, Pr) Int'l Microalectron-
ics Conf., Munich, Germany; 11/5/70

GAMMA CORRECTION for & Larga Aras
Electro-Optic Dispisy System—M. Barron
(ATL, Cam) Master's Thesis, Univ. of
Penn; 10/16/70

LIQUID CRYSTAL Displays—8. J. Lech-
ner (Labs, Pr) NEREM, Boston, Mass;
11/4-8/70

ELECTRO-OPTICS

PHASE MODULATOR with High Moduls-
tion Index. Low Dislorlion, Phase-
Locked-Loop—C. G. Badsiiibner (ASD,
Burl) NASA Tech Brief; 10/69

TELEVISION PROJECTION, A New
Schilaren Light Valve for—J. A. van
Raalte {Labs, Pr) Applied Optics, Vol. 9,
No. 10; 10/70

FILTERS, ELECTRIC

ACTIVE FILTERS. Stale Varisble Syn-
thesis of—J. R. Kalifeh (GCS, Cam)
Moore School of Electrical Engineering,
Univ. of Penna.; 12/14/71

WORD LENGTH REQUIREMENTS (or
Digltal Filters using Fixed-Point Hard-
ware—M. S. Corrington (ATL, Cam) UMR-
Mervin J, Kelly Communications Conf.,
Rolla, Mo.; 10/5/70

GEOPHYSICS

CREATIVE ENGINEERING, The Oppor-
tunity for—E. W. Schlieben (AEO, Pr)
Symp. on Ocean Engineering: Symp Proc.
Univ. of Pennsylvania, Phitadelphia; 11/
19-20/70

GRAPHIC ARTS -
COLOR PHOTOGRAPH -Light-Lavel
—E. Hutto (ATL, Cam) cal Soc. of

American Annual Mtg., Hollywood Fla.;
10/2/70

CRT PHOTOTYPESETTING SYSTEM, Dig-
ital Control of —S. A. Racitl (GSD, Day-
ton) Computer Design, Vol. 9, No. 11, pp.
107-112; 11/70

ELECTRONIC COLOR SEPARATION with
Laser Light Sources—D. Meyerhofer, A.
W. Stephens, J. J. Walsh (Labs. Pr) /EEE
Trans. on Communication Technology,
Vol. COM-18, No, 4; 8/70

HALFTONE PICTURES, Electronically
Generatad—AR. J. Kiensch, D. Meyerhofer,
J. J. waish (Labs, Pr} TAGA Proc.; 1970

IDEOGRAPHIC COMPOSING Machine—
W. Meagerty (ATL, Cam) Applied Optics,
Vol. 9, No. t0, p. 2291-2294; 10/70
HOLOGRAPHY

9 Motion

tor T. P R. A. Bartolini.

9. J. Wood, P
{L1d, Mont) IEEE Symp. on Communica-
tions. 11/12-13/70, Montreat

PCM COMMUNICATIONS Using Milli-
meler and Submillimeter Waves—J. M.
Kelity (Ltd, Mont) IEEE Symp. on Com-
mumications, Montreal; 11/12-13/70

SOLITONS and Thair Application to
C D

by Using a Nonlinesr Network, Properiles
of—K. Suzuki, R. Hirola. K. Yoshikawa
(Labs. Pr} Joint Mtg. of Etectrical Insti-
tutes, Kinki Univ., Japan, 11/2.3/70

COMPUTER APPLICATIONS

CRT PHOTOTYPESETTING SYSTEM, Dig-
sl Control of a—S. A. Raciti (GSD, Day-
ton) Computer Dasign, Vol. 8, No. 11, pp.
107-112; 11/70

COMPUTER STORAGE

HOLOGRAPHIC MEMORY, Oplics for &
Read-Write—W._ C. Steward, L. S. Cosen-
tino (Labs, Pr) Applied Optics, Vol. 9,
No. 10; 10/70

MASS MEMORY, An Optical Read-Wrile
—J. A lenmln {Labs, Pr) Applied
Optics Vol. 8, No. 10; 10/70

MNOS MEMORY DEVICE, Optimization
of Chargs Storage in the—A. M. Good-
man, E. C. Ross (Labs, Pr) RCA Review,
Vol. 31, No. 2; 6/70

READ/WRITE Hologrephic Memory—R.
D. Lohman (Labs, Pr) Course on Opticai
Data Storage, Washington Univ., St.
Louis, Missouri; 11/2-4/70

CONTROL SYSTEMS

AUTOMATIC MONITORING AND CON-
TROL SYSTEM. ot

W. J. Hannan, D. Karllons. M. J. Lurie
. Pr) Applied Optics, Vol. 9, No. 10;

HOLOGRAPHIC MEMORY, Optics for a
Read-Write—W. C. Steward, L. S. Cosen-
tino (Labs. Pr) Applied Optics, Vol. 9,
No. 10: 10/70

MAGNETIC HOLOGRAPHY—R, S. Mez-
nch (Labs, Pr) Applisd Optics, vol. 9,
No. 10; 10/70

MAGNETIC HOLOGRAPHY—R. S. Mez-
rich (Labs, Pr) NEREM—T70, Boston,
Mass.: 11/4-6/70

MASS MEMORY, An Optical Read-Write
—J. A. Rajchman (Labs, Pr) Appiied
Optics, Vol. 9, No. 10: 10/70

PHASE HOLOGRAMS in a Farroslectric
Photoconduclor Device--S. A. Keneman,
A. Miller, G. W. Taylor (Labs, Pr} Appliad
Optics, Vol. 9, No. 10; 17

READ/WRITE Holographic Memory—R.
D. Lohman (Labs, Pr) Course on Optical
Dats Storage, w.mmglon Univ., St
Louis, Missouri: 11/2-4/70

LASERS

AaAilAs LASER ILLUMINATOR, Thermo-
slectrically Cooled—D. G. Herzog (ATL,
Cam) Applied Optics, Vol. 9, No. 10 p.
2249-2255; 10/70

ARGON LASERS, Long-Puise Operstion
ol—K. G. Hernqvist (Labs, Pr) Applied
Optics, vol. 9, No. 10; 10/70

AVALANCHE DIODE OSCILLATORS, Im-
purity  Distribution In  High-| -Efficiency
Sllicon—J. M. Assour (Labs. Pr) IEEE
Trans. on Etectron Devices, Vol. ED-17,
No. 10; 10/70

in an—R. H. Hoider {(ASD, Burl) NEREM
‘70, Boston, Mass; 11/5/70, NEREM'70
“Technical Applications Notes” p. 82-85

DISPLAYS

CATHODOCHROMIC IMAGE DI
Gorog (Labs, Pr; Apphied Opti
No. 10; 11/70

CATNODOCNROMIC sODALITES tor CRT
. B,

(Labs, Pr) IEEE Cont. on Duplly Devices,
New York; 12/2-3/70

Biua-E IR Pumped YF,: Yb, Tm
Diode, Properiles of a—J. P. Wittke, |.
Ladany, P. N. Yocom (Labs, Pr) Proc. of
the IEEE, Vol. 58, No. 8: 8/70

CLOSE-CONFINED LASER STRUC-
TURES, Optical Field Distribution in—N.
E. Byer. J. K. Butter {(Labs. Pr) J. of
Quantum Elsctronics, vol. QE-6, Neo. &:
7/70

DOPPLER IMAGING—N. Farhat, D. Her-
z09. M. Weiskittel (ATL, Cam) Optical
Soc. of Amernca Mtg., Hollywood, Fla.;
9/28-10/2/70
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EFFICIENT PHOTOEMISSION from GaAs
Grown by Liquid Phase Epltaxy—H.
Schade, H. Neison, H. Kressel (Labs, Pr)
American Physical Soc. Mtg., New Or-
leans. La.; 11/23-25/70

ELECTRONIC COLOR SEPARATION with
Laser Lighl Sources—D. Meyerholer, A.
W. Stephens, J. J. Walsh (Labs, Pr) /EEE
Trans. on Communication Technology
Vol. COM-18. No. 4; 8/70

HETEROJUNCTION DIODE LASERS,
High-Order Transverse Cavity Modes in
-H. Kressel, J. K. Butler, H. S. Sommers
(Labs, Pr) Applied Physics Letters Vol.
17, No. 9; 1t/1/70

INJECTION Lasers, Recen! innovations
—H. Kressel (Labs, Pr) IEEE North Jer-
sey Section; 11/19/70

LASER COMMUNICATIONS—R. Green,
A. Waksberg, J, Wood, P, Scnuddnhoom
(Ltd. Mont) JEEE Symp. on C

PROPERTIES, MOLECULAR

CADMIUM CHROMIUM CHALCOGE-
NIDES, Optical Transitions snd Band
Structurs Model for—G. Harbeke, H, W.
Lehmann (Labs, Pr) Solid State Commu-
nications, Vol. 8, No. 16; 1970

CuCr, ,V,8, SPINELS, NMR OF—S. B.
Berger, L. Darcy (Labs, Pr) 16th Annual
Conl. on Magnetism & Magnetic Mate-
rials. Miami, Fla.: 11/16.20/70

ELECTROLUMINESCENT DIODES Dus to
High-Energy Electron Irradiation, Detect
Centers In GaAs, ,P,—H. Schade, C. J.
Nuese, O. Herrick (Labs, Pr) J. o Applied
Physics, Vol, 41, No, 9; 8/70

EPITAXIAL GaAs, .P,, Growth Steps in
—H, Von Philipsborn (Lebs, Pr) J. of
Crystal Growth, Vol. 17, No. 7; 9/70-10/70

LANG TOPOGRAPHIC STUDIES of Ili-V
Epltaxisl Layers Grown on Insulating

tions, 11/12-13/70; Montreal

PHOTOCARRIER MULTIPLICATION Due
to Impact lonizstion in GaAs—R. S.
Crandall {Labs, Pr) Physical Letters, Vol
32A, No.7;9/7/70

SEMICONDUCTOR LASERS, Recent In-
novations in—H. Kressel (Labs, Pr}
Brown Univ., Providence, Rhode lIsland;
11/18/70

TRACKING AND RANGING SYSTEM,
Laser—G. Ammon (ATL. Cam) Applied
Optics, Vol. 9, No. 10; p. 2256-2260; 10/70

UPCONVERSION: Imaging with Planar
and Spherical Pump Beams—A. H. Fire-
ster (Labs, Pr) Applied Optics, Vol. 9.
No. 10: 10/70

VISIBLE AND IR-LIGHT-EMITTING
DIODE LASERS. Low-Threshold A1,Ga,
Ae—H. Kressel. H. F. Lockwood. H. Net-
son (Labs. Pr) J. of Quantum Electronics
Vol. QE-6. No. 6; 6/70

LABORATORY TECHNIQUES

C-V TECHNIQUE ss an Anaiytical Tool--
K. H. Zaininger, F. P. Heiman (Labs, Pr)
Solid State Technology, Vol. 13, No. 5-8;
5/70-8/70

TRACE RARE EARTHS, c.cnodo Rly-
Exciled

of—S. Larach, R. E. Shrader. R. A. Kauf-
funger {Labs, Pr) Analytica Chimica Acta;
Vol. 51; 1970

LOGIC ELEMENTS
MAGNET!C REGISTER. Radiation Hard-

ened Transistor—D. Hampet, K. Prost
{GCS, Cam) Electronics p. 20-43; 9/28/70
T D LOGIC, Adv in—D.

Hampel, J. H. Beinart, K. Prost (GCS,
Cam} Government Microcircuit Applhca-
tions Conf. (GOMAC), Ft. Monmouth,
N.J.; 10/7-8/70

MANAGEMENT

CHOICE, Tha Matter of—Dr. J. Volimer
(ATL, Cam) Dayton Chapter of Engineer-
ing Management Conf.. Daytlon. Ohlo:
10/15/70

MANUFACTURING

ER in a
tion—An Expanding Technology--E. B
Galton, F. P. McGurk (ASD, Burl)
NEREM'70, Boslon, Mass.; 11/5/70
NEREM'70 "Technical Applications
Notes”, p. 31-34

MATHEMATICS

S, H. M . C. C. Wang
{Labs, Pr) Pittsburgh Ditfraclion Conf.,
Pittsburgh, Pa.; 11/4-8/70

LITHIUM THIOCHROMITE, LICr82, The
Crystal Structure of—J. G. White, H. L.
Pinch (Labs, Pr) Inorganic Chemistry,
vol. 9, No. 11; 11/70

NAPTHALENE SINGLE CRYSTALS, Effect
of Electric Charge on the Evaporation of
—R. Williams, (Labs, Pr) J. of Applied
Physics, Vol. 41, No, 10 9/70

SHEARED NEMATIC LIQUID CRYSTALS
Torques in: A Simple Model in Terms of
the Theory of Dense Fluids—W. Hellrich
(Labs, Pr) J. of Chemical Physics, Vol.
53, No. 6; 9/15/70

SINGLE CRYSTAL GROWTH of Mixed
A-Site Chaicoganide Spinels, uuuu

Cr,X, (M) +Cu: M*=Al, Gs, or In; xs
or Se)—K. Kato (Labs, Pr) Nationat Conf.
on Crystal Growth, Nagoya Clity, Japan;
11/19-20/70

PROPERTIES, SURFACE

THIN SEMICONDUCTING FILMS on In-

sulsting Substrates, Tha Epitaxisi Growth

of—G. E. Gottlieb (Labs. Pr) Ceramics

Seminar. Rutgers Univ.,, New Brunswlick,
1 11/19/70

PROPERTIES, CHEMICAL

PHOTOCHROMIC INDIGOIDS. I, Ab-
sorption Spectra and Quantum Yields for
the of

—D. L. Ross. J. Blanc, F. J, Matticoli
(Labs, Pr} J. of the American Chemical
Soc. Vol. 92, No. 19; 9/23/70

PROPERTIES, ELECTRICAL

BULK STRONTIUM, TITANATE. Measura-
ment of Ei Loss
in—J. M. Hammer (Labs Pry 7he Physi-
cal Review, Vol. 2, No. 5; 9/1/70

Fa CENTER, Energy Levels of the—R. C,
Alig (Labs, Pr) The Physical Review B,
Vol. 6, No. 2; 9/15/70

FERROELECTRIC MATERIALS and Thalr
Applications. Recent Advances In—G. W,
Taytor (Labs. Pr) Interdepartmental Cof-
loquim, wnllnghouu Research Labs,

FERROELECTRIC MATERIALS lnd Tholv
Recent

Taylor (Labs, Pr) vacuum Soc. Mlo.. Lln-
coin Labs, MIT. Lexington, Mass.:
12/9/70

LEAD ZIRCONATE TITANATE FERRO-
ELECTRIC CERAMIC, Soma Optical and
Electrical Switching Characteristics of e
-~W. C. Stewart, L. S. Cosentino (Labs,
Pr} Ferroelectrics, Vol, 1; 7/70

SEM TORS, Hot Eiectron Effects

RATE EQUATION FOR RE E
PHOTOISOMERIZATION, An Exact Solu-
tion fo the—J. Blanc (Labs, Pr) J. of
Physical Chemistry, Vol. 74, No. 23:
1t/12/70

MECHANICAL DEVICES

AIR BEARINGS tor High Speed Mirrors
Rotating in a Vacuum—B. W. Siryj (ATL,
Cam) ASME-ASLE Lubrication Conf., Cin-
cinnati, Ohio; 10/14/70

OPTICS

BRILLOUIN SCATTERING 8tudy of 8bSI
Using a Double-Passed, Stabilized Scan-
ning J. R. Sand

(Labs, Pr) Optics Ci i vol.

and Valocity Measuremanta In—V. L. Da-
lal (Labs, Pr} Data Institute of Funda.
mental Research, Bombay, india; 11/70

ELASTIC MODULI OF STRONTIUM TI-
TANTE, Low Temperature—W, Rehwald
{Labs, Pr) Solid State Communications,
Vol. 8, No. 18; 1970

PROPERTIES, MAGNETIC

MAGNETOSTRICTIVE FILMS, Dispersion
Ettects in—H. Kurlansik. L, Onyshkevych
(Labs, Pr) 16th Annual Conf. on Mag-
netism and Magnetic Materials, Miami,
Fla.; 11/17/70

MnF, Excited State Exchange In—S.
Freeman (Labs, Pr) Magnetism & Magnetic
ials Cont.; Miami, Fla.; 11/16-18/70

2,No.2:7/70

COLOR PHOTOGRAPHY, Low-Light-Leval
—E. Huito (ATL, Cam) Optical Soc. of
American Annual Mtg., Hollywood, Fla.:
10/2/70

NOISE SPECTRAL POWER DENSITY of
Photosensitiva Materials at High Spatisl
Frequencies, Messurements of the—D.
H. R. Vilkomerson (Labs, Pr) Applied
Optics, Vol. 8, No. 9; 9/70

OFTICS AND ELECTRON OPTICS as
y Technol-
ogln n Eloelvonlco—E. G. Ramberg
(Labs, Pr) Applied Optics, Vol. 9, No. 10;
10/70

OPTICS at RCA—J. P. Witike (Lab! Pr)
Appiied Optics, Vol, 8, No, 10; 10770

PROPERTIES, MECHANICAL
CdCr,Se, and CdCr;S, and the Eftects of

Amith (Labs, Pr) Cont. on Magnellsm and
Magnetic Materiats, Miami, Fla.; 11/16-
20/70

PROPERTIES, OPTICAL

Cde,SO.. Photoconductancs in—S. B.
A. Amith (Labs, Pr) Conf. on

ant
Miami, Fla.; 11/16-20/70

OYE-SENSITIZED Zno-RESIN BINDER

LAYERS, Quantum Emdoncy and Pholb—
in—R. B. C (La

Pr} J. of Applied Phyalca Vol. 41, No. 10

9/70
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FERROELECTRIC BISMUTH TITANATE,
Feasibillty of Electro-optic Devices Utillz-
ing—G. W. Taylor. A. Miller {Labs, Pr)
Proc. of the IEEE, Vol. 58, No. 8; 8/70

LEAD ZIRCONATE TITANATE FERRO-
ELECTRIC CERAMIC, Some Optical and
Electrical Swilching Characteristics of a
—W. C. Stewart, L. S. Cosentino (Labs,
Pr) Ferroefecirics, Vol. 1; 7/70

LUMINESCENCE in indirect Bandgap
A1,Ga, ,As—H. Kressel, F. H. Nicoll, F.
Z. Hawrylo, H. F. Lickwood (Labs, Pr) J.
of Applied Physics, Vol. 41, No. 11; 11/70

LUMINESCENT PROPERTIES of Energy
Band Tail States in GaAs:Si—D. Redfieid,
J. P. Wittke, J. 1. Pankove (Labs, Pr) The
Physical Review B, Vol. 6, No. 2; 9/15/70

SOFT PHONON MODE and Ferroelectric-
iy in GeTe—E. F. Steigmeier, G. Harbeke
{Labs, Pr} Solid State Communications;
Vol. 8, No. 16; 1970

VAPOR-GROWN AtAs, Photo and Cath-
odoluminescence in—H. Kressel, F. H.
Nicoll, M. Ettenberg. W. M. Yim, A. G.
Sigai (Labs. Pr} Solid State Communica-
tions, Vol. 8; 1970

PROPERTIES, THERMAL

KINETICS OF PYROLYSIS OF HgCr.X, In
Vacuum by Thermogravimetric Analysis
—Y. Wada, K. Ametani (Labs, Pr) Annuai
Mtg. of the Soc. of Calcrimetry & Thermal
Analysis of Japan, Kanagawa Pref.,
Japan; 11/19-20/70

THERMAL EXPANSION of A1As—M. Et-
tenberg, R. J. Paft (Labs, Pr) J. of Applied
Physics, Vol. 41, No. 10; 9/70

RADIATION EFFECTS

INFRARED SENSING in Meteorological
Satellites, Applications of—A. Aronson
(AED. Pr} IEEE Northeast Electronics Re-
search and Engineering Mtg. (NEREM 70}
NEREM 70 Record, Boston, Mass.; 11/4-
8/70

RECORDING, IMAGE

MATERIAL TRANSFER RECORDING—M.
L. Leven, R. D. Scott, B. W. Siryj (ATL.
Cam) Applied Optics. Vol. 9, No. 10, P.
2260-2265; 10/70

RECORDING MATERIALS, Inorganic

and Catl d R.
C. Duncan Jr.. B. W. Faughnan, W. Phil-
iips (Labs, Pr) Applied Optics, Vol. 9, No.
10; 10/70

RELIABILITY

GENERALIZED MIL-STD-499 PROGRAM,
Evaluation ol a—A. C. Spear (ASD, Burl)
Transactions of the 22nd Conference on
Quality Control & Statistics in ladustry;
Boston Chapter Reliability Group Mtg.
[EEE; 10/22/70

TIROS MOMENTUM WHEEL Assembly
Through Testing and Computer Simula-
tion, Reliability Improvement of the—T. J.
Furia (AED, Pr) 1971 Annual Symp. on
Reliability; Washington, D.C.; 1/12-14/71,
Proceedings

SOLID-STATE DEVICES
COMPLIMENTARY MOS TRANSISTORS
on Insulating Substrates, The Pertor-
mance of—E. J. Boleky (Labs, Pr} RCA
Review, Vol. 31. No. 2: 6/70

n-Type GaP SCHOTTKY BARRIERS, Ef-
fects of Deep Centers on—C. R. Wronski
(Labs, Pr) J. of Applied Physics, Vol. 41,
No. 9; 8/70

POWER TRANSISTORS, Microwave—H.
Sobol (Labs, Pr) Boston Chapter of the
IEEE. Boston, Mass.; 11/4/70

STABLE GUNN DOMAINS Including Dif-
tusion, Simplitied Theory for—M. A. Lam-
pert. R. A, Sunshine {Labs, Pr) J. of Ap-
plied Physics, Vol 41, No f1; 11/70

SPACECRAFT INSTRUMENTATION

INFRARED SENSING in Meleoroiogical
Satellites, Applications of-~A, Aronson
(AED, Pr} IEEE Northeast Electronics Re-
search and Engineering Mtg. (NEREM 70}
NEREM 70 Record Boston Mass.; 11/4-
6/70

LUNAR COMMUNICATIONS Rsiay Unit
System Design—B. Trachtenberg (GCS,
Cam) Int'l Telemetering Conf; 10/13-
15/70

SUPERCONDUCTIVITY

TRANSITION METALS and the Frohlich
N i for p y—A.
Rothwari (Labs, Pr) Cotloquium, Temple
Univ., Phitadelphia, Pa.; 11/9/70

TELEVISION BROADCASTING

HIGH-RESOLUTION TV SYSTEM FOR
[ AC E. W. Her-
oid {Labs, Pr} Proc. of the IEEE, Vol. 58,
No.7;7/70

HUM BUCKERS, Televislon—J. L. Hatha-
way (NBC, NY) SMPTE Technical Conf.,
New York; 10/6/70: SMPTE Journai 1971

TELEVISION EQUIPMENT

IMAGE STABILIZATION, Open Loop TV
—J. Dubbury {ASD, Burl) Boston Chapter
AES Group Mtg., IEEE; 11/10/70

TELEVISION PROJECTION, A New
Schlieren Light Valve for—J. A, van
Raalte (Labs, Pr} Applied Optics, Vol. 9,
No. 10; 10/70

TRANSMISSION LINES

STRIPLINE INDUCTANCE for Varactor
Tuned Resonators at Low UHF—R. Stan-
der {Labs, Pr} Hybrid Microelectronics
Symp., Califormia; 11/16-18/70

Author Index

Subject listed opposite each author's
name indicates where complete citation
1o his paper may be found in the subject
Index. An author may have more than
one paper for each subject category.

ASTRO-ELECTRONICS DIVISION

Aronson, A, radiation detection
Aronson, A., spacecraft instrumentation
Furia, T. J., reliability

Schileben, E, W., geophysics

AEROSPACE SYSTEMS DIVISION

Badstiibner, C. G,, electro-optics
Dubbury, J., television equipment
Galton, E. B., manufacturing
Holder, R. H,, contro! systems
McGurk, F. P., manufacturing
Spear, A. C., reliability

ADVANCED TECHNOLOGY

Ammon, G, lasers

Barron, M., displays

Corrington, M. S, filters, electric
Farhat, N., lasers

Heagerty, W., graphic arts
Herzog, D., lasers

Hutto, E., graphic arts

Hutto, E., optics

Levene, M. L., recording, image
Scott, R. D, recording, image
Siry]. B. W,, recording, image
Siryj, B. W., mechanical devices
Volimer, J., management
Weiskittel, K., l1asers

GOVERNMENT COMMUNICATIONS
SYSTEMS

Beinart, J. H.. logic elements

Block, A,, communications components
Bura, P,, amplification

Ernst, R., communications components

Hampel, ., logic elements

Kalifeh, J. R., filters, electric

Pan, W. Y,, amplification

Prost, K., iogic elements

Schroeder, W., communications
components

Trachtenberg, B., spacecrait
instrumentation

Yuan, 8., amplification

Yuan, $., communications components

GRAPHICS SYSTEMS DIVISION

Raciti. S. A., computer applications
Raciti, S. A., graphic arts

LABORATORIES

Alig, R. C., properties, electrical
Ametani, X., properties. thermal
Amick, J. A., circuits integrated
Amith, A_, properties, oplical
Amlth, A., properties, mechanical
Assour, J. M., lasers

Bartolini, R. A., holography
Benbenek, J., circuits integrated
Berger, S. B., properties, molecular
Berger, S. B., properties, optical
Blanc, J., mathematics

Blanc, J.. properties, chemical
Boleky, E. J., circuits integrated
Boteky, E. J., solid-state devices
Buller, J. K., lasers

Butler, J. K., lasers

Byer, N. E,, lasers

Comizzoli, R. B., properties, optical
Cosentino, L. S., computer storage
Cosentino, L. S., hotography
Cosentino, L. S., properties, electrical
Cosentino, L. S., properties, optical
Crandall, R. S., lasers

Cullen, G. W., circuits integrated
Dalal, V. L., properties, electrical
Darcy, L., properties, molecular
Duncan, R. C., recording, image
Ettenberg, M., properties, optical
Ettenberg, M., properties. thermal

Faughnan, B. W,, recording, image
Faughnan, B. W,, displays
Feldstein, N., circuits integrated
Finlayson, K. M,, circuits integratad
Firester, A. H., lasers

Freeman, S., properties, magnetic
Goodman, A, M., circuits integratad
Goodman, A. M., computer storage
Gorog, |, displays

Gottlieb, G, E., properties, surface
Gottiieb, G. E., circuits integrated
Hammer, J. M., properties. electrical
Hannan, W. J., holography

Harbeke, G., properties, molecular
Harbeke, G., properties, optical
Hawrylo, F. Z. properties, optical
Heiman, F. P., laboratory technigJes
Heltrich, W., properties, molecular
Herrick, D., properties, molecular
Herngvist, K. G., lasers
Herold, E. W., television br

Meyerhofer, D,, lasers
Mezrich, R, 8., holegraphy
Michelettl, F. B,, circuits integrated
Miller, A., hoiography
Miller, A., properties, optical
Nelson, H., lasers
Nicoll, F. H., properties, optical
Norris, P. E., circuits integrated
Nuese, C. J,, properties, molecular
O*Nelll, J. J., circuits integrated
Onyshkevych, L., properties, magnetic
Opresko, §., circuils integrated
Palt, R. J., properties, thermal
Pankove, J. |., properties, optical
Phillips, W., recording, image
Pinch, H. L., properties, molecular
Puotinen, B, circuits integrated
Rajchman, J. A., computer storage
Rajchman, J. A., holography
Ramberg, E. G., optics

ieid, D., properties, optical

Hirota, R., communication, digital
Hirota, R.. communications systems
Karlsons, D., holography

Kato, K., properties, molecular
Kauftunger, R. A., laboratory techniques
holography

Kern, W., circuits integrated

Klensch, R. J., graphic arts

i, H., properties, opticai

el, H., lasers

Kurlansik, H., properties. magnetic
Ladany, 1., lasers

Lampert, M. A, solid-state devices
Lancsek, T. S., circuits integrated
Larach, S., laboratory techmques
Lechner, B, J., displays

Lehmann H. W., properties, moiecular
Liu, S. G., communications components
Lockwood, H. F., lasers

Lockwood, H. F., properties, optical
Lohman, R. D., computer storage
Lohman, R. D, holography

Lurie, M. J., hofography

Matticoll, F. J., properties, chemical
McFariane, 8. H., properties, molecular
Meyerhofer, D., graphic arts,

Rehwald W., properties, electrical

Riley, G. A., circuits integrated

Risko, J. J., communications components
Ross, D. L,, properties, chemical

Ross, D, L., circuits integrated

Ross, D. L., i S it

Stewart, W. C,, holography

Stoller, A. |,, circuits integrated

Sunshine, R. A., sclid-state devices

Suzuki, K., communications systems

Taylor, G. W., properties, electrical

Taylos, G. W., holography

Taytor, G. W,, properties, optical

van Raalte, J. A., electro-optics

van Raaite, J. A., talevision equipment

Vilkomerson, D. H. R,, optics

Yon Phillpsborn, H., properties,
molecular

VYossen, J. L., circuits Integrated

Wada, Y., properties, thermal

Walsh, J, J., graphic arts

Walsh, J. J., lasers,

Wang, C, C,, circuits integrated

Wang, C, C., properties, molecular

White, J. G., properties, motecular

White, J. G,, properties, molecular

Williams, R., properties, molecular

Wittke, J. P, properties, optical

Wittke, J, P,, lasers

Wittke, J. P., optics

Wronski, C. R., solld-state devices

Yocom, P. N., lasers

Y K., communlcations

Rothwarf, A.. superconductivity
Royer, L. J., circuits integrated
Sandercock, J. R., optics

Schade, H., properties, molecular
Schade, H., lasers

Schiip, W. C., circuits integrated
Shaw, J, M., circuits integrated
Shidiovsky, I., displays

Shrader, R. E., laboratory techniques
Sigai, A. G., properties, optical
Sobol, H., solid-state devices
Sommers, H. S, lasers

Speers, R. F_, circuits integrated
transmission lines

E. F., prcperties, optical
Stephens, A. W., graphic arts
Stephens, A. W,, esers

Stewart, W. C,, properties, electrical
Stewart, W. C,, properties, optical
Stewart, W. C,, computer storage

systems
Zainingers, K. H., circuits integrated
Zalninger, K. H., laboratory techniques

LIMITED, MONTREAL

Green, R., communications systems

Green, R., lasers

Kellty, J. M., communications systems

Kudsia. C. M., communications systems
, Pu ions

systems
Schuddeboom, P., lasers
Waksberg, A., communications systems
Waksberg, A., lasers
Wood, J., communications systems
Wood, J., lasers

NBC, New York
Hathaway, J. L., television broadcasting

Patents
Granted

to RCA Engineers
(ij-\ Sy —‘Q
e L ]

As reported by RCA Domestic Patents,
Princeton

Computer Systems Division

Ci Memory A i A Prieto
(CSD, Palm Beach) U.S. Pat. 3,551,898;
December 29, 1970

Tape Level Sensor—J. P. Watson (CSD,
Palm Beach) U.S. Pat. 3.550,828; Decem-
ber 29, 1970

Bi-Directional Shift Register—J. E. Croy
(CSD. Cherry Hill) U.S. Pat. 3,555433;
January 12, 1971

Recording Transducer Selection Limiter
—E. L. Nelson (CSD, Pat Beach) U.S.
Pat. 3.555.518: January 12, 1971

Dead Track Handting—J. Agin {CSD,
Marlboro) U.S. Pat. 3,518,625; June 30,
1970

Consumer Electronics Division

Automatic Record Changer—J. A, Tour-
tellot (CED. Ind} U.S. Pat. 3,545767;
December 8, 1970

[ VHF-UHF A ic Gain
Control Delay System—W. L. Lehmann,
J. C. Marsh (CED. Ind) U.S. Pat. 3,548,-
315: December 15, 1970

UHF-VHF Tuner With U-Shaped Strip
Balanced Transmission Line—D. J. Carl-
son {CED, Ind) US. Pat. 3,651.819; De-
cember 29, 1970

Picture Projection with Sound—D. R.
Andrews (CED, Ind) U.S. Pat. 3,554,637;
January 12, 1971

Kinescope Bias Tracking Circuits—D. R.
Griepentrog {CED, Ind) U.S. Pat. 3,555,
175; January 12, 1971

Plurat O Mode A ic Gain

[o2 Di: ge tgnition Clrcuit-——M.
S. Fisher (EC. Som) U.S. Pat. 3.546,528:
December 8, 1970

Trensistor High Current Switching and
Inverter Circuits—D. M. Baugher (EC,
Som) Pat, 3,546,627; December 8, 1970

Charge Storage Device with PN Junction
Diode Array Target Having Semiconduc-
tor Contact Pads—E. F. Cave, F. C.
Duigon (EC. Som} U.S. Pat. 3,548.233:
D ber 15, 1970

Control System—D. F. Griepentrog (CED.
Ind) U.S. Pat. 3,555,162; January 12, 1971

Automatic Degaussing Circuil for TV
Having Voltage Doubler Power Supply—
J. K. Alten {(CED, Ind) U.S. Pat. 3,555,343,
January 12, 1971

Astro-Electronics Division

Expandable Metal Structure Meking by
Etching—H. J. Sheetz, R. 7. Molloy (AED,
Hstn} U.S. Pat. 3,546,075; December 8,
1970

Electromagnetic and Aviation
Systems Division

Multiple Channet Display System—W. A.
Hetbig. W. L. Ross (EASD, Van Nuys) U.S.
Pat. 3.555.520: January 12, 1971

Electronic Components

Current Mode Switching Circuit—E. K. C.
Yu (EC. Som) U.S. Pat. 3,549,900: Decem-
ber 22, 1970

Non-Destructive Read-Out Memory Cell
—A. K. Rapp (EC, Som) U.S. Pat. 3,549,-
904; December 22, 1970

Variable Threshold Level Field Effect
Memory Device—J. H Scott, Jr. (EC,
Som) U.S Pat. 3,549.911: December 22,
1970

[of Matrix

Lead A b ure for
ductor Devices—S. L. Starger (EC. Som)
U.S. Pat. 3,553,828 January 12, 1971

Electronic Components

Method of making Pholo-emissive elec-
tron tubes—R. M. Matheson, F. A. Helvy
(EC. Lanc) U.S. Pat. 3,536,526; December
7.1970

Method for making cathode assembly for
electron tube—P. L. Nestleroth, W, H.
Silvers (EC. Lanc) U.S. Pat. 3,535.757;
December 7, 1970

Method of evacuating and sealing a glass

a
device—A. D. Eyster, J. F. Heagy (EC.
Lanc) U.S. Pat. 3,536,462, December 7,
1970

Method for preparing cathode—A. Month
(EC, Lanc) U.S. Pat. 3,536,526; December
7. 1960

Metallization of Titanate Waters—w. H
Liederbach, L. Pessel (EC, Som} U.S. Pat.
3.554,637; January 12, 1971

Selt-Correcting Shitt Counter—R W,
Ahrons (EC, Som) U.S. Pat. 3.555,249:
January 12, 1971

¥
Arrays for Low Power Dissipation Logic
Application—R. W. Ahrons (EC. Som)
U.8. Pat. 3.550.089; December 22, 1970

| Circuits—A. L. Limber (EC,
Som} U.S. Pat. 3,555,309; January 12,

1971

hic § Division

P Y
Programmed Method for Manipulating
Electronic Fonts in Electronic Photocom-
position Systems—P. E. Justus, T. A
Korn (GSD. Dayton) U.S. Pat. 3,546.681;
December 8, 1970

Government Communications
Systems Division

High Voltage Wide Band Amplifier—L. P.
Dague (GCS, Camdan) U.S. Pat. 3.546.-
611; December 8, 1970

Low Power, High Stability Digital Fre-
quency Synthesizer—E. D. Menkes (GCS,
Camden) U.S. Pa:. 3,546618. December
8, 1970

Vertical and Horizontal Aperture Equali-
2ation—R. A. Dischert. W. J. Cosgrove,
R. R. Brooks (GCS, Camden) U.S. Pat.
3,546,372; December 8, 1970

Burst Flag Generator—J. F. Monoahan
{GCS, Camden) U.S. Pat. 3,546,602; De-
cember 8, 1970

Digital Frequency Synthesizer—D. H.
Westwood (GCS, Camden) U.S. Pat.
3,546.617; Decemoer 8, 1970

Thyristor Control Clrcuit Using D.C. Con-
trollable Triggering Means—W. R. Walt-
ers (GCS. Camden) U.S. Pat. 3,551.787;
December 29, 1970

Laboratories

Electrophotographic Method and Appa-
ratus—R. G Olden (Labs, Pr) U.S. Pat.
3.549,251; December 22, 1970

Input and Output Emitter-Follower CML
Circuitry—H. R Beelitz (Labs, Pr} U.S.
Pat. 3,549,899; December 22, 1970

Photochromic Memory in Which Memory
Memory Location is Selectively Heated
During Write Cycle—G. A. Aiphonse, A.
Akselrad (Labs, Pr; U.S. Pat. 3.550,096;
December 22, 1970
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Transter System for Cryogenic Liquids—
A. Harel (Labs, Pr) U.S. Pat. 3.529,429;
Septlember 22, 1970

Laser Logic
R. H. Cornely (Labs, Pr} U.S. Pat. 3,546,-
495: December 8, 1970

Record
—D. L. Greenaway, H. J. Gerritsen (Labs.
Pr) U.S. Pat. 3,545834; December 8, 1970

Tunable Microstrip Band Pass Filter Util-
izing Syromagnelic Material at the Junc-
tion of Two Conductive Loops—C. P.
Wen (Labs, Pr) U.S. Pat. 3,546,637; De-
cember 8, 1970

Process of Thermoplastic Deformation
Imaging—N. E. Wolif (Labs, Pr) U.S. Pat.
3.547,628; December 15, 1970

Dark Trace Cathode Ray Tube with

mege Z. J. Kiss
(Labs, Pr) U.S. Pat. 3,548,236; December
15, 1970

Control ot Oplical Properties of Materiais
with Liquid Crystais—G. H. Heilmeier
(Labs, Pr) U.S. Pat. 3.551,026; December
29, 1970

Alternating Currant Driven Load Circult
—L. A. Zanoni (Labs, Pr) U.S. Pat. 3,551 -
689; Dacember 29, 1970

Clock Loglc Circuits—J. R. Burns, J. J.
Gibson (Labs, Pr) U.S. Pat. 3,551,693;
December 29, 1970

Oscillating Voltage Range Indicator—G.
W. Gray (Labs, Pr) U.S. Pat. 3,551,696;
December 29, 1970

Semiconductor Laser Having High Power
Output and Reduced Threshold—H. Nel-
son (Labs, Pr) U.S. Pat. 3551,842; De-
cember 29, 1970

Process for Manufacturing Microminia-
ture Electrical Component Mounting As-
semblies—M. Caulton, R. D. Destefano,
S. P. Knight (Lzbs, Pr) U.S. Pat. 3554,
821; January 12, 1971

91


www.americanradiohistory.com

92

Professional
Meetings

<¢ Dates and
Deadlines

Be sure deadlines are met—consuit
your Technical Publications Adminis-
frator or your Editorial Representative
for the lead time necessarty o obtain
RCA approvals (and government ap-
provals, if applicable} Remember, ab-
stracts and manuscripts must be so
approved BEFORE sending them to
the meeting committee

Calls For Papers

AUG. 17, 18, and 19, 1971: High Fre-
quency and A licati
Devices and Applications, Cornell Uni-
versity, Ithaca, New York, School of Elec-
trical Engineering, Cornell University,
The oftice of Naval Research In coopera-
tion with: IEEE, Circuit Theory Group,
Electron Devices Group, Microwave The-
ory and Techniques Group. Deadline in-
fo: (abst) 5/1/71 three copies single
spaced to: Professor Lester F. Eastman.
Program Chairman. School of Electrical
Engineering, Cornell University, Phillips
Hall. Ithaca, New York 14850.

AUG. 23-28, 1971: European Microwave
Conference, Royal Inst. of Tech., Stock-
holm, Sweden, G-MTT, Region 8, Swedish
Acad. of Engrg. Sci. IEE, et al. Deadline
info: (syn) 3/1/71 (abst) 7/15/71 to: H.
Steyskal, Euripean Microwave Cont.. Fac
23. 104 50 Stockholm 80, Sweden.

AUG. 24-27, 1971: Western Electronic
Show & Convention, San Francisco Hil-
ton & Cow Palace, San Francisco. Calif.,
Region 6, WEMA, Deadline info: (session
proposals) 3/1/71 to: WESCON Office,
3600 Wilshire Blvd., Los Angeles, Calif.
90005.

SEPT. 6-10, 1971: London International
Symp. on Network Theory, City Univ.,
London, England. G-CT, IEEE UKRI Sec-
tion, IEE, IERE, City Univ. coop. Deadline
info: (papers) 3/10/71 to: G. S. Bray-
shaw. City Univ.,, St. John St., London
E.C. 1 England.

SEPT. 7-10. 1971: Conference on '“Dis-
plays,” Univ. of Loughborough, Lough-
borough, England, IEE, |IEEE UKRI Sec-
tion IERE et al. Deadline info: (syn)
12/14/70 (papers) 4/1/71 to: IEE, Savoy
Place, London W.C. 2 England.

SEPT. 14-16, 1971: Int'l Cont. on Engi-
neering in the Ocean Environment, Town
& Country Hotel, San Diego, Calif.,
Oceanography Coordinating Comm. &
San Diego Section. Deadline info: (abst)
3/30/71 to: Maurice Nelles, Bissett-
Berman Corp., 3939 Ruffin Rd., San
Diego, Calif. 92123.

SEPT. 19-23, 1971: Joint Power Genera-
tion Technical Conference, Chase Park
Plaza Hotel. St. Louis, Missouri, |EEE
Power Engrg. Society, ASME, ASCE par-
ticipating. Deadline info: (ms) 5/7/71 to:
R. L. Coit, Westinghouse Elec. Corp.,
Lester P. O., Philadelphia, Penna. 11913,

SEPT. 21-23, 1971: Conference on Infra-
Red Techniques, Univ. of Reading. Read-
ing. England, IERE, IEEE UKRI Section,
IEE, Inst. of Phys. & Phys, Society. Dead-
line info: {syn) 1/31/71 {papers) 4/30/71
to: IERE. 8-9 Bedtord Square, London
W. C. 1 England.

SEPT. 27-30, 1971: IEEE Power Engi-
neering Society Tech. Conf. on Under-
ground Distribution, Cobo Hall & Hotel
Pontchartrain, Detroit, Michigan, IEEE
Power Engrg. Society. Deadline info:
(papers) 3/1/71 (abst) 9/30/70 to: B. E.
Smith, Virginia Elec. & Power Co., POB
1194, Richmond, Va. 23209.

QOCT. 18-22, 1971: Region 8 Convention
(EUROCON), Palais de Beaulieu, Laus-
anne. Switzerland. Deadline info: (abst/
sum) 4/1/71 to: Andreas Rannestad,
Norwegian Def. Res. Est. POB 25, N.
2007 Kjeller, Norway.

OCT. 25-29, 1971: Jt. National Confer-
ence on Major Systems, Disneyland
Hotel. Anaheim, Calif., G-SMC, ORSA.
Deadline info: (abst) 1/1/71 (papers)
8/15/71 to: F. J. Mullin, MS R3/2054,
TRW, 1 Space Park, Redondo Beach,
Calif. 90278.

NOV. 3-5. 1971: Northeast Electronics
Research & Engineering Meeting, Shera-
ton Boston Hotel, War Mem. Aud.,
Boston, Mass. New England Sections.
Deadline info: 7/2/71 to: IEEE Boston
Office, 31 Channing St. Newton, Mass.
02158.

DEC. 7-9, 1971: Vehicular Technology
Conference, Sheraton-Cadillac Motel, De-
troit, Michigan, G-VT, Deadline info:
IEEE, 345 East 47th Street. New York,
N.Y. 10017,

JAN. 30-FEB. 4, 1972: IEEE Power Engi-
neering Society Winter Meeting, Statler
Hilton Hotel. New York. N.Y., IEEE Power
Engrg. Society. Deadline info: (papers)
8/15/71 to: |EEE, 345 East 47th Street.
New York, N.Y. 10017.

APRIL 11-13, 1972: Cont. on Industrial
Measurement & Controi by Radlation
Techniques, Univ. of Surrey. Guildiord,
Surrey. Engiland. IEE. IERE, IPPS, IMC,
IEEE, UKRI Section et al. Deadline info:
{syn) 6/21/71 (ms) 11/8/71 to: IEE, Sa-
voy Place, London W.C. 2 England.

JUNE 12-17. 1972: 1972 (5th) Congress
of the International Federation of Auto-
matic Control, Paris. France. Deadline
info: (abst) 3/1/71 (ms} 7/15/71 to: sub-
mit abstracts and pepers through AACC
by sending them to one of the following
individuals, any of whom can provide
further information: Applications: Or.
Winston L. Nelson, Bell Telephone Labs.,
Inc.. Whippany, New Jersey 07981: Bio
Systems: Dr. Ken Bischoff, Schaool of
Chemical Engineering, Cornell Univ.,
Ithaca, New York 14850; Components:
Prof. George A. Etzweiler, Etectrical En-
gineering Dept., Pennsylvania Stale Uni-
versity, Univarsity Park, Penna. 16802;
Education: Prof. Stephen J. Kahne, Elec-
trical Engineering Dept., University of
Minnesota. Minneapolis, Minnesota
55455; Space: Dr. John A. Aseltine, 1617
Via Zurita, Palos Verdes Estates, Cali-
fornia 90274: Systems: Prof. Herman R.
Weed, Electrical Engineering Dept., Ohio
State University. Columbus, Ohio 43210;
Theory: Dr. Bernard Friedland, Singer-
General Precision, Inc.. 1150 McBridge
Avenue, Little Falls, New Jersey 07424,

AUG. 21-26, 1872: 13th International Con-
gress of Theoretical and Applied Me-
chanics, Moscow State University, Mos-
cow. USSR. Deadline info: (sum) 3/15/72
to: Prof. G. K. Mikhailov, Leningradskii
Prospekt 7, Moscow A-40.

Meetings

MARCH 1-3, 1971: Int1 Symposium on
Fault Tolerant Computing, Huntington
Sheraton Hotel, Pasadena, Calif., |EEE
Computer Society. Jet Prop. Labs. of Cal.
Tech. Prog info: W, C. Carter, 1BM Re-
search Ctr., Yorktown Heights, N.Y.
10598.

MARCH 1-3, 1971: Particle Accelerator
Conference, Pick Congress Holel, Chi-
cago, lllinois, G-NS, NBS et al. Prog info:
L. C Teng. National Acceferator Lab..
Box 500, Batavia, lllinois 60510.

MARCH 10-12, 1971: AIAA 6th Aerody-
namic Testing Conference, Albuquerque,
N. Mex. Prog info: AIAA, 1290 Ave. of the
Americas, New York, N.Y. 10019,

MARCH 15-17, 1971: AIAA Space Shuttie

MARCH 22-25, 1971: IEEE International
9 o Col 2

APRIL 24-29, 1971: 73rd Annual Meeting
A T

&
N.Y. Hilton Hotel. New York. N.Y. Prog
into: J. H. Schumacher, 1EEE, 345 E. 47th
St., New York, N.Y. 10017.

MARCH 31-APRIL 2. 1971: Reliability
Physics Symposium, Stardust Hotel, Las
Vegas. Nev., G-R. Prog info: O. D. Trapp,
Fairchild Semiconductor. 464 Ellis St..
Mountain View. Calif. 94040.

APRIL 5-6. 1971: Southeastern Sympo-
sium on System Theory, Georgia Inst. of
Tech.. Atlanta, Georgia, IEEE Computer
Society, G-AC, Georgia Tech. Prog info:
C. Q. Alford. Schoot of EE. Georgia Insti-
tute of Tech.. Attanta, Ga. 30332.

APRIL 5-6, 1971: Rubber & Plastics Ind,
Technical Conference, Holiday Inn, Ak-
ron, Qhio. G-IGA, Akron Section. Prog
info: Chet Blumenauer, Uniroyal Inc., 154
Grove St., Chicopee Falls, Mass. 01021.

APRIL 7-10. 1971: USNC/URSI-IEEE
Spring Meeting, Statler Hilton Hotel,
Washington, D.C.. USNC/URSI, 6 IEEE
Groups cooperating. Prog info: IEEE, 345
East 47th Street, New York. N.Y. 10017.

APRIL 12-15, 1971: National Telemeter-
ing Conterence, Washington Hilton Hotel,
Washington. D.C., G-AES, G- Com-Tech.
Prog infe: H. B. Riblet, Johns Hopkins
Univ., 8621 Georgia Ave., Silver Spring,
Md. 20910.

APRIL 13-15, 1971: Conference on Fron-
tlers in Education, Quality Hotel Central,
Atlanta, Georgia. G-Education, G-MMS.
ASEE. Atlanta Section. Prog info: W. L.
Hughes. Oklahoma State Univ., Stillwater,
Oklahoma 74074.

APRIL 13-15, 1971: Symposium on Appli-
cations of Walsh Functions, Naval Re-
search Lab., Washington, D.C., G-EMC
parlicipating, NRL, Univ. of Maryland.
Prog info: H. F. Harmuth, Dept. of EE,
Univ. of Maryland, College Park, Md.
20742.

APRIL 13-16, 1971: International Magnet-
ics Conference, Denver Hilton Hotel,
Oenver, Colorado. G-MAG. Prog info:
Geoffrey Bate. IBM Corp.. Boulder, Colo-
rado 80302,

APRIL 19-20, 1971: Power Conditioning
Speciallsts Conference. Jet Propuision
Lab., Pasadena. Calif., G-AES. Prog info:
IEEE, 345 East 47th Street, New York,
N.Y. 10017.

APRIL 19-21, 1971: AIAA/ASME 12th
Structures, Structural Dynamics, and
Materials Conference, Anaheim, Calif.
Prog info: AIAA, 1290 Ave. of the Amer-
icas, New York, N.Y. 10019,

APRIL 19-21, 1971: Off-Shore Technology
Conference, Astrohall, Houston, Texas
TAB Oceanography Coordinating Com-
mittee et al. Prog info: H. S. Field, Geo-
physical Res. Corp., 136 Mohawk Blvd.,
Tutsa, Oklahoma 74106.

APRIL 19-22, 1971: Israel Convention of

( & i Engi Tel-
Aviv Fair Grounds & Sheraton Hotel, Tet-
Aviv, Israel. IEEE Israel Section et al.
Prog info: |IEEE, 345 East 47th Street,
New York, N.Y. 10017.

APRIL 20-21, 1971: Electric Process
Heating in Industry Technical Confer-
ence, Pfister Hotel. Milwaukee, Wiscon-
sin, G-IGA, Milwaukee Section Prog info:
Fred Pyecroft. Phila. Elec. Co., 211 S.
Broad St., Phila.. Penna. 19105.

APRIL 21-23, 1971: AAS/AIAA variable
y of ble Structures Con-

Development Testing and
Conlerence, Phoenix, Ariz. Prog info:
AlAA, 1290 Ave. of the Americas. New
York, N.Y. 10019.

terence, Anahe:m, Calif. Prog info: AIAA,
1290 Ave. of the Americas, New York,
N.Y. 10019,
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, Conrad Hitton Hotel, Chi-
cago, lil. Prog info: The American Ce-
ramic Society. Inc., 4055 North High St.
Columbus, Ohio 43214,

APRIL 26-28. 1971: Region Il Technical
Convention, Univ. of Virginia. Charlottes-
vitte, Virginia, Region |ll. Prog info: E.
W Hutton. General Elec. Co, Waynes-
boro. Va. 22980.

APRIL 26-28. 1971: AIAA 6th Thermo-
physics Conference, Tullahoma. Tenn.
Prog info: AIAA, 1290 Ave of the Ameri-
cas. New York, N.Y. 10019.

APRIL 26-28. 1971: Conf. on the Manage-
ment of Transmission & Distribution Sys-
tems, London, England, IEE, IEEE UKRI
Section. Prog. info: |EE, Savoy Place,
London, W.C. 2 England.

APRIL 26-28. 1971: Region IIl T

MAY 24-26, 1971: |EEE Power Engineer-
ing Society Power Industry Computer
Applications Conference, Statler Hiiton
Hotel, Boston, Mass., IEEE Power Engrg.
Society. Prog info: P. L. Dandeno, Hydro
Elec. Pwr. Comm. of Ontario, 620 Uni-
versity Ave., Toronto, Ont. Canada.

MAY 25-27, 1971: AIAA 1st Annual Urban
Technology Meeting and Technical Dia-
play: "Cities—1976", New York Coliseum,
New York, N.Y. Prog info: Dr. Herbert
Fox, Chairman, New York Section AJAA,
Chairman, Dept. of Aero/Mech Technol-
ogy. New York Institute of Technology,
QOld Westbury, N.Y.

JUNE 1-3, 1971: Electrical & Electronic
Measurement & Test Instrument Confer-
ence (EEMTIC), Skyline Hotel, Ottawa,
Ontario, Canada, G-IM, Ottawa Section.
Prog info: F L. Hermach, B-162 Metrology
Bldg . NBS. Washington, D.C. 20234.

JUNE 2-4, 1971: Conference on Laser
Engineering & Al

Convention, Univ. of Virginia, Charlottes-
ville. Virginia. Regron lii. Prog info: E. W.
Hutton. General Elec. Co.. Waynesboro,
Va. 22980.

APRIL 26-29, 1971: ASME/AIAA Habita-
bility in Space Stations Meeting, Hous-
ton. Texas. Prog info: AIAA, 1290 Ave of
the Americas, New York. N.Y. 10019,

APRIL 28-30, 1971: Southwestern IEEE
Conference & Exhibition, Rice Hotel, Al-
bert Thomas Conv. Ctr., Houston, Texas,
SWIEEECO, Houston Secticn, Prag info:
D. R. Williams, Dept. of EE, Univ. of Hous-
ton, Houston, Texas 77004,

MAY 3-6, 1971 Ind. & Comm, Power Sys.
& Elec. Space Heating & Air Conditioning
Jt. Technicat Conference, Detroit Hilton
Hotel, Detroit, Michigan, G-IGA, S. E.
Prog info: T. L. Schaller, Ailen-Bradley
Co.. 1491 N. Harding St, Indianapolis,
Indiana 46207,

MAY 4-5, 1971: Appliance Technical Con-
ference, Sheraton Chicage Hotel, Chi-
cago, llinois, G-IGA, Chicagoe Section.
Prog info: Vic Petchul, Dana Chase Pub.
Inc . York St. at Park Ave., Elmhurst, i,
60126.

MAY 10-12, 1971: Electronic Components
Conference, Statler Hilton Hotel, Wash-
ington, D.C.. G-PMP. ElA. Prog info: E.
Moss, Mallory Capacitor Co., 3029 E.
Washington St.. Indianapotis, Ind. 46206.

MAY 10-12. 1971: AIAA Joint Strategic
Missile Sciences Meeting (Classilied Se-
cret), U.S. Naval Academy. Annapolis,
Maryland. Prog info: General Chairman,
Dr. Richard Hartunian, Aerospace Corp.,
1111 Mill Street, San Bernardino, Calif.
92408.

MAY 11-13, 1971: Sixth Region Technical
Conference, Woodlake Hotel, Sacra-
mento, Cal., Region 6, Sacramento Sect.
Prog info: Ronald Scohoo. Univ. of Calif.,
Dept. of EE, Davis. Caiif. 95616,

MAY 12-14, 1971: Electron, lon, and
Laser Beam Technology Conf., Univ. of
Colorado, Boulder, Colorado, G-ED. AVS
et al. Prog info: |EEE, 345 East 47th
Street, New York, N.Y. 10017,

MAY 16-20, 1971: International Micro-
wave Symposium, Marriott Twin Bridges
Motor Hotel, Washington. D.C.. G-MTT.
Prog info: R. V. Garver, Harry Diamond
Labs , Conn. & Van Ness St.. Washington,
D.C. 20438.

MAY 17-19, 1971: Aerospace Electronics
Conference, Sheraton Dayton Hotel, Day-
ton, Ohio, G-AES, Dayton Section. Prog
info: |EEE Dayton Office, 124 E. Monu-
ment Ave., Dayton, Ohio 45402.

MAY 17-20, 1971: Spring Joint Computer
Conference, Convention Ctr, Atlantic
City, New Jersey, IEEE Computer Soci-
ety, AFiPS. Prog info: AFIPS Hdgs.. 210
Summit Ave., Montvale, New Jersey
07645,

Washington
Hilton Hotel, Washington, D.C., IEEE
Quantum Elec. Councit, OSA. Prog info:
D. €. Caddes, Sylvania Elec. Sys., Elec-
tro-Optics Organ., Mountain View, Calif.

JUNE 7-8. 1971: Chicago Spring Conf. on
Broadcast & TV Receivers, Marriott Motor
Hotel, Chicago, Illinois, G-BTR, Chicago
Section. Prog info: Donald Ruby. Zenith
Radio Corp.. 6001 W. Dickens Ave., Chi-
cago, lll. 60638.

JUNE 7-8, 1971: Symposium on Applica-
tions of Ferro-electrics, |BM Res. Ctr..
Yarktown Hgts. N.Y. & Holiday Inn, White
Plains, N.Y., G-SU. Prog info: L. E. Cross,
Penn. State Univ., State College, Penna.
16802.

JUNE 8-10, 1971: Conference on Aero-
space Antennas, London, England, IEE,
IERE. IEEE UKRI Section. Prog into: IEE,
2 Savoy Place, London W.C. 2 England.

JUNE 14-16. 1971; International Confer-
ence on Communications, Queen Eliza-
beth Hotel, Montreal, Quebec, Canada,
G-Com Tech. Montreal Section. Prog
info: W C. Benger. Northern Elec. Co.
Ltd.. POB 3514, Station C. Ottawa 3,
Ontario, Canada.

JUNE 14-18, 1971: AIAA 7th Propulsion
Joint Speciaiist Conference, Salt Lake
City. Utah. Prog info: AIAA, 1290 Ave. ol
the Americas. New York, N.Y. 1001g,

JUNE 21-23, 1971: AIAA 4th Fluid and
Plasma Dynamics Conference, Cabana
Hyatt House, Palo Alto, Calif. Prog info:
Arnold Goldburg, Head, Flight Sciences
Laboratories, P.O. Box 3981, Seattle,
Washington 98124,

JUNE 27-JULY 1. 1971: Design Automa-
tion Workshop, Sheiburne Hotel, Atlantic
City, New Jersey, IEEE Computer Soci-
ety, ACM, SHARE. Prog info: R. B. Hitch-
cock, Sr., IBM, Box 218, Yorkstown Hgts.,
N.Y. 10598.

JULY 5-8. 1971: 8th International Shock
Tube Symposium, London, England. Prog
info: AIAA. 1290 Ave. of the Americas,
New York, N.Y. 10019,

Call for Educational Exhibits

AUG. 25-27, 1971: 1971 IEEE Interna-
tional Geoscience Elecironics Sym-
posium, Washington, D.C., Geoscience
Electronics Group of the |IEEE. Deadline
info: Individuals and companies are
invited to submit a comprehensive de-
scription of exhibits demonstrating Geo-
science Electronics Hardware no later
than 1 Apnl 1971, Any supporting infor-
mation, such as illustrations, can be sub-
mitted with the description to aid the
committee in making their selection to:
Mr. Charles F Getman, Exhibits Chair-
man, 1971 |EEE International Geoscience
Electronics  Symposium, U.S. Naval
Qceanographic Office, Engineering Ser-
vices Division, Washington, D.C. 20390.
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A.N. Curtiss

A. N. Curtiss to Retire

Arthur N. Curtiss, Staff Vice President,
Administration Research, and Engineering
is retiring after 40 years with RCA. Mr.
Curtiss was appointed Staff Vice President,
Administration, RCA Laboratorics in
1961. He is also a Dircctor of RCA Re-
search Laboratories, Inc., RCA’s research
facility in Japan. Mr. Curtiss joined RCA
in 1930. He held a succession of engineer-
ing positions at Camden, N.J. and [ndia-
napolis, Ind. In 1950, Mr. Curtiss was
named Plant Manager of RCA’s then
newly established manufacturing facility
at Los Angeles: in 1956, became General
Manager. Mr. Curtiss received the BSEE
from the University of Pittsburgh in 1927.
He did graduate work in Engineering at
the University of Pittsburgh, University of
Pennsylvania, and Purduc University, and
in Business Administration at UCLA. The
recipient of an RCA Award of Merit in
1955, Mr. Curtiss has written a number of
technical articles on radio, audic, and
radar; and he has been issued four U.S.
patents. He is a Fellow of the IEEE and
holds membership in many professional.
industrial, and cducational associations.
He is a Registercd Professional Engineer
in New Jersey.

Paul Bennett Retires

Paul R. Bennett of Communications Sys-
tems Division, Mcadowlands, Pa., has re-
tired alter 32 years with RCA. Mr. Ben-
nett attended Bliss Electrical School and
Rensselaer Polytechnic Institute from
1927 to 1931. In 1939, he joined RCA’s
International Division in Bucnos Aires,
Argentina, as Chicef Enginecr. In late 1943,
Mr. Bennett engaged in defense work at
Camden, N.J. until 1945, He then was
responsible for design of a Home Instru-
ment line for the RCA International Divi-
sion. In 1955, he transferred to Domestic
Radio and Phonograph Engineering and
later became Manager of Product Design.
During this period, he served as Editorial
Representative on the RCA Engineer. In
1960. he transferred to RCA Mobile En-
gincering in Canonsburg and later to
Meadowlands. In 1967, he transferred to
thc Base Station and Systems Design
Group.

N. L. Laschever

Laschever is named Chief Engineer,
Aerospace Systems Division

J. R. McCallister, Division Vice President
and General Manager, Acrospace Systems
Division, recently named Norman L.
Laschever, Chicf Engineer, Aerospace
Systems Division. Mr. Laschever replaces
Fred Krantz who was recently appointed
to the post of Division Vice President and
General Manager, Electromagnetic and
Aviation Systems Division.

Mr. Laschever received the BSEE from
Massachusetts Institute of Technology in
1940 and the MSEE from Northeastern
University in 1970.

From 1946 to 1955, Mr. Laschever was
employed by the United States Air Force
at Wright Patterson Air Force Base, Ohio.
with responsibility for USAF fighter and
helicopter Doppler navigation programs
and design of advanced communication
cquipment. From 1955 to 1962. he was
associated with the Laboratory for Elec-
tronics, first as Manager of the Navigation
Laboratory and, later, as Manager of the
Technical Staff Office. He also served as
Assistant Dircctor of Research Engineer-
ing. In January 1962, Mr. Laschever
joined RCA as a member of the Chief
Engineer’s Technical Staff and then was
made Manager of RF Engineering, Aero-
space Systems Division, with responsibil-
ity for the radar and electronic warfare
(EW) product lines of ASD. Mr. Las-
chever is a member of Eta Kappa Nu and
a Senior Mcmber of 1EEE.

P. R. Bennett
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F. H. Krantz

Krantz is new Division VP for EASD

Irving K. Kessler, Executive Vice Presi-
dent, Government and Commercial Sys-
tems, has appointed Frederick H. Krantz,
Division Vice President and General Man-
ager, Electromagnetic and Aviation Sys-
tems Division.

Mr. Krantz received the BSEE from
Drexel Institute, Philadelphia, and the
MSEE from the University of Pennsyl-
vania. Mr. Krantz joined RCA in January
1968 as Manager of the Command and
Control Program Management Office at
ASD. In January, 1969, he was appointed
Chicf Engineer, Aerospace Systems Divi-
sion. Before joining RCA, Mr. Krantz was
associated with IBM. Burroughs Corp..
and Leeds and Northrup Co. He is a
member of the 1EEE and holds several
U.S. Patents.

Harry R. Wege Engineering
Library Opened

The Harry R. Wege Engineering Library
of the Missile and Surface Radar Division
was recently opened. The library is named
in honor of Harry R. Wege, a former
RCA Vice President, whose 43 years of
service to RCA included the founding of
the Moorestown plant. The Library, main-
taincd by the Engineering Department,
will service personnel engaged in the de-
sign of radar and associated clectronic
cquipment, However, personnel working
in various major disciplines, including
business administration, will also find
useful materials.

More metrics

Mr. McKee's article on ‘“Metrication”
which appeared in the Dec. 1970, Jan.
1971 issuc of the RCA Engineer sparked
a great deal of reader interest. One letter,
from Mr. H. R. L. Lamont, Director,
Europcan Technical Relations, pointed
out that an interusting handbook is avail-
able to anyone who wants more informa-
tion on metrication. The book, Interna-
tional System of Units (SI)Y, National
Bureau of Standards Special Publication
No. 330, can be obtained from the Su-
perintendent of Documents, Washington,
D.C., 20402; the pricc is 50 cents.
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Staff Announcements
Computer Systems

RCA’s Information Systems operations
has undergone a major realignment; it
will now be known as RCA Computer
Systems. The changes entail the consoli-
dation of management, financial, admin-
istrative, and planning functions of the
operation divisions which formerly com-
prised the company's Information Sys-
tems group and the formation of two new
divisions, a new staff group and a new
manufacturing organization.

The newly structured organization con-
sists of five operating divisions—Data Pro-
cessing, Systems Development, Graphic
Systems, Memory Products and Magnetic
Products. In addition, it has a Computer
Systems Staff group and a Systems Manu-
facturing organization.

The Computer Systems organization is
headed by L. E. Donegan, Jr., who on
January 6 was elected Vice President and
General Manager, Computer Systems, by
the RCA Board of Directors.

Mr. Donegan announced these manage-
ment assignments in the Computer Sys-
tems organization, all of whom will re-
port to him:

Joseph W. Rooney is President of the
newly formed Data Processing Division.
Mr. Rooney was Division Vice President,
Marketing, of the former Computer Sys-
tems Division.

V. Orville Wright is President of the
newly formed Systems Development Divi-
sion. He was Division Vice President,
Government Marketing, for the former
Computer Systems Division.

John R. Lenox is Division Vice President,
Systems Manufacturing. He was Division
Vice President, Manufacturing, for the
former RCA Computer Systems Division.

W. William Acker, is Division Vice Presi-
dent, Computer Systems Staff. He also is
acting General Manager of the Graphic
Systems Division. Mr. Acker was previ-
ously Division Vice President, Finance
and Administration, of the former Com-
puter Systems Division.

H. H. Jones is Division Vice President
and General Manager, Magnetic Products
Division. The unit manufactures com-
puter tapes and magnetic discs as well as
a variety of audio and video magnetic
tapes in plants in Indianapolis, Ind., and
Bryn Mawr, Wales. Mr. Jones was Divi-
sion Vice President, Finance, for the
former RCA Information Systems.

Steven P. Marcy continues as Division
Vice President and General Manager of
the Memory Products Division. The unit
designs and manufactures computer mem-
ories for RCA and a number of other com-
puter manufacturers. It is headquartered
in Needham, Mass.

M. William Friis continues as Manager,
News and Information, RCA Computer
Systems.

Data Processing Division

Joseph W. Rooney, President, Data Pro-
cessing Division has announced the or-
ganization of Data Processing as follows:
James P. Boyle, Division Vice President,
Northeastern Region; John B. Burke,
Manager, Personnel; Michael E. Heisley,
Division Vice President, Western Region:
John A. Hunter, Administrator, Market-
ing Projects; Howard W. Johnson; Divi-
sion Vice President, Field Engineering;
Paul H. McNamara, Division Vice Presi-
dent, Central Region; Larry E. Reeder,
Division Vice President, Data Processing
Administration and Planning; Joseph W.
Rooney, Acting Division Vice President,
Government Marketing; Joseph W.
Rooney, Acting Division Vice President,
Marketing Operations; Walter G. Cleve-
land, Manager, Industry Marketing; Rob-
ert J. Goethals, Division Vice President,
Advertising and Sales Promotion; E.
Allen Henson, Division Vice President,
Conversion Programs; James N. Landon,
Division Vice President, Marketing Pro-
grams; Loren R. Watts, Division Vice
President, Eastern Region.

Corporate Engineering Services

A. Robert Trudel, Director, Corporate
Engineering Services, has appointed Av-
rel Mason Staff Advisor, Corporate Engi-
neering Services.

Professional Activities
Astro-Electronics Division

G. Barna has been appointed Chairman
of the American Institute of Aeronautics
and Astronautics Technical Committee on
Sensors.

Consumer Electronics

William H. Liederbach, Manager, Ce-
ramic Circuit Engineering, has been
elected chairman of the Indiana Section
of the International Society for Hybrid
Microelectronics. Mr. Liederbach is also
Program Chairman for the 1971 Interna-
tional Hybrid Microelectronics Sympo-
sium to be held in Chicago, October
11-13, 1971. The title of the symposium
is “One World of Microelectronics” (ab-
stract deadline is March 1, 1971). Mr.
Liederbach is also a member of the plan-
ning committee for the “Midwest Elec-
tronics Materials Symposium” to be held
at Notre Dame University on June 4,
1971. The symposium is co-sponsored by
the Indiana and Michigan Sections of the
American Ceramic Society and the Indi-
ana Chapter of the International Society
for Hybrid Microelectronics.

Patents and Licensing

Dr. George H. Brown, Executive Vice
President, recently spoke at Young Engi-
neer’s Night at the Engineers Club of
Philadelphia. The topic of Dr. Brown’s
speech was ‘“Engineers: What Can You
Do for Society.”
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Missile and Surface Radar Division

Merrill W. Buckley, Jr., Administrator.
Planning and Management, recently ad-
dressed two Philadelphia Sections of the
IEEE at the University of Pennsylvania.
Mr. Buckley’s speech dealt with “Using
Modern Systems Analysis and the Com-
puter for Business Planning and Manage-
ment Problem Solving.”

Degree granted

Piero G. Ruffinengo, of the Aviation
Equipment Department, Electromagnetic
and Aviation Systems Division, has been
awarded the MS in Operations Research/
Large Scale Engineering Systems by the
UCLA School of Engineering.

Continuing Engineering
Education

BTSS Course

An elementary course in RCA’s Basic
Time Sharing System (BTSS) was re-
cently presented at RCA Laboratories
by R. J. Beshinske. The twenty-seven-hour
course included sessions on introduction
to computers, the Basic Time Sharing Sys-
tem, Fortran Pl programming language,
and /E, the test editor. The course was
video taped and will be reshown in 1971
as soon as the course notes are complete.

Continuing engineering education
course presentation

In response to numerous inquiries con-
cerning RCA’s Continuing Engineering
Education Program, a two-day ‘“open
house” presentation of sample CEE tapes
and instructional materials was held at
the RCA Laboratories during December.
More than 130 of those who attended ex-
pressed an interest in one or more of the
available courses, and the most popular of
these will be sclected as the initial course
offerings at the Laboratories.

H. C. Horton, Manager of Consumer Elec-
tronics Technical Services, receives a plaque
from L. M. Krugman, Vice Chairman, IEEE,
Central Indiana. The award cited RCA Con-
sumer Electronics contributions to the ad-
vancement of Engineering education for the
second consecutive year.
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Promotions

Missile and Surface Radar Division

J. Ervin from Ldr., Engrg. Sys. Proj. to
Mgr., Advanced Production Engrg. (R. V.
Donato, Advanced Production, Moores-
town)

M. G. Herold from “A” Engineer to Ldr.,
Des. & Dev. Engrs. (M. Korsen, Informa-
tion Processing Equipment, Moorestown)

D. Herman from “A” Engr. to Ldr.,
Engrg. Sys. Projects (J. C. Volpe, MFAR
Software Interface, Moorestown)

D. E. Simon from Member Prog. Mgmt.
Staff to Mgr., Div. Program (J. M. Selig-
man, Lightweight Tactical Systems Pro-
grams, Moorestown)

D. L. Williams from Member Prog. Mgmt.
Staff to Mgr., Long-Range Planning (H.
G. Stewart, Advanced Planning, Moores-
town)

Electromagnetic and Aviation
Systems Division

S. Ehrlich from Sr. Mbr., D&D Engrg.
Staff to Ldr., D&D Engrg. Staff (J. Mac-
Farlane, Van Nuys)

Astro-Electronics Division

P. Holtzman from Engr. to Mgr., Signal
Processes & Digital Engineering (]. Bau-
munk, Hightstown)

W. Lindorfer from Sr. Engr. to Mgr.,
Spacecraft Preliminary Design (M.
Cohen, Hightstown)

A. Martz from Sr. Engr. to Mgr., Sys.
Engrng. (E. Walthall, Hightstown)

P. Nekrasov from Sr. Engr. to Mgr., Spacc
Power (E. Goldberg, Hightstown)

Solid State Division

H. A. Hansen from Mgr. Quality & Reli-
ability Assurance to Mgr., Mfg. & Prod.
Engrg. (H. A. Uhl, Integrated Circuits—
Assembly & Test, Findlay)

R. C. Reutter from Engrg. Ldr., Mfg. to
Mgr., Mfg. & Prod. Engrg. (H. A. Uhl, In-
tegrated Circuits—Wafer Prep, Findlay)

J. D. Young from Engr., to Engrg. Ldr.,
Mfg. (R. E. Davey, Signal Discrete Prod-
ucts, Findlay)

Electronic Components

M. M. Bell from Mgr. Mech’l. & Elec’tl.
Eqpt. Design to Mgr. Equip. Design and
Development (J. T. Cimorelli, Harrison)

W. F. Blydenburgh from Engr., Equip-
ment Develop. to Engrg. Ldr., Equipment
Develop. (M. M. Bell, Harrison)

J. J. Carroll from Mgr., Q&R A-Power De-
vices to Mgr., Q&RA (Mgr., Quality &
Reliability Assurance—Industrial Tube
Division, Lancaster)

R. A. Jeuch from Engr., Prod. Develop.
to Engrg. Ldr., Prod. Develop. (Mgr.,
Regular Power & Laser Operations, Lan-
caster)

C. A. Mannon from Engr., Mfg. to Engrg.
Ldr., Mfg. (Mgr., Q&RA—ITD, Lan-
caster)

D. C.Reed from Adm., Q & R Sys. Engrg.
to Mgr., Q & R Sys. Engrg. (Mgr., Qual-
ity and Reliability Assurance—Industrial
Tube Division, Lancaster)

R. H. Zachariason from Mgr., Chemical
& Physical Lab., to Mgr., Color Product
Engrg. (Mgr., Engrg. Dept.. Lancaster)

RCA Service Company

D. W. Dunkle from Engr. to Mgr., Facil-
ities (E. |J. Lauden, Andros Ranges,
AUTEC Project, Bahamas)

R. A. Hughes from Engr. to Mgr., Range
Support (L. R. Whitehead, Operations
AUTEC Project Andros Island Bahamas)

M. R. Peddicord from Sys. Service Engr.
to Ldr., Sys. Service Engrs. (H. Chad-
derton, Computer Systems Oper., Wash-
ington)

Computer Systems Division

J. C. Mayer from Principle Member, Tech.
Staff to Ldr., Technical Staff (D. F.
Wright, Marlboro)

J. M. Murray from Engrg. Design Coordi-
nator to Ldr., Design Automation Pro-
cessing (S. J. Pelish, Marlboro)

T. J. Piacenza from Engrg. Design Coor-
dinator to I.dr., Design Automation Pro-
cessing (S. . Pelish, Marlboro)

G. Steele from Principle Member, Tech-
nical Staff to Ldr., Technical Staff (C. C.
Eckel, Marlboro)

C. V. Tateosian from Mg.. Engrg. Admin.
(Peripheral Engrg.) to Mgr., Engrg. Ser-
vices (Design Automation) (J. W. Haney,
Marlboro and Palm Beach Gardens)

E. J. West from Principle Member, Tech.
Staff to Engrg. Scientists, Tech. Staff
(C. C. Eckel, Marlboro)

David C. Crosby honored by Army for
outstanding civilian service

One of the highest honors granted by the
U.S. Army to a civilian was awarded to-
day to David C. Crosby, Manager of
Quality -Improvement for RCA, Cam-
den, N.J.

At a ceremony in the Pentagon, Mr.
Crosby was presented with the Army’s
Outstanding Civilian Service Award for
his exceptional contributions to the Army
Zero Defects Program. Lt. General John
M. Wright, Comptroller of the Army,
made the presentation.

The award is given only to civilians not
employed by the Army and ranks second
to the rarely bestowed Decoration for
Distinguished Civilian Service.

www americanradiohistorv com

Awards

Aerospace Systems Division

Ernest A. LeBlanc of RF Engineering, has
been selected as Engineer of the Month
for November for his work on the IGW
Acoubuoy, Spikesid, and Command Mi-
crophone programs.

Dr. W. Roger L. Thomas of Electro-Optics
and Controls Engineering has been se-
lected as Engineer of the Month for
December 1970 for his leadership in the
newly developing technology of thin-film
infrared monolithic solid-state arrays and
their application to remote sensing.

The team of Ronald P. LeBlond, James B.
Lynch, Paul M. MacLean, A. Richard
Miles, Ricardo B. Simonelli, Theodore
Singer, and Amy C. Spear from Systems
Design Support was selected for a Team
Award for November for its work on the
first LCSS Master File for the Army Mis-
sile Command. The LCSS Master File is
the first phase of a Product Assurance
Information System (PAIS) for LCSS
which will provide the Army with a
means of monitoring LCSS performance
on a continuous and timely basis to as-
sess operational readiness of weapons
systems, identify problem areas, and ini-
tiate effective corrective action.

The team of Kenneth R. Andrews, Ray-
mond T. Boyle, A. Joseph Burwell, Pris-
cilla T. Harding, John F. MacQuilken,
Herbert W. Silverman, and Martin M.
Wienshienk from Data Systems Develop-
ment Engineering has been selected for a
Team Award for December 1970 for its
performance on the Factory Test Auto-
mation (FTA) Program. The FTA is a
system in which the in-plant Spectra 70/
45 is used to control an Analog Test Set
in the factory.

Communication Systems Division

Michael H. Riddle of Recording Equip-
ment Operation, Government Communi-
cations Systems, has received a Technical
Excellence Award. Mr. Riddle recogniz-
ing his many contributions to the AN/
GSH-32 Video Disc Recorder program.
Mr. Riddle was instrumental both in ac-
quiring this program and carrying it to
a successful conclusion.

Electronic Components

Edward E. Bliss has been selected for an
Engineering Recognition Award for the
year ending December 1970. His achieve-
ments include design improvements of
the Microwave Integrated Circuit jammer
module. His technical excellence is dem-
onstrated by his use of the computer to
calculate, from measured data, the ad-
justments necessary to obtain phase re-
producibility.

Richard J. Rodrick has been selected for
an Engineering Recognition Award for
‘the year ending December 1970. His tech-
nical accomplishments include the reso-
lution of the heat transfer problem with
the 4070/71 oscillator/amplifier in the
APX-72 military transponder, and the
electrical optimization of the amplifier
cavity for increased efficiency.
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RCA Personnel Help Counsel
Jobless Engineers

Recent figures show that approximately
2,000 of the 5,000 Delaware Valley engi-
neers and scientists affected by the mas-
sive job layoffs in the nation’s aerospace
industry are still without jobs.

RCA engineers and executives, in con-
junction with the American Institute of
Aeronautics and Astronautics and the
U.S. Department of Labor, are partici-
pating a no-charge series, “Workshops
on Professional Employment.”

During January and February, two work-
shops (three sessions each) were held
at the RCA Moorestown Plant; other
workshops have been conducted in sev-
eral Delaware Valley Plants.

The workshops are aimed at assisting
unemployed engineers and scientists, re-
gardless of prior alfiliation or discipline,
to find employment in comparable posi-
tions.

Thomas G. Greene, Administrator, Pub-
lications and Presentations, and Chair-
man of the Greater Philadelphia Section
ATAA and the workshop committee, said
80 persons signed up for the first program
held at RCA.

At cach session, counselors work with
small groups of five or six engineers to
provide constructive suggestions and ad-
vice.

Representatives from the local office of
the N.J. Training and Employment ser-
vices spoke at each of the sessions. The
following RCA Moorestown personnel
acted as counsellors: George S. Black,
L.eader, D&D Engineering: Richard E.
Gorkes, Manager, Engineering Adm,
Thomas G. Greene, Administrator, Pub-
lications and Presentations; Donald J.
lannettoni, Administrator, G&CS Em-
ployment and Benefits; Martin Korsen,
Manager, Product Design; Stanley J.
Macko, Administrator, Technical Projects
Coordination; Dr. Thomas Martin, Lead-
cr, Systems Engineering; William Miles,
Human Resource Analyst; Jerry K. Milli-
gan, Manager, Resources Services; Ber-
nard Orzechowski, Principal Member of
Enginecering Staff; William S. Perecinic,
Manager, Product Design; William T.
Strenger, Administrator, Laboratory Co-
ordinator; Dr. Todd T. Reboul; Staff
Technical Advisor; Sidney Robinson, Ad-
ministrator, Value Engineering; and Barry
Tuft, Personnel Training.

T. G Greene

Newly appointed Editorial Representatives for Consumer Electronics Division, Indianapolis.
Left to right are: (seated) E. E. Janson, W. H. Liederbach, R. J. Buth, C. W. Hoyt; (standing)

F.R. Holt, J. Stark, R. C. Graham.

New Editorial Board at
Consumer Electronics

Clyde Hoyt, Technical Publications Ad-
ministrator and Chairman of the Editorial
Board. Consumer Electronics Division,
Indianapolis, Ind., has announced several
new Editorial Representative appoint-
ments; thesec are R. Buth, Engineering;
F. Holt, Advanced Development; E. Jan-
son, Black and White Tv Engineering;
W. Liederbach, Ceramic circuits Engi-
neering; and J. Stark, Color Tv Engineer-
ing. R. C. Graham, remains as Editorial
Representative for Radio Engineering.

Mr. Hoyt, as Technical Publications Ad-
ministrator. is responsible for review and
approval of technical papers; for coordi-
nating the technical reporting program;
and for promoting the preparation of
papers for the RCA Engineer and other
journals, both internal and external.

The Editorial Representatives are respon-
sible for planning and processing articles
for the RCA Engineer. and for supporting
the corporate-wide technical papers and
reports program. !

Clyde W. Hoyt is a graduate of Morning-
side College and lowa State University in
Arts and Electrical Engineering. He has
been actively engaged in many phases of
Consumer Electronics Engineering; his
work in television dates back to the in-
troduction of the 630TS in 1946. In recent
years he has been active in Consumer
Electronics Staff and Managerial posi-
tions.

Ronald . Buth received the BSEE from
Evansville University in 1960 and the
Doctor of furisprudence from Indiana
University in 1967. Before joining RCA,
he was employed by the Department of
the Navy and was engaged in the design
and manufacture of defense electronic
systems. He also spent a period of time
working for the Bendix Corporation in
their Patent Law Department. In 1969,
he joined RCA as a staff member in En-
gineering Administration. He is a mem-
ber of the Indiana Bar as well as the
Indiana and American Bar Associations.

Robert C. Graham received the BSEE
from West Virginia University in 1958 and
joined RCA as a specialized trainee. In
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1960, he was appointed Engineering
Group Leader responsible for product de-
sign of transistor receivers. He is now an
Engineering Group Leader working in the
Procured Products Department, responsi-
ble for procurement evaluation and ap-
proval of foreign consumer products.

Francis R. Holt received the BSc in Math-
ematics and Physics in 1941 and 1942
from London University. From 1942 to
1945 he worked on radar and counter-
measures circuitry at RAE and TRE,
England. He was also involved in tech-
nical intelligence work in the Royal Air
Force. From 1946 to 1956, he was with
the British Atomic Energy Department.
From 1956 to 1958. he was with Philco
Corporation, Leeds & Northrup, and the
University of Pennsylvania. He then
joined the RCA Laboratories at Princeton.
Most of his work there was related to
consumer electronics, and in 1966 he
moved to Indianapolis to join the ad-
vanced development team.

E. E. fanson received the BSEE degree in
1962 from Michigan State University. Fol-
lowing graduation. he joined Consumer
Electronics and was assigned to the de-
sign and development of television video,
sync, AGC. and noise-immunity circuits.
He is now a Group Leader in Black and
White Tv Engineering, responsible for
audio, 1F, and tuner design and develop-
ment.

William H. Liederbach received the BS
in Ceramic Engineering from lowa State
University in 1948, He was employed by
the E. 1. DuPont Co. from 1948 to 1955
and the Centra-lab Division of Globe-
Union from 1955-1958 before joining
RCA in the Semiconductor Division at
Somerville. N.J. in 1958. He is presently
Manager of Ceramic Circuits Engineering.

John Stark, Jr. received the BSEE in 1950
from the University of Wisconsin. After
graduation, he joined RCA as an engineer
in training. In 1951, he joined the Color
Product Development group of Home In-
struments, in Camden. In March 1961, he
was named Leader, Color Tv; in 1969 he
was promoted to Manager, Color Tv En-
gineering.

.
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S Editorial Representatives

The Editorial Representative in your group is the one you should contact in scheduling
technical papers and announcements of your professional activities.

Government and Commercial Systems

Aerospace Systems Division Engineering, Burlington, Mass.
. _Electromagnet_ic_ a_nd Engineering, Van Nuys, Calif.
Aviation Systems Division Engineering, West Los Angeles, Calif.
Astro-Electronics Division Engineering, Princeton, N.J.
Advanced Development and Research, Princeton, N.J.
Missile & Surface Radar Division Engineering, Moorestown, N.J.
Government Engineering Advanced Technology Laboratories, Camden, N.J.

Defense Microelectronics, Somerville, N.J.
Advanced Technology Laboratories, Camden, N.J.
Central Engineering, Camden, N.J.

Government Plans and Engineering Information and Communications, Camden, N.J.
. Systems Development
— Communications Systems Division
- Commercial Systems Chairman, Editorial Board, Camden, N.J.
. Mobile Communications Engineering, Meadow Lands, Pa.
. Professional Electronic Systems, Burbank, Calif.
Studio, Recording, & Scientic Equip. Engineering, Camden, N.J.
Broadcast Transmitter & Antenna Eng., Gibbsboro, N.J.
Industrial and Automation Systems Engineering, Plymouth, Mich.
Government Communications Systems Engineering, Camden, N.J.
Computer Systems
Systems Development Division Palm Beach Product Laboratory, Palm Beach Gardens, Fla.
Marlboro Product Laboratory, Marlboro, Mass.
Systems Programming Product Laboratory, Palo Alto, Cal.
Systems Programming Product Laboratory, Riverton, N.J.
Data Processing Division Service Dept., Cherry Hill, N.J.
Magnetic Products Division Development, Indianapolis, Ind.
Memory Products Division Engineering, Needham, Mass.
Graphic Systems Division Engineering, Dayton, N.J.
Research and Engineering
Laboratories Research, Princeton, N.J.
Electronic Components Chairman, Editorial Board, Harrison, N.J.
Receiving Tube Division Receiving Tube Operations, Woodbridge, N.J.
Receiving Tube Operations, Cincinnati, Ohio
Television Picture Tube Division Television Picture Tube Operations, Marion, Ind.
Television Picture Tube Operations, Lancaster, Pa.
Industrial Tube Division industriat Tube Operations. Lancaster, Pa.
Microwave Tube Operations, Harrison, N.J.
Technical Programs Engineering, Harrison, N.J.
Solid State Division Solid State Power Device Engrg., Somerville, N.J.
Semiconductor and Conversion Tube Operations, Mountaintop, Pa.
Semiconductor Operations, Findiay, Ohio
Solid State Signal Device Engrg., Somerviile, N.J.
Consumer Electronics Division Chairman, Editorial Board, Indianapotis, Ind.
Engineering, Indianapolis, Ind.
Radio Engineering, Indianapotis, Ind.
Advanced Development, Indianapolis, ind.
Black and White TV Engineering, Indianapolis, Ind.
Ceramic Circuits Engineering, Rockville, Ind.
Color TV Engineering, ndianapolis, ind.
Services
RCA Service Company Consumer Products Service Dept., Cherry Hill, N.J.
— Consumer Products Administration, Cherry Hill, N.J.
Tech. Products, Adm. & Tech. Support, Cherry Hill, N.J,
-~ Missile Test Project, Cape Kennedy, Fla.
RCA Global Communications, Inc. RCA Global Communications, Inc., New York, N.Y.
National Broadcasting Company, Inc. Staff Eng., New York, N.Y.
RCA Records Record Eng., Indianapolis, Ind.
RCA International Division New York, N.Y.
RCA Ltd. Research & Eng., Montreal, Canada
Patents and Licensing Staff Services, Princeton, N.J.

* Technical Publication Administrators listed above are
responsible for review and approval of
papers and presentations.
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